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This invention relates to railroad signaling
and has particular reference to such types of sig-
naling devices and systems which incorporate an
indicator carried by the locomotive or vehicle it-

.5 self, in place of or in conJunctlon with roadside
signals.

The primary object of ‘this invention is to pro-
vide means whereby an indicator carried on the
locomotive will give the driver a continuous in-

10 dication of the maximum speed at which the
train may safely be driven (termed “track
speed”) which indication will automatically vary
from time to time according to the condition of
the track ahead. Having such essential indica-

15 tionm, it is a matter of ease for the driver to op-
* erate the train with certainty at the correct speed
from the point of view of safety and of utilizing
the track to maximum capacity-by means of the
said “track speed” indicator used in conJunction
with a train speed indicator.

The most important factors influencing the
“track speed” are:

(@) The length of unoccupied track ahead . of
the train;

(b) The gradient and/or curvature of that
track;

(e) The braking characteristics of the train
itself, and these factors are continuously em-
ployed in conjunction in the present invention to
actuate the track speed indicator. Other minor
factors may be employed if desired in a similar
manner, and in the case of long lengths of level
track, factor (b) may be omitted.

The first two factors mentioned are dependent
35 upon the instantaneous condition and nature of

- the sections of the track ahead of the train, and
are conveyed to the locomotive track speed indi-
cator by means of electric currents imposed upon
the rails. The third factor, that of the braking
characteristics of the train, is one which has al-
ways caused considerable difficulty. It has previ-
ously been proposed to provide certain mechani-
cal means to approximate changes of this factor,
but relatively few fixed settings were available,
which at best were approximations, and hence no
accurate indication of permissible track speed for
all make~ups of trains was practicable. In the
present invention, however, this factor which va-
ries with the train make-up, is accurately and
50 readily set in the instrument itself, and will com-

bine with the other factors to give an accurate
indication of permissible track speed for each
particular train. On lines used only by trains of
standard make-up this adjustment may be dis-
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pensed with. The varying track gradient (and -

(Cl. 246—6)

curvature) factor which affects the braking of
the train is ingeniously combined with the set
braking characteristic factor to cause an altera-
tion of the track speed indicator whenever the
former factor is altered. 5

With regard to the factor of the length of un-
occupied track ahead of the train, the electric
current put on the rails has a frequency which is
proportional to the square root of the length of
clear track ahead of the train. The expression 10
“frequency” employed in this specification is in-
tended to cover “coded” or “interrupted” current,
both A. C. and D. C. _

Thus the invention gives the driver all the es-
sential information, namely permissible track
speed and actual train speed, in a very simple
form on the locomotive, and by a comparison of
these two speeds he is thus enabled readily to
operate the train in the most safe and efficient
.manner entirely independently of roadside sig- 20
nals, and hence in all weathers. The advantages
thus gained as regards the utilization of the
track to maximum capacity by various types of
train are obvious.

Various refinements of the fundamental inven-
tion may be employed, for instance colour indica-
tions (or a warning) may be given when the
train speed is below, in the zone of, or above the
track speed. If desired this colour. comparison
of the two speeds may entirely replace one or
both of the actual speed indications.

Furthermore, the invention may be employed
not only as an indication to the driver, but as
an actual automatic train control which will
function more completely than such controls
hitherto known, even to the extent of push-but-
ton operation of the train by an unskilled opera-
tor in the case of electric trains. Automatic
brake application may be employed, either with
or without time element or forestalling factors.

The invention may be carried into effect with
different forms of apparatus, but a preferred em-
bodiment thereof is now described. The electri-
cal system incorporates some features known in
automatic signaling and is shown In diagram-
matic form which is usual in such systems and
which will be clearly understood by those skilled
in the art.

In the drawings,

Figure 1 is the track circuit wiring diagram,

Figure 2 is the locomotive and instrument wir-
ing diagram,

Figure 3 is a front elevation of the locomotive
instrument.

Figure 4 is a rear elevation of the Instrument, 55
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Figure 5 is a plan view, in part cross-section
of the instrument,

PFigure 6 is a cross-sectional elevation on line
6—6 of Figure 5,

Pigure 7 is a cross-sectional elevation on line

1—1 of Figure 5,

Figure 8 is a cross-sectional elevation of a de-
tail, on line 8-—8 of Figure 6,

Figure 9 is an example of a frequency table,

Figure 10 is a locomotive and instrument wir-

ing diagram for a modified form of the instru- °

ment, .

Figure 11 is a fragmentary plan view, in part
cross-section, of a modified form of the instru-
ment,

Figure 12 is a side elevation taken on line 12—12
of Figure 11, :

Figurs 13 is a side elevation taken on line 13—13
of Figure 11, and

PFigure 14 is a rear elevation, taken on line
i4—14 of Figure 13.

Figure 1 shows the means by which the various
frequencies are imposed on the rails, which fre-
quencies are picked up by a train by induction to

.actuate the instrument and give the indication of

the condition of the track ahead, in terms of a
“permissible track speed” in miles per hour.

Two sets of currents are imposed on the rails
of each track circuit, one being in the opposite
direction in the two rails, and having a frequency
which is dependent upon, and a function of, the
square root of the length of the clear track ahead
of this circuit. A method of obtaining the Ire-
quencies required for various. lengths of clear
track is given hereinafter, it being sufficient now
to explain that after that length of track in which
the worst braked train may be stopped (the “safe”
length) is clear, a standard frequency is imposed
on the rails of a track circuit.

The other current imposed on the rails travels
in the same direction in both rails, and its fre-
quency varies in different track circuits according
to the gradient of the clear length of track ahead,
and according to the curvature of that track.
A method of obtaining these frequencies for dif-
ferent sections of the track is also given herein-
after.

Figure 1 shows a number of adjacent sections
A, B, C and D of the track, the insulated rails
1, 2 of which are divided into track circuits by
insulators 3, 3, as in known practice. The va-
rious track circuits are fundamentally similar,
and the train is considered as traveling from right
to left.

The current having a frequency which is deter-
mined by the length of clear track ahead (termed
“clear-track frequency”) is fed into one end of
track section D from the secondary 4 of a trans-
former by leads 5 and 6 to the rails | and 2
respectively. An adjustable rheostat or imped-
ance 1 controls the maximum current.

