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Th~ r-eflectioo. of y.:,lane weve sou..nd pulses norm.~lly 
incident in a liquid mcdiu...; upon a plane solid non.=dissi:paii"!fe 
plate backed by~ msdhl!fi of negligible elasti.city is theoreti= 
ca.Uy analyzedo A gan~ral solution of the 1)rol1lem ia obt.ained 
by reeolvin_g tho incident -r·ulse into its steady sts.te comnon­
en.ts and re-::omb:1ni:ng them after refl .. ction for the reflected 
p-..;..lse" Ce:rtain spe cia.l ca.see, such as tha :recta,igt•.lar pulse 
e.nd the damped slne pulse, ure ghi:m s!)eciel consiii.emtiono 



l..o In thi5 rep..:at the effect of r-ef}.ection 'by a plane 
solid plate on the cf'M3.racterhtics of r::. plane ~rave scum'.!. p,.1.lse 
ls theo:retice.Hy inver:,tigatade '1'he d.iscuseio:i is restricted 
to a normally incidr:nt puls-e ,'.'l.nd tc a n.:.n~,dissi~,s,th'e 'plate 
backed by a mediu.m of r:egHg1ble elasticity. lt is bel1tr.red. 
tliat t,he ar.alyUc solution of the p:roblem presant·ed in this 
report -po&sesses '30!'!€ advantages ov-er t'.r..s.t of Muscat• in respect 
to physical interpretaM.Hty. In any case, this solution waI'= 
:rents presentation as a r.rreliminary to the discussion of the 
epeci fie pulses considered herein, 

2., No a~su.motions Rl'e made concerning th<!: ber,.av-ior of 
puraly- transient pressm-e waves as such. A. rectangt.i..lkr p1;_lse 
is r·e20lved into a Fcurier integTal of continuous .. -aves. the 
'.d.deJ.y w~ed reflection le·«s for contirruous '\l;'l,rvee a.r~ au'>lied, 
iln:i the ?'£fleeted 13pect:rum. of contlnu.ous -~ves ts recoJrr.:oeed 
into the reflected pulse. 13y an e:tamin.a.tion of the detaih of 
the method a.nd of the reeults, a generalization a-pnlicable to 
any pulse sha:pe h deduced. 

3., In the following dhcussion there is "!'.)Ost1J.k ted. a. 
medhun of liquid to the left of x e 0, 1>ounded by a solid pla ta 
with plan":' pe,ra.llel sides at x ,..,. 0 a.nd x ,.,,.. L reeT1ectively. T:be 
medium ~thich ,ext,::nd s to the right of x : L is assur:ied to l:1av-s ,:., 
characte:.•istic ac<.n:i.stic inrpe,iance which is negligible compa:red 
with that of the solid nlate. This set-un is illustr~t~d tn 
Plate 1. Fig. 1. There is also 111-:J.strat~d a. rectemgular -pres«, 
sure vulse travelling tbrou-{!:h the liquid towE<rd9 the d.heon­
tim.ti ties in m.-:d:i.u .. Ti at x re O and x !: L,, The reflected nul8e 
for this type of incident ,,,.eve is first obtained, 

4. !f the plat.,i h t~onsi,5ered to be e. smooth dicsine.tbn~ 
less trans1niseion llne o:f length L terminated at the right by 
ze:ro impedance. the 1:rput impedance, at the left,. is 

(1) 

it.. which z. (!e1.:?,c,.) is the cllE:..rs.cterietic 1.m-pedance (>f the eolid 
:x;ediu.m, n is 2·1r time,a frequency, end c. is t'rie plar1e wave velo-, 
d ty in nie solid J1ed.1u:rc. 

5. Se:xt. if the liquid h considered. to be e. smooth t?',rns= 
mission Hz1e of cha:racte:rietic impedance z, (~,00 c ) terminate(!. 

