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1. INTRODUCTION 

The 2113 Audio Spectrometer is a precision solid state instrument for 
the analysis of sound and vibration. When employed with a suitable B & K 
condenser microphone it becomes a precision sound level meter and an 
impulse sound level meter to the respective IEC 179 and DIN 45 633 recom
mendations. 

The 2113 is basically a wide range measuring amplifier plus a set of 
contiguous 1/1 and 1/3 octave bandpass filters, covering the 25 Hz to 
20 kHz audio range. With additional filters this range can be extended from 
2Hz to 160kHz. The filters conform to the following recommendations. 

IEC 225- 1966 
ANSI S1.11- 1966 

DIN 45 652 

( 1/3 octave Class Ill and 
1/1 octave Class II). 

"Lin", "A", "B" and "C" networks are also provided as well as the 
recently introduced "D" network for aircraft noise analysis. Both filters and 
weighting networks can be selected manually, or if automatic synchroniz
ation with other equipment is preferred selection is via remote control. 

Operation is considerably simplified by the inclusion of automatic input 
and output overload indication together with direct indication of the meter 
range on the meter scale. The scales are interchangeable and calibrated for 
sound, vibration, voltage, power spectral density and sound absorption co
efficient. 

For normal use the equipment can be powered by an AC mains supply, 
but provision is made for 12 V battery operation when field measurements 
are required. 
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2. TECHNICAL DESCRIPTION 

A block diagram of the 2113 is shown in Fig.2.1. It is divided into the 
following parts: 

1. Input Section. 
Input Circuit and Attenuator I. 
Reference Oscillator. 
Amplifier Sections I and II. 
Input Overload Indicator. 

2. Filter Section. 
1/3 Octave Filters. 
1/1 Octave Filters. 
Weighting Networks. 
Linear Ranges. 
Remote Control. 

3. Output Section. 
Amplifier and Attenuator Sections I and II. 

4. Record and Meter Section. 
Recorder Amplifier. 
Meter Amplifier I. 
Output Overload Indicator. 
RMS Rectifier. 
Meter Amplifier II . 

5. Power Supply. 

1. INPUT SECTION 

Input Circuit and Attenuator I 

There are two alternative input sockets. One is a normal B & K coaxial 
socket. The other accepts the 7-pin plugs of the B & K preamplifiers and 
supplies the ·stabilized voltages for the preamplifiers and a 200 V polarizat
ion voltage for a condenser microphone. 
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Both inputs lead to the Input Attenuator which is divided into two 
sections. It steps down the signal in accurate 10 dB steps and can give a 
maximum attenuation of 100 dB. In the least sensitive position it will 
accept 300 V input, but if the Gain control is used as well, input voltages of 
up to 1000 V may be accepted. 

The input impedance of the instrument is 1 MDJ /50 pF. 

Reference Oscillator 

This is built in for calibration purposes and is selected by push-button. It 
produces an accurate 50 mV sine reference voltage at 1000Hz. The signal 
distortion is < 2% and the amplitude and frequency stability are also better 
than 2%. A frequency of 1000 Hz was chosen since the weighting networks 
have no attenuation at this frequency. 

Amplifier Sections I and II 

When the 2113 is calibrated for a 50 mV reference deflection Amplifier 
Section I has a gain of 50 dB. To obtain the best signal/noise ratio the 
amplifier is divided into two sections with an attenuator section in between. 
Both sections are similar, but on the first there is a balanced input stage to 
regulate the sensitivity of the two input sockets. The two sensitivity 
adjusters and the Gain Control, have an attenuation range of 14 and 10 dB 
respectively and are situated in the same feedback loop. The amplification 
of this stage as a whole can thus be varied between 5 and 29 dB. The 
amplifier is protected against short circuit of the output (External Filter 
Input socket), and the output impedance is< 10fL 

Input Overload Indicator 

When using the 2113 in its linear position, overload of the amplifiers can 
often be observed on the indicating meter by overdeflection of the needle. 
However, when filters or weighting networks are used, certain signal com
ponents will be attenuated and will not reach the output amplifier or show 
up on the meter. It can be seen therefore that while the output amplifier 
may not be overloaded the input amplifier may well be. Hence an overload 
indicator is placed immediately after the input amplifier, as suggested by the 
IEC extension to 179 for Impulse Sound Level meters. 
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The overload indicator is a form of comparator and measures the maxi
mum peak voltage from zero level. The light will operate when the output 
from the input amplifier exceeds 5.6 V peak and it will remain alight for 
more than 0.5 sec. even if the peak is of 0.2 msec. duration. 

Both the input and output overload indicators are connected in parallel 
to the overload relay so that when either one (or both) operates the over
load relay is triggered. 

2. FILTER SECTION 

Selection of filters, plus weighting and linear networks is made via the 50 
position Filter Switch on the front panel which can be manually or 
.. emotely operated. The bold circles on the illuminated Filter Switch scale 
indicate the two ranges available. Range I selects filters in the 25 Hz -
20 kHz band, plus D, A, B, C and "Lin" networks, whilst RANGE II utilizes 
the same filters, but does not include the weighting or "Lin" positions. 
However, positions are available for the selection of extension filters if 
connected. If not connected then no output will be available from the 
Spectrometer in these positions. The extension filters cover frequency band 
2 - 20 Hz and 25 - 200 kHz, and are available separately from B & K. 
Stock numbers for these filters are given in the "Operations" chapter. 

Selection of 1/3 or 1/1 octave filters is made via the push button MODE 
switch. 1/3 octave centre frequencies are displayed as individual line blocks 
on the filter scale, whilst those of the 1/1 octave are indicated by each 
central block, of each group of three 1/3 Octave blocks. 

1/3 Octave Filters 

The Spectrometer is equipped with 30 1/3 oct. band-pass filters. The 
filters are all 6-pole Butterworth networks and have centre frequencies and 
pass bands in listed in Table 1. 

The filters in the range 25- 200 Hz, included with the Spectrometer and 
the extension filters in the 2 - 20 Hz range, not provided, are all active 
circuits. Each consists of 3 stagger tuned Wien-bridge amplifiers, with an 
emitter follower output to reduce the output impedance. 

The other 1/3 octave filters are all passive 6 pole Butterworth bandpass 

9 



Centre Centre 
Frequency Bandwidth Frequency Bandwidth 

Hz Hz Hz Hz 

25 5.8 800 183 
31.5 7.3 1000 230 
40 9.2 1250 290 
50 11.6 1600 370 
63 14.5 2000 460 
80 18.3 2500 580 

100 23 3150 730 
125 29 4000 920 
160 37 5000 1160 
200 46 6300 1450 
250 58 8000 1830 
315 73 10000 2300 
400 92 12500 2900 
500 116 16000 3700 
630 145 20000 4600 

Table 1. Filter centre frequencies and bandwidths. 

networks. Schematic diagrams for both active and passive networks are 
shown in Fig.2.2 and 2.3. 

The overall characteristics conform to existing standards for 1/3 octave 
filters. Typical examples of filter characteristics are shown in Fig.2.4 and 
2.5. 

Peak-valley ripple in the pass band is less than 0.5 dB and rejection is 
greater than 75 dB at frequencies five times and one-fifth of the centre 
frequency . . 

A typical set of adjacent filter characteristics is shown in Fig.2.6. The 
frequency characteristic cannot be expected to intersect exactly at the 
3.7 dB point because of the steep attenuation slope at this point. A very 
small displacement of the filter centre frequency will cause a large displace
ment of the point of intersection. 
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Fig.2.2. Active 1/3 Octave filter network. 
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A buffer amplifier is placed directly after the 1/3 octave filters and is 
necessary because the filter characteristics are very dependent on terminat
ing impedance. 

1/1 Octave Filters 

The 1 I 1 Octave filters are formed from three adjacent 1/3 Octave filters 
and a summing amplifier combines them. In this way interaction between 
the combined filters is reduced. 

1/1 Octave centre frequencies are given in bold type in Table 1, whilst 
Fig.2.7 shows the top of a typical 1/1 Octave filter response. The peak
valley ripple in the pass band is better than -0.5, + 1.0 dB, and the reject
ion outside the band is greater than 60 dB at eight times and one eighth of 
the centre frequency. 
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Effective Bandwidth 

Table 1 gives the effective bandwidth at the 3.7 dB points. This band
width is the 1/3 octave and also the effective bandwidth of the filter. See 
"Definitions". 

When measuring white noise and using an effective bandwidth of 1/3 
octave, the RMS voltage from the filter can be in error by ± 0.4 dB, because 
of the production tolerances on the filters. 
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Phase Response 

Any practical filter produces considerable phase distortion in its pass 
band. The phase characteristics and tolerances for 1/3 and 1/1 Octave filters 
for the 2113 are shown in Fig.2.8 and 2.9 respectively. 

1/3 Octave Filter 
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Fig.2.8. Phase response of 1/3 Octave filter. 
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Fig.2.9. Phase response of 1/1 Octave filter. 

Filter Transient Response 

The filter inputs of the Spectrometer are all connected in parallel to the 
input amplifiers output via the RANGE I and II, and FIL TEAS INT/EXT 
push button selector switches, so that during analysis no switching 
transients will be produced when the filter set is being scanned. The 
transient response of the filters is in fact quite complex, depending on the 
input waveform as well as the filter type, but normally need not be taken 
into account for measurements with the spectrometer. 

However, the response of the filters to a suddenly applied sinusoidal 
signal has been determined, and is shown in Fig.2.1 0. The filter output 
normally requires approximately 15 periods to stabilize to the steady state. 
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This becomes a problem when making low frequency measurements and 
means that 8 sees from the time of switching on would be required by the 
2 Hz filter before its output could reach a steady state. 

Input Waveform 

11\~~~~\,....--.---
~ 

Output Waveform 

at Fi Iter Centre 
Freguency fo 

Input Waveform 

Output Waveform 

at Filter Lower 
Bandedge Freguency f 1 

410 0 71 

Fig.2.10. Transient response of filters. 

