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Reflection of Electromagnetic Waves from Sound Waves

by

H. J. Schmitt

Cruft Laboratory, Harvard University

Cambridge, Massachusetts

Abstract

";"The reflection of electromagnetic waves normally incident
on the wavefronts of a semi-infinite standing sound wave is
discussed. By analogy with the Bragg reflection in optics, a
maximum reflection occurs when the wavelength of the electro-
magnetic radiation in the sound perturbed region is twice the
acoustic wavelength. Since the reflecting planes of moodmum
sound pressure disappear periodically, the reflected electro-
magnetic signal is modulated with the sound frequency. An
experiment is described in which the Bragg reflection of 3 cm
electromagnetic waves from a standing sound wave beneath a
water surface is observed.

Introduction

With the advent of ultrasonic techniques numerous investigations have

been made on the transmission and diffraction of light by ultrasonic waves

[1 . Basically a sound disturbance produces a local variation of density and

temperature ',% the medium of propagation. This in turi gives rise to a
variation i the complex refractive index of the material and thus influences

the phase, direction, frequettcy and amplitude of an electromagnetic wave

traversing the sound-perturbed medium.

In the original Debye-Sears experiment [ 2). Fig. 1, a plane acoustic
wave is approximated inside a liquid filled 'uvfrtte, and light is incident in

a direction parallel to the acoustic wavefrit:ts. The optical path length for

light rays traversing regions of high acoustic pressure is larger than for

rtys in regions of pressure minima, so that at any instant of time the light

wave has a certaiv- p*".-se distribution when leaving the cuvette. In this
geometry the acoustic wave acts essentially as a diffracting "phase grating,"

i -1-
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except that the grating is constantly moving with the velocity of sound.

Hence, in all diffracted orders, a frc.uercy shift of the light wave is

observed due to the Doppler effect [ 31. If the experiment is carried out

with a standirg acoustic wave the diffraction grating disappears period-

ically so that an amplitude modulation of the transmitted light also occurs.

It was observed later [ 4,5, that for slightly oblique incident light a

pattern which can be interpreted as a selective Bragg reflection from the

acoustic wavefronts is superimposed on the normal diffraction pattern,

Fig. 2. Roughly, thc electromagnetic radiation has a wavelength per-

pendicular to the sound wavefronts of xlight which for small anglessine hc 'rsalage

of incidence 4 and very high acoustic frequencies can be comparr.ble to

the distance of the pressure maxima in the sound wave. In this case the

addition of phase of waves reflected from subsequent "layers" can occur

and give a substantial overall reflection, even though the variation of the

refractih index may be extremely small, as is the case in all media for

reasonable sound intensities

If the wavelength of the electromagnetic radiation is increased to

about the microwave range or the UHF range, acoustic wavelengths and

electromagnetic wavelength inside the medium af propagation can be made

of the same order of magnitude even for low ultrasonic or sonic frequencies.

Because of the wide choice of the ratio of acoustic to electric wavelqngth,

the Bragg reflection can be made to occur at any desired angle of

incidence. The particularly simple case of reflection of short electro-

magnetic waves normally incident on the plane of the scmnd wavefronts

is treated in this report. Here the Bragg reflection of electromagnetic

waves from sound waves is undisturbed by ciffraction phenomena and

can easily be observed experimentally. If the sound generator is in a

liquid and directed toward the interface between liquid and air, a standing

sound wave is produced owing to the large difference in the acoustic

wave impedances of the media. An electromagnetic wave incident from

*The propagation of light in the sound perturbed medium can be thought of

as a sig-sag reflection under Bragg's angle, similar to the propagation of
electromagnetic waves in hollow waveiguides.
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Fig. 1 Optical arrangement for diffraction of light by ultrasonic waves.
L, and L,2 lenses, S light source, Qacoustic source, R reflector,C cu~'ette.

Fig. 2. Bragg reklection of light from sound waves.
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the air is partially reflected at the interface where the electric wave

impedance is discontinuous and partially reflected in the form of Bragg

reflection from the standing sound wave. Since the pressure maximum

in which Bragg reflection occurs disappes periodically, ithis part of the

reflections appears am ridulation of the reflected electromagnetic signal.

