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I' rRGr:•;•_;,fcGi: M0:JULi TI0ll INDICATOR 

i:b.::. s :re.110..,".:. dzsc.t·1 b2s t..he de velo,..11uent 8.I1d test.in; of an .L:ist:rument 
:'or m,;;c sui J ,1~. J?e _·,c-:::1tc ,:,e of m.od.tlc.tion of _~ad:::..o com.'TI.,.lnicat1on m1d ai.t· nu 'l-

~011 fu::.n. l:.tJ es ~·h::.le :.1urh f,. c1lic .... 2s J.re ia norn:wJ... ope.cat ... on. The p..;..,""e 
c1.s,;..oti of mc-t;-·s t .. :eJrienc,:; is nell W'lLh1..11 the -'uole:rances S,i)ecified J.n the C1v1.l 
f,e_-01L uc=.cs J,J,l.7.1,.1::._sl;_..""at.!on Off-1.c3 o: Pir .. ie"'ri, ation Fa.c1.l1t1es :Mcl.nucl of 
Qp,:raL1 Jns T'ae :;,rro.;;ed-1res u3e<l, =-n cz..lib.t·at::.n;; th.e 1.nstri .. m,.e:nt., u.s::. .. J.G 
co.. 0·,,:01.le.ble L-est etiDl1fTie~1t., ere de3c:ribei 

It is conclL/ieC that. "fl th the pe.ccentave .~odula-L1011 :u:10.1.c, an 
o.r:d e,i1 a-c ,r:.c'.Lu.m v:ibe volL-r,..et21., rn.ciu~ av1on levels 

local:.ze~·· a:1d coJil!l'l·.m:co...:.10.1 .r.::.c:.:....Lc1.es cE-.:.'l be a-:::cura..tely mc.al3vred 
~ra;.1nd '"'"'c,J.c>u., ;;.'t remote J ocst2..on 3 0_1. "he ,=.,roai;.d, o.c in fl1.~ht. 

of VO::l,~!'ld 
at the 

L,TR0DUCTIOlT 

A nk1Jo1 p,.('Oblem in the o_perat1.on a?ld 1nai~1ce:1..;.r .. ~e of C:.t .ril Aeronautics 
AJnn.nistratJon (Cf.A) rad.10 nc ·:i.Jc t:i.on J.lld co,1mm;:acat~on fac1l1ties is the 
ac(.urc,te m-:::c~surernent of the 1:1e.i-·cent-.... e,e of z.m2l1~ude modulation ·w1thoL2t intel .. _ 
ru1J e,1ne;:; the nOlrn,'.3.l o;ie:;,~u.tJ.ons of these fac~ 11 t1.es The !d..m1ial of O:pe1 dt.ions 
of the Office of t:.:ir d2,v).~,o.t_ton Fac1.lrC:'...eS. ( 0/J~F) req,uires that modulatl-:>.n 

be s2t to defic ,_ v"';. lev eJ_s CLEd n2.1.:.1t~~..1n2d. -u_.,. thJ..t:. ce~t...e 111 close 
tole ... ~a....~ces. Typ.ical m.od..., .... u::t]..on levels s;iec::.....'.."':i..ed. i_1 the Manual of 
aie ~1s~ed in Tab~e I 

Equipment 

VOR 

Tl2LE I 

Re:f:;rence s.1gn2 l 
Var1eble Slol18.l 

l020 cpq* 
Vo:i.ce communicucioas (peaks) 

Locslizer- 90 cps 
(oa"cour30) 150 cp5 

1020 c,?s vo:.;oe and to,1e 
Voice co1TJL1un:.cat:.ons (,I;_-..eaks) 

* cycli3s per se~ond 

Modulation Level 
(per cent) 

