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Damping for Lou dspeakers: 

Acoustical and Electromagnetic 
By F. Langford-Smith and A. R. Chester man. 

The most prominent resonance displayed by a 
loudspeaker is the bass resonance which, if lightly 
damped, is most objectionable, givin'g rise to "one 
nOte bass", "hang-over", and poor transient response. 
For any set of conditions and for any one listener, 
there is an optimum amount of damping, to give 
the most pleasing results. It is important to remem
ber that the amount of damping has only a small 
effect outside the region of the bass resOnant fre
quency. Taking a typical case with a bass resonant 
frequency as 85 c/s, the effects of damping would 
be small above 150 c/s. 

Introduction to damping 

Loudspeakers have some damping inherent in the 
speaker, but all additional damping to meet the 
requirements of good musical reproduction must 
come from external electro-magnetic or acoustical 
damping, or both. Most modern amplifiers and 
radio receivers use negative voltage feedback to 
give a low Output resistance, that is, a high "damping 
factor" . Damping factor is defined as RdRoJ where 
RI. is the nominal load impedance and Ro is the 
amplifier Output resistance. High fidelity amplifiers 
are sometimes advertised as having very high damp
ing factors. E.g. 45, or in another case infinity. 
This term "damping factor" is quite misleading, 
since the damping is in no way proportional to 
the damping factor. The writers prefer to express 
this in the alternative inverse form where the output 
resistance is given as a fraction or percentage of the 
load resistance (Ref. 1). Thus an Output resistance 
of zero (corresponding to a "damping factor'� of 
infinity) gives a more accurate impression, particu
larly the non-technical person. However, the use of 
the term "Damping Factor" is so strongly entrenched 
that it cannOt be displaced, and it will therefore 
be used in this article. 

The effects of damping are shown by the equiva
lent circuit of. Fig. 1 (Ref. 2). This may be applied 
to an infinite flat baffle merely by short-circuiting 
Cc. It will be seen that this is a series resonant 
circuit, with an applied voltage Es across RJ Land 
C in series. The Q of the circuit is given by 

2rrf LII 

Q 
Rs + R" 

(1) 

and the acoustical output of the loudspeaker IS 

proportional to ELU• 

B: 
Now Rs er:: at low frequency (2) 

Ro + RI,c 

where B flux density in gap 
Ro output resistance of amplifier referred 

to the voice coil circuit 
and RI,c = resistance of voice coil. 

Two important facts are shown by eqn. (2). 
The first is that, so long as Ro is positive, the damp
ing is limited by RI'cJ and changing Ro from 10 to 
one-tenth of' Rvc to zero (i.e. changing damping 
factor from 10 to infinity) only effects the damping 
resistance by 10%. The damping can only be truly 
infinite if Ro is made negative-ways of accomplish
ing this result will be described later in this article. 

The second important fact shown by eqn. (2) is 
that Rs is directly proportional to the square of the 
flux density and inversely proportional to Ro + 
Rvc. Loudspeakers with low flux density may have 
insufficient damping even when Ro is. made zero, 
whereas those with high flux density may be toO 
heavily damped when Ro is zero. ·It is thus quite 
obvious that it is impracticable to select any value 
of "damping factor" which will give optimum re· 
suIts with any loudspeaker. 

Owner
Highlight



Fig. 1. Equivalent electrical circuit 0 f loud
speaker in enclosed cabinet at low frequencies. 
RDH Fig. 20.11. 

Effect on frequency response 

Varying the damping on a loudspeaker has a 
second, and very important, effect which is not 
always fully realized. Its effect on frequency re
sponse is shown in Fig. 2 for a particular case with 
a totally enclosed cabinet. A similar effect occurs 
with a flat baffle, but the curves show that values 
of Q below about 1 result in bass attenuation. There 
are two common practices to meet this difficulty. 
The first is to maintain the loudspeaker Q about 1, 
or slightly over, to avoid the attenuation. The 
second is to accept the bass attenuation as a price 

Fig. 2. Theoretical response of enclosed cabinet 
loudspeaker for various values of damping re
sistance R... Resonance frequency 45 c/s. 
RDH Fig. 20.12. 

