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| ntroducti on

As we are noving towards the 21st century, Science is
progressing with new techni ques. New branches are arising
wth new techniques wth sophi sti cated | nst runent s.
Audiology is one of the branch anong this. This is the
branch which deals with the study of auditory process and it
Is an expanding field of applied science. Scientific
experiment clinical research and many other endeavors
contribute to its growh. This is newy developing in all
the areas like clinical training and research. Audiol ogi st
minly deals wth the evaluation of hearing and
rehabilitation of hearing disordered person. In clinical
work, to arrive at diagnosis he has to use two types of
testing nethods - subjective and objective. bj ecti ve
testing nethod plays very significant role in Audiol ogy.
Measurenent nade by objective nethod has significant
advant age over other nethods. An instrunent is that by neans
of which are can quantify and neasure a particular kind of
data. There is a vast range of instrunment in the field of
audi ol ogi cal science. As days are passing nore and nore
I nstrument are being nade avail abl e whi ch hel ps audi ol ogi sts
to increase their know edge regarding the auditory system
Wth the help of a newinstrunents, the field of audiology is
marching towards the path of progress by |eaps and bounds.
Wiile today's instrunents are often nmuch nore conpl ex, nuch

accurate and nore reliable then the device of part.
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Use of calibrated equipnent is a prerequisite for an
accurate audiol ogi cal evaluation. Failure to calibrate the
instrument at approximate intervals may be mmjor cause of
unreliable test results. Calibration of the equipnent though
an extrenely inportant issue is often the nost neglected one
in Inda. There are many clinics in India where equipnent
bought several years ago nmay not be calibrated even once.
Most organi zations do not have facilities of their own and
depend on supplies or other organization for this purpose.
But even when calibration of the audionmeter is reported to,
often there is little au/areness about the standard norns

whi ch the equipnent is calibrated.

"Regardl ess of whether the audioneter is new or has been
in use for sonetime, it is the responsibility of the user to
check its calibration, personally atleast to arrange for the

regul ar calibration of equipnment by outside sources”

Wil ber (1985)

The present study highlights the inportant aspects of
calibration and the procedure for calibration. Thi s project
is just an audio visual script which can be further converted

into video with audi o cassette.

Calibration of an audi oneter
1.1 Definition of Calibration

"To determ ne, by neasurenent or conparison with a
standard, the correct value of each scale reading on a neter

or other device, or the correct value for each setting of a
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cont rol knob". (M Qaw HIl Dctionary of Scientific &

Technical terns - Il Edition)
A calibrated audioneter is sinply one which

(1) emts the signal at the level and frequency it clains to
be produci ng,

(2) delivers the signal only to the place (i.e. a specific
earphone it is directed,

(3) produces the signal free fromcontam nation by extraneous

noi se or unwanted by products of the test signal.

1.2 Inportance of calibration:

Use of calibrated equiprment is a pre requisite for an
accurate audi ol ogi cal eval uati on. Failure to calibrate the
instrunment in an appropriate intervals may be nmajor cause of

poor results.

Checking calibration is necessary to be sure that an
audi oneter produces a puretone at the specified level and
frequency, that the signal is present only in the transducer
it is direct and that the signal is free fromdistortion or

unwant ed noi se i nterference.

By keeping the audioneter calibrated, the audiologist
can report his findings with great confidence. He can
ascertain that, the instrument neets the national/internati-
onal standards or norns. He can al so establish reference
values for his own equipnent to detect any change that nay

over tine.
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1.3 How frequently should the audiometer be calibrated?
ASHA ('78) reconmmended the following schedule for the

calibration of audi oneter

- Adaily listening check to detect any gross deviation,

- A nonthly detailed tinely check to include exam nations of
cross talk in earphones, signal distortion and abnornal
noi se.

- A quarterly electro acoustic calibration of solid state
(transistorized) audioneters. This include the neasurenent
of o/p SPL of puretones nmasking noise and speech signals in

bot h earphone and in sound fields.

The measurenment should be carried out once in a nmonth in

the case of non solid state instrunments.

- An annual electro acaustic evaluation which includes the

foll ow ng

a) Measurement of output SPL for puretones

b) Frequency calibration for puretones

c) Determnation of attenuator linearity

d) Measurement of harmonic distortion for puretones

e) Rise-decay time for puretones

f) Measurenment of signal to noise ratio for all outputs
g) evaluation of special test functions

Often, the |listening checks are called subjective
calibration procedures, while the electrostatic neasurenents

are reffered as 'objective calibration process'.



Cal i bration Procedure:

Bef ore calibrating the audioneter, check for the
fol | ow ng
1) The working voltage is within permssible [imts
2) Al the jacks, cords and plugs are in place and there are
no | oose connection
3) There is no visible danage on the audiometer, its contro
and its accessories. These include swtches, knobs, dials,
ear phones, earcushions, BCvibrator, headbands, jacks, cords,
sockets, etc., Damage if any should be rectified before
checking the calibration.
4) The earphone and the vibrator are of type that match the
audi oneter (the type specified by the manufacturer).
5) The head bands have adequate tensions. This may be
checked using a spring bal ance.

