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‘i;2..2.$ ea Tygizai '2x*i<)det.t1 '¥i:u:im<::r 614
1242.5 mm: Eieam jéionxaganizars, 417
122.6 Amalicatiuax fiighligbt, 41%!
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A3 .41: i3§?3$§‘ I¥i{zx2:;sxxia., xéé?

M3, Sigt};if§(:ani'§‘*i.gz1rtt5 450

éxfa The Ei1m:§:ro»magnsatic Wave §32qua£'z<:2n 1:330
.»*<..3,1 Maxwe:1I’s .Eqteazia;1s. 4:31)
A..‘3..2 :5. {ianmcl Wéawc iiquation "far Light ?rvp2‘:gaLma in :1 Mmt::ria1, 452
:'~‘s.‘3,f5 Liglzt f?2'::;3agetti.c:x1 in a "Jaz;s.mx-xx, 45:3
A.3é't» laigilff. Pmgszzgatimi in a L‘:’§.n"x;21e Imtmpisz ¥\'1:stm'i.:33 with Kc: [Nat %§-ta;-.i::

Charge. 454 b ~
A35 .§;ig£1£ Progagafion in 2: fiirxzzgvi-:3 ~Las:e:' Efiiataxiai. wizi; Mo Mai Esatic
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.?x.3.fi A Qxwewfiimensienai X*é’atr<=: Equatiosi far :3 "Less Simyk: Is:2:m;a.Es:;

s’¥*Z:§t:¢:x‘«ia}.~ 434

 
AA 3Ls:I3&es and ’i‘e3e&£:(1pa>s; £156

12.3.! 3Len:::’.:«3( 456

A.4;I£ fiiiassiml Lens iciigtxixfiicanig 45'“?
1-‘«..%£.':‘; Teixzacapes, 2:59

A5 fisfiectinn and Refrac£.ion 461

A5,} ‘:%Ex;xm¢:nc.12z*arr«:, «$4331
'.»‘&.fs.§‘, S11e.’§§"§ Law, 4&2

K33 Taiasii Intmxai ’§<Zr2:fi:e:ctic:r;, 453. '
,fis.5.ci §3m-w5te:r‘5 15'\I1g§(:,‘4§3?« lg

:'&.€i Fresmfl fiégtiaiinns 4363

:’4‘;.'}’ fine Efftscfiivf: Vaainxtz :35 {ha §‘§{)’¥:‘:Ii¥1§~££f ‘3‘t:;r:s»«;s;r vi-65

A.8 §’sc::}ws and Basign i°*;£:’tivi€ié3;s 466
A83 (332: Law‘ Acxivitiga, 4&6
AJELZ N<3:YA£} £.asc::r Asrivitieg, 4'22
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SoIid-87‘afe Lasers

To summarizse than seqtgexlcc vi‘ iIEs£m’i(:a3. evcmzz lit;-tding In the. Lievethprrzcxzi (If Iihe
'£i;*ansiIi:)Ia~.xm::{aI soIid¢sI.ate‘ .t.é1:;L<:'.

31': xuxmnzmzc c£m1.rm:f::ial appfic-ai’iovr}s far mzrzsi£im1—n1r:tal x0Ii€!—s’I'aI¢3 lasers.

c ~~'7{’£>~ cntaxpnrrc »~zmdw~con tmsi iiw-wergyAA-iizsmi» :’<ii.f¥.i:L‘¥'£1I‘<’:’-‘a.t‘1.(/I’V~*1fi{1}£;)I*""iaS'61‘“‘p.t‘f.}pi:fliflé?"“ Rn’-
’£h<:z ptinmry cm‘:tmatrci;':.1 5:033  {axe iascr =n1a.t:2n‘aIss {why a1e.xzu1d.;'iie. ‘I

Nct.:¥AG‘}.

Tc: ’{3I§S€2»I“i§(3Z: the. design :31? rirtg 13865’? caxvfzies.

*.1".g3 ccsmpara ami c<*m’t:r21z»;t ring izxsztzr mix-*it’izts; with .Iin.ea:‘c-av}i1.ies,

Tu zikzswrihe W: .ix11pm't.z2s1ce Q1’ h'ir:::fringcm fiiters.

To”comp'm:c the ixltwsiiy tran;~'an1iLtam:: £121’ a !3i:‘e.f:'in1gem' fiI't»3rA

To de;:scr.‘:ba;: the c.<an.s:—truc:.i<:211 11>f‘a ctmmnestiai Izxsexr pumped continuous; wava ”I7i:supp11i1'e
iagcr.

To descx~i‘bc me. des~ig,n principles undezliyiiig fczxntorsczconcl pulse law‘ dr2.sig,n, This

wcmlci i’nc:.§ude. mitt!) iSSt,Ic‘.S as group vczlmsrity (1iSf‘.tG1‘S'i£)n (CEVD), seif-pluasstz nmdulw
iican {S§¥’M}, ft:.:11Ir)sec:c;nz1 gmisa tez11p<;r2xl :mr:a5;t1rs:1'ne.nI, coliiding puisc mt1(1c°.—Ecuzkin_g

{{3§’?~;I}, gra£:ing wise ¢t€2mpras3ic;m, s;<3iit0ma, {Hui .¥{crz‘~1e:1s rm)x£c~n1c3<:3:i.11g {I££,;M}.

‘I1; {I633-{Zri})(: the ’m.11§:'ruci.i0n of a COIX'§l11ti}.‘<£i£i} n.Itra:si1.m“i ptaise Ti:’s:23pp§1.ire mar.

“5?;¥?t7f3:'7?+., ’
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’f’h.:-: i§i.s'i<.>ry' at‘ iinns’?ti;:m~m:%tz.xI ..§£)fi§1«~.x"t;1tz3 tunabha ‘£5 saxccgationaiiy ¥‘zv».;c’ix:za:ing.. For
1311'.‘ fixra at, arg.§m1~im: and N(£:‘YA(3 ’¥:z:~.:cz‘:< (even the diocie ;pL1:n;3<=:<i’ IV’d:YA{3 iasers) the

Iwtjzarity of‘ W: 1z‘Ls§;:r‘ Silifltiiitfi Wi-1S in plzsce by the mid« E9(:(3;<_.«' am} cmnmcrcml. <§m'-stiopxnesu

proc:-zmicci mpicify zxfuzr that. °f”r2xm;it%on~:nc§a§ iummic ,<;oiid~2:Ia£:*: lasers are quiic :c¥ifib.;'e.ni,,
Ymrxsitim;-mam! ttxtsmbitz SI3U{§*:s"fi3l£’. Iasm are Iazimly nmxtiorzeti in rm-‘iew pzxgwars on itxazziblc

kisser 1m~:I):1<3’Ingy :13 r<:r.:mt{Iy as I*}E§iZ.’ '
'I‘1fs:.;pplxi1'£: i*z1sm‘~;{t11:3 :::11m~2m; ${i’tI'S <33’ the smiiai»é.:1:1w in IT%'3I1}t*. l:¢.e‘»€%:‘ rm:n'kci‘) wszrs-2 (imam?-

{°z"r:>.a;§ by ?si1Qu1tcm in {$382.3 1-~io;}\>.’a:v»:xi. early m.«mfé2\: with 'l”.i:>:.2:1p;:»l1it*c. wxrzm not p1‘0I’t}iSiIlg; due
in <Iiffiz::rIti<::a wiih anemztiz-:1:gmw§h\3 It was ouiy zxftcr the mz.zw.ri.zx}.R‘ Vprnhitzrnés &<3i\tL’*.c¥
(km the i:.rue gyotazsxtfizid at" (he: ’1“i::sup;3vI1irc iuser xs.»-‘:15. 1*é:a'Iizcx‘i. As 21 z:mw.sz;~quc;zce., nmeh of

nu: §1ié_$€’.:' .(i<a\;c }1:)p:x1c’::1t (itlc-!U(HIf‘$_I§ ‘the I'§f1‘£¥:¥t'§i2:.li3it2 ss;z}I”~;’t'zt:n;i::«~tvckixxgi ;.)I‘r;)pcs‘£ievs 0!‘ T§fSa;1phit‘<i
(ii,.-:::11:.;sAm¥ in Sr;z:1i<.3;1 £1.33) izaa <3s:.c.um:d :'€:M{’}A-‘$33)’ mzexwtiy.

The -1:: .useitimx~n':czai ;.wt0'iid~s:tz1€:: :‘:;m1’b2c izxs;-ax‘-xx use nmizais in the fcmrlh mw rzf’ {bx}

{.tt;t1'i<3§3iC {¥1'b'h:: as '{§¥t3 ' V8. imxs. ’¥‘fw 1ra1zxi1i<:-n—mz3§‘a1s; hav«:: :1 p«21t*t.i21i§y fiiled .756 i‘iI}\‘2-11, and
A .£:$'.lf ‘ ‘ ’ " ’ ' ’ “ "¥}..%?3i................................................................A!

with the iliflid‘ man the 4' e:1s:vsi.r<;s1’:s in z..L>11\=m1tim1;2i .s::m’Ii<i-;~;£z‘r1r3 lmzzxa small en. N¢=i:i’i",A£3.

