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ACCURATE ELECTRONIC THERMOMETER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates generally to temperature mea 

suring devices and, more particularly, to an electronic 
device for accurately measuring temperature using a 
resistance-type sensor and developing a linear relation 
ship between resistance and temperature. 

2. Description of the Prior Art 
Precision thermometry is needed in many areas of 

research and process control. One area of research is the 
study of ice formation in rivers and streams, particularly 
frazil formation. It is well known that supercooling of 
water during frazil formation rarely exceeds 0.03“ C., 
and never exceeds 005° C. An instrument capable of 
measuring temperature within at least 0.0l° C. is re 
quired for an understanding of frazil formation Many 
other ice formation phenomena are also critically de 
pendent on small changes of supercooling. 
Known electronic thermometers generally use either 

a thermistor or a platinum resistance temperature de 
vice as the temperature sensor. Both are widely used 
and are known for their long-term stability. Thermis 
tors, however, exhibit a much larger change in resis 
tance per unit change of temperature, usually on the 
order of several Ohms per degree. This characteristic 
makes it easier to measure small changes in temperature. 
Because of its stability, durability and sensitivity, the 
thermistor is well suited for use in an electronic ther 
mometer for the purposes noted above. 
Two methods are commonly used to precisely mea 

sure resistance of the above thermal sensors the Wheat 
stone bridge, in which the unknown resistance is 
matched to a known resistance; and passage of a con 
stant current through a thermistor while measuring the 
voltage across it, and calculating the resistance using 
Ohm’s law. While these methods are well proven, they 
are inconvenient ‘for determining temperature, espe 
cially in the ?eld. First, the therrnistor’s resistance must 
be determined. Then the corresponding temperature is 
determined from a special table correlating resistance to 
temperature. Thus, a table must be available for each 
thermistor being used. 
As examples of the prior art, Scott (U.S. Pat. No. 

4,060,715), discloses a modi?ed linearized bridge circuit 
for a sensor, which may be a platinum element, present 
ing an electrical resistance that relates to temperature 
by a second order polynomial, in which the conven 
tional, manually-adjustable variable resistor is replaced 
by a feedback network having an operational ampli?er. 
Lamb (U .8. Pat. No. 3,934,476) discloses a circuit for 

an electronic thermometer in which one or more semi 
conductor diodes are connected in series with a thermis 
tor to obtain a voltage nearly linearly related to temper 
ature. The bridge circuit includes a reference resistance 
in series with a like number of identical diodes. 
Dahlke (U.S. Pat. No. 4,205,327) provides a circuit 

for correcting the nonlinear output of a sensor, such as 
a temperature-sensing platinum resistive element. Non 
linear compensation is achieved by employing a non-lin 
ear sensor network to adjust a current source used to 
excite a bridge in which the sensor is connected, as a 
function of the sensed variable. The adjusted current 
offsets the output signal from the bridge to compensate 
for the sensor’s nonlinearity. 
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2 
The foregoing patents illustrate another shortcoming 

of prior-art electronic thermometers. With the circuits 
designed to accommodate a speci?c temperature sen 
sor, changing the sensor requires modifying the cir 
cuitry. There are no provisions for interchanging sen 
sors and quickly modifying the instrument to work with 
the new sensor 

Furthermore, none of the available temperature mea 
suring devices that approach the required accuracy and 
resolution are suitable for ?eld use. Typical laboratory 
grade electronic thermometers have accuracies around 
0.02“ C. to 0.04° C. Most of the instruments require an 
AC power source, and almost all are limited to use at 
room temperature for correct operation. None of the 
available units are suf?ciently rugged, waterproof or 
portable to permit their use outdoors, under extreme 
climatic conditions. 

SUMMARY OF THE INVENTION 

Accordingly, among the objects of the present inven 
tion are to provide: an improved device for accurately 
measuring temperature electronically; a device of the 
foregoing type having a resistance-type thermal sensor, 
means for accurately measuring electronically the sen 
sor’s resistance and means for solving a log-polynomial 
equation relating resistance to temperature, to directly 
convert the sensor’s resistance to a temperature; a de 
vice of the foregoing type having a keyboard for enter 
ing the sensor’s calibration constants for solution of the 
equation to permit easy interchange of sensors; and a 
device of the foregoing type which is rugged, water 
proof and portable, and is consistently accurate over 
extreme climatic conditions 
The foregoing and other objects of the invention are 

