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Tt\1a pe.iI"r 1'''''1ILn~ t... NlIUltA of U\ e;o;ofrtnmW 1ltad;T of 
UIII .... rUe.] r ill. oC .ol1t.1ry ....... 11 en LII~.bl .. alop". eond\lC!ted 
in t.hfI 1.r llt.ol7 o f t.he h.~ Ero.100 ikoU'd . ~ "lit. Jrtl • ..,. .... 
an.U7'1.I of t& data. lind pN9I'r 'lUtln of MI. .. re.,art were ac:C(DIpl1loh­
eel b7 J., v . Hill . J r • • ol tin Enpneer Lng Dbillion .nd Georgtl K. 
"III.ttl of the R .. e:orcll DirlIlWn. 

lbt u.t111i fer tM.. "Wd;y "' .... <:<md\lcte.!. IITrt17 belort u.. 
bec1nniJl& of ~orld Wu n and ecnteJlpll'tood IIdditJ.oll4l te.1.tne" ...... 
CUI"t..aUed dII. to tho ..... r . The erperiaerrtal dRY pt'Cllllnt.ed . " IItI)t 

cOIIf>l.t.e 111 ten>&" or COTer tnc t. ... de .. ire4 r .... of coud1tio ..... 
how.nr t.ho. rlllr.lltll obt.dllRd AnI bel1eft'd to _ri t. pllblleo>t1on.t. 
tl! 111 t.1I:oo . 

Tellt ... Ul<1DtI OIlc1.l1ILt.ory .... Ye:r in ClO.IIn.Ct.loll l<ith 101.". run-lip 
on IIlIri01l1l t,y ~1I of 1..~r.able ~ ~ t.rI.lC t::Jn;1I ue eUtTe.!t.17 
be1.nc Mda Cor t.bII BelCh "-rDllion !loud .t. UWI ."tonl..,.. F.xper_nt 
Sut.ion tit Vt C o ~ of ~. r .!i . Vick1lbu1'&. H1II.!udppi lind 
addit.lom lJIbo r lltcry .t.aCie1l o f "'lOY .. r "n-up on 1.o:Ipo;.r _b:l. lIlo"" • 
.. • r el<!l1t of t.eW1a.lD1.ll are. t 0. IIDder1.&bn .00f\ by the Beac:h 
Ero:rloo So;>rd . n.. '":tC",1I)"I ~t. Sutton tllIUI o.nd ctln­
te""bt.ed t:.un&1d. II tud,y era in .ntlc1. a continu .. tltln tit 1.'w ,~ 
pl'fIllCnt«l IJurein . 
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!...\"Q_ .... "tl!tf !If'I~'':"rr,\Tta' IN 'l"l!l: m1'!':'U IU,,", t)f 
SQLT'J'U! ' ... .l.V!S :N I'U'~If:.t'"'LI no",,! 

~'1'IOOOCTlO!l 

1 . T"-.. II\U~~ ele'9 .. Ucn _,r ..... rim '" 1" an to ,.-u.nL 
f ......... w r to. c.ol\lllde~ in In,, ~Dlrn of II!O~ 111M .5t.ructU",I. 
ft>1II '~ te:r 11 ftI"fIOCu1lJr s!glCleam. ror ecut&} 'P l'<)uetl ... 1f"M 1-1"t!lf' 
•• lmling sllmllU"d hce . Tht c::ood! t1CJ.!1 in '"'~ t..'Ie 510"", h t:!!o,,~ .. u-~ -.:lUI 
• :H!rl:l$lb1e _ted&! ~ bftIln rtllcn-d to SCIDIt 'P~otfIt. but 1~"_1~ ll\f'.:>r,.nIDn 
t. . .. allah1e ror 1M ~8W. ''''cr. the II ~lfI[ aurf~e ... 18 f_,..,.bl. . it.u 
111 IlU't SclIhr1:.· In>e :br """~ , IIOV'" lUI ", .... ,,,,,,,1 !UrV"''' . Mood "' .... ~" .no< 
u"n.,"\lI . all .... ~ vhio:h ~ .... eSS8J'ItW l __ t"" ... t~ e zeoHt4T ," " 
t 'lt 'I'<)bl..,.!, '"oW ra'o> h l.o I'rO'" ' ....... ·:, .. JO::l1 -rc.t-o-:t1a.: ~ ·t 'M' 

hrt:a va . ... . U ....... , ... ,>rt;_ .• of the ,t""'~U"" '''T f'Ot ~ tijN:t. " 
v,.·,. of no .... l or e ...... t oRl lot_It,. . :'actual .:!ata OA UTe ~~irhl 1',lIt 

n.u will riae on .an ll\,.., ..... b1. 1'10,* V'--ll aid t.ht eo..st.l enrll:lOer in 
arrJ. .. ln, at the .ulnllll d .... t1on of this t~ at.1'\lc:tlU'tl .ud b .. .lp ..,,~_ 
the yol_ or tlcod1ll€ lll.ll<hoard of tba at.rw::tun Wrlo;;: en.- "' .... ::ell' 
t:lit lone . 

