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Abstract

The first day of the four-day meeting held 16-19 August 1966 was devoted io
technical descriptions of six radar meteor trail systems. Methods of deriving
winds, wind shears, and geometric height of the trails were presented on the second
day. Discussions of ambipolar diffusion rates and derived atmospheric densities
and density-heights were the topics for the third day. On the last day the discussion
centered around the use of the data by the meteorologist. The height resolutirn and
data rates needed for climatological, tidal, and turbulence studies were delinzated.
Two papers on wind studies at Sheffield, England and at Adelaide, Australia were

presented.
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Preface

In the 1950's Manning, Eshleman, and Peterson at Stanford University laid the
ground work for the measurement of winds from radar meteor trail returns.
Further improvements were made on the technique by Greenhow at Jodrell Bank,
England and by Elford and others at Adelaide, Australia. The AFCRL effort began
in 1962 and was based on Greenhow's system. The first returns were seen in
January 1964, and the first usable film data were taken on 6 March 1964. Contacts
with other groups indicated that each group was working independently, and that
there should be more cooperation and intercourse between the various groups.
Representatives of the French group, the Stanford group, and the Adelaide group
agreed that a meeting should be held and AFCRL agreed to sponsor the meeting.
The announcement stated:

The purpose of this meeting is to bring the atmospheric physicists,
astrono:ners, and radio engineers together with the applied mete-
orologist so that a better understanding of the meteorological prob-
lems can be achieved and so that a unified attack on the unreaolved
problems can be mounted. Specifically, this meeting will bring
together those actively working in this field so that we may better
understand the accuracy of the height, wind, and density data
obtained by various workers.

The first of the four days of the Workshop was devoted to descriptions of the
six systems repre-ented at the Workshop, This laid the ground work, set the stage
for the discussions of the following days, and helped to point out some of the
equipment problems.
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Determination and accuracy of the geometric height of the specular reflection
point on the trails as well as the accuracy of the derived wind data were the topics
for the second day. Because of the small scale atmospheric structure seen in
rocket trailz, the meteorologist would like position accuracy of a couple of hundred
meters. Present height accuracy is about + 2 kilometers, and the wind is a non-
linear average over the first Fresnel zone which is roughly cne kilometer in length,

Density, density height, and diffusion were discussed on the third day. The
disagreement between theory and practice points up the fact that much more work
will have to be done in this area. In particular, improved methods will have to be
implemented to distinguish uniform, underdense trails capable of providing accurate
density values.

On the last day of the Workshop the six stations agreed to take observations
during the Geminids in December 1966 because of tlie uniform trails provided by
this meteor shower. There was a lively discussion of the type and format of the
data to be supplied to meteorologists and other users. Dr. Elford devised a table
listing the required height accuracies and data rates needed for various wind
studies. The final version, expressing the consensus of the Workshop, is included
in the text.

Two meteorological papers were presented. Mr. Miiller of Sheffield University
spoke on "Atmospheric Tides in the Meteor Zone," and Dr. Elford's paper was on
"Upper Atmospheric Wind Observations at Adelaide."

The meeting was held at the Charter House Motor Hotel, Wintes Street exit,
Route 128, Waltham, Mass., 16-19 August 1966. Attendance was lirited to 40
people so as to allow the sessions to be informal and to maximize the exchange of
information. A group photograph and list of attendees is included in the appendix.
Stenographic records were taken and subsequently sent to the speakers so that the
presentations could be revigsed for inclusion in these proceedings. The different
responses from the speakers did not allow editing of the papers in a uniform
manner. Henc¢ scme papers are abstracts, others edited stenographic notes and
others finished, formal papers.

The edit rs would like to thank Helen Angier for typing the draft versions of
the proceedings.

Arnold A, Barnes, Jr.

Joseph J. Pazniokas
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PROCEEDINGS OF THE WORKSHOP ON
METHODS OF OBTAINING WINDS AND

DENSITIES FROM RADAR METEOR
TRAIL RETURNS

Welcoming Address

Dr. Marton L. Barad

Meteoralagy Labaratory

Air Farce Cambridge Research Laboratories
Bedford, Massachusetts

DR. BARNES. 1 would like to introduce the gentleman who has made this
Workshop possible. It was through his foresight that the Upper Atm.usphere
Rranch is, at this time, actively pursuing research to obtain useful, routine,
meteorological data from meteor trail returrns. He and Mr, Hering have suc-
cessfully obtained funds so that we could continue our work, ard, most important
of all, he approved the =2xpenditure of funds for this Workshop. For the past five
years he nas been Chief of the Meteorology Laboratery of the Air Force Cambridge
Research Laboratories. 1 would like at this time to present to you Dr. Morton
Barad.

DR. MORTON L. BARAD, Thank you, It is a pleasure to be here this morn-
ing and to be able to welcome all of you to this Workshop. 1 think that Arnold's
idea to keep the membership or registration limited should serve to make this a
more interesting meeting to all of you who have come from many parts of the globe
to attend this meeting, As Arnold has indicated, we have been engaged with this
problem for something like four years now, I think this is a good time for us at

(Received for publication 9 April 1968)
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AFCRL to take stock to see where we stand, At the same time, we hope all of
you who have traveled from so far will also ihave an opportunity to .ind out what
others have done; in this way, the exchange of information will have been worth
the trip, It is a great pleasure for us to be abl2 to sponsor this Workshp, and
we hope that in the ccurse of the rext few days you will find it -orthwhile. I think
it would be profitable to move right into the program,
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Workshop Chairman’s Remarks

DR. BARNES. Thank you very much, Dr. Barad.

During the past three years, I have met with representatives from the instal-
lations at Adelaide, Australia: Stanford, California; Havana, Illinois; and France.
The consensus was that those actually working in the field of wind and density
measurements, obtained from radar meteor trail returns, should get together to
exchange information with one another and to learn the problems which face the
meteorologists who currently need such data for both applied and theoretical pur-
poses.

It is obvious to everyone of us thai we can obtain information for the meteor-
ologists, but on the other hand, the meteorologists raust know the limitations on
the data so that they will not be misled when using the data. If we look at it from
another point of view, the meteorologist should tell us what he knows about this re-
gion of the atmosphere, what he wants to know, and what sort of measurements
with what accuracy are needed to answer his questions. I have tried to achieve
these objectives in organizing this meeting.

Even though we have a formal progsam, I hope this can be an informal meet-
ing; and I am sure that it ca* be with the reduced attendance that we have. Our
first speaker is from the A. Weather Service. He is here to tell us why the wind
and density data between 80 and 120 kilometers is needed and for what it will be
i used. Major Thomas Studer of the air Weather Service,
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Dcta User's Requirements

Major Thomas Studer
Air Weather Service

I should qualify Dr. Barnes' statement that ! will speak for the users., What
I have to say will indicate Air Force requirements, but I canno- speak for NASA or
for ESSA, Their requirements, or at least NASA's requirements, appear very
similar to ours,

The Air Force requirements for knowledge of winds and densities in the inter-
val from L0 to 120 km arise both from a need to provide immediate operational
support and from a longer-term requirement for a better climatolocgy of the atmos-
phere for use in designing spzce vehicles, and so forth, The need for operational
support of the original Dyna-soar program, and to a lesser degree of the Skybolt
project, were early factors focusing military interest on ionized meteor trails as
a sourcs of information on densities and winds from these regions.

Th=se programs have been cancelled and follow-on programs have not carried
80 great a need for wind information, but the urgent requirement for density data
continues, Perhaps the niost important of these current programs demanding
density measureraents are Apollo and Saturn, The Saturn vehicle, which sghould
put a man on the moon by 1969 or 1970, has a stage separation near the altitude .
range of 80 to 100 km. This is a critical portion of the flight profile and system
performance at this time is somewhat dependent on density., The PRIME program,
aimed at developing a boost-glide vehicle capable of returning satellite payloads

to a ground landing site, is similar in many ways to the older Dyna-soar program,
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Vehicle reentiry into the atmosphere will {ollaw . skip profile, undergoing a series
of sinusoidal un-ulations in the region of 40 to 110 km, before deploying a parachute
for descent to earth. The amount of 1ift imparted to the vehicle during this series
of maneuvers and, therefore, the final landing site, depends on the amlient density.

The second requl.ement for this data, that of a genera. climatology for high
altitude regions, has not received a great deal of emphasis, Interest in this area
should grow in the future, however, especially as means of attaining accurate data
are developed and improved, The Air Weather Service has an expressed require-
ment for a forecasting capability for high altitudes, and, obviously, this cannot be
developed until more comprehensive measurements are made at these altitudes.

To realistically design vehicles sperating through the atmosphere, either going

into space or returning from sp:ce, reasonably complete and accurate information
describing the general daily and seasonal va-iations of the atmosphere, as well as
probably extreme conditions to be expected, are required. Information of this kind
from the lower aimosphere has been invaluable iu the past for designing conventional
airframes; it's only reasor-ble to presume it will be of great value in designing
more exotic space vehicles.

It is difficult at the present time to estimate the density of data that will he
needed. Oddly enough, more information must be acquired before this can be real-
istically estimated,

A thirteen-station roc!.ctsonde network is now in existence gathering data to
200,000 ft. An expansion of this to include more systematic measurements in the
Southern Hernisphere would be most desirable, but the costs involved in doing so
are large., There is reason to believe that a greater number of systems will be
needed to measure the environment at higher altitudes,

I am relatively new to this general area and am still acquiring a feel for the
capabilities of systems that can sample the atmosphere at such high altitudes. Cost
factors, ‘o include installation and continuing maintenance expenses, are also fea-
tures in whkich I'm interested. In short, listening to this discussion over the next
two or three days should be most interesting.
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Introductory Remarks

DR, BARNES, Thank you, Major Studer. The first session will be on the
description of the various radar systems.

The Chairman is Mr, Robert F, Myers, who is the Senior Engineer, Meteor-
ology Laboratory, Air Force Cambridge Research Laboratories.

ROBERT F. MYERS, What is there left for me to say? This first session on
Descriptions of Systems will not answer Major Studer's proble . ns of how much the
systems cost or how muckh it will cost to maintain them, but this should give an
appreciation of the system problems in an attack on the use of atmospheric meteor
trails as meteorological sensors, 1 believe the real intent of today's meeting is
one of education for us all. The first system we want to discuss is that of the
University of Adelaide in Australia, The first speaker is Dr. W, Graham Elford,
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|. The Adelaide Radio-Meteor System

Dr. W. Grohom Elfard
Department of Physics,
University of Adelaide,

Avustrelia

Abstract

A 27-MHz combined cw and pulse radio system for comprehensive observations
of meteor trails is described. The equipment affords measurements of systematic
and turbulent wind and meteor orbits on a routine basis. The physical principles
underlying these measurements are discussed and the main features of the equip-
ment described.

1. INTRODUCTION

Meastrements at Adelaide, South Australia, of the motinn of the upper atmos-
phere by radio observations of drifting meteor trails commenced in 1952 using a
combined continuous wave and pulse technique, Since that time the system has
undergone many revisions but the basic principles behind the system at present in
use are essentially the same as those put forward by Rcbertson, Liddy, and

Elford (1953) when the first prototype system was described.
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In 1959 a network of remote receiving sites was added to the system in order
that the orbits of individual meteors could be measured and small scale turbulence
studied. The complete system thus afforded a unique combination of geophysical
and astronomical measurements. A thirteen-month survey of systematic winds,
turbulence, and meteor orbits was commenced in December 1960, These observa-
tions succeeded in revealing the presence of numerous weak meteor streams
(Niisson, 1964) and a senii-annual variation in the rate of dissipation of turbulent
energy at 80 to 100 km (Roper and Elford, 1963).

