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This invention relates to magnetic recording 
and reproducing, and it has among its objects 
improved novel magnetic recording and repro 
ducing methods and arrangements which are 
particularly useful for applications, such as time 
delay systems, although the various features of 
the invention are not limited thereto. 
The foregoing and other objects of the inven 

tion will koe best understood from the following 
description of exemplifications thereof, reference 
being had to the accompanying drawings 
Fylerei 

Fig. i. is a diagrannatic view of the circuits 
and the operating elements of an endless mag 
netic recording arrangement designed to supply 
artificial reverberation in accordance with the 
principles of the invention; 

Sigs, 2 to 4 are diagrammatic views similar to 
Fig. 1 illustrating other exemplifications of the 
invention: 

Fig. 5 is an elevational view illustrating the 
structural features of an endleSS tape magnetic 
arecording device designed in accordance with the 
principles of the invention; 

Fig. 6 is a top view of Fig. 5 with parts shown 
in Section; 

Fig. is an elevational view of the Switching 
unit associated with the recording device of 
Fig. 5; 

Fig. 8 is a side view of the Switching unit 
shown in Fig. 7; 

Fig. 9 is an elevational view of another form of 
endless magnetic recording device exemplifying 
another form of the invention; 

Fig. i0 is a side view of the devices shown in 
Fig. 9; 

Fig. 11 is a cross-sectional view allong line li — 
if of Fig. 10; 

Fig. 12 is a cross-sectional view along line 
f2-2 of Fig. 10; 

Fig. 3 is a perspective View illustrating the 
method of Winding the endless magnetic tape on 
the device of Figs. 9 and 10; and 

Fig. 14 is a perspective view illustrating the 
driving arrangement of the device shown in Figs. 
9 and 10. 
Time delay systems have been long known in 

the communication field. Thus, for instance, 
Mills Patent 1,647,242 describes how a time delay 
network consisting of inductances and condens 
ers may be utilized for supplying artificial re 
verberation in the reproduction of Sound for 
broadcasting, sound recording and the like. It 
has also been long recognized that if a longer 
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time delay, for instance, of the order of 4 of a 
second or more is required, time delay systems, 
formed of electric network elements only, are 
very expensive and bulky particularly if used in 
the lower frequency range, such as at audio 
frequencies, requiring magnetic core inductances. 

It has also been suggested that under condi 
tions requiring Such longer time delays, Sound 
recording should be used instead of electric net 
work elements as the time delay medium. Thus, 
for instance, Arnold Patent 3,859,423 proposes 
the production of reverberation effects by re 
cording the Sound and reproducing the record 
with a plurality of pickups located at closely suc 
ceeding intervals along the sound record track 
and controllably attenuating and combining the 
outputs of the pickups. So as to reproduce the 
recorded Sound with delayed echo and reverbera 
tion effects. 
Although disc recording and other long known 

Sound recording media, Such as Yagnetic record 
ing, which enable instantaneous playback of re 
corded sound, make it possible to add artificial 
reverberation effects to sound sequences, prior 
efforts to use Sound recording for applications, 
Such as artificial reverberation Systems, never 
came into use because the discontinuity between 
the end and beginning of a Sound track formed 
on such recording medium make it impossible to 
use such time delay systems for supplying the 
reverberation effects during prolonged continu 
oUS periodiS. 
Although an endless magnetic recording tape 

might have seemed to be useful as a continuously 
operating sound recording medium suitable for 
artificial reverberation systems, the discontinuity 
at the junction or the soldering point which has 
to be provided in order to join the ends of a 
length of magnetic tape into an endless tape 
would, on passing through the large number of 
closely spaced playbacks required to supply the 
prolonged artificial reverberation time delay 
effects, induce in each playback head disturbing 
high electric potentials, thereby introducing into 
the playback reverberation channel a series of 
disturbing clicks. As a result, such endless mag 
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netic recording tape proved heretofore to be 
Without practical value as a reverberation med 
ium because the desired reverberation effect was 
being destroyed by the repetition of prolonged 
click disturbances. 
To overcome the difficulties brought about by 

the discontinuity in the sound tracks of disc and 
magnetic recording media, efforts have been made 







4. 
down to 30 decibels only, dispensing with addi 
tional playback heads that would be required in 
order to attenuate the original signal to full 60 
decibels, 
An endless tape magnetic recording time delay 

machine designed for Supplying artificial re 
verberation may also be used for producing artifl 
cial echos or other sound effects. Thus, by pro 
viding an endleSS magnetic tape recording Ina 
chine designed for supplying artificial reverbera 
tion with one or more recording heads located a 
distance ahead of the reWerberation recording 
head used for producing artificial reverberation 
by a distance corresponding to the desired echo 
time, such machine will operate as an echo ma 
chine if the additionally provided recording 
heads are used in lieu of the reverberation record 
ing head. For instance, if an echo effect of one 
second is desired, the additional recording head 
is displaced relatively to the first of the succes 
sion of playback heads used for producing artifl 
cial reverberation by a distance corresponding to 
One second. 
When using Such endleSS magnetic tape record 

ing device for producing echo effects, the limita 
tions with regard to the exponential attenuation 
of the successive pickup heads do not apply, and 
the ratio of the output level of the playback 
heads relatively to the recorded signal may be So 
chosen as to give the desired echo or other Sound 
effects. 
The output channel of the playback heads used 

for producing reverberation, echo and other 
Sound effects may be provided With Suitable fre 
quency discriminating netWorkS SO as to Inake it 
possible to modify the frequency characteristics 
of the output in any Well knoWn Way. 
An endless nagnetic tape reverberation equip 

ment of the invention permits ready change of 
the reverberation tine and imay be operated to 
supply a short reverberation time, for instance, if 
the voice of a singer is to be transmitted, and a 
longer reverberation time, for instance, if the 
music of an orchestra, accompanying the singer is 
to be transmitted. In such case, One inicrophone 
setup Inay be used for picking up the Voice of 
the Singer, and another microphone setup inay be 
used for picking up the music of the orchestra, 
and two different reverberation effects, one With 
a shorter reverberation time and Cne With a 
longer reverberation time, are combined with the 
outputs of the two microphone setupS. 
A single endless magnetic tape driven by a 

single motor drive system may be used for Operat 
ing one or more of such reverberation systems 
operating with different reverberation times. 
An endless magnetic tape recording equipment 

exemplifying one practical form of a time delay 
arrangement which in actual Operation proved to 
be very effective in Supplying a perfect illusion of 
actual reverberation, is illustrated diagram 
matically in Fig. l. In the form shown, a micro 
phone MC, representing a setup of several micro 
phones, impresses its electric output, generated 
by the Sound to which it is exposed, into electric 
energy impressed through input lead 2 on the 
input side of a pre-amplifier IA. The pre-am 
plifier IA. impresses the amplified microphone 
output through a direct channel lead 22 by Way 
of an intermediate constant impedance attenua 
tor 23 and an attenuator decoupling network 
ATC- to an output, lead 24 which is connected, 
for instance, to a nodulator transmitter equip 
nent MOTR of a broadcasting station, So as to 
transmit a radio broadcast modulated by the 
Sound to which the microphone MC is exposed. 
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2,327,956 
In addition, the pre-amplifler IA also im 

presses the amplified microphone output through 
a reverberation channel lead 25 on a time delay 
or artificial reverberation equipment RE, the 
Output of which is impressed on amplifier PMA, 
the output of which is impressed through a re 
verberation channel output lead 26 and a con 
Stant impedance amplifier 2 connected in Series 
With an attenuator and decoupling network 
ATD-2 on the common output lead 24, so that 
the radio broadcast transmitter shall be modu 
lated by the combined output of the direct trans 
mission channel and the reverberation trans 
Inission channel. 

In the form shown, the time delay or reverber 
ation equipment RE comprises an endless mag 
netic tape 3 driven by a guide roller 33 engaging 
a portion of the tape and driven by a suitably en 
ergized electric motor 34, for instance, so as to 
impel the tape 3 at a uniform speed, for instance, 
in clockwise direction indicated by an arrow. The 
endless magnetic tape recording arrangement 
is preferably of the type disclosed in my co 
pending application Serial No. 197,851, filed 
March 24, 1938 as a continuation-in-part of my 
application Serial No. 82,962, filed June 1, 1936, 
Which will issue as Patent 2,224,854, or it may be 
of the type disclosed in my copending applica 
tion Serial No. 359,177, filed September 23, 1940. 
An endless magnetic recording medium, such 

as the tape SA, has to be formed by joining the 
ends Of a long tape of magnetic Steel, through 
Soldering, for instance, at a soldering junction 35, 
although the various features of the invention 
are not limited to an endless magnetic tape of 
this particular material. The endless tape is 
guided and driven at a uniform speed and, in 
the form of arrangement shown, three sets of 
obliterating and recording heads OA, OB, OC, 
RA, RB, RC, respectively, are placed a long dif 
ferent Sections of the endless tape So that upon 
Sa SSing through the magnetic heads OA, RA, a 
new signal Will be recorded thereon by the re 
COrding head RA, and after an interval, upon 
passing through the obliterating and recording 
heads, OB, FRB, another signal will be recorded 
thereon by the recording head RB, and after a 
further interval, another signal Will be similarly 
recorded thereon by the magnetic head R.C. 
As explained hereinabove, to produce the de 

sired artificial reverberation effect, a set or ar 
ray of playback heads has to be placed following 
One of the recording heads, such as RA, so that 
the recorded signal shall be reproduced by the 
successive playback heads with Successively 
greater time delayS. For instance, assuming 
that a series of Successive time intervals are in 
dicated in Fig. 1 by the distances between a series 
of time interva double-dot dash lines - to 
T-25, extending transversely to the indicated 
directions of the motion of the tape, and a set 
of playback heads P to P4, such as indicated 
On the drawings is placed successively in the 
direction of the motion of the tape immediately 
following the recording head RA, the Successive 
playback heads will reproduce the recorded sig - 
nal with a successively greater time delay repre 
Sented by the distance of the successive time 
interval lines TI.- to T-25 from the Zero line 
T-0. 
ACCOrding to One phase of the invention, the 

Same effect is obtained by distributing the set of 
time-delay playback heads Pli to P 4 into a num 
ber of subgroups or subarrays, for instance, as 
shown, in three subgroups, and arranging them 
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so that, with the three recording heads RA, RB, 
RC recording simultaneously the same signal, the 
signal recorded by the recording head RA is re 
produced only by the playback heads Pi, P2, Pl, 
P8, Pf2 with time delays indicated by the time 
interval lines I-, T-2, T-7, T-8, I-7; 
that the signal recorded by the recording head 
RB is reproduced only with the playback heads 
P3, P4, P9, Pi), P3 so that they play back with 
tirie delays indicates by the time interval lines 
T-3, T-4, T-S, TE- 0, 'Il-2 ; and that the 
signal recorded by the recording head RC is re 
produced only by the playback heads P5, PG, PC, 
FA with tine deiays indicated by the time in 
terva ilines T-5, -6, TI-3, "-25, the com 
bined output of all playback heads Pl to Piå 
being equivalent, to that obtained if all playback 
heads are placed so that they reproduce the 
signal, for instance, recorded by the head RA, 
with the indicated Successively greater tinie die 
lays --S to ''--25. Taking the tine interya. 
represented by tie distance between lines - 
and - as 20th of a Secondi, the array of the 
tine intervals - to T-5 represents the time 
intervals of & practical reverberation equipe. 
ment which proved. Successful in actual opera 
tion. 
Such distribution of the playback heads along 

different endless inagnetic tape sections for co 
operation. With different recording heads so as 
to reproduce the same signal with successively 
greater time delays, or, in general, to give the 
same overall effect as if all the playback heads 
were arranged to reproduce the signal of a single 
recording head, has many advantages, 
Thus, the frictional forces exerted by the pole 

pieces of the playback heads are distributed on a 
greater length of tape and thereby reduces the 
strain imposed on the tape, and keeping below 
the magnitude that would impair its magnetic as 
well as mechanical properties. 
This arrangement, makes it also possible to 

impart independent driving forces to each tape 
section passing through the individual magnetic 
heads, for instance, by applying the force of 
a driving roller to each of the sections of the 
tape passing through the different subgroups of 
playback heads, thereby reducing the total driv 
ing tension which has to be imposed upon the 
tape. . 

