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ABSTRACT 

"Capture effect" is a phenomenon occurring in both a-m and f -m communi
cation systems manifest in the depression of a :ljel atively weak desired signal by 
a stronger interfering signal at or near the desired-signal frequency, the degree 
of depression dependingon circuit design, absolute and relative input amplitudes 
of the two signals, and on their frequency. location relative to predetector selec -
tivity. An analysis ts presented which considers how and in what circuits of a 
receiving system the effect occurs and the degree of capture to be encountered 
under various conditions of receiver circuitry. Control or reduction of the effect 
is discussed. 

Limiters, discriminators, detectors, thermionic-bias PQtentials, AVC sys
tems, detuning, de-emphasis networks, AFC systems, noise-peak limiters, and 
fluctuation- and impulse-noise are treated with regard to their influence on the 
over-all capture effect. Theoretical analysis 1s supported by experimental data 
wherever practicable. • 

It is found that difference in degree of capture between a-m and f-m systems 
is due to action of limiter and discriminator circuits in FM -and that the nearer 
any circuit approaches the "ideal," the greater the degree of capture experienced. 
In a-m systems capture may be reduced by (1) use of square-law rectifiers as 
final detectors and/or (2) operation without AVC; in f -m systems reduction is 
accomplishedby (1) use of square-law rectifi ers followingthe discriminator ele
ment, (2) increase in discriminator bandwidth, (3) reduction in effectiveness of 
limiting, and/or (4) incorporation of discriminators with nonsymmetrlcaland/or 
nonlinear characteristics. 

PROBLEM STATUS 

This report, together with a forthcoming NRL Report R-3460 ".An investigation 
of Nonlinear Circuits Under Two-Signal Conditions," Restricted, by w. E. w. 
Bowe, concludes work on this problem. Unless otherwise not ified by the Bureau 
of Ships, the Laboratory will consider this problem closed one month from the 
mailing dat~ of the latter report. 

AUTHORIZATION 

NRL Problem No. R01-19R 

iv 
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INVESTIGATION AND ANALYSIS OF "CAPTURE EFFECT" 
IN F-M AND A-M COMMUNICATION SYSTEMS 

INTRODUCTION 

"Capture"is the term commonly applied to a desired-signal output depression effect 
which occurs in frequency-modulated reception. Theeffect tspresentinamplitude-modulated 
reception also but usually to a more limited degree than in frequency modulation. It is gen
erally present whenever an interfering signal stronger than the desired s ignal is tuned to 
or near the desired-signal frequency. The phenomenon manifests itself as a depression of 
the weaker signal's output by the stronger one, the degree of depression depending on the 
design of the receiver circuits, the absolute and relative input amplitudes of the two signals, 
and on their location in frequency relative to the predetector selectivity of the receiver. 

This investigation of capture effect has been conducted to determine in what stages, 
circuits, or elements of the receiving system capture occurs, ana to what degree. Both 
theoretical and ·experimental consideration have been given to such items as amplifier.:., 
detector-, and AVC action in a-m reception and limiter- , discriminator-, and detector 
action in f-m reception. For.the purposes of this report, the term "discriminator" refers 
to the means for converting frequency variations into amplitude variations for subsequent 
detection purposes. The'term "f-m detector• refers to the necessary combination of the 
discriminator and rectifier circuits and elements. 

The terms "capture" and "capture threshold" have been used rather freely in much of 
the technical literature relating to this phenomenon. In speaking of capture, the words 
'"suppression" and "elimination" are frequently encountered and interchangeably used. For 
purposes of discussion of the effect in this report, the followingdeflnitionshavebeen devised. 

(1) Capture - the suppression of the desired-signal output caused by the presence of 
an undesired carrier at or near the desired-signal carrier frequency. • 

(2) Capture Threshold - the undesired-to-desired input carrier level ratio at which 
the desired-signal output is depressed 3 db below its interference-free value. This 
usually occurs in the vicinity of undesired-lo-desired-signal input carrier level ratios 
of 1. 

(3) Standard Depression Capture Ratio - the undesired-to-desired input carrier level 
ratio at which the desired-signal output has been depressed to such a d~gree as essen
tially to prevent transfer of intelligence. A depression or attenuation .of the·desired
·signal output o.f about 30 db is suggested as a satisfactory standard. This agrees fairly 
well with telephone cross-talk standards. Unless otherwise stated, a 30-db depression 
will M used in this report for designation of Standard Depression Capture Ratio. 

1 
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(4) Complete Capture Level - the desired-signal ~t level at which the desired 
slgnal is apparently eliminated completely from the output of the receiver. This 
would normally correspond to a depression of desired-signal output of at least 40 db. 

Theorlgtnaldirecttw1 *under which this investigation bas been conducted was a request 
•to Investigate and determine the pracUcability of f-m receiver circuits designed to ellm
inate or mtntmtz,:, the capture effects of strong Jammtng ,;:arrlers, modulated and unmodu
lated, on f-m signals.• The directive made no mention of capture effect in a-m reception, 
but since a-m and f-m receiver circuitry are closely related, and since the ultJmate goal 
as stated in the problem was to "evaluate the relative merits of a- m and f-mcommun1-
cat1on'. systems,• lfwas considered bJgbly desirable and entirely wltbbi the scope of this 
problem to lnvestJgate capture effect in a-m reception as well. 

It was also stated in the orfglnal dl.rective that •capture bas proved to be a strong 
disadvantage, from a military standpoint, for f-m.• Definfte information was r~ested 

• as to whether the capture effect can be m1n1mtzACI. Two references were given1• which 
supposedly contain suggestions for the reduction of thts effect. NRL bas, as yet,-been 
unable to obtain the first of these references1 for investtgatton and analysis. The second1 

suggests a "back•bias• scheme for minimizing capture which, ln effect, changes the thres
hold of llmiUng. This system will be menttoned again later. 

There are several other co-channel and adJaeent-cbannel effects which can cause the 
desired signal to be suppressed or completely jammed. For instance, there is the presence 
of audible beat notes and/or cross-modulation products in the output which can make the 
transfer of intelligence by the desired signal difficult or impossible to achieve. These 
effects are sometimes confused with the capture effect, and ln fact several writers haveused 
the term •capture- to include any or all of the interference products appearing ln the output 
of a receiver. These interference products would better be termed •co-channel• or "adjace 
channel• Interference effects, 9f 1tblch capture is one term. TJlis ·report will be confined 

• mainly to the capture effect proper. Accompanying heterodyne and other effects can, boweve 
exceed capture in importance under some circumstances. Many of these other two-signal 
effects have been investigated as part of the problem and are discussed in a forthcoming 
companion report.' 

In any analysis of capture phenomenon, consideration must first be given to study of 
the particular circuits or stages of the receiving system 1n which the effect can occur. In 
an a-m receiver, the effect is localized mainly 1n the detector circuits and the AVC system, 
with predetector ampllfler saturation also appearing as a factor ln the absence of effective 
AVC. Jn an f-m receiver, the effect involves both the detector rectifiers and the limiter 
circuits, as well as the discriminator ·(slope-filter) element which is not usually present in 
the a-m system. n is generally possible to predict with reasonable accuracy the degree of 

• capture possible 1n either an a-m or f-m system, provided the following receiver conditions 
are known: • 

(1) Final Detector RecUfiers 

A. Mode of recttfier operation 

(a) Linear-Law 

(b) Square-Law 

(c) IntermedJate 

*See page 55 for ref~rences. 
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B. Rectifier type 

(a) Single-ended 

(b) Balanced (symmetry known) 

(c) Crystal _or Thermionic Diodes 
(2) Limiters 

. A. Type 

(a) Grid-bias plate-saturation amplifier 

(b) Shunt-diode (full or half-wave) 

(c) Others (such as series-diode, etc.) 

B. Operating conditions. 

(a) Threshold level (onset of limiting) 

(b) Normal operation (well above threshold but .. below blocking level) · 

(c) Blocking level 

c. Time constants 

D. Loading effect of noise-limiter in a-m system 

E. Presence and effectiveness of automatic-frequency-control (AFC) system • 

(3) Disenmtnator 

A. Type 

(a) Single-slope filter (such as frequency-counter type) 

(b) Dual-slope filters (such as phase-discriminator type) 

B. Frequency-amplitude cbaracterJstic· 

(a) Linear 

(b) Nonlinear 

(c) Symmetrical 

(d). Nonsymmetrical 

.c. Centering 

(a) Desired input signal centered 

(b) Desired input signal off-center 

D. Bandwidth 

E. Deviation (Modulation) 

(a) Deviation within discrimtnator band-llmlts • 

.(b) Deviation aceeding discrtmtnator band-llmlts. 

• It must be emphasized that the difference 1D degree of capture to be found between 
the a-m and f-m systems 1s primarily a function of the effectiveness of the circuits pro
vided for operation with the type of 'ff'Odn)atton employed. The f-m receiver differs from 
the a-m receiver mainly in. ~-tt requires additional elements for conversion of the 
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lnteWgence-carrying modulation from variations 1n frequency to variations 1n amplitude 
for detection purposes. The necessary addiUonal elements, consisting of a dlsc-rtrn!nator 
(slope filters) and one or more predetectlon amplitude Umlters, account for the major 
differences In the degree of ,capture obtained between the two modulatlon types. Variations 
1n Um.ltlng and/or detector characteristics between two slmilar receivers can also cause 
considerable variation in the relative degree of capture. Tb1s will be discussed later in 
greater detail. 

THEORETICAL TREATMENT OF PROBLEM 

The following analysts treats those elements or circuits of a recetvtng system whlch 
contrlbutetocapture, together with a discussion of their combination into the over-all • 
capture effect. 

Amplitude Detectors 

. The awarent demodulatlon of a weaker signal by a stronger one in an a-m detector 
.th a Unear-law detection cbaracteristlc ts a well known effect. Many wrltera have men
tioned this l'!enomenon, and several analyses of it have been P,Ven 1n tecbnlcal Utera
ture. " ' ....,1 TheanalyslsofE. V. AppletonandD.Boobariwal.la isone of the better-known 
theoretical treatments of tbts effect. The complete derivation, with certain changes in 
nomenclature and clarifying statements added, will be found in Appendix A; the results, 
briefiy, are as follows. 

If a desired carrier of amplitude Dt and an undesired carrier, Ut, (differing_ in fre
quency by a value outside the pass-band of the detector output circuits) appear 1n the same 
cbann~l (within the predetector pass-band of the receiver) and are demodulated in a linear
law rectifier, the modulailon output, D_o, from the desired carrier 1s reduced by a value 
proportional to the ratio of Dt to Ut. Thus, 

(1) 

provided that Ut ls stronger than Dt by at least a factor of 2, or 

where Dt is the lDpat amplltude of the desired carrier (modulated), Ui ts the input ampll
tude of the undesired carrier (unmodulated), and Do ls the output resulting from the de
sired modulated·car.rter in the presence of the undesired carrier. 

In a s1m.tlar manner, the effect of a weak undesired signal, Ut, on a stronger desired 
stgnal, Dt, is found to be 

·D0= 1-1/~J, 

~vtded that D1 1s stronger ~ Ut by at least a factor of 2, or 

D1ili2 Ui 

(2) 

where Do 1s the output resulting from the desired modulated carrier in the presence of 
the undesired carrier. • 

!JECLASSIFIEC 
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Equation (1) shows that the depression of the desired-signal output by •astronaer un
desired carrier ls quite pl'ODOUDCed, whereas equation (2) shows.that the depres"'~ of 
the desired-signal output by a weaker undesired carrier ls sligbt. It should be notedthat 
these signal depressions or capture effects may be obscured by heterodyne beats between 
D and U signals,. unless the beats are filtered out or are outside the pass-band of the de
.tector. output system. 

A more general treatment of the detector capture phenomenon will be found in Ap-
. pendix B, in which (unllte the treatment in r~erence 9) the modulation factor ls included 

in the first mathematical statement of the problem. This treatment has been carr ied out 
for the square-law detector as well as for the linear-law detector. The results in the 
linear case are in agreement with those given in equation (3A) of the Appleton-Booharlwalla 
treatment (Appendix A). The results in the square-law cue are in·agreement wlthstate
ments to be f01llld scattered throughout the technical literature, although this writer bas 
not previously enc0l1Jltered a mathematical treatment giving tbe output-level equations 
of the square-law detector in the presence of two signals. The square-law case will be 
discussed again later. 

