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- " . SIGNALNG 

Stanley D. Eilenberger, Kenosha, Wis., assignor, 
by mesne assignments, to Chicago Coin Machine 
:Co., a corporation of illinois 

Application September 15, 1943, Serial No. 502,528 
2 Claims. (C. 179-100.2) 

. 
This invention relates to a method of communi 

cation, more particularly to ultrasonic signaling 
sfor under Water use where the communication 
is secret in character and of such a nature as to 
be difficult or impossible for unauthorized per-5 
Sons to carry. Out direction finding operations. 
The present invention is a modified form of 

'the inventions 'disclosed by my patent:applica 
tions entitled "Ratio signaling system,' Serial 
Number 444,091, filed May 22, 1942, and “High 
Speed transmission communication apparatus;' 
Serial Number 454;855, filed August 14, 1942, now 
Patent No. 2,435,879, granted February 10, 1948, 
and reference should be made to these applica 
stions for a better understanding ; of the present 
invention. - 

Briefly, the invention consists of a method 
whereby the time required to transmit a message 
is greatly reduced. This is accomplished by first 
;recording the message to be transmitted on a 
magnetic Soundtrack, With the soundtrack mov 
ing at the minimum satisfactory recording speed, 
and then transmitting this recorded message at 
high Speed in Such a manner that the actual 
transmission is in the form of an ultrasonic pulse, 
the, duration of which is predetermined. At the 
;receiving, station this process is reversed to re 
cover the original Signal. 

It is old in the art to record a message on a 
innowing sound track and to transmit such re 
: corded message at a sound:trackspeed consider 
ably higher than the recording: Speed, to conserve 
transmission time. The present invention: dis 
closes a method of transmitting intelligence 
whereby the actual transmission consists of a 
short pulse of ultrasonic energy, or a series of 
such short pulses, where each such pulse has a 
definite time ratio to the time required to record 
(the original message and where teach such pulse 
is sufficiently short in duration that direction 
finding operations:could be carried out, only with 
the greatest difficulty and with elaborate equip 
ment. 
For example, an original message requiring 10 

seconds to record may be transmitted in; a total 
time period of .25 second, which would be a trans 
imission/recording ratio of 40:1, it being under 
stood that while I have used this ratio in actual 
practice, that other ratios are also practical. 
Among the numerous objects of this invention 

are: 

First, to provide a method of communication 
:where the transmission time is relatively short 
as compared to the length of the message to be 
transmitted, so that direction finding readings 

2 
On Such transnaission are difficult or impossible 
to obtain. 
Secolad, to provide a System of communication 

which in itself coastitutes a method of segret 
communication but which may be combined with 
and made a part of any existing method of com 
munication, this conbingd method offering the 
further advantage of additional segregy in addi 
tion to making it difficult or impossible for the 

0 enemy to obtain direction finding readings on 
Such transmissions. 

"Third, to provide a method of communication 
which will still serve its primary purpose as set 
forth in the first pbject above, even where the 

15 method used becomes known to the enemy, as 
knowledge of the method used for Such trans 
missions Would not permit direction finding read 
ings to be obtained. 

Fourth, to provide a method of communication 
20 where the effective:power of the transmitter may 

be greatly increased beyond the normal limita 
tion of plate dissipation rating of the final ampli 
fier tubes. 

Fifth, to provide a method of communication 
25 as set forth in the first object above whereby 

longer transnissions may be carried out as a 
series of ultrasonic pulses Spaced as desired or 
necessary. - 

Sixth, to provide a method of combining any 
30 or all of the aethods above in a single System. 

It is understood, that one basic purpose of this 
inventien is to provide a means of transmitting 
a message-of-specific length in a relatively short 
period of time, as compared to the time required 

35 to record such message and that in the practice 
tof the present invention, the transmission is 
always: carried out by means of this relatively 
-short pulse of ultraSonic energy. - - 

In the practice of the in Vention herein dis 
40 closed proper-consideration must be given to cer 

tain circuit components of both receiver and 
transmitter. For purposes of example, the nor 
mal voice frequency range may be considered as 
250 to 2500.C. P. S., and that a message covering 

'45 this range is to be recorded pna magnetic sound 
track. Within a time limitation of 10 seconds, and 
that such 10 second recorded message is to be 
:transmitted in .25 second. This would be a re 
cording/transmission ratio.of 40:1. In the exam 

