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Part 1. Microphones

Introduction 

Measurement microphones can be divided into three groups: Free-field, Pressure, 
and Random Incidence. The differences between microphones from group to group 
are at the higher frequencies, where the size of a microphone becomes comparable 
with the wavelengths of the sound being measured. In all cases, the microphones 
discussed in the following are condenser microphones.

Pressure microphones 

A pressure microphone is for measuring the actual sound pressure 
as it exists on the surface of the microphone’s diaphragm. A 
typical application is in the measurement of sound pressure in a 
closed coupler or, as shown at left, the measurement of sound 
pressure at a boundary or wall; in which case the microphone 
forms part of the wall and measures the sound pressure on the 
wall itself.

 
Free-field microphones 

A free-field microphone is designed essentially to measure 
the sound pressure as it existed before the microphone was 
introduced into the sound field. At higher frequencies the 
presence of the microphone itself in the sound field will disturb 
the sound pressure locally. In general, the sound pressure around 
a microphone cartridge will increase because of reflections and 
diffraction.

The frequency characteristics of a free-field microphone are 
designed to compensate for this increase in pressure; hence the 

output of a free-field microphone is a signal proportional to the sound pressure as 
it existed before the microphone was introduced into the sound field. A free-field 
microphone should always be pointed towards the sound source (0° incidence) as 
shown at left. In this situation the presence of the microphone’s diaphragm in the 
sound field will result in a pressure increase in front of the diaphragm depending 
on the wavelength of the sound and the diameter of the microphone, see curve (a) 
next page.
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For a typical 1/2” microphone, the maximum pressure increase will occur at  
26.9 kHz, where the wavelength of the sound (λ) coincides with the diameter of 
the microphone, i.e.: 

λ =
342 m/s 

26.9 kHz
≈ 12.7mm = ½”

 
The result is an output from the microphone cartridge which is proportional to the 
sound pressure as it existed before the microphone was introduced into the sound 
field, see curve (c) below. Curve (a) above is also called the free-field correction curve 
for the microphone and must be added to the pressure response of the microphone 
shown in curve (b), to obtain the characteristics of a free-field microphone shown 
in curve (c). 

(a) Increase of pressure on free-field microphone diaphragm

Level

Frequency

(b) Pressure response of free-field microphone

Level

Frequency

(c) Free-field response of free-field microphone

Level

Frequency
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Random-incidence microphones

In principle, a free-field microphone requires that it is pointed 
towards the sound source and that the sound waves travel, 
essentially, in one direction. In some cases, e.g. when measuring 
in a reverberation chamber or in other highly reflecting 
surroundings, sound waves will not have a well defined direction 
of propagation, but will arrive simultaneously at the microphone 
from various directions.

 
Sound waves arriving at the microphone from the front will cause a pressure increase 
as described above for a free-field microphone, whereas sound waves arriving from 
behind the microphone will, to a certain extent, cause a pressure decrease because 
of the shadowing effects of the microphone. The combined influence of sound 
waves coming from all directions depends, therefore, on how the sound waves are 
distributed over the various directions. For measurement microphones, a standard 
distribution has been defined based on statistical considerations; resulting in a 
standardized random-incidence microphone.

Pre-polarized vs. externally-polarized microphones 

Externally-polarized microphones are used with standard preamplifiers, which 
have a 7-pin LEMO connector. The preamplifier should be connected to a power 
module or an analyzer input which can supply the preamplifier with power as well as  
200 V polarization.

Pre-polarized microphones are used typically with CCP (Constant Current Power) 
preamplifiers. These microphones must be connected to an input stage for CCP 
transducers or be powered by a CCP supply.

Frequency range of a microphone 

The frequency range of a microphone is defined as the interval between its upper-
limiting frequency and its lower-limiting frequency.

Upper-limiting frequency 
The upper-limiting frequency is linked to the size of the microphone, or more 
precisely, the size of the microphone compared with the wavelength of sound. Since 
wavelength is inversely proportional to frequency, it gets progressively shorter at 
higher frequencies. Hence, the smaller the diameter of the microphone, the higher 
the frequencies it can measure. On the other hand, the sensitivity of a microphone 
is also related to its size which affects its dynamic range as well.
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The frequency ranges of various G.R.A.S. microphones are shown in the chart 
below. The Type or Model number of each microphone is shown. The microphones 
are grouped according to size of external diameter, i.e. 1”, 1/2”, 1/4” and 1/8”. 

Lower-limiting frequency
The lower-limiting frequency of a microphone is determined by its static pressure 
equalization system. Basically, a microphone measures the difference between its 
internal pressure and the ambient pressure. 

