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C o m p u te r  C o n tro l  
f o r  S o l a r  M a g n e t o g r a p h

In 1964 the NCAR High Altitude 
Observatory (HAO) completed con
struction of a high sensitivity solar 
magnetograph which enabled the first 
measurements to be made of weak 
magnetic fields in solar prominences and 
other active regions of the sun’s atmo
sphere. Magnetographs prior to that 
time— dating from the original inven
tion of H. W. Babcock at the Mount 
Wilson Observatory in 1953— could 
detect magnetic fields only if the light 
levels on which measurements are based 
were sufficiently high, as on the solar 
disk.

The new instrument was installed in 
the HAO Observatory at Climax, Colo
rado, and soon became one of the most 
important tools for staff and student 
research. Many features of the sun’s 
atmosphere, including quiescent prom
inences and active prominences like 
surges and loops, could be studied—  
either for the first time, or in greater

detail than previously. The magneto
graph has also made it possible to make 
magnetic “maps” of hydrogen plages 
(bright regions) on the sun’s surface, 
and to investigate plage magnetic fields 
in relation to developing sunspots, 
flares, and active prominences. Since 
1965, three HAO graduate students, in 
affiliation with the University of Colo
rado Department of Astro-Geophysics, 
have based Ph.D. theses on magneto
graph experiments.

Improvements Continue

The Climax magnetograph was de
signed by Robert H. Lee and built with 
the assistance of several other HAO staff 
members. In the years since construc
tion was completed, this group has 
continued to improve the instrument’s 
capabilities. In 1965 a raster scan was 
added to systematize the magnetic



mapping of selected areas of the solar 
disk. Recently, Robert Wendler adapted 
the instrument for measuring magnetic 
fields at a number of wavelengths be
sides the hydrogen-alpha (Ha) line, 
which was at first used exclusively.

Computer Control

The most important modification to 
the magnetograph has been the addition 
of a small computer to obtain digital 
data output, and to allow experiments 
to be made under program control. 
Prior to this improvement, manual con
version of analog strip-chart output was 
necessary. The large amount of data 
from a single magnetograph experiment 
made such a procedure lengthy, par
ticularly when numerical conversion of 
the data was required for computer 
analysis. While digitizing the data out
put of electronic sensors has become a 
common practice, computer control of 
the experiment is a more complex step, 
requiring automatic decision-making in 
real time based upon a close analysis of 
the experiment’s logic. Working from 
L ee’s overall system design, Frank 
Melchior and Gary Emerson designed 
and constructed the detailed electronics 
for computerizing the magnetograph. 
HAO graduate student Jack Harvey 
developed and tested the computer

programs necessary to measure magnetic 
fields in prominences, and Dale King 
contributed many utility subroutines.

The computer is a Digital Equipment 
Corp. PDP-8/S— a small general pur
pose computer adaptable to many kinds 
of experimental control. Its outstanding 
features are a program interrupt option 
that allows the experimenter to modify 
his observations on the basis of criteria 
emerging during the experiment, and a 
time sharing capability that allows con
current input from other apparatus. The 
PDP-8/S thus has a wide versatility 
within a single experiment and within 
the larger program of solar observations 
at the Climax Observatory.

The computer communicates with 
the circuitry of the magnetograph 
through an analog-to-digital converter 
and multiplexer link. This intermediate 
unit converts voltage signals received 
from the magnetograph to digital data 
used by the computer to perform calcu
lations. A digital-to-analog converter 
translates computer output data and 
computer-generated commands to ana
log signals for transmission back to the 
magnetograph. Input-output devices 
linked to the PDP-8/S include paper 
tape punch, teleprinter, and magnetic 
tape recorder. The magnetic tapes re
quire no data transformation prior to 
processing on the Control Data 6600 
computer.

Partial view o f  Climax coronagraph- 
spectrograph-magnetograph complex.
Light passes from coronagraph (A) 
and enters spectrograph through 
slit in bellows (B); magnetograph 
and PDP-8/S computer are out o f  view 
to left. During experiment, 
observer starts computer, then stands 
at magnetograph console (C), where 
a strip chart records experiment’s 
progress. Panel at right (D) includes 
circuitry for choosing program options.
Slit camera (E) mounted above spectrograph 
entrance photographs solar region 
under study.



Principle of the Magnetograph

The magnetograph measures solar 
magnetic fields by recording their effect 
on certain lines in the solar spectrum. 
Various regions of the sun and its 
a tm o sp h ere— including the photo
sphere, the chromosphere, and the 
corona— have characteristic spectral 
lines. When the spectral emission lines 
from  atom s o f hydrogen, helium, 
metals, etc., originate in an area per
vaded by a magnetic field, they are split 
into two groups of components, one 
slightly above and the other below the 
original wavelength. For the simplest 
atomic structures the groups have only 
one component each, and when the 
magnetic field is parallel to the light 
path these two shifted lines are circular
ly polarized in opposite directions by 
the magnetic force. The first effect,

called Zeeman splitting, cannot be easily 
detected unless the magnetic field is 
very strong, as in sunspots. The polariza
tion effect renders the Zeeman splitting 
more conspicuous, making it possible to 
detect the weaker fields in prominences.

The magnetograph makes use of both 
effects. It separates the two partly over
lapping components of a split line by 
blocking first one and then the other 
with oppositely polarized filters. Then, 
viewing the components one at a time, 
it measures the displacement from the 
basic wavelength. This displacement is a 
function of the magnetic field strength.

Construction and Operation

The basic elements of the magneto
graph are a double slit assembly to 
admit the Zeeman components, a relay

lens to focus these lines onto the slits, 
photomultiplier tubes to measure the 
relative amount of light passing through 
each slit, and a synchronous detector to 
compare the voltage outputs of the two 
photomultipliers.

Two connected instruments prepare 
the incoming light for the magneto
graph. First, a coronagraph occults all 
incoming light except that from the 
region under study. Second, a diffrac
tion grating spectrograph removes all 
wavelengths except a narrow band cen
tered on the line to be studied—  
usually the Hft line.

Between the coronagraph and the 
spectrograph is a KDP (potassium di
hydrogen phosphate) crystal and a 
Polaroid assembly which modulates the 
polarized Zeeman components and al
ternately suppresses one component, 
while allowing the opposite component 
to pass. An alternating voltage applied 
to the KDP crystal produces this filter
ing property. The same alternating vol
tage is applied to the synchronous 
detector, so that it will register the os
cillating outputs from the photomul
tipliers in phase with the alternating 
light components.

Nulling Out

Prior to conversion of the magneto
graph to computer control, the synchro
nous detector supplied an analog output 
representing the difference in the signals 
from the phototubes; and as noted

Longitudinal magnetic fields in 
quiescent solar prominences are usually 
about 5-10 G. Fields in active prominences 
(surges, loops, etc.) may approach 100 G, 
while fields in sunspots may be as high 
as 4000 G. Magnetograph values shown are 
average over an area about 50 million km 2, 
represented by shaded squares.

M A R C H  12, 1968
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above, the magnetic field was deter
mined by manual conversion of this 
output record. With the present system, 
magnetic field strength is determined by 
measuring an optical adjustment re
quired to null out the signal from the 
synchronous detector. The relay lens is 
the key to this more direct measure of 
Zeeman splitting. In the nulling out 
process, the computer examines the 
voltage inequality in the synchronous 
detector, performs a rapid series of cal
culations, and sets the relay lens in 
motion to cancel the voltage inequality. 
The required adjustments to the lens 
position are made by means of electrical 
signals to ceramic “benders” on which 
the lens is mounted. The adjustment 
procedure is repeated under program 
control at 0.1 sec intervals, in phase 
with the alternating voltage to the KDP 
assembly. The sum of the adjustments 
divided by the number of settings yields 
the average relay lens correction, and

hence the magnetic field, over the time 
interval chosen.

