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. General

Thisisa hand;held high-function thermometer developed by the latest microcom-
puter technology.

A microprocessor is used for constant calibration of zero-point and full scale, as
well as for 16-bit equivelent A/D conversion, thus ensuring-extremely stable; high-
precision measurement.

Unpacking
Unpacking

Open the case and check that the following are prov1ded if any of themis missing
or out of order, or if any item is missing in the warranty, please contact the place
of purchase or our service counter.

ltem ‘ T

* MaIN UL . reen 1pc
* AA-size alkating batteries........cccoueevcrmrviiresrenrereseee s sseins 4'pcs
INSErUCHON MANMUAL ....eeeeeeceerreetie et e lee e eraiaet 1pc

* WAITANTY ..ottt er et st vl Tpe
* Analog output cable {for analog output model only) ......c..eiie: 1.pC

* Alarm output cable (for alarm function model only) ......

% When allaccessories are in good order, check the operation in:accordance with
item 4. Preparation for Operation (P.3). -

Repacking

Use the original case of the instrument for its transportation:(by mail orby car). If
the original case is not available, carefully wrapthe i instrumentin shock-absorbmg
material (polystyrene foam andthe like). Wrapping materialshouldbe dryandfree
of dust generation, otherwise the instrument may be damaged.



3. Table of HFT Series

HFT-70/80 series come in a variety of models shown-below.

Model
Function HFT-70 | HFT-80 | HFT-81 | HFT-82 | HFT-83 | HFT-88
Display LCD
Hold/resolution change O

Average/backlight
Continuous power supply mode - o]
(Auto power OFF); P/V hold

Alarm/calibration function A R C o | o

Analog output — 0 — e} —
2CH sensor input ':'._ ;o _ I _ _ _ o




4. Preparation for Operation

4.1 Names of Components

4.1.1 HFT-88 (full function model)
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Sensor input connector 1CH
Sensor input connector. 2CH
Analog output connector
Alarm output connector

AC adaptor jack

Liquid crystal display (LCD)
Calibration interface connector
Hand strap

Battery housing

Key switch pannel

EEO0OOOOO O

Keys

' Power ON key

orr | Power OFF key

Backlight key

. Continue key (continuous péwer supgly)
P/V hold key ‘
Hold key
Resolution change key
°C/°F change key

_‘ Average key

@ 1CH display key

ion] 2CH display key »

Temperature difference key

Alarm'set key »

Alarm ON/OFF change key

Calibration set key

@ Numeral change key (up)

B Numeral change key (down)

Entry key



4.2 Battery Installation

3l

(1) Open the battery (2) Set batteries cor-  (3).After setting four
housing cover. rectly. batteries, press the
reset switch once.

=N

Iponannn

NIRTMIE 16 (RIRSRIBINCHIE

(4) Completely close
the battery housing
cover.

% Be sure 1o keep the power OFF during battery chahge.

® The reset swith is a small push button in the upper. section of the battery
housing. Use a thin stick (a match, etc.) tolightly press it:

® When the reset button is pressed, operation begins in the same way as power
is turned ON, and the instrument will be réady for measurement. When
measurement is not intended after battery change, tufn-power OFF (P. 9).
Even if power is not turned OFF, the automatic stop mode (P.19) automatically
turns power off in about 5 minutes. [HFT-80 series]



4.3. AC Power Supply

- (1) After turning-power OFF, connect the AC adaptor connection plug 1o the main
unit as shown. '

(2) Connect the power:plug of the AC adaptor to commercial power (100VAC).

% Whenthe AC adaptor is connected, the internal battery circuitwill be cut off. The
instrument can operate only whenthe AC adaptor is under pperating conditions.

Be sure to use the specified AC adaptor. An AC adapior for HF T series is
available as an option.




4.4 How to Use Hand Strap

Hang the hand strap around the hand as shown to preventinadvertentdrop of the
instrument. ‘

4.5 Sensor Setting

Set the sensor-as shown on theright. The plugis so
designed that it will nct be set when the polarity is
reversed. Forcible insertion will damage the instru-
ment. Be sure to check the polarity. 4 {}

-Use the specified connector plug, otherwise a
substantial measurement error will result. Our
connection plug is made of thermocouple ma-
terials, and any errordue to the plug joint will not
oceur.