The usual track relays 8 and 8 of track cir-

' cuits A and B are duplicated, through leads 10

65

70

76

and I, by repeater relays 12 and 13 (fed from
a source of supply in known manner), grouped
with relay 4 associated with track section C.
The relay of section D is indicated by 41,
Presuwming that sections A, B and C are un-
occupied, relays 12, 13 and 14 will be energized
and their armatures will close contacts 15, 16
and 171 respectively, as shown in Figure 1. Thus
a circuit is established from a positive (+-) source
of supply, through the closed contacts 17, 16 and
15 and lead 18 to the vibrating contact 19, which
is connected to the negative lead of the source of

supply. Thus the vibrating contact {9 is actu-

ated. This vibrating contact 19 and also vibrat-
ing contacts 20 and 2i, are of the known type
which will oscillate at one frequency only when
energized, these contacts having a common nega-
tive return lead {9’. Presume that contact 13
oscillates at 50 vibrations per second, then its

oscillations will cause contact 22 to be closed 50 '

times per second, and hence current flowing from
supply 28 through lead 40 and the vibrator 19
to contact 22 is interrupted or “coded” 50 times

‘per second. From contact 22, this current having

a frequency of 50 impulses per second is carried
by leads 23, 24 and 25 to the grid 26 of the ther-
mionic valve 21, the filament of which is con-
nected to the negative terminal of battery 28.
Then current from supply 29 will fiow through
valve 21 with a frequency of 50 impulses per
second,” which current is carried by lead 30
through contacts 171, 16! and I5! which in the
present positions are closed by armatures cou-
pled to the armatures of relays {4, 13 and 12, in
known manner. From contact .5, the coded
current is carried by lead 31 to the primary 32
of the transformer incorporating secondary 4,
said primary 32 being also connected to supply 28.
Consequently & 50 cycle current from secondary 4
is supplied to rails 1 and 2 of section D, and flows
in opposite directions in these rails. This fre-
quency will be picked up by a train entering
section D.

If; now, section A is occupied relay 8 is short
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circuited and hence the armature of repeater .

relay 2 drops, opening contacts 15 and 15! and
closing the opposite contacts: 162 and 153, The
relays 13 and 14 remain closed, and hence the
circuit to vibrating contact 19 is broken, while
a circuit from the positive source through con-
tacts 17, 16 and 152 and lead 33 is established
to vibrating contact 20. This contact 20 will
vibrate only, say, at 70 vibrations per second,
and interrupted or coded current from contact 34
is supplied through leads 24 and 2§ to grid 26
of valve 21. Hence the valve delivers current of
a frequency of 70 impulses per second to lead 30,
whence it passes by contacts {71, 16! and 153 to
lead 35 and to a tapping on transformer primary
32. From the secondary 4, a current of 70 cycles
is delivered to the rails f, 2 and is picked up
by a train entering section D.

Similarly, it will be clearly seen that if section
B of the track is occupied, relays 9 and 13 will
be de-energized, and hence contacts 16 and (6!
will be opened and their opposite contacts 187
and 163 will be closed. This results in vibrating
contacts 19 and 20 being inoperative, and vibrat-
ing contact 2{ being supplied with energy from
the source through contacts {7 and 162 and lead
36, which vibrating contact 21 impresses a cur-
rent interrupted (say) 90 times per second upon
the grid of valve 21. Thus a current having a
frequency of 90 impulses per second is impressed
by valve 21, through lead 30 and contacts IT!
and 163 and lead 37 onto a second tapping of
transformer primary 32, from the secondary 4 of
which the 90 cycle current is passed into rails |
and 2 of section D.

From the foregoing it will be seen that the par-
ticular frequency impressed on the rails of any
track circuit is a function of the length of the
clear track ahead of that section, and will be
automatically varied as variations occur in that
length of clear track.

The particular arrangement described for feed-
ing track circuit D is repeated for all the other
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track circuits of the line, as is usual in high 4

speed signaling.
Figure 1 also shows the manner in which the

gradient and curvature current is fed into section

D. The particular frequency fed into a track cir-

cuit is automatically varied according to the over- -

_all gradient and/or curvature of the length of
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the clear track ahead of that circuit. While sec-
tions A, B and C are clear, contacts {64 and 174 are
closed by armatures coupled to those of relays 13

and 4, and current from 'a - supply is taken

through these contacts and lead 38 to a vibrating
contact 39 which oscillates (say) 50 times per
second, and which has a negative return lead 381,
Thus current from source 28 is fed by leads 40
and 41, coding contact 42 and lead 43 to grid 44
of thermionic valve 45, which is in turn fed by
lead 46 from source 28. Since the input to grid
84 is coded at 50 impulses per second, current at
this frequency passes from valve 45 by lead 47 to
the primary 88 of a transformer, and 50 cycle
current will flow from the secondary 49 of this
transformer through the usual rail-to-rail im-
pedances 50, 58! to flow in the same directions in
rails { and 2, and to be picked up by a train enter-

‘ing section D. Section A is regarded as having

the same gradient as section B, and is not pro-
vided with a special gradient oscillator.

If, now, section B is occupied, relays 9 and {3
are de-energized, and contact 16* is opened and
contact $65 closed. This results .in the discon-
nection of vibrating contact 39 and the energiza-
tion of vibrating ‘contact 5! from the source
through contact 174 and lead 52. Contact 51 has.
say, a period of 40 vibrations per second, and
hence grid 84 is energized with this frequency,
and hence valve 45 (through transformer 48, 49)
will deliver 40 cycle current to the rails, f, 2.

Thus it will be seen that if sections A and B
are clear of traffic, vibrating contact 39 is in
operation. If, however, section B is occupied
ahead of a locomotive, vibrating contact 39 is cut
out of operation and vibrating contact §i is in
operation, as above described.

All track circuits are fed in the same manner,
the number of frequencies required for each sec-
tion being dependent upon the physical nature of
the sections ahead, up to the “safe” length of
clear track.

Figure 2 shows the manner in which the two
frequencies imposed on rails { and 2 are picked
up by the locomotive. Two similarly wound col-
lector coils 53 and 54 are connected in series in
such manner as to be energized (by inductance)
by currents in opposite directions in rails {, 2 in
known manner. Leads 55 and 56 connect these
coils to an amplifier §7 which is connected by
leads 58 and 59, through a proving relay 60, with
another part of the apparatus (hereinafter de-
scribed).

Collector coils §! and 62 are so connected that

they will be energized only by currents in the

- same direction in rails {, 2 and these coils are con-
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nected by. leads 63 and 64 to an amplifier 65,
which is connected through a proving relay 66 to
another part of the apparatus by leads 67 and 68.

Having been picked up and amplified, the two
track circuit currents of variable frequency are
taken to the instrument illustrated in Figures 3
to 7 inclusive, which is now described. The base
89 is suitably mounted in a resilient manner in
the desired position either in the locomotive cab,
or in the driver’s line of vision forward. The
various parts of the instrument are insulated as
required in accordance with practice.

The face of the instrument is shown in Figures
3 and 5, and includes two ground glass windows
710 and 11, one of which is marked “Track” and
upon which the maximum permissible track speed
for the particular train is indicated, and the other
of which is marked “Train”, upon which the
actual train speed is indicated. A miles-per-hour
scale 12 is located between the two windows. The
instrument is covered by a detachable top 13.

