Without an accurate picturs of the
frequency response of the sound
reproduction system, the usa of an
cqualiser can do mare harm than
gooed. For this reason an audio
spectrum analyser, which can
pinpoint the deficiencies ina
particular audio chain and/or
listaning environmant, is 8
virtually indispensahle piece of
equipment for the aqualiser-uses.
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ATtemETing to st up 8 ream scoustl-
cally by twiddling the controls on an
equaliies and ‘playing it by ear is an
almest certain recipe for hested tempers
and high blood pressure, wieh i ihe
difficulty of the task. To obtain any real
benefit from an equaliser it i3 swential
that umr knows exactly what
changes he warity i implemant in the
frequency repanse of the audio system
in questian, It therefore foilows that &
relisble  sudic spectrum  analyser s
required to provide the scoustic infor.
mation which it & necessary prelimanary
10 effective squalisation.

An pudio  analyser wystem  basically
consists. of three secticni: o test-signal
source [pink noise generatar), @ micro-
phone 10 manitor the outoul of the
midio system under test, srd a suitable
mepns of analysing and displaying the
wnargy level of the incoming signal
Brosdly seaking, audle analysars §

into one of two types, depending upon
whether the analysis i real-time or not,

Real-time analyser

A real.time anatyser it the most sophisti-
cated, but alto the most experiive way
of chtaining a detiled picture of the
spectrsm of an audlc sgnal. The
oparation of real-time analysers can be
wxplained with referarice 10 the block
disgram of figure 1. A brosdband test
signal is fed to the audio system under
test. Normally the test signal consists
af pink roie, which has a uniform
enargy bevel over the entire spectrum.
The output of the sudio tystem i
picked up by s meawremant micraphane
and fed 10 & bank of octave or third.
octave Hilters, which split the inpat
sigral into n corresponding number of
adjacant Irequency bands. The output
voltage of mach filter is then reetified




and displayed. Various types of display
are pussible —a movingcoll metsr, an
ascilascope, or, as in the commercially
ivailable spectrum analyser shown in
figure 2, a matrix of LEDs. The
advantage of a real-time anatyser & that
it enables the average arargy level of the
entire spectrum 10 be determined at &
glance. However, in view of the large
rumber of displays and filier sections
which are required, real-time anstyirs
are nat cheap. The above-mantionad
pocket analyser of figure 2, toge
with a suitable noise generatos, costs
the region of £ B00 — and that Is anly &
fraction of what soma of its “larger
brothers’ can cost!

Since however, the primary application
of the analyser is to monitor the response
of an audic system to a constant wst
signal (the output of the pink nois
generator, which has & uniform spectral
imteraity} real-time aralysis ks scmething
of a superfluous luxury. A much
cheaper, but rone the less satistectory
arrangemant is to have  single wnable
filter, which can be swopt ug snd down
ihe frequency spectrum as desired, This
i in fact the solution adopted in the
Elekior sudio analyser

The Elektor sudio analyser

The block diagram of the Elektor, non
real-time analyser is shown in figure 3.
As can be ssen, the batic principle of
spectrum snalysis remains the same, the
anly difference being that o singla filte
arel display are employed, resulting in a
considerable saving in cost. As Far as the
placing of the filter is m:umd Ihru
possible  configurations.

consideration, In figure 3a :he vanahle

-

Figs 1. Block diagram of & real-time spectrem anatyss

fileer is situated betwesn the pink noise
generator and the input 1o the audio
wystem, whilst in 3b it is fed from the
output of the microphans, In figure 3c
v filters are employed in an effort o
obtain the best of both worlds, Although
in theory there should be no ditference
between these th . thirgs

As far as the choice of micraphare is

cancerned, it is clear that, unless it icelf
has & fairky fla1 response, ona cannot
hope to obisin an accurate picture of
the resporse of the audio sysem/
listaning room under st For this
FAIION 11 1 Important 1 invest in &

are nat 5o simple in practice. With the
tion shown in figure 3a, all
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Figuer 2. Phategraph of s commarcisity
aaidable hand hekd real-le selysar,
Incorperating & LED-matrix display,

manner of interfarance and sray noise

the messuramant,  With  the
lrrlnwmem af figure 3b, this problem
is effectively obviated, winca only
mllr‘ﬂram which lies within  the
passhand of the filtesr can resch the
microphone. A disadvantage of this
set-up, however, i that only a wery
small portion of the pink nais spectrum
it used, whilst the sudio system in
question is of couse required 1o
reproduca signals cver the entire rangs
of audio frequencies. The arrangement
of figure 3¢ thus represents the ideal
solution, hawever in view of the
increased cost and complexity of two
tracking variable filters, it was deciled
that, for this type of spplication, ane
af the simpler circuits {figures 3a and b
would prove wilficient.
The basic requirements for an analyser
of the shove type are therefore;
— 8 pink-noise generazos
— & bandpass filter with stepwise or
continuously variable centre  fre-