attained by the electronic thermometer of the present 
invention in which a calibrated thermistor is used as a 
thermal sensor with a constant current. The voltage 
across the sensor is measured by an analog-to-digital 
converter and converted to a resistance value. Calibra 
tion constants of the sensor are entered into a mi 
crocomputer which solves a log-polynomial equation 
relating sensor resistance to temperature, to convert the 
resistance to a temperature reading displayed on a digi 
tal readout. Temperature-related variations in the in 
strument’s circuitry are compensated by the software in 
the microcomputer. 
The known resistance of the thermistor can be used 

to determine its temperature by use of the known Stein 
hart-Hart equation, with the constants for the equation 
being entered via a keyboard into the microcomputer’s 
memory. These constants remain in the instrument until 
changed to reflect new calibration constants for a new 
thermal sensor. 
Components of the device include operational ampli 

?er circuits forming a constant current source, a resist 
ance-to-voltage converter, an analog-to-digital con 
verter and a microprocessor system. All components 
are housed in a buoyant, waterproof container. 
A better understanding and appreciation of the fore 

going description as well as other objects, features and 
advantages of the invention can be obtained from the 
following description of a presently-preferred embodi 
ment, when considered in conjunction with the accom 
panying drawings 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing the compo 
nents comprisrng the invention. 
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FIG. 2 is a schematic diagram of an analog printed 
circuit board used in the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The relationship between the resistance of a thermis 
tor and the sensed temperature may be expressed by the 
following third-order log-polynomial equation: 

1 
— 273.15 

where: 
T is the temperature, in degrees Celsius 

. R is the sensor's resistance, in Ohms 
A, B, C are calibration constants for the sensor. 

The sensed temperature can be calculated if the sensor's 
resistance, R, at this temperature can be determined. 
The calibration constants A, B and C for the sensor are 
pre-determined, known values unique to each sensor. 
The present invention provides the instrument whereby 
the above equation is automatically solved and the tem 
perature displayed on a readout. 

10 

15 

It has been established in the prior literature that if 25 
the temperature span between any two adjacent calibra 
tion points is less than 50° C., the above equation will 
reproduce the actual temperature within 001° C. 
The electronics of the instrument, designated gener 

ally by the numeral 10 in FIG. 1, includes an analog 
printed circuit board (PCB) 12 which converts to a 
voltage the resistance of a thermistor sensor 14, and a 
low-power microcomputer 16 which converts the volt 
age to a temperature and displays it on a digital display 
18. The microcomputer 16 includes a micorprocessor 
20, a memory 22 and an analog-to-digital (A/D) con 
verter 24, mounted on separate printed circuit boards 
for ease of installation and repair. 

Reference numeral 25 indicates the circuits for volt 
age regulation and battery charging. Power for the 
instrument 10 is supplied by rechargeable batteries 26 
which are recharged by a dual secondary transformer 
28, a bridge recti?er 30 and an AC power cord 32 con 
necting to the instrument via a multiple-pin connector 
34. The 20-volt battery voltage is reduced to 15 volts by 
a voltage regulator 37, See FIG. 1, which may include 
a three-terminal, l5-volt regulator, LM140K-l5, avail 
able from National Semiconductor. A selector switch 
38 turns the instrument ON and OFF, and connects the 
charging circuit 28, 30 to the batteries 26. 
The analog PCB 12 contains the circuitry to convert 

the thermistor’s resistance to a millivolt value and is 
divided into two portions. Note FIG. 2. The ?rst por 
tion of the circuit is a voltage-to-current converter 40 
and comprises a standard operational ampli?er circuit 
400 which converts the output of a precision voltage 
reference 42 to a constant current source. A precision 
voltage reference 42a, AD2702UD, available commer 
cially from Analog Devices, is the most stable voltage 
reference available without an internal heater. It has a 
nominal output of 10.000 Vdc, with a low (5 ppm/°C.) 
temperature coefficient. Elimination of the heater mini 
mizes power consumption from the battery power 
source 26 (FIG. 1). The LM108AHM operational am~ 
pli?er 40A, available commercially from National 
Semiconductors, also has a very low power require 
ment and low temperature coefficient (1 uV/°C.). All 
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4 
resistors in this part of the circuit have temperature 
coefficients of only 2 ppm/°C. 
The 20-volt power from the batteries 26 is reduced to 

