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A common type of hearing impair-
ment is a conductive loss resulting from
a malfunction in the middle ear. The
middle ear comprises the eardrum or
tympanic membrane and, connected
to it, the chain of ossicular levers (pop-
ularly called the hammer, anvil, and
stirrup) that convey sound vibrations
from the eardrum to the inner ear
where they are converted into electri-
cal impulses for the brain.

The key to diagnosing a middle-ear
malfunction lies in the eardrum itself.
For the acoustic characteristics of the
eardrum mirror the physical condition
of the middle-ear mechanism,

The eardrum uses only a portion of
the sound energy it receives and rejects
the remainder. Many of the patholo-
gies that can impair the middle-car
mechanism — otosclerosis, effusion,
blocked eustachian tubes, ino perative
ossicular levers, etc. — will also induce a
distinctive change in the proportion and
mode of the eardrum’s use and rejec-
tion of sound energy. Thus, measure-
ment of these eardrum characteristics
can help the audiologist or otologist
identify the cause of the middle-ear mal-
function,

Unfortunately, this has been casier
said than done. For although the first
acoustic measurements of the eardrum
were made over 30 years ago, the tech- .
nique 1s just emerging from its infancy.
This has been due largely to the fact
that, until now, most commercially
available instruments were either insuf-
ficiently precise or awkward to use,

This situation has now heen recti-
fied by a unique development of
Grason-Stadler, a GR company serving
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the audiological community, The new
Grason-Stadler 1 720 Otoadmittance
Meter is specially designed for faster,
more accurate and convenient measure-
ments of eardrum acoustic characteris-
tics essential to diagnosis of middle-ear
malfunctions,

A stumbling block in past efforts to
design suitable instrumentation has been
the difficulty in measuring the acous-
tic impedance of just the eardrum alone,
without involving the ear canal as well,
Since the contribution of the ear-canal
cavity to acoustic measurements varies
widely and lacks clinical significance,
it must be excluded to obtain the true
impedance of the eardrum.

One method of cancelling out the
influence of the ear canal is to deter-
mine its impedance separately and then
subtract the canal-only figure from the
combined canal/eardrum impedance
figure. This is done by immobilizing
the eardrum temporarily — stiffening it
by positive or negative air pressure —so
that an impedance measurement will
reflect just the ear canal. Unfortunate-
ly, the subtraction process is formidable
since the canal and eardrum impedances
are complex and in parallel,

This eardrum-stiffening approach is
basically the same one used in the new
Grason-Stadler 1720 Otoadmittance
Meter to obtain separate acoustic data
for the canal and the eardrum. But
that's where the resemblance ends, for
the tedious computations have been
climinated by a simple yet significant
innovation,

Although impedance components in
parallel are quite difficult to add and
subtract, their reciprocal admitrance
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GR’s Grason-Stadler
- a belter way
o diagnose

middie-ear problems

components in parallel are very easy to
work with, Hence, as its name indi-
cates, the Grason-Stadler 1720 Otoad-
mittance Meter measures the compo-
nents of admittance — conductance and
susceptance — instead of impedance.

The 1720 enables the otologist to
control the eardrum-stiffening pressure
precisely while he measures the conduc-
tance (G) and susceptance (B) of the
eardrum at both 220 Hz and 660 Hz.
Tests at 660 Hz may reveal pathologies
not evident at 220 Hz, and the 1720 is
the only electroacoustic instrument now
available with provision for testing at
this higher frequency as well as at 220 Hz

Measurements, in millimhos, are indi-
cated immediately on two panel meters,
and are continuously readable for any
pressure condition. No nulling manipu-
lations are required. With an optional
plotter, curves generated for conduc-
tance and susceptance at 220 Hz and
660 Hz can be recorded on a chart to
create a graphic representation called a
lympanogram

Each of the various pathologies that
can impair the function of the middle-
ear mechanism will produce a charac-
teristic tympanogram that can be inter-
preted by the otologist.

The tympanometric tests performed
by the Grason-Stadler 1720 Otoadmit-
tance Meter expedite clinical diagnosis
of hearing losses by pinpointing middle-
ear abnormalities faster and more con-
veniently than with audiometric or
bone-conduction tests. In mass-tests of
schoolchildren’s hearing, the tympano-
metric measurements of the 1720 have
also proven more sensitive and reliable
than audiometric screening — often
revealing middle-ear problems not de-
tected audiometrically.

The 1720 Otoadmittance Meter also
enables diagnostic data to be obtained
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by generating and monitoring a response
known as the acoustic reflex. Thisisa
self-protective mechanism in the ear
that responds to loud sounds by causing
a small muscle (the stapedial tendon)
associated with the stirrup to contract
with resulting outward stress at the ear-
drum — increasing the eardrum’s imped-
ance and decreasing sound flow.

