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CHAPTER 1

| NTRODUCTI ON

"Checking calibration is necessary to be sure that an
audi onet er produces a pure tone at the specified | evel and
frequency, that the signal is present only in the transdu-
cer to-which it is directed, and that the signal is free
fromdistortion or unwanted noi se interference” (WIber,L. A

1978) .

Preci se audionmetric calibration is essential in clini-
cal Audiol ogy where the results of audiological evaluations
are critical for diagnosis, treatnent and rehabilitation of

hearing probl ens.

"Wthout calibrated earphones and bone-conduction receivers

it is inpossible : (i) to know whether thresholds of pati-
ents are contam nated by faulty equipnent, (ii)to know whe-
ther apparent chages in hearing over tinme for a patient are
due to true differences in his performance or to variations

in the equipment, and (iii)to accurately conpare results
obtained in one clinic or [aboratory" (WIber & Goodhill, 1967):

Once the audionetric- is found to be in calibrated condi -
tion, the audiologist can confidently report his audiol ogica

findi ngs. Two things can be done, when the audiol ogist cali-
(1)

brates his audi onmeter nanely/he can find out whether his equip-

ment agrees with the national standards and norms and (2) he

can establish a reference point for his own equipnent to deter-

mne if it changes over tine.



Apart fromthe above needs for calibration it is true
that any electronic equipnent |ooses its precision and accu-
racy over a tinme. Because of the usage, constantly, the
audi oneters goes out of calibration. Therefore, it is nece-
ssary to calibrate the audi oneter periodically. Audi onet er
| ooses its precision, because of irregular maintenance and
care; dropping of earphones, exposure to excessive tenpera-

ture, humdity dust.

Har df ord, E (1965) has given an account of the nature of
i naccurate calibration and the possible sources of error in
t he audi oneter signal. The three paraneters of the puretone
intensity, frequency and tinme, may not neet the specified

st andar ds.

Parameters of calibration

Following are the various paraneters of audionetric

cali brations:

1. Intensity calibrations
(a) output sound pressure |evel.

(b) attenuation linearity.
2. Frequency calibrations

(a) Frequency anal ysis
(b) Frequency response
(c) Frequency bandw dt h
(d) Harnmonic Distortion



3. Tinme calibration:

(a) Tenporal paraneters - rise tine and decay tine
- SISI & ABLB unit calibration.

(b) Phase characteristics.

These are the various paraneters grouped under intensity

Frequency and tinme aspects of the sigial.

In, clinical audionetry, 3 auditory signals are nade use:
Pure tones, Speech and Noi ses. The node of presentation of
these signals is either air conduction through earphones; bone
conduction through bone vibrator and under free field condition
t hrough | oudspeakers. Therefore, output sound pressure |evels

and attenuation linearity are checked.

Calibration of audioneters may be of two kinds (1) oje-
ctive calibration, which nake use of electronic neasuring equip-
ment. & 2} Biological calibration, which is done using 'real
ears (Human subjects). Hence they are called "real ear nethods"

Apart fromthese two, we have routine calibration check-up which

is done daily and weekly.



Equi prrent used in objective calibration are given in

the table.
TABLE 1
Li st of Equi pment used for the calibration of Audionmeter

Par anmet er of Suggest ed equi pnent
Calibration
Intensity Sound | evel neter

Graphic level recorder
Artificial ear
Artificial Mast oi d
Vaccunme Tube Vol t neter
Condenser m crophone.
Gsci |l | oscope..

Frequency Frequency anal yzer
Frequency counter
Beat frequency oscillator
Gsci |l | oscope
Wave anal yzer
Artificial ear
Artificial mastoid
Distortion Factor Meter
Condenser m crophone

Tenporal paraneters Graphic level recorder
Beat frequency oscillator
Frequency anal yzer
Artificial mastoid
Artificial ear
Condenser m crophone
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This manud is written in an instructional manner.
Each calibration procedure is dealt step-by-step so that
the Speech and Hearing cliniciansstudents, can learn the

procedures of calibration and implement them.
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6
CHAPTER | |

ROUTI NE GHECKI NG G- AUDI OVETER
PROCEDURE FOR DAILY AND WEEKLY CHECKS

Routine checks are subjective procedures enploying
sinple tests throughout w thout the hel p of neasuring instru-

ment s. These procedures are perforned to ensure, as far as

possi bl e.

(1) that the audioneter is performng in a
proper nanner;

(ii) that the audioneter's calibration has
not noticeably altered and.

(iii) that the audioneter's attachnent, | eads

and accessories are free fromany defect
that nay adversely affect the safety.

Routi ne checks shoul d be done every week, in full on

all audionmeters in service. They may be performed i medi a-
tely after possible danage has been sustai ned or before each
period of use of equipnment, which is not used regularly. In
particular, some of the tests should be perforned everyday

bef ore commenci ng the clinical exam nations.

Care should be taken that :

(a) The operator with normal hearing, atleast in
one ear, should performthe checks.



(b) these tests should be perforned in sound
treated room or in satisfactory anbient
noi se conditions.

Routi ne check Procedures

1. | nspect the earphone cushions to nmake sure that they
are not crackes or marked with crevices due to shrin-

kage.

2. Check the earphone cords (wires) for signs of worn
or cracked insulation (damaged or badly worn, |eads

shoul d be replaced) and straighten the tw sted cords.

3. I nspect the front panel (face) of the audioneter for
| oose dials or for dials that are out of alignnent,
I f there are such faults present, the dial readings
wi Il not be neani ngful. Def ective dial should be
repaired imedi ately, and the audi oneter shoul d be
recalibrated to determne the outputs at newdia

settings.

Check on the nechanical clicks in the attenuators fre-
guently, selector and interruptor swtch. Check the | anps

and indicators whether functioning correctly.

4. Switch on the Audioneter and allowit to warmup for

5-10 mnutes. Carryout any setting-up adjustnents



of the controls as given in the manual . On the battery
power ed audi oneters, check the battery state, by speci-
fic method. Check that earphone and bone-vi brat or

serial nunber.

5. Pl ace the earphone over your ears, and listen to the just
audi bl e tones by sweeping through at 10 or 15 dB H.. This
test nust be done at all appropriate frequencies and for

bot h earphones as well as bone vibrator.

6. Test for tone-intermttency: Wiile listening to the con-

ti nuous tone, twi st first one earphone cord and then the
others back and forth a half turn and pull the cord gently
at a place close to the earphone. If the tone becones '
intermttent either the cord is defective or screws hol d-
ing the cord may be | oose. If cords are defective, re-

pl ace the cord and if the screws are | oose, tighten these

SCrews.
7. Test for purity of tone: At high intensity level, listen
for a change in the quality of tone. An ear phone whi ch

Is distorting will frequently be detected by an human ear
at high levels where as such distortion nmay be inaudi abl e

at lower levels of intensity.



8.

10.
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Test the overshoot of tones Listen to the puretone at

bot h noderate H L and bel ow the threshold of hearing.
Interrupt the tone several tinmes and listen for a
‘click' or 'Splat' sound. If a'click', sound is
heard, there is a possibility of undesirable overshoot
(due to the short-rise time of the signal) and the

audi oneter requires repair imediately.

Test for Attenuator - linearity: Set the intensity

dial at mnimumlevel (-10 dB HL) and the tone on
continuously, increase the intensity in 5 dB steps,to
maxi numlevel. Each tine the intensity is raised,
|isten carefully, for a uniformincrease in the inten-
sity of the tone. If there is no uniformincrease in
the | oudness or if appears to change drastically, it
indicates to a nonleniar attenuator. There is no need
to check the linearity for nore than one frequency or

nore than one earphone.

Test for extraneous noise : Set the intensity dial at

about 40 dB, without presenting the tone listen for
"humnoi se' by turning the intensity dial to maxi num

| evel . If this noise is detected it can be elimnated
by providing ground connection to the chasis of the

audi onet er . Do the sane test for speech circuit.
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On self-recording audi oneters, check nechani cal opera-
tion and function of limt swtches and frequency swt-
ches. Check that no extraneous instrunental noise is

audible at the patient's position.

NOTE

The checks given in the steps 2,3,4,5,9,11,12 and 13
shoul d be done daily.

The check procedure descri bed above should be carried
out with the audioneter set-up in its usual working

si tuati on. In case of two room situations, nake use

of a person to carry out the procedure. The checks

w il then cover, the inter-connections between the

audi oneters and the accessories in the test room Addi-
tional connecting | eads, and any plug and socket connec-
tions at the junction box. They shoul d be examned as
they are potential sources of intermttency or incorrect

connect i ons.

During subjective tests of Bone Conduction threshol ds,
the air conducted sound radiated fromthe back of the
bone vi bration may be heard at a high level to invali-

date the test, especially at frequencies above 1.5 K Hz.
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12.

13.

14.

_to_

feet for cross talks Disconnect the |eft earphone;

set the intensity dial to 40 dB H.; the frequency di al
to any desired frequent and the interruptor switch is
kept on continuously. Li sten through the right ear
phone and if a pure tone is heard, there is a cross-
over in the system Smlarly test the left earphone

for cross talk.

Ooss talk indicates that there is | eakage of the test
signal fromthe intended earphone (Test earphone) to
the contral ateral earphone (non-test earphone). This
defect may be due to faulty wring. Thi s probl em may
originate in the audiometers or in the jackpanel bet-
ween the test roomand control room Thi s def ect

shoul d be corrected before any clinical test.

Check the bone vibrator placing on the nastoid for in-
termttency and purity of the tone using the procedure

given in the steps 6 and 7.

Check that the patient's signal systemoperates corr-

ectly.

Check the tension of the head set, headband and bone
vi brat or headband. Ensure that swivel joints are free

to turn w thout being excessively sl ack.
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Theref ore, wear earphones (disconnected) to attenuate

this air conducted sound.

Routi ne checking procedures of other equi pnents: The

General principle of the procedure for pure tone audio-
nmeters, should be followed during daily and weekly che-
cks of | npedance Audi oneter, Speech Audioneter, ERA

equi pnent etc.,

4. Steps to be taken on discovery of defects: Take i mre-.

diate action, to rectify any defects discovered during
t he above checks. Defects may be either the instru-
ment is not in calibration or it requires repair.
Audi ol ogi st should ensure that they are famlial with

| ocal arrangenents for repair and nai ntai nance of el ec-
tronedi cal equi pnent. If repair is undertaken, in

| ocal workshops conplete calibration check should be
done before equipnent is returned to service. It is
Important to note that, replacenent or shortening of
headset cord, or altering the |ength of tubing on inpe-
dance audi oneters, may alter the calibration in repai-
rer or manufacturer, report the defect to the officer

concer ned.