Automatic Corrections

While the unadapted magnetograph 
could not manipulate the relay lens to 
obtain a direct measure of Zeeman split
ting, it could adjust the whole relay lens 
carriage to compensate for doppler shift 
in the incoming light. (Doppler shift is a 
change in wavelength caused by motion 
of a light source relative to an observer.) 
The compensating adjustment is re
tained in the modified magnetograph. 
When doppler shift occurs, a signal from 
the photomultipliers activates a correct
ing shift of the lens carriage to restore 
symmetry of the Zeeman lines about 
the double slit assembly. This adjust
ment is distinct from the movement of 
the relay lens in its ceramic mounting, 
which occurs in the nulling out process.

Flow diagram o f  Climax magnetograph 
under computer control. Heavy arrow 

traces route o f  signal from double 
slit entrance, through synchronous 

detector to computer, and from  
computer to relay lens. Computer 

calculates sign and amplitude 
for relay lens correction to null 
out signal difference in Zeeman 

synchronous detector. Lens adjustment 
made every 0.1 sec is proportional 

to magnetic field over a region 
1500 km square, or larger.
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Computer-drawn contour map o f  observed 
line-of-sight component o f  magnetic 
field on solar disk. Solid lines 
represent positive field, broken lines 
negative field. Darkened areas are 
locations o f  observed prominences, 
recently shown to lie on neutral lines 
between positive and negative magnetic 
fields. Arc segments are computed 
magnetic field lines extending into 
solar corona from underlying photosphere. 
Scale divisions o f  disk scan are 15,000 km.

A second adjustment compensates for 
brightness variations in the incoming 
light. Such variations arise from regions 
of differing intensity in solar prom
inences, and from turbulence in the 
earth’s atmosphere. Portions of a prom
inence may vary in intensity by a factor 
of 500. These variations are detected at 
the photomultiplier outputs by a feed
back circuit which controls the voltage 
applied to the phototubes. The result is 
that their output level is kept almost 
constant regardless of variations in the 
input intensity. By keeping track of the 
time and extent of both doppler and 
brightness corrections, the computer 
program can gather data on the motion 
and intensity of a solar prominence, in 
addition to obtaining measurements of 
magnetic fields.

Data Processing

Digital data from a magnetograph 
experiment can be recorded by the 
PDP-8/S on magnetic tape; compatibil
ity with the NCAR Control Data 6600 
computer assures rapid turnaround time 
from experiment to analysis. Hermann 
Schmidt, a 1964 visitor to HAO, devel
oped a useful program to convert mag
netograph data into average density 
estimates, total magnetic intensity vec
tors, and magnetic lines of force in the

solar atmosphere. Other programs have 
also been written to streamline the in
terpretation of large amounts of data. 
The Computing Facility’s dd80 plots 
magnetic maps and other graphic pre
sentations based on the data analysis. 
(The dd80 is an automatic cathode ray 
tube plotter linked directly to 6600 
program control.)

Recent Research

During the past year Einar Tandberg- 
Hanssen and J. McKim Malville pursued 
a comprehensive program to observe 
magnetic fields in plages and the evolu
tion of these fields as flares and active 
filaments develop. In the first of a series 
of reports on this topic they described 
an active region that produced a proton 
flare event and a white light flare on 21 
and 23 May 1967. The two investigators 
have also obtained about 1100 magnetic 
field observations from more than 360 
prominences in recent months.

Many new possibilities have opened 
with the ability of the magnetograph to 
measure solar magnetic fields with lines 
other than the Ha  line. Though such 
investigations are still in their early 
stages, Tandberg-Hanssen has deter
mined that the fields are about the same 
in quiescent prominences whether mea
sured with the hydrogen, helium, or

metal lines, but may be different for the 
helium line in active prominences. He 
suggests that different regions of prom
inences, characterized by the emission 
of different spectral lines, are perhaps 
permeated by different magnetic field 
strengths.

The coronagraph-spectrograph- 
m agnetograph instrument complex, 
unique to the Climax Observatory, has 
also made possible the first magnetic 
measurements of the solar corona. The 
very weak spectral lines in the corona 
are detectable only during a solar eclipse 
or on days exceptionally favorable for 
coronagraph observations. By training 
the instruments on the 5303 Fe XIV 
line (iron 13 times ionized) in the 
corona, the Climax team has succeeded 
in measuring the magnetic field in this 
portion of the sun’s atmosphere. •

F o r Further Reading

Descriptions of the magnetograph prior 
to its conversion to computer control 
are found in:

• The solar magnetograph of the High 
Altitude Observatory. R. H. Lee, D. M. 
Rust, and H. Zirin, Appl. Optics 4, 
September 1965, 1081.

• The new Climax magnetograph. 
N CA R Quarterly, No. 12, October 
1965.
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N C A R  Jet A i r c r a f t

In October 1968 the Research Avia
tion Facility acquired a North American 
Rockwell twin engine Sabreliner jet air
craft adapted for airborne research in 
the atmospheric sciences. Purchase of 
the Sabreliner followed several years of 
study and planning to select an aircraft 
able to fulfill the altitude, speed, and 
range requirements of a growing number 
of NCAR-supported projects. Research 
in cloud physics and atmospheric dy
namics requires flights above 40,000 ft 
and ranges considerably greater than 
other NCAR aircraft can supply.

The Aviation Facility selected the 
S a b re lin e r  from  am ong several 
executive-type jet aircraft, and through 
the National Science Foundation nego
tiated with North American in Septem
ber 1967 for construction of the craft, 
includ ing  a num ber o f research 
modifications.

The NCAR Sabreliner is a ten place, 
swept wing aircraft with an overall length 
of 48 ft and a wingspan of 44 ft. It is

powered by two Pratt and Whitney JT12 
A-8 axial flow turbojet engines, mounted 
on the aft portion of the fuselage. Each 
engine delivers 3300 lb of thrust. Maxi
mum ramp weight is 20,372 lb, of which 
10,749 lb is basic aircraft weight, 
7122 lb full fuel load, and 2501 lb 
maximum allowable payload. Flight 
range is 1650 n mi, maximum speed is 
550 kt, and rate of climb is 4250 
ft/min. The craft is certified (with pas
sengers) to 45,000 ft altitude. The cabin 
is pressurized and air conditioned, and a 
full oxygen system is available for six 
passengers in the event of loss of pres- 
surization. The aircraft has many built- 
in safety and convenience features as 
well as a full complement of navigation 
and communication equipment. The 
utilitarian interior selected for the 
NCAR Sabreliner includes easily re
movable wall and ceiling panels.

Factory installations made at NCAR’s 
direction include:

• A 15 ft nose boom for mounting
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turbulence and air sampling probes.
• A 30 in. nose radome, mounted 

behind the boom, for housing radars, 
radiometers, and other antennas.

• A Rosemount total temperature 
probe, mounted on the right side of the 
fuselage.

• A pressure probe, mounted near the 
temperature probe, for measuring dy
namic air pressure. The Sabreliner has 
an additional pressure probe, to measure 
airspeed , as p art of its standard 
equipment.

• A doppler radar system, installed aft 
under the fuselage. The system will be

used to make precise altitude, drift 
angle, and ground speed measurements.

• Special FM and HF single sideband 
transceivers for direct communication 
with mobile ground units, independent 
of other radio communications. The 
units are also compatible with an inter
com system installed for three-way 
contact between pilot, researcher, and 
ground. Range of the FM system is 
100-150 mi; for the HF system it is over 
2000 mi.