Since there is a predictable relation-
ship in audiometrically normal people
between the hearing threshold level and
the reflex threshold level, this test is an
added source of diagnostically useful
information. The test is particularly
valuable under conditions where the

subject’s cooperation cannot be obtained —

such as with individuals feigning a hear-
ing problem, and with babies or retarded
persons unable to comprehend test in-
structions,

The ability of the Grason-Stadler
1720 Otoadmittance Meter to create
graphic representations of pathologies
can serve diagnostic applications out-
side of audiology, too. For example,
the 1720 can be used in neurological
diagnosis of facial paralysis such as
Bell's palsy. Because the mandibular
branch of the facial nerves activates the

tendon of the ossicular stirrup, one of the

symptoms at the onset of facial paralysis
is a diminished acoustic reflex.

With interest in the diagnostic signi-
ficance of middle-ear measurements
growing, the Grason-Stadler 1720 Otoad-
mittance Meter represents the simplest,
most reliable instrument yet developed
for accurate measurement of the ear-
drum’s acoustic characteristics.

CHARACTERISTIC TYMPANOGRAMS
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Under direction of Dr. Ross M. Weaver {rear), Philip Allred, BY U graduate
student in clinical audiology, uses (G-S 1720 Otoadmittance Meter to test
hearing of infant ar Urah Valley Hospital. Assisting Allred is his wife, Lenna.

The new Grason-Stadler 1720 Otoad-
mittance Meter is being used in cooper-
ative studies by Brigham Young Univer-
sity and the University of Utah which
may aid in early diagnosis of middle-car
hearing problems in newborn infants.

The studies, using both tympano-
metric and acoustic-reflex tests, are being
conducted at the Utah Valley Hospital,
Provo, by the hospital’s Department of
Pediatrics and researchers from the
Communicative Habilitation Area of
Brigham Young University’s Department
of Speech and Dramatic Arts.

Heading the project is Dr. Ross M.
Weaver, Director of Clinical Audiology
in the BYU Department of Speech and
Dramatic Arts. Conductive hearing
losses in newborns may pass undetected,

" | Dr. Weaver pointed out, because their

ears heretofore have not been examined
routinely. This is due, in part, to the
lack of methodology and suitable instru-
mentation. Most audiometric tech-
niques now in use are unable to detect
anything less than a severe hearing loss,
However, the advent of convenient-
to-use tympanometric instrumentation
such as the Grason-Stadler 1720 Otoad-
mittance Meter may ultimately lead to
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routine screening of newborn infants
for hearing defects. Undetected, a
hearing impairment in a child can pro-
duce speech disorders, learning disabil-
ities, and psychological problems.

Under Dr. Weaver's supervision,
Philip Allred, a BYU graduate stu-
dent in clinical audiology, recently
completed daily tympanometric and
middle-ear-reflex measurement on 50
newborn infants ranging in age from
four hours to four days — using the
Grason-Stadler 1720 Otoadmittance
Meter and a pure-tone audiometer. A
follow-up study on the emergence of
acoustic reflex thresholds was continued
weekly on 20 of the infants. The in-
fants were selected at random from the
case loads of cooperating pediatricians.
Research findings are now being sub-
mitted for publication.

The project was suggested by Dr,
Geary McCandless, Director of Clinical
Audiology in the Communicative Dis-
orders Department of the University of
Utah. Dr, McCandless is also associated
with the Department of Otolaryngology
and Maxillofacial Surgery at the Univer-
sity of Utah Hospital
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New remole mike
for GR 1944 Dosimeler
picks up noise
where it counts most

A new model of the personal noise-
exposure monitor used in the GR 1944
Noise Dosimeter system features a tiny
remote microphone that can be placed
anywhere on the person for optimum
accuracy in measuring noise under a
variety of exposure conditions. This
latitude in positioning the microphone
is desirable since no single location is
ideal for measuring all types of expo-
sure,

The new remote microphone, includ-
ing windscreen, weighs only 0.3 ounce
and measures only %" in diameter.
Connected to the monitor by a 36"
cord, the microphone can be placed at
the worker's ear — for closest proximity
to noise entering the ear — or on the
worker’s collar. The tiny microphone
can also be worn under a protective ear-
muff to evaluate attenuation efficiency.

The microphone’s windscreen reduces
the effect of wind-generated noise and
protects the microphone from dust and
industrial contaminants.

Designated as GR 1944-9707, the
new noise-exposure monitor equipped
with a remote microphone is otherwise
identical to the familiar GR 1944-9701
monitor with a built-in microphone —
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described in GR Catalog 73. Purchasers
of the GR 1944 Noise Dosimeter system
may now choose either of the two
types according to their needs.

The complete GR 1944 Noise
Dosimeter system comprises a noise
exposure monitor with microphone
(built-in or remote), a noise-exposure
indicator, a calibration adaptor, and
accessories.
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GR 1944

Noise Dosimeler
approved by
Bureau of Mines

The U.S. Department of the Interior’s
Bureau of Mines has officially approved
the GR 1944 Noise Dosimeter for use
in mines. Approval followed performance-
evaluation tests conducted for the Bureau
of Mines by the University of Pittsburgh.

