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tion of Delaware -

Application October 6, 1945, Serial No. 620,833
(CL. 178—19)

6 Claims.

The present invention relates to electrical oscil-
lation generators, and to electrical systems in-
corporating such generators. :

In electrical oscillation generators of the type
having a parallel resonant circuit coupled to
another circuit including a so-called “tickler”
coil” for Teeding back - oscillation sustaining
energy-into the parallel resonant cireuit, reflected
impedance from the ~circuit including the
“tjckler” coil into the other circuit tends to dis-
tort the simple relationship between frequency
and tuning capacity of a single parallel resonant
circuit with the result that this simple relation-
ship does not obtain for the parallel resonant
circuit, While this distortion may be of no con-

" sequence in some applications of oscillation gen-
erators, it is intolerable in others. For example,
when the oscillation generator is utilized in a
sensitive follow-up or position reproducing sys-
tem of the frequency discriminating type dis-
closed in application Serial No, 537,505, filed by
R. F. Wild on May 26, 1944, this distortion causes
the movements of the controlled element to be
non-linear with respect to the movements of the
controlling element. Such operation obviously is
undesirable and cannot be tolerated in position
reproducing systems in which accuracy of posi-
tion reproduction is of prime importance. - :

Accordingly, a general object of the invention
is to provide in electrical oscillation generators
of the type referred to means to eliminate or
reduce to & negligible minimum the tendency to
distortion of the simple relationship between fre-
quency and tuning: capacity of ~the parallel
resonant circuit. S '

A more specific object of the invention is to
provide improvements in position reproducing
systems resulting in fhe attainment of greater
accuracy of position reproduction. :

According to the present invention, the tend-
ency to distortion of the simple relationship be-
tween frequency and tuning capacity of the
parallel resonant circuit of an electrical oscilla-
tion generator having a “tickler” coil coupled to
the parallel resonant tuning circuit is reduced to
a negligible minimum by connecting a condenser

- in parallel with the “tickler” coil. This condenser
is 5o chosen as to tune the circuit including the
«tickler” coil to a frequency which is approxi-
mately midway between the upper end of the
operating band of frequencies (over which the
oscillating currents produced by the oscillation
generator are adapted to be varied as the tuning
condenser of the parallel resonant circuit is ad-
justed from one extreme value of capacity to the
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other) .and the lower end of the corresponding
second harmonic frequency band. - co

Tt has been discovered that when the condenser
connected in parallel with the “tickler” coil is so
chosen, the relationship between irequency of
oscillation ‘of the generator and tuning capacity
in the parallel resonant circuit approaches quite -

_closely the simple relationship between frequency

and tuning capacity of a simple parallel resonant
circuit, any distortion which may - exist: being
negligibly small. Consequently, when the prin-
ciples of the present invention are embodied in
position reproducing systems, for example, the
movements: of the .controlled.element are sub-
stantially linear with respect to the corresponding

movements of the controlling element. S

In an alternative embodiment of the present
invention, the desired relationship between fre-
guency of oscillation of . the generator and the
tuning capacity of the parallel resonant circuit
is obtained by assighing a value o the condenser
tuning the - “tickler”. coil such that the cir-

. cuit including the “tickler” coil is tuned to a value
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approximately midway between the upper:end of
the second or a higher harmonic frequency band

- and the lower end. of the next higher harmonic
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frequency band. - When the tuning condenser for

_the circuit including the “tickler” coil is so chosen,

the relationship between frequency of oscillation
of the generator and the tuning capacify, ‘in the

- parallel resonant circuit, also: approaches quite
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closely the:simple relationship between frequency
and. tuning capacity-of a single paraliel resonant
circuit. R - :
One particularly advantageous application of
the present invention is in connection with
telautograph systems utilized to. transmit plotted
data or written information from a transmitting
station to.one or more remotely located receiving
stations.  In such:systems accuracy of reproduc-
tion of ‘the transmitted material is.of great im-~

. portance. - ‘This result  may be realized by the

use of the present invention, as will become ap-

_ parent as the description proceeds.
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Accordingly, another specific object of the in-
vention -is to provide. improvements in telauto-
graph systems to the end -of effecting greater

_aceuracy in reproduction of - the transmitted

material. . -

- The various features of novelty which char-
acterize this invention are pointed out with par-
ticularity in the claims annexed to and forming
a part of this specification. For a better under-
standing of the invention, however, its advan-
tages and specific objects obtained with its use,
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reference should be had to the accompanying
drawings and descriptive matter in which is illus-
trated and described a preferred embodiment of
the invention.

In the drawings:

Fig. 1 illustrates a wiring diagram of the trans-
mitter mechanism of a preferred embodiment of
the invention;

Fig. 2 illustrates a wiring diagram of a pre-
ferred form of receiver mechanism which may bhe
employed in conjunction with the transmitting
mechanism of Fig. 1; and

Fig. 3 shows voltage diagrams fllustrating the
operation of the transmitting and receiving
mechanism of Figs. 1 and 2.

In Fig. 1 there is illustrated the transmitter of
a telautograph system embodying the principles
of the present invention. The transmitter in-
cludes means for producing two separate variable

_frequency high frequency oscillating currents,
each corresponding in frequency to the deviation
of a marking element or stylus | from two mutu-
ally perpendicular lines or coordinate axes which

_have been designated by the reference characters
2 and 3, respectively, and are drawn on g plot-

ting board or table 4. The marking element
or stylus | may comprise either g Dben or a pencil
and for purposes of illustration will be considered
to be a penecil. :

Data is plotted on-the plotting board 4 with
the pencil f, the latter being suspended from a
so-called fransmitting head indicated generally
by the reference character:5. The transmitting

“head § has been shown in very diagrammadtic
manner in Fig. 1 inasmuch as the details of that
device comprise no part of the present invention,
since that device is the invention of George W.
Barnes, Jr., John F. Goetz, and Walter P, Wills
and is disclosed in an application Serial No. 620,-
827, filed concurrently herewith. A writing han-
dle is preferably attached to the holder 6 for the
pencil to facilitate the plotting of information

_to be transmitted on the plotting board 4. The
pencil, when not in use, is automatically lifted
from the plotting board 4 by spring means lo-~
cated within the holder 8 and disclosed in detail
in the Barnes, Goetz and Wills applications. A
switch 7 is provided in the pencil holder § for ac-
tuation by writing pressure of the pencil on the
plotting board for the purpese of actuating a
solenoid at the remotely located receiver shown
in Pig. 2 so that the marking element at the re-

" ceiver is adapted to engage the recording chart
only when the transmitter peneil is in contact with
the plotting hoard. A knurled nut 8 at the top
of the pencil holder is provided to permit the
latter to be turned, whereby plotting can be done
from any side of the plotting board. After the
pencil holder has been adjusted to o desired posi-
tion, the knurled nut should be tightened.

The transmitting head includes certain of the

" electrical ecomponents of the transmitting mech-
anism and in particular houses variable electri-
cal condensers 9 and {9, and also inclides suit-
able cams and gimbal joints so $hat the con-
denser 8 is arranged to be varied in capacity in
accordance with the movements of the pencil |
along one coordinate, for example, along the co-
ordinate 2, while the condenser 10 is arranged to
be varied in capacity in accordance with the
movements of pencil | in the other coordinate.

