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EFFECT OF DAMPERS ON ELECTROACOUSTI C CHARACTERI STI CS OF
BEHI ND- THE- EAR HEARI NG Al DS
| NTRODUCTI ON
Acoustics is defined as the science of sound. This science
of sound captures our attention, when conmunication is involved.
Sound transm ssi on has an inportant role to pl ay in
communi cation. This is extremely so in the rehabilitation of the

hearing i npaired.

VWen we think of the rehabilitation for the heari ng
inpaired, the first thing that strikes our mind is the hearing
ai d. Hearing aid is an electroacoustic device which aids in
anplification of sounds. There are various types of hearing aids
which can be worn, and body level- hearing aid, behind-the-ear
hearing aid, In-the-ear hearing aid are sonme gross categories.
Having a hearing aid is not sufficient enough. One needs to have
a coupling device which enables the receiver of the hearing aid
to sit in the ear. This coupling device is ternmed earnold.
Earnol d, though it seens insignificant when conpared to a hearing
ai d, research have shown that quality of sound output from
hearing aid can further be nodified at the level of ear nold.
These techniques involving the principle of acoustics have been
knowmmn to the scientists for over a century and to the industry

for decades but have only recently been put to use.

For the researcher and dispenser, as reported by Gerling
[ 1981]* the new earnold technol ogy has sonme basic phil osophic

consi derations. They are:
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1. To preserve the normal eardrum - freefield transformtion.

2. To preserve the bal ance acoustically between the high and | ow
frequencies in normal speech spectrum

3. To extend the high frequencies in wearable hearing aids.

4. To mnimze and / or elimnate the standard peak in the
hearing aid responses at 1000 - 1500 Hz for nmany mld and
noder ate | osses.

5. To gradually slant upwards the frequency response of a hearing
ai d.

6. To keep the output of a hearing aid wthin the <client's

dynam c range.

These are acconplished by adjusting the frequency response
of the hearing aid with special attention to the ear nold and
assisted plumbing. Individual adjustnments to low, md and high
frequencies wth the use of venting, danping and horn effects

respectively can be made.
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Fig.l. Earnold nodification and frequency of interest.



Among the nodificatidns, of interest wwth respect to the
present is the acostic nodifications of the ear nold or the
coupling device of the hearing aid to the ear. This interest s
further restricted to the use of danpers in the coupling device

and used with respect to the behind-the-ear hearing aids.

The aimof the present study is to use inported danpers of
di fferent speci fied values and study their ef fect and
effecti veness on the el ectroacoustic characteristics of behind-

t he-ear hearing aids.



REVI EW OF LI TERATURE

As seen in the previous section, individual adjustnents to
low, md and high frequencies can be made with the use of

venting, danping and horn effects respectively.

VENTI NG  Earnold venting appears to have been wused first by
Grossnman [1943]* in conmbination with button receiver system as
reported by Lybarger [1985]. Vent is defined as the opening from
the surface of an earnold to its sound input channel. It is an
intentionally produced |eak. [Langford, 1975 cited 1in Pollack
1975] .

PURPOSES: a. Baronetric equalization.
b. Elimnates blocked up feeling in the ear.
c. Ventilates ear canal, alleviates disconfort, heat
and hum dity.
d. Reduces occlusion by earnold.
e. Inproves sensitivity.
f. Radical nodification of frequency response - |ow

frequency reduction.

ACOUSTI C DAMPING  Tubing resonance and Helnholtz resonance
[ produced by the acoustic conplience of the air cavity in front
of the hearing aid receiver] causes sharp peak around 1000 Hz in
the output of the behind-the-ear hearing aids as neasured in 2cc
couplers and 2000 Hz or higher for |In-The-Ear hearing aids

[ Ski nner, 1988]*. These can be excited by sharp transient sounds,



causing a ringing or echoing sound. Various acoustic resistance
or danping elenments have been used to snmoothen the frequency
response of the hearing aid - earnold systemand to control gain

and saturation output.

