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The box kite, one of the earliest bits 
of technological fallout from aero­
space research, was invented about
1 892  by th e  A u s tra lia n  en g in e e r 
Lawrence Hargrave, as part of his 
long-continued effort to design a fly- 
able airplane. The Hargrave kite was 
more stable and had considerably 
more lift than any kite previously 
known, and these excellent flying 
qualities quickly attracted the atten­
tion of meteorologists in Europe and 
the United States who saw it as a pos­
sible vehicle for sounding the atmos­
phere up to several thousand feet 
above the ground, and for recovering 
data promptly and surely.

Starting about 1895, box kites 
were flown in various research and 
operational meteorological programs. 
The best known of these was the U.S. 
Weather Bureau program, in which 
profiles were flown from kite stations 
every day that winds permitted, for 
many years. When the last station 
closed in 1933, it seemed that kites 
had finally been made obsolete by 
improved capabilities of airplanes for 
carrying meteorographs, and by pos­
sible flight hazards of kites to aircraft.



Kite flying from  large CSU kite control trailer near Climax, Colorado.

C S U ’s Kite Program

In recent years, however, new 
research uses for kites have devel­
o p ed , a id ed  by som e s u b s ta n tia l  
improvements in kite design. A signifi­
cant part of this renaissance of the 
kite has been carried out since 1964 
at Colorado State University, in a 
program directed by Professor Lewis 
Grant and supported by the Atmos­
pheric Sciences Section of the Nation­
al Science Foundation. Grant wanted 
to put recording and collecting instru­
ments into the orographic or cap 
clouds that develop over mountains, 
particularly in winter. He considered 
airplanes, and free and tethered bal­
loons, before he decided that kites 
might be quite a bit better for his 
purposes. Grant views his program as 
one of meteorological research, in 
which kite development has been 
purely supportive. Nevertheless, the 
capabilities that have now been de­
veloped for kites, in large part as a

*
result of Grant’s program, offer a new 
dimension of measurements for a va­
riety of possible research interests.

Grant first considered possible 
improvements to the conventional 
Hargrave box kite that might be 
achieved by using new materials avail­
able only in the last few years. How­
ever, when it appeared that box kites 
were inherently limited by difficulties 
of assembly and storage, he turned to 
kite-balloons, and enlisted Domina 
Jalbert, of the Jalbert Aerology Lab­
oratory, Boca Raton, Florida, to con­
sult on new designs.

The Jalbert Airfoil

Jalbert had been producing the 
Kytoon, a tethered blimp-like balloon 
which secures some lift from its shape 
and from fins, and is effective for lift­
ing instruments in winds below about 
20 mph. The winds related to oro­
graphic clouds are consistently strong­
er than that, and Grant decided his 
project couldn’t use systems incor­
porating gas cells. He urged Jalbert 
to experiment with tethered fabric 
airfoils which, he felt, might perform 
well in high winds.
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Jalbert came up with a cellular 
fabric wing, whose main design fea­
ture is reminiscent of the wind sock: 
the cells have large openings at their 
leading edges and smaller exits at 
their trailing edges, creating a positive 
air pressure in each cell which keeps 
the wing inflated and maintains its 
airfoil shape. J albert’s first design 
flew, but proved to have a very low 
lift-to-drag ratio. It carried its tether 
out to a great distance horizontally in 
relation to the vertical height achieved, 
and in a high wind it put a tremen­
dous drag on the line.

From this first model Jalbert has 
w orked out im provem ents which, 
along with developments in tethering 
lines and winches, give his present 
kites unprecedented  perform ance 
characteristics. They can lift weights 
adequate for any of Grant’s current 
or foreseeable instrumentation needs,

to 18,000 to 20,000 f t — an eleva­
tion in the upper portion of most of 
the orographic clouds in the central 
Rockies. In tandem or series, they 
should go much higher. In strong 
winds, the kites fly only about 10° 
off vertical and provide a highly stable 
anchorage for instruments. Water­
proof fabric makes them indifferent 
to rain and to the moisture content of 
clouds, and in flight the constant flut­
ter of the fabric sheds ice as fast as it 
forms. Thus they are excellent foul- 
weather vehicles for wintertime ex­
periments, the conditions and season 
most useful to Grant’s research inter­
ests. Flights of 12 to 15 hr have been 
achieved in field experiments.

Grant has tested kites ranging 
from 27 to 300 sq ft. The capabilities 
of this family of designs are shown 
by the fact that one of the interme­
diate sizes, a 108-sq-ft model, can lift

a man in a 30-mph wind. Yet these 
all-fabric kites are extremely light in 
weight: the 160-sq-ft model weighs 
only 11 lb.

Winch Capabilities

Light winds require the larger 
kites, but if the wind picks up after 
launching or at altitude, the pull on 
line and winch can become very great. 
Much effort at CSU has gone into 
designing winches capable of handling 
these loads.

The CSU project staff estimated 
that multiple kite trains reaching into 
the jet stream —  a possible research 
objective— would produce drag forces 
from 2200 to 2500 lb, and so they 
designed a winch to take 3000-lb 
loads. The heart of this winch is a 
60-hp gasoline motor which works a 
steel-drum system mounted on the 
floor of an old M-33 radar van. Two 
Dodge autom obile transm issions, 
mounted in tandem and built into the 
side of the van, control reel-in speeds, 
which can vary from Vi to 30 mph. 
A tension meter reading directly from 
the kite line is red-lined below the 
breaking point of the line. The wound- 
in compressional forces on the drum 
can become greater than the tension 
on the line, and require special con­
sideration in the reel-drum design. 
The present drum is made of Vz- and 
% -in. steel.

The winch unit permits launches 
under conditions as severe as, say, 
40-mph winds with an outside air 
tem peratu re  of —2 0 °F , in which 
human operators can work for only 
a minute or two at best. (Launches 
can and have been made at even 
higher wind velocities.) The winch, 
and the capabilities of the kite vehicle 
itself, allow the crew to hook-on and 
put the kite up in less than a minute, 
and retreat to the van to operate the 
flight. The highest winch speeds also 
make it possible to launch kites in 
light winds, and to make quick re­
coveries if a kite starts to fall.

Large kite control winch

60-hp m otor drive for large 
kite control winch.



After the studies had provided 
adequate information for the prepara­
tion of design specifications for a 
winch system, it was put out for bid. 
The only contractor who responded 
bid $120,000, a figure far beyond 
what the CSU group felt they could 
afford or the job should cost. They 
turned to the Mechanical Engineering 
Department in their own university, 
where one undergraduate student, un­
der faculty supervision, designed and 
built the system for less than one- 
tenth the bid price.

The drawback of this heavy 
winch is inherent in the nature of the 
research project: Grant is studying 
cap clouds which form primarily in 
winter, and he needs to get the kite 
as close under the cloud as possible, 
before launching. He has been work­
ing at Chalk Mountain at 12,000 ft 
on the Continental Divide, just east 
of Climax, Colorado, and when the 
winch van is taken to the top of the 
mountain in the fall it is soon snowed 
in and cannot be brought out until 
spring.

Scheme for placing kite in cap cloud, where 
close approach to the peak is impossible.

A Portable Winch

To gain scope for additional re­
search flights, CSU has recently built 
a portable winch system, which takes 
tensions up to about 2000 lb. In this

Line-feed mechanism on 
portable kite control winch.

Portable kite control winch 
on flatbed truck.
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system the winch cab is mounted on 
a flatbed truck, and rotates 360° ex­
cepting for the sector of the truck cab, 
so that it can readily follow wind 
shifts. The cab can also tilt to follow 
the angle of the kite line, and has a 
windshield to protect the operator.

The p o rtab le  winch, which is 
commercially available from Western 
Scientific Associates in Ft. Collins, 
uses a 15-hp motor and gears from 
a Farmall Cub tractor.

Grant expects to use this mobile 
unit in cooperative experiments with 
a research group from the University 
of Wyoming, at Elk Mountain, Wyo­
ming, where a beautiful cap cloud 
often forms. As at Chalk Mountain, 
they are interested both in securing 
standard  m eteorological m easure­
ments (which are telemetered to the 
ground), and in using the kites to put 
seeding packages into the clouds and 
to trace the effects of seeding. Grant 
also recovers air samples, ice nuclei, 
and ice crystal replications from the 
clouds. The nearest ground approach 
to Elk Mountain leaves them a long 
way out from the mountaintop, and 
Grant expects that Jalbert’s early, 
heavy-drag airfoil may prove to be 
useful here, where the customary 80°

or nearly overhead angle flown by 
current Jalbert models would miss the 
cloud unless the kite were heavily 
weighted.

Rigging

With a well-built kite, probably 
the most critical factor for successful 
flights is careful rigging. Jalbert ap­
plied experience with barrage-bal- 
loons and parachutes to distribute the 
load from the tether along the lower 
edges of the kite ribs by tying shroud 
lines to triangular flaps. Grant has 
flown the Jalbert kites with both nylon 
and piano wire lines, and is interested 
in experiments elsewhere with Fiber- 
glas and titanium wire, since thinner 
lines will reduce the drag of the line 
itself, a serious limiting factor in 
higher-altitude flights. (The effective 
area of 10,000 ft of 3 / 16-in. nylon 
rope can amount to about 150 sq ft —  
a non-lifting sail which drags against 
the kite.)

Using multiple kite trains to in­
crease performance so that instru­
ments can routinely be placed in the 
jet stream, for example, will require 
a more efficient line material than the

nylon primarily used at present, and 
probably will require improved rig­
ging techniques as well. Grant at first 
estimated that a string of six kites 
would be needed to reach jet-stream 
levels, but he now believes it can be 
done with three.

He does not suspend his instru­
ments directly on the kites, but at­
taches them to the line, a hundred feet 
or so below the kite. Under the ten­
sion of flight conditions the line is 
remarkably rigid, and instruments 
attached to it and held with braces 
are as stable as though fixed to struc­
tural members.

Where to Fly?

The greatest problems in these 
kite experiments are no longer costs 
or design, but administrative and juris­
dictional problems of keeping kites 
safely separated from aircraft. Grant 
hopes, with the cooperation of other 
interested research institutions, to se­
cure reserved air space in mountain 
areas for kite experiments. For pro­
grams where kites will be flown on 
wire he will need not merely a re­
served area, but one with no power 
lines downwind that could possibly be 
interfered with by a broken wire trail­
ing cross-country. Such areas still 
exist, even though the rural and moun­
tain landscape becomes more built up 
each year.

Conclusion

A number of other research or­
ganizations have used Jalbert kites, or 
have thought about using them, for 
such diverse purposes as lifting targets 
to calibrate radars, dispensing seeding 
agents to disperse runway fog, photo­
graphing wave patterns and collecting 
samples of ocean water, raising an­
tennas, and recovering cameras from 
rocket flights. The lifting capacity, 
stability and flight duration, and low 
cost of these kites seem likely to 
stimulate their use in still other ways 
in the future.
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First Box Kites

Hargrave’s “cellular” kite combined two discoveries of 
earlier 19th century aeronautical inventors. It had been 
proposed in the 1860s that airfoils to support the heavy 
weights involved in mechanical flight might be arrayed 
vertically, with parallel separation between the planes. A 
decade later, it was found that a design consisting of two 
planes separated by an interval in the direction of forward 
motion was more stable in flight than the same area in a 
single airfoil. Hargrave added one other essential: vertical 
planes for stability. Once he arrived at the principle of 
this composite kite, he experimented exuberantly with 
design forms, as shown in these drawings, before settling 
on the now classical box kite as the most efficient for his 
purposes. (Following the lead of other inventors, he also 
found that kite E, with convex horizontal surfaces, pulled 
about twice as hard on the string as kite F, with plane 
surfaces.)