This paper describes the present equipment and the physical principles under-
lying the measurements, A brief description of a single station conerent radar
system developed for measurements of meteor drifts at an Antarctic site is given
in an Appendix.

2. THE \IMS OF THE PROJECT

The chief aims of the project inay be summarized as follows:
(i) The measurement of the rate of drift of meteor trails in order to stuay
the diurnal and seasonal variations in the motion of the atmosphere be-
tween 75 and 105 km.,
(ii) The measurement of the relative drift of threc or more portions of indi-
vidual meteor trails, for a study of atmosrheric turbulence.

(iii) The measurement of the orbits of individual sporadic and shower meteors
down to the 8th magnitude on a routine basis,

(iv) A statistical study of the distribution of ionization along meteor trails,

(v) An examination of the dependence of the diffusion of meteor ionization on
height and on the orientation of the .rail with respect to the Earth's mag-
netic field.

Of these objectives only the first, the study of systematic winds, can be car-
ried out with a single receiving site. The other four projects all depend on the
successful triangulation of the flight pawis of individual meteors for which at least
two other receiving sites are required,

3. THE EQUIPMENT

The present equipment consists of two transmitters, continuous wave and
pulse, at Adelaide, a main receiving station at St, Kilda, 22.9 km to the north
of the transmitters, and three outstations. Data from the outstations are relayed
by FM links to the main station where all the information is recorded, The sta-
tion geometry is shown in Figure 1,
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Figure 1, Schematic Diagram (not to scale) of the Locations of
the Stations and the Geometry of the Adelaide Radio Meteor Sys-
tem., Times tg, tM, tN, tNw are the times when the meteoroid
passes the refEection points g, M, N, NW for the four stations. A
typical diffraction pattern generated as the meteoroid passes a
specular reflection point is shown., All recording is done at the
main station,

(b1

Figure 2. (a) Phase Diagram Showing the Resultant Amplitude
at the Receiving Antennas in Terms of the Ground Wave G and
Sky Wave S. The vector triangle GSR is replaced by G'SR! for
the duration of the sense “'spike”

(b} A Doppler Record, The sense spikes delineate a phantom
trace that either leads or lags the main trace by 90°
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3.1 Techniques of Mensurements

The quantities basic to the measurement of winds are the line~of-sight drift
velocities of individual meteor trails and the location in space of the reflection
points. The drift of the trail is obtained by measuring the rate of increase of the
phase path of the sky wave, by comparing its phase with the (constant) phase of
the ground wave at the receiving aerial; mixing is pei1formed at the aerials, Al-
ternatively this may be described as the measurement of the Doppler shift in fre-
quency of the sky wave on its reflection at the moving meteor trail,

The sense of drift is determined by a periodic (50 Hz) saw~tooth phase modu-

lation of the transmitted wave. The phase is retarded by 90° in 80 psec and is then

restored to zero in 20 msec. The slow advancement of phase is virtually synchro-

nous in the ground wave and the sky wave at the receiving sites, but the rapid re-
tardation occurs in the ground wave G before it does so in the sky wave S because
of the path differences. Thus for a period of 500 to 1000 usecs every 1/50 sec the
ground wave G is retarded in phase by 90° but the phase of S is unchanged, as
shown in Figure 2(a). During this interval the vector triangle GSR is replaced by
G'SR' and the resultant amplitude at the receiver changes from R to R'. On the
Doppler record, Figure 2(b), the amplitude R' appears as ‘'spikes" which delineate
a phantom trace shifted in phase by 90° with respect to the main waveform. The
sense of the shift depends on the sense of rotation of S, i.e., according as the
phase path is increasing or décreasing.

The direction of the echoing point is found by a comparison of the phases of

the sky waves at five spaced receiving antennas at the main station. The layout of

the antenna system is shown in Figure 3. The directions OFE and ON define the

positive axes of a cartesian ¢oordinate system with respect to which the direction
of the sky wave is defined by the direction cosines £ and m.
on the line OS,

The transmitter lies
If coupling between antennas is neglected* the ground wave excites
currents in the five antennas with the following phases (relative to antenna one).

Antenna Phase (radians)
1 0
2 0
3 0
4 7/2
5 3nf2

* Analysis has shown that the errors introduced by coupling between antennas
1, 2, and 3 are less than the errors associated with reading the film records.
Coupling between antennas 4 and 5 is significant but the signals from these anten-
nas are used only to resolve ambiguities in direction,
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Figure 3. Layout of the Antennas Used for Determining the Direction of Arrival
of the Sky Wave. The transmitter lies on the line OS

Fortunately the relative rf phases of the sky waves are preserved in the relative
phases of the Doppler beat signals zt the respective antennas, and thus the usual

precautions for coniparison of rf phases are unnecessary. An analysis of phase

diagrams for each antenna shows that, for the case when the total sky wave phase

path is decreasing (reflection point approaching) the resultant Doppler beat signals
R1-5 have the following phase relationships:

R1 leads R2 by 27m radians,
R3 leads R2 by 27£ radians,
R4 leads R2 by 27r(2- - %Ln-) radiarns,

1,2 _ Tm :
R, leads R, by 27r(:1- o= 71—) radians,

These four measurements of relative phase are sufficient to determine unambig-

uously the direction of arrival of the sky wave, If the sky wave phase path is

increasing (reflection point receding) the values of £ and m are multiplied by -1. 0. )
In theory the sense of the reflection point motion can also be obtained from

these observations but in practise the effect of coupling between antennas 4 and 5

reduces the reliability of this means of determining sense. However, this redun-

dancy is of value in checking the internal consistency of the film reading.
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The range from the receiving site is determined by measuring the time differ-
ence between the arrival of a ground wave pulse and the associated sky wave pulse
and making an appropriate correction for the separation of the transmitting and
the receiving sites.

For turbulence studies and orbit measurements the orientation of the flight
path and the velocity of the metecoid are required, Consideration of the reflec-
tion process as a diffraction problem indicates that so long as the initially straight
meteor trail is not distorted the reflection is specular, i.e., an echo is received
from the trail only when the perpendicular to the trail passes through the observing
station (more strictly, whern the trail 1s tangent to an ellipsoid with transmitter and
receiver sites as foci), Furthermore, most of the echo power is returned from a
short segment of trail. of the order of one Fresnel zone in length, centered on the
specular reflection point, At 27 MHz and for a typical rang= of 100 km, the length
of this segment is approximately 0. 7 km. In general, this willi e smaller than
the separation of the specular reflection peints for the receiving stations,

The orientation of the flight path is determined {rom observations of the times
of passage of the meteor particle (more strictly, the advancing head of the ionized
column) past the specular reflection points appropriate to each receiving station
(Figure 1), In practise, these titnes of passage are dctermined from an analysis
of the diffraction wave-forms observed at each receiving site, From the relative
times of passage and the gebmetry of the system the spatial separation of the re-
flection points can be calculated, If a steady wind or wind shear is present the
meteor trail will not lie parallel to the path of the meteoroid but from a knowledge
of the line of sight motion of the reflection points an accurate correction can be
applied.

The velocity of the meteoroid is determined by measuring the time between
successive maxima and minima of the diffraction waveform. In the cw case these
measurements are complicated by the presence of the ground wave, and also by
the slow changes in the phase of the sky wave, which produces the body Doppler
waveform, However, these complications are more than compensated by the fact
that in the cw case the effect of diffusion of the trail on the diffraction waveform
is insignificant.

Other parameters measured are the ambipolar diffusion coefficient, inferred
from the rate of decay of the amplitude of the echo, and the peak echo amplitude.
The echo amplitude, taken in conjunction with the equipment parameters and the

antenna polar diagrams, gives the line density of electrons at the reflection point,
Thus these two parameters and the line-of-sight drift of the trail cau be determined

at four points whose relative positions are accurately known.
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3.2 Description of the Fquipment
3.2.1 TRANSMITTERS

The cw transmitter operates on a frequency of 26.773 MHz and the pulse trans-
mitter on a frequency of 27,540 MHz, Each transmitter feeds a simple half-wave
dipole, one a.arter wave above ground. Block diagrams of each transmitter are
given in Figure 4.

27.540 MHz
CRYSTAL OSCILLATOR 65 KW PEAK
? AND =1 DpRvER |—e—i FAL
LOW LEVEL AMPLIFIER =
[ 15KV
i =2 | B8usEc
| MAINS LOCKED
' TRIGGER || PULSE
| GENERATOR MODULATOR
E 200 pps
3KV
POWER
RADAR TRANSMITTER SUPPLY
]
[
i
26.773 MHz
: CRYSTAL OSCILLATOR|  [FREQUENCY 1500 WATTS
AND La=—{ MULTIPLIER-»—DRIVER{-—] FINAL _.,_'
| PHHSE MODULATOR X 36 PA.
3KV
2K VA
CW TRANSMITTER POWER SUPPLY

Figure 4, Block Diagrams of the CW and
Radar Transmitters
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Figure £, Block Diagrams of (a) the Equipment at the Main Rereiving Station,

(b) the Outstation Equipment

As explained above, the output of the cw transmitter is phase modulated
periodically so that the phase is retarded linearly b, 40° in 80 usec and then re-
stored linearly io zero in 20 msec. This moculation is achieved by phase modu-
lating the signal from the low frequency crystal oscillator with a saw-tooth wave-
form to give a maximum deviation of 2 1/2°, and then frequency multiplying by 36
to give a 90° deviation at 26.77 Miiz.

the antenna.

The cw transmitter delivers 1, 500 watts to

The exciter of the pulse transmitter is crystal controlled and delivers a cw
signal to the driver siage. The driver and final stages are pulse modulated with
a line type pulser that generates & usec pulses at a repetition rate of 200 sec'l.

The pulse transmitter delivers pulses with a peak power or 65 kw to the antenna.
3.2.2 MAIN RECEIVING STATION

A block diagram of the equipment at the main receiving station is given in

Figure 5(a). Signals from the three principal direction finding antennas (1,2, 3
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in Figure 3) are passed via a system of asymmetrical time sharing, into two IF
channels; to facilitate phase comparison the signal from antenna 2 is cornmon to
the two 11 channels, The supplementary directior: finding antennas 4 and 5 are
connected to the two Doppler rececivers which are also used for accurate measure-
ments of the frequency and sign of the Doppler beat and the amplitude of the echo
waveformi, The bandwidths of the DF and Doppler receivers are about 7 kHz, which

5 is sufficient to pass the ''sense spikes"

with relatively little distortion,
The ground pulse and radar receivers have bandwidths of approximately 150
kHz. The ground pulse receiver is connected to a horizontally beamed Yagi in
| order to provide a reliable trigger pulse for the time base of the radar display.
All receiving antennas other than the ground pulse antenna are half-wave di-
poles a quarter wave above ground. The system accepts meteor echoes from all
azimuths and from elevations within 60° of the zenith. The strength of the ground
wave at the receiving station is determined by the geographical sighting of the sys-
tem; the receiving sites are partially shielded from the transmitter by a low ridge
near the transmitting site. Provision is also made for adjusting the height above

ground of the transm’ .ting antenna.
3.2,3 THE THREE OUTS5TATIONS

These identical outstations each consists of a 26,773 MHz narrow-band receiver,
similar to the Doppler receivers, and a 167 MHz I ' transmitter. Since the ground
wave provides a constant reference phase, no precautic 1s are necessary to ensure
phase stability. The receiving antenna is a A/2 dipole, A/4 above ground; the FM
| antenna is a Yagi beamed to the main station. The units are sunk in the ground to
avoid vandalism and to obtain somme measure of thermal stability; there is also
provision for forced air cooling. A block diagram appears in Figure 5(b). Because
of the low Doppler frequencies sometimes encountered, and to preserve ground
wave information (this is recessary for the measurement of echo amplitude) the
output of each receiver is chopped at a frequency of 2 kHz before it is passed to

the link transm.itters.
3.2.4 RECORDERS

Information is recorded on 35 mm film which is normally stationary but is
set in motion fo1 a short time, through a magnetic clutch, when a predetermined
change in field strength s. one of tHe Doppler antennas at the main station indicates
the probable presence o. a meteor echo. The recorder is divided into three sec-
tions, each with a vertical bank of cathode-ray tubes, clutch and camera.

