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ABSTRACT 

A "discriminating" second detector has been developed which can 
be used to reduce the frequency range over which a receiver will r e­
spond to pulse-modulated signals. This provides a means for improv­
ing the off-channel rejection of a receiver for pulse-modulated signals. 
The operationofthis circuitisdiscussed and some experimental results 
are presented. 

PROBLEM STATUS 

This is an interim report on this phase of the IFF development pr o­
gram. Work is continuing. 

AUTHORIZATION 

NRL Problem RO3-06R, (BuShips Problem S1234X-S.) 
NR 503-060 

iv 



-- oect.ASSIFIED 

A CIRCUIT FOR IMPROVING THE ADJACENT-CHANNEL REJECTION 
OF AN IFF RECEIVER 

INTRODUCTION 

The present day IFF systems as well as proposed future IFF systems are, in general, pulse­
modulated multi-channel systems with each system being allocated a certain frequency band in 
which to operate. Since the allocated band is limited, it is not only desirable, but may be neces­
sary, to use it in an efficient manner. Therefore, wasted or unused space between channels 
which is necessary to obtain the required amount of adjacent-channel rejection is undesirable 
and should be reduced to a minimum. 

The adjacent channel spacing, and thus the total number of channels of a given width that can 
be placed in the allotted band, is partially determined by the amount of adjacent-channel rejec­
tion that can be obtained at the receiver. In a pulse-modulated IFF system employing rectangu­
lar pulses of short duration (in the order of 1 microsecond), the adjacent-channel rejection 
problem becomes serious, the difficulty arising as a result of the wide frequency-spectrum of 
the transmitted signal. Since the usual methods of improving the ordinary (cw) selectivity of a 
receiver are not effective in this case, special circuits or techniques are required. 

The purpose of this report is to describe one special method of improving the adjacent or 
off-cha nnel rejection of an IFF receiver for pulse-modulated signals. A discriminating second 
detector has been developed which reduces the frequency r ange over which a receiver will re­
spond to such signals, thereby providing off-channel rejection. A discussion of the operation of 
this circuit and some experimental results which have been obtained are presented. 

PROBLEM DISCUSSION 

The frequency spectrum of an r-f or i-f pulse, such as the one illustrated in Figure 1, in 

which T is large compared tofcJ has the familiar si: x amplitude distribution shown in Figure 2. 

As a result of this frequency spread, a conventional band-pass receiver will appear to have much 

E S1N( 2'1Tf0 t) 

-TIME 

Fig . 1 Idealiz ed R-F or 1-F Pulse 

less off-channel rejection to pulsed signals than it does to ordinary c-w signals. This effect is 
illustrated in Figure 3 which shows the response curves of an i-f strip as measured with a c -w 
signal and with a pulsed signal. The i-f strip used in these tests was one of the stagger- tuned 
strips used in the receivers of the AN/CPX-3 and AN/CPX-4 equipments of the Mark V IFF sys­
tem. A simplified schematic diagram of the s t r ip is shown in Figure 4 . 

The pulsed s ignal used for testing the amplifier consisted of single pulses of 1 microsecond 
duration with a recurrence rate of 400 per second. T he effective rise and decay times of the 
puls e were a pproximately 0.1 microsecond or 10% of the duration of the pulse. The pulse shape 

1 
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at the output of the detector was, of course, dependent upon the spacing between the center fre­

quency of the strip and the frequency of the signal. In this case, as well as in all other pulse 
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Fig. l Amplitude Dist ribution o f the Frequency Spectrwn of the Pulse in F i gur e 1. 

measurements discussed in this report, the peak of the detected pulse was taken as a measure 

of the output since this is, in general, a good measure of output for IFF applications. 

Fig . 3 Frequency Response Curves of a Typical I - F Amplifier 

It is evident upon inspection of Figure 3 that it is impossible to use closely spaced channels 

in a pulse-modulated system requiring good adjacent-channel r ejection if the receiver is of the 

conventional type. Thus to avoid large unused or wasted portions of the frequency band between 

channels, it is necessary to make s ome change in the system or in the receiver. It should be 

noted again that this apparent defect is not primarily a fault of the receiver, but is a consequence 

of the nature of the transmitted signal. 

