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7 Claims,

This disclosure relates to an invention which
mmay be described as a remote Indicating system,
and more particularly, in one of its uses, as a
remote time indicating system. .

My system may use any transmission channel
in which a variable such as electric current may
be varied simultaneously at several different fre-
quencies. Examples of such channels are:

Wire

Radio
Telephone
Telegraph
Power line
Light beam

In general the changes in the variable required
to give the indications at, the receiving eng may
be transmitted either as simple periodic changes
of the variable at the frequencies required for
the indication, or as g modulated carrier wave,
the frequency of the carrier being higher than
that of any of the signal frequencies.

My system is particularly adapted to the con-
tinuous transmission and reception of correct
time from g sending station at which there is g
master clock or the equivalent, to g plurality of
Teceiving stations at Which it may be desired
to know the correct time, .

Figure 1 illustrates schematically the use of
a radio television system for the purpose of giving
continuous time indications.

Figure 2 illustrates the general application of
a multiplicity of frequencies to give ‘a remote
indication .of time. .

Figure 3 illustrates the application of such 8
method using g special radio channel,

Figure 4 illustrates the application of the sys-
tem, using a radio channel which simultaneously
is being used for ordinary radio broadcasting
purposes. .

Figure 5 illustrates the use
upon which the
impoesed directly.

Figure 6 illustrates the application to a wire
Channel in which the various frequencies are
used to modulate the carrier frequency.

Figures 2, 3,4, 5 and 6 are also schematic,

Figures 7 and 8 show .a preferred form of a
time indicator made in accordance with the pres-
ent invention. Figure 7 shows the device in
vertical cross section, and Figure 8 shows g
broken away front view of a part of the device,

Pigure 7a is an enlarged view of a detail of
the invention showing a reed and a pinhole,

of a wire channel
~various signal frequencies are

(CL 58--24)

Figure 84 is a front view of the screen, as
incorporated in the device described.-
In Figure 1, { is a correct master clock, whose

face is scanned by the television scanner 2. This .

is connected in the conventional way to the radio
transmitter 3, The television receiver receives
the broadcast from 3 and this gives an image
5 of the face of the clock. In this way, assuming
that the clock is always correct, the indication at
5 will be correct,

The disadvantage of the arrangement illus-
‘trated in Figure 1 is the necessity of using a very
wide radio channel, this being inherent in any
television system. I shall show that the time
indication of the master clock [ may be dupli-
cated at any remote point by the use of a fre-
quency band which is extremely narrow, com-
pared to that used by a° television system.

Referring to Figure 2, B represents a battery
of twenty-eight alternating current generators.
These generators mnay convenienily be twenty-
elght electrically driven tuning forks provided
with suitable electrical pick-up means. The out-
put of any of these generators may be connected
to the output wires § by means pfa commutator,
The clock and the commutator are shown sche-
matically at 7. They are so arranged that there
will always be impressed on the output § g group
of three different irequencies which may be des~
ignated A B C. Frequency A is a particular one
of a sub-group of twelve out of the total twenty-
eight, and it is that particular one which is arbi-
trarily designated to represent the existing hour
out of a possible total of twelve hours. Frequency
B is one out of a sub-group of 6 frequencies
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arbitrarily designated to represent the existing -

tens of minutes out of g possible total of 6 tens
of minutes in any givén hour., Frequency C is
one of a sub-group of ten frequencies arbitrarily
designated to represent the existing minute out
of & possible total of ten minutes in each ten
minute period. Thus, an observer having access
to the remote ends of wires 6 and provided with
means for measuring frequencies and also pro-
vided with the arbitrary code relating the various
. frequencies to the hour, tens of minufes, and
minutes, would be enabled to ascertain the. time
shown by the clock 1. The clock 7 is connected
to the commutator in such a way that the fre-
quencies impressed upon § will correspond ac-
_cording to the arbitrary code with the existing
time. In the actual use of my system, however,
the detection and decoding of these frequencies
is done automatically by the time reception device
8, which gives a plain uncoded visual indication
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- switched off by means of

2

of the time. It is obvious that this indication
will be the same as the indication of the clock
1 whenever 8 is in communication with T and
that if this communication is restored after a
temporary interruption the indication will still
accurately duplicate the indication of 1. This

is in contrast to the ordinary electric synchronous

clock, in which an interruption causes the remote
clock to fall out of step and give an incorrect
indication. In general in my system the device
8 gives no indication at all when the communi-

" cation channel is interrupted, but immediately

gives a correct indication when the channel has
been restored.

