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1. INTRODUCTION 

Any noise or vibration monitoring or design problem can be resolved into 
a form of servo loop, as is illustrated in Fig.1.1. The time allowable for 
completion of each stage of the loop varies between very wide limits accord
ing to the nature of the individual process under development, the shortest 
possible analysis time being determined usually by the instrumentation 
employed. Where the process has high inertia and a long time is required for 
adjustments to take effect, and in other cases where fast feedback of a 
control remedy is not critical, a simple analysis will suffice. This could be 
provided by a Sound Level Meter or by a sequential type of analyzer, both 
of which have been with us for some years. When the fastest possible feed
back of a control remedy is required, however, there is no substitute for 
Real Time Analysis with a digital computer supplying the control inform
ation if this is possible with the particular process. 

Remedy 

Fig.1.1. 

Noise or Vibration 
Problem 

Standards 
Information 

Servo Analogy for Product Engineering. 

170317 

Sequential analyzers, such as the principle illustrated in Fig.1.2, take a 
considerable time to produce an analysis of the problem because a single 
RMS detector is used for processing every filter. The analysis time required 
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becomes longer as the bandwidth of the analysis is reduced. Therefore, if 
the process under examination is varying or of short duration, an accurate 
analysis becomes impossible with sequential instruments. The conventional 
solution to such a problem is to record a representative sample of the 
process onto magnetic tape and make a continuous loop analysis of the 
tape. This sort of solution only assists in overcoming the problem of a short 
duration signal and does not reduce the time taken for a complete analysis. 

Filter 

17o3N 

Fig.1.2. Principle of a Sequential Analyzer. 

In order to reduce the time taken for a complete analysis, we must find 
some way of reducing the time taken for switching between filters. The rate 
at which the filters can be scanned depends on the required accuracy of 
measurements, which determines the averaging time required by the RMS 
detectors. If it is required to reduce the time taken for an analysis while 
maintaining a chosen degree of measurement accuracy then at first sight the 
only possibility would seem to be to use a separate RMS detector for each 
filter. In such an instrument the time for analysis would be only that requir
ed for full response of the RMS detector with the longest time constant, 
instead of the sum of the times required for a single RMS detector to 
respond fully to every filter bandwidth in turn. With modern developments 
in miniature circuits, such a "parallel analyzer" is reduced in size and price 
to an acceptable level, and the development of cathode ray tube displays 
and small digital computers make the time opportune for the introduction 
of a parallel analyzer. Such an analyzer will be capable of producing a 
virtually instantaneous, or "Real Time" analysis of the input signal. 

The term "Real Time Analysis" has come to be used for the process of 
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obtaining information for the performance of a computation during the 
time of a related physical process so that the results are available for 
controlling that process. The advantages of real time analyzers over convent
ional analyzers can be summarised as: 

1. Speed of analysis over previous instruments. 

2. Transient as well as continuous phenomena can be measured. 

3. The effect of external adjustments on a process can be seen imme
diately and acted upon. 

4. The ability to interface with a computer where extremely fast evaluat
ion and processing of results is required. 

In the design of such a Real Time Analyzer, we are therefore required to 
produce an instrument which will present control information in the mini
mum possible time. The Real Time Third Octave Analyzer Type 3347 is a 
versatile measuring system for fast analysis of sound, vibration or other 
phenomena which can be represented by an analogue electrical voltage. It 
can investigate any complex or impulsive signal in the audio frequency range 
and provides the results in a real time display and digital readout. 

The standard version of the Analyzer contains the 30 third octave filters 
of the audio frequency range (25 Hz to 20kHz centre frequencies), while 
up to 36 third octave filters could be accommodated in the standard chassis. 
In addition to all the third octave filters, one of the frequency weighting 
networks A, B, C, or D can be selected on the visual display, and when the 
option is included, the overall linear level in the range 22.4 Hz to 22.4 kHz 
is also displayed, making up the 38 channels of the display. 

Outputs are provided for analogue recorders, such as a Level Recorder or 
an X_: Y Recorder, and for digital receivers, such as a tape punch, printer, or 
"On-Line" computer. The digital output is in BCD code. 

The Real Time Third Octave Analyzer Type 3347 is a combination of the 
Frequency Analyzer Type 2130 and the Control and Display Unit 
Type 4710. The two units will not normally be used separately, but it is 
possible to use the 2130 alone as a Frequency Analyzer. 

Detailed discussion of the wide range of applications of the Real Time 
Third Octave Analyzer Type 3347 is not made in this book. We confine 
ourselves here to the basic description of the instrument and its most 
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obvious uses. Some examples of the possible use of the Analyzer are in the 
fields of: 

Quality Control Analysis of Product Noise or Vibration 
Product Development 
Noise and Vibration Monitoring Systems 
Speech Analysis 
Measurement and Analysis of Impulse and other transient noise or vibrat
ion. 

The descriptions in this instruction manual apply to instruments with 
serial numbers: Type 2130 Serial 255608 and Type 4710 Serial 255628 and 
later. 
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2. CONTROLS 

2.1. FRONT PANEL OF FREQUENCY ANAL VZER 2130 

Fig.2.1. Front Panel of Frequency Analyzer Type 2130. 

METER SCALE: Tilt the glass panel forward to slide 
the scale out. 

Immediately below the meter is a row of push-buttons. Their functions 
are: 

POWER 

INPUT: 

REF: 

On/Off push-button for power. 

"Direct" input or input via "Pre
amplifier" may be chosen. 

Supplies the 50 mV RMS 1 kHz sine 
wave signal for internal calibration 
purposes. 
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INSERT VOLT. CAL: 

TIME CONSTANT MODE: 

Choice of "Internal" or "External" 
signal. "Internal" is 50 mV from the 
1 kHz reference oscillator. "Extern
al" via rear panel input. For use in 
connection with microphone input 
from Insert Voltage Cathode Follow
er 2617. 

Three different modes may be select
ed to give time constants suitable for 
the following signals: 

"Sine". 0.2 sec above 200 Hz. Below 
200Hz the time constant rises with 
decreasing centre frequency to 
3.15 sec at 12.5 Hz. 

"Fast Random". 0.2 sec above 
2kHz. Below 2 kHz it rises with 
decreasing centre frequency to 20 sec 
at 20 Hz and thereafter remains con
stant. 

"Slow Random". 20 sec at all centre 
frequencies. 

The time constants used on the weighting network channel and the linear 
channel are in accordance with the following I EC recommendations. 

"Sine" 

"Fast Random" 

"Slow Random" 

STORAGE MODE: 
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IEC "Impulse" proposal when "Max. 
Hold" is selected also. 

I EC "Fast" (I EC 179). 

IEC "Slow" (IEC 179). 

Three different types of signal pre
sentation may be selected: 

"Off". A continuous display of the 
RMS value of the signal is given. 

"Store". The display gives that value 
which exists at the instant the 
"Store" button is depressed. 



RESET: 

WEIGHTING NETWORK: 

"Max.". The display gives the maxi
mum RMS value measured during the 
time the button is kept depressed. 

Immediately below the STORAGE 
MODE push-buttons is a Reset 
Button which when pressed clears 
the stored spectrum. As long as this 
button remains depressed the RMS 
spectrum will continue to be up
dated. 

One only of the D, A, B or C net
works can be selected for display on 
the CRT display or for readout to an 
external recorder. 

The remaining controls and sockets on the front panel are: 

GAIN CONTROL: 

UNCAL: 

For continuous control of the gain of 
the first amplifier. When in position 
"Cal." the gain is fixed. Maximum 
attenuation from "Cal." position is 
approximately 10 dB. The control 
operates with either Dl RECT input 
or PREAMP. input selected. 

This light comes on when the GAl N 
CONTROL knob is in the uncalibrat
ed position. 

INPUT SECTION ATTENUATOR: Stepped attenuator for attenuation 
of the input signal. 10 dB steps. The 
voltages marked around the knob 
show the input voltage for full scale 
deflection at each knob setting. By 
using the GAIN CONTROL input 
voltages up to 1000 V can be measur
ed. See OPERATION Chapter Sect
ion 3.7. 

OVERLOAD INDICATORS: These indicate when the input or 
output amplifiers are overloaded. 
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While these lights flash the meter 
reading is inaccurate. 

DIRECT INPUT: Input to the input amplifier. Input 
impedance is 1 M.Q in parallel with 
50 pF. Takes B & K coaxial plugs. 

PREAMP. INPUT: 7-pin socket for connection of B & K 
microphones via their preamplifiers. 
Input impedance is 900 kil in paral
lel with 50 pF. 

SENS: Two screwdriver operated potentio
meters situated by their respective in
puts. They adjust the gain of the first 
amplifier to compensate for different 
transducer sensitivities. They work 
independently of each other and 
each has a range of variation + 4 dB 
to -10 dB. 

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

METER FUNCTION: 

14 

This attenuator is effective only in 
the meter circuit and will not affect 
the CRT display or the digital read 
out. 

This selects "Fast" and "Slow" 
meter damping according to I EC 
Publication 179 or "Impulse" charac
teristics according to the proposed 
179 extension and DIN 45 666 
Part 2. In the "Impulse Hold" posit
ion the meter circuit will hold the 
maximum RMS value of the applied 
signal for the channel selected by the 
CHANNEL SELECTOR. 



METER RESET: 

READ OUT: 

STORAGE TIME EXPIRED: 

OVEN: 

CHANNEL SELECTOR: 

Discharges the meter circuit when 
"Impulse Hold" measurements are 
taken. 

Push-button for manual start or reset 
of the data read out function. If the 
indicator light is lit and the CRT dis
play is not present, this means that 
the read out to some external equip
ment has not been completed for 
some reason, or that the readout 
sequence has been started accident
ally. Normal operation is restored 
simply by pressing the READ OUT 
button. 

This indicator lights when a spectrum 
has been stored for over 2 minutes. 
The maximum decay of the stored 
level in the upper 20 dB of dynamic 
range is 0.3 dB/min. See Specificat
ions, section 8.1.5 for full details. 

This indicator remains alight only 
whilst the ovens are warming up and 
the operating temperature is un
stable. The ovens maintain a constant 
temperature for the output ampli
fiers of the R MS detectors. 

This selects a particular channel for 
digital read out on the Nixie tube dis
play and analogue read out for the 
meter and SELECTED FILTER 
OUTPUT. 

"Lin. 2 Hz - 200 kHz". The input 
and output amplifiers are selected, 
but without filters or weighting net
works in circuit. There is only 
analogue read out and meter display. 
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"Ref. Display". Presents the value of 
the CRT base line on the Nixie dis
play. The Nixie display is correct for 
the selected position of the Y
SCALE switch. When a level recorder 
with power on is connected and 
READ OUT is activated a recorder 
calibration signal proportional to the 
full scale deflection of the CRT dis
play is produced at the MULTI
PLEXER OUTPUT. 

"Filters". 1/3 Octave filters covering 
the 25 Hz- 20kHz range which can 
be extended from 12.5 Hz- 40kHz 
with optional filters. When a partic
ular filter is selected an analogue out
put is obtained at the SELECTED 
FILTER OUTPUT. The selected fre
quency band is also brightened on 
the CRT display. 

"Weight". This connects one of the 
weighting networks (D, A, B or C) 
provided it has been selected by 
push-button. 

"Lin. 22.4 Hz- 22.4 kHz". A high 
and low pass filter limiting the pass 
band to the range specified. The 
attenuation slope from each band 
limit is approx. 24 dB/Octave. 



2.2. REAR PANEL OF FREQUENCY ANALYZER 2130 

Selected Filter 

1
output __ 

l___.=AC 
-+DC 

Recorder Control 

Multiplexer Output 

Socket 
Selector 

Fig.2.2. Rear Panel of Frequency Analyzer Type 2130. 

SELECTED Fl L TER OUTPUT: 

RECORDER CONTROL: 

Provides an analogue output of the 
particular filter or network chosen 
on the CHANNEL SELECTOR. 
Either AC or DC output can ,be 
selected by the switch immediately 
below this socket. 

In position "AC" the output imped
ance is < 50il. Output voltage for 
full scale meter deflection is 5 Volts 
RMS. The maximum output available 
is 56 Volts (peak). 

In position "DC" the output imped
ance is 25 kil. Output voltage for 
full scale meter deflection is 
-0.9 Volt. The maximum output 
available is -2.2 Volts. 

Synchronizes the filter scanning of 
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MULTIPLEXER OUTPUT: 

PEN LIFT: 

POL. VOLT: 

INSERT VOLT. CAL: 

TO 4710: 

VOLTAGE SELECTOR: 

18 

the 3347 with Level or X-Y record
ers. For use with the appropriate 
recorder see Chapter 5. 

Gives multiplexed DC output for 
external recording of the entire spec
trum displayed on the CRT. 

Provides information of overload 
condition to a Level Recorder or 
(with ZH 0045 installed) to pen lift 
function of an X-Y Recorder. 
Immediately below this socket is an 
On/Off switch for the relays. For de
tails of connection see section 4.1.3. 

Socket for measurement of the 
200 Volts DC polarization voltage 
supplied to the PREAMP. INPUT. A 
DC voltmeter having a rating of at 
least 20 k!1/Volt should be used. A 
ground return socket is placed to the 
left of the socket. For adjustment of 
polarization voltage refer to Service 
Instructions. 

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

Socket for input signal from an ex
ternal generator. Input impedance 
1 kn. A ground socket is situated to 
the left of this socket. 

Multi-pin socket for connection to 
the Display Unit. 

WARNING. Connect and disconnect 
this socket only with the power off. 

For selection of correct mains supply 
voltage. To turn the switch, it is 
necessary to unscrew the central fuse 



POWER SOCKET: 

and then a wide bladed screwdriver 
or small coin may be used. 

Socket for the AC supply. 

2.3. FRONT PANEL OF CONTROL AND DISPLAY UNIT 4710 

Y Scale----1-----'11 
Digital Ref. Adj . _ _.___._._......: 
Selected Channel-1------:~-,..---__,...,,...,~ ...... ·• Level-dB 

Fig.2.3. 

Y SCALE: 

Front Panel of Control and Display Unit Type 4710. 

This selects CRT display ranges of 
10, 25 or 50 dB and linear, and chan
ges the grid lines to suit the range. 
The intensity of the grid lines repre
sented are shown below for the 
logarithmic scales. 

Range Thin Medium Thick 

"50 dB" 1 dB 5 dB 
"25 dB" 0.5 dB 1 dB 5 dB 
"10dB" 0.2 dB 1 dB 5 dB 
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DIGITAL REF. ADJ: 

SCALE BRIGHTNESS: 

INTENSITY: 

SELECTED CHANNEL LEVEL: 

20 

"Lin". The linear range of the CRT is 
from zero to a maximum value which 
is indicated by the position of the 
INPUT SECTION ATTENUATOR. 
The screen is divided up into tenths 
and fiftieths of this maximum value. 

Sets the reference value of the Nixie 
display. For 1" microphones the 
20 dB position should be selected. 

Brightness adjustment for CRT dB
lines. A "Display Off" position is 
also provided for disconnecting the 
supplies to the CRT. 

Intensity adjustment for both fre
quency spectrum and dB-lines. Also 
contains power On/Off switch. 

"50 dB" selected on Y SCALE con
trol: the Nixie display indicates the 
dB level in the selected channel ex
cept for the "Lin. 2 Hz -200kHz" 
position. 

"25 dB" or "10 dB" selected on Y 
SCALE control: the Nixie display 
operates only on "Ref. Display" 
position of the CHANNEL SELECT
OR, when it indicates the base line of 
the CRT display. 

"Lin." selected on Y SCALE control: 
the Nixie display does not operate. 



2.4. REAR PANEL OF CONTROL AND DISPLAY UNIT 4710 

Read Out 
Mode 

Digital Output 

Fig.2.4. Rear Panel of Control and Display Unit Type 4710. 

READ OUT MODE: 

DIGITAL OUTPUT: 

"Via Store". If the 2130 is not in 
STORAGE MODE "Store", this 
function of the 4710 will always 
bring the system into the "Store" 
mode when a READ OUT takes 
place. This results in a time coincid
ent read out of the spectrum which is 
independent of the recording device 
(Level Recorder, computer etc.). 

"Store Off". The system will remain 
in the mode selected on the 2130. 

Output for connection of computer 
or Qther read out devices. 

Computer command signals are also 
received and transmitted via this 
socket. For connections see sect
ion 6.1. 
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TO 2130: 

VOLTAGE SELECTOR: 

POWER SOCKET: 
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Multipin socket for connection of 
Control Cable (AO 0065) to the Fre
quency Analyzer 2130. 

WARNING: Connect and disconnect 
this socket only with power off. 

For selection of correct mains supply 
voltage. To turn the selector unscrew 
the central fuse and use a wide 
bladed screwdriver or small coin. 

For connection of AC mains supply. 



3. OPERATION 

3.1. PRELIMINARY ADJUSTMENTS 

Before the instruments are connected to the power supply the following 
adjustments must be made. 

1. The control cable (AO 0065) must be connected between the two 
instruments i.e. between the socket marked "To 4710" on the Fre
quency Analyzer and the socket marked "To 2130" on the Control 
and Display unit. 

2. Check that the voltage selectors on both instruments are set to the 
correct line voltage. If not remove the central fuse and adjust with a 
small coin or screwdriver. 

3. If power cables with ground connection are required, only one ground 
must be used (on 2130). 4710 must be without ground. 

The instruments can be switched on by means of the POWER button on 
the Analyzer and the INTENSITY knob on the Display Unit. 