50 ple, given above, where the highest frequency 
signal was taken-as 2500 cycles, the highest ultra 
sonic frequency will become 100,000 cycles when 
reproduction of the recorded message is carried 
out at 40 times normal spund track speed. This 

55 product of reproduction may then be samplified 
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to produce an ultraSonic pulse, the duration of 
which is .25 second, said pulse containing all of 
the information contained in the original signal. 
The magnetic reproducing head must be able to 

properly reproduce at 100,000 cycles and the aSSO 
ciated amplifiers must also function properly 
throughout this extended frequency range. The 
design of such amplifiers is Well known to those 
skilled in the art, Such amplifiers being common 
ly used for various purposes, it being well known 
that such amplifiers may be designed to have a 
relatively flat gain characteristic throughout any 
desired frequency range or that such amplifiers 
may be designed to have a rising gain character 
istic at the higher frequencies, if such rising gain 
characteristic is desirable. 
The design of magnetic recording or reproduc 

ing heads to work eficiently at 100,000 cycles is 
also well known to those especially skilled in the 
art of magnetic recording. It is considered prac 
tical by those so skilled in the art of magnetic 
recording to record and reproduce by means of 
the magnetic process at frequencies considerably 
higher than 100,000 cycles per second, the maxi 
mum frequency recorded and reproduced being a 2 
function of the product of effective pole piece 
dimensions and soundtrack speed. Theoretically, 
this recording/reproduction process may be car 
ried out at any frequency where the product of 
effective pole piece dimension and sound track 
speed will not exceed one-half wave length of the 
highest frequency it is desired to record. The 
practical limit for Such high frequency record 
ing/reproduction is not definitely known, but it is 
definitely known that 100,000 cycles may be re 
corded and reproduced by the magnetic process, 
The present invention does not deal With mag 

netic recording per se but is concerned with dis 
closing a method whereby the application of such 
a method may be so used as to produce a new 
and novel result. This disclosure is not confined 
to the use of any specific recording medium and, 
With proper design of recording heads, the well 
known forms of magnetic tape or wire recording 
may be used. However, an improved magnetic 
recording or reproducing head design for use on 
a magnetizable cylindrical record is disclosed by 
my patent applications, "Magnetic pole piece,' 
Serial Number 476,750, filed February 2, 1942, now 
Patent No. 2,361,753, granted October 31, 1944, 
and “Magnetic recording and reproducing sys 
tem,' Serial Number 476,749, filed February 2, 
1942, now Patent No. 2,361,752, granted October 
31, 1944. These applications disclose a method of 
reducing the effective pole piece dimension to 
such a Small value that a linear sound track speed 
of 6 inches per second is satisfactory for recording 
With voice frequencies up to 2500 C. P. S. With 
a recording/reproduction ratio of 40:1 this would 
give a reproducing speed of 240 inches per second, 
Which is equivalent to an R. P. M. speed of 1440 
with a cylindrical record having a circumference 
of 10 inches. However, as previously mentioned, 
this disclosure is not confined to the use of any particular form of magnetic recording. 

For the purposes of this application, the nor 
mal Sound track speed is taken at 6 inches per 
Second, it being understood that this speed is used 
Only for purposes of example and that any speed 
giving Satisfactory results may be used to record 
the original message. In the example given, re 
production is carried out at 40 times normal re 
Cording Speed and the sound track reproducing 
Speed is taken as 240 inches per second, for pur 

75 pOSes of example. 
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4. 
A further advantage of the present invention is 

that the power output may be greatly increased 
over the power output which Would normally be 
possible for any given amplifier arrangement. All 
vacuum tubes designed for any form of amplifier 
Service are rated in accordance With plate dis 
sipation and this is a fundamental limit to the 
amount of plate input power which may be ap 
plied to said vacuum tubes and is therefore a, 
fundamental limit to the amount of Output power 
available from Said vacuum tubes. Other Con 
siderations are the internal insulation of the tube, 
which limits the maximum plate voltage Which 
may be applied and the peak filament emission 
of the tube. 

