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Abstract:

Discriminators have been in wide use in the fields of FM radio and automatic frequency control foy
several years. Several articles have been published concerning particular applications of discriminators
in which detailed analysis has been included, The purpose of this thesis was to present a simple method
of obtaining the approximate, operating characteristics of the common discriminator circuits, and to
compare the principal types with reference to their chief applications.

Three discriminators are described in detail in this thesis. These are the basic circuits used in most
commercial work. The tests on each of the circuits include, determination of linearity, measure of
sensitivity, ease of adjustment and dependence upon tube constants. The comparison of the three
discriminators on each of these bases is included in the summary, The varied purposes for which
discriminators are used make a general comparison of little value. Each discriminator has particular
characteristics which make it more suited to one use than to another. The circuits discussed are
compared on the basis of each of the chief commercial applications and the relative advantages and
disadvantages of the, circuits for each application are considered.
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- ABSTRACT .

Pisoriminators havepbéemwiﬂ~w;de uge in the fields of
T radio and automatic . freguency eontrol foy. geveral.years.
Several articles have been. published concerning . @articular
applications ¢f discriminators in - hich aetailed analysis has
been included. ' -The purpose of this thesls was to presen% a
simple method. of ebtaining the appraximate eperaﬁing characﬁ=
veristies of- the common -diseriminator aireuits, amd te compare
-hhe pring¢ipal types with reserenca to their @hi$f appllcae,'
tiong. _ _ :

Three. discriminaﬁors are deseribed in detail in this
thesis., These are the basio circuits us@d 1n mo st eommeraial
work, The tests on each of -the eirauits~inclnda_&aﬁerminaﬁ;an
af‘lineariﬁy;~measufehm£*sénSitiYity,uaase.afsa&justment and
depéhaencevupcn'tube~béﬁet@nﬁae,-%he camm&riﬁén of -the three
dﬁscriminators o aa@h of: thess bages. 18 included. AR ‘the gun=
mary. - The varied purnases fox which discrimiﬂatars are. used
make a geneval éomparison of ilt%le-valuee -Qachqdiagpimiﬁator
haa~particular~ch&racterigtiGSewhich;méke iﬁ-méremsuite&vmo
pne. use %hén ﬁo-anathgre\-whep@ime&i$sﬂdiacuaaedwgfe eompared
.on the basis orAeach of the chilef commercial apglieatians‘anﬂ
the relative. aﬁvantagas ana disadvantages ef the,ezrculﬁs for

each application are aansidered
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INTRODUCTION

In literature dealing with Siseriminstors, and fire-
guency modulszted eq&ipmenﬁ?in-general,fsavar&l-abkreviati@nﬁ
are used which, while not accepted in ouy- general .English
Yooabulary, are usa&~ta-éave-writimg'time-aad-sggee; .¥he
letters P are umzvax@axkyluae&;waven by~ﬁhe'genarakﬁ§gblieg
ta mean frequency hodulation,. Similarly throughout- this .
| thedis  the gbbreviations &ﬂ-@Qﬁ-ém@li%uae'maﬁaléﬁiomg;aﬁﬁ.?ﬁ
“for ph&sé*moaulati@nfwill-beAused@-ASnadealiﬁgﬂﬁiﬁh'Gmupled
cireuits the “Q“’fa@@ér,iﬁhe-éafaalle& figﬁfe~af,$éri§y'sf:a
ceil ‘is found, amé-in»ﬁﬁe'?émain&ér-df.ﬁhi@ text will}%gfused
#ithout explanstlon. -Other accepted abbreviations, mieh as.
ke, for kilosyele, as are used in- the fi@lﬁ:ef~fadia éngiﬁaere
1ng;~&réiaa&ﬁmaﬁ ®a~b@9well“knawn.ﬁhﬂth@/%e&ﬁérau'-: | |

the aim: of the research leading to this %hesiggw@ﬁ;ﬁh
ob%éin»inf@rmé%ibﬁnas-ta the. relative mewﬁta»aftﬁammereiéi'.
digerininator cirouits, and’ to determine basie inforagtion
about each-of the important %ypeg;f«%hetaﬂhéétheeﬁdaaﬁéi&ér»
sblé researon done on special applfaaﬁiaﬁﬁ of gircults: stud=.
fed in this thesis but’'to the knowledge of. the wiiter, no &rts
icle hase Peen written in which & agt&iie&feampariﬁan~éﬂ &%t~
é%imimatérs'haé~baem*maaé;‘-rﬁ the “ﬁiﬁ%&aﬁﬂﬁa*ﬂi@eﬁvﬂmﬁ'Q@mn
sumtea“:SéatmenJuf'%ﬁisitheéia”%ﬂa;méétaimpawﬁ&ﬁ%LW@ﬁkg in ﬁh@
field of deteeﬁion of:ﬁm-aaa;g&tama%ie frequeney ceontrol are

found., These are the two most widely used applications of the

1




diseriminator.

Diserluinators were first used by Travis and by Foster
and Gesley fop the purpwse-of-aﬁtaining'a'means,affbdﬁ£WQ1;
| Lling Frequensy af’@aeiilataraiaﬁ%@ﬁaﬁia&liyﬁl59.@ﬁaﬁha.?e;=
celver tuned o & ?&rtieul@rbﬁta%ﬁéﬁ W@ulﬁﬁrémaiﬁwégﬁrhéwﬁﬁaé*
queriey of the desired trahemitier; even ‘though thers might be
changse in eireult. constants of elbher the tr&néﬁi%ﬁe$<o§,$e;
eélvers Their work was chisfly of an'exp$r%menﬁa1'aatu?ei
Lajer ﬁh@ éirauits ufed were analyzed by Roder; ﬁaffa and -
ﬁﬁn%rn %0 that. tne diﬁuriminat@rg could be imprbvsd in linear=
1ty ahd sensitivity. This thesig shows ?@%ﬂ-ﬂ%%caaﬁh@ﬁ&'af
T analysis and vefinements on the methods of eariier?wrgﬁarﬁg'
which juéﬁify'ﬁhé~experimentai %eéulﬁﬁ‘nbﬁainéé-é§é~aiiaw
anslyticsl ecouparison df-%he-ﬁif?erenﬁﬂtypes $taéiéd§

The data used te plot cuwves, and for other comparisons,
#ag obtained ag a result of 1&5@ﬁmt@@&'wé@k ed the'nartieular
. crouits shown., In'sll cases thie equipment was BuiLe by the
bwriter, a8 commercisi equipment was nok available nere, and .
in meny cases was not to be found on any‘éowpanieS? gales list.

In general, the laboratory worlt precéeded the analysie.
This seemed to be the most logical approach to the problem
since in this way the actusl experimental comparison of
nparﬁ%iﬂg.qhéradﬁérigtica'wﬁe gbtaineaﬁ.and”waa then followed
by analytieal proof of conclusiong made pn this experiééntal

basis,
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DISCRININATOR FUNDAMEN TALS

. Thers are ﬁhree-basiéféﬁpéa-of disdriminatar'@iﬁcui&s,
each of wﬁi&h'haa been:medifiea'many timeg for particular
purpéses. IThe first one considered in this thesls will Ve the
eapacltlve coupled type generslly Rkriown as tne-?asﬁ$§~$ealay
eipeuitou The seeénd,t&pe referred to ag the S@eiayeﬁimballm
Barco discriminator aepenéé on reéist&noa?c&paéi£y ﬂetwérks
and the Last is known as the Pravis cirouit, althau@h it is
'sometimas veferred to as the Grasby diseriminatos, Iﬁ de- .
pends upon-induetiva coupliag farltfansfar=ef @awar@,.