When equi pnent is sent away for repair or calibration
send it with correct earphones, bone vibrators etc., These

Itens should not be interchanged between equi prents.



Mai nt enance of Audi onet er

Foll owi ng are the suggestions to naintain the equip-
ment in good condition, thereby reducing the delay and in-
conveni ence resulting from equi pnent bei ng i noperative or
under repair. These points may be especially useful to

students being trained in the use of audiomneters.

1. Equi pnent | eads which are allowed to beconme tangl ed.
ki nked or tw sted nay develop intermttent faults
which can be trouble to trace. Alittle time spent
i n keepi ng the earphone and bone vibrator cords tidy

wi Il avoid unnecessary delay later in handling of the

next case (patient).

2. Earphones and bone vibrators nay be damaged., and
their calibration affected by nmechani cal inpact. These
accessories should always be handl ed and stored care-
fully, avoid dropping themor placing themon the

audi oneter, . Hang them on the hooks provided in the
room after the test.

3. Do not subject the equipnent to dust, danpness or
| arge anbient tenperature changes. Place the dust
covers over the equi pnent, when not in use. Audioneter

shoul d operate* correctly over a w de range of tenpera—
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ture and humdity. Large cycle changes will tend to

shorten the working life of equipnent.

If the audioneter is used to several patients during
the day, it is wse to |leave the instrunent turned on

t hroughout the day that it is to turn the instrunment on

and off for each test.

Headphones and Bone vi brators cannot be i nterchanged
bet ween audi oneters, even if the sanme type, w thout
affecting the calibrator. |If these accessories are
not permanently marked with the equi pnent's serial num
bers, local markings (e.g., color-coded tabs) may be

applied in order to prevent any risk of confusion.

Equi pmrent and accessories should be preserved away,
when not in Use, and adequate clean and dry storage

facilities shoul d be aval | abl e.

If a fault does occur, the equipnent should be clearly
| abel | ed, indicating the nature of the fault, before
anyone else attenpts to use it. O the nature of

the defect should be reported to the concerned authori -

ties.



CHAPTER 111

BIOLOGICAL CALIBRATION OF AUDIOMETER

Bi ol ogi cal calibrations otherw se called subjective
calibration, make use of human subj ects, Ceneral ly these
procedures are enployed when the calibration nmeasuring equip-

nent are not available and therefore not used.

Here Audiol ogist enpirically calibrates:

(i) the air conduction out-put |evel, and

(i) t he bone conductive out-put |evel

He finds out whether there is agreement between the
intensity dial reading and the actual out-put of the earphone
or bone vi brator. This calibration procedure is advised to

perform atl east once in a nonth.

These cal i brati on procedures shoul d be done imediately
after earphone or bone vibrator is dropped or receives nmecha-
nical danmage. One of the short-comngs w th the biol ogical
procedures is that several human subjects are to be tested.

Hence the nethod is time consumng and | abori ous.

In this section various alternati ve net hods reconmended
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by different authors are given and their limtations also

i sted.

l. Al r conduction out-put calibration

The net hods given here, are called 'Real ear nethods'
because they nake use of human ears, to calibrate the ear-

phone out - puts.

Met hod |

1. First of all, have a record of your threshol ds obta-
ined froma calibrated audioneter. This record ser-

ves as reference threshol ds.

2. Then check your response with the audi oneter to be
cal i br at ed. The threshold at a particular frequency
obtai ned may be better or poorer than your reference
threshold | evel. Thus, you can spot gross deviations

I n audi oneter out-put for different frequencies.

Limtations

1. Since threshold is not a fixed point it may vary wth-

in the range of 10 dB fromday to day.



2. Variation in the placenent of earphones wll have
effect on the thresholds to vary within 10 dB, par-

ticularly at |ow frequencies.
Met hod 11

1. Sel ect about 10 normal hearing adults w thout any
history of famlial hearing | oss, otological pro-

bl ens or noi se exposures.

2. Test the one ear of each subject at all frequencies

wth the audioneter to be cali brated.

3. Then find out the average threshold at each frequency.

Correction rule

Average threshold at each frequency is used as corr-
ection factor in clinical diagnosis. For exanple at 1 KHz
average threshold is +10 dB HL., the correction factor is
- 10 dB. If a patient's threshold at 1 KHz is 35 dB HL,
his correct threshold is 25 dB HL (35 - 10).

Limtations

1. Audult healthy group of normal ears will present an

average threshold at -10 db HL at nost of the frequen-
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oies with the calibrated audioneter. But, they also
present a -10 dB average threshold (-10 dB HL is the
mninmumintensity level in nost of the audi oneters)

wi th the audi onmeter producing nore out-put ( strong

si gnal s).

2. It is time consumng and | abori ous.

Met hod 11|

Loudness Bal ance Methods In this nethod, the out-put

froma calibrated audioneter is nmatched agai nst the out- put

of an audioneter to be calibrated. The nmethod is nore pra-
ctical with no serious limtations. She steps are as
follows :

1. Requi renment s:

(i) Acalibrated audi oneter known to be accurat e;
(i) Atl east three young subjects with normal hear-

ing and negligible difference in hearing sen-
sitivity between ears.

2. Det at ch one earphone of the known audi oneter (cali-
brated audi ometer) and fix it to the headband of the
unknown audi oneter (audionmeter to be calibrated), after

renmovi ng one of its earphones.
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3. Instruct the subject to match the | oudness of the

t ones.

4. Pl ace this headset on the ears of the subject.

5. Set the frequency selectors of each audioneters to

1 KHz and intensity dial of known audi oneter to 40

dB HL and present the interrupted tones. Wen the
signal is '"off' in the 'known' earphone, then sig-

nal should be presented in the 'unknown' earphone.

6. Wile this presentation of signals continues; wthout
| ooking at the intensity dial, adjust the hearing
| evel of the unknown audioneter until , the subject
tells you that | oudness of the tones are equal, or

approxi mately equal .

7. Stop presentations and then note down the intensity

di al readi ng of the unknown audi oneter.

8. Simlarly, get |oudness balance at the other hearing
| evel s, Eepeat the procedure at other frequencies.

A so performfor other subjects.

Note: 1. Avoid sinmultaneous presentation of the
signals from bot h audi onet ers.

2. The sensitivity of this procedure can be
i ncreased by training the subjects to
listen carefully and match the tones.
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Suppose the dial is set 40 dB HL (Aq) at 1 KHz and the
subj ect nmatches the tone of the unknown audi oneter when the

intensity dial reads at 45 dB (Bu.).

Then the difference is (AL - By) i.e., 40 dB - 45 dB
= -5 dB. Thus, there is difference in out-put at this fre-
guency. Then the correction is -5dB at 1 KHz, which should

be witten on the calibration chart.

Correction rule

The correction Values are positive, if the hearing | evel
of the tone matched is | esser than the hearing | evel of the
known audi onet er. The correction is negative if the hearing
| evel of the tone matched is greater than the hearing | evel

of the unknown audi oneter.

This can be easily determned by the formula,

Ay - By = Correction Val ue

Met hod |V

(bj ective-biological calibrations bjective calibration

of earphone outputs is nade possible by the foll ow ng net hod

(Wasanmurthy M N, 1977) even in the absence of the calibration
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instrunents in a center. This procedure is both objective
and "biological in its approach. It makes use of an el ectro-
nic instrument to elicit the response w thout the co-operation
of the subject; hence it is called objective nethod and enp-

| oys human subjects for calibration, hence called biol ogi cal

cal i brati on.

Requi renent s

1. An | npedance Bridge (Midsen 10 72, or 73)
2. A few subjects with normal hearing

3. Audi oneter to be calibrated

Procedure: The steps are as follows s

1. Determne the subject's acoustic reflex threshol ds
(ART,), at different frequencies using |npedance Bri dge.
Not e down t he ART,

2. Detatch the earphone of the inpedance bridge and repl ace

It by a earphone of the audioneter, to be calibrated.
3. Now, determne the acoustic reflex thresholds (ART,)for
the sane ear, same subject for different frequencies.

4. Find out the correction factor by subtracting ART, from

ART; for each frequency.
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5. Determne the reflex threshold (ART3) for the sane ear,
sane subject, placing the other earphone of the audio-
nmeter to the head set of the inpedance bri dge. Then
find out the correction factor by substracting ART; from

ART, for each frequency.

Note: The inpedence bridge's balance neter needl e
shoul d be nearly same while deterninin? t he
ART; & ART, for the same frequencyand for the
sanme subject. Sane conditions should prevai
whil e ART; is found.

Exanpl es:

1. Suppose, ART; is 80 dB HL
and ART, at T KHz is 90 dB HL
Then the correction is s
80 dB - 90 dB =-10 dB H.L i.e., 10 dB at 1 KHz shoul d
be substracted while plotting the audi ogram

2. Suppose ART; is 90 dB and ART, is 85 dB at 2 KHz

The correction os 90 - 85 =+5 dB EL, i.e., 5 dB

at 2 KHz should be subtracted during clinical audio-
nmetry.

Validity of this method is found to be 100% when conpa-
red with the "Artificial Ear" method.

Limtations;

1. Does not permt to find out the attenuator leniarity
of the intensity dial of the audioneter.

2. Calibration of output levels at 6 KHz and 8 KHz may not
be possible as reflex is usually absent at these fre-
guenci es.
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I Bone Conduction output Calibration

In the absence of artificial nmastoid for B.C calibra-
tion, Audiologist can keep check on the calibration, by enp-
| oyi ng the net hod recommended by Roach and Carhart (1971).
Thi s happens to be the nost accurate approach avail able to-

day.

Pr ocedur e

1. Select 10 subjects wth typical bilateral noderate sen-
sorineural loss (hearing | oss need not be equal in all

ears).

2. Determne the air conduction thresholds of both ears of
each subject at 25Q 500, 1000, 2000, and 4000 Hz using
wel |l calibrated air conduction system

3. Then, determne the bone conduction thresholds for sone

ear using the bone vibrator to be calibrated.
4. Find out the average A.C thresholds and average B.C

t hreshol ds at each frequency.

