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Summary

Ultrasonic waves of frequency 32 ke/s are allowed to pass through a rising
stream of hot turbulent air. Spaced microphones are used to investigate the
diffraction pattern formed beyond the air stream, and spaced thermistors are used
to record the temperature fluctuations in the air stream. The arrangement is used to
study various aspects of random diffraction and to verify assumptions often made in
the investigation of ionospheric irregularities. It is shown that the results are
broadly in agreement with theory, in spite of various uncertainties about the
applicability of the theories. In particular, reliable measurements of the velocity
of the air stream and of the scale of the temperature fluctuations can be obtained
from observations made at a few fixed points in the diffraction pattern.

I. INTRODUCTION

In observations of the irregularities of electron density frequently present in
the ionosphere, use is made of radio waves, either reflected from the ionosphere or
transmitted through it. In both cases, an irregular ‘“‘diffraction pattern” is formed
over the ground, and this is investigated by the use of radio receivers, which record
the time variations of the field strength at fixed points on the ground. Usually only
the amplitude is recorded, and from the records information is obtained about the
movements and dimensions of the ionospheric irregularities. For example, ionospheric
drifts are determined from the time displacements between the fading records at three
spaced receivers (e.g. Mitra 1949; Krautkramer 1950). In this case, the radio waves
originate from a pulse transmitter, usually close to the receivers. In the study of
radio star scintillations, information about the sizes, shapes, and motions of irregu-
larities in the F region of the ionosphere is obtained by the use of spaced interfero-
meters observing the same radio star (e.g. Hewish 1951; Spencer 1955). By observing
scintillations of radio waves transmitted from a satellite, similar information can be
obtained and it is also possible to determine the height of the irregularities (e.g.
James 1962).

All these methods depend upon a knowledge of the relation between the
diffraction pattern formed over the ground and the ionospheric irregularities that
produce it. The irregularities can be imagined as forming a “diffracting screen”,
and the object of the experiments is to find out as much as possible about the screen
from observations of the diffraction pattern. Thus we need to know how the velocity
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of the pattern over the ground is related to the velocity of the irregularities and how
the “scale size” of the irregularities in the diffraction pattern is related to the dimen-
sions of the ionospheric irregularities.

The theoretical problems of ‘“random” diffraction have been reviewed by
Ratceliffe (1956). The theories that have been used make a number of assumptions
and approximations, which may or may not be valid in the actual problem. Also,
the complete diffraction pattern is never observed, but rather it is sampled at a few
points only. This necessitates further assumptions and makes the estimation of the
errors very difficult, since the irregularities themselves are inaccessible, and the
results cannot be checked by direct observation.

In view of these points, it was considered desirable to perform a laboratory
experiment to verify some of the assumptions. The aim was to construct an irregular
diffracting screen whose velocity and statistical properties could be measured directly.
Then, the relevant parameters could also be deduced from observations made at a
few points in the diffraction pattern and the results could be compared with those
obtained by direct measurement.

There are two main considerations in the choice of such a laboratory experiment.
The wavelength used, of course, must be much less than in ionospheric work, in order
to reduce the system to laboratory scale. A wavelength of about 1 ¢m is convenient,
and this suggests the use of either centimetre radio waves or ultrasonic waves pro-
pagating in air. Secondly, it must be possible to make an analogue of the ionospheric
irregularities. For ultrasonic waves, the variations of wave velocity arising from
temperature fluctuations in air provide a close analogy. For example, a heater
element produces a rising stream of turbulent air, which appears to simulate quite
closely the drifting pattern of irregularities in the ionosphere. As no simple device
of this kind appears to be readily available for centimetre radio waves, it was decided
to use ultrasonic waves. The transmission of waves through such a turbulent air
stream is analogous to the experiments on radio star and satellite scintillations. It
is not directly analogous to experiments in which radio waves are reflected from the
ionosphere, although many of the features, such as the derivation of the velocity
from observations at spaced receivers, are very similar.

