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PROCEDURE FOR CALIBRATING COLLINS 51R-1 
NAVIGATION AND BC733D LOCALIZER RECEIVERS 

SUMMARY 

Procedures are descrtbed for ac- 
curately caltbratmg omnlrange and localuer 
receivers wtth a Boonton Radio Corp Type 
211 radio-frequency sIgna generator and the 
Coll,ns 4795 or the Wedd LaboratorIes 
CA-1374 audio svgnal generators Procedures 
also are described for accurately caltbratmg 
the signal g e n e r at o r s with a conventmnal 
audm oscillator, oscilloscope, and w,th volt- 
meters so that standard rece,vers are no 
longer requued 

INTRODUCTION 

Those who are exper,enced m opera- 
tmg or mamtammg the auborne r ad, o re- 
celvers usedwtththe VHF omnlrange and 
1 o c a 1 L z e r facllrtres are well aware of the 
necessity for caltbratmg the rece,vers, and 
of the advantages that result from an accurate 
callbratmn and adJuStment Equipment wh,ch 
may be used to adJust and caltbrate any lo- 
calvzer r e c e ,ve r on the bench, so that the 
devLatmn mdxator in an aIrcraft xv,11 be cen- 
tered when the a L r c raft ,s wlth,n a small 
fractmn of a degree of the center lme of a 
properly equipped runway, 1s commercmlly 
ava,lable The same equtpment w,ll enable 
one to adJust the tours e sens,t,vrty of the 
localmer receiver so that the dev,atmn ,nd,- 
cator reaches fullscale when the a,rcraft has 
deviated 2 5” from the runway center 1,ne 
This equipment also may be used to call- 
brate an omnwange rece,ver to a prec,smn 
of 0 1” and to adJust the course sens,t,vrty 
so that full scale deflectron occurs on the 
devlatmn mdlcatorwhen the awcraft dewates 
a spec,f,c number of degrees from the omnr- 
bearmg 1u-w to whtch the bearmg selector IS 
set 

Procedures are described L,, thrs re- 
port by whxh VHF omnwange receivers and 
local~zer receivers may be caltbrated w,th 
radm-frequency slgnal generator s,mrlar to 
the Boonton Radm Carp Model 211-Aand 
either the Collms Radio Co Type 4795 aud,o 
signal ge ne r a to r avarlable commerc,ally 
or the Type CA-1374 audio s,gnal generata 

bulltbyWeddLaboratorws, Inc for the CAA 
The procedures descrtbed ,n th,s re- 

port are designed prlmar~ly for use ,n call- 
bratmg omnlrange and localmer receivers 
used m CAA patrol aircraft for mspectmg or 
commlssmnmg CAA ground fac,lLtres This 
report 1s available to the publ,c ,n the bel,ef 
that these techmques and procedures will be 
useful mshops or depots where omnwange and 
locallzer receivers are caltbrated and ad- 
Justed for the alrlmes. m,l&xy agenctes. or 
the prtvate pIlot It LS probable that for these 
orgameatmns, the receivers will be adJusted 
to more ltberal tolerances than those sug- 
gested for use in CAA patrol alrcraft 

It IS important to note that with the atd 
of aux,llarytestequ,pment and the procedures 
outluwd m Append L c e s I and II the s,gnal 
generators themselves may be accurately cal- 
tbratedwtthoutthe atd of standard rece,vers 

CALIBRATION OF COLLINS 51R-1 
NAVIGATION RECEIVER AS 

MODIFIED FOR CAA 

When the Collms 51R-1 navrgatmn re- 
celver LS removed from the arrcraft for call- 
bratmn. the omnlbearmg s e le c t o r and the 
ommbearmg mdxator (If used) also should be 
removed and used m the fmal callbratmn Lf 
hlghestaccuracy LS des,red However. some- 
time durmgthe course of the calrbratmn, an- 
other omntbearmg selector should be sub- 
stxtuted to make sure that no maJo= error LS 
mtroduced by the aucraft bearmg selector 
because ofloose gears sllppmgon the shaft or 
other ,malfunct,on 

In addltmn to the untts removed from 
the aucraft the followmg equpment IS re- 
quued 

1 A radm-frequency s L g n a 1 generator 
equal to Boonton Radm Carp Model 211-A 
which has been calrbrated ,n accordance with 
Appendtx 11 

2 AnaudIo slgnal generator equal to 
either the Type CA-1374 burlt by Wedd Lab- 
oratories. Inc or the Type 4795 bu,lt by 
Collrns Radw Co and calibrated x, accord- 
ance wtth Appendw I 

3 Awlrmgharness and instrument panel 
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thatwlll permit the operatmn of the receiver 
and Its assocmted mstruments on the bench 
This benchw,rmg should be electrically 
tdentwal to that m the awcraft The wwmg 
harness should Include a frequency selector 
equal to that provided m the awcraft for the 
particular recewer See Instructvan manual 
for the receivers 

4 A mvzroammeter. havmg a smallest 
scale dlvlsmn of 2 5 mxroamperes or less, 
should be c o nn e c t e d Into the bench wwmg 
harness m place of the ID-48 or Weston Mo- 
del 888 devlatmn mdlcator This mstrument 
should have a zero center scale readmg 
150-O-150mtcroamperes and a resistance of 
1,000 ohms l 2 per cent A WestonModel 
430 mwroammeter wtth the proper Internal 
resrstance can be supplied on special order 
from the factory If only one such mdxator 
IS used m the bench setup, then lt should be 
shunted by a res~tor of 500 ohms *l per cent 
to simulate a 3-mdlcator load 

5 A mLlllammeter wtth suttable series 
resrstance should be connected Into the wwmg 
harness to replace the flag alarm movement 
assocmted with the course devlatmn needle 
The mllllammeter and series resIstor. to- 
gether, should offer the same resrstance to 
the flagcrrcurt of the receiver that LS offered 
mthe awcraft mstallatmn(usually 500 ohms) 
A Weston Model 301 Instrument havmg a full 
scale deflectmn of one mlllrampere normally 
offers a resistance of 105 ohms, and thw m 
s e r me s with 395 ohms ~111 be electrxally 
equalto the flag alarm movements of two m- 
dlcators as they are normally connected m 
the amcraft 

