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P la t fo rm  O r ie n ta t io n  System s

Platform attitude control is often 
required on scientific balloon flights. 
A variety of stabilization systems 
has been worked out, two of which 
are described in this issue in articles 
by Thom as Gehrels and R. Musson- 
Genon. Here we summarize the 
general problem of stabilization, and 
indicate methods used by several 
other experimenters.

B alloon-borne m eteo ro log ica l 
measurements commonly do not re
quire special platform orientation, 
since it is usually sufficient for 
sensing instruments to record am
bient conditions during ascent, float 
and descent. But balloon-borne tele
scopic studies of solar and planetary 
atm ospheres, and other astronomical 
observations, require careful align
ment of instrum ents, with motions of 
the balloon system neutralized as 
fully as possible.

Natural Stability at Float

The chief source of platform sta
bility is the balloon system itself. 
Though the system ’s motions may 
be quite erratic and even violent 
while it is rising, most of these 
motions settle to very slight and slow 
changes once the system reaches 
float altitude.

T h e  b a llo o n -b o rn e  sc ien tific  
a p p a ra tu s  is n early  alw ays su s 
pended beneath the balloon at the 
end of a train consisting of a para
chute and miscellaneous lengths of 
cable. The entire system forms a

pendulum which during ascent under
goes extremely complex motions 
and is rarely restricted in its oscilla
tions to a single plane. The period of 
motion is a function of the distance 
between the payload’s center of 
gravity and the balloon’s center of 
buoyancy, and usually exceeds 10 
sec for modern scientific balloon 
systems. The amplitude, even if 
large during ascent, usually remains 
within a few minutes of arc during 
float, and rarely exceeds 1°. In addi
tion, the balloon system turns freely 
about its vertical axis, either rotating 
continuously in one direction or 
oscillating back and forth. During 
ascent it may turn through several 
degrees of arc per second, but at 
float the turning rate decreases to 
only a few degrees per minute.

The longitudinal axis of a balloon 
system is thus oriented perpendicu
larly to the earth’s surface below and 
is stable in that orientation within 
relatively narrow limits. By turning 
a part of the payload, such as a tele
scope, about the vertical axis of the 
balloon system, it may be oriented in 
azimuth relative to any desired fixed 
direction on the earth’s surface below 
the system. The telescope may also 
be turned about an axis perpendicu
lar to the axis of the balloon system 
and thus oriented to any elevation 
angle relative to the earth’s local 
horizontal plane. These two motions 
permit a telescope on a balloon- 
borne platform to be pointed to any 
desired point. Now if the telescope 
can be turned about its own longi

tudinal axis, that point can be tracked 
so that its image remains stationary 
in the focal plane of the telescope. 
The telescope is stable if it is kept 
oriented continuously within the re
quired limits. The accuracy of orien
tation of the system is usually stated 
in terms of these limits.

An orientation and stabilization 
system must have power and motors 
to turn the part to be oriented. Con
sequently it needs sensors to detect 
the error in orientation and a mech
anism to convert error signals into 
appropriate driving torques by the 
motors.

Reference Pointing

In most cases the sun, planet or 
star sighted upon provides a conven
ient and accurate point of reference 
fo r co n tin u a lly  co rrec tin g  any 
motions of the balloon system. Mis
alignment from the sighted object 
can be sensed by a variety of optical 
techniques; the error signal activates 
servo mechanisms which exert a 
corresponding torque to turn the 
instrument or the platform to the 
correct position.

A second orientation mechanism 
complements and often precedes the 
first: using the earth’s magnetic field 
as a point of azimuthal reference, a 
magnetometer can transfer correc
tion signals to servo motors, in 
order to maintain platform or instru
ment attitude in a specified direction. 
Magnetic orientation is particularly
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M agnetom eter orients to earth’s mag- 
_  netic fie ld  from any initial position; light 

^ /h r a c k e r  locks on luminous point o f  refer
ence such as the sun, planets .or stars. 
Vertical reference axis is gravity-aligned.

useful for acquisition, in which sight
ing instruments are turned to an 
ap p ro x im a te ly  co rrec t p o sition  
where fine-focusing optical pointing 
can take over. Because the mag
netom eter depends on no initial 
conditions, it can orient the platform 
from any attitude. Since the local 
magnetic field vector is well-defined 
with respect to the earth at any given 
location, the method offers good first- 
approximation orientation.

•  Variations and adaptations of the 
two principles of light point and mag
netic orientation are common to 
nearly all balloon stabilizing systems. 
In some cases they work in conjunc
tion with instructions transmitted 
from the ground, based on the re
ported attitude of the balloon pay
load.

The Stratoscope Program

One of the most elaborate plat
forms built so far is an orienting and 
stabilizing system for the 36-in. 
telescope used in Princeton Uni
versity’s Stratoscope II program, 
directed by Martin Schwarzschild. 
In this system, telem etered signals 
from the telescope indicate its eleva
tion angle and magnetic direction. 
Using these signals and a vidicon 
system, which provides a 10° field of 
view of the sky for rough orientation, 

^ ^ g r o u n d  o b se rv e rs  tran sm it co m 
mands which align the telescope to 
within 1 min of arc of the correct 
position. Final control is furnished

by signals derived from two pairs of 
photomultipliers mounted around the 
lens receiving light through the pri
mary telescope, from a guidestar in 
the field of view. The image is finally 
stabilized to within about 0.03 sec 
of arc. Targets can be readily se
lected from the ground during flight, 
and so many targets can be observed 
during a single flight, which is true 
also of the Polariscope system, de
scribed in an accompanying article.

Solar Tracking

Flights in the Coronascope pro
gram, conducted by Gordon A. 
Newkirk of N C A R ’s High Altitude

Observatory to observe the solar 
corona with a balloon-borne coro- 
nagraph, made use of a sun-tracking 
orientation and stabilization system 
cap ab le  o f an ab so lu te  po in ting  
accuracy of 5 sec of arc. At this 
accuracy, flexure of the coronagraph 
in the earth’s gravitational field was 
enough to require constructing the 
same susceptibility to flexure in the 
guide telescope, used to sense the 
limb of the sun.

Magnetic Pointing

A group from the Rice U niver
sity D epartm ent of Space Science, 
headed by Robert C. Haym es, is
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observing the gamma-ray spectrum 
from the Crab N ebula by means of 
balloon-borne equipment. They have 
developed a modified equatorial tele
scope mount in which one axis is 
aligned parallel to the earth’s spin 
axis; this alignment is done by pre
setting the platform’s elevation angle 
and locking its azimuth on the earth’s 
magnetic field, with compensation 
for average magnetic declination 
over the expected trajectory. A drive 
system rotates the detector about 
this axis at a rate of 1 rev every 23 hr 
and 56 min, maintaining a fixed angle 
with respect to the axis. Corrections 
for longitudinal drift are transmitted 
from ground stations. Change of 
latitude is normally not large enough 
to need correction. Although the 
accuracy requirements of this system 
are not as strict as those of the sys
tems discussed so far, one test of 
pointing accuracy showed that 75 
per cent of the checks fell within ± 2° 
of arc.

