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1. INTRODUCTION 

1.1. NOISE EVENT METER TYPE 2208 

The 2208 is a general purpose sound level meter with a special feature 
that allows the maximum meter deflection occuring to be held, and to avoid 
accidental loss the reading can be stored. This is especially valuable for 
traffic noise measurements or whenever rapidly changing noise levels have to 
be measured. Its small size and internal battery power supply make it ideal 
for use in the field. The simple operation procedure enables only one 
operator with a minimum of technical knowledge to make accurate sound 
measurements. 

In the standard version, equipped with a piezoelectric microphone, the 
instrument meets all present day standards for sound level meters (which are 
generally based on IEC Recommendation 123). Also by replacing the piezo
electric microphone with a B & K 1 /2" condenser microphone and adapter, 
the instrument is brought up to fu II precision standards (I EC Recommend
ation 179). See Appendix, chapter 8. 

An output socket can be used for feeding the signal to external recording 
instruments, if required. (See section 7.2 and 7.3). 

1.2. CARRYING CASE 

The 2208 Noise Event Meter is delivered in a plastic carrying case which 
should contain: 

2208 Noise Level Meter complete with Piezoelectric Micro
phone 4117 
1 battery (the battery is removed from the meter in case of leakage 
during transit) 
Pistol-grip 
Wrist-strap 
Screwdriver 
Calibration Chart 
Windscreen UA 0207 (packed separately). 

3 



Fig.1.1., Carrying Case 

The carrying case also contains compartments for the following: 

Condenser Microphone 4148 and Adapter UA 0208 
Piezoelectric Microphone 4117, if it is removed from the meter 
Sound Level Calibrator 4230. 

1.3. SOUND 

Sound may be described as the auditory sensation which results when 
vibrational energy which is transmitted through a material medium, is 
received by the ear. The existence of sound can be detected by fluctuations 
in local pressure or in the displacement of particles of the medium. The 
principal characteristics of sound are its frequency, i.e. number of vibrations 
per second (denoted Hertz (Hz) or cycles per second), and its amplitude, 
which is related to the maximum and minimum of the instantaneous magni
tude of the sound pressure, usually measured in Newtons per square meter 
(N/m2 ). 
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It is found with most common sounds that vibrations occur at several 
frequencies (the exception being referred to as the pure tone), and very 
often a sound contains components at all frequencies in the range of human 
hearing, which is generally regarded as 20 to 20,000 Hz. This is particularly 
the case with noise, which is the term which has come to be used to describe 
unwanted sound, and it is because of these components at several frequen
cies that noise often proves difficult to eliminate. 

1.4. THE DECIBEL SCALE 

Acoustical instruments for measuring pressure vibrations are usually 
calibrated in dB (decibel). A dB value is a measure of relative power, i.e. so 
many dB above a reference power level: 

w 
= 10 log10 W 

0 

dB 

where W0 is the reference and W is the actual power measured. However, 
the power transmitted by a sound wave is proportional to the square of the 
pressure variations so that we have 

p2 p 
= 10 log10 - 2 = 20 log 10 

Po Po 
dB 

where p0 is the reference pressure and p is the root mean square value of the 
pressure variations. When sound pressure is measured in dB re 
2 x 1 o-5 N/m2 with equal weight given to all frequencies it is termed sound 
pressure level. The logarithmic scale has been found very convenient because 
of the large range of sound intensities that the human ear can handle. The 
ear can detect pressure variations as low as 2 x 1 o- 5 N/m2 and can also 
withstand levels higher than 20 N/m2 . This is a ratio of more than 106 : 1 
which on the logarithmic scale is represented by 120 dB. 

In Fig.1.2 are given some commonly encountered sound pressure levels in 
order to give a better appreciation of the dB scale. 

1.5. THE DETECTION OF SOUND 

The ear may be a very sensitive instrument for the detection of sound 
waves but its response to a certain sound pressure depends on the frequency 
of the sound. The sensitivity is greatest around 1000-6000 Hz and falls off 
at both higher and lower frequencies. 

5 



Sound pressure 
in N/m2 

100 

10 

0.1 

0.01 

0.001 

0.0001 

0.00002 

Sound pressure 
level in dB 

Environmental conditions 

-r- 134 dB 

-r- 114 dB 

-- 94 dB 

-- 74 dB 

-- 54 dB 

-r- 34 dB 

-r- 14 dB 

140 --
Threshold of pain 

131> -r-

Pneumatic Chipper 
120 -r-

Loud automobile horn (dist. 1 m) 
110 -r-

"POP" Music Group 
100 -F-

Inside subway train (New York) 
90 -r-

Inside motor bus 
80 -r-

Average traffic on street corner 
70 --

Conversional speech 
60 --

' Typical business office 
50 --

Living room, suburban area 
40 --

Library 
30 --

Bedroom at night 
20 -

Broadcasting studio 
10 -r-

0 -1- Threshold of hearing 

Fig.1.2. Some commonly encountered sound pressure levels 

A set of equal loudness contours is given in Fig.1.3. The curves show the 
intensity levels in dB re 2 x 1 o-5 N/m2 which at various frequencies are 
judged by the average person to be equally loud. Other sets of equal loud
ness contours which deviate from these curves have been published by 
various. investigators but these curves have been recommended as standard 
by the International Organization of Standardization (ISO/R 226- 1961). 
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Fig.1.3. Equal loudness contours 

Frequency 
/ 6 /!.38/ 

The reference level is set up at 1000 Hz and the curves give the sound 
pressure level in dB necessary for a tone of different frequency to sound 
equally loud. 