2 . t'Il" I,W-POIHI or tnt. labo~tor:f &tUd,. 1a W detenrlnlt and .~t.e 
the .ralat!orutbl;1" bel_n IIIIV, bettht, .. :at",r 'M:tn , 1_.--\)lA! do"," 1-f\!!:1lI , 
. ntI the 1llU1_ el.v.Uon rcached ily • ""VI\' rtlm~ Uti LIla &10"'" 'nil 
l!JvIlUpl.ltm .... earrled 001. b,. _ 'loym, • lOlihr,. t)'t'! _~ . !.hef'l!!Ol"e the 
dati rres.,.".d "~l'Iot llIl!o:.fU;~rU,. h'I .:nraY'Outed Lo ~h. ~. or a tntU'I r.r 
OIIclllatory w...... lnot<:kml.a1 data ",,111.1\0, to .... " ... loclt.J' bee.a._ .... t1.lhl • 
• turlng the tellt. , 

) . It If .. "eellzed ~"" t. tllil "ooe ~! • tnllo or olclU .t.or:r 
"aYea ill atudy ltt>uU I'UIIH In .. 0<8-1"", ""T·er !'u-f'~1! 
;>a tu:rn t.brau~(L1It u.. ... ". tank, .tnre l'Iueh ,r t"t ,.nrr .. t..od or inc ~dr>.JI t 
"'''e . nerO' wuld be ~t'leetad rro.. the lApfnoeeble ,ll'~ i" the ~g", or 
... v ... and t.hll aond!t.1on lfIluld "3U It ~l.t.tiou1t to ol'l.aill rellahlf! t. e~ t. 

IUnunI_ts or Lbe pGflrat.ed ...... . The .. robl ... . u. ... etore. _II ",a>!lll'Pt 
to t.bI WiX'ar t1a1 of • ecllitar,. tn_ ...... n;l bl c<;Cl.Jd .. ril\f" t.he \nfl~lte­
lnf: Ylrhblee . t.bI .. dOIlI ~_t. .... eould (jrat be tiP'ri.-'d ~hrollr.h 

d1me:nlional &11&1,..111 , Ut.Ubtnt thO!' ~1la1~OJ ........ lWtun &Ii I.Il 100&1<, 
t.he lovut. lpt1on then laval ....... lu.tt./W UI.ne nar.IIIfft. •• by _ t t.l"~ up 
th •• :r:tIert..at.al ~t.v.a (or ~ .... retlo. the .alitary ........ U 14blhh tnt 
'lopu. an:! de .. lor>lOJ! Ln. necftUT7 inst.......,ntat.lon 'or obtal.ntl\f '>ef't.t!leDt 
d:ata . 

iI. 1be laboMlt.or,. .ppa:rlltU3 !'I!TWiLLad tuUnp vlth tile foUow:lIl( 
rm,ea of eondlt1ona' 

Slo;:tNi - (deeree.) 
5\ 111 ".ur de,u, • (tNt) 
II .... belr;hu - (tc.L) 

1 

~ 5tol.S 

• 0.50 to 2. 25 
• O.OOs t 0.5 



The tutL...: ?l"OgrPl Ifas &tTa.~ so that. tMo or the Wo~ .... teblcs could 
be held co~t~ t .,d ~hu third, uried ... tt.h each te.t. , .no! "' .... !"\UI·up val\l8a 
me8llu.md ror vartDWI eomb1.naHonll or eand1t.101'1$ . 