PFigure 3 illustrates the application of my sys-
tem, using a special radio channel. | is the
master clock, connected to the switching device
9, by means of which the appropriate frequencies,
which preferably are within or below the audio
band, are impressed upon the modulation circuit
of the radio transmitter {0. The. transmitter
10 thus sends out the carrier wave at some radio
frequency modulated by. the appropriate three
signalling frequencies. This is received by the
radlo receiver {f whose low frequency output is
connected to the. time indicator 8.

Figure 4 shows how the system may be applied
to @ radlo broadcasting system which is already
being used for the transmission of entertalnment
or the like. In Figure 4, {2 is the microphone
used for picking up the regular broadcasting
program. The microphone current is amplified
in 13 and the output of 13 is passed through the
high-pass filter {4, which removes all frequencies
below say 30 cycles. !
nected to the switching device 9. The output of
9, consisting of the three appropriate coded fre-
quencies, passes through the low-pass filter 15,and
is impressed upon the output of 13 and 14. In
this case the time signal frequencies are included
in a band lying below the audible Tange, say be-
tween 13 and 25 cycles.” The purpose of the low-
pass filter 5 Is to remove any harmonics which
might cause unpleasant interference with the
audible program. The outputs of 9 and I3,
filtered as described, are combined and impressed
upon: the radio transmitter 10. The ordinary
radio recelver tuned in to the radio frequency of
10 would be unaffected by the sub-gudio time
signals. In Figure 4, however, the radio receiver
it has its low frequency output divided into
audio and sub-audio components respectively by
the high-pass filter 16 and the low-pass filter 11.
may be further amplified
by the amplifier
speaker (9. This audio component may be
the switch 80, in case
it 1s desired to have only the time indication, and
no audible program from the speaker. . The sub-
audio component is applied to the time indicator
8 which gives a visual indication .of the time
shown by the clock §. The amplitude of the sub-
audio slgnals imposed upon the transmitter 10
will naturally be small enough to modulate the
output of 10 to only a small degree. My experi-
ments have indicated that the percent modula-
tion by sub-audio signals should not exceed about
5%; otherwise an unpleasant fluttering noise
may be head from the speaker 18, due to cross-
modulstion in the detector of the radio receiver
i1, " .

My invention may, of course, be used in con-
nection with a wire channel, without the use of
radio frequencies, and such embodiment is espe-
cially adapted to the requirements of hotels,

is the master clock, con-.
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apartment houses and the like, where it is de-
sired to have in each room a clock which will
never have to be reset, regardless of possible in-
terruptions or disturbances to the master clock
or to the communication channel. Such an ar-
rangement is shown in Figure 5 where | is the
master clock, controlling the switching device 9
which imposes the appropriate frequencies upon
the wire channel 20 preferably through the am-
plifier 21. The wires 20 are brought to each loca-
tion at which it is desired to have & time indi-
cator, at which points the indicators 8 are con-
nected. In a very large system where the dis-
tance from the master clock to the indicators is
great, other amplifiers may be connected ahead
of the indicators 8.

Figure 6 illustrates a system employing a mod-
ulated carrier wave which is suitable for opera-
tion over-long distances, and is particularly suit-
able when the wire channel to be eniployed is
already being used for power, telephone or tele-
graph services. In this case the coded time sig-
nal frequencies are fed into the modulator 22
which modulates the output of an oscillator 23.
This output is impressed upon the channel in a
way which is appropriate to the nature and use
of the channel as is well known to those skilled
in the communication art. The high frequency
receiver 24, by appropriate take-off means, re-
ceives the modulated signal. demodulates it and
feeds the low frequency signals to the time indi-

. cator 8.

In Figure 7, 25 is the moving coil of the driv-
ing element, which is very similar to that used in
a dynamic speaker for instance, the voice coil.
25 is supported in the air gap 26 through which
a strong magnetic flux is passing due to the field
coil 2. The low frequency time signal frequen-
cies are impressed upon the coil 25 causing it to
vibrate axially. Coil 25 is wound upon the tube

