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1

APPARATUS FOR PROVIDING TEMPERATURE
GRADIENTS

This invention relates to apparatus for producing
temperature-gradients to enable the study of a group of
like specimens simultaneously at various temperatures.
The apparatus comprises a thermally-conductive me-
tallic block in which a heating source is provided at one
end and in which a cooling source is provided at the
other end, the metallic block being designed to accept
various types of specimen containers.

The types of specimens which may be studied. with
the apparatus embodying applicants’ invention are
many and varied. Microorganisms often must be stud-
ied at many different temperatures within a certain
range in order to simulate the natural conditions in
which they live. Metals and alloys must be tested to as-
certain their resistance to corrosion by various fluids
over a wide range of temperatures. In these exemplary
cases, it is desirable from the experimental point of
view that both the ongoing interaction between each
specimen and its environment and the examination and
recording of that interaction be carried out simulta-
neously. Moreover, the gradients of temperature must
be regularly and consistently produced. It is also impor-
tant that the temperature gradients are produced as
quickly as possible. For improved results, the apparatus
can vibrate the specimen-containing metallic block
during the operation at the operator’s option.

It is well-known that microorganisms have been culti-
vated in a single container whose temperature is set by
an associated heating device. With this known method,
- it is necessary to adjust the heating device very often,
or otherwise it is necessary to provide many containers,
each with its own separate heating device. Even if such
an arrangement is devised, it is nevertheless impossible
to establish continuous gradients of temperature for the
microorganism cultures. The present invention over-
comes the difficulties and disadvantages involved in the
known method, and meets the requirements pointed
out above.

According to the present invention an apparatus
comprises a bar-like block of thermally-conductive ma-
terial, such as pure aluminum, the block including a
heating source at one end and a cooling source at the
other end, and having its surfaces bored and grooved,
S0 as to accept containers of the specimens to be stud-
ied. ‘ .

A better understanding of the present invention may
be had by reference to the accompanying drawings, of
which: '

FIG. 1 is an isometric view of an apparatus con-
structed as a preferred embodiment of the present in-
vention; :

FIG. 2 is a plan view of a metallic block including a
heating source at one end and a cooling source at the
other end; '

FIG. 3 is a side view of the apparatus shown in FIG.
1, the parts being broken away to reveal internal con-
struction;

FIG. 4 is a vertical section taken along the line A-A
shown in FIG. 3; and

FIG. § is a graph showing the temperature gradients
produced by apparatus embodying the present inven-
tion.

Referring now to FIGS. 1, 2, 3 and 4, a bar-like block
1 of metal, such as pure aluminum, is mounted on a bed
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16, with its trunnions 14 supported in bearings 15 of
the bed 16, so as to be capable of oscillating or swing-
ing around the axis of rotation, about which the bear-
ings 15 are disposed. This can be accomplished by pro-
viding the block 1 with a crank (not shown) driven by
an electric motor. The block 1 is provided with
grooves 2 and 3 in its axial direction, to accept Petri
dishes of thermally-conductive material such as stain-
less-steel, in which microorganisms such as bacteria are
placed for growing and examining purposes. The
grooves 3 are smaller than the grooves 2, and are par-
ticularly adapted for accepting fine tubes of glass in
which microorganisms may be cultivated free from air.
Microorganisms may also be directly placed in these
grooves in admixture with gelatin, so that the microor-
ganisms can freely move along the length of the
grooves to attempt to find their optimum thermal con-
dition. The sides of the block are preferably bored
transversely with respect to the axial direction, the
bores being shown by the reference numeral 17, in
which L-shaped test-tubes 4 are securely inserted with
each open end directed upward (FIG. 3), ensuring that
the content of the test-tubes is safely kept in. This will
be of particular advantage when the block is vibrated
in the above-mentioned manner.

The block 1 includes a heating source at one end and
a cooling source at the other end. The cooling source
consists of a chamber 5 through which water flows
from an inlet 6 to an outlet 7. The water is previously
cooled to 0°C by a refrigerator (not shown) mounted
in the bed 16. An anti-freezing agent is added to the
water. The temperature of the water is constantly mon-
itored during the circulation in the chamber 5 by means
of a thermostat. An opening 8 is used for introducing
both the water and the anti-freezing agent, and is nor-
mally closed by a plug 9. Instead of using a chamber 5,
an extension of block 1 can be provided at the under-
face of the cooling section, with the block extension
submerged in a tank of constant-temperature water,
thus maintaining the end of block 1 at a predetermined
low temperature.

The heating source consists of electric heaters 10 and
11 (FIG. 3) mounted in the end opposite to the cooling
source. The output of the heaters 10 and 11 is con-
trolled by monitoring circuitry including a thermistor
12. For superior results, an automatic regulator of tem-
perature can be fitted near the heating source. Prefera-
bly, the regulator includes a chamber lined with stain-
less-steel, an agitator and an electric heater, whereby
the temperature in the heating section is kept within a
certain range with a negligible margin of error.

