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1. INTRODUCTION 

Sou nd Level Meters 
Sound level meters are required to measure noise of different levels, spectra 
and waveforms under widely varying conditions of sound source distributi
on and reflections at the boundaries of the sound field. Usually the purpose 
of these measurements, whether they are estimating hearing damage risk, 
annoyance, acou~tical insulation efficiency, acceptability of manufactured 
products or any other factor, is to collect data which will improve under
standing of a problem arid also help in solving it. 
Obviously an instrument giving readings which cali be related to subjective 
impressions of loudness would be desirable. Attempts have been made in the 
past to design such an instrument, but the difficulties involved in simulating 
the human hearing system for all types of noise cannot yet be solved. The 
International Electrotechnical Commision (I EC), has decided that the most 
practical solution is to standardize an apparatus by which sound pressure 
can be measured under closely defined conditions, so that results obtained 
by different users can be compared. 
Two I EC publications have been issued to specify the desirable characteri
stics of sound measuring instruments. Publication 123 presents requirements 
for a Sound Level Meter, and these requirements were made more stringent 
in Publication 179 for Precision Sound Level Meters, The BnJel & Kjcer 
Type 2204 is designed to the specifications of I EC Publication 179, and it is 
appropriate to mention some of the main requirements of this standard. 
The Precision Sound Level Meter must measure the free-field sound pressure 
level with an accuracy of ± 1 dB under specified reference conditions si
mulating normal use. 
The microphone must have directional sensitivity within certain limits 
which are specified. 
The indicating instrument must be of the square-law type, and calibration of 
the meter scale and the error associated with a range shift must be within 
specified tolerances. 
A meter dynamic characteristic referred to as Fast must be provided. This 
must produce a meter response to a signal of 200 milliseconds duration 
which indicateswithin~ ~ dB of the indication for a steady signal of the 
same frequency and amplitude. Dampirig · is specified by the requilfement 

5 



that overswing of the steady level produced by a suddenly applied signal 
must be within the limits ~ b:~ dB. 

An alternative dynamic characteristic referred to as Slow is an optional 
feature. With this response, the meter indication produced by a 500 millise
conds du ration signal must fall between = ~ dB from the meter deflection 
produced by a steady signal of the same frequency and amplitude. Over
swing due to sudden application of a steady signal must be within : b:~ dB 

of the final steady indication, and this indication should not differ from the 
level indicated with Fast characteristic by more than 0.1 dB. Frequency 
ranges in which these two dynamic characteristic must be met are specified. 
Specifications are also laid down for the maximum permissible sensitivity to 
external influences: the influence of the sound field on the meter in the 
absence of a microphone signal: vibrations: magnetic fields: electrostatic 
fields: temperature: humidity. 

The recommendation also lays down the test procedure which should be 
employed in checking the compliance of an instrument with these require
ments. 
It is specifically stated in the I EC Publication that the Precision Sound Level 
Meter is an instrument which is designed to give an objective measurement 
which approximates a subjective impression of sound under certain conditi
ons. An instrument which fulfils these requirements can be used for assess
ment of most continuous sounds. Measurement of discontinuous sounds or 
sounds of very short duration must be treated separately. 

Impulse Sound Level Meters 
The problem of how to produce a meter reading which reliably approxi
mates a subjective impression of a sound of short duration (considered as 
duration from 1 to 100 milliseconds) has been a research topic of consider
able interest for some years. The difficulty lies in the specification of a 
meter response characteristic which closely approaches the rise time of the 
human ear and stores, averages, and "forgets" the short duration signal in a 
similar way to the human brain. The German Standard DI N 45633 Part 2 
and the I EC draft for the extension of Publication 179 have been attempts 
to make these specifications, and no fundamental differences exist between 
the two recommendations. The main points of the I EC draft are summarised 
below. 
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I mpulse Sound Level Meters must have the same characteristics and 
response to steady sinusoidal signals as Precision Sound Level Meters 
described in I EC Publication 179. 
To safeguard against harmonic distortion caused by the overdriving of 
amplifiers by the peaks of high crest factor signals, overload indicati-



o'rs should be placed at the amplifier stage prior to a filter and at the 
input to the meter rectifier. 
The minimum crest factor capability of the rectifier circuit is specified 
as 5. 
Response time constant of the rectifier should be 35 milliseconds for 
both rise and decay. A storage circuit retains the applied signal, how
ever, and on removal of the signal it causes a decay in meter deflection 
with a 3 sec 1 sec time constant. The rise time of this storage circuit 
must be less than that of the rectifier. 
The recommendation also lays down the test procedure which should 
be employed in checking the compliance of an instrument with these 
requirements. 
It can be seen, therefore, that an I mpulse Sound Level Meter is an 
instrument that approximates a subjective impression of a short dura
tion sound. It cannot be used for the objective analysis of shocks and 
other pulses, which must be analysed in a conventional manner. 

Frequency Weighting Network 0 
Since the introduction of the Perceived Noise Level scale (PNdB) by Kryter 
in 1959 (Ref 1 - developed by Ref 2), it has been used in the field of aircraft 
noise with considerable success. Evaluation of the perceived noise level of a 
wide spectrum noise involves weighting an octave band analysis of the noise 
according to a set of equal noisiness contours, and adding the weighted 
levels according to a rule suggested by Stevens (Ref 3). The equal noisiness 
contours were built on subjective assessments of the noisiness of bands of 
noise with width equal to the critical bands of the ear. Their scale of units, 
"Noys", is the analogue of the pure tone loudness scale of Sones, and PNdB 
is the analogue of loudness level, Phons. One Noy is the numerical value 
assigned to the perceived noisiness of the 1000 Hz critical bandwidth of the 
ear (910 to 1090 Hz) at a band pressure level If 40 dB re 2xl0-5 N/m 2. 
Since the calculation procedure for PNdB requires analysis of the sound and 
tedious weighting and addition of the Noy levels, Ref. 1 also .suggested a 
frequency weighting characteristic for a sound level meter. Referred to at 
that time as the "N" weighting network it was chosen to be the inverse of 
the 40 Noy contour. The reason for this was that the 40 Noy contour is 
fairly representative of the band width and level of aircraft fly-over noise. 
Also aircraft ' noise spectra biassed by this weighting gave good agreement 
with perceived noise level calculations except for a constant 10 dB differen
ce between the absolute values. A practical electronic weighting network to 
approximate the N-weighting is expected to be standardised in the near 
future. This will be known as the liD-weighting". Although more convenient 
in use than the perceived noise level procedure, the D. weighting should not 
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be expected to accurately measure the relative nOISiness of two sounds 
which are of different bandwidths. On the other hand the perceived noise 
level scale should do this since in this case frequency bands are individually 
weighted rather than the block weighting of the whole spectrum. 

References: 
1. K. D. Kryter: JASA Vol. 31 No. 11 (1959) p.1415 
2. K. D. Kyter and K. S. Pearsons JASA vol 35 No.6 (1963) p. 866 
3. S. S. Stevens: JASA Vol. 28 No.5 (1956) p. 807. 
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2. OPERATION 

Function of Controls 
The external features and controls of the I mpulse Precision Sound Level 
Meter are shown in Fig.s 2.1 and 2.2. 

Output Amplifier 
Attehuator Input Amplifier 
(Transparent) Attenuator (Black) 

Amplifier 
Gain Adjustment Meter Reset 

Overload on Overload on 
Input Amplifier Output Amplifier 

Meter Scale 

Meter Switch 

Input to External 
Filter DC Output 
Output of 

ACOutput External Filter 

Weighting Network Power Lamp 
Switch (flashes when on) 

Fig. 2.1. Front view of 2204. 

METER SCALE 
Removable by sliding out. The scale is reversible, with one side calibrated 
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for precision sound level measurements and the other side for vibration 
measu rements. 

METE R SWITCH 
This is the main power switch of the meter. It also determines which meter 
response is obtained: 

"Off" 

"Batt 
(Rec)" 

All instrument power switched off. I n all other positions of the 
METER SWITCH the light POWER flashes. 
Battery check position - a meter scale deflection should be obtain
ed. If the deflection is in or below the red area of the "Battery" 
scale, renew the batteries as described below. 
This switch position should also be used when output to an exter
nal recorder is taken from the AC OUTPUT socket. 

"Slow" Provides the Slow meter characteristic specified in I EC Publ ication 
179. 

"Fast" Provides the Fast meter characteristic specified in IEC Publication 
179. 

"Imp" Provides the Impulse meter characteristic specified in the proposed 
extension to IECPublication 179 and DIN 45633 Part 2. 

"Hold" In this position the meter will hold the maximum RMS value of the 
applied signal until the METER RESET button is depressed. 

WEIGHTING NETWORK SWITCH 
In position "Lin" the instrument has linear frequency response from 2 Hz 
to 70 kHz. I n positions "D", "A", "B", "C", the appropriate frequency 
weighting network is switched in. I n position "Ext. Filter" the signal can be 
processed by a filter connected across the EXT. FI L TE R sockets. Note that 
in this position of the WEIGHTI NG N ETWOR K switch a meter deflection 
due to an external electrical signal cannot be obtained unless there is an 
input to the meter at the EXT. FI L TER OUT socket. 

INPUT AMPLIFIER ATTENUATOR (Black knob) 
Controls the effective gain of the input amplifier. Used together with the 
OUTPUT AMPLIFIER ATTENUATOR to select the measuring range of the 
Meter. 

OUTPUT AMPLIFIER ATTENUATOR (Transparent knob) 
Controls the effective gain of the output amplifier. To protect the output 
amplifier against overload and to ensure the optimum signal to noise ratio, 
the transparent knob should be kept at its fully clockwise limit as far as 
possible. 
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2.2. Rear view of 2204. 

ATTENUATOR SCALE 
Attenuator scales are interchangeable and are accessible by unscrewing the 
coin slotted screw in the centre of the attenuator knobs. With a properly 
calibrated meter, the number between the two red lines marked on the 
transparent knob plus the meter deflection gives the correct result of the 
measurement. 

GAIN ADJUSTMENT 
A screwdriver operated potentiometer controlling the gain of the input 
amplifier, used for matching the amplification of the Meter to the sensitivity 
of the transducer. 

OVERLOAD INDICATORS 
Overloads on the input amplifier and on the output amplifier are indicated 
by flashing lights. While these lights flash, the reading of the meter is not 
accurate and probably lower than the true level which exists. The amplifier 
attenuators should be adjusted until the overload is removed, or the existen
ce of overload should be noted on any measurements made if it is not 
possible to eliminate the overload. 

METER RESET BUTTON 
The meter"Hold" circuit is discharged by depressing this button. It has no 
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influence on measurements when any other function of the METER 
SWITCH is selected. 

EXTERNAL FILTER INPUT and OUTPUT SOCKETS 
Socket I N should be connected to the filter input and OUT to the filter 
output when measurements are to be made with an external filter. The 
output impedance at the EXT. FILTER IN socket is approx. 3 ohms and 
the input impedance at the EXT. FI L TER OUT socket is 146 k ohms. 