: whe‘fréquenéy at which & diseriminator is designea o
operate is depenaent upon the application to whieh. 3t 1s ﬁa
‘be applied. ‘In all. the laboratory work done in aannecti@n fﬁ
with this renart-a~center frequanav of 500 kilaeycles wxs *
'uéede This would be a common frequency for automatic fres ,
queney eontyol, an& Wae appr@ximataly the intarmeﬁi&ta frea':
quency -used in. eayly P reaaivers,- In later raﬁeivers*&_~
center frequency in the qrder mf 5 me@aeycles wa.s uaedo- %ith
the. recent cbange in F G G allocation af frequeneies in |
which the #H band was changed ta 88vte 108 meg&ﬂyeles, new
center fraqueﬂcles are uéedo The intermediate freqaency must
be chosen in 2 ?M ?eceiver-te obtain maximum image rej@ction

80 a center frequency Qf 1@ 7 megacyelaa is rea@mmemﬁe& by

the Rﬁﬁe
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The analytical work done inm cireuli analysis is not
dependentuupon the particﬁlar fréqﬁehcy echogen: howevey, 20
there is no. loss of genarality An the, results obtalned, For
tha 1aboratary equipmen% available 1% geemed advisable to
use a 1ow resting freQﬂeneya In some. capes lAdiscriminators
have been'eanstructed for use in the audicmfrequenay_band 80
that -there 1s no general or acbepted reference for all”mseaa

A shomt dimseussion of the eharacteristlcs of diode
véeuummtubea i inclu@ed in this work, The effective resist«
ance of these tubes is of sucﬁ‘primeﬁimportance_mﬁ the ‘anal-
_&sis'of'all &iacrimiﬂater circuits that the Writéf~cbn§iaered
thia aﬁdiﬁional work ne¢essary to make the expl&naﬁiong -come
pleﬁe. For commereial applications all circuits must be s0
cens%ructed that changing %ubes will.ﬁot sewiously'affeqt
oparation, or 80 that the ciraaiﬁ may be readily adjusﬁed to
aempensate for any difzerenees that may—be-founﬂ in the tubes,
In addition to actual ehanges An tubes 1% 1s found th@t the
aging of tubea.has-some arxeetronitheir charaaﬁeristics,
partigalarly in the case of éiodéé, ?he;emissiéﬂ of a tube
tends %o be less as. the age 1n¢§eases, aﬁd this effectively
increases the equlvalsnt regiatanee tnat the tube presentso

In cireuita such a8 th@ SeeleyeKimba11¢Barco aiscvim&nator

1. Western Blectrie-aet AN/?@G«l uged a centar frequenay
of 2125 cycles for automatic frequency- eantrole
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where the operation 1s-aependanﬁ'upoﬁ-time conatants,  the

change in tubé-ragistgnea may radieaimy-alter %havéh&racter=

istics of the clreuitb.
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THE FOBTER~-SEELEY DISCRIMINATOR

In a study of characteristics of any discriminator,'the
linearity with which the circuit.repnoduces.intél;iganee from
the fregquency modulated wave is of first importance, Ior an
analysié-Of this characteristic it need only be known what
output voltage is produced by a series of sinuscidél waves,
a3 any complex wave may be analyzed into a serles of sinu-
soidal components. In the case of a P Wwave the analjsis
tekes the form of an-infinitérseries of harﬁqaiaﬁ t@éather
with a fundanental frequency., The harmonics aiffer from the
carrier or fundasmental frequency by integer-multiples of the
moduiatimg-rrequeneye 1

In the laboratory test of the liaeariﬁy of each dlscrim-
inator the procedure was the same. A geries of measﬁmemepts
of output voltage as a functlon of sinusoidal input frequency
were made. A graph of thesze pointsAQhaulﬂzgiveAa st?aight
line for a perfeet-discrim;natof,-sinee~it is desived that the
-digcriminator output shall be a direct function of the amount
by which the input frequeney differs from the center fre-
quency. | | o

' The series of cdives of Fig. 1 Qhoﬁ-the»aetual~a@erating

characteristicsiéf the-pireuite= The discussion which follows.
explaing the method -'ﬁi&ie‘%it':tay obtain. the curve labeled “computed

output", While the agreament of the experimental and calcu-
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'l&§9ﬁ=Eaﬁﬁhﬁ6~iﬁ”ﬁmﬁ”@@rfﬁﬂﬁﬁ<iﬁ‘iﬁw@&“h@wﬁmteﬁwth&ﬁnﬁhE-ﬁ@u
via%ian;ié‘1nv&wraqggJWﬁmdh.iﬁwnpmlimgarqabxﬁhﬁﬁmﬁhismpagﬁign‘
is of no vaiue»aawa-aategﬁmra-=fhéw%waunum?egwag®aa¥within
legs than 1% ovey the tseful range of the eiveuif. .

E@r‘pracﬁieal yurpgsas “bhe. useful frequency raﬁge, in -
which -ddetortion. ie. negligibleg ig-gf emnsiderabla inﬁeregtﬁ
Experineatal results indiaata.&h&t.fartﬁha parbicilar clreult
teogted this widih iswaggraximaﬁaiy~8(k¢°,-ﬁhaﬁ thlg de-coms.
pared with the éxpewimemﬁamly'&e%érmiﬁéﬁ~ﬁépam&%iénqaﬁwpeaw
ontput voktage points, it is umoted that tha linear part of
the -eurve -1g. glightly less then helf the. t¢tal widtho ,ihiﬁ
agrees favorably with the‘wcrk of others. :

Hinee the valus gf f#éqRenay r&mgeain~kilo@y@i§s-i6vqf
l&bﬁ&e~aigmiﬂiéanaenwiﬁh@&t‘a.fixed-andwﬁpacifieéxgenterwaﬁ
resting fTrequency; the ugmal“méthod~a§=qomp&risonxig'by ghat-
iﬂguﬁhelﬁﬂeablgmﬁangewiﬁ-ﬁéﬁmgvai the @'s.of ﬁhe-céi;§=am&
therneﬁﬁer frogueney E. -In-the'p&rtiéul&ﬁ-aige@iminatgn
tegted. the § oF the primary and secondsry poils wag the same.

The geparation of peak volizges meapured in’&il@eycies Wag

pogneseassosdanissmioe o

"i, Sy 173 To at.msst 2/3 cf The" meak Sep&rdﬁiﬁn range
is normelly lingar.Y F., E. Tetman, 1943, RADIO ﬂMCIﬂEEE S
H&NDBO@Ka MeGraw-Hill Book Co.; N Yo, D. 5860.
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-Where‘the subgeripts p and ¢ indicate primary and secondary.
Hmnd~% indleates that the width of a theoretleally pearfect.
disorininator would be the above exopession With the 0.8.res
plaeced by 1. This work 1a based on the aasumétian.of eritis
cal coupling however,.so the result would be high when com-
payred to actualk -edreuiis, - It would not be likely iha%»eama
merelal dlseriminators would he degigned with critical coup-
Ling, sinece a small error would allow. coupling to. exceed. the
eritical value with the result dhat sscondary current and..
oltages would no longer have a -slngle maximum. ‘The double
peak of -a- tightly coupled eclroult.is noet sgtisfactory for a
diserininator transformer, hence lt»is-beﬁter to - sacrifice a
1ittle-iﬁ.ba@dmwiﬁth»ﬁe~insureulime@f‘mperatiam‘in;tﬁélc@nm&r
pars of the responss. curve, '

Fig. 1. shows %he effect of iatroducing amplitude modus-
lated waves rather than the pure sinusoldal wave shape used
in the tests described in previpgus parvagraphs. Ik 1g observ-
ef: that la the Linesr portion of the. ourve the effect. of the
addltdon of A -is negligihle. - Thig may be most easlly. ex-
plained on the basis of the components of an AM wave, The

expregsion for the current of such a wave 1g

T BUgUst Hund, 1942,  PREGUANGY WODULATION, ~HeGpavw-Hill
Book G9., ¥, Y., D. 204, RN <




I, = I ein 6,28 Ft.%_o°5.xg:m.{jsmn'[éoegggF'% ) t] £
sin [6.28 (F - giiqg;,,o; 2.

" ) . . .l ,
where K 1s the modulation index. In this form it 1s seen

that the upper and lower side-bands occur at frequencies of
(F%f) and (F-f)  respectively, and that they are of equal mag-
nitude. -This indicates that the net effect on a bélaﬁeed dis=
criminator will be equivalent to that of a wave of magnitude
‘aouble\@na@tcf-éiﬁner aiﬁeaband:andmaﬁvﬁ‘frequméy miaway-ba=
tween thém, mhich 1 the frequency of the carrier. - Fyom thig
it is seéen that in the reglion where themﬁi@a-baﬁééudéun@hafall
in-aurved,parts;ufnthemcutput'ch&raatérisﬁias, an‘aépliﬁuﬁe»
madu}atéé wave . will produce the gazme output &g a ginusolidal.
wave of equal effecbive walus., Thig le verified by the test

- data,.

. Tests of distortion of wave shapes in each. discriminator -
conflrmed tne-wasu1t$wof the linearity test., 4 signélfgeaﬂfa-
toriused 46 produee HU sutput was cobnnected to the input. of
the .digeriminator. - The output of the diseriminator was then
connected through an electronic switeh to the vertical de-

flecting plates of a cathode<vay oselllograph, and to the

17 This exprossion 15 4erived Trom Bhe peneral equstion
Iy = Ty (1 £ K coe 6.28 £1) sin 6.28 F4 Dby expansion
and uge of simple trigonometric subgtitutions.




