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MT1 PERFORWNCE OF THF ASR-1 AM, ASR-2 RADARS 

Acting on a re$uzst from the Offlce of Federal Alrurays, engineers from 
this Center traveled to '~rillow Run Air Terminal, Ypsilanti, Michigan, and to 
Chxago M~.dway Airport, Chicago, Illinois, to perform MT1 measurements on 
the PSR-2 and ASF-1 radars, respectively. These tests were performed on the 
ASR-2 radar from May h to May lh, 1952; and from May 26 to hay B, 1952, tests 
were performed on the ASB-1 radar. 

Test equipment taken tc conduct these tests consisted of a stale 
stnblllty tester, MT1 evaluator, Tektronix 511 PD synchroscope, Tektronix 
?.?I preamplifier, and a DuMont 241 oscilloscope. Before starting the tests, 
ta qet ranges vere selected which vould allow comparative checks wth 3ther 
i-ad 2: 3. The ranges selected were 10, 30, &, and 60 rmles. These ranges 
v~cie selected for the follw-lng reasons' ten miles represents the average 
ground clutter radius for normal operatxon; 38 miles represents the most 
used operational range; hs rmles represents the maxxm~m m evaluator range; 
and 60 miles represents the maximum range for the &R-2. 

To achieve maxxmxn performance of a~ MT1 radar system, it 1s necessa-y 
that various nnits of the system are operating at peak efficiency. Negleci- 
ing scanning losses ard. target movement, system instablllties in the equlpwnt 
lirmt the abilib, of the equipwnt to cancel any speclflc target. Therefore, 
it 1s necessary to know the frequency stability, jitter rate, and rate of 
change of the stale ard coherent oscillators, the stability of the transmitted 
pulse regarding pulse-to-pulse timt Jitter, and variation In pulse length. 
The cqulpmcnt available at this time wwiid not permit direct quantitative 
measurement cf all of ttise parameters; however, It can be shonn that adequate 
information is avallablc to pmvide accurate ati realistic performance data: 

Measurements pcrformcd on the AS&1 and ASR-2 radars were: 

1. Subclutter vislblllty ratios 

:: 
Canccllntlon ratio 
System trigger jitter 

h. Coho stability 
5. Stale stablllty 
6, ~~netrnn pulse ji:ter 

Measurements 1, 2, and h wre made at the 30-?&2 intermediate frequency Of 
the system and exclude the effects of scanning, stale, or radio-frequency 
transmitter instabilities, kasurements 3 and 6 were made at video fre- 
quenc'tes, Measurement 5 was made at the fundamental radio frequency, Over- 
all system performance of the Wi?L system 1s detcrmlned through mathematical 
correlation of the above me~suremrnts. The methods used m determining 
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subclutter visibility ratios, and other data, are described below: 

The l%TI evaluator provides three signal pulses to the radar equipment: 

1. x 304% locking pulse to the coho of the radar pulse width, and 
variable in amplitude, 

2. A 3044~ fixed target pulse, three times the radar pulse width, 
movable in range, and variable 1~1 amplitude, which is fed to the 
input of the PITI receiver. 

3. A movmg target pulse of the radar pulse width, movable in range, 
and variable in amplitude, also fed tc the anput of the NT1 
receiver. AdJustment is provided to vary the moving target speed 
from 0 to 3000 mph, divided by the radar frequency III bhc. 

Interchangeable delay lines -A the hT1 evaluator test set provide for 
moving target and coho locking pulses equal in duration to the pulse width 
of tne radar and fixed target pulses three times the radar pulse width. 
heasurements are read directly in decibels from three precision varlable 
attenuators which attenuate the locking, mc+g and fixed target pulses 
independently and provide for attenuation of the moving target with respect 
to the fixed target. 

