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General issues about the laboratory exercises of the courses FYSE301 and FYSE302 

(Electronics 1 A and B) 

There are two separate laboratory exercises included in the Electronics 1 A & B courses. The first one is part 

of the course FYSE301 and the second one is part of the course FYSE302. If you are going to participate only 

the second course (FYSE302) then you will do the lab exercise described in this document. If you do the 

both then you will take part both FYSE301 and FYSE302 lab exercises where the first one is described in 

another instruction sheet. Laboratory exercises are done in pairs. 

The FYSE302 laboratory work includes pre-tasks, simulations and measurements done in the student 

laboratory. Pre-tasks aim to get to know the components and circuits. During the simulations there are 

performed practically the same things as in the measurement session. The measurements are done in the 

student laboratory and they include building the actual circuits. The emphasis of FYSE302 laboratory work 

is to prepare well for the measurement session. No report is written after the measurements but answers 

to the pre-tasks and simulation tasks are functioning as a report. 

 

Short description of the FYSE302 laboratory exercise 

The lab exercise works as an introduction to basic electronics circuit design. The designed and constructed 

circuit is about to measure temperature through a PT100 resistance temperature detector (RTD). To 

achieve this goal a constant current source and a differential amplifier is utilized. Calibration and testing of 

the setup is done with the help of calibrated digital temperature sensor and computer software. 

 

Pre-tasks 

The following pre-tasks have to be done before simulations and measurements. Answers to the pre-tasks 

should be given shortly in a report sheet (an example sheet can be found from course Koppa page). The 

figures referenced in the following text point to a different sheet called FYES302 RTD MEASUREMENT 

SYSTEM – CIRCUITS. 

1. In the laboratory exercise we use a 2-wire thin film PT100 type of platinum resistance temperature 

detector (RTD) (http://www.farnell.com/datasheets/1848446.pdf and try Google too). The idea of 

utilizing this kind of electronics component is to know resistance vs. temperature response with 

high precision. 

a) Sketch a simple electronics circuit for measuring temperature with PT100 RTD. All you need 

for simple circuit is a current source, a voltage meter, some wire and the PT100 RTD itself. 

http://www.farnell.com/datasheets/1848446.pdf


b) What temperature range can be measured with our PT100 RTD? RTDs are available with 2-

wire, 3-wire, and 4-wire configuration. Explain shortly what is gained and why by adding 

more wires to the sensor. 

c) Look for a general PT100 temperature 𝑇 vs. resistance 𝑅 conversion table. What resistance 

values PT100 will have in -20 °C, 0 °C, 100 °C and 150 °C. Plot the table data you find, make 

a linear fit and comment on the linearity of 𝑇 vs. 𝑅 response. These lookup tables or 

derived fit functions can be used to get the temperature information, but there is also a 

standard (by IEC751) non-linear equation for the conversion, what is the form of this 

equation? 

d) How about PT1000 type RTD, what are the resistance values in -20 °C, 0 °C, 100 °C and 150 

°C? 

e) Self-heating of our PT100 is stated to be < 0.5 °C/mW. In the worst case scenario how high 

sense current flowing through the RTD is needed to cause 0.5 °C self-heating if the RTD is at 

100 Ω? Normal value for the PT100 sense current is about 1 mA, what kind of heating this 

current can now cause? Can you think of other countermeasures other than limiting the 

sense current to avoid self-heating in general PT100 use case? 

f) If the sense current through RTD is 1 mA, what kind of sense voltage over RTD is measured 

in 0 °C and 10 °C (use conversion table or equation)? How about the sense voltage in 1 °C? 

Comment on the possibilities of measuring voltage differences over RTD caused by 0 → 10 

°C or 0 → 1 °C temperature difference with a normal digital multimeter. 

g) Taking a totally different viewpoint to the temperature sensing, explain shortly what kind 

of electronics device is a DS18B20 temperature sensor? 

2. Fig. 1 shows a constant current source circuit implemented with operational amplifier (op amp, 

model LM741). Explain shortly why this negative feedback/non-inverting amplifier circuit performs 

as a constant current source. By using parameters given in the Fig. 1 and non-inverting op amp 

equations, calculate the resistance value for the potentiometer 𝑅𝑝𝑜𝑡 if the current flowing through 

𝑅𝑟𝑡𝑑 (i.e. our PT100 RTD) is 1 mA.  

