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To all whom it may concern:
Be it known that I, Jouan J. RUDDICK of

Newton, county of Mlddlesex and State of

Massachusetts, have mvented an Improve-
ment in Electric Signals, of which the follow-

ing description,in counectlon with the accom--

panying drawings, is a specification, like let-
ters on the dra,wmn's representing like parts.

The present 1nvent10n relates to a block-
signaling system for railways to guard blocks
of single track between turn-outs. The Sys-

tem. is of that class in which a car entering

the block at either end sets two signals; one
at the end where it enters and the other at

the remote end, the former to notify the en-

tering car that 1t has set the danger-signal at

the 1emote end and also to notify a followmﬂ’_

car that the block is occupied ahead of it by
acargoingin the same direction and the other
to nomfy a car approaching the remote end
that the block isoccupied by a car coming to-
ward that end. These signals will be here-
inafter referred to for convenience as the
“safety-signal”and ‘““danger-signal,” respec-
tively. Systemsof this elass are also arranged
so that a car passing out of the block will re-
store to their normal condition all thesignals
previously set. The signals may be of any

suitable kind, electrie lempe being herein
shown and f01 convenience the qwnals will be

- helemefter referred to as. “hghte” and the
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operations of setting and resforing signals re-
ferred to, respeebwely, as “lwhtmfr”_ and

‘“putting out,” it being understood hOWGV@l
that the mventlon is not hmlted to any par-
ticular form of swnal

The present mventlon I8 embod1ed ina, novelj
- system of wiring and means for controlling

the eiﬂnelinﬂ"-eircuit whereby a positive op-
eratlon of the signals both as to lighting and
putting out is aseured a further feature of
the invention eon31st1nﬂ'__1_11 novel means for

preventing interference of signalsif cars en-

ter the opposite ends of the block at eubsta,n-
tially the same time. | --
In accordance with the 1nvent1on the sig-

nals are all contained i in one cireuit, the sald

- cireuit having branches at both ends of the

50

block, one of which contains one of the sig-
nals-—-for example, a red light, or danmr-sw-

nal—and the other the other swnal—fm exX-.
~ample, a green light, or safety-swnal—one |

[ branch at one end being a,da,p'ted to be con+

nected with one eonductor of the main c1reu1t .

while the other branch at the opposite end is
adapted to be connected with the other con-

ductor of the main circuit, the proper con-

55

nections being made i1n response to devices

~whichareoperated byacarentering the block.

The system is shown as applied to an electrie

railway, in which the eurrent for operating

60

the signals may be taken from the car-op-
erating conductors, and the conductors will

'be-_herein’efter referred to as the ‘‘trolley-

wire” and ‘‘ ground,’” with the understandmﬂ'

that the system may be equally wellemployed I

with any sour ce of current and that the terms . .

““trolley-wire” and “‘ground” are used for

convenience to designate the two main eon-

ductors of any suitable circuit. The puttmg-

outcircuitisindependentof the signaling-eir-
cuit and is provided with con nectlons at each .
end of the block with the conductors of the
main circuit, the putting-out operation being
| _ : 75
cuit through the putting-out devices at either =

controlled _by switches which connect the cir-

or both ends of the block, according to the

7_¢

condition of the signals, the said %Wltches con-
stituting “determmmedemeeq ”sotospeak—

| that is, devmes for determlmnﬂ* which signal-
| restonno‘ device is tobe rendered active. The-

operatlon of putting out is caused by a me-
chanical switch operated by the car to send

an impulse of current over the circuit, said

switch constituting the operating dewce as

distinguished from the determining devices. -

‘The: awnal setting cireuits or lln*htmﬂ'-clr-.'
cuits are also mdependent of bhe other Ccir-

culits, each consisting of a conduactor leading
from a trollev SWlteh to the ground at one

end of the block, and thesy sbem is so arranged
that if the mgnals have been setfrom one end

.90__: |

of the block the signal-setting circuit at the .

opposite end will be broken and kept broken -

until the signals are restored, so that it is

‘impossible for a car aeeldentally entering the
opposite end of the block tooperate upon the

signals in any way. The signals when once

95 -

set in response to the momentary.impulse

of current in the |

for the signaling-circuit, and the said locking

signal-setting circuit are
maintained by an automatic locking device
which codperates with the ecircuit-controller .