As seen in Figures 5 and 6, two parallel slide
rods 14 and 15 are mounted at their ends in

- standards 16 and 17 and slidable thereon is a car-

riage 18 carrying a lamp 79. The carriage 78 is
engaged by a rotatable screwed rod 80 (Figure 5)
by the rotation of which it is progressed along
rods T4 and 19, in either direction.. As shown in
detail in Figure 8, lamp 18 is fed through a con-
tact 81 wiping on energized rod 15 and connected
to one terminal of the lamp while the other ter-
minal feeds through wiper 82 onto a rheostat 83.
Lamp 19 is for the purpose of illuminating win-
dow 70, and in order that its intensity on this
window (and on an adjacent light sensitive strip
hereinafter referred to) may remain constant
during its displacement towards or from the win-
dow on rods 74 and 75, the rheostat 83 is employed
to suitably increase the light intensity as the
lamp retracts from the scale, and vice-versa.
Mounted on base 69 is a frequency meter 84 of
known type, which rotates a pinion 85 meshing
with a spur wheel 86 carried on shaft 81. ‘Con-
nected to spur 86 is an arcuate screen 88, which is
formed with an arm 89 mounted in a bearing 90
(Figure 5).
the light from lamp 79, and by its position to
regulate the height of the beam from this lamp
passing under it and illuminating window.70, In
Figure 6 the screen 88 is shown at its lowest
position, and it will be seen that the higher screen
88 is lifted by counter clockwise rotation of spur
86, the higher will be the illumination on window
76, and hence the highet will be the M. P. H. in-
dication of “track speed” on this window. A fixed
screen 91 prevents light from lamp 179, in the re-
tracted position, passing over screen 88.
Frequency meter 84 is.connected to leads 58 and
59 from amplifier 57 (Figure 2) and hence the
position of screen 88 is determined by this fre-
quency meter, which in turn depends upon the
“clear track” frequency picked up from the track
circuit, this frequency being a function of the
length of the clear track ahead of the section oc-
cupied by the train. The greater the length of the
clear track, the higher will be the position of
screen 88, and hence the higher the indication
in M. P. H. given on window 78 (up to a certain
minimum “safe” distance) other factors remain-
ing constant. The other two factors, gradient
(and/or curvature) of the track and the braking
characteristics of the train, are combined with
the clear track distance in the instrument by
adjustment of the position of lamp 719 along its
mounting rods. It will be obvious that for any
position of screen 88, the indication thrown on
window 710 by lamp 19 will decrease if the lamp

3

15

20

25

30

The function of screen 88 is to shield -
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is retracted from the window, and vice versa.

Screwed rod 80 is manually rotated to bring
lamp carriage 18 to a calibrated position ac-
cording to the braking characteristics of the
train before a journey commences, and the rod
is further rotated automatically during the
journey according to the gradient frequency
picked up, thus making automatic adjustments
from time to time in the track speed indication
according as the gradient increases or decreases
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the safe track speed. These adjustments are
effected as now described.

As shown in Figure 5, rod 80 has mounted
thereon -a spur wheel 92 ‘which is driven by the
pinion 93 of a reversible motor 94. A high
reduction train is employed consisting of pinion
95, spur wheel 96, pinion 97, spur wheel 98,
pinion 99 and spur wheel {00, the ratio being
such that motor pinion 93 rotates spur wheel 82
sufficiently to move carriage 18 from one end to
the other of rods 74, 75 while spur wheel 100
makes less than one revolution. Shaft 80 is con-
tinued through the gear train and is fitted with
a knob {01 for the initial manual setting of car-
riage 18 according to the braking charactenstics
of the train,

A controller which actuates motor 94 is best
seen in Figures 4, 5, 6 and 7. This’ cont!'qller

includes a disc {02 having mounted in its riny’ 9
plurality éf spring loaded contacts 103 which ™

represent various braking percentages and which
are not evenly spaced on this account. The con-
tacts 103 are, however, connected by leads 104 to

a plurality of evenly spaced plug sockets- 105 on
the face of the disc. 102.

Disc 102 is mounted for rotatlon in bearing 106
on standard 1071, and is connected to spur wheel
100 to rotate therewith. A number of contacts
103 engage under two contact shoes 188 and 109
in any working position of disc 102, and these
shoes are insulated from each other by an insu-
lator 140, and end respectively in terminals 111
and 112 which are connected by leads 113 and {14
(Figure 5) to the two field windings of the re-
versible motor 94, which motor is also connected
to the negative terminal of a source of supply in
known manner.

The various sockets 185 represent various re-
tardation percentages such as 5%, 6% and so on,
and the controller operates as changes in
gradients (or curves) affect this retardation per-
centage, either decrease or increase. Presuming
that two steps of 1% on either side of level only
will be met on the track, five of the contacts 183
will be employed. The contact representing the
retardation percentage of the train (as made up)
on level track is brought under insulator 10, and
a flve point plug 115 is plugged into sockets 105
connected to this particular contact and the two
on either side thereof. The plug 115 is connected
by flexible leads 116 to terminals 117 on standard
107, and these terminals are in turn connected by
leads 118 (Figure 5) to five adjacent contacts 119
of a known type of contact-making frequency
meter 120,

‘Frequency meter 120 is connected to leads 61
and 68 of the amplifier 65 (Figure 2) fed by
the gradient frequency imposed on the line, and
is also connected to the positive terminal of the
source of supply in known manner.

The operation of this last described portion of
the device is as follows:

The rod 14 is calibrated (by a method herein- .

after explained) with various percentages repre-
senting the retardation of various trains.  The
braking characteristic or percentage having been
determined by the make-up of the train, finger
knob (01 is manually adjusted to set carriage
18 to this percentage, which adjustment will
simultaneously bring the contact 103 of the con-
troller représenting this retardation percentage
under insulator 110, by the medium of the gear
train. Plug (15 is then inserted to engage the

. gocket 105 connected to this centralized contact

103, and two sockets 105 on either side thereof..

2,098,401

During the journey, the contact making fre-
quency meter is influenced by the varying fre-
quencies impressed on the rails according to
gradient, and will therefore from time to time
connect one or other of the contacts 118 to a
source of supply (). Thus, through leads (18
and 116, one or other of the five engaged con-
tacts 103 is energized from the source. While
only the central contact 103 (under insulator 110)
is energized, no effect is felt, but when a .contact
on one side of this central contact is so ener-
gized, current passes therethrough to (say) shoe
108, and by lead 113 to one field coil of reversible
motor 94. The motor then sets the gear train in
motion, rotating rod 80 to refract lamp 19 from
window 10 for a reduction in effective retarda-
tion due to a down gradient, and reversely for
an up gradient.

The motor also sets the gear train in motion,

“the direction of rotation being such as to bring

the energized contact 103 under insulator 110,
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which as soon as achieved, cuts off supply to the -

motor. The mechanism remains in this position
until a fresh frequency due to gradient affects
frequency meter 120 to change its contact 119
which is energized from the source, and so set
motor 94 in motion again, ‘to readjust lamp 19.

Thus it will be seen that the light thrown by
lamp 19 on to window 70 to indicate the maxi-
mum permissible track speed is adjusted (a)
according to the braking characteristic of the
train, by initial setting of carriage 718, (b) ac-
cording to length of clear track ahead of the
train, by the clear track frequency adjusting the
position of screen 88, and (¢) according to
gradient and/or curvature of the clear track
ahead, by the gradient (and/or curvature) fre-
quency causing an adjustment of the position of
lamp carriage 18 during the journey.

The permissible track speed for the particular

"train being shown on window 10, in M. P. H.

against scale 12, it is now required that the
adjacent window Ti be illuminated to a height

representing instantaneous: train speed. Hav-

ing these two speed indications against scale 12,
it is a matter of ease for the driver to maintain
his train speed in the zone of the track speed,
and thus utilize the track to maximum capacity,
but with safety, since he can always stop his
train should an obstruction occur, providing his
train speed is not greater than the track speed.