6 Two lSO-ohm *lO per cent resxstors 
~111 be required If the omnrbearmg mdmator 
(OBI) IS not used They must be connected 
between ground and the recetver pms which 
are normally connected to the OBI stators 
The pms normally connected to the OBI rotor 
should be grounded See addendum sheet m 
the mstructmn books of receivers modtfwd 
for the CAA 

7 A dc supply capable of mamtammg the 
same v o 1 tag e at the receiver termmals on 
the bench as exists durmg fltght m the alrcraft 

.5 A dc voltmeter for mdlcatmg the volt- 
age at the receiver termmals 

9 An ac meter with 2- and S-volt scales 
andwithat least 20,000 ohms Input impedance 
on both ranges This IS to be used for meas- 
uring 9,960~~~ reference voltage, 30-cps 

2 

“artable phase voltage, and 90- and 150-cps 
f ~lt e r volts, when this mformatmn LS re- 
quwedforcorrelatlonwlthfl~ght tests of CAA 
ground facllltvzs 

In descrtbrng the followmg caltbratmn 
procedures It IS assumed that the reader has 
available the appropriate manufacturers’ m- 
structron b n o k s for the test equipment and 
the recewer which LS bemg caltbrated It 1s 
also assumed thatthe manufacturers’ recom- 
mendatmns will be followed except m those 
caseswheretheymayconflxtwLththose gwen 
here 

d A SIgnal g nerator adj&tmeilts . T 
on the test equtpment and adJust m acco 
ante with the detalled mstructmns of Appendw 
III When makmg these adJustments. check 
off the appropriate items on the top half of 
the data she et of Appendix IV Use of the 
Boonton R ad 10 Corp Type 94031, 50-ohm 
radro-frequency c a b 1 e adapter or Boonton 
Radw Corp 505-A attenuator pad ~111 satisfy 
the “serws 53-ohm” requwement of Item 3 
m Appendix IV 

B ReceLverwattmeter balance adJuSt- 
ment AdJust the receiver omn tb e a r 1 ng 
selector (OBS) to exactly 300” WLth lever on 
OBS to the left, and rotate the test omnwange 
dial to the readmg (near 120’) at whwh the 
devlatmn mdwator LS zero Note the readmg 
of the test set azrmuth dral The TO-FROM 
mdwator on the OBS should read TO Throw 
the lever swrtch on OBS to the right and ob- 
serve the deflectmn of the devlatmn rndrcator 
Reduce this deflection to one-half by adJustmg 
the meter balance control R-231 in the re- 
celver ReturntheOBS lever to the left-hand 
pos~tmn and, If the devLatmn 1s not zern. re- 
peat the entlre procedure See Sectmn 5 5 t3 
of recetver mstructmn manual for further 
mformatmn on component R-231 

c AdJustment of the balance ‘of the re- 
solver ampllfrers m the receiver AdJust the 
OBS to exactly 300” with lever to the left and 
rotate the test set omnlrange dml to center 
the devtatmn mdicator Note the difference 
between test set omntrange dtal readmg and 
120’ ReadJust OBS to 345” and adJust the 
testset omnlrange dml to have the same dlf- 
ference from 165” as It had from 120’ Ad- 
Just R-280 In the receiver to center the devL- 
atmn mdlcator Repeat If necessary 

Another method of adJustmg this balance 
LS to use a voltmeter sLmllar to Ballentme 
i&de1 300 wxth a sudable 9,960-cps reJectmn 
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fdter. and adJust R-280 so that the voltages 
measured ac=oss the stator wmduvgs of the 
OBS are equal Both methods should give 
the same results 

Thw voltmeter method also should be 
used to balance the voltages across the re- 
solver stators of the a”tomat,c omntbearmg 
mdlcator (OBI) o= the v o 1 t age s across the 
180-ohm resistors used when the OBI IS not 
connected In th,s case resIstor R-278 LS 
adJusted to attam the balance See Sectmn 
5 5 9 and 5 5 10 of the Collins receiver 
man”%1 

D Phase splitter test AdJust the OBS 
to exactly 30” and rotate the test set omnt- 
range dml to the se tt Ing nearest 210” that 
centers the d e v 1 at 10” mdlcator Be sure 
thatthe lever switch on the OBS IS to the left 
Compare the be a= ,ng error observed w,th 
that observed wLth the OBS at 300’ The two 
er=ors should be w,thm *l 5” If the error 
IS excessive. the phase splitter needs mam- 
tenance Also see Sectmn 5 5 2 of the re- 
ce~ver mstructmn manual. whvzh descrtbes 
amore accurate method”smganosc,lloscope 

E Course sensltl”,ty adJustmat of re- 
CeLYer AdJust the OBS to 300” and the test 
set amnlrange dtal to a readmg nearest 120” 
that centers the devratlon ,ndlcato= Select 
a value for R-233 that results ,n a dev,at,on 
deflectwnof 150 m~roamperes when the test 
set az,muth dial IS dtsplaced 15” from the 
above readmg This makes the co”=se sen- 
s1twty 3O’for 150 m,croamperes left to 150 
m~croamperes r,ght 

F Reductmn of average error to zero 
Usmgaforms,m,lar to that g,ven L,, Appendix 
IV, determme and record the test set omnr- 
range dial readmgs that center the dev,at,on 
,nd,cato= Compute the e==ors It IS de- 
slrable thatthemax,m”mand m~nlmum error 
be of opposite algebrax stgn and equal If 
they are not, adJust capacitor C-245 unt,l 
they are A conventent method for doing this 
LS to determme the number of degrees the 
e r r o r curve must be shlfted, and then try 
various values of C-245 thatwill produce th,s 
shift when the 0% 1s set at 300” See Sec- 
twn 5 5 7 of the mstructlon manual 

c Fmal record of caltbratmg/After all 
adJ”Stme”ts are completed, make cal,b=at,on 
measurements and fill out a form s,m~lar to 
that m Appendw IV The error spread should 
be not more than 2 5’. L e , the sum of the 
maximum posLtlve e==or and the max,m”m 

negative error should not exceed 2 5” If the 
error spread exceeds 2 5”. the receiver LS ,n 
need of maintenance A form s ~m&r to 
Append,x IV may be used for cal,b=at,on of 
the omntbearmg mdxator 