Theory

The geometrical arrangement considered is sketched in Fig. 3.

At z = 0 is a plane interface between a liquid or any other acoustically

hard material (solid) and an acoustically soft material like air. A sound

wave of frequency fA = wA/2"r and wavelength X A z Zw/KA propagating

in the -z direction is assumed to be ideally reflected at the boundary and

to set up a standing acoustic wave in the liquid. The liquid is assumed to

have a vanishing small acoustic absorption so that the instantaneous

distribution of the sound pressure is given by

P a 2P sin KAY. sin WAt (1)

Consequently the instantaneous distribution of the dielectric constant in

the liquid medium is

a Z(z,t) u 0 o( rZ + A*. sin KAS sin wAt) (Z)

where the dielectric constant of the unperturbedmedium 4 rZ and the small

perturbation due to the sound wave As rZ can both be complex, owing to

possible absorption of the electromagnetic waves. The relation between

and the sound pressure itself poses a separate ,obl m which is

discussed later. It is sufficient here to note, that r'Z is of the

order of 10 4 for even the highest sound intensities.

From the region a 4 0 with a real dielectric constant air. a plane

electromagnetic wave of frequency f = w/Zw and free space wavelength

in c . j( % t , a )
x a
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impinges normally on the interface. The part of the electromagpetic

signal reflected from the liquid medium will be computed by solving the

wave equation in the slightly inhomogeneous medium 2 and subsequently

satisfying the boundary conditions at s = 0.

From Maxwell's equations in a charge free liquid medium,

-0

allj Ia-ax-F-

v • tv • + I V, Z 0 (3)
The wave equation may be derived in the following form:

, 2 (4+

With the analysis restricted to a linearly polarized wave E E

and If 9y it is seen that

. 0 (5)
In the absence of the sound perturbation the electric field in the liquid

has a harmonic time dependence of the form e t . If the acoustic

perturbation i present the electric field must show in addition a peri-

odicity according to the sound frequency, so that in general

Ex x E(z,wAt) e j  ()

Since, however, in all cases considered the frequency of the acoustic

* wave is much smaller than the frequency of the electromagnetic wave.

WA/bJ <(I1wboth £ = *(wAt) and E(s,.At) are slowly varying functions with

respect to time compared to the term e j t . They can be considered

constants under the differential on the right side of (4). The scalar wave

equation in the Uquid region is thus simplified to

A *2 Esz ..... + (K 2 + AK sin KAZ) E(s,At) 0 (7)

as Z A A

where K2 • I e a a and AK2  2 I a t sinwAt

This terrm does not drop out for oblique incidence, when Z lies in the

plane of incidence.

i.



I

CYC

*0~

bell

-~ 0EI
0

N 4



TR310 --

The solution of thiw equation will be carried out by a first-order perturba-

tion method, which is based on the fact that the perturbation term in (7)

a% 2 sin KAz is a very small quantity compared to the square of the propa-
A2

gation constant in the unperturbed medium K
AK2 Afr. s
K - r. sin t e< 1

Kr2

The solution of the wave equation is set up in the form

E(zwAt) =EteK g(z, ()

where g(swAt) denotes the perturbation in the electric field due to the

sound wave. The insertion of (8) in (7) yielas the following differential

equation for g(zwAt):

g" - ZjKg'- AK2 in KA (I g) (9)

Here the perturbation term g(zwAt) may be neglected in a first-order

,pproximation on the right side as long as S(z,wAt) 4.( 1. The remaining

second order differential equation is solved, in the stationary case, by

AW - (2K coKs - sin KAs)
Ag4 K z - K 2. A A (10)

The final expression for the electric field in the sound-perturbed medium

is obtained by combining (10) with (8) and (6).