From these curves, the phon scale was derived as a measure of loudness 
level. In Fig.1.3 it will be seen that the loudness level of a sound, measured 
in phons, is equal to the sound pressure level of a pure tone at 1000Hz 
which has the same apparent loudness as the sound of interest. It will also 
be noticed that the lines of constant phon become straighter as the loudness 
level is increased. 

At a level of 120 phon the ear is approximately equally sensitive to all 
frequencies in the audible range, while at 0 phon the variation in sound 
pressure level is great. 

Although the response of the human ear depends on many other things 
besides frequency, modern sound level meters usually contain weighting 
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Fig. 1.4. Response of A-weighting network 

networks in order to try and incorporate in the meter a frequency response 
similar to that of the human ear. Different curves have been internationally 
agreed upon and standardized. The most widely used A curve is shown in 
Fig.1.4. When sound pressure is measured using one of the weighting net
works and quoted in dB re 2 x lo-5 N/m2 it is termed sound level. 
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2. CONTROLS 

2.1. FUNCTION OF CONTROLS 

Microphone 
Socket 

Output 
Socket 

Power 
Switch 

RANGE SWITCH 

POWER SWITCH 

17/ltrT 

Fig.2. 1. Controls 

This switch selects the range of sound level 
indicated by the meter. It has ten positions 
which are indicated in the RANGE 
INDICATOR window of the meter scale. 

This switch determines the signal which is 
displayed on the meter. It has five 
positions marked "Off", "Batt.", "Slow", 
"Fast", "Store". 
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MAX. RMS HOLD 

METER RESET BUTTON 

BATTERY HOUSING 

OUTPUT SOCKET 

This sliding switch allows the maximum 
meter deflection occuring during measure
ment to be held. In the "Off" position, the 
Noise Event Meter has the specification of 
a Sound Level Meter to I EC 123. 

When this button is depressed, the held or 
stored meter deflection is released. 

The cover is removed with the assistance of 
a coin, and a battery of the appropriate 
type inserted (see specifications chapter 9). 
Insert the battery so that its central con
tact (+) is to the outside. Replace the 
cover, not too tightly, after first checking 
that the POWER SWITCH is set to "Off". 

This is a standard microsocket fitting 
B & K cables with microplugs, e.g. 
AO 0037. Tape recorders or I eve I recorders 
can be connected via this socket when 
measurements need to be recorded for later 
evaluation. The load impedance should be 
at least 5 kn. Output voltage for fu II scale 
deflection on the meter is approx. 2.5 V 
RMS. Maximum peak value 10 V. 

SENSITIVITY ADJUSTMENT This is an adjuster operated by a small 
screwdriver, for matching the meter 
indication to a calibration signal. Once cor
rectly set it should not be touched until 
the next calibration. 

TRIPOD BUSHES These two bushes can be used to mount 
the instrument on an ordinary photo
graphic tripod. The thread of the bushes is 
1/4" BSW. 

2.2. CAUTIONS 

Do not remove the protection grid from the microphone. If ever the grid 
is removed by accident do not under any circumstances touch the micro-
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phone diaphragm. The smallest deformation of the diaphragm will affect the 
frequency response of the microphone. 

Do not attempt to dismantle any part of the instrument unless it should 
prove absolutely necessary. The mechanical and electrical assemblies are 
designed to operate without any maintenance apart from the occasional 
calibration check. Removal of the microphone cartridge for mounting 
remote to the body of the instrument must be undertaken with extreme 
care. The contacts on the microphone mounting are gold plated for the 
lowest possible contact resistance. If dirt or oil has accumulated, carefully 
clean the contact points with alcohol, using a lightly moistened brush, or 
lint-free cloth. Do not allow the liquid to run. In connecting the micro
phone, take care that the small central contact pins on the extension cable 
and the meter do not sustain damage. The microphone and all adapters 
should be screwed on finger tight. Do not overtighten. 

2.3. LOCKING OF ATTENUATORS 

It is possible to lock the main RANGE SWITCH of the instrument in any 
of its positions in order to reduce the possibility of errors in measurement. 
With the attenuators locked, the range of the instrument becomes approx
imately -5 dB to+ 10 dB relative to the number indicated at the window of 
the scale. The procedure for locking the attenuators, which should be 
followed with reference to Fig.2.2 is as follows: 

Elevated 
Hexagon Screw 

lRange Knob 

Fig.2.2. Locking of Attenuators 
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1. Unscrew and remove the microphone. 
(Note the cautions listed in the previous section). 

2. Remove the screws which secure the front case of the instrument. 

3. Lift off the microphone so-cket and insulating washer. 

4. Remove the green front case of the instrument. Note that the 
METER RESET Button fits loosely into this case and that it could 
be lost unless due care is taken at this stage. 

5. Remove the knob of the RANGE SWITCH using a 1.5 mm hexagon 
key to loosen the two screws. 

6. Turn one of the hexagon screws two turns anticlockwise. 

7. Set the attenuator switch to the desired setting and position the 
knob of the RANGE SWITCH so that the elevated hexagon screw 
engages the slot in the meter housing. Lock the knob with the other 
screw. 

8. Replace the front case of the instrument, taking care that the 
METER RESET button is correctly positioned, and the MAX. RMS 
HOLD sliding switch is in position "Off." 

