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This invention relates generally to electromag 
netic apparatus and more particularly to mount 
ing structures therefor. 
One object of the invention is to provide means 

for designing relays and other electromagnetical 
ly operated apparatus for improved performance. 
Another object is to enable such apparatus to 

be designed for greater economy. 
In the interest of both performance and econ 

omy, electromagnets for use in telephone central 
office equipment are usually made as small as 
practicable. There are, however, several con 
siderations which usually require electromagnets 
to be made larger than they would be if perform 
ance and economy were the only considerations. 
In the ?rst place, the temperature of the elec 
tromagnet due to heat generated in its operation 
should be limited so as not to make it dif?cult 
for a maintenance man to Work on other equip 
ment mounted nearby. In the second place, the 
temperature of the electromagnet under trouble 
conditions should be limited so that the electro 
magnet does not constitute a ?re hazard. Finally, 
electromagnetically operated equipment in tele 
phone central offices usually undergoes wide tem 
perature variations which affect its performance 
adversely. The ?rst two considerations have the 
effect of limiting the current which may be ap 
plied to the electromagnet windings to achieve 
the required magnetomotive force, while the third 
has the effect of requiring the electromagnets to 
be designed to produce suf?cient magnetomotive 
force to assure successful operation under adverse 
conditions such as, for example, at elevated tem 
peratures. All three have the effect of requiring 
more than the optimum number of turns in the 
electromagnet windings and, in order to provide 
an adequate heat radiating surface, relatively 
large electromagnets result. 
In accordance with a principal feature of the 

present invention, the cores of the electromag 
nets of electromagnetically operated apparatus 
are maintained at a substantially constant low 
temperature. Heat is thereby conducted readily 
from the electromagnets themselves and they are 
thereby also maintained at a substantially con 
stant low temperature. Thus, not only are wind 
ing current limitations relaxed but also the total 
number of ampere-turns necessary to assure suc 
cessful operation under all circumstances is re 
duced. Smaller coils can be used and electro 
magnetically operated apparatus can be designed 
for optimum performance and economy. 
In accordance with another feature of the in 

vention, electromagnets are cooled by means of 
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their mounting structure, which is composed prin 
cipally of heat-conducting material and which in 
cludes conduits for a suitable cooling fluid lo 
cated adjacent to the portions of the structure 
upon which the apparatus is mounted. The con 
duits are integral with the mounting structure 
to promote efficient cooling. The electromagnets 
are thereby refrigerated e?ectively without neces 
sitating either a radical change in their design or 
the refrigeration of the entire room in which 
they are located, thus permitting optimum elec 
tromagnet design at a minimum of expense. Flex 
ibility is also achieved, as different bays of equip 
ment can readily be maintained at different ?xed 
temperature levels. 
In accordance with still another feature of the 

invention, a direct metallic heat-conducting path 
is provided between the core of each mounted 
electromagnet and a cooling ?uid channel. High 
ly e?icient heat conduction is thereby provided 
and the heat-generating electromagnets are 
cooled with a minimum effect on the surrounding 
air and apparatus. 
Other objects and features of the invention 

will appear from a study of the following detailed 
description of several speci?c embodiments. In 
the drawings: 

Fig. 1 shows a refrigerated relay rack the tem 
perature of which is controlled by a diaphragm 
valve; 

Fig. 2 is a cross-sectional detail of the rack 
shown in Fig. 1, taken along the line 2-2; and 

Fig. 3 shows a refrigerated relay rack the tem 
perature of which is controlled by a motor driven 
valve. 
As has been noted, for purposes of both per 

formance and economy it is desirable to make 
electromagnets for use in telephone central oi?ces 
as well as those for power applications as small 
as practicable. Small relays, for example, are 
generally both faster and cheaper than larger re~ 
lays and also take less mounting space. In order 
to design a relay of minimum size and cost and 
yet maintain the magnetomotive force required to 
operate the relay under the most adverse condi 
tions, it is generally desirable to minimize the 
number of turns and the diameter of the wire with 
which the electromagnet coil is wound. 
A number of factors enter into the design of 