Weighting Networks 

A graph showing the characteristics of the A, B, C and D networks is 
shown in Fig.2.11. The A, B and C networks comply with the basic shape 
and tolerances set by the IEC Recommendation 179, whilst the more 
recently introduced D network complies to the DIN and the proposed IEC 
standards. Tolerances for these networks are given in Table 2. 
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Fig.2. 11. Frequency response of A, 8, C, D and linear scales. 
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Frequenc~ Curve A Curve B Curve C CurveD IEC Tolerance B&K Tolerance 
Hz dB dB dB dB limits dB limits dB 

10 -70.4 - 38.2 - 14.3 -27.6 5 - 00 3 - 3 
12.5 -63.4 - 33.2 - 11 .2 -25.6 5 - 00 3 - 3 
16 -56.7 - 28.5 - 8.5 -23.5 5 -00 3 - 3 
20 -50.5 - 24.2 - 6.2 -21 .6 5 - 5 3 - 3 
25 -44.7 -20.4 - 4.4 - 19.6 5 -5 2 - 2 
31.5 -39.4 -17.1 - 3.0 - 17.6 3 - 3 1.5 - 1.5 
40 -34.6 - 14.2 - 2.0 - 15.6 3 -3 1.5 - 1.5 
50 -30.2 -11 .6 - 1.3 - 13.6 3 -3 1.5 - 1.5 
63 -26.2 - 9.3 - 0.8 - 11 .6 3 - 3 1.5 - 1.5 
80 -22.5 - 7.4 - 0.5 - 9.6 2 - 2 1.5 - 1.5 

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

1000 0 0 0 0 1 -1 1 - 1 
1250 0.6 0 0 1.9 1 -1 1 - 1 
1600 1.0 0 - 0.1 5.4 1 - 1 1 - 1 
2000 1.2 - 0.1 - 0.2 8.0 1 - 1 1 - 1 
2500 1.3 - 0.2 - 0.3 10.0 1 -1 1 - 1 
3150 1.2 - 0.4 - 0.5 11 .0 1 - 1 1 - 1 
4000 1.0 - 0.7 - 0.8 10.9 1 - 1 1 - 1 
5000 0.5 - 1.2 - 1.3 10.0 1.5 - 1.5 1.5 - 1.5 
6300 - 0.1 - 1.9 - 2.0 8.5 1.5 -2 1.5 - 2 
8000 - 1.1 - 2.9 - 3.0 6.0 1.5 -3 1.5 - 3 

10000 - 2.5 - 4.3 - 4.4 3.0 2 -4 2 - 4 

12500 - 4.3 - 6.1 - 6.2 - 0.4 3 -6 3 - 6 
16000 - 6.6 - 8.4 - 8.5 - 4.4 3 -00 3 - 00 

20000 - 9.3 - 11 . 1 - 11 .2 - 8.1 3 -00 3 -00 

Table 2. Weighting network tolerances. 
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Linear Ranges 

The frequency range of the Spectrometer's input and output amplifiers is 
2Hz to 200kHz (± 0.5 dB from 2Hz to 200kHz and± 0.2 dB from 10Hz 
to 50 kHz). However, in various measurements it is convenient to limit 
frequencies at either the low frequency end of the pass band or at the high 
frequency end, or both. This facility is provided, and is selected by the 
FILTER push buttons marked "22.4 Hz" and "22.4 kHz", which are the 
respective cut-off frequencies of the internal high and low pass filter net
works. The response of these filters is shown in Table 3. 

Selection of the Ll N position on the Filter switch also limits the pass 
band, but here the range is a fixed 22.4 Hz to 22.4 kHz. 

Remote Control 

Remote control is obtained via the internal electromagnetic drive unit, 
which switches the 2113 filters automatically when powered from the 
B & K Level Recorder 2305 or the Tape Recorder 7001. For further inform
ation on the use with other equipment consult the OPERATION 
CHAPTER. 

High Pass F i Iter Low Pass Filter 

Frequency Attenuation from Frequency Attenuation from 
(Hz) linear (dB) (kHz) linear (dB) 

32 ±0.2 19 ±0.2 
22.4 3 22.4 3 

16 >18 32 >18 
8 >40 64 >40 
4 >60 125 >60 
2 >70 >125 >60 

Table 3. 
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3. OUTPUT SECTION 

Amplifier and Attenuator Sections I and II 

As with the Input Section, the Output Section is made up of several 
cascaded amplifier and attenuator stages. This gives the best possible signal 
to noise ratio. 

Each amplifier stage is followed by an attenuator. The attenuators are 
ganged and attenuate the output of the Output Section by up to 50 dB in 
10 dB steps. 

Immediately before the first attenuator stage is a low pass filter. The 
filter has an attenuation slope of 18 dB/Octave and serves to limit frequency 
components above its 330kHz cut off frequency. 

The overall gain of the Output Section is 64 dB. 

4. RECORD AND METER SECTION 

Recorder Amplifier 

When an AC recording is made the signal from the Output Attenuator is 
fed direct to a normal class B amplifier. The maximum amplification pro
duced throughout the output section is then 64 dB and the 5 V RMS output 
voltage corresponds to full scale deflection. The output socket of the 
recorder amplifier is short circuit protected, and has an output impedance 
<son. 

Meter Amplifier I 

When a meter reading or a DC recording is required, the signal from the 
Output Attenuator is passed direct to this section. 

The amplifier is of the push-pull type (hence the 1800 phase shift) and 
feeds the RMS rectifier. 

To give the instrument a large operating temperature range, silicon diodes 
are used in the RMS rectifier. A relatively large voltage drop occurs across 
them so a certain amount of distortion is produced in the rectified signal. 
To compensate for this distortion, further diodes are inserted in the feed
back loop of the output amplifier. These produce a characteristic distortion 
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which counteracts the distortion due to the rectifying diodes so a correct 
signal is passed on to the meter. 

This is the reason for using a separate final amplifier stage when AC 
recordings are made. 

Output Overload Indicator 

The IEC extension of Recommendation 179 proposes that in order to 
safeguard against harmonic distortion due to the overdriving of the amplifier 
by signals with too high a peak value, overload indicators should be placed 
at the amplifier stage before a filter and before the meter rectifier. 

An output overload indicator is thus fitted before the meter rectifier and 
comes into operation when the output voltage exceeds 56 V peak. Its mode 
of operation is similar to that of the input overload indicator, and it is 
connected to the overload relay as previously mentioned. 

RMS Rectifier 

In principle RMS circuits consists of squaring, averaging and root extract
ing s~ctions (Fig.2.12.a). The actual circuit (Fig.2.12.b) is made with 
variable squaring i.e. the parameter of the parabola is a function of the 
voltage on the averaging condenser. It can be shown that the two circuit 
principles are identical, except for the RC product which must be twice as 
large in the latter case. 

~ wl i R 

I r~ F' 
NN' cf E'l (a) 

Squaring Averaging Root extraction 

Fig.2.12a) Principal sections of R.M.S. circuits. 

~ 
i R 

'ill .. VWV' cf ,, 
IE (b) 

,, ,, ,, 

Variable Averaging 

squaring condenser /6919.7 

Fig.2.12b) R.M.S. circuit of 2113. 
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The mode of operation of the RMS circuit can be understood by con
sidering Fig.2.12.a. If a step voltage V 1 is applied to the input, the voltage E 
at the output will rise according to the function 

E = K1 V 1 j,- e"Rt- (i) 

This function is the basis for the impulse SL-meter standard's require
ments for single impulse response. See Fig.2.13.a. 

v 

--

--~------~----------------------------t 
T= R·C 

Fig.2.13a) 

If the input voltage now steps down from a constant value V 1 to 0, E 
will decrease according to the function 

See Fig.2.13.b. 

v 

-=L 
E = K 1 V 1 eRC 

-r = R· C 2 't" 

Fig.2.13b) 
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When repeated impulses are applied with a repetition time of more than 
5 times the time constant 7 = RC the decay function will influence the 
measured result as shown in Fig.2.14. 

~------~~------~--~----~-------------t 

Fig.2.14. Response when T = 5 RC. 

From the figure it can be seen that 

)
1 

_ e -S/7 j ~(S + t)/7 
1 - e 

- (T- t) 

and E2 = E1 e 
27 

from which can be obtained 

-T/7 
- e 
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and 

It can also be seen that if the time constant RC is large compared to the 
periodic time T, then E1 and E2 will be nearly equal. This is the case when 
the RMS value of the applied voltage is required. 

The "peak" voltage E1, calculated from 

-=L. 
_ eRC 

. .::I. 
_ eRC 

(iii) 

and is the basis for the impulse SL-meter standard's requirements for the 
response for sequences of impulses. This voltage must then be stored in a 
hold circuit so that the relatively slow meter can be given sufficient time to 
respond. 

The I EC proposal for Impulse SL-meters states that the mean square 
value of the signal should be produced with an RC averaging time constant 
of 35 m.sec. 

In the 2113 the squaring section is accurate to within ± 0.5 dB up to 
crest factor 10 since 8 breakpoints are used to approximate the squaring 
curve. Transistors have been used in place of the diodes to produce the 
breakpoints since they enable high crest factors to be handled. Crest factors 
up to 10 can be handled at full scale deflection and up to 40 with a lesser 
meter deflection. 

Fig.2.15.a shows tbe maximum permissible crest factor at a particular 
scale reading to ensure correct indication of RMS values and Fig.2.15.b 
shows the accuracy of scale readings over the complete scale for signals of 
crest factor up to 40. The maximum SPL's that can be measured accurately 
with 1" and 1 /2" microphones with respect to the crest factor of the signal 
can be seen in F ig.4.3. 
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Fig.2.15b) Accuracy of scale readings. 
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The I EC recommend certain characteristics for the it1strument as a whole 
when measuring impulsive sounds. These are summarised as follows: 

If a single burst sinusoidal signal, having a frequency of 2000 Hz, a 
duration t and a constant amplitude, the reading relative to the reading for 
the continuous signal shall be as in Table 4. 

Tone Burst Reading with respect Tolerance 
duration t to reading of 

continuous signal 
ms dB dB 

continuous 0 
50 -1.2 ± 1 
20 -3.6 ± 1.5 
10 -6.0 ±2 
5 -8.8 ±2 
2 -12.6 ±2 

Table 4. Reading for single impulses. 

If sinusoidal signals having a frequency of 2000Hz (c/s), a duration of 
5 ms and a repetition frequency fp are applied with a constant amplitude, 
the reading relative to the reading for the continuous signal shall be as stated 
in Table 5. 

Repetition Reading with respect Tolerance 
frequency to reading of 

continuous signal 
fp Hz (c/s) dB dB 

continuous 0 
100 -2.7 ±1 

50 -5.1 ±0.5 
20 -7.6 ±2 
10 -8.5 ±2 
5 -8.7 ±2 
2 -8.8 ±2 

Table 5. Reading for sequences of impulses. 
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The values given in Table 4 and 5 are shown in Fig.2.16 and 2.17. 

Meter Amplifier II 

As mentioned in the section on the RMS circuit E, from Equation (iii), 
is the required value for impulse measurements. This maximum value is 
stored in a circuit the operation of which can be followed with reference to 
Fig.2.18. When a voltage E1 is applied to the input of the circuit the 
operational amplifier will rapidly charge the condenser C to a voltage V 2 
very nearly equal to E,. If E1 is then decreased or removed the diode D will 
cause the voltage on C (nearly equal to V2) to be stored. C will only be 
discharged by leakage of the components or leakage through a resistor in 
parallel. The decay time constant for impulse SL measurements is specified 
in the I EC proposal for Impulse SL meters at 3 sec ± 1 sec. Since the figures 
in this standard are determined only by the peak value of the voltage on the 
averaging condenser in the RMS circuit, the "Hold" and "Impulse" posit
ions will give rise to the same reading for the figures specified. 

Measurements on single impulses will, however, be much more easily 
carried out in the "Hold" position. This position will also be very con
venient if the maximum RMS value of a varying SL is wanted. 

Fig.2.18. Meter Amplifier II. 
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The hold action can be released by the Meter Reset button which short 
circuits the diode D. This diode is short circuited automatically when the 
meter is set to the "Fast" or "Slow" meter dampings. The high amplificat
ion of the operational amplifier prevents the voltage drop across the diode 
having any significant influence on the linearity of the circuit. The decay 
time constant in the "Hold" position is< 0.05 dB/sec at 250C. 

5. POWER SUPPLY 

This is split into several sections. Most of the amplifiers are powered by a 
stabilized ± 20 V supply which has a current limiter to protect both the 
amplifier and the power circuits. 

The polarization voltage for the microphone and the high voltage for the 
output amplifiers are supplied from ± 150 V and 300 V transformer 
tappings which are subsequently regulated. These amplifiers are also pro
tected against overcurrent. A 12 V stabilized power supply is used for the 
microphone preamplifier heater. 

