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An object of my invention is to provide a new 
and improved system and method for indicating 
time at a distance from a standard clock and 
controlled thereby. Another object is to provide 

5 for distant control of a time indicator by Suit 
able radio transmitting and receiving apparatus. 
Still another object is to provide for sending 
radio Waves having a component of frequency 
determined by a time standard and actuating 

10 or controlling clocks at receiving Stations in a C 
cordance with said component. A further object 
in this connection is to provide for getting this 
desired component at the receiving station. With 
its frequency the same as determined by the 

5 time standard at the sending station. Another 
object of my invention is to provide for control 
ling the carrier frequency of a radio broadcast 
transmitting system by a standard clock, and 
at receiving stations employing the carrier fre 

20 quency component of the received energy to con 
trol local clocks and keep them in Synchronism 
with the standard clock. These and other objectS 
of my invention will become apparent on con 
sideration of a limited number of specific em 

25 bodiments of the invention that I have chosen 
for disclosure in this specification. It will be 
understood that this disclosure relates principally 
to these particular examples of the invention, and 
that the scope of the invention will be indicated 
in the appended claims. 

Referring to the drawing, these are diagrams 
in which Figure 1 shows a broadcast transmit 
ting station with a carrier current of frequency 
stepped up in definite ratio from current impulses 
whose frequency is determined by a standard 
clock; Figure 2 shows a corresponding receiv 
ing station for the broadcast waves and for con 
trolling a local clock from the carrier; and Fig 
ure 3 shows a modified broadcast transmitting 
station with special provision to enable the re 
ceiving station of Figure 2 to get the proper cur 
rent frequency for clock control. 
In the transmitting system of Figure 1, the 

standard clock.11 drives the wiper 12, which pe 
riodically closes the circuit of battery 10 at Con 
tacts 13. This circuit is the input circuit of the 
harmonic generator 14. This device 14, receiv 
ing a periodic current on its input side, delivers 
harmonics thereof on its output side to the filter 
15, which passes one and only one of these har 
monics of higher frequency to the next harmonic 
generator 16. Thus the combination of the har 
monic generator 14 and the filter 15 constitutes 
a frequency multiplier. The combination 16-17 
is another such frequency multiplier, and by aS 
many such sets as needful the frequency of the 
current from the impulse sender 12-13 is stepped 
up to a proper frequency to be the carrier cur 
rent of the radio broadcasting System. This 
current of carrier frequency is amplified at 18 

40 

45 

55 
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and inodulated at 19 from the voice frequency 
source 20. Thence the modulated current goes 
through the filter 21 and amplifier 22 to the trans 
former 23 from which its energy is delivered to 
be 'adiated on the antenna, 24. 
A corresponding receiving station is shown in 

Figure 2. The energy of the electric waves fall 
ing on the receiving antenna, 31 is delivered 
through the transformer 32 as input current to 
the band pass filter 33. The output currents in 70 
the conductors 34 go by one branch conductor 
pai' to the broadcast receiving apparatus 35, and 
by another branch conductor pair to the narrow 
band pass filter 36. This separates the carrier 
Current from the side bands and passes the car- 75 
rier Current, Which is amplified at 37, again fil 
tered at 38, and applied to the harmonic re 
ducer 39. This may be a three electrode vacuum 
tube Oscillator having a natural frequency such 
that the frequency on its input side is very nearly 80 
a harmonic thereof, under this condition the os 
Cillator Will be forced to Operate at precisely the 
fundamental rate of which its input is a har 
monic. For example, if the input is at 1,000 kilo 
cycles and the natural rate of the oscillator is 
Very nearly 100 kilocycles, it Will be receiving its 
tenth harmonic (counting the fundamental as 
first), and will operate at exactly the rate of 
100 kilocycles. Thus from the filter 38 on the 
input side of the reducer 39 to the filter 40 on 
its output Side, the frequency is stepped down 
Once, and it may be stepped down again through 
another reducer 41 and corresponding filter 42, 
and the process may be repeated as many times 
as necessary to get a suitable frequency for the 
operation of the synchronous motor 44. 
Harmonic frequency reducers such as shown at 

39 and 41 are sometimes called multivibrators. 
Such devices may be caused by adjustment to 
yield any one of several distinct Sub-multiple fre 
quencies or harmonic frequencies. Thus suppose 
one of them gives a fundamental output for 
which the input is the tenth harmonic; it may 
be caused by adjustment to change this funda 
mental output so that the input Will be its ninth 
harmonic. No such change of adjustment is con 
templated in connection with the use of the de 
vices as here described. 