*H.,:,r,ris ~uscat ;;T:1e Reflecticn. of Plane Wave Pulaes frorc, Plt.ne 
Pa:ralh.l Plate'!,li J.A,.P,9(2?5), An:dl 19~8. 
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R-t tne ;•:ght ·uy :~n i ur1}a:tance 2," the -::.Te s:rn.rc .rcfli::e tion c,.Hei'= 
f'i cierd; "'y is ~i ven by 

in which 

-Y has a mgnit'Ud.e of u~nity indicat!ng total ref~ection of 
a contimwus "'·ave" It may be rewrf tten 

(4) 

in which 

6. Coneide~ a r~cta~gular pulse f(t) defined as follows 

f( t) (6) 

This means tha.t f( t) is the constant F during the time intei:'V&.l 
between t 'a' = E and t '!:; ❖ 6 , &nd that f( t) e O for all t out•~ 
side this intervalo Under this symbolism. a ret~rr..ation of the 
nu.he by a. timr.1 ~ would "be indicated by 

me,mtng that f{t-o..) is the constant F· dur:tng the tii:ie interval 
bet.ween t ;;;; ~-&- and t ,eo.-+€.and ·that f( t=OI.) .., 0 for ,;..ll t out­
side this intervaL Thie. uulse ie :plotted in Plata 1; Fig. 2(a), 
.A.p-plying the Fourier Integral tr.eorem tc equa.tion {6) 

g(n) 

f( t ', - __ l __ S'+if,, f ) 'i .. ) d _ ___ g,n exp, n~ n 
21T -0? 

(7) 

(-t-W 
lo;' i f( t) 
J-oo 

exp (- int) dt -.?~~2• (8) 
n. 
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~:x-p {int) dn ( 9) 

cos (nt) dn 

ffhe ::tn~.ntity 2F ,, si11.,{~). r,1ott~d in 1.:ii:,,te 1, Fig. 2(b). sbcws 
w- n 

the it.e-pendenc,! of the ~mpli tu.dt> on fr~OJ1ency in th-'! spectrum of 
th'! pulse, 

7, If en.ch frequency present in the integrand. of f(t) hns 
the -r"Jhase ,,r.:.i:tt ¢ of equation (5) int!'(i,luced into ii. on reflec= 
ti.011, the funct:lon f(t) is transformed to R(t), the re:f}ect-~d 
wave. 'fh,.1s 

R( t) la.' - 2~ ('° ,§JJlln~) 
'ii ! n 

[ 
_, 

cos nt=2 tan (K tan nLfs'J dn (10) 

/0 

B, With some trigonometric maulpule.tion (le). way be e:x-
-p:ress~d a.s 

,a:, 
R( t) e _E){ 

1
(;ifL!1.J.t - E-1 -

'ff" n 
-e --

sin n ( t +e)/ 
n _J 

and 

"° 
= ! [[!!. ,_<t~ .. .lLJ.1._;ill, 

r,r - n 
p 

After eir,anding the factors 

J - K~ tan~~n!,£9...!) 
1 .;. x:.e tan:i!.( nL/C • ) 

2 K tan (n1.l9..!1_ 
l + K"-tan~ {nL/c,) 

in Fourier eeries. the integration may be carried out. If the 
first of these factors has the form 

(lO(a)) 

the coefficier:.ts of the ~econd factor e,~e sinmly ri:'l~te~ to the a 1
i'!, 

and t"!' w·ho1e solution is expres~ible in terms of the a's, 



e v.,, ~-"'.."-! , and 1':i.ms::· 
K ~ l 

S, 1.r'he :ref'lectio".li; of rectangular pulses of various du:ra-
t:l,:,rin :relr..tive to the tra.nsit Ume through the reflecting plate 
arh1 bc1.ck are sh~.,,m tn Platea 2 ,md ~, The t-rn.ndt time is 2t_, 

c, 
the duration of the ~ulse is 2£ !n Plate 2, Fig. 2, for 
axampl<e. the t:rensit time h twice the rhJ.ratlon of the ,-,uhe and 
the ;rerious sectioni of R( t) are distinct. !n Figu.res 4 through 
7e the tra.:r.sit time 1s ec short that the sections overla.'?, Plate 2 
s.pTJlie~ to a reflecting plate of cbgractPristic 1 mpedance equal to 
20 time~ the characteristic impedance of the liquid (i,e •• K: 20), 
This is .:::pnrodma.tely rep:resentati-ve of sea water in contact with 
a steel ref1ect:tn,... ulate, For this case, since C, is of tre order 

5 "" . 
of 5 x 10 cm/sec. th~ ?l~te thickness for a 100 microsecond pulse 
mu~t be ahout 50 cm.. in Figure 2 • and about O . 8 cm, in Figure 6 . 
This latter thickness is of the ord.er of magnituc.e r:if the hull 
th1cb1ess of ,,. sub!!lartne. 

