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6 Claims.

My invention relates to railway traffic control-
ling apparatus, and more- particularly to train
carried train control ﬂpparatus responsive to
coded energy.

Train carried train control appa‘ atus respon-
sive to coded alternating current often includes
in the receiving circuit a filter tuned to resonance
at the frequency of the alternating current with
the result that the oscillations that persist after
tha current is interrupted at the end of each on

ode period may create code distortion when the
magnitude of the rail current becomes relatively
large as may be the case when the train is close
to the exit end of a track section and the rail
impedance is shunted cut. Rail current of such
large magnitude so excites the filter that its os-
cillatory condition tends to fill in the valleys (off
reriods) of the envelope of the received electro-
motive force. Again, it has been proposed to use
amplifier tubes operative from the usual 32 volt
train carried generator or battery without volt-
age converters. Variations in the amplification
factor cf such tubss due to the voltage variations
of such current source may cause over and under
excitation of the usual code following relay gov-
erned by the amplifier. If the energization of
the relay exceeds its predetermined value. any
one on code period, the operation of the relay
at the next off code period is delayed due to.the
lenger time for the energization to die down to
the operating value of the relay and code distor-
tion results.  Under-energization of the relay
may likewise cause code distortion and of course
may cause failure of the relay to cperate, Hence
the amplifier zain must be controlled if uniform
energization of the code following relay is to be
assured over the usual range of voltages of the

train carried source and. also if over-energization-

cof the relay at the higher values of Iall current
is to be avoided.

In view of the foregoing conditions in railway
traffic controlling apparatus of the type here
contemplated, a feature of my present invention
is the provision of train carried train control
apparatus incorporating a novel and improved
electron tube amplifier wherewith code distortion

dus to the oscillatory condition of the recewmg‘

mrc uit is minimized.

Another feature of my invention is the pro-
nszon of train ¢
cosporating a novel electron tube amplifier re-

auiring hut a single 32 volt source of direct cur-.
rent and energy from the usual 32 volt train car--

7ied generator can.be used without voitage con=
verters, and which amplifier provides inverse

arried train control apparatus in- -
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feed-back to compensate for the changes in the
amplifier gain due to variations in voltage of the
direct current source, and also due to changes in
the operating characteristics of individual tubes.

Agsain, a feature of my invention is the pro-
vision of train carried train control apparatus
incorporating an electron tube amplifier wherein
an additional capacitance-resistance biasing
means is applied to the final stage tube and sub-
stantially uniform voitage is applied to thz code
following relay - notwithstanding the received

clectromotive force may vary over relatwely wide
limits.

Another feature of my-invention is the pro-
vision of a relatively simple, inexpensive and-

eeed amplifier for train carried train control
apparatus ) .

‘Other features, cbjects and advantages of my
invention will appear as the specification pro-
STEsSes. ’

The above features, objects and advantages of
my invention I cbtain by providing a two-stage
amplifier using low voltage indirect heater type
of electron tubes and whose plate and heater cir-
cuits are effectively excited when connected to a
32 volt source of direct current. The first stage
tube is provided with separate and distinct- fila-
ment (heater) -and plate . circuits connected in
multiple across the 22 volt source of direct cur-
rent. A resistor is included in the plate circuit
adjacent the cathode of the tube, and this re-
sistor is also inciuded in the control grid circuit
which is coupled to the receiving circuit. The
plate current flowing in this resistor provides a
direct voltage which normally biases the first

stage tube to function as a class A amplifier and
pvcv1des an alternating bias voltage when coded
energy is received which bias alternating volt-
age assures a substantially uniform amplifier
gain over a relatively wide variation of voltage
of the direct current train carried source. .Such
inverse feed-back also minimizes the effects of
variations in the operating characteristics of
different tubes when a tube has to be changed,

Furthermore, the first stage tube is provided
with an auxiliary or screen grid that is con-
nected in a circuit including a resistor connected
between the screen grid and the direct current
source. This special screen grid circuit serves