~’?his:~ ::2‘m»pxx.:a1_iu:.*t::»§:‘:m:siz..icxns ihai éswaix.-‘e g’3i1;:211<3:1;ws.s well 2:»: 3':-hc»w>né;f{Q17I<a:3 z;:aii-c*ci——’\sibmnis':z ~ ~ »

mt phomn—{x::mtir12:zrs2r.i i§"<’xI'1.‘.i§'t§x':=t1‘5s}. 811621 ir:m;~;i zxxz: ramzrr §3=€3i:Mi-Elf, as the}; can t:::‘;:;'m~..
i“<fmt=-Rivas! ’§21s;etr bz:£23zwi:3r i3:3’t§!ss;?s:I1 iwq irweii Em)’ . .0n.~;. :5; xché3n1:zti:: 213$" 21 'vibrem.it': Imixafiiiata
is ?lI‘u2.»m.1.t:;xi in Fisxure H3,

hi; ‘ ream: ’ "m 221:: £)p.{i§;‘:£i pi ’ Tm i:;.‘n:2.;z.:.r;1£{> ¥Ti“12'd«(&3f§§{':mEiIl§1§i’§<?¥i§'t'€3I'iT11§Tr;?_g,l‘£3tIr)d -

smite: :0 {W ;mm_1:¢ Smtlf. ‘f£‘:ias:i.n I53 :::'is;ts;:tr":..m :;i¢::a_3¢,~.: in xizc. u’;:>;;s2;=;* ‘!ia+;£:;‘ Ssizm. "hgy n:.ic:::;ing a
§)f2r.x=r1:m {rm {remix i“\ {Liam}: §.imi:¥;:1rt<‘72%:;‘§¥1*é?rI:.3’£*{). /f‘§»}t*3:fé‘£$€3t'£1C{’§i)!HI§42€2(11’§§h€{:\%‘bL¥n.3,h§:l.l§)}3C¥‘
sun} k3w::.1' 12:93: "We. {mm {arm sétéite. flxetx {1C3'4‘.I2?§y;‘£ ((3 :ft\s';~ -g:*<)t1x1:i s;'i2m% is); rckrasi.;'s.g
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33*‘. }"*.'Mx;s«;d1m1, §§‘u1icI$Iu1z- I\’:m.--:11-01;,l£s,v,wm', i'.3‘i‘{{,‘ s%.'lJ»x\’tji41§(lS/4 4 ’:*383:3) tmzsingtmwt MIT!" Lin-crcxm I.,::h..

1¥§§'I3§. 1);). ffi--2.1. .,
31". I...m;x:s\=x1ram1(i L. {35ii?}”eW%"il.'fi. :'l:‘£i’fi' .1, r:z,f'{;jJmmI1Im li'I‘«:;:r1r::):. t;)}Li~v2l:l(zH tlfiéifi}.
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£.1I?C}i.T1,£Z¥‘ ;1iIzim<:1‘:~ ’"¥"¥1t1s. ft’;I.II.‘~&§{211¢3 iasm" {*re:haa:i»:)r -is cjbizxitmd imm a 51:~{f$’ti.3tY\. thzzt is eff£:ctive:1;s*

’iW£}vSiiaii%. s’.vim‘.>:: ixn;>m*2.;m£iy, ~sim.:e: a wide variivzxy mt" pimnon .l:‘s1n$i¥i<;xm: me passsibie, the
upgwa‘ and Imszesr 1:i$»::x* :;t2u::=:s; £;m1Sis:. 4.}? S:-srge. rm1niI‘:'>Ed.s* igaf S:§£§t{§$A- ’I‘he»r@:§’m*e, Izighfy ‘tcxnzatdc:
1.a:4£:1"zu:ii(m is; gznssitxien

“Flu: first viiuutlic Iasei‘ was x'é:pm"w(i by .I‘czhm;r,:n1 at‘ at m. Bell I.,e:{mmI:::x'ies: in 1963.“

I1‘mt.:>; 21 ziivzzkcnt («$11.5man-»n1c:;fi lztsxér using Nib?‘ in .M;;. It :;2irnuia{e«:§ s;z1113Lw:;xz‘¥y vmxik
by I\r§cCu’:nL:e.:V' in the Ih:‘.§'2§’y cf vmmnifi: I:-:.ss»2»::«‘.5 I-Ixu~.wvcr, it was; cryogmmiczzlly ::m3h:<-I and
cm mi. mmiiét znunzh cé’m‘3.1x3:;2~x't:iai ixxtmzst. '

.i3’1x1"t.is<:::“c;%f&)'r’IMs by .J::t§m5s<...m mid flit: csollcizkggklefi r;fu1'ing_ tin: msid (0 Late: 1W:>0;%: 1'<:311,Ii::£| in

szsverai nwré £§»%‘3"t,'3g£:£T§£Zi*LH}! ccmlezl eiivaierxt Immxit,i0n-zmesxzti fa>;ers.,. ’i‘he.sr:~. 1i1(;'1t1<.§¢2.#;i :f3o3*’ in
Mgifig and \,s‘+‘+ ‘m Mgi?;;‘5 V v

A m::jm‘ .11-§3vm1‘§‘cx¥\.e.11§ eccunxzd "in !*3)?<‘i when Morris Jami C3ii1C*?—t“)i)S€¥‘S’I;2(i that ::xie.~mn-
dxiic‘: v{Ba..;KI3(}.;;:£‘x*"~" (yr Cixmntium (I<.)p§;*d £:%:fy;m¥3c:ry1, ntslsslafzz z§"m1I1 '70('} mm In 818 mm
wimid 31213:’: an 1%. vibmnig: t.mi1:<‘i1i1>n. W21’¥§i:1_g;z2tal. c<’mfir:m:vL£ximsc’:'x:sts?l:;zx’1wl(ie:m1m;trz;:e;]

Q~_xwitci:in;’; b~:ihzixri:sr.”“ .A}r:;wi1;!:‘it<: was p£’§,i'i§C€’!i..£!!'3y isatmmatingg at (in: timr: of its {‘iis(.;gvl»
cry biififillsti it Immi at mmax icJr$;‘;<*.%z‘é3i£!u'£: and i:n:;‘s::xse<:i in matput pmvcr me. me 1<:mpamtu.;"s:
itxcmasa-»c¥.“’ '

"3Z‘3i1c€s{1c%<:c“s:E‘u£ 11% of {"19" -in :2 h¢:r;s»€i c:1'g.»'$tz:'i .l<x1 10 sex.-c2~;1£ mixer itaieresiing: vit::r*:>1‘:ixi
’las<*:s“s, In pz‘2:‘1.iwIar_, in 1982 féiazami (£1153 \»’s’z?:Iiing,“’ zmd itxdepmntieniiy 'Buc}1c*.r£ at 21%.,“
shoxvgtd that :3-m::1':1..1<i {.i3e;g.£#.j¥.;;{Si{3_;}:(3r3‘*, ami)1h¢‘:.;' tygwtr. of chmmiL;rn.»d0pc:d. a:hry>;e:)be:.;’;.!l zmd
I‘:1113b'iz:t £‘:*ms1 zmxgfziy 793 am it; $,%€}()t1rt1'_“i \\-*<‘.¥¥.$1<,H£1${3 as :1 ’vi!:m;mic. §i'tfs‘s'.i1’ at mom": I:;tmpe1‘mure.
‘C:hiI"£3.t3‘iiul¥1 xmsé 211.50 ftmnii in g:3x1—£2:‘aie- vibmnitz mm‘ pc*1‘f¢,)r‘I11::x1.ctt in §£i»{§i["$3ii1ilil3} .~.zc:2mc§ium

gniiixxnx gamma:{‘ 3

'§'i1:!&;c* m):(3£3t1¥‘£:giJi3g rxzsétaixs in C3':.1'i"IIT1il3I1%£§G{W{'i 1I\2ue:;'i2x}:< Jed m :1 I‘c?hiI”f.}1 in nmmflc
s:>1id~2:s{z1.t:': iasm‘ msezxrcéx. 'I'i::»:a_pphixx: {the »crc.w~m jewel a:>.f‘ rm.s<;%m'n umahfe *i-1{)1§d~§$¥lI€‘. lascrsz)

 
 

7R. C. »Mt?i§'1‘;i:$ zine: P’. fZ.%.1:z:e. “£;‘.i’1r1S1:xxium~.£3tsgsez:f §im‘§4}}um :\Eumi.mm: 1.,-+’sz;z:.o::,_”" £35. i’;i%’cn’t :.é.1.;9§i§‘_,$3;¥, ~
‘£3423. M, 2*}‘7£§.

5}; C, ’K‘i-Kfliinéz H. 3’, Jensseeit, R. (‘L I‘.‘is:f!‘x‘i’:-A iii. W. (.3‘IZ7z:.iL zimii E}. (.1. ¥~'.m~.r;»-cnx. ¢'\nr’u.ti’tl r’It<3x“.t§rr_g €)pt.. Sci,
2":-ms-21.. ’:Z;z:1:’F:-zme:.i.\" ~ “ :,, (f)"{)c»§S, xsmf ti}, Pfifmxtrll, iépz,
Mil. 41132 1.‘§?‘.9 . - » ., $3.11 ¥x3:.sz:;1. ILC‘, 'ivtm';is\ and W, (.'}'1{§<£§, .73 J} gfjuzmnml

’ mm. 13%.? ($1.. » , .. .. . sun. 1 Vfizlfing‘ H. ii’...!4.*§.'xL*.i$¢.ix,., R. (J. §\-§m‘r'x»2;, anrfl Fri. W. {2‘i3e.iL P.m¢’:.
5:16‘, f’ftz':I:,2 .1pJ. {IL . . g. r‘.‘f»"1‘?‘. , .\ .¥3«0 (f‘3li?$\‘)§; '

Q.?\<‘l.- in 331131} axsti H. 3x‘~f¥.\f£‘.i’.‘£i. Ii .1. 23:1? cmmm £i‘!¢¢'!:‘(zr:‘ ()_.E3v ifiitéifii} i’¥*1}’.‘.€.T\}.