9. Replace and secure the insulating washer and microphone socket. 

10. Replace the microphone observing the cautions listed in section 
2.2. 

NOTE: It is advisable to mark by means of a selfadhesive label that the 
range switch of the instrument is locked. This will reduce the possibility of 
damage caused by forcing the switch. 
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3. OPERATION 

3.1. PRELIMINARY CHECKS 

1. Remove meter from the box and screw Pistol-grip to the tripod bush. 

2. Remove protective dust cover from the microphone and check that 
the microphone is firmly screwed on. 

3. Turn POWER SWITCH to position "Batt." and check that the pointer 
lies within the red "Batt." mark on the meter scale. If it does not, the 
battery should be replaced as described in section 2.1. 

4. If required, calibrate the meter as described in section 3.4. Calibration 
is not normally required each time a reading is made, except where 
the user's code of practice states this explicitly. 

3.2. MEASUREMENT OF SOUND LEVEL 

The following procedure is used when fairly constant sound levels have 
to be measured. 

1. Carry out preliminary checks as detailed in section 3.1. 

2. Set RANGE SWITCH to a high value, to avoid overloading the meter 
when switching on. The RANGE SWITCH position appears in the 
window on the meter scale. 

3. Set MAX. RMS HOLD slide switch to "Off" position. 

4. Turn POWER SWITCH to position "Fast" or "Slow". "Slow" gives a 
steadier reading but is slower to respond. 

5. Point meter at noise source and turn the RANGE SWITCH down until 
the meter reads on the scale between the RANGE INDICATOR 
window and the 10 dB mark. 
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6. The sound level is then the meter scale reading plus the figure in the 
window. This reading should be recorded as dB (A) since an A-weight
ing network is incorporated in the meter. 

3.3. MEASUREMENT OF NOISE EVE-NT (MAXIMUM SOUND LEVEL) 

This procedure is followed when the maximum of a transient sound level 
is to be measured. 

1. Carry out preliminary checks as detailed in section 3.1. 

2. Set RANGE SWITCH to a value that will allow the maximum sound 
level to lie within the scale indicated. If the range is not known, this is 
found by making a trial run measurement following the procedure as 
described in section 3.2. 

3. Turn POWER SWITCH to position "Fast" or "Slow". Both positions 
result in the same maximum reading. 

4. Set MAX. RMS HOLD sliding switch to "On" position. This allows 
the maximum meter deflection occuring during measurement to be 
held. 

5. Press METER RESET button. This cancels any reading recorded while 
setting up the instrument. 

6. Point the meter at the noise source. 

7. When the test is completed set the POWER SWITCH to pos1t1on 
"Store". This will prevent accidental loss of the measurement. 

8. The maximum sound level recorded during the test is then the meter 
scale reading plus the figure in the window. This should be recorded as 
dB (A) since an A-weighting network is incorporated in the meter. 

9. If further tests are required turn POWER SWITCH to position "Fast" 
or "Slow", and press METER RESET button. 

3.4. CALIBRATION 

A convenient method of calibrating the whole instrument is provided by 
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the B & K Sound Level Calibrator Type 4230 or the B & K Pistonphone 
Type 4220. 

3.4.1. Using the Sound Level Calibrator 

The Sound Level Calibrator is a small, battery powered, closed volume 
acoustic calibrator. A diaphragm vibrating at 1000Hz driven by a Piezo
electric "bender" produces an exactly known sound pressure level in the 
coupler volume. 

Fig.3. 1. Calibration with the Sound Level Calibrator 

1. Place the Calibrator on the Meter making sure it fits tightly, see 
Fig.3.1. 
Note: The Calibrator should be placed on and removed from the 
microphone slowly in order to avoid damage to the diaphragm. 

2. Set controls: 

RANGE SWITCH 
POWER SWITCH 
MAX. RMS HOLD 

to indicate "90 dB(A)" 
"Fast" 
"Off" 
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3. Press the button on the Calibrator and the Meter should read 
93.6 dB(A) ± 0.3 dB. If it does not, adjust the sensitivity adjustment 
with the aid of a small screwdriver until the correct reading is 
obtained. 

3.4.2. Using the Pistonphone 

The Pistonphone is also a closed volume acoustic calibrator, in which a 
sound pressure level of 124 dB at 250Hz is produced by two oscillating 
pistons. 

1. Place the Pistonphone on the Meter making sure it fits tightly. 
Note: The Pistonphone should be placed on and removed from the 
microphone slowly in order to avoid damage to the diaphragm. 

2. Set controls: 

RANGE SWITCH 
POWER SWITCH 
MAX. RMS HOLD 

to indicate "11 0 dB(A)" 
"Fast" 
"Off" 

3. Switch the Pistonphone to "Measure" and the meter should read 
115.4 dB (A) ± 0.6 dB. If it does not, adjust the sensitivity adjustment 
with the aid of a small screwdriver until the correct reading is obtain
ed. The reason 115.4 dB is read and not 124 dB is because at 250Hz 
the A-weighting network gives an attenuation of 8.6 dB. 

3.5. THE EFFECTS OF REFLECTION 

This is one of the main environmental factors that affect noise measure
ments. Any object, (the operator or instruments for example), the physical 
dimensions of which are of the order of the wavelength of the sound or 
larger, will reflect the sound waves and thus cause a disturbance in the 
sound field. When the sound field is diffuse and/or consists of many fre
quencies this presents no problem and the resu Its obtained will depend 
mainly on the accuracy of the instrument. However, if the sound waves are 
free, plane or spherical, with one or two predominant frequencies there is a 
possibility of reflections causing errors of measurement. Investigations have 
shown that anomalies due to such reflections are usually most marked in the 
frequency range 200-4000 Hz. Errors of 2-3 dB may easily result and 
around 400Hz (where the maximum reflections from the human body 
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Fig.3.2. The Noise Event Meter with Pistol-grip Handle mounted 

occur) up to 6 dB may be experienced. Whether the presence of the 
operator has any influence on the sound level reading or not can be 
determined by changing the relative position of the operator and the instru
ment, say by holding the meter to one side and observing any difference in 
reading. Usually, however, sufficiently accurate readings may be obtained 
by simply attaching the meter to the pistol grip and holding it as far out as 
possible. (See Fig.3.2). If not, the microphone may be moved away from 
the operator's presence by means of an extension cable. When using the 
hold circuit it is possible to leave the meter, placed on a tripod, unattended 
during the measurement. 

