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_ TEST TUBE HEATER 

William J. Walsh, East Dubuque, Ill., assignor to Thermo 
lyne Corporation, Dubuque, Iowa, a corporation of 
Illinois 

Filed Aug. 17, 1960, Ser. No. 50,182 
5 Claims. (til. 2119-43) 

This invention relates to a new and improved test tube 
heater suitable for medical tests and other similar appli 
cations and to a new and improved electrical control 
device for test tube heaters and similar apparatus. 

There are a number of applications in which precisely 
controlled heating of test tubes and other vessels is es 
sential. In many instances, and particularly in medical 
test procedures, it is necessary to maintain the contents 
of the test tubes or other vessels at a constant tempera 
ture over an extended period of time. To conduct tests 
of this kind in an accurate manner, it is necessary to 
heat the contents of the test tube evenly. Previously 
known devices have, in at least some instances, presented 
substantial di?iculties with respect to uniform heating of 
the test tube contents; they tend to set up temperature 
‘gradients within the test tubes. It is also necessary, in 
many procedures, for the medical technician, chemist, or 
other person conducting the test to inspect the contents 
of the test tube at periodic intervals. This should be 
accomplished without removing the test tube from the 
heater or changing its temperature. This requirement 
con?icts with the requirement for uniform heating of the 
test tube contents, since exposure of any substantial por 
tion of the test tube may cause localized cooling therein. 

' The requirement for holding precise temperature con 
trol over long periods, which may extend for at least a 
number of hours, has also led to substantial di?iculties 
in devices of this kind. The thermal-electrical control 
devices previously used in test tube heaters and in other 
similar applications are usually based upon the use of 
a temperature sensing element which is not physically a 
part of the heated device. Consequently, even though 
the temperature sensing element may be “buried” within 
the heated device, it does not always accurately re?ect 
the actual temperature of the device. This problem is 
particularly acute with respect to apparatus, such as 
test tube heaters or specialized hot plates, in which an 
exact temperature must be held regardless of changes in 
ambient temperature or other external factors. 

It is an object of the present invention, therefore, to 
provide a new and improved heater for test tubes and 
similar vessels which is effective to heat the contents of 
the test tubes evenly and completely and to hold the test 
tubes at a constant temperature over extended periods of 
time. 
Another object of the invention is to permit convenient 

and effective inspection of the contents of the test tubes, 
while the tubes are being heated, without permitting 
localized cooling of the tubes. 

Another object of the invention is to provide a new 
and improved test tube heater structure which can be 
easily and conveniently cleaned without requiring major 
disassembly of the heater. 

Another object of the invention is to provide a new 
and improved thermal control for controlling the tem 
perature of a test tube heater or similar device which is 
directly responsive to the temperature of the heated 
device and is not dependent upon an external sensing 
apparatus actuated by heat conducted thereto. 
An additional object of the invention is to provide a 

high-sensitivity thermal electrical control adapted for 
either slow make-and-break operation or snap-action 
operation of the electrical contacts. 
A heater for test tubes or similar vessels, constructed 
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in accordance with the invention comprises a heater block 
which is preferably formed from a high-conductivity high 
expansion metal such as aluminum. The heater block is 
provided with a plurality of elongated cavities, open at 
one end, for receiving individual test tubes. The depth of 
these cavities should‘be such that a major portion of the 
length of the test tube is enclosed within the lock when 
ever the test tube is mounted therein. The heater block 
is further provided with a plurality of viewing apertures 
which extend through the block, each aperture being lo 
cated at the base of one of the test tube receiving cavities. 
These viewing apertures permit visual inspection and 
cleaning of the base portion of each of the test tube 
cavities. Preferably, transparent covers are arovided on 
the heater block to cover the viewing apertures and pre 
vent air circulation therethrough. The heater is also 
provided with a thermally controlled heating device, lo 
cated at the base of the block, for heating the block and 
the test tubes to a predetermined temperature. 
The preferred form of thermal control for the test tube 

heater, which may also be employed in other similar ap 
plications, comprises an actuating member having a ther 
mal coef?cient of expansion substantially different from 
that of the heater block or other workpiece. Preferably, 
two such actuating members are employed, and V-shaped 
actuating members may be utilized to substantial advan 
tage. The actuating members are affixed directly to the 
heater block, at their opposite ends, the mounting of the 
actuating members on the block being such that the 
members are subject to substantial deformation due to 
mechanical stresses applied to the members as the direct 
result of expansion and contraction of the workpiece. 
The deformation of the actuating members is utilized to 
actuate a control switch which, in turn, controls a heater 
associated with the block. 