5. 'nle nrllblu involvfld in this Nudy aopeared to bel 

h - hd£ht. or ....... abov. sUll .. ater iBc:>eo!1aUtlr bd·o .... 
bKominl'" 1n!luenee<i by t.he sloae 

d ~ still IMter depth 
~ ~ IIIl""1"8 f"\IJl-Up on alClp$ atld e;lPnlued as v.rt.lcal h.1l/tlt 

.00 .... sUll watar 
L • lsnlJUl or wa.s, crut. to Crat t 
S - al.Qpe or 8ell."ard fllee o f IItruct.ure Uilraaa.d .. tha 

verUe .. l a.ni:"l.e in del!:tllu bet""" th. IIt.ructur. rac. and 
th" bori1<>ntal 

c • velocity 01" tnvel or w ...... crest 
r.,.- total potent1.&l and kinetic enerlJ' or wavo abo.,.. still 

wat.er 

Physical prol"'l' t. iell of t.h" !l\l1d 

p - d,,"-,Uy or the rlIItd 
\.L - dyrulll!ic .. tacos!t,. or t he fluid 

t1 tUi ~tng IlUcl<1nghu's Pi Tbaof"U (l). t ha following ~nera.l lOoIaliOll CAZI 
be "ilT"i t ten 

11' e .. ch 
Mass M, 

t (b, d. R, L , 5, C, &or' II , It ) • 0 (1 ) 

U!r1I 1$ exf)l'ened in dioIen.fllon&l unit! or lmr-t.h L, UIIIe '1', .,d 
the r e vUl be flU d.t.llflionlufls " toma in t.hI tunct.1on. 

(' (TI L' T'2 ' ")' ··_·"6) • 0 (2) 

Sel ec t.ing var1abl ... or length d, .elocit7 C. and deruJlty , wi t.h the 
rellWl.iniIlg tenlII agpOllrtn.c. ,well' in OIIeh £TOil!) " tU! a tlefaH.e exponant, 
it rollOW$ 

", • ,ra c71 psi h-1 

"" 
• dxlt c14 plL a·1 

" • dx2 cY2 II'~ L- 1 
"s • dXS C" p l 5 ~ - l 

", . c?J c1) pxJ S·1 
"6 • rr? pr6 p - l 

.,. 



rx .. ressi ~ e&C:!. tU'll I.n dtMlI81<>nal uniU of l - l~T «.:I • ohl~ • .;aluu tor 
t.he ax;oonents . tboare "",ulu 

, C· . -, <Vh " . , b • 'L • 

,,' . -, ... !/t. 
" 

• , 
·S • 

1:'1 ... tl0 CO 0 .. ... S 
'6 • 

."" 
1'fL ... . (11'1' "2' nJ' ,,~ , Tr6) 

S\lbnit.utin., t.ht1r reS\llts 

Rid ... '!' [ Wd).' (J./d)b, (.!)o, 

,,' • ,-' <1/, • 

d'/. C2 ,-' • d
2 c1 

Ir, 

" -
-, 

. " -I , 

'hl 

If it 1t ..",uno.d t.hat. the _ v. !Leicht .n.! ,Ull _tel' dl!'tlth ar. t.h. doalnant 
ch.r."t.erhtio. of the aOliUT.1 wive alii tho> ",VI len th 1. Wlnitc, U", 
11' t.er .. Cln btl eJl,.lnat.«!. Test. dat.. 0) ·5) Illust.rate tilllt for • 
• .b1t.aTT "u. the" 111001 t1 01 ... " tlropecat.llX1 1. a 1\I:ootl oo of IJ".e '~111 
.... ter depth ani \ave hd,hl, and UI. total pot~I1L1al azaj ki .... tie "nerp ... 
Of the vave t OI"ll above the attll ... np~ !eYe] are 'PFOJ'ilate1r equal; t.hese 
r.u.Uon.hipa "".lng 

C2 ... ,d (5) 

F'l' ... 1.,11 (61 

>there II: It t.be aeell. ration of rr.vtt.y. 

U IItqI1ltlon. (5) • .!IlI (6) ar. oon.1dare.d III UM ~5' ....... tbII ten O&n btl 
redUCld t o ~ (h/d)a IIl110h 1. tdontlea.l 10 th. 1-1 t .... ; t.hu ahawlne: tllat 
th. ener C' IIUI:III!t.fD' I •• uton.a t.lc.. lly h.ndJad .. ~tll •• all1(ltillf t11e hid 
puuet .... It 11 b.l.1av.d vheoul Irr~etl would ba ~f11rlble In lhia 
n.udT 1Ihtch wollitl ..t.1Join.ate t.ho eValuation or 1.'10 R'1Ml4e nuJllbeT or "6' 
'of Lth t.hea conl1d11ratlnn, the £\met.Lcn too t... Hudl~ red\ICea to 

R/03 ... r [ (h/d)' (S)c J rn 

.mITS the OOI\8U11t. I ...m cx...cnenu . , aM a can be ,.aluat.ed by \.I.IIt data. 