The above adjustments are part of the normal operating procedure, but 
occasionally it may be found necessary to adjust the additional items as 
follows: 

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

2. The polarization voltage should be measured with a DC voltmeter 
(meter rating 20.000 ohms/volt) connected to the POL. VOLTAGE 
socket. Adjustment of polarisation voltage is necessary only on very 
infrequent occasions. The adjustment requires removal of the case of 
the 2130 and procedure is given in the Service Instructions for the 
instrument. 
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3.2. CALIBRATION FOR SOUND MEASUREMENTS 

3.2.1. Using Pistonphone or Sound Level Calibrator 

1. Carry out the preliminary adjustments, if necessary. 

2. Fit the meter scale appropriate to the sensitivity of the microphone 
being used. See Table 3.1. 

B&K Open Circuit DIGITAL Nominal Display Indication 
Microphone Sensitivity Scale REF. ADJ. Open Circuit for Nominal 
Type Range No Setting Sensitivity (dB re Sensitivity 

(mV per N/m2) (dB) 1 V per N/m2) (dB) 

4131 4132 
4144 4145 26 to 80 SA 0039 20 -26 94 

4146 
one inch 

4133 4134 8 to 26 SA 0091 30 
-38 106 

half inch 2.6 to 8 SA 0092 40 

4135 4136 
quarter inch 

0.8 to 2.6 SA 0061 50 -50 118 
4138* 

eighth inch 

*(see note after point 1 0). 

Table 3. 1. Meter Scales for Microphone Measurements 
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3. Fit the microphone and associated preamplifier. 

4. Switch the instruments on and wait until OVEN light switches off 
before proceeding with calibration. (Approx. warm up time 15 mi
nutes). 

5. Set controls on the Analyzer to: 

GAIN CONTROL 
OUTPUT SECTION ATTENUATOR 
METER FUNCTION 
TIME CONSTANT MODE 

"Cal" 
"x 1" 
"RMS Fast" 
"Sine" 



STORAGE MODE 
CHANNEL SELECTOR 

"Off" 
"Weight". C network 
selected. (Select "Lin . 
22.4 - 22.4 k" if this 
detector is fitted). 

6. Set the INPUT SECTION ATTENUATOR on the Frequency 
Analyzer so that 120 dB (for Pistonphone calibration) or 90 dB 
(for Sound Level Calibrator calibration) is indicated as the zero 
level on the Meter Scale. 

7. Set Display Unit controls: 

Y SCALE 
SCALE BRIGHTNESS 
INTENSITY 

"50 dB" 
as required 
as required 

8. Set the DIGITAL REF. ADJ. control of the Display Unit to the 
value shown in Table 3.1. Note that if the preamplifier Type 2618 
is used with the quarter inch microphone, the preamplifier should 
be used at 0 dB gain. 

9. If the READ OUT indicator is alight, depress the READ OUT 
"Start/Reset" button to reset the read out mode. 

10. Using a Piston phone 4220 or a Sound Level Calibrator 4230, the 
meter should read* 124 or 94 dB respectively. If it does not, adjust 
the SENS. potentiometer beside the input socket that is being 
used, until the correct deflection is obtained. With the control 
settings recommended, the meter indication and the Nixie display 
should correspond within the tolerances of the system. 

Always make the calibration exact for the readout device to be 
used. 

Note: If an eighth inch microphone is used, procedure is as for the quarter 
inch microphone if sensitivity is greater than 0.8 mV per Nfm2. If 
sensitivity is less than 0.8 mV per Nfm2, the 2618 preamplifier should 
be used at "20 dB gain" and the microphone treated as a half inch 
microphone using scale SA 0092. 

* For the exact sound pressure the Pistonphone or Sound Level Calibrator calibration 
chart should be consulted. 

25 



3.2.2. Using the built-in reference voltage 

26 

1. Carry out the preliminary adjustments, if necessary. 

2. Fit the meter scale appropriate to the sensitivity of the microphone 
being used. See Table 3.1. 

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

4. Switch the instruments on and wait until the OVEN light switches 
off before proceeding with calibration. 

5. Set controls on the Analyzer: 

GAIN CONTROL 
INPUT SECTION ATTENUATOR 
OUTPUT SECTION ATTENUATOR 
METER FUNCTION 
TIME CONSTANT MODE 
STORAGE MODE 
CHANNEL SELECTOR 

INPUT 

6. Set Display Unit controls: 

Y SCALE 
DIGITAL REF. ADJ. 
SCALE BRIGHTNESS 
INTENSITY 

"Cal" 
"0.1 V" 
"x 1" 
"RMS Fast" 
"Sine" 
"Off" 
"Weight" C network 
selected. (Select "Lin 
22.4 - 22.4 k" if this 
detector is fitted). 
As appropriate 

"50 dB" 
See Table 3.1. 
as required 
as required 

7. If the READ OUT indicator is alight, depress the READ OUT 
"Start/Reset" button to reset the read out mode. 

8. From the calibration chart of the microphone in use, determine its 
open circuit sensitivity in mV per Nfm2. This must be corrected 
for the attenuation and capacitive loading of the preamplifier. For 
the Type 2619 with one inch or half inch microphones, the total 
change in sensitivity is less than about 0.5 dB. For other types of 
preamplifier and other microphones, refer to the instruction 
manual for the preamplifier. 



9. Depress the "50 mV Ref." push-button. 

10. Using a small screwdriver, adjust the SENS potentiometer beside 
the input socket in use until the open circuit sensitivity of the 
microphone in use (corrected where necessary for the effects of the 
preamplifier) is indicated on the red "Micr. Sens" scale of the 
meter. 

An alternative procedure is suggested in which it will be easier to 
correlate the Nixie display with the meter display. Procedure is similar up to 
and including item 9. It then continues: 

10. The difference between the nominal sensitivity of the microphone 
(from Table 3.1) and the open circuit sensitivity of the microphone 
(corrected for the effects of preamplifier loading where necessary) 
should be added to the Display Indication for Nominal Sensitivity 
(Table 3.1) and the Meter Reading (or Nixie Tube display) adjusted 
to this value. For example, if the corrected Open Circuit Sensitivity 
of a quarter inch microphone Type 4136 is -58 dB re 1 V per 
Nfm2, the display should be adjusted to give a meter reading on 
scale no. SA 0061 of 126 dB with the 50 mV reference selected. 

Note: If an eighth inch microphone of sensitivity less than 0.8 mV per Nfm2 
is used, the 2618 preamplifier should be used with 20 dB gain and the 
calibration performed with scale SA 0092 assuming a sensitivity 10 
times the value determined in point number 8 (ie. + 20 dB). 

3.3. MEASUREMENT OF SOUND 

Sound measurements may be made as follows: 

( Calibrate the meter to the sensitivity of the microphone as described 
above. 

2. Hold the microphone steadily and at least 1 meter away from the 
body or set it up on a tripod or other support that will not interfere 
with the sound field. 

3. Select WEIGHTING NETWORK 
TIME CONSTANT MODE 
METER FUNCTION as required 
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4. 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 OUTPUT SECTION ATTENUATOR is turned up, note that the 
meter full scale deflection and the CRT full scale deflection will no 
longer coincide, although the calibration of both is still accurate. 

5. The meter display of 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. 

Provided the instrument has been calibrated as in section 3.2, the Nixie 
display will give a corresponding indication to that of the meter display. 

The maximum SPLs that can be measured accurately with 1 inch and 
1/2 inch microphones with respect to the crest factor of the signal can be 
seen in Fig.3.1. 

For further information on sound measurements the B & K booklet 
"Acoustic Noise Measurements" is available on request. 

SPL 
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Fig.3.1. 
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3.4. CALIBRATION FOR VIBRATION MEASUREMENTS 

3.4.1. Using Accelerometer Calibrator 4291 

1. Carry out the preliminary adjustments, if necessary. 

2. Fit the meter scale appropriate to the sensitivity of the accelerometer 
being used. See Table 3.2. 

Accelerometer B&K 
Sensitivity mV /g Accelerometer Type Scale No. 

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 3.2. Accelerometer Scales for 3347. (*Optional Extras). 

3. Fit the accelerometer and associated preamplifier. 

4. Switch the instruments on and wait until the OVEN light switches off 
before proceeding with calibration. 

5. Set controls on the Analyzer: 

GAIN CONTROL 
OUTPUT SECTION ATTENUATOR 
METER FUNCTION 
TIME CONSTANT MODE 
STORAGE MODE 
CHANNEL SELECTOR 

"Cal" 
"x 1" 
"RMS Fast" 
"Sine" 
"Off" 
"80Hz" or "Lin 22.4 
- 22.4 k". 

6. Select push-button INPUT "Preamp." or INPUT "Direct" according 
to requirement. 
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7. Set the INPUT SECTION ATTENUATOR so that a full scale deflect
ion of 1 g is indicated on the meter scale lights. 

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

9. 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. 

3.4.2. Using the built-in Reference Voltage 
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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. 

3. Fit the accelerometer and appropriate preamplifier. 

4. Switch on the instruments and wait until the OVEN light switches off 
before proceeding with calibration. 

5. From the calibration chart of the accelerometer, calculate what 
acceleration level corresponds to a voltage output from the preamp I i
fier of 50 mV RMS. For example if a B & K Type 4343 accelerometer 
of sensitivity 10.1 pC/g is used with a Type 2624 Charge Amplifier on 
a gain setting of 1 mV/pC, a voltage level of 50 mV RMS is produced 
by a signal of 4.95 g RMS. 

6. Set the controls of the Analyzer to: 

GAIN CONTROL 
OUTPUT SECTION ATTENUATOR 
METER FUNCTION 
TIME CONSTANT MODE 
STORAGE MODE 
CHANNEL SELECTOR 

INPUT 

"Cal" 
"x 1" 
"RMS Fast" 
"Sine" 
"Off" 
"Weight" C network 
selected. (Select "Lin 
22.4- 22.4 k" if this 
detector is fitted). 
as appropriate 



7. If the READ OUT indicator is alight, depress the READ OUT 
"Start/Reset" button to reset the read out mode. 

8. Set the INPUT SECTION ATTENUATOR so that the acceleration 
level calculated in 5 will appear on-scale. For the example given, the 
meter scale indication should be set for a full scale deflection of 10 g. 

9. Select the "50 mV RMS" push-button and adjust the SENS. potentio
meter beside the input socket in use so that the acceleration level 
calculated in 5 is correctly indicated on the meter. 

The Nixie display can not be conveniently calibrated for vibration 
measurements as can the meter scale. In practical measurements it is 
suggested that a note is made of the Nixie indication for a signal level of 1 g 
RMS. By subtraction from the results of a particular measurement, the 
levels of the measurement in dB re 1 g can be obtained. 

3.5. MEASUREMENT OF VIBRATION 

Vibration measurements may be made as follows: 

1. Calibrate the meter as described in section 3.4. 

2. Mount the accelerometer, taking care to avoid cable whip. 

3. Keep the 3347 as far away as possible from the vibration environment 
and any other unrequired influences. 

4. 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. 

Note that for many vibration measurement applications the "Linear" 
display range of the CRT, can have advantages over the logarithmic form of 
display. 

For further information on vibration measurements the booklet 
"Mechanical Vibrations and Shock Measurements" is available on request. 
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3.6. CALIBRATION FOR VOLTAGE MEASUREMENTS 

1. Carry out any of the preliminary adjustments necessary. 

2. Fit voltage scale (SA 0037 or SA 0038). 

3. Switch the instruments on and wait until the OVEN light switches off 
before proceeding with calibration. 

4. Set controls on the Analyzer: 

GAIN CONTROL 
INPUT SECTION ATTENUATOR 
OUTPUT SECTION ATTENUATOR 
METER FUNCTION 
TIME CONSTANT MODE 
STORAGE MODE 
CHANNEL SELECTOR 

5. Select INPUT "Direct" and REF. push-buttons. 

"Cal" 
"0.1 V" 
"x 1" 
"RMS Fast" 
"Sine" 
"Off" 
"Weight~' C network 
selected (or "Lin" if 
this detector is fitted). 

The needle should now deflect to the red mark on the scale (i.e. 
indicate 50 mV). If it does not, adjust the sensitivity adjustment 
beside the INPUT socket in use. 

Note: The calibration of the 3347 is designed to correspond to a nominal 
microphone sensitivity of 50 mV per Nfm2. When the meter is correctly 
calibrated, the Nixie display should give a reading of 94 dB with the refer
ence signal selected. 

17. VOLTAGE MEASUREMENTS 

Voltage measurements may be made as follows: 

3.7.1. To measure input voltages up to 300 Volts RMS 

1. Calibrate the meter as described in section 3.6. 

2. Feed the voltage to be measured to the "Direct" IN PUT socket. 
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3. 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. 

3.7.2. To measure input voltages from 300 to 1000 Volts RMS 

Use can be made of the Gain Control to accommodate voltages 300 to 
1000 V, but first it must be calibrated to give exactly 10 dB attenuation. 

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 ATTEN 
UATOR to 0.03 V causing the needle to deflect off scale. 

3. Adjust the GAIN CONTROL to bring the needle back to the red mark 
and to reduce the overall gain of the 3347 by 10 dB. The 3347 is then 
calibrated so that 10 dB must be added to the value of all display 
indications. 

3.8. INSERT VOLTAGE CALIBRATION 

When a Cathode Follower Type 2617 is used in conjunction with the 
3347, 1 inch microphones can be calibrated by means of the Insert Voltage 
Method, which is a method for determining the open circuit sensitivity of 

_L..---c-M ------r 
VcF 

1 
a) b) 

Fig.3.2. Insert Voltage Calibration of a Microphone. 
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the microphone. (The open circuit sensitivity of a microphone at a given 
single frequency is the voltage which appears at its terminals when the 
microphone is working into an effectively infinite impedance). 

The principle of the Insert Voltage method may be explained with refer
ence to F ig.3.2. 

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 Fig.3.2.a. 

A small resistor "r" is then connected in series with the microphone and 
a voltage Ec applied across it as in Fig.3.2.b. This insert voltage is adjusted 
so the voltage from the cathode follower is V cF as before. Then E0 = Ec 
and the open circuit voltage can be calculated from 

Ec 
Open Circuit Sensitivity 

sound pressure 

When the 2617 Insert Voltage Cathode Follower is used with the 3347, 
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 1000 Hz or 
an external generator such as the 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 250Hz) can also be used. 

The procedures are as follows: 

3.8.1. Calibration Using Internal Reference Voltage 
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1. Fit the microphone to the 2617 Cathode Follower and connect to the 
"Preamp." input of the 3347. 

2. Apply the Sound Level Calibrator 4230 to the microphone and note 
the voltage produced from the cathode follower, VcF· 

3. Remove the sound source. Depress the push-button "Int. Insert Volt. 
Cal." and adjust the GAIN CONTROL until VcF is the same as 
before. 

4. When this occurs the calibration voltage, Ec, from the reference 
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oscillator is equivalent to the open circuit voltage of the microphone 
E0 • To measure the calibration voltage press the "Ref." button and 
read it from the meter without readjusting the "Gain Control". Then: 

Ec Open Circuit Sensitivity 
sound pressure 

NB . The Sound Level Calibrator produces a sound pressure* at 1 kHz 
of 94 dB re 2.1Q-5 N/m2, or 1 N/m2. 

3.8.2. Calibration Using External Generator 

1. Connect the external generator to the INSERT VOLT. CAL. socket 
on the rear of the Frequency Analyzer. 

2. Fit the microphone to the 2617 Cathode Follower and connect to the 
"Preamp.'' input of the 3347. 

3. Apply the sound source to the microphone and note the voltage 
produced from the cathode follower V CF. 

4. Remove the sound source. Adjust the frequency of the external 
generator to be the same as that of the sound source. Depress the 
push-button "Ext. Insert Volt. Cal." and adjust the output from 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 01 R ECT input socket to the INSERT 
VOLT. CAL. socket to which the generator is connected. The calibrat
ion voltage can be read directly from the meter and the microphone's 
open circuit sensitivity determined. 

Open Circuit Sensitivity 
sound pressure 

NB. If the Pistonphone is used it produces a sound pressure* at 
250Hz of 124 dB re 2.10-5 N/m2, or 3.16 N/m2. 

* For the exact sound pressure the Pistonphone or Sound Level Calibrator calibration 
chart should be consulted. 
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3.9. USE OF THE TYPE 2130 ALONE 

3.9.1. As a Parallel Analyzer 

By activating the STORAGE MODE "Store" and taking an output to an 
external recorder from the MULTIPLEXER OUTPUT, an analysis of the 
input signal at the time the "Store" button was depressed can be obtained. 
This is a time-coincident frequency spectrum but it is not strictly a Real 
Time analysis because of the finite time taken for the recording. In some 

· cases it will be found to have advantages over a conventional frequency 
analyzer, where signal level could change during the course of an analysis. 
Procedure for the recording is given in Section 5.1, 5.2, and 5.3 if reference 
to the Control and Display Unit features is disregarded. 

Use of the DC output from the MULTIPLEXER OUTPUT, with or with
out the "Store" function, has two main advantages over AC recording from 
the 2130. Firstly, automatic stepping through the filters is possible by using 
the synchronising pulses from a Level Recorder. Secondly, a high recorder 
paper speed can be used because the filter signal is ready averaged and no 
allowance is required for stabilisation of the low frequency filters. 

3.9.2. As a conventional Frequency Analyzer 

Taking an output to an external recorder from SELECTED FILTER 
OUTPUT, or using the meter display of the 2130, the Type 2130 has similar 
features to the Bruel & Kjrer Type 2113 Audio Frequency Spectrometer. 

