WADC/WADD Digital Collection at the Galvin Library, 1T

The Roswell Report
Fact Vs. Fiction in the New M exico Desert

The Roswell Report was divided into five parts due to the large size of the
document. At the beginning and end of each divison we have included a
page to facilitate access to the other parts. In addition we have provided a
link to the entire report. In order to save it, you should right-click on it and
choose save target as. This is considered the best way to provide digita
access to this document.

[To go back to the previous part of this document, click here

This document, along with WADC/WADD technical reports, and further
research materials are available from Wright Air Development Center
Digital Collection at the Galvin Library, lllinois Institute of Technology at:

http://www.gl.iit.edu/wadc|

WADC

Collection


http://www.gl.iit.edu/wadc/history/roswell/report/pt04a.pdf
http://www.gl.iit.edu/wadc

10.

11,

12.

13.

Memo, Brig Gen Tom C. Rives to Maj Gen Curtis LeMay, subj: Relief of
Major R.T. Crane as Project Officer for MOGUL and TORRID, June 18,
1946

Memo, Maj Gen Curtis E. LeMay to Maj Gen L.C. Craigie, April 16,
1947

New York University, Constant Level Balloons, Final Report, March 1,
1951

New York University, Constant Level Balloons, Section |, General,
November 15, 1949

New York University, Constant Level Balloons, Section 3, Summary of
Flights, July 15, 1949

New York University, Technical Report No. 1, Constant Level Balloon,
April 1, 1948

14.

Athelstan F. Spilhaus, C.S. Schneider, C.B. Moore, “Controlled-Altitude
Free Balloons,” Journal of Meteorology, Vol. 5, August 1948

15.

New York University, Progress Report No. 6, Constant Level Balloon,
Section 1I, June 1947

16.

New York University, Special Report No. 1, Constant Level Balloon, May
1947

17.

Personal Journal of Albert P. Crary

18.

New York University, Progress Report [No. 7], Constant Level Balloon,
Section II, July 1947

19.

New York University, Progress Report No. 4, Radio Transmitting,
Receiving and Recording System for Constant Level Balloon, {Section
11, April 2, 1947

20.

Interview, Col Jeffrey Butler and 1st Lt James McAndrew with Professor
Charles B. Moore, June 8, 1994

21.

Report, Holloman AFB, “Progress Summary Report on U.S. AF. Guided
Missile Test Activities,” August 1, 1948

22.

Interview, [Col Jeffrey Butler and 1st Lt James McAndrew with] Col
Albert C, Trakowski, USAF (Ret., June 29, 1994

23.

Report, Cambridge Field Station, Air Materiel Command, “Review of Air
Materiel Command Geophysical Activities by Brigadier General D.N.
Yates, and Staff, of the Air Weather Service,” February 10, 1949

24.

New York University, Constant Level Balloons, Section 2, Operations,
January 31, 1949

25,

Combined History, 509th Bomb Group and Roswell Army Airfield,
September 1-30, 1947

Attachment to Colonel Weaver's Report of Air Force Research:
33. Mensuration Working Paper, with Drawing and Photo

Xiv




Photograph Section

General Carl A. Spaatz |

Lt Gen Hoyt S. Vandenberg |

General Nathan F. Twining |

Maj Gen Curtis E. LeMay and Brig Gen Roger M. Ramey |

Col William H. Blanchard |

Maj Gen Clements McMullen |

Brig Gen Donald N. Yates |

Albert P. Crary and Phil Chantz |

Dr. W. Maurice Ewing and Albert P. Crary |

Dr. Althelstan F. Spilhaus and Col Marcellus Duffy |

Capt Albert C. Trakowski and Dr. James Peoples |

Charles B. Moore |

U.S. Army GR-3 Sound Ranging Set. TNT Detonation, and Project MocuL PT Boat |

Project MoGuL Neoprene Balloons and Standard Meteorological Weather Balloons |

MoGUL Balloon Train, AN/FMQ-1 Radiosonde Receiver/Recorder, and Project MOGUL
Microphones

Polyethylene Balloons |

Project MOGUL Balloons_|

Seyfang Laboratory Balloons |

Project MOGUL Balloon Train Components and Debris Recovered

Heights of Familiar Architectural Structures Relative to the Length of a Project MOGUL
Balloon Train

Map of New Mexico

XV




14

Athelstan F. Spilhaus, C.S. Schneider,
and C.B. Moore
“Controlled-Altitude Free Balloons”

Journal of Meteorology
Vol. 5, August 1948







JOURNAL

OF

METEOROLOGY

VOLUME 5, 1948

40871

Published bimonthly by the

AMERICAN METEOROLOGICAL SOCIETY




130

JOURNAL OF METEOROLOGY

VOLUME §

CONTROLLED-ALTITUDE FREE BALLOONS
By Athelstan F. Spilhaus, C. S. Schneider, and C. B. Moore

College of Engineering, New York University

{Manuscript received 4 December 1947)

ABSTRACT

The results of an experimental program to develop balloons with associated control devices, which will
float at constant pressure in the atmosphere, are given.

Newly developed plastic balloons and autematic ballast equipment are described. Examples of successful
controlled-altitude flights are shown, together with a preliminary analysis of their trajectories.

The constant-level balloon may provide data not obtainable from an ordinary pilot-balloon network.
Future possibilities and plans for its use are indicated.

1. Purpose

Drift bottles have been used for many years in the
study of ocean currents and have provided interesting
data, In meteorology, no corresponding device has
been available. It is evident, however, that a balloon
‘which is free to move with the air currents, and yet
whose altitude can be controlled, has many important
applications in meteorology, as well as in other fields,
where it may be desired to keep instruments at alti-
tude for considerable lengths of time. An example is in
the investigation of cosmic rays; here, clusters of
ordinary extensible metearological balloons have been
used, but the constancy of altitude obtained is not
sufficient for many meteorological applications. The
purpose of the present investigation! was to develop
a balloon with a control system which would fly at a
predetermined constant level for periods of many
hours. Such a balloon has wider application than the
ocean drift bottle, because, whereas the latter is
limited to surface {(or near surface) currents, controlled
free balloons may be set to drift at any pressure
elevation desired, or along other thermodynamically
defined surfaces, as long as the element defining the
surface changes in a monotone fashion in the vertical.

In addition te the uses for maintaining instruments
at high elevations, there are numerous potential appli-
cations of these balloons. Direct measurements of air
trajectories and of lateral diffusion become possible.
The balloons may also be used as vehicles to convey
and drop radiosondes over ocean areas. One problem
in this application is to obtain an absolute altitude
tie-in point, as it will be difficult to identify the peoint
at which the radiosonde reaches the sea surface.

2. Earlier attempis

There have been numercus attempts for various
purposes to get a balloon or group of halloons to stay
at a fairly constant altitude. Meisinger was interested

1 Sponsored by, and in cooperation with the Watson Labora-
tories of the Air Materiel Command.

in the meteorological aspects of this, using a manned
balloon. In the investigation of cosmic rays, as for
example, by Clarke and Korff (1941), clusters of
ordinary meteorological balloons, 350-gram or 700-
gram size, numbering anywhere from twenty to nearly
seventy, were utilized. No altitude-control devices
were used; the balloons were merely given different
amounts of inflation. Thus the whole train ascended
to an altitude where certain of the more highly inflated
balloons burst until the remainder just balanced the
load; thereafter, the assembly descended slowly due
to loss of lift by the diffusion of gas. The only provision
for having the system regain altitude if it descended
too low was by arranging the launching before dawn,
so that after the bursting of the first balloon and the
subsequent descent, superheating of the balloons by
the rising sun would cause the whole assembly to rise
again, thereby increasing the duration of the flight.
The system does not have sufficient control for many
purposes.

The much-publicized use of balloons by the Japanese
in the last war represents an attempt which must be
considered highly suecessful from the point of view of
the length of time which the balloons stayed in the air.
Here the objective was not to obtain any critical
altitude control, but rather to insure that the balloons
remained floating. The Japanese nonextensible bal-
loons were of two types. One type was of heavy paper,
coated to minimize diffusion, of spherical shape, about
25 to 30 ft in diameter, and containing about 19,000
cubic feet of gas. A solid-ballast control system was
utilized and gas was valved at a low internal pressure
{about two inches of water) to prevent the balloons
from rupturing due to the increase of the internal
pressure by altitude fluctuations or radiation changes,
Such a valve tends to conserve the lifting gas but acts
as a safety device to prevent damage of the envelope
due to too great an internal pressure.

The solid-ballast system was complex; approxi-
mately 900 pounds of sand was used on each balloon,
distributed in thirty-six bags. The dropping of ballast
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was controlled by a baroswitch arrangement which
dropped a bag by igniting a fuse when the altitude fell
below any one of four different levels between 25,000
and 5000 ft. In addition, a delay mechanism consisting
of a two-minute fuse was arranged between successive
switches so that after ballast was dropped, two minutes
would be allowed for the balloon to regain its altitude;
if it did not regain in this time another bag of ballast
would be dropped. The system was inefficient because
if any one of the thirty-six fuse arrangements failed,
no more ballast was dropped.

The second type of Japanese balloon was similar,
in general, but slightly larger; it was made of oiled
silk and therefore would stand a greater internal
pressure (approximately six inches of water). The
higher the internal pressure that the balloon can
stand, the less gas need be valved under conditions of
superheating or altitude fluctuations. The Japanese
released many balloons of these types from their
islands and estimated five to seven per cent of those
released reached the west coast of this country. The
balloons floated between the surface and 30,000 it
above sea level; those which reached the west coast
must have remained aloft from four to ten days. While
the altitude maintained was not constant, these bal-
loons were highly successful for the time they remained
in the air.

An attempt in this country was made in 1943 by the
Dewey and Almy Company, to obtain constant-level
balloons which would float at altitudes up to 15,000
ft. An ordinary 350-gram meteorclogical balloonr was
used but its volume was controlled by a nonextensible
shroud around it. With this method a flight at about
5000 ft was obtained at fairly comstant altitude for
about an hour and a half.

3. Design of controlied-altitude balloons

As a result of the Japanese and other experiments,
the use of a nonextensible envelope for the balloons
was indicated. If a perfectly nonextensible balloon
could be built with no diffusion through the walls, and
which could withstand a high internal pressure, it
would automatically stay at a constant density where
the buoyancy of the full balloon equaled the load. In
practice, control devices are needed to offset the leak-
age and diffusion of gas, to compensate for vertical
currents in the atmosphere, to correct for the motion
of the balloon due to diurnal changes of the balloon’s
temperature, and to compensate for the valving of gas
which is necessary to prevent rupture of the envelope.
It was decided to use a plastic as the balloon fabric,
as some modern plastics are quite transparent to radia-
tion, strong, easily fabricated, and relatively inexpen-
sive as compared with coated fabrics.

A. Choice of plastics.—In the selection of a plastic
material of which to make the balloons, the desirable
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properties are: {a} low brittle temperature, {b) low
permeability, (c) high tensile strength, (d) high tear
resistance, (e} chemical stability, ({) high radiation
transmission or reflection. Polyethylene soon recom-
mended itself for use, with its brittle temperature of
below — 80F. 1t is apparently unaffected by ultraviolet
and ozone. The permeability through one mil of thick-
ness and one square meter of area for 24 hours is ten
liters for hvdrogen and seven liters for helium, at
normal atmospheric temperature and pressure.

Fi1G. 1. Polyethyvlene balloon, 20-ft diameter.

Polyethylene is also relatively easy to fabricate. It
has an ultimate tensile strength of 1,900 pounds per
square inch at 25C, which, in a 15-ft balloon made out
of four-mil fabric, represents a working pressure of
about 2.3 inches of water. The tensile strength at the
temperatures at which the balloon flies at high altitude
may be more than three times the value quoted above.

Fig. 1 shows a polyethylene balloon? flown success-
fully in Flight 26 described below. Another film in-
vestigated is Saran, which has ten times the tensile
strength of polyethylene—three times the strength
across the seams. Saran has a higher transparency and
one-thirtieth the permeability of polyethylene. The
effective brittle temperature of Saran for this work is
not known reliably.

B. Ballast valve—The altitude control is an auto-
matic ballast-dropping device® consisting essentially of

? Made by General Mills, Inc.

t Made by Kollsman Instrument Division of Square D Com-
pany.
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Fic. 2. Automatic ballast valve.

a diaphragm-operated ncedle valve which jettisons
liquid ballast whenever the balloon is below the alti-
tude at which the control 1s actuated. This is shown in
fig. 2. The ballast reservoir {(fig. 3), in general, can
hold 15 kilograms of the liquid ballast-——usually com-
pass fluid, a highly refined kerosene-type petroleum
product. When the atmospheric pressure outside the
diaphragm is 5 millibars above the internal pressure,
160 grams of ballast per minute flow under a one-foot
head. When the automatic ballast valve is wide open,
which is after 6.5 millibars increase over the internal
pressure, 300 grams per minute flow. These values may
be compared with a diffusion loss of lift of the order
of magnitude of 10 grams per hour from the thicker
15-ft balloon described below. Quite positive altitude
controel can be obtained.

Efforts are made to cause the static rate of leakage,
i.e., the leakage which proceeds when the automatic
ballast valve is closed, to exceed slightly the rate of
loss of lift due to the diffusion of the lifting gas from
the balloon. To facilitate setting the fixed leak, a
manually operated ballast valve, consisting of a leak
adjustable by means of a fine needle valve, is added to
the ballast-release assembly.*

C. Mintmum pressure switch—Obviously, the auto-
matic ballast valve must not be in operation while the
balloon is rising, as this would be a waste of ballast.
Therefore the automatically operated needle valve is
closed until the balloon reaches altitude. This is ac-
complished by having the loaded diaphragm of the
altitude control open to the atmosphere until the
balleon descends from a minimum pressure. At this
time, an electrical contact is made and a squib® cuts a

“ Since this manuscript was written, the procedure has been
simplified. Only a simple fixed leak is used for daytime flights.
The automatic ballast valve is used alone for Rights through
sunset or sunrise,

5 A small electrically detonated charge.
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restraining cord and allows a needle valve to seal off
the diaphragm from any further access to the air
(fig. 2). The capsule then contains a volume of air
which has been trapped at the existing pressure and
temperature, at the time of operation of the sealing
switch. Thereafter the aneroid will withdraw the
ballast-control needle valve when the ambient pressure
increases to the point where the entrapped air is com-
pressed below this volume.

Fig. 4 shows the minimum pressure switch which
makes the electrical contact at the time of seal-off. It
consists of a trapped volume of air that is allowed to
escape through a mercury pool as long as the outside
pressure is decreasing. s soon as the exterior pressure
increases once more, however, mercury is drawn into
the tube, making the seal-off contact between two
electrodes.

4. Height determination

Up to the present time, the standard radiosonde has
been used in order to determine the altitude at which
the balloon is flying. This permits a regular radiosonde
ascent to be obtained during the period that the bal-
loon is rising. Thereafter, as the balloon remains at
approximately the same altitude, it becomes somewhat
difficult to identify the radiosonde contact, but utiliz-
ing both the temperature and pressure indication, this
is possible. A special radiosonde modulator of the
Olland type has been designed (fig. 5). The pressure

RIGGING
LINE

BALLAST
RESERVOIR

FILTER

BATTERY BOX

VENT TUBE

MANUAL
GALLAST VALVE

DISCHARGE TUBE

AUTOMATIC
BALLAST VALVE

Fic. 3. Ballast-release assembly,
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capsule and linkage is of conventional design but in
place of the commutator bar, a motor driven helix is
employed. This system permits the determination of

—- AN G

F1G. 4. Minimum pressure switch (mercurial),

pressure data without knowledge of the history of con-
tac.t sequence or of the ascent or descent of the balloon,
as 1s required in the conventional radiosonde.

5. Tracking of the balloon

The balloons that have been flown by the writers
usually have been tracked by theodolites. Airplanes
have also been used, to extend the observations. These
two methods require the balloon to be visible and not
obscured by cloud cover. When available, ground
radar has been used in tracking the balloons, with
good results,

A series of SCR 658 radio direction-finders is also
used, arranged in a net along the expected trajectory
of the balloon. In addition, aircraft equipped with

inverted search radar have been employed to extend
the tracking net.

6. Flight results

While the characteristics of various plastics were
being investigated, four preliminary flights were made
with clusters of ordinary meteorological balloons, from
16 to 26 in number, to which two to four towing
balloons were attached. The towing balloons were cut
free by a baroswitch at a predetermined altitude, The
remainder of the balloons were inflated so that they
exactly balanced the load hung from the cluster. To
offset diffusion, sand was dropped from an arrange-
ment of tubes, 9 to 16 in number, each containing
about 200 to 1500 grams of sand ballast. This ballast
was dropped by a baroswitch mechanism on descent
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only. Some of these flights were relatively successful
as a beginning method but the dropping of discrete
guantities of sand caused too great fluctuation of alti-
tude and therefore was abandoned later, The first
successful flicht staved at 51,000 ft, plus or minus 100
£, for 38 minutes; another remained between 30,000
and 40,000 ft for 147 minutes. The latter shows the
same characteristic time-altitude curve as the cosmic-
ray clusters, although its altitude control is superior.
It is not believed that much improved altitude control
can be obtained, utilizing ordinary meteorological bal-
loons, Flight termination was usually due to deteriora-
tion of the balloon caused by the sun.

1n the first flight utilizing plastic balloons, a cluster
of ten seven-foot diameter balloons® was used. The
load on the cluster was 16.5 kilograms. An altitude
control was used. Unfortunately, the maximum alti-
tude reached was not as high as the predetermined
altitude which was selected 1o seal the diaphragm of
the automatic ballast valve. As a result, the cluster
rose to ceiling and stayed at this altitude for a short
while. Diffusion and leakage of helium produced a loss
of lift at the rate of 125 feet per minute.

The next flight was made with a single polvethyiene
balloon, 15 {t in diameter. To insure sealing-off, the
ballast-release diaphragm was set to operate at an
altitude of 12,000 ft, considerably below the calculated
Ceilix?g of the balloon. After a dawn release the balloon
continued to ascend to 15,100 ft where it leveled off,
then slowly descended to 9000 ft due to diffusion
losses. At this altitude the ballast release began to
operate a-ncl thereafter the balloon maintained its
altltude_w:thin +1300 {t for a period of 4} hours before
the radio signal was lost. However, in the first two
Mthis period, before the convection currents

8 Made by General Milis, Inc.
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from the desert set in, the balloon maintained an alti-
tude of 9200 & 150 ft.

An explanation as to why the ballast release func-
tioned at 9000 ft, although it was set to operate at
12,000 ft, is plain from the following data. The air in
the diaphragm was sealed off on the dawn ascent at
12,000 ft, where the pressure was 657 mb and the
temperature 9C. However, by the time the balloon
passed through this level during the slow descent, the
instrument temperature was 19C. This means that
the pressure of the air trapped inside the diaphragm
was higher than it was at time of seal-off.

For the ballast valve to function, the balloon had to
descend to a pressure which would be greater by about
3 mb than the pressure of the trapped air at its now
higher temperature. Of course, there was little ventila-
tion past the instrument, and therefore the instrument
temperature was about 25C above the ambient tem-
perature after the sun had risen,

The automatic ballast valve operates when the
volume inside the sealed diaphragm becomes slightly
less than the volume at seal-off. Denoting the altitude
at which it can operate by the subscript &, the pressure
divided by the temperature at this altitude will equal
the pressure at the seal-off altitude divided by the
trapped-air temperature at the time of seal-off; in
this case

p. = 657 mb
T, =9C = 282A
Ty = 39C = 3124,

where the subscript s refers to seal-off. Thus the pres-
sure at altitude k is given by

o = p,T0/Ty = 7127 mb.

This pressure, at which ballast release will begin, cor-
responds to an aftitude of 9000 ft, which is the ob-
served altitude maintained by the balloon for nearly
4% hours, until the radiosonde tracking signal was lost.
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The theodolite lost the balloon in clouds earlier and
the airplane observer never succeeded in seeing it, so
the balloon may have remained for a considerably
longer period at this altitude. Eleven hours after be-
ginning the ascent, the balloon was reported to have
been seen over Albuquerque, New Mexico, and about
26 hours later a report was made from Pueblo,
Colorado, which seemed to indicate that the balloon
was still in the air at that time, The meteorological
situation and wind data for that area at the time of
flight support the contention that the latter observa-
tions were of the same balloon.

The next flight consisted of an assembly of various
balloons, as follows:

One 15-ft diameter (0.008-inch polyethylene balloon,

Six 7-ft diameter General Mills 0.001-inch poly-
thene balloons,

Two 350-gm meteorological balloons for stadia
measurements.

The single balloon had a measured diffusion loss of
lift of 4 grams per hour. The General Mills balloons
were observed to lose lift at the rate of about 100
grams per hour per balloon.

Three of the 7-ft balloons were inverted and deflated
shortly after launching, due to differences in the rates
of rise of the various balloons in the cluster, Therefore,
the altitude reached was not high enough to effect
seal-off. (It is for this reason that the minimum pres-
sure switch was developed for use in later flights.)

Fig. 9 shows the elevation and plan views of the
track of this flight. The train leveled off at 16,500 ft.
The diffusion loss of lift of the remaining balloons wa-
approximately 300 grams per hour. The ballast valve
used had an unusually high rate of static leakage
which had been measured before release and found to
be 310 grams per hour. Thus fortuitously, the loss of
lift was compensated by ballast leakage. This nearly

1\

Balidon descends

E — Balloon floating at

! its |celing
0 (ewng rises us bads! drops | incregsed Wt due ol -~ Balloon| flaating on

Ser 7 At 7
f;::n d;f:fsn: vahe fo compgmsafe to superhea .b’-% . expebded Longer flight duratioh s floor
pongn st baloon dug %o greater bollas!
- e Tt peey o/ icsarkcy A¥ bollastexpend
Renl Metomatic bailast valve e Y A s pA— b= -~ botoon descend
Pressure Switch

ALMTUDE  {Theusunds of Fast)

_-—= -~
Minimun .
. due fp increased | s
4 aclugles avlamane | Automamc boliagt ey TEarE ‘ AN
ballgst valvd volve sforts frapged airin avbomatic S\
aperaton ballgst volva \
> t|_ Fivs coosepl-figh A
9 osciilofh \‘
! il thviceT{prs-bokociy fo iar
[ no fiqating unger Z2QGOO0 fee!
§ nine afr lones
RELEAS \
000 1200 OO o0 IR0 00 o200 oW DD 5 g WoD MO 00 F000

F1G. 6. Idealized time-altitude curves {or various balloon-control systems.

LOCAL TIME




Avcust 1948 ATHELSTAN F. SPILHAUS, C.

30
.d.\z Heght-Time
3
Moy
& :
v o
N
<)
ino
5
%0 150 50 200 300 350

[l 250
TIME - [Minutes After Release)

F16. 7. Height-time curve of balloon Flight 17, Released at
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tant.

constant leakage held the balloon at 16,800 + 700 ft
for 7 hours. The duration of the flight was 9% hours.
When the original 2700-gram ballast was expended,
the balloon descended rapidly. Even had the auto-
matic ballast valve been functioning, the constancy of
altitude would have been the same. This seems to indi-
cate that only a minimum of automatic control is
needed, provided that diffusion losses are slightly
overcompensated by a constant ballast leak,

Other flights also indicate the importance of a check
valve in the balloon appendix to prevent dilution of
the lifting gas with air. If this is not done, the altitude
reached is far under the theoretical altitude deter-
mined by the displacement and gross load.

7. Control systems

Two systems of control are possible with the equip-
ment as described. The balloon is controlled between
an upper level (ceiling), where the full balloon buoy-
ancy just equals the load, and a lower level (floor),
below which the automatic ballast valve operates.
Schematic curves for these two systems of control are
shown in fig. 6.

In the first system of control the rate of static ballast
leakage is greater than the diffusion loss of lift, and
the balloon will stay at the ceiling. If it is displaced
above the ceiling the bucvancy is insufficient to bal-
ance the load and it will descend again. Provided the
rate of ballast discharge is greater than the rate of lift
by loss of gas this ceiling will slowly rise by valving of

_gas, and as gas is lost by diffusion. The less the amount
of gas the lower the pressure (higher ceiling) must be
for the gas to fully distend the envelope. Unnecessary
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valving is undesirable and may, in part, be minimized
by use of a restraining safety valve set in the appendix,
which will allow some slight pressure to be carried in
the balloon, preventing gas loss at the peaks of minor
oscillations but still valving gas before the balloon
ruptures due to too great an internal pressure.

In this system of control, the automatic valve is not
sealed off until the balloon starts a descent due to
cooling or other changes in lift, as when night falls.
Upon descent the valve is activated and starts drop-
ping ballast immediately; this continues until the
balloon is no longer losing lift at a rate greater than
the diffusion losses. The balloon will then rise above
its former ceiling to a height determined by the weight
of ballast dropped, and remain there as long as there
is ballast to compensate for lift losses. Flight 17, repro-
duced in fig. 7, used a low-leakage balloon and is an
actual case of ceiling control. 1t may be compared with
the idealized time-altitude curves in fig. 6.

In the second system of control the static rate of
leakage is less than the diffusion loss of lift. In this
case the balloon will descend to the floor, where the
automatic control operates and the balloon floats at
an equilibrium altitude where the rate of ballast re-
lease exactly balances the rate of loss of lift. Floor
control conserves ballast, since only that needed for
altitude control is released. However, the altitude of
the floor varies diurnally as the temperature of the
entrapped air in the automatic ballast valve is affected
by solar radiation. Two methods are being investigated
to circumvent this undesirable feature. One is to

Fic. 8 Wind vectors at 16,000 feet for El Paso (EQ), Albu-
querque {(AB), and Roswell (THJ), at 03b, 092 and 15t (MST) on
7 July 1947, in connection with balloon Flight 11, mean motion
of which is shown by the balloon vector. Cross-hatched sector
contains all wind vectors at these three stations for the three
observation hours and for the three levels, 14,000, 16,000, and
18,000 feet.
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temperatdre-compensate the diaphragm, the other to
insulate and shicld the valve from radiation.

Using the ceiling-control svstent, flights of less than
24 hours not passing through sunsct, may be held at
ceiling by use of a nonextensible balleon and a simiple
fixed rate of leak to over-compensate diffusion losses.
The constancy of level will be better the lower the
diffusion and the lower, therefore, the rate of rise of
the ceiling. The automatic control is needed for flights
lasting through a period in which day changes to night.

8. Preliminary trajectory analysis of two constant-
level balloon flights, 7 July 19477

The most striking feature of the constant-level bal-
loon flight (Flight 11, fig. 9) originating at Alamogordo
Army Air Base at 05%08™ M5T* on 7 July 1947 is the
disagreement between the actual trajectory and the
trajectory that might have been estimated from routine
upper-wind reports. In this connection the observations
from the Weather Bureau stations at El Paso, Roswell,
and Albuguerque have been examined, since the path
of the balloon was contained within the triangle formed

" The authors are indebted to Prof. G. Emmons for contributing
the major part of this section.

¥ Mountain Standard Time—103th meridian civil time. All
further time references will be wcitly MST.
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by these stations. Over El Paso, the wind direction
at 16,000 ft (the approximate average altitude of the
balloon durmy the greater part of the flight) was
approxtmately S\V at 03", ESE at 09" and ESE at
15" Over Roswell, the apparent average wind direction
at 16,000 ft was Sduring this period. Over Albuguerque,
which was considerably farther from the path of the
balloon than the other two stations, the wind direction
at 16,000 ft was variable hetween WSW and SSE during
the interval from 03" to 158 In contrast with these
observations is the fact that the constant-level balloon
floated in an essentially steady WSW current between
06 and 09h,

In fig. 8 the wind observations at 16,000 {t have been
plotted for El Paso, Roswell, and Albuquerque for 03",
09t and 15k, The wind directions at 14,000 ft, 16,000
ft, and 18,000 ft {only the intermediate level is shown
in the figure) are all contained in the 150-degree sector
between directions 90° and 240°; vet the mean motion
of the balloon (approximately 265°) between (5048m
and 13"11™ falls entirely outside this sector.

An indication that this local WSW current was of
small depth is given by a special upper-wind observa-
tion made at White Sands at about 13" The observa-
tion in question recorded a wind direction of 250° at
16,000 ft, which is in excellent agreement with the first
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part of the trajectory of the constant-level balloon.
The interesting fact about the White Sands observa-
tion is that af all bui one of the other reported altitudes
between the ground and 20,000 ft, the wind directions
were from either the NE or SE quadrants.

The trajectory of the balloon curved slightly anti-
cyclonically over the eastern slopes of the Sacramento
Mountains. This characteristic is suggestive of the
well-known deforming effect of a mountain range on
an air current directed toward the axis of the range.
In this case, however, the validity of invoking the
aforementioned effect to explain the anticvclonic cur-

wvature, when the wind at levels below the mountain
summits appears to have been blowing approximately
parallel to the range, depends on assuming that the air
currents parallel to the range themselves constitute a
barrier deforming a higher current blowing in a differ-
ent direction across the mountains. The sharp cyclonic
bend that occurred after the balloon had come over
relatively flat country occurred at the time that the
balloon began its final descent and is due to the fact
that the course of the ballcon turned toward the north
as a result of descent to levels where the wind had
maintained a southerly direction throughout the dav.

It is of interest to compare this flight with Flight 17

(Ag. 10). It may be observed on fig, 10 that no deform-

SPILHAUS, C.

5. SCHNEIDER, AND C. B. MOORE 137
ing effect of the mountain barrier is apparent. This,
however, is to be expected, as the altitude of the bal-
loon above the mountain top is three times that of
Flight 11, where this anticyclonic deformation of the
trajectory was observed. The balloon was ultimately
recovered from Croft, Kansas, a distance of 530 miles
from the release point: on the basis of the chserved

wind speeds a 12-hour flight duration is estimated.

9. Conclusion

Within the coming vear it is hoped that a number
of meteorological investigations may be attempted,
utilizing constant-level balloons. Release of three or
more from a single point to float at the same level,
release at a number of points to obtain a synoptic
presentation of the trajectories in a chosen level, and
the dropping of radiosondes from balloons are some of
the operations to be attempted. Efforts will be made
to simplify the arrangement so that a constant-level
flight may be made in a routine fashion and at no
greater cost than the ordinary radiosonde flight.

REFERENCE

Clarke, E. T., and S. A. Korft, 1941: The radiosonde: the strato-
snhere laboratory, J. Franklin Inst., 232, 217-333.
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I. The following new men were employed on the Balloon Project
during May:

Eopg Dyties Qualifications
Je Richard Smith Mateorologist Former Weather Dureau
{(full time) and Army forecsster,

Taught weather equip=
ment at New York Uni-
versity, M.8. in Phys-
ics-Meteorology, NIU.

¥illiaa O, Davis Balloon Performance B.A. Physics, New York
Avalyst (purt time) Univerwity. Former AAP
pllot. Graduate student
in Physics.
Tred Barker (rehired} Equipment Construction Undergraduate Asromaut-
(part time) ical Engineering 3tud-

ond.

II. The following administrative action wvas taken during the month of
Nay:

A bid vas obtaiped from Skinner, Cock, & Babecoek, Contractors,
at 60 B, 424 Strest, New York City, for the erection of a prefabricated
building for the Balloon Project. The quotation of $4,000 wvas forvard=
od to Vatson Ladoratories.

Cerrespondence during this period was as followss

Date of
Sorreg-
Rendengs Mdress Abetract Aomver
8A/41 VIR Use of football bield  Granted.
Pr. Frank Myers requested for ballocon
Lehigh University launching on 6 May,
Pethlehem, Pa.
5/5/A7 VIRE Bed weather postponsd  None needed.
Sane flight until 9 May.
4/6/47 Kellsean Instrumenmt Dive Request for quobatiom  Purnished.
Square P Go, on diaphraga seal—off
Kishurst, L.I. for dribhler and for
Atts Paunl Goudy inoreased quantity of

modified 4dribblers.
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5/6/47

5/13/47

51/

s/ A/47

5/18/47

s/27/47

VINB

Barney Frank
Hightstowmn, N.J,

Gensral Mills
Minneapolis, Minn,
Atts Mr. O, C, VWinsen

Dewey & Almy Chem., Co.
Cambridge, Mass.
Atts Mr, Isom

¥r. 0.P. Clare
49 ¥, Sunnyside Ave.
Chicage, 30, 111,

Goodyear Tire & Rubber
Akron, Ohie
Att: Leomard M. Hard

O0ffice of the Seorstary
Fort Vorth Sub-Committee
on Aly Space

Civil Asromautics Auth=
ority, (ith Region)

Tort Worth, Texas

General Mills
Ninneapolis, Minn.
A%t Mr. 0.0. Vinsen

Sanmples of parachute Turnished.
shroud lines requested.
Request for quotation Avaiting

on sample balloons shown Havy clearance.
to C.B. Moors on visit.
Request delivery date Given.
on 1000 gm talloons,

Request for information
and catalogues on rot-
ary switches.

Furnished.

Delaying action in
Goodyear's quotation I
for btalloons.
Request clearance for Given.
flight of Balloons

from Alamogordo.

Repeat request for
quotation on plastic
balloons.

Awvaiting
Navy clearance.



IV. SGeaferences

The folloving sonferences were held during the month of May:

Iate IDecule Presept = Nhare Neld

$/1/AT 0. C. VWinsen of General Mills
Genere]l Millas Mimneapolis, Minn.
5/8/47 Dr. Peoples, Nr. Vatson Laboratories

Ireland, of Vatson  BRed Bank, N.J.
Labtoratories. C.8.
Sohneider, C.B, Moore

5/10/47 Same Same
8/13/47 Paul Goudy of Kollaman Instrument Div,
Kollsman Instrument Square D Co.
C.B. Moore Elmhurst, L.I.,N.Y,
5/14/47 Representative Vulcan Proofing Co.

of Vulcan Proofing Brooklyn, N.Y.
Co. C.S. Schnelder,
C.B. Moore

5/22/47 Dr. Peoples, Mesars: WVatson Laboratories,
A, H.,Mears, John Red Bank, N.J.
Alden, Charlesn
Ireland, C.3.5chneider,
C.B. Mooge

Pigcusged

Mamufacture of balloons
by General Mills for this
project.

Bethlehem flight for
May 9.

New flights at Alamo-
gordo, N.M., where lower
winds can be found,

New dribbler design.

Testing of bulloon
fabrice and films,

Final arraungements for
Alamogordo trip.

Conclusions

Obtain Navy clearance
Geperal Mills bal-
loona look good for
our work.

Final details.

Set up trip to Alemo-
gordo for May 29,

Vulcan proofing would
make tests.




IIT ¢ 1. W {sh

A conference was held on May 1 at Minneapolis with Mr.
0. 0. Winsen of General Mills concerning the mamfacture of
balloons by General Milla for this project. At the present time
this company cenpot supply us with balloops until Navy clearance
is obtained, but it is hoped that arrangements can be completed
in the near future., The type of btalloons manufactured by Gneral
Mills seens to be well suited to the needs of this project,

On May 8 a trip was made to Lehigh University, Bethlehenm, |
Pa,, to f1ly a cluater of meteorclogical balloons carrying Vatson
Laboratories equipment. Winds developed during launching and the 1
balloons escaped when the restraining lines snapped under the 1
strain, carrying belloons aloft without payload.

As & result of this incident, two conslusions vere
drawnt first, that a new launching technique was needed; seoond,
that snother launching site must be selected offering consistently
calm winds during launching., It was decided to make the next
flights at Alamogordo, New Mexico, early in June.

On May 14 & conference was held at the Vulcan Proofing
Co., in Brooklyn, N.Y. to discuss the possibility of this company
testing various types of fabric and film used in the manufacture
of balloons. It wvas agreed that the company would make the desired
tests vhen ordered by us.

The high point of the month's activities was the departure
for Alamogordo on May 31, and the btalance of the month was spent
in the preparation of equipment for the flights to be made there.
Depm /ture vas made from Olmstead Pield, Middletown, Pa. im a C-47
furnished by the Vatsom Laboratories.

2. Speqifie Protlems

In gederal, problems remain the same as those discussed in i
the previcus report, masely: the determipation of the relative merits
of various balloon films and fabrice avallablej the analysis of the ?
sltitode control devices to be used; and the flight testing of the
squipment to be used im preliminary work., All of these problems now h
swvait further flights and delivery of equipment ordered before “
solxtion can be attempted, ]

3. Mnitations,
The greatest hindering factor in the progress of work is the

laek of svailable space, The prefabricated building to be furnished
Yy the gevermment under the terms of the contract is now more urgeatly

-‘-




nseded than before, due to the hiring of more personnel, The
Joint Jaboratory and office which this projlect sharea with
another is highly inadequate for six men of theirs and eleven

of ours — a total of 17 men in a space approximately 15x15 feet.

d. Methods of Attack

Until plastio belloons can be obtained, we will continme
to fly clusters of meteorological balloons.

o. Apperatus snd Equipment

The only substantial change in equipment during the
period covered by this report, other than general strengthening
of flying lines, is the addition of & new main sand btallast dropping
devios to the equipment train of the flights to be made at Alamogordo.

The device consists of a nest of eight plastic tubes sach
filled vith dry sand and sealed on the bottom with a sturdy paper
meubrene. At the bottom of each tube, resting against the membrane,
is & smll detomating squid of sufficient force to rupture the peper
and perait the sand to fall. Each squib is connected to a different
lead on the btaro-swvitch of a radic-sonde modulator, so that s
predeternined weight of sand may be released at eight predetermined
altitudes, A =mall wire "shelf® is placed over the commutator of the
modulator in such a way that the pin arm is lifted clear of the com-
tacts during ascent and permitted to drop into place st an altitude
above that of the highest firing contact. This is designed to prevent
the firing of squibs and consequent dropping of ballast during ascent,

f. Comqlusiens apd Recowmendations

It is felt thad the use of freely extensible meteorological
balloons is unsatisfactory for any fimal solutiom of our problem
because of their inherent instability and the rapid deterioratiom
of neoprene rubber under the rays of the sun. It is felt that cluster
flights of these balloons sre a purely stop-gap msthod of floating Watsonm
Lateratories equipment until plastie non-extensible btalloons can be
ebtained and tested.

The need for greater work space is becoming inocreasingly
wgent as new personmel are added to the project and the extent of
the werk grows,




It 1s believed that with present equipment the Alamogordo,
Nov Mexico, area is the moat suitable availabdle for launching
purposes, since calm winds are consistently present at dawn, and
there are a ainimm of clouds to impair ground cobservation of the

balloons in flight,

Fyture Vork

It is hoped that in the immediate future satisfactory
techniques for the launching and flcating of cluster flights may be
developed under optimum conditions, and tests made on szmall plastie
ballocns to be furnished by H.A. Smith, Coatings, Ino., of Mamaroneck,

Yew York.,

Arrangements have been completed with the Yuloan Proofing
Co., of Brooklyn, N.Y. to test various bealloon fabrice and films
sveilable. These tests will probably be condusted in the pear future.

As soon as arrangements can be completed to obtain Navy
alearance ve plan to obtain non-extensible belloons from General Mills
in sufficient quantity to make flight tests and commence work on the
ultimate objective of this project.







New York University
Special Report No. 1
Constant Level Balloon
May 1947







See also
Weaver Attachment 25




SPzCIsL REPORT #1

Covering Periocd from Jamuary 1, 1947
to Aoril 30, 1947

CONSTANT LEVEL BALLOON

Research Division, Project No, 93

Prenered in Accordance with Provisions of Contract
Wz8-099 ac-<4l, between
Watson Laboretories, Red Bank, New Jersey
and
New York University

Prer d by: ‘,ly
et 0 CRoloa Ll elri e

Assistant Projeect Director

)
,..// e T . ]
Approved by: .//»\‘- MZS Lo—w&,.,\_,g_,.-

Renato Contini
Acting Director of Pesearch

Fesearch Division
College of Engineering
May, 1947




ABSTRACT

A preliminary survey was mede of the problem. OSpeci-
fications were drawn up for the ecuipment needed and manu-
facturers were contacted to construct experimental balloons
and altitude controls.