It is well known that a definite time is required 
for any given tube to reach its rated plate dis 
sipation. For example, With vacuum tubes of 
moderate power rating, approximately three Sec 
Onds is required to reach the rated plate dissi 
pation, if the full rated plate input is Suddenly 
applied to the tube. For the Special case where 
this tube was to be in service only 42 of this time 
or 1.5 seconds, the tube Would reach its rated plate 
dissipation in 1.5 seconds if double the plate input 
was used for this time. Doubling the plate input 
for this time would not injure the tube, provided 
that the internal construction of the tube Was 
such that increased voltage, per se, would not 
cause breakdown. A further limitation is the 
peak filament emission of the tube, but the actual 
peak filament emission of power tubes is greatly 
in excess of the rated continuous filament ennis 
Sion. For example, for certain moderate pow 
ered tubes rated at 500 milliamperes, continuous 
plate current, the peak filament emission is in 
exceSS Of 5 amperes. 
In the present invention, by Way of example, 

the transmission time is limited to .25 Second, 
and for this Special case the plate input to the 
final amplifier tubes may be increased to a value 
which Will produce rated plate dissipation in the 
final amplifier tubes in .25 second. For certain 
graphite anode tubes in the medium power class, 
approximately 12 times the plate input power may 
be applied to the tubes for .25 second, as compared 
to the plate input, power which could be applied 
continuously. This can be done without injury 
to the tubes, provided internal construction is 
such that breakdown does not occur from excess 
Voltage. Numerous Such tubes are available on 
the open market, the construction being such that 
breakdown could not occur from excess voltage. 
From the foregoing it is apparent that a rela 

tively low power amplifier can provide a rela 
tively high power signal, where such amplifier is 
used in accordance with the principles disclosed 
by this invention. For example, for the 40:1 
transmission ratio cited above, a final amplifier 
having a normal output rating of 10 watts of 
ultrasonic energy could produce approximately 
120 watts of ultrasonic energy, assuming the effi 
ciency to remain constant. As a matter of actual 
fact, the efficiency of most medium power tubes 
increases With plate input, so that for the special 
case herein cited, the efficiency somewhat im 
proves over the rated efficiency. As previously 
Stated, this high plate input will not produce ac 
tual damage in the tube. However, it is not 
known to What extent this high plate input pulse 
operation may shorten the overall life of the tube 
in terms of total hours of operation. Consider 
sing the special class of service, this factor is of 
minor importance, as only 1 hour of tube opera 
tion Would be used in transmitting 40 hours of 
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message length, and 40 hours message length for 
the Special case of ultrasonic signaling, and espe 
cially for military signaling, would cover a con 
siderable period of time, on the order of many 
months. . . . . . . is . . . . 
This invention will be best understood from a 

consideration of the following detailed descrip 
tion in view of the accompanying drawings form 
ing a part of the specification; nevertheless, it is 
understood that the invention is not confined to the disclosure, being susceptible to such changes 
and modifications as define no material depar 
ture from the salient features of the invention as 
expressed in the appended claims. . . . . . . 
In the drawings: . . . . . . . 
Figure 1 shows in schematic form one arrange 

ment of an ultrasonic transmitter used to pro 
duce a short pulse or a series of short pulses of 
ultrasonic energy containing the intelligence to 
be transmitted. is 
Figure 2 shows in schematic form one arrange 

ment of a receiver for use with the transmitter of Figure 1. . . . . . . 
Referring more particularly to Figure 1, A is a 

source of original signal, such as a microphone, 
having output terminals 3 connected to inputter 
minals ( of amplifier B, in series with gain con 

5 

0. 
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may, if desired, be adjustable, but in any event 
the actual time of said interval is limited by the 
actual Space available for recording on sound 
track D. Sound track D may represent a mag 
netic tape or wire moving over drums 35 and 36 
in the direction indicated by arrow 37a, or sound 
track D may well represent the sound track on a 
cylindrical or disk record, as described in detail 
in my patent application entitled “Magnetic re 
cording and reproducing system,” Serial Number 
476,749. Driving motor 37 is energized from a 
Source of voltage 3? in series with resistor 35a, 
SWitch 36d being normally open during recording 
to provide the lower of two speeds available from 
driving motor 37, it being understood that while 
such an arrangement is practical for limited speed 
ratios that this arrangement is shown here only 
for reasons of simplicity and clarity in the draw 
ings, it being further understood that motors 
having gear change transmissions or other means 
of changing from one definite speed to a second 
definite Speed may also be used without departing 
from the principles disclosed by this invention. 