Hargrave concluded, perhaps a bit wishfully, “Theo­
retically, if the kite is perfect in construction and the wind 
steady, the string could be attached infinitely near the 
centre of the stick, and the kite would fly very near the 
zenith. It is obvious that any number of kites may be 
strung together on the same line, and that there is no limit 
to the weight that may be buoyed up in a breeze by means 
of light and hand tackle.”

E.

C e/lu /g r  H ites. Feb. 1 8 9 3



1967 S k yh ook  P ro g ra m

The 1967 Ft. Churchill Skyhook pro­
gram, conducted by the Office of 
Naval Research, will get underway 
1 June 1967 with the arrival of Dr. 
Rockus Vogt from the California 
Institute of Technology. Representa­
tives of eight other organizations will 
arrive between 1 June and 18 August, 
to participate in this year’s program. 
A series of twelve “ th row -aw ay” 
flights for Dr. Kinsey Anderson, Uni­
versity of California, will begin on 15 
August and continue through 15 Sep­
tember. Dr. Carl Fichtel, Goddard 
Space Flight Center, will launch an 
experiment from Resolute, Cornwal­
lis Island, in the Barrow Straits. The 
ONR people are completing arrange­
ments for this flight, which requires 
sending helium and some materiel by 
sea. The remaining equipment and 
personnel will travel from Ft. Church­
ill in the ONR C-47 aircraft.

This year’s operation may include 
as many as forty-three flights, com­

pared with thirty-three in 1966. As in
1966, balloons will be supplied by 
Winzen Research, Inc., and Raven 
Industries’ Flight Service Division 
will furnish field services. Payload 
weights will range from 20 lb for the 
throw-away packages to over 550 lb, 
excluding command/control instru­
mentation and auxiliary equipment. 
Balloon sizes will range from 0.25 to 
10.6 million cu ft.

A total of twenty-three balloon 
and electronics technicians and pilots 
from Raven Industries will provide 
launch, tracking and recovery service. 
Richard Keuser and Thomas Pappas, 
of Raven, will coordinate and direct 
field services.

Support equipment has been im­
proved in several respects. Aneroid 
altitude devices and barocoders have 
been replaced by highly accurate elec­
tronic pressure sensors designed to 
continuously telemeter pressure data

to strip-chart recorders at each ground 
station . D istance-m easuring equ ip ­
ment (slant range) will provide direct 
digital readout at either Ft. Churchill 
or Uranium City, and direction-find- 
ing equipment will provide electronic 
positioning and digital readout of 
azimuth.

Raven has also developed voice 
transponders to permit communica­
tion between each ground station and 
tracking/recovery aircraft, via bal­
loon instrumentation. This equipment 
will reduce the increasing difficulties 
encountered with H F single sideband 
communication due to rising sunspot 
activity, and will provide an additional 
safety factor for recovery pilots when 
out of normal aircraft VHF range of 
Uranium City. In tests of this equip­
ment during the 1966 program, a 
% -watt walkie-talkie at Ft. Church­
ill easily carried on two-way conver­
sation with Uranium City, over 500 
miles away.

B alloon in g  A rtic les in “Applied Optics

The February 1967 issue of Applied  
Optics contains no less than nine 
full-length articles on scientific bal­
looning topics. The titles are:

•  Balloon Telescope Optics
•  A Balloon-Borne Grating Spec­

trometer
•  Direct Solar Radiation up to 30 

km and Stratification of Attenuation 
Components in the Stratosphere

•  Fourier Spectrometry from Bal­
loons

•  Guiding of Balloon-Borne Tele­
scopes by Off-Set Sun-Tracking

•  A Research Program Aimed at 
High Altitude Balloon-Borne Meas­
urements of Radiation Energy from 
the Earth’s Atmosphere

•  Balloon Observations of the Ra­
diance of the Earth Between 2100 
cm-1 and 2700 c n r 1

•  U ltraviolet Polarim etry Using 
High Altitude Balloons

•  Im provem ents to a B alloon- 
Borne Sun-Seeker

This issue of Applied Optics also 
contains a letter entitled “Frictionless 
Bearing for Balloon,” and a descrip­
tion of the Spectro-Stratoscope pro­
gram which is being carried out by 
the Fraunhofer Institute of Freiburg, 
West Germany.
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H o w  High. 
C an  a  B a l lo o n  Fly?
Justin Smalley, N C A R

For many balloon-borne experiments 
an additional few thousand feet of 
altitude can make a significant differ­
ence in the quality of the data se­
cured. In attempting to meet the needs 
of research scientists for the highest 
possible altitudes, balloon ceilings 
(and payloads, too) have gradually 
increased over the years. These gains 
have been reflected in higher costs for 
both balloons and launch operations. 
For some types of experim ents, 
present-day capabilities are adequate 
and the additional costs are not justi­
fiable. But when altitude is all-impor­
tant and cost is not a deterrent, bal­
loon designers are often asked, “Can 
we go higher?” and even, “How high 
can a balloon possibly go?”

We can, indeed, expect to go 
higher than our present operational 
ceilings, but our ability to do so will 
require better materials, new manu­
facturing techniques, new launching

procedures, design improvements, and 
a better understanding of the balloon 
environment. With so many contrib­
uting factors, the gains will come 
slowly, and an advance in one area 
will not necessarily result immediately 
in reliable flights to significantly high­
er levels.

The ultimate practical ceiling for 
scientific flights can be predicted with­
in limits, and has been the subject of 
a brief study at NCAR. Some aspects 
of that study, related only to the bal­
loon vehicle, are presented in the 
accompanying figures.

Bigger Balloons

Figures 1 and 2 show float alti­
tude as a function of volume at float 
altitude, for specified fixed param­
eters. In Fig. 1 we assume that 12 per 
cent of the balloon weight consists of

load-bearing meridional tapes, and 
that the balloon design is fully tailored 
and natural-shape. The lower set of 
curves in Fig. 1 are for a balloon film 
weighing 0.005 lb/sq ft, approximate­
ly the weight of 1-mil polyethylene. 
The curves show that a 10 million 
cu ft balloon will lift a 2000 lb 
load and float at about 119,000 ft, or 
a load of 100 lb and float at about
139,000 ft. With the same material 
and the same percentage of balloon 
weight in tapes, a 100 million cu ft 
balloon would carry a load of 2000 
lb to an altitude of 154,000 ft.

Thus, Fig. 1 shows that as bal­
loon volume is increased, the same 
load can be carried to higher and 
higher altitudes. It might be concluded 
from these curves that by simply 
building bigger balloons, ever-increas- 
ing altitudes can be achieved. How­
ever, as we shall see, the effective load 
that can be lifted will eventually set
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ceilings for balloon operations. For 
example, the figure shows that a 100 
million cu ft balloon can lift 100 lb 
to about 161,000 ft. But it is difficult 
to imagine that the end fittings, excess 
material, ducts,-controls and scientific 
payload of such a huge balloon would 
weigh only 100 lb. More likely, under 
the best circumstances and even neg­
lecting scientific payload, this load 
must be nearer 500 lb. (The weight 
of components alone, for a present- 
day 10.6 million cu ft balloon, made 
of 0.7-mil polyethylene, amounts to 
950 lb.) Thus it appears that the 
minimum possible practical load is 
one limit on balloon altitude.

Thinner Film s

The thinnest balloon films used 
today weigh less than 0.005 lb /sq  ft, 
while the thinnest polyethylenes now 
available (but not yet used in bal­
loons) approach a weight of 0.0005 
lb /sq  ft. If such extremely light mate­
rials prove to be adequate gas barriers 
for a reliable balloon, they will also 
help to provide higher altitudes. The 
upper set of curves in Fig. 1 suggests 
the possible gains, but it should be 
noted that these lighter-weight bal­
loons are limited to much lighter loads 
because the supporting tapes are also 
lighter and proportionately weaker.

Another approach to low film 
weights is in materials such as poly­
urethane, which retains its strength 
under very large elongations. A 
balloon of such material could be de­
signed to stretch and become thinner, 
and acquire less weight per unit area 
as it rises.

Effect of Tape Weight

Figure 1 shows the effect of 
varying the ratio of tape weight to 
balloon weight, and gives the altitude 
vs volume relationship for a 100-lb 
load, with a constant gas barrier 
(film) weight. As the percentage of 
tape weight increases, float altitude 
decreases, of course. If the ratio of

Fig. 1.

SYM BO LS
L =  load on balloon (lb)
F =  weight of balloon film (lb)
T =  weight of load-bearing tapes (lb)
W =  weight- of balloon (lb) =  F -f- T 
G =  gross load (lb) =  W -f- L 
V =: design volume of balloon (cu ft)
Z =  float altitude (ft) 
t =  T /W

W =  unit weight of gas barrier material (lb /sq  ft)

We assume that only two items contribute to the balloon 
weight —  the tapes and the gas barrier. The weight of the 
gas barrier, F, consists only of w times the theoretical 
surface area of the balloon. Thus the load, L, comprises 
all other parts of the balloon system such as ducts, valves, 
end fittings, excess balloon film material, parachutes, 
flight controls and the scientific payload. This distinction 
between balloon load and balloon weight is important. 
Many items normally considered part of the balloon are 
here considered part of the load.

If we omit considerations of free lift and ascent bal­
last, the mass of the balloon system is fixed. At float 
altitude, the weight of air displaced is exactly equal to the 
weight of the system. This weight, called the gross weight, 
consists of two parts, the weight of the balloon, W (tapes 
plus gas barrier), and the load, L, lifted by the balloon.
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Fig. 2.

tape weight to total weight is increased 
to 91.2 per cent while using film 
weighing 0.0005 lb /sq  ft, all the ad­
vantage of light film is lost. The alti­
tude to which 100 lb can be carried 
will then be the same as if the material 
weight were 0.005 lb /sq  ft and the 
tape weight percentage were back to 
12 per cent. The latter ratio, while 
arbitrary, is typical of balloons today. 
The development of improved tapes 
with higher strength-to-weight ratios 
could reduce the required percentage, 
and thus allow higher altitudes to be 
achieved.

Other Weight Reductions

Since we gain altitude as load 
is decreased, any means of reducing 
load may be important. For example, 
present-day balloons have relatively 
large and heavy ducts on their sides, 
which exhaust gas as float altitude is 
approached. A lighter-weight device 
to replace the ducts would be desir­
able. It would also be advantageous 
to micro-miniaturize the balloon con­

trols to reduce their weight and power 
requirements. (These changes would 
also have the effect of reducing the 
weight of necessary batteries.) In ad­
dition, present-day balloons require 
considerable ballast to maintain alti­
tude when passing through a sunset 
or flying over cold cloud layers. A 
design which would eliminate the 
need for ballast without adding equiv­
alent weight would be a useful step 
toward achieving higher altitude.

More Efficient Shapes

Balloon shape can also affect 
altitude because, if other factors are 
equal, the shape with the most efficient 
volume-to-weight ratio will reach the 
highest altitude. In this respect it 
might be possible to improve on the 
fully tailored natural-shape balloon 
postulated in the present study. For 
example, if we could use a balloon 
film with enough strength to support 
circumferential stress, the inflated bal­
loon could be more nearly spherical 
and thus achieve higher altitude.

M anufacturing and Launching  
Techniques

The analysis represented in Figs.
1 and 2 considers only the equilibrium 
conditions for the balloon at float 
altitude. The problems of building 
and launching such balloons must also 
be considered. The largest balloons 
built thus far have had volumes of 
26 million cu ft. Significant changes 
in manufacturing practice may be nec­
essary if we are to build considerably 
larger balloons, or balloons of mate­
rials weighing 0.0005 lb /sq  ft or less.

New operational techniques may 
also be required to handle such large 
b a llo o n s . F o r ex a m p le , v e r tic a l  
launches have been used for the larg­
est balloons built so far. Such launches 
are more susceptible to surface winds, 
and it may be necessary to launch the 
larger and more delicate balloons of 
the future from sites offering particu­
larly gentle environmental conditions. 
But these sites may not be the most 
suitable ones from the standpoint of 
the scientific experiments to be flown.