“hm. :~;em=:: ma .1, ’xm:1ag. xzam 1., «.2; g; - '
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¥ ‘V. A‘ .S£m,i.rm.’:”sz ‘AA F2 13:’ ‘s’_. and ‘L A 3-3hz;%!1»;*:-¥mikm<,Jim. .1, Qutmlxlm I?!!c<::m:»r:.
 V E-ix.'~tr.§}sm‘:. I‘? »
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was ciisc<m3ms:i in [$182 by ivimulixm at ‘Evil’? L-inu-fin 1.21%.” L/fxfiilmlgis swpixire is i»?1{2»£}?£ii§$}¥
Ewes" mz':t<':ri2'x1 tfwby is CT” in »s2'1m.m.irx:.) the :'Ii..~'.(:cw‘<:ry Hi‘ the hmmtily tzinat->l:': nat1m*: uf ’.Y’i3‘3’
in srspphira xvas quite. 1}l‘§£§>:,g3:r2{:t(;€(L A reviasv rcpm an i'u113I)Ie -.~';(11Ii(‘1«.s‘L.:§i:? 1:x:;m‘-=3 p1.s131i.sisz;:;i in

1982” mui .a 1‘m.<icw pap.i;:¥‘ can a1c::s;:1m*ix*§m tmn::r:«; in i*£18:€’3‘ cit; mat awn mmtim) ”.l“i:§:1.pp31ir::,
.Pm't mi tm: :'ic.§;;.;; in "fi:.~;;:2ppI1Em m1'tc1*g,i;:g as; :3 vizxbk! C(H1‘I!1‘i62I‘£f§t:Il luxmbléi mlid-xt.:xEné

 

  
fzmzr was; ('11é§t€'i”.i21§‘.'«'«-¥;tiiI:"::L’:£{§, i¥.~T.2;.:"1_.§* ’-i‘§:z4::;3;}:hi?::: c:'}’s;ia}s; xhixxvmi. an ab.~;0;‘pt“i<}xx at the lasing

wz2vc1e;.1;:1fbé; Q-mi xx; ;;ppm;s*§tn£am¥y an r}‘£'d€x’ tit?‘ -rzxzah ililfkf higher mam {hit :iI>;\tmjpi%t::1: in
  ¥'xigh~qt2ah’iy .. ma <f:3;i¥::::»t.:; Wi3.’t‘§:vp~:’§1p{)s§x:t&“}m and mi:-2;’ t¥1Li.Ch .irws':.x~

tigéxximrz me iuisifiiiiéeii z;b;_av:)»x‘;a=ii<;t3 in w::r:.x»«.::zi»:gm£iien»L»’1”ms2=;zc:. {X163} crysfizxix Wm: :'»;h<:2“vm iii) be

€§?§¥£‘~ Kc} iquatlrupbg iximiztzd iiianium I71 ”’[)- -siiigsiihsting i’m“‘ 61:: aiumizmm in ihs;z saztpb;:«Ixix'%f:.'”*"‘
€$'mw$¥-z éami zmmitzisfiixg me£.§1<.1c$:; have signi.‘i‘1£:::z':§»¥y mfitxcrctei 'ih'§fi ;.>:'xj;bie:1n in szmdzsnt {:¢imnm32‘~
i>—i:1:1 ’i7i:a4:rppfx.§ra ’am1ts:.riai.

in s;_§it:3 at‘ ‘m; nmnv‘ ;>a;¥v:mt:sg::s, 'f‘i;s;;z;3phi3‘c (3<3x2s suffizr from 3 few‘.-' (fist:-cl'wxz’1izzgc"*:s. ifs)
;;vzn'ti::—ul;ar, its s‘hm'( uppve ale l§fiE3{i1"Ci& (342 ;:.:~;;) rxmk::.~; if quite difticull {(3 pump xvii}: zr §2un.p.

A.It!"aough l2:xnp~pu11zg_:)e~al 'f"i;s»21;;:pi1i1'+;: I‘d£~3t:‘.£‘?,s' have been hTui,¥t_."" most mm1'ne:rc:iz1I Titszzupphirc
izixczrs; rm: ;.>trn1pr3££ with 2:1'g0I‘1.*ios1 or d'c':L1bkz'(i Nd:YAG ¥asc.z:»:,

Sm‘B1,‘é1l other :mt4;s.r‘:;233 have 53911 some cs:»xxune1'cia.I intrsmsl as pos.sib.h: lamp pumped

.la:»cr :m’z£cx‘iz1}x. In pz*u':‘ycu’lzu‘ 'I..i(;7:.1.t.¥.11-""1,;CTTr” and I..¢iSs'Al?F(,:{;‘r3““ hzwe. smmz im::'re..«;1.a:s'
possiizsic himibkf cmmnercfiai Iascr smL::'ce..w..*" A ut1m1f>s::;' .::>f‘mi1£2:L‘ chromiutn—dopc:c§ nuatcmaizs

§:1&:i1tL§.it1g C'.i'2f(.)t2¥i'i€.tx’it€§ ami £Zf‘r.:YA{§' em-ct v:1i:;<:r :si‘1:,m/ing .su‘s.)1':,s_2 §3cm>nI;iz1i;3‘
T.s‘z.::2s:.i£is';:1n nrefzxl s;:.2¥ici~s£z:1z: tzxnxziiaitz I.a5;ex:»; am: still §:>eirzg: ‘;i1:£i\’:':§j§‘-d(2>V€3}(’5§)s?d. E3:x;*x1ee.»;3'3’

am-E Buc3gm' «:9: 21!-733 pn:.:vi<.k*. e’vmvc§ c-svemitzw’ I:<m1m1::2nt:; of t.i‘zi.:»‘: .»:YeW:!0_;3E11g,_ .tie!d. in as;§:<.¥§{i<':n,
t.¥1§:.;;"e. an‘: ihrxae‘ special. isstmiz; sin 3fEi‘£SE jam‘:-m§.'\‘ an £1:1;::xhic Em rs.“
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‘*3’. fi ?%”¥i)ll§’§£\%‘L ..‘£r»fi¢-i 5:1-me 1?; "Ir .¥s‘«.:;t1n‘rr.. £“3'}'I€§ M.)v.M.3<2<3i,3§i4 ij W821}; i_Id$'I’ Li "£2.11; I..,.-ah, Le>;i ,
1‘.‘?J3»2§.. :19. Ifswéi. s-x:yx<xx‘ts2t'1 {try 1’. . <m'1£u::. "!>i2:cc*nL .1ac£*a-':au<*e.. in .‘$cs1ig'i~{>‘1m:c Lime:-3," }’‘m::; 6.331.. t.¢:.>:rr,s
iE}’r.’:’i1'xz~.:)f7f.¢ :Ximhe.§sn.’iI:.‘fis,, W§,§~3., ;. test ‘£¥A2,

“Ii, £3. tT5.m:.n1f:s:.x' and R, C}, §3u;\:»;'vr.. W J.‘<z,f'.Qur:n1IrrnI£!r<41z)1:. Qfi~ 23:1 179? (}F3§.§‘3).
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.3.1:sszss mmg.
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“A, S;m<:=Im., fa. 3, §immx.\:., K, 1,, Ext nmval, sznd R. E. Fzaiwy, Ii. .41. <if(3llri'JI{lJIII £?3m’¢:n'u, 3~¥:‘9‘*“i §!*}8l§}.
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3:38 % '§“r1a:1.siti<3xx~fsII(§t:§t S<;1iid~S'iat:2 Lazzrsm Chap. 11

‘i‘§..2 l§.¥3¥3‘L.¥:f3i3xTf3Z}£kl£?’s

’3"n':n:x'iltEx3n—.221em.I miixi»-siaiict l£N}21§_\IC3i1Ss3¥“$ pm\*i:’-ta ix%:‘{1'I‘£'}£x§0I' i’<:atuI':;:$. Pi 13!, zi1c:s"%1r2:tu.1’;z§¥:;Ie
m»'»ez‘2t1:m:s:ad I‘z::In§z<i* vi‘ \I.1sibt<é. .:mut.£m2i1r iii’. xx-’:a:veIe;1gms( S:::c::,md, the y am he t.t.*;L’%Ci ta pmgiuce

:::<Lr::.:m:£y :si10:n p£Ii$€s., ,
"fhs’=:. !.ixIx2fifzi’i.i£3,z ;,f<3z=xtz.;r«:: means: that £31-2:32 Teasers are i;c§c~2:zi Ru’ &§4:<:c¥‘t’C*KC<'::;3ifi 2’I:p;>Iic::diom’;.

’I°hi;<: um ant}; §I’§»f.:1’£¥i,3£§.3~.‘~ !.1*21giiiim2:=1..! ’ §£31.iI.iiiéZ é;;.*r<’:£:§'s7e:J‘s’«":0;-.)§,=,, mm mm sxxrzziigtai (3i2wr_z.z,>:;tic: $pi;:£t~
I.r:‘>’:s.»-u;., pv IFoIr e:»:zm1;’;«!<:., ”1“'i::’:4a;*r§3hin. . sets hmes bszxzn use-(ii to :ps:<1r'i"<'3z'm an §xpt.i<:’:'s1 V sioxt of

. i *im=irx1:1mgm§3¥hy.3‘ ’”£"§w:'z2- A $13.56 ;g:=:)§et;’ti:':! :1;:;>;>§’ic211’i<;m§ fin‘ i=1h.<z:'n*g)iic>11:, IR.:a.1"13.z§::i«.
eixxrzv. ssggzezz-::£m.sx:{:;3y is: :x1:3£§.im¥‘ ii1i:4xg;.ing-1?“ A

5§(§Ii,{§«:r_»I.21§z2» =1: *3; £::Cm‘!_§3s31e‘; with aiye I£;;~';t:re: furi £“¥()ri:l*i>{l'-§::; ::;3p1'm:xt.i:::;1s; m£;;(1iri1‘;,g bath

iunaiaéiiiy and in«§:':n:;i'1;.a i"’ritm1r);éajxnmgg I’§u'e..s.L:3 219$ t.‘.£>:.*jemf:iiC sat-:'g;;:.:*3I for {)O=i’£ wim: birth:um‘i»;:+'.,
’:z“:~E;'-1i1g9_,i<3z:i'e"’:::a‘i.m warm at .:£{‘:h marks. taesrm Ei{32i!”§§, rs“:tn<3vi::g. mtixms. and pmrim-; _ .37 "f’am::z?.:le
$€3Iid-Xiéilfi {ma TS 313 ::=:)mp::te with £iy=x=.° ia:s.c*.vx‘s 1131‘ £“‘(‘)(ii("{il’ ?I[.)}33“i¢,T-':ii§ti)i‘123 such as :;fmtt£?.1'i.ng

kidmzy sL0n¢s{""

In €tCmi'li£)IL the 6-..w’::-:m‘1y mm g)LILss:ts pc>:.é::ilt-fie with tuimknisz .~;<.>}icI~s;mIc: m:»‘m"s ;m:;‘

fiswclizxg :x;*3;1‘iiczsti€J:z in T‘11ii‘:’!‘(m’\‘dCi1itiiHg. I"::zn(<7é;e<;<)m.hp11Iscct ’I‘i:s;3ppl1ir<: team-3's can be used
fur gnimrzmiczhining ¥n.'2:Ie:§'.‘ in ms;~mi zmd polymazr aeuhzstrntes as mm as for abirning ph0~

lcm:si>;t fiims; imd cxmiaug trztcr:-,‘.:: rm 5€t‘l3i§f(}i"KT3uCli)I‘ zn:tIc:‘inis.3" T5382‘-I.{)p]fi1.‘é3 .las;ers cmnpem
with N<£:‘¥’;‘&G’, cimxie-_;_mn1pcci x;“3<i:Yi«\.€3, 11:14:? mcizm‘-3‘ {iii-.t;:;’:<~f<j11‘ rim; extmmly impnrtsmt
mzx1'f<e1,

 

  

 
 

 

 
 

3&3 Lfikfififl Mfi{¥’EF§iAL-3

R:.1hy..,. :1Te:,x21mis'itc, .;‘§;’3{ivTi::<:Ea}j};%hi{£¢ mi: the m:.-xjm 2rams?t.i<m~ms::.:=s§ .miiLi~ésis:cI.-z;*. ¥2m:r:' mam-3;*i:’:§s..

