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A STABILIZED LOCAL-OSCILLATOR PERFORMANCE EVALUATOR: 

SUMMARY 

Evaluation of the performance of survellldnce-radar mo~lng-target-lndlcator (MTI) 
eqwpment 1s extremely dlff,cult unless all of the chardcterlstlcs of the radar system, mcludlng 
the lndlcator device, are accurately known. Resmual system lnstabll~ues may be consIdered 
as one of the ma,“= causes of I,““= over-all performance when tests, theoretIca analyses, and 
?xammatlon mdlcate good performance capabllltxes. One of the most crItIca units of the radar 
MTI system, lnsofar as stabuy 1s c”nce=ned, Is the stablllzea local oscillator (STALO). 

An ~nstrurncnt desIgned to provide accurate quantltatlve data on the stablllty and per- 
formance characterlstlcs of mlc=“ws\e “sclllators 1s described I,, this report. The appllcatlon 
of the mstrument and the mterpretatlon of the data yIelded are dlscussed in detail. C”rreiatl”n 
of these data with those “btamed on other umts of tne MT1 system, using other test equpment 
referenced herex,, mdlcates which part of the system lxnl+s the performance and x” what 
relative degree. Performance lmxtatlons Imposed bv STALO mstabllltxes are determrned 
with much greater accuracy than heretofore. 

The instrument 15 also useful 1” detcrmu,m,: the effects of lxne-volzage varlatlons, 
t=an51ents, long-term frequency drift, and autOmatlc-frequency-cOntrOi(A~~) 0pedl0n. 
Peak-to-peak frequency devlatlon, ,‘tte= rate, and drift in kllocycles are directly lndlcated 
with good accuracy. 

INTRODUCTION 

The performance of surveillance-radar equpment with MI I can be roughly assessed by 
prolonged observation of the plan posltlon lndlcator (PPI). If the cqupment 1s adlusted for 
Optimum performance, the display may be evarmned for uncancelled residue from flued-target 
slpnals. This uncancelled resxdue IS that portlo” of one “= more fxed-target signals that IS 
not completely cancelled by the cancellation cr=cutry because of slight target morlon, signal 
fluctuations caused by excessive antenna scan rates, and residual electrIca lnstabllltles in the 
radar equpment. The residual u,stabllltles of the radar equpment are those pulse-to-pulse 
varlatlons of frequency, amplitude, and tunln6 which exist in varymg degrees zn crltlcal 
clrcuts of the radar and which effectively lnnxt the cancellation of fIxed targets and, under 
certain condltlons, the wtblllty of movmg targets. If no residue 1s “bserred, one may 
conclude that the cancellation IS probably satisfactory. Good subclutter vlslblllty IS mdlcated 
when axcraft of various types flymg at random speeds and in random dlrectlons over hea>y 
ground clutter consxstently duplay strong signals with only an occasional fade “= mlsbs These 
condltlons, however, do not lndlcate ho.,, good “= bad the performance 1s compared with any 
standard. For example. uncancelled rexdue may be seen for various reasons such as exces- 
sl”e antenna scan rates, flxed-target fluctuations, and the combmed effects of residual system 
lnstabllltles. Uncancelled residue may not be seen, and yet poor subclutter >lslblllty can 
exist to cause alrcraft flying over ground clutter to be dIsplayed weakly “= not at all under 
certun condltlons. A large number of condltlons can exist which mdlvldually or I= comblnatlon 
result In poor system performance. 

The factors mvolved I=, contrlbutmg to speclfx results and performance are too nu- 
merous to menttlon here and are beyond the scope of this report. It IS appropriate to empha- 
sue, however, that “ptnmxn performance for a given system may be obtauxd only by careiul 
adJustment of the va=~“us umts through the use of techmques and test equpment capable of 
mdlcatlng the optimum “peratmg condltlons. Experxnce has shown that optmlum adJustmcnt 
of most of the umts comprlsmg an MT1 system cannot be made with test equpment generally 
avaIlable. Further, It has been determmed that performance may be degraded as a result of 
the existence of small-amphtude power-supply ripple \“ltages or of random transient-sIgna 
Voltages appearing at crltlcal pomts in the system. Such signals a=~ extremely detrunrntal 
when they result I=, frequency changes of the STALO “I of the coherent oscillator (COHO), 
because these frequency changes I=, turn cause phase chauges of the received echo sljinal ulth 
respect to the transmitted radio-frequency pulse. The STALO, in particular. 1s Lxtremely 
sensltlve to power-supply =lpple, voltage varxatxons, and transient condltlons, each of which 
factors cause momentary frequency devlatlons. The maEmtude of these changes “arles 
greatly, dependmg upon theI= amplitude and the dexgn and type of local “sclllator. 

*Manuscnpt submitted for publlcatlon April 1954 
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Recogmtmn of the mportance of mamtammg proper operatmg condltmns and of pro- 
v,dr,g means for the detectIon and lacallzatmn of causes of malfunctmnmg that commonly 
ava,lable equpment would not reveal led to the placement oi a contract with AIrborne Instru- 
ments Laboratory for the development of special MT1 test mstruments One mstrument, MT1 
Evaluator TS-677/UP, measures the complete performance characterlstxs of the MT1 system, 
begmmng with the signal and COHO lntermedlate-frequency preamplifiers on through the 
system to the fmal m&cator. Srnulated fixed- and movmg-target signals a=e p=cvlded,along 
with control of the radml velocity of the latter. 

A second mstrument, STALO Evaluator Test Set TS-697 (XW-2/U), prcmdes mforma- 
tlon on the short-term stablllty of the stabxllzed local oscillators operatmg from approxmmtely 
900 MC to 3200 MC. This mstrument, in con,unctmn with a standard oscilloscope, provides 
mformatmn on the relative stablllty of local oscillators and can be used with far accuracy to 
deternune the peak-to-peak frequency devlatlon and the resultant phase change at any given 
distance. It has been found, however, that all lnfarmatum requred for computing the effect on 
cancellation and subclutter vlslblllty cannot be directly derived from the instrument with 
suifxlent accuracy. This mformatxon Includes peak-to-peak frequency devlatlon, ,ltte= rate 
(repetltlve rate at which the excu=slon occu=s), and mstanraneous rate of frequency change 
(waveform). These factors must all be known with a high degree of accuracy If one wishes to 
deterrmne, for example, the effect of STALO mstab>llt,es on subclutter vlslblllty at a @“en 
distance. This latter lnformatmn 1s xmportant, especially when tests on the remamder of the 
MT1 system lndlcate that operatmn 15 normal and satlsfactary and poor response to arcraft 
flying over clutter 15 obtaIned. It must be emphaszed that poor STALO performance 1s not 
the only reason for poor cancellatmn o= for subclutter vlslblhty. The required stablllty for 
good performance 1s not always attamed, however, It may well be the lrnltlng factor 1n an 
atherwlse good system. It 1s the purpose oi this report to show the effects of poor STALO 
performance and to describe the evaluator equpment which supplies the desired lnformatlon 
with high accuracy. 