Referring now specifically to FIG. 5, the gradients of
temperature produced by the disclosed apparatus em-
bodying the present invention are shown in the graphs
of this figure. As pointed out earlier, the block 1 of that
apparatus is made of thermally-conductive material,
such as aluminum and silver, but from an economy
point of view pure aluminum is preferable. It has been
demonstrated that, with a block 1 of pure aluminum,
the variation of temperature is smooth and regular, as
evidenced by straight line plots (1), (2) and (3) in FIG.
5. The temperatures in plot (1) vary from —10°C to
80°C, those in plot (2) vary from 0°C to 60°C, and
those in plot (3) vary from 20°C to 50°C. These tem-
perature gradients can be reproduced regularly and
consistently, which is helpful for the execution of such
experiments. This advantage of the present invention
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has been repeatedly demonstrated by the applicants.

In summary, the apparatus embodying the present
invention provides temperature gradients automati-
cally and within a variable predetermined range. More-
over, when desired, the specimens under scrutiny may
be vibrated. Accordingly, experimenters are afforded
great ease of operation. The apparatus can accommo-
date many kinds of containers, thus enabling microor-
ganisms to be successfully cultivated in either a liquid
or a solid bed. The temperature gradients are linear
and repeatable, which is of particular advantage for
growing .microorganisms and examining chemical
changes of metals at many different temperatures. A
further advantage is that culture growth and examina-
tion can be carried out at one time. Otherwise, scores
of apparatus would be needed for the same work. The
apparatus embodying the applicants’ invention has
many commercial applications, e.g., in the fields of fer-
mentation, lactic-acid bacteria production, food manu-
facture, brewing, and various other chemical fields.

The advantages of the present invention, as well as
certain changes and modifications of the disclosed em-
bodiments thereof, will be readily apparent to those
skilled in the art. It is the applicants’ intention to cover
all those changes and modifications which could be
made to the embodiments of thé invention herein
chosen for the purposes of the disclosure without de-
parting from the spirit and scope of the invention.

What we claim is:

1. Apparatus operative to subject a plurality of speci-
mens in a predetermined testing environment to a pre-
determined temperature gradient which comprises:

1. a thermally-conductive receptacle member having

first and second ends;

2. means for mounting said thermally-conductive re-
ceptacle member at opposite ends thereof;

3. heater means positioned at said first end of said
thermally-conductive receptacle member;

4. cooling means positioned at said second end of
said thermally-conductive receptacle member and
operative in cooperation with said heater means to
establish a variable, predetermined temperature
gradient along the length of said receptacle mem-
ber between said heater means and said cooling
means; and

5. said member having receptacle means comprising
a thermally-conductive block having a plurality of
different openings therein for receiving a plurality
of specimens in at least one testing environment for
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subjecting said plurality of specimens in said testing
environment to said predetermined temperature,
said openings comprising a plurality of bores for
holding test tubes extending into a side of said
block and a plurality of grooves extending into the
top surface of said block.

2. Apparatus according to claim 1 wherein said
thermally-conductive receptacle members is rotatably
mounted at said first and second ends.

3. Apparatus according to claim 2 further comprising
means for imparting a predetermined type of motion to
said thermally-conductive receptacie member.

4. Apparatus according to claim 1 wherein said plu-
rality of grooves extend from said first end to said sec-
ond end to receive specimen material, and said plural-
ity of grooves comprises at least two grooves of differ-
ent dimensions.

5. Apparatus according to claim 1 wherein said plu-
rality of bores extends from said first end to said second
end to receive said tubes containing specimen material.

6. Apparatus according to claim 1 wherein said
heater means comprises at least one electric heater
mounted in said first end of said thermally-conductive
receptacle member.

7. Apparatus according to claim 1 further including
a thermistor mounted in close proximity to said heater
means and associated with monitoring circuitry opera-
tive to regulate the output of said heater means.

8. Apparatus according to claim 1 wherein said cool-
ing means comprises:

1. a chamber formed in said thermally-conductive re-
ceptacle member in proximity with said second end
thereof, said chamber having an inlet port and an
outlet port; and

2. means for circulating cooling fluid through said
chamber by means of said inlet and outlet ports and
for maintaining said cooling fluid at a predeter-
mined low temperature.

9. Apparatus according to claim 1 wherein said cool-

ing means comprises:

1. a block extension of said thermally-conductive re-
ceptacle member;

2. a tank of water in which said block extension: is
submerged; and

3. means for maintaining said tank of water at a pre-

determined low temperature.
* * * * *
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