4.6 Operation Check
When batteries-have been set, check the instrument for normal operation.
(1) Turn power,QN. For details, refer to item 5.1 Power ON/OFF (P. 9 ).

(2) When' power is turned ON, all segments appear on the display for about
1 second, and the instrumententers the measurement mode.

Power ON

3

G| IIIIIIII CONT

AVG Py’ ALM '))
SPbCH °AL IIBS HéLo N :
; . Display of all segments
ﬂ I .

T L":'_'.'l 0
" -88358 3838

2 8
EERRNEEX )
bch e Measur'ement‘mode
- - When the sensor is not set,
'.‘ -: '.: ’ "bour (burnout)” appears.
SN °c .




5. Operation

5.1 Power ON/OFF
Press [w] key to turn power ON. Press [o] key to turn power OFF.

When power is turned ON and the initial test is
completed, all segments appear on the display for 2 FENEREIN conr
about 1 second, as. shown on the right, and the AV & ¢ ALN

¢ ’ §28cH  oamE wow
instrument is ready for measurement.

R R
-'::EEL'! “c

"w -8888 -8888

».When power is turned ON right afterit is turned OFF (witﬁiﬁ 1 second), abnormal
operation may result or meaningless, abnormal data may appear. If so, turn
power OFF immediately. Wait for 3 seconds or more before turning power ON.

5.2 Backlight

‘ |Applicable model ] All models of HFT-80

Press @ key to turn the backlight ON, and the display on the screen will be visible
even in the dark. Press @ key again to turn the backlight OFF.

% The battery comsumption will be doubled when the backlight is used, and the
battery life will be shortened. Do not turn the backlightON when it is unneces-
sary. When power is turned ON/OFF; the backlight automatically goes out.



5.3 Error Message

5.3.1 Indication of battery. voltage:drop

® The battery level indicator

The battery levelisindicated in the upper section of
the display.- In accordance with operation hours,
the indicator lights go out as shown below.

New battery
| B | R Progress of
A consumption

® Indication of voltage drop

When batteries are running down, & appears on
the display. Then replace the:old batteries with
new-ones. . : :

r Battery level indicator

i

iCH

-

.‘-
o
o

X
(XX

Exhausted battery .

4
-

|
bt
)

% The instrument can work for about 5 hours after the voltage drop display
appears: However, change batteries in good time, otherwise satisfactory

function will not be available.

-10 -



5.3.2 Indication of sensor burnout

When the sensor has burned out or is not coupled,
the indication of burnout, shown onthe right, appears
on the display. When it appears, change or connect
the sensor.

3% While such an indication is shown on the display, s ,-and 'keys are
invalid. If the sensor burns out while the instrument is in the P/V HOLD mode,
the burnout indication appears for the measured maX|mum temperature

minimum temperature, and present temperature. -

5.3.3 Indication of overrange

When the measured temperature exceeds the meas-
urable range, the indication of overrange, shown on
the right, appears.

® The indication of overrange appears when the
sensor is about to burn out, as well. Check the
sensor when the measured temperature is obvi-
ously within the measurable range.

® Even if the indication of ovérrange appears, the
instrument will not be .damaged. However, in
consideration of the heat-resistance of the sensor,

it is recommended to immediately shift the sensor -

to a place where the temperature is below the heat-
resisting temperature.

% When a voltage exceeding 500 mV is appliedto the inputterminal of the sensor,
the internal amplifier circuit may be damaged. Do not connect anything other

than a thermocouple.

-11-



5.4 Key Operation
Wheneyer a key on the-instrument is pressed, a peep sound is issued to ensure
correct key operation.”

5.4.1 [o4 Hold key

Press this key to stop temperature measurement and " old
show the measured temperature on the display. |

’When_the instrument is in.the. hold-mode, HOLD - | . NERIREEER
.appears:on the display.

N X CH . [HoLD!
Press the key again to-return to the normal-display -
and operation. g XYY

542 P/V hold key
I Applica’ble model | All' models-of HET-80 series Present

temperature

Press this key to enter the P/V hold mode, and three .
data - maximum temperature, minimum tempera- LEE L]
ture, and present temperature - ars displayed simul-

icH
taneously. P-V HOLD is displayed while the instru- — ﬁ —
ment is in the P/V hold mode. 3 .’. 1
£l

Ny
<3
w
oo
3

P k)
[

and operation.