A balloon zrew was assembled.

While awaiting delivery on the NYU designed equiyment,
elusters of metecrological balloons have been flown for experi-
ence and &s & stop-gap method of ecarrying a payload to altitude.
In addition, two salvaged, racing-type, man-carrying btelloons
of 35,000 cubic foot size bave been procured and are being pre-

pared for flight. Two 19,000 cubic foot Jaanese balloons have

bteen made available by the Navy.
’ Preliminary calculations have been made on balloon
uoyancies and families of curves plotting altitude vs. 1lift

for various balloon slzes have been prepared for planning and

flight purposes.
Civil Aeronautics Authority has given clearance for
flight of large balloons form Lakehurst, New Jersey, and Bethlehem,

Pennsylvania, with certain restrictions.




BEPORT

I. The personnel workinz on this project concists of the followirg

full-time employees:

Name Duties

Charles £. Schneider Asst. Proj. Director

Charles B. Moore Jr. Reseerch Engineer

Richard Hassard Chief of Flight Detail

Murry Heckman In cherge of the
Electronic Weather
Equipment.

In addition to the above full-time employees, the following

part-tims pevsonnel are now working on the project:

Name Duties

Henry Kammenzind Computations & Equip-
ment Construction

Ralph Morrell Equipment Comstruction

James Smith Weather Observer and
Draftsman

William Kneer Machinist

gualificstions

Former weather equipment

of ficer, Army Air Forces
doing similar work during
the war. Elec. Fngineering,
Brooklyn Polytechnic & NYU

Former weather equipment
officer, Army Air Forces
doing similar work during
the war, Graduate of
Georgia School of Technology
in Chemical Englneering.

Former Signal Corpos Officer,
Elec. Englneering at NYU.

Former weather ecuioment
Technlician, Degree in
Mathematics and Statistics
City College of New York.

Qualifieations

Ondergracduate Elec.
Engineering Student.

Undergraduate Admin.
Engineering Student.

Former Weather Observer
in Army and Undergraduate
Engineering Student.

Undergraduate Engineering
Student.




The followine personnel were hired but later resigned:

Name Duties Gualifications

Robert Wisnleff Zquipment Construction Undergraduate Physicist
Student.

Robvert Ferris Equipment Construction Undergraduate Physics
Student.

Fred Bsrker Equipment Construction Undergraduete Aeronauties

Engineering Student.

II. The following admirnistrative action has been taxen in connection
with this contract:
Personnel

1. The assignment of Charles S. Schneider to act as Assis-ant
Project Director.

2. The employment of Charles B. Moore Jr. of Georgia Tech. as
a Research Assistant with duties as Engineer.

3. Murry Hackman was engaged to take charge of the Electronic
weather equipment due to his past experience as a weather ecuipment
technician and as an instructor of the AAF classes in the maintenance of
radiosonde receptor AN/FMQ-1 and radio directional finder SCR-658 at
Chanute Fleld, Illinois.

4. Richard Hassard, a former Signal Corps Officer was hired
because of his general knowledge of electrical and radio circuits to

bandle the construction of special flight equipment.

Eouioment
5. As New York University did not possess all the necessary

i equipment a 1ist of equipment was mrepared and submitted to the

Government with the recuest that this equipment be loaned or furnished
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by tae governzment. To czte 207t of this e.ulzzcnt acs cteen received
vita tne excention of tne al/Frig-l, 3CR-653 und the sreftbricsted

builcings neenea for ={fice and stor:ze souce,

6. The list of eyuiocment thst was submitted to the government
consiztea of the mojor items that were necessary. However, becr ise
many small azni tools end radioc sarts cnd other ecuisment were needed
pericdiczlly a petty czsh fune of 2100 wos set up *o [acilit:te
osurchcese ol smell items. A further recuest hes been zubmitted to the
Cahancellor of the University recuesting that this petty ccsi be
increeced to #<00 enc that a travel fund of 3100 te estctlisaec.
Bousing

7. The existing inflation zhelier at the school for tre
Meteorologicel Tevertment's use wac not adevuuste to hendle the large
diemeter »lastic balloons thet we nlan to use. Therefore a recuest
wae submitted onc zporoved by the Contractiing Officer fer the con-
struction of a 27 ft. cube infletion shelter on the czmous of New
Tork University. Due to restrictions placed on us by the air 3nzce
Sub-Committee of the Civil Aeronauties Authority, New York Office,
it has since been decided not to erect this inflation shelter in the
New York zrez, but raher to use existing facilities at Lakehurst,
New Jersey or Olmstead Field, Middletown, New Jersey.
Sub-Contrects

8. Permission was secured from the Contrscting Officer of the
watson Laborztories to place two sub-contrzcts. One wes for the fabri-
catlon of plestic belloons andé was placed with Harold 4. 3aith Ine.,
of ¥amaroneck, New York. This sub-contract amounteé to $7,565. The

second sub~contreet was placed with Kollsmen Instrument Civision of



Sguare D Incorporated st Elmhurst, Long Islend, New York. This

sub~contrzct was for the construction of model ailtitude controls

and smounted to $7,446.

Correspondence written during this period 1s sz follows:

Date of
Corres—
pondence Address

11/7/46 Plax Corp
Hartford, Conn.
Att:s Mr, Griffith

11/7/46 Visking Corp.
Chicago, Ill.
Mr. Cehn

12/4/46 Visking Corp.
Chiecago, I11l.

E. B. Cshn

12/10/46 Dewey & Almy Chem. Co.
Cambridge, Mass.
Att: Mr., Langley W. Isonm

Abstract Answer

Forwarding P.0.#5983 Hot furnished.
& BRequesting price

quotation and delivery

schedule for 4 diff.

thicknesses of 36" wide

polyethylene sheet

(.001" ,00z25" .004"

and .008",

Reguest to know what
maximum width Poly-
ethylene could be
supplied in, and
what the cost and
delivery date would
be.

Advising interest in 72" circumference

securing 300 ft. of 72" Polythylene tube

eircumference poly- could be furnished.

ethylene tubing re- Requegt to know

quest information on quantity and thick~

thickness ami price, ness ,002 mil thick
$1.40/1b. estimate
ard would need 19
lbs.

Acknowledging receipt  None required.
of material used by
Mr. Isom in his con-
stant level balloon
work. Also advising
that order for single
and double necic 10G0
gram balloons had been
pleced.



12/16/46 Celarese Celluloié Corp.
180 Madison sverue
New York, . f.

Advicing this compeny  Advizing they do
of our desire to fabri- oot believe ethyl
czte 2 balloon from plas- cellulose would
tic fidm and our inter- work seconcly that
est in ethyl cellulose they do not make
as & nossible nlastic  film only molding
fikm to be used for cowder - nmo liter:z-
this construction. Re- ture =zvailsble,
quest that Literature

be supplied showing

low tempersture char-

acteristics, tensile

strength, etc.

12/17/46 Nixon Nitrogen Works
Nixon, New Jersey

Advising they only
meke molding
powder.

Same request made of
this company as with
Celanese Celluloid
Corp.

12/17/46 Plax Corp.
Hartford, Conn.
Att: Mr. Griffith

Advising that E. L,
CO‘LII‘DB.I'ﬂ Co., 'S
commended by Plax,

None required,

had declined the
contract for fabri-
cation of ballocons.
That Unexcelled Chem.
Corp. of New Bruns-
wick hed agreed to
this fabricetion and
supplied the necessary
shipping =ddress for
the polyethylense.

12/17/46 Dewey & Almy Chem. Co.
Cambridge, Mass,
Att: Mr. Isom

Acknowledging receipt
of single and double
neck balloons. Double
reck balloons were
received with a single
neck plus a nub on the

Advising that nub
must be cut with
seissors in order
to get double neck.

12/17/46 Dow Chem. Co.
Micland, Mich.

top of the balloon.
Recuest to know
whether shioment wes
in error and if so
whet “isposition to
be mzde,

Same realest made of
this compzny as that
nade with Celanese
Celluloid Corp.

Not received.




12/24/46 Unercelled Chem. Corp.
Harold A, Omith

1/2/47 Hareld 4. Smith

1/3/47 Visking Corp.
Chicago, Ill.
Att: J. L. Lamne

1/8/47 Watson Laboratories
Red Bank, N. J.
Mr. A. H. Hears

1/8/47 Wetson Laboretories
Fed Bank, N, J.
Mr. 4., H. Mears

Advising <nhe Plax Corn.
haé been supolied with
his shipping scaress

and zlso resuesting

his technical advice
on the feasability of
using 2 72% wice strip
of oolyethylene, < mil.
thickness that Visking
Corp. of Chicago could

supply.

Acknowledge receipt of
letter of Tecember 26th
containing estimetea
cost of fabrication of
balloon. Advising that
the bid could not be
accepted on & cost plus
bagis. Recuesting thet
their guote bé resub-

mitted,

Advising that fabri-
cation of ballcons at

a 2 mil. thickness

polyethylere film would
be extremely difficult
to handle. FHeguest
made that information
be supplied on a 7"
circumference film 4-6

mils in thickness.

Advising need of radio-
sonde receptor SCR658
by MU plus power units
erd technical publi-

cations.

Returning list of
equipment to the

govermant losned or
goverment furnished

with recuest that

certain corrections,
additions and deletions

be maae.

Ldvising thet 002
mil thickness too
thin. Suggested
enceavering %o
obtain 72" width
in 006 mil.

New quotation
furnishea.

Advising that
they only have
004 and .006

15 13" flat width.
The 26" wicth
reguest could be
made but price
would be prohi-
bitive.

Advising part ship-
ment would bhe made
Feb. 13th.

Advising govermment
records changed and
that catalogues

will be sent under
separate cover.




1/14/47

1/21/47

1/21/47

1/21/47

1/21/47

1/23/47

1/23/47

1/23/47

Bland Chernas Inc,
Yonkers, J. T.

shellmar Projects Corp,
Mt. Vernon, Ohio

Milprint Ine.
Milwaukee, Wisc.
Mr. Paul B. Hultkrans

Eowe Packaging Co. Ltd.
Toronto, Canada

Western Preoduets Ine.
Rewark, Ohic

Xennedy Car Liner &
Bag Co., Inc.
Shelbyville, Ind.

Unexcelled Chep. Corp.
Harold A. Smith

Watson Laboratories
Red Bank, N. J,
Mr. A. H. Mears

Fecuesting to know
whether this company
would conslder fabri-
cation of 15 ft. dia-
meter ¢lastie balloon.

Lequest that they cuote
on delivery and cost of
fabrication of 10 ea,l5
ft. belloons. Five to

Ldvising that they
could not assist
us in fabrication.

Advising plant
could not cope with
aroblem at this
time.

be fabricated from Szran
(Type M.00225" thick and
5 from polyethylene made

from PM-1.004" thick.

Same request as letter
to Shellmar 1/21/47.

Same recuest zs letter
to Shellmar 1/21/47.

Same reguest as letter
to Shellmar 1/21/47.

Same request as letter
to Shellmar 1/21/47.

Request for quote on
15-15 ft. diameter bal-
loons and 6-3 ft. dis-
meter balloons to be
fabriczted from various
thicknesses of Saran
and Polyethylene.

Advising that tool
equioment TE-50A was
short a 6" ruler a pr.
of tweezers, and &
socket wrench., No
request for replacement
for these ltems made.

Verbally informed.
Not interested.

Wish to make model
and submit same be-
fore quoting, HNeve:
heard anything.

Acknowledged re-
ceipt of letter
ami advising quot-
ation would follow,
Did not arrive.

Verbally informed,
Not interested.

New guotation
furnished,

None regquired.




1/28/L7

2/3/47

/1747

2/10/47

2/11/47

2/18/47

2l b/ LT

Kollsman Instrument Co.
Elmhurst, L. L.
Att: Paul Goudy

Contracting Officer
Watson Laboratories
Red Bank, New Jersey

Wetson Leboratories
Red Bank, New Jersey
Att: Mr, D, Rigney

Contracting Officer
Watson Laboratories
Red Bank, New Jersey

Patterson Bros,.
New York City
Avt: Mr. H., Carey

Contracting Officer
Watson Laboretories
Red Bank, N. J.

General *ills
Minneapolis, Minn.
Mr. 0. C. Winzen

Recuest for quotation

of 3 ea. of the follow-

ing altitude control

eculoment:

1. Motor switched

modulators,

Z. ZLlec. controlled
dribblers.

3. Mech, controiled
dribblers.

wuotation supplied.

Forwarding gquote from
Unexcelled & requesting
approval.

Not approved.

Requesting permission Permission granted.
to btuild a 27 cuble foot
inflation shelter.

Forwarding guotation Permission granted
received from Kollsman to place subeontrac:
Instrument Co. for the

necessary control de-

vices for the constant

level balloon.

Advising that one Ungar Replacement made.
electric soldering vencil

is being returned under

separate cover ss it was

received in unusable con-

dition. Request for re-
placement made. Quotation
enclosed.

Requesting permission toPermission withheld.
place subcontrzct with

Unexcelled Chem. Coro.

for the fabrication of

baelloons.

Request thxt quotation Declining to cuote
be supnplied Tor the until cfter confer-
fabrication of 15-15 t. ence with NIU
dizmeter balloons and  representatives.
6-3 ft. diameter bzlloons
made of various thick-
nesses of polyethylene
and Saran.




2/24/47 Blané Chsrnes Co. Inc.
New York City

2/24/47 Leonsrd M. Herb
Gooayezr Tire & Kkubber
Lkron, Chio

3/6/47 watson Lzboratories

Red Bank, H. J.

Mr. 3rophy

3/7/47 Contrzeting Officer
Watson Laboratories

Red Bank, N. J.

3/7/47 Goodyear Tire & Rubber
Akron, Uhlo

Mr. L. 4, Hard

3/7/47 Seyfang Laboratories
1300 Mediterrsnean Ave.
Atlantic City, H. J.
3/7/L7 Unexcellasd Chem. Coro.

New Brunswick, . J.

3/7/47 Plex Corp.
Hartford, Conn,

Mr., h. . Ames

Same recuest zs letiter ilo reply recelved.
to Gemerzl #Aills :2/x4/47.

“uotation supnliea
15 April 1947.

Same recuest ws letter
to General «ills
SSeb/hT.

o znswer received,
Forverding copy of
letter of recuest that
had been sent to Mr.
H. 4, Smith for the
fabrication of balloons.

Advising that UnexcelledPermission granted.
Chem, Corp. did not wish
to proceed with the con-
tract and that instead
H., 4. Smith of Mamerc-
neck, N. Y. was willing
to undertake the fabri-
cation. CQuotation from
Mr. Smith enclosed. rHe-
auest that acproval be
granted,

Regquest a quote on the vuotation supplied
fabrication of 5 ez. 15 April 1947.
balloons made from

Nylon covered with

suitable neoprene and

5 ea. bzlloons made

from fortisan covered

in a similar fashion.

Advising that any

recommendations con-

cerning balloon fabrics

would be aporeciated.

Same request =5 letter Advised interest.
to General #ills I/Z4. Ask for conference.

Reguesting that voly-  No action tsken.
ethylene film that hzd

been shippea to them

from P£lzx Corn. te

returned to NIU.

Reguest that shioping 2d- do snswer required
dress for polystiylene

film be changed from

Unexcelled Chem, Corn.,

New Brunswick, N.J. to

H., A, Smith, 490 Bleecker

Ave., amaroneck, u.Y.
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T

3/19/47

3/e1/ 47

3/ b/ 4T

3L/ 4T

3/25/47

3/27/47

3/29/47

3/29/47

Unexecelled Chem. Corp.
New Brunswiek, N, J.
stt: Mr, Tegen

Aanne-Knollton Insul.
Co., N. Y. C.

General Mills
Minneepolis, Minn.
Mr, O. C. Winzen

Mr. R. 5. Hassard
5 Hollywood Ave,
Tuckahoe, N, Y.

Mr, George T. Weldner
Engineer Board

Barrage Balloon Branch
Ft. delvoir, Va,

H. A. Smith
Mamaroneck, N. Y.

H, 4. Smith
Mamaropeck, I, Y.

Seyfange Laboratories
1300 Hediterranesen Ave.
Atlsntie City, i J.

Film shipoed.
Cuotation supplied.

Coamfirminz teleohone
conversation in which
guthorization wes ziven
to shily polyethylene
fila to HYU zna advis-
inz once again of cor-
rect snipoing addrssa.

Keguesting suote and
delivery date on fibre
screws 13" long, filli-
ster head and 8-3Z2
thread.

cuotation supplied.

Asked for con-
ference in April.

Acknowledge letter of
3/11 and advising that
our representatives
would be nlieaczed to
disenss construction
detalls of the balloons,

Advising him of possibi- Hessard employed.
lity of full-time posi-

tion in Research Div.

of WYU. Requesting

that he make &ppointment

for interview.

Requesting permission Invited to visit
for NYU representetives Mr. Weidner.

to visit with him to
discuss constant level
belloons and safety
valves and control
devices.

Requesting guote on Supplied
valves.

Request for yuote on Not received.
balloons fabricated
from nylon and forti-
san film coated with
butyl rubber.

Received.

Reyuesting guote on
3 gets of stabelilizer o
fins,




3/31/47

3/31/47

INAVIN

L/1/47

478747

L/8/47

4/8/47

4/10/47

4/10/477

J. R. Garvin
Douglcs Leigh Sky
Advertising Co.
Lakehurst, N, J.

Seyfang Laboratories
1200 rediterranean ive.
stlentic City, ¥. J.

Mr. J. Boyle
Air Cruisers Inc.
Clifton, N. J.

Molded Latex Products
Inc.
Paterson, N. J.

WIRE

H. J. Brailsford &
Co. Inc.

Rye, N. Y.

Capt. Albert C, Trakowski
Wetson Laboratories
Red Bank, N. J,

General Mills
Minneapolis, iinn,
Mr, 0, C. Winzen

WIRE

H. G. Brailsford
Rye, K, Y.

WIEE

Lehigh University
Bethlehem, Pa.
Prof. Frank Hyers

Renuesting <uote for the Acknowledged.

20,000 cu, ft. belloons
that this company re-
ceivea from surplus.

Reguesting cuote on one
to five ezch 15 ft.
diameter balloons made
of 3 oz. 3ilk cloth
coated with neoprene
and 2 each 3 ft. cia=-
meter balloons made
from the same meterial,

Reguesting guote on
25-15 ft. dismeter
balloons and 10-3 ft,
diameter belloons made
from polyethylene ,004%
polyethylene .208"
saran .00cZ5" and &
fortisan fabric coated
with butyl rubber and
from nylon film.

Identical letter as
above request to Air
Cruisers Inc.

Requesting price and
delivery date of 3
volt price type relays.

Forwarding minutes of
Air Space Sub-Committee
Meeting.

Acknowledging receipt
of March 31st letter
and notlfying this
company that our re-
presentatives would
be pleased to come at
their convenience,

Requesting to know
how relays ordered
were shipped.

Requesting permission
to make bslloon re-
lease from Lehigh Uni-
versity on 15 April.

- 12 -

Lsked for definite
express ion of
interest.

Furnished.

Quote furnished on
nylon fabric coated
with butyl rubber.

Interested but want
cost plus basis,

Furnished.

None required.

April date set.

Answered,

Given.




4/10/47

L/11/47

INAVIIN

4/15/41

L1467

L1 LT

LI21/47

WIRE

Seyfang Laboratories
1300 sediterranezn fve,
Atlantic City, H. J.

WIRE

Devey & Almy
Cambridge, Mass.
Mr. W. L. Dawbarn

WIRE

Frank Seyfang
Seyfung Laboratories
Atlantie City, N. J.

WIRE

Mr, darney Framk

27 Rochdele Lve,
Roosevelt City, N. J.

WIRE
Lehigh University
Bethlehem, Pa.

N. Y. Sub=Committee on
Air Space

385 Medison ive,, NYC
Att: C. J. Stock

WIRE

General Mills
Minnewplis, inn.
Mr. O, C. Winzen

Requesting to know Date Given.
whether aApril 17th
or 13th would he
satisfactory %o Mr.
Frank C. 3eyfang to
meet YU representz-
tives to insnect
20,000 cu. ft. and
€-35,000 cu. ft. in
Heightstown, N. J.
Advising that single None needed.
neck N1000 gram balloons

shoulé be furnished on

our order l4d-43.

Advising NYU represen~ Furnished.
tative could not keep

engagement for April

17th to inspect baslloons

and reguesting that

next best suitable

date be furnished.

Advising NIU still
interested in pur-~
chase of balloons.
Requesting that in-
spection date be
changed from 17 Apr.
to <3 Apr.

Satisfactory

Advising time of None needed.
arrival at Lehigh to

relesse balloons.

Advising that dis=-
crepancies observed in
ninutes of CAA neeting
and requesting that
conditions for more
suitable flights be
granted.

Advising that IXU
representutives would
meke definite date
for aerrivel lcter in
week.

-13 -

Request refused.




4721747

Ja1/47

A e3/47

428747

4L/23/47

WIRE

Barney Frank
<7 Rochdale ive.
Roosevelt City, . J.

seyfang Laboratories
atluntie City, u. J.

Kollsmen Instrument
Division

30-08 45th Avenue

Elmhurst, L. I.

WIRE
Seyfang Laboratories
Atlantie City, L. J.

Barney ‘Frank
<7 Rochdule Ave.

Roosevelt City, k. J.

Confirming dste of
Lpr. <5 for date
insoection of bal-
loons.

Confirming zate of =3

sar. for date in-
soection of balloons.

Chanrging detsilsz in
altituce control
urchase orqer,

AGvising thst < -
35,000 cu. ft. bal-
loons were purchesed
from Barney Frank
and that these bal-
loons were being
snizped to hix for
repsir,

Agvising that Univer-
sity would buy 2 -

35,000 cu. ft. balloons
and that these balloons
should be shipoed to
Seyfang Lzboratories.

None needed,

ENSWETSC,.

None neeced.

Acknowledged.

Acknowledged.



IV. Conferenges

Preliminary conferences were held with plastic packnging companies.

However,

ws braiice'® eraonnel

were not always aveilable at the time of these confercnces with the vurious compunies it wis uwecessury Lo

write Yollowup letters.

also held:

Date
2/11/L7

2/21/47

/25747

/24

3/3/47

3/21/47

In addition to these preliminary confcrences regurding plastics the followving

Peo Present

Dr. J. Peoples, C.
Irelund, . Rigney,
Capt. Brakowski,
Hackman, Moore,
Schneider

R. Brophy, Dr. J.
Peoplew, Capt.
Trekowskl, D. Rigney,
Schneider, roore

Lt. Comdr. Harrlson,
Dr. Peoples, wchneider,
Moore, Hackmen

J. Sturtevant, L. llerb,

Schnelder, Hoore

Dr. Peoples, D. Wigney,
Moore, Schueider

Mr. Hagen, Dr. Prander-
gsat, Moore

Where Held

Watson Laboratories
fed Bunk, N, J.

Watson Laboratoriles
Hed Bank, N. J.

Lakehurst Navel Alr
Station
Lakehurst, W, J.

Goodyear Tirc & Hubber
Co.
Akron, Ohio

Watson Laboratories
Red Bank, N. J.

Molded Lutex
Paterson, i, J.

Discussed

Govermment Furnished
eyuionent.

Placement of sub-
contracts for bulloons
with il, A. Smith, Inc.

Jap Belloons,

Fabrication of
lurge bulloons

Pluceument of sub-
contruacts for beiloonu
aml altitwle controls,

Fepricution of large
balloons.

heference to these letters cun be foun: under communicotlons of this resort,

confur-nees were

Conclusions

Eyui ment would
be erpenited by
Watson.

NYU should visit
Goodyeur befure
vlaeing controct.

Jap balloons wuere
avuiluble for
projecturc.,

Goodyeur was inter-
ested end would
propirec u guole,

Permission sronted
to sluce sab-contrict.

Awalt prevoration of
& quote.




[
o~

3/25/47

3/26/47

NIV

4/11/47

4L/30/47

Lakehurst Alr Naval
Station
Lekehurst, N, J.

Lt. Gunther, Comdr.
Harrison, C. Irelund,
Moore

Atlentic City, W. J.
Seyfang Luborutories

F. leyfaung, Mrs, F.
Seyfang, Moore,
Schpeider

Watson Loboratorieas

Dr. Peoples, D. Rigney,
Red Bunk, N, J,

Moore, Schneider

R. Brophy, Mr. Cumbridge New York University
R. Contini, M, Glunnini
Schnelder, Moore

Kollsmen Instrument Co.
Elmhurst, L. L.

P. Goudy, loore

Laekehurst would be
avallable to Vatson.

Use of Lukehurst as
4 launching site.

A quobution would
be preourerd,

Fabricution of large
bullioons.,

lat Clusler Flight Prepure lor Sccond

Flight
Contract Administration Housing would be

provilied by ;jovt.

Ballust velve construc- Chenge inddetuils.
tion.

Dyring the period covered by this report, Messrs, Moore end Schnelder msde repeut=d trips to

Kollsman Instrument Co. and discussed the fabrication of the modulutors and other eyulpment thei Kollsman

was designing for our use.

These meetings nave not been considered conferences but for the benciit of this

report the same individusnls were always present, Messrs. Schneider and Moore of Hew York University and

Paul Gouwdy, Engineer [o r Kollsmun Instrument Co.

astruction of the modulstors zmd other egulpment.

The material discussed vas methods of imoroving the con-




- III © 1. wgeneral Work isccomzlishes,

The period was spent in jrepocratory work wilch consizted of
the following §heses:
Phese 1. The designing of & belloon and of altitude control: 1o be
ucec as btentatlve solutions to the mein provlem.

~+ The conteeting of plastic film febricators te obtein sevaral
sources of supply for large non-exiensible ballocons. To dcte, one sub-
. contrect hes beer let for 1f ft. <ismeter bellcons,

2. The contectirg of zn insifument compeny which would construct
the zltitude control ceviess., A subcortrzct haz alzo been let Tor
altituce controls,

4. The designing of & lerge belloon inflation shelier at .. Y. G,
Meterizls have been procured Tor it., Lue to chinge in 2lens the shelier
will not be built at . Y. U. therefore the matericls are being zeld for
the govermment until terminction of contrsct.

5. The repairing and testing of the rudiosonie receptor ir Deperti-
ment of Meteorolegzy for preliminary flights cemding ths crrivel of
Govermaent-losned ecuinment,

6. The preliminary flights with clusters of lMeteorological ballsors
&5 stop-gso methods to attempt constant level belloor flight: while
awveiting tne delivery of iv. Y. U, desizned ecuizment.

7. Tae meking of preliminury caiculations and recuiremenis on

constent level belloon cerformance.

z Sggcific Problems.

Yet to be deteruined is the releative merits of verious belloon

films and feorics avealleble. This is to be aamiled oy test wWerk core by




the Gemsrul >ille and 2erness by the ruresu of Sthindercs in Twesningico.
The eltitune conircl cevices need 4o be anglvied for Jei=r-

&l seotiop -l rutes o

E.
ot
[N

mirction of optlzum settings for i

[

of the bellest. This protlem ic aweiting zome flizghte belore ¢ ful
gczle, methemcticzl stuay is uniertzken.

The meir sroblem is th: flignt testing of zae e ulument -lennec
s & tentetive szolutiorn to the desir~d flizhs geth. This eweiis reecelist

\]

of scme large lightweight belloon envelones zma more of ths altit

5

controle.
2, Limitations.

MYore worl would nave bLeen accomplished had the ecuijsment to
be furnished by the Govermment errived. The orefeabricoted builiing
vhet is to be supplied by the Government sccoriing to the contract is
urgently neecded, £s there is no housing cveileble Zor the Jroject =t
N. I. U. The project serscrnel pes been using work benckes occucied
by other orojects. The oroject azs been uzing tae office spuce of
enother research grouc. Tiis hes not been sztizfsctory &s six of their
men and four of ours etteidt to work in « joint laboratory amc office
15 x 15.

Restriction on the oroject is the Civil Aeromzuiies aulhorivy
recuirement that belloon flizhis be mude only on d&ys thet are cloucless
up to <0,000 feet. This is difficult to meet in the 2&stern Unitec
States but appears less 2ifficult in the New iexico uree.

The pertinent abstruct from minutes of the meeting with the alr

Space Subt-Uommittee of CAA or 17 March 1947 ere included in the sppendix,
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d. Hethods of fAttack

(1) ifter = survey of cvailstle litercture in cerostatics end
after conferences with verious bslloon menufecturers cnd cubthorities it

Fal

is believed thet tie brgic sroblem of asinteining the 15 1bha. of paylosd
&t constent zltitude can test te zolved by using = non-extersible belloon
and =z device onerated by nressure which drops ballast whepever the
belloon descends below & preset a2ltitude.
The specifications for the eyuipment zre wz follows:
The ballocon should be of large known volume, lighit in weight,
non-extensible, either transvarent or hignly reflective %o
soler readiation. Rigging should be used to distribute the
lced evenly about the balloorn.
4 safety valve sheulcd be usea to holc the infletion zvpendix
of the balloon normally closed {as eny hydrogen lost decreses
the time possible ot nominal conmstaut altitude}. The velve
would act 23 a safety vent if the balloon should rise apprecisbly
above the altitude where it is fully inflated, as there is danger
of rupturing the envelope unless the excess vressure is reiieved.
The szfety valve should be set to release osressure before the
1imit of the working stress of the balleon fabric is reached.
If the exzct volume of the bclloon is known and the zir density
vs. eltituce relstionship i Jdetermined on the duy of flight,
it is possikle ‘o compute the total 1ift of the g&s in the
bzlloon at any altitude. By adjusting the sross ioaa %o be
supported by the gas to ecuul the total 1ift at the desired

altitude of flight, the balloon will level off =t the dedred




The altitude control is to be used 1s the bellest velve.

zltitude as it has no further buoyancy.

This altituce stalility

exists only &3 long as the bulloon is in the fully inflated or

"taut" ctete.

ce the bzlloon starte descending ue to los
Once the bel stert g (due to loss

of hydrofen by aiffusion or by other loss) iv pecomes flabby and

is no longer stable.

acticn is taken or until it reaches the earih.

It will continue descencing until corrective

When

correctly cet it will Getermine the lower limit of .the bzlloon's oseilletion

as 1t would releazse a free flowing liquid ballast from & reservoir whenever

the bslloon descends & short distance below & preset altitude.

To test this tentative solution to the besic problem, inter-~

mediate sizes of balloon made cof suitable fabric or films czre needed in

sddition to the z2ltitude controls,

Ballocons

Balloon manufecturers and fabricators of plazstic films were

contected to locate a suiteble balloon material.

vere suggested:

Materisl

Plasgtic Film

Polyethylene

Saran

Advantzges

Gocd low temperature
properties (Gen.Mills
desir=s to fabricate
Picard's balloons
from this).

Transparent, low
permeability, high
tensile strength.

Disadventages

Low tensile strength,
Milky-translucent,
Medium permeability.

Tesrs e&sily, fair

low tempertture oro-
perties (?), weak at
seams if heat sealed.

The following materizls

Dispogition

10 ea. 15 ft.
balloons being
fabricated from
it.

5 large belloons
being fabricazted.




Nylon Good low temperzture
properties, easily
febricated, strong.

Vinylite Fasily fabricated.
tlmast transparent.

Teflon Strong

Ethocel Easily fabricated.
Good low temperature
characteristics.

Fliofilm Easily fabricated.

Coated Fabrics

Nylon coated Strong, easily
with fabricated.
necprene
butyl rubber
polyethylene
saran

Fortesin {regener-
aeted celulose
rayon) coated
with
neoprene
butyl rubber
polyethylene
seran

Silk cozted
with
neoprene
butyl rubber

is a resull of this preliminary study & sub-contrzct was
given to H. i. Smith, Coetings Inc. of Memaroneck, iiew York, to fabricate

bslloons with the following specificstions for test purposes:

- 21 -

ot aveileble, low Ltweiting sample.

tear resiztance (?)

Very poor low Discarded.
temperature »ro-

perties.

Can not be fabriczited. Discarded.

Very high Discerded.
permeability,
Poor ultra violet Discarded.

properties, poor low
temperature properties,

Heavy, expensive Awaiting
opague, nylon Investigation,
cloth has relative
high elongestion.
Awaiting
Investigation,
Awaiting
Investigation.




3 foot dilemeter balloons, no attachments exceoting an inflation
tube or appendir msde of the belloon film zbout 10 inches long
end 1l.4" diameter.

ezch made frog Zolyethylene PM-1 film .CO4" thick

each mede from Polyethylene PM-1 film .008" thick

edch made from Saren tyoe M film ,C0z25" thick

P MR

15 foot clzmeter balliocons with inflatiom tube A" in diameter and
1" long, zlso means for atiacning rigging iines supporting =
<5-pound load to bottom of bulloon and mezns for attaching aux-
iliary 1ifting balloons to top of belloon. If possible, balloon
should be capable of withstending internal pressure eguivalent
to 2" water.

5 each made from Polyethylene PM-1 film .304" thick

5 eech made from Polyethylene FPM~1 film .C08" thick

5 each made from Saren Type M £fidm .00225" thick

(1) The balloon film should be treated before or after manufzcture
in such a wey &s to seal &ll pinholes.

(2} A petching kit should be furnished for use of the balloon
flight personnel.

(3) It is desired that either the volume of the 15 foot balloons
be known to within 10 to <0 cuble feet when fully inflated or that the volume,
though unknown, be nearly the same for eech of the balloons of this size
(differences in volume should not exfeed +1% of the total volume of a mean
balloon).

Delivery was made 20 April 1947 on the first 3 foot belloons, two
15 foot balloons are expected by the end of iay.

In an attempt tc interest another manufacturer in the problem,

the following comparies were contscted.

Company Tyve of Compeny Interested? Dicsposition

Dobeckman Co,
500 Fifth Lverme, NIU Plesties & Packaging Yo None

Kennedy Car Liner & Bag
Cos, Shelbyville, Ind. Plastics & Packeging No None



Plextron Ine. Beach Balls No Hone
55 Tremont Ave., Bx 57

CuPage Plostics Co. Beach Balls Yo None
75 Fifth hdve., NYC

Shellmar Procucts Irec, Plectics & Pockaging Ho None
Eppire Stete EZldg., NYC

Millprint Inc. Plasties & Packaging No Hone
Milwaukee 1, Wisconsin

Celanese Plastics Corp. Plastics & Packsging No None
180 Mzdison Ave., NYC

E. L. Cournand Co. Plastics & Packaging No None
2835 9th Ave., NIC

Blemd Charnes Co. Yoys, Beach Bells No None
24 Ashburton Ave,Yonkers

Western Products Inc. Plastics & Packaging No None
Newark, Ohio

Rowe Pecksging Co. Plustics & Packaging No None

26 (ueens St. L.

Toronto 1, Cntario

Canads

Goodyear Tire & Rubber Blimps & Balloons Yes Awaiting final
Co., Akron 16, Ohio decision.
Molded Latex Products Balloons (Meteorological) Not None

Inc., 27 Kentucky Ave. very.

Paterson 3, N. J.

Air Crulsers Inc. Balloons (Meteorological) Yes Awaiting final
Clifton, N. J. decision.
Genersl Mills inc. Balloons (Picard's) Yes Avaiting visit.

1837 Pieyrce St. N.E.
Minneapolis 13, iiinn.

Seyfang Laboratories Barrege Ceptive & Yes Awaiting final
1300 Mediterranean Ave, Other Balloons decision.
iltlentic City, N. J.

Dewey & Almy Company Meteorologicsl Balloons No None
Cambridge 40, :iass,




On completicn of the survey of balloon naterials other orders
will be oleced for experimentel inftermedicte bDslloons.

4s soon =5 & series of successful flights are obteined, it is

»lanned to procure bzlloons of zbout 8 times the displacement of tne inter-
mediate size for tests as the model to solve the problem. These larger

balloons would be zbout 30 feet in diameter,

£ltitude Control
Mr. Goudy of the Kollsman Instrument Division of Square D Corpora-
tion was contacted o determine the feasibility of:
{1) An zccurzte pressure-zctusted licuid bellast droppingz device,
{2) A motor-switched moduletor for the stardard Army radiosonde
AN/SMT-1. The stendard pressure-switched modulator would be of little
value in determining the height of the constant level belloon after it
leveled off on & constant oressure surfsce.
On a subcontrzct Kollsmen undertook to build a sressure actuated

"dribbler" or ballest dropping device as follows:

Mechanlcally Controlled Dribbler

To consist of a diaphregm opersted needle valve which will allow
no flow for a Z mb, inerease in pressure on the diaphregm over pressure
of which diaphregm is sealed but will allow & flow of 40 grams/minute
under 1 foot of lead for a 5 mb. increase in pressure. Peiroleum ballast
with a density of sbout .775 gm/cc is to be used.

Diaphregm to be open to the atmosphere until it is sezled off

by the radiosonde sressure switch at a preset altitude,
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an electrically overeted needle welve was included in the order,
newever it is to be cerncelled &s the mecheniczl valve appears more feasible
to the mamifzcturer.

is the motor switched modulator wus already in exXgerimental
stzte of manufacture for the Signal Coros &nd Evans 3ignal Luboratories
an order was placed for 3 of them with these characteristics:

To have a motor-driven commutetor to contain 4 contzets alternately
switehing two different temperatures, pressure and & reference. Rate of
switching will complete one cycle per minute. To report pressure accurately
between 150 and 500 mb. with a pressure resistor to be of such & valve that
with a large rwdicsonde frecuency variamtion for a small chenge in pressure.

To have an adjustable contact variable beiwesn <50 mb and 400 mb
with a factory adjustment of 300 mb. When the pressure arm reached this
contact, a squib will cut & thread that nolds the ballast aiaphrezgm open.,

The first mechaniceal dribbler wacs received on 20 Lpril 1947 ana is
underpgoing nodificetion and tests before being flown on Cluster Flight #2.
If it is successful, an order for improved models will be 2laced.

Another method mainﬁaining & balloon 2t constant zltitude
is by replenishing the hydrogen in the non-extensible envelope as it is
valved or asz it diffuses. This might be sccomnlished by use of liquid
hydrogen but not by use of chemicals due to their great weight relative
to the small volume of hydrogen genersted. The licuid hydrogen method
is being investigeted with & long range view. It dces not seem too
feasible, however, due to the difficulties of keeping the rete of eva-
soretion of the liguid hydrogen low at the high a2ltitudes, without ex-

tensive and heavy guard flesks of liguid air.
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A third method of holding the ecuipment st a nominal constant
altitude is to fly & cluster of standard meteoroclogical tallcons eguipped
with ballast dropping devices amd a device for releasing lifting ballioons
should the cluster depart from the £ltitude limits cdesired. This method
is inherently unstable, 25 there are no proporticral restoring foreces which
will act on the flabby, freely extensible meteorological ballcons. The
success of this procedure depends on very careful balancing of the load
against the variable 1ift of the balloons.

This cluster method is of use and interest only as & stop-gap
method of 1ifting the Army equiovment to altitude now, and has been the

method used while awaiting delivery of the non-extensible plastic balloons.