such electromagnetic apparatus as relays which 
tend to increase the number of turns required in 
the electromagnet windings. As has been pointed 
out, two of these are temperature limits, above 
which the electromagnet and its associated ap 
paratus should not be permitted to rise. In con 
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tinuous operation, it is desirable that the maxi 
mum temperature of relays be such that a work 
man working on the mounting structure or frame 
work will not be subjected to a temperature of 
more than about 150° F. It is thereby made cer 
tain that the framework can be worked on at all 
times without danger or serious discomfort to 
persons so employed. Translating frame tem 
perature to coil temperature, it is generally found 
under existing mounting practices that this con 
dition will obtain if the temperature of the wind 
ing does not go above 225° F. 
The other temperature limitation in relay de 

sign for trouble conditions, at which time it is 
essential that the electromagnet shall not con 
stitute a ?re hazard. In that connection, it is 
generally found that a relay will, be safe if the 
temperature of the winding never exceeds 360° F. 
Above that temperature, insulation burns and 
more and more turns are short-circuited, causing 
both an operating failure and a fire hazard. 
As has been noted brie?y, top temperature lim 

itations make it necessary to design electromag 
nets so that their operating currents never exceed 
the corresponding limits. In order to achieve the 
required magnetomotive force, the turns of the 
windings must be increased. The resulting relay 
is slower, more expensive, and more bulky than 
would otherwise be necessary. 
The other factor in relay design which is of in 

terest in connection with the present invention is 
the wide variation in temperatures to which the 
relays are likely to be subjected. In unattended 
telephone central oiiices, for example, the ambient 
temperature may reach as high as 120° F. and may 
go as low as 40° F. In continuously operated re 
lays, the winding temperature may exceed the 
ambient temperature by as much as 125° F., with 
the mounting structure temperature at an inter 
mediate value. Wide temperature variations are 
generally undesirable because of their adverse ef 
fect upon relay performance. As the winding 
temperature increases, the time required for the 
relay to operate also increases, until ?nally a point 
is reached where the relay will fail to operate. A 
relay must, therefore, generally be designed with 
a sufficient margin of magnetomotive force so 
that it will operate effectively not only at average 
operating temperatures but also at the highest 
temperatures to which it is likely to be subjected. 
Thus, more than the optimum number of ampere 
turns must generally be provided, resulting both 
in a larger relay winding and in a larger operat 
ing current than would otherwise be necessary. 

Tests have indicated that a large part of the 
heat generated in relay windings is conducted 
away through the magnetic cores to the support 
ing structure. In accordance with principal fea 
tures of the present invention, as heretofore dis 
cussed, the relay and its mounting structure are 
both maintained at a substantially constant low 
temperature. A direct metallic heat-conducting 
path is provided between each winding core and 
a coolant channel. Heat is thereby readily con 
ducted away from the relay windings, and the 
windings are maintained at a substantially con 
stant temperature. The constant low tempera“ 
ture permits relays to be designed for optimum 
performance and economy and allowance for wide 
temperature variations is no longer required. 

If, for example, the mounting plate tempera 
ture is reduced to about 40° F., and maintained 
within a few degrees of that value, substantial 
economies can be realized and more satisfactory 
operating conditions maintained. The upper cur 
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4 
rent limitations for relay windings are relaxed, 
since more heat can be dissipated in the windings 
without causing either the winding temperature 
or the frame temperature to exceed the predeter 
mined limits. Smaller electromagnets can be 
employed, and relays will not only be cheaper and 
occupy less mounting space but also will require 
less magnetomotive force, for operation, since the 
most adverse operating conditions have been 
ameliorated. Among the variables normally af 
fecting electromagnet performance, there should 
be considered number of turns, winding resist 
ance, battery voltage, length of circuit loop, and 
ambient temperature. All of these are allowed to 
vary within limits because of the cost of control 
ling all of them to exact values. Of these, the 
winding resistance experiences the most impor 
tant change under extremes of operating condi 
tions. If, for instance, the relay is designed to 
operate on the longest circuit loop, it is likely on 
short loops to receive an operating current which 
Will heat it beyond the tolerable limit. The prin 
ciples of the present invention permit the opera 
tion of the relay under the most adverse circuit 
and ambient temperature conditions to be as fav 
orable as under the best conditions. In other 
words, the present temperature control method 
stabilizes relay performance and makes it inde 
pendent of both operating and environmental 
conditions. 
Magnetomotive force requirements for relays 

