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;O PTROTETAGE MODULS TEOH THDICATOR

SUMMARY

Mhis regoss desesibes the develosment and tesling of an ingfrumesnt
Por marsuila, pesccatoie of modalotion of radro commonication and &L e tl-
coton fneiisties hils oueh focalicuzs are g normel opssab.on. The voe
e300 of mees wamenss 18 ell widhin the lolerances specified sn The Caval
Leronoucies sdmaistrabion OFTics ol 2ax deva ation Facilaties Menucl of
Oporabions The procedares used 1a celzbostong the rostraent, usiag
e mercially sverlable cest eguigreat, sye describeld

It as coneluded thar wath the pecrceanta e sodulalion iadicsior, an
gscillioscope, and £a &-¢ wocutm vubs volbmetor, modulawion levels of VOI,.nd
localnges aad communiceasion foeilidies cen be asccursbaly measuvred &b the
sround stations, <0 remols locstions ca dhe _rouad, oo i1n fliiat.

1ITRODUCTION

A magor problsm an the operation and maiatenanze ol Cavil Asronautics
Adminzstration (CAA) radio no “1.ctlon ond commusicat.on facilities 15 the
avcurabe mecgurement of the percentepe of amplicwie modulation wathout inter-
Uy cang the normal openwbions of these Tacilities  The Monual of Operations
of the Office of Air deva_ation Fecilivoes (QANF) requires that medulation
perecenteses be sob to definves levels and nelataaned v.thes cerwein close
tolecpnees. Typical mod.osotron levels specilied 11 the Menual of Upersgtions
gre lisited in Teble I

Tr2LE I
Modulotaion Level

Tquipment (per cent)
VOR Hef=rence signcl 28 to 30

Varieble si_nal 28 to 30

020 cps* 6 to 10

Voice communicacions {peaks) 26 to 30
Locslizer— 30 cps 18 to 22
{ca-course) 130 ops 18 to 22

1020 ¢ps vomze and tons Lt b

Voilce compunicstzons (peaks) Lo to 55
Radio Commmmications (seans) 90 to 95

* ¢yeless per second
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The method presently in use for measuring these percenteges of
medulation requirzs the removal of the facility from normel operatiom. Ia
order to redvce the numbcr of these "outages,” the Q0ANF reguested the
Technical Development Center (TDC) to develop an instrument by means of
vhich accurate measurements of the perzentage of modulation could be made
without interrupting the normal operation of the facility. The instrument
must be capeble of sulecting a specific radio frequency (r-f) channel wathin
the very-high-freqreacy (VHF) band 108 to 136 Mc and have sufficient scnsi-
tivity Tor the measurement of modualation levels of r-f signals recerved from
farilities localed within a 3-mile radiaus. Also, 1t must be capable of
operoting 1n strong r-f fields such as lhose encountercd within transmitter
burlding-. This report describes such an instrument which operates in
cousunct.on wach & cathode rey oscilloscope (CRO) and/or a-c vacuum tube
voitmeter (VTVM).

PRINCIPLES OF OPERATTON

The equipment described in thas report can be used For the
mecsurement of modulation percentages by either of two well-ixnown methods.
The first 1s called {he travezoidsl method because a geometric shape of a
trapczeid 1s displayed on an oscilloscope. To determine the percentage
modulation by this method, the modulated carrier wave is applied to the
vertical plctes of an oscillicsceope, and the moduleting voltage wave 18
applicd to the horizontal plates of the oscilloscope, resulting in a trape-
zoida: Daltern. BSee Fig., 14 Modulation percentage is then calculated
from the formuls

A -B

Per cent Modulataion x 100,

A - B
whore the dimensions A and B are proportional to the crest and trough
amplitudes of the modulated carrier wave, respectlvely.i This method is
Particularly suartable for measurements of short bursts ¢f modulation wherc
meter responsc would be too slow for accurate indications. It 1s possible
1n such cases to form a mental image of the trapezoirdal pattern and determine
thc percentage modulation very closely. This method alse 1s desirable for
the determanation of the combined peak modulation percertage when more
than one sudio frequency is wmpressed simultancsously on & single carricr.

The sceond method 1s termed the d-c/d-c method. This neme 1s
derived from the fact that dircet current is established as a reference of
r~I level and the level of the demodulated e-c¢ veltage 1s relaled to per-
centase moduleation as indicated, in Fig. 1B. This method has an advantage
in thet peorecentage of meduloation is derived from the readings of precisicn
instruments, and 1s not moterially affected by noise signals. However,
this melhod 1s velid only for audio wave shapes possessing a symmetry such

1
Radio Amateurs Handbook, Chapter 10, 1957 Edition.
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that the nosative half-crele time i1ntegral 1s egial to the negetave half-
cycle time 1atepral, ampressed en the carrier by linear modilating carcuits.
If i1hese condrt-ons are ot mei, sSoOmc iafccuracy may result.

