Loudspeakers, Amplifiers, and Impedances
Loudspeakers (let’s just call it a ‘speaker’) are used to
reproduce sound. When a signal is sent to the speaker, like an
amplified voice, the speaker cone vibrates like a struck drum.
Speakers come in many varieties, suited for different tasks. The
majority of speakers have cones made out of paper or another material.
The cones vibrate by the movement of a coil of wire near a magnet. A
speaker is like a microphone, only in reverse. In fact, with a little
clever wiring, a speaker can actually be used to record sound!
Drivers: Woofers, Horns and Tweeters
Music is made of many different frequencies. And drivers come in
different sizes and shapes to handle these different frequencies.
A large driver (a woofer) handles low frequencies.
A small driver (a tweeter) handles high frequencies.
A medium driver (a horn) handles midrange frequencies.
If the speaker has two drivers, like a woofer and a tweeter, it’s
called a two-way speaker. If the speaker has three drivers, say a
woofer, tweeter, and horn, then it’s called a three-way speaker.
Crossovers:
It doesn’t make sense to waste high frequency energy on the
woofer, because the woofer doesn’t respond. Nor does it make sense to
feed low frequencies into the tweeter, for the same reason, and also
because the extra low frequencies can distort the sound of the tweeter.
So, speakers often have a crossover. A crossover is a set of
audio filters. The filters separate the sound into frequency bands, and
each filter sends its band to the driver that matches it. Low
frequencies are sent to the woofer. Midrange frequencies are sent to
the horn. High frequencies are sent to the tweeter.
A two-way speaker will have a two-way crossover.
A three-way speaker will have a three-way crossover.
A two-way crossover would have a low-pass filter or LPF (to pass
only low frequencies to the woofer) and a high-pass filter or HPF (to
pass only high frequencies to the tweeter) The crossover frequency
(where the two filters overlap) might be something like 1kHz:

1 KHz
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A three-way crossover would have a low-pass filter or LPF, and a
high-pass filter or HPF. It will also have a band-pass filter or BPF,
to pass a band of midrange frequencies to a horn (for example). The
crossover points (the frequencies at which the three filters overlap
each other) might be something like 250 Hz and 2kHz.
3-Way Crossover

2KHz

250 Hz

The Connection between Speakers and Amplifiers
You often hear how one amplifier is a good match for one speaker,
a poor match for another. Why is this? What makes the match good or
poor? Let’s look at the electrical relationship between the speaker and
the amplifier, to learn more about how they interact with each other.
The Loudspeaker Resists the Amplifier
Remember, each driver is a physical object. The
drivers resist
the electricity coming from the amplifier. We call this kind of
resistance impedance.
To measure speaker impedance, we use ohms. A typical speaker has
an impedance rating of 8 ohms nominal. Nominal means average. So the
average impedance of the speaker is 8 ohms. Speaker impedance actually
changes depending on the frequencies in the audio. The speaker resists
some frequencies more than others.
The Amplifier Drives the Speakers
The amplifier ‘sees’ the speaker, and it will adjust its power
output in response to the speaker’s impedance. If the amp sees a lot of
impedance, the amp is not in danger – it has something to work with,
and amps sound good when they have to work a little! But if the speaker
shows very little impedance, the amp tends to output lots of power,
without having to really work hard, and it could blow! So you have to
know how many ohms your amp and speakers are rated at. Amps are usually
4 ohms, and speakers are usually 8 ohms. But always check!
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Calculating Impedances – How Many Ohms does the Amp ‘see’?
When you wire up speakers, you have to pay attention to the total
impedance you’re getting from all the speakers. Amplifier impedance (4
ohms is common) should not exceed Speaker impedance (8 ohms is common),
or you can damage the amplifier. The AC power supply will run out of
current, or worse, the amplifier will overheat and self destruct. Smoke
comes out of the amp, and you’re up the proverbial creek.
The main question: is my speaker impedance lower than my amp
impedance? If the answer is yes, your amp is in danger.
Series and Parallel Connections
You can wire speakers either in series, or in parallel. Series
wiring is safer for your amp. But parallel can give you more power.
Here’s how you calculate the total impedance of the speakers:
Series Connection:
You just add the speaker impedances. For two 8-ohm speakers in
series, the total impedance is 16 ohms:
8 + 8 = 16 ohms

Parallel Connection:
If the speakers all have the same impedance, divide the impedance
of one speaker by the total number of speakers. For two 8-ohm speakers
in parallel, the total impedance is 4 ohms (8 divided by 2).

For three 8-ohm speakers in parallel, the total impedance is
still 2.66 ohms (8 divided by 3).
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BUT, if the speakers have different impedances, invert the
impedances and add them together. Then re-invert the total. For one 8ohm speaker and one 16-ohm speaker, you get:
1/8 + 1/16
This is easier if you change the 8ths to 16ths. So:
2/16 + 1/16 = 3/16
Now take the answer, 3/16, and invert it:
16/3
Then, do the math:
16 ÷ 3 = 5.3 ohms
So one 8 ohm and one 16 ohm speaker wired in parallel would have
5.3 ohms of impedance.

How Much Power?
Amplifiers are rated by how many watts they will output into a
certain amount of impedance. For example, an amplifier might be rated
at “100 watts into 4 ohms”. This means that if you connect a 4-ohm
speaker to the amplifier, you can get 100 watts of power from the
amplifier.
Ohms and watts have an inverse relationship. If you double the
ohms (speaker impedance), you’ll get one-half the wattage (power) from
your amplifier. If you triple the ohms, you’ll get one-third the
wattage from your amplifier. Going in the other direction, if you cut
the ohms in half, you’ll double the wattage.
Let’s say an amplifier is rated at 100 watts into 8 ohms. If we
cut the impedance in half by replacing the 8-ohm speaker with a 4-ohm
speaker, the amp will double its output, and produce 200 watts of
power.
If an amp is rated at
Then you’ll get
And you’ll get

100 watts into 8 ohms
50 watts into 16 ohms
200 watts into 4 ohms

It’s risky to connect speakers to an amplifier if they have less
impedance than the amplifier is rated at. Every time the speaker
impedance is cut in half, the amplifier will try to double its output.
A very low speaker impedance can burn out the amp.
On the other hand, if your speakers provide MORE impedance than
the amp is rated at, the only drawback is less volume. But you won’t
burn out your amp.

