Cc 2005Ania Mitros, ania.mitros@gmail.com 1

1 The Principles of Electricit y
1.1 Current

Current is the o w of electrons. It measureshow many electronsper secondare moving through a wire. In the circuit
we build today, we will have about 20mA of current o wing through the wires. 20mA is equal to 0.020A or 0.020
amps. A 60W light bulb usesabout A.

Current is measuredin units called amps or amp eres or A. It is represeried by the letter | in equations.

1.2 Voltage

Voltage is a measureof the force that makes electronswant to move from one place to another. It is also known as
\p otential". If electronswere water droplets, voltage would be the pressureat the baseof the water tower. A tall
water tower has large pressureat the base;a short tower has little pressure.

At 0V betweentwo points, no electronswill move betweenthose points. No current will ow if those points are
connectedby a wire. It's like putting a pipe betweentwo endsof a at lake: no water o ws through the pipe.

A small voltage (like 1.5V from an AA battery) is like a fairly at river. If you put a pipe (wire) betweentwo
points along the river, water will ow. But for a given sizepipe, the amount of water per secondwon't be very big.

A high voltage (say, 120V) is like a waterfall along that river. If you put that samepipe betweenthe top and the
bottom of that waterfall, water will o w like crazy.

But voltage is not the sameas capacity. Say you have a small stream o wing parallel to the river. If you put a
small pipe from one point along eath waterway to a set distance downstream, you will get the sameamount of water
ow in ead of the two pipes. But if you replacethe small water pipe with a big water pipe, the stream won't be able
to provide enoughwater to Il the pipe, and you'll get more water in the river-pipe than the stream-pipe. The stream
and the river result in the samedrop in water pressurefrom one point to another (lik e a voltage), but can provide a
di erent maximum amount of water (just like lower capacity batteries go dead earlier than high capacity batteries).

A battery is rated both with a voltage (like 1.5V) and a capacity (like 1600mAh). A dead battery hasrun out of
charge{ it hasexhaustedits store of electrons. It's like an empty water tower.

Voltage is measuredin units called volts or V. It is represened by the letter V in equations.

1.3 Resistance

A resistor resiststhe ow of current ( 0 w of electrons). It makesit sofewer electrons ow. A big resistor is like using
a skinny pipe { you get lesswater. A small resistor is like using a big wide pipe { water o ws easily.

Resistanceis measuredin units called Ohms or . It is represened by the letter R in equations.

1.4 Relationship of V, I, and R

A law called Ohm's Law governs how these quartites relate. It's usually written asV =1 R. Sincewe will be
interested in calculating the current in our circuit, let's divide both sidesby R:
| = \Y
"R

Ok, what doesthis mean? Equations have meanings,you know. Let's say we get high voltage battery. That means
V is very big. Let's keepthe samesizeresistor. What happensto the current? If V goesup, the right side of the
equation gets bigger, so the left side of the equation must get bigger, so| increases.Making V big is like building a
higher water tower. Keeping R the samesizeis like not changing the size of the water pipes. More water (or electrical
current) ows.

2 The Electrical Comp onents We Will Use

2.1 Resistors

Resistorsresist current ow. In our circuit, they let us regulate how much current o ws through the LED. If we want
a brightly glowing LED, then we needa lot of current. To allow a lot of current, we don't want to resist the current
very much sowe pick a resistor with a small resistance.
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2.1.1 The resistor color code

The stripeson a resistor indicate its resistanceand tolerance. The resistanceindicates how much the resistor will
constrict current o w. The tolerance indicates how preciselythe resistor's value actually matcheswhat the color code
indicates.

The three strip es clumped together indicate the resistance. The rst two stripescorre-
spond to the two most signi cant digits. The third strip e represens the number of zeros.
The following table indicates what ead color represens:

black | brown | red | orange | yellow | green | blue | violet | grey | white

15t digit
2nd digit 0 1 2 3 6 7 8 9
R e Sofor exampleblue-gray-yellow strip escorrespond to 6(blue), 8(gray), and 4 zeros(yellow),
which is 680000 : |{§} |{§} ngp That's a lot of zerosto court, so people usually add
6 8 4
raldiee pre xes to the units to remove zerosin setsof three. The most common pre xes are k for

3 zeros,and M for 6 zeros. Soinstead of 680000, we can write 680K .