25 

trol. 2. Amplifier B is any conventional amplifier 
which will amplify voice frequencies and provide 
a power output suitable for recording. In ordi 
nary practice magnetic recording is carried out. 
with a power considerably under 1 watt, so that 
amplifier B may readily consist of a one or two 
stage amplifier, depending in part on the type 
of signal supplied by unit A. Output terminals 
5 of amplifier B are connected to common ground 
28 and recording heads, in series with plate re 
sistor . Plate resistorf limits the D. C. current 
flowing through recording head 9 to the plate of 
the final amplifier tube of amplifier B, this D. C. 

30 

current acting as a polarizing current for mag. netic recording head 9, polarity being so arranged 
that the current flowing through recording head 
9 is opposite in direction to the current flowing 
in obliteration head it, which is directly across 
the source of plate voltage 33 and 34 in series 
with current limiting resistor if, which is in turn 
by-passed by condenser2. 
Magnetic obliterating head 0 is designed to 

produce magnetic saturation in magnetic sound 
track D, the entire operation of obliteration head 

5) 

18, recording head 9 and magnetizable sound 
track D being identical with the magnetic re 
cording process as conventionally used. . . . 
Actual recording is controlled by contacts 3 

of relay 8, which are in series with positive plate 
voltage terminal 33, it being understood that pos 
itive plate voltage terminal 33 and negative plate 
voltage terminal 34, which are by-passed by cont 
denser 30, are connected to a suitable source of 
D. C. plate voltage. Relay 4 is controlled by 
timing unit E, which, for purposes of example, 
is shown as a synchronous motor driven timer 
having a cam 24, a cam extension 25, and a driv 
ing motor 26. Driving motor 26 is energized by 
momentarily closing contacts. 27, allowing cam 
24 to make one revolution which will close-con tacts 23 for a pre-determined length of time, ac 
cording to the design of cam extension 25 and the 
speed of driving motor 26. Motor 26 and relay 4 
are energized from a common source of voltage 
29, which may be any value desired. The entire 
arrangement of timing unit E and relay. F4 is 
such that a definite recording interval is provided. 
The actual length of the “recording interval 
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The transi 

in the example given, a 10 second reSSage is 
recorded on sound track B, with driving motor 3 
noving at a speed which will produce, for exam 
pie, a Sound track Speed of 6 inches per second, 
Oninagnetic Soundtrack D, this 10 second record 
irig interval being limited by the operation of 
timing circuit E. At the expiration of 10 seconds, 
contacts 3 are restored to the normally open 
po and plate voltage is removed from the 
final amplifier tubes in amplifier B. The record 
ing and obliteration process is now complete and 
the intelligence to be transmitted is recorded on 
Sound track D. This message may be preserved 
indefinitely on sound track D or it may be trans 
initted immediately, as desired. 
Switch 36a is now closed, thus energizing motor 

3 at the higher of two speeds, to provide a mag 
retic soundtrack speed 60 times greater than the 
recording Speed, which, for the example given, 
would approximate 1440 R. P. M., assuming that 
drums. 35 and 36, or cylinder record 35-36, have 
a circunference of 10 inches. This will provide 
a reproducing. Speed of 240 inches per second, 

litter is now in a position to transmit, 
actual transmission being controlled by timing 
unit F, which is similar to timing unit, E previ 
Olssly described, except that can extension 2 of 
Gail 9 is now designed to close contacts 8 for 
exactly .25 second, for the example given, plus 
any desired tolerance. 
: The transmission cycle is initiated by closing 
contact 22, thus energizing tinning notor 21, tim 
ing, notor'.2 arid relay it being energized from 
a conno. SOLIrce: of Voltage 32. Operation of 
relay is is controlled by tinning contacts 8, and 
with the operation of relay if normally closed 
contacts. A6 are opened, thus renoving the short 
circuit in paraliel with reproducing head 5. Re 
producing head. iii., is connected to input termi 
hals 6 of amplifier C, in-series with gain control. 8, 
riplifier C geing designed, according to the pres 

ent example, to have essentially flat gain through 
out the firequency, range of 10 k, c. to 100 k. c., 
which corresponds to a recording/transmission 
ratio of 40: for voice frequencies of 250 C. P. S. 
to 2500 C. R. S. Output terminais. 7 of amplifier 
C are direetiy, connected to an ultrasonic repro 
ducing device 83, here shown as a piezoelectric 
crystal naouited between giates 38 and 39, with 
a. Sound projecting device 4 associated with plate 

; it being understood that the arrangement 
skioWai is cally for:purposes of example, and that 
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any form of ultraSonic reproducer may be used. 
The arrangement shown is conventional, where 