In addition to these installations, the 
Sabreliner has several special modifica
tions for research. Four reinforced 
attach points, or “hardpoints,” were 
added along the top of the fuselage, and 
two on the leading edge of each wing. 
The hardpoints make it possible to 
mount external sampling and sensor 
equipment without modifying the air
frame. An air sampling system to bring 
uncontaminated air samples into the 
cabin is now being developed for instal
lation through the rooftop hardpoints. 
A special electrical system to deliver 
10 kW of electrical power for research 
equipment has also been installed.

Other changes planned or in progress 
include replacement of the middle fuse
lage escape hatches with larger, optical 
quality windows for photography and 
optical measurements; installation of a
15 in. camera mounting ring in the 
bottom escape hatch; and installation of

an improved ARIS data acquisition 
system, made 70 lb lighter than previous 
models through the use of microcircuits. 
Two inertial systems have been acquired 
for turbulence measurements. Finally, a 
dropsonde pod for external mounting 
beneath the fuselage is being built. The 
pod will be used for dispensing drop- 
sondes and chaff, as well as for carrying 
cameras, small radar equipment, and 
other sensors.

During October and November 1968 
12 Facility staff members, including 
instrumentation and maintenance per
sonnel, attended special training courses 
at North American. On 20 November 
the aircraft was flown to NCAR’s flight 
operations base near Boulder. Four 
NCAR pilots— Robert L. Foltz, Loyd 
E. Newcomer, Clay A. Orum, and Lester 
M. Zinser— will fly the Sabreliner. 
Additional personnel will complete 
flight training during 1969.

In June the Sabreliner will begin 
flights to dispense dropsondes over 
thunderstorms in northeastern Colorado 
at altitudes up to 45,000 ft. The NCAR 
dropsonde program, under the direction 
o f Robert Bushnell, has awaited a 
higher-flying aircraft to enable drops 
into the tops of well developed storms.

Other projects scheduled to receive 
Sabreliner flight support in the near 
future include:

• Cloud electrification studies (New 
Mexico In s ti tu te  o f Mining and 
Technology).

• Studies of tropical atmospheric 
dynamics over Venezuela (Colorado 
State University).

• Air sampling (NCAR Laboratory of 
Atmospheric Science).

• Solar eclipse observations (NCAR 
High Altitude Observatory).

• Infrared radiation flux measure
ments (NCAR/ESSA). •



In s t ru m e n t in g  N C A R ’s 
B u f f a lo  A i r c r a f t

Scientists and engineers from NCAR’s 
Laboratory of Atmospheric Science, the 
University of Nevada’s Desert Research 
Institute (DRI), and the NCAR Facil
ities Laboratory are jointly instru
menting NCAR’s de Havilland Buffalo 
aircraft for dynamic studies of the 
atmosphere. Their primary aim is to 
equip the aircraft with sensors for mea
suring atmospheric turbulence with 
greater precision and over a larger range 
of wavelengths than has been possible in 
the past.

Atmospheric turbulent motions, par
ticularly vertical motions with long 
wavelengths, affect many boundary 
layer and mesoscale processes, and are 
an important link in the transfer of 
energy to larger scale processes. These 
m otions remain poorly understood 
theoretically and inadequately observed 
experimentally, thereby limiting our 
knowledge of related processes such as 
sensible and latent heat flux, momen
tum flux, and kinetic energy flux.

The principal scientists involved in 
the project are James W. Telford (DRI), 
and Donald H. Lenschow and Douglas 
K. Lilly (NCAR). Telford and Lenschow 
began working together in 1966 when

Telford was a member of the Common
wealth Scientific and Industrial Re
search Organization (CSIRO) in Sydney, 
Australia. The CSIRO cloud physics 
group, headed by J. Warner, has been 
among the leaders in airborne turbu
lence measurements. Lenschow spent 
eight months working with the group, 
primarily to test a turbulence gust probe 
he had modified from a Lockheed 
model. A stabilized platform on the 
CSIRO research aircraft— the second 
major component of a turbulence mea
suring system— enabled thorough test
ing o f th is  probe, which will be 
mounted on a nose boom on the Buf
falo. M. Norman Zrubek of the Re
search Aviation Facility was responsible 
for the layout of the boom and for an 
observation dome mounting ring in the 
top of the fuselage. Edward N. Brown 
engineered a research electrical system 
for the aircraft, mountings for doppler 
navigation radar and infrared radiom
eter, and the installation of research 
signal wiring. The Research Aviation 
Facility also installed autopilot, inter
com, and oxygen systems, and distance 
measuring equipment.

The complete instrumentation system

9



the gust probe vanes are measured to accuracies within a few hundredths o f  a 
degree. Mounting the inertial platform in the nose boom should insure high accuracy 
in the transmission o f  vane angles to the platform.

for the Buffalo will include:
• Inertial navigation (NCAR and 

(DRI).
• External gust probe (NCAR).
• Fast response thermometers 

(NCAR).
• Fast response psychrometer 

(NCAR).
• Nose boom (NCAR and DRI).
• On-board tape and chart recorders 

(NCAR and DRI).
• On-board computer (DRI).
The first two components supply the 

data for tracing air velocity throughout 
the course of a flight. Turbulence is 
measured by subtracting motions of the 
aircraft relative to the ground from air

motions relative to the aircraft. Al
though the principle is simple, measure
ments have been limited until recently 
to  a narrow range of wavelengths. 
Lenschow’s gust probe, capable of a 
wide response range, and the inertial 
platform— the most advanced means of 
continuously tracing an aircraft’s posi
tion in space— should overcome this 
limitation. Initially, data from these two 
components will be recorded on mag
netic tape during flight and analyzed 
later. When the computer is installed, 
some on-board processing may be pos
sible. This could provide real-time dis
play of turbulent fluxes, potential vir
tual temperature, vertical air velocity,

and possibly, the turbulence power 
spectrum.

The recorders and computer will also 
receive data from thermometers and 
humidity sensors mounted near the gust 
probe on the nose boom, and from a 
pressure altimeter. These data, measured 
concurrently with air velocity, will al
low calculation of potential tempera
ture, equivalent potential temperature, 
and energy and momentum fluxes. It is 
expected that the system will be capable 
of measuring air motions for the dura
tion of a flight with an accuracy of ±10 
cm/sec. Such accuracy requires an un
precedented combination of precision 
components.

Buffalo cabin installation.
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Inertial Platform

In January 1969 NCAR contracted 
with Litton Industries for the construc
tion of an inertial navigation system, 
with partial financing by DRI. The con
tract specifications were drawn up by 
DRI following a year’s investigation of 
the state of the art.

The principle of inertial navigation 
stems from basic laws understood since 
the 17th century, when Newton applied 
them to calculate planetary and lunar 
orbits. Technological refinement of iner
tial navigation instruments did not come 
until after World War II. These instru
ments can now be used to guide space 
vehicles and strategic missiles to distant 
targets, and for navigation in aircraft, 
surface vessels, and submarines.

An inertial navigation system uses 
accelerometers mounted on a gyrosta- 
bilized platform to detect vertical and 
horizontal motions of the aircraft. 
Angular motions about the aircraft axes 
(pitch, roll, and yaw) are obtained by

measuring the orientation of the plat
form with respect to the aircraft. Given 
initial position data (usually at stand
still), the inertial system can thus trace 
the course of the flight by continuously 
measuring the accelerations of the air
craft. Simple integration converts the 
acceleration data to instantaneous veloc
ity and position data.