100 |

dewee 18 entlre]y mdependent of the 31‘3"11&1- -




IO

I5

30

35

40

45

50

55

60

2

setting circuit and can only be unlocked by ]

an impulse of current in the signal-restoring
circuit.

Figure 1is a general diagram of the system
embodying the invention, showing a complete
block.

fering arrangementsbeing omitted; and Fig.

3 is a detail showing a modification of the

non-interfering mechanism.

While certain important features of the
present invention relate to a system in which -
the same main conductors are used to control

signals from both ends of a block and to non-
| armatures 72 and 2%, with which are connected

interfering devices for the purpose of pre-
venting confusion in such a system, it 18 to

be understood that there are novel features .
in the system as applied to a block for oper-
ation from one end only, it having been

deemed unnecessary, however, to illustrate
the system in this way, since in considering
the system as operating from one end only 1t

is necessary merely to considerthe signaling-

circuit as permanently grounded at one end,

as if, for example, the bridging-contact d, as

shown in dotted lines at the left-hand end

of Fig. 1, were a permanent connection, the

signal-restoring magnet p at that end being
omitted, together with the rest of the mech-
anism shown,

Referring to Fig. 1, the signals a ¢®> and
b b* are all contained in a signaling-circuit, .
the main conductor ¢ of which extends from
The sald

one end of the block to the other.
main conductor is connected at each end with

two branch wires, one of said branches con-

taining the safety and the other the danger
signal. The arrangement of the signals at
opposite ends of said circuit is substantially
the same, the danger-signals ¢ and a* and
safety-signals b and H°at each end being con-

tained in branch conductors a!® ¢?° and 61 b%,

respectively, said conductors having termi-
nals adapted to coodperate with bridging-
switches d and d?. 'T'he terminal of the con-
ductor a'¥is adapted to be connected by said

switeh d with a conductor e, which passes to .
| to cooperate with the pin 2 on the armature

the ground, as will be hereinafter described,
and the terminal-of the conductor 5 is adapt-

“ed to be connected by the said switch d with
a condnctor f, leading from the trolley-wire |
‘the impulse of current through the magnet ¢

T' or main feed-wire, as is most convenient,
At the opposite end a switch d° conductor
e®, and conductor f* are similarly arranged.

The signals whichare in eircuit, therefore, de- .
{ these conditions remaining the same until

pend upon the position of the switches d and

d?, it being obvious that if the branch wire
containing the lamp 0 is connected by the
| to restore the circuits to their normal condi-

switch d with the conductor f, as shown at
the left-hand side of the drawing, the circuit
will pass through the said conductor f, the
switch d, the lamp b, and conduetor ¢ to the

opposite end of the block, so thatif the switch

¢? is in the position shown at the richt-hand

end the circuit will be completed through the
danger-lamp a®and conductor ¢*, which leads
to the ground . Such is the condition after i

Fig. 2 is a similar diagram showing
the system somewhat modified, the non-inter-

{ conductor €2, which leads to the ground.
produce this condition of affairs in response

678,135

a car has entered th-.e block at the left-lmnd

‘end, the safety-lamp 0 and the danger-lamp

a? thus being lighted. If, on the other hand,
the switch d?isin position to connect the con-
ductor b*® with the conductor f*and the switch
d is in position (shown in dotted lines, Fig.1)
to connect the conductor containing the lamp

a with the ground-conductore, the red or dan-

ger light at the left will be lighted and the
green or safety light at the right. To produce
these conditions in response to the movement
of acar, theswitchesd and d*are adapted to be
acted upon, respectively, by thesignal-setting

30

magnets ¢ and ¢? provided, respectively,with

the bridging-switches d and d>. _
Referring only to the apparatus at the left
of the block and assuming that a car has en-

tered from the left, it will be seen that the
| electromagnet g will be energized and the ar-

mature 2 will be attracted,connectingthe con-

ductor fwith thebranch conductorb',contain-

ing the lamp b, thereby connecting the circuit
containing the said lamp O with the trolley-
wire. Sincethearmature A*at the right-hand
end of the block is in its normal position—
that is to say, unattracted by its magnet—the
signaling-circuit will be completed through
the wire ¢, the danger-lamp @?, switeh d?, and
To