~ 28, which is connected by the radial arms 29 to

the rim 30, in such a way that the vibration of
the coil 25 is communicated to the rim 30. Fixed
to the inner part of the rim 30 is the reed-plate
31. This is shown as a stamping of thin metal
from which. the slots 32 have been cut out, leav-
ing the reeds 33a, 38b, etc, projecting inwards.
Separate reeds attached at their outer ends may,
however, be used if desired. The inner end of
each reed is turned out axially at 34, and the
extreme end forms a shutter 35, which normally
covers a corresponding pinhole 36. An enlarged
view of the end of a reed and a pinhole is shown
in Figure 7a. The reeds are tuned respectively to
the twenty-eight different frequencies to be used
in communicating the time. This funing may be
accomplished either by varying the width of the
slots 32 so as to change the stiffness of the
varioys reeds, by attaching different weights to
the inner ends of the reeds, or in any other suit-
able way. As a result of this tuning only those
reeds vibrate whose natural period corresponds
with one of the frequencies impressed upon the
coil 25. On the axis, at 37, is a light source,
preferably a concentrated fllament electric lamp.
Surrounding this lamp is a sleeve 38 in which are
pierced the twenty-eight pinholes 36, each co-
operating with a shutter 35. 39is a mirror, which
may be of polished metal., It is pressed or
stamped so as to present twenty-eight facets 44a
and 44b, etc., each facet being approximately in
line with the source 31 and the corresponding
shutter and pinhole 35 and 36. 40 is a stencil
supported by the plate 41. This stencil has the
general appearance shown in Figure 8 except
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that the figures are transparent and the back-
ground is opaque. 42 is & translucent screen of
ground Celluloid mounted in the front of the case
43. A front view of this screen is shown in
Figure 8a.

The operation: of this device will now be ex-
blained. The coil 25 is simultaneously sup-
plied with three frequencies, one each from stb-
C corresponding to the hour,
tens of minutes, and minute. This causes three
of the reeds 33 to vibrate. The twenty-eight
reeds 33 may thus be considered to be divided into
three sub-groups A, B and C, comprising respec-
tively twelve, six and ten reeds. One reed of
each of these groups will therefore®be in vibra-

tion, and its shutter 35 will uncover for.the

greater part of its cycle the corresponding pin-
hole 36. This allows three light beams, one for
each group A, B and C, to emerge from the
source 87, to be reflected upon the appropriate
Iacets 44, to pass through the stencil 40, and im-
pinge upon the screen 42. The shutters, pin-
holes, and facets belonging to each sub-group, A,
B or C, are so disposed that any beam belonging
to the sub-group A
the screen 42 which is marked A, and similarly
beams belonging to sub-groups B and C will fall
respectively upon spaces marked B and C, re-

', Spectively. The figures on the stencil are so po-

30

35

40

sitioned that each is centered on the optieal axis

of the ray passing through the source 87, the

pinhole 86 and the center of the appropriate space
A, B or C, on the screen. Thus the presence of
any frequency belonging to sub-group C in the
coil 25 will cause the appearance of a figure of
light in the space C of the sereen 42 and similarly
frequencies in sub-groups A and B will cause fig-
ures of light to appear in spaces A and B. A
complete time indication is the result of three
frequencies, one pertaining to each of these sub-
groups. : ]

It will be seen from this specification that my

- System may be applied in two general cases, first,
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where a special channel of some sort is provided

for the exclusive use of time transmission, and
second, where existing facilities in the form of
radio broadeast
lines are used to carry time signals in addition to
and without interference with their original
functions. Naturally the usefulness of my in-
vention is greatly increased in the latter case.
I have already described how coded time signals
may be added to the regular program from a
radlo broadcasting station so as to give a time in-
dication at the receiver without interfering with
the regular program. Of course, it will be un-
derstood that even though the entertainment
program is not being set out, the carrier may con-
tinue to be used, preferably at reduced power and
increased modulation, for the purpose of send-
ing time signals alone. The same kind of ad-
vantages are found in the use of existing tele-
phone cireuits for supplying accurate time indi-
cations to telephone subscribers. - In this case the

coded time signals may well be impressed on the

telephone circult as g modulated carrier wave
which will cause no interference with the ordi-
nary use of thetelephone, and which will give
the desired time indications at any subscriber’s
station at which the proper recelving deviece may
have heen installed. . o

It will be understood that & number of modifi-
cations are possible in my system without de-

parting from the spirit of the invention. As.the
system has been described, g first group of three

will fall upon that part of -

carriers, telephone lines or power ..

