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Circuits Schedule: 

High School Level Engineers in Training
	Time
	Activity

	9:00-9:20
	Introduction, Units, Voltage, Current & Power

	9:20-9:40
	Circuit Elements and Diagrams

	9:40-10:15
	Prototyping Exercise: Light Emitting Diode (LED)

	10:15-10:30
	BREAK

	10:30-11:00
	Capacitance

	11:00-11:20
	Applet Exercise: 555 Timer

	11:20-12:00
	Prototyping Exercise: Flashing LED

	12:00- 1:00
	LUNCH

	1:00- 1:20
	Digital Logic

	1:20-1:40
	Zener Diodes and Voltage Regulators

	1:40- 2:00
	Applet Exercise: Voltage Regulator

	2:00-2:15
	BREAK

	2:15-3:45
	Prototyping Exercise: LED Counter

	3:45-4:00
	Reflections


Supplies

· Cell Phone

· Light-bulb

· 6 nuts

· plastic pipe

· 10 kits, containing the following:

· large straw

· small straw

· 1 solderless breadboard

· 2 x 1kΩ resistors

· 2 x 10kΩ resistors

· 2 x light emitting diodes

· 2 x 1000μF electrolytic capacitors

· 9V battery connector w/ black and red leads

· 9V battery

· 12V PC Cooling Fan

Note: Lesson Outline does not cover all material is table above.

I. Intro

a. Good morning.  I’m Rhett Davis, and you can call me Dr. Rhett.  I’m an Electrical Engineer, and I love my job, because I get to play with cool stuff almost every day.  I’d like to spend the next 3 hours introducing you to some of this cool stuff and give you an idea of what it’s like to do what I do.  In fact, I’m not only an electrical engineer, but I’m a professor of electrical engineering at North Carolina State University in Raleigh, just about 30 miles south of here.  My students are off in the world working for lots of companies, like the one that designed this cell-phone here  (how many of you have a cell phone?).  Now, that’s a little of an exaggeration, because it actually takes thousands of engineers to make this thing,  So, we all have to work together, and the part that I work on in particular is the microchip inside the thing, which is like its brain.  I’ve brought an example chip with me, it’s one of my most prized possessions, one of the first chips that I ever designed. (pass it around).  It has hundreds of thousands of transistors on it that allow it to carry out a function much like what happens inside this cell-phone.  I’d like to give you a taste of what it’s like to design this chip, but we’ve only got three hours, and it’s not quite enough time to introduce the transistor, but we can get close by introducing some similar circuits, including such elements as resistors and motors.

b. Can anyone tell me what an engineer does?
Engineers are Problem-Solvers, solve problems dealing with how we relate to the world.  Electrical engineers focus on how we solve problems dealing with electricity and magnetism, for instance, how do build a little box that we can carry around and use to speak to anyone in the world with a similar box (motion to the cell-phone).  At the heart of all of this is an understanding of how electricity works and how to get it to do what YOU WANT IT TO DO.

c. For instance, let’s create an example of a problem that we can actually solve in 3 hours.  Let’s say that we want to have a light that can stay lit for 30 seconds without any battery connected to it, and then turns off.  

II. Units

a. Need to use very large and very small numbers.  We use abbreviations to make our lives easier

i. 1,000,000,000 Giga (G)  (as in gigahertz or gigabytes of memory)

ii. 1,000,000 Mega (M)

iii. 1,000 Kilo (k)

iv. 0.001 mili (m)  (as in millimeter)

v. 0.000001 micro (μ)

vi. 0.000000001 nano (n)

III. Energy & Power

a. ability to do stuff.  More energy more stuff.  Examples:

i. sound

ii. light

iii. motion

iv. heat

b. Drop a nut for 1 second.  How much energy?
E = ½ m v2 = ½ (0.01 kg) (10 m/s)2 = 0.5 J (kg m2/s2) 
c. Power is energy per unit time.  P = E/T   We use the unit of Watts to refer to power. (Drop 4 nuts slowly.)  You can use a lot of energy over a long time, but it’s not as big a deal if you drop them all at once.  If I drop all 4 of these over 1 second, how much power have I used?  2 Watts.  If I drop them over 4 seconds, how much power?  0.5 Watts.   

