Hendo ot % 28
6P2es /L—’é%:{

Some Scoffering ISsues

.

Ao Hhet o, hae Jeavined o process  Fhe SARK dede, 4 § Fme
Yo Legiv a‘mfjsb and "Vl*erpfefa'f*fén of Troe deta p Ferms ot
P}"'as\;ﬂ\f C‘L\&Pa:ﬁfckf‘s"‘f.c__( of Tue suwfeace. hile o ot s‘pe»oe a
‘3V!6\'f dea | ot +n:\e on S'Ca\"*cvrhj and r;ie'hc*'éﬁ '*op.'c.’s'} L uftff
tvart o bast f:\';-u.[+12( feel Hv T procesSser volved so we can

Uhalers '{‘C‘m& oLy ,p:.a_’e Q(Q\"FQ'

SCO\,"'*CV"V‘Q Mcchﬁﬂ 1S 1§

Cve hage auf"t'ao!j Q)(.-Plf‘fsed ”Llﬂ.gk'fhess” m o~ veder limeg@
" fevrms of GOJ the hc'wmllétd CFrorsg - S:C'F't‘:)'\ ot & Q..,V'fonce_.
th‘r_e o el T pyopor+fo;d\[ Yo T™e echs Power h the Fadce ea’u“"‘ﬁsh)
14 embodies pro per +;r_; ot The S'C«a*'fckl'h) <ov Tace. ,uf:_s-gft‘ and  of
The nv:oujnfvj Aeometry,

DcCOuPh’-ng, e efdects of Seometsy, ank  serface Paro-nneforw} may
be done J,) V'C‘M.I‘h, The Saime  suy face at o‘f\‘é(c"...-i .r“-qc:rdrel—,ce c\h-jfe_s.

.

Bt.-"l‘ (-L iS VC7U(:'((J ;IC b e L._gq'f‘"ﬁ .;V\‘k’rPrg’f P\Q_ O“Pf“‘“'"‘i- ér|élv\1'gg_r.5 17

Fhe rmages.

Coﬂs‘f/(f‘r \.afu...u;-\j The Sciwme .S'L,r'(acg téro\n.‘ 1‘&-:0 oi‘{'é?bﬁ_k\'* a.\glc;:

"W
rweak  echo

’G&Pﬁer [t \(Acmcg_
angle




]F e View The SCWHQV.}\’ onco;s S IQ,H‘}:)(Q rmore eheygj eScape
I»

The hear fon.\.ari oirectedn Than hear 5a~ckuo\n*} we Can prefere

Suyv 'Eﬁ(es as bel;.‘j Lbcgl’\’fe* at neav- hormo\.( Mci/(u-\ce_ !:., {qc‘("

wE e ploi‘ o~ 'hjp\.wx’ cevve  of  (0° us /l.) be gef Soimethiny
lijee

Mo
J

ee have o‘!Sc‘uSSecA Q’*CmJL) howe the modilatios of Tre [ s |

merdence anyle (n o Vedor 1 pege ) (o‘_,pfcc'i withk o 0° curue | Ve

-TLL oOwhe G\’-'?OUCJ 6\.\:(5 v ise 4o Fho b"\gh"\+ a ek 0((‘1—-'\ obeas @SSOC(q'}rr/]
L,._,;'f'l—\

+c) Po')vo\Pl\\j .

NMow, tLe = response P{D‘HcA above can be beHew onAev;focw(
| F e +’\j +a l’c,(a\"'(._ -(‘t'f S')ﬂa_pc_ Yo Cur "C&CQ qukmc-fc,j, I.’_ Yerng oot
o be ecesier to do Fhiy \'f L Q.AOP"‘ S‘r;—-p“{ie‘d’ S“cGH--igm;.'.J

ry\od(c(s cx.PP)lc;\Hc s A\(:{('Ve_:q*
+a

Vc,ajl;h.y ot X, . TM’) (s eqn..[vqfc‘fnf

EX&\P‘-«\"\I;-\j A Eerent g‘c-d"k:rlry-j Mcckaﬂ;svﬂj 150" e dAvHenent
[hC.id(cm(Q ah’\es_

(\Jeﬂv‘- If\olfma.i S'CQHE"N-.:, - {"mc_c.'(" P‘\OOJ C(S

——

Consder fivsr  Scattering  fov gery suall amples o€ dpcidence .