In the present experiment, direct measurements on the diffracting screen are
made by the use of thermistors, which enable records to be made of the temperature
fluctuations at fixed points in the air. Provided these temperature fluctuations are
small compared with the mean temperature, they are analogous to the fluctuations
of electron density in the ionosphere, as is shown in Section IT.

A diffracting screen of this type modifies only the phase of the waves trans-
mitted through it. As the wave propagates beyond the screen, however, amplitude
fluctuations appear and become larger as the distance from the screen increases. It
is of interest to verify the theories of this phenomenon using ultrasonic waves, and
this is done in Section IV.

The velocity of the rising air stream can be obtained from the thermistor
readings, and this is compared with the velocity determined from the diffraction
pattern in Section V. The scale sizes of the irregularities in the screen are compared
with those in the diffraction pattern in Section VI.
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II. THEORY
Consider a region of length I, in which the wave velocity is ¢4 Ac, embedded
in a uniform medium in which the velocity is c. For a wave of angular frequency
o passing through this region, the phase difference A¢, relative to the phase that
would exist if the irregularity were not present, is given by

11
¢ c¢+Ac

Ag = wl( ) ~ (w/c®)(l.Ac). (1)
For radio waves in the ionosphere, if the Earth’s magnetic field is neglected,
the wave velocity ¢, is given by

& = ci(1— NePlegma®) T, @)

where cg is the velocity of electromagnetic waves in vacuo, N is the electron density,
and e and m are the charge and mass of the electron. Thus, if we consider a region
of electron density N+AN embedded in a region of mean ionization density N, we
have from equation (2)
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and, from equations (1) and (3), we find for the phase difference A¢, in the radio case

L
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In the case of ultrasonic waves in air, the wave velocity ¢y is given by

cu = (yRT|M)}, (5)

where y is the ratio of the specific heats, R is the gas constant, 7' is the absolute
temperature, and M is the mean molecular weight. Now consider a volume of air
at a temperature 7'+A7T embedded in air at a mean temperature 7. From (5)

Acyfcd = L(M[yRT*}'AT , (6)

and thus the phase difference A¢, for the ultrasonic waves is given by

Ady = yo(M[yRT*}IAT). (7

~ A comparison of equations (4) and (7) shows that the phase difference is
proportional to (!AN) for the radio waves in the ionosphere, and to (!AT') for the
ultrasonic waves in air. Therefore, fluctuations of temperature in a moving air
stream may be regarded as analogous to the fluctuations of electron density in the
ionosphere. We assume that in both cases the fluctuations are small compared with
the mean.

An ultrasonic wave transmitted normally through a plane sheet containing

random temperature fluctuations emerges with random variations of phase across
its wavefront. We shall refer to such a sheet as a ““phase screen””. The important
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parameters for such a screen are the root-mean-square phase deviation (¢o) that it
produces, and the autocorrelogram that describes the spatial structure of the phase
variations across the wavefront. The autocorrelogram is related to the three-
dimensional autocorrelogram of the temperature fluctuations, which can be investi-
gated by means of the spaced thermistors. These ideas are developed further in
Section IV.

ITI. ApPARATUS

It was apparent from the outset that considerable difficulties might arise
from reflections of the ultrasonic waves from the walls and furniture of the laboratory.
These reflected waves would interfere with the direct wave passing through the
phase screen, and modify the diffraction pattern being investigated. For this reason,
it was decided to use short pulses of waves, so that the unwanted signals could be
separated from the main wave by their greater time delay.
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Fig. 1.—Arrangement of apparatus, showing relative positions of the transducer Tr, phase
screen S, microphones M1 and M2, and thermistors T1, T2, and T3.

The general arrangement of the apparatus is shown in Figure 1. A pulse
generator produces 0-3 msec pulses of 32 ke/s electrical signal, at a repetition rate
of 50 c/s, and these pulses are applied to an electrostatic transducer, which is the
source of ultrasonic waves. The transducer, similar in construction to an electrostatic
loudspeaker, consists of a tightly stretched piece of aluminized Mylar film about
10 em square, separated from a flat metal back plate by a sheet of thin perforated
cardboard. The electrical pulses, of about 800 V peak-to-peak amplitude, are applied
between the back plate and the Mylar film, causing the film to vibrate and produce
the ultrasonic wave. To prevent electrostatic attraction on both half cycles of the
signal, and consequent frequency doubling, the transducer is polarized by applying
in series with the signal a d.c. voltage of about 1kV. The polar diagram of the
transducer is such that the width of the main beam is sufficient to fill the whole of
the phase screen.