6) The instrument is not delivering any electrical shock.

Daily listening checks:

Check the audioneter as it is routinely used. For
instance, in a two roomsituation, do not bring the earphone
fromthe test roomand plug themdirectly into the audi ometer
because by doing so, defects in the cords or in the panel
transferring the signal through walls, my go undetected.
The following steps nmay be taken into determne if the

instrunent is in calibration.

1) Switch on, allow warm up tine according to instruction

manual supplied by the manufacturer.
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2) Make sure that the swtches/knobs are fixed firnmy and
that they are easily operable. They should not produce any
clicks when changing the intensity and frequency.
3) Check if the indicator function properly.
4) Look for defects in the patient signal light eg. it fails
to gl owwhen the patient response switch is pressed.
5) Determne if the threshold levels are correct for (a) AC
(b) BC at all frequencies as evaluated subjectively. These
my be determned with a subject whose thresholds are
previously measured and are available for reference.
6) H gher level listing check should reveal that the signal
generated are appropriate and free of distortion on AC, BC
and masking noise (including insert receiver) and |oudness
bal ance and other functions.
7) Should listen to the signal with the attenuation dial
rotated from maxi mum to mninum  Sometime a break in the
using of the attenuator may cause l|ack of attenuation bel ow
certain |evel.
8) Ensure that the operation of the attenuator brings about a
variation in the signal level, which is linear over the
intensity range specified by the manufacturer and that it
does not produce any audi bl e clicks.
9) Check if the speech material presented through mc/tape
i/p is heard over the earphone without distortion. Asertain
if the level of the signal varies if the dial reading
changed. Present all signals with the uv neter peaking zero
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10) Inherent noise or hum generated by the audi oneter shoul d
not be audible when checked at the position, where the
patient is to be seated.

11) Reset all control to nornal operating positions before

the eval uation of patient is begun.

Monthly Iistening checks:

In addition to the daily listening checks it is
necessary to rule out the presence of abnornmal noise, signal
distortion and cross talk in the earphone by listening for

themat | east once a nont h.

Pr ocedur e:
1. Set the attenuator to maxi num out put. Turn the signal

off and listen for possible huns or other anplifier noise.

2. At maxi mumoutput l|evel, turn the signal on and off using
the interrupter. Make sure that the signal is free of
distortion and that there is no audible click when the

interrupter is operated.

3. Rule out the presence of the test signal in the non test

earphone. This nust be clear at all audi oneter frequencies.

Oross-tal k:

To check cross talk, keep the signal |evel at 60dB.
Detach the test earphone and keep it away from the head.
Listen to the non test earphone for the presence of the

si gnal .
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If cross talk is observed, it could be because of
shortening in the jack panel which carries the signal from
the control room to the test room or defect in the

audi onetery circuitory.

Have the wiring checked to rule out the forner. |If the
probl em persists, the audioneter nust be repaired before
further use. Tenporarily however, the non-test earphone nay

be di sconnected while testing.

Such listening checks although subjective serve to
elicit reliable results and to carryout electro acaurtric
evaluation periodically, to ascertain the integrity of the

I nstrunent .

Paraneter to be calibrated

- Intensity

- Frequency

- Time
Especially frequency and tine paraneter nay be checked uhen
the audioneter is first acquired and at yearly intervals
thereafter. Intensity should however be checked nonthly or
quarterly. For use in research, calibration should be done
much nore frequently weekly/daily. In addition to these

regul ar checks. calibration nust be checked whenever
Cinician notices sonetning unusual.
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Correction of frequency and tine conponents or unstable
intensity variation should be done by the manufacturer or a
qualified electronic technician, whereas the stable
intensity variation can be corrected by adjusting the
presents or nmaking a correction chart for this purpose which

shoul d be used whenever intensity readings are taken.

Audi oneter calibration:

Accuracy in audionetry is based upon 3 inportant
requisite, a tester, a controlled acoustic test envirnonent
and accurate test equipnent. Too nmuch of attention is given
to first two conditions. Were as little or no attention is
given to ecalibration and mai ntanance of equipnent, ther are
nuner ous resons formaudi oneter to lose its precision such as

droppi ng ear phone, overheating and exposure to dust and heat.

Let us examne the nature of inacccurate calibration and
the possible source of error in the signal which audi oneter

pr oduces.

1. Frequency: nost audioneter have little difficult in
reachi ng ASA+5% sepecified tolerance for frequency. For eg.
on the basis of current standard this neans that an

audi oneter can reduce signal from950 to 1050 Hz. When set
at 1KHz or when set 4KHz. Lower the frequency the |ess
tolerable varies in cycles per seconds. Even though these
tolerance are established are should strive to maintain an

accurate frequency o/p as possible.
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2. Harnonics: Eventhough all we using pretones in the basic
measurenent of hearing, it is possible to have harnonics of
the fundanental pr esent in the earphone. The ASA
specifications call for the fundanental to be atleast 25dB to

30dB above the SPL of any harnonics.