A graph of equations (1) and (2) ls shown as curve (A) in Figure 1, presented in the 
general form used throughout to ·mustrate capture. It ls evident from this curve that, 
with ideal linear-law detection, the depression of the desired signal ls 1 db per db of In
crease in level of the undesired carrier whenever the undesired carrier exceeds theam.
plltade of the desired bf appro:nmately 3 db or more. Variation to this extent represents 
a •capture-slope• of 45°. The discontinuity of curve (A) in the region of signal equality 
(dashed portion bet_ween -U/D =; 2 db) probably ls caused by the failure of certain 
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simp)JfyiDg assumptions made in the derivatton of equations ( 1) and (2). Curve (B) of 
Figure 1, however, bas been plotted from equation (3A) of Appendix A, which represents 
a more exact solution carried out to 4 terms. The capture slope as shown by curve (B) 
ts still about 45° , but the absolute depressi.r.,, .. of the desired signal (In the region where 
the ratio U/D> 0 db) ls sllghlly less than for curve (A), and the curve exbibits no dlscon
tlnulties at the threshold. The depression of D at the thre~bold as shown by this curve 
ts approximately 5.5 db. 
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Experimental curves of the capture effect occurring with a linear-law detector appear 
in the companion report• and are shown replotted In Figure 2 of this report. The measure- • 
ments were made by feeding two signals of slightly different mcdulation and carrier fre
quencies· Into an r-f amplifier and linear a-m detector and filtering the desired modulation 
tone frQm the detector output with a wave-analyzer. The resulting curves have a slope of 
about 45° in the region where U/D > 6 db, but the depression of D at the threshold 
(U/D = O db). is only 3 db. The over-all depression o:r capture is then approximately 6 db 
less than·that exhibited In curve (B) of Figure 1 in the region where U/D > 6 db. T11is 
result is in very close agreement with the first term in equation (3A) of Appendix A, i.e. , 

• Do= f(l:r)~ (3) 

where l Dt 
y =x= Ut • 

Curve (C) of Figure 1 shows a plot of the above term (equation 3) which, as can be seen 
in Figure 2, is In almost exact agreement with the experimental results. The difference 
between curves (A) and (B) of Figure 1 compared to curve (C) is not one of slope (each 
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about 4~ but rather one of depression at the threshold and above. This discrepancy will 
bear further eurn1natton in some subsequent investigation but it will not be pursued . 
further in this report. It should be noted, however, that some doubt is cast as to the ab-
solute attenuation of the desired-signal output at the threshold and beyond. • 

Tbe theoretical equations for capture in a linear a-m detector do not consider the 
•contact• or internal thermionic potential developed in the usual diode tube used as de-. 
tector. In crystal diodes, the Internal thermal potential is generally negligible, but' in the 
thermionic type of diode tube usually employed as a detector the internal potential devel
oped is considerable. n is 1n the region of 1.2 volts for a type 6B6, for example. This 
potential makes the absolute amplitudes of the input signals U and D at· the detector or 
other nonlinear element Important with respect to the degree of capture obtained. If the 
lnput carriers are of such level that the resultant composite mean signal exceeds the 
thermionic-bias voltage, a given depression of the desired signal will occur at a lower 
ratio of U/D. However, If the input carriers are weak, so that the resultant composite 
input-signal amplitude is below the ftlue of diode bias, the threshold of capture would •be 
ldgber 1n terms of·U/D ratio than tbat shown by curve (C) of Figure .1. The d~ed-slgnal 
output in this case is shown in Figure 3 of this report, where the capture c~e exblbits 
1/2-db depression of D at U/D = 0 db and _generally less capture over-all (slope < 45°)for 
the low-input level ?alues of the carriers employed. Further experimental verWcatioli 
will be found 1n the companion report. 4 The transition between square-law and linear
law detector operation, as indicated by this experimental cune, 1s gradual. In effect, 
the thermionic-bias potential constrains the weak Input carriers to operate on a region 
of the detector characteristic which 1s intermediate between square-law and linear-law. 
With a perfect or ideal square-law detector, the output 1s proportional to the square of 
the tnpat-stgnal voltage. Tb.ts logarithmic characteristic 1s·1n opposition to the linear-
law capture effect described above and results 1n a theoretical capture slope of zero d&
grees for all tnput-carrier ratios (U/D). Thus such a detector would e:miblt no capture 

. cbaracterlStics of lts own. This 1s verWed by equation (1B) of Appendix B, where the 
modulation output due to theD signal ls seen to be independent~ theinterfertngcarrler,U. 
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Fig_. 3 - Measured capture effect in a-m detector at low input l evels 
(rectification intermediate between Unear-law and square-law) 
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It remains to determine whether the capture effect due to linear-law detection is the 
same in an f-m receiver as in an a-m receiver. The usual f-m detector uses two balanced 
half- wave rectifiers whose outputs are connected in voltage or current opposition, whereas 
a single-ended half-wave rectifier is generally used for a-m detection. The frequency 
variations of the f-m carrier are converted to amplitude variations in some form of dis
criminator, the output of which is fed to an amplitude-detection system usually composed 
of the above mentioned balanced diodes . Amplitude detectors inherently ignore frequency 
variations, thus leaving for consideration only the amplitude variations present in the 
output of the discriminator. 

Assuming a discriminator composed of two linear and symmetrically opposed slope 
filters, each feeding one of the two opposed rectifiers, then as the input signal varies in 
phase or frequency about the mid-frequency of the discriminator, output-voltage vari -
ations are produced and passed on to the detectors. For the condition in which the input 
frequency is at the exact center of the discriminator characteristic, the potentials ap
plied to.the two diodes are of equal magnitude, and there is no resultant output from the 
detector. As the input frequency changes and deviates from the center of tbe discrinii
nator characteristic, the voltage applied to one diode detector becomes larger and that 
applied to the other diode smaller relative to the condition at center. The result, over 
one complete cycle of the input-frequency variation, is a differential output voltage which 
appears across the detector-output load. With linear slope filters, this voltage can be 
made to vary almost linearly over a considerable range of frequencies. The fact that 
the differential detector output is not perfectly linear can be explained by examining the 
condition in which the instantaneous phase or frequency of the input carrier is at a maxi
mum. 

At the peak-deviation (maximum frequency excursion) of the input signal on the dis
criminator characteristic, one diode rectifier is receiving a high potential while the other 
diode is receiving a considerably lower potential. The diode receiving the higher potential 
is generally operating in a linear fashion, but the diode receiving the low potential may be 
operating on the square or an intermediate law region of its charactertstic. This is usually 
true if the input potential to the latter diode· is below its internal thermionic-bias potential. 
Thus the differential output across the detector load in the region of the frequency peaks 
of input signal may be not quite linear. Of course, the peaks represent a small fraction 
of the total time of one complete cycle, and therefore the differential output across the 
detector load can be very close to linear. With two f-m signals present, the capture or 
depression of the desired signal by the undesired carrier should be essentially no differ
ent than that experienced with a single-ended a-m detector insofar as the rectifler portion 
of the f-m detector is concerned (1 db per db of increase in the ratio U/D in the region . 
where U/D>l, when therms signal-input level is well into the region which produces 
linear-law detector operation). 

Linear Discriminator Analysis (Vector Addition 
of Input Signals in Absence of Limiting) 

The effect of a linear discriminator on capture in an f-m system with no limiting 
circuits prior to-detection will now be considered. Assume that the two input carriers 
U and Dare of identical frequency and are introduced at the center or mid-frequency 
point of the discriminator characteristic. These input carriers can be represented vec
torially as shown in Figure 4 (a), ~ere the vector Dis shown stationary and iii phasewith 
vector u. Now if the desired carrier, D, is frequency-modulated, it will rotate or wag in 
first one direction and then the other about the terminus of the undesired carrier, u, as 
shown in Figures 4 (b) and 4 (c) . This rotation of D about U results in ampli~de as well 
as phase-angle variation of the resultant R of the two carriers. Both of these variations 
affect the response in the output of the discriminator but will be considered separately, the 
phase-angle variation being treated first. 
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Consider the discrlmtnat.or again to be 
composed of a balanced pair ~ opposed slope 
filters. Then, If the unmodulated-carrier 
frequency (Figllre 4(a)) coincides with Qle 
center frequency of the d1scrirn1:oator-output • 
cbaracteristic, the condition represented by 
Figure 4(b) will result 1n • a blgher voltage 
outpu:t from one slope filter relative t.o the • 
other, and that represented by Figllre 4(c) 
wtll produce the blgber voltage output from 
the other slope filter. If the carrier vector 
D 1s '"stopped• at an instant of time at which 
.g 18 9cl', as shown 1n Figure 4(d), then by 
varytngthe ratio x (x =·U/D} bycbanging the 
length of vector U, .the vartallon 1n discrim
tnator output produced by vartatton of the 
resulting value of phase angle • can be ob
served. Tbls variation ls· plotted 1n Figure ·5 • 
baaed on the slmpllfytng assumption, to fa
cuu.te the analysis, that the resultant R 
matotatns a constant ampl,ttude. 

Figure 5 shows that tbe depression of 
resillttng output below Its mulmum value 1s 
6 (lb at stgnal equality (U/D = 0 db) with a 
slope of about 45• 1n the regton where U/D >- 2. 
Thus tbedesfrecl-slgnal output from the clls
crtrnioator, resalttngfrom phase-angle vari
ations only, fs reduced 1 db per dbof ~rease 
1n the ratio U/D above U/D = 2. tStopplng 
the vector D at any other lostant of time· m 
Its rotatlon about U would result in a similar 
curve; the reference or maximum value of 
♦ would merely be changed to another angle. 
Also, stopping the vector D at an tnstant of 
time when the resultant fs producing the 
ldper voltage from the other slope mter. 
as shown 1n Figure 4{ e), gives the same curve. 

U = undesired carrier 
(unmodulated) 

D = desired C&rJ"ler -' 
(frequ~ modula~) 

D 

u 

(b) . 

(d) 

I 
I 

. :s 
u 

(e) 

Actually an Ideal f-m detector Jgnores 
amplitude variations and fs responsive only 
to. the frequency variations of the resultant 
of the two input carriers whose frequency 
acurstons would be represented by the time 
derivative of the phase-angle variations. 
M. S. Corrlogton11 bas developed an expres
sion for the instantaneous frequency of the 
resultant based on the assumption of two 
carriers of nearly the same frequency-, which 
are added together to produce a heterodyne 
envelope resulting from the beating action 
of the two carriers. This produces, as 
previously mentioned, amplitude variations 
as well as variations·mphase oftheresultant . 

Fig. 4 .. Vector addltion of two carriers 
at lopUt to linear dlsc-r1mJnator 
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I 
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X•CARRIEN AMPLITUDE RATIO U/D AT INPUT TO LINEAR OISCRIIIINATOR-08 

Fig. 5 - Depression of output due only to variation of + at input 
to linear discriminator. (Derived from vector addition of input 
carriers U and D based on assu,mptton of constant amplitude _ 

for resultant R to facWtate analysis) 

I"" 
+20 

the latter representing, in effect, frequency modulation. This analysis will be found in 
Appendix C. It is only necessary to mention here that, if we assume a = 0 and cos 2 11 µt:::l 
in equation (6C) of this Appendix, then substitution of values for x in this maxima equation 
leads essent1ally to the curve of Filgure 5. This assumes, however,. that the peaks of the 
envelope are filtered. The minima equation, ('IC), of Appendix C becomes indeterminate 
In the region where z = U/D = 1. 

