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: Gtir invention relates in general to electical 
eleinents and a method of processing the same, 
and particularly gelates to a method of subjecting 
a finished or semi-finished element to a calibra tion procedure. 

For gonveniece of description the method will 
be described as it is applied to the calibration of 
electical resistors. Of the type known as glass 
beadthermistors, although we perceive our inven: 
tion in its broadei aspects as being readily adapts 
able to the processing of other kinds of electrical 
elements-capacitors, for example. 
: In the manufacture of these themistOS it aps 
pears to be inherent that close tolerance values 
are not readily obtainable. Thilis a thermistor 
supposedly having a nominal value of 2,000 ohms 
at 25° C. may actually have a value anywhere 
between 1600-2400 ohinis. That is, it is manufac 
tured to a tolerance of plus or minus-20%, and it 
appears that closer toleranice values are not easily 
obtainable in present manufacturing processes 
without prohibitive cost. On the other hand, 
many circuit designs for the use of Such elements 
may have calibration tolerance reguirements of 
the order of plus or minus 1%. Particularly is 
this so in many electronic applications. 
Another objection to wide tolerances of elect 

trical elements is the problem of interchange 
ability in critical circuits. That is to say, after 
an electrical apparatus has been calibrated at the 
factory before shipment, it is particularly desir. 
able from the standpoint of maintenance and 
servicing that replacement elements in the appa 
ratus not upset the calibration of the circuit and 
result in unsatisfactory function after being serv 
iced. 

It is therefore a primary object of our inven 
tion to provide a simple, inexpensive method of 
processing electrical elements to a desired calibra 
tion tolerance. ... w 

It is a further object to provide a method of 
processing electrical elements of the type wherein 
a plurality of conductors are intimately assos 
ciated with a separating medium, the said medium 
having a primary electrical characteristic which 
it is desired to change so that the element when 
calibrated has a final electrical response chair 
acteristic curve that is unchanged in shape or 
slope but which curve is confined within a desired 
calibration tolerance. It is a particular object to provi 
of processing thermistors of the beadston-glass. 
probe type, so that the thermistor has a final elec 
trical response characteristic curve of unchanged 
shape or siope, which citive is confined within a 
desired calibration toleiafice. Stich theiristors 5 
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usually comprise a pair of conductors imbedded 
in 6r electrically associated with a 5éaéief a 
metallic oxide semi-conductor, the whole thei 
being enclosedlinia thin glass envelopeii intifiate 
thermal contact there withi. r. 
It is a further object to provide a néthéa-6f 

pro?essing glass bead thermistors and the like, 
whereby the response chiaráctéristic curves of the 
thefnistórs are not altéréd withiespect to shape 
Ör slope, but are merely displaced substäntisfy 
linearly with respect to one of the coordinates of 
the curve. - . . . . . . . 

Further objects will be appareiht upon córisis 
eration of the preferred embodiment of thesia 
vention shown. on the drawing and described in 
detail herein. As a foienenitioned, it is contens 
piated that the invenition is adaptable to the 
calibration of other electrical elements thian 
thermistores, hence it is intended that the desertips 
tive matter contained herein shall be interpreted 
as being exemplary rather than as being restric 
tive of the scope of the invention, 

Referring to the diaWing, - 
Fig. lis a greatly enlarged ciross-sectional view 

of a glass-bead thernistor. 
Fig. 2 is a cross Sectional view of a glassbead 

thermistor after processing. . . . . . ." . 
Fig. 3 shows one method of processing a thers 

mistor, together with the electrical circuit used 
for continuous calibration; and 

Fig. 4 shows characteristic curves of the theirs 
mistor before and after calibration 
In Figl a bead-on-glass-probe type of thers 

mistor i0 is shown. Such a thermistor comprises 
& glass probe. Within which are imbedded a pair 
of conductors 2, the ends of which are imbedded 
in the bead. 3 comprised of a metallie oxide 
semi-conductor. A thin glass enveloge 4 at thi 
ead of the prgbe encloses the bead 3 and 
goridugitors 2 for a substantial distance along 
their length, thereby forming a unitary probe 
structure having requisite strength. adirigidity. 