The choice of mains or battery operation is available and is selected via 
the AC/DC SELECTOR at the rear of the instrument. When power is 
provided from a 12 V battery an internal 50 - 80 Hz DC-AC push pull 
converter is used. 

G. OVERALL PERFORMANCE 

Signal to Noise Ratio 

A diagram of the signal and noise levels in the instrument is shown in 
Fig.2.19. When the output attenuator switch is in the X 1 position it can be 
seen that the noise level is always more than 55 dB below FSD. To obtain 
the best signal-to-noise level the output attenuator should thus be set to give 
as low amplification as possible preferably X 1. 

Overdriving 

Overload indicators are provided on both the input and output sections 
as already mentioned. The characteristics of these indicators and the 
capability of the meter response can be seen in the relevant sections of this 
chapter. 
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Frequency and Phase Characteristics 

Graphs of both the frequency and phase characteristics can be seen in 
Figs.2.11 and 2.20.a) and b). 

When analysing or measuring complex signals containing many significant 
harmonics the upper limit of the frequency range should be noted as some 
harmonics may be attenuated giving an incorrect measurement. 

Common amplifiers show phase distortion about a decade or more higher 
than the lower frequency limit and a decade or more lower than the high 
frequency limit. However, this phase distortion affects peak and average 
values more than RMS values. 

Environmental Effects 

These can be seen under Chapter 7. 
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3. CONTROLS 

FRONT PANEL 

1 ::~~ ~:::i:~--tr-.~7•: ~ ... • •• -~ I ~'~ ~~~f.'.:.....,?;;:; .. -C'·":' .. _----tt--:;-;.u;-'::_:_t :..;-~-ncc_t~o-ionn 
::..:!:.;A:,:.tt..:::en.::..:u::..:;at,.::;o~r ___..--=-==--::: .... :~.--~~:: ~,',;,t.;,,~ ·-· .. - Attenuator 

Sens. Meter Reset 
Direct Input 

Sens. 
Preamp. Input 

Filter Scanning 

Filter Bandwidth~-----' 

Push Buttons ~---J 

METER SCALE: 

Recording Mode 

Recorder 

_..,_-+_Range 

'-----+-Push Buttons 

~ -,--lf!!#l-a-------t-- Filter Switch 

Fig.3. 1. Front panel. 

Tilt the glass panel forward to slide the 
scale out. 

Immediately below the meter are two rows of push buttons. Their funct
ion is as follows: 

INPUT: 

REF: 
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Direct input or input via a preamplifier 
may be chosen. 

Supplies 50 mV 1 kHz sine wave signal for 
internal calibration. 



INSERT VOL T.CAL: 

EXT/INT: 

22.4 Hz: 

22.4 kHz: 

POWER: 

Choice of internal or external signal for 
insert voltage calibration. "Int." selects 
50 mV reference voltage. "Ext." is for con
nection of a signal generator. The load im
pedance is 1 Kn. 

Choice of external or internal filter select
ion. 

High pass filter with cut-off frequency at 
22.4 Hz. Sets lower limit of audio-fre
quency range. 

Low pass filter with cut-off frequency at 
22.4 kHz. Sets upper limit of audio-fre
quency range. 

On/Off push button for power. 

The remaining controls & sockets on the front panel are: 

GAIN CONTROL: 

UNCAL: 

INPUT SECTION 
ATTENUATOR: 

For continuous control of gain of the input 
amplifier. When in position "Cal" the gain 
is fixed. Maximum attenuation 10-11 dB. 

This light operates, when the Gain Control 
knob is in its uncalibrated position. 

For attenuation of input signal by 10 dB 
steps. Voltages marked around the knob 
show the maximum input voltage (for full 
scale deflection) for each knob setting. By 
using the Gain Control input voltages up to 
1000 V can be measured. See Voltage 
Measurement, Operation. 

OVERLOAD INDICATORS: These indicate presence of overload in 
input or output amplifiers. While the lights 
flash the meter reading is inaccurate and 
less than the correct value. The triggering 
level of the indicators is adjustable internal
ly. 
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DIRECT INPUT: 

PREAMP. INPUT: 

SENS: 

SCANNING: 

FILTER: 

FILTER SWITCH: 

RANGE: 

OUTPUT SECTION 
ATTENUATOR: 

36 

Input to the input amplifier. The input 
level can be adjusted by the GAIN CON
TROL. Input impedance 1 MD//50 pF. 
Takes B & K coaxial plugs. 

7 pin socket for connection of B & K 
microphones via their preamplifiers. The 
input level can be adjusted by the GAIN 
CONTROL. 

Two screwdriver operated potentiometers 
situated by their respective inputs. They 
adjust the gain of the input amplifier to 
compensate for different transducer sens
itivities. Range approximately 14 dB. 

For selection of either REMOTE or 
MANUAL scanning of filters. When push 
button pressed in, operation changes from 
MANUAL to REMOTE scanning. 

For selection of either 1/3 Oct. or 1/1 Oct. 
filters. When push button pressed in, filters 
in circuit switched from 1/1 Oct. to 1/3 
Oct. 

50 position switch for selection of differ
ent filters, weighting networks and extens
ion filters if connected. 

For selection of frequency range. 
RANGE I. 25Hz - 20kHz plus weighting 
networks D, A, B, C and Linear. 
RANGE II. 25 Hz- 20kHz plus extension 
filters if connected. 

Stepped attenuator ( 10 dB steps) for 
attenuation of the signal level between 
filter outputs and the output amplifier. To 
ensure the best possible signal/noise ratio 
the knob should be kept as far clockwise as 
possible. 



METER FUNCTION: 

METER RESET: 

RECORDER: 

AC/DC: 

REAR PANEL 

POL.VOL T.ADJ: 

This selects Fast or Slow meter damping 
according to I EC Publication 179 or Im
pulse characteristics according to the pro
posed extension to I EC Publication 179 
and DIN 45 633 Part 2. In the "Imp Hold" 
position the meter will hold the maximum 
RMS value of the applied signal. 

Discharges the meter hold circuit when Im
pulse Hold measurements are taken. 

Output socket for recording. AC or DC 
outputs are available. With DC the output 
impedance is 25 kD and the output is 
0.9 V for full scale deflection (FSD). With 
AC the output impedance is 50D and the 
output is 5 V RMS for FSD. The minimum 
load impedance should be 5 kD (AC). 

Selects AC or DC output from the RE
CORDER SOCKET. 

Fig.3.2. Rear panel. 

Screwdriver adjustable potentiometer for 
microphone polarization voltage. 
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POL.VOL TAGE: 

OVERLOAD: 

OVERLOAD RELAY: 

VOLTAGE SELECTOR: 

AC POWER SOCKET: 

Socket for measurement of polarization 
voltage with an external DC voltmeter 
having a rating of at least 20.000 D,/Volt. 

Note. Chassis ground should not be used 
when checking the polarization voltage. 

3 pin output socket for connection of over
load relay. Only bottom 2 pins used. See 
Fig.6.4. 

ON/OFF switch for overload relay. 

For selection of correct mains supply. To 
turn the selector, unscrew central AC fuse 
with small coin or wide blade screw driver. 

For connection of AC mains supply with 
provision for connecting transformer shield 
to either chassis or signal ground. A plug 
and socket is supplied. For connections see 
Fig.3.3. 

AC 
Supply 

+ 

AC Power Socket 

Transformer 

Battery Socket 

shield -f7ofo/}) 

Fig.3.3. AC power and battery sockets. 
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INSERT VOL T.CAL: 

EXT.FILTER 
IN PUT /OUTPUT: 

FUSE 5 AMP: 

AC/DC SELECTOR: 

BATTERY SOCKET: 

REMOTE CONTROL: 

Socket for input signal from external 
B.F .0. Load impedance 1 k.S1. A ground 
socket lies immediately below. 

These sockets are for connection to an ex
ternal filter and take the standard B & K 
coaxial plugs. The input impedance of the 
External Filter Output is 146 k.S1, whilst 
the output impedance of the External 
Filter input is low (< 10!1), but must not 
be loaded by less than 500!1. Max. output 
voltage is 5 V peak. 

5 Amp fuse for 12 V DC supply. 

Switch to select operation from either AC 
mains or a 12 V DC supply. 

3 pin socket for 12 V DC supply. The top 
pin is left unused. 

6 pin socket for REMOTE switching of 
filters. For connections see Fig.6.3. 
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4. OPERATION 

ADJUSTMENTS 

Preliminary Adjl_lstments 

· ' I • 

. Before the instrument is usec;:f th.e following adjustments should be made: 

1. With any meter scale, set the needle deflection to zero by using the 
mechanical adjuster under the meter scale. 

2. Select" AC" <;>~"DC" operation with the switch at the rear panel;. 

If an AC power supply is used check the voltage selector is set to the 
corr~ct line voltage. !f not rempve the central fuse and adjust with a small 
coin or screwdriver. 

If DC i~ used, 12 V ± 10% and approx. 2.5 Amps is· necessary. It should 
be noted that with DC operation the scale lamps are not lit (saving 2 Watts). 
The range indicator lights still operate and show when the instrument is on. 

The above adjustments are part of the normal operating procedure, but 
occasionally it may be found necessary to adjust the polarization voltage, 
overload indicators and the signal reference. 

Polarization Voltage 

The polarization voltage should be measured with a DC voltmeter (meter 
rating 20.000 ohms/volt) connected to the POL.VOL TAGE socket. Adjust
ment is carried out using the POL. VOLT ADJ. potentiometer at the rear of 
the equipment. 

Overload Indicators 

The input overload indicator should operate at 5.6 V peak and the out
put overload indicator at 56 V peak. Their operation may be checked as 
follows using the voltage scale. 
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For the Input Overload Indicator: 

1. Select Reference signal and set 
INPUT ATTENUATOR 
OUTPUT ATTENUATOR 

"0. 1 V" 
"x 1" 

2. With GAIN CONTROL reduce scale deflection to 40 mV (RMS) 

3. Set INPUT ATTENUATOR to 10 mV. The overload indicator should 
just operate. If not, remove printed circuit board ZH 0011 and adjust 
the potentiometer indicated il") Fig.4.1.a. 

ZH 0011 a) . ZH 0012 

Fig.4.1. Adjustment of overload indicators. 

For the Output Overload Indicator: 

1. Select Reference signal and set 
INPUT ATTENUATOR 
-OUTPUT ATTENUATOR 

"30 mV" 
"x 1" 

2. With GAIN CONTROL set scale deflection to 25 mV. 

b) 
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3. Set OUTPUT ATTENUATOR to "X 0.1". The overload indicator 
should just operate. If not remove printed circuit board ZH 0012 and 
adjust the potentiometer indicated in F ig.4.1.b. 

Signal or Chassis Ground 

Choice of signal ground or chassis ground is available to suit the require
ments of the particular set-up. 

The connections are made with a small screw held plate which is situated 
on the main circuit board on the underside of the apparatus. See Fig.4.2. 

Fig.4.2. Selection of signal or chassis ground. 

SOUND 

Calibration Using Pistonphone or Sound Level Calibrator 
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1. Carry out the preliminary adjustments, if necessary. 