H Radm-frequency sens,t,v~ty AdJust 
the slgnalgenerator maccordance wlthllppen- 
dvzes III and IV and adJust the test set azLmuth 
dial to center the dev,at,on ,ndLcator for any 
convenwnt settmg of the OBS Current m the 
flag mlll\ammeter should be approximately 
0 8m1ll~amperes Reduce the radm-frequency 
attenuator of the sIgna generator until the 
flag c u = r en t reads 0 4 m,Il,ampe=e The 
radwfrequency attenuator should read less 
than three mlcrovolts (th,s assumes that the 
Boonton Radm Carp Type 91031, 50-ohm 
radm-frequency cable adapter o= Boonton 
R a d I o Carp Type 505-A attenuator pad LS 
connected between the sIgna generator and 
the recewer) If the attenuator d L al reads 
more than this. mamtenance of the rece,ve= 
IS mdwated 

I Tone locallzer adJ”stment AdJust the 
test set in accordance with the mstructv,ns 
given ,n Appendix V When makrng these 
adJustme”& check off the appropriate Items 
at the top of the form m Append,x IV, part,- 
cularly Items 3 and 10 W tth “local~zer- 
gltde path” knobof the audm sIgna generator 
set on zero db, adJust resrstor R-240 u, the 
r e c e ,ve r to center the devlatum md\cator 
AdJust R-234 u, the rece,ver “nttl the devla- 
tron mdwator deflectlo” 1s 90*2mrc=o- 
amperes when the “localrzer-gltde path” knob 
1s set on four db ratm, blue or yellow See 
Sectvan 5 5 12 of the mstruct~on manual 

To msure accurate centermg of the re- 
ce~ver, It LS important that the audm signal 
generator LS adJusted so that the modulatmn 
correspondrng to the “cal 150” o= “lot blue 
caltbrate” settmg of the audva s lgnal genera- 
tor 1s exactly the same as that for the “cal 
90” or “lot yellow caltbrate” settmg 

The accuracy of course sens,twty ad- 
J”Stme”t ~111 depend drrectly on the callbra- 
tron a c c u = a c y of the ac and dc voltmeters 
useddurmgthe procedure descrtbed mAppen- 
d,x 11 The voltmeters w 111 cont=,b”te an 
error that LS equal to the algebraw dtfference 
of the e = = or s of the two voltmeters F0= 
example, lf 100 ttmes the error of the dc volt- 
meter dLvGled by its readmg ,n volts IS sub- 
tractedalgebrarcallyfrom 100 times the error 
of the ac voltmeter drvided by Its readmg I,, 
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volts, the sum wxll be the per cent e r r o r 
which the mete r s contrrbute to the course 
sensltwty caltbratmn The highest accuracy 
of course-sensltwlty callbratron ~~11 be ob- 
tamed when the voltmeters used m the pro- 
cedure of Appendrx II are caltbrated by a good 
commercial testmg laboratory or by the Na- 
t,onal Bureau of Standards 

Locallzer receivers calibrated at the 
Techn~al Development and Evaluation Center 
bythe precedmgmethods agreedwlthstandard 
locallzer receivers wrthm two per cent 

For use mCAApatro1 alrcraftthe local- 
leer course sensltlvlty of the Collms 51R-1 
recervermayrequtre more frequent caltbra- 
tmn than IS r e qu L r e d for the BC733D re- 
terver The difference ,n stabtltty between 
the rece,vers ,s not accurately known, but It 
may be great enough to concern CAA Flvght 
Inspection perso”“el It 1s not great enough, 
probably. to be notlced 1” alrlme operatmns 
The clrcult mthe 51R-1 recelverwhtch 1s re- 
sponstble for the condlt~on LS that clrcult 
whtch mcludes the avc amplLfe+ and gate tube 
v115 

CALIBRATION OF THE BC733D 
LOCALIZER RECEIVER USING THE 

BOONTON TYPE 211 SIGNAL GENERATOR 

Connect the localwxr recetver to the 
BoontonRadlo Corp Type 211 signal genera- 
tor wLth the 95-ohm radm-frequency adapter 
cord or the 507-A attenuator pad AdJust the 
radva-frequency attenuator to 1,000 micro- 
volts Connect the meter clrcults of the re- 
ce,ver so that they are electrically equtvalent 
to the correspondmg cxcutts m the alrcraft 
Energze the receiver so that the dc voltage 
at Its termmals ~5 the same as It 1s m the air- 
craft UsetheM-Oclrcults oftheslgnal 
generator and tune to 109 9 MC by the zero- 
beat method with the aid of an external 6 9 
MC crystal-controlled o s c L 11 at o r wh,ch 1s 
loosely coupled to the mtermedlate-frequency 
clrcult of the receiver AdJust the test set 
so that for a zero db ratlo the modulatmn IS 
20 per cent each. of 90 and 150 cps, by the 
method outlmed m Appendrx 111 of this report 
andcaltbrate the receiver mthe same manner 
thathas been recommended above for the lo- 
cal~zerfunct,onoftheColl,ns 51R-1 receiver 

The remarks concernmg the accuracy 
of adJ”stl”g ce”ter,“g and course sens,tl”,ty 
of the localrzer functron of the Collms 51R-1 
recexver also apply to the cal,bratron of the 
BC733D receiver 
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APPENDIX I 

Procedure for Callbratmg Omnmange 
Dml of Audm Signal Generator 

In order to caltbrate a VHF omn,range 
receiver properly tt 1s necessarythat the call- 
bratmn of the audm srgnal generator be COT- 
rect The procedure known as the “mter- 
ference method” has been agreed upon as a 
good labor a tory method of caltbratmg the 
omnrrange dml of the test sets at e,ther the 
90”or the 270”pomts Th,s method orqmally 
was suggested byengmeers oftheA,= Mater,el 
Command at WrLght-Patterson Am Force 
Base 

