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Ralph Kimball Potter, Landing, N.J., assignor 
to American Telephone and Telegraph Com 
pany, a corporation of New York 

Application August 22, 
5. Clains. 

This invention relates to radio transmission 
Without distortion, and more particularly to 
means for preventing harmonic distortion in dou 
ble Side band short wave radio reception. The 

is object of my invention is to prevent the undue 
introduction of harmonics of the telephone or 
other inessage frequencies which arise in connec 
tion. With Selective fading, which is particularly 
likely to be present in short wave signaling. 

10. I have found that when both side bands and 
carrier of Short Wave Signals are received and 
demodulated in the usual Way, the Selective fad 
ing of the carrier is acco panied by an increase 
in the harmonics of the telephone or other mes 

15 Sage in much the same way that distortion is in 
creased by overnodulation at the transmitter. 
Thus, if a double band and carrier frequency 
Wave of components p, p--Q and p-g is received 
and denodulated, each side band with the carrier 

20 p. will yield the message frequency q, and the two 
side bands together yield the harmonic 2g and 
higher harmonics, of Winich the One mentioned 
is generally the more serious. If the carrier wave 
p is eliminated or very much reduced by Selec 

25-tive fading, the q terns are absent or relatively 
weak and the 2g terlins are heard much more 
markedly. This is different, it will be observed, 
from the effect of general fading Where all the 
radio frequency coinponents are equally atten 

30 uated, for in that event the relative value of har 
monic to fundamental remains about the Same or 
is reduced. 

It appears that the fading in Short Wave Sig 
naling is very largely if not chiefly due to differ 
ent, portions of an emitted Wave reaching the re 
ceiving station by different paths and Setting up 
a wave interference pattern in the region of the 
receiver. Since the effective length of One or inore 
of the paths inay change in an irregular manner, 

40 the wave pattern is continually changing, and at 
times poitions of the Wave pattern for Which there 
is quite complete or total neutralization of a 
given frequency, Such as the carrier, Inay.fall on 
the receiver station. Since Such fading is gener 
ally selective, the harmonic distortion inpOSes a 
serious limitation upon the quality in Short Wave 
signal transmission. Further, Since the introduc 
tion of these hairinonics arises from the CrOSS 
modulation of the Side bands, it appears that 
they could be avoided by the reception of the car 
rier and a single side band Only. It is found, 
however, that single Side band reception has cer 
tain fundainental distortion characteristics which 
are less desirable than those for double side band 
reception. 
The presence of these difficulties in short Wave 

signaling is discussed in an article by me in the 
Proceedings of the Institute of Radio Engineers 
for April, 1930. As described in that article, the 

60 wave interference which is evidently responsible 
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for selective fading produces Spaced depressions 
in tie nigh frequency Signaling band Which move 
across the frequency spectrum as the relative 
lengths of the interfering pathis change. Since 
Single Sicile band reception provides a low fre 
quency equivalent of the interference pattern 
Whiti is appearing in the high frequency band, 
the minima show a tendency to move about. In 
tile double side band case, the opposite side bands 
produce What night be described as a compenSat 
ing effect, SO that the minina, remain in a SOne 
Wiiat more fixed position and iiaay not, On the 
average, be SO deep, for when parts of One side 
band fade out the corresponding portions of the 
otheir Side band aire often present at a high an 
piitude. Thus it is seen that there are certain ad 
Wantages in using both Side bands, but also cer 
tail disadvantages. Similarly, there are certain 
advantages in using a Single Side band, and also 
certain disadvantages. 
The method of reception to be described and 

Which constitutes Iny invention Combines the 
advantages of both Single Side band and double 
Side band reception. In brief, the invention Con 
sists in transmitting both side bands and the 
carrier of the signal. At the receiver the signal 
is denodulated or "beat down' to an intermediate 
frequency and Suitably araplified. A band paSS 
filter then separates out part of the carrier With 
the lower side band, and another passes a part of 
the carrier with the upper side band. The out 
puts of these band pass fiiters are then Separately 
denodulated to the Voice frequency Or other 
inessage frequency, thus avoiding the formation 
of the harmonic terms. These deriodulated Con 
ponents at the voice frequency are then Com 
bined, thus providing the advantage of double 
side band reception. As a modification of the 
above the side bands and carrier may be Sepa 
rated into three channels, and after Suitable 
amplification of tine carrier the latter may be 
introduced at the two loW frequency demodul 
lators. 
The invention will be better understood by 

reference to the following description and the 
accompanying drawing in which Figure 1 is a 
block representation of the receiving Station Cir 
cuit; Fig. 2, gives the characteristics of certain 
band filters shown in Fig. l; and Fig. 3 ShoWS a 
modification of Fig, i. 
Referring more particularly to Fig. 1, there is 

shown a receiving station. With an antenna, A. 
The normal signal, consisting of a carrier and 
upper and lower side bands, is received thereon 
and amplified by the high frequency amplifier 
HFA. In the denodulator D1 it is demodulated 
or “beat down' with a high frequency Wave from 
a local source - O of oscillations to produce an 
intermediate frequency. This intermediate fre 
quency is then amplified by the intermediate 
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2 
frequency amplifier IFA in the output of which is 
a branched circuit, each branch Comprising a 
band pass filter and a demodulator. The char 
acteristics of these filters F1 and F2 are approxi 
mately as represented in Fig. 2. The one branch 
with the filter F1 passes the lower side band and 
a part of the carrier, and the other branch passes 
the upper side band and the carrier. At the 
output of the filters F1 and F2 are derinodulators 
D2' and D2'', respectively. These demodulate 
Separately the lower and upper Side bands of the 
intermediate frequency signal With parts of the 
intermediate frequency carrier. The voice fre 
quency outputs of the two modulators are then 
combined and amplified by the voice frequency 
amplifier WFA in the output of which is connected 
any suitable indicating device T, such as a tele 
phone receiver or loud Speaker. 