10" Figure 7 on Plate 2 shew!:! a case where the energy dentd.·­
ty in the reflected wave greatly exceeds that in t're incident 'tr-ave 
during a short interv~lo (Of course the total incident energy 
equals fre totf;il refll'3cted energy). This -phenomenon is readily 
e:xplaimi.'tle., lf the pulse is sufficiently long compared to the 
transit time through the 11late 1 &. co,1diticn s:pproxiir.ating the 
st€ec.~· state is reached in which the :reflected wave is inverted 
but has no cha.n,'?:e fo arrrol:l.tu:le. fo Fig. 7 this condition is ap­
pri:!&Ch"3d. a.s t aprros.che s c. Q In thiz state there are contained in 
the ::-eflected wave a nw:iber of secttona, all but one of which are 
1nveirt,a,d" The single U."'linverted -p':.!he, t.-rhich we have called sec= 
tion 1, subtracts f'i:om the others to p1•oduce less -pressure altr'01i­
t"\:i.de than there would be without its Therefore, i.f the incident 
pulse i e suddenly terminated, th2 single uninve:ttsd section is 
silm.11 tancously te:nnir.,."'l.ted and the re.fleeted \v8Vt' as a whole under= 
goes a sharp iI1cri:iese in ei:rpli tud~" This effect is greatly reduced 
with incident pulses tailing off less steeuly. 

11- PJ.a te 3 d.ght well apply to se&. water in contact with a 
plate of ~ome plastic ;r.a.te:risl su.ch that K = 5. In s. plastic the 
velocity or zou.nd, c. i~ 1.f!ss than in ateel, &nd th~ thicknes!: ot 
the :)las tic rr,s. terial for 2 n-;rticuhr figure of Plate 3 wou1d 
thei:0:fore he less than the thickness of steel for the correst\ond~ 
ing f .. igure c~f Pl~t~ 2ti 
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i:J.i:ide;1t ;ya"t•e 1.1:e,,~L1=:rt;oe 1s _~:&rt-iG1:L ;•F·fleetlr;-t! 1rJcn i1;s 8:r:ri,Y"hl 
&.t ,-~ 1::- (J~ jihi.~ ptt:rtl.;n ~:t"f' the; r?~i1..:~c~tzd '..(d'\re ia r·enresenteC. 
l,:; th,t? fir:9:; t<::.rm of th.~ .right r~ld.f: CJ-f' v2q_:1J1ti~}n ( 11) 

1 
nanu;l.y 

wl,e:er~ ':l,o ~ t = 1 
,{ ·-t 1 

the reflection coefficient 

wI11.(;.h ~eft,~ild f:}:.ttSt tf t,f:1~ b'JliC. mr;;r,1-.~.:r!..tt: ,zxttn·-led. f7;".,r:1~ .x ~ (J to 
X ~~ O) ;;. 1l'h·ucf; tl;.;e af'f(~Ct cf· th.e, in1;e.z,,.·iE:~::t~ at X e 1 ts nut felt 

thil.!' pa.rt <.,:;. t,h<:? :r,.'Jflecte(;;, ,-.,av!':. 'l'h".c lJ.lhole wave u11dergcE,s 
th'l 3 ;~ri 1·ti.ftl reflt~,-::ti•Jrt \!5 .. tb.011.t c.b .. gJ\~?; of pile sf: f\;:;7 K> 1 

1:L ~:~;-·),f8:~ .. ~it~c,~ p~:rti~n Gi~. t~:"" w~-ire ~1.;,r, a -pr:Bs•-1Pe 
$£'7Pli,";V,~f: ,-~K(1- ! -;,,.-r, ,~ef,.ect,.on a.,""'· ,c:- ~,, t.1e sign ls 
c!~liM{f~d, t~~ld u~a:ri r~ t-,};~n tr1 X .itb), !? .. frac !;iofl 

i"' tr,:n -,,;(,itt~d thrr:rn . .;h tb~ 1 nt-erft~ce amI ai!.a~ a ~ec,.:ind sectio1 
tr;. tr,-2 rr:;flect.;-d ·""'-'i~ 111 ths liq-.,:;.id .,;,e,iiu.m, ::bi.a :ts the fi i'st 

'i.\';":e:r,;1 t11c., 'tim~ 1::-:g i::1t1~odu<::ed. b.}"' ttie tr!l.J1i:t~ t. tti:.e ot-· t.t~t' ruunli 
tr:!.p t}n·o·;;.;:s;h tr.s p'l.~1t2 ,.,,.,.id ·cack iz now i.ndicated., Conti:ru.ing 
i::\. th €t1cce ,:;,;he i'":f.J.~cti.:..rJ." ,,rt thin ':-lie plate and rm.cc!:'l'!Bi vt-
t Tan:; :td, ~:.:~ ic;1 s thrf!~1g~b che 1~~:r ✓? f~J.!€'. into th a liq·u i<i 1:~ di u.m t the 
v~:1c~s Rectio~z cf Rlt) can be identifieJ, ter~ by ter~. 