AI£hm:g¥1 rainy 110: {ism} mImn::*r::§§:xI-ly as 21 ulnabiicz 3:15:25‘. 3: I}(3£*S hiWL’- ax Iunzxhic v.%1m">z:'E+:

i:'a.u2<’itim—a.. frltmasiingiy c.m:mg_:h. the hzmd tuxitxci£m*e of 21Iex:1x'td.x'i£Lt gum: ..*;‘imi£z.2tr 10 :‘ui‘2};;

..............................................................................3 in ’;d:;:~;.zzm£z*it.;:.the x:i.b;'¢3ni»<:. t.;.‘:m.5;.i;i.gm. is {he.3mpg)a::.;;m..m2e2 guuiwlhe._na1:mw..Iin:;+ i.r;m:;.i1i(m.,A./...,....-......,,

  is 110: tz.:ss::.E. in crxmmsf. '! .E1m? hr , Hm: zmci 1m*.<:¥12-xnical pm;.wrt' vir{.uz1Ily

II7§!'i'"§°'i {T 1’!I.321{§C::XU}”’U§f"'zZ:'t3T‘bEzl1(i'"§ii’Ci§iilfi‘€‘}'A ‘ " " ' ‘

A 1‘z.1zt21.%>m' 03' px;h1icati(:m2 can ps’x>\-Gets‘: ad:1iti<m:‘x\ in.i‘”e:3:'zmui<.m fur the iz1tcz:‘:z:aLe.d !‘€t2ld‘§:‘:;'.

f;3\*<:¥‘-—'ii*-W ‘I‘rx:a1:.m'3%!i$ rm‘ gives: by \~*z’<3bz=:.r;‘§’ I<.r::¢~chz1e::“ and I)u:mc."" Wm». twmm sgmciiic

’i3.7.cz.s'x'*z‘ 5 «us '|1vm'r:.~»I. §'5’v;=.! .;i§2< ;*1s:w:.3.L
M!J2si'z' 3%: us m:’zr‘I:i. iv. 13,: 7’? (‘ §E}9f.s).

31‘l.ax<-*:'i*’(z;‘z¢.< Wm'l.~:!. {#32113-1, é3x‘»~7‘(i‘I1S‘1('s'3. -

l*'u<'1i.x‘ 2:2-=kM,. my: at»? {i‘.)%}.
“ r:.>;<:-2'1-ha->ti.¢ \-Vwfll. }n1nx7.nj3{: 3C1I‘I'Q€fim.

"""§»¥:xwéI1 J. ’$"‘t"t‘1.‘S$¥\§il,H<}f!:‘I/fiwfi Qf 1.r::z.\‘<:‘r " "rm? ziz/rd 7'F'»~,*3r’r?r?3s’§:‘{\*. Vol. I} l.a.wr:smu°l;1-fmww{Bma ihssazi‘

¥.’Li {IRC Pf4.‘.\:§§-. ins“). K333}; ft)1(1tl3"\('£» Ir’: iltfy. I‘. in 3; \}V+;:lE';a,‘€'!} mi. Nmtrliarm-}'.: nj'}l..z.és1":' .§}.«'mx‘i’c .1211‘ ’I}_i’z’1:re??4s;;:3’.
§$I1‘[J1,:[;"?i££'i2i'f. mswts: (;’£§<3a:’: R:i.’£{m. f<‘}..»: .€;'R(.Z‘. .}’r'c:>;\s, ’§.nc.. 1I.I’L).:_;,

“"sz"e“:<ltz'r3’ £(<,trc§a11::.a*. §§?I‘fr1’;‘S‘fzfit' £.mw' £I?§f}rI£’i‘:‘l/l‘.£}( =3-Sh Lsd, ({§t‘S$'HI_l,‘. Spri»1gczr-“»’m‘}ng;., l';?‘.>£5}.
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only Cm‘nr;1c:1'c.ia§1y vialfle

Sam. 1 1 .:3 Law: fviatezriala V 13:49

‘trigqms. 21,3 Tm mcrgy ibmxd d‘ia;;a-zma far
ruby.

 
ixwfmmni-ztsxz cam be <.s¥:+£,aine:i {mm {he wide, varixaiy af r«a.vis:.w [TJ21pi3‘ré‘»‘ on aIx2xa:1.<‘.it*it:$-‘3 and
'}‘i:szx;3_ph:irc.3“>35 Mz1rm£’21cma'z:2r {ma rsitezetie and a;.'2p»¥icati<a£a miss me 211.90 wry 11s::.f1t'f,“’

~n.;'m 8u::»ym:?-mmary Line at 594.3 nm

Ruby:(mmmi.u1n«:;1t3;wd Aigfifigfz a red} ma‘ -pink ¥1e>;;zgm1::’i cr;ga1:a.I wlxosge mos: ’i'amiIi.z1z‘app3i~

crafintm is j(‘.‘»‘s%’i?}1’}‘. Rt1’i)y.is an ‘rspiiczzfiy t;z':1'Ii7>;i.z:i ctrysaizilfl that is h:‘u*d {,§\'iah’:='; m1:rd;:<:s~:<; s3f¥}).
vat’ gmti 0§}£iC%fl {guaiiiyx Ems} cxm-::'xte:iy’ 2hs3.m1afi.y cs-miductiwz {(1.43 W‘!<:m«K’ ai 3()0'i{}\ Ruby is

l'1§5II~.h}’gFf)S£’f3;7iC, rx;ef:‘z%1c1t3r;sr,:1m'%i,~; genemily :;*c.w,11sic§ev:t:;ii.iu*. 111%:d:xra|a1<mFi2'a>e .<s<.m2~m£;>n\ 1:15:31‘
:;::'ysiais {wit.h me po:»“;5=ib1::1 <:x::eaption t3fT§:S2’t1.‘i'pI3§I’i3). Ruiay crystals; smz gypicsxify grcmsn ‘by the
ilztttnzhmiszia;-i‘ ,n1::~tI1<:zd ;LiE1u.sa.r:1e I'm:-in-ori ustati far the: _g:mvI¥} c;>£‘¢_:.iiicou}, Ruby can be. gmxam

.221 G, {if}, wt 93 dpye ' ‘(:3 £312 Gpiix: axis, and i&s:e:' .m2m:-:'§:::.i is usuzxlly gmwn at fit) ::Icgrc:é;*s:.

Sziimiaim is iifiptugii. with sZTr3“" m (fi3¥.:é!il'I. ruby. °§f’lru*. fir?” Eilibsiiittffis for Iihs‘: AW‘ in {Em
crystal. “I3-';3i€:1I zisapizigs rm: 0.95 weigi'1't pezrctmi of‘CIrgQ;g. Fknvaxzvcig ::.3:m§-S5; cxizmmium maxi
dismrt the s::'ys1al sf.ru¢:1m‘t: zmd mxzcvazatrzztiims are st:-trxe:ii.n*xr:s rAz2»ciuc.<:.d to (}.03 weigh; penscni
to c~:1§m.rxc«.: {be c3ptiC:ai math qzmfiiy.

*****-‘fie-"cne:‘gy”’diagr'am’ {arr ‘1‘=tl%.3»§/““‘§S""f;'iV€t'I"“irfifriggtiW3“H“:3':‘"""}‘{{‘!§1!§‘w“iS”{§§r6tf-S{‘i1Ii’ »an»<i~ i$»~m<:-»v»
ti11'e:<:~.<;mt I2 " ‘ em. Th laser pmnp héifldfi aura mi: ipaxllv

the ‘ L; and '¥~; 53:163.. The k . me 15? ti1E”‘°’]f’&“ 17211‘ii“(‘1”}W‘iV“3'1m" N pii§r"x13* im1i<;I§é§ irmn
immifmdsg s:en:.e!;'::*.s;3. aromlxj the brine (400 am) and grc:-an (553 um), ‘Nae. pump 1.x:a.zzs§s zm:
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’ ’ ER-‘éii't’:t: 1 43:33, 391. Z*§2£mxc¥:«:o:x., ii}. 3} I}¥;+.':ien I. fin. 17‘a:i(z ;u’:fi 5%. £1‘. Mcrrris, Iii?‘
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3 3:3. nniraxizxi wy:v:1.:s.E ~ Kim) 11,», mm? 111% iixiul

has a<!if§cz‘c~.x1ti:=:de.x 2) .x - 'mt s'E!_ staix,



L150 Tran3lti0n—Mai‘at 8oik:£—State Lasers Chap; 1 1

:1;-ash qLIi{.(‘» wicirz, wim the blue: band about 0.05 micro-ma wide zmd that. grew bimd zmcnu‘ 0.07

mkrmmz wider. I
The Eitixbixxzc. in the pump -bands is €2xLr~em.<:1y short. with the :icm::s ca.sce1dLinAg .atmo:i;£.

i:11111t:£iia.tz2¥y in the xzxeteistzfilie $.£2xte::;. 331$: ugxpcr 317:" !.>;12¥ZvEf ‘ittifliittd the stsxiaz and the
ioxxxtr is Iarrmtd {Em mate‘ 133:? and -sizzicm .z=u"e 81;‘-{:>£tfi*2{t‘.t(§ by 12*} ::m’"’, =w33t§c.I1.£3"i‘5
£1 .g;10;pt£¥.:ttiitfm “ratio at 2.h—t:r1r2.a¥ xexzgtxiiibrium Q? 37%‘ ".i’¥fx'it;<i., 'w§2i’I€*« iii;-tL>1‘t3-5£:’v;m<.ta in nit); m>mu’f£
:f:nm:x. bmiés {he 13'}? silzzie. 1:3 mat: “’:2'i~3 {£s°:m1:::.f} iht: fig £:z‘ar.::_~ii:’1i(2i1 at. €§9’;?..!?} um} zmsii from fiw

sink’: £23 £11: 4.4; {§i€§§f1'l1{3#,i {.1123 {Q iii" an at 6§£i.3 mm}. izisasz‘ m:.£:im1 ‘firs: £.3£:£:&i§’I‘$ Q11 ma-. 2?;
{.{'f§I!S«it.ii}ft; 0.91623. 'I.asez‘ aci:i€m Em; bagutx, £33; mpici xfxziaxaiicm iimcz fY{'rI'f¥ the 3:3 icy fin:
Lmrmsdsizsn ;;m:siE:ibi:.x I‘;:t.s»r:.r action smrtizzg an the .12; tine. Tim may way in 3121:‘; }zzVs'cr aczimi

ms the R; line is In s;uppre.s::: me ii; iimz itny zgpeciat <ii:2km:tz'ic c<';ate:c1 mi.z-‘mm gr ivnm-rnai
cavity absa3rbers. €Im{:;'es't'ing enough, cmen tihmtgéh Rising <>ct:us's 1:rirmt.2’iZy cm me. R; 2-md
R2 iinxts, siciebm-1d:s imva been <.)i’ts£:rx*eC{ an thehang vvavekangtiu sida, in paxiicular at 7137

rim, .zt=1§fiAi3t1tc:£3 £0 3.-*ii.7n1‘;r1ic: lasing.)

