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ABSTRACT

The purpose of the project was to demonstrate and explain the acoustic effects of side
branch and parallel vents in individual real ears. it was shown that parallel and side branch
vents produce similar low frequency filtering effects and vent-associated reactance reso- -
nances. However, when the input system incorporates a side branch vent the sound pressure
produced in the ear canal at frequencies above the vent-associated resonance is less than
that produced when the input system is unvented. This effect is not seen when the input
system is associated with a parallel vent. Data obtained in the real ear canals were compared
to analogous measurements made using an acoustical model (the Zwislocki coupler) and an

electrical model designed to simulate the hearing aid receiver, input tubing, earmoid, ear
canal, and eardrum. Both models yielded data very similar to the real ear resuits. The
advantages of each model in predicting the effects of individual earmoid vents are discussed.

Earmold vents have been used in the fitting of
hearing aids for at least 30 years (Berger, 1970).
For the most part, the purpose of introducing a
vent into the earmold has been to provide a high
pass filter effect, attenuating troublesome low
frequency energy. However, the precise acoustic
-effects of earmold vents in real ears have always
been difficult to predict and ditficult to measure.
In fact, as Lybarger stated in 1967, under some
circumstances. vent holes introduced into an ear-
mold for the purpose of reducing low frequency
energy may have the opposite effect, actually
enhancing the output in some low frequency re-

- gions. Because of the uncertainty regarding the
in-use acoustical effects of earmold vents. some
investigators proposed that modifications in the
circuitry of the hearing aid would be a prefcrable
method of reducing low frequency output (Wat-
son and Tolan,1949; Lybarger, 1967).

The acoustic cffects of various earmold vents
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obtained when the earmold is mounted on a
simple cylindrical metal coupler have been stud-
ied by many investigators (for example, Cooper
et al., 1975; Sung et al.. 1975; Studebaker and
Zachman, 1970; Lybarger, 1973; Cooper and
O’Malley, 1975). A few investigations have been
reported in which the effects of earmold vents,
usually averaged across several subjects, have
been measured in real ear canals (McDonald and
Studebaker, 1970; Weatherton and Goetzinger,
1971; Studcbaker and Zachman, 1970; Lybar-
ger, 1975; Studecbaker et al., 1976). In most of
these investigations. attention was given to the
dimensions of the vent, particularly the vent di-
ameter.

The effect of changing the vent diameter upon
the associated low frequency roll-off and reso-
nant frequency has been studied in some detail.
However, an aspcct of venting which has re-
ceived relatively little attention by researchers is
the effect of the relationship between the vent
configuration (i.e.. side branch or parallel) and
the other components of the sound transmission
pathway. Another aspect receiving little atten-
tion is the effect of vents on the frequency region
above the vent-associated resonance. Our results
show this area to be significantly affccted by
veats of some designs. Two investigations
(Cooper and O'Malley. 1975; Cooper et al.,

'1975) utilized parallel and side branch vents in
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the rescarch protocols. In both studics the au-
thors obscrved some differences between the cf-
fects of the two vent configurations, particularly
in the high frequencies. However, neither study
was focused dircctly on the differences between
the two vent configurations and the reasons for
the obscrved differences were not thoroughly ex-
plored.

An ultimate goal of earmold acoustics research
is to provide the clinician with information that
will permit quantitative control over the effects
of earmolds and carmold modifications on an
individual basis. An esscntial step toward this
goal is the development of a theoretical basis
which is adequate to predict the major significant
effects of earmold modifications. In this context
model building and testing serves two usctul pur-
poses. First, it provides a means of testing the
adequacy of thcoretical explanations of a given
level of complexity and. sccond. it provides a
basis for the deveclopment and construction of
devices or procedures that may have clinical util-
ity in the prediction of earmold modification ef-
fects.

The purpose of the project described below
was to demonstrate and cxplain the acoustic cf-
fects of side branch and parallel vents in individ-
ual real ears and the Zwislocki “‘car-like” cou-
pler. To assist in the cxplanation of the out-
comes, an electrical model of the acoustic system
was constructed and tested. On the basis of the

results, suggestions are made regarding the sclec-
tion of venting in the fitting of hcaring aids.