Then cwe can r-w-lc,( ke

indevaetean 08 G series of
'GCLCGQ'S )

VL{"C;“-;h‘D T}\e_ |‘l.,c.(é¢_b\'{ bare !

mirrvors 4 or



\ | U()b\ev\‘\ teavl

=y

Hc‘ph
J\\d\‘. o c-\—$

Q/\Q\QQ/\QQ@\Q e surface

focds

Foch fucet hes an “cq.,\.,.,'.\gh-l- racﬂi~m+rén pa‘*"ﬁcw\“ relonteld 4o
ot Qaluzpaﬁgh+ andenna o Yach re vadtates o cident eneryy, The_
reYevn fropn, each  foucet s greatest  hea J]JUMi'"u*f(/‘ hoVMHj
Gwek Gl wEt ropealls e a olipsle (co:,.'m) readiiptbn pattern .
Ve Caam Sr»‘()%ﬁ, hoppers  sHll more 57 £irst ossSumtng o |
§“LC{~S are  the seme  Jengthy thes Fh rLyma{wl"‘fc?-i pw‘#e»hs g
e same Site LA £ Vory iy gr|;r\+5\+(c.w\j‘. \f all the  reteng

ad A lr\(ol\fiftfl-i' l‘-) ) (e l"i‘:(, L. -I'.$ "f'l.gv Case -( -f 'Tl'__ {-“cc+j G C gcd)o\rﬁ'\{A

~

I V’bf\.,g_ L‘j (o w«bgleh)'r‘-‘ o WQVCJ TL(E\ +l-.e "‘“g""a\_‘ L""Cksco\H"LCA

Powcer U S:w\p}j relateh 4o Fre  Crackon of  facets ortentcd
ot e \faa'\av) r?\‘tccjm‘\w! olcr 6 Yalge of Gngles cqueal Yo e
¥y G E eack patfcrn,

£ e have moldple facet szes, e need sinph fo tategutc
o¥er the oligdrbiton of <jreg,

/4 ence ~fhe Pyoanlﬁj shsrerbhds of focets is the [eey
G’JO\VO\WQ{-U’ ofcv(cvu«rmﬁ-\g (5‘9 for thiy rm.w{cl. A fr‘f.‘HQ ‘ku.qu'f- shoa
+ hiy di‘s+v.lba+rbn is ex}svcss,a( as  the PyoLmL;J|'+, a‘z)tth.L».Jii*(o;.1

oé’ Sov pacQ Sfope_S :



—

A -}-‘jp\.ca\ﬁ g(up,_._ of\[;-\-u}bv‘\"r;q m\g‘l\.L ‘2}@.!

P (sfope)

= E
[ 20°
Slopc} Aeqrees

TAIS g‘(‘,Y]ca\_(cj L\."LL, o ;";‘aulf\oiavak o((cu;o‘,f‘fb.ﬁ C’f’ S‘/Dfes = ’oo D

aLu.A- a S chgl'\ e Suv fece s Y ou u.‘:” 4!14- ro" rest sypfaces

The angle  of repose Cslope) cloest excred abost 2P,
Nf)u—) Go L.--I\H B(_ VC{C'\"TCOI fo & ?."D u,;h-_.jvgj oLver S/“PCS) h@-'ﬂfﬁ_

e Canm Camph compore  §° L, Corputmy The  avercge  pswe” guer

e vunge ©F sloges for o glvb—a Suv face, For Uery Spmooth

Suv {‘ﬁqqs) Sueh ws  water, e Pvubr«bf]i'l-) ot o Slepe o reater T

)_20 rlf ?‘Mrﬁ. nué e Coi ;bh fovr Sur{ac: 5’{0ch ° ¥r roog.k»es_s'

b

QKD\hqhH:qj 'H\e__ hecv — hm,(;'y Goi

2

A2

g)'hoo*f-l-. Suv fece e nouah Surface



More a(d"a\;’ccﬂ mod efs incorporating  cuvvature & ffecks  as u-r.l/
Lﬁ\e‘(A bet4er Q_PPVDX.‘MCA-’T;/\S 4o Te vea|l 0°, These are called
\JOLV’(C;'._SJA:, quo\s‘[-—.srecu‘a" (=3 l(I“’CL'OLL'F- S‘c_:\'f")[cy.ihb MOJCL‘ 0\1‘\0&

Gre. Aca““ ks 'n @vea“cr dftp‘“«\ /™ &2‘733_"/_

@vco&cr lhudcacq Ah5j¢§ = R*uc_@ Scafter

Thre Facet -'i~cjpg A e cheins m yelds |1 f+le Qhery, for AP e
)Dd' c,lca.r]~) e  Cam ll:waqe Very  moch {awjer omsles  Tran +hig |
O'\t. r"v-cimws'h D(omi.nc\hﬁ' = TL\cs- ahglcs 5 Cr«”ccA E_’:E‘_.?j_
Sccd"ﬁcrm'-_, ) and. i wvalid for A 2020°