The wind data is presented on three tubes, portraying respectively the outputs
of the DF receivers, the Doppler receivers and the radar receiver. The turbu-
lence data from the main station and the three outstations is presented on two
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double beam tubes. Both these sections of the recorder are triggered by the echo
itself, and the film reaches its full speed within 1/20 sec. Since most useful
echoes persist for at least a few tenths of a second, there is no significant loss of
information in this initial phase. 1n each case the film speed is 0. 38 in,/sec, ade-
quate to resolve the maximum Doppler frequencies of approximately 30 Hz., The
duration of the recording interval can be varied but it is usually set at about 1.3

seconds.
3.2.5 MAGNET!IC TAFE MEMORY UNIT

The recording of the velocity and radiant data requires a more sophisticated
approach, Firstly, much higher film speeds are needed to resolve the velocity
diffraction patterns, whose frequency may be as large as 600 Hz, Secondly, the
useful part of the pattern is generated before the meteor crosses the specular re-
flection point, and hence well before the normal trigger system is able to start the
recording cycle. If triggered recording is to be retained, and this is highly desir-
able from the point of view of economy of film, soine means is required of storing
the velocity inforination until the trigger system is able io operate. This storage
is performed in a multi-channel continuously moving magnetic tape memory unit,
in which information is held for about 1,5 sec before being read cff by the playback
head, as indicated in Figure 5(a). Recording only takes place if the main trigger
system has operated., The tape is modulated directly by the chopped signals re-
ceived via the outstation FM links; in addition an output of one of the main station
Doppler receivers is chopped before being applied to the tape. Information is dis-
played on three CR tubes and photographed on film moving at a speed of 1.9 in. /sec.

In order to facilitate identification of the same echo on the three films, each
echo is allotted a serial number which is printed on the films from three counters
operated in coincidence., Each counter is iliuminated by a short electronic flash at
the end of each »ecording cycle. Time is recorded once every 15 minutes on the
wind film'and for every echo on the orbit film, A recording of a typical wind echo

is reproduced in Figure 6.

4. DATA REDUCTION

The 35 mm films on which the data are recorded are projected in special.
viewers built for the purpose and the raw data, mostly iimes of maxima and min -
ima of the recorded waveforms are read off in anaiog form, fed {0 an analog to
digital converier and recorucd on punched cards, Range, time, and echo number
are read for each echo and manually punched on to the card.

The wind, turbulence, and orbit film rezords are read separately and all the

=

s =

data is processed on a computer,

The computation of winds from the records is

SR
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Figure 6, A Typical Echo From a Drifting Trail, The top trace
gives the slant range, the center two traces the outputs of the two
doppler receivers and the lowest four traces the outputs of the
three DF receivers. The upper dark trace and the lower light
refer to the same DF antenna, with the phase of one inverted
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carried out as follows: Punched cards containing the raw data are first checked on

the computer for punching errors and the redundancy in the direction finding data
is used to check the internal consistency of the dJata.

=
£
k2
E
3
£

Inconsistent records are
noted and re-read. Any data that is still not internally consistcnt at this stage is

excluded from further analysis. The total data rejected is less than 8%,

At non-
shower times the hourly rate of useful echoes varies betwesn 5 and 50.

The diurnal, seasonal, and height variations of the wi-.d are determined by
setting up a model of the variation of the zonal, meridiraal, and vertical compon-
ents as a function of time and height and deterr.un: 4 the parameters of the model

by compariso.: with the observed data using thc method of least squares.

The ana-
lysis is carried out on a computer according to the method developed by Groves

Estimates of errors are made also.

(1959).
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Appendix

A Single Station Meteor-Wind Equipment

In 1957 a single station coherent radar system for measuring the drifts of
meteor trails was installed at Mawson (68° S} in Antarctica. This equipment was
based on the cw system in cperation at Adelaide and incorporated the same method
of determining the direction of the reflection point as has been described in
Section 3.

The transmitter radiated a pair of 3¢ MHz pulses each 10 usec in duration
and spaced 130 usec zpart, at a pulse repetition rate of 750 sec-l. A block dia-
gram of the transmitter is shown in Figure Al, Phase coherence was maintained
by feeding the pulsed stages from a crystal controlled cw exciter, The peak pulse
power was 15 kW,

The receiving antenna array was similar to that shown in Figure 3 for the
Adelaide system, A phase reference for the system was supplied by a low level
34 MHz cw signal from the exciter that fed a half-wave dipole antenna placed about
25 wavelengths from the receiving array and on a line through the axis of the array.
The combination of cw reference phase and pulsed sky wave produced amplitude
variations at the receiving antennas similar to that described in Section 3. Hence
the resultant amplitudes at the receiving antennas contained all the information
necessary for determining the line-of-sight velocity and the direction of the reflec-
tion point.

A block diagram of the receiving equipment is shown in Figure A2, Each echo
consisted of a train of double pulses and in order to discriminate in favour of an
echo the output of the radar receiver was fed to a 130 usec magnetostrictive delay
line and a coincidence detector. The five Doppler receivers were gated by a pulse
from the coincidence unit in such a way that the receivers were only operative dur-
ing the duration of the second pulse of each pair of echo pulses, The gated outputs
of the Doppler receivers were peak rectified and passed through filters with a
bandwidth of 50 Hz. The final Doppler waveforms had a signal-to-noise ratio equi-
valent to that of a cw system with a transmitter power equal to the mean power of
the radar system and with a receiver bandwidth of 50 Hz.

The receiver outputs were displayed on oscilloscopes and the data recorded
on 35 mm film in a similar manner to that described in Section 3, 2. 4 for the

Adelaide equipment.,
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MR. MYEKRS. Perhaps you have some dquestions for Dr. Liford?

DR, BARNES, 1t seems to me 1t the double pulse system would be a good
way to eliminate pulse noise. This would be an ideal way of reducing some of the
pulse radar noise we have at AFCRL.,

DR, ELFORD. Right, This is true, You can make 1. inore «rlective if you
like; you can transmit four pulses if you so desire.

MR, MYERS, Perhaps you might likc to comment on any undesirable feature
you have found which you would like to re-do, now that you have obviously 1eached
an improved level over several years ago? ls there any further direction in which
you are looking?

DR. ELFORD. Well, we have reached the stage where we are faced with the
data reduction nroblem, and our next question is, where do we go from here? Do
we go into an analog digital conversion? lif we do, this means large amounts of
fundings.,

THE FLOOR. I understood you to say that you ran four or five days a month;
is that a 24-hour day?

DR, ELFORD. Twenty-four houvrs, yes, Normally, we run for five to seven
days continuously, For special circumstances, we may run up to three weeks.
We may leave two weeks of this for processing later, We try to keep one week's
data out of each month read and processed within four weeks.

DR. GROSGl, How many components come back in your horizontal plane?

DR, ELFORD, Let me attack this in a slightly different way. The line-of-
sight and drift components are measured from four stations, We then set up a
model wind and we fit that data to this model using a least svuare analysis. We
can put in as many components as we like, consistent -vith the observations that
we have,

THE FLOOR. On any one meteor trail, do you measure only one line-of-sight?

DR. ELFORD. Yes, one line-of-sight. The spacea stations are so close to-
gether that all the components are essentially parallel,

THE FLOOR. There is only one component essentially, because your stations
are not far apart?

DR. ELFORD. Yes, but we intend to put another station some 40 kilometers
away.

MR, MYERS, This would be at right angles to the present transmitter -
receiver line? v

DR, ELFORD, Yes, at right angles,

MR. MYERS, Are there any other questions?

T T A AT 1 | - e - . — e - - PP AR U S U S ——
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DR. BARNES, Although your line-of-sight is essentially the same, your
specular reflection points are spaced so that the actual Doppler shift can be differ-
ent from cone point to another?

DR. ELFORD. Yes, this is essentinlly the data that Dr. Roper has used for
studying turbulence.

M" . MYFRS, I think this wiil be cu/'red in our session Wednesday. 1t will
be a major topic then,

Ttk FLOOR, What is \he separat.on in height as f-. as reflection points on
one particular meteor trail are concerned?

DR, ELFORD. With our present system this is two kilometers. We are now
pushing this up to four kilometers and it will eventually be fourteen kilometers,
if we can achieve that separation on one trail,

THE FLOOR. You just mentioned that you had separations to, let us say,
up to two or four kilometers, This separation can be measured fairly accurately.
Do you have similar accuracics in the absolute heights?

DR. ELFORD, Maybe 1 can refer that answer to Dr, Roper., lle is going to
go into that tomorrow.

DR. ROPER. In fact, we get an absolute resolution about plus or minus two
kilometers, but the separation resolution between reflections on any ore trail can
be measured to the order of about 30 meters per kilometer of separation.

DR, ELFORD. One nust never overlook that the reflection segments are on
the order of a half a kilometer long, so you are measuring the separation of two
segments to an accuracy of 30 meters, tut the segment can be five hundred meters,
or so, long.

MR. MYERS, Our next paper is by Dr. Grossi, who will explain the Havana
system,
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Il. The Meteor Radar Network
at Havana, Illinois

Dr. Maria D, Grassi
Smithsanian Astraphysical Observatary
Cambridge, Mass.

The system that I will describe is installed in Havana, Illinois, at the
Ionospheric Station of the National Bureau of Standards. The network is a rework
of a six~station non-coherent radar system that has been operated since 1961 by
the Harvard Radio Meteor Project.

We have now a new eight-station multistatic phase~coherent network (Figures
1 and 2) from which we expect to collect coherent meteor echoes from a volume in
the upper atmosphere, roughly 30 by 50 kilometers horizontally, and 16 kilometers
vertically, with the vertical dimension extending from 80 to 96 kilometers, and
with approximately 240 radar-resolvable cells. The volume under radar-patrol
is approximately above Decatur, Illinois,

When a cell i occupied by a meteor trail, echoes are received at the main
site (where the VHF transmitter is located) when the trail in the cell is tangent to
a sphere centered at the main site and with radius equal to the slant distance of
the cell from this site (backscattering case). Site No., 7 (Figure 1) receivcs an
echo when the trail is tangent to the prolate spheroid, having as foci sites 7 and 3.

The same holds for the outlying sites, Nos. 1, 2, 4, 5, and 6; these sites,

however, are so near to the main site that each related prolate spheroid can be
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approximated by a sphere centered at a ground-based point midway between each
location and site No, 3.