The effect illustrated in Figure 3 and discussed in the preceding paragraphs has been known 

and understood for many years. In recent years, however, the increased number of applications 

of pulse systems, along with the fact that the ever increasing use of r adio in general makes it 
necessary to use the frequency bands efficiently, ha s caused a rising interest in the problem. 

The work described in the following pages, although of a general nature and applicable to other 
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than IFF systems, was initiated as a direct consequence of the measurements made on an ex­
perimental IFF r eceiver .1 

l o o 

• tAI <- HV . • 

Fig. 4 I-F Amplifier Schematic 

POSSIBLE SOLUTIONS 

[. 

.,, 

_ ..... 
04.ITl"UT 

There are two obvious paths to be followed in attempting to improve the effective adjacent 
channel rejection in a pulse system. The first, and undoubt edly the most obvious and direct at­
tack, is to attempt to control the frequency spectrum of the t ra nsmitted signal so as to limit it to 
a narrow band. The second, and somewhat indirect attack, is to attempt to provide the receiver 
with a means of disc:i:iminating against the s idebands of off-frequency signals. 

The met:h-ods involving the control of the transmitted-frequency-spectrum will not be consid­
ered except to note that, in general, the complexities of the commonly known methods outweigh 
any advantages r ealizect.2 The solution involving the receiver, which on first thought might ap­
pear to be more difficult than the other, can be accomplished thr ough the use of special circuits. 

HISTORICAL NOTE CONCERNING PAST WORK 

Before discussing the newly developed circuit for improving off-channel rejection in pulse­
modulated systems, it is of interest to see what circuits, if any, have already been devised for 
this purpose. A search of the previous work on this problem revealed only one circuit which had 
been used with any appreciable success. This circuit, commonly known as the "Ferris discr im­
inator, ,,3 was first used to improve the off- channel rejection in distance measuring equipment. 

l E aston, R. L., Furlow , W. M ., Lynch, D . W ., Rhodes, L . T . , and Ruhl ig , A . J . "An Experi­
mental Omni-Channel Receiver for an IFF System," NRL Report R-34 32, M arch 16 , 1949 (Secret). 

2see for example, "Crystal Control at 1 000 Mc for Aeria l Navigation," F ederal Telecommu­
nication Laboratories, [nc., Tech . Memo. N o . 359, March 194 9 , p. 6. 
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The Ferris discriminator is an a-m second detector which discriminates against signals in 
the passband which are sidebands of pulses with center frequencies outside the passband.4 One 
arrangement of the basic circuit is shown in Figure 5. Secondary 1 is adjusted to have a band­
width approximately equal to the result ing bandwidth desired. Secondary 2, the primary, and all 

V-1 

►------ VIDE 0 
OUTPUT 

PR I. 

FINAL 1-F 
A MP. STAGE 

Fig . 5 Ferris Discriminator 

preceding selective circuits are adjusted to have a resultant bandwidth somewhat wider than the 
desired bandwidth. The couplings between each secondary and the primary are adjusted so that 
the peak output of secondary 1 is of the order of twice the peak output of secondar y 2. As a re­
sult of t hese adjustments and considering the polarity resulting from the met hod of connecting 
the secondaries, the c-w response c·trVes of the circuit would appear something like the curves 
sketched in Figure 6. 

SECONDARY I 

SECONDARY 2 

FREQUENCY 

Fig. 6 C-W Curves of the Ferris Discriminator 

4 "Center frequency" i s used he re in reference to the frequency corresponding to the maximum 
a mplitude present in the frequency spectrum of the signal. 
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The operation of the F erris ci rcuit on pulsed s ignals is similar to its operation on c. w. By 
proper choice of relative bandwidths and couplings, the circuits can be made to give a res ultant 
positive output pulse if the center frequency of the pulse is within the passband of secondary 1 
and a negative output if the center frequency is outside the passband of secondary 1. This simply 
means that, if the center frequency of the pulse is in the passband of secondary 1, the a mplitude 
of the pulse resulting from the portion of the spectrum of the pulse falling in the passband of 
secondary 1 is greater than the amplitude of the pulse resulting from the portion of the spectrum 
falling in secondary 2. Similarly, if the center frequency of the pulse is outside the passband of 
secondary 1, the amplitude of the pulse resulting from the portion of the spectrum falling in t he 
passband of secondary 1 is less than the pulse resulting from the portion of the spectrum falling 
in the passband of secondary 2. As a result, if only positive outputs are accepted, the Ferris 
discriminator will provide essentially infinite off-channel rejection to pulsed signals as well as 
to c-w signals. 

