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PA 1: Building and measuring a circuit  

Pre-analysis  
In practical assignment 1 the goal is to build a circuit and then measure and 
calculate the different currents and Vout (see image) 

 
After this, we measure the difference in resistance on pins a and b of a 10 kΩ 
potmeter, while turning its knob. After this, we replace R4 and R5 by the potmeter and 
measure the voltage on pin b (of the potmeter) and adjust the knob until we get an 
output voltage of Vout = 5 V. After taking the potmeter away from the circuit, we 
measure the resistance value between pins a and b and b and c. At the end we 
verify our measurements by calculating the voltage on the joint of replacement 
resistors of R4 and R5 by Rab and Rac. 
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Modeling 
This are the calculations and equations used to calculate the different currents. 
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Measurements 

 
When measuring we had some difficulty checking the resistance of the resistors we made. 
Because we prepared the circuit before hand we used the resistors provided in the e-Lucid 
kit. This meant we had a lot of resistors in series and parallel connections. By measuring 
between the different resistor pairs we found all the Currents. 
For measuring Rbc we measured between the b and c poles of the potmeter when the output 
voltage was 5V. 

Results 
 

 Measurement Calculation 

I1 1.27 mA 1.26 mA 

I2 0.307 mA 0.305 mA 

I3 0.650 mA 0.649 mA 

I4 0.307 mA 0.306 mA 

Rbc 2.61 kΩ 2.75 kΩ 

 

Conclusions  
Looking at the results there is only a small difference between the currents that we 
calculated, and the ones that we measured. There is a larger difference between the values 
of Rbc that can be explained by the small difference in currents. For calculating Rbc we used 
the calculated currents. Also the small inaccuracy of the resistors can play a role here. 
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PA 2: A circuit with a capacitor  

Pre-analysis  
In practical assignment 2 we have to build a circuit (see image 2) and connect it to a 
power supply, oscilloscope and multimeter. The circuit includes amongst other 
components a capacitor and a button. By pushing and releasing the button a few 
times, we capture a waveform on the oscilloscope (which is in single shot mode). 
From this generated image, we calculate the time constants of the circuit. After this, 
we disconnect the power supply and replace it with a function generator which 
generates square waves of 5V and 1 Hz. Using one channel of the oscilloscope we 
check the DC offset of the function generator. Then using the second channel of the 
oscilloscope we display the output voltage of the circuit. By pushing and keeping it 
pushed, we generate an image on the oscilloscope. Then we also slowly increase 
the frequency on the function generator. All the resulting observations are then 
noted.  
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Modeling 

i1 
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Measurements 

 
With the Single Shot function on the oscilloscope we captured a charging and discharging 
event from the capacitor. 
By using the markers we determined the time constants for charging and discharging, and 
compared them to our calculations.  

Results 

 Measurement Calculation 

𝛕Charge 51.2ms 49.75ms 

𝛕Discharge 90.8ms 99ms 

Conclusions  
When calculating and measuring we found that there was a different time constant for 
charging and discharging the capacitor. The reason for this is that there is a different path 
through the circuit, and thus a different total resistance. This means the relation of R*C 
changes, and this gives a different time constant. 
Our calculations were not exactly the same as the measurements, but they are rather close. 
The difference for the results could be in the inaccuracy of measuring with the oscilloscope, 
and the standard inaccuracy if the resistors we used. 
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PA 3: Diodes, transistors and opamps 

Pre-analysis 
Assignment 3 also starts with building a circuit (see image 3). Rb is then replaced everytime 
with either a 100 kΩ, 47 kΩ, 10 kΩ and 1 kΩ resistor. For every Rb we measure Ic, Vce and 
Vbe.  

 
 
In the second part of practical assignment 3, we build another circuit (see image 3b). We first 
calculate the two transition levels of the opamp and then verify them by measuring. Finally, 
we draw the hysteresis graph and indicate the measured values.  
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Modeling 

 

 

Measurements 
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With the multimeter we measured from transistor poles c to e to get Vce and from poles b to e 
to get Vbe. To measure the current we put the probes of the multimeter in between the lamp 
and the transistor.  
To measure the Transition levels on the second circuit we used the power supply to vary the 
input voltage on the positive side of the comparator. By doing so we found the two values in 
the table below.  
 

Results 
Measurements of circuit 1. 
 