Furthermore, the greater spacing with which 
the successive playback heads of each subgroup 
have to operate enables also closer spacing of 
the playback heads of each subgroup, or a larger 
number of playback heads for producing the 
same overall time delay effect than could be pos 
sible otherwise, and thus makes it possible to re 
duce the time delays between the outputS of the 
successive heads of the sequence and give better 
blending of their outputs. With the greater 
spacing between the successive playback heads 
thus made possible, the problem of mechanical 
mounting of the playback heads and their 
crowding, is eliminated. 
The foregoing advantages apply to the dis 

tributions of the several subgroups of playbacks, 
either on different sections of a single endless 
magnetic tape, or on several distinct endless mag 
netic recording tapes moving at the desired Speed, 
or different speeds. In addition, such distribu 
tion of the magnetic playback heads makes it 
possible to decrease the disturbing effect of the 
soldering joint discontinuity on the reverbera 
tion supplied by the equipment. Each of the ar 
ray of time-delay playback heads forming part 
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5 
of such reverberation equipment, is associated 
with a suitable attenuator so that the output 
component derived from each playback head has 
the proper exponential in decay relation with re 
spect to the output component supplied by the 
preceding playback head, suitable decoupling 
means, such as decoupling resistors, being con 
bined with Such attenuator so as to prevent the 
output of one playback head from becoming im 
preSSed on another playback head and ringing 
about a recording of the impressed signal. 

In the practical form of reverberation equip 
ment illustrated in the drawings, it was found 
Sufficient to provide a single attenuator unit for 
the playback heads which operate with a smaier 
time delay. Thus, as shown, the pairs of play 
back heads P --P2, P3-P4, P5-P6, P-P8, 
P9-P 0, which operate with shorter time delay 
intervals, are connected in series to the attenua 
tor units A. 2, A34, A56, A78, A90, respectively, 
while the playback heads P. to PA, which oper 
ate with larger time delay intervais, are each 
connected to a separate attentuator unit A à3, 
Af, A2, A25, respectively, 

Each attenuator unit is provided. With a E. adio 
justable rheostat element 3 connected in Serie:S 
with a decoupling resistor 38, which are so pro 
portioned that the fraction of the output voltage 
of the playback heads applied to the rheoStati 
elements 3 of the successive playback heads A2 
is attenuated to a greater degree With generally 
exponential characteristics in the Way indicated 
by the increased length of decoupling resistor 
elements 38 of each attenuator unit. 
Warious Ways may be used for combining the 

outputs of the successive time delay playback 
heads, for instance, by decoupling networks in 
terconnecting the various heads. If all the play 
back heads reproduce the signal recorded by a 
single recording head, the attenuators of all the 
playback heads may be interconnected so as to 
add fractions of their outputs in series and con 
bine them in the Way indicated in the drawings, 
the So-combined or mixed outputs of all the 
playback heads cooperating with the same re 
cording head being applied to an input stage of 
the playback amplifier PMA. 

In an arrangement, such as shown in Fig. 1, in 
which the array of playback heads required for 
producing the overall reverberation effect is seg 
regated into a plurality of groups, cooperating 
with different tape Sections, each associated with 
a separate recording head, the combined attenu 
ated output of the playback heads associated with 
the individual different recording heads may in 
dividually be impressed on a different input am 
plifier stage 40-A, 40-B, 40-C, So as to form 
separate channels in the way shown. The out 
puts of the three input amplifier stages 40-A, 
40-B, 40-C of the three channels, are suitably 
mixed and further amplified, for instance, by 
the playback and mixing amplifier PMA. 

In combining the Outputs of the three tubes 4, 
it is important to make it impossible for the out 
put of one channel to modify the operation of the 
other channel. Any arrangement which com 
bines the output of the three channels with suit 
able decoupling means may be used for this pur 
pose. In the arrangement shown, the output cir 
cuits of the three tubes are coupled through in 
dependent transformers, the secondaries of which 
are connected in Series and are feeding into the 
mixing amplifier PMA. In order to eliminate 
any interference between the microph0ne ampli 
fier IA. On one hand and the pickup mixing am 



6 
plifier on the other hand, decoupling attenuator 
networks are provided in the direct channel and 
in the reverberation channel. The pickup mix 
ing amplifier PMA is equipped with a frequency 
discriminating network or tone control So as to 
give the reverberated signal any desired frequency 
response, thus being able to simulate sound ef 
fects in a reverberated hall having walls of dif 
ferent sound absorbing and sound reflecting char 
acteristics, such as a large church with a dome, 
or a large auditorium. 
As shown in Fig. 1, the input stage of such an 

plifier may comprise, for instance, an amplifier 
tube 4 having a cathode 42, an anode and a 
control grid 44, the cathode being shown, for 
instance, connected through a Self-biasing re 
sistor to a ground lead G, and the control grid 44 
being connected by way of a Conventional Cou 
pling condenser to the input lead 46 which im 
presses thereon the combined properly attenuat 
ed outputs of the several time-delay playback 
heads. 
Since in the arrangement shown in Fig. 1, the 

array of playback heads P to P4 is divided into 
subgroups, each subgroup cooperating with a sep 
arate recording head RA, RB, RC, respectively, 
three similar input amplifier stages are provided, 
and the control grid 44 of each tube is similarly 
connected to the serially connected output taps 
of the attenuator units associated with the re 
spective groups of playback heads, the low po 
tentia side of the rheostat element 3 of the at 
tenuator unit A2, A34, A56 associated with the 
playback heads of each subgroup Supplying the 
greatest output component being shown grounded 
to complete the input circuit for each input 
amplifier stage. 
As explained hereinabove, the discontinuity, 

such as the soldering junction 35, which has to 
be provided in each endless magnetic tape, pro 
duces a succession of high voltage impulses as 
it passes through the relatively large number of 
successive magnetic heads required to supply ar 
tificial reverberation, thereby impressing on the 
playback channel a prolonged disturbance that 
has heretofore made it impossible to use an end 
less magnetic recording tape as a time delay me 
dium for artificial reverberation or the like. 
By using a long endless magnetic tape so that, 

during each complete endless tape cycle, a long 
interval will pass before the Soldering point passes 
through the magnetic head, its disturbing effect 
is rendered less objectionable. In addition, ac 
cording to the invention, the disturbing effect 
impressed by the soldering junction of an end 
less magnetic recording tape on the playback 
channel is suppressed by providing automatic 
means for momentarily cutting of the Outputs of 
the playback heads without disturbing the over 
all operating results desired from the equipment. 

In the arrangement shown, at a point of the 
endless magnetic tape 3 which passes the play 
back heads somewhat later than the soldering 
joint, is provided a depression 39 cut, for in 
stance, along the edge of the tape, and a Switch 
5 placed along the path of the motion of the 
tape is arranged to be actuated by the depression 
to a position in which it momentarily cuts off the 
output of the playback heads and prevents the 
electric disturbance induced in the playback 
heads by the soldering joint 35 from being in 
pressed on the playback amplifier. 
Various arrangements may be utilized for car 

rying out such control operation in response to 
the operation of such cutoff unit. In the ar 
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rangement shown, a point between two series grid 
resistors 52, 53 is connected through a resistor 
4 to one contact of the switch 3, the other con 

tact of which is connected to a source of nega 
tive blocking Woltage, indicated by a minus ter 
minal of the playback amplifier PMA, so that 
when the cutoff switch 5, which is normally in 
the Open position, is momentarily released by the 
tape depression to its closed position, it in 
stantaneously applies a negative blocking poten 
tial to the control grid 44 of the amplifier stage 
and instantaneously cuts of the amplifying ac 
tion of the amplifier tube 4. 
The network through which the negative block 

ing potential is applied to the control grid 44 in 
cludes also a condenser 55, and the elements of 
the network SO formed are so proportioned that 
when switch 5, after momentarily closing and 
applying the blocking potential and cutting off 
the gain of the amplifier stage 4, is immediately 
reopened, the blocking potential is not immedi 
ately removed from the control grid 44 of the 
anplifier tube , but is only gradually decreased 
as the charge On the condenser 55 leaks through 
the resistors 52, 54, so as to gradually restore the 
effectiveness of the input amplifier stage, while 
the soldering point 5, having already noved past 
the first group of playback heads, is still passing 
through the remaining playback heads, 

However, since the playback heads which are 
farther away from the recording head contribute 
Only a minor fraction of the output level com 
pared to the contribution of the first few mag 
netic heads through which the soldering point 
has moved while the amplifier stage was com 
pletely cutoff, the gradual increase in the gain 
of the amplifier stage will not be sufficient to 
cause any disturbing effects while the soldering 
point is passing through the last few heads, be 
cause the amplified disturbing signal outputs of 
these last few heads has negligible effect com 
pared to the amplified signal level derived from 
the first few heads, which operate with the least 
amount of attenuation. 

In other words, while the soldering joint passes 
the first few reproducing heads which contribute 
most of the channel output required for creating 
the artificial reverberation effect, the amplifier 
is cutof, and as soon as the soldering joint 
reaches the heads which contribute only a small 
er portion of the channel output, the normal galn 
of the amplifier is gradually restored. 

In the arrangement described above, a depres 
Sion along the edge of the tape located back of 
the Soldering joint is arranged to operate a con 
trol element located along the edge of the tape 
So that the depression actuates the control elle 
ment to operate for a split second and by so doing 
apply a blocking potential to an amplifier which 
instantaneously stops amplification and reduces 
the gain to Zero, in combination with a time de 
lay means, which becomes effective immediately 
after gain was cutoff to gradually restore the gain 
at a rate which assures that the synthetic re 
verberation effect is cutoff only for a negligibly 
short time and is restored so quickly that the mo 
mentary absence of the reverberation effect is not 
noticeable at all. 