Since ruby is zmizzxizst. its abemrpiicz-:1 cmgfiicieznt ix 3 very stmrig 'f"t.mct.ion M‘ the paw

Iarimtim: c1i.:‘e<:’:.m-n of the Eight {see .%*‘igurc LEi..3}.. "mix; p1‘t31Jét1'ly —:sirong%;.I affems the beam. ‘

quaiity. ’i’hn=: ‘bass apt.icai quaiiiy rzxtq is gmwn with the crystal axis: at 60 ciegnacs to Iiiwr

botlie axis. W§}e1':- s:m':¥1. :1 ruby and is pl1—.¥‘f3;lt€3£1 ‘in 8 ci.iff‘i.is::» razflcsming pttmg} <:zwi£_y., ;.)»mup
fight pzamfieri. tn the z.~a.:<i:«; wiii in: Lai)ssori)e»d. ciiffcmxmziy mars pump Iiggfii rpt‘:.rpc;1dic.ufz1a' in

tin: —c»2;>:i:.2. '1‘¥1is wilt Cazxsxz Eng: pump ciist2'iimlim1 (stud thus {he ‘laser ou't1:>Lzt bemm K} be
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mtm §.3’Gf\&*i3‘«£:.¥1 me: kzfii mid agn: mw»:2Ei.n,g waves

   
 

 

-’£is:>;rmi ;“»%smt§:.i:‘)r\. 1:91
1:: ‘ii is? :32 mzlviitixzaxazizni #4  

  

in sh? H {g}...

i~ic>x’='c:vt%ii, ring‘ i::.~".m‘:; can izlzeze he nmck-. it”: (';{)m"s’;}{(t in only me: ciin-:*x:{im1. 512.2131 uni»«
:iim<:t§i€zn.al *r»ing Iasms mi: iongcz? ;):):;~;; .55‘ xtanciings *\\-—':m>.s; aucl dc: nxtxt eréxzsm spaiial 11:51::

  

 
 

1).,» A. I.}racg;m*‘I, its 35.1,. »:gfQ:;/22111111: 2'L?;*::In:.z;:. (;2£'-Z~8:.Zi3f? (1‘)7.3;,
“H. ('3, I‘)zu1ie3.uw 1'. Appl. i”i¢_\’:~;. I..:=I:, Jti:}~¥ {I97()},

EL (3, Ilvanicizs-m§,.r. A;.»,r.z1» l’f1_m Emil. 1’7:fi1!?{l‘3’7‘.)}

  

“ 'matc:riai;;“5 -zw3:?h::x’r1’ic::s.ifii:; zm3vi11g'Lih§: ’zm”2tz':’ri:1§,“‘*LnrV flay‘pix;1:;s3'"‘:1mci‘:,z‘Iat'ing the i}ca'in'?’m1rm'in.;;
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Caunteaw /'4
ciagkwisea ‘ Aimam M

‘ /  —1?igm‘£ 11.1%) (Time :':-f' the '.:ci>mamg:_2::-; of
‘A (mg fttscr mu ii, is x'c§;1tiw.Iy easy to

m__,.W_W_W_m_\\
7» Ciackwigsa

.m.nti.gxz:*e. the; rt:5¢tJ11atCn' $0 vxhat the imcié.»
mfiexzmj b:~;;u'n- mm a pump ime (mi

¥3!?‘.’§(I?

\ X / ‘
1-matted {um um. x‘2¢:£:<m:’twr (3235 lbs‘: ;'mI':1;'i\& ,«
ks. an

£3111‘-ning §£%%;11.?u;=::t$rzg sgmtirii -mic fmming {,1v£’€w§C¥s2:% caezvemi %){3‘s‘2)Il‘{$2g€.\"u .¥*’ir&t, .a’inc»:°.

me §z§s<2.r xmuerizfl is xrxmc hC1II1£>gCI‘!€‘4Z5I,1S, thc:*..r&2 is mm£: mrszrall gait‘: :sv:;zi}zfi:il'e til! the km»-

gim<:iin2:% moérss. "I‘I'1i.~: i11CI‘Ctzi3§s2$ nmxgie -Cxfvitixjazéiiitimi b«e:x.x\:;:z:.n acijacem I<mgitndim1I nxodes,

’rn;:xk.i:‘xg ii possibirc {(3 pump IN: Iasztzr .harc]m* and stili miafin single I(>1)g;itu£§im31 mods: upcar-

mion. Arfditiiaiaaiiy, szincrc the -gain is more 310t¥'1l“;¥g€3!’it3=I,)t!3i, rmm:— pnwer can bx. a2~:trae.:<:<:i by
:1 $},ifl§;f.h‘£ Qpe.:'z1Ling. mi'1dz:.. "¥'hc: c:un=:binaii<;m uf i.nm:ase.<.t ;m.mping mngc and irtctrczisacd gain

1ne;s.:1s’(hat t:.n’idi:‘x3ctiunz~1.i ring iasmrzi can fiaiives‘ si;.;nific:mtiy more p:>w2::‘xi1.;-In ms1vs:m.im3z1l
risscmamrs.

Ring 3:25;-s2:z‘s ;)-0&:S1i:§:<;.SQi31€: z‘1<;¥dil‘im1a] 'advav1tag::3. if 723 ?fas;:;*.z' is bctirag used as a pump far

.2: ring. Esiser, .51 is mativciy tzzzsy in configure? the i'€¥S€Ji1”i§’Et(.\tT Si) ’1hm,_thc b::::k~zv3f!.ecz:2z1 bcearn
is not. reuxrned hzzek 3:30 the .!c§£).I‘i{1i(‘)1’ mi‘ the pump Izzfsm‘ {lse:s;~ .{~‘i_gmre3 11.10). ’}"he Q;:rl..ic.al

systea-x f:§i‘:1m:;t by 2: pi-mm pamllr-:3 mirmr of 2: cmwe.m§<.ma! ms;o:1amr and the {mipllt mirmr
<31? the pump laser :22 aité Fake a Fahry~’Pemt cavity ai£‘aCi1r:(i ta Um Izmsm‘. ‘fiat? §nts:m<tti(:>x1

Pump t:vt§am —

 

  

-.bg2Lweg,m this .{::m;*n1;1} f3as¥>ry~i"s:2‘m. and the. u::s<:m;1tm' vi’ the pump l:x.*.~;er can .':1§_$_:;1%§fI£T{1II-Li)‘ ziltm‘

ma f1‘t;2€§|.1€;‘J1G};’ zimi int«::n.s-iiy p:'v:);3e;‘iies of that pump hum‘. f_Th.is is; the m‘ig,in of me. maci1.iai‘icm

that <i1£2(i?m’§§ wficzzx ztligxuixag a iasszrr czwiiy with 21 He;N<: Inset‘ and l3a<:k.vcfiecting; the :aIigmz1nznt
bmxn prc4:ise.i§4 down the bmnz of the: eiiigsxzzwnit Ez1xc.r.}

Ring; ifm;m*s 2;i}s(: [3{:}$S€1€~‘.$ nmrc _fie.:~:'ibiii{'y in Czlvii)’ (lasign, p21;‘t.3cu'{a;‘1y fm xxtxsiahkz.
.rc.~“n;>x‘:a_tg>rs at for 1.i1S%.’;1‘8 shat: havis. 21 mu'nb«::r M Sczrxsiiive .'mt.racavi:y e1Aen1:emz;. .é\d.x:1.ii’i:>11;‘1iiy',

 rngzlzzl the gam rum‘.» W §m§g§1i
ten) Km: if-.!'1“:.31’i Q ~£s2%i}i§; <31“ nj:£ic‘2}  

{.'3’¥’§3*{it}§ ’1.m¥i£iireGi§£3=n:a§ oscilfatian. £23132: :sx1§:&.§'1<:;:c'3V flu‘ ge.r2c2:‘:-ztiirzgg t3i‘§.i(iiI7£¥€*Ii(“al1é£§
czsciitzkiian. ta izreatzz .52 5:112:11 :=-:.,.wm.a¥ Ci;=’Wi£§’ £1Iig.:1i3ci with <it£!£2* 01‘ me: _p1*:)p22g:§t-ia‘2g, dit'£'1.‘3{i(:fl‘L‘?

M‘ the ring 1z1Sar{3m:..¥"igtirC 1 ¥.i.1[}. ’f'E'if:e {am is remixing ::m:x1mr Icw:iw.risV<: (€?£;fW}, the

tmvxziittg ways: in fine ¥:::~:;€:r :¥.:::e.:‘s Hot: ixxtemcf with the (?>€£€t.1TI1.{~13'£;52§\1'i'Ly’, 1mx»ciw:;z2 if the. {mar

is fuming xiiczsniiwisez {KTW}, t‘he.~ baialti is back :;:ez§ec:e<: imn the (3=CfW‘ dis’e::c.£iz;m and support..&
the Cftrsw ;n<.‘1:;i8."*“5

’*1‘fI.i3'nteti1r.>ii.xmrfits R31’ etemiix istxer =1na't(-3.riaI:;. iviawcxvcr t,}e:Lv-23.11. W¥!€:!’1 ii v.JL”rt‘i»:::a’} (ma.

