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ABSTRACT

An experimental investigation has been undertaken
to ascertainthe optimum frequency shift, receiver i-f
selectivity, and post-detection filter characteristics
for FSK radio teleprinter operation inthe presence of
thermal noise. This work has been carriedon in con-
nection with “start-stop” teleprinters operating at a
speedof 60 words-per-minute. A definite correlation
between the total frequency shift and the receiver i-f
selectivity characteristic has been found. Continuously
decreasing the total frequency shift from a value of
960 cyclesto 100 cycles causes a progressive increase
in the quantity of thermalnoise which can be tolerated
before teleprinter errors appear. The advantage
gained by decreasing the shiftis relatively small, how-
ever. A sharp cut-off, “m-derived,” 80-cycle, low-
pass filter has been found to be the optimum type of
post-detection filter.

PROBLEM STATUS

This is the final report on one phase of the problem;
work on other phases continues.

AUTHORIZATION
NRL Problem R01-30R

RDB NE 020-445
BuShips Problem S-1507

Manuscript received for publication July 12, 1951
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OPTIMUM PARAMETERS FOR FSK RADIO TELEPRINTER
SYSTEMS IN THE PRESENCE OF THERMAL NOISE

INTRODUCTION

Frequency shift keyed (FSK) systems have significant advantages over systems
employing other forms of modulation for automatic radio teleprinter operation. The param-
eters of FSK systems which are now in use have been determined from limited factual
information. With the increased use and importance of radio teleprinters for long-range
communication purposes in the fleet, a need exists for optimizing the parameters to pro-
vide, if possible, an improvement in the operation of these systems. One of the difficulties
encountered in long-range high-frequency radio communication is caused by atmospheric
noise. Because atmospheric and thermal noise have essentially the same characteristics,
a detailed study has been undertaken to determine the optimum frequency shift, receiver
selectivity, and post-detection filter characteristics for FSK systems in the presence of
thermal noise.

Analytical studies heretofore carried out 1:2:3 have indicated that for the comparatively
small values of signal-to-noise ratios which produce satisfactory teleprinter operation,
relatively narrow frequency shifts (that is, about 100 cycles) and correspondingly small
modulation indexes (two or somewhat greater) should be superior to the wide frequency
shifts (850 cycles) commonly used. In contrast to the procedures followed in the references
cited, the present investigation was conducted on an experimental basis. This method was
chosen after a review of the pertinent factors indicated that such a procedure would produce
results more rapidly and with the likelihood of greater accuracy than would further analytical
treatment, particularly where narrow shifts and comparatively small signal-to-noise ratios
are concerned.

DESCRIPTION OF MEASURING EQUIPMENT

Figure 1 is a block diagram which shows the interconnections of the various com-
ponents used in the experimental work. The description of these components is pre-
sented in a sequence related to the diagram.

(a) The TT Sender is a mechanically driven electrical switch which applies an
interrupted d-c voltage to the FSK signal generator in accordance with a selected tele-

printer character or standard message. A keying rate of 60 words-per-minute was used
throughout the investigation.

1 Crosby, M: G., “Frequency Modulation Noise Characteristics,” IRE, Proc. 25, 472-514
April 1937

2 Watt, A. D., “Amplitude and Frequency Modulation for Facsimile Transmission and Other
Applications,” NRL Report R-3154 (Unclassified), September 1947

3 Middleton, D., "On Theoretical Signal-To-Noise Ratios in F-M Receivers: A Comparison
with Amplitude Modulation,” J. Appl. Phys. 20, 334-351, April 1949
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TT
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ATTENUATOR I CONVERTER PASS FILTER TOR TION FILTER KEYER TEST SET PRINTER

VARIABLE RMS VOLT—
ATTENUATOR METER
FLUCTUATION

NOISE GEN.

Figure 1 - Block diagram of equipmeunt for measuring performance
of FSK teleprinter system

(b) The signal generator delivers a 429-kilocycle signal which is frequency-shift keyed
bythe TT sender, with a total shift which maybe varied over the range from 50to 3000 cycles:

(c) The frequency of the fluctuation noise generator is centered at 429 kilocycles and
has a 15-kilocycle bandwidth between the 6-db attenuation points.