At the main site (where a 3-megawatt peak power 40, 9¢ MHz transmitter is
located), a dual-channel receiver provides range, angle of arrival, Fresnel
pattern, and Dopplcr information (radial velocity) on the echoes backscattered by
a trail,

Figurec 3 depicts the double-trough antenna of the main site, The two sections,
in an interferometric arrangement, provide the echo's angle of arrival,

At each one of the remote zites, No. 7 and 8, a single-channel receiver pro-
vides range, Fresael pattern, and Doppler information (wind velocity along the
bisector of the angle which separates the site from the transmitter location, as
seen from the trail) on .he echoes forward-scattered to the site from the trail.

‘%v,,}

AN W
: ..._'«'_t---'-u-'

Figure 3. The Double-Trough Antenna at the Main Site (site No. 3)
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ments,

A three-dimensional wind determinalion in each cell requires that echoes

lent, at one of the outlying sites) and at both remote sites.

to obtain the basic echoes we require for the wind measurement.

Assuming that 15 samples per hour for each cell are sufficient to describe
adequately the wind circular period, we have that 240 X 15 = 3, 600 independent

samples an hour are required in the overall volume surveyed.

We can realistically expect to collect this amount of information per hour w

determination gives two pieces of information because it provides also the wind
derivative with respect to position along the trail),

From the one-dimensional wind velocity determinations (2, 000 per hour),

from the small amount ¢f two- and three-dimensional data (100 an hour and 200

pattern reconstructions can be performed.

programmed to printout and/or plot the three-dimensional wind profiles.

Expected system accuracies are + 15 m in range and height; * 1 m/sec and
t 3 m/sec in radial velocity for trail altitudes below and above 95 kilometers,
respectively, +4 m/sec and *+ 12 m/sec in velocity components perpendicular to
the radial ones, again for altitudes below and above 9% kilometers, respectively,
A system calibration procedure and the related calibration equipment are

under development with .he aim of reaching an overall radar network accuracy of

better than 40% in echoing cross-section measurements, Transmitter power,

overall accuracy goal to be met.

During August and September 1965, the network was installed in the field,

and preliminary one-dimensional wind information collected from sites 3, 7, and

8. Figures 4 and 5 show samples of records obtained at site 3.

.

the new eight station radar network., The projected frequency of reducible meteors

is in fact 500 an hour, with 2, 000 one-dimensional wind velocity determinations per

33

Identical equipment is available at each one of the outlying sites, which =re

grouped around the main site and complement it for radial wind velocity measure-

\ from the cell at a given instant be received at the mnain site (or, which is equiva-

Because, in general,
a single trail does not scatter echoes in all the needed directions, we have to wait

until the cell is crossed by more than one trail nearly at the same time, in order

ith

hour, and 4,000 independent samples an hour (each one-dimensional wind velocity

per hour, respectively) and from consideration of continuity, quasi-reai-time wind

This is mechanized by conveying to the main site for processing in a digitizer
and recording in a multichannel digital tape recorder all the data collected by the
eight stations, and by playing back the tape in an IBM-7090 computer, appropriately

antenna gain, and receiver sensitivity must be known within 0, 8 dB, each, for the
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DR. BARNES. You mentioned a tape recorder. What type of a recorder is
that?

DR. GROSSI. A Potter unit, The overall subsystem was made by Baird
Atomic, and it contains a uigitizer, a tape recorder, a multinlexer plus associated
logics units,

DR. BARNES. Is that a step recorder?

DR. GROSSI. Yes, every time the tape recorder is switched "on", it goes
ahead for one tenth of a second to one second,

THE FLOOR. Do both maxima and minima of the meteor flux meet your echo
rates requirement ?

DR, GROSSI. Yes, it is hoped that Dr. Southworth will have at least 500
reducible echoes per hour,

DR. SOUTHWORTH, That is what we want,

DR, GROSSI. We have less than that now, something like 100 meteors per
hour.

DR. SOUTHWORTH, It varies,

DR, GROSSI. On the average we have now approximately 100 meteors per
hour, We are therefore a factor of 5 below the nominal requirement of 2, 000
one-dimensional velocity samples per hour. In effect we are in a slightly better
shape because 3, 600 and not 4,000 are the needed independent samples per hour,
which bring down to 450 the numnber of meteors to be cbserved in one hour,

THE FLOOR. This expectation is obviously due to your very high transmitter
power. You could compare that with the rate of about 250 meteors per hour ob-
served with other existing systems.

DR. GROSSI. Yes, the rate you mentioned is obtained with radar systems
having radiated power levels in the order of 20 kw peak.

THE FLOOR. You expect a fairly high return of data; you said something
about 3,600?

DR. GROSSI. Yes, we need 3, 600 samples per hour.

THE FLOOR. Don't you expert some problems with overlapping echoes ? 1
don't think the samples are really individual meteors,

DA, GROSSI. Right, the individual meteors are only 450 to 500.

MR. MYERS., How many meteors will the tape record when it moves one
step ?

DR, GPOSSI. Only one each time, We have to remember that a meteor
usually appears in more than just one channel of the tape recorder, so you may
have four or five pulse trains on the multichannel tape for every meteor trail.

MR, MYERS. But what happens if more than one trail provides echoes while
the tape recorder is running for another trail?
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DR. GROSSI. We lose the trails arriving after the first, The system locks
on the first trail received and rejects the remaining ones.

THE FLLOOR., When you say you hope to gei 500 reducible meteors per hour,
is that the actual meteors, so you will have eight samples on each meteor?

DR. GROSS1. Yes, four times two is eight.

THE FLOOR. Do you remember what your average power is?

DR, GROSS1, We can compute it quickly. It is about 13 kW,

THE FLOOR. 1 don't know if there is a convenience in going very high (in
power),

DR. GROSS1l. Yes, there is. You can increase¢ the number of reducible
meteors again. The higher you go, the more meteors you are able to reduce,
until you satisfy your rate requirements.

THE FLOOR. Have you any idea how many unusable echoes you get in periods
of high average rate?

DR. GROSSI. We get a total number of meteors at least ten times larger than
the reducible ones,

DR. SOUTHWORTH. We are counting echoes now with the rate running eight
to ten thousand per hour.

DR. GROSSI. So actually I should have said 80 or 100 times,

THE FLOOR. You mentioned that you hoped to get 500 reducible meteors, but

-now you have only between 100 and 209. What are you doing to get your 500 ?

DR. GROS3SI. We think it is a matter of adjusting thresholds in the pattern
recognition units and of reducing the time intervals during which the system is
inhibited by the logics to lock on arriving pulse trains. We don't believe that the
receivers systems have poor sensitivity. We believe this is a matter of system
adjustment,

THE FLLOOR. The use of the Fresnel patiern for trail positioning introduces
a lot of problems in data reduction. Couldn't you use a different and simpler ap-
proach by determining the position of the trails by measurement of angles of
arrival ?

DR. GROSSI. Would you still look at the sarne volume in space ?

THE FLOOR. Yes, I am suggesting that you have this small volume in space
looked at from a large number of areas some place on the ground. Had you thought
of possibly using somc sort of phase method to get direction of arrival of the
signal?

DR. GROSSI. You know that we measure this quantity at site 3,

DR, SOUTHWORTH. We can reduce the number of stations if you want to
measure, say the phase of arrival, It has been our experience, however, that it
is very hard to keep simple antennas stable in the wind. You can rely c¢n them to
within 1° or 2° of angle of arrival,
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DR. GKOSSI, This morning Mr. Myers was talking about cost. I don't have
firn, numbers about what our system wovld cost, after the developmental work we
performed, but I guess it is between a quarter of a million and a half million
dollars,

PROF. PETERSON,

out of it,

I think it is a question of really what do you want to get
If you want the average wind or wind shears as a function of height, you
probably don't need the three-dimensional data, and probably you don't need density
measurements either, but if you really want it in three dimensions, then you have to
have a system like this.

DR. GROSSI. Yes, that is exactly how we feel on this issue,

MR. MYERS. Our next speaker is Mr, William Ramsey. He will give us a
paper on the AFCRL transportable meteor trail system.
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. The AFCRL Pulse Doppler Radar for the

Determination of Winds and Density
from Meteor Trails

William H. Ramsey
Indotacon Corp.*
Marlboro, Mass.

Robert F. Myers
Air Farce Combridge Research Laboratories
Bedfard, Mass.

Abstract

The design of a 40-kW, 36.8/73.6 MHz pulse Doppler radar for the deter-
mination of winds and density from meteor trails in the 80 to 105 km region is
presented. The set utilizes a 40 usec pulse at a pulse repetition frequency of
approximately 500 pulses per second,

The meteor trail information may e displayed on oscilloscopes and photo-
graphed for manual interpretation. Addicionally, the data are processed by a
small computer on a pulse-by-pulse basis for each trail and the derived informa-
tion stored on magnetic tape for further data processing.

1. INTRODUCTION

In order to develop forecasting techniques applicable above 32 km, a source
of density and wind data was desired for the 80 to 105 km interval which would

* Now of Sanders Associates, Bedford, Mass.
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permit widespread geographical coverage with a reasonable network operating cost,
Although network soundings of winds and temp. : ature as a tunction of height employ-
ing small solid fucl rockets are routinely made, the current vehicles do not reach
the 80 to 105 km portion of the region of interest, Larger and much more expensive
vehicles are available, but they are not being flown in a regularly scheduled net-
work, and the cost per sounding is quite high, Satellite data can provide densities
down to about 200 kin or possibly 160 km, but the region above the rocket network

is not covered routinely at the present time,

A survey was made in 1962 of the reported techniques which had been used to
obtain winds and density from the radar measurements of icnized meteor trails,

If the data proved to be valid, the continuing supply of free sensors appeared to be
quite attractive from a systems viewpoint, The ground equipment appeared to be
no more expensive or extensive than the radar associated with a rocket network for
accurate wind data and the flight equipment would be literally nothing compared to
the payload of instrumentation for pressure, density or temperature,

Of the two pdrameters, density and winds, density was believed to be the more
impo1itant and the more difficult to obtain. The method employed by Greenhow and
Neufeld (1960) to determine the density as a function of the rate of decay of the
signal strength from underdense mecteor trail~ held promise if some of the basic
assumptions on which it was based could be verified, The continuous-wave tech-
niques requiring multiple installations at each site would have more difficult data
processing requirements if a network of stations were collecting routine data, than
would a single station utilizing the Greenhow technique. For these reasons, it was
decided to try to repeat the Greenhow (1957) experiment as given in the IGY instruc-
tions and see if data could be gathered using the same measurement scheme with
the added goal of reducing the data in real time to manageable numbers which could
be computer-processed, As Greenhow stated, the real advantage of his method was
the ability to average out che effects of large scale turbulence by making a consider-
abic number of wind determinations spread throughout a region equal to or larger
than the eddy size.

1t was thought that there was some possibility that a large multistation installa-
tion with an extensive antenna system could provide somewhat higher accuracy in
the individual determination of height for a single trail., This possible advantage
would be offset by the smaller number of trails seen simultaneously by the multiple
receiver sites and by the more complex data handling required for multistation d: ta,
If measurements from a dozen geographical sites were required for development of
a forecasting capability, then the mere size of the giles and the cost and complexity
of data acquisition and processing in a multistation technique made prior exploration
of the single station techniques highly desirable, The character of the data sought

was somewhat different from that of norm=i meteorological measurements, Here
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the experimenter had no control over the scheduling of the original data in the sense
that the trails could only be accepted or rejected and not commanded to appear at
some regular interval,

The meteorological characteristics of the 80-105 km region are belicved to in-
volve diurnal changes, tidal changes, and secasonal changes as well as perturbations
on scales between these daily, quarterly or semi-annual cycles. The eddy sizes
range from small ones of the order of meters to very large ones of many kilometers,
if one considers the scale of diffusion and synoptiz features, and to global aimensions
if the seasonal changes are considered, Obviously, if one wanted to study the dgiffu-
sion coefficients at these altitudes, many individual observations would have to be
compared. If one limited the use of the data to diurnal or longer time scales, the
individual observations could be smoothed considerably. Individual observations
would not have to be used after the lirnits of internal accuracy were established dur-
ing the initial evaluation of the technique, but only meaus and standard deviations of
groups of measurements would be required to investigate the time scales of usual
meteorological concern,

The published work on the meteor trail region supported these assumptions and
indicated that sufficient numbers of trails could be obtained to permit averaging

over hocurly intervals to form the common meteorological data base.