III d) e. A flight was made on 3 April 1947 using this method. A
cluster of 12 balloons meteorclogical cerrying a radiosonce, a 15 1lb.
dummy lozd and & series of ballast dropping devices was released from
the fooiball field at Lehigh University, Bethlehem, Pa. The train was
to be towed to 30,000 ft. by 2 1lifting balloons which would then be

cut loose. The weight of the equipment was adjusted to equal the 1lift
of the balloons and presumably the train should have floated after the
towing balloons were cut off. Actually, due to lack of experience in
the aifficulty of handling long balloon trains, auxiliary rigging lines
were needed to take up launching stresses, These lines fouled the main
flying line and the ballzst which was to be dropped on parschutes. A4s &
result, the balloon trein went to 50,000 ft. where the tow bel]loons worked
themselves free, The remairing trein thereupon cdescended as fast as it

had climbed (1,000 ft. per mimute), landing in the ocean near Sandy Hook,
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N. J. The flight was of value in trzining persornel, establishing a

net for recention of the 74 megacyle radiosonde data, and in obtaining

familierity with the type of operation peculiar to 211 large balloon flighis.
The actusl layout of the train used is sketcned in the znpendix.

Using the lessons learned on the dummy {light, improved equigment
was built for a flight with & payload. Helease was attempted on 18 April.
Due to the high wind at 0830 EST, the time of release, and due to mal-
functioning of the Army receiver in the vlame that was to follow the ballooms,
release was not made, The already-inflated balloons were cut free and the
equipment was brought back to New York University. It is expected that this
eguipment will be flown about 3 May. A description of the final flight
equipment will be given in the resort for May. A sketch of the layout
of equipment built for the second cluster flight ia given in the appendix.
As this is a stop-gap method using modified standard components, no
detailed report is being prepared on the equipment. Preliminary altitude
controls used in both flights consist of standard redicvsonde modulators
ML-31C which have had leads taken off of the desired contacts of the
commitator. The modulator thus acts as a pressure actuated control that
releeses bellast or balloons. In the firat flight small radiosomde relays
were used to close circuits to burn off cans filled with ballast. In the
improved, second flight, a nest of plastic tubes were filled with dried
sand. The bottom of the tube was covered with paper and a DuPont type S64
Squib was placed on the paper umier the sand. On firing the squib, a hole
is torn in the paper, permitting the sand to trickle out. This method

permits dropping of more ballast and yet, in smaller increments. In the
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sfcond cluster flignht, provision was zlso made to release balloons if the
train rose above 40,000 ft. The flying line in the second train was
approximately 500 ft. long.

This cluster flight is tedious to prepare and difficult to
launch, and is a greater hazard to sircraft than the plastiec balloons

will be because of the great length of the cluster train,

III e) Apparatus and Ecuipment,

A detsiled explanation is not given on the equipment of the
Cluster Flisht., However, a layout sketch is enclosed in the appendix.
An important piece of new spparatus for this oroject is the ballast
valve or dribbler, a photograph and drawings of which appears in the
appendix, It consists of a special diaphragm which operates a needle
valve. Normally the valve is closed as the diaphragm is open to the air
before the balloon reaches the desired altitude. This ailows the
pressure inside the dlaphragm to be the same as the outside pressure.
The diephragm is sealed electrically by the baroswitch of the flight
radiosonde when the balloon train passes a predetermined altitude.
Whenever the belloon train cescends below this preset altitude, the

increase of pressure on the sealed dlaphragm causes the needle valve Lo

be cpened. The greater the excess in oressure on the diaphragm the more
ballast thers is released through the valve. Thus &« proosortionsi restoring
force 1s zpplied to the train. The ballast thet is to be used is a

petroleum cut boiling from 300° tg 400°%F yith o density of about .78 end

a minimum change of viscosity with temperature. Two d@ifferent type

fluids that may meet this specification are the Army type compass fluid



and 2 Sinclair paint solvent. The ballast valve or dribbler essentially
perform the same furction as the Japanese altitude control on tae balloon
bombs vet it is simpler cnd sermits use of & liquid ballest for better control.

tnother siece of cuuioment that is under construction by Kollsman
Instrument Compeny is a motor-switched rsdiosonde modulztor. It presents
pressure data to the radiosonmde transmitter as & variable resistance. The
meteorological data is programmed by a samll Brailsford Electric motor., This
modulator will nrovide the comtact tnat seals off the diaphragm in the
ballast valve. A completediscussion of this equipment will be furnished
upon its delivery.

Sketches of balloon and rigging of the balloon to be used om to

the main problem sre given in the appendix and are self-explanatory.

Computations

L chert showing the relation between sltitude, gross 1ift, and
balloon size has been foumd necessary.

Date for it was computed using mean aerological soundlngs as
reported in the Monthly Weather review for 1943.

A chemical term, molar volume (in cubic feet) was used as a term
relating the sounding date with buoyancies of the balloons at various
altitudes.

Using the simple gas laws, the molar volume of 4dry air was

computed thus:
I. (1) Molar volume of any gas at standard conditions is 359 £1.°
{2) From Monthly Weatler Review Jan. 1943, the mean sounding
data at 15 km for Lakehurst, N. J. is: Temperature -59,59%
Pressure 120 mb,
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359 X %33'?7; 39+2 X l%%%41 # 2370 £t.7 (tne mean molzr volume
[ -5 ~

at 15 km for Jan.1943 over Lakehurst,N.J.)
This volume data was computed Tor all lovels given. Datz was
"borrowed" from otner stetions in tne same latitude to piece out the 20
km soundings as needed.
II. Lifts were computed for various molor volumes for balloons
between 7.5 and 75 feet diameter in the following manner:
Given
purity of Hydrogen 99.7%
impurity =s oxXygen 0.3%
computed molecular wt. 2,11 #1 mol
Moleculer weight of dry =ir ss computed from dats renorted at
10 km. in Handbook of Chemistry and Physiecs.
28.764 #1 mol
To find the 1ift of & 20'D balloon at an altitude where the

molar volume is 1000 ft.3:
Volume 20 ft.D Balloon = 4190 ft.5

Lift/BalloonBalloon Volume X(Difference in molecular wgts.of airfhen
Molar Volume at & given altitude

or

3
Total Lift of gas in #/Balloon = Lts“/Balloon X (  #/mol)
£t.3/mol

for the 20 foot diameter balloon:

Lift = 4390 (28.76 - 2.11) - 197 .7 157t from a 20 foot dismeter
1000 sphere of hydrogen at an altitude
where the molar volume is 1000 ft.”.

The lifts were plotted against moler volume for each size
balloon. The .altitudes corresponding to various molar volumes for
Lekehurst and Albucuerqgue in January and in Lugust 1943 as computed
above were plotted on the left margin of the chart.

The family of curves was plotted con log paper and is ineluded

in the appendix with the basic sounding data.

- 30 -




e,

r

K LT

LANRE AT T ‘|;--)(

" ‘_li.'u"'r.'w‘.T

III z) Conclusions snd Recommendations.

It is believed that o belloon can be kept at nominzl constant
eltitude between 10 and Z0 ¥m. for six hours using & non-extensible
envelope with the addition of a ballast valve to keep the belloon nreer
its oressure eltitude. The flying of = balloon thus ecuipped is our
mein objective. The work to date has been primarily opreparatory but it
is believed that plastic balloons can be flown in the early summer with a
peyload.

Additional work space is urgently needed at New York University
if significant work is to come from this group.

I% is believed that the ideal leunching arse for balloons of
this type is Lehigh University, Bethlehem, Pa. as long &s this is feasible,
For large balloons it is believed that the Navy peoole at Lakehurst can

best facilitate the launching. Celm winds are essential for actual launching.

Future Work

General Mills is making large balloons from lightweight films
that would meet our specifications with the exception that they cannot
take any internal pressure. It is believed that their balloons should be
investigated as General ¥ills appear to be the best source of supply for
large balloons., An order will be placed with them as soon 2s they furnish
z guotation.

Ais a stop-gap device before these might arrive it is planned to
fly two 35,000 cu.ft. recing type &s well as the I Japanese bzlloons from
Qakehurst, N. J. carrying payloeds with heavy cuty power susolies lor the
radio transmittesrs.

In the meantime, improved clusters of meteorological balloons

will be flown until larger belloons are available.
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COPY
Abstreect from:

AIR COORDINATING COM.ITTEE
NEW YORK SUBCOMITTER CN AIRSPACE

RULES OF THE AIR :fWD LIE TRAFFIC CONTROL

385 Medison fverue
New York, 17, . I.

N.Y. Meeting No. 1Z <0 Mareh 1947

PROBLEM:

1. The Secretary of the Subcommittee presented a request from the
War Department member in behalf of New York University for approvel to
release free balloons from Lllentowm, Pa. and Lzkehurst, H. J.

DISCUSSION

2. The subject project is broken down into two phases as deseribed

below:

A, PHEaSE I.

(1)

(2)

(2)

The type belloon to be used in this phase of the
project will be &6 ft. in diameter, hydrogen filled,
encompassed by & nylong shroud with bleck and white
genels Z4" wide. Radio instruments weighing approxi-
mately 3 lbs. will be suspended apyroximatzly 50 ft.
below the balloon and equipped with parzchute device
s0 that upon separation from the balloon, the aittached
ecuipment will float down towards the earth rather
than becone a freely felling body.

It is anticlipated that two flights will be required in
this phase of operation, the release to be made during
weather conditions 1n which the sky is free of clouds
and the visibility at least three miles at all altitudes
up to 20,000 feet., within a four hour cruising radius
from Allentown, Pa.

The bzlloon, during these flights, shall be convoyed
bty sultable sircraft to meintain air-srount communicsa-
tions on the balloon trajectory and ecuipued to effect
destruction of the balloon at the termination of four
hours flight or at suech time that the balloon mzy
become hazardous either to sircraft flight overations
or the oersons or vroperty of others on the szurface.

Hew York Universitry will file & Hotice to airmen at
least twelve (1Z) hours in wdvence 2f bellocn release
emi =z second notice will be filed =2t tne time of release
with the illentown, Pa. firways Communicatlons Station.




B. IZHaSE II.

(1) The type balloon to be used in this phese of the project
£ will be a 1% to 40 ft. diameter »lrstic ballocn, hydrozen
F filleda. Hadio ecuipment weighing sovromimstely 25 lbs.,

. will be susvended apnroximately 100 ft. below the

% balloon. The bzlloon will be towed teo nigh zltitude
levels (zbove 22,000 feet) by three auxilli:ry lifting
balloons fastenec together with o 4 1b. weight. All

- ecuipment atiached to the belleoon will ke ecuipped with

! parachute device so that unon separation from the balloon,
. the attached eguipment will fleoat down towards the earth

' ' rather thar become a freely falling body. Upon attaining
the desired altitude, the auxilliary 1ifting balloons
wife be released from the main balloon.

. (2) It is anticipated that a maximm of ten flishts will be

! required in this phase of operetion, Z to 5 releases to

be made from Allentown, Pa. and 2 to 5 releases to be

made from Lakehurst, N, J. Release will be mede during
' wveather conditions in which the sky is free of clouds

; and the visibility at least tkree miles at all altitudes
! up to 20,000 feet.

f {3) The range of flight during this phase of operation will
bebetween 30,000 and 60,000 feet. A period of six hours
will be the maximum duration of flight.

(4) Yew York University will provide an operator for tracking
of the balloon during wperiod of flight and will furnished
information on its positlon to the N. ¥. Air Traffic
Control Center during peried of flight.

(5) New York University will file a Notice to Airmen at least
twelve (12) hours in advance of balloon release and a
second notice will be filed et time of release with
either the Allentown, Pa. or Lakehurst, N. J, Communica-
tions Stations.

(6) Destruction of the balloon will be predet:rmined to be
effected over water where hazards are not present. Aerisl
comvey will not be effected during this phase ol operation
inssmuch as balloon flights will be comducted in excess
of 20,000 feet, -

3. The ¥War Department member requests that bslloon operztions along
the lines of Phase II be nresented to the Washington Subcomnitiee for
clearance with all other Hegiomal Airspace Subcommittees, in consideration
of Var Department plans to continue the Phase II type of operstion from
White Sands, llew Mexico, upon completion of the 1 sroposed releaces
described herein. The type of balloon releases proposed out of White
Sands, N. Mex., will involve flight through other regions.
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LECOMMENDLD ACTION

4o That the release of free bazlloons by Hew York Upiverzity as
deserited above in Parazgrash <-A (Phase I}, Subparagraphs (1) - (4) inclu-
sive, be znoroved.

5. That the relezse of free balloons by lew York University &5
described above in Parszragn z-B (Phase II), Subperazrsons (1) - (6)
inelusive, be zoproved.

6. That the Washinzton Airspace Subcommittee present the Phase
II operation to other Regional Airspace Subcommittees for clearance, in
view of War Jepartment plens to continue the Phase II type of operation
from White Sands, New Mexico,
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Dumrry Payload
/5768,

Radiosonde
with antenna

Descent Cutoff ®2
Acts at 370mbs.

Parachute ¥6

BALLOON TRAIN FOR

CLusTeErR FLigHT No!l

BETHLE HEM, PENNA,
3 APrIL 47

Ballast Can %/

Descent Cutoff ™3
Acts att 338 més.

Parachute 7

2 ea. /000 gm. Batlfoons on
Single 30 'NVylon Line.
SOOijs. LifFt each.
Al individual balloons an
single /15° Nylon Jines and
tied omto Main Line at
207 /intervars,
Parachute !
Ascent Cutoff */
Acts at¢ 283 mps.
Flying /ine from Cuteff » [/ to
Parachutle ™2 /3 braided for
added strength. '
10 egually spaced balfeons
i break.
There is a distance of 5’ between
each piece of cquipment, except
Parachute *2 the 20’ betweenybal/aon; on the
Marsn F/ju'ng Line.
Descent Cutoff =1/
Acts at 472 mbs. The /€ batloons on the prarded
/ine are each 350 gm ba/floons
Parachute *3 witha /HFt of /550 gms. aach,
Parachute ™ 4
Parachute &

Bajlast Can *2




Spherical Baffoon
15 " Orametsar

/ 9 eyelets in reinforced
seams for aitaching pridie

rigging to balloon at 30°
b&row baltoop’s sguator

Ap}pendix InFlation
4"pia. X /O”Lor:g.

Ealloern with rigging

d -\\\
™ f8lunes of Flat Film
y /—cemenéed together to
7 s make sphers.
i -
/.f/ * 5
|

| o
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PLASTIC BALLOON
For CoNSTANT LeveL BaLLooN PrRouECT aT NYU
APRIL E?J 1547

"= 3°0”
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Non-Ficensible Balloon

Bridie consisting of § rny/an
tines, saach 150™tast, 13 Feer
long, sarved together at a

thimble,

3“Dia. Ring For use -~

in taunching. ~ Thimble

Pay/oad

Radrosande

Barilast Reservolr

Pressure-Operates Ballast valve

PROFISED A SSEMBLY OF
} TRrRAIN FOR ConSTanT Levie BatLioow

' ARNIL 27, 194y SMITH, Jamey K.




- 6€ -

ALt Ft,
65,617
64,336
59,055
55,714
52,493
49,212
45,931
42,651
39,30
36,089
32,808
28,527
26,247
22,966
19,685
16,409
13,123
oo
6,561
4,921

3,281
1,640
0

ters

Temp.°C
-58

———

213.7
-5905
215.8
-57|L
216.3
-56.9
217.2
-56.0

'54-1
-51 .0
‘45-5
"38-8
"32.1
“48.2
-25.0
25443

11
—
w &

P el r
Hrﬂmtﬂf~0‘m
OV NP0 OW

Press pb Humidityf Molar Vol, ft.3

JANUARY 43

53 -
120 —
140 -
164 .
192 -—
224 -
262 -—
304 -
352 -—
408 -
469 —
536 &
611 59
696 60
iz 61
791 65
B43 69

5410

453
427
4%

359

Temg,oc
- b4

«12.0
- 6l.2
337.4
- 64.2
333.6
- 65.6
337.1
- b4l
333.7
- 60.7
3494
~ 56.9
304.0
- 451.z
318.0
e 4513
31).«
- 33.x
303.4
- 30,4
<96.0
- 3.3
<90.0
- 17.0

A
[.+]
RN
.
—

e QLA = O s
L] »
SPYIOCL OO0

§
3
SR ]

.

.

R
L] . - L] -

M

AUGUST 43 -

58 -
79 _—
94 -
110 -
130 -
153 -—
179 -
209 —
243 —_—
P -_—
345 -
374 -
48 -
438 31
555 “d
6.9 34
71 49
756 51
d0c 55
& 63
902 53
916 bl
IO )

Press mb Humidity$ Molar Vol.ft3 £lt.Ft.

4850
3545
<96«
«370
=150
1345
1630
1440
1250
1115
1000
39U
300
s
6450
54
53
FAS ]
FATIA
45%

b

g la

413
NG

65,617
62,336
54,055
55,T14
5,473
49,1
45,931
42,651
39,370
36,089
32,3803
<, 57
<6, 247
<, 966
19,645
16,409
13,13

9,853

3 el

0,561

FARS Ky |

el

),04U
i)




ALBUOUERQUE (1620 meters)
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Fiscel kenort As of Aoril WJth, 1947

Total smount expended 20,067.96

Available Belence 97,632.04

Total £117,700.00
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Journal Transcriptions

Albert P. Crary

April 2, 1946-May 8, 1946, and
December 2, 1946-August 16, 1947







1946
April 2 Tueg D & I left caracas Fan Am bus 9 pm. 4drrived liami 10 pm on Pan Am.
throusrh customs and caursht 1 am Yational Airlines plane for Hewark
Aoril ¢ Ued Arrived Fewark 720 am and tcex airline tus to VI, D left for Providence
2 am. Jalled up Twing but he was in Chicago - due tack tomorrow. Left on 1040 sleeper
for Canton tonight.
ipril £ 7at At home. Cver to Czdensburg to cee 3teve this pm
April 7 Zun. Left Zanton on 205 sleeper. Zaw Zob Toster '21, also on way to MYC
April £ Mon. Arrived NYC 730 am. Up to Columbia Uriversity to see Bwing 1720 pm. “yckoff
ind Dove or way to Los Angeles py plane this vm. Orare and Yeorrison in also from Watson
labs. “Jent tack to Red Bank with them in A5 car to Cfficer's Zlub near ‘Jatson Lab.
“rare, !orrison and T went up tonight fo zee Zeinnegle at office. "et Nifford who has
"0' sea rescue boat this project is plarning te use, Staved at Cfficer’'s Jlub tonight
doril ¢ Tues. At Tatson Zabc all day. 'ent through all processes nececsary for employ-
ment urder Civil Zervice, Yarrant Gfficer Cifford transferred to WIERL-4 today. FeCurdy
already in and started work. Talked with _.Heinnagle and Callo re Columbia contract.
Gifford left pm for Washington, Major Crane for Camp Dix and Morrison for NYC. Relnnagle
and I went down to CO this pm to meet group from Cornell extension at Buffalo - Aeronaut-
ical research wantirg to ret contracts. Stayed at Molly Pitcher Hotel in HRed Tank tonight
April 10 “ed “hecked out of Molly Titcher Yotel and caught 730 am train out of Red Bank to
FYC. Checked in at Hotel Yebster and then up to Ewlngs at Columbia University. Mr Gallo
of Watson labs in at 10 am and we went over contract questions regarding Watson Lat contract
with Jolumbia until 1 PV, Went over all parts of work with Doc from 2 to 530 pm., John
Twing in from Missouri.
April 1! Thurs. Worked on rough outline of Zglin Mleld and ZCFAR project Am. Up to see
Swing at Jolumbia PF. Doc and I went over contract with “atson Lab & Columbia tonight.
Zaught 1205 sleeper to Boston,
April 12 Fri, Arrived Woods Hole about 11. Joe Worzel went over all sound transmission
work at WHOI this pm.
April 173 Sat., Talked with Columbus Iselin this Am regarding Watson Lab work and needs,
Crane and Gifford up pm and Joe and I went up to lat with them.
April i4 Sun. Down to lab this am with Joe looking for G9A files. Jim Peoples over about
noon for awhile. Joe and I went golfing pm. Took 600 pm traln to Boston and 1230 sleeper
to NYQ. Up to Boston with It Frank Ryder with Navy and ¥HCI
April 15 Mon, Contacted Doc Ewing in NYC and rode down to Red Bank with him., Talked over
instrumentation of upper atmosphere investigations. Cut to Cakhurst this pm. Conference
with Col. Cole and Col. Grough re Froject 188-5 and regarding microseisms. Doc and I went
back to Molly Pitcher Hotel in Red Bank tonight.
April 16 Tues. Rode out to Watson Labs with Ewing. Went over to Evans Labs with Harry Davis
Yatson Lab navigation man, and saw newly developed ranging apparatus and talked to Lt
Rydetor? re Spherics, location of lightning and thunderstorm data collected during past
few vears. Saw Jol. Duffy of Meteorolosical Division AAF and back to Yatson Labs. Doc went
on through to NYC, Yent over program with Dove and Crane thls pm. Back to lab tonight with
Crane and Gifford, discussing Project 185-7-1. PRack to Myrtle Hotel at 1045 pm.
April 17 ed. Rode ocut to Watson Labs with McCurdy. Worked with Major Crane on report
regardirg underwater work, Bglin Tield and deep water. Took this 1n to Jolonal Cole this
»m. Acceptance probable. Got room in private house in Red Bank. ioved out of “olly Fitcher
Hotel,
April 18 Thum#. Caught bus out to Watson Lab, Col Cole up this am and advised writing new
Zost Bxpenditure for and revising the R. & R. Major Crane left about noon for trip
Phila and "oods Hole. Made arrangements to meet him in NYC Monday. Yrote out new R & R
and Jost Txpendlture ready to take to Col Cole.
April 19, Fri. Talked over work with Dove and we wrote up 2nd EC covering all ocean work.
Talked to Rwing on phone this am. Dove and I went down to see Col Cole and then wrote up
rew D0 for deep water work. Saw Hincke? regarding this EQ and A for P processed this pm
and ready to Fo out to right Field.
April 20 Zat. Caught 710 train to NYC, cashed check at Chase Natl Zank, talked to Ewing on
phone, RBack to Red Bank about 4% pm. ]
April 22 ¥on. At Yatson labs this am. Got final physical exams. Down to 3upply to see Major
Yorris with Reinnagle re getting equipment out that came from WHCI without paper coverage.

Got travel order back and authority to use it. Caught 342 pm out of Red Bank and arrived
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in Jewark about 4730, Resexrvations to Dayton on Spirit of St. Louis had been cancelled.
“alled Jatson Labs. Cot roomette on Spirit about 2530, Called Mrs Ewing in NYZ. Left
Yewart or Zpirit of It Louiz at £20 pn.
April 23 Tues. Arrived Dayton, Ohio about 8730 am., Tried to get return ticket for tonight
tut coach car only open. Took bus out teo Yright Field, Bldg 28. Saw Mr Drexler and turned
over Z of the A for P to him, Zclonel Maier on leave. Went down to Zolonel Winter's office
and fourd Major Crane there, e talked to Zolorel Winters regarding the need for planes
and about new TO on extended long ranges of the 189-7-1 program which he approved apd
marked up to 1-7 & sent on Tor hirher approval, Yent over with Crare & saw OSolonel Lind
gard in the plane assignment divisior and talked about planes. Had lunch with him and then
wert tack to talk to Zolorel Taten regarding planes to i89-9-1. Yent over to look at 0-97,
converted 2-29 for transport. Tack to Bldg 2% & talked with General Rives. Request for
plares asrred upon and 2-2% will be available near the 1st of June. 189-7-1 required by
Aives. A for Ps in Drexler's office not yet sigrned. - will be sent on to Watson Labs later,
Crane had reservations for me on the Spirit of 5t Louis and we left Dayton at 8 pm.
April 24 ‘ed. Discussed with Crane possibilities of getting sound through the ground part
of the ocean sound channel and about the possibilities of a balloon such as Piccards.
Arrived in MNYC about 1030. Zalled Yatson Labs and then we took a taxi up to Ewing's office
at Dolumbla. After Hwing 1-2 class we discussed plans for 188-5 and 189-7-1, both Eglin
Field and long range channel program. Left Zwlngs offlce about 6. Crane registered at Hotel
Lexirgton and I caught 740 out of Penn Station and arrived at Red Bank at 845 pm
April 25 Thurs. Up to Watson labs. Worked over notes of conference with Ewlng yesterday.
Wrote up both travel blanks and sent them down to Travel Crder Section, Talked with Palmer
avout I'0 travel forms. "irote up letter to Wright Field requesting use of second crash boat.
“rote RER  for Mark 2 hydrophone. Talked to Li. Hungerford regarding request of this.
Stepanoff, new physicist for WLERL in this pm. Crane left for Yright Field tonight.
April 26 fri, Up to atson Labs. lent over purchases already applied for with Reinnagle.
Wyckoff ir this am. McCurdy in pm for radio parts. Went bhack to Oakhurst with McCurdy
this P
April 27 Sat. Left Red Bank about 730 AM with McCurdy in his car. Drove through NJ at
TRenton & down te Fhiladelpnia. Vac left me off at Clney at subway station. Contacted
Marion at Bankers Security and went by train with her to Newton, Pa at 100 PM . Stayed
with "laggs.
Apr 28 Sun. Wayne & Marlon drove me over t6 Trenton, NJ & I caught 1030 am train into NYC.
Went up to Dwings about 1215. Joe Worzel there & Hilly Barbour. They left for Woods Hole
about 2 P¥. I caught 550 train out of Penn Station to Red Bank, NJ
April 29 Mon. Up to Watson Labs. Checked over at llbrary to have some periodicals obtained.
Went over water work with MeCurdy regarding what 1s needed in way of purchases. Went over
to Oahhurst with Roke, new engineer, former Lt. Commander in Navy. Talked to Charlie
Ireland regarding Eglin Fleld work.
April 20, Tues. Up to Oakhurst. Went over equipment that would be left there and what we
night do when rest of people gone to Whitesands with Wyckoff. Wyckoff and I took car io
Yatsom Labs to conference with Col Duffy of Weather Bureau, Capt Kellogg and Col Gault,
Discussed weather problems - on eqpt? and S658s & aerography neede in coming work. Discussed
equipment with McCurdy pm and tried to find where demolition cable could be located.
Yay 1 Yed, Up to Watson Labs. Talked with Stepanoff and Wyckoff regarding work to be done
while crew was recording "hite Sands in New Mex%co. Commander Navy arrived about 1130 am
and we held a conference -~ Sault, Compton?, Dove Crane, Wyckoff, Hungerfield, Vaux and
nyself regarding Navy participation with us in Crossroads. Captaln Kellogg of Weather
Service over pm and talked with Crane and T regarding £%8s, alrgraphs, etc. Got travel
orders etc to Columbia tomorrow. Wyckoff and about 11 others leaving for White Sands by
plare tombrrow morning. Up to lab tonight with Crane.
Ilay 2 Thursday. Left Red Bank on 8 am train, off at Elizabeth and took ferry to NYC.
Up to GCZT and then up to Docs., Too late for talk with Kellogg tut in time for conference
with Zwing, Lane of Columbia, Gallo, Bradford, Dove and Crane of Watson Labs. Conference
went over contracts with Columbia and WL, Crane and I talked to Dove for short time after
dinner. Caught 1130 sleeper to Boston tonight.
Fay 2 "ri. Arrived Woods Hele 1045 am ., Went over to Falmouth with Dorothy. Up to lab. pm
with Joe %, Talked to Jim Feoples re his amplifier and level recorder. Bump and Kit over

;onight. Saw Columbus FM.




;
1
?

164£ 3
May 4 2at, Up at WHCI this am. Out with John Zwing taking bottom shots in water. Worked
with Joe on his boat this pm. Cver to Jim and Rowes tonight and to Fuzzards Ray bowling.
Yay 5 Cun. Up to WHOI about 11. Went over deep water equipment with Joe Jorzel and Jinm
Peoples. Jim and I caught £00 pm train to Boston tonight, got 1130 pm 0wl to I'YC
ay 5 IFon. Caught £25 train out of Penn Station to Red Bank. Arrived Red Bank 730 and caught
bus out to Watson labs. Checked at library for caps?militargnfo. Called up Norris of Supply
and wrote supply request. Stepanoff 1in fm Cakhurst. irote up weekly report to Watson labs
for 189-7-1, Arranged truck to take fathometer %o !Nyack, I".Y. for 104’ boat and bring back
nicrobaragraph from Columbia. Vent out to Cakhurst and saw Rooke who is working on. flux-
meter, and got fathometer NMB-1 ready to send to Nyack., Jent over 1ist of parts needed
189-7-1 with Peoples. Feoples sigred in at Jatson Labs today. Capt Kellogg in from Evans
labs re how they can help- rough draft of letter of request to be written by Col Graul.
Got travel orders to NYC tomorrow and ‘o Nyack.
¥ay 7 Tues. Jim Peoples and I caught £08 train out of Red Bank and arrived Twing's office
about 850 am, Jonference at Ewing's office Galle, Bradley, Crane, Peoples and I from Watson
labs, Lane and Ewing of Columbia and Iselin and MeCrory? of WHCI regarding 189-7-1 contract
of WHOI with Columbla. Conference later Iselin, Crane, Ewing, Peoples and myself regarding
techrical procedure and plan for Atlantls, Anton Dohrn and two boats of Watson Lab for
summer and next winter. Crane, Peoples and I left about 240 pm for Nyack, NY in Army car.
Arrived in Nyack at Peterson's Shipbuilding Co, new 104' heat P778 docked about the same
tima. Went over all changes and additions to the boat with Gifford and made plans for con-
version to our needs. Left Nyack about 6. Jim Peoples ard I caught 740 train out of Penn
Station and arrived in Red Bank 9 pm.
Vay B Jed, Jim Peoples and I went up to Yatson Labs this am




1946 1
Zec 2 Fon, Cakhurst, Zold wave hii about midnight - temperature down to 15° - strong
wind., 3tarted preparations for Alamogordo trip; getting Rubicoen drums and galvanometers

ready,

Jee T Tues. Cakhurst. Yorked or “ubicon drums and galvanometers for ilamogordo trip -
Stevanoff on Aueust 9 data - Vivian working up sruise tabulations. Cliva setting up new
7R3 for Alamogordo. Cot oselllegraph operating with 2 T-21 microphones.

Jec 4 “ed. Qakhurst. O3et up 20 sec ralvos arnd operated for several nours. In with YoCurdy
to safety meeting, "T. Chantz set up Rubicorn in dark box and took several records with

i sec galv, Made up list for Alamogordo,

Dec ¢ Thurs Cakhurst., vorked on relays for cetum at Alamogordo. FeCurdy & his group on
T-21 operations. Yoodruff ana Chantz cettirg motors,etc ready for itrip. lent oner

Wwork at Cakhurst with “ivian.

Jee € Tri. Cakhurst. Worked on squipment for Alamosordo. Left at noor, caught 135 to

Tew York City. Contacied Carl Cerdes and 24 Schempf at United Ceophysical office. Curtin
also in NY office. Went out to eat with Carl and Ed and discussed future work. They have
Jjob open for me in Alaska and also later possibilities in Turkey. Ed caught plane out
about 745. Left on 1215 tonight for Asbury Park,

Dec 7 Zat. YWent to Cakhurst 10 - 3. Voody ard Fhil there getting ready for Alamogordo.
Feoples up for awhile pm.

Dec 8 Sun. Worked about 7 - 8 hours at Oakhurst. Chantz and Peoples there - getting realys,
etc ready for Alamogordo. Went over all theoretical work on flights, etc with Peoples.

Dec 9 Mon, Oakhurst. Finished getting all equipment ready for Alamogordo. Chantz, Woody and 1
went to Watson Labs. Got checks and travel orders. All equiprent loaded on . trucks and taken
to Yatson late pm. Talked to Colonel Duffy a while about future plans.

Decll Tues, Yoedy, Chantz and I left Cakhurst in staff car about 9 am. Arrived at Newark
airport 10. C-5% in from Middletown about 11, bringing Ball and Oakes from Wright Field.
Loaded up ail equipmert on C-% and left Newark about 145 pm. lewis, pilot; Clowry, co-
rilot. Arrived Cklahoma City about 945 pm EST., Got rooms at Alr Base Hotel. Went into Okla-
homa City for dinner tonight.

Dec 11 Yed. Cklahoma City. Walted for weather to 1lift. Unable to leave in time to rTeach
Alamogordo before dark. At Air Base hotel tonighti. Fquipment from Johns Hopkins Unicersity
transferred to MOGUL plane, including warhead of "-2. 4 scientists & crew, including Del-
gano? , Called Jimmie at Fairview, Okla.

Dec 12 Thurs. Left Cklahoma City in C-54 at OR00 CST. Arrived at Alamogordo about 11 RMT.
Vet Major Pritchard at air base. C-9% unloaded warhead material first then all MOGUL egqpt
which went to North Hanger. Went over to Prichard's office, met Major Maguire? and talked
over prospects of seriips. Woody and Phil worked on equipment pm, Went up in I-3 with Sgt
Yack looking over country of proposed sites. WAC corporal launched at 4 pm. Worked on
equipment tonight. Staying at BOQ,

Dec 13 Fri.Woady and I left Alamogordo Alr Base in weapon carrier and scouted out area south
of White Sands and Turoro Lake. Got lost on ordnance map we had. Located Tower and K station
Went to Proving CGround. Saw Karsh and Major Grant and got good locations and one of good
raps. Left Proving Grounds about 2 and went up west side of sand area to site A3,
Arrived there at 4 but over very rough roads. Back to Alamogordo Air Base at 620, Chantz in
Alamogordo working on T-21s, BST and Brush equipment.

Dec 14 Sat. Went out Hwy 70 this am toward Troving Crounds. Turned off at White Sands Nat'l
Monument and drove to end of 9 mile road in park, about half in white sand area. Found loc-
ation for #2 site which is about 30 miles north and a little east of launching site. Back to
Alr Base at noon. Went out north leoking for Site 3. Tried to get through Ordnance Gate but
needed key. Yent back and around bty Alamogordo and Tularosa but couldn't get in there. Back
to tase, got key from Provost Marshal and went out to Ordnance Gate. Found it did not lead
in right Came back to orth Hanger and took road out from there, finally landing at
tombting area about 35 mi from base., Left all Rubicon equipment there. Pack at Base &45

Dee 15 Sun. Got all GR3 recording units and went up to site 3. Set up both Rubicon in tent
ard G113 1n small tuilding. Cot recordings on both. Pack through Tularcsa and Alamogordo.
Dec 16 ¥on. Slgnal Corps people, Dr Kane and Dr Crenshaw in this am. They are planning teo
measure tlme interval btetween bursts of meteorites at 60, 70, 80 seconds after launching,
Yent over our plang with them. Packed eqpt for Site #2 in White Sands. Chantz and I stayed
cetting up apparatus and Yoody went back for equipment for Site #1. Left 3ite 2 about 3 pm
and went to site 1. Set up equipment there. Finished about 7. To Alamogordec for dinrer,
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Dee 17 Tues. Got Chantz a2 Jeep to use on Station 3. Yent out to #3 made final checks -
“hantz ctayed there. "oodruff and I went to Station 1 and made firnal checks there. “ocdruff
irove me to Station 2 and then went Tack to 1. 7-2 reocket went up at about 1015?mG0t 3rush
recording - 1 trace & Pubicoen at 2. Vocdruff jot EST & Rubicor at ! -though had interfer-
ence with other group. Chantz zot GR 3 & Rubicon record at #3. Back to 204 about 12. Rub-
igor & BST recordings not ret ueweloped
2ec 18 Jed.Chantz and I went out o 3ta 3 and got all equipment together and back to camp

" about 1 - went in Lborrowed weapon carrier. Joody and Jeff “owler took other weapon carrier

ard collected 211 equipmert from Citez 1 and 2. Packed all equipnent at north hanger and
loaded it irnto truck, which was ther put on plane. Got data from -2 firings from Fritchard':
office, Left Alamogorde about 720 pm in C-7% and went to El Taso 2iggs Field.
L O "hurs. Went down to Z1 Faso this mornire and then acreoss to Juarez. Zack to Ziggs
“ield atout 220 pm. 2-54 left T1 Faso 400 pm , landed in Fatterson Field, Dayton, Chio 1{10Qar
Dec 20 "ri. Ieft Dayton about 2 am & arrived ir Clmsted Field near Harrisburg, FPa about
noon. 1% CZarroll and Clowry drove us down to Pa RR statlon., Got 150 out of Harrisbhurg and
arrived in Newark & pm. Zaught train to Asbury Park.
Dec 21 Sat. Chantz went down to Oakhurst. and developed 3 Rubicon recordings from White 3ands
and 2ET recording at 3ite # 1, 3ite #1 recordirg poor, possibly FGC. Locked over recordings
obtained at Qakhurst on tombing run of 19 Dec.
De¢ 22 Sun, Cut to Peoples this evening in NMarlsboro.
Dec 23 Mon. Oakhurst. Yorked on Alamogorde and Flight 13. Had flight # 14 this pm. - 24
tombs starting at 2 pm. Ran CR-73, Brush and Rubicon at lab, Woodruff went out to FParmingdal
with van and Rublicon but results NG. lo shots apparent on recordings.
Dec 28 Tues. Oskhurst. Closed down about 11730. Worked on Flight# 14 and work from NYU,
Started Stepanoff on extension of Aug B flight. Into KYC PF¥ and caught 1045 sleeper to NN
DJec 28 Sat. Cold NE winds and storms all day. Unable to get roads cleared out. Cancelled
reservations for this evening to NYC,
Dec 29 Sun. Caught 805 sleeper to NYC this evening.
Dec Von,Arrived NYC about 915 am - caught 1040 out of Penn Sta, arrived Asbury Park
about 1 pm. Yorked on Alamogordo results. Went over work with Melurdy who proposed new
type instrument and wants authority to go ahead with it.
De¢ 31 Tues. Oakhurst. Flight # 15 this morning at 1080 - 1105. Yoody went out to Farmingdal
and recorded on Rubicon drum. Recorded also on Rubicon drum T-$- Brush and GR3-T-85. 3et up
sonobuoy 1000 £t #* west of T-8-0. Times 3Square tonight.
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Jan 1 Wed Asbury Park. Snowstorm pm
Jan 2 Thurs. Oakhurst. Worked with V.on flights 12,.13 and,part of 14, Got Alamogordo
results together. Conference this pm with Colonel Duffy and showed him my results with

FiirEtend, i, A1amQ80rde itk v on Flights 1% and 15 and started NYU data of Sept 12.
Stepanoff on extension of August 9 results. Conference pm: Dr. Ewing, Spilhaus, Dr Ference
of Evans, Duffy. Discussed Svans program and air flight and Alaomgordo results. Made arr-
angements for cooperation with Evans in coming tests,

Jan 4 Sat. At Oakhurst about 2 hours. Finished getting velocities for Sept 17 flight and
started work on data of Cet 4 cruise,

Jar £ ¥on. Cakhurst. Firished wvelceity data for Cct & and Oct 16 from NYU meteoroleogical
studies, Stepanoff finisghed Aug 9 data and started on # 1 of 3ept 12, Foved into rew build-
ing next to T-8-0 today.

Jan 7 Tues. Oakhurst. "ivian worked up ray paths, time and distance for Vel #2 of Sept 12,
Started on Aug 8 data to get Siepanoff's figures together for study above 15 kms., Went
scouting for location of sono buoy west of Oakhurst Arm about 3000 ft. Chantz and Woodruff
on calitration of Alamogorde instruments and fixing up of equipment for fleld uses.