THEORY 

A sunpllfled functuxal block dxagram of a typxal radar MT1 system IS shown I=, Fig. 1. 
A brlei review of the fundamental functmns of each unit ~111 faclhtate an understanding of the 
stablllty requrements of an MT1 system. It IS not wlthzn the scope of thxs paper to describe 
completely the MT1 theory o= to establish all of the effects of varied parameters and operatIn 
condltuxns. However, sufficxent theory 1s included to show the effect of STALO x.stabllltxs on 
the ablllty of the MT1 system to dxscruxunate between fixed- and movx,g-target signals and, 
further, to show how cancellation and subclutter wslblllty are affected by the mstabllltles. 

The illustrated type of MT1 measures, on a pulse-to-pulse basis, the phase relatlonshlp 
of the received target-echo signals with respect to a reference-phase signal supplled by the 
coherent oscillator. To swnpllfy vlsuallzatlon of the iunctlons of the va=1ous units of the 
system It will be assumed that all flxed targets wlthm the beam of the radar antenna are 
matlonless, that the radar antenna 1s not rotating, and that there are no mstabllltles in the 
radar and in the MT1 system. 

The STALO supplies a continuous carrlrr at a frequency difference of 30 MC from that 
of the magnetron mean frequency. When the magnetron 1s ilred by a pulse from the modulator, 
the resultant r-f pulse 1s radmted by the radar a=,ttenna. Some of this radmted energy strikes 
various fixed objects on the ground at va=~ous distances. Each of these ob,ects reflects o= 
reradiates a small amount of ttis energy back to the radar antenna. This energy a==~ves at the 
radar a=,ttenna at a txne (wth respect to the start of the transmitted pulse) determIned by the 
distance from the antenna to the target and back. This txne interval 1s 10.75 microseconds per 
statute rule. 

As the echo signals a==xve at the signal mxer, they are heterodyned with the STALO 
signal to produce an mtermedmte frequency of 30 MC. These signals then pass through the 
signal preamplifier and Into a llmltmg amphfxr, the prxnary purpose of which 1s to amplify 
wcok u,jnals and to llmlt the amplitude of strong signals to il specific level. When the mag- 
netron fires, a sample of the r-f pulse 1s also delivered to the coherent-oscillator signal 
rnlxc=, whtre It 1s hrterodyned with the STALO ca==>e= to produce a 30-M= lntermedlnte fre- 
qu’ ncy. lhls 30-MC pulse passes through the COHO p=eampl~f,e= and, after further amphh- 
catlon, 1% used as a lockmg pulse to start the coherent oscillator. The xnportance of thus 
lockIn{: pulse can be apprccmted when It 1s recognuad that the magnetron starts osclllatlng xn 
r*nt1<rri phasr Irom pulse to pulse. For example. the oscillatory WaYe may start off In a 



Fig. 1 Functional Block Diagram of a Typical Surveillance-Radar MT1 System 

posltlve dxrectlon for one pulse and xn a neg.&w duectmn for the followx,g pulse. The phase 
of the lntermedlate-frequency echo signal from a Oxed target depends upon the startmg phase 
of the transrmtted r-f pulse, the startmg phase of the STALO, and the fixed-target range. The 
target range determmes the number of cycles executed by the STALO while the transmitted 
pulse travels to the target and back. Su,ce the phase relatlonshlp for fued targets must be 
preserved from pulse to pulse for cancellataon, a reference slgnal 1s provided by an 
lntermedlate-frequency coherent oscillator, the phase of which also depends on the starting 
phase of the transrmtted r-i pulse and of the STALO,and on the flwed-target range which in 
turn determlnes the number of cycles executed by the COHO during the echo tune. Thus, the 
phase of the reference coherent oscillator 1s matched to that of the transtitter at each 
transmitted pulse. 

The 30-MC echo signal from the llmltmg amphfier 1s supplled to one Input of a balanced- 
phase detector, while the COHO reference lntermedlate-frequency slgnal IS supplled to another 
Input. Tlus detector is deslgned to be phase-sensltlve and to convrt echo-slgnal phase 
varlatlons Into amplitude varlatlons. In actual operatmn of MT1 eqmpment. some signal- 
amplitude varmtmns appear at the Input to the lmuting amphfier because of slight target 
motion, scanrung losses, and residual system instabllituzs. These varmtmns ~111 change from 
pulse to pulse and thus ~111 produce phase changes unless ellnunated. A second purpose of the 
lmutlng ampllfler 1s therefore to elmxnate amplitude fluctuations from the Input of the phase 
detector and to provide, as nearly as possible, a fixed Input level. 

It can be seen from the preceding that fued-target signals, by wrtue of the coherence 
establrshed on a pulse-to-pulse basxs, w,ll have a constant phase relatronshlp at the phase- 
detector output. Moving targets, however, with a radial velaaty with respect to the radar 
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Fxg. 2 Bipolar Video Signal at Output of Phase Detector 

antenna, have a contmuously changmg phase since the distance to the movmg target 1s changmg 
from pulse to pulse. These phase varlatlons are converted to ursform amplitude varlatlons bv 
the phase detector. The bipolar wdeo appearmg at the output of the phase detector resembles 
that ,llustratcd 11, Fig. 2. The movmg-target signal fluctuates in both amplitude and phase 
because of Its changmg distance. The performance under blmd-speed condltlons 15 not dealt 
with here because It has no direct bearmg on system stabllltles It 1s desuable to pomt out, 
however, that the phase detector should have a lmear characterlstlc so that output-amplitude 
varlatmns are dxectly proportIona to Input-phase varlatlons. 

Cancellation of hxed-target sxgnals 1s accomplished by the comparison of the resultant 
signal amplxtudes on a pulse-to-pulse basis. This 1s effected by stormg or delaying the phase- 
detector output signals from each transmitted pulse and by comparmg them with those created 
by the next transmitted pulse. Bipolar video from the phase detector 1s amplified and IS used 
to modulate the amplitude of the output of a high-frequency osallator, the frequency of whrch 
IS usually between 10. and 20. MC. This modulator IS balanced to preserve the waveform of 
the bipolar video signal. The modulated carrier 1s dlvlded Into two channels. A portlon of the 
output 1s passed through a delay lme, which has a delay of precisely one pulse-repetltlon 
Interval. This delayed-output signal 1s ampllfled to compensate for the losses in the delay lme 
and 1s then fed to a subtractIon arcut. This signal path IS referred to as the delayed channel. 
An undelayed channel receives a porkon of the modulated carrier output,whxch zn turn 15 
passed through a varmble-gam ampLf,er and on to the subtractIon clrcut. These ampllflers 
are deslgned to pass the bipolar-pulse signals wIthout dIstortIon 50 that subtractmn of the 
delayed signal from the undelayed signal results I,, as near zero output from flxed targets as 
the system mstablhties ~111 pernxt. The amplitude of the -delayed-channel signals must be 
ad,usted mltlally to match the amplitude of the delayed-channel signals and thereby effect 
optimum cance11at1on. 