_to control the flow of current in the control grid

circuit and thereby governs the dampening of
the receiving circuit to minimize code distortion
when a rail current of large damping is inter-
rupted at the end of each on.code period and



oscillations: tend -to persist in the receiving cir-
cuit due to its resonant condition. :

The second stage tubke is normally biased to
“function as a class C amplifier and is brovided
with an-addiiional capacitance-resistance ‘bias-

ing unit whose time constant is.such that the.
voltage developed .across the capacitance is re-’

tained with little loss during the complete. co‘qe'
cycle and is added to the normal bias voltage ta
. effect substantially the same amplifier gain for

large values as for normal values of the. electm-

- motive force picked up from the rails;

I shall describe one form of appaiatiss- em— v.

bodying my invention and shall.then point ouj
the novel features thereof in claims.: .

In the accompanying drawi ing, Fig. 1 is'a dia-
- graramatic view showing one form of apparatus

embodying my invention when used with train

carried train control apparatus. Figs. 2 and 3
are dlagrams ‘lustrating operating characteris-
tics of the apparatus of Fig. 1.

Relerrmg to Fig. 1, ths reference cn@racteru

!a -and b designats the track rails of a railway.

These rails. le and {b would be formed by the
usual insulated rail joints into consecutive track
sections..
across  the rgiis at ths ez
section so that such current fows in the rails
in - series. The 'alternat ting ‘current msay be of
any convenient-freguency.and may be, for ex-
ample, of the order of 100 cycles per second. -The
trackway apparatus for supplying coded currens
to the rails 1o and b is'not shown since it forms
no part of my" present invention and may-be
any one.of several well-known arrangements.
~For example, the arrangement of such trackway
_ apparatus may be that disclosed in Letters Pat-
ent of the United St‘ates No. 2,250,191, granted
July 22, 1941 to mysalf for Railway’ traiﬁc con-
‘trolling “apparatus. Tt is sufficient for the in-
- stant’ application: t& point out that the track
rails ta and ib are: supplied with alternating cur-
rent of a-preselected frequency cod ded at differ-
ent code ratas and such current flows in the railg

in series ‘amd varies in magnitude due to the

dlﬁerﬂnt valués of the rail impéedance in the cir-~
cuit as the train moves frem the entrance end
to tlie exit'end of the tratk sechion and also be-
cause of changes m mLasr 1e$stance and other
conditions. '

Two inductors 3 and £ are meunted on the
train in advance of the leading pair of wheels
in inductive relation to track Lal’S la and ib,
respectively; Taductors 3 and 4 arze connected
in series in- a receiving circuit which 2lso in-
cludes a- ﬁ1ter comprising transformer Ti: and
onqensozs § and 8. ~As here shown inductors 3
and -4, condenser § and primary winding 7 of
tra,usrormex Ti are connectad in series and con-
denser 8 is connected dcross secondary winding
8 of transformer Ti. This receiving circuit is
- tuned to resonance at the frequency of the rail
_eurrent.” Por example, when alterfsting’ current
01100 cycles per se~ond is used then this receiv-
ing cireuit is tuned to'resonance at-100 cycles per
second. . Tt fo‘!Iovsrs that an electromotive - force

is *\mked up by the inductors 3'ang & and a-cor-

responding” eiectromative force ADPPS&TS. aCross . o

secondary - wind'ng 8 of - dansfnrmer T8, such

picked un elactrometive force being of the fre-

duency and code’ of the railcirrent and of'a

magnitude proportional to the magnitude of the’
~Secondary winding 8 and condens--

rail current.
er 6 in multiple are connected to the mput ter-
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minals of an amphﬁer Wmch I shall shortly de-~
scrxbe

"It is to ‘be observed that oscillations may per-
sist. subsequent to the interruption of the rail
current due to the oscillatory nature of tiie re-
ceiving circuit.. Furthermoze, when the rail cur-
rent is large these oscﬂla.tlons persist. for a cor-

_respondingly longer interval because of the in~

_creased charge built up on the condenser.