The effect on disctjm!nator output of the amplitude variations pr esent in the composite 
Input wave will now be considered. Tb~ condition for which the angle 8 is 90°, as shown in 
Figure 4(d), will again be treated. If the U and D vectors are equal in length and In the 
phase relationship shown in Figure 4(d), the resultant R is 1.414 times or 3 db greater than 
the amplitude of vector D alone. This amplitude ·Increase, in effect, opposes the 6 db depres
sion due to the phase-angle variation only shown in Figure 5, resulting 1n an over-all .. 
discrimiDator-output depresSion of 3· db at input-signal equality. When the 1mdesired 
signal-input level is one-tenth that of the desired, or U/D = - 20 db, the resultant amplitude 
is approximately equal to that of the desired signal alone, and the output depression Is about 
as shown in Figure 5, i.e. , depression of desired-signal output at U/D = - 20 db is about 
-0.6 db. When the undesired signal-input level is ten times greater than the desired, or 
U/D = + 20 db, the resultant is approximately ten times (20 db) greater than the desired 
signal alone, and the resultant output from the discriminator is increased by about 20 db 
over that shown In Figure 5. The resulting total over-all depression in the output of a linear 
discriminator due to the vector addition of two Input signals U and D is then as shown in 
Figure 6. Tb1s curve indicates that, 1n the absence of amplitude-limiting in an f-m receiv
ing system, the maximum over-all depression of a desired signal by an undesired one prior 
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Pig. 8 - Total depresston of resultant 
in output of linear cUae"1m1nator with no amplitude limtt1ng (derived 

from vector addition of •mp)ttud-. and phase ftrlatlons 1D hlplt signals) 

to rectWcatlon Is restricted apprnxtm•tely to the value obtained at input-signal equality. 
Tbe onr-all average depression of the destred signal for all ratios of U/D > 1 is then 
about S to 4 db. • 

Tbe above analysis was based on a mulmum ftlue for the angle 8 -equal to 90° • If 
the desired-signal Yector, D, sboald swtnc ~ an angle greater ·than 90° relative to 
the andestred Tector, ·u, the over-all depression Jn tbe output of a linear discriminator in 
the absence of amplltude-llmlttng would be somnbat greater than that shown for the· to0 

case. Tbls Is ffident from ail eumtnatton of Figure 8, where the depresslou for'B ~ 135 ° 
• and 1 '15 • are also sbcnrn. Let aa assume that the D vector swtnp through an 'angle B of 
many tboaaenfl of degrees relative to the. u vector before l'ffersfng dlrectlou. The re;. 
aultut total peak depresaton in the dtsc:rtmJnato1' output wouJd then be .a mean ~f the cunes 
of Pipre 8 for all angles of 8 between O and 1809, the ammatlon being taken cmir one· com
plete cycle. This would result in a total threshold depressJon aomewbat irater tJwi'tbe 
3 to 4 db specified a!Joft for the 90° cue. The degree of depression or capture ln the re
gion wbere U/D> 1, howe,u, would still be essentially constant, Le. , the cune would be 
depressed at U/D • 0 db, but would have close to a o0 slope for all Input ratJos of x >. + 8 db. 
It abould be noted that in the recton of X • O db, there l8 a burst of enero resembling a 
noise •spike" due to an abrupt l'ffei'sal of phase at fJ • lacf. • · • · 

CUmu1attYe Capture Effect_ In P- M System 
In Absence of Amplftade- Umttt111 

In the absence of ampUtude-llmlttng, the onr•all depresston or capture effect in the 
detector output can be derived from the combined effect of the two input signals on_ cllacrim
tnator output added to the prevlously described detector-rectifier eff~~- U· the l'.ecufiers 
have a square-law characteristic, the over-all capture curve w1ll be as Indicated bt ptgure 
8. If the rectWera ·are linear-law, however, the over-all capture would be as in·_Plga.re '1, 
which shows tbe~tlon for 9 • 'Ml. The curve of Figure 'I bu a slope just sl:lgbtl_y greater 
than 45°. Tb1s elipt Increase in slope l8 caused bJ the over-all depreuion tndlscrfJ11hwtor 
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Fig. 7 - Over-all depression of a desired signal in the 
011tput of an f-m detector employing linear discriminator 

and linear-law rectifiers - no amplitude limiting 

output before rectification, as previously described and shown in Figure 6. Thus the de
pression or capture effect In an f-m detector system with linear-law rectifiers in the ab- • 

· sence of amplitude limiting Is essentially the. same as that previously obtained for the a-m 
detector alone. If square-law detectors are employed, the f-m capture slo~ Is less than 
45°, approaching d' in value, but is depressed by a substantially constant amount 1n the re
gion above U/D • 1, as compared to the cf slope and no-depression cbar:aeterlst1c obtained 
with an a-m square-law detector. The results of the above f-m detector analysis without 
amplltude-llm1t1ng bave been experimentally verlfled in the companion report.4 The curves 
shown therein appear as Figure 8 of this report. These curves show an average capture 
slope for the •D" {desired) stgaal of between 45 and 50° for a •strong" desired signal below 
the limiting level (linear-law rectif:l.catlon) and a lesser slope (2ff to S"> for a weaker signal 
providing rectU~aUon Intermediate between linear-law and square-law. 

Amplltude-J.lmttlng 
The effects of amputude-llmltfng on capture in an f-m system bave been previously dls

cused in the technical literature.1
1: Tbe published analyses, however, appear to deal only 

with the depression of the fundamental-frequency output component of the weaker input sig
nal. It ta well known from the law of •conservation of energy• that ener gy ls never actually 
lost but may be considered as upended In the sense tbat it bas assumed a different form. 
In the case of amplltude-Umlting, some of the Input energy Is, in effect, redistributed In 
amplitude and frequency (or phase) by a change of waveform in the output, while the rest of 
it ls dissipated in ctreult elements other than the output load. The -usual vector represen
tat1on''of the effects of amplltude-llmttlng upon capture are lnadequate, for the simple 
vector diagram does not show all the redistributed energy appearing In the limiter output. 

• · . ·: - . :To show this energy distribut1oa, the vector diagra,m would theoretically bave to consist, 
1n many cases,of an infinite but dlmfnishlng series of element!; having thcr amplitude 
andpbaserelationsblps. Suchadl~, ff constructed, would present a tngover-all 
physical picture and would be eztremel1 difficult to analyze properly • 
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Fjg. 8 - Measured capture ~ect in f-m •detector: in absence of amplitude limiting 

Amplitude Umiters can therefore be expected inherently to redistribute some of the 
input energy of two or more simultaneous input signals in the form of '"sideband• energy 
{complex spectra) in their output circuits. These output spectra can be shown theoretically 
by a Fourier series, but the analysis to be used in this report ls based on the actual 
measured energy distribution appearing in the output of an effective practical llmiter, re
stricted to the components falling within the average discrtmtnator's useful band. 

In Figures 9, 10, and 11 are shown the measured spectra within such a band .in the 
output of an effective one-stage llmtter with two-signal input-Figure 9 for equality of 
input signals, Figure 10 for an input-signal ratio x of 10 (where x = U/D), a.n4 Figure 11 
for an input-signal ratio x of 0.1. The manner in which these spectrum measurements 
were made ts.described in detail in the companion report." Components lower than about 
60-db below the amplitude of the maxim.um component are not shown. 

Assume that signal Dis the desired frequency-modulated signal, and Uthe interfering 
unmodulated carrier, with the further assumption that D and U are of exactly the same 
frequency and phase when D is unmodulated. Then as D wags about the terminus of U (as 
previously described in the discussion of Figure 4), the spectrum ezpands and collapses 1n 
frequency about U at the modulation rate of D. Figures 9, 10, and 11 will be taken as rep-
resenting the situation at the maximum deviation of D below U frequen~y. The . . 
output-frequency separations between all the components shown are eqwil [ (U·D) = (2U-D) 
- U = (3U • 2D) - {2U - D) = D - (2D - U), etc.], the maximum value of the ·difference fre
quency being derived from the maxim.um phase-angle displacement♦ (for a given value of 
the ratio x) of the resultant of the'D and U signals. 

It is evtdent from an examination of the input and output spectra of Figure 10 that the 
fundamental output component of the desired signal D is depressed in amplitude when D 1s 
the weaker at the input. At input-level equality (x = b db), both the desired and undesired 
fundamental signal-output components are depressed equally. A plot of the D-signal ·; 
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Fig. 11 - Output spectrum produced • . 
by effective limiter with two-signal input x = U/D = .! 20 db 

fundamental output component depression is. shown in the curve of Figure 12 and again in 
the experimental curve of Figure lS. The depression at x = 0 db is roughly 5 db relatlve 
to the D signal without interference, and the slope of the curve in the region where 
x > 0 db iS 45°. Figure 13 also shows a plot of the next strongest components appearing 
in the limiter output, Le., 2n··- U and 2U - D. These have a much greater depression at 
x = o db and a slope of about 60°. Similar experimental curves will be.found ih the com
panion report.' The 45 ° capture slope of the fundamental component of D in tile limiter 
output, as shown in Figures 12 and 13, is in agreement with the results already pv.bllshed 
in the technical llterature12 and also with those previously discussed for the case of a • 
linear-law detector. It must be remembered, however, that the discrirninator is receiving 
a spectrum of energy , not just the fundamental e:omponents·of input slgnals_D and U ap-
pearing in the limiter output. • 

The following analysis shows the resultant of the llmtter-output components in the 
output of an f-m detector. This detector will be assumed, as before, to consist of a 
pair of linear slope filters, followed by a pair of sq~e-1.aw rectifiers, each •filter con
nected to its own rectifier, with the rectifier-output circuits connected in opposition. The 
resultant discriminator characteristic ls assumed to be a straight line. The output spec
trum shown in ,-1gure 10 will be considered first with the unmodulated U-signal component 
centered on the discrim!oator cross-over or center-frequency. As previously mentioned, 
the D component in Figure 10 is shOwn at maximum or peak deviation from its unmodulated 
frequency, the latter being of the same frequency and phase as U. The u-signal component 
p_roduces identical rectified-current values in each slope filter and rectUier circuit, whereas 
the D, 2U - D, 2D - U, etc. components produce a net rectified-current value which is higher 
in one slope filter and r~tifier circuit than in the other. This is due to the unbaJance of 
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spectral energy appearing on the two sides of U signal, as shown in Figure 10. The fre- ; .. 
quency spacing and "direction• of deviation of each of these components relative to the ' 
U signal (Figure 10) must be ~onsidered, as well as their relative amplitudes in comput
ing the residual output. 

The output from the slope filter and rectifier circuits due to components D and 2U - D 
cancel, since they are of the same amplitude, are "spaced"in frequency symmetrically 
[U - D "' (2U -.D) - U]about U, and are moving in opposite "directions" in frequency 

during modulation due to the build-up and collapse of the spectrum during the modulation 
cycle of the D signal. The amplitude of component 2D - U ts less than that of 3U - 2D, 
leaving a net amplitude differential due to 3U - 2D. This differential must be multiplied 
by the factor .2 to find tbe resultant output, since both 2D - U and 3U - 2D are two fre
quency unttsU (U - D)] removed from the center-frequency U and generate twice as much 
net rectified voltage in-the discriminator output as components · at one-unit spacing. Com
ponent 4U - 3D appears alone on the •high• side of U in the spectrum shown. Actually there 
is a component 3D - 2U, not shown, also at three frequency units removed but on the ~lor 
side of U. Its amplitude, however, ts small and it can be ignored without introducing ap
preciable error. Component-4U - 3D must therefore be multiplied by the factor 3, since· 
it is three frequency units removed from U. The total effective residual voltage ts then 

• equal to the differential of the net voltages derived as described above. This net residual 
• voltage appears In the combined output of the rectifiers. The relative 'phases and absolute 

frequencies of the spectral components at the input to the rectifiers is unimportant, since 
only the variations in rectified c.urrent generated by their change in frequency·relative to 
U appear In the output, modified by the variations in instantaneous amplitude corresponding 
to the -beat" between the D·and U signals. 

As previously stated, the output spectrum shown in Figure 10 represents the signifi
cant energy appearing in the output of the limiter under one condition (ratio x .. + 20 db) 
of two-signal input. Components 60-db or more below the maxlmwn-component l evel and 
harmonics of D and U (i.e., 2D, 2U, etc.) have _been ignored. Each spectral component may 
be thought of as being produced by a separate generator having zero impedance and feed
ing the discriminator and its rectUiers through the effective plate resistance of the limiter . 
The principle of superposition then allows separate treatment of the rectifier output due to 
each generator, as. shown above for the square-law rectifier case. For.this case, as pre
viously shown with two signals. there ts no depression of one signal by. another due to the 
rectJfiers themselves, and the various components can be combined directly .with no cor
rection for, rectifier capture effect. 

The resulting computed over-all capture of signal D, as derived from the spectra of 
Figures 9, 10, and 11 for square-law rectification, ts shown in Figure 14. The curve shows 
5-db depression of desired-signal output at x = 0 db and a slope of roughly 59° in the region 
where U is stronger than D. On the basts of a more exact Fourier-series analysis, the • 
above capture slope weuld approach Tan-12 or 63.5~ The spectra (Figures 9, 10, and 11) 
used in the construction of the 59° curve were obtained by measurement, and the low
amplltude· components existing considerably removed in frequency from the center-frequency 
U were subject to appreciable measurement error and were therefore Ignored. The har
monics of D and U (2D, au, 3D, etc.) were also ignored as being entirely outside the dts-
crimiriator pass-band. • 

· The over-all capture in the output of an f-m detector employing linear-law rectJfiers 
in place of square:.1aw recttfiers (assuming one stage of effective amplitude-limiting as 
before) can be determined as follows. Since the capture slope for an f-m detector employ
tng-equa:re-law rectifiers is in the region of 63:.5°, tbe substitution of linear rectifiers which, 
as previously discussed, themselves have a 45 ° capture slope results in a total over-all 
slope of approximately Tan •1 s or about 71.6°'. This is plotted in Figure 15, ~ere the 

,· 
'• 

JECLASSIFIEt 



.,. 
\ -

18. _. 
.. 

4 
---- ..... 

I I'\. 

It "-
'\ 

- " \ 
c--

t4 
Bf!Ktln l1mltff 
- dl-1-(.._iae-..d) 
- from FlpNs t, 10, aod II 

• 
II 

\ 
' 

\ 
/~ 

SP \ 

depr ession at input-signal equality ls again 
5 db and the slope In the region where U/D> 
1 is roughly 700 . . This ·capture slope should 
approach 71.6°as a limit on the basis of more 
exact spectral measurements. 

Cascaded Limiters 

The effect on capture of cascading limi
ters can now be considered. The second 
limiter w1ll receive at its input the type of 
output spectrum illustrated by Figures 9, 10, 
and 11, ilultead of just the two orjglnal signals 
appearing at the input to the first limiter . 

