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This compact battery-operated instrument 
with digital read-out of sound level con
forms to IEC Publication 651 fulfilling the 
requirements of the Type 0 (Impulse) Labor
atory Reference Standard sound level me
ter. The detector has the standardized lm
·pulse, Fast, and Slow modes and a Peak 
mode (rise time: 50 ps). It has automatic 
gain control giving a large dynamic range of 
90 dB(A) for direct measurements, tape re
cording/reproduction technique using FM 
Tape Recorder Type 7003. Manual gain con
trol is also provided. The measuring range 
is covered in three ranges shifted 20 dB 
each. The SPL is shown on a 1 /3" 4-digit 
display updated at 0,1 or 1 second intervals 
or manually. The manual updating also pro
vides a max. hold facility. The frequency 
range is 20Hz to 20kHz and the A, B, C, 
and D weighting networks are built in. 
External filters such as 1 61 3 and 1 61 6 
can be connected for frequency analysis 
(also of weighted signals). Plug-in input 
stage allows long cables between instru
ment and microphone. The SLM accepts 
1 /2" microphones directly, other micro
phones via adaptors. AC, DC and digital out
put facilities to peripheral equipment. 

+ Brliel & Kjrer 
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with digital read-out of sound level con
forms to IEC Publication 651 fulfilling the 
requirements of the Type 0 (Impulse) Labor
atory Reference Standard sound level me
ter . The detector has the standardized lm
·pulse. Fast, and Slow modes and a Peak 
mode (rise time: 50 ps). It has automatic 
gain control giving a large dynamic range of 
90 dB(A) for direct measurements, tape re
cording/reproduction technique using FM 
Tape Recorder Type 7003 . Manual gain con
trol is also provided. The measuring range 
is covered in three ranges shifted 20 dB 
each . The SPL is shown on a 1 /3" 4-digit 
display updated at 0,1 or 1 second intervals 
or manually. The manual updating also pro
vides a max. hold facility. The frequency 
range is 20Hz to 20kHz and the A, B, C, 
and D weighting networks are built in. 
External filters such as 1 61 3 and 1 61 6 
can be connected for frequency analysis 
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type 2210 

Impulse Precision Sound Level Meter with Digital Read-out 

FEATURES: 

• Complies with IEC 
standard 651 Type 0 
(Imp.)* 

• Equipped with individually 
calibrated, high sensitivity, 
precision condenser 
microphone 

• Removeable input stage 

• 90 dB(A) dynamic range, 
also when recording with 
Tape Recorder Type 7003 

• 24 to 140 dB(A) 
measuring range with the 
supplied 1 /2" condenser 
microphone 

• "Peak", "Impulse", "Fast" 
and "Slow" response 
(specified impulse 
response in "Fast" and 
"Slow" modes) 

• "Max. Hold" facility in all 
response modes 

• "D", "A", "8", "C" and 
"Lin." frequency weighting 

• 90 to 1 00 dB dynamic 
recording range with the 
Level Recorder Type 2306 

• Digital recording when 
used with the battery 
operated Alphanumeric 
Printer Type 2312 

• Digital output from B & K 
low-power interface 

• AC monitor output with 
constant amplitude 

* IEC 651 supersedes the earlier IEC recommendations 
123, 179 and 179 A , Type 0 corresponds to the most 
severe degree of precision 

044-81 

The Impulse Precision Sound Level 
Meter Type 2210 is a unique digital 
sound level meter offering the high
est precision and credibility available. 
It is specially suited for the measure
ment of values which should meet 
legal requirements . Jt is designed 
to IEC 651 Type 0 Laboratory Refer
ence Standard. There is an 80 dB 
measuring range on each attenuator 
setting to permit uninterrupted meas
urement and recording over a wide 
range of signal variations. The 221 0 
can transfer its wide dynamic range 
to the FM Tape Recorder Type 7003, 
and it offers the possibility for digital 
printout in conjunction with the Prin
ter 231 2. Peak hold, maximum level 
hold, A, B, C, and 0-weighting, plus 
the provision for connecting external 
filters and recorders are built in. 

USES: 
• Noise and vibration 

measurements in scientific 
research and development 

• Noise and vibration 
measurements in industry 
for quality improvement 
and development, noise 
emission certification and 
for health protection 

• Measurement of shock, 
maximum acceleration and 
impulsive sound and noise 
events 

• Audiometer calibration 

• Noise and vibration 
analysis with external 
system-matching filters 



Features of Type 0 
Sound Level Meter 

The 221 0 meets the recommen
dations for Type 0 Laboratory Refer
ence Sound Level Meters described 
in the standard IEC 651 supersed
ing IEC 123, 179 and 179 A. Com
pared to Type 1 precision sound le
vel meters, the Type 0 Laboratory 
Reference has closer tolerances on 
frequency response , omnidirectivity, 
attenuator accuracy, detector/ indi
cator accuracy, amplitude linearity 
and stability. 

Type 0 sound level meters have 
greater reproducability because the 
specification controls their response 
to impulsive or fluctuating noise 
characteristics. The response of the 
detector to tone bursts of varying du
ration is specified for "Slow" , 
"Fast" and "Impulse" modes as 
shown in Fig .1 0 . If the instrument 
has a digital readout , it must have a 
mode which displays the maximum 
level that occurs between readouts. 
Clearly, Type 0 sound level meters 
are designed to provide the ultimate 
in accuracy and repeatability for de
velopment testing and noise emis
sion certification . 

Noise Measurements 
The Laboratory Reference Sound 

Level Meter Type 221 0 is supplied 
with a high sensitivity, 1 /2 inch 
Condenser Microphone Type 4165, 
complete with individual calibration 
chart and frequency response 
curve . The 41 65 provides a measur
ing range from 24 to 140 dB(A) as 
well as a wide frequency range in 
both free and diffuse sound fields, 
because of its excellent omnidirec
tional characteristics. 

A 3 metre Microphone Extension 
Cable is supplied to remove the mic
rophone from all disturbing effects 
of the meter body. This ensures con
formance to the strict frequency re
sponse and omnidirectional require
ments of the Type 0 standard . 
Longer cable lengths are available 
in standard lengths of 1 0 and 
30m. Because the plug-in preampli
fier stays with the microphone, the 
cables have no effect on system per
formance . A flexible Microphone Ex
tension Rod Type UA 0196 is also 
supplied, as well as a Windscreen 
Type UA 0237. 

The Condenser Microphone Ty'pe 
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4165 is stable over a wide range of 
temperature and humidity. Its quarz
coated diaphragm protects against 
corrosive and humid environments. 

Bruel & Kjcer offers a variety of 
microphones for special require
ments. For measuring very high 
noise levels, use a 1 I 4 or 1/8 inch 
microphone. For sound power meas
urements in reverberant rooms, use 
1/ 2 inch Condenser Microphone 
Type 4134 to obtain a uniform ran
dom incidence response up to 
20kHz. And for measurements 
down to 19 dB(A) use the 1 inch 
Type 4145. For complete specifica
tions on individual microphones, 
refer to the data sheet on conden
ser microphones. See also Fig.5 
herein for mounting adaptors that 
may be required. Input Adaptor 
Type JJ 2614 is supplied for direct 
input of electrical signals from other 
transducers. 

The 221 0 has an automatic gain 
control that provides a 90 dB(A) dy
namic range from inherent noise to 
overload. It has three overlapping 
measuring ranges of 24 dB(A) to 
100 dB, 40 to 120 dB, and 60 to 
140 dB . A single attenuator setting 
covers almost any range of ex
pected signal level variation . And its 
wide dynamic range capability is re
tained even when recording on the 
FM Tape Recorder Type 7003. 

Readout is on a bright, 1 /3 inch 
high , 4-digit gas discharge display 
which is very easy to read, even at 
a distance, and which helps elimi
nate reading errors. The display au
tomatically updates at intervals of 
0,1 or 1 s, or manually on demand. 

The 221 0 has internationally 
standardized A, B, C and D weight
ing networks and linear amplifier re
sponse with "Impulse", "Fast", 
"Slow" and "Peak" detector re
sponse. Because the 2210 displays 
the maximum signal level that oc
curs between updates, the manual 
readout control can be used as a 
Max.-Hold facility for all detector 
modes . A constant-level AC output 
permits convenient waveform moni
toring on oscilloscopes and audible 
monitoring with headphones. Other 
features include connections for ex
ternal filters, analog DC output, digi
tal output, and built-in reference sig
nals for convenient calibration 

check. For ease of operation, most 
functions are push-button operated. 

The 2210 is powered internally 
from 3 NiCd D-cells giving 8 hours 
of continuous operation. It can also 
be operated and the cells recharged 
from an external supply. Or alkaline 
cells can be used for 14 hours of 
continuous operation . Battery condi
tion can be indicated on the PEAK 
LEVEL meter. 

Measuring 
Noise Events 

With the 2210 it is easy to mea
sure the maximum level of noise 
events such as vehicle passby and 
airplane flyover . First, select the ap
propriate frequency weighting net
work detector response, e.g . dB(A) 
"Fast" and manual readout mode. 
Then, simply press the MANUAL 
button at start and end of event and 
read the result. Similarly hearing 
loss risks due to impulse noise can 
be evaluated in dB(A) "Impulse" or 
dB (Lin) "Peak" response. 

Vibration Measurements 
Vibration reduction is often the 

Fig.1. 2210 equipped with Integrator ZR 
0020 and accelerometer for vibration 
measurements, and 1/3 Octave Filter 
Set Type 1616 for frequency analysis 



key to noise control. Because of this 
close relationship between noise 
and vibration, the 221 0 is designed 
to quickly convert to a complete vi
bration meter by replacing the mic
rophone with the Integrator Type ZR 
0020 and connecting an acceler
ometer . 

Displacement measurements are 
used to monitor structural and floor 
vibrations caused by unbalance or 
by impulse vibrations from machin
ery. Velocity is used in machine bal
ancing, machine health monitoring, 
and for identifying vibrating panels 
as potential noise sources. And ac
celeration is used to study machine 
vibration at high frequencies. A cir
cular calculating disc permits rapid 
conversion from instrument read
ings to units of displacement, veloc
ity or acceleration. 

System Calibration 
Two calibrators are available for 

system acoustical calibration. Piston
phone Type 4220 calibrates at 
124 dB SPL ± 0,2 dB at 250Hz, 
and Sound Level Calibrator Type 
4230 calibrates at 94 dB SPL 
± 0,25 dB at 1 kHz. When using the · 
2210 as a vibration meter, the Ac
celerometer Calibrator Type 4291 
produces 1 0 ms-2 peak excitation 
at 79,6 Hz (w = 500). Calibrators 
also provide a useful calibration sig
nal for an associated tape recorder 
or graphic level recorder. 

Frequency Analysis 
Measuring sounp, and vibration le

vel is usually only a part of long
term programs. Octave or third-oc
tave frequency analysis is required 
to support enclosure and barrier de
sign and to test conformance to 
Noise Criteria curves. And vibration 
studies usually require narrow band 
analysis. Therefore the 221 0 has 
provision for adding frequency analy
sis filters . 

Octave Filter Set Type 161 3 or 
Third-Octave Filter Set Type 1 61 6 
attaches directly to the sound level 
meter and connects electrically by a 
convenient connecting bar. The 
1613 contains 11- octave filters 
with center frequencies from 
31,5Hz to 31,5kHz. It features re
cessed adjustable attenuation con
trol for each filter so the user can 
normalize the readout of all filters 
to one convenient instrument read-

• • • 
Fig.2. Pistonphone Type 4220 and Sound 

Level Calibrator Type 4230 

ing when calibrating audiometers or 
testing conformance to noise toler
ance curves . The 1 616 contains 34 
third-octave filters from 20Hz to 
40kHz. Portable Tunable Filter Type 
1 621 or Tracking Filter Type 1 623 
can a·lso be used with the 2210. 
Bandwidths are selectable, as nar
row as 3% of tuned frequency on 
the 1 621 and 6% on the 1 623. 