D uring ascent, balloons are 
sometimes subject to violent atmos­
pheric disturbances. New techniques 
may be needed to carry the future 
balloons through the strong wind 
shears and cold temperatures associ­
ated with the tropopause. One pos­
sible technique is the tow balloon, 
used in some launches today. In the 
future we may lift the entire flight 
train with a tow balloon, and deploy 
the main balloon from a container 
after reaching the stratosphere.

Conclusion

We have suggested some practi­
cal limitations to the ultimate ceilings 
that can be achieved with scientific 
balloon flights. It should be evident 
that most of the steps that can be 
taken 'to increase altitude will be in 
the direction of increasing costs. The 
interplay of economic and technical 
factors will determine the new, higher 
ceilings that will actually be reached 
in the next few years.
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M ore  Speed  fo r  N C A R  Com puter

Installation of six Control Data model 
861 drums has sped up the processing 
of certain types of data on NCAR’s 
Control Data Corporation 6600 com­
puter, making it one of the world’s 
fastest general-purpose com puters. 
These drums supplement the disk 
through which input data may enter 
the central processor, and in which 
the central processor may store data 
temporarily. Although the drums hold 
less material than the disk (4 million 
characters of six bits each, on each of 
six drums, vs 70 million characters 
for the disk), the information is more 
rapidly available, since the time spent 
transferring material in and out is 
substantially reduced.

There are now four ways of 
storing material to be remembered by 
the computer and of introducing this 
material into the computer —  cards, 
m agnetic tapes, disk, and drum s. 
C om parative sizes of m em ory and 
speeds of input using these different 
methods are shown in a generalized 
way on the accompanying table.

Cards, with their small memory 
capacity and slow input, are used 
primarily in programming but are not 
efficient for input of large amounts of 
data. Tapes, disk, and drums, which 
have much greater memory capacities 
and input speeds, are all used for data 
input, according to the size and nature 
of the computing job at hand. Actual 
computing time is the same for all —  
the potential of the 6600 is greater 
than any available input rate. But the

initial delay as the input device seeks 
the proper position varies, as does the 
speed of input.

O n s h o r t  jo b s , u s in g  sm all 
amounts of data, it is probably ad­
vantageous to use tapes, since the 
access time per record is so short 
(5-10 msec), even though the input 
rate (120,000 characters per second) 
is relatively slow. Tapes are used also 
for all material to be permanently 
stored.

When larger blocks of data are 
involved, the disk or the drums are 
far speedier, and when there are fre­
quent changes to different sections of 
material the drums offer a distinct 
speed advantage. Positional delay on 
the disk, as the head searches for the

proper “address” as programmed by 
the computer, is about 225 msec —  a 
span of time equal to 6 million multi­
plications. Fixed heads on the drums 
identify material without this delay. 
Rotational delay occurs with both 
disk and drums, averaging 33 msec 
for the disk, 17 msec for drums. In 
addition, input time is about twice 
as rapid for the drums.

Large projects, such as the gen­
eral circulation and atmospheric sim­
ulation studies being carried out at 
NCAR by Akira Kasahara and War­
ren Washington, in which input-out­
put times are major constituents of 
the total computer time, have been 
sped up greatly by the use of the new 
drums. Since automatic clocking of

MEMORY CAPACITIES AND INPUT SPEEDS

Storage method Memory 
(number o f characters)

Initial delay 
( msec )

Information input 
( c h a r /s e c )

C ards 80 p e r  c a rd — 1,600

T apes 17,000, 000 
( x  3 ,000 tap es )

5 - 1 0 120,000

D isk 70 ,000 ,000 225 + 33 =258 500,000

D rum s 4 ,0 0 0 ,0 0 0  
(x 6 d rum s)

17 1 ,00 0 ,0 0 0
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Data-handling rates o f disk and drums. 
Depending on the initial position o f the 
head relative to the “address” sought, 
the data rate varies within the bands 
shown. For units above 5000 words, the 
drums are about twice as fast as the 
disk. For units o f 1000 to 2000 words, 
drum  speed far surpasses disk speed.

computer use includes only actual 
computing time, it is difficult to say 
exactly how much time is saved. Pro­
vided the drums are correctly used, 
they may do certain jobs in as little as 
one-fifth to one-tenth the time that 
would be required using the disk.

The Control Data 6600 com­
puter and other equipment of the 
NCAR Computing Facility are avail­
able to qualified outside users as well 
as NCAR scientists for work in at­
mospheric research.

Balloon Astronomy — The Solar Atmosphere

The first flight in the Spectro-Strato- 
scope program series, conducted for 
the Fraunhofer Institute, Freiburg, 
West Germany, was flown 20 Novem­
ber 1966 from the NCAR Scientific 
Balloon Flight Station at Palestine, 
Texas. Dr. K. O. Kiepenheuer, direc­
tor of the Fraunhofer Institute, is 
principal scientist of the program. The 
telescope on this flight was a proto­
type, built by the Carl Zeiss Company, 
to obtain engineering data for design 
of the instrument to be used on later 
flights, which will seek time sequences

of sim ultaneous photographs and 
spectra of the fine structure of the 
solar atmosphere.

The 4378-lb payload was lifted 
with a Mylar scrim 3.2 million cu ft 
balloon. The delicate nature of the 
instrum ent required  th a t payload 
accelerations be kept below 1 g at 
launch. Three-axis accelerom eters 
mounted on the payload indicated that 
maximum acceleration for the entire 
flight was 0.5 g, at launch. The bal­
loon system floated for 5.5 hr at

85,000 ft, during which data were 
obtained on scope rotation, sun ac­
quisition, and tracking accuracy. Tem­
peratures were recorded from 84 dif­
ferent locations on the telescope.

The payload was recovered near 
Alexandria, Louisiana, with only su­
perficial damage. It was shipped to 
the Carl Zeiss Company, Oberkochen, 
West Germany, for modification to 
the scientific version. The second 
flight (the first scientific flight) is now 
planned for spring 1968.

1,0 0 0 ,0 0 0 - 

900,000 -

800,000 -

700,000]-

o
OT 600,000 
xoc<
X  500,000

400 ,000

300 ,000

<
Q  2 0 0 ,00 0

100,000

________ 1________
10,000

WORDS PROCESSED
20,000
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Plan of projected canyon launch site

D uring w inter the N C A R  balloon 
launch site at Palestine, Texas, is not 
a suitable starting point for long- 
duration flights, due to the prevailing 
eastward direction of the upper atmos­
phere winds. Instead of drifting west­
ward overland, as they do in summer, 
balloons on long flights would be 
carried out over the Atlantic where 
recovery of the payload would be 
extrem ely difficult. To m eet an 
increasing number of requests for 
long-duration winter flights, NCAR 
operates an alternate seasonal launch 
facility at Page in northern Arizona, 
the construction townsite for Glen 
Canyon Dam.

The idea of using Page regularly 
during the winter arose after NCAR 
made a number of successful balloon 
launches from Glen Canyon below 
the dam in late 1962 and early 1963. 
The first of these, in December 1962, 
was a test flight for the University of 
Arizona Project Polariscope which in­
volved vertical inflation and static 
launch methods. Other possible sites

in the southwestern U.S. also have 
light surface winds during winter, but 
Page has two great advantages: (1) 
the natural, 700-ft deep shelter pro­
vided by the canyon below the Glen 
Canyon Dam is eminently suitable for 
static ■ launch of very large balloons 
and delicate payloads which cannot 
tolerate the accelerations of a dynamic 
launch, and (2) the location is well 
away from established airlanes.

NCAR experience at Page sup­
ports the conclusion drawn from me­
teorological studies —  that both Page 
Airport (above the canyon) and the 
tail-water area are good winter launch 
sites. Since 1962, NCAR has launched 
a total of 29 flights from Page. In
1967, between mid-January and mid- 
M arch, 9 flights were m ade —  of 
which 8 were operationally successful. 
Experiments on these flights were 
carried out by the University of Ariz­
ona, the University of California at 
San Diego, NASA’s Institute for Space 
Studies, Ohio State University, Lou­
isiana State University, and Massa­

chusetts Institute of Technology. The 
usual launch crews this year consisted 
of 10 contract crewmen, 2 NCAR 
staff members, and a meteorologist 
from ESSA.

Up to now, NCAR has rented a 
hangar each year at Page Airport and 
the launches have generally been 
made from the end of the runway. 
However, in the near future it is hoped 
to activate two long-term agreements 
between the Bureau of Reclamation 
and the National Science Foundation, 
for the use of land at the airport and 
at the canyon site. The permanent 
winter launch facilities at the airport 
would consist of an 80 x 40 ft pre­
fabricated metal building to contain 
offices, workshop and staging areas, 
and a graded and stabilized launch­
ing area measuring 750 ft square and 
located at the northeast corner of the 
airport. The projected development 
of the canyon site would comprise a 
150 x 700 ft paved launch area, a 
staging building, and an elevator —  
as shown in the diagram.
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Float W inds F o r  Pa lestine
Keith Giles, ESSA

To aid potential users of the NCAR 
scientific ballooning facilities at Pales­
tine, Texas, a series of graphs has 
been prepared by the ESSA Air Re­
sources Field Support Office attached 
to the Palestine station. These graphs, 
based on rocket wind data obtained 
from the White Sands Missile Range, 
New Mexico, can be used to estimate 
how far and in what direction a bal­

loon may drift —  depending on date, 
design altitude, and flight duration —  
and thus to help assess problems of 
recovery for a planned launch from 
Palestine.

Rockets are presently the best 
source of data on winds at altitudes 
above 100,000 ft, and White Sands is 
the nearest range to Palestine that

fires meteorological rockets with any 
degree of regularity. From these data 
(published by the Secretariat, Range 
Commanders Council, White Sands 
Missile Range) the monthly mean 
zonal wind speeds and standard devi­
ations have been extracted for the 
years 1961 through 1965 and are 
presented graphically for each 10,000- 
ft interval from 90,000 to 150,000

1 0 0 ,0 0 0  FT

J F M A M J J A S O N D  J F M A M J  J A S O N D  

MONTH MONTH
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f ft. West winds (i.e., winds from  the 
west) are shown as positive, and east 
winds as negative.

For com parison, raw insonde 
data from Fort Worth, Texas —  the 
closest source of such data —  are also 
shown on the graphs wherever the 
number of observations exceeds 100. 
These data cover the years 1960 
through 1964, but the only level for 
which there is a com plete set of 
monthly values is 90,000 ft. As can 
be seen, at 90,000 ft and for the two 
values at 100,000 ft, there is reason­
able agreement between the rocket 
wind data and the rawinsonde data.

The graphs reveal several inter­
esting characteristics of the zonal 
wind:

•  The amplitude (i.e., total varia­
tion) of the wind speed increases 
with height, as both winter westerlies 
and summer easterlies are stronger at 
higher altitudes.

•  The standard  deviations are 
small during summer months and 
increase during winter. The larger 
deviations in winter are partially due 
to directional fluctuations, which are 
quite small during the summer.

•  Summ er easterly  wind speeds 
peak in July at all levels.

•  Winter westerlies peak, in the 
mean, in November at almost all 
levels.

•  D uring late w inter and early 
spring the “westerlies” can become 
easterlies. The February means show 
a relative minimum in westerly speeds 
at all levels except 150,000 ft. At
90,000 and 100,000 ft the means 
even become easterly.

•  The mean spring reversal occurs 
from late April to early May. The 
mean fall reversal occurs from late 
September to early October. However, 
standard deviations indicate appre­
ciable fluctuations in actual winds.