The rn~nun~m equpment requred con- 
ststs of anoscrlloscope of good qual,ty such as 
the Dumont Models 208 and 304, and an audm 

0 
-----r------ __--- 

osc,llator capable of operatmg at 30 cps and 

9.960 CPS. and of provldmg an output of ap- 
proamnately 75 volts at 30 cps w,th relatwely 
low dlstortmn 

The procedure LS descrtbed here for 
e,ther the Wedd LaboratorIes Type CA-1374 
audm s,gnal generator or the Collms Radm 
Co Type 479.5 audm sIgna generator The 
audm s,gnal generator has Its functmn selector 
set to “caltbrate” and Its signal selector set 
to “varmble phase 30 cps ‘I The audm sIgna 
generator. the au&o oscillator, and the osc~llo- 
scope are connected as shown mF~g 1 
The w,re labeled “tone-wheel output” LS con- 
nectedduectly to the termmal str,p adjacent 
to the tone wheel to p,ck off the tone-wheel 
voltage ,mmed,ately after rt passes through 
the AM f,lter The osctlloscope pat t e r n of 
F,g 2 1s obtamed when the tune relatmnshlp 

Fig I Cal~bratmn Connectmns for Both Wedd Laboratorws CA-1374 and Collms 
4795 Audm Signal Generator 

, ’ 



Ftg 2 Oscilloscope Pattern for 90” Dwplacement of Varmble and Reference Phase 
Modulations 

betweenthe 30-cps output and the tone-wheel 
output of the audm s tgnal g‘enerator 1s the 
same as the trme relatmnshlp between the 
correspondmg components of an ornnlrange 
slgnal received by an alrcraft on a magnetx 
bearmg of 90” or 270” from a properly ad- 
Justed omnlrange statmn Fig 3 shows the 
pattemobtamedwhen the stgnals are snn~lar 
to those for an alrcraft on a bearmg of 88” 
or 268" If the dml of the audm signal gen- 
erator does not read exactly 90” when the pat- 
ternof Fig 2 IS obtalned. thenthetone- 
w he e I p,ck-up arm should be readJusted 
The patrern also can be observed when the 
dial IS adJusted to 270” although the dml en- 
gravmg LS accurateand caltbratmn at only 
one pomt IS necessary 

The osctlloscope used for caltbratmn 

purposes should not mtroduce phase shaft or 
harmonic dlstortmn at 30 cps Late model 
osc,lloscopes of good quality such as the Du- 
mont Model 304 or 304-H and the Tektronws 
Model 512 have negligible d,stortmn and 
negllgtble phase shdt Ingeneral. an osc~llo- 
scope havmg a frequency response curve that 
1s flat from dc to 100 kc or htgher ~1x11 have 
only a few mmutes of phase shdt at 30 cps 
Older model good quality oscilloscopes such 
as the Dumont Model 208 also have low dls- 
tortmn. however. phase shift 1s small but not 
negllgtble Phase shift. If present, may vary 
shghtly wtth varmtmn of voltage 1 eve 1 and 
wtth ddferent settmgs of the attenuator con- 
trols Phase shtftat 9.960 cps LS of less xn- 
portance smce a 30” phase shift of the 9,9bO 
cp-s FM signal 1s equivalent to approxunately 



Fig 3 Oscilloscope Pattern for 88” Displacement of Vartable and Reference Phase 
Modulatmns 

0 l~at30cps 
Ifthere 1s a phase shift at 30 cps In the 

oscilloscope ampldwrs, Ltmay be elxnmated 
by msertmg a p ha s e Correctmn network in 
serves with the osctlloseope Input termmals 
Thw networkconswts of a resistor and capac- 
ttor and the values of resLstance and capacl- 
tance are determmed experwnentally The 
30-cps oscillator and oscilloscope connectvans 
are made as shown m Fig 4 For this deter- 
mmatron. the jumpers orduxarllyused to con- 
nect the Y-ampl~fwzr to the deflectmn plate 
termmals are dlsconnected, and the full volt- 
age output of the audm osctllator IS connected 
across the Y-deflectton plate termmals The 
portvan of the audm oscillator output voltage 
developedacross resistor R5 us connected to 
the X-mput termmals The values of R4 and 

R5 should be such that R4 1s very much greater 
thanR5. and the voltage developed across R5 
LS equal to the 30-cps voltage at the MIXED 
SIGNALS Jack when the 30-cps voltage LS the 
only signal present This voltage ~~11 be 
approxwnately 1 0 volt lf output voltage levels 
have beenproperly establLshed In accordance 
with the mstructmn book for the aud,o signal 
generator For the Type 4795 generator a 
suggestedvalue for R5 LS 560 ohms smce thw 
value 1s approxnnately the same as the out- 
put nnpedance of the generator at the MIXED 
SIGNALS Jack Resistance R5 should be 
approximately 4.000 ohms for the Type CA- 
1374 generator If the osctllator LS capable 
of furnlshmg 75 volts, then the value of R4 
would be approxrmately 47.000 ohms for the 
Type 4795, and 330,000 ohms for the Type 