Jan 8 Wed. Cakhurst. Jorked on Aug 8 ecruise, making final calculations for sky wave. ~ on
el #3, Zept 12 crulise. "Woody and I went over to high ridge 2900 ft west of Cakhurst with
sonobuoy which worked into CR3,

Jan 9 Thurs. Cakhurst. ‘Jorked on sky wave data. Vivian and Stepanoff on Sept 12 ray paths.
Flight # 16 at 1200 to 1220 pm. Yo noticeable results. Used sonobuoy at 160’ hill back of
labs,

Jan 10 F'ri. Cakhurst.Into datson Labs at 9 to take supervisor's test, Trakowskl, Peoples anc
I went to Tamp Bvans and discussed results of 72 rocket recordirgs informally. Flight #17

this IV 1£00 to 1620. orked on sky wave &ta
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Jar 11 Zat. Cakhurst. Vorked orn cky wave data of Aug ®. Drew up curves for lower and upper
ziratosphere, Feguns? Yrought in calculator from Wright Tield.
Tazn 12 Zur. Calhurst. Torked or sky waves Aug Fth and Sth. Cot out letter to Cutenberg
tortainings to those two days.
can 13 Mon. Qakhurst. Workihe on sky wave curves. Made plans for Alamogordo this Thursday
Jar 14 Tues. Cakhurst. Calibrated instruments A-21 to take to Alamogorso. Raining
Jar 1% Yled. Cakhurst. Started writep of V-2 rocket work. Jr C'Day in fron Watson and we
wert over -2 rocket program with him. Tinished calibration of T-21= on GR 2. 'ivian fin-
iched sky wave curves., Jorked on Dec 31 VWoods Hole recordings.
Jan 1€ Thurs. Cakhurst. All equipmert for Alamogordo packed and loaded on truck pm. ‘orked
‘ith "ivian on sky waves of Awr Sth ard Sth,
car 17 Uri, Cakhurst. Jonferernce with Zapts Tewis, 7Tlowry and Duff of Clmstead Tield and
POTUL atv 1230 regarding bombs, future flights, ete. Mathemateclar frorn YNewman's group
~tarted work this noon - for two weeks., - working with Vivian. Woodruff and Chantz went
4P to Newar® with equipment and loaded on P-47. Went up at 2 pm by staff car. P-47 left
Uewark 77373 pm, landed at Patterson for fuel, landed at Tinker Field, Ckla City 120 am.
Stayed there overnight, Officers Manjak and layden. o
can 12 Zat. Left Cklahoma City about ncon and went as far as Amarillo, Stayed at Amarillo -
at Zlinton Hotel .
Jan 19 Sun Left Amarillo about 1130 C2ZT - arri-ed Alamogordo 1230 pm RMST. Unloaded equip-
ment off piane and put in north hanger. Unpacked GR-fs, T-21 galvanometers. 3 T-21s and 2
galvanometers broken. Repairing tonight
cw2n 20 on Alamegordo. Tested out T-21s at north hanger with GR-8s., Loaded up all equipment
for {®-3 and Rubicon drum and went out to Al tower. Set up house along road about 3/4 mi
moutheast of the tower., Ran ocut 3 1000' lines for the at 120° radii. Set up dark room
tert and 2 galv L&N broken suspensions., Worked on timing circuits, T-Z2is and galv at
slamogorde Alr Base.
Jan 21 Tues Alamogorde. Tried out more T-21s with GR-85. A1l CK but one. Set out Site 2 near
Hwy 70, C&GS marker 'Dona'. Laid out 1000'cables, set up Rublcon. Went out to erd of Doppler
line to station G but could not find C&GS marker 'Town'. Went back along line toward block-~
house & set up site #1, cables and Rubicen drum at intersection of G line and O line.
3ites now set up 6, 13, 19 mi from tlockhouse, all about 2 mi east of N line from boundary?
site
san 22 jed Alamogordo. Made rounds of all 3 sites., Set up L&N at Site #3, & surveyed to
tower. Took T-21s and GR-8s to Sites 1 and 2 and set them up ready to operate. Took
Rubicon recordings at Site 1 and 3 to check galvanometers.
Jan 23 Thurs. Alamogorde. Left alr base about 900am. Bombing postponed from 11 am to 3 pm.
Yeht out to Site 3, surveyed to tower. Got GR-3 recordings. Left Chantz at Site 3 and went
to Site 2. Woody left Site 2 and went to site 1. Bomblng delayed by 1530 minute intervals
from 3 pm to 519 pm. Got good recordings at Site 2 . Both other stations lost to triang-
ulation acc't radie communication though Woody had GR-8 operating but without directional
instrumnets,
Jan_24% Fri. Alamogordo, Checked with Major Pritchard at base. Left about 8730 and picked up
all equipment from 3 sites. Surveyed Site #2 and made rough survey of Site #1
Jan 275 Zat. Alamogordo. Sorted out all eguipment at north hanger, Left GR3, Rublcons and
Sprengnethers, Packed up CR5's and other equipment and loaded in C-47. ~“&rroll and 3hort
in 2-47 from i"iddletowr. ready to lea.e tomorrow., Worked on 3ite 2 recordings pm. got
azimuths and angles of ascent for 2 main explosicns. Have high angle of ascent,
Jan 2€ Sun. Left Alamogordo about £30 am in C-47, Lt Sherry of Alamogorde pilet. Landed
at Zcott Field, 3t Louls for gas & eats, and then to Tatterson Fileld, Tayton, Chlo where
we ctayed overnight acct tad weather east of Pittsburg.
Jan 27 Yon. lLeft Patterson Fleld atout 930 am, arrived in Newark near noon., Chantz and
doodruff left by train. I went to Cakhurst with truck and equipment.Arrived about 330 pm.
Feoples going to.Washington tomorrow to V-2 panel meeting with Trakowski,
Jan 2% Tues. Qakhurst. Worked up diagrams for azimuth and offset distances, also angle of
descent frem Site 2, Alamogordo. Went over recording, got about 20 recordings on first
part but only 2 on down part. '
Jan 29 Wed, Oakhurst. Worked on latter part of V-2 recording of Alamcgorde. Got 2 recording:
tesides 2 large ones, but very poor. Worked up possible trajectory of V-2 rocket., Worked
up future program for Alamogordo - Chantz & Oliva leaving about 10 February for semi-

perpanent work there. Ye assing up Teb 6 rocket but t t
foiiowing ok are p g up Te rocket but starting on definite program
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Jan 30 Thurs. Flotted up angle of azimuth against angle of descent for '-2 recordings.
3et aside this work for tombing runs. Worked on Flight 18 with 7ivian. Started Eileen
on calculations with Aug © and % data, reworkirg calculations doe before. Checked picks
en Flight 19 - they appear to te sky waves though angle of descent is not regular.
Jan 31 Fri Oakhurst. Worked with Eileen on Aug 8 calculations. Finished up for both direct
and reflected possibilities, Yent over Flight 19 records. ¥Yound that all of these are sky
wares.
Eeb { Sat. Ieft A.F. for Philly on 940 bhs, arrived at Marions apt about 1. ayne back from
work about 5., After dinner we went out to Newtown and stayed overnight.
Feb 2 Sun, Drove up to Sparta }1J with llarion and Wayne. 3aw Dorothy, Joe and family. Nelson
Eteenland & family 1iving there with them, Saw ‘Jorzels pm. Ed Douglas in tconight for few
minutes. Joe took me cver to Dover & caught 953 train, then 1120 ocut of Fenn 3tation,
Yewark. Arrived AP about 12730
ek 3 Mon Oakhurst. Peoples in Washington regarding balloon ascention in June. Made plans
for flight 20 which was made this pm 1300 to 1320 in conjunction with instruments in blimp.
Route just south of east, no results. Worked on sky waves from Flights 18-19.
Feb 4-5-6, Tues, Wed, Thurs. Oakhurst. Checked over all sky wave picks on Flights 19 - 19.
Went over Loran data and plotted up to get accurate plane speed. Plotted T - X curve using
these figures. Worked up Oakhurst corrcetions for elevations and replotted all values for
velocity - Flights 18 - 19. Received Gutenberg letter in which he had worked out Aug 8,9
data. Went over this method and worked over thae data again. Unique solution not obtainable,
Went over possible experiments in 'Hellos' balloon June with Peoples.
Feb 7 Fri Qakhurst. Worked on 273, 24 Jan T-X curves. V files 23,24 Jan forms, started on
NYU data, Elleen worked on least squares-Va , then on Gutenberg's method applied to Aug 9
data, .
Feh B gSat Oakhurst. Worked on V-2 rocket infermation 23 Jan. Used meteorological informatior
for 2 explosions., Tried to get ¥ at helght of explosions but seems too low.
Feb 9 Sun Asbury Park - worked on calculations of flights, setup? and calculations for
rockets.
Feb 10 Mon Qakhurst. Worked over Alamogordo Radar Hueco stations for 23 Jan 1947 records
and made plot of V-2 rocket D - H using all radar data. Went over all equipment to go to
Alamogorde. Made plans for departure Thurs, Set up 8 sec galv in T-9. Vivian checked
veloeity from caps with temperatures and continued on Cet 22-23, Flighte 12-13, Crulses,
NYU data. Elleen in pm - worked on formulas of_seismié refractlon using straight line for
line - Aug 8 - 9, Finished this and went back to least square solutions of Jan 23 -24 data.
Feb 11 Tues Cakhurst. Flight 21 scheduled for 8 tonight postponed until tomorrow, Worked on
Oct 22 data with sky waves to Highland Lights. Went over all records. Have 27 consecutive

‘shots to H.L. Oliva left by train tonight for Alamogordo. ™ i

Feb 12 Wed Qakhurst. Wivian & Eileen worked on temperatures and winds Cect 22 & 23 and worked
up ray paths for sky waves to Highland Lights., All equipment for Alamogordo assembled and
loaded on trucks for Watson Labs this pm, Flight 21 at midnight tonight. McCurdy, Chantz,
Woodruff, Ball, Hem?, Rigny present. Dropped 20 bombs 1200 to 1237. No signals recelved,
either sky or direect waves.

Feb 13 Thurs, Got special instruments for 1 cycle from McCurdy thls AM. Drove up to Newark
in staff car- Chantz & myself. Loaded B-25 this pm but could not get all equiprent on -left
5 reels and box of equipment ? . Left Newark about 330, stopped in Flddletown, Fa -
Clmsted Field for 1 1/2 hrs to eat and gas plane, then left and landed at Codman Field out- -
side Fort Knox, Louisville, Ky. Stayed at Officers Club tonight.

et 1% Tri Left Louisvilleatout 930 am, Stopped at Tinker Fleld, Ok City for eats and refuel
then to Alamogordo. Arrived Alamogordo 430 pm - contacted Watson Lab and got truck. Unloaded
all equipment from B-25 & took part of it to MNorth hanger., 2-25 ecrew:lt l'osher, It Alberts,
Sgt 7 0liva arrived Alamo. by train this amp

Feb 15 Sat. Moved eqpt from north hanger across runway to stowage bullding. Checked T-Z1s on
GR #, Thecked galvancmeters, etc

Teb 14 Sun Alamogordo.Qut to Tower and Dona sites & surveyed in instrument lecations - 5 to
te station{ed) in shape. Ran cut fleld wire at Dona statlon.

Feb 17 Mon Alamogordo, Went out to Tower site and set up Springnether and GRZ equipment.
Rubicon 500 ft from GR3. Took trial recordings on both equipments

Feb 18 Tues Alamogordo. Went out to Dona Site this morning. Set up GRS then Phil took truck
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not come s0 got rideinto Army base. Thil in later. 7ery windy for recording.
Feb 19 “ed. Alamorgordo. Got radios from Yatrus of Signal Zorps and got trip tickets for
tomorrow. Ran test records on Pubicor at btoth sites and checked everythirg ready for
tomorrow.
¥eb 20 Thurs. Alamogordo. Cut early to station at Tower. Left Phil off there and went over
tc Dona 3ite. Rocket delayed from 10 to 1119. Poth stations got good recordings except
1 97-Ii5 on toth ¥. Yorked on GR® records tonight.
Teb 21 Fri. Alamogordo. Jent to Wnite Sands Froving Crounds with Fritchard, ¥agnir?, 3ol
& Phil this morning for 7-2 critiques, 0930 to 1100. Canister from rocket unpacked? about
40 miles up and firally found this pm between 51 Faso and Alamogordo. o transportation
tack to NJ yet. Worked or GR-3 records today
Teb 22 Sat. Alamoporde. vorked on data all day today. Torrelated between the Tower and Dona
sites for several sources. “forked *total travel times for ascerts botih Dora and Tower and
got average velocities up to about 55 kms, velocity increases from about 40 kms up to
60. Average velocity at 65 kms is about 320 meters per sec,
Feb 23 Sun. Worked on detailing record from GR3. Added more and made T-D move up to .
75 kmsy giving velocity of about 420 m/sec at top.Phil and Sal went out and picked up equip-
ment - T-791s and GRS and checked all pickups.
Feb 24 Mon, Alamogorde. Valted for air transportation today tut none available and may not j
be any until Thurs at latest. Worked on V-2 recordings, frequency and characteristic anal- '
ysis - T-3. Sal and Phil out to Site at Dona and recorded WAC Corporal at 1400, Got some
waves. in, about 7 minutes after it had lefi ground. .
Feb 25 Tues, Alamogordo. Went ocut to Tower Site, surveyed in #6 took down shelter To Dona
Site, set up GR3 in shelter, surveyed in #6, went to launching site, about 2 -3 miles NW
launching area. Phil went in to SPR and got permission, Zal and I surveyed ! site for use
with WAC Corporal.
Feb 26 Yed. Alamogordo. Worked on CRE records of 20 Feb V-2 rocket. Thic am Phil and 3al set
up Sounding? slte for tomorrow's W.A.C. I left 7 pm - C-47 Hoffman,,Missinger: Pilot, co-
pilot, arrived in Newark %am,
Feb 27 Thurs. Arrived Newark 9 am. Lewis, Duff,Mosher a request? in from NMiddletown - on
way to WL to conference and I rode in with them. Zonference re future missions. Conference
PM Trakowski, Feoples, Rylng & myself regarding future operations
Feb 28 Fri. Oakhurst. Zwing in from NYC. Went over Alamogordo results with Ewing, Peoples
and Trakowski., Out to Peoples tonight
March 1 Saturday. Asbury Park
March 2 Junday Oakhurst. worked on calculations for wind translations.
March 3 Monday.Oakhurst. Postponed Alamogorde ,trip,until, tomorrow., getting togeiher equip-
ment for Alamogordo. Thompson going also to get information on bombing runs? there, Worked
on calcylations.from V-2 T
¥arch 4 Tuesday. Thompson and I left staff car about 930, arrived at Newark 1040. Loaded up
B-25 with equipment and left about 1230. .Stopped at Middletown and picked up radioc. Stopped
at Scott Fleld & Tinker Field for gas. Arrived at Alamogorde 2 am, Crew Z-25:Hoffman,
DeTurk, Hancock
Varch 6 .Thursday. Alamogordo, Snowing - rocket flight called off until tomorrow. Chantz
out to Tower Slte and brought in batteries. Sal and I checked low fregquency equipment and
went out to Tularosa site with it this pm. Ready to use on 1 sec galv on Rubicon drum
I larch 5 Wednesday,., Alamogordo, Chantz, Thompson ard myself out to Tulerosa site and surv-
\ﬁ eyed out X setup and ran out wires. 3Back about 2. Cliva working on check of T21s. Worked

on radio and T21s until tonight

Varch 7 Friday, Alamogordo. At B am Fritchard got word rocket would go off between 103
and 1200. Phll and Sa} went out to Dona and Launching Sites with weapon carrler. Hoffman,
DeTurk and Thompson out with them in staff car, I took Jeep and went out tc Tularosa site.
Rocket off at 1123. Got recording on GRS but not time for Rubicen record. Fhil and 3al got
OX pecords from their sites. Thompson reported on bombing sites for runs and met and talked
with Ordnance Cfficer. Left Alamogordo 345 pm , B-25 with Hoffman, DeTurck. Motor trouble
on way and reached? Tinker Tleld 1200 with cylinder broken.

¥arch B Sat. Hoffman wired Alamogordo and caught Manjak & Schneider {F4)? before leaving
for Florida. They changed their route and landed at Tinker Pield, 0.C. 535. Trouble with
their oil gauge and the trouble not repaired until 10 am. Ieft Tinker “leld 10 and landed
at Patterson. Off from patterson to Clmsted, Clmsted at 9pm. I stayed there overnight.
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Yarch @ Tyn. Left Olmsted 093 am - C47, Manjak and Schneider and landed at Newark 11730
Thompson and I took train to Asbury Park from Pa station, In Asbury Park 3 pm
Mareh 10 Mon Oakhurst, Vivian and I worked on Flight 25, Parts 1 and 2. Started Eileen
on V-2 rocket recordings.
March 11 Tyes Oakhurst. Vivian and I worked on Flights 25, 24. Flight 26 off today, Part
1 at 9, part 2 at 2 pm. Good results! Eilleen on V2 rocket March 7, Dona Site,
. March 12 Wed Oakhurst. Vivian and I worked on records - Flight 26, and started Flight 23.
i Eileen worked on Dona site , V-2. Thompson and I went over Alamogordo plans.
March 13 7hurs Qakhurst. Worked with Vivian some on Flight 23 and 22. Worked on Tularcsa
site of V2 - 7 March. Elleen worked on Launching Site, V-2. Flight 27 today - at 12 ncon
and at 4 pm. Probably last of flights.
March 14 Fri Oakhurst. Vivian worked on identification of returns, last.4=5 cruises. gave
good sky waves. Trakowskl, Peoples and myselfwrote up report for General Reves on overall
program to be hand carried by Thompson to Washington, Eileen worked on V-2 records, #21
March 15 Sat Oakhurst. Worked up survey of Launching Area and Tuleroso sites & plotted all
sites on alr map. Worked on V2 rocket March 7 records.
March 16 Sun Qakhurst. Worked on formula for séund correction until 2 pm - went over to
MeCurdys tonlght.
March 17 Mon OCakhurst.Vivian plotted up all last sky waves, Worked on eqpt list for Alamo-
gordo. Worked on formulas for wind correctlon.
March 18 Tues Oakhurst. Worked with V. Checked through all March 13 records. Worked on
Woods Hole recordings pm. Elleen working on V-2 rockets.
March 19 Wed Oakhurst. Reviewed Flight 24A trying to get some azimuths from Oakhurst but
records very poor. Reviewed records of -Jan 23rd and started on stratosphere calculations.
Eileen working on corrections Jan 20 V2 rocket from meteorclogical data. Baten? in from
F Florida Field Station, ready to go to Alamogorde next Tuesday.
March?0 Thursday, Oakhurst. Went over final calculations for stratosphere data using
r selamte methods, of Jan 23 data with Vivian. Got V=325 at 3 kms. Studled azimuths on that
* data and got w = 10 m/sec coming from south on June 23rd. Worked with Eileen on rocket
i Jan 20thcorrecting for met data and plotting final H against X in kms from surface for
up data,
[ March 21 Friday Oakhurst. Worked on Alamogordo plans - Lewlis & Clowry over this pm and we
| went over all future plans including bombing for Alamogordo. Worked on rocket data with
P Eileen and on flight data with V, Stepanoff on ray paths of Dec 13
% March 22 Saturday Oakhurst. Went over all V2 rocket data., Studied azimuth - elevation
|
|
|
!
[
i

graphs & studied WAC Corporal of 3 March. Caught 53% train from Asbury Park - 1045
sleeper ocut of NYC
March 27 Sunday. At home. Arrived Canton about,.9. Left, on sleeper tonight about 8 pm
March 24 Monday. Arrived NYC about 7. At 0930 went up to Math Department at NYU - Washington
Square. Met Mr Bennett of WL. Found that Dr. Courant would not be in until late and declided
not to wait but caught 1040 train to Asbury Park. Went over shipment ready for Alamogordo
and over work for Vivian and Elleen. Packing tonight.
March 25 Tnesday Truck at Oskhurst at 9 with scales - all equipment welghed -~ about 3500#
i total including TORRID. Edmonton, Reynolds, Thompson, Porter, Godble? and I left about 10
' and went through to Mitchell Field in staff car. B-17, Carroll, pilot -- co-pilot. Left
i
\

Mitchel Field about 3 pm. High level winds - went southern route - stayed at Maxwell Field
Alabama tonight, Thompson stayed behind waiting for B-45

' March 26 Wednesday. left Maxwell Field, Ala.about 9 and landed in Alamorgoro 3 pm

March 27 Thursday Alamogordo. Phil, Reyndlds and I went out to Tower site, took in all wires,

i Pulled down tent and Rubicon equipment and took it over to new site west of Lake Lucero.

: Strung out wire, surveyad in site & set up Rubicon tent. 3al, Edmonson, Godblie?, Porter

‘ welghing in equipment in Alamogordo air base.

. March 28 Friday. Alamogordo. Went out with Godlers, Porter to White 3ands west of alr base.

: Located site and surveyed 1t, put up shelter and set up GR3. Phil and Reynolds went up tp

‘ Tularosa site, Sal and Edmondson worked on GR8 and low frequency equipment. Thompson in
with B-45 from Newark.
March 29 Sat Alamogordo
March 30 Sun Alamogordo, Phil and I went out to Dona site and plcked up some equipment and
then out to Lucero slte. Set up Rublcon and took a record. Tried to get through to Tularosa
site west of White Sands but couldnt find road.

]
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March 31 Monday. Alamogordo. Chantz, Bill Godbee and Ace went out to E. White Sands and
Tularcosa sites to make final setups. 3al, Zdmondson, Feoples and I went out to Dona site
this pm and moved tent and Rubicon to #3 position and set up low freguency apparatus
April 1 Tues 72 Rocket #22 went off at 1310 this pm. Chantz and Don at Tularosa, Godbee
and Peoples at East White Sands, Sal and Edmondson at Dona, FPorter and I at Lucerc. All
4 stations got good recordings though low frequency instrument at Dona did not work out.
April 2 Wed. Peoples, Major Magnur?, Thompson and myself went over to Lt Col -McKenson's
office this am regarding bombing runz: There are many difficulties with the bombing here,
mostly that so many new groups have moved in and are setting up on the northern? range.
Thompson and I went overto see Major Mitchell this pm regarding same matter. Wrote memo
regarding proposed work to take to CC tomorrow. Peoples left on B-17 today. Don and Bill G
went to Dona and Launching Area sites am and got all loose wires, Don and Bill E went to
East White Sands and Tularosa pm and got inventory and brought back Rubicon and tent from
Tularosa. Worked on Bast White Sands record. Y2 made B5 peaks - down course. Porter worked
on calculations pm. Sal and Edmondson took complete inventory and this pm worked on low
frequency equipment.
April 3 Thurs. Oliva and Edmond$on on low frequency equipment. All T-21s changed over to
Stds. Edmonton and Bill G went out to Lucero and Dona, got inventory and brought back
tent from Lucero,
April 4 Fri. Reynolds and I went out to Osurso? Range and located PB1 bombing range. Set
up wires and did surveying. Chantz and Porter on computations April 1
April 5 Sat Alamogordo.
April 6 Sun. Checked clocks. Cleaned out hanger and emptied trash out at East White Sands
April 7 Mon Talked to Pritchard re 3rd car for tomorrow. Gave him memo of progress report
for MOGUL project to date, talked to Lt Dyer of Signal Corps regarding for tomorrow
firing. Chantz and Blll went out to Tularosa and got that site ready. All equipment checked
for tomorrow. Edmondston and Reynolds ran drum recording of McCurdy low frequency equip-
ment at base. Porter and I worked on amplitudes and frequencys of all recordings April 1
firing and started calculations. Olive worked on callbration of GRS recorder attenuation.
Got 3rd vehicle and all trip tickets for tomorrow.
April B Tues. Ace and I went out 7 am to Osarco site. Arrived 9 and set up radio and T-21s.
Rocket due at 11, delayed until 1710. Very windy then, all settings at 8. Ran 3 rolls but
nothing came in, Chantz at Tulerosa alone - Godbee and Reynolds at East White Sands - Oliva
and Edmonston at Dona - all sites windy but 3 closest ones got some signals.
April 9 Wed, Worked on yesterday's records., Made picks on Dona, East White Sands and Tularos:
Found nothing on Oscuro site recordings. Don and Bill ¢ went out to East White Sands site
and took recordings with pistonphone to get GR3 attenuation calibratien. 3al Olive left this
pm for San Diego. Wrote letters to Vivian and Jim P tonight.
April 10 Thurs, Ace and Phil worked on rocket recordings. - azimuths vs elevation angles.
Don.and T went out to Tulaarosa Range and checked bombing sites - bombing range just north
of Range Camp and another site between that and our Tularosa site. Triangulated in with
Tularocas Peak, etc. Thompson left in 45 for East. Godbee and Edmondson went with him.
April 11 Fri. Don and I went out past Tularosa Site looking for bombing sites. Went back
to Air to Ground Range and to air strip. Chantz and Porter working on calculations V2 23
and T-21 calibrations.
April 12 Sat. Alamogorde Alr Base
April 13 Sun. Yorked on formula for triangulation without using compass - Alamogordo Alr Bas
April 14 ¥on. Porter, Chantz and I worked on GR3 and GRS calibration curves for frequency
and attenuation settings. Don worked around equipment - Don, Ace and Bill got apartments
at alr base, Wrote letters to Vivian and Eileen tonight.
April 15 Tues Alamogordo. B-29 arrived teday - Lt Rall, MeCurdy, Woodruff and MOGUL pers-
onnel - 41493; Lewis, Wolk, Burnhoff, Adams, Duff , Worked some on instrument calibrations.
Lewils, Ball and I checked with Major Pritchard, then to Major Mitchell's office regarding
bombing sites. Mitchell said CC had turned down bombing from air, but we could have surface
charges along Tularosa road. Went up in AT-6, light plane with Capt Runcraft and looked over
area west of Tularosa as far as the mountains, where bombing sites are to be located.
Avril 16 Wed. Alamogordo., Chantz and Reynolds out to East White Sands and Tularosa sites
to check GR3 equipment for tomorrow. Porter and McCurdy working on low fregquency equipment
for 2 tomorrow. Woodruff, Ball, Work and I went out to Dona site then to Launching Area
site. Strung out wires and left equipment for tomorrow's firing. FeCurdy working tonight
on low freq. Oliva in from San Diego this pm
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April 17 Thurs. V2 firing #24 scheduled for 11 am. Chantz - Porter at Tulerosa Range;

Reynolds - Yoodruff at Kast White Sands, Woodruff with low frequency equipment for 1
trace GR3;0liva - Kabassa?, radioc operator on BE-29 at Dera Zite, B111 Wdmonston arrived
by car from Florida about 11 and went cut to Dona -- Captain Lewis and myself at Launching

Area site, V-2 postpored from 11 to 1610. 9 explesives supposed to go off, SCFL, only 1
worked. Tularcsa site - had bad instruments - had 3 working but in line; Hast White Sands

- one short roll, then paper Jammed; Dona 3ite OK; Launching Area site - 0K for first 2
roils, paper jammed on third roll. FcDurdy set up low freguency 1n hanger, north side, and
on Rubicon drum btut recordings questicnable - as SCEL radioc transmitter interfered.

April 18 Fri. B-29 took off for Middletown and Newark about 730 from Alamogordc with all
personnel that came down with it. Wrote Peoples a letter regardipg split-up of equipment

so that bombing runs could te c¢ontinued on Fast Zoast. Plans are to have Ddmonstion, Rey-
nolds here with 2 sets and take (liva, Chantz w 2 sites for the East. Set up equipments -
Sprengnether & L&N galvanometers for Helgzoland experiment & run equipment 10730 to 3 Fa.
Checked over all recordings. Oliva and Heynolds out to Dona and brought in all equipment
except wire.

April 19 Sat, Into El1 Paso with Bill E thils am. Got reservations to Houston next weekend.
April 20 Sun, Worked on plans for bombing runs and V2 monitoring.

April 21 Mop. Alamogordo Air Base. Bill Edmonston and I went out to Tularosa Range and
checked 2 bombing targets, and located third bombing site 7-8 miles west of Al, near alkall
flats. Chantz and Porter worked on calculations 72 -#24. Sal worked on equipment. Don

off today.

April 22 Tues, Alamogordo. Reynolds - Oliva out to East White Sands. Brought GR7J there 1n
for overhaul. Worked up calibration of GR 8. Cot curves for settings of 8 and for changes
in attenuation. Talked to St. James, Ordnance Supply, re 500# bombs. Wire from FPeoples -
Godbee ready to come back - plane ready to come down this week. Sent return wire to hold
plane off until after t VMay.

April 23 Wed., Alamogerdo. Bill E. and I left Alir Base at 0930 and drove tc¢ Roswell. Scouted
out area between Roswell and Donalil? but all irrigated farm lands. Finally back with find-
ing suitable site, 129 miles from Alr Pase to Roswell. Chantz went Tularosa range GR3 back,
0liva and Reynolds checking GR3 in base, Datn?on calculations April 1 rocket

April 24 Thurs. Phil and Ace working on V-2 recordings April 1 and 8 getting and
amplitudes, Sal and Don on GR3, Biil E. on clock checks. 3aw Pritchard about Roswell trips,
bombing. Saw Post Engineers and Major Mitchell.

April 25 Fri. Sal and I went %to Motor Pool and got our driving licenses. Worked up sunshots
for Tower and Dona sites, COK within 10 minutes, Bill E and Phil got timbers frem scrap pile
and went out on Tularosa Bombing Range to build shelters. Sal and Don working on GR3. Left
Air Base 130 and left Alamogordo 3 pm. Got room in El Paso at Hotel McCoy.

April 26 Sat, Left El Pasc on Continental Alr Lines about 0930, went by way of Hobbs, Mid-
land, Cdessa, San Angelo to San Antonio. Waited there aktout Z hrs and caught Fastern Alr
Lines out to Houston. Got in about 0630, tmok bus to Houston and taxi to see Donnie.

April 27 Sun. Houston with Donnie and family

April 28 Mon. Down to Schio Geophysical office with Donnie and Roy Bennett., Went up to
Abbott and Stansell about a car. Caught bus out to airfield 1020 and caught Eastern Air
Lines to San Antonio, and Continental Alr Lines to El Paso. Arrived El Paso 730 and caught
train to Alamogordo, then bus to Alir Base. Chantz, Oliva and Bill E. checked over L&Ns,

got driving licenses and worked on calibration curves,

April 26 Tues. Alamogordo Alr Base. Delayed trip to Silver City to talk over Signal Corps
Communication with Peoples, Ball this PM. Went out with Don ito East White Sands to set up
GR3 and get 1t working. It Thompson in pm, Lt Stevens in on vacation trip. Sal and Bill E
got low frequency eguipment together and ran test with it at hanger. Possibility rocket
will not be fired until Monday acct weather

April 0 Wed, Alamogorde. Phil and Don out to East White Sands and Tularose sites to get
equipment ready for test tomorrow. Set up Rubicon at Tularosa. Sal and Bill E. went to Dona
and Launching Area sites to set up equipmenti. All mikes got ocut ready for firing.

May 1| Thurs. OQut at 2 am. Put up equipment for low frequency rurn at the north hanger. Out
to stations in field - Thompson with Phil at Tularosa - Don and Ace to East White Sands,
Sal and Bill E. to Dona and I went to Launching Area site. Rocket misfired at 050009 and
2ll equipment of Signal Corps 'explosions' lost. Picked up equipment from Dona, Launching
Area and East White Sands this pm. C-47 in this pm: Dubell, Mosher and Duff, Duff brought
in 2 100# bombs with some TNT charges. Bill Godbee in from R.B.
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Kay 2 Friday. Alamogordo. Assembled apparatus to go back to Watson Labs. Phil and Bill
Godbee out to Tularosa and picked up all GR3 equipment. Duff, Mosher, Dubell and I went
out to Tularosa Bembing Site #Z2 and shot off 2 100# bombs, using the TNT btlocks alongside.
All went off CK. Duff got box caps for use. Will cancel 500# bomb order and use just TNT
blocks 1f possible. All equipment loaded on plane this pm.
May 13-4 Sat, Sun. Left Alamcgordo about 9 am, Chantz, Porter and myself, 2 Signal Corps
men along., Stopped at El Paso and went over to Juarez for pm. Left E1l Paso about B pm.
Landed in Scott Fleid about % and found weather bad in East. Stayed at BCQ until 10. Left
about 1! and arrived in Middletown, Olmsted Field, about 6. Weather bad in Newark. Stayed
in Oimsted Field B0y
Kay % Fon, lLeft Olmsted Field at 7 am. In Mewark about 8. Trucks in about 11, Loaded eguip-
ment and sent to Oakhurst. Arrived (Cakhurst about 2730. Chantz left for Frenchtown fm Newark
¥ay € Tues. Oakhurst. Worked with Vivian and Eileen on their caleculations. Eileen working
on several? Feb 20 rocket and Vivian on last flights from Qakhurst.
May 7 Wed Oakhurst. Conference am - Dr Delassos? and Leonard from UCLA. Went over T-21
calibration they had - also the results from Alamogordo. Conference pm with Mr-—- from
AMC Wright Field. Flight scheduled for tomorrow, balloons with instruments golng up at
Bethlehem - B-17 following balloons with recording equipment and B-29 dropping bombs east-
ward from Atlantic Tity.
¥May B Thurs, Oakhurst. Scheduled balloon flight this morning at 730. Mears and men from
NYU at Bethlehem with balloons. Trouble with winds and instruments did not go up. Peoples,
Moulton over to Middletown with recording equipment on B-17 following balloens, Had no
trouble following them. B-29 started dropping bombs near Atlantic City about 8. Trouble
with 0il leak in a motor and B-29 had to jettison the bombs and return. Recorded at Cak-
hurst with Brush and GR3. Working today with Tileen on Feb 20 rocket - final ave velocity
data
Yay 9 Fri Oakhurst. Worked on calculations - bombing runs and V2 tests Feb 20. Took sleeper
out of NYC for Canton tonight.
May 10 Sat. Canton. Steve and Esther up from Syracuse for weekend.
May 11 Sun, At home. Took sleeper out of Canton for NYC
May 12 Mon. Arrived NYC and caught Q%0 out to Asbury Fark - then to Oakhurst. Saw Mr Emmons
of NYU this pm regarding future flights both here and in Alamogordo.
May 13 Tues. Chantz and I went down to Cape May today with staff car and driver. Located
suitable site for bomb recordings on road between Cape May Court House and Goshen. Surveyed
-out 5 pleckup locations and took solar observations, Back in AP about 0800 pm
May 14 Wed - Finished checking up with Chantz and Oliva in regard to bombing runs on east
coast, Run scheduled for 9 and 12 on Friday. Packed up all eguipment from computing office
to go to Alamogordo. Checked transit and rod to go to Alamogorde, Jappett?, new computer,
in today. Started him out on work Stepanoff was doing.
May 19 Thurs Oakes, Stevens?, Oliva and myself to Fort Dix this am early. Loaded up C-H4
when it arrived, with 229 boxes of TKNT, about 1Z,000#. Carroll - pilot and Hoffman- copilot.
Mears, ¥Yivian and Eileen arrived laterand we took off Fort Dix about 1130, EDST. Arrived in
Fort Worth about ¢ EDST. Off agaln to Blg Springs, Texas, where forced to stop account of
weather conditions. Stayed overnight at Hotel Supples.
May 16 Fri C-54 arrived at Alamogordo from Big Spring about 930 MST. All TNT unloaded and
put in dump. Vivian and Eilleen got rooms at girls dorm, Mears and T at BOQ 25. Went over
future program with Edmondson, Reynolds and Godbee. Vivian and Eileer in office this pm.
Have office in Watson Lab Bldg. Checked out ready to go to Silver City Monday. Got car ready
and gas for car. Checked transit and made from field wire chain for 125 meters. Mears and
Thompson down to critique at White Sands and to see Capt Smith of Weather Service.
May 17 Sta. Alamogordo. 7ivian, Zileen and T worked on May 15 rocket data. Plotted up azim-
uth angle against elevation angle for Dona and White Sands stations. Plotted azimuth against
time for Dona site.
¥ay 18 Sun. Alaomgorde. Worked on Dona record, May 15 rocket, Checked through picks - plotte
elevation angle against time, calculated elevation and distance from bombing site using
straight line plane tetween launching site and point of impact.
May 19 Mon Reynelds and I left about 0745 in weapon carrier for Silver City. Arrived at
Giles National Forest Station about 1230, Got permission for site there and went along
valley 16 miles, then back 5 and located site, Surveyed location, dug holes and strung wire,
Back to ranger station and located ourselves on range map. Left Bayard about 630 pm. Back
at Alamogordo about 1045 pm. Edmondson and Godbee out to record WAC Corporal at Dona site
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tut it was poestponed until Thursday.
May 20 Tues. Edmondson and I left about 0B45 in weapon carrier for Roswell. Arrived at
Hagerman about 12, Yent across Pecos R and found site. Surveyed in locations, dug holes
and strung wires. Yent over to Roswell Army Alr Fleld, filled up with gas. Checked for room
for Bill for Wed and Thurs., Back to Alamogordo about 730 pm. Godbee and Reynolds loaded up
ohe weapon carrier, ready to leave tomorrow. 7ivian working on weather data to send btack
to Watson. Eileen working on March 7 agzimuth - elevation plets and checkirg picks.
Yay 21 Wed. Reynolds and Godbee left about 800 in loaded weapon carrier. Stopped at gate
by SC Lt and had to unload on motor pool weapon carrier acc't bad tires and heavy load on
other one. Left about nocon for Silver City. Bill Edmondson picked up GR8 and left for Ros-
#ell in weapon carrier SC about noon. Got all equipment together for shooting tomorrow.
dorked with V and E this pm. Eileen finished checking original data 7 March and started
checking April 1 azimuths and elevation angles. 7V finished azimuths direct waves and started
extension of weather data to 288, 18 kms fm sky wave data.
May 22 Thurs. Thompson and I out at 0730 to Ordnance dump. Sgt Rand met us there and let us
in area. Picked up 17 boxes of TNT, Shot 1000 at Site 1, 1100 at Site 3, 1200 at Site 3 and
1300 at Site 1 again. Thompson left for El Paso to meet his family, in from Corpus Christi.
Jorked a little in office PM. Called up Silver City and Roswell tonight, changed schedule
of tomorrow from 1100 last one to 1115. Checked AAF clocks over telephone.
May 23 Fri. Went out at 0530 and got sgt Rand. We went out to ammunition dump, picked up
16 boxes of TNT. Sgt Rand to field with me. Shot 0800 Site 1, 0900 Site 2, 1000 Site 3
and 1115 Site 1. Worked on theoretical caleunlations pm. Bill E in from Roswell about 5 and
and Reynolds & Godbee in about 800
May 24 Sat. Went over with Godbee and unloaded his truck, hung his recordings to dry. Went
over GR8 records too but didn't see any signals there. GR3 from Silver City has some good
sky waves.
May 25 Sun, Tried to get into El Paso to catch train to Houston but Alamogorde train too
late to make connections. Back to Alamogordo Alr Base.
Vay 26 Mon. Worked on Tests 1 and 2 records today. No signals from Roswell - some thunder
on 2 shots. 5 sky waves from Silver City. Vivian worked on.records, Eileen on thunder
recordings. Godbee worked am, Bill and Don off teday.
Fay 27 Tues. Worked with V on tests 1 and 2, E back on rocket of April 1. Bill Godbee and
Don out to Dona and set up GR3 for Thursday firing.
May 28 Wed. B-17 in from Watson with Mears, Hackman, NYU and Alden. They plan io fly test
balloon tomorrow, Other gang with recording equipment, due to leave Watson Sat. Got every-
thing ready for HERMES rocket tomorrow, Dona & Whlte Sands. Finished theoretical calcul-
ations of T-X solution of sky waves.
May 29 Thurs. Mears and Hackman got balloon ascension off about 1 PM today with B-17 plane
to follow it. Don and Godbee out to Dona, Bill and I to East White Sands to record HERMES.
Set-for 1100.am, postponed repeatedly, finally fired at 0730 PM. Rocket off course, landed
near Juarez, Mexlco.
May 30 Fri. Memorial Day. Got 330 bus out of Alamogordo, 1030 train ocut of El Paso to Housto
May 31 Sat, Arrived Houston 715, went up to bank 900, then to Abbott - Stansell and picked
up car - '42 Chrysler. Went up to Sohio and talked to Donnle and Roy Bennett for an hour.
Left Houston about 1145, stayed overnight past Post, Texas.
June 1 Sun. Left 0400, arrived in Alamogordc about 0930 - 800 miles to base from Houston,
0-47 with Moore, Schneider and others from NYU. Also Ireland, Minton, Olsen. NYU men
worked on balloons today in north hanger.
June 2 Mon. Changed shooting plans to coordinate with balloon flights. Balloon all ready
to go. Receiver in plane and receiver on ground. Edmondson with GR8 to Roswell pm, Codbee
and Reynolds with GR3 to Silver City, Vivian working on amplitudes of flights - Eileen on
April 7 rocket.
Jon 3 Tues, Up at 0230 am ready to fly balloon but abandoned due to cloudy skies. I went
out to Tularosa Range and fired charges from & on to 12, missed 530 shot - trouble getting
crdnance man.
Jan 4 Wed. Qut to Tularosa Range and fired charges between 00 and 06 this am. No balloon
fiights again on account of clouds. Flew regular sono buoy up in cluster of balloons and
had good luck on receiver on ground but poor on plane. Out with Thompson pm. Shot charges
from 1800 to 2400.
June 5 Thurs. Up at &4 to shoot 2 charges for balloon flight. Whele assembly of constant-
altitude balloons set up at 0500. Fired charges at 0537 and 0552, then soon buzzed by plane
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to return, Recelver at plane did not work at all. Ground receiver worked for a short
time but did not receive explosions. B-17 andé most of personnel out to Roswell - recovered
equipment some 25 mi east of Roswell. Qut at 10 this morning, got TNT and went out to
range. Fired shots 12 to 18 every hour. Last of bombing tests this week.
June 6 Fri, NYU personnel getting ready for flight tomorrow. Conference about noon, Hackman
with radiosonde, Clsen and Godbee with receiver to FRoswell - also Smith on theodolite,
Regular equipment in plane.Edmundson and Reynolds to operate equipment at labs - receiver
with GR8, Worked on adopting GR8 this pm and this evening., Fired some shots pm at site #4
tut no transmitier for sonobuoy. This pm put MeCurdy low frequency amplifier in circuit
tefore GRB and have plenty of signal,
June 7 Sat. Palloon flight off about 530. Dribbler? broken on takeoff. Balloon was to
£0,000"%, troke left balloons then train came down comewhere in mountaine, Recordings at
north hanger, and at Roswell but plane did not receive. Shot at 6, 630, 7, 73, 8 and 830
at site #. Flane out to find bhalloons but no luck. All NYU personnel and John Adden off
on B-17 - Lewls, Gallagher, Went over to Alamogorde with Ireland, Minton, Olsen and Mears
but no train today - making reservations for tomorrow,
June 8, Sun. Rancher, Sid West, found balloon train 25 mi south of High Rolls in mountains,
Contacted him and made arragements to recover equipment Monday. Got all recordings of
balloon flights. Took Treland, Mears, Winton, Clsen to Alamogordo to catch train this pm
June 9 Mon. Bill Godbee and Don Reynolds went out to Sid West's ranch south of High Rolls
EHE_EEBEEEEback recovered balloons- clock, 2 radlosondes, soncbuoy and microphone and lower
part of dribbler. Bill Edmondson cleaning up hanger and sorting out eguipment of NYU. Worked
today on balloon records (GR8) from north hanger. No definite signals obtained., Took inv-
entory MRs.
June 10 Tues, 2111 G , Bill & and Don worked on equipment, repairing GRB, T21 mikes, etc.
Getting ready for rocket Thursday. Worked on GRS recordings from Hagerman, Tests 3,4,5,6.
No signals cbtained. Worked on balloon tests from Roswell - no signals. ¥V on Gila R tests
3,4,5,6, Bileen on V2 amplitudes.
June 11 Wed. Bill Godbee and I went out to Tulerssa Range and located Site #5 for bombing,
24 mi N of Site #3 - roads bad. Lald out wire for shooting, Don and Bill E getting ready
for rocket. Checked Ruklcon records, all 3 sites.
June 12 Thurs. All rockets postponed until July 3 rocket of S.C.E.L., Bill R, Don, Bill G
went down to El Paso and then SE along Rlo Grande. Located. listening site south of Clint,
Texas and layed out wires and dug holes, Worked on bombing flights from Oakhurst.
June 13 Fri. Men off teoday. U worked on tests 3,4,5,6 Tularosa bombing. E or.V-2 rocket
amplitudes. I plotted T-X all sky waves and started reviewing March 11 and 17 records.
June 14 Sat. Bill E and family, Don R and family, v, E and I to Carlsbad.
June 15 Sun. Through Carlsbad Caverns and back to Alamogordo.
June 18 Mon. Men off today. Worked on eastern shore cruises, Plotting T-X corrected to 68
kms & worked on apparent veleocitles and differences in azimuth.
June 17 Tues, Men left for Silver City and Febrero? near El Pasc for bombing tests. Worked
on Cruises.
June 18 Wed. Test 7 of Tularosa Bombing Program, Shots at 7, 930 and 1230. Men called in
from field to sheck clocks, Weather peor - raining at all sites. E on V2 rockets, V Cruises.
June 19 Thurs, Test 8 of Tularcsa bombing program, shots at 1600, 1830, 2100 , 2400,
Weather poor - rainy at Alamogordo.
June 20 Fri Finish of Test 8, Shots at 0000 and 0230, Sites 1,3,5. Men back today. CGodbee,
Reynolds at Silver City got all shots, Edmondson at El Paso pot 1 possibly 2. Looked over
all Fabens records today. E on weather data, rocket firings,V on Tests 3,4,7 and Flights,
June 21 Sat Worked on GRE records from Fabens - calculated azimuth and elevation angles -
Fabens recordings and some of Silver City.
June 22 Sun. Cn trip with V & E - 3an Cruzes, Hot Springs, Carizzo
Week of Jan 23-28 Alamogordo Air Base. Men worked on_equipment for sound ranging Monday
and made arrangements for off base transportation, had to get some from Base Motor Pool;
Bill G, Don R left am for Gila Valley and Bill E went to Fabens, Tests 9, 10 Wednesday 25
and Thurs, Fri 26-27. Test 9: 7-10-13-16-18 Sites 1-3-5-3-1. Weny out with Sgt Rand.
Contacted by telephone Wed night and Thursday. Shot 10 Thurs, Fri at 18-21-00-03-05. Qut
with 5gt Rand again. Men in Fri pm. Good results from west, but poor or nothing from Fabers.
Looked over some of Fabens records Sat. V worked on Tests 7-8 getting all data, including
amplitudes, then worked on Flights 1-27., Cot met data for all flights up to 18 kms except
Oct ones. Found one whole minute error in timing on 244 flight which now checks with others
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in March. ® on new weather calculations 20 Feb. Found adding wind directly to velocity
from temp gives accurate enough results. Changed 20 Feb rocket and plotted up altitudes
agalinst signal Btrength - shows nothing significant & started on 1 April rocket., Have all
4 station azimuths about finished. Phil Chantz and Wiggett in by train Friday nighti. They
brought in records of Flirhts 28, 29 and 30 on east coast - 1 of May and 2 in June, Went
over records Saturday and identifled signals of 28 -29. Balloon expedition personnel arr-
ived Saturday evening - Peoples, Trakowski, Mears, Irelamd, Clsen, Moulton, Alden from AMS
and Foore, Schneider, Hackman, Smith, Hazzard, 2 others and a Lt Smith from Navy NYU.
29 June {Sun) NYU personnel and some of Watson lLab men working today with eguipment in
north hanger. Went to Ruldeoso with Mears, Trakowski, Gedbee, V & E
Week of 30 June - 5 July '47 Alamogorde. Vivian worked on Tests 9 and 10, finishing all
upward data on GR3 recordings. Rileen worked on 1 April rocket, getting signal strengths
vs altitude (corrected for weather data) and started ontihe calculations to get time of
signal for correlation purposes. Appears likely that strength of signal is dependent on
station factors rather than anything about rocket.