MONTH MONTH MONTH

ROCKET W IN D  DATA 

RAWINSONDE DATA
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Im m ense am ounts of atm ospheric 
data have been and are being col­
lected at a number of places through­
out the world —  Geneva, Paris, Ashe­
ville (North Carolina), Stockholm, 
Moscow, Tokyo, to name only a few. 
However, most of the data are not in 
forms completely suitable for com­
puter input, and must be reworked 
for computer use, a process which 
usually involves transferring them to 
punch cards and magnetic tape. If 
all of the world’s incoming conven­
tional m eteorological observations 
were punched on cards, there would 
be about 50,000,000 cards to punch 
each year, at a cost (if done in the 
United States) of $45 to $50 per 
1000 cards.

With some weather data, this ex­
pense is now avoided by using com­
puters which read data directly from 
teletype lines. However, the world’s 
data system is not yet able to cope 
with the problem of making incoming 
and past data available for computer 
input at low cost; often there is trou­
ble in making even printed data avail­
able.

Some data are already on cards. 
For example, there are about 300,- 
000,000 punched cards at the Na­
tional W eather R ecords C enter at 
Asheville, which could be put on 
magnetic tape at a cost of about $5

per 1000 cards. Another 200,000,000 
card images are stored on 16-mm 
photographic film (Fosdic film) and 
can be transferred to magnetic tape 
at about the same cost.

Once the records are on tape, it 
is normally desirable to identify and 
correct major errors which may have 
originated during observation, trans­
m ission, key punching, or o ther 
handling of the data. The checking 
process is time-consuming and there­
fore also expensive.

A t N C A R , Roy Jenne of the 
Computing Facility, assisted by Den­
nis Joseph, has been active in easing 
some of the meteorological data prob­
lems of research workers by preparing 
selected data for computer input. As 
a result, NCAR now has numerous 
sets of data on magnetic tape. They 
consist largely of grid analyses, but 
include also some sets of actual ob­
servations. Rather than allow these 
tapes to become “ d ead ” storage, 
Jenne can supply copies of them to 
outside users. In addition, he is at­
tempting to foster programs under 
which most common types of world 
observations would be made available 
for computer input, and announce­
ments of available material would be 
distributed to interested scientists or 
scientific organizations.

Data at NCAR for Computer 
Input

Data available at NCAR fall into 
three groups:

•  Geographic data: world land- 
surface elevations at 1° intersections 
of latitude/longitude.

•  Grid analyses: by far the bulk 
of the data, comprising many sets of 
data such as latitude/longitude grid 
analyses of southern hemisphere sur­
face pressure and 500-mb heights 
during the IGY, and National Mete­
orological Center (NM C) and Air 
Weather Service (AWS) analyses on 
the 1977-point octagonal grid of the 
northern hemisphere. The NMC and 
AWS grid analyses made prior to 
1962 include only a few levels; after 
1962 they cover ten to twelve levels 
from the surface to 10 mb. For 1955-
1960, one million punched cards from 
the 433L Project —  a joint project 
conducted by the Federal Aviation 
Agency, the Department of Defense, 
and the Department of Commerce —  
have been corrected and put on tape 
in octagonal grid format. Also avail­
able in computer form are U.S. Navy 
grid analyses for selected periods.

•  O bservational da ta  m ateria l: 
obtained in connection with special­
ized research at NCAR. These files 
now include whaling ship data ob­
tained for Harry Van Loon (N CA R), 
Johannes Taljaard (Weather Bureau, 
Republic of South Africa), and H ar­
old Crutcher (U.S. Weather Bureau) 
to improve the climatological knowl­
edge of the circulation in the southern

€
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C om pute r -R eady  
M eteoro log ica l D a ta
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Discipline WDC-A (USA) WDC-B (USSR) WDC-C

M eteorology Asheville, N .C. Moscow Geneva, Switzerland

Geomagnetism Washington, D. C . Moscow Charlottenlund, Denmark; Kyoto

A urora College, Alaska; 
Ithaca, N. Y.

Moscow Stockholm; Edinburgh

Airglow Boulder, Colo. Moscow P aris; Tokyo

Ionosphere Boulder, Colo. Moscow Slough, England; Tokyo

Solar activity Boulder, Colo. 
Boulder, Colo.

Moscow
Simeis, C rim ea

Zurich, Switzerland 
A rce tr i-F ire n ze , Italy;

Meudon, Pic-du-M idi, France; 
F re iburg , Germany; Sydney, A ustralia

Cosmic rays M inneapolis, Minn. Moscow Stockholm; Tokyo

Longitude and latitude Washington, D .C . Moscow —

Glaciology New York, N.Y. Moscow Cambridge, England

Oceanography Washington, D .C . Moscow -

Rockets and sa te llites Washington, D .C . Moscow Slough, England

Seismology Washington, D .C . Moscow Strasbourg, F rance

G ravim etry Washington, D .C . Moscow Uccle, Belgium

N uclear radiation Asheville, N .C. Moscow Stockholm; Tokyo

" • ’Institutions which collect atmospheric data were organ- archive subcenters located in 21 institutions in Western
ized into three W orld Data Centers in 1955 during the plan- Europe, Australia, and Japan.
ning for IG Y , and now serve as collection centers and as To guard against accidental loss o f irreplaceable data,
channels for the international exchange o f information. and to m ake access as convenient as is practical, the infor-

The United States and the USSR each operate a W orld motion archived in each o f three W orld Data Centers is to
Data Center (W D C-A and W DC-B) including all IG Y  disci- a large extent duplicated at the other two. 
plines. A  third W orld Data Center (WDC-C) consists o f

I

hemisphere; selected precipitation and 
stream  runoff data  (annual and 
monthly), collected by Vujica Yevd- 
jevitch in connection with his hydro- 
logical studies at the Colorado State 
University Department of Civil Engi­
neering; and data showing the energy 
in the solar spectrum from 2080 to 
2600A assembled by Jitendra Dave 
and Paul Furukawa (NCAR).

N C A R ’s com puter-ready  data 
can be copied onto magnetic tape, at 
no more than cost, to fulfill requests. 
Jenne and his staff invite requests 
from interested scientists, and hope

to trade data with various organiza­
tions. They hope that such coopera­
tion will help to reduce costly dupli­
cation of effo rt in acquiring and 
organizing data that are already avail­
able in computer form.

Material To Be Available

The NCAR Computing Facility 
will continue to acquire sets of north­
ern hemisphere grid analyses from the 
National Meteorological Center and 
from the Air Weather Service, and

also plans to obtain continuing series 
of atmospheric, sea/air heat exchange, 
water temperature, and water current 
grid analyses from the Navy. Pacific 
Ocean monthly surface temperatures 
compiled by the Bureau of Commer­
cial Fisheries are nearly ready for 
general use. Southern hemisphere sur­
face grid analyses for January 1951 - 
May 1957 have been ordered. Rocket 
network data, southern hemisphere 
whaling ship data, and selected recent 
upper air observational data from 
New Zealand and Australia are being 
received.
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Aircraft R esearch  
Instrumentation System

A IR B O R N E  ARIS

ARIS, a general-purpose data acqui­
sition system developed by NCAR, 
has now been in operational use for 
more than a year on aircraft of the 
NCAR Research Aviation Facility. 
This highly flexible system combines 
the advantages of both analog and 
digital recording techniques, to meet 
a wide range of different data acqui­
sition requirements. ARIS consists of 
airborne equipment for monitoring 
and recording scientific data, and 
ground-based equipment for trans­
ferring the data onto various types 
of permanent records.

The airborne equipment, which 
will accept signals from any compat­
ible sensor, can record simultaneously 
up to 35 analog data channels, 23 
decades of binary coded decim al 
(BCD) digital data, 8 decades of 
internally generated time data, and 
a voice channel for comments by 
flight observers. Generally speaking, 
analog recording techniques are em­
ployed for high-frequency data and 
digital techniques for low-frequency 
data. All data are recorded on stand­
ard Vi-in., 8-track magnetic tape. Six 
recording speeds are available, from 
1% to 60 in./sec.

Three of the 35 analog data in­
puts are recorded in analog form and 
the remaining 32 are converted and 
recorded digitally. The former can 
be recorded either directly or by an 
FM technique, as desired, by means 
of interchangeable plug-in modules. 
(The direct recording method offers 
better bandwidth capability, while the 
FM technique allows greater accur­
acy.) The other 32 analog channels 
are sampled sequentially by a solid- 
state multiplexer and passed through 
an analog-to-digital converter. If 
fewer than 32 channels are sufficient 
for a particular requirement, the in­
puts can be cross-strapped to increase 
the sampling frequency and hence the 
bandwidth capability.

Both analog and digital data can 
be monitored during flight. Any digi­
tal channel can be displayed via a 
5-decade readout on the front of the 
control panel, and all 35 analog inputs 
are available at jacks for monitoring

Airborne AR.IS. The tape recorder is on the right.
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Air tape 
recording 

speed

(in./sec)

Recording 
time 

per reel

(hr)

Data Recorded in Digital Form Data Recorded in Analog Form

Sampling rate 
at all inputs

(samples/sec)

Data bandwidth 
at each of 32 
analog inputs 

(Hz)

Total analog 
data bandwidth

(Hz)

Data bandwidth 
on each FM 

channel 
(KHz)

Data bandwidth 
on each direct 

channel 
(kHz) !

1 - 7 /8 8 8 0 - 2 0 - 6 4 0 -  0 .6 2 5 0 . 3 - 6

3 - 3 /4 4 16 0 - 4 0 -  128 0 -  1 .2 5 0 .3  -  12

7 - 1 /2 2 32 0 - 8 0 -  256 0 -  2 .5 0 .3  -  25

15 1 64 0 - 1 6 0 -  512 0 - 5 0 . 3 - 5 0

30 1 / 2 128 0 - 3 2 0 -  1000 0 - 1 0 0 . 3  -  100

60 1 / 4 256 0 - 6 4 0 -  2000 0 - 2 0 0 . 3  -  200

A R IS  perform ance chart

The A R IS  ground station.

ANALOG
RECORDS

PRINTED
D IG IT A L
RECORDS

IB M
COMPATIBLE

COMPUTER
TAPE

G R O U N D  ARIS

with an oscilloscope or other display 
device.

The ground-based equipment is 
used to transfer the tape-recorded  
data from the airborne equipment, 
onto any of three different types of 
perm anent records —  strip  charts, 
printed-page digital records, or com­
puter-compatible magnetic tapes for

subsequent reduction and analysis of 
the data on a general purpose digital 
computer. The ground equipment also 
provides a speaker for monitoring 
voice information, a 5-decade read­
out to show the time as recorded on 
the air-tape, and a 3-decade read­
out for displaying any one of the digi­
tal data channels.
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Schedu led  B a l lo o n  Flights

States o r Provinces fo r Scheduled  
F lights  and F light R ecord  locations:

A lbrook  A ir Force Base,
C anal Zone, Panam a 

A legrete, Brazil 
Bemidji, M innesota 
C anal Zone, Panam a 
C hico, C alifo rn ia  
F t. C hurchill, M anitoba 
G oodfellow  A ir Force  Base,

Texas
H ollom an A ir Force Base,

New  M exico 
N a tal, Brazil 
Page, A rizona 
Palestine, Texas 
Sioux Falls, South D akota  
St. Paul, M innesota 
U ruguaiana, Brazil 
W hite Sands Missile Range,

N ew  M exico

D a t e
( 1 9 6 7 ) L o c a t i o n S p o n s o r I n v e s t i g a t o r

F l i g h t
o p e r a t i o n
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Balloon shadow on cloud

-Jk'iP* . ' "! - —

Launch from  gasworks

Some episodes from 19th. century ballooning

" 1
B a l l o o n  s p e c s  
( v o l u m e  in c u  f t ;  
p o l y e t h y l e n e  
u n l e s s  s p e c i f i e d )

F l o a t  
a l t i t u d e  
( f t )

F l i g h t
d u r a t i o n
( h r )