_The cams referred to serve a compensating pur-
bose required because the angle of the deflection
of the pencil holder 6 is not directly preportional
to the linear movement of the pencil { -along the
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plotting board. The transmitter head alse in-
cludes two electrical oscillation circuits {1 and i2,
respectively, associated with condensers 9 and
10

Oscillation circuits {1 and 12 may be and are
shown as being identical to each other, and there-
fore, only oscillation circuit tf will be described.
Components of the oscillation circuit {2 corre-
sponding to those of the oscillation circuit i1
have been indicated by the same reference nu-
meral with a prime figure added.

Oscillation circuit | { comprises an electron cou-
pled oscillator and includes a pentode tube 13
which may be of the commercially available type
65J7. Tube 13 includes an anode, a suppressor
grid, a sereen grid, a control grid, a cathode and
@ heater filament. The heater filament is con-
nected to and receives energy from the secondary
winding (4 of a combination stepup-stepdown
transformer (5 having a line voltage primary

-winding 16 and high voltage secondary - wind-

ings 11, 18, 19, and 20 in addition to the secondary
winding {4, The terminals of the primary wind-
ing {6 are connected by conductors 21 and 22 to
4 commercial source. of alternating current 23
through a double pole-single throw switch 24-and

“& suitable fuse. ‘The fuse is provided to protect
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the apparatus from damage due to excessive cur-
rents resulting from failure of a component of
the apparatus. -A lamp 24’ connected across the
terminals of the transformer secondary winding
14 is employed to provide a visual indication that
the switch 24 is adjusted to its “on” position and
that the apparatus is powered for operation.
The control grid of tube 13 is connected through
a parallel connected resistance 25 and condenser
26 to one terminal of a parallel. circuit 21, the
other terminal of which is connected to ground G.
The parallel circuit 27 includes in one branch an
inductance coil 28 and includes condenser 8 inan-
other branch. 'The other branches of the parallel
circuit respectively include condensers 28, 30,
and 31. Condenser 3! is shown as adjustable in
capacity and is provided for the purpose of pro-
viding a-fine adjustment for the zerg setting of
the pencil { along the coordinate 2. Preferably

-the condenser 3/ is provided with a suitable knob

or kerf to facilifate its adjustment. Condenser
29 preferably is of the type having a negative
temperature coefficient of capacitance and is pro-
vided to compensate:for the effect of ambient
temperature variations upon the frequency of the
oscillating current generated by oscillator {1.

The cathode of tube {3 is connected to ground
G through an inductance coil 32 which is dis-
bosed in inductive relation to the coil 28 and
serves the purpose of feeding back energy from
the output circuit of the tube 13 to the circuit
of the control grid for maintaining the circuit {1
in an oscillating state.

Due to the coupling between the tuned circuit
including coil 28 and the circuit including coil
32, which latter circuit, excluding condenser 32q,
is also a tuned circuit because of distributed, wir-
Ing and tube capacities, the impedance of the cir-
cuit including coil ‘32 is reflected back into the

* circuit including coil 28. This effect tends to
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distort the simple relationship between frequency
and tuning capacity .of a single parallel resonant
cireuit, and consequently, the movements of the
marking element at the receiver tend to be non-
linear with respect to the movements of the
transmitter stylus 4. Such -operation is unde-
sirable and -cannot be tolerated in a telautograph
or -other system in which -accuracy -of reproduc-
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tion of the transmitted material is of prime im-
portance. While this distortion can be kept small
by loosely coupling coils 28 and 382, it can be re-
duced still further to a negligible minimum by the
use of a condenser 32a connected in parallel
with inductance coil 2. Condenser 32¢ is so
chosen as to tune the circuit including inductance
coil 32 to a frequency which is approximately mid-
way between the upper end of the operating band
of frequencies (over which the oscillating currents
produced by oscillator {1 are adapted to be varied
as condenser 9 is rotated from one extreme posi-
tion to the other) and the lower end of the cor-
responding second harmonic band. It has been
discovered that when condenser -32¢ is so chosen,
the movements of the receiver marking element
are substantially linear with respect to the cor-
responding movements of the transmitter stylus 1
over the entire range of operation.

Alternatively, the condenser 32z may be so0
chosen as to tune the circuit including the in-
ductance coil 32 to a frequency which is approxi-
mately midway between the upper end of the
second or a-higher harmonic frequency band and
the lower end of the next higher harmonic fre-
‘quency band: In such- a modified arrangement
the movements of the receiver marking element
will also be substantially linear with respect to the
corresponding movements of the transmitter
stylus | over the operating range. " '

As shown, the screen grids of tubes 13 and {3’
are connected through respective resistors 33
and 37 to the positive terminal 34 of a filter
indicated generally by the reference character 35
and having its input terminals connected to the
output terminals of a full wave rectifier desig-
‘nated by the character 36. The suppressor grids
of tubes 13 and- 13’ aré connected directly to
ground G. B ,

The oscillating circuit of oscillator: 1 includes
the control grid circuit of which the parallel
circuit 27, including the variable condenser 9,
forms a part and also includes the screen grid
circuit, which may be traced from fhe positive

terminal 34 through resistance 33, the screen grid 45

of tube 13, the cathode thereof, and inductance
coil 32 to ground G, which, as shown, constitutes
the negative output terminal of the filter 35.

The screen grid and control grid circuits are in-

ductively coupled by the inductance coils 28 and
32 and provide for high frequency operation
-through a range varying from approximately 390
to 470 kilocycles, depending upon the position
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along the coordinate 2 of the pencil {.- Similarly,

the inductance coils 28’ and 32’ of oscillation
circuit 12 provide for high frequency operation
through a frequency range varying from approxi-
mately 390 to 470 kilocycles, depending upon the
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position of the transmitter pencil f{ along the

coordinate 3. Accordingly, the oscillation cir-
cuits 11 and 12 each produce & high freduency
‘oscillating current having a frequency within the
‘range of 390 to 470 kilocycles, depending upon
the position to which the pencil 1 of the trans-

mitter is moved relatively to the coordinates 65

2 and 3. . A )

Energizing current is supplied the anode circuit
of the oscillation circuits {1 and i2 from the rec-
tifier 36 and filter 35 through a circuit which
may be traced from the outpub terminal 34 of
filter 35 through a conductor 42 fo the junction
of a pair of resistors 43 and 44. The other termi-
nal of resistor 43 is connected to the anode of
tube 13 of oscillation circuit {{, while the other
“terminal of resistor 44 is connected

60

of tube 13’ of oscillation circuit 12. The cathodes
of tubes 13 and 13’ are connected through their
respectively associated feedback coils 32 and 32
to ground G and thereby to the negaive outputb
terminal of filter 85. It is noted that ground G
is connected by a resistor 45 to the junction of
the transformer secondary windings {8 and {9
whereby the potential of the junction point of
windings 18 and {9 is maintained suitably nega-
tive with respect to ground potential.