The 221 0 offers the important 
capability of analyzing frequency
weighted signals. For example, it 
can analyze an A-weighted spec
trum and positively identify the dom
inant frequencies or frequency 
bands. This leads the user to more 
efficient noise control procedures. 

Graphic Recording 
The portable Level Recorders 

Types 2306 and 2309 eliminate 
the tedious task of plotting data by 
nand, and they produce immediate 
time history and frequency analysis 
recordings which can be inserted di
rectly into measurement reports . 
When recording community noise 
over long time periods, the fiber 
pens may be replaced by a stylus 
scribing on waxcoated paper. The re
sulting fine recording lirte permits 
slower paper speeds and, therefore, 
an easily - interpretable chart re
cord . Frequency analyses are plot
ted on frequency preprinted 
paper in a few minutes with octave, 
third-octave or narrow band filter. 

The 2 21 0 provides a wide record-

ing range with any linear DC chart 
recorder, e.g. the 2306. Its DC out
put is linear, 50 mV per dB, over its 
full 80 dB measuring range. 

Tape Recording 
The 221 0 overcomes the two ma

jor objections to the use of tape re
corders when it is used with the FM 
Tape Recorder Type 7003 . The first 
objection it overcomes is limited dy
namic range, and the second is the 
complicated recording and playback 
procedures required to obtain accu
rate and .reliable data. 

The 2210 provides a 90 dB(A) dy
namic range on the 7003 by its 
unique recording technique that re
cords the signal at constant RMS 
amplitude on one channel and re
cords its true RMS level as a DC an
alog on a second channel. When 
the signal is played back to the 
221 0, the signal is restored to its 
original time function for analysis 
by external filters. Two 221O's may 

Fig.4. Level Recorder Type 2306, Tape Re
corder Type 7003 and Alphanumeric 
Printer Type 2312 

--------------------------------~ 

·• <!> 

• 
Fig.3. Filters 1613, 1616, 1621 and 1623 
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Fig.5. Survey of accessories available for Type 2210 

be used simultaneously with the 
Tape Recorder Type 7003. 

During both recording and play
back, the sound level meter and 
tape recorder are connected by a 
special signal transmission cable. 
There is no need to remove the mic
rophone and connect the recorder 
as an electrical input. And calibra
tion is automatically maintained. 

Digital Printout 
The 2210 has the B & K low

power interface built-in so it can be 
used with the Alphanumeric Printer 
Type 2312. Print out can be con
trolled from either instrument. 

Data from the 221 0 can be 
stored in the Digital Cassette Recor
der Type 7400 and reconstructed 
on the IEC/IEEE interface bus, e.g., 
for input to a calculator at a later 
date. 
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Technical 
Description 

The 2210 contains a condenser 
microphone, a plug-in input pream
plifier, a preamplifier section with 
automatic gain control to maintain a 
constant level drive signal for the 
frequency weighting networks and 
for external filters, a logarithmic 
RMS detector with a wide dynamic 
range, circuits for AID-conversion 
and data transmission to peripher
als, and a digital display. A refer
ence generator and monitor circuits 
are also included . 

Microphone 
The Precision Condenser Micro

phone Type 4165 has a linear fre
quency response for free-field 
sound measurements at 0° inci
dence. It also has excellent omnidi
rectional characteristics over a wide 
frequency range. These characteris-

tics, of the microphone alone and of 
the complete instrument, are 
shown in Figs. 1 5 and 1 6. Figs. 7 
and 8 show the frequency response 
curves of the complete instrument 
to sine waves in free and diffuse 
fields . All curves are well within the 
requirements of proposed and exist
ing standards. 

The microphone is extremely reli
able and unaffected by wide ranges 
of temperature and humidity varia
tion . The diaphragm is quartz
coated to protect against humid and 
corrosive atmospheres. Back ven
ting allows it to be used with Dehu
midifier UA 0308 for further protec
tion in high humidity environments. 
Sensitivity is typically 50 mV /Pa 
with a polarization voltage of 200 
volts. 

Input Preamplifier 
The plug-in input preamplifier has 

an extremely high input impedance 
to match the high impedance of the 
microphone, and low output imped
ance allowing long cables to be in
serted between the input preampli
fier and the sound level meter. 

Level Range Control 
and Preamplifier 

Following the input stage is the 
INPUT LEVEL attenuator, with three 
ranges, "High", "Med.", and 
"Low", representing ranges of 
24 dB(A) to 100 dB, 40 to 120 dB, 
and 60 to 140 dB . These ranges 
cover, due to the wide dynamic 
range of the succeeding circuits, 
the full measuring range of the 
221 0 . The preamplifier situated af
ter the attenuator ensures correct 
drive of the succeeding circuits. 

Voltage Controlled Amplifier 
(VCA) and Log. Peak Detector 

The VCA can be set for either au
tomatic or manual gain control. In 
the "Auto" mode the gain is con
trolled via the log . peak detector by 
the control voltage to the VCA. The 
detector has short attack time, to en
sure fast regulation of gain. With 
decreasing signal level, the regula
tion is slow to keep harmonic distor
tion low. A moving coil meter, 
PEAK LEVEL, monitors the drive sig
nal for the VCA. When manual gain 
control is used, the gain of the VCA 
can be adjusted with the MANUAL 
GAIN CONTROL potentiometer for 
optimum PEAK LEVEL. 



Condenser 
Microphone TAPE RECORDER EXT. FILTER 

CONNECTOR " To" " From" 
MONITOR 
OUTPUT (ACI 

ANALOG LEVEL 
OUTPUT (DC) 

~=1-1·--

Error signal 

" Rec·· I 

L~~~~~~~~~~---------- ___ .....J 

/~--------+---~-~---~ 
" RESET" ._----------------------------------------~ 

PEAK LEVEL METER 

Tape Recorder Input/Output 
Two output voltages from the 

VCA provide full information about 
the input signal. An AC output with 
constant amplitude presents the 
character of the input signal while a 
logarithmic DC output gives the 
gain of the VCA. These two signals 
are fed to the TAPE RECORDER Con
nector for recording on two of the 
four channels of the FM Instrumen
tation Tape Recorder Type 7003 
which has both the extremely flat 
frequency response and the DC cap
ability required for this purpose. 
When reproduced through the 
221 0 these signals will appear as 
coming directly from the VCA and 
will therefore give readings on the 
display corresponding to those of 
the original signal. This extremely 
simple recording/reproducing tech
nique provides recordings which 
will have the same 90 dB(A) dy
namic range as the 2210 itself. 

Weighting Network and 
Ext. Filters 

From the VCA the signal feeds to 
the built-in weighting network 
which can be switched to A, 8, C or 
D weighting or "Lin." amplifier re
sponse. On the output of the weight
ing network, external filters can be 
connected for frequency analysis, 
even of frequency-weighted signals. 

Fig.&. Simplified block diagram of Type 2210 

2kHz 10 20 
Frequency 761072/ 1 

Fig.7. Free-field frequency response of the complete instrument to sine waves with 0 ° inci
dence 
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Fig.8. Diffuse field frequency response of complete instrument 

The AC buffer amplifier provides 
matching between weighting net
work or external filters and AC MO
NITOR OUTPUT and LMS detector . 

Log-Mean-Square (LMS) 
Detector and Hold Circuit 

The LMS detector provides an out
put signal proportional to the logar
ithm of the RMS-value of the input 
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signal. It has the three standardized 
time constants "Fast", "Slow" and 
"Impulse". Fig.1 0 shows the re
sponse of the circuit to tone bursts 
of varying duration. From the LMS 
detector the signal feeds to a hold 
circuit, which is a peak detector 
with a decay time constant of 3 s 
(corresponding to IEC 651 requi
ered 1 ,5 s time constant). This cir
cuit is a requirement of IEC 651 for 
impulse sound level meters and is 
only active in the "Impulse" detec
tor mode. 

Alternatively the signal can be fed 
to a "Peak" detector to measure the 
absolute peak value . Rise time of 
the peak detector is less than 
50 JlS. 

DC Buffer Amplifier 
Following the hold circuit is a DC 

amplifier where corrections for IN
PUT LEVEL mode and microphone 
correction factor (Ko) are applied. 
This produces an output signal pro
portional to the measured sound le
vel in dB, independent of INPUT LE
VEL mode and choice of micro
phone. 

A/D Converter and 
Clock Generator 

From the buffer amplifier the sig
nal is led to the A/D converter, 
which is continuously updated to 
the maximum value of the input sig
nal during the sampling period. The 
period is determined by the clock 
generator and can be switched to 
0,1 s or 1 s; it can also be operated 
manually. At the end of the period, 
data is transferred via a data buffer 
to the digital display, and the A/D 
converter is automatically reset for 
the next period. The built-in inter
face permits sampling control by 
the Alphanumeric Printer Type 
2312. 

Working Range Detector 
This circuit monitors overloading 

of VCA and underloading of LMS de
tector and provides, if over- or un
derload occurs, an error signal to 
the A/D converter preventing trans
fer of data to the display. The circuit 
is also active during tape playback 
through the 221 0. 

Display 
The measurement result is dis

played on a bright 1 /3", 4-digit, 
gas discharge display, which is very 
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Fig.9. Frequency response curves of the A, B, C and D weighting networks 
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200 500 1 kHz 2 5 10 50 
Frequency 

761150 

Fig.11. Maximum permissible input voltage 
with different lengths of extension 
cable at input, as a function of fre
quency 

easy to read even at a distance. The 
display can indicate SPL up to 
1 60 dB. Measurement errors due to 
under- or overload (error signal 
from working range detector) are in
dicated as"---,-" on the display. 

Reference Oscillator 
For electrical calibration of the 

221 0 itself and connected instru
ments such as tape or level reGor
ders, a 250Hz reference oscillator 
is built in . Six reference levels are 

80,--,-.,-.,on,-~-.--.-ro-.-.~ 
....1 
Cl. 
en 
CD 
't:J 

70r--r-n~r++r~HH-r--~~~ 

20Hz 50 100 200 1 kHz 
770565 

Fig.12. Equivalent SPL when complete 
sound level meter is excited vertically 
at 1 m / s 2 

available; two for each range of the 
INPUT LEVEL switch giving levels 
from 44 dB to 124 dB in 20 dB 
steps, thereby covering all calibra
tion situations. 

Power Supply 
Power is supplied from three built

in NiCd-cells which when fully 
charged provide eight hours of con
tinuous operating time. Alkaline bat
teries can also be used and provide 
1 0 to 1 2 hours of operating time. 



40
20Hz 50 100 200 1 kHz 

770568 

Fig.13. Equivalent SPl when complete 
sound level meter is excited horizon
tally at 1 m f s2 

Fig.14. Equivalent SPl when the Input 
Stage ZC 0007 with Extension Rod 
UA 0196 and microphone is excited 
vertically and horizontally at 1 0 m / s2 

Fig.15. Directional characteristics of Microphone Type 4165 in a free-field 

Fig.16. Directional characteristics of the complete instrument including microphone and exten
sion rod, in a free-field 

Specifications 221 0 
(Specifications refer to 2210 with Extension Rod UA 0196 and Microphone 4165, unless otherwise stated) 

Measuring Range: Frequency Response: (Microphone)* 

Minimum Level (dB) (0° incidence, free-field) 

External Filter Type No. 
±1dB: 4Hzto 12,5kHz 

Max . 
Weighting ± 2 dB: 3Hz to 20kHz 

Dia- Microphone 
Level 

Network 1613 (Octave) 161 6 ( 1/ 3 Octave) (See also Figs .7 and 8) 
meter Type No. 