Correction Rule - Use the fornul a:
Ac Thayg. - B C Thag = Correction.
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For Exanples (1) Average air conduction threshold is
60 dB HL and average bone conduction threshold is 45 dB EL
at 1 KHz, the correctionis +15 dB HL (60 dB - 45 dBO. That
Is 15 dB shoul d be added to the obtained BC threshol d of
the patient, during clinical testing. (2) Suppose, the
average BC is greater than the average AC threshold, then
the correction is negative, because b.c. signal is stronger

than the a.c. signal.

Assunption of this nethod:

In typical sensorineural hearing | oss subjects, the a.c
and b.c thresholds are equal. The difference is considered

as error in the bone vibrator output.

Limtation

A slight conductive conponent mght add to the air-bone
differences in threshol ds. Hence to that extent, accu-

racy of this method is limted.



CHAPTER | V
OBJECTI VE CALI BRATI ON G- AUDI OVETER

bj ective calibration procedures nmake use of the el ec-
troni c equi pnent, by which both electrical and acoustica

calibration neasurenents are accurately acconplished.

The purpose of objective calibration is to ensure that
the signal is referenced to a standard through the clinica
or research investigations. In objective caxibration we
can distinguish two kinds : viz., (1) Acoustic checks and

(2) laboratory calibration.

Acousti c checks are done once in 3-12 nonths. Usually
they are done, annually. However, the frequency of cali-
brati on check depends on the nunber of hours per day the
audi oneter is used. I f the audi oneter used throughout the
wor ki ng hours, calibration check may be done once in a nonth,
regul arly. In acoustic checks, the audi oneter's out put
sound pressure |l evels,attenuatory linearity; frequency and
distortion are checked. Laboratory calibration of the Audi o-
meter should be carried out whenever the results of acoustic
checks nmake the Audiol ogi st suspeci ous of the test equi pnent,
Proposed federal regulations (U S. Dept. of Labour) for hear-
I ng conservation programes recomended a conpl ete | aboratory
calibration of audioneters once in 5 years and annual acou-

stic checks (Melnick W 1978).
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In this chapter the various objective calibration

procedures are grouped under three subtitles namely

1. Intensity calibration neasurenents.
2. Frequency calibration nmeasurenents and,
3. Time calibration neasurenents.

This classification is based on the 3 nmajor para-
nmeters of acoustic signal : intensity, frequency and
time. Bach calibration procedure, is dealt with the
list of equipnent required, connections between them

and the procedure with illustrations (Figures).
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Intensity Calibration Procedures

Intensity calibration of the auditory signals is of Pri-
mary concern to Audiologists. The purpose of intensity cali-
bration is to precisely specify the intensity output |evels of
the signals and to ensure that these intensities are maintained

t hroughout the clinical testing.

Two aspects of intensity measurements are, namely the out-
put levels and attenuation Ilinearity. The output levels of
puretones, speech and noises are measured through earphone,
bone vibrator, |oudspeaker and insert receiver. These calibra-
tion measurement should be carried out at an intensity |evel
hi gh enough to avoid interference from ambient room noise. The
output levels are then conpared with the expected output |evels
specified by | SO- 1964, ANSI - 1969 standards.

Fol lowing the output calibration, attenuation linearity
I's checked, where the signal intensity is attenuated in calibra-
ted steps. Then the corresponding change in output levels are

taken into account to check the linearity.

In this section objective intensity calibration procedures
are dealt for the signals ; pure tones, noise and speech - one

by one.
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Puretones : Intensity calibration

Intensity calibration of puretone signals is straight
f orwar d. As pure tones are presented through earphone and
bone vibrator in audionetry, therefore, the air conduction

and bone conduction output calibration is carried out.

Al r conduction output calibration neasurenents are
done at 60 dB HL dial setting and for bone conduction at 40
dB HL. The table 2 given bel ow shows the expected out put
| evel s which are currently used for calibration of audioneter

ear phone and bone vibrator :

Table 2

Expected output levels for calibration of Audioneter
Ear phone and bone vi brat or

Expected output |evels
frequency For A C. calibra- For B.C. Calibra- for BC Cali -

H, tion (dB SPL) tion (dB) bration (dB)
125 85.5 - }
250 24.5 63.0 66.9
500 71.0 57.5 68. 2
1000 66. 5 43.0 62.7
1500 66. 5 40. 5 —
2000_ 68.5 40.0 56.0
3000 67.5 30.5 -
4000 69.0 35.0 42.0
6000 68. 0 - -
8000 69.5 - }

Notes (a) Values in colum 2 are expected when dial set at
60 dB HL and they are with reference to standard
reference threshol d sound pressure |evels ( ANSI
53.6-1969).
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(b) Values in colum 3 are 'Interim- Bone - Thre-
shold calibration values' (MSI S3.13 - 1972).

(c) Values in colum 4 are being used at All SH,
Mysore for B.C calibration (Mallika C 1976).
standard reference threshold levels for air
conduction (ANSI S3.6-1969 : Appendix 'D) are
gi ven in Appendix | (1).

Al r conductionoutput | evel calibration procedure

using Frequency Anal yzer.

Equipment required; 1. Frequency Analyzer-( B & K Type
2107)
2. Preanplifier-(B & K Type 2627)

3. Artificial Ear-( B & K Type 4152)

4. Condenser M crophone (B & K type
4144)

Connecti ons:

1. Connect the condenser m crophone to the artificial
ear.

2. Connect the pre-anplifier to the artificial ear.

3. Connect the other end of ﬂre-anplifier into the
CONDENSER M CEOPHONE of the Frequency Anal yzer

Note : (i) Switch on the analyzer and allow it
to warmup for 10 m nutes.

(ii) Wile connecting do not tighten unduly
har d.

(iii) Keep all the cords as short as possible
to avoid pick-up fromstray fields.
[ Figure shows intrunmentation set

up.1]
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Pr ocedur e:

1. Carry out the calibration of the Analyser as follows :

(i) Set the controls on the anal yses to:

| NPUT SW TCH ‘Drect:

VEEI GHTI NG NET WORK *20 - 40, 000"
FREQUENCY RANGE "20 - 63"

FUNCTI ON  SELECTCR "Sel ective Section O f"
I&QZET%\;EEI\%YENSI TI'V TYANALYSI > 20 il
RANGE MULTI PLI ER "X (0 dB)"

METER SW TCH "RVB S ow'

METER RANCGE "Ref"

(ii) Wth these settings unaltered, adjust the SENSITI-
VITY AMPLIFIER INPUT with a screw driver until the

needl e deflects to the red mark on the indicating
nmet er .

2. Adjust the analyzer to the sensitivity of the condensor

m crophone K - factor (+2.9 dB). Proceed as follows :

(i) Set the INPUT SWTCH to "Condensor Mc".

(ii) Adjust the CONDENSCR M C SENSITIMTY with a screw
driver until the needl e deflects fromthe red mark
on the neter to an extent of the K-factor val ue of
t he condensor m crophone.

For exanple s for the condensor m crophone type 4132,

the K- factor specified is +1.9 dB. So, the needle should

be nade to deflect fromthe red mark to +1.9 dB on the | ower
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dB scale of the netter.

Plug in the Audionmeter and allow it to warmup for

5-10 mnutes.

Renove the right ear phone fromthe head band and
place it on the artificial ear. Then adjust the

cl anpi ng mechani sm of the artificial ear to 0.5 Kg.

Set the frequency dial to |lower frequency i.e., 250
Hz, to start with and present tone at 60 dB H.. Keep

the intensity constant for all other frequencies.

Set the METER RANGE to slightly higher |evel than
t he expected reference SPL val ue. Adj ust the RANCE
MALLTIPLIES until a deflection between 3 & 10 volts
on the neter scale, is obtained. Thus overl oadi ng

of the Analyzer is avoi ded.

For exanple : at 250 Hz, the expected SPL reference
value is 84.5 dB. So, adjust the METER RANGE to "+100
dB" and RANCE MLTIPLIER to "-20 dB'. Adjustnents of
then two switches may be nade to obtain the neter

defl ecti on between 3 & 10 Vol ts.

The neasured | evel can now be read fromthe anal yzer

as foll ows:

The reading is the al gebraic sumof the METER RANGE
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| evel , RANGE MULTI PLI ER position and neter defl uction
on the | ower dB scal e. Suppose, for neasurenents at

250 Hz the above 3 readings are as follows :

+100 dB, -20 dB and 13.5 dB respectively. Then, the
Anal yzer indication is +100-20 + 13.5 = 93.5 dB. Note

down this reading.

Repeat the procedure for each of the frequencies and
also for other earphones. Note the readi ngs, as

descri bed above.

Correction Rule

Once the readings are obtained, enter in the calibration
chart. Find out the errors in output by subtracting
the standard output |evels fromthe obtained readi ngs

for each frequency.

Enter the corrections to apply to intensity dial readings,
so that the threshold to be recorded will be correct to

the nearest 5 dB step.

The rule is : if the nmeasured output |evel is greater
then the expected output |evel then positive is the corr-
ection and if it is |lower, then negative is the correc-

tion.
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Correction = (Measured output) - (Expected output).
For exanpl e, neasured output |evel and expected output |evel
Is 93.5 dB and 84.5 dB respectively at 250 Hz. Then the

correction is:

93. 5 - 84.5=+9 dB

That is the earphone output is nore (strong signal)
than the actual dial reading. Therefore, 10 dB should be
added to the obtained hearing | evel before plotting the thre-

shold on t he audi ogram

Internal calibration

Audi oneter like clinical, diagnostic and research audi o-
meters have "calibrating deck” in the circuit. This deck
house a series of pre-set potentioneters (variable resistors)
in two or three rows for air conduction and bone conduction
calibration. Each pre-set potentioneters are in accordance
with a each frequency. Its value can be varied by adjusting
it with the help of a screwdriver, until the Anal yser indi-
cates the expected output Ilevel. Thus, accurate intensity

calibration can be acconplished by internal adjustnents.

Procedure is as foll ows:

1. Renove the Audioneter from the cabi net.

2. locate the calibrating deck and its pre-set poten-
tiometers for each frequencies (refer service
manual of the audi oneter).
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3. Make the output |evel nmeasurenents, applying
the procedure described earlier.

4, | f the neasured output is greater, reduce the
val ue of the respective pre-set potentioneter
by using a screwdriver, till the Analyzer in-

dicates the expected output |evel. uppose
the output is less, increase, the value of the

pre-set control till the Anafyzer I ndi cat es
the reference output |evel.