The most noticeable difference from the 2113 is that the CHANNEL 
SELECTOR can only be scanned manually. The AC output from the filter 
section can be recorded from the SELECTED FILTER OUTPUT socket, as 

·can the DC output of the meter rectifier of the 2130. 
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4. DESCRIPTION 

The Real Time Third Octave Analyzer Type 3347 consists of two inter
dependent units, the Frequency Analyzer Type 2130 and the Control and 
Display Unit Type 4710. In normal operation, the two units will always be 
used together, but for some analysis applications it is possible to use the 
Frequency Analyzer unit alone. The main use of the Type 3347, however, is 
as an analyzer with either analogue or digital output. This hybrid nature 
gives it a flexibility which will be found most useful in its application to a 
measurement problem. In the following technical description, the approach 
will be on the basis of the signal path through the instrument. 

4.1. FREQUENCY ANALYZER TYPE 2130 

A block diagram of the Frequency Analyzer unit of the Type 3347 is 
shown in Fig.4.1. The first amplifier is followed by 38 parallel channels 
containing the third octave filters and weighting networks. Each filter or the 

Fig.4.1. 
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Level Recorder ~3~5 

Block Diagram of Frequency Analyzer Type 2130. 
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selected weighting network is followed by an RMS detector, integrator, 
storage circuit, and finally a scan gate which is controlled by the multiplexer 
of the logic control unit. The scanned output of the FET Gates is fed via a 
buffer amplifier to the Control and Display Unit. As an additional feature, 
the AC output from any of the parallel channels can be manually selected 
and measured by a meter circuit satisfying the recommendations of I EC 179 
for Precision and Impulse Sound Level Meters. 

4.1.1. Input Circuit and First Amplifier 

There are two alternative input sockets. One is the standard B & K 
coaxial socket. The other accepts the seven pin plugs of the B & K preampli
fiers, supplying stabilised voltages for the preamplifiers and the 200 Volts 
polarization required for the condenser microphones. 

Both inputs lead to the INPUT SECTION ATTENUATOR. This atten
uator steps down the input signal in accurate 10 dB steps and can give a 
maximum attenuation of 100 dB. In the least sensitive position, voltages up 
to 300 Volts RMS can be measured, but if the extra attenuation of the 
GAIN CONTROL is used as well, input voltages up to 1000 Volts RMS can 
be measured. The GAIN CONTROL attenuator and the SENS. potentio
meters are located in the first amplifier, varying feedback to adjust the 
overall gain of the amplifier. The GAIN CONTROL adjusts the gain of the 
first amplifier for both "Preamp." and "Direct" inputs. The two SENS. 
potentiometers adjust only the gain of the appropriate input, and are 
intended as compensation for different transducer sensitivities. The two 
sensitivity adjusters and the GAIN CONTROL all have an attenuation range 
of about 10 dB. 

The first amplifier has a maximum gain of 50 dB. To obtain the best 
signal/noise ratio the amplifier is divided into two sections with an atten
uator 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 first amplifier and its attenuator are to the same design as those of 
the Type 2606 Measuring Amplifier. Some modifications have been 
necessary for compatibility with the remaining circuitry of the 2130, but 
the only major additional feature is an output signal to indicate the position 
of the attenuator of the first amplifier for use in the digital readout from 
the Type 3347. 
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4.1.2. Reference Oscillator 

A reference oscillator is built into the analyzer for calibration purposes. 
It is selected by push-button REF. and produces a stabilized sinusoidal 
voltage of 50 mV at 1000Hz. Signal distortion is less than 2% and 
amplitude and frequency stability are both better than 2%. 

4.1.3. Input Overload Indicator 

An overload indicator is placed at the output of the first amplifier. The 
relay will trigger when the output from the first amplifier exceeds 5.6 Volts 
peak. The indicator light will remain on for about 0.5 sec even if the over
load lasts for a shorter time. This indicator is also coupled to the CRT 
display of the Control and Display Unit so that the intensity of the display 
is increased while the overload indicator is triggered. Overload information 
is also provided on the DIGITAL OUTPUT socket of the Control Unit, 
pin 8 (Fig.6.1 ). 

External indication of when the overload relay is triggered can be made 
from a rear panel socket PEN LIFT. Connection of this socket (showing the 
pins as they appear from outside) is as indicated in F ig.4.2. Pins 1 and 2 are 
short circuited when the overload relay is triggered. 

r---------------------------~ I . I 

I I 
I I 
I I 

: I 
I I 
1 Pen lift relay 1 

: for X -Y .Recorder : 
: (Circuit Boord ZH 0045) l 
L------------------------- - _J 

+20V 

0 

~ 

Off/On 

Fig.4.2. PEN LIFT socket internal connections. 
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4.1.4. Filters and Weighting Networks 

The filters are of similar design to those used in the Type 1614 Filter Set 
and in the Analyzer Types 2113 and 2114. The standard version of the 
3347 provides the 30 third octave filters of the audio frequency range 
(25 Hz to 20kHz centre frequencies) while up to 36 third octave filters 
could be accommodated - an option of 12.5 Hz to 40kHz centre frequen
cies is offered. One of the frequency weighting networks A, 8, C, or D is 
displayed on the screen of the 3347 display, as determined by the selection 
on the push button controls of the Frequency Analyzer. The "Linear 
22.4 Hz to 22.4 kHz" detector is an optional extra of the 3347. When this is 
included the linear level over the frequency range 22.4 Hz to 22.4 kHz is 
always displayed. 

Third Octave Filters 

The pass bands and initial cut-off of the filters are in accordance with the 
best classes mentioned in International (I EC 225-1966), and German 
(DIN 45 652) standards recommendations, (see Fig.4.3). They are six-pole 

Fig.4.3. 
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Butterworth band pass filters. Filters below 200Hz are active circuits con
sisting of three Wien-bridge amplifiers stagger tuned with emitter follower 
output. Filters above 200Hz are passive networks. 

The filters are designed to have an Effective Bandwidth of one third 
octave. On this basis, the shape of the filter is such that the flanks of 
adjacent filters cross at an attenuation of approximately 3. 7 dB from the 
nominal transmission level. Peak to valley ripple in the filter pass band is less 
than 0.5 dB. Fig.4.4 shows the characteristic of the 50 Hz third octave 
filter, which together with the 250 Hz filter has the least satisfactory reject
ion level. A characteristic which is typical of the other third octave filters is 
shown in Fig.4.5. Production tolerances on the rejection level of filters 
outside the range 1 /5 x centre frequency to 5 x centre frequency are a 
minimum of 65 dB for 50 Hz and 250 Hz filters and a minimum of 70 dB 
for all other filters. Since the dynamic range of the instrument is 50 dB, 
departure of the filter quality from the demanding specification of ANSI 
Class Ill is not an embarrassment. 
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Fig.4.4. Transmission characteristic of 50 Hz third octave filter. 
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Frequency Weighting Networks 

A graph showing the characteristics of the A, B, C, and D weighting 
networks, the 22.4 Hz high pass filter and the 22.4 kHz low pass filter is 
shown in Fig.4.6. The A, B and C networks comply with the basic shape and 
tolerances set by the I EC Recommendation 179 and the proposed D net
work has also been designed to lie within these same tolerances. Note that 
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the tolerances of I EC 179 specify the overall response of the measuring 
syste, including microphone and preamplifier. 

The weighting networks are located in the 2606 section of the Frequency 
Analyzer, as are the high pass (22.4 Hz) and low pass (22.4 kHz) cut off 
filters. This means that the weighting networks and the audio frequency 
"linear" channels are available at the AC output SELECTED FILTER OUT
PUT regardless of whether the optional linear detector ZL 0010 is used. 

4.1.5. RMS Detection and Averaging 

Circuits for extracting the RMS value of an alternating signal consist in 
principle of squaring, averaging, and root extracting sections, as illustrated 
in Fig.4.7a. The Brl.iel & Kjrer RMS detectors, however, modify this general 
principle by feeding back the voltage on the averaging capacitor to produce 
a "variable squaring" characteristic, as in Fig.4.7b, removing the necessity 
for a square root operation. The principle of the circuit and its difference 
from conventional RMS detectors is discussed in the Bruel & Kjrer Technical 
Review, 1969 No. 1 ("Impulse Noise Measurements" by C. G. Wahrmann). 
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The effective averaging time of the RMS circuit is approximately equal to 
the RC time constant of the detector (see also section 9.1 ). 

The principle of the third octave filter detectors in the 3347 is as dis
cussed in the reference, being true RMS detectors having squaring character
istics with 3 segment approximation to the ideal parabola. Because of the 
small bandwidth of the third octave, a very accurate detection is obtained 
from this approximation up to a crest factor of at least 5. The worst case 
when assessing the RMS detector is that of a tone burst signal, where a given 
signal crest factor is built up from a continuous tone and a period of silence 
over one averaging time. Accuracy of the 3347 third octave detectors for 
this worst case is shown in Fig.4.8. 

V') dB 
~ 
~ 

~ +2~---------------------------------------... ...... 
E + 1 

Crest e o ~---------r---~---r-~~---r----------~~------~---u.. Factor 
0- 1 ... 

Jj -2~------------------~~---------------------------------~------
II'OJ.3b 

Fig.4.8. Worst case error of the third octave filter detectors. 

Requirements from the broad band detector for the weighting networks 
and the linear channel are rather more severe than those of the third octave 
detectors because of the departure from a single frequency signal. Provision 
must therefore be made for the possibility of a non-symmetrical waveform 
and for a signal of higher crest factor. The parabola approximation therefore 
has branches in both positive and negative quadrants and has 5 segments. To 
increase the accuracy of the squaring and averaging process, the circuit 
operates over a dynamic range of only 30 dB, having automatic range shift
ing to make up the full 50 dB range of the display. 

The output amplifier of the detector is a DC amplifier, whose drift is 
maintained at a minimum by means of an oven. The oven consists of a small 
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block of aluminium into which the input FET and the amplifier are pressed. 
Temperature is controlled to about 500C by a Negative Temperature 
Coefficient resistor which is also attached to the block. The OVEN lamp on 
the front panel of the 2130 lights when current to the transistors heating 
the blocks is above a certain level. Below this current the block temperature 
is sufficiently stable. Warm-up time for the ovens is about 15 minutes. 

Time constant 

In the B & K types of sequential frequency analysis equipment, the level 
read-out is displayed on the instrument using its "Fast" or "Slow" averaging 
characteristic or on a Level Recorder. Thus the meter detector or the writ
ing speed of the Level Recorder provides averaging of rapidly fluctuating 
signal levels with a single averaging time for the whole spectrum. The 3347 
is a true Parallel Analyzer where the time constant of the integrator provides 
the only averaging element, and therefore the averaging time can be chosen 
for each channel independently. Consequently, updating of RMS analogue 
signals occurs on all channels simultaneously. 

Input 
(from filter) 

Detector Integrator 

4_ 
T 

FET Store FET Buffer ompl. 

Fig.4.9. RMS detection and output of the parallel channels. 

DC 
Output 

Fig.4.9 shows the sequence of detector, integrator, store gate, store cap
acitor, scan gate, and the buffer amplifier which is common to all channels. 
By special order, or by an internal modification, a customer can choose any 
time constant in the range 20 msec to 60 sec for any of the detectors (see 
Appendix, section 9.3.). 

Three time constant modes have been provided as standard on the 3347, 
which are likely to be satisfactory for most applications. Advantage is taken 
of the possibility to vary the time constant of the analyzer over its frequen
cy range in order to maintain a constant confidence level over the low 
frequency (and therefore lower bandwidth) filters. The relationship between 
the time constant of the filter detector and the frequency of the filter is 
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shown in Fig.4.1 0. The effect is to reduce level fluctuations from the low 
frequency filters when a random input signal is applied to the analyzer. The 
time constant as shown in Fig.4.1 0 is the decay time constant of the RC 
network. The fall in dB related to the time constant ( RC) is given by 

1 
dB drop per second = 20 log, o (exp RC) 

The dB decay on the CRT display will be approximately 8.7 dB per time 
constant over the upper part of the display range. Over the bottom 5 or 
10 dB of the dynamic range a slight non-linearity appears. All time con
stants are computer tested in the B & K factory to be within ± 20% of the 
nominal value from 2130 serial no. 308273. 
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Fig.4.10. Variation of third octave filter time constants with frequency 
(see also Table 9.1 ). 

Recommended use of the three TIME CONSTANT MODES is: 

"Sine" for short duration processes where a long averaging is not desir
able for reasons of sample length. Also for periodic processes where a long 
period average is not necessary for statistical purposes. 

"Fast Random" for use in continuous processes where some short period 
level variation could occur, but where the high averaging time at low fre
quencies does not cause mis-representation of the signal. 

"Slow Random" for the best possible confidence level throughout the 
spectrum when analyzing stationary random processes. 
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Requirements of a broad band detector are somewhat different. The 
detectors used for the weighting networks and the linear channels have time 
constants selected so that the I EC recommendations for Sound Level Meters 
are met. 

In the "Sine" TIME CONSTANT MODE with "Max." STORAGE MODE 
selected, the requirements of Dl N 45 633 and of the proposed extension of 
IEC 179 for Impulse Sound Level Meters are approximated. For this a decay 
time constant of 70 msec is required to give the signal display of the 4710 
the appropriate 35 msec rise time. Such a short time constant gives rise to 
noticeable ripple when the storage mode is not selected. Ripple of the 
detectors is discussed in later sections. The requirements of the I EC recom
mendation for response to a 2 kHz sinusoidal impulse are shown together 
with the 3347 response in Table 4.1. 

Indication relative to that produced by a continuous signal 
Impulse 
Duration I EC Recommendation 3347 indication 

msec (dB) at Full Scale -10 dB -20 dB -30 dB -40 dB 

32 -2.3 ± 1 - 2.0 - 1.8 - 1.9 - 1.7 -1 .3 

16 -4.4 ± 1.5 - 4.6 - 4.0 - 4.1 - 3.9 -3.0 

8 -6.9 ± 2 - 7.8 - 7.0 - 7.1 - 6.8 -5.2 

4 -9.7 ± 2 -12.6 -11.4 -11.0 -10.4 -8.6 

Table 4.1. Impulse response of 3347 linear and weighting channels on 
"Sine" mode, storage "Max", relative to IEC proposed recom
mendation. 

In the "Fast Random" TIME CONSTANT MODE, the requirements of 
IEC 179 for "Fast" response of a Precision Sound Level Meter are fulfilled. 
For this, a time constant of 240 msec is required. 

In the "Slow Random" TIME CONSTANT MODE, the requirements of 
IEC 179 for "Slow" response of a Precision Sound Level Meter are fulfilled. 
For this, a time constant of 1.5 sec is required. 

If it is desired to select a non-standard time constant for the RMS detect
ors, it is necessary to consider both the ripple and the relative statistical 
error to determine whether these will be acceptable for the particular 
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measurement required. Procedure for changing the time constants of the 
detectors is given in the Appendix, section 9.3. 

Averaging time and Relative Statistical Error of Measurements 

When making measurements with a meter pointer, it is relatively easy to 
appreciate the possible error of measurement which occurs with insufficient 
averaging time. With a digital output which produces a single number out
put, it is extremely dangerous to place too much trust in the measurement 
unless the influence of possible errors is appreciated. Quite beyond the basic 
design of any instrumentation in this respect is the error due to averaging a 
random signal to obtain its RMS value. The problem is discussed in the 
Appendix. section 9.1, and the averaging of the 3347 has been designed 
with this in mind. 

In the design of the 3347, the main factor controlling the averaging time 
of the measurement is the time constant of the RMS detector. A theoretical 
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Fig.4. 11. Standard deviation of random signal measurements related to 
third octave centre frequency and detector time constant. 
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approach suggested that for the B & K designs of RC detector for RMS 
measurements, the effekctive averaging time is equal to the decay time 
constant of the detector (see Brliel & Kjcer Technical Review 1969 No. 1, 
"Impulse Noise Measurements", by C. G. Wahrmann). Measurements on the 
third octave RMS detectors of the 3347 for Gaussian white noise suggest 
that for both the analogue output from the multiplexer and the digital 
output, averaging time is fractionally greater than the RC time constant of 
the detectors. If error calculations are based on an averaging time equal to 
the RC time constant of the detector (Fig.4.10), results will therefore be a 
little pessimistic. Fig.4.11 repeats the graph of time constants indicating also 
the approximate error of measurements with random signals as determined 
by the 1/2 JBT relation (Appendix, section 9.1). 

Ripple from Third Octave Filter Detectors 

Because the output from a third octave filter is approximately a symme
trical sine wave, half wave rectification is used in the filter detectors. The 
averaging process is illustrated in Fig.4.12, in which 
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Fig.4.12. The averaging process with half wave rectification. 
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Ripple resulting from sinusoidal signals with detector time constants of 
200 msec, 500 msec and 1 sec is shown in Fig.4.13. Positive ripple is given 
by: 

Rp -20 log1 o { 1 - 0.5 [ 1 - exp (- ; ) ] } 

and negative ripple by: 

R0 20 log1 o j 1 - 0.5 [ 1 - te

1

xp (- ; ) ] } 

exp (--) 
T 

Measurement on a practical circuit gives t1 = 0.637/f. 

where f = centre frequency of third octave. 