10

Eg-
pecially will this be true at the lower code rates

“and the on code period-is-of a correspondingly

" lenger interval to build up the charge on the

condenser. In other words, the oscillatory na-
ture of the receiving circuit tends to fill in the

5 valleys of the envelope of the electrcmotive force

appearing at the termingls of secondary winding
8-.0f transformer Tl when :large rail currents

. flow. Looking &t Fig. 3, the full line envelope

represents that.of the elebtiomotwe force across
secondary winding 8 .due to-a normal value of
rail current, while the dotted- lines represent in
outline the envelope of the electromotive force
resulting when the rail current is of ‘a large mag-

.- nitude. Under normal conditicns the oscillations

- Coded-alternating current is supplied -
t-end. of each track

‘ence on. the amplifier.”

during the off code period are of such low value
that they can be neglected as far as their nfyu-
However, the amplitude
of the oscillations in the valleys of ‘the envelope

. When large rail currents flow may be substan-

tially equal to the maximum amgplitude of the
electromotive force during the. on perisd under
normal rail current.  Such filling in of the val-
leys of the envelope when large rail current Sows
causes code distortion and in extreme cases may
result in. unsatisfactory: opelatum of he train
carried apparatus.

The train carried ampl fier comprises Lwo qLages .
which include electren tubes. VT# and VT2, re-

- spectively. Tubes VT! and VT2 may tske dif-

40

- nected -across the current source whose

4

-tive terminal N32.

o
o

GO

“included. in this filament circuit.

ferent forms and may be indirect heater ventodes
adaptable of operation on relatively low voltage -
such as 32 volts. Looking at tube -VTi of the
first stage of the amplifier, its filament 8 is con-
terminals
are indicated by the reference characters B22
and N32, and which may be the terminals of the
usual-train carried 32 volt direct current gener-
ator. A current limiting resistor: {8 is preferably
The plate cir-
cuit for tube VT{ extends from positive terminal
B32 over primary winding {1 of a couvling trans-
former T2, plate {2 of tuké VT4, intervening tube
space to cathode 13, a resistor Ri and tothe riega-
It is clear, therefore; that
tube VT is provided with & filament and a plate
cireuit which are separate and distinet ang which
are connected-across the B32—N32 current source
in multiple. Tube VT{ is provided with a ceatrol
grid circuit including control grid 18, condenser 6
and secondary winding § of transformer Ti in
muitiple; resistor Ri and cathode {3. An auxil-
iary or screen grid {3 of tube VT1 is included in’
a circuit connected to the positive terminal B32
of the current source over a resistor R2.. Control
grid 14 is provided with & normal grid bias voltage
equal to the direct-voltage drop across. resistor Ri

. due to the normal plate current flowing. there-

through. The parts are so proportioned that the

-normal bias veltage developed across resistor Ri

causes tube VT to function as a class A amplifier
and hence when an alternating signaling electro-

" ‘motive force appears across secondary winding' 8

of the receiving circuit a corresponding alternat-

~-ing ‘current component of the plate ¢ircuit cur-
75

rent of tube VTI is created and a corresponding



2,326,622

alternating electromotive force -appears across
secondary winding 16 of the coupling transformer
T2. When such alternating current component
is created in-the piate circuit current, the direct
voltage drop across resistor R{ is reduced while
an alternating voltage is created and which alter-
nating voltage is substantially 180 degrees out of
phase with the signaling electromotive force.
The effective alternating voltage impressed on
control grid 14 is then the difference hetween the
signaling electromotive force derived from the
receiving circuit and the biasing alternating volt-
age derived from resistor RI. This  biasing,
known as “inverse feed back” serves to minimize
the effects of varigtions in the tube characteristics
upon the overail amplifier gain.' For example, an
increase of voltage of the B32—N32 current source
would increase the normal plate current to in-
crease the tube gain. Such increase cf plate cur-
rent develcps a larger alternating voltage across
resistor R{ and with a given signal vcltage re-
duces the effective aliernating veltage impressed
upon control grid 14. ‘However, the amplifier
gain of tube VT4 would not be lowered greatly
by such decrease in the impressed alternating
voltage because of the higher gain at which the
tube is cperated. I have found that such inverse
feed back causes the tube to cperate at substan-
tially the same amplifier gain with the voliage of
the B32-—N32 current source varying from a mini-
mum cf 26 volis to a maximum of 40 volis. ‘Also
the amplifier gain is not affected materially by
variations in operating eharacteristics of different
tubes due to manufacturing variations. ‘
Screen grid 15 and its circuit including re-
sistor R2 serve to reduce the effects of the oscil-
latory condition of the receiving cireuit and avoid
code distortion. When the rail current is rela-
tively large, control grid 4 is driven positive by
the positive half cycles of the signaling electro-
motive force and hence grid current flows and
acts 8s @ lead acress the receiving circuit filter.
The presence of the load on the receiving circuit
serves to damp the oscillations and they persist
a shorter interval than would be the case if there
was no load. When the control grid i4 is driven
positive by the incoming signaling electromotive
force, the plate to cathode vcltage is at a mini-
mum valide. The screen grid current tends to be
a maximum, but due to the vcltage drop in re-