P a y l o a d
( l b ) E x p e r i m e n t R e m a r k s

10.6 mi  11 i o n ;  0 . 5  mi c a p p e d 1 4 4 , 0 0 0 12 120 P r i m a r y  c o s m i c  r a y s 6 f l i g h t s

2 . 9 4  m i l  1 i o n ;  0 . 7  mi 1 2 5 , 0 0 0 10 4 00 G a m m a  r ay  a s t r o n o m y 2 f l i g h t s

5 mi  1 l i o n ;  0 . 7 5  m i l 1 2 8 , 0 0 0 6 5 0 0 S o l i d - s t a t e  g a m m a  r ay  

d e t e c t o r

----

10.6  m i l l  i o n ;  0 . 5  m i c a p p e d 1 40 , 0 0 0 10 3 5 0 G a m m a  r ay  d e t e c t o r ----
10.6  m i l l i o n ;  0 . 5  mi c a p p e d 1 35 , 0 0 0 10 4 50 ’ ’

10.6 m i l l i o n ;  0 . 9  mi c a p p e d 1 30 , 0 0 0 12 1 , 200 U l t r a - h i g h  e n e r g y  p a r t i c l e s -------

1.6 m i l l i o n ;  1.0 m i l  v a l v e 1 0 0 , 0 0 0 7 8 0 0 A i r  s a m p l i n g -------

d e s c e n t

8 0 , 0 0 0 ;  0 . 7 5  m i l 7 0 , 0 0 0 96 150 T r a c k i n g  t e s t -------

10.6 mi  I I i o n ;  0 . 5  mi c a p p e d 1 40 , 0 0 0 15 4 00 N u c l e a r  e m u l s i o n s 2 f  1 i g h t s

4 5 0 , 0 0 0 ;  0 . 5  m i l 1 00 , 0 0 0 8 2 5 0 G a m m a  r ay  b a c k g r o u n d  s t u d y 2 f l i g h t s

10.6 m i l l  i o n ;  0 . 7  mi c a p p e d 1 36 , 0 0 0 10 6 0 0 G a m m a  ray  a s t r o n o m y -------

10.6  m i l l i o n ;  0 . 7  mi c a p p e d 1 3 6 , 0 0 0 12 5 50 1 ’ 2 f l i g h t s

10.6  mi  l l i o n ;  0 . 5  mi c a p p e d 1 4 0 , 0 0 0 10 4 00 P r o p o r t i o n a l  c o u n t e r ----
3 mi  1 l i o n ;  0 . 5  mi  1 1 3 0 , 0 0 0 12 50 G a m m a  r a y  d e t e c t o r 4 f l i g h t s

10.6 m i l l i o n ;  0 . 5  mi c a p p e d 1 4 0 , 0 0 0 12 4 0 0 G a m m a  r ay  a s t r o n o m y 4 f l i g h t s

5 mi  l l i o n ;  0 . 7 5  m i l 1 3 3 , 0 0 0 12 250 G a m m a  r ay  d e t e c t o r ----
^  ' c r i m 9 0 , 0 0 0 1 0 , 0 0 0 H i g h  a l t i t u d e  p a r t i c l e T a n d e m  b a l l o o n  s y s t e m

p hy  si  c s
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B a l lo o n  F l ig h t  R e c o r d

D a t e
( 1 9 6 6 ) L o c a t i o n S p o n s o r I n v e s t i g a t o r

F 1 i g h t  
o p e r a t i o n  
c o n d u c t e d  
by

B a l l o o n  s p e c s  
( v o l u m e  in cu f t ;  
po l y e t h y  l ene  
un l e s s  s p e c i f i e d )

f

( 1 9 6 6 )  J u n  10 

”  10

F t .  C h u r c h i  11 O N R P .  M e y e r  ( U .  C h i c a g o ) R a v en  
* *

10 . 6  m i l l i o n ;  0 . 7  m i l  

6 mi  11 i o n ; 0 . 5  mi 1

c a pp e d

”  15 

”  15

”  15 » 1

»» 

> >

P.  M e y e r ,  J .  L ’ H e u e u x  

( U.  C h i c a g o )

R.  V o g t  ( C a l  T e c h )

■■

10.6 m i 1 l i  o n ;  0 . 7  m i l  

6 mi  11 i o n ;  0 . 5  mi 1

10 . 6  m i  1 l i o n ;  0 . 6  m i l

J un 20 F t .  C h u r c h i  11 O N R P.  M e y e r  ( U .  C h i c a g o ) R a v e n 6 mi  11 i o n ; 0 . 5  m i l

”  27 

”  27
: : . .

P .  M e y e r ,  J .  F a n s e l o w  

( U .  C h i c a g o )

R.  V o g t  ( C a l  T e c h )

» > 10.6  m i l l i o n ;  0 . 7  mi  1

10. 6  m i l  l i o n ;  0 . 6  m i l

”  27 ” ■■ E.  N e y ,  R o s e n  ( U .  M i n n . ) > i 2 5 0 , 0 0 0 ;  0 . 5  m i l

”  30 * * " ” » i 2 5 0 , 0 0 0 ;  0 . 5  m i l

J u l  3 F t .  C h u r c h i l l O N R R.  V o g t  ( C a l  T e c h ) R a v e n 10. 6  mi  11 i o n ;  0 .6  m i l

”  7 

”  11

1» 

11

1 1 

l t

V .  B a l a s u b r a h m a n y a n  

( G S F C )

R.  V o g t  ( C a l  T e c h )

t > 10 . 6  m i l l i o n ;  0 . 5  mi  1

10 . 6  mi  11 i o n ;  0 . 6  m i l
c

”  13 

”  13 i »

1 I V .  B a l a s u b r a h m a n y a n  

( G S F C )

W. W e b b e r  ( U .  M i n n . )

11 

> t

10 . 6  m i 1 l i  o n ;  0 . 5  m i l  

1 0 . 6  m i 11 i o n ;  0 . 5  m i l

J u l  14 F t .  C h u r c h i  11 O N R C.  D e n e y  ( U .  R o c h e s t e r ) R a v e n 10 . 6  m i 1 l i o n ;  0 . 5  m i l

”  15 ” ■■ R.  V o g t  ( C a l  T e c h ) 11 10 . 6  m i  1 l i o n ;  0 . 5  m i l

”  16 

”  16 

”  16

11

I I 

» 1

V .  B a l a s u b r a h m a n y a n

( G S F C )

T .  F o e l  s c h e  ( L  R C )  / 

R.  M e n d e l  1 ( N Y U )

W. W e b b e r  ( U .  M i n n . )

> t 

> >

10 . 6  mi  11 i o n ;  0 . 5  m i l  

2 . 9 4  mi  1 l i o n ;  0 . 7  m i l  

4 m i  11 i o n ;  0 . 7  m i l

J u l  24

”  25 

”  26

”  26

F t .  C h u r c h i l l  

> t

O N R T .  F o e l s c h e  ( L R C ) /  

R.  M e n d e l  1 ( N Y U )

W. W e b b e r  ( U .  M i n n . )  

R . V o g t  ( C a  1 T e c h )

U .  E a r l  ( U .  M d . )

R av e n  

i »

3 2 5 , 0 0 0 ;  1 . 5  m i l

10 . 6  mi  1 l i o n ;  0 . 5  m i l

10 . 6  m i l l  i o n ;  0 . 5  m i 1

1 m i l  l i o n ;  0 . 5  m i  1

”  30 11 ” C.  D e n e y  ( U .  R o c h e s t e r ) »»
1 0 . 6  m i  1 l i o n ;  0 . 5  m i l

€
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\
F l o a t
a l t i t u d e
( f t )

F l i g h t
d u r a t i o n
( hr )

P a y l o a d
( l b ) E x p e r i m e n t R e m a r k s

1 3 3 , 2 0 0 19 962 E l e c t r o n - p o s i t r o n  r a t i o S u c c e s s f u l  f l i g h t

1 35 , 0 0 0 17 4 9 1 . 5 P r i m a r y  c o s m i c  r a d i a t i o n  s p e c t r a  

a n d  f l u x

1»

1 32 , 6 0 0 17 . 5 1960 E l e c t r o n - p o s i t r o n  r a t i o 11

1 35 , 0 0 0 10 . 4 488 P r i m a r y  c o s m i c  r a d i a t i o n  s p e c t r a  

a nd  f l u x

S u c c e s s f u l  f l i g h t ;  t e l e m e t r y  l o s t  

d u e  t o  f a u l t y  R F  c o n v e r t e r

1 4 8 , 0 0 0 17 . 4 369 M e a s u r e m e n t  o f  f l u x  a nd  s p e c t r u m  

o f  h e a v y  n u c l e a r  p a r t i c l e s

S u c c e s s f u l  f l i g h t

1 3 6 , 5 0 0 20 . 8 499 P r i m a r y  c o s m i c  r a d i a t i o n  s p e c t r a  

a n d  f l u x

S u c c e s s f u l  f l i g h t

1 3 6 , 0 0 0 16.4 960 E l e c t r o n - p o s i t r o n  r a t i o »»

1 4 4 , 8 0 0 14.9 3 74 M e a s u r e m e n t  o f  f l u x  and  s p e c t r u m  

o f  h e a v y  n u c l e a r  p a r t i c l e s

11

1 0 7 , 1 0 0 3 . 8 130 V e r t i c a l  d i s t r i b u t i o n  o f  d u s t  

a n d  o z o n e

11

1 0 7 , 7 0 0 3 . 9 1 26 . 5 ’ 1 >»

1 4 3 , 8 0 0 1 0 . 4 380 M e a u r e m e n t  o f  f l u x  a nd  s p e c t r u m  

o f  h e a v y  n u c l e a r  p a r t i c l e s

S u c c e s s f u l  f l i g h t

1 45 , 1 0 0
(

16.4 3 70 G a l a c t i c  c o s m i c  r a y s t »

V
1 44 , 6 0 0 15 . 5 371 M e a s u r e m e n t  o f  f l u x  and  s p e c t r u m  

o f  h e a v y  n u c l e a r  p a r t i c l e s

i >

1 4 2 , 5 0 0 19.9 4 50 G a l a c t i c  c o s m i c  r a y s t »

1 5 1 , 2 0 0 12.7 368 1 1 i >

1 3 9 , 2 0 0 18.8 548 F l u x  a nd  s p e c t r u m  o f  c h a r g e d  

p a r t i  c l e s

S u c c e s s f u l  f l i g h t

1 47 , 2 0 0 2 1 . 4 385 M e a s u r e m e n t  o f  f l u x  a nd  s p e c t r u m  

o f  h e a v y  n u c l e a r  p a r t i c l e s

11

1 4 3 , 4 0 0 21 . 1 447 G a l a c t i c  c o s m i c  r a y s 1»

1 2 5 , 0 0 0 17.9 537 M e a s u r e m e n t  o f  f l u x  a n d  s p e c t r u m  

o f  f a s t  n e u t r o n s

»i

1 3 3 , 2 0 0 1 1 . 4 352 G a l a c t i c  c o s m i c  r a y s S u c c e s s f u l  f l i g h t ;  c u t d o w n  3 . 5  h r  e a r l y

7 4 , 0 0 0 2 0 . 9 751 G a l a c t i c  c o s m i c  r a y s S u c c e s s f u l  f l i g h t ;  d u c t  s h o r t e n e d  

35 f t  b e f o r e  l a u n c h
1 45 , 0 0 0 18 . 4 6 4 8 E l e c t r o n  s h o w e r s S u c c e s s f u l  f l i g h t

1 42 , 6 0 0 15.5 379 M e a s u r e m e n t  o f  f l u x  and  s p e c t r u m  

o f  h e a v y  n u c l e a r  p a r t i c l e s

i >

1 1 8 , 2 0 0 17.9 312 M e a s u r e m e n t  o f  f l u x  a nd  d i r e c t i o n  

o f  c o s m i c  ray  e l e c t r o n s ,  p r o t o n s ,  
a I p h a  p a r t i  c l e s