In the arrangement shown, the individual rheo 
stat 37 of the attenuator units Af2 to A25 associ 
ated with the individual playback heads may be 
provided either with a slider tap or with indi 
vidual Switch taps so that they may be controlled 
all as a unit, and that the attenuation of all the 
attenuator units associated with the playbacks 
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may be simultaneously increased or decreased by 
operating a single actuating element, such as a 
handle or push button. 

All the rheostat taps of all the playback heads 
are arranged to be controlled in common so as to 
permit simultaneous varying of the attenuation 
tension of the outputs of the different playback 
heads, but nevertheless keep their different at 
tenuation levels in the proper exponential rela 
tion. By moving them all at the same time in one 
direction or in the other direction, the reverbera 
tion time may thus be increased or decreased. 
Instead of operating them by a continuous move 
ment, they may be operated by push buttons, 
marked, for instance, 4 second, 2 second, 9% sec 
ond, second and 2 seconds. 

Alternatively, sufficient illusions of a different 
reverberation time can be obtained without actu 
ally changing the attenuation of the outputs of 
the individual playback heads, but by adjusting 
the reverberation equipment as a whole to give a 
long reverberation time and changing the level 
ratio of the direct channel Output through lead 
22, with relation to the reverberated channel out 
put through lead 26. While this procedure is mot 
in accordance with more strict theoretical con. 
siderations, it has been found that the illusion is 
generally satisfactory for broadcasting applica 
tiOS. 
In the arrangement of Fig. 1, such attenuation 

mixers are shown at 23 and 27 by combining 
in each a constant impedance attenuator con 
nected in the direct channel with a constant im 
pedance attenuator in the reverberation chan 
nel, and Operating then manually so that while 
the attenuation is increased in one channel, it 
is decreased in the other channel. 
The endless magnetic tape recording arrange 

ment of the type shown in Fig. i may be also 
utilized for providing a plurality of independent 
reverberation channels, for instance, one rever 
beration channel for supplying one type of rev 
erberation to a singer, another type of reverbera 
tion to the orchestra music and another type of 
reverberation to a choir. It is merely necessary 
to provide each tape section, such as shown in 
Fig. 1, with a full complement of magnetic play. 
back heads, so that each of the three tape sec 
tions having its own recording head RA, RB, RC, 
respectively, operates with a full array of play 
back heads P, P2, P3 . . . Pf3, PfA, as an inde 
pendent complete reverberation channel, the 
combined output of all the playback heads of 
each independent channel being impressed upon 
the initial amplification stage, such as shown at 
40-A, for instance, of its own individual play 
back amplifier equipped with its tone control and 
other accessories. The outputs of the ampli 
fiers of each playback channel so formed are 
then properly combined through a suitable mix 
er and impressed in the desired proportions on 
the output lead 24, as described above. 
The acoustic characteristic of a room are de 

termined by its reverberation time. This re 
verberation time depends upon the acoustical 
treatment of the Walls, floors, ceiling, furniture, 
and other object in the room. If more sound 
absorbing material is used on the walls, ceiling, 
etc. of the room, its reverberation time will be 
shorter, and the acoustic liveliness of the room 
is considerably reduced. 

In many cases, it is desirable to have flexible 
room acoustics, particularly if performances of 
different character take place in the same room, 
for instance, public meetings, concerts, theatri 
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cal performances, since music requires different 
reverberation time than intelligible Speech. In 
order to modify the reverberation time of a room, 
some of the radio broadcasting studios have to 
be built with movable walls and special curtains 
having high sound absorbing qualities. To 
change the acoustic liveliness of such studio, the 
physical dimensions of the room are changed, 
and the curtains are raised or dropped. This is 
not only complicated, but requires time. It ade 
dition, such studios are expensive to build and 
their layout is complicated, and their adaptabi 
ity to different conditions is limited. 
According to the invention, an endless mag 

netic tape time delay recording arrangement of 
the type shown in Fig. 1 is utilized for varying 
the acoustics of a room, such as radio broad 
casting studios, without in any way changing its 
physical dimensions or resorting to furniture 
treatment, curtains or the like. The invention 
is based on the following considerations: The 
acoustic liveliness of a room depends on the 

25 

30 

40 

45 

50 

55 

60 

65 

75 

Sound reflected from the walls, ceiling, floor and 
other objects in the room. If the walls, ceiling . 
and other objects of the room absorb 100% of 
the Sound energy, the room is completely sound 
diead. 

in accordance with the principles of the inven 
tion, a room which is substantially sound dead 
is provided With different Sources of sound, such 
as loudspeakers, distributed at different points of 
the room and operated by a time delay sound 
recording arrangement so as to reproduce sound 
from a Source, such as microphones suitably lo 
cated in the room, an effect that would be pro 
duced in Such a room if the room would be of 
different dinnensions or have different wall treat 
ment. Sound from a sound source placed in a 
room equipped With such artificial acoustic Sys 
ten will travel in all directions until it reaches 
the boundaries of the room where it will be com 
pletely absorbed, but at the same moment the 
sound delay recording system to which the loud 
Speakers, distributed along the walls of the room, 
are connected, Will reproduce sound of the de 
sired reflected character, such as would be pro 
duced by the Source in a room of different di 
mensions having a special acoustic treatment of 
its interior. 
The loudspeakers for producing the illusion 

of an acoustically alive room are distributed 
around the Walls and the ceiling, and at least one 
loudspeaker is placed in the neighborhood of 
the Source of Sound where, for instance, the 
microphone setup is placed. The microphone or 
microphone setup is connected through suitable 
amplifiers to a number of time delay sound re 
cording channels, and these sound delay chan 
nels are connected to the individual loudspeak 
ers, the individual channels being provided with 
frequency discriminating and attenuating net 
WOrks So that the individual loudspeakers repro 
duce the Sound so that the overall sound i deliv 
ered from the loudspeakers has the same char 
acter of reverberated acoustic energy. 

In other Words, the reverberation channels 
connected to the different loudspeakers are so 
designed and arranged as to deliver through the 
loudspeakers sound which, when blended, will 
create in the room the illusion of the selected 
desired character of liveliness. Thus, a room 
provided with an artificial acoustic treatment 
System of the invention may be given acoustic 
characteristics of a big church or a very small 
intinate room. It is merely necessary to know 
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the reverberation time of the particular church 
and the particular small room, and adjust the 
electrical control elements of the reverberation 
channels to operate with the same reverberation 
time, and supply the loudspeakers with an out 
put having the same frequency characteristics, 

Fig. 2 illustrates diagrammatically and in sim 
plified form one exemplification of an artificial 
room acoustic system. A room 60, having sound 
dead interior walls, is provided with a loud 
speaker R0 located near the source of sound, for 
instance, a speaker, next to whom a micro 
phone MC is placed, and several groups of loud 
speakers Ref, R2, R3, etc. are distributed a long 
the walls of the room. 

In the arrangement shown, it is assumed that 
the microphone MC is located at the source of 
sound. The loudspeakers R2 are shown located 
along points of the wall which will be reached 
by sound from the source in two time intervals re 
quired for the sound to reach the loudspeakers 
R, and three such time intervals will be required 
for the Sound to reach the location of the loud 
speakers R3. There is also provided a magnetic 
recording time delay arrangement comprising 
an endless magnetic tape 32, Such as shown in 
Fig. 1, driven at a uniform Speed in clockwise di 
rection, for instance, past an obliterating head 
OA, a recording head RA, and a succession of 
playback heads P to P4, for instance, so that 
the playback heads reproduce with a series of 
time delay intervals the Sound recorded by the 
recording head, which is shown connected to an 
output lead 25 from an amplifier IA, the input 
lead 2 of which is connected to the microphone 
MC. 
The magnetic recording arrangement operates 

similar to that described in Fig. 1, and is provided 
with a cutoff switch 5 for momentarily cutting 
of the output of the playback heads at the mo 
ment the soldering junction 35 reaches the first 
playback head. Since the several sets of loud 
speakers R, R2, R3 are shown symmetrically 
located in the room, the reverberation effect of 
the room will be Symmetrical, and it is sufficient 
to Operate each of the groups of loudspeakers 
from the same energy source. 
The loudspeaker RO which is located adjacent 

the sound source, should be supplied directly 
with unmodified amplified energy representing, 
in effect, the usual public address System loud 
speaker. The three groups of loudspeakers R., 
R2, R3, are supplied through three different re 
verberation channels which may be designed to 
have the same reverberation time, but they 
should distinguish from each other as follows: 
The group of loudspeakers R, which are closest 
to the sound source, should reproduce the sound 
with a time delay corresponding to the time in 
terval required for the Sound of the sound source 
to reach them. The loudspeakers R2, which are 
Spaced from the Source by a time interval that 
is twice greater, should reproduce the sound 
with a twice greater time delay interval, and the 
loudspeakers R3 with a three times greater time 
delay interval. Assuming, for instance, that the 
Sound has to travel from the Sound Source to 
the speakers R 80th of a second, to the speak 
ers R2 Anth of a second and to the Speakers R3 
4th of a second, the speakers R will be supplied 
through different reverberation channels corre 
sponding to these requirements. 

According to the invention, the output of the 
individual playback heads of an endless magnetic 
tape time delay recording device designed for 
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supplying artificial reverberation, for instance, is 
utilized for Supplying different reverberation 
channels with time delayed playbacks of the re 
corded sound, each channel being independently 
controlled to Operate with different reverberation 
characteristics. 

In orderto produce the efect of the three dif 
ferent reverberation channels, it is merely neces 
Sary to combine fractions of the output of the 
successive playback heads P to P4 which repro 
duce the signal recorded by the recording head so 
as to operate in the same way as if three separate 
sets of playback heads were used for providing 
three different reverberation channels, in the 
way described in connection with Fig. 1, for in 
stance. Thus, assuming that the time delay in 
terval between the successive playback heads P. 
to P4 is 30th of a second, then for supplying 
the reverberation effect required for the loud 
Speakers R., a component of the output of all 
the playback heads should be combined; for sup 
plying the reverberation effect required for the 
loudspeakers R2, a portion of all the playback 
heads, except the first one, should be combined; 
and for Supplying the reverberation effect re 
quired for the loudspeakers R3, a portion of the 
output of all the playback heads, except the first 
three playback heads, should be combined. 
Various known ways may be used for supply 

ing a portion of the output of the same playback 
head to different amplifier or reverberation chan 
nels, while assuring that no energy is fed back 
to the playback head. In the arrangement 
shown, the outputs of the various playback heads 
are combined without using special decoupling 
networks by providing the pole piece of each 
head with a plurality of distinct windings and 
connecting then into different channels with the 
properly gradated attenuation to produce the 
desired reverberation effect. 

In the arrangement shown in Fig. 2, the three 
Sets of loudspeakers R, R2, R3 are connected 
to three output leads 6f 62, 63 of the three 
playback amplifiers PB-f, PB-2, PB-3, on 

5 the inside of which is impressed the input of 
three different reverberation channel leads 
46-A, 46-B, 46-C, respectively. As shown in 
Fig. 2, each playback head P1 to P 4 has a pole 
piece interlinked with three output coils i , T2, 
73, each connected to an attenuator unit formed 
of an adjustable rheostat element 37 and a de 
coupling resistor 38 designed so that the output 
applied to the resistance element of the Succes 
sive heads is exponentially attenuated relative 
ly to the preceding playback head. 