In practzce, clrcutry 1s provided to balance the signal levels automatically and, further, 
to control the pulse-repetltlon Interval very closely by ampllfymg the trigger wdeo pulse after 
it has passed through the delayed channel, usmg It to synchromze a bloclung oscillator-system 
trigger generator as shown I,, Fig. 1. It 1s usually referred to as a clrculatmg trigger. 

Movmg targets, sx,ce they change ,n both tune and phase from pulse to pulse, do not 
subtract to give zero output from the subtraction clrcwt. The resultant bipolar video 1s 
ampkfled and rectified to provide a “Idea sxgnal for appllcatmn to the PPI. Modern MT1 
systems prowde varmble gatmg clrcuts whxh, by electromc swtchmg, cause MT1 wdeo to be 
dlsplayed to any desired range, dependmg on the terram and the maximum distance that fxed 
targets are detected at a gxven locatmn, Normal video IS dlsplayed beyond that range, thus 
maxunum sensltlvltv to weak movme-target s~enals 1s attalned by elmunatlon of the MT1 and 
blmd-speed losses. ’ 

I ” - 

The degree to which fxed-target signals are cancelled 1s referred to as cancellation 
ratm. In the kibsence of any absolute standards of measurement, the cancellation 1s usually 
expressed as a ratm I,, decibels representmg the reductmn in amplitude below a lmutlng 
signal level whxh the radar and MTI system affords. 

Subclutter vlslblhty refers to the ratlo of the amplitude of the echo signals of the moving 
target to fxed target for a given “Idea-output level. This latter level 1s usually dehned as the 
level at which the amplitude of a movmg target whxch has a pulse width equal to that of the 
radar and whxch moves at optm,um radial velocity equals the amplitude of the uncancellcd 
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resldue of a fixed target which has a pulse duratron of approxxnately three tnnes the wldrh of 
the radar pulse. Therefore, It 1s an expressmn of that number of decibels below a fixed-target 
sIgna level at which a movmg target may be detecred under specific condltlons This measure- 
ment 1s made x Ith an A-scope for observation of the signals and does not represent the v1s1- 
blllty on a PPI Y . Subclutter vlslblllty measurements are usually made at the most favorable 
and the least favorable target-phase condrtlons to further mdlcate the phase-detector per- 
formance. It has been shown that the target-sIgna phase changes with target distance, 
therefore, It 1s desirable that subclutter vlslblllty measurements be made at specific target 
distances. 

In summary 
1. The phase of the IntermedIate-frequency echo signal depends on the startmg phase of the 

transmltted pulse, the startmg phase of the STALO, and the target range. 
2. Maxnnum cancellation of fxed targets may be obtamed only when the phase-detector 

input for those targets remans the same on a pulse-to-pulse basis. 
3. Anf phase change from a target signal from pulse to pulse, other than at a blmd speed, 

~111 result m the display of the target signal to a degree largely proportional to the magrutude 
of the phase varlatmns. 

4. Residual mstabllltles of the radar MT1 system, prlmarlly variations of the pulse-to- 
pulse Interval, varmtlons of COHO frequency, and varlatmns of the STALO frequency, ~111 
cause target-sIgna phase varlatlons and ~111 result in reduced canccllatmn and subclutter 
wslblllty because the phase detector reacts to these varlatlons as though they were mo>mg 
targets. 

It 1s evident that system mstabllltles must be kept to the lowest level consistent with the 
state of the science and rhe mtended appllcatlon. It can be shown that the mtermedlate- 
frequency portmn of the MT1 system, whxh Includes the COHO, places defmlte restrlctmns on 
the cancellatmn and ~ubclutter-vlslb~llty ratios that can be realized m practical equpments. 
In this part of the system, the prnne factors determirung the attainable cancellatmn are the 
varlatlons In pulse-to-pulse txmng, amplitude and frequency varlatxms of the coherent- 
oscillator output, and the dynamic range of the phase-detector and cancellation clrcmts. 
Power-supply ripple, tube mlcrophonlcs, and wbratlon are among the most common causes of 
mstabllltles in this sectIon of the system. The TS-677 (XW-2)/UP MT1 Evaluator Test Set 1s 
an excellent mstrument for accurately determmmg the performance of this part of the system. 
Phase-detector characterlstxs, COHO stablllty, cancellatmn and subclutter-vlslblllty ratios, 
and pulse-to-pulse litter are among the rnportant measurements wluch can be made with this 
1nstrmenL Blmd-speed characterlstlc curves may also be determIned. 

It 1s apparent that the stablllty of the STALO 1s an extremely Important factor m deter- 
mlnmg the cancellauon and subclutter-vlslblllty performance of the system. It 1s of utmost 
importance that the stability of the STALO be sufficiently high so that It places no lumtatlon 
on the performance of the entIre system with regard to cancellatmn and subclutter vlslbllity. 
For example, If the lntermedlate-frequency portIon of the MT1 system ~111 provide cancellation 
of 38 db and the subclutter-vlslblllty ratlo for a target at aptlmum radial velocity and m the 
most favorable phase condltmn 1s 30 db, the STALO stablllty should be high enough so that 
these ratms are not reduced. Smnlarly, the scan rate of the radar antenna should not be so 
high that scan fluctuations produced by rotation of the antenna reduce these fxgures to values 
lower than the remunder of the system permlts2. 

DESCRIPTION OF OPERATION 

The TDEC test set, shown m Fig. 3, was deslgned prxnarlly for use m the field to permlt 
maintenance personnel to readily detect changes In the STALO performance and to determine 
the effect of the measured mstablllty on cancellation and subclutter vlslblllty. Other uses of 
the Instrument ~111 be subsequently descrxbed. 

1 
Ruby Payne-Scott, “The Vlslblllty of Small Echoes on Radar PPI Displays,” 

Proceedmgs of the L R. E., Vol. 36, pp. 180-196, February 1948. 

