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(April 1982 -~ August 1983)

by

Paul E. Pettit
Meteorologist-in-Charge, WSO Montgomery

1. INTRODUCTION

Researchers have been experimenting for many years with Doppler radar
systems, locking for more reliable methods to gather and process more useful
radar data (e.g., Lemon, Donaldson and Burgess, 1977). The National Weather
Service (NWS) is rapidly moving forward with plans to replace the aging WSR-537
(10em wavelength) radar network (Bonewitz, 1981l; Ray and Colbert, 1982). It
has become apparent through these and other research efforts and more recent
radar technology, that any new network of meteorological radars must have
Doppler capability (NSSL Staff, 1979).

The NWS office in Montgomery, Alabama has been interested in this "new
radar technology” for several years and a working relationship with Enterprise
Electronics Corp. (EEC) has provided this office with a look at some of the
newer advances in meteorological radar equipment.

In April, 1982, a request was made by Enterprise Electronics Corp. to the
NWS for permission to install a Doppler add-on package to the WSR-74C (5cm)
located at Montgomery, Alabama. The request for Montgomery as the add-on site
was made for several reasons. The close proximity to the Enterprise plant was
a major factor because problems with the system could be quickly corrected.
Another factor was that the Montgomery office was fortunate to have adequate
personnel, thus easing any additional workloads on office duties. On April 5,
1982, an agreement was signed between the NWS and EEC which allowed a commer-
cially produced Doppler radar to be located in an operational enviromment within
a National Weather Service field facility. The installation was to be on a loan
basis with no designated termination date,

It must be made clear in this introduction that the prototype add-on equip-
ment was by no means the ultimate in Doppler radar. However, later advances
led to a more advanced system which was installed at Montgomery in July of 1983.1
Operating characteristics of the WSR-74C add-on package are given in Appendix I.

This manuscript is furnished for technical information only. The National
QOceanic and Atmospheric Administration does not approve, recommend, or endorse
the equipment of EEC; and the results expressed herein should not be used in
advertising, sales promeotion, or to indicate in any manner, either implicitly
or explicitly, endorsement of the product by the National Oceanic and Atmospheric
Administration,

1During the summer of 1983, a Doppler processor, paid for by a group of
citizens in the Chicago area, became operational on the NWS WSR-74S (10cm) radar
in Marsailles, IL. Similar equipment was installed on the WSR~74C (S5cm) on a
loan basis in July 1983 at Montgomery, Alabama.
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2, OPERATIONAL OBJECTIVES

From the initial installation, it was evident that firm and realistic
objectives were needed for operation of the equipment.

The objectives were:

a.) To operate the Doppler add-onm in an operational environment
using the data to issue warnings, statements and advisories within Montgomery's
22 county warning area and for adjacent countieés covered by other NWS offices.

b.) To demomstrate that the equipment could be operated and velocity
data could be interpreted by the present staff of Weather Service Specialists.

The method of training was to be primarily hands-on experience,.

¢.) To monitor the durability and - reliability of the equipment,
documenting failures and related problems,

d.}) To experiment with methods of elimipating velocity ambiguities
and develop hardware or software methods to achieve this obhjective. To
investigate ideag leading to improved effectiveness of operations.

e.) To act as liason with Enterprise Electronics Corp.

f.) To coordinate the operations with appropriate NWS officials and
issue routine status reports.

g.) To document data within the limits of a full service Weather
Service Qffice and make this data available to others through reports,
published papers, etc.

3. DOPPLER ADD-ON PACKAGE

The initial Doppler attachment, associated processing equipment and
display monitor for the WSR-74C consisted of the following components:

3.1 At the Transmitter

a., Phase locked Stalo/Coho.

b. Dual pulse width/PRF package.

¢. Linear IF amplifier.

d. Dual pulse detector,

e. Line driver.

f. 3db IF splitter.

g. Relay for pulse width switching.

These components were installed inside the existing WSR-74C transmitter

cabinet. Installation requilred omnly several hours. Two extra coaxial cables
were needed between the transmitter site and the radar console.



