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λ is wavelength (in meters)
c is the speed of sound (in meters/seconds)
f is frequency (in hertz)

Free-field Response is the response of a 
microphone with respect to a single source normal 
to the microphone diaphragm in a free (non-
reflecting) sound field.

Random Incidence Response is the response of a 
microphone with respect to a sound field with multiple 
sources in multiple directions.

Pressure Response is the response of a microphone when 
it is used like a pressure transducer, flush mounted in a wall, 
coupler or duct.

SENSORS FOR RESEARCH & DEVELOPMENT

SOUND PRESSURE LEVEL,
SOUND INTENSITY, & SOUND POWER 

SOUND PERCEPTION & WEIGHTING FILTERS

MICROPHONE RESPONSE

Sound Pressure Level
Sound Pressure Level (SPL) is defined as:

I = Time-averaged intensity; defined by the time-averaged 
rate of energy transmission through a unit area normal to 
the direction of propagation.

Approximation for plane 
waves and spherical 
waves in the far field.

■  T = The period of one cycle of a monofrequency harmonic sound 
wave.

■ v = Particle velocity.
■ The sign (±) is based on the direction of propagation.

Sound Intensity Level (SIL or LI) is the intensity level in 
decibels, where I0 is the reference intensity.

I0 = The reference intensity that represents the auditory 
threshold of human hearing.

Sound Intensity

W = Acoustic power; defined as the time-averaged rate of 
sound energy transmission from the source.

I = Acoustic intensity; defined as the time-averaged rate of 
sound energy transmission through a unit area, normal to 
the direction of propagation.

Inverse Square Law

Sound power (W) is the rate of energy transmission per 
unit time. It represents all of the energy radiated from an 
acoustic source within a specified time interval.

Sound Power

ACOUSTIC PROPERTIES & FORMULAS

P = Acoustic pressure; defined as the force per unit area resulting from the 
propagation of sound. The International System of Units (SI) unit for 
pressure is Pascals (Pa). A Pascal is equal to one Newton per square  
meter (N/m2), where the Newton is the SI unit for force.

I = Acoustic intensity; defined as the time-averaged rate of sound 
energy transmission through a unit area, normal to the direction of 
propagation. Intensity may be expressed in SI units as Watts (W) per 
square meter, where the Watt is the SI unit for power.

v = Particle velocity; defined as the magnitude and direction of a  
change in particle position per unit time. A particle is an infinitesimal  
volume of the medium through which sound propagates. The SI unit  
for velocity is meters per second.

z = Specific acoustic impedance; defined as the ratio of pressure to particle 
velocity. It is a characteristic of the medium and of the type of wave being  
propagated. Specific acoustic impedance may be expressed in SI units as  
Newton seconds per cubic meter.

Properties & Laws

Coherent signals have the same frequency and constant relative 
phase. The dotted black line on the graph to the right is used to 
estimate the sound pressure level of multiple coherent sound sources 
when the relative phase between them is zero degrees.

Incoherent signals have different frequencies or random differences 
in relative phase. The blue solid line on the graph to the right is used 
to estimate the sound pressure level of multiple incoherent sound 
sources.

Decibel Addition - Coherent/Incoherent

Connector Pin-outs

The Audible Range of the Human Ear

Frequency Range Spectrum

Equal Loudness Contours
Conversion from Sound Pressure Level to Phons

Common Weighting Filters

Noise Dose is the measured Sound Exposure Level normalized to 
an 8-hour work day. Exposure to sound pressure is regulated. 

■ Polar patterns show the change in sensitivity of the sensor as a 
function of azimuth angle referenced to the sensitivity at zero 
degrees incidence.

■ Microphones that are very small compared to a wavelength 
of sound will be more omnidirectional. At low frequencies 
(less than 2 kHz) nearly all microphones are onmidirectional 
because of the much larger wavelengths. The wavelength of 
sound in air at 2 kHz at standard temperature and pressure 
is 6.8 in (17.2 cm), which is roughly 14x the diameter of a ½’’ 
microphone.