(dB) * Individually calibrated 31,5- 125- 0,5- 20- 0,5-
D A B c Lin 63Hz 

Lin 
250Hz 16kHz 400Hz 16kHz 

1" 4144- 4145 140 25 18 22 24 28 23 18 15 17 17 28 level Range Control: 

1/ 2" 4165*- 4166 140 34 24 28 34 34 33 28 22 25 19 32 Mode Range 
1/ 2" 4133-4134 152 46 36 40 46 46 45 40 34 37 31 44 "High" 140 dB - 60 dB 1 

Note: The stated values are RMS values * Included in 2210 "Mad" 120 dB - 40 dB 1 
from 5 dB above inherent noise to maximum "low" 100 dB - 24 dB(A)2 
permissible sinusoidal signal 

1 Signal-to-Noise margin > 10 dB(A) 
Frequency Response: (Amplifier) Frequency Weighting Networks: 2 Limit of measuring range 

± 1 dB: 20Hz to 20kHz A. B. C and D 
Accuracy: ± 1% re "Low" +1,-2dB: 10Hzto20kHz 
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Input Impedance of Input Stage ZC 0007: 
> 1 GO II< 0,5 pF (typically 0 ,25 pF) 

Maximum Input Voltage: 
1 OV RMS (sinusoidal). see also Fig .11 

Gain Control Mode: 
"Auto": 
Attack time: < 50JJS 
Restore time: 3 dB/ s 
"Reset": 
Instant restore for "Auto" 
Reset for "Impulse" detector 

"Manual": 
Control Range: 60 dB 

AC Output: (Monitor Output) 
Output Impedance: < 50 0 
Max. Load: 2 kO 
Nominal Output Voltage: 4 ,5 V peak. 
(3, 15 V sine RMS) 

DC Output: (Level Output) 
DC voltage proportional to display-read
ing . OV correspond to OdB, positive rais
ing with 50 mV / dB 
Tolerance: ± 1% of reading± 0 ,2 dB 
Temperature Coefficient: < ± 0 , 1% 
± 0,05 dB/ °C 
Dynamic Range: 90 dB 
Max. Load: 1 0 kO 

Tape Recorder Input/Output: 
Output Impedance: < 50 0 
Max. Load: 1 0 kO 
Input Impedance: > 5 kO 
Connector: 25 -pin connector JP 2500 
(O -range) 

External Filter Sockets: 
Ext. Filter In: 
Output Impedance: < 50 
Max. Load: 500 0 
Ext. Filter Out: 
Input Impedance: 146 kO 

Detector: 
"Peak": Max. Peak value of unweight
ed / unfiltered signal (rise t ime: < 50JJS) 

"Impulse":} Response and 
"Fast": tolerances in 
"Slow": Fig .1 0 
Steady state RMS accuracy: ± 0 , 5 dB 
for crest factors ~ 5, ± 1 dB for crest fac
tors ~ 10 

Display: 
7-segment. 1/ 3", 4 -digit gas discharge 
display 

Display Reading: 
Max . value of detected signal between 

two clock pulses . Measuring error due to 
over- or underload indicated by "---,-. " 

Clock: 
Manual , external or internally generated; 
in internal mode 0 , 1 or 1 s intervals can 
be selected 

Digital Output: 
B & K Low-Power interface 
Data-code: ISO 7-bit code (ASCII) 
Measuring error indication: @ @@@ 

Max. Output sampling rate: 25/ s 
Connector: 25-pin connector JP 2500 
(O -range) 

Overall Amplitude Linearity: 
± 0,4 dB (20Hz to 12,5 kHz) re 84 dB 
SPL 

Differential Amplitude Linearity*: 
± 0,2 dB for AL 1 dB (20Hz to 
12,5 kHz) 
± 0,4 dB for AL ~ 1 0 dB (20Hz to 
12.5 kHz) 

Microphone: 
1 / 2" free -field condenser microphone 
Type 4165 
Sensitivity: 
Typ . 50 mV / Pa, individually calibrated 

Temperature Coefficient: 
Approx . -0,01 dB / °C 
Temperature Range: 
-50 to+ 60°C (-50° to 140°F) 
Long Term Stability: 
1 dB / 300 years at 27°C (81°F) operat
ing temperature 
1 dB / 1 00 hours (typically) at 100°C 
(212°F) 

Polarization Voltage: 
200V 

Calibration: 
Built-in signal generator for electrical cal
ibration 
Frequency: 250Hz 
Harmonic Distortiofl: < 3% 
Effect of Temperature: < 0,1 dB (-1 0 
to 50°C ( 14 to 122°F)) 
Calibration Levels: 1 24; 1 04; 84; 64; 
44dB 

Microphone K0 -factor Adjustment: 
+ 30dB ~ K0 ~ -3dB 

Reference Conditions for Instrument Cali
bration: 

Type of Sound Field: Free 
Ref. Direction of Incidence: Perpendicu 
lar to microphone diaphragm 
Ref. Sound Pressure: 20 JJPa 
Ref. Sound Pressure Level: 84 dB re 20 JJPa 
Ref. Frequency: 250Hz 
Ref. Temperature: 20°C (68°F) 
Ref. Measuring Range: "Low" 

Absolute Accuracy at Reference Condi
tions: 

As IEC Type 0 SLM: ± 0,4 dB 
As IEC Type 1 SLM: ± 0 , 7 dB 

Effect of Ambient Pressure (at 1000Hz): 
< ± 0 ,3 dB for a ± 10% change in pres
sure 

Effect of Temperature (at 1000Hz): 
< 0 ,5dB from -10 to 50°C (14 to 

122°F) referred to indication at 20°C 
(68°F) 

Effect of Humidity (at 40°C (1 04°F), 
1000Hz): 

< 0,5 dB change in sensitivity in the 
range of relative humidities from 65% to 
90% 

Effect of Magnetic Field (at 50 Hz, 80 
A/m): 

Equivalent reading: 
< 28dB (D) 
< 18dB (A) 
< 28dB (B) 
< 36dB (C) 
< 36dB (Lin) 

Effect of Sound Field: 
With microphone replaced by an equiva 
lent electrical impedance: > 60 dB below 
sensitivity with microphone in a 100 dB 
SPL sound field (31 ,5Hz to 8kHz) 

Effect of Electrostatic Field: 
Negligible with microphone grid fitted 

Power Supply: 
3 x 1 ,5 V rechargeable NiCd-cells or al
kaline cells (D -cells , IEC R 20) B & K or
der No. QB 0008 and QB 0004, respec
tively 
Operating Time: 
8 hours, continuous operation with NiCd
cells, 1 0 to 12 hours with alkaline cells . 
Battery condition can be indicated on 
PEAK LEVEL meter 
Recharging: 
From Power Supply Type 2808, Battery 
Charger ZG 0113 or other 12 V DC sup
ply 
Recharging time: Approx . 14 hours 

Dimensions: 
Length: 325 mm (12,8 in) (545 mm 
(21 ,5 in) with Extension Rod UA 0196) 
Width: 120 mm (4,8 in) 
Height: 90 mm (3,5 in) 

Weight: 
2 , 7 kg w ith Extension Rod UA 0196 

Accessories Included: 
1 / 2" Condenser Microphone Type 41 65 
Input Stage ZC 0007 
Flexible Extension Rod UA 0196 
lnputAdaptorJJ 2614 
Windscreen UA 0237 
4 screened plugs JP 0006 
3 rechargeable NiCd-cells QB 0008 
Screwdriver QA 0001 
M icrophone Extension Cable AO 002 7 
2 25-pin Connectors JP 2500 
1 Battery Charger ZG 0113 
1 Tripod Adaptor UA 0588 

Accessories Available: 
See survey Fig .5 

Differential amplitude linearity error is mea
sured between any two arbitrarily chosen points 
in the measuring range wh ich are less than 
1 OdB apart 



2. CONTROLS 

2.1. FRONT PANEL 

I 

-[

To Ext. Filter 

Ext . Filter xt. F i~ter Switch 

From Ext. Filter ----{,:=,--f-.....1 

-·- fyp. 2210 

Microphone 

Extension Rod 
UA 0196 

Microphone Sensitivity 
Correction Switch and 

Potentiometer 

Peak Level 

Ref. 1 Switch ::-J--
Adj. Potentiometer 

(Ref. 1) 

LMS Detector 

Ref . 

Read Out Control (Manual) 

DC Output 

AC Monitor Output 

Weighting Network 
Switch 

780224/ 1 

Fig.2.1. Front view of Type 2210 
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MICROPHONE: 

PROTECTION GRID: 

EXTENSION ROD UA 0196: 

WEIGHTING NETWORK Switch : 

INPUT LEVEL: 

GAIN CONTROL MODE: 

10 

Half-inch Condenser Microphone Type 4165. 

The microphone protection grid should only be removed when the mic
rophone is to be fitted with an accessory such as a Nose Cone UA 
0386 or Rain Cover UA 0393. 

Flexible extension rod which connects the microphone to the sound le
vel meter body at a sufficient distance to minimize the influence of the 
sound level meter body and the operator on the sound field. Extension 
Rod UA 0196 must be used to fulfill the requirements of IEC 651 for 
Type 1 instrumentation. For further details, see section 3.3 . 

Note: Microphone Extension Cable AO 0027 (supplied with the 221 0) 
must be used to fulfill the requirements of IEC 651 for Type 0 instru
mentation. For further details, see section 3.3. 

Seven position rotary switch with positions as follows: 

"Off": Power off position. In all other positions the power is on and 
the display is lit. 

"Batt.": Battery check pos1t1on. A meter needle deflection in the 
green area on the lower scale of the PEAK LEVEL meter indicates suffi
cient power. If the needle deflection is below the green area, the NiCd 
cells must be recharged. (If alkaline or normal dry cells are used, these 
should be replaced when the meter needle deflection is below the 
green area.) During battery check the instrument display shows 
---,-

"A", "B", "C" and "D": Each of these four positions selects the 
corresponding standardized frequency weighting network. See Fig.9, 
Chapter 1. 

"Lin": Gives a linear frequency response from 20Hz to 20kHz. 

Three push-button switches for selecting the most suitable measuring 
range for the proposed measurement. With half-inch condenser micro
phone Type 4165 the measuring ranges are as follows: 

"High": 60 to 140 dB (sine RMS)* 

"Med. ": 40 to 120 dB (sine RMS)* 

"Low": 24 to 100 dB (sine RMS)** 

When the 221 0 is used with other microphones, different measuring 
ranges are obtained. See section 5.1. 

Push-button switches for selecting automatic ("Auto") or manual 
("Manual") gain control of the voltage controlled amplifier (VCA). In 
the "Manual" mode the gain is controlled by means of the MANUAL 
GAIN CONTROL sliding potentiometer. This potentiometer is adjusted 

* Signal-to-noise margin > 10 dB(A) 
** Limit of measuring range (A-weighted) 



MANUAL GAIN CONTROL: 

PEAK LEVEL: 

LMS DETECTOR : 

READ OUT CONTROL: 

EXT. FILTER: 

to give a meter needle deflection within the green area on the lower 
scale of the PEAK LEVEL meter. 

"Reset" resets the peak detector and the hold circuit. 

Sliding potentiometer with 60 dB range for adjusting the gain of the 
preamplifier when the "Manual" gain control mode is selected. When 
the "Auto" gain control mode is selected the setting of the MANUAL 
GAIN CONTROL potentiometer has no effect. 

The PEAK LEVEL meter displays the peak value of the input signal 
when the "Auto" gain control mode is selected. In the "Manual" mode 
the peak value of the output signal from the VCA is indicated. The bat
tery condition is indicated when the WEIGHTING NETWORK switch is 
set to "Batt." . 

Four push-button switches with functions as follows: 

"Slow": Selects standardized "Slow" detector response in accordance 
with IEC 651. 

