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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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Bi'S’OTimlnatd’fs been iti wide use in the fields of
in- radio and automatic frequency control for several years,. 
SeTeral articles have been published concerning particular' 
applications of discriminators in which-detailed analysis has 
been included, 'ihe purpose of this thesis was to - present a 
simple method of obtaining -the approximate, operating charact= 
eristics of the common -discriminator circuits, and- to. compare 
-the - principal types with reference to their chief .applica­
tions ,- . . .

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 Gensitiyity$■ease of adjustment and
dependence upon tube constants, -The comparison of the three
discriminators-- -on each - ofthese-, -bases ■ is included- 4h- the sum=.0 ■ ’ ' . *
aary, The varied purposes for-which dis.criminators, -areused 
make a general comparison of little value, - Bach, -discriminator 
has- -particular characteristics -which - make it more ..suited- to 
one use than to another, Ihe.- -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,.



x m c m m w
In literature dealing with discriminators, and .fres= ■•■ 

quenoy modulated equipment'In general» -several abbreviations 
are naed whieh, while not 'aooepted in otir- general ,SngllBla 
Vooabularyi, are used to. save .writing' time and space. ..Tbe 
letters.'M are universally :use<i5 • even by- the -general. public$, 
to mean frequency modulation9 -: Similarly ■ thrpughout- tMa - 
the®IS1'tbe'abbrerlatione M  -for amplitude■ modulation^, and-?# 
for phase ■- modulation ■ will, be used.* ■ - In -dealing, --wish coupled 
circuits the Iaefcor9- the so-called figure - of merit, of ;a 
coil yIs found, and in the • remainder of this text will- be. used 
without' explanation«- ■■ Bther '-accepted abbreviations',' â eh- as. 
:-ifco' for1 kilocycle, as are • used in - the field- of radio engineer­
ing , - are assumed to- -be'well' "knbm% to‘-"the reader ̂ '■

The -aim.' of the research leading to this thesis-- was- to
1 ' - ’ - -s' ,obtain information,' as- to the- relative merits-'of commercial , 

discriminator circuits,- and’ to-'determine basic information 
about each- of' the important types, ' - There has' been consider­
able research' done on special applications of circuits: stud­
ied - in this ■ thesis but to the knowledge" of- - the- writer, no art­
icle has; been written in which a detailed comparison-of driŝ  
Criiainators ■ has- ■ been m a d e ■ -in the % 1  tbrat ure @lted' - and" don - 
suited41'' section .-‘of this'the sis "the mo at. Impo rtan t ■ works in the 
field of detection of BI- and ■ automatic frequency control are 
foundo These are the two most widely used applications of the



M s Gfrifflisaatoy,* ■ ■ ■ ■
1 Si-eofrississ'to.-rs: were first iieed, "by Travie asd' -by foster 

sind.'.Seaiey "for the purpose of obtaining a 'means, of eontfrol- 
1 1 %  f reauenof of osGiXlators autahatioally,, so. that..a ■ re= ■■ 
oeivar imed to a partienlsfr-'' ata-ilen wdtild- 'rdaaifl-/on- Wsi*-fre^- 

<3& the desired ffrahemitte'fr̂  -even /-though there Wight he 
ehanges Ih elfretiit. constants of: either the transmitter or- re- 
ceivefro Their work %ae chiefly of an experimental'natureI 
Later.'the.- eirhulta used were analy&ed by Boder> laffe and ■ 
other a. so • that ■ the die erlainatora could' be Improved in -linear= 
lty a M :- sene Itivlty» T M s  ‘theoih- shows both - hew- -methods' of 
analysis and refinements oh the methods of earlier writers^ 
which justify the experimental result a obtained - and- -allow.' 
analytical'oornparisen of - the - different'-types, studied..

Xhe data-used to plot - curves-, -and.'fofr other'comparisons? 
was obtained as a result of laboratory work on the particular 
■circuits' shown.- In - all cases 'this -equipment wab- built by-the 
writer, as commercial equipment - w-as not available here,,- - and 
in many cases was not to be found on any companies*, sales list 

In general# the laboratory- work proceeded the analysis. 
This seemed to be the most logical approach to the problem 
since in, this way the actual '.experimental comparison' of 
operating-,characteristics was obtained-, -and'was then followed 
by analytical proof of conclusions made on this experimental



DISOBlBlmTQR FQDDABEBTALS
There g.re three bagia type* of discriminator Glrouits0 

■eaek of which has been modif ied many times for particular 
purposese The first one considered In'this- thesis will be the 
capacitive coupled type■generally known as the Fester-Seeley 
circuit. The second type referred to as the Seeley=KlmbalI- 
Barco discriminator depends on real stance-* capacity networks 
and the last is known as the -Travis circuit, although it is 
sometimes- referred to as the Orosby discriminator. It do=■ 
pends upon • Inductive coupling for transfer of power'd ■

■ The f requency at which -a- discriminator is designed to
operate is dependent upon the application to which it is to
. v, . ..■be applied. In all the laboratory work done in connection
with this report a: center frequency of 500 kilocycles, was 
•usedo This would be.a common frequency for automatic fre­
quency control, -pnd-was approximately the intermediate fre?= • 
quency • used in-early IfI receivers. ■ In later receivers a - 
center frequency In the .order of 5 .megacycles was peed*: - Iifh

. - ■ -I- 1 ■■ - -
the-recent change in F. 0.0. allocation of frequencies in 
which the FM band was changed to 88; to 108 megacycles, new 
center ,frequencies' are used. The intermediate frequency must 
be chosen in a FM . receiver' to obtain maximum image rejection 
.so a center -frequency of. 10.7 megacycles Is recommended by
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Th© analytical work done lfl circuit analysis Is not

dependent, upon the particular frequency chosen  ̂however, so
there is no loss of generality ,,In the, results obtained. For
the; laboratory equipment available it seemed advisable to

I
use a low resting frequency, in some cases discriminators 
have been constructed for use in the audio-frequency band so 
that there is no general or accepted reference for all uses.

A short .discussion of the characteristics of diode 
vacuum-tubes is included in this work. The effective resist­
ance of these tubes is of such prime ,importance, in the anal- 

■ " • ■ ■ ■■ ysis of. all discriminator circuits that the writer considered
this additional work necessary to make the explanations com­
plete, For commercial applications all circuits must- be so 
constructed that changing tubes will not seriously affect 
operation; or so- that the circuit may be readily adjusted to 
compensate for any differences that may be found in the.tubes. 
In addition to actual, changes 'In tubes' it is. found .that the 
aging of tubes has some effect on;their characteristics, ■ 
particularly in the case of diodes, The emission of a tube 
tends to be less as: the., age increases, and this effectively 
increases the equivalent resistance that the tube presents.
In circuits such as .the Seeley-KimbaIl^Baroo .discriminator

^ F l e C t r i c - S e t . -I^uSeS a."Center frequency ’
Of 2125 cycles for automatic frequency control.
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where the operation Ie dependent ypon time constante, the 
change In tube resistance may radically alter the character­
istics of the Glrcuita.