2. Fit the meter scale appropriate to the sensitivity of the microphone 
being used. See Table 6. 



Microphone Open Circuit 8 & K Microphone Scale No. 
Sensitivity Type 

26- 80 mV per Nfm2 4131 4132 
SA 0039 

(2.6- 9 mV per pbar) 4144 4145 

2~6- 10 mV per Nfm2 
4133 4134 SA 0040 

10.26- 1.0 mV per pbar) 

0.80- 2.6 mV per Nfm2 4135 4136 SA 0061 

0.4- 1.6 4138 SA 0073 

Table 6. Microphone scales for 2113. 

3. Fit the microphone and appropriate preamplifier. 

4. Set knobs: 

GAIN CONTROL "Cal" 
INPUT SECTION ATTENUATOR "0.1 V" (Sound Level Calibrator) 

"3 V" (Pistonphone) 
OUTPUT SECTION ATTENUATOR "x 1" 
METER FUNCTION "RMS Fast" 

5. Select push-button: 

INPUT Preamp. 
INPUT Direct 

for condenser microphone 
for piezoelectric microphone 

Do not select any weighting networks or filters. Switch on and allow 
30 sec. to warm up. 

6. Using a Pistonphone 4220 or Sound Level Calibrator 4230 the meter 
should read 124 or 94 dB* respectively. If it does not, adjust the 
sensitivity potentiometer beside the input socket that is being used, 
until the correct deflection is obtained. 

* These values are only approximate. For the exact sound pressure consult the Piston
phone or Sound Level Calibrator Calibration Chart. 
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Calibration Using Internal Reference 

L "Carry out the preliminary adjustments, if necessary. 

2. Fit the meter scale appropriate to the sensitivity of the microphone 
being used. See Table 6. 

3. Fit the microphone and appropriate preamplifier. Any microphone 
·accessories can remain in position. 

4. Set knobs: 

GAIN CONTROL 
INPUT SECTION ATTENUATOR 
OUTPUT SECTION ATTENUATOR 
METER FUNCTION 

5. Select push-buttons: 

"Ref" 

"Cal"' 
"0.1 V" 
"x 1" 
"RMS Fast" 

INPUT Preamp. 
INPUT Direct 

for condenser microphones 
for piezoelectric microphone 

Switch on. 

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

7. Using a small screwdriver adjust the potentiometer beside the input 
socket that is being used, until the required open circuit sensitivity is 
indicated on the meter scale. mV per N/m2. 

Measurement of Sound 
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Sound measurements may be made as follows: 

1. Calibrate the meter and microphone as described above. 

2. Hold the microphone steadily and at least 1 m away from the body or 
set it up ·on a tripod or other support that will not interfere with the 
sound field. 
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SCANNING 
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Selection of the appropriate linear weighting or filter networks is now 
carried out manually using the Fll TER SWITCH. Lf extension filters 
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5. The measured Sound Level or Sound Pressure Level is the sum of the 
meter reading and the attenuator setting displayed by the indicator 
lamp on the meter scale. 

In reporting sound levels it should always be stated which weighting 
network has been used e.g. 60 dB (A), 60 dB (D) or for impulse 
measurements 60 dB (AI). 

The maximum S.P.L.'s that can be measured accurately with 1" and 
1 /2" microphones with respect to the crest factor of the signal can be 
seen in fig.4.3. 

VIBRATION 

Calibration Using Accelerometer Calibrator 
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1. Carry out the preliminary adjustments, if necessary. 

2. Fit the meter scale appropriate to the sensitivity of the accelerometer 
being used. See Table 7. 

3. Fit the accelerometer and if necessary the appropriate preamplifier. 

4. Set knobs: 

GAIN CONTROL 
INPUT SECTION ATTENUATOR 
OUTPUT SECTION ATTENUATOR 
METER FUNCTION 

Accelerometer · B&K 

"Cal" 
"0.1 V" 
"x 1" 
"RMS Fast" 

Scale No. 
Sensitivity mV /g Accelerometer Type 

1.7 - 6 4344 SA 0074 

6 - 17 4339 4343 SA 0071 
4333 4335 4340 

17 - 60 4332 4334 SA 0070 

60 - 170 4338 SA 0075 

Table 7. Accelerometer scales for 2113 
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5. Select push-button INPUT "Preamp." or INPUT "Direct" according 
to requirement. Switch on and allow 30 sec. to warm up. Do not 
select any weighting networks. 

6. Using the Acceleration Calibrator 4291 vibrate the accelerometer at 
1 g peak. 

7. With a screwdriver adjust the SENS. potentiometer beside the input 
socket that is being used, until a deflection of 0.71 g RMS is obtained 
on the meter scale. 

Measurement of Vibration 

Vibration measurements may be made as follows: 

1. Calibrate the meter as described above. 

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

3. Keep the 2113 as far away as possible from the vibration environment 
and any other unrequired influences. 

4. Select Ll N or the appropriate fi Iter network using the Filter Switch. 

5. Keeping the OUTPUT SECTION ATTENUATOR in the "x 1" posit
ion as far as possible, adjust the INPUT SECTION ATTENUATOR to 
obtain a suitable deflection without overload. 

If the INPUT OVERLOAD lamp flashes turn up the INPUT SECTION 
ATTENUATOR knob. 

If the OUTPUT OVERLOAD lamp flashes turn the OUTPUT SECT
ION ATTENUATOR up. 

For further information on vibration measurements our booklet 
"Mechanical Vibration and Shock Measurements" is available on 
request. 
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VOLTAGE 

Calibration Using Internal Reference 

1. Carry out the preliminary adjustments, if :necessary. 

2. Fit voltage scale. 

3. Set knobs:· 

GAIN CONTROL 
INPUT SECTION ATTENUATOR 
OUTPUT SE.CTION ATTENUATOR 
METER FUNCTION 

4. Select push-buttons: 

REF. 
INPUT "Direct" 

"Cal" 
"0.1 v ." 
"x 1." . 
"RMS Fast" 

5. Switch on and allow 30 seconds to warm up. The needle should now 
defle.ct to · the red mark on the scale (i.e. indicate 50 mV). If: it does 
not adjust the sensitivity adjustment. beside the Dl RECT INPUT 
socket. 

Measurement of 0- 300 Volts 

Voltage measurements may be made as follows: 

1. Set kn.obs: 

GAIN CONTROL "Cal" 
. INPUT SECTION ATTENUATOR At suitably high level 

OUTPUT SECTION ATTENUATOR . · ''x 1'" '. , 
METER FUNCTION As required 

· · 2. Select push-button : 
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INPUT "Direct" 

3. Feed the unknown voltage to the "Direct" Input socket and adjust 
the INPUT ATTENUATOR until a suitable deflection is obtained on 



the meter. If the deflection is insufficient even when the INPUT 
ATTENUATOR is in its 3 mV range then adjust the OUTPUT 
ATTENUATOR. 

lo... 

0 
+-' 
ctl 
::I 
c:: 
Q) 
+-' 
+-' 
<( 
c:: 
0 ·.;:; 
u 
Q) 

C/) 

+-' 
::I 
c. 
c:: 

3mV 
10 mV 
30mV 

0.1 mV 
0.3 v 

1 v 
3 v 

10 v 
30 v 

100 v 
300 v 

Output Section Attenuator 

X0.003 X0.01 X0.03 

114 104 94 
104 94 84 
94 84 74 
84 74 64 
74 64 54 
64 54 44 
54 . 44 34 
44 · 34 24 
34 24 14 
24 14 4 
14 4 -6 

X0.1 X0.3 X 1 

84 74 64 
74 64 54 
64 54 44 
54 44 34 
44 34 24 
34 24 14 
24 14 4 
14 4 -6 
4 -6 -16 

-6 -16 -26 
-16 -26 -36 . 

Table 8. Amplification from input to AC Recorder socket for various 
attenuator settings (dB). 

Measurement of 300- 1000 Volts 

Use can be made of the gain control to accommodate voltages between 
300 and 1000 V, but first it must be calibrated to give exactly 10 dB atten
uation. 

This may be done as follows: 

1. Repeat the calibration procedure for normal voltage measurements. 

2. With the needle set on the red mark (50 mV) 'set · the INPUT 
ATTENUATOR to 30 mV causing the needle to deflect off scale. 

3. Adjust the GAIN COL TROL to bring the needle back to the red 
mark. The 2113 is then calibrated so that 10 dB must be added to the 
value of all meter indications. 
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INSERT VOLTAGE CALIBRATION 

When a Cathode Follower Type 2617 is used in conjunction with the 
2113, 1" microphones can be calibrated by means of the Insert Voltage 
Method, which is a method for determining the open circuit sensitivity of 
the microphone. (The open circuit sensitivity of a microphone at a given 
single frequency is the voltage which appears at its terminals when the 
m.icrophone is working into an effectively infinite impedance). 

The principle of the Insert Voltage method may be explained with 
reference to Fig.4.4. 

_[CM 
0 

_[eM 
0 

I I 
VcF VcF 

1 1 
a) b) 

11.9'3o7 

Fig.4.4. Insert voltage calibration of a microphone. 

The condenser microphone (capacitance Cm) is first subjected to a sound 
pressure level. Let the open circuit voltage produced be E0 and the voltage 
at the cathode follower output be VcF as in a). 

A small resistor is then connected in series with the microphone and a 
voltage Ec applied across it as in b). This insert voltage is adjusted so the 
voltage from the cathode follower is V c F as before. Then E0 = Ec and the 
open circuit sensitivity can be calculated from 

Open Circuit Sensitivity =-E....::c:__ ___ _ 
sound pressure 

When the 2617 is used with the 2113 the insert voltage Ec can be 
supplied in two ways. The internal reference oscillator can be used to give a 
voltage at a fixed frequency of 1 kHz or an external generator such as the 
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Beat Frequency Oscillator 1022, can be used to give a signal at any other 
required frequency. With the internal reference oscillator a Sound Level 
Calibrator 4230 (frequency 1000 Hz) is an ideal sound source and with an 
external generator the Pistonphone 4220 (frequency 250 Hz) can also be 
used. 

The procedures are as follows: 

Calibration Using Internal Reference 

1. Ca I ibrate the 2113 as for voltage measurements. 

2. Connect the 2617 to the "Preamp." input and fit the microphone. 

3. Apply the Sound Level Calibrator 4230 to the microphone and note 
the voltage produced from the cathode follower, V c F. 

4. Remove the sound source. Press the push-buttons "Ref" and "Int. 
Insert Volt Cal." and adjust the GAl N CONTROL until V c F is the 
same as before. 

5. When this occurs, the calibration voltage, Ec, from the reference 
oscillator is equivalent to the open circuit voltage of the microphone 
E0 • To measure the calibration voltage release the "Int. Insert Volt 
Cal." button and read it from the meter without readjusting the "Gain 
Control". Then: 

Open Circuit Sensitivity= _E....::c_d-:----
sou n pressure 

NB. The sound level calibrator produces an approximate sound pressure* of 

...9.4._ 
94 dB= 2 x 10-5 x 1020 = 1 N/m (or 10 t-tbar) 

Calibration Using External Generator 

1. Connect the external generator to the Insert Volt.Cal. socket on the 
rear of the 2113. 

2. Connect the 2617 to the "Preamp." input and fit the microphone. 

3. Apply the sound source to the microphone and note the voltage 
produced from the cathode follower VcF. 
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. 4. R~:!mo,ve .. the sound source. Adjust the freq~ency of the external 
generator to be the same as that of the sound source. Press the push
button ''Ext. Insert Volt. Cal." and adjust the output f~om the 
.generator until V, c F is the .same as before. 

