
NVENOR 

May 2, 1939. 

THEIR AT TORNEY 

Aeafa 
Arthura 
BY 

  

  

  

  
  

  

  

    

    

  

  

  

    

  

  

  

  



2,156,684 A. W. FISHER ET AL May 2, 1939. 
ELECTRICAL RELAY 

2 Sheets-Sheet 2 30, 1937 Filed Dec. 

THEIAATTORNEY 

BY 

  



?? 

5 

30 

4. 

50 

5 5 

Patented May 2, 1939 

UNITED STATES 

2,156,684 

PATENT OFFICE 
2,156,684 

ELECTRICAL RELAY 

Arthur W. Fisher, Forest Hills, and Benjamin 
Mishellevich, Pittsburgh, Pa., assignors to The 
Union Switch & Signal Company, Swissvale, 
Pa., a corporation of Pennsylvania 

Application December 30, 1937, Seria No. 182,506 
Claims. 

Our invention relates to electrical relays, and 
particularly to relays Which are adapted for 
flashing danger signals at highway-railroad CrOSS 
ings upon the approach of a train. 
More particularly, our present invention re 

lates to a pendulum type flasher relay having 
mercury contacts for controlling both its own 
Operating circuit and the signal control circuits, 
and One object of our invention is to provide an 
improved relay of this type. 
Other objects and characteristic features of our 

invention will appear as the description proceeds. 
We shall describe one form of relay embodying 

our invention, and shall then point out the novel 
features thereof in claims. 

In the accompanying drawings, Fig. is a view 
partly in end elevation and partly in section 
showing One form of relay embodying our inven 
tion. Fig. 2 is a view partly in side elevation and 
partly in section of the relay shown in Fig. 1. 
Fig. 3 is a top plan view of the relay illustrated 
in Fig. 1. Fig. 4 is a top plan view with the top 
plate removed of the relay illustrated in Fig. 1. 
FigS. 5 and 6 are detail views of parts Of the relay 
shown in the preceding views. 

Similar reference characters refer to Similar 
parts in each of the Several views. 
Referring to the drawings, the reference chair 

acter A designates an insulating top plate, which 
top plate Supports all of the operating parts of 
the relay. Suspended from the top plate A by 
means of hangers is a cast rectangular frame 
2, and journaled at its ends in ball bearings 3 
mounted in bearing cups 38 secured to the frame 

i 2 by means of bearing caps 2a is a rockshaft 4. 
This rockshaft is biased to one position by a 
compound pendulum P, and is arranged to be 
OScillated at a predetermined frequency Which 
depends upon the proportioning and adjustment 
of the parts by means of a suitable motor device 
M which we shall describe presently. The bear 
ing cups 3 are preferably constructed in such 
manner that the bearing opening is eccentric 
With respect to the outside of the bearing cup for 
a purpose Which Will appear hereinafter, and are 
provided with Spring Washers 6 which enclose and 
protect the ball bearings from dirt. 
The compound pendulum P may have any suit 

able form but in the form here shown, this pen 
dulum comprises a cast U-shaped bracket 7 the 
upwardly extending arms a of which are pinned 
to the rockshaft 4 intermediate their ends, and 
are provided at their upper ends with enlarged 
portions to provide the desired mass. A de 
pending threaded post 7 is secured at its upper 

(C. 200-90) 
end Within a boss 7d formed on the underside of 
the yoke le of the bracket 7, and this post carries 
a counterweight 7f which is mounted eccentrically 
to the post e, and which serves both as a means 
for regulating the period of oscillation of the 
rockshaft Within certain limits, and also as a. 
means for varying the position to Which the rock 
shaft is biased by means of the pendulum. The 
counterweight f is arranged to be locked in an 
adjusted position by means of nuts is one of 
which is screwed onto the post 7e on each side of 
the counterweight. 
The previously referred to motor device M for 