»»

1 4 3 , 0 0 0

I
19.3 5 4 3 F l u x  a n d  s p e c t r u m  o f  c h a r g e d  

p a r t i  c l e s

i >

/
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B a l lo o n  F l ig h t  R e c o rd

D a t e
( 1 9 6 6 )  L o c a t i o n  S p o n s o r I n v e s t i g a t o r

F l i g h t
o p e r a t i o n
c o n d u c t e d
by

B a l l o o n  s p e c s  
( v o l u m e  in c u  f t ;  
p o l y e t h y  l e n e  
u n l e s s  s p e c i f i e d )

( 1 9 6 6 )  J u l  30 F t .  C h u r c h i O N R U .  E a r l  ( U .  M d . ) 1 mi  I l i o n ;  0 . 5  m i l

”  31

A u g  2 

” 6 
” 6

T .  F o e l s c h e  ( L R C ) / 

R.  M e n d e l  I ( N Y U )

U .  E a r l  ( U .  M d . )

3 2 5 , 0 0 0 ;  1 .5  m i l

10 . 6  m i l l i o n ;  0 . 5  m i l  

3 2 5 , 0 0 0 ;  1 .5  m i l  

5 . 2 5  m i l l i o n ;  0 . 8  m i l

A u g  7

”  7 

”  2 7  

"  30  

S e p t  7

F t .  C h u r c h i l l  O N R

II >1

St .  P a u l  ”  
ii ii

ii ii

C.  D e n e y  ( U .  R o c h e s t e r )

F .  M c D o n a l d  ( J P L )

J .  E a r l  ( U .  Md . )
1 1

R a v e n  

11

W i n z e n  
11

11

1 0. 6  m i l l i o n ;  0 . 5  m i l

5 . 2 5  m i l l i o n ;  0 . 7  m i l  

7 4 9 , 0 0 0 ;  0 . 5  m i l  

7 4 9 , 0 0 0 ;  0 . 5  m i l  

7 4 9 , 0 0 0 ;  0 . 5  m i l

S e p t  14 B e m i d j i  O N R D.  H a g g e  ( G S F C ) W i n z e n 10. 6  m i l l i o n ;  0 . 6  m i  1

”  14 ii ii ” 11 1 0 . 6  m i  1 l i o n ;  0 . 6  m i l

”  16 C a n a l  Z o n e  A E C G.  F r y e  ( C a s e  I n s t . ) R av e n 10 . 5  m i l l i o n ;  0 . 5  m i l

”  18 A l b r o o k  A F B A E C U S A F * 1.6 m i l l i o n ;  1 . 5  m i l

"  19 G o o d f e l l o w  A F B  ’ * 11 11 3 . 5  m i  1 l i o n ;  0 . 8  mi  1 ^

S ep t  19 B e m i d j i  O N R D.  H a g g e  ( G S F C ) W i n z e n 10 . 6  m i l  l i o n ;  0 . 6  m i l
»  21 A l b r o o k  A F B  A E C A E C U S A F * 5 . 2 5  m i l l i o n ;  1 . 5  m i l

”  21 G o o d f e l l o w  ”  

A F B

1 1 11 1 .6  mi  1 l i o n ;  1 . 5  m i l

CN
C
N A |  b r o o k  A F B ” i > 4 5 , 0 0 0 ;  1.5 m i l

C
N

CN C a n a l  Z o n e G.  F r y e  ( C a s e  I n s t . ) R a v e n 9 m i 1 l i o n ;  0 . 7 5  m i l

S e p t  22 G o o d f e l l o w  A E C  

A F B

A E C U S A F * 4 5 , 0 0 0 ;  1 . 5  m i l

”  23 B e m i d j i  O N R D.  H a g g e  ( G S F C ) W i n z e n 2 . 9 4  mi  1 l i o n ;  0 . 7  mi  1

C
O

C
N A l b r o o k  A F B  A E C A E C U S A F * 2 4 2 , 0 0 0 ;  1 .5  m i l

CO
C
N G o o d f e l l o w  A F B  ” 1 1 11 2 4 2 , 0 0 0 ;  1 .5  m i l

”  24 A l b r o o k  A F B 1 1 " 1.6 m i f l i o n ;  1.5 m i l

S e p t  25 C a n a l  Z o n e  A E C G.  F r y e  ( C a s e  I n s t . ) R av e n 1 0 . 5  mi  1 l i o n ;  0 . 5  mi  1

”  26 G o o d f e l  l o w  A  F B ” A E C U S A F * 10.6  m i l l i o n ;  0 . 7  m i l  c a p p e d

O c t  13 ii ii 1 1 11 1.6 m i l l i o n ;  1 . 5  m i l

”  16 ii ii 1 1 11 4 5 , 0 0 0 ;  1 .5  m i l

”  20 N a t a l 1 1 11 2 4 2 , 0 0 0 ;  1 .5  m i l

O c t  20 G o o d f e l l o w  A F B  A E C A E C U S A F * 2 4 2 , 0 0 0 ;  1 .5  m i l

”  21 N a t a l 1 1 1 1
10 . 6  m i l l i o n ;  0 . 7  m i l  c a p p e d

C
N

CN ii »» ” 1 1 1 .6  m i l  l i o n ;  1 .5  m i l

”  23 ii ii 1 1 1 1 3 . 5  mi  l l i o n ;  0 . 8  mi  1

t
t

CN ii ii

*  D e t a c h m e n t  3 1 ,  6 W e a t h e r  Wi ng

4 5 , 0 0 0 ;  1 .5  m i l  

G o o d f e l l o w  A i r  F o r c e  B a s e ,  T e x a s
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F l o a t  F l i g h t
a l t i t u d e  d u r a t i o n  P a y l o a d
( f t )  ( h r )  ( l b ) E x p e r i m e n t R e m a r k s

1 16 , 2 0 0

6 9 , 0 0 0

1 37 , 5 0 0

7 6 , 6 0 0

1 3 0 , 6 0 0

14.3

5.1

19.4

19.4  

15.8

3 49

936

5 87

8 1 6 . 5

371

M e a s u r e m e n t  o f  f l u x  a nd  d i r e c t i o n  

o f  c o s m i c  r a y  e l e c t r o n s ,  p r o t o n s ,  

a l p h a  p a r t i c l e s  

G a l a c t i c  c o s m i c  r a y s

1 >

M e a s u r e m e n t  o f  f l u x  and  d i r e c t i o n  

o f  c o s m i c  r ay  e l e c t r o n s ,  p r o t o n s ,  

a l p h a  p a r t i c l e s

S u c c e s s f u l  f l i g h t

F l i g h t  t e r m i n a t e d  e a r l y  d ue  to 

u n f a v o r a b l e  t r a j e c t o r y

S u c c e s s f u l  f l i g h t  
1»

»i

1 41 , 4 0 0 18.8 5 54 F l u x  and  s p e c t r u m  o f  c h a r g e d  

p a r t i  c l e s

S u c c e s s f u l  f l i g h t

1 32 , 0 0 0 15.2 6 7 5 C o s m i c  ray  m e a s u r e m e n t s j >

1 13 , 0 0 0 10 . 5 2 15 11 11

1 05 , 0 0 0 24 2 3 5 i » »i

1 07 , 0 0 0 2 3 . 5 250 » > > >

1 4 1 , 0 0 0 13.5 321 C o s m i c  r ay  m e a s u r e m e n t s S u c c e s s f u l  f l i g h t

1 43 , 0 0 0 10 286 i > i *

1 4 0 , 2 0 0 6 . 3 6 16 C o s m i c  r ay  s p a r k  c h a m b e r * i

1 0 5 , 0 0 0 6 . 8 488 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n 11

( A  1 2 0 , 0 0 0 7 . 5 6 56 > r

-  - 4 3 37 C o s m i c  ray  m e a s u r e m e n t s F l i g h t  t e r m i n a t e d  a t  1 2 8 , 0 0 0  f t

1 20 , 0 0 0 8.1 5 55 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

1 05 , 0 0 0 5 . 2 5 13 11 >»

9 0 , 0 0 0 4 . 9 3 5 2 ■ ■ > >

1 37 , 5 0 0 3 6 23 C o s m i c  r ay  s p a r k  c h a m b e r

9 0 , 0 0 0 5 .2 356 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

1 24 , 0 0 0 6 . 2 341 C o s m i c  r ay  m e a s u r e m e n t s > >

8 0 , 0 0 0 3 .7 2 85 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n * >

8 0 , 0 0 0 4 . 1 3 63 11

1 05 , 0 0 0 6 . 2 4 8 5 i » t >

------- ------- 6 20 C o s m i c  r ay  s p a r k  c h a m b e r B a l l o o n  b u r s t  a t  5 4 , 3 0 0  f t

1 3 5 , 0 0 0 6 . 2 5 43 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

1 0 5 , 0 0 0 5.1 519 > i V I

9 0 , 0 0 0 3 .8 344 > i 11

8 0 , 0 0 0 4 . 2 360 i > »I

8 0 , 0 0 0 3.8 366 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

1 3 5 , 00 0 7 . 0 2 545 M C o l l e c t i o n  s y s t e m  m a l f u n c t i o n

1 05 , 0 0 0 2.1 4 59 * i S u c c e s s f u l  f l i g h t

1 20 , 0 0 0 7 .6 6 37 ” > i

9 0 , 0 0 0

•

4 . 5 350 »» i >

/
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B a l l o o n  F l ig h t  R e c o r d

D a t e
( 1 9 6 6 - 6 7 )  L o c a t i o n S p o n s o r In v e s t i  g a t o r

F I i g h t  
o p e r a t i o n  
c o n d u c t e d  
by

B a l l o o n  s p e c s  
( v o l u m e  i n  c u  f t ;  
p o l y e t h y l e n e  
u n l e s s  s p e c i f i e d )

( 1 9 6 6 ) O c t

> I 

1 1

25

27

28

29

30

N a t a l  

> 1

A E C

11 

»i

A E C
1 1

I 1 

1 1

U S A F *  

» »

1 I

2 4 2 , 0 0 0 ;  1 .5  m i l

3 . 5  m i 1 l i o n ;  0 . 8  m i l

1.6 m i l l i o n ;  1.5 m i l

4 5 , 0 0 0 ;  1 .5  m i l

10 . 6  m i l l i o n ;  0 . 7  m i l  c a p p e d

N o v 3 G o o d f e l l o w A E C A E C U S A F * 1.6 m i l l i o n ;  1.5 m i l

A F B

” 4 H o l  l o m a n  A F B A F C R L J .  P a y n e  ( A F C R L ) A F C R L 7 8 , 0 0 0 ;  G T - 1 2  s c r i m

" 11 A l e g r e t e N C A R P .  F u r u k a w a  ( N C A R ) , N C A R 1 8 0 , 0 0 0 ;  0 . 5 5  m i l

A .  K r u e g e r  ( N O T S )
» > 12 U r u g u a i  ana » 1 11 1 » 1 8 0 , 0 0 0 ;  0 . 5 5  m i l
1 » 14 G o o d f e l  l o w A F  B A E C A E C U S A F * 4 5 , 0 0 0 ;  1 .5  m i l

N o v 14 A l e g r e t e N C A R P .  F u r u k a w a  ( N C A R )  / N C A R 1 8 0 , 0 0 0 ;  0 . 5 5  m i l

A .  K r u e g e r  ( N O T S )
1 » 14 i » ” 11 ” 1 8 0 , 0 0 0 ;  0 . 5 5  m i l
1 1 15 G o o d f e l  l o w A E C A E C U S A F * 2 4 2 , 0 0 0 ;  1 .5  m i l

A F B
I f 28 P a l e s t i n e A F O S R R.  H a y m e s  ( R i c e  U . ) N C A R 10.6  m i l l i o n ;  0 . 7  m i l  c a p p e d