l5 volts in the voltage regulators 36 and 37, shown in 
FIG. 2 for the positive and negative voltages, respec 
tively. Included are a LMl40K-l5 positive voltage 
regulator similar to the one described above and a simi 
lar negative voltage regulator 37, available as LMlZOH 
15 from National Conductor. The regulated +15 and 
— 15 volts are provided to the precision voltage refer 
ence 42 and the operational ampli?ers 40a and 40b. 
The second portion ofthe circuit is a current-to-volt 

age converter 44. The thermistor 14 is placed in the 
operational ampli?er’s 40b feedback loop to assure that 
a constant current of 12.207 uA is passed through it. 
The operational ampli?er’s 40b output voltage is then 
linearly proportional to the thermistor’s resistance. 
The microprocessor board 20 in the microcomputer 

system 16 controls all input-output (I/O) functions, 
corrects the voltage for temperature-dependent varia 
tion, determines the thermistor’s resistance, and solves 
the Steinhart~Hart equation (equation 1, above) to de 
termine the thermistor’s temperature. The microproces 
sor board 20 has a microprocessor, an erasable, pro 
grammable, read only memory (EPROM), a random 
access memory (RAM), and I/O ports which interface 
with a keyboard 46 and liquid crystal display (LCD) 18. 
The microprocessor, EPROM, RAM, I/O ports, key 
board and LCD display are known items, available 
commercially. 
The software program and thermistor constants are 

stored on the memory board 22 having several 
EPROMs and an electrically alterable, read only mem 
ory (EAROM), also a known, standard item. The pro 
gram is stored in the former and the thermistor calibra 
tion constants in the latter. 
The A/D converter board 24 uses a CMOS integrat 

ing converter to convert the output from the analog 
PCB 12 to digital. There are eight differential input 
channels which can be selected individually, and a pro 
grammable gain ampli?er. These items are known, stan 
dard components, and have not been speci?cally shown 
in the drawings. Temperature-dependent variations of 
this circuitry are corrected by the software, as discussed 
below. 

Only two of the eight available channels are used. 
One channel samples the output of the analog PCB 12 
and the other monitors an onboard temperature sensor 
(not shown), measuring the instrument’s internal tem 
perature. This measurement is required to allow the 
software to compensate for temperature-dependent 
variations in the analog PCB 12 and the A/D board 24. 
The output from the internal sensor is linearly propor 
tional to the actual temperature. 
The software has two tasks. The ?rst is to control the 

instrument itself, initializing the instrument 10 when it is 
turned on, accessing the A/D converter 24, accepting 
information from the keyboard 46, displaying informa 
tion on the display 18, etc..The second is to accurately 
determine the temperature of the thermistor 14 by ap 
plying the compensations required due to the instru 
ment’s temperature, calculating the thermistor’s true 
resistance, and then solving the Steinhart-Hart equa 
tion. Appendix A contains flowcharts and listings for 
the software. 
The software module which accomplishes the ?rst 

task is labeled METER, and that which accomplishes 
the second task is labeled TMPCLC, which is called as 
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a subroutine by METER. When the instrument is 
turned on, the program begins running METER. After 
initializing the instrument and the A/D circuit board, 
the program then repeatedly samples the A/D board 
for a valid reading in a two-step process. First, the 
programmable operational ampli?er is set to the highest 
ampli?cation, and second, a reading is taken on this 
range and checked for an over-range indication. If it is 
not over-range, the program returns to the main loop. If 
the reading is over-range, the operational ampli?er is set 
to the next lower ampli?cation. The A/D board is sam 
pled and checked again for an over-range condition. 
This process of reducing the ampli?cation continues 
through each of the ranges on the A/D board until a 
valid reading is obtained. This procedure is used to keep 
the output from the A/D board as large as possible 
without going over-range, thus providing for the maxi. 
mum accuracy of the instrument. When a valid reading 
has been obtained TMPCLC is called and the reading is 
converted to a temperature. 
The keyboard is sampled within the range selection 

loop. If The “F” key is pressed, the command inter 
preter subroutine labeled FUNCTION is called. All 
other keys will be ignored. while in FUNCTION, the 
thermistor calibration constants in use may be displayed 
or new ones entered. 