& may Well represent either a Rochelle salt crys 
tal or a quartz crystal, both of these materials 
having the property of oscillating at an ultraSOnic 
frequency when energy is applied to parallel 
plates between which said crystal is mounted. It 
is further understood that 4 may well represent 
a directional device designed to focus the ultra 
sonic energy generated at diaphragm 39 by the 
vibration produced by piezo electric crystal 40 by 
the ultrasonic energy applied to terminals 38a. 
and 39a of the respective plates 38 and 39. 
The transmission cycle is now complete, the 

total transmission having been carried out in .25 
second, plus any desired tolerance, which may 
normally approximate an additional time of 5 
miliseconds, to allow for Operate time of relay 

, which may nominally be taken as 2 millisec 
onds. The power supplied to amplifier C may be 
'aised above the normal rated input power for 
any given tubes used in amplifier C, the actual 
annount of Such power increase being determined 
by the actual time of transmission and by the 
particular tubes used. For the example preWi 
ously given, the plate input power to amplifier C 
may be 12 times the normal rated input of the 
tubes used in amplifier C, which will result in a 
signal of approximately 12 times greater power 
being supplied to ultraSonic reproducer 40. 

For the example previously given, amplifier C 
may be normally rated to provide 10 watts output 
power and, by raising the plate input, may be 
used to provide 120 Watts of output power for the 
time period of .25 Second. This arrangement has 
the advantage of providing high output powers 
with relatively small amplifiers and although the 
power Supply requirements are increased, the de 
sign of such power Supply may be such that the 
Weight or size represented does not exceed the 
design of a power supply used to provide lower 
plate power continuously, for the same reasons 
given in connection with amplifier C, i. e., filter 
choke coils designed to carry current for only .25 
second may be designed With less core Stack and 
Smaller Wire size than Would be the case where 
such filter chokes are used continuously, as the 
limiting factor on wire size is the heat produced 
in the filter choke, and in the present assembly, 
the time element is sufficiently short that the heat 
produced could be almost totally ignored. This 
is likewise true of other resistive and inductive 
components used in connection. With amplifier C 
and the associated power supply. 

For the example given, where the available 
power output is taken to be 120 watts with an 
amplifier normally designed to carry 10 watts 
continuously, the improvement is not as great as 
would be the case where larger powers are in 
volved, for example, With an amplifier using tubes 
normally rated to deliver 100 watts of energy, a 
full 1000 watts of energy may be delivered for the 
time of one transmission pulse, Without increas 
ing the weight or size of the amplifier or the 
power supply used in connection. With Said ampli 
fier. Such increased power would provide far 
more reliable communication and Would also pro 
vide communication over greater distances, and 
under adverse conditions. While the foregoing 
has dealt, With an original signal assumed to rep 
resent voice frequencies in the range of 250 to 
2500 cycles, it is understood that other forms of 
signals may be used, Such as, for example, teleg 
raphy, facsimile, etc. 
The operation of the transmitter has now been 

completely described, except that the function 
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8 
of unit X, which is shown connected to unit A, 
has been omitted. The function of unit X is to 
supply a trigger frequency of some pre-deter 
mined value which in turn is used to energize the 
receiving station normally associated With the 
transmitter illustrated by Figure 1. The use 
of this trigger frequency is optional, depending 
in part on the particular design of the receiving 
station associated with the transmitter illus 
trated. For purposes of example, it may be as 
sumed that unit X supplies a continuous fre 
quency of 1250 C. P. S. which is recorded simulta 
neously with the intelligence represented by sig 
nal A. This is transmitted as a 50 k.c. continuous 
Signal which is used to trigger the receiver asso 
ciated with the transmitter of Figure 1. 

Referring now to Figure 2, which illustrates 
one form of receiver which may be used with the 
transmitter illustrated by Figure 1, the receiving 
piezo electric crystal is represented by 42, which 
may be Rochelle Salt or quartz, 43 is the receiving 
diaphragm, 43d, the directional receiving reflector 
and 43c the opposite contact plate, the entire 
assembly being similar to that used at the trans 
mitter to produce the original ultrasonic pulse, 
which it is now desired to receive, the only differ 
ence being that in the case of the receiver the 
assembly need not be designed to handle any ap 
preciable amount of power. It is understood that 
other forms of resonators sensitive to ultraSonic 
Signals may also be used without departing from 
the principles disclosed by this invention. The 
Voltage generated by piezo electric crystal 42 from 
the received ultrasonic vibrations is connected 
to input terminals 50 of amplifier G, which has 
a frequency characteristic covering the range of 
10 to 100 k. c. Output terminals 51 of amplifier 
G. are connected to input terminals 52 of band 
pass filter B. P. which has a mid frequency of 50 
k. c. Output terminals 5 of amplifier G are 
also connected to input terminals 44 of amplifier 
I, which has a frequency characteristic similar to 
amplifier G and is designed to further amplify the 
received signal before recording. The output ter 
minals 53 of band pass filter B. P. are connected 
to the input terminals 54 of rectifier unit H, which 
may be a half or full wave rectifier unit of any 
type, such as vacuum tube, copper oxide, etc., out 
put terminals 55 and 56 having D. C. polarity as 
indicated. 