The inertial system under construc
tion consists of two 2-axis gyros and 
three accelerometers. The gyro platform 
is referenced to a coordinate system 
based on local vertical and geographic 
north. However, it can also be used 
advantageously in a free azimuth mode 
(not constrained to point north) or in a 
space stabilized mode (inertially fixed). 
Maximum gyro drift will be less than
0.002°/hr; accuracy of the accelerom
eters will be within 0.002% of gravity.

The system will be installed in a fiber 
glass and aluminum nose boom engi
neered and built by the NCAR Design 
and Prototype Development Facility 
and Refabco, Inc., under the direction

of Paul H. Johnson. The boom was 
mated to the aircraft’s nose section by 
de Havilland Aircraft. The gust probe 
will project forward from the nose 
boom, and will be mounted on an inner 
boom rigidly coupled to the inertial 
platform The inner boom will consist 
of a thin-walled steel tube suspended 
inside the fiber glass boom with relative
ly soft vibration and shock isolators. 
This rigid coupling should reduce the 
error in angle measurements caused by 
boom or fuselage flexing, and should 
reduce the intensity of shocks and vibra
tions on the measuring equipment. 
Telford, who originally suggested this 
idea, is designing and building the inner 
boom.

Gust Probe

The turbulence gust probe is an in
strument developed at Lockheed Corp. 
in 1963, which Lenschow has modified 
for the needs of the project. The probe 
consists of two rigid aluminum vanes

R O S E M O U N T  TH E R M O M E TE R

T A N K  A N D  W IC K  FEED

W ET BU LB A N D  FAST RESPONSE 

TH ER M O M E TER S

PROBE ACCELEROMETERS

Instrumentation on the Queen Air 
nose boom resembles that being readied 
for the Buffalo. Stabilized platform has one 
accelerometer and one 2-axis gyro.

SIDESLIP
V A N E

AT TA C K
V A N E

P ITO T-S TA T IC
PROBE
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fixed at right angles to each other to 
measure vertical and lateral gusts, and a 
pitot tube projecting forward to mea
sure longitudinal gusts. While the pitot 
measures the dynamic pressure change 
from a gust, the vanes experience a lift
ing force and translate this force to a 
proportional strain on the beam to 
which they are attached. The strain is 
measured by electrical resistance strain 
gages. Lenschow has corrected the ten
dency of the Lockheed vanes to reson
ate when disturbed by inserting two 
cross plates between the beam walls and 
by filling the small gap between the 
plates with a silicon oil. Because of its 
extremely high viscosity (12,000 times 
that of water) the oil is able to damp 
the resonance, yet does not prevent the 
force generated by the vanes from de
flecting the beam.

Heat F lu x  Sensors

Sensible heat flux and latent heat 
flux are derived, respectively, from 
simultaneous measurements of air tem
perature and velocity and of humidity 
and velocity. The thermometers and 
humidity sensors must have response 
times on the order of 0.01 sec to pro
vide measurements over the full range of 
wavelengths that contribute significant
ly to the total heat flux.

Lenschow has found that commercial 
fast-response thermometers lag slightly 
in responding to temperature changes 
because of the heavy duty housings used 
for external aircraft mounting. In his 
design, which is similar to thermometers 
designed and built by Warner and 
Telford in Australia, the sensing element 
is an exposed tungsten wire, 0.025 mm 
diam and 1 m long, wound on a mono
filament nylon grid. Its response time is 
sufficiently fast, but is gained at the risk 
of exposure to insect and raindrop colli
sions which can change the calibration. 
Lenschow will mount a commercial 
thermometer next to his own for com
parison at long wavelengths.

The humidity sensor developed by 
Lenschow is similar in principle to the 
thermometer. It consists of two 0.18 mm 
thermistors— one to measure dry bulb

temperature, and the other, wrapped 
with a wet wick, to measure wet bulb 
temperature. The response time of this 
sensor may not be fast enough for 
accurate latent heat flux measurements.

Q ueen A ir  Turbulence  
Measurement System

On returning from Australia in 1967, 
Lenschow constructed a stabilized plat
form similar in principle to that in the 
CSIRO aircraft, for use along with his 
gust probe in an NCAR Queen Air air
craft. This platform contains one accel
erometer to measure vertical aircraft 
motions and one 2-axis gyro to measure 
pitch and roll angles. In the absence of 
stabilized, horizontally aligned acceler
ometers, the Queen Air’s doppler radar 
provides a reasonably good measure of 
the aircraft’s ground speed and drift 
angle. The system lacks the high ac
curacy that the Buffalo system will 
provide, but has already proved useful 
in a number of research flight applica
tions. Karl Danninger was responsible 
for much of the construction of the 
platform and Walter C. Glaser for por
tions of the electronic circuitry. Edward 
N. Brown and Richard Garrelts of the 
Research Aviation Facility supervised 
the installation of the platform, and the 
mounting of the gust probe. They also 
provided for the recording of all mea
sured variables on the NCAR ARIS 
system.

Part of the Queen Air system was in 
operation for Lilly’s mountain wave 
program in the Colorado Front Range in 
early 1968. In this program (see Facil
ities for Atmospheric Research, No. 4, 
Summer 1967) motions of the aircraft 
traversing the wave flow at various ele
vations reveal the wave characteristics. 
Mountain waves are a dramatic example 
of intense long wavelength air motion.

The complete Queen Air system was 
flown for Lilly in studies of stratus 
clouds off the California coast, and at 
low levels over eastern Colorado during 
periods of intense convection. The Cali
fornia flights, though not yet complete
ly analyzed, may emphasize the need 
for the more accurate Buffalo system.

There is some indication that the effect 
of gyro drift on the Queen Air platform 
may have been larger than the effect of 
long wavelength velocity fluctuations of 
the air.

Buffalo  Research F ligh ts

Most of the Buffalo system is ex
pected to be operational in time for 
ESSA’s BOMEX program near Barbados 
this summer. Primarily, it will support 
studies by Jule Charney of MIT to ex
plore the mesoscale “transmission link” 
by which boundary layer energy is 
coupled  to  synop tic  disturbances 
through cumulus convection. The Buffa
lo will supply measurements of turbu
lent energy flux and of changes in verti
cal and horizontal air velocity in the 
boundary layer.

Telford’s primary interest is the study 
of cumulus clouds in their earliest stages 
of development. Important processes of 
energy transfer occur in these incipient 
stages, which go undetected if the ob
server must visually locate and then fly 
to the cloud. In an attempt to solve this 
problem, Telford is planning to coor
dinate flights with measurements by a 
powerful JAFNA radar at Wallops Is
land, which is able to detect air refrac- 
tivity gradients. These gradients are 
associated primarily with humidity 
gradients, which appear to precede the 
development of a visible cloud. Flying 
through these regions with the special 
instruments on the Buffalo should re
veal cumulus cloud structure in early 
stages of development.

Lenschow is planning flights over one 
of the Great Lakes during cold air out
breaks in anticyclone conditions. Mete
orologists have long been interested in 
the occurrence of heavy snowfalls along 
the downwind coastal regions of the 
Great Lakes during cold air outbreaks 
— apparently the result of moist ther
mal columns rising from the water and 
condensing downwind. To clarify this 
process o f air mass modification, 
Lenschow intends to traverse the lake at 
various altitudes, measuring sensible and 
latent heat fluxes, humidity, lake sur
face temperature, and mean winds. •
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Gondo la  Azimuth Stabilization U s in g  
a Simple Lunar  Tracker

Paul Gray, Mike Arthur, and Sam Pellicori 
Lunar and Planetary Laboratory, University o f  Arizona

Fig. 1

Lunar tracker assembly on gondola: (A) suspension-decoupling bearing, 
fB) flywheel, (C) bearing and torque motor housing,
(D) slit system, (E) photomultipliers, (F) electronics, (G) power amplifier, 
(H) magnetometer compasses, (I) azimuth axis for rotation with respect 
to gondola, (J) elevation axis, (K) polarimeter.

