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Myth - "Damping Factor Isn't Much of a Factor"

Myth - "A Damping Factor of 10 is High Enough"

Myth - "All Amplifiers Have a High-Enough Damping Factor"
Where did these Myths Originate?

These myths seem to trace back to a well-known paper written by Dick Pierce. His analysis
shows that a damping factor of 10 is virtually indistinguishable from a damping factor of
10,000 when it comes to damping the motion of a loudspeaker cone. This analysis has
been examined and repeated in many more recent articles, such as a well-written post on
Audiofrog.com by Andy Wehmeyer. Articles such as these are often cited as evidence that
amplifier damping factor doesn't matter. The mathematical analyses are correct, but the
conclusions are incomplete and misleading! The papers were written to bust one damping
factor myth but ironically they spawned another.

Damping is Not an Issue, but there IS an Issue!

These papers show that the damping of driver motion cannot be significantly improved by
raising the damping factor above 10. They also point out that most amplifiers easily exceed
this requirement. On the surface, both papers seem to imply that damping specifications are
not important. If you are one of the many people that jumped to that conclusion, you are
perpetuating a myth. It is time to go back and ...

... read the papers more closely!

If you take a close look at each of these two papers you will see some obscure comments
that most readers seem to miss:

Dick Pierce wrote:

"There may be audible differences that are caused by non-zero source resistance.
However, this analysis and any mode of measurement and listening demonstrates
conclusively that it is not due to the changes in damping ..."

Likewise, Andy Wehmeyer wrote:

"There is a real benefit in low output impedance. We’ll save that one for another tech
tip."”

In other words, both papers acknowledge that there may be some audible benefits to having
a high damping factor! Unfortunately they fail to identify these benefits.


http://www.collinsaudio.com/Prosound_Workshop/Damping_Factor.pdf
https://www.audiofrog.com/community/tech-tips/damping-factor-and-why-it-isnt-much-of-a-factor-2/

These papers also fail to mention that "damping factor" was a poor choice of terminology.
"Damping factor" is sort of an upside-down way of specifying the output impedance of a
power amplifier.

| will attempt to pick up where these papers left off and bust the myth that they inadvertently
created. With some simple math, | will quantify the benefits of having a low output
impedance (or high damping factor).

The Frequency Response Problem

The frequency response of a power amplifier is normally measured using an ideal resistive
load. An amplifier with a flat frequency response specification may have an entirely different
frequency response when it is loaded by the impedance of a speaker. Speakers have
resistive, inductive, and capacitive characteristics that change with frequency. If the
amplifier damping factor is too low, these variations will have an audible impact on the
system response.

Speaker Impedance and Phase Plots
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Figure 1

The plot above shows the impedance and phase angle of a set of three-way speakers that
we have in our listening room. We keep these on-hand because they are an example of a
difficult-to-drive "8-Ohm" speaker. The solid curve is the impedance, measured in Ohms
(left axis) and the dotted curve is the phase angle of the load, measured in degrees (right
axis). The horizontal axis is frequency and it has a range of 10 Hz to 50 kHz.

Notice that the impedance at 119 Hz is only 2.6 Ohms. Also notice that the phase angle

at 94 Hz is -53 degrees, indicating a highly capacitive load. I'll spare you the math, but the
combination of these two parameters means that at 100 Hz, the amplifier will need to deliver
the same current that would be required by a 2.2 Ohm resistive load.


https://www.stereophile.com/content/focal-chorus-826w-30th-anniversary-edition-loudspeaker-measurements
https://www.stereophile.com/content/focal-chorus-826w-30th-anniversary-edition-loudspeaker-measurements

Also notice the rapid changes in impedance vs. frequency. The impedance is 19 Ohms near
30 Hz, but just 6 Ohms near the 45 Hz lower limit of the speaker's response. At 65 Hz, the
impedance is almost 13 Ohms. These rapid impedance changes are typical near the lower
limit of a speaker system.