3. Intensity: The intensity o/p can be generally too strong
or too weak. The ASA standard allows for a +4dB variance in
intensity over the full range from-10 to maximumo/p at the
test frequency of 2000HZ Ilow and +5dB at the test
frequenci es above 2000Hz. |1SO & ANSI allows +3dB variance in
intensity over the full range. ASA also specifies +5dB
variation in any 5dB step throughout the intensity range
Therefore it is inportant to know whether the audioneter is
producing the intensity it clains to be producing on the dial
or it is producing nore or less than this reading. Eg. | f
one audioneter is 10 to 15dB weak, every person tested on it
will show a greater hearing loss than he would have on an
accurate audi oneter. This leads to m sdiagnosis of case and
rehabilitation of case. An audioneter that is too strong,
can present problens simlar to this kind but in opposite
di rection. The screening audioneter that is too strong wll
pass cases that should not have passed. A strong audi oneter
is a real hazard in an identification audionetry program

The second problemwith intensity in non linearity when
an audioneter fails to attenuate uniformy bel ow | CdB. Eg:

Anyone with actual threshold of Oor 5 dB w 11 report hearing
a tone when the dial is set at -1 GdB.
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4. Tone interruption:

According to ASA (1951) it should rise to its peak with
in 100 to 500 mlliseconds and go of in the sanme peeriod of
time. Actually it is undiserable to have a rise decay nore
than 200 mlliseconds. The audioneter should not present an
usually long rise and decay tinme and there should be an
absence of overheat in the tone. The precaution of the
signal presentaion can be very critical for accuracy in
audi onetry. A slowrise tine may fail to elicit maxi mumon
effect of the auditory nmachanism and result in a poorer
threshold than in fact is present, on the other hand, over
shoot may result in establishnment of better thresholds than

present .

5. Total harnonic distortion:

The o/p of the audioneter sent to distortion analyzer
whi ch provides a readout corresponding to the total harnonic
disortion of the signal. There are two basic parts to a
disortion anal yzer, a voltnenter and a band rejection filter,
when the distortion analyzer is set to a desired neasurenent
signal frequency the centre frequency of the band rejection
filter is set to the same frequency. Thus this frequency
maxinally rejected by the filter leaving only the distortion
pr oduct . Since total harnmonic distortion is the ratio.
between the intensity at the signal frequency and the
intensity at all other frequency the distortion anal yzer nust
be able to neasure the intensity both at the signal frequency

at all other frequencies. This is done by having a voltmenter
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in the anal yzer neasure the intensity both before and after
the band reject filter and then taking the ratio of these two
val ues. Total harnonic distrotion should al ways be neasured
with the signla inteensity near the top of the dynamc range
of the instrunent or sufficiently 'above any noice floor
(idealy 60dB) to avoid contamnation of the neasurenent by

noi se.

R se/Fall tine neasurenent:

Distortion is the generation of the signal is one way of
generating unwanted signal conponents. | nappropri ate
switching of the signla can al so careate undesirabl e signals.
In this case the difficulty arise, because signal enargy at
frequencies in addition to the dignal frequency are generated
if the signal is switched on too abrutly. For audi onet er
purpose too abruptly translates into a rise/fall tine <10ns.
The nore repidly the signal is tuned on the nore the signal
spectrumat onset resenbles that of a click. If the test is
attenpting to neasure threshold at a single frequency, it is
clearly indesirable to have signal energy at other

f requenci es.

This problem can be elimnated by turning the signla on
slowy this is done by switches in audioneter. The standard
Is very conservative in this area and requires a rise/fall
time >30ns. The instrument required is audioneter and
storage oscill oscope. The rise/fall time is a tenpora

nmeasur enent easi er and nore accurate, recommended that the
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nmeasurement be nmade witha high intensity signal (>90HL) from
t he audi oneter. The rise/fall tinme should not change with

frequency either but this can be checked ralatively easily.

The o/p fromthe audionmeter is routed to the oscil oscope
and the anplitude display is adjusted to place the waveform
simetrically in the vertical dinentsion around the central
graticule line. The waveform display should be as large as
possible vertically, while still keeping the maxi num and
m ni num portions of the waveformon the screen. The waveform
nmust be displayed so that the change in waveform anplitude
from 10% to 90% at onset or termnation is visible. Tn the
case of waveform term nation, this is reelatively easy. The
oscilloscope is placed in storage and single sweep nodes and
with a little experinentation it is possible to catch the
termati on of the waveform catching the onset of the weform
is nore difficult and requires adjusting the trigger level so
that the waveform triggers appropriately. The oscill oscope
should be in storage and signle sweep nodes. The calibration
is made by determinating the tine it takes for the waveform
to change from 10% to 90% of waveform anplitude. The tinme
base on the oscilloscope nust be set to sufficient resolution
to nmake an accurate neasurenent.

War bl e tone calibration:

It is a frequency nodulated tone with a nodulation w dth
from3 to 10% and a nodul ation rate from2 to 8Hz. An FM
tone is a tone.whose frequency (not intensity) is varied over

a specified range at a specified rate.
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FM Si gnal : period of the waveform changes over tinme, but the
intensity does not change. This fluctuation in frequency

reduces the standing wave problem because the frequency is
never at the resonent frequency of the chanber |ong enough to

generate stationary standing waves.

