
The urinary drop spectrometer
Information from the external urine stream permits
early, painless diagnosis of obstructions with an optical
instrument developed by an interdisciplinary group.
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A new diagnostic instrument that can
potentially affect the lives of hundreds
of thousands of people has resulted
from a collaboration among physicians,
physicists, engineers and mathemati-
cians. This article is the case history of
the interdisciplinary study which cul-
minated in the development of the uri-
nary drop spectrometer, a painless in-
strument, now in clinical use, for the
early detection of lower-urinary-tract
abnormalities. As the name implies,
this instrument analyzes the spectrum
of drops into which the urinary stream
breaks up. As the drop spectra carry a
"memory" of the passage the fluid has
traversed, their statistics may be used
to map the delicate tubes of the uri-
nary system. Figure 1 shows how the
output of the spectrometer clearly dis-
tinguished output from patients suffer-
ing from two different disease condi-
tions from each other and from that of
a normal individual. We will see how
these clearly distinguishable differ-
ences arise, and how they form the
basis for medical diagnosis.

The medical problem

About 10% of hospital admissions in-
volve urological difficulties,1 of which
probably a majority2 originate with ob-
structions or infections, or both, many
due to anomalies in the outlet tract
from the bladder to the exit opening
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known as the meatus (see figure 2).
The serious consequences occur when
these troubles migrate up to the kid-
neys, which are a fine, complex pollu-
tion-control system necessary in all
higher vertebrates.3 Even our person-
alities are believed to depend greatly on
the operation of this system.4

The hydrodynamic inference is sim-
ple. The normally sterile urine is an
extremely vulnerable culture for bacte-
rial growth. These bacteria attempt to
invade from outside, and the periodic
emptying of the bladder "holding tank"
washes them out.

Anomalies in the lower system give
the invaders a potential foothold. A
one-way valve, the uretero-vesical junc-
tion (see figure 2), normally isolates the
lower tract from the critical upper tract
(ureters and kidneys). When lower-
tract resistance grows, the bladder com-
pensates5 by strengthening its muscles
so that it can raise the pressure. The
pressure increase, from the normal 40
mm Hg to as much as 120 mm Hg, is
well documented, but the sensing mech-
anism (a flow sensor?) that stimulates
the squeezing is not understood.

The higher bladder pressure during
voiding (resting pressure is 10-20 mm
Hg) causes a backward leakage called
reflux through the uretero-vesical junc-
tions. The last protection has been
breached, and the vulnerable kidneys
are attacked.

In females the incidence of bladder
infection is high, probably because the
urethra is so short (4 cm). These infec-
tions lead to hardening and permanent
change of the tissue underlying the lin-
ing of the urethra, which makes the pro-

cess of periodic reinfection more rapid.
The delicate interplay of very soft, seal-
ing mucous membranes and sphincter
muscles, controlled both by active
squeezing and by passive relaxation, is
strained in such circumstances and re-
sults in incontinence and other manifes-
tations that occupy a large part of the
effort of urologists.

In males a different and even more
common problem exists. According to
Rubin H. Flocks,6 25-50% of males over
50 will have prostate difficulties. In its
commonest form, benign prostatic hy-
pertrophy, this gland enlarges and, as it
is something of a "doughnut" around
the urethra, partially (sometimes total-
ly) obstructs the flow of urine during
voiding. In about half of these cases
surgical procedures should be per-
formed to preclude more serious conse-
quences. The tissue changes in pros-
tatic hypertrophy are thought to be7

hormonally connected and to begin at a
much younger age. Conventional diag-
nostic tools of urology cannot detect
such slight changes.

Unless the physician can be sure that
his patient is starting to develop benign
prostatic hypertrophy, it would be irre-
sponsible to start drug treatments, since
such treatments commonly lead to
other complications unrelated to urolo-
gy.7 What is needed, then, is a diag-
nostic technique that can be used re-
peatedly on patients who exhibit no ad-
vanced urinary-tract difficulties.

An interdisciplinary project

In 1962 one of the authors (Ritter)
met Norman Zinner, then a resident in
urology at the University of Virginia, at
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Time-interval histograms obtained with the urinary drop spectrometer. The vertical black line
marks the centroid of the distribution, indicating the average time interval between successive
drops. The top two graphs, taken of the same person on successive days, illustrates the re-
peatability of the measurements. For patient 1, suffering from benign prostatic hypertrophy,
the distribution is flattened, with the average shifted to the right. Patient 2, with meatal stenosis,
has a more peaked distribution with a shorter average time interval between drops. Figure 1

a cocktail party. Zinner was interested
in problems connected with measure-
ments of the pressure-flow relations in
the voiding of young women. The gen-.
erally accepted notion8 then was that
the female urethra (the tube connecting
the bladder to the outside, normally
about 4 cm long) was at least 6 mm
across at the narrowest point during ur-
ination. This belief was grounded on
the insertion of metal probes known as
sounds into the urethra.