An ex trem ely  sim ple system  
based on magnetic orientation is also

used by a University of M innesota 
team headed by C. J. Waddington. 
They send instruments aloft to 
measure gamma-ray spectra from 
point sources. Recently they have 
begun to study high-energy electrons 
in the primary cosmic radiation at 
energies from 10 to 50 Bev. The 
e lev a tio n  angle o f the  sc ien tific  
instruments (each of which consists 
of a nuclear emulsion stack and spark 
chamber) is preset. Azimuth is con
trolled within 0 .1° of arc relative to 
the earth’s magnetic field. N o cor
rections are made for change of lati
tude, longitude or magnetic field 
orientation.

L. E. Peterson of the D epartm ent 
of Physics, University of California 
at San Diego, conducts balloon 
X-ray astronomical experiments. 
Azimuthal orientation of this detec
tor also depends on the earth’s 
magnetic field as a reference. Eleva
tion angles are programmed with a 
timer. In the usual observing mode, 
the detector points approximately 
north or south at a fixed elevation

angle. A cosmic X-ray source makes 
a meridian transit through the detec
tor aperture as the earth rotates.

Computer Mode

T he N A S A  G o d d a rd  S pace 
Flight Center has developed a bal
loon-borne solar observatory system 
suitable for experiments in which 
pointing accuracy is not paramount. 
The system functions in two pri
mary modes: solar and computer. 
The solar mode is used to point an 
experiment to the center of the sun, 
and has an accuracy of better than 
±1°. The computer mode can point 
an experiment toward any selected 
point in the celestial sphere, using 
magnetometer data rather than light- 
source stimuli, and has an accuracy 
of better than about 3° over a period 
of 10 hr. This system is being used 
by Kenneth Frost of the Goddard 
Space Flight Center and is described 
in N A SA  publication X-732-66-147.

R a d a r  Specification  Q u e s t io n n a i r e

M ost recent radar designs fulfill 
predominantly military and defense 
specifications, and serve research 
needs only incidentally. Meanwhile 
the older T-33, M-33 and Nike sets 
inherited by the atmospheric re
search community are becoming in
creasingly difficult to maintain and 
modify, and no longer satisfy many 
research needs.

Staff members of the N C A R  
Field Observing Facility (FO F) ac
tive in supplying spare parts for 
many of these aging systems have 
grown aware of the need to replace 
them by an up-to-date general pur
pose radar adaptable to a wide 
variety of research tasks.

In early September, George Saum 
of the F O F  distributed approxi
mately 70 questionnaires to research 
meteorologists who depend on radar 
observations, in an effort to gather a 
p re lim in ary  se t o f p erfo rm an ce  
specifications for a new radar. The 
questionnaire solicits researchers’ 
opinions on transm itter wavelength, 
output power, pulse duration and 
rate, and phase coherence; receiver 
configuration, amplification, range 
and calibration; antenna beam width, 
positioning, polarization, and off- 
axis response; target tracking re
quirements, signal processing and 
displays, and portability require
ments, as well as proposed general

uses and environmental conditions.
The questionnaire also invites in

terested researchers to attend a 
round-table discussion to be held at 
N C A R  to discuss in greater detail 
the various specifications suggested 
on the returns.

Radar users who have not re
ceived a questionnaire may request 
a copy by writing to:

George Saum 
Field Observing Facility 
National Center for (
Atmospheric Research 
Boulder, Colorado 80302 •
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T h e  P o la r i s c o p e  P r o g r a m s

Thom as G ehrels, Lunar and Planetary Laboratory, University o f  Arizona

In the Polariscope programs we 
study the constitution and composi
tion of planetary atmospheres and 
interstellar dust clouds from observa
tions of their brightness and polariza
tion over the widest possible range 
of wavelengths. The sun and stars 
generally emit natural light, with 
v ib ra tio n s  random ly  d is trib u ted . 
After scattering by molecules and 
particles in space or in planetary 
atm ospheres, the light is usually 
changed in brightness, in color, and 
in the state of vibration. Some align
ment, or “polarization,” of the vibra
tions may have occurred. These 
effects are measured at ground-based 
telescopes with as many color filters 
as possible. The range of filters on 
the ground is from the infrared to 
the ultraviolet, and most interest
ing diagrams are obtained when the 
polarization is plotted as a function 
of the wavelength (some of these 
plots are shown in Applied Optics 
2, 67, 1963).

Especially when gaseous atm os
pheres are involved, the scattering 
phenomena increase in importance 
in the far ultraviolet, which is not 
observable with ground-based tele
scopes because of the ozone in the 
earth’s atmosphere. At balloon alti
tudes above 110,000  ft one can, how
ever, make considerable progress 
into the ultraviolet. Our first pro
posals, in 1960, called for telescopic 
observations from the Stratolab gon
dola but the referees were rather in 
agreement that a manned ballooning 
program was too dangerous, and we Fig. 1 Polariscope gondola on Tiny Tim launcher at Palestine, Texas.
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Fig. 2 Polariscope gondola a fe w  sec
onds after release from  truck launcher 
at Page, Arizona. <

were encouraged to develop the gon
dola shown in Figs. 1 and 2. This 
gondola weighs 1600 lb including 
400-lb ballast but not including the 
parachute; the 28-in. telescope alone 
weighs 280 lb. The telescope point
ing is controlled to within ±7  arc 
sec, with three-axis suspension. The 
approximate pointing of the gondola 
is sensed by a magnetometer com
pass, shown hanging in the center 
of the upper part of the gondola. On 
the side of the telescope is an 8-in. 
star tracker and also a 15° and 4° 
vidicon for finding the object to be 
observed. At the base of the tele
scope is another vidicon and the 
polarimeter, which has a rotating 
Wollaston prism, a set of filters, a — 
depolarizer for calibrations, solar- ^  
blind p h o to m u ltip lie rs  and th e ir  
power supply, and two integrators. 
The telemetry works in real time 
with directional antennas at the four 
corners of the gondola, and so does 
the comma.nd system which uses a 
whip antenna suspended below the 
gondola.

There are two ground stations, 
one of which is shown in Fig. 3. The 
oscilloscope serves as a small TV 
sc reen , below  w hich are toggle 
switches for the command system, 
and under that a binary clock-timer.
The panel in the middle has quick- 
look recorders and the panel on the 
right has further command switches 
operated by a separate observer. At 
the  to p , one o f the p ap e r-tap e  
punches is shown. One of these 
ground stations is at the launch site 
(Palestine, Texas, or Page, Arizona, 
depending on the season); the second 
is in a van up to 600-mi downwind. A

The Arizona program is primarily W  
“ in house,” an arrangement which 
has proven especially valuable dur-
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ing pre-flight checkouts and during 
nights of operation. The principal 
team members have been Don Brum
baugh, Jack Frecker, Dale Hall, 
L ou ise  H ess , Ed R oland , T om  
Teska, and Sam Pellicori, while at 
N C A R  especially A1 Shipley and 
Bob Kubara have patiently coached 
us.

New techniques had to be devel
oped for making ultraviolet filters 
and polarizing elements. We adhered 
to a rigorous testing schedule, with 
crane suspension as high as 200  ft, 
and with many sessions in environ
mental chambers for individual pack
ages and also for the completed gon
dola. The flights have a duration of 
about 15 hr. They are at 120,000 ft 
with a 10.6 million cu ft, 0.9-mil 
thick, polyethylene balloon. The pre- 
cision of the measurements is ±0.03 
per cent probable error.