The manner in which the train speed indica-
tion is thrown on window 71 is illustrated in Fig-
ures 5 and 7. Three stationary lamps 121, 122
and 123 are arranged transversely on the instru-
ment, and are adapted to illuminate window TI.
A centrifuge (speedometer) 124 is mounted on
base 69, and operates a pinion {25 which in turn
rotates a spur wheel 126, on which is mounted
an arcuate screen {27 normally disposed between
lamps 121, $22, 123 and window 7f. Spur wheel

" 126 is freely rotatable on shaft 81, and an arm

128 extending from screen 127 is taken to a bear-
ing 129. -An increase in train speed causes
speedometer 124 to lift screen 127 and so permit
a higher beam of light to pass from lamp (21,
{22 or 123 to window Ti, thus indicating an in-
crease in train speed against scale T2. In the
drawings, screen 127 is shown in its lowermost
position.

By this means the actual train speed is given

on window Tl for comparison with the track

speed on window 10.
Automatic brake application means are pro-
vided, whereby the brakes are applied if and
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when the train speed exceeds the permissible

track speed. The usual time lag would, of course, .

be incorporated. Furthermore, assistance is
given the driver (and by repeater lights, the
fireman) by colouring the train speed indica~
tion on window 71 green, yellow or red, accord-
ing to whether it is below, in the zone of, or above
the permissible track speed. The manner in
which these operations are carried out is best
illustrated by Figure 2.

Adjustable lamp 79 also liluminates a light-
sensitive strip 130, adjacent window 710 (see also
Figures 5 and 6) and a lamp 131 aligned with
lamp 121 (Figure 5) illuminates an identical
light-sensitive strip 132. These light-sensitive.
strips are of known type in which their resistance
varies according to the length of them which is
illuminated. The reason for adjusting the in-
tensity of light from lamp 719 according to its
position in relation to-the front of the instru-
ment (and hence in relation to strip 130) will
now be clear. '

Light-sensitive strips {30 and 132 are respec-
tively connected by leads 133 and 134 to the
two windings 135 and 136 of a differential three
position relay 137 (of known type) these wind-
ings also being connected by lead 135! to a source
of supply. The other terminals of the strips are
connected by leads 138 and 139 fespectively to
two proving relays (40 and (41 in turn con-
nected to the negative terminal of the source.

‘'The lengths of light strips 130 and §32 which
are ilhiminated (and consequently their resist-
ances) are dependent upon the positions of
screens 88 and 127 respectively. When the track
and train speeds are equal, the heights of the
train and track light beams are equal, and hence
the resistances of strips 130 and 132 are equal,
and relay {37 is not moved from its normal posi-
tion wherein contacts 142 and 143 are closed
through arm 144, while contacts 145 and 146 are
open. Current flows from a 4 source, through
contact 142, arm 144, contact 143, lead 147 and
through the upper winding of a double-wound
relay {48, either winding of which is sufficient to
operate the relay, and energization of which
holds contact 149 open. From relay 148 the cur-
rent flows through relay 150 to the negative to
the source, thus energizing its contact 151 and
supplying current from the source to lamp {21,
which feeds back by lead 152 through a proving
relay 153.

Lamp 121, as shown in Figures 5 and 7, is cov-
ered by a yellow glass 154, and hence the train

2 speed indication thrown on window 71 is coloured

yellow. :

If, now, the train speed should increase over the
track speed, the resistance of strip 132 is de-
creased over that of strip 130, and hence more
current will flow through winding 136 than
through winding (35 of the differential relay 131.
‘When this difference is sufficiently great to ac-
tuate the relay, flexible arm (44 is moved (in
known manner) to open contact 143, while the
other contacts thereof remain unaltered. This
results in the de-energization of relays 148 and
150, thus closing contact 149 and so connecting
lamp 122 to the source, and opening contact
15! and extinguishing lamp {21. The circuit of
lamp 122 is completed to the source through
lead (56 to relay {97, the purpose of which is
hereinafter explained.

Lamp 22 has a red glass {58 (Figure 5) about
it, so that the train speed indication on window

5

Ti is coloured red, giving warning of excess of
train speed over track speed.

When the train speed drops below track speed,
greater current will flow in winding 135 than in
winding 136 of relay 137, and arms 144 and 159
of the relay will move to open contact 142 and
close contacts 145 and 146. Supply from a -
source now flows through contacts 145, 146, lead
160, the second winding of relay (48 (holding
contact. 149 open) and relay 161 to close contact
162. Thus the positive supply is connected
through contact 162 and lead 163 to lamp 123,
which completes its circuit through lead 152 to
relay 153 and thence to the source, Thereby only
lamp 123 is illuminated, and this lamp is cov-
ered by a green glass 164 (Pigure 5) so that the
train speed indication on window 7! is coloured
green, readily indicating that the train speed
is below the track speed.

It is to be noted that the colouring of the

train speed indication to readily show its rela-
tion to the track speed is considered secondary
only to the actual M. P. H. indications of the
two speeds given on windows 70 and 17i.
. In the event of the fireman requiring an indi-
cation of these relative speeds, repeater lamps
1211, 122! and 123! are connected in parallel
with lamps 121, 122 and (23 across the supply,
and are placed conveniently for the fireman.

The circuit for the automatic application of
the brakes (with the usual time lag) in the event
of train speed exceeding track speed by a certain
amount, is also shown in Figure 2. Lamps 19
and {31 are fed from a positive source and com-
plete their circuits through leads 165 and 166 to
two windings respectively of a double winding re-
lay 167, energization of both of which windings is
necessary to maintain its contact 168 closed.
These circuits are completed by a common lead
169 through a contact 170! actuated in com-
mon with contact {10 of proving relay 60, and
through a contact 1711 actuated in common with
contact 171 of proving relay 66, and thence to
the negative of the source.

Proving relays 140, 141 and 153 have contacts
172, 113 and 174 respectively, closed on energiza-
tion of these relays, and proving relay 1571 has
a contact 175 which is opened on energization of
this relay.

The brake circuit is from a 4 source, through
contacts 173, 112, 168, 115, 1714, {10 and IT1 to
an electro-pneumatic valve (16 (of known type)
to the negative of the source, said valve holding
the brakes off while energized. While lamps 79
and 131 are lighted, strips 130 and (32 energized,
either yellow lamp (21 or green lamp 123 lighted,
and amplifiers 57 and-65 operating, the circuit
to valve 1716 is complete, and the brakes are
held off. However, should one of these units
fail, its associated proving relay will be de-ener-
gized and the valve circuit opened, thereby ap-
plying the brakes. Similarly, should train speed
exceed track speed by a certain amount, relay

{57 will be energized and contact. 175 opened,

thereby interrupting the valve circuit and again
applying the brakes automatically, until train
speed drops sufficiently to close contact I'T5 once
more, when valve 176 may release the brakes
once more.

A partition {719 (Figure 5) prevents interfer-
ence between train and track lamps, and a sec-
ond partition 180 segregates the effect of lamp
13! operating light-sensitive strip 132 from the
rays of lamps 121, §22 and 123.