Since interdisciplinary projects have
never been a reliable way for young
physicists to gain tenure, the work on
some simple calculations of pressures
and flow rates in the lower urinary tract
proceeded on something like alternate
Sunday mornings. It quickly became
apparent from the calculations that the
width of the urethra was unlikely to ex-
ceed 3 mm, and that the mechanical
forces exerted by probes during urina-
tion are several orders of magnitude
larger than the natural hydrodynamic
forces in the body.9 Urologists were
understandably reluctant to accept
such a remarkable statement on the
basis of calculations alone, but were fi-
nally convinced when a large model was
constructed, involving a pitcher of sa-
line solution, at 98.6°F and 40 mm Hg
pressure, connected to a 4-cm long
stainless-steel pipe whose diameter
could be varied. With a 6-mm diame-
ter tube, the "bladder" emptied in a few
seconds (compared to 15 sec in a normal
voiding). The visual impact was partic-
ularly vivid for one prominent urologist,
who commented that it "looked like a
horse."

Winning this battle generated enthu-
siasm, and the collaboration received a
much-needed impetus. The medical
and physiological problems were dis-
cussed, and it soon became clear that
this important "lower urinary tract"
was an interesting and complex physical
system with strange, little-understood
methods of control. It also became
clear that the study of it, extremely lim-
ited in normal humans, was fraught
with huge experimental difficulties of a
kind entirely different from those of
conventional physics.

The next step in the development of
the instrument was a colloquium at the
University of Washington. About 20
men, including four urologists, two psy-
chiatrists, five engineers, two lawyers
and a physicist, discussed ways of defin-
ing and measuring "normal" urination.
Since there is a large psychological com-
ponent to urination (a stressful psychi-
atric interview can lead to much higher
bladder pressures than normal coughs
and strains), it was felt that a method
had to be found that would not inter-
fere either physically or psychologically
with the subject.

We first thought of "bugging" the
men's dormitories, hoping to perform.
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some hidden measurement, possibly of
flow, at various urinals, and to tape the
information for analysis. Secret pic-
tures, probably with infrared light,
would be taken for identification.

The lawyers objected to doing it that
way. Instead we evolved a compromise
in which students would agree in ad-
vance to the possibility of such mea-
surements in certain dormitories, but
would never know whether a particular
urinal were so connected. Of course we
expected to get occasional pictures of a
dog, or to find gallons of water poured
down at one "urination," but after a few
months such tricks would surely die
down.

With the legal problems disposed of,
the problem of finding a suitable flow-
meter came up. What was needed was
an instrument that could measure the
flow rate as a function of time with a
resolution of less than 0.1 or 0.2 sec, this
being a time characteristic of physiolog-
ical changes such as sphincter openings.
Therefore, no meter requiring collection
of urine could be used. A system of
baffles was tried, with the idea of mea-
suring momentum transfers from the
urine stream, but the evaporation of
fluid from the surfaces caused baseline
shifts in the instrument comparable to
the signals themselves.

Drops and their statistics

These studies made it clear that no
instruments then in existence could be
used to make the desired measurements
of the urine stream.10 The next possi-
bility was high-speed movies, which
would allow at least a visual inspection
of the urine stream. A description of
the technical difficulties involved in
such a venture is probably out of place
here. In spite of these, after a number
of tries, a movie was made; it showed
clearly that drops form in the breakup
of the external urine jet.11 They were
vibrating and rotating. They had a va-
riety of sizes, shapes, spacings and ve-
locities and appeared to have a wavelike
envelope. The suggestion was inescap-
able that they contained a huge amount
of information—but was it usable?
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Male urinary system seen from behind, as
drawn by Italian anatomist Andreas Vesalius
(1514-1564), showing passageways through
which urine flows. Figure 2

The realization that the external
urine stream might contain information
about the urethra through which the
stream had passed formed the basis for
the development of the urinary drop
spectrometer. It is clear that, if you be-
lieve that there is information in the ex-
ternal urine stream, you are immediate-
ly faced with two problems. First, you
have to find clinically acceptable ways
to extract that information and, second,
you have to be able to interpret the in-
formation once you have it.