Instrumentation and Procedures

Individual earmolds were fabricated for cach of three
ears (two cars of one subject and one car of a sccond
subject). Three bores were drilled in each earmold: (1)
a signal input channel, the “*'main bore™ of the earmold:
(2) a bore parallel to the main bore to accommodate
the tube of the probe microphone; (3) a vent of cither
parallel (Fig. 1A) or side branch (Fig. 1B and IC)
configurations. The resulting earmolds and the dimen-
sions of thc main bores and vents of cach are shown in
Figure 1.

Data were collected and analyzed by the noisc sub-
traction mcthod. a method which utilizes spectral anal-
ysis of broad band signals and permits the addition and
subtraction of the derived spectra. This method has
been fully described elsewhere (Studebaker, 1975,
1976).

The acoustical input signal was provided by a Bruel
and Kjaer “button™ type receiver, driven by a white
noise signal from a General Radio random noise gener-
ator, type 1382. A 37-mm length of polvethylene tub-
ing (internal diameter, 1.4 mm) was attached to the re-
ceiver and coupled to the earmolds as shown in Figure
1.

All earmolds were used in both vented and standard,
unvented forms. Each earmold was converted from the
vented form into the standard, unvented form by plug-
ging the vent bore at its medial end or at its intersection
with the main bore using modeling clay.

A battery-powered probe tube Knowles XL-9073
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Fig. 1. Schematic representation of the earmolds used in the investigation. Earmold A is parallel-vented and
earmolds B and C are side branch-vented. Dimensions (in millimeters) of the main bore, vent, and input tubing are
shown for each carmold. The bore accommodating the tube of the probe microphone is also shown.
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microphonc was used to mcasure sound pressure in the

ear canal. The microphone was attached to a 32-mm .

length of polycthylene tubing. Mcasurcments were al-
ways made with the end of the tubing extended 3-5
mm beyond the carmold tip. The signal from the probe
microphone was delivered to a filter-ampilificr con-
structed from two Burr Brown UAF-31 filters with a
nominal cut-off frequency of 90 Hz and a low fre-
quency roll-off of 20 dB/octave. The amplificd signal
was delivered to a Nicolet 440A real time analyzer
which provided an averaged (over time) spectral analy-
sis of the signal. The generated spectrum was then
transferred to a Nicolet 1072 signal averager which was
used to obtain the difference (in dB) between the
averaged spectra obtained under the vented and un-
vented conditions. The vented and unvented response
curves were thereby compared at 400 points along the
frequency spcctrum spaced at 12.5-Hz intervals be-
tween 0 Hz and 5 kHz. A hard-copy read-out of
the results was obtained using an X-Y recorder.

Measurements in the Real Ear Canal. In measuring
the acoustical effects of a particular vent in the ear
canal of a particular pcrson. two averaged spectra were
generated: the spectrum of the broad band input signal
at a point in the ear canal when the standard earmold
was used, and the spectrum of the same signal at the
same point in the ear canal when the vented earmold
was used. In all measurements made using standard
earmolds, considcrable care was taken to ensure that a
very good acoustical seal was obtained. The standard
earmold spectrum was subtracted from the vented ear-
mold spectrum using the signal averager, revealing the
effect of the vent on the sound transmission character-
istics of the input system. coupled to the ear of the
individual subject.

Measurements Using the Acoustical Model. A Zwis-
locki coupler (Zwislocki. 1970) was used as an acousti-
cal model of the ear canal-cardrum. Measurements
made using this model followed the same protocol as
described above for the real ear measurements, with
the exception that the Zwislocki coupler was substi-
tuted for the real ear. As a matter of convenience,
some measurcments in the coupler were made using the
coupler microphone rather than the probe microphone,
after previous work had demonstrated that this change
in procedurc did not causc any changes in the relative
(i.c., vented versus unvented) data.

Measurements Using the Electrical Model. An
equivalent circuit simulating the hearing aid receiver
diaphragm, the sound input tubing. the earmold and its
vents, and the ear canal and cardum was constructed
from passive electronic clements in the configuration
shown in Figure 2, wherein the circuit clements have
the following acoustical analogs:

Rg = resistance of receiver diaphragm

Lg = inertance of receiver diaphragm

Ca = compliance of receiver diaphragm

Cav = compliance of volume over receiver diaphragm
Ly = incrtance of sound input tubing, lateral to vent

STUDEBAKER AND COX

Ra La Ca Lty Ry Ly Ry

Fig. 2. Diagram of the lumped parameters electrical
model of the receiver sound input system-ear canal-
cardrum uscd in the investigation. See **Instrumenta-
tion and Procedures™ for definitions of symbols.