2. DATA-PROCESSING CONSIDERATIONS

Any experiment designed to test the feasibility of a technigue for application
to an operational problem or a network operation must consider the data-process-
ing as a primary clement in the design and planning stage, and not as an after
thought to be attached after the data acquisition has taken place. Analog, digital,
and hybrid techniques of processing were considered for this application, Since
there was « need for developing an intimate feel for the data characteristics, there
wat an obvious need for a visual display and record for educational purposes as
well as monitoring of the output of the system. A display and photographic record-
ing of scopes would provide this initial data. 1t would be very burdensome to oper-
ate routinely with large quantities of manually processed data from a network of
stations. The annual data processing cost might well be expected to be several
times the equipment cost. Further refinements could be made in the degree of
analog processing before the recordings were made, and the end product might re-
quire less editing, and less manual manipulation; but, in general, there would
always be a place where people would have to read off the data from film or pic-

tures to get quantitative numbers for summarizing,
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The planned system: would initially take oscilloscope phetographs to provide
data to develop the criteria for recognition of a 1rail and for working out ti:e proc-
essing system which could oe implemented digitally in the longer term network
operation. The successful implementation of the WIND (Weather Inforimation Net-
work Display) system at Cape Kennedy »r ided a base ior the confidence that an
automatic digital system could be economically implemented for the metec - trai:
problem,

In the WIND system (Myers, 1963) data were acquired from a network of many
kinds of meteorological sensors, and a real-time m- , of the wind flow patterns was
obtained with a prediction of the quantitative diffusion of a cloud. A small gencial-
purpose computer controiied the data acquisition, made the calculations, fed the
displays, and provided a data record for research and climatological purposes.

In the Meteor Trail Radar the same philosophy cou.d be applied succe.; sfully if
there were an adequate number of trails observed per hour, so that statistically
meaningful data rates could be obtained when a portion of the data wa.; ignored or
rejected, and if the signal characteristics permitted completely objective logical
decisions to be made about the signal returns., Consideration of the problems ex-
pected indicated that the feasibility could be demonstrated in a positive or negative
fashion with a computer of the same general type as that used in the WIND system,
although it was recognized that it would not be an optimumn machine for the
application,

3. SYSTEM CRITICAL AREAS

Curing the batiz planning of the system, a number of critical areas were rec-
ognize:: whicn must = handied carefully or the data would not be of adequate quality
to permit applicat.: ‘o thc problem of prediction of the wind and density variations
in the upper atmosphere.

The problem of space location of the data '+ - cunsidered fromn several view-
points: height accuracy required to be meaningful meteorologically, consideration
of the azimuth characteristics, the required accuracy in drift velocity of the trail,
and the effect of antenna beamn width, In order to be useful meteorologically, the
height assigrnied to any trail should be accurate to within 1 kilometer, although the
data would be of some use if the height accuracy were 4 2 kilometers. In an ideal
system every detectable meteor trail within range would be useable. This would
be the case unly if the azimuth were known as well as the elevation angle. A secon-
dary characteristic would be the larger area from which the observations were ob-
tained as compared with the area sampled by a fixed antenna positioned along a
coordinate axis. The consatraint imposed by the Doppler measurement providing s
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aiial velocily component implies that, to be useful, the vertical component at
i .hese altitudes should be small with respect to the horizontal compone The
1 maximum wind velocity unambiguously determined by the system is rela :d to the
.3 carrier frequency and the pulse repetition rate, 1mThe minimum usable pulse repeti-
. tion rate is twiee the maximum Doppler frequency expeeted, which in turn sets a
bound on the design characteristics of the pulse Doppler radar.

A major problem arez was expected to be the influence of radio frequency ir~-
terference on the performance of the systern. 1t was felt that if the system could

operate only at exceptionally quiet locations, the constraints placed on station lo-

eation in forming a network would be too restrictive. The possibility existed that
i the influence of noise on returns could be minimized by such an abundance of re-
turns that some s'nall percentage of valid trails would be obtained which would be
sufficient statistically to provide adequate meteorological data. The real kernel
4 of the problem was to perform an experiment which would permit an asse¢ssment
; of the power of combining components of wind, soried according to height intervals,
in overcoming the many known difficulties in recording the specular returns from
meteor trails. The conveniernice of operating the set near AFCRL to g cmit maxi-

mum education of the experimenters was also a factor in trying to operate in a

noisy environment., A period of observation on the two frequencic=, 36,8 MHz and

73.6 MHz was carried out before the final site selection was made, and the perti-

nent parts of the radio frequency spectrum did not appear unduly noisy. The igni-
tion noise of cars entering and leaving the parking lot was felt at that time to be

the worst feature observed.

Subsequent to these tests and prior to delivery of the Doppler racd r, an unfor-

tunate addition was made to the scene by AT & T. A Bell Boy instaliztion, which

was put on the air in the Boston area, flooded the countryside with 1¢ *-microvolt

signals at 35. €56 MHz, about a megacycle away from the 36, 8 MHz frequeney as-

signed {or the meteor trail radar. This was discovered when the radar was in-
stalled a..d connected to the antennas; 1eceivers were saturited with the almost
continual signals from the Bell Boy paging system. Narrow crystal filters were
immediately ordered for all the receivers and this source of a.ilnoyance was elim-
i | inated after consic:rable delay in getting the systein on the air and checked out,

. The meteor trail system was to serve as a data acquisition device 'vith a digi-
: tal processor on-line, and, as a result, il was necessary to design the .ystem
timing from the beginning to permit operatinn of the transmitter and processor
under computer-control after implementation of the¢ data-processing subsystem,
In particular, the small general-purnose computer (a Packard-Bell PL 250) avail~
able for feasibility tests was noi capable of random access to its memory since it

used nickel delay lines for its serial memory, and a lack of flexibility in setting
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the radar system characteristics could easily have 1 “evented use of this uarticular
machine to determine the feasibility of the technique,

A particularly difficult area, which was recognized from the beginning, was
the establishment of adequate selection rules for determining when a signal was a
meteor trail, when it was an underdense trail, when enough of the trail had been
received to give good data for computation purposes, and how to minimize the ef-
fect of noise. The only practical plan was to place the station into operation and
acquire enough film of the actual signal appearing on the display oscilloscopes to
analyze the signal characteristics and the interference characteristics to define

the selection rules applicable tc the system as it existed.

4. SYSTEM DESIGN PARAMETERS

The design goals for the meteor trail radar set were stated as follows:

The basic set shall be a coherent-pulse Doppler radar operating on a fixed
frequency of either 36.8 MHz or 73.6 MHz with fixed antennas aligned to the North
and to the West,

The output of the system was to give:

elevation angle of the incoming signal,

slant range of the specular reflection,

alternate samples of the north and west wind components over a velocity
range of 10 to 200 meters/second, and

normalized amplitude of gignal returns,

The characteristics of the radar set were desired to be:

100 kW peak power;

pulse lengths of 5, 10, 50, 100, 200, and 400 usec (selectable);

pulse repetition rates of 500, 200, 100, and 50 pps (selectable);

maximum duty cycle of 2%;

matching of the colierent receivers used in determining thc elevation
angile to not less than 2% in gain and bandwidth;

adjustable bandwidth in the receivers for best signal-to-ncise ratio
for the selected pulse; and

photographic oscilloscopic recording of:

the amplitude rativ ot the signals from the elevation antennas,

the time-amplitude of the meteor return,

the coherent Doppler video,

the siant range,

the time of the returnu, i

the set of antennas in use,
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5. HARDBARE

: The radar in the AFCRL Transportable System is a coherent master oscillator-
i power amplifier configuration. Briefly, the antenna subsystem is based on rugged-

ized Yagi-Uda radiators; the duplexer is a classic gas tube branched configuration;

the transmitter utilizes tetrode amplifiers in the intermediate and final power am-

plifier stages. The receiving subsystem consists of three superheterodyne channels
employing logarithmic or linear post amplifiers, and the data-processing subsystem
is solid state and is designed to prepare the received signals for display on cathode-

ray oscilloscopes or for entry into the input buffer of a small general-purpos: digi-

tal computer which performs on-line processing.

5.1 Antenna Subsystem

The basic radiator used is a five-element ruggedized Yagi-Uda antenna ob-

tained from a commercial vendor. For each frequency, four of these radiators

are arranged in a two by two array atop a 50-foot tower with the bore sight axis

inclined at 45° to the horizontal as shown in Figure 1.

These antenna assemblies are arranged to point approximately north and ap-

proxitnately west., They are used to propagate pulsed energy at either 36. 8 MHz
'. or 73.6 MHz as well as to receive reflected energy from the ionized tiails. From
; this energy the receiving sub-system extracts Doppler, decay, and range data.
' The two-by-two arrays have the following characteristics:
frequency: 36,8 and 73,6 MHz;
polarization: horizontal,
elevation beamwidth (3dB): 50°;
azimuth beamwidth (3dB): 30°;
gain (above isotropic): 14 dB;

mput impedance: 50 ohms.
rhne coaxial cables from each of the arrays are run to the mobile enclosure
where a coaxial switch can be operated to switch from north to west and back at
; either of the two frequencies of cper:tion. RF interconnections of the arrays are
i shown in Figure 2. The condition of the coaxial lines and ar‘*ennas is monitored
by use of a new technique known as time domain reflcctometry (TDR). Some
typical oscilloscope displays of TDR are shown in Figurc 3,
The Time Domain Reflectometer technique locates and determines the magni-
i tude and nature of discontinuities in high-frequency transmission systems. A
voltage step with a fast rise is applied to the transmission lire, A reflection oc-
curs earh time the step encounters an impedance mismatch, Thiz vefleciion is

added to the incident wave and is displayed on the CRT of the TDR., The time
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NORTH ARRAY, 100 nsec/cm, 0.2p/cm

WEST ARRAY, 100 nsec/ecm, 0.2p/cm WEST ARRAY, 200 nsec/cm, 0.02p/cm

Figure 3,

required for the reflection to return to the sampler in the TDR locates thc Ris-
tance to the discontinuity, The shape and magnitude of the reflected wave indicate
the nature and value ot the mismatch which can be resistive, inductive, or
capacitive,

Installed in one of the equipment racks is a unit that we call the antenna pro-
grammer, It is a chassis consisting of relays and timers which control the actua-
tion of the two rotators and the coaxial switch in such a way that transmission and
reception of rf energy is directed in one of two orthogonal positions for a preset
time interval ranging from one minute to one hour, The programmer also has a

raanual mode where the individual antennas :nay oe rotated or switched.
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5 A separate antenna assembly is used to obtain the elevation angle of the re-

: flected energy. Two Yagis are placed one-half and one-quarter of a wavelength

i above a reflective surface, The latter is a 50-by-100 foot framework which is

; raised to a height of 14 feet. The spacing of the copperweld wire mesh forms one
H foot squares. The interference patterns generated by each of the radiators with

g the ground plane is shown in Figure 4,

By comparing the amplitudes of the reflected signal at the output of each of
these antennas, it can be seen that the elevation angle is determined uniquely but
with a modest accuracy. These antennas are mounted on piping which is supported
by rotators similar to heavy duty amateur radio units. The rotators are turned
via a program in synchronism with the rf coaxial switch corinecting the two tower
arrays.