oscillating the rockshaft 4 comprises an arma 
ture 8 which is pinned to the rockshaft at One 
side of the bracket, and an electromagnet, which 
cooperates with the armature 8. This electro 
magnet may have any preferred construction, but 
in the form here shown, this electromagnet con 
prises a Winding 9 mounted on a backstrap i se 
cured to the short arms a of L-shaped pole 
pieces , the long arms b of which extend 
upwardly past the opposite sides of the arnature 
8 and are secured to depending lugs 2 formed 
on the frame 2. One lead 98 of the winding 9 
is connected to a terminal post 3e mounted on 
the top plate A, and the other lead 98 is con 
nected to a connecting post 32 mounted on the 
top plate A. The angular disposition of the air 
iniature 8 with respect to the rockshaft 4 is SUch 
that, when the rockshaft occupies the position to 
which it is biased by the pendulum P, the longer 
axis of the arnature Will be inclined from the 
vertical at an acute angle with the magnetic 
field. Which is set up between the pole pieces 
When the winding 9 is energized. This acute 
angle may be varied through relatively wide lin 
is, but We have found that the best Operating 
characteristics are obtained for most conditions 
of operation when this angle is approximately 40 
degrees. 
The relay aso comprises a plurality of Con 

tacts, here shown as six in number and desig 
nated by the reference characters 2, 3, 4, 5, 
6 and f, respectively. These contacts are of 

the well-known mercury type, and each comprises 
a pair of electrodes 8 and 9 disposed in an 
evacuated bulb containing a quantity of mercury 
2 which flows into or Out of engagement with 
the electrodes to make or break a circuit passing 
through the electrodes. The contacts 2, 3 and 

are mounted in Spring clips 2, 22 and 23, re 
spectively, which are Secured to the lower side 
of the yoke Te of the bracket , as viewed in Fig. 
4, by means of bolts 24, and the contacts 5, 6 
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and are mounted in spring clips 25, 26 and 27, 
respectively, which are secured to the other Side 
of the yoke fe of the bracket 7 by means of the 
bolts 24 in such manner that the contacts 2 and 
f5, the contacts 3 and 6, and the contacts 4 
and are directly opposite each other. 
The two contacts 2 and 5 together control 

the Supply of energy to the winding 9 of the motor 
device M, and to this end the two electrodes 8 
of these contacts are connected together by 3. 
member 4, while the other electrodes 9 of these 
contacts are connected respectively by means of 
flexible connectors 42 and 43 and conducting 
strips 42a and A38 to a terminal post 3 mounted 
on the top plate, and to the previously described 
connecting post 32. A source of electromotive 
force, here shown as a battery 48, is connected 
With the terminal posts 33 and 3 through a Switch 
45. It will thus be apparent that if the Switch 
45 is closed, winding 9 will be supplied with Cur 
rent when the contacts 2 and 5 are both closed, 
but that when either one of these contacts be 
comes opened due to the motion of the rockshaft, 
the supply of current to the winding 9 will be 
interrupted. The position of the rockshaft at 
Which the contacts 2 and 5 are adjusted to open 
will depend upon the angular position of the air 
mature with respect to the rockshaft and the 
proportioning of the parts, but when the arma 
ture is secured to the rockshaft in the position 
shown, the contact 2 will preferably be so ad 
justed that it Will break the Operating circuit 
when the rockshaft Swings approximately 7 de 
grees in a clockwise direction as viewed in Fig. 
1 from the position to which it is biased by the 
pendulum, while the contact 5 will preferably 
be adjusted So that it Will break the Operating 
circuit. When the rockshaft SWings approximately 
10 degrees in a counterclockwise direction as 
viewed in Fig. 1 from the position to which it is 
biased by the pendulum P. It should be partic 
ularly pointed out, however, that satisfactory op 
eration of the relay can be obtained With a var 
iation of several degrees in either direction froil 
the above described adjustment of the contacts 
Í 2 and i 5. 
The remaining contacts 3, 4, 6 and T may 

be used for controlling the flashing lights of a 
highway crossing signal or any other signaling 
device, and are so adjusted that oscillation of 
the rockshaft to its intended amplitude Will 
cause these contacts to become alternately 
opened and closed. To facilitate making elec 
trical connection with these contacts, the two 
electrodes 9 of the contacts 3 and 6 are con 
nected together by a jumper 46 and are also con 
nected to a terminal post 34 mounted on the 
top plate A, by means of a flexible connector 4 
and a conducting strip. 478, while the remaining 
electrodes 8 of these contacts are connected by 
means of flexible conductors 48 and 49 and con 
ducting strips 48a and 49a, to terminal posts 35 
and 33, respectively, mounted on the top plate 
A. In a similar manner, the two electrodes 8 
of the contacts f4 and 7 are connected to 
gether by a jumper 50 and to a terminal post 
37 mounted on the top plate A by means of a 
flexible conductor 5? and a conducting strip 5a, 
While the electrodes 9 of these latter contacts 
are connected by means of flexible conductors 52 
and 53 and conducting strips 528 and 5.3a to ter 
minal posts 38 and 36 mounted on the top 
plate A. 