Trigger unit M comprises a gas discharge 
pentode 60 where suppressor grid 64 is normally 
biased negative in respect to cathode 66, so that 
a positive bias must be applied to control grid 
65 in order to ionize vacuum tube 60. Sensitivity 
is controlled by potentiometer 69, the voltage 
across potentiometer 69 having a polarity as in 
dicated. In the Standby position the Voltage 70 
applied to suppressor grid 64 is sufficient to main 
tain vacuum tube 60 in the de-ionized condition, 
for any given value of alternating current plate 
voltage supplied by transformer 72, which is in 
turn connected to a source of Voltage 74, in series 
with Switch 83. Rheostat T is designed to limit 
the current flowing through relay coil 62 and by 
pass condenser 97 is designed to hold relay 62 
operated during the negative half of the plate 
voltage cycle. This entire arrangement is shown 
here for purposes of example and represents only 
one form of trigger circuit which may be used 
with this receiver. In practice I have found that 
the arrangement shown is satisfactory, 

In the standby position switch 83 is connected 
to contact 85, thus energizing transformer 72. 
B negative terminal 75 and B positive terminal 



76 are by-passed by condenser IOO and connected 
to a Suitable Source of plate voltage. Switch unit 
9 is in contact position 80, thus short circuiting 

series resistor 78, so that driving motor;82, which 
is connected to a source-of voltage 77, is operating 
: at the higher of two speeds, thus driving drums 
96 and S5, or cylinder 96-95, and sound track 
N at a speed similar to but not necessarily iden 
tical to the transmitting speed used at the trans 
mitter, which in the example given," was 240 
inches per second, which is equivalent to 1440 
R. P. M. for a drum circumference of 10 inches. 
Recording and obliteration is held inoperative 
by normally open contact 63, until the 50 k, c. 
trigger Signal is received by ultraSOnic resonator 
42, amplified by amplifier G, passed by band pass 
filter B. P. and rectified by rectifier H and the re 
Sultant D. C. voltage used to provide a positive 
trigger voltage on grid 65 of vacuum tube 60. 
When this 50 k. c. trigger signal is received, 9 

s 

Vacuum tube 6 ionizes, thus operating relay 62. 
and closing contacts 63, which supplied oblitera 
tion Voltage to obliteration head 57, in series with 
resistor 59, reverse polarity polarizing voltage to 
recording head 4 and plate voltage to the final 
Stage in amplifier L, in series with plate resistor 
46. 
The reception of the 50 k. C. triggering signal 

initiates the reception cycle, which Will be com 
pleted in a total time slightly greater than 25 sec- : 
Ond. When the trigger signal is cut off at the 
transmitter, at the end of the .25 second period, 
the positive bias voltage will be removed from 
grid 65 of vacuum tube 60, and the tube will de 
ionize on the first negative half cycle of plate volt 
age, which will be in a maximum time of 1420 of 
a second if the supply voltage 4 is 60 cycles. This 
instantaneously stops the obliteration and record 
ing process so that the received signal, which 
contains all of the original intelligence trans 
mitted in the form of an ultrasonic frequency be 
tween the limits of 10 k. c. and 100 k, c., is now 
recorded on magnetic soundtrack N. Switch 79 
is now moved to position 8, so that driving motor 
82 drives sound track N at the lower of two 
Speeds, which, in the example given, Will be 6 
inches per second. 
Switch unit 83 and switch unit 88 are mechani 

cally linked by link 9 and this switch unit is 
now noved to position 84 and 89, thus opening 
the circuit to transformer 82 so that an addi 
tional received signal cannot obliterate the signal 
now recorded, thus initiating the reproduction 
cycle by connecting reproducing head 86 to the 
input terminals 92 of amplifier J, in series with 
band rejection filter B. R., which has a mid fre 
quency of 1250 cycles per second, and gain con 
trol 9. Aniplifier J is designed to amplify voice 
frequencies in the range of 250 to 2500 cycles per 
second, the output terminals 93 of amplifier J 
being connected to input terminals 94 of repro 
ducing unit K, which may be of any form desired, 
such as a loud speaker or head phones. 