28 to 30 
28 to 30 
6 to 10 

26 to 30 

18 to 22 
18 to 22 
4 to 6 

40 to 

90 to 95 
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The method presently in use for measuring these percentages of 
modu.lation reg_u1r3s the removd1 of the fac1l1 ty from normal operation. L1 
order to red,,ce the number of these "outages," the OANF -r,:eg_vestcd the 
Tech.tu cal Development Centei· (TDC) to develop an instrume,1t by means of 
wh•_ch a.ccurate meri.:,u-rem~nts of the percentage of modulation could be made 
Wlchout intorr~pting the normal operat1on of the facility. The instrument 
mu3t be capable of scelecting a specific radio frequency (r-f) channel within 
the very-h1gb-freq1'ency (VHF) band 108 to 136 Mc a.nd have sufficient sensi­
tivity for the measurement of modcU.ation levels of r-f signals received from 
fdcilities localed within a 3-mile rddius. Also, it must be capable of 
o_pcerdting in stro,1g r-f f1elds such as those encountered within trar1salltter 
bu•ldingo. This report describes such an instrument which operates in 
con~unct .. on wivh a cathode ray 03c1llosco_fle (CRO) and/or a-c va<euum -cube 
voltmeter (VTVJ1). 

PRINCIPLES OF OPERATION 

The equipment described in this report can be used for the 
measurement of modulation percentages by either of two well-Known methods. 
The first is called the trapezoidal method because a geometric shape of a 
trap,ozoid is displayed on an oscilloscope. To determine the percentage 
modulation by this method, the modulated carrier wave is applied to the 
vertical plrtes of an oscilloscope, a.nd the modulating voltage wave is 
appli~d to the horizontal plates of the oscilloscope, re;sulting in a trape­
zoida: p~ttern. See Fig. 1A Modulation percentage is then calculated 
from the formula 

A - B 
Per cant Modulation X 100, 

A - B 
where the dimensions A and Bare proportional to the crest and trough 
amplitudes of the modulated carrier wave, respectively.l This method is 
particularly suitable for measurements of short bursts of modulation wbe;re 
meter response would be too slow for accurate indications. It is possible 
in such Cdses to form a mental image of the trapezoidal pattern and determine 
the percentage modulo.tion very closely. This method also is desirable for 
tbc d"termination of the cumbined peak modulation percer.tage when more 
than one audio frequency is llnpresscd simultdn~ously on a single carrier. 

The second method is termed the a-c/d-c method. This name is 
derived from the fdct that dirc<et current is established as a reference of 
r-f l~vel and the level of the demodulated a-c voltage is related to pcr­
centa.c,ce modulation as indicated, in Fig. lB. This method bas an advantage 
in tb"t percentage of modulation is der,vcd from the readings of precision 
instruments and is not mo.terially affected by noise signals. However, 
this method is valid only for dudio wave shapes possessing a symmetry such 

1 
Radio A.~ateurs Handbook, Chapter 10, 1957 Edition. 
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that the ::_:,0s2.trre hal-f-c:,clc t-ime integral is e<1mJ to the necsrt1ve half­
cycle time. L1tec;ral, l.1llp:essed on th,.: carrier by linear modUating; circuit3. 
If these co~1d.it_ons are 110t meCJ some 1nrccur3,.cy ma.1 result. 

D.8CCRIPT:::ON 

A block dia~ra.~ of the percentage modulation indicator ~s shown ~n 
Fi~. 2. ~he ac~esJor~es to the basic measuring equi~ment are sho~m in dot~ed 
:incs. An ~-f ccmcr prorid2s conc,nuous tuning throue,h the 108- to 135-Mc 
bend.. Th,a 3-15-11.c 1ntcrmed~nte f.cc(lu<enc:,r ( o -f) dcri,rcd from the tuner is 

d!npJ ificd a.1d d1 vidcd into two branch cJ.1'cu1 ts. Pare of the signal is fed 
to c dcmodu:;.CLtor and p,0 rt to a 45-kc convene er. The output of thG 45-kc 
converter is applied to the vertical ampl1f.1er of an osc1l_,_.oscope. The 
d-c portion of the demodulated signs: is metered for a tuning indication 
and to establish a reference for the, r-f rnnplitudc in the a-c/d-c method 
of dctcrr:1.1ning percentage of modc1.1['t.1on The aud.10 signal from the de1!10d11-
lator Nny be sw1-tched to selective filters cs desired.. AfLer appropriate 
filto.inb, che signal is applied to the hor1-zo11t2.l ~lifier of the oscillo­
scop2 end to a VTVM. J<'i,;ure 3 is a photograph of the 1-nstrument with 
assoc,"ated trnnsiscor .. zed pOWfa' supply The irterior of the unit is 
displ~yed ~n Fi6. 4. Figure 5 is a schematic wiring d1agrem of the ba31c 
instrlunent. 

