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poration of Delaware 

Application June 16, 1939, Serial No. 29,402 
(C. 250-20) 5 Claims. 

The present invention relates to a method of 
and means for reducing signal distortions in con 
munications Systems where transmitted signals 
arrive at a receiver over a plurality of paths of 
different lengths, or over paths requiring differ 
ent transmission time. 

In Wire and radio communications systems 
COvering great distances and in Systems, such as 
television, requiring large modulation frequency 
bands, the distortions produced by multiple sig 
naling paths has been found to be very serious. 
In trans-oceanic radio transmission at frequen 
cies between 3 and 30 megacycles, for example, 
signals may arrive at the receiver over a con 
Siderable number of paths of different length. 
This phenomenon is described in papers pub 
lished in "Proceedings of the Institute of Radio 
Engineers' for September, 1929, and elsewhere. 
A similar multipath problem exists in the case 

of television transmission in cities. In this case 
Some modulation frequencies are so high that the 
WaVeS carrying one cycle of modulation may ex 
tend over only a short distance. The highest 
modulation frequency components in television 
transmission in the United States may range up 
to 4,000,000 cycles per second or more. For this 
modulation frequency a Whole cycle of modula 
tion will be carried by higher frequency modul 
lated carrier waves extending over a distance of 
only 75 meters, or 246 feet. Serious multipath 
distortion will be met with in this case if there 
are secondary signaling paths having lengths 
differing from the main path by about 60 feet or 
Oe. 

In cities such as New York, for example, re 
flections from buildings and other obstacles give 
rise to many multiple Signal paths having lengths 
differing by 60 feet or more and, in consequence, 
multipath distortions of television signals is a se 
rious problem in the cities. Evidence of this will 
be found in a paper by Philip S. Carter and G. S. 
Wickizer, published in the August, 1936, issue of 
“Proceedings of the Institute of Radio Engineers' 
and a paper by Ralph W. George, published in 
the January, 1939, issue of the same publication. 

In long distance transmission, directive anten 
nas at transmitter and receiver are of Some aid in 
reducing the number of nultiple signaling paths 
and have been particularly effective in reducing 
"round the World' secondary paths having rela 
tively icing tiine delays. iDirectivity of the ordi 
nary kid has not been very effective against 
Jalultiple path distortion due to signals reaching 
the receiver by the shortest paths lying approxi 
mately in the plane of the same great circle 
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around the earth. These multiple paths are due 
to Signals reaching the receiver after different 
numbers of reflections up and down between the 
ionosphere and the earth and due to reflections, 
Or refractions, from different layers of the iono 
Sphere. In long distance radio circuits they take 
place Within a relatively narrow range of angles 
of propagation of Waves at transmitter and re 
ceiver. Efforts have been made to provide ex 
tremely great directivity for reception and have 
met with considerable success although very cost 
ly and complicated equipment is required. For 
a description of such a system, reference may be 
Inade to an article by H. T. Friis and C. B. Feld 
man in "Proceedings of the Institute of Radio 
Engineers' for July, 1937. 
Of course, receiving antenna, directivity will 

aid in rejecting undesired secondary rays from 
the transmitter in the case of television trans 
mission, and Will undoubtedly be used. In the 
cities it Will also be necessary to choose television 
receiving antenna, locations with care. It will 
often be found desirable or necessary to serve a 
large building, a block of buildings or a commu 
nity by means of a centrally and Well located di 
rectional receiver for Which the location and di 
rectivity Inay be effective in reducing multipath 
phenomena. Then, from this receiver, modu 
lated radio frequency, nodulated intermediate 
frequency or nodulation frequency power may be 
distributed through suitable equipment, lines or 
radio relays to a Whole group of receivers. In 
many cases, both in centralized receiving systems 
and in individual receivers, it will be found that 
there cannot be obtained sufficient directional 
effect to reduce multipath distortion to unobjec 
tionable proportions, and some additional means 
Will be required to reduce it. 
To assist in understanding the multipath prob 

len, reference Will now be made to an example, 
aSSunning a simple case of one secondary path, in 
addition to a main path, as illustrated in Fig. 1. 
This figure illustrates a transmitter T and a re 
ceiver R, shown diagrammatically in box form, 
With two possible paths of transmission therebe 
tWeen. In this case one path for radiation ar 
riving at the receiver may extend on a straight 
line from the transmitting antenna, to the re 
ceiving antenna and is labeled “Main signal 
path.' Another path may extend from the 
tranSInitting antenna to some point of reflection, 
which may be the ground, a large building or any 
other obstacle to the waves, and thence to the 
receiving antenna, and is labeled “Secondary path.' 