PILOT LIGHT 
The light marked POWER flashes when the Meter is switched on. Warm-up 
time is of the order 50 sec. 

DC OUTPUT 
At this socket will always appear a DC voltage proportional to the meter 
deflection. Output impedance is 25 k ohms, and an open circuit voltage of 1 
volt corresponds to full scale deflection. Its principal use is for remote 
recording of impulse sound measurements. 

AC OUTPUT 
The output voltage of the output amplifier is fed to this socket. Distortion 
of the signal is minimal with the METER SWITCH in position "Batt (Rec)" 
and this position is only usable for external recording. Load impe
dance should be greater than 1 0 k Q. An output voltage of 5 V corresponds 
to full meter deflection . 

Replacement of Batteries 
The batteries are accessible by sliding off the cover at the rear of the 
instrument. Take care to observe the correct polarity when inserting the 
new batteries. 

Calibration for Sound Measurements 

Using Pistonphone Type 4220 or Sound Level Calibrator Type 4230 

1. Turn the Meter Scale to PRECISION SOUND LEVEL METER. 

2. Fit the Attenuator Scale appropriate to the sensitivity of the Conden
ser Microphone in use. Practically any condenser microphone with 
200 Volts polarisation can be used, but the Attenuator Scales appro
priate to the suitable BrUel & Kjrer microphones are shown in the 
table of Fig. 2.3. 
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Microphone open circuit 
B & K Microphone Type Scale Nr . Sensitivity 

2 4131 4132 40 - 1 60 m V per N/m 
lA 

(4 - 16 mV per )Jbar) 4144 4145 

2 
11 - 50 m V per N/m 1 B 

(1.1 - 5 mV per )Jbar) 

2 
4 - 16 m V per N/m 

4133 4134 2A 
(0.4 - 1 .6 mV per )Jbar) 

2 
1 . 1 - 5 m V per N/m 

4135 4136 2 B 

(110 - 500)J V per )Jbar) 

0.4 - 1 .6 mV per N/m 
2 

4138 3A 

(40 - 140 jJ V per }Jbar ) 

2.3. Attenuator scale for sound measurements. 

3. Fit the instrument with the plug-in Input Stage, Extension Rod, any 
Microphone Adapter required and the Microphone with its normal 
protection grid. 

4. Turn the METER SWITCH to "Batt" and check the condition of the 
batteries. 

5. Set the METER SWITCH to " Fast", WEIGHTING NETWORK switch 
to "C", and the ATTENUATOR switches to a suitable range for the 
calibration source .used. 

6. ·Place the Pistonphone or Sound Level Calibrator over the Micropho
ne, ensure that it is firmly seated, and switch on the calibrator. 
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7. Using a small screwdriver, adjust the GAl N ADJ potentiometer until 
the meter indicates the correct sound pressure level according to the 
calibration chart of the calibrator (corrected where necessary for at
mospheric pressure). 

Using the built-in Reference Voltage 

1. Turn the Meter Scale to PRECISION SOUND LEVEL METER: 

2. Fit the Attenuator Scale appropriate to the sensitivity of the Micro
phone in use. Choose the appropriate scale from Fig. 2.3. 

3. Fit the instrument with the plug-in Input Stage, Extension Rod, any 
Microphone Adaptor required and the Microphone. Any microphone 
accessories to be used can remain in position. 

4. Turn the METER SWITCH to "Batt" and check the condition of the 
batteries. 

5. Set the METER SWITCH to "Fast", WEIGHTING NETWORK switch 
to "Lin", and the ATTENUATOR switches so that "Ref" appears 
between the red lines on the transparent knob. 

6. From the calibration chart of the microphone in use, determine its 
Open Circuit Sensitivity in mV per N/m2. 

7. Using a small screwdriver, adjust the GAIN ADJ potentiometer until 
the Open Circuit Sensitivity of the microphone in use is correctly 
indicated on the red MICR. SENS. scale of the meter. Note that for 
the B & K standard 1" microphones, the sensitivity (approx. 50 mV 
per N/m2) will be set on the upper of the two MICR. SENS. scales. 
For the B & K 1/2" microphones (sensitivity approx. 10m V per 
N/m2) and the 1/8" microphones (sensitivity approx. 1 mV per 
N/m2) the upper of the two MICR. SENS. scales should also be used -
the attenuator scale accounts for the required factors of ten. For the 
B & K 1/4" microphones the sensitivity (approx. 2 mV per N/m2) 
should be set on the lower of the MICR. SENS. scales - the attenuator 
scale again accounts for the factor of ten. 
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Measurement of Sound 
Sound measurements may be made as follows: 

1. Calibrate the meter. 

2. If measurements are to be made with a one inch microphone at sound 
incidence on the microphone diaphragm other than normal incidence, 
fit the Random I ncidence Corrector in place of the normal micro
phone protection grid - Note: Care should be taken to avoid anything 
touching the diaphragm of the microphone. 

3. Set the WEIGHTING NETWORK switch to "Lin" and select the requ
ired function of the METER SWITCH. 

4. Hold the instrument steadily but as far away from the body as practic
al (preferably use a tripod or other firm, non-interfering support - the 
microphone should be at least 1 meter from the observer's body) with 
the microphone directed towards the measuring object.. . 

5. With the transparent attenuator knob in its fully clockwise position, 
turn the black attenuator knob until a meter deflection in the top 2/3 
of the scale is obtained. If this is not possible the transparent knob 
may also be used. I n all cases the transparent knob should be kept as 
far clockwise as possible. The optimum signal to noise ratio is thus 
obtained. 

6. Select the desired WEIGHTING NETWORK. 

7. If the meter now indicates more than 10 dB, reduce sensitivity. If the 
meter indicates less thanO dB, increase sensitivity. 
If the OVER LOAD I NPUT lamp flashes the black attenuator knob 
should be switched anticlockwise until the overload is removed. The 
meter deflection should then be restored by turning the transparent 
knob anticlockwise. 
If the OVERLOAD OUTPUT lamp alone flashes this indicates that 
the signal's crest factor is greater than thecapabilityof the instrument. 
If the overload cannot be removed by switching the attenuator knobs 
while retaining a meter deflection, any reading taken will. be lower 
than the true signal level, and the overload indication should be noted 
with results. 

8. The measured Sound Level or Sound Pressure Level is the sum of the 
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meter reading and the number which appears between the two red 
.Jines on the transparent attenuator knob (i.e. the attenuator indicati
on corresponds to the 0 dB level on the meter scale) . 

In reporting sound levels it should always be stated which weighting net
work has been used ego 60 dB (A), 60 dB (D). If I mpulse response of the 
meter has been used, this also should be stated ego 60 dB (A I). 

Calibration for Vibration Measurements 

Using the built-in Reference Voltage 
If the I ntegrator Type ZR 0020 is used (see Chapter "Accessories") the 
2204 can be calibrated to read directly acceleration, velocity, or displace
ment. If it is used without the I ntegrator, the accelerometer input to the 
meter is through the adaptor JJ 2614 supplied, in which case acceleration 
only can be measured . I n each case, calibration procedure is as follows : 

1. Connect the accelerometer to the Meter by one of the two methods 
shown in Fig.2.4. 

2.4. Connection of accelerometers. 

2. Determine whether it is required to measure acceleration, velocity or 
displacement and the units in which the measurement is required : 

Acceleration: 

Velocity: 

16 

metres/sec2 
g 
metres/sec 
inches/sec 



Displacement: metres 
inches 

3. From the calibration chart of the accelerometer to be used, determine 
the voltage sensitivity in m V /g , including effects of the capacitance of 
the connecting cable used. (See Chapter 4. "Operating Characteristics 
and Accuracy"). 

4. From the table in Fig. 2.5, select the appropriate attenuator scale and 
fit it. 

Accelerometer B & K Acc . Ve l . Disp . 
Sensitivity 

Acce lerometer Type m/sec 
2 m/sec 

inch inch 9 sec m 

0 .89 - 1.12 mV/g 4A 5 B 
4 B 5 B 6A f--- 7 B f---

1.12-2,8mV/g 4344 4 B 6A 

2.8··3 . 55 mV/g 4 B 6A 
5A 6A 6 B f--- 8A -

3 .55 - 8.9 mV/g 4336 5 A 6 B 

8.9 - 11 .2 mV/g 4339 4343 5A 6 B 
5 B 6 B 7A - 8 B -

11.2 .. 28 mV/g 4333 4335 4340 5 B 7A 

28 - 35.5 mV/ g 5 B 7A 
6A 7 A 7 B - 9A -

35 .5 .. 89 mV/ g 4332 4334 6A 7 B 

89·· 112 mV/g 4338 6A 7 B 
6 B 7 B 8A f---- 9 B f----

112·280 mV/ g 6 B 8 A 

280 - 355 mV/ g 6 B 8 A~ 

7A SA 8 B f--- 10 A -
355 .. 890 mV/g 7A 8 B 

890 - 1 1 20 m V / 9 7A 8 B 
7 B 8 B 9A - 10 B f---

1120 · 2800 mV/g 7 B 9A 

2.5. Attenuator scale for vibration measurements. 

5. Turn the meter scale to VIBRATION METER. 
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Accelerometer J 

2.8 

Sensitivity ~ N. 
U v ........ 51 ~ ..c ..c 

v v Eo EE ,- .~ .~ 

~9 I II 1/ I I - II V 
3 - I I I / I 

II /I I II - I I _ -10 
-- I I I, I I 

- fl II 

- I I I. I 
II II I-

..j - -r-- r- - - - - -{- '- - ...... '- - -, "7 
1/ I I I II 
'I 1 

-H2 /, / I I I 
1/ I I V 
II - Ii I I I I 4 

-r- tl II 
! / I II 

/I IV V 
r- I 

I, I I I II 
fj II 

H5 I. I I / 
III I V I 

:r-
II I 

1/ I I I I 
5 

- 'I 
- I. / I I I -r- II I V I -- / I 
- 1/ I I I II - 'I II 

- I, / I I I I 
- II II I I 6 

:-20 
/ I 

II II II II 
u 

/, I I I / - VI I I I 
7 - II I 

1/ I I I II 
'I 

/, I I I I 
- II II 1/ I 

._r--25 / I 
1/ I I II I 8 

I- fl 

l-
I. / I I I 

II I 1/ 1/ -r--28 / I -9 

-
- 10 -9 - 8 -7 -6 -5 -4 - 3 -2 - 1 0 2 3 4 dB 

2.6. Sensitivity correction chart. 

18 

Sensit ivity Correct ion 
-r691QS 



6. From the chart in Fig. 2.6, determine the Sensitivity Correction Fac
tor. Note that changes in the range of Accelerometer Sensitivity are 
compensated for by the attenuator scale calibration. 

7. Set the ATTENUATORS to "Ref". 

8. Set the WEIGHTING NETWORK switch to "Lin". 

9. Turn the METE R SWI TCH to "Batt" and check the condition of the 
batteries. 

10. Turn the METER SWITCH to "Fast" and adjust the GAIN ADJ po
tentiometer until the appropriate Sensitivity Correction Factor is cor
rectly indicated on the red scale. 