sistor R2 the screen grid veltage is reduced during

this interval. With the lowering of plaie and
screen - grid. voltages, control grid draws more
current than is normally the case and oifers more
of a load on the filter of the recceiving circuit.
This increase in the load on the receiving circuit
causes greater damping of the escillations and
lessens the code distortion, That is, the zcreen
grid cireuit serves to increase the damping of the
receiving cireuit and to minimize code distortion
causcd by the oscillatory condition of the receiv-
ing circuit at the higher values of the rail cur-
rent.

The second stage tube VTE is provided with a
filament circult for heating its filament 17 an
with a plate circuit both of which include e re-
sistor '8, as will be readily understcod by an
inspection of Fig. 1. Cathcde 21 of the second
stage tube VT#is connecied to the negative termi-
nal of flament {71, while screen grid 24 is con-
nected to the positive terminal of filament 17,

Secendary winding 18 of coupling transfermer
T2 is connected across contrel grid 22 and cathods
21 of the second stage tube VT2, the heater cir-
cuit resistor 18 being also included in this control

3

grid circuit. The parts are so proportioned that

“the voltage drop across resistor 18 due to the
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heater circuit current flowing therein biases the
tube VT2 to substantially zero plate current and
thereby causes tube VT2 to function as & class C
amplifier.

An additional -biasing unit comprising a con-
denser C and a resistor RL are connected to the
control grid ‘circuit of tube VT2 to provide an
additional biasing voltage for the tuke, condens-
er C being connected in series with the control
grid 23 and resistor RL being connected as a
grid leak resistor. ‘When the electromotive force
appearing across secondary winding 1§ of
transformer T2 is that created by a normal
value of rail current, grid 23 is not driven pcsi-
tive in potential with respect to cathode 21 and
no grid current flows.  However, grid 23 is
driven in the positive direction during the posi-
tive half cycles of the electromotive force ap-
pearing across secondary winding 1§ and plate
current flows, the plate current having a pre-
determined average value to which it builds up
during each on code period and from which it
decays during each off code pericd. When the
signaling electromotive force appearing across
secondary winding 16 of transformer T2 is large
due to rail current of large magnitude, grid 23
is driven positive in potential with respect to
cathode 21 during the higher values of each pos-
itive half cycle of the signaling electromotive
force, and grid current flows and cendenser C is
charged. The time constant of the unit com-
prising condenser C and resistor RL is made
such that the potential developed across con-
denser C during an on code period is retained
with little loss during the next off coce period,
with the result the bias voltage of the C—RL
unit is added to the normal bias voltage derived
from resistor 8. The resultant bias voltage
tends to reduce the plate current and a nearly
uniform change in the average valne of the
plate current takes place over a relatively wide
variation in the magnitude of the rail current.