This speaker has crossover frequencies at 300 Hz and at 3 kHz. Notice that the 300 Hz
crossover creates a bump in the impedance curve. Also notice that the impedance swings
from 18 Ohms to 8 Ohms as we transition through the 3 kHz crossover frequency.

The point of all of this is that speakers are not resistive loads. Speaker impedances change
significantly, and often rapidly, across the audio band. These impedance variations can
cause significant changes in the frequency response at the amplifier output if the amplifier's
output impedance is too high.

What does this have to do with damping factor? The "damping factor" is just a way of
specifying the output impedance of the amplifier:

"Damping Factor" is an Impedance-Ratio Specification

By definition, the "damping factor" is the ratio of a speaker's nominal input impedance to the
amplifier output impedance:

Damping Factor = Speaker Impedance / Amplifier Impedance

On most amplifier specification sheets, the damping factor specifications assume an 8-ohm
speaker impedance. When this is the case, the following equations can be used to
determine the amplifier output impedance:

Damping Factor = 8 / Amplifier Impedance

or

Amplifier Impedance = 8 / Damping Factor

Notice that the Damping Factor is high when the Amplifier Impedance is low.

The Impedance Ratio (Damping Factor) Determines the Accuracy of the
System Frequency Response

The output impedance of the amplifier forms a voltage divider with the speaker load
impedance. If the amplifier output impedance is very low (high damping factor), the
resistive, inductive and capacitive portions of the speaker impedance will have little impact
on the amplitude or phase response at the output of the amplifier.

In contrast, if the amplifier output impedance begins to approach that of the speakers
(damping factor of 1), the resistive, inductive and capacitive portions of the speaker
impedance will have a major impact on the amplitude and phase response at the output of
the amplifier.



Damping Factor vs. Output Impedance

Please understand that "damping factor" and "output impedance" specifications describe
the same amplifier characteristic but they do so in an inverse fashion. An amplifier with a
high damping factor will have a low output impedance.

With 8-Ohm speakers, a damping factor of 10 is achieved when the amplifier output
impedance is 0.8 Ohms. A damping factor of 100 is achieved when the amplifier output
impedance is 0.08 Ohms. A damping factor of 1000 is achieved when the amplifier output
impedance is 0.008 Ohms. The lower the output impedance, the higher the damping factor,
but let's not get carried away...

Speaker Cables Set a Practical Limit on the Damping Factor

A typical set of 10-foot 12-AWG speaker cables will have a round-trip series resistance of
0.0318 Ohms. If these were driven by a zero-ohm amplifier (if such an amplifier existed), the
damping factor would be 200. Benchmark offers 11-AWG cables that have a round-trip
series resistance of 0.0252 Ohms. These would limit the damping factor to 317 if driven
from a zero-ohm ampilifier.

In other words, damping factors greater than 200-300 can rarely be achieved at the speaker
terminals. If damping factors near 1000 were important, we would need to place the
amplifier very close to the drivers and/or use some very large conductors. However, don't
go out and buy welding cables; large conductors have inductance problems. Skip the
welding cables, as this paper will show that we don't need a damping factor of 1000.

Damping Factor: 10 is too Low and 1000 is Unnecessary

The frequency response of a given speaker is only repeatable, from amplifier to amplifier,
when all of the amplifiers have a reasonably high damping factor. If you connect the
speaker to an amplifier with a low damping factor, the speaker loading will change the
frequency response at the amplifier terminals and at the acoustic output of the speaker.
This change in response is especially problematic at the low end of the speaker's range and
at each of the crossover frequencies.

Here is a Simple Circuit Diagram:

The amplifier output impedance and the speaker input impedance form a voltage divider
(see Figure 2). Z1 is the amplifier impedance and Z2 is the speaker impedance. The input
voltage is divided or split between Z1 and Z2. Vin is the voltage that the amplifier would
produce without a load. Vout is the voltage at the terminals on the back of the power
amplifier when the speaker (Z2) is connected.
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Figure 2

The second equation in Figure 2 is the "transfer function”. It tells us how much of the input
signal reaches the output.

