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This invention relates to signal control
apparatus and with particularly to alarms
controlling apparatus for use in connection
with sound recording mechanism.

8 The invention e\hmlts its practical utility
when employed in sound recording s ystems
wherein the sound record is made in a me-
chanical medium such as wax or other ele-
ment having an impressionable surface, the
sounds bemo permment‘y represented in the
form of a continuous wavelike cutting of
varying amplitude.  When records of “this
type are being Droduced it frequently hap-
pens that the recording stylus, the point of
which moves in a horizontal plane, is sub-
jected to an excessive amplitude of move-
ment, for example, that occurring in the
recording of unusually loud sounds, result-
ing a socalled « Vercutting.” In some cases
® this « overcutting ” may result in the brealk-
ing of the wall between adjacent. grooves
1endelmo the record worthless as a master
record. This difficulty is of much pecuniary
moment where the works of great artists are
5 Dheing recorded, and where a defect in the
forming of the master record may occasion
the outlauv of large expenditures .of money
for repetition of the recor ding process. Un-
less some continuous check is provided on
the um('uonmﬂ‘ of the recording stylus such
defects as “overcutting,” are not revealed
until- the complete performance of the artist
has been recorded.. Tt has been the practice
heretofore to follow visually, by means of
micrescopes or the like, the ac‘mon of the
cutting stylus. 1t has been found, however,
that Hus vigual check 1s not in all cases reli-
ablea and necessitates the cmployment of
skilled operators. who must continually
watch and instanta ncnus];v detect * overent-
ting when it occurs.’

The invention has therefore for 1te prin-
cipal object the provision of means for con-
tinuwously foﬂowmo the action of a record-
ng vhvr and for automatically giving sig-
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control an alaum at the instant a recording
stylus begins to ¢ over-cut.”

Another feature of the invention is con-
cerned with a relay arrangement for insur-
ing the closure or opening of a control cir-
cuit in response to very short. signal im-
pulses.

A still further feature relates to the com-
bination of a vacuum tube oscillator which
is normally just below the point of oscilla-
tion but which responds to a single transient
impulse and generates sustained current os-

cillations which may be utilized to perma-
nently control a visual or audible signal.

Other features and advantages of the in-
vention, not specifically set forth at this
point; will be revealed by a consideration of
the description of one mode of practicing the
invention as given hereinafter and as pomted

out  with p%rhculamty in the appended
cl‘(ums

Referring to the drawing, T fig. 1 shows an
electro—mmnemc sound 1’9001*d1no device
with which is associated an electro- -optical
system for controlling the alarm cireuit.

Fig. -2 illustrates schmna‘mcﬂly the elec-
tro-optical system disclosed in Fig.

Fig. 3 shows a novel form of a V«Lcuum
tube relay for controlling an eloctllc cir-
cuib, :

Fig. 4 shows a magnified section of a disc
type “sound record 1llustmtlno one form of
sound cutting.

Similar D]GC“Q of ‘apparatus disclosed in
the several figures of the drawing bear the
same reference characters.

For the purposes of illustrating one mode
of using the invention, it has heen chosen to
describe the same in connection with a sound
recording system wherein electromechanical
devices are employed for the purpose of
tmnslatinp" the sound variations into corre-
sponding “ cuttings ” in a wax record. For
this purpose when the microphone 1, has
been properly positioned -for the 1ecept10n
of the sound waves to be recor ded, the motor
2 i siartec and brought up to speed with
; ::‘uyhn 3w contact with the _recording
The sotrd waves impinging up-
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umtlons in the grid potential of the ampli-
hu A which is prefe ably of the electron
discharge type and which produces in its
output circuit voltages which are undistorted
in go far as they conmspond to the variations
n intensity and quality of the sound waves.

Associated with the output cireuit of the
amplifier A is the electromagnstic {ranslator
R which may be of any well- known construc-
tion adapted to move the 1'%0"ding stylus
point laterally across the record 4. A special
form of translator 1s kh ywin'in Fiel 1, but it
is understood that the drawing is esse ntiqll\’
schematic in ‘Lhis esject. The ‘Tecorder-
translator shown, compl'iqe% a magiet 6 to
which ave attached, in auy stitable manner
the laminated pole-pieces 7 and 8. The tips
of the pO’e pieces fre ’l)LGlQl ably so shaped

as to conform to the shape of the ends of
armature 5 as shown, the armature being
qupponul in any suitable manner for vibira-
tion between the pole-picces.  Surrounding
the armature, but not interfering with L}l”
mov ement ihmoui, IS & w m(lmg J which is
connecterl in the outpm cirenit of the ammpli-
fier A. Armature 5 will thereiore be moved
toward and away from the pole-pieces in
accordance with the chavacteristics of the
sound waves striling the lrhuoph(mc 1, and
it the well-known manner, the point of sty-
lus 8, which is dttached in any suitable man-
ner ‘to the armature, will cut a continuocus
wave-likke groove of constant depth in the
wax 1'ecord blank 4, the ampntude of thie
wave at any particular point corresponding
to the amplitude of vibration of the stylus
point.