to a car entering the block from the left, the
armature 7 is arranged to be acted upon by
the electromagnet ¢, which is contained in &
conductor 7, connected at one end with the
trolley-wire through a normally open switch
710 adapted to be momentarily closed by the
passing car, and at the other end with the
oround through a suitable resistance. As
the car enters, therefore, the signal-setting
circuit represented by the conduector 2 will be

momentarily closed, energizing the magnet ¢

and attracting the armature . Toretain the
said armature in its attracted position atter
the car has entered the block, the said arma-

| ture is provided with a mechanical locking

device %, which is shown as a latch adapted

h, so as to Jock the said armature in its at-
tracted position, the said latch being held in
place by meansof a spring. While, therefore,

is‘only momentary, it results in the comple-
tion of the signaling-circuit in such a man-
ner as to include the lamp b and the lamp a*,

the car reaches the opposite end of the block.
To put out the signal-lights, it 1s necessary

tion—that is to say, to break the signaling-

{ circuit, (as by the movement of the switch d,)
s0 as to disconnect the feed-wire f from the
conductor-containing the lamp b. Sincethere

is no current in the magnet g, the switch %
being normally open, it is necessary only to
unlock the said armature A, so that it will be
restored toits mormal position by means of
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a retractile spring or otherwise. To accom-
plish this, the locking device is arranged to
be controlled by an 1mpulse of current in an
independent signal-restoring or putting-out

s clrcuit, which comprises an mdependent line-

wire m, having at each end a normally open
connection m? with the trolley-wire through
a switch m?3, which is adapted to be closed as
~ the car passes out of the block, so as to send
- 10 amomentary 1mpulbe of curr entinto the con-
duetor m, which is grounded at one end or
the other of the block in accordance with the
previous condition of the signal-setting cir-
- cuit. The said conductor m 1is pwwded at
15 opposite ends with terminals m*and m?*,
. which are adapted to be connected by means
of switches n and »® with ground-terminals

0 and 0% the switches n and 1° comprising

bridgin W-contacts, which are also carried by

26 the armatures h and h*, respectively. . The
said bridging-contacts are insulated from the

bridging-contacts d aund d? so as not to inter-
fere wlth circults contr olled thereby

The switches n and n* are so arranged as

25 to operate to close their respective ground

connections only when the armatures carry-

~ ing the said switches have been attracted, it

being obvious, therefme, that current enter-
- 1ng the putting - out wire m will seek the
- 30 ﬂround at that end of the block where the sig-
nals have béen previously set by the .:Lctmn
of the signal-setting circuit. ~

-~ The conductors o and 0%, which eventually
- lead to the ground, pass thr ough the putting--
- .35 out maﬂ‘netsp and p2 the armatures of which

are arranged to mechanically unlock the ar-
matures h and h* w hen-the said ar matures are

- attracted.
Referring to the box ab the left- hand end

46- of the sheet in which the armature /2 is shown

. as attlaeted and locked, it will be seen that
- the putting-out eircuit is completed, when the

- trolley-switch m® has been closed, through the

~wire m, the contact m?, the brldwmw-pwee n,

43 the conductor o, and the puttuw-outmwneb --

p to the ground.. The armature q of the put-
ling-out magnet p is therefore attracted and
'When attraoted acts upon the lock through

the agency of an arm ¢'% which coopelateg_

so with a tail &'° to lift the arm % against the
stress of its locking-spring, thereby unlock-
~ing the armature A and perlmttmﬂ' the same
to Fall back to its normal position. This at

~ once breaks the signaling-circuit by discon-

| 55 necting the feed-wire ffrom the terminal of
- the couductor ¢ and putsouf the lights. . By
~thisindependentarrangement of-the putting-

out cireuit it is obvious that no matter where

the said putting-out circuit is mechanically

6o completed by the movement of a car it will
restore the signalling devices to normal ab
either end of the hne the ecircuit being com-

pleted through the nuttmﬂ'—out magnet at the

| end where the signaling-ecircuit has been
65 closed. If, however it is desirable to have
"~ the mechanicul cir cuit-closer at one end op-

|

ot.-her, it 18 neee'ssary only to substitute two

main conductors for the single main con-

ductor ¢. The putting-out circuit or eirenits
‘are substantially the same as before and

wholly independent of the other circuits.