+ 15 1 

to pay for high damping, and to make it good by 
adding bass boosting - about 7 db at the bass 
resonant frequency. There is absolutely no point 
in reducing Q below 0.5, the value to give critical 
damping. 

Damping controls 

This introduces the desirability, in high fidelity 
amplifiers, of adding a control to alter the "damp
ing factor". Two methods of achieving this result 
are shown in Figs. 3 and 4. Both use a combina
tion of negative voltage feedback and positive 
current feedback. Although these add further con
trol to the already formidable array on many ampli
fiers, it does serve a useful purpose. Normally it 
would be pre-set to suit a particular loudspeaker 
and listener, and not used as a regular control. 

It has been stated above that loudspeakers with 
low flux density may have insufficient damping 
when R" is made zero. What can be done about 
it? Short of changing the loudspeaker for one with 
higher flux density, there are two possible courses 
- to provide a negative output resistance, or to 
add acoustical dam ping. Both of these methods 
are described in this article. 

Negative output resistance 

A negative output resistance is produced by suffi
cient positive current feedback. This must be 
accompanied by an increased negative voltage feed
back to reduce the harmonic distortion to a desir
able level. Only one such commercial amplifier is 
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VOLTAGE 
FEEDBACK B+ L.S. 

-

• 

CURRENT 
FEEDBACK 

-

• 

Fig. 3. Damping factor control used in Electra-Voice Amplifie1'S A-20C and A-30 . .  Range 0.1 to 15. 

known at the present time - the Bogen Model 
D030A. The circuit is shown in Fig: 5 (Ref. 3). 
It uses 25 db negative voltage feedback, .with current 
feedback controllable from negative to positive. 
When the switch is closed there" is no positive 
feedback and the amplifier operates normally. When 
the switch is opened, with the damping cont�ol at 
the extreme negative current feedback position, the 
dam ping factor is positive and low ( +  2 ) . As the 
damping control is moved towards the positive end 
the damping factor passes through the' �ormal value 
(i.e. with sw itch closed) and then increases to 
infinity and beyond to high negative values, and 
finally low negative values (-2). The 4 ILF con
denser is used to limit the current feedback to low 
frequencies. 

With such a control the amplifier will oscillate 
if the control is turned too far in the negative 
direction. Care is necessary to a void possible damage 
to the loudspeaker. It is doubtful whether such an 
"unlimited" control will be widely used, but it 
would be of great interest in a laboratory or when 
carefully handled by an expert. 

Radiotronics 

Acoustical damping 

Acoustical dam ping has received scant attention 
in the literature, but it is a very.helpful tool, and, 
as will be shown below, it can be used to reduce 
the peak of "loudspeaker impedance at the bass 
resonant frequency -. being the only known method 
of producing this result without horn loading or 
the vented baffle. The latter does not come within 
the scope of the present article; but it may be 
covered at some future date. 

The present subject is limited to open "back 
cabinets, the back of which may be closed by a 
sheet of expanded metal on which is glued a piece 
of suitable cloth (Fig. 6A): However, the same 
principles may be applied to various forms of 
enclosures. Fig. 6B shows the small enclosure 
attached to a large baffle to increase its low fre
quency response. In C, a totally enclosed cabinet 
is damped by th� small enclosure shown. D is 
similar to C, except that a damped POrt is provided 
for a vented baffle. In E, a port has been added 
to the enclosure A, while F shows an arrangement 
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similar to D, in which both the speaker and the 
POrt derive a measure of damping from a single 
acoustical resistance element. Many other combi
nations are possible. 