Since 1964, we have been doing de
velopmental work on an automatic 
polarimeter for spacecraft application 
(see Appl. Optics 6, 1121, 1967). The 
polarimeter is flown on a balloon-borne 
gondola, because balloon flights offer an 
excellent simulation of space conditions 
under which to test the prototype and, 
at the same time, allow useful polari- 
metric data on the moon and planets to 
be obtained. It was necessary to stabi
lize the balloon gondola orientation so 
that the polarimeter, whose field of 
view is 1°, could be accurately pointed 
from the balloon platform.

The first two flights utilized a com
mercial system improvised from a sun- 
tracker, but many problems were en
countered. Since the gondola used can 
be adapted to other experiments as well, 
we decided to develop a flexible, reli
able pointing control system for the 
gondola which would work over a wide 
range of gross weights. Due to the short 
development time and the reliability 
requirement, emphasis was placed on 
simplicity.
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through the slit system for three aiming cases.

Fortunately, a balloon at float alti
tude experiences very little pendulum 
motion about its center of buoyancy 
— usually less than 0.5°. Thus, because 
of the relatively large field of the pola
rimeter, the only stabilization required 
was the azimuthal orientation of the 
gondola. Once the gondola is stabilized, 
the polarimeter is aimed in azimuth and 
elevation with respect to the gondola 
platform by manual control from the 
ground. Since the primary object of the 
experiment is to observe the moon, it 
was desirable to orient the gondola at a 
fixed azimuth angle with respect to the 
moon’s azimuth angle, so that no cor
rections in polarimeter azimuth with 
respect to the gondola would be re
quired during observations. Lunar track
ing was thus preferred over magnetic or 
other types.

Description of Tracker

The system consists of a pair of 
photomultipliers, with a high voltage 
power supply, a preamplifier, a power 
amplifier, and a torque motor driving a 
flywheel (Fig. 1).

The azimuth error signal is developed 
by a pair of EMI 9526B photomultiplier

tubes operating at a typical gain of 
about 104. The tubes are exposed di
rectly to the moon’s light through a set 
of slits. The slit system, which uses no 
optics, is arranged so that the difference 
between the two tube currents is pro
portional to the angular pointing error 
(Fig. 2). The sum of these two currents 
is held constant by an automatic high 
voltage adjustment circuit, with the 
result that the sensor transfer character
istic remains the same over a wide range

of lunar intensities. The slit system has 
an azimuth field of view of 30°, and 
operates at lunar zenith angles of 
25-90°. Because of the geometry of the 
slit system, the tracking error is propor
tional to the cosine of the zenith angle 
of the moon, being smaller for low 
moon.

The preamplifier contains a differen
tial amplifier and lead compensator to 
stabilize the control system. Since the 
gondola is a pure inertial load driven by 
a torque motor, the system is Type II,
i.e., it has two integrations in the open- 
loop transfer function. Conditional 
stability is obtained by inserting lead 
compensation in the loop at crossover, 
which in our case is 4.5 rad/sec with 
compensation. The ratio of upper break 
frequency to lower break frequency in 
the compensator is 25, so that satisfac
tory closed-loop transient response is 
maintained over a wide range of gondola 
moments of inertia without adjustment. 
The dominant pole of the overdamped 
closed-loop response is at 0.8 rad/sec. A 
block diagram of the system is shown in 
Fig. 3, and a schematic of the sensor 
and preamplifier in Fig. 4.

The power amplifier is an Inland Con
trols model 150A 50W unit, and drives 
an Inland T5134C 0.374 kg-m torque 
motor mounted on top of the gondola. 
The motor drives a 9.1 kg flywheel, 
rather than the suspension directly, to 
avoid in teraction  between control

Fig. 3
Block diagram o f  the lunar tracker system. 

S is the Laplace transform variable.

BLOCK D IA G R A M  OF SYSTEM

0m = M O O N  A Z IM U T H  AN G LE 
0g = G O N D O LA  A Z IM U T H  AN G LE 
B = PO IN TIN G  ERROR

OPEN LOOP TRANSFER FUNCTIO N (  \  
W ( ‘ *Tfs)/

CLOSED LOOP TRANSFER FU N C TIO N  = (■♦-I)



HIGH VOLTAG E CONTROL LOOP

P - M  T u b e  A s s e m b l y D i f f e r e n t i a l  A m p l i f i e r L e a d  C o m p e n s a t o r

Fig. 4

system  dynam ics and suspension 
dynamics under torque load. Any resid
ual angular momentum in the flywheel 
is slowly leaked off to the balloon and 
suspension through the friction in the 
thrust bearing above the flywheel. This 
bearing attaches to the suspension 
through a universal joint, to further 
isolate the gondola from suspension 
dynamics. The motor-flywheel system is 
shown in Fig. 1.

The primary disturbing forces acting 
on the gondola come from the rotational 
motion of the balloon. Since these forces 
vary so slowly at float, the primary fac
tor in determining the pointing accuracy 
is the ratio of the dc gain of the sensor- 
amplifler system, (kg-m/deg error), 
and the static friction in the torque 
motor bearing, F, in kg-m. The error in 
pointing will be (F /K i) deg. In our 
system, = 0.173 kg-m/deg, and F 
is assumed to be 0.055 kg-m at most, 
although measurements indicate that it 
is usually substantially less than this. 
Thus we have a maximum error of 
±0.055/0.173 = 0.31°.

System Operation

In flight, it is necessary to rotate the 
gondola by ground command until the 
moon is within the 30° field of the 
moon sensor. On our flights, this is done 
by referring to an on-board magnetom
eter compass. The tracker is then turned 
on by ground command. Maximum 
settling time is about 8 sec.

The system was first flown in Octo
ber 1967, and performed as expected in 
a successful flight. The pertinent charac
teristics of the tracker are given below. 
S ystem  fu n c t io n — To orient and 

stabilize a 320 kg gondola in azimuth 
so that the moon lies in a predeter
mined plane passing through the ver
tical axis of the gondola.

Accuracy— Short term (duration of 
one flight after reaching float): ± 20'. 
Absolute: ±1°.

Range o f  lunar phase angles— 0 to 
± 100°.

Total weight— 16 kg (excluding bat
teries and flywheel).

Power supply voltages and drains-

350 mA @ 30 V, 100 mA @ 24 V.
The program is supported by the 

Planetary Astronomy and the Balloon
ing Sections of the National Aeronautics 
and Space Administration, and by the 
Atmospheric Sciences and Astronomy 
Sections o f  the  National Science 
Foundation. •

For Further Reading

S ta b iliza tio n  and Orientation o f  
Balloon-Borne Instruments. Russell A. 
Nidey, Kitt Peak National Observatory, 
September 1968, 42 pp. This report is 
the first in a series of chapters for a 
ballooning handbook being assembled 
by the NCAR Scientific Balloon Facil
ity. The report presents a full technical 
discussion of stabilization techniques 
and provides practical examples from 
eleven operational systems. The report 
is available from the Scientific Balloon 
Facility. Further chapters of the hand
book will be announced as they become 
available.
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T h e  F u l ly  T a i lo r e d  
T o w  B a l lo o n

Tow balloons are sometimes used in 
tandem with large balloons, or with 
balloons bearing delicate payloads, in 
order to reduce the danger of wind 
damage during launch and early stages 
of ascent. The tow balloon contains all 
of the buoyant gas at launch, allowing 
the main balloon to trail below in a 
compact column of folded material. As 
the tandem system ascends, the expand
ing gas flows through a gas transfer duct 
and enters the main balloon. Though 
the tow balloon is also subject to wind 
buffeting prior to launch, it forms a 
relatively taut gas envelope, much easier 
to handle than a small bubble of gas 
among many empty folds of material, 
which characterizes an independent 
main balloon at launch.