If the microphone was completely airtight, changes in barometric pressure and 
altitude would result in a static deflection of its diaphragm and, consequently, in a 
change of frequency response and sensitivity.

To avoid this, the microphone is manufactured with a static-pressure equalization 
channel for equalizing the internal pressure with ambient pressure. On the other 
hand, equalization must be slow enough to avoid affecting the measurement of 
dynamic signals. 

Dynamic range of a microphone 

The dynamic range of a microphone can be defined as the range between the 
lowest level and the highest level that the microphone can handle. This is not 
only a function of the microphone alone but also of the preamplifier used with the 
microphone. The dynamic range of a microphone is, to a large extent, directly linked 
to its sensitivity.

In general, a microphone with a high sensitivity will be able to measure very low 

40AZ
40AN

40HL

40AM

0.5Hz
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levels, but not very high levels, and a microphone with low sensitivity will be able 
to measure very high levels, but not very low levels.

The sensitivity of a microphone is determined chiefly by the size of the microphone 
and the tension of its diaphragm. Generally speaking, a large microphone with a 
loose diaphragm will have a high sensitivity and a small microphone with a stiff 
diaphragm will have a low sensitivity.

Upper limit of dynamic range 
The highest levels that can be measured are limited by the amount of movement 
allowed for the diaphragm before it comes into contact with the microphone’s back 
plate.

As the level of the sound pressure on a microphone increases, the deflection of 
the diaphragm will accordingly be greater and greater until, at some point, the 
diaphragm strikes the back plate inside the body of the microphone. This is 
ultimately at the highest level the microphone can measure.

In fact, as the deflection of the diaphragm becomes large, the relationship between 
diaphragm deflection and the consequent change in microphone capacity becomes 
non-linear and results in distorting the output signal of the microphone. Because of 
this, the upper limit of the dynamic range is described as that level where distortion 
reaches 3%. A distortion limit of 10% usually occurs at about 6 dB higher.

The dynamic ranges of various G.R.A.S. microphones are shown in the chart below. 
The Type or Model number of each microphone is shown. The microphones are 
grouped according to size of external diameter, i.e. 1”, 1/2”, 1/4” and 1/8”.

40
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Lower limit of dynamic range
The thermal agitation of air molecules is sufficient for a microphone to generate a 
very small output signal, even in absolutely quiet conditions. This “thermal noise” 
lies normally at around 5 μV and will be superimposed on any acoustically-excited 
signal detected by the microphone. Because of this, no acoustically-excited signal 
below the level of the thermal noise can be measured.

This 5 μV output signal is equivalent to a certain “apparent” sound pressure level 
which can be calculated from the sensitivity of the microphone. For a microphone 
with a sensitivity of 50 mV/Pa, this would correspond to an apparent sound pressure 
of:

5 µV

50 mV/Pa
= 0.0001 Pa; in other words around 14 dB re. 20 μPa

Similarly, for a microphone with a sensitivity of 4 mV/Pa, this would correspond to 
an apparent sound pressure of: 

5 µV

4 mV/Pa
= 0.00125 Pa; in other words around 36 dB re. 20 μPa

Hence, a microphone with a sensitivity of 50 mV/Pa can measure down to about 
14 dB whereas a microphone with a sensitivity of 4 mV/Pa can only measure down 
to about 36 dB. 

In practice, a microphone needs to be connected to a high-impedance preamplifier 
in order to handle the very weak output signal from the microphone. A preamplifier 
also has a certain amount of noise which will be added to the thermal noise 
generated by the microphone. See Part 2.
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Part 2. Preamplifiers 

Introduction 

The output signal from a microphone is very weak and cannot drive cables, so it is 
necessary to mount a preamplifier directly on to the microphone or very close to it. 
The preamplifier does not normally amplify the microphone signal but converts the 
high impedance microphone signal to a low impedance signal which can drive long 
cables etc; for this reason, a preamplifier is sometimes also called an impedance 
converter.

Preamplifier types 

Preamplifiers come in two different versions; one is what is normally referred to as 
“traditional” and the other as CCP. Both types are available from G.R.A.S. and are 
described here. 

Traditional preamplifiers 
Traditional preamplifiers require an external 
power supply which delivers a supply 
voltage of either ±15 to ±60 V DC or +28 
to +120 V DC. This type of preamplifier 
is normally connected to a suitable power 
supply (for example the G.R.A.S. Type 
12AK) via a 7-pin LEMO plug, see diagram 
below, or to an analyzer with a suitable 
LEMO connector.