- 15 -
pecond @haﬂgel of the electronic switel was connscted the
original modulating veoliags. f@himfallawed a- visuel compari-
son of the ar&gimal,wavé.aﬁ&-ﬁhswaﬁtput_from-@he‘girGait@
Fith no distortion.the waves. .should @e'pewfe@@lylsﬁgérimpgsed
ana~when-%he-mégﬂiﬁu@e'af»zhe.moﬂula@ing voltage W&é~suah
that the discriminator wasg ariven to .a nanlinear part .of its
operating curve, ﬁisﬁartien»a@peareﬁ,~ The signal geuerator
tsed had a sensiktivity of % &e./ wvolt of modulating signal.
To obtsin a frequency-deviation # 4 ko., which is the Limit
of 1mmaar-ggeratiam of -this &isﬁrimimatqr,A&ha;éffeétiva

value of ase~in§ut.9igﬁal vequired Was .%% X ‘?&fﬁ‘ﬁhiﬂh

is 0.942 volts. This voldage ga#e'a-reason&biéﬁgcad repro-
duotion of the iﬁput wave, bat when the input sigﬂallwas,ina
creased ta-loﬁ,valt.aﬁd.abovéa distortion oceurred,

Teste of this'part_wewe'limiéad.to modulating ffé@uehuieg
of 60 oycles.  This low audis Trequency made the agéiysisraf

the sids-band components: simple since with very lavse values

AT . b » fni A
-ofwvm%m~, all significant sidé-bands may be cousidered as

1
belng contained in & band width twiee A P .

. ,:1 .
1o

Y. Rugust Bund, 1942, PROGUENGY WODULATION, WoGrawsHill
BGG;{ @,ﬁe, N‘lo y:oy‘ po 283 . ' ' ' ) /'/;«/J/’/ZJ(‘ ?
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ANALYSIS OF THE POSTER-SEELEY GIROUIT

@he comblete eircult diagram of the laboratory model of
thisfaisc%iminatof is shown in PFig. 2-a. For frééﬁencies
other thah 500 -ke. the values of e¢cirecuit elsments would vary
gomewhat, but most comméercial applications of this diserimina-
tor use thils ecirouit layout with few modifications. The snal=~’
ysls is on %Ee‘baéis of equivalent eircuits, which are given
in Fig., 2-b and c. - The sketch of Fig.. 2-b is essentially the.
" game as the actual dlagram; with the Yimiter replaced by an e-
qulvalent génarat@r, and'the apprapxiate-by»pasé condenser
added., The last part of the outpwt filter has alsélbeen omite=
ted sinece it plays no part in the actual operation of the cir-
eult, | |

Several articles have been written conecerning the basie
operation of the Poster-3Seeley discriminsbor, and some dige
crepancies exist aé to the relative phase-of the veltages in
the cipcult. It seems desirable therefore, that the complete
action be explained so that the experimentsal data may be con-
Flrmed.
- .. ‘The.basic theory of tuned-coupled gireults is completely
digeussed in several texts. . ‘the work of Terman 1ig peferved to
frequently inlthe'fallmwlnﬁ @aragraﬁhao;ixn almosat all .cases
the .equatlions giwan'areﬁbaaed,qn‘&'seriés:exéitatian in the

primary side of the c¢ireult, as shown in Pig. 3.
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duo! Circui t Diagranm

ZrdG £ - a

Simplfic] Dtaqrom Fom valent Diagram
FIG B-b v FtG z- ¢
Vector Diagram Fguiiyolent Circuit
FIG B - ¢ FIG 2-c

FOSTFR- SEFLE Y DI5S5CRIMINATOR
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Baalo Tuned-Coupled Circuit.
Fig. 3

The equation for the magnitude and phase relations of
|

E2 to B as shown in Fig. 3 la

voltage across the secondary condenser - = -
voltage applied In series with primary
4 s - 3.
/7~ (- X-Tnl; /
.here r = ~sonLtlrequelLy " k= coefficient of coupling

and Qp and Q8 are Q1s of the primary and secondary coils, re-
spectively. This equation cannot be directly applied to the
discriminator to be analyzed since the discriminator is based

on a parallel excitation and Bl is the voltage across the

1‘ £
Voltage relations iIn Tuned-Coupled Circuits

Fig. 4

TI F. E. Terman, 1943. RADIO ENGINEER"S HANDBOOK.
McGraw-Hill Book Co., N. Y., p. 155.
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condenser: Oy .. The- circuit and vector.dlagrams of Fig, 4 show
the relationship ¢f~val$@&es‘far‘th¢'aand&@i@a~afsr$smn&mae~and
for a frequénqy-%QlowAthe,resénan% freguency. Fig. 4-a i
sssentially the same as‘Eig;,E\with.giragiﬁ alemeﬁﬁs‘r@aﬂrang»
- ed ta'maka.eemparisan-wiﬁn:the‘aatualfﬂisariminatarweaviﬁr.

The - veltage : 18 the driving voltage in the prbmary coll, snd
at resonaent frequency would-lsad By by 9@° ‘since the ourrent
at pesonance. is inv@haga‘wiﬁh~theuvaltag@.saurmejtﬁ,-and the
veltage drop acyoss & condenser is 99Q~behiﬁd %he~eu§remtr
through i%. Veltage.Bp ig. ghown 180% hehind %, a5~Waﬁ,inai~°
gateﬁ;by-aqu&tism;ﬁuw This m&heﬁ-@he-twa vwlﬁa@egfﬁi}and'ma@.
used in the diseriminator anslysie, have & 90° relation a5 is
shown in Pig.-4-b, :

&g the frequency Is. reduped below tis resenant wvalue, the
phase-rslatidnlbatween E and W, changes slightly as Ls indicat-
ed in-Pig. 4-c. Thls change is small since the Q. of -the cip-
cult is rélatively low. The @ is intentlonally made low..zo
that a wide frequemey deviation is possible. fThere is-a de-
cided . chanqe in the phage relation betweon B By and B,  howevey,
ag is imdma&téd-by equation. 3. - Phe value. of r in Lhig equs-
tion is -reduced tp less than ome, .and the phase of the enbtirve
expression is such as to make the anglé beceme-greatér than

2

180°, This change 1s a funciion of 7 go the phase @hahge.

indicated as @ on the figure is .muech greater than the change
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indieated ar ¥ which was discussed above, The net reswlt is
. L@ maka the.@ngle‘betweanmmluaﬁa 32-1659wﬁﬁaﬁ»9ggb

In analyzing -the.gotion. of the‘disgrimina@ay~i$-i§~mara
ﬂ&ﬁ?&ﬁiéﬁﬁwta'&B&-ﬁhewveltagewﬁi-aﬁ a reference, and this is
-'dQﬁg~ma»the~ﬁmagram.mf~ﬁig@,Eaﬂ.rgfamme&'ﬁa previously. For
frequencies less than. the. resonant value, the voltage vela~
tions are indicated, It -is 30 be observed that thé voliages
agroge. the diedes are the sunm Qf-Eiwﬁnﬁ‘ggm .siméé only &alf
of By -is effective. from. elther ai&e-te(ﬁhe—aenter”@a,q

. The -veglor dlagran indleates thet the voltage across
Glode Dy 18 greater than the voltagsé across disde Dy and that
the output will then be positive as measured from ground to
the ocwtput terminel. This agrees with the experihpentsl data
f@? the ecolil polarity as. shown.,. .

