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An Ultrasonics Unit has been formed at the National Physical Laboratory
to establish and maintain measuremént. standards, and to .-.'\ct'as a focal point
for the development of ultrascnic measurement practice in the UK. 1In this
paper, the various techniques being developed and used for the determination

of ultrasonic fields are reviewed,

There are a few points to be made at firct to give some indication of
.the difference between the problems encountered in ultrasenics and in
acousties. The frequency of ultrasound used in medicine is typically 0.5
Miz to 15 MHz, and within this frequency range ultrasound does nnt propagate
well through air. Thie is partly due to the poor efficiency of ultrasonic
sources in coupling energy into a.-gaB, and partly becaure of the attenuation
of the air itself. Unfortunately, there is also at present no satisfartory
means of characterioing an ultrasonic field within a paticnt'sz bedy, and ra
measurements are carried out on the fields propagnted by ultranonic
transducers into a water-filled test tank. Water is chosen because of the
match of its acoustic impedanre to that of tissue. This mateh ensures that
the transducer emits approximately the same amount of energy into the water
bath as it would into the human body. In water, medical ultrasconic .
ua;.velengths range from 3 mm. down to 0.1 mn.,, and with such short wavelengthr
:certain specific difficulties are encountered. These occur mainly hecaune
source transducers and receivers with characteristic dimensions much lesa

than a wavelength are just not feasible.

Medical ultrasonic transducers, then, consist in general of piesoelectric
drive elements of several wavelengths acrosa. The fields they produce are,
in consequence, directional and contain a great deal of near-field

interference atructure.. Such fielde may of cournc be fully determined by

measuring the temporal variation of field parameters, such as acoustic
precnure or particle velocity, at all points in the beam, bul for mant




practical purposes thio is neither required, nor indeed is it strictly
practicable. Instcad, a number of other parametert are measured and used
to describe the .characteristics of the field as a whole. These ares

1. the total time-averaged power,
2. the spatial peak, temporal average intensity,
3. the peak acoustic pressure amplitude.

Firctly, let us consider the determimation of the total output power from
‘an ultranonic transducer, which at the NPL is achieved by measurement of the
radiation pressure. This is & force due to the momentum carried by a.wave.
Aﬂ:f Ob.]ect which absorbs or reflects an mltrasonic wave will change the
momentum of the wave. This change of mementum produces a force on the object,
known as ihe radiation pressure, and this can be measured and related to the
total power in the ultrasonic beam. The ultrasonic equipment used in medical
diamosis, both pulsc-echo and Doppler, has a total time-averaged power
typically of 5 mdé., and thig producés a force of appreximately SO0 pg on a
totally absorbing objecl. Fowers used in physiotherapy machines typically
give a force of 0.5 gm, and in general two different types of equ:.pment are
needed to cope with this large range of powers,

For diagnostic ultrascnic equipment, a sencitive radiation pressure
balance has been built. This consisis of a servocontrolled microbalance with
a totally reflecting target suspended from one amm. The target is immersed
in a water bath with a transducer at the bottom, and when this transducer is
excited, the momentum of the ultrasonic beam produces a force on the target
which cha’.ngea its apparent weight. The change in weight is measured hy the
balance and can be related to ‘the total time-averaged power from the
trannducer to an accuracy of o few percent. Eventually this balance will he
uced to calibrate ctandard transducers to provide stable mources of known

ultrasonic power for calibration of field . instrumenta.

For the power levels used in physiotherapy machineo, a jaothgred f‘loa‘t
radiometer has been devited and built at the NPL, This consista of a
reflecting target hold in place with a water bath by three light silver
chaing linking the body of the target to the walle of the bath. Each of

Jthe ehains hangn in a loop and the weight of chain Bupported by the target
in jusl nufficiont to balance cut its buoyancy. The targot oinks below the
wator purface and its position can be measured, An ultrasonic transducer is
directed downwnrds towards the target, nnd the additional force exerted by
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the ultranound in compennnted by a downward movement of ihe targel and a
consequent redistribution of the load imposed by the chainc. The target
finde a new equilibrium poeition and the dieplacement of the target ean be
measured and related to the total timc-averaged powsnr From the transduceor.
' This float radiomeler can, in practice, measure phyciotherapy power leveln
to an overall accuracy of 210%.
.