~ iO -It •It .. ... 0 •4 •• ♦it · .... +eo ♦t 
The case In wblch ~ = U/D = 10 or + 20 db, as 

4 shown In Figure 10, will be e:xamlned with 
regard first to the output spectrum from the 
second llmlter as procluced by the D and U 
components, then to the output spectrum pro
duced by the 2U - D and U components, and 
flnalfy to that produced by the 2D - U and 

X•lltPIIT 11.fflO 11/D- DII 

Fig. 14 - Depression of clesired-aipal 
Olltput resulting fro)J! summation of all 
slgniftcant spectrum components of (D) 
s1gna1 in output of linear. discriminator -
square-law rectifiers assumed 
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Fig. 15 - Depression of 
(D) signal in outprt of 
linear-law f-m detector 

_3U - 2Dcomponents. Theadditionofthesespec- , 
tra results In a new over-all output spectrum 
from the second llmiter. The 4U - 3D com-· 
ponent also produces a family of spectral lines 
1n the second llmlter output, but these w1ll be 
ignored as negllgible 1n calculating the depres
sion of the output from the or1g1nal signal D. 

Figure 18(a) shows the second limiter 
output spectrum produced by the D and Uout
pui components (spectrum of Figure iO). 
P'fgure 16(b) shows the same thing for the 
3U - D and. U components of Figure 10. Figure 
18(c) shows the resulting output spectrumfrom 
the second limiter derived by addition of the 
amplitudes of the components having the same 
frequency in Figures 16(a) and 16(b). Simi1ar 
spectra are shown 1n l'Jgures 17(a) and 17(b) 
for input components 2D - U and 3U - 2D, with 
Figure 17(c) again showing the r esulting out
put spectrum derived by addftion. Figure 18 
shows the over-all spectrum resulting from 
all the components as it appears at the output 
9f the second limiter (FJgure 16(c) + Figure 
.17(c)). Tb1s spectrum, when tnu,ressed on a 
discriminator centered at the U signal, followed 
by linear-law rectWers, gives an output atten
uation of 72 db for x .. 10, or a capture slope 
-Of 73. S-. flds represents an Increase 1n slope 
of only 3.5°over that for one limiter stage 
(Figure 15). In other words, increasing the 
number of limiters In cascade does not greatly 
increase the capture effect. 



Fig. 18 - Spectra output 
from 2nd limiter due to 
D and U, (2U-D) and U 
(Figure 10) .output spec
trum components at inpllt 
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Fig. 18 - Output from 2nd .limiter 
due to addition of spectra 
of Figures 16(c) and 17(c) 

It· is evident that all limiting prior to de
tection must be eliminated to insure minimum 
capture in an f-m receiver. With limiting, 
minimum capture will be obtained when the 
greatest practicable bandwidth ts provided 
at the discriminator stage itself. Experimen
tal ver1ficatton of the effect of additional 
.limiting will be found in the companion report,' 
as well as in following pages of this report. 
If a single limiter stage provides poor limit
ing, however·, then additional cascadedlimit
·tng will be useful as a means for correcting 
the deficiencies of the single limiter. But 
it is generally possible to approach a prac
tical ideal in f-m limiting with a single full. 
wave shunt-connected limiter employing 
crystal diodes which have inherently low 
'"contact" potential. This limiter should be 
located just prior to the «nscriminator for 
maximum effect. 

Automatic Volume Control (A-Mand F-M) 

As is well known, the purpose of automatlc 
volume control in an a -m receiver 1s to bold 
the average audio output constant when the 
input signal ts '"fading,• or otherwise varying 
in level, and to prevent excessive average 
_audio-output level change when the receiver 
is tuned from a weak signal to a strong one, 
or vice versa. The d-c component of the 
rectified carrier is gen!!rally used to provide 

the controlllng voltage for the AVC system. This rectifier may be the signal detector Itself 
or a separate unit intended for AVC purposes only. The AVC rectifier usually controls only 
the gain of the amplifiers preceding the final detector by means of a d--c feedback loop, 
which regulates the control-grid or other electrode d-c potentials of the individual amplifier 
stages. This gain-regulating process is well known and needs no further explanation here. 
It remains, however, to determine how the AVC system affects the relative depression of 
one signal by another in the audio output under conditions of two-signal input to the receiver. 

The curves of Figure 19 show typical AVC character istlcs. Curve (A) represents an 
Ideal condition, for the output is absolutely ~onstant for all increases in signal-input level 
beyond the AVC threshold value. Curves (B) and (C) represent less effective AVC action, 
with the audio output increasing for increased signal-input level, although at a much slower 
rate than for the case of no-AVC as represented by curve (D). Curve (E) represents 
voltage-delayed AVC action, i.e., the AVC co_ntrol voltage is delayed in its-application to 
the d--c feedback network until a certain predetermined input- signal level 1s reached (bigber 
AVC threshold). Incidentally, curve (B) maybe made to approximate ideal curve (A) by the 
appllcattoo of some AVC voltage to the amplifiers following the final detector. 

If the AVC cbaractertsttc is ideal, as exemplified by c~ (A) of Figure 19, the Input 
to the final detector is restricted in level, therem resemtillng the limWng previously dis
cussed for amplitude-limiters in an f-m system, but with a relatively long time-constant 
-and no Intentional distortion of the amplitude-modulaUon_envelope. The outputdep~a1on 
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Fig.· 19 - Typical AVC characteristics 

21 
.... .. 

of the weaker of two input signals due to AVC ~tion alone will J>e about as shown in Figure , , 
where the capture slope 1s 45~. With AVC-cbaracteristics as r epresented by curves (B) 
and (C) of Figllre 19, the capture slope due to AVC action ~mes less than 45° until, 
und_el'. the conditions of no-AVC shown by curve (D), the capture slope due to AVC action 
alone is O 0• With delayed AVC, represented by curve (E), the capture slope due to AVC 
alone is o.ofor the weater .tnput-s~ levels up 
to the threshold of AVC action and 45 ° for strong 
input-signal levels above that tlµ'esbold. • The 
over-allcaptureblan a- msystem abovethe AVC 
threshold resulting from the com~n of ideal . 

1 AVC action and linear-law detection will be as . .:, 
shown in Figure 20. This curvebas a 83.tf ~p-

e 
"' 

ture slope and represents the mutmum capture 
normally obtainable · with low-output disto~ 
1n an a-m receiving system. . • 

! 
In an f-m system, the effect of AVC on cap- g 

ture is DUDOr when effective amplitude-limiters I 
are employed. It sbould be noted, however, that • ! 
voltage-delayed AVC should be used, so that the : 
limiting threshold is well exceeded IM!fore AVC 21 
action begins. This is particularly .important in • J! 
the case of poor llmtti,ng, where nondelayed AVC j 
may prevent limiter input amplitudes from reach- • 
ing effective level s. In f-m receivers which have 
e~ellent limiter design, properly designed AVC 
can be very useful by se~to maintain limiter 
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and discriminator input at ~re nearly constant 
levels, thereby Insuring that. the angle of con-· 
ductionof both limiter and rectlfler tubes remains 
more nearly fixed. This can be an important 

Fig. 20 - Muimum capture in a-m 
system with ideal A VC characteristic 
and linear-law rectification • • 
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element In 111J0Jml1be detuning effects due to tube lnpat Impedance changes Ind in main
talnJDg the amplltude-rejecUon and downward-am characteristics of the receiver at de
sirable values. Uthe AVC cbaractertstic lS ideal and the Um.ttlng lS effective, the spectral 
lnpat to the dlscrimlnato• should be essentially no different from that shown In Figures 9 
througb 18, provided that the taput levels of the stgnals at the llm.lters are above the limiter 
threshold. If the AVC cbaractel1BtlC 18 poor, limtter-mput levels will ft1'7 more. Capture 
effects may remain essenttally the same but detunmg effects due to tube mput-tmpedance 
changes will be greater. 

AFC Ctrcults aad Noise-Peak Limiters 

There are several other circuit arrangements used lD a-m receiving systems wblch 
may be termed capture or anti-capture devices, such as automailc-frequency-control (AFC) 
networks and noiSe-peak limiters. AFC circuits are normally used in a-m receivers In 
which mamtenance-of-tunlog d1fflculttes exist due to frequency drifts 1n the system. Such 
receivers generally utilize a frequency-detector which develops a d-c voltage proporUonal 
to the frequency difference between the. stgnal frequency as actually applied to the frequency 
d1scr1mmat0r and the center-frequency of the dlscrtm!nator cbaractertsttc. The resultant 
cl-c voltage usully controls a •reactance• tube, which In turn controls the heterodyne
oscillator frequency In the ~e of superheteroclyne receivers. The actual circuits used In 
such AFC aystems are well lmown and will not be shown here. Jn the pr esence of an unde-

. sired stronger signal off the desired-signal frequency, the AFC can cause the oscillator 
to be •palled• ao that the undesired signal ls at resonance, wbile the weaker desired signal 
may be subatanUally detuned. Thus the signal of the greater amplitude may capture th~ 
recetver In frequency. ThiS can be a very sertous effect, depending on the frequency sep
aration and the amplltnde difference between the desired and undesired stpals. The .A)'C 
system can aggravate an exlSt1ng capture effect due to amplitude differences by further ln
creuJng the difference In amplitude 1)etween desired and undesired signals through the 
medlam of c.lebmlng, 

,. -.. -

Notse'.'peak Umlters are anti-capture d8'lces 1n that the, can prevent noise pulses 
or Interfering slpals of the impulse type from capturtng .a receiver through masting l)f 
the desired sipal 1D the receiver output. In thlS respect it would perhaps be better to 
tb1Dk of nolse limiters as •amplttude-selective antt-capture devices,» i.e., amplitude
selective In that they suppress only modulatJon peaks above a predetermined threshold 
ftlae, anti-capture In that they prevent impulse noise fro• masking or suppressing output 
sipals of the volce-modalatton type. AFC can also be made •antt-capture"' by Inverting 
tta action to d,tsc,-tm!nate against the stronger sfpal. 

Effect of Nonlinear and Monsymmetrlcal 
Dtscrimlnator CbaracteriaUCS 

Tbe effects of nonlinear and nonsymmetrlcal dlScrtm1nator cbaracteristlcs on the 
over-all capture slope will now be considered. The output specb:Uda of Figure 10 wf1l be 
assumed present at tbe 1nplt to the d1scr1m1nato•, 1n Pigure 2l(a) ts shown a ·sertously 
nonlinear discrtmtnatoJ' cbaractertstlc. If component U of Figure 10 is at the center of 
tlds cbaracterisUc. the amplltude differential between components m - U and 3U - m 
mast be multlplled bJ something less than the factor a. Although these components are 
atW two frequency UJllts r~ from the center, U~ the output is no longer directly 
proporUonal to the tnpJt-frequenc~ differential between the 1ncllT1dual components. Like
wise, component 4U - 3D must be corrected to amplltude by a factor determtned by the 
curvature of the discr1m1nato• characteristic and consklerably less than 3. The over-all 
net destred-stgnat oatplt from the dlsc,-tm1nato'I', therefore, ~ be somewhat less thin . 
that prnfously sJlown for the linear dlscrtmtnatol!' -case. Tlm8 the riSllltant depressklll 
or captare of the desired stgnal, D, In the dlscrtmtnator 01ltplt. 18 greater tban the S3 db 
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shown in Figure 14. With a curvature of the dis
crtmtnator characteristic the reverse of that 
shown in Figure 21(a), the over-all net output 
would be somewhat more than that previously shown 
,for the linear discrtroiuator. Thus the resultant 
depression ofthedesiredstgnal,D, inthediscrim-. 
lnator output would be less than the 33 db shown . 

-in Figure 14. 