E a tt - ) K z (w cos KA z- sin KAS)] (11)
4XKK A

This solution is valid for all K except for values in the immediate vicinity of

4K2 - K4
2 = 0, for which the wavelength of the electric field in the medium

is exactly twice the acoustic wavelength. Here the condition that g(s,wAt)

must be small compared to unity is not fulfilled and the electric field

apparently blows up. It should be noted that this can only occur if the

liquid medium is loyless for electromagnetic waves. In view of the very

small value ofA -, even extremely low electric loss tmagents of the liquid

medium in the order of ten6-"4 -4 , as always encountered in prsctice, will

0 This infinity appears also in the theory of traveling wave tubes, when small
periodic inhomogeneities on the delay line are considered.
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prevent the singularity. The magnetic field of the electromagnetic

wave in the liquid medium is obtained from (3), again with the under-

standing that wA (< W,

SE(zwAt) - Et - K) 2  ZK -K 2

A_ e I = t jwt-)14.AK (sinK z) Acs ~
a z 2 ~ 42 K 2 A J~KA4 - KA

(12)

where Z is the wae impedance in the unperturbed medium. 2 -W =

'he distribution of the field in the sound-perturbed medium is that of a

propagating wave, modulated in space with a periodicity given by the

acoustic wavelqngth.

At the boundary between the two seri-infinite media, at

z = 0 * the condition of continuity of the tangential electric and the

tangential magnetic fields have to be fulfilled. The following amplitude

relation for the electric field strength of the reflected wave
,j.r = Z) • ip obtained

x r
E 0+E r = E +t 11 +2qsinwAt]

E - E = z Et l + K AqsinwAt] ; (ZI + - (13)
C r 2. K 66

2 K 0 r I

where the abbreviation is used
K AK 2 /sin w A rZ K/KA

K7j-~ z z- =1.6 (14)
A 4K KA r2 4 - (K/KA)

'The reflection factor is obtained from (13) as follows:
2 2 z2 (K A 2

M -,[r,-, - (Z -- KT)] sin wAtr z I z  KA z] (IS)
0 2 (15
,Z lp+ 1) r 2zx +( 2 - -Ain wAt

*The effect of possible surface movements is discussed in a later section.
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Finally, since v1 is a small quantity whenever (11) and (12) are valid,

the reflection factor may be expressed by the leading terms of a

Taylor series in -1.

Z2  z  KA 2

7-1) z
z -+ (16

z 1 2 I sin w At (16)

It is seen that the reflection factor reduces to the usual expression for the

reflection of plane electromagnetic waves at the interface mediul I and
c orZ 0ea e .d

the unperturbed medium 2 i irz-- 0: r(rku 01z 1r01 e a($ T-1 )( + 1).-
The presence of the sound wave is expressed in the second term which

is due to a type of Bragg reflection from the equidstant plane "layers"

of increased refractive index in the liquid medium.

Since the sound grating disappears periodically the reflected

wave has the well-known form of a weakly modulated signal. The

amplitude may be written

E r = E (r0 + M sin wt) zE ° r 0I + m sin WAt) (17)

whei e

M = - ! **Ib (16)

r0 Irl (j z 1

is the modulation index. It is proportional to IA rZ and therefore
I rZ I

extremely small. In the particular case in which t rZ is real, the

modulation index is purely imaginary and. in a first approximation.

the reflected signal may be considered to be phase modulated

In the general case, for a lossy medium, m is complex and the re-

flected signal is modulated in phase and amplitude. From a practical

If desired, the phase modulation may be converted into amplitude

modulation by shifting the carrier 90 degrees in phase.
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point of view the field strength in one of the two side bands of the

modulated signal is interesting. In an experimental investigation

the reflected wave can be received in a superheterodyne system and

the field strength in the side bands (i. e., at angular frequencies

W +w. or w - wA) detected directly. Its intensity can be used as

a quantitative indication for the Bragg reflection. The instantaneous

value of the plectric field strength in the reflected wave at a fixed

point in space Kz = const. =, is obtained from (17).