DECCRIPTION

A plock diacram of the percentage moduvlation indicator 1s shown in
Tag, 2. The accsessorzes o the basic measuring equapment arz shom in dotled
lines. An r-f cuncr prosidss conbtanaous tuning through the 1086~ 1o 135-Me
bend. The 3.15-Me intcrmediate frequency (:-f) derived from the tuner is
ampiri1ficd aad Javided i1ato two branch circuits. Parl of the signal 1s fed
to ¢ demoduintor and pert to a 45-kc converver. The output of the h5-ke
converter 13 applicd to the vertical amplifier of an oseil.oscope. The
d-c portion of the demodulated siznal 1s metcored for = tuning indication
and to esteblish a reference for the r-f amplitude in the a-c/d-c method
of determining percentege of moddlction  The audio signal Trom the degodu-
lator may be switched to selective filters cs desired. After appropriate
‘1ltc.1ng, che signal 1s applied to the horizoutel amplifter of the oscille-
copz end to 2 VIVM. Fizmure 3 15 & photograph of the instrument with
associated transistor.zed power supply  The irterior of the unmit i3
displeyed uin Fig. 4. Figurc 5 15 a schematic wiring diagrem of the basic
instrument.

m H

Tuner and Frequency Converter

The r-f tun:r and frequency converter uwnic of an farcraft Radio
Corp. Type 15D VHF navigation receiver were sclected for use in thas
instrument. It was mcdalied to provide 2 manuel r-f gain ceatrol, vhich
15 1nserted i1n che cathode circuits of the two r-I stages, wh.ch controls
the bias of the tubes. The sensitivity of the instrumeat .1s shown in
Fig. 0, Curvc A The oscillator frequency was changed to provide a 3 15-Me
1-f. A rcsistonce-capacitor (r-c) amplifier stage rollowing the mixer
circuct feeds a 3.15-Me 1-T amplifier. The sceceondary of the 1-f transfeormer
18 shunted with & 22X resistor to extend the width of the reponsce curve.
The bendwidth 1s 60 ke at the 3-4b level and 10 ke at the 60-db level.
The converter consists of & Pierce-type crystol oscilletor oporating at =&
frequency of 3105-ke and link-coupled to 2 pentegrid mixer stage The
3.15-Mc intermediate =nd thc 3105-kc loecal oscillator frejuencies are
converted to a 45-ke signol, The L5-ke conversion wasg sclected in ordor
to be wathii the lincear operating frequency range of meost oscilloscopes
Low-copacity coble was usced to couple the cutput of the converters to the
vertical amplificr of the osecilloscope.

Demecdulator cnd Audio Circuits

A INTS5 crystal diode operating as a high-level detector is used
for the lemcdulator. The 2inearaly of the detcetor is 1llustrated in
Fiz. 7, whizh shows ithe 1nput 1n microvolts versus detector carront. The
output of lhe dctector is connected to o darect-coupied cathode follower
which 1s coupled to a headphone amplifier cnd a falter-switching circuit
The switching circult is provided for sclectang individual filters, the
combine tion of VOR fiiters, or the cormbinatbtion of locazlizer filters. Low-pass
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and high-pass Tilters scparate tne 30- and 9260 cps VOR signels zad a
10z0-cps lnductive filter 1s used to separete the 1dentification signel
from the composite modailated weve trensmitted by VOR or localiazer facilaties.
Tandem .nduct.ve filters separale the 90- and 150-cps leocalizer signclis
The outputs ol toth the localizer and VOR filters are fed to centering or

'ancz controls. 'Thesc controls permit compensation for the inequalaties
in 1nsertion loss of the filters, aud cre set in the laboratory. These
filuzrs are lecated externally to the besic unat to eliminet~ mogortie
ccupling bto the powzr tronsformer. The output of the filter switching
circwlt 18 counectced to a darect-coupled cethode follower which feeds the
audio signels to the oscillosccope and VIVM

