[image: ]
[image: ]
Report
Practical Assignments


[image: ]











Assignment:
Creative Electronics

Students: 
Simon à Campo 811593
Tamara Hoogeweegen 831113
Niek van Slagmaat 823280


Assignor: 
Geert van den Boomen
22.3.13

Index

Assignment									page
Assignment 1									3
Assignment 2									5
Assignment 3									7
Assignment 4									10
Assignment 5									12
Assignment 6									13
Final Assignment 								15
Reflections									18


Assignment 1
Pre-analysis
In this practical assignment we looked into the behavior of current with resistors connected in series and parallel and when creating a voltage divider. Furthermore we got to use a potmeter and see how it resistance can be changed and how its behavior depends on the way it’s connected. 


2 + 3
	
	Rretotal
	I1
	I2
	I3
	I4
	Vout

	Calculated
	7.15 Ω
	1.30 mA
	0.29 mA
	0.61 mA
	0.52 mA
	6.00 V

	Measured
	7.35 Ω
	1.32 mA
	0.27 mA
	0.57 mA
	0.49 mA
	6.06 V



4a
b
c

When measuring between a and b, 10 Ω is measured.
When either a or b is connected to c, then between the two connected pins max 10 Ω is measured, this will decrease as you turn the knob. Correspondingly between c and the not connected pin 0 Ω will be measured, or more if the knob is adjusted.

5
We adjusted the circuit a bit to be able to replace 
10kΩ resistor with the max 10 kΩ potmeter.
Because otherwise we would have to 
replace R4 and R5 by the potmeter which 
have different values, and then everything
would need to be calculated  again.
[image: ]







[bookmark: _GoBack]6
Between a and c 2.05kΩ is measured, and between b and c 7.65kΩ. Total: 9,50kΩ.
This is close to the previous 10kΩ resistor, thus now the potmeter works as a replacement.

7
U=R*I
7650Ω * 2.85*10-4A = 2.18V
2.85V – 2.18V = 0.67V
0.67V + 4.29V = 4.96V
	Which corresponds with the Vout as set in question 5.

Conclusion:
The measurements and the calculations differ slightly as the multimeter isn’t super accurate, and also the outcomes of the calculations aren’t exactly as in reality. 
The potmeter works a good replacement for resistors, as it can be adjusted to give the same or close resistance and Vout.

Assignment 2
Pre-analysis
In this assignment we made high pass and low pass filters with capacitors and resistors. We got to measure the difference in voltage outcomes and see the influence of the delay caused by the capacitor. 
2
Vout = 0.7V 	This doesn’t change for the different frequencies, because there is no impact on the amplitudes.
3
Circuit b, a high pass filter:
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	Vout
	100Hz
	1kHz
	100kHz

	Calculated
	0.12V
	1.06V
	1.99V

	Measured
	0.13V
	1.06V
	2V



Calculations:
Vout =
f = 100Hz 	Vout = 0.12V
f = 1kHz 	Vout = 1.06V
f = 100kHz	Vout = 1.99V

4
Circuit c, a low pass filter:
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	Vout
	100Hz
	1kHz
	100kHz

	Calculated
	1.99V
	1.69V
	0.03V

	Measured
	2.01V
	1.70V
	0.03V



Calculations:
Vout = 
f = 100Hz 	Vout = 1.99V
f = 1kHz  	Vout = 1.69V
f = 100kHz 	Vout = 0.03V
5
fc=    = 1591Hz
6
Circuit C is a low pass filter
Conclusion:
 What we did was to compare the difference in behavior of a capacitor and a resistor and looking at how its position in the circuit influences its behavior. A high-pass filter means that high frequencies go through but that low frequencies are cut off, it reduces the amplitude of low frequencies. For low-pass filters it’s the contrary, the low frequencies can go through but the high frequencies are cut off and its amplitude is reduced. 

Assignment 3
Pre-analysis
Question: Calculate the voltage drops across the resistors and the currents through them. Use KVL and indicate the loops you’ve chosen. Take node ’e’ as reference. We expected that we were going to measure lower voltage across different resistors than the input values. 