. \
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In a study of characteristics of any discriminator* the 
linearity with which the clrcnit. reproduces intelligence from 
the frequency modulated wave is of first importance. For-an 
analysis of this characteristic it need only be known what 
output voltage is produced by a series of sinusoidal waves# 
as any complex wave may be analyzed into a series of sinu­
soidal components. In the- ease of a W • wave the analysis

■

takes the form of an -infinite- series of ha-monlee together 
with a fundamental frequency.. The harmonics differ from the 
carrier or fundamental frequency by integer multiples of the 
modulating frequency.

In the laboratory test of the linearity of each discrim­
inator the procedure-was the- same. A- series of measurements 
of output voltage as -a function of sinusoidal Input frequency 
were made. A graph Of these points should, give a straight 
line for -A perfect discriminator* since it is desired- that the 
discriminator output shall be a direct function of the amount, 
by which the input frequency differs from the center fre­
quency.

The series of curves of Fig. I show the actual operating 
characteristics of the circuit. The discussion which follows
explains the method-used-to.-obtain-the- curve - labeled "computed

.
output", While the agreement of the experimental and calcu-



. *4. - pL' ( ■ - - •
• lflit64 raê CLte- it' i.̂ .■ 49'■ 'tee teS■•:tiaat-.ttee- 4e.»
Viati-QKi. is in #. is ''notiiiaî ai?.:S0.- t:ba,t'v'!t|ii:S:,..ps.̂tiOi,ii
4:8 -o# #q VfllJtjfl• as'' a- aetê ifljp; • •%$-• Au#6f l - m i % i a
leg#' 4iw$. • l̂ -.-yyay, tfe# -.iisflftii' m % @  $■&■■ %M, ..
•■-■ ■ ®6»'Z* p'pâ tieaX: purposes' 4he. %saKpl - .Pgpagê i ia ■
wMieh-distsJetipp ■ is-. S e g X ls-#f poasidepaSXf 
■S'̂ pepimiflat.ai • results Isdisate-. #&%- #.r tSe' partisuiap .siucult 
tested- tiais- widtia is. appropimat#!^- B- ke», - #em t-bis --is -^mr- 
pared' w-ltb the experiflieutali3r- dete-rfilbed' 'separatisu:.-p-p- pea&-. 
output voXtagp -ppiuts," it-is-'UPted- that tbs- Xinear part.-Oi1 
tbe-eurve -is. sXigbtiy Xeps-tban---baXf the-total widths ibis 
agrees favorably-pitb the work of others, . ,•
. • .Binee - the • value - of f requenay. range in kilo Gycles is - of 

IittXe-. SignifieabQe■■ witbopt a .fiaed and-.speeified- e#ter.pr 
resting.frequency  ̂the usual method of.eomparison is by stat­
ing the - weahle- ■ range .-in- • terms- of the -I-S-Of the coils and 
the - -center frequency , In the particular discrliaibato.r 
■ tested • the- - % of - the - primary and secondary,-coils was-the same, 
fhe -separation of peak voltages.-measured in Mloeycles was

,. O- # * 9 » , O » * , /(I '0 -|> • -I. «.8- ® X-O

r X ^ r T ? to at-''most'™%7'3'P̂ '̂ thê pwk̂ 'SeparatX'on̂ '̂
in namaXly linear.^ p. s. Teman^ 1943. #ei5ES5*$
H#DBOOKf McBraw*BiXl Book Oo.* M, p. @86.. .

W s QoB % F
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■where the subscripts p and ■© Indicate primary and Secondary«,

I,
-Hund ■ indicates-that-the width of a--theoretically.-perfect- 
discriminator would M- the abcye-expression wl th the - Q c B - ,re - 
placed ■ by l-„ This work Is based on the assumption - of critic 
cal coupling-Mweyers-- SO the result would be high, when com­
pared to actual circuits, - -it would not be likely that -com-. 
mereIal discriminators would W  designed with critical coup­
ling, since a, small- error would--allow - coupling to. exceed- the 
critical-value with the result that -secondary current - and-. 
Voltages would no longer have a -single maximum«, The-double 
peak' of -a- tightly ■ coupled ■ circuit. is not satisfactory ■ for - a 
discriminator■tranaformer# hence it is-better to■sacrifice a 
little ■ In - band - width ■ to Insnre -Iinear operation in - the center 
part of the - response- curve, ’

Hlg. I shows the effect- of • introducing amplitude ,modu­
lated -waves rather- than ■ the pure- sinusoidal- wave- shape-used 
in -the- testa described in previous paragraphs, Ijtr is- observ­
ed ■ that in-the linear portion of- the-curve the- effect.--of • the 
addition- of-- #  -is-.negligible, - This may be most- easily ■ ex- ' 
plained on the basis of the components of an S3 wave, The 
expression for the current of such a wave is

Book eq., a, t., p. 3#. " '



= 3.4

It s Im sin 6,28 Ft / 0,5 K Im | Sln [6,28 -(> / f) t] /
sin [6.28 (F - f). 2,
I

where K Is the modulation index, In this form it is seen- 
that the uppen and lower aide-hands 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 balanced dis^ 
erifflinator will "be equivalent to that of a wave • of magnitude 
double that of -either side-band and at a. frequency midway be­
tween them, which is- the - frequency of the carrier, - From--this 
it is- seen that 'in the- region where the- side-bands -do-not.'fall 
in curved;parts- of-the-'Output characteristics, an- amplitude - 
modulated w-ave - will produce the -same' output aa a Sinusoidal - 
wave of equal effective value, This is verified by the test 
datao-

Tests of distortion of wave -shapes in each. discriminator 
confirmed the results of the linearity test, A signal- genera­
tor used to produce ES output was connected- to the- input- of 
the -discriminator= The output of the-discriminator was then 
connected through•an electronic switch to the vertical de­
flecting plates of.a cathode-ray oscillograph,, and to- the I,

I, This expression is derived from the general equation 
It s %  (I / K coe .6-,28 ft) sin 6.28 Ft by expansion 
and use of simple trigonometric substitutions.



W  "L̂
second ohannel,- of the electronic switch was connected the 
original modulating voltage, Tills allowed a-̂ visual compari­
son of the original.wave" - and ■ the-output from the circuit,®
With no ■ distortion-, the Waves- -should be perfectly superimposed 
and-when- the - magnitude' of -the modulating voltage was- such 
that the discriminator was driven, to .a nonlinear part -.of its 
operating curve, distortion appeared.-- Ihe signal- generator 
Used had a sensitivity- of 3 kc./ vol t of modulating-signal.
To ohtain a frequency-deviation d- 4 Ic.,, which is the limit 
of linear - operation, of this discriminator, the■ effective

ii I;value of s-c Input. signal required--was x —  which 
is 0.94a volts.- This Voltage gave a reasonably good repro­
duction of the input wave, but when - -the■ input signal - was - in*. 
creased to 1.0 volt and -above, distortion occurred.

Tests--of this part were limited to modulating frequencies 
of do cycles, - This -low audio ■ 'frequency - made the analysis of 
■the side-band" components: slapi-e - since with very large values 

, all- significant - side-bands - may -be considered -as 
being contained in .a band ■ width twice A p 0

i ' Augaat Buna; iMs'. 
Book Ge., #. 21, p. &8.