CCP preamplifiers 
CCP preamplifiers connect to a CCP supply (for example the G.R.A.S. Type 12AL) 
via a standard coaxial cable and plug (e.g. BNC) or to an analyzer with a CCP input. 
In a CCP preamplifier, the power supply maintains a constant current superimposed 
on the same wire carrying the signal, therefore requiring only a standard coaxial 
cable and connector.

LEMO Plug 1B male (external view)

Power Supply + (6)

(3) Polarization 200 V

(2) Signal Ground

(1) Not used

(7)
Power Supply -

or Ground

Signal Output (4)

Not used (5)
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Preamplifier frequency range 

All G.R.A.S. preamplifiers cover a frequency range which tops at 200 kHz where the 
lower limit of the frequency range is determined by the microphone’s capacitance.

Most G.R.A.S. preamplifiers have an input impedance of 20 GΩ which, combined 
with the capacitance of the microphone cartridge, forms an RC network that 
determines the low-frequency cut-off.

A typical microphone, such as the G.R.A.S. Type 40AF, has a capacitance of 17 pF 
which results in an electrical lower-limiting frequency of 2.7 Hz.

Preamplifier dynamic range 

The dynamic range of a preamplifier can be defined as the range between the 
highest level the preamplifier can handle and the lowest level it can measure. The 
highest level is related to the voltage supplied to the preamplifier, whereas the 
lowest level is related to the noise generated by the preamplifier itself.

Upper limit of dynamic range
The highest level is related to the voltage supplied to the preamplifier so that the 
peak-to-peak variation in signal levels that can be handled by the preamplifier  
is slightly less than the voltage supplied. For example, for a supply voltage of  
±14 V DC, the preamplifier can handle peak signals up to 12 V or peak-to-peak 
signals up to 24 V. See diagram below. 

For a CCP preamplifier, the supply voltage is limited to 24 V which gives a maximum 
peak-to-peak output signal of 22 V. 

The sound pressure levels which can be measured with a particular preamplifier 
depends on the sensitivity of the microphone used for the measurements, such that 
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a microphone with a low sensitivity can measure higher levels than a microphone 
with a high sensitivity, see diagram below.

Lower limit of dynamic range
The lower limit of a preamplifier’s dynamic range is determined by the noise floor 
of the preamplifier. A typical preamplifier generates a broad-band noise signal of 
around 3 μV and will mask the microphone’s signal if it lies below this.

The noise spectrum of the preamplifier is dominated by low frequencies as shown 
in the graph below. 

When a microphone is mounted on a preamplifier, the inherent noise of the 
microphone will be added to the preamplifier noise and the noise floor of the system 
will be determined by the combined microphone and preamplifier noise.

As the graph above shows, the lower limit of the dynamic range is determined 
by preamplifier noise at the low frequencies and by microphone noise at the high 
frequencies. 
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Part 3. Microphone Sets

Easy selection 

The measurement microphone sets have been combined so they fulfil our users’ 
typical measurement needs. Independently of your measurement system and 
application you should be able to find a set that suits your needs. 

Plug & Play 

The microphone sets can be connected directly to all professional measurement 
systems and as indicated they are available for both CCP and 7-pin LEMO inputs. 

If your measurement platform supports intelligent trans¬ducers according to IEEE 
1451.4 (TEDS) you can simply plug in the microphones and they will identify 
themselves with their specific properties, types and calibration data. A feature 
especially appreciated by multi-channel users. 

Cables 

The CCP sets use high-quality coaxial cables, whereas the LEMO sets use a special, 
soft type of multicore shielded cable. Some sets have a 3 m cable included and 
others have cables as accessories. 

If extended cables are to be used you should consider the possible influence on the 
upper frequency and dynamic ranges. More information about this can be found on 
gras.dk.

Calibration data 

All microphone sets are delivered as a unit and are calibrated accordingly. The 
sets are delivered with calibration charts including sensitivity values and frequency 
response curves for the complete set. The sensitivity value can therefore be used 
directly in your system setup. 

Verification and annual calibration 

For frequent verification of the measurement chain a sound source will be required. 
G.R.A.S. supplies a 114 dB sound calibrator for this purpose. Depending on the 
use and your internal quality control requirements we recommend that the sets are 
recalibrated at least every second year.