mounted in accordance with the present inven 
tion are also reduced by reason of the elimination 
of wide temperature variations. Since the relay 
temperature is held practically constant along 
with that of the mounting structure, there is no 
need for providing more ampere-turns than are 
required to operate the relay in the desired time 
interval. The reduction in magnetomotive force 
requirements made possible by the reduction and 
stabilizationv of the temperature of relay wind 
ings is advantageous in a number of respects. 
Not only are fewer turns required to achieve the 
required magnetomotive force, but also the reduc 
tion may, if desired, be turned into a saving in 
direct-current power through reduced operating 
currents. Since the alternating-current power 
required for refrigeration is much cheaper than 
direct-current power derived from storage bat 
teries, a substantial reduction in cost can be real 
ized in this manner. Other advantages made 
possible by the reduced magnetomotive force re 
quirements can be realized to the greatest degree 
if a fairly large ampere-turn margin remains in 
the redesigned relay. The presence of a large 
margin of ampere-turns in. excess of actual oper 
ating requirements makes operation faster and 
more reliable. Maintenance costs are reduced be 
cause very little readjustment of relays will be 
required. 
In accordance with the features of the present 

invention, the above-noted improvements in elec 
tromagnet and relay design are made possible 
without’ introducing radical design requirements 
and without reducing the room temperature ap 
preciably. As previously noted, conduits integral 
with the supporting structure are provided adja 
cent to the portions of the structure upon which 
the relays or other electromagnetically operated 
equipment are mounted. The conduits carry a 
suitable refrigerant and, in the cooling ?uid cir 
cuit, temperature-sensitive means is provided to 
maintain both the mounting and the apparatus 
temperatures substantially constant by control 
ling the flow of the refrigerant. Pipes carrying 
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the refrigerant are heat-insulated at all points 
except where they come into contact with the 
mounting elements. The advantage of refriger 
ating only the mounting units instead of the en 
tire equipment room is that a minimum amount 
of power is required, since the heat transfer from 
the relay core and mounting will take place at 
the point of maximum temperature difference 
and by the most effective heat transfer method, 
metallic conduction. Individual refrigerating 
units could be designed for each bay of equip 
ment, making it possible to maintain different 
?xed temperatures for different units, depending 
on the results desired. 
When a bay of relay or other electromagneti 

cally operated equipment is cooled in accordance 
with the principles of the present invention, care 
should be taken to maintain the temperature of 
the refrigerated parts higher than a certain criti 
cal temperature, i. e., the dew point. The dew 
point is the temperature at which moisture will 
begin to condense at a given air temperature, 
barometric pressure, and relative humidity. From 
a study of psychrometric tables, it is apparent 
that lowering the temperature of an object appre 
ciably below the ambient temperature will cause 
condensation unless the relative humidity is kept 
at a low ?gure. For example, at a room tempera 
ture of 80° F., a barometric pressure 30 inches of 
mercury, and a relative humidity of 80 per cent, 
the dew point is 73° F. This will not allow a ma 
terial margin for the cooling of operating parts 
by refrigeration. However, if the relative humid 
ity is reduced to 15 per cent, other conditions re 
maining the same, the dew point drops to 28° F. 
This will allow cooling approximately 50 degrees 
below room temperature without causing conden 
sation. 
The winding temperature will, in general, great 

ly exceed the ambient temperature and can be 
disregarded from the standpoint of condensation. 
The temperature of the equipment, which, in ac 
cordance with the present invention, is main 
tained substantially constant by thermostatic 
control of the refrigeration unit, should always be 
greater than the dew point. In practice, it need 
exceed the dew point by only 2 or 3° F. This can 
readily be accomplished with widely varying am 
bient temperatures by controlling the humidity. 
Since, in modern installations, electromagnets are 
enclosed for dust protection in a way which easily 
lends itself to chemical dessication of the air, the 
relative humidity can be kept at 15 per cent or 
less with little diiiiculty. Under enclosed condi 
tions, the heat radiation from relays is impaired, 
tending to raise their operating temperatures and 
thus further enhancing the merit of cooling them 
in accordance with the teachings of the present 
invention. 