The main function of TMPCLC is to convert the 
output from the A/D converter to a temperature read 
ing. First, TMPCLC reads the thermistor constants 
from the EAROM, and uses a table to determine the 
operational amplifier’s voltage range and the range 
dependent temperature compensation coefficients. 
The ?rst compensation is applied to the full-scale 

voltage of the A/D board at the range selected which, 
through experimentation, may be described as 

VFS,,=a,,+b,,T+c,,T2+d,,T3 (2) 

where VFSn is the full-scale voltage of the nth range, an, 
b", c,,, and d" are the temperature compensation coef? 
cients associated with the nth range, and T is the instru 
ment temperature, determined by the internal sensor. 

Next, the output of the A/D board is corrected for 
temperature according to the equation 

Y=X1+mnT+ 110,, (3) 

where X1 is the output of the A/D board, m" and b0" are 
constants associated with the nth range, and T is the 
instrument temperature. This equation, in effect, applies 
a temperature-dependent offset shift to the output of the 
A/D board This off-set was determined through experi 
mentation. 
The actual voltage measured by the A/D board is 

determined by 

MVADC=(Y/4095)‘ VFS (4) 

where MVADC is the actual measured voltage, and 
4095 is the total number of bits at full scale. Addition 
ally, there is a known offset F, associated with the ana 
log PCB, which is temperature-dependent, and is deter 
mined as 
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6 
where apcb, bpcb, cpcb, and dpcb are the temperature com 
pensation coef?cients associated with the analog PCB, 
and T is the instrument temperature. 

Finally, the true resistance 'of the thermistor, RES, 
can be calculated as 

RES =M VTR UE/ 12.207E-06 (6) 

where RES is the thermistor resistance, in ohms, 
12.207E-O6 is the constant current passed through the 
thermistor, and MVTRUE=MVDAC+FS determined 
from equations (4) and (5) above. Next, the Steinhart 
Hart equation, equation (1), is used to convert the 
thermistor’s resistance to a temperature. 

Sources of possible error may be grouped as external 
to the instrument and internal to the system. Possible 
errors external to the instrument include the electrical 
resistance of the probe leads, self-heating of the thermis 
tor probe, uncertainty in the Steinhart-Hart equation 
and measurement error during thermistor calibration. 
The probe leads will add resistance in series with the 
thermistor, and will cause a decrease in the apparent 
temperature measured. The 6-ft. l8-AWG (American 
Wire Gauge) stranded probe wire used with the instru 
ment tested by the applicants has a resistance of roughly 
30 m0, resulting in an apparent temperature decrease of 
about 0.0001° C. at an ambient temperature of 20° C., 
which is the worst case. 

Self-heating is the increase in temperature of the 
thermistor from the dissipation of electrical energy 
within the thermistor itself. Calculations based on dissi 
pation constants for bead thermistors show that for the 
worst case of still air, the temperature error is only 
about +0.003" C. For a thermistor immersed in a well 
stirred oil bath, the error is only +0.0004° C. the worst 
case. 

It has been shown that if the temperature span be 
tween any two adjacent calibration points is less 50° C., 
the Steinhart-Hart equation will reproduce the actual 
temperature within 0.01“ C. Measurement error during 
the thermistor calibration is another factor that has to be 
considered, but may not be readily available. 
The remaining sources of error are associated with 

the instrument itself. The individual errors have been 
characterized and, where possible, are corrected by the 
software. The temperature correction equations in 
TMPCLC play an important role in the instrument; 
without them its accuracy would not be as high. The 
following procedure was used to determine the tem 
peratur-dependent variation of the A/D converter 
board and the analog PCB. 
Each was put into a cold chamber and the chamber’s 

temperature varied while the input to each board was 
held constant. The board output was measured, and a 
regression analysis performed on the data to relate the 
board’s output to its temperature. Through the tests 
described, it was found that the offset (F,) of the analog 
PCB was temperature dependent, and that the offset 
error is much more signi?cant than gain and nonlinear 
ity errors. The latter two are small enough to be ig 
nored. 
The resolution of the liquid crystal display is 001° C. 

This means that the temperatures must be rounded to 
the nearest 0.0l° C. before being displayed. This con 
tributes up to +0.005" C. error, which may be reduced 
only by using a display with more digits. 
The A/D converter’s nonlinearity is uncorrectable 

and contributes % bit to the instrument error. The A/ D 
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converter’s offset is affected by the output impedance of 
the previous stage; a higher output impedance results in 
more offset. In the instrument tested by the applicants, 
the offset was negligible since the operational ampli?er 
in the previous stage has a very low output impedance. 