3. The actual sense voltage measurement is done with Arduino Uno microcontroller development 

board (http://arduino.cc/en/main/arduinoBoardUno). This board has 10 bit analog-to-digital 

converter (ADC) meaning 210 = 1024 distinctive converted digital values over the input voltage 

range. Arduino Uno uses 5 V supply voltage so the ADC measurement range is from 0 V to 5 V. 

What is the voltage resolution (voltage per one digital value step) of this ADC? Comment on the 

basis of pre-task 1. f) the possibilities of measuring voltage differences over RTD caused by 0 → 10 

°C or 0 → 1 °C temperature difference with Arduino Uno’s ADC. 

4. The wanted measurement range with our PT100 RTD is 0 → 100 °C. What is the measured voltage 

range over RTD if the sense current is 1 mA? If we want to scale this voltage difference to our ADC 

range 0→ 5 V, what is the needed amplification factor? 

5. Fig. 2 shows a differential amplifier circuit implemented with op amp (again LM741). By using 

differential amplifier equations, calculate the resistor values for 𝑅1 = 𝑅2 and 𝑅3 = 𝑅4 (use kΩ to 

MΩ range resistors) to get the amplification factor obtained in pre-task 4. Make sure that the 

resistor values you end up are really available (check for instance http://fi.farnell.com/). Again, we 

want to measure the temperature range of 0 → 100 °C, so what voltages the differential amplifier 

with the obtained amplification factor will output at the temperature range limits: 0 °C and 100 °C? 

Is there a problem when thinking about our ADC range 0 → 5 V and if so, explain shortly where this 

problem arises? 

http://arduino.cc/en/main/arduinoBoardUno
http://fi.farnell.com/


6. To work out the problem that came up in pre-task 5. we have to add some offset to the differential 

amplifier input. Fig. 3 shows an improved differential amplifier circuit compared to Fig. 2. By using 

the parameters calculated in pre-task 5. and the differential amplifier equations, calculate the 

resistor values for  𝑅𝑥  and 𝑅𝑦 to get the amplified output voltage corresponding 0 V when RTD 

temperature is 0 °C (use kΩ to MΩ range resistors). How much is the offset voltage? Make sure that 

the resistor values you end up are really available (check for instance http://fi.farnell.com/). 

Comment the need to adjust 𝑅3. If finding a suitable pair of 𝑅𝑥 and  𝑅𝑦 causes troubles to keep the 

output voltage range in Arduino Uno ADC range, then you have adjust the amplification factor by 

giving new values for 𝑅1 and 𝑅3. in such a case iterate, 5.->6.->5… 

7. Operational amplifiers very often require a differential power supply voltage meaning for instance 

±12 V. What kind of devices are Traco Power TMA2412D and TMA2412S, what pins do they have 

and how does the suitable one connect to an operational amplifier?  

 

Simulations 

General 

Circuit simulations include the same components and circuits which are used in the measurements. The 

ultimate idea is to compare theoretical circuits to actually built ones. Simulations are done with National 

Instruments’ Multisim software. The software is located in the student computer class of physics 

department and is installed to teacher’s computer (physclass-1) and to first and second row computers 

(physclass-2->physclass-8, the last one is actually third row machine). When logging into one of these 

computers Multisim can be found in Start Menu->All Programs->National Instruments->Circuit Design Suite 

10.0->Multisim or just typing Multisim to search program field in Start Menu. All the circuit files are saved 

to a folder named ‘FYSE302_Simu_Surname1_Surname2’ (i.e. for Mr Batman and Ms Robin 

‘FYSE302_Simu_Batman_Robin’), zipped and send (with other answers) via email to the assistant. 

Some tips for using Multisim software: 

 Multisim uses a dot (.) as a decimal separator independent of the regional settings of the computer. 

 Components are placed to the schematics by pressing ‘Ctrl+w’. Another way is to click right mouse 

button and press ‘m’ or select ‘Place Component…’. Components are listed in the pop-up window 

by different categories so go through them or use ‘Search…’ button. 