This approval of performance is in
addition to the Bureau of Mines’ pre-
vious approval for “intrinsic safety”
that the GR 1944 has enjoyed since
its introduction a year ago.

Weslales named
strobe distributor for
southern California

GR has named Westates Electronics
Corporation as authorized distributor
for the full line of Strobotac® and
Strobolume™ electronic stroboscopes
and related accessories in the southern
California area, Westates has two offices:

20151 Bahama St

Chatsworth, California 91311

Phone: 213 341-4411

948 Elm St.

Orange, California 92668

Phone: 714 532-6891

Westates Electronics Corporation
has been a GR distributor for Variac*
adjustable autotransformers for many
years, and will now handle both the
autotranstormer and stroboscope lines
of GR products.

New paper
discusses fully digital
FFT hardware

A new paper titled “Survey of Fully
Digital FFT Hardware’ investigates the
major components of digital Fourier
Analyzers, their most important charac-
teristics, and how these characteristics
influence the choice of a system, The
paper also discusses Fourier transform
speed and methods of increasing it.

Written by Ago Kiss, Chief Engineer
of Time/Data Corporation (a GR com-
pany), the paper was presented at the
ASA Meeting held in Boston earlier this
year. Free copies of “'Survey of Fully
Digital FFT Hardware' are available
directly from: Time/Data Corporation,
1050 East Meadow Circle, Palo Alto,
California 94303.
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Filter-mixer assembly in
waveguide-helow-cutoff enclosure.
Inside 7-inch-long packa eft to right)
2-G Hz amplifier

G Hz low-pass filter, six-resor

1.7-GHz bandpass filter, and double balanced mixer.

The more complex an assembly of
conventional waveguide and coaxial
components becomes, the larger and
costlier it can also become,

A more compact design might be
achieved by use of microstrip circuitry.
But conventional exposed microstrips
can introduce radiation and cross-
coupling. Shielding the individual
microstrips and linking them by coaxial
cable can solve the radiation problem —
at a sacrifice in compactness and econ-
omy that puts you almost back where
you started,

This is a problem that General Radio
faced in its efforts to design — at reason-
able cost — compact, reliable, and well-
shielded microwave circuitry for the
GR 1710 RF Network Analyzer and
the GR 1062 Frequency Synthesizer.
Circuitry included mixers, amplifiers,
filters, oscillators, and couplers, with
operating frequencies up to 2 GHz.

The solution was found in a novel
approach that uses neither waveguide
nor coaxial components.

To achieve the optimum combinatiord
of miniaturization, reliability, and
economy, microwave integrated circuits
are fabricated on ceramic substrates
by photoetching the conductors into
a .0003" gold film plated on the sub-
strates. Width of the conductors estab-
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lishes the impedance of the transmission
line. Transistors and capacitors are
soldered directly to the thin-film gold
conductors.

GR'’s photolithographic reproduction
process yields a very accurate pattern
that makes possible fixed-tuned devices.
Since the circuit characteristics are
fixed by geometry, no future trimming
is ever required. Once a pattern is made,
the circuits are easily reproduced in
any quantity. The resulting MIC’s are
60% smaller than equivalent circuitry
made using waveguide or coaxial com-
ponents, as well as less expensive.

The problem of effectively shielding

the microwave circuitry on the substrates

was solved by enclosing the substrates
in a waveguide-below-cutoff aluminum
enclosure, This permits many circuits
to be combined in a single package with
virtually no radiation or coupling
between conductors.

The waveguide-below-cutoff enclo-
sure is made of two identical split-L
aluminum extrusions that form an inex-
pensive base and cover assembly. All
dc and coaxial connections are made
through the side wall. Silver-loaded
silicone gasket material forms an rf-
tight seal between the cover and base,
The MIC substrates are easily acces-
sible with the cover removed.

enRad tradition

Novel packaging
culs radiation, size, and cost

of complex microwave
assemblies

To achieve 100-dB isolation between
two circuits in the same enclosure, the

circuits are merely spaced 2% apart down

the waveguide, No partitions, feed-
throughs, or compartments are neces-
sary. Typical circuits made possible by
the waveguide-below-cutoff enclosures
include microwave amplifiers with gain
as high as 30 dB at 2 GHz, and fixed-
tuned bandpass filters 100 MHz wide
with 90-dB rejection. This packaging
enables a dynamic range of 100 dB to
be attained in the GR 1710 RF Network
Analyzer, as well as a noise floor of
115 dB.

This novel approach to design and
packaging of microwave integrated cir-
cuits has enabled General Radio to pro-
duce complex, high-performance micro-
wave circuit assemblies at much more
reasonable cost than with conventional
waveguide or coaxial components. GR’s
extraordinarily reliable MIC’s capitalize
on the compactness of microstrip tech-
niques without the inherent radiation
problems of microstrip circuitry.

This packaging technique is des-
cribed in a paper titled *““Microstrip
in Instrumentation,” by Kingsley W.
Craft, GR Engineer. Copies of the
paper are available via the attached
reply card.
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