Air conduction output |level calibration - Using a
Sound | evel NMeter.

Equi prent required: 1. Sound Level meter ( B & K type

2203)with octave filter set
(B&K type 1613).

2. Artificial Bar (B & K type 4152)

3. Condensor M crophone (B & K type
4144)

Connecti ons

Connect condenser m crophone to the artificial ear.

2. Connect artificial ear to the sound |evel neter.

Not es Wiile connecting do not tighten unduly hard.

Figure 5 shows the instrunentation set up

Pr ocedur e:

Make calibration checks to make sure that SL neter is

wor ki ng properly, as follows :
(i) Pull out KNOB 1 and set to position "Batt". The
met er needl e should deflect to within the area
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mar ked. "Battery". If it does not replace

the batteries (See figure 1 ).

(i) Set KNOB 1 to position "Lin" and turn KNOB 3
fully clockwise. Turn KNOB 2 fully anticl ock-
wi se so that the "Ref" nmark appears in the red
circle to the right. The neter needl e should
now deflect to a value on the upper red scal e
equal to K-value of the condencer m crophone.,
obtai ned fromthe m crophone calibration chart.

If it does not, adjust the sensitivity by nmeans
of the sensitivity potentioneter until said
condition is obtained. Note: The instrunent
should warmup for about 20 seconds before

cal i brati on.

Swmitch on the audioneter to be calibrated and allow it
to warmup. Meanwhi | e, place the right earphone on
the artificial ear. Then, adjust the cl anpi ng necha-

nismto 0.5 Kg.

Set the frequency dial to 250 Hz. Present the tone
at 60 dB H continuously. Keep this intensity |evel

constant for all other frequencies.

perate the SL neter to neasure the output |evel as

gi ven bel ow

(i) Pull out the KNOB 1 (neter is 'on' now) and set
it to position "Lin".
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(ii) FRotate the KNOB 2 clockw se until a neter
defl ecti on obtai ned between 0 and 10 dB.
(i) Now, set the KNOB 1 to 'External Filter - S ow
(iv) Set the controls on the octave filter set to:
Wi ghting switch to "on" and octave sel ection
to "250 Hz "
(v) Now, if required, rotate KNOB 3 anticl ockw se
to obtain a deflection between 0 & 10 dB.
Notes Do not use KNOB 2 at this stage, in order
not to overdrive the input anplifier.
The reading on the neter scal e together

with the value shown in the red circle
gives output |evel of audioneter at 250 Hz.

Repeat the above step with other frequencies. But

the octave selection (of the octave filter set) should
be set to the respective weighting potentioneter. |If
t he audi oneter frequency is 500 Hz, it should he set to

"500 Hz".

Not e down the neasured out put |evel readings on the

calibration c h a r t

Smlarly find out the output levels with I eft earphone,

placed on the artificial ear.

Conpare the results with expected | evels given in the

table 2 and find out corrections .
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Bone conduction output |evel calibration procedure
using 1requency anal yzer.

Equi prrent required: 1 . Frequency Analyzer ( B & K type
2107)

2. M crophone pre-anplifier

3. Artificial Mastoid (3 & K type
4930)

Pr ocedur e

Set the static load of the artificial nastoid to 550 gns

(5.4 N) as fol ll ows:

Pl ace the bone vibrator on the center of the rubber sur-
face of the artificial nastoid, conpletely flush. Place
the loading armon the bone vibrator. Locate the 'leve
indicator' on the floor plate of the mastoid with its cut-
away part of the steel disc flush against the intertial
mass. Adj ust the height of the black disc of the indica-
tor until it is in level with |oading arm Rai se the arm
and renove the bone vibrator. Connect the spring bal ance
into the tapped hole in the Armat the bal anci ng point.
Pul | bal ance upwards until the loading armis once again
inline wth the level indicator. Now, set the static

|l oad to 550 gns by operating the static | evel adjustnent.
Level of the | oading armcan al so be adjusted by using

the level adjustnment (Refer the figure 2  show ng

artificial nmastoid)
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Put on the Analyzer, allow to warm-up and calibrate

the Analyzer as follows :

(i) Set the controls on the Analyzer to :

INPUT SMTCH "Direct”

WEIGHTING RANGE "20 - 40,000"
FREQUENCY RANGE "20 - 63
FUNCTION SH ECTOR "Selective Section Off"

FREQUENCY ANALYSIS

OCTAVE SENSITITITY "20 dB"

RANGE MULTIPLIER "x 1 (OdB)"
METER SWITCH "RMS Slow"
METER RANGE 'Ref"

(Refer the Figure 3 showing front panel of the Analyze

(ii) With these settings, adjust the SENSITIVITY AMPLIFIER
INFUT with a screwdriver until the needle deflucts to
the red mak on the indicating meter.

Connect the artificial mastoid using the Microphone pre-

amplifier into the AMALIHER INFUT of the Analyzer.

Note The INFUT SMTCH should be in "Direct” only.

Figure 6 shows the instruments arrangement.

Place the bone vibrator on the artificial mastoid,

Set the frequency dial of the Audiometer to 250 Hz and
present the tone at 40 dB HL, continuously. Kesp this
intensity level constant for all other frequency change

made.
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6. Next, proceed in the sane way, as given in 'Ar condu-
ction output calibration procedure using Anal yser'.
Steps 6 to 9 (see page 31) to get the output |evels

by Anal yzer's I ndi cati on.

Internal calibration:

Do this in the sane way as given in pages 33 -34 for

- accurate bone conduction calibration.

Bone conduction output |evel calibration
using a sound Level Meter.

Equi prent required: 1 . Sound | evel Meter (B &1 type
2203) with octave filter set
(B & Ktype 1613).

2. Atificial Mastoid (B & K type
4930) .

3. Mcrophone preanplifier (B & K
type 2615).

Connecti ons: .

1. Connect the preanplifier to the SL neter.

2. Connect them to the artificial nastoid.

Figure 7 shows the arrangenent of the equi pnent.

Pr ocedur e:

1. W©Mdake calibration checks to nake sure that SL neter
Is working properly. Repeat the Step 1 given in

air conduction calibration procedure using SL neter
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Switch on the audioneter to be calibrated and allow it
to warmup. Meanwhile place the bone vibrator on the

artificial mastoid.

Set the statis load of artificial nmastoid to 500 gns
(5.4 N as described in step 2 given in bone conduction

calibration usi ng Fr equency anal yzer.

Set the frequency dial of the audioneter to 250 Hz ,
Present the tone at 40 dB HL, Continuously, Keep

this intensity level constant for all frequencies.

perate SL neter to measure the output |evel as given

bel ow :

(1) Pull out KNOB 1 (nmeter is 'on' now) and set it
to position "Lin".

(i) Rotate then KNCB 2 cl ockwi se until a neter
defl ection is obtai ned between 0 and 10 dB.

(iii) Now set the KNOB 1 to "External Filter - S ow'.

(iv) Set the controls on the octave filter set to
wei ghting switch to "ON' and octave sel ection
to "250Hz ".

(v) Now, if required rotate KNOB 3 anticlockw se to
obtain a deflection between 0 & 10 dB.

Note: Do not use KNCB 2 at this stage, in order
not to overdrive the input anplifier. fhe
reading on the neter scale together with
t he value shown in the red circle gives
out put | evel of audioneters at 250 Hz.
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6. Repeat the above step with other frequencies. Set
the octave selection to the respective wei ghting poten-

tioneter as the frequency is changed.

7. Conpare the obtained output |evels with the expected
values given in the table 1 and calculate the correc-

tions.

Pur et one: Attenuati on Linearity check

Fol | owi ng the output calibration proeedure, attenuation
linearity nmust be checked. This check is enough either
t hrough ear phone (air conduction) or through bone vibrator
(bone conduction). Because the single attenuator attenuates
the hearing levels for both. If two attenuators are present
(as in Madsen OB 70 Audioneter) linearity check nust be done
separatel y. Li nearity check should be done at any one fre-
guency. Do the linearity check, after the output level cali-

brati on nmeasurenents having the sane instrunentati on and

adj ust nent s.

Then proceed as fol | ows:

1. Set the attenuator to the maxi mum hearing |evel and
note down the output |evel.
2. Decrease the hearing level in 5 dB steps, till the mni-

mum hearing level. Each time the intensity is attenuated
note down the output |evels accurately.
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There should be a correspondi ng decrease in output
| evel s, as the attenuator is decreased by 5 dB steps. O
according to the ANSI standards, the attenuator should be
linear with 0.3 of the interval step (or 1.5 dB whichever
is smaller). That means, when the dial is decreased by
5 dB, it nust attenuate between 3.5 and 6.5 dB

Note: (i) If the audionmeter is provided with "+20 dB
pad" - for 20 dB raise (for exanple as in
Madsen OB 70 or Grason Stadl er Audi oneter)-
check its attenuation.

(ii) If there is "vernier" which attenuates the

hearing level in 1 dB steps, check its
att enuat or linearity.

Speech - Intensity calibration

A speech signal is characterised by rapid fluctuations
inits intensity (frequency and time paranters). Therefore
there is difficulty in specify in the intensity level in pre-
ci se manner.

The present standards (ANSI S3.6 - 1969) specifies
".... sound pressure level of a speech signal at the earphone
I's defined as the r.ms sound pressure |evels....of a 1000 Hz
signal adjusted so that VU meter deflection produced by 1000 H
signal is equal to the average peak VU neter deflection produ-
ced by the speech signal". The 1SO - 1964 standard defined

audi onetric zero for 1000 Hz as 6.5 dB SPL. Research showed
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that threshold of intelligibility for spondee words was on

average 13 dB higher than audionetric zero for 1000 H .

Therefore zero dB HL for speech is 19.5 dB (rounded to 20dB).
This 0 dB HL varied slightly depending upon the type of ear-
phone used. (Refer Table 3 in the Appendix | ) . The
allowable limtes for calibration are + 3 dB i.e., should be
between 17 and 23 dB  for the TDH -39  earphone.

| f the Audioneter has the provision of speech audionetry
Speech output level; attenuator linearity and harnonic distor-
tion should be checked for calibration. In this section the

calibration procedures for first two are given and the |ast

one is given in subsequent sections.
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Speech - Qutput level calibration procedure

Equi pment required: 1. Beat fre%uen%§QOSC|llator ( B&K

type 102 a standard signal
source to produce 1000 H), OR
conner0|ally avai | abl e speech
mat erial recordings.(where the
1000 HZ puretone - calibration
tone - is recorded before the
test wor ds) .