3.2 Pulse-Pair Processor

This device is an EEC developed 3-bit pulse-pair type processor, that.
converts the measured transmitted frequency phase shift caused by moving objects
into video that can be converted into six (6) colors for display. Information
on technical aspects of the processing methods is available through EEC. The
pulse-pair technique was first described by Rummler (1968) and later implemented
by Lhermitts (1972) and Groginsky (1972).

The basic characteristics of the originally installed processing unit were:

a.) Maximum Range® 250, 125, 100 Km

b.) Pulse Repetition Frequency> 600, 1200, 1500 PRF

¢.) Range Bin Resolution 1/8 Xm

d.) Integration Factor Adjustable between 8, 16, 32,
and 64 PRF periods

e.} Output 0 plus levels 1-6

£f.) Unambigious Velocity + 16/mps at 1200 PRF

The controls to the processor consisted mainly of switches to change range,
select PRF (Doppler or intensity), select colors or overlays for display,
change integration and to change threshold settings. The simplicity of the
processor controls made it relatively easy for office personnel to become
quickly adjusted to them,

3.3 Display Monitor

The display monitor consisted of a Panasonic 19 inch color television
monitor. Resolution was two kilometers. Six colors were displayed (3 toward
velocities, 3 away velocities, plus white for non-moving targets). Since white
represented slow (0-6 mph) or non-moving targets; ground clutter was displayed
as white., Annotation of antenna elevation, PRF in use and date/time were
displayed as added data.

Display overlay ranges were:

BARM, i euvivnennvreaaar s 338M. ... vhneee. .30 and 60KM Range rings

128KM. cvvvevnnnnnanesee s BINM. L0 vvenses .50 and 100KM Range rings
256KM . iis i rensaee s 138NM. . 0 e, .. 100 and 200KM Range rings
SI2KM. covuvnn eerssees2300M (Intensity only)

The scan convertor was an EEC convertor and no technical description of
this unit will be given.

1Designed by former NCAR engineer, Mr. Grant Gray in consultation with EEC.
2pRF Dependant.
3PRF's changed to 600, 800 and 1100 in August 1982.
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4, TRAINING

Training for the Doppler attachment at Montgomery consisted of two
pPhases, The first phase was an introductory briefing by Enterprise personnel.
The second phase was actual hands-on experience with the equipment.

Functions of each of the unit controls were explained by Harold Quast of
EEC and it was also explained that any apprehension about the use of the
controls was unfounded, because little damage to the equipment would result.
A short discussion of Doppler theory and its integration to weather radar was
also given. Shortcomings, such as velocity folding, were pointed out.

The bulk of training had to be delegated to first hand experience because
very little published data was available on operational use of this type of
data., Many hours were spent reviewing documented data which was recorded on
video cassettes. The importance of these video tapings cannot be overemphasized.
The ability to record the velocity display data during a wide variety of
meteorological events for later study and in some cases informative arguments,
proved to be an invaluable tool in the training process.

One very valld point could not be overlooked. The Doppler attachment
and the processed data were merely an extension of the existing weather radar.
Therefore, a working knowledge of factors such as beam fii1ling, anomalous
propogation, range folding, velocity folding, etc., were vital to interpreta-
tion of data.

5. METHOD OF OPERATION

Operation of the EEC Doppler attachment was very simple. Only one switch
was required to transfer from intensity data (2 microsecond pulse) to velocity
data (.5 microsecond pulse). Originally, manual slowdown of antenna rotation
to one and one-half revolutions per minute was required,l The slower rotation
speeds were necessary for adequate processing time with the pulse-pair.

Intensity data had first priority. All established procedures were used
to interpret the intensity data first in order to determine maximum intensity
of echoes, maximum cloud tops, trends, etc. {(Lemon, 1980). Once all pertinent
intensity data were analyzed, switchover to velocity mode of operation was made.

There were several methods of Doppler operation. One was to scan
manually (using a selected PRF), investigating suspicious areas for shear,
convergence, divergence, etc. Another method was to store entire 360 degree
sweeps of data In memory. Two or more sweeps were usually made using the
appropriate PRF settings, which could later be retrieved from memory, then
compared and processed for easier interpretation.