Although in the foregoing description one of
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the currents is described as traveling in the same
direction in both rails, while the other travels
in different directions in the two rails, it is con-
templated that the two currents may be super-
imposed, and travel similarly in the rails, by
sufficient differentiation in frequency, in which
case the pick-up instrument on the locomotive
would necessarily discriminate between currents
in different ‘“wavebands”.

Frequency calculations

Although the application of the invention to
track circuits does not present any difficulty to
those skilled in the art, it is preferred to give
examples of the manner in which the required
frequencies may be calculated. The following
are merely by way of example, and other meth-
ods may be employed to achieve the same result,
provided that the frequencies applied to a track
circuit to indicate the length of clear track ghead
of that circuit is proportional to the square root

of that length.

Let it be assumed that the worst braked traln
to be used on the track has a retardation value
of 3% (expressed as a percentage of train
weight) at its maximum speed, and that the re-
tardation of the best braked train is 10%. Fur-
ther, that the maximum track gradients do not
exceed + 2%.

Use is made of the well known formula

10V
3(Rt+Rg)

Where D=stopping distance in feet.
V=speed in M. P. H. at which brakes are ap-
plied
Rit=equivalent retardation due to brakes and
friction (expressed as % of weight of train)
Rg-—equivalent retardation due to gradients
and/or curves (curves being expressed as
gradients, that is. %).
The extremes of retardation will then be:

3% —2%= 1%
and 10%+4+2%=12%

As the minimum retardation is so low, steps of
1L,% are used in adjusting for Rg.

In the above formula, if V is taken at 50
M. P. H. and Ri{+Rg at 1% then D==8333 ft. that
is, the most poorly braked train traveling at 50
M. P. H. requires 8333 feet in which to stop after
application of the brakes, and this is consequent-
ly the maximum length of the track .ahead of
any track circuit concerning which it is necessary
to apply condition indications by various fre-
quencies to this track circuit.

As previously stated, the clear track frequency
(fp) must be proportional to the square root of

D= 1

D. A convenient scale is given by the arbitrary .

formula
frequency (fp)=100—+/.3D (2)

This gives a standard frequency of 50 cycles for
a clear track distance of 8333 ft. and over.

Agalin, there would be little necessity to extend
the scale above 120 M. P. H.

From the above formula (2), the following re-
quired frequencies (fp) are obtained for various
lengths of clear track (D):

Scale M
D (feet) = 300 500 1000 1500 2000
Jp (cycles)= 90,52 87.76 82.68 788 755
D (feet) =3000 4000 5000 6000 8333
- Jfo (cycles)= 70 85,35 6L3 57.6 50

({
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According to the lengths of the track sections (up
to 8333 ft.) ahead of any track circuit, the var-
fous frequencies which it is necessary to provide
by vibrating contacts 19, 20 and 21 (Figure 1) are
determined as above. For “all clear track”, that
is a clear distance of 8333 ft. or more, only a vi-
brating contact having a period of 50 oscilla-
tions per second (such as- (8) (or a direct 50
cycle A. C. supply, if available) would be in op-
eration, but if the clear distance is less than this
figure, special frequencies would come into opera-
tion.

The frequencies (fa) applied to the track sec-
tions representing gradient and/or curvature may

be arbitrarily chosen, a convenient scale being:
Scale N

BR=—2% —-14% =-1% -%% Level +%% +1%

fe= 10 20 30 40 50 60 70

R=+4+14% +2%

fe= 80 9%

(Note: The previously described construction

shows only two points of adjustment on either
side of level, but obviously inore may be employed
if desired).

The required gradient frequencies, selected as
above, are employed on frack circuits as before
explained, and are applied by vibrating contacts
such as 39 and 51 (Figure 1).
diagrammatic only, it will be understood that any
suitable means of applying the required deter-
mined frequencies to the track circuits may be
employed.

The calibration of rod 14 to permit of rapid
manual adjustment of lamp carriage 78 when
the train make-up is varied, may be carried out
as follows:

From formula (1) we obtain

V=+/3D(R{+Rg) @3)
Assuming D==3000 ft. which from the scale M
above gives frequency fp="7T0 cycles per second,
and by employing various values for Rt-+Rg (in-
dicated below by R) the following scale is ob-
tained:

Scale O
RA%) 1 134 2 2% 3 34 4 44
V(M.P.H) 30 38.75 42.42 47.4 51.96 57.1 60 63.6
R (%) 5 54 6 6% 7 T4 8 84
V(M.P.H) 66.9 70.35 73.5 76.5 79.3 82,1 84.9 8.3
R (%) 9 9% 10 10% 1 11 12

V(M.P.H) 90 924 949 97.2 99.45 1017 103.95

Since a frequency of 70 cycles has been chosen
for setting purposes, screen 88 (Figure 6) is
rotated to the position it will occupy when ener-
gized by 70 cycle current from the rails. The
train braking characteristics having been deter-
mined from the train make-up at (say) 4%,
which . from the scale O is equivalent to 60
M. P. H,, finger knob 101 is rotated to move lamp
19 to a position wherein its rays will illuminate
window 70 up to the 60 M. P. H. division. This
position is marked on rod 74, or on controller
disc 102, for future settings of 4% trains. Simi-
larly, by adopting other values of R from (say)
1% to 12% in scale O, the rod T4, or disc 102,
may be completely calibrated, and it will then
be a matter of facility to make future settings on
the instrument for various values of retardation
percentages for various values of train make-up.

It is to. be noted that the gearing between
screwed shaft 80 and controller disc 102 is such
that for every position of carriage 18 of (say)

Figure 1 being -

10

15

20

40

50

()

70

%



[>]

10

25

.30

35

650

55

80

65

70

75

9,098,401 7

1% % variation of retardation, one of the contacts
103 is under insulator 10, thus synchronizing
these units.

A summary of the foregoing calculations is
given in the form of a table, calculated for a
hypothetical length of track, in Figure 9.

This track consists of sections E, P, G, H, J,
K and L of the various lengths given thereon,
and the train is considered as moving from right
to left. The frequency for clear track (fp) and
for gradient (fa) calculated for each section of
the track according as to whether one, two or
more sections ahead are clear, are applied to the
immediately preceding track section, as in known
practice.

Taking section E as typical, values of /o for one,
two and three tracks clear ahead are obtained
from scale M, which gives these frequencies for
various lengths of clear track. The gradient fre-
quency fc is obtained by dividing the total ve-
locity head by the length of clear track in hun-
dreds of feet. In column E with two tracks ahead
clear:

_(67.5'—15") 100,
R_——_QOOO X 1 % rise
=4.589,

A rise being taken to the nearest lesser 1% %, this
is taken as +1%% (rise), which from scale N
gives fac=60 cycles. Similarly a fall is taken to
the nearest greater %2 %, for the sake of safety.

It will therefore be clear from the foregoing
that the various frequencies required for indicat-
ing length of clear track ahead, and for the
gradient and/or curvature of the line, may be
readily calculated and applied to the rails of
each track circuit, and as readily picked up there-
from and employe@ in the locomotive instrument.
Moreover, since the frequencies applied to one
track circuit are in respect of the next and suc-
ceeding track sections, the driver will always have
the time taken in. one track circuit to act on the
indicator readings.