R, = resistance of sound input tubing, lateral to vent

L, = inertance of vent bore
Ry = resistance of vent bore
Ly = inertance of earmold main bore, medial to vent

(for a parallel vent, Lyu=0)
Ry = resistance of earmold main bore, medial to vent
Z. = impedance of ear canal plus eardrum

The form of the circuit representing the acoustical
components of the recciver was derived from the work
of Wansdronk (1962). The initial values of capaci-
tance. inductance, and resistance used for the receiver
were also taken from Wansdronk's work, but a varicty
of values were used subsequently to produce ‘“receiv-
ers” of various frequency bandwidths and dcgrees of
damping. The exact values of the components used in
the receiver proved to have little effect on the vented-
unvented comparisons which form the basis of this
paper. The ear canal-eardrum impedance which termi-
nated the circuit was usuaily the electrical analog of the
Zwislocki coupler (Zwislocki, 1970).

The electrical values of the inductors and resistors
which represent the earmold bores and vents in the
electrical circuits were derived as follows: the length
and diameter of the sound input bore or the vent of a
particular earmold were measured. From these values
the acoustic reactance and resistance values were calcu-
lated. Finally. these results werc converted into analo-
gous clectrical rcactance and resistance values. Induc-
tors and resistors with the calculated values werc in-
serted into the circuit at the appropriate locations and
the effects on frequency response of the model were
measured.

The elcctrical mode!l of the “hearing aid receiver”
was driven by the white noise output from the random
noise generator. The resulting signal developed across
Z. was dclivered to the real time analyzer. Spectra
were obtained with the values of the earmold model
adjusted to simulate, first. a standard earmold and
second. a vented carmold of particular dimensions. The
spectra were transferred to the signal averager where
differences between the “'standard carmold™ spectrum
and the “vented earmold™ spectrum were obtained.
The resulting curve, representing the effect of the simu-
lated vent on the voltage developed across Z (the
analog of the sound pressure developed in the ear
canal), was printed out using the X-Y recorder.
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Results

For each of the three vented earmolds studied,
three scparate curves were generated: (1) the
effect of the vent measured in the real ear, (2)
the effect of the same vent mcasured on the
acoustical model (the Zwislocki coupler), and (3)
the result when the vent was simulated on the
electrical modecl. The results for cach of the three
vents studicd are shown in Figures 3, 4, and 5.
All data arc shown with the vented carmold re-
sults plotted rclative to the standard earmold
results. Each figure shows the results for a given
vent measured on the real ear (solid line), on the
acoustical model (dotied line), and as simulated
on the electrical model (dashed line).

In Figure 3, showing the cffect of the parallel
vent. all three data curves show the expected
reduction in low frequency levels. and a vent-
associated reactance resonance between 300 and
700 Hz. At frcquencies above the vent-associ-
ated resonance, the pressure or voltage lcvel re-
mained equal to, or slightly higher than, the level
when the standard earmold was used at all mea-
sured frequencies. At no point do the three
curves differ by more than 3.5 dB and rarely by
more than 2.5 dB.

In Figure 4, showing the effect of the side
branch vent in Figure 1B, all three data curves
show a low frequency reduction below 400 Hz
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and a vent-associatcd rcactance resonance be-
tween 400 and 800 Hz. Above the vent-associ-
ated resonance there was a decreased pressure or
voltage level in the vented earmold condition
which reached a maximum of 3-5 dB at about
3000 Hz for all three curves. The threc results
seldom diffcred by more than 3 dB.

In Figure S, showing the cffect of the side
branch vent in. Figure 1C, all three curves show
the same loss of low frequency levels and vent-
associated reactance resonance. Above 700 Hz,
in the real car data, there was a decrease in level
observed in the vented earmold condition. The
maximum decrease in level (10-11 dB) occurred
in the frequency range between 2000 and 3000
Hz. Unlike previous results these data show an
irrcgular pattern of peaks and valleys from 1500
to 4000 Hz. Data obtaincd from both the acoust-
ical and electrical models also reveal decreased
levels at frequencies above the vent-related reso-
nance in the vented earmold condition. In both
models the decrcase began at about 600 Hz,
whereas in the real ear it began at 750 Hz. In the

~acoustical model the maximum drop in level (9
dB) occurred at 3000 Hz, and there were irregu-
lar pcaks and valleys in the data between 2000
and 4000 Hz. In the electrical model, the data
formed a relatively smooth curve from 1500 to
4000 Hz. Results from the real car were above
those from the models by about 2-3 dB between
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Fig. 3. Acoustical effect of the parallel vent shown in Figure 1A. Data showing the level of the signal in the real
or modeled ear canal when the vented carmold was used are plotted relative to the level of the signal in the real or
modecled ear canal when the standard (unvented) carmold was used.
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Fig. S. Acoustical effect of the side branch vent shown in Figure 1C.