(E)~~~j( tR + t~w +' +4 Ia)
(r inst. " e j 0 r "J(S t + i0' "in WAt e + (19)

The first term ii(1 ,dne to normal interface reflection, constitutes

the carrier. The second term, due to internal Bragg reflection'

represents the side bands. The normalized field strength in the side

band is

Z z2 KX AtrZ

IE r rZ(20)

Discussion

The reflection of the electromagnetic signal from the standing

sound wave is mainly a function of the ratio of the propagation constant

of the electromagnetic wave to the propagation constant of the acoustic

wave, or roughly, a function of the ratio of wavelengths. For a

discussion of this behavior and its dependence on the loss tangent of

the liquid medium, that is, on the penetration depth o the electro-

magnetic wave into the sound perturbed medium, two particular cases

have been investigated in more detail. In both cases it is assumed

that the electromagnetic wave impinges from air (t rl 2I) on a

medium characterized by a complex uielectric constant

'r2 * t - j6 4 (1 - j tan 6)

In the first case a value of t 2, roughly corresponding to

oil, is assumed and different loss tangents for the electromagnetic
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radiation (tan &wO; 0. 01; 0. 1; and 1.0) are chosen. The response

due to Bragg reflection has been computed as a function of Xo and

A
is plotted in terms of the relative variation in the dielectric proper-

ties -.-- in Fig. 4. It is well known from optics that a Bragg

reflection occurs, whenever the distance between subseqr, nt reflect-

ing layers is equal to one half of the wavelength of the incident light.

It is seen in Fig. 4 that the maximum of the modulated part of the

reflected signal lies, for small loss tangents, at Xo - 2.82, i. e.,

the electric wavelength in the medium,,- =- is exactly twice the

acoustic wavelength, corresponding to the usual optical Bragg

condition. However, and differing from the selective reflection at

subsequent planes, a Bragg reflection also occurs if this condition

is not exactly falfilled, although with smaller amplitude. A similar

effect with reference to the Bragg reflection as a functior, of the angle

of incidence of light on acoustic waves has been pointed out by

Exterrnann et al. [5 ]. It is attributed to the steadily varying distri-

bution of the refractive index in the sound wave. Also, owing to the

sinusoidal variation of the dielectric constant, no higher orders

of the Bragg reflection occur if the distance of sound maxima is a

multiple of half the wavelength of the electromagnetic wave. In

optics Bragg reflection is assumed to occur from thin reflecting

planes. In this case the perburbation function &K2 sin KAS on the right

side of (9) would be replaced by the Fourier representation of a pulse

function
OD

AK2  C sin (n KAS)n= 1,3,. ..

which leads to the correct Bragg relation for the particular wavelength

ratios at which the selective reflection occurs

XA .1 nxlight (for normal incidence.)
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For the sinusoidal distribution of the dielectric constant, the homo-

geneous decrease of the Bragg-reflection with decreasing ratio X

A

can be made plausible by the fact, that the gradient of the variation in

dielectric properties decreases steadily in terms of the wavelength of

radiation. If the electric wavelength is made large compared to the

acoustic waveiength, the Bragg reflection decreases because the per-

turbed medium becomes more and more homogeneous in character.

It is seen that the maximum reflection also decreases steadily
with an increasing loss tangent of the medium 2. This can be explained

in terms of the penetration depth, since for higher loss tangents fewer

"layers" of maximum acoustic pressure take part in the Bragg reflection.

However, even for the extremely high loss tangent tin6,l,there is still

an indication of a weak maximum for the reflected signal. For a loss-

less medium,tan6= 0, the perturbation method is not valid in the immediate

vicinity of the peak (actually infinity). With lr 10-4 the condition1 4 rZI

g(z,wAt) C< ' is still satisfied within the range of this drawing, and the

response should be accurate as far as plotted. The infinity is due to the

unphysical assumption of an infinite number of subsequent regions of extreme

pressure that contribute to the build up of the Bragg rflection.

In the second case a situation easily achievei in practice is

conzidered. The standing sound wave is set up below a water-air surface.

To perm' a later comparison with experiment, the lielectric properties

of water in the microwave range are used for the computation, and it is

assumed that the variation in )o is achieved by ;hanging the acoustic

frequency The dielectric properties of fresh water have been determined

If the frequency of the electromagnetic wave is changed it has to be
noted that the dielectric properties of water change with frequency, showing

the typical behavior of a relaxation process.
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by Saxton [6). At around X 0 3cm (X- band) the measured values

are approximately

1r2 : 60 - j 30

These values depend only very little on 6It concentration since the

electrolytic conduction by ions is practically zero at microwave frequencies.