Balloon tests? 7, 8, 9, and 10 off thls week. Test 7, slated for 1 July postponed until
2 July as equipment was not ready. 100 tanks Helium obtained from Amarillo Monday evening.
Alse radiosonde recelvers set up by NYU personnel Monday but were not operable, Test 7
at dawn on July 2 with pibal 1 hr first following with theodlite. Winds were very light
and balloons up between A air base and mountains most of time. Included cluster of met
balloons., Follewed by C-S47 for several hours & finally landedin mountains near road to
Cloudcroft. Before gear could be recovered, most of 1t had be qbtolen. Stations operating
at north hanger, Cloudecroft and R@swell. Shots made unfortunately at Site # and picked up
good from north hanger and from Clouderoft for awhlle, Nothlng from Roswell, On Thursday
morning 3 July, a cluster of GM plastic balloons sent up for V2 recording but V2 was not
fired. No shots fired. Balloons up for some time. No recordings from Roswell as pibal showed
no W winds. Balloons picked up by radar WL and hunted by Manjak C-45. Located on Tularosa
Range by air. Cut pm with several NYU by weapon carrier but we never located it, Rocket
. postponed until 730 Thursday night but at last minute before balloon went up,.VZ was called

off on account of accident at White Sands.Sent up cluster balloons with dummy load. Balloon
flight #10 at dawn on July 5th. Had gone out in C-45 again with Moser and Dubell to hunt
for balloon from Flight 8 but not since? we found them. C-5% went to El Paso and picked up
single Smith plastic balloon and GM cluster plastic balloons. Flight 10 with single
plastic followed from Alamogordo and Cloudcroft. Shot 8 shots from Site 4. Picked up most
and lost signal at 845, Balloons 7 more than 6 hrs although time clock had been put in
. to bring them down after 5 hrs. ? were picked up by ? 0-b5 as first flight out was

delayed, Had special balloon at 7 with explosice charge which went off at 35,000 ft and at
745 but by that time the receiver had lost the signal. Followed by radiosonde series untll
after 1300. Cloudecroft off at 8 and doubtful about signals recelved.

Peoples and Trakowski up & July with Dr. 0'Day of CFS to Alamo Tower ---- 7 Solar Cbser-
vatory the SCEL station. Schnelder up with C'Day to check use as NYU station.

Alamoggrdo crew helped.get helium, and did ground shooting of 2 July. Out July 3 at Dona
and Launching sites at 2 pm and later at night.

Finished identification on Flights 28, 29 and 30 on east coast and made plans for Bermuda
flights.

Uiable to leave for home on 3 July as was planned and wired Donnie first part of week
if he could change his schedule and go home folloeing week. Got wire back that he had
decided not to make the trip.
July 6(Sur). Worked at office on flights and rocket data. Started on plans for speech 17 July
meeting NYU - Getting ready for Flight 11. Plans are to put up Smith balloon with GM ?
plastiecs + simple met balloon sonobuoy + balloon bomb.
July 7 {Mon) Alamogordc. Balloon Flight 11 A off at 0503. Big plastic with small auxiliary
plastics, WL gear - radiosonde and dribbler, Followed with theodolite and receiver until
about 11, Picked up on radicsonde receiver at Roswell and followed them.Finally came down
(at 10,000 ' cap should have punctured plastic) near Hwy 70 between Roswell and Tularosa.
Second balloon - met balloons with radio sonde up about 630. Third balloon with 2 1/2 #
stick TNTand caps set by pressure element to fire at 35,000 up at 06730. Surface bombing
at Site 4 from 45 to 845 at 15 min intervals. Ireland followed main receivenbnly about
3/4 hr but followed radio sonde about 3 hrs. 35,000’ explosion off about 655.

Vivian got all instructions for completing work on Flights 1-30 and picked all records
and filed. Sent off TWX re Bermuda Flight and wrote up memo on it. Worked with Eileen on
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April 1 rocket plotting H-3S, H-T, SS-T.
July 8(Tues)} Alamogordo. C-54 off about 1030 with 273 people - all NYU, WL including !, E,
Godtee. Lt Thompson, FEdmondson, Reynolds and myself left. Wote up report on East Coast
¥lights for Peoples,
July 9{Wed) Alamogordo. Worked today on balloon flights. Studied WL records of them briefly
and wrote a memorandum to Peoples about results. left in car this PM late. Flat tire between
Roswell and Tularosa and stayed there,
July 10 Thurs. Changed tire and went into Roswell. Bought new tire. On to El Reno, 0Okla
today. Stopped in cafe in Hereford, Texas and met Dannie Harns from UGC. Went up to office
and saw Bob Cowder?, PC and Gene Conant, supervisor.
July 1! ¥ri. "rom E1 Rosa to Cherckee. Got note at Cherokee that Jimmie was at Tonkawa and
went over there. Stayedivtonight with J & family.
July 12 3Sat. Jim, Pat , Vanessa along with me on may home. Got to Doolittle, Ark tonight.
July 13 Sun. to cabins in Chio just out of Springfield.
July 14 Mon. To cabins near Geneva, N.Y.
July 15 Tues, Stopped at Syracuse. Got home about 230. Marion & her baby there.
July 16, 17, 18 At home. Drew in 4 or 5 loads of hay but land very wet and rains inter-
mittently.
July 19 Sat. Marion and I left in Chrysler for Woods Hole to see Dorothy & family. Through
Albany, Springfield, Providence. 463 miles 12 hours. Doc Ewing on Atlantic cruise., Worzel
working on gravity at sea. Saw Geo Woollard and the Ryders., Woollard after Guggenheim
fellowship for next year - positions at WHOI and Princeton are ? very satisfactory.
July 20 Sun. Saw men working with Worzel at WHOI, Pollak, went over to Vine's new house, saw
Kit and Bump at their house, then out to Ewings, saw Midge & children, Anne.and Mikey.
July 21 Mon, Went down to WHOR, daw.Pollak, Bumpus, Worthington. Up 3rd floor and saw Emmons
of NYU, who is finishing up some research work there under Ray Montgomery. Talked with Col-
umbus Iselin for short time. Saw Gil Cakley. Marion & I left about 11 am. Went through
Providence, Hartford. Crossed river at Hudson. Met rain last part of trip, not home until
130. Jim & family spent weekend with Steve and Esther in Syracuse.
July 22,23,24 At home. Drew in a little more hay from lot in front of barn but stlll rain-
ing quite often. Jimmie & family took Thursday PM train to Syracuse to catch tomorrow's
plane to Wichita, Kansas.
July 25, 26,27 At home, Steve and Esther came up Sat night. Marion and I went to Watertown
©o plek them up at bus station at midnight. They left again Sun pm on bus from Canton. Chas
Crary up from Canton Sunday PM
July 28,29,30,31,4ug 1. At home. Chrysle to Canton, change plugs, reline wheels - Rained
hard first part of week then clear. Got in lots in back of barn, north of road and front of
house.
Aug 2 Sat. Marion - Bunny and I left 1230 PM, arrived Marcellus about 5 FM. Ate dinner with
Steve and Esther, left Marcellus 730 PM. Through Binghamton, Scranten, Stroudsburg, Easton.
Arrived in Newtown about 245 am,
Aug 3 Sun. In Newion with Flaggs for dinner. Left Newtown about 5 PM. Arrived Jersey Coast.
Got room on Hwy 35 near White Bite Shop,
Aug 4 Mon. Up to Oakhurst. Went over developmerts to date with Jim Peoples. Cut to lunch with
Lt Ball. This PM Chantz and I surveyed to Sonobuoy site.
Aug 5 Tues. Oakhurst. Worked on Aberdeen results - 2 failures - 1 direct wave. - Worked on
Bermuda run # 2 - Cakhurst and started Bermuda #2 C.N.C.H., Peoples on vacation starting
today.
Aug 6, 7, 8 Wwed, Thurs, Fri. Oakhurst. Worked on Cruises 1 -28 with Vivian and Epstein,
Checked over all recordings of Bermuda #2,. Flight 32. Got sonobuoy survey calculated and
worked up results of Flight 25 B which depended on sonobuoy signal. Startad Epstein on wea-
ther data which Wlggett is working on. Wrote letter to Emmons with remaining work to be
done there. Conference Wed pm with Clowry, Carroll, Dubell, Bernhoff of Olmsted regarding
Bermuda and Alamogordo plans. Mr Mears put up balloons with equipment on here at Oakhurst,
Feynolds and Edmondson in and working around lab. Worked some with Eileen on rockets.
Aug 9,10 Asbury Park
Aug 11, 12,13,14,15,16 Cakhurst, Wrote memo regarding Alaskan work and had copies typed up.
Worked most of week on rockets. Plotted altitude against time of origin for April 1, 8
rockets but did not get ldentical graphs. Tried to vary distance to obtain similiar curves
tut this was not possible. Made plots of time vs 5SS and altitude vs 5SS in effort to corr-
elate signal$ between stations. Correlated fairly good on 1 April but poor on 8 April.
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II. ABSTRACYT

The first successful, though nominal, conatant l:vel flight
was made in a series of launchings at Alamogordo, New Nexioco,
Ravy peraissiom wmas glvem for New York University to purchase
the Mavy-s,onsored polyethylene balloons from Gemeral Mills,
This osens up the firat source of large, light-weight Jlastie
balloons. First delivery ss made ca tiie subcoatrict with

d. A, Salth Coatings, Inc, for tae l5-ioot diamster aeavy
polyethylene b:cllooss. Inuruved type baliast reservoir was
designed and procuresent aturtod. Bqulpmaant was .recared for
a sacond series of fli utaz ut Aisrogorde in Juiy.

III. a, PERSONNEL

The following sen were hired:

Namg Dutlep Qualifjcationg
Dorion, Richard- Navig=tor, fruftsasn  ~ormer B-17 Radar

S Ravigator. Under-
graduate Mechanical
Fnginearing Student,

Higgins, Rebert L, - !:qt‘ulpuent Construc- Undergraduate dech-

tion anical aagineering
e, Student. Army
e Instrusent Mechanie
at Oak Hidge.
LA AT 7 S TEN F B e 0
Morrell, Pawl: - Equigment Comstruo- Undergreduate Engineepr~
oLmr .. tlom: ing Student. Morchant
Tl . Marine Englaeer.
N | e L s
4

AC

(4]

Clearance was obtuined from the ¥. 5. Mavy for the purchase of
plastic bll.honl fron General a:l.lla, an., Minneapolis, Minnesota,

[ Y

b. COMMUNICATIONS ~ .

#/:(1) Cervesposdence: during tols sosiod wes s followss.
S T gl 'l TN |

Date of '...:1'.&.-.._!, $ooa. e

Corres~ C e

6/16/47 Nr. A. P, Crary,  Perwarding check for None required
Watson Labs., MC, equipment recovery
Alsmogordo AAF,E.M. reward

-2




Date of
Corres~

sondence
6/18/47

5719’47
8/19/47

6/28/47
8/28/47

5 § 8/24/47

6/28/47

Address

ir. F. M. Cooper
959 WMhittler Ave,
Akron 2, Obio

Contracting Offi-
cer,

Watson Laborator-
ios

Red Bank, N. J.

Mr. Douglas Rig-
ney

¥atson Labora-~
tories

Red Bapk, ¥. J.

Chief of U. 8.
Reatnoar Burean
Washington 25,
D. C,
Atty M¥r, B, C,

Haynes

Kollaman Instiu-
nmat Biv.

Square D Company
Klshurst, ¥. Y.
Atts Mr, Pamal

Goudy

WIRE

¥r. 0, C, Minsem
General Mills
Minpeapolis, Minn,

¥Mr. 0. C. Masen
Goneral ¥ills
Minneapolis, Minn.

Abatrs

Specification of
large balloon sent
and a;_ointment
requegsted to dias-
cuss mapufacture

Enclosing co.iea
of Special Report
rl

Request for addi-

tional irmy
wsather squipment

Request for Big
Springs radio-
sonde station to
moni tor Alamo-
gordo flights

Order toc modify
dribble mounting
and rate of flow,

Request 7 foot
balloons have
meansg of attach-
ing shroud lines
to carry load.

Ordar to ship re-
aaining 7-foot
ballocns to El
Paeo, Request for

estimate on bal-

last gripping
devices.

swe

Considering
oroblea before
aailing bid.

None required.

Being procured.

Active coopera-
tion receivaed,

Co‘pli ed with.

Complied with,

General dills
awaiting ballast -
SﬂplOo



(2) Coaleremces
The following conferences were held during the month of Junet

Date
6/12/47

6/15/47

8/17/47

8/20/47

8/28/47

Esople Prosent

H, A, Smith,
Messra. Schneider,
Moors

Dr. Pecples, Messrs.
Ireland, Meurs, of
Natson Laborttoriol,
Mepars, Schnelder,
Moore, J. M, Saith,
Hackman of N.Y.U.

Mr, Paul Goudy,
0, B, Moore

H, A. Smith,
Mosars. Moors,

Jo B, Smith

Ur, Gordon Vaeth,
Commander G, ¥,
Hoover, J. K. Smith,
C, 8, Moore

¥hare Heold
New York Upiversity

Watson Laboratories
Red Bank, M. J.

Kollaman Instrument

New York University

Sands Point Office
of Naval Researcn,
Port Mashington,
L. I., M. Y.

Discupsed
Manufscture of Puly-

ethylene balloons for

this projeoct.

Results of Alamogordo
flights

Modificstion of the

Ballast valve

Difrerent ty,es
of solid ballast

Request for clearance

orn Genersl Mills Bal-
loons.
H. F, Suith (USNR) to
accompany projuct to
Almogurdo-

Conclupionp

2 each 15 ft. dia-
meter bslloons
would be completed
by 1 July.

Commmnications
will be iamproved,
n-xt flight's set-
u, accom lished,

Granular lead is
better than sund
or various powders.

Grunted.

Reyuest f r Lt.




¢, 1., GCENERAL YORK ACCOMPLISHED

Field tests were conducted at Alamogordo Army Air Base during
the week of June 1, using clusters of wmeteorological balloons,
The primary object of these teste was to perfect hamiling and
launching technigues for large flights amxi to check the operm-
tion of the varicus altitude controlling devices developed for
this project, At the same time, the tests afforded the oppor-
tunity to carry aloft payleads of Watson Laboratories equip-
ment. In general, wvhile the flights were successful in the
sense of carrying Watson Laboratory gear aloft for an extended
period of time, difficulties and materiel failures encountered
served to emphasise the unsatisfactory characteristica of
mteorological balloon clusters., 4 techrical report under
preparation will contain discussion of the flights.

After the return from Alamogordo, the remainder of the month
was occupled with preparations for a second field trip to
Alamogordo Armmy Air Base for tests to be conducted in July.

tventy-five seven-foot diameter 1 mil, thick polyethylens
talloons were received from General Mills. One each fifteen-~
foot diameter 8 mil, thick polyethylens balloons was received
from H. A. Smith, Inc.

A seven-man balloon crew departed for Alamogorde Army dir
Baze on June 27 to make the second series of launchings there,

The plastic ballast reservoir used for the first flights in
Jow Moxico was too fraglle to take launching stresses, An
aluainum reservoir, mounted on legs containing a built-in
filter was designed and a supplier was located. The capacity
of the nev reservoir is 5 gallons (30#) though it will weigh
enly 2 pounts. It is belleved that the alumimm reservoirs
1¢# recovered may be used repeatedly.

2. Specific Problems

The greatest prodlem encountered during the field tests at
Alamogordo was the unpredictable and highly variable effect
of superheat on msteorological balloons, The unpredictable
increase in 1ift of the cluster under the rays of the sun was
as much as 25% higher than the initial 1ift. This in several
instances resulted in the inability of altitude contrel bal-
leon cut-effs to stop the ascent of the balloon train at the
desired altitude,

The extrems lew tomperatures encountered at high altitudes
apparently has oonsiderable effect on the operation of elec-
trisal equiyment used in altitude control.




In several cases squibs used for altitude control failed to
fire at sxtremely bigh altitudes, It is believed that plac-
ing & small load on batteries may help keep cells warm enough
to produce the mecessary voltage at high altitude on future
flights.

3, Limitations

The greatest factor hindering the progress o work is still
the lack of available space at New York University.

d. METHODS OF ATTACK

Field tests at Alamogordo indicated that a Hellos-type cluster
is much superior to a long cosmic-ray type flying line in case
of fabrication, handling and launching when it is pecessary to
use clusters. Therefore, this type of cluster where the balloons
are all at the same level, will be used on all future multiple
alloon flights.

Large plastic belloons have been obtained ard will be flowm
at Alamogordo during the tests to be conducted in July.

e. APPARATU3 ARD EQUIPMENT

The main sand bellast-dropping device was improved as a result
of experimsnts at Alamogordo by conatructing the ballast tubes
of aluminum rather than plastic, and by using stronger paper
diaphragas as the frangible support for the ballast.

£. CONCLUSIONS AND RECOMMENDATIONS

Opinion has beer strengthensd that clusters of meteorological
btalloons will pever be & satisfactory method of achieving con-
stant altitude for long period flights. Variocus factore which
veigh aguinst the success of such flights ares the inherent
vertical instability of extensible bmlloons; the rapid deter-
loration of neoprens under the rays of the sun {average & hour
life); the complex set of ballast aml lifting equipment re~
qQuired; the variatle and indeterminate effects of superheat;
and the difficulty of launching a long train assembly, even
wxder the best conditions.

-Is gensral, equipment mmt bs strengthened anmd higher safety
factars mus® bd used to withstand the strains of launching and
the escillations of the bdelleon traim in flight.

Oz or more observaticn posts, downwind, are needed for Alamo-
$orde- releasesj each post should have theodolite and radiosonde
sbaervers and equipment. Better cemmunications between, and
ceordination of observation poats is vital for satisfactory
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tracking of balleons in flight. Aerial observation of the
talloons greatly assists interpretation of performance data,
Better radio transmisaion of data 18 needed from the balloon.

FUTURE WORK

Plastic balloons have been obtained from both General Mills and
B. A. Smith, Inc. and will be flown on the mext field trip to
Alamogorde in July., Arrangemsnts have been completed to obtain
a8 large & supply as is necessary of these balloons and tests
will be conducted frequently to perfect a technique of maintain-
ing a btalloon at nominal constant altitude.
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ABSTRACT

During the period eovered by thi:z report, work was contismuwed en
developing an Y transsitter. Tests were mede on M Radio
Receiver R-2a/ARR-B and Radio Transmitter T-1B/CRT-1 to determine
their performance charactericiics, and compare the results with
the trsassitter systea unter development.

Becessary field squipment was constructed end an antenns was erscted
in preparation for field testiing of the completed AM transmitter,
A duplicate model of the AM transmitter was constructed and btuilt
into a container with a battery pack and simulsted signal circuit.

e, PREUIONNZI, ARD ADMINISTRATION
No ohange

b, COdMUNICATIONS

¢, GENERAL WORX UNDERTAXI DU2IEG THEIS PERIOL

It was called 1o our attention by the Watson Ladorstories,
Oskimrat Field Station, that the FX redio transmitter T 1-3/CNT,
which $o & unit of Eonobuoy equipseat AM/CRY-1, might have
sapplication in this project. Five of these transaitters were
purchssed from a surplus redio supply bouse. These units wers
tested for freguensy stabllity under conditions of wvariation in
piate and fllament woltages. Deviation mesasurenents were made

at geveral walues of plate woltags, These tests indicated thet
this transmitter would probably be wnsatisfectory without a systeam
of sutomatic frequency control. The receiver usped with trsnsmitter,
B-2a/ARR-3, has an a.f.c., eircuit incorporated. A receiver of
this type wes borrowed from the Oakhurst Field Btation. Tests
were conducted to determine the oversll frequency drift which could
be tolerated in the trinzsitter before returning becsse necessary.
It was observed that as gr-<at as a ¥ Q.35 mc shift could be
tolerated st the transaitter, Further tests en the trinsmitter
showed that the frequency deviation varied with input plate
voltage and that as the hattery depreciated, an error would bs
introduced in any amplitude measurement. Yor s plate woltage
chapge from 135 to 90 volts, ¢ wveristion in detected emplitude

of over 20 was observed,
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‘- Further tests oo the N trsnmmitter being devdoped st this

e leborstory showed that the devistion was likewise a function
of the applied plate sup;ly voltage., This prodblea will have
to be solved by improved cirouit deaign before a smmitable PN
transaitter can be svolved.

In addition to the AN transmitter model alreedy oconstructed,

& sscond unit was bullt. This duplicate was installed in a
cardboard contziner which also houses the storsge battery
supply and a dlooking oscillator to supply sm sudio-frequency
which modulates the carrier at 30 e.p.s. Plans and arrsngemente
were ande for testing this unit on a captive balloon,

d., APPLRATUS

T o A batitery box eonteining a metered eircuit for sonstant
monitoring of Sranmitter currents were oonstructed far field
or blinp transmission tests.

An antenna approximately 150 ft. in length was erected on poles
twenty fest adbove ihe roof of the Ylsctrical Enxinesring Bulléding
for uss in receiving signals during teat flights.

e, FUTURE WORK

In view of the excellent charecteristics of the sutomatic
froquency oontrol of the Radio Receiver R-2a/ARR-E, an stteapt
vill be made to secure the eircuit disgram of this equirment
and employ its use in any FM receiver which might be used,

Further elrcuit investigztion will be carrisd out to develop
an N transmitter which is free of the undesiradble affects
introduced by input voltage variations,

Fleld tests will be carried out on the AN tranami{tter using
& tethsred balloon and & blimp, 1f savajilable. It is desired
to obtain information sbout ¢he operaiicvg ranpge end difficulties
which might develop with this transmitter,

¥ vt

Lh&llp Oresnstelin
Project Director
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radar station was not troubled by this phenomenon due to its an-
tenna directivity and elevation orientation of 60 degrees, It 1s
believed that the intermediate loss of signal by the radar station
is normal because of elevation pattern lobing produced by ground-
reflection interference which is initiated by secondary antenna
lobe transmission. Since this condition exists in the transmit-
ting pattern, it affects both the radar station and its remote re-
ceiving station, Current effort is concentrated on Improvement

of photography and antenna orientation in preparation for addition-
&l tests.

b.. Tracking Projegts:

(1) Radar Tracking Set AN/MPS=6 =~ A letter was received from Watson
Laboratories authorizing changes and modifications of the range
circuits necessary for conditions as encountered at this location.
The fore part of July was spent in achieving these betterments,
and in the installation and orientation of an M=-2 optical tracker
to be used in conjunction with the MPS-6 and as a tracking ald,

Experimental tracking of three balloons furnished and flown by the
Atmospheric Group was performed for the dual purpose of checking
the signal return of the radar with various reflecting targets,
and for precise position data of the balloon equipment for use by
the Atmosphepdc Group, On 19 July, a 130 foot balloon carrying no
radar reflector was tracked, Radar contact was made at & range of
about 3K yards with signal return being above saturation on the
scopes of the MPS-6. Tracking was automatic in Azimuth and Ele-
vation and aided in range. Signal return remained above satura-
tion until a range of 7K yards was read, at which point grass ap-
peared on the scopes and signal to nolse averaged about 4 to 1

cut to a range of 23K yarda where too frequent radar losses neces-
sitated that automatic tracking bte abandoned, This balloon was then
tracked manually to a maximum range of 27K yards.

On 20 July 1948, a weather balloon carrying one kite type reflector
wag flown and tracked., Contact was made at a range of 3K yards,
and signal return was above saturation at all times until a range
of 10K was exceeded and grass showed only occasionally out to
24,360 yarde. This balloon was obacured by clouds at a range of
33K yards, but trecking was continuous in automatic Azimuth and
Elevation throughout its flight, and the maximum range read was

34K yards.

On 21 July, a 130 foot balloon, identical with the one flown on

19 July except for three kite reflectors being carried, was flown
and tracked. Radar contact was made at a range of 1,510 yarde.
Grass first appeared on scopes at & range of 24.5K yards, and sig-
nal was above saturation to 30K yards, Tracking was continuous
and automatic throughout the flight, and a maximum range of 121K
yards was reached.

26




Permission to use the MPS=6 in tracking further V-2 missiles having
been received, plans were formulated for operaticn in conjunction
with the missile scheduled to be fired Thursday, 22 July and post-
poned until Monday, 26 July at 1100. Plans contemplated that the
crew on the M=-2 Optical Tracker would track visually at all times
during the flight with their elevation and azimuth readings repeated
on the antenna. The MPSe6 antenna was initially positioned in azie
muth con the calculated bearing to the launcher and ralsed slightly
above the horlzon in elevation, with the correct range gated on the
scopes and with a velocity of about 300 MFH set in the aided range
motor and the motor initially stopped, It was further planned that
when target echo would bloom on the scopes, the echo should be
trued up in Azimuth, Elevation, and Range; and antenna control would
be threwn to automatic with range followed manually until speed of
the missile approximated the 300 MPH as set on the motors, at which
time the video motor would be activated and range tracking thrown
to "Alded.® It was planned to throw antenna control to the M-2
Tracker only if target failed to show or if extended "loss" subse-
quently occurred.

During the halfehour period prior to the take-off, several random
aircraft were noted in the vicinity of the launcher; and at X=5
minutes, one low flying aircraft was observed on the scopes at a
range beyond the launcher directly in line with it and flying in
towards the launcher.

Timing signals and the zero signal were received, and at about

X plus 2 seconds the target "bloomed" on the J Scopes at the cal-
culated range to the launcher (62,800 yards). This pip went almost
instantly to far beyond saturation, and all grass disappeared from
the scopes. The Azimuth and Elevation, and Range controls were cen-
tered on the target, and antenna control was thrown to automatic,
Range started to slowly increase as did elevation with azimuth being
stationary. The echo remained beyond saturation for about two sec=
onds after automatic control was thrown in, at which time grass ap~
peared on the scopes and the signal fell rapidly to zero and the an-
tenna whirled off target at about X plus 6 seconds. Upon returning
antenna to position manually, a strong target appeared at a range

of about 2K yards outeide the range gate, and belleving this to be
the rocket, this pip was trued up and antenna locked in "Automatic
and this target was tracked for a period of about 10 seconds or
until it was noted that range was decreasing and elevation was sta-
tionary at the horizon while the M-2 Elevatlon repeater showed the
optical tracker to be loocking at approximately 50 degrees., Resliz-
ing that the target being followed was the aircraft noticed before
take-off{, antenna control was transferred to the optical tracker

and left in its control until the M-2 crew lost the missile, During
this time, no target was visible at any time and no further radar
contact was made with the missile, However, slightly before the
missile impact was heard, a cluster of small echoes were found at a
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FROJECT ABSTRACTS

To TaV1NTRIAL SCISNCEe LLBOR TIRY
Chief: Dp. James A. recples, r.

1. Frojest titls: Acus+tic scunging of che Atmcaphere

Project scientistsy 2r. 0. A. teoples, Jr., dr. doruan
Haskell

Summery c¢f In-Labecratory work:

When large explosions ihave uocurred, it has been observed that the souna was
heard locally, say up to 1% miles, and also at diztances of 100 to 200 miles, but
that nothing was !sard 2t intermediate distances. This phenomenencan oniy be
explained by assuring that the socund is refracted into the atmosphere over the in-
termedizte observers and then is bent back down to the nore distant areas. For this
to oecur the velocity of propagation must first decrease with altitude and then
increase again tc 2 value at least as large as ground velocity. This is due to a
decrease of temrerature up to the tropopause followed by an incresse in temperature
above that level. %inds alsc heve an appreciable affect which can be dstermined
from asymmetrical propagation.

Up to about 1946 most data on this phenomenon had been obtained by taking
polls efter accidental explosions had occurred. Zones of audibility were mapped out
&and zeneral conclusions then drswn. Vary 1littlse systematic work was done in which
accurate travel ti.es and other factors were obtaired. Beginning in 1946 st these _
laborstories, a systematic study of these propacation anomalies were started. Sound -
ranning detectors were set up in arrays, so th:t the iirection and tiue of arrival
of compressional waves could be determined. Bxplosions wers set off on or nsar the g
sround at ranges varying fro. 25 to 200 miles. Data has been taken whith hud resulted
in the indirect determinetion of the tewperature {scund vélocity) stPucture of the
atiosphere up to the stratesrheric level. sast-west propazation wes first studiéd
£, bhé Néw Jérpéy,coge ..,fhése,lésié aidw. Epele. 14 Iittle,or no.regu1¢r d1urna1 y
iartatién, ‘ahd thrt so&d gfnudl vartatfon' in‘the temp&rach ®a’ structure exists.. High
level winds ar.: shown to be generaily easterly. Additionsl tests have been made in
New Mexico to determine the diurnal and annual variations of the tewperaturs structure
at thzt latitude, Some accurste observations of wind velocity are indicated by -
dgiarvations taken zlong a north-south line as wail &s an east-west line. dinter

arvations h: ve been takeh in the viecinity of Fairbanks, Alaska for infor.:t on at
ry[hign latitudés. - Observations have been taken near the Panama Canal Zone fdr
addivional informaficn in thLe £ra;ics£

The sountds produced By rockets launched at ilawogordo have been recorded with

acoustis detector arrays located on the greund nszsr the rocket trajectory. Frou data

gathered in this menner, somo indic:itizns of apper air tewpsarzture and sinds hLiave uveen
obtained and much morce accurate dédterminetions could bs made if the rocket trajectories

were more accuratelv known.
.



Additionzl details of the g wospi.eric temperature and wind structure can

be obtained by placing microphones near the tropopause where the velocity of sounc
1s at a mininum. To our .knowledge, no one has ever tried such an experiment, ond
in cpder to do this new eguipment had to be developed, since wind produces strong
noise in any microphone it was obvious thezt tlie detectors could not be used on an
aireraft, It was further belicved that the noise leveli of «n instrument placed on

& constant level balloon would be far below that generaily observed on ground
equipment. 3Soth o satisfactory constant level balloon ¢nd a lizht welzit .aicrophone
and telzmetering systew iirs been develioped in this laboratory,

Basic acpustic propacetien irformetion is now velnt accumuletec from
.equipments iaunched at Zglin fie.d Florica, The sourd for these exreriments 1is
- obtizined from high altitude STCL,LUL to 25,Uld Peet come bursts. Sufficient data
] have not » t o=zen ovbtained teo fastify comriete analysis, but it car be stated thatl
' " observed results zenerally zgree with predicticns based upon theory.

Obaservations of the travel tiuss ol #aves frou an exploslive source has
yislded s considerable amourt of diate on tne temrerseturs and wind structure of the
atuesrit re up to altitude of soout 30 xa {160,000 feet ;. The interpretaticn of the
data has 8o far been vesed on Zzometrical wewe theory, and lesds bo a variaticn of
prorazation velocity with altitude wnich is i reasonable azreement with other
lines of avidence. There are, howecer, several cbserved facts which cannot be ex~
plained on the basis of the elsuentary gecmetrical ray theory, and require & more
complete analysis in teras of .sz.e theory. They are: --(1; the "zones of silence",
thet follow .ccordin; to s2onetrizel ray theory troam the initial decrease of velocity
with altitude, which do net nav: sharrly defined boundsries; (2) the same apparent
angle of a,pival is ofter observed over u considerable range of distance from the
source, whereas on toe ray tleory & ziven wnsi2 of arrival was associated with one
particui: r distance oniy; (3) at li:rge distances, the totsl duration of the sijnals recsi-
is very uwmcih: jrester than can oe exilained by ray theory, and the character of tie
signal received is tnet cf a lon- train of waves of varyinj amplitude eanu frequency rethe.
a limited pumber of weil defined transient pulses,

Freliminary studies indic:te that &ll of these facts may be explained
qualatatively by more couplete weve theoretical analysis of the diffraction of wave
enerty into the regions thet are zones of silence in thoe clement:ry ray theory, end furth.
work, aimed st quantative treatument is in progress. Until an analysis of tiis «ind hss
been carried through, one c:n not feel too much confidence in attampts thet have veen
made to nse lang distance sonic and microvaremetric wave propagation data to Jeuuuce
atnos' eric temreraturscs at levels above the second inversion.

