
PENTRONIC  Scandinavia’s leading manufacturer of industrial temperature sensors Vol. 4   No. 3   2011

A thermometer is a cook’s best friend

Time and temperature
By “badly prepared” Mattias means that the 
cooking temperature is so high that proteins, 
flavours and moisture disappear and the end 
result is crispy and tasteless. That is why he 
says the thermometer is a cook’s best friend. 
Meat and fish should be cooked to precisely 
the right temperature for a long time at a low 
temperature. He also says that an oven is 
better than a frying pan.
“In a frying pan the temperature rises so fast 
that it’s impossible to measure the cooking 
temperature,” he says.

 But cooking at low temperatures takes 
time – something that is as scarce in a res-
taurant kitchen as it is in industrial proces-
ses. In both cases the solution is the same: 
automation. Modern restaurant ovens are 
increasingly coming to resemble the furnaces 
used in industrial heat treatment processes.

Today’s ovens are pre-programmed to 
respond to a temperature sensor. The cooking 
process can start at a high temperature to sear 
and brown the meat before falling to a lower 
temperature for the actual cooking, and then 
finally shut off when the internal temperature 
of the meat has reached the right level.
“For example, if we want to prepare a joint of 
slow-cooked beef in the traditional Swedish 
way, from frozen, then the oven takes care of 

Increasing automation is making restau-
rant kitchens look more and more like 
industrial factories. But this trend is having 
one unexpected effect.
“We’re getting more time to do slow coo-
king and to prepare classic dishes using 
basic ingredients,” says Swedish chef 
Mattias Andersson.

Mattias and his wife Marinette operate the 
restaurant and bar business Två möjligheter 
in Pentronic’s home town of Västervik. One 
of the business’s three restaurants functions 
as a lunch cafeteria for Pentronic’s staff, so 
naturally there have been many discussions 
about the role played by temperature in meal 
preparation.
“Good food is about good ingredients and 
the right temperature,” Mattias says.
He shudders when he thinks of all the good 
food that is more or less burned to a crisp by 
far too high temperatures. As someone who 
grew up on Sweden’s west coast and worked 
in fish restaurants, he says that seafood in 
particular is a victim of excessively high 
cooking temperatures.

“People have got totally the wrong idea 
after having eaten badly prepared fish both 
at home and in restaurants.”

the whole process over night,” Mattias says.

Slow cooking is back
Automation makes it practical and economi-
cal to cook from scratch using raw ingredients 
rather than semi-prepared ones. For instance, 
chefs can use cuts of meat that would pre-
viously have taken too long to prepare in a 
restaurant context.
“Likewise, we can also use a lot more of the 
raw ingredients rather than throwing out the 
parts that used to take too long,” Mattias says. 
“That makes good economic sense and uses 
less of the world’s resources.”

The presence of technology in restaurant 
cooking has also led to an increasingly sophis-
ticated approach to cooking. Food dishes 
have become more and more sophisticated 
and complex.
“Chefs can use technology in various ways,” 
Mattias says. “In my case, it actually gives 
me more time to spend on cooking.”

Barbecuing advice
The barbecue season has just begun in the 
northern hemisphere and Mattias has only 
one piece of advice: use your barbecue as 
little as possible.
“We tend to barbecue in front of our guests to 
create a party atmosphere and give the meat 
a good surface, and then we finish it off in the 
oven until it reaches the right temperature.”

The opposite approach works equally well. 
Cook the meat in the oven until it is nearly 
done and then finish it off on the barbecue 
grill to give it those lovely barbecue stripes 
and surface.

According to the annual Swedish res-
taurant guide White Guide, Två Möjligheter 
is the best restaurant in Västervik. Such an 
achievement is partly due to Mattias’s use of 
temperature measurement.

”The most common cooking error is to use 
too high a temperature,” says chef Mattias 
Andersson. ”Temperature is especially 
important when cooking fish.”