In order to supply the reverberation channel 
lead 46-A with the required reverberation ef. 
fect output, the rheostat elements 3T connected 
to the playback coil f of all the playback heads 
are interconnected in series to the playback am 
plifier channel lead 46-A. Similarly, in order 
to Supply the required reverberation effect to 
the loudspeaker R2, the rheostat elements 37 
connected to the coil 72 of all the playback 
heads, except the playback head Pl, are con 
nected to serially combine their output and im 
press it on playback channel lead 46-B; and 
the rheostat elements 37 connected to the coil 
3 of all playback heads, except the playback 
heads P, P2, P3, are connected to additively 
impress their Output on the playback channel 
lead 46-C leading to the playback amplifier 
PB-3. Each playback amplifier PB- to 
PB-3 may be provided with a suitable tone con 
trol arrangement TC and an attenuation con 
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trol arrangement AC, so as to permit amplifica 
tion and adjustment of the characteristics of 
the amplified output impressed on the loud 
speakers so as to produce the desired acoustic 
effect. 

Instead of using an arrangement of the type 
described in Fig. 2 for operating a plurality of 
different reverberation channels for supplying 
artificial acoustic treatment to a room, the dif 
ferent reverberation channels may be used, for 
instance, for supplying one type of reverbera 
tion characteristic to the voice of a singer, the 
other to the music of the orchestra, another to 
the choir, in lieu of three separate reverbera 
tion channels, as described in Fig. 1. 

Fig. 3 illustrates diagrammatically an ar 
rangement using different reverberation chan 
nels REA, REB, REC operating with a single 
endless magnetic tape 32 for supplying differ 
ent reverberation effects to different groups of 
loudspeakers Rí, R2, R3 used, for instance, for 
giving to a room, such as shown in Fig. 2, the 
desired acoustic treatment, the arrangement of 
Fig. 3 operating in the same way as that in Fig. 
2, except that each reverberation equipment 
REA, REB, REC is equipped with a recording 
head and a full complement of playback heads, 
such as described in connection with Fig. 1, for 
independently producing any desired reverbera 
tion effect or other time delay effects with a sin 
gle endless magnetic tape recording System. 
When using arrangements, such as shown in 

Figs. 2 and 3, for supplying artificial acoustic 
treatment to a room, the distances between the 
playback heads are So arranged as to operate 
the different loudspeakers or Sound reproducers 
with a time delay relatively to the source cor 
responding to the time required for the sound 
to travel from the source to the location of the 
loudspeakers. However, in many cases, for in 
stance, if special sound effects are desired, the 
sound delay supplied by the magnetic recording 
arrangement may be made greater than the ac 
tual time required for the Sound to travel from 
the source to the particular part of the room. 
It is thus possible to give a room artificial acous 
tical enlargement. 
Although for ideal conditions, the room 

should be practically sound dead, it will not be 
necessary in practice. Thus, if the room has a 
relatively small reverberation time, the acoustic 
effects added by time delay recording arrange 
ments described in connection with Figs, 2 and 3 
may be only used to add acoustic liveliness or 
other desired acoustic characteristics to a room. 
An endless magnetic tape recording device of 

the type designed in accordance with the prin 
ciples of the invention to operate as a time delay 
medium, in the way described in connection 
with Figs. 1 to 3, is also ideal for supervising the 
transmission of messages, for instance, broad 
casts, to prevent dissemination of improper in 
formation, such as of war secrets during news 
broadcasts in wartime. An arrangement of 
such type exemplifying one form of the inven 
tion is shown in Fig. 4. - 
A source of signal energy, such as a micro 

phone MC, delivers its output to an amplifier 
IA, the output of which, instead of being im 
pressed directly on a modulator and radio 
broadcast transmitter TR, is supplied to a re 
cording head 4-R of an endless magnetic re 
cording arrangement shown in the form of an 
endless magnetic tape 3 driven at uniform 
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9 
speed in clockwise direction, for instance, in the 
way described in connection with Fig. 1. 
The signal recorded on each element of the 

moving endless tape remains thereon until, after 
a full operating cycle of the endless tape, it 
reaches a playback head 4-P, the output coil 
of which is connected to the modulator and ra 
dio broadcast transmitter TR, so as to bring 
about the broadcast of the message from the mi 
crophone in the same way as if it had been di 
rectly Supplied to the radio broadcast transmit 
ter. An obliterating head 4-O, shown in the 
form of a permanent magnet, is placed between 
the recording head 4-R and the adjacent main 
pickup head 4-P, so that each element reach 
ing the recording head is ready to receive a new 
recording. 
The equipment for Supervising or censoring 

the transmitted message is shown as consisting 
of two censoring stations CA, CB, although more 
stations may be provided. Each censoring sta 
tion is provided with a set of four push button 
switches K, L, IL2, IL3, and with headphones 8, 
8, signaling lamp 82 and auxiliary Switching ele 
ments for performing the various operations as 
explained hereinafter. 
Upon actuating the push button Ll of each 

station, the headphones 8 of the station are 
connected to an output lead 83 from the ampli 
fier .A, so as to enable the censor to listen to 
the transmitted message as it is being recorded 
On the endless magnetic tape 3 for subsequent 
transmission, after the time delay determined by 
the recording length of the magnetic tape, for 
instance, one minute, to the radio broadcast 
transmitter TR. Upon releasing the push 
button Ll, and actuating the push button L2, 
the censor at each station may connect his head 
phones to the output lead of a playback ampli 
fier AM- upon which is impressed the output 
of a playback head located on an intermediate 
portion of the tape so as to enable the censor, if, 
after listening to the transmitted message, he 
realizes that it contains objectionable matter, 
to pickup the starting phrase of the message so 
as to enable him to cancel the entire objection 
able message before it can be transmitted from 
the main playback head 4-P to the radio broad 
cast transmitter TR. 
After having thus picked up the starting 

phrase of the objectionable message, the censor 
has merely to release the push button L2, and by 
actuating push button L3, connect his head 
phones 8 to the output lead from amplifier 
AM-2 which amplifies the output of a third 
playback head 4-P3 placed a distance ahead 
of the main playback head 4-P, and as soon as 
he hears the initial phrase of the objectionable 
message, he has merely to push button K which 
Completes a circuit sending an obliterating cur 
rent to the obliterating head 4-O3 placed ahead 
of the playback head 4-P, thereby cancelling 
the message recorded on the tape and preventing 
its transmission when the elements of the tape 
on which it was recorded pass through the main 
playback head 4-P. 
In order to make such censoring system effec 

tive, at least two censoring stations, such assin 
dicated at CA, CB, must be provided so that 
while one censor traces an objectionable message 
and attends to its being cancelled, the other 
censor may attend to the censoring of the fur 
ther part of the matter that is being broad 
casted. Under normal transmission of a broad 
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cast, only one censor has to watch the transmis 
sion of the broadcast. 

In order to indicate to the censor that it is 
his duty to listen in, the signaling lamp of the 
proper station, for instance, station A in the 
case shown, is lighted by a circuit completed 
through the contact of a stepping switch 86 
having an operating coil 8, which, upon ener 
gization, advances the contact of the stepping 
switch one step, thereby cutting out the signal 
lamp of station A and lighting up the signal 
lamp of station B, indicating to the censor of the 
latter station that it is his duty to watch the 
transmitted message by closing his push button 
switch L. 
With this arrangement, censor A, whose sig 

naling lamp 82 is lighted and has his push button 
Ll operated to listen to the transmitted message, 
on noticing that the message contains objection 
able matter, merely releases the push button Lif 
and actuates the push button I2, which inne 
diately connects his headphones to the inter 
mediate playback head 4-P2 for enabling him 
to pick up the starting phrase of the objection 
able message. On closing his push button Switch 
L2, the censor at station A also completes a cir 
cuit including the normally closed contacts of 
the two auxiliary relays 88, 89 to the operating 
coil of the stepping switch, thereby advancing 
it to the next step in which his own signal lamp 
82 is extinguished and the signal lamp 82 of 
the other censor is lighted up, whereupon the 
censor B actuates his push button switch con 
necting his own headphones to the amplifier IA 
for watching the transmitted message. 

In the meantime, the censor at station A, upon 
having picked up the beginning phase of the 
objectionable message, is releasing his push 
button L2 and actuating his push button L3 so 
as to connect his head phone to the playback 
head 4-P3 and be ready to cancel the message 
as soon as he hears the initial phrase of the 
message in question, whereupon he actuates his 
cancelling button K for sending an obliterating 
current to the obliterating head 4-O3. 

In order to prevent accidental obliteration of 
a message that is being transmitted, the obliter 
ating push button Switches K are normally locked 
by a locking relay 9 which is actuated to re 
lease the obliterating switch only while the can 
celling pushbutton L3 of one or the other of the 
two stations is actuated to cancel the message, 
thereby completing a circuit to the operating 
coil of the locking relay 9. A foolproof censor 
ing System, which prevents interference with the 
transmitted message, but enables tracing of an 
objectionable part of the message while its 
transmission is delayed, and its obliteration be 
fore it is transmitted, is thus made possible. 

Obviously, a larger number of message tracing 
playback heads, such as 4-P2 may be provided 
for enabling the censor to pick up different parts 
of the message which are stored in the endless 
tape, while they are being advanced from the 
recording head 4-R, during the time interval of 
the full endless tape recording cycle, to the point 
where they are picked up by the playback head 
4-P for delivery to the radio broadcast trans 
mitter TR. 
The endless magnetic recording devices of the 

type described in my copending application Serial 
No. 197,851, filed March 24, 1938, which will issue 
as Patent 2,224,854, and described therein in con 
nection with Figs. 1, 5, 10 and 19, and which have 
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proved successful in actual operation, lend then 
selves for utilization as a time delay medium for 
supplying artificial reverberation and for similar 
applications constituting the subject matter of 
the present application. In Figs. 5 and 6 is shown 
one form of arrangement for utilizing a magnetic 
recording device of the type described in connec 
tion with Figs. 8 to 10 of my copending applica 
tion Serial No. 197,851 as a time delay recording 
equipment supplying artificial reverberation, in 
the way described in connection with Fig. 1, for 
instance. 

Inside a suitable casing, not shown, is mounted 
a rectangular frame structure - consisting 
of a front frame - and a similar rear frame 
3-2 formed of metallic angle bars reinforced by 
corner braces and suitably held together by cross 
bars or struts. In the corners of the rectangular 
frame are mounted four cylindrical guide rollers 
5-6 having bearings journaled on stationary 
shafts supported in the corner braces of the 
frame structure. 
A long endless magnetic carrier in the form of 

a magnetic tape 5-3 is wound over the four 
guide rollers in the form of a helix, a suitably 
guided cross loop completing the endless tape. 
The frame with the four rollers forms thus a 
spool-like structure on which the endless tape 
may be readily wound. One of the guide rollers 
is driven through a belt by a motor, not shown, 
suitably Supported within the frame structure so 
as to impart through the frictional driving en 
gagement between the motor-driven roller with 
the portions of the tape helix engaging its sur 
face a uniform speed to the helix along the guide 
rollers. Suitable comb bars maintain the helices 
in their proper position along the rollers. 