A small polarimeter, the elec
tronics of which were designed by

Paul G ray, is being flown on an 
N C A R  g o ndo la  (a d esc rip tio n  
appeared in Applied Optics 6, 1121, 
1967). This polarimeter is a proto
type for space flight: for example, on 
the NA SA  Voyager program in 
orbit around the planet Mars. A 
series of balloon flights has been 
made for engineering tests, during 
which the polarimeter functioned 
perfectly. The gondola of Fig. 1 has 
been up three times (the first time, 
the balloon burst at 49,000 ft), and 
we now have precise polarimetry-of 
the planet Mars and of the inter
stellar polarization. Additional mea
surements show great promise for 
future experiments on the atm os
pheres of Earth, Venus and Jupiter, 
and for continued work on the inter
stellar particles.

A preliminary reduction shows 
that the surface pressure on Mars is 
about 10 mb, which is as low as had 
been found spectroscopically, al

though polarimetric measures made 
in France in the 1950s indicated a 
much higher surface pressure. These 
older measures were made in visual 
light only; the wide range of wave
lengths made possible by ballooning 
has allowed the elimination of these 
conclusions. The polarimetric deter
mination is important because the 
technique and the detection capa
bility differ from those in spectros
copy. We are making a detailed 
study of the brightness and polariza
tion over the full range of wave
lengths of observation (0 .2  to 2.6  /x), 
with an analysis of the aerosols as 
well as of the molecular component 
in the Martian atmosphere. The 
work is supported by the A tm os
pheric Sciences Section of the N a
tional Science Foundation, and by 
the Planetary Astronomy and the 
Ballooning Sections of the National 
Aeronautics and Space Adm inistra
tion. •

PAPER
TAPE
PU NCH

O S C IL L O S C O P E
SCREEN

Fig. 3 Polariscope ground station equipment.

Q U I C K - L O O K
R E C O R D E R S

C O M M A N D
E N C O D E R

C L O C K
TIMER

S E C O N D A R Y
C O M M A N D
ENCO D ER
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F re n c h  
S tab i l iz ed  

B a l lo o n  P la t fo rm
R. M usson-G enon,  

C om pagnie des Com pteurs, Paris, France

Observations of solar granulation 
in the sun’s rim, carried out since the 
early 1960s by Prof. J. E. Blamont, 
d ire c to r  o f the  F ren c h  se rv ice  
d’aeronomie du Centre National de 
la Recherche Scientifique, have re
quired high resolution by balloon- 
borne solar viewing instruments. To 
meet this requirement, the Compag
nie des Com pteurs, located in Paris, 
has developed a highly stabilized 
platform for suspension from strato
spheric balloons by a gimbal-and- 
cable system. The platform can orient 
scientific instruments, weighing up 
to 150 kg, in a given direction for 
the duration of ceiling flight, with 
accuracies consistently better than 
30 arc sec and usually within 5 to 10 
sec, during day or night. It permits 
an acquisition field of 0° to 360° azi
muth and 10° to 70° elevation. Chief 
components of the platform are:

• Cardan joint suspension with 
three axes converging at the plat
form’s center of gravity. The three 
pivots, two of which form a universal 
joint, are mounted in ball bearings, 
whose outer races rotate alternately.

• Electronic automatic controls 
with inertial reaction wheels and 
appropriate desaturators (via torquer 
wheels trimmed by inertial blocks 
and by the asymmetrical rotations of 
the center pivot).

• A doub le  b eam -sp littin g  sun 
sensor for daytime alignment and a 
telescopic star tracker with photo
multiplier tube output to demodula
tors for pitch and yaw control during 
nighttime.

• A rigid fram e ca rry in g  the 
scientific equipment in balance on 
either side of the central gimbal. The 
light alloy structure is assembled

Platform with optical instrument in 
place, right center; detector above and  
control system , left center. Three-axis 
gimbal is at center o f  gravity.
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w ith sp ec ia lly  designed  ball-and - 
cone joints.

Release and ascent to flight alti
tudes of 100,000 to 140,000 ft re
quires about 90 min; flight at ceiling 
altitudes lasts about 4 hr including 
acquisition, sighting, and tracking. 
Parachute descent of the platform is 
triggered by telecommand release 
of the suspension link. The plat
form lands on the ground at speeds 
less than 10 m/sec.

Solar Photographs

First scientific trial of the plat
form was on 2 May 1966 at Aire sur 
l’Adour, in the Landes region, south 
of Bordeaux, to secure ultraviolet 
monochromatic pictures of the limb 
of the sun. Blamont calculated that 
measurements could be made in the 
transparent window between the 
oxygen and ozone absorption spec
tra, using two superposed inter

ference filters to define a range 
between 1900 and 2100A. A hydro
gen-inflated, 40,000-m3 tetragonal 
polyethylene balloon lifted the ex
periment to 30 km where solar light 
absorption should be less than 50 
per cent.

High resolution pictures were 
taken at 210-sec intervals, with ex
posure times of 0.25 sec, through a 
20-cm Cassegrain telescope. Spe
cialists of the Paris Observatory de
signed and cut the telescope’s silica 
mirrors to give a resolution of 1 sec. 
Walls of the telescope were kept at 
20°C to avoid changes in focal 
distance.

Granulation study of the film, 
made by a Vassy microdensitom
eter, showed brilliant irregularities 10 
to 20  sec in diameter which appeared 
to be chromospheric microfaculae 
with approximately half-hour life
times. Smaller irregularities visible 
in the photographs were interpreted 
as ultraviolet granulation with spatial 
correlations limited to a 4-sec angu
lar range.

Platform Versatility

Since the first use, the platform 
has proved its effectiveness in nu
m erous o th e r ex p e rim en ts . I ts  
strength and resilience allow it to be 
easily and inexpensively recondi
tioned after each flight. Both its 
general versatility and its mode of 
acquisition suit it for tracking any 
kind of luminous target such as the 
sun, moon, planets, or stars. Addition 
of special components can provide 
two further extensions to the plat
form:

• Inertial sighting for aiming at a 
point in the sky not defined by a star; 
this permits photographing a wide 
field at very long exposure times 
without apparent movement of the 
luminous points studied.

• The possibility of successive 
acquisition sequences and high-pre
cision pointing on several targets in 
the course of the same flight. •

L a u n ch in g  p re p a ra tio n s  at A ire  sur  
I'A dour, France. Bars and casing around  
platform are primarily fo r  added re
silience during landing.
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N A S A  CV-990 A irb o rn e  Labo ra to ry

N A SA ’s Ames Research Center 
near San Francisco, California, oper
ates a four-engine Convair 990 jet 
aircraft modified for carrying a large 
variety of airborne experiments. The 
CV -990’s long-range high-altitude 
flight capabilities, and its large size, 
equal to that of commercial je t 
transports, allow researchers to cor
relate observational data from nu
merous experim ents, which may be 
co n d u c ted  u n d er w idely  varied

observational conditions during a 
single flight.

