Computational Thought – Notes – 9/23/09

Scribe: Matthew Mendelson
· Engineering involves taking a big problem and breaking it down into smaller problems that are easier to solve

· Transistors are one of the two main building blocks of computers
· Transistors can be made of all kinds of substrates
· Each transistor has three parts: a base, a collector, and an emitter
· For the anatomy of a basic transistor, see diagram 2
· Transistors are also known as switches, because their instructions and their input determines whether current will or will not flow through a given circuit

· For example: If the voltage at the base of a transistor > 0.7V + the voltage at the emitter voltage, then current will flow from the collector to the emitter, otherwise no current will flow
· For an example of how transistors work, see diagram 3
· To a good first approximation, NO CURRENT EVER FLOWS THROUGH BASE
· The only purpose of the voltage at the base of the transistor is to determine whether or not current will flow

· The other of the two main building blocks of computers are resistors
· Resistors decrease the voltage of the current that flows through a circuit

· If current has to pass through a resistor to get from point A to point B, then 

VB = VA – IR, where VA = voltage at point A, VB = voltage at point B, I = current, and R = resistance

· For an example of how resistors and resistance work, see diagram 1
· Resistance does not have to match voltage drop – resistance x current has to match voltage drop
· Higher resistance is better for computing because, since current x resistance must equal voltage drop, higher resistance for a given loss of voltage will require less of a current, which means less power (power = voltage x current) and less danger to the machine
· Transistors and resistors can be combined to form gates, which can be combined to form adders, which can be combined to create decoders, which, when combined, create programmable computing machines
· For examples of this type of gate, see diagrams 4 and 5
· Voltage: High (5V) or low (0V)
· Voltage x current = power

· High power = high voltage and vice versa

· High power lines are run at high voltage to minimize current, and thereby minimize voltage drop and power losses due to resistance
· Too much power can blow up a computer, but too little power can turn 1s into 0s

· Each voltage assigned a bit value – logical 1 (true, high voltage) or logical 0 (false, low voltage)
· These logical bit values are used in truth tables to determine the relationship between a circuit’s input (or the voltage at its input) and its output (or the voltage at its output)
· For examples of truth tables, see diagrams 4 and 5 (diagram 5 also explains why the output is what it is for each set of inputs, just in case you found it as confusing as I did initially)

· Homework for Monday: Read the chapter on Rabin in “Out of Their Minds”, construct a NOR gate (see diagram 6 for truth table) with 2 resistors and 2 transistors (try not to look it up first)