STRAIGHT FROM THE LAB

Pentronic’s laboratory 
is accredited since 1988

New measuring instrument equipped 
for both laboratory use and field work 
It’s arrived – the Isotech milliK thermome-
try bridge, with the functions the market 
wants. 
“It’s what Pentronic’s customers have 
been asking for,” says Jonas Bertilsson, 
who manages the Isotech programme in 
Sweden.

A few years ago Isotech launched one of 
the world’s best-performing thermometry 
bridges. It is called microK, a name that 
indicates the precision involved. The bridge 
is capable of measurement uncertainties 
down to 0.0001 °C. The Isotech microK is 
the primary instrument used in Pentronic’s 
accredited calibration laboratory and in na-
tional laboratories around the world.

“However, the microK is usually too 
sophisticated for an industrial laboratory, and 
it can only be used with resistance thermo-
meters such as the Pt100,” Jonas explains. 

Delegates to an Isotech sales conference 
said they wanted an instrument that would 
be built using the same technology as the 
super model, but with less extreme perfor-
mance, with the ability to work together with 
thermocouples and process signals, and with 
built-in program functions and communica-
tion features, all at a price that was reasonable 
for industrial applications.

No sooner said than done – the Isotech 
milliK is now available for order!

All temperature sensors
The milliK is a programmable indicator that 
can also be used out in the field with batteries. 
This feature makes the milliK highly versatile, 
both as a laboratory instrument and as a tool 
to monitor measurement equipment out on 
the production line.

The instrument’s versatility is also evident 
in its signal inputs. The milliK can handle 
most types of resistance thermometers, both 
working references and standard ones, 25.5 
and 100 ohms such as industrial platinum 
sensors and thermistors. The milliK also works 
with all types of standardised thermocouples, 
and with process signals 4-20 mA, the latter 
of which are necessary for monitoring such 
devices as transmitters. 

Measurement uncertainty for the 
lab 
The Isotech milliK also offers a performance 
that was previously reserved for pure la-
boratory instruments. Of course, the total 
measurement uncertainty also depends on 
the temperature sensor or signal being used, 
but the possibilities are on the level of thou-
sandths of a degree, with a resolution of yet 
another one decimal point: 0.0001 °C. 

The bridge works best when combined 
with a platinum resistance sensor – at 0 °C 
the measurement uncertainty is stated at 3 
milliKelvin, ± 0.003 °C. Using the milliK to-
gether with a type K thermocouple increases 

the measurement uncertainty to ±0.05 °C.

 Drift over time is minimal
“The technology underneath the outer shell 
comes from the tried and tested microK 
bridge,” Jonas points out. “Even though the 
milliK is a new instrument, there is documen-
ted proof that its features work well.”

Controls and logs 
The Isotech milliK also offers many advanced 
program functions. For example, it can control 
calibration furnaces like Isotech’s block ca-
librators, and also handle up to 32 incoming 
channels via switchboxes. The bridge itself 
has two channels for temperature sensors 
and one for analog signals. 

The thermometry bridge can also be used 
for logging. Its large internal memory enables 
it to log measurement readings with time 
indications of 180 days. The contents of the 
memory can easily be transferred to a regular 
USB memory stick. External communication 
is via Ethernet and double RS232 ports.

“The technology in the new Isotech milliK  
comes from the microK thermometry bridge,” 
Jonas Bertilsson says, seen here by the 
microK, which is the primary instrument used 
in Pentronic’s calibration laboratory.

More cold for less energy 
A new cooling system has just been installed in Pentronic’s 
accredited laboratory for temperature calibration. The 
system has twice the capacity of its predecessor.

“Our calibration assignments have increased by several 
hundred percent since the lab was built,” explains labo-
ratory manager Lars Grönlund. “We’re therefore using several furnaces 
and water baths at the same time, which together produce a lot more 
heat than before.”

Current standards require an ambient temperature of 23 °C during 
calibration. All equipment and methods are designed accordingly. The 
result is that a well-used calibration laboratory like Pentronic’s needs to 
be cooled during much of the year.