13

46
A

E
46

A
F

46
A

Q
46

A
R

46
A

O
46

A
G

46
BE

46AG & 46AO
46AE & 46AF

46AQ & 46AR

46BP & 46BD
46BE
46BF

46
BF

46
BD

46
BP

Types of Microphone Sets



14

Part 4.  Special Microphones

Introduction

Special microphones are often required for applications where there are particular 
requirements surrounding the methods of measurements and configurations as in 
the following.

Surface microphones for general purpose measurements on planar and curved 
surfaces. Wide useful frequency range reaching up to 70 kHz and a large dynamic 
range topping at around 174 dB.

Array microphones for situations where concurrent measurements are required at 
several points in an array. For example in the analysis of sound fields, sound power 
and transients. Close manufacturing tolerances together with the advantages of the 
TEDS chip provide these array microphones with a high degree of interchangeability; 
a major advantage when used in multiples forming arrays and matrices.

Outdoor microphones are for permanent outdoor use and encased stainless steel 
units that can withstand all weathers year after year e.g. in airport noise monitoring 
systems.

Environmental microphones are smaller units meant for temporary outdoor use in 
terms of days or weeks, such as in time limited consultant work.

The Low-noise Microphone System can measure pressure levels well below 
the threshold of human hearing and is amply suitable for use in sound power 
measurements on even very quiet products. Its very wide dynamic range permits 
measurements down to below -2dB re. 20μPa (in 1/3-octave bands) from 
20 Hz to 20 kHz. A stand-alone low-noise microphone system, type 40HL, 
for connecting directly to any analyzer input module with 7-pin LEMO, is now 
available.

Intensity Probes from G.R.A.S. comprise two closely spaced, face-to-face 
microphones and a set of 1/4-inch preamplifiers as well as a control handle. 
The 1/2-inch and 1/4-inch intensity microphone pairs have been carefully 
manufactured and selected to have minimum phase difference. 

Probe Microphones for measurements in difficult or inaccessible situations, for 
example at high temperatures or conditions of airflow. Its right-angled design makes 
it particularly well suited for measurements in exhaust systems and machinery in 
general, as well as for scanning surfaces such as loudspeakers and cabinets. 
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Microphones Sets

Microphones

Additional charts on back cover.

Variety Size Model
Sensitivity 
(mV/Pa) 

Freq. Range  
(Hz - kHz)

Dynamic 
Range (dB re. 
20uPa)