"Fast": Selects standardized "Fast" detector response in accordance 
with IEC 651. 

"Impulse": Selects standardized "Impulse" detector response in accor
dance with 651 . 

"Peak (Input)": Selects the "Peak" response in accordance with IEC 
651 . The peak value of the input signal is measured independent of 
any frequency weighting and filtering. This mode can only be used 
when the "Auto" gain control mode is selected . If the "Manual" gain 
control mode is selected the instrument display will show "---,-". 
When the "Peak (Input)" mode is selected, a needle deflection within 
the upper scale of the PEAK LEVEL meter is required to measure the 
peak level of the signal correctly. 

Two push-button switches for selecting manual or automatic updating 
of the instrument display. 

"Clock": Alternative pressing of the "Clock" switch selects 0,1 or 1 
second updating intervals. This switch is self-locking. When the switch 
is released the automatic sampling is interrupted. 

"Manual": When the "Clock" push-button switch is released the auto
matic sampling is interrupted and the instrument display may be up
dated using the "Manual" push-button switch. The "Manual" button 
may also be used to stop the clock generator when the automatic up
dating is active and therefore provides a hold function which is active 
in all detector modes. 

Two position slide switch and two coaxial sockets for connection of the 
2210 to an external filter. 

"To": Socket for connection to the input of an external filter. The in
put impedance of the external filter should be greater than 500 0. 
Max. output voltage is 1 ,41 V peak. Socket accepts plug JP 0006, 
cable AO 0007, etc. 
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"From": Socket for connection to the output of an external filter. Input 
impedance is 1 46 kO, maximum input voltage is 1 V (sine RMS). 
Socket accepts plug JP 0006, cable AO 0007, etc. 

The external filter sockets may be connected directly to an Octave Fil
ter Set Type 1 613 or 1/3 Octave Filter Set Type 1 61 6 using the Con
nection Bar JP 0400 supplied with each filter set. 

By means of the EXT. FILTER two position slide switch the external fil
ter may be switched "In" or "Out" . 

Note: For measurements where no external filter is connected, the 
EXT. FILTER two position slide switch should be set to "Out". 

AC MONITOR OUTPUT: Coaxial socket for AC output to a level recorder or for monitoring pur
poses. With the AUTOMATIC GAIN CONTROL in "Auto" mode, 
WEIGHTING NETWORK set to "Lin" and the EXT. FILTER switch in the 
"Out" position, a constant amplitude signal is available at the AC MO
NITOR OUTPUT socket for monitoring using earphones or an oscillo
scope. In the "Manual" gain control mode a Level Recorder Type 2306 
or 2309 may be connected to this socket for AC signal recording. See 
section 4.4. 1. Max. output voltage is 4,46 V peak. Socket accepts 
plug JP 0006, cable AO 0007, etc. 

DC OUTPUT: 

REF . 1 and REF. 2: 

12 

Coaxial socket for DC output to a Level Recorder. The DC output vol
tage is proportional to the instrument display reading with 0 V corre- · 
sponding to 0 dB, positively increasing at 50 mV /dB (independent of IN
PUT LEVEL mode). For DC recording with Level Recorder Type 2306, 
see section 4.4 .2. The output impedance is 100 n, minimum load im
pedance is 10 kO. The socket accepts plug JP 0006, cable AO 0007, 
etc . 

Two push-button switches which operate the internal 250Hz refer
ence oscillator for calibration purposes (see section 3.4) when the 
WEIGHTING NETWORK switch is set to either "Lin" or "C", the EXT. 
FILTER switch is in the "Out" position, and the RECORDING/PLAY
BACK switch is set to "Recording" . A total of six reference levels are 
available depending on the INPUT LEVEL mode, as shown in Table 2.1 . 

The REF. 1 switch is self-locking, while REF. 2 has priority. Shift be
tween the two reference levels available for any one INPUT LEVEL 
mode is achieved by pressing the REF. 1 switch and alternatively press
ing and releasing the REF. 2 switch. It is recommended that the GAIN 
CONTROL MODE "Reset" button is used momentarily after pressing or 
releasing the REF. 2 switch in order to obtain a steady display reading 
quickly. 

Input Level 

High Me d. Low 

Ref. 1 124 dB 104 dB 84 dB 

Ref. 2 84 dB 64 dB 44 dB 

780110 

Table 2. 1. Reference levels available using the 2210 internal refer
ence generator 



MICROPHONE SENSITIVITY 
CORRECTION: 

2.2. SIDE PANELS 

Digital 1/ 0 

Light Intensity 

The ADJ . potentiometers located below the REF. 1 and REF. 2 
switches are used to adjust the reference levels displayed to the nomi
nal values given in Table 2.1. 

Push-button switch and multi-turn potentiometer for adjusting the gain 
of the input preamplifier over a range of 33 dB (-3 dB to + 30 dB) to al
low calibration with different transduce-r sensitivities. When the push
button switch is pressed the sensitivity correction value set using the 
potentiometer is added to the displayed reference level obtained by 
either of the REF. switches. For details of calibration procedure, see 
section 3.4. 

Recorder/ Playback 

780225/ 1 

Fig. 2. 2. Right and left hand side views of Type 2210 with protec
tive side panel covers removed 

DIGITAL 1/0: 

POWER INPUT: 

The DIGITAL 1/0, TAPE RECORDER 1/0 and POWER INPUT sockets 
and LIGHT INTENSITY AND RECORD/PLAYBACK switches are located 
under protective covers on the side panels of the 221 0. To remove the 
protective side panel covers, push the cover in the direction indicated 
by the arrow and lift. 

25-pin socket located on the right hand side of the 221 0 for direct con
nection to the Alphanumeric Printer Type 231 2, Digital Cassette Recor
der Type 7400 or other instruments with B & K low-power interface. 
The instruments are connected directly to the 221 0 using the supplied 
connector JP 2500, standard interfacing cable, or other suitable O
range connector. For further details, see section 4.3. 

7-pin DIN socket located on the right hand side of the 2210 for con
nection of Power Supply ZG 0113, Power Supply Type 2808 or other 
supply providing charging and/or operating voltages. Pin designations 
are as shown in Fig.3.2. Accepts plug JP 0703 and cable AQ 0035. 
Details of battery operation, recharging the NiCd cells and mains opera
tion are given in section 3.2. 
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LIGHT INTENSITY: 

TAPE RECORDER 1/ 0: 

RECORD/ PLAYBACK: 

2.3. REAR PANEL 

TRIPOD MOUNTING THREADS: 

14 

WARNING: Do not attempt to recharge alkaline or normal dry cells. 
Only rechargeable NiCd type cells may be recharged. 

Two-position slide switch located on the · right hand side of the 221 0 
which controls the brightness of the instrument display. Under high 
ambient lighting conditions this switch should be set to the "Max." po
sition. Under lower ambient lighting conditions this switch may be set 
to "Low" to increase the operating time of the NiCd cells. 

25-pin socket located on the left hand side of 221 0 for connection to 
the Portable Instrumentation Tape Recorder Type 7003. The socket ac
cepts plug JP 2500. For details of use with Type 7003, see section 
4.2. 

Two-position slide switch located on the left hand side of the 221 0 
which selects "Recording" and "Playback" modes when the 221 0 is 
used with Portable Instrumentation Tape Recorder Type 7003. For fur
ther details, see section 4.2. 

Note: In measurement situations where Type 7003 is not used, the 
RECORD/PLAYBACK switch must be set to "Recording". 

Two tripod mounting bushes are located on the rear of the 221 0. The 
upper bush is used when the instrument is used alone and the lower 
is used when the 221 0 is fitted with Octave Filter Set Type 1 61 3 or 
1/ 3 Octave Filter Set Type 1616. (For vertical mounting, a bush is 
also provided on the bottom of the 221 0.) All threads are 3/8" Whi
tworth. 



3.1. GENERAL 

3.2. POWERING 

3. OPERATION 

This Instruction Manual describes the specific procedures necessary for correct use of 
the Impulse Precision Sound Level Meter Type 2210. However, there are many other 
aspects of sound measurements of a more general nature that should be considered in 
order to obtain correct reproducible results. Many of these are discussed in the accompa
nying booklet "Measuring Sound" which should be considered as a part of this Instruc
tion Manual. 

3.2.1. Battery Operation 

Fig. 3. 1. Battery compartment of Type 2210 

The Impulse Precision Sound Level Meter Type 221 0 is powered by three rechargeable 
NiCd cells (order No. QB 0008) which are supplied with the 221 0. Access to the battery 
compartment at the rear of the instrument is gained by sliding the battery cover off as 
shown in Fig.3.1. The cells should be inserted with polarities as indicated in the battery 
compartment. When the NiCd cells are fully charged, they will provide approximately 8 
hours of continuous operation. Details of the recharging procedure are given in section 
3.2.2. 

Three alkaline cells (order No. QB 0004) may also be used to power the 221 0. When 
new, these will provide between 10 and 12 hours continuous operation. 
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3.2.2. Recharging the NiCd Cells and Mains Operation 

16 

Warning: Do not attempt to recharge alkaline or normal dry cells. Only rechargeable 
NiCd type cells may be recharged. 

A Power Supply ZG 0113 is supplied with the 2210 for recharging the NiCd cells. Re
charging can take place with the NiCd cells in the 221 0. The Power Supply should be 
connected to a suitable mains supply and the charging cable connected to the 7-pin 
POWER INPUT socket located on the right hand side of the 221 0. Pin designations for 
this socket are shown in Fig.3.2. Recharging of fully discharged cells takes approxi
mately 14 hours providing the 221 0 is switched off . The cells cannot be overcharged if 
left to charge indefinitely. Note that the Power Supply ZG 0113 cannot be used for si
multaneous recharging the NiCd cells and powering the 2210. However, the operating 
time with the NiCd cells will be greatly increased when the Power Supply is also used 
since the discharge rate of the cells is reduced. If the NiCd cells are completely dis
charged the 2210 must be switched off to enable recharging. Power Supply ZG 0113 is 
doubly insulated complying with IEC Safety Standard 348, Class II. The colour coding of 
mains cable is as follows: 

Blue: Neutral 
Black: 1 00 to 1 30 V AC 
Brown: 200 to 240 V AC 

Direct input to NiCd-cells or to 
power supply circuit of 2210. In
put voltage max. 7 V (min. 2,8 V) 
without batteries. 

Charge voltage 
12 V DC, 400 rnA ---+---

External source 
---+---- 10 V DC, 400 rnA 

Ground 780048 

Fig.3.2 . External view of POWER socket 

Recharging may also take place using the Power Supply Type 2808 which provides suffi
ci ent power to operate the 221 0 and simultaneously recharge the NiCd cells. The 2808 
is connected to the POWER INPUT socket of the 2210 using cable AQ 0035. This is a 
standard 7-pin DIN to 7-pin DIN cable with pin 1 connected to pin 1, pin 2 to pin 2, etc . 
For further information , see the Instruction Manual for the 2808. 

Recharging the NiCd cells is also possible using a car battery. Fig.3.2 shows the pin de
signations of the POWER INPUT socket of the 221 0. By connecting pin 1 to the positive 
terminal of the car battery via a 5 0/2 W resistor the battery may be used for simultane
ously charging the NiCd cells and operating the 221 0. 

Note: When using an external supply, signal ground is connected to the negative of the 
power supply . This is important when several instruments are driven from a common 
supply . 

If recharging or powering the 221 0 is carried out in a car that has a positive-earth 
system, and the car's own battery is being used, then the 2210 should be isolated from 
the car's chassis and bodywork . The rest of the instrumentation chain should also be sui-



tably isolated from the car, since the signal cables are connected to a common ground. 
This is important since the metal case of the 221 0 and of other connected instruments 
will have a potential 1 2 V below that of the car chassis/body when connected to the bat
tery, and the battery could be short-circuited if the instruments are allowed to touch the 
car chassis/body. If it is impossible to isolate the instruments effectively, the battery 
should be disconnected from the car's chassis. 