(d) The output levels of the signal and noise generators are controlled by attenuators.
Signals from both sources are applied to a converter tube which heterodynes the 429-kilocycle
signal to an intermediate frequency of 29.3 kilocycles.

(e) This i-f signal in turn, is applied to any one of a set of four band-pass filters which
control the selectivity of the system before demodulation. These filters each have a center
frequency of 29.3 kilocycles, but provide passbands of 1600, 920, 450, and 250 cycles,
respectively. The attenuation characteristics are quasi-gaussian and have shape factors
{bandwidth at 60 db/bandwidth at 6 db) which range from 3 for the 1600-cycle filter to 6 for
the 250-cycle filter. Additional information on these filters appears in the Appendix.

(f) The rms voltmeter provided means for measuring the rms value of the signal or
noise voltage applied to the limiter.

(g) The limiter circuitry is that employed in the Navy Model FRF Frequency Shift
Receiver Converter Equipment and consists of resistance-coupled amplifiers, which
accomplish limiting by driving its tubes either to saturation or cut-off. The passband of
the limiter circuit is from 5 to 60 kilocycles.

(h) The discriminator is also the one used in the Model FRF Equipment. It has a
linear frequency vs. output voltage characteristic, with a frequency separation of 3 kilo-
cycles between the negative and positive output voltage peaks. The center frequency of the
discriminator is the same as that of the i-f band-pass filters, that is, 29.3 kilocycles.

(i) A post-detection filter is placed between the discriminator output and keyer to
eliminate the components of noise, having frequencies greater than are present in the

4 Theterm “frequency-shift,” as applied to the magnitude of shift, refers to the extreme value of
the change infrequencybetweenthe “mark"” and “space” elements of a teleprinter character.
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teleprinter signal. Any one of five specially designed low-pass filters can be inserted. The
characteristics of these filters are as follows:

(1) 400-cycle cut-off, “constant-K” type.
(2) 225-cycle cut-off, “m-derived” type.
(3) 125-cycle cut-off, “m-derived” type.
(4) 80-cycle cut-off, “m-derived” type.
(5) 40-cycle cut-off, “m-derived” type.

The “m-derived” filters have frequencies of “infinite” attenuation approximately equal to
1.25 times their respective cut-off frequencies. The minimum attenuation of any filter
at the “infinite” attenuation frequency is 55 db; also the minimum attenuation of any filter
in the stop band is 32 db. More detailed information regarding the group of filters is
contained in the Appendix.

(j) After post-detection filtering, the signal is fed to the vacuum-tube keyer of the
Model FRF Equipment. The keyer consists of a series of vacuum tubes which are driven
to either cut-off or saturation and which supply the necessary current to actuate the tele-
printer mechanism.

(k) Because determination of the accuracy of teleprinter copy by error count is time
consuming, a Western Electric Model X75041 Telegraph Transmission Measuring Set is
employed as a distortion test set to determine the quality of the circuit. Telegraph bias
distortion can thereby be determined.

(I) The final link of the arrangement is the teleprinter, Model AN/FGC-11, This
unit was in operation during various measurements and a constant check was kept on the
correlation between the accuracy of teleprinter copy and the Distortion Test Set indication.

RESULTS
Optimum Frequency Shift to I-F Bandwidth Ratio

The data presented in Figure 2 were obtained by maintaining fixed values of frequency
shift and varying the noise amplitude from a low level which did not appreciably affect the
bias distortion up to a value sufficiently high to produce an appreciable number of tele-
printer errors. During this series of measurements and in all subsequent ones, the level
of the carrier was maintained constant at a value 20 db above the threshold of limiting.

The process was carried out at each of the several values of shift indicated in Figure 2.