The effect of acoustic danpers on the hearing aid response

are determ ned by:

1. The value of the acoustic resistance, higher value causing

nore flattening of peaks.

2. The nunber of danpers used.

3. Location of danper [ s] in t he acoustic transm ssi on
system [ Lybarger, 1985] Killion[1977]* and Cox[1979]
reported that an acoustic danping elenment can only dissipate
energy when there is air flowng through the elenent. As the
air flowing through the element increases, the effectiveness

of the danping increases.

Cox[ 1979] has pointed out that for wavel ength resonances the
anti node of the standing waves in a tube represents positions of
maxi mum air flow, the location of which for a given frequency and
l ength of tubing can be mathematically calculated. Wth this, one
can bring about a selective reduction in resonance peaks at
certain frequency by placing the danmping element at the antinode

| ocati on of unwanted resonance frequencies.



Killion[1977]* reported that for danping to occur t he
acoustic danmping elenent should have a characteristic or surge
i npedence equal to that of the earnold tubing. A danping elenent
that has a resistive value equal to the surge inpedence wll
properly termnate the transmssion line [that is, hearing aid or
earnold tubing] resulting in absorption of all incidental energy
thereby avoiding the reflections of energy which are basically
responsible for the resonant peak. The energy reflected at the
poi nt of inpedence discontinuity creates standing waves and the
consequent wave |ength resonances. If the energy is conpletly
obsorbed at the end of the tubing line, no reflection and no
st andi ng wave occurs. Additionally, when the t ubi ng of
anplification systens are properly termnated, the transm ssion
of sound down the tube is nearly independent of the length of the
tubi ng between the hearing aid receiver and the

danpi ng el enent.

Chasi n[1983] stated that the exact positioning of resistor
in the tubing is not clinically significant as long as it 1is

within 5mm of the target position.

The resonance frequency of a tube open at one end is
f= [2k - 1] v/41
where v= velocity of sound,
1= effective length of earhook- tubing path and k is

nmode of resistance.



eg; If 1=75mm the first 3 nodes of resistance are

f k=1 = 1100 Hz; fy=» = 3300 Hz; f (-3 = 5500 Hz.

Fig. 2.

Vol ume velocity 1is greatest at a point where there is an
antinode [or loop] in standing wave pattern. Geater the volune
velocity, more effect will the acoustic resistance have [ie]

resistance will have little effect if placed at noded position.

Chasin[1983] also state that Acostic resistance primarily
affects or danps the |1 O0OHz peak, both in frequency response and
SSPL 90 curve. This allows the user to turn up volune control and
make nore wuse of other gain that hearing aid has to offer,
especially in high frequency region. Also, danping SSPL 90 allows
the aid to be set at a higher MPO level. It allows the wuser to
have slightly nore gain w thout danger of tolerance problem This
elimnates peak clipper or AGC circuit which creates distotion
and nore adverse SN ratio. Thus it can be used as an efficient

output limting system



DAMPI NG ELEMENTS:
The resistive or danping elenents include the foll ow ng:
a] Lanb's wool,

b] Sintered filter,[sintered metal pellets],

c] Cotton,

d] Fused plastic nesh etc.

Lanb' s wool :

Inserting lanb's wool in the tubing or nold of the coupler
system can be one nethod of danmping [Langford 1975]. Geater the
density of packing, greater is the danping effect.

Sintered filter:

As reported by Decker [1974],* Langford* [1985], an
alternative nmethod of controlling the spectrum by nechanica
means s to use sintered filters in the tubing. These are snal
cylinders of stainless steel balls sintered together [welded] in
such a manner that predicts the degree of acoustic attenuation
that can result. They are used to reduce |ower portions of speech
spectrum [H & F2] with mninmal effects on high [F3]. These are
considered to have a repeatability of +/-1 dB for sane basic

frequency response.