The tow balloon is usually made of a

stronger material than the main balloon, 
and is usually formed from a right cir
cular cylinder, gathered and sealed at 
the ends. The cylindrical design is easily 
manufactured, and provides the impor
tant advantage of uniform longitudinal 
strength. But the folds of gathered 
material also bring disadvantages which 
can limit the balloon’s usefulness or 
reliability.

The NCAR Scientific Balloon Facility 
has used computer techniques to identi
fy shape variations and critical stresses 
in tow balloons, and from these analyses 
has derived specifications for a fully tai
lored design— cut, shaped, and sealed 
to be wrinkle-free. The G. T. Schjeldahl 
Co. was contracted to apply these prin
ciples to design and construct a fully 
ta ilored  tow balloon. A prototype



IMMEDIATELY
AFTER

LAUNCH

model was subjected to simulated flight 
conditions, and satisfactorily met design 
aims.

Principle of the Tow Balloon

The principles contributing to the 
success of the fully tailored design are 
best understood by first examining the 
requirements for a tow balloon and the 
drawbacks of the non-tailored design. 
At launch the tow balloon contains 
enough gas to lift many times its own 
weight. As it begins to rise, the excess 
lifting force is reduced to some extent 
by aerodynamic drag. This drag is dis
tributed over most of the tow balloon 
surface, and results in a corresponding 
reduction of load at the balloon’s 
southern pole, or nadir.

Shortly after gas transfer starts, the 
pressure inside the tow balloon begins 
to increase markedly because the buoy
ancy of the developing gas bubble in the 
main balloon presses against the inflow

of gas. As a result of this increased 
pressure, the tow balloon must either 
enlarge in diameter or withstand high 
circumferential stresses. For this reason 
tow balloons are usually designed with 
excess material to allow a sufficient 
increase in diameter to keep circum
ferential stresses within safe limits. Cal
culations show that a balloon with a 
diameter-to-height ratio of 1.67 is sub
ject to only slight circumferential stress 
despite extremely high gas pressure. Yet 
such a squat cylinder means a great deal 
of excess and wrinkled material, particu
larly before gas transfer starts. During 
launch preparations, surface winds can 
billow this material into a spinnaker-like 
sail, producing large stresses in the film 
and generally threatening the operation. 
And since the tow balloon ceases to 
perform any function once the main 
balloon has deployed, the excess weight 
of this material is a burden on the sys
tem as a whole. In effect, the design of 
the non-tailored tow balloon embodies 
conflicting requirements: the excess

Tandem balloon system allows the main 
balloon to remain uninflated at launch, 
and thus relatively immune to surface 
wind damage. During ascent, expanding 
gas in the tow balloon passes through 
a gas transfer duct to fill the main 
balloon. A t float altitude the tow 
balloon serves no purpose.



material required to reduce stress adds weight, drag, and the 
risk of sail formation.

F u lly  Tailored Design

The fully tailored design reduces the problems caused by 
excess material, but requires the balloon to withstand higher 
circumferential stresses; thus an exceptionally strong material 
is required for its construction. Thanks to advances in plastic 
film technology, balloon materials can now be made very

strong with scrim reinforcements, and the seams of scrim- 
reinforced material can be made as strong as the material 
itself.

The tow balloon was designed to lift a total payload of 
8280 lb, including main balloon, suspended load, and free 
lift. Its inflated volume is 134,500 cu ft. Its 47 gores are 
constructed of Vi mil Mylar, and reinforced with Dacron 
scrim (GT-111-3). Additional Dacron threads run meridion- 
ally through a 15 in. center section of each gore for extra 
strength. The balloon’s dimensions were selected for an 
actual scientific flight; however, the final payload for the 
planned flight was heavier than anticipated, and the balloon 
was subjected to simulated testing instead.

F ligh t Sim ulation

The simulated flight test was carried out in a large armory. 
The balloon was first inflated with helium until full lift was 
attained, and then was pressurized with air to simulate the 
added internal pressure of the transfer condition. Successive 
altitudes were simulated by releasing helium (i.e., reducing 
lift) while maintaining a series of measured internal pressures 
with an air blower. The balloon sustained the pressures of all 
simulated altitudes with no indication of excessive stresses. 
Maximum strains measured were 1.7% in the meridional 
direction and 2.2% in the circumferential direction. The 
balloon now awaits an actual test flight, but little doubt 
remains that it will prove to be an effective operational 
vehicle. •

Fully tailored tow balloon undergoing 
flight simulation test with film strain gages 
attached at five stations. Maximum pressure conditions 
were maintained for over 30 min, considerably 
longer than would be experienced in real flight.
Cables attached to apex simulated aerodynamic loading.

R ota t in g  
F ie ld  

M ill

In our article “Dropsonde Studies of 
Thunderstorms” {Facilities for Atmo
spheric Research, No. 6, September 
1968) we cited Harnwell and van 
Voorhis (1933) as the originators of the 
first workable field mill (see J. A. 
C halm ers, A t  mo spheric Electricity, 
Pergamon Press, London, 1957, pp. 
96-98). James P. Lodge, Jr., of NCAR 
has since brought to our attention a 
reference to its development by W. H. 
Rodebush and E. F. Fiock in 1925. 
Their instrument was remarkably similar 
to modern designs for stationary appli

cations, containing the necessary ele
ments of two rotating grounded quad
rants and two stationary quadrants 
connected to a detector. The only sig
nificant difference was the use of a bal
listic galvanometer as the detector. The 
rate of rotation was synchronized with 
the natural period of the instrument. 
For further details, see W. H. Rodebush 
and E. F. Fiock, “Measurement of the 
Absolute Charge on the Earth’s Sur
face,” Proc. Natl. Acad. Sci. U.S. 11, 
1925,402-404. •



Stat is t ica l  P l a n n in g  fo r  
B a l lo o n  F l igh ts

Members of the NCAR Scientific 
Balloon Facility have developed a com
puter program to simulate balloon flight 
tra jec to rie s  across the continental 
United States. The statistically derived 
tra jec to rie s  can be calculated on 
NCAR’s Control Data 6600 computer at 
a rate of 2000 flights/min, giving bal
loon flight planners a key to the most 
probable paths balloons will take when 
launched from the Balloon Facility’s 
Palestine, Texas, flight station, or from 
other sites within the U.S. Variations of 
the computer program allow selecting 
launch sites and times most likely to 
yield balloon trajectories over desired 
targets, as may be required in pollution 
studies and for at-sea recoveries.