Fig 4 Oscilloscope Caltbratmn Connectmns 

CA-1374 generators 
If there 1s no phase s&lit or dIstortIon 

m the oscilloscope, a stratght lme ~~11 be ob- 
served The X-channel attenuator should be 
adJustedso that the lme LS approxunately 45” 
from horizontal posxtmn, and the length of 
the lrne should be equal to or greater than 
the dmmeter of the screen If the trace 1s 
not a smgle straight lme, then phase shift 
or dlstorttbn, or both. exist m the osc~llo- 
scope Ordmarlly. the phase shift correctvan 
network consists of a capacitor directly across 
the oscrlloscope Input termmals. and a re- 
slstor connected mserteswlththe ungrounded 
Input termrnal Itmaybe necessary to mter- 
change the resIstor and capacitor Ln order tq 
close the trace The values of reststance 
and capacitance depend upon the amount of 
correctron requtred The series wnpedance 
of the resistance and capacitor must be very 
much larger than that of R5 so that the COT- 
rectmnwlll be mdependent of the source wn- 
pedances encountered In general, the series 
impedance should be of the order of 100.000 
ohms Smce the phase shaft of the correctton 
network LS correct for one frequency only, tt 
1s very Lmportant that the oscillator operate 
at exactly 30 cps Commercd power lme 
frequency ~~11 provide a sultable reference 

m most cases If the phase shaft of the os- 
cllloscope var me s with attenuator settmgs. 
It IS 1 mp o r t an t that the attenuator settmg 
used durmg the determmatmn of the correc- 
tmn network constants be the same as that 
used durmg the audm sLgna1 generator call- 
bratmn 

Appreciable out-of-phase second har- 
monlc dIstortton m the oscrlloscope ample- 
fvsror m the osctllator output wrll produce a 
narrow figure-of-etght pattern If the har- 
monw dlstortmn occurs wlthrn the oscillator. 
the wave form can be nnproved by use of a 
filter If the dlstortmn occurs m the osc~llo- 
scope. the oscilloscope should be checked for 
faulty tubes, faulty high-voltage supply falter 
capacitors. Improper bwses. and the like 
Small amounts of second harmonic dIstortton 
do not cause sermus errors 

Third harmonic dIstortton w L 11 cause 
sermus errors If It IS not m phase with the 
fundamental Anexample of this type of dls- 
tortmn LS shown by the trace m Fig 5 m 
whtchthe Y-axis deflectron 1s free of dlstor- 
tron and the X-axis has five per cent of third 
harmon IC that LS 90” out of phase with the 
fundamental For smaller amounts of dls- 
tortron the devlatmn from the straight lme 
trace mFlg 5 would be proportmnately less 

/ ,; 



Fig 5 L~sa~ous F,gure with Sm 2n3Ot In “Y” Axrs and Sm 2a30t + 0 05 Sm (2a90t + 90”) 
In “X” Axis of Oscilloscope 

If thrs type of dwtortlon o cc u r s wlthm the After the phase correctlon network has 
oscilloscope, Lt must be elrmmated before the been determmed. the oscilloscope jumper 
audio signal generator LS calibrated It can connectvans should be replaced and the audro 
be shown that any thrrd harmonx component s lgnal generator, oscilloscope. and audio 
present mthe 30-cps srgnal obtarned from the oscillator Interconnected as shown m Fog 1 
aud,o signal generator unit 1s In phase with Resistor R2 should be connected ro the output 
the fundamental of the AM filter of the tone wheel For ather 
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generator thw 1s the left-hand termrnal on the 
termmal strIpnear the tone wheel The func- 
tmn selector should be mthe”caltbrate” post- 
tmn. and the “test sLgnals” or “stgnal selec- 
tor” knob should be m the 30-cps vartable 

phase posItron The 30-cps stgnal should 
be takenfromthe MIXED SIGNALS Jack The 
values of Rl, R2. and R3 are not crltrcal and 
the only functmn of the network IS to provtde 
a means formtxmg the tone wheel and 9.960- 
CPS oscillator outputs Suggested values are 
RI = 100. 000 ohms, R2 = 100,000 ohms. and 
R3 = 20,000 ohms 

All of the equxpment used for the call- 
bratmn should be o p e r ate d for at least 30 
mmutes before the caltbratron IS made To 
o b t a In the required alignment pattern, set 
the omnmange dtal of the audm signal gen- 
erator to approxnnate1y 90” Then adJust 
the audm oscillator frequency to 9.960 cps to 
obtam a statmnarypattern It may be some- 
whatdlffrcultto mamtarn a statmnary pattern 
and therefore It ~111 be necessary to make 
frequent small adJustments of the oscillator 
frequency dial For very small frequency 
varmtmns the entwe pattern ~111 drift to the 
right or to the left If the osclllatorfrequency 
LS mcorrect. the type of pattern shown m Fig 
2 cannot be obtamed It ~111 be rmposslble 
to align the patterns so that only 5 l/3 en- 
velopes are vlstble Furthermore. the en- 
velopes appeartng to lie behmd the front 
envelopes ~111 drift m one dIrectIon. while 
the front envelopes wtll drift m the opposite 
dtrectmn 

When the correct osctllator frequency 
1s establtshed. the dml 1s set at exactly 90” 
and the tone-wheel ptck-up arm pos1tmn LS 
adJustedtoal,gn all the rear patterns with all 
the front patterns The tone-wheel pick-up 
arm 1s adJusted by loos enlng the vertwal 
lockmg thumb nut at the left of the arm and 
rotatmgthe worm by means of the hormontal 
thumb nut at the rrght of the arm The lockmg 
nut should be ttghtened securely when the ad- 
Justment has been completed and the pattern 
alignment should be rechecked to determme 
that the alignment remams correct 

Connectmns to the audm slgnal genera- 
tor that are more convenient than those shown 
m Ftg 1 can be us e d for thrs callbratmn 
However, m choosmg a more convenient con- 
nectmn. care should be taken that the 30-cps 
variable phase signal undergoes the same 
phase shaft durmg thw caltbratmn as when tt 
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1s takenfromthe MIXED SIGNALS Jack durmg 
caltbratron of a receiver Electrical phase 
shift of the tone-wheel output 1s of mnmr con- 
cern smce a phase shift of 90” m this sLgna1 
~111 affect the callbratwn of the omnrrange 
dml only 0 27” 

For example. m Fig 1 It LS more con- 
vernentto connect R2 to the MIXED SIGNALS 
Jackand to connect the phase correctmn net- 
worktothe VAR p GEN Jack For these con- 
nectmns the audro s I gnal generator should 
have Its functmn selector set to “calrbrate” 
and Its slgnalsele 

x7 
tor set to “9,960 cps FM’ 