700 and 1100 Hz but were lower than from the
models by up to 4 dB between 1500 Hz and 4
kHz.

Discussion

Comparison of Parallel and Side Branch

Vents. Examination and comparison of Figures
3, 4 and 5 show clearly that side branch and

parallel vents produce similar low frequency fil-
tering and vent-associated resonance effects. The
low frequency cffects of vents have often been
modcled as shunt inductances to ground as they
are in the clectrical model shown in Figure 2. The
similarity of the electrical model and the acousti-

- cal model and real car results in Figures 3, 4, and

5 indicates that this modeling 1s quite adequate
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for the lower frequency cffects of both side
branch and parallcl vents on an individual ear-
mold basis. The two side branch vents produced
low frequency slopes which are very similar to
each other and very slightly steeper than those
seen with the parallel vent. The steepness of the
low frequency rejection rates ranged from above
14 to 17 dB per octave; somewhere between that
predicted by a two-pole and a three-pole high
pass filter.

Studcbaker and Zachman (1970) postulated
that the resonant frequency of the vent-associ-
ated resonance was determined by the effective
volume of air in the ear canal (or coupler) acting
together with the earmold bore out to the vent
plus the vent (or the vent alone in the case of
parallel configuration) to form a scries LC reson-
ator. Based on this hypothesis. the calculated
acoustic system resonant frequencies associated
with each of the vents used in this study were 472
Hz for the parallel vent (Fig. 3). S§11 Hz for the
side branch vent in Figure 4, and 546 Hz for the
side branch vent shown in Figure 5. (Because
analogous L and C values are used in the electri-
cal model the calculated values for it are very
close to the same, within limits imposed by the
values of readily available capacitors and induc-
tors.) A comparison of these calculated valucs
with those obtained reveals very good agreement
in each instance. further supporting the Stude-
baker and Zachman hypothesis for both side
branch and parallel vents.

Above the vent-associated resonance, the two
vent types have quite different effects on fre-
quency response. With side branch vents. a de-
crease was observed in the high frequency pres-
sure levels reaching the eardrum, coupler micro-
phone, or electrical circuit load relative to that
seen with thc standard carmold coupling. The
reduction began at a frequency immediately
above the vent-associated resonance and became
progressively greater as frequency increased. On
the other hand, when a parallc! vent was used. no
loss of level was observed (Fig. 3) at frequencies
above the vent-associated resonance, and in-
deed, a slight relative increase in level was ob-
served.

It is hypothesized that the high frequency
changes obscrved when side branch vents are
used are attributable to the additive cffects of
two scparate factors. First. thc vent bore, in
combination with that portion of the main car-
mold bore medial to the vent, plus the ear canal-
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eardrum. acts as the acoustical equivalent of a
current divider. The volume velocity at the vent-
main bore intersection is divided in inverse pro-
portion to the relative acoustic impedance of the
vent bore versus the impedance of the remaining
main bore plus that of the ear canal-cardrum.
The higher the combined acoustical impedance
of the main bore medial to the vent plus the car
canal-eardrum is rclative to the acoustical imped-
ance of the vent bore, the greater will be the
proportion of the volume velocity shunted by the
vent. ’ '

Bores and vents in earmolds behave as acoustic
masses or inertances (Beranck, 1954, p. 131),
and the impedance of cach increases with in-
creased frequency. In addition. the impcdance of

- the eardrum (and its clectrical analog) irefewes-

as frequency is inercased (Zwislocki, 1970: De-

sult, the combincd impcedance of the two ele-
ments (the main bore medial to the vent and the
ear canal-eardrum). rises at a faster rate with
frequency than does the impedance of the vent
bore alone. The proportion of the volume veloc-
ity diverted by the vent. thereby. increases as
frequency is increased. As a result, volume ve-
locity down the main bore decreases and the
pressure level observed in the ear canal decreases
progressively, as frequency is increased relative
to the pressure observed in the closed earmold
condition within the hearing aid’s pass band.