6 , I II • • &luat1.nc tbs abo..,. oar_t.81"3, I:IJrtain rdat !oMhJo. or • 
'olil.ar111a"" .1ISt. be conddllred. to ranftl'l.l, tile ,out...,. ..... 11 a .... '1. 

or Lralllllat100 and &an be consllWr1Id ..... uthU,. irrotaUOMl . U rr~ticlI 

erroe~ au not. coneldend and t he de .. th Is «onetal I. , t.he lola,.. hal a 
~t. tOni and cor.3\.ant .... lodt)' in t.ha dirI'CUon or oropa,aUctl with 

) 



• ~tkW.l,. Wtaa. w ••• 1~ . !be nu.1d ptlrt.1el ... r. ;K>SitiYely 
d1..~ced in the r-"'" at Lbb t.:rpe o( '."1 U. lIN"U.o.le aot1oa beinc 
~~ .. t. of lIec.l«UU ,,". t""" tUO t o uxi .. :oo ~oc1t.1 Iv .... e~.t~. am 
declllen:t.:l.oo _~ t (I wro -1.rt.er ~It*"l':' o( t.M •• ve eret:t. . !be POI; Uta 
horhDllta.1 dbl"'" 't. of t t. tlvtd ~rtle.lel II pf'tif)O\"t.10Nl to lb, ..... 
,olllllle' . 'l'h1a ao1.1011 d.1l1'er s fro. nuM lIOt.lon 1n oaciUatar)' If .... iII that 

ollcUlat.ory .Ivq are pertocllc am ....we the nuJ.d pIIrt1ebtl in enent.bl.ly 
• e1n:ular or elliptical 'J4t.n, wiUJ no ..,~ree1able poalth-. dlJI."laal!!al!nt. . 
Var1,OIU degreea or 4;I';I~_Uo. h"a been pr.I.at.ed 1n QublUhed U terature 
earweroin&: tbeONlt lcel .01ut10118 tar the .ctl~. or t.he 1IOl:it ... ,. R'e by u_ 
or the dyouoleal .",,,eUonl of lIaUon 1zI an intinite uri.... TtIe flt.nt1al 
lalit...,.- ft •• eharaet..rtnle. aln be ducrtblld b,. t.he ... hell!ht "n;I d.ill 
w.ter de-otb, (Z) , f),' . (~) . Thee ....... (011011" 

.," protu. 

b "",'[ :,,1/, ( .. ,,] h • (01 
• .. ~ h 
• 

• h!JICh\. at IlIrrace ororn. ,bova atoW ~t.r a t In,. ~~ x 

h • a&LlmIlll hel,bt aboTe ."ill n'" , • .~1ll w.t ar depth 

• • hqr-uont.l dtlll)lac_O!!It of pOInt ot ..... I\I~anl f!'Oft ,,,",:leal. 
,%1. a! ~!'J"( nee 

C • veloe1tT ot v ... t r ••• l 

, • u.. al.£;'* a:lnea re' -"p c! .... n"eat past ... rtleal u.ia 
or r.r.r,,_ 

feloelt,. ot ..... pToper'Uon 

C
2 

- J:d , S· . , 

fh. 4i1!wml!Ul1.8n .,. ....... teu duelone.! fa ll.u"aPTa pt> S c: .... he aull1al ... <i . 
by tiM or Ul.. .. bova rda t blW.f~ .and ut:Joerta..t.&l f'\11\..& ot .. ~a l'IIoi,ht.. rUU 
".loU" de-llI. and .... , .. ran·lqI . 

""to i.. •• , 
v~. loeat.ed 
nC'-l~ 1 h 

1ba "''' t.ank uaed tor thb illY~e1.\,.t1UI .. _ ~ eon­
':::.. .. ,: lL t .. t. wide and L t ... t ct.p. 'nItI ..... ,lIIIer-ator 

a t ana of the t,a,1k aDd t.bI ~abl • • l.D~ .t the aUle r . 
• .c:h_Uc: dl ........ or the laborat.c::q .ap:par.tlUi. 
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II . ... pullhlor t.r.ot va ... rerwraUlr vD e.cnstr..:t.ed rot' t.bu :;t.l!dy 1Ih1d1 
[ll'odUCed;lO ~~t.he l1fI.1for. horJlontlll ..,Uon ln MI3 d$!'lt.h o r nc..er . J. 
vaur bal.l&.!l~ tIIr* ~lIIIlcall:r Unked t.hrOUfib a bell orank to t.he II'\I.Sher 
... " nol,.d by a winch to a .pec.1t1e omation. \!hoe" !.he brake IIU U'l;pad 
the downward .01.100 or tho ~ trlluaalUad Lhroll(b tt. I lnlrat'e arraq:_t 
1.;:arLod ;I horhont.al -.....,,1. or t.he pt.t.Sb.r laee . Ifa.,.. of v.rloos helfht. 
oould be I$Darated ilIld reproduced, by adjust.alol!nt. or u.. Vlti,tlt tnd l'ILll oJ 