One of the processing methods, developed at Montgomery by William N.
Johnson, became very useful. Dubbed the J-Effect, the method allows two PRF
sweeps of data from memory to be compared in a unique unfolding scheme which
removed velocity ambiguities out te 192 MPH using the two highest PRF sweeps of
gstored memory. An Apple II home computer programmed with software written by
Johnson allowed equipment operatowvs to display selected velocities upon request.

lAutomatic slowdown of antenna rotation to 11/2 RPM was made in the spring

of 1983.
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The severe thunderstorm criteria associated with gusts within the NWS is
58 MPH. Through Apple driven software controlling the monitor display of
velocity data, personnel at Montgomery could request velocities at or near the
warning threshold of 58 MPH for display. Once the requested velocities had
been displayed, decisions to warn were based on other meteorological variables
such as beam height, storm intensity, storm tops, etc. Software had been
developed to compute some azimuthal shear (MPH/KM), however, vertical extent
of shear requires manually elevated scans and consumes more time.

One advantage of storing data in memory was that it did not tie up the
radar for long periods of time, thus depriving private users of data. The
Montgomery radar remote data was stored for the last full intensity sweep when
the radar was operating in the Doppler mode., Montgomery is not a NWS network
radar, therefore, more time for Doppler scanning was available,

Regardless of the methods used, operations required a man-machine mix in
order that the most effective use of the equipment could be obtained.

6. DOCUMENTATION OF DATA

A decision was made soon after installation that appropriate documenta-
tion of all data, intensity and velocity, was a necessity.

A GYYR time lapse color video recorder was purchased for recording pur-
poses. One half inch VHS video tapes were used. Hundreds of hours of
documentated velocity and intensity data were recorded. Video recordings of
diversified meteorological events were made frequently., These recordings have
been very valuable, especially as a training aid.

Special electronic circuits were designed by Mr. Johnson to allow for
-automatic control of the video recorders. Intensity data were recorded using
300 hour time lapse settings, taking .5 frames per second. Velocity data were
recorded essentially in real time or 60 frames per second. Voice information
was added with the video for additional clarification. An example of the
Montgomery Tape Documentation Log is given in Appendix II.

Additional documentation consisted of a Doppler Events Log, Appendix III.
System electronic failures were documented by the station Electronic Technician.
It is interesting to note that there were no major hardware failures from
installation through July 31, 1983.

7. SELECTED RESULTS AND STATISTICS

Some of the results at Montgomery using the pulse-pair processor have
been favorable, although there are certainly improvements that can be made:
in hardware, and in data interpretation. Characteristiec signatures of Doppler
velocity data can be identified by non-meteorologists in many cases, provided
the data is used in conjunction with other availlable meteorological variables.

Figure 1, covering the period April 1982 through July 31, 1983, shows
types of information, action taken, lead times and resulting verification for
selected events., A tornado detected first as a hook echo on the intensity plan-
position indicator (PPI) on April 26, 1982, at approximately 1945Z produced a
good azimuthal shear on the velocity display, confirming that there was rotation
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within the storm cell. This storm was tracked by radar at Montgomery from
beginning to end, moving across three counties and passing within 22 nautical
miles north of the radar site. This storm occurred only 21 days after the
initial installation of the add-on package and the staff at Montgomery had
minimal experience with Doppler signature recognition.

The storm at 1838Z on March 20, 1983 (Fig. 1), shows that better lead times
can be gained with additional experience. The meso-cyclone associated with
this event was first evident in the mid levels (12-15 thousand feet). The most
significant point about this particular event is that without the velocity data,
no warning would have been issued. The cell producing the meso-cyclone with
Doppler and producing a small tornado later in time was embedded in a large
area of light to moderate rain (.1 to .5 inches per hour). The C-band radar
was attenuating significantly through this rain area. The cell which produced
the tornado was TRW+ (.5 to 1.0 inches per hour) and had a maximum top of
32,000 feet. A decision to issue a tornado warning was based mainly on the
velocity data, resulting in a lead time of greater than 30 minutes.