The computed response is plotted in Fig. 5 again as a function of free

space electric wavelength over acoustic wavelength. It shows essentially

the same maximum if the Bragg condition 0 vZ,Ais fulfilled. The

reiative field strength in the sideband is somewhat less than for a medium

with a smaller real part of the dielectric constant and a comparable loss

tangent, owing to the smaller ratio of wave impedances Z/ZI in Eq. 20.2 1
Note, however, that the ordinate contains the relative variation of the dielec-

tric constant which is still undetermined and is different for different materi-

als, for a given sound pressure.

The question, whether the Bragg reflection can be observed experi-

mentally, depends entirely on the change in the dielectric properties of the

liquid produced by the sound pressure. Let R denote the specific refraction

of the liquid medium. Then the Lorentz-Lorenz relation states that

a I 
I

'rZ +Z1

It is known, [ 71, that R is a constant for any given wavelength of electro-

magnetic radiation and widely independent of the density p , the state of

the material and the chemical binding. Hence, for a varying density,

At AA r2 (Ir + ) (22)
rZ - P

Since the relative variation in density is always small in liquids and

solids, the term ( -. 1) *may be neglected in the denominator in order

to linearise the equation. For gases, where!a-may be large, the difference
P

(a rZ" I ) is always small, so that this step is also justified in the gaseous
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state. The adiabatic change of the density of the medium due to acoustic

pressure may be computed directly from the cound velocity cA

.2 r
cA &Sp'ad. ' I ad. (23j

For the relative variation of the dielectric constant one obtains with (23)

A&2 (1 r2 - 1) (a r + Z)_(4
-rZ I P rZ

rZ=-- I 24)

where Ap is the amplitude of the acoustic pressure in a pressure maximum

of the tanding wave It should be noted, that in this relation i rZ

bi assumed to be independent of temperature. The relation takes into

account only the effect of adiabatic compression, not, however, eventual

effects of rising temperature in an adiabatic compression on the

dielectric properties. Such effects may be superimposed and must be

treated in a separate way. For water thei temperature dependence of

a rZ is small, however, at microwave frequencies.

For the reflecti6- of microwaves from a sound wave ( - 60;

= 30; at X 0 3cm) a numerical esti;-ate yields for the relative

change of irz

312-1-4(P= 10 3K me
31.a% CAA =538 sec~~

if an acoustic pressure of 1/3 atmosphere = 9. 81/3 x 10 Kg/m sec.

is assumed. With this value the field strength in the sideband of the

modulated signal, in the maximum of the Bragg reflection, it approximately

r 0 12 = 3.1 10 4

A different way has been used by Fox et al. [ 8]. Th, - derived the

change in conductivity of salt solutions due to an adiabatic sound compres-

sion by comparing the empiric values of the isothermic dependence of the

conductivity on pressure at two different temperatures. With a separate

computation of the temperature rise in the adiabatic compression, the

temperature effect could be added to the effect of isothermic compression.
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That is, the intensity in the sideband is about 70db below the intensity

of the incident wave. Thii should pose no serioui difficulty in an experi-

mental observation The corresponding value in a fairly lossy oil with

S2 andtan6= 0.01 is

c21420 -m-

r j 1.5 1.49 * 10- (C4 .85O0 fr2 p= 0. 835 10 3 K

It should be noted, however, that this analysis assumes perfectly plane

acoustic waves as well as plane electromagnetic waves. These

conditions are never fulfilled in experiments and can be a serious limit&-

tion on the detectability of the reflection. Furthermore, no acoustic

losses have been iu ned, but this is probably of lesser importance.

Experiments

In order to demonstrate the Bragg reflection from sound waves,

a preliminary experiment was carried out in which the back scattering

of microwaves with a 3. Zcn free space wavelength Itain a standing sound

wave under the air-water surface was observed. Although, with an

acoustic frequency of 60 Kc/sec for which equipment was readily avail-

able, the condition of maximum Bragg reflection was far from fulfilled,

a modulation of the reflected electiomagnetic signal could still be detected.