The computstions grém.Whiéhtﬁhe-ealcula%ea gutput curve
wae obtalned were made using the. sketeh of Fig. 2-e¢ as the
eireuit, In this part it s to be noted that all the Filter
elements have been omitted, snd that the voltage E; %8 placed
in series with Ry. This glmplification of Figﬂ:a;g ig pog-
.ﬁible«%iﬁﬁ@'thenﬂhﬁ“ﬁurﬁﬁﬂﬁ'Q&ﬂﬂ@t-flﬁwa%hrﬂugEVGE@'ﬁhé block-
ing cénﬂensera The g-¢ current which sirculates through ¥, ,
65 atid Ry -in Plg. 2-c causges tha'valﬁagejﬁl to agpeaééaer@sa
Ry since the reactancy of GB'mﬁ-smalla iTh@ final result is

the zireult of Fig, Qwe;
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' The resistors EB and ﬁ4,are thie load resistors for the
twe -dlodes and are 0.1 megéhm‘eaehe .Thiévhigh-valy§iaf Pge
sistance Limits the currsnt flow threugh the-diaqgéilaﬁd
makes the voltage loss in the tubes very small. Y%be Agubes
are assumed to be perfoct in the anglysis which | fallaws,
sinee the resistance which they present will be negligible
compared to the high load resistance. ;f:- 

The~vemiator Ri» wvhich in gome cireuiﬁgvi§:¥épié¢&d.by &
r-f choke, had a resiatance-af 50,@9@-chmsvigyﬁhéféiﬁsumt
tested. At radio frequencies thé résiatanqelﬁl i#zéffectivaf
ly in parallel with the resomant primary eipeuit. fhis al-
lawe El to be effecﬁively gorogs the resisgtor, and makes
analyeis pqsaibme on -bhe basis of the equivalent cipeuit
shown, GClreuits which usé¢ a cloke for this purpose have an
element which haa the effect of detuning the pniméry-tank,
and also one which h&d a variable reactance to different
frequencies., The possibili@y of resanance ba%ween a -Ghoke
and aapaaity O algo makes use of a resigtor mmre deﬁirable
than use of the choke. ‘The reglatoy does, of aourae,~r$auea
the d-¢ output of the eireuit but it is uged in many commerc-
1al applications deapite this limitation,. '

The 1limiter holds the input ta-%ha‘disarimin&tor con-
stant, in the case of the. circuit tested, to a valu$ of 5 |

volts. The vmltage aoroas the sec@aa&ry depends upan the
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soupling between thefeéilﬁ-and.ﬁhs turns ratio, ag well ag the
relative Q's of the twe coils. For the laboratory model the
Q'e were méésured by the half-impedance points on an impedance
frequency curve and in both coils were found to be 22.4,

The ecircult analysis which was ghown previously. indicates
that the series voltage applied in the coupled eireuit must
vary 1f -the voltage By i&s to remain fized for all wvalues both
above and below the. resonsnt freguency. Fé? a@@?@ﬁimaﬁe anal -
ysig the assumption may be made that this varlation is such as
to- held the voltage EQ fixed also, provided that the deviatioﬁ
from resonant fréQUenﬁy i small. This is confirmed by the ex-
perimental data. With thig assumption it is.to be seen that
the phase angle between Ly . and Eg.ig-tﬁe only variable, and.
this is a fungtion of the § of the circuits. 5inﬁe the §'s of
both clrenits are the -same - in this case it is agsumed that the
phage angle varles with thafimpeaanaé angle of tﬁé:éeeon@ary
cireult, and that the angle between Wy . and Ba differé from
. 90°, the angle of’résonance, by this 1mpeaance-ang1e;

The phase relation betwaen the-voltages-aeﬁoss d1ode #1
- and diode #z‘isvnoﬁnfixed-but it is &ppfoximaﬁelyigwquat-all
ti@ee if the magnitﬁ&es of Ej-and %gf are mearly-equai, MWith
this additianalffaet‘it-is»paﬁsiblevt@:pcnsidﬁr~ﬁhémourr@n§»
flow. through the twa=d&odas-imdependemtiy. éhistaégr@ximamion

involves some error due te the complex volitage drop across Ry ;
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however since By is conelderably smaller than the load resigte
ors, the error invoelved is small.

ﬁér’a;sgecifid-exﬁmpievQfa%he-use af'ﬁhe.equationa‘inﬁim
cated and developed above, the frequency of 495 ko, will be
congidered, and the agtual computations of the ouﬁput.vqltage
will be shown, The vesistance of the secondary. coil is
asgumed constant over the small pange of frequencies uged in
the ecireuit, and equal to'l?ﬁ-qhgﬁo This value is obtalned
from knowledge of the Q which is agwéa-theféeewndafy 1ndﬁat?
ance of .24 miliihenry and theLrée@n&nﬁ frequency of 500 ko.
&t 495 ko. the value of X, 15 3855.6 and X, is 3934.9 ohma,
The difference ia'?gnﬁ athHeapaﬁitive reactance., The 4ifs
ferenaé~iﬁvelves the £ifth significant figure of the original
reactances s0 1n problems of this sort slide yule acecuracy is
‘not satlisfactory, and move exact méans of caleulation mugt be
uged.. - The secondary series impedance is. then 173 . - ﬁ7§L3\ar
lﬂ@ugifgéoﬁé‘ o. :The. poeffidleont of coupling and inductances
of the two eoils wers such that at resonance the primary. input
voltage of~§‘VOits«@ra&ucedfa'valtagaléf'1192 volts asrogs-
ﬂg@-=A‘@mmpletankﬁ@wlgﬁgecgfxcamyliaguan&‘aircnitﬁelemanta‘“
would enable ¢ne teo ca&e&laﬁa;ﬁhe ratld from the equations
previously -given, however im agtual circuits it is simpler to
measure the ratio. - )

Using veetor addition in. the manner indleated im the
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vector dlagram of ¥ig. 2-d, values of voltages across the
dlodes are found. gy is found to be 8.93 volts and Hy, is.
5,75 volte, both effective a-¢ values. mhe-cmmdanseyg;aﬁvand
Of in parallel with the two load resistors are of size such
that they maintain the peak value of the rectified wave ef-
Fective across the leoad resistor. The oubput of the discrim-
inator is essentlially inte an infinlte impedance, naﬁely the
grid clreuit of .an audlo amplifiler, 80 the current dysin is
nearly gero, and the above assumytiﬁn:is~ﬁﬁﬂﬁifiaﬁ. fhe. peak
velues of the two voltages above are equal to the+/ 2. times
the effectlive value. The voltage across the lozd resistor in
each cage is inyv%jg times the Qeakuﬁalue since there is
‘gome volbage scress Ry. Uith these sdditionel factors, 1t. is
then necesaary téumultiply the difference between.éalyaga(ﬁﬁg
by 2 K'%TE « The. result for thig partiaular\ﬁet.éfvvalues
is 2.99 velts. This agrees. well with the value 3.00 volts ob-
Ytained from axperimental date and plotted on the cﬁrve, Otheyr
values plotied on the curve sheet were obtained in a gimilar

nanner.
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THE SESLEY -KIMBALL=BARGO DISCRIMINATOR

The disarim@natcr discussed in this ssction is desig-
nated by  the names. of the thpres men who developed the sydtem.
The elrcult is very limited aa %o the frequency coverags, o
haa its- chisef applieation as a laboratory instrument., It is
to be noted in the analysis and- dlscussion which fallpws-th&%
it 18 posaible te limit nenlinearity and distortion to leaé
than 0.5%. _

The baslie principle upon which the airculit opsrates is
one af charge and discharge of a condenser through rasist-
anceg, If the rafio of the resistance to scapaciity is.of the
correet value, and.-the time constants.of the circuii are care-
fully controlled, ﬁherdiscrimiaator has a parformanéeawhiah
cannot be equalled in induetively couplad circults., Fig, 5
shows the experlmental anid ealoulated operation curves of the
diserininator, - Tests were limited io = Low freguency of
150 ke. sinee the signsl generators used wera-limitearta that
range. There is some durvature in the opersting curve at
thls value however, o therse was no neceadsity of extending
the test beyond ﬁhe'valme,indiagted. -The.experim@nﬁal-amrve
has appreciable curvatyre at a value of apﬁ?@xiﬁéﬁély-ﬁﬁ@ ko,
The.calculationaiin the folléwing'section-iﬁdicat@;tha% the
-actusl lLimitation. is &t & somewhat laweQ'freémaﬂ@ygrbﬁt‘f@r

curves of thls size curvature must be apprsciable before it -
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is noticeable, A departure from a stralght line of at Least
1% is possible before it 18 deteectable graphically. .
~ Fhe curve obtalned with M sine waves applied. to:the
disérimin&tar-isléléaﬂplc%meawmn whenﬁama'figmmse.;ﬁmp%hmsn.
particular elreuit the deviation betwest -this,: end the curve
obtained with pufe'sine waﬁes;-iaaa&a&l;f-%hisqié-&ué 1o the
‘small eurvatwye of operating.characteristice even at fres
quencies very much larger than the maximum.peralssable value.
The%éakeula@edyﬁalueénafeflimiﬁed-taea&ﬂm@queméyMﬁaage;mfvlﬁa
ke, to 400 ke., Singe beyond tnaaeAva£m$s~aeviahién~frum-aA
étr&ighﬁ line exceed 0.5%, and for an exact test insirument
‘the circuit is na-lenge£~cf‘va1ueo'.ua '. ’