Quantizing error is present whenever there is conver 
sion between analog and digital data. The uncertainty is 
always ii of the least-signi?cant-bit of the converter. 
The temperature-dependent gain change of the A/D 

converter is compensated in accordance with equation 
(2), above. The nominal full-scale voltage ranges are 
5.0, 2.5, 1.0, 0.5, 0.25, and 0.1 V, with a set of coef?ci 
ents for each of the six voltage ranges. The program 
uses a table to select the proper set of coefficients. The 
output of the A/D converter is corrected for offset shift 
by equation (3), above. This offset error is temperature 
dependent and can be approximated by a linear equa 
tlon. ‘ 

The long-term stability of the analog PCB and the 
A/D converter board circuits are both unknown and 
uncorrectable. As with most electronic instruments, the 
electronic thermometer should be recalibrated at least 
once a year. 
An error analysis was performed for two assumed 

?eld conditions. The ?rst condition kept the thermis 
tor’s temperature at 0° C. while varying the instrument’s 
temperature, and corresponds to water temperature 
measurements made in the ?eld. The instrument accu 
racy was calcaulated at 5° C. intervals over the —35° 
range. The second condition kept both the thermistor 
and the instrument temperature the same, and corre 
sponds to air temperature measurements made in the 
?eld. The instrument accuracy was again calculated at 
5° C. intervals over the same —35° to 20° C. range. 
The main source of error was the uncertainty associ 

ated with regression equations describing the tempera 
ture-dependent variation of the A/D board’s full-scale 
voltage. The uncertainty of these regressions, found 
using the 90% confidence bands, could be reduced by 
taking more calibration data for the A/D board within 
the operating temperature range of the instrument. 
Table 1 below contains the results of a calibration 

performed on Jan. 9 and 10, 1985. The instrument was 
placed in a cold chamber and connected to a known 
resistance used to simulate a known thermistor. The 
temperature of the chamber was set and the instrument 
allowed to reach equilibrium at that temperature. The 
instrument temperatures were held constant at four 
temperatures between —l8.3° and 24.0" C. For each 
instrument temperature the simulated thermistor tem 
peratures ranged from -1.0“ to 1.0" C. The error calcu 
lations in Table l are for a thermistor, Model 
T32Al 1/21, available from Victory Engineering Com 
pany, Spring?eld, N.J., which has a resistance of 
5931.50 and a change of 255 Q/°C. at 0° C. 

TABLE 1 
Calibration on 9 and 10 January 1985 (°C.). 

Simulated Error‘ Simulated Error‘ \ 

Ambient temperature 24.0° C. 
—- 1.00 0.00 1.00 0.00 

—0.50 0.00 0.50 0.00 
—0.40 0.00 0.40 —0.01 0.00 
—0.30 0.00 0.30 —0.01 0.00 
—0.20 0.00 0.20 —0.01 0.00 
-0.l0 0.00 0.10 0.00 —0.01 
0.00 0.00 

Ambient temperature 3.9° C. 
— 1.00 —0.03 1.00 —0.01 0.00 
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TABLE l-continued 

Calibration on 9 and 10 January 1985 (°C.). 

Simulated Error‘ Simulated Error‘ 

—0.50 —0.01 0.50 —0.01 0.00 
—0.40 —0.02 0.40 ~0.0l —0.02 
—O.3O 0.00 —0.01 0.30 —0.01 
—O.20 0.00 —0.01 0.20 —0.01 0.00 
——0.l0 —0.02 —0.01 0.10 —0.01 

0.00 —0.01 
Ambient temperature —8.3° C. 

— 1.00 0.00 0.01 1.00 0.01 0.00 
-0.50 0.00 0.50 0.00 0.01 
—0.40 0.00 0.40 0.00 
—0.30 0.00 0.30 0.00 
—0.20 0.00 0.20 0.00 
—0.l0 0.00 0.10 0.00 

0.00 0.00 
Ambient temperature — 18.4“ C. 