Referring to Fig. 2, the plate current of the
second stage tube VT2 is shown as a function of
the rail current. When a normal value of rail
current flows, the alternating veltage applied to
control grid 23 of tube VT2 is represented by the
two graphis just below the horizontal axis, that
is, the alternating voltage for two code cycles
is illustrated. Under such values cf the applied
voltage, the change:in the average value of the
plate current for tube VT2 is represented hy In,
such change being due to the hias voliage de-
rived from resistor 18 alone because at such
value of rail current the applied voltage is not,
sufficient to drive grid 22 positive in potential
with respect to cathode 2!.. Rail current of &
large magnitude tends to creafe an allernating
voltage across secondary winding 15 as illus-~
trated by the two center graphs of Fig. 2, that
is, two code cycles are illustrated. The maxi-
mum value of the vcltage 1s increased. huv due
to the possible code distortion the minimum
value to which the voliage may fa2ll ¢u the
off code periods may be ralaiively la and
hence the change of the plate current may be
that illustrated by Im. of Fig, 2. and which
change may bz less than that effscted by rail
current of normal value. Under conditicus of
large rail current the voltage applied to tube:
VT2 is such that grid 23 is made positive during’
the higher values of the pesitive half cycis 1
grid current flows to.charge condenser C- with-
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the result that unit C—RL serves to provide an

additional grid bias voltage. Due to this addi- _

tional grid bias voltage effected through the unit
‘C—RL, the applied voltage to tube VT2 corre-
sponds to.that illustrated by the two lower
. graphs of Fig. 2, that is, two code’ cycles are il-

lustrated. Under this condition, the change in:

the average value of the plate cireuit current
remains substantially the same as that effected
in response to the rail current of normal value,
A code following relay CF of the usual type is
connected -to secondary winding 25 of output
transformer T3 whose primary winding {§ is in-
terposed in the plate circuit of the second stage
tube VT2 and across which primary winding a
_condenser 22 is preferably connected. Relay C&F
is-operated in response o the voltage induced in
secondary winding 25, due to the changes in the
average value of the plate current fiowing in
t8, .the arrangement  being
such that relay CF is energized at a rolarity to
operate the relay to close its normal poler coi-
tact 27 when current builds up in the plate cir-
cuit of tube VT2 and is energized at a polarity
to operste the relay to close reverse polar con-
tact 28 when the plate current dies away. Code
following relay CF governs the supply of direct
- eurrent te the primary winding 28 of a decod-
ing transformer DT, current being alternately
- supplied to the two portions of primary winding
.26 over normal contact 21 and reverse contast
- 28, respectively.  The alternating electromosive
force induced in secondary winding 28 of de-
coding transformer DT is applied to a deceding

unit shown conventionally 2t DU and which de-.

coding unit may be of the well-known form of
tuned  circuits for selectively controlling three

relays ‘A, R and L according to the code.rate

at which the relay is operated.. TFor exzample,
when the usual code rates of 180, 120 and 75 are
provided: for the rail current, then relays A and
L are picked up and relay R is released for the

180 code rate, relays R and I are picked - up-

and relay A is released for the 120 code rate,

cand relay L is picked up and relays A and B

are released for the 75 code rate. When relay
CF is .inactive, then all three relays A, B and
L are released. Relays A, R and L are used to

govern the operating circuits of a train control-

ling device, such as a cab signal CS, the eoper-
ating circuits of which cab signal are arranged
in the-usual - well-known manner, ‘a5 -will bs
readily understood by an inspection of Fig. 1. -

Train carried train coniroel apparatus here dig--

closed has the advantages that it is simple, inex-
pensive 'and rugged, and is excited by a single 32
volt source of direct current. The electromotive
force picked up by the usual train carried receiv-

ing ‘circuit when a predetermined value of rail-

current flows is amplified at relatively high gain
without code distortion to apply a predetermined
voltage to the code following' relay- for. operat-
ing that relay at a rate corresponding to the code
rate of the rail current,. -Variations in amplifica-
tion gain of the first stage tube caused by in-
crease in voltage -of the direct current source
of supply is compensated by the inverse -feed-
back provided for the first stage tube.” Code dis-
tortion at the higher values of the rail current

due to the oscillatory condition  of: the receiving 7

“circuit is minimized by the control of the ‘damp-
ing: of the receiving circuit through the means

of a screen grid circuit. including. a- resistor of .

a -predetermined  value. - Substantially = equal

changes in the . plate current of the final stage ;

10

20

40

45

60

- plate circuit current.