The invention therefore provides the essentials
of a most complete form of locomotive or rail ve-
hicle indicator, which may also be employed to
give automatic brake control. The roadside ap-
paratus is simplified, and it enables a vehicle
driver to make the maximum safe speed over
any section of the track, thus utilizing the perma-
nent way to the greatest possible degree under all
conditions and weathers, and by all types of
trains. '

In certain cases it may be desirable to replace
the electric method of colouring the train speed
indication by mechanical means, which are
cheaper of construction and result in a simpler
electrical circuit. Such mechanical means are
shown in PFigures 11, 12, 13 and 14 which illustrate
the instrument heretofore described, with me-
chanical differences.

Referring particularly to Figures 11 and 12,
the saddle 18! is mounted on the rails 14 and
15, and is actuated by screwed rod 80 as previous-
ly. Pins {81 and 181! on either side of saddie
18! pivotally engage respectively in elongated slots
182 and 182! of parallel arms 83 and 183! which
at their forward end carry an arcuate screen 881,
A cross rod (88, secured in spur wheel 86 driven
through pinion 85 by the frequency meter 84,
passes through arms 183, 183! and is supported
by arm 89! journalled at 90. Thus it will be seen
that rotation of spur wheel 86 due to actuation by
frequency meter 84 causes rod 184 to swing arms
§83 and 83! upwardly about pivot points 18!

and 1811, thus raising the screen 88!, It will also

be seen that adjustment of saddle 78! towards or

from front window 10 by rotation of screwed rod
80 from the means hitherto described, will result
in an increased or decreased lift respectively of
the screen 88! for a given movement of the fre-
quency meter.
supplied from a lamp 185 mounted on bracket 186
secured to the framing.

The operation of this form of the track speed
indicator is similar to that previously described.

The mechanical means of colouring the train
speed indication according to its relation to the
instantaneous value of the-track speed, is best
illustrated in Figures 11, 13 and 14. Spur wheel
126, driven through pinion 125 from a frequency
meter as previously described, has mounted there-
on a drum 187, apertured towards its front side
as at 188, which forms a screen for the passage
of light from a vertically disposed battery of lamps
189, 190 and 191 on to window Ti to give the
train speed indication thereon. Formed in hor-
izontal alignment across the back face of drum
187 are three spaced apertures 192, {93 and 194
which are glazed green, yellow and red respective-
ly, and through any of which rays from lamps
189, 190 and 191 may pass to {lluminate window
11 to a height which is determined by the instan-
taneous position of the upper edge of aperture
{88 in the front of drum 187.

The selection of which of the coloured aper-
tures the rays pass through is carried out by
shielding, which in turn is dependent upon the
instantaneous relation between the track and
train speeds, that is the angular relation between
screen 88! and drum {81.

At the forward extremity of arm 183 (Figure
11) is a pivotal connection 195 between this arm
and a lever 196 which is journalled at 39T and is
returned through an aperture 198 in partition
f19 and carries an arcuate shield 199 disposed
about the rear face of drum 187. Shield 199 is of
the shape shown in Figure 14, being of generally
rectangular shape which is slotted out at the
right top corner at 200, and at the lower left cor-
ner at 201, these slots being in vertical register
respectively with coloured apertures 192 and 194
in drum 187. Centrally shield 199 is apertured
at 202 in vertical register with coloured aperture
193 in drum {87. :

The operation of this shielding devica,is read-
ily seen from Figures 13 and 14. In Flgure 14
shield 199 is in the position relative to drum
187 which it will occupy when the train and track
speeds are equal, and it will be seen that rays from
the lamp 189 in this relative position will pass
through aperture 202 in shield 199, and through
the yellow aperture 193 only in the drum, and
hence illumination thrown on to window Ti will
be coloured yellow, indicating the equality of the
train and track speeds. In this position the green
and red apertures 192 and (94 are blanked off
by shield 199, and no light passes therethrough.

If, now, the track speed rises above train speed,
shield 199 will be moved downwardly in relation
to drum (87, and as will be seen from Figure 14,
apertures 93 and 194 will be blanked by the shield,
and slot 200 therein will expose green aperture
192 to the lamp rays, thus colouring the train
speed indication green to indicate the excess of
track speed over train speed.

Similarly, if track speed drops below train
speed, shield {99 will rise relatively to drum 187,
thus blanking apertures 192 and (93 and expos-
ing red aperture (84, through which the lamp

<t
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8
rays pass to colour red the train speed indication
on window T{.

The means for automatic application of the
brakes in the case of an excess of train speed over
track speed is also illustrated in Figures 13 and
14. An arcuate sector 203 is formed on drum

{871 as a flange thereto, and a similar arcuate .

sector 204 is formed on shield 199. In the in-
operative position, and in positions wherein the
train speed and $rack speed are equal, sector 203
lies above sector 204 with the gap 205 left be-
tween the two sectors. If track speed is increased
over train speed, a downward displacement of
shield 199 in relation to drum {87 takes place,
which results in a similar relative displacement
of sector 204 in relation to sector 203, and hence
a widening of gap 205 occurs. Reversely, an in-

crease of train speed over track speed results in.

gap 205 being closed.

A light-sensitive cell 206 i1s located in trans-
verse alignment with lamps 189, 190 and 191, and
light from these lamps is adapted to fall on this
cell, with control exercised by the intervening sec-
tors 203 and 204. The cell 206 actuates a relay
which is in the circuit of the electro-pneumatic
valve 176 (hereinafter explained) and while illu-
minated enables this valve to hold the brakes off,
but when illumination to the cell is cut off, the
brakes are applied in known manner.

Thus it will be clear that while the train speed .

is less than or equal to the track speed, gap 205
will be present and lamps 189, 190 and 191 will
illumingte cell 206 to hold the brakes off. If and
when train speed exceeds track speed, gap 205 is
closed, and illumination on cell 206 is cut off, and
the brakes are applied.

The simplification of the instrument circuit re-
sulting from the mechanism just described is illus-
trated in Figure 10. The pick-up circuit with its
amplifiers 57 and 65, and the proving relays 60
and 66 thereof, is unaltered. Lamps 189, 190 and
181 are connected in parallel to a supply, and the
track speed lamp 185 has a circuit across the
supply through a proving relay 207 which when
energized closes contact 208. The circuit of
light-sensitive cell 206 is across the supply
through a relay 209 which closes contact 2 I0 when
illuminated.

From the supply a circuit is taken through con-
tacts 208, 210 and through contacts 170 and {11 of
the proving relays 60 and 66 to the electro-pneu-
matic valve 1716. While the cell 206 is illuminated
from lamps 189, 190 and 191 (due to excess of
track-speed over train speed) the circuit to valve
116 is made through contact 210, and the brakes
are held off. When, however, train speed exceeds
track speed the illumination on cell 206 is inter-
rupted, and contact 240 opened, thus de-energiz-
ing valve 116 and applying the brakes with a suit-
able time lag.

An armature coupled to that of relay 209 closes
contact 211 when contact 210 is closed, and closes
contact 22 when contact 210 is open. 'This arm-
ature is connected across the terminals of the
source of supply through a “proceed” repeater
lamp 1231 (for the use of the fireman) which is
energized when cell 206 is illuminated, and a red
(“stop”) repeater lamp 122! which is energized
when the cell is not illuminated, thus indicating
to the fireman that the train speed is respectively
below or above the permissible track speed.