Eventually the current of reduced frequency 
from the last filter 42 goes to the amplifier 43, 
and the Output therefrom is applied to drive 
the Synchronous motor 44, which drives the 
clock indicator 45. Thus the local clock 45 is 
driven at a rate determined by the frequency 
of the received carrier current on the antenna, 
which as we have seen is determined at the send 
ing Station by the standard clock 11. Interfering 
radiation that may fall on the entenna, 31 will 
be excluded for the most part by close tuning 
and filtering, and the clock 45 will operate exactly 
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or very nearly, in Synchronism. With the Standard 
clock 11. 
A modified transmitting station is shown in 

Figure 3, for cooperation with receiving stations 
Such as shown in Figure 2. In the transmitting 
system of Figure 3, the standard clock 1.1' drives 
the bevel gear wheel 51 in the direction of the 
arrow i2', While the Synchronous motor 44 
drives the matched bevel gear wheel 52 in the 
Opposite direction as indicated by the arrow 12'. 
The current Supply for the motor 44' Will be dis 
cuSSed presently. The gear wheels 51 and 52 form 
part of a differential gear mechanism whose in 
termediate bevel pinions 53 are carried on the 
arm 54; this an 54 Will stand still When the 
rates of rotation indicated by the arrows 12' and 
12' are equal, but will be displaced one way or 
the other according as one Such rotation is faster 
than the other. 
The arm 54 carries one plate 55 of an adjustable 

condenser which has the fixed plate 56. This 
adjustable condenser 55-56 is of Small capacity 
at any adjustment compared With the parallel 
condenser 57. These condensers in parallel, with 
the inductance 58, form the frequency determin 
ing circuit of the three electrode vacuum tube 
oscillation generator 59, whose output current 
goes as input to the modulator 19', where it is 
modulated from the voice frequency source 20'. 
The , modulated output current from the modu 
lator 19' goes through the filter 21' and ampli 
fier 22' and on the conductor pair 34', from which 
a branch conductor pair 60 goes to the trans 
former 23' by which the energy of this current 
is applied for radiation from the antenna, 24'. 
By another branch conductor pair 61, the mod 

ulated current goes to the initial end of the Se 
quence of elements of apparatus 36' to 43' and 44'. 
These need not be here described in detail, for 
they are made as nearly as possible like the Se 
quence of elements 36 to 44 in Figure 2, which 
have been described heretofore. Accordingly, it 
Will be understood that the Sequence of appara 
tustus elements 36' to 44' operates to filter and 
pass only the component of current of the car 
rier frequency, to step it down in frequency, and 
to drive the Synchronous motor 44 thereby. 
The proportions of design are such that the 

motor 44' will drive the bevel gear wheel 52 at 
approximately the same speed of rotation as 
the clock 11 drives the bevel gear Wheel 51. If 
these speeds are exactly the same, the adjustable 
condenser 55-56 will remain fixed in its ad 
justment. Of course the speed of the standard 
clock 11 remains constant, but the Speed of 
the motor 44' can change by a change in the 
frequency of the carrier current in the output 
34' and 61. If such a change occurs, the motor 
44' will be accelerated or retarded and will in 
part a differential movement to the arm 54 car 
rying the movable plate 55 of the adjustable 
condenser 55-56. If the change is an accelera 
tion of the motor 44', the capacity at 55-66 
will be increased, the natural oscillation fre 
quency will be increased in the circuit whose 
capacity lies in condense's 55-56 and 57 and 
whose inductance is 58, and thus a compenSat 
ing adjustment will be effected by which the 
motor 44' will be held at the proper speed the 
same as the speed of the Standard clock 11'. 
Comparing the transmitting station of Figure 

3 and the receiving Station of Figure 2, We See 
that in the respective conductor pair's 34' and 34 
there are present all the components of the mod 
ulated carrier current, including the current of 

the pure carrier frequency. At both stations 
alike this carrier component is separated and 
applied to drive the respective synchronous mo 
tOrS 44' and 44. These motors are alike, and 
the Sets of apparatus for getting the driving 
Current for them are alike, and these notors 
must run at Substantially the same speed. As 
We have Seen, the motor 44' at the transmitting 
Station runs at the same speed as the standard 
clock ill', therefore the motor 44 at the receiv 
ing Station will run at that same speed, and will 
accordingly drive the local clock 45 in unison with 
the central Standard clock 11. 
The reeciving System of Figure 2 can be used 