V
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fii? complete circuit diagram of the laboratory model of 
this discriminator is shown In Fig0 2-a. For frequencies 
other than 500 kc* the values of circuit elements would vary 
somewhat, but most commercial applications of this discrimina­
tor use this circuit layout with few modifications. The anal  ̂
ysls is on the basis of equivalent circuits, which are given
in Fig. 2-b and c„ ■ The sketch of Fig.., 2^b is essentially the

- - •'same as the actual diagram, with the limiter replaced by an e- 
quivalent generator,, and the appropriate by-pass condenser 
added. The last part of the output filter has also.been omit­
ted since it plays no part in the actual operation.of the cir­
cuit ®

Several articles, have been written concerning the basic 
operation■of the Foster-Seeley.discriminatory and some dis­
crepancies exist as to the relative phase-.Qf- the voltages In 
the circultc Xt-seems desirable -therefore, that the .complete 
action be explained ao that the experimental data may be- con-

, f I m.ed o  - - 1 • - . f . I ,

■- -Thp;basic theory Of tuned-coupled circuits is completely 
discussed in several texts-.- ■ The work-of Terman la referred to 
frequently in the -following paragraphs:. - -In almost all eases 
■the .equations given are-based,on a series excitation In the 
primary side of the circuit, -as shown, in Fig. 3. ■
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Baalo Tuned-Coupled Circuit. 
Fig. 3

The equation for the magnitude and phase relations of
IE2 to B as shown in Fig. 3 la

_ EU _voltage across the secondary condenser 
voltage applied in series with primary

4 s
[* / ̂  -(1- J<1- T2h I; /

.. 3.

.here r = ^sonLtlrequeLy ' lc = coefficient of coupling 
and Qp and Q8 are Q1 s 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 B1 is the voltage across the

£T
4= >c

C a )

Voltage relations in Tuned-Coupled Circuits
Fig. 4

TI F. E. Terman, 1943. RADIO ENGINEER'S HANDBOOK. 
McGraw-Hill Book Co., N. Y., p. 155.



e e a d a a e .9?he- clpcn%t @aa vector-diagrams of ■ Fig, ■ 4. ebow 
tbe p@3.a1fio.tie'bi,s> of voltages for the condition of reecmaKi-ee. and 
for & fre#oboy below tbs resdbaat froqaeRGF. ,Flg, #-a le 
osaoattially tbe same as Fig. 3 ^itb. circuit elements rean^ang=*
■ ed to make- ootaparisob • Wltk--the ■ actual discriiainatoy- -easier. 
Ihevolt age S I a the driving voltage In, the primary coll, a M  
at resonant frequency would lead Ei by ,9©° since the current 
at resonance is in,phase with- the-.voltage eource/.S, and the 
voltage drop across- a- condenser Is 9Qa behind the - current 
through it, voltage.. Sg,,-is.-shown- iSgb.pepMnd ® ?- as-was. indi­
cated- by equation 3 = -' Ihis makes- the- two voltages -'̂i '.-and' S0-, . 
used .In the diecrlmlnater eneiy#ie, have #-90^ relation aa is 
shown in. Fig,. 4=b. . . ... .

4s- the frequency Is reduced below the- resonant value, the 
Phase relation between B and Bi changes slightly 'as is .lndicat-. 
ed in -Fig, 4-c. This -change la small since the Q of the cir­
cuit is relatively low, The Q is intentionally-made low-so 
that a wide frequency deviation is possible. There Is-a de- . 
elded -change- In- -the - phase .-relation- between, Sg and, B.» - however, 
as is indicated-by equation. $■».■■■ The--value- of r in .this• equa­
tion is reduced to less than one, and the - phase of the -entire 
expression is such - as- to make the angle- become- greater than 
ISOo0 This change is a function of r2•so the phase change 
indicated as. Q on the figure is-such greater than the change



IndleateS as 0 which was. &4acussed above. The uet result is- 
■ to make the angle Tsetseeh-Bi- m &  Sg - IesS tban .go0-.

attalyging -.the-'act ion- of the dlserlm Inater- - it -i# mar#- 
convenient to use - the voltage a-a a reference* aha this is 
done In the diagram, a# Fig* ref erred to previously, ^or
frequencies less-than the,resonant value* the.voltage- rela­
tions- are Indicated.. It is to be observed that the voltages 
across the .diodes are ■ the sum of. E1-., and JsL .since only half 
of Sg Is-.effe-GtlvQ - from, either aide- to - the- center tap.

■ fhe--vector,diagram--Indidatb-S that the voltage1' across 
diode D1 id- greater- than, the voltage across diode Dg and. that 
the output- will then be positive, as- measured from ground to 
the output terminal. This- agrees with the experimental data 
for the coll, polarity-as.-shown.. - ■

The computations from, which the- calculated output curve 
-was obtained were made using the sketch of Fig. S-e as the 
Circuit * In this part it Is to be noted that all the filter 
elements have been omitted, and that- the; voltage %  is placed 
in series-with .R1 . This-simplification of fig. @-e is pos- 
s.ible- since • the .d-o - current- cannot - flow. through' -O^3 -the block­
ing condenser. The current which circulates through B1*,
Sg and R1 -In Fig. 2-c- causes the .voltage-^1 to appear-across 
R1 -since the .reactance of Dg is small. ■ The final result is 
the circuit of Flgii 8-e.



« SIX. «? ' . . .
. ’ fbe reBlgfiOTg S3 and are the load reglstors. for. the 

two ■ diodes and are 0.1 megohm each. Thla high yai%# of re­
sistance limits the current flow through the diodes, ,'and 
makes the voltage loss in the tubes very small, fhe,,tubes 
■are assumed to be perfect in the analysis which I follows, 
since the resistance which .they present will be? negligible■ 1 •1 - ■
compared to the high load resistance-.. ■ V1

The-resistor which In some circuits- is-replaced-by a 
r-f choke, had a resistance-of 50,QOO ohms in .-the-circuit 
tested. At radio frequencies the resistance is, effective­
ly in parallel with the resonant primary -circuit. Ihis- al­
lows to be effectively across the resistor, and .makes-' 
-analysis possible on= the basis of the -equivalent .-.circuit 
shown. Qircuits which use a Choke for this purpose have an • 
element which has the effect of detuning the primary tank,
and also one which had a variable reactance to different'
frequencies. The possibility of resonance between a choke 
and capacity: Og also makes use of a. resistor more-deeiruble 
than use of the choke. The resistor does, of course., reduce 
the d.-c output of the circuit but it is used in many commerc­
ial applications despite this limitation,.

The limiter holds the input to the.discriminator con-, ‘
stant, in the case of the circuit tested, to a value of 5. 
volts. The voltage across the secondary depends upon the



22 =
dotapliitg, iD'̂ tweeit the colls and the turns ratios a# well ae • the 
relative of the two eoilae For the laboratory model the 
^ s' were measured by the half “impedance points on an impedance 
frequency curve and in both coils were found to be 22.4.