d. All of these things, sound, light, motion, heat, have a certain amount of power associated with them.  Electricity has power associated with it to, and electrical engineering is all about how we convert it into these different forms, like light when you turn on a light switch, or heat when you turn on your stove, or motion when you turn on an electric motor (like a garage door opener), or sound when you play music on your I-Pod, or listen to a phone.  This is important, because if you start working with too little power, what will happen?  nothing.  What will happen if you work with too much power?  Too much.  For instance, the easiest thing to turn electric power into is heat.  How much heat is enough to burn you?  (50 W light bulb).  How many of you have ever touched a light bulb when it’s on?  It’s HOT.  It can burn you.  How much power is dissipated in this light-bulb?  It’s actually written at the top.  This one says…  Actually, 1 W of heat is enough to burn you, and 100 W is enough to start a fire.  We don’t want to burn down this building today.  So now, you have to pay attention and understand how much power you’re handling so that you don’t start a fire.
IV. Charge & Current
a. The force of gravity causes masses to move towards each other.  In almost the exact same way, the force of electricity causes charges to move towards each other.  The difference is that charge can be negative or positive.  Negative charges repel, positive charges attract.

b. We use the name “Coulomb” to refer to units of charge, and use the symbol Q to represent that charge.  Think of this nut as a positive charge of 1 C.  Thus, Q = 1 C.  Now if I have two nuts, Q = ?  (2 C)  7.5 nuts?  Q = 7.5 C.  So, you can think of charge as being like mass.

c. Now, think of the earth as a big negative charge.  When I let go, where is it going to go?  Down.  We can think of the height from which we drop the nut (or, more accurately, the force with which we move it) as “Voltage”.  It’s a measure of how much energy the charge will pick up if we drop it.  The actual relation is E = QV.

d. If I I let a charge of 1 C drop through 1 V, how much energy is expended?  E = (1 C)(1 V) = 1 J.

e. If I let a charge of 2 C drop through 1 V, how much energy is expended?
E = (2 C)(1 V) = 2 J

f. If I let a charge of 2 C drop through 3 V, how much energy is expended?
E = (2 C)(3 V) = 6 J

g. If I let a charge of 1 C drop through 5 V in 1/10th of a second, how much power is expended?
P = (1 C)(5 V)/(1/10 s) = 50 W

h. It’s convenient for us to talk often about how much charge we have per unit of time, and we’ll use the quantity “current” to refer to how much charge we have moving per unit of time.  We use the unit “ampere” to refer to the amount of charge that moves through a given spot per second.  One ampere means one coulomb moves in each second.  We can then calculate Power by multiplying the Current and Voltage (P=IV).

i. If I have 0.5 amperes of current moving through 5 V, will I burn myself?  (possibly, yes… P = (0.5 A)(5 V) = 2.5 W, which could be enough to burn you.  Will I start a fire?  (Probably not) 

V. Wires & Resistance

a. Ok, one last quantity to define before we can get to the fun stuff, and that is resistance.  Before we talk about resistance, let’s talk about wires.  Can anyone tell me what a wire is?  (something that conducts electricity, a piece of metal).  Yes, a wire is all of these things.  But primarily, a wire is something that guides electrons to flow where we want them to.  So, you can think of a wire as being a piece of pipe, like this.  We put electrons in, and the voltage creates the force to carry them through, but the pipe guides it, so that it doesn’t go straight down.  In the same way, if we take a wire, and we set up a voltage between the two ends, current will flow from one end of the pipe to another.

b. What is a resistor?  A resistor is something that resists the flow of elecrons.  To illustrate this, let me pass out these straw.  Everyone take one large and one small straw.  You can think of a resistor it as a very thin pipe or straw.  The thinner the pipe is, the more it resists the flow of electrons.  So now, everyone blow as hard as you can into the little straw.  Blow harder harder!!!  So you feel how the straw is resisting the flow of air through the straw.  Now take the large straw and do the same thing.  Was that easier or harder to do?  Which one provides more resistance?  The smaller one.

c. We use the symbol R to represent the amount of resistance in a resistor.  The units that we use are called Ohms, and we use the symbol Ω to represent it.  Now, the very interesting thing about a resistor is that it when electrons flow through it, it converts their energy into something else.  Sometimes it’s heat, sometimes it’s light, sometimes it’s motion, sometimes it’s sound.  You can calculate how much energy, with a relation that we call Ohm’s Law (named after the German scientist who discovered it, right about 200 years ago).  That relation is V = I R.  That means if you know the voltage, and you know the resistance, then you can find the current and power.  So, for a voltage of 3 V and a resistance of 10 ohms, how much current flows?  I = (3 V)/(10 Ω) = 0.3 A.  How much power is dissipated?  P = (0.3 A) (3 V) = 0.9 W.