Tuner anJ Frc<1ucncy Converter 
The r-f tunsr and frc<1uency converter unic of an A1-rcraft Radio 

Corp. Type 15D VHF na-ngat:wn recci veer were sc:,lectcd for use in this 
1nstrur.1e11t. It was modified to provide c manucl r-f gain control, 11hich 
1s inserted in ch2 cathode circuits of the two r-f stascs, wh_ch controls 
the bias of the, tubes. 'i'he sensitivity of the 1-nstr<lltle.1t ~s shown in 
Fie,. 6, Curve A The oscil7_ator fre<1ucncy was changed to proncie a 3 15-Mc 
1-f. A rcs1st2ncc-capac1tor (r-c) um.pl1fier stage iollowing the mixer 
circuLt feeds a 3-15-Mc i-f am;ilifier. The, secondary of the i-f trar.sformcr 
is sh1mt~d with a 22K resistor to extend the width of the .coponsc curve. 
The btmdwidth is 60 kc .1t the 3-d.b level and JlO kc at the 60-db level. 
The conv~rter con31sts of a P1e1cc-type crystnl oscillator operating a~ a 
frequency Oi" 3105-kc mid li,:ik-c.ouplcd to e pentae;rid mixer stcc6c The 
3,15-Mc intennediate &nd the 3105-kc local oscillator freq_uencies are 
converted to a 45-kc signal. The 45-kc conversion wos sc>lcctcd in order 
to be WJ.tln 1 the lincccr opcr~ting frc<1uency range of most oscilloscopes 
Low-ccpacity cabllc: was us2d to couple thu output of the conv2rtc:,.c to the 
vcrticnl mn,ilifi~r of the oscilloscope. 

D2Mod.uJ.ator and Aud1-o Circuits 
A 1N75 crystal diode op~ratin~ as a hi5h-leveJ detcctor is used 

fo." the, '\emcdulator. The :Cincari ty of the d<etcctor is illustrated in 
Fi;:;. -;-, vhi;,h shows the input in ffilcrovolts ve.csus detector c-1rrc.nt. The 
om;put or the detector is connected. to a direct-coupled cCLthode follower 
wh.Lch .1s coupls2d to a hE'ldphonc amplifier end o. filter-switching circuit 
The switchin5 circuit is provideci for selecting 1-ndiv1-dual filters, the 
combine tion of VOR fi:;.ters, or the conbination of localizer filtors. Low-pass 
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and high-pass filters separate tne 30- and 9'.)60 cpo VOR SJ gnels ,ud a 
102.U-cps .1ndu~t1ve f.Llter is us,.=d. to st..:p'3 ... c2te the identification signel 
fc'Om thrc composi tc mod.!latcd weve tr211smitteu. by VOR 01 localizer facilities, 
Tandem .1.nduct_ ve filters scpar&.~e thL 90- £tnd 1)0-cps localizer SJ.bncls 
The out_rmts o::' both the localizer and. VOR filters ccre fed to cente.nng or 
bt::~ 1 m1c2 controls. 1.rhesc. cont:.~01s penn1. t compensation for the incg_uali ties 
in insertion loss of the filters, a.,d. ,:.re set in the laboratory. These 
fili~rs ar~ located externally to t~e bosic unit to elJminat~ m~gnrt~~ 
ccup1inz to the power trc.nsformeJC, The output of the filter sw=-tching 
circ~it is co,.nGctcd to a direct-coupled cc.thode follower which feeds the 
oudio signc.:.ls to the oscilloscope dnd VTVM 