The circuit analysis which was shown previously indicates 
that the series voltage applied in the coupled circuit must 
vary if the voltage B1 is to remain fixed, for all values both 
above and below the. resonant frequency . For approximate anal­
ysis the assumption may be made that this variation is such as 
to- hold the voltage fixed also, provided that the deviation 
from resonant frequency is small. This is confirmed by the ex­
perimental data. With this assumption it is to be Seen that 
the phase angle between B1 and Eg, is the only variable, and 
this is a function of the Q of the circuits. Since the Q's of 
both circuits are the -same In this case.ft is assumed that the 
phase angle varies, with the impedance angle of the secondary 
circuit, and that- the■ angle between B1 ■ and Sg differs from.
90°, the angle of resonance, by this impedance angle.*

The phase relation between the -voltages- across diode #1 
and diode #2 is- not fixed- but it is approximately. 90° at all 
times if the magnitudes of S1- and are nearly equal,. -With 
this additional fact it is possible to consider the current

>• I
flow..through the two diodes independently. this-'-approximation 
involves Some error due to the complex voltage drop across R1;
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however ainee %  Is considerably smaller than the lead resist.
orss' the error involved Is small <,.

^or a; specific ■ exampie of the use of the equations Indl= 
sated and developed above, the frequency of 495 hba will be 
considered, and the actual computations of the output voltage 
w i n  be Shown0 The resistance of the secondary, coil is 
assumed constant over the small r&nge of frequencies used in 
the circuit, and equal to 1T3 ohms. This value is obtained 
from knowledge of the Q which Is 22,4« the secondary induct^ 
ance of I o24 millihenry and the resonant frequency of 500 kc0 
At 495 he* the value of is 3855.6 and X0. Is 3934.9 ohms.
The difference is 79.»3 ohms ■ capacitive reactance* The dlf* 
ference Involves the fifth significant figure of the original 
reactances so in problems of this sort slide rule accuracy is 

• not satisfactory:,, and more exact means, of calculation must be 
used. The. secondary -series impedance- is• then 173.® 379,3 or 
190 / -24o6° . : The-, coefficient of - coupling, and inductances
of the two-coils were such that at resonance the primary input 
voltage of 5 vo%te produced,a'voltage-of 11.2 volts across■ -

1 A' complete.knowledge.: of. coupling-and circuit'-element a " 
woul d e n  able one to calculate, the ratio, from the equations ■ 
.previously-given,.however in actual- circuits it is simpler to 
measure the ratio. '

Using vector addition in.the manner indicated in the :



=> 24 —
vector diagram of Fig. 2-d, values of voltages across the 
diodes are found, Is found to be 8.93-volts and la
$■•75 volte, both effective a-e values. Ihe -condensers and 
G/j. 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 load resistor. Ihe output of the discrim­
inator is essentially into an infinite impedance, namely the 
grid circuit of -an audio amplifier,, so the current drain is 
nearly ^ero, and the above assumption Is justified. -The peak 
values-of the two voltages above are equal to they  "2 times 
the effective -value, the. voltage across the load resistor in 
each ease is only times the peak-value since there is
some voltage across R%. With - these -additional factors, it is 
then necessary to-multiply the difference between and

__ _ i
by V  2 x Y^l • The result for this particular set of values 
is 2,99 volts. This agrees - well-with the value 3.00 volts ob­
tained from experimental data and plotted on the curve, Othef 
values plotted on the curve sheet were obtained in- # similar
manner.
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%b9 discriminator discussed, in this section is desig­
nated by - the names-of ■ the three -men -who developed the - system-=, 
fhe circuit is very limited ae to the tredueacy coverage? so 
has its- chief application as a laboratory instrument, it is 
to be noted in the-, analysis and - discussion- which follows that 
it is possible to limit nonlinearity and distortion to less 
than 0.5^. - - -

Who basic-principle Upon which the circuit operates Is 
one of charge -and discharge of a. condenser, through resist­
ances, If the ratio of the resistance to capacity is•Of the 
correct value# and. - ,the - time constants--of the circuit-are- care*= 
fully controlled, the discriminator has a performance--.which 
cannot- be equalled in Inductively■coupled circuits. Fig. g 
shows the- experimental and ,calculated operation, curves of the 
discriminator. ■ Tests were limited to a low--frequency of 
150 kq. since the signal generators- used were-limited to- that 
range. There is some .curvature in the operating curve at. 
this value however, so there was no necessity of' extending 
the test- beyond the -value indicated. -The- experimental- curve 
has appreciable curvature at a value of approximately 550 kp. 
The -calculations in the following.section indicate-that the' _ f
actual limitation•Is at a somewhat lower-frequency, .tout■for 
curves of this size curvature must toe appreciable before it ■■
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ig QdMtieaMe0 A departure' from a straight line of at Xeast 

is possible before it is detectable graphically„ .
The .Curvei • obtained - Witb'' AM slue waw@' applied ■ to, , the, 

dlSeUimlB^ior • Is: also-'plotted"ou the' -same- figure® • ...M.'-thlS'.. 
particular 'Circuit the deviation between this, and• the curve 
obtained with pure 'Sine wares#:- is - small.. ■ This -Is due to, the 
small curvature of operating,..characteristice even at .fre= ■ 
queue i-es very much largerthan the maximum.. pe m i  a sable value® 
The: calculated: value#- are'"Ilaited- to- a■ -'frequency-',rangeo f 15© 
Js-Ca to 400 kc. $ since beyond these v&lues devlatlon from-a 
straight line exceed 0.5^, and for an exact test instrument

V
: the circuit is no. longer of value«

The high frequency response of the Ulroult Ie limited by 
the time constants of the RO networks' :as- is ■ indicated - in,, the 
next section of the thesis. The low frequency response is 
limited by the filter which is connected:to the output of the 
discriminator# and by the nonlinearity- -of the rectifiers as. 
the frequency, is reduced, ,In the section Of - this "report 
dealing with diode e-haractefisties .it- is. shown' '.that- the ef­
fective resistance# which the diode presents#-'is a function 
of the d-c current which ’flows. The voltage loss in. the tube 
becomes excessive below frequencies of about 15# kc.#: in this 
circuit, causing the curvature in the low frequency range of 
operationo '' :
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<f 2.3. .«
The dependence of this din criminate 2* upon vacuum lubes 

■is a definite disadvantage  ̂ Changing tubes- would,, in general,
s'1*

not’ cause the operation, to he nonlinear; '■ however* . it do.es 
nhange- the magnitude of voltage Obtained from, a particular . 
frequency, fh# calibration of-thecirctiit is very dependent 
upon ■ the ■ particular fube''#$.ed. In- the testa conducted*, four 
commercial # 6  tubes ̂ were chosen at random from a large stock.
IWO of those Used- had- glass envelopes and- two., were metal, .. The 
differences, in characteristics are . shown in the curves OfFiga 
f> and the calculations indicate the effect of changing from 
one to another. Differences in' d-e resistance of the tube, 
would' change the maximum, frequency ■ range of the circuit by 
increasing or reducing the time Constants of. the network's.
The-center ̂ range of operating Would hot-be affected other 
than to uniformly raise or lower the voltage outputo.