14~ !~ 1::::'.~~ t,een ~1}1~it,1 th .. a.t. t(i:-~~ rer:.ta:ngul.~:r ct:lse is rll.'r~d.erl 
i~t~ !~etions at reflsctiou. ea=h secticn bsing raureeent~d ti a~e 
tJ:__, t.h~ Y:Er;n~ o:~ (i.l)t ?r11 that e.act e~ctic•n :t$ a r1=:¢tanf,u1e,r :=t1-.1lseo 

r . .:e e.,,.~ery- s. ~ct:~ 0ti :11l:..s tI~.e stani,:t ~hepe ~s tl!.e 1:~"1cideut j:ul~e e,:c~1pi: .. 
fer c:·.0-ngo in .:-;.nplitud.e (wll;h c',E.ng,e of !3ign), it follow; t~.at tl1e 
rti.tio n~· Hi':, i:un1)lHufl•.!2 of the. differa:\t Fou:i:icr c0mpments is the 
i;tqn~ for ~v<r~;,t· £,(·cticn} c~rF1 tr.~at t~·_,r~ t!r;f! JJ;,g :l_~;tt,ducerl. Ln· each 
Fcn.-1.:r:~eJ~ <!Ct'!'!;Cr-ten\ (;f f\f;:{ (.n .. ?. JEct1-:n is tl~f; stt,:>:-~:t This 1~; er1ui;;2_~-: 
l::~i-~ to ~t~;·~:1::.t· tl:2:.t j~ ► 1-t~ }/ .. )~!: .. «~· ... ~~ x~ c,::rr~otten:.a of H:1,:b t.t-c"tio:;, tr.s:vel 

-;,.:"':.ir e:t. t!:e ... ~:.;r£· ·:--::Ic.:.ii.:.y. ;,:nd:~:r;J;·ving tbe rt:.Le ti·-~:,; lag end 
t.hi:J f',:;.m•:: :;11:::.:,.r ,.~>::;_f,.::. g_t. r.-i-:f"~~"~-:~t·1.cr~ t-tt ~:-1.y ir_:.t<=rf~?c~ __ s:~,c;?.~ ·~·,l>e 
:::'CC~:•c: e~~:ts Gf E::. st:~t-1.cr.,, tr .. !i~ye. ::n :~h.1,~·t 1,t1,r~t\f!i» thr:, sect.ion::: ~ f 2.. 
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1_';,l}U: Of 8.u"I J[J.~p6 (not .riCCa~~•::.·~:.:.y r."3C+tt~!6LJ,'i_e7:) lTi✓-.l't !1,1•ve t:Cv 
H~rne shepe as that of the incli:mt pulse. an(l for,nu.l::. (11) with•~ 
out limiting f(t) to the f;:,rm lr:t_f l!'l'l.1st £HU apply. 

'I'he generalized form ls 

wh~:re the a. 1 s are dc:finad 'by (:2) ar:.d the function f ( t = 2mL/C 1} 

is d\'Jls.yed. in. Ume by 2rn1/C i behind f{ tL 
' , 

15 .. Wh~t reaJ .. ly ha3 been shown is that the whole -pulse obeys 
thr~ same ?eflection and t1·ensmi,•~ion laws as a contirn;;.ous wav~. ex~ 
ce-pt that each interface acts like an interface between medin of 
tnf:i.nite extent., To h.s.ve a.seumed this at the start would have been 
less satisi'ying end ·,muld. not hav·e eliminated the work of computs.­
tion of '.t.~eflection coefficients !"or the ~rnri-:,us sections of the re~ 
fleeted puls1::. 