CATLIBRATTON

In order *o preparc szecurate curves of percentege modulation versus
f8-¢ voloage for the a-c/dac method of measuring modulation, and to gauge
the accuracy of the percentage modutsztion indicotor, it was necuss«<ry to
kuow the percentage of modulastion of & test signel  To zecomplash this, a
test setup @s shown in Faig & was used. It consasted of two units of &
Booaton Model 211-A siznal generator (A and B) and r-0 amplifier, on o-c
voltueter, d-c voltucter, sudio signal gonerator, detsctor, and wave znalyzar.
W.th toth signal generctors operating on crystal-controlled fredquencices
neer 110 1 Me, o best freguency of spproximately 2000 cps was obtained.
Modulsting th:» low-lcwvel 211-A s.gnzl gencrator A with 1000 cps from the
audic signel generator resulted in o signel ot the debeslor outpub containing
a 2030-¢ps carrizr, o 1000-cps lower sidebend, and 2 3000-cps upper side-
band. The gain of the wave anclyzcr was adjusted so thet 1t indaicsted 100
per cont ol the 2000-c¢ps carrier. The sum obtazined by adding the percentoge
reading from the wave analyzer of the upper and lower sadep-nds reprasented
the percentage nodulction of the 211-A signel generator (A). A d-c volt-
meter wnd an a-¢ voltmeter were conuescted permanently in perallel ccress
the screen grid =—nd ground of the H4K5 output tube 1m the low-level 211-A
sigiel pencretor (A) With the screen graid cperating at 140 volts d-c,
rceordang the a-c¢ voltage for various percentages of modulation a3 measured
by the wave anclyzer provided daba from which the 211-4 signal geaseraior
(A) could be modulated to o known level. From these data the 211-A signal
generator (A) could bte modulated aczcurately from 0 to 100 per cenl with
ary audzo freguency to provide o tesh signel for calibrating the percentage
modulation indicator.

Using this method to provide known percentage modulation inputs,
and obtalning a-c voltage readanps from the demodulatcd output of the
nodulciion indicator, curves were drewn for a-c wvoits versus percentage
modulation for VOR and localizer signals, These are shown an Figs 9 and
10 No apprecisble changc 1a the calibretion curves was noted during a
pcriod of six months of bench testing

With thas same signal input to zn coscilloscope, to obtain o
tropezordal poticern, another curve of percenteoge meduletion versus divislons
of beam deflection was drawn, as shown 11 Fig. 11. With a 4O-division
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deflietion for the raximum, and reading the minimum deflection, the curve
shows the percentae modalction 1t 1s impocstant that the csecilloscope
cnd VIVM used with this cquipment be aczurate and reliable in order to
obtain precise ueaslrements A Durmont Type 2559 osecilloscope and a
Baliwntine Type 643 VIVM werc usced for all tesis described in this rcport

n1-1 filter 15 required at the input of the VIVM 12 order to roduce
spurious r-f pickun The filter conslisted of & scries choxke of 1.8
micronrnry azad o 130-micromicrofarad cepacitor shunted across the VIVM
npat terminzls.

ACCE3SSORIES

Antenae

Norma'ly, a horizental dipole, a Yagi, or = V-type antenna will
provide satisfactory signal pickup when the equipment 1s operated at remote
locatrons The anlemne impedance should be suitable for operation iuto &
J2-ohm trensmission ]ine.

Tunablec R-F Amplifiers.

The need for additional r-f maplificetion was desirakle 1in low
g1gnal arcas. A second tuner of a Type-15D Aireraft Radio Corp. VHF
navigation receiver was modified to provide manual r-f gaian control. This
was accoriplished by varyaing the cathede bias of the two r-f amplificers
Th: osecillator tube .nd the mixer circuirt were couverted te a catheode
follower, as shown in Fig. 12, The output of the cathode follower is
coupled to the bas:c instrument with low-capacity cablc Figure 6, Curve
B, shows the i1ncrecse in sensitivity wich the oddition of the tunable r-f
amplifier section.

Crystol-Controlled Receliver.

Provisions 2lso were made to couple a broadbandzd Collinz 51R-3
navigation receiver te the bosic instrument which i1acrcascs the scasitivaty
to 5 microvo_ts. The receiver 15 desirable for measurcments of modulation
pereentage of communzcation facilities because of the diffaculty in adjgusting
a2 monual tuner to the center frequency on transmissicns of short duration
However, the continuous tuier 1s satisfretory where ceontinucus trensmisslon
oceurs, such as on navigetion facilities

Antennc.-Converter Unat.