5.2 Duplexer

To permit transmission and reception on the two-by-two array, it is necessary
to use a gas tube duplexer to perform the rapid switching between transmit and re-
ceive conditions. This unit is a conventional branch duplexer as shown in Figure 5,
The unit is designed to be operated at either 36. 8 MHz or 73, 6 MHz by simply chang-
ing transmission line lengths,

During transmission the left short transforms to a low impedance at the left
junction, When the tubes fire, a high impedance is formed at the left junction.
This cormbination transforms ‘o an open at the antenna port, Similarly, the trans-
mitter port is an open resulting from the right junction, resulting in a low imped-
ance path from the tiansmitter to the antenna ports.,

During reception the shorted stub and open stub at the left and right junctions
form high impedances. Reflected energy will enter the duplexer and go left be-
cause the upper short reflects an open at the antenna port.

Because the isolation between the transmitter and receiver is only 20 to 30
decibels, a one milliwatt solid state limiter is used after the receiver port to pro-
iect the receiver front end from transmitter leakage. The limiter has two stages
using PIN and varactor dicdes,

5.3 Transmitter Subsystem

The transmitter is a master oscillator-power amplifier configuration ucsigned
to amplify the output of a stable crystal oscillator to a ievel of 40-kW peak power
with a maximum average power level of 800 watts at either of the two frequencies,
36.8 or 73.6 MHz. A block diagram oi the low frequency is shown in Figure 6.
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A 73.6 MHz transniitter using a similar tube line-up is provided so that the opera-

tion freguency of the radar may be changed with a miniinum of adjustments,

5.4 Receiving Subsy stem

The receiving subsystem consists o! three identical superheterodyne receiving
channels, Each channel has two radio frequency preamplifiers as shown in Figure 17,
The preamplifier gains are about 30d8. The 55,2 MHz local oscillator frequency
was chosen to allow generation of the same intermediate frequency for either the
36.8 MHz or 73.6 MHz operating irequency. Crysial filters were introduced after
the initial design was completed to allow narrowing of the system bandwidth from
several MHz to 300 kHz, the maximum required for the pulse lengths used. Adja-
cent channel interference was severe before the filters were installed, A fast-
acting radio frequency switch was introduced before the filter to prevent ringing
of the filter and overloading of the receiver by the main bang of the transmitter,

The output of the crystal filter is fed to a post amplifier which can operate in
either the linear or the logarithmic mode. The receiver dynamic range in the
logarithmic mode is about 65 dB, while the receiver range in the linear mode is
greater than 85 dB. Some of the pertinent receiver characteristics are shown in
Figure 8.

The intermediate frequency output before detection is fed to the Doppler mixers
whose other outputs are the second local oscillator signal at 18,4 MHz, Notice the
90° phase shift in the one mixer output. Simple trigonometric manipulation will
show that one can determine whether the wind is toward or away from the radar by
observing the phase relationship at the Doppler mixer outputs, The outputs from
the Doppler mixers are sent to the data-processor.

The receiving channel known as the DDR (Doppler, Decay, and Range) ampli-
fies the signal return in the logarithmic mode to make the determination of the
rate of signal decay simpler in the data-processor.

The receiving ‘channels known as Elevation 1 and 2, which amplify the signal
returns giving amplitude data for the elevation angle measurements, are operated
in the linear mode when the data is photographed for manual processing and in the
logarithmic mode when the data is routed to the computer for automatic processing,
Video amplification is added to the detected signals between the receiver output and
the data-processor.,

Figures 9 and 10 show exterior and interior views of one of the receivers.

5.5 Data Processor Subsystem

The data processor shown in Figure 11 is a completely solid state unit designed
to convert the various outputs from the receiving channels into signals appropriate
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MODEL NO, R100S23
RECEIVER NO. ___ 3
SERIAL NO. __1-.24-3

Channel A Channel B
RF Center Frequency 73.6 MHz 36. 8 MHz
Bandw:dth (3dB linear mode) 1. 6 Mtiz 1.5 MHz
*Noise Figure 3.5dB 3.5dB
1F Center Frequency 18.4 MHz i8,4 MHz
Voltage Gain (linear mode) 88 dB 90 dB
Gain Control Range
{linear mode) >60 dB >60 dB
Dynamic Range (log mode) 65 dB 65 dB
Video Output (log mode) see curve see curve
Local Oscillator Frequency 55,2 MHz 55.2 MHz
Recommended Local Oscillator
Power +7  dbm +7 dbm
Input Power Requirements 115V AC, 60 cus single
phase
Minimum Discernible Signal -106 dbm <106 dbm

*When measured from 50Q source

igure 8§, Typical Data for a Receiving Channel

for display on two 5-in, cathode-ray oscilloscopes that serve as sources for the
optical combiner which stores the return display on film,

The data-processor generates the modulating pulse for the exciter unit, trig-
gering signals for the framing camera, the clock light and the sweeps of the
oscilloscopes.

The data-processor also performs a validation or signal recognition function
which determines whetber the signal is a meteor trail echo or an isolated interfer-
ence pulse, This is accomplished by counting a preset number of radar returns at
a constant range during a preset time period. If thie desired number of returns are
obtained, it is assumed that they are produced by a meteor trail; and the oscillos-
cope sweeps are triggered, the camera takes a picture of the data displayed, and

the film is advanced preparatory to the recording of the next meteor trail return.
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Figure 9. Froni View, Receiver Subsystem

Figure 10,

Top View, Receiver Subsystem - Cover RKemoved
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Generally, in Figure 11, the connections to the receiving and transmitting
subsystems are shown on one side of the figure, while connections to the interface
electronics between the radar and the computer as well as the display oscilloscopes
are shown on the opposite side. The components outlined in heavy lines are all that
were required to provide inputs for the digital interface. The optica. combiner in-
puts are the images on the faces of the-two Dumont 410BR 5-iuch cathode-ray os-
cilloscopes with self-contained sweeps, amplifiers, and power supplies, The faces
of the two oscilloscopes are projected side by side on one frame of a 16-mm movie
film by mieans of mirror arrangements designed for this purpose. Figure 12 shows
a typical frame of data. A tweznty-four hou:r clock and two light bulbs (which are
either on or off to indicate antenna direction) are also projected on the edge of the
16-mm film frame by another system of mirrors. One oscilloscope is designated
the slow-scan scope. The sweep speed is 0.5 secund but it can be readily varied.
One of the vertical deflections of this oscilloscope display shows the amplitude
variation of the return from the trail as a function of time. From this trace, the
bottom one in Figrre 12, the decay rate is obtained as a slope, since the signal
input is a logarithimic function of the signal strength, The air density may then be
computed utilizing some assumptions concerning the diffusion of the electrons in
the underdense trails.

Two other traces are time-shared on the slow-scan scope to display the
Doppler data. This data is converted to a binary form in the data-processor and
is displayed as two square waves at the top of the scope face as Doppler A and
Doppler B traces. The frequency of either square wave is the Deppler frequency
shift of the trail return, and the phare difference. between the two square waves
determines whether the trail is approaching or receding from. the radar.

The other oscilloscope 1§ designated as the fast scan-oscilloscope. The
sweep for this scope is generated at the renetition rate of the transmitter and is
intensity-modulated with range markei's at 4-km intervals, The output from the
DDR channel is converted in the range channel of the data-processor to an intensity-
modulated signal, which is presented on the same trace as the range markers.
Therefore, the range cf the meteor trail is easily read from the film. The display
of the elevation angle data is time-shared with the range trace by displaying the
outputs of the two elevation antennas as vertical and horizontal amplitude deflec-
tione respectively. As the amplitudes of the echoes decay, a straight line of dots
is displayed, and the slope of this straight line is a direct measure of the ratio of
the two elevation angle outputs.

As described above, the data-processor, including oscilloscopes, optical com-

biner, and camera, were used for fiiming the data, which would lecd to objective
rules for recognizing signals. The equipinent up to this point is an implementation
of the Greenhow technique and should permit the duplication of the data obtained at
Jodrell Bank,
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Figure 12, DST, 9 August 1964, Lexington,
Mass., 36,8 MHz Log Elevation Angle,
Time: 0.5 sec, 200 pps, 100 usec
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The filmed data was prccessed manually and the calibration curves for the
elevation angle antennas were used to obtain computed heights for the meteor re-
turns. A comparison with the independently measured densities uded in defining
the various standaid atmospheres, which extend to this altitude, helped to point
out inconsistencies, circuit problems, and the effccts of noise in the received
gignals.

The nexi step was to prepare the data for entry into a small general-purpose
computer for accomplishing real-time data reduction, The design plan had pre-
pared the way for this step, and only minimum modifications of the set were re-
uired to derive the required interface for insertion of the data from each return
into the con’ « er, Figure 13 is a blocx diagram of the interface electronics, The
normal video and the two elevation angle outputs are amplified in the interface
electronics and fed {o an analog~to-digital converter which convarts the three sig-
nals into three seven-bit binz »y words. These words are then fed to the computer
buffer input register. The siant range to the meteor trail is obtained in digital
form by starting a counter with the transmitter trigger puls~ generated by the
computer. This counter is driven by an accurate train of clock pu'ses at 124 kHz,
The leading edge of a valid reiurn from a meteor trail stops the count and the eight-
bit binary word in the counter is read into the computer at the appropriate time,
The Doppler A and Doppler B signals in the data-processor are already in a form
which allows them to be inserted directly into the input buffer in the form of one-bit

words.
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Figure 13. Interface Electronics and Photographic Display and Recording
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In order to compare the film data with the computer data and also to maintain
a record of the time at which a given trail occurs for statistical purposes, it is
necessary to insert a time word into the buffer register. This is done with a digi-
tal clock which has a 24-hour capability and is synchronized to the 60-cycle power
line. Thjs provides sufficient accuracy to identify individual trails and to sort the
trails for statistical processing,

The antenna direction is availabie at one of two voltage levels which are sensed
by the computer, The interface electronics also contains a flip-flop which is set ey
the validation circuit in the data-processor, When the computer senses a change in
the validation level output of this flip-flop, the information from each pulse for the
next one half second is stored in the memory of the computer, after which .ne com-
Futer proceeds to run through the data-processing program.

The computer controls the triggering of the transmitter and is programmed to
produce triggers approximately 2 msec apart., These triggers are delayed an ap-
propriate amcunt and then used to generate the modulation pulse for the exciter in
the transmitter, After the computer senses a validation and stores half a sccond
of data, it stops producing triggers, processes the data and eith¢r records the re-
sults on magnetic tape in IBM digital format or prints them on the Flexowriter,
Upon completion of the output program, triggers to the radar are re-initiated.