Modeling
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Loop1 a b e a
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Loop2 c b e dc
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Filling in I1 into I2
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Filling in I2 into I1
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Calculating the Voltage across the resistors

a b = R1I1 = 2200 * 3,676 *10-3 = 8,09V
b e = R2(I1 * I2 ) = 470 * (3,676 *10-3 + 0,396 *10-3) = 1,91V
b c = R3* I2 = 2200 * 0,396 *10-3 = 0,87V
d e = R4* I2 = 5600 * 0,396 *10-3 = 2,22 V
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We measured the voltage across the resistors by putting the multimeter parallel to the resistor that we wanted to measure. The current we measured by putting the multimeter in series with the 2 different loops.
Results
	
	Measured
	Calculated

	I1
	3,8 mA
	3,676 mA

	I2
	0,41 mA
	0,396 mA

	a b
	7,89 V
	8,09 V

	b e
	1,86 V
	1,91 V

	b c
	0,84 V
	0,87 V

	d e
	2,16 V
	2,22 V



Conclusion:
As expected, the voltage across the resistors are lower them the voltage of the two batteries. With this exercise we could test our calculations and how to compare to our measurements. As you can see our measurements are pretty close to our calculations, of course this will never be perfect. 

Assignment 4
Pre-analysis
Question: Take a red LED and determine the relationship between I and V. Start at V= 0 V and increment V with steps of 0.1 V until just above the ‘knee’ voltage.  We had to look up what they meant with ‘knee’ voltage and because of that we could make a good analysis. We thought that we would get a graph that at first is very low and then suddenly rapidly go up with V on the horizontal axes and I on the vertical axes.

Measurement

	V
	I

	1
	0

	1.1
	0

	1.2
	0

	1.3
	0.004

	1.5
	0.061

	1.6
	0.344

	1.7
	0.711

	1.8
	1.534

	1.9
	9.71

	2
	14.55

	2.1
	18.56















We measured the current by putting the multimeter into series with the system. Then we increased the voltage and looked what happened to the current. We did this we small steps and wrote the results down as you can see. We quickly discovered that from 0V till 1V nothing happens, see we didn’t put them in the results.




Results










Conclusion
When you see the graph, you can clearly see what they mean with ‘knee’ voltage. This is because the graph is shaped like a knee. Just like our pre-analysis pointed out, we see a graph that at first is very low and then suddenly rapidly goes up. Apparently only when the voltage reaches a certain threshold, the LED will light up because the current will go through it. Before reaching this threshold voltage, nothing will happen. 


Assignment 5

Pre-analysis
In this assignment we got to look for the saturation point of a transistor by looking at the lamp and measuring when the voltage drop is the biggest.

	
	Ic
	Vce
	Vbe

	100kΩ
	0.6 mA
	6.01 V
	0.59 V

	10kΩ
	7.0 mA
	5.95 V
	0.69 V

	4,7kΩ
	13.6 mA
	5.80 V
	0.72 V

	2,2kΩ
	23.6 mA
	5.18 V
	0.74 V

	1kΩ
	39.8 mA
	3.80 V
	0.77 V

	470Ω
	54.1 mA
	1.40 V
	0.80 V



Between the 1kΩ and the 470Ω resistor the lamp shined visibly. 
We reached saturation between 2,2 kΩ and 1kΩ where the voltage drop is the biggest. 
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Conclusion: 
Here the transistor is used as a switch. By changing the resistance the switch is either turned on or off. Depending on the amount of current the transistor will collect enough current to turn the switch on. The point where the transistor is turned on, is called the saturation point, then current is high enough and can flow freely. In this case the voltage difference between the collector and the emitter will be zero. 

Assignment 6
Pre-analysis
Question: Calculate the two transition levels and verify them. Draw the hysteresis graph and indicate the measured values. We expected to measure either a voltage across the system of around 10V or a voltage of 0V. This because of the working of the opamp either lets the voltage go across or not. 


Modeling:
Situation 1:
Vin = * Vx

Vin = 5,24V

Situation 2:
Vin = *Vx

Vin = 4,76V
Modeling:
We measured the voltage across the system and got the values of 8,51V and 0,0053V. These values comes close to our analysis of 10V and 0V. 

Results:
See next page for the Hysteresis Graph



Conclusion:
When opamp is connected as a follower (buffer), the two inputs do not match, exactly, but settle at a small difference voltage. That difference being the small differential input voltage, that when amplified by the large voltage gain produces an output voltage that is “almost” equal to the input voltage. The error between input and output providing the small signal that gets amplified. The higher the differential gain, the smaller the error and the less the input differential voltage. This explains why our measurement results differ from our analysis results. 