The phase screen consists of a stream of hot turbulent air rising from a heating
element made up of six 1 kW radiator bars, connected end to end, and placed near
the floor of the room, about 1 m below the direct path between the transducer and
detecting system. The screen thus formed is relatively thin, and about 2 m wide.

The signals are picked up on a pair of condenser microphones, which were
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Fig. 1.—Typical microphone record, taken with a separation of 14 cm, showing time delay
between signals at upper and lower microphones. The lower trace shows an unwanted reflected
pulse, separated from the main signal by a small time delay.

Fig. 2.—Typical thermistor records, taken with vertical and horizontal separations of 6 cm.
The time delay between the upper two traces, corresponding to the vertical pair, is clearly visible.
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constructed especially for this experiment, since the requirements of small size (to
allow investigation of fine structure in the diffraction pattern) and adequate sensitivity
in the ultrasonic region could not be met by any readily available commercial units.
The microphone cell and a preamplifier are mounted together in the form of a
probe, approximately 1 in. diameter and 5 in. long. The diaphragm of the microphone
is about 06 in. diameter.

The signal from each microphone passes via coaxial cable to a tuned amplifier.
Since the microphones are sensitive to a wide band of frequencies, the passband of
the amplifiers is limited to a bandwidth of about 4 ke/s, in order to discriminate
against random room noises, and thus improve the signal-to-noise ratio. After
amplification, the pulses are rectified and filtered, and the two resulting pulse envelopes
are applied to a double-beam oscilloscope, with the time base disconnected. Thus,
there are two vertical lines on the oscilloscope screen, one above the other, the
height of each being proportional to the instantaneous signal strength at the corres-
ponding microphone. When the oscilloscope screen is photographed on a continuously
moving film, a record such as that shown in Plate 1, Figure 1, results. The micro-
phones in this particular example were separated vertically by 14 cm. A time delay
can clearly be seen between the two signal envelopes; variations at the lower micro-
phone are repeated later at the upper one.

Direct measurements of the temperature fluctuations in the phase screen are
carried out by using three thermistors, arranged in a right-angled triangle, with
equal separations of 6 cm between vertical and horizontal pairs. The thermistors
are supplied with current from a high impedance source, and the voltage developed
across each, which is proportional to its resistance, is amplified. The three resulting
signals are recorded on a three-channel pen recorder. A typical record is shown in
Plate 1, Figure 2. The time delay between the traces corresponding to the vertical
pair is clearly visible; there is no obvious time delay between the horizontal pair.

Since it is desirable that the thermistors should follow the temperature fluctua-
tions in the phase screen as faithfully as possible, it is necessary that their time
constant should be short compared with the period of the fastest fluctuations present
in the screen. The time constant of the thermistors used was estimated by measuring
the thermistor’s response to a step temperature change. This was produced by
heating the thermistor electrically, and then plotting on a recorder chart the cooling
curve when the current was switched off. By this means it was found that the time
constant of the smallest available thermistor was about 1-5 sec, which was too long.
The time constant was therefore shortened by reducing the size, and hence the
thermal capacity, of the thermistor bead by careful grinding of material from the
bead. In this way the time constant was reduced to 0-12 sec. However, evidence
discussed in Section IV shows that a still shorter time constant would have been
desirable for completely satisfactory results.

IV. THE INCREASE OF SCINTILLATION DEPTH WITH DISTANCE FROM THE SCREEN

The way in which amplitude fluctuations appear and increase as the wave
travels beyond a phase screen has been considered by Mercier (1962), Wagner (1962),
and others. It is necessary to define a suitable measure of the amount of fluctuation



550 K. BARTUSEK AND D. G. FELGATE

or scintillation depth, and different authors have used different definitions. The

four most frequently used measures, which may be denoted by 81, Sz, S3, and Sy, are
defined as follows:

81 = (1R)R—E], (8)
8 = (R{(R—B)%, )
Ss = (1/R?)[Re—FRe|, (10)
Sa= (1/B){(R2—R2)p, (11)

where R is the amplitude and the bars denote time averages.