The system used is schematically sketched in Fig. 6. A phot6-

graph is shown in Fig. 7 A steel watertank with the dimensions
3

1. 54 x 2. 13 x 0. 76 m3 contains a magnetostrictive underwater sound

transducer with a circular aperture of radius 8. 3 cm. The transducer

* 2
Assuming an illumination of the water surface with I Watt/mthe intensity

72
in the sideband of tha reflected wave will be approximately 10 " Watts/m ,

Even with a small absorption cross section of the receiving antenna of

10" m the received power is of the order of 10 . 9 Watts, which is well

above the limit of standard superherterodyne receivers.

Thanks are due to Professor F. Hunt and Dr. H. Flynn for providing

the acoustic facilities in Cruft Laboratory.
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has a resonance frequency around 60 kc/sec. It is fed by a 200 Watt

radio frequency oscillator which can be either pulsed in various repeti-

tion rates or operated in c. w, The oscillator ie continuously tunable

in a wide frequency band covering the 60 kc/sec region. The transducer

is directed against the water surface and produces a standing sound wave

in which planes of pressure maxima, at any instant of time, are X A = 2. 56cm

apart. The depth of the water filled section is about 60 cm. It is chosen

in such a way that the acoustic "resonator" formed by the water aarface

and the aperture of the transducer is not in antiresonance. Clearly,

the wattr-air interface is not in the far none region of the sound source,

and thus the actual distribution of the acoustic field approximates a

plane wave configuration only in a narrow region above the speaker. In

addition, reflections from the side walls of the unlined tank may perturb

the pressure distribution. The maximum acoustic pressure generated

in the standing wave is estimated from

(AP~tm. 2 - 1. 24 (F) a

where F is the acoustic power in Watts per cri [ 8], With an effi-

ciency in the order of 10%and 200 Watts electric power, the pressure

is of the order of 0. 75 atm, probably somewhat lower, so that the

numerical values for ITMr2l. hsed in the discussion of the theoreticalSer21

results should apply approximately.

The electromagnetic system consists of a 2 resonator klystron

(Varian X 21b, X = 3. 2cm) with an estimated output of 2 Watts in the

particular mode of operation. The c.w. microwave energy is fed

through a variable attenuator and a tuner into a magic T (M in Fig. 6).

where it is separated into two parts in the equal branches of the T.

It is radiated from one branch by a rectangular horn antenna (aperture

9. 5 x 15 cm 2), directed toward the water-air interface. The antenna is

rigidly mounted at a height of about lm above the water level and in line

with the standing acoustic wave. It also serves to receive the modulated

signal reflected from the water. In the second branch of the T a fixed
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waveguide load in connection with a sliding screw tuner provides for

any desired amount and phase of reflection of that part of the microwave

energy that is traveling into this side. The output branch of the T

leads directly through a crystal demodulator into a tunable radio frequency

receiver type C:r 46154. The receiver has a sensitivity of about 10'

volts at 60 kc/sec for the minimum detectable signal.

In this arrangement the detecting system operates as a simple

demodulator with a subsequent high amplification of the modulat,',ng

signal. The only difference is that in view of the small modulation index

the main part of the carrier frequency has ft be cancellcd out in order to

avoid the overloading of thu crystal. A further difficulty arises in the

fact that the reflected electromagnetic signal is modulated in both ampli-

tude and phase. In order to maximize the rcapons after demodulation,

it is necessary to convert the phase modulation into amplitude modulation.

This can be achieved by adjusting the cancelling signal from the auxiliary

arm of the magic T in such a way that the total carrier signal at the crystal

detector has the proper phase relation. With (19) it follows thai the

instantaneous value of the total alectric field at the crystal is

(E r)int. = const. [IRI cos (wt ++9 + j) + 14 sin wAtcoo (tjt +t + U ) (25

where JR1 and j contain the contribution in amplitude and phase to the

carrier frequency by the signal reflected from the interface and the

signal reflected from the auxiliary branch of the T. If a square law is

assumed for the detector, the response to the voltage across the detector

at the modulation frequency is

u (dAt) = conast. IMI 1 cos ( s- w At (26

It is seen that the response is optimized if t 2 , i. e, if (25) has the

form of a purely amplitude-modulated signal. For relative mesurements

this detecting device is sufficient if, for example, the acoustic frequency

is changed. An absolute calibration appears to be difficult and has not

been attempted.