In addition to the theoretical ap roach to this problem, considerztion is
beine ziven to the use of surface waves on sh: Llow weter as a .uodel or wave pro-
pa¢ation in the atmosprh r2. Th2 velocity of suriace waves whose wave length is greater
than the depth of the water is a function cf the depth, so that the variation ot valocity
with cititude in the ztmos-here can be sinulated on a thin sheet of water by sultable
contourin' of the bottom, Surface tension and visosity set at a lower limit of =zoout
L, cm. to the wave lengths that cen be used in such a model. With = wzter table a.out
four feet wide siaul: tinz the atwosphere up to 50 km., a four czntimeter wave length
would rerresent a wave lensth in the atmosph re of about 1 mile, or ¢ period of avoub Iiw

seconds.
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Complement: -y Contracts:

a. Coiumblis Univarsity
No, w28-099-ac~32

b. University of Californis at Los inz=les
No. #W2°-0;y-ac-228

. Woods Hele Cceanorraphiec Institution
N6, 127-09%wze=227%
AlL tonureets on:  YiCensuitation cnd A¢sistanece in lessarch
on sntmospheric Acoustigal wave rropejction.”

2. Fro’eét titlsi Develormen of Constunt Level deiloons

[rcject seientist: Or: Jaiigs A: Feoples, Jr:

Sﬂmﬁéff-éf Th-Labore tory. 1ork:.

y {The development Qf & cons;ant level baﬁlooh nhs at flrst motlvateo by

Qhe needs of bhe acoustln urpeﬂ gir aound;n pro ram, AS . lt Bés developed,

this balloon is now 2; prlpcmpal ataesrnarlc Qroaln' toql in. ;ts Sn ;15ht

In opder to develqp-thls balloon several special devices. hav.:.bsen .invented.

An Olland cycle ;ressure indicztor, accurate g .better than ong miliabar, -

has been developed 4 'deviee hag been comstructed:wivich :will deflate apd Drlng
dowh quloqns in® fil”HtLelth’T By’ t#ming ‘or by fressure activated mechanxams

& Yalanced Tlow control valve has been maué whlch viqes,a éOnataht flow ‘of
b&llast Aeterlal propnrtlonal to pressury | chgnoe. - Othep’ apcqssgrles‘;nclg e ..

a telemetering ‘device to indicate the rate of ballast flow;-minimum batiast, .o
flow, minimum pressure switchas, harcgrephs, aznd balloon tracging radio trarfise-'-!r*
mitters which cen be nicked up by an aireralt radio cospass at a range of 100
miles or more. 4 sensitive intergrating verticel anemometer is now beiny develop-
ed which #ill aid in the interpretatlon of atmospheric oscillations.

A thorough investigztion of bslloon materials and fabrication methods has
been conducted, and ballcons have been designed suitable for use with the
balisting mechanians develored. Launching and oparationsl techniques have been
developed which permit the launching of balloons in winds up to 20 per hour,
Good wntrel of ascent rate and ceiling altitude has been obtained. Constant level
flirhts of several hours duration are now routinz and flizhts lasting up to 5
hours with pressure variztions not -reater then one or two milabars hav: been
obtainsd. Simplified control which orerate satisfazctorily durine the day or night
are not cdguate when sunset occurs during & flichi. & systam for zaint: ining
constant level thru sunset h's een devisad znd tested in a bell jar, but in actual
£lisht tests have not yet teen rmade, Tewper:turs iezsureaents Leve been made
both inside and cutside or bzllouns to show the atrfects of surer-heat.
Tarrergture wezsuresactts Lave clsm hsen siade in instruasnt and batiery cases
durin; f2i;ht. llecsursuents te show the actual characteristics of centrol devices
lzve baen csae on halloons In flizht &nd si.ulated in the laborstory. This




ineludes rate of ballast expenditure, diffusion, leakase, and stabllity of con-
trol.

Sy~product informstion of importance to meteorolozy or balloon flying
techniques includes the followinz: Observation, measurenent and theoretica’
analysis of hi:h altitude atmosgh:ric oscillations has been accoaplished.

These oscillutions are several .ilibars in aurlitude (as indicated con ballcon
baragraph traces) and the perind of oscitlation viries between 4 ana 10 minutes,
Alr wass trajectories iave been mew.ured over ranges up tc about 40U miles znd
Lhave beern inuicsted by the recover~y »7 7ear up to 2,000 miles from the launching
point. ndditionsl field testr on 21 wass trajectories are now being mada.

vonrlesentary ontracis:

a. New Yorg University
No. wZB~L9Y-ac-<L1
"Develcpment of Jonstant Level Ballcon'

b. Meirpzr, inc.
No. - 1‘?8‘699”&0 iy (‘.?
"Hevelorment c¢f Baisocn Teicmetering 3yvstem®
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OPERATIONS MANUAL

I. INTRODUCTION

A,

B.

Purpose of Manual

This manual is designed to serve as a guide in the prepar-
ation, launching, and tracking operations of constent-
level balloons. In the body of this manual, most of the
discussion applies specifically to the 20-foot diameter
balloon developed by General Mills, Ine. In Section IX,

a brief description is given of the other sizes of belloons
used for constant-level flight. The manual is based upon
the experiences and investigations of the Constant Level
Balloon Project, Research Division of the College of Engineer-
ing, New York University. The charts and tables which were
developed to use for this work are included in Appendix II
of the manual,

Principles of Altitude Control

For constant-lavel work, non-extensible balloons are used
for three reasons:

(1) With a given weight of equipment, it is possible to
detarmine before the release of the balloon, the
maximum altitude which will be attained.

(2) Without special control equipment, it is possidble
to maintain & nearly constant altitude for periods
from one to six hours, depending upon atmosgpheric
conditions and floating level, Generally, it is
not possible to extend such flights through a sun-
set.

(3) By adding 2ltitude control equipment, it is possible
to maintein the balloon et various nearly constent,
predetermined levels for periods of much more than
six hours regardless of the time of day.

I1. GENERAL MILLS 20-FOCT BALLCCNS

A,

Descrigtion

General Mills, Inc, of Minneapolis, Mimmesota, has de-
veloped a series of non-extensible, plastic balloons.
These balloons &are tear-drop in shaps, mede from extrudsed
polyethylene sheet, 0.001" thick. Cells are currently
produced with a diameter of 7, 20, 30 snd 70 feet. The
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volume of the 20-foot cell is sbout 4300 cubic feet and
its uninflated length is 38 feet. It is made up of 20
goras, heat sealed together in a butt weld. Along the
seams thus formed, a special acetate-fiber scotch type
tepe (Minnesota Mining end Mfg. Co.,) is leid to reinforce
the weld and to carry and distribute the load, These
tapes converge to &n sppendix ring at the balloon bottom,
to which the load hermess is attached. By using this
stressed tape design, much larger loads mey be carried than
the thin polyethylene alone couid hold. To exclude

air entering through the bottom, which is left open, an
external skirt or appendix 1s added.

Figure 1 shows e 20~-foot balloon ready to be released,
with an external appendix in position. As the balloon
rigsea, the lifting gas inside will expand until the balloon
is full, whereupon the excess gas which was needed to

make the balloon rise will be velved out. The full hal-
loon will then float at & level where the buoyancy Just
balances the load. It will remain there until buoyancy

is lest by diffusion of the lifting gas, or by cooling,

as at sunset.

Neglecting minor effects, the amount of gas which is needed
to Just balance the lcad st the meximum or floating ele-
vation would also Just balance the load st any lower level,
including the surfece, although the belloon would be less
than completely full at such & lower level.

B. Load Limits

For & given lifting gas, the sltitude to which a balloon
will rise is determined principally by the loed it beears.
%ith & 20~foot General Mills “alloon, using helium, a
peyload of 40 pounds will reach approximetely 46,000
feet and an 18-pound load will go to asbout 58,000 feet.
Although the manufacturers recommend keeping the payload
between 18 and 40 pounds, no trouble has been found in
launching loads of as much as 70 pounds (37,000 feet) or
as small as 4 pounds (87,000 feet).

C. AEEendices

For highest altitudes and smallest sunset effects on a bal-
loon, it is necessary to keep air from diluting the helium.
To accomplish this, a check valve is required in order

that helium may be velved when the balloon is full, yet

air not be permitted to enter a2t any time. An appendix,
consisting of a tube of balloon materisl, whose length is
sbout 2 to 25 times its diameter is used for this purpose,
and is supplied as part of the General Mills balloon.

-3-




Figure 1
General Mills 20 foot belloon in flight with 2
foot appendix, stiffened with cardboard battens.
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Stiffeners sre added so that the appendix will not foul

in the rigging.

With a fouled appendix the helium cannot

be valved, and the balloon after becoming full at its

ceiling will buret.

These stiffeners are mped to the

outside of the appendix just before inflation.

The verious eappendix types which have been used are given
in the following table:

Appendix

—Type_

None

Standard

Standard

Flattened
Tube

Appendix Data

Stiffeners

None

3 corrugated
cerdboard
battens, 23"
by 15"

4 aluminum
battens 15 x
£ x .030"

24 87

Metal spring
bow to hold
appendix flat,
like pressed
trousers

Effect on
Altitude
Atteined

Ceiling is
10,000 to 20,000
feet lower then
computed.

Computed
ceilings
attained.

Computed ceil-
ing attained if
belloon does
not burst due
to restriction
on eppendix.

Not yet flight
tested., Simlli-
tude tests in-
dicate computed
ceiling would
be reached with
no bursts due

to appendix at
1000 ft/min rate
of rise.

Effect on
Descent

Baelloon remains
full et 2ll times
after celling is
reached by taking
on air. Greatly
complicater con=-
trol,

Balloon remains
full =t sll times
after ceiling is
reached by taking
on air, Grestly
complicates cm-~
trol,

Air excluded
during any
descent fairly
well,

Not yet flight
tested, Simili=
tude tests in-
dicate slmost
complete exclu-
sion of air,

Figures 2, 3, end 4 show the various appendices described
in the abave table.

=10=-




Figure 2

T™wo foot appendix, stiffened with cerd-
board battens, shown on & Genersl Mills
balloon. The swollen inflation tube
indicates that the balloon is being filled.

=11-
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Figure 4
Two foot eppendix, showing
metal spring bow in position.
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Since the back pressure forcing the helium out of &

full balloon whern it is rising is 4 times as great at
1000 feet per minute as at 500 feet per minute, the rate
of rise is critical when an appendix is used. It has
been found necessary to limit the rate of rise to 700
feet per minute to prevent bursting at ceiling when using
General Mills Z20-foot balloons with standard appendix.

It is believed, from laboratory tests, that use of the
spring bow stiffeners on the new appendix will permit rates
of rise up to 1000 feet per minute., Flutter in the bal=-
loon fabric while rising is apt to cause failure due to
ripping at speeds of more than 1000 feet per minute. A
20-foot General Mills balloon will burst with an internal
pressure of 0.014 psi., which is about 1 mb., equivelent
to a 200-foot rise 2t ceiling with a closed appendix.

ITI., EQUIPMENT TRAIN

A,

Lines and Rigging

Following rigging feilures early in the testing program,
careful study was given to the lines &nd rigeing methods
used to atteach flight instruments to the balloon, For
safety in leunching, & factor of 10 to 1 is used on all
loads. Thus, if a 40-pound load is to be lifted, it is
not safe to use less than a 400-pound tested line. The
line strength should be determined independently if
possible, since the actusl breaking point of lines runs
between 50 and 70% of the manufacturer's rated strength.

Braided or woven nylon is recommsnded for all ripging.

A stranded or laid line is subject to wntwisting in flight,
twirling the suspended instruments and reducing line
strength., The nylon material is weather resistant to a8
high degree and tends to stretch under shock rather than to
snap. For some purposes it may be desirable to use a line
of constant length, in which case the nylon may be pre-
stretched, Only & few of the common knots are useful

in tying nylon. Bowlines and sguare knots have been found
to slip and are hard to untie. The carrick bend, shown

in Figure § is recommended. In addition to this, a safety
knot is made in the loose end, and the entire tie secured
by a finel teping. For convenience in assembly, the indivi-
dual pisces of line and equipment are rigged with harmess
spaps at each end. This permits unit replacements or re-
moval at the last minute with u minimum of delay. For
oextremely light-weight rigging, wooden toggles and loops

in the nylon may be used instead of the heavier metal
sSnaps.

elde
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B.

Altitude Control Equipment

Flights of 20-foot General Mills balloons, using no con=
trol equipment, have been sent to altitudes of about

50,000 feet. After reaching maximum altitude, the balloons
all exhibit a tendency to float then descend at an in-
creasing rate for periods of from 2 to & hours. In stable
layers of air such as the stratosphere the descent of a
balloon is retarded by the helium, on compression, getting
warmer then the surrounding air. This results in much longer
duration flights requiring no external control though,
strictly spesking, the altitude is not constant. This
concept is in pood general agreement with the observed
data; balloons have remsined in & semi-floating state

much longer fup to 30 hours) when in the stratospheric
inversion than when in less stable lower atmospheric
layers.,

When it is desired to maintain & balloon at constant

level for a guaranteed period of time in excess of two
hours, a ballast system of altitude control should be
added to the flight gear. The level st which the bal-
loon is to flomt must be the maximum altitude to which

it can carry the payload. To compensate for loss in buoy-
ancy occasioned by loss of lifting gas through diffusion
and leekage, & continual lirhtening of the load is re-
quired. To effectthis in a simple fashion, liquid ballast
is permittted to flow through an orifice at & predetermined
rate which exceeds the expected loss of 1lift. (See Section
IV, D} The reservoir and ballast assembly which has

been developed for this use is shown in PFigure 6. A de-~
tail sketch of the orifice in its mounting is shown as
Figure 7, and Figure 8 shows & suitable filter which

must be used to protect the orifice from clogging. The
ligquid ballast must (1) not freeze, but flow well at

cold temperature (-80°C); (2) not absorb water, which
would freeze; and (3) be relaetively inexpensive., A ree
commended liquid is Aeromobil Compass Fluid, made by
Socony~Vacuum Co, (Air Force Spec. AN-C-116).

There are three possible objections to the use of this

simple control system, First, a continued lessening of

the total weight on the balloon=-with no change in volumg=~
must result in a constantly rising ceiling. For a 20-

foot balloon 2t 45,000 feet, this change is aprroximately
1000 feet with each kilogram of ballast dropped ( see Sec-
tion IV, E). Second, only e prefixed ballast flow is
permitted, and excessive loss of lift, &s might come when

the gas is colled at sunset (when the balloon loses superheat),

-18-
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will ceuse the balloon to descend. Third, as & consequence
of the previous limitation, the maximum floating period
of a balloon with this control system is 24 hours, achieved
when launching is at sunset.

When any or all of the above objections prohibit the

use of this simple conirel system, more complex ballast
dropping devices may be used, Figure 9 shows in schematic
form the servo or demand type control which has been used
to maintain balloons &t & constent pressure level, with
high ballast efficiency and without harmful sunset effects.
Figure 10 is the ballast reservoir assembly which is used
with this type control, A more detailed discussion of
this servo~control is given in Techncial Report Number 2
of the Balloon Project, New York University.

Flight Termination Gear

When a balloon loses buoyancy by the loss of lifting gas,
it sinks slowly to earth. To prevent the balloon from
remaining in airplene traffic lanes for & long period

of time, & flight termination device is added to the
equipment train, This device, shown in Figure 11, con-
sists of & pressure-actuated switch and rigging to tear
a large hole in the balloon when it descends to some
predetermined height. A pressure pen 1s held above

its commutetor by a short shelf (see Figure 12), After
passing an altitude corresponding to the end of the shelf,
the pen falls onto the commutator. Uporn subseguent
descent to 20,000 feet, it closes an electrical circuilt.
When this circuit is closed, & squib is detonated in an
aluminum "cannon" (see Figures 13 and 14) driving a pellet
through the mein load line. As the line is severed,

the weight of the load is suddenly taken by a rip line
which extends nearly taut {about 2 feet slack) up the
side of the balloon to a point about 10 feet below the
balloon crown. At this point, two small holes about

18" apert have been made, and the rip line is passed from
the outside into the balloon through the top hole, then
down the inside and out the bottom hole., Both holes are
securely teped with ecetate fiber tmpe. About 6 inches
of slack line is left inside the balloon. When the main
line is cut, a large hole is made in the fabric by this
rip line as it pulls ocut of the balloon. After the in=-
struments have fallen about 10 feet end the rip is made,
they are caught up by a snub line and the load is again
taken to the load ring. The ruptured balloon then acts
as a parachute for the losd, descerding at about 1000

to 1600 feet per minute,
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D.

Accessory Flight Equipment

On most flights, three pleces of equipment are added
to the train for special purposes. These are: (1) a
banner, (2) & dreg parachute, and (3) safety weights.

The banner is a red or yellow cheesecloth rectangle,

3x 68 or 6 x 12 feet, with aluminum spreaders at top

and bottom. Shown in Figure 15, the benner is tied

taut to the load line, and serves to reduce sidewise
swaying as the balloon rises. Due to the bright color,
it is useful in locating the balloon after being grounded
and scts as & warning to air craft during descent end
ascent. If thodolite stadia determinetions are being
mede, the bamner can be used as one of the check points

on the train.

The drag parachute is inserted intc the train above the
banner in inverted position end serves to retard the
ascending balloon somewhet, thus reducing the probability
of bursting due to excessive rates of rise.

To correct & too slow rate of rise, (which may result
from under infletion due to gapge errors, freezing of
valves, or excessive adisbatic cooling of the gas during
inflation) two small bags of sand or shot are added to
the bottom of the restraining line. If it appears that
the balloon is not rising with the desired velocity es
it picks up the equipment, one or both of these safety
weights are cut free. The weight of each bag is equal
to the desired free lift, so that if the computed free
1ift is not aveilable, this 1lift mey be supplied. Prior
to the edoption of this practice, 1t was necessary to sacri-
fice equlipment or the belloon in such cases.

Tracking and Recording Instruments

Depending upon the nature of the flight, the weather condi-
tions, and the equipment evailable, gear mey be added to

the flight train to aid in horizontal position determination
and altitude measurement. The discussion of suitable
equipment for such work is given in Bection VII. In general,
the equipment added may be either redioc transmitters or

gear of other sssorted types. Eech unit is rigged sep~
arately, with hooks at each end of the line segment.

Prior to the infleation of the balloon a thorough check

of all such equipment, especially radio gear, is made.

It is necessary to have spare eguipment tested, calibrated,
and assembled for last minute replacement if failure is
detected at this time.
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Position of recording and redio instrumerts in the flight
trein is in some cases dictated by the size and shape of
artennse or other special part. In peneral this type of
gear is not placed below the altitude contrel equipment
because of possible damage which might result from
ballest being dropped upon them, Typical treins are shown
in Figures 16, 17, and 18,

F. Flight Tools and Equipment

A list of tools end equipment and facilities which should
be provided for any launching site is given in Appendix II.

IV. PHE-FLIGET CCMFUTATIONS

A, Lifting Gas and Rate of Rise

When the equipment for & flipht is in readiness and the
inflation procedure is to be begun, the total welight to
be lifted must be determined. A weight sheet (shown in
Appendix I) is filled in, with the final weight of each
plece of gear with its rigging. In this work the weirhts
of the equipment are measured in grams and kilogrems for
ease of computation. The gross load reported should be
sccurate to the nearest 200 grams. The amount of lifting
gas to be used must be carefully figured to prevent in-
correct inflation which might result either in the bal-
loon failing to rise, or perheps rising too fast and rup-
turing at its ceiling. After the total weight to be
lifted is found, & percentage of this totel is added to
provide for lifting the load at some specified rate.

With a given excess of buoyarcy, & balloon will 1ift its
load at an almost constant predictable speed. (The rate
of rise will increase by about 25% at higher eltitudes,
due to the changes in balloon shape and decrease of alr
density.) Graph 1 of Appendix Il shows the relationship
between the free lift and the rate of rise, with free
lift expressed as a percentage of the total or gross load
(which includes the weight of the balloon itself), For
sxample, if 8 gross load of 10,0 kilograms is to be lifted
et & desired ascent rate of 600 feet per minute, 9,2%

of the gross load should be added, giving e gross 1ift

of 10.0 # .920 = 10.920 kilograms. (The rete of rise
should not exceed 700 feet per minute if a stendard appen-
dix is used.)

1% should be noted that this greph, derived from equations
for spherical balloons, applises also to the tear-drop cells
of General Xxills, Inc., without regard for the balloon
diemter,
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When the total quantity of gas needed has been computed,
the lift requirement mey be expressed in terms of the
pressure of a number of cylinders of gas. It is not
possible to assume that each tank of gas will give the
seme amount of lift, nor is it possible to use & gage
which has not been experimentally calibrated to relete
l1ift to pressure. For calibretion of a gage it is suffi-
cient 1 valve gas from an observed equilibrium tempera-
ture and pressure in a cylinder into a rubber btalloon
and then messure the total lifting capacity of the gas
from the tank., Check points should be made with tanks
under varying emounte of pressure., Figure 19 shows a
sample gage ealibration worked up for varying temperatures
assuming the simple gas law

Liftz = Pp o Ty Lift)
Py Ty

This lew applies to within ¥1%. Note: Do not use Graph 6
without checking calibration of gage to be used, Ordj-
narily & whole number of full tanks of gas will not
exaotly supply the desired lift,which should be figured
with not more than one-tenth full tank tolerance in ex-
cess (permit no under infletion)., It is thus necessary

to prepere partislly full tenks snd by combining full and
partially full cylinders get the required totel. It is
necessary to allow the cylinders to esttain equilibrium
temperature after velving them before taking final pressure
readings.

Length of Balloon Bubble

The volume of ges required for a given balicon may be ex-
pressed as the length of an uninflated bubble at the crown
of the bailoon. Graph 2 of Appendix II gives the relstion-
ship between bubble length and resultant inflated volume,
uging gross 1lift as an expression of volume, It will be
noted that when the elevaetion of the leunching site is
merkedly different from sea level, a shift in this curve

is needed to Accomodate warying densities of the atmosphere,
The inflation of this bubble, which is pinched off by
lawnching equipment or shot bags, will serve as a good
check of the final amount of gas in the balloon, thus
warning if the balloon is wmderinflated.

Expected Altitude

To predict the altitude to which a balloon will rise it
is necessary to know the volume of the balloon, the total
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woeight of equipment end balleon, the distribution of
density in the etmosphere and the buoyancy of the lifting
gas, Assuming that the 1lifting gas is helium, Greph 3

in Appendix II summerizes the reletionship between gross
load and floeting level for balloons of several dismeters.
To use this graph to find the floating level of a balloon
of given size and load, enter with the required buoyancy
(equel to the gross load). Go vertically to the diagonal
lire corresponding to the balloon size end then horizontally
to the extreme left-hand edge and read the altitude. The
volume of the balloon is releted 4o density by the use

of the moler volume in this chart. Assuming observed
pressure and temperature distributions over selected
stations and the K, A, C. A, stendard atmosphere, the
molar volume is given ms well as the altitudes. Teble 1
of Appendix II gives the N, A. C. A. Standard Atmosrhere
relating pressure with altitude, and Table 2 gives the
veriation of tempersture with altitude. For loeal condi-
tions more exect measurements may be made using the
temperseture and pressure distritution indicated by a
sounding rather than the standsrd. To do this, it is
necessary to compute the molar volume from this relationship

molar volume,= 359 £t.° x T, x 1013.3 mb
273°%C P,

Exemple: Find the molar wvolume at 30,000 feet MSL where
the reported tempersature is -30°C, &nd the reported
pressure is 300 mb,

molar v°1um550,000 = 359 f+.° x (273-30FC x 1013 mb. - 1080;{'1;.3
2730C J0C mb.

This is the volume of & pound mol of any gas at those condi-
tions.

By plotting several pocints of this curve of molar wvolume
versus altitude, it is possible to locete very exactly the
altitude which corresponds to the molar velume to which
the balloon will go (found from Graph 3 or as follows),
This density or moler volume to which a& balloon will rise
is given by the following feormula:

Molar volume ®Ballocn volume Gas Lift/mol
Gross load

Gas 1ift/mol = 11.1 kg/mol (using Helium)
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D. Ballest Requirements

For a 20=foot General Mills balloon, & flow of ballast

of at least 200 grams per hour is needed to keep the bal-
loon aloft. Flow of the compass fluid used varies

(through a sharp-edged orifice) with the head, or vertical
distance between the free surface of the liquid and the
orifice., It is not affected by the temperature or pressure,
80 long as the reservoir is properly vented.

Flow also varies with the size and shape of the orifice. \
Using round spinnerette orifices, the flow of various heads '
has been computed and is shown in Table 3, Appendix II. .
From & knowledge of the minimum head to be expected (de- ,
pending on the construction of the ballast reservoir and |
its connection to the orifice), the desired rate of flow l
can be obtained by proper selection of orifice size. While {
200 grems per hour has been used successfully for the
usual floeting altitudes of the General Mills 28-foot cells, '
this figure should be consldered as an absolute minimum. |
A short period check of the flow rate through each ballast !
assembly prior to flight is recommended. i
|

E. Altitude Sensitivity

The altitude gained by a balloon when its load is re-
duced by one kilogram is called its altitude sensitivity. i
This amount is affected by the density of the atmosphere 4
at the floating level; for 20-f'cot belloons between !
40,000 and 53,000 feet, it is roughly 1000 feet per kilo-
gram of weight lost. This weight is normally lost by ;
bellast dropping. The altitude sensitivity and the bhallast ?
drop control the rate of rise of the wiling. Graph 4, :
Appendix II gives more exect values for this figure at :
various altitudes.

F. Forms snd Reccords

For the purpose of making standard pre-flight computations,
& series of computetion sheets have been drawm up. These
are shown in Appendix I. Reward tags mttached to components
of the flight train have encouraged the finders to protect
the equipment and report its location for recovery. The
tags, questionnaires, and the warning notices which are

used on appropriate gear where squibs or acid are used are
shown in Figures 20 and 21.

V. BALLCON INFLATICN

i
i

2k

A. Preparation of Balloon

8

From the moment the protective packing of the balloon is
removed, great care must be exercised to prevent tears

5
5
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DANGER!
ACID!

EMPTY THIS ON GROUND
BEFORE HANDLING

DANGER!
FIRE!

CuT THESE WIRES
BEFORE HANDLING

8N/ 8

REWARD NOTKE

This is special weather equipment sent aloft on research by New York University.
It is important that the equipment be recovered. The finder is requested to protect
the equipment from damage or theft, and to telegraph collect ta: Mr. C. S. Schneider,
New York University, 181st St. & University Heights, Box 12, New York City,
L.5.A. Phone: LUdlow 3-6310. REFER TO FLIGHT #

A dollar {($ ) reward and reasonable reimbursement for re-
covery expenses will be paid if the above instructions are followed before Sep-
tember 1949,

KEEP AWAY FROM FIRE. THERE IS KEROSENE IN THE TANK,

- Pigures 20
- Sample warning and reward tags
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QUESTIONNAIRE

Pleasge answer thie and send to us so that we may pay you the
reward.

1. On what date and at what hour was the balloon discovered?

2. Where was it discovered? (Approximate distence and direction
from nearest town on map?)

3. Was it observed descending? If so, at what time?
4, Did it float down slowly or fell rapidly?

5., How much kerosene wae there in the tank?

Remuneracion

La materia ha voledo con este globo desde la Nueva York
University para hacer investigaciones meteorologicas.
Se desea que esta materiel se vuelva paras estudiarle
nuevament.

Con este motivo, se dara una remuneracion de
doleres norteamericanos y una suma proportional para
devolver todos los apartos en buen estado., Pare recibir
instrucciones de embargue, comuniquense con la persona
siguiente por telegrafo, gastos pagados por el recipiente,
refirriendo &l numero del globo .

CUIDADOY
PELIGRO DE FLAMA, HAY KEROSENMN EN EL TANQUE.

C. S. Schneider
Research Division
New York University
University Heights
Bronx 53, New York

Figure 21
Sample Spanish reward notice and English questionnaire.
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and pin holes from being mede in the fabric. For example,
the film is so easily injured that it is not safe to lay
8 folded-up balloon on a bare table-top or other hard
surface on which sandor splinters might be found., For
this reason & clean ground cloth of cenvas should always
be used for the leay=out of the ballcon. Once the balloon
hes been laid out on the ground cloth, it is made ready
for inflation and the rip line of the flight-termination
gear is insertedinto the cell (see SectionIll, C).

B. Use of Shot Bags and Releasing Device

While the balloon is being infleted it is necessary to
hold it in position, Under oconditions of celm wind, thik
mey be accomplished by simple fasteninpg heavy weights to
the loading ring and ellowing the entire balloon envelope
to rise freely above its anchor.

Since only 10 to 20% of the balloon is full at the surface
when the inflation is complete, it is possible to restrict
the volume filled and so cut down the area exposed to

the wind on days which are not calm. The volume required
can be expressed as the length of the bubble collected

at the head or top of the balloon. Having determined the
desired length (see Section IV, B), the remeinder of the
balloon mey be held down on the grcund cleth by weighted
bags wrapped in protective sheets of polyethylene (see
Figures 22 and 23)., Elliptical shot bags, weighing 100
pounds, are used to hold the base of the bubble to be in-
flated. Twenty-pound sand bags are used to keep the
appendix closed to prevent filling of the balloon with air
and to restrict the uninflated folds of the balloon, A
more elaborate system of holding the gas in the upper section
of the bubble makes use of the General Mills relessing de-
vice shown in Figures 24 and 25. Mounted on wheels, this
mechanism ie rolled into position with the head of the
balloon lying across the platform. The protective roller
arms lock into position holding the bubble until launching.
This device is used with large loads when shot bags might
roll or slide off the balloon. As the arms open outward
as woll as upward when the locking pins are removed, it is
necessary to position tne platform with the arms opening
away from the bubble.

Ces Inflation Techniques

When the belloon is manufectured, a polyethylene inflation
tube about 4" in diameter is inserted. This tube extends
from a few feet outside the appendix to near the top of

-3 0~
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Figure 24
General Mills launching platform for large balloons.
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the balloon end permits gas to be introduced into the

top of the cell first. As the balloon is laid out and
shotbags are positioned, this tube must be kept clear.

At the point where the bubble is pinched off the folds

of the balloon are cearefully divided; the infletion tubse
is mede as free as possible with only one laysr of poly-
ethylene ebove and one below it. The tube is then pulled
up above and between the arms of the releasing device or
the heavy shot bags, end the remsinder of the fabric is
pinned down so that no shifting will permit premature re-
lense.,

Depending upon the load to be lifted and the rate of rise
desired, a pre-computed amount of helium is fed into the
balloon (see Section IV, A), This amount is determined
by noting the equilibrium pressure and temperature of

the gas in each cylinder. A manifold is used to feed the
gas from the tanks to the infletion tube in the balloon.
Shown in Figures 26 and 27 this manifold system consists
of an adjusteble number of flexible piptails leading into
e main line of heavy copper tubing. This main line and
the fittings are capable of withstanding the full tank
pressure of about 2500 feet psi. Two pressure gepes are
included in the main line and it is thus possible to make
last-minute checks of the amount of gas (pressure) in
each tank. (Due tc variable gage-celibrations, it has
been found necessary to establish the lift-pressure ratio
of each gage before using it.) In the main line of the
manifold, two valves control the gas flow, The inflation
tube 1s often initially twisted when the belloon is first
laid out, A small amount of gas at very low pressure
should be valved into the tube to strengthen it., In eddi-
tion to the fine velve control required for this pre-
liminary gas feed, 1t is also nedessary for e manifold
valve to permit hipgh gas flow from the tenks even when
the pressure is greatly reduced. For this, the coarse
globe valve is used,

Once the tube has been chedted, infletion should proceed
as repidly 2s pessible. The belloon is outdoors and so
subject to buffeting by the wind. The limiting factor
of speed of inflation is the vibration of the fabric
near the open end of the irflation tube.

As & result of the extreme cooling of the repidly expanding
gas, the manifold and the tank valve generally become
coated with frost. Too rapid cooling may actually cause
the valve to freeze shut,
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VI.

The effect of this cooling is evidenced in the lifting
power of the gas, When & rapidly filled balloon is launched
immediately after inflation, it has less 1ift than de-
sired and mey even be "heavy" rather than buoyant. 20°C
cooling will meke balloon 1% heavier. This may be 25%

of free lift. In the inflation of the 70-foot balloons
where more gas is used, and the cooling effect is more
often hermful, & heating unit is added to the inflation
equipment, The ges passes from the manifold through a
¢o0il which is centrelly warmed by & blow torch and on into
the inflatiog tube. The gas should errive in balloon no
more then 20 C cooler than the air.

BALLOCN LAUNCHING

When the balloon infletion is complete, the inflation tube
is removed from the balloon as gently as possible. There

is Bpt to be constriction at the point where the btubble is
formed by the lsunching arms or the shot bags. If the tube
does stick at this point, great care must be given to freeing
without ripping the balloon.

Should the balloon be torn in this or any other manner, it
mey be possible to patch the fabric end salvage the flight.
The acetate-fiber scotch teape, used to attech the batten is
used for petching. Transverse tapes are laid across the tear
and the entire region is covered with & matting of tape.

When the inflation tube is freed and the restreined bubble

is ready for lsunching, the lower portion of it is laid out
down wind, &s is all of the geer on the load line. The in=-
flation is generally done in the lee of the hengar or "Y"-
shaped wind screen (see Figures 28 and 29) with the bubble

as close to the wall as possible, It is imperative that the
wind direction be noted prbor to leunching and that the equip-
ment be directly downwind from the head of the bubble. It is
strongly recommended that & stendard meteorological rubber
balloon be inflated end tethered on & 160=foot line near the
point of relesmse to serve as & wind indicator. This balloon
is much more effective than & standard wind vane.

All pieces of equipment and all on-lookers must be removed
from the immediate vicinity to prevent sccidental entanglement
of the load line when the balloon begins to rise. Each pilece
of delicate gear to be carried aloft should be cradled by

one man. As 8 signal given by the flight director {(after
checking to see everyone is ready and that the balloon will

go in the desired direction), the bubble is releesed (see
Figure 30)., If "launching arms" are used, this is not
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YII.

difficult, but if the two elliptical shot bags are em-
ployed, they must be lifted simultaneously upward and
outward eway from the balloon. As the cell rises, each
piece of gear must be cradled by its bearer allowing it

to be lifted vertically when the balloon paseés overhead.
In many instances where the wind direction is not constant
at the surfece or changes as the balloon goes upward, and
exact downwind positioning of launching personnel will be
difficult, It is often necessary for these men to run to
one side or forwsrd or backward tc get directly benesth
the balloon. In cases of extreme wind speed, it has been
found necessary to load the lower pieces of equipment on to
& truck bed before release of balloon and leunch it by
driving undernesth the balloon.

It is possible to estimate the space required to launch a
trein of given length if the wind speed is known. By using
the computed figure for rate of rise, the length of time re-
quired to lift the entire trein is found. The distence

the bubble will travel during this time is proportionate to
the wind speed. For example, if a train 250 feet long is
launched with the rate of rise at 500 feet per minute, &
bubble will move downwind at 660 feet if the wind is 15
miles per hour (22 feet per second), and the mean at the end
of the equipment train must cover 410 feet in 30 seconds
carrying the gear with him,

The use of & restraining line attached to the load line above
any heavy gear or delicate gear is recommended., A loop in
this restraining line is attached to & winch mounted on &
track a few hundred feet dowrnwind of the lowest plece of
gear, or is held by e well-gloved man. The safety weights
are attached near the end of this line. The bmlloon tends

to pull the gear in beneath itself in calm or light winds,
and may pull sidewise if the trein alignment is not perfectly
downwind; the restraining line withstends this pull. Thus
tethered, the bslloon is forced to come overhead of the equip-
ment bearers, and they are able to Imsunch with legs diffi-
culty snd danger of equipment damage. If the apparent ascent
rate is too slow, the restraining line is cut between the

.safety weights and the other pieces of equipment, If the rate

of rise appears to be high enough, the restraining line is
severed below the safety weights and they rise, completing
the launching.

TRACKING AND ALTITUDE DETERMIKATION

Following release, it is often necessary to know the position
of the balloon and its height as long as possible. Several
methods of position and height determineticn have been found
useful. Adventages and limitations of each system are given.
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A. Poeltioning Equipment

(1) SCR-658

The radio direction finding set SCR-658 has been
found to be the most useful unit to treck a balloon=
borne transmitter, within its limited renge. If
the set is in good condition end the transmitter
signal is good, it is possible to receive from =
transmitter which is 150 miles away at an altitude
of 50,000 feet, At this distence, the elevation
angle is usually not high enough to be reliable,
since below angles of 139 ground reflectlion of sig=-
nels mekesg them nearly meaningless, The azimuth
angle and the elevation engle, when sbove 159 are
accurate to about 0.5°. It is thus necessary to
use two such sets on about a 100-mile base line

to give a position fix., If the elevation of the
belloon is determined independently, and the eleva-
tion angle is above 13°, it is possible to locete
the balloon-borne transmitter with one SCR-658.

The instelletion end meintenance of SCR-658 requires
the services of a specially trained men, while the
operation procedure may be made by relatively un-
skilled personnel, with limited treining. For
details of the use of the SCR=-658, see War Depertment
publication TM11-11584,

{2) Theodolite

The meteorological theodelite is useful on daytime
flights when skies are clear for ranges up to 100
miles, If radioc dete@rs availsble to give height,

the additional informetion obteined from this in=-
strument--elevetion &nd aeimuth angle--will completely
fix the belloon's position in three dimensions,

When pressure data are known, two theodolites

with & bage line several miles in length will also
uniquely loecate the balloon. A third method, less
accurate but stil]l useful, is the method of stadia
measurements. By carefully meaguring, prior to
release, the distance between two distinctive portions
of the train and then noting the argular distance
subtended during flight by these instruments, thealti-
tude snd hence all coordinates of the balloon may be
determined.

Regular and frequent checks must be made of the scale
adjustments of the instruments end of the base plate
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levels when the instrument is located out of doors.
For details of the use and c¢are of theodolites,

see either the War Depariment publicetion TM-ll-
423 or the U, S. Weather Bureau Circulsr "O".

(3) Aircraft Radio Compass

It has been found fessible to determine the posi=-
tion of the balloon by following the signal from a
balloon-borne transmitter, using an aireraft redio
compass as receiving wnit., In this way it is possible
to fly along & path coward the ballcon,-usually at
a much lower altitude, and, by noting the plane's
position where the compess remding is reversed, the
position of the trensmitter is found. The mein dis-
advantage of using this system is that aircraft is
needed, but there is no other method which will so
readily position the balloon over great distances
and periods of time. With this system, the limit
of transmission time is & function of the weight of
trensmitter batteries which can be carried rather
then distence, It is possible to power a trans-
mitter to supply 2 watts, for ebout 15 hours, using

‘ 15 pounds (7 kilogrems) of batteries. Longer periods
of trensmission mey be sohieved by intermittent opera-
tion of the transmitters or use of heavier batteries,

(4) Redar

If ground rader is available, accurate positioning
over & limited range cen be made. It is helpful

but not strietly required to add radar targets
{(corner reflectors) to the flight train for such
tracking. Using radar, the elevation engle, szimuth
angle and slant distance ocut are obtained, giving

8 complete fix on the balloon with one set. The
maximum d¢istance to which eppropriate sets can reach
is about 65 miles; such sets sare the SCR=-584, the
SPM=-1 &nd the MPS-€. With good orientation end leveling
such sets have an accuracy of 1.0° and about 500 feet
of slant renge. Because of the limited range, radar
sets are not generally useful. Attempts to use

redar mounted atop eircraft for aerisl observetion
have been abandoned in favor of the radio compass.