The relation between these measures will depend on the probability distribution
of R, which is in general not known. Briggs and Parkin (1963) have investigated the
relation empirically for satellite scintillations, showing that in this case S, Sa, Ss,
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Fig. 2.—Experimentally determined points and theoretical curve
(full line) for increase of scintillation depth Sz with distance from the
phase screen.

and S are proportional to each other, with proportionality constants close to those
predicted theoretically for a Rayleigh distribution of R, namely,
S1 = 0-428,, S = 0-5284, S3 = 0-7384.

Wagner (1962) has shown that the manner in which the amplitude fluctuations
build up with increasing distance beyond the phase screen depends markedly on the
form of the spatial correlogram of the phase fluctuations produced by the screen.
This may be denoted by ps(£€), where py(£) is the correlation between the phases at
two points separated by a distance ¢ in the wavefront as it emerges from the screen.
In Figure 2 the points are the experimentally measured values of Sp, and these are
compared with Wagner’s theoretical curve (full line) for an exponential correlogram

po(§) = exp(—|¢/&ol) -
This was found to fit the measured variations more closely than the other forms
considered by Wagner. The parameters used were the scale factor £p, as determined
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in Section VI, and the r.m.s. phase variation ¢, which was chosen for best fit of the
theoretical curve to the observed points. (The actual values used were £y = 5-6 cm
and ¢o = 0-21 rad.)

The assumption of an approximately exponential form for py(€) is supported
by the form of the temporal correlogram of the diffraction pattern formed at some
distance beyond the screen. This is also approximately exponential (see Fig. 6).
As the time variations arise mainly from a pattern drifting past the microphones,
the spatial correlogram must be of similar form. On the other hand, the correlogram
determined by the thermistors situated in the phase screen itself appears to be
closer to a Gaussian than to an exponential curve. The explanation of this discrepancy
appears to lie in the limited frequency response of the thermistors. The time constant
of the thermistors used was 0-12 sec, indicating a loss of response for frequencies
above about 15 ¢/s. Frequencies higher than this can, however, be seen on typical
records and it is clear that these must have been severely attenuated. The effect of
the high frequency attenuation on the correlograms will be most marked near the
origin, tending to make an exponential curve into a more rounded, Gaussian-like
form.

In principle, it should be possible to correct the correlograms for the limited
frequency response of the thermistors. Fourier transformation of the correlogram
would yield the power frequency spectrum of the corresponding signal, and this
would be passed through a mathematical “filter”, whose bandpass would be the
inverse of the squared frequency response curve of the thermistor, obtained by
Fourier analysis of the thermistor’s response to a step function. Further Fourier
transformation would then yield the corrected correlogram. Attempts to correct
the correlograms in this way, however, proved unsuccessful, due to the high level of
noise present in the thermistor records. The noise becomes proportionately more
important at the higher frequencies, where the original signal has suffered attenua-
tion, and leads to distortion of the corrected correlogram.

As a result, an alternative method was adopted. Exponential correlograms
were assumed, with various scale factors, and the correlograms that would have been
obtained if the corresponding signal had been passed through a filter with bandpass
equal to that of the thermistors were calculated. These were then compared with the
actual correlograms obtained experimentally.

It was found that when an exponential function, with scale such that it fell
to 0-5 of its initial value in a time of 0-17 sec, was modified by a filter with time
constant of 0-12 sec, a function was obtained that resembled the observed auto-
correlogram quite closely for correlation values greater than 0-5. Figure 3 shows
both the assumed exponential and the derived Gaussian-like functions, plotted with
the autocorrelograms observed at each of the three thermistors. The divergence
between the curves for smaller correlation values can be accounted for by sampling
errors, and is not inconsistent with the assumption that all the curves belong to the
same population (Awe 1964).