In order that both of the high frequency oscil-
lating signals generated by the oscillation cir-
cuits 11 and (2 may be amplified by a common
amplifier and both amplified quantities may be
conducted over the same transmission lines to the
remotely located receiving station, the oscillating
currents produced by the oscillation circuits 14
and 12 are alternately interrupted at a suitable
frequency, and in particular, at the irequency of
the voltage supplied by source 28. To this end
there are provided keying and amplifying tubes
38 and 39. Tubes 38 and 39 also serve as buffer
tubes to increase the stability of the respectively
‘associated oscillation circuits {1 and 12 by re-
ducing fluctuations in the oscillation circuit loads.

The use of tubes 38 and 39 for alternately in-
terrupting the operation of the oscillators H{ and
{2 and for serving the buffer purpose noted com-
prises no part of the present invention but is dis-
closed and claimed in application Serial No.
620,829, filed concurrently herewith by Rudolf F.
Wild, and Fred J. Curran, which has issued as
Patent 2,457,790. The connections of tubes 38 -
and 39 in the circuit and their manner of opera-
tion will now be described. ’

As shown, each tube 38 and 39 includes anode, -
‘suppressor grid, screen grid, control grid, cath-
-ode, and heater filament elements. Energizing
‘ecurrent is supplied each of the heater filament
‘elements from the low voltage secondary wind-
ing 14. }

“The output circuit of the oscillation circuit 11
is coupled by means of a condenser 40 to the
screen grid of tube 38 for amplifying and trans-
mission purposes, while the output circuif of os-
‘cillation circuit 12 is coupled by means of a con-
‘denser &1 to the screen grid of tube 39 for the

‘same PUrposes.

Energizing current is supplied the anode circuits
of the tubes 38 and 38 from the rectifier 38 and
filter 85 through a circuit which may be traced
“from the positive output terminal 34 of the filter
to the junction of resistors 33 and 31. The other
terminal of resistor 37 is connected to the anode
of tube 38, while the other terminal of resistor 33
‘is connected to the anode of tube 39. The cath-
odes of tubes 38 and 38 are connected together
and to the junclion of transformer secondary
windings I8 and (8. Since the potential of the
last mentioned junction point is negative with

‘yespect to ground by an amount determined by

the magnitude of resistor 45 and the magnitude

"of current flowing through it, the anode voltage
impressed on the tubes 28 and 39 is of corre-

spondingly greater magnitude than that im-
pressed on the anode eircuits of tubes 13 and 13’.

“Resistor 45, accordingly, is so chosen as to pro-

70

vide the proper operating anode voltages for tubes

'38 and 39.

The supbressor grids of tubes 38 and 39, as
shown, are directly connected to the cathodes of

‘said tubes.

 Energizing voltage is supplied the screen grids
of tubes 38 and 39 from the rectifier 36 and

to the anode 75 filter 35 through a circuit which may be traced
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from the filter sutput terminal-34 to the junction
‘point of resistors 45" and 46.. The other terminals
of resistors 45’ and 46 are connected to respective
screen grids of tubes 38 and 39. :

Separate alternating voltages 180° out of phase
with each other are impressed on the control
grids of tubes 38 and 39 from the fransformer
secondary windings {9 and {8, respectively. Spe-
cifically, the cathodes of tubes 28 and 39, as pre-
viously noted, are connected together and to the
junction point of windings 18 and {9. The other
terminal of winding 19 is connected through a
resistor 47 to the ‘control grid of tube 38, while
the other terminal of winding {8 is connected
through a resistor 49 to the control grid of tube
3%. The alternating voltages thus impressed on
the control grids of tubes 38 and. 39 are of the
proper magnitude to render the tubes.38 and 39
non-conductive during alternate half cycles of the
alternating voltage supplied from the alternating
current source 23. ] )

In order to periodically interrupt the osecillat-
ing signals generated by the oscillation circuits 1
and {2 at the frequency of the alternating volt-
-age supplied from source 23, the screen grid of
tube {8 is connected to the junction of resistor
33 and the anode of tube 39 and the screen grid
of tube 13’ is connected to the junction of resistor
37 and the anode of tube 38. When tubes 28 and
33 are rendered conductive, the potential of their
respectively associated anodes decreases with re-
spect to ground potential. The reduced anode
voltages are sufficiently low when applied to the
screen grids of tubes 13 and 13’ to cause the lat-
ter tubes to be rendered non-conductive. Hence,
tube 13 is arranged to be rendered non-conductive
during the half cycle that tube 39 is conductive.
During that half cycle tube 38 is non-conductive,
and in consequence, tube 13’ will be conductive
and an oscillating signal will be produced by os-
cillation circuit 12, In the next half cycle tube
38 will be conductive and the -oscillating . signal
produced by the oscillation circuit 12 will be
interrupted. During this latter half. cycle the
tube 39 will be non-conductive, and as a result
the oscillation circuit {1 will be operative to pro-
duce an oscillating signal, The fluctuating volt-
ages so created and impressed on the screen grids
of oscillator tubes I3 and 13’ change.rapidly
from a value at which the oscillators are per-
mitted to oscillate to a value at which oscillation
is interrupted, and consequently, the interrup-
tion and initiation of the state of oscillation of
tubes {3 and (3’ is clean and sharp.

Specifically, assume that the voltage applied to
the control grid of tube 38 is traversing its posi-
tive half cycle while the voltage applied to the
control grid of tube 39 is traversing its negative
half cycle. The amplitude of the voltage applied

to the control grid of tube 39 is sufficient to

quickly block or eut off conduction through tube
28, Therefore, this tube is effectively eliminated
from the circuit and the screen grid of oscillator
tube 13 receives it full operating voltage from the
outont terminal 34 of the filter 35. It is important
to note that during operation of the oscillation
circuit 11, the operating voltages applied to the
electrodes of tubes i3 are constant for all practical
purposes, and consequently, no frequency modula-~
tions occur due to periodically varying values of
operation voltages. .
During the half cycle under consideration tube
38 is conducting and the steady D. C. component
of its anode current effects a sharp decrease in

‘the voltage of its anode, which voltage is also the
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voltage applied to the screen grid of oscillator
tube 13’, to such a value that conduction through
the oscillator tube 13’ is suddenly cut.off. It is
noted that cut off of tube I3’ is readily accom-
blished because the anode voliage of tube 38 may
become zero or even go slightly negative with re~
spect to the potential of the cathode of tube 13’
and still provide an operating voltage for the
anode of tube 38 of amount sufficient to main~
tain conduction through tube 38. This operation
is made possible because of the negative voltage
applied -to the tube 38 cathode by virtue of the
latter’s connection to the junction of transformer
secondary windings 18 and 19, which, as previ-
ously indicated, is negative with respect to ground
potential,

In the half cycle under consideration the tube
38 is utilized as a buffer for the oscillation circuit
{1 and also serves to amplify the oscillations pro-
duced by that oscillation circuit. To this end, the
-anode of tube 13 is connected by condenser 40 to
the-screen grid of tube 38. It is noted that the
circuit constants are not critical as long as the
most positive voltage which the anode of tube 38
may assume during this interval determined by
the direct current and radio frequency voltage
drop across the anode resistor 37 is sufficient to
prevent oscillation of the oscillation circuit 2.