VI. Circuit Diagrams

a. Ok, now lets talk about circuits.  A circuit is a collection of electrical components to do something useful.   Let’s draw a simple circuit that uses 4 components.  Two of them you already know: The wire (represented by a line) and the resistor (represented by this jagged shape).  There are two more that we need. 

b.  One being a battery, which uses these two lines.  What is a battery?  A battery sets up a voltage between it’s two ends. 

i. look at battery

ii. pos & neg ends

iii. voltage

iv. note pos & neg ends in diagram

v. battery like an elevator that lifts up charge and lets it drop.

c. Other is a switch.  A switch has two positions, open & closed.  When closed, current flows through it.  When opened, no current flows.

d. Draw Ckt with 9 V battery, switch (open) and 1 k Ω resistor.  How much current flows? (none).  Close switch (how much flows)?  9 mA

VII. Applet Exercise

a. Go to http://www.falstad.com/circuit/ 
b. Modify the circuit to contain one battery and one resistor.  (Right-click over an element and choose delete, create resistors by right-clicking and choosing “Add Resistor”, then drag a resistor.  Can also add wires in this way).

c. Leave switch open.  How much current flows?  (none)

d. Close switch.  How much current flows? (50 mA)

e. How much power is dissipated?  Is it enough to burn you?
VIII. Diodes

a. Current flows in only one direction

b. Modify your circuit (from the http://www.falstad.com/circuit/  applet) by changing the resistor to a diode.   
c. How much current?  How much power?  (Should be so much that it’s off the scale).
i. enough power to fry the diode
ii. if your didode doesn’t work, it may be because it burned out.
d. How do we keep it from burning up?  Put a resistor in series  (effectively determines the amount of current that will flow.

e. Add a resistor in series.  Note how the current and power drops.
IX. Building circuits

a. Resistors and color codes: Brown-Black-Red (1kΩ), Brown-Black-Orange (10kΩ)

b. LED’s : Long lead (+), short lead (-)

c. battery: red wire (+), black wire (-)

d. bread board basics

e. Safety… what will happen if you connect two leads of the battery together?  R = 0.1 Ohm, A = 90 A, P = 810 W – definitely enough to burn you, might start a fire!!  Don’t do it!

X. LED Circuit Exercise

a. Build and see it working

b. How long will this LED remain lit?  (Battery Life Chart)
Energizer Alkaline batteries claim a lifetime of 625 mAh = 2250 C
How long will it take to use up 2250 C of charge?
(9V/1000Ohms) = 9 mA, 2250/9 mA = 250,000 s = 4166 min = 69 hours = 2.9 days

c. LED w/ 10 kohm resistor, 

d. 2 LED’s?

e. Fan circuit/ Fan and light

XI. Capacitors

a. Store charge, in some senses, like a battery.

b. Capacitance, C, Farad F, Q = CV, I = CV/T

c. Current through a capacitor depends on the rate of change of the voltage

i. voltage changing quickly, high current

ii. voltage changing slowly, low current

d. Go to http://www.falstad.com/circuit/ -> Circuits -> Basics -> Capacitor

e. Note that , after the switch is flipped, it takes a while for the voltage across the capactor to reach the voltage across the battery.  When it starts, there’s no charge on the capacitor, so what’s the voltage across the capacitor? (0V) How much current is flowing? (50 mA)  Because current is flowing , the capacitor starts to charge, and the voltage across the capacitor becomes, say, 2 V, what happens?  What is the voltage across the resistor now?  (3V) What is the current (30 mA).  Now, because the current is flowing more slowly, the voltage changes more slowly.  

f. How long does it take for the capacitor to get to half of its final value?  (about 15 ms).

g. Time Constant:  Notice for this circuit that if you multiply the capacitance times the resistance, you get a number of seconds.  In this case, 100 ohms times 200 micro-farads = 20 ms.  We call this number the time constant, and it’s roughly equal to the amount of time it takes to charge or discharge a capacitor.  

h. How can we increase the amount of time that it takes to charge or discharge?  (increase the capacitance or resistance).  Do that now… mouse over the resistor or capacitor until it turns blue, then right-click and choose edit.  Set the value to something larger and click OK.  Then click reset to start the simulation.  What happens?

i. Pick some values to set the time constant to about 60 ms.  What values did you choose?

j. Now, click the switch, note that we discharge the capacitor.

XII. Capacitive Circuit Exercise

a. Try to make the time constant 20 s.  How long does it take before the light is very dim?

b. If you’re really adventurous, try to make the time constant 50 s.  How long does it take for the light to become very dim?