— 10.0 —0.02 10.0 0.04 
—- 1.00 0.01 1.00 0.01 

—0.50 0.01 0.50 0.01 
—O.40 0.01 0.00 0.4-0 0.01 
~0.30 0.01 0.30 0.00 0.01 
-0.20 0.01 0.00 0.20 0.01 0.02 
--~(). 10 0.01 0.10 0.01 0.02 
0.00 0.01 0.00 

‘Two listings means that the LCD was continually shifting between them. 

Each error was converted to an equivalent number of 
bits at the A/D board; then all the bits were summed to 
produce the total system error. The total system error in 
bits was changed to an equivalent temperature, and 
describes the error band about the actual temperature 
The measured error was considerably less than the 
theoretical error. 

All components of the instrument 10 are housed in a 
small, portable container, approximately the size of a 
lunch pail, which is waterproof and buoyant. After 
installation of the components, the container is com 
pletely sealed to ensure total waterproofness. The 
thermistor 14 is coupled to the instrument 10 via the 
multiple-pin connectors 34. Similarly, the AC line cord 
32 for recharging the batteries 26 is coupled to the in 
strument 10 via the connectors 34. The other end of the 
cord 32 is plugged into a conventional outlet, and the 
selector switch 38 turned to the CHARGE position if 
the batteries 26 require recharging. Conveniently, the 
connectors 34, selector switch 38 and keyboard 46 are 
located on the top panel of the instrument for easy 
access. The connecting pins for the thermistor 14 and 
line cord 34 are appropriately wired internally to effect 
proper connections. 

In use, the thermistor 14 is connected to the instru 
ment 10 and the selector switch 38 turned to the ON 
position. If calibration constants for the thermistor 14 
are in memory, the actual temperature will be shown on 
the display 18. If different constants are required, such 
as when using a new thermistor, the “F” key on the 
keyboard 46 is pressed to invoke the FUNCTION 
mode. While in this mode, new constants may be en 
tered and veri?ed on the display 18, or the values in 
memory can be viewed. 
A constant current from the circuit portion 40 of the 

analog PCB 24 is passed through the thermistor 14, 
developing a voltage across it which is proportional to 
its resistance. Note circuit portion 44 of the analog PCB 
24, FIG. 2. This voltage is measured by the A/D con 
verter 24 (equation 4), and the thermistor’s resistance 
calculated according to equation (6). The resistance is 
used in equation (1) to calculate the temperature T 
which is displayed on the display 18. The temperature 
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related variations in the instrument’s circuitry discussed 
above (equations 2, 3 and 5) are compensated as dis 
closed and the appropriate corrections incorporated 
into the software and reflected in the calculated temper 
ature T. 
Use of complimentary metal oxide semiconductor 

(CMOS), digital integrated circuits (IC’s) and linear 
IC’s fabricated to military speci?cations enables the 
instrument to operate over a wide temperature range, 
with an accuracy of i0.02° C. maintained over an am 
bient temperature range of —-35° C. to +20° C. 
With the foregoing disclosure, it is apparent that 

various modi?cations may be made. Use of a 14- or 
16-bit analog-to-digital converter, for example, would 
result in more precise measurement of the sensor’s resis 
tance and hence improve the instrument’s accuracy and 
precision. Provisions may be made to automatically and 
continuously calibrate the circuitry. A very precise, 
low-temperature coef?cient resistor may switched into 
the circuit in place of the sensor, and its voltage mea 
sured. This standard resistor is then replaced by a short 
circuit. The circuit’s actual gain and offset is calculated 
from these two readings The sensor, here a thermistor, 
may then be switched back into the circuit, and the 
voltage measured. These correction factors are then 
applied to the sensor’s apparent resistance. This proce 
dure will eliminate costly and labor intensive calibration 
of each analog circuit board. 
The basic instrument described above may be used 

with different sensors, provided the sensor’s output can 
be calibrated and represented by a polynomial equation. 
Examples of such sensors include load cells, strain 
gauges, light sensors and humidity sensors. 
Although a preferred embodiment of the present 

invention has been described, it is to be understood that 
modi?cations and variations may be made by those 
skilled in the art without departing from the spirit of the 
invention, and such modifications and variations are 
considered to be within the purview and scope of the 
invention as de?ned by the appended claims. 
What is claimed is: ' 

1. A temperature measuring apparatus of the type 
wherein the electrical resistance characteristic of a ther 
mal sensor is measured and used to determine tempera 
ture, comprising: 

a resistance~type thermal sensor having a tempera~ 
ture-resistance relationship given by 

