


The PEMKO Acoustic Presentation is produced by the Pemko Manufacturing Company 
primarily for the guidance of persons who are not Acoustic Engineers but who may be 
called upon to address Sound Attenuation requirements, particularly in respect of 
doorsets.

Acoustics is a complex subject.  This presentation sets out to explain some of the basic 
principles and terminology related to Acoustics and to provide guidance with regard to 
possible solutions for meeting sound attenuating performance requirements.

This presentation may also be of interest to Acoustic Engineers insofar as it identifies 
other doorset related issues that must also be considered for any installation.



1/ The purpose of this phamplet is to: Amplitude (a) = The height of the wave is referred to as 
a/ Provide for some insight in the behavior of sound. the amplitude.  This is directly related to the pressure 
b/ To promote understanding of some of the that is used to generate the wave.  Thus, for a whisper 
terminology used in connection with acoustics. the wave height will be low i.e.  a low amplitude while if 
c/ To determine how sound performances are we shout the same thing, the wavelength and the 
measured. frequency may be the same but the amplitude is 
d/ To see how sealing systems influence the increased due to the increased air pressure behind the 
performance of sound attenuating doorsets. generation of the sound.
e/ To be able to read and understand Sound Attenuating 
test reports. Frequency: The sound waves are moving along the 
f/ To consider sealing options and meeting application axis.  We can measure the number of waves that pass a 
demands. position in a given amount of time e.g. a second.  This is 

termed the frequency.  For a low frequency noise (e.g. a 
2/ What is sound? transformer hum) there will be few waves passing a 
a/ When we speak or make a noise, we create sound given point in a second.  For a high frequency noise 
pressure i.e. the air is compressed and behind the (e.g. a computer bleep) there will be a large number of 
compressed air is a void.  Generally the sound will waves passing a given point in a second.
travel in all directions from the sound source and of 
course there can be many overlapping sources of The simplistic diagrams in Fig. 1 serve to illustrate the 
sound.  principles.  The Fig. 1 illustration would relate to a 

single pure tone.  In practice a sound is likely to be 
b/ If we consider a single tone being generated from a made up of a number of overlapping frequencies at 
single source, we can illustrate this by a simple wave varying amplitude.  
diagram. Fig. 1

3/ How we hear sound:
a/ Sound is generated over a range of frequencies and 
travels through air at a speed of (approx. 330 m/s - 
about 750mph at sea level).  The speed of sound is 
affected by temperature and humidity.  Sound will 
decay in amplitude over distance according to the 
inverse square law. 

b/ The Hertz is the unit of measurement used as a 
convenient means for measuring the number of 
wavelengths passing a given point in a second.  Thus 
1Hz - 1 wavelength per second.  The Hertz (Hz) is 

Sound is measured in terms of: therefore used as a measure of frequency.
i/   Wavelength (    )
ii/  Amplitude (a). c/ Some sound is generated at frequencies levels that 
iii/ Frequency. fall outside of the scope of human hearing.  The 

average human being is sensitive to sounds at 
Wavelength (   ) = the distance from one point along the frequencies between 20Hz to about 20,000Hz.  
axis to the next identical point along the axis.  The (otherwise expressed as  20Hz to 20kHz.).  Sound 
wavelength can also be measured from peak to next frequencies produced below 20Hz are referred to as 
peak or trough to next trough. i.e. the wave length is the subsonic frequencies and may be felt as vibrations or 
distance between any point of the wave to the next shock waves rather than heard.  We are unlikely to hear 
identical point. sound generated in the ‘ultrasound’ end of the spectrum 

i.e. at frequencies over 20kHz.   However, we can still 
measure ultrasound by the use of instruments and this 
part of the spectrum is often used for medical diagnosis 
purposes.  

The ‘black art’ of acoustics is an extremely complex subject and the Pemko Manufacturing Company recommends 
reference to experts for the purpose of dealing with specific acoustic issues.  This presentation attempts to simplify the 
subject in a manner that can be easily understood by the layman and to that extent expresses issues in terms that may 
not be used by acoustic engineers but which hopefully provides for understanding of the principles involved.
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3/ c/  contd:
Bats navigate by producing sound in the ultrasound 
region at about 100kHz and measure distance by timing 
echos to generated noise.  Perhaps fortunately, we 
cannot hear bat generated noises without the benefit of 
filters that modify the sound to fall within the scope of 
human hearing.

d/ The following diagram illustrates a sound spectrum 
with some familiar sound charted to illustrate how we 
might hear things at different frequencies. Fig. 2