I claim:

1. An electric system of railroad signaling in-
corporating a plurality of segregated successive
track circuits, means for circulating two electric

2,098,401
. currents in each of sald track circuits, one of said

currents having a frequency which is dependent
upon and variable with the length, up to a pre-
determined maximum length, of clear track ahead
of that circuit, and the other of which currents
having a frequency which is dependent upon and
variable with the overall physical conditions af-
fecting train speed of the said length of clear
track, operating in combination with means, car-
ried by a rail vehicle moving over one of said
track circuits for separately picking up by induc-
tion said two currents in that track circuit, and
an Indicating instrument, carried by said vehicle,
which is operated by said two induced currents in
combination.

2. An electric system of railroad signaling ac-
cording to claim 1, in which said instrument
incorporates adjustment means to compensate for
variation in the braking characteristics of the
train embodying the rail vehicle,

3. An electric system of railroad signaling, in-

)

15

20

cluding a plurality of track circuits, means for )

passing through said track circuits two currents,
the frequency of one of which is dependent upon
the length of clear track ahead of said circuit up
to a predetermined maximum and the frequency
of the other of which is dependent upon the physi-
cal conditions affecting the speed of the train over
said length of clear track, and an instrument
comprising means to indicate the maximum per-
missible speed of the train traveling over said
track circuits, said means being manually adjust-
able with reference to the braking characteristics
of the train, the instrument also comprising
means actuated by the frequency of the physical
condition current picked up by the train for auto-
matically adjusting said indicating means,, and
means actuated by the frequency of the’clear
track current picked up by the train for control-
ling the indication furnished by said indicating
means.

4. An electric system of railroad signaling, in-

cluding a plurality of track circuits, means for’

passing through each of said circuits two currents,
the frequency of one of which is dependent upon

25

30

35

40

the length of the clear track ahead of said circult .

up to a predetermined maximum, and the fre-
quency of the other of which is'dependent upon
the physical conditions affecting the speed of the
train over the length of the clear track, and an
instrument comprising a calibrated scale, a
screen, a lamp adapted to illuminate the eali~
brated scale to varying heights for indicating
thereby the maximum permissible track speed of
a train traveling over said track, means for initi-
ally positioning the lamp with respect to the scale
in accordance with the braking characteristics of
the train, the instrument also comprising means
actuated by the frequency of the physical condi-
tion current picked up by the train from the track
circuit for automatically varying the position of
said lamp from that position to which it has been

initially adjusted, and means actuated by the fre-

quency of the clear track current picked up by the
train for automatically adjusting the screen to
control the height to which said lamp iHuminates
said scale.

5. An electric system of railroad signaling, in-
cluding a plurality of track circuits, means for
passing through each track circuit two currents
the frequency of one of which is dependent upon
the length of clear track ahead of said circuit up
to a predetermined maximum and the frequency
of the other of which is dependent upon the
physical conditions affecting the speed of the
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train over the length of the clear track, and an
instrument comprising a calibrated scale,. a
screen, a lamp adapted to illuminate the cali-
brated scale to varying heights to indicate the
maximum permissible track speed of a train
traveling over said track, means for initially
positioning the lamp with respect to said scale in
accordance with the braking characteristics of
the train, the instrument also comprising means
actuated by the frequency of the physical condi-
tion current picked up by the train for auto-
matically varying the positioning of said lamp,
means actuated by the frequency of the clear
track current picked up by the train for auto-
matically adjusting said screen to control the
height to which said lamp illuminates said scale, a
second lamp, a second calibrated scale illuminated
by said second lamp, and means for controlling
the illumination of said screen by said second
lamp in accordance with the actual speed of the
train,

6. An electric system of railroad signaling, in-
cluding a plurality of track circuits, each of which
is energized by two currents, the frequency of
one of which is dependent upon the length of the

clear track ahead of said circuit up to a prede-

termined maximum and the frequency of the
other of which is dependent upon the physical
conditions affecting train speed of the said length

“of clear track, an instrument comprising a cali-

brated scale, a screen, a lamp adapted to illumi-
nate the calibrated scale to varying heights to
indicate the maximum permissible track speed
of a train traveling over said track, means for
positioning the lamp initially with respect to
said scale in accordance with the braking char-
acteristics of the train, means actuated by the
frequency of the physical condition current

picked up by the train for automatically moving -

the lamp to vary the illumination of said scale
thereby, means actuated by the frequency of the
clear track current picked up by the train for
automatically adjusting said screen to control the
height to which said lamp illuminates said scale,
a second calibrated scale, and means for illumi-
nating said second scale to a height dependent
upon the actual speed of the train, and means for

" automatically controlling the braking of the train

in accordance with relative illuminations of said
scales.

7. An electric system of railroad signaling, in-
cluding a plurality of track circuits each ‘of
which is energized by two currents, the frequency
of one of which is dependent upon the length of
clear track ahead of said circuit up to a prede-
termined maximum, and the frequency of the
other of which is dependent upon the physical
conditionsaffecting thetrain speed over the length
of the clear track, and an instrument comprising
a calibrated scale, a screen, a lamp adapted to
illuminate the calibrated scale to varying heights
for indicating the maximum permissible track
speed of a train traveling over the track, said
lamp being adjustable initially in relation to said
scale in accordance with the braking character-
istics of the train, the instrument also comprising
means actuated by the frequency of the physical
condition current picked up by the train for auto-
matically varying the position of said lamp rela-
tively to the scale, means actuated by the fre-
quency of the clear track current picked up by the
train for automatically adjusting said screen,
whereby the height of illumination of the scale
by the lamp is controlled, a second calibrated
scale, means under control of the actual train

9

speed for variably illuminating said second secale,
and means for variously coloring said actual train
speed indication dependent upon the actual speed
of the train being below, in the zone of or above
the track speed. .

8. An electric system of railroad signaling; in-
ciuding a plurality of track circuits each of which
is energized by two currents, the frequency of one

of which is dependent upon the length of clear .

track ahead of said circuit up to a predetermined
maximum and the frequency of the other of
which is dependent upon the physical condi-
tions affecting the train speed over said length of
clear track, and an instrument comprising a cali-
brated scale, a screen, a lamp adapted to illumi-
nate the calibrated scale to varying heights to
indicate the maximum permissible track speed
of a train traveling over the track, the position
of the lamp being initially adjustable in relation
to the scale according to the braking character-
istics of the train, said instrument also compris-
ing means actuated by the frequency of the
physical condition current picked up by the train
from the track circuit for automatically varying
the position of said lamp, means actuated by the
frequency of the clear track current picked up by
the train for automatically adjusting the screen
to control the height to which the scale is illumi-
nated by the lanip, a second calibrated scale,
another lamp for illuminating said second cali-
brated scale to varying heights in accordance with
the actual speed of the train, a plurality of light
sensitive strips, the resistances of which are
affected respectively by the illumination pro-
jected thereon by said two lamps respectively and
means for controlling a brake applying circuit in

. accordance with the difference in the resistances

déu; to varying illumination of said light sensitive
strips.