2. 
Let us assume that currents set up in the re 

ceiver due to the secondary path have a strength 
which is 20% of the currents due to the main 
path and that the difference in path length is 
about 600 meters, resulting in a time delay of 
about 2 micro-seconds for modulations received 
over the secondary path. The transmitter car 
rier frequency might be assumed to be 100 mega 
cycles and the modulation band width might be 
60 cycles to 4 megacycles. 

If, at the transmitter T, we should set the Car 
rier output normally at zero and then transmit 
a single pulse with a duration of 1 microsecond, 
we would, as a result, observe two pulses at the 
receiver with beginnings separated by 2 micro 
seconds and the Second pulse Would have a 
Strength 20% of the first. Fig. 2 illustrates 
graphically the approximate time relations and 
Wave forms of the pulses. 

In any communication system which requires 
only transmission of pulses sufficiently Sholt and 
sufficiently separated to prevent overlapping of 
main path and Secondary path pulses at the re 
ceiver, as illustrated in Fig. 2, it is only neces 
sary, in accordance with the invention, in order 
to eliminate the secondary path received pulses 
in the examples illustrated in Figs. 1 and 2, to 
take out a correct portion of the main signal 
pulse, which is time delayed by a correct amount, 
and then reintroduce it in the receiver circuits in 
a manner to balance out the secondary path 
pulse. This may be done in a variety of ways, in 
accordance with the various embodiments of the 
invention described hereinafter. 
A complete description of the invention foll 

loWS in conjunction with drawings, wherein: 
Fig. 1 illustrates, by way of example only, how 

signals emanating from a transmitter may arrive 
at a remote receiver over paths of different 
length; 

Fig. 2 shows, as an example, how a main and 
a secondary signal or image may appear at a re 
ceiver after traveling over different paths from a 
remote transmitter; 

Figs. 3, 5, 6, 7, 15, 16, 17 and 18 show different 
embodiments of the invention for reducing Sec 
ondary path signals under different conditions 
encountered in practice; and 

Figs. 4, 8, 9, 10, 11, 12a to 12f, inclusive, 13 and 
14 are graphs given for purposes of exposition to 
aid in understanding the different circuit emi 
bodiments of the invention. 
One way of reducing the secondary path signal 

is illustrated in Fig. 3. In this case two receiving 
antennas and 2 with their respective transmis 
Sion lines TL and TL, and their respective re 
ceivers and 2 are employed to provide a Com 
mon rectified or direct current output in response 
to the received signals. The locations of the two 
receiving antennas and 2 and the lengths of 
their respective transmission lines TL and TL.' 
are so adjusted that signals arrive at one re 
ceiver later than at the other by an amount of 
time equal to the time delay of the secondary 
path signal which is to be eliminated. If the time 
delay is 2 microseconds, for example, then one 
transmission line Such as TT' may be longer 
than the other by such a length as to produce 
the 2 microseconds time delay. If waves on the 
lines travel with the velocity of light, then, for 2 
microseconds time delay, one line must be 600 
meters longer than the other. By employing lines 
with lower wave velocities, the difference in 
lengths may be proportionately less. 
The receivers' and 2' are so designed and con 
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2,810,692 
nected that their outputs have opposite polarities 
and the receiver 2' with time delayed output is 
so adjusted that the output due to the main path 
signal is of correct magnitude to cancel the Sec 
ondary path signal in the output of the other 
receiver. If the secondary path signal has an 
amplitude equal to 20% of the main signal then 
receiver 2 of Fig. 3 Will be adjusted to give an 
output which is 20% of the output of receiver l'. 
The signal outputs of the two receivers f' and 2' 
and their resultant combined output is illus 
trated in Fig. 4. 