i
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Sha actual ■ circuit Cf the laboratory iaodsi of
thia di a originator Is a ho W  In Big < 6-a,. She values,, of - cir­
cuit elements do not follow, the wrte of the original authors 
■exactly, but the-basic operation of the circuit, is■ unchanged. 
She analysis is based upon the■equivalent circuits shown in ■ 
Fig. 6-b, o-and i the action of the- dlm-crlmlnator - is broken 
into three parts, the- first to • he discussed is -the- charging 
of condenser G0 .

the sketch of Fig. 6-b- shows the circuit elements effect­
ive -during the charging period. The input has been ■ replaced 
by a generator with polarity , as shorn. During the. other half 
of the- cycle,, - w.-h-en the polarity , reverses, the diode prevents 
current from--flowing,, - so the circuit-is limited- to .current 
flow- in one direction. The total charge which the condenser 
G0 gains, during a half cycle is the value which must be deter­
mined. ■ It Is a- linear function of frequency, since this is 
the--basis upon which-the -circuit operates. "
- • ter©- it not- for the ti~c bias on the tube, the'.solution, 

of the expression-for. charge would be -very simple. This cir­
cuit, however, involves- both an a-c- input and. a d«c bias, in 
the series- system - of rectifier,- condenser and-resistance.
The general expression for voltage drops, around the circuit 
is
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1« / & I dt = Em sin 6.28 ft - K

- 31 -

4.

where K represents the d-c bias, and is 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 I = 4§-

Ksin 6.28ft - "gr 5.

This is a linear differential equation and has an integrating
w

factor of e When both sides of the equation are multi­
plied by this factor and Integrated, the following is obtain­
ed:
q = RC 6.28 fEm

aa-. .. mg * sin 6.28 ft - cos 6.28 ft£■5-5 1,,________ _____ _________  I m KC
I / R2C2 6.282f2

/ K1 e
Using the well known trigonometric expression

RC 6.

-I ba sin 0 - b cos 0 = sin ( 0 - tan %")
and the additional requirement as is explained in the next

O O O Oparagraph, that I »  6.28 f C R , the equation for q may be
simplified and written as

q s C jTKm sin ( 6.28 ft - 0 ) - K J / K1 e
mmXt
RC 7.

where 0 = tan’1 RC 6.28 f
The rectifier limits current flow to one direction so 

the charge on condenser C0 will reach some maximum value and



remain charged., until a discharge path 13 provided through an- 
Other part of the circuit I In the previous equations the 
limitation oh useable frequency-was placed such that the ex­
pression for the- charge .might be a linear function of- fre­
quency. that limitation is given in the expression 
1 »  6.28^f2G2R2, Being the value of G0 of 40 micromierofar­
ads, and the value of resistance as IGO ohms plus the effect­
ive ■resistance of the diode, it•is possible to determine the 
maximum allowable frequency. With a- small load resistance a 
large current flows through the diode* .and the resistance is 
smaller than the value-Used in later work with very limited 
current. A value of 900 ohms, is used in this part as a - 
reasonable estimate fof -an ;average-' diode resistance. Thls ' 
value is discussed in the section of this thesis ■ dealing with 
rectifiers„ The total resistance.is then 1000 ohms, and when 
substituted into the expression with the error limited to 
0.5#, the maximum frequency is found to be 0.398 me.

With this limitation it is possible to further simplify 
the expression of charge, fhe value of 0 given above Is limit­
ed to less than 6° and with a d-c bias of 1.4 volts, compared 
to an a-c signal of 5 volts, the rectification occurs only be­
tween approximately IO6 and 170° so it is less than a half
cycle and the phase angle of 6° is negligible and may be o-

.

mltted. this limitation of rectification to less than a i8oQ
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Intervai is the heagon for the d=e bias. The coiaatant E1 may 
be evaluated by aging the boundary condition q = 0 when %. & Q 
in equation 7= Therefore

E1 "* 0 ( E <iim sin 0 ) ■ ee 0fl6e «ee ,e eee ,,oee.eeeso 8 p
The expression for maximum charge is desired, however, and q

Tis a maximum at approximately the time i ~ IjT » ■ Sin.ee
3?*r

( E ^ Im sin ^ ) e << { Sm « K ) the transient tern may 
be omitted and the expression for maximum charge is

Om = G ( EL - K ) -O e P ♦' O' O P • P P O P P O O O O  0 * 4  0 * 9  * *. O O 0 0 * * 0 6  * 9,
The second phase-of the operation is concerned with the 

discharge of condenser Cq through diode Dg and R^, the load' 
resistor. The-circuit, of Fig, 6-c. is the equivalent circuit 
through which the discharge occurs. The limiter is included 
in this sketch since the- discharge must be through the para­
llel combination of 0,3 megohm- and 2000 ohms,, which are in the 
limiter used- in the,laboratory test. This-would differ with 
the various limiters So'analysis must be based upon the in­
dividual circuit used, ■

The discharge is accompanied by a simultaneous•recharg­
ing of the condenser with the opposite polarity, These two 
actions are- considered separately, however, to simplify the 
analysis. The theorem of superposition is used, which states 
that the action of two or more voltage sources in a circuit 
may be considered individually if the remainder are replaced



by their Internal lmpedancea. 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 It Is not bi­

lateral is therefore of no consequence.

The discharge of a condenser through pure resistances Is 

an action well known to radio e n gineers. The expression for 

current is

1 = r  e

^ave = RC (I - e
-T
2 RC) 11 .

I- m W "  ..................................... 10.
where E represents the original voltage across the condenser 

before discharge b e g i n s . To find the average value of cur­

rent it Is necessary to Integrate over the time limits during 

which discharge o c c u r s .
z jJL I
e ,= *

o
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* 
TIf -g” = 5*3 RC this is possible, so that a limiting frequency

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

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

lave is B C F , where F Is equal to .
The average d-c voltage developed across the load resist-

¥ [ ¥  / . * ] ■

o r  is the product of Iave 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 Is 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 in any text dealing 

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

circuit is «“ t*
i = sin ( 6.28 ft - 0 ) / K e 13.

.here Z = R - J  ŜTcand * " Rij O B

To evaluate the constant K in the above expression the current 

at time t = O must be k n o w n . From the proceeding paragraphs 

the maximum current due to discharge has been found to be

^ " ^ 5565 '̂  * Using this as the value of I when t = O the
equation may be rewritten as — **t

I = sin (6.28 ft - 0) / ( -Jl - sin 0 / I0) e R c ---- 14.

where I0 is the current at time t = 0.

The average voltage developed across the output resistor is

-ave = kL t I dt

I . K .  Y . Tang, 1 9 4 0 . ALTERNATING CURRENT CIRCUITS. 
International Textbook C o . , Scranton, P a . , p. 395.



15.Save = p | ~ |  / FRG (sin 0 /

where 0 is 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 R0 due to discharge of C 0 is

E ave = ECFR l  = (7.07 - 1.42) 40xl0"1 2 x 0.3xl0°x2000

s 0.135 volts.