— 273.15 

where: T is temperature, in degrees Celsius; R is 
the sensor’s electrical resistance, in Ohms; and A, B 
and C are calibration constants for the sensor: 

means for providing a substantially constant electri 
cal current to said sensor; 

means for measuring the voltage produced across 
said sensor at said constant current, said voltage 
varying according to changes in the temperature of 
said sensor; . 

means for determining the resistance of said sensor 
from said voltage in accordance with Ohm’s law, 
and for determining the sensor’s temperature from 
said temperature-resistance relationship; 

means for displaying said determined temperature; 
and 
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10 
means for providing said sensor calibration constants 

A, B ,C to said determining means for the determi 
nation of said temperature. 

2. An apparatus as set forth in claim 1, wherein said 
means for providing said sensor calibration constants 
comprises a keyboard. 

3. An apparatus as set forth in claim 2, wherein said 
determining means comprises processor circuitry pro 
vided with logic to determine the resistance of said 
sensor and said temperature, and to provide said tem 
perature to said display means. 

4. An apparatus as set forth in claim 3, wherein said 
processor circuitry further includes logic to correct said 
measured voltage for temperature-dependent varia 
tions. 

5. Anapparatus as set forth in claim 4, wherein said 
thermal sensor is a thermistor. 

6. A temperature measuring system of the type 
wherein the electrical resistance of a thermal sensor is 
measured and used to determine temperature, compris 
mg: 

a thermistor sensor having a temperature-resistance 
relationship given by 

T = ——----—1— - 273.15 

A +B *lnR + C’(lnR)3 

where: T is temperature, in degrees Celsius; R is 
the sensor’s electrical resistance, in Ohms; and A, B 
and C are calibration constants for the sensor; 

a source of substantially-constant electrical current; 
circuitry for measuring the voltage across said sensor 

at said constant current, said voltage varying ac 
cording to changes in the temperature of said sen 
sor; 

computing logic means for determining the resistance 
of said sensor from said voltage and for determin 
ing the sensor’s temperature from said temperature 
resistance relationship; 

digital display means for displaying said determined 
temperature; and 

data entry means for providing said computing logic 
means with said sensor calibration constants A, B, 
and C. 

7. A system as set forth in claim 6, wherein said data 
entry means comprises a keyboard. 

8. A system as set forth in claim 7, wherein said 
source of substantially-constant current comprises: 

a battery power source; and 
circuitry to convert the voltage from said battery 
power source to a constant current. 

9. A system as set forth in claim 8, wherein said con 
version circuitry includes operational ampli?er cir 
cuitry to provide said sensor voltage linearly propor 
tional to said sensor resistance. 

10. A system as set forth in claim 9, wherein said 
determining means comprises processor circuitry pro 
vided with logic to determine the resistance of said 
sensor and said temperature, and to provide said tem 
perature to said display means. 

11. A method for measuring temperature wherein the 
electrical resistance characteristic of a thermal sensor is 
measured and used to determine temperature, compris 
mg: 

using a resistance-type thermal sensor to measure the 
temperature, said sensor having a temperature 
resistance relationship given by 
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T = —-—-------—l _ 273.15 

A + B 'lnR + c?mR)3 

where: T is temperature, in degrees Celsius; R is the 
sensor’s electrical resistance, in Ohms; and A, B and C 
are calibration constants for the sensor: 

applying a substantially constant electrical current to 
said sensor; 

measuring the voltage produced across said sensor at 
said constant current, said voltage varying accord 
ing to changes in the temperature of said sensor; 

determining the resistance of said sensor from said 
voltage in accordance with Ohm’s law; 

providing said calibration constants A, B C for the 
sensor being used for the determination of said 
temperature, and determining the sensor’s tempera 
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12 
ture from said temperature-resistance relationship; 
and 

displaying said determined temperature. 
12. A method as set forth in claim 11, further com 

prising correcting the measured voltage across said 
sensor for temperature-dependent variations. 

13. A method as set forth in claim 12, wherein said 
sensor is a thermistor. 

14. A method as set forth in claim 13, wherein said 
calibration constants are provided with a keyboard. 

15. A method as set forth in claim 14, further com 
prising changing the thermal sensor to a different sensor 
having a second set of calibration constants, and provid 
ing said second set of constants for said different sensor 
via entry with said keyboard. 

* II * III ‘I 