The fourth stripe that's a little further from the others indicates the tolerance, or how
precisely the resistor's value actually matcheswhat the color code indicates. Soif you have
a 100 resistor with a 5% tolerance, that resistor could actually be anywhere between 95
to 105. What the resistor companiesactually do is they fabricate lots of resistors,then measurethem and sort them
by tolerance. Soin practice, if a resistor hasa 5% band on it, its value will be between95 and 97.99999 or between
102.00001and 105 . All the resistorsbetween98and 102 will have beenlabelled as 2% resistorsby the manufacturer
and sold at a higher price. The colors for tolerance are:

brown | red | gold | silver | none
1% | 2% | 5% | 10% | 20%

2.2 Batteries

The battery storesenergy It provides a sourceof electrons. It's like a water tower, in our water analogy. We usually
hear batteries described by their voltage { a measureof the strength of the force provided by the battery to make
electrons o w from onebattery terminal, through a circuit, to the other battery terminal. The batteries we'll be using
are 1.5V.

Batteries also dier in how many electrons they store { their capacity { measuredin milliamp-hours (mAh).
Voltage tells you how strongly the battery pressuresthe electronsto ow. Capacity tells you how many of those
electronsit holds. The capacity of our batteries is about 1650mAh. This meansthat if we wereto usethe battery to
power one LED, drawing 20mA of current, the battery would last over 80 hours.

1650 mA h

20 mA = 825h

We will be using two batteries. There are a couple of ways to connect batteries shown in Fig. 2.2. Connecting

PARALLEL SERIES
Figure 1: Batteries: Connectedin seriesversusin parallel.

batteries in parallel is like putting two water towers next to ead other. The water pressurewould be the sameas
with a single battery (so the voltage doesn't change). But we have twice as much water (so we double the capacity).
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Connecting batteries in series is like stacking two water towers on top of eat other, making a water tower that is
twice astall. We have twice as much water pressure(so the voltage is doubled).
We will connectour batteries in series. The two 1.5V batteries will give us 3V.

2.3 LEDs

LED standsfor Light Emitting Dio de. A diodeis a type of electrical circuit componert that lets current ow one
way but not the other. It's like a one-way valve. A light-emitting diode puts out light when current o ws through it.
More current results in more light. Lesscurrent giveslesslight.

The LED componernt we're using actually contains two LEDs. The red LED facesone way and the green LED
facesthe other way. So depending on how you connectit in the circuit, one or the other will glow but not both.

3 Apply Ohm's Law to our circuit

Ok, sowhat's going on in our circuit? The batteries provide the sourceof electrons at a steady voltage of 3V. The
LEDs glow brightly if there is a lot of current, not much if there is little current, and not at all if there is no current.
The resistor cortrols how much current ows. Ohm's Law tells us the relationship betweenthese quartities.

Let's do an example calculation.

What do we plug in for V, the voltage? The two batteries are 1.5V ead. We've connectedthem in series. It's like
stacking one water tower on top of another: the result is twice as high. So our two 1.5V batteries are like one 3.0V
battery. SouseV = 3:0.

What do we plug in for R, the resistance? You have three resistorsin your kit, eac with a di erent resistance.
The colored strip eson the resistor indicate the value of the resistor. One of those resistorsis 680. SouseR = 680.
Note that the LED has someresistanceof its own. But the resistanceof the LED is solow that it getsdwarfed by the
resistor, so we can ignore the LEDs resistance.

What do we plug in for I, the current? Well, that's what we calculate! Ohm's Law will tell us how much current
() to expect given the voltage (V) provided by the battery, and the resistance(R) from the resistor that we choose.
It can help us pick the correct resistor. Solet's do somemath:

V =
v
R

R

|- VAR \Y,
" R 680
0:0044A = 4:4mA

That's 4.4mA, which we read out loud as 4.4 milli-amps.
What do you think will happen if we put in a smaller resistor? Look badk at: | = %. If we make R smaller, that's
makesthe whole fraction bigger. Look at an example:

4:4mA < 44mA

So a smaller resistor (R) givesus a bigger current (I). Big current meansmore light. Try it! Put in a smaller value
resistor!
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