29 i » N A S A J.  S t r o ng  ( J o h n s  H o p k i n s ) 11 2 . 9 4  mi  1 l i o n ;  1.5 m i l

N o v 30 P a l e s t i n e N S F J .  L o r d  ( U .  W a s h . ) N C A R 1.5  m i l l i o n ;  1 .0  m i l

- 30 » i 1 1 -■ 1.5  m i l l i o n ;  0 . 7 5  m i l

D e c 7 G o o d f e  1 l o w A E C A E C U S A F * 1.6 m i l l i o n ;  1 .5  m i l

A F B

” 9 H o l  l o m a n  A F B A F C R L J .  C r u m m i e  ( A F C R L ) A F C R L 2 . 0 1  m i l l i o n ;  1 .5  m i l

> i 9 G o o d f e l  l o w A E C A E C U S A F * 2 4 2 , 0 0 0 ;  1 .5  m i l

A F B

D e c 9 P a l e s t i n e N A S A J .  S t r o n g  ( J o h n s  H o p k i n s ) N C A R 2 . 9 4  m i l l i o n ;  1 .5  m i l

” 11 11 1 1 E.  C h u p p  ( U N H ) 1 > 2 . 9 4  m i l l i o n ;  0 . 6  m i l
? i 12 G o o d f e  1 l o w A E C A E C U S A F * 1.6 m i l l i o n ;  1 .5  m i l

A F B
t > 13 H o l  l om a n  A F B A F C R L A .  G i a n n e t t i  ( A F C R L ) A F C R L 1 2 5 , 4 2 6 ;  2 m i l
> > 13 P a l e s t i n e O N R J .  W a d d i n g t o n  ( U .  M i n n . ) N C A R 10. 6  m i l l i o n ;  0 . 5  m i l  c a p p e d

D e c 14 C h i c o A F C R L A .  K o r n  ( A F C R L ) A F C R L 8 0 4 , 0 0 0 ;  2 m i l

- 14 G o o d f e l  l ow A E C A E C U S A F * 5 . 2 5  mi  11 i o n ;  1 .5  m i l

A F B
11 29 P a l e s t i n e N S F R.  H u g g e t t  ( L S U ) N C A R 3 mi  11 i o n ;  0 . 7 5  mi  1

( 1 96 7 ) J a n 3 G o o d f e  1 l ow A E C A E C U S A F * 1 5 3 , 0 0 0 ;  1 .5  m i l

A F B
i > 5 H o l l o m a n  A F B A F C R L S.  S t e i n k e  ( A F C R L ) A F C R L 8 0 4 , 0 0 0 ;  2 m i l

* D e t a c h m e n t  31 ,  6 W e a t h e r  W i n g / G o o d f e l l o w  A i r F o r c e  B a s e ,  T e x a s



N
F l o a t
a l t i t u d e
( f t )

F 1 i g h t
d u r a t i o n
(hr )

P a y l o a d
( l b ) E x p e r i m e n t R e m a r k s

8 0 , 0 0 0 4 . 3 2 58 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

1 20 , 0 0 0 7 .2 6 52 ”

1 0 5 , 0 0 0 6 . 7 4 42 1 1 ”

9 0 , 0 0 0 4 .6 3 55 1 1 > >

1 35 , 0 0 0 7 . 7 5 5 2 ’ ’ > >

1 0 5 , 0 0 0 5 . 3 541 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

3 8 , 0 0 0 2 .0 3 00 0 E v a l u a t i o n  o f  3 l a u n c h  m e t h o d s _  _

3 4 , 5 0 0 N / A 22 M e a s u r e m e n t  o f  o z o n e  v a r i a t i o n s  

d u r i n g  e c l i p s e

T e l e m e t r y  s i g n a l  l o s t

5 3 , 0 0 0 N / A 38 i » S t r o ng  s u r f a c e  w i n d s ;  c l o u d s  10 m i n  a f t e r  l a u n c h

9 0 , 0 0 0 4 .9 3 52 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

4 5 , 5 0 0 N / A 22 M e a s u r e m e n t  o f  o z o n e  v a r i a t i o n s  

d u r i n g  e e l  i p s e

B a l l o o n  b u r s t  a t  4 5 , 5 0 0  f t

4 5 , 5 0 0 N / A 22 ” 11

8 0 , 0 0 0 3 .9 3 62 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

1 3 1 , 5 0 0 6 . 0 1103 R a d i o a c t i v e  d e b r i s  i n  C r a b  N e b u l a i »

------- 2 7 1 5 D u m m y  l o a d  f l i g h t  t e s t G r o u n d  a b o r t ;  s a f e t y  t i m e r  b o x  j a r r e d  a t  l a u n c h

1 1 1 , 6 0 0• 0 .0 4 0 5 E x p o s u r e  o f  n u c l e a r  e m u l s i o n B a l l o o n  r e a c h e d  c e i l i n g  and  b e g a n  d e s c e n d i n g ;

p a c k a g e f  1 i g h t  t e r m i n a t e d
1 1 1 , 5 0 0 2 .6 4 0 5 B a l l o o n  p e r f o r m a n c e  g o o d ;  e a r l y  t e r m i n a t i o n  to  

a v o i d  G u l f  o f  M e x i c o

------- 1.6 4 87 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n P r e m a t u r e  t e r m i n a t i o n

9 5 , 8 0 0 7 .6 1027 T e s t  a nd  e v a l u a t i o n  o f  V O R  

b a l l o o n  l o c a t i n g  s y s t e m

S u c c e s s f u l  f l i g h t

7 9 , 6 0 0 4 .8 3 59 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n

9 5 , 0 0 0 0 .2 2 7 1 5 D u m m y  l o a d  f l i g h t  t e s t S u c c e s s f u l  f l i g h t

1 3 2 , 5 0 0 3 .5 2 50 S o l a r  g a m m a  r a y s ••

-  - 3 . 3 4 8 9 N e w  c o m m a n d  c o n t r o l  s y s t e m 1 n c o m p  l e t e

5 6 , 0 0 0 4 712 B a l l o o n - b o r n e  r a d i o - r e l a y  s y s t e m S u c c e s s f u l  f l i g h t

1 3 0 , 0 0 0 2 .0 1060 H i g h  e n e r g y  g a m m a  r a y s "

7 2 , 0 0 0 5 . 7 2 0 0 0 B a l l o o n  t e s t ;  o p e r a t i o n a l  c h e c k o u t  

o f  T u f t s  l a u n c h  p l a t f o r m

S u c c e s s f u l  f l i g h t

1 1 8 , 6 0 0 5 .6 5 34 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n ’ ’

0 . 0 1 245 M e a s u r e m e n t  o f  i n t e r a c t i o n  o f  

u l t r a - h i g h  e n e r g y  p a r t i c l e s

B a l l o o n  b u r s t  a t  5 0 , 0 0 0  f t

2 . 0 3 3 46 N e w  c o m m a n d  c o n t r o l  s y s t e m E x p e r i m e n t  c o m p l e t e ;  b a l l o o n  a s c e n d e d  b e y o n d  

6 5 , 0 0 0  f t  b e f o r e  f a i l u r e

1 .7 8 34 P h o t o g r a p h s  o f  p a r a c h u t e  r e a c t i o n D e f e c t i v e  b a l l o o n  s e l e c t e d  f o r  t e s t - b u r s t  a t

• d u r i n g  v a l v e - d o w n  o p e r a t i o n  and  

o f  b a l l o o n  b u r s t

4 4 , 0 0 0  f t

/
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B a l l o o n  F l ig h t  R e c o r d

D a t e
( 1 9 6 7 ) L o c a t i o n S p o n s o r I n v e s t i g a t o r

F 1 i g h t  
o p e r a t i o n  
c o n d u  c t e d  
by

B a l l o o n  s p e c s  
( v o l u m e  in c u  f t ;  
p o l y e t h y  l en e  
u n l e s s  s p e c i f i e d )

f

( 1 9 6 7 )  J a n  5 G o o d f e l  l o w  A F B A E C A E C U S A F * 4 5 0 , 0 0 0 ;  1 .5  m i l

”  5 P a l e s t i n e N S F R.  H u g g e t t  ( L S U ) N C A R 3 mi  11 i o n ;  0 . 7 5  mi l

”  9 » N A S A J .  S t r o ng  ( J o h n s  H o p k i n s ) ” 2 . 9 4  m i l l i o n ;  1 .5  m i l

”  10 H o  1 l o m a n  A F B A F C R L S. S t e i n k e  ( A F C R L ) A F C R L 1 2 5 , 4 2 6 ;  2 m i l

”  10 C h  i co A .  K o r n  ( A F C R L ) 8 0 4 , 0 0 0 ;  2 m i l

J a n  11 G o o d f e l  l o w  

A F B

A E C A E C U S A F * 2 4 2 , 0 0 0 ;  1 . 5  m i l

”  13 - 27 H o l l o m a n  A F B A S D S a n d e r s  A s s o c i a t e s A F C R L 2 6 , 0 0 0 ;  d a c r o n

”  19 G o o d f e  1 l o w  

A F B

A E C A E C U S A F * 1.6  mi  1 l i o n ;  1.5 m i l

”  20 ” ■> ■■ 1 0 .6  m i l  l i o n ;  0 . 7  mi  1

oC
N A 1 b r o o k  A F B I 1 1 ’ ’ 1 4 5 0 , 0 0 0 ;  1 .5  m i l

J a n  21 A 1 b r oo k  A F B A E C A E C U S A F * 1.6 mi  11 i o n ;  1 .5  m i l

”  23 " 1 ’ " ” 2 4 2 , 0 0 0 ;  1 .5  m i l

CO o G o o d f e  1 l o w  A F B ” 1 » ■1 3 . 5  m i l l i o n ;  0 . 7 5  m i l

F e b  2 W h i t e  Sa nd s  

M i s s i l e  R a n g e

A F C R L E.  Y o u n g  ( A F C R L ) A F C R L 2 6 , 0 0 0 ;  d a c r o n

I”  2 G o o d f e  1 l o w  

A F B

A E C A E C U S A F * 4 5 0 , 0 0 0 ;  1 .5 m i l

F e b  3 G o o d f e  1 l ow  

A F B

A E C A E C U S A F * 1.6  m i l l i o n ;  1 .5  m i l

"  4 P a g e N S F R.  H u g g e t t  ( L S U ) N C A R 2 . 9 4  m i l l i o n ;  1 .5  m i l

”  7 G o o d f e  1 l o w  

A F B

A E C A E C U S A F * 2 4 2 , 0 0 0 ;  1 .5  m i l

”  8 Ho  1 l om a n  A F B A F C R L L .  G r a s s  ( A F C R L ) A F C R L 1 4 , 0 8 0

”  8 2 6 , 0 0 0 ;  d a c r o n

F e b  9 G o o d f e l l o w A F B A E C A E C U S A F * 3 . 5  m i l l i o n ;  0 . 7 5  m i l

"  10 A l b r o o k  A F B 1 1 1 I 1 1 4 5 0 , 0 0 0 ;  1 .5  m i l

’ ■ 11 ” 1 I ” 1.6 m i 11 i o n ;  1 .5  m i l

”  12 C h i c o A F C R L U.  C a l i f . A F C R L 3 . 0 3  m i l l  i o n ;  1 m i l

”  12 G o o d f e l  l o w  

A F B

A E C A E C U S A F * 1.6 mi  11 i o n ;  1 .5  m i l

F e b  12 A 1 b r o o k  A F B A E C A E C U S A F * 2 4 2 , 0 0 0 ;  1 .5  m i l

”  12 P a g e N A S A G.  C l a r k  ( M I T ) N C A R 1 0 . 6  mi  11 i o n ;  0 . 5  m i l

”  14 H o l  l o m a n  A F B A F C R L B .  C i l d e n b e r g  ( A F C R L ) A F C R L 8 0 0 , 0 0 0 ;  2 m i l