In order to make it possible to place a large 
number of magnetic recording and playback 
heads along a portion of the endless tape, the 
spool-like frame structure has mounted on one 
side thereof, on arms 5-2 suitably secured to 
one side of the frame structure, an elongated 
supporting bar 5-25, shown as having a T 

5 shaped cross section, and an elongated slot 5-2 
is formed in the forwardly facing portion of the 
bar 5-25 so as to enable adjustable mounting 
thereon of a series of magnetic heads 5-2. 
The magnetic heads are preferably of the type 

described in connection with Figs. 34 to 42 of my 
copending application Serial No. 340,030, filed 
June 12, 1940, and as indicated in the drawing, 
each magnetic head consists of two halves placed 
on opposite sides of the magnetic tape S-3 and 
held in position by a bracket S-28 which is ad 
justably clamped to the front face of the sup 
porting bar 5-25 by a bolt extending through 
the elongated slot 5-26 thereof. The location 
of the individual magnetic heads and their rela 
tive spacing may be readily adjusted along the 
supporting bar 5-25. 
On the upper and lower ends of the supporting 

bar 5-25 are journaled two aligning rollers - 
for guiding one loop brought outwardly from the 

5 loop helix guided on the rollers - so as to pass 
through the succession of magnetic heads S-27 
mounted on the bar 5-25, an auxiliary cross 
over roller S-32, suitably mounted on a bracket 
extending from the upright mounting bar -2, 
leading the helix loop passing through the mag 
netic head from its position on the frame rollers 
5-26 to its path of motion between the aligning 
rollers 3-3. 
By using magnetic heads of the type shown in 

Figs. 41 and 42 of the above application Serial No. 
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340,030, so that the coils in the pole pieces of 
successively arrayed heads placed in adjacent 
rows overlap each other, using one set of heads 
for cooperating with one portion of the tape and 
the other set of heads for cooperating with an 
adjacent portion of the tape, so as to utilize a 
single tape with two recording tracks, it is pos 
sible to playback a recorded signal with shorter 
time delay intervals between successive playbacks, 
Such arrangement requiring, of course, a record 
ing head for each playback track. The foregoing, 
of course, applies to an endless tape driving ar 
rangement, while the arrangement shown in Figs. 
41 and 42 is intended to illustrate an oscillatory 
tape drive. The foregoing principles are also ap 
plicable for an arrangement in which more than 
two adjacent recording tracks are provided on a 
single endless tape. 

For the sake of illustration, Fig. 5 illustrates 
a series of playback heads P, P2, etc. to PA 4, 
which are utilized for Supplying artificial rever. 
beration in the arrangement of Fig. , mounted 
successively adjacent to each other on the sup 
porting bar 5-25 and enclosed in a magnetic 
shield 5-35, a recording head R, and an obliter 
atting head O being mounted ahead of the first 
playback head F outside the shield enclosing the 
playback heads. An additional playback head is 
also shown mounted ahead of the obliterating 
head so as to permit utilization of the device 
shown as a censoring equipment. There is also 
secured to the mounting bar 5-25 ahead of the 
magnetic recording and playback heads a switch 
structure 5-5, which is utilized for automati 
cally cutting out the operation of the playback 
heads each time the soldering junction passes 
them, in the way explained hereinabove. 
As shown in Fig. 6, any required number of 

guide bars 5-25 with sets of magnetic heads 
mounted thereon in the way shown in Fig. 5, may 
be suitably mounted along one side of the spool 
like guide roller structure 5-, 5-2 for guiding 
different loops of the endless tape helix 5-3 
over different sets of magnetic heads, thus en 
abling the operation of a device, such as shown 
in FigS. 5 and 6, with different reverberation 
channels or in the way described in connection 
With the various applications described in con 
nection with Figs. to 4. 

In order to support the individual guide bars 
5-25 of the magnetic heads in the different lo 
cations along one side of the frame structure, 
two angle bars 5-4f, for instance, may be de 
tachably secured to the side surfaces of the front 
and rear frames 5-, 5-2 of the spool-like roller 
structures, and the mounting arms 5-2 for car 
rying the guide bars 5-25 are suitably secured, 
as by bolts, to the two cross arms 5-4. 

In Figs. 7 and 8 is shown the construction of 
the switch mechanism. 5-5, of the type shown 
at 5 in Figs. 1 to 4, for performing the control 
ling operation which automatically cuts off the 
output of the playback heads when the soldering 
point passes through them, or for performing any 
other desired signaling operation in conjunction 
with the operation of an endless magnetic tape 
recording arrangement. 
On forwardly projecting wall portions 5-52 

of a supporting block 5-50, the back side of 
which is suitably clamped to the front face of 
the guide bar 5-25, are revolvably mounted two 
grooved guide rollers 5-53 aligned so as to pro 
vide a guiding support for the tape 5-3 as it 
moves upwardly towards the magnetic heads in 
the way shown in Fig. 5, two spring arms 5-54 
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serving to yieldably retain the tape 5-3 within 
the groove of the rollers as it is being impelled 
at a uniform speed toward the magnetic head. 
An additional biasing spring 5-55 urges the tape 
5-3 to engage with its opposite edge the side 
walls of the two rollers 5-53 along which it is 
guided. 
The control switch 5 for performing the con 

trol operations described in connection with Fig. 
, is shown in the form of a commercially avail 
able unit, such as sold under the name Micro 
switch, and designed, for instance, in the way 
described in Patent 1,780,758, to release the con 
tact frog its open position shown to the closed 
position, if its operating arm. 5-56 pivotally 
Outed on a bracket extending from the switch 

casing releases the operating pin 5-57 of the 
Switch to the outward position under the bias 
ing action of the flexed spring contact of the 
switch 5, 
The free end of the operating arm 5-56 is pro 

vided with a bracket on which is pivotally mount 
ed a grooved rollier 5-58 engaging the facing 
edge of the tape so as to ride thereon as the tape 
is being ingelled, and keep the SWitch operating 
pin 5-3 in its inward position in which it holds 
the switch contact 5 oper, and to release the 
Switch 5 : So as to close dring a Short instart 
While the depression 5-39 formed along the edge 
of the tape noves past the roller 5-58. 
Warious other switching arrangements may be 

used to perform in a similar or analogous man 
ner for automatically performing control opera 
tions in response to an automatic actuation by 
a signal element, such as a depression formed on 
the tape, so as to Synchronize a control op 
eration with a predetermined selected position 
of the endless tape as it is being continuously 
impelled. 

In the guide and driving arrangement for an 
endless magnetic recording tape described above, 
the magnetic tape is guided and driven at a uni 
form Speed along a helix coiled around the Outer 
surfaces of a plurality of spaced guide rollers, one 
of the guide rollers having frictional driving en 
gagement with loop portions of the helix being 
driven by external forces for impelling the tape 
helix past the magnetic transducing means, such 
as the recording and playback heads, for record 
ing and reproducing sound, at least one guide 
roller being frictionally driven by the moving 
tape helix and having sufficient mass So as to 
exert on the tape helix inertia reaction forces 
which suppress fluttering of the tape helix and 
maintain it at substantially uniform speed. 

In addition, the spacing of the guide rollers is 
designed in the way described in my aforesaid 
application Serial No. 197,851, filed March 24, 
1938, which will issue as Patent 2,224,854, so that 
the spacing between the guide rollers is Sufi 
ciently large and the effective guide roller Sur 
faces engaged by the tape helix are sufficiently 
small to permit lateral slippage of the tape por 
tions of the helix over the roller Surfaces. While 
they are impelled along the path of the helix. 

In addition, the effective length of the helix 
portions frictionally engaged with the guide roll 
er SUrfaces is made Sufficiently Small and the ef 
fective length of the free helix portions extend 
ing between the Spaced guide rollers is made 
sufficiently large as to permit limited slippage 
of the tape helix portions over the guide roller 

5 
Surfaces while maintaining sufficient effective 
frictional driving engagement with the revolving 
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roller surfaces to assure uniform Speed along its 
helical path. 
Furthermore, the effective length of the helix 

portions frictionally engaged with the guide roll 
er surfaces are so proportioned in relation to the 
effective length of the free helix portions, and 
the inertia of the guide roller masses frictionally 
driven by the tape helix are designed to be Suf 
ficiently large as to permit limited slippage of the 
tape portions over the guide roller surfaces while 
being kept in sufficiently effective frictional en 
gagement therewith for maintaining uniform 
speed of the tape along the helix. 

Furthermore, the frame for supporting the 
guide rollers is arranged to form a spool-like 
structure permitting winding of the endless tape 
helix around the outer roller Surfaces when it is 
being joined into an endless tape, and the interior 
space of the spool juncture may be readily de 
signed as a support for the driving motor mecha 
nism and the amplifier means associated with 
the operation of the endless magnetic tape re 
cording System, 

In Figs. 9 to 14 is shown an endless magnetic 
tape recording device designed in accordance 
with the principles disclosed in connection with 
Figs. 1, 5, 13 and 27 to 29 of my copending appli 
cation Serial No. 197,851, but embodying various 
desirable improvements thereover, exemplifying 
various other features of the invention. Inside a 
casing, not shown, for the sake of clarity, is 
mounted a rectangular frame structure consist 
ing of a front frame 9-, and a rear frame 9-2 
of metallic angle bars reinforced at the corners 
by brace plates 9-3, 9-4, 9-5, 9-6 and held 
together by cross bars or plates 9-7, 9-8, 9-9, 
the latter being clamped to the intermediate 
angle bars 9-fi secured between the side men 
bers of the front frame 9-E and the rear frame 
9-2, in the way shown in Figs. 9 and 10. 

In the form shown, two cylindrical guide rollers 
9-2i are revolvably mounted on shafts 9-22, 
the ends of which are supported by the corner 
braces 9-3, 9-4 shown in the lower part of the 
frame structure, and two pairs of additional roll 
ers 9-23, 9-24 are similarly revovably mounted 
on shafts suitably held by the corner brace 
plates 9-5, 9-6 on the opposite part of the 
frame structure. A long endless magnetic tape 
9-3 is would in the form of a helix, first as an 
inner helix layer, for instance, by starting on the 
left sides of the rollers, as shown in Fig. 9, and 
winding it from the left to the right around the 
two pairs of rollers 9-21, 9-23, and then back 
from the right side of the rollers, as shown in 
Fig. 9, in the same direction, but on the two pairs 
of rollers 9-2 and 9-24, back to the left end of 
the rollers, shown in Fig. 9, to a point where the 
end of the outer helix joins the starting point of 
the inner helix, so as to form a continuous end 
less tape. Two layers of tape are thus would on 
the lower pair of rollers 9-2, and One layer of 
tape is would on each of the other two pair of 
rollers 9-23, 9-24. 
In Order to guide the successive loops of the 

endless tape 9-3 along the helices so formed, 
comb-like bars 9-32 are mounted in front of a 
few of the guide rollers, for instance, in front of 
the guide roller 9-2 held by the brace plate 
9-3, and the guide roller 9-23 held by the brace 
plate 9-5 in a diametrically opposite corner of 
the frame structure, so that if the tape is in 
pelled in clockwise direction, each loop of the 
two tape helices will be retained in its proper 
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operating position relatively to the other loops 
forming part of the endless tape. 
An electric driving motor 9-34 has its vibra 

tion absorbing bracket structure 9-35 mounted 
on the cross plate 9-7 of the spool-like frame 
structure So formed, and a driving pulley mount 
ed on One end of the motor shaft drives through 
a rope belt 9-36 one of the guide rollers 9-23 
so as to impart to the tape a uniform motion, in 
clockwise direction, for instance, as indicated by 
the arrow. 