Other and further objects of the present invention will 
be apparent from the following description and claims 
and are illustrated in the accompanying drawings which, 
by way of illustration, show preferred embodiments of 
the present invention and the principles thereof and what 
is now considered to be the best mode contemplated for 
applying these principles. Other embodiments of the in 
vention embodying the same or equivalent principles may 
be used and structural changes may be made as desired 
by those skilled in the art without departing from the 
present invention. ’ 

In the drawings: 
FIG. 1 is a perspective view of a test tube heater con 

structed in accordance with one embodiment of the in 
vention; 

FIG. 2 is an elevation view, partly in cross-section, of 
the test tube heater, in FIG. 1 ; 

FIG. 3 is a bottom view of the test tube heater with 
the support cradle and bottom cover omitted in order to 
illustrate the thermal control device of the heater; 

FIG. 4 is an elevation view, partly in cross-section, of 
a test tube heater constructed in accordance with another 
embodiment of the invention; 

FIG. 5 is a bottom view, with the bottom cover and 
support cradle removed, showing the control apparatus 
for the heater of FIG. 4; and 

FIG. 6 is a bottom view, similar to FIGS. 3-5, illus 
trating another control apparatus constructed in accord 
ance with the invention. 
The test tube heater 10‘ illustrated in FIGS. 1-3 com 

prises a heater block 11 having a plurality of enclosed 
elongated cavities 12 for receiving individual test tubes. 
The heater block 11 is formed from a high-conductivity 
metal, such as aluminum. A preferred construction uti 
lizes an aluminum block with a dark anodized external 
surface, preferably black in color. As best shown in 
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FIG. 2, the test tube cavities 12 extend completely through 
the block 11, the base portion of each of the cavities 
being closed by a base plate 13 which extends across the 
bottom ofrthe heater block 11. Each of the test tube 
cavities ‘12 is long enough to encompass a major portion 
of the length of a test tube, as shown by the two test 
tubes 14 and 15 disposed Within the test tube cavities 12A 
and 12B at the ends of the heater block 11 in FIG. 2. . 
The base plate 13, which preferably is also fabricated 
from aluminum, comprises the top of a ?ve-sided box 
like structure 16, the bottom of the base 16 being open. 
The base 16 affords a housing for the electrical thermal 
control of the test tube heater 10 as explained in detail 
hereinafter. 

in the test tube heater 16), the heater block 11 is pro 
vided with a plurality of viewing'apertures 17 which ex 
tend transversely through the block. The viewing aper 
tures ‘or windows 17 correspond in number to the test 
tube cavities 12 and afford a means for visual inspection 
of the base portion of each of the test tube cavities. A 
pair of transparent covers 18 and 19 are mounted on op 
posite sides of the heater block 11 by suitable means 
such as the mounting screws 21. The transparent covers 
18 and 19 cover the windows 17 and prevent air circula 
tion through the viewing apertures and through the test 
tube cavities 12 without interfering with visual inspection 
of the test tube contents. The transparent covers 18 and 
19 should be fabricated ‘from a heat-resistant material. 
For relatively low temperature applications, such as blood 
coagulation tests and ‘other tests conducted below 100° 
C., a heat-resistant resin, such as the acrylic resins avail 
able under the trade names “Lucite” and “Plexiglas,” 
may be utilized for the covers. For high temperature ap 
plications, it may be necessary to adopt a high tempera 
ture glass or other material. 
As noted hereinabove, the test tube heater 10 includes 

heating means mounted in the base 16 for heating the 
block 11 and any test tubes mounted therein to a pre 
determined constant temperature. In the test tube heater 
10, the heating means comprises a resistance-wire heater 
22 of relatively simple construction comprising an elon 
gated length of resistance wire mounted upon an insulat 
ing base member. The resistance wire is disposed on the 
upper face of the heating member to afford good thermal 
conduction to the base plate 13‘ and, hence, to the heater 
block 11. It may be electrically insulated ‘from the plate 
13 by any suitable means, such as a layer of ‘glass tape. 
Of course, the base plate 13 can be fabricated as an inte 
gral part of the heater block 11, if desired, but the illus 
trated construction affords adequate thermal conductivity 
and even heating of the heater block, and is less expensive 
and easier to clean than an integral construction. 
The thermal control apparatus for the test tube heater 

10 is best illustrated in FIG. 3 and comprises a pair of 
substantially V-shaped actuating members 24 and 25 
which are mounted on the heater block 11 with the apex 
26 of the member 24 located directly opposite the apex 
27 of the member 25. As described in detail hereinafter, 
the control action in the thermal control apparatus of 
the heater 10 depends primarily on expansion of the block 
11. To avoid substantial variations in control act-ion 
due to changes in ambient temperature, the "actuating 
members 24 and 25 are preferably fabricated from a ma! 
terial having a low coe?icient of thermal expansion, the 
smaller the better. For example, the alloy known as 
“N-ilvar” is quite suitable; it has virtually zero coe?icient 
of thermal expansion. Of course, other means can be 
employed for ambient temperature compensation. Thus, 
if the base portion of the heater, containing the members 
24 and 25, were insulated from the heater 22 and arti? 
cially held at a ?xed temperature, the actuating members 
could be formed from virtually any material, but arrange 
ments of this kind are more expensive and complex than 
the preferred construction shown herein. 

