4-1 Capac:r’mrs

Capacltors are electrlcal components that can
store electricity for periods of time. When a
capacitor has a difference in voltage (electrical
pressure) across it, it is “charged”. A capacitor is
charged by having a one-way current flow through
it for a short period of time. |t can be discharged by
letting a current flow in the opposite direction out of
the capacitor. A capacitor may be thought of as a
water tank that has a strong rubber diaphragm
sealing off each side of the tank, as shown below:

The pipe might have a plunger on one end (or a

pump somewhere else in the piping circuit) that
pushes water against the diaphragm. The water in
the pipe would then force the rubber to stretch out
until the force of the rubber pushing back on the
water was equal to the force of the plunger. The
rubber would be charged and ready to push the
plunger back. If the plunger is released the rubber
will discharge and move back to its original
position, until there is no more pressure on it.

Capacitors act the same as the rubber diaphragm
just described. When a voltage (electrical
pressure) is placed on one side, electrical charge
“piles up” on that side of the capacitor until the
voltage pushing back matches the voltage applied.
The capacitor is then charged to that voltage. If the
charging voltage were then decreased the
capacitor would discharge. If both sides of the
capacitor were connected together with a wire then
the capacitor would rapidly discharge and the
voltage across it would become zero (no charge).

therefore pass an alternating current with little
resistance. When the push on the plunger was
only toward the diaphragm, the water on the other
side of the diaphragm moved just enough to
charge the pipe ansient or temporary current).
Just as the pipe blocked a direct push, a capacitor
blocks a direct current (DC). Current from a battery
is an exampfa of dwae current. An example of
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A rubber diaphragm in a pipe could be made with
different size and stiffness depending on how
much water it was to hold and how much pressure
it could handle without bursting.

Similarly, capacitors are described for their
capacity for holding electric charge, called their
capacitance, and their ability to withstand
electrical pressure (voltage) without damage.
Capacitor characteristics are controlled by varying
the number and size of the metal-dielectric layers,
the thickness of the dielectric layers, and the type
of material used.

Soft Rubber

Large Capacity, Low Pressure

Stiff Rubber

Low Capacity, but can withstand High Pressure

Stiff Rubber

High Capacity and can withstand High Pressure

There are many different types of capacitors
made using many different materials, but their
basic construction is the same. The wires (leads)
connect to two or more metal plates that are
separated by high resistance materials called
dielectrics. The dielectric is the material that
holds the electric charge (pressure), just like the
rubber diaphragm holds the water pressure.
Dielectric materials include air, paper, mylar, and
thin films of oxides.

Metal Plate

Lead 2

Dielectric

Capacitance is expressed in farads (F, named
after Michael Faraday whose work in
electromagnetic induction led to the development
of today’s electric motors and generators).
However a 1 Farad capacitor would be about the
size of a room, so electronics uses microfarads
(uF, millionths of a farad).
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Im‘r’oducmg N Par'Ts

Snap circuits includes two mylar or ceramic
capacitors (0.02uF and 0.1uF). Take them out
and look at them if they are with you.

Snap circuits also mcludes three electrolytic

capacitors (10uF, 100uF, and 470uF). These
parts use special dielectrics to get high
capacitance into a small part. Take them out and
look at them if they are with you.

Electrolytic Capacitor Symbol

Note that the electrolytic capacitors (only) have a
“+” polarity marking on them, the “+” side should
always be connected to the higher voltage.




Introducing New; Parits
Snap circuits also includes one variable capacitor.
Take it out and look at it if the parts are with you.

This capacitor has movable plates, so the
capacitance can be adjusted between 0.00004
and 0.00022uF. It is only used in high frequency
radio circuits for tuning.

Variable Capacitor (CV)

Variable Capacitor Symbol

Tuning Knob

Plastic
Separators

4-2 Capacifor Circuifs

Experiments

With the help of snap circuits, capacitors will be
easy to understand. Consider the circuit below
(which is project 203).
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If points Y and Z in this circuit were connected for a
moment, then the 470uF capacitor would be filled
up with electricity from the batteries. If points X
and Y were then connected (instead of points Y and
Z), the green LED would be lit for a few seconds

and then go dim. The electricity stored in the
capacitor gets discharged, creating a current
through the LED and resistor.

Electricity was stored in the capacitor, and then
used to light the LED. Because of this ability,
capacitors may be thought of as rechargeable
batteries. But capacitors are not very efficient at
storing electricity - the 470uF lit the LED for only a
few seconds while the batteries are used to run all
your projects! That is because capacitors store
electrical energy while batteries store chemical
energy.

If the 470uF capacitor was replaced with the 100pF
capacitor in the preceding circuit (as per project
204), the circuit would work the same way but the
LED would go out much faster. Lower value
capacitors cannot store as much electrical energy
as larger value parts.

If the 1KQ resistor was replaced with the 100Q
resistor (as per project 205), the LED would get
brighter but go out faster. The lower resistance
allows a higher current to flow, which discharges
the capacitor faster.

You can also imagine the preceding circuit as if it
were water flowing through pipes, as shown.

If the left valve is open, the pump pushes water
into the diaphragm. If the right valve is open, the
diaphragm will push back the water through the
rocks and water meter.
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Experiments

As another example, consider this circuit (which is
project 235):
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If the slide switch was turned on for a few seconds
and then turned off, a current would flow through
the right side of the circuit. The green LED would
be bright for a moment and then go dim as the

capacitor charges up.

Experimenis

Current
flows in
right side of
the circuit.

With both switches off, the capacitor holds its
charge but no current flows. If the press switch
were pressed, a current would then flow through
the left side of the circuit. The red LED would be
bright for a moment and then go dim as the
capacitor discharges through it.

Current ©
flows in
left side
ofthe P
circuit.

The capacitor value (470uF) sets how much
electrical charge can be stored, and the resistor
value (1KQ) sets how quickly that charge can be
stored or released.

to both the capacitance and