Hysteresis Graph

[image: ]


Final Assignment
Introduction: 
In this final assignment we have created a heating system, which is like a thermostat. The NTC gives a signal depending on the measured heat, this turns the heating system (and the LED) on. 




Components:
- NTC 
- Resistors (2.7Ω , 470Ω, 10Ω)
- Potmeter
- Comparator (LM324)
- LED
- Transistor
- Heating element 

[image: ]
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Built
The heating system was built in x parts: The sensor section, the reference section, the comparator and the actuator section.
The sensor section was made by using an NTC as the resistor in the top of a voltage divider. For the bottom resistor, we chose a resistor with a value that would make out calculations easier as the current values add up to about 10KΩ. The output of this voltage divider was hooked up to the negative side of the comparator.
The reference part was just a normal potmeter with the middle leg attached to the positive input of the comparator. 
The comparator was in the form of an OPAM of which we only used one for the comparator units.
The actuator section was made up of one resistor that leads to the transistor and one that lead to the LED to indicate that the heating element was on by doing so preventing burnt fingers. 

Reasoning
If the temperature goes up, the NTC will get a smaller R value. This will result in a higher voltage over the bottom resistor causing a higher input on the negative side of the comparator.
The reference output (set to a certain value corresponding with the desired temperature) will stay the same. Therefore, the negative side will be dominant and the comparator will have an output of around 0V. The transistor will be or stay closed and there will be no current flowing through the heating element. After some time the temperature drops again and reactivate the heating system.

Calculations
The output of the comparator 5.98V when hooked up to a 7V power supply and given a positive signal.
The power through the heating element will be 5Watt
P=I2*R
5=I2*10
I=0.707
The transistor has a multiplication factor of 750.
0.707/750= 1mA
However, as stated in the reader you need to multiply it by a factor 10 just to be sure, so the current flowing into the transistor will have to be 10mA.
The output of the comparator 5.98V when hooked up to a 7V power supply and given a positive signal. The resistor leading to the transistor will therefore be:
5.95V-1.2V=4.69V
V/I=R
R=470Ω



Reflections
Simon à Campo:

Last semester I already wanted to do this assignment. This because I really wanted to get started with making working prototypes with electronics and Arduino. At first it scared me a little bit of the amount of work we had to do and how much theory was involved, especially with all the other work we have to do as B1.1. But looking back, it was really necessary to understand basics systems and the workings of them. The real details of some of the theory, I still don’t quite get. But the big picture and most of the theory I understand and am able to use. I also know now how to use all the equipment in the e-atelier and what you can do with them. 

The assignment really gave me a view on what different components can do and how to use them. Especially the practical assignments gave me the chance to put the theory to the test and helped me understand the theory better. In the last weeks I want to extent my knowledge about Arduino to a level that you can create what I have in my head. With the knowledge I’ve gained throughout the assignment, I’m sure this will be possible. 

Tamara Hoogeweegen: 

Through this assignment I wanted to experience and get more knowledge on how to integrate technology in my future prototypes.
In the past couple of weeks we’ve been mainly introduced to theoretical basic electronics. Through the lectures we got introduced to the different topics, the theoretical assignments helped to understand what was taught and the practical assignments we implemented the theories and got to experience and become aware of the behavior of electrical circuits and the roles of the components in it.  
With this knowledge I will be able to start working on the creative part of this assignment. This is where I hope to also get more of a grip on how an Arduino works and its mayor opportunities. By knowing better what the opportunities are it will enable me to know how big I can think for making prototypes. Furthermore I hope to get more experimental in this phase of the assignment.
By combining the theory, being experimental with electronics and trying things out, I hope in the future to create working prototypes of intelligent systems.

Niek van Slagmaat:

This assignment was largely refreshing my mind about electronics. I already learned most of it in high school but I never really used it. All I did was calculations and predictions. We never really did any practical assignments and I never put my knowledge to the test. 
In this assignment I learned about some new concepts like the transistor. I used a lot of my existing skills and insight but this time I had to use it for creating actual, physical circuits. 
I had some trouble comprehending some of the new concepts but by doing the final assignment everything came together and I can fully understand and explain what happens and why.

It was a lot of work and I am a little sad we really had to rush at times. Combined with the basic course Modeling this made for a killer quartile. 
I really enjoyed tinkering with the circuits in the e-atelier and it was very insightful and I hope I can use it combined with Arduino in my next project. I heard this was an assignment you’ll have to take some time in your bachelor carrier as it is vital for creating interactive products and I now see why.
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