It Will be noted that the main signal output 
of receiver 2’ cancels the Secondary path output 
of receiver leaving only the secondary path 
Signal of receiver 2 as the final Source of dis 
tortion. This remaining Secondary path signal, 
in the case assumed is only 20% of 20% or 4% of 
the main path signal. Even this Small remaining 
Secondary path signal can be reduced or elim 
inated, as will be explained later. 
We may accomplish substantially the same re 

Sults in Suppressing Secondary path signals with 
only a single receiver if we provide means for 
Splitting off a correct amount of the received sig 
nal current into a time delay circuit and then 
combining the time delayed current with the 
other currents in such a way as to make it cancel 
Secondary path currents. 
One Way of accomplishing this result is shown 

in Fig. 5. There is shown a receiving antenna, 
with its transmission line T'L' and a receiver 3 
for delivering signal output current. A portion 
of the receiver output is taken out through an 
adjustable resistance R1 into a time delay cable 
circuit 4. Signal waves of current and potential 
enter the cable and travel to the remote end, 
from which they are reflected back to the input 
end again and reintroduced into the receiver out 
put circuits with correct polarity, strength and 
time delay to cancel undesired secondary path 
signals. 

In Fig. 5 there are provided variable of ad 
justable resistances R1, R2 for governing the 
strength of potential and current entering the 
cable 4 and the strength of time delayed po 
tential and current taken from the cable and fed 
back into the receiver output circuits for balanc 
ing out secondary path signals. At the same time. 
the combination of two adjustable resistances 
R1 and R2, shown in Fig. 5, makes it possible to 
control the amount of potential and current re 
flected back over the cable for a second time and 
this secondary current may be made to cancel 
even the Small residual secondary path signal 
indicated in the lower portion of Fig. 4. There 
fore, once the cable delay circuit has been cut 
and terminated for proper time delay, and re 
versed polarity of returned waves, an operator 
or installer of the receiver, by varying the two 
resistances at the end of the cable in Fig. 5 may 
obtain a minimum of secondary path signal. 
To obtain proper timing for signal power re 

turned over the cable, after reflection from the re 
mote end, the length of cable 4 must be so chosen 
that the length is equal to half the time delay 
required multiplied by the velocity of electrical 
Waves upon the cable. If the cable has an elec 
trical velocity half the velocity of light, or 
150,000,000 meters per second, which is a reason 
able value, then a time delay of 2 microseconds 
will require a cable 150 meters long. It may be 
made up of a section of Small diameter, insulated, 
concentric conductor cable which may be wound 
up into a coil and the bulk of it placed in any 
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available location in or near the receiver or its 
output circuits. 
To obtain reversed polarity for the waves re 

flected back over the cable, with the arrange 
ment shown in Fig. 5, the remote end of the cable 
may be short-circuited by a path of extremely low 
impedance to energy of the frequency traversing 
the cable. The short-circuit, which may be in 
the form of a direct current metallic connec 
tion, causes the potential wave to be reflected 
With reversed polarity from the short circuited 
point. A single short positive potential pulse 
entering the receiver end of the cable will be re 
flected and return to the input end as a negative 
pulse. It will give rise to currents which are in 
the same direction as the signal pulses in the 
receiver output leads and in opposite direction to 
the signal pulses in the final output terminals. 
If the receiver output circuits have sufficient in 
ternal impedance, which they usually have, or if 
sufficient series impedance is added, then cur 
rents caused by time delayed waves coming back 
over the cable may cancel secondary path signal 
currents substantially completely. 

If desired, means may be provided for connect 
ing the time delay cable circuits effectively in 
series with the receiver output circuits, instead 
of in parallel as in Fig. 5, in which case it is then 
necessary to have an open circuit at the renote 
end of the time delay cable in order to obtain a 
reversal of the polarity of current pulses in the 
output of the receiver. 
In Fig. 6 there is shown another arrangement 

for obtaining a cancellation of secondary path 
signals in which a controllable annount of the 
receiver output energy is passed over a time de 
lay cable circuit 5 and then combined with final 
output energy in a manner to cancel secondary 
path signals. In this case it is assumed that the 
receiver has a balanced, or push-pull output. 
The cable input energy is then derived from one 
side c of the circuit and fed back again in the 
direction of the arrow into the other side b 
of the circuit in order to obtain the required re 
versal of signal polarity. Balancing resistances 
R'' are shown for maintaining approximate bal 
ance in the circuits. In this arrangemeint the 
cable delay circuit 5 must be twice as long as the 
cable shown in Fig. 5 because the balancing pulses 
travel only once over the cable. 
In Fig. 7 there is shown still another arrange 

ment for accomplishing the same purpose as the 
arrangements of Figs. 3, 5 and 6. In this case 
power is taken from the signal output circuit 
and fed back in the direction of the arrow to 
some point p in advance of a signal amplifier 
SA. In this arrangement the time delayed power 
sent back may be much less than the output power 
from the system. In this arrangement the cable 
circuit 6 must have substantially the same length 
as the cable used in the arrangement of Fig. 6. 
It is also necessary to make the feed-back apply 
between two points in the amplifier system which 
are normally at opposite signal polarities. If 
ordinary grid controlled vacuum tube amplifiers 
are used, this means that an odd number of 
vacuum tube amplifier stages must be lised be 
tween the cable circuit terminals. 