It can be seen that weighting of the time constants of low frequency 
integrators is necessary if detector ripple is not to cause significant loss of 
precision. The low frequency weighting of the "Sine" time constant mode 
ensures ripple less than ± 0.1 dB. 
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Fig.4.13. Ripple in third octave RMS detectors due to sinusoidal signals. 
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The order of magnitude of detector ripple becomes insignificant in com
parison with the relative statistical error of measurements when a random 
signal is measured. However, when periodic signals are measured, statistical 
averaging requirements do not apply and in this case detector ripple is the 
critical factor. 

Ripple from Broad Band Detectors 

The detectors employed for the weighting networks and the linear 
channels of the analyzer are full wave rectifiers. Owing to the short time 
constant of the broad band detectors in the "Sine" time constant mode, 
when the storage mode is not selected, ripple from the detector may be 
noticeable with some types of signal. This is not necessarily a fault and in 
Table 4.2 are shown measurements of ripple in the various time constant 
modes. The examples given are for sinusoidal signals of two low frequencies, 
for tone bursts of crest factor 5 (8 units of continuous tone, 64 units of 
silence), Gaussian Random Noise, and pink noise with a spectrum slope of 
-3 dB per octave. 

Time Constant Sinusoidal Tone Burst CF 5 Random Pink 

Mode 10 Hz 22 Hz 10 Hz 400 Hz Noise Noise 

Sine 3 dB 1 dB >50 dB 20dB 0.5 dB 3dB 

Fast Random 1 dB 0.3 dB >50 dB 6 dB 0.2 dB 1 dB 

Slow Random ""0 ""0 30dB 1 dB ""0 0.5 dB 

Table 4.2. Broad band detector ripple for various input signals. 

4.1.6. Storage 

On completion of the signal averaging, the DC signal proportional to the 
RMS level of the input is fed to a storage circuit which offers three output 
possibilities to a display: 

"Off" where the output from the storage circuit is the continuously 
varying output from the detection and averaging circuits. 

"Store" where the output from the storage circuit is the instantaneous 
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value of the averaged signal at the moment the "Store" button was pressed. 
If the "Reset" button below the STORAGE MODE switch is depressed, the 
analyzer will operate as in "Storage Mode Off" until the button is released. 

"Max" where output from the storage circuit is the maximum value of 
the detector output since the "Max" button was depressed. 

Although the signal stored by these circuits is maintained for an adequate 
time, some leakage is unavoidable. Maximum drift varies with the level on 
the display CRT - specification is that the top 20 dB of the display has a 
tolerance + 0, -0.3 dB/min drift, the middle 20 dB + 0.5, -1 dB/min, and 
the bottom 10 dB ± 1.5 dB/min. With a single scan, as on readout to a Level 
Recorder, the specification improves so that the top 35 dB of the dynamic 
range has drift tolerance + 0, -0.3 dB/min and the bottom 15 dB 
± 1 dB/min. A warning light "Storage Time Expired" is illuminated if 
"Store" or "Max" is selected without reset for more than 2 minutes. 

Note that the detector and storage circuits for the meter display of the 
Frequency An~lyzer are completely independent of those for the MULTI
PLEXER OUTPUT and the Display Unit. 

4.1.7. FET Gate 

At the end of each filter channel is a field effect transistor which acts as a 
switch controlled by the multiplexer in the logic control. The FET gate can 
also respond to control commands from any external data reception unit. 
The single channel selected in this manner is then passed to a Buffer Ampli
fier. Its purpose is transformation to the low output impedance necessary 
for the-eff~t of external loading to be negligible. 

4.1.8. Output Amplifier and Meter Circuit 

Completely independent of the RMS detector circuits already discussed 
and also independent of the CRT display is the output amplifier and meter 
circuit of the Frequency Analyzer Type 2130. This output circuitry is an 
additional feature of the 2130 which enables it to be used alone as an Audio 
Frequency Spectrometer with an output to an external recorder from the 
SELECTED Fl L TER OUTPUT socket. In this mode the 2130 has the same 
features as the B & K Type 2113 Frequency Spectrometer, except that the 
filter outputs cannot be switched automatically. RMS detection and averag-
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ing are performed either on the external recorder ·(switch position at 
SELECTED Fl L TER OUTPUT set to AC) or by the Meter Circuit Rectifier 
of the 2130 (switch position DC). Procedure for this measurement is given 
in section 5.3: 

The characteristics of the output amplifier and OUTPUT SECTION 
ATTENUATOR and of the METER FUNCTION selector are identical to 
those of the B & K Type 2606 Measuring Amplifier and the Type 2113 
Frequency Spectrometer. Since the meter circuit is not one of the principal 
features of the 3347, full discussion of these characteristics will not be 
repeated here, and the reader is referred to the instruction manuals for 
Type 2113 or 2606. A few brief notes on the main features of this meter 
circuit are appropriate, however. 

Output Amplifiers and A ttenuator 

The output amplifier is a multi-stage amplifier with the attenuator in two 
sections to give the optimum signal to noise ratio. Maximum amplification 

Output Section Attenuator 

X0.003 X0.01 X0.03 X0.1 X0.3 X 1 

3mV 114 104 94 84 74 64 

10 mV 104 94 84 74 64 54 

30mV 94 84 74 64 54 44 

0.1 v 84 74 64 54 44 34 

0.3 v 74 64 54 44 34 24 

1 v 64 54 44 34 24 14 

3 v 54 44 34 24 14 4 

10 v 44 34 24 14 4 -6 

30 v 34 24 14 4 -6 -16 

100 v 24 14 4 -6 -16 -26 

300 v 14 4 -6 -16 -26 -36 

Table 4.3. Amplification (dB) from input to SELECTED FILTER OUT
PUT socket for various attenuator settings (AC output selected). 
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of the output amplifier section is 64 dB and an AC output voltage of 
5 Volts RMS from the SELECTED FILTER OUTPUT socket corresponds 
to full scale meter deflection. The amplifier is protected against short circuit 
of the output socket and output impedance is less than 50Q. Overall ampli
fication of the input signal is shown in Table 4.3. 

If the SELECTED Fl L TER OUTPUT socket is loaded with an impedance 
less than 5 kQ in parallel with 150 pF, significant distortion of the output 
signal occurs and the meter reading also is affected for high frequency 
signals. For this critical loading condition, the graph in Fig.4.14 shows the 
peak output voltage for 1% distortion relative to the nominal output level. 
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Fig.4.14. Effect of 5 kil//150 pF load on output voltage for 
1% distortion on SELECTED FILTER OUTPUT. 

Meter Function Switch 

This switch selects the RMS averaging mode of the meter display, which 
can have the standardised "Fast" or "Slow" response of I EC Publicat
ion 179 or the "Impulse" response as proposed for an extension of I EC 179 
for Impulse Precision Sound Level Meters. An "Impulse Hold" facility is 
also incorporated in which the maximum Impulse Sound Level is held on 
the meter scale. This "Hold" position is independent of the CRT display. 
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Output from the SELECTED Fl L TER OUTPUT socket with the switch 
in "DC" position is the DC output from the meter rectifier circuit. Output 
voltage for full scale meter deflection is -0.9 Volt and maximum current 
0.06 rnA. Output impedance in this mode is 25 kQ. The output is protected 
against short circuits and meter reading is unaffected by a load of 5 kQ or 
more. 

4.2. CONTROL AND DISPLAY UNIT TYPE 4710 

A block diagram of the Control and Display Unit is shown in Fig.4.15. 
The main components are the 7.5 MHz Master Clock, logic control, com
parator and analogue to digital converter, display cathode ray tube, Nixie 
tube display, and the digital output terminals. 

50 dB 
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(L in) 

and f rom 2130 

Attenuator Info. 
f rom 2130 

y- Defl ex 

L____ _________ _ _ ____ ~~~=5Contro l 

f------------------------g~~~~tCBnes 
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Fig.4.15. Block diagram of Control and Display Unit type 4710. 

DC signals from the RMS detectors are multiplexed in the Frequency 
Analyzer and then transmitted to the Control and Display Unit where they 
are converted to a logarithmic scale, processed and displayed on the CRT, 
and also converted to digital form for output to a Computer, Tape Puncher, 
Typewriter, or Magnetic Tape Storage. The digital output is proportional to 
the logarithm of the RMS signal amplitude, and has a dynamic range of 50 dB. 
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All of this range, or the upper 25 dB or 10 dB can be displayed on the 
12 inch cathode ray tube, or a linear amplitude scale can be selected. The 
dynamic range of the digital output is always 50 dB with a resolution of 
0.2 dB. By adding a constant increment in the Adder unit the digital output 
can be set up to read out any 50 dB interval in the range 0 dB to 200 dB. 

4.2.1. Comparator and Analogue to Digital Converter 

Although shown as separate blocks in Fig.4.15, the Exponential Slopes, 
Comparator, and Analogue to Digital Converter are in reality a single unit. 
The function of the Comparator is to compare the input DC voltage from 
the detectors and the voltage from the exponential discharge circuits. 
Because of the exponential slope a linear to logarithmic conversion takes 
place at the same time and because of the method of the comparison a 
digital conversion of the signal is also obtained. 

4.2.2. Logic Control 

This unit, which receives its time synchronization from the master clock, 
controls scanning of the FET Gates in the Frequency Analyzer. It also 
provides the pulses which produce scale lines on the display. Lines of two 

Range Selected Scale Interval Line Line 
Width Intensity 

50 dB 1 dB narrow dim 
5 dB broad bright 

25 dB 0.5 dB narrow dim 
1 dB broad dim 
5 dB broad bright 

10 dB 0.2 dB narrow dim 
1 dB broad dim 
5 dB broad bright 

Linear 1/50 x Input narrow dim 
Attenuator selection 

1/5 x Input broad dim 
Attenuator selection 

Table 4.4. Scales of the CRT Display. 
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different intensities and two widths are generated and for the four different 
ordinate scales the types of line and scale intervals are as tabulated in 
Table 4.4. 

From Table 4.4 it is apparent that it will always be possible to identify 
which scale display is selected from the pattern of scale lines on the display 
tube. Full scale deflection with the linear mode selected is always the volt
age indicated by the INPUT SECTION ATTENUATOR position on the 
Frequency Analyzer unit. Zero level is always 0 Volts. This means that 
when a calibrated display is required, the most useful linear ranges will be 
those with INPUT SECTION ATTENUATOR positions of 10 mV, 100 mV, 
1 V, 10 V, and 100 V. The filter channels are scanned 46.875 times per 
second, which means that the visual display is updated each 21.4 msec. 

4.2.3. Digital Output 

The data is fed out in 14 parallel bits and is usable by almost any digital 
data equipment. Connected on line to a computer, the computer also takes 
over control of the data readout functions of the analyzer. For this purpose 
control pulses to the computer are: "Data Ready", "End of Scan", "Manual 
Start", "Underrange", "Overrange" and "Overload". Control pulses receiv
able by the 3347 are "Data Request" and "Data Received". 

The mode of signal readout to the com~uter is selectable by a rear panel 
switch on the Control and Display Unit. It is possible to select readout of 
either the instantaneous level in each filter or the instantaneous spectrum 
level, the latter level being obtained from the storage circuits· of the 
Analyzer. Minimum time of readout is about 2.15 msec for the spectrum 
obtained with 50 d8 range selected on the visual display. To utilize this 
minimum readout time, the computer must be able to read 14 bits in 
6.6 psec. Readout time is allocated as 2.08 msec for 38 measuring channels 
at 53.33 psec per channel plus the synchronisation time required for the 
computer and 3347, which will be between 0.05 and 0.15 msec. The mini
mum readout time is therefore between 2.13 msec and 2.23 msec. If the 
visual display is in· any position other than "50 dB", the readout time is 
increased by approximately 1 msec. 

4.2.4. Nixie Tube Display 

The Nixie tube display is supplied from the digital output via a BCD to 
decimal converter. The display is normally that of the level of the filter 
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channel selected on the main scale of the Frequency Analyzer and the 
displayed value is, as before, updated 47 times per second. During data 
readout to external equipment, the Nixie tube display shows the level in the 
channel being read out at any instant. A reference adjustment of 50 dB in 
10 dB steps is available for digital correction for (for example) microphone 
sensitivities. 

4.2.5. Interface with Computer 

A major feature of the 3347 is its ability to interface with a computer to 
calculate sones and PNdB, perform spectra averaging, compare data to 
previous tests, etc. on an immediate basis and at low operating cost. At the 
present time, computer programmes have been prepared for the following 
acoustical computations: 

PNdB 
EPNdB 
Sones (Stevens' calculation) 
Spectra Averaging 
Spectrum Printout 
Power Spectral Density 
Sound Power Calculation (according to ISO recommendation 495, 
"General requirements for the preparation of test codes for 
measuring the noise emitted by machines"). 

However, this list is under constant revision and the library of program
mes will be continually expanded. The services of Bri.iel & Kjrer's software 
department is available, for a charge, to modify standard programmes and 
write new programmes to individual requirements. 

For details of the interface requirements and the Digital Readout, please 
refer to Chapter 6. 
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5. ANALOGUE READOUT 

5.1. GENERAL 

Analogue outputs of the 3347 can be used to provide a permanent 
graphic record in the form of either a Level Recorder chart or an X-Y 
Recorder chart. A ready-averaged record can be obtained from the DC 
output of the multiplexer, which can be supplied just as fast as the recorder 
is capable of receiving it. Alternatively, the output of the filters can be 
examined independently of the main RMS detectors of the 2130. This is 
achieved via the SELECTED FILTER OUTPUT, from which an unaveraged 
AC output or a DC output from the Meter Rectifier can be supplied to an 
external recorder. It is not possible to control remotely the switching of the 
filter outputs of the 2130 to SELECTED FILTER OUTPUT. 

From the MULTIPLEXER OUTPUT, the choice is available to make the 
readout from the continuously updated output of the RMS detectors or to 
obtain a time coincident analysis via the Store. Selection is made by a rear 
panel switch READOUT MODE on the Control and Display Unit. 

If the 2130 Frequency Analyzer is used without the 4710 Control and 
Display Unit, it is still possible to use both the MULTIPLEXER OUTPUT 
and the SELECTED Fl L TER OUTPUT to provide an analysis readout to an 
external recorder. However, with the MULTIPLEXER OUTPUT, readout 
via the Store is not possible and if a coincident parallel analysis is desired it 
is necessary to select separately the STORAGE MODE "Store" pushbutton 
before starting the recording. 

5.2. LEVEL RECORDER - MULTIPLEXER OUTPUT 

The CRT display can be automatically recorded onto frequency calibrat
ed paper by means of the 2305 Level Recorder. In order to use the full 
dynamic range of the Analyzer the recording procedure given here is with 
reference to a 50 dB RANGE POTENTIOMETER. 

1. Connect the Remote Control cable (AO 0075) from the 
RECORDER CONTROL socket of the Analyzer to the 6 pin 
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socket of the Recorder. The electrical connections for both these 
sockets can be seen in Fig.5.1. Normally the pen lift feature of the 
Level Recorder will not be used, but in some cases, such as the 
recording of histograms (one channel continuous recording) the 
control cable AQ 0025 could be used to lift the recorder pen in the 
event of overload. 

2130 
Recorder Control 

2130 
Recorder Control 

AO 0075 
Cable Connections 
from Control Sockets 

. Lifting 

2305 
Auto. Start 

2305 

Marking 

2305 
Remote Control 

Single Chart 

2305 
Remote Control 

control of 
1/3 Octave 
Filters 

External View 

Fig.5.1. Remote Control sockets and connections (for connection of 
PEN LIFT socket see Fig.4.2). 
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2. Connect a coaxial cable (AO 0013) from the MULTIPLEXER 
OUTPUT of the Analyzer to the INPUT of the Recorder. 

3. Fit a 50 dB RANGE POTENTIOMETER to the Recorder and 
insert Recording Paper QP 1124. 



4. Set the LEVEL RECORDER controls: 

POTENTIOMETER RANGE 
RECTIFIER RESPONSE 
LOWER LIMITING FREQUENCY 
WRITING SPEED 
PAPER SPEED 
PAPER DRIVE 
SINGLE CHART/CONT. RECORD 
POWER 
MOTOR 

"50 dB" 
"DC" 
"50-200 Hz" 
"250 mm/sec" 
"3 mm/sec" 
"Start-Forward" 
"Cont. Record" 
"On" 
"On" 

5. Set ScrewS (Fig.5.2) on the Recorder so that its mark points 
upwards. This selects the channel advance pulses from the 
Recorder to control the Analyzer. 

Pilot Lamp 

z 
Paper Drive 

Mechanical 
Output 

X 

Drive Shaft 
{Preprinted 
recording paper) 

Cover Locking -
Screw 

Drive Shaft II 

Ref. Voltage 
Pushbutton s 

z 
X 

Cover Locking 
Screw 

Out-In Control 
for Two-Channel 
Selector 

Remote Control 
7-poled 

Two-Channel 
Selector 3-poled 

161810 

Fig.5.2. Type 2305 Level Recorder controls. 
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6. Adjust the recording paper so that the pen rests on the 10Hz line. 

7. Select "Ref. Display" on the CHANNEL SELECTOR of the 
Analyzer and depress the READ OUT button to start the recording 
paper moving. 

8. Adjust the Recorder's INPUT POTENTIOMETER and ATTEN
UATOR so that the pen rests on the 50 dB chart line. After one 
chart sweep has been completed the paper movement will automa
tically stop. Provided the Y SCALE control on the Display Unit is 
in the "50 dB" position the deflection range of the recording chart 
will be the same as the CRT display range. 