Experimentally, it was found that the bandwidth of secondary 2 must be two to three times 
as wide as that of secondary 1 to obtain good off- channel r ejection of pulsed signals. This, of 
course, requires that the i-f amplifier and any r-f selective networks have a bandwidth at least 
twice as wide as the resultant bandwidth desired. Thus,the use of the Ferris discriminator has 
two disadvantages, the loss in gain in the passband due to partial cancellation in the detector 
ci rcuits, and the effective loss in bandwidth with the accompanying deterioration of the noise 
figure and gain of the receiver. In v iew of these disadvantages, other possible circuits were in­
vestigated and, as a result , the circuit to be described was developed. 

CIRCUIT DESCRIPTION 

The circuit which was developed to provide increased off- channel r ejection to pulsed signals 
with less loss in gain and bandwidth than the Ferris discriminator is also a discriminating sec­
ond detector. 5 The circuit is designed so that it distinguishes between the signals in the i- f 
passband resulting from i-f pulses with center frequencies in the passband and those res ulting 
from i-f pulses with center frequencies outside the passband. The principle underlying t he op­
er ation of the circuit is based on the fact that the frequency spectrum of an i-f pulse is symmet­
rical about, and has a maximum at, the center frequency of the pulse. This will become clear as 
the operation of the circuit is discussed in more detail. 

A simplified schematic diagram of the basic discriminating detector circuit is shown in Fig­
ure 7. The primary is tuned to the center of the i-f passband and is adjusted t o have a bandwidth 
equal to that of the i- f ampiifier preceding it. Secondary 1 is also tuned to the center of the i- f 
passband but has a bandwidth somewhat less than that of the primary. Secondary 2 is tuned so 
that its center frequency falls just below the passband of s econdary 1 and is designed to have a 
bandwidth less than that of secondary 1. Secondary number 3 is adjusted in a similar manner, 
only it is tuned to the high s ide of the passband of s econdary 1. 

The transformer, consisting of the primary and three secondaries, is designed to minimize 
the coupling between secondaries. The couplings between the primary and the various second­
aries are adjusted for optimum results. For most practical pulse widths and bandwidths, second­
ary 1 is coupled mor e closely to the primary than either 2 or 3; 2 and 3 have approximately 
equal coupling to the pr imary. 

The output of secondary 1 is detected by V-1 and appears across the filter R- 1, C-1. The 
outputs of 2 and 3 are detected by V-2 and V- 3, which share a common filter R-2, C- 2. The 
filters are connected in series as illustrated in Figure 7, so that the resulting video output is 
the algebraic sum of the voltages appearing across the separate filters. 

5 T h is circuit will be referred to throughout this report as the ~discriminating detector" to 
dis tinguish it from the Ferris discriminator . .. 

DECLASSIFIED 



6 NAVAL RESEARCH LABORATORY -The operation of the circuit is easily understood if the c -w case is considered first. A fre­
quency- modulated c-w signal was fed into an amplifier similar to the one shown in Figure 4, in 

v-2 

FINAL 
I- F STAGE 

R2 02 

Fig . 7 Schematic Diagram of the Discriminating Detector 

which the $econd detector had been r eplaced with the type just described. The waveforms appear­
ing in the detector circuit were observed on an oscilloscope in the conventional manner. The 
positive output appearing across R-1, C-1, is shown in F igure 8. Figure 8a shows the main 
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Fig. 8 Positive Output of the Discrrminating Detector 
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portion of the response curve, while,in 8b and 8c, the frequency of the signal has been shifted to 
show the complete high and low frequency skirts of the response curve with the base line or zero 
level plainly visible. In a similar manner, Figure 9 shows the characterist ic double-peaked 
negative output appearing across R-2, C-2. The resulting output of the circuit, which is simply 

w 
C 
::::, 
1-

.J 
a. 
:::;; 
~ 

66Uc 54 Mc 

FREQUENCY 

.J 
a. 
:::;; 
~ 

(a ) 