3.2.3. Battery Check 

Before calibrating the 221 0 and before measurements are made a battery check should 
be carried out to ensure that there is sufficient power available for operating the instru
ment. It is also good practice to check the battery condition after a measurement (espe
cially a long term measurement) since a loss or severe reduction of power in the latter 
stage of the measurement may yield erroneous results. The battery check procedure is 
as follows: 

1. Set the WEIGHTING NETWORK switch "Batt.". During battery check the instrument 
display shows"---,-". · 

2. A meter needle deflection within the green area on the lower scale of the PEAK LE
VEL meter indicates sufficient power. If the needle deflection is below the green 
area, the NiCd cells must be recharged as described in section 3.2.2. If alkaline or 
normal dry cells are used, these must be discarded and replaced with new cells 
when the needle deflection indicates insufficient power. 

3.3. MOUNTING THE MICROPHONE 

There are several methods of mounting the microphone, which will be outlined below. 
(See also Fig. 5 of Chapter 1 .) However, there are one or two general considerations 
which should be mentioned first. When connecting or disconnecting the microphone, en
sure that the instrument power is turned off. In dry weather, it is recommended that 
static electricity be discharged from your body before fitting or removing microphones. 
Only light finger torque should be applied to the microphone, extension rod, etc. Dust 
and foreign objects should be kept off the diaphragm, which must not be touched with 
any object. If the diaphragm must be cleaned, cotton wool should be used. Dry and pref
erably warm conditions are recommended for storing the instrument and its accessories. 

Direct Mounting 

Insert the Input Stage ZC 0007 into the input-stage socket and secure it by turning the 
threaded retainer ring. If the Dehumidifier UA 0308 is required it should be screwed on 
next, and finally the microphone .. Please note that the silica-gel of the Dehumidifier 
should be blue. If it is pink it should be dried out at a maximum temperature of 130°C. 
If microphones other than the half-inch types are used, an adaptor is necessary. See 
Fig .5 in Chapter 1. It should be noted that when mounting the microphone directly the 
requirements of Type 1 or Type 0 instrumentation are NOT fulfilled. 

Mounting on Extension Rod UA 0196 (Type 1 Instrumentation) 

Insert the Input Stage ZC 0007 as described above. Screw on the Extension Rod, the De
humidifier if necessary, and then the microphone. As above, microphones of other di
ameters will need an adaptor (Fig.5, Chapter 1 ). The Extension Rod should be straight in 
order to satisfy the requirement for Type 1 Sound Level Meters. 

17 



Use of Extension Cables (Type 0 Instrumentation) 

In order to fulfill the requirements given in IEC 651 for Type 0 instrumentation, an ex~ 
tension cable must be used with the 221 0 to eliminate the influence of the instrument 
body and the operator on the sound field. Microphone Extension Cables are available in 
lengths of 3m (AO 0027, supplied with the 221 0), 10m (AO 0028) and 30m (AO 
0029). The Extension Cable is inserted directly into the input stage socket and secured 
using the threaded retainer ring. The Input Stage ZC 0007 is then attached to the other 
end of cable and the microphone and other accessories are fitted via the Extension Rod 
UA 0196 as described above. Details of maximum permissible sound pressure levels 
which may be measured in the "High" mode when using extension cables are given in 
section 3 .5.3. 

3.4. CALIBRATION 

3.4.1. General , 

The 221 0 may be calibrated using either an acoustical calibrator placed over the micro
phone (section 3.4.4), or the built-in reference voltage (section 3.4.3). The acoustical 
method is advantageous in ·that it checks the entire instrument, including the micro
phone, and so is the preferred method. (Calibration of the 2210 for vibration measure
ments is detailed in section 3. 7 .) Before the actual calibration is carried out, the 221 0 
should be precalibrated as detailed in section 3.4.2. 

3.4.2. Precalibration 
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The procedure for precalibration is as follows: 

1. Check the batteries for sufficient power as described in section 3.2.3. 

2 . Set the controls of the 221 0 as follows: 

WEIGHTING NETWORK 
GAIN CONTROL MODE 
INPUT LEVEL 
LMS DETECTOR 
READ OUT CONTROL 
REF. 1 
EXT. FILTER switch 
RECORDING/PLAYBACK 

"Lin" or "C" 
"Auto" 
"Low" 
"Fast" 
"Clock" (0, 1 s or 1 s) 
In 
"Out" 
"Recording" 

Note: In all measurement situations where no external filter or tape recorder is 
used, the EXT. FILTER and RECORDING/PLAYBACK switches must be set to "Out" 
and "Recording" respectively. 

3. Allow a few seconds for the instrument to warm up. 

4. Using a small screwdriver adjust the ADJ. potentiometer located below the REF. 
switch to give a reading of 84,0 dB on the instrument display. 

5. Press and hold down the REF. 2 switch and adjust the ADJ. potentiometer below it 
to obtain a reading of 44,0 dB on the display. 

6. Repeat steps 4 and 5 until readings of 84,0 dB and 44,0 dB respectively are ob
tained . 



Note: It is recommended that the GAIN CONTROL MODE "Reset" button is used af
ter either pressing or releasing the REF. 2 switch in order to obtain a steady display 
reading quickly. 

3.4.3. Calibration Using the Built-in Reference Generator (Electrical Calibration) 

The procedure for electrical calibration of the 221 0 using the built-in reference voltage 
is as follows: 

1. Carry out the precalibration procedure described in section 3.4 .2. 

2 . Read the K0 factor from the microphone calibration chart. 

3 . Press and hold down the MICROPHONE SENSITIVITY CORRECTION button and ad
just the MICROPHONE SENSITIVITY CORRECTION potentiometer using a small 
screwdriver until a reading of 84,0 + K0 dB is obtained on the instrument display. 
The MICROPHONE SENSITIVITY CORRECTION potentiometer may be adjusted over a 
range of 33 dB (-3 dB to + 30 dB). However, if the required K.0 factor is outside the 
range of adjustment, set the K0 factor adjustment to zero (i.e. a display reading of 
84,0 dB) and add the K 0 factor of the microphone to all the readings taken during 
the measurement. 

This calibration procedure is applicable for all B & K condenser microphones (200 V pola
rization voltage). However, due to capacitive loading of the microphone by the input 
stage, use of a Pistonphone is recommended for calibration with quarter-inch and eighth
inch microphones. For further details, see section 5. 2. 

3.4.4. Acoustical Calibration 

The Sound Level Calibrator Type 4230 or Pistonphone Type 4220 is recommended for 
acoustical calibration of the 221 0. The 4230 generates a sound pressure level of 94 dB 
(± 0,3 dB) at a frequency of 1 kHz while the 4220 generates 124 dB (± 0,2 dB) at a fre
quency of 250Hz. 

Calibration with microphone Type 4165 

The calibration procedure is as follows: 

1. Carry out the precalibration procedure described in section 3 .4.2. 

2. Set the controls of the 2210 as follows: 

WEIGHTING NETWORK 
GAIN CONTROL MODE 
INPUT LEVEL 
LMS DETECTOR 
READ OUT CONTROL 
REF. 1 
EXT. FILTER switch 
RECORDING/PLAYBACK 

"Lin" or "C" 
"Auto" 
"Low" (4230 used) or "High" (4220 used) 
"Fast" 
"Clock" (0, 1 s or 1 s) 
Out 
"Out" 
"Recording" 

3. Fit the half-inch adaptor to the acoustic calibrator and place it over-the microphone 
and protection grid. Turn the calibrator on and hold it steady over the microphone. 
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4 . Press and hold down the MICROPHONE SENSITIVITY CORRECTION button and ad
just the MICROPHONE SENSITIVITY CORRECTION potentiometer using a small 
screwdriver to obtain a reading of 93,8 dB on the 221 0 display when the Sound Le
vel Calibrator Type 4230 is used. If the Pistonphone Type 4220 is used, adjust the 
potentiometer to obtain the value given on the 4220 calibration chart (corrected as 
necessary for variations in ambient pressure). For further details, see the separate 
Instruction Manuals for the 4230 and 4220. 

Calibration with microphones other than Type 4165 

The 2210 may be used with one-inch, half-inch, quarter-inch and eighth-inch conden
ser microphones (200 V polarization voltage). When using quarter-inch and eighth-inch 
microphones, it is recommended that the Pistonphone Type 4220 is used (see section 
5.2). The calibration procedure is essentially the same as that given above, bearing in 
mind that the appropriate microphone adaptor should be used. When the Sound Level 
Calibrator Type 4230 is used, the calibration value to which the 221 0 should be ad
justed depends on the microphone size and type . These values are given below: 

One-inch free-field microphones: 
Half-inch free-field microphones: 
Pressure microphones of both sizes: 
Quarter-inch microphones: 
Eighth-inch microphones: 

93,6 dB 
93,8 dB 
94,0 dB 
94,0 dB 
94 ,0 dB 

3.5. SOUND MEASUREMENTS 

3.5.1. General 

When the 221 0 is to be used in measurement situations requiring Type 0 instrumenta
tion an extension cable must be used to eliminate the influence of the sound level meter 
body and the operator on the sound field . For measurements requiring Type 1 instrumen
tation Extension Rod UA 0196 must be used to minimize the effect on the sound field. 
Note that the Extension Rod should be straight in order to fulfill the requirements of IEC 
651 (Type 1 ). The accompanying booklet "Measuring Sound" should be read through 
before proceeding with the measurements, as it contains much useful information on 
the subject. One or two points should be emphasized. Ensure that the microphone has 
the required dynamic range, frequency range and directional characteristics. Use a Wind
screen for outdoor measurements and in dusty environments. Various Nose Cones are 
available for reducing wind noise (see Fig.5, Chapter 1 ), as well as Dehumidifiers. En
sure that the measuring position is suitable and hold the sound level meter at arm's 
length, or mount it on a tripod, to minimize reflections from the operator. See also sec
tion 3 .3 . Finally, make sure that the background noise level is not too high to make mea
ningful measurements. 

3.5.2. Procedure for Sound Measurements 
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1. Calibrate the 221 0 (including checking the batteries) as described in section 3.4. 

2. Select the "Auto" GAIN CONTROL MODE. For most sound measurements, i.e. meas
urements of constant, slow or fast varying sounds and impulsive sounds, this mode 
can be utilized. Only in special cases is the "Manual" mode used, see section 3.6. 

3. Select INPUT LEVEL mode to obtain maximum deflection on PEAK LEVEL meter for 



the highest sound pressure level occuring during the measurement time, in order to 
obtain maximum signal-to-noise ratio. In general the choice is not critical; most 
measurements can be carried out with INPUT LEVEL in the "Medium" mode. 

4 . LMS DETECTOR mode is selected as follows: 

"Fast" 

"Slow" 

"Impulse" 

"Peak" 

For normal sound measurements. 

For measurements where fluctuations are fast and great . 

For obtaining the level of short duration sounds in accordance with 
the standard (< 0,2 s). 

For measuring the peak value of the input signal, independent of fre
quency weighting and externally connected filters . This mode can 
only be used with GAIN CONTROL MODE "Auto"; if "Manual" is se
lected the display will show "--- ,-" . When using "Peak" mode a def
lection within the limits of the upper scale of the PEAK LEVEL meter 
is required, to measure the peak level of the signal correctly. 

5. Set the WEIGHTING NETWORK switch to the required weighting. For frequency ana
lysis see section 3 .6 . If there is no external filter connected to the 2210, the EXT. 
FILTER switch should be in the "Out" position. 