When a parallel vent is used, division of the
high frequency volume velocity does not occur
before the car canal is reached because there are
no alternative pathways for the signal. Above the
vent-associatcd resonance the vent’s impedance
is high and there is essentially no flow through it.
Therefore. at these higher frequencies venting
does not cause a reduction in level.

A factor of major importance in determining
the extent of the loss of high frequency energy
when a side branch-vented earmold is used is the
ratio of impcdances of the vent bore to that of the
main bore plus ear canal-cardrum. This imped-
ance ratio is primarily influenced by the relative
lengths and diameters of the vent and that por-
tion of the main bore medial to the vent-main
bore intersection with greater length and smaller

céqkjeg

diamecter cach producing greater impedance. If -

the vent bore and the main bore are of the same
diameter, as was true for the carmolds used in
this study, then the relative impedances are deter-
mined primarily by the rclative lengths of the
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vent and main bore mcdial to their intersection.
For any given diameters, the extent of the reduc-
tion in high frequency levels becomes greater as
the vent interscets the main bore closer to the
receiver, because this change reduces the vent
length (and its impedance) while increasing the
length (and impedance) of the main bore medial
to the vent intersection. When the vent intersects
the main bore very close to its receiver or lateral
end the loss in sound level can become very
substantial, reaching 15-20 dB or more, particu-
larly if the vent has a large diameter. The reduc-
tion in level can extend downward in frequency
as well to produce substantial reductions in level
even in the resonance region. Conversely. as the
side branch vent intersection is moved closer to
the medial (car canal) end of the main bore the
loss of high frequency encrgy becomes smaller
until the main bore length medial to the intersec-
tion drops to zero. A parallel vent is produced
thereby and, as shown in Figure 3. the loss of
high frequency encrgy also drops to zero.

The second factor involved in producing the
. high frequency effects observed when side
branch vents are used is responsible for the series
of resonance-like irregularities scen above 1.5
kHz in the results in Figure 5. Under most cir-
cumstances, the earmold main bore acts together
with the sound input tubing. to produce wave-
length resonances within the pass band of the
hearing aid. When a side branch vent is intro-
duced, an impedance discontinuity occurs at the
intersection of the vent with the main bore, effec-
tively dividing the main borc into two shorter
lengths. As a result, the input tube wavelength
tesonances arc shifted upward in frequency
somewhat, the extent depending upon the exact
position of the vent along the main bore. As a
result, the observed irregular pattern of positive
and negative diffcrences e¢merges when side
branch-vented carmold results are plotted rela-
tive to standard carmold results. The effect may
be more or less pronounced, depending upon the
extent of change in frequency location of the
resonances. However, in practical terms, the ex-
tent of the shift in these resonances is slight and it
probably does not have important conscquences
in most cascs.

The wavelength resonances of the sound input
system are not altered by the introduction of a

parallel vent because the parallel vent does not

intersect the sound input tube. Because the reso-
nant frequencics are unchanged by the addition
of the parallel vent, a smooth difference curve is
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obtained in the high frequencies as revealed in
Figure 3. Hence, ncither of the high frequency
cffects which operate when a side branch vent is
used is a factor when a parallel vent is used. The
pressure level in the ear canal at frcquencies
above the vent-associated resonance is not sig-
nificantly influcnced by the presence of an car-
mold vent if the vent is in a parallel configura-
tion.

Comparison of Acoustical Model and Real Ear
Results. The data reported in Figure 3 indicate
that the effect of the parallel vent measured in
the acoustical model (Zwislocki coupler) was
within 2 dB of the effect measured in the real ear
throughout the frequency range. For the side
branch vent shown in Figure 4, the data obtained
in the acoustical model were within 1 dB of the
real ear results throughout the frequency range.
Data for the other side branch vent (Fig. 5) show
poorer agreement between the real ear and
acoustical models, particularly at frequencies
above the vent-associated resonance. The discrep-
ancy in Figure 5 between the data obtained on the
real ear and the acoustical model was principally
caused by a failure of the vent to produce
changes in the input system wavelength reso-
nances between 1500 and 2000 Hz. Between
2500 and 4000 Hz the data curves for the real ear
and the acoustical mode! follow an irregular but
parallel course about 3 dB apart, indicating that,
in this frequency region, the two curves are re-
flecting similar changes of resonance patterns.