I have, so far, described operation of the ar 
rangement of my invention for reducing second 
airy path signals when the main signals and sec 
ondary path signals are received without over 
lapping in their time of arrival at the receiver. 
If the signals are so long, or the time delay ba 
tween them so short that they overlap, or if Sig 

5 

20 

3 5 

40 

50 

55 

60 

70 

5 

3 
inals are transmitted by partial keying or modul 
lation of the amplitude of a continuous high fre 
quency carrier, then a more complicated situa 
tion exists. 

If the receiving antenna is so located that high 
frequency carrier currents over a main path and 
a secondary path add together in the same phase, 
then We may assume that resultant currents in 
the receiver are equal to the instantaneous sum of 
the amplitudes of the main and secondary path 
Current components. In Fig. 8 there is illus 
trated a possible signaling condition in which a 
single rectangular wave impulse is transmitted 
Which arrives at the receiver over a main path 
and also at half amplitude over a secondary path, 
With a time delay equal to half the duration of 
the pulse. The two received signals therefore 
Overlap. The overlapping received signals when 
the radio frequency currents are in adding phase, 
produce a combined signal, shown in Fig. 8, which 
is very badly distorted and elongated. It is as 
surned in Fig. 8 that the main and secondary path 
received currents have the same radio frequency 
phase and therefore add amplitudes arithmeti 
cally. The amplitude of the secondary path cur 
rent is 50% of the main path current. In this 
case We may apply the balancing schemes illus 
trated in Figs. 3, 5, 6 and 7 to reduce the effect of 
the secondary path signal in the same manner 
as has been described for separated received pulse. 

If waves are made to travel only once over the 
time delay transmission line, between its input 
and output terminals, we may obtain, after suit 
able adjustment, a final resultant signal such as 
is illustrated in the lower portion of Fig. 8. It 
Will be noted that distortion of the main path 
Signal has been eliminated and we have left only 
a following signal with half the relative strength 
of the Original Secondary path signal. As previ 
Ously explained, even this remaining reduced sec 
ondary signal may be further reduced or elim 
inated by multiple reflection over the time delay 
circuits. 
So long as We have chosen receiving antenna, 

locations, best done by trial at each receiving 
location, where the main path and secondary path 
currents are in adding phase relation, we may 
apply the systems of Figs. 5, 6 and 7 to very 
greatly reduce secondary path distortions of any 
kind of amplitude modulated signals in all cases 
Where the path length difference remains sufi 
ciently constant or where means, such as an op 
erator, is provided to make tine delay and ampli 
tude adjustments. The scheme is particularly 
applicable to television reception because in this 
case the path lengths do remain substantially con 
stant. 

Even though the main and secondary path 
radio frequency currents before detection may 
not be in perfectly adding phase relation, the bal 
ancing arrangements of Figs. 3, 5, 6, and 7 will 
be at least partially effective in eliminating sec 
Ondary path modulations So long as the second 
alry path. Current departs from the adding phase 
relation by approximately less than plus and 
minus 90. That is, they will be effective so long 
as the resultant modulations received over the 
two paths have the same polarity. 

In Fig. 9 there is shown the results of balancing 
Secondary path modulations when the secondary 
path radio frequency currents have 50% ampli 
tude, corresponding to the assumption in Fig. 8, 
but have a phase relation of 60° with respect to 
the main path current. In this case also, it will 