George and Barr - Ham ston [1978] also reported that for
earnolds provided wth high gain hearing aids, the blocked
sensation can be renoved wthout altering the output and

occurance of acoustic feedback using sintered venting.



Fig.3.Effects of sintered filters on heraing aid response.

O her danpers: Acoustic danpers have been successfully made from
discs wth a smll holes(s), fine mnmetal screens and porous
stainless steel plugs. The type that has found greater use in
recent years (Knowe's BF series) is nmade fromvery fine fused
plastic mnesh nounted in a small netal ferrule (ring) which fits
into No.13 tubing. Danpers of this type having resistance val ues
of 680, 1000, 1500, 2200, 3300 and 4700 (Cgs) acoustic ohns are
currently avail able (Lybarger, 1985).

To obtain optiml response snoothening in a particular
frequency region, the dispenser identifies the frequency of the
unwant ed resonant peak, calculates the surge inpedence of the
tubing (1400 when No.13 tubing is wused), and places the
appropriate danping elenment at the desired antinode location in

the tubing. Killion(1977)* reports that this process nay be



simplified by placing two appropriate danping elenments 20 & 35mm

back fromthe tip of the earnoul d.

Ski nner (1988) reported that some manufacturers use a single
680, 1500, 2200 acoustic ohnms danpers in the earhook rather than
near the earcanal because the noisture from earcanal can clog the
danper and cut off the sound. When the danper is placed at the
tip of the earhook, there is little effect on the resonant peak
at 2000 Hz because of the danpers |location at 1/4 wavel ength node

(Lybarger, 1985).

Ot her properties: In addition to snoothening the resonance
peaks, in the output of the anplification system which often
reduces patient's conplaint assisted with tolerance problens,
this can reduce feed back problens which may be assisted wth

sharp peaks in the output of the system (Killion, 1980).

In a recent study, Cox and G I nore(1986) found that eight
out of ten hearing inpaired listeners found hearing aids wthout
danpers to produce slightly clearer, nore pleasant sounding
speech than those wth danpers. Though further research is
i mpl i cat ed, this suggested that acoustic danpers did not

necessarily inprove sound quality.



MVETHODOLOGY

Sel ection of Hearing aids:

A total of ten hearing aids were taken for the study. Al |
these hearing aids were Behind-the-Ear type of hearing aids.
These hearing aids belonged to the used group as they were
collected from hard-of-hearing children attendi ng speech therapy
at a Speech and Hearing Centre. The hearing aids selected were

both from Indian and foreign manufacturers.

Sel ection of danpers;

A total of nine sintered filters were selected as danpers.
These were inported from Hal -Hen Conpany, Inc., US. A who are
one of the |I|eading manufacturers of earnmould materials and
acoustic nodifiers of earmoulds. These danpers had specific
acousti c ohm values or attenuation in dB values, which are shown

in the Tabl e-1.

Type of sintered filter Acoustic Resistance in Attenuation in

ohns dB at 1K
White (W) 680 —
Geen (4d) 1500 -
Yel l ow (VY1) 4700 -
Orange (01) - 3 dB
Geen (@) - 6 dB
Brown (BR1) - 9 dB
Yel | ow (Y2) - 12 dB
Gey (&R) - 15 dB
Red (R) 18 dB

TABLE 1: Showi ng acoustic ohm attenuation in dB val ues of danpers



Test Envi ronnment:

Tests were carried out in an air-conditioned sound treated
room The anbient noise levels inside the room were wth in

permssible limts.
| nstrument ati on

1. Hearing aid test system (Fonix 6500)
2. 1/2" test m crophone

3. 2cc couplers HAl and HA2.

The instrunents were connected as shown in Appendix-A.
Inside the hearing aid test box (Fonix 6500) the different

connecti ons nmade were, as follows.

(a) The test mc was kept at the left side of the reference point

(ring).

(b) The test mc was connected to the 2cc coupler (HA2) which was
connected to the hearing aid by neans of an adaptor. The
hearing aid was given a constant power supply of 1.5 volts

fromthe inbuilt power supply through battery substitution

pills.