A further point that should be stressed is that the autocorrelograms referred

to in Wagner’s theory relate to the phase variations in the wavefront emerging
from the screen, whereas the autocorrelograms obtained in the present experiment
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are of the temperature fluctuations producing the phase variation. Theory shows
that these are of the same form for the particular case of a Gaussian autocorrelogram,
but this will not necessarily be true in the general case. The results of the experiment
do, however, indicate that the autocorrelograms of the fluctuations in the phase
screen are closer to an exponential than to a Gaussian form.
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Fig. 3.—Theoretical and observed autocorrelograms of temperature fluctuations in
the phase screen; ———— observed correlograms, —-—-—- assumed exponential

function,

corrected exponential function.

In order to investigate the relationships between S1, 8o, S3, and Sy, these quan-
tities were calculated at different distances from the phase screen. As the scintillation
depth is changing, the probability distribution of the amplitude R is also changing,
and this provides a test of the dependence of the relationships on the probability

distribution.

In Figure 4 the measured values of S1, Sz, and S3 have been plotted against S4.
It can be seen that the indices are very nearly proportional to one another. Further-
more, the slopes of the lines of best fit drawn through the observed points produce

the following relationships:

81 = 0-4084,

S = 0-508,, S3 = 0-798,.
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The constants of proportionality are quite close to those obtained for a Rayleigh
distribution, indicating that the relationships between the various scintillation indices
are not strongly dependent on the probability distribution of E.
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Fig. 4—Relationships between scintillation indices S1, Ss, S3, and S4.

V. Tae AR VELOCITY DETERMINED FROM DIRECT MEASUREMENTS AND FROM
MEASUREMENTS ON THE DIFFRACTION PATTERN

In view of the extensive use of measurements of this type in the investigation
of ionospheric drifts, it is particularly important to estimate the accuracy that can
be attained, bearing in mind that observations are limited to a few points in the
diffraction pattern.

As the rising air stream is turbulent, it would be expected to change in form
as it drifts. The records obtained by two detectors in line with the direction of
drift will then not be exactly similar after removing the time shift. This applies
both to the thermistors situated in the air stream itself and to the microphones that
sample the diffraction pattern. Under these conditions, an accurate value of the drift
velocity cannot be obtained by dividing the detector separation by the time shift
that gives maximum correlation between the records. It is necessary to evaluate
the auto- and cross-correlograms of the records, and to use a method of calculation
described by Briggs, Phillips, and Shinn (1950). This method is briefly desecribed
below; for the justification of the method, reference must be made to the original
paper.

Suppose two detectors are situated in line with the direction of drift. Then the
auto- and cross-correlograms of the corresponding records may be expected to have
the general form shown in Figure 5. The autocorrelogram is obtained by evaluating
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the correlation between one record shifted relative to itself by a time . It may be
denoted by p(0, 7), to indicate that there is zero space separation and a time shift .
The functions p(0,7) produced from each detector should be found to be the same,
within the errors of measurement, and the curve used may be the average of the
two. The cross-correlogram is obtained by evaluating the correlation between the
two records for various values of time shift . It may be denoted by p(£p, ) where
£o is the spatial separation of the two detectors. If p(&o, 7) shows a maximum for some
value of =, this indicates a tendency for the pattern to drift past the two detectors,
so that values obtained at one detector tend to be repeated at the other after a
certain time delay.

Fig. 5.—Idealized auto- and cross-correlograms, showing the method of
finding 7. used in velocity determinations.

Briggs, Phillips, and Shinn (1950) describe various methods by which the true
velocity of drift may be determined from these functions. The simplest method is
to determine the time delay 7e such that p(0,7e) = p(&o, 7e), i.e. the crossing point
of the two curves. The true velocity of drift is then given by

V = &o/27¢. (12)

This procedure can be applied to the thermistor records and to the records
produced by the microphones and is illustrated in Figure 6 with typical auto- and
cross-correlograms obtained from the microphone records. Since the thermistor
records have not been corrected for the frequency response of the thermistors, these
measurements will only refer to the motion of the larger irregularities, but this is
sufficient, if it is assumed that both the large- and small-scale components of the
phase screen move with the same mean velocity.