As long as the nodulation width is snall ie. <10% of the
test frequency, the intensity can be calibrated with an
active band filter. The best instrument for making their
instrument is a nodul ation netre. Good neters will permt
measurentn of both anplitude nodulated AM FM signals (but

t hese are very expensive).

Procedur e:

For both nodul ation width is to store the waveform using
a single sweep with sufficient tinme resolution to neasure the
peri ods. The | owest possible warble tone centre frequency
should be used to aid in visualization. The 1ongest and
shortest periods displayed are neasured. After this has been
done for several sweeps, approx. 10 to 15, there wll have
been a reasonable sanple of waveform periods to permt

estimati on of the nodul ati on w dth.

The procedure for the nodulation rate is to nmake the
tinme resolution poor enough so that the period oscillation
from |longest to shortest is displayed. This wll require
sonme adjustment and visualization. The storage and single

sweep nodes are enployed for the measurenent. The tine
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resolutions that are necessary for each neasurenent can be
estimated from the specification for the warble tone. eg.
If center frequency of the warble tone is 250Hz, the
nmodul ation width is 10% and nodul ation rate is 5Hz. The
periods should vary between approx. 3.6 and 4.4 ns with the
interval between the shortest and |ogest period being 200ns.
Thus the tine resolution setting for the nodulation w dth
nmeasurenent should be 1 or 2 ns/division and for the
nodul ation rate neasurenent the setting should be 20 to 50
ohns. In general a ratio of about 1 to 4 is needed for

daccur acy.

Bi ol ogical Calibration Audioneter:

It is used for bone vibrators and for pure tone calibration.
As the nane inplies it involves using biological instrunent
to do the calibration. Bequse they are the nost avail able
bi ol ogi cal instrunent and of their extensive sensory

appar atus humans can be very reliable and accurate.

Procedure: Select nornmal hearing person with no mddle ear
probl em (even common cold also). The audioneter is set up
just as it would be for regular BC testing. The bone

vibrator in attached to the individual with known hg and the
intensity at threshold as a function of frequency is noted.
The resulting table represents the calibrated values for the
bone vibratior. The calibration should first be done when

the bone vibrator is new.
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Ear phone Cal i brati on:
There are two nethods 1. Real Ear
2. Artificial Ear

Real Ear: One sinply tested the hearing of a group of nornal

heari ng person, averaged the results and checked to see that
the average hg of this group was at zero on the dial for each
frequency. A though this is theoritically fleasible with a
| arrge . popul ation sanple, it is not a recomended
procedur e. In order to do the procedure properly the sanple
shoul d consist of at least 25 young (18-25 yrs.) otologically
normal hearing adults. The equipnment used should allow the
examner to neasure thresholds atleast -10 to -20dB to

account for those subject who will have nore sensitivity.

Another type of real earphone calibration procedure
consists of conparing the o/p of known earphone with that of

an unknown ear phone.

Artificial ear / coupler nethods: is nost coomonly used. The
artificial ear consists of a condensor mcrophone and 6-cc
coupler. The 6cc coupler was originally chosen, because it
was thought that the enclosed volune was approximately the
same as the volune under an earphone for a human ear. The
procedure for wusing an artificail ear is sinple. The
ear phone is placed on the coupler, a 500 gmweight is placed
on the top of the earphone. The o/p is read in voltage and

then transformed to dB. After the earphone is placed on the



-17-
coupler, a low frequency tone is introduced and the earphone
Is readjusted on the coupler until the highest o/p intensity
Is reach. This helps assure best placenent on the coupler.
The o/p from the earphone may then be conpared to the

expected val ues at each frequency.

Bone vibrator calibration:
There are two net hods 1. Real Ear
2. Artificial Ear

Real ear: The original technique for checking bone
vibration was a real ear procedure. (Anerican medi cal
association 1951). This method assunes that air and bone

conduction thresholds are equivalent for human. Therefore if
6 to 10 normal hearing subject are tested for both AC and BC
with an audi oneter whose air conduction systemis in proper
cal i bration. BC correction for the audionmeter can be

determned by using the difference between AC and BC.

Artificial nehtod:

The prefered procedure for calibrating bone vibrations
involve the use of an artificial head bond or artificaial
mastoid. Artifical nmastoid were proposed as early as 1939
by Hawl ey bot h earphone and bone vibratior calibration, it is
inmportant to check distortion as well as overall intensity
through the transducer. D stortion nmay be nmeasured directly
with (1) a distrotion neter (connected to the o/p fromthe
artifical nmethod) 1 or (2) a frequency analyzer. An

oscil |l oscope provides a visual picture of the distortion
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wave, but it is difficult to determne the exact percentage
of distortion this way. A lowable distortion values for bone

vibrators is 6 to 12%

D fferent standards gives different values of RETSPL.
Here the inportant standards like ANSI, 1SO & IS docunents

regardi ng RETSPL val ues are given.