The amplifier output impedance, Z1, is typically resistive. This means the amplifier output
impedance does not change with frequency. This also means that we can refer to the
amplifier output impedance as an "output resistance".

In contrast, the speaker input impedance, Z2, has significant inductive and capacitive
components. This means that the speaker impedance changes with frequency (as we can
clearly see from solid curve in Figure 1).

To keep the math simple, we will ignore the phase shifts that are produced by the inductive
and capacitive characteristics of the speakers. In other words, we will ignore the phase
angles shown by the dotted curve in Figure 1. This simplified analysis will give us the
amplitude response of the amplifier-speaker interface.


https://commons.wikimedia.org/wiki/File:Impedance_voltage_divider.svg

The simplified voltage divider looks like this:
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Figure 3

R1 is the amplifier output impedance. R2 is the speaker input impedance at a specific
frequency. In our example, R2 can be read directly from the impedance curve shown
in Figure 1.

Example 1 - Damping Factor of 10

At a damping factor of 10, the amplifier output impedance (R1) is:

¢« R1=8/10=0.8 Ohms

From Figure 1 we can see that our speakers have a minimum impedance of 2.6 Ohms at
119 Hz.

e R2=2.60hms.
Using the "transfer function" equation in Figure 3 :

e The signal reduction at the 2.6-Ohm impedance point will be 2.6/(2.6+0.8) = 0.714.
e Converting to dB: 20*Log(0.714)=- 2.3 dB


https://commons.wikimedia.org/wiki/File:Resistive_divider2.svg

This means that the amplifier output will decrease by 2.3 dB at 119 Hz when loaded by the
speaker impedance.

But, near 3 kHz, our speaker input impedance is 18 Ohmes.

e The signal reduction at the 18-Ohm point will be 18/(18+0.8) = 0.957.
e Converting to dB: 20*Log(0.957) = -0.3 dB

At a damping factor of 10, 119 Hz was attenuated by 2.3 dB while 3 kHz was attenuated by
just 0.3 dB. The difference is 2.3 dB - 0.3 dB = 2 dB.

This means that there will be a 2 dB change in the overall shape of the frequency response
curve when this set of speakers is driven from an amplifier with a damping factor of 10. The
2.3 dB loss of bass near 119 Hz is significant and should be noticeable under certain
circumstances.

Myth Busted! A Damping Factor of 10 is Too Low!
Example 1 shows that a damping factor of 10 can have an audible effect on the frequency
response of the amplifier-speaker system! A damping factor of 10 is too low! Let's
investigate higher damping factors ...
Example 2 - Damping Factor of 100
At a damping factor of 100, the output impedance of the amplifier (R1) is:
e« R1=28/100 = 0.08 Ohms.
At 119 Hz, the speaker input impedance (R2) is:
e R2=2.60hms
The transfer function at 119 Hz is:
e 2.6/(2.6+0.08) = 0.970
Converting to dB, the attenuation at 119 Hz is:
e 20*L0g(0.970)=-0.26 dB

At 3 kHz where R2 = 18 Ohms, the transfer function is:

e 18/(18+0.08) = 0.996
e Converting to dB: 20*Log(0.996)= -0.04 dB

The difference between the two points is now 0.26 dB - 0.04 dB which is 0.22 dB.



In Example 2, the damping factor of 100 keeps the frequency response variations less than
about 0.2 dB. In a static situation, the listener would quickly adapt to this 0.2 dB change in
speaker response and it is unlikely that the listener would detect a change in speaker
voicing. For this reason, we could argue that a frequency variation of 0.2 dB is good
enough.

Nevertheless, it is possible that this 0.2 dB variation could be detected in a A/B or A/B/X test
between two amplifiers having different damping factors (one with a damping factor of 100

and one with a much higher damping factor). If we match the amplitudes at 3 kHz, one
amplifier could be almost 0.2 dB louder at 119 Hz using our example speakers.