A detailed treatment of the subject, both theoreti
cal and experimental, has been made by Bauer (Ref. 
4), and tests were carried Out in our laboratory to 
see whether we could obtain the same results on 
damping, and in particular to measure the electrical 
impedance which Bauer only derived indirectly. 

In general, the acoustical resistance element should. 
have an area somewhat greater than the area of 
the cone, to avoid constriction of the air flow. 

Measurements were made on an enclosure as 
Fig. 6A, with a medium-priced 9 in. X 6 in. ellip
tical speaker (M.S.P.) in an enclosure with internal 
dimensions 14 X 14 X 9 inches deep. The enclosure 
has interchangeable backs, one solid, and the other 
provided with an 1 1  in. diameter hole for mounting 
the acoustical dam ping resistance. 

voice coil impedance 

The impedance was measured under various con
ditions, and the most significant results are tabulated 
below. 

f1 = freque�cy at which impedance is a 
maXImum, 

ratio = ratio between impedance 'at f1 and 
that at 400 cls (= 3.5 ohms). 

B+ 

FEEDBACK 

CURRENT 

FEEDBACK 

-
• 

Condition It ratio 

( 1) 3 ft. square baffle ........... . .  120 4.1 
( 2) Back closed (solid back) .... ... 143 4.7 
(3) No back . '. . . . . . . . . . . . . . . . . . .. 105 3.5 
(4) Open back in  position, n o  cloth . . 100 3.1 
( 5) 1 layer of cloth .. ....... ..... . 95 2.5 
(6) 2 layers of cloth . . . . . . . . .. . . . . . 95 2.1 
( 7) 3 layers of cloth . . . . . . . . . . . . . . . 95 1.8 
(8) 5 layers of cloth " . . . . . . . . . . . . . 95 1.5 
(9) 1 layer of /G in. felt . . . . . . . . . .. 150* 1.4 

*a second peak occurred at 95 eis, with ratio 
also 1.4. 

The cloth used was loosely-woven cotton, 12 thou. 
thick, about the thickness of thin sheeting. The 
thickness of both cloth and felt was measured when 
compressed. 

It will be seen from the table that the imped
ance ratio from 400 cl s to the bass' peak is reduced 
from 4.7 with solid back, or 4. 1 with flat baffle, to 
1.4 in the most extreme case. Even with 3 layers 

of cloth the impedance ratio is reduced to 1.8. This 
is a very important feature with pentode power 
valves, which are very sensitive to an increase in 
load resistance and give high distortion under these 
conditions. Thus acoustical damping not only gives 
the desired damping, but also provides better work
ing conditions for pentode power valves. 

Fig. 7 shows curves of voice coil impedance for 
the various conditions set out in the table. The 
impedance at 400 cls is 3.5 ohms. 

IOK 

LINK 

L.S., 

Fig.- 4. Damping factor control used tn Pye Model PF91 and Pamphonic Model 1002. Range up to infinity. 
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VOLTAGE 

FEEDBACK 

3·3K 

68K 

B+ n--� 
L.S.1611 

0·2711 

2511 

22011 CURRENT ' 
-

-

• 

Frequency response 

The low frequency response curves for three 
conditions are shown in Fig. 8. On a listening 
test curve B seems to be the best compromise. 
Curve A was preferred by some untrained listen
ers, apparently owing to the heavier apparent bass, 
particularly when listening to a certain male singer's 
voice. Curve C suffered from some attenuation in 
the bass, but was preferred to Curve A by twO 
trained listeners. 

Transient response 

The transient response was tested using a Cintel 
pulse generator operating with a pulse 0.3 f'Sec. into 
a large amplifier driving the loudspeaker. A micro
phone was placed 1 foot in front of the loudspeaker 
and its output applied to an oscilloscope. Fig, 9 
shows tracings made on the screen under various 
conditions, The increased dam ping is indicated by 
the decreasing height of the upwards peak imme
diately following the pulse. These results sub
stantially agree with those published by Bauer. 