In the design of such endless magnetic record 
ing tape guide and driving arrangement, the foll 
lowing considerations are important: If the driv 
ing arrangement is to be used for synthetic rever 
beration, it is of utmost importance to eliminate 
even traces of flutter due to irregularities of the 
motor Speed or any other causes, because if even 
slight changes of the momentary tape speed oc 
cur, the signal will be picked up by the different 
playback heads with a varying phase shift giv 
ing uncontrollable differences in pitch. Since 
the signal reproduced by the reverberation play 
back heads is combined with the original signal, 
Such differenecs in pitch would bring about a 
modulation effect causing undesirable disturbance 
of the artificial reverberation supplied by such 
recording arrangement. 
By using an endless rope belt 9-36, of the 

type employed in dental drives, and winding the 
belt in the form of a plurality of loops so as to be 
guided in Suitable grooves formed On the motor 
pulley and corresponding grooves formed in the 
periphery of the motor driven guide roller 9-23, 
Such belt may be operated with Sufficiently Small 
tension per belt loop as to take up in the belt any 
fluctuations of the motor speed without trans 
mitting them to the motor driven roller 9-23. 
Such driving arrangement is also of great advan 
tage because it reduces the belt tension and wear 
and also reduces the friction losses. As a result, 
a Smaller motor may be used and the remanent 
mechanical noises inherently present in any me 
chanical drive is brought down to a very low 
level. 
As shown in Figs. 10 and 14, the correct tension 

of the belt 9-36 is maintained by a cross-over 
pulley 9-37 journaled on the end of an arm 9-38 
which is pivotally mounted on a bracket extend 
ing from the motor, a suitable biasing spring 
9-36 serving to supply the pressure with which 
the croSS-Over roller 9-37 maintains the cross 
Over loop of the endless belt 9-36 at the desired 
tension. The end grooves of the motor pulley 
of the motor driven guide roller 9-23 are suf 
fliciently wider than the grooves over which the 
other loops of the endless belt 9-3 are wound 
So as to enable the cross-over loop to be guided 
from the point where it leaves the motor pulley 
to the point where it enters the starting point 
of the belt helix on the motor driven guide roller 
9-23. One of the loops of the rope belt 9-36, 
which is not used for transmitting the driving 
force to the guide roller 9-23, is utilized as the 
cross-Over loop. 

In Order to Secure the full effectiveness of 
such drive in suppressing even traces of flutter, 
the magnetic heads are arranged to engage with 
their pole pieces one or more loops of the inner 
tape helix layer guided over the guide rollers 
9-23 SO as to impart to the inner tape helix the 
tension required for maintaining its loop por 
tions that pass over the guide rollers 9-2, 9-23 
Fèt????d frictional driving engagement there 
In order to assure long foolproof operation 
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without requiring servicing of the moving parts, 
the guide rollers are revolvably mounted. On 
their shafts 9-22 by ball bearings 9-42 in the 
way shown in Fig. 12. Compared to sleeve bear 
ings, ball bearings have the great advantage that 
they operate with less noise than sleeve bearings, 
a factor which is very important in such mag 
netic tape drives, for instance, When used as a 
reverberation medium in the studio where the 
sound to which the reverberation is applied 
Originates. The ball bearings are interposed be 
tween the shaft and the rollers so that the shaft 
remains stationary while the roller revolves in 
the way shown in Fig. 12. 
The ends of the shaft. 9-22 are Supported by 

a resilient member, for instance, Neoprene, in 
the way shown in Fig. 12, in order to assure that 
any remanent mechanical vibration imparted to 
the shaft is not transmitted to the frame struc 
ture 9-, 9-2 having a large sound radiating 
area from which noise should be kept away. In 
order to reduce the noise, the surface of the guide 
rollers 9-21, 9-23, 9-24 is made of non-me 
tallic sound-absorbing material. Since Such non 
netailic Sound-absorbing material is usually an 
electrical insulator, it will accumulate in the 
course of operation electric charges due to fric 
tion with the tape, and Such charges, if accumu 
lated until they reach a potential Sufficient to 
Spark Over to the frame Structure, Will induce 
electric noise effects in the playback circuits as 
sociated With the recording and playback equip 
ment. This disturbing effect is eliminated by 
providing, as shown in Fig. 12, a sliding metallic 
contact member 9-45, supported by the metallic 
frame Structure and pressing against the role 
tallic portion aSSociated With the shaft, Such as 
the inner ball race of the ball bearings 9-42. 

It has been found that the guide bars, such as 
shown at 9-32 for guiding the loops of the 
helices in their positions along the rollers, may 
cause a disturbing high pitched noise caused by 
the mechanical vibrations of the comb teeth, as 
the tape loops which they keep apart move past 
then, 

Fig. 11 illustrates a comb guide bar arrange 
ment 9-3 for the tape helices which was found 
to be highly efficient in properly guiding the 
loops of the tape helices, without causing any 
noise. As shown, a bar 9-3 of suitable non 
magnetic material, Such as braSS, for instance, 
holds in Suitable grooves or holes formed therein 
tooth members 9-5 in the form of pins or 
tooth-shaped sheet metal portions projecting be 
tween and separating adjacent loops of the helix, 
two strips of felt 9-52, 9-53 being held in posi 
tion on the teeth. So as to confine the loops of the 
tape and the projecting teeth portions between 
them, and SuppreSS any vibrations of the same. 
The two felt strips 9-52, 9-53 are held Suit 

ably clamped, for instance, by an overlying bar 
9-54, likewise of non-magnetic material, which 
is suitably attached to the comb bar 9-3, for 
instance, by Screws, as shown in Fig. 11. This 
arrangement of the guide bars not only Sup 
presses vibrations of the tape and of the guide 
bar teeth, but also automatically cleans the tape. 
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In addition, it distributes the tension of the tape 
uniformly over its individual lO(Op.S. 

Obviously, an endless magnetic tape guide and 
drive arrangement of the type shown in Fig. 10 

a may be, of course, made to operate With a larger 
or smaller number of such rollers. For instance, 
the endless tape may be wound in a similar Way 
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in the form of two helix layers over only one 
roller 9-2 and one roller 9-23 and one roller 
9-24, the three rollers being supported on two 
frame members, such as two side members of the 
frame structure 9-, 9-2 interconnected by a 
cross plate 9-8, in the way shown. Such end 
less magnetic tape driving arrangement may be 
used in the various applications outlined in my 
prior application Serial No. 197,851, filed March 
24, 1938, which will issue as Patent 2,224,854, 
and it is desired that the Specification of said 
applications, together with its drawings, should 
be considered as a part of the present applica 
tion. 
The endless tape guide and drive arrangement 

shown in FigS. 9 to i4 is particularly suited for 
use as a time delay medium for Supplying arti 
ficial reverberation or other acoustic effects re 
quiring the operation of the magnetic tape with 
Se Veral SetS of magnetic recording and playback 
heads arranged in diferent magnetic tape por 
tionS. 
AS shown in Figs. 9, 10 and 13, the frame struc 

ture 9-il, 9-2 also serves as a support for three 
additional rollers 9-6?, 9-62 mounted in a way 
Similar to the other guide rollers in three cor 
ners of the frame structure. Any number of 
loops of a continuous endless tape guided and 
driven on the inner rollers 9-2, 9-23, 9-24 
may be led from their position on the inner rol 
Iers So as to move over the otter rollers 9-6 , 
S-62, for instance, the 1st, the 11th, the 31st 
loop of the inner helix or similar loops of the 
Outer helix may be guided out of their inner posi 
tion to the position along the outer rollers 9-6, 
9-62. 
In the arrangement shown in Figs. 9 and 10, 

two loops 9-63A, 9-63B are shown guided from 
their position along the inner helix moving over 
the two pairs of rollers 9-2, 9-23 so as to move 
Over the Outer rollers 9-6, 9-62 and return to 
their positions in the inner helix, suitable gaps 
being provided when winding the loops of the 
outer helix around the rollers 9-24 for permit 
ting the loops 9-63A, 9-63B to be led from their 
position on the inner helix to their position on 
the outer rollers 9-6, 9-62. 
As shown in Figs. 9 and 10, angle metal cross 

bars 9-7 are Suitably secured to the brace 
plates of the two frames 9-6, 9-2 so as to pro 
vide mounting supports for guide bars 9-12, 
9-3 on which any desired array of magnetic 
heads may be mounted for cooperation with the 
tape loops 9-63A, 9-63B passing thereover. 
AS Shown in Figs. 9 an 10, channel members 

are used for the guide bars 9-2, 9-73 and an 
elongated slit 9-4 is provided in each guide bar 
permitting adjustable mounting thereon of the 
brackets 5-28 of the magnetic heads, as by 
ScreWS 9-75, and nuts, in the way shown. A 
magnetic Shield 5-35 for enclosing the magnetic 
heads, as in the arrangement of Fig. 5, is likewise 
arranged for detachable mounting on the guide 
bars 9-7, 9-73. 
To secure maximum effectiveness in suppress 

ing flutter, in a tape driving arrangement of the 
type shown in Figs. 9 and 10, the magnetic heads 
should be placed on a tape loop portion which 
has to traverse at least one of the tape driven 
guide rollers, such as 9-2, 9-24 before it 
reaches the motor driven roller. Thus, in the 
arrangement shown in Figs. 1 and 2, the portion 
of each tape portion 9-3 leaving the magnetic 
heads located on an outer loop guided over the 