After a proper tuning of the cancelling signal and a careful

check of other obvious disturbances, like electric cram coupling between

power oscillator and receiver and microphonic effects in the klystron,
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the modulation of the reflected electromagnetic wave by the sound wave

was clearly observed on the oscilloscope. In spite of the unfortunate

ratio of electric and acoustic wavelength ( o a 1. 25, instead of the optimal

ratio of 17, Fig. 5) the response on the scope was about 20db above the

noise level, produced mainly by the klystron and in part by the receiver.

The magnitude was the same for pulsed sound waves as for the steady

standing wave. The effect could be disturbed by producing additional

waves on the water surface, which would tend to change the proper

cancellation of the carrier, and it would vanish completely, if the sound

source was moved fror, the location directly undarneath the horn antenna

or tilted in eny other direction than straight up, without changing the

water surface.

The argument might be raised, that the modulation of the reflected

electromagnetic signal could also occur in the form of a phase modulation

from the microscopic movement of the surface. The amplitude with

which water particles oscillate at the interface is given by

A - Ap

pC WA

if A P is again the maximum sound pressure in the standing sound wave.

This produces a phase modulation of the electromagnetic wave reflected

directly from the interface. Neglecting the term due to Bragg reflection

in this calculation, the reflected signal may be written in the form

2 A i
EI~ r( . ° T _o EoJrj e3 el((ItJ +o ZwAMa 0

1 (27)

It is seen flat the reflected signal in this case also contains side bands

at W + "A and wi - tA. The normalized field strength in a side band

follows from (27)

Sr c 1 UA rIr -A (Z)

1 ~surface A IroIjA~Io P2!
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Taking the wavelength ratio for maximum Bragg reflC tiin from water

17), and assuming again AP w 1/3 atm. one obt~rd Wtt 1r0 1 0 wi5t

r 3.2.- 10 "7

asd surface

which is about a factor of 103 smaller than the carte o s-dcing rn€el4utia,

due, to the Bragg reflection. Since for a given wave ia i0. 1 Atio Z8)

is widely independent of the frequency, it can be couAo:.d ' At ih

Bragg effect is always larger in water than the effact of surface move-

ments, as long as one operates at a ratio closs to the rnaximum of Bragg

reflection . Even in the 0,.tuation encountered in th i. mental test,

where X = 1. Z5. the sideband level due to surface ncoatnertts

r 1.33" 10 " 1 0 aIo surface

i s smaller by a factor of more than two than the co- responding value

from the Bragg reflection

jLj r .96 -10. 10

Thus the assumption that the response obherved extrimontlly realy

originates from the interior of the liquid medium i ; justififed.

In some earlier experiments a modulation ias also obtained if

an oil lafer of about 1cm thickness was brought on top of tbe wator surface,

However, no comparison of the rosponso from wat, r and oil bag bees

attempted yet.

Conclusions

Judging from the results of the approximati theory, *.6 well as

from the preliminary experiment, it appear& to be relatively ttsy to

demonstrate and measure the interaction of acousl ic waves with electro-

magnetic waves through a type of Bragg reflection Clearly, a4&itioni

*At least for frequencies'in the microwave range.
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exptriments ire iieaded to verify the existence a4W wksp Of tko

predicted maximt~u o1 the iffect of somad wa-.es es t.he reflected siggal.

Thet authicr wishes to thank Dr. A. Shostak for the satmutatiou

and rapport of this rewsach. Thanks are iiae to Fttsoi R. W. P. lUng

~'F. Hant ior nu~rreo,'oas -Isc'ussiowt '-ad to Dr. il $ii,74.' 1.0-.r help
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