9. Connect the signal to be measured to either the "Direct" or 
"Preamp." input of the Analyzer. 

10. Being careful to avoid overload adjust the INPUT and OUTPUT 
SECTION ATTENUATORS of the Analyzer to suit the level of the 
input signal. 

11. To record the spectrum displayed on the CRT, turn the CHANNEL 
SELECTOR to any position other than "Ref. Display" and press 
the READ OUT button. The CRT spectrum will disappear and 
recording will commence, whilst the Nixie display follows the read 
out sequence. After one complete scan of the displayed spectrum 
the recording will automatically stop. During read out the recorder 
takes priority over any other external reception units. 

12. To check synchronization between the chart movement and filter 
switching the response of the calibration source can be recorded. 
For correct synchronization using the sound or voltage calibration 
sources the 800 Hz and 1 kHz filters should switch on the 900 Hz 
chart line and with the 4291 Accelerometer Calibrator the 80 Hz 
and 100 Hz filters should switch on the 90Hz line. 

If synchronization is incorrect, then the chart position of the Level 
Recorder can be readjusted using Finger Wheel Z (Fig.5.2). 

Note. To obtain a clear indication of filter switching, set the Level 
Recorder controls LOWER LIMITING FREQUENCY to "20" and WRIT~ 
lNG SPEED to "500 (1000)". This is an abnormal operating condition 
producing overswing on the recording and should therefore only be used 
during synchronization. 
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For further details on recording consult the Level Recorder Manual. 

If the READ OUT button is pressed while a recording is in progress, the 
Multiplexer will be re-set to its zero position, interrupting the recording. 
The Level Recorder will continue to run to the end of the chart in progress 
and stop automatically. A new recording can then be started by pressing 
again the READ OUT button. 

5.3. LEVEL RECORDER - SELECTED FILTER OUTPUT 

With a signal output from the SELECTED Fl L TER OUTPUT socket, the 
Frequency Analyzer 2130 can operate alone as an analyzer similar to the 
B & K Type 2113. Automatic switching of the filter outputs is not possible, 
however, making the instrument inconvenient for use in this mode. How
ever, for completeness, the use of this output together with a Level 
Recorder and manual switching of the CHANNEL SELECTOR will be 
described. Recording from this output simultaneously to a real time digital 
readout is possible. This could be useful for analogue time histograms of one 
channel, such as the linear channel or a weighting. 

Either an AC or DC readout from the 2130 can be selected. With the 
switch below the SELECTED FILTER OUTPUT socket in position "AC", 
the output to the Level Recorder is the un-averaged signal from the output 
amplifier of the 2130, and RMS detection and averaging must be performed 
by the recorder. With the switch in position "DC", the output will be from 
the Meter Rectifier of the 2130, a signal proportional to the RMS value of 
the input averaged with the characteristic selected by the METER FUNCT
ION control. Procedure for the two cases is as follows. 

5.3.1. AC Recording 

For simplicity the setting up procedure is given for the Type 2305 Level 
Recorder fitted with a 50 dB Range Potentiometer. For other Range Poten
tiometers, the procedure is modified as described in the instruction manual 
for the Level Recorder. 

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

POTENTIOMETER RANGE 
RECTIFIER RESPONSE 
PAPER DRIVE 

"50" 
"RMS" 
"Start" and "Forward" 
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POWER 
MOTOR 

"On" 
"On" 

LOWER LIMITING FREQUENCY, WRITING SPEED and PAPER 
SPEED should be selected as appropriate for the signal averaging 
required. 

2. The INPUT POTENTIOMETER and INPUT ATTENUATOR of the 
2305 can now be adjusted so that the 2305 pen deflection 
corresponds to the meter deflection on the 2130. It will probably be 
found easiest to use the Reference Voltage of the 2130 for this adjust
ment. 

3. Recording of a single channel of the Analyzer output can now be 
carried out by pressing the SINGLE CHART/CONT. RECORD button 
of the Level Recorder. If an analysis is required, the filter channels 
must be switched manually using the CHANNEL SELECTOR of the 
2130. 

For further details on recording, consult the instruction manual for the 
Level Recorder. 

5.3.2. DC Recording 

With a DC output from the SELECTED FILTER OUTPUT socket, the 
dynamic range of the instrument is reduced to that of the Meter Rectifier, 
approx. 25 dB, dependent on the crest factor of the signal. 

Assuming the use of a 25 dB Range Potentiometer on the 2305, setting 
up procedure is: 
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1. Set the controls of the Level Recorder to: 

POTENTIOMETER RANGE 
RECTIFIER 
LOWER LIMITING FREQUENCY 
WRITING SPEED 

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

2. Adjust the INPUT ATTENUATOR and INPUT POTENTIOMETER so 
that the pen deflection of the Level Recorder corresponds to the 
calibrated meter deflection of the 2130. 



3. Recording of a single channel of the Analyzer can now be carried out 
by pressing the SINGLE CHART/CONT. RECORD button of the 
Level Recorder. If an analysis is required, the filter channels must be 
switched manually using the CHANNEL SELECTOR of the 2130. 

For further details on recording, consult the instruction manual for the 
Level Recorder. 

5.4. X-V RECORDING 

If a Level Recorder is not available, it may be preferred to utilise the 
RECORDER CONTROL and MULTIPLEXER sockets of the Analyzer to 
provide the respective X and Y control signals for an X-Y Recorder. 

For X-Y recording three "X" deflection scanning times of 20, 50 and 
100 sec are available, of which any one may be preselected on the Control 
Card ZH 0045 (Optional). The Control Card provides synchronization for 
both X-Y and Level Recorders and replaces the Dummy Card ZZ 0019 
normally provided with the Analyzer. To select the scanning time required 
reference should be made to section 7 .6. 

The above adjustments should be made before proceeding with record
ing. 

To record: 

1. Connect a remote control cable (AO 0076) from the RECORDER 
CONTROL socket of the Analyzer to the X Input of an X-V 
Recorder. The RECORDER CONTROL socket connections are 
shown in Fig.5.3. 

2130 
Recorder Control 

17.t>J.N 

Fig.5.3. Cable connections for X- Y Recorder (see also Fig.5.1 ). 
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2. From the MULTIPLEXER OUTPUT of the Analyzer connect a 
coaxial cable (AO 0013) to theY Input of the Recorder. 

3. If a remote pen-lift facility is provided with the Recorder make the 
appropriate connection to the PEN Ll FT socket of the Analyzer 
using cable AO 0024. For PEN Ll FT socket connections see 
Fig.4.2. 

4. Switch the Recorder on and insert the required type of recording 
chart. 

5. Using the Recorder's X-Y zero controls set the recording pen to a 
convenient starting position on the chart. 

6. Select "Ref. Display" on the CHANNEL SELECTOR of the 
Analyzer and press the READ OUT button. The recording pen 
should now start to traverse the chart. 

7. Adjust the Recorder controls so that the pen produces full scale Y 
deflection on the recording chart. Provided the Y SCALE control 
on the Display Unit is in the "50 dB" position the Y deflection 
range produced on the recording chart will be the same as the CRT 
display range. 

8. Once the chart has been traversed the pen will stop moving and rest 
for a period of 8 seconds before returning to its starting position. 
During this period the Recorder's X deflection range should be 
adjusted. 

9. Connect the signal to be measured to either the "Direct" or 
"Preamp" inputs of the Analyzer. 

10. Being careful to avoid overload adjust the INPUT ATTENUATOR 
of the Analyzer to obtain a suitable spectrum on the Display Unit's 
CRT. 

11. To record the spectrum displayed on the CRT turn the CHANNEL 
SELECTOR to any filter channel and press the READ OUT 
button. The CRT spectrum will disappear and recording will 
commence, whilst the Nixie display follows the read out sequence. 
After one complete scan of the displayed spectrum the recording 
pen will automatically return to its starting position. Note that 



whichever filter channel is selected on the CHANNEL SELECTOR, 
readout will always commence with the lowest filter of the 
analyzer. 

5.5. REMOTE CONTROL OF ANALOGUE READOUT 

5.5.1. Readout start 

When the DIGITAL OUTPUT socket is not used for connection to a 
computer, it can be used to receive signal pulses which command read-out 
and the auto-store functions of the 3347. The start of read-out can be 
activated by an impulse at pin J of the DIGITAL OUTPUT socket (see 
Fig.6.1). The impulse must be a logic "1" of minimum duration 0.4psec 
and of maximum rise time 1 msec. This is a DC input of level between 
+ 2.4 Volt and + 5 Volt between pins J and C. 

5.5.2. Auto-Store 

The storage mode of the 3347 can be commanded by impressing a logic 
"0" between pins D and C of the DIGITAL OUTPUT socket (Fig.6.1). 
Logic "0" is a DC signal of level. between zero and 0.4 Volt. 

An example of the use of this facility is in photography of the CRT 
display. The auto-store signal can be provided by the short circuit of the 
flash contacts of the camera shutter. Exposure should not be less than the 
scanning time for one picture (i.e. exposure time must be greater than 
1/50 sec). 

5.5.3. Channel switching 

When a Level Recorder is not in use to provide remote switching of the 
channels, stepping of the multiplexer can be carried out by inputs to the 
RECORDER CONTROL socket. A steady+ 25 Volt signal must be applied 
to pin 6 (see Fig.5.1) to be able to set the 3347 in its Recorder mode 
(ground on pin 1 ). The multiplexer is switched by applying+ 25 Volts, or a 
rectified 50 or 60 Hz sinusoidal signal with peak level 25 Volts (as provided 
by the 2305 Level Recorder) to pin 2. 

Duration of the impulses must be a minimum of 10 msec. 
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6. DIGITAL READOUT 

6.1. DIGITAL OUTPUT SOCKET 

6.1.1. Connection of the DIGITAL OUTPUT socket 

Fig.6.1 shows the pin arrangement of the DIGITAL OUTPUT socket. 
The view is as would be seen from the outside of the socket or from the rear 
of the plug. Pin identification is as in Table 6.1. 

Fig.6.1. DIGITAL OUTPUT socket. 

Note: The maximum permissible length of cable from the DIGITAL 
OUTPUT socket is approx. 2 metres (10ft). If a longer cable is required a 
special cable drive circuit is required for each output line. 

68 



Pin No. 

A 
M 
N 
p 

R 
s 
T 
u 
v 
w 
X 
y 

z 
a 

J 
E 
F 
K 
H 
D 
b 
L 
B 
c 

Signal 

A1 
A2 
A4~------------~ 

~ 
81 
82 
B4r-------------~ 

~ 
c2 r-------------. 
C41 

1

25.8 dB 

~ 
~--------' 

~ 
Data Request 
Data Ready 
Data Received 
End of Scan 
Manual Start 
Auto Store 
Overrange 
Underrange 
Overload 
Ground 

-Data Lines 

Table 6.1. Connection of DIGITAL OUTPUT socket. 

6.1.2. Data Lines 

The fourteen data lines transmit the digital output from the 3347 to the 
interface equipment in BCD 8-4-2-1 code with 16 bit transfer. (The 
concepts of digital data transfer are reviewed in Appendix 9.2). Since the 
maximum possible value of the first digit of the readout is 2, only two data 
lines are necessary, reducing the requirement for 16 bit transfer to 14 lines. 
An illustration of how the data is transmitted is given by Fig.6.2. 

6.1.3. Data Control Lines 

The signals "Data Request", "Data Ready", "Data Received", and "End 
of Scan" are the Data Control Lines. The control sequence is illustrated 
with the assistance of Fig.6.3. 
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Output Volts 

Logic Socket 

[] 
Data Lines Levels Pin 

-b -0- z 
-1- a 

00~ 
0-

5 
v 

-0- w 
1 - X 4 -o- y 

125.8 dB 3 

00~ 
-0- R 
-1- 5 
-0- T 2 
-1- u 

• 
00~ 

-1- A 
-0- M 
-0- N 0 

+ • -0- p 

170334 Log1c Voltage Levels 

Fig.6.2. Signal level transfer by BCD 8-4-2-1 code 14 bits. 

Real- Time 1/3 Octave 
Analyzer Type 33•7 

) 

Data Request 

Data Ready 

Data Received 

End of Scan 

14 Data Lines 

BCD- Coded l011ic 
level 

"1" 

"0" 

110315 Time 

Fig.6.3. Data Control lines and timing of information transfer. 
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1. The external equipment (a computer, for example) transmits a Data 
Request pulse on line J to the Real Time Analyzer. The leading edge 
of this signal causes: 

(a) Change from 1 to 0 of the End of Scan signal. 
(b) Interruption of the CRT display. 
(c) The Multiplexer of the 2130 returns to channel zero (the Refer

ence Level). 
(d) The Analogue to Digital Converter is set to 50 dB range if not 

already there. 
(e) "Store" mode is activated if the switch READ OUT MODE is in 

position "Via Store". 
(f) Analogue to digital conversion of the signal level is started. 

2. When the conversion of the first channel is complete, the Real Time 
Analyzer transmits a logic "1" on the Data Ready line. At this time 
the signal stands on the Data Lines and is ready for transmission to 
the external unit. 

3. When the data has been received by the external unit a logic "1" is 
sent on the Data Received line. The leading edge of this signal causes 
in the Real Time Analyzer: 

(a) The Data Ready signal is reset to zero. 
(b) The Multiplexer is advanced one channel. 
(c) A new analogue to digital conversion is started. 

4. Exchange of Data Ready and Data Received signals continues between 
the Real Time Analyzer and the external unit while the data transfer 
proceeds through the sequence of channels. 

5. When the last channel has been received by the external unit: 

(a) The Real Time Analyzer raises the End of Scan signal from "0" to 
"1". This will remain at "1" until a new Data Request signal is 
received. 

(b) The Analogue to Digital Converter returns to the range selected by 
theY-SCALE switch on the 4710. 

(c) Storage of the signal is cancelled and the Analyzer returns to its 
normal mode. 

(d) The CRT display is restored. 

Timing of these sequences is shown in Fig.6.4. Referring to the notation 
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Fig.6.4. Definition of Delay Times between Control Pulses. 

of Fig.6.4, maximum and minimum values are as in Table 6.2 if the 
Y-SCALE switch of the 4710 is in the "50 dB" position. If theY-SCALE 
switch is in any position other than "50 dB" the minimum value of 4 is 
increased to 0.9 msec and its maximum to 1.2 msec. Other times are un
affected. 

Delay time Minimum value Maximum value 
(see Fig.6.4) psec psec 

t, 0.4 -
t2 0.2 0.4 
tJ 44 100 
t4 100 190 
ts 2 3 

Table 6.2. Delay Times between Control Pulses. 

6.1.4. Manual Start 

When the READ OUT button on the 2130 is pressed, a logic "1" of 
duration 0.4 psec appears on pin H of the DIGITAL OUTPUT. This Manual 
Start pulse can be lead to an external unit or can be used directly in the 
3347 as a Data Request pulse by connecting pin H to pin J. 

If a read-out is in progress when the READ OUT button is pressed, or if 
the 3347 is connected to an analogue data receiver (2305 or XY recorder), 
the Manual Start pulse is not generated. However, in this case the read out 
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which is in progress is interrupted and the Multiplexer re-set to its zero 
position. Such an interruption could be necessary if the read out is not 
going to end normally, as would occur for example because of a programm
ing error in the computer. 

6.1.5. Auto Store 

The storage mode of the 3347 can be activated if a logic "0" is applied to 
pin D of the DIGITAL OUTPUT socket. This could be used for photo
graphic purposes as mentioned in section 5.5.2. 

6.1.6. Underrange and Overrange 

A logic "0" appears on pins L or G respectively if the level of the channel 
being read out is equal to or below the reference level (underrange) or equal 
to or higher than the reference level plus 50 dB (overrange). 

6.1. 7. Overload 

A logic "1" appears on pin B if the input amplifier of the 2130 is over
loaded. Note that it is possible for the amplifiers to be overloaded without 
an overrange condition appearing when measuring signals of high crest 
factor. 

When the 3347 operates in STORAGE MODE "Off", the overload 
indication follows the instantaneous condition of the amplifier. In "Store" 
mode, the indication is the condition at the instant of selecting "Store". In 
"Max" mode the overload signal will be "1" if the amplifier has been 
overloaded at some time in the measurement with "Max" selected. 

6.2. READOUT SPEED 

The analogue to digital conversion and the Y deflection signal for the 
CRT display are obtained by the same unit in the 4710. The two operations 
are therefore interdependent and in considering the analogue to digital con
version the CRT display is automatically involved. 

The critical cases for timing of the conversion are shown in Fig.6.5. The 
frequency of theY-deflection of the display is 18.75 kHz, which means that 
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one vertical line, and therefore one analogue to digital conversion, will be 
made every 53.3 psec. A time of about 33 psec is required for generating the 
vertical bar on the CRT display while in the remaining 20 psec the electron 
beam travels back to the top of the display and the multiplexer advances 
one channel. When a digital readout takes place, the spectrum lines are not 
shown on the display but the calibration lines remain. 