 Remember to add grounding (->Group: Sources->Component: Ground) to you circuit. 

 Simulation is run by pressing a green play button in the toolbar above the schematics area. If this 

button is not visible make it visible by selecting ‘View->Toolbars->Simulation’. Simulation is stopped 

from red stop button in the same toolbar. 

 Short example tutorials for Multisim:  

o https://www.youtube.com/watch?v=_KrOqpavFt4  

o http://www.ni.com/white-paper/10710/en/  

o http://www.ece.mtu.edu/labs/EElabs/EE3010/revisions/Summer2009/Multisim%20Tutoria

l/MULTISIM%20Tutorial.pdf 

 Play with circuits and components! In simulations it’s easy and fast to check different setups 

without breaking anything!  

http://fi.farnell.com/
https://www.youtube.com/watch?v=_KrOqpavFt4
http://www.ni.com/white-paper/10710/en/
http://www.ece.mtu.edu/labs/EElabs/EE3010/revisions/Summer2009/Multisim%20Tutorial/MULTISIM%20Tutorial.pdf
http://www.ece.mtu.edu/labs/EElabs/EE3010/revisions/Summer2009/Multisim%20Tutorial/MULTISIM%20Tutorial.pdf


Tasks 

Answers to the simulation questions should be given in the same report sheet which is used with pre-task 

answers. The figures referenced in the following text point to a different sheet called FYSE302 RTD 

MEASUREMENT SYSTEM – CIRCUITS. 

Simulation 2.1: 

Simulate the constant current source circuit shown in Fig. 1. 

Setting up the circuit: Components can be added by right clicking the schematics area and choosing ‘Place 

Component…’ or using shortcut key ‘Ctrl+w’. 𝑅𝑟𝑡𝑑 is a 100 Ω resistor, 𝑅𝑝𝑜𝑡 and 𝑅𝑝𝑜𝑡2 are identical 20 kΩ 

potentiometers, DC voltage sources 𝑉1 = 5 V, 𝑉2 = +12 V and 𝑉3 = −12 V, and LM741 op amp can be 

found by using ‘Search…’ button in ‘Place component…’. Check from the op amp’s data sheet 

(http://www.ti.com/lit/ds/symlink/lm741.pdf) that the pins 1 → 7 are connected correctly in the circuit. 

XMM1->4 are multimeters which are located in the ‘Instruments’ toolbar on right (if the toolbar is not seen 

go ‘View’->’Toolbars’->’Instruments’). Parameters of any of the components can be changed by double 

clicking the component. So set the increment of the potentiometers 𝑅𝑝𝑜𝑡 and 𝑅𝑝𝑜𝑡2 to small enough (i.e. 

1 %) from ‘Value’ tab. Also set XMM1->3 to measure current and XMM4 to measure resistance. 

Simulation: Double click the multimeters to open their displays. Run the simulator by clicking ‘F5’, clicking 

the green play button or going to ‘Simulate’->’Run’. Change the resistance of 𝑅𝑝𝑜𝑡 and observe the 

currents in the circuit. Tune the resistance so that XMM1 shows 1 mA. Stop the simulator, change the value 

of 𝑅𝑟𝑡𝑑 to 150 Ω and observe the currents. Save the circuit as ‘S2_1’. 

Questions: What are the other currents in the circuit when XMM1 shows 1 mA. What is the resistance of 

𝑅𝑝𝑜𝑡 in that case. This resistance you can see from XMM4 when the same pins of 𝑅𝑝𝑜𝑡 and 𝑅𝑝𝑜𝑡2 are in 

use and the percentage values of the potentiometers are the same. What are the currents when value of 

𝑅𝑟𝑡𝑑 is changed. Calculate voltage over 𝑅𝑝𝑜𝑡 with three simulated resistance (at 25 %, 50 % and 75 %) and 

current values. Give screenshots from Multisim in these cases (circuit and multimeter displays should be 

seen). 

Simulation 2.2: 

Simulate the differential amplifier + constant current source circuit shown in Fig. 2.  