For the next half cyele of the voltage sup-
blied by source 23, the reverse of the above con-
ditions exists. That is to say, tubes 38 and 13 are
cut off while fubes 33 and {3’ are rendered con-

-duetive. Hence, during this half cycle the oscilla~

‘tion eireuit 12 produces an oscillating signal and
this oscillating signal is amplified by tube 39
which also serves a buffer purpose, To this end,
the anode of tube 13’ is connected through con-
denser 41 to the sereen grid of tube 39,

From the foregoing description it is evident that

-the interruptions of the ‘oscillating signals pro-
"duced by -the oscillation circuits 11 and 12 are

timed so that one oscillation eircuit- i { generates

‘an oscillating signal only when the  oscillation

cireuit {2 is cut off ‘and vice versa. Moreover, the

‘Interruption ‘of the oscillating signals from the
-oscillation eircuits (1 and 12 occurs at the fre-

quency of the alternating voltage supplied from
the source 23. In other words, during one half

-.cycle .of the alternating voltage supplied by
source 23, the oscillation circuit If is opera-

tive to generate an oscillating signal and that

-oscillation signal is amplified by the tube 28.
-During the next alternate half eycle the oscilla-

tion cireuit 12 is operative to generate an oscil-

lating signal and that signal is amplified by the

tube 39. Therefore, the tubes 38 or 39 which
generate a voltage for interrupting one of the
oscillating signals are also used to amplify the
output of the other oscillation eircuit during the
cut off period of the first oscillation circuit, The
second tube 38 or 39 which generates a voltage
for interrupting the other oscillation circuit per-
forms a similar amplifying function for the first
oscillating eircuit. This amplification stage com-
prising tubes 88 and 39, as previously noted, also
serves to increase the stability of the oscillation
of oscillation circuits 11 and 12 by reducing fluc-
tuations in the oscillation circuit loads.

In order to further amplify the oscillating sig-
nals generated by the oscillation circuits 1{ and
12 sufficiently for transmission of those oscillating
signals to the remotely located receiving station
or stations, there is provided an additional am-
plifier indicated generally by the reference char-
acter 54, This amplifier 54 also performs the
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-additional function of matching the impedance
of the output circuit of the transmitter fo the
impedance of the receiver or receivers to obtain
maximum power, transference. -

As shown, the transmitter amplifier 54 includes
‘2 tube 55 which may desirably be of the commer-
icially available type 6ACT and includes anode,
suppressor grid, screen grid, control grid, cathode,
and heater filament elements. Anode voltage is
supplied tube 55 from the rectifier 36 and filter 35
through a circuit which may be traced from the
positive output terminal 34 of the filter through
a resistor 56 to the anode of the tube 55, the
cathode thereof, and through a biasing resistor
51, shunted by a condenser 58, to ground G and
thereby to the negative output terminal of the
filter.

Energizing voltage is supplied to the screen grid
of tube 55 through a circuit which may be traced
from the positive output terminal 34 of the filler
through a resistor 59 to the screen grid, the cath-
ode and the parallel connected resistor 57 and
condenser 58 to the negative and grounded output
terminal of the filter. The screen grid is also
connected by a condenser 60 to ground. The sup-
pressor grid is connected directly to the cathode
of tube 55.

The output circuits of the keying and amplify-
ing tubes 38 and 39 are coupled in parallel to the
input circuit of the tube 55 so that the mixing
of the two oscillating signals derived from the
oscillators 11 and 12 takes place in this circuit.
Specifically, the anodes of both tubes 38 and 39

- are connected by respective condensers 61 and 62
to the control grid of tube 55, which, in turn, is
connected by resistor 62’ to ground G, and the
cathodes of tubes 38 and 39 are connected through
resistor 45 to ground G and through the parallel
connected resistor 57 and condenser 58 to the
cathode of tube 55. Tube 55, therefore, operates
to amplify the oscillating signals in the output
circuits of both tubes 38 and 39. The amplified
quantity derived from tube 55 is resistance coupled
by means of a condenser 82 and a resistor 64 to
the input circuit of a tube 65 which is provided
for the purpose of matching the impedance of the
output circuit of transmitter amplifier 54 to the
characteristic impedance of a transmission line
connecting the transmitter to the remotely lo-
cated receiver. B

Tube 65 may be of the commercially available
type 6V§ and includes an anode, a screen grid, a
control grid, a cathode, a heater filament, and
also a pair of beam forming plates. Energizing
voltage is supplied to the anode circuit from the
rectifier 86 and filter 85 through a circuit which
may be traced from the positive output terminal
24 to the anode of tube 65, the cathode thereof,
and through an output resistor 68 to the negative
and grounded terminal of the filter. Energizing
voltage is supplied the screen grid of tube 65
through the same circuit. The beam -forming
plates, as shown, are directly connected to the
cathode. The control grid of tube §5, as shown,
is directly connected.to the junction of condenser
§2 and resistor 64 and thereby is coupled to the
output circuit of tube §5. )

While the rectifier 36, filter 35, and transmitter
amplifier 54 have been shown in Fig. 1 as being
located closely adjacent the plotting board §, it
will be understood that, if desired, these compo-
nents may be located at a-distance with respect
to the plotting board and also with respect to the
oscillation circuits 11 and 2. For example, in
some applications it-may be desired to locate the -

10
plotting board & and the oscillation circuits i
and 12 in one room and to have the rectifier 36,

_ filter 35, the transmitter amplifier 54, and the
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switching mechanism to which reference has pre-
viously been made, in another room to the
end that the transmitting mechanism available
for manipulation by an operator may bhe made
less cumbersome and bulky. This feature is also
advantageous when the transmission system of
the present invention is utilized .on shipboard in
which the space available is at a premium and
would preclude the location of all of the trans-
mitting equipment closely adjacent the plotting
board § and overhead transmitter unit 5. In a
practical operating embodiment of the present
invention, a shielded cable 25 feet long is pro-
vided between the plotting board and the circuit
components including the rectifier 36, filter 38,
amplifier 54, and the switching mechanism.

Tube 65 is connected to operate as a cathode
follower, that is to say, the output signal which
is transmitted to the receiver is derived from the
resistor 66 connected in the cathode circuit of the
tube. Resistor 66 is so-chosen as to have a char-
acteristic impedance approximating that of the
transmission line L connecting the transmitter to
the receiver. As shown, the terminal of resistor
66, which is connected to the cathode of tube 65,
is coupled by a condenser 67 to one terminal of
the transmission -line-'L;, while the other and
grounded terminal of the resistor 6§ is connected
to another terminal of the transmission line.

At the transmitter amplifier 54 there is also
provided a relay 68, one terminal of the operating
coil of which is connected to the ungrounded side
of transformer secondary winding 14 and the
other terminal of which-is arranged to be con-
nected to the grounded side. of winding 14 upon
closure of the switch. T attached to the writing
pencil or stylus 1. - To this-end, one terminal of
the switch 7, as shown, is connected direcily to
ground G. When the switch T.is closed, as upon
movement of the stylus | into engagement with
the plotting board 4, the relay 68 is energized and
closes an associated switeh 69 to energize a sole-
noid 10 in the receiver and attached to the mark-
ing element or recording pen mechanism for mov-
ing the latter into engagement with the recording
chart. 'When the switch 7 is open and the relay
68 is deenergized, the switch 69 is also open, and
the pen at the receiver is moved out of engage-
ment with the recording chart by the action of
gravity, the solenoid 70 then being deenergized.