Data Grid

The fligh t s im ula tion  program 
(SIMFLT) is based on six years of wind

The simulated flight program is based 
on sounding data at four U. S. locations. 
Maps show (a) zonal (E-W), and
(b) meridional (N-S) isolines fitted  
to sounding data for November 
at 120,000 ft.
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M E R ID IO N A L W IN D  
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A 5° data grid derived 
from map-plotted isolines is used 

for computer calculations.
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A program variation derives the mean tracks and locations
o f  flights at given time intervals. The computer plots
the location o f  every fourth flight at the specified times.
Locations and distributions o f  January flights at
120,000 f t  are shown 9, 12, and 15 hr after hypothetical launch
from Roswell, New Mexico. These plots would
be helpful in planning a 12 hr flight.

data from rocket soundings at Point Mugu, White Sands, 
Cape Kennedy, and Wallops Island. The data include monthly 
mean zonal and meridional wind speeds and standard devia
tions for each 10,000 ft level between 80,000 and 160,000 ft, 
and supplemental data at 10 mb (104,000 ft). The data for 
each level and each month from all observing stations 
were plotted on a map, and isolines drawn for each variable. 
Interpolation from the isoline pattern provided derived 
data at each point of a 5° longitude-latitude grid.

The grid data are used to compute trajectories that are 
believed to have essentially the same statistical characteristics 
as real trajectories. These computed trajectories serve as valu
able planning aids, since operational conditions can be im
posed. Trajectories may be started at any point within the 
grid, or terminated at the nearest approach to any point 
within the grid. Final decisions for an actual flight operation 
must, of course, rely on adequate short range meteorological 
forecasting. The accuracy of the data grid will improve as 
atmospheric sounding techniques improve, and as data from 
more locations become available.

Trajectory Computation

To simulate a balloon flight from a given starting point, 
the SIMFLT program makes a linear interpolation of data on 
the 5° grid in two dimensions to find each mean wind com
ponent and standard deviation at the latitude and longitude 
of that location. (The trajectory during ascent and descent is 
not calculated, and must be accounted for separately.) Next, 
a wind velocity is selected by a random process from a nor
mally distributed population of winds having these means 
and standard deviations. The program tests the direction of 
the wind vector against preassigned limiting directions chosen 
to simulate conditions which might be imposed during an
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NOVEMBER 120,000 FT, El CENTRO, CALIF. TO ATLANTIC COAST 
25.0  HOURS SD 6 .2 , ANGLE 9 S .0 -7 5 .0

LONGITUDE

actual flight. If the vector is within 
these angular limits, the simulated flight 
is allowed to “fly” for a given time 
increment, and a new position is calcu
lated. At this position new grid data are 
available and a new wind vector is 
chosen, using the new data and the 
random selection process. To allow for 
the persistence of the wind, each new 
wind vector is, in principle, combined

Another program variation 
simulates flight over or near a 
specific goal. The balloon’s 
location at the end o f  each time 
increment is tested for nearness 
to the goal, and the closest 
point to the goal on each flight is 
stored in computer memory. 
When the required number 
o f  flights has been made, 
the closest point on each flight is 
plotted on a longitude-latitude 
grid, and the means and 
standard deviations tabulated.

with the previous vector so that the 
autocorrelation of winds along the simu
lated trajectory approximates that of 
the winds along actual trajectories. The 
actual autocorrelation is not known. In 
practice, the prior vector (reduced in 
magnitude by 2%) is added to the new 
vector (reduced in magnitude by 98%) 
to derive the resultant vector for the 
next time increment.

Program Output

The simulated trajectories are plotted 
over a longitude-latitude grid on a dd80 
cathode ray tube plotter. Microfilm 
photographs are made automatically, 
and individual film frames are easily 
converted to hard copy. The program 
also issues printed tabulations of initial 
winds, and the percentage of the winds 
tested that meet the initial wind direc
tion criteria chosen by the flight plan
ner. All flights not excluded by direc
tional limitations are listed with their 
mean positions and standard deviations 
of longitude and latitude at chosen 
times.

The Scientific Balloon Facility has 
begun compiling a comprehensive file of 
trajectory data for its Palestine Flight 
Station. For operational planning from 
other launch sites within the data grid, 
the SIMFLT program can be run on a 
request basis. Inquiries may be directed 
to:

Alvin L. Morris, Manager 
Scientific Balloon Facility 
National Center for Atmospheric 

Research 
P. 0 . Box 1470
Boulder, Colorado 80302 •

S o u th e rn  
H e m is p h e r e  

B a l lo o n  
L a u n c h e s

About 20 scientists met on 2 May at the National 
Academy of Sciences in Washington, D.C., to discuss the 
possibility of a cooperative southern hemisphere balloon 
launching expedition in 1971 or 1972. Many programs in 
astronomy and high energy physics would benefit from 
flights below the equator, particularly at low geomagnetic 
latitudes where low energy particles are excluded.

The meeting was a follow-up to a questionnaire distributed 
by the NCAR Scientific Balloon Facility to about two dozen 
scientists to determine the need for, and interest in, southern 
hemisphere flight facilities. The enthusiasm evident in 
responses to the questionnaire also marked the discussions in 
Washington. Host for the meeting was George A. Derbyshire, 
Secretary of the Space Science Board of the National 
Academy of Sciences.

The scientists formed a committee to investigate special 
areas that would profit from flights in the southern hemi
sphere. The areas of special interest are: X ray, gamma ray, 
ultraviolet, and infrared astronomy; atmospheric neutrons; 
atmospheric constituents; and general high energy cosmic ray 
composition. The scientists also discussed possible launch 
sites. They agreed that fiscal year 1971 would be the earliest 
feasible date for a joint field venture. Acting chairman for 
the group is Donald W. Aitken of Stanford University.

The Scientific Balloon Facility will assist the committee 
by providing information on ballooning, logistics, and launch 
sites. It will also help prepare joint research proposals and 
manage flight operations if requested. •
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MEXICO

Trips

In recent months members of the 
Field Observing Facility have journeyed 
to the mountains of central Mexico and 
to the tropics of Venezuela in prepara
tion for FOF support of two scheduled 
field programs. A scouting party, con
sisting of Richard Sanborn of the FOF 
and Roger Kopp and Keith Watson of 
the NCAR High Altitude Observatory 
(HAO), searched for sites in the moun
tains southeast of Oaxaca, Mexico, suit
able for solar observations during the 
total eclipse of the sun on 7 March 
1970. The eclipse will move in a narrow 
path across Mexico, the Gulf of Mexico, 
the southeast U.S., and Newfoundland, 
and will terminate in the North Atlan
tic. The 8000 ft mountains near Oaxaca 
are thought to offer the best locations 
along this path for clear observations 
during the three minutes of totality.

The scouting party first consulted 
in Mexico City with embassy officials 
and with Dr. G. Haro, Mexican scien
tific coordinator for the various groups 
planning eclipse expeditions to Mexico. 
Haro provided practical assistance and 
personal contacts with officials in Oaxaca 
and in the small villages lying along the 
eclipse path. The party then spent 
several days exploring sites accessible 
from the two main highways leading 
south from Oaxaca. In general, the 
terrain is rugged and offers few sites 
level and spacious enough for a field

installation; however, several sites were 
located which appear suitable, and a 
final selection will be made in time for 
logistics preparations.

During the HAO eclipse expedition, 
the FOF will assume responsibility for 
operational and logistics planning, in
cluding equipment and personnel trans
port, food, lodging, and power sources 
for the scientific equipment.

V IM H EX  Survey Trips

Richard Sanborn and Walter Records 
journeyed separately to Venezuela with 
researchers from Colorado State Univer
sity to lay diplomatic and scientific 
groundwork for CSU’s VIMHEX proj
ect,* scheduled from June to October 
1969. VIMHEX (Venezuela Inter
national Meteorology and Hydrology 
Experiment) is funded by the Depart
ment of Defense and directed by CSU 
professor Herbert Riehl. It is expected 
to produce a model of weather distur
bances over tropical land with relatively 
flat topography. Specific objectives are:

• To express the mesoscale weather 
s tru c tu re , especially cumulonimbus 
clouds or bands, in terms of the synop
tic scale envelope, and hence to con

*Known u n til recently as Project 
Themis.

tribute to the understanding of the role 
of mesoscale events in large scale 
weather.