If the Spectrum of Figure 10 is off center on 
a linear d1scrt1rdoator characteristic (U compo
nent no longer at center), the residual amplitude 
of all the output components due to modulated slg.:. 
nal D at the input will still remain the same and 
the over-all capture slope will be substantially 
1D1Cbanged. Except for serious nonlinearity, Ws 
can also be substantiaUy true for the nonlinear 
but symmetrical discriminator. 
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Fig. 21 - Nonlinearities and 
nonsymmetries of discriminators 

If the discriminator characteristic is non
symmetrical, as shown in Figure 21(b), then, with 
the input spectrum of Figure 10 centered at U 
frequency, the components on the high-frequency
side of U will produce a maximum voltage from 
one slope filter and the coinponents on the low
frequency side ofU will do likewise with the other 
slope filter, as previously explained. The ampli
tude differential between the 2D - U and 3U - 2D . 
components, however, can no longer be multiplied 
by a common am~tude correction factor as 
before. Instead, each component amplitude on one 
side of U must be multiplied by one factor before 
subtraction and each component on the other side of U by another factor, due to the non
symmetry of the disc1'1rntnator. The resulting capture will be dependent on the spectrum 

composition and its location 
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DET\INING • UNITS Off ,itECUENCY 

Fig. 22 - Computed effect on capture of detuniDg 
the s~trum of Figure 10 on a nonsymmetrical 

· discriminator characteristic (Figure 21(c)) -
U-frequency centered for zero detuning 

(centered or non.centered) on 
the discrtrntnatx,1' character
istic. In Figure 22 is shown 
the computed effect on_ c~e 
of detuning the spectrum of 
figure 10 on the nonsymmet
rtcal discriminator character-

. : istic illustrated tn Plgure 21(c)~ 

. ~ U frequency centered 
for zero detuning. It is evident . 
• that the mtniD1Um degree of cap
ture occurs with U s!gnal cen
tered (zero detun1ng) and that 

+4 the degree of capture increases 
:rapidly -with relatlvely small 
detumng until all the output
·spectrum components of Figure 
, 10 fallononeslopeof Figure21(c)~ 
• Thereafter the ~egr~ of capture 
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remains constant for all further increments of detuning. Thus the greatest reducfion in 
capture obtainable with a seriously nonsymmetrlcal discriminator should occur with the 
input spectrum centered at or near the center of the discriminator characteristic. With 
relatively large detuning, the degree of capture should· be essentlally no dlfferei;it from 
that esperl,eaced with a linear dlsc~trntnator characteristic. 

Combination of Effects Influencing ciy,ture 

The curves of Figure 23 show the resultant limits of capture for the specified con
ditions of receiver clrcuttry, as derived from the considerations 1D the preceding sections 
of WS report. The curves, for the most part, are self-explanatory and summarize the 
capture slopes to be obtained from purely theoretical considerations of receiver circuitry. 
These slopes will be tabulated in greater detail in the final summary, along with experi
m~ verification as given in the following sections ~ WS report. 
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Fig. 23 - Theotettcal capture curves for f-m and a-m receivers 

EXPERIMENTAL ANALYSIS 

-

In substantJatJon of the prececllng theoretical analysts! considerable experimental 
data bas been compiled and analyzed. For purposes of investigating capture due to the 
f-m detector alone, a typical -Foster-seeley pbase-dtscrtm!oator -was used, as sbowo in 
Figure 24. The 6AC7 driver tube was intended for purposes of. preamplWcation -only 
and not as a llmtter. Slnce limiting was absent with input levels below.the saturation thres
hold of thls stage, the capture effects observed can be attributed to detector action alone for 
nch levei. of In~ 

For purposes of determining the f-m capture due to llmltlng, a Navy Model X-RDZ-2 
. recetver was employed. This receiver uses a: ratio-type detectol', es shown in the circuit 

diagram of Figure 25. ID order to provide a more effective llmlter 1n this c1rcu1t, a pair 
of 1N35 germanium crystals were used as a full-wave shunt Umlter. 'rb1S limiter clrClllt 
ls also shown in Figure 26. 
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Fig. 24 '."' Balanced f-m detector with driver 
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Fig. 25 - Ratio detector With primary shunt limiter 

270K 

In order to approach the no-Umlting condition, the circuit of Figure 25 was altered 
to that of Figure 26. This modification attempted to abrogate the ball-wave shunt-limiting 
inherent 1n the ratio detector, but some limiting action still rematned, parttcularly for 
frequencies above 1000 cps. For the purpose of analysts, however, this circuit bas been 
labelled the •no-limiting"' case. 

A-m measurements were made on the same receiver as used for PM bJ replactng 
the cliscrtm!natol' transformer of Figure 25 with the usual Model RDZ final l-t transformer 
amt making one of the two detector diodes inoperative. This modlfled circuit ls shown 
ln Figure 27. • 

..,., 
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Fig. 26 - Detector modification 
for "no-llmitlng9 case 

270K 

In order to determine the effects of the 
degree of limiting on the capture phenomenon, 
it was decided to Investigate first that •two• -

• signal operation condition in which only the 
desired signal was injected from an external 
sour,ce into the receiver, the UDdesired or 
Interfering signal being the fluctuation noise 
contributed by the circuits preceding the final 
detector. Capture would then be Indicated by 
the relative slopes of the output signal-to-noise 
ratio curves for the various conditions of limit
ing. 

. The output measurements were made with 
a Hewlett-Packard Wave-Analyzer and a 
Ballantine Electronic Voltmeter (lQO kc band
width) connected 1n parallel, This arrangement 
was employed to enable more exactdetermt

natton of output S/N ratio at the low-input levels, The BaUaottnl! meter read the true 
signal-to-noise ratio only for output levels· above about +10 db output S/N, whereas the 
Wave-Analyzer could read the true output-signal level down to about -39 db S/N due to its 
much narrower bandwidth (6 cycles) but was not suitable for output-noise measurements 
because of that narrow bandwidth. A correction factor, based on the ratio of the two meter 
readings atlow-tnputlevels,basbeenapplied to obtain the S/N cunes of this r~rt. This 
factor was computed In the foll~ manner, 

lO PLATE 

V208 
FINAL l·F 

AMPL. 

B+ 

TO E-224 

V-2.07 561< 

22K .001 

.01 

S- 202A / 

--~--"""IOMiK----►TO C-236 

,OOOI 

T.o, 
lO"R-259 

(A_F GAIN CONTROL) 

Fig, 2'I - X•RDZ-2 detector as modlfled fo~ a-m measurements 
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Let E1 = Ballantine Meter reading (which is· rms) = f S 1 + N2 
where a = rms signal output only and N "' rms noise outJJl:1l only. 

(4) 

Let Ea = Wave-Analyzer reading • S (rms value of the signal only down to receiver 
output S/N value of -39 db). Then ti 

and • 
N = ,t~ - s• (from equation (4)) (5) 

Dividing top and bottom of the right side of equation (5) by ~ gives 
1 · 

S/N •---- --v (~/E1)'- 1 

(6) 

For the particular instruments used, the resultant 8/N ratio will be accurate to not 
• better than abollt 0.6 db for receiver output S/N ratios of·-40 db or greater. The true 

S/N ratio can quickly·be determined from the instrument readings with the aid of the curve 
of Figure 28. • 

Analysis~ Output Signal-to-Noise Characterist1cs 

In Figure 29 are shown curves of the output S/N ratios for various conditions of lim
iting as the input level of the menially injected signal ts increased. The input signal was 
fed to the grid of the first detector stage of the X-RDZ-2 receiver from a Boonton Model 
150A f-m s1gnal generator externally modulated by a Hewlett-Packard Model 200B audio 

-oscillator. The audio output was measured on a Model 300 Ballantine Electronic Voltmeter 
and a Model SOOA Hewlett-Packard Wave-Analyzer connected in parallel, as previously 
discussed. All ttie f-m output S/N curves were taken with t 7.5 Ice deviation and 1000 cps 
sine-wave modulation. The 6.--db bandwidth of tbiS particular X-RDZ-2 receiver used was 
approzimately 105 Ice. The r-f gain control was held constant at maximum gain and the 
a-f gain control was initially adjusted to pve+20-db output 8/N ratio at 6-MW output(l,9 
volts across the 800-ohm output load). For all of these measurements, the audio and l-f 
selectivity controls were ln the •narro,r' position (audio 6--db noinlnal bandwidth = 350 to 
3500 cps; 1-f 6-db nominal bandwidth= 125 Ice) with the AVC and Di:>lse-llmtter off. All 
of the curves bave been corrected by use of Figure 28 to provide true S/N ratios below • 
+10-db receiver output S/N ratio. • • . • 

The primary sbunt-.l1mlter introduced an insertion loss of appmxlmately 3 db (as 
measured below the threshold of Umlttng). The addition of this llmlter circuit across the • 
primary of the dlsc•trntnatrir transformer also resulted ln a slight detuning of that wtndtng. 
This .was corrected by adjustment of the primary tuning slug, • • 

It is erideilt froJrl mamSaatton of the curves of Figure 29 that the addition of. the pri
mary shunt-limiter results ln an improved output 8/N ratio from the f-m receiver as com
pared to the ratio detector only. • This added llmlter, ·while not a perfect Umlter ln the 
strict sense of the term, nevertheless represents a single effective limiter stage which 
approaches th_e ideal. It was found that the cascading of additional llmlte~ of this general 
type ln progressne 1-f amplifier staces prior to the final -1-f amplifier resulted ln no 
measurable Improvement ln output S/N OYer that represented bJ the single added primary 
l1mlter curve of Figure 29. It should be re·membered that the ratiQ-~tor ltselfls a half-wave 
sbunt-llm1U!r, wbicb ls supplemented by the added full-wave shunt-llmlt~r, and that the 
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i-f amplifier stages preceding the detector would saturate 1n turn.as the tnput-stgnallevel 
tncreased. The main effect of the added primary-side llmiter would then be to provid_e 
full-wave limiting 1n the Input region below the input value at which i-f amplifier saturation 
becomes effective (about 50 microvolts). Since the internal thermal voltage of.the full-wave 
crystal limite~ used is low (about 0.2 volt or less), this would mean that effective limiting, 

• approaching the theoretical zero-threshold Ideal, would be obtained down to very low Input • 
levels. The ratio-detector limiting threshold is determined by the thermionic-bias of its 
diodes, about 2.5 volts as compared to about 0.2 volt for the crystal-diode pair. 

The curves of Figure 29 show that between the extremes of limiting, as represented 
by the •primary-limiter plus ratio-detector' and the •no-limiting" curves,therecanbeva-

. rious degrees of improveJDent in output S/M due to limiting action. One intermediate con
dition is represented by the •ratio-detector onlr' curve. The half-wave shunt-limiting. 
inherent in that type of detector represents a degree of limlting which is not completely 
effective bat which nevertheless is much better than no Jtmitlng at all. 

The improvement in output S/N ratio of PM over AM ·at the '1J.gher input levels is also 
evident from these curves. The •ratio-detector oolr' curve crosses the •a-m• curve at 
an output S/N ratio of about +18 db. Above this point, f-:m output S/N ratios are better, 
while below this point AM is superior. The •primary-limiter- curve crosses the •a-m• 
curve at an output S/N ratio of about +10 db. Thus the effect of adding a single effective 
full-wave limiter circuit to the f-m receiver is to extend the f-m S/N ratio improvement 
range to lower input levels. 

The slopes of the •f-m no-ltmitingl' curve and the •a-m• curve of Figure 29 measure 
roughly 40°. The slope of the •ratio-detector onlr' curve is about 5-t', while that of the • 
•pr1mary.:.11m1ter plus ratio-detector- curve is roughly 70°. These slopes will later be 
compared to the slopes ·of other ~rimental capture curves. It should be noted that the 
curves of Figure 29 are very similar to typical capture curves, with the U/D ratio decreas
ing to the right inStead of to the left and with the U signal held constant. . 

The S/N curves of Figure 30 were obtained in a manner similar to that used for the 
curves of Figure 29 except that a higher deviation (30 kc) was employed 1n the f-m meas
urements. The average slopes of these curves are nearly the same as those of Figure 29, ' 
the main cUfferences appearing 1n the higher output S/N ratios obtained at the medium- and 
high-input levels due to higher deviation. 

De-EmpbaSis 

In Figure 31 are shown output S/N curves as taken with a de-emphasis filter connected 
between the plate of the second detector and the grid of the first a-f amplifier for both the 
a-m and the f-m cases. The time constant of this r-c de-emphasis network was chosen to 
produce output attenuation starting at 500 cps and reaehJng 6 db per octave above 2000 cps, 
as shown in the aadio-r~ponse canes of Figure 32. Tbe addition of this.networ~·tD the 
receiving system results 1n a higher over-all output S/N response for both AM and PM·. . 
This can be seen ·t,y comparing the curves of Figure 31 with those of Figure 29 for corre -
spond1ng conditions of limiting, Both of the f-m curves at 2-mtcrovolts ~ input are . 
increased about 1 db 1n output S/N ratio, while the a-m curve is improved by +3 db. At . 
10-mtcrovolta signaH.nput, the_ •ratio-detector plus shunt-limlter- curve is improved by' 
+3 db, while the •ratio-detector onlr' and the •a-m• cunes are improved by about +5 db. 
Thus de-emphasis (wblcb postulates transmitter pre-emphasis) improves the output S/N 
response of both systems, with the a-m receiver benefttting to a greater degree than the 
f-m receiver .. There Isa sllgbtbut·negllglbletncrease in the slope of the output S/Ncurves . 
with the addition of de-empbaSts. Thus the capture slope of the curves is essentially the same 
astbatwithoutthede-empbasl'I network. -_,., 
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Detuning 

Figures 33-S'l show the effects of carrler detun1ng on f -m receiver performance. 
These measurements were made by feeding a 15.1-Mc signal moda1ated t 'l .5 Mc at 1000 

• cps to the mm~ grid of the receiver from a Boonton Model 160A slgDal generator. The 
degree of detuntni from the •resomtnt9 or center-~equency lnpl1t point was determined . • 
at the same time by feeding the unmodulated c;anier output from the signal generat()r for 
_each point measured Into a General Radio type LR•l Beterodyne;.Prequency-Meter and • • 
Cr,mal-calibrator. Tbe output S + N/N ratio measurements were made with aBaJJanttne. 
Electronic Voltmeter (Model 300). It is not essential .that the ~etmdni curves be gtveri· a 

. cletalled analysis In this report. TheJ will be discussed ~lefty, however, since general 
Inferences as regards capture can be drawn from their enmlnatton. 