One of the meth,ods of testmg for phase Fhtft 
of the vartable phase 30-cps sIgna cons&s 
of us lng a Ltssa~ous figure to compare the 
output of the REF $ GEN Jack with the out- 
put of the MIXED SIGNALS Jack and wrth the 
output of the VAfi 9 GEN Jack To make this 
test connect the output of the REF + GEN to 
one ~XLS of any oscilloscope and connect the 
output of the VAR 9 GEN Jack to the other 
axw of the osc,lloscope Then rotate the 
omnlrange dml untrl a straight lme trace LS 
obtamed AdJustthefunctmnselector to “cal- 
tbrate” and the slgnal selector to “varmble 
phase 30 cps” and drsconnect one axis of the 
osctlloscope from the VAR Q GEN Jack and 
connect It to the MIXED SIGNALS Jack If 
there IS no change m the L~ssa~ous flgure. 
the more convenwht connectmn may be safely 
used This test for the 30-cps phase shift 
can be made at mfrequent Intervals smce It 
~111 change only Lf the f a L lu r e of certam 
vacuumtubes or resistors cause acapacltance 
or an mductance to be shunted across one of 
the output Jacks Slightly different values of 
Rq and R5 maybenecessarywlthany of these 
more convenient connectmns 

The presence of small amounts of e.ec- 
ond harmontc drstortron m the 30-cps output 
of the audio s rgnal g e n e r at o r will make tt 
wnpossrble to all gn all the rear envelopes 
wtth all the front envelopes If the dwtortmn 
does not exceed one per cent, the caltbratmn 
error ~111 be negllgtble If the front and rear 
center envelopes are alIgned If the second 
harmonw dwtortron 1s greater than one per 
cent, the general appearance Or the entIre pat- 
tern 1s unsattsfactory DIstortvan measure- 
ments of several audm stgnal generator units 
mdwate that the second harmonic dlstortmn 
to be expected IS constderably less than 0 5 
per cent Excesstve second harmonic dls- 
to&Ion m the oscilloscope also ~111 prevent 
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alrgnment of all the rear and all the front en- 
velopes srnultaneously 

Some audm oscillators may have a 60- 
cps component III the output voltage The ef- 
fect of the 60-cps component 01, the pattern 
may be r e due e d by connectmg a capac,tor 
hawng a capacitance of approxunately 0 001 
mxrofarad ,n ser,es wrth Rl at the osc~ll,,- 
scope Input terminal The phase sh,ft ~~11 be 
negltglble If Rl has a value of approxunately 
100.000 ohms 

It has been determmed that the presence 
of one per cent of thud harmon,c d,stortton 
in either the Type 4795 or Type CA-1374 gen- 
erator 30-cps srgnal xv111 cause a cal,bratron 
error of 0 5” If the thud harmonx LS 90” or 
270” out of phase with the fundamental The 
thwd harmonic dlstortvx, of se ve r al audio 
s I gn a 1 generator units has been measured, 
and It 1s belreved that the dwtort,on ~~11 not 
exceed 0 5 per cent Furthermore, the bh,rd 
harmonic 1s essentially m phase w,th the fun- 
damental so that tts effect 1s negl,gtble It 
1s important that the oscilloscope be free 
from third harmonic dwtortron that LS out of 
phase with the fundamental For this reasc,n 
It IS very xnportant that a straight lme trace 
be obtamed durmg the determ,natton of the 
phase correctton network constants 

Before the caltbratlon IS made. the 

and Lf the output from the audm osc,llator 11, 
Fig 1 1s represented by 

e osc = E2 sm (2a9960t + 0) (2) 

then the Y-axis Input to the oscilloscope u, 
Fig 1 LS represented by 

ey = El sm (2rr9960t - 16 cos 2rr30t) 

l E2 sm (2rr996ot + o) (3) 

which can be mod,f,ed as follows 

eY = El cos (16 cos 2m30t) sun 2r9960t 

- El sun (16 cos 2rr30t) cos 2a9960t 

+ E2 cos o sm 2rr996ot 

+ E2 s,n o cos 21r9960t (4) 

ey = [El cos (16 cos 2rr30t) 

+ E2 cos o] sun 2a9960t 

-[El sm (16 cos 2rr30t) 

-E2 sm o] cos 2rr9960t (5) 

$ = arctan 
El s,n (16 cos 2n30t) - E2 sm 0 

El cos (16 cos 2r30t) + E2 cos 8 

eY = ~+E~+2ElE2~osocos[16~os2~30t] -2ElE2s~n0stn[16cos2a30tj 
> 

sm[2n9960t-d(7) 

waveform of the audm slgnal generator 30- 
cps and 9, 960-CPS signals should be observed 
on the oscilloscope toascertamthatno l.OOO-. 
90-. or 150-cps voltages extst 

The mathematral equat,on for the pat- 
tern ,n Fig 2 can be derived readtly The 
dertvatlon 1s presented here for those who 
may be ,nterested III the theory 

If the equatlonfor the tone-wheel output 
IS represented by 

etw = El 5~x1 (2rr996ot - 16 cos 2rr30t) (1) 

In F,g 1 the voltage to the X-axw Input can 
be presented by 

5 = E30 sm (2rr30t + B) (8) 

The envelope of the lobes in Fig 2 1s 
represented mathematxally by the square 
root term III Equatmn (7) In Fig 2 the angle 
0 LS 116” and B 1s 90’ In Fig 3 the angle o 
LS 146” and B 1s 88” The envelopes shown 
,n Figs 2 and 3 can be plotted graphxally by 
,nsertmg these values for 0 and B ,n Equatvx. 
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(7) andplottrngthe values of ey versus ex for front and back lobes to s e par ate. thereby 
0 0006 second mcrements of between 0 and provldmg a precise method of adJustrng angle 
0 035 seconds Dtfferent values of the angle B to 90” Angle B LS controlled by adJustmg 
e do not affectthe four center lobes but change etther the omnlrange dml on the front panel 
the shape of the partml lobes on the right and of the audm srgnal gene rat o r or the tone- 
left ends of the patternonly However. small wheel adJustmg arm In the rear of the panel 
devmtmns of the angle B from 90” cause the 
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APPENDIX 11 