5. When this occurs, the calibration voltage, Ec, is equivalent to the open 
circuit voltage of the microphone E0 . To measure the calibration 
voltage, take a lead from the "Direct" input socket to the "Insert 
Volt. Cal." socket to which the generator is connected. The calibrat
ion voltage can be read directly fran) the meter and the microphone's 
open circuit sensitivity determined. · 

Open circuit Sensitivity=== _E"'""c'--d---
sou n pressure 

NB. If the Pistonphone is used it produces an approximate sound 
pressure* at 250 Hz of 

~ 
124 dB= 2 x 10-5 x 10 20 = 31.6 Nfm2 (or 316pbar) 

EXTENSION FILTERS 

Provision is made in the 2113 for the inclusion of 2 to 20Hz and 25 to 
160kHz 1/3 octave extension filters and thus extends the frequency range 
from 2 Hz to 160 kHz. These filters can be obtained from B & K. It is a 
simple matter to insert them and no adjustments are necessary. B & K num
bers are given in Table 9. 

Note. A new filter scale (SA 0133) is required when the extension filters 
listed in Table 9 are employed. The scale is calibrated for all 1/3 and 1/1 
Octave Filters in the 2Hz to 160kHz range, as well as for weighting and 
I i near networks. 

To insert the extension filters unscrew the four retaining screws located 
on the rear panel and slide the instrument case off. The filter compartment 
.is .located at the bottom of the back chassis. Next remove the panel on 
which the filter positions are indicated and take out the dummy cards for 

*The sound pressure level for calibration depends on the microphone employed .. For 
the exact sound pressure the Pistonphone or Sound Level Calibrator Calibration Chart 
should be consulted. 
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Active 1 /3 Octave Passive 1/3 Octave 
Extension Filters Extension Filters 

Centre Stock Centre Stock 
Frequency no Frequency no 

Hz Hz 

' 2 ZT 0001 25 k 
2.5 ZT 0002 31.5 k zs 0163 
3.15 ZT 0003 40 "k ' ~ 

4 ZT 0004 
5 ZT 0005 50 k 
6.3 ZT 0006 63 k zs 0164 
8 ZT 0007 80 k 

10 ZT 0008 
12.5 ZT 0009 100 k 
16 ZT 0010 125 k zs 0165 
20 ZT 0011 160 k 

Table 9 

which filters are available. The extension filters should be inserted into the 
positions indicated, taking care that they are properly located in their slots. 

After extra filters have been inserted, the front panel filter scale should 
be replaced by scale SA 0133. The scale is accessible by removing the filter 
switch knob, using the Allen key provided and then releasing the plastic 
cover which is secured by four plastic pegs held by spring clips. Once 
released, then the filter pointer can be taken off and the filter scale removed 
by unscrewing its two retaining screws. After changing the scale and replac
ing the pointer, the pointer position should be checked in the following 
way. Using an ohmmeter, the top two pins (nO 3 and 4) of the remote 
control socket (Fig.6.3) should show an open circuit in all except one 
position of the filter switch. It is this position that the filter pointer should 
be set to indicate the 2 Hz filter. Once checked, the plastic cover should be 
carefully replaced to avoid breaking the pins. 
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5. ACCESSORIES 

The combination of accessories that can be used with the 2113 can be 
seen in Figs.5: 1 and 5.2. The specifications of these accessories can· be found 
in the 8 & K Short and Main Catalogues which are available through your 
8 & K Agent. 
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6. USE WITH OTHER INSTRUMENTS 

LEVEL RECORDING 

When the Spectrometer is connected to the 2305 Level Recorder, the 
analysis of complex signals can be recorded automatically on frequency 
calibrated paper. For automatic operation press the SCAN push button on 
the 2113 and interconnect the REMOTE CONTROL sockets of both the 
2113 and 2305 with CONTROL CABLE AO 0019. The measuring arrange
ment is shown in Fig.6.1 and the controls of the Level Recorder in Fig.6.2. 

2113 
4145 Audio Spectrometer 

2305 

Level Recorder 

A Q 0019 

UA 0049 

Fig.6.1. Measuring arrangement for automatic recording. 

Remote Control 

Remote control is obtained via the internal electromagnetic drive unit, 
which switches the 2113 filter automatically when powered from the B & K 
Level Recorder Type 2305 or the Tape Recorder Type 7001. 

Automatic operation is selected by pressing the SCAN push button on 
the 2113. When remote operation is required with other equipment an 
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Potentiometer Range 
dB 