”  17 * ’ 11 > » 8 0 0 , 0 0 0 ;  2 m i l

”  17 P a g e N S F R.  H u g g e t t  ( L S U )  

* D e t a c h m e n t  3 1 ,  6 W e a t h e r  W i n g  ,

N C A R

G o o d f e l l o w  A i r

2 . 9 4  m i  11 i o n ;  1 m i l  

F o r c e  B a s e ,  T e x a s

1



F l o a t  F l i g h t
a l t i t u d e  d u r a t i o n  P a y l o a d
( f t )  ( h r )  ( l b ) E x p e r i m e n t R e m a r k s

8 9 , 3 0 0

9 2 . 0 0 0

4 7 . 0 0 0  

7 1 , 7 6 0

5 . 4

0 . 0

6 . 3

2 . 4  

3 . 1 5

3 49

1284

2 6 1 3

848

1995

P a r t i c u l a t e  d e b r i s  c o l l e c t i o n  

M e a s u r e m e n t  o f  i n t r a c t i o n  o f  u l t r a -  

h i g h  e n e r g y  p a r t i c l e s  

D u s t ,  g a s e o u s  m a t e r i a l s  in c o r o n a  

C a l i b r a t i o n  o f  b u r s t  s w i t c h  

B a l l o o n  t e s t ;  o p e r a t i o n a l  t e s t  o f  

T u f t s  l a u n c h  p l a t f o r m

S u c c e s s f u l  f l i g h t

B a l l o o n  f a i l e d  i m m e d i a t e l y  a f t e r  l e a v i n g  s p o o l  

S u c c e s s f u l  f l i g h t  

S u c c e s s f u  1 f l i g h t

8 0 , 3 0 0 4.1 3 65 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

300- 1  100 1-5 7 3 1 . 5 A i r b o r n e  e l e c t r o n i c  e q u i p m e n t  t e s t 9 t e t h e r e d  f l i g h t s

1 03 , 00 0 4 . 7 6 78 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n ;  

n o r m a l  a nd  h i g h  v o l u m e  s a m p l i n g  

s y s t e m s  c o m p a r e d

S u c c e s s f u l  f l i g h t

1 39 , 00 0 6 . 7 4 53 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n

9 0 , 3 0 0 4 . 5 387 > 1 S u c c e s s f u l  f l i g h t ;  a e r i a l  r e c o v e r y

1 04 , 1 0 0 4 . 7 4 72 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

8 0 , 1 0 0 4 . 3 390 11

------ 2 6 78 ------- B a l l o o n  f a i l e d  n e a r  7 5 , 0 0 0  f t

2 , 0 0 0 3 . 4 2 3 7 3 8 - f t  s p h e r i c a l  b a l l o o n  a nd  d a t a  

r e d u c t i o n  p r o g r a m  e v a l u a t i o n

T e t h e r e d  s y s t e m

8 8 , 9 0 0 6.1 325 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

1 02 , 70 0 5 . 3 671 N o r m a l  a nd  h i g h  v o l u m e  s a m p l i n g  

s y s t e m s  c o m p a r e d

S u c c e s s f u l  f l i g h t

1 0 1 , 0 0 0 8 . 5 1272 M e a s u r e m e n t  o f  i n t e r a c t i o n  o f  u l t r a -  

h i g h  e n e r g y  p a r t i c l e s

1 1

7 8 , 3 0 0 3 .9 362 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n »1

N / A N / A N / A V i r o n  b l i m p  c h e c k o u t H a n g a r  t e s t

600 1 . 0 5 6 8 . 5 3 8 - f t  s p h e r i c a l  b a l l o o n  a nd  d a t a  

r e d u c t i o n  p r o g r a m  e v a l u a t i o n

T e t h e r e d  s y s t e m

------ 1.1 6 84 ------- B a l l o o n  f a i l e d  a t  4 , 0 0 0  f t
8 9 , 9 0 0 5 . 5 3 97 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t ;  a e r i a l  r e c o v e r y

1 0 5 , 6 0 0 5 . 7 4 59 ” » *

9 3 , 0 0 0 5 . 5 2 6 1 7 L a w r e n c e  R a d i a t i o n  L a b  H A P P E  

Z2 g o n d o l a  t e s t

S u c c e s s f u l  f l i g h t

1 00 , 9 0 0 5 . 4 6 72 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n ;  n o r m a l  

a nd  h i g h  v o l u m e  s a m p l i n g  s y s t e m s  

c o m p a r e d

8 1 , 0 0 0 3 . 3 3 93 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t ;  a e r i a l  r e c o v e r y

1 32 , 4 0 0 12.2 8 65 G a m m a  r ay  t e l e s c o p e S u c c e s s f u l  f l  i g h t

6 5 , 0 0 0 1.7 6 7 3 B a l l o o n  d y n a m i c s  t e s t ------

4 0 , 0 0 0 0 .9 6 7 3 B a l l o o n  f a i l u r e  d a t a  u s i n g  F P S - 1 6 H i g h  j e t  t u r b u l e n c e ;  f a i l u r e  a t  4 0 , 0 0 0  f t

102,000
d i g i t a l  t r a c k ,  c a m e r a s ,  a c c e l e r o m e t e r s  

1306  M e a s u r e m e n t  o f  i n t e r a c t i o n  o f  u l t r a -

h i g h  e n e r g y  p a r t i c l e s

S u c c e s s f u l  f l i g h t

31



B a l lo o n  F l ig h t  R e c o r d

D a t e
( 1 9 6 7 ) L o c a t i o n S p o n s o r I n v e s t i g a t o r

F 1 i g h t  
o p e r a t i o n  
c o n d u  c t e d  
by

B a l l o o n  s p e c s  
( v o l u m e  in c u  f t ;  
p o l y e t h y l e n e  
u n l e s s  s p e c i f i e d )

f

( 1 9 6 7 )  F e b  19 P a g e N A S A J . S h a w  (J P L ) N C A R 2 . 9 4  m i l  l i o n ;  1 m i l

”  21 " ** W. H o f f m a n n  ( N A S A ) ■■ 3 6 0 , 0 0 0 ;  0 . 7 5  m i l

”  27 ’ ' 11 L .  P e t e r s o n  ( U C S D ) 6 m i l l  i o n ;  0 . 5  mi  1

COCN G o o d f e i  l o w  

A F B

A E C A E C U S A F * 5 . 2 5  m i l l  i o n ; 1 .5  m i l

M a r  1 P a g e N A S A L .  P e t e r s o n  ( U C S D ) N C A R 3 6 0 , 0 0 0

M a r  7 P a g e N A S A L .  P e t e r s o n  ( U C S D ) N C A R 3 mi  11 i o n ;  0 . 5 5  m i l

”  8 G o o d f e l  l o w  

A F B

A E C A E C U S A F * 4 5 0 , 0 0 0 ;  1 .5  m i l

”  8 P a g e N S F ,  N A S A T .  G e h r e l s  ( U .  A r i z . ) N C A R 10 . 6  m i l l i o n ;  0 . 9  m i l

”  17 P a l e s t i n e N C A R R.  K e u s e r  ( R a v e n ) ■■ 2 . 9 4  m i l l i o n ;  0 . 7  m i l

"  17 ” N A S A R.  V o g t  ( C a l  T e c h ) ■■ 10 . 6  mi  11 i o n ;  0 .6  mi  1

A p r  3 P a l e s t i n e N A S A R.  V o g t  ( C a  1 T e c h ) N C A R 1 0 . 6  m i  11 i o n ;  0 . 5  mi  1 €”  7 ” ” l > 1 0 . 6  m i l l  i o n ;  0 . 5  mi  1

”  8 ” " W. W e b b e r  ( U .  M i n n . ) ’ ’ 5 m i l  l i o n ;  0 . 7 5  m i l

"  8 1 I ” R .  V o g t  ( C a l  T e c h ) 1 » 2 . 9 4  m i l l i o n ;  0 . 7  m i l

”  10 S i o u x  F a l l s R a v e n R a v e n R a v e n 9 2 , 0 0 0 ;  1 .5  m i l

”  15 P a l e s t i n e N A S A R.  V o g t  ( C a l  T e c h ) N C A R 2 . 9 4  m i l l i o n ;  0 . 7  m i l

”  19 i > l > > » > i 10 . 6  m i l l i o n ;  0 . 5  m i l

* D e t a c h m e n t  31 ,  6 W e a t h e r  W i n g  G o o d f e l l o w  A i r  F o r c e  B a s e ,  T e x a s



A

^ ^ F l o a t
a l t i t u d e
( f t )

F 1 i g h t
d u r a t i o n
(hr )

P a y l o a d
( l b ) E x p e r i m e n t R e m a r k  s

1 0 4 , 0 0 0 6 . 8 1032 M e a s u r e m e n t  o f  t e m p e r a t u r e  

v a r i a t i o n s  w i t h  h e i g h t

S u c c e s s f u l  f l i g h t

9 2 , 7 0 0 12 . 3 2 20 I n f r a r e d  s k y  s u r v e y

1 2 8 , 7 0 0 6 . 4 6 22 L u n a r  X - r a y s S u c c e s s f u l  f l i g h t ;  e a r l y  c u t d o w n  d u e  t o  

g o n d o l a  m a l f u n c t i o n

1 1 8 , 4 0 0 7 . 9 6 66 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n ;  n o r m a l  

and  h i g h  v o l u m e  s a m p l i n g  s y s t e m s  

c o m p a r e d

S u c c e s s f u l  f l i g h t

8 1 , 5 0 0 5 . 2 5 09 B a c k g r o u n d  r a d i a t i o n  w i t h  s h i e l d e d  

d e t e c t o r

3 6 2 . 5 B a c k g r o u n d  r a d i a t i o n  w i t h  s h i e l d e d  

d e t e c t o r

B a l l o o n  s t a r t e d  d e s c e n t  a t  5 5 , 7 0 0  f t

8 7 , 7 0 0 5 . 4 346 P a r t i c u l a t e  d e b r i s  c o l l e c t i o n S u c c e s s f u l  f l i g h t

1 20 , 7 0 0 15 . 7 1805 U l t r a v i o l e t  p h o t o p o l a r i m e t r y  o f  

s t a r s  a nd  p l a n e t s

”

1 1 9 , 0 0 0 3 .5 5 0 4 F l i g h t  e l e c t r o n i c s  a nd  e x p e r i m e n t a l  

p a r a c h u t e  e v a l u a t i o n

> i

1 4 4 , 0 0 0 2.1 372 P r i m a r y  c o s m i c  r a d i a t i o n  s p e c t r a F l i g h t  t e r m i n a t e d  e a r l y

^ ^ 3 9 , 9 0 0 7 . 4 392 P r i m a r y  c o s m i c  r a d i a t i o n  s p e c t r a S u c c e s s f u l  f l i g h t

1 6 , 5 0 0 5 5 55 I » B a l l o o n  f a i l e d  t o  r e a c h  a l t i t u d e

---- ---- 6 57 C y g n u s  X - r a y  s o u r c e  o b s e r v a t i o n F l i g h t  a b o r t e d  d ue  t o  l o w - l e v e l  w i n d s

1 2 1 , 8 0 0 2 . 9 4 03 P r i m a r y  c o s m i c  r a d i a t i o n  s p e c t r a E a r l y  t e r m i n a t i o n  t o  a v o i d  G u l f  o f  M e x i c o

7 0 , 0 0 0 3 3 34 I n s t r u m e n t a t i o n  a nd  b a l l o o n  t e s t S u c c e s s f u l  f l i g h t

1 2 2 , 1 0 0 9.6 3 79 P r i m a r y  c o s m i c  r a d i a t i o n  s p e c t r a

8 9 , 0 0 0 5 5 5 B a l l o o n  f a i l e d  t o  r e a c h  a l t i t u d e