dZ"llZll • 

, . Tblll 1 ~T ... ble d oce .... eoutMJl;t.ed ot l / L~:1neh ulonib on • " oodlill 
,u':'9Qrt whteh l.oelnded t.an.lon aDd cOIIpf'IIuion lIIellloora to chack a "bre.a t l\lD«" 
t.r;>e o f 110'1_1. o!' the .lo?i!l onde:r "a"e a::tlan. All 7IIrtact joima I)tI t.he 

dope , am t.ht! 'P'"'O blitwoll I.h8 elO':>l!l ,nd _U" of the wn. UIIW '<'U'II UUed 
with aa olrus c_pound md cO'I'ar.d with a I"1Ibber varnltb to 1nllllra "at"r 
tlpt. condit.iofle'. A'm- oJ h.8.rd ect"eQ att.achad Lo thlo l 1coa ~t t ed ad· 
ju"t ..mt or t.hrI "I.t'jlftql dope /IlC.la. '-tid abo djlll~t. ot tho Ilona to 
lIIainu.ill a co .... t anl,. dlatanea bet_II llIe "a_ ",,,"rator rUe .an:! tbe f>Oi.ot 
o!' in&ernction lit the atill .. tel" I ... d wit.h Ow! alo.... 'l1w t.oe or \bao 
.lope vall secured t.o the tank noo .. ba.!'oTa each teat. 

10 . wava ,.1oc:ll)' .. ,ul"t'llanta _I"e aado hy u!!" of a key ooJ!tilloed 
at. each lind or lobe tank and IIwr.Uiar,. e<'Iu:lr-ent. The c10aura or tha key b,. 
~ha ",ava ener aued a telonoid which operaud • stoOl _tlltl. 'WI'" helmta 
a t the I.0Il ot t tl'" alGp. ... ro rtcord.lld bf ... hual obu ..... t1~ as tnt' ..... 
:lUBCd an OOIlO,·".t.I.oD .todov alJJioped vitb &II atchld scale . :;1.111 _I.t!r 
datu. ~If.cn~a IIIII!rl !lada with f,011l l f.tiel . 't'he U .. ll or "." ro;rr..-U!) 

on t.he !!lope vaa I'l!lId "hu.lly n-o. a seal" 1&111 .1001 tha IIlope .,d the 
... ertical r he QII, the 1101'l' 1l1li1 e.OIIpuled tJle. ... fron. . ""-.1\1.1"-1t.1 or the 
:still · ... ter 10'a1- va1u~ .... re _d" *- or 1I0:1111("11t.1.0tl or 1", .. 1. by 

d.1.a?lAeelllent. or the pulll'ler tile •• how~r tha .!11~ ~OlTect1OD .. 113 onl,. 111 
t.he order or one ~rcant . 

The .lope anr1". 1I1I10c1II<l W!TI! S. 
~ha ... re (1 . ';'-, 0. 15', 1.00. 1.25, 

thrCV! on thl ~er . to crute _ .... 
t~;,::·; .. ~ C. SO. 0.1S. 1.00, a.nd 1. 25' t~t. ea.htnat..I.om 

" al.1III1 .. ,.1.hle. ta'lllirotd allt't~telJ' 16('1 Lut.. f!aa1cally 
procedure ..... 1 

(I) adJlIlt_nt ot dOIll!l .tllI!:l .. and poIIUion; 

(b) adjll"~tlt. of t.hl'll'lr on _"a ,..Il@ratorl 

(e) tdjult.lllent ot IIt111 "ator leYll l 

(d ) "'t.Un~ ~ in~trlllllfllts for aut .... tic f'IIconlhoc or data 

pertloant to wu"" ... lOC:lt YI 

(.) re1_ or bralta t o ptnerat.a ..... n; 

(t) (l\Mf"lation ot "a"" bluFt. md "1'e ruD-Up . 