In the practice of the invention a Whea 
bridge circuit 20 of Fig. 3 is employed if 
calibration processing of the thermistoffo. 
Matched resistors 2i and 22 constitute the fixed aims of the bridge while a reference th 
23 and the thermistor ?econstitute the variable 
arms of the bridge. For the purpose of main 
taining the reference thermistor 23 at a constant 
reference temperattire it is desirable that this 
thermistor be immersed in a uniform temperaturé 
bath 24, which may be of mercity, di er 

6 stipply tra. liquid. A battery 25 is provided to 
rent through a switch 26 to the bridge aid a 
galvanometer 27 is connected to the bridge in the 

  



well known manner through a series variable 
resistor 28 which is shunted by a normally-open 
Switch 29. A switch 30 is provided to short-cir 
cuit the thermistor 0 for a purpose to be de 
Scribed below. 

In the practice of our invention, we prefer that, 
for reference thermistor 23, one be selected 
possessing at any reference temperature the re 
sistance at that temperature desired in the ther 
mistor to be calibrated. That is, if it is desired 
to process thermistor to a nominal resistance of 
1500 ohms at 100 F. Within a tolerance of plus 
or minus 1%, then it is preferable that thermistor 
23 have the value of 1500 ohms at the temperature 
of 100 F. It is, of course, possible to correct 
for minor deviation therefron by changing the 
values of matched resistors 2 and 22 in a manner 
known to those skilled in the art. 
As noted hereinabove, the calibration proceSS 

comprises, in general, changing the primary elec- 5 
trical characteristic of the medium separating the 
conductors, which, in this case, involves changing 
the resistance of bead 3. Such a change in the 
primary electrical characteristic of the naedium. 
may be accomplished by changing the volume or 
mass of the medium. We prefer to do this by 
grinding the end of the thermistor on a grind 
ing wheel 3 driven by a motor 32, as shown in 
Fig. 3, for example. It is apparent, of course, that 
the reduction of the mass of the bead 3 may be 
accomplished in a variety of ways. For example, 
it may be more expedient to remove portions by 
drilling, or by other methods dictated by choice 
or circumstances. 

During the grinding process the temperature : 
of thermistor will be elevated, and it is possible 
for its temperature to rise to Such an extent, above 
575° F., for example, as to permanentiy change 
the temperature-response versus resistance char 
acteristic of the element. In Order to aSSure 
against such abnormal temperature rise, our 
invention contemplates the use of the bridge cir 
cuit in Such manner that the galvanometer will 
give a partial scale reading during the grinding 
operation, before such limiting temperature is 
reached, for example, at 300 F. 
The preliminary bridge calibration procedure 

for accomplishing such use of the bridge circuit 
is as follows: (1) the reference thermistor 23, 
connected as shown, is placed in the bath 24, 
which is conveniently at room temperature; (2) 
switch 29 remains open and switches 26 and 30 
are closed; (3) variable resistor 28 is adjusted SO 
that the galvanometer 27 gives a full Scale read 
ing; (4) thermistor 9 is replaced in the bridge 
by a precision resistor having a resistance which 
is equal to that of a standard calibrated ther 
mistor at 300° F.; (5) with switches 29 and 30 
open and switch 26 closed, the reading of gal 
vanometer 27 is noted; (6) the precision resistCr 
is then replaced by thermistor i. 

Calibration processing of the thermistor 
while it is in the circuit may now proceed by the 
grinding operation aforementioned, taking care 
to observe the galvanometer during the opera 
tion, and whenever the temperature of the ther 
mistor reaches 300° F. the galvanometer 27 will 
give a reading like that obtained in steps (4) 
and (5) described above, at which time the 
grinding is stopped until the thermistor cools 
down. 
... Frequent checks of the progress are accom 
plished by dipping the thermistor 0 into the 
uniform temperature bath 24 and noting the gal 
yanometer reading. As the reading approaches 
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Zero the thermistor is approaching its specified 
calibration point. The switch 29 provides sen 
Sitivity of calibration without endangering the 
galvanometer by large bridge unbalances. Thus, 
as the galvanometer reading approaches zero 
when readings are taken, the switch 29 may be 
closed to provide more sensitive determination of 
the balance of thermistors ) and 23. Switch 29 
Inay be of the spring push button type in order 
that it will not be inadvertently left closed, and 
will be closed only when a sensitive reading is 
to be taken. 
The scale of the galvanometer 27 may be grad 

luated in percentages so as to give a direct reading 
of the percentage difference of resistance existing 
between the standard reference thermistor and 

In this Way, 
thernistors may be processed to any tolerance 
Without changing any of the steps in the process. 