CALIBRATION 

In order -t:.o prepare__ ecci....rate curves of percentage modulation versus 
a-c volCo.gc for the B -c/d-c method of mco.surir-.Lg modula"tl.OD, and to ECLV.ge 
th2 c1c~uracy of the perce.Dtage modu1 c.tion indicc.tor, it was neco..;ssc.ry to 
k,,ow the pccrcenta,;e of modulation of a test signal To ::.ccom_plish this, a 
test scetLcp a,s sho.m in Fig 8 was used, It consisted of two un:,_tg of a 
Eoo;1ton ~:odel 211-A Sl(;nal gene1"c1to.c (A ond B) and r-i: 8Jll]Jlifier, on o-c 
volt'tf .. et...!r, d-c volt .. ,1ctcr., audio signnl g.:-ncr,J .. tor, detector., end. wav-s &'1alyz2r. 
W..1.th bot:.h sigr:..aJ genero:. tors op~rating on cr_ysta.1-controllcd f'reg_uencies 
nLcr lll) l Mc, a bceat frceg_uency of approximately 2000 cps was obt·nned, 
ModuletinG the low-level 211-A s~gnal generator A with 1000 cps from thee 
audio s1.gncl gcn~ro.tor resulted 1.11 a s.1gn~l D.t the dctc~tor output:. containi~g 
a 2000-cps carri2r, ,:. 1000-cps lower sidebc~d, ond a 3000-c_ps upper side­
band, The ga:..n of tbe w,:.,,~e analyzer was adJusted so the.-.:; it indic~tea 100 
p~I cent of the 2000-c_ps c3rricr. The sum obtained by anding the pcrcentcge 
re:ading fron the ware anolyzc,r ol -.:;he 1,cp_pcr and lower sidco 0 nds rcpr~sented 
the pcrcc:1tai:;e nodul::.tion of the 211-A sign2.l generator (A). A d-c volt­
meter t..!nd nn a-c voltmeter were con!J.2cted perma.._1cnt.ly in ps.co..llcl :cross 
the screen gJCid end ground of the 6AK5 output tub€ i~ the low-level 211-A 
s~g1Dl GCnerctor (A) With thee scree'1 grid operating at 140 volts d-c, 
rc..co.J..d1.n15 th2 c.-c voltugc for vctrio1Js percentages of modc1lat.1on as m,~asured 
by tho wave anc.lyze.r provid2d de.ta from which the 211-A signal ge,ier::ctor 
(A) could be modulated to o known level. From these data the 211-A signal 
g,"ncrc.tor (A) could be modulated a~curately from O to 100 _per cenL w~ th 
ary audio frequency to provide a test signcl for calibrating the _percentage 
modulation indicator. 

Using this m£thod to provide known percentage modulation inputs, 
P~~d obtai,nng a-c volta,;e readincs from the dcrnodulat2d output of th~ 
r.1odulc.,t1on indicator, curves were dre..wn for 2-c volts versus pE:rccnt2.ge 
modu:ation for VOR and localizer signals. Those are shown in Fiss 9 and 
10 No a_p_preci,,,ble change lil the calibration curves was notc.d during a 
period of six months of bench testing 

With this srune sign"1 input to c.n oscilloscope, to obtain a 
tr~pezoid~l p~ttern, another curvG of percentogc modul2tion versus divisions 
of bcmn defle-:,tion was drciwn, as shown i_1 F.Lg. 11. With a 40-div,sion 
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deflection for the naximum., and rec1ding Lhe m1.1nmum df'flect1 on., the curve 
sho,,s the pcc-ce ,ta·

0
e mod"1lction 1 t 1s impos·tant that the oscilloscope 

end V'.i'VM used wo.th this cqu.1pm2nt be, ac~uro.tL and reliable 111 ordu· to 
obtain pr~c1Ge 11ea31irc,meats A Duriont Type 2559 osc1lloscopG and a 
BallLntine 'I:Y-pe 643 V'r\M .-e.cc us,cd. for a 7.l tests described. 111 thrn rcpo.ct 
An 1 -i f1l tc.c 1s rceg_u1red at thL input of the VTVM 1,1 os·der to r2duce 
spurious r-f p1ck~D The filter cons~stc.d of~ series choKe of 1.8 
micTohi-•nry 2.<1d o 10O-mic:romicrofarad capacitor shunted across the V'I'VM 
input terillin~ls. 

ACCESSORIES 

Anten.nf' 
Norma7.ly, a hor1zontccl dipole, a Yagi, or a V-type antenna will 

provide sr,tisfacto..--y sig,1al p1cku:;, when the eg_u1pmG1t is ope.rated at rcmot,c 
locc..t1_ons The entenno L-nipedo.11ce should b2 su1-table for operation into e 
52-obm t:rs.nsmission J .1.ne. 