FREQUENCY 

50Mc 

(c) 

FREQUENCY 

F ig. 9 Negative Output of t he Discriminating Detector 

( bl 

the algebraic sum of the outputs shown in Figures 8 and 9, is shown in Figure 10. Thus for fre­
quencies within the passband the output is positive, for frequencies just outside the passband the 
output is negative, and for frequencies still further from the passband the output is zero. Ob­
viously, in any practical application where the negative output is detrimental, a unilateral or 
clipping circuit could be incorporated in the video circuits following the detector to eliminate 
the undesired portion of the output. 

The operation of the circuit with pulsed s ignals is similar to the c-w operation, being com­
plicated only by the broad frequency- spectrum of the pulsed signal. When the center frequency 
of a received pulse falls within the resultant passband of the detector, the rejecting voltage (the 
voltage appearing across R- 2, C-2) is small and the operation of the circuit is essentially the 
same a::; that of a conventional detector. However, when the center frequency of a received pulse 
is either above or below the passband of the detector, the rejecting voltage is increased and the 
voltage appearing across R-1, C-1, is r educed. With the proper selection of circuit para meters, 
the resulting output will be approximately the same as a conventional detector for signals with 
center frequencies in the passband and will be essentially zero or negative for signals with cen­
ter frequencies outside the passband. Again, as in the c-w case, for any application in which the 
negative output is detrimental, it can be clipped, thereby leaving only the positive output for sig­
nals in the passband and zero output for all signals outside the passband. 

DECLASSIFIED 
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67 63 57 53 Mc 
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( c) 

Fig. 10 Resultan t Output of the Discriminating D etector 

( b) 

It is important to note that the. rejecting voltage is developed by signals outside the resultant 
passband of the detector. This requires the passband of any amplifier preceding the detector to 
be somewhat wider than the resultant passband, or, stated in another way, t he use of this type of 
detector is accompanied by a loss in overall bandwidth in the detector circuits. This effect will 
be apparent in some of the experimental results to follow. 

EXPERIMENTAL RESULTS 

Some experimental results obtained with the discriminating detector have already been pre­
sented in Figures 8, 9, and 10. These results which were used in describing the operation of the 
circuit apply primarily to c-w operation. Since the circuit was originated as a means of improv­
ing the adjacent-channel rejection of pulse-modulated signals, the results obtained with pulsed 
signals will be of more significance here. However, since it is conceivable that the circuit might 
be useful in certain c-w applications, a comparison of the c- w response to that obtained with a 
conventional detector may be of interest. 

The c-w response of the circuit shown in Figure 4 was measured, and a second set of meas­
urements made after replacing the detector with a discriminating type. The results of these 
measurements are shown in Figur e 11, in which the dotted curve represents the response of the 
conventional detector, and the solid curve r epresents the response of the discriminating detector. 
The measurements were obtained by selecting a convenient output level and measuring the signal 
level required to maintain this output level at t he various frequencies. 

The fundamental effect of the discriminating detector on the c-w response curve, as evidenced 
by Figure 11, is the marked increase in the slope of the skirts of the curve. This is, of course, 
accompanied by a reduction in bandwidth which would tend to produce the same results. It should .. 
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be evident, however, that this effect in itself would account for only a small portion of the differ­
ence in the slopes of the skirts of the two curves. 
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Fig. 11 C-W R esponse C urves 

It is t o be noted that, although it is not apparent in Figure 11 because the curves are norma­
lized r esponse curves, there was a loss in overall gain of approximately 3 db in going from the 
conventional detector to the discriminating circuit. 