It is desirable in order to minimize the stresses 
in the flexible conductors and the amount of 
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torque required to flex them, that these conduce 
tors should flex as little and as uniformly 
throughout their lengths as possible, and to this 
end we provide means for clamping the Con 
ductors adjacent their lower ends in positions 
close to the rockshaft. As here shown, these 
means comprise an insulating member 55 (See 
Fig. 5) which straddles the rockshaft 4 between 
the arm Ta of the bracket and which is Secured 
at its end by means of machine ScreWS 56 to in 
wardly extending lugs Rh provided on the airn) 
7a. The member 55 is provided at its opposite 
sides with spaced notches 5 which receive the 
flexible connectors 42, 43, 48, 4.3, 4, 5, 52 and 
53, and with studs 58 and 59 by means of which 
clamping members 6 (see Fig. 6) having pro 
jections a which extend into the notches and 
grip the conductors, are secured to the opposite 
Side of the member 55. These means also COn 
prise insulating strips 6 provided with holes 
through which the conductors extend, and which 
strips control both the manner in which the 
conductors flex and the spacing between the con 
ductors. It should be noted that the members 
55 and 60 in addition to controlling the mannel 
of flexing of the flexible conductors further Serve 
as a means for preventing these members from 
coming into contact with any of the metal partS 
of the relay, thereby eliminating the possibility 
of short circuits. 
Two metal stops 62 are Secured to the opposite 

sides of the frame 2 directly opposite the One 
arm a of the bracket, , and these stops cooper 
ate with the enlarged portion of the arm to 
limit the extreme positions to which the rock 
Shaft 4 is free to rotate. 
The operating mechanism of the relay is all 

enclosed within a suitable casing 63 which in the 
form here shown is a box-like metal casting, 
three of the sides of which are provided With 
glass Windows 64 through which the operating 
mechanism may be viewed. The casing is held 
in position against the underside of the top plate 
A by means of screws 65 which pass through 
clearance holes provided in the botton of the 
casing, and are screwed into tapped holes pro 
vided in the lower ends of depending lugs 66, the 
upper ends of which are secured to the under 
side of the frame 2. 
The operation of the relay as a whole is as 

follows: When the Switch 45 is open, as showI. 
in the drawings, so that the winding 9 of the 
electromagnet is deenergized, the rockshaft 4 
Will occupy the position to which it is biased by 
the pendulum P, and under these conditions all 
of the contacts 2, 3, 4, 5, 6 and will be 
closed. When, however, the switch 45 is closed, 
current will flow from battery 44 through switch 
45, terminal post 3, lead wire 98 of winding 9, 
Winding 9, lead Wire 9b, connecting post 32, con 
ducting strip 438, flexible connector 43, contact 
f5, jumper 4?, contact 2, flexible connector 42, 
conducting strip 428, and terminal post 3 back 
to battery 44. The current in winding 9 will, of 
course, set up a magnetic field between the pole 
pieces of the electromagnet, which field will 
cause the armature to turn in a clockwise direc 
tion as viewed in Fig. 1 in order to assume the 
position of minimum reluctance. This rotation 
of the armature Will, of course, be transmitted to 
the rockshaft, and as soon as the rockshaft has 
been rotated to the position at which the contact 
2 opens, winding 9 will become deenergized and 

will thus remove the torque tending to rotate 
the armature, but the shaft and armature Will 
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continue their motion beyond this position due 
to the momentum of the parts. After this mo 
mentum of the parts is spent, however, the shaft 
Will start to rotate in the Opposite direction due 
to the action of gravity on the pendulum, and 
as Soon as the pendulum returns to the position 
in which the contact 2 becomes closed, winding 
9 will again become energized and will cause a 
retarding force to be exerted on the armature. 
This retarding force will be Small, however, be 
cause the air gaps between the pole pieces and 
the armature will then be increasing rapidly, 
and also because as soon as the armature has 
rotated to the position in which the contact 5 
opens, winding 9 will again become deenergized, 
As a result, the rockshaft will swing in a counter 
clockwise direction to a position Which is dis 
placed from the position to which it is biased by 
the pendulum only a few degrees less than the 
previous clockwise displacement. As soon as the 
energy of the rotating parts has been Spent in 
the counterclockWise direction, the action of 