2. Artificial ear (B&K type 4152)

3. Condenser m crophone (B&K type
4144)

4, Sound level neter (B&K type 2203)

Connections: Connect condenser m crophone to artifi-
cial : and then artificial ear to S
met er .

Procedur e

Make calibration checks of SL meter as given in Step 1.
of the procedure for Air Conduction output calibration

using Si meter (Page 34 ).

Pl ace a earphone of the Audioneter on the artificial ear

and adjust the clamping nechanismto 0.5 Kg.

Set the essential controls on the Audioneter for speech
audi onetry and intensity dial to 60 dB HL(preferably)

or above.
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4, I ntroduce the 1000 Hz tone (calibrating tone) either
t hrough m cr ophone, phonograph or tape input, continu-

ously.

5. Adjust the input intensity level until the VU neter can

be nonitored to 'zero'.

6. Wiile the YU neter shows 'zero' note down the output

level fromthe SL neter with 'linear' setting.

(bt ai ned out put | evel should be within 77 and 83 dB SPL
(60 dB + 20 dB + 3 dB).

Speech : Attenuator linearity check-up

Check the attenuation linearity wth same equipnent set-
up, in the same way as given in pure tone - intensity calibra-

tion (Page 41 ).

Notes Carryout the subsequent speech testing with the
TOneter showing at the sane point during cali-
brat;gn check, made (Usually VU nmeter show ng
zero)*.

Volune Unit Meter. calibration

Volune Unit (VU) neter accurately indicates the intensity

variations of the audiotory signal. It is found on the front
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panel of the Audioneter. The TO neter is calibrated rel a-
tive to the input signal which it nonitors, VU neter helps
the Audiologist to nonitor the speech signal intensity and
in adjusting the input calibration tone which proceeds the
recorded speech material. VU neter should be stable so that
there is no undershoot or overshoot of the needl e indicator

relative to the actual signal.

VUneter calibration procedures : The procedures dealt

by L. A Wber (1978) is given here.

Equi pnent required: 1. Audio oscillator

2. Electronio switch
3. ACmllivoltneter

4. |inear attenuator

— —

Y

v
Audio-osclletor Elcetroree Audiomele s
S Wi‘ l—cﬁ, "
=
Volbmeley

Figure 8 Block diagram of the set up for the
VU meter calibration.
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Procedure | - To check for the overshoot or undershoot

1 . Feed a puretone fromthe Gscillator through the elec-

tronic switch to the input of the audioneter.

2. Monitor the puretone by the voltneter.

3. By activating the electronic switch to produce a rapidly
interrupted signal, watch the VU neter to confirm whe-

ther there is any overshoot or undershoot w th reference

to the steady state signal.

Procedure 11 - To check the response tine of needle.

1. A 270, 300, and 330 msee tone is fed to the audi oneter.

2. (hserve the needle, and ensure that it reaches its 99%

state of deflection in 300 msec + 10% when the tone is

on.
Procedure 111 - To check the relative accuracy of the
W nmeter's dB scal e.

1. Insert a linear attenuator in the line between the osci-

| | at or and t he audi onet er i nput ; R

2. Reduce the output fromthe oscillator by a known anount
(as nentioned by the voltneter). Coserve whether there
I's accurate indication of corresponding change due to
t he change in t he I nput anount .

Not e: Proper inpedance matchi ng shoul d be nmade between
t he equi prent used here.
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Speech : Sound field calibration

| oudspeakers which are used for freefield testing should
be calibrated for its output |evel and attenuation (attenua-
tion linearity), periodically. Resear ch studi es have denon-
strated that the hearing thresholds are on average 7 dB better
in freefield situation than under earphones (Tilnman, Johnson
and d sen 1966). Under earphonesi.e. , in close field the
zero dB hearing level for speech is 19.5 dB SPL (rounded to
20 dBO Therefore the zero dB hearing | evel for speech under
freefield can be considered as 13 dB SPL (20-7 dB). The out -
put from the | oudspeaker should be 13 dB SPL. This rel ation-
shi p shoul d gi ve same Speech Reception Threshol ds (SRTs) using
spondee words under freefield (Soundfield) and earphone (clo-

sed field ) speech audi onetry.

Loudspeaker output |evel calibration procedure

Pr ocedur e

1. Set the controls on the audioneter to freefield testing

oper at i on.

2. Place the SPL neter at the height of ear level and its
m cr ophone should be at the center of the subjects head
position, which will be during testing position. Sub-
jects position distance should be atleast 1 neter away

from t he face of t he | oudspeaker .
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Make use of the floor stand supplied with SL neter,

3. Present the white noi se through | oudspeaker at 80 dB HL
(Preferably speech spectrumnoi se is used. It is a
white noise with equal energy from 250 to 1000 Hz and a
12 dB/ Cctave fall off fromthe 1000 Hz to 6000 Hz ). The
output fromthe audi oneter to | oudspeaker should be noni -

tored to zero on the WU neter.

4. Set the SL neter to "Linear" scale and take the readings.

The output |evel should 93 dB SPL ( 80+13).

5. Check the attenuator linearity of the |oudspeaker in the
same way as described earlier for air conduction calibra-

tion (Page 41 ).

Note: (1) The |oudspeaker should be atleast 1 neter dist-
ance away from t he patient's posi ti on.

(2) No object be present between | oudspeaker and the
m cr ophone preferably, the exam ner shoul d be
in the other roomto avoid any reflection or
absorption due to his presence in the testing room

(3) Puretones should not be used to calibrate | oud-
speaker in audionetric room situation because
it create standing wave formation which will in-
fl uence the neter readings.

Noises : Intensity Calibration

Noi se signals |ike speech signals are characterised by
rapid variations and intermttency which makes difficult to

specify the intensity |l evels, precisely. This problemis faced
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while taking readings fromSL neter. The neter needle fluc-
tuates over a wide range of intensity, even in "slow position

Thus becones difficult to decide the intensity |evels.

At present the reference sound pressure |levels used for
pur et one frequencies are "being nade use for conparison during
calibration of narrow band noi se | evel s. And for white noise
reference threshold SPL used for speech i.e., 19.5 dB (rounded
to 20 dB) is used. However, ANSI has proposed standards,
wherein increased attention to the nmasking stimulus is given
(L.A WIber, 1978).

Both the noises i.e., narrow band noise (NBN) and wi de
band noi se (white noi se) produced by the audi oneter, should
be checked for the output |level and attenuation linearity cha-

racteristics.

Marrow Band Noi se : Qutput |evel calibration

Use the same equi pnent and procedure enployed in pure tone

ai rconduction output level calibration (Page 34 ).

| MPCRTANT

"1. Measure the output at a hi gher hearinglevel to avoid
I nterference by anbi ent noi se. So, set the attenuator

at 80 dB HL.
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If the output is measured through insert receiver,
using a 2.c.c coupler note that these outputs cannot
be compared directly to that obtained through earphone
(expected output SPLs) measured using a 6 c.c. coupler.
Research has dhowed that thresholds very as much as

20 dB between insert receivers and TDH-39 earphones.
Therefore, observe extreme caution in considering S

values found for insert receivers.

Narrov Band Noise : Attenuation Linearity check

Sare procedure holds good as done for pure tone Linea-
check (Page 41 ).

White noise : Output level calibration

Use the same equipment and procedure employed in pure tone

Output level calibration (Page 234).

IMPORTANT

Present the white noise at high intensity level to avoid
Interference by anbient noise. So set the attenuator al

80 or 90dBHL.

As done in speech calibration, introduction of 1000 Hz

into the audioneter is not needed. Present the white
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noi se t hrough ear phone. The output SPL will be 100 dB

(if 80 dB HL is the presentation |evel).

3. Qutput should be neasured with the SL neter

in "linear"
setting.

White Noise : Attenuation Linearity check

Sare procedure as used in pure tone :

Linearity check
(page 41 ).

Narrow Band Noise : Output level calibration

Use the sanme equi prent and procedure enployed in pure

tone : airconduction output |evel

calibration (Page..?29/34).

| MPCRTANT

Measure the output at a higher hearing |evel
I nterference by anbi ent noi se.
at 80 dB HL.

to avoi d

So, set the attenuator

If the output is measured through insert

recei ver, using
a 2, c.c. coupler

note that these outputs cannot be com
pared directly to that obtained through earphone (Expe-

cted output SPLs), neasured using a 6 c.c. coupler.

Research has showed that thresholds vary as nmuch as 20dB

bet ween insert receivers and TDH 39 ear phones. Therefore

observe extrenme caution in considering SPL val ues found
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Narrow Band Noise : Attenuation Linearity check

Sane procedure hol ds good as done for pure tone : Linea-

rity check (Page 41 ).

Frequency Calibration Measurenents

Pure tones : Frequency analysis

Frequency Anal ysis can be done by the two nethods vi z,
(1) by using Electronic Counters and (2) to display on an

osci | | oscope.

Because oscil | oscopi c neasures are dependent upon vi sual
determnation, this procedure has its limtations, especially
when m ni mal frequency differences are invol ved. Therefore
the first nethod is considered here. ANSI (S3.6-1969) spe-
cifies, the tolerance | evel of + 3%is allowed for each fre-
qguency. That if the dial reads 2000 Hz, the frequency out
put nust be between 1940 Hz and 2060 Hz At 4 KHz, it nust /
be between 3880 Hz and 4120 Hz and SO on.

Frequency anal ysis can be done either by acoustic neasure-
ment or electrical neasurenent. In acoustic neasurenent,the
"real ear nethod"is enpl oyed. Since, this nethod is conpl ex

el ectrical neasurenent is usually done, by using electronic

counter.



Pr ocedur e:

Equi pnrent required: Frequency Counter (For exanples
Ti mer/ Counter Radart Type 203)

1. Set the controls on the counter to:
FUNCTI ON "Count "
RANGE "KHz Sec"

The digital read out shoul d
di splay 3 decimal points (0.000),

2. Calibrate the counter by injecting a standard
signal froma generator, check the readings on
the digital read out. Readings should tally

wth si gnal frequency.

3. Connect the audi oneter in question to the counter
directly i.e., audioneter output to input of the
counter. Wth this set up the electrical output

Is fed directly to the counter.