■ A common parameter for characterizing polar patterns is 
beamwidth. The beamwidth in degrees is usually given to be 

the angle between the half-power (-3 dB) points of the main 
lobe. If the sound power emitted from the source is 
constant; at higher frequencies the polar pattern will 
be narrower.

Directivity

Typical Responses 
of a ½" Free-field Microphone

Directional Response 
½" Free-field Microphone System

MICROPHONES, PREAMPLIFIERS, CABLES, & 
POWER SUPPLY 

Externally Polarized Microphones:

■ Require 200 volts applied directly to the backplate.

■ Require specialized signal conditioning that supplies power to the amplifier and the polarization 
voltage required to operate the microphone, thus making modular systems, such as sound level 
meters, difficult to power.

■ Require a multiple wire system. Each wire in the cable provides power, grounding, signal, and 
polarization from the signal conditioner to the preamplifier.

Prepolarized Microphones:

■ Use a permanent charge equivalent to -200 volts embedded into the electret on 
the backplate.

■ Simplify the design of the preamplifier making ICP® two-wire microphone 
systems possible.

■ May be combined with ICP® systems that are easily interchanged with other test and 
measurement sensors as well as multimode preamplifiers that are used with externally polarized 
microphones with the polarization voltage turned off. 

■ Generally have lower per channel cost than externally polarized systems.

■ Can be used with many available data acquisition systems without additional 
signal conditioning.

Externally Polarized vs. Prepolarized Externally Polarized

Prepolarized

Backplate is 
charged with a 

-200 VDC voltage

2 - 20mA constant current 
supply (ICP®power)

Measurement Chain

Microphone Comparison

Typical Microphone Polar Plot 

A-weight represents how humans perceive midrange sound 
pressure level at different frequencies. C-weight represents how 
humans perceive high amplitude sound pressure levels. Z-weight is 
a linear or unweighted representation of sound pressure levels.

|  ACOUSTICS |
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MICROPHONE DYNAMICS & FREQUENCY
RANGE BY SIZE AND SENSITIVITY

 ■ Power spectral density represents the mean square value of the energy per unit frequency, independent of the bin width.

 ■ Octave band values represent the mean square value of the energy in a group of frequencies. The bandwidths are established by a center
frequency with lower and upper limits. ISO 266:1997 (E) establishes an international standard 
of preferred octave band frequencies for acoustic measurements.

 ■ Broadband inherent noise provides a single mean square value representing the energy across the entire
measured bandwidth.

 ■ Octave band values increase with increasing frequency because the width of the octave band is a constant percentage 
of the center frequency and therefore the number of frequencies within each octave band.

 ■ Broadband and octave band values are larger than power spectral density values because more energy is contained in
the band.

Inherent Noise

 ■ The output voltage range of some preamplifiers may cause the system to clip, reducing the usable high amplitude range of
the microphone. Clipping occurs abruptly when the maximum voltage output of the preamplifier is exceeded.

■ The upper limit of dynamic range is typically defined by either the sound pressure level required to produce 3% THD 
of the system or the sound pressure level required to exceed the output voltage limit of the preamplifier, whichever 
comes first.

Harmonic Distortion
 ■  Total Harmonic Distortion (THD) of a system is the ratio of the 

root-mean-square sum of all of the powers of all of the harmonic
frequencies to the power of the fundamental frequency.

■  P1 is the sound pressure associated with the fundamental 
frequency of interest and P2, P3, etc. are the sound pressures 
associated with each subsequent harmonic.

■  For microphones, the 3% THD is often stated in the 
specification as an indication of the upper usable sound 
pressure. THD is affected by the preamplifier, which changes 
the sound pressure level where 3% THD occurs.

■ A microphone can be used beyond the 3% THD, but the output 
will be more nonlinear, and the measured sound pressure 
levels will be less accurate.

1/2" Microphone, Z-weighted (Linear) 1/4" Microphone, A-weighted
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