The high frequency response. of the ¢irculi de. limited by
the tlme sonstants of the RO natwar&gﬂaadis‘iaﬂ&aaﬁ@&~&nﬂbﬁe
next seotion of the thesis. The low frequency response is
1imited by the filter which is connected 4o the outpub: of.the
diseriminator, and by the nonlinearity of ﬁhe,rectifiépﬁ &8
the frequency. is reduced. In thé sectidn of. this-report .
dealing with diode eharaeteﬂiaﬁias'&ﬁviaxﬂhown=®hat'ﬁhemafw'
fective resistance, which the dlods presents, is a function
of the d-e¢ current which ‘Flows, The velbage loss in the tube
' pecomes extéssive below frequéncies af*abaut=15®<ké,g:in this
eiprcult, causing the curvature in the low frequency range of

operation,
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The dependence of this diﬁcriminatar~upbnfyaaﬁum tuﬁes
is a definite dlsadvantage. -Chaaging tubes would, in general,
" not gauge ﬁhe_aperatien.ta‘be’ndnliﬂear;a-héwevér§.1t~§9es‘
¢hange the magnitude of voltape Q&ﬁained from o parﬁicuiar
frequency. -The‘ealibraﬁiﬁﬁ-af%%heméiraﬁit~ig:veryﬂdépﬁnden%
uppn -the particular tupe wsed. In- the tests conducted, Toup
commeroial 6H6 tuﬁeS:Wera.ch@san at random from & lavge stock.
90 of those used had glass envelepes &nﬁnﬁwgiwere:metglp,.ﬁhe
differences. in charsctevisties are shown in the ﬁurves‘of'Fige
9, and the caloulations indlcate the effect of. changing from
one to another. Differences In d-o¢ resistanée of the tube
‘would ghange the>maximuﬁ;frequéneﬁ-xagge of the eircuit by
ineressing ér~fedﬁ¢ing:§he.time aonstants-af.thernetﬁ@rkﬁ,
Tﬁé-eanteﬁ~famg6,9f=a@@raﬁingsWaﬁL&:ﬁﬁtﬁba affeaﬁa& ather

- than to uniformly wvalee or lower the voltage output.
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ANALYSIS OF THR ﬁﬁﬁbﬁﬁFﬁiﬂﬁﬁLh—Bﬂﬁﬂﬁ GIRGUIT .

The actuel eircuit diagram of %he'lab@ﬁa@arwxﬁe&ai of
thig digeriuinator is shown in Fig. 6-a. Thé valued. of -olr-
eult elements do not follow. the work of the afigimal authors
-exactly, but the basic operation of the circult ie. unchanged.
the analysis is based upon ﬁh@-équiv&lent eircuiis ahﬁ%n in
Fig. €-b, © and 4. The action of the discriminator:is broken
late three parts, ‘The flrst to be discussed islth$ cﬁa“gimg
of condenssp Uy,

The sketeh of Fig. 6-b shows the cireult clements effest-
ive during the c¢harging period. The input ﬁagv&eannrgpmaeed
by a generator Wlth polarlty ae shown. Dburing the other half
of the eycle, when Lhe polarity. reveyses, the dlode prevents
enrrent from flowing, so theé cireouit is Limited to currvent
flow in one difection; Ihe total dharge which the condenser
Gy gaing during s half cyele 1s the value which must be deter-
mined, - It is & linear function of frequency, sincve this is
the basis upon which the cireuit operates. |

Wers it not for the deo blas on the tube, t‘éﬁsﬁ;uti@n
of the expreﬂsién‘faf,eharge would be very simple. i?his Bir-
cult, howsver, involves both an a-¢ inpubt snd a d-o biss. in
the series eystem-of rectifier, condenser and-resistance..
‘The general expression for volbage drops around the cireult

is
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1« / & I dt = Em sin 6.28 ft - K 4.

where K represents the d-c bias, and i1s negative because its
polarity is opposite the instantaneous polarity of the a-c
component. By re-writing the expression given above, the e-

quatlon may be expressed In terms of charge q where 1 = 48§-

sin 6.28ft —l%r 5.

This 1s a IiQear differential equation and has an iIntegrating
factor of e When both sides of the equation are multi-
plied by this factor and Integrated, the following is obtain-
ed:

aa-..ng * sin 6.28 ft - cos 6.28 ft

q = RC 6.28 fEm %55 1,, Im KC
1 / R2C2 6.282F2

RC

/ K1 e 6.
Using the well known trigonometric expression
asin0 -Db cos 0 = sin (0 - tan_I 02")
and the additional requirement as iIs explained iIn the next
paragraph, that 1 » 6.280196)8 , the equation for g may be
simplified and written as it
qscC Jkm sin (6.28 ft -0 ) -KJ /Kle RC 7.

where O = tan’1 RC 6.28 f

The rectifier limits current flow to one direction so

the charge on condenser CO will reach some maximum value and
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rensin charge&, until a discharge p&éh ig provided through an-
other part of the elrouit. In the previauﬁre@uations the .
Limitation on usesble frequéncy was piac@d‘sueh~that»£he 8x~
presaion for the charge might bhe 2 linear functiﬁn of fre-
guengy. That limitation ig glven in the expression _
1Y) 6,282p%2R%, Uging the value af Gy of 40 micromierefar-
ads, and the value of resistance as 100 ohms plus the effect-
ive resistance of the dlede, it is possible ta'aétermine‘ﬁhé
maximum allowable frequency. With 2 small 1oad'reﬂistamae &
llarga~eurremt Tlows through the dliode, and the resistance is
smaller than the value uséd in later work with very limited
enrrent. A value of 900 ohms is used in this part as a-
reasonable @ﬁ@im#ﬁa for an aversge dlede resistence..: This
. value is discussed in the section of this thesis. desling with
rectiflers. The total vesistansce is then 1000 ohﬁs, and when
gsubstituted into the expression with the error Llimited to
0.5%, the maximum Treguency is found te¢ be @.398 ne.

With this limitation it is ppsaible to further simplify
the~gxpre$sian of dmaﬁge. The value of ¢ given:above{ia linite-
8@ to0 less than 6? and-witn a d-c bias of 1.4 vpltis, conpared
t0 an a-¢ sighal of 5 volts, the reﬁ%ifiéaﬁi&n coeurs only bg-=
tween appr@ximaﬁely 70° and 170° g6 it is less than a half
eycle and the phase angle of 69 is neglipible and mey-be a;
mitted. Whlp Llmltation of mecﬁifia&fibn to leés thﬁﬁ-& 18@?
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interval is the reason for the d-¢ bias. The constant K; may
be evaluated by using the boundéry condition ¢ = ¢ when ¢t = O
in squation 7. Therefore |
KL =0 { K4+ 8n8I0 @ ) vevivsconnonsacsoscaavcnssoce 8
The expression for maximum cherge is desired, however, ghd g
s .

. o, U3 A
ig a maximum at approximately the time t =7~ . Slnge

T
( X % By sin ¢ ) a'fﬁﬁﬁ<< ( By = K) the transient term may

be omitted and the expression for maximum charge is

Qp 2 C( By = K ) cvoevveorevecscoscocasssnsossoscoocs Do

- The second phase of the operatlon is concerned with the

discharge of condenser C, through dlode D, and R&; the load
reglator, The-circuiﬁ of Fig. 6-c. 18 the equivalent circult
through which the discharge cceours. The limiter is included
in-this sketch eince the discharge mush Pe through the para-
Llel -combination of 0.3 megohm and 2000 ohms, wﬁich“are in iha
limiter used in the laboratory test. This would Giffer with
the various limiters 8o analysls must be based wpon the in-
dividual civeult used. - | i

The diséhargg ig accompanied by a simultaneous recharg-
ing of the-qcndenger wmﬁh the oppasite pelarity. Theaa two
agtionsa are-cmﬁsidared separately, however, to slaplify the
analysis, The-thé@rem Qf'ﬁuperpaﬁitimﬂ‘is gaeﬁ, ﬁ§i¢h.s%@tes
that the action of two or mera'#alt&ge'soura96~in a,circuxt

may Be considered individually if the remainder are raplaced




by their Internal Impedancea. This strictly applies only to
bilateral Impedances; however, the operation of the entire
discharge and rectification Is limited to a half period of the
Incoming frequency, so the rectifier acts as a pure resistance
throughout the period considered. The fact that 1t Is not bi-
lateral 1is therefore of no consequence.

The discharge of a condenser through pure resistances |Is
an action well known to radio engineers. The expression for

current 1is

L= BW e 10.

where E represents the original voltage across the condenser
before discharge begins. To find the average value of cur-
rent it Is necessary to Integrate over the time limits during

which discharge occurs.

z jJL 1 -T
2RC
Nave =¥ [ ¥ /0_3].,=* RC (1 - e ) 11.