In general, Figures 3, 4, and 5 reveal good to
excellent agreement between the data obtained
on real ears and the data obtained on the Zwis-
locki coupler in measuring the effect of parallel
and side branch vents in all frequency regions
studied. In a previous investigation (Studebaker
et al., 1977), in which the effects of side branch
vents were measured in real ears and in a Zwis-
locki coupler, it was observed that the slope of
the low frequency filtering effect and the height
of the resonance produced by the vent were dif-
ferent in the two mcasurement conditions. It was
suggested in that paper that the observed differ-
ences were attributable to the presence of very
small acoustical lcaks which occurred when the
standard earmold was fitted to the real ear in a
normal “in-use™ manner, but did not occur when
the same carmold was affixed to the Zwislocki
coupler. Subscquent obscrvations substantiated
that hypothesis. In collecting the data reported in
this paper extraordinary care was taken to ensure
that acoustical leakage was virtually climinated
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when measurements were made in the rcal cars
with standard carmolds. The obtained data indi-
cate that when this precaution is taken the results
obtained from the real car and the Zwislocki
coupler are almost identical. However, this result
also indicates that in order to replicate accurately
the in-use scal of a standard carmold a calibrated
leak should be built into the Zwislocki coupler to
simulate the smalt lcaks which occur around even
well fitted typical carmolds.

Comparison of Elcctrical Model and Real Ear
Results. Data from all three vents indicate that
the electrical modecl-simulated vent produced
somewhat more (2-4 dB) low frequency attenua-
tion at frequencics below the vent-associated res-
onance than did the analogous vent in the real
ear. The degree of agreement could be made
nearly perfect by post hoc adjustment of the
values of the electrical model. but the results
reported here are those for the original unad-
justed model valucs. The slope and general form
of the low frequency filtering effect of the model
and the location-and amplitude of the vent-asso-
ciated resonances very closely simulated the real
ear results for all three vents, as Figures 3
through 5 reveal.

In the region above the vent-associated reso-
nance. the data shown in Figure 3 indicate that
the effect of the simulated parallel vent measured
on the electrical model was within 2 dB of the
effect of the real vent measured in the real ear.
For the side branch vent shown in Figure 4, the
loss of high frequency pressure in the vented
condition was 2-3 dB greater in the model than
the real ear between 700 and 2000 Hz. Above
2000 Hz, the electrical model gave results within
1 dB of the real ear results.

The data shown in Figure 5 for the second side
branch vent indicate that, for this vent. the pat-
tern of the loss of sound pressure in the vented
condition above the vent-associated resonance
was different for the electrical model from thatin
the real ear. The electrically modeled vent pro-
duced up to 3 dB more loss of pressure level from
650 to 1300 Hz and up to 4 dB less loss of
pressure level above 1300 Hz than was produced
by the analogous acoustical vent on the real ear.

The discrepancics noted between the rcal ear
and the electrical model in the region above the
vent-associated resonance are largely attributa-
ble to the wavelength resonance changes in the
sound input channcl discussed carlicr. An inher-
ent limitation in the use of a simple lumped
parametcr electrical model to simulate earmold
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acoustical effects is, of course, the inability of
such a model to portray effects which depend
upon wavelength cffects. Because, as discussed
carlicr. these wavelength resonances play a part
in producing some of the cffects of side branch
vents. the electrical model will be inaccurate in
simulating side branch vents to the extent that
these resonances are a significant factor. Obscer-
vations of the effect of side branch vents on
several real ears have indicated that the extent of
the wavelength resonance effects appears to be
quite variable across different sound input sys-
tem-side branch vent combinations and. there-
fore. constitutes a somewhat unpredictable cle-
ment in the effect of the vent on a rcal ear.
Inspection of the raw data curves indicated that
the irregularities in the high frequency region of
the acoustical side branch vent curves were pro-
duced by changes in the position of the input
system resonances by a small fraction of their
frequency location (... 5-10%). Whether such
changes are significant to the listener is doubt-
ful.