As thus far described it is obvious that if -

a car were to enter one end of the block after
the signals had been set from the opposite

end (the motorman disregarding thered lamp,

for example, or the said ldmp hawn_ﬂ* become

burned out) he might operate his own signal-
setting device, which would cause a break in
the swnahnﬂ*-mrcmt at his end, thus putting

out all the sw‘nals along the hne and leaving

75
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‘the block unguarded While he mwht_re-— |

ceive warning that something was wrong by

the failure of his own safety-light to operate,
it is desirable to render it impossible to brealk
the signaling-circuit except through the op-

eration of the regular putting-out devices.
To this end the llﬂ*htmw‘-cuemb at one end 1s.

_arlanﬂ'ed to be bloken and kept broken in E |
response to the action of the lighting-magnet

'90 .

at the opposite end, the puttmﬂ'-out mao'net S
at the end where the break occurs being util-

ized for this purpose. To thisend the ground

connection at the remote end of the blockor

‘end where the danger-signal is displayed is

made through the Duttmﬂ' out magnet at that

- end, so that the armature of the smd putting-

out maﬂ'net is attracted all the time that the -
lﬂ'nals are lighted, thus opening the ecircuit

throuc-'h sald lwhtmﬂ' magnet—as, for exam-

ple by coopemtmﬁ' Wlth a circuit- breaker 1%

in the lighting-circuit 4, one member of said

mrcmt-bl eakel being operated.upon by means

of atail or projection ¢'%, carried by the arma- N
ture ¢. When, therefore, the signal is set,

the signaling cireuit passes through the feed-

105 . N

wire f, smtch d, the conductor bm signaling- - = -
wire c, contammo' the proper Swnals, the =

bridging member! dz the conductor.e?, and
puttmﬂ'-out magnet pz to the ground, the ar- T
|'mature of the puttuw-outmaﬂ‘net thus being = =

attracted as long as the signaling-circuit re-
mains intact, the hﬂ'htmfr-elrcult, at the re-

‘mote end of the block thus being broken, so -_"; -_

that a car acmdentally entering from that end[ 115 |

cannot energize the lwhtmfr-man'net and e:zm-'- o

not in any way afiect the swnals

As indicated 1in Fln' 3, the armatufe fof the' '

putting-ont magnet is adaptud to operate me-
chanically npon the armature of the lighting-- .
magnet, thereby positively preventing the_'_.g_ R
movement of the said latter armatuare in re-

sponse to the energization of the lighting-

‘magnet so long as cunent is flowing throuﬂ'h
the putting 0‘—01113 magnet. As ShOWIl the arm
q'* instead of operating a circuit- bLeakel is

adapted to bear against a projection Al or
other part of the ATmAture h, thus constitut-

ing a stop or prop to prevent said armature -
flOIIl moving even though its magnet is ener- -
gized. This aecomphshes the same result,

since it is obwously impossible for the swnal

erate on]y on the putting-out ma,n'net at the | movement of the llﬂ'utmg maﬂnet armature

ing-cireuit to be atfected except throucrh the '

05

120 - | f "
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The modified system shown in Fig. 2 issub-

stantially the same as that hereinbefore de-

seribed, except that the non-interfering de-
vice is omitted, the putting-out mag net at
each end beling included only 1 in the putting-

ouf circuit.
Intheconstructionshownin Fig. 2 the light-

ing-circuit is through the conductor? and the

lichting-magnet ¢ tothe ground, thearmature
of said magnet completing the signaling-cir-

cuit, as before, which may be traced through
¢, lamp a®, switeh -
e* directly to the ground around
{ storing electromagnetateach end of thc block;

the wire £, lamp b, conductor
d*, and wire

the putting-out magnet., Theputting-out cir-

cuit passes from the wire m”° to the main wire

m, the contact m?, bridging membern, wire o,
and putting-out magnet p to the ground. The
system is substantially the same as before,

except that it 1s possible for a car which runs
past the lighted danger-lamp to put out alil

the signals in the block. While of great ad-

vantage, however, the non-interfering device

is not absolutely essential, since in any event

the motorman should not proceed into the
block unless he perceives that the safety-sig-
nal has been set by his own car operating the |
It is not, there-:
{ end of the bloek;

mechanical switechingdevice.
fore, intended to limit the invention to a sys-
tem inclading the non-interfering feature,

since without this feature the system isnovel.

and useful.