I ndian Standard |S:11449-1895 "Specification for nechanica

coupl er for neasurenenton Bone Vi brators"

Cal i brati on:
Sensitivity level: The nmechani cal coupler shall be calibrated
by the manufacture at 23°C+l°C in terms of its sensitivity

| evel at the frequencies listed as foll ows:

Frequency Mechani cal i npedence | evel Tol erance
(Ref erence 1NSM 1)
Hz dB dB
125 48. 9 +2.0
160 47. 4 +2.0
200 45. 8 2.0
250 44. 3 +2.0
315 42.9 +2.0
400 41.3 +2.0
500 39.9 +2.0
630 38.5 2.0
750 37. 4 +2.0
800 37.0 +2.0
1000 35.5 +2.0
1250 34.0 +2.5
1500 32.4 +2.5
1600 31.9 2.5
2000 29. 8 +2.5
2500 27. 8 +2.5
3000 27. 2 +2.5
3150 27. 3 +2.5
4000 29.5 +2.5



5000 32.6 -19- +2.5
6000 34. 4 +2.5
6300 34.6 +2.5
8000 5.1 +2.5

These frequencies are used in audionmetry but are not

included in the preferred even specified in |S:2264-1963.

Indian Standard: 1S:11024-1984 specification for standard
reference zero for the calibration of puretone. Bone
conduction audioneters and guidelines for its practical

appl i cation.

Speci fication:

Reference equivalent therehold force levels are as
foll ows. They are derived from determnations of the
threshold of hearing by bone conduction of otologically

normal persons.

4000 35.
5000 40.
6000 40.
6300 40.
8000 40.

Frequency RETEL (refl N)
Hz dB
250 67.0
315 64. 0
400 61.0
500 58.0
630 52.5
750 48. 5
800 47.0
100 42.5
1250+ 39.0
1500 36. 5*
1600+ 35.5
2000 31.0
2500 29.5
3000 30.0
3150 31.5

0

O~k
O*
O*
O*
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+ Val ues for there frequencies are interpol ated.

* Values for there

frequencies are derived fromthe results

in one country only.

ANS|

| SO (1964)

125H
250Hz
500Hz
750HZ
1KHz
1. 5KHz
2KHz
3KHz
4KHz
6KHZ
8KHz

Speci fication for TDH 39

45.0
25.5

=
=

O Neldleolok
(6]

ool O

wu o

(1969) threshold val ues for TDH 39 earphones in MX-41/ AR

cushions and TDH 49 ear phone in MX-41/ AR cushi ons.

Frequency (Hz)

125
250
500
750
1000
1500
2000
3000
4000
6000
8000

TDH 39

HGSOBSO.@.\‘.OO

ool O

TDH 49

47.5
26.5
13.5
8.5
7.5
7.5
11.0
9.5
10. 5
13.5
13.0
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AN AUDI O VI SUAL SCRI PT

For the calibration of an audioneter different equipnent
is used with different conbination. Depending upon the
purpose the instrunentation will be varied. ie. if the
purpose is to neasure the ouput SPL or if it neasures the
frequency response of earpone or frequency calibration of

pure tone, the instrunment will be varied.

But care nust be taken to see that these instrunents
should be matched with each other. The inpedence matching of
the equipnment is a nmust for the calibration. If the
i npedence m smatching occurs in between the instrunents then

the results will not be val ued.

D fferent conpanies manufactures instrunments in India
and al so in abroad. The mai n conpani es are Bruel and Kjaer
and Quest el ectronics, Starkey, Lucas GSI, Harrison, Bio
acustic anal yzer, Phonic, Maico, Beltone and Ri kon. All

t hese conpani es manufactures different equipnments.

| Calibration of Audioneter output SPL:

VI SUAL AUDI O

Audi oneters and ot her The purpose of calibrating the

equi pnent required for audi oneter output SPL is to check if
Cali bration the output is accurate or not. To

do this, the output of the

audi oneter in question is neasured
at all frequencies available on the
audi oneter with the attenuator fixed
at the sanme level. W now take you
over the procedure step-by-step.



Show

t he m crophone

bei ng screwed on the

SLM

Picture of SLM
connected to m crophone

usin

an adaptor w ||

be shown.

Pi cture showi ng the

pi ston phone in 'on'
posti on and then chang-
ing it to the 'batt’
posi ti on.

Pi cture showi ng the
batteries being changed
I n pi st onphone.

Picture of SLMin 'batt'
positionwith the needl e
I n white position.

Picture of SLMwi th
wei ghting network in 'C
and neter switch at
' fast' response and
attenuator at 120dB

Wil |

be shown.

Picture of piston phone
which is screwed on
to SLMw || be shown.

Picture of SLMin 'on

posi t
et er

ion and with the
readi ng of 124dB.
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The first step in calibrationis to
check the sound level neter. To do
this the mcrophone is screwed onto
the sound level neter. Now be
careful not to screw on the

m crophone too tightl Q herw se
it will not be possible to unscrew
it after the job is done.

A sui tabl e adopter needs to be used
i f the m crophone cannot be
connected directly with SLM

To check its accuracy the pistone
phone should be switched it to 'on'
position. Then change it to 'batt'
portion. A change in the ﬁltch of
t he sound i ndi cat es that the piston
phone is in calibration.

|f the pitch does not change repl ace
t he pi ston phone batteries and check
agai n.