B. Altitude Determination

In early ettempts to utilize standard radiosonde
pressure modulators they were fourd to be unsatisfactory.
The Diemond-Hinmen system of counting signal changes




is not useful when the changes occur at & neaerly con=-
stant altitude due to the width of the steps and the am-
bigulty of direction of vertical motion. Two pressure
measuring systems have been found satisfactory for use
in constent-level work and are discussed below, For a
discussion of the radio trensmitters which have been
used (the stenderd T-69 and the NYU AM-1), see Techni-
cal Report No. 2, Balloon Project, New York University
Research Division,

(1) Olland Cycle Pressure Measuring Instrument

This instrument, shown in Figure 31, is used in
balloon flights as the primary pressure measuring
unit, as it will continuously measurs pressure
without ambiguity. It modulates the transmitted
redio signal at intervals whose timing 1s determined
by the pressure of the mir at the balloon's position.

As presently designed, the moaulator conteins a
standard Signal Corps ML-310E radiosonde aneroid
unit, & rotating cyclinder of insuleting materiasl
with e metal helix wound around the c¢ylinder, and a
6-volt electric motor which rotates the cylinder.

There are two contacting pens which ride on the cy-
linder and conduct electricel current when they
touch the helix. One pen is fixed in position and
makes & contact at the same time in each revolution
of the helix. This contact is used as & reference
point for measuring the speed of rotation of the
ecylinder. The time that the second one, which is
linked directly to the aneroid cell, mekes contact
with the spiral, is dependent on the cylinder speeed
end on the pen position which is determined by the
pressure. By an evaluation chart, the etmospheriec
pressure cen be determined as a function of the
relative position of the pressure contact as compared
to the reference thus éliminating 2l)l rotation effects
but short term motor speed fluctustions.

Preparation of the modulator for flight consists of
the following steps:

(a) Test the motor operation. When & 6-volt battery
is inserted in the motor circuit with the proper
polarity, the motor should run smoothly &t one
revolution per 60 to 80 seconds. Noisy opera-
tion is probably a sign of dirty or corroded

[T .




Figure 31
Olland Cycle Fressure Modulator
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(b)

geers or poor alignment of the rotating cy-
linder. The motor gears may be clesned with
carbon tetrachloride and a small clean brush.
If the trouble is due to misalignment, the in-
strument should not be used since this will
affect the rotation at & non~uniform rate and
thus destroy the entire accuracy of the record.

Calibrate the instrument, The following equip-
ment is required for the calibration:

Vacuum pump

Bell jar

Base plate with at leat 4 electrical leads
Manome ter

Tepe recorder

The wvacuum pump should be capeble of evecuating
the bell jar to a pressure lower than that %o

be reached by the balloon in flight. A pressure
of ten millibars, corresponding to about

100,000 feet elevation is ususlly 2 good minimum.

Four wires are necessary to conduct the six
volts to the motor end to transmit the reference
and pressure signels. The wires must pass out
of the bell jar through san air-tight seal in
the base plate. The bese plate elso needs a
tube leading to the meanometer and a tube to the
vecuum pump., 1t is sdvisable to use two sepa-
rate tubes rather than placing the manometer
lead in the same line as the pump lead in order
to obtain the pressure in the bell jar rather
than thaet in the pumping line.

In operstion the negetive line of the battery
leads is used as the ground connection of the
output signal,

A tape recorder such as the Brush Development
Co. model BL-90Z2 oscillograph end amplifier
BL-905, is needed to record the signal both
during calibration and during the balloon flight.
The Brush recorder is used at present and the
discussion of the operation will be made in terms
of the characteristics of this instrument. When
using the slow speed of the recorder, which
feeds the paper at the rate of 30 centimeters

per minute, the distance between successive re-
ference marks will be 30 to 40 centimeters de-




pending upon the speed of rotation of the mo-
dulator motor. The pressure signal appears

at any point along the record between or over-
lapping the refersences depending upon the pressure.
A semple record of this sort is shown in Fipure 32.

The Ollend cycle acts as a switching unit for the
test oscillator (see Figure 33) whose sgnal is fed
into the Brush amplifier and finally to the recorder.
By adjusting the resistors in the test circuit,

the frequency of oscillation may be adjusted. Since
within the usual range, the frequency of oscillation
is approximately additive when the two signals over-
lap, the suggested frequencies are about 4 cycles per
second for pressure and 8 cycles per second for refer-
ence. Yhen overlapping signals are being recorded
the frequency will be about 12 cycles per second
which is easily recognizable on the record.

The cal ibretion of the modulator unit should be
in steps of 25 to 30 millibars in order to have
at least three points within each turn of the
helix.

Evaluation of the record is accomplished with
the aid of & nomogram divided into 100 equal
parts. The record is laid on the nomogram with
the leading esdge of the first reference on the
zero line end the lemding edge of the second
reference on the 100th line, The position of
the leading edge of the pressure signal is then
read to the nearest third of & division on the
nomogram. I1f cne complete turn of the spiral
represents 75 millibars, it is thus possible

to read the pressure to an accuracy of one-
three-hundreth of 75 or sbout ons-quarter millie
bar.

Ir evaluating the record the tape should be kept
parallel to the horizontal lines on the nomogram
or perpendiculasr to the zero lirne in order to
evoid errors in irterpretation.

The total motion of the pen arm of the modulsator

is normelly 12 to 14 turns of the spiral. Therefore,
there will be the seme number of points st which

the pressure and reference signels overlap. The
calibration curve (Figure 34) is drawn to show
pressure from zero to surface pressure (about




Pigure 32
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(e)

(a)

1020 millibars) sgainst percentage of the turns
as read on the nomogram., The lowest pressure
reading is numbered as read and succeeding
pressures are plotted in & continuous ascending
series, When the pressure reading reached the
first overlap on the reference, it is called
100 percent; the second overlap is 200 percent
and so on until the last overlep which mey be
1200 or 1300 percent.

Pack the modulator and insert it inside the
transmitter box. The modulator should be pro-
tected from extreme cold since the motor opera-
tion becomes erratic when the tempersture reached
309 to 409C below zero. A box or paper cover
over the modulator will keep particles of in-
sulation and dirt from the moving parts,

Whent the entire assembly has been mede and in-
flation of the balloon is about to begin, the
transmitter and motor should be turned on end
reception of the signal tested. If any serious
trouble appears, the modulstor should be re=-
placed by another calibrated modulator since
any work on the instrument will probably change
the calibration.

During the flight,radio static and nolse will
appear on the Brush record as pips which may re-
semble the transmitted signals and with increasing
distance or weakening transmitter the noise will
finally completely obscure the pressure record.
Careful tuning of the receiver will prolong

the record as long as possible. When tuning

the receiver, the sensitivity control of the

Brush amplifier should be turned to the least sen-
sitive position since any sudden change in the
tuning may throw the pen off its supports and
damage its glass tip.

When the flight reception is completed the re=-
cord is evaluated exactly as in the eveluation

of the calibration record--using the same nomo-
gram. However, since the instrument is subjected
to different etmospheric conditions, the motor
speed may vary suddenly, giving felse values for
the pressure. These values may be detected by
carefully observing the rete of rotation of the
motor, which is measurable by the distance be-
tween the reference marks, If there is a sudden
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change in motor speed of five percent or more
from the preceding rotation, the pressure value
should be rejected. A slow, continuous change
in speed from minute to minute may bhe neglected
since it is probably a uniform change through-
out the rotation period. The motor speed will
decrease during the flight, as a result of the
low temperatures and the drop in battery voltage.
This of itself does not decrease the value of
the record, as long as the speed does not rhange
suddenly.

(e) Ollend-Cycle Pressure Element Specifications
(1) Pressure renge: 1050 to 5 mb.

(2) Desired accuracy: Surface to 300 mb £5 mb.
300 mb to 50 mb %¥2 mb.
50 mb to 5 mb less than £2 mb, %1 mb if
possible,

Highest accuracy and readability desired

on low pressure end. Temperature compensa-
tion, 8s required to meet pressure accuracy
requirements for temperature, range #30°

to -705C or equivalent for medium and high
altitude flights. Mean operating tempera-
ture required more than 0°C.

(3) Helix:

Cylinder--made of insulating meterial with
low temperature coefficient.

Diemeter 3/4 inch to 1 inch, length 2%
inch.

Spiral--made of nickel or other metal which
does not corrode in the etmosphere, ,010
inch or less in diameter.

Eight turna per inch on cylinder.

Check-points~-Six points located between

turns of spiral, starting with 9th turn,

60 degrees apart,

Mede of the same material es the spiral.

In the electrical circult of the pressure
signal,

Suggested shape 1/16 inch dismeter, round
pin, flush with surface of helix,
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General--Helix mounted in a rigid frame to
prevent lengthwise movement or springing
out through bending of e frame,

Joined to motor drive by a pin through both
drive shaft und helix shaft.

When roteting a2t about 1 rpm duretioen of
signels not over & to 4 seconds.

Surface of helix to be polished withrouge
or crocus cloth.

Loading edge of the metel spirael will be
true end smooth to within .0006 inch.

(4) Motor:

6 to 7.5 volts

1 rpm gear train

20 to 40 milliemperes drain

Constant speed--change of speed during eny
single revolution not more than 0.3%

Speed change at low temperature not more
then %20%

(5) Mounting of Unit:

Mounting in such manner that temperature
changes and stresses will not change the
relative positions of the aneroid eand the
helix., This may be done by mounting ell
elements on a 2" metal plate or by mounting
all parts in a frame supported ona single
Pedeﬂtal.

Bount unit in en easily opened, stiff single
thickness cardboard or plestic box to pro-
tect it from other units in flight trains.

External terminel strip with four terminals
connected to ground, motor, reference, and
pressure.,

Totel weight not over 600 grams.
Overall dimension not over 5 x 5 x 4 inches.
To be mounted in transmitter, where insula«

_; tion will prevent cooling below D°C within
6 hours at air temperature of -40° to -509C.




(2)

(3)

Codesonde

The modified radiosonde bullt by Brailsford and Co.,
Rye, Few York,called the codesonde,has been found
valuable when knowledge of small variations in the
height of the balloon is not required. Using this
system, a redio transmitter is modulated by & Morse
code signal which is & function of pressure {(and
temperature if desired)., This system is useful for
tracking a balloon with aircreft since no recording
equipment is necessary for data interperlation.

Eech combination of dots or dashes may be identified
by ear, and with a calibration chart, the pressure
which corresponds to the balloon's height may be
thus determined by anyome who can read Morse code
with a suitable radio receiver. The adventages of
using this system for a balloon which is to be followed
by aircraft include the fact that it is necessary to
receive only one complete code group tocompletely
identify the pressure level of the balloon. It is
thus possible to interrupt the period of reception
without permanently losing the altitude record. It
is expected that a balloon transmitter which can be
fellowed with an sircraft radioc compass will be used
in econjunction with this pressure modulstor, giving
three-dimensional position data.

Barograph

Many balloon flights pess out of the range of even

& network of receiving stations. When it is not
possible, because of weather or other considerations,
to follow the balloon with aircraft, a clockedriven
meteorograph may be added to the flight train to re=-
cord data, such as pressure and temperature. It is
necessary to recover the balloon equipment to evaluste
this sort of record. With inland release points,

it has been possible to recover sbout 75% of all
flights,.

The model U-48 Lange barograph, shown in Figure 35,
is designed to give & record of atmospheric pressure
and the temperature of the barograph case., In order
to obtein & maximum spread of the pressure record

in the range et which the data is most useful, the
linkages are arranged so thet recording begins at
sbout 500 millibars or around 19,000 feet, and may
be continued as high as the balloon rises. The
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temperature recording is confined te the lower

2 inches of the drum so as to interfere as little as
possible with the pressure record when the bel loon
floats above 30,000 feet.

Recording is accomplished by three pens which scratch
carbon from a smoked aluminum foil. This method
eliminates the need for liquid ink and applies &
minimum of pressure to the recording drum.

The recording drum rotates once in twelve hours.
Therefore, if a flight lasts over twelwve hours, the
trece will overlap. Such a record is shown in
Figure 36. The clock runs for 36 to 40 hours on
one winding,

Preparation of the barograph for use on & balloon
ascension requires the following:

(a) Place an aluminum foil about 10 inches long by
3 3/4", ,002" thick on the drum, Care should
be taken to heve the overlapping edge of the
foil face in the direction of rotation of the
drum so thet the stylusslides off the edge in-
stead of catching and tearing the foil. A few
drops of rubber cement slong eech edge of the
foil are sufficient to fasten the foil to the drum
and will not interfere with removal of the foil
after resovery of the basrograph.

(b) Wind the clock., The clock should not be wound
tightly since at the low temperatures encountered
in the upper stmosphere the clock spring mey
snap. However, if the clock is wound an hour
or so before release, it will be sufficiently
relaxed by the time the low temperatures are
reached,

{c) Check pressure of the marking pens. Too much
pressure cof the pens on the drum will introduce
an error dus to the frictional lag. When the
drum is removed from the clock mechanism, and the
pen lifter relessed, the stylus points should
touch the clock housing lightly.

(@) Smoke the drum. A very thin, fine-grained carbon
film should be deposited on the alumirum foil,
The best result will be obtained by use of =
bright yellow gas flame, although s kerosene f{lame
gives a satisfactory coating. Solid or liguid
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fueis usually glve & coating which is too coarse
grained and heavy. In smoking the drum a long
rod is used as a rotating axis., The drum is ro-
tated rapidly in the flame so as to prevent
overheating end oxidizing of the foil. The car-
bon should not be so thick as to obscure the
metallic appearsnce of the aluminum foil,

Calibrete the barcgraph for pressure. The in-
strument is pleced in a bell jar and the eir
evecuated. The pressure is kept constent at a
numter of pressures so thet a&s the drum turns a
step, record is made on the smked foil. Pressure
recording sterts at sbout 500 millibars so the
first level in the calibration should be at that
velue, At each level the pressure should be kept
constant for three to five minutes in order to
obtein e measurable line. Great care and consid=-
erable prectise are required to control the velves
of the vaouum system sc that the pressure does
not changse noticeably during eech step.

The pressure steps &t which the barogrsph is cali-
brated may be either at regular pressure intervals
or at the pressure velues corresponding to regular
height intervals sccording to the standard at-
mosphere figures., The recommenced steps are
listed below. If the balloon is not expected to
go to the higher eltitudes, the calibration mey

be stopped at correspondingly higher pressures.

Fressures Stendard Atmosphere Heights
500 mb 466 mwb corresponding to z0,000 ft.
400 mb 300 mb " " 50,000 ft.
300 mb 188.5 mb " " 40,000 ft.
200 mb 117 mb " ¥ 50,000 ft.
150 mb 72.8 mb " " 60,000 ft.
100 mb 45.3 mb " " 70,000 ft.
50 mb 28.2 mb " " 80,000 ft.
10 mb 17.5 mb " " 90,000 f't.
10.9 mb " " 100,000 ft.

The temperature calibration may be made by recording
two widely speced temperatures, such ss room tem-
perature and the temperature of dry ice (=78°C),
This celibration will be approximately a streight
line and, therefore, two points &re sufficient

to plot the ocurve,
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Immediately before the balloon releese, when
the clock is wound and the peng lowered against
the drum, the pressure and tempereature pens
should pe tapped lightly ao &s to make short
marks and the time noted. |

When ths barograph is recoversd the smoked feil
should be treated to preserve ths record. A
solution of clear shellac diluted with about ten
times its volume of alcohol may be used. The
drum is immersed in the shellsc and allowed to
dry thoroughly beforse further handling.

(f) Evaluntion of the record. In evaluating the re-
cord heights of significant points are measured
verticelly from the reference line. The pres-
sure calibration steps are measured first and pleotted
on graph paper, vertical distance versus pressure ;
or altitude, Each significant point on the )
flight trace is then measured end the corresponding
altitude determined from the calibration curve.

The seme procedure is followed in evaluating the }
temperature record, measuring from the reference g
line. ;

The curvature of the record due to the motion

of the pens must be corrected for. Since the tem- f
perature record covers & short vertical range, the j
time correction mey be neglected. Corrections ;
for curvature of the pressure record may be read

directly from Figure 37, which glves the correction

in inches as & function of the distance of the

point in question from the center of the record.

The final time correction is made to correlate

the temperature and pressure records. This mey

be done by measuring the horizontal distance be-

twoen the tempersture end pressure marks as made

before release and correcting this amount for

vertical pesition. The rotation of the drum

is once in 12 hours and, thersefore, the time-distance

relation may be computed by noting the total r
length of record obteined in one revelution,
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VIII. ANALYSIS

During and following the flight it is customary to analyze the
behavior of the balloon. Iwo ourves are usually drawn when
data is aveilable for their preparation. The first of these
is & time-height curve whioch gives the sltitude of the balloon
at all times with respect to sea level. On this curve also

it is customary to plot the temperature deta and ballast flow
date when such hes been recorded. In some cases it has been
found useful to plot & profile of the terrain over which the
belloon is passing. The second diagram usuelly prepared is \
the trajectory of the balloon, end agein it may be prepared
with respesct te the terrain over which the balloon was passing.
Thet is to say, it is plotted on an sircraft map of the area,
with positions and heights plotted every ten minutes, Fig=- h
ures 38 and 39 show sample plots. 1

IX. GENERAL MILLS 7-, 30-, AND 70-FOOT BALLOONS

The altitudes reached and loads which may be carried by the

General Mills balloons other than the 20-foot cell are shown

in Teble 4, Appendix II, Graph 3, Appendix II mey be used ;
for interpolation of the tabulated values to give the re- !
lationghip between floating mltitude and gross load, and Graph 4

shows the altitude sensitivity at various heights. It has

been aasumed that helium is the lifting gas. Greph 1, Ap- |
pendix II is useable for all of these balloons to determine d
the amount of free 1ift which is needed to give 2 desired rate ;
of rise.

To launch a 7-foot balloon, it is not necessary to utilize

the elaborate technique of the larger balloons. A can of sand
is made to weigh the same amount as the required gross lift |
(equipment weight plus free lift), and attached to the losd ‘
ring. Inflation from a single tank may be mede inside any
building with relatively large doors and when the balloon just
lifts the inflation weights it may be attached to the equip-
ment line, carrised outdoors and released. In light winds the ‘
equipment may be relessed with a hend-over~hend paying out of
the line, If there is too much wind for this method, the
equipment is 1lamid out downwind and the bailoon relessed so as
to pass over the pieces of gear and pick them up while rieing.

A 7-foot balloon being inflated is seen in PFigure 40. The
eppendix which is shown is made of a flattened Z-foot length
of inflation tube, from a Z20-foot balloon, without stiffeners.
Sueh & balloon has been sustained with e fixed ballast leak
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VIII. ANALYSIS

During and following the flight it is customary to analyze the
behavior of the balloon. Two curves are usually drawn when
dete is svailable for their preparation. The first of these
is a time-height curve which gives the altitude of the balloon
at all times with respect to sea level. On this curve also

it is customary to plot the temperature data and ballast flow
data when such has been recorded. In some cages it hes been
found useful %o plot a profile of the terrein over which the
balloon is passing. The second diagram usuelly prepered is
the trajectory of the balloon, and again it may be prepared
with respect to the terrain over which the balloon was passing.
That is to say, it is plotted on an asircraft map of the aresa,
with positions and heights plotted every ten minutes. Fig-
ures 38 and 39 show sample plots.

IX. GENERAL MILLS 7-, 30~, AND 70-FOOT BALLOONS

The altitudes reached and loads which may be carried by the
General Mills balloons other than the 20~foot cell are shown

in Teble 4, Appendix II1. Graph 3, Appendix Il mey be used

for interpolation of the tabulated values to give the re-
lationship between floating altituds and gross load, and Graph 4
shows the altitude sensitivity at verious heights. It has

been assumed that helium is the lifting gas. Graph 1, Ap-
pendix II is usesble for all of these balloons to determine

the amoant of free lift which is needed to give & desired rate
of rise.

To launch a 7=foot balloon, it is not necessary to utilize

the elaborate technique of the larger balloons. A can of send
is made to weipgh the sameé amount as the required gross 1lift
(equipment weight plus free lift}, and attached to the load
ring. Inflation from a single tenk may be made inside eny
building with relstively large doors and when the balloon just
lifts the infletion weights it may be attached to the equip-
ment line, carried outdoors end released, In light winds the
equipment may be relesased with a hand-over~hand paying out of
the line. If there is too much wind for this method, the

: equipment is 1lmid out downwind and the belloon released so s
§ to pass over the pieces of gear and pick them up while rising.

A 7-foot balloon being inflated is seen in Figure 40. The
appendix which 1s shown is made of a flattened Z2-foot length
of infletion tube, from a 20-foot balloon, without stiffeners.
Such & balloon has been sustained with a fixed bellast leak
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Figure 40
General Mills 7 foot
balloon being infleted,

-
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of 170 grams per hour. A balloon of this type with no alti-
tude control stayed aloft for inore then two hours and after
reaching ceiling, the altitude did not vary by more than

1500 feet while the balloon was within range of the observing
station,

The preparation and launching techniques discussed for the
20-foot balloon apply also to the 30-foot cell. No further
discussion 1s required for the 30=foot balloon.

The 70-foot balloon seen in Figures 41 and 42 is launched in
the seme manner as the 20-foot cell. A much larger amount
of gas is required and since it is valved rapidly into the
balloon, it has been found necessary to pass the ges through
8 heating coil to prevent it from reaching the balloon so
adiabatically cooled as to be incapable of lifting the

load, This heater is shown in Figure 43. Due to the large
lift and area exposed to the wind at launching, the large
cell may be dengerous if personnel attempt to hold the geer
or act as anchors. If possible, all gear should be laid out
downwind to be picked up from the ground by the balloon. The
anchor should be a winch mounted on e truck which can move
around the balloon so as to be downwind &t launching.

Since the eltitudes where the 70-foot balloons normally float
are high in the stretosphere, the natural stability of the bal-
loon in the temperature inversion keeps these cells up for

& long period of time without ballast or other controls. One
such flight fell slowly during & period of 75 hours and was
still ebove 65,000 feet when the barograph record ended.
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Fipure L1
Inflation of 70 foot diameter
General Mills balloon.
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Figure 42
General Nills 70 foot balloon
being launched in a 5 krot wind.
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GLOSSARY

Altitude Sensitivity: The altitude gained by a balloon when its
load is reduced by one kilogram,

Belloon Inflation: Gas inflation to be given the balloon in
terms of initial 1lift of the balloon
(equals weight of equipment load plus free
lift plus allowesnce for gas losses before
launching).

Ceiling: The locus of pressure altitudes at which a
non-extensible balloon will float when gas
losses are elipghtly over~compensated for
by ballast losses.

Equipment Load: Weight of all equipment, rigging, and ballest
hung from the balloon shrouds not including
balloon or its integral parts.

Floor: The locus of altitudes et which a balloon will
float when lift losses are exactly compensated
for on a demand basis by bellast dropping.

In practice, this is determined by the opera-
tion of the automatic ballast release and
is some altitude below the ceiling.

Free Lift: Net 1lift of the balloon with the egquipment
load attached.

Groes Lif+t: Lift of all of the gas in the balloon at re-
lease {equals weight of the balloon, eguip-
ment loed plus the free lift).

Gross Load: Load on the gas at release (balloon plus
equipment load weight).

Pressure Altitude: The altitude at which a non=-extensible bal=-
loon becomes fully infleted.

Pressure Helght: The height sbove mean sea level as determined
from pressure measurements used in this work
with the N. A, C. A. Standard Atmosphere.
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Table 1

BASIC EQUIPMENT FOR FIELD TRIPS
LAUNCEING OF 20' BALLOONS
WITH SIMPLE CONTROL GEAR

NYO Balloon Pro=-
ject Drewing No. or

GROUND EQUIPMENT: Figure No. in Opera-
tions Manuel

1 ea, Set instructions (Operations Menual)

2 ea, Elliptical shot bags (each filled with
100 # of shot) ED-48-62

2 ea. 40 # Sand bags ED-48-122A
4 en. 40 # Send bags
1 ea., 40" x 6t Ground Cloth

4 en, Sheets polyethylene, .001" to
L004%, 4' x 4

l ea. 5 Tenk menifold with pressure gages
end wvalve Figure 26

1 ea. Rubber hose, 1™ I.D,, 10' long
1l en., Gas diffuser ED=48~76A

2 ea, Rubber tubing i" bore, 1/8" wall,
8' long

2 ee, Hose clamps, seroseel, 13" I.D.

3 ea, Hose ends for helium tanks ED=-48-80
1l ea. Box white chalk

1 ea. Solution balance Fisher #2-100

1 ea, Inflation nozzle, ML-196

3 ea, Weems plotters

1l ea., Set aircraft maps of area

1 ea. Tool kit complete with 2 sheath knives,

50' c¢loth measuring tepe, brass wire, 1" Mystic

tape, volt ohrmeter, pliers, screwdirivers, infla-
tion tools, flashlipghts, crescent wrenches,
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KYU Balloon Pro=
jeet Drawing No., or
Figure No. in Opera-
tions Menual

(Tool kit, cont'd.) soldering irom,
compess, 2 open~end wrenches 1-1/3"

x 1-1/4" openings, 14" pipe wrench,
spanner for helium tank velves

2 ea. Theodolite ML-247 with tripod ML-78

2 ea. Recorder, Brush oscillograph or
other

2 en, Standby power units
2 ea. SCR=-658 Redio direction finder
or
2 ea, Hammerlund Super=Pro receiver
2 ea. Kytoon with spare bladders
for antenna support

2 ea, Captive balloon, Dewey & Almy N4
4 ea. Chronometers
4 ea, Clip boards
2 ea, Complete sot of communication equip-
ment

Telephone account

Wind screen, 30' x 20', Y-shaped,

equipped with flood lights end

anemome ter ED-49-3

FLIGHT GEAR:

2 to b Tanks helium

1l ea. General Mills 20' balloon {or other
balloon to be used) plus spare

24 ea, Rolls acetate fiber scotch tepe

5 ea. Appendix stiffeners (if appendix is
to be used) ED-48-95A

1 ea. 200' 500 # Tsst nylon line
1 ea, 100* 75 # Test linen twine

2 en, 350 Grem balloom ML-13]A (for wind
sock)

5 to 10 Toggles or hooks

==




NYU Balloon Pro-

ject Drawing No. or
Figure No. in Qpera-
tions Manual

2 ea., Parachutes ML-132

1 ea, Banner, 3' x &' ED-48-58
4 en, Data sheets

4 en. Weight sheets

4 ea. Reward tags English, $panish or other
language) Figure 21

2 ea, "Danper Fire" tags Figure 20

2 ea., Other Danger tags as required

If Flight Termination gear is to be used:

1 ea, Flight termination switch ED=-48-T0A
1l ea. Set rip rigging ED=48-68A
2 sp, Cannons ED=49-5

2 ea. Squibs Du Pont S-64 (treated for
high altitude)

1P fixed rate ballast release is to be used:

1 ee. Orifice spinnerette, to give ballast
flow of 280 r (.008" D.) ED-48-75A

1 Gallon ballast, compass fluid AN-C~116
1 ea. Ballast reservoir (1 gallon capacity) ED=-48~T9A

1 ea. Filter 3" diemeter, 325 x 325, phosphor
bronze mesh ED-48-54A

4 feet Tubing (Tygon) 3" bore
6 inches Tubing (Tygon) 3/16" bore
Mete)l beekers or rimless 1 qt. tin cans

B Metal funnel
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Table 2
WEIGET SHEET

Flight No, Date
Time

Balloon lanufacturer Weight
Number

bLppendix or valve

Shrouds . . . . . . . ] . .

Total Balloon Weight . . » . . - . . . . . .

Launching Remnant . . . . . . . .

Line Length . . . - . . . . .

1st Unit. Serial ¥o,

deseription

Line length

2nd Unit, Seriel No.

description

Line length

3d Unit. Serial No.

description

Line length

4th Unit. Serial No.

description

Dreg chute

Bamner deseription

Ballest assembly - description

Ballast . . . . . . . . . . .

Total Equipment -”eight . » . +* - - » . . . - »

Gross Load . . a . . . . . . . . . . . . . .




RATE CF RISE AND LAXILUM ALTITUDE COMNFUTATIQKNS

Flight No. Date

Time

BALLQON INFLATION

Desired Rete of Rise . . . . ft./min.

Gross Load . . . grams

Frece Lift - from Rise chert grams

Free Lift = ﬁ'é 24%/% groms

Equipment Weight groms

Desired Balloon Inflation = Free Lift ¢ Equipment Total grams

Allowence for leakage @ gw/hr,, hrs, waiting grams

Actunl balloon 1ift . . . ™ . . . . - - . .

Mectunl gross 1lift (Balloon lift & balloon Whe) o« s o+ s e

Number Helium tanks required ot kg 1ift/full tank . . . _ tanks
Length belloon sbove shot bag . . . . . . . . . feet
FAXIMULL ALTITUDE

Balloon Volume . . » . 4 s e . cu. ft.

Helium 11.1 kg/mol
Gas Lift/mol « + & &« « o « « « Hydrogen 12.0 kg/mol
Moler Volumo = Balloon volume X pas 1ift/mol

gross load
cu. ft.

Maximum Altitude . « + & . . . . ft. m.s.1e

Altitude Sensitivity « o+ o » e s ft./keg.




BALLAST COMFUTATIONSFLIGHT #

Balloon Surface Diffusion zmeasured ; gn/hr. 6/o Inflation ofo
estimated

Full balloon surface diffusion - beliloon surfeace diffusion
(o/o Inflation) 2/3 gm/hr.

Estimated full Balloon ceilin diffusion = F, B. Surface Diffusion
Ceiling Pr.
x Surface Pr. __________Pgr/hr.

Description of Ballast Unit: (components, serial nos. Dimensions)

Lmount of Ballast 2
Initial flow, maximum hoad gm./min,
Meximum flow, meximum head gm./min.

Amount of ballast

Estimated Ballast duration - »

TUIf balloon colling usion hrs,
S5ize Orifice used in, Weiting time beforc releasc min,

e e ree— ———————

Size Limiting Orifice used in,
Size filter used in,
Initial Head to valve or orifice in.
Finel " n 1 n tr ing
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Kew York University
Research Division
Balloon Froject

Supplementary Information for Flight Ne.

Release: Site date time

-

Encoded Sounding Data:

Encoded Upper Winds

Release Veather

In~Flight Hourly Weether

Train Sketch in Folder _ Films Sent Cut

List Flight Records in Folder:

Remarks

Checked by




Transmitter rerformence for Flight No,

Release: Dete Time

Site

Transmitter Type and Serial No.

Batteries: Type and Kumber

Open Circult Voltases:

Voltages Under Load:

Description of Fressure Unit

Dgscription of Specizl Equipment

Reception at Station 2

Reception et Station #3

Critique
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Appendix 11
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Table KLY Ballast Plow. IR LI I T IR B B 0104

Tab134= BallOO‘nData.......-..-....105

Graph Number

Graph 1l: Free Lift vs. Rate of Rige « o o ¢ 2+ o » .108

Greph 2: Gross Lift vs. Bubble Length . . 107

Graph 3: Buoysncy vs. Altitude .+ + « « &+ o+ o . 108

Graph 4: Gross Lomd vs. Altitude Sensitivity. . . 4109
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December 1948

Prepared by

Irwin Brill
Research Assistent

Balloon Project
Research Division
Yew York University

Under Contract W28=099-ac-241 with
Watson Leboratories, AM.C., U.S. Air Forces

-3 =




Source

Pressure from surface (0 feet} to A5,000 feet:
teken from Netional Advisorvy Committee for
Aeronautics Report #538, and corrected as
noted below,

Pressure from 85,000 feet to 1R3,538 feet:
taken from Nationsl Advisory Committee for
Aeronsutics Report #1200,

Temperstures st 1000-foot intervals, taken
from National Advisory Committee for
Aeronautiecs Reports #538 and 1200,

Geopotential
Agsumptions for pressure corrections:

Accuracy

0 feet to 30,000 feet based upon assumed
constant geovotentisl,

20,000 feet to AR%,000 feet corrected for

geopotential, by approximste correction
factors, (Taken from extrapolsted ocurve
of difference in feet, from &5 ,000 to
100,000 feet, between N.A,C.A, table #538
uncorrectedf and N,A.C.,A, Technical Note
1200 (corrected),

35,000 feet to 183,538 feet, corrected for

geopotential by Wational Advisorv Committee
for Aeronsutics, Note #1200,

Surface to 30,000 feet = 15 feet, assuming
constant geopotentisl,

30,000 feet to A5,000 feet t 30 feet
£5,000 feet to 100,000 feet % R0 feet
100,000 feet to 120,000 feet t 100 feet
120,000 feet to 135,000 feet t 150 feet
135,000 feet to 1A3,538 feet t 250 feet
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Table 1

PRESSURE (MB) VERSUS HEIGHT (¥EET)

MB ALT, DIF, MB _ AIT, DIF, MB ALT, DIF, MB ALT, D

e e e m e ma da e s e R

.015  -47 27 9R9 1228 28 922 2593 29 878 4002 31
014 =20 27 9A8 1258 28 921 2822 29 874 4033 31
013,85 © 27 9R7 1284 28 920 2A51 29 873 4084 31
LO13 7 27 988 1312 28 919 2480 29 872 4095 31
L0l2 T4 27 985 1340 28 918 2709 29 a7l 412 3
1011 81 27 964 1288 28 917 2738 29 870 4157 31
1010 88 27 983 1398 28 918 2787 29 89 4188 31
L0099 115 27 9R2 1424 28 915 27968 29 BR8 4219 31
Loos 142 27 981 1452 28 gl4 2825 29 8A7 4250 31
LO07 149 27 980 1481 29 913 2854 29 88 A28 31
LOO8 198 27 959 1510 2¢ 912 2883 29 8As 4312 31
LO05 223 27 988 1539 29 911 2912 29 8R4  A3Z43 31
L004 250 27 9R7 15R8 29 910 2942 30 83 4374 31
LO03 277 27 958 1597 29 909 2972 20 BR2 4405 31
L1002 304 2" 955 1828 29 908 3002 20 8rR1 4438 31
L001 332 28 954 1A55 29 907 3032 30 8RO 4487 3]
1000  3R0 28 953 1A84 29 906 30RZ 20 B89 4498 3]
999 388 28 952 1713 29 905 3092 30 B58 4529 31
998 418 28 9F1 1742 29 904 3122 30 887 4530 31
997 444 28 950 17AY 29 903 3152 20 gs6 4591 31
996 472 28 949 1790 29 902 3182 30 g5  amr22 Bl
985 500 28 948 1829 29 901 3212 30 B84 4R%3 3]
994 528 28 947 1888 29 900 3242 = 53 4”RB4 31
993 564 28 846 1887 29 899 3272 R0 g8z 4715 31
992 S84 28 945 1918 29 898 3302 20 8R1 4748 31
991 &81l2 28 944 19045 29 897 3332 30 880 4777 3
990 &40 28 94% 1974 29 894 3382 70 849 4808 31
988 468 28 942 2003 29 895 3392 30 848 4840 32
988 RQs 28 941 2032 29 B94 72422 30 B47 aAg72 32
o87 724 28 940 2081 29 893 3452 30 846 49002 32
988 762 28 939 2090 29 892 2482 %0 845 4938 32
985 780 28 938 2129 29 891 3512 30O g44 4968 32
984 808 28 937 2158 29 890 2542 30 84% S000 32
983 83A 28 938 2187 29 gRO 3RP2 30 842 5032 32
982 884 28 935 2214 29 8a8 3ARO2 %0 841 50R4 %2
981 892 28 034 224% 29 887 3A32 30 840 K098 32
980 920 28 938 2274 29 8RR ZRRE 0 839 Rr128 32
979 948 28 932 2303 29 8858 3ZRO02 30 838 &l1A0 32
978 978 28 931 2332 29 ge4 772 3] gz7 ®192 32
977 1004 28 930 2781 29 ez z7%4 31 838 ®224 32
978 1032 28 929 2790 29 882 z78% 31 835 5256 32
g75 1080 28 928 2419 29 881 3818 31 834 5288 32
974 1088 28 927 2448 29 880 3847 31 833 5220 32
973 1lle 26 928 2477 29 879 3878 31 832 5352 32
972 1144 28 925 2%0R 29 a78 2909 31 831 5384 32
971 1172 28 924 2535 29 877 3940 31 870 5418 32
@70 1200 28 92% 2584 29 878 %971 31 829 5448 32
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MB ALT, DIF, MB ALT, DIF. MB ALT, DIF. MB ALT, DI,
@28 %480 32 781 7026 34 734 B8RA8 35 AB7 10358 37
827 5512 32 780 70R0 34 73%  BRB3 3R ABA 10395 37
826 FS544 32 "79 7094 B4 732 8718 35 ABS 10433 38
825 5576 32 778 7128 34 731 8754 %A f84 10471 38
824 5808 32 779 7182 34 30 8790 A AB3 10509 38
823 5640 32 776 7196 34 729 8826 36 AB2 10547 38
822 5AT2 32 775 7230 34 728 8882 34 RSBl 10585 38
821 5704 32 774 72R4 34 7e"  8RO8 38 £80 10823 38
820 5738 32 773 7268 34 72A 89324 3R A79 10AAl1 38
819 &57868 32 772 7332 34 25 8970 34 A78 10899 38
g8l8 5800 32 771 7388 B4 724 9008 3R a77 10737 38
817 5833 33 770 7400 B4 782 9042  3A ATA 10775 38
gl 5886 33 769 74%4 34 722 9078 3R A75 10813 38
815 5909 33 768 7468 34 721 9114 3R A74 10851 38
8l4 5932 33 767 7502 34 720 91F0 36 A73 10889 38
813 5965 33 786 7838 34 719 9186 34 A72 10027 38
8l2 5998 33 765 7E70 34 718 9222 34 A71 10985 38
811 8031 33 764 7604 34 717 9258 %8 A70 11003 38
810 AOR4 33 783 7638 34 714 9204 %R ARY 11041 38
809 8097 33 7862 TATZ2 34 718 9330 38 A88 11079 38
BO8 8130 33 761 7708 B4 714 9BA8 3R A87 11117 38
807 /183 33 780 7740 34 71% 9402 3A ARS 11155 38
808 R1l98 33 759 7774 Ba 712 9438 36 ABE 11193 738
805 A229 33 788 7808 34 711 9474 38 sR4 11231 38
804 8262 33 757 7843 35 710 9510 34 £A3 11270 39
803 A/295 33 756 w878 35 709 9548 3A AR2 11309 39
802 &328 33 756 791% 35 708 9582 %A ARl 11348 39
801 A381 33 754 7948 35 707 GAl18 34 A0 11387 39
BOO 6394 33 763 7983 3§ 7068 Q855 37 A%9 1142~ 39
799 6427 33 752 8018 35 708 QRQ2  3B7 AR8  114A5 39
798 B84R0 33 751 8053 2§ 704 Q729 37 A7 11504 39
797 6493 33 750 8088 35 70% 9786 37 ARE 11543 39
796 6528 33 749 812% 3§ 702 9803 37 A55 11582 39
795 £559 33 748 gi58 35 701 9840 37 AS54 11821 39
n94 A592 B3 747 819% 25 700 9877 37 2%27 11880 39
793 @/RZ5 33 746 8228 13§ A9 9914 37 A52 11899 39
792 ARAB8 33 745 8283 3§ AOB 9951 37 AR1 11738 39
791 6691 353 744 8298 35 AQ7 Q988 37 AR0 11777 39
790 6724 33 743 8333 3§ &£96 10025 37 £49 11818 329
789 A7TS7 33 742 8788 3% AO8 10082 37 £48 11855 39
nes8 8790 33 741 8403 35 A94 10099 37 847 11894 39
787 6823 33 740 8438 35 AQ3 10138 37 46 11933 39
786 #8586 33 739 8473 35 £92 10173 37 45 11972 39
785 A/BO0 33 738 8RO8 3% 891 10210 37 ga4 12011 39
784 ARO24 34 37 B8543 35 29D 10247 37 A47 12051 40
783 AQS8 B4 736 8578 35 REQ 10284 37 A42 12091 40
782 A992 34 735 8413 35 ABE 10321 37 f41 12131 40