2 A. C. Emshe and R. A. McConnell, “Movmg-Target Indlcatmn,” m Lous N. Rldenour. 
ed., Radar System Engmeermg (Massachusetts Institute of Technology Radmtmn Laboratory 
Series. Vol. 1, Sectmn 16.10, McGraw-H111 Book Company, Inc., 1947). 
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The deternunat~on of the effect of frequency mstablhty on subclutter vmtb,l,ty at a 
spec,f,c target range reqmres that the fallawmg mformatlon be known 

a The peak-to-peak devlat,on from a mean frequency, in kilocycles 
b The rate at wh,ch th,s excursion occurs (Jlth or repetltlve mterference frequency), 

In cps 
c The rate at wh,ch the frequency changes. III cycles per second per second 
d The pulse-repetltmn rate oi the radar, ln pulses per second 
e The distance at which the subclutter-vlslblllty ratm 1s desired. I* nncroseconds 

These factors are arranged Into the equatmn 

2Fd s = 20 log - s.~n rrPt s,n aPT (1) 
where 

S = Subclutter mstb,l,ty, ,n db 

2Fd = peak-to-peak frequency devmtmn 

P = interference frequency 

T = PRF mterval, in m,croseconds 

t = Tm,e, III nncroseconds, to pant of measurement 
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The mstrument directly mdlcates the peak-to-peak frequency devlatmn, and, by the use 
of a” ordinary oscilloscope or of a” electromc frequency meter, thP Interference frequency 
may be determlned 

The TDEC STALO evaluator makes “se of the basxc prmclple that the STALO output IS 
frequency-modulated at a rate determmed by the Interference frequency and that the peak-to- 
peak frequency devlatlon from the mean frequency E determIned by the amplitude of the 
modulating frequency As mdlcated I” Fig 4, the evaluator consxts basxally of a tunable 
superhcterodyne receiver I” which a dlscrmunator 1s used to recover the audlo-frequency 
mterfcrencc signal. At low modulatlo” mdexes,the output of the dlscrmunator 1s prowrtmndl 
to the “eak-to-peak frequency devlatu,” 3 This value IS measured by a stable vacuum-tube 
voltmeter whxh 1s calibrated I” terms of peak-to-peak dewatmn A sample of the Interference 
voltage IS available at terrrunals on the front panel for connectm” to a” oscilloscope I” order 
to determine the frequency and waveform 

The technique referred to uses a crystal oscillator with a fundamental frequency of 
approxm,ately 8 MC, whxh provides high short-term stablllty In the schematic dw.gram, 
Fig 5, the oscillator V-IA 1s tunable over a frequency range of approxnnately 0.5 per cent. 
A total of 16 crystals are provided, each ““e separated 1” frequency by 2 5 kc One of these 
crystals 1s selected by the coarse-frequency select”= For purposes of dlscussm”, lrt us 
assume a coarse frequency of 8 MC The output of the asallator feeds a multlpller cham 
conslstlng of trlpler V-lB, trlpler V-2A, doubler V-3, and doubler V-2B. This chal” will 
therefore provide output frequencies of 24. 7 2, 144, and 288 MC, respectively, at each succes- 
Slve stage The deslg” of the multlpller stages 1s such that high harmonic output 1s obtamed 
by the cho,ce of cucutry and by the dellberate lntroductm” of crosstalk 1” the multlpller cham 
V-2B f”“ctm”s as a harmonx generator and may be consIdered as recelwng, at Its grid, ve=Y 
“a=r”w pulses at a repetltm” rate of 8 and 24 MC The output of this stage therefore feeds 
harmorucs 8 MC apart to the mixer An ad,ustable haupl” tuner “n the mixer makes It 
possible to emphasme the level of the desired harmonx 

The mixer consists of a clrcut I” whxh the signal from the STALO being tested 1s 
coupled through a l-mmfd capacitor Into a lN2lB crystal, One side of the rruxer crystal 1s 
connected to the lntermedlate-frequency ampbfler through a conductor about one Inch long, 
which 1s approxm,ately one-quarter wavelength at S-band frequencies This conductor 1s 
terrmnated by a se&o” of low-Impedance coaxxJ cable whxh functions as a by-pass capacitor 
This arrangeme”t presents a high m,peda”ce to the slg”al frequencxs, espcclally at S-band 
The other side of the crystal 15 tuned over a wide frequency range by the mixer tuning control, 
whrch I” turn actuates a slzdlna contact on the haupl” tuner and prese”ts a relatively low 
impedance to the signal freque&es. 

Bv chaoslna one of the 16 crystals and tunlna the osclllatar, It 1s always passlble to fl”d 
a settl”$ that wlliglve a 10 ~-MC b’eat between theSTAL0 bang tested and the output of the 
multlpller cham L-6 1s tuned to 10 7 MC and functmns as a” impedance-matchlng transformer 
from the mxer output to the grid of the first lntermedlate-frequency ampllfler V-4, V-5, and 
V-6 arc lntermedlate-frequency ampllfxrs centered a” 10 7 MC Capaators I” parallel with 
the prm,ary and secondary of each lntermcdlate-frequency transformer muumlze any detwng 
effects caused by varlatlo” of tube capacltxs, MUer effect, and temperature Tubes V-7 and 
V-B functm” as cascaded llmlters Both gr,d- and plate-lm,,t,“g are prov,ded by the clrcmtry 
shown and by the apphcatm” of low plate voltages to these stages Th,s hmltmg actlo” ellml- 
“ates “01s.e and amplitude-modulation products from the s,g”al voltage applied to the dlscrmn- 
“ator It also provides a constant output level over a ba”dw,dth of approxlmatcly 200 kc, as 
indicated by the selectlwty CU=V~S of Fig 6, when the Input signal IS of such a level that full 
llmltlng 1s attaxned. A balanced d~scrmunator follows the second lmxter and uses a 6AL5 
tube V-9. The secondary of the dxscrm,xnotor transformer IS tuned for zer” d-c output when 
a 10 ~-MC unmodulated slg”al IS applied to the input of the lntrrmedlate-frequency ampllfle=. 

It can be see” that when the proper crystal 1s selected and the crystal asallator 1s 
properly tuned to give a 10 ~-MC beat with the frequency of the STALO uder test, the frequency 
shift from the STALO ~111 produce a” output voltage from the dlscrmnnator and proportional 
to the devlatlo” from the mea” frequency The d14C=lml”at”=-reSp”nSe curve 15 linear ““er a 
range of plus o= minus 100 kc rhe output of the dlscrmunator, therefore, accurately 
reproduces the STALO modulatmg waveform 

3 
J. G Chaffee, “The Detectlo” of Frequency Modulated Waves,” Procecdlngs of the 

I R h , Vol 23. No. 5, pp 517-540, May 1935 
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The signal voltage from the dlscrlmmator 1s fed to a low-pass filter haimg * time 
constant of 1,000 microseconds 
mately 6 db per octave 