As has been previously mentioned, the appa-
ratus located at the remote station, where the
transmitted writing or other data is to be repro- .
duced, is arranged to translate the adjustable
frequencies of the.oscillating signals -generated
by the oscillation circuits 11 and 12 into two co-
ordinates of pen position. - More specifically, the
receiving apparatus operates to move the record-
ing pen in a vertical direction in accordance with
the variations in frequency of the oscillation sig-
nal generated by the oscillation circuit 1{, and
operates to move the recording pen in a horizontal
direction in accordance with the frequency varia-
tions of the oscillation signal generated by the
oscillation circuit 12. In this manner the changes
in position of the pencil or stylus along the plot-
ting board 4 at the transmifter may be exactly
reproduced at the receiving apparatus.

By reference to Fig. 2, it will be nofed that two
independent receiving ecircuits are provided at
each. receiver: - One of the receiving circuits con-
trols the movement of the. reécording pen in one
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coordinate, for example, ‘the horizontal coordi-
nate, and the other receiving circuit controls the
recording pen in the vertical coordinate. The
oscillating signals derived from each of the oscil-
lation circuits {1 and (2 and transmitted to the
regeiver over the transmission line I. are im-
pressed on both of the input cireuits of the two
receiving eircuits. 'The receiver mechanism is so
arranged that one of the receiving cireuits is re-

sponsive only to the oscillating signal generated :

by the osciilation cireuit 14, and the second re-
ceiving circuit is responsive only to the oscillating
signal generated by the other oscillation circuit
{2 to control the energization of individually as-

sociated reversible motors, which in turn are ;

linked by suitable meehanical means to the re-
cording pen to pesition the latter in the two co-
ordinates along the recording chart. The op-
eration of the two reeeiving eircuits is the same
and the follewing explanation applies to both
circuits. One of the receiving cireuits has been
generally indicated by the reference character
71 and the other by the reference character 11’.
The elements of the receiving cireuit 74’ corre-

sponding to these of the receiving circuit Ti have 2

been indieated by the same reference numerals
with a prime figure added. ‘

The receiver Tt ineludes two stages of ampli-
fication, the first of which utilizes an amplifying
tube 12 of the commereially available type 6ACT
and fthe second of whieh utilizes an amplifying
tube 13 of the type 6V6. In the second stage of
amplification the two oscillating signals from the
transmitter are separated and one of them is re-
jected. In other words the second stage of ampli-
fication responds only to the oscillating signal
generated by one of the oscillation circuits 1§ or
{2 and, for purposes of illustration, will be as-
sumed to respond only to the oscillating signal

generated by the oscillation circuit 11. Rejection

of the oscillating signal from the oscillation.cir-
cuit {2 is accomplished in a manner described in
detail hereinafter, and- generally speaking, in-
volves the application.of an alternating voltage
derived from source 23 to. periodically interrupt
the conduction of tube 13. The oseillating signal
after rejection of the undesired portion consists of
a radio frequency wave which is periodically in-
terrupted at the frequency. of the voltage supplied
by. the source 23 and has been iHustrated sche-.
matically in graphs (b). and (bb) of Fig. 3 which
show the oscillating signal frequency as being
higher and lower, respectively, than a frequency
value at which the receiving pen is held motionless
along the vertical coordinate.

Tube 12; as shown, includes anode, silppressor
grid, screen grid, control grid, cathode, and heater
filament elements. Energizing current is supplied
the heater filament from the low voltage sec-
ondary winding T4 of a fransformer 15 having
2 lne voltage secondary winding 16 which is con-
nected by conductors 78:and 19 to the alternating
voltage source 23. To this end the conductors
18 and 18 are included in the shielded cable L
connecting the transmitter to the receiver. The.
transformer 15 also includes high voltage sec-
ondary windings 86 and 81, each of which, is pro-
vided with a center tap. . . .

Energizing voltage is supplied to the anode of

tube 12 from a full.waye. rectifier indicated gen- -

erally by the reference numeral 82 and a filter
indicated at.83. The rectifier-82, energized by the
transformer secopdary: winding 80, provides. a
voltage. at the oumiput- terminal 84 of the filter
83 which is, suitably. positive with respect to, the:

12

potential of ground G to which the negative ter-

" minal of the filter is connected. " As shown, the
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positive terminal 84 is connected through a re-
sistor 85 to the anode of tube 72, and the cathode
is connected through a parallel connected resistor
86 and condenser 81 to ground @G. Energizing
voltage is supplied to the screen grid of tube 72
from the positive filter output terminal 84 through
a circuit, including a resistor 88, to the screen grid
and from the cathode through the parallel con-
nected elements 86° and 87 to ground G. The
Screen grid is also connected to ground G by s
condenser 88a, as shown. :

As may be seen by reference to Figs. 1 and 2,
the output terminal of resistor 66 of the trans-
mitter amplifier 84, which. is connected to the
cathode of tube 65, is connected by condenser 61
and the shielded transmission line L to the con-
trol grid of tube 12. The other and grounded
ocutput terminal of the transmitter amplifier 54
is connecfed through the transmission line L to
the parallel connected resistor 86 and condenser
87 and thereby to the cathode of tube 72.

The output cireuit of tube 12 is coupled by a
condenser 89 and a resistor 38 to the input circuit
of tube 78. Tube 13 includes an anode, a screen
grid, a control grid, a cathode, a heater filament,
and beam forming plates. Energizing current is
supplied to the heater filament from the Ilow
voltage transformer secondary winding 74.

Anode voltage is supplied to tube 713 through
a circuit path which may be traced from the
positive outputb terminal 84 of the filter 83 through
a parallel network including in one branch the
primary winding 95 of a transformer 96 to the
anode of tube 73, the cathode thereof, and a paral-
lel connected resistor 92 and condenser 93 to
the grounded and negative terminal of the filter.
The other branches of the parallel network re-
spectively include a. resistor 9f and a condenser
¢4, The fransformer 96 comprises a part of a
frequency discriminator indieated generally by
the reference numeral 81 and includes a split
secondary winding in addition to the primary
winding 95.

The beam forming plates of tube 13 are directly
connected to the cathode, and the control grid is
coupled to the output circuit of tube 12 by virtue
of its connection to the junction of condenser 89
and resistor 9.