Ixiéiizosii iZ§£}t‘3S»¥3‘(3I I.t£?.t11;.>ii3.£:.~I;§,* S’z}ppft2f>_’i€ =i.¥§r: fight in the-.‘. K-Il"iE\*‘£iI‘¥i9E.°~{§5 {§,iI'§3i?liOi1. i‘;;":z*§m;1s .rm:nt»:*.

 
  

 

 "*“”1’¥»c§:\«.:~;na aw {far !;'.‘»s?):Itl:i{;tR7«L‘£*i ’§*§3i1V<;’-¥ :’mt’i {flay riicfickvvisu} an; 1313(3) £:=£\’tlIYi‘I#).£l1js-5 in éésm’ attgiliicfiriiig»
Time is an 5£:.tmim“.c;§i2m1z¢!icm£t> d§isxs:z:;;;s’r:;§r {Exam smci Si} fix»: itt§:'a‘«In.in.§, {I1tl$Ii{.¥£t :ies.¥m:saa1i}x:::_s i.:>4.‘!!I¥t’2Ki. i4I<m:>. £ wiil

. use _C'.W flair Ihxi imtrcr.
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C:3L1ntr;>r- 9,;
cfackxrviséa /
(<30-»w) /   
 

........ ..
Pu»:1zpmam%Zf\ “ I

 

FTig1I,i't? {Lil
xsr1v§<ii.1=s3c.§Emmi‘usx iuiicm in a sing. I:

mil " ' ’ zzfi

. :12; t:-3*/me, riu:,3

{Lina 1’11¢:fi:(>d' fur ggc-uevm1.iI1g
K to

 t.‘>x‘s:. ’ .

wit: n1"1§tU I»""§‘<’>;,‘s:1§;¢xli: 3,; ..
}'.m’::¢'.

 
.s ‘<4 ,_. 

3I1‘3p;i}}‘fi1!‘1{3}f, the 1¥?£?f§‘i£>f§ i:em xmizzmcc n1o.:iie~1i2za~::tizI§; {pg“;:s1't\iw§ax‘:EAy if there gum mtmipiifi .i<'sx’1gi«
tufiizml iliiidiifl rxszmingg in me. r~i.ng‘i zmct ir1¥e“:‘f"e:'<3’;13=3i1*izt s:%°fc*:ct.<;.

A ntmrea reiie‘11:ia meI‘h<:.sd for g;e:§e;'e=:tE:x;; unidirc:.«:si<_mal 0&CiH8Ii0t1 in z’: ring 1333:‘ is m

use an xtypticsai (iii): “ <.°ur1.s;m.m1ex;i. imam 2: £‘<’amx. .-1y mimosa, :1 I3:1§F~wa\ra plzxie, and a .8:‘t‘:*\vsxc.:‘
glate ax‘ ;’>«r.:i::.:'i;:;=2r Figzxtrtt 3. MB}.

A ‘§“‘£1f>‘<1(“I2’s)iv ;m'tm<:r:' (as used in ea ring =tas<':r’) is :1 cimricsb that: ctxangess the angle of iimzm‘

;mI;2x‘3r.ai.i:;>x§ of light as 3 i"uxut£im1 oi'.;11’: nppficzii 113C :1‘s;x§4n«;éiis;‘ ficid. The m1;3,k: is c.E1;m§;cd
in the, ,s‘w;.zez d.ims;*.tion. im;!c:p»<:ndcm at" the dIirs:ct‘mx1 231:‘ (Pat: w.;.m: pmpagznimn

T0 expizsixi 11x33 ftxrlhet‘, ctjimigier 1: vm'!.ica1Iy ;><:‘Iz1r'i2.*,¢cl w;;m'e tmvefiug in the COW
igiixwzixuzx ;m»:i emxzring :1 ¥*‘ar;’zc:iay rv;>m1(.)1' as 3hr.m'n in ¥'*‘i;:_ure li.I.3. .*\SSt6J11C the Rzxfaxcizzy

:'ot.:1.tta1‘c?1:::1gs:~.s; the ciiu-:s;*1i<3I1ofiinfszu‘ip0‘1:u'iz:3tim1 mm w:.rIic;.1 tn 4&5 {i€_{;j,i‘i;E€S to the ver1i<:;::l.

   

  
  

/1/

cow //
Optical xiliotifiz m‘""“ [,2

«N ..V. .,.A,,_...H... v=~,_ if
X 3 f ’Ha=t(-.'vaw:e p;_m»,¢3 Panlarzmarrr - Sf’, X. V r x

, ; um ~mtatm £%w»~:s1gzr:2:tat:c~ ii ‘\ \ ‘A;_ ‘.-.

i?’ig;m*e 12.12 .i\n.<ttim' x’s1.<:iIs~:’rwi fies 21* .miin;s_ ulsidi
£1-e m ;_>2m-:z:. an npticzsl diutisé {rL‘i.\I1’:&ti"LIs.’>i:;‘1¥ frmn :2 E"2.iI’m'I;:I}»'
:2 [iwm.1es~ plain or pi:':i1x¥’i*:’tz;*:‘} in the r«m:m:m:~.

’ 2:11 <m:i’ilatix:>n in 2: sing m»,~.:-
swim‘. 2: i:2\l{~\v:wzc pitim. {and
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CW , ~*3{iW

Fig.v,ure HA3 \<’c*rtit2sl!y pr,wia:3.z«':d Iight.
pzx.-szxing ihmugh 21 I~';mxdc1y mmtm in
$‘Jt3¢§s\x'i$e: («SW3 and firm:x1(s.:t’-v»c§<1c:3<‘A‘i$£:
(CICW) clix-<:c1ia:x.§,

 
Nww, a:;smn<2. £5 \'e.rtica11y pc)l2“u'ized. wave. 1rave¥‘ing in the CW dircsztimi is in<:.ide.m on the

same ¥3£u‘a<'i2':y romtm‘. The x'o!tat.m‘ wi.l‘£na1;+;<: <:ha.r1ge the cIirz=:c1iou mi’ 12218211" ;tmi'.u‘i2z:xti,¢3n from
V€i’1'i<ZZ1} m 43 :§eg.r:::s:§s in Lhct vs::.rtic::.ti. Tim mgie has hftflll chsxnged in the 5mm‘. dimrgiion

isxéepexzdent sf :.hs’:.~ p1‘:)p2‘£,gzz’ii0n ciireczticsxx o1“t:he. warms.
Ct>mz'as£ flfizez tmhaviuzf with rhai of at .ha1f‘«w::1ve pfatat. €:cm:sider >21 vet-ticziiiy ptytmizad

wave.» trawstiing in the {Z.‘{?W dimmion and smuarinpg ¥i{T1Eiff~W»;Wt3 p¥:u<:. as show;-1 in §‘*‘igu.re 3 1.14.

A>;:$umx3 the i1aif«w21x-'8 {mate cfzanges me {“Iirm:£'um 0%‘ 1in<:;.£r pn!;1r:i;«.:21ti0n fmm vertical to «iii
ticgrees to tin: vcrticzxl. Now. assuine as vcriiczziiy pumrizcci wave. mtvciing in 131:: CW
cl'i:':.:-4:i’i0s} is ira¢~..ide..m on the gm-x1e: hm?-wave pfauz. The mtzz£m' will gthimgit the dimsztion of

linear poiarizzaiimz ‘must: ve.=:‘t’:c:::1 tr: 3¥ii de.grccs ia the xrenicm {fl'u—fl~ 4:8‘ cécgnzux in 111::
c‘stl1s:1'cIi1'm:.‘!fcm fmm vc2r1ti£::a.!A)\

’¥"i:1e. umastml mmxm of ¥>"*amda.y :'x_r:t2imr2; czm be mq.3.i&in»<_=.d in iitltjriilfiui‘ way. é\s:;11:sne that
21 1’-‘zmuizzy mmzm its c.o:1?§gure,d with as mirmr 3:; max. 3 imam; »::~n.ti::‘:s the. ml:-u.x:.as', »¥.10unm.<; I.>'1'.’f

tmz ;n.im§r‘ and €i‘§£€t¥’?'~’. file: i't}t.:=li'€)H1.gEii£l (hut t*:7av€:3i_:'1,s; ma crtmr d’m:cAt‘i0r1‘}; iffitéze ‘Figure. K. f.¥:$.}
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""‘~(:f51'£1~'§'§C§€5I!"£1"9»’B1‘{.ifiEi3}?"f}£3§E11‘§K¥3f€i"W8‘v’a"[f:fE¥’t3§‘i1’%g"'i’f‘i'{h8'{3{3\'V(fiff2$;i3(}I1'{WC}‘€£}i€31"§!f1g”€héZ1"§3Zt1‘£¥§.L3}’:“ ~» »
 

H‘aIf~wave pram

CW COW

}?';‘_gu1‘u 11.“ \’cs:ti~:-.2d'ly p:stzxr's':.L~d fight
flxmuvifu M lnislfixvavoz ;11.fi§s‘~? in

-x;§o<:?!s.s~zTrsc ”T\.*«‘,) zimii x".‘£,\t1$’r£m’*L‘.}c‘,§‘€.‘§:‘I?4"3E‘.>’r»’»
{{1I£fi'\‘*:‘fi‘: :fi1=e.s:23=mx.a. .
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Faraday

CETW

’ l<"¥g11:‘£* £1.35 "\icrti~cnlF5 puI:u’é.’wd, ilight
pzxs:~:«71'¢g_ xI:r><.»»11g§1 21 F:s£;zxIi.x._s‘ mi‘ in me

 

 

 

 
C. x33n:x:ii;m. Bari . mi. ,e’ri'¥d

gm: ’ V h-.M»;. mruxzglx mi‘ 5-1.-:r;u}a_k,= rmamz in
..‘s*s" »i;t‘:r-:&’u’21L

 
"{‘(:.1£{-)£~L .4<’x:;:su’n'w (‘$1-is :'€:1;~:Im' c¥*:zzn;g>:::::§ the dir*é:4:i(3n. cs? iixtern‘ pr:>lar§z£:ti<:1n i“r<:,:m vm’ic:;'zl 1:) 41$

Wciegraezz '19: the w;*.:‘t‘i:3;s£.V ’Nmx*. me iucam ~.s.>iE§i he .c!irt:v:Ied hem}; ikmimgh the rmalm by Ihét
xilirmr, zmci wiif again aiiemci by 45 dcggmts in the 52mm t‘§i1‘cs;%t.i::’>11. "I'M {mum is amw ‘I30

:¥trg:_;r::e5 .fmm 3&5 urigixxzii g:~::»‘i2’12‘§2t.zti'ic::u.
€T€;r’2{i:1:+;f;ii1i;~; with 21 i1a1.f«wavc gxisalrr, A*:a:'sLt.I.1'1c G13‘! 2: ¥s;»a1fn.\::.zvc ;.3!:;\tx;t is c01'x¥i;:um£ x-with

:1 mismx‘ six than 21 'i3ez:m mxten; the mi!’-~wzwc piiatrz. he')L!s‘u':(.*:.>: aft’ the mmm. and xzmers mu.