The voltage developed across R0 due to rectification is
■c — E iJjRL I COS 0&ave - T * ~ [ 3.14

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

= 3000 -J 13250 = 13600 7-77.25°
7.07x2000 

Save “ 13600
cos(-77.25°)3^4 ' / 0 . 3xl06 x3 0 0 0 x 4 0 x 1 0 2 

x( 2.17 / sin -77.25°) J
= 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- 

Klmball-Barco discriminator.
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IJae Iravis discfiiBitiBtpr ds. soziiet.iffle8 referred lid as the 
Oyo.sby eircult since both men did development work o.n -the sys- 
teaio • The aeise Qf T^hTis seems to be' the more widely used of. 
the two, so it will be the name applied to the circuit in this 
■thesis. The basic operation of the circuit depends upon a 
primary tuned circuit, and two secondary circuits, one of 
which is tuned slightly above and the other slightly below the 
primary resonant frequency. The difference in response of the 
two- - secondaries gives an output which may be made linear oyer 
a fairly wide range if the circuit is properly adjusted.

The tests conducted on this circuit differed slightly 
from those-used on the other discriminators, since the Travis 
system lends itself to a large number of different settings 
and adjustments. The first series of tests were- conducted to 
find the relation between linearity and the amount by-which 
the two secondary .circuits could be detuned from the primary 
frequency. The results of these tests are plotted on Fig, 7 
in the foim of curves of voltage Output vs. frequency. The 
four curves shown are plotted for secondary frequencies of 25, 
20, 10 and 6 ko. above and below the primary, resonant value.
It is to be noted that the. first two have appreciable ourva=- 
ture, and would be of no value, as a discriminator output.
The curve of Id kc. frequency difference appears to be nearly
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linear on the curve of fig, 7. Soxs-ever-, ■ v?hen plotted to a 
very-.Jaush-larger eeale^ ■ with narrow pencil lines: for- curves., 
it is - seen that there is - some small- curvature of- the same 
general. type found•in the two curves previously discussed„
$he curve with 6'k@.' frequency difference is linear within the 
-Iifaits.- of - acc-U'-racy of -plotted - results* - .
• - ■ freing- the 'curve- with-18 k&\ ■ peak■ separation -̂ B1--Ihe -may#- 
imura.- hand - width- per® is sable, the useable portion- of the-curve 
appears to he approximately J= 4.0 kc. • with respect to the- cen­
ter frequencyo This again was determined from @ larger, more
carefully plotted., ■ curve, • .

I
Travis • ■ has - indicated that the maximum separation of 

peaks- of voltage output is .given hy -the-.empirical expression ■ 
^o s where- F0 is the primary- resonant frequency and- Qp is the 
%-of the primary- -tank circuit, • This, agrees- well with the re­
sults obtained from the experimental work, and with the graph­
ical analysis- which follows in .-the - next- section» - With - a -cen­
ter -frequency of 500 kc, and a primary Q of 58,0*.. the .peak, 
separation should■ -he-13-,I,- according. to - Travia,- ■ This • value 
does- not -give - the - useable- part-of the curve, however, but 
merely the separation between the points of maximum voltage .

" lt' ' Charles' Trhvis-,' '"Automatic ' Frhqu.ehcy^dntrol" ," PROO.
It a. B, 2g (1925), p. 1120.



out.put„ 'Ihe useable part of this range is approximately 2/3 
of this. barCis somewhat more ■ than In the ease ,of the Foster- 
Seeley - eiroult,

1Fhe -chief- advantage of the Travis system is that It is 
possible to obtain .a high sensitivity* volts/he* *■ with the 
proper adjustment, in-general- the narrower -the peak separa­
tion, the greater- will be the sensitivity. I he- limit of this 
increase will be at the point that the linearity is lost- due 
to the- ouwatare at the peak of the resonant curve, this will 
be- explained in the next article. ■ f-ravis, in the article '.cit­
ed- previously, -states that the maximum-sensitivity occurs when 
the peaks- of output - are Separated ■ 'approximately. ^ Mp

Am empirical design equation has .been developed.- -by Eoder 
which gives the useable band -width, as a function of the % of 
the -primary network and the resonant frequency. Ihls equa­
tion is

g'o"
1.5 W # o @ @ e * » o * o * 6 e  * -9 » 9 < i i e 9 4 6 e d e e * ,  » | i > * e e o e e e e © 16.

where Is the -Q- of the.-primary network, W is . the- band width 
and Fq - is- the- primary resonant - frequency. This formula takes 
into account the fact that not all of .the curve is linear, so

I".''"hanS^Roder, " T h e o ^of"the:Dlscriminato? Gi^Cuit''for 
Automatic Frequency Gontrolti, PHOG. I,. B4 IS. 26. (1938), p. 590. - .



that the value of W as determined la the useable part of the 
entire curve0

Applying this equation to the circuit tested la the lab- 
oratory te determine %  the value of q of 3$.o and the respa- 
ant frequency of 500 kc., .gave- a W equal to B.77- he., This 
agrees fairly well with- the -hand width determined.by -test,
■ ■ The -effect of an amplitude modulated wave being used for 
input, instead of the pure sin# wave,, is the same as in the 
case -of the Foster-Beeley circuit, In- the band of frequencies 
where-beth side-ba&as of the AM'wav# fall in the/linear part 
of the discriminator operating curve*, the output 1# the same 
as If a pure sine-wav# of the same effective value is used, 
%ie9 the side-bands fall in the curved part of the operating 
range of the discriminator, the output of the discriminator 
is reduced, as was explained in the discussion of the Foster- 
Seeley circuit,
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ANALYSIS OF THS TBAfIS CIRCUIT 

The complete circuit diagram of the laboratory model of 
this discriminator is Shown in Fige 8-a„ The frequency used 
for the primary was 590 ho.> the same as in the case of the 
Foster-Seeley circuit. The primary resonant circuit was 
paralleled by resistor R^9 in this case 0,1 megohm. This 
was to broaden the response of the circuit# or to reduce 
the %. The measured value of % of the primary branch was 
38,0, which is about half the Q of the secondary circuits,

The load resistors and tend to- load the 'secondary 
resonant circuits also, and to broaden their response. Soder
has shown that the resistance effectively in parallel with the

%tuned circuit is where- represents the load resistance 
coupled through a half-wave rectifier. This is illustrated 
In■Fig, 8-b. The parallel resistance is then 50»000 ohms-in 
the case of each of the secondary colls, and the one-half 
ratio of Q’a indicated above is confirmed.

The signal voltage is supplied to this circuit in para­
llel with the tuned primary of the transformer as was- the case 
in the Foster-Seeley circuit. The limiter stage which norm= 
ally proceeds the discriminator in any application has the I.