Still another advantage which may be derived 
from the employment of features of the present 
invention is that a “solder-through” insulating 
enamel may be used on the relay windings. When 
such an enamel is used, it need not be scraped 
away for connections to be made to the windings. 
It has been found, however, that such enamel de 
teriorates at high temperatures, and the heat gen 
erated in relay windings usually prohibits its use 
thereon. If the winding temperatures are, in ac 
cordance with the present invention, maintained 
at a su?ciently low level, a suitable “solder 
through” enamel may be used, with all the accom 
panying bene?ts of economy and simplicity. 
A speci?c embodiment of the invention is illus 

trated in Fig. 1. Referring to Fig. 1, a refrigerated 
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6 
relay rack is shown which comprises a large num 
ber of mounting plates ll supported by a pair of 
vertical channels 12. Mounting plates II are 
mounted parallel to and in contact with each 
other and extend substantially horizontally. 
While only a few such plates I l are shown for rea 
sons of clarity, in practical installations they will 
normally extend from the bottom to the top of the 
bay of which they form a part. A large number 
of relays 13 are mounted in rows on mounting 
plates I l and extend substantially perpendicularly 
thereto. 
A refrigerant-carrying conduit I4 is provided 

in each mounting plate I l parallel and closely ad 
jacent to the row of relays mounted thereon. 
Each conduit [4 is shown, by way of example, as 
being rectangular in cross section and is prefer 
ably fabricated as part of the mounting plate H 
itself. At both ends of each conduit [4, openings 
are provided in the base of mounting plate i l for 
the entry and exit of the coolant. 
The conduits 14 are connected substantially in 

parallel by a pair of vertical pipes [5, which are 
located to the rear of mounting plates H within 
the respective channels l2. At regularly spaced 
intervals, the vertical pipes [5 are connected to 
conduits M by short connecting pipes 16. Con 
necting pipes l6 enter conduits 14 through the 
openings provided at each end in mounting plates 
H. Vertical pipes 15 and connecting pipes I 6 are 
provided with a suitable heat-insulating covering 
to avoid unnecessary cooling of the surrounding 
air, and each vertical pipe [5 is capped at both 
top and bottom. 
A suitable refrigerant is applied to the piping 

conduit system at the lower right-hand corner of 
the structure. An input pipe IT is tapped into the 
right-hand vertical pipe [5 below the lowermost 
mounting plate I l. Included along input pipe I‘! 
are a cut-off valve l8 and a drain valve i9, drain 
valve 89 being situated between cut-off valve !8 
and vertical pipe l5. Egress for the refrigerant 
is provided by an output pipe 20 at the upper left 
hand corner of the structure. Output pipe at is 
tapped. into the left-hand vertical pipe i5 above 
the uppermost mounting plate 1 l. A cut-off valve 
2! is provided in output pipe 20, which, along with 
cut-off valve 58, may be used to isolate the refrig 
erating system for the particular bay of equip 
ment from those of the adjoining bays. 
The refrigerant, which may, by way of exam 

ple, be brine, is supplied under pressure and is 
thereby circulated through the conduits M. A 
cross section of a portion of the Fig. 1 structure 
appears in Fig. 2, showing details of the structure 
of mounting plates II and conduits l4 and the 
mode of connection between vertical pipes I5 and 
conduits M. 
The entire relay mounting structure is main~ 

tained at a substantially constant temperature by 
controlling the flow of the cooling ?uid. A ther 
mostatically controlled diaphragm valve 22 is pro 
vided in output pipe 20 between cut-off valve 2| 
and vertical pipe 15. A temperature-sensitive 
element 23 is connected to diaphragm valve 22 by 
suitable tubing 2a and is situated within the top 
portion of the left-hand vertical pipe 15. Sensi 
tive element 23 is ?lled with a volatile liquid, and 
as the temperature of the refrigerant surround 
ing element 23 rises, the liquid volatizes, thus in 
creasing the pressure through tube 24 and open 
ing diaphragm valve 22. As the temperature of 
the refrigerant decreases, pressure in tube 24 is 
reduced and valve 22 is closed. 
The positions of sensitive element 23 within the 
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uppermost portion of theleft-hand vertical pipe 
l5 and of diaphragm valveat the output termi 
nal of the system insure the most e?ective opera 
tion of the refrigerating system. The tempera 
ture of the refrigerant will be increased to the 
greatest extent at the output end of the system, 
and changes in the ?ow of the refrigerant will, 
therefore, accurately re?ect changes in the refrig 
eration requirements imposed by the condition of 
the relays l3. 
Another embodiment of the invention is illus 

trated in Fig. 3. The relay rack and the incorpo 
rated refrlgeration equipment are substantially 
the same as in the Fig. 1 system and will not be 
redescribed. The principal difference resides in 
the thermostatic control mechanism, which may 
be used as one alternative to that shown in Fig. '1. 
In Fig. 3, the ?ow of the refrigerant is controlled 