?1:xif~w:.m3 ;)¥2:ie zzgaixt (L311: u'::v::§ing the 01312:? Liix'x*,;:iix'>11). {See Figurn 3 L16) Cf£:m;idc.;‘ at
vm*ti::s3.£iy p<>i:1r‘i;<.mi ’W;’:\?~€ trgweiétwg in the Cff£".".‘\’s’ rim {km zmd .emcri'ng the 31:13?-X\vz’svc piaw.
51591.: me: (31%? I1':x1f’~’sx~'m*c ;3i:m': c.§1.:1sage.s me div-cc:£ic.m (sf 1.311;’:-2:1‘ ymL::z*i.;:a:i(m ‘I‘n'3m vctriical In 333
£i§L‘.‘-_$_;I’€?2'5.-51» :9 the va‘:*.:'t.i<;‘:m‘. Nxtafiv. ilw ¥):;*::.m ‘mil be dimsaszd ”h:n;"¥: 1fzrmJg§1 the h:-.1’{t1 wavx: plau:
hg.- me mirmsz €ii'%.d W331 he 2’°dtmx;-.<} by aifi tircgrssesz in the rc~.verse£: ciirs:::t‘5t,m. '1"h.:*. i3z*2n‘rs is :1; me
5;:xm«.°. *;mi;zr%2aI.i<tm 2:5: 1316 in’ it

The. »cut‘z1.:‘21>;Ii;1g p1‘(:put1:?»s ¢3f”1*":3.xm$:;)r mx1.:;1tc3r.a 311.6% f1z.1f£'4wz=w<¢ ptiiliis: uI.I<:>w {hrs 421%:-:»uii<..1:x3.

05' opiétrai dic::§¢3.. mi €§iF1§'I1;}k-3.. 6019;» In £}?£1‘- <§-pi‘- 1:} :%j§s.ien.z ‘E§1t:s.c£:':1t.m*i in Fiszmfe H J7,
’ ‘ b ' ‘ ii 15; p ‘ " " ~ ’E3r;we;~'tmr

.......................................................................................,,
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¥*”igx:s=e 1’!.'f€$

{"L..W <iifu..:m . x.» Ctiviffi‘ ,7/riff.-"i

;3;§mair’;;} k;<:;;<¥; Lhnmyiu the h:si¥¥\»;:m: pflistit. in
an: ‘{':’N £i§f€x':fImI.
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$"~‘<alarize»r

. ’{>fr3;5{‘rlix%.<
  

guriz 13.17 ‘I'm: cmxzrami
af’ ¥7;’t1.’mii£y i‘mu£m‘j:; and M1. .
sxiixaw lint 4:: an xx!‘ an n§’>t§ca§ r.¥im}a*.. ‘Thi~i.

mm pa (. «s (T,‘£;_‘§‘\-’ 2-igjixk 1m>L"h2.us;::cai, hm
:mmua(,c<_u {EW iighi.

 
  

Tbt::'c. the §7~'2uiz1da'y misamr <:!3a::g§.:a {Em £fi1‘€<:t§£m {mm vu1'.1ia:;.d to 4-5 L’k§a,x'z:t::-is to ijiac x-*e.riic.z<i,

Thai i1aif7-w;:s!<2 pink: {httfk mt.1.u*~:1-3 (ha: pufarizmion <§imz:ii<m In the vertical. The m'ig.im-U \m\.'<.~.
,(7:<;>i22:‘imI§i<m has hem: mc:;w€:m<i..

N(.‘2\%:, csr;:2:;ici:33‘ {ha CW wave. A 'w3nicz;:l}y pn3uri;z,e:d wzwc €JItt‘:I’.£; the i1zttt‘~.v2;1\~'e+ 3512116

aim! the (Jim:-£i<.:>11 is cixzmgxztd from \rc:'t.ic.:1l in 45 -£1(:g1'L:(‘5s :0 the vwticzri‘ The Farzsciay mzatcar
£1364“: c£.az‘zii:1‘z1c.s; the itfwimgc [C2 90 (icgmxs it’) {hit vsmixsssl, ’F'he: CW wave (nmv ;>e:s‘pcuc!icuim“

[(3 the (L‘.(I.’W3 ex;.>::ri<:1u'*.u:e irigh Ems: {sum the féiwwzzuzr plum £05‘ p(1k'i!‘ii:'.{?f) and is zxiicxtm
zxtcti '

2%. mmza §m=;23e:1“ {such '21:»: TiI5:2i;)})¥‘}'ii‘€»} ’:‘~£:=qu%..r<z.$ mme. ’£)=(ps': czf 2§c3}’z:s:at::it2. £>;a::xs‘::£¥ mnitxg iéiexzxmsr.
in :m‘im' to run. w§.t:h :1 xmzfrctw Iir1é3’.£=.‘_Ix§LiL f§_pzxtiaIi;.I cii$;*3e&‘si’via :§:Ire:xucm.s, .3136}: as pr_i:'mn;s: :31‘

’ éxamiy di iizgmt {£3 citwégn

gmsii §t;1z'1’mg u.1’m? -0: Wisiie ha1'vi,Iwizi£h iumsiaicr ¥a\s;e1'.s; mi; spaii .1131 (Ii. ':~‘;fiW: <%i%:mz3.:3ié:...""
An .a¥z.t3m.:1::&vs: .5i.I‘i}¥;:’:§;3‘ 3:; (xi: u:«;:": §;*.t:':it 35. Re.<:.aI$ -z‘E:'mn (.',f.$3aptz::r 3 Ihffl 2 s.<:rm'::1ii:<3mxl

eizxkm. n121f<es.: 21‘x»'m‘y gixcxd 11ig11~2fG.sc;>?L$Ii<>t1 fi‘iR¢.r'. .H€rwe\-’c:i‘, a. sitxgfie <:<mk:u?1 mm tgsniy bra tunmi

cvvcr its; ‘i't'ex':. si;'pe.s;’tIr:;i rz:rx,gi:.- ‘flxms, t3t:a10n3 art: we.t’I~.&:uit.e(i for imlaiing m1r.fv;.\w §iv1t3&s*i;fii'$.
%*é3::i;s.res {,}s..u:g:¥1 as; 3 z';i:f1g;ir¢ i5i£“g_C:fI~§(3:¥l ‘§(>11git1:<:§.imi x330:-1:2} "Emit am fess wet}--.s‘tt1i:::—€1 far bmzui
itizzxing.

b 8%; ~i.x3g£i1i. 'i3¥i=%x*::: n.i'¥?sr an z:iT‘c:c’

?v‘£t;ii:ip§€, xzmmzxt i::i;'a:f2'i:“;ga1}¥:v fiit“ “ ‘
mxxgizxgg .1’§;:t1§;::.._ ’"’:"tm iirxi um ;)f’;=i

 

    

  

 
 
 

:?1i§'ii1'2m,{.iv§: “ta ;,_i£3;,>;%;;-,«;§.v¢. saiesmszzxts; {in-‘ ¢t’t:i§cr;'xs;.
’ *“t3’ii»:II1¥ 't‘e$€)i1.:x’i0z1 <,we.r :1: mi}; ’h:*<:rx ‘

. seam. 132;». 1€’;;gi:4a:ev'2‘iz:‘x3 11:3 I,'$‘3)‘?2‘}. 

........................................................................................................................................................................... ._.



 

 
  

?+~z;:‘¢ iig¥¥.3)~~£h:-1%.. ‘is. .:1s1sal.i§r‘ i(1i§.ii}l”€}£I»£iw.r(1{f..,1.§.S€i.~—-RS 22/.tuI1iv.;g ::3c»2.n1x’-:.m..L/i.a‘i

Sec, 11:4 Ti:Sa;2pfiire Laser Design 363

Birefrmgcanl plate at fr’
Erewstafg angie “’ *

 
 

 

 
' ' rare HAS A iris->:Y:r£:>x;;en*z éilr" ’
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svavaiuxxgtizs m:'rc.e;szzz1c§ing In an irxtcmxl
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crys-in),
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Tfimx: mg; of smnciszx-£1 £¥{Z)Il§633':1 tart: used to enizmsgs the 'f.";'.:sz1.ppi1i2'a: iuniug; rang;':. Using
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Mimar Max. is». the cmtpul‘ mirmr for me Im§:;~.z'. 1\’Iii‘I‘<3i’:i'. PI. PE, and P3 am lxigbly wrfiectingg at
the pump wzmficxxgmrg. Thusé. xix‘: _pum;'3 l>»:*.:':m cxztta-rm Lhév ccwity‘ aiung me M §»«':‘v‘1:'5 axis mm
the 12am’ actiam wztztuis émzund Em: M E, M2, Pym.‘ and MS r’:i.ii<»1.. "Jim <;‘::;9!-,§czx§ fiicxdc am egg

z‘E}(:«:}’:§3 are 1’€({LI§.I"u‘{f 1:) az«.:stm: 1!£IiEIi£'i£€Zfi‘s,‘)l1:3} crgzwzaticrsa immnd the ring {Know rm Vrin;_; !;:z~.—.m‘:;
in S::m’i011 I 1&1: i L).