On June 12, 1982, at 0015Z a downburst ovecurred at the airport resulting
in a recorded wind gust to 59 MPH. An airport wind advisory was issued at
23457 for possible wind gusts to 45 MPH at Dannelly Field. A post review of
video tapes verified that winds were greater than forecast and better interpre-
tation may have called for a severe thunderstorm warning. It is interesting to
note, however, that strong winds cccurred only over the airport and no strong
winds or damage were reported at distances of only 1 to 2 miles from the
anemometer,

Figure 2 shows other selected wind gust events at Montgomery. One
obgervation about the data becomes readily apparent. There tended to be over
forecasting of wind gust speeds. One explanation for this was that velocities
were estimates related to the veloecity at beam height above ground and not
totally representing the true surface winds. The closer the estimates were made
to the radar, the better the forecast results. Care was a necessity to these
estimates as the velocities computed by the pulse-pair were those relative to

the beam and often much less than the absolute wind. Another explanation was
that the wind measuring equipment was available from only two nearby sites
(Montgomery-Dannelly Field and Maxwell Adlr Force Base a short distance to the
northeasgt), allowing limited recorded data from the ground. Higher gusts may
have occurred in the area but there was no way to accurately measure them.

Figure 3 represents other selected events noted during the same period:
April 1982 through July 1983. The event on September 21, 1982, at 1525Z shows
that non~precipitation related velocities can be detected with the Montgomery
5 centimeter Doppler add-on package. Velocities in clear air were detected to
ranges of approximately 60 KM provided there were gsufficlent atmospherie
discontinuities, insects or other moving particles present (Wilson: 1980).
Clear air velocities were noted only during the warmer months and rarely if
ever occurred with the colder air masses.

Listed below are some warning statistics for NWS, Montgomery, Alabama,
for the years 1981, 1982, and the first six months in 1983.

YEAR FAR POD
1981 .93 .19
1982 .79 .60
1983 .76 .36

Velocity data was not available the first three months of 1982,
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The Probability of Detection (POD) is the proportion of severe weather
events correctly predicted. The formula is POD=x/(x+y) where x is the number
of severe weather events predicted and y is the number of severe events not
predicted to be severe. Higher POD usually indicates good detection methods.

The False Alarm Rate (FAR) is the proportion of incorrect predictions of
a severe event and is calculated by the formula FAR=z/(x+z) where x is the
severe events predicted to be severe and z 1is the non-severe events predicted
to be severe, Higher values of FAR indicate the "cry wolf syndrome" which
diminishes the effectiveness of warnings issued. ‘

The statistics given (POD, FAR) are for a full 22 county warning area.
There were three full counties and portions of one county that lay outside the
effective range of the Doppler add-on. Therefore, the possibility of better
numbers exists if FAR and POD were computed with those counties and storms
removed from the data.

Improvement in FAR and POD were noted during 1982, It has not yet been
determined why the POD for the first six months of 1983 showed the significant
decrease. It must be remembered that the NWS methods of acquiring verifica-
tion of storm damage is limited by a number of factors, one being the resources
available at a local NWS office to gather post storm data (Henderson: 1982).

Improvements can be made with warnings and lead times increased provided
proper radar techniques are used and interpretation of data collected and
processed is used wisely.

8. FUTURE OPERATIONS

This paper is only a preliminary review of the EEC attachment utilizing
the pulse—-pair processor. A newer EEC system, consisting of a full Doppler
console, Fast Fourier Transform Processor (FFT) developed at MIT and a 12 foot
antenna (1,025 beam width) was installed on a loan to the National Weather
Service in mid July of 1983 (EEC: 1983). Advantages of the newer system,
which also includes spectral data displays, should be promising.

More operational experience and additional documentation will be achieved
and it is hoped that exciting accomplishments will result at Montgomery.

9. CONCLUSIONS

Sixteen months of experience with the EEC attachment and the pulse-pair
procegsor has led to the conclusion that several of the objectives listed on
page 2 were met,

The equipment was operated in an operational environment where warnings,
statements and advisories were issued based on the operator's interpretation of
data. Experience was a primary factor, however, the equipment was useable by
the staff of Weather Service Specialists to achieve satisfactory results in
many cases.
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The pulse-pair processed data was useful for manual interpretation of
gignificant weather events although it became evident that additional methods
for more effective interpretation of data were necessary. The result was the
use of a computer to solve part of the problem. Doppler signatures of meteoro-
logical events such as gust fronts, fine lines, shear data and in some cases
mego-cyclones could be interpreted with the equipment.

The durability of the system was good. Downtime was minimal.