3.6. THE EFFECTS OF BACKGROUND NOISE 

This is the other main environmental factor that affects noise measure
ments. If it is required to measure the noise produced by a particular piece 
of machinery e.g. an electric motor, best results would be obtained if it 
could be measured in a quiet place. However, this is not always possible so 
measurements often have to be taken with background noise present. If the 
noise level when the machine under test is shut down (i.e. the background 
noise level), is more than 10 dB lower than that when the machine is operat
ing, then no correction for background noise is necessary. 
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When the difference between "total" noise and background noise level is 
between about 10 and 3 dB an approximate correction may be made by 
consulting the chart shown in Fig.3.3. 

If the difference between "total" and background noise level is less than 
3 dB it is advisable to move the machine to a quieter place. 
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4. DESCRIPTION 

A block diagram of the complete instrument is shown in Fig.4.1, and 
consists of the following main parts: 

Battery Chec k Hold ON - OFF 

28V 

Input 

(M1crophone) 

Fig.4. 1. Block Diagram of the Noise Event Meter 

4.1. THE PIEZOELECTRIC MICROPHONE 

The microphone supplied with the standard version is the B & K Piezo
electric Microphone Type 4117, the construction of which is shown in 
Fig.4.2. 

It consists essentially of a strip of piezoelectric ceramic to which a bend
ing moment is applied by the diaphragm as it is excited by incident sound. 
An electrical signal across the "bender" is produced, which is led to the 
output terminal of the microphone. Owing to the high capacitance 
(4000 pF) of the microphone, it can be used with a relatively long extension 
cable to the meter without loss of sensitivity. 
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Fig.4.2. Construction of the Piezoelectric Microphone Type 4117 

4.2. CAPACITIVE ATTENUATOR 

This attenuator is operated by the single range switch of the instrument 
and determines the measuring range. It is coupled to the Main Attenuator 
and may be locked in any position to avoid mistakes due to inadvertent 
switching. See Section 2.3. 

4.3. FIRST AMPLIFIER 

The first amplifier has a gain of 45 dB. It has a field-effect transistor in 
the input and the noise is below 1.2 J.l.V referred to the input. 

4.4. A-WEIGHTING NETWORK 

The frequency response of the instrument is adjusted to that of the 
A-weighting in Fig.1.4 by means of a resistance/capacitance circuit. The 
object of the frequency weighting is to give the instrument a response which 
approximates to that of the human ear. 
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4.5. MAIN ATTENUATOR 

This is a resistive attenuator and is the main attenuator of the instru
ment. It is operated by the range switch together with the capacitive 
attenuator mentioned above. The interconnection of the two attenuators is 
designed so that 10 dB steps are obtained. The total attenuator range is 
30-120 dB (A) sound level. 

4.6. SECOND AMPLIFIER 

This amplifier has a gain of 68 dB and is used to boost the signal before 
feeding it to the meter circuit. It is in this amplifier that the sensitivity 
adjustment of the instrument is provided by means of a screwdriver 
operated potentiometer. This potentiometer will provide a variation of 
about 12 dB in meter reading. 

4.7. OUTPUT SOCKET 

This is a standard microsocket fitting B & K cables with microplugs e.g. 
AO 0037. Tape recorders or level recorders can hence be connected when 
measurements need to be recorded for later evaluation. The load impedance 
should be at least 5 kr2. Output voltage for full scale deflection on the 
meter is approx. 2.5 V RMS. Maximum peak value 10 V. 

4.8. RECTIFIER CIRCUIT 

The rectifier circuit is a square law type which transforms the signal into 
a form suitable for the indicating meter. It gives the characteristic required 
for correct addition of sound levels at differing frequencies, being a "quasi
RMS" circuit which indicates correct RMS values within 5% for signals with 
crest factors (i.e. Peak value/RMS value) up to 3 at full scale deflection. 

4.9. METER HOLD CIRCUIT 

The rectified signal is fed to the Hold Circuit. This consists of an ampli
fier with a diode/capacitor network in its feedback loop. The output of the 
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amplifier is connected to the indicating meter. When the instrument is 
operating in the HOLD "Off" mode, or when the METER RESET button is 
depressed, the diode is short circuited. When the POWER SWITCH is in 
position "Store", the incoming signal is grounded after the main attenuator. 

4.10. INDICATING METER 

The meter is easily readable with calibration from -10 dB to+ 10 dB 
over a scale length of 5.5 em. A window at the zero mark indicates the 
position of the main range switch. The internationally standardized "Fast" 
and "Slow" meter damping characteristics are provided. 