14 
outer rollers 9-6, 8-62, has to pass over at 
least four tape driven rollers 9-2, 9-24 along 
the outer helix and the two tape driven rollers 
9- 22 along the inner helix before coming into 
driving engagement with the surface of the no 
tor driven roller 9-23. One of the driving belt 
loops which does not transmit the driving force 
is used as a cross-over loop, and the belt idler 
roller 9-37 urges this CrOSS-Over loop in out 
ward direction. So as to enable the CrOSS-Over roll 
er to guide the Cross-over loop from the point of 
the motor pulley where it leaves the end of the 
belt helix to the point on the roller where the 
belt helix starts, without interfering with the 
other loops of the belt 9-6. 
The use of the roller arrangement of the type 

shown in Figs. 9 and 10 makes it possible to Sep 
arate the convolutions. Of one or more Outer tape 
helix layers guided over the outer guide rollers. 
9-24 from the inner tape helix guided over the 
rollers 9-23 over the major portion of its length 
without requiring much more room for guiding 
a very long endless tape, since only a relative 
ly short portion of the loops of the inner tape 
helix has superimposed thereon portions of the 
tape helix wound around it. This is not objec 
tionable because the overall length of the tape 
is made sufficiently long and so related to the 
frictional engagement of the tape loopS of the 
inner tape helix layer with the driving rollers 
as to leave in the outer tape helix sufficient slack 
to assure that, no portion of the outer tape helix 
is under excessive tension and moves loosely Over 
the inner tape helix. 
A larger number of additional helix layers may 

be wound in pairs over the outer helix layer en 
gaging the rollers 9-24, one layer of each pair 
of outer helices being Wound around the spool 
like structure formed by the rollers 9-24, 9-2, 
in the same direction as the inner helix layer 
shown in Fig. 13, and then back in the direction 
of the outer helix layer, the end of the outer 
most layer of the last pair being joined to the 
end of the inner helix layer wound around the 
rollers 9-23, 9-2. By employing the construc 
tion of the type shown in the drawing, a great 
length of endless tape can be guided and driven 
with a small spool-like tape guiding and driving 
structure. The size of the guide rollers is deter 
mined by the tape thickness. It is important 
that the curvature of the rollers shall be large 
enough to assure that the bending to which the 
tape is subjected in passing thereover does not 
impose on it stresses that effect its magnetic 
properties. Thus, a magnetic tape of tungsten 
steel having a thickness of three thousandths of 
an inch operates satisfactorily when guided Over 
rollers having a diameter between 2% and 3 
inches. When using thinner tapes, for instance, 
having a thickness of the Order of one thou 
sandth of an inch, rollers having a diameter of 
as low as one inch are satisfactory. 
The tension of the tape may be adjusted by 

the provision of an adjustable mounting Support 
for one of the tape guide rollers. In the arrange 
ment of Figs. 9 and 10, the two ends of the 
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tape roller shaft 9-22 on which the tape roller 
9-2 revolves is adjustably supported on the 
two corner frame brace plates 9-3 by providing 
them with elongated holes 9-46 in which the 
shaft bushings 9-43 may be moved to increase 
or decrease the tension of the endless tape loops, 
and after adjustment, the flange of each bushing 
9-46 is clamped to the clamping ring on the 
other side of the brace plate 9-3, so as to hold 
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the guide roller in the adjusted position, in the 
way shown in detail in Fig. 12. 

If two layers of magnetic recording tape are 
permitted to remain in engagement with each 
other and are Subjected to excessive pressure, a 
fraction of the magnetic energy of a recorded 
signal stored in one tape will be impressed on 
the adjacent tape layer resulting in undesirable 
echo effects when reproducing the original rec 
ord. By adjusting the tape in the way described 
above, such undesirable effects may be elimi 
nated. 
As pointed out hereinafter, when a magnetic 

tape machine of the type described herein is used 
as a time delay device, for instance, for produc 
ing reverberation effects, the undesirable echo 
effects described above are of no significance be 
cause only the portion of the tape which is en 
gaged by the magnetic heads mounted immed 
ately following the recording head is utilized for 
performing the Operation. 

In special applications where it is essential to 
Suppress even the slightest traces of undesirable 
echo effects, the outer tape layers extending over 
the rollers 9-2 on which the inner as well as 
the outer helix layers are guided, may be sep 
arated by the teeth of the guide combs over ad 
jacent guide roller surface portions so that one 
tape layer does not engage another. However, 
if provisions are made to assure that the loops 
of the innermost tape helix wound around the 
inner rollers 9-3 are held sufficiently tensioned 
to maintain the driving engagement of its loops 
with the motor driven rollers, sufficient slack may 
be provided as to assure that at all times the 
outer tape helix layer is sufficiently loose to posi 
tively eliminate any traces of undesirable echo 
effects. With such arrangement, any required 
number of outer helix layers may be wound and 
operated over the first outer helix provided the 
Outer tapes have sufficient slack as to enable 
them to slide freely along their path without 
being subjected to excessivepressure. 
According to the invention, the pole pieces of 

the magnetic heads, which are used for recording 
and reproducing the signal, are utilized to exert 
Sufficient friction on the inner tape helix as to 
maintain it in the required operating tension. 
The magnetic heads may be supported in the 
Space of the inner helix as described in my prior 
applications. However, in many cases, such as 
in time delay machines used for reverberation, 
where a large number of magnetic heads have 
to be employed, it is desirable to mount the heads 
so that they are accessible on the exterior of 
the supporting structure. According to the in 
vention, one or more loops of the inner tape helix 
layer are brought out and guided in the space 
beyond the outer tape helix so as to make it pos 
sible to guide Such outwardly brought tape helix 
through magnetic heads mounted in such space. 
As shown in the arrangement of Figs. 9, 10 

and 13, a suitable number of loops of the inner 
helix are brought out through gaps left in the 
Outer helix layer and guided over the outer guide 
rollerS So as to guide two sides of each loop 
along the periphery of the frame structure 
through a plurality of magnetic heads mounted 
along then, and thus maintain the inner helix 
at the proper tension, while leaving the outer 
helix layers sufficiently loose as to permit them 
to slide past each other. 

Since a large number of magnetic heads placed 
along these helixes automatically subject the 
inner helix to a substantial friction, the loops 
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of the outer helix will be automatically main 
tained in the desired loose tension condition. 
Since the pole pieces which are maintained in 
frictional engagement with the tape exert a 
substantial frictional force on the moving tape, 
it is important to assure that the frictional forces 
do not impose an excessive strain on the tape 
because Such excessive strain impairs and de 
teriorates the magnetic properties of the mate 
rial. These considerations are of great in 
portance in machines in which a large num 
ber of magnetic heads have to be placed close 
to each other to produce an effect such as re 
quired in a reverberation machine. 
A distinct feature of the invention resides in 

mounting two or more groups of magnetic heads 
on different Sections of an endless magnetic tape 
which are separated by sections that are main 
tained in frictional engagement with the guide 
roller structure So aS tC imit te naKirri tie 
Sion imparted on a section of the tape by the 
frictional forces of the pole pieces and distribute 
the tension. On a large Section of the endless 
Epe. 

. For best operating results, it is desirable to 
give the guide rollers, over which the enciless 
tape helix is guided, a unifornly cylindrica. St. 
face, and then mount then parailel to eacis other. 
in Order to aSSure freedoin froin Rechanica 
noise, the guide rollers should be dynamically 
falariced. 
The Spool-like tape guide and driving strica. 

öU2 ire ShoWin in Figs. 9 and 40 is arranged So 
aS to make it easy to wind thereon any desired 
Itamber of tape helix layers. Since the support 
ing bars 9-7 on which the guide bars 9-72, 
3-3 With the magnetic heads 5-2 are mount 
ed, may be readily removed by unscrewing their 
clamping bolts, and the outer rollers 9-24, 9-6, 
9-62 are readily dismantled by unclamping the 
imounting bushings 9-43 which hold their shafts 
in position, the first inner helix layer may be 
Wound on the inner rollers 9-2, 9-23 of the 
Spool-like structure, and after then mounting 
in place the additional rollers 9-24, any re 
guired number of Outer helix layers may be wound 
thereon, back and forth, care being taken to 
bring the end of the last loop to the starting 
point of the first loop, so that they may be 
joined to form an endless tape. A similar pro 
Jedure is followed if one roller of each of the 
three pairs of rollers 9-2, 9-23, 9-24 is used 
in a Spool-like tape guide and driving structure 
of the type shown in FigS. 9 and 10. 
The novel features of the invention relating 

to the censoring or Supervising systems described 
above in connection with Fig. 4 to illustrate 
exemplifications of the present invention, are 
not claimed herein, but in my copending appli 
cation Serial No. 495,80i, filed July 21, 1943 
as a continuation-in-part of the present appli 
cation. 
The principles of the invention explained in 

connection with specific exemplifications there 
of will suggest" to those skilled in the art many 
other applications and modifications of the same. 
It is accordingly desired that the appended claims 
be construed broadly, and that they shall not 
be limited to the Specific details shown and de 
scribed in connection with exemplifications there 
of. 

I claim: 
1. In a signal transmission system, a long end 

less signal recording and reproducing carrier, 
signal transducing means cooperating with said 

O 

4. 5 

50 

55 

60 

70 

15 
signal carrier for recording or reproducing a 
signal record while said carrier moves past Said 
transducing means, said transducing means in 
cluding at least two recording elements and an 
array of signal reproducing elements arranged 
so as to reproduce a signal recorded on one por 
tion of said moving carrier with a predetermined 
sequence of different time delays, and at least 
two reproducing channels having different oper 
atting characteristics supplied by said array of 
reproducing elements, Said carrier having at least 
two sections, one part of said array of reproduc 
ing elements being arranged to cooperate with 
One of Said sections and another part of said 
array of reproducing elements being arranged 
to cooperate with another of said sections, each 
of Said sections having a signal recording ele 
ment, the output of at least two of the signal 
reproducing elements of two of said carrier sec 
tions being in pressed on each of at least two 
of Said reproducing channels. 

2. In a signal transmission system, a long end 
less signal recording and reproducing carrier, 
Signal transducing means cooperating with said 
signal Carrier for recording or reproducing a sig 
nai record While said carrier moves past said 
transducing means, said transducing means in 
cluding at least two recording elements and an 
array of Signal reproducing elements arranged 
SO as to reproduce a signal recorded on one 
gortion of Said moving carrier with a predeter 
mined sequence of different time delays, and at 
least two reproducing channels having different. 
Operating characteristics supplied by said array 
of reproducing elements, said carrier having at 
least two Sections, one part of said array of re 
producing elements being arranged to cooperate 
With one of Said sections and another part of said 
array of reproducing elements being arranged 
to cooperate with another of said sections, each 
of Said Sections having a signal recording elle 
ment, the output of at least two signal reproduc 
ing elements of one carrier sections being im 
pressed on One of Said reproducing channels and 
the output of at least two reproducing elements 
of another section being impressed on the other 
of Said channels. 

3. In a signal transmission system, a long 
endleSS Signal recording and reproducing carrier, 
Signal transducing means cooperating with said 
Signal carrier for recording or reproducing a 
Signal record While Said carrier moves past, said 
transducing means, Said transducing means in 
cluding at least two signal recording elements 
and an array of Signal reproducing elements ar 
ranged SO as to reproduce a signal recorded on 
One portion of Said moving carrier with a pre 
determined sequence of different time delays, and 
at least One reproducing channel supplied by 
Said array of reproducing elements, said carrier 
having at least two sections, one part of said 
array of reproducing elements being arranged to 
COOperate With one of said sections and another 
part of Said array of reproducing elements be 
ing arranged to cooperate with another of said 
Sections, each of said sections having a signal 
recording element, the signal recording elements 
and the reproducing elements associated with 
said sections being correlated, combined and in 
terconnected so as to deliver an output of the 
Same characteristics as an output derived from 
an array of reproducing elements cooperating 
With a single recording element and a single sec 
tion of said carrier. 