The general rule of thumb for A/B and A/B/X tests is that levels should be matched to better
than 0.1 dB. If this is not done, the level changes can be detected by many listeners. In
other words, a damping factor of 100 may have some perceptible impact on the sound in a
controlled test, even if it may go unnoticed in general listening.
Example 3 - Damping factor of 200
At a damping factor of 200, the output impedance of the amplifier (R1) is:

e R1=8/200 =0.04 Ohms.
At 119 Hz, the speaker input impedance (R2) is:

e R2=2.60hms
The transfer function at 119 Hz is:

e 2.6/(2.6+0.04) = 0.9848
Converting to dB, the attenuation at 119 Hz is:

e 20*L0g(0.9848)=-0.133 dB

At 3 kHz where R2 = 18 Ohmes, the transfer function is:

o 18/(18+0.04) =0.998
e Converting to dB: 20*Log(0.998)=-0.019 dB

The difference between the two points is now 0.13 dB - 0.02 dB which is 0.11 dB.

So, at a damping factor of 200, the frequency response variations are held to about 0.1 dB
which satisfies the level matching for A/B/X testing. This implies that the frequency
response matching is good enough that it could not be detected in a well-controlled A/B/X
test.



Benchmark's Approach to Damping Factor

It is no accident that the Benchmark AHB2 has a damping factor of 370. It was our goal to
keep impedance-related frequency response variations less than 0.1 dB when driving 8-
Ohm speakers. With our difficult-to-drive example speakers, the net frequency response
variation is just 0.061 dB, easily satisfying our 0.1 dB criteria for inaudibility. However, this
ignores the resistance of the speaker cables. No practical system can exist without speaker
cables, especially when a pair of speakers is fed from a single stereo amplifier. Let's
assume 10-foot cables.



https://benchmarkmedia.com/collections/a-stock/products/benchmark-ahb2-power-amplifier
https://benchmarkmedia.com/collections/amp/products/benchmark-ahb2-power-amplifier
https://benchmarkmedia.com/collections/cables/products/benchmark-speaker-cable-nl2-to-banana-2-pole

Benchmark sells 10-foot 11-AWG cables that have a round-trip series resistance of 0.0252
Ohms. When these cables are paired with the AHB2 amplifier, the effective damping factor
can be calculated as follows:

Amplifier output resistance = 8/370 = 0.0216 Ohms
Speaker cable resistance = 0.0252 Ohms
Total source resistance = 0.0216 + 0.0252 = 0.0468
Effective damping factor = 8/0.0468 = 171

At a system damping factor of 171, the frequency response variations would be about 0.13
dB. This still very close to our 0.1 dB criteria for inaudibility. Notice that the amplifier
damping factor needed to be significantly higher than 200 in order to achieve a system-level
damping factor near 200. In this system, the speaker cables and amplifier have nearly equal
contributions to the total source impedance. Lowering the amplifier's source impedance
(raising the damping factor) below that of the cables will produce diminishing returns. If the
amplifier had an infinite damping factor, the system frequency response at the end of the
cables would only improve by 0.06 dB, which is insignificant. With an amplifier damping
factor of 370, we have exceeded the threshold of diminishing returns.

Additional Considerations

The analysis above was focused on the amplitude response of the amplifier-speaker
interface. | did this to keep the math as simple as possible. Nevertheless, | was able to
show that a damping factor of 10 should have an audible effect on the amplitude response.

The amplifier output impedance will also produce phase shifts when loaded by inductance
or capacitance. The dotted curve in Figure 1 shows positive and negative phase angles.
These phase angles will be accentuated when the source impedance of the amplifier is
factored into the response. It is somewhat more difficult to quantify the audibility of these
phase changes, but they should only be an issue at very low damping factors.

Phase angles often change rapidly near driver crossover frequencies. In Figure 1, we can
see that the phase angle changes from positive to negative as we sweep up through the 3
kHz crossover frequency. With some speakers it is possible that the source impedance of
the amplifier could cause audible problems near the crossover frequencies when the
damping factor is excessively low. At damping factors above 100 these effects should be
minimal. At a damping factor of 10, the phase response variations may add additional
audible differences.


https://benchmarkmedia.com/collections/a-stock/products/benchmark-ahb2-power-amplifier

Conclusions

Loudspeaker driver damping can be achieved with damping factors as low as 10. Raising
the damping factor above 10, has almost no impact on driver damping. This has been
shown by Dick Pierce and others.