At the beginning of the 2-msec interpulse period, the range counter and the
sample-and-hold circuits preceding the analog-to- digital converter are reset,

5.6 Data Output

The display oscilloscopes present the data on film for manual analysis. Some
further examples of the data are shown in Figures 14, 15, and 16, with the sweep
moving from right to left in the photographs,

In Figure 14 the elevation angle appears in the top half of the picture as a
sloping straight line with a cluster of points above the line. As the signal strength
decreases with time, the contribution of noise becomes a larger portion of the sig-
nal on each succeeding pulse. T.e antenna pattern of each elevation channel picks
up differing amounts of noise because of the lobe orientation at 40° and 60° respec~
tively, Thus the noise-affected returns rise above or fall below the line depending
on the source of thu noise or interference. The most reliable data are those shortly
after trail acquisition while the signal strength is relatively large.

In the lower pa:t of the frame the normal video amplitude (lowest trace) rises
and then falls, indicating that the trail was not underdense., T! - Doppler trace is
insufficient to measure the wind speed because a complete cycle was not obtained.
This trail was unable to provide any wind or density data,
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Figure 14. DST, 9 August 1964, Figure 15, DST, ¢ August 1954,

Lexington, Mass., 36.8 MHz Log
Elevation Angle, Time: 0.5 sec,
200 pps, 100 usec

Lexington, Mass., 36.8 MHz Log
Elevation Angle, Time: 0.5 sec,
200 pps, 100 usec

THE FLOOR. I don't see the Doppler in Figure 14.

MR, RAMSEY. The Doppler was starting to be recorded, but the trail didn't
last long enough, and it was interrupted by noise. It may have been a fairly low
Doppler shift, but it never got a chance to write,

THE FLOOR. What is being recorded on the scope face in writing the
Doppler? 1Is it phase shift?

MR. RAMSEY, Yes, I am sorry, We are recording the Doppler shift at 36
MHz due to the motion of the ionized trail. All we are doing is simply reconsatruc-
ting the zero crossings based on the offset frequencies. I think I can show you this
better in Figure 15,

In Figure 15 the range is closer, the signal strength higher, and some noise
is evident in the elevation angle trace. The Doppier measuremernt of the wind is
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usable, but the decay curve of the normal video indicates that this was an overdense
trail and the slope is not suited to a density measurement as it stands. Wind and
height data could be obtained from the trail, but not density.

Figure 16 illustrates a return from a.' overdense trail with two slopes. The
Doppler shift indicates that the .adial component of the wind was less than 10 m/sec.

These examples illustraie scine of the problums caused by operating in a noisy
location, and some of the assumptions necessary to interpret the signal in terms of
density and validity, Knowledge of the turee-dirnensional antenna patterns and the
azimuth of the gignal is needed to increase the nuinber of signals giving usable
density data.

In addition to the display on the oscilloscopes, an output is obtained from the
computer on an incr cruental Magnetic Tape recorder in standard IBM format. The
data recorded on a pulse-to-pulse basis is summarized in the following format as

shown in Figure 17,

METEOR TRAIL OBSCRVATIONS

‘ DIRECTION N TIME 207
. ‘
RANGE EL.A EL.B DA DB VIDEO
123 0 6 11 48
123 86 18 11 49
123 0 6 11 50
123 85 80 11 51
123 0 6 11 50
123 80 4 1 1 50
117 0 6 1 1 11
123 91 & 11 50
S 123 0 6 11 50
o 123 91 91 1 1 50
%\ 124 0 6 0 1 48
> 123 8 86 0 1 47
- 123 0 6 0 1 48
a— 123 96 89 0 1 49
123 0 6 0 1 49
. = 123 7% 73 0 1 48
' ) . o 123 0 6 0 1 51
* oot 123 88 86 0o 1 s1
i ” ' L 124 0 6 0 1 52
123 83 80 0 1 49
N ‘ cp I —— 123 0 6 0 1 50
i \ 123 8 17 0 1 50
' 123 0 6 0 1 50
v Vv"‘“ 124 84 82 0 1 47
’j 123 0 6 0 1 48
X 123 89 83 0 1 50
l . . 123 0 6 0o 1 50
. 124 85 85 0 1 49
op ‘ . L4
Figure 16, DST, 9 August 1964, Figure 17. Flexowriter Printout of
Lexington, Mass,, 36.8 MHz Log Real Trail July 1966 (A, A, Barnes)

Elevation Angle, Time: 0.5 sec,
200 pps, 100 usec
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The range is shown in units of time. The elevation signal strength is recorded
for each channel of the split beam system. The Doppler channels are given next;

! and the strength of the normal video signal, in units which can be converted to deci-
bel,, is given in the last column,

Time and the antenna set in use are recorded giving all the information needed
for the computer to carry out the program for deriving the desired meteorological
irformation.,

THE FLOOR. Is that a real trail?

MR. RAMSEY, Yes, Figure 17 is a real trail, The first coclumn is the range.
It is a count which, with proper calibration, gives you the range. The second col-
um is Elevation A and the third is Elevation B, You will notice that we get eleva-

tion information every other pulse. The time is 20.7 or 2042 hours.

a8

Computed Data

Upon detection of a valid pulse, the computer program stores the radar infor-
mation on a pulse-by-pulse basis in the computer, After 246 pulses are stored in

the computer, the following ‘nformation is computed from this data:

Range in kilometers

Elevation angle in degrees

Normal video amplitude in decibels

Normal video decay rate

Height of return above the surface (corrected for earth
curvature)

Wind component in meters per second

Time in hours and tenths

6. SUMMARY

The technique implemented in this meteor trail radar set has shown the capa-

bility for unattended operation, producing raw data required for research purposes,
There are a number of areas where improvement is required before the internal
consistency and the meteorological value of the information can be assessed,

(a) The first area where improvement is needed and is possible is the opera-
tion of the set in a less noisy environment., When noise and even-pulsed carriers

appear on the operating frequency some of the returns are rejected by the computer
program but many more are just lost in the noise, The threshold levels for valida-
tion are ra‘sed to keep the set from continuous triggering. Higher transmitter

: power may help with this problem by raising the strength of the returns, but it is

f‘ ! an expensive solution and may not be permitted because of the increased strength
of harmonics which might cause a problem with the cornputer operation adjacent to
the transmitter. Figure 18 shows the equipment in its trailer with the receiver
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subsystem beiween the transmitter and the computer; but there is reason to believe
that a major increase in transmitted power, such as might be required to improve
the returned echoes significantly, would make the computer operation marginal,

(b) The height accuracy is not good enough for meteorological purposes., Some
of the trouble is undoubtedly caused by noise pulses adding into the signal, partic-
ularly the lower antenna beam which is susceptible to ignition noise., Considerable
thought has gone into antenna systems which might improve the accuracy of the
elevation angle,

If any trails could be observed with an antenna system which looked directly
overhead, underdenie trails would give a density, while the range would be very
close to the correct height, Such a system, where the height and density would be
used to establish a scale applied to all trails not overhead to give their height,
might turn out tn be more accurate than any angle measuring system., Such a sup-
position depends on a vertical-pointing antenna with either a sharp null overhead
or a narrow beam, and on the occurrence of trails with specular rc¢flection higher
than about 80° above the horizon,

(c) A small, fast, randor access computer is needed in an operational system
to permit a faster PRF to provide enough data to identify the Fresnel zones as a
necessary condition for valid signal decay data for density determinations. Equally
important is the ability to exercise logical decisions on a pulse-to-pulse basis
rather than on the basis of the whole trail. The use of a machine like the SDS 920
should provide capability for increased range gate resolution, the recognition of
noisy signals, and the use of more realistic selection of valid data,




T T

s A T

e a1ve apenthams

63

Our experience has shown that, in general, it is more practical to uti.ize the
reliatility and speed of the small general-purpose computers which are now avail-
able than to design, build, and test special-purpose hardware for implementing the
same logical decisions,

(d} The stability of the calibration of the whole analcg portion of the system
needs to be validated automatizally at regular intervals. Variations of gain in the
various channels require frequent calibration to hold the level of accuracy the data
demands, If gains change, it is not now possible to look at the data and determine
when the changes occurred. Hourly injection of known signal levels would be very
desirable in ihe next generation of devices,

(e} A parametric system study of power level, frequency of the transmiitter,
bandwidth, pulse width, number of returns per hour, false returns from aurora,
ionosphere or othcr sources of non-valid energy at the working fraquency, and
possible solutions to the height accuracy requirement are certainly in order,

This set har been a source of data for education, for developing »rocessing
rules leading to automatic data-reduction both on-line and off-line, and for the
measurement of wind data at meteor trail levels, The data accuracy is not yet
sufficient to investigate the assumptions which make up the basis for density de-
terminai.ons or the gathering of meteorological data in layers of 2 km or less.

The authors would like to thank Paul Donato and Richard Jordan of Indatacon
and Dr, Barnes of the Air Force Cambridge Research Laboratories for their help,

MR, MYERS., Thank you, Bill, Do we have any questions?

THE FLOOR. How about the 1,5 MHz rf bandwidth; that is, of course, far
in excess of what you need to have as optimum, Is there any reason why you should
use such a wide bandwidth?

MR, RAMSEY. No, primarily it was that the receivers that we were inter-
ested in were so specified,

THE FLOOR. I am using the very same equipment. We have 150 kHz, and
we are getting goed results. There is no reason why you should go to more than
1 MHz,

THFE FLOOR. In your consideration of trying to look overhead to get accurate
keight, you would be plagued by your beamwidth, and you would have to get a very
narrow beamwidth, Ycu would then lose your horizontal wind motion.

MR, MYERS. The idea would be tc use this only as a density v3 height cali-
bration, If you had one antenna with a null directly overhead, and a second antenna
with a hemispherical coverage, and if you received a signal on the second antenna
and not on the first, you would know it was overhead, You can use this as a typical
example and try to be sure that you are looking very nearly overhead, Then, if
you get a return from the trail at 86 km and had a similar density associated with
that, every place you got that density you could assign a height of 86 km, That is
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a transfer function frcm height to density. This is the sort of {hing that you are
led into. We ha e not tried it.

DR. EL'WORD, It is not meteors you are going to see straight over; it is
something else,

MR. MYERS. If there were any meteors, even a few, this would help to tie
Jown some of the other problems with this particular single station technique.

DR. BARNES, I see your objection. Actually we would not look directly
overhead, hut in a cone where the variation of height for a constant range is small.
This is what we are shooting for, and we recognize that there are not many meteors
leaving trails parallel to the earth's surface.

THE FLOOR. You are still working on sines and cosines. You are also going
tc have the problems of irregularities in trails giving trouble.

LR, MYERS, I don't know of any other type.

THE FLOOR, By which riethod do you recommend measuring exponentiai
decay?

MR. RAMSEY, Well, we have d.vised a normal video system set up to give
the logarithm of the signal input levels, and essentially what you get out is a
linear variation correspnnding to the power returned from the target. Now, this
factor is ideally displayed from the standpoint of trying to lay a line on it, auto-
matically giving you a rate of cl.ange in decibels over a czrtain amount of time.
You have to prove it was an underdense trail, and then, by plugging this into proper
equations and knowing absolute temperature, you can get an absolute density.