4/ Decibels:
a/ From Fig. 1 we see that amplitude is related to 
pressure and consequently to loudness.  The loudness 
of sound can actually be measured in pressure terms.  
By way of example the average car horn will create a 

2pressure of about 2N/M  or 2 Pascals (Pa) if measured 
about 10 feet from the source of the sound.

b/ The human hearing range can sense pressures from 
-5

around 2x10  Pa to around 100Pa.  Above 100Pa. we 
feel the noise as pain.

c/ As can be seen by reference to Fig. 3 measuring 
loudness by use of a pressure scale in Pascals is a 
rather complicated process particularly as the 
measurement is logarithmic.  We therefore refer to 
sound pressure by the more convenient measure of the 
decibel (dB.)

d/ A typical sound will consist of tones produced over a 
range of frequencies with varying decibel levels at each 
frequency. 

e/  Fig. 3 relates to sound pressure in Pa. to sound 
pressure expressed as decibels (dB) and indicates 
sound pressure levels to be expected in a manner that 
relates to everyday occurrences.  Typical background 
noises related to buildings is also provided for 
guidance. 

= subsonic frequencies - felt as vibrations or shock waves.

= ultrasound e.g. ultrasonic medical diagnosis uses frequencies of 
                          1MHz (1,000,000Hz.) ~ 10MHz. 
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Typical Background Noise Levels 
For Building Projects
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5/ Human Deficiencies:

a/ The average human ear is not equally sensitive to 
sound at all frequencies.  The optimum sensitivity of the 
human ear occurs around the 2kHz ~ 4kHz  range.  
Sensitivity reduces progressively towards the low 
frequency range down to about 20Hz.  Sensitivity also 
reduces quite quickly beyond 8kHz.

b/ In practice this means that for a given sound pressure 
(say 60dB).  The average human will hear noise in the 
(say) 2kHz range as being louder than the same sound 
pressure being produced at (say) 100Hz. 

c/ The diagram in Fig. 4 illustrates the sensitivity of the 
human ear at a fixed sound pressure level (dB).  There 
will be variations between individuals and as a general 
rule the whole graph will slide downwards with age to 
the point where we lose hearing in the lower and higher 
frequencies.   Similar consequences can result from 
exposure to very loud noises e.g. prolonged exposure 
to loud  industrial noise or disco music.

d/ The sensitivity of the human ear or, the perceived 
sound level is important when considering acoustics 
and we will return to this graph later.

6/ Sound Events:

a/ When sound pressure meets a barrier one of three 
things will happen: (Fig. 5)

i/ Some sound will be reflected.
ii/ Some sound will absorbed.  (The 

sound energy is converted into heat energy).
iii/ Some sound will pass through the 

barrier as transmitted sound.

b/ The sound energy absorbed by the barrier is referred 
to as Absorption.

c/ The loss of sound energy across a barrier, i.e. the 
comparison between the Generated Sound and the 
Transmitted sound is referred to as the Sound 
Attenuation

Sound Attenuation:  The sound loss in dB across a 
barrier. 

This is the normal requirement applicable to doorsets.

Sound is generated in a transmitting room.

Some of the sound is reflected.  This can be adjusted by 
use of dense materials e.g. lead.

Some sound is absorbed.  This can be adjusted by use 
of loose fibrous materials e.g. rockwool.

The remaining sound is transmitted.

The transmitted sound is measured and the difference 
between the generated sound and the transmitted 
sound provides the basis for measurement of sound 
attenuation.
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7/ Reflected Sound - Reverberation:

a/ Sound produced from a point source will generally 
radiate in all directions.  (Fig. 6) Some sound will be 
heard by the receiver direct from the sound source (S1).  
Other sounds will reflect from surrounding surfaces 
(walls, ceilings, floors, furnishings etc.)  The reflected 
sounds will travel a further distance than the direct 
sound and will be heard at a later time (t1, t2, t3).

b/ 

ound pressure will decay 
with distance according to the inverse square law so 
sound traveling a longer distance will sound quieter 
than sound from the same source that travels a shorter 
distance.

c/ Reflected sound, or echo, can have a major influence 
on the clarity of sounds heard by a receiver.  The 
collective term for a multitude of echos is 
Reverberation.  

d/ Reverberation is related to time and in a laboratory, is 
measured by the time taken for sound pressure energy 
to reduce by 60dB after the sound source has been 
switched off.  

