
Circuits Notes

If you just connect a bunch of wires and bulbs to each other with no battery, of course nothing of interest
happens. The battery is the most essential component of an electric circuit because it creates a potential
difference, also known as a voltage. A 1.5 V battery "pumps up" electrons to a "height" of 1.5 volts at the
negative end of the battery, and leaves them to try to find their way down through wires and bulbs to the
positive end of the battery, just as water pumped to the top of a hill will try to find its way back down by
every available channel.

Every point in an electric circuit has some voltage height relative to the bottom of the circuit. Furthermore,
any parts of the circuit that are connected only by wires, any two points that you can get between without
having to cross a resistor or battery, are at the same voltage height, because electrons can flow freely to
anywhere within a wire without needing a voltage slope pulling them. If I hook up two bulbs to two
batteries, the wire between the two batteries is at a level of 1.5 V above the positive end of the first battery
(0 V), and the wire from the negative end of the other battery to the first bulb is all at a voltage level of 3 V.
The voltage level of the wire between the bulbs is probably close to 1.5 V, halfway down the "hill", but
could be more or less depending on the resistance of the two bulbs.

Voltage is interesting primarily because it gives rise to current, electrons flowing through a wire. Just like
pumping water up to the top of a hill causes it to flow down, lifting electrons up to the negative end of a
battery, where they don't want to be, causes them to flow down toward the positive end of the battery.
Current is measured in Amperes (or just "Amps"), which we abbreviate A. One amp is one Coulomb per
second, which is a huge amount of charge, on the order of a lightning bolt, but not as noticeable, because
that current consists of electrons circulating about in neutrally charged wires, not jumping from a negative
to a positive object.

How much current will flow through a circuit depends on the resistance of whatever the electrons are being
made to flow through. If I connect a wire directly between the terminals of a battery, electons will flow
through the wire with nothing to stop them, and quickly drain the battery. This is called a short circuit. If I
force them to go through a bulb in order to get down to the battery, they will move more slowly; this is like
a traffic jam in a road or hallway, forcing everyone to go slower. The more bulbs I add, the more the
resistance; the current wil get less and less. At the other extreme of resistance is a circuit where there is
simply no way for elecrons to get through; this is called an open circuit. When a battery is sitting alone, or
inside a discman that isn't turned on, we have an open circuit; no current is flowing. Resistance is measured
in Ohms, symbolized by the Greek capital letter omega (Ω).

Voltage, current, and resistance are related byOhm's Law, V = IR, the most important equation in electrical
circuits. Here, V stands for the voltage drop when current crosses a bulb or resistor, the difference in
voltage between the two levels that component is connected to. I stands for the current, measured in Amps,
going through that component, and R stands for the resistance, in Ohms, of the component.

It is important to remember that voltage is a characteristic of a level of the circuit, and current and
resistance are measured for the components that bridge between those levels. When using Ohm's law, the V
is the difference in voltage between two levels.

The metaphor of electrical circuits as water flowing downhill through channels leads to two intuitive laws
about how that current must flow. The first is called Kirchoff's Current Law: The total amount of current



flowing into any branch in a circuit must equal the total amount of current flowing out. You could imagine
a branch in a circuit as being like a fork in a river; the river may split up into two streams of different sizes,
or two streams might come together to form a river, but the total amount of water flowing in the river must
be equal to the sum of the currents in the two streams, because water simply flows from one into the other.

When applying Kirchoff's Current Law, look for forks in the circuit you are working with; you should be
able to write one equation for each fork.

The second law is Kirchoff's Voltage Law: If I calculate the voltage drop over each component of a circuit,
using Ohm's Law, the total voltage drop is the same along any two paths that I can find between two levels.
In other words, if I am standing on the third floor of BLA, and I want to get down tothe basement, I have to
go down 3 floors. I can go down the stairs, take the elevator, or short circuit myself by jumping out the
window, but while the difficulty (resistance) and how fast I get there (current) changes with the path, the
vertical distance that I've dropped remains the same.

When applying Kirchoff's Current Law, it is useful to draw lines alongside the current showing the voltage
drop over each component, calculated with V=IR. These voltage drops will all be in terms of your current
variables; if I1 goes through a 5Ω resistor, the voltage drop is V = IR = 5I1.

Kirchoff's Laws will allow you to write a system of linear equations. When solving them, use the Principle
of Least Messiness. An equation with a lone number in it (not just a coefficient of a variable) is the
messiest, with the others ranked by how many variables they have, ties broken by how complicated the
coefficients are. Solve the least messy equation for whichever variable is easier to solve for, and substitute
into the next least messy equation; then solve that equation for whatever variable is easiest, and so on.

Sometimes you can solve a problem more easily using the idea of Thevenin equivalents. If I have a whole
string of resistors all lined up along the same wire, with no branches off to the side giving electrons away to
escape the gauntlet, we say that they are in series: current going through one has to go through all of them.
In this case, we can replace all those resistors with an equivalent resistance equal to their sum.

If there are several branches leading between two points, and each branch has exactly one resistor on it, we
say that all those resistors are in parallel. Now, when I add a new branch, no matter how hard it is to get
through that branch, I must be making it easier, not harder, to get between those points. So, we need an idea
of how easy it is to get between points in a circuit; we call this the conductance. Conductance is the
reciprocal of the resistance. If I add up the conductance of each branch of a parallel section of circuit, I get
the conductance of the whole section; I can replace that section with an equivalent resistance equal tot he
reciprocal of that conductance.

Finally, we would like some way to compare brightness of bulbs, or in general, the amount of energy used
up by some appliance. To do this, we'll go back to the old idea of power from the energy unit. Power is the
amount of energy used up per second and is measured in Watts (one Watt is one Joule per second). In other
words, energy used up is equal to power in watts multiplied by time in seconds: E = Pt.

The amount of power used up by a component is given by the voltage drop over it multiplied by the current
going through it: P = VI. So, if a bulb connected to a 1.5 V battery is drawing 2 A of current, its power is 3
W. If a 9 W bulb is powered by a D battery, which has about 81,000 J of electrical energy, it will run for
9000 seconds, or 2.5 hours.