Procedure for Callbratmg Per Cent 
Modulation Meter of Boonton Radm 

Type 211-A SIgnal Generator 

The procedure described here in was 
suggested by the Boonton R ad~o Carp and 
tested with excellent results on three sIgna 
generators at the Technrcal Development and 
EvaluatIonCenter However, It has been de- 
termmed by experiment that lf tube V-204 
(Type 12AX7) has a mutual conductance of 
less than 750 mxromhos. an error ~~11 be 
rntroduced even though the procedures de- 
scribed later are complied with Therefore 
rt LS recommended that tube V-204 be re- 
placed whenever its mutual conductance de- 
creases to a value outstde the Itmtts of the 
JAN-1A spectficatmn These llmlts are 
1. 250 to 2.000 m~romhos when measured 
with 250 volts dc on the plate and mmus two 
volts grtd bLas 

The method s u g g e s ted by the manu- 
facturer for callbratmg the radm-frequency 
monitor meter and the modulatmn meter m 
the f,eld 1s as follows 

Equpment 
DC Voltmeter 

Range - 30 to 50 volts full scale (read 
26 volts) 

Reslstance - 300, 000 ohms or hrgher 
Accuracy - one per cent or better (as 

requued for over-all error allowable) 
AC Voltmeter 

Range - approximately 10 v o 1 t s rms 
full scale and 25 volts rms full scale (read 
5 62 volts, 13 1 YO Its, and other readmgs 
between 1 and 20 volts) 

Impedance - 300.000 ohms or more at 
400 cps (must have serves capacitor In mput) 

Accuracy - two per cent or better (as 
requued for allowable error In results) 

Procedure 
Follow sequence of steps 

(1) Parallel the ac and dc voltmeters with 
the ground s,de of the ac voltmeter (,f ,nd,- 
cated) connected to the negatLve termrnal of the 
dc voltmeter Connect the paralleled com- 
bmatlonbetweenthe armof P304 m the Model 
211-Ageneratorchassisandthe arm of P310. 
makmg sure that the posrtrve termlnal of the 
dc voltmeter IS connected to the arm of P304 
In the 211-B slgnal generator. these ctrcurt 
pomts are avallable at a termmal strip 

(2) If the dc or ac voltmeters require 
mechanIca “zero” adjustment. do thrs be- 
fore turnmg on the generator 

(3) After the generator has been warmed 
up for several mm&es. turn S-303 to OFF 
Electrxally “zero” both the radm-frequency 
monrtor meter M302 and the dc voltmeter, 
usmgP310 Zero shouldoccur simultaneously 
on both meters 

(4) Electrically “zero” the”Modper cent” 
meter M301, usmg P309 

(5) Switch 5303 toM 0 AdJustthe radlo- 
frequency level control P307 to give exactly 
26 volts dc as read onthe dc voltmeter M302 
should read exactly on the red lme If Lt does 
not. reset It. usmg P304 

(6) Repeat steps (3). (4), and (5) for 
greatest accuracy 

(7) With 5301 on “400” positmns. adJust 
P305 for a readmg of exactly 5 62 volts rms 
as read on the ac voltmeter Set S302 to “30 
per cent ” Reset M302 to lme tf necessary 
Meter M301 should read 30 per cent If ,t 
does not, reset Lt. using P303 (Note Meas- 
urements mayalso be made wtth 5301 m EXT 
posrtmn and an external oscillator of the de- 
sLred frequency connected to the EXT MOD 

Jack ) 
(8) Swatch S302 to “100 per cent,” re- 

adJust P305 for exactly 13 1 volts rms. as 
read by the ac voltmeter, reset M302 to lme 
lf necessary, and read M301 It should read 
70 per cent If not. adJust P302 to brmg it 
to exactly 70 per cent 

(9) Repeat steps (7) and (8) for greatest 
.SCCUi-aCy 
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APPENDIX 111 

AdJustment Procedures for AIrborne 
Recetver Test Equtpment 

A Inltlal Adjustments 
Turn on the power switch of both the 

audro and radm-frequency sIgna generators 
and allow approxtmately ten mmutes for 
warm-up * 

B Settmgup test equtpment to check re- 
ce,ver for VOR functmns 

(1) Turn oscillator selector switch on 
radro-frequencyslgnal generator to OFF po- 
sltlon and ad J u s t zero on radm-frequency 
monitor meter 

(2) Place oscLllator selector switch of 
radm-frequency s I gn a 1 generator m XTAL 
posltmn 

(3) Select 114 9 MC on the crystal se- 
lector swltchof radlo-frequencystgnal gener- 
ator 

(4) Tune the MC frequencydtal for max- 
tmumstgnalonradro-frequencymonltor 
meter 

(5) Adjust radm frequency level to red 
lme 

(6) Place modulatmn selector swatch 
of radm-frequency srgnal generator on EXT 
pos ,tmn 

(7) Place modulatron range control on 

*All adpxtments are made after the 
equipment has been connected ux accordance 
with mformatron contamed In mdlvtdual m- 
structmn books and adJusted m accordance 
with Appendrces I and II of this report 

30 per cent and wtth no Input applied to the 
radm-frequency signal generator, adJust per 
cent modulatmn meter to zero 

(8) Turn 30/9.960-cps motor generator 
swltchonType CA-1374 audro sIgna genera- 
tor to ON posltmn 

(9) Place functmn selector s w 1 t c h of 
audm signal generator m caltbrate posltmn 

(10) Place “sxgnal selector” or “test 
signals” switch of audio signal generator m 
30-cps variable posltmn 

(11) AdJust audio output of srgnal gen- 
erator to approximately one volt on output 
meter by s e tt In g/30-cps variable potentm- 
meter In recessed compartment on front 
panel + 

(12) AdJust modulatmn level control of 
radxo-frequency signal generator to produce 
30 per cent modulatmn 

(13) TurnsLgnalselector swltchonaudm 
s lgnal generator to 9.960 cps FM posltmn 
and adlus t 9.960 cps FM potentmmeter to 
produce 30 per cent modulatmn on per cent 
modulatmn mdtcator on radlo-frequency slg- 
nal generator 