Although high-speed photography is
clearly not a technique that can be used
in a clinical setting, the problem of se-
quences of "particles" is quite familiar
to the nuclear physicist. If you want
information about a stream of drops, do
time-of-flight analysis! It is simple to
imagine how an instrument such as this
could be put together.

Such a system was built and tested12

using thin-sheet light fields formed and

sensed with fiber-optics circle-to-slit
converters (figure 3a). In a later ver-
sion of the urinary drop spectrometer,
the beam is collimated by a lens and de-
fined by slits while a solid-state photo-
detector replaces the photomultiplier
tube of the first model (figure 3b).

The electrical pulse trains formed by
drops passing through the light sheets
were tape-recorded. Even visual obser-
vation of these recordings on the oscil-
loscope showed the difference among
male patients with varying types of ob-
struction. Table 1 lists the main fea-
tures of a normal urination.

Once this instrument had been devel-
oped and its potential conceived, the
need for large-scale clinical testing be-
came crucial. The earlier flowmeter ex-
periments were set aside, and two more
men now joined the research effort:
Arthur Sterling, who was about to re-
ceive his PhD in chemical engineering
for work on the breakup of liquid jets,
and John Van- Ness, a mathematician
involved in problems of discriminant
analysis.

Lacking any deep understanding ei-
ther of the process by which the urine
jet breaks up or the manner in which in-
formation is carried by the drops, we
did a number of empirical studies using
time-interval analysis, both on metal
tubes containing known obstructions
and on patients. A commercially avail-
able electronic device sufficed for these
first analyses. Even though such an
analysis involved leading-edge trigger-
ing on each drop, and therefore folded
in the drop size and rotational and vi-
brational motions with the actual spa-
tial separation between the drops, we
obtained significant results.

As expected, we observed large differ-
ences between the patterns due to prox-
imal obstructions (near the bladder)
and those due to distal obstructions
(near the meatus). Histograms like
those in figure 1 have now been made
for about 4500 voidings by about 1600
individuals, and there have been no
counterexamples to these characteristic
patterns for any case in which the ob-
struction or nonobstruction was known.
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Two versions of the urinary drop spectrometer. In the original ver- photodetector replaces the photomultiplier tubes used before. The
sion (a), the light field was produced and detected with fiber optics. In output is processed to obtain time-interval, drop-frequency or other
the newer model (b), the light is collimated by a lens, and a solid-state distributions. Figure 3
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Table 1. Typical voiding parameters for a normal adult male Table 2. Model orifice sizes

Volume
Duration
Mean flow rate
Mean drop volume*
Number of drops*
Mean drop velocity**
Mean drop frequency*

* Excludes "satellites" of volume below 0.017 cc.
** Referred to height at meatus.

270 cc
~13 sec
21 cc/sec
0.12 cc
2250
~200 cm/sec
170 drops/sec

Orifice
subscript

1
3
5
7
9

11
13

Diameter
(mm)

3.25
2.92
2.64
2.36
2.11
1.88
1.57
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Time-interval distributions obtained with the apparatus shown in figure 6. In the symbols, P
and D refer to proximal (upper) and distal (lower) orifices; the diameters corresponding to the
subscripts are given in Table 2. P ^ is equivalent to a straight tube. Spectra for distal ob-
structions as diameter is increased are shown in (a), while (b) shows spectra for proximal ob-
structions of decreasing diameter. The arrows show the increasing first moment (centroid).
The first moment (in color) and the second moment (skewness, black) are graphed in (c) as
functions of the tube configuration. Figure 4

To test the sensitivity of the method,
we made a simplified brass model hav-
ing flow properties similar to those of
the outlet tract. It had a straight tube
for the urethra, with annular obstruc-
tions insertable at various locations.
The time-interval histograms, as in fig-
ures 4 a and b, clearly and repeatably
revealed differences of 0.25 mm in ori-
fice diameter at any location tested, as
long as the pressure was not varied radi-
cally (more than ±40%). The differ-
ences, which could be observed visually
by overlays, were recorded by taking
moments. Figure 4c shows the re-
sponses of the first (centroid) and sec-
ond moments to, first, the stepwise
opening of the distal orifice and, then,
secondly, the closing of the proximal
orifice.

Pulse-height distributions are also
highly informative: Two major groups,
the main drops and the satellites, char-
acterize a normal urination. The pulse
height is proportional to the amount of
light occluded, hence the drop "diame-
ter." Another useful measure is the
power spectrum, which is the squared
modulus of the Fourier transform of the
pulse train.