It should be noted that it, may be necessary 
to dip, the thermistor in a light machine oil or 
other Suitable protective coating medium (which 
may be floated on the Surface of the uniform 
temperature bath) prior to dipping it in the bath 
for calibration check. This is so if the bath is 
Inercury or other liquid conductive of electricity, 
otherwise the conductive liquid would short 
acroSS the exposed Surface of the bead 3 and 
conductors 2 to give false readings. With re 
Spect to the uniform temperature bath 24, We 
Wish to point out that it need be at no particular 
temperature, Since it merely insures that the 
innersed thermistors () and 23 are at the same 
temperature when readings are taken. 
After the calibration processing is completed 

the end of the thermistor which has been ex 
posed by grinding may be given a protective coat 
ing of varnish or other suitable material. A com 
pleted element, together with its protective coat 
iing. 43 may appear like that shown in cross 
Section in Fig. 2. 

Fig. 4 shows typical exemplary characteristic 
Curves of a thermistor before and after calibra 
tion processing. It will be noted that the curve 
for the calibrated thermistor is displaced sub 
stantially linearly from the uncalibrated curve. 
This is accomplished by changing the primary 
electrical value of the separating medium with 
out changing the inherent electrical response 
characteristics of the element. That is to say, 
in the case of a thermistor it is accomplished 
by changing the resistance of the bead f3 with 
out changing the shape and slope of the charac 
teristic curve by not permitting the processing 
temperature of the bead to rise above its critical 
value. 
We claim: 
1. A method for the calibration processing of 

a first electrical element to electrical equality 
With a Standard reference second electrical ele 
Filent, said first element having a critical upper 
temperature, Said lethod comprising: connect 
ing Said first and Second elements in an elec 
trical circuit comparison means having indica 
tion raeans So arranged as to give a first indica 
tion when said first element approaches its critical 
temperature during the processing and to give 
a Second indication when the processing is com 
plete; and changing the mass of said first ele 
Inent without exceeding said first indication by 
Said indication ineans until said second indica 
tion is given. 

2. The invention of claim 1 further charac 
terized in that Said processing results in a reduc 
tion of the mass of said first element. 
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3. A method for the calibration processing of 
a first electrical element to electrical equality 
With a standard reference second electrical ele 
ment, Said first element having a critical upper 
temperature, said processing to be completed at 
a reference temperature, said method compris 
ing: connecting said first and second elements 
in an electrical circuit comparison means hav 
ing with indication means so arranged as to give 
a first indication when Said first element ap 
proaches its critical temperature during the 
processing and to give a second indication when 
the processing is complete; changing the mass of 
Said first element without exceeding said first 
indication by said indication means; electrically 
comparing said first and second elements at said 
reference temperature; continuing to change the 
maSS of Said first element without exceeding said 
first indication by said indication means; and 
electrically comparing said first and second ele 
ments at said reference temperature until said 
Second indication by said indication means is 
given at said reference temperature. 

4. A method for the calibration processing of 
an electrical element having a critical upper 
temperature, said processing being done while 
said element is connected in electric circuit means 
having an indicating means arranged to give a 
first predetermined indication when said electri 
cal element reaches its critical upper tempera 
ture during the processing, and to give a second 
predetermined indication when the calibration 
process is completed, said method comprising: 
changing the mass of Said electrical element in 
Such manner that Said first predetermined indi 
cation is not exceeded, and continuing to change 
the mass until said second predetermined indi 
cation is shown. 

5. The invention of claim 4 further character 
ized in that said processing results in reduction 
of the mass of said electrical element, 
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6. A method for the calibration processing of 

a first electrical element to a standard electrical 
reference at a reference temperature determined 
by a Second electrical element, said first element 
having a critical upper temperature, said process 
ing being done while both of said elements are 
connected in electric circuit means having an 
indicating means arranged to give a first pre 
determined indication when said first electrical 
element reaches its critical upper temperature 
during the processing, and to give a second pre 
determined indication when the process is com 
pleted, Said method comprising: changing the 
maSS of Said first electrical element in such 
manner that Said first predetermined indication 
is not exceeded; comparing electrically said 
first element with said second element at said 
reference temperature; and continuing to change 
the mass of said first element without exceeding 
said first predetermined indication until said sec 
Ond predetermined indication is shown at Said 
reference temperature. 

7. The invention of claim 6 further char 
acterized in that said processing results in re 
duction of the mass of said first element. 

NORMAN M. BROWN, JR. 
CLIFFORD A. SHANK. 
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