For the Bregq rodel, consider 4 sorface Adinided 1a*to  «

favsc—Sm\c) faceted conponent and oo simeall~scale residval

Youghhess Conponent

pv++7i~j Fine 'Fr«cg,'{t»& pert asihe for Tle PaQ ment, consigler
The SP‘-QH ‘Sca‘e_ Cor\-punehf O‘lohe. Q"euk i+ op 061-1'\3 POUYW'V

d{tcon—p osi1tron

ANAA AN = /v\



Now, ¥he onphicde of eccch of The Fourver components
st ll B owrall; Bov #he  gende] $v ke easily evaluated e VCJIL:H":
P ¥Yws heght o€ the sovfece 4o be  less Thn  about 5\'3"
I ouh-p\!‘f'-d!, ehich 8 why wee remored  The |arqe—scale
fece ¢ Yevua,

Cohstey the Fourier ¢conponeht For which De M\b"‘ﬁl-ce

A be’ow s Qc,uu[ Yo i;-: St A .

)'\\c'\d enF  tiane

ey f;‘(_-‘
Fourier

Conponent

Nede Fuot Yecavse of the roukJ‘-“"iP 0’1!5,'4:-&;-.:{ o€ X j:)e‘f-u-e:h
Jice Pw'*s o Tre Surfeace Fouvier COompOnent, chergy from everywhere
On +he soviace adds op L p\%sg) Theve fore Thiy  conponent (s
”L:";g\'\"'c‘f” hﬁh\ otrkeys , T iy Conponent s tre om‘j O na "hf’d’"ﬂ-\edh
Fo  ftre wavelength 0fF  the tneident "wd (otron.

| € the gouv face Cor»-pomcn*" at tThi ‘f"QCIueHC? has J‘\lgi"ler
a_wPh-l-:Jt,} The vadar vetorn (A.;H l":Ch:cn.s'e.

Tl\cu%onj hw the Bragg mga{cfj - s.’nplc, expand YThe
Sevfece Yo £uad tre a.w-d)l:*evau ot Yhe Fouvier Conponeant—
Yes o nant  wyth our (tv-\r_.;dcnﬁ P‘cnf)‘;fft'f‘fé"’- Ebch“‘uot”j Le

(‘oofa( aFC’-uae $i ‘Fo”ou...l‘h? QLPVESS(:'-‘M ‘(‘LOV Q{'O 1 'fﬁ-\e_,

g’-"&gg-— dominated  do ey (7



'..’
. g (AT . .
oy = B(5) Weose lapu| W(4Tsne)

—DL S\abSC"‘\E)'*’ Pu\ pacans T hat tare Po‘a"\ zatrcn a{'éer.:“:s e
Y‘LSU‘ 4 l’\"oural\ oL Pq,l . Notre Fhat “'L‘Q Cross- Sectcon s PV“P°’+'°‘:“"{
T . 5
to h j the rms surface height sqgeaved | andd 4o the Fouvier

Ce h-pouen'*' of vesopmahce \N(H.;I S\ 9) .

D\SL"""L'- Scatrterer o o]

Another mode ( fov [cavgyer Vhctdence angles, Lhih ece'll wse
Q.Xi-C"\S\"W'c(\j when v cengider 1;\+cv fero me'i-h?) Consish of a
vundom diskributon of AMscrede Scathrers . Letr each Ceatdaer
be can object ity supmdar buck s catfering FWPQ_,J"";E_S) st

lﬂuy\—x‘haﬁ( ?4‘ Wb o icidens Leayt !

*&CH* eave

\O o SCow @ 3} © o\

E— A rese|—>

n( veferng ‘f:ra N Cacl S cantterer Q‘Q{A Col'\ ec—eﬂ'}'ljj Lu'l" lD:cq_,bSe_
te resel s =9 Thea X fhe phase s ess=n+f?4”5 randon  1h
The Suhn ) G\.hal e Coin ‘)uS'*" C\a(i tThe Po ters o ob¥ain S o.