Twmb::_c, R-F Amp2.1fiers. 
The need for additional r-f a11pl1fic2t1on WE'cS dcs1!"able in low 

s1gnccl orcccs. A second tun~r of a Type-15D A1rcrccft Rccd10 Corp. VHF 
no.Y1gnt1.on receiver was modified to provido...: manual r-f gain control. This 
w2s o.cconplishcd by ,ary1ng the cnthode bias of the two r-f aoplificrs 
Th;; oacillator tube '-nd thG nnxer c1rcu.1. t wt..rc conver tcd to a cathode 
fol2.ower, as shown in Fie;. 12, The output of the Cc,thode follower ~s 
coupled to the bas~c instrurn.cnt with low-capacity CJ.blc: Figure 6, Curve 
B, shows the incrcc:.se 111 sensitiv~ty wich the addition of the t®&blc r-f 
o..mpl.1f1er section. 

Crystc.J.-Controlled Rece~vcr. 
Provisions also were made to couple a broadband~d Collins 5IB-3 

navigation rcce1 ver to the bc.s:-..c 1nstrw.uent which L1crcascs the sc.1.1s.1 ti vi ty 
to 5 microvo_ts. The receiver 1.s des1rdble for measur2mcnts of modul~tion 
pc::rce~1tC<.G,e of cOiuJ'lun:.ce_tion fnc1lit1es becuuse of the difficulty in ndJusting 
a m:muetl tu:ier to the centur freg_uency on transmissions of short dm at1on 
Howc:vcr, tht... continuous tu.i1cr is SJ.t1sfoctory v.1hcre continuous trsnsm1ss1on 
occurs, such as on nav1.gction fac1l1t1es 

Antenn~-ConvLrtcr Unit. 
Figc1re 13 sholfs an antenna-conve.cter unit which was developed to 

reduc12 interference caused by transmitter leakage whE..n the measurinr; eCj,uip­
ment is locateu within the transnutcer building. A schematic d.1agrwn of the 
unit is shown in Fig. 14 A 6.4-Mc crystal was oelect2d for th2 oscillator, 
however, this frequency is not critical Since the r-f t~ner does not 
tune below 108 Mc, it is necessary to tune the percenta~e moduldtion 
1.nd1.c2tor to 6.4 Mc above the station freg_uency Tuning the percentage 
modulation ind1cntor to b 4 Mc above the station frequency elillllnates all 
stray r-f pickup 
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TESTS 

The fJ.rst of these tests was conducted on a four-loop VOR with the 
percenta3e mcdlLLstion indicator cno and VTVM installed in an insbrwnent 
truck The Mtenna usc.d in the~e tests was a V-type, mounted on a 10-foot 
mast. Measll:cements of percer,t13£e mo::l.ulat1on were made at a number of 
locctl'.JDS bctwe2n 30 and Boo feet from the VOR The results showed un1fnrm 
.rnd::.catio.1s nf percentage modu2-atJ.on at all distances beyond 100 feet 
These data are shown J.n Fig. lJ. 

Operation of the eg_u1pment within the transmitter building and with 
the V-nntenna lrJcated at the edge of the counterpoise resulted in erratic 
operation of the indicator due to spurious r-f pickup in the transm.J.ssion 
line conn~cting the V antenna to the e~~ipment. It was this test that led 
to the development of the antenna-c01rrerter unit. With this ,mit at the 
cd6e OJ. the counterpoise, it was possible to locate the modulation J.ndJ.cator 
inside the ou1lding, and obtain repeatable ree.d1ngs within plus or minus 0.3 
per cent regardless of the location of the incoming r-f lead with respect to 
the transmitter The curves in Fig. 16 show a comparison of the percentage 
modulation measurements made by the two methods. 