These then are the methode used for meaturement of total power, lub tg
discover the way in which this total energy is carried by the beam, it is
neceseary %o look at the spatial and temporal distribution of acoustic
pressure in the ulirasonic field. One method is the use of an optical
Schlieren cystems As the ultrar;ound travels through the water, a refractive
index gradient is associated with pressure variations in the ultrasonic beam,
and if the beam is illuminated, the regicns of different refractive index
gradient sppear lighter or darker than the background level of illumination.
Hence an image of the ultrasonic wave is produced, and thiz Schlieren
technique can be used to give gqualitative information about the uwltrasonic
field. For a quantitative lmowleq,ge, however, it is necessary to insert small
probes in the beam to sense a parameter ‘such as acoustic pressure at each
point. As mentioned earlier, the parameters of interest are the spatial peak,
temporal average intensily which ir related to the energy delivered to a
particular region, and the peak acoustic pre-ssure amplitude which may be
imporiant in pulsed fields. For diagnestic Doppler equipment, whiekh uses
continuous waves, the intensity is typically 10 mh'/cm2 with a peak pressure
of-U.Z at:ﬁ., while for pulse-echo equipment of a zimilar intensity the peak

pressure may be 3 atm.

Conventicnal probes used for rneasurihg acoustic pressure at a point
consist of 4 small piezcelectric ceramic element mouﬂcd on the tip of A rod
or cone. Thece probes are not absolute measurement devices and must be
calibrated in terms of output voltagé ‘against applied acoustic pressur.-e. One
of the calibration procedures used at the NPL is a reciprocity technigue which
requires the measurement of elecirical quantities only. It relies on the
reciprocal behaviour of certain transducers with carefully determined beam
characteristics. In such reciprocal iransducers, the factor determining the
front surface movement for a certain inpixl. current when the device is used an
a source in directly related to that determining the voltage generated by an
applied prescure when it io used an a recciver. A hydrophone may be then

calibrated by noting its nignal ontput when placed at a well defined point in
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the ficld generated by a reciprocal transducer.

Unfortunately, ceramic hydrophones have several disadvantages, Firstly,
the impedance of the elements and their size means that they perturdb the
fields they are being used to measure, and, secondly, they exhibit tnternal
reverberations and response characteristics that are highly frequency
dependent. As the transverse dimensions of the ceramic are reduced to improve
the dircctional charasteristics of the hydrophone, %he frequencies of the
natural vadial rescnances of the element occur nearer the centre of the
operational frequency band and tend to affect the frequency response of the
device.

A different approach devised at the NPL is based on a piezoelectric
plastic material, polyvinylidene fluoride {pvdf}. The pvdfl is used as a thin
acoustically transparent membrane stretched over an annular frame large 'mougl:
to allow the entire ultramonic beam to pass through the central aperture. A
Bmall central region of ihe membrane is coated on both surfaces with metal
electrod-'es and is polariced to induce piezoelectric properties only within
that region. The device, therefore, may be regarded as a small sensing
" element, suspended freely in the ultrasonic field, which responds to local

pressure fluctuations associated with the passage of ultrasonic waves. This
detector offers a mumber of advantages over conventional ceramic hydrophones,
Firstly, the pvdf can be fabricated as a film with thicknesses down to a Tew
im, giving a deviee so thin that it does not interfere uiti\ the ultrasonic
Tield. Secondly, the frequencies of transverse or radial modes of the membrane
are related to the diameter of .the entire device rather than that of the active
olement alene, and will be well below the 0.5 MHz lower limit of interest.
Further, since the acoustic -impeda.nce of p;rdf is more clocely matched to water
than that of ceramic materials, the a.;:oustic reflection coefficient at the
surface of the membrane will be low and the device will only exhibit low Q
resonance effects gnd hence will have a broad Irequency response. The membranc
-hydrophones with a 1 mm. active element have a cmooth Trequency response which
ia Flat to %3 dO out to 100 Mis.

Looking to thc; future, a multiclement membrane hydroplione is under
development at the NPL. Thio may be able to provide quick and acourate
profilea of the ultraconic beam and prove 1o ba a convenient rielﬂ inotrumant,
A new hydrophone calibration technique baned on spectral analysis of nonlincar
fieldo is alae being inventipated. These nonlinear fields have o spectium




which consints of harmonic componento of the Fundamentnl frednmm_y, ud the
nhape of the opectrum cnn be evnjuated ueing apeciral n.nn'l,vnln Lechmigquan
combined with a hydrophone of known frequency responre. The characterined

field oan then be noed to rapid)y inventigate the frequency renponne of other
hydroph onen. )

In conclusion, thene then are nome of the technlquen under development
at the NPL both to provide primary standardn for une in the laboratory ilnnlf;
and to help to introduce new field instrumenin capable of eimplifying everyday

ultrasonic measurcment and jmproving the accurary avallable.
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