“On hot summer days, our cooling system is working at maximum 
capacity to maintain the correct temperature,” Lars says. “The new 
system has twice the capacity so it will give 
us a good margin, even if we expand more 
in the future.”

The investment also has an environmental 
aspect. The new system is more efficient 
and uses less energy at the same indoor 
temperature. The system also meets current 
environmental standards for coolants, etc.

Installing the new system will not  
affect operations in the accredited laboratory.

Lars Grönlund

Temperature sensor for 
smoke-curing  
processes

Pentronic has designed a hygienic sensor for measuring 
the temperature of food during smoking processes, for 
instance of fish and meat. 

The sensor is equipped with a hypodermic tip for easy 
insertion into the food. The probe also has a finger grip for 
efficient insertion/extraction as the sensor easily becomes 
slippery from the food. 

The demanding process environment requires careful 
sealing. The maximum temperature for both the measuring 
tip and cable is 200 °C. 

The detector is a Pt100 resistor in accordance with IEC 
60751 Class A. Pentronic includes a traceable certificate of 
calibration at 0 °C and information about electrical isolation. 
This corresponds to Inspection Certificate 3.1 in accordance 
with EN 10204 and accompanies most sensors made by 
Pentronic. The certificate is also accessible on our website 
under the heading ‘Test certificates’.



If you have comments or questions, contact Pro-
fessor Dan Loyd at the Institute of Technology at 
Linköping University: dan.loyd@liu.se

QUESTIONS?
             ANSWERS !Drying laundry 

by the sea

QUESTION:   In the summer we often dry our 
laundry outdoors. It seems that somehow 
the clothes dry more slowly when the wind 
is blowing in from the sea (an onshore wind) 
than when it blows from inland out to sea (an 
offshore wind). Can this really be so?
           Erik N
ANSWER:  Drying is a complex thermodynamic 
process that involves the transfer of mass. In 
this case the process implies the transport of 
water from the wet clothes to the surrounding 
air. This mass transfer depends on such factors 
as the air humidity and the heat transfer. Both the 
mass transfer and the heat transfer are affected 
in their turn by the flow, which in this case is the 
wind velocity.

With an onshore wind, the air humidity is 
normally higher than with an offshore wind. 
If we assume the same temperatures of the 
air and of the laundry in both these cases, 
the difference in moisture between the wet 
laundry and the air will be greater with an 
offshore wind than with an onshore wind. 

This means that the mass transport in the 
first case is greater and therefore the laundry 
dries faster. The questioner’s observation is 
correct: it is often better to dry laundry with 
an offshore wind than with an onshore wind.

Usually the air temperature is also higher 
with an offshore wind. Drying requires a lot of 
heat, and a higher air temperature increases 
the heat flow and thereby the drying speed. A 
higher wind velocity increases both the heat 
transfer and the mass transfer, and thereby 
the drying speed.

Wet temperature sensors
We can calculate the air humidity by measuring 
both the air temperature and the temperature of 
a damp surface from which water is evaporating. 
We do this with a device called a psychrometer 
and to do the calculations we use a Mollier 
diagram for moist air. The diagram shows i.a. 
the relationship between the air’s moisture con-
tent, relative humidity, temperature, and energy 
content. [Ref 1]

A wet sensor for measuring air temperature 
will measure too low a temperature until it has 
dried. The drying speed depends on the flow, 
heat transfer and mass transfer in the same 
way as it does for drying laundry. The three 
processes involved depend on each other in 
what is known as a “multiphysics problem”.

See www.pentronic.se > Pentronic News > Archive   
[Ref 1] See Pentronic News 2009-2, p 3

Turn your nearest pub into a training centre!
We’ve deliberately chosen that rather 
provocative headline to let readers know 
that Pentronic can organise courses for 
several companies at the same time in 
your own locality. It’s one alternative to 
the increasingly popular training sessions 
that we offer on customers’ premises.