6 
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. m , .• .ro .Il' ."' .PO ,." .... •• U .00 . '" , .. .... .. ~ . m ., . ,." .m .>U .D' .)]? ,." • •• .m .'" 
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12 . TIHt datA tfIT all teat rwJII on .. ."b. alope an&le are 
&11'lIn 1D t abul a t1Gn InclwJ.ea the ftil all llred >;aft he lght. above 
nUl ",ter 11., ttw .. uured f t.U} " Ilte r depUi d, tJ. ft rUeal c~ rent or 
v .. e rim-up " . and tn. yarloua d~l\.3lonl.u r atioll lI$eded toO ur.-eIlt.1g.t.e 
the ntlawDt'hipol doa ... lopo:d I n poIrau.JPh S. 

lJ. r1&'1-.... 2 .ho ~. p1o'" ar the .... 1u.laNhip Rid . l(hld)' t or ... cl\ 
dO[>ll WI<!'d . 'I'I\e ~ta 58 pl o tLUd on loe-loR peper indieate that. atn ight 
11"" ean bt: drlll/n throIIlh tJ1e po1nts. The IQ .... UOn ot t.h1. l iDe is of IbI 
t OMl .. the ~bo'f'e "}at,lonMip. Tabl.. 2 &1v ... the cal\.3tant ! and the u-
poMnt a ror thill ra}aUonllh.1p 1M aAlIOCUted .,1 th uch dope _ogle . .u though 
the arltn..Uca). difrlrallCee o r I\. with yarwWI &lope Rntlu are not great, 
there 111 INlt1c1.llnt .... ldenoe toO l ndiut.e that the slope 11IClQIIIIICetI the 
rt1aUoNlhip. Tbh eYidllnQe can -.1110 be .... t.cd 1n tne -U chAn!;;fII or U. 

, 
10 
lS 
2; 
. ; 

Tw.t , 
RelaUonBh1p Rid. l(b/d)· 

(l .O!!T 2 . )5 
(1 .1'/6 3.4) 
l.l . ?6f. J . 7S 

, 4~ ) . )$ 
) . (~ ) .10 

0 .810 
I . OU2 
1 .120 
1.123 
1 .150 

exponent a ror the V"MOUII IIlG;;o 1'1.1'110'11 . F1S'.Ir't! J is • p10t at the yaluee 
or J( w •• ,.wt UIe lall('ent of the elope -nelli , All can he IIOen thert 
appuua W ~ Q cl'.1lIOp 1n ralllttollllhip nur • !tlope IlflRl .. or 12 dog ........ 
r or u., 11.J1i 1lI or .'lope lI'1gle ~tw!Kt n $ and 12 degree,. 

It ~ 11 ~'I . 67 

I • 1 .9 Sa d !> 

and ror the Ibdu or :Ilo~ e!'lj;ll between 12 anti 4$ Mgrell5 

(,) 

(10) 

l • l .a, S-0. 1) (11) 

• : 1 . IS SO. O? (12) 

When t.'ree 1'.-luea toni Iolblltltut.ed into tM, derived ""'IUollShlp t here 
nllUlt.. for ~ \0 12 Il10(1''110'' 

Rid = 11 So .61 Ch/d)1.9sO
o3

$ (13) 

, 
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U\J'IoQclI 1.\ c_t. be IlLaWti ~ ~ thiJI chant:- Laha pl_ a t ~ . 

t.aW7 \be 12 4aP"H &lGpe. it. u pt'O~. tIIat. UIe nat.ur &lOop" 1l:r.~ 
rricUclll1 .ff.eta OatalHft tM '- Gf \:hoo alopa and !..!Ie Uzt.en:KUGn Gf the 
aUU "liter In.! .. 1tb U. alopll r_ 1/I:.1d1 ~ the. .. a ... run..gp. 'I/beo. 
\he. lIlopa U a"",,.ned, tt. bot.~ .u.,,,,_ be"","" Uw toOII Gr the alope and 
1M l.nWT!aoUOD Gr the s\.Ul .. at.er la"l with 1M alopa 101 recbca.d, wM.dI 
r..na. t.o rtd_ the. floieUGnal .rr.et.ll . For w .... run-op 0.:1 n'\eepar IIl.opas. 
tbe "~t. Sllct inerUa Gf Uw v." be_a tbI P"~"" r..,t.or. ratlWl r 
ttllIlI Ow botu. rrlct.101llll .rr.eta. 