Since the CRT display and the analogue to digital conversion are inter
dependent, the conversion is also complete by the time the electron beam 
reaches the bottom of the picture. 1.3 psec after the electron beam has 
reached the position of the bottom calibration line, the Data Ready signal is 
set and remains set until the Data Received signal arrives. The multiplexer 
needs a certain minimum time to switch to its next channel and the switch
ing takes place if a Data Received signal arrives within 6.6 psec. If the Data 
Received signal has not arrived within 6.6 psec, the multiplexer will not step 
forward until the first sweep after the arrival of the Data Received pulse. 
The read-out time for one channel will therefore be either the minimum 
time of 53.3 psec or some integral multiple of this time. For all 39 channels 
(38 channels of the 2130 plus the Reference Level) the readout time will be 
2.15 msec, plus a multiple of 53.3 psec. 
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6.3. INTERFACE TO COMPUTER 

Although the data control signals of the 3347 are designed to suit 
modern data processing machinery, it is not generally possible to make a 
direct connection to all computers. The computer control signals vary 
according to age and manufacture, and some computers use other logic 
levels than the nominal 0 and + 5 volts of the 3347. In general, therefore, 
some electronic interface will be required to match the two systems. A 
sketch of the arrangement is shown in Fig.6.6. 

If the 3347 is purchased as part of a system including a computer, the 
interface will already be built into the computer by Bruel & Kjrer. In such a 
system, the read out time will be approx. 3.5 msec. 

3347 

- ~:~~~~~~~-:,;=-
-·<ii -- -- .- i. 

Doto L ines 

16 Bits 

Interface 

Doto Lines 

16 Bits 

Computer 

I I I I 
I Ill Itt Ill Ill Ill I I I 

I 'J0.5J <f 

Fig.6.6. Connection to a Computer. 

6.4. INTERFACE TO PAPER TAPE PUNCH 

Paper tape is a very convenient medium for the storage of spectra from 
the analyzer for later processing by a computer. In the Bruel & Kjrer Tape 
Punch Type 6301, the interface has been built in so that it can be connected 
directly to the 3347. For other punches however, an interface will be 
required to convert the control signals and data information to an 
appropriate form. A schematic diagram of a typical interface is shown in 
Fig.6.7. 
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Fig.6.7. Connection to a Paper Tape Punch. 

Control lines serve for the transmission of information about when the 
punch is ready to receive the next character. The interface circuitry must 
convert the control signals of the 3347 and the Tape Punch so that the two 
instruments are completely compatible. Also it is usually necessary to con
vert the four BCD characters from the 3347 into ASCII characters for 
transmission to the punch. 

6.5. INTERFACE TO DIGITAL TAPE RECORDER 

On magnetic tape it is possible to record digital data at speeds higher 
than those possible on punched paper tape. Magnetic tape also has the 
advantage that the data from the tape can be read faster into a computer. A 
disadvantage is the comparatively high price of tape recorders and tape 
stations. Digital magnetic tape recorders exist in the incremental and the 
continuously running types. 

With incremental recorders one character is recorded at a time, and 
except for their faster speed the interface for an incremental tape recorder 
can be made in the same way as an interface for a paper tape punch. 

The recorders which run continuously record usually at a specific speed, 
e.g. with a data transfer rate of 36 kHz, 60kHz or 108 kHz. When the data 
transfer to the recorder ends, the recorder stops leaving a gap of approx
imately 0.6" on the tape with no data. In principle, the interface for the 

76 



continuously running digital tape recorder can be built in the same way as 
the interface for the incremental recorder and the paper tape punch, if the 
tape recorder could record at exactly 4 times maximum data transfer rate of 
the analyzer (the factor of 4 is necessary because one readout produces four 
characters). This will not be possible, however. It is therefore necessary to 
have a buffer storage built into the interface to make up for lack of 
synchronisation. 

An interface with buffer can be made both for recorders running faster 
and slower than the maximum character transfer rate. If the recorder runs 
slower, the interface must omit some of the 53.3 psec read-out periods, if it 
runs faster, a blank character must be recorded on the tape at regular 
intervals to make the tape recorder appear slower seen from the analyzer. 

6.6. ON-LINE OPERATION WITH COMPUTERS 

The read-in of the data into the computer can be performed in two 
different ways, either as programmed read-in or by means of Direct Memory 
Access. In most cases, the programmed read-in will be used. 

In the programmed read-in, the computer processes the programme in its 
normal sequence. At the point in the program where the data is needed, a 
subroutine must be called which reads in one spectrum. This subroutine, or 
at least part of it, will have to be written in the machine-language of the 
computer in question. The way in which the subroutine must operate is 
shown as a flow diagram in Fig.6.8. 

If a two-way communication between the analyzer and the computer 
does not exist, the data will arrive at unpredictable intervals. This can be the 
case, if the data transmission is to take place via a one-way radio link. In 
such cases, a buffer will be needed for storage of one spectrum when it 
arrives. The computer can later read in the data by means of the pro
grammed read-in described above. Another way will be use of the Direct 
Memory Access channel, if the computer is provided with such a channel. 
An external device will be able to interrupt a programme which runs in the 
computer for the time of one memory cycle. During this, interrupt data can 
be read in. In this case no buffer will be needed. 

77 



Read -i n loop 

to be gone through 
39 t imes . 

Fig.6.8. 

Start 

Waiting-loop 

Exit to calculating -routine 

Flow diagram of a Read-out Routine. 

6.7. STORAGE OF SPECTRA IN A COMPUTER MEMORY 

The data readout from the Real Time Analyzer can be stored in several 
ways: in ASCII code, in BCD code, or as a binary number. 

If the data is to be stored in ASCII code, the necessary memory space for 

78 



39 channels (including the Reference Level) will be 39 channels x 4 charact
ers x 8 bits, or 156 x 8 bits. A unit of 8 bits is often called a byte, and since 
the ASCII code is an 8 bit code, storage of the ASCII code characters will 
require 156 bytes. If the computer in use has 1 word = 16 bits= 2 bytes, the 
number of storage locations (words) required for one spectrum is 156/2, or 
78. Alternatively, the spectrum can be stored in BCD code just as it is read 
out from the Real Time Analyzer. As we have seen, the BCD value of 
1 channel can be held in 16 bits or in 12 bits, so in a computer with 16 bit 
words 39 locations will be required to store the 39 channels. Similarly, in a 
12 bit computer, 39 locations will be needed. 

If the BCD code output of the Real Time Analyzer is converted to a pure 
binary number, it will be possible to store the data still more densely. In one 
byte there are 8 bits, so that 1 byte can represent 28 = 256 different values. 
The dynamic range of the display screen and the read-out is 50 dB in 0.2 dB 
steps, so that the number of different readings possible will be 50/0.2 + 1 = 
251. The Reference Level can take any value 0 dB to 150 dB in 10 dB steps, 
so it can easily be converted to a binary number between 0 and 15 ( 1111) 
to indicate the setting of the zero level. Next, by programming the 
computer, each of the channels can be converted to an 8 digit binary 
number, showing which of the 251 possible positions on the display screen 
the particular channel occupies. 

In this way, which requires a little more programming than storage of the 
BCD and ASCII codes, the total spectrum may be stored in 39 bytes, or, in 
case of a 16 bit computer, in 19.5 computer words (this will for practical 
reasons be 20 computer words). 

In the computer, some of the memory must be occupied by the 
programme, while the rest is available for data storage. In an 8 k computer, 
4 k may be occupied by the programme, leaving 4 k for the data. ( 1 k = 
1024 core locations). In these 4 k locations the largest possible number of 
spectra to be stored will be: 

4 X 1024 ~ 
20 

204 spectra 

So, per 1 k of computer memory, approximately 51 complete spectra 
can be stored using the binary storage technique. If it is not necessary to 
store all the channels, more spectra can of course be stored. 
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7. ACCESSORIES 

7.1. TRANSDUCERS AND PREAMPLIFIERS 

Brliel & Kjrer produce a wide range of microphones and accelerometers 
for sound and vibration measurements. Preamplifiers matched to the 
characteristics of these transducers are also available in the standard B & K 
range. It is not proposed to discuss these instruments further in this manual 
and for details reference should be made to the B & K catalogues. 

7.2. EXTENSION FILTERS AND DETECTORS 

The standard version of the 3347 contains the thirty 1/3 octave filters 
with the range of centre frequencies from 25 Hz to 20 kHz. This range can 
be extended by three 1/3 octaves at each end of the range simply by 
replacing dummy filter cards in the 2130 Frequency Analyzer and extend
ing the number of channel switchings of the Scanner. The six filters with 
their associated RMS detectors are mounted on five printed circuit cards 
which can be obtained as accessories under part numbers: 

ZT 0997 
ZT 0998 
ZT 0999 

zs 1010 

zs 1011 

12.5 Hz filter and detector 
16 Hz filter and detector 
20 Hz filter and detector 

{
25 kHz filter and detector 
31.5 kHz filter and detector 
40 kHz filter and detector 

The standard Scanner of the filter detectors is a 32 channel device which 
must be extended when additional third octave filters are inserted. For this, 
the extension Scanner, part number ZH 0026 must be ordered in order to 
make a 38 channel scanner. 

Access to the filter compartment can be gained by removing the outer 
black case of the Frequency Analyzer. At the bottom rear of the Analyzer is 
the filter compartment, which is covered by a metal panel on which the 
proper positions of the various filter cards is marked. On removing this 
panel, the dummy card in the position of the extra filter can be removed, 
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preferably with the aid of the print extractor contained in the service kit 
AR 0500. The accessory filter can then be inserted and the panel and case 
replaced. 

Further extension of the frequency range is not conveniently possible. It 
is possible on initial order of the 3347 to incorporate two further third 
octave filters, for example 8Hz and 10Hz, by removing the weighting 
detector and linear detector. Any further extension of the frequency range 
is extremely difficult and expensive. 

7.3. WIDE BAND DETECTOR 

The standard version of the 3347 is equipped with a single wide band 
RMS detector which is used on the weighting network channel. As an 
accessory, the circuit card ZL 0010 can be obtained to give display of the 
overall level in the frequency range 22.4 Hz to 22.4 kHz. No modification 
to the Scanner is required with addition of this accessory. The card is to be 
located in the filter compartment as described in section 7 .2. 

It is not possible to display all four weighting networks on the CRT 
display at one time and therefore not more than one additional ZL 0010 
can be used. 

7.4. ADDITIONAL SCREENING AGAINST MAGNETIC FIELDS 

The standard version of the 4710 Control and Display Unit hasp-metal 
screening of the cathode ray tube to minimise the influence of magnetic 
fields. In the strong magnetic fields close to, for example, large electrical 
generators, the standard screening might be inadequate. In such cases, 
distortion of the visual display as a whole could occur whiCh appears as a 
picture oscillation at the difference frequency between the magnetic field 
frequency and the 47 Hz frequency of the CRT electron beam scanning. 

For use in such severe environments, an extra heavy p-metal screen is 
available as accessory part number GS 0247. Comparative measurements of 
the distortion of the X and Y-scale deflections in high magnetic fields are 
shown in Table 7.1. Since the picture as a whole is distorted (including scale 
lines), the accuracy of visual readings which could be made from the 4710 
will not be affected by the magnetic field. The analogue to digital convers
ion of the 3347 is not affected by a 100 Amp/metre field over the upper 
45 dB of the dynamic range. In the lowest 5 dB, the maximum disturbance 
is± 0.2 dB. 
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4710 standard 4710 with GS 0247 

Field Strength Amp/m 25 100 25 100 

6 Y maximum 
(mm on CRT) 2.0 8.0 0.3 1.0 

6 X maximum 
(mm on CRT) 0.5 2.0 0.3 1.0 

Table 7.1. Effect of magnetic field on CRT display. 

For fitting details of the J.1 metal screen Type GS 0247, please refer to 
the Appendix, section 9.4. 

7.5. PROTECTION AGAINST HIGH HUMIDITY 

For operation in tropical conditions and other environments of high 
relative humidity a Tropicalisation modification is available on special order. 
This consists of a set of heating resistors mounted in critical positions and 
connected to the main power switch so that the heaters are on when the 
POWER switch is off. 

7.6. X-V RECORDER CONTROL 

This accessory is a plug in circuit board available under accessory number 
ZH 0045. It provides all the necessary extra features which are required for 
the synchronisation of an X-Y Recorder. These are: 
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1. A clock-controlled signal generator, which delivers properly timed 
impulses to switch the multiplexer through the channels. 

2. A ramp signal generator, which delivers a linearly increasing DC volt
age to the X axis amplifier of the X-Y Recorder (0 to 5 Volts). 

3. A pen lift control for raising the pen of the X-Y Recorder at all times 
other than in the course of a readout. 



4. A logarithmic amplifier, which is connected between the output of 
the buffer amplifier of the 2130 and the MULTIPLEXER OUTPUT 
socket. This gives a Y scale linear in dB to an X-Y Recorder with a 
linear Y axis amplifier. 

Three standard scanning speeds of the X output are available. Designated 
"Slow", "Medium" and "Fast", they provide a readout to the X-Y Record
er in 100, 50, and 20 sec respectively, with synchronised switching of the 
filter output. The scanning rate is selected by the position of the soldered 
bar to the right of Fig. 7.1 (a). On the component side of the board 
(Fig.7.1(b)) the identification of the scanning rates is printed as "S", "M", 
or "F". As the scanning rate is changed, so must the frequency of the clock 

Fig.l. 7 X- Y Recorder Control Card ZH 0045. 
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which steps the multiplexer be altered also. This is done by a second 
soldered tag towards the centre of the board (Fig.7.1 ). It is important that 
good connections are obtained to the three soldering points for this tag. 

7.7. RACK MOUNTING 

The instrument combination of the Real Time Analyzer and the Level 
Recorder 2305 can be mounted in the rack number KO 0092. 

Rack mounting frames for adapting the Frequency Analyzer 2130 and 
the Control and Display Unit 4710 to a standard 19 inch rack are available 
under accessory number KS 0018. This converts the standard B & K "A" 
model to the "C" model. 

7 .8. COMPUTER TYPE 7501 

The B & K/Varian Computer Type 7501 is a modified version of the 
Varian 620/i. The modifications make possible a direct connection to the 
Real Time Analyzer Type 3347. Fig.7.2 shows the Computer Type 7501 in 

Fig.7.2. 8 & K/Varian Computer Type 7501. 
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the 8 k version. ( 1 k = 1024 computer words). The upper part contains 4 k 
of the core memory and the processing unit, and the lower part is an 
expansion chassis, containing a 4 k extension of the memory. The expansion 
chassis can contain a further 4 k, so that a 12 k computer will have the same 
physical dimensions. The memory can be expanded to a total of 32 k. The 
word length is 16 bits, and the memory cycle-time is 1.8psec. 

Fig.7.3 shows an example of an installation with the Real Time Analyzer 
and the computer. Information about computerized measuring systems is 
available from all B & K agents and from the 8 & K digital systems group. 

Fig.7.3. Installation of Real Time Analyzer Type 3347 with Computer 
Type 7501 and other peripheral equipment. 

7.9. TAPE PUNCH TYPE 6301 

The B & K/GNT Tape Punch Type 6301 punches 8 channels on a 1 inch 
paper tape. Maximum punching speed is 70 characters per second. The 
punch (Fig.7.4) is delivered with interface to the 3347 but it can also be 
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Fig.7.4. Tape Punch Type 6301. 

used independently. The BCD characters from the 3347 can be punched in 
either ASCII code, IBM code or Flexowriter code (to be specified on order
ing), while other codes can be supplied to special order. 

When using the punch two formats can be selected: typewriter format 
and computer format. The formats are shown in Fig.7.5. Since there are 
fewer characters to be punched in the computer format, shorter time is 
needed for the punching than when the typewriter format is wanted. If an 
overload condition is present, an exclamation mark (!) will be printed after 
the channel in question. The paper tape is a very convenient medium for 
storage of spectra from the analyzer for later calculations in a digital 
computer. An automatic datalogging system can be made if a digital clock 
(e.g. B & K Digital Clock Type 6201) is connected to the analyzer to give 
"data request" pulses at regular intervals. 

7.10. TAPE READER TYPE 7102 

The B & K/SE Tape Reader Type 7102 (Fig.7.6) is an optical type, 
which ensures high reliability and almost no wear on the paper tape. Read
ing speed is from 0 to 125 characters per second. 

86 



080 0 00 080 .o DB 

0964 14 096 .4 DR 

10 4 2 1 5 10 4. 2 DB 
096 8 16 09 7 .o DB 
1030 17 103 · 2 DB 

107 4 1 8 10 7 o4 DB 
0 9 88 19 .098 · 8 DB 
1002 20 100 o2 DB 
1050 2 1 105 .o DB 
100 4 22 100 o4 DB 
0958 23 095 o8 DB 
10 4 8 2 4 10 4o 8 DFl 
097 0 25 097. 0 DB 
1032 26 103 . 2 DB 
10 7 8 2 7 107 . 8 DB 
0990 28 099 o2 DB 0 
100 4 0 29 100 . 2 DB E 
10 4 8 E 30 10 4. 8 DB 0 

LL. 
1000 0 3 1 100 . 0 DB 
096 4 

LL. 
32 096 o4 DB -~ 

10 4 6 ~ 33 10 4. 6 DB j 
0968 a. 3 4 096 . 8 DB 
1032 E 35 103 . 2 DFl Ill 

107 4 
0 

36 107 o4 DR ~ u ..... 
0988 3 7 098 o8 DB 
100 4 38 100 · 4 DB 
105 4 39 105 o4 DB 
10 1 2 40 10 1 . 2 DFl 
0962 41 096 . 2 DB 
1040 4 2 104 . 0 DFl 
097 2 43 097 . 2 DB 
0800 44 080 .o DB 
0800 45 080 .o DB 
0800 4 6 080 .o DFl 
0800 4"/ 080 .o DB 
0800 4 8 080 .o DB 
0800 4 9 080 . o DR 
0976 50 097 . 6 DB 
1042 5 1 104 . 2 DB 

/ 70 337 

Fig.7.5. Punching Formats with Type 6301. 