4. 
be apparent, the balancing is quite effective in 
reducing multipath signal distortion. 
In Fig. 10 there is shown the results of balanc 

ing distortion in the main signal When the main 
and secondary path high frequency currents are 
in opposing, or 180, phase relation, it being a S 
sumed that the secondary path current is 50% of 
the main path current. In this and all other 
cases where the phase angle is within the very 
approximate limits of 90° and 270, that is, When 
secondary path modulations are reversed in pol 
arity, it is necessary to reverse the polarity of the 
balancing currents. In the arrangement of Fig. 
3 this is done by reversing the output leads to One 
of the receivers. In the arrangement of Fig. 5, 
it is done by removing the short circuit at the re 
mote end of the time delay cable circuit and leav 
ing the end electrically open ended. In the ar 
rangement of Figs. 6 and 7, it may be done by re 
versing the polarity of connection at one end of 
the time delay cable circuit. 
From Fig. 10 it will be seen that the final re 

sultant signal is no better than the combined 
main and Secondary path signals before limiting. 
This means that the balancing is of littie value 
when used with transmitted signals such as those 
assumed. One remedy for the failure of the sys 
tem is to move the receiving antennas about until 
the secondary path currents add to the main path 
currents and the secondary modulations have the 
same polarity as main path modulations. An 
other remedy is to employ a constant transmitter 
carrier which is modulated lightly enough by the 
signal so that, at the receiver, the carrier is never 
quite 100% modulated. Still another remedy, for 
use With a transmitter which radiates a carrier 
Wave at all times, is to employ means for increas 
ing the strength of the carrier wave, with respect 
to side band frequencies, in the receiver before 
detection. Various means for exalting or in 
creasing the relative strength of the carrier are 
already known in the radio communications art. 

If We aSSune that the transmitter modulations 
never reduce the carrie Wave to zero at the de 
tector in the receiver, then the balancing scheme 
Will be as effective in reducing negative second 
ary signals as it is in reducing positive Secondary 
signals. In Fig. 11 there are illustrated the con 
ditions of the signal at various stages of trans 
mission and reception, when the secondary path 
current opposes the main path current in phase, 
but the transmitter has a continuous carrier 
current which barely prevents the detector input 
current passing zero and so reversing its direc 
tion of amplitude change. In this case the Sec 
Ondary path balancing is as effective as in the 
cases illustrated in Figs. 8 and 9. Obviously, if 
the transmitter had been nearly 100% modu 
lated, it would have been necessary to employ 
carrier exaltation in the receiver to make the 
secondary path signal distortion small. 
The means for balancing out, or reducing, 

Secondary path distortion which have been de 
scribed may be employed to reduce the effects 
of more than one secondary path current by 
employing a balancing arrangement With proper 
tine delay for each secondary path current. 

In Figs. 12a to 12f, inclusive, there are shown 
the results of the balancing applied to a case 
where there are tWO Secondary path currents. 
These figures illustrate the signal conditions due 
to Scanning One line of a television inage made 
up of dark letters A, B and C on a light back 
ground in the United States standard System for 

5 

0. 

20 

30 

40 

50 

5 5 

60 

70 

2,310,692 
have illustrated the main path transmitted cur 
rent and next, in Fig. 12c, two secondary path 
currents with different time delays with respect 
to the main path current. I have assumed One 
secondary path current to have an amplitude of 
one third of the main path current and the other 
an amplitude of one sixth. The first of these is 
aSSumed to have the same polarity and the Sec 
ond a reversed polarity with respect to the main 
path current. 
The combination of main and Secondary path 

currents gives a resultant current, before or after 
detection and before balancing, which is quite 
badly distorted and which has very pronounced 
multiple images of the letters. This is shown in 
Fig. 12d. I have then indicated in Fig. 1.2e two 
balancing currents, each obtained by means of 
time delay cable circuits from the resultant re 
ceived signal, as previously described. These two 
time delayed balancing currents are then COm 
bined with the original receiver resultant output 
current to give a final output current, after bal 
ancing, illustrated in Fig. 12.f. It may readily 
be seen by inspection that the balancing has pro 
vided a final signal which is far less distorted 
and accompanied by far less apparent multiple 
images of the letters than is the resultant before 
balancing. 
In applying my Scheme for balancing out the 

effects of secondary path currents there will be 
many instances in which the time delay is quite 
short and comparable with the time required to 
reach nearly steady state current conditions as 
determined by the frequency band width of 
transmitter and receiver. In these instances 
distinct and separate multiple images may not 
be apparent but, instead, there will be a loss 
image detail or an unnatural outlining of the 
iiageS. 
One Such pCSSible condition is illustrated in 

Fig. 13 where I have assumed that main path 
and Secondary path high frequency currents are 
in adding phase relation and the secondary path 
current has a strength of half that of the main 
path current. I have further assumed that the 
tine delay of arrival of secondary path currents 
is about equal to the time required for trans 
mitter and receiver circuits to respond to cur 
rent changes. In this case it will be apparent 
that the secondary path current has substan 
tially doubled the time to reach a, new current 
level. This would considerably reuuce the ap 
parent detail of a television image. The final 
Output current, after application of time delayed 
balancing signals, is a much more nearly perfect 
Wave form reproduction of the transmitter cur 
rent variation and consequently will provide a 
television image with much better apparent 
definition. 