Setting up the circuit: Start with the Simulation 2.1 circuit where 𝑅𝑟𝑡𝑑 = 100 Ω and 𝑅𝑝𝑜𝑡 set to the value 

where current is 1 mA. Build the differential amplifier circuit and connect circuits together. 𝑅1, 𝑅2, 𝑅3 and 

𝑅4 are differential amplifier resistors so that 𝑅1 = 𝑅3 and 𝑅2 = 𝑅4 (with values given in Fig. 2 the 

amplification is 10). Set these resistor values to those that were calculated in pre-task 5. Also set 

multimeters to measure voltage, XMM1 measuring over 𝑅𝑟𝑡𝑑 and XMM2 measuring differential amplifier 

output. 

Simulation: Open multimeter displays. Run the simulator and observe the voltage over 𝑅𝑟𝑡𝑑 and 

differential amp output voltage. Change 𝑅𝑟𝑡𝑑 resistance in the range of PT100 resistance as temperature is 

0 → 100 °C. Save the circuit as ‘S2_2’. 

Questions: What are 𝑅𝑟𝑡𝑑 voltage and differential amp output voltage with resistance values from pre-task 

5.? Does the voltage, and thus the amplification factor, correspond to the calculated one? Give screenshots 

http://www.ti.com/lit/ds/symlink/lm741.pdf


from the cases where 𝑅𝑟𝑡𝑑 value corresponds to 0 °C, 50 °C and 100 °C (circuit and multimeter displays 

should be seen). Within this temperature range, does the differential amp output voltage swing match the 

Arduino Uno ADC range? In addition to the problem noticed in the pre-task 5., what other problem may 

come up when thinking the differential amp output in the upper limit of our 𝑅𝑟𝑡𝑑 resistance range (in 100 

°C) compared to the supply voltage of our op amps? 

Simulation 2.3: 

Simulate the differential amplifier with offset + constant current source circuit shown in Fig. 3 

Setting up the circuit: Start with the Simulation 2.2 circuit where 𝑅𝑟𝑡𝑑 is set to the PT100 resistance value 

in 0 °C. Build the offset circuit by replacing the ground (reference) connection of the differential amp with 

voltage division from −12 V supply using 𝑅𝑥 and 𝑅𝑦 (with values given in Fig. 3 the offset voltage is 6 V). 

Set these resistor values to those that were calculated in pre-task 6. Also set multimeters to measure 

voltage, XMM1 measuring over 𝑅𝑟𝑡𝑑 and XMM2 measuring differential amplifier output. 

Simulation: Open multimeter displays. Run the simulator and observe the voltage over 𝑅𝑟𝑡𝑑 and 

differential amp output voltage. Change 𝑅𝑟𝑡𝑑 resistance in the range of PT100 resistance as temperature is 

0 → 100 °C. Save the circuit as ‘S2_3’. 

Questions: What are 𝑅𝑟𝑡𝑑 voltage and differential amp output voltage with resistance values from pre-task 

6.? Does the voltage, and thus the offset voltage, correspond to the calculated one? Give screenshots from 

the cases where 𝑅𝑟𝑡𝑑 value corresponds to 0 °C, 50 °C and 100 °C (circuit and multimeter displays should 

be seen). Within this temperature range, does the differential amp output voltage swing match now better 

the Arduino Uno ADC range? As there may be differences with calculated value and the simulation 

algorithm, you may want to tune the amplification (i.e. 𝑅1 and 𝑅2) and/or offset (i.e. 𝑅𝑥 and 𝑅𝑦) to get the 

output voltage swing to match ADC range. If tuning is needed, what kind of values you end up with? 

 

Measurements 

General 

Measurements involve building the different parts of the temperature measurement system one by one 

and finally testing and calibrating the system in a whole. The measurements are mainly about building the 

circuits and understanding the behavior of them. Data analysis is not done after the measurements so 

logbook should be kept just for making notes of used components and voltages/currents, and remembering 

the steps taken during the lab session. During the build process of circuits normal multimeters are used. 

This also means that the component values and applied voltages/currents should be measured carefully 

since there are many sensitive system parts (temperature sensors, Arduino, DC-DC-converter). The last part 

of the lab session, testing and calibration of the system, is done with Arduino Uno 

(http://www.arduino.cc/) development board and DS18B20 digital temperature sensor which are 

communicating with PC and LabVIEW software.  

