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ABSTRACT

]

The ) of wizne weve sound pulses normally
ineiddnt in a mediuvm upon & plane so0lid non-dissipsiive
plate backed by a mediuom of nezligible elasticlty ig theoreti-

2 nerel soluticn of the vrobiem iz obiained
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cally aﬁalgz é.

by resolving the inci d at vulse into its steady stete cormvon-
ents and rescmdining them after reflisction for the reflected
pulse. Certzin special cases, such ag the rectangnlar pulse
gnd the demped sine pulse, are given swmecisl considermtion.
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1. In this report the sffect of refiecticn by 2 plane
solid plate on whe characteristics ¢f a plane vave scund pulze
is theoretically investizeted. The dlscussion is restricted
to A normally ineident pulee and to 8 non-dissivetive plate
backed by s medium of negliginle elasticity. Tt is balieved
tlat the analytic solution of ihe problem vpreseated in this
report pessesses some adventages over that of Huscat® in respect
o physical interpretability. In any case, this solution war-
raents presentation 2s a preliminezry to the discussion of the
specific pulses conslidersd herein.

2. ¥¢ sesumptions are made concernling the behavior of
vurealy transient nressure waves 28 such. 4 rectengular pulse
is resoived into & Fourler integral of continuous wavee, the
widely used reflesetion leaws for contlnuvous wsves are asovlied,
and the yeflacted spectrum of continuvous waves is recormosed
into the reflected vulze. By an examinetion of the detalls of
the method =nd of the results, s generalizastion sprlicable ¢
eny vulse shape is Jeduced.

3. In the following dlacuselion there ia vostulated a
pedimm of Iilquid to the left of % = 0, bounded by a solid plate
with plane perallel sidee 8t x = 0 =nd x = L resgvectively. Tre
medius vhich extends to the right of x = L is assumed to havs a
charecteristic acousiic impedance which is nerligib’a cogpared
with that of the =20l4d plate. This set-up is 1llustirzted in
Plate 1, Fig. 1. There iz also illustrated & rectangular ores—
sure pulse travelling torovgh the llquid towsrds the discon-
tinuities in medium st X = 0 and x = L. The reflecied pulse
for this type of incident weve is Tiret ¢htainsd.

I1. BEFLECTION COEFFICIENT FOR CONTINUQUS WAVES

4. I? the platz 1a considsered to be 2 emooth dissivatiosn-~
legs transmisgion line of length L terminated at the right by
zero impedsnce, the inpul impedance, &t the lafi, i

o

‘Ze = i}'!z &1 EL[[C {i}
in which (=2} i8 the cnaracteristih impe ance of the eolid
xediun, n 13 2 7 times freaguency, end ©, is the p“ ne wave vaelo-

zity tn the solid nediusm,

5. Next, 4f the liquid is considered to be & smooth trans~
miasion 1ine of characteristic impedence 2z, (=o, c;) terminated

Pulaes from Plsne
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*Marris Museat "The Reflection of Flane
Parallel Piaten,® J.4.7.9{278), Arr
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o,

the nhase zkif
.

, 7 . .
o) = 2 f ginine) exp (int) dn {9}
«2F ("“ginlng) cos (nt) dn
i n
o

Fiste 1, Fig. 2(b), sheows

o}

Tre quentity 2F . gin(ng), plotted i
£

ne dependence of the amplitude oa freauwency in the spectrum of
he pulsge. .
7. I1f each frequency nresent in the integrand of £
'Y, # of ecuation (58) introluced into 3L on re
tion, the function f{t) is transformed to R(t}, the refiect
weve. Thasg