by a motor-driven valve 28, which is located in 
series with output pipe 20 between cut-off valve 
2i and the left-hand vertical pipe I 5. A tempera 
ture-sensitive element 29, corresponding to tem 
perature-sensitive element 23 in Fig. 1, is located 
within the upper portion of the left-hand vertical 
pipe l5 and surrounded by the refrigerant. Sensi 
tive element 25) di?ers from sensitive element 23 
in Fig. 1, however, in that it contains a tempera 
ture-sensitive electrical resistance, 1. e., a resis 
tor the resistance of which either increases or de 
creases with temperature. Leads connected to 
the ends of the temperature-sensitive resistance 
are insulated and are brought out through the 
cap at the top of the left-hand pipe l5. From 
there, the leads are used to connect the tempera 
ture-sensitive resistance into a bridge circuit, the 
other three arms of which comprise two resistors 
30 and 3! and the resistance arm of a slide-wire 
rheostat 32. A battery or other suitable direct 
current. source 33 is connected between two 0p 
posite corners or" the bridge circuit, and a polar 
ized relay 34 is connected between the other two. 
A small series-type valve-operating motor 35 is 

provided with a shaft 36, which is, in turn, cou 
pled both to valve 23 and the contact arm of 
rheostat 32. The resistance arm of rheostat is 
in the form of an arc, and the eiiective resistance 
presented by it to the bridge circuit is controlled 
by the rotation of shaft 36. Motor 35 is provided 
with a pair of ?eld coils which are connected so 
that, when energized, each turns the armature in : 
the opposite direction from the other. Current is 
supplied to motor 35 from an alternating-current 
source 3?, one side or‘ which is connected to one 
side of both ?eld coils and the other side of which v 
is connected to the other side of one coil or the ' 
other, depending on the direction of the unbalance 
of the bridge circuit. 
Polarized relay 35 includes, as its principal 

operating part, a three-terminal switch. The cen 
ter terminal is connected to a contact spring and 
to the previously-mentioned other side of alter 
nating-current source 31. The other two termi 
nals are connected to contacts and to respective 
?eld coils of motor 35. 
When the temperature of the refrigerant sur 

roundingv sensitive element 29 departs from apre 
determined value, the bridge circuit becomes un 
balanced, causing relay 34 to operate. When the 
refrigerant temperature is too high, the direction 
of bridge unbalance causes relay 3% to complete 
the circuit of motor 35 which turns the armature 
and shaft 35 in the‘ direction to open valve 38. 
The ?ow-of cooling ?uid is thus increased, and 
the bridge is balanced once more by the action of 
shaft 36 in adjusting the resistance presented by 
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8. 
rheostat 32'. When the temperature of the refrig 
erant is. too low, the operation is reversed. The 
outer contact of relay 34 is closed, and the arma 
ture of motor 35 is caused to turn in the opposite 
direction. Valve 2% is closed, and the action of 
rheostat. 32 tends to rebalance the bridge when 
the correct valve opening is reached. 

It will be observed that the advantages of the 
present invention insofar as improved relay per 
iormance is concerned may be secured by rede 
signing the relays themselves so that the cooling 
fluid passes through conduits in the core of each 
electromagnet. The mounting structures which 
have been disclosed are, however, preferable since 
they are relatively simple and inexpensive, and 
permit conventional relay design principles to be 
employed. 

It is to be understood that the above-described 
arrangements are illustrative of the application 
of the principles of the invention. Numerous 
other arrangements may be devised by those 
skilled in the art without departing from the spirit 
and scope of the invention. 
What is claimed is: 
1. An isothermal relay rack which comprises, 

in combination, a pair of supporting members, a 
plurality of substantially parallel hollow heat 
conducting cross-members extending between 
saidsupporting members, a plurality of substan 
tially parallel heat-conducting mounting plates 
each secured between and in contact with a pair 
of successive‘ hollow cross-members, means to se~ 
cure a plurality of electrical relays to each or‘ said 
mounting plates with a direct heat-conducting 
path between the core of each relay and the near 
est one of said hollow cross-members, means to 
circulate cooling fluid through said hollow cross 
members to reduce the temperature or" said 
mounting plates to a predetermined level, and 
means to maintain the. temperature of said 
mounting plates accurately at said predetermined 
level by regulating the flow of cooling fluid. 