Fig. 14 illustrates a case similar to that of 
Fig. 13, except that the secondary path current 
is aSSumed to arrive with opposing phase rela 
tion. With respect to the main path current. In 
this case, it will be noted, the original resultant 
Current signal change at the receiver momen 
tarily overshoots its steady state value by a ratio 
of 1.9 to 1. This will result in an unnatural out 
lining of images making them look something 
like line drawings with shading. After applica 
tion of time delayed balancing currents having 
a strength half that of the initial resultant cur 
rent the Overshooting is reduced from a ratio of 
1.9 to about 1.33. The undesired portion of sig 

television (note Fig. 12a). First, in Fig. 12b, I 75 nal response has therefore been reduced in the 
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ratio of .9/.33=2.7 to 1. In consequence, out 
lining of the images is greatly reduced. 
An inspection of the responses illustrated in 

FigS. 13 and 14 suggests that still further im 
proVeiilent could be obtained if we added tine 
constant circuits in series with the connections 
to the time delay cable circuits to bring about a 
modification of the wave forms of the balancing 
Currents. Fig. 15 illustrates a form of circuit 
which would improve the final output signal cor 
responding to Fig. 13, while Fig. 16 illustrates a 
circuit applicable to the conditions of Fig. 14. 

In practice there are cases where a weaker 
Secondary path Signal may arrive at the receiver 
before the stronger or main path signal. In this 
case it is necessary to introduce a balancing sig 
nal with a relative time advance, instead of a 
time delay. This may be accomplished by pass 
ing the main receiver output through a real or 
artificial time delay transmission line circuit and 
the combining the time delayed signal with 
balancing currents which have not been time 
delayed. One arrangement for doing this is ill 
lustrated in Fig. 17. This particular arrange 
ment is Suitable for reducing time leading sec 
Ondary path current distortion. When the sec 
ondary path high frequency current is in pre 
dominately opposing phase to the main path cur 
rent. If the high frequency currents are pre 
dominantly in adding phase, then the polarity 
of input or output of one of the parallel output 
circuit paths should be reversed so as to reverse 
the polarity of the balancing current with re 
Spect to the main current. It should be noted 
that there is provided in this figure a selector 
SWitch SW which can select a capacity C or an 
inductance I, for introducing Wave shape correc 
tion. v 

Fig. 18 shows still another arrangement for 
reducing Secondary path Signals. In this ar 
rangement there is shown a television receiver 
which receives both signals from a remote trans 
initter Over a main signal path and over a sec 
ondary Signal path. 

In this Systern a Section of low loss transmis 
sion line TL is shunted across the receiver in 
put terminals through adjustable coupling re 
sistors R.'. The length of line TL is such that 
the tine taken for radio waves to travel from the 
input end to the far end and back again is al 
most exactly equal to the time delay of arrival 
of Secondary Space Circuit path Waves. It may 
differ from this length in such amounts that 
the phase relation of the returning reflected cur 
rents at the receiver terminals is not changed, 
provided the difference from the correct length 
is not too great. 
Under these conditions, a portion of the main 

path received power is time delayed and rein 
troduced with correct timing and phase relation 
to minimize the receiver input due to the sec 
ondary space path and time delayed modulations 
received over the secondary path are reduced. 

By employing more complicated resistance net 
works in combination with the compensating line 
section, improved results may be obtained. 
Although I have indicated time delay cable 

circuits in the figures, they being particularly 
applicable to television, any other suitable sig 
nal delay circuit may be employed. For rela 
tively long time delay, I contemplate converting 
electrical waves into mechanical waves which will 
travel through time and distance following which 
their energy may be converted back into elec 
trical waves. Magnetostriction or the piezo 
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electric effect may be employed in the energy 
converting process in a manner well known in 
the communications art. For extra long time 
delay, signals may be stored as variable mag 
netization in a moving steel wheel or steel wire 
or tape and taken off again after suitable time 
and distance along the path of the record. Such 
storage devices are known in the art. One such 
device, employing a rotating, steel disc, was popu 
larly known as a “memory Wheel' because it 
could store signals and repeat them at a later 
time with an adjustable time delay or any 
amount up to a little less than the time for the 
wheel to turn one revolution. 