TWhen & master record is prepaved in ac-
cordance with the apparatus shown in ¥ig. 1
it is desirable for vavious reasons to fix i
definite limit to the amptitude of movemen
of the stylus. Tn a manner this am; )htuuc
m‘ly be controlled by the amplifier A whose

gain may be adjusted to give the requirved
amphtude of moverient of the stylus when
the loudest sound is impressed upon the mi-
crophone. Nevertheless at times, because o"f
varying degrees of hardness of the blank 4

at different points a given Cnrrent from ain-’

plifier ‘A will cause ctvlw 3 to trace a wave
of greater amplitude ‘than is required. At
tlmﬂs tms may rvestilt in the stylus cutting
across {rom one groove to the preceding ad-
jacent gidove as “indicated in g, 4 by the
dotted portion 51 belween grooves 49 and 50.
Tror the puirpose oL xns.anmneoush delecting
this “overcutting” an optical system 1s pro-
vided, comprising the small, concave mirror
10 (Figs. 1 and 2) which is fastened in anv
suita ble manner at a convenient pomt on the
stylus 8. This mirror is preferably of alumi-
num or other light material in order that it
may not affect “the constants of the re pro-
ducer.

" 15 giving subs tanﬁaﬂy
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Suitably mounted beneath the 1Lprodncu‘
arm 11 and movable therewith is a “dark-
box” 12 at one end of which is conveniently
mounted the photoelectric ccll 13. Detween
the cell 18 and the mirror 10 is a small lamp
a point-source of

light. ~ The light vays from the source 15

‘pass thru a small opening 17 in the right-

hand end of the “dark-box” and %tmke the
small mirror 10 npon which they are fo-
cussed by the lens 16. When the bmlus 3 1s
at rest the rays from the source 15 strike the
mirrer 10 at its center, as shown in Fig. 2
andl are refiected back upon themselves in a
straight line, ”hen the stylus is moved
away from its rest position the rays from
the source 15 are eccentric with respect to
the mirror 10 'ﬂnd are réflected to one side or
the other as showin

Oun ¢ither side of the central opening 17
are two other openings 18 and 19 which cor-
respond 1o the AKX allowable ampli-
tude of movement of the stylus In cither
divection. When the stylus is in ny inter-
miediate wwt“)m the rays veflected from the
mirrer 10 do not-enter the “dark-box” and
consequently do not affect the cell 13. Should
the stylus be moved just beyond the allow-
ahle m'.\mmm for L\amplc. as o result of
“over-cntting,” the rays reflected from mir-
ror 10 will pass thril one of the openings
18, 19. The rays from mirror 10 after pass-
ing thru opening 19 for example, strike
the mirror 20 which is conveniently mounted
on the inner lateral wall of the “d ‘rk hox”
n the proper position to reflect h rays to-
ward the phf)‘ioe]eoi‘xig cell 13 upon \\hxch
they are focussed by UlL lens 22, In a simi-
lar ‘matiner on the opposile lateral interior
wrall of the “dark-box,” isa nirror 21 {or re-
t flecting on to the cell 13 the light rays enter-
ing thL opening 15, A lght bafile 11 is pro-
vided in order that the cell 13 1may not be
affected by the direct rays frow the lamp 15

Referring to Fig. 2 it will be seen that
when the mirror 10 is in its central pomt‘on
(indicated in full ]mes), the rays reflected

from the witrror 10 are ﬁcdel back
through the opening 17. W heh be mirvor

10 is'moved to its maxiium sllowable posi-
tion in one dllectmn, the rays Are wﬂc(’ted
through the operiing 19 and strike the mirror
91 from which they ave veflected and are
then focussed by lens 22 upon the cell 13.
Similarly when the mirror is moved to its
maximum allowable position in the opposite
direction the rays are reflected thru the open-
ing 18, strike mirror 20, and are veflected to
the cell 13. Itis clear then that when the
stylus 8 begins to move beyond its maximum
allowable distance in elther direction, the
cell 18 receives a sudden impulse of light
and its resistance is changed to correspend.
This change in resistance may be utilized to
->
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cause the actuation of a bell, the lightihg‘

of ‘a lamp, or any other suitable signal to
attract the attention of an attendant to the

condition in order that the recording process

may be immediately stopped and a new
record blank substituted. o

As hereinabove pointed -out ‘the cell 13
may receive only a momentary light impulse
which might not be of sufficient duration or
intensity to cause the permanent operation
of a signal. Accordingly, as shown in Fig.
1, the cell 13 is connected across the grid and
plate electrodes of the three-electrode ampli-
fier A'.© Normally the grid 24 may be so
polarized by battery 25 and resistance 51

that the space ewrrent is insufficient to op-

erate thé relay 29. When, however, cell 13
receives a momentary impulse of light, the