Press the key- again to return to the normal display .

, L ]lVIin. temperature
Max, temperature .

PN hold

12—



54.3 Average key

’ Applicable modef | All models of HFT-80 series

Press this key to average all temperature data. The —————— Average
average of sampled temperatures is displayed every -
16th measurement. )

This mode is effective for stable display of unstable
temperature fluctuation. AVG appearsonthe display
when the instrument is in the average mode. Press
the key again to return to the normal display -and
operation.

r Values measured during P/V HOLD are also averaged and displayed.

5.4.4 Resolution change key

Press this key to change the resolution of the dis-

played temperature. - !!!!!!!!

The automatic resolution change function usually = f:cH

displays temperatures from -99.9°C to +499.9°C at -
every 0.1°C. When temperatures exceedthis range, B . £ :l °c

the resolution automatically changes to 1°C.

When the resolution is setat 1°C, data with 0.1°C resolution aré roundad off, and
all temberatures withinthe measureable range are shown at every 1°C. Pressthe
key again to return to the normal resolution.

This key is also valid when calibration or alarm is being set. Selectthe 1°C
resolution to quickly set numerals with [+] and [] keys.

-13-



5.45 [ea] Calibration set key

IAppilcable model | HFT-82, 83, 85

This key. permits cahbratlon of data, that are displayed in accordance with the
characterisitics . of sensors, in ‘order .to* materialize extremely hlgh-premsxon
‘temperature measurement.

Our temperature calibration system (ACS Il) permits higher-precision temperature

calibration.
ACS Il system .....ccovvcerinecnn orensgpessenes Y SR n-
Manual calibration ...t (2

1)- ACS Il system

‘Checkthatthe power for the instrument is OFF; and insertthe plug of the ACS
I communlcatlon eable into the calibration lnterface connector Then turn
power for the instrument ON.

E} - . | ] ™ Toonson @

HFT

Communication cable

- Touch the sénsorto the calibration block andwaif untilthe display stabilizes.

—14-—



Press % key on the instrument to enter the . Calibration
calibrationmode. Then CAL and ACS appearon
the display. If ACS does not-appear, check the - IRRNERNR
cable and press key to return to the ordinary
mode. Then press key again to repeat this
operation.

Y.
L 5
=
X

L
SR
i
X
=
R
(o]

ACS communication

Check the indication of ACS on the display, and

press the TRANS key on ACS I, and the cali- L
brated temperature data are transferred to the :'CH o
instrument. - .
(O
Check the data and press [=]key. BRI N e !

Q)
.C3)

. )
ser c

Calibrated temp.

} Calibration
When measured data have been calibrated, CAL
appears as shown on the right during ordinary LLLLELLL
measurement, as well. toH [oA]
: It
Keep touching the calibration block withthe LY
sensor until [=] key is pressed.

¢ Automatic calibration with ACS Il presupposes correct measurement of the
temperature of the calibration block by the instruemnt and sensor. A
deformed sensor that cannot touch the calibration block correctly or dust on
the calibration block causes incorrect temperatureindication.-Since calibra-
tion communication is established as itis, calibrated temperature may be
wrong. Check the conditions of the sensor and the surface of the calibration
block before calibration.

— 15—



(2) Manual calibration

In the absence of the ACS {l'system, a reference temperature generator will .
permit manual-calibration.

- Touch the serisor-to the: réference temperature
generator, andpress || key toenter the calibra- .. HENEERER
tion set mode. Set the sub-value to the desired

) . H - oA
calibrated temperature with [4] and [v] keys, 2 T
and then press [=] key: - - - , : L: l:' G

V | w335
Subl-value .

Callibration
|

When measured data have been calibrated, CAL
appears. as shown on the right during ordinary
measurement, as well.

Input temperatures for manual calibration are limited to +10°C.

When. (Jor[7] key is kept preéeed while the calibrated value reache
the limit, the value willnot change any more and abuzzer soundisissued
to signify invalid key operation.

Suchafunction s provided to preventincorrect cahbra’non by a defective
sensor with a deformed contact point.

Check that the sensor is normal before calibration.

@ Cancelling calibration

Cancel the calibrated data and press @ key to return to the ordinary
display. Then press El key, and CAL disappears from the display.
Now, ordinary data are shown on the display.

