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ULTRASONIC PHYSICS

TeachSpin’s UltraSonic Physics Package UPP1-A

The propagation of high-frequency mechanical
waves in condensed matter, ultrasonics, is a
subject often neglected in both theoretical and
experimental courses offered to undergraduate
physics majors. We here at TeachSpin believe that
is a mistake. Not only does this field have a wide
area of practical applications, but both its theoretical
framework and its experimental techniques provide
undergraduate students with essential transferable
skills that can be applied to many other areas of
both basic and applied physics research. It’s hard
to estimate how much of current physics entails the
examination of wave propagation, but few would
disagree with the assertion that it’s a lot! That’s our
motivation for putting together our “UltraSonic
Physics Package” for your students.
This new package was developed in collaboration
with the German company GAMPT mbH. They
build and support the hardware in this package,
while TeachSpin developed the curriculum and
the faculty-student manual, which focuses on
the physics of wave propagation, transferable
experimental skills, self-discovery experiments,

and student projects for independent study. This
proprietary manual (eight chapters and one
appendix, some 55 pages) was written by Professor
David Van Baak, our collaborating physicist from
Calvin College.
While this equipment will give your students
the opportunity to study medical diagnostic and
treatment techniques, the same hardware can be
used to experimentally investigate important areas
of engineering and applied physics. Industry has
found important uses for ultrasonics. Probably
the most important application is in the area of
nondestructive testing of materials in fabricated
equipment. For example, ultrasonics is routinely
used in testing for cracks and defects in airplane
supports, struts, wings, fuselage, and other
components. Ultrasonic cleaners are used for
everything from jewelry to electronic circuit boards
and are widespread in industry. Because typical
ultrasonic wavelengths are in the millimeter range,
ultrasonics is currently used in the development of
“artificial meta-materials”, currently a glamorous
area in material science research.

Pulsed UltraSonics

Acoustic Impedance
The velocity of an ultrasonic wave may be measured
by determining the time elapsed between the
transmission and reception of a pulse or by measuring
the time of a round-trip for a pulse from a single
transducer. In this case, the pulse is reflected from the
boundary of a sample. It turns out that the amount of
acoustic energy that is both reflected and transmitted
at a material boundary depends on the acoustic
impedances of the two materials.
The acoustic impedance, Z, is defined as

Fig. 1 The UltraSonic Echoscope Gampt-Scan

In this issue of the “Relaxation Times” we focus
on the pulsed experiments done with the “UltraSonic
Echoscope GAMPT-SCAN” shown on both the front
cover and in close-up in Figure 1. The Echoscope
contains both the pulsed oscillator and a sensitive
receiver especially designed for pulsed ultrasonic
measurements.
The physical parameters of interest in an ultrasonic
measurement are frequency, wavelength, propagation
velocity, acoustic impedance, and absorption
coefficient. The frequency is determined by the gated
oscillator, which electrically drives the piezoelectric
transducer, that in turn creates the initial ultrasonic
compression wave. These same transducers can also
act as ultrasonic receivers, converting ultrasonic energy
into electrical signals.
The unit can be used in either transmission or
reflection mode. It is compatible with a wide range of
ultrasonic frequencies (1 – 5 MHz). This TeachSpin
Physics Package includes four ultrasonic transducers
- a 1 MHz, two 2 MHz, and a 4 MHz probe. The
probe frequency is automatically recognized by the
Echoscope.
Because the transmitter power and receiver gain are
adjustable, the Echoscope can be adapted to a wide
range of experimental conditions. A particularly useful
capability is “time gain control” or TGC. TGC allows
the gain of the receiver to be adjusted to increase with the
delay time between the initial pulse and the individual
echo. The threshold, starting point, end point, as well
as the slope of this gain, can be independently adjusted.
Thus, TGC allows the detection of the very weak
echo signals that may occur after multiple reflections,
without saturating the amplifier from earlier echoes.
These echo signals can be directly observed either as
an RF signal or as an envelope.

Z = rVs where r is the material density
and Vs is the velocity of sound.
The reflection coefficient for the interface between
two materials A and B is:
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The transmission coefficient is given by:
T=
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These theoretical predictions can be examined using
three different cylindrical samples: brass, acrylic, and
PVC plastic, each 2.0 cm long and 3.8 cm in diameter.
A pair of samples is held together by a clamping device
shown in Figure 2.
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Fig. 2 Schematic of the clamping device
Using a 2 MHz transducer with a PVC-brass
“sandwich”, one observes the multiple echoes shown
in Figure 3. Using various combinations of these
cylindrical samples, independently determining the
densities of the three materials, and measuring the
velocity of the ultrasonic wave in each material, one
can completely characterize the sample and verify (or
refute) the theoretical predictions of these reflection
and transmission coefficients.