The CV-990 program is adminis
tered by the Airborne Science Office 
of Ames Research Center, headed 
by Dr. Michel Bader. The group 
acquired the aircraft in April 1965, 
and has extensively adapted it for 
scientific uses. It is now one of the 
most versatile aircraft used for astro
nomical, geophysical and m eteoro

logical research in the U.S. Bader 
has stressed that the CV-990 is a 
facility available to independent in
v e s tig a to rs  in the a tm o sp h eric  
sciences, and that all scientific pro
grams of merit may be considered for 
flying time. Cooperative flights of 
the CV-990 with other research air
craft may also be arranged for simul
taneous observations at different 
atmospheric levels or geographic 
locations.
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1967 Meteorological Series

In its Ames research career, the 
CV-990 has made two major series 
of meteorological flights. The latest 
series, carried out from 15 May to 
8 June 1967, consisted of experi
m ents in s fe ric s , c irru s  in fra red  
a tte n u a tio n  and em issio n , filte r- 
wedge spectrom etry, aerosol sam 
pling, microwave radiometry, me- 
dium-resolution infrared radiometry,

polarization and reflection intensi
ties, and backscattered ultraviolet. 
Seventy-five hours were logged in 15 
flights which took data over a wide 
variety of clouds, frontal systems, 
and terrain from Alaska to G uate
m ala. T w en ty -fiv e  experimenters, 
including scientists from N A SA , 
Colorado State University, Univer
sity of Michigan, University of Cali
fornia at Los Angeles, University of 
Wisconsin, ESSA, and N C A R  were

on board, with 10,000  lb of equip
ment.

The first series of meteorological 
flights was made simultaneously with 
Nimbus II overpasses in order to aid 
in Nimbus data interpretation, and 
both series have emphasized gather
ing data necessary to design and in
terpret prototype equipment for later 
use on satellites. These programs 
have been spearheaded by N A S A ’s 
Goddard Space Flight Center, which
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Navigator’s console (left) and coordinator’s console (right). Time-lapse camera
focused on navigator’s console.

is developing satellite remote-sens- 
ing devices. N ext year the Ames- 
Goddard cooperation will continue 
when similar or identical sensors will 
fly both in a satellite and in the CV- 
990. These tests will make it possible 
to compare relative sensitivities and 
to calibrate corrective factors for the 
satellite-borne instruments.

CV-990 Performance Specifications

A lthough  b ased  at A m es R e
search Center adjacent to Moffett 
Field, the CV-990 can fly from al
most any base which has je t aircraft

supporting facilities. Carrying an 
average payload of 2 2 ,0 0 0  lb, the 
CV-990 has a range of 3,300 n mi; 
its maximum payload is 42,000 lb. It 
can fly at maximum altitude of
40,000 ft for 2 hr, and at lower eleva
tions up to 6 hr. Maximum airspeed, 
reached at 40,000 ft, is 514 kt. A 
standard Sperry SP-30 auto-pilot 
controls heading and altitude and 
stabilizes pitch, roll, and yaw to 
within ± 2°; with special tuning for 
given flight conditions, the auto
pilot is able to keep motion within 
less than ±0.75° in smooth air. Strip- 
chart recordings of aircraft stability 
are made on request, by means of a 
rate-integrating gyroscope package

with time signal to a Visicorder 
recorder.

Cabin, cargo and electrical com
partm ents are pressurized to about
8,000 ft. Cabin humidity is about 10 
per cent, and tem peratures are main
tained between 65 and 74°F during 
flight. Red lamp illumination is avail
able for experiments requiring a 
darkened cabin. The aircraft pro
vides 16 experimental stations in the 
cabin and 6 in the luggage com part
ment. Each station has outlets for 
400- and 60-Hz electricity. A coor
dinator’s console in the main cabin 
controls power distribution to each 
junction box; the coordinator can cut 
power to all stations in case of em er

12



gency. H F , V H F  and U H F  radio 
equipment operates from either the 
cockpit or the navigator’s console. 
The coordinator also communicates 
with the ground, with other aircraft, 
and with the experimenters on board 
through an intercom system.

Radar and Navigational Aids

The navigator’s console, located 
at the front of the cabin, displays 
readouts of altitude, pressure alti
tude, air tem perature, true airspeed, 
magnetic heading, doppler data (in
cluding ground speed and drift), day- 
hr-min-sec time correlation, and turn- 
and-bank indicator. A time-lapse 
camera, focused on the console, 
photographs these displays, and each 
scientist aboard can request a film 
record for correlation with his ex
perimental data. Navigational ac
curacies to within a 2 -mi radius are 
possible through a combination of 
dual V OR, dual-distance measuring 
equipment (DM E), dual automatic 
direction finding (A D F), Loran A, 
p e risco p ic  sex ta n t, and d o p p le r 
radar.

Computerized flight plans for as
tronomical observations are available 
for flights requiring constant bearing, 
constant turn rate, great circle or 
loxodrome; all yield object elevation 
data as a function of time for the 
path flown. On days of scheduled 
meteorological flights, automatic pic
tu re  tran sm iss io n  (A P T ) ph o to s  
transm itted by an ESSA satellite and 
received on a Goddard Space Flight 
Center receiver have been consulted 
to determine large areas of clear or 
cloud.

Windows

One of the chief adaptations to 
the CV-990 has been the installation 
of additional windows, with window- 
glass options for a variety of observa
tional needs. Six of the standard pas
sen g er w indow s are m odified  to 
accommodate optical glass and have 
an upward angle of about 14°. T hir
teen additional 12 x 14 in. clear aper
ture openings have been cut in the 
port side of the fuselage at an eleva
tion angle of 65°. They may be fitted 
with optical glass or with special 
frames built by the experim enter to

reduce window size or to hold in
ternal or external equipment and 
electrical feed-throughs. All window 
assemblies must be able to withstand 
prescribed pressure differentials. A 
defroster system serves each win
dow, and individual flow rates are 
adjustable by the experimenter. O ut
side the windows, contamination is 
prevented on seven of the 65° win
dows by sliding pneumatically sealed 
shutters.

The aircraft also contains two up
ward- and six downward-viewing 
windows with frame and glass op
tions similar to those of the 65°

(Photos courtesy of NASA)

♦
University o f Wisconsin sferics experi
ment installed aboard CV-990.
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windows. The upward-viewing win
dows are located in the forward 
cabin; four of the downward-viewing 
windows are in the forward baggage 
area and two are in the rear section 
between the wing and tail. An addi
tional smaller hole for protruding 
instrumentation into the free air is 
located in the aircraft belly near the 
tail, and at the very rear of the fuse
lage is a slot for nadir-to-horizon 
viewing.

Installation of Experiments

The Airborne Science Office pro
vides standardized instrument racks 
for securing experimental equipment 
at each station in the cabin. Safety 
standards require careful installation 
of all equipment and thorough stress 
analysis of racks or frames supplied 
by the experim enter for equipment 
not supportable on standard frames. 
All frames must be able to with
stand 9-g forward stress. They may 
be mounted on plywood pallets or 
attached directly to the seat tracks 
which run longitudinally through the 
cabin.

Equipment too large or awkward 
to fit through the cabin doors is 
loaded through the baggage com part
ment and raised with hoists through 
removable sections of the cabin floor. 
An approximate limiting weight for 
cabin-installed equipment is 40 lb/sq

ft. It is possible to mount exterior 
equipment at certain locations on the 
aircraft, but no installation may 
modify the actual structure of the 
aircraft. Locations of the experi
m ents in the  cabin  a re  u sually  
assigned by the Airborne Science 
Office. In meteorological flights seats 
usually alternate with experiments, 
allowing experimenters to remain at 
their stations at all times.