10 

The two actuating members 24 and 25 are substantially 
C-shaped in cross-section, to afford adequate rigidity, 
but are cut away at the central or apex portions thereof 
to permit the actuating members to bend and de?ect to 
ward and away from each other as explained herein 
after. The members 24 and 25 are not mounted upon the 
base plate 13, but are directly secured to the heater block 
11. More speci?cally, one end of each of the actuating 
members is spot welded or otherwise securely a?ixed to 
a mounting block 28, whereas the opposite end of each 
actuating member is similarly af?xed to a second mount 

. ing block 29. The mounting lock 28 is af?xed to the 
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heater block 11 by means of a screw ‘32 that extends 
through the base plate .13 and is threaded directly into 
the heater block 11 ‘(see FIG. 2). The same construc 
tion, using a mounting screw 33, is employed for the 
mounting block 29. The apertures in the base plate 13 
through which the mounting screws 32 and 33 extend may 
be made slightly larger than the shank portions of the 
screws so that the base plate does not bind the screws. 
in effect, therefore, the mounting blocks 28 and 29 are 
made an integral part of the heater block. 
A ?rst cantilever spring contact arm 34 is mounted 

upon the actuating member 25 by suitable means such as 
a mounting bolt 36; an insulating bushing is utilized to 
insulate the contact arm 34 electrically from the actuat 
ing member. The spring contact arm 34 is electrically 
connected to one side of a power line 37. through the 
mounting bolt 36. A contact element 38 is preferably 
mounted at one end of the cantilever contact arm 34. An 
adjusting screw 39 may be mounted on the member 25 
in position to engage the contact arm 34 and adjust its 
position relative to the actuating member. 
A second cantilever spring contact arm 41 is mounted 

upon the actuating member 24; this contact arm is sub— 
stantially similar to the spring contact arm 34 and is 
mounted upon the actuating member 24 by suitable means 
such as a mounting bolt 42. The contact arm 41 is elec 
trically connected, through the bolt 42 to the resistance 
wire ‘43 of the heater 22. Suitable means are provided, 
of course, to insulate the contact arm 41 electrically ‘from 
the member 24. A contact element v44 is provided at 
the end of the cantilever contact arm 41 and is normally 
disposed in engagement with the contact element 38 on 
the arm 34. A capacitor 45 may be electrically connected 
across the two contact arms 34 and 41 to reduce arcing 
between the cont-act elements 38 and 44 during operation 
of the control. 
The base 16 of the test tube heater 10 could be left 

open but preferably is enclosed by a closure plate or 
cover 46 which is secured to the base by means of a 
plurality of screws 47 (see FIGS. 1 and 2). In the 
illustrated construction, the bottom plate 46 is provided 
with a pair of up-turned ?anges which engage the bottom 
of the heater 22 and hold the heater in position against 
the base plate 13. A plurality of insulated feet 48 may 
be mounted upon the closure plate 46. 
A pair of trunnion members 51 and 52 are mounted 