" resistance of the cell is reduced and current
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flows from the positive pole of battery 26,
lefthand winding of relay. 27, conductor 28,
anode of the cell 13, conductor 29, resistance
51, to the negative pole of battery 26. The
flow of current as traced is in such a direc-

5 tion as to decrease the negative potential of

grid 24. The left winding of relay 29 is
preferably of a comparatively high resist-
ance and a great number of turns in order
that relay 27 may attract its armatures in
response to a momentary current impulse.
As soon as relay 29 operates in the manner
described, a Tocking is established from posi-
tive pole of battery 30, resistance 31, right-
hand low resistance winding of relay 29, con-
tacts of key 32, inner contacts of relay 29,
to the negative pole of battery 30. This last
traced circuit also extends in parallel
through the outer contacts of relay 29 and
thence through the signal device 33.. Signal
33 therefore remains operated until the lock-
ing circuit of relay 27 is broken by the
attendant manipulating key 32. ' :

In the event that the impulse of light is of
insufficient duration to effect the operation
of relay 27, a novel form of “trigger” cir-
cuit such as shown in Fig. 3 may be em-
ployed. This “trigger” circuit- comprises
a three-electrode regenerative vacuum tube
amplifier which is normally maintained just
below the point of oscillation.  The oscillat-
ing circuit of the amplifier shown in Tig. 3,
comprises the inductances 35, 36 and the
variable condenser 37. The photoelectric
cell 13 is connected in a “leak ” circuit across
the grid and plate of the amplifier, and has
its anode supplied with potential from the
same source as supplies the plate potential
for the amplifier, naniely, battery 39. The
potential of the grid 40 1s a function of the
potential drop in resistance 41, and a func-
tion of the potential of battery 42. With the
cell 13 completely dark, the inductances 35
and 36, condenser 37 and battery 42 are so
adjusted that the amplifier is just on the

o

verge - of  generating - oscillations, and' in
response to a slight change in good poten-

‘tials will sustain these oscillations or “ spill-

over.” as is well known in the art. - The re-
sistance 41 and the condenser 43 are of such

_proportions with regard to the average work-

ing resistance of the cell 13 that any poten-
tials impressed upon the grid due to the
excitation of cell 13 will leak off compara-
tively slowly. The resistance 41 and con-
denser 43 may also be proportioned to facili-
tate the generation of oscillations. '

" When the cell 13 is excited by a momen-

tary impulse of light, for example that due
to an excessive movement of mirror 10 as
hereinabove described, the current flowing
through the cell from the battery 39 and
through resistance 41 will be in such a di-
rection as to make grid 40 less negative with
respect to the filament, causing the amplifier
to “spill-over” and the resulting oscillations
will be sustained in a well-known manner
even though the cell 13 becomes dark. The
increased current rvesulting from the sus-
tained oscillations flows through the left-
hand winding of relay 44 which 1s similar to
relay 27 of Fig. 1. Relay 44 is also pro-
vided with a right-hand low resistance hold-
ing winding which is controlled by key 45.
When key 45 is operated by the attendant
the upper contacts thereof open the circuit
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through the left winding of relay 44, thus .

curtdiling the generation of oscillations,
while the lower contacts openthe locking
civenit of relay 44 which may thereupon re-
lease and disconnect the signal 46 from bat-
tery 47, Tf desired, the condenser shunting
the operating winding of relay 44 may be
used for tuning to the oscillation frequency
or for “by-passing” the oscillatory currents

It is understood that the scope of the in-
“vention is not to be confined to the precise

elements shown in the drawing, as various
modifications may be made therein without
departing from the spirit and purpose of
the inventive idea. ‘

What is c¢laimed is: :

1. In combination, an element having an
impressionable surface, a movable device

‘adapted by its movement to translate sound

variations into impressions on said. element
and a signal automatically responsive to an
excessive amplitnde of movement of said
device. =

2. In combination, an element having a
sound recording surface, & stylus for trans-
lating sound waves into impressions on sard
surface, a relay respongive to excessive move-
ments of gaid stylag, and an alarm operated
by said relay. ; '
3. In combination, a recording surface, a
source of electrical variations, an element
adapted to move in response to said varia-
tions to cause a mechanical record thereof to
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be made in said surface, an electro- optical
system, controlled by said element, and a
signal to be actuated under control of said
electro- optical system.

-4, Means for detectmo “overcutting” in 4
master sound record comprising a hoht sen-
sitive device actuated by the recording stylus
and an alarm automatically actuated bV said
light sensitive device. ,

5 In combination, a recording stylus, a
light beam controlled by the movement of
said stylus, a light sensitive cell excited only
when qfud stylus has a predetermined ampli-
tude of movement, and: a signal operated
under control of said cell.