Alternating voltage is impressed on the screen
grid of tube 713, for periodically rendering it non-
conductive, from one half of-the center tapped
transformer secondary winding 80 through a cir-
cuit which may be traced from lower terminal of
the winding 80, as seen in the drawing, through
o, resistor 98 to the screen grid of tube 73 and
through the parallel connected elements 92 and
93 to ground ‘and.thereby te the center tap on
winding 80. The screen grid of tube 73 is also
connected directly to ground G by a condenser
99. The magnitude of the alternating voltage im-
pressed on the screen grid of tube 73 is so.chosen
as o be sufficient to cause the tube 13 to be ren-
dered non-conductive or cut off during those half
cycles of the voliage of source 23 in which the
screen grid is driven in the mnegative. direction.
Furthermore, the phase of this alternating volt-
ageis such that the tube 13:is operative to amplify
the oscillating signals generated by the oscillation
circuit [t and transmitted to the receiver T only

“during those alternate half cyeles of the supply
:line voltage in whieh. the oscillation. cireuit {1 is

operative to generate am oscillating signal.
It is noted that.the entire transmission system
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Yecelves energizing current from the single source
23 of alternating current. This source, as de-
scribed, is located at the transmitter amplifier
unit and the alternating current utilized for en-
ergizing the receiving unmit is transmitted from
the source 23 by way of the transmitting cable L.
This is done to insure synchronism of the Keying
action of the transmitter and receiver units and
also provides the advantage of permitting the
installation and use of receivers at locations
where there is not available alternating power of
the same frequency and phase as that delivered
by source 23.

The frequency diseriminator 917, previously re-
ferred to, includes in addition to the transiormer
96 a pair of diode rectifiers (00 and (01, which de-
sirably may be contained within a single envelope,
generally designated at 102, One half of the split
secondary winding of the transformer 96 has been
designated by the numeral 103 and the other half
by the numeral 104, The center tap of the split
secondary winding comprising the junction of
winding sections {03 and 104 is connected through
a blocking condenser 105 to the anode circuit of
tube 13, and more specifically, to the terminal of
the primary winding 85 which is connected to the
anode of tube 13. The center tap of the split sec-
ondary winding is also connected to the point of
engagement of a pair of resistors 106 and 1071.
The resistors 106 and 107 are shunted by a re-
sistor 108 which is provided with an adjustable
tap 189. The usable output voltage from the fre-
duency discriminator is obtained across the re-
sistor 108 which, as shown, is shunted by a con-
denser 110, S

The diode rectifiers 100 and 101 may be con-
tained within a single fube such as the commer-
cially available type 6H6. Each diode includes
anode, caihiode, and heater filament elements,
The heater filament elements are connected in
series with each other and receive energizing cur-
rent from the transformer secondary winding 74.
The cathodes of the diodes 100 and {01 are con-
nected through resistors 106 and. 107, respectively,
to the junction of the transformer secondary
windings 103 and 104. The other terminal of the
winding 103 is connected to the anode of diode
108, while the other terminal of the winding 104
is connected to the anode of the diode 101.:

For tuning the secondary winding of the trans-~-
former 86 to the frequency of the oscillating sig-
nals impressed thereon from the output circuit
of tube 13, a variable condenser {1 is provided.
This variable condenser is arranged to be auto-
matically adiusted in capacity as required to-
maintain the secondary winding of the trans-
former 96 tuned to the frequency of the applied
oscillating signals. A variable condenser 112 and
a variable inductance 113 are connected in shunt

with the secondary winding of the transformer .

96 for a purpose which will be later explained. .
The blocking condenser i85 and the condenser
{10 are so selected as to present low impedance
to the radio frequency oscillating currents fiow-
ing through them. The condenser 94 and the
transformer primary winding 95 connected in
parallel therewith are so selected as to provide
high impedance in order to produce a large out-
put signal from the discriminator. Preferably the
primary winding 85 is tuned to a value which -
is outside the range of frequency variation of the
oscillating signals generated by the oscillation
circuit 11 at the transmitter and impressed on
the receiver circuits, By way of example it is
noted that satisfactory operation has been ob-
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tained when the primary winding 95 is tuned to
a frequency of 325 kilocycles. The tuning of the
primary winding 95 to this value which is below
the operating range of frequency variation of
the -oscillating signals conveyed by the transmis-
sion. line L to the receiver Tl comprises no part
of the present invention and is disclosed and
claimed in an application, Ser. No. 620,831, filed
concurrently herewith by R. F. Wild, now Patent
No. 2,473,401, -

The frequency discriminator 97 together with
the diodes (80 and 181 is provided for the pur-
pose of deriving a voltage having an alternating
component of one phase or of opposite phase and
of the same frequency as the voltage supplied by
source 23 accordingly as the frequency of the.os-
cillating signal impressed thereon from the out-
put circuit of tube 13 is higher or lower than the
frequency value to which the split secondary
winding of transformer 96 is tuned. The details
of the frequency discriminator constitute no part
of the present invention. - Ifs manner of opera-
tion and arrangement is disclosed in a prior ap-
plication, Ser, No. 537,505 filed May 26, 1944 by
R. F. Wild, and therefore, need be only briefly
described herein. :

‘Tt is believed sufficient to note that if the fre-
quency of the applied oscillating signal is the
value to which the secondary winding of the in-
termediate frequency transformer 96 is tuned,
the outputs of the diode rectifiers 186 and 101
cancel each other and zero voltage appears across
the output resistor 168 of the frequency discrim-

-inator circuit 97. If the frequency of the applied

oscillating signal is a value other than that to
which the secondary winding of the transformer
95 is tuned, the phase relations of the voltages
applied to the diode rectifiers 188 and 161 are such
that their outputs do not cancel and a direct cur-
rent voltage appears across the output resistor
i08. The polarity of this voltage depends.upon
whether the frequency of the applied oscillating
signal is above or below. the value to which the
secondary wirding of the discriminator is tuned.
The magnitude of the voltage depends upon the
extent of departure of the frequency of the ap-
plied oscillating signal from the value to which
the secondary winding is tuned. :
Recalling now that the oscillating signal whic

is applied to the frequency discriminator 97 is

an intermittent radio frequency wave as shown
in graphs (b) and (bb) of Fig. 3, it will be seen
that the voltage appearing across the ouput re-

sistor 108 of the discriminator will be an inter-

mittent or pulsating direct current voltage whose
polarity  and magnitude are as stated above.
Furthermore, since the applied oscillating signal

is periodically interrupted at the frequency of

the alternating voltage supplied by source 23,
the pulsations of direct current voltage produced
across resistor 108 have the same frequency as
the voltage supplied by source 28. Graphs (¢)
and (ce) of Fig. 3 illustrate the voltage output
produced across the resistor 188 for the respec-
tive cases of high and low frequency of the ap-

“plied oscillating signal.

The pulsating voltage produced across tlie re-
sistor 108 may be considered as comprising two
components, (1) a steady D. C. component and
(2) an A. C. component.” The A. C. component
obtained when the frequency of the applied oscil-

‘lating signal is higher than the value to which
“the secondary winding of the frequency discrim-
‘inator is tuned is shown in graph (d) of Fig. 3

while' graph (dd) of Fig. 3 illustrates the A, C,
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wompenent obtained when the freguency wof the
:applied .oseillating signal is:lower than the value
o 'which the secondary winding -of the frequency
-discriminator -is tuned.

“The variable-condenser {12.connected:in paral-
lel with the discriminator:secondary winding 4s-a
trimmer-condenser -and -serves 10 provide for zero
adjustments of the recoxding pen along the ver-
itical .coordinate. “To +this :end +the .condenser

112 is provided with a suitable knob or kerf for
faocilitating its ‘adjustment.