(c) The test mc was connected to the 2cc coupler (HAI) to which
the earnould was coupled. To the tip of the tubing of the
earmould the ear hook of the Behind-the-Ear hearing aid was

attached. Again the power supply was fromthe test box.



(d) The test mc was connected to the 2cc coupler (HAL) to which
the earnold was attached. Different danpers were inserted
into the tubing of the earnold and the earhook of the hearing
aid was connected to the tubing in such a way that the danper

was in contact with the tip of the ear hook.

Sone constants nai ntai ned:

1. The length of the tubing.

2. The depth of insertion of the ear hook into the tubing of the
ear nol d.

3. The placenent of the mc of the hearing aid within the hearing
aid test box.

4. Al dinmensions of the earnold including the Ilength of the
sound bore and dianeter of the sound bore.

5. The voltage to the hearing aid by the use of inbuilt power
supply in the hearing aid test box.

6. The voltage to the instrunment by the use of vol t age

stabilizer.

|. LOUDSPEAKER

6 2. HEARING MD
oveR THE
REFERENCE POINT

3 HAR Cc COUPLER
[? . A- MICROPHONE

3 2 5. PREAMPLIFIER
6. Resgrenct FOINT

FONIA‘

—

Mesure

Block diagram of hearing aid test system.



Phot ogr aph 1. Showi ng ear nolds with sintered filters

Phot ogr aph 1. Showi ng connections within the hearing aid test
system



Phot ogr aph 3. Setup of instrunents

Phot ogr aph 4- Di splay of Elector Acoustic Characteristics.



PROCEDURE
Calibration and Leveling:

Calibration was done before the instrunent was used for the

present study.

The sound chanber |id was opened and the instrument was kept

on for around 30 mnutes for allowing the instrument to warm up.

Level ing was done every tinme the instrument was switched on
by placing the mc on the reference point and pushing the "level"
button, the sound chanber was calibrated for consistent test

results.

The el ectroacoustic characteristics of the hearing aid was

measured under 3 conditions,

Condi ti on-1:
The el ectroacoustic characteristics nmeasur ement s wer e
obtai ned using the hearing aid directly coupled to the m crophone

with the help of an adaptor and 2cc coupler (HA2).

The hearing aid was kept at "M position. The power supply
was given to the hearing aid from the inbuilt power supply
through battery substitution pills. The volune control on the
hearing aid was turned to "Full-On" position and the hearing aid
m crophone was kept at reference position. The 1lid of the
hearing aid test box was cl osed. I S node was sel ected by pushing

"I'S" button. The screen displayed the maxi num sspL 90, HFA SSPL
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90, and HFA-FQOG val ues. Then the vol une control of the hearing
aid was adjusted so as to match the reference gain displayed on
the screen. Thus the Reference Test Gain (RTG was neasured.
Then by pressing the "Continue" button the test was proceeded and
the values of frequency Ilimt, Fl and F2, Harnonic distortion at
500Hz, Harnmonic distortion at 1 KHz, Harnonic distortion at
1.6KHz, differential frequency distortion at 1.6KHz, Equival ent

| nput noi se and current drain were obtained.
Condition-11:

The neasurenents were done in the sane way as done for the
above condition but the connections in the hearing aid test box
were different. Here the hearing aid was connected to the
earnol d which was connected to a 2cc coupler (HA) by neans of a
clay (Funtak). The m crophone was connected to the 2 cc coupler
(HA).

Condition-111:

The sane neasurenents were done here also but the danper was
inserted into the tubing of the earnold in addition to the
connections nentioned in the condition-I1. This was done by
using a different danpers specifications of which were nentioned

earlier.

This was done for 10 different Behind-the-Ear hearing aids.
The el ectroacoustic characteristics thus neausred are defined in

Appendi x- B.