6. In combination, a movable recording t
arm, an electr omanne‘”c translating device, a
member to be oscillated by said device, an
electrc-optical system compriging a light sen-
sitive cell, and means for exciting said cell
only in response to a pl"determ!nad move-
ment of said member.

In combination, an electromagnetic re-
producer a stylus to be oper ated by said
reproducer, a “dark-box” containing a light
sensitive element and an optical system,
means for actuating said reproducer by
sound modulated currents to vibrate said
stylus, means carried by said stylus for con-
trolling the excitation of said light sensitive
element only when said stylus 1,efxclﬁeq a pre-
determined amplitude of mevement, and a
movable recording arm upon which said re-
producer and said dark-box are mounted.

8. In combination; a vibrating recording
stylus, an electro-optical system comprising
a photo-electric cell, a signalling device, a
relay for contr olhn(Y said dcvxce, an electron
discharge dmphﬁel between said cell and
said 1ehy means associated with said stylus
and effective only upon a predetermined am-
plitude of movement of said stylus to con-
trol the excitation of said cell, said relay
being responsive to such excitation to cause
said signal to be operated.

9. \Ieans for signalling when a recording
stylus is “overcutting” which comprises a
mirror fastened to said stylus, a photoelec-
tric cell excited when szid mirror assumes a
predetermined position, an ‘electron dis-
charge amplifier associated with said cell, a
relay connected in the output cireuif of gaid

amplifier, said relay being inert when sa'd

cell is not excited and addpted to be oper-
ated in vesponse to a single mumentau oX-
citation of said cell, and means for main-
taining said relay operated after discontinu-
ance of excitation of said cell.

10. In combination, a recording stylus, a
light beam controlled by the movement of
sald stylus, a photoelectric cell excited when
said stylus has a predetermined amplitude
of movement, and a signal operated under
control of said cell.

1,655,843

11. In combination, a source of light, a
light sensitive cell, a device, for oenemtma
current oscﬂhtlons, means for mamtammw
said device just below the threshold of os-
cillation when said cell is not excited, means
for exciting said cell by a momentaly flash
of light from said source to catse said device
to st u‘t generating current oscillations, and
means for causing said device to continue
generating cun‘ent oscillations independent:
ly of the exeitation of said cell.

12. In combination, an oscillatory circuib
comprising a light sensitive cell and a regen-
erative vacuum tube amplifier, and means
for maintaining said éireuit just below the

threshold of ()Scﬂlamon wlen said cell is not

excited and for causing said circuit to pass

the thieshold of oscillation and to continue
oscﬂlatmg when said cell is morentarily
excited. ‘

13. In combination, a regenerative vacuum
tube amplifier adapted to produce current
oscillations, a light sensitive device connect-
ed to the grid of said amplifier, a combina-
tion of elements for maintaining said am-
plifier on the verge of oscillation when said
device is not excited, means for exciting said
device by a momentary flash of light to cause
said amplifier to produce current oscillations,
said combination of elements serving to
maintain said amplifier producing current
oscillations independently of the excitation
of said device.

14. In combination a recording stylus, a
beam of light controlled by the movement
of said stylus, a light sensitive cell, means
for exposing said cell momentarily to said
beam of hffhf when said stylus exceeds a
pr edetermined amplitude of movenient, a ye-
generative electron discharge amplifier, ad-
justable means associated with said amplifier
for maintainnig said amplifier just below
the state of producing current oscillations,
a circuit controlling device in the output
circuit of said amplifier normally unrespon-
sive to momentary current impulses, and
means associating said. cell with said am-
plifier effective npon momentary excitation
of said cell to cause said amplifier to
produce sustained current oseillations for

operating said relay and for maintaining
said relay operated independently of the ex-
citation of said cell. ‘

15. In combination, a regenerative vacuum
tube. amplifier, a resistance connected in the
grid circuit of said amplifier, a light sensi-
tive cell connected in a leak circuit to the
grid of said amplifier, a grid polarizing bat-
telv, said battery -and resistance being so
proportioned that the potential apphed to
the grid through said resistance is sufficient
to hold said amplifier just below the point
of producing current oscillations when said
cell is not excited but is insufficient to hold
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said amplifier below the point of producing said amplifier to pass the threshold of oscil-
current oscillations when said cell is ‘mo- lation in response to a momentary excitation 10
mentarily excited. of said cell.

16. An electrical trigger circuit compris-  In testimony whereof, I have signed my
ing a regenerative vacuum tube amplifier name to this spemﬁca’clon, this 18th day of
normally ]ust below the point of generating March, 1927. -
sustained - oscillations, and a light sensitive »
device associated with said ampllﬁer to cause J. LOUIS REYNOLDS.