In order to.provide for.span adjustmentior, -in
-other -words, the-extent -of ‘variation .of eondenser
114 required -fo traverse the entize freguency
‘range of opexrabion, the variableinductance I:#3.is
provided. Inductance {3 is preferably provided
with:an adjustable iren.core. .A:suitable knob-or
kerf 1is preferably provided on :the inductance
1438 to facilitate {its adjustment.

The -alternating component .of -the ,pulsating
woltage produced across vesistance 448 .ds ampli-
fied by a stage-of voltage amplification including
a tube 114, which stage of :amplification ineorpp-
rates a gain contral for manually -adjusting .the
:sensitivity .of the receiving ;unit. This:gain:con-
trol comprises the provision of slider-contact :£09
-in :association with the resistor #88 for tapping
-off and impressing on -the .input .circuit of tube
414 .a variable -portion -of $he woltage produced
across the resistor 108. Tube :+44 may be.of the
icommercially -availahle 'type -6ACT7 and :includes
‘anode, suppressor:grid, -sereen grid, epndrol -grid,
-cathode, -and :heater filament .elements. :Ener-
gizing current -is -supplied ‘the theater filament
from the transformer -secondary winding /4.
‘Anode voltage is supplied -tube A4 from the
‘rectifier 82 and -the filter :83 -and-to this-end the
positive terminal 84 :of ‘the filter 83 -is connected
through a resistor 5 to the anode of tule 444,
and -the cathode of -the -laiter is .connected
‘through a resistor 16 to'the:grountted ani nega-
‘tive ‘termingl of the filter. Energizing woltage
is supplied the -screen :grid through a gireuit
which may be traced:from:the ipositive :terminal
84 through a resistor it{7 to:the soreen :grid, the
-cathode, and resistor : 18 :to :the :srounded :and
‘negative terminal.of ‘the filter. :A-condenser 48
is connected between the screen:grid: of tbube :1:£4
-and ground, as shown.

The-output circuit of tube M4 is\coupled by-a
condenser {i9 and a resistor {120 'to the {input
-circuit of a motor:drive stage indicdted-generally
‘by the reference character ‘I21. ‘Motor drive
stage ‘121 'is -shown -as ‘inc¢luding 'triodes desig-
nated by the numerals '§22:and '123, respectivély,
but it is preferred to utilize a ‘number of “suth
triodes connected in' parsliél with each.other in-
stead of single triodes. "For.example, in"a practi-
-cal operating embodiment of the’invention, three
such triodes 22 and (23 are connected in.paral-
lel, thus insuring the derivation from the motor
controlled by the tubes.of sufficient torque .to
actuate .the recording.pen.

As shown, the tubes 122 and .£23.each_include
anode, control grid, cathode, .and .heater .fila-
ment -elements. Energizing .voltage .is ~Supplied
-the heater filament elements in sefies.from .the
-transformer secendary winding :14. .Anode-voli-
-age Is supplied -tubes .122 .and .123 from .the
transformer. secondary winding .81 ,and .to +this
end. one end terminal-of winding.8 I is.connected
to.the anode.of .tube. 12 2.and:the.otherend-termi-
:nal:-of:that winding is connected:to-thesanode.of
fube 123. The cathodes-of tubes: 122:and, 123 .are
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wonnected together and through a biasing re-
-sistor 124 to one.terminal of the control winding
428 -of -a reversible two-phase -induction maetor
£236. In.addition to the winding 125, the .motor
426 includes a second winding -427. A .condenser
128 is connected .in parallel with winding {25
and the-other terminal of the latter.is.connected
te the -center tap of the transformer secondary
winding 81. Accordingly, -energizing -current -is
«lelivered ‘to the motor winding 125 from the
Wransformer-secondary winding .81 under control
«of the triodes 122 and 123. Winding 127 .of the
motor {26 is connected through a condenser 129
-and-conductors 78 and 79 to the source of alter-
mabing current 23.. ]

“Thus, the output current.of the tubes ;122 and
423 is utilized to -deliver energy to winding .425
«of -the motor 12§, and the .power winding 127 .of
+that -motor is connected -to -the -alternating cur-
went .power supply -through condenser i29. The
imotor is actuated for rotation when an.alternag-
ing-current signal of the frequency of the voltage
:supplied by source 23 is impressed on the input
seircuits -of -tubes 122 and 123. For accomplish~
1ing this-result the control grids of triodes 122.and
423 .are connected together and to the Junction
.of -condenser {18 and resistor 120.

Referring to graphs (d) -and.(dd) .of Figure 3, it
will be seen that the A. C. component.of the dis-
-eximinator output voltage reverses in phase when
-the frequency of the applied oscillating signal
-ehanges from below to-above :that to which the
-frequency-discriminator is tuned. This change-in
-phase when applied to the control grids of -tri-
odes 122 and 123 causes a decrease in :the.eon-~
«duetivity of one triode 122 or 123 and -a-.corre-
-sponding-increase in the conductivity. of the. other
striode. In consequence, energizing. current.is de-
Jivered;to the control winding-i25 of the-motor. {25

40 -which :leads or lags by -approximately -90° the

xoltage-of source 23 depending upon -which:triode
122 -or 128 has -had -its conduction ‘increased.
-Stated - differently, this change :in -phase :of the
woltage derived from:the frequency. discriminator

45 “tauses-reversal of-the direction of:-rotation of the

-reversible-motor 126.

“Thedetails of this motor drive circuit comprise
:no part-of the present invention since -the -motor
drive .circuit:is the invention of ‘Walter P, Wills

50 -and-is:disclosed-in a copending-application, Ser.

-No. 421,178, filed December 1, 1941, which-issued
sasPatent No. 2,423,540 on July 8, 1947, and hence,
“requires no further description-herein.

“The shaft. of motor {26 is geared in anysuit-

465 -able-manner, not shown in order to:avoid com-

-plication ofithe drawing, to the variable condenser
“kEf cconnected -in ‘the :frequency discriminator.
"The :shaft -of -motor 126 .is also ‘mechanically
:coupled to-the recording pen of :the receiver and

980 :adjusts both the condenser-1 ¢ 1-and the recording

pen-until-the secondary-winding of the frequency
wdiseriminator :is -tuned to -the frequency of 'the
sapplied oscillating signal. -Inasmuch as the out-
-put of the frequency discriminator is-zero when: it
ss:tuned to the frequency of the applied -oscillat-
-ingsignal, the ' motor then stops and ismaintained
~Stationary until the frequency ‘of - the -applied: os-
-eillating signal-again- changes.
In.Fig. 2-a: portion of: the: receiving: instrument

770-containing the recording chart is- broken-away:to

=8how a pen-earriage. 130 located beneath.the chart
-138.and: having a:pen:13( mounted: thereon. “The
:pen. k3. is arranged to be lifted by the solenoid 10
-up-dnto. engagement with the ehart, 138,:a-suitable

775 Wrlting platen of: glass or other suitable transpar-
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ché material being arranged-closely-adjacent the
top:of the chart to provide backing f6r the ahart.