auency
= @ suitable microphone with preampli.
fiar

a rectifier circuit
a display circuit

¥ good quality
capsube and preamp.
As a display chcutt, a multimeter is a
good a5 any, ardl has the advantage of
baing cheap and commonly available.
The remaining eircuits, which form the
heart of the analyser — and the substance
af the rest of this articls — are thown in
figures 4a, 4b and 4c.

Noise ganerator
As can be seen from the circuit diagram
o the noise gereeator shown in figure 4a,
it in fact consists of a pseudo-randam
binary stquence gensrator, which has a
than normal cycle time. This
ensures that the noise has a high spectral
density and that it is not characterised
by the annoying ‘breathing’ effect
obtained with short cycle times. The
largth of the shift register (IC1 .. , IC4]
w3 , and sance the frequency of
the clock generator (NG . . . N7,C1,C2,
R3, R4} is roughly 500 kHz, the full
cycle time i appraximately an hour and
# quartar|
EXDR-feedback it
Ni...N&, The
antilatch up gating. Instead there are
two puthbutton switches: the START
button entures & logic 1 at the dats
input Og at the shift register (pin 7 of
IC1), thereby starting the clock cycle.
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Figarn 43, Tha hascipan filtar,

The cycle i inhibited by pressing the
STOP button, S2. In this way it &
possibile to (temporarily) disconnect the
Ao source without switching off the
wpply voltage — nat dawn-
right feature.  The
Ipssude-] white noise output of the
shift register is fed to ll\e oinkmiw
filar
cs btara u-‘n ml.hul -\
tha cacuit round Al

Bandpass filter
This section of the circuit [shown in
figure 4b) |s virtually Kentical to the

third octave filter described in the
article an the CMOS noise genarator
The output

tevel of the filter can be varied by means
of pomntiometer P1, whilst the centre
frequency can be varied Detwoen
approximately 40Hz and 16 kHz by
the steren

R40 and R41 are adced. Table 1 lists
the various resitance valuss required to
grve 1he 150 standard centre fraquencies.
Whan calibr § paramatric equaliser,
a filver Bandwidth of less than 173 of an
octave is required. By altering the value
of A16 10 ZMIIMWW R17 by
2 wire link

It stepwise contral of the

antenuator networks and & twin-ganged
awitch. The necessary madifications are
detadled in figure 5. Resistors R20 and
R2Z are replaced by & wire link, the
values of A21 and R23 are altered, and

1/12 of an octave can be obtained,

Rectifier circuit

It is of wimost importance that the
amglitiede of the test signal be mnmnd
accurately, 1f a pink noise
e in  Lanoncrion with il m.cn

4c




have & constant octave or 1/3 octave
bandwidth {i.e. filters with aconstant Q)
one should really messure the RMS
valun of the noise — mot a0 easy matter.
Forunately, however, a ressonably
simale altenative axists — namely to
AR :ha Mh of the modulus
valug, i2 the aversge of the fullwave
ractiliod num signal. This is oblained
feeding the outout of the peak
ractifier to o lowpass filter.
The rectifier circuit it built round ICE.
The input level control is followed by
an amylifier, AB. The actual [fullwave)
rectification is performed by AB. AT,

R27,..31, D1 and D2. Tha cutput of
AJ, which always presants 3 low
impedance, i EDH"!CW\III R3Z1eC16.

on the capacitor will equal the average
walse of the full-wave rectified naise

R ar,

RA32/AIICI6. Depressing S3_causes
€16 10 charge and discharge much mare
ragidly, o that the capacitor voltage
will follow rapid wlllleM in the l\olll

auercies of the filter. For scourate
masturamants, the longer time constant
of R32.C16 should be used, After being
amplified in AB, the voltage on C16 is.
displayed on the multimeter. An offsst
contral is provided (P4, R34 ... R36)
o ensble the meter 1o be calibrated
sccurately  (zevo  deflection  under
ouiescent conditions).