To limit error to 0.5# and allow the last term of t”~e above

expression to be neglected It Is necessary that e 2Ru 0 .005~*
T

If g0 = 5*3 RC this is possible, so that a limiting frequency

of 471 kc. 1Is found, and since this Is larger than is per-

mlssable as is indicated in the previous work, the value of

lave is BCF, where F Is equal to

The average d-c voltage developed across the load resist-

or is the product of lave and resistance Hjj- This is
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therefore, a linear function of frequency.
The second action to be considered during Lhe negative
half of the input cycle ia that of recharging C through a

series resistance. This la a comparatively simple action

since there 1Is no d-c voltage in the circuit. The circuit is
shown In Fig. 6-d. The voltage equation is
IR / I at « Em sin 6.28 ft . ... ... ..... 12.

The solution of this equation is given 1in any text dealing

with a-c circuits. The usual form for the current in this

<&t
i = sin ( 6.28 ft - 0 ) /7 K e 13.

.here Zz = R -1 Bad * Rij O B

To evaluate the constant K in the above expression the current
at time t = 0 must be known. From the proceeding paragraphs

the maximum current due to discharge has been found to be

AUMNABEE5 ™ * Using this as the value of I when t = 0 the
equation may be rewritten as _ ot

1 = sin (6.28 ft - 0) / ( -J1- sin 0 / 10)e Rc--—- 14.
where 10 is the current at time t = O.

The average voltage developed across the output resistor is

-ave = kL t I dt

I _.K. Y. Tang, 1940 . ALTERNATING CURRENT CIRCUITS.
International Textbook Co., Scranton, Pa., p. 395.



Save = pl~1 /7 FRG (sin 0 / 15.

where 0 1is defined above, and R is the total series resistance
of the circuit.

To illustrate the evaluation of the actual voltage output
at a specific point, consider the frequency F » 0.3 me. The
voltage developed across RO due to discharge of CO is

Eave = ECFR1 = (7.07 - 1.42) 40x010"12x 0.3x010°x2000

s 0.135 volts.

The voltage developed across RO due to rectification is

.; _ EDJRL 1COS O
&ave —T*~ [ 3.14

Z = R- JXc = 3000 - J
6.28x0.3x10"x40x10-12

3000 -J 13250 13600 7-77.25°

7.07x2000 cos§7\71-25°)

x( 2.17 / sin -77.25°)

= 0.117 volts.

The total output is the sum of the two voltages computed
above, and is 0.252 volts. This compares well with the value
0.25 which was determined experimentally and which is read
from the curve. Similar calculations were made for the other
points shown on the curves of characteristics for the Seeley-

KImball-Barco discriminator.
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THE TRAVIS DISORIMINATOR
The Travis discriminator is sonetimes faf9rﬁad to a8 the
Orosby ¢lreouit since both men did development work on the sys-
tem. - The neme of Travis seems to be the more widely used of

the two, so it will be the nsme applied to the ¢ilreult in thHis

‘thesis, *The baslc operatlon of the circuit depends upon a

primary tuned circuit, and -two secondary cir¢uits, one pf
which is tuned glightly above and the other slightly below the
primavy ?eécn&nﬁ frequencye whe.ﬁifférgnme in réSpénse of the
tro - sscondaries gives an putput which may be madellinear over
e fairly wide range 1f the circuit is properly adjuetedo

The tests qonﬁﬁeteﬁ on this cireuit differedfslightly
from those used on the other dlscriminators, since the Travis

system lends itself to a large nuuber of different settings

and adjustments., The Tirst series of tests were conducted to

find the relation between 1ineafity and the amount by which
the twp secondavy.circqits could be detuned from the primary
frequency. The resulte of these tests ére'plaﬁbéd on Fig, T
in the form of curves of voltage output vs. fregueney. The
four curves shown are plotted for secondary frequencies of 25,
20, 10 and 6 ke, abo#e and below the primary resonant value.
It ig to be noted that the first two have apprecigble curva-

ture, and would Eev@f no valve ag a dideriminator eutbutw

The curve of 10 kec. frequency difference appears to be nearly
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linsar on the &urﬂe of Pig. 7. Hewever,. when plotted to &
very -muaeh lavger scale, with narrow pencil lines for curves,
it is.seen that there 16 -some small curvaturs af-the.éame
genaral type found in the two curves previously discussed.
The eurve with 6 ke¢. frequency dlffsrence is 1inear within the
“Limits. of acenracy of plotted resultsg. - o
-=ﬂ$img‘$he-curv94witn=l&-kaa-peakesagavamiﬁﬁgﬁgu@he-maxwv
imum;ban&«wiﬁth»éermiss&ble, thevWQea%le'QartiQn~Qf the. curve
" appears ta'beTappyoximataly_:t&ma‘kcm,with respect to the cen-~
ter fregueney.- Thisg a@ain'wasmdatewmina@ from-a lavger, more
-garefully plotted, - curva. . /

FTravis . ' -has .indicated that the maximum separatian of
pe&ks'éf voltage output is given by the gmpirical expression -
ﬁ% 5 where-?o is tﬁevprimavynres@mant freguency an&-Qpils the
§-of the primary btank BerUito Thie agrees well with the re-
smlma.abbainad from the -experimental work, and Wiﬁh‘ﬁhe graph-
Yoal  analysis -which -follows inutha~h§gb»sschibn, - With-a -cen-
ter frequendy of 500 ke, and & primary Q@ of 38.0, the peak
separation should be 13.1, according to 'fravis, -This value
daeaAnatwgi#e-the-ass@ble-paé@-of the curve, however, but

merely the separation between the polnts of maximum voltage .

i. Gharles Travis, “Automatlc Wraquenay Gcntrolﬁ. PROG.
I. R, B 23 (l935)» p. 1130, l
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output. The useable part of thils range ig approximately 2/3
of this pand, somewhat more than in the case of the Foster-
Seeley cirouit,

The chief advantage of the Travis system 1s that 1t is
poesible 4o obtain a high senﬁibi?ity, volts/¥e., with the
proper adjustment. In general the narreower the peak separa-
tion, the gremter will be the sensitlvity. The limit of this
inerease will be at the point that the limeérity‘is Logt due
to the curvature at the peak of the resenant qﬁfve.‘lwhia will
be explained in the next article. - ¥vavis, in the arblele Gite
ed previously, states that mha»maximmmiagmﬁiﬁivity Q¢aurs when
the pesks of oubput ars separaﬁedAapgrmximaﬁely'Tff%j'ggy

an empirical design equation has been devéloped by Roder

wiich gives the usesble band widih as & function of the § of

the primayy network snd the resonant frequency, This equa~
1

tion is
: F-- .
Q = '5""'9“'?"""-"7“"oaonnqqu-uﬂibaﬁeOenqsdngnﬁn‘oropoo‘oo.aneoef .1.6,a
P” 1.5%

where @p=is-the~Q~Qf the primary network, W is.the band width
and Eo-is-%ha-pﬁima&y-resan&nﬁ-fraqusﬁcﬁa'*fhia fdrmulﬁ takes

into acaount the faot that not &1l of the duwve is linear, 80

“IT Heng Roder, 'Theory Gf THE DIEGTIRIASLST GiTeuit FoF
Automatie Fregquency CGomtrol®, PROG. I. R, K. 26 (1938),
p. 590, '
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that the value of W ag determined is the ugeable part of the
entire curve, |

Applying this ¢quation to the cirecuit ﬁested'iﬁ the Llab-
oratory 40 determine ¥, the value of § of 33.0 and the resop~
ant fraquency of 500 kec., gave & W egual to 8.77 ke. %his
agrees falrly well with the band wi&thtdetermineﬁ;by begb .

The effect of an applitudeg modulated wave being used. for
input, instead of the purs sine wave, 18 the saume as in the
pase -ef the FPoster-Seeley eireult. In- the bang of “Frequencies
where both side-bands of the A} wave fall in the linear part
of the dlseriminator opersting cuprve, bhe sutput is t&@-game
a8 1f a pure sine wave of the same effective value is ueed.
When the side-bands f£all in-the eurved part of the cgérating
range of the discriminator, the outvut of the aiaeriﬁimator
is reduced, a8 was explained in the discussion bf‘ﬁhé'ﬂvatera

Seeley elvcult.
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ANALYSIS OF THR TRAVIS GIROULT

The complete cireult dliagram of the laboratory model of
this diseriminator is shown in Fig. 8-a, The frequenecy used
for the priﬁéry wag 500 ko., the seme as in the case of the
Foster-3eeley circulit. - The primary resonant circult was
paralleled by resistor By, in this case 0.1 megchm; - Thig
wag to breaden the wesponse of the eilreuit, or to fed@ce
the Q. The measured value of § of the primary branqh was
38,0, which is about half the Q of the secondary circuits.