The velocities calculated were the apparent velocity, obtained by dividing the
detector separation by the time shift that gave maximum correlation between records,
and the corrected velocity, calculated by means of equation (12). The results are set
out in Table 1. It can be seen that the two measures of the velocity differ significantly,
indicating that there is considerable evolution in the phase screen structure as it moves.

The interesting question then is how the velocity of the diffraction pattern is
related to the velocity of the phase screen itself. In considering this it is important
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to note that diffraction theory predicts a “‘geometrical magnification” of the velocity
when a point source is used, so that if Vg is the velocity of the phase screen, then the
velocity of the diffraction pattern is given by

V- (22“1) .. (13)
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Fig. 6.—Typical microphone correlograms taken at 3 m from the phase
screen; A autocorrelogram, C cross-correlogram.

TaBLE 1

VELOCITY OF PHASE SCREEN AND DIFFRACTION PATTERN

Apparent Corrected Pred%cted
Measurement Velocity Velocity Velocity of
Phase Screen
(cm/sec) (cm/sec) (cm/sec)
Diffraction pattern at 3 m 5046 3244 2543
Diffraction pattern at 1 m 404-6 2944 2644
Temp. fluctuations in screen 3946 2744 —

where z; is the distance from the phase screen to the source and zp is the distance
from the phase screen to the plane in which the pattern is observed (Fig. 1). The last
column of Table 1 shows the velocity of the phase screen, calculated from the velocity
of the diffraction pattern by allowing for the appropriate geometrical magnification.
It can be seen that the velocity of the phase screen deduced by this means is in each
case in good agreement with the value obtained by direct measurement.
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VI. THE SCALE SIZE DETERMINED FROM DIRECT MEASUREMENTS AND FROM
MEASUREMENTS ON THE DIFFRACTION PATTERN

In deducing the scale sizes of ionospheric irregularities, many authors have
assumed, at any rate as an order of magnitude, that the scale size is the same as that
in the diffraction pattern on the ground, apart from the geometrical magnification
(21+72)/21 that would be expected when a point source is used (see Fig. 1). Diffrac-
tion theory shows that this is approximately true, provided that the phase deviations
introduced by the phase screen are less than 1 rad.

In order to make the discussion more precise, it is necessary to introduce a
quantitative definition of scale size, and in most existing theories this is done by
assuming a definite form for the autocorrelogram of the irregularities introduced
by the phase screen. Usually a Gaussian function is chosen, as this introduces con-
siderable theoretical simplifications, but there is, of course, no guarantee that this
will apply in practice, and it is precisely the restrictive nature of this type of assump-
tion that is to be investigated in the present experiments.

With the assumption that the screen produces a phase variation having a
Gaussian spatial correlogram

po(r) = exp(—rrf),

Bowhill (1961) has shown that the amplitude pattern formed far from the screen
also has a Gaussian correlogram, and, for plane-wave illumination, has the same value
of the parameter 7o. Closer to the screen the spatial correlogram of the amplitude
pattern is not Gaussian. If a Gaussian function is chosen with the same curvature
at the origin as the actual correlogram very close to the screen, its parameter is
ro/4/3. In other words, the scale size of the pattern close to the screen is considerably
less than for the pattern formed at some distance beyond the screen.

As explained in Section IV, there is, in general, no simple relationship between
the correlogram for the phase variations across the emerging wavefront and the
correlogram of the temperature fluctuations as determined by the thermistors.
However, in the ionospheric problem it is the analogue of the latter that we wish to
deduce from observations of the diffraction pattern. We therefore proceed now to
compare the thermistor and the microphone observations, without making any
specific assumption about the form of the correlograms. For this purpose we introduce
a scale size as the distance at which the correlation falls to 0-5, regardless of the
actual shape of the correlogram. We denote this distance by ! for the amplitude
pattern, and by Ip for the temperature fluctuations; our object is to study the
relation between [ and It.