4.11. POWER SUPPLY 

Power is supplied from an ordinary 1.5 V battery of approximate 
dimensions 50 mm length and 25 mm diameter. A converter transforms this 
voltage to about 40 V, with the battery in new condition. This is regulated 
to 28 V for feeding the amplifiers. A connection from the battery to the 
indicating meter gives a convenient check of battery condition. 
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5. ACCURACY OF MEASUREMENT 

5.1. PIEZOELECTRIC MICROPHONE 

The sensitivity of the B & K Type 4117 microphone which is 
normally supplied with the 2208 is approximately 3 mV per N/m2 

(-50 dB re 1 V per N/m2 ). It has a frequency response which is 
linear within ± 1 dB up to 5kHz and within ±3 dB up to 10kHz, at 0° 
incidence in a free field. Thus it fulfils the accuracy requirements for sound 
level meters according to I EC 123. 

The frequency response of a typical microphone is shown in F ig.5.1, and 
its directional characteristic is shown in Fig.5.2. An individual frequency 
response calibration chart is supplied with each microphone. 
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Fig.5.1. Typical Frequency response of Piezoelectric Microphone 
Type 4117 
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Fig.5.2. Typical directional characteristics of the Piezoelectric Microphone 

5.2. POWER SUPPLY 

As long as the battery check is correct then the readings are not affected 
by variations of supply voltage. 

5.3. A-WEIGHTING NETWORK 

When the piezoelectric microphone is used, the 2208 complies with the 
tolerances for sound level meters as recommended by I EC 123. See Fig.5.3. 

When the condenser microphone 4148 and its preamplifier adapter 
UA 0208 are used, the 2208 complies with the tolerances for precision 
sound level meters as recommended by IEC 179. See chapter 8. 

5.4. HOLD CIRCUIT 

Held maximum meter deflection corresponds to the RMS "Fast" 
response ± 2 dB. For a signal of duration longer than 1 second the accuracy 
is better. 
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The relative meter deflection that can be expected in pos1t1on "Fast" 
with MAX, RMS HOLD switched "On" and "Off" is shown in Fig.5.4. The 
dotted line indicates that in position "Fast", HOLD "Off", the meter 
deflection will return to the real value for a steady state signal of duration 
longer than about 1 second. The overshoot in position "Fast", HOLD 
"Off", is as specified by I EC 123. 

5.5. EFFECTS OF TEMPERATURE 

A typical dependence of sensitivity on temperature is shown in Fig.5.5. 
No correction is required when operating the meter between -10°C to 
50°C. The meter should not be subjected to more than 70°C for long 
periods. 

5.6. EFFECTS OF VIBRATION 

F ig.5.6 shows a typical vibration response of a meter clamped and 
vibrated in the way shown in the inset. The maximum sensitivity to 
vibration is about 105 dB (A) at 1 g. 
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Fig.5.5. Typical dependence of sensitivity on temperature 
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Fig.5.7. Inherent noise of the meter with microphone replaced by 4 nF 
dummy 
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5.7. INHERENT NOISE LEVEL 

The lower limit of measurement is governed by the inherent noise level 
of the meter itself. Fig.5.7 gives the inherent noise of the meter with the 
microphone replaced by a 4 nF dummy. 

5.8. EFFECTS OF ELECTRICAL AND MAGNETIC FIELDS 

The sensitivity to electrostatic fields is extremely low. The sensitivity to 
magnetic fields is approximately 44 dB (A) for 1 Oersted. 
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6. ACCESSORIES 

6.1. EXTENSION CABLE AO 0061 

It is often desirable to mount the micophone remote from the body of 
the 2208, and a convenient method is provided by the Microphone 
Extension Cable Type AO 0061. The cable permits use of the microphone 
at distances of up to 6 meters (19.7 ft) from the body of the instrument. 

Fig.6. 1. Extension Cable AO 0061 

6.2. WINDSCREEN UA 0207 (Supplied with the 2208) 

When the microphone is exposed to wind, a noise will be generated in 
consequence of variation of the air pressure on the diaphragm. The three 
principal reasons for this noise are, firstly, the change of wind velocity, 
secondly, the turbulence generated around the microphone when it is placed 
in the wind, and thirdly the interference between the variations in air 
pressure caused by wind velocity changes and turbulence. 

These effect~ can be reduced considerably by fitting the microphone 
with the Windscreen Type UA 0207 (Fig.6.2). This is a ball of a specially 
prepared type of porous polyurethane sponge. It should· be simply pushed 
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Fig.6.2. Windscreen UA 0207 

onto the microphone as far as it will go. A windscreen should normally be 
used for all outdoor measurements and is best fitted on to the microphone 
when it is attached to the adapter of the Extension Cable. The microphone 
can then be positioned so the diaphragm is at the centre of the windscreen. 
In such a position the frequency response is affected by less than 1 dB for 
frequencies up to 10 kHz. 

6.3. TRIPOD UA 0049 

A Tripod Type UA 0049 is available for mounting the meter or the 
microphone. 

Fig.6.3. Tripod UA 0049 
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6.4. MINIATURE CABLE AO 0037 

This is a 1.2 m (4ft) mininoise cable fitted with miniature plugs for 
connection to the Output Socket or the Input Adapter JJ 0037. It is the 
same cable as supplied with B & K accelerometers. 

6.5. MINIATURE/STANDARD B & K PLUG ADAPTER JP 0028 

This is a coaxial adapter plug which can be used with the output cable 
from the meter. 

068020 

Fig. 6.4. Adapter JP 0028 

6.6. INPUT ADAPTER JJ 0037 FOR MINIATURE CABLE 

This is a simply screwed on the meter in place of the microphone so that 
the miniature cable may be connected between the meter and the piezo
electric microphone. 

JJ 0037 

16821.,1 

Fig.6.5. Adapter JJ 0037 
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7. APPLICATIONS 

7.1. NOISE MEASUREMENT 

Most countries now have their own regulations on how to measure noise 
and what levels are permissible. Hence, if the results are for official use, the 
user is referred to these regulations for more information before starting 
measurements. An example of the regulations for the control of vehicle 
noise is given below. 