6. Set READ OUT CONTROL to "Clock" selecting the slowest rate of 1 s. 

7. For tape recording with the Portable Instrumentation Tape Recorder Type 7003, see 
section 4 .2 . If the Tape Recorder is not used, the RECORDING/PLAYBACK switch 
should be in the "Recording" position. 

8. Read the 221 0 display. 

3.5.3. Use of Extension Cables 

When using extension cables (necessary in order to fulfill the requirements for Type 0 
Sound Level Meters) the maximum measurable sound pressure level at high frequencies 
is limited by the current handling capacity of the Input Stage ZC 0007. If the peak value 
(which can be measured in "Peak" mode) of the input signal exceeds the limits given in 
Table 3.1, the input signal may be distorted and therefore cause erroneous measuring re
sults. Using the supplied Microphone Type 4165 and one of the following extension 
cables AO 0027- 3 metres, AO 0028- 10 metres or AO 0029- 30 metres, errors 
of this kind may occur with the INPUT LEVEL switch in "High" mode; in the other modes 
"Med ." and "Low" overload cannot occur without the error indication"- --,-" on the dis
play . 

Extension Cable AO 0027 AO 0028 AO 0029 

Maximum Permissible 
137 dB 133 dB 123 dB 

Peak Value 

780111 

Table 3.1. Maximum permissible sound pressure levels with various 
extension cables using a microphone of 50 mV/Pa sensi
tivity (Type 4165) 
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3.5.4. Using the READ OUT CONTROL 

The measurement period is limited by two clock impulses which can be generated manu
ally by pressing the "Manual" button of the READ OUT CONTROL or automatically, us
ing the clock generator, selecting 0,1 or 1 s (recommended by IEC) measurement periods 
by means of the "Clock" button. 

The clock generator may be stopped either by releasing the "Clock" button or by activat
ing the "Manual" button. Therefore, using the short measurement period (0, 1 s) and 
stopping the clock generator by means of the "Manual" button, the displayed value will 
be approximately the instantaneous value of the detected signal. As the display in this 
mode is updated faster than it can be read, single results may be picked out using the 
"Manual" button. 

The "Manual" button alone (with "Clock" released) provides a hold function which can 
be used in all detector modes, "Slow", "Fast", "Impulse" and "Peak". Therefore, if the 
maximum sound pressure level is required (for instance from a passing car, a flyover, 
etc.), the measurement period is started by pressing the "Manual" button once and it is 
stopped by pressing it once again. The display is updated each time the "Manual" button 
is pressed and will show the maximum sound pressure level in the preceeding measure
ment period. The maximum value of the sound pressure level is stored in digital form 
and therefore the duration of the measurement period is only limited by the purpose of 
the measurement, not by the instrument. 

3.5.5. Error Indication 

As mentioned in section 3.5.4 a measurement period is limited by two clock impulses. 
When the measurement is finished by the s~cond clock impulse the result is transferred 
to the display. This means that the display will always show the result originating from 
the preceeding period, while a new measurement is going on. An immediate indication 
of the sound pressure level or, for instance, overloads due to high sound impulses, will 
therefore not take place. Indication will appear when the clock impulse finishes the 
measurement. If no overload or permanent underload has appeared during the measure
ment period the result is transferred to the display; in case of over- or underload (under
load may occur during frequency analysis, especially in impulse measurements) the 
measurement result will be erroneous and the display will indicate this as "--- ,-". 

Overload will always be a cause of error indication but underload may also cause it. 
However, as the maximum level is measured, it is, with respect to underload, only neces
sary that the detector is correctly loaded once in each measurement period to obtain a 
correct indication on the display. Therefore at the end of each measurement period the 
following two conditions must be fulfilled in order to get a correct indication: 

1. No overload in the measurement period. 

2. The detector must he correctly loaded at least once in the measurement period. 

If either of these conditions is not fulfilled, the measurement value will not be trans
ferred to the display, which therefore will read "--- ,-". 

3.6. FREQUENCY ANALYSIS 
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The Octave Filter Set Type 1 61 3 or the Third Octave Filter Set Type 1 61 6 is attached di
rectly to the 2210 and is connected to its EXT. FILTER sockets via the Connection Bar 



JP 0040 supplied with the Filter Sets. Other filters may also be used with the 2210 to 
which they are connected via cables. (See Fig.5, Chapter 1 .) 

When external filters are connected to the 221 0 for frequency analyses these can be 
switched "In" or "Out" by means of the EXT. FILTER switch. During sound measure
ments where no external filters are connected this switch must be in the "Out" position. 

For frequency analysis of weighted as well as unweighted signals the 221 0 is used in 
the same way as for normal sound measurements. However, due to its special operation 
the following should be noted. 

Frequency analyses cannot be carried out on highly intermittent and impulsive sounds 
using the "Auto" gain control mode. This is due to the decay time of the filters which is 
particularly long with low-frequency narrow-bandwidth filters, and therefore readings 
that are too high will be produced. Frequency analyses on this type of signals are there
fore carried out using the 221 0 in its "Manual" gain control mode. The MANUAL GAIN 
CONTROL potentiometer is set to obtain a maximum needle deflection within the green 
area of the lower scale of the PEAK LEVEL meter. 

The peak value of a frequency analyzed signal cannot be measured. When the "Peak" de
tector mode is selected the peak value of the signal, unfiltered and unweighted, is mea
sured independent of the setting of EXT. FILTER switch and FREQUENCY WEIGHTING se
lector. 

3.7. CALIBRATION FOR VIBRATION MEASUREMENTS 

3.7.1. General 

Input Stage 
zc 0007 

The 221 0 may also be used to measure vibration levels using an accelerometer con
nected to the input stage of the 221 0 via adaptors or the Integrator ZR 0020 (see Chap
ter 1, Fig.1 ). Acceleration, velocity and displacement levels may be measured when the 
Integrator is used. 

Cable~ 
AO 0037 .. r/, . ... 

~ 

Adaptor 
DB 0962 

Integrator 
ZR 0020 

Fig. 3 . 3 . Connection of an accelerometer to the 2210 via the Inte
grator ZR 0020 

Accelerometer 

780006 

If the 2210 is calibrated using the internal reference generator, the measured levels in 
dB may be converted to vibration units (m/s2, m/s, or m) using either the Slide Rule QH 
0001 (supplied with the ZR 0020) or the equations given in section 3.9.3 depending on 
the K0 factor adjustment made. When the Accelerometer Calibrator Type 4291 is used 
for calibration, the measured levels are converted using either of the methods described 
in sections 3.9.4 and 3.9.5. 
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3.7.2. Calibration Using the Built-in Reference Generator 

The 2210 may be calibrated for vibration measurements using the internal reference 
generator. The procedure is similar to that given in section 3.4.3, the K0 factor how
ever, is determined by the adaptor /Integrator used to connect the accelerometer to the 
2210 and the method used to convert the dB values to vibration units (either the Slide 
Rule OH 0001 or a pocket calculator). The method of conversion should therefore be 
chosen before calibrating the 2210 in order to make the correct K0 factor adjustment. 
The procedure is as follows: 

1. Connect the accelerometer to the 2210 using either the Integrator ZR 0020 or the 
JJ 2614/ JP 0028 adaptor combination. 

2. Set the Integrator (if used) to the vibration parameter to be measured (acceleration, 
velocity or displacement). 

3. Precalibrate the 2210 as described in section 3.4.2. 

Ko Factor 

Conversion to vibration 
Conversion to vibration 

Adaptor/Integrator 
units using OH 0001 

units~ using a pocket 
calculator 

JJ 2614 + JP 0028 -0,8 dB O,OdB 

ZR 0020 -0,8 dB 0,0 dB 
810011 

Table 3 .2. K 0 factor for calibration using the internal reference gen
erator 

4. Choose the method of conversion to vibration units to be used and select the corre
sponding K0 factor from Table 3.2 depending on the adaptor/Integrator used. 

5 . Press and hold down the MICROPHONE SENSITIVITY CORRECTION button and ad
just the MICROPHONE SENSITIVITY CORRECTION potentiometer using a small 
screwdriver until a reading of 84,0 + K 0 dB is obtained on the 221 0 display. The 
2210 is now calibrated for vibration measurements. The conversion to vibration 
units must be made using the method of conversion chosen in step 4. 

3.7.3. Calibration Using the Accelerometer Calibrator Type 4291 
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The 2210 may also be calibrated for vibration measurements using the Accelerometer 
Calibrator Type 4291 shown in Fig.3.4. The conversion to vibration units is then made 
using either the Slide Rule QH 0001 (see section 3.9.4) or a pocket calculator (see sec
tion 3.9.5). Either method may be used. 

The Accelerometer Calibrator is a battery powered generator which drives a miniature 
shaker at an accurately maintained level of 1 0,0 m/s 2 peak (7 ,071 mfs2 RMS) at 
79,6 Hz (500 rad/s). Calibration with the 4291 is advantageous in that it checks the en
tire system and is in this respect analogous to calibration with the Sound Level Calibra
tor Type 4230 or the Pistonphone Type 4220. The calibration procedure is as follows: 

1. Mount the accelerometer on the 4291 as detailed in the Instruction Manual for the 
4291 . 



Fig. 3 . 4 . Accelerometer Calibrator Type 42 91 with accelerometer 
mounted 

2. Connect the accelerometer to the 2210 using either the Integrator ZR 0020 or the 
JJ 2614/JP 0028 adaptor combination. 

3. Set the Integrator (if used) to the vibration parameter to be measured (acceleration, 
velocity or displacement). 

4 . Precalibrate the 2210 as described in section 3.4.2. 

5. Switch the FUNCTION SELECTOR of the 4291 to "Batt. Check". A meter needle def
lection within the green area on the 4291 indicates sufficient power. If the needle 
deflection is below the green area, the batteries should be discarded and replaced 
with new cells (see the Instruction Manual for the 4291 ). 

6. Set the controls of the 2210 as follows: 

WEIGHTING NETWORK 
GAIN CONTROL MODE 
INPUT LEVEL 
LMS DETECTOR 
REF. 1 
EXT. FILTER 
RECORDING/PLAYBACK 

"Lin" or "C" 
"Auto" 
"Low" 
"Fast" 
Out (released position) 
"Out" 
"Recording" 

7. Switch the FUNCTION SELECTOR on the 4291 to "Internal Gen.". The Generator 
will now vibrate the accelerometer at a frequency of 79,6 Hz (w = 500 rad/s). 

8 . Read the accelerometer mass from the supplied calibration chart and adjust the 
ACC. LEVEL control on the 4291 until the accelerometer mass is indicated on the 
lower meter scale on the 4291 (0 to 1 00 gram scale). The accelerometer is now 
subjected to a sinusoidal acceleration of 10,0 mfs2 peak(± 2%). 
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9. Read and note down the dB value displayed on the 2210. This is the zero reference 
value, Z, used in sections 3.9.4 and 3.9.5 to convert the measured dB values to vi
bration units . 

The zero reference level, Z corresponds to the following vibration reference ampli
tude, R, when measuring acceleration, velocity or displacement: 

Acceleration: R = 7,071 m/s2, RMS (278,38 in/s2, RMS) 

Velocity: R = 14,14 mm/s, RMS (0,557 in/s, RMS) 

Displacement R = 28,3 J1m, RMS ( 1 I 13 X 1 o-3 in, RMS) 

The 221 0 is now calibrated for vibration measurements. The measured dB values 
should be converted to vibration units using the Slide Rule QH 0001 (section 3.9 .4) or a 
pocket calculator (section 3 .9.5) and the values of Z and R given above. 

