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We will have to calculate Rretotal, I1, I2, I3, I4, and Vout. After doing this, we will have to 
measure Rretotal, I1, I2, I3, I4, and Vout to confirm our calculations. We, then, take the 
potmeter to measure the resistance between pins a and b, and between pins b and c. 
While we are doing this, we also turn the knob.
We replace R4 and R5 by the potmeter R7 and measure the voltage on pin b. We adjust 
the knob until we get an output voltage of 5V. 
Then, we measure the resistance between pins a and b, and between b and c after we 
have taken away the potmeter.
Finally, we verify our measurement results by calculations. 

We made three loops. 

This means we can conclude that I2=I4
Additionally I1=I2+I3+I4
If we insert this formula in loop 1, we get:

We insert this in the formula for loop 2:

We now add these values for I1:

Necessities: 
Power supply with 10V
Breadboard
Resistor 2.2kΩ
Resistor 10kΩ
Resistor 4.7kΩ
Resistor 1.8kΩ
Resistor 8.2kΩ
Resistor 3.3kΩ
Potmeter with resistance value of 10kΩ

Pre-analysis

Modeling
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We now calculate Rtot. 
R2, R3 and (R4+R5) are in paraller. R1 and R6 are in series, just like 
R4 and R5.

We continue by calculating Vout.

Now, we calculate Rab and Rbc. 
Vin is the sum of all voltages in serie, so:

Measurements

Results

When comparing our calculations to our measurements, we can 
verify that they are correct. All answers lie within a 2% difference 
of each other. We can conclude that our answers are correct.

Conclusion

The measurements were conducted using a voltmeter for voltage 
measurements, and an ammeter for current measurements. To 
measure voltages, we attached the probes of the meter to the two 
points between which we wanted to measure the difference in 
potential. For current measurements, the ammeter was integrat-
ed in the circuit at the point we needed to know the current flow 
for. Below, the measured values are compared to those calculated 
before.
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Pre-analysis
We build the circuit and connect the power supply, oscilloscope, and multimeter. We 
check whether the capacitor is positioned correctly. We set the multimeter to DC volt-
age, the oscilloscope to 2V/division, 400ms/division and the power supply to 5V, 100mA.
We push and release the button a few times and capture the waveform of the capacitor 
charging when pushing the button. We measure the time constant for charging and 
discharging. We, then, calculate both time constants of the circuit.

We disconnect the power supply and connect the function generator. We set it to gen-
erate square waves, 5V, 1Hz. We check the DC offset of the function generator to get a 
square wave alternating between 0V and 5V. We use a second channel to display the 
output voltage.

Necessities:
Breadboard
Power supply, 5v, 100mA
Oscilloscope, 2V/division, 400ms/division
Multimeter, DC voltage
Function generator
Capacitor 10μF
Resistor 10kΩ (2x)
Resistor 1MΩ

Modeling
We start by calculating the RC when charging

We now calculate the RC when discharging



8

Measurements Results

From our results we can conclude that our measurements and 
calculations correspond. We found a slight difference in τ,charg-
ing. We can assume that the reason for the fact that we were un-
able to read the time accurately is because it was unclear when it 
was done charging.

Calculations Measurements
τ,charging=0.05s=50ms τ,charging=59ms

τ,discharging=0.099s=99ms τ,discharging=103ms

Conclusion

The circuit:					     Measuring the time con	
						      stant for charging and 	
						      discharging the capacit	
						      or using an oscilloscope.

Attached to waveform generator, displaying generated waveform 
(green) and circuit voltage (yellow)					   
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Pre-analysis
Part 1: 
For every Rb, we will measure Ic, Vce and Vbe. We cal-
culate Ib in mA given the transistor(BC550) is in satu-
ration and Rb is 10kΩ.

Necessities:
•	 Power supply with 6V
•	 Breadboard
•	 Lamp 6V/50mA
•	 Resistor 100kΩ
•	 Resistor 47kΩ
•	 Resistor 10kΩ

Part 2:
We build the new circuit with the LM324 type opamp. We use a combination 
of a LED with relevant series resistor as indicator on the output of the compar-
ator. We calculate the two transition levels and verify them by measurements. 
Finally, we draw the hysteresis graph and indicate the measured values. 

Necessities:
•	 Breadboard
•	 Resistor 10kΩ (2x)
•	 Resistor 100kΩ
•	 Transistor (LM324)
•	 Resistor 1kΩ

Modeling
Part 1: 
We calculate Ib given the transistor(BC550) is in satu-
ration and Rb is 10kΩ.

Part 2: 
First, we calculate Vout if the output changes from 0V 
to 10V. R2 and R3 have the same voltage drop and are 
connected to the same node (parallel).

We, then, calculate Vout if the output chang-
es from 10V to 0V. R1 and R3 now have the 
same voltage drop and are connected to the 
same node (parallel).
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Measurements

Results Conclusion

Rb Ic	 Vce Vbe

1kΩ 55.12mA 0.109V 0.856V

10kΩ 49.1mA 1.22V 0.793V

47kΩ 36.0mA 3.20V 0.730V

100kΩ 28.4mA 4.10V 0.700V

Part 1:

Calculated	 Measured

Vout:Vin (0v-10V)=4.76V	 Vout:Vin (0v-10V)=4.7V

Vout:Vin (10v-0V)=5.24V Vout:Vin (10v-0V)=5.1V

When comparing our calculations to our measurements, we can 
verify that they are correct. All answers lie within a 3% difference 
of each other. We can conclude that our answers are correct.