Measurement of Vibration 
Vibration measurements may be made as follows: 

1. Calibrate the meter as described above. 

2. Mount the accelerometer by one of the methods described in its in
struction manual, taking care to avoid cable whip. 

3. Hold the Sound Level Meter as free as possible from the vibration 
environment and other unrequired influences. 

4. With the transparent attenuator knob in its fu IIy clockwise position, 
turn the black attenuator knob until a meter deflection in the top 2/3 
of the scale is obtained. If this is not possible the transparent knob 
may also be used. In all cases the transparent knob should be kept as 
far clockwise as possible. The optimum signal to noise ratio is thus 
obtained. 

5. Taking care to avoid overloads as described in "Measurement of 
Sound" point 7, the meter reading together with the attenuator sett
ing gives the RMS vibration in the units required. The indication on 
the attenuator corresponds to fu II scale deflection of the meter. 

Voltage Measurements 
Voltage measurements may be made as follows: 

1. Fit the Sound Level Meter with its I nput Stage and the jack socket 
adaptor JJ 2614. 
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2. Fit the Attenuator Scale 3 B and turn the meter scale to Vibration 
Meter~ 

3~ Turn the METER SWITCH to "Batt" and check the condition of the 
batteries. 

4. Turn the METER SWITCH to "Fast", WEIGHTING NETWORK 
switch to "Lin" and ATTENUATOR knobs to "Ref" . 

5. Using a small screwdriver, turn the GAl N ADJ potentiometer so that a 
"Sensitivity Correction" of "0" is indicated on the red scale. 

The Sound Level Meter is now correctly calibrated for voltage measure
ments. 
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3. Description 

General 
The 2204 is a compact, battery operated instrument for precision sound and 
vibration measurements. It combines ease of portability and simplicity of 
operation with the highest degree of accuracy and versatility. 
This instrument is a development of the well tried B & K 2203 Precision 
Sound Level Meter. Whilst keeping the same external dimensions it adds 
several features to the capability of the 2203. The main feature is that it 
measures accurately impulsive sounds. Other features are its ability to 
measure signals of high crest factor, the capability of holding a meter deflec
tion, overload indicators to aid accuracy of measurement and interchange
able attenuator and meter scales which enable direct measurement of sound, 
vibration or voltage with a wide range of different transducers. 
The instrument conforms to I EC 179 for Precision Sound Level Meters, the 
proposed IEC recommendation for Impulse Sound Level Meters and to DIN 
45 633 parts 1 and 2. 
With the 1" microphone 4145 it has a dynamic range of 15 dB (A) to 140 
dB and a frequency range of 2 Hz to 18 kHz. 
The amplifier's linear response range is from 2 Hz to 70 kHz and it contains 
in addition to the A, Band C frequency weighting networks the new D 
weighting (see Introduction). When the B & K Octave Filter Set 1613 is 
added it becomes an easily operated and portable frequency analyser. Two 
recorder outputs are provided - AC for the recording of ordinary sound and 
vibration and DC which is principally intended for the recording of impulse 
sound. 

Technical Description 
A block diagram of the 2204 is shown in Fig.3.1. The 2204 is diviOed into 
the following parts. 

1. Condenser microphone. 
2. I nput stage. 
3. Attenuator and input amplifier. 
4. Input overload indicator and phase splitter. 
5. Weighting networks. 
6. Attenuator and output amplifier. 
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7. Output overload indicator. 
S. RMS circuit. 
9. Meter amplifier and hold circuit 

10. Voltage Supply. 

1. Principle of Condenser Microphone. 
A condenser microphone consists essentially of a thin metallic diaphragm 
mounted in close proximity to a rigid back plate. They are electrically 
insulated from one another and from the electrodes of a capacitor using air 
as the insulator (Fig.3.2). A stabilised DC polarization voltage maintains a 

Diaphragm Insulator 

Back plate Housing 

162f5P 

Hole for static pressure equalization 

3.2. Schematic of condenser microphone. 

constant charge between the electrodes provided the time constant of the 
charging circuit is much longer than the period of the sound pressure variati
ons. When sound pressure waves are incident on the diaphragm, the distance 
between the diaphragm and backplate changes so the capacitance changes 
and an AC voltage is produced. By careful design, the AC output voltage 
waveform can be made similar to that of the sound pressure level waveform 
through extended frequency and dynamic ranges. 

2. Input Stage (or Preamplifier) 
The low capacity of the condenser microphone makes it necessary to have a 
high input rmpedance in the input stage: This impedance is made up of a 
high resistance to ensure. a low lower limiting frequency and a low capaci
tance to ensure minimum attenuation of the microphone signal. 
A simplified circuit diagram of a condenser microphone and preamplifier 
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3.3. Circuit of condenser microphone and preamplifier. 

(Fig.3.3) and the equivalent circuit (Fig.3.4) will aid explanation. 

The output voltage V 0 is determined from 

From this the lower frequency limit fn is determined by 

fn = 2 . R . (Ct + Cs + Cin) 

and for frequencies f» fn 

where Ct 
Cs 
Cin 
R 
Eo 

b. C (t) . Eo 

Ct + Cs +Cin 

capacitance of the transducer (microphone cartridge) 
stray capacitance 
input capacitance of preamplifier 
input resistance of preamplifier 
polarization voltage 

R 

C (t) = Variation of capacitance due to sound pressure (function of time t) 
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6C(t)Eo ,.-..J 

Ct 

3.4. Equivalent circuit. 

R 

(charging time constant Rc C » RC and is therefore neglected in the equiva
lemt circuit). 
It can be seen that the sensitivity is proportional to the polarization voltage 
but inversely proportional to the capacitance. Any capacitance additional to 
the transducer capacitance e.g. that of the preamplifier would load the 
transducer and decrease the output voltage Yo. This means that the total 
capacitance in circuit should not exceed Ct of the transducer more than 
necessary. Hence it can be seen that Cin must be small. 
From equation (i) it can be seen that R must be large if a linear frequency 
response in the low frequency region is wanted. 
The input stage is fully transistorised and is built around a low noise silicon 
field-effect transistor. This gives an input impedance of about 20 G Q paral
leled by < 0.5 pF. (Typically 0.25 pF). 
Fig.3.5 shows the dB correction (addition) necessary due to the attenuation 
caused by the preamplifier input capacity. As the instrument as a whole is 
calibrated for the open circuit sensitivity of the microphone this attenuation 
is not taken into account when the meter is calibrated using the built-in 
referp,nce voltage. However, the attenuation produced by the input stage (of 
the order of 0.1 dB) is included. It can be seen that for 1" and 1/2" 
microphones (capacities 70-20 pF) the capacitive attenuation is only about 
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3.5. Attenuation caused by preamplifier input capacity. 

0.1 dB so calibration using the built-in reference voltage will be sufficiently 
accurate for most purposes. 
More significant attenuation occurs when the 1/4" or 1/8" microphones 
(capacity 7 - 3.5 pF) are used. It is then advisable to calibrate the system 
using a pistonphone. 
When accelerometers are used their capacities are so large (tv 1000 pF) that 
the input capacity has no effect on the attenuation of the signal so no 
corrections are necessary. 
To ensure negligible attenuation of the output from the stage, the output 
im~3dance is only about 50 Q . The loading is limited however by the 
current handling capacity of the stage when long extension cables are used 
to remove it from the rest of the meter. See Accessories. 
Without capacitive load the input stage can handle signals up to 10 v R MS. 
A further chart (Fig.3.6) shows the maximum SPL's that can be measured 
accurately with the 1" and 1 /2" microphones with respect to the crest 
factor of the signal. 
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3.6. Maximum SPL's that can be measured accurately with 
1" and 1/2" microphones with respect to crest factor 
of signal. 

3. Attenuator I and Input Amplifier. 

-

The input attenuator follows the input stage and is designed to step down 
the input signal in accurate 10 dB steps. The range of the attenuator is 0 to 
70 dB. A graph of the attenuator frequency characteristics is shown in 
Fig.3.7. 
After the attenuator comes the input amplifier. A high input impedance "'" 
10 M Q)and a low output impedance (tV 3Q) ensures neglible loading of the 
attenuator and that loading by weighting networks or external filters does 
not affect the output. The limited current handling capacity of the amplifier 
requires, however, that the output of the amplifier is not loaded by less than 
500Q. Heavy feedback ensures low distortion ( < 0.1 %). 
For calibration purposes the amplification can be varied from ± 3 to - 13 dB 
by means of the screwdriver potentiometer placed in the feedback loop. 
Fig.4.10 shows the frequency characteristics of the amplifier for various 
tem peratu res. 
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4. Input Overload Indicator and Phase Splitter 
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When using the 2204 in its linear position, overload of the amplifiers can be 
observed on the indicating meter by overdeflection of the needle, but when 
weighting networks or external filters are used, certain signal components 
will be attenuated and will not reach the output amplifier and show up on 
the meter. It can be seen therefore that while the output amplifier may not 
be overloaded the input amplifier may well be. Hence an overload indicator 
is placed immediately after the input amplifier, as suggested by the I EC 
extension to 179 for I mpulse Sound Level Meters. 
If the output voltage exceeds a certain peak value a monostable multi
vibrator is triggered. The multivibrator is kept in its "on" mode for about a 
second, during which time the indicator lamp will flash a few times. A phase 
splitter between the input amplifier and the overload indicator ensures indi
cation for both positive and negative peaks. 

5. Weighting Networks 
The A, B, C and D weighting networks are placed between the input and 
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3.8. A, B, C and 0 weighting networks. 

output amplifiers and a graph showing their characteristics is shown in Fig. 
3.8. The A, Band C networks comply with the basic shape and tolerances 
set by I EC Recommendation 179 and the proposed 0 network has been also 
designed to lie within these same tolerances. (Fig.3.9) 
These tolerances apply to the whole meter in a free sound field for normal 
incidence of the sound waves. The calibration is only valid when the opera
tor has a negligible influence on the sound field at the position of the 
microphone. 