Doppler wvelocity data can be interpreted by non-meteorologists if an
adequate background in radar theory is present and sufficlent on-the-job training
is made available (Wilson: 1980). Personnel at Montgomery found little
difficulty operating the equipment. Interpretation of the data was more of an
experience factor with positive results coming only after numerous hours of
operation and review of documented data.

A simplified scheme for velocity unfolding was obtainable., Attenuation
of the S5em intensity data remained a problem under certain circumstances, how-
ever, there was little or no attenuation with the Scm velocity data.

More automation is a necessity and software must be developed to eliminate
time consuming visual interpretation of the velocity data.

The addition of welocity data to the overall accumulation of meteorological
information available to NWS personnel at Montgomery was extremely useful but
this additional data source must not be misconstrued. Doppler velocity data is
only an additional source of useful information and must be utilized in conjunc-
tion with all other available meteorological sources in order that the most
effective services can be furnished.
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APPENDIX I

WSR74~C CHARCTERISTICS WITH DOPPLER

WAVELENGTH
PEAK POWER
PULSE LENGTH

1. Intensity
2. Doppler

MINIMUM DETECTABLE SIGNAL
ANTENNA

1. Diameter
2. Beam Width

MAXTMUM RANGE

1. 250 PRF
2. 600 PRF
3. 800 PRF
4. 1100 PRF
EFFECTIVE RANGE!

1. 250 PRF
2. 600-800 PRF
3. 800~1100 PRF

1

2
0.

5.4 Centimeters

250 Xilowatts

.0 Microseconds
5 Microseconds

~107 Dbm

8 Foot
1.65 Degrees

600KM/ 322N
250K/ 13511
187KM/ 101NN
136KM/ 73NM

230KM/125NM
187KM/101NM
136KM/ 73NM

The effective range at Montgomery was determined to be the

maximum range at which unambigious veloeity data could be obtained. Two
360 degree sweeps of data at two different PRFs are required to obtain

unfolded velocity data.
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The Johnson-Effect: Resolving Ambiguous Doppler Velocities

by

William N, Johnson
WSO, Montgomery, Alabama

INTRODUCTIQN

The National Weather Service 0ffice in Montgomery, Alabama, has been experi-
menting since the spring of 1982 with a Doppler "add-on" package for a WSR-74C
5cm radar. This Doppler package, as with all pulsed Doppler radars, inherently
has velocity ambiguities due to data sampling methods.

Pulsed Doppler weather radar operates by transmitting a series of equally
spaced pulses, Velocity is determined by measuring the pulse-to-pulse phase
change for each samplie point in range. Velocity ambiguity or "FOLDING" occurs
at the Nyquist frequency Fn given by:

Fn = PRF/2

Where PRF is the pulse repetition frequency. The maximum unambiguous radial
velocity is given by:

Vr = AxPRF/4

A is the wave length of the radar signal. For a given PRF, with ¢ the velocity -
of 1ight, the maximum unambiguous range is given by:

Rm = ¢/2PRF

Examples of limits in range and velocity measurements of typical Doppler
weather radars are shown in Table I below.

TABLE I
RADAR PRF MAX RANGE - MAX VELOCITY
10cm 1200pps 125Km -  67Nm 32mfs -~ 711"nph
10cm 600pps 250km -~ 135Nm 16m/s =~ 36mph
S¢m 1200pps 125Km =  67Nm 16m/s ~ 36mph
Scm 600pps 250Km - 135Nm 8m/s =~ 18mph




Research at varfous facilities indicates that it is desirable to measure
unambiguous velocities of at least 56 mph (JDOP report, 1979). It has been sug-
gested by scientists at the National Severe Storms Laboratory that if a radar
could transmit pulses with different interpulse times, the unambiguous velocity
could be extended (Sirmans et al., 1976). With this background, an unfolding
technique referred to as "The Johnson-Effect" was developed by the author for
use on the WSR-74C radar at Montgomery. This approach is a simple one, yet it
extends the unambiguous velocity of the pulsed Doppler radar from 36 mph to
192 mph.

Manual interpretation of the Doppler display required the radar operator to
alternately display PRFy, then PRFp, noting the coler change at a specific point
on the display monitor, This color change represented a range of wind speeds.
For example, as shown in Fig. 1, a color change from red (PRFy} to blue (PRFjp)
represents a range of wind speeds from 24-30 mph.