RESULTS AND DI SCUSSI ON

The purpose of the study was to conpare the effect and
effectiveness of different inported danpers on electroacustic
characteristics of Behind-the-Ear hearing aids. As nentioned in
the previous section fourteen electroacoustic characteristics
were neasured for eleven conditions which included no earnold
condi tion, with earnold but nodanper condition and ni ne
conditions conprising of nine different danpers inserted into the
ear nol d. The data was tabulated for each el ectroacoustic

characteristic, for ten hearing aids and el even conditions.

On subjecting these fourteen el ectroacoustic paraneters, to
ANOVA (Analysis of variance), it was found that seven paraneters
were significant at 0.01 level while other seven paraneters were

not significant. The Table- 2 indicates the results of ANOVA.

Paranmeters significant Paranmeters not significant

Har nonic Distortion at 1.6K
Differential Frequency
Di stortion

Equi val ent | nput Noi se
Current Drain

1. OSPL 90 (Max) 1. Reference Test Gain

2. OSPL 90 (HFA) 2. Use Gain

3. HFA FGG 3. Harnonic Distortion at 500 Hz
4. Frequency Limt 4. Fl

5. Harnmonic Distortion at 1KHz 5. F2

6. 6.

7. 7.

TABLE 2: Indicating significant and non-significant parameters.
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This indicates that the electroacoustic characteristics
Ref erence test gain, use gain, harnonic distortion at 500Hz, FI,
F2, equivalent input noise and current drain are independent of

t he danpers.

Ef fectiveness of the danpers were determined by wusing the
nmean and the t-test scores. The findings are depicted in the
Table-3. In this table the conditions conprising of the danpers
inserted into the earnmold system have been arranged in a
hierarchial manner with' the rating | indicating the nost

ef fecti veness.

vl

© Rating O5PL 90 {Max} CSPL Fi {MFA} HEA FOG Frequersy Limit ¥.0. ac 1KHz H.D. at 1.68K#z D.F.D. at i.6KH2
L Rl 2l Rl , Rl Wi, &1, ol, Wl. Gl. o1, Wi, &1, oOl,
G2. Y1, ¥2, G2, ¥l, ¥z, G2, tl. 12.
Il ZRl* SAL,ER1. ¥}, ¥2 GRY BRY* Grl., 3rR1, E1. GrRi1, BRLl, AlI. GRl. BRl, ?1.
111 f1, ¥, GRL a1 1,172,381 Y1,Y2.6R1 Yo significesz Mo signifisans  He sisnificen:
cillerence differwnce difference
Iv oL, G2 G2 0l, G2 a1, G2 in T-tast feor in T-test I in T~cesz for
the mean values the pean vaiies the mean values
¥ Gl al Gl Gl

WL Wl Wi Wl

Tabl e 3. Showi ng the order of effectiveness of danpers.

The effectiveness determned in ternms OSPL . 90(Max) (refer
OSPL 90 WMax colum of Table-3.) correlated with the acoustic
resi stance or attenuation in dB values of the danpers. However,

t he effeciveness of danpers Orange (01) and Green (&) were found



to be sane as, no significant difference was found between their
means from the t-test scores. Simlarly danpers vyellow (Yl),
Yellow (Y2) and Gey (GR) were found to be the sane in
ef fectiveness. In the table, BRI is indicated by Asterick (%)
because it was significantly different only at 0.05

| evel (Table-F ).

For OSPL 90(HFA), it was determned that the effectiveness
of danpers again correlated with the acoustic resistance or
attenuation in dB values of the danpers. (For order of
effectiveness refer OSPL 90(HFA) columm of table-3). Here it was
found that though there was a difference in the nmean values of
danpers Yellow (Yl), Yellow (Y2), Brown (BR') and Gey (GRl),
t-test showed no significant difference between them Hence
t hese four danpers were grouped together inplying that they were

equal in effectiveness.