Two Sound Waves in Solids

Although liquids can only transmit ultrasonic
compression waves, solids can also transmit shear
waves. Figure 4 shows the experimental setup to study
these two types of waves in a 10mm thick rectangular
acrylic (or aluminum) slab.

Fig. 4 Set up for Transmission Ultrasonics
The solid to be studied is immersed in a water bath and
supported in such a way that the angle of incidence of the
wave can be continuously varied. Two transducers are
used, one to inject an ultrasonic compression pulse into
the tank and a second to receive the compression waves
that are transmitted to the opposite side.
The Oscilloscope trace for a particular angle of the
slab is show in Figure 5. The trace indicates that two
pulses are detected by the receiving transducer.
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Fig. 3 Scope capture of echo signal from PVC-brass
“sandwich”.
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Fig. 5 Pulse Transmission Signals on a 10µs/div time base.
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Fig. 6 A “ray diagram” for ultrasound in water,
being transmitted though a slab via compressional
and shear waves propagating in the slab.
Figure 6 shows a schematic ray diagram of the
waves in both the water and the solid that explains this
phenomenon. When the compression waves in the water
strike the solid slab, they create two types of waves in the
solid, shear and compression, that propagate at different
velocities and thus different refracted angles. Upon
reaching the opposite side of the solid, the waves refract
back into the liquid, generating compression waves
that are, in turn, transmitted to the receiving transducer.
Note that both waves emerge parallel to the original
compression wave but laterally displaced. The two
waves can be distinguished because of the time delay
caused by their different velocities in the solid.
This experimental setup can be used to determine not
only the velocities of the compression and shear waves in
the solid, but also the critical angle for the total external
reflection. Without the solid slab, this arrangement of
transducers and water bath can be used to measure the
velocity of sound and attenuation coefficient for the
compression waves propagating in the liquid.
Transmission measurements are important in
geophysics where compression waves and shear
waves moving through the earth (after an earthquake)
are called p-waves and s-waves respectively. They
give us important information about the structure and
composition of the earth.
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NATIONAL AWARDS FOCUSED ON THE
ADVANCED LABORATORY
AAPT/ALPhA Award
For Undergraduate Students
AAPT and ALPhA have jointly announced the
establishment of a new award to honor an undergraduate
physics student’s contribution to the advanced
laboratory. It will be given to a student, or group of
students, who have built (or possibly developed) an
advanced lab experiment that will become a new part
of their school’s program. Sorry, but this award is only
for students in the United States.
As of this printing, the two organizations are creating
the standing committee which will be responsible for
the selection of the honoree. This committee will also
design the application and nomination process for the
award, which will be available on both the AAPT and
ALPhA websites sometime in the spring of 2014. The
first award will be made (assuming a suitable candidate
is available) at the winter meeting in New Orleans in
Jan 2016. It will consist of a citation plaque, an invited
talk, and a $4,000 honorarium. The faculty mentor will
also be honored. Travel expenses for both the student
and faculty advisors will be provided. TeachSpin
will fund this award for the first five years, as well as
contribute $5,000 to the permanent endowment.
Do you have an upcoming senior who might want
to take up this difficult challenge? Do you have an
experiment you would like for your program that

might be appropriate for this student to build? You
might want to get started this summer so two summers
and two semesters would be available for completing
the project. The first nominations are not due until
September 2015. We would love to see many worthy
nominations for this first award. It’s time to start
planning. For more information about the award or
how to make a financial contribution to its endowment,
consult the AAPT website. http://www.aapt.org/
Programs/awards/aapt_alpha_award.cfm

Reichert, Wolff-Reichert
APS Prize for INSTRUCTORS
The first Reichert, Wolff-Reichert APS prize for
building and maintaining an outstanding advanced
laboratory program has been announced. It will be
presented to Professor Gabe Spaulding of Illinois
Wesleyan University by the donors at the 2014 March
meeting of APS in Denver Colorado. Congratulations
Gabe! He will also be giving an invited talk on his
advanced laboratory program at this meeting. We
trust you all will be there, not only to applaud his
achievement, but also to learn new ideas for enhancing
your own upper division labs. Let’s pack the hall –
we’ll see you there.

Jonathan and Barbara