Fig.7.6. Tape Reader Type 7102. 
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8. SPECIFICATIONS 

8.1. FREQUENCY ANALYZER TYPE 2130 

8.1.1. Input Section 

Frequency Range: 

Amplifi~ation: 

Input Impedance: 
Direct. 
Preamp. 

Input Section Attenuator: 

Gain Control: 

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

50 dB nominal. 

1 MQ//50 pF. 
900 kQ/ /50 pF. 

3 mV- 300 V in 10 dB steps. 
Accurate to within ± 0.1 dB at 1 kHz 
relative to "100 mV" position. 

0 to -10 dB. 

Sensitivity adjustment (DIRECT): +4 dB to -10 dB. 

Sensitivity adjustment (PREAMP): + 4 dB to -10 dB. 

Overload: 

8.1.2. Channel Selector 

Indicator lights for overload pulse 
> 5.6 V pk, 1 msec and remains lit for 
0.5 sec minimum. 

50 position switch for manual selection of filters, weighting, and linear 
networks for analogue and Nixie tube read out. 

1/3 Octave Filters: 
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30 filters with centre frequencies from 
25Hz to 20kHz to IEC 225 - 1966 
and DIN 45 652. Regarding ANSI see 



''WEIGHT": 

''Lin. 22.4- 22.4 k": 

"Lin. 2 - 200 k": 

8.1.3. Output Section 

section 4.14. (Class Ill for pass band, 
class II for rejection level). With 6 
optional filters the range can be extend
ed to 12.5 Hz to 40kHz. 

Curve A, B and C to I EC 179- 1965. 
Curve D to proposal for measurement of 
jet engine noise. 
Filter selection via front panel push 
buttons. 

Linear band pass filter with cut off fre
quencies 22.4 Hz and 22.4 kHz (atten
uation approx. 24 dB/Octave from band 
limits). 

Lin 2 Hz - 200 kHz. (analogue read out 
only). 

Analogue readout from Meter or via SELECTED FILTER OUTPUT. 

Output Section Attenuator: 

Sensitivity: 

Overload: 

Meter Function RMS 
"Fast" and "Slow": 

"Impulse": 

X 0.003, X 0.01, X 0.03, X 0.1 X 0.3 and 
X 1. 
Accurate to within ± 0.1 dB at 1000Hz 
relative to "x 1" position. 

Full scale meter deflection for inputs of 
10 J1V to 300 V in 10 dB steps. 

Indicator lights for overload pulse 
>56 V pk., minimum duration 1 msec 
and remains lit for 0.5 sec minimum. 

To IEC 179- 1965. 

To D I N 45 633 pt. 2 and to proposed 
I EC 179 extension. 
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"Impulse Hold": 

Meter Indication 

Indicates maximum RMS level of input 
signal. Decay rate less than 0.5 dB/sec at 
250C. 

Indicates signal level in the filter or frequency range corresponding to the 
position of the CHANNEL SELECTOR. 

Crest Factor Capability: 

Accuracy of meter circuits: 
For signal Crest Facto~< 10: 

For signal Crest Factor 
between 1 0 and 20 

For signal Crest Factor 
between 20 and 40 

Selected Filter Output Socket 
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AC: 
Output impedance 
Minimum load impedance 
Output for full scale 
meter deflection 
Maximum Output 

DC: 
Output impedance 
Minimum load impedance 
Output for full scale 
meter deflection 
Maximum Output 

10 at F .S.D. increasing to 40 at 12 dB 
below F.S.D. 

± 0.5 dB from 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. 

<5on 
5k.Q 

5 V RMS. 
56 V peak. 

25 k.Q 
5k.Q 

-0.9V. 
-2.2 v. 



8.1.4. RMS Detectors 

Detector accuracy 

True RMS detection of the output from filters, weighting, and linear 
networks. 50 dB dynamic range for digital read out with the following 
tolerance levels at room temperatures (250C). 

Steady sine wave at filter 
centre frequency: 0-20 dB below F.S.D. ± 0.2 dB 

20-30 dB below F.S.D. ± 0.5 dB 
30-40 dB below F.S.D. ± 1 dB 
40-50 dB below F.S.D. ± 1.5 dB 

For tone bursts with crest factor 5: 0-20 dB below F.S.D. ± 0.5 dB 
20-30 dB below F.S.D. ± 1 dB 
30-40 dB below F.S.D. ± 1.5 dB 
40-50 dB below F.S.D. ± 2 dB 

In environments with large temperature variations over the range soc to 
4QOC, the figures for 40-50 dB below F .S.D. are increased to ± 3 dB and 
± 3.5. dB respectively. 

Time Constant Mode Pushbuttons 

Three different modes may be selected to give the following time 
constants. 

1/3 Octave Filters: 
"Sine" 

"Fast Random" 

"Slow Random" 

0.2 sec above 200 Hz. Below 200 Hz the 
time constant rises with decreasing 
centre frequency to 3.15 sec at 12.5 Hz. 

0.2 sec above 2kHz. Below 2kHz the 
time constant rises with decreasing 
centre frequency to 20 sec at 20Hz and 
thereafter remains constant. 

20 sec from 12.5 Hz to 40kHz. 
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"Weighting" and 
"Lin. 22.4- 22.4 k": 

"Sine" 

"Fast Random" 
"Slow Random" 

70 msec (Rise curve 35 msec). To 
approximate IEC 179 and DIN 45 633 
"Impulse" when used together with 
"Store Max" (see 4.1.5). 
240 msec. To IEC 179 "RMS Fast". 
1.5 sec. To I EC 179 "RMS Slow". 

Other time constants in the 20 msec to 60 sec range can be supplied on 
special order or by internal modification (see section 9.3). 

8.1.5. Storage Mode 

Three different types of signal presentation may be selected: 

"Off". For continuous read out of the RMS 
value of a signal. 

"Store". For read out of the instantaneous value 
of a signal at any one particular instant. 

"Max". For read out of the maximum RMS sig
nal value. 

Maximum leakage and drift in Store and Max modes with continuous 
scanning (CRT display) at room temperature (250C). 

Range 0- 20 dB below F .S.D. + 0, -0.3 dB/min. 
Range 20- 40 dB below F .S.D. + 0.5, -1 dB/min. 
Range 40- 50 dB below F .S.D. ± 1.5 dB/min. 

Maximum leakage and drift in "Store" and "Max" modes with single 
scan (Multiplexer Output): 
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Range 0- 35 dB below F .S.D. + 0, -0.3 dB/min. 
Range 35- 50 dB below F .S.D. ± 1 dB/min. 



8.1.6. Multiplexer Output 

Output impedance 
Minimum load impedance 
Output (FSD) 
Max. output 

8.1. 7. Power Requirements 

<H1 
10 kn 
+7.0V 
± 15 V (unloaded) 

Voltage: 100, 115, 127, 150,220, 240 Volts AC 
50-60Hz. 

Consumption: 11 0 watts approx. 

8.1.8. Environment 

Temperature of environment for operation within specifications + 50C 
to +4ooc. 

Storage temperature -250C to+ 600C. 

8.1.9. Dimensions and Weight 

Type A (lightweight metal cabinet) Height 380 mm (15 in) 
Width 380 mm (15 in) 
Depth 350 mm (13.75 in) 
Weight 26 kg (55 lbs) 

Type B (mahogany cabinet) and 
Type C (frame for 19 inch standard rack mounting) also available. 

8.2. CONTROL AND DISPLAY UNIT TYPE 4710 

8.2.1. Cathode Ray Tube Display 

Tube: 12 in Miniwatt A 31-20 W. 

Display Area: 17.5 em x 23.5 em (7 in x 9 in). 
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Display Range: 
Y axis 

X axis 

Scale: 
Y axis 

Range 50 dB: 

Range 25 dB: 

Range 10 dB 

Range Lin.: 

X axis. 

Overload: 
Storage Mode "Off" (2130) 
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Log: 10, 25 and 50 dB ranges. 
Linear: Full scale voltage selection from 
3 mV to 300 V. 

38 channels. 36 for 1/3 Octave filters 
and 2 for weighting and linear networks. 

Each range has 51 electronically produc
ed scale lines for parallax-free viewing: 

1 dB lines narrow with dim intensity 
5 dB lines broad with strong intensity. 

0.5 dB lines narrow with dim intensity 
1 dB lines broad with dim intensity 
5 dB lines broad with strong intensity. 

0.2 dB lines narrow with dim intensity 
1 dB lines broad with dim intensity 
5 dB lines broad with strong intensity. 

Lines representing 1/50 x Input Atten
uator selection: narrow with dim intens
ity. 
Lines representing 1/5 x Input Atten
uator selection: broad with dim intens
ity. 

Each channel represented by a column 
consisting of 10 CRT lines one of which 
is darkened for column separation. 
Plexiglass scale identifies 1/3 octave 
filter centre frequencies in Hz, weight
ing filter and Lin. filter. 

CRT display brightened when output of 
Input Section Amplifier (of 2130) 
exceeds 5.6 V peak. 



Storage Mode "Store" (2130) CRT display is kept brightened if out
put of Input Section Amplifier (of 
2130) exceeded 5.6 V peak when 
"Store" was selected. 

Storage Mode "Max" (2130) 

Master Oscillator: 

line Frequency: 

Frame Frequency: 

8.2.2. Digital Display 

Read Out: 

Nixie tube type: 

Figure Height: 

Max. Reading: 

Resolution: 

8.2.3. Digital Read-Out 

Read Out: 

CRT display will be brightened and kept 
brightened when output of Input Sect
ion Amplifier (of 2130) exceeds 5.6 V 
peak. 

7.5 MHz crystal controlled oscillator for 
logic circuitry as well as CRT line and 
frame frequencies. 

18.75 kHz (53.33 psec per line) 

46.875 Hz (400 lines per frame). 

4 digit Nixie tube display of selected 
channel level in range 50 dB, or CRT 
reference level in range 50, 25, or 
10 dB. 

ZM 1000 (Philips). 

13 mm (0.51 in). 

200.0 dB. 

0.2 dB. 

14 bit transfer of 4 digits in 8-4-2-1 
BCD Code. Range 0 to 200 dB. (For 
12 bit transfer the range is 0 to 
199.8 dB). 
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Logic Levels: 
''1 ,, 

''0'' 

Control Signals: 
From 3347 

To 3347 

Read Out Time: 
(Minimum) 

(Maximum) 

Dynamic Range: 

Resolution: 

8.2.4. Power Requirements 

Voltage: 

Consumption: 
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+ 2.4 V to 5.0 V. 
0 V to +0.4 V. 

Data Ready. 
End of Scan. 
Manual Start. 
Underrange. 
Overrange. 
Overload. 
Data Request. 
Data Received. 
Auto Store. 

Between 2.13 msec and 2.23 msec. (For 
"Y Scale" in pos. 50 dB and a 14 bits 
data acception time of min. 6.6 J,Lsec). 
For Y scale in "Lin", "10 dB" and 
"25 dB" positions the read-out time is 
increased by approx. 1 msec. 

With the STORAGE MODE in "Store" 
or "Max" read-out time is limited only 
by the leakage error of the store cir
cuits. See 2130 specifications. 

50 dB irrespective of theY SCALE con
trol setting. 

0.2 dB. 

100, 115, 127, 150, 220, 240 Volts AC 
50-60Hz. 

40 watts approx. 



8.2.5. Environment 

Temperature environment for 
operation within specifications: 

Storage temperature: 

8.2.6. Dimensions and Weight 

+ 50C to + 4QOC 

-250C to + 6QOC. 

Type A (light weight metal cabinet) Height 380 mm ( 15 in) 
Width 380 mm (15 in) 
Depth 350 mm (13.75 in) 
Weight 15.5 kg (32.5 lbs) 

Type 8 (mahogany cabinet) and 
Type C (frame for 19 inch standard rack mounting) also available. 

a3. X-V RECORDER CONTROL 

This is an optional extra available under Type No. ZH 0045. 

8.3.1. X Deflection 

Read out time: 

Reset time: 

Ramp Voltage: 

Output Impedance: 

Minimum Load Impedance: 

20, 50 or 100 sec. A clock generator 
steps the Multiplexer in the 2130. 

1 sec delay from completion of X scan 
to when pen starts to move back to start 
position of recording chart. 
8 sec delay for calibration of X deflect
ion when CHANNEL SELECTOR set to 
"Ref. Display". 

· 0 to 5 V (linearity better than ± 0.5% of 
full scale deflection). 

< H1. X output short circuit protected. 

10 kn. 
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8.3.2. Y Deflection 

A log amplifier is incorporated in ZH 0045 to obtain a linear dB scale for 
X- Y recording. 

Output Voltage: 
For 50 dB 
For 0 dB 
For < 0 dB 

Minimum load impedance: 

Output Voltage Accuracy: 

Output Impedance: 

+ 5 V (100 mV /dB) 
OV 
ov 

10 kn 

± 0.4 dB (temp. range soc- 400C) 

~g.3 dB (typical for room temp.) 

< 1 n. y output short circuit protected. 

Accessories supplied with ZH 0045 AO 0076 Cable for connection of X 
deflection. 
AO 0024 Cable for Pen Lift control. 

8.4. ACCESSORIES SUPPLIED WITH TYPE 3347 

8.4.1. Plugs and Cables 

2 x AN 0005 (or AN 0006) 
2 X AO 0013 
1 X AO 0065 

1 X AO 0075 
1 X AO 0025 
1 x JP 2401 

8.4.2. Meter Scales 
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SA 0037 · 

SA 0038 
SA 0039 

Mains cable European (or American) 
B & K coaxial cable 
Control cable for connection between 
21 30 and 4 71 0 
Level Recorder control cable (2305) 
Pen Lift control cable (2305) 
24 pin plug for "Digital Output". 

Voltage Scale (with dB). (Fitted on 
delivery). 
Voltage Scale in dB re 1 JJ..V. 
Sound Level Scale (dB re 2x 10-5 
Nfm2) for microphones of sensitivity 



SA 0061 

SA 0071 

SA 0086 
SA 0091 

SA 0092 

8.4.3. Miscellaneous 

1 X KF 0101 
3 X OK 0168 
4 X VS 1273 
1 X SO 0008 
2 x VF 0009 
2 X VF 0013 
1 X BB 0184 
1 X Bl 0045 

8.5. ACCESSORIES AVAILABLE 

26-90 mV per Nfm2. 
Sound Level Scale (dB re 2 x 1 o-5 
Nfm2) for microphones of sensitivity 
0.8- 2.6 mV per Nfm2. 
Acceleration Scale (with dB) for accele
rometers of sensitivity 6-17 mV/g. 
Scale with 100 divisions. 
Sound Level Scale (dB re 2 x 10-5 
N/m2) for microphones of sensitivity 
9-26 mV per N/m2. 
Sound Level Scale (dB re 2 x 10-5 
Nfm2) for microphones of sensitivity 
2.6- 9 mV per Nfm2. 

Binder for meter scales 
Meter scale lock 
Meter scale lamp 
Light shield for 4710 CRT display 
0.35 A fuse 
1 A fuse 
Instruction manual (English) 
Service Instructions 

8.5.1. Extension Filters and Detectors 

ZT 0997 
ZT 0998 
ZT 0999 
zs 1010 

zs 1011 

12.5 Hz filter and detector 
16 Hz filter and detector 
20 Hz filter and detector 
25 kHz and 31.5 kHz filters and 
detectors 
40 kHz filter and detector 

Note. A ZH 0026 Scanner is required when employing one or more of 
additional filters. 

ZL 0010 Detector for "Lin. 22.4 Hz 
22.4 kHz". 
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8.5.2. Meter Scales 

SA 0070 

SA 0074 

SA 0075 

SA 0077 

8.5.3. Other Options 

AR 0500 

GS 0247 
KQ 0092 
KS 0018 

ZH 0045 
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Acceleration Scale (with dB) for accele
rometers 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 m VI g. 
dB m scale. 

A set of extension boards and a print 
extractor (for service use). 
Heavy Jl-metal screen for 4710 CRT. 
Rack for mounting 2130, 4710, 2305. 
Rack mounting frame for 2130, 4710 
(conversion to "C" model). 
X-Y Recorder Control. 



9. APPENDICES 

9.1. RANDOM SIGNAL AVERAGING 

The total inaccuracy of an RMS measurement of a random signal is 
dependent on the combination of errors from two main sources- the basic 
inaccuracy of the instrument itself and the statistical inaccuracy due to the 
practical impossibility of averaging over an infinite period of time. Whilst 
the inaccuracy of the instrument can be reasonably precisely specified 
(errors due to a combination of Attenuator, Filter, RMS Detector, Compar
ator and Digital Conversion errors, see Chapter 8 Specifications) the statist
ical accuracy of the measurement of a random process can only be assessed 
on the individual measurement. On a conventional analogue analyzer, the 
statistical fluctuations of signal level could be seen on the visual display and 
averaged out (with greater or lesser accuracy) by eye. With a digital readout, 
however, no impression of signal fluctuations is obtained from a spectrum 
printout, and it is important that the statistical accuracy of the measure
ment is appreciated. 

The basic expression for the RMS value of a signal is 

where 

lim 
T-+oo T J:r 2 

X (t) 
0 

dt 

RMS amplitude of the signal 
x(t) over an averaging time T. 

9.1. 

This expression has a fundamental requirement that the averaging time 
must be infinite for 100% accuracy. When we come to a practical measure
ment obviously an infinite time is not possible and we must consider the 
statistical probability that our signal sample is a true representation of the 
total process. 