7 .1.1. Vehicle Noise Control 

Social surveys in towns have shown that noise, especially that from 
vehicles, is one of the most undesirable by-products of modern society. In 
order to reduce the noise produced by individual vehicles, certain 
restrictions have been laid down in many countries. Such restrictions 
generally demand the noise produced by a vehicle to be below specified 
limits when measured in a prescribed manner. 

Three measurement methods have been internationally accepted and 
have been published in the form of an I.S.O.-Recommendation (R. 362). 
One of these is, however, given preference because it is related to normal 
driving conditions, and this method is sometimes termed the moving vehicle 
test. The second method is a stationary vehicle test, and when this test is 
used the relationship between the result obtained and that of the moving 
vehicle test should be established for typical examples of the vehicle model 
concerned. The third method concerns measurements with the vehicle in 
motion under conditions which are different from the ISO reference test. In 
the following, some details of the reference moving vehicle test will be 
outlined. 

From a number of carefully controlled psycho-acoustic experiments it 
has been found that relatively good correlation exists between subjective 
assessment of motor vehicle noise and sound level readings obtained with 
the A-weighting network inserted. Even though deviations from this cor
relation in some cases (especially in the case of motorcycles) become very 
significant the international recommendation is based on the use of dB (A) 
as the measuring unit. 
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c 

Microphone 

f623IO 

Fig.7.1. Typical test site used for the moving vehicle test recommended by 
ISO 

A suitable acoustical environment for the measurement would consist of 
an open space of some 50 m radius, of which the central 20m, for example, 
would consist of concrete, asphalt or equivalent material. Acoustical 
focussing effects and sites between parallel walls should be avoided. It is also 
important that wind and wind noise do not affect the measurements and the 
background noise level should be at least 10 dB below that produced by the 
test vehicle. 

Fig. 7.1 shows a sketch of a typical test site. The vehicle should follow 
the path C-C, and the microphones should be located 1.2 m above the 
ground level. When the front of the vehicle reaches the position indicated in 
the figure by the line A-A the throttle should be fully opened and held there 
until the rear of the vehicle reaches the line marked B-8. At least two 
measurements should be made on each side of the vehicle as it passes the 
measuring _positions. 

The vehicle should be driven in second gear (or third gear if it has more 
than 4 gears) at a speed corresponding to 3/4 of the maximum engine speed, 
or at 50 km/h, whichever is the lowest. 

The measurement report should, apart from the maximum sound level 
, readings, also include details on the state of loading of the vehicles as well as 

the basis of horse power rating. 
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7.2. TAPE RECORDING OF SOUND DATA 

Sound data often yield maximum information when stored on a tape 
recording. By forming the tape into a loop, transient phenomena, such as 
sound from a passing vehicle, reverberation after a gun-shot etc., can be 
played back continuously and analysed with B & K frequency or spectrum 
analyzers (e.g. Types 2010, 2107 or 2113). 

The Noise Event Meter OUTPUT socket should be connected to a tape 
recorder having an input impedance of at least 5.000 n. The 2208 is ideally 
suited for feeding the 7001 Tape Recorder, or a battery operated model. 

With such a load the maximum peak output voltage is 10 V and fu II scale 
deflection on the meter corresponds to about 2.5 V R MS regardless of knob 
setting. 1 V RMS output is therefore indicated roughly by the 2 dB 
graduation on the meter scale and since many instrumentation tape 
recorders require a nominal recording level of 1 V RMS the Noise Event 
Meter is an excellent recording-level monitor. Moreover it is an ideal 
"calibrated source" because whatever the input signal the output from the 
Noise Event Meter is within a suitable known range. 

Even in the case of a recorder requiring 2.5 V RMS input there is little 
chance of peak limiting because 10 V is acceptable and this allows a crest 
factor of 4. (Crest factor= peak volts/r.m.s. volts). 

In the case of a tape recorder requiring a recording level less than 2.5 V, 
an attenuator such as the one shown in Fig.7.2 should be inserted between 
the Noise Event Meter and the recorder. 

2208 

Fig.7.2. Noise Event Meter used with Tape Recorder 
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An AC voltage corresponding to the changing noise level is fed from the 
OUTPUT regardless of the MAX. RMS HOLD setting. 

Before and after the recording, a reliable spot calibration signal can be 
put on the tape, from a Pistonphone Type 4220 or a Calibrator Type 4230. 
(Ref. section 3-A Calibration). To obtain a good signal-to-noise ratio it is 
best, after calibration, to turn the RANGE SWITCH down to roughly the 
same range as the signal of interest, noting down the shift in dB. 

7.3. RECORDING WITH THE LEVEL RECORDER 2305 

In many cases the noise level will vary with time. If a study of this 
variation is to be made, a Level Recorder Type 2305 can be connected to 
the OUTPUT socket of the Noise Event Meter (Fig.7.3). 

2208 
2305 

-· 
-:e: -•· 

Fig.7.3. Noise Event Meter used with Level Recorder 

The procedure for setting up the recording system is shown in here with 
reference to a 50 dB potentiometer, but a similar procedure is used for 
other potentiometers. 