Range Potentiometer 

Single Chart- Cont. Record 

Event Marking 

-E-ft-- - Drive Shaft Speed 

~~~~~~b=~...____Remote Control 

...,______Two- Channel Selector 

"----Drive Shaft n 

Fig.6.2. 2305 Level Recorder controls. 

external DC supply (24 V. 180 mA) in series with a single poled switch is 
required. The connections to be made to the Remote Control socket on the 
rear panel can be seen in Fig.6.3. Note: Take care that the +terminal of the 
external DC source is connected to pin 2 and the -terminal to pin 1. 
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Fig.6.3. 2113 Remote Control socket. 



Overload Relay 

When a graphic recording is made froni the 2113, any overloading of its 
amplifiers can be automatically noted on the recording paper so avoiding 
mistakes in interpreting the results. 

The overload relay can be used to control either the Pen Lift or the 
Event Marking Pen of the Level Recorder. 

To operate the Pen Lift, pins 1 and 3 of the overload relay socket 
(Fig.6.4) should be connected to pins 4 and 6 of the 7-pole Remote Control 
socket of the Level Recorder. 

Overload Relay 

Fig.6.4. 2113 Overload Relay socket. 

Two- Channel Selector 
(3-poled) 

Marking 

Lifting 
Single Chart 

Remote Control 
(7- poled) 

Fig.6.5. 2305 Remote Control socket. 

+24 v 

16(8(( 
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To operate the Event Marker, pins 1 and 3 of the overload relay socket 
should be connected to pins 5 and 6 of the 7-pole Remote Control socket of 
the Level Recorder. 

The various connections of the Level Recorder's Remote Control socket 
can be seen in Fig.6.5. For further information the Level Recorder's In
struction Manual should be consulted. 

AC Recording 

The 2113 has an amplification range of over 75 dB (dependent on the 
setting of Input and Output Section Attenuators. See Table 8). So a 75 dB 
potentiometer may be used with the 2305 as well as a 10, 25, 50 dB and 
linear potentiometers. However, for simplicity, the AC recording procedure 
given here is with reference to a 50 dB potentiometer, although a similar 
procedure may be used for other potentiometers. 
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1. Set the control knobs on the Level Recorder to: 

POTENTIOMETER RANGE 
RECTIFIER RESPONSE 
LOWER LIM. FREO. 
WRITING SPEED 
PAPER DRIVE 
POWER 
MOTOR 

"50" 
"RMS" 
as required 
as required 
"Start" and "Forward" 
"On" 
"On" 

2. The INPUT POTENTIOMETER and INPUT ATTENUATOR of the 
2305 can now be adjusted so that the 2305 pen deflection equals 
the meter deflection on the 2113. To do this set up the 2113 as 
described under the various sections for sound, vibration or voltage 
in Chapter 4. 

SOUND 
With a pistonphone (124 dB) or sound level calibrator (94 dB) the 
pen should be adjusted to 4 dB above one of the thick lines on the 
recording paper (Fig.6.6). The thick line then corresponds to 120 
or 90 dB respectively. 

With the built in reference source, when the needle of the meter is 
set to the correct position on the microphone open circuit sensitiv
ity scale, the corresponding deflection on the dB scale should be 
noted and the pen set to this value on the paper. 
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Fig.6.6. Spectrum for Correct Synchronization. 

e.g. Say the microphone has an open circuit sensitivity of 40 mV 
per Nfm2. 40 on the· open circuit sensitivity scale corresponds to 
nearly 6 dB on the dB scale. The pen should be set to 6 dB above a 
thick line on the paper. The thick line will then correspond to a 
SPL of 90 dB (The instrument is made for microphones with a 
nominal sensitivity of 50 mV per N/m2 = 94 dB SPL). 

VIBRATION 
When the Accelerometer Calibrator 4291 is used, 0.71 g RMS 
corresponds to 17 dB on the dB scale (of scale SA 0041) or 3 dB 
below full scale. The pen should be set to 3 dB below a thick line 
on the paper. The thick line will then correspond to an acceleration 
level of 1 g RMS. 

VOLTAGE 
With the built in reference voltage, 50 mV corresponds to 14 dB on 
the dB scale (of scale SA 0037) so set the pen to 4 dB above a thick 
line. The thick line will then correspond to 31.6 mV. 
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3. Two types of recording can be made: 

a) CONTINUOUS RECORDING 
For recording over any chart length the Gear Lever X (Fig.6.7) can 
either be pushed "IN" or pulled "OUT". When "IN", set the 
required paper speed according to the large figures around the 
PAPER SPEED knob and when "OUT" to small figures . 

. To start the paper moving, depress the SINGLE CHART-CONT. 
RECORD push button and turn clockwise to CONT. RECORD. To 
stop, release the push button. 

b) SINGLE CHART. 
For automatic recording over one 250 mm chart length pull the 
Gear Lever X "OUT" and select the required paper speed according 
to the small figures around the PAPER SPEED knob. 

To start the paper moving, depress the SINGLE CHART-CONT. 
RECORD push button and release after the chart has travelled 
20 mm. The paper should continue to move, but will stop auto
matically after one chart length or less. 

4. Once the paper has stopped, adjust the Finger Wheel Z (Fig.6.7) so 
that the stylus rests just before the 10Hz line on the chart. See 
Fig.6.6. To avoid play between the gear wheels the paper should be 
shifted so that it approaches the correct point in the reverse direct
ion (towards the recorder). For example, if the paper is to be 
shifted to a higher frequency, the chart is first moved forward to a 
position beyond the desired point and then reversed to the correct 
point. 

5. Turn screwS (Fig.6.7) until the screw marking is in its upper posit
ion. This selects the recorders control pulses to synchronize the 
filter switching. 

6. Set spectrometer controls: 

FILTERS 
BANDWIDTH 
RANGE 
SCANNING 
FILTER SWITCH 

SCANNING 

"lnt" 
"1/3 Oct" 
as required 
"Manual" 
4 1/3 Oct. positions anti-clockwise 
from the 25 Hz filter. 
"Remote" 



z 

X 

Remote 
Control 

7-pol. 

s 

460285 

Fig.6.7. 2305 Level Recorder Controls. 

X 

7. To check synchronization between the chart movement and filter 
switching the response of the calibration source can be recorded by 
pressing the SINGLE CHART-CONT. RECORD push button for a 
single chart recording. For correct synchronization using the sound 
or voltage calibration sources the 800 Hz and 1 kHz filters should 
switch on the 900Hz chart line and with the 4291 Accelerometer 
Calibrator the 80Hz and 100Hz filters should switch on the 90Hz 
line. 

If synchronization is incorrect, then the chart position can be re
adjusted using Finger Wheel Z. 

Note. To obtain a clear indication of filter switching, set the 2305 
recorder controls LOWER LIMITING FREQUENCY to "20" and the 
WRITING SPEED to "500 (1000)". This is an abnormal operating condit
ion producing overswing on the recording and should therefore only be used 
during synchronization. 

8. If not already connected, apply the appropriate measurement trans
ducer and change the following spectrometer controls: 

INPUT 
REF 
INSERT VOL T.CAL. 
FIL TEAS 

as required 
"50 mV" in out position 
"I nt" and "Ext" in out position 
"lnt" and "Ext" in out position 
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INPUT and OUTPUT 
SECTION A TTENUATORS 

Adjust to obtain a suitable recorder 
pen deflection, keeping the OUT
PUT SECTION ATTENUATOR in 
in the "x 1" position when possible. 

9. Note the new METER RANGE INDICATOR setting and proceed as 
follows: 

LOGARITHMIC RANGE POTENTIOMETERS 
For logarithmic potentiometers the dB change produced by an in
crease in METER RANGE INDICATOR setting should be added to 
the recorder chart's calibrated reference level, whilst any decrease 
should be subtracted. If for example the RANGE INDICATOR 
setting is increased from 80 dB for calibration to 100 dB for 
measurements, the change in indicator setting would be + 20 dB 
and a chart's calibrated reference value of 94 dB would become 
114 dB. Similarly if the indicator setting is decreased from 80 dB to 
50 dB the change would be -30 dB and the reference level would 
become 64 dB. 

LINEAR RANGE POTENTIOMETERS 
For linear potentiometers and a change in METER RANGE 
INDICATOR setting, multiply the chart's calibrated reference level 
by lm 

lc 
where lm is the indicator setting for measurements and lc is that 
for calibration. If for instance the RANGE INDICATOR setting is 
100 mV for a 50 mV chart reference level and the indicator setting 
is changed to 3 V for measurements then the chart's reference level 
would become 1.5 V 

i.e. 50 mV x 
3V 
50mV 

Note. When employing Linear Range Potentiometers it is recommended 
to set the POTENTIOMETER RANGE to "12" when using a "10-35 mV" 
potentiometer and "16" with a "10-110 mV" potentiometer. This is 
because the resolving power of the recorder is not the same for maximum 
and minimum deflections when using these potentiometers and therefore a 
particular POTENTIOMETER RANGE will not be optimum for all degrees 
of deflection. The WRITING SPEED and LOWER LIMITING FRE
QUENCY should also be adjusted to minimise instability and overshoot 
within the required deflection range. 
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10. Reset the following spectrometer controls to: 

FIL TEAS 
BANDWIDTH 

"lnt" 
"as required" 

11. Start the recording by pressing the SINGLE CHART-CONT. 
RECORD for the required type of recording. 

For further details on recording consult the 2305 Level Recorder 
Manual. 

DC Recording 

Typewriter, teleprinter and similar noise cannot be regarded as con
tinuous noise. If a recording is made from the AC output with "Fast" or 
"Slow" meter response the recording will be found to fluctuate too much 
and give too low a reading. The "Impulse" response position should be used 
for these and the more obviously impulsive noises and the recording made 
from the DC output. See Fig.6.8. 

The 2305 must be adjusted so the deflection on the paper (Fig.6.6) is 
equivalent to the reading on the meter of the 2113. 

The adjustment is made as follows: 

With no filters or weighting networks selected, set the 2113 "Ref" and 
adjust the sensitivity adjustment beside the Preamplifier Input until the 
meter reads the microphone's open circuit sensitivity. With this same 
pointer deflection read off the dB reading on the dB scale. Adjust the input 
potentiometer of the 2305 until the pen has an equivalent deflection. DC 
output voltages of up to 5 dB above the meter scale range can be accurately 
measured, but the permissible crest factor of the measured signal will be 
reduced accordingly. See Fig.2.15. 

When impulse sound levels are measured a 25 dB potentiometer should 
be used and the following adjustments be made: 

Potentiometer Range 
Rectifier 
Lower Limiting Freq. 
Writing Speed 

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

The most suitable paper to be used is OP 1102. 

65 



5d8 5d8 

"Hold" "Hold" 

SdB 5d8 

"Impulse" 

" Fost " "Fast " 

--1-:--: 

-T= 

SdB 5d8 

__ -- --

"Slow" "Slow" 

Fig.6.8. Recording with fast, slow and impulse response. 
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MEASUREMENT ACCURACY 

In any true RMS measurement system the accuracy of the data 
obtained is not only dependent on the system accuracy, but also on the 
inaccuracies arising from the effect of statistically random signals on the 
system's averaging process. To understand how these inaccuracies arise it is 
necessary to consider the RMS value of a signal which can be defined as: 

X2 (t) dt. -(1) 

where T is the averaging time required to obtain the true RMS value of a 
signal of magnitude X. 

Now it can be seen from equation ( 1) that to obtain the true RMS value 
of a statistically random signal the averaging time would have to be infinite
ly long. Of course, in practice this is impossible to realise and consequently 
the RMS value of a rando_m signal will fluctuate when displayed on a meter 
or other readout device employing a more practical averaging time. 

Equation ( 1) also shows that the level of the R MS fluctuation depends 
on the measurement bandwidth, since if the averaging time is kept constant 
and the measurement bandwidth is decreased, the level of the RMS fluctuat
ion will increase. 

A simple relationship providing a measure of the statistical RMS fluctuat
ion E as well as an indication of the type of signal measured is given by: 

E = 
2 J 6fT 

-(2) 

where 6 f is the measurement or signal frequency bandwidth (whichever is 
the smallest) and T is the averaging time or signal duration. Now if the 
averaging time is decreased and the level of RMS fluctuation is increased, 
the signal can be estimated as random. However, if the level remains roughly 
the same, the signal can be estimated as periodic. 

Equation (2) also shows that if the measurement bandwidth is decreased 
to increase the frequency resolution then the averaging time must be in
creased to obtain the same measurement accuracy. 

For a measurement system employing the 2113 Audio Spectrometer and 
the 2305 Level Recorder, the measurement bandwidth is determined by the 
frequency bandwidth of the spectrometer's 1/3 Octave filters and the 

67 



Approximate 
Writing Speed Averaging Time 
mm/sec. sec. 

1000 0.005 
800 0.007 
630 0.008 
500 0.010 
400 0.013 
250 0.020 
160 0.03 
100 0.05 
63 0.08 
40 0.13 
25 0.20 
16 0.35 
8 0.7 
4 1.3 
2 3 

Table 10. Recorder averaging time. 

averaging time by the recorder's WRITING SPEED and RANGE POTEN
TIOMETER. The averaging times for various WRITING SPEED settings for 
when a 50 dB RANGE POTENTIOMETER is employed are shown in 
Table 10 which should be used in conjunction with equation (2) in order to 
minimize the errors involved in averaging the fluctuations mentioned. 

Another factor influencing the accuracy of measurements is the filter 