• To formulate from this model pre
diction methods for stream runoff, 
ground trafficability, and groundwater 
variations.

• To observe the extent and severity 
of equatorial zone thunderstorms rela
tive to other areas.

In September Sanborn accompanied 
CSU staff members to Venezuela to 
complete diplomatic negotiations for 
conducting the program, and to estab
lish liaison with cooperating Venezuelan 
agencies. The party also surveyed exist
ing facilities and data collecting net
works, management agencies, and finan
cial arrangements.

Two months later Records joined the 
CSU scientists in a survey of specific 
local services and resources that might 
be available during the five month field 
operation. They investigated living and 
working arrangements and various hard
ware costs, and also located advanta
geous sites for installing the hydrologi
cal system.

During the field program the FOF 
will supply a full time staff of five to fill 
key positions, and will lend a variety of 
observing equipment, including GMDs, 
mechanical weather stations, raingages, 
hygrothermographs, and data acquisi
tion equipment. •



N e w  D e s i g n s  
f o r  W e a t h e r  R a d a r

FOF’s 10 f t  dish antenna 
for non-coherent 
S-band radar.

The Field Observing Facility has re
cently developed a non-coherent S-band 
radar suitable for use in a variety of 
cloud physics investigations. The radar 
is equipped with a 10 ft paraboloid 
antenna for detailed reflectivity scan
ning. It began operation last summer in 
studies of convective storms conducted 
by Richard Schleusener of the South 
Dakota School of Mines and Technol
ogy. Schleusener began promoting the 
radar’s development following Project 
Hailswath, a joint conference and field 
research project carried out in 1966. 
At that time participating scientists as
sessed radar improvements needed to 
overcome shortcomings that became ap
parent during the field exercise.

George H. Saum, Jr., and Joseph J. 
Boyajian of the FOF began constructing 
the radar in March 1968, and by early 
June had a set ready for transport to the 
project site near Alliance, Nebraska. 
Testing and calibration continued dur
ing the summer and reflectivity data

were obtained. The FOF also provided a 
conventional M33 radar during the field 
program.

Schleusener’s study involved several 
kinds of radar measurements. Time 
lapse photographs were taken of the PPI 
display of the M33 S-band set to docu
ment general motions of storms. Quanti
tative reflectivity data from the new 
high resolution set and the X-band set 
of the M33 were taken simultaneously 
to determine which radar data serve best 
to predict hail at the ground. The radar 
studies were supplemented by a variety 
of airborne and ground observations.

Radar Characteristics

The new S-band radar is constructed 
largely from standard M33 and Nike 
Ajax equipment. Modifications were so 
numerous that only the transmitter and 
the fram e fo r the Ajax pedestal 
remained unchanged. The new radar has
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Purpose
and

E nv iro n m e n t

Q uantita tive  investigation 93

Target tracking 46
Seacoast 63
T  ropics 49

Frequency
S-band 56

X-band 46

Peak O u tp u t 500 kW 46
Power 100 kW 29

T ra n s m i t te r Pulse Selectable 56
D uration <  1 /isec 49

Pulse Selectable 51

Rate <  1000 pps 32

Phase

Coherence
Yes: 59

F ro n t End
Parametric am p lifie r 34

Low  noise diode 32

Interm ediate Linear 56

Receiver A m p lif ie r Logarithm ic 59

Dynam ic 80 db 42

Range 60 db 39
Ca lib ra tion M in im um  detectable signal (MDS) 59

Beam W idth
< 1 ° 46
1° to  2° 59

Polarization
Linear 56
Circu lar 24

A n te n n a
O ff-A x is

Response
A t  least 30  db  dow n 44

F u ll servo system 83

Beam N o azim uth lim its 68
Positioning 90° lim it  on elevation axis 49

A z im u th  o r elevation sector scan 68

Type
Balloon 56
A irc ra ft 42

T a rge t
T rack ing

T arget 
V e loc ity

10 to  100 m/sec 29

Track Range 10 to  100 km 61

Track 1 m illirad ian 32
Accuracy < 1 0  m illirad ians 27

D ig ita l recording o f antenna angles and video signals 68

S igna l Pulse in tegration 63

P rocess ing Iso-echo contouring 61

Range a ttenuation  correction 61

PPI 93

RH I and A-scope 83

Displays
Photos 90

Size < 1 0  inch 54

Range and angle marks 95

Antenna position 83

P ackag ing M obile 46

Fixed insta lla tion 42

Power
Source

Commercial 68

In September 1967 the FOF polled more 
than 50 workers in radar meteorology to learn 
what features could be best combined in a general purpose 
weather radar. Responses to the questionnaire indicated 
clear trends o f  opinion in many areas, which the FOF has 
since used as a guide in its radar development program. 
Results o f  the FOF radar questionnaire are tabulated 
above. Numbers represent percentage o f  those polled 
who were in favor o f  the listed radar specifications.

a magnetron oscillator with 1 MW peak power, 1 jusec 
pulsewidth, and a PRF of 1000/sec. The 10 ft paraboloid 
antenna has full servo control, including handwheel position
ing, and rate scan or manual sector scan on both azimuth and 
elevation. The radar has all solid state timing and displays, 
including a 12 in. PPI/RHI main display with 10, 25, 50, and 
100 km selectable ranges; a 10 km variable sweep range; 
range marks at 1, 5, 10, and 50 km; and 10° angle marks. 
Other features are a choice of Unear or logarithmic IF pro
cessing, a calibrated IF attenuator, and a separate display 
console fitted with a 16 mm time lapse camera for recording 
PPI/RHI and A-display, along with antenna angles, time of 
day, and auxiliary data. Most of the analog circuits were 
replaced with digital circuits, so that the majority of the 
output data appears in digital form and provides convenient 
input for computer processing.

After the radar was returned to NCAR at season’s end, 
Saum and Boyajian undertook work to slave the antenna to a 
standard M33 tracking antenna. This will insure that both the 
S- and X-band antennas are pointing in the same direction. 
The angle readout resolution was increased to 0.1°, and the 
timing of the two sets was more precisely synchronized to 
enable simultaneous measurements of cloud reflectivities at
3 and 10 cm wavelengths.

T rack in g  and Storm  Surveillance Radars

The FOF has also begun plans to acquire and develop 
radar systems for both tracking and storm surveillance. Re
sults of a radar questionnaire tabulated by the FOF last year 
were used as guidelines in choosing among many com
ponents. Commercial systems now available seem to fulfill 
the needs of a tracking radar, but developmental work is still 
needed to produce a suitable storm surveillance radar. Most 
workers favor a radar using coherent radiation. The most 
economical means of building such a set is to use the trans
mitter and modulator from an FPS-18 radar. In November 
the FOF obtained two complete FPS-18 sets, and Saum and 
Boyajian are now working to incorporate the necessary 
components into a portable system for use in the Joint Hail 
Suppression Project in northeastern Colorado this summer. 
The radar will be similar to the S-band system developed for 
the South Dakota studies, but will be coherent and will 
operate on a slightly different frequency. The FOF also 
hopes to purchase a commercial tracking radar during the 
coming year.

Through these various radar developments the FOF be
lieves it has a good start on many circuits and components 
desired for its long range weather radar development pro
gram As progress continues, it hopes to gather descriptions, 
diagrams, and test results into a form suitable for distribution 
to all interested users. It continues to welcome suggestions 
from outside researchers. •
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