6. Attenuator II and Output Amplifier. 
To obtain the best possible signal to noise ratio the output attenuator is 
divided into two sections, both operated by the same knob. The first section 
comes immediately after the weighting networks and the second after the 
output amplifier. The attenuator has a range of 0 to 50 dB and is divided 
into 10 dB steps. It's characteristics are shown in Fig. 3.7. 
The output amplifier is also divided into two sections, the first being 
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Frequenc')l Curve A Curve B Curve C Curve b I EC Tolerance B&K Tolerance 
Hz dB dB dB dB limits dB limits dB 

10 -70.4 -38.2 -14.3 -27.6 5 _ 00 3 - 3 
12.5 -63.4 -33.2 - 11.2 -25.6 5 -00 3 - 3 
16 -56.7 -28.5 - 8.5 - 23.5 5 - 00 3 - 3 
20 -50.5 -24.2 - 6.2 -21.6 5 -5 3 - 3 
25 -44.7 -20.4 - 4.4 -19.6 5 -5 2 - 2 
31.5 -39.4 -17.1 - 3.0 -17.6 3 -3 1.5 - 1.5 
40 -34.6 -14.2 - 2.0 -15.6 3 -3 1.5 - 1.5 
50 -30.2 -11.6 - 1.3 -13.6 3 -3 1.5 - 1.5 
63 -26.2 - 9.3 - 0.8 -11.6 3 -3 1.5 - 1.5 
80 -22.5 - 7.4 - 0.5 - 9.6 2 -2 1.5 - 1.5 

100 -19.1 - 5.6 - 0.3 - 7.8 1 -1 1 - 1 
125 -16.1 - 4.2 - 0.2 - 6.0 1 -1 1 - 1 
160 -13.4 - 3.0 - 0.1 - 4.4 1 -1 1 - 1 
200 -10.9 - 2.0 0 - 3.1 1 -1 1 - 1 
250 - 8.6 - 1.3 0 - 1.9 1 -1 1 - 1 
315 - 6.6 - 0.8 0 - 1.0 1 -1 1 - 1 
400 - 4.8 - 0.5 0 - 0.3 1 -1 1 - 1 
500 - 3.2 - 0.3 0 0 1 -1 1 - 1 
630 - 1.9 - 0.1 0 - 0.1 1 -1 1 - 1 
800 - 0.8 0 0 - 0.4 1 -1 1 - 1 

1000 0 0 0 0 1 -1 1 - 1 
1250 0.6 0 0 + ,1.9 1 _1 1 - 1 
1600 1.0 0 - 0.1 5.4 1 -1 1 - 1 
2000 1.2 - 0.1 - 0.2 8.0 1 -1 1 - 1 
2500 1.3 - 0.2 - 0.3 10.0 1 -1 1 - 1 
3150 1.2 - 0.4 - 0.5 11.0 1 -1 1 - 1 
4000 1.0 - 0.7 - 0.8 10.9 1 -1 1 - 1 
5000 0.5 - 1.2 - 1.3 10.0 1.5 -1.5 1.5 - 1.5 
6300 - 0.1 - 1.9 - 2.0 8.5 1.5 -2 1.5 -2 
8000 - 1.1 - 2.9 - 3.0 6.0 1.5 -3 1.5 - 3 

10000 - 2.5 - 4.3 - 4.4 3.0 2 -4 2 -4 
12500 - 4.3 - 6.1 - 6.2 - 0.4 3 -6 3 -6 
16000 - 6.6 - 8.4 - 8.5 - 4.4 3 -00 3 - 00 

20000 - 9.3 -11.1 -11.2 - 8.1 3 _00 3 -00 

3.9. Weighting network tolerances. 
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between the attenuator sections. The second section is built as a push-pull 
amplifier in order to feed the RMS rectifier. 
To give the instrument a large operating temperature range, silicon diodes 
are used in the RMS rectifier. A relatively large voltage drop occurs across 
them so a certain amount of distortion is produced in the rectified signal. 
To compensate for this distortion, further diodes are inserted in the feed
back loop of the output amplifier. These produce a characteristic distortion 
which counteracts the distortion due to the rectifying diodes so a correct sig
nal is passed on to the meter. 
When a recording is being made from the AC output the signal comes 
directly from the output amplifier so the "built-in" distortion from the 
diodes in the feedback loop cannot be tolerated. Hence whEm the meter 
switch is set to "Rec" these diodes are short circuited. 
I n the other positions of the Meter switch the meter is connected and the 
diodes are present in the feedback loop, so distortion occurs in the signal 
fed to the AC output socket. In this case therefore the signal is only suitablq 
for headphones. 
The direct connection of headphones to the output amplifier, however, 
would load it and affect the meter reading so a potential divider and emitter 
follower are connected between the output amplifier and output socket for 
positions of the meter switch other than" Rec". 
In the recording position the meter shows the battery voltage. The output 
voltage of the amplifier which corresponds to full scale meter deflection is 5 
V RMS and its maximum permissible output voltage is 100 V peak to peak. 

7. Output Overload Indicator 
As mentioned in the I ntroduction, the IE C extension of 179 proposes that 
in order to safeguard against harmonic distortion due to the overdriving of 
the amplifier by signals with too high a peak value, overload indicators 
should be placed at the amplifier stage before a filter and before the meter 
rectifier. 
An output overload indicator is thus fitted before the meter rectifier. When 
it flashes, but no overdeflection of the meter needle occurs, it indicates that 
the crest factor of the signal is too high for the instrument. The indicator's 
operation is similar to that of the input overload indkator. 

8. RMS Circuit 
In principle RMS circuits consist of squaring, averaging and root extracting 
sections (Fig.3.10.a). The actual circuit (Fig.3.10.b) is made with variable 
squaring i.e. the parameter of the parabola is a function of the voltage on 
the averaging condenser. It can be shown that the two circuit principles are 
identical, except for the RC product which must be twice as large in the 
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3.10.a) Principal sections of RMS circuit. 
b) RMS circuit of 2204. 

latter case. 
The mode of operation of the RMS circuit can be understood by consider
ing Fig.3.10.a.lf a step voltage V1 is applied to the input the voltage E at the 
output will rise according to the function: 

This function is the basis for the impulse SL-meter standard's requirements 
for single impulse response. 
If the input voltage steps down from a constant value V 1 to 0, E will 
decrease according to the function: 

-~ 
E = K1 . V1 . e 2 R·C 

When repeated impulses are applied the decay function will influence the 
measured result as shown in Fig. 3.12. 
It can be seen that if the time constant of the integrating RC - combination 
is large compared to the periodic time T, E 1 and E2 will be nearly equal due 
to the averaging effect of the RC component. This is the case when the RMS 
value of the applied voltage is required. 
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The "peak" voltage E 1, calculated from 

E 1 = K 1 . V 1 ~1 - e k 
~1 - e ';'J,c 

is the basis for the impulse SL - meter standard's requirements for the 
response for sequences of impulses; This voltage therefore must be stored in 
a hold circuit so that the relatively slow meter can be given sufficient time 
to respond. 
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3.11. a) Maximum permissible crest factor at a particular scale 
reading. 

b) Accuracy of scale readings. 
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The I EC proposal for Impulse SL - meters states that the mean square value 
of the signal should be produced with an RC averaging time constant of 35 
m. sec. (The corresponding time constants in pos. "Fast" and "Slow" are 
approx. 100 m.sec and 500 m.sec). 
In the 2204 the squaring section is accurate to within ± 0.5 dB up to crest 
factor 10 since 8 breakpoints are used to approximate the squaring curve. 
Transistors have been used in place of diodes to produce the breakpoints 
since they enable high crest factors to be handled. Crest factors up to 10 can 
be handled at full scale deflection and up to 40 with a lesser meter deflecti
on. (The crest factor capability at the upper 12 dB on the meter sc;ale is 
limited only by the output amplifier). 
Fig.3.11.a shows the maximum permissible crest factor at a particular scale 
reading to ensure correct indication of RMS values. 
Fig.3.11.b shows the accuracy of scale readings over the complete scale for 
signals of crest factor up to 40. 
The I EC recommend certain characteristics for the instrument as a whole 
when measuring impulsive sounds. These are summarised as follows: 
If a single burst sinusoidal signal, having a frequency of 2000 Hz, a duration 
t and a constant amplitude the reading relative to the reading for the conti
nuous signal shall be as stated in Table 1: 

Table 1. Reading for single impulses. 

Pulse 
duration t 

ms 
continuous 

50 
20 
10 
5 

Reading with respect 
to read i ng of 
continuous signal 

dB 
o 

-1.2 
-3.6 
-6.0 
-8.8 

Tolerance 

dB 

± 1 
± 1.5 
± 2 
± 2 

If sinusoidal signals having a frequency of 2000 Hz (cis), a duration of 5 ms 
and a repetition frequency fp are applied with a constant amplitude the 
reading relative to the reading for the continuous signals shall be as stated in 
Table 2: 
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Table 2. Reading for sequences of impulses. 

Repetition frequency 

fp' Hz (cis) 
continuous 

100 
50 
20 
10 
5 
2 

Reading with respect 
to read i ng of. 
continuous signal 

dB 
o 

-2.7 
-5.1 
-7.6 
-8.5 
-8.7 
-8.8 

Tolerance 

dB 

1 
1.5 
2 
2 
2 
2 

The values given in Taqles 1 and 2 are shown in Figs. 3.12 and 3;13. 
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3.12. Response for single impulses. 
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3.13. Response for sequences of impulses. 

Meter Amplifier and Hold Circuit 
As mentioned, in the section on the RMS circuit E 1, from Equation (III), is 
the required value for impulse measurements. This maximum value is stored 
in a circuit the operation of which can be followed with reference to Fig. 
3.14. When a voitage E 1 is applied to the input of the circuit the operational 
amplifier will rapidly charge the condenser C to a voltage V2 very nearly 
equal to E 1. If E 1 is then decreased or removed the diode D will cause the 
voltage on C (nearly equal to V2) to be stored. C will only be discharged by 
leakage of the components or leakage through a resistor in parallel. 
The , decay time constant for impulse SL measurements is specified in the 
I EC proposal for Impulse SL meters at 3 sec± 1 sec. Since the figures in this 
standard are determined on'ly by the peak value of the voltage on the 
averaging condenser in the RMS circuit, the "Hold" and "I mpulse" positi
ons will give rise to the same reading for the figures specified. 
Measurements on single impulses will, however, be much more easily carried 
out in the "Hold" position. This position will also be very convenient if the 
maximum RMS value of a varying SL ' is wanted. 
The hold action can be released by the Meter Reset button which short 
circuits the diode D. This diode is short circuited automatically when the 
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meter is set to the "Fast" or "Slow" meter dampings. The high amplificati
on of the operational amplifier prevents the voltage drop across the diode 
having any significant influence on the linearity of the circuit. The decay 
time constant in the "Hold" position is about 1/2 hour at 250 C. A typical 
decay time, vs temperature curve is shown in Fig.3.15. 

10. Voltage Supply 
The voltage supply is designed as a DC to DC converter and delivers both 
stabilised and unstabilised voltages to the amplifier circuits. A correct volt
age can be supplied from any battery voltage between - 3 and - 4.6 V. To 
calibrate the circuitry of the meter a square wave at 2.5 kHz is produced. 

r----~r1 + 200 V 

o 
~69t'34 

3.16. Voltage supply circuit. 

The polarization voltage for the microphone is produced by voltage doubl
ers and is stabilised with a Zener diode as shown in Fig. 3.16. The tempe
rature coefficient of the Zener diode is 210m V /oC or about 0.1 %/oC. 
The correction needed due to change in temperature is seen in Fig.3.17. 
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3.17. Temperature, correction for polarization voltage. 
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4. Operational Characteristics and Accuracy 

Directivity. 
A factor to be considered when taking measurements is the directional 
characteristics of the microphone. Ideally a sound level meter should have 
the same sensitivity for sound coming from all directions. Unfortunately 
this cannot be achieved in practice except in the case of relatively low 
frequencies because of the size of the instrument on which the microphone 
is mounted or the size and shape of the microphone itself. 
For higher frequencies, when the dimensions of the sound level meter are 
comparable to the wavelength of the sound, the sound field around the 
instrument will be disturbed and the pressure on the microphone diaphragm ' 
will depend on the direction from which the sound is coming. 
Tests were made on the 2204 in an anechoic chamber without the operator 
present (unless otherwise stated). I n all cases readings were taken with the 
meter held in two positions - with the meter horizontal, front panel upwards 
and with the meter horizontal, front panel sideways. 
When the 2204 is fitted solely with a 1" microphone the results are quite 
directional but even so, for preliminary investigations, good accuracy is 
obtainable as long as the sound is incident at angles less than 200 . 