Check the batteries in the SLMb
turning the switch to 'batt'. The
needl e should rest in white position
of the battery indicting scale. If
it does not change the battery.

Now set the weighting net work to C
and set the neter swtch to 'fast’
response and attenuator, to 120 dB.

Pl ace the piston phone over the
m cr ophone which 1s connected to the
SLM

Now swi tched on the SLM the reading
on SLM shoul d be 124dB.



Pi cture of adjustnent

of gain wll

be shown

Pi cture show ngthe SLM
in '"off postion

Phase I T: Munting the m

artificial

ear:

Picture of artificial
ear conntected with
m crophone wi |l be

shown.

Picture of earphone

which is

pl aced on the

coupl er w th earphone
performation facin
coupl er cavity wl

shown.

t he
be

Picture of earphone on
coupl er which 1s adjus-
ted with the clanp wil |

be shown.

Pi cture of SLM connected
to artificial ear w

be shown

Phase 111

Measur enent of

Pi cture of an audi oneter
in ‘on' position with
its attenuator at 60dB,
frequency dial at 250Hz
will be shown.

Picture of earphone
which is connected to

artificial
shown.

ear wll

be
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If not adjust the 'gain adjustnment’
till the reading shows 124dB

Turn of f the piston phone and the
SLM Renove the m crophone.

crophone and the ear phone on the

Unscrew the coupler fromartificial
ear. Unscrewthe protection grid
fromthe m crophone without touching
t he di aphragm connect the m crophone
to the socket inside the artificial
ear. Replace the coupler on the
artificial ear.

Renove the earphone to be cali brated
fromits head band. Place it on the
coupl er so that the earphone
pertormation faces the coupler
cavity.

Unscrew the adjustnent clanp on the
artificial ear slightly, and adjust

the wei ght on the earphone to 0.5kg

or as per the specification provided
by the manufacturer.

Connect the artificial ear

out put SPL

Switch "on' the audioneter. Set the
attenuator to 60dB and frequency

dial at 250Hz. (If the audiometer is
bei ng checked is calibrated
accordi ng according to |ISO standard)

Set the output selector to 'R ght'
or 'Left' depending upon the
ear phone placed on the artificial
ear .



Picture of SLMw th
active filter set wll
be shown

Picture of SLMin 'on'
position with 'slow
response 'external
filter' and attenuater
at 60dB wi Il be shown
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The octave filter set is connected
to SLM Set it to the required
frequency ie. sane frequency as that
sel ected on the audi oneter.

Swtch on the SL(Mand set it to

'slow response and to 'externa
filter', Set the attenuator on SLM
to 60dB. If the needl e deflects to

either extrene, vary the attenuator
setting suitably so that the needl e
deflects to the centre of the neter.
Not e down the conbi ned reading from
the attenuator and the neter.

Repeat the same procedure for each
of the test frequency. Renenber to
change the frequencK settin? on the
octave filter set the test frequency
I's vari ed.

Phase IV Preparing the correction chart

Pi cture show ng the
correction chart as
fol | ows

Freq. R. Lt. Bone

Phase V Linearity Check:

Picture show ng an
audi oneter wt
intensity at 120dB and
frequency at 1KHz.

Conput e the expected SPL by addi ng
t he val ues reconmended by the
standard to which the audioneter is
bei ng cal i brat ed. The difference
bet ween the expected value and the
val ue obtai ned should exceed 3dB
at frequency from250 to 4kHz. But
5dB at 6 and 8KHz. [I1S:9098-1979].
Wite correction chart as shown In
t he vi deo.

The procedure is simlar as to that
of as described in Phase 3. But
here the intensity should be at
maxm mum | evel frequency dial shoul d
be set at 1kHz, note down the
reading on SLM Then decrease the
intensity in 5dB steps and note down
the readings in SLM |f the readi ng
on SLM changes correspondingly as
the intensity on the audioneter is
changed, it indicates that intensity
variation is linear.
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Il Calibration of audionmeter o/p intensity in a bone

condi tion
VI SUAL
Audi onet er and ot her

equi pnent required for
calibration

Phase |

Pi ctures show ng the
procedures of
calibration of SLM

AUD O

The purpose of calibrating the
audioneter o/p SPL is to check if
the o/p is accurate or not through
BC. To do this the output of the
audi oneter in question Is neasured
at all frequencies available on the
audi oneter with the attenuator at
specified intensity |evel.

The calibration of SLMis simlar to
as explained earlier.

Phase Il - Munting of bone conduction vibrator on the
artificial mastoid and connecting artificial material to

SLM

Picture of BC vibrator
pl aced on artificial
mastoid w Il be shown

Picture of artificial
mastoid with the spring
bal ance wi Il be shown

Picture of SLMwith an
adoptor will be shown

Pi cture show ng SLM
with adoptor which is
connected to artificial
nmast oi d.

Picture showi ng the SLM
I's being connected to
octave filter set

Now det ach the BC vibratior fromthe
head band and place it on the
artificial mastoid. Note the |evel
wth the help of level indicator.

Rermove BC vibrator fromthe head
band, with the help of spring

bal ance, check the wei ght on the
clanp of the artificial mastoid and
readjust the level of the clanp with
reference to the |level i1ndicator.