4. In a signal transmission system, a long end 
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less magnetic signal recording and reproducing 
carrier, signal transducing means cooperating 
with said signal carrier for magnetically record 
ing or reproducing a signal record while said car 
rier moves past said transducing means; Said 
transducing means including an array of signal 
reproducing elements arranged so as to repro 
duce a signal recorded on said moving carrier 
with a predetermined sequence of different time 
delays, and at least one reproducing channel 
supplied by said array of reproducing elements, 
said signal carrier having a discontinuity causing 
a disturbance in the output of Said array of re 
producing elements, and control means includ 
ing a control element forming part of Said car 
rier for momentarily rendering ineffective the 
reproducing elements affected by said discon 
tinuity without introducing into said reproduc 
ing channel a substantial disturbance. 

5. In a signal transmission System, a long 
endless signal recording and reproducing car 
rier, signal transducing means cooperating with 
said signal carrier for recording or reproducing 
a signal record while said carrier moves past said 
transducing means, Said transducing means in 
cluding an array of Signal reproducing elements 
arranged So as to reproduce a Signal recorded 
on said moving carrier with a predetermined se 
quence of different time delays, and at least one 
reproducing channel supplied by said array of 
reproducing elements, said signal carrier having 
a discontinuity causing a disturbance in the out 
put of said array of reproducing elements, and 
control means including a control element form 
ing part of said carrier for momentarily render 
ing ineffective the reproducing elements affected 
by said discontinuity without introducing into 
said reproducing channel a substantial disturb 
8. ?CE. 

6. In a signal transmission System: a signal 
translating channel including an endless signal 
recording and reproducing carrier, and signal 
transducing means cooperating with said signal 
carrier for recording or reproducing a signal 
while said carrier moves past said transducing 
means; said transducing means including a Sig 
nal reproducing element arranged to reproduce 
a signal recorded on said moving carrier with a 
predetermined modified characteristic and to 
transmit the reproduced signal through Said sig 
nal translating channel; a Source of signal waves; 
means for impressing signals from Said Source Cn. 
said signal translating channel So that they are 
transmitted therethrough; and means for COmn 
bining the signals from said Scurce with the sig 
nals transmitted through said signal translat 
ing channel; a portion of Said signal carrier hav 
ing a discontinuity causing a disturbance in the 
reproduced signal; and means Synchronized with 
the operation of Said signal carrier for disabling 
in a predetermined manner said signal translat 
ing channel S0 as to reduce the effectiveness of 
the disturbance caused by Said discontinuity. 

7. In an artificial reverberation apparatus, 
signal input means, signal output means, a direct 
signal channel between said signal input means 
and Said signal Cutput means, an indirect signal 
channel including signal delay means having a 
discCntinuity interconnected between said signal 
input means and said signal output means, and 
means operated by Said discontinuity for break 
ing Said indirect signal channel. 

8. In an artificial reverberation apparatus, 
first electro-mechanical transducer means, sec 
ond electro-mechanical transducer means, a first 
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signal channel between said first and said second 
transducer means for transmitting a signal from 
the first transducer means to the second trans 
ducer means, a Second Signal channel including 
time delay means interconnected between said 
first and Said Second transducer means for 
transmitting Said signal with a predetermined 
time delay, Said second signal channel having 
a discontinuity, and means controlled by said 
discontinuity for momentarily breaking the said 
second signal channel, 

9. In an artificial reverberation apparatus, a 
plurality of electro-mechanical transducer 
means, a plurality of signal channel means con 
necting said electro-mechanical transducer 
means and each channel adapted to transmit a 
signal therebetween, signal time delay means as 
Sociated with some only of said signal channel 
means, said signal time delay means comprising 
a movable magnetic signal carrier, recording 
means for recording a signal on said magnetic 
signal carrier, and reproducing means controlled 
by the recorded signal on the said magnetic sig 
nal carrier for reproducing said signal with a 
time delay, said magnetic signal carrier having 
a discontinuity which adversely affects the qual 
ity of the reproduced signal, and means Synchro 
nized with the passing of the said discontinuity 
through the reproducing means for reducing the 
volume of the said reproduced signal during the 
time that the Said adversely affected signal is 
apt to be objectionable. 

10. In an arrangement for magnetically re 
cording and reproducing signal waves, an end 
less magnetic tape signal reproducing carrier, 
magnetic transducing means cooperating with 
Said Carrier for recording or reproducing a sig 
nal While said carrier moves past said transduc 
ing means, guide means including at least two re 
Volvably mounted elongated guide rollers for 
guiding one portion of said carrier as a helix 
layer wound around the outer surfaces of said 
two rollers, and at least one additional revolv 
ably mounted elongated guide roller for guiding 
On its outer surfaces and the outer surface of one 
of Said two guide rollers another portion of said 
Carrier as at least one outer helix layer sur 
rounding said inner helix layer so that each ele 
ment of Said carrier is continuously moved from 
the inner helix layer to the outer helix layer, one 
of said first mentioned guide rollers having fric 
tional driving engagement with portions of said 
helix layer and being driven by external forces 
for impelling Said carrier past said transducing 
means, at least one other of said first mentioned 
guide rollers being frictionally driven by por 
tions of Said helix layer and having sufficient 
maSS for exerting on said helix layer inertia re 
action forces effective in substantially suppress 
ing fluttering and maintaining said carrier at 
Substantially uniform speed. 

11. An arrangement as defined by claim 10, 
having means for applying forces to portions of 
the tape moving along the inner helix layer so 
as to maintain frictional driving engagement be 
tween tape portions of the inner helix layer and 
Surface portions of Said guide rollers, while main 
taining the elements of the endless tape sur 
rounding the inner helix layer in loose condition 
So as to Substantially prevent the introduction 
of forces tending to bring about excessive forces 
between portions of the endless tape surround 
ing the inner helix layer and tape portions under 
lying Such surrounding tape portions. 

12. In a signal transmission system, a long 
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indless signal recording and reproducing car 
rier, signal transducing means cooperating with 
said Signal carrier for recording or reproducing 
a signal record while said carrier moves past 
Said transducing means, said transducing means 
including at least two recording elements and 
an array of signal reproducing elements arranged 
so as to reproduce a signal recorded on one por 
tion of said moving carrier with a predetermined 
sequence of different time delays, and at least two 
reproducing channels having different Operating 
characteristics supplied by said array of repro 
ducing elements, said carrier having at least two 
sections, one part of said array of reproducing 
elements being arranged to cooperate With One 
of said sections and another part of Said array 
of reproducing elements being arranged to coop 
erate with another of said sections, each of Said 
sections having a signal recording element, the 
output of at least two of the signal reproducing 
elements of two of said carrier sections being 
impressed on each of at least two of Said repro 
ducing channels, the signal recording elements 
and the reproducing elements associated with 
said sections being correlated, combined and in 
terconnected so as to deliver an output of the 
same characteristics as an output derived from 
an array of reproducing elements cooperating 
with a single recording element and a single 
section of said carrier. 

13. In a signal transmission system, a long 
endless signal recording and reproducing carrier, 
signal transducing means cooperating with said 
signal carrier for recording or reproducing a Sig 
nal record while said carrier moves past said 
transducing means, said transducing means in 
cluding at least two recording elements and an 
array of signal reproducing elements arranged 
so as to reproduce a signal recorded on one por 
tion of said moving carrier with a predetermined 
sequence of different time delays, and at least 
two reproducing channels having different Oper 
ating characteristics supplied by said array of 
reproducing elements, said carrier having at 
least two sections, one part of said array of 
reproducing elements being arranged to COOper 
ate with one of said sections and another part 
of said array of reproducing elements being ar 
ranged to cooperate with another of Said Sec 
tions, each of said sections having a signal re 
cording element, the output of at least two Sig 
nal reproducing elements of one carrier section 
being impressed on one of said reproducing chan 
nels and the output of at least two reproducing 
elements of another section being impressed on 
the other of said channels, the signal recording 
elements and the reproducing elements associ 
ated with said sections being correlated, con 
bined and interconnected so as to deliver an out 
put of the same characteristics as an output de 
rived from an array of reproducing elements co 
operating with a single recording element and a 
single section of said carrier. 

14. In an apparatus which records a signal and 
reproduces it with time delay, signal input means, 
signal output means, a first signal channel in 
terconnected between said signal input means 
and said signal output means, a second signal 
channel interconnected between said signal in 
put means and said signal output means, said 
second signal channel including signal delay 
means having a periodically effective discontinu 
ity which affects said signal, and means operat 
ing in synchronism with the periodic effect of 
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said discontinuity for modifying in a predeter 
mined manner the Operating conditions of said 
Second signal channel. 

15. In an artificial reverberation apparatus, 
signal input means, signal output means, a first 
signal channel interconnected between said sig 
nal input means and said signal output means, 
a Second signal channel interconnected between 
said signal input means and said signal output 
means, said second signal channel including sig 
nal delay means comprising an endless magnetic 
tape driven at a substantially constant rate of 
speed and means for magnetically recording the 
signal On the tape and reproducing it therefrom 

5 with a time delay, said magnetic tape having a 
tape joint which periodically affects the signal 
in the said second signal channel as said joint 
passes the signal reproducing means, and means 
synchronized with the passing of the tape joint 
through the reproducing means for altering the 
volume of the signal in the said second signal 
channel to reduce the effect of the said tape 
joint on the signal transmitted through said 
second signal channel to said signal output 
e8S 
16. In an apparatus which records a signal 

and reproduces the signal with time delay, an 
endless signal carrier loop, at least One record 
ing head associated with said endless carrier loop 
for recording signals on said loop, signal input 
means Connected to said recording head, at least 
one reproducing head associated with said end 
less carrier loop for reproducing signals record 
ed thereon, signal Output means connected to 
said reproducing head, means for driving said 
endless carrier loop past Said reproducing head, 
said signal carrier loop having a discontinuity 
which periodically causes a discontinuity in the 
Output signal reproduced by Said reproducing 
head as said loop discontinuity passes said re 
producing head, and means synchronized with 
said periodic action of said discontinuity for al 
tering the output signal to reduce the effect of 
Said discontinuity. 

17 In a signal transmission system having sig 
nal input means, signal output means and a sig 
nal channel interconnected between said signal 
input means and said signal output means: said 
signal channel comprising an endless magnetic 
carrier for magnetically recording and reproduc 
ing signals thereon; signal transducing means 
associated with selected portions of said signal 
carrier for recording or reproducing a signal se 
quence while said carrier moves past said trans 
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ducing means; means for driving said carrier 
So that it continuously moves past said transduc 
ing means; means operative to connect said sig 
nal input means to said transducing means for 
recording on said signal carrier a signal sequence 
which is to be transmitted through said signal 
channel; means operative to connect said trans 
ducing means to said signal output means for 
reproducing from said carrier said signal se 
quence and supplying it. to said signal output 
means; said signal carrier having a discontinu 
ity which periodically causes a discontinuity in 
the signal sequence reproduced by said transduc 
ing means and supplied to said output means; 
and means synchronized with the periodic ac 
tion of said discontinuity for altering the level 
of the signal sequence reproduced from said sig 
nal carrier and supplied to said output means so 
as to reduce the effect of said discontinuity. 
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