The attenuation for frequencies above 1,000 ens 15 approul- 
This fllter ser>es to further reduce the amplltudp of n”~se components 

or of other translenrs which ln some cases might give erroneous meter readmgs STALO 
Interference frequencies are not attenuated since they ar? below this transItIon frequency The 
Interference-sxgnal voltage appearmg a~ the output of the low-pass filter, which consists of 
R-29 and C-34, 1s ampllfxd by a low-noise and num pentode V-l@ and IS further ampllfled by 
trmde V- 11 This ampllfler output 1s appl~ea to a rectlfler-type voltmeter whose scale 1s 
calibrated from 0 to 20 kc The meter has a full-scale sensltlvlty of 50 m~roamperes and. 
1x1 combmatlon with mult$ler resIstor R-54, mdlcates 5 volts at full scale Approximately 
15 db of znverse feedback 1s used 11, the ampllfler cxclut from Iis output to the cathode of the 
Input tube Thus, agmg of tubes or renlacement thereof ~111 not slgnlflcnntly affect the call- 
bratlon It should be noted, however, that since the mdxatmg mstrumcnt 1s of the rectlfler 
type the value of the lndlcated voltage 1s sub,ect to wrveform errors Ihe m&gnltude of these 
errors 1s roughly eqluvalent to the percenzage of departure from a sine v,avc In practxe, 1t 
1s found that audio-frequency envelopes ha\e cssentmlly a random dlstrlbutlon of harmorucs 
whereby tne actual error mtroduced by devlatlon from true sine wilves 1s relatively small.nnd 
the Instrument 1s emmently satisfactory for this applxcatlon 11,1s ~111 be dIscussed further 
under the section entltled “Interpret&on oi Data 

A cathode-follower stage V-12 samples the modulatmg voltage and waveform Its output 
1s avaIlable at tcrmmals on the front p~,el for connectIon to an oscilloscope to facllltate the 
determmatlon of the waveform and its frequency. The frequency may easily be determmed by 
lrutlally settmg the oscilloscope sweep to dlsDlay one cycle of a 60-cps voltage Applxatmn 
of the outout signal from the STALO Evaluator to the Y-au15 input of the scope, III place of the 
60-cps test voltage, ~111 result in tne dxplay of the mterference frequency when Internal 
synchraruzatlon of the scope 1s used This mterfrrence frequency 1s nearly always 60 cps or 
a multiple thereof, since the Interference 1s usually due to the presence of II power-frequency 
component at the local-oscillator tube In those cases where mechanxcul vlbratlon 1s 
responsible for the ma,“= portion of the dlsturbance, the “sc~lloscope sweep frequency may be 
readlusted to determlne the predommant frequency or an electroruc frequency meter may be 
used A dew&on-range selector switch at the Input to the audio-frequency vacuum-tube volt- 
meter prowoes full-scale peak-to-peak devlatlon ranges of 2, 20, and 200 kc in accordance with 
the attenuator factor selected This range embraces the devlatlon to be expected from the 
most stable local “sclllators to very p”“r ones The lowest scale mark on tne L-kc range 
corresponds to a 5O-cycle peak-to-peak devlatlon The total of the residual Norse and hum 
c “mponents of the test set, when full lxnltlng 1s attamed, 1s at least 20 db below the equivalent 
\“ltage rcqulred to lndlcate a peak-to-peak dewatlon of 50 cycles. 

It will be noted that a d-c vacuum-tube voltmeter, 
‘J-15, and thelr assaclated clrcultry, 1s provided 

comprxsed of the tubes V-13, V-14, 
The mdxatmg meter associated with this 

voltmeter 1s a d-c m~craammeter with a senslt,wty of 100 mlcroamperes, n center zero posl- 
tlon, and a scale collbrated to mdxcote -100, 0, and +I00 kc at the left, center, and right-hand 
scale-11m1t pasltlons, respe&vely The meter-selector watch, S-2, permits connectIon of 
the voltmeter to the dlscrxmnator output in order to measure the d-c voltage change from the 
zero-output (10 ~-MC) pomt AdJustment of R-28 permits settmg the sensltlwty so that a 
frequency change of 100 kc produces full-scale deflectlon Wxth the selector switch in this 
posltlon. STALO drift may be measured “vcr a range of plus or minus 100 kc. A second posl- 
t~on of the rn-ter-selector switch connects tht voltmeter to the grid clrcult of the second 
11rmter rhls TUNE posltmn facllltates selectlon of the correct crystal and tunmg pomt 1x1 the 
“sclllator-multlpller char, It further facllltates ad,ustment of the mzxer tunmg by mdlcatmg 
when ma~lmum output 1s obtamed and by verlfymg that sufflclent signal 1s avaIlable to effect 
full 11rmtmg The scale “ruts are arbitrary in this case Full lm,ltmg 1s “btamed when the 
meter mdlcates more than 75 dlvlslons The third posItIan of the switch causes crystal-mixer 
current to be xndlcated by measurmg the voltage drop across R-78 1 he meter may be cah- 
brated to mdlcate a full-scale value of one mlllw,,pere by ad,ustment of this potentlameter 
Mixer-crystal current ~111 vary, dependmg upon the mixer tumng and the crystal-“sclllator 
turung The condltlon of the oscillator-multlpller cham may readily be checked pcrmdlcally by 
ascertalrung that the rmxer-crystal current exceeds 50 m~croarn~eres for any combmatlon of 
coarse-frequency, ilne-tunmg, and mixer-turung ad,ustments. Thxs current wrll normally 
maxi-ze at more than 250 rrucroamperes. 

The STALO evaluator was deslgned to be very stable and to retam Its accuracy over 
long pe=lods of time with a rnlnxn~m effect due to lme-voltage varlatmns. In recogmtlon of 
field-servlclng problems, maxxnum effort was made to sxnpllfy the procedures and to 
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Fig. 5 Schematic DI 
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STALO Evaluator 
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m~~rn~ze the requrements for auxilmry equpment for such mam,tenance To this end and to 
prowde a sun~lc method of checkmg calibration on a permdlc baas, a crystal oscillator 1s 
promdid which ~111 supply an unmodulated 10 7-Mc cr~rrler to the IntermedIate-frequency 
ampllfler and dlscrrmnator through stray-caupllng This oscillator consists of V-16 and Its 
assoaated components and clrcmtry Switch S-4 permits selection of one of three quartz 
crystals prowdmg frequencies of 10 690. 10 700, or 10 710 Mc Each of these crystals 1s tuned 
by a small capacitor to permit adJUStment of the output to the exact frequency speclfled When 
the drift meter 1s correctly calibrated, It ~111 mdlcate -10, 0, and +I0 kc when the crystal 
switch 1s correspondmgly posltloned 

Smularl>, the audra-frequency voltmeter se&Ion contams callbratlng facllltles Poten- 
tlometer R-59 in parallel with the 6 3-volt filament supply provides a means of obtalmng a 
low-voltage 51ne-wave s1gnal The rotor of this potentmmeter 1s termmated at test pant 
TP-4 An external a-c voltmeter 1s requred far came&on to this Domt for callbratlon 
purposes only The only mxtruments reqiured for calxbratmn or mamtenance, other than 
replacement components. are a d-c vacuum-tube voltmeter and an a-c voltmeter havmg a 
scale on which 1 0 volt may be read accuratelv These meters are of a type normally avallable 
at field radar facllltles 