Connect adoptor to SLM

Renove the spring bal ance and |eve
indicator. Plug in the o/p jack of
the artifical nmastoid which is
connected to SLM

Connect the octave filter set to
SLM



Phase 111
VI SUAL

Measur enent of

Pi cture show ng audi o-
meter wi ch i s connected
to BC vibrator with
artificial nmastoid with
octave filter set.

Pi cture of audi oneter

in 'on" positionwth
intensity dial and
frequency dial at set

specified |evel.
Qut put selector to
' bone' .

Picture show ng SLM

wth 'slow response
and external filter
setting.

Picture of an audi oneter
with tone interrupter in
‘on' position.

Picture of SLMw th
60dB with needle in the
central area of the

et er
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out put SPL

AUDI O

This is the setting for the
neasurenent of output SPL. Here BC
vibrator is connected to audi oneter.
BC vibrator is placed on artifical
mast oi d which is connecteed to a SLM
octave filter set.

Switch on the audi oneter and set the
intensity dial at 40dB and frequency
dial at 250Hz. Set the attenuator
as per the specificiation of
standards which is calibrated. Set
the output selector to 'Bone'. Set
the octave filter set the required
frequency.

Switch on the SLM and set
' sl ow
filter.

it to the
response and to external

Set the tone switch on the
audi oneter so that the signal
continuously 'on'.

S

Set the attenuator on the SLMto
6QdB. If the needle deflects to

ei ther extrenes, change the
attenuator setting suitably so that
the needl e deflects to the centra
area of the neter.

Not e down the conbi ned reading from
the attenuator and the neter.

Repeat the procedure for each of the
test frequencies. Adjust the
frequecy setting on the octave
filter set to correspond with the
test frequency.
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[1l Frequency Calibration of puretone

VI SUAL

Pi cture of audi oneter
which is connected to
digital counter

Pi cture show ng an ear-
phone jack bei ng
conected into the
socket

Picture of the spare
jack connected to the
I/p termnal of the
frequency counter.

Picture of an audi o-
meter in 'on' position
wth frequency at 250Hz
and o/p intensity at
maxi num and tone sw tch
at continuously on.

Picture show ng an
audi onet er bei ng
connected to frequency
wth counter with the
function switch in
‘freq position.

AUD O

Here purpose is to check calibration
of the puretone to find out whether
any deviation is present fromthat
of dial reading. These are the
Instrunents required to obrtain the
frequency calibration of pure tone.

Renove one of the earphone fromthe
out put socket. Insert a space
ear phone jack into socket.

Connect the spare jack to the input
termnals of the frequency counter
wth awre.

Switch on the audioneter and the
frequncy counter. Set the audio-
nmeter frequency dial to 125Hz and
o/p intensity to maxi numand tone
swtch to continuously 'on'
posi ti on.

Turn the function selector to 'freq
and note down the reading on the
frequency counter. Adjust the
sensitivity of the counter to obtain
a suitable value. Conpute the
deviation of the frequency generated
by the audi oneter fromthe expected
frequency. Repeat the same
procedure for the other set
frequenci es.
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| V Frequency response of earphone

VI SUAL

Pi cture of earphone

audi o frequency anal yzer

condensor m crophone
G.R Recordi ng paper.

Pi cture showi ng the
coupl er

Picture showi ng a

condensor m crophone is

bein?_cpnnected W th
artificial ear.

Show t he ear phone bei ng

connected to BFO

Show t he ear phone on
artificial

anal yzer.

Picture show ng the
frequency is being
connected to AR

Picture of BFOin 'on'
position with 'Auto
sweep' and ear phone
with a sane inpedence
of G LR w Il be shown.

ear which is
further connected to AF

AUD O

These are the instrunments required
to nmeasure the frequency response of

ear phone.

Note: [These are the instrunents
used earlier. Due to its
difficulty, now conputerized

equi pnents are used. Now audio
teest station is used instead of BFO
and AF anal yzer].

Unscrew the coupler fromthe
artificial ear.

Screw on the condensor m crophone to
the artificial ear and replace the
coupl er.

Connect the earphone cord to o/p
termnals of BFO

Pl ace the earphone on the artificial
ear such that the perforation face
t he m crophone. Connect the
artifical ear to condensor

m cr ophone input of the audio
frequency anal yzer.

Connect the output termnal of audio
frequency analyzer to the i/p socket
of LR The recording paper nust be
properly loaded on the GLR

Switch on the instrunent and set the
BFOto 'Auto sweep' fromb50Hz. Set

t he i npedence of the BFO to nmatch
with that of earphone.



Picture show ng the AR
wth its needl e on 50Hz

Picture of BFOw th off
position and G.R in on
posi tion

Chart showi ng the
frequency response
which is alnost flat
at all frequency with
a snall peak between
4 to 6 KHz.

A so charts show ng
frequency response
which is not flat will
be shown
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The needl e of the GLR nust be on the
S50H2. Then mark on the readi n%
paper. Select a paper drive that
permts a synchronization of paper
speed wi t h BFO sweep.

Turn on the BFO and si mul t aneously
switch on the notor drive of the
QR  Repeat the procedure with the
ot her ear phones.