30 

35 

55 

60 

5 

gravity On the pendulum will cause a clockwise 
torque to be again exerted on the shaft, and as 
Soon as the shaft is rotated in a clockwise di 
rection to the position in which contact 5 closes, 
Winding 9 Will again become energized and Will 
subsequently remain energized until the rock 
shaft has SWung to the position in Which contact 
2 opens. The energization of winding 9 will 

cause a pulse of energy to be exerted on the 
rockshaft which assists the clockwise rotation. On 
the shaft, and the parts are so proportioned 
that this pulse at normal operating Voltages. Will 
be sufficient to supply to the shaft the loss of 
energy during each cycle caused by friction and 
the retarding force of the magnet during the 
previous counterclockwise rotation of the rock 
shaft. It follows, therefore, that When Switch 
45 is closed, the rockshaft will oscillate at Sub 
stantially the natural period of the pendulum. 
This Oscillation will cause the contacts 3, 5, 
f6 and 7 to alternately open and close in an 
obvious manner, and it will be apparent that 
by connecting these contacts in Suitable control 
circuits they may be used to alternately ener 
gize and deenergize the flashing lights of a high 
way crossing signal of the well-known type, or 
to control any other apparatus requiring alter 
nate energization and deenergization at a prede 
termined constant frequency. 
It should be pointed out that relays embodying 

our invention can be made to OScillate Without 
the use of the contact 5, but that this contact 
materially aids in controlling the stroke of the 
pendulum, and thereby assures Smooth operation 
of the relay. This is due to the fact that this 
contact is closed over a rather Wide angle of 
displacement of the shaft from its biased posi 
tion, and the contact therefore maintains the 
control circuit closed through a longer portion 
of the total time of each operation and in the 
proper section on the stroke than would be pos 
sible with only one control contact, Which fact 
Jhelps in giving a satisfactorily long stroke and 
in easing up the stroke in each direction. The 
armature passes through the energized position 
at a greater speed at higher Voltages, and there 
is some compensation due to the contact 5 
tending to limit the total stroke although, of 
course, there is an increase in the length. Of the 
stroke in all cases with increases in Voltage. 

It should also be pointed out that, since the 
bearing cups are eccentric, by rotating these 
bearing cups the shaft can be moved laterally 

B 
to positions in which the armature is properly 
centered between the pole pieces, thus providing 
an adjustment to take care of minor variations 
in manufacture. 

It should further be pointed out that while 
the contacts 3, 4, 6 and 7 are all adjusted 
to be normally closed. When the relay is deener 
gized, these contacts can be adjusted So that 
Some or all of them will be normally Open, if 
desired. 

It should still further be pointed out that the 
adjustment of the position of the operating con 
tacts 2 and 5 is very important from the stand 
point of efficient power consumption and proper 
and efficient operation of the relay. The im 
portance of the adjustment and arrangement of 
these contacts can readily be understood from 
the fact that the starting voltage, pendulum 
stroke, power consumption, unifornity of tinning 
and uniformity of Swing, etc. depends upon this 
adjustment and arrangement. 
One advantage of relays embodying Our inven 

tion is that the contacts are capable of carrying 
arge currents Over a very large number of Op 
erations of the relay without material change 
in resistance or deterioration. 
Another advantage of relays embodying Our 

invention is that the contacts are unifornly Op 
erated thus providing uniform fashing of the 
light signals controlled by the relay. 
A further advantage Of electrical relayS enn 

bodying our invention is that ina.Smuch as there 
are no striking parts, the life of the relay is 
exceptionally long. 
Although we have herein shown and described 

only one form of electrical relays embodying 
our invention, it is understood that Various 
changes and modifications may be inade therein 
within the scope of the appended claims Without 
departing from the spirit and Scope of Our" in 
Vention. 

