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1 Claim. 

This invention relates to radio communica-tion, 
and more particularly to a method and means for 
reducing the effect of fading when communicat 
ing on short waves. 
To overcome the effect of fading when commu 

nicating on short Waves is the primary object of 
my invention, and to this end I propose a fre 
quency diversity method, which includes the 
transmission and reception of the same signal on 
several short wave carriers having only slightly 
different frequencies. It is not feasible to employ 
widely different frequencies because the diurnal 
transmission characteristics then will differ, and 
during much of the day if one of the frequencies 
comes through the others will not, so that instead 
of having a diversity system there will be only one 
channel in operation. Furthermore it is far pref 
erable to utilize slightly different high frequencies 
in accordance with my invention because less 
space in the available frequency spectrum is 

0 needed for each channel. I propose, for example, 
to use a difference of the order of magnitude of 
that between 16 and 161/2 meters as a maximum, 
and, in the case of code signals, I ñnd that it is 
satisfactory to use a difference as slight as an 
audible frequency, say 2 or 3 thousand cycles per 
second. In this manner the general transmission 
characteristics are kept alike, but the instanta 
neous fading characteristics may differ widely. 

I find that not only does the fading at any in 
stant of two waves of slightly different high fre 
quency continually Vary, but, consistently there 
with, their relative phase also continually varies 
relative to the normal variation due to frequency 
difference. It therefore would be impossible to 
combine the radio frequency energies directly to 
gether, even if they were of the same frequency. 

It therefore also is impossible to combine equal 
intermediate .frequencies together, after beating 
each of the received frequencies with a different 
local oscillator frequency such that the interme 
diate frequencies are equal, because the relative 
phase of the intermediate frequency energies fluc 
tuate just like that of the incoming radio fre 
quency energies, for if of two beating waves one is 
kept constant in phase, while the other is varied 
in phase, their beat is equally varied in phase. Now 
in accordance with my invention I overcome these 
difficulties by first rectifying the received energies, 

0 and combining them only after rectification, so 
that the combination is substantially independent 
of radio frequency phase. 
In the case of code communication I may em 

ploy two transmitters of different frequency, and 
key them simultaneously. In such case both 
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transmitters transmit during marking periods, 
and not during spacing periods. As an alternative 
the transmitters may be keyed so that one is 
transmitting during marking periods, and not 
during spacing periods, While the other transmits 
during spacing periods, and not during marking 
periods. This possesses the advantage of making 
it possible to employ a single transmitter and to 
slightly detune the transmitter with the keying 
means, in order to obtain a back wave for the 
spacing periods. 
At the receiver the radiated energies are col 

lected, amplified separately or together, but, sepa 
rately rectified, and then the marking energy is 
utilized to actuate a translating device in one 
sense, and the spacing energy is used to actuate 
the same translating device in the opposite sense, 
so that both and also either of the marking and 
spacing energies alone will produce a readable sig 
nal. To accomplish this effect in a very simple 
manner I reverse the phase of one of the recti 
fied energies, preferably by putting the energy 
through a three electrode tube, and then combine 
the rectified energies in additive phase and apply 
the combined energy to a single translating de 
v1ce. 
My invention is described more particularly in 

the following specification, Which is accompanied 
by drawings in which Figure 1 is a code communi 
cation system arranged for simultaneous trans 
mission of the marking periods; Figure 2 is a 
modification applicable to signal modulation by 
speech or other speech-simulating signals; Figure 
3 is an arrangement for alternate transmission 
of marking and spacing waves; Figure 4 is a sec 
tion of tape explanatory of the operation of the 
arrangement shown in Fig. 3 ; Figure 5 is a system 
employing a single transmitter arranged for key 
ing with a back wave, and a preferred form of re 
ceiver; and Figure 6 is a portion of recording tape 
explanatory of the operation of the receiver shown 
in Figure 5. 
Referring to Figure l there are a pair of trans 

mitters 2 and 4, each tuned to slightly different 
high frequencies, and each coupled to an antenna 
6 and 8. Both transmitters are simultaneously 
keyed by a single keying means. which arrange 
ment is schematically indicated by the key I0. 
connected in parallel to both of the transmitters. 
The details of the keying connections are imma 
terial, and may be of any conventional type, such 
as those which establish a high negative or block 
ing bias on the control electrode of one of the 
tubes in the transmitter. 
The receiver cooperating with the transmitter 
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shown in Figure 1 may be of simple form, com 
prising the antennas I2 and I4, and the amplifiers 
»I6 and I8, each tuned to the frequency of one 
of the radiated waves. It should be understood 
that the amplifiers IB and I8 may include auto 
dyne or heterodyne stages, so that part or al1 of 
the amplification may be performed at an inter 
mediate instead of atthe original radio frequency. 
The amplified energies are fed >to separate detec 
tors 20 and 22, here illustrated as full wave recti 
flers, the .output from which may be amplified »in 
amplifier tubes 24 and 26, and then combined in 
a common relay 28, which, in the case of a re 
motely located translating'device 30, may be used 
to-key a tone generator 32 in order to transmit a 
tone signal on the land line 34 in accordance with 
the received code signal. _ _ _ _ 