THE FLOOR, Very often you have superimposed on the exponential decay a
distortion of the echo, and it is not very easy to process it out,

MR. RAMSEY Yes, admittedly, it may have been fairly crude. In the com-
puter processing, what we did was to look at the pulse-to-pulse returns and then
try, first of all, to determine a straight line, If there were a straight line occur-
ring, and we had this over a segment of the irail which we felt was reasonable, we
used it to determine the decay if the variations of the rest of the points from the
straight line were not great,

THE FLOOR. If you had a sinusoidal amplitude, it would be,

MR, RAMSEY, Yes. This was crude, and Dr. Barnes may discuss how well
this worked., We felt at lenst this was a start.

e —————
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IV. The Stanford University System, |

Prof. Allen M. Peterson
Stanfare University
Stanfard, Califamia

I will be the lead-off speaker and Bob Nowak will be the leading speaker. 1
want to quickly point out that we are still in the construction stage, although we
are recording wind data at times when it can be done simultaneously with the Air
Force Cambridge Research Laboratory measurements. We have been working
towards a system but primarily working on techniques which will enable us to bet-
ter record in a form suitable for digital processing, I can remember the first
work with meteor winds at Stanford back in 1950; and that it was exciting for the
first few weeks, After that, because of th= d»ta processing, it became much less
exciting and we found other things to do.

I never lost my interest in meteor winds, and when recently it was found that
suitable digital-stepping tape recorders were available, a system was planned in
which the processing could be more or less automatic. We are very pleased to
have had the support of AFCRL in the design of this system.

In designing our equipment we necessarily made compromises so that the data
format would be suitable for digital recording and processing, Further constraints
were imposed by the available budget and by the thought that we wanted an equip-
ment whic’. would be possible to duplicate, so that winds could be measured at a
number o locations simultaneously. Keeping this in mind we looked for ways that
would keep iransmitter costs down and simplify the operation of the equipment.
Use was made of equipment that was left over from the IGY, The available trans-
mitters were capable of about a kilowatt of average power, While there was some
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capability for higher peak-power, we decided to limit the peak-power requirements
since our experience has shown that the reliability of the system could thus be im-
proved. Cw operation was a natural candidate and was in fact used successfully
many years ago at Stanford. Now, however, it ig virtually impos ~ible to use cw

in our area because there are so many airplanes in the air, Several airplane
Dopplers are observed simultaneously at almost anytime,

Instead of cw, we have designed a simple form of pulse-Doppler system with
high duty cycle operation. A 1-msec pulse it transmitted at a 300 pulse per sec-
ond rate. This results in a 2-msec interval in which to measure the meteor echoes.
This coherent pulse system has permitted the Doppler measurement to be made al-
mest as simply as would a cw system and eliminates the nearby airplanes,

In order to measure range more accurately, while at the same time maintain-
ing our high duty cycle, we have investigated ''coded-pulse' techniques. At present
a 28-bit pseudo-random phase-coded pulse train :s used. A 10-usec bit length is
used., With suitable processing the resultant 280 usec coded-pulse gives 10 usec
equivalent range resolution, The system sensitivity achieved by this low peak-
power coded-pulse train is equivalent to a 70-kW single 10-usec pulse, The com-
pleted system will use a composite pulse, with half the power in a simple long
pulse and half of it in the phase-coded range pulse. We will have then, an effective
280-usec pulse with half the power used for the narrow band Doppler measurements
and the other half used for the wide-band (= 200 kHz) ranging signal.

Thus we are aiming for a low peak-power compact system with about 500 watts
of average power, which will result in several hundred digitally recorded meteor
echoes per hour during daily peak periods. We also hope to do this in a fashion
that will be inexpensive to duplicate, so that synoptic data on winds can be obtained
at a number of locations, Mr, Nowak will discuss the present status of this digi-
tized system in some detail,
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V. The Stanford University System, Il

Robert Nowak
Stonford University
Stanfard, Califomin

At Stanford, meteor work resumed in 1963 with a simple coherent pulse sys-
tem transmitting and receiving fairly long pulses at the same site and measuring

winds alone, No density measurements were made and the height of the measured

winds was not determined.

The difficulty in measuring winds from Doppler shifts is that not only the fre-
quency difference between transmitted and received signal has to be determined,
but also if the received signal has a higher or lower frequency than the trans-~
mitted one, i,e,, if the trail is approaching or receding musi be known.

In our system, this problem is solved by comparing the received frequency

not directly with the transmitted one, but with this latter one shifted by a small

amount (at first 30, later 40 Hz), Thus, a stationary target would give a Doppler

output of 30 Hz, receding trails would lead to a lower frequency, approaching ones
to a higher frequency.

Figure 1 shows a typical record of wind data. These were recorded in analog
form on magnetic tape, at slow speed. Playback was on a '"Rayspan'' analyzer
(essentially a parallel bank of filters), with the tape speeded up about 80 times.
The heavy line in the middle is a 30-Hz signal left leaking ir from the shifter to
establish a reference line, For easier data ~eduction, the display would be ex-

panded considerably, Echoes appear as fairly wide lines, because the signals,

with their short duration, have a broadened spectrum,
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Figure 1. Typical Rayspan Output of Doppler Signals

There are two advantages in this method of Doppler recording. The first is
that only one channel is needed to display both magnitude and direction of the
Doppler shift. The other is that, because of the fairly high frequencies involved,
several half-cycles of the Doppler signal are present during the short meteor echo
and can be averaged for good measurement accuracy.

Shown in Figure 2 are measurements of winds made last year with this tech-
nique, These are mean hourly winds, taken over the entire height range of the
echoes, and totalled over the measurement period of about 18 days., The daily

variation pattern of the hourly mean winds was closely repeated in this period,
The data suggest a nearly constant wind vector, rotating clockwise with a 12-hour
period. Two explanations are possible ior these results. One is that there is
actually such a behavior of the mean winds, The other is that since winds in the
meteoric height region are highly stratified the change in direc ' n might be one
in space rather than in time and that through the daily variations of meteor radi-
ants, different height regions are sampled during the day., To decide between
these alternatives, the altitude of the reflecting trails has to be known,

To determine it, we started recording echo amplitude; from its decay the
altitude can be obtained, Recording was done on analog tape with subsequent A/D
conversion and computer calculation of the decay slopes. Figure 3 shows a plot
of several echoes, with amplitude as obtained from the digitized data, and the
Doppler signal. Total duration of each plot is 0,6 sec and time information is
printed out with it, The three records on the upper right are consecutive and
probably show one echo from a long enduring overdense trail. The record on the
lower right seems to show several individual underdense echoes. Closely spaced
echoes were observed fairly often during shower periods.

oo MUERE e T D T L AR 14 e

i T A e

Figure 4 shows an example of the data obtained from these measurements in

the north direction. Height was determined from echo decay with the parameters

of the 1962 US Standard Atmosphere, Unfortunately, not too much about the fine
- structure of the wind can be deduced from these results but a general shear is
; apparent.
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Figure 4. Winds Recorded in North-Direction During
One Hour, With Heights Estabiished from Echo Decay

The antenna used was a 3-element Yagi with a beamwidth of about 60 degrees.
Thus, some errors are made by observing winds that are not exactly in the direc-
tion of the beam axis, but nevertheless assuming that all echoes are from this
direction. The antenna beam has a low elevation angle so that the measured
(radial) wind component is almost equal to the horizontal wind.

THE FLOOR. You cannot see any S-shape in the profile because your height
interval is too small. You would need at least twice your present height renge.

MR. NOWAK, We are act@lly planning to study a bigger height range in the
future. We also expect a better data rate in the future with the new system in which
all parameters have been optimized. Let me give now a short description of this
latest system of ours. It has just been completed and awaits calibration; no data
have been taken with it yet.

Qur aim was to provide a low cost meteor patrol for the measurement of
winds and densities as a function of height that would be accurate but simple enough
to provide the base for a network of stations for synoptic measurements, operating
unattende., Parameters to be measured are Doppler shift, echo decay, and height;
the last ie Jeirrmined by range and elevation angle. To obtain the Doppler shift
we are usin'’ the same technique as before, which I just described.

For tl: mi2asurement of winds, which are expec'ed to be predominantly hori-
zontal, one would like to use an antenna with a low angle of elevation, since here
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the measured radial component is almost as large as the true wind and errors are
minimized, At low elevation angles, however, height cannot be determined accu-
rately enough since the elevation angle would have to be measured with an impos-
sibly high precision, If, for example, one wants to obtain the height of the echo

to within + 2 km at an angle of 25°, this angle would have to be measured to within
+ 0.5°, If height is determined at high elevation angles, requirements on the accu-
racy of the angle measurement can be relaxed, but the detected radial motion of
the trail will be much smaller than the true horizontal one and large errors will be
made in the wind measurement.

This morning, Mr. Myers jointed out a solution to this problem. We measure
echo decay as a function of height at high elevation angles and obtain a "calibration
curve' for the decay-height relationship. This is used for the wind measurements
in which only decay is recorded.

The method for recording data posed a major problem, since data are to be
reduced on a computer, An attempt to develop a digital network for data-proces-
sing at the station itself failed, and it was finally decided to record data, in digital
form, on magnetic tape. The main advantage of direct digital recording is its low
cost, (Since, for computer analysis of the data, these have to be presented in
digital form, any analog record would have to be digitized. Our experience with
the old station showed that this is very expensive.) A "Kennedy" incremental re-
corder, which can record up to 500 6-bit characters (in IBM~-format) per second,
was chosen for this task. Since our radar has a pulse repetition rate of 300 Hz,
each returned pulse can be recorded in real time, but with the limited resolution
of 6 bits. The quantizatior. error introduced by this recording procedure will be
analyzed tomorrow,

One of the main parts of the system that has just been completed is the ranging
unit, As Dr, Peterson mentioned, we are using a coded pulse in a so-called pulse-
compression technique. During the radar pulse, the signal is phase~-modulated
between two values 90° apart, in a 28-bit code with a 10-gzsec bit leng*th, A specific
reference phase does not have to be maintained since the received signal, which is
compared with the transmitted one, has an unknown phase shift anyway, through
its round~trip time, Figure 5a shows that the signal can be taken as the sum of a
constant phasor and one switched in phase by + 90°, Since 280-usec pulses are
used with a PRF of 300 Hz, the resulting spectrum shown in Figure 5b leads to a
narrowband (7-kHz wind) spectrum, which can be filtered out and used for ampli-
tude measurements since it simply corresponds to a conventional, 280-usec-long
pulse. The switched phasor, V4, V12: has a spectrum that is about 200 kHz wide,
corresponding to the bit length of 10 usec in the c;)de. Ranging is accomplished
with it. The 28-bit code was carefully chosen to present an auto-correlation func~
tion with only one narrow major peak. As the echo comes in, its phase is detected

e . et o e i b i S ok . et M. bt —




hailiad o o

TR A a0 0P a3 45 o s s 3

e~ e e

74

v,
“) / ‘
s
a
Ve
(a) (b)
Ve e ——t
a! Phasor Representation b) Spectrum
Figure 5, Composite Signal
C
TRANSMTTED CODE
=== G, 1
i
I
|
cr !
|
A RECEIVED CODE
Mj v‘wn‘*_rF ' G (=G rer)
e

Figure 6, Crosscorrelation Between Transmitted and Re-
ceived Codes




ST bt e d

g0 wiphesits

P T TN ST T

75

and, in a shift register, compuared with the transmitted code which is wired into
the register. Figure 6 shows the correlation between transmitted and received
codes, As the received signal is shifted in, it is correlated every 10 usec with
the transmiited code, i.e¢., in all the code kits the expression

. humber of agreeing bits - number of disagreeing bits
total number ol bits

r

is formed {the tota. number of bits here is 28), For noise, r = 0 on the average.

The moment the code of the echo is lined up with the code transmitted, r = 1. For
any other position, with the code chosen, r is at most 1/14, The time of "line-up"
of the codes, easily identified by the state r = 1, is recorded and yields the range,

The angle of arrival is measured by comparing the signals from two antennas
with different vertical rad<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>