2,326,622

tube are effected by the additional capacitance-
resistance biasing unit which serves to increase
the negative grid bias of the final stage tube
when rail current of larger magnitude prevails. -

Although I have herein shown and described
only one form of railway traffic controlling ap-
paratus -embodying my invention, it is under-
stood that various changes. and ‘modifications -
may be made therein within the scope of the ap-
pended claims without departing from the spirit
and scope of my invention. : : RN

Having  thus- described my invention, what ‘I
claim is: e '

1.-In controlling apparatus for use with alter-
nating current coded at a preselected code rate
and supplied to a receiving circuit tuned to re-
onance at the frequency of said alternating cur-
rent, the-combination comprising: an electron
tube having a plate, a cathode, a control grid
and a screen grid; a-plate circuit” for said tube
including a source of direct current, a control
grid circuit connected across said control. grid
and cathode and coupled to said receiving circuit
to cause in the plate circuit current an alter-

.nating current component of a code correspond-

ing to that of the alternating current, another
grid circuit including ‘a resistor connected he-
tween said screen grid and said direct current
source independent of the other. circuits of the
tube to control the damping of said receiving
circuit for minimizing code distortion due to the
resonant condition -of the receiving circuit, and
a code following relay coupled to said plate cir-
cuit and governed by said coding of the alternat-
ing current component of the plate circuit. cur-
rent for operation of the relay at said code rate.

2. In controlling apparatus for use with coded
alternating current that is supplied to a receiv-
ing circuit tuned to resonance at the frequency
of sald alternating current, the combination
comprising; -an electron tube having a plate, a
cathode,.a control grid and a screen grid ;& plate
circuit for said tube including a scurce of direct
current and a resistor disposed adjacent said
cathode, a control grid circuit for said tube cou-
pled to said receiving eircuit. and including said
plate circuit resistor to provide a control grid
bias voltage derived solely by the voltage drop
across the resistor due to the plate circuit current
for effecting a substantially uniform amplifying
gain for the tube over a relatively: large varia-
tion in the voltage of said direct current source,
another circult including ancther resistor con-
nected between said screen grid and said direct
current source to control the damping. of said
receiving. circuit for minimizing code distortion
due to the resonant condition -of the receiving
circuit, .and a code following relay . coupled to
sald plate circuit and energized due to code: rate
variations of the plate circuit current caused. by
the coded alternating current component of the

3. In controlling apparatus for use with codead

- alternating current which is supplied to a receiv-

ing cireuit tuned to resonance at the frequency of

-.said alternating current, the comhination com--

prising; an electron tube having sz filament, a
vlate, acathode, a control grid and another grid;-
a source of direct current,; separate and independ- .
ent filament and plate “circuits for said tube
connected in-multiple across said direct current

source, a first resistor interposed in said plate

circuit adjacent said cathode, a control grid cir-
cuit for'said tube including said - first resistor
and coupled to said receiving circuit to amplify
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in the plate circuit current the coded current:
supplied to said receiving circuit, another grid
circuit for the tube independent of said filament
circuit and including a second resistor connected
between said other grid and the positive terminal
of said direct current source, said plate circuit
current flowing in said first resisfor to create a
direct and alternating bias voltage to provide
2 substantially uniform amplifying gain for said
tube, said other grid circuit current flowing in
said second resistor to control the damping of
said receiving circuit to minimize code distor-
tion when the coded current is of relatively large
magnitude, and a code following relay coupled
to said plate circuit energized due to the code
rate variations of the plate circuit current caused
by the coded alternating current component of,
the plate circuit current.