1. Subclutter Visibility Yieasurements: It is important that subclutter 
visibility ratios be determined for the most favorable and least favorable 
phase conditions; and, since phase detectors are usually not perfectly 
balanced, it is desirable to make measurements at four different phase 
conditions. For reference purposes, these phase conditions are: 

Phase A 
Phase B 
Phase C 
Phase D 

The procedure is to feed a coho locking pulse, and equal-amplitude, moving 
and fixed target pulses to the r1T1 receiver with the movug target adJusted 
for optimum velocity (maximum response). The target pulses are adJusted to 
the range at which it is desired to make the measurement and the coho 
adJusted to display three or four cycles %n.thin the NT1 gate. Output IS 
observed on a sy-nchroscope having high V' axis gain and connected to observe 
MT.1 video, The coherent oscillator is readJusted slightly to place the 
target pulses at the center of the phase detector curve as shown above for 
phase h, The radar MT1 is adJusted for msxxnum cancellation of the fixed 
target0 The moving target must not be at the same range as the fned target 
fnr this adJustment. After adJustlng the cancellation, the moving target 
is again centered over the fixed target pulse and the amplitude of the 
moving target is reduced to the paint where the amplitude of the movxng 
target equsls that of the uncanceled residue of the fixed target. The 
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subclutter vxibllity ratlo for this opturaun target speed, phase condition, 
and range 1s read directly from the attenuator dial setting. The procedure 
1s then repeated for the same target ranges and each of the other target 
phase cndltlons. Measurement at other target ranges 1s accompllsked by 
repeatlng the above procedure at the selected target ranges. Ileasurwents 
are made at 1:l voltage ratio points. A wade bsnd synchroscope provldlng 
high display brightness 1s necessary for accurate measurements. 

Subclutter vaslblliQ ratios (at 1ntermed~at.e frequency with targets 
at optlrnum velocxty) for the ASR-lnxlsr at Chlcago, Illmols, are: 

Mdes: 10 
(db) (ii, $2, 

Phase A 27 27.5 26.h 
Phase B 27.7 27.9 27.1 
Phase c 20.1 20.3 18.h 
Phase D 18 17.9 19 

(All fqures are the averages of several reahngs. Varlatlonsxi 
readmgs for each phase condltlon are due to reading errors.) 

Subclutter vlslblllty ratios (at ~ntermetiate frequency with targets at 
optimum velocity) for ASR-2 radar at Detroit, hichgan, are: 

Miles: 

Channel A Channel B 

Phase A 
Phase B 
Phase C 
Phase D 

13:25 ;;.:' ;;.:' 20* 
32 

:: 18 
28 28.l1 

:,“.9 :: 17.8 29 

12 18 20 15 19.9 18.8 

2. Video Cancellation Ratlo: ASR-1 radar, Chlcago, Illlnols; ASR-2, 
Detroit, I%chlgan. 

The M!TI evaluator is used for the measurement of fancellation ratlo 
provided by the cancellation carcults. The moving and flxed target 
pulses are fed into the IntermedIate frequency amplifier of the evaluator 
where they are amplifxed and detected. Recautlons are observed to avozd 
llmltlng and nonlmesrity. The output video sIgnal 1s delivered to the 
input of the MT1 line modulator. A synchroscope connected at the output 
of the delay line driver 1s observed to determlne modulation percentage. 
The IntermedIate-frequency gain control of the evaluator 1s then adjusted 



to supply the rated modulation of ths carrier. Then the moving target 1s 
centered over the fixed target. The synchroscope is tnen connected to 
observe canceled video Trith the moving tar;& adjusted for op',imzm velocity, 
The moving target ic then attenuated unt;l it 1s of the same amplitLde as 
the canceled f,xtd target residue (1.1 ratio), The cancellation ratio LS 
then read from the moving target attenuator dial, Cancellation ratic at 
ten miles for AS&l radar: 27 db; hSR-2 radar: Ciannel R - 24 db, Chaanel 
B - 27 db. 