Data Coordination

The .chance to share and correlate 
observational data is a major advan
tage of a large research aircraft cap
able of flying many experiments at 
one time, and scientists are encour
aged to make use of this opportunity. 
The Airborne Science Office contrib
utes to this community service by 
supplying time-lapse photographs of 
the flight parameters on the naviga
tion console. They also provide leads 
to an experim enter’s recording equip
ment, for meteorological data such 
as air tem perature and other out
puts from exterior probes. All re
co rd ing  a p p a ra tu s  such  as tape 
recorder, strip-chart recorders, oscil
lographs, and time-lapse camera re
ceive time-code signals from an 
A strodata time-code generator for 
synchronization of the data being 
taken. Following completion of a 
flight series, the Airborne Science

Office sends experim enters copies of 
the films each has requested.

Submission of Proposals

Scientists wishing to fly experi
ments aboard the CV-990 should 
consult Section II, pages 15-18 of 
the publication listed below, and sub
seq u en tly  co n ta c t the  A irb o rn e  
Science Office for additional details 
on boarding eligibility. Final pro
posals are submitted to N A SA  head
quarters for review by a steering 
committee. Where appropriate the 
N C A R  Research Aviation Facility 
will also assist scientists in their 
plans. N C A R  is able to undertake 
some instrumentation of experiments 
to fly on the CV-990. Coordinated 
flights of the CV-990 and the N C A R  
Queen Air 80 aircraft can also be 
arranged. The Ames Research Cen
ter provides engineering advice and 
a nominal amount of electronic, radio 
and engineering shop facilities to 
experim enters while they are instal
ling their equipment aboard the air
craft. Office space and com puter 
facilities are also available. For fur
ther information interested scientists 
should consult:

Opportunities fo r  Participation 
in Space Flight Investigation, 
N H B 8030.1A, April 1967, U.S. 
G o v e rn m en t P rin ting  O ffice , 
Washington, D.C. 20402. $1.00.

W in d  M easu r in g  Sets A v a i la b le  for Loan

This note of N C A R  Facilities 
equipment currently available for 
loan is offered for the information of 
prospective borrowers. The N C A R  
Field Observing Facility (FO F) has 
ap p ro x im a te ly  12 F O F -m o d ified  
AN/GM Q -12 wind recording sets 
available for loan. They consist of a 
three-cup tachom eter, dual-poten

tiometer direction sensor, strip-chart 
(ink pen) recorder, and translator- 
control box. Analog data output is in 
the form of dc voltages, and can be 
re-fed into other types of recording 
systems. The system can operate 
either on commercial power or on a 
12-v car battery. In battery opera
tion the weakest link of the system

is its clock-drive chart mechanism; 
field experience indicates that fre
quent servicing is required to insure 
reliable data recording.

A few other special-purpose sys
tems are also available. Inquiries 
concerning loans of any of the sets 
may be directed to the Field O bserv
ing Facility. •
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 ̂ Barbados 
Survey 
-Trip

In preparation for the summer
1968 Barbados Experiment, planned 
by the Meteorology D epartm ent of 
Florida State University, a four- 
member survey party traveled to 
Barbados from 5 to 8 July 1967, to 
evaluate the island’s existing m ete
orological facilities, potential obser
vation sites, and available housing 
accommodations. The party also 
examined, or discussed with Bar
badian authorities, power and com
munications sources, radar sites, 
navigation aids, vehicle availability 
and airport facilities. They came to 
agreeable settlements with the Prime 
M inister on diplomatic aspects of 
the Experiment, and arranged with 
the directors of the Civil Aviation 
and Electrical Inspector’s D epart
ments for local support and coopera
tion. The members of the survey 
party were: M. G arstang, director of 
the Barbados Experiment, and D. 
Brown, both of Florida State Uni
versity; W. S. Lanterm an and G. H. 
Saum of the N C A R  Field O bserv
ing Facility.

The Barbados Experiment will be 
one of several independent experi
ments which should supply valuable 
data and experience for planning a 
T ro p ica l M eteo ro lo g y  Experiment

&

(TROM EX ), projected for the early 
1970s by the joint ICSU-W M O (In
te rn a tio n a l C o u n cil o f S c ien tific  
U n ions — W orld M eteo ro lo g ica l 
O rg an iza tio n ) p lann ing  committee 
for the Global Atmospheric Re
search Program (GA RP). (Collabor
ation between the W MO and ICSU 
began as a result of a 1962 United 
N ations resolution inviting IC SU  
“ to develop an expanded program of 
atmospheric science research which 
will complement the programs fos
tered by the World Meteorological 
Organization.”)

The first TR O M EX  forerunner 
was the Line Islands Experiment, 
whose field phase in the tropical 
Pacific, 1000 mi south of Hawaii, 
was completed in April 1967. The 
long-range purpose of TR O M E X  is 
to investigate the influence of tropi
cal meteorological processes on glob
al a tm o sp h eric  c irc u la tio n  and 
weather patterns. It will be among 
the most important pre-G A R P ex
periments.

The Barbados Experiment will 
pursue the particular point of view 
that tropical processes are the result 
of continual interaction between two 
g rea t flu ids —th e  o cean  and the 
atmosphere — which must be mea

sured not in isolated static units, but 
simultaneously at all levels of inter
action, from small eddies to fluxes 
extending over hundreds of miles.

M any laboratory and field tech
niques, measuring and recording sys
tems, which must be developed for 
the Barbados Experiment, will be
come essential tools for large-scale 
atmospheric programs in the future.

Based on an original request by 
Florida State University and on the 
findings of the survey party, N C A R  
has agreed to develop and lend a 
semi-portable data-acquisition sys
tem for M-33 radar tracking of 
G M D-1B rawinsondes, which will 
yield azimuth and elevation of rawin
sonde locations and tem perature and 
humidity data from the rawinsonde 
sensors in computer-compatible digi
tal form. N C A R  will also lend: an 
analog tape recorder, mechanical 
w e a th e r s ta tio n s  w ith  ra ingage 
attachm ents, mobile V H F -F M  com
m u n ica tio n s tra n sc e iv e rs , spare  
com ponents for M-33 radars located 
permanently on Barbados, spare 
rawinsonde equipment, power gen
erators, and the assistance of tech
nical crews and scientific staff dur
ing the field experiment. •
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DIGITAL 
LOGGING

For Radar and Radiosonde Data

R ad ar-re flec tin g  b a llo o n s and 
radiosondes will provide measure
ments of vertical atmospheric struc
ture during Florida State U niversity’s 
(FSU ) 1968 Barbados Experiment 
in tropical meteorology. In a field 
support request to the N C A R  Field 
Observing Facility, F SU  scientists 
stated their need for equipment for 
recording radar balloon-tracking data 
and G M D-1B radiosonde readouts 
on d ig ita l-co n v e rte d , com p u ter- 
ready magnetic tapes.

George Langer, of the Field Ob
serving Facility, assisted by Bill 
Pinkerton, has helped fulfill these 
requirements by perfecting electronic 
adaptations to couple the Facility’s 
d ig ita l da ta-logg ing  sy stem  (see 
Facilities fo r  Atmospheric Research, 
No. 2, 1966-67) directly to M-33 
ra d a r-track in g  c irc u its . T h is  link 
makes it possible to scan the radar- 
tracking output voltages at either 1- 
sec or 1-min intervals (with 5-, 10- 
and 30-sec intervals planned), and 
to convert the analog data to tape- 
stored digital data, ready without 
further conversion for programmed 
com puter processing.