The HFA FOG paraneter had the order of effectiveness for
danpers which also correlated with the acoustic resistance and
attenuation in dB values of the danpers. (Refer to HFA FOG col um
of TAble-3). Here it was found that, though a nean difference
exi sted between the values obtained by using Orange (01) and
Green (G2), no significant difference was found in t-test scores.
Hence 01 and & were found to be equally effective. Simlarly
Yellow (Yl'), Yellow (Y2) and Brown (BRI) were found to be equally
effective. The danper Gey(GRl)(marked with asterick in Table-3 )



was found to be signifincantly different only at 0.05 |evel.

The paranter frequency Iimt had the order of effectiveness
for danmpers which also correlated with the acoustic resistance or
attenuation in dB value of the danpers. (Refer to FL colum of
Tabl e-3). Though a nean difference existed between danpers O ange
(01) and Geen (G2), they were not found to be significantly
different from the t-test scores. Hence they were grouped
t oget her. Simlarly danpers Yellow (Yl), Yellow(Y2), and
Gey(GRI) were said to be equally effective and grouped together
Danper Brown(BRl) was found to be signifcantly different only at

0.05 level and hence is marked by an asterick (*) in the Tabl e-3.

In all these paraneters Red(Rl) danper had maxi mum
effectiveness and White (W) had the |least effectiveness, i.e.
Red(RlI') danper offers maxi mumdanping while White(W) offers

| east danping anong the danpers used.

The analysis of the other paraneters i.e. Har noni ¢
distortion at 1 KHz, Harnonic distortion at 1.6 KHz, and
differenti al frequency distortion at 1.6 KHz, showed no
significant difference in t-test, with change in danper val ues.
This is because these paraneters are dependent on the electronic
circuitry and not on the acoustic inpedence. Hence we can
conclude that the paranmeters such as distortion at various

frequenci es and differenti al frequency di stortions are



i ndependent of the danpers used. (These are also indicated in the

l ast 3 columms of Tabl e-3).

Wen the hearing aid with no earnold condition and the
hearing aid with earnold condition were conpared, it was found
that there was no significant difference between them for al

the four electroacoustic characteristics.

Thus we can conclude that the differences in t he
el ectroacousti c neasurenents that were obtained by using danpers
were solely due to the danpers and not because of the conbined

effect of danpers and earnol ds.

The present study has inplications towards hearing aid
prescription. Many a tinmes an audi ol ogi st encounters problens
in fitting hearing aids to severe hearing loss patients wth
tol erance problem This is becuase inspite of achieving the gain
required, the case has-disconfort due to tolerance problem
Though the recent hearing aids have facilities for special
electornic ciruitry like automatic gain control, peak clipping,
etc. they have certain limtations. A part of the signal is |ost
in peak clipping which |leads to distortion. In automatic gain
control, owing to the rapid attack tine and release tine, clicks
and flutters are superinposed on the acoustic signal. In
addition, this 1is an expensive option. On the other hand,

danpers are relatively |less expensive. As they reduce the peak



of SSPL90 curve, the wuser can increase the volunme control
setting, thereby making use of the gain the hearing aid has to
offer at other frequencies, especially in the high frequency
region. Again the maxi num power output can be set at a higher
level. This allows the user to have slightly higher gain w thout
encountering the problemof tolerance. This is in agreement wth
Chasi n' s(1983) st udy.

The rating of danper showed that Red(R ) danper was nost
effective while White(W) was least effective with other danpers
rated in between in the order of effectiveness. This also has
clinical inplication in terns of selection of appropriate danpers
for inserting into the tubing of the earnold for a particular

patient.



SUMVARY AND CONCLUSI ON

The aimof the present study was to conpare the effect and
ef fectiveness of di fferent i mported danpers on t he

el ectroacoustic characteristics of Behind-the-Ear hearing aids.

El ectroacoustic neasurenents were made for ten Behind-the-
Ear hearing aids, each connected to nine different danpers.
These nmeasurenments were conpared wth the el ectroacoustic
characteristics of ten hearing aids with and w thout earnolds.
The data obtained was subjected to appropriate statistical

anal ysi s.