The power-supply section of the STALO evaluatorssupphes 180 volts d-c at a normal load 
of 100 m&amperes- ?&xment voltages for the tubes are s-ipplxd from transformers T-6 and 
T-7, as Ind,cated an the schematIc diagram The power transformers are of the regulating 
type and thereby hold all f&,ment and plate-supply voltages wlthm 3 per cent for lme voltages 
varymg from 95 to 130 volts Design on the basis of varyrig lme voltages was consldered 
nnportant since the supply voltage at most field sites varies over wide lrnlts Through the 
regulatmn provided, the accuracy of the evaluator 1s not adversely affected wlthln the fore- 
gomg voltage llmlts. V-17 1s a conventKma1, full-wave rectlfler supplylng approx1mate1y 380 
volts to a capacitor-Input filter conslstlng of c-54, L-15, and C-55 Tubes V-16, V-19, and 
V-20 are d-c cathode followers fnnctmmng as regulator tubes III parallel Tube V-21 functmns 
as the tube controllmg the bias on the cathode followers Potentmmeter R-76 sets the bias on 

Fig 6 STALO-Evaluator Intermediate-Frequency-Ampllfler Selectlvlty Curve 
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the control rube and thereby determines the plate-supply output voltage V-22 IS a voltage- 
regulator tube used to malntaln the cathode of V-21 at a fIxed potenrlal abore ground The 
manmum ripple content of the plate supply 15 about 10 mxlhvolts 

MEASUREMENTS AND PROCEDURES 

Operatmn of the Instrument 1s stralghtforward and consists essentially of a tuning pro- 
cedure and the mdexmg of selector switches to obtam the desired measurements. Accurate 
measurements of devmtmn may be made mvnedxately after the set 1s turned on, however, It 
~111 be found that frequent retunmg of the osczllator ,.a11 be requxed until the oscillator 
clrcults and components reach the maxxnum operatmg temperature. The output of the STALO 
or other signal SOUTCC to be measured 1s connected to the mput connector through a length of 
50-&m coaxial cable. A suitable attentuator 1s used when the output of the STALO exceeds 
approxnmately -40 dbw. The Y-axis termmals of a conventIona oscllloscape are normally 
connected to the output terminals at the right side of the panel to facllltate determmatlon Of 
the modulatmn frequency and of the waveform. 

The oscillator-multlpller cham of the test set IS tuned to obtam a 10.7-MC lntermedlate- 
frequency signal by mltmlly settmg the coarse-frequency switch to posltmn No. 1 and then 
turmng the fme-tumng dml until a signal 1s obtaIned, as ewdenced by a left-hand deflectmn of 
rhe drift meter. This meter mdxates lxrnter voltage when the meter-selector switch 1s In 
the tune pasltmn. If no response 1s obtamed throughout the range of the fine-tuning control 
with the coarse-frequency selector m posltmn No. 1, the procedure 1s repeated with the 
coarse-frequency selector in sucess1ve posItIons unttll there 1s obtamad an mtermedlate- 
frequency slgnal which results in a meter deflection of 80 dlvlsmns or mare. Several mdlca- 
tlons of an IntermedIate-frequency signal may be obtamed throughout the range of the 
oscillator-multlpller cham, and It makes no difference whzch tumng pomt 1s used, provided that 
the tunmg meter mdxatmn 1s in excess of about 80 dzvlsmns. Maxnnm sensltlvlty to low- 
level signals (approxxnately 40 to 45 db below one mllllwatt) 1s obtalned after tuning by 
adJustmg the mxer tumng control for maximum lrater voltage. 

The devlatmn-range switch 1s normally Indexed to the LOO-kc pasltmn because nase or 
other signals derived m the process of tumng may mstantaneously cause off-scale deflectmn 
Sxnxlarly, ti the peak-to-peak devlatmn of the STALO bang tested 1s not known to be very low, 
physlcal damage to the pomter of the meter may result from off-scale deflectmn. Protection 
against electrlcal overload and burnout 1s provxded by the clrcultry. 

After the evaluator 1s properly tuned, the devmtmn-range selector may be Indexed to a 
lower range If the mdxatmn 1s less than 10 per cent of the full-scale value. The peak-to-peak 
devlatmn 1s then read directly from the dewatmn meter. The mdlcated devmtmn 1s correct 
for waveforms approxnnatmg a sme wave. The oscilloscope connected to the test-set output 
~111, when synchronzed, mdxate the waveform of the mterfermg signal. The frequency of the 
slgnal may be determmed by methods prevmusly described. 