4. Set the frequency selector to 250 Hz, to start
with and present the tone continuously. The out-
put frequency wll be displayed on the digital read
out, imediately. Note down the frequency out put

agai nst the respective output in the chart.

5. Repeat the procedures for ot her frequenci es.
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(bj ective nethod of determ ning Masking Factor

1. Noi se Band w dt h neasur enent

The frequency characteristics of noise signal can be

precise if defined by consideration of two paraneters viz.,

(1) the band width in Hertz and
(2) the rejection rate dB/ Cctave

Measurenment of bandw dth has got clinical inplications
for instance, to conpute the masking factor, objectively is
possi bl e.

Equi prent . requi r ed

1. Artificial ear (B & K type 4152)

2. Condenser m crophone (B & K type 4144)
3. Audi o frequency anal yzer (B&K type 2107)
4. Level Recorder ( B&K type 2305)

5. Pre-anplifier ( B&K type 2618)

Connecti ons

1.  Connect the m crophone to artificial ear and then

to pre-amplifier.
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2. Connect the pre-anplifier output and to the
CONDENSER M CRCPHONE of the anal yzers.

3. Using a suitable cord connect RECCRDER of Ana-
| yzer to INPUT of the | evel recorder.

4. Again, connect the Analyzer to the |evel recorder

by neans of nechani cal shaft.

5. Haice the earphone of the audioneter on the arti-
ficial ear and adjust the clanping nmechanismto
500 gns.

Pr ocedur e

Check the sensitivity of the Anal yser and then adjust
the needle to K- factor of the condenser m crophone,

used here (See page 30 for procedure).

For bandw dt h neasurenent, set the controls on the Ana-

| yzer to:

FREQ RANCE "20- 63"
FUNCTI ON  SELECTCR " Aut 0"

VI GHTI NG NETWORK "20-40, 000"
FREQ ANALYSI S "30 dB"

OCTAVE SENSI TIM TY

| NPUT SW TCH " Condenser M c"

RANGE MULTI PLI ER METER RANGE adj ustnent depends on the
signal |evel.

METER SWITCH "RMS- Fast"

FREQUENCY TUNING "63 or 20"
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Set the controls on the Level Recorder to:

POTENTIOMETER RANGE "50"
RECTIFIER "RMS"

LOMR LIM. FREQ. "50HZ"
WRITING SPEED "63 mm/sec"
PAPER SPEED "3 mm/sec”

Use the calibrated paper QP 1130 for recording.

Present the w de band noi se signal at 80 dB HL.

5 Switch '"on'" and MOTOR 'on' on the Level recorder for

automatic recording. Wen the FREQ TUNNG control
I's tuned cl ockwi se from63 to 20 mmthe frequency dial
the FREQ RANGE switch automatically shifts to the
next range.

Note : Stop the MOTCRS once the full range is swept
and recorded on paper for white noise (6 ranges).

For narrow band noi se, stop the MOTCR once the
3 frequency ranges are swept i.e., the Central
range, one range belowit and above it.

6. The band width of the noise is determned by the 1/2

power points i.e., the |ower and upper frequencies at

which the intensity is decreased by 3 dB re peak intensity.
Qut out the paper where recordi ngs done. One the record-

ings, from"3 dB down points" draw 2 straight |ines ver-

tically. The frequency distance between the two gives
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t he bandwi dt h. For exanple, if the bandw dth havi ng
" 3 dB down points" of 100 and 6100 Hz, then the total

band wi dth includes 6000 Hz (B. W.

7. Then determne the Level per cycle (LPC): | evel Per

cycle = Overall intensity mnus 10 times the |ogarithm

of the band width.

For Example : the LRC of .white., noise would be, when

the band width 6000 Hz overall intensity = 80 dB

LFC = QA SL - 10 Log BN
LPC = 80-10 log 6000

= 80-37.8

=42.2 dB SPL

noi se

Applying the sane formula for a narrow band/with a
band wi dth 200 Hz, then LPC in :-

- LPC = OA -1010gBW
=80 - 101 0g 200
= 80 - 23
= 57 dB SPL.

(LPC of NBNis 14.8 dB greater than that of white noise)

8. Determne the Effective Masking level (Z or E L) as
foll ows:

(i) Find out the critical band width (GCBW) fromthe
data of Hawkins & Stevens, (1950). The data are
given in the appendi x I Refer table 4 .
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(ii) Find out_the energy in the critical band using
the formula..

Ein CB = LRC + 10 log CBW

For exanple, the overall intensity of 80 dB of white

noise and critical band (C B) at 1000 Hz, then energy in CB
woul d be:

EinCB=LPC+ 101 0g CB W
=42.2 + 18
=60.2 dB SPL

(iit) Fnd out the effective level (EL) of the noise
by using the fornula.

EL = LPC + 10 log GBW- Threshold is quiet. The
threshold is quiet is equal to the O dB SPL

given by ANSI S3.6 - 1969 (Refer table 1 in
appendi x 1).

Therfore EL = 42.2 + 18 - 6.5 (at 1000 Hz)
EL = 52.7 dB

The above formula nmay be rewitten as :
EL = Ein dB - threshold is quiet.

9. Find out the Masking factor (MF) as follows :

MF. =QASPL - EL

Wien QA is overall intensity level is the dial reading

whi ch was set to give the obtained overall SPL.
MF=80- 52.7
=37.3 dB
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Thus, we can find out the nmasking factor objectively,
once we find out the band w dth. The nasking factor val ue

IS used during clini cal maski ng.

Total Harnmonic D stortion neasurenents

Harmonic distortion is the result of the input signa
(fundanental ) bei ng peak-clipped, a process that transfer the
peak clipped energy into the frequencies which are nultiples

of the fundanent al

Harnmoni ¢ distortion can be expressed in two ways, one in
terns of percentage and the other in terns of dB, D stortion
factor neter neasures the harnonic distortion in terns of
per cent ages. Basi cally, harnonic distortion is determned
by introducing a pure tone at selected intensities and neasur -
ing via a coupler arrangenent the intensity of the harnonies
(multiple of the fundanental) of the input tone. The tota
harnmoni ¢ distortion in percentage for each intensity is then

calculated by the formula :

Pg + P2 + ....+3§
%harnoni ¢ distortion = 100 2 ==
P° + P> 4+ PZ 4+ P
- 2 3 n
Wen P1 = anplitude of the input tone fundanental and
P, ,P; ....P, = anplitudes of the various harnonies.

Har moni ¢ distortion when expressed in dB, it is the dB
di fference between the fundanental and its respective harnonics.
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Har noni ¢ distortion neasurements of puretones indica-
tes the purity of tones. The nmaxi mum perm ssible total
harnmonic distortion is 3% ANSI specifies (proposed, stan-
dard) that the sound pressure |evel of any harnonic of the
fundanmental should be atleast 30 dB bel ow the sound pressure

| evel of the fundanental .

Distortion can be nmeasured using either a frequency ana-
lyzer, distortion factor meter or a S.L. neter. Here distor-
tion measurenents using Distortion Factor Meter and S L. Meter

is dealt.

Pure tone : Total Harnonic Distortion Masurenent

Equi pnent required: 1 . Distortion Factor Meter (Sys-
tronics Type 811)
2. Sound Level Meter (B & K Type 2203)
3. Artificial Ear (B & K type 4152)

4. Condenser m crophone (B & K type
4144) .

Connecti ons

. Connect the mcrophone to the artificial ear

2. Then connect the artificial ear to SL neter

w

. Connect the QUTPUT of the SL meter to the | NPUT
of the Distortion Factor Meter (D.F.M using a
suitble cord.

Note : (i) Wile nmaking connections do not
tighten the screws wunduly hard.
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(ii) Keep all the test cords as short as possible
to avoid pick-up fromstray fields, which aff-
ects the nmeter readings.

(iii) Check the calibration of SL neter, before use
(See page 34) .

Pr ocedur e

Set the controls of the Distortion Factor Meter (D F.Mto:

PONER SW TCH " ON'
FUNCTI ON SW TCH "Set level™
RANGE SELECTCOR "100%

FI LTER SELECTCR " Nor mal "

(See the Fig 4- showing front panel of DF M

Set the controls of S L neter as follows :

(1) Pull out the KNOB 1 and set it to 'Linear'

(i) Rote the KNOB 2 until the nmeter deflection O and
10 dB i s obtained

(iii) |f necessary, rotate KHOB 3, anticlockw se to
obtain a deflection between 0 and 10 dB.

Plug in the audioneter and allowit to warmup for 5-10
m nut es. Then present the tone at a higher |evel (say

70 dB HL) at frequency 250 H, continuously.

Then, nake follow ng operations on D.F.M for total harno-
nic distortion (THD) neasurenents(See the figure 4 of

D.F.M.
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(i)"'First, get the full scale deflection or 100% on
the nmeter, by adjustments with the SENSITIVITY
SELECTOR (2) and VERNIER (1).

(ii) Set the fundanental fre0|uenc¥ of the input signal
b\& operating to FREQ RA ELECTCR (5) and the
FREQ. DIAL (3). For e.g., If an input signal is
250 H, set the FRI Q RA SELECTOR (5) to "x100"
and FREQ DIAL (3) to "2.5" on the circular scale.
Thus it is adjusted to the fundanental frequency
(2.5 x 100 = 250 H,) .

(ii1) Set the FUNCTION SWTCH (8) to "Distortion" node.

(iv) Adjust the RANGE SELECTOR (9) to give a convenient
readi ng on t he met er.

(v) Make the follow ng adjustnents to get the mninum
deflection in the neter

(a) adjust the FREQ DI AL VERNNER (4) to get the
m ni num deflection (by rotating i1t slightly
either in clockw se or anticlockw se direction).

(b) then adjust 'coarse' and 'fine' or BALANCE
control (6,7) so that you get still |ess and
| ess m ni mum deflection on t he met er .

(vi) Note down the distortion in percentage on the
meter with reference to the scale you had sel e—
cted for convenient reading.

(vii)After this, without fail, reset the FUNCTION

SWTCH (8) to "set level" and MANGE SELECTOR
to "100".

Repeat the same procedire given in the above step 4 to
measur e distortion at ot her f requenci es.