B(t) = - 2F m‘g;gggi) cos [tntaz tan' (% ten nL/§J an (10}
i

i n
i 0
8, ¥ith some trigonemetric msuipuletion {10} may be ex-
préssed As
R{t) = F | 4 fézn n{y ~&) - sinn {% +é§] laxjﬁggmL_Ji ) _dn
’E’f’}r " n n _J 1+E*taa*(nl/C,)
=R
~F [feosn (4 4E) - gosn(t =€) 2K ta tsu,& dn
I _=n n 1 ¢+ K# gan (nL/C ).
o
{10{a))
After expending the faclors
1= Kz'§§gz§né[6e)
1 4 E® tan(nL/C,)
and

=

2 K ten {nL/C.)
1 + K?*tgn2 (gL/C,)

in Pourier esries, the integration may be carried ocut. If the
firet of these factors has the form

~go = A, cog nlLfC, = a, cos £ nl/C- ...,

the coeffiecients of the aecond fsctor eve simmly rﬁlatcr to the afeg,
and tre whole solution ie 2xpressible in terms of the afs.
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: The reflecticons of rectangolar pulses of wvsriocus dura-
tisnsg relstive to the transit time through the reflecting plate
nd back are shiwn in Plates 2 and 3. The transit time is ZL;

¢

!

the durstion of the vulse 1s 2¢ . In Plate 2, Fig. 2, for
axample, the transit fixe 1a twice the Suration of the tulee and
the verious sections of R(t) are distinct. In Flgures 4 through
7, ths transit time is so short that the sections overlap. Plate 2
gpvlies 1o & reflecting rplate of characteristic immedance equal to
20 tises the characteristic impedance of the liguid (i.e., K = 20).
This 1a cporoximetely representative of ges water in contact with
a stesl reflecting pvlate. For this case, since C, is of tre order
of 5 x 10° cnfsee, the nlate thickness for a 100 microsecond vpulze
muet be 2bout 50 em. in Figure 2, and gbout 0.8 cm. in Figure §.
This laiter thickness is of the order of msgnitude of the kull
thickxness of a submarine.

o

o

10. Figsrz 7 on Plate 2 showe & case where the energy densi-
ty in the reflected wave greatly szceeds that in the incident wave
during a short interval. (Of course the total incident energy
equale the toisl reflected energy). This phenomencn is readily
explainetie. If the pulss is sufficiently long compared to the
transit time ihrough the »late, & cendition spproximasting the
stesdy stats l¢ reached in which the reflected wave is Inverted
but has no change in afspliitude. Ie Fig. 7 this condition is ap-
proached &8s £ approsches &, In this state there are conteined in
the reflected wave & number of sections, all but one of which sre
inverted. The single uninverted pulze, which we have celled see~
tion 1, subtracts from the others to preduce less pressure ampil-
tude than thers would be without it. Therefore, if the incident
pules is suddenly terzinsied, the szingle uninverted section is
simultaneounsly terminsted and the reflected wave as a whole under=
goes & sharp increase in amplitude. This effect ia greatly reduced
with incident pulses teiling off less steevly.

1i. Plate 3 might well apply to ses water in contact with a
&

plete of eome plostic moterisl such thet K « 5. In e plastie the
veloclty of zound, C, 42 legs than in ateel, and the thickness of
the nlastic material for & varticular figure of Plate 3 wounld
therafore e lesy than the thicknesa of steel for the corresvond-
ing figure of Plets 2.
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s,

formd $XDY9E216n &Y o = %, for
[ AR §

c. Since ths last %erm of Lguation & is rot
liresr in n., change in shape of the refliected
nulse iz to ke expected, and gereraily distor-
tion oiher then inversior ls grest 1f the devia-

tisn of thisz term from linserity isgeatl.

¥i. DAMPED SINE PULSE

18, A pulse which may oceur ia nrectice 1s the damned sine
pulse. Plates 4 and B arply 4o thiz cuse.