scanning speed. This is a direct function of the recorder's PAPER SPEED 
which must be set slow enough to allow the recorder's stylus to move to a 
new level every time the spectrometer's filters are switched to cover a new 
frequency band. If the PAPER SPEED is set incorrectly and the filter 
scanni!Jg speed is too fast, the filtered frequency components will not have 
time to be averaged and the effective averaging time will be reduced. This 
will effect Tin equation (2). 

A useful formula for determining the correct PAPER SPEED, which also 
takes into account the dynamic range of the measurements, is given by: 
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where x is the distance in mm on the recording paper corresponding to the 
spectrometer's bandwidth. For Recording Paper Type QP 1124, x equals 
5 mm and 15 mm respectively, for 1/3 Octave and Octave bandwidths. 

TAPE RECORDING 

For many applications regarding the measurement and analysis of sound 
and vibration, the use of the 7001 Tape Recorder will be found very con
venient especially when employed with the 2113 Audio Spectrometer. Its 
principle applications are: 

a) Recording and storage of date for analysis at a later date. 

b) Repetition of transient signals for frequency analysis. 

c) Frequency transformation. 

The 7001 has four tape speeds ranging from 1.5 to 60 inches/sec as well 
as two measurement channels and a voice channel. The measurement chan
nels have a linear response ranging from DC to 20 kHz depending on the 
tape speed selected and can be connected directly to the RECORDER 
socket of the 2113 as shown in the recording set up in Fig.6.9. The 2113 is 

Tope Recorder 

Audio Spectrometer 
2113 

Fig.6.9. Recording with 7001 Tape Recorder. 

7001 
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ideally suited to this .application since when set to AC and no filters or 
weighting networks are selected it will serve as a high quality linear input 
amplifier to the recorder. 

The 2113 will also serve as an input amplifier to other types of tape 
recorders, provided that their input impedance is greater than 5 kr! and 
they have a recording level of approximately 5 V RMS. For recorders with a 
recording level considerably less than 5 V RMS the circuit in Fig.6.1 0 
should be used to attenuate the recorders input signal, as this gives a better 
signal to noise ratio than the attenuation provided by an increase in 2113 
range setting. 

2113 
Audio Spectrometer 

~ : _;-.:--: 1~- 1 ~~:-=;"- >10 kn 
-- ~ ........... .r-~--~~.~~~~~~ 

·~-0 -~·~ 

Fig.6.70. Attenuation of 2113 output for tape recording. 

For an analysis of a tape recording, the information to be processed is 
made into a tape loop and fitted to the loop adaptor of the 7001 in the 
instrument set up shown in Fig.6.11 . A 440 kHz pulse can then be recorded 
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Fig.6.11. Attenuation of 2113 output for tape recording. 



on the tape loop using the recorder's voice channel and marker signal. This 
permits the recorder to switch the 2113 filters automatically when the 
control cable AO 0016 is connected from the recorder to both the 2113 and 
the 2305 Level Recorder which gives a graphical display of the analysis on 
frequency calibrated paper. Synchronization is obtained between the filter 
switching and the movement of the recording paper when the time taken to 
complete one tape loop cycle is longer than the time required for the 
recording chart to advance a 1/3 Octave. 

The 7001 will also prove useful in providing a frequency transformation 
for analysis of frequency components below the 20 Hz lower limiting fre
quency of the 2113 without extension filters. The transformation is 
obtained by playing back the recorded information at a speed greater than 
that used for the original recording. In this way the analysis of signals down 
to 0.5 Hz can be performed with only one frequency transformation. 

For further information on the operation and uses of the 7001 Tape 
Recorder, its instruction manual should be consulted. 

MEASUREMENT OF ABSORPTION COEFFICIENT 

The use of the 2113 with the 4002 Standing Wave Apparatus and the 
1022 BFO or 1024 Sine Random Generator (as shown in Fig.6.12) permits 
the sound absorption coefficients for various materials to be read directly 
from the 2113 meter scale SA 0045. The scale has 3 ranges, 0 - 100%, 0 -
70% and 0 - 30%. 

To take a reading, position the microphone trolley to a point of maxi
mum sound pressure and adjust the Gain Control to give full scale meter 
deflection (100%). The microphone is then moved to a position of mini
mum sound pressure and the absorption coefficient read off the meter scale. 
By increasing the gain of 2113 by 10 or 20 dB the minimum reading can be 
taken from the 0 - 70% or 0 - 30% scales. 

To avoid the influence of noise and harmonic distortion which may 
occur when the absorption coefficient of a sample to be tested is small, it is 
recommended that the 2113 is used in its 1/3 Octave mode. 

Further information on the 4002 Standing Wave Apparatus can be found 
in its instruction manual. 
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Fig.6.12. Sound absorption measurements. 

MEASUREMENT OF POWER SPECTRAL DENSITY 

When the 2113 is combined with the 2020 Heterodyne Slave Filter as 
shown in Fig.6.13 and a 1022 BFO or 1024 Sine Random Generator 
provides the control frequencies for the 2020, power spectral density 
(P.S.D.) measurements can be made. 

The meter circuit of the 2113 measures the RMS value of the filter 
output which is then squared to obtain the mean square value using the 
2113 meter scale SA 0046. This scale calibrated in V2/Hz permits the P.S.D. 
to be read directly when the 11 JB Bandwidth Compensation of the 2020 is 
actuated. 

For further information on the operation of the 2020 the 2020 Instruct· 
ion Manual should be consulted, whilst for P.S.D. measurement out booklet 
"Frequency Analysis and Power Spectral Density Measurements" is avail· 
able on request. 
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7. PRECISION SOUND LEVEL 
MEASUREMENTS 

Several standards have been written to specify the desirable character
istics of sound level meters and impulse sound level meters. The most im
portant ones are those published by the International Electrotechnical Com
mission (IEC), the Deutsche lndustrie Normen (DIN) and the American 
National Standards Institute (ANSI). The 2113, when fitted with a suitable 
microphone and preamplifier conforms to these standards. 

PRECISION SOUND LEVEL METERS 

The IEC have published two standards for sound level meters which will 
measure continuous sounds. Publication 123 presents requirements for a 
Sound Level Meter and these are made more stringent in Publication 179 
intended for Precision Sound Level Meters. The main points of this latter 
recommendation which is also similar to DIN 45 633 Part I and the new 
ANSI draft proposal are mentioned below. 
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a. The Precision Sound Level Meter must measure the free-field sound 
pressure level with an accuracy of ± 1 dB under specified reference 
conditions simulating normal use. 

b. The microphone must have directional sensitivity within certain limits 
which are specified. 

c. The indicating instrument must be of the square-law type, and the 
calibration of the meter scale and the error associated with a range 
shift must be within specified tolerances. 

d. A meter dynamic characteristic referred to as Fast must be provided. 
This must produce a meter response to a signal of 200 milliseconds 
duration which indicates within ~~ dB of the indication for a steady 
signal of the same frequency and amplitude. Damping is specified by 
the requirement that overswing of the steady level produced by a 
suddenly applied signal must be within the limits + 1.1 dB. 

+ 0.1 



e, An alternative dynamic ·characteristic referred to as Slow ' is an 
optional feature. With this response, the meter indication produced by 
a 500 milliseconds duration signal must fall between =~ dB from the 
meter deflection produced by a steady signal of the same frequency 
and amplitude. Overswing due to sudden application of a steady signal 
must be within : 6:~ dB of the final steady indication, and this 
indication should not differ from the level indicated with Fast 
characteristic by more than 0.1 dB. Frequency ranges in which these 
two dynamic characteristics must be met are specified. 

f. Specifications are also laid down for the maximum permissible sens
itivity to external influences, such as the influence of the sound field 
on the meter in the absence of a microphone signal, vibrations, 
magnetic fields, electrostatic fields, temperature and humidity. 

g. The recommendation also lays down the test procedure which should 
be employed in checking the compliance of an instrument with these 
requirements. 

It is specifically stated in the I EC Publication that the Precision Sound 
Level Meter is an instrument which is designed to give an objective measure
ment which approximates a subjective impression of sound under certain 
conditions. An instrument which fulfils these requirements can be used for 
assessment of most continuous sounds. Measurement of discontinuous 
sounds or sounds of very short duration must be treated seperately. 

IMPULSE PRECISION SOUND LEVEL METERS 

The problem of how to produce a meter reading which reliably approx
imates a subjective impression of a sound of short duration (considered as 
duration from 1 to 100 milliseconds) has been a research topic of consider
able interest for some years. The difficulty lies in the specification of a 
meter response characteristic which closely approaches the rise time of the 
human ear and stores, averages, and "forgets" the short duration signal in a 
similar way to the human brain. The German Standard DIN 45 633 Part 2 
and the I EC draft for the extension of Publication 179 have been attempts 
to make these specifications, and no fundamental differences exist between 
them. The main points of the I EC draft are summarised below. 

a. Impulse Sound Level Meters must have the same characteristics and 
response to steady sinusoidal signals as Precision Sound Level Meters 
described in I EC Publication 179. 
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b. To safeguard against harmonic distortion caused by the overdriving of 
amplifiers by the peaks of high crest factor signals, overload indicators 
should be placed at the amplifier stage prior to a filter and at the 
input to the meter rectifier. · 

c. The minimum crest factor capability of the rectifier circuit is specified 
as 5. 

d. Response time constant of the rectifier should be 35 milliseconds for 
both rise and decay. A storage circuit retains the applied signal, how
ever, and on removal of the signal it causes a decay in meter deflection 
with a 3 sec. ± 0.5 sec. time constant. The rise time of this storage 
circuit must be less than that of the rectifier. 

e. The recommendation also lays down the test procedure which should 
be employed in checking the compliance of an instrument with these 
requirements. 

It can be seen, therefore, that an Impulse Sound Level Meter is an instru
ment that approximates a subjective impression of a short duration sound. 
It cannot be used for the objective analysis of shocks and other pulses, 
which must be analysed in a conventional manner. 

COMPLEMENTARY EQUIPMENT 

The additional equipment required to make the 2113 a Precision or 
Impulse Precision Sound Level Meter is simply a microphone and a micro
phone preamplifier. 

The microphone, must have a frequency range and omnidirectional 
characteristics (with associated preamplifier) that meet I EC 179 standards 
(Points a. and b. Precision Sound Level Meters). The B & K condenser 
microphones that meet these standards are shown in Table 11. 

The choice of microphone will depend on the measurements to be under
taken. It is important to note that the smaller the microphone size the wider 
is its frequency range and the better its omnidirectivity, but the lower its 
sensitivity. Thus with the smaller microphones the lower limit of the 
dynamic range is higher but considerably greater noise intensities can be 
measured. 

The 1" Condenser Microphone 4144 is especially suitable for use in 
audiometry or anywhere a pressure response is required. 
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Cartridge Type 4138 4135 4136 41 33 4134 4144 ' 4145 

A pprox. 

Open Circuit 1 3 · 5 1 . 2 10 . 15 55 50 

Sensit ivity ~~~~er 

Frequency Range 30Hz · 8H z · 8Hz· 5Hz · 5Hz · 2Hz · 2Hz · 

w ith 2 11 3 ± 2 dB 140 kHz 100kHz 20 kHz 40 kHz 20kHz 7kHz 18kHz 

Frequency Free Field Free Field Pressure Free Field Pressure Pressure Free Field 

Response and Pressure and Rand. 

Approx. 

Dynamic Rangeo 76. 175 64 . 162 70 . 170 32 . 153 15 · 140 

with 2113 (dB) 

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

ORange f rom 5 dB above equivalent A·weigh ted inherent :-~oise leve l t o 4% harmonic di stortion. 

• This microphone does not conform to I EC 179 since its frequency range does not extend from 10 Hz to 12.5 kHz 

Table 11. 

The preamplifier required for a particular microphone and any additional 
accessories that are available with the combination can be seen in Chapter 
5, "ACCESSORIES". 

OPERATIONAL REQUIREMENTS 

The conditions under which the equipment should be used are identical, 
whether continuous or impulsive noises are to be measured. 

Care must be taken to avoid reflections, from the instrumentation and 
the operator, affecting the sound field and therefore producing inaccuracies 
in the measurements. Maximum reflections from a human body occur 
around 400Hz where inaccuracies of up to 5-6 dB are possible. At higher 