Fold PRFl
Y
MPH 5 10 15 20 25 30 35 40
l!fllll l IIIl'lIl 11t |I!JI j Illll!i
PR¥ White Yellow Orange Red Blue
PRF9 White |Yellow |Orange |Red Blue Lt. Blue|Cyan

N
Fold PRF9

FIGURE I

To utilize the Johnson-Effect, each color was assigned a numerical value.
White = 7, Yellow = 6, Orange = 5, Red = 4, Blue = 3, Lt. Blue = 2, Cyan = 1. A
table was then compiled to represent every possible color combination between
PRFy and PRFp. Table II is a corresponding numerical representation of Fig. 1.



TABLE II

MPH PRF1 PRF9 Reference Code
0-6 7 7 77
6-8 7 6 76
8-12 6 6 66
12-16 6 5 65
16-18 5 5 55
18-24 5 4 54
24~30 4 3 43
30-32 4 2 42
32-36 3 2 32
36-40 3 1 31

: Experimentation with different pulse repetition rates revealed that a ratio
of approximately 1.35:1 between PRFy and PRF, (Sirmans et al., 1976) produced a
numerical pattern that represented specific wind speeds from 0 to 192 mph.

The Johnson-Effect process utilizes an AppTe‘II microcomputer with 64K
memory, two 256 X 256 4-bit memories in the Doppler processor, and a computer

interface.

The Johnson-Effect is accomplished in three steps:

STEP 1.

STEP 2.

STEP 3.

Run a 360° sweep of the radar beam at PRFy, It will be stored.
in Memory 1 of the Doppler processor.

Run another 360° sweep at PRF,. It will be stored in Memory 2
of the Doppler processor.

Instruct the computer to display the wind speed, or speeds
you wish to see on the display monitor,.

: The computer interface, Fig. 2, designed and fabricated by the author, is
used to extract data from the Doppler processor Memory 1 and Memory 2.



COMPUTER REFERENCE CODE

!

MEMORY 1 ~> COMPARATOR

HORZ SYNC
Vv

DISPLAY MONITOR

DISPLAY
SYNG

MEMORY 2 _> COMPARATOR N\

VERT SYNC

COMPUTER REFERENCE CODE

Y

FIGURE II

The computer program will generate a numerical reference code, representing
a wind speed, that will be compared to the incoming data from Memory 1 and Memory
2, If the incoming data from Memory 1 and the computer reference code match,
the computer interface will generate an output which is displayed on the odd
numbered horizontal 1ines of the display monitor, Likewise, if the incoming
data from Memory 2 and the computer reference code match, the computer interface
will generate an output which is displayed on the even numbered horizontal lines
of the display monitor. When the outputs of the computer interface coincide, a
solid color is displayed on the display monitor, This indicates a correct match
for the wind speed selected. An incorrect match will be displayed as a hatched
color (space between horizontal 1ines), readily distinguishable from a true match.
Fig. 3 shows a correct and an incorrect match,
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FIGURE ITII

ADVANTAGES OF THE JOHNSON-EFFECT

1.

Extended unambiguous velocities using an Apple II computer, computer
interface, and other hardware all purchased or fabricated for under

$6000.

An unfolded velocity display available in less than 3 minutes.
includes the time required to store two 3600 sweeps.

This

The operator has the capability of selecting any wind speed which
coincides with an appropriate reference code,



4, The computer has the capability of automatically stepping through a
range of wind speeds to show the radar operator the progression of the
wind field,

DISADYANTAGES OF THE JOHNSON-EFFECT

1. The Johnson-Effect is not a fully automated system. A "man-machine
mix" is required for interpretation,

2. Application is Timited by the time required to run two 360° sweeps of
velocity data.

CONCLUSION

The Johnson-Effect is a simple and relatively inexpensive technique which
partially removes the velocity ambiguity associated with the pulsed Doppler radar
at Montgomery, Alabama, This report has briefly summarized initial development
work on the technique. As experience with the system grows, modifications are
possible. Already a newer hard-wired version of this technique is being used at
WSMO Marseilles, I1linois; at WSO Montgomery, Alabama; and in the private sector.
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