16. Equation (2) shows, by tbe fact thist its nume:rato:r and. 
de no mine tor ha.ve the same magnitude, th.s. t !;here is no change :l.n. 
amnlHude of the c•J,;rp-onent.s of different frequencies a·t reflection. 
This :ls so because it has been t:issumed that tbere is no di,se:tps.­
tion in the plate, e.na. o~cause no energy can be fed. through the 
boundary at X = L it1to zero imped..ance, Eq_uation (2) eh:iws also 
that a. phase ahift i8 intl"odu.cad into these •Jomponents, whi t.;11? is 
dH'fe:rent for components of d.ifferan·t angular velocitiest no One 
mu.st tbe:refore conclude th.at aay distortion of the puls-s ls caused. 
by phase shi.fts of the components, a point which w-a:1;•ra.r.1ts fu.rthe:r 
discussion~ 

l'?,, li.n ius1.ght into the prod:u.ctiorl of distortion of tho 
pulse by phase shifts of its components may 1H,, gained. by the 
following consideretions~-

ao The constant nhase shift of ='ir for sll the com­
ponents {see Equation 5) produces an inversion of the 
pulse~ such as takes pfa~e in the ·limiting case of 
zero thickness of the reflecting plateo This state= 
rnent may be verifie:d by subst:i. tuting cos (nt =·7r") for 
cos nt in t:.q-uaticm (9) and o·bse:rving that~ since cos 
(ut -·rr) equa.ls""Cos nt. the suostitution merely iotro­
:i.uce s a. change in sign c 

b.. .iiny linear variaticn of phase with f r equency 
sinrply disnla.cea the pulee fo time without change in 
sha-pe, since such a varlat:l.on of phase transfo r:Ae cos nt t o cos 
(nt = Ut:.') tn~ cos n (t - a) " The transfo:.-med· ex1;,ren= 
si oniu i&en ·t:tcel ~at time ~. ~ t, +- 8 with the un·i;rens= 



c" Sine,,, the last term of Equation 5 is l'.'.ot 
li rea:i.~ in n, ctm1e;e in sl~~pe of the xeflected 
~,ulwa is to he expected, and g£:neral Iy iht.or~ 
tiort otner thin ir:rversi;:..11 is gre&.t 1f the devia­
tbn of thh terro from Unee.ri ty is g,;·ea t,, 

18, A -pulse which may occur 1n ttr&ct:i.ce is the damned sine 
pulse. !'h,tes 4 and. 5 ar,nly t,'."J thh c~se. 

19, In ?late 4, Fig. 1 shows plots of ,iamned sine .... a1·es. 
3).l of the for0 e-M·r sin nt, for different values ofr.,.... the 
d.ampir..g coefficient ner adis.n,.~ Figure 2 of Plate 4 shows in 
eolirl lines the a.mpli tude distribution with f:requenc? in the 
incident wave for different valu.eu ofC\.., This distribution re•= 
mains unchanged j n the refl.~cted wave., 

20, Tl:e d,,tted curves of Fig, 2 of Ph.te 4 shew tl1e uhase 
lags introcluced into the different component frequencies at :re­
flection for several s-pecial cases as indics.tedc These !)AA$e 
lags ere the ¢ ~ s o'ttained from Equ.ation 5 with sign revers'=d" 
In view of the dependence of distortion on phase shift, aE; dis­
cussed in per-egraph l?p it ehould be clear that any deviation 
of the <totted curve of phase lag ~ersus f:r0quer1cy from a strat6ht 
line through zero frequency ar,.d zero phas~ l&g represents distor·­
tion in shape" (This distortion amounts tu inversion of the wave 
fo'i:' a straight Hn~ thx·ough zero fre,1uency and:rr phaee lag). :)f 
th,a cases ~overed by these curvee. u10:re c.1stortion wc,uld be ex,. 
p;-,.~ted fo:r the case where 2L/C, r:dr" /an the.n for the case wl:ere 
2L/C: ;;:-r. /~'32n because the dotted Cllrve for the former case 
devtate s ,:,,,r.:;, from .a straight line within the frequency rar.ge 
,/Mch contains th€ conponents of significa.1t amplitude,. 

~'L The o'ta;erved vibration of a magn<"tostriction projector 
of stacked laminated rings when excitf>d by a s'harp pulse of cu.r­
rent aprro:id.ir,etes the ci:;.ee where•'.):.. :a:. "1. ~ being the derrming coet'•· 
f:'.td.ent ner radian. If this nulge l$ reflected from a s;:..bmarine 
for wh1~h 2t/C, -=1~·/sn. ih fo~m h dhtorted L~S il1ilstt"aten in 
Plate 5.. T1°is ,ihtorticn has the appe,.uance of -pbe,ee modulation. 
ti.ho~ tbe enmlH-;i:ie of the reflected wave huilde u:p at first in= 
stf"arl 1')f decaying frum the start like ·.;,r: • . .:.:dd<i11~ ;•J.H 