The detun1ng curves of Figure 33 show that, aside from the increase In output 8 + N/N 
ratio obtained at the lower lnpat levels with more effective Umltlng, the daeriorationa of 
S + N/N ratio due to detuning are more severe at low-Input levels with the ratio-detector ··. 
plus prtmary-Umttar tllaD with the raito detector only. This can perhalps be seen more 
clearly from the curves of Ptgare M, where the output S + N/N ratios bave been plotted 
on a relattve-attenuatlon basis. It ls evident from an evm1natlon of Figures 15 and 38, 
wblch show the noise output and the slpal output separately, that this effect ls ctuepr1.;. 
marlly to a greater Increase 1n the noise outpit with detuning In the case of the ratio~ 
detector-plus prlmary-Umiter than In the case of the ntto-detector only. Further 
namtutton of the c'IIJ'Ves rneal tbat, at ldgher Input levels, the noise is substanUally. 
constant across the pass-band of the receiver prior to final detection for both cases of 
Umtttng, and that the outpJt S + N/N ratio change with detuning • the blgher (50-adcrovolt) • 
level is essentially the same for both cases to the l1mitB of the pass-band. At the blgher 
Input level, the decrease In output S + N/N ratio with detun1ng us due mat,iy to signal- ' 
oatpllt attenuatton. . •. • ' . -

Figure 3'1 sbows the effect of detuning on the output stgnal-to-noiae ratio of actual 
f -m receivers, as esempllflecl by the Model X-RDZ-2, compared to theorettcal cletun1ng 
curves as computed on the -.Sis of a rectangular selectlvlty cbaracterist1c. • It can be seen 
that the redactloo In output 8/N rat1o for a given degree of detuning from center Is greater 
for the •ratto-detector plus prtmary-llmlter" cune tban for the •ratto-detector only"· . 
cane. This indf.cates tbat a receiver wtth a near-Ideal Umlter Is suceptlble to a greater 
degree of capture with detuned signals than ls one with a leas effective llmtter as repre
sented by the ratio-detector a1on,. In the latter case the signal ls captured by noise. -
SlmlJar capture effects will occ:ar at the h1per lnpat lnels where no~ us low bat an . 
Interfering ·carr1er Is present Instead. 

Capture Carves 

Pipre 38 shows the dlsc•Jm1nator cba.ractertl!lttc obtalne4 with the clrc1dt of ptgure24. 
The data for tb1s curve was obtained by feeding an vnmoclulated carrter to the grid of the 
drinr stage from a Boonton Model 150A s1pal. generator. The d-c output wltaae of the .· 
dtscnminator-rectlflerS was measured with an a.c.A. Volt-Ohm18t Jr. - The discrtmlnatot· 
center-frequency was 5250 tc. Using the circuit of Ptgare M, capture effects were meas;. 
ared 8tlCh as shown In Plgures 39 and 40. · These measurements were made primarily to 
determine tbe effect on capture of the f-m detector clrculta alone. -Slnce there was no · 
low-level limiter element In this network, any capture effect present shoald haft been due 
mainly to linear detector action alone, as long as the drtnr-stage Input levels were ,reU 
below tbe ,alues at 'Wblcb that stage began to saturate. Signal U was. provided fro• ·• •• • 
Boonton Model -'150A signal generator modulated mernally by a Bewlett-Pactard Model 
IOO audio oscillator at 3000 cps with the carrter-fnquencysetat UGO Ire. Stgnal D was 
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Fig. 40 - Measured capture effect 
1n f-m detector alone - • 

t 50 kc deviation 

obtained from a Boonton -Model 155A signal generator modulated externally from a 
Hewlett-Packard 200C .audio oscillator at 2080 cps. Each audio-signal output was meas-· 
ured with a Hewlett-Packard Model 300A.Barmonic-Wave .Analyzer tuned in turn to the 
fundamental audio frequency of each signal. Both carriers were maintained as close to 
5250 kc as possible, each being modulated± 22.5 kc for one set of data (Figure (39)) and 
i: 50 kc for the other {Plgure (40)). 

For purposes of analyzmg Figure 39, assume that signal D (2080-cps modulation) is 
the deslred 8jgnal and signal U (2000-cps modulation) is the undesired signal. The ratio 
U/D represents the ratio of lllldesired to desired slgnal"iriput levels. n ls seen that the 
capture threshold (3--db depression of D) occurs at U/D = 0 db. Beyond this threshold 
pplnt, the slope of D reaches 45°. ~ aperlm~ curv~ agrees with the previously 
discussed theoretical results for the case of the linear detector alone with no limiter 
·present. Increased deviat:lon should not appreciably change the capture slope, as is dem
onstrated in Figure 40. 

Figure 41 shows over-all a-m and f".'m capture curves as taken with an X-RDZ-2 
receiver under two cond1tions of limit,.ng for the f-m case • . An unmodulated carrier was 

• used as the undesired or Interfering slgnal. The desired signal, D, was deviated t 7.5 kc 
for PM at 1000 cps, with 100 percent modulation at 1000 cps for l!1• a-m case. The • 
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deslred-stgnal Input level was malntamed constant at 5 microvolts, tbe input ratio U/D being 
varied by cbanging t.he input level of the ilndesired unmodulated carrier U only. Both signals 
were fedtotheflrst detectorgrld ata carrlerfrequency·of 15.1 Mc. The desired signal was 
obtained from a Boonton Model 150A signal generator, while the undesired signal was provided 
from a Measurements Model 65B signal generator. Both the 1-f and a-f selectivity controls 
were in •narrow- position (105 kc and 350-3500 cps bandwidth respectively), The r-f gain 
control was held constant, with the output level of the desired signal (without interference) 
betngintt.lally adjusted to 6 mllllwatts with 5-microvolts Input by means or theaudlogaln 
control. The AVC was off for all f-m measurements, Output-signal level measurements 
were madewlth a Model 300A Hewlett-Packard Wave-Analyzer. The output-noise measure
ments (modulation off) were made with a BtOlantlne Model 300 Electronic Voltmeter, 

The slope of the •a-m• curve with AVC ott·~ptgure 41) ls about 45 to 50°, while. with 
AVC on {Figure 42) 1t ls apprnxtrnately 60°, These '9'alue$ are ln cl~se agreement with the 
theoretically predicted slopes, (see Figure 23) when receiver saturation effects with AVC 
off are considered. The •ratio-detector only9 curve of Pigure 41 bas a slope of about '15°, 
wblle the •ratto-detector with prtmary-Umlter9 curve bas a slope of about '18.5°. These 

D • desired slpa1 • t.7.1.G.de'liatioa, modulated 
at lCMIO eps, ..!J!.!. lllput CODStlUlt. 

U • adaired atpaJ • m,aplplatoid earner. 

8otb D and U centered OD disertmbator. 

•II •IO •I O ♦S ♦10 +15 

1•"'1' GAIIIUtll IIATIO iy
0

- D8 

Fig. 41 - Comparison of rneasured a-m 
and f-m co-channel capture effects 
(desired slgnal depression and noise 
variation) - desired signal t'l.5 kc 
deviation for FM, 100 percent modulation 
with AVC off for AM - 5 µ v input level 
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Fig. 42 - Coiqparison of measur~ a-m 
and f-m co-channel capture effects 
(desired sjgna.l depression and noise 
variation) - desired signal - t 30 kc 
deviation for :fM, 100 percent modulation 
with AVC on for AM - 5 µv input level 
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slopes are also in close agreement with the thec>retlcal curves of Plgure 23, when the 
additional limiting, provided by saturation effects in the amplifier stages preceding the 
f-m detector, is b,lken into accOW1t. The •ratto-detector onlT' and •ratio-detector with 
primar)'-limiter-9 curves of Figure 42 show slopes which are about the same as those of 

~ Figure 41forthe corresponding conditions of operation. The increased deviation used 
with the f-m signal shows essentially no effectexceptfor some increase in detuning effects. 

As shown in Figures 41 and 42, the a-m receiver exhibits UWe change in outputnoise 
With Increase of Interfering-carrier level, while the f-m receiver shows large noise • 
changes. The f-m noise muimum occurs in the viclnity of input-signal equality(U/D .. 1). 
Tbis noise .increase is due to abrupt phase shifts in the resultant of the two carriers, which 
produces sharp bursts of energy in the output of the f-m detector (see discussion of Figure 
8, pages 10 and 11). • 

The .capture curves of Figures 43 and 44 were obtained in a manner similar to that • 
for Figures 41 and 42 except that the input-signal level was increased from 15 to 50 micro
volts. The •a-m• curye of Figure 43 (AVC off) has a slope of about 60°. This shows that 
at high-input levels amplifier saturation preceding the a-m detector produces capture 
effects Similar to those obtained with AVC. The· •a-m• curve of Figure 44 (AVC on) also 
bas a capture slope of about fJ.f, indicating that the maxinaum capture slope possible 1n an 
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Fig. 43 - Comparison of measured a-m 
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a-m system ls In the vielnlty of 80° and that this results from the combination of linear 
detector plus AVC (or ampllfler satu.ratian) as previously discussed and shown In Figure 
20. The •f-m• curves of Figures 43 anc:J 44 are very similar to those previously shown 
in Figures 41 and '2. 

Impulse Noise 

.bl Figure 45 ts shown the effecf of impulse noise on the output S/N ratio of the 
X-RDZ-2 receiver used in previous tests for two conditions of limiting with FM. The 
impulse-noise source was a Strobotac feeding pulses to the first-detector grid of the re
ceiver at a rate of approzimately 200 cps. 

It can be seen that strong impulse noise seriously depresses the output S/N ratio. 
Jt is also evident, however, that the improvement which the ratio-detector with primary
limiter exhibits over the ratio-detector only on fiuctuation noise is maiotainll!d quite 
closely with impulse noise present, At the 5-microvolt input level, for tnstance, the dif
ference in output S/N ratio between the two with fiuctuation noise only is about 11 db, while 
·with impulse noise present it. is about 9 db. The capture of the receiver by the desired sig
nal is much less effective with the noise pulses present, as shown by the change in slope 
of the curves. For Instance, the curve for the ratio-detector plus primary-limiter with 
no external noise present is about 6'7°. With impulse noise present, it is aboQt 45°. Sim
ilar change occurs with the •ratio-detector only• curve. Better limiting results in a 
greater capture slope whether the interfering signal is fluctuation noise or impulse noise. 
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SUMMARY 

The •capture Threshold,• as defined In the introducUon and used In the discussion, 
is the undesired-to-desired Input carrier level ratio at which the desired-signal output 
is depressed 3 db below its interference-free value. This bas been found, In the experi
mental data, to be generally In the vicinity of U/D = 1. 

The •Standard Depression Capture Ratio,• as defined in the lntroduction,-is the 
undesired-to-desired input carrier level ratio at which the desired-signal output bas been 
depressed to such a degree (30 db) as essentially to prevent transfer of intelligence. The 
input ratio U/D at which this value of depression is reached depends on the slope of the 
capture curve and thus on the type of modulation and the circuit characteristics of the 
particular receiver being examined. For example, in Fjgure 41, the Standard Depression 
for the ratio-detector with primary limiter occurs at an input-ratio value of about + 7 db, 
for the ratio-detector only at about +11 db, and for AM with no AVC at about +25 db. 

The "Complete Capture Level• is the desired-signal output level ·at which the desired 
signal is apparently eliminated completely from the output of the r eceiver. In general, this 
level can be taken as approximately 45-50-db depression of the desired signal. 

Table 1 summarizes the capture slopes which are obtained under the specified con
ditions by the listed elements of a receiving system. 

Table 2 summarizes the variations In capture slope which are obtained in an f-m 
system with nonlinearities and nonsymmetries of the discrtmtnator characteristic 
(input spectrum centered and detuned). 