U . In coIWWctJeln ll'ith ... ootbor IIWdy (S). r..au wre ..te to at<od;t 
the reneoUon of cnerG)' or a 1I011t.N')" vaYe f'roIII ,.raeabla slGpeli and ..,. 
a ph ••• or tilt.. atud:J _ taliU llera .. de nth illper.R).. _lope. . '!'be 
~~abl. elope talrtAl >/af'8 not. a\oeMho • • bowe"'!.r thertI w ... lUI 1nd1ut.1Gn 
UIIIt. the ran.ctad CI~rp' did not. follOli tJIe __ buic 1_ (o r all &10..,. ql... lMiut.loM want that. U. ralu.1.onaMp c"anged near U. )7-dI\.cr'M 
alOpll . TbG ctata of VwoM t.eIlUl aIM:!: of the raport hoof'81n c_t be NadU1 
Lnterjllotted t.o ,hIoct .ono 11tht. en t.1lU fIoct.. '-... r. u.. bID .. \.II or dau 
WIUII.rU .. t.IIIIt u. .... i_ • c'-cl or relaUollll!dp .. itl:. _lope >otUch is pro­
bab1), d\III' to a ehllll(O ill LIw proportion of __ ra lou. by frlct.1011 . It. 
tMD appU'a Ullot in t.hiII 1nftaUC.t1OZ1 for t.ha r~ or coad1t.1ol111 uuact, 
UII! dlJla.1p.aUOn Gf va .. encrl)' la Ill. " 1l1n1Jual aI'OWICi tI:. 12 diI(J"Mo aloplll 
OOtlMq\lOllltl)' t.ha h1f:heat. 'O'ell»l1 or rM w.rU.cal co~m. or ...... I'WI~ wUl 
occur. 

lS. It 111 t.o ~ lIOr..d U'la t. 1.r the nlaUoIlll'>lip RId . J:OVd)' 
1. IIIll Upll,d b)' d/h thore Z'OI~u.l ta 

Alb • I(b/d)··l (IS) 

If t.he ,Y1Illla",O (IOnI\lUlt. ....:I upo:Inen1. .. [Ollnd in t!'o6 PnicecI.1.n& paTacrtph 
..... ullK\.Ulltel!, there nlINl1.ll 

tor S to 12 ",",_ IIlop. 1l/lI _ U(S)0. 61 (b/d)1.~(.s)O · J'i.l (16) 

for 12 t.o I,~ dei7" MOpe I./b • ) . OS(S)-o-lJ(h/d)1. lS(S)O· 02.1 (11) 

16. v .... 
ballad 011 v.... ~ 

V_WI', h, -" /11ftll t.abJ.. 
in ripre 11 . In oa...,ar1", tile 
1 ... 0) c • ,=- . indica"'" ror a 
r .. " per ... oond . Below 6 par thh b .. requ1r;;ft _ f.c.tor to 
pro.w. It ... _nt tM~fn ob .. rYlld IP'Id cOllllNtcd val\108 thill hewr baiJ\i ' 
1'unc:t.1on of tJ\e ...... heiCb t.. n... liIliU or d Ind h 111 U. ..... tIInk would 
I'IIIt p'rait tha pa.ratJ.MI or ..... 11 nth .. locit.! .. 8iCh l"'''lA!Ir thlll a 
r..t. ~l' _Ad. 1 ... than 6 het pIIr lleeond t.ha .,..., 
UlICt relaUon C • Ipplllr. to p"""da \hoi belI1. AfP .... nt • .nd 
bD1da tor.- IUIUl the 111 the ordar of II tMt. ~r NOOnd toItI1eh 
u w lewer lUd.-t or At IlIia 'O'aloII , 1t e.n be now tluIt the 

u 
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relatiDn C • vita· " j' lIpproaelwa the u... or eqll1 .... l.nee . 'DI ..... relation­

.. hip:!! IlJd \Msl <U.U lIIdtcna that, 1.t tNo ClIMI'ture or the """ IJIl:"r.ce 1a 
-..ll. the nlocit,1 or pr-op:t&UJ.on u c10qq Mll.ted to ... iir wMMI .. it' 

U. cw-.. awre or "a" he1.ght. 1.s l&rge this relaUol'III!lip .-alit. be IIdjut.ed 
to 1nel\l(ja the .trect o! " .... e ho!<1cbt. In ~ ot error 1n ua1n.& thalli! 
rebUonstdps tor th1.11 illftlaUgaUoo it. c .... bo _n b]' another plot 1n 
'1pr-<I h tht tor hid vlll"",s betveen 0 . 25 and 0 . 50 the ~ en'Or in 

lieu' e .. \i{d·fh La .. 2.5 per.,.nt.. and tor bid ... &1"811 t.tlfe.., 0.15 wid 

0 . 211 t.be _J:t.a arno1' tn Wl1n& , ' ~, ' 0 , 
• ~ :II !;>. ....rcen . 