A damping factor of 10 can produce amplitude response variations exceeding 2 dB. These
variations should be sufficient to create audible changes in the apparent voicing of a
loudspeaker.

A damping factor of 100 can produce amplitude response variations of about 0.2 dB.
These may be just large enough to be detected in an A/B/X test where amplifiers are being
compared, using a single speaker and a switch box. Nevertheless, the 0.2 dB

variation should be small enough not to produce a noticeable change in the speaker
voicing during normal listening. We can probably argue that a system-level damping factor
of 100 is on the border line of audibility.

A damping factor of 200 can produce amplitude response variations that are only about 0.1
dB. These variations are so small that they should not be detectable, even in a well-
controlled A/B/X test where we are comparing two amplifiers with high damping factors.
Raising the system-level damping factor above 200 should produce no audible change.

10-foot 12-AWG cables will limit the system damping factor to something less than 200.
Benchmark's 10-foot 11-AWG cables will limit the system damping factor to something less
than 317.

Because of cable resistance, system-level damping factors exceeding 200 are often
impractical. Frequency response variations are insignificant when system damping factors
exceed 150.

| would recommend targeting a system-level damping factor above 150. This range is
achievable and it will give excellent performance. To achieve this at the end of a set of
speaker cables, the amplifier will need a damping factor of at least 300.

A system-level damping factor of 171 can be achieved at the end of a Benchmark 10-foot
11-Ga cable when driven by a Benchmark AHB2 amplifier which has a damping factor of
370.

Given 11 or 12 AWG cables, a system-level damping factor of 100 can be achieved with an
amplifier damping factor of about 150. Likewise, a system-level damping factor of 150 can
be achieved with an amplifier damping factor of about 300.

Amplifiers with a damping factor of less than 300 may have an audible impact on the
frequency response of the playback system.


https://benchmarkmedia.com/collections/a-stock/products/benchmark-ahb2-power-amplifier

Damping Factor Calculator with Frequency Response

| have created a spreadsheet that you can use to calculate the frequency response
variations that are caused by the amplifier output impedance and cable impedance. The
image below shows the results for the example system described in this paper.
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Open the spreadsheet and enter the parameters for your system in the orange cells as
follows:

Enter the nominal impedance of your speakers
Enter the minimum impedance of your speakers
Enter the maximum impedance of your speakers
Enter the length of your speaker cables

Enter the gauge of your speaker cables

oprLNE
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The "Total Error" column will show the frequency response variations that are produced by
the interactions between the source and load impedances. This column is color coded to
indicate the expected audibility of the frequency response variations. Red indicates a high
likelihood of audibility while green indicates a low likelihood of audibility.

Find the row that corresponds to your amplifier's 8-Ohm damping factor in the first column.
Use your amplifier's 8-Ohm damping factor specification even if your speakers have a
different nominal impedance. The spreadsheet makes the appropriate adjustments.

The "Effective Damping Factor" column shows the damping factor achieved at the speaker-
end of the cable. It is also adjusted for the nominal impedance of the speakers. Notice that
the speaker cables reduce the effective damping factor.

If you want to ignore the cable effects, set the cable length to 0.

The highlighted row (damping factor of 370) corresponds to the performance of the
Benchmark AHB2.

The spreadsheet is completely unlocked and it does not contain any macros. Avoid making
entries outside of the orange cells unless you wish to modify the spreadsheet or examine
the formulas (which were explained in the examples). | hope you find this calculator helpful.

John Siau
Copyright Benchmark Media System, Inc., 2020, all rights reserved.

Revisions: 6/8/2020 - Corrected a numeric error in Example 2. Frequency response
variation is 0.22 dB, not 0.5 dB, at a damping factor of 100 with the example speakers.
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