Pentronic has long held its training sessions 
at the Stadshotellet hotel in Västervik, with 
an added study trip to Pentronic’s produc-
tion facilities and accredited laboratory. The 
two-day course is a pleasant and informative 
way to convey information but it also has 
disadvantages. Participants have to leave 
home, spend time travelling, stay the night, 
and put up with all the other disruptions of 
business travel.

As a result, more and more companies are 
asking Pentronic’s course leaders to come to 
them. The usual request is for the basic course 
Traceable Temperature Measurement 1.

Up to 21 participants 
The best learning experience comes from a 
three-day course that starts after lunch on 
day 1 with a presentation of the theory, which 
continues the next morning. The afternoon on 
day 2 is devoted to laboratory experiments, 
and the morning of day 3 concludes with a 
run-through of the calibration labs to estimate 
measurement uncertainties.
“Customers can use the morning before the 
course starts to let us take a look at their 
temperature measurement set-ups and to 
ask questions,” says Hans Wenegård, who 
is in charge of training at Pentronic. “And 

after the course there is often an hour or two 
for summing up.”

This course arrangement requires a mini-
mum number of participants so that the cost 
is reasonable. The maximum of 21 participants 
ensures that everyone can benefit from the 
practical lab work.
“Small companies don’t have enough employ-
ees who work with temperature measurement 
for this type of course to be feasible,” Hans 
says. But even here there is a solution.

Adapt the contents
If Pentronic can arrange its very popular 
courses in Västervik, it can do the same thing 
elsewhere. That way, several companies can 
share a training course within their own locality.
“We’ve done a number of such sessions with 
good results,” Hans says.

Another possibility is a one-day course, but 

this only allows time for a few lab demonstra-
tions. Having the course participants do the 
practical experiments themselves has proven 
to help them get a lot more out of the course.

On-the-spot training also makes it pos-
sible to adapt the course contents to parti-
cipants’ specific needs. Everyone who has 
taken Pentronic’s courses knows that the 
course documentation contains a lot more 
than what is covered during the course itself. 
A training session that is specific to one or 
more companies makes it possible to tailor 
the contents. For example, the session can 
focus on sensors for specific uses or industries, 
optimal calibration methods for the customers’ 
own circumstances, or the best strategies to 
estimate measurement uncertainty.
“Just contact us for a proposal,” Hans We-
negård concludes.
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Temperature sensors
Connectors and cables
Temperature transmitters
IR-pyrometers
Temperature indicators
Temperature controllers

Dataloggers
Temperature calibration equipment
Temperature calibration services
Training courses in temperature
Moisture and thickness monitors
Flowmeters

Pentronic’s products and services
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Send address details to info@pentronic.se
Free subscriptions for your colleagues ?

A thermocouple or a Pt100 sensor, which should I choose?

If you have questions or comments, contact Hans Wenegård: 
hans.wenegard@pentronic.se

References see www.pentronic.se > Pentronic News > Archive
[Ref 1]  Pentronic News 2011-2 p 4
[Ref 2]  Pentronic News 2008-1 p 4
[Ref 3]  Pentronic News 2010-2, -3 p 4
[Ref 4]  Pentronic News 2009-2 p 4

Figure 1. The table lists properties that pri- 
marily belong to thermocouples (TC) or 
Pt100 sensors (Pt) respectively.

Briefly, we can say that thermocouples 
measure at higher temperatures and 
withstand mechanical strains such as 
vibrations better than Pt100 sensors, 
which have better accuracy within a limi-
ted temperature range but which can be 
sensitive to shock and vibration.

There are about a dozen types of thermo-
couple on the market: eight standardised 
ones and a few semi-standardised ones. 
The most common ones today are types K 
and N plus the noble metal types S/R and 
B. Platinum resistors are also available in 
various types of wire wound and thinfilm 
formats (Figure 3). In addition, there are Pt100 
and Pt1000 sensors, the latter with ten times 
the resistance values of the Pt100. American 
standards require a slightly greater sensitivity 
in Pt100s than the international standard, 
IEC 60751, which is used in Europe, and this 
must be taken into account when combining 
a sensor with an indicator if they come from 
different sources.