» Remove the communication cable fromthe ACS li system before cancelling
calibration.

16—



5.4.6 High/low limit alarm

Applicable mode! | HFT-82, 83, 88 1

This function presets high.and-low limits. and sounds buzzer:when measured

values go beyond the measurable range.-

(1) High/low limit setting

Press 3] key, and the high limit setting screen ., Marm
appears. While Hiis displayed, set the high-limit e
with [+] and [v] keys.  E—
fcH
| )]
ru °C
I R R A
. High limit setting
[ For setting lower limit also ] l For setting high limit alone ]
Press key to end setting.

Press key, and the low limit settlng screen -
. appears.

While Lo is displayed, set the iow hmlt with IZ]
and [~ keys.

RN
ALM

SACH. -

Lo °C
- H Y

ser

Press [w] key to end setting.

17~
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% To set only the low limit, press key twice before starting to set.

© Initial high/low limit setting: Before shipment, the high and low limits
-are-set: at: the: maximum -and’: minimum; - respectively, - within ‘the
measurable range, respectively. .. .

® Be suré to maitain the‘bondition of [High limit > Low limit]. Otherwise,
input will be invalid.

® When [ key alone is pressed withoutinputby [4], [*] and [=1] keys,
data will not be.renewed. -Confirmaticn of set.values only:is possible.

(2): Alarm ON/OFF

“Press [uz| key to turn the alarm buzzer ON/OFF. Alarm
When the alarm is set in the ON position, ALM  RENENNRE
appears on the display.

. {oH
g N
Do e I

Modsls with the alarm function can output preset high/iow limits by
means of digital signals. (For detalils, see 5.5 Alarm Output (P.21).)

Digital signals are output when the buzzer sound is turned OFF by »
key, as well. .

—18 -



5.4.7 Continuous power supply mode

| Applicable model | All models of HFT-B0 series

Anautomatic power OFF mode'is provided to automatically turn power OFF when
there is no key operation for a certain period of time (about:5 min) after power is
turned ON. Thus omission of turning-power OFF can be prevented. -

Continuous power supply mode

Press key to enter the continuous power supply ’
mode for measurement for an extended period of LU
time. CONT appears on the display in this mode.

 Every time power is turned ON, the instrument enters the automatic power OFF
mode. g

HFT-40 is not equipped with the automatic stop mode.

- 19—




"~ 5.4.8- Input channel set key

[ Applicable model | HFT-88

: Press [1o4] (2] , oF ,;k»_ey* to-set a-desired channel. .
_rwchmt

Press key to display the temperature measured
by the sensor connected to the:sensor input connec-
tor 1CH.

Press key to display the temperature measured -
by.the sensor connected to the sensor input connec-
tor 2CH. i '

‘ ' ’ —— 1-2CH input
Press key to display the temperature difference :
between 1CH and 2CH. ‘At that time, the datum is | | YRRENNEE
1CH. ' [-2ci]
g
Lt o

s When channéls are changed wihile the hold, P/V hold, or average function is in
operation, the function will be cancelled.

Calibration is possible for 1CH and 2CH independently.

20—



5.5 Alarm Output

Applicable model | HFT-82, 83, 88 » J

Models equipped with the alarm function-can output the high/low limits'by means

of digital signals.

(1) Signal names and connector pin arrangement

Piﬁ No. Sigrial name
1 ALM1 (Hi)
2 ALM2 (Lo)
3 V1 (Power 1)
4 V2 (Power 2)

Applicable connector: E4-150 series made by Chuo Musen

- ALM1 (Hi) ALM2 (Lo)
Over Hi apv ) ey
- Between Hiand Lo “H? @
Below Lo “Hr w»

ALM1 and ALM2 are directly coupled with C:MOSIC.

(2) Signal takeout and example of use

Inside AC100-240V
Internal ~_ instrument
power 9" !
supply vi .35mA Max.
JU— hY
ALM1 1‘,'
V2,4
Vv ‘¢2 Solig-state Relay
ALMZ ——————————0
. 1 f_J
(internal negative ! =2
logic signal) 1
1

® Anexample of simple temperature measurement (ON/OFF control) with the

high limit alarm.
® Signal current of up to 5 mA can be taken out. Examine the junction circuit

(driver, etc.) in accordance with the driving load.
® Be sure to turn the power OFF before connecting to or separating from other

equipment.