With any broadcasting station to ascertain its 
carrier frequency. Through the branch circuit 
from the conductor pair 34 to the filter 36, by 
careful filtering and tuning in the associated ap 
paratus, the current of the carrier frequency may 
be selected and passed. The associated clock in 
dicator 45 Will in effect count the successive 
Cycles of the carrier and give a cumulative meas 
lure thereof. By comparing this indication from 
time to time with a standard clock, the carrier 
frequency can be ascertained accurately, and it 
can be learned whether the corresponding trans 
mitting station is holding properly to its assigned 
carrier frequency. 

I claim: 
1. In combination, a radio broadcast transmit 

ting station, a standard clock, means to control 
the carrier frequency thereby, a corresponding 
broadcast receiving Station, a clock, and means to 
Control Said clock by the carrier component of the 
energy leceived from said transnitting station. 

2. In combination, a radio broadcast transmit 
ting Station for voice frequencies, a standard 
clock, means governed by said clock to control a 
certain component of the transmitted energy at 
a certain frequency, a corresponding receiving 
Station, a clock aSSociated therewith, and means 
to control Said clock by the same component of 
the received energy. 

3. In combination, a radio broadcast transmit 
ting Station for voice frequencies, a standard 
clock, means controlled by said clock to generate 
the carrier current at Said station at a constant 
frequency, a corresponding receiving station for 
Said voice frequencies, a clock at said receiving 
Station, and means to control said clock by the 
carrier frequency at the receiving station. 

4. In combination, a radio transmitting station 
adapted to generate a modulated carrier current 
and radiate it, a Standard clock, means to control 
the frequency of said carrier current by said clock, 
a corresponding receiving station adapted to re 
ceive the radiated Waves as currents and demodul 
late them, a local clock, and means to control said 
local clock by the carrier frequency component 
of the received currents. 

5. In combination, a radio broadcast transmit 
ting Station, a Standard clock, means to control 
the carrier frequency thereby, a corresponding 
broadcast receiving Station, a local clock, means 
to separate the component of the received cur 
rents of the carrier frequency, means to step this 
frequency down in definite ratio, and a synchro 
nous motor to drive the Said local clock and be 
operated by the current of reduced frequency. 

6. In combination in a radio broadcast system, 
an oscillation generator to generate carrier cur 
rent, an inductance-capacity frequency determin 
ing circuit therefor, a voice frequency source to 
modulate this current, a radiating antenna, a cir 
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cuit to deliver the modulated current thereto to 
be radiated, a branch circuit from said circuit, 
filtering means therein to pass only the com 
ponent current of carrier frequency, a harmonic 
reducer to derive therefrom current of lower fre 
quency in definite ratio, a synchronous motor to 
which the lower frequency current is applied, 
a standard clock, a differential gear mechanism 
driven on one side by said motor and on the other 
Side by Said clock, and a connection from the 
intermediate element of said mechanism to ad 
just the capacity in said frequency determining 
circuit, whereby this frequency is kept constant 
by the Said clock, 

7. In combination in a radio broadcast system, 
a transmitting Station, a standard clock, means 
to control the carrier frequency thereby, a re 
ceiving antenna, a circuit for the received cur 
rents, broadcast receiving apparatus to which 
these currentS are delivered, a branch circuit from 
Said circuit, filtering means thereWith to paSS 
only the component current of carrier frequency, 
a harmonic reducer to derive therefrom current 
of lower frequency in definite ratio, a Synchro 
nous motor to which the current of lower fre 
quency is applied, and a clock driven by Said 
notor, whereby said clock is kept in Synchronism 
with said standard clock. 

8. The combination of claim. 6, and in Operative 
association therewith a receiving Station compris 
ing a receiving antenna, a circuit for the re 
ceived currents, broadcast receiving apparatuS to 
which these currents are delivered, a branch cir 
cuit from said circuit, filtering means therewith 
to pass only the component current of carrier 
frequency, a harmonic reducer to derive there 
from current of lower frequency in definite ratio, 
a synchronous motor to which the current of 
lower frequency is applied, and a clock driven 
by said motor, whereby Said clock is kept in Syn 
chronism with the said standard clock mentioned 
in Said claim 6. 