at the opposite ends of the heater block 11, as best shown 
in FIG. 2. The trunnion members '51 and 52 should 
be made of a heat-insulating material, and may be se 
cured to the heater block by any suitable means such 
as the mounting screws 53 and 54. Each of the trun 
nion members 51 and 52 is provided with an annular 
recess in the central portion thereof, the recessed por 
tion engaging aslot in one of the legs 55 and 56 of a 
support cradle 57. Thus, the heater block 11 is pivot 
ally mounted upon the support cradle 57 to permit tipping 
of the heater block to ‘any desired angle for inspection 
of the test tubes, such as the test tubes 14 and r15. This 
pivotal mounting also makes it convenient to agitate the 
heater block if required by the process in which the heater 
10 is employed. The cradle 57 is provided with a plu 
rality of insulated feet ‘58 to support the cradle upon any 
desired surface. 
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‘In the utilization of the test tube heater 1%, one or 
more test tubes are disposed in the heater block \11 in 
the manner illustrated by the test tubes 14 and 15 in 
FIG. 2. As noted hereinabove, the major portion of 
each test tube is encompassed within the heater block. 
Preferably, the level to which the test tubes are ?lled 
is kept below the upper surface 59 of the heater block. 
The power cord 37 is connected to a suitable power 
source, such as a conventional 115 volt AJC. supply. 
As a consequence, the heater 22 is energized, heating 
the block 11 and the contents of the test tubes. Be 
cause a major portion of each of the test tubes is fully 
encompassed within the heater block, heating of the 
test tubes and their contents is quite uniform. The con 
dition of the test tube contents can be readily observed, 
at any time, through the transparent covers 18 and ‘19 
and the windows 17 in the base of the test tube cavi 
ties. On the other hand, the covers 18 and 19 pre 
vent any air circulation through the apertures 17, so 
that localized cooling of the test tubes, which might 
result from direct exposure to the air through windows 
of substantial size, is prevented. If the contents of any 
of the test tubes, or other foreign material, becomes 
lodged at the bottom of any of the test tube cavities 12, 
one or both of the transparent covers 13 and 19 can 
be conveniently removed from the heater block 11. With 
the transparent covers removed, the apertures 17 in the 
heater block a?iord convenient ‘access to the cavities so 
that they can be quickly and thoroughly cleaned. More 
over, all of this can be accomplished without disturbing 
the electrical control apparatus mounted in the base 116 
in any way. 
The contact elements 38 and v44 of the electrical con 

trol for the heater 1% (see FIG. 3) are normally en 
gaged with each other. The energizing circuit for the 
heater 22 includes, in series, the contacts 33 and 44. 
As the heater 22 heats the block 11, the heater block 
expands. As the heater block expands, the two mount 
ing blocks 28 and .29 are displaced away from each other, 
the displacement being directly representative of the ex 
pansion of the heater block because the two mounting 
blocks are directly secured to the heater block. -As the 
mounting blocks 28 and 29 move away from each other, 
due to thermal expansion of the heater block, the two 
actuating members 24 and 25 are deformed from their 
original con?guration. That is, the elongation of the 
actuating members caused by the movement ‘of the mount 
ing blocks 28 and 29 tends to ?atten the V-shaped ac~ 
tuating members and move their apex portions 26 and 
27 away from each other. Accordingly, the two con 
tact arms 34 and 41 move away from each other, and 
eventually, the contact elements 33 and 44 separate, open~ 
ing the energizing circuit for the heater 22. As noted 
hereinabove, the capacitor 4-5 connected across the two 
contacts is e?ective ‘to minimize arcing between the con 
tacts'when the circuit is opened. 
When the contacts 38 and 44 have separated, and the 

heater 22 is de-energized, the block ‘11 starts to cool. 
As the heater block cools it contracts, and the two mount 
ing blocks 28 and 219, which are in elfect a part of the 
heater block, move back toward each other. Conse 
quently, the two V-shaped actuating members 24 and 25 
return toward their original positions, relative to each 
other, with the result that the contacts 38 and 44 again 
engage. This restores the energizing circuit for the heater 
22 and the heating cycle is repeated as described herein 
above. 
The test tube heater 1!] can be utilized for heating 

test tubes to any ?xed temperature within a relatively 
broad range by adjusting the initial position of the con 
tact arm 34, using the adjusting screw 39. Thus, if the 
adjusting screw 39 is advanced, it tends to bend the 
spring arm 34 toward the arm ‘41. As the heater block 
11 is heated, pulling the members 24 and 25 away from 
each other due to the mechanical stresses applied to the 
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6 
actuating members, the contacts 38 and 44 remain in 
contact until the free end of the arm 34 is straightened. 
Thereafter, continued de?ection of the members 24 and 
25 separates the two contacts. Further advancement of 
the adjusting screw increases the temperature at which 
the contacts separate. If the adjusting screw 39 is re 
treated, the disengagement of the contacts ‘38 and 44 
takes place at ‘a lower temperature. 

It is important that the two actuating members 24 
and '25 be directly and rigidly secured to the heater 
block 11. en this is done, the stresses applied to 
the two actuating members are directly representative of 
the expansion and contraction of the heater block 11 
and, accordingly, are directly representative of the tem 
perature of the heater block. Consequently, the operat 
ing temperature for the control system is not affected 
by changes in ambient temperature ‘or by other external 
factors and is made much more sensitive to the actual 
thermal condition of the heater block or other work 
piece than if the ‘actuating members were controlled 
by a sensing device responsive to heat reflected from or 
otherwise conducted from the workpiece through some 
intermediate structure. Of course, it would be possible 
to utilize only one of the ‘actuating members, such as 
the members 24 and 25, and to mount a second electri 
cal contact directly on the base of the heater. The use 
of two V-shaped actuating members is preferred, .how 
ever, since this aifords a more sensitive control and makes 
it possible to hold a given temperature within closer 
tolerances. 
As noted hereinabove, the pivotal mounting of the 