Figure 13 shous an antenna-converteyr unit which was developed to
reducc 1nterference caused by treansmitter leakage when the measuring eguip-
ment 1¢ leocated within the transmitter building. A schematice diagram of the
unit 15 showm in Fig. 14 A 6.4-Mc crystal was selected for the oscallator,
howcver, this frequency is not criticel Since the r-f tuner does not
tunc below 108 Me, 1t 18 necessary to tune the percentage modulation
indicetor to 6.4 Mc above the station frequency  Tuning the percentage
mcdulation indicator to & 4 Me above the station freguency eliminates all
stray r-f pickup
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TESTS

VOR Faicld Tests

The first of these tests was conducted on a four-leop VOR with the
percentage mecdulstion indicator CRC and VIVM installed in an insbrument
truck The antenne uscd in these tests wes a V-type, mounted on a 10-foot
mast. Measurements of perceutage modulation were made at a number of
locet1zas betwesn 30 and 800 feet from the VOR The results showod uniform
wndieatinas of percentage modulat.on at all distances beyond 100 reet
These data are shown in Faig. 1s.

Operation of the equipment within the transmitter building and with
the V-antenna located at the edge of the counterpoise resulted in errstic
operation of the indicator due to spurious r-f pickup in the transmission
line connccting the V antenna to the equipment, It was this test that led
to the development of the antenna-converter umit. With this unit at the
cdge or the counterpoise, 1t was possible to locabe the modulation .ndicator
inside the ouilding, and obtain repeatable reedings 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 percentzge
moduiation measurerents made by the twe methods.

Moasurements of percentage modulstion with respect to azimuth a2t
the counterpoisc edge of en experanental four-ioop VOR produced some inter-
csting data which ere shown in ¥ig. 1{ Of particular interest in this
test was the uniform radiation of the 9.96-kc signal a5 compared to vari-
ations of the 30-cps space modulated signal It is5 believed that the
variation of the 30-cps signel 15 caused by misalignment of the VOR antenna
crray. These data were taken with the antenna-converter unit mounted on
the cdge of the counterpoise and the measuring equapment located i1n the
transmitter buiiding

Loecalizer Field Tests.

With the percentage modulaticn indicztor instolled 1n an instrument
truck, data were obtelned frem 2 normal commissioned locallzer at a distance
of 1,200 feet A symmetrical pettern of modulation existed as shown in
Fiy. 18. The difference in percentage modulation, due to sadeband sntenna
ilobes, 1s plotted 1n decibels versus angle off-course, and also difference
in depth of modulation {(DDM) versus angle off-course in Fig. 19

Irapezoidal Patterns.

Several cxamples of trapezoidzl moduvlation patterns, photographed
dirccetly from a cathode ray oscillosceops for different types of tran#missions
are ohown in Fig. 20A, 20B, 20C, and 20D

Flight Tests
Flight tests were eonducted with the equipment installed in a DC-3
gireraft using a Collins 51R-3 erystal-controlled receiver coupled to the
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pasic iastrumenc. Messurements of percenizse modulstaion usinz both the
CRO end the VIVM were made Those flight tesits indiceted thet some pre-
coutions are necossary to prevent proocller rodvlation inserfercoce. The
arrcreft usced for these testa was equapped with thres V-ontenncs  One
aentennt was locnted well forward on the fuselege, one pear the maddie, and
one on top of the vertical stobilizer, Meesuvrements madc on the texl
V-ontenne verce sdenticsl watkh those mede 2n the laborabory on the szme
foeility with no noticceble propeller modulotion This wos brue rogardless
of tho Jdirection of the stat.on wath respect to the aivereft's headang.
Some propolilsy medulstbion vas evadent vhen the middle V-ontonns wos used
and when the teansnitiing station was in the direction of the cairersft's
hecdinz. The forverd V-anienns was not satisfectory for recepsson of any
stetzou because of propeller modulation, regurdless ol mireraft hecding

CONCLUSIONS

It 15 concludcd that the percentage modulation indicotor operating
in congunsbion wath on oscillicscope snd VIVM, 25 disceoabed in Lhis roperi,
15 sviferenlly poourete ~nd relishble for the messurement of meduletion
levels of VOR, locelizor, and commanication fueilatics while thoy are an
normel operaticn

For sccursto messurcments within the VOR tronsmitier building,
1t 1s <asomtial to use the antenna-covvertcr umit  When using sn snoonns
whaich doss not hove a converbter, a distence of 100 feet or groater should
be meanlained from the facilaty.

Setrefretory moasurement csn be mads walh an r © signel level as
Low as 300 muicrovolbs when using the basie unit, 18 microvolts whon using
the r-f copliiier, mnd S microvelbs when using The 5IR-5 receiver.
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FIG 4 PERCENTAGE MODULATION INDICATOR (INTERNAL VIEW)
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