Hence exh-\d‘kb g Argument L& o bieu’s

Uo (°) Y Glrcc\+§-eve» - ’Sb.""op‘;'
/I\ Scatferers
i Obliqert

grovhd owter ‘F"‘-C"‘ aE



Oy

GO(E‘B) = N 61 + Cos' ® & $or  cos @) rc?mJ\|.a\?}tdn

<
Catderer P atter in

QD+L\ 0'6 "'L\Qse_ -éo\H 0{-6 h~Oore S’Owlj '\"’m»\ T’\c. BVh59 V\-\ch'j L-\.\’\ll‘.,l\
weat ag Cos' & y S©  are Ox?P\tc.aUC +o even yougher Suv fac e S fhay

T hose e com moodel wdn Bwujrj S Catdel,

SIOPC__ YNDO(Q‘&+(°.'1 ahd '&-—mpuaykplq_.l

Censwler ouyYy thon\é«l Ga x

)’Wor\u‘f'u"\‘e-
cvwvrve

o ined w-c:o,e e "Eo”ou..-(ny Suy f’ace.;
el [fo ey imortee=
61 o\\fc C.+’“.ﬂ

Le+‘5 o(c+e'mv:c the local wzuélchre 0-"\9\65.

/\argcy” A (_obw;-cﬁ'*)

Fyprealls Smaller & ( Loighser)



—O-

Thus ¥h ?‘o?oajva\plm'c feotire (.,.;_cu‘J\ oxppear LY\élﬁhr o |+
neer side and Atuwmwe on Ik far sulc. Thig aftecct couses
eLen g btle clhanges tn '\-opogvh‘p}l\'j Yo be weclle v o vedar
\heane .
A+ Wr(j shert  waceleasths, cihec Ahe suvfoce (s stécctively

extremely vough | 0 looks Jile

o,-u

A
C'&‘N‘IQ SC V\S‘:"i‘ 1'\/ |'\L~7 jb +0 P(:)G)V&p)\j ACCVC 6\-565 , OV 0’1"50\{)}’0&"_’5 . h\\:‘

)'\O\ppehs O'G"h!h Bk op*léa\,l e feh,‘H,._c,_

sov 4‘\(( Y'ooglr\hcss VQ,.\M‘Ho.hj

NOU— Lo Conin uv\de"S -qu-yk Rt ef’f‘cc,'{-_s o~ ro\o{c\r @(.14095
trora. voughness \/ov\;“-lo'hS“ lhcr.ea.smg rovghhess decrease S
ttens iy Trom feacet Scattering amch (Acreases \ntecStdy froim
R vony Scatterins

(-’\-/L\v is "'f-\-\f-':

Fl-'«:.c‘i' Scatrtev Cheau/ hgrhn.ad)

} Y

Neavvow fG]DC bu\at ‘obc
From smeall froin enrde

s lope d\c-‘s-l-':b"’h‘;h ’ Slepe
L/\,:q A"'L\ \_‘- d( St r |bu1'fo.r\

S mooth Rough




Fov gvugch fcca(( The, E"r«.jg [@ur Fovian ;

~ 2T\ i i PN
O;’o,: 2 ';*) h' cos¥ o Ap.f G C ‘1)\‘5“\/\)

G a4 pre por Hora| Yo \1“) Se tv:c,ngseo( roug hness fcaJS

Yo ll'\‘c,Vco.ScO( L%‘:Sca\f'f'c-v.

gO) Yo Su\({'GC_C> w\\z,\ﬂf‘ Cowpo.vc. S fgl(owh

=~ B
0 Fousgh

‘\SWOQ'\*“\
A=
5 ; D 6° (o)
A\S\:) S ihee $aa;o,jvuphcg contrrust o(q;ew(s oh 35 3

more shediting 7y appaveat (n  SpmeOther okeas Yhun YOrgher circas,

\.i?cg c*‘-a\."f'fo.n

§Ca++CV\‘hj F¥o m \/tgc,%»*r&n can be Thoght of as o form

of’ Scegdcriing 'fforh Cuten, -ex+/1:ma[j YougL Su*f‘c«ce:



& Freed

Th-@Sc_ Scatdevers ove \:‘_\d“civ dl&s.*'*l.lau“‘ecﬁ ey, ©x \Gry@
\/a(uv\ng ) teith e,a‘u\.us.lev\f‘ L\L Very |m~,e.. Hcv\ce_ we woud expect
[ ¥4(e O{Q‘gehp(etnqk S A A Vevs ol ense Cav-opl\c_s “hen -rem
Ji¥le or heo cheryy penetimdes to the %"QUV\C’J«- The  swywma ~Rerb
Qerue (S es.Serv#-wiH'-) 'F\o{#“
T)\.._,s} ohe Conmon method 4o calibrare  redaus Lu\-‘.-l‘ou-‘
I'\U\u;lﬂb ‘o Ca\\cdq‘ﬁg -‘:V\L\-(}*CHCP ohble_ Qf{-c_c_,+5 f; 4o lh;a(

o dhewnie Caunopy Sweh ag Fhe A maron veln  feres+ .