3.8. VIBRATION MEASUREMENTS 

3.8.1. General 

When using the 2210 as an accelerometer preamplifier and measuring amplifier, it 
should be note~ that the accelerometer will almost certainly have a mounted resonance 
frequency within the 20Hz to 20kHz, "Lin" range of the Sound Level Meter . Where it is 
thought possible that the signal being measured contains such high frequencies, errone
ous readings due to this resonance must be avoided. Therefore the measurements 
should be made using either the Mechanical Filter UA 0559 inserted between the mea
suring object and the accelerometer, or external filters connected to the EXT. FILTER 
sockets on the 221 0. The lower limiting frequency of the measurements, 20Hz, is deter
mined by the 221 0 . For detailed instructions on using accelerometers see the B & K Ac
celerometer Handbook. 

3.8.2. Procedure for Vibration Measurements 
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1 . Connect the accelerometer to the input stage of the 221 0 using either the Integra
tor ZR 0020 or the JJ 2614/ JP 0028 adaptor combination. 

2. Calibrate the 2210 for vibration measurements using one of the methods described 
in section 3. 7. 

3. Mount the accelerometer onto the measurement object using one of the methods de
scribed in the B & K Accelerometer Handbook. 

4. Set the GAIN CONTROL MODE on the 221 0 to "Auto". For most measurements 
this mode can be used. 

5 . Select the INPUT LEVEL mode on the 221 0 ("High", "Medium" or "Low") to obtain 
maximum deflection on the PEAK LEVEL meter for the highest level occurring. The 
choice is generally not critical, most measurements can be made in the "Medium" 
mode. 

6 . Set the WEIGHTING NETWORK to "Lin". If there is no external filter connected to 
the 2210, the EXT. FILTER switch should be in the "Out" position. 



7 . For tape recording with the Portable Instrumentation Tape Recorder Type 7003, see 
section 4.2 . If the Tape Recorder is not used, the RECORDING/PLAYBACK switch 
should be in the "Recording" position. 

8 . Set the remaining controls on the 2210 as follows: 

LMS DETECTOR 
READ OUT CONTROL 

"Fast" 
"Clock" ( 1 s) 

9. Read the 221 0 and convert the measured level to vibration units as described in sec
tion 3.9 . 

3.9. CONVERSION OF VIBRATION LEVELS IN dB TO VIBRATION UNITS 

3.9.1. General 

The measured levels of vibration in dB should be converted to the vibration units of accel
eration (m / s2 ), velocity (m / s) , or displacement (m) using one of the methods described 
in sections 3 .9.2 to 3 .9 .5. It should be noted that when the 2210 is calibrated using 
the built-in reference generator, only one of the methods (either section 3.9.2 or 3.9.3) 
is valid depending on the K0 correction factor used in section 3. 7 .3. When the 221 0 is 
calibrated using the Accelerometer Calibrator Type 4291, either of the methods given in 
sections 3 .9.4 or 3.9 .5 is valid . 

3.9.2. Built-in Generator Calibration: Slide Rule Method 

This method is used when the 221 0 is calibrated using the internal reference voltage 
and the K0 factor adjustment is made for conversion using the Slide Rule QH 0001 
shown in Fig.3 .5 . The vibration amplitude may only be calculated in the same parameter 

78()(}Ql 

Fig.3.5. Slide Rule QH 0001 set for an accelerometer sensitivity of 
50 mV I g and a sound pressure level of 60 dB 
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as that set on the Integrator and the Slide Rule must not be used to convert from one 
parameter to another. The procedure is as follows: 

1. Set the isolated red line on the sliding scale adjacent to the accelerometer sensitiv
ity in mV/g on the outer scale of the Slide Rule (shown adjacent to 50 mV/g in 
Fig.3 .5). 

2. Turn the cursor so that its RMS line (if the "Fast", "Slow" or "Impulse, LMS Detec
tor modes are used; the peak line if the "Peak" LMS Detector mode is used) lies 
over the value of the display reading obtained from the 221 0 (in dB) on the outer SL 
scale on the Slide Rule. 

3 . Read the vibration level (RMS or peak) on the scale corresponding to the Integrator 
setting . 

3.9.3. Built-in Generator Calibration: Pocket Calculator Method 

This method is used when the 2210 is calibrated using the internal reference voltage 
and the K0 factor adjustment is made for conversion using a pocket calculator. The dB 
values are converted to vibration units using one of the equations given below. 

Integrator set to "Ace., 

M 

a ~ 10 Lref 
s 

Integrator set to "Vel., 

s_ M 

v 10 Lref 
s 

Integrator set to "Disp." 

d 

where: 

Kd 
M 

10 Lref 
s 

1 X 1 Q-6 V 
0,04 x 1 Q-6 Vs 

= 1,2 x 1Q-9 Vs2 
20dB 
voltage sensitivity of the accelerometer in Vs2/m or V/g 

= dB reading from the 221 0 display 

3.1 

3 .2 

3 .3 

3.9.4. Type 4291 Calibration: Slide Rule Method 
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The Slide Rule QH 0001 may also be used to calculate vibration amplitudes when the 
2210 is calibrated using the Accelerometer Calibrator Type 4291. The vibration ampli
tude may only be calculated in the same parameter as that set on the Integrator and the 
Slide Rule must not be used to convert from one parameter to another. The procedure is 
as follows: 



1. Turn the cursor until its RMS line lies over the zero reference level, Z, (see section 
3.7.3) on the outer dB SL scale. 

2. Rotate the sliding scale until the vibration reference amplitude, R, (see section 
3. 7. 3) on the appropriate vibration scale (acceleration, velocity, or displacement) 
also lies under the RMS line on the cursor. 

3. Turn the cursor until its RMS line lies over the value of the 2210 meter reading in 
dB on the outer dB SL scale of the Slide Rule. 

4. Read the vibration level on the same vibration scale as that used for step 2. 

3.9.5. Type 4291 Calibration: Pocket Calculator Method 

When the 2210 is calibrated using the Accelerometer Calibrator Type 4291, the conver
sion may also be made using a pocket calculator and Equation 3.4. 

where: 

R = 

M 
z 
Lref = 

a, v, or d 

M-Z 
R . 10 Lref 3.4 

the vibration reference amplitude (acceleration, velocity or displacement) 
given in section 3. 7.3 
the dB reading from the 221 0 display 
the zero reference level in dB given in section 3. 7.3 
20dB 
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4.1. GENERAL 

4. USE WITH OTHER INSTRUMENTS 

The 221 0 can be used with a variety of other instruments such as filters, recorders and 
an alphanumeric printer. A selection of these is shown in Fig.5, Chapter 1 . Details of 
the instruments can be found in the appropriate Instruction Manuals. However, due to 
the operati,ng principle of the 221 0, some details of its use with the recorders and the al
phanumeric printer will be given here. 

4.2. TAPE RECORDING AND REPRODUCTION 

4.2.1. General 

The four channel Instrumentation Tape Recorder Type 7003 can be used to record and 
reproduce unrectified (AC) as well as rectified (DC) signals from the 221 0. In both cases 
the tape recorder is connected to the TAPE RECORDER INPUT /OUTPUT socket on the 
left hand side of the 2210 (see Fig.2.2) using one of the 25-pin plugs JP 2500 sup
plied . For pin connections and designations, see Figs.4.1 and 4.2 (sections 4.2.2 and 
4 .2.3). 

Note: No pins other than those indicated in Figs.4.1 and 4.2 must be used to connect 
the required cables. The remaining pins must under no circumstances be used for inter
connections, as soldering lugs, etc. as they are connected to test points inside the 
221 0; short-circuiting the pins will affect the operation and may damage the circuits of 
the 2210. 

Recording can be performed with the RECORD/PLAYBACK switch in both "Record" and 
"Playback" mode. Playback of signals can only be performed in the "Playback" mode. 

Signal input to chan
nel 2 or 3 on Tape 
Recorder 7003" 

Signal output from 
channel 2 or 3 on 
Tape Recorder 7003 

05 

06 

07 

010 

011 

012 

013 

Signal input to chan-
4-+--_____ nel 1 or 4 on Tape 

Recorder 7003 * * 

017 

~18 

019 

020 

021 

022 

023 

024 

025 

Signal output from 
channel 1 or 4 on 
Tape Recorder 7003 

-+----Ground 

* Input Selector on "DC" 

* '* Input Selector on "AC" 

771209 

Fig.4. 1. Connections to TAPE RECORDER 110 socket for recording 
and reproducing the undetected (AC) signal. The socket is 
externally viewed 



When recording signals in the "Playback" mode the display will indicate the recorded 
and again reproduced signal, while in the "Record" mode the direct signal is displayed. 

During normal sound measurements the RECORD/PLAYBACK switch must remain in 
the "Record" mode. 

Both automatic and manual gain control can be employed. If the "Manual" GAIN CON
TROL MODE is used the gain can be adjusted during recording without affecting the cali 
bration. 

4.2.2. Recording and Reproduction of AC Signals 

The signal recorded from the 221 0 is the unrectified, unfiltered and unweighted signal; 
later, when reproducing the signal through the 221 0, it will operate as for normal 
sound measurements and weighting, filtering and rectification, etc ., can therefore be se
lected as described in section 3.4.2. A dynamic tape-recording range of approximately 
90 dB (from max. sine RMS to inherent noise) is obtained. It should be noted that the fre
quency range is limited to 12,5 kHz -1 dB due to the characteristics of the Tape Recor
der 7003. 

Two of the four channels of the 7003 are utilized, they are connected to the 2210 using 
the 25-pin plug JP 2500 supplied and four BNC plugs . See Fig.4.1. 

Recording 

1. Calibrate the 221 0 as described in section 3 .4 . 

2 . Calibrate the 7003 as described in its Instruction Manual. 

3. Connect the 221 0 to the 7003 using the pins shown in Fig.4.1. 

4 . Set the controls of the 221 0 as described in section 3.5.2. 

5. Set the RECORD/PLAYBACK switch as required; see previous section 4.2 .1. 

6 . Switch the tape recorder to 15 ips tape speed. 

7 . Select AC or DC mode on the INPUT SELECTORs of the 7003 as indicated on 
Fig.4.1 . 

8 . Start the tape recorder and record the REF. 1 and REF . 2 signals activating the 
REF . 1 switch and shifting between the signals by means of the REF . 2 switch. Both 
signals should be recorded 4 to 6 times, each recording lasting 5 to 10 seconds. 

9 . Switch off the REF . signals and record the required sound signal. 

For monitoring during recording (which is recommended), a set of earphones may be con
nected to the AC MONITOR OUTPUT of the 221 0, or use can be made of the monitoring 
facility of the 7003. For further information see the Instruction Manual for the 7003. 
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Reproduction 

1. Calibrate the 7003 as described in its Instruction Manual. 

2 . Calibrate the 221 0 as described in section 3.4 ensuring that the Ko factor is ad
justed to the same value as that used during the recording. 

3. Connect the 2210 and the 1q03 using the pins shown in Fig.4.1. 

4. Select the same INPUT LEVEL mode as used during the recording. 

5. Set the RECORD/PLAYBACK switch in the "Playback" mode. 

·6 . Activate the REF. 1 switch. 

7. Set the tape speed of the 7003 to 1 5 ips and start the recorder. 

8. The reference levels recorded on the tape will now be shown on the display. The ref
erence levels must correspond to those recorded; if not, then adjust the REF. 1 and 
REF. 2 potentiometers to give correct readings. 

9 . Switch off the REF. 1 switch. Now when reproducing the signal the 2210 will oper
ate as for normal sound measurements and weighting, filtering and rectification can 
be.selected as described in section 3.5.2. 

Any over- or underload appearing during the recording will be indicated on the display in 
the normal way("---,-"). 

4.2.3. Recording and Reproduction of DC Signals 
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The signal recorded from the 221 0 is the rectified, filtered and weighted signal. Rectifi
cation, etc., should therefore be applied according to requirements during the recording. 
One of the 4 channels of the 7003 is utilized and connected to the 221 0 using the 25-
pin plug JP 2500 supplied and a BNC plug. See Fig.4.2. If an identification of the re
corded signal is required the signal from the AC MONITOR OUTPUT can be recorded on 
one of the remaining channels. It should be noted tbat the bandwidth .of this channel is 
limited to 1 kHz if a tape speed of 1 ,5 ips is used. 