In a manner similar t o that used in the c-w case, the r esponse curves of the amplifier with 
the two different detectors were measured with pulse-modulated signals. These results are 
shown in Figure 12, where again the dotted curve corresponds to the conventional circuit and the 
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F ig . 12 Pulse Resp onse Curve s 

solid curve corresponds to the discriminating detector . The pulse duration used in obtaining the 
data of Figure !.2 was approximately one microsecond. The pulse response of the discriminating 
detector was also checked with a pulse duration of three microseconds and found to be essentially 
the same as that for one microsecond . ..., 
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Again, as in the c-w case, the principal difference between the response curves obtained 
with the different detectors is in the slope of the curves in the off-channel regions. This effect 
is even more pronounced in the pulse case than it was in the c-w case. The reduction in band­
width and overall gain is approximately the same for pulse modulated signals as was observed 
for c-w signals. 

The results presented t hus far have been in t he form of response curves based on the peak 
amplitude of the pulse output of the detector. Although the transient response of the circuit will 
affect these curves, a more direct indication of the effect of the transient response is obtained 
by observing the pulse shape before and after passing th.rough the circuit. A pulse -modulated 
signal was fed into an amplifier and discriminating detector having the c -w respons e shown in 
Figure 13. The input pulse shape was, to a degree of accuracy sufficient for this test, rectan­
gular with a duration of approximately three microseconds. The cente:- frequency of the pulse 

54 58 6 3 ~7 
FREQUENCY - 11$c, 

F ig. 13 C - W Response of the Amplifier and Detector Used to 
Observe the Pulse Shapes of F igure 14 

was varied and the detector output observed. These results are presented in panoramic form in 
the photographs of Figur e 14. ~t is to be noted that for frequencies just outside the passband the 
output is actually negative. This is the output that, for some applications, might require clipping. 

51.S . 55.0 56.2 6 0 .5 65.3 66.4 6 9 .6 
4 9 .0 53.S 55.5 57.S 63.S 65.9 67.7 72.0 

FREQUENCY - Mc. 

F i g . 14 Discriminating Detector Output Pulse Shapes 

The principal effect on the pulse shape observed in the photographs in Figure 14 is the inte­
gration effect on the leading and trailing edges. This effect was in part due to the values of the 
components used in the detector cir cuit filters, R- 1, C-1, and R-2, C-2. More r ecent measure­
ments made with different values for these el ements resulted in this effect's being reduced but 
not completely eliminated. 

It was observed experimentally that there is some relationship among the time constants of 
the two filter circuits of the discriminating detector that must be satisfied for optimum perfor mance 
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of the circuit. This relationship was found, as might be expected from a study of Figure 7, to be 
that the charging as well as the discharging rates of the two filter circuits should be approxi­
mately equal. When this relationship was violated, it was observed that the pulse shape was 
distorted for signals in the passband and/ or a positive spike corresponding to the leading or 
trailing edge of the pulse appeared in the output for signal frequencies adjacent to the passband. 

In addition t o the experimental results already discussed, a series of measurements were 
made to determine the effect of adjacent-channel or off-channel interference. It was found that 
this type of interference was, in effect, instantaneous; i .e ., for interference to occur, the desired 
signal and the interfering s ignal pulses must be overlapping in time, with the interference taking 
place only during the overlap. 

The amount of inter ference caused by simultaneous signals was measured for an amplifier 
and discriminating detector adjusted to produce a response curve similar to that of Figure 13. 
Signals from two sources, one with a frequency corresponding to tb.e center frequency of the 
passband and the other with a frequency outside the passband, were fed into the amplifier. 6 A 
convenient output level was s elected and the signal strength r equired to maintain this output in 
the presence of the interfering signal was measured for various levels and fr equencies of the 
interfering signal. The results of these measurements are shown in the family of curves of 
Figure 15. It will be noticed that interference did not occur when the frequency difference 

~ i ~ ~ A-c~-+-.,----~~---L- -'-----l 
i:5 f l · IPII TCRFERI~ ~ IGNAL. Pltt:OUE:HCT 

f • OUI REO SIGNAL r1UQU£NCY ii " ..i-..<-....L--+- --~ -------1 
> 
J 

40 >O , o eo 
!Hll "FIERI NG SUUIA.L LIVU.- d"9(LOW I VOLT 

Fig. 15 Simultaneous Signal Interfe rence 

between the two signals was 4 Mc. This is explained by the fact that this spacing put the in­
terfering signal at the zero gain point between the passband and the rejection region of the 
response curve. Maximum interference occured when the frequency differe nce was approxi­
mately 6 Mc. 

