[image: image9.png]Industrial Design





Assignment Description
Assignment Name: Timing circuits
The following images may help you to estimate what could be coming towards you when you decide to do this assignment. It will be hard work but also fun.


Fig. 1: The electronic toolset as sold by the TU/e ID servicedesk  (30 Euros).
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Fig.2: Mathematical modeling in action (old version homework sample)
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Fig.3: Selecting components
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Fig.4: Formula from application note (Ron Mancini; Texas Instruments Incorporated)
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Fig.5: Circuit realised by soldering
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Fig.6: Diagram from application note (Ron Mancini; Texas Instruments Incorporated)
[image: image6.png]“The Digital Trombone

Adjust tone by moving handle
Replace battery by removing the cap
Actvate by pressing button
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Fig. 7: Timing-circuit-based musical instrument (Ivo de Kogel)
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Fig. 8: Reflection (example, by student)
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Fig. 9: Spamfork by Henk Bovekerk is a "stemvork" based on a DA201 timing circuit; Henk appeared in the SPAM!talk show broadcast from Café Berlage and participated in the ARTGADGET exhibition (Piazza Eindhoven) 
Assignment Description
Assignment Name: Timing circuits
Main Competency Area: 2, Integrating Technology 

(2.1. sensors and actuators,

2.2 Transformations and intelligent control,

D2, mathematical modeling: complex numbers)
Entrance Level: this assignment builds on nothing more than VWO knowledge such as Ohm's law, sine and cosine functions, and algebraic manipulation of fractions. If you have done Opamps (DA209), Filters (DA211),  sensors&actuators (DA223) or Introducing Electronics (DA248), you should have an advantage (which also means Loe expects you to achieve more).  
Preparations: buy the electronics toolset at the servicedesk (Fig. 1). This will include a breadboard, a multimeter and hand tools for only 30 Euro. Do this before the first meeting and bring the toolset to the first meeting.
Task Code: DA201
Number of students: 
20  (max)
Size (in hours):
40 hrs (average)
Assignor: Loe Feijs
Learning Objectives

	Assignment Introduction:
The assignment introduces you to one of the classics of analog electronics: the sine wave oscillator. This is an excellent vehicle to learn:

1. feedback theory;

2. electrical network theory;
3. application of abstract mathematics to model electronic behaviour;

4. choosing and connecting sensors such as LDRs, and actuators, LEDs and switches;

5. using tools such as breadboard, oscilloscope, soldering iron and multi-meter;

6. reading datasheets and application notes provided by manufacturers.

A sine wave oscillator is a stand-alone, yet active object which is easily embedded in a wide variety of useful or playful applications (like breathing-rhythm and meditation devices). 

Target Competency Area(s), Learning Objectives and Level(s):
You will acquire or strengthen your electronics skills. 
The minimum level, awareness, is that you assemble a working circuit and give signs of understanding its working; and that you can work independently to choose and obtain components (Fig. 5) and draw diagrams. This level is not more than DA248, introducing electronics.

The second level, depth, is that you have the abovementioned awareness and moreover you can make the calculations of RC-based voltage dividers and the amplification factors of op-amp based circuits; and that you can really read datasheets and application notes (Fig. 4,6).
Even further, the level could be at identity building if you achieve depth, and moreover:

1. you design more complex circuits, e.g. combining digital and analogue electronics, use lots of op-amps, etc. and

2. you establish connections between  electronics and another design context and to your personal interests.


Contents
	Learning Activities:
1. attend introductory lecture about complex numbers, capacitors, resistors and operational amplifiers (op-amps).  The working of a sine-wave oscillator will be explained. 

2. realise your first oscillator circuit from a given circuit diagram, using a breadboard or by soldering (Fig. 5).
3. attend another lecture with more circuits and more calculations. The student gets (1) a set of exercises and (2) an electronic  design task. The exercises are about circuits and complex numbers. The electronic design task is  to design and realise a sine wave oscillator.  The intended application is timing and frequency following for meditation purposes, for example giving a target breathing frequency or producing an binaural beat. The electronics is serious, the application is speculative.

4. realise the circuit on the breadbord (or by soldering) and perform measurements. The student creates simple but meaningful controls and formgiving. There are two versions of the requirements to the controls: ambient or personal. There are two versions for the formgiving: traditional or innovative. 

5. demonstrate it: each student presents the circuit, the controls, the formgiving, the model in action, the difficulties encountered, their solutions, and ideas for extensions. The student delivers two mini-posters and the working model. The other students and the teacher comment on the presentation. (also see Fig. 8, which applies to an older version of DA201)  The student also delivers the solutions to the exercises (Fig. 3).    
Deliverables:

miniposters + working circuit + demo

List of Available Reference and or Background Materials:
1. http://nl.wikipedia.org/wiki/Complex_getal
2. http://www-us2.semiconductors.philips.com/acrobat/datasheets/LM124X_5.pdf
3. http://www.ti.com/sc/docs/apps/msp/journal/aug2000/aug_07.pdf
4. http://w3.id.tue.nl/nl/de_faculteit/faciliteiten/e_atelier/e_theorie/
Assignor Information: Loe Feijs is professor Industrial Design of Embedded Systems. He studied electrical engineering and holds a Ph.D in computer science. He worked in telecommunication research (CSELT), telecommunication industry (PTI), in software research (Philips Nat Lab), in embedded systems (EESI), and in industrial design (TU/e). He was the director of the Eindhoven embedded systems institute. He (co-)authored several books on formal specifications and created mathematical theories of modular software design, such as (( calculus and relation partition algebra (RPA). Loe Feijs also likes hands-on work, witnessed by his 4D- sketching, Mondrian software, the assignment Minimax and the results of earlier DA201 (see Figs 7, 9). See www.idemployee.id.tue.nl/l.m.g.feijs/index.html
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