Tﬁe load resistorsg Ry and Bg taﬁd to load th@jaévan&ary N
regonant ¢irocults also, and to brosden thely pesponse. HRoder
has shown that the resistance effectively in parallel.with tihe
tuned cirveult is §;~ where ¥y represents the load resistance
coupled through a ﬁalf—ane rectifier. This 18 illugtrated
in Fig. 8-b. Tﬁe parallel resistance is then 50,000 okms in
the case of each of the secondary guils, and the ahééhalf |
ratio of Q's indicated above is confirmed. 1

The signal voltage ie supplied to thig circuihvig pafa—
1lel with tha-tune@-@rimary of the ﬁr&ﬁsf@rmar as @ge;tha 2848
in the Foster-Seeley circuit. The limiter stage Wnieh no rime

ally preceeds the dlscriminator in anhy application haa the

~1. Hens Roder, "Theory Bf DIBGTIMINALOT OG17GULLE ToF
.Autamaiis Frequency Qontrol", PROC, I. R. B, 206, {(1938),
b 594, o ’
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effect of holding the voltage acrods %he‘condensérmﬁl Lhxed,
This means that the voltage consideéred in series with the LG
combination must vary, and similarily the voltage imduced into
-each of the gscondary doile varies,  The final . effeet depends
upanﬁths‘degﬁee ofF coupling of theméircmi&s,~an&ftheive&aﬁiva
valies of Q. In the ¢ase of the particular circuit tested,
the voltage developed across load resletors By aﬁa:ﬁg-aa%a as
thaugh-the~efieétiv¢~ﬁ:0f'ﬁhﬁheircuiﬁ.Wa&vapproximatelyAEGOG.
This 48 very slightly less than the § of the primary network.

~-Analysig of the Travie. cirveult fs most easilygmédeagn the
basle of & graphicsal sddlition of the output veltagéé-of‘ﬁhe
twe secondary elreults. - This is illustrated by Pig. 8-4

- Terman shows that - the curve of ocurreat in the secenaary
of a double-tuned-toupléd cireult has the same shape as the
-ourve of current in the primary of the resonant ne%warklp with
a @-which i higher than the Q of- either the primarﬁ-ér the
-escondary branches, The Q -of the circult of ﬁniﬁ‘éisemlmim&n
tor has already been discussed, but the fact that the currant
im approximately a.resonant function-is of some help-in. the

2
analysis. ‘'fhe universal resonange curves given by Terman way

1. ¥ F. Ternan, 1945, RADIO mmmma 5 Imzam@& ‘
AMﬁ@FanHikl*ﬁdmk’ﬁée,: ¥y po 152, L
2, F. B. Terman, 1937. RADIO m&mmmm oG rav-Hil1
Book Gd., N. ¥., p. 56,
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rbﬁ'ﬂsa&‘ﬁm predlet. operating chiaraeteristiocs ¢f the. slrouit,
Tre curves veferred 6. are werely a graphical way ¢f quicgkly
determining the ratio of impedanse ub any frequensy to the
‘ impedénce &b resonance, If the ¢ .of the olreuit to be anal-
yzed 4is greater than 16, the &rr@r‘invalved-in'ﬁéiég the -
universal ourve ila negligible, -

The impedance of 4 parallel resonant cireuit nay be wilte
ten a8 Bgg A J¥aq ~Where the value of Eeq ey be inductive
oy eapacitive,; depending whether the frequeney lg below op-a-
‘bove redonanea. It can be. shown. that & plot of sgulvalent
resistance vs. frequency gives's curve similar in .shape bo
the curve of total impedance, exdept that the. resistance -
eurve ls-mueh sharper and narrower. The-resistance isg equal
to the reactange, and each 1g equal %o § the resonant imped-

ance when the {requency is such that "a" is equal 1o 0.5 where

dyeleﬂibffﬂgeédnance
Resonance frequensy

azg

At thig point theAxeaaﬁangé-ia‘a maximum, and as the value of
a is increamsed, the‘reaeﬁance redudes very ragi&iy@ Taig ie

. 1 P
digcussed by Terman .

Thisg aiacn3$ian indicates that the universal resonsncs

TIVF.E, Ternan, 1943,  BADLO FNGINEER'S TANDROGE.
ﬁcﬁ'x’ﬂwaﬂill Book GQ»; H. Yey Po 1450




e A8 =
eurve has a change of curvature at a point where a is egual. to
0.5 The sketeh of Fig. 8¢ indicabes this point graphically.
Ef-tﬁe,adaitimn-of-the~twa résponse ourves lg to be nade as
indloated in the sketoh of Fig. 8-4, the-resultmﬁglsnrva~can
we lingar only when there 1s a single diyection of curvature
in the portiens to be added. This limits the se@aﬁaﬁian.of
fraquencieg ¥y and Fy to 3 value of 2a,

The pesk aeparabion is. uhan twice the "sycles off 18 RO

anece” and ie eqial to 2 x 0.5 x Ef .%_ or
peak separation = Eﬁ;- .
, 1

which agress with the results predloted by Yravis.

- the faet that the @'s of ﬁhe~seaanﬁary-natWQrka~ére-maaa
ggual Lo twice the §Q of the primarxry tank, and that the 4 af
. the primary tank 1& Intentionally made very low, makes the
effoutive @ of the entlre secondsyy network; including tube
and load reslstance, approximetely egual to thé'@fef the pri-
mary. In the cage of ﬁha'la%@raﬁary nodel the rabio was |
$6/38, which is nearly unity. ‘

%he,ﬁpacing-haﬁweeﬁ secondary resonant frequencies may

be veduded helow ithe valuwe lndicated. sbove, & reduction of

- this spaeing will inecreage the gensitivity of the ecireuit at

"1, Charles Traﬁls "ﬁutamaﬁza Frequency ﬁﬁcz:zttmvafT TTPROB .
I. B, ®. 23, (1935)3 p. 113%0G,
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the expengé of band-widih, . . The minimum-spécing is limited by
- the curvature ab the pesk 0£~the regqn&m%.cérvg;.Wheﬁa there
i8 & reversd in curvabure. Thig &s,appxbxiﬁatelgvgﬁfé p@iﬁﬁ
where & 5 0.2 . Travis developed @n exérsgsion which‘ggraas
fakrly well with thistalma. -This was ﬂiaomsseﬂ‘in.nme prg-
vious. gsetion,. | |

In the work on tﬁia-aircmiﬁ-the-acnura@y is nei nearly as
good as in the caze of the twa-circgiﬁs previously dissussed.
A graphica} ana&yﬁis is more restricted than a mathémééiaal
one howaver, so these aifferences mre to be elpested. Huch
of the work pye%a@msly.déne.an'%n@-wr&vig diﬂ@fimimaﬁér~hae
besn of an. etipirical natmrs,qgiﬁag_aqéetaiied rigar&ué derlva=
tion of eurrenit snd voltage expreaaiéng~hasAgroved-td;be
rather involved, and tbe~em@irimaliand.graphical results have

proved satisfactory.
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DIODE CHARACTERIATICH

- ¥he diocde rectifier is wuch en importent part of the
digeriminator that it wag naceésary to briefly study the
characteristics of the tube in owder thet s complete snalysis
p? the discrimingtor cireuits could be made. The effective
registance -of a dlode ig the mont lmportant characteristic
thet need be known for this work.

In the appendix . of this thesis an equivalent cirouil of
& reetlflier and 1ts lozd resisbance ﬁeg@ﬁh@r‘wiﬁﬁ‘the cguiva-
lent plete resistance of the dlode is found, The iaasgg in &
diede may be congidered in seversl ways. The most convens
ient method for this work was to coneider the tube to be &
perfset reotifier, without lossen, in seyies with a resistance
whieh is comslidered to be in the tube. 6n thie basle 1t is
shovn in. the . appendix that the equivalent rasimtanaé is
-[@°451'Eeff f'gb

E} . ];ET_V elg-cc.aoovni%,&‘yav,‘g'n’:nﬂ:176

lgﬁ .

where ¥y ls the reslstsnce of the diode, Bope 18 the effective
V&lue«0£~the~a—ﬁ‘inpuﬁﬂvéltagé, gnd B .ie the d#c-v@ltagé-~
measured dopross the load resisﬁancé, Awhis-equatiaﬁ;W&s'ap~
plied ‘to.a series of test values on the four reezﬁifiiera used
in the work of this ﬁhesis; The curves of Fig, 9_show the re-

slgtance ag a fudcgtlon of the average d-¢ current ﬁhpough bhe
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ivad resistor, The measureuents for thig teost were all mads
with a load resiatance of 2000 ahms,-wniah is the load resigt-
anes of the Beeley~Kimball-Barco ﬁiécrimin&tay.-.Thg}effeat~
ive tube resisitance Wwould vary somewhat with difrerent values
of lead, but the comparison would be sonstant.