3. System Triagei- Jitter. 

Jitter 1s measured by a jitter tester which is a part of the evaluator. 
A high-intensity post-acceleration cathode-ray tube 1s built into the ET1 
evaluator for obserT?ation of Jitter. A free-running sine wave oscillator 
provides the horizontal time base. The system trigger, or otter pulse in 
question, is &splayed vertically on the cathode-ray tube. The frequency 
of the time base is adjusted manually until the displayed pulse IS essentially 
statlowry. Jitter csn then be observed by the spreading of tie trace or 
fuzziness of the Ieating edge of the pulse. The amount of time jitter can 
then be read on e scale an the face o f the cathode-ray tube which is calibrated 
m O,l-microsecond :ntcrvsls. This measurement represents the over-611 time 
--tter of the pulse and not tie pulse-to-pulse Jitter. 
&l-e Jitter cannot exceed 'he long term jitter. 

Ho;cever, the radar 

&&em trisger jitter (over-all term jitter) on PSR-lr 0.08 microsecond. 
System trigger jitter (over-all term jitter) on ASR-2 raoar ?Tith prf 

tracker on: Channel A - 0.08 microsecond; Channel B - 0.07 microsecond. 

4. Coho Stabfli$r, 

'&rs is determined with the liTI evaluator. A 30-I&c CM carrier is pro- 
vlded by the evaluator w!ncn is fed to the I!TI receiver. A coho loclang 
pulse fro"1 the evaluator is provldcd to lock the 30-11~ coherent oscillator. 
The output of the coherent oscillator is conpared to the output of the 30-11~ 
reference cif carrier oy the phase detector. The waveform displayed on the 
synchroscope 1s the phase detector response cu??e. Sy adJusting the frequency 
of the coherent oscillator, it -s possible to vary the number of displayed 
cycles. If the coherent oscillator frequency Jitters, it will be evldencecl 
by widening of the trace ~hicn becomes worse as the range increases. 

Ccho stability - As-1 radar: Jitter cr drift not perceatible. 
Coho stabilitjr - LP-2 radar' Channel A - Jitter or drLt not per- 

ceptible; channel R - Jitter or drift not perceptible. 

5. Stale Stability. 

Performance data were obtained through tne use of the stale stability 
tester. The output of the stslo under test beats with harmorucs of a crystal 
oscillator w.hch is designed for very high short-term stability. The output 



of the stalo IS combinedwith a harmomc from the crystal osc?llator in a 
m?xer. TX output of the mixer is then amplified by a narrow band 10.7-Iic 
amplifier. The output of t'lis arpplif~er is followed bj C? detector tLlat 
heterodynes the 10,7-?Ic signal wi+,n the output of a 10.7-Fe, coastal-controlled 
beat frequency oscillator. The resulting audio frequency beat varies in fre- 
quency by the same number of cycles as the frequency of t?e stale under test, 
The displayed cycles csn be used to observe criit and Sitter. Drift or a slow 
change in stale frequency will be notlced as a change in the number of beat 
cycles displayed by the syn&rosccpe. Tins value may be read directly by use 
of an audzo frequency meter. Jitter is observed on the scope as a widening 
of the audio beat trace, wnch incrcaees in value T-itn range nrovided that 
the scope sweep speed 1s :rcater than any rate of jitter. For pUTpOSeS of 
computation, the widL1 of tne trace at a known range is measured and recorded 
as a ratio to tIIe uldth of one beat cycle. This ratio represents frequency 
deviat:on of the stalo Y'I~C'I nac tx effect of causing fixed iar;cts to al>pear 
as moving tarLets. If tx rate of Jitter is unknobn, an anpro~nation of sub- 
clutter vxsibilzty may be calclated, using the above measurement as a voltage 
ratio, If the ,itter 1s sinusoidal and r&igt%vely low in frequency, the sweep 
speed frequency of the osciiloscope can be reduced to the point where one or 
more ccmplete cycles of the Jitter vodulation can be observed. Using known 
weep speeds, the rate of modulation may be determined. Peak-to-peak frequency 
n-v-.cl,zon can be determined by measuring the trace ratio, bhch is a frequency 
rdy.:o ct a given sweep distance and dlvidirl g the ratio by the given sweep figur% 
If one knobis that the cause of zitter is sinusoidal at a raoian frequency, the 
frequency deviation may be differentiated rrith respect to time to obtain tne 
rate of frequency change. Ccnsiderlng the maximum phase change as 18@ degrees, 
the above frequency ratio times pl vi11 give tne maxxmun pnsse change that 
can be expected at the predetermined range. The data obtalned on the ASR-1 
radar stale are given. All figures shown are averages of several readulgs. 