1. Set the control knobs on the Level Recorder to: 

POTENTIOMETER RANGE "50" 
RECTIFIER RESPONSE "RMS" 
LOWER LIMITING FREQUENCY "20" 
WRITING SPEED "160" (corresponds approx. to 

"Fast" response of meter) 
PAPER SPEED As required 
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Fig.7.4. Level Recorder 2305 

PAPER DRIVE 

POWER 
MOTOR 

"Start" 
"Forward" 
"0 n" 
"On" 

Finger Wheel Z 

2. Calibrate the Level Recorder using a Pistonphone Type 4220 or 
Calibrator Type 4230. (Ref. section 3.4 Calibration). The deflection 
of the pen can be adjusted by means of the INPUT POTENTIO
METER and the INPUT ATTENUATOR of the 2305. 

The Statistical Distribution Analyzer Type 4420 can be used with the 
Level Recorder to obtain a statistical analysis of the sound level over a 
period of time. (Fig.7.5). 

2305 

2208 

Fig.7.5. Noise Event Meter used with Level Recorder and Statistical 
Distributor 
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8. THE HALF-INCH CONDENSER MICROPHONE 4148 
and-ADA-p~E-R UA 0208 

The circuitry of the Noise Event Meter is designed so that by simply 
replacing the piezoelectric microphone with the 1 /2" Condenser Micro
phone 4148 and Adapter UA 0208 the instrument is brought up to fu II 
precision standards (I EC 179). 

The 4148 is a precision measuring condenser microphone designed for 
long term stability and high accuracy. Particular care has been taken to 
make it insensitive to variations in ambient conditions such as temperature, 
pressure and relative humidity. The construction is shown in Fig.8.1. 

Diaphragm Insulator 

Back plate Housing 

Hole for static pressure equalization 

Fig.8.1. Schematic construction of a condenser microphone cartridge 

It consists essentially of a thin metallic diaphragm mounted in close 
proximity to a rigid back plate. Diaphragm and back plate are electrically 
insulated from each other and constitute the electrodes of a capacitor 
(charged by a DC polarization voltage of 28 V). The charging time constant 
is made so high that for the frequency range of ordinary acoustical measure
ments the charge of the capacitor remains constant. 
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When the distance between the diaphragm and back plate changes due to 
variations in the pressure acting on the diaphragm, the capacitance will also 
change, thus an alternating voltage is produced across the capacitor. This 
voltage component is proportjonal to the pressure fluctuations within the 
I inear range of the microphone. 

Fig.8.2. The Condenser Microphone 4148 and Adapter VA 0208 

. The condenser microphone has a low internal capacitance ( 17 pF) and 
hence requires a high input impedance in the succeeding amplifier stage in 
order to ensure a minimum loss in sensitivity due to loading. 

The adapter is therefore a source-follower stage which contains all the 
circuitry necessary to adapt the Noise Event Meter to take the condenser 
microphone. The circuit consists of a low noise field-effect transistor (FET) 
and one other silicon planar transistor. This stage has a very high input 
impedance of about 2 Gn (2 X 109 n) and a low output impedance 
(<50r2). 

Fig.8.3. The Condenser Microphone and Adapter fitted to the 2208 
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It should be noted that the AO 0063 extension cable and either the 
UA 0082 or the UA 0237 windscreen must be used with this microphone 
and adapter in place of the AO 0061 and UA 0207 mentioned in chapter 6. 

The changes in specifications from the standard Noise Event Meter are: 

Measuring Range: 

Input Impedance: 

Noise: 

Warm Up Time: 

Dimensions: 

Weight: 

37-130 dB {A) 

>2,000 Mn in parallel with 50 pF 

< 2 pV with 17 pF across input 

25 sees. 

Length 23.5 em {9.2 in) 
Width 8.4 em {5.3 in) 
Height 5.1 em {2.0 in) 

830 gm {29 oz) including battery 

Battery Life: Approx. 3 1/2 hours continuous operation. 
17 hours with Mallory "Duracell" Alkaline 
battery. 
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Fig.8.4. Typical Frequency Response of the Condenser Microphone 4148 
for rP incidence 
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Fig.8.5. Typical directionel characteristics of complete instrument with 
Condenser Microphone (IEC Tolerances shown dotted) 
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The specifications of the Microphone 4148 are: 

Sensitivity: 

Capacitance: 

Frequency Response: 

Directional Characteristics: 

Approx. 14 mV per N/m2 (-37 dB re 1 V 
per N/m2 ) 

17 pF 

Linear from 4Hz to 16kHz to within 
± 2 dB at oo incidence in a free field (See 
Fig.8.4). 

See Fig.8.5. 
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9. SPECIFICATIONS 

9.1. METER WITH MICROPHONE TYPE 4117 

Dynamic Range: 32-130 dB (A) 

Signal-to-Noise Ratio: Better than 5 dB for the lower limit. 

Operating Temperature: -10°C to 50°C. 

Storage Temperature: -20°C to 70°C with battery removed. 

Humidity: up to 90% relative humidity. 

Sensitivity to Magnetic Fields: 44 dB (A) for 1 Oersted. 

Sensitivity to Vibration: See Fig.5.6. 

Dimensions: Length 18.6 em (7 .3 in) 
Width 8.4 em (3.3 in) 
Height 5.1 em (2.0 in). 

Weight: 800 gm (28 oz) including battery. 

Accessories Supplied: Pistopgrip Handle 
Wrist-strap 
Windscreen UA 0207. 

9.2. MICROPHONE TYPE 4117 

Type: 

Sensitivity: 
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B & K Type 4117 Piezoelectric Micro
phone. 
Serial Number on back of microphone, re
peated on rear of 2208 body. 

Approx. 3 mV per N/m2 (-50 dB re 1 V 
per N/m2). 



