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A criterion of fundamental importance in radio transmission
is the ratio of the energy levels of the signal and of interference.
The object of this note is to diseuss the signal-to-static-interter-
ence' ratio in two systems of radio transmission described in a
recent issue of these Prockenings.? The first svstem is known
as single side-band transmission and is characterized by the trans-
mission of only one side-hand, the other side-band and the un-
nodulated carrier being suppressed. In the second svstem, both
side-bands are transmitted, either with or without the earrier;
both eases will be discussed.

In the propositions stated and discussed below, comparison
is inade on the basis of equal total energy transmitted or radiated
from the sending stations.

I. The signal-to-static-interference ratio in double side-band
transmnission with carrier suppression is equal to that in single side-
band transmission, if and only if, in the double side-hand system (1)
over-all {ransmission is eflected without appreciable phase distortion
of the componen! frequencies, and (2) a local demodulaling carrier
or homodyne wave is provided al the receiving station which s
exaclly synchronous as regards both phase and frequency with the
ortginal carrier. Neither of these requirements is tmposed on the
single-side-band system.

Both the requirements imposed on double side-band trans-
mission in the foregoing proposition are necessitated by the faet
that the equality of ratio presupposes that the two side-bands,

* Received by the Editor, Nay 4, 1923,

! The word static is used in a generie sense to cover random and irregular
interterence, such as atmospherics, us distinguished from the interference from
another station.

2 “Relations of Carrier and Side Bands in Radio Transmission,” R V. L.
Hartley, ProceEniNgs oF THE INSTITUTE OoF Rapio ENGINEERS, Fetruary,
1923, This paper should be ennsulted for a deseription of the svstems of trans-
mission «ealt with in the present paper.
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after demodulation, come into exact phase. Under these ecir-
cumstances the low frequency energy in double side-band trans-
mission 1s twice that in single side-band transimission on the basis
of the stune transmitted energy. The mean interference energy,
however, in the former system is twice that in the latter owing to
the fact that the receiving syvstem must receive a frequency band
of double width.* Consequently the ratio is the same in the two
cases.

The foregoing statement may be explained as follows. In the
radio frequency recciving circuits, the signal energy is the same
in the two svstems of transmission. The interference energy,
however, in double side-band transmission is twice that in single
side-band transmission on account of the necessity of receiving
a frequency band of double width in the former case. Conse-
quently the possibility of obtaining equality of signal-to-inter-
ference ratio in the audiofrequency circuitsdependsondemodulating
the radio-frequency signal in double side-band transmission with
double efficiency as compared with the interference. At first
glance this might seem impossible; however, an examination of
the problem shows that this ean be acecomplished provided the
corresponding frequencies in the two-side-bands and the local
and original carrier are so related in phase that the corresponding
frequencies coalesce into a single frequency of double amphtude
in the audio frequency side of the demodulator. This result, how-
ever, depends strietly on the requirements stated in proposition 1.
With phase or frequency fluetuation of the local earrier, the signal
and interference are demodulated, on the average, with the same
efticiency, giving a signal-to-interference ratio in double side-
band transmission just 14 that of single side-band trans-
mission.*

A brief consideration, however, will serve to show that the
requirements imposed on double side-band transmission with
carrier suppression for equality of signal-to-interference ratio are
unrealizable in present-day practice and that consequently the
inferences to be drawn from the preceding proposition as regards
the possibilities of double side-band transmission are erroneous
in their practical implications. As regards the first requirement,

3 This statement can be established in a very general way without any

assuinptions regarding the impulsive character of static. A theoretieal inves-
tigation of the problem will be published shortly.

1To guard against possible misunderstanding on the part of the reader,
it should be clearly understood that the requirements stated above have to do
with energy relations. It is not implied that any such severe requirements
are imposed on double side-band transmission in order to have satisfactory
transmission of signal.
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over-all transmission without appreciable phase distortion, no
data are at hand to estimate the magnitude of this effect. Some
rough calculations of wave transmission over sea water make
it appear probable that the phase distortion would he small. On
the other hand, it would seem probable that the over-all phase
distortion, ecluding that occurring in the terminal apparatus
might be appreciable in long distance transmission. However,
it 1s theoretically possible to introduce phase-correcting eireuits at
the receiving station, so that the first requirement, theoretically
at least, can be satisfied.

As regards the second requirement, phase and frequency
svinchronism of the demodulating carrier, the case 1s difterent.
The only known means of securing this synchronism is by trans-
mitting some of the original carrier.> This, however, requires
that some of the total transmitted power. in the case of douhle
side-band transmission be assigned to the unmodulated carrier.
This is not necessary in single side-band telephone transmission
where, as discussed in the Hartley paper, phase distortion intro-
duces no loss in signal energy and inappreciable loss in quality.
In fact, an asynehronous homodyne ean he emploveil.®

In view of these considerations the following propositions,
rather than proposition I. eorreetly represent the actual possibil-
ities of double vs. single side-band transmission.

II. The siynal-to-interference ratio in double side-band trans-
mission with carrier suppressed is one-half the corresponding
ratio in single side-band transmission, when accoun! is taken of
the phase and frequency varialions from synchronism of the local
carrier or homodyne wave.

I11, The signal-to-interference ratio in double side-band trans-
mission with carrier transmitted is 1 (14¢) limes the corresponding
ratio in single side-band lransmission, where ¢ 1s the ratio of the
urnmodulated carrier energy lo the side-band eneryy in the former
system.

In the case considered in proposition II, acecount is taken
of the fact that the loeal demodulating carrier or homodvne is
inevitably subject to asynehronous variations, that is, departures
as regards phase or frequeney from the original carrier. This
produces on the average a reduction of demodulated signal energy

5 Whether energy is trunsmitted at the original carrier frequeney or at
some other frequeney from whieh the carrier is derivable is immaterial to the
present argument. The essential point is that energy must be transmitted
n addition to the energy of the side-bands.

® As stated by Hartley, the case is different in telegraph transmission.
The conelusions of this paper, as indicated by its title, are limited to telephonic
transiission.
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to 15 that obtaining when exact phase and frequeney synchron-
ism exists. Aside from this loss of energy, it seems probable that
this system of transmission is inferior in radio-telephony owing
to the fluetuations of energy level as the local homodyne swings
into and out of phase. ,

The case considered in proposition III, where the required
synehronism in double side-band transmission is secured by ear-
rier transmission, is the one of most practieal importance. In prae-
tice, since the carrier should be fairly large compared with the
side-bands a conservative figure for ¢ is 2, which gives a relative
signal-to-static-interference ratio of 3-to-1 in single versus double
side-band transmission. It seems probable that this figure is
rather low and that 4-to-1 would more correctly represent the
condition actually obtaining in practice.

To summarize, in addition to the very important gain in
economy of the frequeney range, single side-band transmission
enjoys the added advantage of a very substantial gain in the
signal-to-static-interference ratio. It is interesting to note that
this gain is made possible not only by the narrower transmission
hand required, but by the fact that it is possible to employ an
asvnchronous homodyne wave.

Department of Development and Research,
American Telephone and Telegraph Company,
May 1, 1923.

SUMMARY : Several general propositions are stated relative to the signal-to-
static ratio, in single and double side band transmission, indicating a supe-
riority in practice for the former system.
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