heater block 11 on the support cradle v57 makes it possible 
to tip the heater block for improved viewing and to 
agitate the heater block during the course of a heating 
operation. It is important that the trunnions 51 and 52 
be formed from insulating material. If metal trunnions 
are employed, the heat loss from the ends of the block 
may well be sut?cient to reduce the temperature of the 
two end cavities 12A and 12B below that of the interior 
cavities 12. This, of course, may result in inaccurate 
test results with respect to any test tubes mounted at the 
ends of the heater block 11 and is therefore undesirable. 

FIGS. 4 and 5 illustrate a test tube heater 110 which 
comprises a second embodiment of the present invention. 
The heater 110 is constructed primarily for use on high 
temperature applications, whereas the heater 10 described 
hereinabove is intended primarily for relatively low tem 
perature applications. More particularly, the heater 10 
of the ?rst described embodiment is intended primarily 
for use in tests and other heating applications in which 
the test tubes and their contents are maintained at a con 
stant temperature below 100° C., whereas the heater 110 
is adapted for use in tests running to substantially higher 
temperatures. 

In many respects, the heater 110 is essentially similar 
to the heater 10. Thus, the heater 110 comprises a 
heater block 111 having a plurality of elongated test tube 
receiving cavities 112, the construction of the block being 
best shown in FIG. 4. A test tube 14 is shown mounted 
in one of the cavities 112 at the left-hand end of the 
block. As before, the heater block 111 is mounted upon 
a hollow sheet metal base 16, the bottom of each of the 
cavities 112 being closed by the top plate 13 of the base. 
A pair of insulated trunnion members 51 and 52 are 
mounted on the heater block 111 by suitable means such 
as the screws 53 and 54. As before, the trunnions are 
utilized to support the main heater on the upstanding 
legs 55 and 56 of a support cradle 57. The support 
cradle is provided with a plurality of insulated feet 58. 
A similar plurality of insulated feet 48 are mounted on 
the bottom plate as of the heater base 16 to permit use 
of the heater independently of the support cradle 57. 
The test tube heater 119 is provided with a resistance 

wire heater 122 that is mounted immediately below the 
top plate 13 of the base 16 (see FIGS 4 and 5). The 
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heater 122 is essentially similar to the heater 22,‘ except 
that it is constructed to afford a substantially greater heat 
output than the previously described embodiment. 
Again, the heater may be supported in heat-transferring 
relation to the plate 13 by means of vertically extending 
?anges which form a part of the bottom cover 46 of the 
base 16. 
The heater block 111 is provided with a plurality of ' 

viewing apertures 117 which extend through the block. 
These apertures or windows 117 correspond in number 
to the cavities 112 and extend through the cavities to en 
able the user of the heater to observe the contents of 
test tubes or similar vessels being heated therein. Win 
dows 117 are generally similar to the windows 17 in the 
heater 10 (FIGS. 1 and 2) but are substantially smaller, 
being con?ned to the very bottom portion of each of the 
cavities 112. If necessary for effective inspection of the 
test tube cavities, the windows could be located higher 
up in the block 111. The size of the windows 117 effec 
tively limits air circulation therethrough and makes it 
possible to omit taransparent covers for the windows in 
this embodiment of the invention. On the other hand, 
the transparent cover construction shown in FIGS. 1 and 
2 is preferred, particularly if it is necessary to enlarge the 
windows 117 to any substantial size. 
The control system for the heater 110, which is best 

illustrated in FIG. 5, comprises a pair of actuating mem 
bers 124 and 125 which are essentially V-shaped in con 
?guration and which have their apex portions 126 and 127 
aligned with each other. The actuating members 124 
and 125 are rigidly af?xed, as by spot welding, to a pair 
of mounting blocks 128 and 129 located adjacent the 
opposite ends of the heater block 111 As before, the 
mounting blocks are directly and rigidly secured to the 
heater block by suitable means such as the mounting 
screws 132 and 133 so that the mounting blocks move 
toward and away from each other directly in response to 
expansion and contraction of the heater block. 
A mounting stud 135 is mounted upon the actuating 