In applying my invention to television re 
ceivers, the installer of a receiver, after having 
done the best he can with antenna, location, an 
tenna directivity, impedance matching and other 
controllable factors Will look at the images re 
ceived. He may observe one or more secondary 
inages, which may be either positive or negative 
With respect to the main image. With the images 
adjusted to standard dimensions, he will measure 
the displacement of secondary images, hori 
2Ontally across the screen in the case of hori 
Zontal Scanning lines. The displacement pro 
wides a measure of the time delay of signals re 
ceived over a secondary path and, by means of 
a curve or table, enables the installer at once to 
choose the length of time delay balancing cir 
cuit. Observation of the polarity of the sec 
ondary image tells him whether the end of the 
cable must be short circuited or open circuited 
if he employs the arrangements of Figs. 5, 15 
and 16. Having determined the cable length and 
connection, he then adjusts the variable resist 
ances (also capacity or inductance if used) until 
he obtains the best overall reproduction of the 
transmitted images. 
The term "section of line' employed in the 

appended claims is intended to include, broadly, 
any type of current carrying line whether it be 
artificial, concentric, or of the parallel wire type, 
straight or coiled. 
What is claimed is: 
1. The combination with a radio receiver, of 

means for reducing a multi-received signal due 
to rays received over two different paths com 
prising a section of two-conductor line having 
Solely one end connected to said receiver for 
Withdrawing from Said receiver at said one end 
and reintroducing at Said same end a portion 
of the received signal Wave, said section of line 
having a physical length which is equal sub 
stantially to one-half the difference in effective 
path length of the two paths of the rays reach 
ing the receiver, Said line at its other end hav 
ing its conductors connected together, and an 
adjustable impedance element between the re 
ceiver and said line for controlling the magni 
tude of the portion of the signal reintroduced. 

2. The combination. With a radio television 
receiver, of means for eliminating a multiple 
image due to rays received over different paths. 
comprising a Section of line of predetermined 
length having Solely one end connected to said 
receiver, Said line having velocity and attenua 
tion characteristics which are substantially con 
Stant over the band of modulation frequencies 
where inhage signals are an appreciable factor, 
and resistors in shunt and in series to said line 
at the points of connection to said receiver for 
controlling the magnitude of the portion of the 
Signal withdrawn by said line and reintroduced 
thereby into the receiver at said one end. 
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3. The combination with a radio television re 

ceiver, of means for eliminating a multiple image 
due to rays received over different paths, com 
prising a Section of two-conductor line of prede 
termined length connected solely at one end to 
said receiver, said line being connected to said 
receiver through shunt and series resistors, said 
resistors being adjustable to control the effective 
value of the potential and current in Said line. 

4. In a radio signalling system wherein there 
are multiple paths between the transmitter and 
receiver Such that a modulation pulse from the 
transmitter is received as a first pulse over one 
path followed at an interval by a pulse of Smaller 
magnitude over another path, a transmission 
line connected solely at one end to one point in 
the receiver, the other end of said line being 
reflectively terminated for currents impressed 
upon said line by said receiver, the length of 
Said line being SO chosen that the time of travel 
from one end of Said line to the other for the 
current impressed on said line is one-half of 
Said interval, the reflective termination on said 
line being arranged to provide such polarity of 

O 

20. nected to Said line and in series therewith for 
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the reflected pulse as to neutralize the second 
pulse, and an adjustable impedance between said 
line and receiver for controlling the magnitude 
of the reflected pulse reintroduced to the receiver 
and to prevent Secondary reflections over Said 
line. 

5. The combination. With a radio receiver, of 
means for reducing a multi-received signal due 
to rays received over two different paths com 
prising a section of two-conductor line having 
solely one end connected to said receiver for 
Withdrawing from Said receiver at Said one end 
and reintroducing at Said Same end a portion 
of the received signal wave, said section of line 
having a physical length which is equal Substan 
tially to one-half the difference in effective path 
length of the two paths of the rays reaching 
the receiver, said line at its other end having its 
conductors connected together, and means in 
cluding an adjustable impedance element con 

controlling the magnitude of the portion of the 
signal reintroduced. 

CARENCE W. HANSEL. 