Closely related to the time-interval
histogram is the drop-frequency curve,
merely a time plot, during the urina-
tion, of the number of drops per second
that pass the light field. Such a plot,
figure 5, illustrates the several epochs in
a urination. Spastic sphincters and
other pathological conditions can be
diagnosed on such plots.

Clinical tests
In 1972, Zinner was appointed Boer-

hav Professor at the Akademisch Ziek-
enhuis (University Hospital) in Leiden,
and undertook a program of extensive
testing in the Poliklinik Urologie of
Professor Peter Donker. A drop spec-
trometer was set up in the clinic to
gather data on a large number of pa-
tients. It quickly became apparent
that the most difficult problem was that
of classifying the patients.

If the most important use of the
method was to make sensitive, early
diagnoses, and there were no existing
methods for such diagnoses, the spec-
trometer was, in a sense, on its own.
We could follow large numbers of nor-.

26 PHYSICS TODAY/SEPTEMBER 1974



mal young men until some of them had
developed each of the various categories
of disease. Another possibility would
be to extrapolate results from patients
with well-developed problems. We
have actually taken both of these cours-
es.

In recent years a mathematical meth-
od for treating such data, called "clus-
ter" or "discriminant" analysis, has
been developed. In cluster analysis,
the data form an n-dimensional vector
space in a computer memory. Each di-
mension corresponds to one measure-
ment. For example, if we took 20
points in the power spectrum of each
patient, coupled with 5 pieces of data
such as height, weight, age and sex,
there would be a 25-dimensional vector
for each patient. The points formed by
the set of all patients would be the data.
The appearance of mathematically-de-
fined clusters that correlated with vari-
ous types of disease would indicate suc-
cess. The degree of success would de-
pend on how tightly the clusters
grouped and how separated they were.

After a "learning" period the com-
puter would have sufficient data to clas-
sify the clusters. Hypersurfaces of
given probability density would be gen-
erated, and new, unknown patients
could then be classified from their loca-
tion in the vector space, a value being
assigned to the probability of their be-
longing to each class of disease and to
the normal group.

The use of this method depends en-
tirely on the relevance of the measure-
ments used as components of the vec-
tors. There are ways to assess the value
of each measurement entered, but
choosing a poor method of analysis will
lead to the rejection of most of the vari-
ables. The study is time-consuming
and difficult for each chosen method; it
would take years to treat data from
large numbers of patients by all of the
proposed methods.

Clinical work now being carried on by
Zinner in Los Angeles (where he is
Chief of Urology at the Charles R. Drew
Postgraduate Medical School) is aimed
at solving a variety of specific problems.
For example, the use of flowmeters,
with all their limitations, is still well
known and accepted in urology. A se-
ries of experiments relating the urinary
drop spectrometer results to those from
a well-known flowmeter are being car-
ried out for several disease conditions.

Now the physics

A quantity of clinical data already
subjected to time-interval analysis is
now being scrutinized further by means
of pulse-height distributions. We hope
that the combined analysis will allow us
to make more specific diagnoses of pa-
tients so far only classified into broad
categories.

Although we know that the urinary

300

200 -

o

o
a:
Q

100 -

30

Clinical data showing the time variation of the drop frequency obtained with the urinary drop
spectrometer in a normal person (black line), a patient with a proximal (upper) obstruction (gray)
and a patient with a distal (lower) obstruction (color). Figure 5

drop spectrometer can be used to pro-
vide information about the condition of
the lower urinary tract, we have little
understanding of the means by which
this information is transferred from the
urethra to the urine drops. Such physi-
cal understanding is not, of course, es-
sential to the development of the in-
strument as a clinical tool. Nonethe-
less, some understanding of the hydro-
dynamics of the lower urinary tract and
of the breakup of liquid jets would
greatly facilitate the development of re-
liable information-processing systems
for the instrument. Consequently we
are making, in parallel with the clinical
work, an effort to understand the basic
hydrodynamic processes in the lower
urinary tract. We are working on the
theory of flow in constricted tubes and
of jet breakup and checking the theory
on our own instrument (see figure 6), as
well as trying to resolve puzzling points
that come up in connection with the
clinical work.