9. The method of ascertaining the carrier fre 
quency of a radio broadcasting System transmit 
ting a carrier modulated by voice frequencies, 
which consists in receiving the modulated Waves 
as corresponding currents, treating Such currents 
to separate the carrier component from the side 
bands due to the modulation, and applying the 
said carrier component to control the rate of a 
clock-like device, thereby getting an indication 
from said device of the frequency of the carrier 
current. 

10. In combination with a radio broadcast SyS 
tem at a receiving station thereof, means for a S 
certaining the carrier frequency, consisting of a 
branch circuit, for the received modulated cur 
rents, filtering means therewith to pass only the 
component current of carrier frequency, a har 
monic reducer to derive therefrom current of 
lower frequency in a definite ratio, a Synchronous 
motor to which the current of lower frequency is 
applied, and a clock-like device driven by said 
motor, whereby said device in effect counts the 
cycles of the carrier current over any desired 
time-interval. 

11. In combination with a radio broadcast 
transmitting station, a receiving station compris 
ing a circuit for the received modulated currents, 
a Synchronous motor, means to drive said motor 
at a definite rate in relation to the carrier fre 
quency component of said currents, and means to 
Count the turns of the motor and thereby in ef 

3 
fect count the cycles of the carrier current over 
any desired time-interVa. 

12. In combination, a standard clock, an oscil 
lation generator of a certain frequency, a device 
to compare the generator output frequency, with 
the clock rate, means controlled by Said device to 
adjust the output frequency of Said generator, 
means to modulate the output current from said 
generator according to a broadcast program and 
to radiate corresponding electric waves, a re 
ceiver to receive Such waves, means at the re 
ceiver to demodulate the corresponding currents, 
means there to separate out the current compo 
nent of Said certain frequency, and a clock con 
trolled thereby. 

13. The combination a radio broadcast trans 
mitting station, a standard clock, a carrier cur 
rent generator and a transmitting antenna as a 
part of Said Station, means to take off current as 
it is delivered to the antenna, a chain of appara 
tus to step Said current down in frequency, a 
motor driven by Such stepped down current, 
means to compare the motor speed and the clock 
Speed and thereby to adjust and regulate the 
frequency of Said generator, a receiving antenna, 
a clock thereWith and a chain of apparatus like 
that at the transmitting station between said re 
ceiving antenna, and Said clock therewith. 

14. In Combination, a radio broadcast trans 
mitting Station, a standard clock means to con 
trol the carrier frequency thereby, a correspond 
ing broadcast receiving station, a clock and means 
to control Said clock by the carrier component of 
the energy received from said transmitting sta 
tion, both Said means being like chains of ap 
paratus elements with inputs at one end for cur 
rents of the radio frequency and with outputs at 
the other end for currents of relatively low fre 
quency for application respectively to control 
the carrier frequency of the transmitting station 
and the clock of the receiving station. 

15. The System of clock control in connection 
With a radio broadcasting System which com 
prises a generatOr Of Carrier current of a certain 
frequency, means to modulate it with currents of 
Voice frequency range, an antenna to radiate 
energy corresponding to the modulated currents, 
a Standard clock, means to control the generator 
frequency thereby, all the foregoing apparatus 
being at a transmitting station, and in combina 
tion the following apparatus at a receiving sta 
tion, namely, means to demodulate received cur 
rents to get currents of voice frequency range, a 
clock, and means to Separate current components 
of Carrier frequency and apply them to control 
Said clock. 

16. The System of clock control in connection 
With a radio broadcasting System which comprises 
at a transmitting Station a standard clock, a gen 
erator of carrier currents of a certain frequency, 
means to modulate Said current with currents of 
Voice frequency range, a radiating antenna, and 
at a corresponding receiving station, means to 
demodulate received current and thereby to get 
Currents of voice frequency range, and at both 
Stations means to Separate out currents of ap 
proximate carrier frequency from the modulated 
currents, like Synchronous motors to which these 
Currents are applied, a clock at the receiving sta 
tion driven by the notor there, and means at the 
transmitting station to adjust the generator fre 
quency in accordance With the differential rates 
of the motor and the standard clock. 

ARTHUR. F. POOLE. 
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