iThe recorded signal may be reproduced as 
many times as desired, after which switch units 
32, 83, and 79 may be restored to the standby 
position, ready to receive and record additional 
signsis. The purpose of band rejection filter 
B. R. is to remove the 50 k. c. trigger signal 
whic: has now been reduced to 1250 cycles, it 
being understood that other values of trigger 
signal frequencies may be used or that such trig 
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gering frequencies may be omitted altogether, 
in which case part of the received signal is di 
rectly amplified and rectified in order to provide 75 
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iE). C. Voltage for triggering vacuum tube 60. 
The advantage of using a specific trigger fre 
quency is that false operation is avoided, through 
pickup of underwater sounds, such as, for exam 
ple, propeller noise, it being further understood 
that the use of a trigger signal is optional. 

In the example given, switching is shown as a 
manual: Operation, for reasons of clarity and sim 
plicity in the drawings, it being understood that 
full automatic operation may be utilized without 
departing from the principles disclosed by this 
invention. 

In the examples given above, a complete sig 
naling method has been described where an orig 
inal message Was recorded within a 10. Second 
time interval and transmitted as a single .25 
Second pulse of ultrasonic energy, thus giving a 
recording/transmission ratio of 40:1, it being un 
derstood that any other practical transmission 
ratio may be used. The maximum possible re 
cording/transmission ratio is a function of equip 
ment design, and it is understood that the re 
cording/transmission ratios used by Way of ex 
annple are in no Way limiting in scope as to mini 
mum or maximum recording/transmission ratios 
which may be used in the practice of this inven 
tion. 

It is further understood that the maximum 
possible transmitter output power which may be 
obtained by the methods herein disclosed is a 
function of the vacuum tubes used, and of equip 
ment design, and that the examples cited are in . 
no way limiting in scope as to maximum possible 
transmitter output power which may be obtained 
by the methods disclosed by this invention. 
The above examples are for the purpose of 

illustrating some of the methods and means by 
which the broad purposes of the invention may 
be carried out and are not to be deemed aS re 
strictive in any manner. Other modifications 
and alternatives will occur to those skilled in the 
art without departing from the Scope of the in 
Wention as defined by the following claims. 

I claiml: 
1. The method of signaling, Which comprises 

the steps of recording within a limited time pe 
riod the intelligence to be transmitted on a mag 
netic sound track moving at relatively Slow re 
cording speed, reproducing said recorded signal 
at relatively high magnetic sound track Speed to 
produce a signal pulse of brief duration, convert 
ing said signal pulse into a pulse of ultraSonic 
energy, generating a control pulse, simultane 
ously transmitting said signal pulse and said con 
trol pulse to a receiver, causing said control pulse 
to render said receiver operative to record the 
received pulse on a magnetic sound track mov 
ing at a speed approximating. Said reproducing 
sound track speed at the transmitter, reproducing 
the pulse of energy so recorded and filtering the 
product of reproduction to recover the original 
intelligence. 

2. The method of signaling, which comprises 
the steps of simultaneously recording within a 
limited time period a control signal and the in 
telligence to be transmitted on a magnetic Sound 
track moving at relatively slow recording Speed, 
reproducing said recorded dual signal at rela 
tively high magnetic sound track speed to pro 
duce a pulse of brief duration, converting Said 
pulse into a pulse of ultrasonic energy, trans 
mitting said pulse of ultrasonic energy to a re 
ceiver, selecting the part of said ultrasonic pulse 
representing said original control signal, and 
causing the part so selected to render said re 
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ceiver operative to record the received pulse of 
ultraSOnic energy, recording said pulse of ultra 
Sonic pulse on a magnetic sound track moving at 
a Speed approximating said reproducing sound 
track Speed at the transmitter, reproducing the 
dual signal so recorded at a sound track speed 
approximating said recording sound track speed 
at the transmitter and filtering said reproduced 
dual signal to recover the original intelligence. 
- STANLEY ID. ELENEBERGER. 
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