An i-f bandwidth of 920 cycles was used. The carrier-to-noise data have been corrected

to values corresponding to those that would prevail in using an input noise bandwidth of

1600 cycles. This correction has also been applied to all subsequent curves presented. Such
a procedure — necessary to show properly the relation between measurements made with
different i-f bandwidths — resulted because the determination of carrier and noise levels

was made at the output terminals of the i-f band-pass filter where the noise voltage outside
the passband was not indicated by the rms voltmeter.3

Figure 2 shows that when using a 920-cycle i-f bandwidth, more noise is required to
produce the same degree of distortion for the 552-cycle shift than for shifts at any of the

5 This correction, in db, is 20 log,, V1600 cycles/i-f bandwidth in cycles, and is sub-
tracted from the measured carrier-to-noise ratio when the i-f bandwidth is less than
1600 cycles.

- e
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Figure 2 - Effect of carrier-to-noise ratio on bias
distortion for various values of frequency shift

other values. The resulting ratio of total frequency shift to i-f bandwidth is 0.6 for this
optimum shift. The foregoing procedure was repeated for the i-f filters having passbands
of 1600, 450, and 250 cycles. The intersection points of the horizontal line which represents
15 percent bias distortion (Figure 2) with the curves applicable to shifts of various values
are plotted in Figure 3 for each of the several i-f filters. Thus it is seen that the 0.6

ratio holds for all bandwidths and shifts considered.

For i-f bandwidths reduced to a value as low as 165 cycles, the 0.6 ratio is still
expected to hold as the optimum although no experimental work with such a restricted
value of bandwidth was undertaken. Instead, this deduction follows from information obtained
by substituting pertinent values for “m” in the equation for the square-wave spectrum
of an FSK signal as derived by Watt.® This equation is:

s
= :_{Sﬂ(.ami) sin gt

+ ﬁcos&gm)[sin(wo—nzn-fr)t-sin(wo + nznir)t]

+ﬁz‘sin{%m) [éin(%- n27fp )t + sin{wy+ n211fr}t] (1)

total frequency shift in cycles
2f,

wherem =

n = harmonic number
w,= angular velocity of carrier wave in radians per second
fr =square-wave repetition frequency in cycles

- Watt, op. cit. p. 15

ﬂ&c\ﬁ?’s‘ﬂgﬁ
f.
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e = instantaneous voltage ke | | [ ]
= POST—DETECTION FILTER: 320
. » E BO-CYGCLE CUT—QFF CYCLES
t = time in seconds. 1600 INPUT NOISE B.W.: 1600 GYGLES
912— CYCLES — KEYING RATE: 650 W.R.M. 1800 =
= CYCLES
s - =t
For shifts of 150 cycles (250-cycle i-f & = 20 CYCLES / 450
s - w
bandwidth) and 100 cycles (165-cycle i-f %, N A =
bandwidth) the values of “m” values are % \“\%::'7‘1///‘/\2%?3
substituted in the carrier amplitude factor, % \“\\‘% |
w4 -
el = |
Slnf_ﬁm); in the odd harmonic number & CURVE MARKINGS DENOTE
L= WIDTH OF I-F PASS BAND
| | ]
o

3 m T i o 0.2 04 0.6 08 0 ; ;
amplitude faCtor’mz_nf 005(2 ), andinthe RATID OF TOTAL FREGUENCY SHIPT TO 1F BANDMIDTH

even harmonic number amplitude factor,

Figure 3 - Carrier-ifo-noise ratio necessary

. £ - to produce 15% distortion with various shifts
m2-n® Sin fgm), itis found that the relative ané’ aie bandelths

rate of decrease of the amplitudes of the

various spectral components is substan-

tially the same for either value of “m.” An i-f passband, which is equal to the total fre-
quency shift divided by 0.6, will pass only the significant spectral components in either
case. Thus the optimum ratio of frequency shift to i-f bandwidth should be 0.6 for i-f
bandwidths as narrow as 165 cycles.

Effect of Shift on Carrier-to-Noise Ratio

Figure 4 is a series of curves which shows the results obtained by employing the
optimum shift for each of the four i-f band-pass filters. As indicated by theory obtained
from the previously cited references, reduction of i-f bandwidth and the corresponding
frequency shift results in an improvement in the tolerance for noise. The degree of improve-
ment is not large, however, there being only a 2.7-db gain for the 150-cycle shift, as
compared with 960-cycle shift, at the error threshold points for teleprinter operation
(35 percent bias distortion).