Note: (1) The maxi mum permssible THD is 3%for air condu-
ction calibration. For bone conduction, the
sane hol ds good but except at 250 H,, where allow
able distortionis 6 to 12%

(2) Use artificial mastoid for harnonic distortion
of puretones through bone vibrators.
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Speech i Total Harnonic D stortion Measurenent

Equi prent required: Use the sane equi pment set-up used
for pure tone : distortion neasure—

ment ,

Pr ocedur e

Set the essential controls on the Audioneter for speech

testing and intensity dial to 60 dB H..

| ntroduce a 1000 H, tone continuously, either through

m cr ophone, phonograph or tape input.

Adjust the input intensity level so that the VU neter

can be nonitored to zero.

Feed the output of the SL neter with "Linear" setting to

the INPUT of Distortion Factor Mter.

Garry out the same operations on the D F.Mfor distortion
neasurenents - as given in the step 4, in pure tone :dist-
orti on neasurenent (Page 62, 63).

Note that the output harnonic distortion should be
witten 3%

| MPCRTANT (i) Set the fundanental frequency to 1000 Hz
(1x1000kthzon the D F. Mbecause the input
s 1000

(ii) The calibration tones 1000 H shoul d not
have nore than 1% harnonic distortion
Therefore, first ascertainits purity



-65-

Pure Tone : Total Harnonic D stortion nmeasurenent : Using
SL nmeter wih octfave filter set.

Equi prrent required : 1. Artificial Ear (B & K type 41 52)

1

2. Condenser M erophone(B & Ktype 4144)
3. Sound Level Meter (B & K type 2203)
4. Cctave Filter Set (B & K type 1613)

Connecti ons

1. Connect condenser m crophone to artificial ear and
artificial ear to SL neter.

2. Connect SL neter to octave filter set.

Procedur e
1. Make the foll owi ng operations on SL neter with octave
filter sets
(i) Pull our KNOB 1
(ii) Mke calibration checks as outlined in page 34
(i) Set KNOB 1 to "Lin" position.

(iv) Rotate KNOB 2 clockw se until a neter deflection
between 0 & 10 i s obtai ned.

(v) Set KNOB 1 to "EXH Filter - slow'.

(vi) On octave filter set, Switch to "on".

2. Pl ace the earphone on artificial and set the audi oneter's
frequency dial at 250 Hz and intensity dial at high | evel
(say 70 dB H.) present the tone continuously,

3. Set the octave filter set's OCTAVE SELECTION to "250 Hz"

(Fundanental frequency).
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4. Rotate the KNCB 3 counter clockw se to obtain a deflec-
tion between 0 and 10 dB, Not e down the reading on the
nmeter dB scale plus with the value shown in the red cir-

cle. This is the SPL of the fundanental frequency (SPL.
F.F).

5. Then set the OCTAVE SELECTION to '500 Hz' (2nd harnonic)

Keep frequency and Intensity constant. Then find out

the SPL wof the 2nd harrmonic (SPL Hz) .

6. See whether the SPL of the 2nd harnmonic is atleast 30 dB

| oner than the SPL of the fundanental.

7. Simlarly, check the SPL at the 3rd harnmonic ie., 1000 Hz
(SPLig) .

8. Note: 1. The difference between the SPL of the funda-

mental frequency and its harnonics should be
atl east 30 dB.

2. It is not necessary to find the SPLs for next
har noni cs. Measure at 2 and 3rd har nonics.

Time calibration neasurenents

Ti me nmeasurenents includes tenporal paraneters and phase

of the signal. Here, only calibration neasurenment of tenporal
paraneters i s considered,

"Tenporal characteristics in an auditory paradigmrefer to
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the events of the signal set with regard to tinme" (Drks DD
et al, 1976). The various tine paraneters of signal sets
are for exanple: R se - decay tines: period; duty cycle and
equi valent duration. An illustration of various tenporal

paraneters are given in figure .. ... 10.

Period of the signal set is conbined on and off tines.
Duty cycle of the signal paradigns involves two paraneters
i.e., (on-tinme/period) x 100. Equivalents duration (T) is
expressed by T=2/3r + p where 'r' is the rise or decay
times and 'p' is the duration at the peak intensity, Thi s

Is a useful nethod of specifying the signal duration.

R se and decay tines are usually controlled by interr-
uptor smth, Ri se and decay tine refers to the tine requ-
ired for a tone to reach its maximumintensity of the onset
(rise) and to reach its mninumintensity after off-set

(decay). R se and decay tine are usually defined in msec.

ANSI (S3.6-1969) specifies that the time required for
sound pressure level torise from- 20 dB to -1 dB shoul d be
within 20 to 100 msec and the tine required for the sound pre-

ssure | evel to decay by 20 dB should be within 5 to 100 M sec,

Figure 11 shows equal rise and decay tinmes of a
pur et one. There should be no unusually long rise and decay

tinme (Pigure 12 ). Further, there should be no overshoot of
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the tone (Figure 13). fhe short rise and decay tine
(less than 5 msec) introduces "Aick" or "Splat"” sound at

the onset or at the termnation of the signal (fig 14)

Carhart and Jerger (1959) pointed out that slowrise
time may fail to elicit maxi numoneffect of the hearing
mechanismand results in a poorer hearing threshold, And
overshoot may result in better thresholds. Therefore,the
preci sion of signal presentation is very critical for accu-

racy in audionetry.

Tone Interrupter Switch Calibration check

Interrupter switch controls the rise and decay tines
of the tone, when it is pressed and stopped respectively,

That can be checked as foll ows :

Equi prrent required is.

| evel Recorder (B & K type 2305)

1. Connect the audioneter output directly to the
| NPUT of the |evel recorder.

2.Set the controls on the | evel recorder to:

POTENTI OVETER RANCE " 50 dB"
RECTI FI ER RESPOVSE " RVB"
LONER LIM FREQ. "2 Hz"
WR TI NG SPEED " 100m sec”
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PAPER SPEED "30 mm sec?
PONER " ON'
MOTOR " ON'

With this setting, the calibrated paper will be moving.

3. While the paper moving, press the interrupter,
present the tone for a few seconds and release it.

Accordingly the Recorder, automatically records.
Ad you will find the patterns showing temporal

parameters of the tone presented as shown in the
figure 10 _.

4. Stop the signal and stop the "MOTOR', after getting
a few similar recordings.

5. Fom the recordings, find out the rise-time and
decay time as follows:

a2 af ; :

'

1 ]
i ’-1 "7:““—" 4 2 *-*—-été—aig,-p-j

As shown in the figure above draw two straight |ines
from the peaks, on the recordings Mark length 1, 1,, and 1;
and nmeasure the lengths in mllineters using a scale. Not e

down the paper speed used.
Rise time = length 1; ygec
paper speed

Decay tine = l ength 13 pgec
paper speed

If the rise and decay times does not agree with the stan-

dards, the interruptor switch to be replaced or repaired .
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Short increment sensitivity index(SISI) Unit:
cal i bration check.

The validity of the SISI test depends on the precision
of SISI pulse presentation. Its tenporal paraneters can be

very critical In di agnostic audi onetry.

The SISI pulse - tone

The SISl pulse 50 m sec as its rise and decay tine. Its
peak duration is 200 nsec. The anplitude or the increnent
should be 1 dB HL fromthe carrier-tone intensity |evel. The
time interval between two SISl pulses is 5 seconds. The cali-
brati on nmeasurenent procedure is sanme as given for interruptor
switch calibration. The recordings of the standard SISl pul se

tone wll be simlar to the figure 10 .

| MPORTANT: 1. Check the intensity increnents to see if
the dial readings (1 through 5 dB) are
accur at e.

2. Check the output |evel at each frequency
and at each increnment setting.

3. Be certain about the danping characteristics
of the level Recorder. If the SISl unit does
not produce increnents of precisely 1 dB at
the point indicated on the dial, and if there
Is a variable potentioneter dial to contro
the output increnents, mark the SISl dial to
show the setting needed for the 1-dB increnent

4. Listen to the unit to nake sure there are no
clicks or other distorting influences.
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Al ternate Bi naural Loudness Bal ance (ABLB) units
Cal i bration Check.

Procedure for calibration neasurenent is sane as given
for interruptor switch calibration check (See page 68 ) when
the audioneter is set to ABLB unitv automatically the tone is
presented to both the earphones, alternately. The peak dura-
tion of the tone in each earphone will be 400 m sec wth 30
EU sec rise decay tine. Wien the signal is displayed on the
recordi ng paper, find out whether the tenporal paraneters of

the tone is in agreenent with the above given val ues.



Appendi ci ses



APPENDI X |

1. Anerican National Standard Specifications for Audio-
meters (ANSI S3. 6-1969) - Appendi x 'D Reference
rhreshol d Level s for Air- Conduction.

The reference threshold | evel s recommended by | SO 1964
(and now adopted by ANSI) differ considerably fromthe Ane-
rican Standard Specification for Audioneters for Ceneral
D agnostic purposes, Z24.5-1951. Table G shows bath these
values in terns of the Western H ectric 705-A ear phones and
the 9-A coupler (the associated condenser m crophone being
used without a protective grill). The nunerical val ues
given in the 1951 specification have been shifted by 74 dB
to put themon the reference basis of 0.0002 m crobar, and
have been rounded off to the nearest 0.5 dB to accord wth

present nethods of representation.

Reference Threshold levels

Frequency 1951 ASA 1964 1SO Differences
125 54.5dB 45.5dB 9.0 B
250 39.5 24.5 15.0
500 25.0 11.0 14.0

1000 16.5 6.5 10.0
1500 (16.5) 6.5 (10.0)
2000 17.0 8.5 8,5
3000 (16.0) 7.5 (8.5)
4000 15.0 9.0 6.0
6000 (17.6) 8.0 (9.5
8000 2.0 9.5 11.5

The figures in parentheses are interpolations.



2. ANSI S3.6-1969. Article 4.1.4.3: Accuracy of Sound
Pressure Level s.

The sound pressure produced by an earphone as referred
to the standard reference level shall not differ fromthe
i ndi cated val ue of sound pressure |evel at any readi ng of
the hearing threshold | evel dial by nore than 3 dB at the
i ndi cated frequencies of 250 to 3000 Hz inclusive, by nore
than 4 dB at 4000 Hz, not by nore than 5 dB at frequencies
above or belowthis range. Measurenents for conpliance with
this requirenent may be nmade by conbining an acousti cal
nmeasur ement of sound pressure level at a 70 dB setting with

vol t age neasurenents at ot her settings.