In Fig.4.1 are the directional characteristics with 1" microphone and ran
dom incidence corrector and in Fig.4.2 are the characteristics with 1/2" 
microphone. The I EC recommendation for Precision Sound Level Meters 
may be summarised as follows: The microphone shall be omnidirectional 
and its sensitivity shall be within certaintoleranceswithin an angle of ±900 

incidence (Table I) and within another set within ± 300 incidence (Table II). 

Frequencies Permissible tolerances 
Hz(c/s) dB 

31.5 - 1 000 1 - 1 
1 000- 2000 1 - 2 
2000 - 4000 1 - 3 
4000 - 8000 1 - 6 
8000 - 12500 1 -10 

Table I Permissible tolerances on microphone sensitivity 
over an angle of ± 900 
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4.1. Directional characteristics of 2204+UA0196+4145+UA0055. 
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4.2. Directional characteristics. of 2204+UA0196+4133. 
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Frequencies Permissible tolerances 
Hz(c/s) dB 

up to 2 2000 0.5 -0.5 
2000 - 4000 0.5 -1 
4000 - 8000 0.5 -1.5 
8000 - 12500 0.5 -2 

Table II Permissible tolerances on microphone sensitivity 
over an angle less than 300 
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Better omnidirectivity still can be obtained by removing the microphone 
and input stage from the meter by means of an extension cable. (See Figs. 
4.3 and 4.4). Smaller microphones may also be used if a loss in sensitivity 
can be tolerated. 

Random I ncidence Sound 
The omni-directionality of the instrument becomes more important when 
the sound is incident from all directions. Such examples are noise from 
several sources in a machine shop or noise from a single source in a room 
but reflected by hard boundaries so the field is more or less diffuse. 
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4.4. Free-field corrections for 4145 + Random Incidence 
Corrector. 

Under such circumstances the Random I ncidence Corrector fitted in place 
of the normal protection grid on the 1" microphone gives enhanced overall 
'cha racter i st i cs. 
A comparison of Figs. 4.3 and 4.4 should be made. 
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Reflection 
Whenever an object as large or larger than the wavelength of the sound is 
placed in the sound field, it will cause reflections and thus an irregularity in 
the field. When the sound field is diffuse or consists of many frequencies, or 
both, no problem arises, but if the sound waves are free, plane or spherical 
with one or two predominant frequencies the reflections produced can 
cause considerable errors of measurement. 
With this in mind the front of the meter is cone shaped to reduce reflecti
ons. 
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f69(11 

4.5. Reflections due to presence of operator. 

An idea of the reflections caused by the operator can be obtain~d from 
Fig.4.5. I nvestigators have found 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 400 Hz (where the maximum reflections from 
the human body occur) up to 6 dB may even be experienced. An excellent 
treatment of this rather complicated subject of reflections has been publish
ed by R. W. Young in the journal "Sound", Vol 1. 1962 page 17. 
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 instrument say by holding the meter to one side and 
observing any difference in reading. Usually sufficiently accurate readings 
are obtainable by simply fitting the extension rod and -holding the sound 
level meter forward so the microphone is 1 m away from the body. See Fig. 
4.5. 
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To further reduce the influence of the operator an extension cable may be 
used. 

The Effec;t of Background Noise 
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 mea
surements 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 
operating, then no correction for background noise is necessary. 
When the difference between "total" noise level and background noise level 
is between about 10 and 3 dB an approximate correction may be made by 
consulting the chart shown in Fig.4.6. 
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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The Microphone 4145 and I nput Stage 
Each microphone is supplied with an individual calibration chart showing its 
complete technical specification and its frequency response. Such a frequen
cy response curve is shown in Fig.4.7. The free field response curve with 
Random I ncidence Corrector UA 0055 (curve F 1) has been superimposed 
and is not supplied on an actual calibration chart. 
A typical free field response for the microphone when fitted to th~ 2204 is 
shown in Fig.4.8 . 
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4.7. Typical frequency characteristics of 4145. 
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The operating temperature range of the microphone is - 50 to 1500 C though 
there is a permanent sensitivity change when operated at high temperatures 
for a long time. 
The variation in microphone sensitivity with temperature is shown in Fig.-
4.9 and some frequency responses for various temperatures are shown in 
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Fig.4.10. The flexible extension rod should be fitted when operating over 
temperatures of more than 500 C, so that the I nput Stage is not overheated. 
Apart from that no precautions are necessary to retain the fidelity of the 
I nput Stage. 
The temperature range over which the calibration of the complete apparatus 
changes by less than 0.5 dB is - 20 to + 500 C. When the microphone is 
operated at more extreme temperatures it is advisable to recalibrate the 
whole system. 
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4.9. Sensitivity change of 4145 with temperature. 
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4.10. Frequency responses for various temperatures. 

Relative Humidity 
The microphone is unaffected by relative humidity as long as no condensati
on occurs inside it. 

Vibration 
The effect of vibration on a typical microphone and input stage is shown in 
Fig. 4.11. I n all cases a constant acceleration of 1 g RMS was applid vertical
ly and the reference accelerometer was fitted on the object under test. When 
the microphone was tested it was fitted with a metal screw cap in place of 
the normal protective grid to prevent sound affecting the diaphragm. The 
accelerometer was fitted as close to the diaphragm as possible. The dummy 
was an equivalent capacitance to that of the microphone. 
As is to be expected the microphone is most affected when the vibration is 
perpendicular to the diaphragm. The noise from 1 g RMS can then amount 
to an equivalent S.P.L. of about 85 dB. 
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Fig.4.11 a. I nfluence of vibration. 

49 



50 

SPL dB 

100 

90 

80 

70 

I 

r I 

N 

I ~ 

oJ II) \) \ 

, 
1\ 
-r'V' 

1,1 
II 

I\rI ~ I 

I~ V ~ 

60 1\f\~\1 ~ V v~ ~J 

(b) 

50 

40 

30 

20 

a 
20 

, , 
~fl l A 

" ( \ h~ 
A 

V f" I J \ 

~ ~ W II 

I~ 1/ 
u 

I 

• J\~ J 
.A. ...... j~ ~ W~\ ~ , ..... m 

100 lk 5k Hz 

II with dummy m with dummy 
~691f'T 

F ig.4.11 b. I nfluence. of vibration. 



SPL dB 

(c) 

100 r----r---r--r-----------r----,-----r-rl 

I~ 
90~~--~--------~--r-~/-~11 I 

80~~---~--~n-~ __ ---.~~++1~~ 
~l j I 

40~-~--~-----~-_ffl-r~ 

30~~--~----~--+~_H 

1 

20 ~~--~-----~---+~-r 

10L-~--L----___ ~_~~~1 

20 100 1k 5k Hz 

" Const. occ. ' 1 9 RMS 

I with microphone (4131) 
][ with dummy 

Fig.4.11c. Influence of vibration 

51 



Pressure 
The change in sensitivity due to a change in ambient pressure of 10% is ± 
0.2 dB. A graph is shown in Fig.4.11. 
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4.12. Sensitivity change with pressure. 

Electric Fields 
The sensitivity of the microphone and input stage to an electric field is 
negligible as long as the protection grid is kept on. 

Magnetic Fields 
The effect of a magnetic field on the microphone and input stage is negligib
le. The effect on the input stage alone is also negligible. 

THE METER AS A WHOLE 

The Amplifiers 
The frequency response of the input stage and the input amplifier for vari
ous temperatures is shown in Fig.4.10. This was recorded using the output 
to the external filter. (i.e. on the meter Ext.Filter In.). 
The response of the whole meter, taken from the AC output socket and 
through the meter circuitry is also shown. 
It can be seen that in all cases the output is affected by less than 0.5 dB and 
this only occurs at the extreme ends of the frequency range. 

Sound 
A typical graph of the acoustic sensitivity of the meter without microphone 
is shown in Fig.4.13. This shows the sensitivity for the linear position but in 
all cases, no matter what position of the "Weighting Network Switch", the 
sensitivity is at least 60 dB below that of the meter with the 1" microphone. 
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Vibration 
The effect of vibration on the meter by itself with the microphone replaced 
by a dummy on an extension cable (and not vibrated) is shown in Fig.4.12. 
In all cases a constant acceleration of 1 g RMS was applied vertically. The 
meter is most affected when it is laid flat on its back and vibrated vertically. 
Then 1 g RMS produces noise of an equivalent S.P. L. of less than 35 dB 
around 1 to 2 kHz. 

Electrostatic Fields 
The sensitivity of the meter as a whole to an electrostatic field is negligible. 

Magnetic Fields 
A magnetic field of 1 0rsted (80 Aim) and 50 Hz produces an equivalent 
S.P.L. of 31 dB (Lin) on the meter and input stage. 

Relative Humidity 
The effect of relative humidity on the sensitivity is < 0.5 dB up to 90%. 

Distortion 
Distortion from the input amplifier sets an upper limit to the useful range of 
the instrument. The voltage limit is 10 V RMS (Sin). A higher input voltage 
will give rise to considerable distortion. Fig.4.14 shows the voltage produced 
by various microphones for various S.P.L.'s. Hence it can be seen for ex
ample that the maximum S.P.L. measurable with a 1" microphone is about 
140 dB for this meter. 