The earrigge 130 is actuated for novément in
veértical and horizontal diréctions by bars 132:and
#33, respectively. ' The supporting bafs for the
carnage have rollers I 34 an'd 135 r’especﬁively, eri
tracks l36 and 131 whlcn are- pmVIded in: the base
6f the receiving: mstrument As-the rods £32 and
[43.are moved, the pen carriage 136 will be mioved
in any direction undeérneath the ehart 136. If
rod 132-only is moved, 45 upow ‘operatién of 6=
tor 126; the carriagé 30 will be moved in a ver-
tical direction only. Similarly, if rod 133 only
is moved, as upon -operation of motor 126, the
carriage #36 will be moved in a horizontal direc-
tion only. If rods 132 and 133 are simuitaneously
moved, the pen carriage 130 will be moved at an
angle to both sides of the instrument. Movement
is imparted to the rod 182 as previously statéd by
tHe motor 126, which.has & drive pulley 139 at-
tachied to it; This pulley drives a cable 140 that
passes 6ver suitable guide pulleys at opposite ends
of the track 136 and which:is fastetied to the roller
§38. In a like manner motor 128" is utilized fo
impart movement to the rod i33, and to this end
motor 126’ has a drive pulley 141 fastened to its
shaft. As the pulley 141 is rofated, it drives a
cable 142 that passes around suitable guide puileys
at the ends of track 137 and which is attached to
the roller 135.

In consequence, as the motors 126 and 12§’ are
energized for rotation in one direction or the
other in response to the reception of oscillating
signals from the transmitter, the pen 131 will be
adjusted relative to the chart 138 to produce
an exact reproduction of the movement imparted
to the writing stylus or pencil at the transmitter
relative to the plotting board 4. As previously
noted, upon movement of the writing stylus or
pencll into engagement with the plotting board
at the transmitter, the switch 7 is closed and ef-
fects energization of the solenoid 70 for lifting the
recording pen up into engagement with the under
side of the recording chart 138. In consequence
the recording pen 81 is operative to trace the
path of its movement on the chart {38 only when
the writing pencil or stylus at the transmitter is
in contact with the plotting board.

This arrangement in which the recording
mechanism is located entirely beneath the chart,
and therefore leaves the top of the chart free for
inspection and other purposes, constitutes no part
of the present invention but is the invention of
Barnes, Johnson and Wills and is disclosed and
claimed in application Ser. No. 620,828, filed by
them on October 6, 1945,

Subject matter disclosed in this application
and not claimed herein, and not claimed in the
copending applications to which reference has
been made, is disclosed and is being claimed in an
application Serial Number 620,830, and an appli-
cation Serial Number 620,832, both of which are
being filed concurrently herewith by R. F. Wild.

While, in accordance with the provisions of the
statutes, I have illustrated and described the hest
form of my invention now known to me, it will
be apparent to those skilled in the art that
changes may be made in the form of the appa-
ratus disclosed without departing from the spirit
of my invention as set forth in the appended
claims, and that certain features of my inventicn
may sometimes be used to advantage without a
corresponding use of other features.
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Having: A6w. desetibed 1y -invefition, Wwhat I
é}almv &§ Heéw and demre te gécure by Letters Pat-

&uit of -4n. electiical oscillation: genéerato? havmg
& leedbacx emI coapled to the parane, 1eSenant

compﬂsmg, an oscﬂlator prov1ded wn:h &
paraliel resomant: tuning eircuit tunabie gver a
predeternmined: Band: of ireduehcies and. & feed«
back evil-coupled: to said paraliel resonait Giretit
to msintaiv the-oseiifator in an oseillating state;
riesns (o tune said feediback coil to & value
imtermediste the vpper end:of said predeternrined
ireguercy. barid and: tiie tower end: of the corre=
sponding second harmonic frequency band.’

% Mesns to. @imimize the tendéncy-to. distor-
tiom of the simple refatiouship between ireguency
ard tuning capacity of theé parallél resonant cir=
cuit of an eléctrical ostillation: generator having
4 feedback . coil coupled to the parailel resonant
tunifig ciréuit for sustaining the oscillaior operd-
tign ‘comprising; aw oscillator provided with' &
parallel resonant tuning circuit tunable over a
predetermined band of frequencies and a feed-
back coil coupled to said parallel resonant cir-
cuit to maintain the oscillator in an oscillating
state, and means to tune said feedback coil to
a value intermediate the upper end of the sec-
ond or a higher harmonic frequency band corre-
sponding to said predetermined band of Ire-
quencies and the lower end of the nexi higher
harmonic frequency band.

3. An oscillator operative in different conditions
of adjustment to generate electrical oscillations
of correspondingly different frequencies and com-
prising an electron discharge device having in-
put elements and output elements, a parallel reso-
nent circuit connected to the input elements of
said device, the resonant frequency of said paral-
lel resonant circuit being adjustable to vary the
frequency of oscillation of said oscillator over a
predetermined band of frequencies, an output
circuit connected to the output elements of said
device, said output circuit including a coil cou-
pled to said parallel resonant circuit for
regenerative operation of said device, and means
to tune said coil to a frequency value which is
approximately midway between the upper end of
said predetermined band of frequencies and the
lower end of the corresponding second harmonic
frequency band.

4. An oscillator operative in different conditions
of adjustment to generate electrical osciliations
of correspondingly different freguencies and com-
prising an electron discharge device having input
elements and output elements, a parallel reso-
nant circuit connected to the input elements of
said device, the resonant frequency of said paral-
1el resonant circuit being adjustable to vary the
frequency of oscillation of said oscillator over a
predetermined band of frequencies, an output cir-
cuit connected to the output elements of said de-
vice, said output circuit including a coil coupled
to said parallel resonant circuit for regenerative
operation of said device, and means fo tune said
coil to a frequency value which is approximately
midway between the upper end of the second or
a higher harmonic frequency band correspond-
ing to said predstermined band of frequencies
and the lower end of the next higher harmonic
frequency band.

5. An oscillator operative in different condi-
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tions of adjustment to generate electrical oscilla-
tions of correspondingly different frequencies
and comprising an electron discharge device hav-
ing input elements and output elements, a tuna-
ble electric circuit path connected to the input
elements of said device, the resonant frequency
of said circuit path being adjustable to vary the
frequency of oscillation of said oscillator over a
predetermined band of frequencies, an electric
circuit path connected to the output elements of
said device and coupled to said first mentioned
electric circuit path for regenerative operation of
said device, said second mentioned electric cir-
cuit path being turned to a frequeney value which
is intermediate the upper end of said predeter-
mined band of frequencies and the lower end of
the corresponding second harmonic frequency
band. .

-6. An oscillator operative in different conditions
of adjustment to generate electrical oseillations
of correspondingly different frequencies and
comprising an electron discharge device having
input elements and output elements, a tunable
circuit path connected to the input elements of
said device, the resonant frequency of said cir-
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cuit path being adjustable to vary the frequency
of oscillation of said oscillator over a predeter-
mined band of frequencies, and an electrie circuit
path connected to the output elements of said de-
vice and coupled to said first mentioned electric
circuit path for regenerative operation of said
device, said second mentioned electric cireuit path
being turned to a frequency value which is inter-
mediate the upper end of the second or a higher
harmonic frequency band corresponding to said
predetermined band of frequencies and the lower
end of the next higher harmonic frequency band.
LLOYD B. CHERRY.
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