The frequency response characterstic
should be alnost flat at all
frequency with a snall peak between
4 to 6KHz.

V. Calibration of the speech audi oneter mc input

Pi cture show ng an
audi oneter in "on
posi tion and sonebody
show ng the attenuator
at 70dB.

Picture of a mc being
connected to audi onet er
which is further
connected to SLM

Swi tch on the audioneter, nake the
appropriate adjustnments to present
the signal through m crophone.
Select the left or right earphone
and set the O/ﬁ sel ect correspondi ng
to left or right set the intensity

| evel at 70dB.

Present| kHz tone speech noice or the
vowel 'a and set the V-Ugain so
that the needl e peaks at '0'. Note
down the readi n% on SLMon |inear
response. |f the readi ng devi ates
nore than +3dB from the expected

val ue so, then internal calibration
IS required.
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VI Calibration of tape input
VI SUAL AUDI O

Picture of an audioneter Record the puretone of frequency

in 'on' position and 250, 500, 1kHz and 2kHz on a

tape recorder magnetic tape. Play the above tape
on the recorder to be coupler wth
audi oneter. Measure the SPL of each
tone using a set up simlar to those
used for calibration of o/p termna
via AC. Conpare the levels of the
tones with reference to that of the
l1kHz signal. |If the difference in
the level are 4dB, there is no
m smat ch bet ween taperecorder o/ p
and audi oneter 1/p.

Cali bration of loud speaker output SPL

Picture show ng the Connect the suitable mcrophone to
connection of mcro- SLM

phone to SLM

Picture show ng the SLMis kept 1 neter in front of the
SIMwith is 1 neter face of the |oudspeaker taking care
away fromthe |oud to account for the angle of

speaker i nci dence of the signal fromthe

speaker to the characteristic of the
measuring m crophone. Keep the
attenuator setting as specified by
the standards to which the
instrument is calibrated. Note down
the reading on SLM |If the reading
deviates fromthe standard
specification then interna
calibration is required.

VII. Frequency response of |oud speaker

Picture of a QR which These are the instrunments required
I's connected to to measure the frequency response
oscillator wwth a mcro- curve of a loud speaker.

phone wi Il be shown

Pi cture show ng The o/p fromthe oscillator is
oscillator connected directly fed into the |oudspeaker
to the loud speaker
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Picture of a condensor A condenser m crophone is placed | mm

m crophone pl aced | mm in front of the face of the
away fromthe | oud- | oudspeaker taing care to account
speaker for the angle of incidence of the

signal fromthe speaker to the
characteristic of the measuring

m crophone. The signla from

m crophone is fed through the GLR

A conpl ete freguency response curve
can be obtained quite accurately and
rapidly in these manner.

| X Calibration of volunme unit neter

Picture of an These are the instrunents required

audi oneter and to calibrate the volume unit neter.
oscillator, voltneter

Picture of an oscillator A puretone should be fed from an
connected to vol tneter oscillator through an el ectronic

switch to the i/p of the audioneter.

Picture of VU neter By activating the electronic switch

def |l ecting to produce rapidly interrupted
signal one can watch the defl ection
of VUneter. But care nust al so be
taken to check the response tine of
the needl e on VU neter.

There are sone other instrunents used to calibrate the

audi oneter. These are new instrunents which are
conputerized. They are easy to use and gi ves accurate,
preci se measurenments, so it is inportant that the audi ol ogi st
should be available in the narket. Sone instrunents are

| i sted here.

Bi ol ogi cal calibration of audioneter

VI SUAL AUD O
Picture of a BA201 This is a high quality neasuring
Bi o acoustic stinmulator devise used to fulfill the

requi renents of daily biologica
tests of audioneter. This can be
used wi th manual , automatic or

m croprocessor audi oret er.

Picture of BA201-25 It is simlar to BA-201. But it
bi oacousti c stimnul ator neasur es background noise in five
oct ave bands.



Picture of a AM 2000

set up

Picture of
audi onet er
with SLM

Picture of
audi onet er

AA- 175
anal yzer

a AA-188
anal yzer
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This is manufacture by quest
electronics. This system
perfornsaccurate acoustica
calibration of all types of

audi oneters and this replaces the

bi ol ogi cal calibration. This
perfornms nonthly, yearly, exhaustive
audi onetric calibration. This gives
preci se neasurenent of a decible

l evel, linearity, rise and fall tim
pul se wi dt h.

This is a mcroprocessor controlled
anal yzer that verifies audi oneter
calibration and performance. This
requires SLM It calcul ates decible
| evel , linearity, harnonic
distortion rise and fall tine.

It is simlar to AA-175. But it
does not require SLMto operate it.
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CONCLUSI ON

It is inportant to calibrate the audioneter. Calibrated

audi oneter is a prerequisite to an audiologist. At the tine
of purchasing the instrunment the audiol ogi st nmust al so know
where the calibration is going to be done and if a speech and
hearing centre is not have facility to calibrate, it nust

atl east have an access to a centre where the calibration can
be done. It is prefer for speech and hearing centre to have

its own calibrating equi pnent to ensure the opti num | evel .
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