The results of the measurements are summarized in Table 2. Three separate
methods were used to estimate the scale sizes from the observed records. In the
first and most direct method, the separation of the detectors is varied and the correla-
tion at each separation is calculated. The points at which the resultant vertical and
horizontal correlograms fall to 0-5 give the respective scale sizes. Results obtained
by this method are listed in the second column of the table. Only the average of the
vertical and horizontal scale sizes at each distance is presented, since no significant
difference was detected between these. The phase screen thus appears to be isotropic.
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The remaining two methods make use of a fixed detector separation, and are
often used in ionospheric work. The autocorrelogram p(0,7) obtained from one of
the detectors (or the average from all three) is assumed to have the same form as the
spatial correlogram. The scale factor needed to convert the temporal to the spatial
correlogram is then obtained either from the cross-correlation value between the respec-
tive pairs of detectors at the separation used, or from the known velocity of drift of
the pattern. The last method can obviously only be used to estimate the scale size in
the direction of drift. The results obtained by these two methods are listed in the
third and fourth columns of Table 2. The average scale size at each distance is listed
in the fifth column.

TABLE 2

SCALE SIZES OF IRREGULARITIES IN PHASE SCREEN (/1) AND DIFFRACTION PATTERN (/)

Scale Sizes
Measurement Variable Correlation Velocity
. . - Calculated
Spacing Scaling Scaling Average from 1
Method Method Method *
(cm) (cm) (cm) (cm) (em)
lat 3m 7:040-5 7-4+1 7-:04£0-9 7-1 7-3
lat 1 m 3:540-8 3-2+1 5-54£0-8 4-1 6-2
Ir — 6-6+1-5 4-6+1 5-6 —

It can be seen that all three methods give essentially the same results. The
measurements made at 1 m from the phase screen are inherently less reliable than
those made at 3 m, since the smaller scintillation depth at this distance allows noise
to play a proportionately more important part. The discrepancy between the results
obtained using thermistors can be accounted for by the indirect method used to
correct the thermistor correlograms. The variable spacing method was not used to
measure the scale size of the irregularities in the air stream because of the delicate
nature of the modified thermistors.

Using the average value of 5-6 em for I, the scale size of the irregularities in
the air stream, the scale sizes expected for the diffraction pattern at 1 and 3 m from
the phase screen were calculated using the geometrical magnification factors, and
these are listed in the last column of Table 2. It can be seen that at 1 m from the
phase screen, where the irregularities have not fully built up, the actual scale size is
much smaller than predicted, as expected from diffraction theory. At 3 m from the
screen, however, the observed and predicted scale sizes are in good agreement,
indicating that the fluctuations are fully developed.

It appears that reasonable estimates of the sizes of the irregularities of refractive
index can be made from observations of the diffraction pattern, in spite of the uncer-
tainties in the form of the correlograms, provided that the observations are made
at a large distance from the phase screen, where the amplitude fluctuations have fully
developed.
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VII. CONCLUSIONS

It has been shown that ultrasonic waves diffracted by a rising stream of hot
turbulent air provide a useful analogy to various effects observed with radio waves
in the ionosphere. As the air stream is accessible to direct observation by thermistors,
various features of irregular diffraction may be investigated quantitatively. The
results so far obtained are broadly in agreement with theory, within the limitations
to which the theories may be expected to apply to an actual experiment.

In particular, it has been shown that both the scale size and the velocity of the
irregularities in the ‘“‘phase screen” can be determined from observations of the
amplitude fluctuations, or scintillations, at a large distance from the screen. The
increase of scintillation depth beyond the screen appears to agree with theory if the
phase fluctuations across the wavefront are assumed to have an exponential correlo-
gram. The commonly used measures of scintillation depth have been shown to be
very nearly proportional to one another.

The inadequate frequency response of the thermistors used to investigate the
phase screen has been an experimental limitation. A more satisfactory temperature
sensor would allow further aspects of irregular diffraction to be investigated. In
particular, diffraction by “thick’ phase screens and the increase of scintillation depth
in waves of two different frequencies transmitted simultaneously through the screen
are two problems that could be investigated.
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