Another series of measurements was made to determine the maximum interference at dif­
ferent signal levels caused by an interfering signal of approximately the same strength as the 
desired signal. The output without intereference was noted at each s ignal level, and the increase 
in signal required to maintain this output in the presence of an interfering signal at the frequency 
of maximum interference and a level equal to the original signal- level was measured. The re­
sulting curve is shown in Figure 16. It was found that the frequency of interfering signal that 
caused maximum interference was essentially independent of signal level. In addition, it was ob­
served that, for the particular adjustment of the circuit used in this test, the interference was 
approximately the same for interfering signal frequencies above and below that of the desired 
signal. 

6 rt was found that simultaneous signals, the frequencies of which wer e both in the passband 
of the detector, simply added. 
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It is most important to note that the results of Figures 15and 16 are not unique for the dis­
criminating detector but are simply the results obtained with one particular adjustment of the 
circuit. With different coupling coefficients, Q's, etc ., results widely different from those of 
Figures 15 and 16 can be obtained. 
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F ig . 16 Maximum Interference Curve 

Finally, as a typical example of the results that can be achieved with the discriminating de­
tector, the i-f response of an experimental IFF receiver in which the circuit was used is shown 
in Figure 17. The receiver required two i-f channels, each approximately 8 Mc wide at the 6 db 
points , and spaced approximately 10 Mc between center frequencies . In addition, it was necessary 
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F ig. 17 Pulse Response o f Two-Channel 1-F Amplifier 

to have at least 30-db attenuation at the crossover point between channels. Since the signals to 
be received were pulse-modulated with pulses of 1 microsecond duration, it was impossible to 
achieve these results with a conventional i -f strip and detector. The results shown in Figure 17 
were obtained by using two i-f strips similar to the one shown in Figure 4, except that the con­
ventional detectors were replaced with discriminating detectors. The strips ahead of the detec­
tors each had a c -w bandwidth of about 10 Mc. This was reduced to an overall pulsed- signal 
bandwidth of 8 Mc by the loss in bandwidth required in the detector. 

CONCLUSIONS 

The experimental results just discussed show that the discriminating detector provides a 
means for increas ing the off-channel rejection of a receiver for systems employing pulse-modu­
lated signals with the possible exception of systems wherein there would be simultaneous signals 
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on adjacent channels. In the latter case, the exact specifications of the system would have to be 
known in order to determine the effect of adja cent-channel interfer ence and thus determine if the 
circuit could successfully be used in the system. 

The price that must be paid for the incr ease in rejection is, in addition to the physical com­
ponents and complications of the detector circuit, a loss in gain in the detector and an increase 
in the required bandwidth of the circuit s preceding the detector. The loss in gain is, as a rule, 
not too serious since it occurs at a high-l evel point in the circuit and does not materially affect 
the noise figure of the receiver and,if necessary, can be overcome with additional amplification. 
The increased bandwidth required in the circuits preceding the detector may be serious, since, 
in addition to requiring more components to obtain a given gain, there is the corresponding de­
terioration in noise figure of the receiver. In this respect , however, the results obtained with 
the discriminating detector a re better than those that have been obtained at these bandwidths and 
pulse widths with a Ferris discriminator . As a r esult , the discriminating detector appear s to be 
the better method for increas ing the off-channel rejection of IFF receivers in systems employing 
channel widths and pulse widths comparabl e to those used in the tests described. 

PROPOSED FUTURE WORK 

The present plans for future work on the problem of adjacent- channel rejection in IFF re­
ceivers include an investigation of addit ional applications of the Ferris discriminator and the 
discriminating detector with special emphasis on narrow channel widths . In addition, a s tudy is 
planned to determine if a multi- channel i-f amplifier with good off-channel rejection on each 
channel can be obtained by using a single wide-band amplifier and several narrow-band detectors 
staggered across the band of the amplifier. 

* * * 

-- Dt:c, A 

~ 881F'IED 



t ' 