GENERAL DISCUSSIO~ 

•capture- is a desired-signal dePression effect which occurs in both a-m and f-m 
reception. It 1s generally present whenever an Interfering signal stronger than the de
sired signal is tuned to or near the desired-signal frequency. The resulting depression 
of the weaker signal by the stronger occurs to a degree wbich depends on the relative 
and absolute amplitudes. of the two input signals and their frequency separation relatlve 
to the limits of the predetector selectivity of the receiver. As defined and treated in 
this report, the effect is divorced from beat-note and/or various other co-channel and 
adjacent~cbannel effects (such as cross-modulation and •swtsh•) that may r esult inaudi
tory masking In the output. In f-m reception, the effect is caused by the combinatlonof 
limiter, discrirnJnato'f and rectifier (detector) action. In a-m reception, the effect is the 
result of detector and AVC (or predetector saturation) acuon. The absolute amplitudes 
of the Input stgnals In conjuncUon with the thermionic-bias potentials In diodes used as 
detectors and limiters affects the onset (<>r threshold) of capture. The degree of capture 
In an f~m receiver is generally gr¢er than that in a comparable a-m receiver. This 
cUfference can be attributed primarily to the infiuence of the llmlter and discriminator 
circuits In the f-m receiver. 

Th& susceptibility .of a receiver to capture can be· determined roughly from a plot 
of Input-signal level vs. output stgnal-to-nolse ratio with one-signal input, although not as 
precisely as with a typical two-stgnal capture curve. The inherent fluctuation noise of 
the receiver can be considered as equivalent to the second (undesired) carrier used in 
the usual caphµ'e measurements with, however, the desired-signal input level being 
varied instead of the undestred-stgnal. Input level. The result of improved llmitlng in a 
properly alignedf-m receiver,. car.efully centered on a desired-signal carrier, is an in -
crease in the outprt S/N ratio, particularly at the medium and bigber input levels, and a 
tendency toward increased capture. 
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TABLE 1 

Condition CaJJtu: e Slope Threshold Depression . 
AM .l''M AM .l"M. 

(1) AM and FM - ideal square-law 
00 00 detector (no limiting) 0 db 3to4db 

(2)~-and FM - ideal linear-law 
detector (no limiting) 45° 45° 3 to6db 3to6db 

' (3) AM and FM - ideal linear-law 
detector and ideal AVC 
(no .11:miting) 63.5° 63.5° 3to6db 3to6db 

(4) FM - ideal square-law d~ector 
and one-stage ideal limiter (linear 
and symmetrical d1scrirn1oato•r) --- 63,5° --- 3to6db 

(5) PM - ideal l inear-law detector 
and one-stage ideal limiter (linear 
and symmetrical discriminator) --- 71.5° --- 3to6db 

(8) FM - ideal l inear-law detector and 
two cascaded ideal limiters (linear 
and symmetrical discriminator) --- 76° --- 3to6db 

('1) FM - maximum possible capture 
(theoretical) --- approach-

ing90° --- 3to6db 

(8) FM - typical condition (practical) --- 70 to 80° --- 2 to 4db 

(9) AM - ideal square-law detector and 
ideal AVC (no limiting) 45° --- 3to 6db ---

(10) AM - maximum posSible capture 
63.5° ftheoretical) --- 3 to6 db ---

(11) AM - typical conditions (practical} 
no predetector saturation 

600 AVCon --- 2 to 4db ---
AVC off 45° --- 2 to 4 db ---

Note: Conditions (1) through (11) in intermediate form (ineffective ltmiter, detector 
intermediate between linear-law and square-law, etc.) result in capture slopes gen
erally less than those given for each of the listed conditions of the receiving system. 
For example, if condition (2) above were to include a detector characteristic inter 
mediate between linear-law and square-law, the capture slope would be intermediate 
between O and 45 °. 
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TABLE I 

DIScrtmiNUOT 

(1) Symmetrlcal 
and linear 

lnplt Spectrum 

Detuned from center 

(2) Nonsymmetrtcal .Detuned from center 
and nonlinear 

(3) Nonlinear but Centered 
symmetrical · 

(4) Nonlinear but Detuned from center 
symmetrical 

(S) Nonsymmetrtcal Centered 
but linear 

(6) Nonsymmetrtcal Detuned from center 
but linear 

Variatlona In Capture 

NO effect on capture as long as spectral 
coinponents do not ezceed discrlmlnat.or 
bandwidth._ 

Capture generally less than that listed _ 
for condition (4) of Table 1 but may ap
proach It .as a mulmum aslnpatspec
trum ls detuned off center. Nonlinearity . 
may aid or oppose degroe of capture due 
t.GIIOIISJDlllletrJ dependlng on the curva
ture of dlscrtmwtor cbaracterlst1c. 

Capture slopes greater or l~ss ·than· for 
condition (4) of Table 1, depending on 

• the degree and •~ of nonlinear.tty~ 

capture generally a maximum .with •. 
• spectrum centered on cbaracteriStlc, 
Increasing W'lth cletaning oil .either side. . • 
Capture slop, may be more or leas than 
for linear dlscl'lmlnator cbaracterlsUc, • 
depending on ~e of .cllscrlminator --
cbaractertstlc. • 

. . 

Capture slope less than for condition-_ • 
(4) of Table 1,·with actual degree of cap
ture dependent on form of DODSJJDJDeµ"J. 

Capture a mlnimum with spectrum Iii· _ 
vlcinlty of center of dl8ct1mlnator char• 
acterlstlc, bat Increases wltb detuning 
on either side of center. capture never 
. as great as for a symmm-lcal dlscrlml
nator characterlst1c until entire spec
trum ls t.o one side of center. 

The lnsertlon of a de-emphasis clrcult after the final detector of either an a-m or an 
f-m receiver results In an over-all average output S/N lmprcwement of 1 to I db for the 
f-m system and about 3 t.o 5 db for the a-m system. These figures are for the partlcular 

_ condltlons under which the aperlmental hwestlgatlons went conducted. Other figures 
may be obtalned"ander other conditions of bandwldtb, devlatlon, de-emphasis, and other . 
factors. Addltlon of ~ - empbasls bas no ~ect Influence on capture. 
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The effects of detuning at medlum- and low-input levels with one~slgnal Input are 
more severe with an ideal limiter than with a less effective one, i.e., the rate of output 
8/N deterioration ls greater with a nearly-perfect limiter for a given degree ofdetunlng, 
although the output S/N ratio when accurately centered on the desired-signal carrier ls 
also greater with the more ideal limiter as compared to the imperfect one. Tbls effect 

• ls primarily ~e to unbalance of the noise components In the output of the detector rectl
flers. It is Interesting to note that a greater deterioration of output S/N ratio with de
tunmg ls associated with circultry which provides greater capture effect. At higher input 
levels, the output noise ls essentially constant with detuning across the selectJ,vity band 
for all degrees of llmltlng. Thus at the higher iliput levels, the detuning curves are vir
tually lndependent of limiter cbaracterlstlcs. The effects of detuning on output 8/N ratio 
In ·an a-m system are negligible within the selectivity llmlts of the receiver, and capture 
ls likewise virtually unaffected. 

lt is Interesting to note that the so-called overload-selectivity cbaracterlstlc of an 
a-sn receiver ts, In effect, a measure 9f the frequency separation between desired apd 
undesired signals necessary to reach the capture threshold with various levels of inter
fering s:lgnal. Such a cbaractertstic ls usually measured by· determlnlng the unmodulated 
lnterferlng-sipal 1nlJI# level required to depress the desired modulated-signal output by 
3 db (sometimes 6 db) at various frequency separations. This ls, however, not a substt
tute for a _ direct co-channel -capture measurement. 

Capture ls an effect largely dependent on relative lnput-slgna) ampUtndes and ls not 
directly frequency-dependent ucept insofar as the dlstribatlon of frequency selecttvtty 

• in a receiving system influences the signal amplitudes in the ftl'1ous stages of the receiver. 
. Adjacent-channel capture wDl differ from co-channel capture mainly in the magnttnde of 
the interfering-signal Input levels required to produce the depression effect. other phe
nomena, such as control-grid circuit rectification effects, in the early stages of arecetr
lng system with strong interfertng-slgnal Input levels may, however, help to obscure the 
basic capture_ ~nomena ill the case of adjacent-cbannel interference. 

CONCLUSIONS 

. n ls. concluded tbat 
. -

(a) Capture effects occur in both a-m and f..'.m receiving systems, dUfering, bow
•. ~er, in degree. 

(b) Capture effects are generally greater in an f-m receiving system than In an 
. a-m receiving system. 

(c) The dlfference in degree of capture between a-m and f-m recetvtng systems 
can be attributed to the action of the limiter and dlscrimlnator clrcutta in the 
f-m receiver, wblch clrcults normally do not appear In the a-m recetrer. 

'(d)Tbe more closely the various ctrcutts and stages of an f-m or a-m receiver 
approach the ideal (ideal llmlting, linear dlscrAm!natot> cbaracteristlc, and 
linear-law detectors for FM; linear-law detector and Ideal AVC system for 
AM) the greater the degree of capture. 

(e) The suscepttblltty of a-m systems to capture may be reduced by 

(1) The use of square-law rectlf1ers as final detectors. Such recttflers are an
desirable with doable-sideband AM becaase of their output-distortion 
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properties but are desirable with single-sideband AM, where their use 
can result Jn low output distortion. 

(2) Operation without AVC. This is useful only at signal-input levels at 
which predetector amplifier saturation does not occur. Such saturation 
can be prevented by careful receiver desJgn and judlclous use of manual 
gain control of the predetector amplifiers, within, however, rather nar- . 
row useful limits. 

(f) The susceptibility of f-m systems to capture may be reduced by 

(1) The use of square-law rectifiers as detectors following the discrimlnator 
(slope-filter) element. The opposing or balanced rectifiers generally em- . 
ployed In f-m detector circuits will tend to reduce the output distortion. 

• 
(a) Increase in ·discrlmJnator bandwidth. This decreases the selectivity of 

the dlscrJminator element between the output of the final r-f (or 1-f) am
plifier and the detector rectifiers and also decreases detector sensitivity 
in terms of output volts per cycle (or ldlocycle) of deviation. The decrease 
In selectivity, if important, can be compensated for in circuits preceding 
the discriminator; and the decrease in detector sensitlvity, which is 
really only a change in transmission gain, can generally be compensated _ 
for by an increase In.gain elsewhere in the receiver system. 

(3) Reduction in effectiveness of limiting. This involves a loss in output 
signal-to-noise ratio for input-signal levels above th~ very weak signal 
region but bas the advantage of reducing the S/N ratio loss wbic.h results • 
from detuning. It can be accomplished most readily by use of half-wave 
limiting detectors, such _as the ratlo;.type, and the incorporation of suit
able AVC systems whlcb prevent predetector amplifier saturation effects. 

{4) Incorporation of disc.-JrnJnators with nonsym.metrlcal and/or nonlinear 
cbaracterlstics. This is not to be recommended, since these character
istics, ln order to be effective, must be such as will result in ememe 
output distortion. • 
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Depression of a Desired Signal by an Undesired Signal 
1n an A- M Detector with a Linear-Law Oetection Characteristic' 

Let the undesired- signal carrier be Ui cos w.t and the desired-signal carrier be 
D1 coswJ.. Then the total carrier input to the detector is 

Ei = u1 cosC&\t + D1 coswj. 

= Ui cosw1t + Di cos (w1 + p)t 

where p = (w1 - wJ and is assumed to be a supersonic angular frequency. Then, 

where 14 

E1 • Wi +bi+ 2U1D1 cospt cos(w1t + cf>) 

Di sin pt 
cf> = tan-,.----

ui + Dicospt 

We can express the properties of any rectifier 1n terll'\s of the rectifier-circuit mean 
current, i, and the peak amplitude, A, of a simple periodic emf (an unmodulated carrier)_ 
applied to it. Then, if this relation bas no discontinuities, 

-( ll 3 4 ') I= aA+fJA +YA +6A +-- - ._ 

In a perfectly ~ar rectifier, 1 = a A . 

Now let 

where cos(w1~ + cf>) = 1 for the peak condition of amplitude specified. Simplifying the above 
expression gives, 

T ""Y U1
2+ JY.1 + ---- , E 

2U1D1cosp~lfa 

Ull 2 
l + Di 

and putting the above through a binomial expansion gives 

T = yu: + n; (♦ _u_~ D_1_c_o_s_p_t 
ua + 02 

i i 

The mean value (integrated over one complete cycle) of the above expression is 

and since 

( 

t UiDi ) T = flP.1 + D12 1 - 4 ------ + - - - - ' 
(UZ + na )Z 

i 1 

T = A, 
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.. 

- r;,tf. • l Uf Di \ 
I = a\. l + Di -.- (Ui + op• + - - -;· (1A) 

Let the desired s1gna1 be amplitude-modulated to D t AD. Then to find the change 
of stgna1 current, l, in. the presence of the undesired signal, u, we must find At/AD from 
eqaatlon (tA) above. Thus, 

o, 

Now let • _unc1e ___ .;..slred,;;;..;..;...carrle...;.;..;.;;.;.r;....;;.in;.:.pat.;..;...;am.;.....:p;.;..Jitude;.;...;;.;;.;;.. 

desired carrier input amplitude 

and let 

~ deslred-slgnal output in the presence ol. the undesired carrier ls represented by 
Al/AD, which we will deslpate D0 • Substltutlng in equation (2A) gives 

D = f. 1 -t Y + ¾ y• - ¾ 'r + - - ~ (3A) 
0 \Cl+ 19> l/1 U + y~lil Cl+ r>.,. (1 + t>" _l. 