(14) Switch modulatron range control 
on radm-frequency slgnal generator to 100 
per cent posltmn 

(15) Swrtch functmn selector swrtch of 
audio srgnal generator to omnlrange posttmn 

(16) &Just attenuator on radm-frequency 
signal generator to 1,000 m~crovolts 

SIgnal 1s now avaIlable at radm- 
frequency output connector to test receiver on 
114 9 MC Phase shift between the reference 
and variable signals may be obtamed by ro- 
tatmg the o mn I r an g e control knob on the 
audm sIgna generator 
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1 APPENDIX IV 

Department of Commerce 
Clvll Aeronautics Admmrstratmn 

Report of Caltbratmn of VHF Omnlrange ReceLvers 

Date of Caltbratmn 

The data tabulated below are those recorded On the receivers correspondmg to the serial 
numbers mdlcated These data were comptled when the operatrng condltlons were as follows 

_j I (1) Modulation percentage for 9.960 cps and varmble 30 cps 30 per cent each 
’ 

1 . 
(2) SLgnal frequency 114 9 MC 

(31 Radm-frequency slgnal Input (m serves wrth 53 ohms resistance) I, 000 p volts 
(4) Supply voltage (measured at recetver Input termmals) Volt 

(5) Indvzator load (three devtatmn mdxators m parallel) 333 ohms 

(6) Flag alarm load (two l,OOO-ohm movements m parallel) 500 ohms 
(7) Warm-up txme 30 *mutes 
(8) Lever on the face of the bearmg selector was to the left for all measurements In whrch 

the ambtgulty meter read TO, and to the rrght when readmg FROM 
(9) The stgnal from the test set IS the same as that whxh would be received at a bearmg 

from the omnlrange statxon that LS equal to the test set dial readmg 
(10) Modulation for 90 and 150 cps 20 per cent each 

Manufacturer VP= 

Omntbearmg Selector Serial No 

Serial No 

\ Calrbrated with omntbearmg mdrcator connected 
(Mark out one) 

Resrstor substituted for omntbearmg mdtcator 

Bearmg Selector 
Dial of Recerver 

(degrees) 

0 
30 
60 
90 

120 
150 
180 
210 
240 
270 
300 
330 

Test Set Dial When Test Set Dial When 
AmbLgulty Meter Ambtgulty Meter 

Reads TO Reads FROM 

(degrees) (degrees) 

Tone Localrzer Callbratmn at 110 1 MC 
Current In an? of three mdrcators for four db ratro 90-150 cps voltage - p amps 
Current In one of three mdlcators for four db ratm 150-90 cps voltage - p amps 
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APPENDIX V 

Settmg Up Test Equrpment to Check 
Receiver for Tone Locallzer Functmns 

(1) Turn oscillator selector swltchto OFF 
posltxanandad~ust “zero” of radm-frequency 
monitor meter 

(2) Turn osctllator selector swatch of 
radro-frequency s I gn a 1 generator to XTAL 
pas ttmn 

(3) Turn crystal selector switch to 110 1 
pos ttmn 

(4) Tune the Mc frequency dial for maxI- 
mums tgnal on radm-frequency monitor 
meter 

(5) AdJust radm-frequency sxgnal gener- 
ator output level to red lme on radro-frequency 
monitor meter 

(6) P 1 a c e modulatmn selector switch of 
radm-frequency generator on EXT positron 

(7) Turnmodulatmn range swltchof radm- 
frequencystgnal generator to 30 per cent for 
Type 479s and 100 per cent for Type CA-1374 
sIgna generator. and wtth no input applied 
to the radm-frequency slgnal generator. ad- 
just “zero” of per cent modulatmn meter 

(8) Turn 90/150 motor-generator switch 
on Type CA;1374 generator to ON posItIon 

(9) Set functmn selector switch of audro 
slgnal generator to calibrate posltmn 

(10) Set s ~gnal selector swdch of audm 
slgnal generator on 90 cps plus 150 cps po- 
SLtmn 

(11) Set “locallzer-glade path” or “local- 
tzer” attenuator control on audm sIgna gen- 
erator to either one of the two caltbrate po- 
5 Ltmns 

(12) AdJust associated 90- or 150-cps po- 

tentmmeter control to approximately one volt 
on output meter of audm signal generator 

(13) AdJust modulat,on level control of 
radm-frequency sIgna generator to produce 
20 per cent modulatmn or per cent modula- 
tron meter rf Type 479s audm signal gener- 
ator 1s used, or 40 per cent If Type CA-1374 
audm sIgna generator 1s used 

(14) Turn ” locallzer-glrde path” attenuator 
posItIon to other caltbrate posltmn 

(15) Adjust assocrated 90- or 150-cps po- 
tentmmeter control to exactly the same modu- 
latmn on radm-fre/+ency s L gn a 1 generator 
per cent modulatron me t’e r as that used m 

(13) 
*-“% 

(16) Repeat above 90-150 caltbratmn pro- 
cedure several times to determme that two 
sIgnal* are exactly equal 

(17) Set”locallzer-glide path” attenuator to 
zero db Operatrons (13) and (15) msure 
modulatmn of 20 per cent each of 90 and 150 
cps at the zero db settmg 

(18) Turn functmn selector switch to tone 
locallzer positmn 

Slgnal 1s now avaIlable at radm- 
frequency output connector to test recexver 
on 110 1 MC for tone locallzer operatmn 
The “locallzer-gltde path” attenuator control 
~111 produce the mdxated db ratm of 90- to 
150-cps voltage for caltbratmg the receLver 
Cautmn Readmgs of the per cent modulatmn 
meter of the radro-frequency slgnal genera- 
tor and the output meter of the audm signal 
generator mdlcate relattve values only when 
readmg the resultant value of several mxed 
voltages However. on smgle frequency 
voltages, meter accuracy 1s five per cent, 
unless recaltbrated In accordance with Ap- 
pendIn 11 