Frequency Response: 

Capacitance: 

Dynamic Range: 

Directional Characteristics: 

Frequency Directional Sensitivity 
±goo re 0° direction 

Hertz dB 

31 .5 to 500 0 to -0.5 
1000 0 to -0.5 
2000 0 to -1.0 
4000 0 to -3.0 
6000 0 to -6.0 
8000 0 to -8.0 

10000 0 to -10.5 

Linear within ± 1 dB up to 5kHz and with
in ±3dB up to 10kHz (see also Fig.5.1). 
An individual calibration chart is provided 
with each microphone. 

Approx. 4,000 pF. 

Up to 140dB re 2 x 1o-5 N/m2. 

Table 9.1 (see also Fig.5.2). 

Directional Sensitivity Tolerance for ± 90°* 
goo to 180° re 00 direction IEC 123 
dB dB 

0 to -1.0 ± 1 
0 to -1.0 ± 1.5 

-0.5 to -1.5 ±4 
-2.0 to -4.0 ±8 
-4.0 to -8.0 
-6.5 to -10.0 ±15 
-8.5 to -14.5 

*This tolerance is for the microphone mounted on the meter 

Table 9.1. Tolerances on Directional Characteristics of Piezoelectric Micro
phone 

Vibration Sensitivity: 

Operating Temperature: 

Temperature Coefficient: 

Dimensions: 

A vibration of 1 g perpendicular to the 
diaphragm corresponds to an SPL of 

. 100 dB. 

-0.015 dB per °C. 

Length 20 mm (0. 788 in) 
Diameter 23.77 mm (0.935 in) 
Weight 27 gm (0.95 oz). 
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9.3. METER WITH MICROPHONE REMOVED 

Input Impedance: 10 Mrl in parallel with 140 pF. 

Output Impedance: <50 rl in series with 6.8 JJ.F. 

Maximum Output Volts: 20 V peak to peak. 

Minimum Load Impedance: 5ooo n. 

Weighting Network: A-weighting. See Table 9.2. 

Frequency Response Tolerance Tolerance 
A-weighting for 2208 to I EC 123 

Hz dB dB dB 
+ -

10 -70.5 ±2.5 5 00 

20 -50.4 ±2.0 5 00 

31.5 -39.2 ± 1.0 5 5 
63 -26.1 ± 1.0 4 · 4 

125 -16.1 ±0.5 3 3 
250 -8.6 ±0.5 3 3 
500 -3.2 ±0.5 3 3 

1000 0 0 2 2 
2500 1.2 ±0.4 4 3 
5000 0.5 ±0.5 6 4.5 

10000 -2.4 ±0.8 6 00 

16000 -6.5 ± 1.0 6 00 

20000 -9.2 ± 1.5 6 00 

Table 9.2. A-Weighting network tolerances 

Meter Hold Circuit: 

Warm-up Time: 

Range Switch Error: 

Noise: 
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See Fig.5.4. Decay < 1 dB in 5 min. at 
25°C. 

4 sec. 

Main attenuator < ± 0.2 dB. 

< 1% at full meter deflection. 



Meter Indication: 

Meter Scale Calibration: 

Battery: 

Battery Life: 

RMS. 
Full scale deflection for approx. 2.5 V 
RMS. 
Accuracy better than 5% for signals with 
crest factor less than 3. 

Deflection -10dB to -1 dB, tolerance 
±0.5 dB. 
Deflection OdB to 4dB, tolerance 
±0.2 dB. 
Deflection 5 dB to 10dB, tolerance 
±0.1 dB. 

1 x 1.5 Volt cell to IEC type R 14. Length 
50 mm ( 1.92 in), diameter 25 mm ( 1 in). 

Approx. 5 hours continuous operation. 20 
hours with Mallory "Duracell" Alkaline 
battery. 
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B & K INSTRUMENTS: 

ACOUSTICAL .... 
Condenser Microphones 
Piezo-Electric Microphones 
Microphone Preamplifiers 
Microphone Calibration Equip. 
Sound Level Meters 
(general purpose-precision
and impulse) 
Standing Wave Apparatus 
Tapping Machines 
Noise Limit Indicators 

ELECTROACOUSTICAL . . .. 
Artific ial Ears 
Artificial Mouths 
Artificial Mastoids 
Hearing Aid Test Boxes 
Telephone Measuring Equipment 
Audiometer Calibrators 
Audio Reproduction Test Equip. 

STRAIN .... 
Strain Gauge Apparatus 
Multipoint Panels 
Automatic Selectors 
Balancing Units 

VIBRATION .... 
Accelerometers 
Accelerometer Preamplifiers 
Accelerometer Calibrators 
Vibration Meters 
Magnetic Transducers 

Capacitive Transducers 
Vibration Exciter Controls 
Vibration Programmers 
Vibration Signal Selectors 
Mini-Shakers 
Complex Modulus Apparatus 
Stroboscopes 

GENERATING .... 
Beat Frequency Oscillators 
Random Noise Generators 
Sine-Random Generators 

MEASURING .... 
Measuring Amplifiers 
Voltmeters 
Deviation Bridges 
Megohmmeters 

ANALYZING .. . . 
Band-Pass Filter Sets 
Frequency Spectrometers 
Frequency Analyzers 
Real-Time Analyzers 
Slave Filters 
Psophometer Filters 
Statistical Analyzers 

RECORDING .... 
Level Recorders 
(strip-chart and polar) 
Frequency Response Tracers 
Tape Recorders 

BRilEL& K'-'Ai:.A 
DK-2850 Nrerum, Denmark. Teleph.: (01) 80 05 00. Cable : BRUKJA, Copenhagen. Telex : 5316 
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