Results showed significant difference between danpers used,
for OSPL 90( Max), OSPL 90(HFA), HFA-FOG and frequency limt. The
order of effectiveness of danpers for each electroacoustic
characteristics were also obtained (Table-3). It was found that
the red(Rl) danper had the greatest danping effect and Wiite (W)
had the |east danping effect for all paraneters. The clinica

inmplications of the findings are interms of hearing aid fitting.



(1)

(2)

(3)

- 23 -

Recommendati ons for further study:

El ectroacoustic characteristics can be measured for these
danpers. When placed at different positions along the

ear nmol d.

A study ofthe effect of these danpers on the OSPL 90 and

frequency response curves can be made.

A study can be carried out by wusing these danpers on
subj ects making use of "Insertion Gain Optimser - Hearing

Ald Trial" system
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APPENDI X- B

SATURATION SPL (CsPL 90): It is inportant to know at what |evel a
hearing aid limts its output when it receives a high level input
si gnal . It is defined as the SPL developed in a 2cc earphone
coupl er when the input SPL is 90dB and the gain control of the

hearing aid is full-on.

Hi gh Frequency Average SSPL-90 (HFA-SSPL 90): is defined as the
average of 1000, 1600 and 2500 Hz SSPL 90 val ues.

Hi gh Frequency Average Full-On-Gin (HFA-HOG): is defined the
average of 1000, 1600 and 2500Hz SSPL 90 val ues when the input

SPL is 60 dB and the gain control of the hearing aid is full on.

Reference Test Gin (RTG): This gain setting is established,
using an input sound pressure level of 60dB, by adjusting the
gain control so that the average of the 1000, 1600 and 2500 Hz

gain values are equal to the HF-average SSPL-90 m nus +/- |dB.

Use Gain (UG : This is the gain of the hearing aid neasured by
setting the volunme control at 1/3 of the maxi mum volunme setting

avai l abl e for that hearing aid.

Frequency Range: The frequency range of an hearing aid refers to
the wuseful range of the frequency response. It is expressed by

two nunmbers, one representing the low frequency Ilimt of
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anplification (fl) and the other, high frequency limt (f2) wth

bot h nunbers expressed in Hz.

Total Harnmonic D stortion: Harnmonic distortion is a result,
primarily, of overloading the hearing aid anplifier or earphone.
It occurs when the instantanious output sound pressure of the
hearing aid earphone is not directly propotional to the
| nstantaneous sound pressure at the mcrophone. Measured at
500 Hz, Hz | OOCHz, 1600Hz.

DF. Distortion at 1KHz (Internodul ation distortion): This occurs
when the output signal contains frequencies that are arithnetic
suns and differences of two or nore input frequencies. Wen two
or nore frequencies (as in speech) are applied simnmultaneously at

the input, it is the result of anplifier nonlinearity.

Equi val ent | nput Noi se  Level (EI'N): Thi s particul ar
characteristic relates to the nagnitude of internal noi se

generated by the hearing aid.

Qurrent Drain: Wth the gain control in the reference test
position, neasure the battery current with a pure tone of 1000 Hz

as input, at a sound pressure |evel of 65 dB.



APPENDI X- C
The danpers used in this study are avail abl e at

Hal Hen Conpany I nc.
35-53, 24th Street
Long Island Gty
NEW YORK 11106

(718) 392-6020

Tel ex: 667959

The cost of these danpers as on 27.11.1989 are as foll ows:

#2394 Know es acoustic danpers $9.50 per pkg.
Each package - 10 danpers

#2129 Attenuators $29. 00 per kit
Each kit-7 types 5 each
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The follow ng pages contains the graphical representation of

the Mean and Standard Deviation with X-axis showing different

conditions and Y-axis show ng the dB SPL val ues.

The conditions are naned C
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