 100k 47k 10k 1k 

Vce 3.906V 2.95V 0.835V 92.1mV 

Vbe 0.702V 0.73V 0.796V 0.85V 

Ic 29mA 36mA 47.8mA 51.36mA 

Lamp Very subtle 
glowing 

Subtle glowing Shining Shining 

 
Measurements of circuit 2. 
 

 Measurements Calculations 

Vin+ lower transition level 4.8V 4.76V 

Vin+ upper transition level 5.24V 5.24V 

 

Conclusions  
In circuit one we were looking at the difference between a saturated and a non saturated 
transistor. From the results, and mostly the brightness of the light we can conclude that the 
transistor becomes saturated between the 47k and 10k resistor. In the case of the 10k 
resistor the Vce, is only slightly bigger then the Vbe. an in case of the 1k resistor Vbe is bigger 
than Vce. With some error in mind in the measurements we could say that a transistor is 
saturated when Vce is smaller than Vbe.  
For the second circuit the measurements and the calculations are very close. The small 
difference in the lower transition level could be because of inaccuracy in the measurements.  
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PA 4: Central Heating System 

Pre-analysis 
Practical assignment 4 is different than the other practical assignments. In this case we don’t 
have a clear description of what to build, but rather a basic schematic (see image 4) and 
explanation of what the circuit should do.  

 
The assignment is to create a central heating system with an NTC resistor, a comparator, a 
potmeter, various resistors and an electric power switch. Then we add a LED with a 
corresponding 10 kΩ resistor to the output of the controller to check if the output is switched 
on or off. The system should heat a power resistor of 10 Ω if the measured temperture is low 
enough and lower than the user desired temperture. The user can change the desired 
temperature with the potmeter. 
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Modeling 

 

 

Statistics from the N-FET 

- Max drian voltage = 60V 
- Max Gate voltage = 20V 
- Max drain current = 16A 

By directly connecting the potmeter to the positive input of the comparator via the b terminal we 
basically have two series resistors. By changing the position of the potmeter we can control the 
voltage that goes into the comparator. 
As the temperature of the NTC becomes higher, the resistance goes down. So if we place it in 
series with another resistor with a set value. Then we connect the negative side of the 
comparator in the middle of the NTC and the resistor with the NTC being upstream. As the 
temperature rises, and the resistance of the NTC goes down, the voltage over the negative input 
of the comparator goes up. When the voltage on the negative input becomes higher than on the 
positive input it switches of. 
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We connect the N-FET so that the output of the comparator is connected to the gate. We 
connect the heating element to the source, and the drain to ground. 
We supplied power to the comparator by directly connecting it with the power supply and ground. 

Measurements 
Measuring here was done in a very crude way. To check if the heater was working, and if the 
potmeter worked as a target setting we changed the potmeter and checked the current 
flowing through the circuit. Of Course we tried to see how hot the heater got, and burned out 
fingers in the process. 

Results 
Video: https://youtu.be/LLphgiHfv3Y  

Conclusions  
We got the heating system working, although I would not recommend anyone to implement 
this in their house. The circuit worked, but it was very simple, and it was not clear what the 
targeted temperature was, or what temperature the room has.  
There are probably multiple ways to build the circuit looking at the characteristics of the used 
components. 
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Reflections 

Jori van der Kolk 
In the beginning of the course we had different partners. I only did the first assignment with 
my previous partner, and he wasn't even there. 
When I found out my new partner I was very confident the collaboration would be fine. 
My goals for the course were to get a better understanding of electrical components, and 
how to use them. Through the lectures and the practical assignments I got to know a lot of 
components and also understand how to use them in practical situations. 
When doing the practical assignments we had a nice flow, and always finished on time, even 
if we had some difficulty with a certain part of the assignment.  
We usually prepared the assignment before hand, this helped a lot, but also led to some 
extra challenges during the first practical assignment in the report where we had put together 
a lot of resistors to get the desired resistance values. 
 
It was nice to get some hands on experience with electronics, and learn about different 
electrical components and their function. I can say that I achieved my goal for the course, 
and I hope we can show that in the mini project. I think Bart and me were a good team, and 
we worked well together. 
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Appendix 

N-FET characteristics 

 
source: STP16NF06 Datasheet. 

NTC characteristics 

 
 
source: NTC thermistors for temperature measurement (Datasheet) 
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source: NTC thermistors for temperature measurement (Datasheet) 
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