? i

I. Hans Boder» "Theory of- Discriminator circuits for 
Automatic Frequency Control", PEQC, I. R. S. S6# (193$), 
Po 594= ''r~r:
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-eff.e'ô  ■ 9'f1 holding the voltage across the condehser-G^ fixed,
fhls means that the voltage eonaisered in series with the LG
coahihation, must varyand siBllarily the- voltage ■ Induced into
each of the secondary coils- varies, ■ the final - effect depends
apon -the degree of coupling-ef the circuits, and the relative
valhes- of- Q,' - in- the ease of the particular circuit, tested *
the voltage-developed'acrese load resistors and %_ acts as
though the -effective■% of- the-circuit, was approximately 36»0«
3?hls is very slightly less - than the Q of the primary - network,

' ■■-Analysis - of the Travis circuit is-most easily -made .-on the
hasis of a-graphical' addition of the output voltages- of the
two- secondary circuits, ■ This is Illustrated hy Fig:,, B-d, -

■ Terman - shows that ■ the curve - of current- in the -secondary
of a douhle-^tuned-coupled circuit has the same shape as the

I
curve of current in the- primary of the resonant network , with 
a 1̂- which is higher than the Q of - either- the primary or the 
-secondary -Wanohea,, The - -of the- circuit of this-discrimina­
tor has .already - been discussed-, - hut ■ the fact that the current
is approximately-a-.resonant function-is of some help- in- the

2
analysis. The universal resonance curves given by Teiman may

~ 1 - F. '3-,rTerman, 1943^' ,moib M e m # # * S ’-hms bqqi t. ■ " W
- SOSraw-I-Ill --Spok''Gd* 1$2, - - -'-

$. F, % 7 .  mbKy W i m m R i i e .Book GOai- N. Y., p, 56o
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yg.ea to predict operating; characteristics of the. circuit« 

The curves ref erred ■ to /are merely a; graphical #ay Cf quickly 
determining the ratio 'C-f impedance at any frequency- to the ■ 
impedance-at resonance. If the circuit to be anal,
y^ed -la greater than 10, the error involved in Using the ■ 
universal curve is negligible. ■ .

The impedance of-a parallel resonant circuit may be- writ. 
ten -as- Seq / j % q  -where ■ the■ -value of- I@q -may bp Inductive 
or eepaelts,?** depending- frequency--ig.helpv
'■hove: resonance. I t. can- be • shorn-, that - a plot of equivalent 
resistance vs. frequency gives a curve similar -inshape, to 
the curve of total- impedance, except, that the -resistance - 
curve is-much -sharper and -narrower. The reslstance -is equal 
to the reactance, ■ and- each Iq equal to the resonant imped* 
ance when the frequency is such that "a" Ie equal to 0,5 where

a - a Gyolps.,off resonance '
- ^ #esQn#Oe f%d@hcy

At this point the reactance is a maximum, and as the value of
a is increased, the reactance reduces very rapidly„ This Is 

■ I \ -f .discussed by Terman „
'This discussion indicates that the universal resonahce

"IT^fT-BrIv femanT^943l 
EcSraw-Hin Book GO,  ̂I, f p .  145.
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cuyve has a change of curvature at a point where a Ie equal to 
0.5 .The sketch of Fig. 8-c indicates this point graphically. 
'Hf - the, addition■ of-the; two ,response-Ohryes-Ie -to foe made - as . 
indicated in-the-eteetoh of-Fig. $*&, the-resulting-onrye-cap 
foe linear only when there is ■ a single -direction of curvature 
In the portions to foe added-. Thie- limits the separation of 
frequencies and F2 to a- value of 2a-,

-The peak separation -is- - then-, twice -the n cycles off re son- 
anee!l -and is- equal to 2 x 0-.5 SE %- or

peak, separation = ,--IU
^ I

which -agrees with- the- results-predicted foy Travis. ■
• ■ The fact that the- %'s'of the- secondary networks are. made- 

equal to twice the fy of the - primary tank, and that the % of 
the primary tank -is- intentionally made very low-, makes the 
effective-%■ of the entire secondary network, -including tube 
end load resistance, approximately equal to the %'of the pri­
mary. Zn the ease of the lafooratory model the- ratio was 
56/38, which is nearly unity.

The. spacing foe tween secondary resonant frequencies- may 
foe reduced foe-low- the. value indicated - a f o o v e A reduction of 
this spacing will increase the sensitivity of the circuit at I,

I, B, 8, Sg, (193S), p. 1130.



the expense of band-width..She minimum spacing is limited by
,the curvature at the peafc of -the resonant.cu r-ve, where there

■ . . '■■- .. .

&8' rereraa-ih Gtirrsture., ■ ■ rIhia Se- approximately at. a point 
where- a = 0,2 .• Travie developed an expression which agrees' 
fairly well with this value. - This was discussed .Ia- the pre­
vious. section*.

■ In the work on this circuit the- accuracy is hot nearly as 
good -SS-In the case, of the two- circuits previously ■ discussed,
A graphical analysis is more restricted -than a mathematical 
one however, so these differences are- to be expected. Such 
of. the -work previously done on the Travis discriminator, has 
been-of an empirical nature, since av detailed rigorous deriva­
tion of - current and voltage expressions has - proved to- he 
rather involved, ■ and the -empirical and graphical results- have 
proved satisfactory.
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• mom ■ oa&sAcm u t m i o s-
■ 'I'he diode■ rectifier is- Bmeh an important part of the 

discriminator that it was necessary to briefly -study -the 
charaeteri-sties d-f the tube, i# order that- a complete- analysia 
of the discriminator- circuits could- be made, the effective 
.resistance-of • a diode is the most important characteristic 
that- need be Impwa -for this work.

Xh the appendix of this thesis an equivalent circuit of 
a rectifier aind its load -resistance together with- the equiva­
lent plate .resistance of the diode is- -found, the losses' in & 
dio.de may be considered, in several • ways. the most conven* 
lent- method -for- this - work- Was to consider the tube to- be a 
perfect rectifier, without losses-, in series with a resistance 
which - is considered-to be in the tube, - on this basis-it is 
shown in- the..appendix - that .the equivalent resistance is

[- % e < # e e e ,  6 e e v * i - * >  «*-»-«> #4

where r^-Is-the resistance-of the- diode, is the effective
value..-of -the- a-c -Input- voltage, and is the d-e voltage- - 
measured -across the load resistance, .fhis-equation-whs-ap­
plied to a series- of test Values on the four rectifiers used 
in the work of this thesis, -!he curves, of rig.. 9 show the re- 
sistanoe as a function of the average d-e current through the
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load resistor-, She ^oasarementa-for this test' were- all made
I

^ith -a load resistance of 2000 O h m a 9 which is. the load resist­
ance- of the- Seeley-K.imhall-Sarco discriminator. the: ,effect­
ive tube resistance would vary somewhat with different values- 
of load> but the■comparison would be constant. - •
• . -ttibes. - for - this test - were chosen at- -random from'-a large
stock of. commercial■-6H6 ■ rectifiers. • to obtain- as ■ general a 
selection as possible, -two of - those used were glass- and two 
were metal. . lhe. tubes - represented the- work of different - 
manufacturers*. also.. There is a, fair degree of unIforaity 
between- tubes - I * 3 and. 4, but - tube 2 had a comparatively 
large- resistance, -fhienaay- have vbeexi-dviie ..to. variations in 
manufacture, or could, have resulted, from long periods-.of use. 
As a tube As used, -the emission tends to be reduced, until it 
is finally of no further value:. -Although tube B -had been- used 
several- hours, when.- tested with--a commercial tube tester it- 
was found to . be- -satisfactory-.--l-heae curves - show the - variation 
which may - be- found - in tubes and • give an, indication of -the al­
lowances which must be made- in design of circuits, so that - 
satisfactory operation will result with any of the -tubes manu­
factured under the same-identifying number.