Inherent Noise Levels. 
The lower limit of measurement is governed by the inherent noise level in 
the meter itself. This depends on which weighting network is used. 
Fig.4.15 shows typical inherent noise levels for the meter when fitted with 
the Octave Filter Set 1613 and a 1" or 1/2" microphone. The B & K 
spe~ification limits are also shown; 

Accuracy of Vibration Measurements. 
The lower limiting frequency of the accelerometer and meter is set by the 
input stage at 2 Hz. When it is required to remove the meter from the 
accelerometer position it is recommended to fit extension cables between 
the input stage and meter rather than between the accelerometer and input 
stage in order not to decrease the voltage sensitivity . 
The upper frequency limit of the accelerometer should be found from the 
accelerometer calibration chart since this will be within the frequency range 
of the meter. 
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The dynamic characteristics of the combination are set by the inherent 
noise and distortion levels in the meter. The range of "g" levels that can be 
measured by the combination is printed on the attenuator scale for the 
particular accelerometer being used. 
Specifications for the Integrator can be seen in the Accessories chapter. 

dB 

30 

OOOOQOOOO 0 0 0 00 a 0000 0 0 000000 00000000 000000 0 0000 0 00 0 00 0 00 ........ ~ .. l,;. ..... ... 
~ 2204+1" Mic.+ ...... ., 

20 

10 -
31.5Hz 63Hz 125Hz 250Hz 500Hz 1kHz 2kHz HHz 8kH; '16kHz 

-I691QI 
OP 1102 

000000000000000000000000000000000000 0 000 0 00 0000000 000 00 ........ .... ..... .... .... 
dB 

50- 2204+1/2" Mic. -

~n-
14' :1~V 

lop 1102 
~ 

4.15. I nherent noise. 
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5. Accessories 

The accessories available for the 2204 can be seen in Fig.5.1. The accessories 
supplied with the 2204 are: 

1. Input Stage ZC 0007. {Described earlier} 
2. Adapter JJ 2614 
3. 1/2" - 1" Adapter DB 0962 
4. Flexible Extension Rod UA 0196 
5. 1/2" - 1" Adapter DB 0375 
6. 1 in Microphone 4145 (Described earl ier) 
7. Random I ncidence Corrector UA 0055 
8. Windscreen UA 0207 
9. 4 Plugs JP 0006 

2. Adapter JJ 2614 
This screws directly onto the input 
stage and allows connection of an 
accelerometer cable via a minia
ture/standard plug adapter JP 0028. 
JP 0028 is supplied in the accelero
meter set. 

3. 1/2" - 1" Adapter DB 0962 
This screws onto the input stage 
and allows direct connection of a 
1" microphone to the input stage. 

JJ 2614 

DB 0962 
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4. Flexible Extension Rod 
UA 0196 

This is 21 cm (8 1/4") long and fits 
between the input stage and the 
1/2" microphone or one of the mi
crophone adapters. 

5. 1/2" - 1" Adapter DB 0375 
Th is is necessary when the extensi
on rod and a 1" microphone are to 
be used. 

7. Random I ncidence Corrector 
UA 0055 

This is intended to be used for all 
normal measurements with a 1" mi
crophone. It replaces the normal 
protecting grid and considerably 
improves the omnidirectivity of the 
system. The directional response of 
a 1" microphone and random inci
dence corrector is shown in Fig.4.4 
and a typical frequency response is 
shown in Fig.4.9. 

8. Windscreen UA 0207 

DB 0375 

UA 0055 

When a microphone is exposed to wind, noise will be generated due to the 
variation of air pressure on the diaphragm. The three principal reasons for 
this are: 

(I) wind velocity variations 
(II) the turbulence created around the microphone when 

it is placed in the wind 
(III) the interference between the variation in air pressure 

caused by (I) and (II) 

Extensive tests have been made with various windscreens and it has been 
shown that the normal "out of doors" varying wind velocity. This can be 
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reduced by a spherical windscreen 
such - as the UA 0207 which is re
commended for use for all outdoor 
measurements. The material of the 
windscreen presents a great resistan
ce to the wind but the acoustic 
impedance remains small. The 
windscreen is of course larger than 
the microphone so it produces 
more turbulence but because the 
turbulences are further away from 
the diaphragm the noise is still re- UA 0207 
duced. 
The windscreen is a ball of specially prepared porous polyurethane sponge 
and is best fitted to the microphone when it is attached to the extension 
rod . Then the microphone can be positioned so the diaphragm is at the 
centre of the windscreen. 
Free field correction curves for the windscreen are shown in Fig.5.2. 
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5.2. Free-field correction curves for windscreen UA 0207 
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9. Plugs JP 0006 
These coaxial plugs fit the input 
and output sockets on the 2204 
and the Octave Filter Set 1613. 4 
are supplied. JP 0006. 

A number of other accessories are also available on demand. They are: 

10. Octave Filter Set 1613 
11. Adapter JJ 2615 
12. Integrator Z R 0020 
13. Accelerometers 
14. Microphone Extension Cables AO 0027/28/29 
15. 1/2", 1 /4", 1 /8" microphones 
16. 1/2" - 1 /4" and 1 /2" - 1 /8" Adapters UA 0035/6 
17. Nose Cones UA 0051/2/3 
18. Windscreen UA 0237 
19. Pistonphone 4220 
20. Sound Level Calibrator 4230 
21. Connection Cable AD 0007 

10. Octave Filter Set 1613 
This filter set is designed to allow the 2204 to analyse noise and vibration. It 
fits the meter with the aid of four screws thus making one compact and 
portable unit. There are 11 octave filters with centre frequencies arranged 
from 31.5 Hz - 31.5 kHz in accordance with ISO standards. Hence the 
overall frequency range covered is 22 Hz to 45 kHz which therefore includes 
the entire audiofrequency range. 
Each filter satisfies the requ irements of I EC Recommendation 225, and 
ASA S1.11 class II and has a response as shown in Fig.5.4. They may be 
switched in successively by means of the selector switch. A linear position, 
where the filters are by-passed, is also available. 
The attenuation of each filter is 0 dB ±0.5 dB within most of its pass band. 
The signal from each filter may also be individually attenuated from 0-50 
dB by means of the potentiometer which is in parallel with the filter output. 
These potentiometers can be adjusted with a screwdriver through small 
holes in the front cover of the filter set. It is thus possible to obtain filter 
characteristics that match individual noise limit requirements set for parti
cular measurements. An example is shown in Fig.5.5. The linear range can 

62 



also be attenuated by 0-50 dB. A switch in the upper right-hand corner of 
the front plate allows the potentiometers to be switched in or out. 
The filter should be fed from a signal source having an impedance of not 
more than 25 Q and the load impedance should be 146 k Q in parallel with 
40-60 pF. These conditions are automatically fulfilled when the meter is 
used with the 2203 or the 2204. The maximum input voltage that can be 
applied to the filters without noticeable distortion is approximately 1 Vblt 
(Types 2203 and 2204 only supply 0.3 and 0.2 V respectively for full scale 
deflection at the meter). 
The electrical connection between the filter set and sound level meter is 
provided by a connecting bar. The functions of the various controls may be 
understood with regard to Fig.5.3. 

In 

Out 

F'*!uency I·t.: 

Octave Film Set 

5.3. Octave Filter Set 1613. 

IN and OUT. 

ctave 
SeLection 

Weighting 
Potentiometers 

-163720 

These sockets are for connection to the Sound Level Meter external filter 
sockets via the Connection Bar JP 0400 or to other equipment via cables 
AO 0034 or AO 0035. These sockets, like those on the Sound Level Meter 
take B & K coaxial plugs JP 0006. 

aCTA VE SELECTION 
This knob is used for selecting the required octave filter. The numbers 
indicate pass-band centre frequency. 
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WEIGHTING POTENTIOMETERS. 
These potentiometers are screwdriver operated and are used to give different 
attenuation in each pass-band when the WEIGHTING SWITCH is in position 
"On" . 

WEIGHTING SWITCH. 
When this is set to "Off" the weighting potentiometers are out of action. 

64 

000 . 0000000000000000000000000000000000000000 
I00.I'11-

"",-,,-, 

' .. 

1- /-

'" 10 1000 10000 

266003 

5.4. Frequency characteristic of octave filters. 

oonoooooooooooooooooooooooooooooooooooooooo 

-~. 

f--If---

f--- I- :- e--

1--1- 1--1--1--

.-'- -/------y-

,.., I 

10000 

166120 

5.5. The attenuation of the pass-band can be adjusted 
individually for each filter, 



SPECI FICATION: 
Frequency Range. 22 Hz - 45 kHz covered by 11 octave filters. 

Filter Characteristics: 
Centre frequencies: 31.5 - 63 - 125 - 250 - 500 - 1000 -
2000 - 4000 - 8000· 16000·31.500 Hz. 
Passband uniformity: within ±0.5 dB. 
Attenuation outside passband: 
At the band limit (1/2 octave from the centre frequency) 
3 ±1 dB. 
One octave from centre frequency: Approx. 25 dB. 
Two octaves from centre frequency: Approx. 50 dB. 
Three octaves from centre frequency: Approx. 68 dB. 
Each filter satisfies the requirements of I EC Recommendation 
225 and ASA S1.11-1966. 
Octave Band Filter Class II. 

Maximum I nput Voltage: Approx . 1 V. 
Rang of Attenuation: 0-50 dB. 
Operating Temperature Range: -20 to 500 C. 

Dimensions: Height 
Width 
Depth 

Weight: 2.5 kg (5.5 Ibs). 

15.5 cm (6.25 in) 
12.0 cm (5.0 in) 
9.0 cm (4.0 in) 

Accessories Supplied: Electrical connecting bar JP 0400. 

See Specifications chapter for frequency ranges with 2204. 

11. Adapter JJ 2615. 
This allows direct connection of a miniature accelerometer cable to the 
input stage; 

JJ 2615. 
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12. Integrator ZR 0020. 
This is a two-stage integration network and allows measurement of accelera
tion, velocity and displacement during vibration studies. The frequency re
sponse is: 

5.6. Integrator ZR 0020. 

Accelerometer capacity 1000 pF 

Acc: 3 Hz - 10kHz to.5 dB 

Vel: 25 Hz - 5 kHz ±0.5 dB 
15 Hz - 10kHz ± 1.5 dB 

Displ: 50 Hz - 2 kHz ± 0.5 dB 
20 Hz - 4 kHz ± 1.5 dB 

Accelerometer capacity 300 pF 

Acc: 5 Hz - 10kHz ±0.5 dB 
3 Hz - 10kHz ± 1.5 dB 

Vel: 35 Hz - 5 kHz ±0.5 dB 
25 Hz - 10 kHz ±1.5 dB 

Displ: 50 Hz - 2 kHz ±0.5 dB 
30 Hz - 4 kHz ±1.5 dB 

The temperature coefficients are: 
Velocity +0.02 dB/oC 
Displacement + 0.04 dB/OC 

Frequency response curves for the integrator and 2204 are shown in Fig.5.7. 
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5.7. I ntegrator frequency characteristics. 

13. Accelerometers. 

5k 10k 

Frequency Hz 
-I6VfJ6 

The B & K range of accelerometers are of the piezoelectric compression 
type. The various types of accelerometer that can be used with the 2204 are 
shown in Fig.5.1. Type 4336 is no longer available. 
A very extensive calibration and temperature stabilizing procedure has been 
undertaken to ensure completely predictible performance and stable opera
tion. On a calibration chart delivered with each accelerometer is given it's in
dividual: 

Voltage sensitivity, charge sensitivity 
Capacity 
Full frequency response curve 
Resonance frequency 
Maximum transverse sensitivity and 
Variation of sensitivity and capacity 
with temperature. 

The accelerometers may be used up to 2600 C without cooling and are all of 
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4319 

a waterproof, sealed construction which will withstand operation under 
severe environmental conditions. 
They may be delivered in sets containing one accelerometer with cable, 
magnetic clamp, screws, Adaptor plug JP 0028, cementing stud, probes, wax 
and tap for fastening, or in packages containing 5 accelerometers and 5 
cables. 
A summary of their specifications is shown below. For more information 
consult a B & K catalogue or an agent. 