3. | SO Recommendation - R 389, 1964 : Standard reference
zero for the calibration of pure-tone audi oneters

This recommendati on specifies a standard reference zero
for the scale of hearing threshold | evel applicable to pure-
tone audi oneters, which it is hoped will help to pronote agree-
ment and uniformty in the expression of hearing threshold

| evel neasur enent s t hr oughout t he wor | d.

The reference zero is expressed in terns of earphone -
coupl er conbinations that are national standards in various
countries. It is an average of fifteen determ nations from
various | aboratories, prepared by the Technical commttee | SO

TC43, Acousti cs.



reference equivalent threshold Sound Pressure Levels.

The followng table (fable Z) gives the recomended

Table 2

Ref erence equi val ent

threshold sound pressure

Frequency levels relative to 2x10° N/ n? (2x10* dyn/cnf)
Hz (c/s) Deci bel s.
125 44.5 47.5 47.0 45.5 55.0
250 27.5 28.5 28. 00 24.5 33.0
500 11.5 14.5 11.5 11.0 14.5
1000 55 8.0 5.5 6.5 8.5
1500 4.5 7.5 6.5 6.5 8.5
2000 4.5 8.0 9.0 8.5 9.0
3000 6.0 6.0 8.0 7.5 10.5
4000 8.0 5.5 9.5 9.0 11.5
6000 17.0 8.0 8.0 8.0 18.5
8000 14.5 14.5 10.0 9.5 9.5
Pattern of Audio 15 Beyer S.T.C W E. T.D. 6
ear phone DT 48 4026. A 705- A
Type of CNET | BS type BS 2042 NBS type U3 type
artificial artifi- 9-A coup- artifi- 9-A artificra
ear or cial ear ler (wth cial Bar coupl er ear
coupler PTB adap-
ter)
Country of France Ger many Uni t ed U S A US SR
origin of Ki ngdom

dat a




4. ISO 1.967 Supplement to 1SO R.389 : Standard reference
zerofor thecalibration of pure-toneaudiometer s

Additional data in con.junction with the 9-A coupler

This supplement gives the corresponding reference
equivalent threshold sound pressure levels for eleven
audiometric earphones referred to a single type of coupler,
namely/ the National Bureau of Standards (\BS Type 9A

coupler. This was prepared by working Group | of ISO/TC
43.

The following table (Table 3 ) gives the reconmended
ref erence equival ent threshold Sound Pressure Levels in

the 9-A coupler.



TABLE 3

Ref erence equi val ent threshold sound pressure

Frequency level s relative to 2xI O®N nf(2xI 0* dyn/cn?)
deci bl es
125 48.5 47.5 51.0 45.5 54.0 44. 0 44.0 46.5 46.5 51.0 45.0
250 28.0 28.5 30.5 24.5 32.0 25.0 25.0 26.0 26.0 28.5 25.5
500 12.0 14.5 13.5 11.0 14.0 11.5 11.0 10.5 11.0 10.0 11.5
1000 6.5 8.0 6.5 6.5 8.0 6.5 5.0 5.0 7.0 6.0 7.0
1500 7.5 7.0 6.5 8.0 5.5 5.0 7.0 6.5 6.5
2000 6.0 8.0 7.5 8.5 9.5 7.5 8.5 7.5 9.0 6.5 9.0
3000 8.0 6.0 8.0 7.5 10.Q 8.0 6.5 10.0 9.0 10.0
4000 3.5 5.5 105 9.0 11.0 9.0 13.0 13.0 13.5 9.0 9.5
6000 14.5 8.0 13.5 8.0 17.5 17.0 11.0 8.5 18.5 15.5
8000 12.0 14.5 20.5 9.5 12.5 13.0 9.0 13.0 11.0 14.0 13.0
*Pattern Audio Beyer STC WEWE. T.D6 Permo-  Permb— Perrno Perrno Perrno Tel ephoni es
of 15 DT48 426A  705-A fl ux fl ux fl ux fl ux flux TDH 39
ear phone with PDRS PDR1 PDRL . PER 1 PDR 10
flat MX41/ AR Maico  ADC MX41/ AR MXy / AR Cushi on
cushi on cushi on Dough- cast Cushion Cushion
nut
cushi on

*For these data to be valid the earphone is placed both on theear and on the coupler with itsear-
cushion'wth one excepti on. When calibrating the Beyer DT 48 earphone ort the 9-A coupler, the
cushionis renmoved and an adapter/ described by MassH; and Diestel HG, in Acousticas; 9 61 (1959)

I s used.



7. The critical band width's from the data of Hankins
and Stevens (1950) are 4w in the following table.
(Cit. JW. Sanders).

Table 4
Critical Bandwidths for 11 test frequencies
Cont et Citical Band width ( CBW
Fr equency
In Hz 10 | og CBW

125 70. 8 18.5

250 50 17

500 50 17

750 56. 2 17.5

1000 64 18

1500 79.4 19

2000 100 20

3000 158 22

4000 200 23

6000 376 25.75

8000 501 27




APPENDIX 11

Audi onet ers Date

Ear phone .. ... . . . . Calibrated by

Bae vibrator

FHequency Hz 220 500 1000 2000 4000 6000 8000

Air Condu- Right
ction

L eft

Bone con-
duction

Hg 1 correction sheet for audiometer.




Audi onet er: Ear phone: Channel : Pl ace:

Cali brated by: Dat e: Equi pnent :
FREQUENCY 125 250 500 750 1000 1500 2000 3000 4000 6000 8000
| . SPL*

2+ Audi onet er
Di al Read-

i ng.

3.Line 1 M nus
Line 2

4. Equi prent &
M ke correct

5. Line 3
m nus Line 4

6.5 10.0

6. ANSI -TDh-39 45.0°>° 11.5 ®° 7.0 90 95 15.5 13.0
ANS| -TEH- 49 47.5 13.5 7.5 11.0 10.5 13.0
26.5 8.5 7.5 9.5 13.5

7.Line 5
m nus Line 6

8. CORRECTI ON

F13- 2

Cal i brati on worksheet for audi oneter earphones (*) SPL = Sound Pressure
level in dB re 20 Pa. (**) ANSI-TEH 39 proposed ANS1-69 threshold

val ues for TEK-39 earphones in MX-41/ AR cushions. (***} ANSI-TDH 49
proposed ANSI-69 threshold values for TDH 49 earphones in 7X-41/ AR
cushions ('''} Correction-rounded to the nearest 5 dB: - = audi oneter
weak, make threshold better. + = audioneter strong, make threshold
poorer, (W ber L. A 1978).



Audiometer: Channdl: Vibrators

Place: Calibrated by: Date:

Equipment used: . +B & K Mastoid.

FREQUENCY 250 500 7950 1000 1500 2000 333D 4000

Voltage
reading:

1. dBre 1
dyne

2 HAEKCEOM BRK
Mast.Correct* +1.0 +9.5

3. Line 1 minus/
plus -Line 2

4. Audiometer
Dial

5. Line 3 minus
Line 4

GaMASTOID Bone

41.4 30.7 19.3 16.9 154 8.1 6.6 11.2
6 FRONTAL Bone
54.9 45.7 31.8 26.9 244 16.6 14.1 17.7
7. Line 5
Minus Line
6

8. CORRECTIONS**

Fig. 3

Calibration sheet for bone vibrators (*) Corrections specific to
HACM B & K mastoid (B& K Modd 4930 S.N. 331268} () Threshold
for MASTAD placement of RE B 70-A re ANS S3,13-1972 norm incor-
porating Wilber B& K corrections (Journal of the Acoustical Society
of America, 52, 1265,1972) (") Threshold for FOREHEAD placement of
RE B-70-A re ANS S3.13-1972 Nom incorporating B & K corrections
(Journal of the Acoustical Society of America, 52,1265,1972)(**)
corrections rounded to nearest 5 dB: += strong ,make threshold




Audi onet er : Pl ace: Dat e:

TRANSDUCER EARPHONES BONE VI BRATOR LOUDSPEAKER
CHANNEL I I | Il I I
EAR Rt . Lt. Rt . Lft. Rt. Lft. Rt. Lft.
125 47.5

250 26.5 41.4 15.0

500 13.5 30.7 9.0

750 8.5 19.3

1000 7.5 16. 9 3.0

1500 7.5 15.4

2000 11.0 8.1 -3.0

3000 9.5 6.6

4000 10.5 11.2 -4.0

6000 13.5 X

8000 13.0

Spee-20.0 29.4 13.0

VWite 20.0 13.0

Noi se

Speech

Spec- 20.0 13.0

trum

*\War bl e tone

%)
§ S
m
T =
L
[a
= o @
o
o o
© r~ A
L
1 i &)
@) 3 on
Z Z aj
< <

Hg4 Monthly calibration check summary
(Wlber L.A, 1978)



1.
*2.
*3.
*4.

*5.

*6.
*7.

*8.

*9.

10.
11.

12.

13.

Check list for daily and weekly exam nation of
Audi onet ers.

d ear the equi pnent and exam ne for danage.

Switch on, allowwarmup, adjust according to nanual .
Ear phone serial nunbers tally wth equi pnent.

Switch knobs are secure ; Switches operate snoothly.

Lanps and indicators (For eg. SISI Pul se Indicator,
V.V. neter, digital read-outs) function correctly.

Patient's signal system operate correctly.

Check battery state whether sufficient to run the
audi onet er .

Threshold | evel s are subjectively correct for :
(a) Air conduction

(b) Bone conduction

H gh level listening test satisfactory on :

(&) Air conduction

(b) Bone conduction

(c) Masking (including insert)

(d) Loudness bal ance

(e) SISl

(f) QGther function

Attenuators are silent and attenuate over proper range.

Noi se or hum and unwanted (entraneous) sound |evels are
adequately | ow.

Radi ated noise frominstrunent is inaudi ble at the
patient's position.

Speech circuits (if provided) operate correctly.



14,

15.

*16.

Vi

gggpegands are in good condition and tension are

AutPnatlc audi onet er s) N@chanlcal OP ations, |ncI d-
|ng swi t ches and ﬁgency C eg are’ sati sfa-
rg |se rominstru s inaudible at the
patient's position.

%%ﬁ%en%ghenPntrOIS to Q1o sl Rggratlng positions for

The tests marked with an astrick are recommendation for

daily check procedures. O her checks may be perforned at
weekly intervals.
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