If it is desired to transmit speech, or other 
Speech-simulating signals, such as modulation for 
multiplex code or picture work, a very similar ar 
rangement maybe employed, indicated in Figure 2, 
in which the transmitters'Z and 4 are modulated, 
rather than keyed, in any conventional manner, 
by a microphone or other source of modulating 
energy 36. The radiated energy is collected on 
antennas I2 and I4, amplified in amplifiers I6 
and I8, rectified in rectiiiers 20 and 22,` to obtain 
the modulation energy, which then may be am 
plified in amplifier tubes 24 and 26, the outputs 
from which are combined in a single impedance 
38, coupled to an amplifying tube 48, the anode 
circuit energy of which is fed, through a trans- _ 
former 42, to any suitable translating device, here 
exemplified byv a loud speaker ¿54. 'I‘he two car 

> riers used in this scheme should differ sufficiently 
so that the side bands will not overlap, but this is 
readily provided with ther short waves here con 
sidered. ` 

In the case ofcode communication I consider 
4it preferable to so key the transmitters that one 
transmits during the marking periods, while the 
_other transmitsduring thespacing periods, and 
"such arrangement' has been'illustrated in Figure 
3. Referring to this figure it Will be seen that the 

' transmitters 52, and 54, instead of being coupled 
to separate antennas, as in Figure l, are coupled 
to a single antenna 56, but in this case the keying 
means 68 is arranged, as shown, to aifect the 
transmitters alternately, rather than simultane 
ously. The receiver, instead of employing separate 
~,a_.nt_ennas„also .hasa single antenna 62, coupled 
'to amplifiers 66 and 68, which in turn lead to rec 
tifiers 'IIJ‘ and I2, the outputs from which may be 
amplified in amplifier tubes 'I4 and T6. However, 
the energies cannot then be directly combined t0 
gether, as in Figure l, for they then act in the 
same direction and no useful effect on the re 
corder would be obtained inasmuch as they would 
add up to a constant value, and yield no signal at 
all. To obtain a signal these energies must be 
combined differentially, and this has been indi 
ycated by the zero center differential relay 8U, 
ywhich, is presumed to control a spring centered 
contacting arm which closes the circuit >(if the 
common line 8| with either the positively charged 

Y line 82, or the negatively charged line 84, accord 
',ing to whichoi the „receivers .is being energized 
'by the transmitter at that instant. The lines 82 
and 84 may extend to a remote translating device 
86, which is so arranged that it is actuated in one 
sense by the positive current, and in opposite 
sense by the negative current, so that relative to 

' a mean Zero line, both and also either of the mark 
ing and spacing _energies will produce a readable 

This may be explained in connection with Fig 
ure 4, indicating fragmentary portions of a re 
cording tape obtained from the translator 86 in 
Figure 3. Referring to Figure 4 it will be seen 
that relative to a mean zero line, when one of the 
signalling energies, say the spacing energy, fades, 
and the marking energy does not, a tape will be 
obtained showing the desired signal above the 
zero line, as is indicated at 98. I_f,_on the other 
hand, the marking energy should fade, while the 
spacing energy does not, a signal will be obtained 
below the Zero line, but readable with respect to 
its own lower base line, as is indicated at 92. 
However, should neither fade, a signal of ampli 
fied strength will be obtained, ranging between 
the extremes of the negative flow produced by the 
spacing Wave, and the positive flow produced by 
the marking wave, as is indicated at 94. Except 
in the event of simultaneous fading of bothY the 
marking and spacing energies, a readable signal ‘ 
will always be produced. , . 