2. An isothermal relay rack which comprises, 
in combination, a pair of vertical supporting 
members, a plurality of horizontal hollow heat 
conducting cross-members extending between 
said supporting members, a heat-conducting 
mounting plate facing at right angles to both 
said supporting members and said cross-members 
secured between and in contact with each suc 
cessive pair of cross-members, means to secure 
a horizontal layer of electrical relays to the 
same side of each said mounting plate with a 
direct heat-conducting path between the core 
of each relay and at least one of said hollow 
cross-members, means to circulate cooling fluid 
through said hollow cross-members to reduce 
the temperature or” said mounting plates to a 
predetermined level, and means to maintain the 
temperature of said mounting plates accurately 
at said predetermined level by regulating the flow 
of cooling fluid. 

3. An isothermal relay rack which comprises, 
in combination, a pair of supporting members, 
a plurality of heat-conducting mounting plates 
mounted edge to edge, each of said mounting 
plates extending between said supporting mem 
bers, a plurality of substantially parallel heat 
conducting conduits extending between said sup 
porting members, each of said conduits being 
secured to one side of a respective one of said 
mounting plates, means to secure a plurality of 
electrical relays to said mounting plates in sub 
stantially parallel. rows with a direct heat-con 
ducing path between the core of each relay and 
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at least one of said conduits, one row to each of 
said mounting plates, means to circulate cooling 
?uid through said conduits to reduce the temper 
ature of said mounting plates to a predetermined 
level, and means to maintain the temperature of 
said mounting plates accurately at said prede 
lizierrgined level by regulating the flow of cooling 
u1 . 

4. An isothermal relay rack in accordance with 
claim 3 in which all of said conduits are secured 
to the same side of said mounting plates and said 
relay securing means is adapted to secure the 
relays to the same side of said mounting plates 
as said conduits, with the terminals of the relays 
projecting through to the other side of said 
mounting plates. 

5. An isothermal relay rack which comprises, 
in combination, a pair of supporting members, 
a plurality of substantially parallel hollow heat 
conducting cross-members extending between 
said supporting members, a plurality of substan 
tially parallel heat-conducting mounting plates 
each secured between and in contact with a pair 
of successive hollow cross-members, means to 
secure a plurality of electrical relays to each of 
said mounting plates with a direct heat-conduct 
ing path between the core of each relay and at 
least one of said hollow cross-members, means to 
circulate cooling ?uid through said hollow cross 
members to reduce the temperature of the rack 
to a predetermined level, and means including 
a temperature-sensitive element thermally cou 
pled to said hollow cross-members to maintain 
the temperature of the rack accurately at said 
predetermined level by regulating the flow of 
cooling fluid. 

6. An isothermal relay rack which comprises, 
in combination, a pair of supporting members, 
a plurality of substantially parallel hollow heat 
conducting cross-members extending between 
said supporting members, a plurality of substan 
tially parallel heat-conducting mounting plates 
each secured between and in contact with a pair 
of successive hollow cross-members, means to se 
cure a plurality of electrical relays to each of 
said mounting plates with a direct heat-con 
ducting path between the core of each relay and 
at least one of said hollow cross-members, a pair 
of conduits connecting said hollow cross-members 
substantially in parallel, means to circulate cool 
ing fluid through said hollow cross-members and 
said conduits to reduce the temperature of the 
rack to a predetermined level, a valve at one side 
of said hollow cross-members to regulate the 
?ow of cooling fluid, and means including a tem 
perature-sensitive element thermally coupled to 
said hollow cross-members to maintain the tem 
perature of the rack accurately at said predeter 
mined level by controlling the opening in said 
valve. 

7. An isothermal relay rack which comprises, 
in combination, a pair of supporting members, a 
plurality of substantially parallel hollow heat 
conducting cross-members extending between 
said supporting members, a plurality of substan 
tially parallel heat-conducting mounting plates 
each secured between and in contact with a pair 
of successive hollow cross-members, means to 
secure a plurality of electrical relays to each of 
said mounting plates with a direct heat-conduct 
ing path between the core of each relay and at 
least one of said hollow cross-members, a pair 
of conduits connecting said hollow cross-members 
substantially in parallel, means to circulate cool 
ing fluid through said hollow cross-members and 
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10 
said conduits to reduce the temperature of the 
rack toa predetermined level, and means includ 
ing a temperature-sensitive element thermally 
coupled to said hollow cross-members to increase 
the flow of cooling fluid whenever the tempera 
ture of the rack rises above said predetermined 
level and to decrease the flow of cooling fluid 
whenever the temperature of the rack falls be 
low said predetermined level. 