General remarks 

There is no doubt that acoustical damping is an 
effective and cheap way of getting damping, or 
increased dam ping. It has the valuable additional 
feature of reducing the loudspeaker impedance peak 
at low frequencies. It is therefore particularly 
suitable for use in expensive radio receivers and 
radio gramophones using a pentode Output stage. 
This may be used with an unbypassed cathode re
sistor to give negative current feedback with reduc
tion in distortion, and 'the whole of the damping 
will be provided acoustically. This may necessitate 
somewhat heavier damping cloth than that used 
in the tests above, which were all carried out with a 
low output resistance. 

R adiotronics 

Fig. 5. Damping factor control1tsed in Bogen 
D030A Amplifier. Range from la1/) positive 
th"01tgh infinity to low negative. 

In most practical cases it will be found most con
venient to adjust the thickness of the cloth to give 
the desired low frequency response, leaving the 
damping to look after itself. 

Normally, a material wiU be found which will 
give the desired damping in one thickness. In our 
tests multiple thickness of thin cloth were only 
used as a convenient way of increasing the damping 
by known amounts. 

Measuring voice coil impedance 

When carrying Out tests with acoustical damping, 
it is also advisable ,to measure the impedance of 
the voice coil at the low frequency peak to provide 
a measure of the damping. A very simple approxi
mate test is to use a B.F.O. or other form of low 
frequency oscillator, and to connect it to the voice 
coil through a series resistance of at least 40 times 
the nominal voice coil impedance, and to measure 
the voltage across the voice coil by a rectifier type 
voltmeter. 

' 

All that is necessary for the purpose of this article 
is to measure the maximum value of the imped
ance below 400 c/s. 

The series resistance provides nearly constant 
current, and the voltmeter reading is approximately 
proportional to the voice con impedance. It may 
be calibrated by replacing the voice coil by a 
known resistance. Alternatively the impedance of 
the voice coil at 400 els may be taken as unity, 
and the voltmeter will then read the impedance 
ratio from the low frequency peak to 400 els. 
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A c 

o E F 

Fig. 6. Methods of applying acoustical damping to loudspeakers. After Bauer, Ref. 4. 

L" represents cone mass + effect of radiation 
reactance. 

R" represents radiation resistance ( which 
varies with frequency). 
Note that R" is small compared with other 
impedances in the circuit. 

Cc represents acoustical capacitance of cabinet 
volume. 

e" represents equivalent capacitance of cone 
suspension. 

- Radiotronics 

R.. represents effect of electrical circuit of 
loudspeaker and driving amplifier reflected 
into acoustical circuit. The mechanical 
resistance of the cone suspension may be 
taken as being included with Rs. 

Es constant voltage generator. 

11/ alternating air current produced by 
cone, which is proportional to cone 
velocity. 
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Fig. 7. Curves of voice cont1"ol impedance voice cont1"ol under conditions specified in table. 
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Fig. 8. F1'equency response of lottdspeaker - microphone 1 ft. in /font of speake·l'. (A) on 3 ft. baffle; 
(E) in cabinet with 3 layers of cloth; (C) in cabinet with 1 layer of -Ar in. felt. 

(A) solid back; (E) open back, no cloth; 

(D) 2 laye1'S; (E) 3 laye,l's; 

Fig. 9. Transient responses 

References 

I. Radiotron Designer's Handbook, 4th ed., p.600. 2. Taken from Radiotron Designer's Handbook, 4th eLl., 
p.844. 

3. Wilkins, C. A., "Variable damping factor control", 
Audio 38.9 (Sept., 1954), 31. See also High Fidelity 
(Nov., 1954), 89. , 

1\. Bauer, B. B., "Acoustic damping for loudspeakers", 
Trans. I.R.E. -:- PG.! A U 1.3 (May / June, 1953), 23. 

(C) 1 layer of cloth,' 

(F) 5 layers. 
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