In Figure 3"the transmission system utilizes 
separate transmitters, but one is worked While 
the other is not. Only one being worked at a time 
suggests the possibility ofusing a single trans 
mitter keyedwith aback Wave, >and such an ar 
rangement isA shown in Figure.5. Referring to 
that figure there is a tube |00, the anode to cath 
ode and control electrode to cathode circuits of 
which are regeneratively coupled by the coils |82 
and |84, which are tuned'by a tuning condenser 
|86. Direct anode and control electrode bias po 
tentials are applied througlf'the leads» |88 and I II) 
to either side of the blocking condensers VI I2 and 
I I4; The output of this oscillator may be ampli 
fied in any suitable power amplifier I I6, and radi 
ated over an antenna system ||8. The oscillator 
is so keyed as to change its transmission frequency 
slightly. Two simple ways to do this have been 
indicated, in one of Ywhich a key.|28 is used to 
short circuit a portion of the 'inductance' of the 
resonant circuit, and in the' other of which a key 
|22 is used to vary the spacing of a’ small con 
denser I24, which is connected in parallel 'with 
the main tuning condenser |86. By thesek or any i 
other suitable frequency varying schemes a single 
transmitter may be employed in place of the two 
transmitters indicated’in Figure3. _ 
The receiver shown in Figure 5 comprises an 

antenna |38, the energy collected by which isam 
plified in a radio frequency amplifier |32, and 
then heterodyned with energy from a local oscil 
lator |34, in a'heterodyne detector |36, to' obtain 
intermediate frequency energy. This is readily 
separated into marking and spacing energies, by ‘ 
the high pass filter |38 and the lowpass filter |48. 
The ñltered energies are also respectively ampli 
ñed in intermediate frequency amplifiers |42 and 
|44. The ampliñeroutputs.arerectified in suit 
abie remmers uis-ana las, this__rectified currents 
from which are passed throughlow pass filter 
sections |50 and |52, which serve to by-pass the 
radio frequency components of the rectiñed‘en 
ergy, and to steady the rectified signal energies. 
One ofthe rectified energies is reversed in_phasep . 
preferably bypassingitthrough a three electrode 
~tube |54, coupled by a suitablef‘coupling Vresist 
ance |56, and the anode circuit of the tube |54 is 
connectedto the anode circuit of the rectifier |48, 
as shown. The anode of vthe tube |54 is polarized 
by a suitable source of direct anode potential |58. 
The control electrode of the tube I 54 is biased 
from a bias batterylßû', in cooperation with a 
_potentiometer resistance |62, and the magnitude 

’ of the bias potential is so adjusted th‘at itfwill‘bew75 
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overcome or made sufficiently negative by incom 
ing signal energy to stop anode current from 
flowing. With this adjustment the pen of the 
translating device |64 normally will remain at a 
value above the zero axis, assuming no keying, 
because of the steady anode current from the 
source |58. Should one of the signals, say the 
marking signal, alone reach the receiver, and it 
be amplified and rectiñed in the units |44 and 
|48, the resulting rectified current will add to the 
steady anode current from the source |58, and a 
readable signal will be obtained above the normal 
base. This has been indicated at |10 in Figure 6, 
in which the dotted line shows the normal posi 
tion of the pen. Should the marking signal fade, 
and the spacing signal alone reach the receiver, 
it will serve to negatively bias the tube |54, and 
so decrease its anode current to zero, resulting in 
a readable signal such as has been indicated at 
|12 in Figure 6. If both signals are received with 
out fading, a signal of double amplitude is ob 
tained, as is indicated at |14 in Figure 6. 

It should be understood that either of the trans 
mitters indicated in Figures 3 and 5 may be used 
with either of the receivers shown in Figures 3 
and 5. It should also be understood that in any 
of the receivers the ampliñers which precede the 
rectiñers may include separate or combined 
heterodyne means followed by intermediate fre 
quency ampliñers. In code work the intermediate 
frequency may be as 10W as an audio frequency. 
Also, any of the rectiñers may be equipped with 

3 
10W pass filters, such as has been indicated in 
Figure 5. The single antenna shown in Figure 3 
may be used in connection with the other arrange 
ments illustrated in Figures 1 and 2, instead of 
separate antennas, owing to the closeness of the 
two carrier frequencies. Full wave rectiñers are 
not essential. More than two frequencies may be 
employed, if desired, particularly in the arrange 
ments shown in Figures 1 and 2. 

I claim: 
An arrangement for reducing fading when 

transmitting code signals on short Waves includ 
ing a transmission system comprising a short 
wave transmitter, keying means for slightly 
changing the frequency of transmission to dis 
tinguish between marking and spacing periods, 
and means to radiate the marking and spacing 
energies alternately, and a receiving system com 
prising means to collect the radiated energies, sep 
arate electron emission tube amplifiers for the 
marking and spacing energies, separate rectiñers 
coupled to each of said ampliñers, a three elec 
trode tube coupled to the output circuit of one of 
the recti?iers for reversing the phase of the rec 
tified energy, means coupling the anode circuit ‘ 
of the three electrode tube With the output cir 
cuit of the other rectifier so as to combine the 
marking and spacing energies in additive phase, 
and a translating device responsive to the com 
bined energy. 

HAROLD H. BEVERAGE. 
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