01 
014 

02 
015 

03 
016 

04 
017 

05 

06 
018 Ground 

Signal input to channel 1,2,3 or 019 

4 on Tape Recorder 7003 020 

Signal output from channel 021 

1,2,3 or 4 Tape Recorder 022 
7003 010 

023 
011 

024 
0 12 

025 
013 

780054/1 

Fig.4.2. Connections to TAPE RECORDER 110 socket for recording 
and reproducing the·_detected (DCJ_'signal: The socket is ex
ternally viewed 



Recording 

1 . Calibrate the 221 0 as described in section 3.4. 

2 . Calibrate the 7003 as described in its Instruction Manual. 

3. Connect the 2210 and the 7003 using the pins shown in Fig.4.2. 

4. Set the controls of the 2210 as described in section 3.5.2. 

5. Set the RECORD/ PLAYBACK switch as required; see section 4.2.1. 

6. Switch the tape recorder to 1,5 ips tape speed. 

7. Select the DC mode on the INPUT SELECTOR of the channel used. 

8 . Start the tape recorder and record the REF. 1 and REF. 2 signals activating the 
REF. 1 switch and shifting between the signals by means of the REF. 2 switch. Both 
signals should be recorded 4 to 6 times, each recording lasting 5 to 10 seconds. 

9. Switch off the REF. signals and record the required sound signal. 

Reproduction 

1. Calibrate the 7003 as described in its Instruction Manual. 

2 . Calibrate the 2210 as described in section 3.4 ensuring that the Ko factor is ad
justed to the same value as that used during the recording. 

3. Connect the 2210 and the 7003 using the pins shown in Fig.4.2. 

4 . Set the RECORD / PLAYBACK switch in the "Playback" mode. 

5 . Activate the REF . 1 switch. 

6. Set the tape speed of the 7003 to 1,5 ips and start the recorder. 

7. The reference levels recorded on the tape will now be shown on the display. The ref
erence levels must correspond to those recorded; if not, then adjust the REF. 1 and 
REF . 2 potentiometers to give correct readings. · 

8 . The recorded signal can now be reproduced when the REF. 1 is switched off. 

It should be noted that during reproduction of the rectified signals the controls of the 
221 0 are not active except for the READ OUT CONTROL. 

4.3. DIGITAL RECORDING 

4.3.1. Alphanumeric Printer Type 2312 

If a direct "hard-copy" of the measurement is required, the 221 0 may be used with the 
Alphanumeric Printer Type 231 2. The 231 2 is battery powered and is therefore well su
ited for immediate print-out of data in the field . 
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The 2312 should be connected to the DIGITAL 1/0 socket on the right hand side of the 
221 0 using cables AO 0184 (two of these are required). The INTERFACE MODE 
SWITCH on the 231 2 should be set to "B & K". Updating and print-out of data is con
trolled by the 2 21 0 when the CLOCK CONTROL SELECTOR of the 231 2 is in the "Ext." 
mode. All the READ OUT CONTROL modes of the 2210 may be used. However, in the 
0,1 s mode the 231 2 will not follow the read out speed of the 221 0 and will print out 
approximately every third result. Print-out can also be controlled by the 231 2 with inter
vals selectable from 10 seconds to 1 hour. The data may be printed with a heading indi
cating the day, hour and minute of the reading. 

For further details, see the Instruction Manual for the 231 2 and the accompanying book 
"Interfacing Bruel & Kjcer Instruments". 

4.3.2. Digital Cassette Recorder Type 7400 

The digital output of the 221 0 may be used to output data for recording on the Digital 
Cassette Recorder Type 7400. The 7400 may be powered from a DC supply ( 10 to 
30 V, 16 VA) permitting data to be recorded in the field for subsequent analysis. 

The 7400 should be connected to the DIGITAL 1/0 socket on the right hand side of the 
2210. Cable AO 0184 should be used to connect the 2210 to a 7400 with serial num
ber 894 938 or above. For Cassette Recorders with serial number below 894 938, two 
cables AO 0184 are required. The INTERFACE MODE switch of the 7400 should be set 
to "B & K L.P. Compatible". Note that the 221 0 should not be connected to an interface 
bus where any other instrument is to transmit data. 

For further details, see the Instruction Manual for the 7400 and the accompanying book 
"Interfacing Bruel & Kjcer Instruments". 

4.4. LEVEL RECORDING 

The battery-operated Level Recorder Type 2306 is well suited for use with the 221 0. It 
is connected directly to the AC and DC outputs on the front of the 221 0. 

4.4.1. AC Recording 
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1. Connect the AC MONITOR OUTPUT of the 221 0 to the SIGNAL INPUT of the 2306 
by means of the cable AO 011 6. 

2. Switch the GAIN CONTROL MODE selector to "Manual". 

3 . Select the INPUT LEVEL mode and MANUAL GAIN CONTROL setting to obtain maxi
mum deflection on the PEAK LEVEL meter for the highest sound pressure level oc
curring in order to ensure maximum signal-to-noise ratio. Select other controls as 
described in section 3.5.2. The actual detector mode has no influence during ACre
cording. 

4. Set the 2306 in the "AC Log." mode and select the required writing speed, paper 
speed and range potentiometer. A 25 dB potentiometer is recommended. If wider re
cording ranges are required DC recording should be used; see section 4.4.2. For fur
ther information see Instruction Manual for 2306. 

5 . Switch on one of the REF. voltages of the 221 0 and adjust the pen deflection by 
means of the SENSITIVITY potentiometer on the 2306 to lie 4 dB above a thick line 



OODOOODDDDDDOOOODOODOOOOOODDOODDDDODDD 
Bri.iel & Kjcer 

Fig. 4. 3 . AC recording of noise in an office 

on the recording paper. See example in Fig.4 .3. The recorder is now calibrated and 
ready for recording when the reference voltage is switched off. 

NOTE: When using the "Q" weighting network the overall level of the signal from the 
AC MONITOR OUTPUT is lowered 1 0 dB. 

4.4.2. DC Recording 

1 . Connect the DC OUTPUT of the 221 0 to the SIGNAL INPUT of the 2306 by means 
of the cable AO 0116. 

2 . Switch the GAIN CONTROL MODE selector to "Auto". 

3 . Select other controls as described in section 3 .5.2. 

4 . Set the 2306 in the "DC Lin." recording mode and select the required writing speed 
and paper speed. For further information see the Instruction Manual for 2306. 

5. Switch on the REF . 1 voltage and by means of the SENSITIVITY potentiometer adjust 
the pen deflection to lie 4 dB above the thick line on the recording paper as indi
cated in Fig.4.4. 

6. Switch on REF . 2 voltage and by means of the DC LIN POSITION potentiometer ad
just the pen deflection to lie 40 dB below the REF . 1 voltage as shown in Fig.4 .4 . 

7. Repeat items 6 and 7 unti I pen deflections are constant. The recorder is now cali
brated and ready for recording when the reference voltages are switched off. 

OOOODODDDODDDDDDDDDOODOODODDDODDDDODDDC 

?J8el & Kjcer Bri.ie 
160 140 120 

140 120 100 
124 dB 

80 
104 dB 

120 100 80 60 
20 dB 84 dB 84 dB 

100 80 60 40 
64 dB 

80 60 4Q-20 

" High" ~"Med. "====t= "Low" l:-----!_44 dB 
60 40 20 0 

OP 0102 780049 

Fig. 4. 4 . Calibration example indicating the various calibration possi
bilities 
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84 dB 

"Fast" "Slow" 

QP 0102 780053 

Fig. 4. 5. Recording of noise in an office using "Fast" and "Slow" de
tector modes 
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Ref. 1 

124 dB 

Ref . 2 
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QP 0102 780052 

Fig. 4 . 6. Recording of impulsive n01se using the "Impulse" detector 
mode 
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Fig. 4. 7. Recording of machine shop noise using the "Fast" detector 
mode 



5. SPECIAL CHARACTERISTICS 

5.1. MEASURING RANGES WITH DIFFERENT MICROPHONES 

See also Section 1, Specifications, page 7. 

Input Level 
Microphone 

"High" "Med." "Low" 

Type 
Nominal Nominal dB sine RMS dB sine RMS dB sine RMS 

Sensitivity K -factor dB peak dB peak dB peak 
0 

4144-4145 50 mV/Pa 0 6011 - 140 4011 - 120 1821 - 100 

83 -143 63 - 123 43 - 103 

4165-4166 50 mV/Pa 0 6011 - 140 4011 - 120 2421 - 100 
83 -143 63 - 123 43 - 103 

4133-4134 12,5mV/Pa 12 7211 -152 5211 - 132 362)- 112 

95 -155 75 -135 55 - 115 

4135 4 mV/Pa 22 8211 - 160* 62 11 - 142 5521 - 122 
105 - 160* 85 - 145 65 - 125 

4136 1,6 mV/Pa 30 9011 - 160* 7011 - 150 6221 - 130 
113 - 160* 93 - 153 73 -133 

780109 

1) Signal-to-Noise ratio> 10 dB(A) 

2) Signal-to-Noise ratio > 5 dB( A) 

* Limited by maximum display reading of 160 dB 

Table 5. 1. Measuring ranges of the 2210 fitted with various 8 & K 
Condenser Microphones 

5.2. INPUT CAPACITANCE 

Due to the low capacitance of condenser microphones, their sensitivity is affected by ca
pacitive loads, as shown in Fig .5.1. For one-inch and half-inch microphones, their capac
itance is between about 1 8 and 65 pF (the actual values are given on the calibration 
charts), and hence the input capacitance has relatively little effect. With the quarter-inch 
and eighth-inch microphones, however, whose capacitance is about 6,5 and 3,5 pF re
spectively, the loading effect is more pronounced, and system calibration using a Piston
phone Type 4220 is recommended. 
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Fig. 5. 1. Attenuation due to the input capacitance of Input Stage ZC 
0007 

5.3. INPUT STAGE CONNECTIONS 

For completeness, the pin connections of the input stage are given in Fig.5.2. 

Input Signal 

0 V (Signal Ground) 

50 V DC (Input Stage Power) 

780758 

Fig. 5. 2. Pin designations of the input stage socket. The socket is ex
ternally viewed 

5.4. DIGITAL READOUT 
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IEC Publication 651 allows for both analog and digital readout. The advantages of a stan
dardized digital readout are that reading uncertainties are virtually eliminated and that 
definite directives for this method of readout are established. It also frees the operator 
from any doubts about whether to read for instance maximum value or average value of 
meter needle fluctuations. When digital readout is used, IEC 651 requires that the in
strument displays the maximum sound level in the measuring interval. Furthermore, for 
Type 0 instruments, such as Type 221 0, the Impulse response must be specified, thus 
ensuring a well-defined response to impulsive signals - this is not necessarily the case 
for Type 1, 2 and 3 instruments. 

These features of the 221 0 will provide well-defined and reproducible measurement re
sults of steady, fluctuating and impulsive sounds. However, it should be noted that this 
method in general will produce readings that are slightly higher than those obtained 
with ordinary sound level meters with moving coil instruments, when measuring fluctuat
ing and impulsive noises . 



6. SERVICE AND REPAIR 

The Impulse Precision Sound Level Meter Type 221 0 is designed and constructed to pro
vide the user with many years of trouble free operation . However, should a fault occur 
which impairs its correct function, the NiCd cells should be removed and the instrument 
secured against unintended operation . For repair consult the separate Service Instruc
tion Manual available for the 221 0 or contact your local 8 & K service representative . 
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