Polarization 
Voltage (V)/ 
Connection

Free-Field 1/2” 46AE 50 3.15 - 20 17 - 135 CCP input

1/2” 46AF 50 3.15 - 20 17 - 146 LEMO input

1/4” 46BE 4 4 - 80 36 - 157 CCP input

1/4” 46BF 4 4 - 100 36 - 166 LEMO input

Pressure 1/2” 46AG 12.5 3.15 - 20 27 - 160 LEMO input

1/2” 46AO 12.5 3.15 - 20 27 - 147 CCP input

1/4” 46BD 1.6 4 - 70 44 - 165 CCP input

1/4” 46BP 1.6 4 - 70 44 - 174 LEMO input

Random 1/2” 46AQ 50 3.15 - 16 17 - 135 CCP input

1/4” 46AR 50 3.15 - 16 17 - 146 LEMO input

Free-Field 1/2” 40AC 12.5 3.15 - 40 20 - 160 200 

1/2” 40AE 50 3.15 - 20 15 - 146 0 

1/2” 40AF 50 3.15 - 20 14 - 146 200 

1/2” 40AN 50 0.5 - 20 14 - 146 200 

1/2” 40AM 12.5 3.15 - 40 20 - 160 0 

1/2” 40AZ 50 0.5 - 20 14 - 146 0 

1/4” 40BE 4 10 - 80 30 - 166 0 

1/4” 40BF 4 4 - 100 30 - 166 200 

Pressure 1” 40EN 50 2.6 - 8 9.6 - 146 200 

1” 40EU 50 2.6 - 8 9.6 - 146 200 

1/2” 40AD 50 3.15 - 10 16 - 146 0 

1/2” 40AG 12.5 3.15 - 20 20 - 160 200 

1/2” 40AO 12.5 3.15 - 20 20 - 160 0 

1/2” 40AP 50 3.15 - 10 16 - 148 200 

1/2” 40AU 12.5 3.15 - 20 20 - 146 200 

1/4” 40BD 1.6 4 - 70 40 - 174 0 

1/4” 40BH 0.4 10 - 20 60 - 194 200 

1/4” 40BP 1.6 4 - 70 31 - 174 200 

1/8” 40DD 0.7 6.5 - 140 40 - 174 0 

1/8” 40DP 1 6.5 - 140 40 - 174 200 

Random 1/2” 40AQ 50 3.15 - 16 16 - 148 0

1/2” 40AR 50 3.15 - 16 17 - 146 200 

Probe  40SA 3 2 - 20 40 - 166 200 

40SC 3 2 - 20 40 - 160 0 

Array Free-field 40PH 50 10 - 20 32 - 135 0 

Free-field 40PL 10 10 - 20 32 - 150 0 

Surface  40PS 5 20 - 20 30 - 136 0 

 40LS 1.5 5 - 70 46 - 164 0

Environmental 1/2” 41AL 50 20 - 146 

1/2” 41AO 50 20 - 146 

Outdoor “Airport” 41AM 50 unified 20 - 136 (38 - 156)  

”Community 
noise”

41CN 50 unified 20 - 136 (38 - 156)  

Low Noise System 1” 40HF System: 1100 6 - 12.5 -2 - 110 200

1/2” 40HH System: 750 6 - 20 6.5 - 113 200 

1/2” 40HL System: 900 6 - 20 6.5 - 113 200

1/2” 40HT System: 750 6 - 20 6.5 - 113 200

Intensity Pair 1/2” 40AI 25 20 - 160 200 

1/2”  40AK 25 20 - 160 200 

1/4” 40BI 3 30 - 166 200 

1/2” 40GI 12.5 1 - 16 

1/2” 40GK 12.5 1 - 16 
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We make microphones

Preamplifiers

Power Modules
Traditional

CCP

Size Model Connector Description 

1/2” 26AK 7-pin LEMO General-purpose 

1/2” 26AG 7-pin LEMO Insert-Voltage 

1/2” 26AH 7-pin LEMO Syscheck, incl. 3 m cable 

1/2” 26AJ 7-pin LEMO SysCheck 

1/2” 26AM 7-pin LEMO General-purpose, incl. 3 m cable 

1/2” 26TK 7-pin LEMO General-purpose, with TEDS 

1/4” 26AB 7-pin LEMO General-purpose 

1/4” 26AC 7-pin LEMO General-purpose, incl. 3 m cable 

1/4” 26AL 7-pin LEMO Syscheck, incl. 3 m cable 

1/4” 26AN 7-pin LEMO Insert-Voltage 

1/4” 26AS 7-pin LEMO Super short, incl. 3 m cable 

1/4” 26HG 7-pin LEMO High Impedance, incl. 3 m cable (For Low Freq.) 

1/4” 26TC 7-pin LEMO General-purpose, with TEDS, incl. 3 m cable 

1/4” 26AA 4-pin LEMO OB For use with Intensity Probe Type 50AI 

1/2” 26CA BNC CCP incl. TEDS 

1/2” 26CF BNC CCP, with gain & filters (0 dB/+20dB) (A-Lin-HP) 

1/4” 26CC SMB CCP, with TEDS, for use on Array Modules 

1/4” 26CB Microdot CCP, with TEDS, 3 m Microdot-BNC cable 

1/4” 26CS Microdot CCP Short Version, with TEDS 

1/4” 26CG Microdot CCP, High Impedance, with TEDS (For Low Freq.) 

Type Connector Channels Polarization Frequency Gain Filters Preamplifier Power 
Voltage Response Supply Supply

12AD 7-pin Lemo 1 0 - 200 0,5 Hz – 200 kHz 0dB No ± 15 V Battery / Adapter 

12AR 7-pin Lemo 2 0 - 200 0,5 Hz – 200 kHz 0dB No ± 15 V Battery / Adapter 

12AN 7-pin Lemo 4 0 - 200 0,5 Hz – 200 kHz 0dB No ± 15 V Battery / Adapter 

12AK 7-pin Lemo 1 0 - 200 3,5 Hz – 200 kHz 0 - 50 dB Yes 28 / 120 V Battery / Adapter 

12AG 7-pin Lemo 8 0 - 200 3,5 Hz – 200 kHz 0 - 50 dB Yes 28 / 120 V Battery / Adapter 

12AA 7-pin Lemo 2 0 - 200 3,5 Hz – 200 kHz -20 – 40 dB Yes 28 / 120 V Battery / Adapter

12AQ 7-pin Lemo 2 0 - 200 2 Hz – 200 kHz -20 – 70 dB Yes 15 / 60 V Battery / Adapter

Type Connector Channels Polarization Frequency Gain Filters Preamplifier Power 
Voltage Response Supply Supply

12AL BNC 1 CCP 1 Hz – 200 kHz 0 dB Yes 4 mA 
sourced 
from 28 V

Battery / Adapter
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