Type 4332 4333 4334 4335 4338 4339 4343 4344 4340 
Sets with accessories 4312 4313 4314 4315 4318 4319 4323 4324 4320 
Packages of 5 4352 4353 4354 4355 4358 4359 4363 4364 
Sensitivity range (mV/gO 45·65 14·24 45·65 14·24 app. l00 10±0.2 app. l0 2·3 14·24 

each 
direction 

Charge sensitivity (pC/g) 40·60 10·20 40·60 10·20 100±2 app.lO 10±0.2 2·3 10·20 
Frequency range 2% (Hz) 0 '·6000 0'·9000 0 ' 5000 0'·8000 0'· 1500 0'·10000 0 '· 10000 0'·25000 0'·5000 
Natural resonance (kHz) 45 60 45 60 20 75 75 125 45 
Mounted resonance (kHz) 30 45 25 40 12 45 45 ~ 80 23 
Weight (gr.) 30 13 30 13 50 16 16 2 36 
Base material St.Steel Titanium St. Steel Titanium St. Steel St .Steel St. Steel Titanium Titanium 
Water cooling No No Yes Yes Yes No No No Yes 
Configuration Com· Com· Com· Com· Inverted Com· 

pression pression pression pression Single ended Single ended Single ended Single ended pression 
Compression compression compression compression 

01 g = 982 cm/sec 
2 

~ower limiting frequency is determined by input impedance of preamplifier. For 2204 this is 2 Hz. 

14. Microphone Extension Cables. 
These cables are meant for fitting between the meter and the input stage. 
Due to the limited current handling capacity of the input stage, extension 
cables are liable to produce distortion of the signal. A knowledge of the 
maximum voltage and maximum frequency of a signal is an aid to choosing 
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AO 0029 

the maximum permissible length of extension cable before distortion is 
introduced. An example of the use of Fig.5.8 is: 

If a signal has a maximum voltage of 3.16 V (sin) and a maximum frequency 
of 11 kHz then an extension cable of type AC 3028 should not exceed 20 m 
in length and a cable of type AC 3029, 12 m. 
The cable AD 0027 is 3 m long and is made from cable type AC 3029. 6 
mm outside diameter. 
The cables AD 0028/9 are 10 and 30 m long respectively and are made from 
cable type AC 3028 which is double screened. 9 mm outside diameter. 

15. 1/2", 1/4", 1/8" Microphones 
The range of B & K condenser microphones is designed for precision sound 
level measurements in the infrasonic, audio and ultrasonic frequency ranges. 
They feature good temperature properties, wide frequency range and excel
lent long term stability. Each size (except for the 4138) is available with a 
linear 00 incidence free field frequency response or a linear pressure respon
se so a suitable microphone can easily be chosen for a particular application. 
An important consideration when choosing a microphone is that the smaller 
the microphone size the wider is its frequency range and the better its 
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5.8. Frequency ranges with extension cables. 

omnidirectivity but the lower is its sensitivity. Thus with the smaller micro
phones only high intensity noise can be measured. They have the advantage 
however that they produce less turbulence with high wind velocities. 
The specifications of the various microphones available with the 2204, when 
used with the 2204 are shown in the table on pqge 69. 

16. Microphone Adapters. 
The 1/2" - 1/4" and 1/2" - 1/8" microphone adapters UA 0035 and UA 
0036 respectively are used to connect 1/4" or 1/8" microphones to the 
input stage or extension rod. 

UA 0036 
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Cartridge Type 4138 4135 4136 4133 4134 4144 4145 

Approx. 
Open Circuit 1 3-5 1 - 2 10 - 15 55 50 
Sensitivity mV ~er 

N/m 

Frequency Range 
with 2204 30 Hz- 8 Hz- 8 Hz- 5 Hz- 5 Hz- 2 Hz- 2 Hz-
± 2 dB 70 kHz 70 kHz 20 kHz 40 kHz 20 kHz 7 kHz 18 kHz 

Frequency Free Field Free Field Pressure Free Field Pressure Pressure Free Field 
Response and Pressure and Rand. 

Approx. 
Dynamic Range o 76 - 175 64 - 162 70 - 170 32 - 153 15 - 140 
with 2204 (dB) 

Diameter 1/8" 1/4" 1/2" 1" 

-....J 
o Range from 5 dB above equivalent A-weighted inherent noise level to 4% harmonic distortion. 



17. Nose Cones. 
The nose cones UA 0051/2/3 are for use with 1", 1/2" and 1/4" micro
phones respectively. 
They are designed to reduce the noise produced by turbulence when micro
phones are exposed to high wind speeds and are especially effective with 
constant windspeeds and fixed directions as for instance in wind tunnels. 
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5.9. Aerodynamically induced noise levels for 1" microphone 
+Nose Cone UA 0051. 



They are made to substitute the normal protection grid of the microphones, 
and are of a streamlined shape in order to give the least possible air resistan
ce. The fine wire mesh around the circumference allows sound waves to 
penetrate to the microphone diaphragm; while a truncated cone behind the 
mesh reduces the air volume in front of the diaphragm. Typical noise reduc
tion curves for the Nose Cone UA 0051, when fitted to a Condenser Micro
phone Type 4131 are shown in Fig.5.9. When the Nose Cones are used 
together with the free-field type Microphone Cartridges (4145, 4131, 4133 
and 4135) excellent omnidirectional characteristics are obtained for the 
combination, see Fig.5.1 O. 
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18. The Windscreen UA 0237. 
This is exactly the same as UA 0207 but fits 1/2" microphones. 

19. The Pistonphone 4220. 
This is a portable, battery driven instrument. It produces 124 dB re 2x 10-5 
N/m2 ± 0.2 dB at 250 Hz ± 1% sinusoidal waveform. They are individually 
calibrated and a barometer, reading direct corrections for changes in baro
metric pressure, is supplied. It fits 1" to 1 18" microphones. 

20. The Sound Level Calibrator 4230. 
This is a pocket sized portable, battery driven instrument weighing only 260 
gm. It produces 9"4 dB re 2x10-5 N/m2 ±0.25 dB at 1000 Hz ± 1.5% which 
makes it independent of weighting networks. It's waveform is sinusoidal and 
has less than 1 % distortion. The sound pressure is independent.of micro
phone volume and static pressure. It fits 1" and 1/2" microphones. 

4220 4230 

21. Connection Cable AO 0007. 
This meter cable connects the output of the meter to recording instruments. 

JP 0018 AC 0016 JP 0006 

q "~t==s===i)====:::=tI:::P 
1.2m 

AD 0007 
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6. USE WITH OTHER INSTRUMENTS 

Third Octave Band Analysis 
The third octave filter sets Types 1612, 1614 and 1615 are all suitable for 
use with the 2204. Although not so conveniently portable as the Octave 
Filter Set,these filter sets can be used wit the meter to give an accurate third 
octave or octave analysis. Connection to the : Sound Level Meter is as indi
cated in. Fig.6.1 for the Type '1614. 

""iiii.i.iiiIi .... 

1104 

- .. ~= 

".'4 

6.1. Connection of Filter Set 1614. 

Graphical Recording of Sound or Vibration and Analysis 
Using the Level Recorder Type 2305 with one of the Third Octave Filter 
Sets described above, complete octave and third octave spectrograms of 
sound or vibration signals can be recorded automatically. Switching of the 
filters is performed by signal pulses from the Level Recorder, which also 
provides power for the switching mechanism of the Filter Set. 
Recording of continuous signals should be made from the OUTPUT AC 
socket of the 2204 with the METE R SWITCH in position "Batt (Rec)", for 
in this switch position distortion of the output signal is a minimum. 
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6.2. 1/3 octave analysis. 

Setting up of 2305 to record from DC output of 2204 
Typewriter, teleprinter and similar noise cannot be regarded as continuous 
noise. If a recording is made from the AC output with "Fast" or "Slow" 
meter response the recording will be found to be too unsteady. The "Impul
se"· response position should be used for these and the more obviously 
impulsive noises. The recording should be then made from the DC output. 
The 2305 must be adjusted so that the deflection on the paper is equivalent 
to the reading on the meter of the 2204 as shown in Fig.6.3. 
The adjustment is made as follows : With the 2204 set to "Ref" adjust the 
"Gain Adj" until the meter reads the microphone's open circuit sensitivity. 
With this same pointer deflection read off the dB reading on the dB scale. 
Adjust the input potentiometer of the 2305 until the pen has .an equivalent 
deflection. DC output voltages of up to 5 dB above the meter scale range 
can be accurately measured, but the permissible crestfactor of the measured 
signal will be reduced accordingly. (See Fig.6.3) 
When impulse sound levels are measured a 25 dB potentiometer shouid be 
used and the following adjustments be made: 

Potentiometer Range 
Rectifier 
Lower Limiting Freq. 
Writing Speed 

: 25 dB 
:DC 
: 50 Hz 
: 315 mm/sec. 

The paper to be used is QP 1102. Fig.6.3. 

Statistical Distribution of Sound or Vibration Levels 
An extension of the range of application of the Level Recorder is the 
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Statistical Distribution Analyser Type 4420, which, with input from an 
instrument such as the Sound Level Meter, may be used for collecting 
statistical data on noise and vibration. · The Statistical Distribution Analyser 
consists mainly of a pulse generator and thirteen digital counters. The pulses 
are distributed to twelve of the counters on the writing arm of the Level 
Recorder Type 2305, the writing width of which is divided into ten bands 
(see Fig.6.4). Since the writing width of the Level Recorder corresponds to 
either 10, 25, or 50 dB, depending on which range potentiometer is employ
ed, the degree of statistical resolution can be selected accordingly. The 
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6.4. Presentation of data from Statistical Distribution Analyser, 

thirteenth counter counts the total elapsed time, so that relative distribution 
curves can be constructed from the data provided on the counters. 
Connection of instrumentation for these measurements is shown in Fig.6.5. 

~,' -. 
iii .:.: 
-.;: .. 

6.5. Connection of Statistical Distribution Analyser. 

Tape Recording of Sound and Vibration Data. 
The tape recorder is a very useful tool in sound and vibration measurements. 
It's principal applications are (a) Repetition of transient signals for frequen
cy analysis (b) Data collection and storage for later analysis (c) Frequency 
transformation. I n all these applications, the 2204 provides a high quality 
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input to the recorder, and it becomes especially valuable for field measure
ments with a battery operated portable recorder. The OUTPUT AC socket 
of the Sound Level Meter should be connected to the Line Input of the 
Tape Recorder, the input impedance of which should be greater than 10 k 
Q. With the METER SWITCH at the recommended position of Batt (rec), 
the output voltage for the level which would give full scale deflection at any 
attenuator position, is 5 Volts RMS. For a tape recorder which requires a 
recording level considerably less than 5 Volts, an attenuator such as that 
shown in Fig.6.6 may be used. 