A

F.S.=0.6 I-F BANOWIDTH KEYGLES
POST-DETECGTION FILTER:
BO-CYCLE CUT-OFF i
INPUT NOISE B.W.: 1600 i GYCLES —

1600 GYGLES CYCLES
KEYING RATE: 60 W.P.M.

920
| | | CYCLES
I | |
CURVE MARKINGS DENOTE
WIDTH OF I-F PASS BAND /
/
wﬁg

o
13 14 12 e} 8 6 4 2 (]
CARRIER-TO-NOISE RATIO (DB)

B
=]

W
(=]

n
o

1N

PERCENT TELEGRAPH BIAS DISTORTION

\
\

a—

Figure 4 Effect of carrier-to-noise ratio on bias
distortion at various i-f bandwidths
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The error threshold point for the four i-f band-pass filters when used with their
respective optimum shifts is shown in Figure 5. The resulting curve illustrates the effect of
reducing bandwidth and the corresponding frequency shift on the carrier-to-noise ratio
which can be tolerated. The unbroken part of the curve was determined experimentally;
however, the dotted extension was established by extrapolation. Were an effort made to
extend the experimental work to include the case of narrower shifts with appropriate i-f
bandwidths, considerable difficulty would be encountered. For example, to use a shift of
100 cycles, an i-f filter having a bandwidth of 165 cycles would be needed. The very high
“Q” coils required for such a filter having a center frequency of 29.3 kilocycles are hardly
obtainable and construction of such a filter would be difficult and time consuming, even if
possible. Hence recourse was made to extrapolation. An extension of earlier reasoning,
wherein it was concluded that the experimentally determined optimum frequency shift to i-f
bandwidth ratio was still maintained with shifts as low as 100 cycles, leads to the conclusion
that the experimental portion of the curve in Figure 5 may be extrapolated downward
smoothly as far as is shown. The results in the extrapolated region are only approximate,
but since the range of extension is not large, the error incurred should be reasonably small.
The superiority indicated for the 100-cycle shift over the 960-cycle value is 3.9 db.

i F.5 =0.6 I'F BANDWIDTH
POSTLOETEGHON E(LTER: Were an effort made to further extend the
INPUT NOISE B.W: 1600 GYGLES curve in Figure 5, it would be anticipated that
HO8] 1 KEuiNey Revel EOINEN. the minimum carrier-to-noise ratio would occur
at a point somewhat to the left of the extrapolated
point A. The curve would then reverse back to

¥ i the right and the carrier-to-noise ratio would
incs case with a further decrease in i-f bandwidth

o and corresponding frequency shift. This con-
/ dition is expected because the carrier-to-noise

ratio must approach infinity for a finite amount of

800 intelligence to be transmitted as the frequency
/ shift approaches zero.

1-F PASS BAND (CYCLES )

Optimum Post-Detection Filter
Cut-Off Frequency

/ A low-pass post-detection filter is commonly
- . employed after the discriminator in radio tele-

S G A N printer systems to lessen the high-frequency
components of noise and yet pass the teleprinter
signal. The noise, if not reduced in level by such
| 2 3 4 s s means, would distort the signal. With a 60 word-
DATMIER-TO. WOISERERTIN 0 per-minute (w.p.m.) keying rate, the square-wave
frequency of the signal which forms the various
Figure 5 - Carrier-to-noise ratio elements of the teleprinter characters is approxi-
necessary for error threshold with mately 23 cycles. A low-pass type of filter which
various i-f bandwidths has a cut-off frequency considerably greater than
23 cycles would pass teleprinter signals satis-
factorily. However, when noise is present, such a filter would transfer all but the highest
frequency components of the noise, and degradation of the signal shape would occur. A
filter of a lower cut-off frequency which would pass only the fundamental component of the
23-cycle square wave signal would reduce the noise, but would also cause rounding of the
teleprinter signal shapes which in turn would cause a gradual transition from the stop