Having thus described our invention, what we 
claim is: 

1. A relay comprising a rockshaft, a pendului 
attached to said rockshaft and effective to bias 
said rockshaft to one positics, an electromagnet, 
an arrnature Sacred to Said rockshaft and CO 
operating with Said electronaginet, in Such man 
ner that said armature will exert a torque in one 
direction on Said rockshaft. When Said electro 
magnet is energi Zed, and tWO ContActS Opera 

tively connected With Said rockshaft in Such 
anner that the Cine Contact Will become Opened 

When Said rockShaft is rºtated through a pire 
deternined angular distance in one direction 
from said one position and the other contact, 
will become opened when said rockshaft, is ro 
tated througin a predetermined angular distance 
in the other direction from said one position, the 
parts being so proportioned that if the winding 
of Said electromagnet is supplied with current 
Over Said contacts Said rockshaft will Oscillate 
ai, Substantially the natural period of said gen 
dullum. 

2. A relay comprising a rockshaft, a pendulum 
attacked to Said rockshaft and effective to bias 
said rockshaft to one position, an electionagnet, 
an armature Secured to said rockshaft and co 
operating with said electromagnet in Such man 
ner that said arnature Will exert a torque in 
one direction of Said rockshaft. When said elec 
tromagnet, is energized, two contacts operatively 
connected with Said rockshaft in Such manner 
that the One contact will become opened When 
said rockshaft is rotated through a predeter 
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4. 
mined angular distance in One direction from 
Said. One position and the other contact will be 
conne Opened. When said rockshaft is rotated 
through a predetermined angular distance in the 
Other direction from said one position, the parts 
being SO proportioned that if the winding of Said 
electromagnet is Supplied with current over said 
contacts in Series said rockshaft will oscillate at 
Substantially the natural period of Said pendul 
lun, and another contact controlled in accord 
ance With the position of Said rockshaft. 

3. A relay comprising a rockshaft, a pendulum 
attached to Said rockshaft and effective to bias 
Said rockshaft to one position, an electromagnet, 
an armature secured to said rockshaft and co 
operating With Said electromagnet in Such man 
iner that Said arnature Will exert a torque in One 
direction on said rockshaft when said electro 
agnet is energized, and tWO intercury contacts 

operatively connected With said rockshaft in Such 
nanner that the One contact will become Opened 
When said rockshaft is rotated through a pre 
determined angular distance in one direction 
from said one position and the other contact will 
become opened when said rockshaft is rotated 
through a predetermined angular distance in 
the Other direction from Said. One position, the 
parts being so proportioned that if the winding 
of said electromagnet is Supplied With current 
over said contacts in series said rockshaft will 
Oscillate at substantially the natural period of 
Said pendulum. 

4. A relay comprising a rockshaft, a pendulum 
Secured to said rockshaft, mercury contactS Se- a 
cured to said pendulun, and means controlled 
by said contacts for causing said rockshaft to 
Oscillate at the natural period of said pendulum. 

5. A relay comprising a rockshaft, a pendulum 
comprising a U-shaped bracket the arms of Which 
are provided at their free ends with enlarged 
portions, means for securing said pendulum to 
said rockshaft with the arms extending up up 
Wardly, a depending threaded post Secured to 
the yoke of said bracket, a counterweight mount 
ed eccentrically on said post and Serving as a 
means for regulating the period of Said pendulum 
within certain linitS and also as a means for 
varying the position to which said rockshaft is 
biased by means of Said pendului, and means 
for Oscillating said rockshaft at the natural 
period of Said pendulum. 

6. A relay comprising a rockshaft, a pendulum 
Secured to said rockshaft and comprising a U 
shaped bracket provided With a depending COun 
terweight for regulating the period of Said pen 
dulum, mercury contacts Secured to the yoke of 
said bracket, and means controlled by Said con 
tacts for exerting a periodic torque on Said rock 
shaft in a manner to cause said rockshaft to 
Oscillate at the natural period of Said pendulum. 

7. A relay comprising a rockshaft, a penduluin. 
secured to said rockshaft and comprising a U 
shaped bracket provided with a depending coun 
terweight, for regulating the period of Said pen 
dulum, two mercury contacts secured to the Op 
posite sides of the yoke of said bracket in such 
manner that rotation of Said rockShaft through 
an angle of approximately 7 degrees in one direc 
tion from the position to which it is biased by 
said pendulum will open the One contact and 
that rotation of said rockshaft through an angle 
of approximately 10 degrees in the other direc 
tion from the position to Which it is biased by 
said pendulum Will open the other contact, an 
electromagnet haV?ng pole pieces di SpOSed On Op 

2,156,684 
posite sides of said rockshaft and having its 
Winding connected in series with said two con 
tacts, and an armature secured to said rockshaft 
in a position to cooperate with said pole pieces 
and having its longer axis inclined at an angle 
of approximately 40 degrees with respect to the 
nagnetic field. Which is Set up betWeen Said pole 
pieces when said electromagnet is energized. 