member 124, being insulated from the member 124 by 
an insulating bushing 136. A contact arm 137 is mounted 
upon the mounting stud 135 but is electrically insulated 
with respect thereto by means of an insulating bushing 
138. A ?rst electrical contact element 139 is mounted 
upon the cantilever arm 137, an electrical connector 141 
being provided for the contact element 139. The con 
tact arm 137 extends beyond the contact element 139 and 
is engaged by a ?rst adjustment member comprising an 
adjusting screw 142 that is mounted upon a bracket 143, 
the bracket 143 being a?ixed to the second actuating mem 
ber 125 of the control device. 
The control arrangement illustrated in FIG. 5 further 

includes a second contact element 144 that is mounted 
upon a ?exible cantilever spring 145. The ?exible spring 
145, in turn, is a?ixed to a relatively stiff cantilever spring 
arm 146 that is mounted upon and extends outwardly of 
the mounting stud 135, being electrically connected there 
to. A snap action adjusting member, comprising an ad 
justing screw 147, is mounted upon the relatively stilt 
spring member 146 and engages the free end of the ?ex 
ible spring arm 145 to aiiord a means for adjusting the 
free end of the spring 145, and hence the contact 144, 
toward and away from the ?rst contact 139. A second 
adjusting member, comprising a threaded shaft 148, is 
mounted in a bushing 149 on the actuating member 124 
and extends through the bushing into engagement with 
the relatively stiff spring arm 146. The tip 151 of the 
adjusting member 148 is formed of insulating material so 
that the adjusting member is electrically insulated from 
the operating circuit of the control device. 
The control system illustrated in FIG. 5 further in 

cludes a magnetic snap action control means. ' This snap 
action control meatns comprises a permanent magnet 152 
of generally annular con?guration disposed in encompass 
ing relation to the ?rst electrical contact element 139. 
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'5 
The snap action control further includes a keeper member 
153 of substantially disc-like con?guration which is dis 
posed in encompassing relation to the contact 144. The 
permanent magnet 152 is magnetized in a direction to at 
tract the keeper member 153 and maintain the contacts 
139 and 144 normally in contact with each other. 
The operation of the embodiment of FIGS. '4 and 5 

is essentially similar to that of FIGS. 1-3 except that the 
control arrangement illustrated in FIG. 5 is a rapid make 
and-break device as contrasted with the slow make-and— 
break control system shown in FIG. 3. The use of a 
snap action control in a high temperature heater is highly 
desirable, because the current drawn by the heater is rela 
‘tively large and a slow make-and-break device may pro 
duce excessive arcing and consequent wear and deteriora— 
tion of the contacts. 7 
When the heater 111i is placed in operation, the heat 

ing element 122 of the heater is energized through an 
operating circuit whiohfincludes, in series, the contacts 
139and 144. As noted hereinabove, these contacts are 
normally disposed in engagement with each other. With 
continued operation of the heating element ‘122, the block 
1111 increases in temperature and expands. As a conse 
quence, the mounting blocks 128 and 129 move away 
from each other, stretching ‘the actuating members 124 
and 125 and tending to ?atten these members. As a re 
sult, the contact 139 is pulled downwardly, as seen in 
FIG. 5, since the arm 137 is constrained to move con 
jointly with the actuating member 125 due to engagement 
of the arm 137 by the adjusting screw 142 mounted on 
the bracket 143. The other contact arm, comprising the 
spring members 145 and 146, [tends to move in the oppo 
site direction in accordance with the movement of the 
actuating member 124. Thus, the two arms tend to pull 
the contacts ‘139 and 144 apart and, when the force 
applied to the arms is su?icient to overcome the magnetic 
attraction between the magnet 152 and the magnetic 
keeper 153, the contacts snap open. 
As soon as the contacts 133 and 144 are disengaged, 

the operating circuit for the heater 122 is broken. Sub 
sequently, the heater block 111 cools, since it is no longer 
being heated by the heating element 122. As the block 
cools, the two mounting blocks 128 and 129 move back 
toward each other, due to contraction of the heater 
block, again bending the two V-shaped actuating mem 
bers toward each other. When the actuating members 
124 and 125 have moved close enough to each other for 
‘the magnetic attraction between the members 152 and 
153 to overcome the spring bias of the ?exible spring arm 
145, the contacts again snap closed and the heating cycle 
is re-initiated. 
The three adjusting members ‘142, 147 and 148 ‘of the 