We measured Ic, Vce and Vbe for 4 different values of Rb.

Circuit for assignment part 1 (notice the lightbulb on the left) 	     Circuit for assignment part 2. We left out the LED and replaced 		
										               it with probes for a voltmeter, for more accurate measurements.
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Pre-analysis Modeling
Analyze your actuator: what power source do you need to heat it 
up to its maximum?
Actuator: 10Ω resistor with power rating of 3 Watt. The power 
source should be able to supply 3 Watt to heat up the actuator 
to its maximum.
P=U*I=3W

What is the maximum supply voltage for the resistor?
Maximum supply voltage:
U_max=P/I=3W/I
The limiting element voltage (LEV) for the resistor is 150V (appen-
dix). The applied voltage should never exceed this. 

What is the maximum current through the resistor?
I_max=P/U=3W/U
This is for any given voltage. 

Is the N-FET able to handle that?
The gate threshold voltage for the N-FET is between 2V and 4V. 
The current thus should be between 0.75A and 1.5A (see calcu-
lation below)
I=3W/U=3W/4V=0.75A
I=3W/U=3W/2V=1.5A
According to the datasheet of the N-FET, the continuous drain 
current at a temperature of 25°C is 11A. This is plenty for our ap-
plication.

How can you use a potmeter to generate an appropriate voltage 
usable as setting?
By using a voltage divider we can get the potmeter to generate 
an appropriate voltage to reference the comparator to.

Analyze your sensor: find the R value vs T graph of your NTC.
To the right, a table containing T-values with corresponding R’s is 
displayed. For our NTC, R25=10kΩ

How can you convert the NTC resistance value to a voltage?
V=I*R

How do you connect the inputs to your com-
parator?
See schematic below

How do you connect the N-FET to the com-
parator?
See schematic below

How are you going to supply power to the 
comparator?
See schematic below

How do you connect the LED and its series re-
sistor? What is the value for the resistor?
See schematic below

Once your design is ready, check if you under-
stand its behavior. What is the effect on the 
NTC if the temperature rises to 40 degrees? 
What is the effect on the input of the compar-
ator? What happens at the output?
When the temperature rises to 40 degrees, the
NTC’s resistance will decrease This increases the voltage differ-
ence between the voltage divider

and ground (because			   v	 ). 

This has the effect that the comparator switches off, as the volt-
age over the NTC is now larger than over the pot meter. The out-
put now switches off as well.
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Measurements
We measured the resistance of the potmeter in the circuit to 
be 5.27 kΩ. This means that the temperature of the 10Ω resis-
tor is kept around a constant 40°C (see R/T table above). 
The measured current through the circuit at 5V is 0.47A

Conclusion
Once the temperature rises above a certain number, the de-
vice stops heating and once the temperature drops below 
a certain number, the device starts heating again. From our 
measurements and observations we can conclude that our 
central heating system works and is correct.

Reflection Tjeu
From this course I learned how to make interactive electronics with-
out using microcontrollers and programming to achieve my goal. 
I didn’t anticipate on this being such a useful skill for me, but it 
turns out it is. Being able to design circuits without microcontrollers 
makes you have a deeper understanding of the electronics you are 
using, since you have to preform calculations to obtain certain values 
to use. We are continuing this challenge in the mini project, making 
a plant watering system without the use of microcontrollers. 
For me, the change in teams after the first week worked out great. 
My new teammate and I were a good duo, we both had a slightly 
deeper understanding of certain parts of the theory than the other, 
so we complemented each other well. Something to keep in mind 
in the future, is to think about reporting earlier in the process. Right 
now, we missed some pictures and forgot to draw the final version 
of the circuit that we used and that worked. When processing results 
weeks after the experiment, you tend to forget the little things you 
dealt with and can’t implement them in the report anymore. 

Reflection Sophie
Before doing the course 'Creative electronics' I had little practical 
knowledge about electronics. I knew how to work with the math-
ematical side after Physics though. The course taught me how to 
create circuits and make electronics, I believe that this will definitely 
be beneficial in the future for making prototypes and understanding 
products better. We will create a system which can water plants for 
our mini project. During this project we will be able to apply our new 
knowledge in practice. 
In my opinion, Tjeu and I are a great team. We both know when 
to work hard and both had some prior knowledge regarding elec-
tronics. This atmosphere made working together nice. When looking 
back at the past few weeks, I noticed that it would have been better 
to write about each practical assignment right after we had done it. 
This would have made it easier to remember what exactly we had 
done and we would have noticed things like missing information 
sooner. 
Over all, I think 'creative electronics' is a crucial course for under-
standing interactive electronics. 
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Appendices
Measurements Practical assignment 3. 

Retrieved from: https://www.onsemi.com/pub/Collateral/LM324-D.PDF 

Retrieved from: http://www.mouser.com/ds/2/149/BC550-888526.pdf 

Measurements Practical assignment 4. 

Retrieved from: http://www.mouser.com/ds/2/303/res_50-516120.pdf