e/ In a cathedral, sound will generally reflect off hard 
surfaces that provide for few absorption qualities.  
Reverberation times tend to be quite long resulting in a 
need to speak slowly for reasons of clarity.  It is not 
unknown for baffles to be introduced in the form of soft 
furnishings (e.g. banners) that effectively act as 
absorbers to improve the clarity of sound in buildings 
where high reverberation times impair hearing.  At the 
other extreme, walls and ceilings may be clad with 
surfaces that provide for high levels of absorption.  
Under these circumstances reverberation times will be 
minimal.  Rooms with very low reverberation times are 
often referred to a being ‘dead’ making voices and other 
sounds appear to be weak and quiet.
  
f/ Where the time difference between sound received S = Sound source.
direct from the source and the reflected sound is very 

S1 = Sound heard direct from source.small (i.e. less than about 30m/s), the human ear is 
Rt1 ~ Rt3 = reflected soundsunlikely to be confused by the time difference between 

the direct and the reflected sound.  Where the 
reverberation time is greater than 30m/s the reflected 
sound may be heard as an echo with further increases 
in time likely to cause confusion.

g/ The sound reflecting and absorbing properties of a 
room are called its acoustics.

There is likely to be some sound absorption every 
time the sound reflects off a surface (example car 
exhaust silencer).  Further, s

S
R=t1

R=t2

R=t3

S1

Reverberation Fig. 6
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8/ Sound Absorption: c/ The absorption properties of a material (or structure) 
can be identified by reference to a ‘random absorption 

a/ We can control reverberation within a room by coefficient’ shown using the symbol      where:
adjusting absorption.  i.e. we can use absorbers to 
‘tune’ a room to provide for the optimum reverberation 
times.  The desired reverberation times may vary 
according to the purpose of the room.  Different 
considerations may apply to (say) a classroom where 
clarity of speech is perhaps paramount when compared 
with (say) a noisy Gas Turbine engine test  laboratory 
where any opportunity to ‘kill’ sound might be 
welcomed.  

b/ It is known that some materials readily convert sound 
energy into heat energy.  These materials e.g. mineral 
wool will generally provide for good sound absorption 
properties.  All materials will provide for some level of 
sound absorption but some are better than others with 
some variation in absorption performances according 
to frequency.  Thus, ‘systems’ designed for sound 
absorption applications are often composite 
constructions and may include a facility for ‘tuning’ to 
suit particular frequencies.

                    = 1.0 represents total absorption 
and      

   = 0.0 total reflection.

d/ Fig. 8 shows a typical absorption graph for a 
‘standard’ sheet of 0.5~0.6in. thickness MDF (Medium 
Density Fibreboard)

e/ In theory an absorption coefficient in excess of 1 
(total absorption) would not be possible. However, 
performance is related to area.  Thus, if the absorbing 
material is (say) corrugated, the area of the absorbing 
structure will be greater than the wall area giving rise   
to the appearance of absorption performance in excess 
of 1.

f/ The effective surface area of the sheet of MDF can be 
increased relative to the actual sheet size by grooving 
the faces.  This, when used with a composite structure, 
including mineral wool might result in an absorption 
coefficient greater than 1 at some frequencies. Fig. 9:

For sound absorption, a room can be ‘tuned’ by use of 
products with varying sound absorbing characteristics.

Typically, a panel might be added to the surrounds of the 
room.  Behind the panel there will be a sound absorbing 
layer e.g. mineral wool.  Air gaps may also be used 
between layers to adjust sound absorbing properties.

The panel might include holes or grooves through the 
panel.  The diameter of the holes or shape of the grooves 
will have a different influence at different frequencies.  
The selection of the panel design, air gaps and the nature 
and density of any backing layers can all be varied for the 
purpose of ‘tuning’ a room.  The primary consideration is 
the control of reflected sound.

THESE CONSIDERATIONS SHOULD NOT BE 
CONFUSED WITH SOUND ATTENUATION 

Absorption Fig. 7

Typical Absorption Performance Graph.
0.5 ~ 0.6in. MDF

Fig. 8
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8/ Sound Absorption: c/ The absorption properties of a material (or structure) 
can be identified by reference to a ‘random absorption 

a/ We can control reverberation within a room by coefficient’ shown using the symbol      where:
adjusting absorption.  i.e. we can use absorbers to 
‘tune’ a room to provide for the optimum reverberation 
times.  The desired reverberation times may vary 
according to the purpose of the room.  Different 
considerations may apply to (say) a classroom where 
clarity of speech is perhaps paramount when compared 
with (say) a noisy Gas Turbine engine test  laboratory 
where any opportunity to ‘kill’ sound might be 
welcomed.  

b/ It is known that some materials readily convert sound 
energy into heat energy.  These materials e.g. mineral 
wool will generally provide for good sound absorption 
properties.  All materials will provide for some level of 
sound absorption but some are better than others with 
some variation in absorption performances according 
to frequency.  Thus, ‘systems’ designed for sound 
absorption applications are often composite 
constructions and may include a facility for ‘tuning’ to 
suit particular frequencies.