9. An electric system of railroad signaling, in-
cluding a plurality of track circuits, each of which.
is energized by two currents, the frequency of one
of which is dependent upon the length of clear
track ahead of said circuit up to a predetermined
maximum and the frequency of the other of
which is dependent upon the physical condition
affecting the speed of the train over the said
length of clear track, and an instrument com-
prising a calibrated scale, a screen, a lamp
adagted to illuminate the calibrated scale to vary-
ing heights in accordance. with the maximum
permissible track speed over the clear track
ahead, means for positioning the lamp initially
with respect to said scale in accordance with the
braking characteristics of the frain, means actu-
ated by the frequency of the physical condition
current picked up by the train for automatically
varying the position of said lamp with respect to
said scale, means actuated by the frequency of
the clear track current picked up by the train for
automatically varying the position of the screen
to vary thereby the height to which said scale is
illuminated by said lamp, a second calibrated
scale, a second lamp, and means for illuminating
said second scale by said second lamp in accord-
ance with the actual train speed, said last named
means comprising a pair of light sensitive strips,
the resistances of which are affected respectively
by the illumination projected thereon in accord-
ance with the actual speed of the train and the
illumination projected thereon in accordance
with the permissible track speed, said light sen-
sitive strips being adapted to energize different
lamps for illuminating said second calibrated
scale in varying colors dependent upon the actual
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train speed being below, in the zone of or above
the permissible track speed respectively.

10. An electric system of rallroad signsaling, in-
cluding a plurality of track circuits, means for
passing through each track circuit two currents
the frequency of one of which is dependent upon
the length of clear track ahead of the circuif and
the frequency of the other of which is dependent
upon the over-all physical conditions affecting
the speed of the.train over the length of clear
track ahead, and an instrument comprising per-
missible track speed indicating means, means
actuated by the frequency of the clear track
current picked up by the train for controlling
said permissible track speed indicating means,
said permissible track speed indicating means
being initially adjustable in said instrument in
accordance with the braking characteristics of
the train, said means for actuating the track
speed indicating means including a reversible
electric motor, and- a selectively adjustable con-
tact device influenced by the physical condition
frequency picked up by the train for controlling
said electric motor,

11. An electric system of railroad signaling
having o plurality of track circuits each of which
is energized by two currents, the frequency of
one of which is dependent upon the length of
clear track ahead of the circuit and the fre-
quency of the other of which is dependent upon
the physical conditions affecting the actual speed
of the train over the clear track, and an instru-
ment comprising a lamp, a calibrated scale for
indicating thereon the maximum permissible
track speed of a train, a pivoted screen adapted
to be interposed at varying positions between
said lamp and said scale, means actuated by the
frequency of the clear track current picked up by
the train for moving said screen about its pivot,
and means actuated by the frequency of the
physical condition current picked up by the train
for varying the position of the pivot of said screen
relatively to said scale.

12. An electric system of railroad signaling
having a plurality of track circuits each of which
is energized by two currenis the frequency of
one of which is dependent upon the length of
clear track ahead of the circuit and the fre-
quency of the other of which is dependent upon
the physical condition affecting the actual train
speed over the said length of clear track, and an
instrument comprising a calibrated scale, a
lamp, means under control of the frequency of
the clear track current for controlling the il-
lumination of the scale, a train speed indicator,
and means for variously coloring the train speed
indication dependent upon its relation to the
permissible track speed, and means for auto-
matically controlling the brakes of the train de-
pendent upon the means for variously coloring
the track and train speed indications.

13. An electric system of railroad signaling in-
corporating a plurality of segregated successive
track circuits, means for circulating two electric
currents in each of said track circuits, one of said
currents having a frequency which is dependent
upon and variable with the length of clear track
ahead of said circuit up to a predetermined maxi-
mum and the other of which currents having a
frequency which is dependent upon and variable

with the over-all physical conditions affecting -

train speed over the length of clear track, means
on & rail vehicle moving over said track circuits
for separately picking up by induction said two
currents in each track circuit, an indicating in-
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strument carried by the vehicle, means operated
by the induced currents in combination for
actuating said instrument to provide permissible
track speed indications, and actual train speed
indications, and means in said instrument for ad-
justing an indicating means to compensate for
variation in the braking characteristics of the
train embodying the rail vehicle.

14, An electric system of railroad signaling in-
corporating a plurality of track circuits, means
for passing through each track circult two elec-
tric currents, one of the currents having a fre-
quency dependent upon the length of the clear
track ahead of said circuit up to a predetermined
maximum, the other of which having a frequency
dependent upon the physical conditions affecting
the actual speed of the train over the length of
clear track, and an instrument carried by a rail
vehicle traveling over said tracks for determining
the maximum permissible speed of the train,
said instrument comprising an operative unit for
indicating the permissible track speed, means for
adjusting sald operative unit according to the
braking characteristics of the train, and means
operated by the frequency of said clear track cir-
cuit for controlling sald operative unit within said
instrument.

15. An electric system of railroad signaling in-
corporating a plurality of segregated track cir-
cuits, means for energizing each of sald track
circuits by two currents, the frequency of one of
which is dependent upon the length of clear track
ahead of said circuit up to a predetermined maxi-
mum and the frequency of the other of which is
dependent upon the physical condition affecting
the actual speed of train over the length of clear
track, and an instrument carried by a rail ve-
hicle successively travelilng over the ‘track sec-
tions with which said track circuits are associated,
means in said instrument for indicating and de-
termining the maximum permissible speed of a
train traveling over the tracks, sald instrument
comprising an operative indicating unit, means
for adjusting said unit according to the braking
characteristics of the train, and means operated
respectively by the frequencies of the said two
currents in the segregated track sections for
controiling the operative indicating unit within
the instrument. .

16. An electric system of railroad signaling in-
corporating a plurality of segregated successive
track sections, circuits associated with each sec-
tion, each circuit being energized by two currents
the frequency of one of which is dependent upon
the length of clear track ahead of said circuit
up to a predetermined maximum and the fre-
quency of the other of which is dependent upon
the physical conditions affecting the actual speed
of the trains over the length of clear track, and
an instrument carried by a vehicle traveling over
sald track sections having means for determin-
ing and indicating the maximum permissible
speed of a train traveling over the track, said
instrument incorporating an operative wunit,
means for controlling the position of said opera-
tive unit, said last named means being energized
by the frequency of one of sald currents picked
up by the rail vehicle, means for adjusting said
operative unit in accordance with the braking
characteristics of the train, means for determin-
ing the actual speed of the train, means for au-
tomatically indicating the relationship between
the actual speed of the train and the maximum
permissible track speed, and means for automati-
cally controlling the speed of the train in accord-
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ance with the relationship between said indica-
-tlons. }

i7. An electric system of railroad signaling,
incorporating in combination a plurality of segre-
gated track circuits, means for circulating in each
of sald track circuits an electric current, the fre-
quency of which is dependent upon the length
of clear track ahead of that track circuit, means

11

associated with a rall vehicle to pick up said cur-
rent when the vehicle is traveling over the track
circuit, an indicating instrument mounted on said
vehicle and operated by said current, and adjust-
ment means incorporated in said instrument to
compensate for variation in the braking charac-
teristics of the train embodying the rail vehicle.
CHARLES WILLIAM WALEKER PRESCOTT.