Thermocouples measure the temperature 
difference, via the thermoelectric voltage, 
between the measuring junction and the refe-
rence junction [Ref 1]. Pt100/Pt1000 sensors 
measure the temperature, via the resistance, 
across their resistance loop [Ref 2].

Thermocouples are sturdy
At temperatures below 500–600 °C both 
thermocouples and Pt100 sensors can be 
used. See Figure 1. The choice between them 
will then be determined by the measurement 
environment and the required accuracy. 
Thermocouples can better withstand me-
chanical stresses such as vibrations, blows 
and shocks, whilst the more sensitive Pt100 
sensors are significantly more accurate at low 
temperatures and are electrically very stable. 
Some wirewound Pt100 sensors drift less 
than 0.01 °C/year in favourable measurement 
environments. Small temperature changes 
and few temperature cyclings reduce drift.

At these temperatures, thermocouples 
permit a meaningful resolution of 0.1 °C whilst 
industrial Pt100 sensors normally perform 
to hundredths of a degree. In practice, the 
thermocouples will have shorter response 
times. For example a Pt100 sensor has more 
mass to heat or cool before the platinum 
loop reacts. [Ref 3]. A test in water (0.4 m/s) 
of equivalent sensor tips (ø 3 mm) showed 
that the Pt100 sensor required twice the 

response time as the thermocouple (4 versus 
2 seconds respectively). 

The sensor’s plasticity can also be de-
cisive. Thermocouples in metal-sheathed 
cables are available down to 0.25 mm in 
diameter and can be shaped with the fingers 
up to approx. 3 mm in diameter. See Figure 
2. Pt100 sensors can also be built into metal-
sheathed cables, but only from 3 mm and 
more in diameter [Ref 4]. 

Pt100 more accurate
It is necessary to calibrate temperature 
sensors, and Pt100 sensors that have a well-
defined and delimited measuring position in 
its platinum loop give a reliable calibration 
result, see Figure 3. In contrast, thermocoup-
les measure temperature differences [Ref 1], 
which can lead to problems as the ageing 
processes at the tip and where the sensor 
is inserted through the wall of the vessel 
also tend to differ. This is usually an issue at 
higher temperatures, where Pt100 sensors 
cannot be used anyway, and where very high 
requirements for accuracy are impossible for 
other reasons. 

Self heating
If you want to take measurements in materials 
such as insulation, air that is almost still, or 
other materials with a poor ability to conduct 
heat, an additional problem arises with Pt100 
sensors. In order to measure the resistance of 
the platinum loop, a constant current within 
the range of 0.1 to 1 mA is usually applied. 
This current causes a not-insignificant heat 
power to develop in the detector that can 
raise the detector’s temperature measurably 
over the real temperature. This phenomenon 
does not occur with thermocouples. 

In order for thermocouples to function 
as intended, you must use cables of the 
same type all the way from the sensor to the 
measuring equipment. For Pt100 sensors the 
best results are achieved with a cable with 
four conductors leading to an indicator input 
designed for four connectors. Two- and three-
conductor connections are more unreliable 
and require careful installation and handling 
to avoid measurement errors. However, using 
a Pt1000 sensor reduces the measurement 
errors from a two-conductor connection by 
a factor of ten.

Figure 2. a) The radius of curvature must 
be greater than twice the sheath diameter. 
Example: A Ø 3 mm sheathing must be 
bent across round material of at least Ø 12 
mm. Alternative: Use your fingers!
b) The thermocouple wire is unprotected 
but has a very rapid response time.

Figure 1

Figure 2

Figure 3. Various types of detectors a) wire-
wound 80% free wire, b) bobbin-wound 
detector with fixed wire, c) thinfilm detector 
with a pattern cut into the platinum film. 
The dimensions of the thinfilm detector can 
be very small, e.g. 0.9 x 1.25 x 1.7 mm. 

Figure 3
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