It will be seen that the circuit as thus de 
Scribed has the advantage mentioned above, 

not enter for the reason that the two side bands 
are not impressed upon the Sanae demodulator. 
It also has the advantage of the double Side band 
reception in that if there is selective fading in 
one side band, there will not in general be the 
corresponding fading in the other side band, and 
the two side bands together Will in general give 
an average amplitude showing much Smaller 
variations than either side band alone. 
In the operation of such a receiving set certain 

auxiliary features are desirable, although not 
essential to the operation of the circuit. Such 
features are shown, for example, in Fig. 3 Which 
includes all the elements of Fig. 1 but in addition 
certain others. For example, it is important to 
maintain accurate tuning of the receiver so that 
the frequency relation of the intermediate side 
band to the filter characteristics is not upset by a 
variation in frequency of the transmitted carrier. 
To this end Fig. 3 shows the local oscillator O as 
automatically controlled, the frequency of this 
local oscillator being regulated to yield a constaint 
difference with the received carrier firequency. 
As a result the internediate carrier frequency in 
the output of the amplifier IFA remains Substan 
tially constant, keeping its correct position. With 
respect to the filters F1 and F2. Fig. 3 also shows 
an automatic gain control which would change 
the gain of the earlier receiver stages to compen 
sate changes in the received carrier signal. Ob 
viously, this gain control could be located at any 
desired point in the receiving circuit, but I have 
shown it for illustrative purposes as following in 
mediately the high frequency amplifier HFA. 
Any of the means now known in the art for such 
gain control or for control of the frequency of 
the oscillator O, Would be appropriate. Also, in 
this Fig. 3, I have shown the modification men. 
tioned above in which the output of the inter 
mediate frequency annplifier is divided into three 
channels, the additional one selecting the inter 
mediate frequency carrier fo by means of the 
filter Fo. This carrier may then be amplified to 
any desired extent and supplied to the derinodulia 
tors D2 and D2'. The message-frequency con 
ponents of the demodulators are then recombined 
in the nanner described above. In this circuit 
the filters F1 and F2 would be of a band Width 
sufficient to pass only a relatively small amount of 
carrier since carrier for the separate denodula 
tion in D2 and D2' is supplied by the filter Fo. 

It, Will be observed that the Wave Which is to be 
received is one made up of three components, 

1,948,67i. 
namely, the carrier frequency and the two side 
bands, and that at neither the transmitting or 
the receiving end has there been any shift of 
phase relationship between these three compo 
nents. They are received in normal phase rela 
tionship and are maintained in this normal phase 
relationship So long as they exist. Also, the de 
modulation products appear in normal phase re 
lationship to each other so that they combine 
additively to give the neSSage frequency. 

It is obvious that in addition to the above, 
Various otheir modifications might be introduced 
and certain features eliminated Without depart 
ing from the Spirit of my invention. Thus, it is 
Seen that it may not be necessary or desirable in 
certain cases to step down to an intermediate 
frequency, but the received antenna, signals might 
go directly to the Selective branch circuit, either 
With Or Without previous amplification. 
What is claimed is: 
1. The method of radio signaling which con 

SistS in receiving a carrier and its two side bands 
all in normal phase relationship, separating the 
two Side bands from each other, deriving a mes 
Sage froin each Side band, and combining the two 
?neSSages additively in a Single indicator. 

2. 'ihe method of radio signaling which con 
SistS in l'eceiving a carrier and its two side bands 
ail in normal phase relationship, demodulating 
these to an intermediate frequency, separating 105 
the tWO Side bands while maintaining their nor 
inal phase relationship, demodulating these sep 
arately to ineSSage frequency, and combining the 
two resulting messages additively in a single 
indicator. 

3. In a high frequency Signaling System en 
ploying a carrier frequency and its two side 
bands all in normal phase relationship, a receiv 
ing station, means thereat for separating the side 
bands from each other, means for demodulating 115 
then Separately to message frequency, and an 
indicator in which the two resulting message 
coinponents are additively combined. 

4. In a high frequency signaling system em 
ploying a carrier frequency and its two side 120 
bands all in normal phase relationship, a receiv 
ing circuit comprising means for demodulating 
to an intermediate frequency, a divided circuit 
aSSociated With the Said means, filters in each 
branch adapted to pass in one branch the upper 125 
Side band and carrier and in the other branch 
the lower side band and carrier while maintain 
ing normal phase relationship, denodulators in 
each branch, and Ileans for combining the de 
nodulation products additively in an indicator. 130 

5. In a high frequency signaling System em 
ploying a carrier frequency and its two side 
bands all in noi'nal phase relationship, a receiv 
ing station, means theireat for demodulating to 
an intermediate frequency, said means compris 
ing an oscillator of controlled frequency yielding 
a fixed difference of frequency with the received 
carrier frequency, a divided circuit a SSociated 
with the output thereof, filters in each branch 
adjusted in one branch to pass the upper side 4 
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band and carrier and in the other branch the 
lower side band and carrier While maintaining 
normal phase relationship, demodulators in each 
branch, means for combining the denodulation 
products additively in an indicator, and gain 
control in the receiving circuit adapted to auto 
matically adjust for variations in the amplitude 
of the received antenna, signal. 
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