Ialcs: 10 
Peak-to-peak frequency deviation: Gycles/secr 398 
Jltiec- rate: 60 cycles/set. 
IIaxiriun rate of change: Qicles/sec.2: 75,000 
Kzxmcm phase change: Degrees: 6.7 
I~axlmum subclutter visibility ratio: Isles: 10 
(obtainabla negle ding scan losses) 23: 27.16 
I axmum cancellation: i\ilcs: 10 
(obtainable neglecting scan 
fluctuations) I%?: 27.16 

@) Assumes ground clutter at these ranges. 

ASR-2 Radar Stalo Heasurements -pm- 

30 lJ5 60 
22h -233 236 

h2,250 !$;0”;;;5”” 
13 

30 G* 6&t 
21.52 

30 
it.76 ;;Jo” 
L5* 

21.52 17.76 15.ob 

Due to interaction between stales, when both were operated simultaneously, 
measurements were taken witn stand-by channel inoperative. 

Stale stability - Channel A: Yules 
Peak-to-peak frequency deviation*Cycles/sec : 
Jitter rate: 60 cycles/set. 

60 
390 
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Maxmum rate of change: Cycles/s& 158,000 
Maxxrum phase chal?ge: Degrees: llL.2 

files: 
I';exunum subclutter vx?bG.iQ ratlo. DB : 2;04 
(obtalnablc ncglxtmg scan losses) 

!bmnum cancellazlon. DB : 23.h 
(obtainable neglecting scan losses) 

(*j Assumes ground clutter at these ranges. 

ASR-2 Radar Stale Measure-knts 

Stale stability - Channel B: Mles 
Peak-to-peak frequency de*Jlatlon:Cgcles/s6c: 4;; 
Jitter rate: 60 cyclesjsec. 
%axmm rate of change: 
IJIzxmm phase changt. 

Cycles/sec2: lk;,y 
Degrees* * 
MllE5: 10 

i%xlm~~~~ subclutter vlslb-~lltj ixt1o-DB * 22.8 
(obt2. lable neglectxg scan losses) 
i:axlr.um canc&ll&trolY- D9 . 22.0 

(+) Lz-;lxnes ground clutter at these ranges. 

6. IiaEnetron Radio Frequency Fdse htter: -- - 

148,tcn 73,300 73,600 
29.5 32.5 43.4 

30 4p ow 
16.06 11.8 12.3 

15.05 14.8 12.3 

15.8 14 12 i 

Magnetron pulse Jitter veasurements are obtamed with the use of the 
Jitter tester, using the same method as described for takln& System trigger 
Jitter. 

ASR-1 magnetron radio-frequency pulse Jitter: 0.08 microsecond. 
ASR-2 magnetron radio-frequency pulse JlttSr: 

Channel A --- Channel B 

0,08 mlcrosewnd tracker off 0.07 rmcrosecond tracker off 
0.15 .vcrosecond tr n 0.07 rmcrosecond tracker on 

Coherent Oscillator &xklnE pLL?se Amplitude: ----- -- 

The coherent oscillator of the ASR-1 radar locks in wzth a 1ockuIg pulse 
amplitude of -37 db below one rmlllwatt at Jack J-117, To msure proper lock- 
Ang of the conerent oscillator, the lockug pulse amplitude should be increased 
by approximately 15 db. 'Ells gives a locking pulse amplitude of -22 db below 
one rmlliwatta 

COXCLTKINS c 

Tne I,TI performance data taken of the ASR-1 and ASR-2 radars were obtafned 
with test equpment now avaiLable for that purpose. Scanning losses were 
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neglected as it is impossible to compute these losses accurately. No data 
were obtained on magnetron frequency stability as test equipment was not 
available at the time these measurements were made. PRF Jitter effects 

have been included in all tabulated data tier-e applicable. 