8. A relay comprising a rockshaft, a pendulum 
comprising a U-shaped bracket secured inter 
mediate tie ends of its arms to said rockshaft 
and an adjustable COUInterWeight Secured to and 
depending from the yoke of Said bracket, clips 
Secured to the yoke of Said bracket on opposite 
sides of said yoke, mercury contactS mounted in 
said clips, said clips being so adjusted that oscil 
lation of said rockshaft through a predetermined 
amplitude Will alternately open and close Said 
contacts, a magnet provided With pole pieces, an 
energizing circuit for Said magnet including tWO 
of Said contacts disposed on opposite sides of the 
7 Oke Of Said bracket Connected in SerieS, and an 
armature secured to Said rockShaft and posi 
tioned between said pole pieces. 

9. A relay comprising a top plate, a frame Sus 
pended from Said top plate, a rockshaft jour 
naled in bearingS mounted in Said frame, a pen 
dulum comprising a U-shaped bracket Secured 
intermediate the ends of its arms to said rock 
Shaft and provided at the Upper ends of its arms 
with enlarged portions to provide a predeter 
mined amount of maSS, a counterweight Secured 
to the underside of the yoke of said bracket for 
adjusting the period of Said pendulun, Clips se 
cured to the opposite sides of said yoke, mercury 
contacts mounted in Said clips, terminal postS on 
said top piate connected with said contacts by 
neans of flexible connectors, means for oscillat 

ing Said rockshaft at the natural period of Said 
pendulum, and insulating members secured to 
the arms of Said bracket and engaging said flexi 
ble connectors in a nanner to ninimize the flex 
ing Of Said connectors and to calUISe Said COinnec 
tors to flux uniformly throughout their lengths. 

10. A relay comprising a top plate, a frame sus 
pended from Said top plate, a rockshaft journaled 
in bearings mounted in said frame, a pendulum 
comprising a U-shaped bracket secured inter 
mediate the ends of its arms to said rockshaft 
and provided at the upper ends of its arms with 
enlarged portions to provide a predetermined 
amount of mass, a counter Weight secured to the 
underSide of the yoke of said bracket for adjust 
ing the period of Said pendulum, clips Secured to 
the opposite sides of said yoke, mercury contacts 
mounted in Said clips, terminals posts on said 
top plate connected with said contacts by means 
of flexible connectors, means for osciliating said 
rockshaft at the natural period of said pendu 
lun, and insulating inenbers Secured to the 
arms of Said bracket and engaging said flexible 
connectors in a nainner to minimize the flexing 
of Said connectors and to cause said connectors 
to flux uniformly throughout their lengths, said 
insulating memberS also serving to insulate said 
Connectors fron Said Shaft. 

11. A relay Comprising a top plate, a frame 
St:Spended frOn Said tOp plate, a rockShaft jour 
inaled in bearingS mounted in said frame, a pen 
dulum Comprising a U-shaped bracket Secured 
intermediate the ends of its arms to Said rock 
Shaft and provided at the upper ends of its arms 
With enlarged portions to provide a predeter 
mined amount of mass, a counterweight Secured 
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to the underside of the yoke of said bracket for 
adjusting the period of Said pendulum, clips se 
cured to the opposite sides of Said yoke, mer 
cury contacts mounted in said clips, terminal 
postS On Said top plate connected. With Said Con 
tacts by means of flexible connectors, means for 
Oscillating said rockshaft at the natural period 
of said pendulum, an insulating member strad 
dling Said shaft and Secured at its ends to said 

() arms and provided in its opposite sides with 

5 
notches which receive said flexible connectors 
and with threaded inserts, and two other insu 
lating members secured to the opposite sides of 
Said first mentioned member by means of Said 
threaded inserts and provided with projections 
which extend into the notches in Said first men 
tioned member and grip said flexible connectors. 

ARTHUR. W. FISHER 
BENJAMIN MISEHEEVICH. 
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