Jf It ls assumed that 1'«1, then~ • y/'A, and thus the modulatlon of.the desired modu
lated carrier ls reduced to a fraetlon, D1 /J u1, of its or1ginal value. 

Iii a similar manner, the influence of the undesired carrler on the desired modulated 
carrier in the region where y1 »1 may be found. Let D~ • Al/AD in the region where car
rier Dl » Ur Then, 

. D I 

D' = l - .!
1 

• l - .1. ~ 
o 4 4 \V1 )' 

or the demodulatlon Influence of the undesired slgna1 on the desired signal ls small when 
the undesired s1gDal ls much smaller than tbe desired s1gnal. 

••• 

\ 



- DECLASSIFIED 

APPENDOCB 

Depression of a Desired Signal by an Undesired Signal in an A-M Detector 
with a Linear-Law and a Square-Law Detection Characteristic 111 

Let the equation 

e,. = U sin {w+p) t + D {l + m cos.Qt) sin Cl) t 

represent the total carrier input to the detector, where D represents the desired modu
lated signal and U represents the undesired interference consisUng_ of an unmodulated 
c_arrler. Then, • 

81 = Usln('w+p) t + DSinwt + m D cos.Qt .slnwt 

= u sin ( w+p) t + D sin wt + m: [sin ( (&)+ S1) t + !!in ( w-D) .1:] 

t.... mD . .mD, _O\ 
= Usin ""'+P) t + Dsinwt +-sln(w+.Q)t +--sin {w--, t. 

• 2 2 

The envelope of the above expression is given by the summation of the square of the am
plitudes, plus two times the sum of the cross-products, times the cosine of the difference 
in phase angles, or 

,, m*D 1 

(env.f' = U
1 

+ D2+--+ 2 DU cos pt + mD U cos (p-g) t 'fl 
2 

- · m 1D 1 
+mDUcos(p+Q)t+m·D1 cosDl+mD2co~t 

2 
cos2.0t 

. •u 
= U1 + D1 + 2m D1 oosDt + m 1 D 2cos'l2t __ m __ 

' ' 2 

m 2 D 2 

+ 
2 

+ mDU 2 cosp t cos~t + 2 DU cos pt 

= U1 + D1 
{ 1 + mcos.Qt)1 + 2DU ( 1 + mcosDt) cos pt. 

For a square-law detector, 

e
0 

= K 2 (env.) 1 
"' K1 [ U2 + D 2 

( l + mcos .Ot) 1 + 2DU (1 + mcosDt)cosp t] 

= Ka [u 1 
+ D

1
+ 2mD

2 
cos.at+ U m2 cos•.ot + 2DU cosp t 

+ m2 DU cos;(lt cos pt] · 

· r. I :r a · D2 m 2 • 
=K2 LU +D +2mD cos.Qt+ 2 (l+cos 2Dt ) 

•+ 2DUcospt+mnu{cos(p +D) t+cos(p-. .O)t}]. 
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The modulation ~ is given by 

and since tbe above equation (lB) la mdepenclent of U, capture effect does not occur. 

For a linear-law detector, 

8c, • I[ (env.) c I[ [l11 + D1 .(1 + m cos.Qt) 1 + 2 DU ( l + m cos.Qt) cos Pt.j .tt- . 

[
• ·»• 1 D • ·]11• 

sl[l,J'. l + u• (l+mcos.Qt) +2U. (l + mcoa Qt)cospt __ .• • 

D . 
If we letE • - and a• l + m cos .Ot, then . u 

lbpuding tbe allove equation in the binomial form pves 

t-D~• a• + 2:i a cos p t) 1 

. s. -2 

(E1 a' + 2Eacosptf 
2 

(lB) • 

[ 
.. -· • • l • • • • I .JI I 8o•XV 1+~ .·U a coapt-- (E a +4E a f»BP t +4E. a cos P t) 
2 . 8 

,..!. ( E • a • + 8 E • a 1 cos p t + lie' a• ms• p t + 8 e I a 1 .cos I p t) 
18 

5 ee TT • • • I Ill I -- (E a +IE a coap t+N E a cos p t+l8E a cos pt 
128 • 
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Neglecting terms contatotng En where n > 2, since E ls a small nwnber (i.e., this applies· 
for all cases where- U/D>2), • • 

e
0 
~xu· .[i + E (1-+ mco~) cospt +f (1 + mcosat>2 

- ~ (I) (1 + mcosQt)2 cos1 pt] 

('; E I • I 
1!t KU ll + ecospt + me cos.Qt cos pt 7(1 + 2 mcos.Qt + m cos3 .Qt) 

-fc1♦2~cosQt + uf cos'~t) (1 t c;s2otl] 

-.. ··Ku !';1 t me (p • n,t me ·(co n)t ~ + ecosp +2 cos T . • , + 2 sp--. 

I 

- ~ (1 + 2mcos~t + m1 cost.Qt+ cos2pt 

+ 2mcosSltcos2p t + m 1 cos1.0t cos2pt~ 

eo 'if' KU [1 + ECOspt +~ cos (p +.O)t + ~E cos (p -Qt 

I I a (1 2.Qt) I 
-L mcos.Ot _£ m + cos • -~ cos2pt 

2 4 2 • 

~-Ku [1 + ecospt + ~e cos (p +.O)t + T cos (p - D)t +f 
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me niE2 /E2 ma Ea m1\ 
+ 2 cos (p-D)t + (mt --2-) cos.Qt +,-2- --8--1 cos 2Qt 

{E 2 E2 m1 \ E1 E
1 m • -\4 +-

8
--1 cos 2pt - 2 m cos (2p+Q)t --2-cos (2p-D)t 

a a £a a ] -\-:1 cos (2p - 2.0)t - 16m cos (2p + 2D) t 

eo = KU [1 + f + •: E
2 

m
1 

+ E cos pt -r ~ + 
1f) cos 2pt 

- ~Ea cos Qt +f m2 £
1 cos 2Q·t + T cos (p +.O)t + ~E cos (p -D)t 

':l'he modulation term in the preceding expression is 

. U·mEa 
e

0
r = K -. 2-. ~OS .0-t • (2B) 
QI 

lf·tbe interfering stgnal, U, were not ,l)resent, the modu1at1on·term would be 

e
0
(si = KmDcos,O.t. (3B) 

. l 

The ratio of these two expressions is 

KmDcosQt (2l 
= 

KUm£1 cos.Q'·t 

2D 

Ue1 
(4B) 

For all cases where the ratio U /0 > 2, reduction of output signal in db = 6 + 20 log10• ~ 
due to presence of U • . 
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APPENDIX C. 

Instantaneous Frequency Expitesston for Resaltant, R, of Two Carriers1i 

The simplest case to treat 1s that of two 1IDIDOdulated carriers of nearly the same 
fl'equeney wbieb are added together to produce a heterodyne envelope. This heterodyne 
results fl-om the beating action of the two voltages producing a ~ 1n the phase of 
the resultant equivalent to frequency modulation. If the frequency of one carrier is now 
varied sinusoidaPJ with respect to the other carrier, and if the two carrier amplitudes 
·are kept constant, the result ls common or adjacent-channel interference depending on 
the frequency 'Separation between the two carriers. • 

Let the desired carrier be represented by 

Dsinwt 

and the undesired carrier by 

Ustn (c.1+ 21q,)t 

where D = amplitude of the desired carrier, 

U = amplitude of the undesired carrier, 

w • angular frequency of desired carrier (radians/sec), 
and µ .. difference frequency (cycles/sec). 

Let X ·= U/D = input ratk> of undesired-to-desired carriers. 

If the above signals (equa.ttons (lC) and(2C)) are added together, the reauitant 
voltage, E, is 

(D1 + tf + 2D Ucos 2• µ t)1i9 sin (c.,t + ♦) 

= D (1+ x2 + 2X cos 21r µ t )Ill sin (wt + •> 
where tan ♦., X$ 2• µt • 

1 + Xcos 2• µt 

(lC) 

(2C) · 

(3C) 

The part of equation (3C) c:ontatJHHl In the radical represents the heterodyne envelope that 
would be obtained if the resultant signal was sent ·through a linear rectWer and the d-e 
component filtered out. • 

The two carriers (equations (lC) and (2C)) can be represented vectorially as shown ... ··••• 
In Figure 46. When t = O, the two slp&IS are In phase, bat since the fl'equency of·D ls 

. Fig. 46 - Vector 
representation of 

two carriers 

2 "" ,. o• 
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higher than the frequency of U, the vector representing D can be considered as rotating 
with respect to that representing U.. Thus, if U is rotating at w radians/ sec, D will rotate 
at w + 21r µ radians/sec. It is therefore oh·.~0us that the phasP. angle, qi, which the resul
tant R of U and D makes at any given instant with vector U is varying. At time t = O, If> = 0. 
When 211 µ t = 90°, tan ♦ = D/U = 1/X. When 21r µ t = 180°, ♦ is again zero. This rotation of 
D with respect to U gives the variattons in ♦ as shown in Figure 47. The maximum value 
of ♦ occurs when ♦ = sin -1 1/X, as sho~ in Figure ·_48. As X approaches unity, ♦ changes 
more abruptly at values of 2tr µ t near 180°. When X = 1, ♦ increases in a linear fashion 
from o0 to 90° as D turns through 180° relative to U, asshownlnFigure49. AsDapproaches 
cancellation of U, ♦ approaches+ 90°, but as D swings past cancellation, the direction of 
the resultant R sudden!? reverses so that </I= - 90°. In other words, there is an instantan
eous change in ♦ of 180 . 

... 
·3 

l&I 
.J 
C, 
z 
4 

. 90• 

Fig. 47 - Variations iri phase angle If, for various ratios of X (X = U/D) 

Fig. 48 - Maximum 
value of phase angle 

u 
Fig. 49 - Change in ♦ 

,-, between limits of 
\J 2 trµ t = Oand 180° 

for the ratio X = I 

The amplitude variations of R.in Figure 46, produced by the rotation of D with respect 
to U, are assumed to be removed by a perfect amplitude limiter. The output resulting 
from R after limiting and passage through an ideal phase discriminator is then proportional 
to the slope of the curves of Figure 47, i.e., to the first derivative of 1/1 with respect to 
time. Actual discriminators such as employed in f..:m receivers are linear with respect 
to the frequency displacement or deviation of the resultant-whose waveforms may be reP
resented by the time dei:-ivatives of the curves of Figure 47. The instantaneous frequency 
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of the resultant, R, is given by 

f1 = a1,
11 

d~ (argument of sine function, equation (3C)) 

1 d 
= 2 r d t (wt + rt>) 

w +..!.. d -1 Xsin211µ.t 
=Ti 21r dt tan l+Xcos211µt 

w Xcos21rµt+XZ 
=2v + µ. l + X2 + 2Xcos21t µt 

or ·f (&) G µ 0 i =21r + cos 211 µ t +1/X + 1 , 
cos 21rµ.t + X 

(4C) 

where the second term (bracketed) represents the frequency deviation resulting from the 
variation of;. 

l'I.CTTEO FRDII ,. 

10 

e 

JIIIIflU 
JI 

Fig. 50 - Wave-form in audio output 
for various values of the ratio X 

It can be seen from equation (4C) Jhat, 
as the ratio, X, increases from some value 
less than unity to values greater than unity, 
there is an apparent change in the instantan
eous frequency, ft of the resultant approach
ing µ. as· a maximum, Figure 50 has been 
plotted from equation ( 4C) to show the wave 
form in the audio output, for various values 
of X, from an f-m receiver with perfect 
limiting and a balanced linear detector. As 
X approaches one, the output becomes more 
and more like an impulse until, at X = 1, the 
output has a constant value of 1/2, except 
that where 21r µ. t = 11 the output is;infinite. 
When X becomes greater than one, the curves 
maintain the same relative shape. If the D 
signal changes position from the high- to ~e 
low-frequency side of U signal, then the po
larity of the impulses shown in Figure 50 
will be reversed. 

U one of the two carriers is frequency
_modulated, then the beatnote produced in the 
output of a receiver with a perfect limiter is 
;given by 

Dcos 21rµt-Dcos -21rµt- a/2.'11 (5C) 

cos 8 + 1/X + ·1 
cos ·tJ + X • . 
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where D 
~ =u sin 2 ,rµt - at - 8 • 

. 
Here a is the difference angular frequency~ 8 tsthephaseanglewbichtheundesiredcar
rier makes with the desired modulated signal. The two envelopes of maxima and minima 
of the beat- note pattern are given by 

and 

respectively. 

1 ~ X cos 2 ,r µ; t + 2~ (x ! 1) 

• •• 
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