71J1U! J 
COMPARlSOli or K!:ASU1Wl IiAVE PROPAta'lED 

VZLOCITI (c) IJ(I) COfo!PtJT£D 'IU.OCITY BAS!Jl ON K&lSU1tED b AKD d 

&;.lIur.a Mi •• uraa se .. urttd 
C2• I(d ' ~) C2• &(d'h) ct. (d '~ ~ ) , , , C2 C2 ' Cd 

". ". ft.. /_c. tt2/Me2 

0 . ))2 2 . 2S ' . 00 " .00 72.5 77.1 't"2 'M 
0 . )12 2.00 7.80 60.90 "' .L 67 .8 7 .L 79.5 
0 . )02 1.75 7." $B .IO ,0.) 6>. .2 66.0 n .o 
0 .282 1 .50 6.96 4B.SO ,.) ~ . , 51 . ) 62., 
0 . 272 1 .25 6.bo "' .00 40.2 •• 49 .0 52 . ) 
0 .212 0. 75 5.25 21 .60 "'.1 2705 )0., ,..) 
0 .252 0. 50 h.57 20. SS 16.1 2M 2h .2 ~6 . 2 

''''''''' 
l7. n.. ,&!!IIra! equaUon tor .. , .. run-liP as derived in pa r_ ar~ph 5 1_ 

~:!.IIi1loUl' 1n."~14.t1 o nft .ro .n .. iIlJ'fth or tlw tlu"lI,lUu 1n'101ftd '" 
r4l1tod to t.e ll t. <1IIu, 1IU~_t404 thl.t. onl,. two ot tIIIII .00 .... p..r ..... t.etll ~d 
be condderttdJ ~l,. , 

Rid. I ~\/d ) -. (8 ) ~ 
'!'he <1IIt.II 1lId1.a_t.ed that. theN ... NlaUonahlp eo_n. to Ill.l rac toOu 1nvolwdj 
hoIJaYer U\oI N}aUoMh1p " •• not (l(INlt.lln.t .iUl!n tM l1ait.ll t,ellU.d. The 
rel_UonahiplI ~tem1ned tor dlU'l'C!nt IIlop' 1Il!&l1l' WUO, 



a . ""taIc.n 5 and 12 degTe4f' 

RId = 11(5)0.61 (h/d)1.9(S)C' )' 

b. btoblotln 12 to 45 degn..,,; 

Rid _ ) .OS{S)-O· l) (h/d)1 .15(5)o.02 

18. In thU inW.t.iI:.UOII it. " .. tOuM tn.~ .'''lU'ad valoel u.e. ot 
"n. p-opag.tion qree4 wit.h coap.lted v.loelU .. 1.t IIdjlUltMcnu wer •• ..,. 
tor "::.r10Wl latta ot hl4 .. allln. '!'be nlaUonl!h1,.. ci'l1..n& the bas t 
qr'f:".nt .re as fo11_1 

c • \U'" tor bId ,,&1u. heble.n 0.15 lind 0. 24; 

C aoJ a{a • 1i/2) tor hId .. &lIleS bttwHn 0. 2$ and. O. SO. 

CON::I.lIDUtJ RDWIJ(5 

19 . 'ftIa rd.Uona:hlpa d .... loped 1n tilLe rapol"L an b • ..o. on U. 
refll1lta of testa IIt.UhU!& • aoHtA17 or 1.r.IIIIl "tol'1 t:Ypa ".... . TbB 
extr.polation ot tnelM relllll ta t.o Ole C.IM of progNlllllve oaclllatol7 
".VII" "ould be ques tiontlbl • • 

20 . 110 IIcale relat!¢nllhlp " as WIld in thill IItlllly, IIow .... r prototype 
UIIUII,j>t101l8 can be lUde and appl l.lld t.o the da""l oped ~.tl01Ulb1PII v1th 
I.be relllllt be11\B, i t 1s believed, 111 tht rl&h~ order ot aaanitude . For 
.... pIe . tor an (lssentillll1 il!\perv101l" earth 41h vttn a alope ot 1 on 1 . 5 
and. &fI hl4 ,,-.)ua ot 0.5. it can be co.-p.;ted fro. the l as t equation in 
puagraph 17 that R : 2 . 92h. The j\ulCt.1on 111 IIIICh lbat the vaw run ' lIp 
decrt&l!l!/I Uight.l.7 &II the lIlojl4 approaclln 1 on 1 . 

(1 ) 

(,) 

0) 

~I\odftl bpo!r~nt.& aDd \he Fans of E.p11"10al !q.aUOIIII- &diar 
agck~~ ... Tr~II . A. S. r. .!., Vol . 37 , p . 26) , 1915. 
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