Construction

A printed circuit board, which is shawn
in figure B, has been designed 1o accom
madate the circuit of figures da, b and c.
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The design of the board i sch that
withes of the configurations thown in
figures 30 and 3b can be adopted. The
conptruction of the standed versson
circuit  should presnt  no  special
problams, Tha wiring fos the poten-
tigmaters and switches hould be kept
a3 short as possible. The connections for
these components are arranged a1 one
ared of the board. Protlems of 2 practical
nature do arise, howsver, if one desires a
number of switched filter

#ince ane then requires a switch with &
cormesponding number of ways. Since
switches with & large number of ways
ae both expensive and difficult to
ohbtain, an alternative solution i simply
to use the desired number of double-pole
single-throw switches. This of coune
imvalves opersting two switches each
time one wants to alter the centre
frequency of the filter.

I addition 1o the switchles], the choice
af fixed filter frequencies involves the
following alterations on the board {see




Fiqure i, Printed cievust bowd for the eireuit
of figurn &

Fenatan

A1 .AS,A28AIT,AIG - 1k

AZ=22k

A3,A4 « Bkl

REAILR16,A18A15,A21,AZ3,
A6, R31,AI8, K36, A38 = 10 k

P1 = 47k (50 k) log paten
v
F2aFE = 10 k log steres posem-

Tioemeter
P13 = 100 & log pasentiomater
P = 1 k linesr possntiomatier

C16= 1 Up35 V tantalum

Semicongustar.

IC1,162.1C3,104 = CO4016

IC5 = CO4011

10B = CO4048

ICT,ICE = TLOBS [Texss
Insrumenss| DIL

01,0203 = 1N4148

Miscatingnces:
£1.52,53 = pushbuttan switch,
singla-pale puth-ta-meks
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Tigure 51: R21 and R23 become 4k7
R0 and R22 are roplaced by a wire link
# Ak7 resistor | R40) is soldered batwean
the “top” two tags of P2a

8 4KT resistor {R41) is soldered between
the ‘battom’ two tags of P2o

The resistor pairs forming tha switched
attenuator network are mounted exter-
nally on the swichiesh. Suitable values
are given in the tabla,

With ‘s continuousty variable filter
requency it is wseful to equip P2aih
with & pointer and scale. The scale can
of course be calibrated in frequencies,
bat [t i ner strictly necessary. Wh

fter satting, etc.
an absolute frequency scale
this can be obtained by wsing a tone
generator and noting the frequancy
when the oUTPUT voiTage a1 paint C is at
3 maximum, when feeding a pure sine
wave into point 8

Using the analyser

The multimecer (10 to 12V full-scale
deflection] which i used 1o display the
amplitude of the noise signal is connected
o the output (paint E} of the rectifier
circuit. In the absence of an AC drive
voltage (Lo, point D disconnected or
el P3 tumed right cown) tha DC
voltage at this paint should be et by
means of P4 to exactly O (miV. The
correct setting for P4 is obtained by
repeatedly switching down the voltage
range of the multimeter and checking
the reading by reversing the polarity of
the probes. It should be borne in mind
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that, becsuse of the long time constant
of R34 and C16, it will take somae time
for adjustments 10 P4 to have any affect.
The long discharge time of the storage
capRzitod in the rectifier circuit togethes
with the matueal inertia of the meter

Figuotn 7. & protatype of the sudis anshye,

ment. The risk of this happening is
somewhal greater than in the case
sing Or squarewave ingul signal, since
the distortion caused by averloading
will be that much e noticeable [but
none the less dissitroust]. Yv-ulm in

b that the po
only very slowly to changus in the level
of the filter output. Thus when sweeping
the filter up and down the audic
spectrum, care should be taken o vary
the frequency gradually, lest peaks
o dips in the response are camoutlaged
oy the slow respanse of the circuit.

I the analysar it used 10 measure a
tem with o completely flat response,
the mean meter dellection [ie. the
meen between the maximum positive
and nwgative ceflectionsl should be
Indepandent of variations in the filter
freguancy. An audic system with a
complatoly flat response would b
pretty hard 1o find, however, something
which does have & more or bess flat
responsz is a wire link! — by joining

points & and B and C and O in this way
li.e. connecting the output of the nois
generator to the bandpass filter and the
to the rectifier

output of the filter

Variations of up to +2d8 (0.8
in the mean meter reading ara acespt-
able. To prevent the rectifier circuit
from being overloaded, the mesn meter
resding can be adjusted to occur at
wound 3 .. 4V

Finally a word of wamning: care should
be taken to ensure that the noise signal
does not overload one's audio equip-

ticuilar damage by
lmnq overloaded with ium lavel noise
signals,
Comtructing the audio analyser is one
Ething, uting it i ancther. The reader is
therefore referred to the article on
TUsing an sgualiser’, which deals with
the subject of using the equaliser/ana-
Iyser combination 1o messure snd then
carrect a roam’s resparse.