control system illustrated in FIG. 5 make it possible to 
obtain highly accurate and effective control of operation 
of the heater 110. The initial position of .the contact 139 
is adjusted by means of the adjusting screw 142. The 
position of the contact 144 relative to the stiff cantilever 
spring arm 146 is adjusted by means of the adjusting 
member 147. This adjustment is utilized to obtain etfec 
tive snap action in operation of the control. Finally, the 
adjusting member 148 can be utilized to control the effec 
tive operating range of the contacts 139 and 144, thereby 
controlling the duty cycle of the heater. This control 
arrangement makes it possible to maintain the heater 
block 111 at a relatively high constant temperature, with 
in close limits, for inde?nite periods of time. Further 
more, and as in the embodiment of FIG. 1, the tempera 
ture of the block 111 is 1held constant regardless of 
changes in ambient temperature, since the eiiect of am 
bient temperature on the heater block'111 and on the 
control system is re?ected in operation of the actuating 
members 124 and 125 in the same manner as tempera 
ture changes induced by the heating element 122. The 
snap action mechanism of the control device illustrated 
in FIG. 5 is substantially similar, in many respects, to 
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the control apparatus described and claimed in the co 
pending application of Cleophas B. Anderson, Darrlle D. 
Moore and William J. Walsh, Serial No. 856,164, ?led 
November 30, 1959, now Patent No. 2,960,588, issued 
November 15, 1960, and reference may be had to that 
patent for a more complete description of the operational 
advantages and structural features of the snap action 
portion of the control. 

FIG. 6 illustrates another test tube heater 210, and 
speci?cally the control apparatus of the heater, the heater 
214} being substantially similar in most respects to the 
embodiment‘ of’ FIGS. 1-3. Thus, the control arrange 
ment shown in FIG. 6 includes the two mounting blocks 
28 and 29, mounted upon a suitable workpiece such‘ as 
the heater block 111 of FIG. 1' for displacement relative 
to each other in response to expansion and contraction 
of the workpiece. As‘ before, the two actuating members 
24 and 25 are mounted upon the mounting blocks 28 and 
2,9 with the apex portions 26 and 27 disposed immediately 
opposite each other. 

In the construction shown in FIG; 6, a relatively small 
enclosed switch 211 having ‘a control member 2112 is 
mounted upon the actuating member 25 and is connected 
in series in the energizing circuit for the heating element 
212. An adjustable switch actuating element 213 is 
mounted upon the actuating member 24 in electrically 
insulated relation thereto and extends into engagement 
with the switching control member 212 of the switch 211. 
The actuating element 213 can be adjusted toward and 
away from the switching member 212. 
When the heater 210 is placed in operation, the heating 

element 22 is energized through the operating circuit 
which includes, in series, the switch 211. The switch 211 
is normally held in closed condition by engagement of 
the switch actuating element 213 with the switching mem 
ber 212. As the workpiece heated by the heating element 
22 expands, the mounting blocks 28 and 29 that are 
secured to the workpiece move away from each other, 
eifeotively ?attening the two V-shaped actuating mem 
bers 24 and 25. As a consequence, the switch 211 and 
the switch actuating element 2113 move away from each 
other until, eventually, the ‘actuating element releases 
the switching member 212, permitting the switch 211 to 
open. As a consequence, the heating element 22 is de 
energized and the workpiece being heated begins to cool 
and contract. Accordingly, the actuating members 24 
and 25 are slowly returned toward their original con 
?guration, with the result that the actuating element 213 
again engages the switching member 212 and closes the 
switch 211 to initiate another heating cycle. It is thus 
seen that the construction of FIG. 6 operates in essen 
tially the same manner as the control arrangement de 
scribed hereinabove in connection with FIG. 3. 

Hence, while preferred embodiments of the invention 
have been described and illustrated, it is to be under 
stood that they :are capable of variation and modi?ca 
tion. 

I claim: 7 

l. A test tube heater comprising: an aluminum heater 
block having a dark anodized surface and having a plural 
ity of elongated cavities therein ‘for receiving individual 
test tubes of ‘given length, said cavities having a height 
greater than one-half said length, said heater block fur 
ther having a corresponding plurality of viewing apartures 
each extending through only the base portion of a re 
spective one of said cavities to permit visual inspection 
and cleaning of the base portion of said cavity; a pair of 
cover members ct transparent heat resistant material re 
movably mounted on opposite sides of said block to pre~ 
vent air circulation through said viewing apertures and 
said cavities; and heating means, at the base of said block, 
for heating said block and the contents thereof to a pre 
determined temperature. 