Itis of interest to note with regard to Figure s,
that the results obtained on the acoustical model
tend to be more similar to the results obtained on -
the electrical modcl than to the real ear results.
This may mean that the acoustical model does
not produce changes in wavelength resonances in
the same way, or to the same degree, as pro-
duced by real ears. Further study of this factor is
required. : 5 :

Comments R’egérding Clinical 'Applications

Ultimately, the goal is to put in the hands of
those who recommend vented earmolds the tools
for estimating or predicting the effccts of particu-
lar vents and configurations on the frequency
response of a hearing aid worn by a particular
person. The use of an electrical model to simu-
late the effects of vents of various configurations
and dimensions proved to be highly flexible, easy
to use and understand. inexpensive, and quite
accurate. The acoustical model was somewhat
more accurate. especially in the high frcquencies,
but is a less flexible. less casily manipulated., and
more expensive device. Computer simulation of
these effects would be highly flexible and versa-
tile. but less widely available and more expen-
sive. The choice of model depends upon issues
such as whether the high frequency resonance
shifts are significant, the importance of flexibility
and, of course, cost. Final answers will require
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further work but the simple lumped parameter
electrical model appears to go a very long way
toward predicting all of the cssential cffects of
earmold venting.

The measurcments reported here have shown
that with certain vent constructions, it is possible
to achicve an acoustical result which is com-
pletely opposite from the anticipated outcome.
Vents, which are commonly thought to “simply”
attenuate low frequencics while leaving high fre-
quencics essentially unchanged. may instead re-
sult in incrcased low frequency and decreased
high frequency output. The frequency range of
the hearing aid with which the vented carmold is
used is an important factor to consider in this
regard. If, as is commonly the case. the hearing
aid's frequency range docs not cxtend much be-
low, say, 300 Hz. many earmold vents will not
produce a significant low frequency roll-off
within the frequency range of substantial hcaring
aid output. On the other hand, the vent-associ-
ated resonance frequcncy (400-700 Hz). rcpre-
senting a region of incrcased output in the vented
condition, will be located above the low fre-
quency limit of the hearing aid’s frequency range.
In addition, if the vent is of a side branch con-
struction, there will be a dccrease in pressure
reaching the eardrum at frequencies above the
vent-associated resonance. The net result is an
effective emphasis of low frequencies instead of
the anticipated emphasis of high frequtncies.

Because a decrease in high frequency output is
almost never desired in the fitting of hearing aids.
it seems advisable to avoid the use of side branch
vents whenever possible. If the physical size of
the earmold canal portion makes the use of a side
branch vent inevitable, the vent should be drilled
to intersect with the main bore of the earmold as
close as possible to the tip of the earmold. This
tactic will minimize the amount of high frequency
energy loss and minimize resonance shifts.

A further point to consider in sclecting a vent
design is the limitation imposed by acoustical
feedback. It is well known that the acoustical
leakage from a vented earmold results in a lower
threshold for acoustical feedback. The level at
which acoustical fecdback begins imposes an ab-
solute limitation upon the amount of gain possi-
ble with a given hcaring aid and earmold. Inas-
much as acoustical feedback in hearing aids is
largely a high frcquency phenomenon, it scems
likely that more leakage (via the vent) of high
frequency sound pressure would result in a lower
threshold for acoustical fcedback. Hence, it
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would be anticipated that a side-branch vent
would incur acoustical fecdback at a lower gain
setting than an “‘cquivalent™ parallel vent (i.c..
one which produces the same low frequency fil-
tering effect). This prediction is supported by the
observation made by Angaard Johansen (1975)
that the gain obtainable from a hcaring aid be-
fore fecdback set in was 12 dB less with a side
branch-vented earmold than when a parallel-
vented earmold was used.

In the praéical'sglcction of earmold vents,
both physical and acoustical factors must be
taken into consideration. Although physical limi-
tations imposcd by ear canal size favors side
branch vents over parallel vents, all of the
acoustical factors discussed mitigate against the
use of side branch vents whenever possible. Both
side branch and parallcl vent constructions will
result in a drop in the level of low frequency
encrgy reaching the eardrum and in a vent-re-
lated resonance. However, the side branch con-
struction also lcads to loss of high frequency
energy. complicated shifts in resonance patterns.
and a lowered acoustical feedback threshold. The
extent ,of all these undesirable effects can be
minimized, in cases where use of a side branch
vent is unavoidable. by drilling the vent so that it
intersects the main bore at a point as close as
possible to the medial tip of the earmold.
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