. Wubes -for this tegd were c¢hosen at randem fram7a.iarg@
stock of. commercial 6H6 reetiflers, - To. obbain as genersl &
selection as possible, 4Wo of those used were glags and 4we
were metal.  The tubes represented the work of dilfferent
manufacturers, alse. UYhepe is a fair degree of uniformity
bg&waén'tub@sfli % and 4, but-tube 2 had & ﬁamgarﬁtiyély
large resilstanes, ‘%hi&=may-hawaibasﬁ~ﬂ&@-@w,vari&ﬁiﬁns 1a
ménufa&ﬁmre, or eould have resulted from long periods.of use.
As & tube iz veed, tle smisslon bendd to bé reduoced. until it
is finslly of'ma farther value. -Although tube 2 had veen. used
geveral hours, whennteéted with .o commesrcial tube-testér 1t
was fémnﬁ &ofbatﬁatiafaatory,~-$heﬁe gurves show tﬁel@aﬁiati@n
which may be. found in tubes and give an Indlembtion of the al-
lowances which must bs made in désigw of cireults, so-that
" sstisfactory operation will result with any of the tubes manu-
faotured under ﬁhe safie identifying number, .

AR averags %ube resiglancs of LOQ0 ohmg was use&linvtha
discharge elroult. of the~$éeley~ﬂimball%ﬁgwaa dlseriminator

since the resistance of the load was the same am the value
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uged in the test for curves of Fig. 9. For the charging
circult a valus of tube rasgstanae of 900 chus was used, since
the load resistance was only 100 ohms. For the same input
~sigﬁal voltage it would be reasonable to chovse & lower diode
reglgtance, since ag is Indleated by the curves, the @ube
resistance reduces as the current increases, This:ﬁill not
continue indefinitely, of course, since the emission of the
tube has a very definite limit, and further imcfeasé of cur-
rent will cause the resistance. oerred by the tube to increase
at a very rapld rate. 1n the case of the 6HE, the maximuam
rated d-c current per plate is 4 milliamperese En-moat ap-
plications the current through the tube is 1imited -to values
little gréater than 2 milliasmperes in order to aveid the
poesibility of saturation. |

For the Travis and Foster-Seeley circuits the resistance
of the tube is of little-impovtancéo Curves of operating
characteristics of the 6H6 tube, avallable commercially, indi-
cate that the output voltage developed across the lo&@ reslgt-
or id approximately the peak value of the input signal. . Thisg
is, of course, based on a capacity input filter, and a load
resistance of 0 1 megolm or larger. §xgerimental data con-
firms this information. For this reason the tube resistancs'
has been neglected in snalysis of circuits involving very

large load resistences.
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The interelectrode sspacities of the tube have been
neglected throughout the work of this thesis. The low fre-
gquencles used made the reactsnces of these capacitiss 80 |
large as to be of no concern.  The capacity from. plate to . .
cathode for a GH6 would not exceed 4 micromicrofarads. At
500 kes the reagtance of this-capacity is. 79,500 ohme. In
parallel with the diode reéesistance of approximstely 1000 ohms,
this reactance has no effect.. The capaclty betweean the two
dio&e~sect§ona in the ssme envelope le sven smaller, approxé
imately 0.1 micromierofarad. |

Por diseriminators in late model BM rveceivers with ia-.
bermediste frequencles of 10.7 me.,. tube capacitlies have

conigiderable effect and must be comsidered in analysis.
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BUNHARY

Diseriminators have a varlety of uses, chlerf améng which
ave the detectlon of freguency and phase ma&ulated5Waveﬂ,'
sutomatlc frequency qantral,/and>calibxa$iﬁn of frequency and
phase modulation €gulpment. With these varied uses-if 1s not
togsible to say tpah-ene type of & diseriﬁinator.is beatier
than another without specifying ﬁhe-pur@@aa-far-wni@hwﬁ&e com=
parison ig made. Table I gives a tabular ccmpariaan af the
three cireults studied. _

For Fil deteetlon the- Foster-fieclsey eireult, or 1ts more
recent modifigatlon called the "ratio-détector” g beat Uit~
ed. The chief reason for this is the case of adjustment of
the eircult, gnad the good &tability with change of tempera-
ture, supply volﬁage‘and tubes. The design of a-eiréuit uged
comnereially must be guch that a aervieevmang with. aampara»
tively little technioal knowledge, can adjust it. satisfactarie
ly and that such~an-adjuatment~will-be~eompar&tiVélyﬁparmaﬁenﬁ,

For sutematic frequency control.the Travis eircuit is
somevhat better sulted, provided maintenance will be.done by
trained personnel. In general 1t is possible to bbt#@n‘great=
er sensitivity (output volts per cyala'ef frequensy &a#laﬁion)
from the Pravis cirouit than from others., The fravis eirouit
lg difficult to.adjust, and ig more subjeet;ta,&achamiaal- |

shock and temperiﬁure change than ig the Foster~Seexe& clireult.




;w.il- =

. TABLE I-
COMPARISON OF DISGRIMINATORS

Basgis of
esmparison .

TFravis
Discrininator

~Foster-Besley
- Diseriminator

Seeloy-Kimbaiis
Bareco...

Disﬁriminator

Linearity
 Distortion

Haximum
Band-width

Sensitivity
(Volts/oyele)

Stability
{ Temperature -
and’ mechanical
shock) - -

Eependenée on -
tube congtants

Bage of
adjustment.

Versatility

- High.. |
{Can be varied
glightly )

ﬁabﬂ

Small
Diffieuls

Exeellent

Good

Medium

xoellent

Small

© Quite simple -

Bxcellent

Excellent
Negligible .

About 250 ke,

Very low
Gxeellent,

-'Very‘@epen&e
- cent.

No . adjustment
necessary

© POOR

"% Hund (1943) indicates that this value ©an be nearly
doubled if eritical coupling is usged, . This lnocreases
the peaks of voliage vesponse Beparation and zllowe
approxinately % of the entire éurve for operation.
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The resson isg, of course, that the Travis system feqmires 8d-
justment of three tuned cireuits, each. to a different fre-
gueney.. If a@ﬁéling‘between coils 18 gmall bhe gﬁj&sﬁmemta
are -nearly independent; however there is & tendency in any
guch circuit|f0rrédjuatmemt of one part to’be-réf&eatédiinto
the others, go the final adjustment is a trial and ervor pro-
CREB . ; | .
Por a very high degree. of linearity the Seeley+Kifball-

.Bareo eclroult 18 the most desirable. The Low pénﬁé}'frequeriey
to which this ecireuid i limited restricts its use-faﬁ.many.
purposes. . The ahief-ap@liaaiioﬁ'ia.prﬁbably-aa a\iaboratafy
instrument where it may be used to check linsearity of various
frequency snd phase moﬁﬁiaﬁ&ngsﬁeviaﬁsfsumh.ms‘re@qtanaeatuba
modulators. The designers of the circuit state that it should
be pogeible to-bui&d-%ﬁé-d&scrimiﬂai9£~so‘that liﬁeariﬁy‘ai -
lesé than -0.02% error can be obtalned over a smail.réﬂge-of
freguencles. The modiflcations wged for the mo&@i.mested :
rai@evthis figure to about 0,.5%, however a very mﬁéb.graatem
frequency rangé is obtained. '

 The 8eelﬁymﬁimbal1uﬁarcowdireﬁi%vis very dependent upon
tube constante; however with tube changé s new calibration
curve could. be obtained and the st&hility would be good until
it was'ag&in neeesaéry‘téyahaﬁge b e,

.gomparison en other bases are indicated in Table I.
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APPENDIX
‘The plate which follows was not considered to be of apch
importance to the discussion in the article concerning recti-
fiers thgt it wasg neéessary t0o include it in the text at that
point,. The derivation of the expression for equivalent dlede
resistance is not complex, but siﬁae the expreseion used here
is not a standgrd electriecal equation, its derivation is in-

cluded on the neoxt sheet.
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