The evaluator may be used for measurmg drift by tunmg as described and then mdexlng 
the meter-selector switch to the drift posltmn. The fine-tunmg control may be adJusted so 
that the drift meter mdlcates zero to establish a reference frequency Since, after tempera- 
ture stablllzatmn of the te=,t set 1s reached, essentxally all frequency change lndlcated ~111 be 
from the STALO bemg tested, the drift or change may be read &rectly from the meter and 
the time for a given change may be measured. The performance of AFC clrcults may be 
studled In part and adJuStment may be facllltated by abservatmn of the drift meter while 
vallous adJustments are made. For example, the devlatmn of the STALO frequency before 
AFC clrcults effect correctmn,and the degree of correction may be easily determined. Like- 
vase, AFC servo-huntmg present m some types of AFC clrcults may be detected, smce the 
meter ~111 closely follow these law-frequency excursmns. Magnetron frequency-pulling. 
caused by varmtmn of couplmg or of the standmg-wave ratio, with rotatmn of the radar antenna, 
may be detected by observatxon of the devmtmn meter when the AFC cxcults are operatmg, 
because the AFC cxcults ~111 tend to follow and to correct the STALO frequency. The results 
01 line-stretcher adlustment to mlmmze frequency pullmg may also be observed. In addltlon, 
the rvdluator may be used to determme the optxnum reflector voltage for the klystron local- 
~~~c~llator tube by the correlatmn of the reflector voltage with the peak-to-peak frequency 
drvldtlon mdlcatcd. Smnlarly, the optimum ad,ustment of the feedback cxrcmts may be 
drlr rrmnrd. 
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INTERPRETATION OF DATA 

The STALO performance data obtanid by the evaluator mu5t be wtcrprcted with maxi- 
mum care. In the desxgn of STALOS, the engmccr goes to a great amount ai trouble to shock- 
mount the oscillator assembly properly and to regulatt and filter associated power supplxs 
adequately. In some cases the assembly, lncludmg the cavltxs, IS temperature-controlled zo 
rn~rum~ze drift. In spite of these precautmns certam residual ripple voltages, transltnts, 
vlbratmns, thermal effects, and mlcrophonlcs exist to cause borne devlatlon of the asclllator 
frequency. The magmtude of the effect of these disturbances on frequent) stablllty 1s largely 
determmrd by the type of oscillator and in some cases by the operatmnal mode. It 1s apparent 
then that the mterference or modulatmg waveform xv111 mclude components from these sources. 
Thermal effects and mlcrophonxs are usually the least consIdered of the forcgomg sources 
because any devlatlon caused by them 15 ordmarlly negllglble compared to power-supply ripple 
and wbratmn. 

Transients frequently 
by rapid load changes on the 

appear in the mterference waveiorm. Some of these are caused 
power hne. These random transients seldom detract from or 

lumt cancellatxv, or subclutter-vlslblllty ratms because their durarmn 15 very short and 
apprornnates two or three prf Intervals. If they occur at high repetltmn rates not synchronous 
with the radar pulse rate, they may become ob,ectmnable. Other transients may appear at a 
60-cps or 120-cps rate which may sermusly lmut the cancellatmn. These latter types are 
smnlar to those caused by defective gaseous voltage-regulator tubes and generally resemble a 
sawtooth. St111 other transients may appear which are synchronous with the radar prf but 
whuzh do not adversely affect cancellatmn or subclutter vlslblllty 5mce they are repetltlve on 
a pulse-to-pulse basis and cause the same frequency devlatmn for each pulse permd. If, 
however. there IS a varlatmn m txne between successive pulses of 0.01 rmcrosecand, a 
30-cps change ~111 occur at STALO frequency of 3,000 MC, or a lo-cps change at 1,000 MC. 
It 1s evident, therefore, that cancellatmn can be reduced If this time varlatmn 1s very large. 

Experxnce with the testmg of radar STALOS shows that sometimes the modulatmg 
waveform 1s not smusoldz.1. For this reason, certam conslderatmns are necessary. The 
operator of the mstrument must fxst determme whether 

1. The waveform 1s essentially smusoldal with low-amplitude harmomcs present, and all 
repetltlve transients are synchronous with the radar pulse-repetltlon frequency. 

2. The waveform 1s complex and has high-order harmonics of relatively high amplitude, 
wvlth or without transients synchronous with the radar prf. 

In category 1, the amplitude of the repetltlve transients may greatly exceed the amplitude 
of any s,nusa,dal voltage present If this condltlon exists, the devlatlon meter will read high by 
an amount determined by the transient amplitude. the duration, the repetltmn rate, and the 
balllst,cs of the meter To obtain an accurate read,,,,. the m_acnetron should be turned off, 
and, in some cases where transients from the trigger generator are radiated or coupled mto 
the STALO power supply by crosstalk xn cabmet cablmg or through power transformers, the 
blockmg oscillator tube should be removed or disabled. The low-pass filter wlthm the test 
set ~111 attenuate these high-frequency hsturbances but will not elmxnate them. With these 
transients elmunated, the rate of frequency change 1s essenttlally smusmdal and may be 
computed from Equatmn (1). Smnllarly, the lumtatmn on cancellatmn or subclutter vlslblllty 
may be computed. 

In the event that the waveform dlsplayed fits the descrlptmn of category 2, the frequency 
change 1s not strictly at a smusmdal rate and the phase change 1s very dlfflcult to compute. 
From a practical pomt of view, It 1s usually adequate to assume that the change IS at a 
slnusoldal rate. The Interference frequency must be determmed, however, and may be taken 
as the basic or lowest frequency ev,dent su,ce It usually has the greatest amplitude. The 
error caused by this assunptmn wxll x,crease approxm,ately or, proportmn to the devlatmn 
from a sine waye. The waveforms usually encountered are sufflclently slnusaldal to preclude 
the posslblllty of large errors K, subclutter-vlslblllty ratms. 

FIBS, 7a, 7b, and 7c show oscilloscope traces of the mterference waveforms for the 
ASR-2 S-band radar and the TDEC L-band radar STALOS and are representative of the wave- 
forms frequently encountered. Fig. 7a shows the waveform of the ASR-2 radar with the 
blockmg-oscillator functlanmg and mdlcates the presence of repetltlve transients synchronous 
with the radar prf. Fig. 7b Illustrates the mterference pattern with the blockmg oscillator 
disabled. The excellent stablllty of the L-band radar STALO 1s mdlcated in Fig. 7c. This 
latter STALO has a peak-to-peak frequency devlatlon of about 120 cps and an mterference 



Fig. 7 

frequency of 60 cps, and It pernuts cancellatmn and subclutter-vlslbll,ty ratios of 38 db at 
30 miles. At 20 miles the lmrutatmn IS 41 db, and at 10 rmles th,s stabllxty perruts a 
subclutter-vmbll,ty rabo of 47 db. The lntermedlate-frequency portion of the system lmuts 
the subclutter vlslblllty to about 33 db for targets at optunum velaclty and phase condltmns. 
It may be conservatively stated that the large rnajorlty of waveforms encountered are essen- 
tlally smusoldal m character. Elmunatmn of transwnt signals at the radar prf by drsablmg 
the magnetron and the trigger generator ~~111 usually result m the display of a low-frequency 
wave of 60, 120, or 180 cps. It has been found that unbalance of the rectlflers m the STALO 
power supply frequently causes 180-cps components to appear. It 1s therefore advisable to 