While the problem of flow in con-
stricted tubes with deformable walls is
beyond the scope of present theoretical
techniques, a wide literature does exist
on laminar flow in rigid constricted
tubes,13"15 mostly in connection with
blood flow in constricted arteries (arte-
riosclerosis). Since flow in the urethra
is probably turbulent,9 the way the fluid
carries information about obstructions
to the mouth of the tube is far from
being understood. For the simpler
problem of laminar flow, one can trace
the relaxation of the velocity profile
downstream from an obstruction1617;
the profile retains this information for
about 1000 diameters downstream.
Thus, at least for laminar flow, the in-
formation-transfer process in the tube
can be understood.

The theory of the breakup of the cap-
illary jet is in relatively better shape,
having been pioneered in 1879 by Lord
Rayleigh.18 Given a cylinder of inviscid
liquid of radius a, he imposed a propa-
gated disturbance upon the surface with

an amplitude r assumed to vary with
distance x and time t as

where k is the wavenumber of the dis-
turbance and /3 = 0(k) is its complex an-
gular frequency. If /? has an imaginary
part, ft, the jet will be unstable and ft
represents the growth rate of a distur-
bance with wavenumber k. Distur-
bances of this form were applied to ve-
locities v and pressures P in Euler's
equation

^ + (V-V)v = - -VP
dt p

where p is the density of the liquid.
The jet can be stable only as long as the
liquid pressure is balanced by surface
tension. Assuming the jet to be moving
at a constant uniform velocity, Rayleigh
arrived at the following stability criteri-
on for ft {k):

W /„( ka)

where a is the surface-tension coeffi-
cient.

A graph of this function shows ft to
rise almost linearly from zero at ka = 0,
curve to a maximum at ka = 0.698 and
drop sharply back to zero at ka = 1.
Rayleigh deduced that the jet would be
dominated by disturbances of the corre-
sponding wavelength if the initial dis-
turbance level were uniform. He pre-
dicted that the jet would break up into
drops of more or less uniform diameter
of about 1.9 times the jet diameter.
Subsequent investigators who have con-
cerned themselves with this problem
have taken into account such effects as
viscosity,19 ambient atmospheric pres-
sure20'21 and velocity profile relaxa-
tion.22

This work has been almost exclusive-
ly concerned with the breakup length of
the jet (the length of the fluid jet before
it breaks into drops). This problem has
obvious practical significance in carbu-
ration and injection processes, but is of
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Experimental installation, consisting of jet-
producing apparatus with interchangeable ori-
fice constrictions, modeling lower urinary tract
(above), and urinary drop spectrometer
(below). Figure 6

Diameter (/of the largest drops (a) and breakup length L (b), in units of the minimum stream
diameter do, as functions of the Reynolds number. The black line in (a) is a fit to the data, while
the colored line represents the prediction of Rayleigh's theory with jet contraction taken into ac-
count. L rises linearly in the (left-hand) laminar region; the transition region is shown in color,
the turbulent region in white. Figure 7

little use to us. Only recently23 have
studies of the time evolution of a lami-
nar jet into a sequence of different-
sized drops been undertaken. No theo-
ry for drops from turbulent jets exists.

The theoretical understanding of the
physical processes taking place in the
lower urinary tract thus leaves a lot to
be desired and a great deal of theoreti-
cal work will have to be done to improve
the situation.

The experimental program
At the University of Virginia we con-

structed an experimental facility that
consists of a drop spectrometer and an
apparatus that allows us to form verti-
cal jets to be analyzed. As we have
mentioned, the major problems to be
resolved are to find ways to extract use-
ful information about the jet from the
spectrometer output.

Initially we centered our attention on
jets formed by circular hard-walled
tubes. By connecting the output of the
spectrometer to standard pulse-height
analyzers, we have been able to carry
out the first investigations of the distri-
butions of drop sizes in jets.

This can be done only approximately,
because the pulse height represents the
maximum width of the drop as it passes

the light field. The vibrations and
rotations mentioned above make it im-
possible to make an exact deduction
about the drop size (and hence the flow
rate) from the pulse height. According
to Van Ness, however, the average of the
cross section is greater than the diame-
ter of a sphere of the same volume.
Since this is the only way in which non-
interfering time-dependent flow rates
can be obtained, measurements of this
type, even at the level of 25% accuracy,
are of great interest to clinicians.

We took readings of pulse heights in
jets, calculated the flow rates on the as-
sumption that all of the drops are
spherical and compared the results to
the amount of fluid collected. The re-
sults of the measurements with circular
orifices, some of which are still in prog-
ress, are encouraging. This work will
be extended with elliptical orifices
(where an obviously large quadrupole
deformation of the drops will exist at jet
breakup).