                    = 1.0 represents total absorption 
and      

   = 0.0 total reflection.

d/ Fig. 8 shows a typical absorption graph for a 
‘standard’ sheet of 0.5~0.6in. thickness MDF (Medium 
Density Fibreboard)

e/ In theory an absorption coefficient in excess of 1 
(total absorption) would not be possible. However, 
performance is related to area.  Thus, if the absorbing 
material is (say) corrugated, the area of the absorbing 
structure will be greater than the wall area giving rise   
to the appearance of absorption performance in excess 
of 1.

f/ The effective surface area of the sheet of MDF can be 
increased relative to the actual sheet size by grooving 
the faces.  This, when used with a composite structure, 
including mineral wool might result in an absorption 
coefficient greater than 1 at some frequencies. Fig. 9:

For sound absorption, a room can be ‘tuned’ by use of 
products with varying sound absorbing characteristics.

Typically, a panel might be added to the surrounds of the 
room.  Behind the panel there will be a sound absorbing 
layer e.g. mineral wool.  Air gaps may also be used 
between layers to adjust sound absorbing properties.

The panel might include holes or grooves through the 
panel.  The diameter of the holes or shape of the grooves 
will have a different influence at different frequencies.  
The selection of the panel design, air gaps and the nature 
and density of any backing layers can all be varied for the 
purpose of ‘tuning’ a room.  The primary consideration is 
the control of reflected sound.

THESE CONSIDERATIONS SHOULD NOT BE 
CONFUSED WITH SOUND ATTENUATION 

NOTE: At 63Hz. the flat sheet of MDF 
provides for better sound absorption 
than the ‘tuned’ structure!
      Compare Fig. 8 with Fig. 9
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8/ Sound Absorption: c/ The absorption properties of a material (or structure) 
can be identified by reference to a ‘random absorption 

a/ We can control reverberation within a room by coefficient’ shown using the symbol      where:
adjusting absorption.  i.e. we can use absorbers to 
‘tune’ a room to provide for the optimum reverberation 
times.  The desired reverberation times may vary 
according to the purpose of the room.  Different 
considerations may apply to (say) a classroom where 
clarity of speech is perhaps paramount when compared 
with (say) a noisy Gas Turbine engine test  laboratory 
where any opportunity to ‘kill’ sound might be 
welcomed.  

b/ It is known that some materials readily convert sound 
energy into heat energy.  These materials e.g. mineral 
wool will generally provide for good sound absorption 
properties.  All materials will provide for some level of 
sound absorption but some are better than others with 
some variation in absorption performances according 
to frequency.  Thus, ‘systems’ designed for sound 
absorption applications are often composite 
constructions and may include a facility for ‘tuning’ to 
suit particular frequencies.

                    = 1.0 represents total absorption 
and      

   = 0.0 total reflection.

d/ Fig. 8 shows a typical absorption graph for a 
‘standard’ sheet of 0.5~0.6in. thickness MDF (Medium 
Density Fibreboard)

e/ In theory an absorption coefficient in excess of 1 
(total absorption) would not be possible. However, 
performance is related to area.  Thus, if the absorbing 
material is (say) corrugated, the area of the absorbing 
structure will be greater than the wall area giving rise   
to the appearance of absorption performance in excess 
of 1.

f/ The effective surface area of the sheet of MDF can be 
increased relative to the actual sheet size by grooving 
the faces.  This, when used with a composite structure, 
including mineral wool might result in an absorption 
coefficient greater than 1 at some frequencies. Fig. 9:

For sound absorption, a room can be ‘tuned’ by use of 
products with varying sound absorbing characteristics.

Typically, a panel might be added to the surrounds of the 
room.  Behind the panel there will be a sound absorbing 
layer e.g. mineral wool.  Air gaps may also be used 
between layers to adjust sound absorbing properties.

The panel might include holes or grooves through the 
panel.  The diameter of the holes or shape of the grooves 
will have a different influence at different frequencies.  
The selection of the panel design, air gaps and the nature 
and density of any backing layers can all be varied for the 
purpose of ‘tuning’ a room.  The primary consideration is 
the control of reflected sound.

THESE CONSIDERATIONS SHOULD NOT BE 
CONFUSED WITH SOUND ATTENUATION 
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