Mcasurem~nts of percentage modulation with respect to azimuth at 
the counterpoise edge of en expen.nentsl fo~r-loop VOR produced some inter­
cs-c1ng data wh.1.ch &re shown in }'1g. 1 ( Of particular interest in this 
test was the uniform radiation of the 9.96-kc signw. as compared to vari­
ations of the 30-cps space modulated signal It is believed that the 
variation of the 30-cps signal is caused by nusalignment of the VOR antenna 
array. These data were taken with the antenna-converter unit mount~d on 
the edge of t:!:w counterpoJ.Se and the measuring equipment locatc,d in the 
transmitter building 

Localizer Field Tests. 
With the percentage modulation 1ndic&tor installed in nn instrument 

truck, data were obt.1ined from a normal comnllssioned localizer at a distance 
of 1,200 feet A symmetrical pattern of modulation existed as shown in 
Fig. 18. The difference in percentage modulation, due to sideband antenna 
lobes, is plotted 111 decibels versus angle off-course, and also difference 
111 depth of modulation (DDM) versus angle off-course in Fig. 19 

Trapezoidal Patterns. 
Several examples of trapezoidal modulation patterns, photographed 

directly from a cathode ray oscilloscope for different types of tranenussions 
are Ghown in Fig. 20A, 20B, 20C, and 20D 

Flight Tests 
Flight tests were conducted with the eg_uipment installed in a DC-3 

21rcr.1ft using a Collins 51R-3 cryst~l-controlled receiver coupled to the 
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basic 1nstrum~nc, Measurements of percentage modulation using both the 
CRO m1d the VTVM were made Thccse fhght tests indicated th,ct some pre­
Ct.:u..t.1.0::.10 ax•e, r .. eccssa:r-y to preve.,,1t ;ro.90llE:r noJ.vldt1on 1.r..tcrferc11cc.. The 
airc.csft. U.:;E.:i for these testa w,.;:.s E.c;tu:ippcd Yn.th tihrcc V-r.ntcnncs One 
rmtcnnn WJ.s .loc:::..tcd wi2ll .fo::.--wf,rd Oil tt.s fuselage, one nenr the middL---1., ru1d 
one. on toll of the vc,·t1cal st<>bilizcr. ML2surements mad<c on the teil 
V-::~11tcnne. ve1.c J..1enti::!s.l in.th those InP.de in the labcr~to:i:y on the ssmc 
fD~:i...'l.ity with :'lo noticc.ab2.e pro.:;;eller mcit:.2.atioi: This ,re.s tr.ie r ... ,gardless 
of tbc: J.J.r(,..ct1.on of the stat.1.or.. 1 .. n th respect to the a::.rcr&.:rt rs headJ.'.:"lf!J .. 
Same: pro,Pcll:;r mvdu2..at..Lo~ was evident when the m:.ddle V-c.ntcnn& wus used 
e.ud wh:m the trans.nitting station was 1n the direction of che :nrcrrft 's 
heGd;..n.; a The forw..1rd V-ar..:t,cnna was not satisfactory for recepcJ o.n of any 
st,;,t~o,i b2cause of i;:,ropeller modulation, reg;,r 0lless o::: aircraft J:ccrding 

CONCLUSIONS 

It is conclc:tdcd that the percentage, :modulation 1nd1cntor operating 
1.r: ccl1,_;un~-:i1.on mth c.11 oscil.:oscope and. VTVM, 'J,6 d1,..sc~~1b1;.;d .1.n t..h::..s !'.\.::port, 
.i.s svf.cic:i.cntly acc0 ire.te m1d rel:i.sble for the measure:cient of mcduJ.ction 
lLvels of VOfi, loce.lizcr, and co~m..micat1on fscilit.i.es while thLy are in 
nonru:,,l ope1at1cn 

For accure.t . .:, n:.easurcments within the VOR trGnSIU tter buildirsg, 
it is ,,_;sscntieJ_ to use the nnt~n.na ... co)1vertcr u.rut When usi.ng en cr:..ccnr1a 
which docs not hcve a converter, a a.1stance of 100 feet or gr~ater should 
be mcnntained from the fac1l1ty, 

Sc.tisfectory rr~cu.surcm.ent c£.n be: B.ade WJ. tb. an r f' 31.!p).Pl. level e..s 
low CiS 300 m~crovolts whcm us:t:,r; the basic unit, 18 microvolts wh~n using 
th2 r-f cmplif1.ur, ::\nd 5 m:tcrovolts when using th,:, receiver. 
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