The general result of pulse-height
analysis for Reynolds numbers ranging
from 1000 to 8000, after corrections for
jet contraction and gravity, is that the
drop distribution exhibits two or more
peaks, corresponding to clustering of
drops in one large and one or more

small sizes. In the laminar-flow re-
gime, the distributions have an inter-
esting, rather complex structure which
is repeatable, but not yet fully under-
stood. Some important trends begin to
emerge, however, when one considers
the main (largest) drop sizes.26 Using
the Rayleigh theory and taking jet con-
traction into account, we can predict
drop diameters that agree very closely
with experimental data in the laminar
range, and qualitatively in the turbu-
lent range; see figure 7.

In medical situations, the height of
the patient above the light sheet will
vary, making it necessary to study the
variation in the drop statistics as a
function of distance along the jet. The
time-interval distributions, under
Reynolds numbers approximating
human voidings (about 7000) vary ap-
preciably as the height varies from 25
cm to 70 cm. Putting it another way,
there is about a 15% reduction in the
numbers of drops of volume above 0.017
cc as we move from 25 to 70 cm along
the stream. Whether this is a coales-
cence of drops or a sequential breakup
to smaller ones is not yet clear.

Other plans include studies with
flexible tubes, which will approximate
physiological conditions more closely.

28 PHYSICS TODAY/SEPTEMBER 1974



ORNL
Bell Telephone Laboratories

LLL
Grumman Aerospace

NASA-Lewis
Sandia

Westinghouse-Bettis
LASL

Caltech
Xerox Research

BNL

Researchers at these and
other labs across the country

have chosen the TP-5000
pulse height analysis system

for its unmatched power
and flexibility.

Based on the popular PDP-11
minicomputer, the TP-5000
features field-proven single

and multi-parameter software

packages for a wide
range of experiments.
If you are considering
a computer-based PHA system
for your lab,
give us a call at 615/482-3491
Or write
Tennecomp Systems, Inc.,
795 Oak Ridge Turnpike,
Oak Ridge, Tenn. 37830

TENNECOMP SYSTEMS INC.

795 Oak Ridge Turnpike DOak Ridge, Tenn. 37830DPhone(615)482-3491

Circle No. 17 on Reader Service Card

PHYSICS TODAY/SEPTEMBER 1974 29



Applications of Model TGE-2 high-
voltage fast-rise pulse generators in-
clude the triggering of: spark gaps
. . . ignitrons . . . and Marx gener-
ators.

The main features include:

• Fast Rise Time . . . ~ 5 nanosec.

• Extremely Low Jitter. . . ~ 3 nanosec.

• High Amplitude . . . 50kV pulse
output.

• Extremely rugged construction.

TGE triggers represent years of de-
velopment in the field of high energy
pulse generators. They are ideal for
use with our own discharge switches
as well as other commercial and lab-
oratory units. TGE's eliminate the need
for elaborate triggering circuitry and
may be parallel or sequentially fired
with minimum interpulse jitter.

All triggers are constructed with a
rugged cast epoxy housing to with-
stand severe shock and vibration.
Available on short delivery.

For further information on TGE's and
high voltage capacitors/systems write
or call:

TEL: 617 828-3366
TELEX: 92-4427

-DEUTSCHMANN

LABORATORIES I
CANTON, MASSACHUSETTS 02021

It is clear that there are enough prob-
lems to be tackled to keep any experi-
mental program busy for a long time.

Other problems in urology
After five years of effort, the urinary

drop spectrometer has now shown itself
to be useful in the hands of a skilled
clinician. If it is to find broad applica-
tion, many of the problems we have
mentioned must be solved, and it must
become simple enough to be used with-
out special skill. As alternative diag-
nostic techniques are not in sight, the
need for the method makes it worth the
effort.

In the course of this work, a huge va-
riety of physical problems in the uri-
nary tract have become known to us.
Although clinicians have a tremendous
skill in evaluating and treating urologi-
cal problems, and although urologists
are doing extremely clever and useful
research, they are well aware that many
problems fall directly into the catego-
ries that are best studied by physical
scientists.

For example, the basic understanding
of the wavelike motion of the ureters is
just beginning to emerge.27 From the
considerable amount of information
available, an overall model should be
possible. Another problem is the mea-
surement of the mechanical nature of
the soft urethral lining. One physicist
has proposed, and shown good evidence
for, a mechanism of supersonic-flow
limitations, due to the yielding of the
urethral wall,28 as a major factor in flow
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