I claim—

1. In a block-signaling system, a signaling-
circuit containing signals at each end of the

block, said circuit being normally broken; a
single circuit-controller therefor initially op-
erated by an electromagnet to set all of the
means for momenta-

signals in said circuit;
rily energizing said electromagnet; a locking
device to maintain the circuit closed after

said magnet is deénergized; and a device op-
erated by the car in passing out of the block

to unlock said locking device and thereby:
} ear enters the block; an armature for said

electromagnet provided with a mechanical

open the sald circuit, as set forth.

2. The emnbltmtlon with twonormally open
circuits, one at each end of the block, and a
signal-setting electromagnet in each of said
circuits; of a second circuit extending from
one end of the block to the other and having
a normally open trolley connection and a nor-
mally open ground connection; two signal-
restoring electromagnets adapted to be ener-
gized by current in said circuit; means oper--
ating in response to the action of each signal-
setting electromagnet toclose the ground con-
nection through the signal-restoring electro-
magnet corresponding to said signal-setting.
electromagnet; and a mechanically-operated
circuit-closer for said trolley connection, sub-

stantially as described.

3. In a block-signaling system, the combi-
nation with means for setting the signals; of

asignal-restoring deviceoperatingin response
to current in an independent circuit extend-

ing from one end of the block to the other;

said cirecuit; a switch in said cireuit adapted
to be momentarily closed by a car; a second

tion with the other
the signaling-circuit is completed; means lo-

678,135

| switch in said eircuit: and means for closing

said second switch in response to the signal-
setting means. |

4. In a block-signaling system, the combi-
nation with the main cireunit; of a signaling-
circuit having connections at both ends of the
block with the two conductors of the main
circuitrespectively; switches controlling said
connections to determine the signals which
are to be set; a signal-setting circuit at each
end of the block provided with an electromag-
net or equivalent device for operating the
switeh at that end of the block; a signal-re-

a circuit for said signal-restoring electrom&g-

75
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nets extending from one end of the block to

the other; a switeh in sald circuit at each end

of thie block ; means for closing said switch in
response to the operation of the signal-setting

electromagnet at the end of the block where

said switeh is located; and a properly-located
mechanically-operated switeh in the signal-
restoring circuit, the switeh first named con-
stituting adetermining device, and theswiteh
last named constituting the operating device.

5. The combination with the signal-setting
devices; of a signal-restoring device at each
an independent signal-re-
storing cireuit for said signal-restoring de-
vices having connections with the main con-
ductors; two normally open switeches in said
signal-restoring circuit, one at each end of
the block; means operating in response to the
action of the signal-setting device at either

end of the block to close the switeh in the sig-
nal-restoring circuit at the same end of Lhe
| block; and means for. sending an impulse of

cur I*ent through the signal- restormﬂ' cireuit,
substantially as described. |

6. Ina block-signaling system, a signal-set-
ting circuit containing an electromagnet; a

mechanically-operated switch in said cireuit

adapted to be momentarily closed when the

locking device to retain it in the position to
which it is moved when attracted; a signal-

ing-circuit independent of said signal-setting

circuit; means for closing said signaling-cir-
cuit in response to the attraction of said ar-
mature; an independent signal-restoring cir-
cuit having a normally open break; means
for closing said break during the time that

said armature is in the position to which it is
moved when attracted; and & normally open

mechanically-operated switch in said signal-

restoring circuit adapted to be momentarily

closed by the car, substantially as described.
7. In a block-signaling system, the combi-

nation with a signaling-circuit normally con-

nected at both ends with one conductor of

the main cirenit; of means located at each

end of the block for breaking the connection
with said main conductor and making connec-
main counductor whereby

cated at ecach end of the block for preventing

GO
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the operation of the connecting means afore-
sald; and a device for operating said prevent-
ing means which depends for its operation
upon the connecting means at the opposite
end of the block.