8. An isothermal relay rack which comprises, 
in combination, a pair of supporting members, 
a plurality of substantially parallel hollow heat 
conducting cross-members extending between 
said supporting members, a plurality of substan 
tially parallel heat-conducting mounting plates 
each secured between and in contact with a pair 
of successive hollow cross-members, means to 
secure a plurality of electrical relays to each of 
said mounting plates with a direct heat-conduct 
ing path between the core of each relay and at 
least one of said hollow cross-members, a pair of 
conduits connecting said hollow cross-members 
substantially in parallel, means to circulate cool 
ing ?uid through said hollow cross-members and 
said conduits to reduce the temperature of the 
rack to a predetermined level, a diaphragm valve 
at one side of said hollow cross-members to regu 
late the flow of cooling ?uid, and means to main 
tain the temperature of the rack accurately at 
said predetermined level by controlling the open 
ing in said valve comprising a temperature-sen 
sitive element in the form of a container of vola 
tile liquid thermally coupled to said hollow cross 
members ‘and coupling means between said tem 
perature-sensitive element and said valve, where 
by the opening in said valve varies with the gas 
pressure produced by said temperature-sensitive 
element. 

9. An isothermal relay rack which comprises, 
in combination, a pair of supporting members, 
a plurality of substantially parallel hollow heat 
conduoting cross-members extending between 
said supporting members, a plurality of substan 
tially parallel heat-conducting mounting plates 
each secured between and in contact with a pair 
of successive hollow cross-members, means to se 
cure a plurality of electrical relays to each of 
said mounting plates with a direct heat-conduct 
ing path between the core of each relay and at 
least one of said hollow cross-members, a pair 
of conduits connecting said hollow cross-members 
substantially in parallel, means to circulate cool 
ing ?uid through said hollow cross-members and 
said conduits to reduce the temperature of the 
rack to a predetermined level, a valve at one side 
of said hollow cross-members to regulate the 
flow of cooling fluid, and means to maintain the 
temperature of the rack accurately at said pre 
determined level by controlling the opening in 
said valve comprising a temperature-sensitive 
element in the form of an electrical resistor hav 
ing a resistance which varies with temperature, 
an electric valve motor controlled by said tem~ 
perature-sensitive element, and mechanical cou 
pling means between said valve motor and said 
valve, whereby the opening in said valve varies 
with the resistance of said temperature-sensitive 
element. 

10. An isothermal relay rack in accordance 
with claim 9 in which said temperature-sensitive 
element is connected as one of the resistance 
arms of a bridge circuit which is unbalanced in 
one direction when the temperature of the rack 
is above said predetermined level and is un 
balanced in the other direction when the tem 
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perature of the rack is below said predetermined 
level. 

11. An isothermal relay rack which comprises, 
in combination, a pair of ' supporting members, 
a plurality of substantially parallel flat, rectan 
gular heat-conducting mounting plates extend 
ing between said supporting members, each of 
said mounting plates having a hollow raised por 
tion on one side thereof; forming a conduit ex 
tending substantially the entire distance between 
said supporting members, means to secure 1a row 
of electrical relays to eachv of said mounting 
plates with a direct ‘heat-conducting path be 
tween the core of each relay and the mounting 
plate to which it is secured, a pair of conduits 
extending along respective .ones of said support 
ing members, separate connections from one end 
of the hollow raised portion of each of said 
mounting plates to one of said pair of conduits, 
separate connections from the other end of the 
hollow raised portion of each of said mounting 
plates to the other ofsaid pair of conduits, means 
to circulate cooling ?uid from. one end .of one 
of said ‘pair of conduits to the, correspondingly 
opposite end of the other of said, pairiof conduits, 
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Wherebycooling. ?uid is circulated through the 
hollow raised portion of each of said mounting 
plates and the temperature of said mounting 
plates is reduced to a predetermined value, and 
means to maintain the temperature of said 
mounting plates accurately to said predetermined 
level by regulating the ?ow of cooling fluid. 

12. An isothermal relay rack in accordance 
with claim 11 in which all of the hollow raised 
portions of said mounting plates are on the oppo 
site sides of said mounting plates from said pair 
of conduits. 
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