DECLASSIFIED
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pulse to the following start pulse of the teleprinter characters. This transition in the
boundary between the stop and start pulses would cause an uncertainty to prevail as to
the starting time for the teleprinter characters. There would then result considerable
bias distortion even without noise, and with the addition of noise, the effect would be
aggravated. Between these two extremes of cut-off frequency for a post-detection

filter exists a preferred cut-off frequency which would optimize the effects of noise
reduction and transmission of the signal. The optimum cut-off frequency is the one that
permits error-free teleprinter operation with a minimum receiver input carrier-to-noise
ratio. In this investigation, an experimental study was made of the relationship between
post-detection filter cut-off frequency and teleprinter performance.

Figure 6 shows the effect of post-detection filters of various cut-off frequencies
when used with an i-f bandwidth of 1600 cycles and a frequency shift of 960 cycles: It is
noted that decreasing the cut-off frequency from 400 to 80 cycles provides an appreciable
improvement. The 80-cycle filter passes the third harmonic of the 23-cycle square wave,
but eliminates higher order components. This filter has a 4.7-db factor of superiority over
the 400-cycle filter. The 40-cycle filter, however, which passes only the fundamental
component of the teleprinter signal, is inferior to the 80-cycle filter, since a greater dis-
tortion of the signal is caused.

&0

As the i-fbandwidth is decreasedto 920 -F BEANDWIDTH® 1600 GYGLES
cycles and the frequency shiftto 552 cycles, f&iu: z:s':'s :"'{" EGZ?G?‘;I}EE:
the performance of the 40—cycle filter more KEYING RATE: ao WP M

50

nearly approaches that of the 80-cyclefilter.
This is illustrated in Figure 7 where it is
noted that the 80-cycle filter has only a
0.9-db superiority over the 40-cycle filter
at the 35 percent distortion point. The
superiority was 1.8 db when the 1600-cycle
i-f filter and the 960-cycle shift were em-
ployed, as may be noted by reference to
Figure 6.

400 C'!GLES/{ [ Kﬁ——
40 T e
285 CYCLES /

/ 40CYCLES
=g / {IV 125 GYCLES
20 /

40 CYGLES /H

Figure 8 presents the information ob-
tained from the use of a 250-cycle i-f band-
width and 150-cycle frequency shift. With

PERGENT TELEGRAPH BIAS DISTORTION

these conditions, the error thresholdoccurs 10

atthe same carrier-to-noise ratio withboth _// LAk
the 80- and 40-cycle filters, and the per- J 2 % ﬁo”;;%zﬁéz-?&f':ﬂfq
formance of the two filters is nearly equal. ” | |

This further improvement shown by the 20 e 12 8 4 0
40-cycle filter is due to the fact that when GARRIER-TO-NOISE RATIO (DB)

narrow i-f bandwidths and small shifts are

employed, it is advantageous to reject as Figure 6 - Effectofcarrier-to-noise ratio

on biasdistortion with variation in cut-off

i ti f noise as possible even
Wigha iractiono P frequency of post-detection filter

thoughthere occurs an appreciable rounding
of the square-shaped teleprinter signal
elements. For example, with the 1600-cycle i-f bandwidth, the noise rejection bands of
1600-80, or 1520 cycles, and 1600-40, or 1560 cycles, are nearly equal when compared with
the total noise band of 1600 cycles. With the 250-cycle i-f passband, however, the noise
rejection band with the 80-cycle filter is 250-80, or 170 cycles, and with the 40-cycle filter,
250-40, or 210 cycles. When these two noise rejection bands are compared with th_e total
i-f bandwidth of 250 cycles, the advantage obtained by use of the 40-cycle filter is
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50 50 : . I
|-F BANDWIDTH: 920 CYCLES I-F BANDWIDTH:
F5=06I-F BW 552 GYCLES z 250 GYCLES -
INFUT NOISE B.W: 1600 GYGLES o F.S.=0.6 I-F B.W.! -
= KEYING RATE: 60 W.P.M. = 150 CYCLES
£ 40 o40— INPUT NOISE B.W.:
o = 1600 CYCLES »/
» L = KEYING RATE:
= BO CYCLES 60 W.P.M.
w«
2 40 GYGLES a3, | 225 CYCLES
o CURVE MARKINGS o
DENOTE GUT-OFF =
i FREQUENGY OF & 80
< POST-DETECTION = CYCLES
3 FILTERS & CURVE MARKINGS
W 20 320._. DENOTE CUT-OFF
o - FREQUENGCY OF
3 o POST-DETEGTION
- - FILTERS . C?rgLES
E 10 e / Gio A
(: b / o e
+ /
s o /
—:
0 4]
20 16 12 8 4 o “ e 2 8 4 o
CARRIER-TO-NOISE RATIO{(DB) CARRIER-TO-NOISE RATIO (DB)
Figure 7 - Effectofcarrier-to-noise ratio on Figure 8 - Effect of carrier-to-noise
bias distortion with variation in cut-off fre- ratio on bias distortion with variation
quency of post-detection filter in cut-off frequency of post-detection