YI!, COIJC1U5IONS 
_,..,~---~-..,,.,....--=~·-·a 

2::, l!nder the given cor,ditior,~, the Fov.rier C!)ru,,oneHt.s of~. 
pu 1 .,c e.·a :reflected ¼11th change of r;haee but without cb3.nge ir, 
;; :-1.-ili tud.•::. Tt.e:>0 may b<:' e. consit1::1·able crange in tte sh.,,,ne of a 



23 ,. 'Ills math6metice.l ex-Jrer-;slon for ~he l't':flected ':t::.:ve 
t~ e se:·,:.l.tJ~, .it1 ;,fh:lcl1 eacf1 te~~r, rr..zy· ~)~ inte:cpreted ae correa~­
-::->ond ing; tc- s.. "m,ctio,111 c,f the ,.,.,L0L-;, r,jflectcit pulse. S11ccet,~ 
~ive ee~ticao have greater anJ grekt~~ time lags behind the 
ir•.r.i.0m1t. pulse, e.nd nac:1 secUou is u r:mli,e of the ,~ame er.ape 
h8 t,}';e uv.:i:'ient 1)uls£ e::rce:pt fo,:s !.nYPtSioric Thill gen,eraliza,~ 
tic.in follo!.5 from tht➔ tr.st-it1r.e:r,t cf tho rect-9.r:.gular rrnlse. Trrn 
sLnpJicl+,;l of t.he t!'{~atment cf t!1e; rect..s.ngt1l&r pulst-: juetifiea 
the n.ethod. although i;he r~ctttJ"cJuJar pulst~ is not physically 
re-9.l.!. za blt,,;, 

24, ~rt.e a·..1ccdr-.sive sections cf e. reflected pulse may 'be 
dist-lnct from each ether. in wht,;:h case a single in~11dent pu.lve 
is reflected :as a seri3s of pulses, the first of which du:pU= 
cates the incider,t puhe in s:b.11.-pe • ar.d all others o:t 'l!;tieh ha-ve 
the 3fana.s ,;h;:pe e.s the incident 1m).se b1.1t are irrve:rted, The 
r,mpU tuft<';;,, .:;f the En;;,ccessiv1S sacUoas after the :nret d.e.crea,'.e 
progr•'lea:lively in .e.mrHtudE:. If ~u.c-:!eesive sections overlap. t1 

single incident pulse is reflected aa ~ single ~ulse of ~od1-
fied shar,e . ., 

2.5" The beh~rvior of the ini'..hid:lal neetions of th·! re~ 
fleeted pulae contrasts .,1, th that of the who'!e reflected p1.,J se 
in that. although the 'l")ha.se ch:;;.n,ses in the sr-;c~tions lead only 
to r-etardetion in time and to :t.T!"lf'l' sic,n. the phase chang"s in 
the who la µulsre lead to distorii :m iu shape, 

2fL h. phE-anorr:encn lllhich m2.y c.•ccur with an a.brt(:itly ter.:dn= 
at;?c. tr.s.ci.d.ent r.,cr.lse is the y.,rcduction, at th1;, insta;1';. of' its 
ter:ninati,i-_1, of ;:; -;:,eak pre5su1·2 a,;n::,!.H·ade ln the reflected pulse 
l<ihii:h ,,rutsts.ntially e·;::cee~s the ma1:1mum JJY'SSEHl::"C empli tu.de in 
th2 incident pulse. 

27, In an echo of the tyne now utilized in service echo= 
rE,r,.gin& tNilipment, the r·il se 1:;; an UllC.BffiP'2d. Elinu-;oid o:· r-elattvely 
long dv~:ratiou _ since tbe b.s.nd nJ~r~.IT~d of the e-pel~t1~~1!!l cf s1J.cl1 ~. 
isigne.1 or n\1he i$ VE:ry :arri.s,11, it; a:pneurs unlikely ths.t the d.lt1,= 
tort.ion con~lde:re,5 :b thi,; r-e-port would be observ~bla, 

28. The 1,1:cn,urnida.l pul!Je witr. conni:if,ra1:)le c!.ampi::.".tgt u:oon 
refJ ectJ.c,n fro:n a su.b:r!9.ri.ne, sh:'luld exllilrit distor'd.on a;1d this 
;.1ight be, detect,-.ble. Ccns'.,ru.ction of a n•ceiver- to det:::::t ouch 
~i4t,rti0n is at leaGt c~ncoiv£t~a. 
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