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There are several ways of including light effects into a costume or prop.  The two most common involve
Light Emitting Diode (LED) and Electroluminous (EL) technology.  This handout will give you a brief
overview of the information you need to work with these two technologies.

LED's
An LED is a special type of diode which produces light when a current is passed through it.  Like all
diodes, LED's will only work when the current is applied in one direction.  This means that they require
DC (direct current) to work properly.  Fortunately, since LED's require very little current, and batteries
are DC power sources, making portable LED effects is very easy.

Terms to know:
Anode-This is the positive of the LED and is typically denoted with a longer lead.
Cathode-This is the negative side of the LED and is typically denoted with a shorter lead.  Also, on

round LED's the cathode is often denoted by a flat side.
Continuous Forward Current (IF)-This is the maximum current the LED is designed to handle for long

periods of time.  This is typically rated in mA (milliamp) which is 1/1000 of an Amp (.001 A).
Forward Voltage (VF)-This is the voltage at which the LED will reach IF.  Often, this is close to the

minimum voltage at which the LED functions.
Intensity-The intensity of the LED.  This is usually expressed in mCD (milliCandela) which is .001

(1/1000) of the light of one candle.
Viewing Angle-This is the angle at which the LED emits light.
Series-Two or more LED's that are wired so that the cathode of one LED is wired to the anode of the

next LED.
Parallel-Two or more LED's that are wired so that all the cathodes are wired together and all the anodes

are wired together.
Seven Segment LED-A special type of parallel wired LED that uses seven LED's to create numbers.

This is the type of LED that is used in digital clocks.
Alphanumeric LED-A variation on the seven segment LED that includes diagonal LED's to allow

lettering as well as the numbers.
Common Cathode-Seven Segment and Alphanumeric LED's are designed such that all the LED's have

one side tied together and the other side is on individual pins.  In a Common Cathode setup, the
cathodes are tied together.

Common Anode-Seven Segment and Alphanumeric LED's are designed such that all the LED's have one
side tied together and the other side is on individual pins.  In a Common Anode setup, the anodes
are tied together.

As can be seen from the terms above, a problem can occur when the voltage of the circuit is higher than
the Forward Voltage of the LED.  Although applying additional voltage will make the brighter, it will
also cause the LED to burn out.  To solve this problem, a resistor can be put into the circuit to limit the
amount of voltage that occurs.  To calculate the size of the resistor needed, you simply subtract the
Forward Voltage from the overall voltage, and then divide by the Forward Current.  This gives the
following formula:

R=V-VF

IF



For example if you are using two AA batteries (1.5V apiece) and the Forward Voltage is 2.5 with a
Forward Current of 20mA the formula works out to:

R=3-2.5=.5    =  25 Ohms

     .02     .02

Multiple LED's

When wiring multiple LED's the formula above works the same as long as you remember two simple
rules.  Series adds voltages and parallel adds currents.  This means that if you wire in series, use the sum
of all the forward voltages for VF and if you wire in parallel use the sum of all the forward currents for
IF.  Also, it is recommended that you attach a resistor to each LED in a parallel wiring.

Seven Segment and Alphanumeric LED's
Seven Segment LED's have a standard layout for their LED's.  This allows one to denote what positions
are turned on or off by listing their number.  The diagram below shows these positions:

Similarly, alphanumeric LED's also have a standardized layout.  The diagram below shows these
positions:



Electroluminous (EL)
EL comes in three major types:  wire, sheet, and tape.  The only difference is in the way that the EL is
laid out.  EL works by having two wires spaced apart with a luminous material between them. When
current is applied, the material glows.  To accomplish this, a device called either a driver or inverter is
used.  The two names refer to the same device and are used interchangeably.  When purchasing a driver,
make sure that the driver will work with the input voltage you will be using, the type of EL you will be
using, and the quantity.  For example, elwirecheap.com sells inverters that are designed to work with 9
volts or 12 volts with a piece of wire between 1 and 10 feet long, as well as 12 volt inverters that are
designed to work with lengths between 15 feet and 50 feet long.  If you get the wrong inverter, you could
damage the wire, or the item it is installed in. Also note, the Voltage going through the wire is
extremely high (some can be in the thousands of volts).  DO NOT TOUCH THE EL SIDE OF
THE INVERTER.  Also, make sure to cover any bare wires (before you connect the power
source).