Target Locating

This direct data-logging capability 
will have uses considerably beyond 
the Barbados Experiment. It will 
provide for general depiction of air

motions in x, y, and z directions in 
convenient format, with full reten
tion of radar accuracy. In order not 
to degrade the radar’s output, special 
non-inverting unity-gain followers 
were installed, whose input ..imped
ance exceeds 3000 megohms. W ith
out loading the radar computing 
circuits, they can sense radar voltage 
outputs to within 1 mv —equivalent 
to a distance of 0.4 yd. These out
puts consist of three voltage sig
nals derived from target range and 
antenna angle positions, and are 
proportional to the Cartesian coordi
nates of the tracked target. Once in 
digital form they are easily processed 
into exact positional data (in terms 
of meters distant from, and altitude 
above, the zero point at the tracking 
station) by a computerized program.

Meteorological Data

The electronic modifications per
formed for hooking the digital data
logging system to the M-33 radar are 
similar to those necessary for ex
tracting radiosonde-transmitted data 
from GM D-1B receivers, also con
tem p la ted  fo r use at B arbados. 
Analog data such as tem perature 
and humidity received by the G M D  
receiver can be converted and stored 
on tape in digital form by the same 
digital recorder. Simultaneous scan
ning of M-33 and G M D  outputs will

compile information units on the 
magnetic tapes containing three di- 
mensionally determined balloon loca
tions and corresponding meteorolog
ical variables for each interval 
scanned.

These can be further documented 
on the tap e  by tim e-signal re 
cording from a digital time clock, 
which forms part of the digital data
logging apparatus. These various 
options operating together will leave 
four of the ten data channels of the 
logging system free for other inputs. 
Though the circuit adjustments re 
quired for accepting some digital 
inputs along with analog inputs — 
chiefly the digital clock and digital 
portions of the G M D  signals —have 
not been completed, no special dif
ficulties should prevent their in
clusion. Since initial routing through 
multiplexer and converter are un
necessary, only minor modifications 
will be necessary to feed data al
ready in digital form into the coupler 
which arranges format for tape entry.

The equipment to be used on Bar
bados will occasionally have to be 
transported between radar installa
tions. Therefore, the digital data
logging system recently purchased 
from the Redcor Corporation will 
probably not journey to Barbados 
next year. Instead, two smaller log
ging sy stem s will p ro b ab ly  be 
acquired which will include the 
modifications now being worked out 
for the larger system. •
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1967
C hurch i l l
S k y h o o k
P ro g r a m

H enry D em boski, O N R

Each summer since 1959, the 
Office of Naval Research has spon
sored the Skyhook series of balloon 
flights from Fort Churchill, Mani
toba, and other northern locations, 
to carry cosmic-ray and charged- 
particle experiments which must be 
launched as close to the geomagnetic



pole as possible. Fort Churchill is a 
railhead and seaport on the west 
coast of Hudson’s Bay at 58.45° N 
latitude, and its transportation fa
cilities ease the logistics of staging a 
good number of flights in the few 
w eeks o f w ea th e r su itab le  for 
launches.

Flight services for the 1967 Sky
hook program were provided by 
Raven Industries, Inc., and balloons 
were furnished by Winzen Research, 
Inc. All flights in the program were 
completed ahead of schedule. Prep
aration for the program began at 
the Churchill Research Range on 2 
June, and full-scale operations con
tinued until 31 July. A total of 
twenty-five flights were conducted 
during that period for six scientific 
groups representing the University 
of Chicago, California Institute of 
Technology, University of Roches
ter, University of M aryland, G od
dard Space Flight C enter (G SFC), 
and Langley Research C enter (with 
collaboration of New York Univer
sity). Case Institute and the Naval 
Research Laboratory were sched
uled to participate but changed their 
plans before the flight program began.

Bad weather delayed the first 
flight until 17 June and periodically 
hampered flights later in the season. 
Every available period suitable for 
launching was exploited to acceler
ate the program. Five of the twenty- 
five flights were partial or complete 
failures. Two launches failed on the 
ground because of premature firing 
of the termination squibs. Although 
both balloons were lost, the gondolas 
did not leave the launch truck and 
were successfully launched later. 
One flight failed prematurely after 
about 1 hr at altitude because of a 
mis-set timer. One flight ended in a

free-fall after command termination. 
The gondola was lost but all data 
were telemetered to ground stations, 
and the flight achieved its scientific 
objectives. Finally, the launch truck 
stalled during a launch in fairly high 
wind. The gondola scraped the 
launch truck, damaging the antennas. 
The balloon was allowed to reach a 
safe altitude for parachute descent 
before terminating. The gondola was 
recovered and the antennas repaired, 
and the flight was repeated success
fully about a week later.

One flight, according to plan, 
floated at 135,000 ft for a prolonged 
period, and was then valved down to 
float at 125,000 ft for a given period 
and then to 107,000 ft before final 
termination. A low-level radiation 
e ffec ts  m easu rem en t fligh t was 
rendezvoused with a U-2 research 
aircraft for a comparison of similar 
data being recorded in each vehicle. 
One flight was floated through a sun
set and the following sunrise. The 
longest flight duration was 21 hr. 
Three flights were permitted to over
fly the established recovery area 
adjacent to Lake Athabasca, and 
were terminated in northwest Al
berta and recovered with local rented 
aircraft. The heaviest payload flown 
was 502 lb and the highest float 
altitude achieved was 144,600 ft.

S ev era l h itch h ik e  ex p e rim en ts  
were arranged in advance of the 
program. Three scientific packages 
were flown for A FC R L , four for the 
University of Saskatchewan, two 
for General Electric Research Cor
poration, and one for the University 
of Lund (Sweden).

Equipment improvements in the 
1967 program included a much more 
sensitive high-altitude pressure trans
ducer and a transponder to provide

slant-range measurements and inter
station voice communications. This 
equipment, and the contractors’ im
proved ground equipment, gave pre
cise balloon positions at all times.

Several follow-on programs were 
associated with the Churchill opera
tion. The Langley group desired a 
flight in conjunction with a particular 
type of solar flare activity. The 
necessary condition did not occur 
during the period of operations at 
the Churchill Research Range, and 
so a reduced crew was moved to 
Lynn Lake for an additional 60 days. 
A balloon flight was conducted for 
G S F C  at R eso lu te  Bay on 25 
August. In spite of difficult logistic 
problems, everything went accord
ing to schedule and an excellent 
flight was achieved with 20  hr at
138,000 ft, a period of which was 
directly over the magnetic pole. 
With the exception of recovery, the 
facilities for conducting large balloon 
flights (10.6 million cu ft) at Resolute 
are quite adequate, providing ar
rangements are made well in advance 
to use the logistic support ships to 
bring in helium and heavy equipment. 
In conjunction with some rocket 
experiments the University of Cali
fornia (Kinsey Anderson) will con
duct a series of 12 non-recoverable 
flights with 250,000 cu ft balloons 
early in Novem ber 1967.

Churchill Research Range sup
port for balloon activities increases 
each year. This support is basic to 
the overall success of the program. 
Plans are currently being made to 
move ballooning activities out to 
the rocket range site, which will 
give scientists better facilities for 
checking out payloads, and will pro
vide a controlled air space for bal
looning operations. •
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t

in the 
Atmospheric 

Sciences

T h e la se r  was co n ce iv ed  at 
Columbia University in 1958, and 
made operational two years later by 
the Hughes Research Laboratories.
It uses basic principles of light emis
sion to produce light beams which 
are monochromatic, coherent and 
parallel —that is, beams which con
sist of single light frequency, whose 
wave fronts stay evenly in step, and 
which scarcely diverge even over 
long distances. The result is that an 
extremely high energy can be trans
mitted by the beam per unit band
width.