 

 

http://www.arduino.cc/


Arduino Uno development board 

The used microcontroller development platform, Arduino Uno, plays an essential role in the lab exercise in 

such that it sets the restrictions for analog-to-digital conversion (ADC) parameters. This means 0 → 5 V 

input voltage range and 10 bit (210 = 1024 distinctive value) resolution. On the other hand Arduino Uno 

enables computer-based testing and calibration of the system by USB communication with PC and LabVIEW 

software. Arduino Uno offers 14 digital input-output (I/O) pins and 6 analog input pins. In this lab exercise 

we use 1 digital and 1 analog pin which are shown in Pic. 1.  

 

 

Pic. 1: Arduino Uno development board. In the picture there marked red the analog input pin and ground 

used for PT100 RTD and green the digital input/output, 5 V supply and ground pins used for DS18B20.   

 

Test and calibration software 

The last part of the lab exercise, test and calibration, is done with LabVIEW software called ‘PT100 and 

DS18B20 temperature sensing’ which can be found from C:\MyTemp\Electronics\FYSE302\ in the student 

lab PC. The front panel of the program is shown in Pic. 2. The main operations of the program are in the 

‘Temperature sensing’ tab, and are divided into two different areas: PT100 sensing and DS18B20 sensing. 

DS18B20 sensing includes just one monitor display because it’s a ready calibrated digital sensor. PT100 RTD 

sensing also includes one monitor display but besides that it requires calibration. Firstly this calibration 

means setting the correct value for sense current flowing through the PT100 RTD. Secondly the calibration 

requires setting one or more calibration points to the software while both of the sensors are kept in the 

same temperature. One calibration point is set by pushing ‘Add cal. point’ button. If more than one 

calibration point is set the program calculates mean value of all these points. If a calibration point is added 

when sensors are not in the same temperature the calibration is corrupted and the calibration has to be 

reset by pushing ‘Reset cal.’ button and setting calibration points again. If facing troubles with the software 

consult the assistant. 



 

Pic. 2: Front panel of the LabVIEW program used for testing and calibration of the system. 

 

Tasks 

The figures referenced in the following text point to a different sheet called FYES302 RTD MEASUREMENT 

SYSTEM – CIRCUITS. 

Note! During every measurement 

 Make sure you have all the needed components in hand before starting. 

 When adding or removing components in the circuits, set power supplies off. And when setting 

power on measure voltages/currents with multimeter to be sure these voltages/currents are right. 

 Measure the values of the components (if possible), don’t trust the box labeling.  

 Keep track on components/values in the logbook. 

 If in doubt, ask from assistant. 



Measurement 2.1: 

Idea: Build the DC-DC-converter circuit checked in pre-task 7. to the small breadboard. This converter is 

used to supply ±12 V for the operational amplifiers. 

Execution: Make sure that the 24 V power supply for DC-DC-converter input gives the correct voltage value. 

Turn 24 V power supply off and build the circuit. Turn the 24 V power supply on and make sure the DC-DC-

converter gives the correct voltage values, that is +12 V and −12 V. 

Measurement 2.2: 

Idea: Build the constant current circuit shown in Fig. 1 to the big breadboard. Constant current circuit is 

used to drive constant current through our PT100 RTD, i.e. 𝑅𝑟𝑡𝑑. The current source is adjusted so that the 

current flowing through 𝑅𝑟𝑡𝑑 is about 1 mA. Separate potentiometer/multimeter circuit is not used. 

Execution:  Take +5 V from Arduino Uno.  So, by powering Arduino measure that the chosen pin gives the 

correct voltage value. Take ±12 V from the DC-DC-converter built previously. For 𝑅𝑟𝑡𝑑 use a 100 Ω 

resistor. Set multimeters XMM1-3 to measure currents. Turn the supply voltages on and adjust the 

potentiometer 𝑅𝑝𝑜𝑡 so that the current flowing through 𝑅𝑟𝑡𝑑 (XMM1) is about 1 mA. When correct 

operating point is found disconnected potentiometer temporarily from the circuit and measure it’s 

resistance with multimeter. 