3

frequenc!. s is chosen from
28 possible frequencies, and of this second group
12 frequencies represent the 12 possible hours
of the day, 6 frequencies the possible tens of

" minutes within the hour, and 10 frequencies the

bossible units of minutes within & ten minute
period. ' This method of coding has the great
advantage of requiring only three frequencies in
the first group, that is, three frequencies to be
transmitted -simultaneously. Thus in my re-
ceiving device the sub-group A consisting of 12
possible frequencies, represents both the tens of
hours and hours, and the steneil is made accord-
ingly. : L

It is of course possible, however, to use four
sub-groups with four frequencies to be transmit-
ted simultaneously, the first group representing
tens of hours, the second units of hours, the third
tens of minutes and the fourth units of minutes.
In this case, if only the hours from one to twelve
inclusive are to be transmitted, the first sub-
group would contain only one frequency which
by its presence or absence would indicate whether
or not there were any tens of hours in the total
time figured to be transmitted, so that between
one o’clock and 9:59 this frequency would be
absent and only three frequencies would be
transmitted. '

It is also possible to use the method of time
designation common in European countries in
which hours are designated Irom one to twenty-
four, or zero to twenty-three, 23 o’'clock being

11 p. m. 1In this case g first sub-group of two

frequencies is required for the tens of hours: a
total of four frequencies are to be transmitted
simultaneously, and the total number of possible
frequencies will be 29. : . :
Also it is obvious how this invention may be
applied to the transmission of a time indication
which includes the seconds. If this is done two

- additional sub-groups répresenting tens of sec-

onds and units of seconds are required, containing
respectively six and ten possible frequencies.” So
that if seconds are to be transmitted as well as
hours and minutes according to any of the above
described systems the total number of frequen-
cies from which the frequencies to be transmitted

. are chosen will be 43, 44, or. 45, the number de-

pending on the method used to designate the tens
of hours; and the number of frequencies actually
transmitteql at one time will be either five or six,

I consider it desirable, especially when only
hours and minutes are to be transmitted, to use
for the total group of frequencies g group in
which the ratio of each frequency to-the one

- immediately below it is a constant, and such that

the ratio of the highest frequency to the lowest is
less than two, that is, the entire group should lie
within an octave. The reason for this is that in
such a case the presence of g Second or higher
harmonic in any of the lower frequencies will
have no tendency to cause any of the tuned ele-
ments in the receiving device to respond to_ such
harmonic and give a spurious Indication. In a
system employing s total group of 29 frequencies,
for example, the ratio of each frequency to the
one immediately below it might- very well be the
29th root of 2. While it might be extremely diffi-
culf to tune electrical circuits to select between
frequencies as close together as these, the much
greater selectivity of mechanically tuned elements
makes them well adapted to good selection in such
a case as this, R S

I have described what I believe to be the best
embodiment of my invention. - I do not wish,

7
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however, to be confined to the embodiment shown
but what I desire to cover by Letters Patent is set
forth in the appended claims.
. Iclaim: o

1. In a time code Yeceiving device, a group of
vibratory elements mechanically tuned to respond
a motor ele-
ment for impressing vibrational forces on said
group of elements, and means whereby the mo-
tion of said elements is caused to give a time indi-
cation, said means comprising shutters connected
respectively to said vibratory elements, means for .
producing beams of light to be affected by said

_shutters, and means cooperating with said beams

of light to produce time indications.

2. In a radio receiver adapted to receive a radio
wave modulated simultaneously by audio and a
plurality of sub-audio components, said sub-audio
components comprising a first group of frequen-
cies chosen from a second group. of possible fre-
quencies, the choice of the first group being re-
lated to the time by an arbitrary code; a sound
reproducing device and a time indicating device,
said devices being responsive, respectively, to the
audio and sub-audio comporients of modulation
of the received wave, said time indicating device
comprising a group of vibratory elements me-
chanically tuned to respond selectively to the dif-
ferent sub-audio frequencies, a motor element for
impressing vibrational forces on said group of
elements. and means whereby the motion of a
plurality of said elements is caused to give a time
indication. o S

3. In a system which includes a radio receiver
adapted to receive a radio wave modulated simul-

_taneously by audio and a plurality of sub-audio

components, said sub-audio components compris-
ing a, first group of at least three frequencies
chosen: from & -second group of not more than
approximately twenty-nine possible frequencies,’
the choice of the first group being related to the
time by an arbitrary code; a sound reproducing
device and a time indicating device, sald devices
being responsive, respectively, to the audio and
sub-audio components of modulation of the re-

Y ceived wave, said time indicating device compris-
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‘plurality of differently

ing a group of vibratory elements mechanically
tuned to respond selectively to the different sub-
audio frequencies, a motor element for impressing
vibrational forces on sald group of elements and
means whereby the motion of a plurality of said
elements is caused to give a time indication.