—21—



' 5.6 ‘Calibration interface

lippllcable model HFT 82, 83 sa

ThIS is. a speCIaI lnterface for commumcatlon with the-ACS I|:system.

@ Signal names and connector pin arrangement

Pin No. Signal‘name
1 GND
2 | sck
3 Si
4 SO
5 N.C.
6 N.C.
Be sure to turn the power switch OFF before connecting to other equip-
ment.

5.7 Analog Output

Applicable model | HFT-81, 83

There are two analog output rates.” The instrument is equipped with the rate
specified by you. '

1 mV/°C output model .............. Entire measurable range at the rate of 15C
) resolution.’
10 mV/°C output model ............ Within the range from -100°C to +500°C at the

) rate of 0.1°C resolution.
Output accuracy: +{0.15% of full scale + 1 mV)-

In the instrument, all temperature data are digital-processed, and a highly stable
D/A converter is used for analog output. Unlike the existing analog output, the
output voltage changes step by step. The accuracy and stability are far supenor
in comparison with existing models.

_92



® Connection with recorder
(1) Turn OFF the power for the recorder and the instrument.

(2) Connectthe redterminal of the attached cable to the positive (+) side of the
recorder terminal and the black terminal to the negative (-) side of the
recorder terminal.

(3) Adjust the recorder input range to the measuring range of the instrument.
(4) Turn ON the power for the recorder and the instrument:
(5) Press key to enter the continuous power supply mode (P.19).

b Nevér short-circuit the cable terminals or cable itself, otherwise failure will
result.

® Example of recording

1 mV/°C output model

400
(Temp) | <

350 10mv

300

TmV/°C output model (Time)

10 mV/°C output model

200
(Temp.)

1omv
395 o

39,0t

10 mVI°é output model (Time)

-23—



~ 6. Principle of Operation

61

Clrcmt Conflguratlon . .
The mstrument equ:pped witha hlgh precision V/F converter and C-MOS micro-
processor permlts extremely hlgh premsmn temperature measurement.

Circuit configuration

Keyboard. .

) Inpuf ’Thermocoupla .,
—| section [ electromotive] | |* Display |-
»_prolecuve force input . © .
* | cirevit | |cirouit :
Cold junction j——| "
compensation ©- - | Microprocessor-
circuit
[
1]
i Highly-
Zero-peint e _Highly-stable|
calibration amphﬁer VIF converter
circuit circuit
Power
Full-scale ||
calibration - Power supply ~* ‘éﬂ:fcgrfon
_circuit circuit
#

6.2 From Temperature Input to Display

6.2.1 Temperature input

When temperature change occurs in the thermocouple sensor connected to the
sensor input connector, thermoelectromotive force is generated accordingly. The
thermoelectromotive force is sent to.the input circuit via the input protector circuit.
Anoisefiltering circuit that cuts noisé is incorporated in front of the amplifier section
for stable temperature input. The thermoelectromotive force taken into the input
circuit is amplified in the highly stable amplifier circuit.

_o4-—



6.2.2 Data exchange

6.3

The amplified thermoelectromotive force is immediately. convertedinto digital data
by the high-resolution V/F converter. To obtain higher-precision data, the
microprocessor conducts zero-point and full-scale calibration.

Unlike the existing mstruments, thns instrument is not equnpped witha zero-pomt
or full-scale control. We call these two combined functions a self-calibration
function, which materializes extremely stable temperature measurement.

The thermoslectromotive force itself cannotbe handled as temperature data. Cold
junction temperature data are input through a cold junction compensa‘uon circuit
to convert the data into 0°C-equivalent thermoelectromotive force. Since the
thermoeleciromotive force is non-finear, itis linearized. A series of such process-
ing is done by the microprocessor that conducts processing at arate of 5times per
second. Thus the thermoelectromotive force of the sensor is converted into
temperature data.

Scan Timing

The scan timiné for data input is shown below.

Power ON

1

Zero-
point
Daum
point

Cold
junction

Power —-ﬂ
. supply
.Tn';i‘{"“"”"'e_ﬂm umuumwumwr
200 msec

System check is conducted every 6th.
thermocouple input.

.