Analyzng data obtained on the ASR-1, it is concluded that a locking 
pulse amplitude of -22 dbm will properly lock the coherent oscillator. The 
locking pulse amplitude, necessary to lock the coherent oscillator, ~~11 
vary somewhat with varaous radars. 

The known llrmtlng factors for MT1 performance of the ASR-1 and ASR-2 
radars will be stability of the stale, NTI intermediate frequency and cancel- 
lation circuits, coherent oscillator and system trigger Jitter. From tabu- 
lated data snown herein, performance llrmtations of tne MT1 system may be 
ascertained. As an example, for the ASR-i radar at Chicago, using the MT1 
e-rall:Lor, the subclutter visibility ratio measurement for ten miles shows 
thlt 
(1 

for Phase B (optimum phase) a 27.7 db reading was obtaxed. For Phase D 
east favoraale phase) a reading of 18 db was obtained, The maximum sub- 

clutrer visibility which the stale will ailow is 27.16 db. These figures 
show that for the Phase B condition the performance limiting factor is the 
stale, For the Phase D condition the phase detector characteristzc IS the 
lirmting factor. 

Subclutter visibility ratios taken at 30 rmles snow; for Phase B (optimu-? 
phase) 27.9 db and for Phase D (least favorable phase) 17.9 db. The maximum 
subclutter visiollity which the stale wili allow is 21.52 db. For the Phase B 
condition the limiting factor would be the stale performance but not for the 
Phase D condition. 

From data obtained on stale performance, the maxzrrmm subclutter visibility 
allowed by the stale drops rapidly with increasing range. Thus limitation is 
not a serious factor in over-all NT1 performance since the maxl~rmm MT1 gate is 
a0 males, and ground clutter beyond 30 rules is seldom encountered. The video 
cancellation ratio taken with the MT1 evaluator was 27 db at 10 miles for the 
IiN-1. Stale performance w,ll be a limiting factor in over-all cancellation 
ratio beycnd approxunately ten miles. The limiting factors are snown in the 
tabulated data. 

Coherent oscillator drift and Jitter for the AS%1 and ASR-2 radars is 
not a limiting factor for over-all hTI performance since there was no drift 
or litter. For the ASK-2 radar at Wiilow Run Air Terminal, the knom 

ilIIUtlng factors may be ascertained in the same manner by checking the 
tabulated data. A comparison oi; the over-all IWI performance of the ASR-1 
and AS%2 radars also nay be made from the tabuiated data. 

For a comparison between the ASR-1 and ASR-2 radars the tabulated data 
will show that for subclutter visibility ratios the difference between the 
two radar equipments is negligible. Cancellation lEatios of the ASR-1 and 
ASR-2 radars are about the same, From the tabulated data, the figures show 
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that the performance of tk ASR-1 stale 1s superior to that of the AS%2 
stales. A deflnlte improvement 1s neeaed in the performance of the AS%2 
stalo. Scarung losses may be the lxnlttig factor for good over-all iiT 
performance for the PSR-1 and AS%2 radars now YI service. Tnese losses 
ml1 vary from site to site. 

Further developmmt of stale osc?llators to reduce lnstabllltles is 
desirable for Improved IGTl performance. Crystal control of the stalo 
frequency rTould he advantageous. 

Magnetron frequency control 1s also a desuable feature. Development 
of a crystal-controlled raoar transmitter should oi helpful III mlnlrmzlng 
this stablllzatlon problem. 