■An -average tube resistance-of-IOOO ohms was used-in-the 
discharge' circuit• of the-- Seeley-Kimball^Bare-O- discriminator 
since the resistance of the load was the. same as the value
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tised la the test for curves of Fig® 9. For the- charging

x
circuit a value of tube resistance of 900 ohms was-used, since 
the load resistance was only 100 ohms® For the- same input 
■■signal voltage it would he reasonable to choose a lower diode 
resistance, since as is indicated by the curves, the tube 
resistance- reduces as the current increases. This will not 
continue indefinitely, of course, since the emission of the 
tube has a very definite limit, and further increase of cur­
rent will cause the resistance offered by the tube to increase 
at a very rapid rate. In the case of the 6H6, the maximum 
rated d-c current per plate is 4 mill!amperes. In most ap­
plications the current through the tube is limited to values 
little greater than 2 millIamperes in order to avoid the 
possibility of saturation.

For the fravia and Foster-Seeley circuits the resistance 
of the tube is of little importance® Curves of operating 
characteristics of the 6H6 tube, available commercially, indi­
cate that the output voltage developed across the load resist­
or is approximately the peak value of the input signal. This 
is, of course, based on a capacity input filter, and a load 
resistance of 0.1 megohm or larger® Experimental data con­
firms this information. For this reason the tube resistance 
has been neglected in analysis of circuits involving very 
large load resistances.
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The intereleet,pode o&paqitlee of .the tuhe have been 

neglected throughout■the work of this thesis. The low fre­
quencies used made the reactances of these capacities so 
large as to he of no concern, ■ The capacity from.-plate to 
cathode for a 6H6 would not exceed 4 micromicrofarads, Iyb 
590 keg the reactance of this capacity Is 79s500 ohms, In 
parallel- with the diode resistance of approximately-1000 ohms, 
this reactance-- has- no effect, - ,The capacity between the two 
diode sections in the same - envelope is even smaller, approx­
imately G d  micromierofarad,

For discriminators in late model ES- receivers with in-. 
teraediate frequencies of 10,7 me., tube capacities have 
considerable effect and must be considered in analysis.

/
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Discriminators bate a variety of uaes, chief among %bioh 
are the detection of frequency and phase modulated Waveej 
automatic frequency control, and calibration of,frequency and 
pba.se - modulation equipmente fitb-these varied uses 1$ la not 
possible to say that -one type- of a discriminator is better 
than another without specifying the-purpose-for-which ,-the com­
parison is made. Table I gives a tabular comparison of the 
three circuits studied, ■

For Mt detection the-Foster-Seeley circuit, or its more 
recent modification called the “ratio-detector-1 is best -.suit­
ed, The chief reason-for this -is- the ease-of adjustment of 
the- circuit, and the good stability with change of tempera­
ture, supply voltage and tubes. The- design of a, circuit used 
commercially must be such that- a. service-man-, - with - compara­
tively little technical knowledge, can ,adjust it-satisfactori­
ly and -that such an adjustment- will- be comparatively,'permanent.

For automatic frequency control, the Travis circuit is 
somewhat better- suited, provided -maintenance w i n  be done -by 
trained personnel, In general it is possible to obtain- great­
er sensitivity- (output volts per cycle of frequency deviation) 
from the Travie-circuit-than- from others, the. Travis- circuit 
is difficult to adjust, and is more subject to mechanical 
shock and temperature change than is the Foster-Seeley circuit.
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TfYi ’• -Ifv' -; -f-l- ■; -  'i' ' ..I-IT,' ' '  tn.. .'.I  ■ 'Basis of Travis Faster-Seeley Seeley-Klmball-
eomparlaost ■ discriminator Discriminator ■■ Barco ■

Discriminator

Linearity ■ Good Gdod Excellent
Distortion
Saximnm

Band^-Widtb
Sensitivity 
C Volts/cycle)

:Stability 
C Temperature • 
and mechanical 

shook)
Dependence on 
tube constants

Base of
adjustment•
Versatility

Small
0.67 Fa
^  ,

■ High
(Gah be varied

slightly )

Gpod

Small

Difficult
Ixsellent

■Small. 

Medium

Sxeellent

small.

Quite simple

Excellent

Negligible■ 

About 250 Mo.

Very low

Excellent

Very depend- 
•• ent

Ho.adjustment 
necessary

■ Poor

Hund (1943) indicates that' this Value'‘'c'aiTbe nearly^ 
doubled if critical. coupling.■ if used. ■ This increases 
the peaks.' of .voltage -response separation and allows 
approximately t of the entire curve for operation.



the reason is# of course, that the Travis system requires ad­
justment of three■tuned circuits, each.to a different fre­
quency.. If coupling between coils is small the adjustments 
are nearly independent; however there; is a tendency in any 
such circuit, for adjustment of one part to be reflected - into 
the others, so the final adjustment is. a trial and error pro­
cess . . ■ ' ■ .....

For a very .high degree-of-linearity the Beeleylmball- 
Barco circuit i-s -the most desirable. The low center frequency 
to- which this circuit is limited restricts its use- for many 
purposes.. The chief- application' is- probably- as a .laboratory 
Instrument, where it may be used to check linearity of various 
frequency- and -phase modulating- devices. Sb eh. as-reactance* tube 
modulators. The-designers of the circuit state that it - should 
be possible to build - the discriminator so that linearity of 
less than 0,02# error- can be obtained over a small range of 
frequencies. The modifications -used for the model tested ■ 
raise---this figure, to about 0,g%, however a very much greater 
frequency range is obtained.

The Seeley-Kimball^BarGO circuit is very dependent -upon 
tube- constantsj however with tube- -change a. new calibration 
curve could be obtained and the stability would be good until 
it wa--s • again necessary to change tubes.

.comparison'on other bases' are indicated in Table I.
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- APBBBDIX

the plate which fallewe was not considered to be of such 
importance to the- discussion in the article concerning recti= 
fie re- that It was necessary, to include it In the text. at. that 
point o, The derivation of - the - expression for equivalent diode 
resistance is not complex, but since the expression used here 
is not a standard electrical equation» its derivation is in­
cluded on the next sheet 0



-  <5 S  -

A  P P E N D I  X

e ILT-AAAA

/7 / h e  b  C4 3 J3 of O P  Gr feet77 J I O J C

^  - XfT / T / "  « d a
O

£m_
rr

IQ ¥9 f ' r,< ) -- T  =
4, -

£>L /J </ C o u t p u t  v o U o y e

X̂L f <  ' ̂ ) =  -JI X .JJ 9  £ <f(

(' 4Si S tff - S^ \ ^

-4

/ h/3 ana /y 3 /3

£>er te3 to I o

a 53 u *tes a p e r f e c t

tube resist o n c e

c/ / o c/ e 

'</ •

/ n



MONTANA STATE UNIVERSITY LIBRARIES

762 001 5475 4

N37d 
Sh45d
Bhennum, R. 'H7

84373

Djscriminatjpr compari srm

DATE

N378 84378
Sh45d
cop. Z