-25—




7. ForMore Accurate Temperature: Measurement
7.1 Surfdace Temperature Measurement
7:.‘1:;1’ éen}sorﬁcont_gct method .-

The total-area’of :a sensor: for measuring surface temperature must be small
enough in.comparison with the area of the poriion-of the sensor that is in contact
with the object surface. In other-words, a sensor-must ensure sufficient thermal
contact with the object surface, andit must be shaped so'that it will notabsorb heat
excessively from the ‘object surface or discharge heat to the surface. Correct
measurementcannot be expected when the sensor s in a shape that changes the
surface conditions. '

0 | |4

~ =z

LY

7.1.2

Most of our sensors are designed so that the sensor
head will touch the object. surface perpendicularly.
Slight inclination will not cause an error, but extreme
inclination prevents sufficient contact with the object
surface. -Touch the sensor head as perpendicularly

The contact area is:a point,
‘which.is'not suited for sur-
tacetemperature measure-
ment.

How to use sensor

as possible.

Apbly the sensor to a flat surface without irregularity.
Apply silicone grease, etc. to an extremely rough

The heat capacity of the
sensor is.to:large; and the
error.is extremely large
accordingly.

“surface to ensure sufficient th"'erm’al contact.

—26 -

- The heat capacity is small

and ‘the ‘contact area is
large. Measurementisvery

accurate. - .
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7.2 Liquid/Internal Temperature Measurement

For measuring liquid orinternal temperature, a thin bar-shaped orneedle-shaped
sensor is used in general. For correct measurement with such'a sensor, sufficient
contact with an object must be ensured. Itis said that athin'bar-shapedor needle-
shaped sensor must-have-a-contact portlon the: length of ‘which:is 10~ 20 times
the-diameter of the sensor:

L> (10 ~20)xd
.L': Contact length of sensor
d : Sensor dia.

Sensing point

@ Measurement of the temperature of the inside of a solid

When an ordjnary internal temperature sensor is used to measure the tempera-
ture of the inside-of a solid, such as‘hard rubber or-frozen food the life of the
sensor may be shortened substantially. Select a durable sensor (especially a
sensor with a durable end).

Model 513, 514

Model 701

7.3 Gas (Air) Temperature Measurement

Sensors similar-to those used for'meésuring‘liquid or internal temperature are
frequently used for measuring gas (air) ternperature. However, most of such
sensors seem to have quicker response than those for liquid/internal temperature
measurement. Sensors in such shapes must be in close contact with the object
surface for correct measurement.

—-27—



8. Maintenance

81

Storage )

Avoid places subject to the followmg when storlng the instrument.

82

8.3

0 Dlrect sunhght

X Strong wbratnon

® High humidity (80% RH or more)
® Hot atmosphere (60°C or more)
® Dust, corrosive gas; “or salt
®:Strong: electromagnetlc field

It is recommended to- put the instrument in'the ongmal case when storlng it for- a
long time:

‘Case’cleaning

When the case is dlrty, hghtly wupe it with a cloth sllghtly lmpregnated with water -
or petroleum

Do not use thinner or benzene; otherwise the case or keyboard may discolor or -
deform.

Boiling Point Check

Itis recommended to purchase a boiling point checking sensor (Our models: 509,
522, 523) for checking boiling points.in order to roughly judge whether or not the
input characteristics is normal. Prepare the following equnpment before checking
boiling points.

®-Electric pot, or other water boiling equipment
® Boiling point checking sensor
® Pure water

Apply the end of the checking sensor to the steam coming out of a boiling pot to
measure the steam temperature. The instrument is in good order when the
reading is about 100°C.

Thisis arough checking method because the boiling point of water issubject

to the atmospheric pressure.

* If the data shown by' the instrument do not satisfy the specification, please
contact the place of purchase or our service counter.
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8.4 Calibration

Our temperature calibration system (ACS Il) ensures comprehensive calibration
of measured data including instrument and sensor error.

® Set the ACS |l system at the specified temperature andplace a sensor on the
calibration block. Read the temperature-in each channel. (Limitéd to models
with a calibration function) '

* If the data shown by the instrument do not satlsfy the. speclflcatnon please
contact the place of purchase or our service counter

# The instrument is to be calibrated and ‘adjusted by our-company, so please
return it to the place of purchase.

In general, our sensors display higher surface temperatures than those
made by other companies, because the thermal contact of our sensors are
superior. Temperatures shown by our sensors arenearer to'actualtempera-
‘tures.
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