Switches
Essentially, switches are merely two pieces of metal that make contact.  There are several terms that are
used to describe them:

Open-This denotes a circuit with a break in it (with a standard On/Off switch, this would be the off
position).

Closed-This denotes a circuit with no breaks in it (with a standard On/Off switch, this would be the on
position).

Single Pole (SP)-A switch that has the ability to connect one circuit.

Double Pole (DP)-A switch that has the ability to connect two circuits.

Single Throw (ST)-The typical On/Off switch, it only closes a circuit when “thrown” in one direction.

Double Throw (DT)-The typical A/B switch.  Double Throw switches close a circuit when “thrown” in
either direction.  These typically have three pins on the bottom, the middle pin going to both
circuits and the outer pins only going to one circuit each.

Momentary Contact-A switch that is in one state (open or closed) until it is pressed.  When pressed it
switches states, only to return to the original state when the switch is released.

Normally Open (NO)-This is a momentary contact switch that is normally open, but closes when
pressed.

Normally Closed (NC)-This is a momentary contact switch that is normally closed, but opens when
pressed.



Power
The most common power for costuming comes from batteries.  As everyone knows, batteries come in a
range of voltages.  Most standard batteries (AAA, AA, C, D) are 1.5 volts.  A nine volt battery,
obviously, is 9V.  Rechargeable batteries (NiCad, Nickel Metal Hydride) are 1.2V.  Like LED's, batteries
can be wired in Series (Negative-Positive-Negative) or Parallel (all Negatives and all Positives).  Also,
like LED's, when batteries are in series add their voltages, and in parallel add their current. (In parallel,
the batteries will last longer).  Most battery holders are wired in series.  When looking at battery leads,
remember that red is positive and black is negative (the black wire can also be referred to as the common
or ground wire as well.)  Also, for parts of the circuit that are running on low voltage (for example the
battery side of an EL inverter, but not the EL side) you can use hot glue as an insulator.

Soldering
Soldering, in it's most basic form is the melting of a soft metal to connect two or more metal pieces, in
this case wire.  The basic technique is to touch the iron to the wires to be soldered together for a few
seconds to heat them up, and then touch the solder to the tip of of the iron and let it melt into the joint.
You then remove the solder, followed by the iron.  Here are a few tips and suggestions:

NEVER TOUCH ANY PART OF THE IRON EXCEPT THE HANDLE.  THE AVERAGE IRON
WILL HEAT TO BETWEEN 400 AND 700 DEGREES.
Most solder contains lead.  Do not eat, drink, or smoke while soldering, and always wash your
hands afterwards.

Helpful Tips
When you purchase your iron, invest in a stand that has a sponge as part of the base of the stand. While
you are soldering, keep the sponge wet and use it to wipe excess solder off the iron.

The first time you use the iron, coat the tip with solder.  Coating a surface with solder is called tinning it.
You can also tin the wires before you put them together to make it easier to solder them.

Invest in a piece of plywood and solder on that.  The iron can char wood and messing up a piece of
cheap plywood is better than messing up your dining room table.

For home use, purchase Rosin Core solder.  This is a type solder that has a rosin flux (flux is a substance
that melts at a lower temperature than the solder, and cleans the wire so the solder connects better).

A good solder joint is shiny.  If it is really dull, you might want to reheat the joint until the solder starts
to melt, without adding additional solder.

Solder joints are not stress bearing.  Constant flexing of a joint will cause the solder to crack which can
lead to intermittent connections.  

Places to buy stuff
The following places are where I purchased the parts for this class:

Radio Shack (http://www.radioshack.com)

EL Wire Cheap (http://www.elwirecheap.com)

Super Bright LED's (http://www.superbrightleds.com)

Digi-Key (http://www.digikey.com)