The laser quickly attracted the a  
attention of atmospheric scientists, W  
who saw its potential as a probe for 
investigating various atmospheric 
param eters. A few groups of re
searchers took on the problems of 
devising lasers specifically for such 
studies, based on the backscattering 
or reflecting.properties of the atm os
phere. In addition to the slight scat
tering produced by air molecules, 
other atmospheric constituents re
flect part of a transm itted light beam 
back to its source, where the re
turned intensity can be measured as 
a function of time en route or dis
tan ce  tra v e le d  —a p rin c ip le  a n a l
ogous to that of ordinary microwave 
radar. Since laser beams diverge 
only very slightly over long dis
tances, the beam can be focused on 
a target many kilometers distant, and 
can afford a high degree of spatial 
resolution not previously possible 
by either optical or radar techniques.

Making use of these attributes, £  
atmospheric scientists in the U.S. 
and elsewhere have applied lasers to 
such studies as:
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Aerosol distribution. Aerosol par
ticles are sufficiently large in com
parison to air and other gaseous 
molecules to have discernibly differ
ent backscattering properties. M ea
surements at frequent intervals show 
space and time distributions of layers 
in which aerosol particles concen
tra te . E x p an d ed  la se r n e tw o rk s 
could follow stratus dust layers 
borne by large-scale atmospheric 
motions.

Cloud structure. Laser measure
ments of height, thickness and layer
ing of clouds reveal considerable 
structural detail. Lasers can detect 
invisible high-altitude cirrus clouds, 
and can detect the onset of stratus 
as much as an hour in advance of its 
visible appearance; they can pene
trate light stratus overcast to meas

ure the thickness of clouds higher up.
Fog and haze regions. H aze due 

to dust, smoke or smog can be 
detected with precision, and the 
motions of haze layers traced. Thick 
layers of fog effectively absorb or 
extinguish a laser beam, and the 
distance into such layers beyond 
which no laser return is received can 
be correlated with empirical obser
vations to calculate maximum visi
bility. M ovement of fog banks can be 
traced from many miles away.

Water vapor profiles. Vertical dis
tribution of water vapor is revealed 
on the laser return scope as a func
tion of scattering intensity, when 
the laser beam is tuned to the water 
vapor absorption band. Similarly, 
vertical profiles of other gases such 
as C 0 2, 0 2 and ozone may be ob

tained to heights of 4 to 5 km, using 
other wavelengths or a technique 
known as Raman shifting. Scientists 
hope to extend this principle to 
studies of upper-air transport mech
anisms by tracing the motions of 
natural or artificial tracers at various 
altitudes.

T em p era tu re  p ro file s . S light 
changes of atmospheric density with 
tem perature fluctuation have made it 
possible to determine tem perature 
profiles. However, density-depend
ent measurements presuppose an 
atm osphere free from contaminants 
—the method is reliable, therefore, 
only above 30 km. Correction fac
tors for lower altitudes have been 
proposed and are currently being 
tested. •

•%Hr“

Balloon  
Flight  
Record

The Balloon Flight Record, 
carried in Facilities for Atmospheric 
Research until summer 1967, is now 
published and distributed separately. 
Readers who wish to receive a copy 
should write:

Publications Department 
National Center for 
Atmospheric Research 
Box 1470
Boulder, Colorado 80302
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The 
NCAR 
Laser

In 1963 a small group headed by 
Guy G oyer in N C A R ’s Laboratory 
of Atmospheric Sciences (LAS) be
gan to investigate laser uses for 
atmospheric research. Two years 
later they were able to carry out a 
series of upper-air aerosol m easure
ments from Sacramento Peak, New 
Mexico. Special “ Q ” switches broke 
the beam into intense pulses of such 
extremely short duration that they 
amounted to rods of light only a few 
meters long. These pulses served as 
probes which revealed the locations 
of aerosol layers to within 10 m. 
Pulses were transm itted and received 
as often as once every 4 sec. Each 
return supplied an instantaneous 
vertical profile, and a series of re
turns showed motions and changes 
in aerosol layers during given time 
intervals.

Lidar Transmitter and Receiver

Lasers which transmit and re
ceive like radar have adopted the 
name optical radar, or lidar. N C A R ’s 
basic lidar installation consists of 
transm itter, receiver, detector and 
reco rd in g  sy stem . In the N C A R  
transm itter, laser pulses are gener
ated by a synthetic ruby rod 16.8 cm 
long by 0.95 cm diam, lying along 
one focus of a silvered elliptical 
hollow. A powerful xenon flashlamp 
irradiates the ruby, providing the 
light “pumping” source necessary 
to excite stimulated light emission. 
The laser transmits in the red, at 
about 6943A, and the temperature- 
dependent wavelength is held con
stant by a 15°C water bath.

Details o f  N C A R  lidar transmitter and
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In the receiver a 152 cm diam, 
rhodium-coated copper mirror col
lects the pulses. They pass from the 
mirror through an interference filter 
into a 9558 EMI photomultiplier 
tube, and are converted to electric 
signals and registered on a Tek
tronix 585 oscilloscope. A camera 
photographs the oscilloscope dis
play of returned signal intensity as a 
function of time. Burton Schuster, a 
member of G oyer’s group, is work
ing on computer-ready digital output 
which will allow more precise quan
titative measurements than oscil
loscope tracings can provide.

Cassegrainian Optics

A nother adaptation now nearing 
completion makes use of a second 
rhodium-plated mirror to give finer 
focusing of incoming signals. The 
second mirror has a 12.6 cm diam 
convex reflecting surface and is 
located near the focal point of the 
main mirror. It focuses the pulses 
back through an aperture in the 
center of the large mirror and through 
a thermally controlled interference 
filter leading to the photomultiplier 
tube. This new receiver arrangement, 
corresponding to a so-called C as
segrainian configuration, will allow 
full use of the m irror’s light gather
ing capacity, and should consider
ab ly  im prove the s ig n a l-to -n o ise  
ratio. In addition, the laser head 
and prisms to line up the transmitted 
beam will be moved from their 
present position behind the main 
mirror, to a bar set diametrically over 
the main mirror; selected positions 
of the prism along the bar will per
mit m ore v e rsa tile  tran sm ittin g  
settings.

M obile lidar unit transmits vertically 
into atmosphere. Aerosol clouds at vari
ous levels reflect detectable portion o f  
the laser beam back to receiver.

Noise will be further reduced by a 
new passive shutter system in the 
transm itter, designed to cut fluores
cing light interference to about 30 
per cent of its former level. Fluores
cence effects are caused by unavoid
able light emissions of the laser 
before and after the main accum u
lated pulse is discharged, and unless 
filtered out they impair interpreta
tion of the return signal.

Truck Mounting

A Reo, 6 by 6 , 3-axle surplus 
radar van with a trailer houses the 
lidar unit and can transport it to the 
field. An external power source is

required. Electrical filtering units in 
the truck “ clean” the power; proper 
shielding and elimination of ground 
loops p re v en t co m p lica tio n s  o f 
grounding which often afflict large 
electronic units. The photomultiplier 
tube is electrically isolated from the 
rest of the system to protect it from 
inaccuracies induced by the high 
energy laser buildup and discharge. 
A two-ton capacity low-boy trailer 
carries the transmitting and receiving 
units, and the therm ostat equipment. 
Leads from the power control supply 
in the truck run to the laser mounting 
on the receiver mirror. Peripheral 
equipment in the truck includes two 
oscilloscopes with attached photo
graphic equipment, a calorimeter to
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LASER
HEAD

In new lidar configuration the laser head and prism  rest on bar over main mirror.