8. The combination wnh the signal-setting.

circult at each end of the block; of an elee-

tromagnet and its armature in each of said

signal-setting circeuits; a circuit containing
signals and having trolley-wire and ground
connections at each end, and switches con-

“trolled by the armatures of the electromag-

nels in the signal-setting cireuits, the circuit
containing the signals bemn* eompleted only
when one of sald armaturee is in if{g normal

position, and the other in its abnormal posi-
tion; a signal-restoring electromagnet at each

end of the block; means for connecting said
signal-restoring magnet in series with the s1g-
naling-circuit, said means depending upon
the movement of the armature of the signal-
setting magnet to its normal position; an in-
dependent sw'na,l restoring eircuit; and means
for conneetmn' sald swnal 1*eet01*1nfr electro-
magnet in series with-eaid restering-cireuit

in response to the movement of said arma-

ture to its abnormal position; and a mechan-
ically-operated switch for closing said signal-
restoring circuit at another point, eubetan-
tially as descrlbed

9. In a block- swnalmﬂ' system, the combi-

nation with a swuﬂl-settmw circuit at each |
end of the block; of a swnahnw-elrcmt hav-

ing a switch adapted to be closed when the
correspondingsignal-setting eircuit is closed,
said signaling-circuit extending to the other
end of the block; an electromagnet normally
ineluded 'in said signaling-circuit at the said
other end of the block; and means operating
in response to the energization of said elec-
tromagnet for preventing the closure of the
swnahnn' circuit at the end of the block where
sald maﬂnet is located, as set forth.

10. The combination with a swnel—settmw
electromagnet; of a circuit conbamme the
a signal-restoring _elecbromeg-
net; a circuit for said signal-restoring elec-

‘tromagnet; a circuit-breaker in the signal-

setting electromagnet circuit; means for op-
erating said ecircuit-breaker in response to
the energization of the signal-restoring mag-

~net at the same end of the block; and means

operating in response to the settmﬂ' of the

‘signals at the opposite end of the bloek for

T

energizing said signal-restoring magnet and

| memt&mmw it enermzed untll the S’igndls are
- restored, as set forth

11. The combination WILh the swnel-settmw

circuib containing the circuit- brea,ker (e of

O

ing-cireuit ¢
ectromeﬂ'net

the electromagnet p; the signa.
normally closed through qdl(]. e.

p,; means located at the opposite end of the

6o

block for closing said signaling-circuit to set

the signals and energize the magnet p; and
the armature g provided with means for break-
ing the circuit at 2’* when attracted, substan-
Llelly as described. |

12. In a block-smndlmn* system, a signal-

ing-circuit ex:tendlnﬂ from one end of the
block to the other end having ateachend two

contact-points; a contact- pomt at each-end

of the block connected with one of the main

conductors; a second contact-point at each

end of the bloeck connected with the other

main conductor, and an electromagnet 1 in
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circuit between said second contact-point and

said other main conductor; a switeh at each
end of the block normally standing in a po-

sition to connect the signaling-circuit with

one of the main conductors through the said

electromagnet 1 by bridging the contacts

aforeseld, a signal- settmﬂ' cu*emt having a

_8_0'.

circuit-closer operated by the car, and an elec-

tromagnet 2 and its armature for moving the

sald switch to disconnect the signeling de-

vice from the conductor through the electro-

magnet 1 and to connect it with the other

main' conductor; a signal-restoring circuit

adapted to be connected with one of the main

conductors by means of a mechanically-op-
erated switch operated by a car; a contact-

9o

piece at each end of said signal- 1est0r1nn- cir-
cuit; a conductor belonﬂ'm# to the Sln‘nal-re- .

'stmmo circuit and leadmﬂ* th10u0'h the elec-

tromaﬂnet 1 to the other main conductor and

prowded with a contact-piece; a switch mov--

able with the switch aforesaid to bridge said
contact-piecesand thereby connect the swnel—
restoring circuit with one conductor of the
main e1reu1t through said electromagnet 1

the said eleetromaenet 1 thus being 1neluded

ing ClI’GUIt accordmﬂ* to the p0511310n of said
smtch an -armature for said electromagnet

1;a mechanical locking device for the arma-

ture of the eleetromegnet 2; acircuit-breaker
in the ecircuit of eleetromegnet 2; and means

95
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| in the sig nahnﬂ'—clremt or the Slﬂ'nal-restor- -

105 - :

operated by the armature of eleetromaﬂ*net |

1 for operating said locking device or said
circuit-breaker in accor danee Wlth the posi-
tion of said armature.

116

‘In testimony whereof I have signed my

name to this specification in the m'esence of_

two subscribing witnesses.
- JOHN J RUDDICK
WltHGSSGS‘ S
NANCY P. FORD
- HENRY J. LIVERWIORE;
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