2. A test tube heater comprising: a metal heater block 
having a plurality of elongated cavities therein for receiv 
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ing individual test tubes, said heater block ‘further having 
a corresponding plurality of viewing apertures extending 
transversely through said cavities and permitting visual 
inspection of the base portion of each of said test tube 
receiving cavities; a heater base, mounted on said block, 
and closing o? the base ends of said cavities, heating 
means, mounted on said base, for heating said block and 
the contents thereof to a predetermined temperature; a 
support cradle; means for pivotally mounting the heater 
block, at its ends, upon said cradle; and insulating means 
for inhibiting heat transfer lfI‘Ol'l'l said heater block to said 
cradle to prevent excessive temperature dilierentials be 
tween diiierent cavities in said block. ‘ 

3. A test tube heater comprising: a high conductivity 
metal heater block having a plurality of elongated cavi 
ties therein for receiving individual test tubes of given 
length, said ‘cavities having a height greater than one-half 
said length, said heater block further having acorrespond~ 
ing plurality of viewing apertures extending through the 
base portion of said block, through said cavities, to per 
rnit visual inspection and cleaning of the base portion of 
each of said test tube receiving cavities; a pair of heat 
[resistant transparent covers removably mounted on op~ 
posite sides of said block to prevent air circulation through 
said viewing apertures ‘and said cavities; electrical heat 
ing means, at the base of said block, for heating said 
block and the contents thereof to a predetermined tem~ 
perature; a pair of V-shaped actuating members, each 
having a thermal coe?‘icient of expansion substantially 
smaller than that ‘of said block, each‘ a?ixed at its oppo 
site ends to said block with the apices of the members 
aligned with each other, said members each being sub 
ject to substantial deformation from mechanical stresses 
applied thereto in response to expansion and contraction 
of said workpiece, said members each being partially 
cut away at the apex to ‘afford a hinge portion; and a con 
trol switch, interposed between said actuating members 
and actuatable between an open condition and a closed 
condition in response to predetermined deformations of 
said members, said control switch being ‘electrically con 
nected to said electrical heating means to control energiza 
tion of the heating means and maintain the block at a 
constant temperature. 

4. A thermal control for controlling the temperature 
of a workpiece having a given thermal coe?icient of ex 
pansion, said control comprising: a pair of actuating 
members having a thermal coe?‘icent of expansion sub 
stantially different from that of said workpiece, a?‘ixed 
directly to said workpiece, said actuating members each 
having a con?guration subject to substantial deformation 
trom mechanical stresses applied thereto in response to 
expansion ‘and ‘contraction of said workpiece; a ?rst elec 
trical contact element, mounted on one of said actuating 
members and movable iirom- a given normal position in 
response to deformation of said members; a second elec 
trical contact element; resilient support means mounting 
said second contact element in position to engage said 
?rst contact element when in said normal position and 
effective to disengage said second contact element from 
said ?rst ‘contact element when said ?rst contact element 
is moved through a predetermined distance; magnetic 
control means for eifecting a snap action in engagement 
and disengagement of said contacts, said magnetic control 
means comprising a cup-shaped permanent magnet mem 
ber mounted in encompassing relation to one of said ?rst 
and second contacts and a ferro-imagnetic keeper member 
mounted adjacent the other of said contact elements, said 
magnet and keeper members forming a magnetic struc 
ture substantially totally encompassing the contact sur 
faces of said contact elements and affording a magnetic 
?eld tending to dampen arcing between said contacts; and 
independent gross and ?ne adjustment devices, engaging 
said resilient support means, for adjusting the effective 
operating range of said contacts to ‘adjust the duty cycle 
of the device and for adjusting the initial starting position 
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of said second contact, respectively, said ?ne adjustment 
device being mounted on the other of said actuating 
members. 

5. A thermal control for controlling the temperature 
of a test tube heater ‘block or like workpiece having a 
given thermal coei?cient of expansion, said control com 
prising: a pair of V-shaped actuating members, having a 
thermal \coe?icient of expansion substantially di?erent 
from that of said workpiece, af?xed directly at their ends 
to said workpiece with their apices aligned with each 
other, and subject to substantial deformation from me 
chanical stresses applied thereto in response to expansion 
and contraction of said workpiece; a ?rst electrical con 
tact element, mounted on one of said actuating members 
and movable from a given normal position in response to 
deformation of said members; a second electrical contact 
element; an adjustable positioning member, mounted on 
the other of said actuating members and effectively en 
gaging said ?rst contact element, for determining the 
normal position of said ?r-stcontact element; resilient 
support means mounting said second contact element in 
position to engage said ?rst contact clement when in said 
normal position and e?ective to disengage said second 
contact element from said ?rst contact element when said 
?rst contact element is moved through a predetermined 
distance; magnetic control means for e?’ecting ‘a snap 
action in engagement and disengagement of said contacts, 
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said magnetic control means comprising ?rst and second 
magnetic members mounted adjacent said ?rst and sec 
ond elements, respectively, and forming a magnetic ?eld 
substantially totally encompassing the contact surfaces of 
said contact elements; means for adjusting the e?iectivel 
operating range of said contacts to adjust the tempera 
ture of the device; and means for independently adjust 
ing the initial starting position of said second contact. 
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