MB _ ALT. DIF, MB AILT, DIF, MB ALT, DIF, MB  ALT,

40 12171 40 92 14130 42 543 1A270 45 494 18574
639 12211 40 591 14172 42 §42 18315 47 493 18623
638 12251 40 500 14214 42 541 1A3A0 45 492 18672
637 12291 40 §89 14256 42 540 18405 4% 491 18721
836 12331 40 588 14298 42 RZQ 1/481 48 490 18770
635 12371 40 E87 14741 43 538 1R497 4R 489 18819
634 12411 40 £86 14384 473 =27 1AR43 46 488 18868
833 12451 40 585 14427 43 RBR  1ARBO ¢ 487 18917
832 12491 40 584 14470 43 F35  1RA35 .8 4B 189688
831 12531 40 583 14513 43 534 1RASY 48 485 19015
830 12571 40 582 14558 43 R3% 14727 46 484 19065
$29 12611 40 §81 14599 43 5§32 1A773 46 483 19115
628 12651 40 589 14642 43 521 16819 46 482 19185
627 12691 40 579 14A85 43 630 1A8A5 48 481 19215
626 12731 40 S78 14728 43 529 18911 48 480 19285
625 12771 40 597 14771 43 528 1A9K7 4A 479 19315
AZ4 12811 40 576 14814 43 =27 17003 4A 478 19385
623 12851 40 575 14857 43 =24 17049 44 477 19415
622 12891 40 574 14900 43 525 17095 44 476 19465
21 12931 40 573 14943 43 §24 17141 46 475 19515
620 12971 40 672 14986 43 523 17188 47 474 19565
619 13012 40 571 15029 43 522 17235 a7 473 19418
618 13053 41 570 15072 43 521 17282 47 472 19867
617 13094 41 569 15115 43 §20 17329 47 a71 1978
616 13135 41 5A8 15158 43 519 17376 47 470 19769
615 13176 41 567 15202 44 518 17423 47 469 19820
#14 13217 4l 5A6 15244 44 517 17470 497 4/8 19871
513 13258 41 565 15290 44 514 17517 47 4A7 19922
612 153299 41 584 15334 44 815 17584 47 4RA 19973
611 13340 41 5R3 15378 44 £14 17R11 47 485 20024
610 13381 41 582 15422 44 R13 17”58 47 464 20075
609 13422 41 561 154R6 44 12 17705 a7 483 20127
608 13483 41 860 15510 44 511 17752 47 482 20179
07 13504 a4l €59 15554 44 510 17800 48 asl 20231
606 13545 41 £58 15598 44 Q09 17848 48 440 20283
605 13586 a1 557 15642 44 508 17894 48 459 20335
804 13827 4l F56 15688 44 507 17944 48 A58 20387
803 13688 41 555 15730 45 506 17992 48 457 20439
602 13710 42 554 15775 45 505 18040 48 458 20491
601 13752 42 553 15820 45 504 18088 48 455 20543
RO0 13794 42 552 15865 45 503 1R1%A 48 454 20595
599 13838 42 §51 15910 4§ 502 18184 48 45% 20R47
598 13878 42 550 15955 45 501 18232 48 452 20899
§97 13920 42 549 12000 45 =00 18280 48 471 20751
596 13962 42 548 1A045 45 499 18329 49 450 20803
595 14004 42 547 1A/090 45 498 18378 49 449 20856
5904 14046 42 546 1R/135 45 497 18427 29 448 20909
593 14088 42 545 1A/180 4§ 496 1847R 49 447 20982

544 16225 45 495 18525 49 446 21015
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MB ALT, DIF, MB ALT, DIF, MB, ALT, DIF, MB ALT, DIF,
445 20543 53 7297 23741 S8 349 2RABA R4 201 29989 74
444 21122 54 3R 23799 58 348  2AT4B A4 300 B00AR1 74
44% 21176 54 395 23857 S8 247 2AB12 A4 299 30139 76
442 21230 654 394 23915 58 T4A  SABT8 AR 208 30217 78
441 21284 54 393 23973 &8 745 2AQ44 A6 297 30295 78
440 21338 54 7292 2403) 58 %44 27010 AR 298 30373 78
439 21392 54 391 24090 A0 343 27074 AR 295 30451 78
438 21448 B4 390 24150 &0 342 27142 RS 294 30529 78
437 21500 54 389 24210 a0 741 27208 AAK 293 30AR07 78
478 21554 54 388 24270 &0 240 27274 AR 292 3BORRS 78
435 21808 54 387 24330 A0 239 27340 AR 291 30783 78
434 21662 54 28& 24390 A0 338 27408 AR 200 30841 78
42% 21718 54 388 24450 RO ZZ7 27472 AR 289 %0019 78
432 21770 B4 384 24510 A0 73R 27538 &R og8 30977 78
431 21824 54 383 24570 A0 72E  27R04 AR 2g7 31075 78
430 21878 54 382 24630 .R0 234  27A70 &6 284 311%3 78
429 21932 54 381 24830 A0 333 27738 AR 285 31231 78
428 21988 54 280 24750 &0 332 27808 88 284 31309 78
427 22040 54 379 24810 80 3X1 27874 AB 28% 31387 78
426 22095 &% 3768 24870 A0 330 27942 a8 282 BRl4R5 78
425 22181 56 377 24930 RO 229 28010 =R8 281 31544 80
424 22207 &8 37R 24990 A0 728 28078 f8 280 B1R24 80
423 22883 SR8 375 28050 A0 327 28148 A8 279 321704 80
422 22319 58 374 25112 &2 2R 28214 eB 278 31784 80
421 22375 58 373 25174 a2 %25 28282 A8 277 31884 80
420 22431 58 372 2523”8 A2 324 28350 A8 274 31944 80
419 P2487 58 371 25298 A2 323 28418 rR8 ons 32024 80
418 22543 56 370 2853A0 A2 322 28487 RQ ona %2104 80
417 22599 58 389 25422 82 321 28557 170 27% 32184 80
416 22A55 656 3AB 25484 52 320 28R27 70 o72 32264 80
415 22711 58 3A7 25%4F 82 319 28A97 70 271 32344 80
414 227”7 S8 3868 25608 a2 218 28787 70 270 32424 80
413 22823 58 3”5  25R70 A2 %17 28837 70 org 32504 80
412 22879 &R 3r4 25732 a2 31A 28009 72 orB %2584 B8O
411 2293% 58 BRZ 25794 82 315 28981 72 spn 32244 80
410 22991 5& ZR2  2RBSE  §2 214 2Q0R3 7P SRR 32744 80
409 23047 &A 381 25918 A2 %1% 29125 72 cas 32824 B0
408 23103 54 IR0 25980 A2 712 29197 7o op4 32904 80
407 23181 58 359 26044 64 311 292/9 72 2/% 22084 80
406 23219 58 358 28108 A4 %10 2934) 72 2682 32084 80
405 23277 &8 357 2R172 A4 309 29413 72 21 33144 80
404 23335 58 358 DR23ZA A4 308 29485 72 280 33228 82
403 23393 &8 355 2RZ00 A4 Z07 29587 74 org 33308 82
402 23451 &8 354 2ARA4 B4 304 29/A29 74 258 33390 B2
401 23508 58 383 2R428 A4 30% 29701 174 287 23472 B2
400 23587 =8 352 26492 R4 304 29773 N4 ocs 33564 82
299 23%R25 &8 351 2ARSA A4 303 2084% 74 org  B3AZ8 84
398 23A83% &8 350 2A”A20 R4 202 29917 74 oR4 33728




MB ALT, DIF, MB ALT, DIF, MB ALT, DIF, MB ALT, DIF,

253 33806 84 204 38338 102 155 44110 138 104 52099 196

252 33890 84 203 38440 102 154 44248 138 105 522909 200
251 33974 84 202 78544 104 153 44382 138 104 52499 200
250 B4080 88 201 38848 104 152 44520 138 103 52701 204
249 34146 8A 200 38782 104 151 44rB0 140 102 52905 204
248 34232 88 199 38858 108 150 44800 140 100 53316 208
247 34318 86 198 38984 108 149 44940 140 A MB= .50

246 34404 86 197 39070 108 148 45081 142 99,50 53421 105
245 34490 88 194 39178 108 147 45225 144 99,00 53526 105
244 34576 86 19% 39284 108 148 45389 144 98,50 S53A31 105
243 34A82 88 194 39394 108 145 45513 144 98,00 S3741 110
242 34749 88 193 39502 108 144 45657 144 97,50 5£3851 110
241 34837 88 192 39612 110 143 45804 14A 97,00 53981 110
240 34925 88 191 39721 110 142 45952 148 9”,50 54071 110
239 35013 88 190 39832 112 141 4A100 148 94,00 54181 110
238 35101 &8 189 39944 112 140 4A248 148 9%,50 54291 110
237 35189 88 188 40056 112 1%9 4A400 150 95,00 54401 110
2%4 35277 88 187 40188 112 138 4R552 152 94,50 54511 110
235 35367 90 186 40280 112 137 4A704 152 ga,00 54621 110
234 35457 90 185 40392 112 138 4A8FA 152 93,850 54733 115
233 35547 90 184 40508 116 135 47012 15A 93,00 54848 115
232 35837 90 183 40822 118 1%4 ATIAB 156 92,50 54963 115
231 35727 90 182 40738 118 133 47324 15A 92,00 55078 118
230 35819 90 181 40854 11a 132 47484 1RO 91,50 55433 115
229 35911 92 180 40970 116 131 47R44 180 90,00 55548 115
228 36003 92 179 41086 114 130 47804 1RO 89,50 55853 115
227 3A095 02 178 41202 118 129 47988 1A4 89,00 55770 120
226 3A187 92 177 41321 120 128 48132 184 88,50 55890 120
225 B3R281 94 176 41441 120 129 48298 184 88,00 54010 120
224 3A375 94 175 41581 120 126 484r4 1488 87,50 58130 120
223 364A9 94 174 41681 120 1285 48A32 1R8 87.00 58250 120
222 38563 04 173 41801 120 124 48800 168 g8&, 80 58370 120
221 3ARRS8 94 172 41921 120 123 489AR9 172 8,00 5A491 120
220 3A754 95 171 42044 124 122 49141 172 85,50 5AALE 125
219 36850 96 170 42168 124 121 49313 172 85,00 5A741 125
218 3R948 94 169 42292 124 120 49488 17a 84,50 5AB88 12%
217 37042 96 168 42416 124 119 49”84 17A 84,00 56991 128
214 37138 98 187 42541 128 118 49840 174 83.50 57114 125
215 37236 98 166 4289 128 117 0018 180 83,00 57241 125
214 37334 98 185 42797 128 116 50198 180 82,50 &73AA 125
213 37432 98 164 42925 128 115 50381 184 82,00 &£749% 130
212 37530 98 183 43053 128 114 ©505A5 184 81,50 %7825 130
211 37830 100 1A2 4318)] 128 113 50752 188 21,00 57755 130
210 37730 100 1R1 43311 132 112 50940 188 80,50 57885 130
209 37830 100 180 43443 122 111 51129 190 80,00 58015 130
208 37930 100 159 43575 132 110 51321 192 79,50 58145 130
207 38032 100 158 43707 1%2 109 51513 192 79,00 58279 135
206 38134 102 157 43839 132 108 51707 195 78,50 58414 135
205 38236 102 156 43974 134 107 51903 194 78,00 58549 135

~100=-




MB ALT, DIF, MB _ALT, DIF, MB ALT, DIF., MB AIT. DIF
7,50 58684 135 52,50 66884 200 27,50 80502 380 20,60 88606 102
77,00 58819 135 52,00 87086 205 27,00 80892 390 20,50 86708 102
76,50 58959 140 51,50 67291 205 26,50 81284 400 20.40 86812 104
76,00 59099 140 51,00 A7408 210 2&,00 81884 410 20,30 86918 104
75,50 59239 140 50,50 87709 210 25,50 82090 420 20,20 87020 104
75,00 59379 140 50,00 87922 215 AP = ,lmb 20,10 87124 104
74,50 59519 140 49,50 #8137 215 25,00 82510 84 20,00 87228 104
74,00 59659 140 49,00 #8352 215 24,90 82598 86 19,90 87334 106
73,50 59799 140 48,50 68567 215 24,80 826482 88 19,80 87440 1086
73,00 59943 145 48,00 68782 215 24,70 82748 88 19,70 87546 106
72,50 60088 145 47,50 68997 220 24,80 82854 B8A 19,80 87654 108
72,00 60233 145 47,00 89207 220 24,50 82040 88 . 19,50 87762 108
71,50 80378 145 4A,50 A9432 225 24,40 83028 88 19,40 87870 108
71,00 60527 150 46,00 89689 230 24,30 83112 86 19,30 87978 108
70,50 60877 150 45,50 #9899 230 24,20 83200 88 19,20 28088 110
70,00 60827 150 45,00 70132 235 24,10 83288 88 19,10 88198 110
89,50 60977 150 44,50 70387 240 24,00 83376 88 19,00 88308 110
A9.00 A1131 155 44,00 70807 240 23,90 82484 88 18,90 88418 110
88,50 61285 155 43,50 70848 245 23,80 83652 88 1£,80 88532 114
68,00 81441 1%5 43,00 71093 245 23,70 83640 88 18,70 88646 114
67,50 81596 155 42,50 71338 250 23,60 83730 90 18,60 88760 114
67.00 #1751 155 42,00 71585 250 23,50 83820 90 18,50 88874 114
86,50 61908 180 41.50 71835 255 23,40 83910 90 1£,40 88988 114
68,00 62088 180 41,00 72087 255 23,30 84000 90 18,30 89102 114
65,50 62228 160 40,50 72346 280 - 23,20 84092 92 18,20 89216 114
85,00 62388 180 40,00 72A08 285 23,10 84184 92 18,10 89330 114
64,50 62551 165 39,50 72873 270 23,00 B4276 92 18,00 89448 118
64,00 82716 165 39,00 73141 270 22,90 84348 92 17,90 89546 118
83,50 #2881 185 38,50 73411 275 22,80 84462 94 17,80 89684 118
83,00 A3047 170 38,00 73885 298 22,70 84566 94 17,70 89802 118
62,50 83217 170 37,50 73986 280 22,80 B4850 94 17.60 89920 118
62,00 A3%87 170 37,00 74243 285 22,50 84744 94 17,50 90039 118
81,50 83557 170 3A,50 74531 200 22,40 84838 94 17,40 901s0 122
A1,00 /3727 170 38,00 74823 295 22,30 84932 94 17,30 90282 122
60,50 63899 175 35,50 75120 300 22,20 84028 96 17,20 90404 122
60,00 64074 175 35,00 75420 305 22,10 84124 96 17.10 90528 122
59,50 84249 175 34,50 75725 310 22,00 85220 968 17,00 90648 122
59,00 #4429 180 34,00 7A032 310 21,90 85314 . 96 1#/,90 90774 126
58,50 64509 180 33,50 76344 315 21,80 85412 94 1¢,80 90900 126
58,00 A4789 180 33,00 766R0 320 21,70 88508 98 14,70 91026 126
57.50 64970 185 32,50 74980 325 21,80 8506 98 1R,A0 91152 128
57,00 65155 185 32,00 77304 330 21,50 85704 g8 1A,50 91278 126
56,50 65340 185 31,50 77834 335 21,40 85802 98 1/.,40 91408 130
56,00 65525 190 31,00 77972 340 21,30 85900 98 14,30 91538 130
55,50 #5715 190 30,50 78314 350 21,20 8A00Q 100 1A.20 91#A8 130
55,00 65905 190 30,00 78464 380 21.10 84100 100 1A,10 91798 130
54,50 AA095 195 29,50 79022 30 21,00 86200 100 1A,00 91928 130
54,00 66290 195 29,00 79382 3A5 20,90 86300 100 15,90 92064 136
53,50 66485 200 28,50 79748 370 20,80 86402 102 15,80 92200 138
53,00 66664 200 28,00 80122 380 20,70 86504 102 15,70 92336 136




MB ALT, DIF, MB ALT, DIF, MB  ALT, DIF,
15,60 92472 136 10,60 100834 198 5.60 114578 432
15,50 92608 136 10,50 100832 198 5.50 115010 432
15,40 92744 138 10,40 101030 198 5.40 115442 432
15,30 92886 142 10,30 101240 210 5.30 115874 432
15,20 93028 142 10,20 101450 210 5,20 118338 484
15,10 93170 142 10,10 1016860 210 5,10 118802 444
15,00 93312 142 10,00 101870 210 £.00 1172A8 4484
14,90 93454 142 9,90 102080 210 4,90 117730 484
14,80 93598 142 9,80 102304 224 4,80 118194 484
14,70 93738 142 9,70 102528 224 4,70 118724 530
14,60 93880 142 9.80 102752 224 4,80 119254 530
14,80 94022 142 2,50 102976 224 4,50 119784 830
14,40 94164 142 9.40 103200 224 4,40 120352 5ARS8
14,30 943CA 142 9.30 103424 224 4,30 120920 588
14,20 94454 148 2,20 103648 224 4,20 121488 568
14,10 94802 148 9.10 103872 224 4,10 12205~ 568
14,00 94750 148 9,00 104098 224 4,00 122696 A40
13,90 94898 148 8,90 104342 246 3.90 123336 £40
13,80 95048 148 8,80 104588 244 3,80 12397r &40
2.70 95200 154 8,70 104834 248 3,70 124872 RIA
153,A0 953A0 180 B.80 105080 244 3.,R0 1253A8 AR9A
13,80 985520 160 8,50 105326 244 5,50 12R0A4 AOAR
13,40 95680 160 8,40 105572 248 2,40 12rB858 794
13,320 95840 180 8,30 105818 244 3,30 127852 794
13,20 98000 1860 8,20 108064 248 3,20 128484 812
12,10 96160 160 8.10 106339 275 3,10 129276 812
13,00 98320 180 8,00 106414 275 3,00 130088 812
12,90 96480 160 7.90 106889 275 2,90 131032 944
12.80 98648 168 7.80 107184 275 2,80 131976 944
12,70 968l1¢ 168 7,70 107439 275 2,70 132984 1008
12,60 9A984 168 7.60 107714 275 2,60 133992 1008
12,50 97152 1A8 7.50 107989 275 2,50 137074 1082
12,40 97320 188 7.40 10829/ 307 2,40 13A15R 1082
12,30 97498 178 7.30 108603 307 2,30 137438 1282
12,20 97474 178 7.20 108910 307 2.20 138720 1282
12,10 97854 178 7.10 109217 307 2,10 140002 1282
12,00 98032 178 7.00 109524 307 2,00 141482 1480
11,90 98210 178 6.90 109831 307 1,90 142922 1440
11.80 98388 178 6.80 110138 307 1.80 144382 14A0
11,70 98566 178 6,70 110482 344 1.70 14A/182 1800
11,80 98744 178 R.AD 110828 346 1.A0 148082 1880
11,50 98922 178 6.50 111174 348 1,50 150040 1978
11,40 99100 178 R,40 111520 346 1,40 15217A 2134
11,30 99288 188 6.20 1118A6 344 1.30 154384 2208
11,20 99476 188 6,20 112246 380 1.20 158792 2408
11.10 99864 188 £,10 1126268 380 1,10 1~0040 3248
11.00 99852 188 8,00 113006 380 1.0C 1A3538 3498
10,90 100040 188 5,90 113386 380
10,80 100238 198 5.80 113766 380
10,70 100436 198 5,70 1141468 380

=1 2=




Table 2

TEMPERATURE IN N.A.C.A. STANDARD ATMOSFPHERE

Altitude Temp. (°C)} Altitude Temp, (°C) Altitude Temp.{°C}
0 15 , 96,000 ~55

1,000 13 48,000 -5% 97,000 -85
2,000 11 49,000 -55 98,000 ~55
3,000 9,1 50,000 -55 99,000 ~55
4,000 7,1 51,000 =55 100,000 -55
5,000 5.1 52,000 -85 102,000 ~55
6 ,000 3.1 53,000 ~55 104,000 -55
7,000 1.1 54,000 -55 104,987 -55
8,000 - 0,8 55,000 -55 108,000 -52,9
9,000 - 2,8 56,000 -55 108,000 -48,5
10,000 - 4,8 57,000 -55% 110,000 ~43,9
11,000 - 6,8 58,000 55 112,000 -33,5
12,000 - 8,8 59,000 -55 114,000 -35,0
13,000 -10,8 £0,000 -55 118,000 -30,8
14,000 -12,7 81,000 -55 118,000 -28,1
15,000 -14,7 82,000 -55 120,000 -21,8
16,000 -16,7 63,000 -55 122,000 -17,1
17,000 -18,7 84,000 -55 124,000 -12.7
18,000 -20,7 85,000 ~55 124,000 - 8,2
19,060 -22.8 88,000 -55 128,000 - 3,7
20,000 -24,6 7,000 -55 130,000 £ ,72
21,000 ~26,6 28,000 =55 132,000 + 5,2
22,000 -28,8 89,000 -55 134,000 + 9,7
23,000 ~-30,8 70,000 -R5 136,000 +14,2
24,000 -32,5 71,000 -55 138,000 +18,8
25,000 -34,5 72,000 -85 140,000 +23,1
24,000 -3A,5 73,000 -55 142,000 +27,8
27,000 -38,5 74,000 -55 144,000 +32,1
28,000 -40,5 7% ,000 -R& 144,000 +38,5
29,000 -42,5 76,000 -55 148,000 +41,0
30,000 ~44,4 77,000 -55 150,000 +45,5
31,000 -46.4 78,000 -55 152,000 +50,0
32,000 -48,4 79,000 -55 154,000 +54,4
33,000 -50,4 80,000 =S5 154,000 +58,9
34,000 -52,4 81,000 -55 158,000 +63,4
35,000 -54,3 82,000 -55 180,000 +87,8
35,332 -55 83,000 -55 1#2,000 +72,53
36,000 -55 84,000 =55 144,000 +7R,8
37,000 -55 85,000 -55

38,000 -55 86,000 -55

39,000 ~55 87,000 -55

40,000 ~-55 88,000 -55

41,000 -55 89,000 ~55

42,000 =55 90,000 -5%

43,000 -55 91,000 ~55

44,000 -55 92,000 -KK

45,000 -55 93,000 -55

48,000 ~55 94,000 -55

47,000 -55 95,000 -55

=163~




Table 3

Table of flows in gm/hr. from "Spinnerette Orifices"

dia. Q (actual) in gm/hr,

(in inches) at 24 Hd, | at 22" Hd, | at 20" Hd. | et 18" Ed,
.003 35 33.5 32 30,5
.004 62.8 60 57 54,5
.005 97.5 93.5 88.8 84.5
.006 141 134 128 122
007 192 184 175 166
.008 251 241 229 217
.009 317 303 289 274
.010 392 375 358 340
.011 474 453 433 410
012 564 640 515 488

1
Q (mctual) gn/hr. e G4 (die.")2 (ha.")R
x 1.003 x 10°

(cd varies from .78 to .82)

Cq (mean) = .80 (used above)

3

2

Ql hd.l
<, ¢ \E

=104~




Teble 4

BALLOCON DATA
lvemersl Mills | Actusl | Balloom | Estimated Gross|Altitude

ominal Diametey Volume Weight Load Limit Range
ft. BU.ft. kg- kgo ft.

7 200 0.6 1.5 to 5 38,000 o

0

20 4300 3.8 to 7 to 38 68,000 to
5.0 37,000

30 12,700 8.9 12 to 60 82,000 to
50,000

70 200, 000 41 to 54 50 to 175 110,000 %o
84,000
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Note: On flights made in February, 1949, spring
bow appendix closers were used successfully with
rates of rise exceseding 1000 feet per minute. Of

those described on psge 10, this type of appendix

stiffener is now recommended.
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3 Septerber

10 September

il Sentember

15 Sertember

15 Sentember

1Lt -

15L7 -

1547 -

16L7 -

104h7 -

1947 -

16L7 - A

CIAFTER XIIX

VISITOnS
and
SRCUTIVE CALENDAR

Colonel Elanchard and bLt, sizut went to Artesiz where
Colonel Blanchard was guest spezker at the Artesia
Heman's Cluk luncheon

Colonel Pslham D, Glasford, Eighth Air Force Alr
Inspectorts Cffice and Lit. Colonel John A, Roberts,
ads¢istant Chief of Dt:ff, arrived for general
fan;l%rluatlon with varicus activities on the field
as pertains to their respeciive Jobs

lol. John U, Ryan, A=-3; Lt, Colonel Calvin W. Fite,
Jr., Lt. Colomel Cerl V, Ekstrand, Lt.Colonel fay C
wilton, Major Leroy S. English, Laptuln Iloyd R.

Ureasman, Captain James ¥, urady, all frem Heodquarters.

Eichth Air Force, arrived here for a conference and
irspecting and coordinztion with various sections on
the oase. Lt. Colonels Harman and Ord arrived from
Alburquercue for the conference,

The above-named zroup departed for Forth Worth and
Tucscrn.

s, Lawrence A. lezson, Sr., lizson representotive
- - - -~
from San antonio, called con “olonel Blanchard,

br,” feonles, ir, Hackman and First Lientenant Thompson
irom ALr waterizl Commamd arrived on the field to
inspect Air iaterial Command instzllaticens and to
confer with Lt, Colonel Eriley.

Captain J. 7. worgan, from Headquartiers Eighth Air
force, was here to confer with the Zngineering Cificer,
Captain “ecterson, in regard to the de-icer toot on
C-5h aircraft.

Inspection teams from this Bzse inspected various

Base zctivities, organizations, and installations.

Troops {rom Koswell Army’Ai:*ield marched in a
parade in the City of Roswell at 1030 for the benefit
of thefChavez County Hemorial Youth Center.

meeting of S-1, -2, §~3, S-L, DCC, Executive,
Air Insrector, Adjutant and Cormanding Officers of
the 267rd, 8320th, and 715th Bomb Squadrons was held
in the Control Room to discuss the recrganization.
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THE FOCAL LENGTH CALCULATED FOR THE CAMERA USED TO TAKE PHOTOGRAFPH NEG. #1 [SEQUAL TO
121mm.

ASSUMPTIONS:

BROWN WRAPPING PAPER ON FLOOR UNDER ORJECT OF INTEREST IS ASSUMED TO HAVE A WIDTH OF 35.5 +3".
RADIATOR ON LEFT SIDE OF THE PHOTOGRAPH IS ASSUMED TO HAVE A TOTAL HEIGHT OF 28 £ 2.

MEASUREMENTS:
STICK MEASUREMENTS:
LENGTH WIDTH
D. ™) )] M) (IN)
A 0.7 27.6" 0.01 o.4"
B 0.6 23.6" 0.01 0.4"
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D 0.5 19.7" — —_—
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H 0.6 236 — -
BASE BOARD 0.1 3.9" —_ —

NOTE: THE ACCURACY STATEMENT 1S 10% OF THE REPORTED LENGTHS AND WIDTHS.
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General Carl A. Spaatz, Commanding General, U.S. Army Air Forces,
1947. Gen Spaatz was the Chief of Staff, United States Air Force,
1947-1948. A review of his personal and official documents, including
highly classified daily briefings for the summer of 1947, do not in any way

suggest that U.S. Army Air Forces recovered a flying saucer or its alien
occupants. U/.S. Air Force Photo.



http://www.gl.iit.edu/wadc/history/roswell/report/p976.html

Lt. Gen. Hoyt S. Vandenberg, Deputy Commander, U.S. Army Air Forces, 1947.
General Vandenberg served as Chief of Staff, United States Air Force 1947-1953. He
is alleged to have directed the recovery of a flying saucer at Roswell Army Air Field
on July 8, 1947. A review of his official daily activities calendar revealed his
knowledge of a reported flying saucer recovery on July 7 in Texas, an incident that he
later determined to be a hoax. Records do not support the claim that he had any similar

involvernent on July 8, as charged by crashed saucer conspiracy theorists (see Afch 15).
U.8. Air Force Photo.
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General Nathan F. Twining, Commanding General, Air Matériel !
Command, 1947. General Twining was Chief of Staff, United States Air |
Force, 1953-1957. UFO theorists allege that General Twining altered his
plans unexpectedly in July 1947 to go to New Mexico to oversee the
recovery of a flying saucer. However, records indicate that Twining went
to New Mexico in July 1947, along with several other general officers, to
attend the Nuclear Bomb Commanders Course. He received orders to
attend this course more than a month before the alleged “incident”
occurred (see Atch 14). U.S. Air Force Photo.
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Maj. Gen. Curtis E. LeMay (/¢ft) and Brig. Gen. Roger M. Ramey are
shown here while serving in Kharagpur, India, during World War IL. U.S.
Air Force Photo.

General Curtis E. LeMay was Deputy Chief of Air Staff for Research
and Development, U.S. Army Air Forces, in 1947, and later Chief of Staff,
United States Air Force, 1961-1965. As Deputy Chief of Air Staff for
Research and Development, LeMay had a strong influence on the high-
priority Project MOGUL (see Apps 8 and 9). He also maintained close
associations throughout his career with former subordinates from World
War II bombing campaigns, including Brig. Gen. Roger M. Ramey and
Col. William H. Blanchard.

Brig. Gen. Roger M. Ramey was the Commanding General, Eighth Air
Force, in 1947. He is alleged to have participated in the cover-up of the
recovery of an extraterrestrial vehicle by substituting debris from an
ordinary weather balloon for that of an alien spacecraft. In fact, General
Ramey displayed the original debris recovered from the ranch, which came
from a MOGUL balloon train. Ramey withheld only the components that
would have compromised the highly sensitive project (see Atch 16).
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Col. William H. Blanchard, Commander 509th Bomb Group, 1947, and
later, Vice Chief of Staff, United States Air Force, 1965-1966. As
commander of Roswell Army Airfield and the 509th Bomb Group,
Blanchard 1s alleged to have secretly directed the recovery of a flying
saucer while pretending to be on leave. Records indicate that Blanchard
was on leave, departing Roswell on July 8 and returning on July 23, 1947
(see Atch 11). US. Air Force Photo.
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Maj. Gen. Clements McMullen, Deputy Chief of Staff, Strategic Air
Command, 1947, General McMullen is alleged to have directed General
Ramey to cover up the recovery of an extraterrestrial craft and crew. After
an extensive search, the “Command Correspondence” file for the period
was located. This file contained privileged and classified information of the
highest order between McMullen and Ramey—it contained no information
to support the outrageous claim.
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Brig. Gen. Donald N. Yates, Chief, Air Weather Service, 1947, and later,
Deputy Director of Defense for Research and Engineering. Crashed saucer
theorists contend Yates participated in a conspiracy by confirming the
weather balloon explanation for the mysterious debris. They also contend
that the debris recovered by the rancher was transported to Andrews AAF,
MD (near Washington, DC), to be examined by high government officials
including the President. In reality, Andrews AAF was the home of the
Army Air Forces Air Weather Service and would be a probable location

for debris, which contained components of weather equipment, to be iden-
tified. U.S. Air Force Photo.
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Albert P. Crary (/eft) and technician
Phil Chantz taking a break during
Project MOGUL operations at White
Sands Proving Ground, NM, July
1947.

Project MoGuL Field
Operations Director Al-
bert P. Crary main-
tained a journal of his
professional  activities
including Project MoO-
GUL research in the
summer of 1947. Por-
tions of his journal pro-
vided details necessary
Lo reconstruct events not
available from published
MOGUL reports (see App
17). In addition to his
work for the Air Force,
this world-enowned sci-
entist i1s credited with
significant contributions
to the study of Polar
regions; a research cen-
ter at McMurdo Station,
Antarctica was recently
named in his honor.
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The distinguished scientists Albert P.
Crary (left) and Dr. W, Maurice
Ewing collaborated at various scien-
tific research institutions throughout
their careers, in addition to perform-
ing their work for the U.S. Air Force.
In the course of their collaborations,
these men had affiliations with
Lehigh University, Columbia Univer-
sity, and Woods Hole Oceanographic
Institution.

Dr. W. Maurice Ew-
ing, preeminent geo-
physicist and oceanogra-
pher. It was Ewing who
first conceptualized the
military significance of
the atmospheric sound
channel. His proposal,
made directly to the
Commanding General
U.S. Army Air Forces,
General Carl Spaatz,
was well received and
resulted in the initiation
of Project MOGUL (see

App 6)}. Photo Courtesy of
Woods Hole Oceanographic
Institution.
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Dr. Athelstan F. Spilhaus (left) and Col. Marcellus
Duffy appear here serving as members of HQ USAAF
Liaison Group to the U.S. Army Signal Corps, Saipan, in
1944, Photo Courtesy of Mrs. Emily Duffy.

Dr. Athelstan F. Spilhaus, Director of Research at New
York University, oversaw but had no direct involvement
in the activities of the NYU Balloon Group or the alleged
incident. He did, however, serve on various high-level
panels which set military and national policy, including
the USAF Scientific Advisory Board (1953-1957). When
asked, for the purpose of this report-—and released from
any security oaths he may have taken—if he ever had
knowledge of a recovery of an extraterrestrial vehicle or
its occupants by the U.S. Government, his unqualified
response was “no.”

Col. Marcellus Duffy, a highly capable scientific
research officer, was a MOGUL project officer. Maj. Gen.
Curtis LeMay, Deputy Chief of Air Staff for Research
and Development, turned to Colonel Duffy to make
adjustments to MOGUL after the project’s progress was
determined to be inadequate (see App 8).
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MoGUL Project Scientist Dr.
James Peoples. Peoples’s deci-
sion not to bring the radiosonde
tracking equipment for the
NYU field trip in June 1947
prompted Project Engineer C.B.
Moore to attach additional ra-
dar targets to the MOGUL bal-
loon trains. The targets, seldom
used in the continental United
States, were recovered by the
rancher and mistaken to be part
of a flying saucer.

Capt. Albert C. Trakowski
who succeeded Colonel Duffy as
MoGUL Project Officer, con-
firmed in a recent interview that
the debris mistaken for part of a
flying saucer was flown to
Wright Field (now Wright-Pat-
terson AFB) OH, not for scien-
tific analysis as alleged by UFO
theorists, but for Colonel Duf-

fy’s personal identification. Photo
Courtesy of Col. Albert Trakowski.
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Charles B. Moore, NYU Constant-Level Balloon Project Engineer. Moore pio-
neered the use of polyethylene balloons for upper atmospheric research. He
launched NYU flight No. 4 on June 4, 1947, which was the balloon train most
likely to have caused what is known today as the “Roswell Incident.” Moore is
presently Professor Emeritus of Atmospheric Physics at New Mexico Institute of
Mining and Technology, Soccoro, NM. Phote Courtesy of C.B. Moore.
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Sitting in the back of the truck (/eft) is a U.S. Army GR-3 Sound Ranging Set,
normally used by field artillery observation units but adapted for use in Project
MoGUL. The set was employed for the MOGUL operations at White Sands Proving
Ground in July 1947. The detonation, or “shot” (right), of 500 pounds of TNT
was monitored at White Sands Proving Ground, NM, in July 1947, by Project
MOGUL balloon and ground-based sensors. Photo Collection of Albert P. Crary.

This modified PT boat that was assigned to Project MOGUL is
shown here off Block Island, RI. Col. Marcellus Duffy eliminated
it and several others from the project when Headquarters 1.S.
Army Air Forces expressed concerns over the progress of MOGUL
under the previous project officer. Photo collection of Albert P. Crary.
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e

Launch of Project MOGUL neoprene balloons, Alamogordo AAF,
NM, June 1947. While awaiting the experimental polyethylene
balloons, NYU engineers utilized long trains of the smaller neoprene
balloons as a stopgap method of placing their acoustic sensors in the
upper atmosphere. These balloon trains consisted of a variety of

equipment and measured more than 600 feet long (see Atch 25}. Photo
Collection of Albert P. Crary.

Standard 350-gram meteorological weather balloons in the North
Hangar at Alamogordo AAF for use by Project MOGUL in June
1947. Although the balloons themselves were common, the remainder
of the equipment on the MOGUL trains was experimental or had been
recently placed in service {see Atch 25). It would not be unusual for
individuals uninvolved in the development of these devices not to
recognize them. Photo Courtesy of C.B. Moore.
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A New York University launch crew prepares a MOGUL balloon train for flight
(Holloman AFB, NM, 1948). The three ML-307C/AP comner reflectors (left) are
of the type that W.W. “Mac” Brazel recovered on a ranch near Corona, NM, in
June 1947.

C.B. Moore, New York University Constant Level Balloon Project Engineer
(left and standing), adjusts an AN/FMQ-1 radiosonde receiver/recorder. The
absence of this equipment on the first NYU field trip in June 1947 (it was left
behind in New York due to space limitations of the B-17 aircraft) prompted
Moore to attach.additional ML-307C/AP corner reflectors to MOGUL flights. The
addition of the oddly constructed reflectors, intended to enhance radar returns,
contributed to the confusion when Mogul Flight No. 4 returned to earth and was
mistaken for a part-of a flying saucer. Moore (right and reaching down) prepares
experimental Project MOGUL microphones for launch (Holloman AFB, Alamogor-
do, NM, July 1948).
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This 15-foot polyethylene balloon (left)
and 70-foot polyethylene balloon (above)
are representative of the type used exten-
sively by Project MOGUL. It is this variety
of balloon that caused many UFO sightings
due to their flat, spherical appearance
when viewed from the ground.
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A blimp hangar at Lakehurst Naval Air Station, NJ (left), contains a Project MOGUL balloon
during its preparation for flight. Lying on the desert floor near Roswell, NM, in July {948
(right) is a Project MOGUL balloon. Due to the prevailing westerlies, MOGUL balloons often
descended in the vicinity of Roswell after launch from Alamogordo. The unpredictability and
hazards to aircraft presented by the balloons prompted the Civil Aviation Administration (now
the Federal Aviation Administration) to conduct a hearing addressing safety concerns of balloons
landing in the Roswell area (see App 13, pp. 43—44).
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Also used during Project MOGUL were balloons developed by Seyfang Laboratories, the
- inventors of the first Macy’s Thanksgiving Day Parade balloons. These balloons were easily
mistaken for flying saucers due to their shape and metallic exterior coating.
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Project MOGUL balloon train components (above) can be compared with the debris recovered
from the Foster ranch and shown at Forth Worth Army Airfield with Maj. Jesse Marcel. Crashed
saucer theorists allege that the debris depicted with Major Marcel is not the original debris
collected from the Foster ranch. A switch is alleged to have taken place after the material arrived
from Roswell AAF. However, detailed analysis and interviews with individuals who viewed and
handled the debris verify it to be completely consistent with the materials launched by Project
MoGUL and subsequently recovered at the Foster ranch.
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