check the condltmn of these rectlfwrs and of any gaseous voltage-regulator tubes In the power 
supply before concludmg that the calculated subclutter-vlslblllty lmutatmn 15 typlcal or 
normal for the system. 

The determmatlon of the lmutatmn on ather cancellatmn or subclutter-vlslblllty ratms 
xnposed by the STALO at speclflc distances 1s accomplished by substltutmg measured data m 
the followmg equations 

S 2Fd 
db = 20 log y sm TT Pt sm TT PT (2) 

where 

S = subclutter-vlsxblllty lmmtatmn, m db. 
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2Fd = peak-to-peak frequency devmtmn, in kc. 

P = interference frequency. 

T = prf mter\al, in mxcroseconds. 

t = tune, IT, mxroseconds, to pomt of measurement 

The derzvatmn of the equatmn for subclutter vmblllty follows Let the output of a 
STALO be frequency-modulated by a smusmdal signal. This voltage ~111 be 

e = sm, (a, t + K sxn w p t) 

where 

(3) 

w P=zlrP 

K Fd ” Fd 
=r=j- P 

Let the pulse transmitted at tune to be 

u = smd(t - to) 

The mtermedmte beat frequency between the pulse and the STALO has the form of 

(4) 

eB = cos ( w t + K SlIl wp t - w’ t + dto) 

= CDS [ ( w - w’ ) t + K 51n w p t + w’ t,, ] 

where 

(5) 

( w - WI ) = 2 TT x mtermedmte frequency. 

The COHO, which 1s locked by tbls pulse form, contmues to oscillate after the pulse 1s 
transmitted and oscillates at a frequency w o’ Thus 

e' = CDS ( 0 o t + K sun w P t + w’ to ) 

W*= (w, -w’) 

When the pulse 15 returned at tnne (to + T ) after strlkmg a target, It has the form 

u’ = 511, WI (t - t,, - T ). It 1s assumed that there 15 no phase shift, and the voltages at the 

phase detector are 

VIF = co5 [ w OttKsm wp t+w’(tO+r)] 

VCOHO = cos ( w ,,t+Ksln w p to + w’ t0 1 

The phase difference at trne t =(tO + T) between the COHO output and the signal 1s 

A~l=K[sm upto-sin wp(tO+r)]-w’~ 

After a pulse pcrmd T, the phenomenon 15 repeated and 

A$,=-zKs,nT teas wp(tO+T+i)-w’r 

(6) 

(7) 

(8) 

(9) 
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The dlfference ( A $1 - A Q2) measures the cancelled residue U of the return from a fued 

target. Then 

U= A$,- A~,=.?~sln~t[-2sln~ T sin wp (to + +) ] (10) 

From this equatmn, the maxnnum value of U becomes 

u = 4 K .1ny 
WP 

max T sm2 T (11) 

which represents the maximum phase change durmg one pulse period. 
The uncancelled rexdue, whxh 15 a measure of s&clutter vlslbxl$r, corresponds to a movmg- 
to-flxed-target ratlo of 

u 
S=q==2Ksm 

WPT wP 
2 

sm- T (12) 

From this equation the value, m decibels, of subclutter vmblllty may be determmed by 

‘db = 
2Fd 

20 log - s.n, TI Pt sn, ,r PT (13) 

From Equatmn (13) for subclutter vmblllty, It 1s lnduzated that phase difference at a speclfled 
range 15 

Q, = q? sin lr Pt (14) 

The maxnnm rate-of-frequency change at a given range can be determmed qute easily If the 
rnterfermg source 1s smusoldal, as 

df -zF 
dt dwP (15) 

For cxamplc, assume that the radar under test has a prf of 1,400 and thar zt 1s desired to 
fmd phase change. maxrnum rate-of-frequency change, and lmutatmn on subclutter vmblllty, 
at 30 miles. Measurements obtamed with the stabht,z tester show that the peak-to-peak 
frequency devlatmn 1s 600 cps and that the ptter rate 1s smusmdal at 60 cps. Rate of change 1s 

$z377 600- T 113, 100 cycles per second per second (16) 

Phase change 1s 

Qt = g 51rl TI Pt = ~.,n, x 60x 342x 10 -6 
= 34.4' (17) 

Subclutter-vlslblllty Irmtat~on, m db, IS 

‘db = 
20 log (g sm v 60 x 342 x 10 -'x SU,TT 60x 714 x lo-') (1s) 

‘db = 20log -078 = 22 db 

The subclutter-vlelblllty lmmtat~on x, decibels 1s usually the most frequently requred 
value In the precedmg example, the ,xtter x, the STALO makes fxed targets appear like 
moving targets with a movmg-to-fmed-target ratm of 22 db. 

In the course of field-testmg and mamtenance of radar STALO, many condltlons of 
STALO operatmn may exist because of the causes prevmusly mentIoned. Furthermore, It 1s 
labormus to solve the equations repeatedly each tm,e a change in performance 1s noted or an 
adJustment IS made. This sltuatlon 1s allevmted to a large degree by use of the curves of 
Frg. 8. These curves may be used to determme the subclutter-vlslblllty lrmtatlon at 10, 20, 
30, 40, 50, or 60 statute miles dnectly, when the mterference source 1s 60 cps and the wave- 
form 1s reasonably smusoldal. This curve 1s used xn the followmg manner. 



1. Locatv rhe pesk-to-peak frequency devmtmn mdlcatec by the STALO evaluator on the 
vertxca1 ax15 at the left pclgp Project horwontally zo the mtersectmn xrth the curve which 
represtnts the dlsxmce a~ which the subclutter llrltatlon IS to be determmea 

2. Projrct vertlcall) from this pomr to the mtersectmn of the straight lme representmg 
the radar prf. Then project harmontally to the right edge of the graph and read the 
subclutter-vlslblllt~ ratlo in decibels. 

Step 1 may be used to determIne the phase change at a glren distance by cantmung the 
prolectmn to the lower edge qf the graph and readmg the mdxcatcd phase change. These curves. 
may also be used to det?rmme the subclutter-vlilblllty lunltatlan for other mterference 
frequencies such as 120, 180, or 240 cps by proceedln g as duecred m step 1 and pra]ectmo to 
the lower edge of tht graph and readmg the phase change for a 60-cps Interference source. If 
the mterference frequency IS 120 cps, the phase change IS twlcc that for 60 cps Iherefore, 
locate 2$ on the lower edge of the graph and project vertically to the mtersectlon of the prf 
lme. then project to the right to read subclutter-vlslblllty ratm as mdlcated m step 2. In like 
manner use 3q for 180 cps. 

Fig 8 GraphIcal Determmatmn of Lmutatlon on Subclutter Vlslblllty or Cancellatmn Imposed 
by STALO Instabxlltles 
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CONCLUSIONS 

It has been shown that the STALO evaluator provides very accurate and complete data 
on the stablhty of radar local oscillators and, through the use of the charts provided, perrmts 
rapld determmatmn of the lmutatmn on cancellatron and subclutter nslblllty. A series of 
measurements on the ASR-2 radar revealed that, vnth the radar adjusted for optrnum per- 
formance accor&ng to currently prescribed adjustment crlterla, the STALO was lnnxtmg the 
cancellation and subclutter vlslblllty to 18 db. ReadJustment of the reflector voltage on the 
local-oscillator tube rnproved the stablhty sufficvently to provide a subclutter vrslbrllty of 
27.5 db. These ratms are for target distances of 20 mxles. At a distance of 10 rmles, the 
ratms are 24 and 33.5 db, respectively. These latter values are commensurate with the ~a- 
pabllltles of the Intermediate-frequency portion of the MT1 system. On the basis of these 
figures, the STALO of the radar which was tested lnmts the cancellation and subclutter 
vlslbillty beyond 10 nules. 

The mstrument, deslgned pnmarlly for field use, 1s equally satisfactory for laboratory 
use where more complete data on the performance of STALO OI other rruc~owave signal 
generators or transrmtters are desired. Use of the evaluator m connectvan w1t.b the malnte- 
nance of MT1 radars 1s consIdered essential, smce there‘ls avarlable no other mstrument 
which provides the reqrured accuracy and dnectly m&c&es optnnum performance of the 
STALO and Its effect on system performance. It 1s recommended that use of the evaluator be 
supplemented by use of an lntermedlate-frequency system evaluator to assure that optrnun 
performance 1s obtalned throughout. Smce the STALO 1s usually the most cntxal part of the 
MT1 system, the use of a slutable evaluator 1s strongly recommended. 