filter

understandable. Presumably the prevailing over-all condition tends to outweigh the dis-
advantage resulting from loss of the third harmonic component of the signal, and thus
provides a net gain.

Figure 9 is a continuation of Figure 8. The ordinate scale has been changed, however,
from percent bias distortion to errors per 100 lines of teleprinter copy. The origin of this
scale is obtained from the intersection of the curves in Figure 8 with the 35 percent dis-
tortion level. Figure 9 indicates that the 40-cycle post-detection filter permits a smaller
carrier-to-noise ratio to prevail than does the 80-cycle filter for an equal degree of error
in copy. The gain shown, however, would be of interest only in connection with systems
in which a few teleprinter errors may be tolerated. However, the use of the 40-cycle filtér
in Navy systems is not recommended since the relatively high distortions resulting at
the larger carrier-to-noise ratios would lead to difficulty when several teleprinter stations
are operated in tandem. For the commonly used shift of 850 cycles, the 80-cycle filter
is preferable.

DISCUSSION

This investigation does not necessarily indicate that an advantage would result from the
use of the comparatively narrow i-f bandwidths and correspondingly small frequency shifts
found helpiul in mitigating thermal noise. Other factors must be considered in determining
the optimum parameters for these systems. Among them are the effects of impulse noise
and of co-channel and adjacent-channel operation on the system parameters. Also, the
frequency stability requirements, which the use of small shifts and i-f bandwidths will
impose upon the transmitter and receiver, are difficult to meet in equipments of con-
tinuous frequency coverage, except where highly complex apparatus is acceptable.
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Reducing the frequency shift is also likely to
cause a greater susceptibility of selective fading
because comparatively large values of modula-
tion indexes inherently produce some degree of

32

o8

frequency diversity. This can be explained by I-F BANDWIDTH: 250 CYGLES
the fact that the spectral components for a signal ,./ fovoLes | BWIe0
with a large modulation index are numerous and L zes oaes s
have relatively small amplitudes. When selec- WEXIAS, RETEL0E AN
tive fading is present, it is probable that the

number of components which are affectedat any x

one instant will not be sufficient to cause an in-

terruption of teleprinter operation. Experiments / L

performed between Bolinas, California, and -

Riverhead, New York have demonstrated that
multipath distortion is more troublesome when
the frequency shift is reduced. 7

[BO GYGLES
}o CYCLES

mitter frequency shiftand receiver i-f bandwidth /

A ’ /
for radio teleprinter systems operating in the 1 V GURVE MARKINGS

ERRORS PER 100 LINES

An optimum ratio prevails between trans-

CONCLUSIONS }

= s - . DENOTE CUT- OFF
presence of thermal noise. This ratio is 0.6 for FREQUENGY OF oS-
values of shift from 960 to 100 cycles inthe case |
of “start-stop” teleprinters functioning ata speed - 4 3 z ! 0
Of 60 Wrds-per—minute CARRIER=-TO-NOISE RATIC(DE)

Figure 9 - Effect of carrier-to-noise

An improvement in the quantity of noise an ratio on teleprinter error with vari-
FSK system can tolerate is effected as the fre- ation in cut-off frequency of post-
quency shift is reduced. The gain resulting is detection filter

relatively small, however, as only a 2.7-db advantage is achieved by reducing the shift
from 960 to 150 cycles, or a 3.9-db improvement over the wider shift is attained by
restricting the shiftto 100 cycles. For the commonly used 850-cycle shift, the improvement
achieved through employment of either of the narrow shifts is essentially the same as that
noted over the 960-cycle shift.