The sampling of the RMS value or the mean square value follows the x2 

(chi-square) distribution. This distribution represents the statistics of the 
squared values of a number of random variables, each of which has a normal 
distribution. Using tables of the chi-square distribution we can draw up the 
curves of Fig.9.1, which shows the confidence levels for particular confid-
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Statistical degrees of freedom 

Confidence limits for the accuracy of an RMS measurement. 

ence limits of an RMS signal level with various statistical degreees of 
freedom. The confidence level represents the percentage probability that the 
RMS indication is the true RMS indication within particular limits repre
sented by the confidence limits. For a Gaussian random noise signal the 
number of statistical degrees of freedom, k, is given by 

where 

k 

B 
T 

2 BT 

Bandwidth of analyzing filter 
Effective averaging time. 

9.2. 

A form of the relation expressed in Fig.9.1 which often appears in the 
literature on sound and vibration measurements is the relation 

€ 
2 JBT 9.3. 

This equation is an approximate expression representing the mean 
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standard deviation of the chi-square distribution. The relationship is an 
approximation, but is sufficiently accurate for statistical degrees of freedom 
greater than 10 (i.e. for BT products greater than 5). It expresses the confid
ence limits for a confidence level of approx. 68% for degrees of freedom 
larger than 30 (where the chi-square distribution can be approximated to 
the normal distribution). 

To obtain greater precision with the statement of confidence levels using 
equation 9.3., we can use the approximation that chi-square distribution 
tends to a normal distribution at high statistical degrees of freedom. Using 
this approximation, when k is larger than 30, we can say that the confidence 
limits are within ± 2 e for a confidence level of about 95% and within 
± 2.5 e for a confidence level of 99%. For low statistical degrees of freedom, 
however, it is necessary to return to the tables of the chi-square distribution 
(for example those of Ref. 1) to determine the exact confidence limits for a 
given confidence level. 

From this discussion it is apparent that the time over which the signal is 
averaged to obtain the RMS value is of considerable importance to the 
accuracy of the measurement. In practice the averaging time is the shortest 
of three possibilities - the data sample length, the time that the scanning 
spectrum analyzer examines a particular signal bandwidth, or the effective 
averaging time of the RMS averager. Usually the times are arranged so that 
the averaging time of the RMS circuitry becomes the critical factor. For the 
Real Time Analyzer Type 3347, the effective averaging time has been 
measured empirically . The values are for practical purposes equal to the 
detector time constant, which are tabulated in section 9.3, Table 9.1. 

REFERENCE 

"Theory and Problems of Statistics" by M. R. Spiegel. Schaum Publish
ing Company, New York. 

9.2. DIGITAL CONCEPTS 

9.2.1. Digital Circuits 

In digital circuits, the signals can take only discrete values. This is differ
ent from the familiar analogue circuits, where the signal can take any value 
continuously within the dynamic range. 
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The importance of accurate averaging of the RMS signal level in the Real 
Time Analyzer can not therefore be overemphasised. 

Signals are coded in digital circuits in the binary number system. Digits 
are represented by voltage levels, logic "one" and logic "zero". Logic "1" is 
represented by a positive voltage and logic "0" by zero voltage. The levels 
and their tolerances are shown in Fig.9.2. 

Volts 

5 

4 
.. , .. 2.4 Volt ~ "1" ~ 5 Volt 

3 

2 

0 
0 Volt ~ "0" ~ 0.4 Volt 

1'7oJ2o 

Fig.9.2. Logic voltage levels. 

9.2.2. Binary Numbers 

The circuit elements which are used to transfer digital information have 
two stable states, which are used to represent the logic levels zero and one. 
The binary number system makes use of these two levels to build up 
numbers in the same way as the common decimal system except that is has 
only the two symbols 0 and 1 instead of the usual 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. 

A binary system number is built up in just the same way as a decimal 
number. The first 12 decimal numbers are represented: 
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Decimal 0 

9.2.3. BCD Code 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Binary 0 
1 

10 
11 

100 
101 
110 
111 

1000 
1001 
1010 
1011 
1100 

If binary numbers are used directly for data transfer, the decimal 
number 12 (for example) will be transmitted as 1100 and at the receiver it 
must be reconverted to the decimal number 12. In many cases this convers
ion is the easiest method, but especially where large decimal numbers are to 
be transmitted, the conversion is often simpler if the number is transmitted 
digit by digit. In such a case, each decimal digit would be transmitted as a 
four digit binary number, and such a system is referred to as a "binary 
coded decimal", or BCD. Thus, 12 would be transmitted as 0001 0010. The 
BCD code is also called the "8-4-2-1 code" or the "8-4-2-1 BCD 
code" since the extra 1 appears in the binary number at these decimal 
numbers. 

The BCD code is used in the digital output of the 3347 Real Time 
Analyzer. 

9.2.4. Other Codes 

When both numbers and letters are to be represented in the same code, 
e.g. for transmission to and from teletypewriters and for storage of alpha
betical and numerical information, the four binary elements in the BCD 
code are not sufficient. A variety of codes exists covering the letters, the 
digits, and certain special characters. The most common of these codes is 
the ASCII code (pronounced "askee"). ASCII stands for "American 
Standard Code for Information Interchange". Other codes are the IBM 8 
level code and the Flexowriter code. By means of the B & K Tape Punch 
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Type 6301 the spectrum from the 3347 can be printed out on paper tape in 
the ASCII, IBM or Flexowriter code. 

The ASCII code and the other codes mentioned are eight-bit codes. 

9.2.5. Logic Symbols 

In circuit diagrams containing logic elements, special symbols are used 
and it is appropriate to clarify their meaning. The most common are the 
symbols NOT, AND, OR, NAND, NOR. These symbols are shown in Fig.9.3 
together with the corresponding "truth tables". From the truth table the 
function of the logic element can be seen. For example, the result of apply
ing signal A to a NOT element will be the inverted signal A. If A is a logic 
"1" the result will be a logic "0", as can also be seen from the truth table 
alongside the NOT element in Fig.9.3. 

A 

B 

A 

B 

A 

B 

A 

B 

Fig.9.3. 
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NOT 

F=A A A 

0 1 

1 0 

AND 
F=A. B AND OR 

A B A. B A+B 

OR 
0 0 0 0 

F=A+ B 0 1 0 1 

1 0 0 1 
1 1 1 1 

NAND 
F·A · B NAND NOR 

A B ~ A+ B 

NOR 
0 0 1 1 

F=A +B 0 1 1 0 

1 0 1 0 
1 1 0 0 

17o:Jt2 

Logic circuit element symbols and corresponding truth tables. 



Functions of the AND and OR elements can also be seen from Fig.9.3. 
With the AND element, both A and B must be 1 if the output from the 
element is 1. Similarly the result from an OR element is 1 if either A or B is 
1 , or if both are 1 . 

In practical versions of these logic circuit elements it is easier to manu
facture, for example, an AND function combined with a NOT function than 
to manufacture a pure AND function. The" AND +NOT" element is called 
a "NAND circuit" or a "NAND gate". Similarly a "NOR" function is the 
combination of "OR + NOT". The functions of NAND and NOR can also 
be seen in the truth tables of F ig.9.3. 

Logic elements find application in arithmetic operations, where they can 
be used in circuits which can, for example, add two BCD numbers. A 
further major field of application lies in sequential networks. Such networks 
are logic circuits, the state of which is dependent on the previous signal 
history in the network. Such networks are widely used in the 3347 Real 
Time Analyzer, for example in the channel switching and in the generation 
of the calibration lines for the CRT display. 

9.2.6. Digital Integrated Circuits 

Logic circuit elements are realized in practice by Transistor-Transistor 
Logic (TTL) integrated circuits such as those of the Texas Instruments 
SN 74xx N series used in the 3347 Real Time Analyzer. In these integrated 
circuits, several logic elements are combined in one housing, as seen in 
Fig.9.4. 

14 13 12 11 10 

Vee 

Gnd 

/?o.J27 

Fig.9.4. An integrated digital circuit (Texas Instruments 
SN 5400 N/7400 N, Quadruple input, Positive NAND gate). 
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When digital circuit elements are combined, any particular element will 
provide a loading to the previous element. One unit load permits a current 
of 40 J.1A in condition logic 1 and 1.6 rnA in condition logic 0. In the part of 
a circuit shown in Fig.9.5, element B provides one unit load to element A. 
The number of unit loads which can be connected to the output of an 
integrated circuit is called the permissible "fan out". To the digital output 
terminals of the 3347, a maximum of 7 unit loads may be connected (ie. 
fan-out is 7) and the digital terminals which receive control signals from 
external equipment apply a maximum of 3 unit loads (ie. fan-in is 3 or less). 

B 
A 

170JZ8 

Fig.9.5. Definition of Unit Load. 

9.3. ALTERATION OF DETECTOR TIME CONSTANTS 

9.3.1. Third Octave Detectors 

As discussed in section 4.1.5, the standard time constants of the 3347 
range from 200 msec to 20 sec. It is possible, by replacing the standard 
capacitor or parallelling with an auxiliary, to vary the time constant of the 
rectifier to choice within the practical limits of 20 msec and about 60 sec. 
The lower limit is set by the integrator and store circuits while the upper 
limit is set by the physical volume of the capacitor itself. The resistive 
component of the averager must not be altered from its nominal value of 
20 MQ, since this will also affect the shape of the RMS detector parabola, 
introducing error. The third octave filters are mounted on the same printed 
circuit boards as their associated detectors. The printed circuit boards are 
designed in such a way that the filter centre frequencies from 12.5 Hz to 
8kHz (board numbers ZT 0997 to 1009 and ZS 1000 to 1007) have two 
reed relays and therefore have the possibility to switch between three time 
constants. The 10 kHz to 40kHz boards (ZS 1008 to 1011) have one reed 
relay and therefore two time constants can be chosen. The capacitors which 
control the averaging time in the three standard TIME CONSTANT MODES 
are identified in Figs.9.6 to 9.8 for the three types of third octave filter/ 
detector card layout. 
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Fig.9.6. 

Filter 

Fig.9.7. 

Circuit board number ZT 1003, typical of the layout of third 
octave filter/detector boards for centre frequencies 12.5 Hz to 
200Hz (board numbers ZT 0997 to ZT 1009). 

Detector Filter Detector 

Circuit board number ZS 1001, typical of the layout of third 
octave filter /detector boards for centre frequencies 250 Hz to 
5kHz (board numbers ZS 1000 to ZS 1006). 
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Fig.9.8. Circuit board number ZS 1008, typical of the layout of third 
octave filter/detector boards for centre frequencies 10kHz to 
40kHz (board numbers ZS 1008- ZS 1011). 

The "Sine" time constant mode must always be given the shortest time 
constant of the three modes. In "Fast Random" mode, a second capacitor is 
parallelled to the former so this will always have a time constant equal to or 
longer than "Sine". This applies up to a centre frequency of 8kHz, above 
which frequency the second reed relay is not fitted and "Fast Random" 
time constant must always be equal to that of "Sine". Selection of "Slow 
Random" adds a third capacitor to the former two so that "Slow Random" 
will always have the longest time constant. 

Identification of the circuit boards and the capacitors for the standard 
time constant modes is given in Table 9.1. Time constants are within ± 20% 
of the nominal values in Table 9.1, including all tolerances. The resistive 
component of the time constant is in each case 20 M!1. Capacitors used for 
adjustment of time constants should have an insulation resistance of at least 
2000 'M!1. A suitable type would be the moulded metallised polycarbonate 
capacitor. 

Note that when two filters and detectors are included on one circuit 
board, the higher frequency filter is always the closer to the board 
terminals. 

Example. Suppose it is required to increase the time constant of the 
25 Hz third octave detector to 40 sec in the Slow Random mode, leaving 
Sine and Fast Random modes unaltered. 
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Capacitor Identified as Figs. 9.6 to 9.8 

Third Octave Baaed Sine Fast Random Slow Random 
Centre Number 
Frequency Nominal Overall Nominal Overall Nominal Overall 

Capacitance Time Capacitance Time Capacitance Time 
Constant Constant Constant 
(nominal) (nominal) (nominal) 

Hz nF sec nF sec nF sec 

12.5 ZT 0997 150 3.15 820 + 33 20 0 20 
16 ZT 0998 120 2.5 820 +68 20 0 20 
20 ZT 0999 100 2.0 820 +82 20 0 20 
25 ZT 1000 82 1.6 680 16 220 20 
31 .5 ZT 1001 68 1.25 560 12.5 330 20 
40 ZT 1002 47 1.0 470 10 470 20 
50 ZT 1003 39 0.8 390 8 560 20 
63 ZT 1004 33 0.63 270 6.3 680 20 
80 ZT 1005 27 0.5 220 5 820 20 

100 ZT 1006 22 0.4 180 4 820 20 
125 ZT 1007 15 0.315 150 3.15 820 20 
160 ZT 1008 12 0.25 120 2.5 820 20 
200 ZT 1009 10 0.2 82 2.0 1000 20 
250 zs 1000 10 0.2 68 1.6 1000 20 
315 10 0.2 56 1.25 1000 20 
400 zs 1001 10 0.2 39 1.0 1000 20 
500 10 0.2 27 0 .8 1000 20 
630 zs 1002 10 0.2 22 0.63 1000 20 
BOO 10 0.2 15 0.5 1000 20 

1000 zs 1003 10 0.2 10 0.40 1000 - 20 
1250 10 0.2 5.6 0 .315 1000 20 
1600 zs 1004 10 0.2 2.4 0.25 1000 20 
2000 10 0.2 0 0.2 1000 20 
2500 zs 1005 10 0.2 0 0.2 1000 20 
3150 10 0.2 0 0.2 1000 20 
4000 zs 1006 10 0.2 0 0.2 1000 20 
5000 10 0.2 0 0.2 1000 20 
6300 zs 1007 10 0.2 0 0.2 1000 20 
8000 10 0.2 0 0.2 1000 20 

10000 zs 1008 10 0.2 0 0.2 1000 20 
12500 10 0.2 0 0.2 1000 20 
16000 zs 1009 10 0.2 0 0.2 1000 20 
20000 10 0.2 0 0 .2 1000 20 
25000 zs 1010 10 0.2 0 0 .2 1000 20 
31500 10 0.2 0 0.2 1000 20 
40000 zs 1011 10 0.2 0 0.2 1000 20 

Table 9.1. Standard Time Constants of the Third Octave Filter Detectors. 

The resistive component of the averaging in each detector is 20 Mrl. The 
total capacitance required in this case is found from 

r RC 40 

40 
so that 

20 . 106 
2 · 10-6 F 

The Slow Random capacitor of the 25 Hz board (similar to Fig.9.6) must 
therefore be increased to 

CsR = 2000 - 680 - 82 1238 nF 

The closest standard capacitors are 1.5 J.l.F and 1 J.l.F, both of which will 
give a total Slow Random time constant within 12-13% of the nominal 
value. 
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9.3.2. Wide band detectors 

The wide band filter and detector board ZL 0010 governs the time con
stants of the weighting network channel and (where it is fitted) the linear 
22.4 Hz to 22.4 kHz channel. Time constants in the standard version are 
70 msec on "Sine", 240 msec on "Fast Random", and 1.5 sec on "Slow 
Random". Layout of the board is shown in Fig.9.9 on which are identified 
the capacitors which govern the three time constant modes. In the standard 
version of ZL 0010, the "Sine" capacitor has a value of 6.8 nF. When "Fast 
Random" is selected, the capacitor identified as "Fast Random" is added in 
parallel to the "Sine" capacitor. Capacitance of the "Fast Random" capacit
or is 15 nF in the standard version. When "Slow Random" is selected, the 
third capacitor of capacitance 120 nF is parallelled to the others. 

Fig.9.9. Wide Band Detector Z L 0010. 

The averaging resistor in the detector circuit (20 MQ) should not be 
altered as this will affect the accuracy of the RMS detection as well as the 
time constant. The method of adjusting time constants is similar to the 
principle described in section 9.3.1. 

9.4. FITTING THE J1 METAL SCREEN GS 0247 

As was mentioned in section 7 .4, an extra heavy p-metal screen is avail
able as an accessory for use in regions of high alternating magnetic field. The 
GS 0247 is mounted into the 4710 Control and Display Unit from the 
bottom of the 4 71 0 after its outer case has been removed. 
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Fig.9.10. Insertion of GS 0247 into the Type 4710. 

The larger part of GS 0247 is inserted into the 4710 with its open sides 
forward and to the top of the 4710 as in Fig.9.1 0. The GS 0247 must be 
tilted backwards and sideways in order to allow the fixing bosses to enter 
the frame of the 4710 and to avoid damaging the printed circuit board at 
the bottom of the front panel of the 4710. When the larger part of GS 0247 
has been correctly located it is locked in position by four fixing screws 
(Fig.9.11). The cable to the cathode ray tube is fitted with the rubber 
grommet supplied and located in the cutout provided in the GS 0247. Final
ly the top cover of the GS 0247 is fitted, and anchored with its two fixing 
screws, access to which is obtained through the two holes provided in the 
frame of the 4710 (Fig.9.12). 
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Fixing Screws 
for GS.0247 

Fig.9.11. Fixture of the lower part of GS 0247. 

Fig.9.12. Access to the fixing screws for the top of GS 0247. 









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 
Megohm meters 

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\.IAC.R 
DK-2850 Nrerum, Denmark. Teleph.: (01) 80 05 00. Cable : BRUKJA, Copenhagen. Telex: 5316 
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