Returned pulses reflect from  main mirror to small mirror and through tubular opening to the photomultiplier.

P H O T O D E T E C T O R

L A R G E  M IR R O R  

SM A LL  MIRROR  

TO P H O T O M U L T IP L I E R

PRISM

check laser output energy, a light 
detector for observing pulse shape 
of the laser, and a workbench.

U se of the laser installation is 
presently limited to programs within 
LAS, due to its developmental 
status, but further details of con
struction, function, and mode of 
application to atmospheric problems 
will readily be made available to out
side researchers on request.

Aerosol Studies

The chief aim of the N C A R  laser 
program, initiated with the Sacra
mento Peak readings in 1965, is to 
determine the motions and composi
tion of aerosol layers in the tropo
sphere and stratosphere. Aerosol 
particles may derive from man-made 
pollutants, organic matter, terrestrial 
dust, or extraterrestrial meteoritic

matter. Tem perature and density 
structuring in the atmosphere collect 
particles in layers which drift as 
aerosol “clouds” in both vertical and 
h o rizo n ta l d irec tio n s . U ntil the 
advent of lasers no technique existed 
for continual measurement of aerosol 
cloud motions. However, techniques £  
of direct physical sampling —filter- ^  
ing or impacting by balloon, aircraft 
or rocket-borne equipment —supply
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---------------------------------------------------------------------------------------------- >
Returns o f  lidar soundings during day
time, Boulder, Colorado, 10 October 
1967. During 2-min interval separating 
soundings, reflecting atmospheric con
stituents have noticeably altered struc
ture and position.

data necessary to calibrate and in
terpret laser m easurements, which 
at present cannot show aerosol size 
distribution or num berconcentration.

Discrete Layers

T h e N C A R  la se r  g roup  has 
located fairly well-defined aerosol 
layers at the tropopause 11 to 12 km 
high, and at levels from 18 to 20  and 
from 20 to 25 km in elevation. Re
searchers at the University of the 
West Indies found similar aerosol 
concentration peaks in a 30-km pro
file taken over Jam aica, and at least 
eight other groups in four countries 
c u rren tly  s tudy ing  ae ro so ls  w ith 
lasers have reported equivalent find
ings. Some teams, extending their 
m easurements up to 140 km, have 
found dust layers at various eleva
tions between 60 and 140 km, which 
may imply a meteoritic origin of 
stratospheric aerosols. These parti
cles, brought to lower regions by 
such events as je t stream  injections 
during the passage of polar fronts, 
form (along with other aerosol par
ticles) condensation nuclei for rain
drops which precipitate the particles 
to earth.

Future Steps

G oyer feels the next step in laser 
studies of aerosols should be to 
develop techniques to give size dis
tributions and number concentra
tions. These measurements may not 
be easy to obtain, but the N C A R  
group is investigating some prom 
ising techniques for simultaneous 
measurement at several wavelengths 
and scattering angles.

It seems clear that new uses will 
be found for lasers in the atm os
pheric sciences. For example, they 
may be mounted on satellites to pro
vide more accurate looks at upper 
dust layers or even at the atm os
pheres of other planets. Yet such 
measurements will not necessarily 
supplant ground-based lidar scanning 
which can gradually compile a de
tailed catalog of air particle behavior.

N either will lasers replace con
ventional radar as a useful remote- 
probing tool. Meteorological radar 
technology which now allows many 
precise measurements of cloud struc-

__________ J
ture, droplet concentration, wind 
velocity, turbulence and other vari
ables, will probably not be arbitrarily 
taken over by lasers. The finer 
sp a tia l re so lu tio n  o b ta in ab le  by 
lasers will make them more suitable 
for some tasks now handled by 
radar; but in the immediate future, at 
least, radar and lasers should prove 
to be complementary techniques, 
each with sensitivities suited to 
special tasks. Radar, with its longer 
wavelengths, is more sensitive to 
large particles, and lasers, with 
shorter wavelengths, respond better 
to small particles such as aerosols. •
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Attack 
on Balloon 

Failures:
V is ta -D o m e  D e s ig n  Concept

Fig. I Vista-Dome seen from  tethered  
balloon above.
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One cause of failures of large 
plastic-film balloons appears to be 
circumferential stress set up in the 
upper hemisphere of the balloon 
during ascent. These balloons are 
usually inflated at launch to only a 
small fraction of their capacity, and 
during most of their ascent to altitude

the slowly inflating envelope hangs 
in great folds below the gas bubble. 
This undeployed envelope material 
tends to gather in a rope of material 
hanging from the top end fitting and 
in a single huge pocket sucked in 
under the helium bubble. The pos
sibly damaging circumferential stress

results from the uneven pull of this 
concentration of material. Balloon 
failures occur most frequently when 
the balloon, still largely uninflated, 
is passing through the tropopause 
region, and appears to be associated 
with the cold tem peratures and tur
bulence of this region.

The N C A R  Scientific Balloon 
Facility has been actively interested 
in analyzing such stresses, as a basis 
for improving balloon flight reli
ability. A few months ago, Karl 
Stefan, Supervisor of Balloon Re
search and Development at N C A R , 
arranged for Raven Industries, Inc., 
of Sioux Falls, S. Dak., to construct 
an experimental balloon to be known 
as the Vista-Dome balloon, based on 
a design concept of Jam es W inker 
of Raven.

In this design a standard 9 million 
cu ft, 0.75-mil polyethylene balloon 
is capped with a conical dome of re
inforced Mylar, Holes cut in the 
polyethylene below the cap allow 
free passage for the lift gas. The 
dome provides a predictable struc
ture for the top of the balloon with 
built-in circumferential stress in
tended to force an even circumferen
tial distribution of excess material 
in the main balloon during ascent.

T h e  f irs t ex p e rim en ta l V ista - 
Dome balloon recently completed a 
successful flight to 130,000 ft, with 
a 460-lb payload.

Fig. 2 D eploym ent o f  excess balloon 
material into several pockets resulting  
from  Vista-Dome's equal circumferential 
stressing.



r The distribution of excess ma
terial in the Vista-Dome was much 
better than on conventional balloons 
without the dome. The balloon was 
forced by the dome to divide its 
excess material into several smaller 
pockets, thus avoiding formation of 
ropes of undeployed material. Figure 
1, taken from a second balloon 
tethered by a 2 0 0 -ft line to the top of 
the V ista-Dom e, shows the test bal
loon at 70,000 ft, when it was ex
panded to one-twentieth of its final 
volume. Figure 2, taken from a 
camera looking up at the payload, 
shows the divided deployment of 
excess material even more dra
matically.

This first test indicates that the 
conical dome should accomplish its 
intended purpose, and gives reason 
to hope that the Vista-Dome design 
approach may considerably reduce 
ascent failures caused by unequal 
stresses. •

J
Fig. 3 Usual mechanism  causing nor
mal balloon to fo rm  single pocket o f  un
deployed material.

Fig. 4 Vista-Dome principle by which 
excess material is evenly distributed.