frequencies reflections can be caused by the 2113. 

For these reasons, it is recommended to place the microphone some 
distance away from both the instrumentation and the operator. The normal 
2 m. cable of the preamplifier is usually sufficient for these purposes. The 
microphone and preamplifier should be held firmly be means of a tripod 
(e.g. B & K UA 0049) or something similar. The Extension Rod UA 0196 
can be used to remove the microphone from the effect of the tripod. 

77 



Having set up the instrumentation the operator can check his influence 
on the sound field by moving his position relative to the microphone and 
noting if any change in meter reading occurs. 

Further information on the measurement of sound can be obtained from 
our booklet" Acoustic Noise Measurements". 

FREQUENCY WEIGHTING NETWORK D 

Since the introduction of the Perceived Noise Level scale (PNdB) by 
Kryter in 1959 (Ref 1 - developed by Ref 2), it has been used in the field 
of aircraft noise with considerable success. Evaluation of the perceived noise 
level of a wide spectrum noise involves weighting an octave band analysis of 
the noise according to a set of equal noisiness contours, and adding the 
weighted levels according to a rule suggested by Stevens (Ref 3). The equal 
noisiness contours were built on subjective assessments of the noisiness of 
bands of noise with width equal to the critical bands of the ear. Their scale 
of units, "Noys", is the analogue of the pure tone loudness scale of Sones, 
and PNdB is the analogue of loudness level, Phons. One Noy is the numer
ical value assigned to the perceived noisiness of the 1000 Hz critical band
width of the ear (91 0 to 1090 Hz) at a band pressure level of 40 dB re 2 x 
1Q-5 Nfm2. Since the calculation procedure of PNdB requires analysis of the 
sound and tedious weighting and addition of the Noy levels, Kryter also 
suggested a frequency weighting characteristic for a sound level meter. 
Referred to at that time as the "N" weighting network it was chosen to be 
the inverse of the 40 Noy contour. The reason for this was that the 40 Noy 
contour is fairly representative of the band width and level of aircraft fly
over noise. Also aircraft noise spectra biassed by this weighting gave good 
agreement with perceived noise level calculations except for a constant 
10 dB difference between the absolute values. A practical electronic weight
ing network to approximate the N-weighting is "D-weighting" network. 

Although "D-weighting" is more convenient in use than the perceived 
noise level procedure, it should not be expected to accurately measure the 
relative noisiness of two sounds which are of different bandwidths. On the 
other hand the perceived noise level scale should do this since in this case 
frequency bands are individually weighted rather than the block weighting 
of the whole spectrum. 
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8. DEFINITIONS 

IDEAL FILTER (Band-Pass) 

An ideal bandpass filter is one which displays zero attenuation in the pass 
band and infinite attenuation at any other frequency. 

i.e. If the pass band extends from f1 to f2, 

then 
and 

where 

ex 0 
ex = oo 

when f1 < f < f2 
when f < f1 

f > f2 

ex is the attenuation. 

EFFECTIVE BANDWIDTH 

The effective bandwidth of a practical filter is equal to the bandwidth 
required by an ideal bandpass filter for it to pass the same total integrated 
white noise power as the specified practical filter. 

(21 /6- 2-1 /6) fcPc or 0.2316 fcPc 

where Pc is the noise power per unit frequency of the filter centre fre
quency fc. 

Due to tolerances in filter production, the tolerance of the effective 
bandwidth of a practical filter is ± 10% (approx. ± 0.4 dB). The effective 
bandwidth concept is illustrated in Fig.8.1. Since the noise power is pro
portional to the square of the noise voltage, the amplitude response of the 
filter is squared and then the area under this curve (shaded) is equal to the 
area of the rectangle which represents the ideal filter frequency character
istic. 

OCTAVE 

An octave is the interval between two pure tones having a frequency 
ratio of 2. 

80 



§ 
·u; 
·~ 0.4 

c 
~ 03 +--+---+·--+!-

~ 
~ 0.2 +----+--f------1+--
~ 

1 0.1 

0~~-~-
0.5 
- --Frequency 

· ~. 

Fig.8.1. Concept of effective bandwidths and ideal filter. 

OCTAVE 
Frequency ratio 

up down 

1/12 0.0833 1.0594 0.9439 

1/8 0.1250 1.0905 0.9170 

1/6 0.1667 1.1225 0.8909 

1/4 0.2500 1.1892 0.8409 

1/3 0.3333 1.2591 0.7937 

1/2 0.5000 1.4142 0.7071 

2/3 0.6667 1.5871 0.6303 

3/4 0.7500 1.6817 0.5946 

1 1.0000 2.0000 0.5000 

n 2n 2-n 

Table 12 
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Other frequency intervals can also be expressed as a number of octaves n, 
(Table 12), where n can be any value. Then the interval between the fre
quencies f" and f' is given by 

f" f" r= 2n or n = 10 log2f 

When n is negative, f" is said to be n octaves below f', and when positive, 
f" is said to ben octaves above f'. 

FILTER CENTRE FREQUENCY 

The centre frequency of a pass-band filter is the geometric mean of the 
band-edge frequencies. 

where Filter centre frequency and f1, f2 are the band-edge 
frequencies. 

Filter centre and band-edge frequencies for the 2113 are given in Table 
13. 

Fll TER BAND-EDGE FREQUENCY 

The band-edge frequencies, f1 and f2 given in Table 13, are the fre
quencies at which the response of the filter is a certain value lower than the 
maximum response. Usually this value is chosen to be 3 dB, but it can be 
defined as required. In the case of the 2113 Filter Set for instance, -3.7 dB 
is quoted, so that the bandwidth of each filter is 1/3 octave at the -3.7 dB 
points which is also the effective bandwidth. 

BANDWIDTH 

The bandwidth of a band-pass filter is the value (in Hz or octaves) of the 
difference between the upper and lower band-edge frequencies. 

i.e. B = f2 - f1 

f2 
or b = log2 -- octaves 

f, 
Bandwidth is sometimes also expressed as a percentage of the passband 

centre frequency. 
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Exact Centre Nominal Centre Band-edge Bandwidth 
Frequency f0 Frequency Frequencies B 

f1 and f2 

1.00000 1.0 f, 0.89125 0.23077 
f2 1.12202 

1.25893 1.25 
f, 1.12202 0.29052 
f2 1.41254 

1.58489 1.6 
f, 1.41254 0.36574 
f2 1.77828 

1.99526 2.0 
f, 1.77828 0.46044 
f2 2.23872 

2.51189 2.5 f, 2.23872 0.57967 
f2 2.81839 

3.16228 3.15 
f, 2.81838 0.72976 
f2 3.54814 

3.98107 4.0 f, 3.54813 0.91871 
f2 4.46684 

5.01187 5.0 
f, 4.46683 1.15659 
f2 5.62342 

6.30957 6.3 f, 5.62341 1.45606 
f2 7.07947 

7.94328 8.0 f, 7.07945 
1.83307 

f2 8.91252 

10.00000 10.0 f, 8.9125 2.3077 f2 11 .2202 

Table 13 
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SPECTRUM 

The spectrum of a function of time is a description of its resolution into 
components, each of different frequency. 

Continuous Spectrum 

White Noise Spectrum 

Line Spectrum 

NOISE 

White Noise 

Pink Noise 

Random Noise 
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A continuous spectrum is a spectrum in which 
the components are continuously distributed 
over a frequency region. 

A white noise spectrum is a continuous spectrum 
with a constant spectrum density (mean square 
amplitude per unit frequency) over a specified 
frequency range. 

A line spectrum is a spectrum consisting of 
discrete single frequency components. 

See White Noise Spectrum. 

Pink noise is a noise whose spectral density 
decreases at a rate of 3 dB per octave over a 
specified frequency range. 

The instantaneous magnitude of a random noise 
signal is specified only by a probability distribut
ion function. 
If the distribution function is Gaussian, the 
random signal is called "Gaussian random noise". 



9. SPECIFICATIONS 

Frequency Range: 
Amplifier Response 
(without filters): 

High Pass Filter: 

Low Pass Filter: 

Selective Range I: 

Selective Range II: 

Band Pass Filters: 

10Hz to 50 kHz± 0.2 dB 
2Hz to 200kHz-± 0.5 dB 

Phase error between two instruments± 50 
in 5 Hz to 20kHz range. 

22.4 Hz. Slope 24 dB/Octave. 

22.4 kHz. Slope 24 dB/Octave. 

25 Hz to 20 kHz+ "D" +"A" + "B" + 
"C" +"Lin". (In "Lin" position range 
22.4 Hz to 22.4 kHz. 
Slope 24 dB/Octave). 

25Hz to 20kHz+ extension filters. 

In accordance with I EC 225 - 1966 and ANSI Sl.11-1966 Class II. 

Centre frequencies: 
1/3 Octave 

1/1 Octave 

Attenuation outside pass-band: 

25 Hz to 20 kHz (30 filters) 
Extension filters available from 2 Hz to 
20 Hz and 25kHz to 160kHz 

31.5 Hz to 16kHz (10 filters) 

1/3 Octave Better than 75 dB at 5 x and 1/5 centre 
frequency. 

1/1 Octave 

Attenuation in pass-band: 
1/3 Octave 
1/1 Octave 

Better than 60 dB at 8 x and 1/8 centre 
frequency. 

0 dB ±0.5 dB. 
-0.5 to + 1 dB. 
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Max. peak to valley ripple: 
1/3 Octave 
1/1 Octave 

Weighting Networks: 
Curve A, B, C: 

CurveD: 

Attenuators: 

Sensitivity: 

Meter Damping: 

Meter Indication: 
Crest Factor Capability: 

Meter Accuracy: 
Crest Factor< 10: 

Crest Factor< 20: 

Crest Factor< 40: 

Overload Indicators: 
Input overload level: 

Output overload level: 

0.5 dB 
1.5 dB 

In accordance with IE C 179-1965 for pre
cision sound level measurements. 

In accordance with proposed standard. 

Range 0- 150 dB in steps of 10 dB 
±0.1 dB. 

Full scale deflection for 10 JJ.V - 300 V 
in 10 dB steps. 

"RMS Fast" and "RMS Slow" to IEC 179-
1965. "Impulse" to DIN 45 633 pt 2 and 
proposed extension to I EC 179. 
"Impulse Hold" indicates maximum RMS 
level of input signal. Decay time less than 
0.05 dB/sec at 250C. 

10 at F.S.D. (Full Scale Deflection) in
creasing to 40 at 2 dB below F .S.D. 

±0.5 dB f~-om 0-12 dB below F.S.D. 
± 1 dB from 12-20 dB below F.S.D. 

Add 0.5 dB to above values. 

Add 1 dB to above values. 

5.6 V peak± 0.5 dB at 1 kHz 
5.6 V peak± 1 dB at 200 kHz 

56 V peak ± 0.5 dB at 1 kHz 
56 V peak ± 1 dB at 200kHz 

Lamps light for overload pulse longer than 0.2 m sec and remain lit for 
0.5 sec minimum. 
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Input Impedance: 
At "Direct" input 1 MD.// 50 pF. 

Outputs: 

AC: 
Output impedance 
Minim'um load impedance 
Output voltage corresponding 
to full scale meter deflection 
Maximum Output 

DC: 
Output impedance 
Output voltage corresponding 
to full scale meter deflection 
Maximum Output 

External Filter Connections: 

Ext. Filter In: 
Output impedance 
Max. output voltage 

Ext. Filter Out: 
Input impedance 
Max. input voltage 

Distortion: 

50 D. 
5 krl 

5 V RMS 
50 V peak 

25 krl 

-0.9V 
-2.2 v ± 10% 

<1on 
5 V peak 

146 krl 
5 V peak 

Amplifier: 
Input Section 

< 0.01% with 1 V across 500D. at external 
filter socket. 

Output Section 

Filters: 
Active (25 · - 200 Hz) 

Passive (250Hz- 20kHz) 

< 1% with 30 V across 1 0 krl at output 
< 0.3% with 5 V across 10 krl at output 

<0.3% with 1 V input 
< 1% with 5 V peak input 

<0.1% with 1 V input 
< 0.3% with 5 V peak input 
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Noise (Typical): 

Input Section: 
Broadband (2 Hz- 200 kHz) 
High pass (22.4 Hz- 200kHz) 
Low pass (2 Hz- 22.4 Hz) 

<7.0 JJ.V 
<7.0 JJ.V 
<2.5 JJ.V 
<o.5 JJ.V * 
<1.5JJ.V * 
< 1.5 JJ.V 
< 1.5 JJ.V 
< 1.7 JJ.V 
<4.0 JJ.V 

1/3 Octave filters 
1/1 Octave filters 
A weighting 
B weighting 
C weighting 
D weighting 

Output Section: 
Broadband (2 Hz- 200 kHz) 
For input shorted to ground and maximum gain. 

Power Requirements: 
AC Power Socket: 

Voltage 
Frequency 

Consumption 

Battery Input 
Voltage 
Consumption 

Remote Control 

100, 115, 127, 150,220,240 Volts 
50-400Hz. 

35 Watts. 

12 V DC± 10% 
30 Watts 

Voltage 24 V DC 
Consumption 4.5 Watts 
Specifications valid for± 10% voltage variations of power supply. 

Warm-up time: 20 sec. 

Operating Temperature: + 5oc to 500C 

Storage Temperature: -250C to 6QOC 

Humidity Range: 0 to 90% relative humidity 

* For Input Attenuator in 100 mV position 
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Dimensions: 
Cabinet Type A. 

Accessories Supplied: 

Scales Supplied: 

SA 0037 
SA 0038 
SA 0039 

SA 0040 

SA 0071 

SA 0086 

Scales Available: 

SA 0045 

SA 0046 

SA 0061 

SA 0073 

SA 0070 

SA 0074 

SA 0075 

~-oo17 

Height 38 em ( 15") 
Width 38 em ( 15") 
Depth 20 em (7 .9") 
Weight 17 kg (37 lb) 

2 x 3 pin plugs 
2 x B & K coaxial plugs 
1 power cord and plug 
1 control cable (AO 0019) 

Voltage scale (with dB). 
Voltage scale in dB re. 1 J1V. 
Sound Level in dB re. 2 x 10-5 Nfm2 for 
microphones of sensitivity 26 - 90 mV per 
Nfm2. 
As above but for microphones of sensitivity 
2.6- 10 mV per Nfm2. 
Acceleration scale (with dB) for accelero
meters of sensitivity 6- 17 mV /g. 
Graduated scale. 

Absorption Coefficient scale for use with 
Standing Wave Apparatus Type 4002. 
Power Spectral Density scale for use with 
Slave Filter Type 2020. 
Sound Level in dB re. 2 x 10-5 Nfm2 for 
microphones of sensitivity 0.8- 2.6 mV. 
As above but for microphones of sensitivity 
0.4- 1.6 mV per Nfm2. 
Acceleration Scale (with dB) for accelero
meters of sensitivity 17 - 60 mV /g. 
As above but for accelerometers of sensitivity 
1.7-6 mV/g. 
As above but for accelerometers of sensitivity 
60- 170 mV/g. 

~~-
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B & K INSTRUMENTS: 

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

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

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

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

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

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

MEASURING . .. . 
Measuring Amplifiers 
Voltmeters 
Deviation Bridges 
Megohmmeters 

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

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

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