Measurement 2.3: 

Idea: Build the differential amplifier circuit shown in Fig. 2 next to the constant current circuit. Differential 

amplifier circuit is used to amplify very small signal over the PT100 RTD to the range that can be better 

measured with Arduino Uno. After setting up the amplifier, the amplified voltage is compared to the 

original input voltage. 

Execution: Choose the resistance values 𝑅1-𝑅4 from the available resistor in the boxes as close as possible 

to the calculated/simulated values. Pick for 𝑅𝑟𝑡𝑑 two different resistors, one for the lower limit and one for 

the upper limit of the chosen temperature range 0→ 100 °C. Connect the constant current circuit and the 

amplifier circuit, turn the power supply voltages on and measure the original voltage (over 𝑅rtd) and the 

amplified voltage for the both chosen 𝑅𝑟𝑡𝑑 values with multimeters XMM1-2. The difference of the 

amplified voltages of these two cases cannot exceed the Arduino Uno’s ADC range 5 V. So if it exceeds, you 

have to decrease the amplification by modifying 𝑅1-𝑅4.  

Measurement 2.4:  

Idea: Build the offset circuit for the differential amplifier circuit shown in Fig. 3. Offset circuit is used for 

getting rid of the offset seen in the amplified signal. Offset is adjusted so that the lower limit of the 

amplified signal goes close to zero and upper limit goes close to 5 V so that the amplified signal can be fed 

to Arduino Uno’s analog-to-digital converter. 

Execution: Choose the resistance values 𝑅𝑥 and 𝑅𝑦 among the available resistor as close as possible to the 

calculated/simulated values. Disconnect operational amplifier temporarily from the ±12 V power supply 

and measure first separately voltage division by 𝑅𝑥 and 𝑅𝑦  (which is our offset voltage). If it is as should 

connect offset circuit to differential amplifier, turn the power supply voltages on and measure the original 

voltage (over 𝑅rtd) and the amplified voltage for the same two 𝑅𝑟𝑡𝑑 values as in task 2.3 with multimeters 



XMM1-2. The amplified signal cannot go at the lower limit below zero and at the upper limit over 5 V. If the 

amplified signal exceeds the Arduino Uno’s ADC range 0-5 V you have to change the offset by modifying 𝑅𝑥 

and 𝑅𝑦, or if suitable resistors combinations are not available you have to go back to modify the amplifier 

amplification too. 

Measurement 2.5: 

Idea: Connect PT100 RTD to Arduino Uno as shown in Fig. 4 and 5, and DS18B20 to Arduino Uno as shown 

in Fig. 5. Both of the sensors give temperature information but PT100 through analog signal and DS18B20 

through digital signal. PT100 needs to be calibrated which is done by using DS18B20 as a reference. 

Calibration is done sinking both of the sensors to the same water bath. 

Execution: When starting this task you have to be sure that PT100’s differential amplifier output is not 

exceeding the range 0-5 V with the RTD temperature range 0→ 100 °C! If sure, then turn the supply 

voltages off and connect the higher voltage end of the PT100 to Arduino Uno’s A5 pin and lower voltage 

end to ground (GND) pin. Then connect DS18B20’s signal wire to Arduino’s D2 pin, GND wire to Arduino’s 

GND pin and Supply wire to Arduino’s 5V pin. Start ‘PT100 and DS18B20 temperature sensing’ software and 

see if it starts to show temperatures the way that DS18B20 is showing a correct value (if facing troubles see 

‘Debug’ tab and consult the assistant). Take 3 different bowls of water with different temperatures. Sink 

both of the sensors to the same bowl and press ‘Add cal. point’ button. You can add as many calibration 

points as you like and if you need to reset/start over the calibration just press ‘Reset cal.’. After calibration 

the temperature values should show quite the similar values throughout the measurement range. 

After the measurements 

Tidy up the measurement area and return all the used components and devices to the right places. 

Broken/burned components can be thrown to garbage bin.  

 

Report 

In the FYSE302 laboratory exercise the report means the answers given to the pre-tasks and simulations 

before measurement session. Answers are given with a report sheet. So, additional report or data analysis 

after the measurements is not done. Measurement logbook is presented to the assistant after the 

measurements and the laboratory work as a whole is passed when the measurement session ends. 

 