4. In controlling apparatus for use with a
coded alternating current which is supplied to
a receiving circuit tuned to resonance at the
frequency of said alternating current, the com-
bination comprising; an electron tube having a
filament, a plate, a cathode, a control grid and
a screen grid; a source of direct current of a
preselected voltage, separate and distinet fila-
ment and plate circuits for said tube connected
in multiple across said direct current source, a
first resistor interposed in said plate circuit
adjacent said cathode, a control grid circuit for
said tube including said first resistor and cou-
pled to said receiving circuit to cause in the
plate circuit an alternating current component
of a code corresponding to that of said alter-
nating current, a screen grid circuit independent
of said filament circuit and including a second
resistor connected between said screen grid and
the positive terminal of said direct current
source, said control grid provided with a direct
and an alternating bias voltage derived solely
by the plate circuit current flow in said first re-
sistor to maintain a substantially uniform ampli-
fying gain for the tube when the voltage of said
direct current source varies from said preselected
voltage, said screen grid circuit to control the
damping of the alternating voltage applied to
said control grid to minimize code distortion due
to the resonant condition of said receiving cir-
cuit when the coded current is of large magni-
tude, and a code following relay coupled to said
plate circuit and energized due to the coded
alternating current component thus caused in
the plate circuit.

5. In controlling apparatus for use with a
transmitting circuit supplied with coded alter-
nating current and a receiving circuit in induc-
tive relation to said transmitting circuit, the
combination comprising; a two stage amplifier
each of which stages includes an electron tube,
a source of direct current, separate and inde-
pendent filament and plate circuits for the first
stage tube connected in multiple across said
direct current source, a .control grid circuit for
said first stage tube coupled to said receiving
circuit, a first resistor common to the plate and
control grid circuits of the first stage tube to
provide a grid bias voltage due solely to the
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circult current flowing in said first resistor
verning the amplifying gain of the fivst
tube, a plate and a filament circui
econd stage tube connected to said
t source, a control grid circuit for said

second stage tube coupled to the plate circuit

of the first stage tube; a second resistor cocramon

to the filament, plate and control grid circuits

of the second stage tube to provide a negative

grid bias voltage that normally effects zero plate

current; an additional biasing unit consisting of

a condenser and a resistor interposed in the

control grid circuit of the seccnd stage tube and

provided with a time constant such that the

voltage developed across the condenser is re-

tained during a complete code cycle of said coded

alternating current to effect a substantially uni-

form change of the second stage tube plate cir-

cuit current over a relatively wide range of

values of said coded current, and an electro-

magnetic relay coupled to the second stage tube .
plate circuit and energized due to the change in

the current flowing therein.

6. In controlling apparatus for use with a
transmitting circuit supplied with coded alter-
nating current and a receiving circuit in induc-
tive relation to said transmitting circuit, the
combination comprising; a two stage amplifier
each of which stages includes an electron tube,
said first stage tube having a screen grid as well
as a control grid, a source of direct current,
separate and independent filament and plate
circuits for the first stage tube connected in
multiple across said direct current source, a con-
trol grid circuit for the first stage tube coupled
to said receiving circuit, a first resistor common
to the plate and control grid circuits of the first
stage tube to provide a grid bias voltage due
solely to plate current flowing in said first re-
sistor to maintain a substantially uniform
amplifying gain for the first stage tube over a
relatively large variation of voltage of said direct
current source, a screen grid circuit independent
of said filament circuit and including a second
resistor connected between said screen grid and
said direct current source to control the damp-
ing of said receiving circuit and reduce code
distortion caused when said coded alternating
current is of large magnitude, a plate and a fila-
ment circuit for said second stage tube con-
nected across said direct current source, a con-
trol grid circuit for said second stage tube cou-
pled to the first stage tube plate circuit; a third
resistor common to the filament, plate and grid
circuits of the second stage tube to normally bias
said second stage tube to zero plate current; an
additional biasing unit consisting of a condenser
and a resistor interposed in the second stage
tube grid circuit to effect an additional grid
bias voltage and maintain substantially the same
change in the second stage tube plate circuit
current when the coded alternating current is
of large magnitude as when the coded current
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. is of normal value, and signaling means coupled

to the second stage tube plate circuit governed

by the change in circuit flowing therein.

RALPH K. CROOKS.