19, 1In Plate 4, Fig. 1 shows plots of damned zine waves,
a1l of the forme "' sin nt, for éifferent values ofw, the
damping ccefficient ver radien. Tigure 2 of Plate 4 shows in
sclid lines the amplituvde dlstridbutisn with frequency in the
incident wave Tor different valuss ofac. This distribution re-
mains uﬂﬁh&ngﬁ in the reflacted wave,

20. The dotted curves of Fig. 2 of Plste 4 show the phase
legs introduced into the dlfferent ceomponent freguencies at re-
fleeticn for several spacial cases as indicsted. These nhase
lags are the ¢ *s ottalned from Equation 5 with sign reversed.

In visw of the dependence of distortion on phase shift, asdie~
cuszed in persgraph 17, 1t ghould be clear that any devistion

of ihe dotted curve of nhage lag versus frequency from & straizght
line throvgh zeroc frequency and rero phass lsg represents distor-
tien in shape. {This distortion amounts tu inversion of the wave
for a straight line through zero frequency andw phaee lag). OfF
the cases zovered by these curves, wore distortion would be ex-
reeted for the cese vhere 2L/C, =17 /8p then for the case wkere
2L{C, 7 /32n because the dotted curve for the fermer case
devigstes wore from a2 etraight line within the frequency rarnge
which contaling the cormonents of significant asplitude.

Z1. The observed vibration of a magnetosiriction projector
stacked lamipatzd rings when excited by a gharp pulse of cur-~
nt approximetes the cuzge where 2 = .1,% Yeing the damping coefe-
ei :nt ver radian. If this nolee is reflected from & submarine
v which 2L/0, =1 /8r ite forw is distortsd as illustrated in
Flate 5. This distortion has the sprearance of phese modulation
blgo, the empiftude of the reflecied wave hullde up &t first in-

stesd of decaying from the start llke <lis zcidsul vavs.
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V1T, 0ORCLUSIONS

2z, VUnder the given con2itions, the Fourler commanents of &

tulac eve reflecied with change of shage dbut without chznge in
sralituds.  There may be B corsiderable change in the shzne of s




23 pethenaticrl expression for the re
s & se ir which esach tern mgy e Interpre
wonding section® of the whols reflected p
3ive €8 have greater and grester time lags
inniden . &nd szel scctAq4 iz & wulse of
ag Lhe nt pulse except for inversionm. Thi

tion follows from the treastment cof the recisngular
simplicity of ithe treatment of the reciasgulsr pu
the method although vhe rectsrngulsar pulse iz not
reslizabie.

essive zections ¢f & reflecisd
oxher, in which case a single

) a serizs of pulaesh the first of
4% pu

cates the ulse in shape, and all othe

the zame shaype

3 geﬁeralizaﬁ
lge, The

uls ¢ ﬁuspifies

physically

pulse may be
inoident pulss
hh*ch dupli~

g of which have

.

the amme shape s the incldent pulse btut are invef*@ﬂ Tre

arplitvdes 2f the successive sec“odq sfter the firsg cersase
progresaively in smplitude. If svecessive sections ov erlap, &
zingle incidernt pulse ig reflscy ed as & ingle pulse of nmodi~
fied shape.

25. The tehevior of the individcal sections of the re-
fléetéd milae ¢ atrasts with that of the whole reflected pulese
in that, although the nhase chzngzes in the sections lezd only
ta recardmuion in tine and to taversion, the phase changzs in
the vhole vulss lead to distortion in share.

n whiich may ceour with an abrustly termin-
the nroduvction, at thz instant of it
pregsurs amlitede in the reflected pulse
ceeda the umaripum presgurse emplitude in

s
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g“\
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gn echo of the tyne now uwiiilzed in cervice echo-
ipment, ithe rulse 13 an uwnfamned sinuszeid of relatively
2. Bince the bsnd spread of ths svectrum of such &

€ 1z very amsll, it apvears unlikely :
eved in this repori would be observal
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. The sipusscidal pulse with ceonsideratblie damping, wpon
ticn from & submerine, should exhibit diztortion and this
be detecieble. Consiruction of a receiver to detzzt guch
t is 8% Isact concelvelis,





