4. In an indicating device, means provided with -
an.air gap for producing & strong magnetic flux
through the air gap, a moving coil structure
‘mounted within the air gap, a rim of substantially
largex diameter than the coil structure, a plural-
ity of radial arms connecting the coll structure
and the rim and arranged 8o as to support the
rim co-axially with the coil structure and so that
vibrations of the coil structure are communicated
to the rim, & reed plate mounted on the rim, a
tuned radially arranged
reeds mounted on the plate by attachment there-
to of their respective outer ends around the reed
plate and so that the reeds converge toward the
axis of the coil, the inner end of each of said reeds
being turned out axially.

5. In an indicating device, means provided
with an air gap for producing & maghetic flux
through the air gap, a moving coil structure
mounted within the air gap, a rim of larger
diameter than the coil structure, means for
mounting sald rim on the coil structure and co-
axially therewith, said means being arranged so

2,188,145

light within said cylindrical

as to transfer vibrations of the coil structure to
the rim, a plurality of difterently tuned radially
arranged reeds mounted on the rim by attach-
ment of their respective outer ends axlally
around the rim and so that the reeds converge
toward the axis of the coil, the inner end of each
of said reeds being turned out axially, a hollow
cylindrical )
diameter as the coil structure fixedly mounted
co-axially with and alongside the coil structure
and so that its outer surface is closely adjacent
the inner faces of the turned out ends of the
reeds, a plurality of pin
said cylindrical member and positioned thereon
with respect to the turned out ends of the reeds
so that said turned out ends form shutters for
said holes and means for providing a source of
member.

6. In indicating apparatus, & diaphragm hav-
ing the form of a circular flat ring so supported
that it is adapted to vibrate substantially as a
whole, means for actuating said diaphragm com-
prising a coil, a plurality of differently tuned
reeds attached to the diaphragm, said reeds com-
prising spoke-like elements, the outer ends of
which are attached to the diaphragm, said spoke-
like elements converging
coil, the inner ends of said reeds being turned
out axlally, a cylindrical sleeve mounted huh-
like with relation to said spoke-like elements,
said sleeve member having such a diameter that
the outer surface thereof is closely adjacent to
the inner surfaces of the turned up portions of
the reeds, a plurality of pin-like openings ar-
ranged around said sleeve and so as to be cov-
ered by the turned out portion of the reeds
when the reeds are at rest, a source of light
within said sleeve, a mirror having the form of
a truncated cone which is open at its top fixedly
supported in co-axial relationship with respect
to the sleeve and so that light from the source
passing through the pin-like openings impinges
upon the surface of the mirror, a stenciled disc
sheet mounted co-axially with sald sleeve mem-
ber and arranged so that light reflected  from
the mirror surface passes through the stencil
and a screen located near the stencil and adapt-

member of substantially the same '
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holes formed around -
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toward the axis of the .
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ed to intercept the nght passing through the .

stencil. : .

7. In an indicating device, means proﬁded
with an air gap for producing a magnetic flux
through the air gap, & moving coll structure
mounted within the air gap, & rim of substantial-
1y larger diameter than the colil structure, means
for mounting the rim on the coil structure and
co-axially therewith, said means being arranged
so as to transfer vibrations of the coil structures
to the rim, a plurality of differently tuned radial-
1y arranged reeds mounted radially in spoke-like
fashion around the rim, the inner ends of said

reeds being turned out axiaily and so that sald-

turned out ends form a sleeve-like structure
having an axis which colncides substantially with
the axis of the coll, a sleeve member mounted
within said sleeve-like structure in close prox-

imity thereto, the axis of said sleeve member

coinciding substantially with the axis of sald
coil, a plurality of pin-like openings’ arranged
around said sleeve, the number thereof corré-
sponding to the number of tuned reeds, said
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pin-like openings being positioned around said -

sleeve so' that each thereof is covered by a cor-
responding one of the turned ends of the reed,

. a source of light within said sleeve member, &

plurality of mirtor facets positioned around sald
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sleeve but spacially removed therefrom, the num-
ber of facets corresponding to the number of
reeds and being positioned with respect to the
- reed and cooperating pin-hole so that upon vi-
bration of a reed the corresponding pin-hole is
uncovered and light from said source travels
through the corresponding pin-hole and is re-
flected by the corresponding mirror facet; all of
sald facets being angularly disposed in such a

facets and a Screen positioned approximately at
substantially the point of convergence of said
reflected light, said stencil being interposed in-
termediate said convergence point and the mir-

ror facets.
SAMUEL G. FRANTZ.