>10kQ 

6.6. Attenuation of Sound Level Meter output for tape 
recorder. 

o 

If a tape recorder such as the B & K 7001 is used, it's input attenuator can 
of course be used. 
Before and after the recording reliable reference signals should be recorded. 
For sound signals, either the Piston phone Type 4220 or the Sound Level 
Calibrator Type 4230 is suitable. 
Any necessary attenuator adjustment to accomodate the calibration signal 
should be noted. 
For analysis of the recorded signal, the equipment shown in Fig.6.7 is 
suitable. The Audio Frequency Spectrometer Type 2112 could be replaced 
by the Frequency Analyser Type 2107 or by the Measuring Amplifier and 
Heterodyne Slave Filter, Types 2606 and 2020 respectively, if a narrower 
bandwidth analysis is required. The calibration signal should be used for 
adjustment of the gain of the tape recorder output to its optimum value, 
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and then to adjust the gain of the measuring amplifier by means of the 
Range Switches and its "Sensitivity Amplifier I nput" potentiometer. When 
correctly calibrated, the measuring amplifier should indicate the appropriate 
level of the calibration signal. The recording of interest can then be analysed 
by means of a tape loop repetition or direct analysis. 

(5 • 

i ::.:: 
~:~ _o_.:.;::.'~'· 2_".~· 

....---11--(4-.-)0 c{!2 . .:.~.-;. 

2112 

6.7. Set-up for analysis of recorded data. 
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7. Specifications 

Specifications for sound measurements refer to the meter with input stage, 
flexible extension rod and 1" microphone 4145 unless otherwise stated. 

Dynamic range 
Measured from 5 dB above noise level to maximum permissible sinusoidal 
voltage (RMS) 1" microphone: 

"Lin" 2 -18000 Hz 63,UV - 10V 
"C" 13,UV - 10V 
"B" 9,UV - 10V 
"A" 6)JV - 10V 
"D" 25}JV - 10V 

with 1613 1/1 oct. 500 - 16000 Hz
o 

125 - 16000 Hz 
31,5 - 16000 Hz 

with 1614 1/1 oct. 500 - 16000 Hz 
16 -16000Hz 
4 - 16000 Hz 

with 1614 1/3 oct. 100 - 16000 Hz 
20 - 16000 Hz 

2 - 16000 Hz 
with 1614 "Lin" 2 - 18000 Hz 

"Lin" 22,5 - 18000 Hz 
"c" 
" B" 
" A" 
"0" 

° Where filters are used the filter centre frequency is quoted. 

1/2" microphone: 
"Lin" 2 - 40000 Hz 
I'C" 

36 - 140 dB 
22 - 140 dB 
19 - 140 dB 
15 - 140 dB 
25 - 140 dB 

12 - 140 dB 
18 - 140 dB 
23 - 140 dB 
18 - 140 dB 
25 - 140 dB 
35 - 140 dB 
15 - 140 dB 
22 - 140 dB 
32 - 140 dB 
36 - 140 dB 
26 - 140 dB 
31 - 140 dB 
28 - 140 dB 
21 - 140 dB 
25 - 140 dB 

60 - 154 dB 
46 - 154 dB 

81 



"8" 
"A" 
"D" 
with 1613 1/1 oct. 

with 1614 1/1 oct. 

with 16141/3 oct. 

with 1614 "Lin" 
" Lin" 
"C" 
"8" 
"A" 
"0" 

Frequency Response 
1" microphone Type 4145 

Lin 

500 - 31500 Hz 
125 - 31500 Hz 
31,5 - 31500 Hz 

500 - 31500 Hz 
125 - 31500 Hz 

4 - 31500 Hz 
500 - 40000 Hz 
125 - 40000 Hz 
20 - 40000 Hz 

2 - 40000 Hz 
2 - 40000 Hz 

22,5 - 40000 Hz 

6 - 4000 Hz 
4 - 12000 Hz 
3 - 18000 Hz 

Sensitivity: approx. 50 mV per N/m2. 

Temperature Coefficient: approx. - 0.005 dB/oC 

Temperature Range: -50 to 1500 C 

40 - 154 dB 
36 - 154 dB 
46 - 154 dB 
34 - 154 dB 
40 - 154 dB 
45 - 154 dB 
34 - 154 dB 
40 - 154 dB 
54 - 154 dB 
30 - 154 dB 
36 - 154 dR 
42 - 154 dB 
50 - 154 dB 
60 - 154 dB 
48 - 154 dB 
55 - 154 dB 
50 - 154 dB 
42 - 154 dB 
46 - 154 dB 

±0.5 dB 
± 1 dB 
+ 1 dB 
-1.5 dB 

Long Term Stabi lity: ± 0.1 dB plus < + 0.1 dB per 10 years at operati ng 
temperature below 350 C. At 1 OooC typically + 0.2 dB per 100 hours. 

1/2" microphone Type 4133 
Lin 10 - 8000 Hz 

6 - 20000 Hz 
4 - 40000 Hz 

Sensitivity: approx. 10 mV per N/m2 
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Temperature Coefficient: approx. - 0.005 dB/OC 

Individual calibration charts are supplied with every microphone. 

Amplifiers 
Input and output amplifiers 
Linear 3 Hz to 30 kHz 

2 Hz to 70 kHz 

Input Ampl ifier 
Linear 5 Hz to 200 kHz 

2 Hz to 200 kHz 

Total Amplification 114 dB 
Temperature range - 200 C to 500 C 

Attenuators 
Accuracy of attenuator switching 

Input Stage 

±0.5 dB 
± 1 dB 

±0.5 dB 
± 1 dB 

±0.2 dB 
±0.5 dB 

5 Hz to 50 kHz 
2 Hz to 80 kHz 

Removable to permit mounting remote from meter body in connection with 
B & K standard cables AO 0027, AO 0028, AO 0029. 
I nput impedance approx. 20 G Q in parallel with < 0.5 pF. 
Output impedance approx. 50 Q . 

Weighting Networks 
A, Band C to specification of I EC Recommendation 179. 
D to specification of Fig.3.S. 

External Filter Sockets 

Outputs 

IN: Output impedance: 
OUT: Input impedance: 

5 Q in series with 400,uF 
146 k Q 

AC Output (Meter Switch in position "Batt (Rec)") 
Output Impedance 200 Q 

Minimum Load Impedance 10 kQ 
Output Voltage for the signal 
which would give full scale 
meter deflection 
(open circuit): 5 Volts RMS 
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Maximum output 
Noise 

100 Volts peak to peak 
at least 50 dB below full scale 
deflection. 

Note: Use of "Fast", "Slow", "Impulse" Meter Switch positions is not 
recommended for AC recording since some distortion exists. An AC Output 
Voltage is present with these functions selected, however, and 1.5 Volts 
RMS corresponds to full scale deflection. 

DC Output (Meter Switch in position "Hold", "Imp", "Fast", "Slow" ) 
Output Impedance 25 k Q 

Direct short circuit of the DC output will not affect the 
meter reading. 
Output Voltage proportional to meter deflection. 1 volt 
(open circuit) corresponds to full scale deflection. 

Meter Damping 
"Fast" and "Slow" in accordance with I EC 

Recommendation 179 
"1 mpulse" in accordance with proposed extension to I EC 179 
"Hold" indicates maximum RMS level of input signal. 
Rise time constant 35 m.sec. Decay time constant approx. 
30 min. at 250 C. 

Meter Indication 
Crest Factor Capability: 

Meter accuracy: 

10 at full scale deflection, increasing 
to 40 at -2 dB (2.5 (8) on Vibration 
Meter Scale). 
For crest factor up to 10. 
±0.5 dB from -2 dB to 10 dB 
±1 dB from -10 dB to -2 dB for sound 
±0.5 from 1 to 10 or ,x'.8 from 

3 to 31.6 for vibration. 

These limits are increased by 0.5 dB for crest factors between 10 and 20, 
and by 1 dB for crest factors between 20 and 40. See also Fig.3.11. 

I nherent Noise 
"Li near" : 
"A": 

Maximum 30}JV referred to input 
Maximum 2.8}JV referred to input 

These values were measured with 60 pF in parallel with input. 
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Polarisation Voltage 
200 Volts stabilised 
Effect of temperature shown in Fig.3.17. 

Overload Indicators 

Calibration 

I ndicate overloads over 100 m sec. in duration on input and 
output amplifiers. 

Sound Measurements 
The whole instrument can be calibrated at 124 dB re 2x10-5 
N/m2, 250 Hz, using the Pistonphone Type 4220. (Accuracy 
±0.2 dB), or at 94 dB re 2x10-5 N/m2, 1000 Hz using the 
Sound Level Calibrator Type 4230 (accuracy ±0.3 dB). The 
calibration is valid for free-field measurements with sound inci
dent normal to the microphone diaphragm. 

Sound, Vibration, and Voltage Measurements 
A reference voltage is incorporated to check the amplifiers and 
meter circuit. Stability is better than ±0.2 dB over the range of 
operating temperatures. 

Directional Characteristics 
See chapter "Operating Characteristics and Accuracy". 

Effect of Vibration 
See Fig.4.12. 

Effect of Sound Field on Amplifiers 
At least 60 dB below sensitivity of 1" microphone. 

Effect of Static Pressure 
Approx. -0.003 dB per mm Hg. 

Effect of Magnetic Field 
With 1" microphone fitted, a magnetic field due to a current of 80 ampere 
turns/metre (approx. 1 Oersted) produces a meter deflection of 31 dB 
SPL. 

Effect of Humidity 
Less than 0.5 dB for relative humidity 0 to 90%. 
When subjected to extremes of humidity for considerable lengths of time it 
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may be necessary to recalibrate the instrument. 
When not in use, the instrument should be stored in a dry place. 

Operating Temperature 
-200C to 500C (-40F to 1220F) 

Batteries 
3x1.5 Volt flash-light cells (Type R 20 in I EC Publication 86 - 2) 8 hours 
battery life for normal operation. Means of checking battery voltage provid
ed. 

Dimensions 
Length: 56 cm (22 ins) including flexible 

extension rod and microphone 
33 cm (14.7 ins) meter with input stage. 

Width: 12 cm (4.75 ins) 
Height: 9 cm (3.5 ins) 

Weight 
With flexible extension rod and microphone: 
Meter with input stage 

Accessories. 

3 kg (6.7 Ib) 
2.7 kg (6 Ib) 

The accessories available for the 2204 can be seen in Fig.5.1. The accessories 
supplied with the 2204 are: 

I nput Stage ZC 0007. 
Adapter JJ 2614. 
1/2" - 1" Adapter DB 0962. 
Flexible Extension Rod UA 0196. 
1/2" - 1" Adapter DB 0375. 
1" Microphone 4145. 
Random I ncidence Corrector UA 0055. 

Windscreen UA 0207. 
4 Plugs JP 0006. 

A number of other accessories are also available on demand. They are: 

Octave Filter Set 1 613. 
Adapter JJ 2615. 
Integrator Z R 0020. 
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Accelerometers. 
Microphone Extension Cables AD 0027/28/29. 
1/2" - 1 /4" and 1 /2" - 1 /8" Adapters UA 0035/6. 
Nose Cones UA 0051/2/3. 
Windscreen UA 0237. 
Pistonphone 4220. 
Sound Level Ca librator 4230. 
Connection Cable AD 0034. 
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