Even though some advantage in the mitigation of thermal noise effects is shown by
the employment of shifts appreciably less than the presently used 850-cycle value, it does
not necessarily follow that an appreciably smaller value of shift should be adopted. The
influence of impulse noise, co-channel and adjacent-channel operation, wave propagation,
and requirements for extremely high-order frequency stability, on the degree of shiit
and the i-f bandwidth have not yet been taken into account.

The optimum cut-off frequency for a post-detection filter is 80 cycles for systems
using shifts greater than 150 cycles.

The work herein contained serves as one definite step toward optimizing the parameters
of FSK automatic teleprinters. The other factors involved require similarly detailed
considerations.

7 Peterson, H. O., Atwood, John B., Goldstine, H. E., Harvell, Grant E., and Schock, Robert
E., "Observations and Comparisons on Radio Telegraph Signaling by Frequency Shift and
On-Off Keying,”™ RCA Rev, VII, 11-31, March 1946

 meswicrn 1

DECLASSIFIED

AJIIJTIsrUTIAN



DECLASSIFIED

10 NAVAL RESEARCH LABORATORY -

ACKNOWLEDGMENT

Appreciation is expressed to Messrs. F. C. Kahler and Doyle A. Dever, of the Naval
Research Laboratory— to Mr. Kahler for his suggestions in the execution of the work and
to Mr. Dever for his assistance in the experimental phase and his many computations on
which the graphs are based. The author also appreciates the suggestions of Mr. J. D.
Wallace of this Laboratory regarding compilation and preparation of this report.

Ak

DECLASSIFIED



& SECLASSIFIED

APPENDIX
Filter Characteristics

I-F BAND-PASS FILTERS

Four i-f band-pass filters (Figure 10) were employed in the investigation. The filters
are composed of five sections of a three-element shunt type, connected in cascade. The
attenuation curves are shown in Figure 11. Because the shapes are quasi-gaussian, a
linear phase shift characteristic is obtained. When an attempt is made to obtain general
conclusions from a variable frequency shift-bandwidth study, the phase shift of the i-f
filters must be considered as one of the important parameters if it is neither constant nor
linear. For this reason, the quasi-gaussian type was selected rather that a quasi-rectangular
type, which provides a steeper attenuation-frequency slope with consequent irregularities
and nonlinear phase shift.
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Figure 10 - I-F band-pass filters Figure 11 - Attenuation charac-

teristics of i-f band-pass filters

POST-DETECTION FILTERS
Figure 12 is a schematic diagram of the 400-cycle cut-off, low-pass, post-detection
filter employed in the Model FRF Equipment and used as one of the filters during this study.

Figure 13 is a similar diagram of the “m-derived” types which were specially designed for
this work. The attenuation curves of the filters are presented in Figure 14.
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Figure 12 - 400-Cycle post-detection filter
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Figure 13 - “M-Derived” post-detection filters
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Figure 15 - Discriminator and 80-cycle post-detection
filter outputs

Figure 15 shows several photographs of the discriminatorand the 80-cycle post-detection
filter outputs with various quantities of receiver input noise while teleprinter character
“R” was being transmitted. The discriminator and low-pass filter outputs with no purposely
introduced input noise are illustrated in Parts (a) and (b), respectively.

Part (c) shows how the high-frequency components of the noise are eliminated; however,
the alteration in amplitude of one of the repeated traces of the start pulse of the filtered
output is sufficient, even with the filtering, to produce possible error. Part (d) is a

repeated trace with more noise applied than in Part (¢). The bias distortion or time shift
between traces is evident here.
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