 

‘Hf: '¥~“iE‘§1‘¥T£33i7£€i{3NE§ f3'¥.§{,.9»§i ELASER f.3§3if3f\¥

Sines me: £i=iS{I£)V€i‘Y efxf” n':s;>:3az~Zw:.i§.is1,;;: in 1 96:1. i§wé.:x;~. hams: bee-:1 i%§m:<«:e g,c*.m~x*a:io:zs uf .t’s1<:3dc«
Iuutvkmi 121.':;r:.rs;.

7112:? .351?¥".2?(?tIz?r3fi(i{I21 !r:..sers iirc: in the 3:1bna'n{;»s;c:mnc1 regime, i’21bric:::.t:<i '¥'mm a;i.:s}i(i«
sigma m.;a’t‘r;t:'-iztis zsttciz :13 N131“:-.’ 9%?-E £3121"! §‘~Id:g§;z.~:é;, amji eztzing s:‘i§f2i§z' iuziiisze iizss §'£1’¢x;‘.§‘ia‘iIIi§%t’§l:r§

{stick 215:». £1£Zf,s1,li§it“;<£)pi.i{t rnixcié iii: . kflrs} 01“ pzsrzsive 1

,a'brsetsr¥,>ez‘s:). fix? as 'iaser:;»' zmz: u‘Efi:n:a.miy 3im‘zIc<% it} ptiiesgswidns by the misxtivN_y_ .n::.m':1w

.:a“;3=.Z*.(:{t‘E’k.f §3a.rxdxs*id£i't mi xix! §_,§a't1'i m.:~11e.ri2sl maxi this in:ahi1‘ity 47;?‘ my ':a::iu:'::af3ic %fz?)’§£')rhL*;s"’s in
t.;“z-1<:’&, -mu £1129: grxrisa. t1fiX‘§’QW‘§3}~§§\

 
 

“‘1‘§z¢.>~ 3::{:‘()I‘z£?-g:em¥i'a‘§f::?2t I1g.§c'I:':s“ am in tin‘: f<Z‘A’¥1[f1fé&3£;‘&;’I.t1(.’t regima‘. mirlg. <§l‘ge”it3it;2 ciycs 22:;
the g;.z.iu smut-atriaiéz, maxi wiith pzxsmve rm,uh:~.~Iuc§;§ng using .=;.amm'hle ;:m«.:.m«hm in z‘0xw
tainatiam with mpici dye gain 2I~»"€1iti’£ atitrnw. ’§‘}«1<;<«: l;:Te:cz’s items sis:m<:m:>.mz.té:ci r::»u'1‘(‘m-* pulmz.
wit-Kim, but are cfifficgzxli m align and nminxaixz.

Tins f/77'?'f3~g:’1£5*1‘(Ifi()17 lcm.=,w are in the low f:‘:i13I<}s<:t{:z;d i'<i‘-gi1'nz‘.’.. us;ix\g_ szt:Ii;i—.~;t:§1¢: v§—
brc-x:ni::: zrmieriaits; 306$} em ‘3 a;)pi1irtx, with ;:+z1ae5si».+c s0iit.<;r'x1~.1§i~;t. psulsc sshzxgaimz i‘c:r=ms::‘J

by hz112x11ain§§; i§<3.I§’¥’;3f1z1;$‘.»i;? mtzxciuieztirm figklitlfii gmttp *2:.~.kz.>z:itf.* ¢;15i.‘s';.?<'-‘v:‘.'~;i‘t,>t3. '3"h¢:s‘tt i}£t:<ti¢‘és
also c.i-esmtznstréaw :"mn"mv putm widfbsc, {mi 2‘t1't‘:. ma&ghi¥‘{xs‘\v2u*<i its ¢m1$1t‘uct.

 

 

 

 
i3§it;n;...:§.i1£;:t'£. pa}... ' _ my :"m'h I‘th*:£*":“Q}'x ztm-2:. For the X5“ ' -.

§'tTft*:;“t;’.Si:*§§3’“’iI\ -¥aL2uiz1i:2g i1'I'}{¥.i—°+‘;?., iixzzrc am 4-mm‘;£°;a:z*»::i’~-s;m£:ia¥~~?' »‘;m'=.*5; <;§;H:;.iii:. ‘t72x.=‘;i»»o;_=:~t’ ,
wefi 22:; rwiexsi pagans »s'u£§1 ax; iiieiicr <51 iifnfis K.:‘:‘:u:»"z at 2st,,” anti Sp.ie§1m:n_n :21! :11 W

   

'1"? .5.:?i £}isparaian: in Femmsecond £.as:m's

’§I)i::pc-micm is the. zxbfiitiy <3i‘Va ‘xnmmiai 10 2~.1f‘£e?.!‘ the ’§ren;um1:.‘.§i :‘.h:::';=n:»s.m‘ Qt‘ fight, "i"hcu*e nré
txvva mzirin di;sper:siv<: ;.3.:‘0;_)e1‘lic.s ixng.1(x1‘$su1tfiz’: the dasigxx :31’ f’{%:nt<:se::::smi ptri-as Izm -tux.

Tixe rm {iiS§§13t”:l“;%§X‘Ft* ’{.::x)§r<-:1‘t.*,~' mi" 'i.m:%r¢§=: is ggmxxgzs \’rL*..l(‘:IL:»i’!.}.* di,«;pe:“ss.§=m1 (CI¥\ii')}. {3rou_;>
-velmsity s:‘}i:;pm‘:i;i:'.:m £5; ihz‘: i:m4.it:.:1c§; of =vx.:.s'i:s:3:5 r!'i3»€}11{§¥I(.i§€}?$ mi’ 13331: to _pz‘t;I;3-aggiztra at .:>,;iig.i1t.iy

1a:’:rn.i~‘:.:Sf sky:-$1 3*}¥§';'i. £3-muuaaw

 

mssmzmissnss faxxcix as smurzxhle ‘

 



 

Sec. 11.53. fzemtomcami 911153 Lemar {Design .371

v.}*if!’ez‘cnt t*§p£?s.“,-£135; in ssxzfiairt x3’1amri;;!s. {:1 zwmterix-:1-~§; \s:it‘E; it nLm"n:;l m‘ ;.:c:_>xEt.i\:'c CSVI3, 111:2 ’!(3r1gcr'
xvz1\«'c.¥cz'1g§I.1s. trzwxiai. fzisim‘ than the sh<:M'f£;‘.t' umzs. mm; mi ::t1i§’tiz2g the puists.

"me .<;r2:::m1<$ I.‘Ii.*§§)£3{'_z’$§\-‘t:'.* ;s:'u;_3<:-fiy of iui:":r:‘:.:si is :sc§¥’«;3I3z1:st: n'mii\’;lmion {S!E’.£'v1,§.. SPM is; my

'm!<:x1.«;%t}.¢»c1e*;m3L:1e::i ;5}1;:3£a* sfiiii that ’:mm£fe:.»':s iiself ::ith::r :;p;:ze.§£:i1y ii?!‘ te4.'::g;urz=:ily. (SW91 is
Mzein izmzaxiseé $12»: K4:-xrr e.£'¥i*s:I£,,} ’

Spzitiai f§.E’§’v‘i‘ mm »aiss»0 {M3 ('}.{i‘.SKII"§.b¢§i as 321?» f‘<,mssai¥:s:;., fiss the Li1;t:?:w.»;'i13»* in fizz: »cc:z:1£és;z‘ 01'
mg». Wise i(tg:§'c3.;),_s;;)$;3. gin: imfl 2»; ga‘§"mft‘§:C‘13£}11 tn‘ the. mate mi i1w::'9;;x" 5.; amci me puma: a“13{tL;sc.s.

"$"m}pc:n»z:a.i SEW? ‘E5: :3 t-in-3:: ‘ »:*z_zi3eg:::p¥'x:1sa :;E'1i¥7t »xImm»:2u:1-‘ze 21:; me pxxhsa :;w::u:p;s mu‘:->L:gh
me g;§:.;pe,;':.;‘;.vg~:. ;n3atm“iaI ,A “rm: §"i,§.111 iu1c::m:i;;g ma me man! evtigs 91*‘ the 4311159 im>re;;xz:»‘c:,<: the i':tl£TéfX
mt” t'x:§'m.Cfit::'x‘1. This wilt .cie¥:1y the ‘izs»ciivisii;.:;xl c,_:sci1§a£.ion:&, ;xn.d if-111:5 rad siéiil tin": ri»sait1;.: e.:;lg<:.
"£"’§?e.1'::vc-»,;‘::;2 c*i’1’m;t:t2cc:is’s an slim t1'ai§i1‘1g mfg? (film? shi f"t'm (ht: trailing edge). "I‘?u.1:;. Icm1;’.3m21i

féiP¥\»:f c1‘ur;:>:< ih»: palm.

For’ \iItrz;2s;I°:<.m pulse _sg<::Itemii.:.m, the (mind-11”%p zim-:3 in W: 1‘e.:eom.m1' fur 2'1?! ff»’;‘(.}Ltt?l1C)’

—c:<:a:n;mru::n':; (1}”"{1‘X€‘~ 3i},_ght mum be time 2;anac. (L)i'?xm'\vis;e.. f1'cqs.sency <:0mp::a11’cnIs with iiifihrcnt

plmsazr shim W311 um l<)v1;.{:_m zukd mhereui§y.2111<1 the n1L)(ic?~¥(3c‘E;i1’1g, wili lmxma dawn {min}; 0:“
an um_no<ilc,~~ir.:,.u:3<<.:<1 msazr with rzxmmn ptxzmzzi).

In :3 n<“;2"ma1 ‘E:-iesgex‘. tm‘npm':.\¥ §3§‘*¥vI wiil z::m;<;:e a red s;hif¥. 4:3? Rm. p:ul.9<e and the iZ}'\.;'I)
will zxiw 4-;‘:m.,~:;;g. :1 i"€(3 :.‘«h§f: of tin: g;1xis;c. ”¥“%m:;. in m‘<5¥' M’ in ?IkC§’iit‘-:\’t;f tyan,s¥urm~!%n1iiecI gxulzsc

wiaims. it is m:.c:c:ss;::z’y’ 2:’; %it{I{)1”j)£.‘1}i'“M§i’, ssiaxm »:>f¢¥is;;3a:1z’s§z(3:‘r .‘cs:m'1p:3s1:2at§<7:z§ that blue s;i1if'is;
the ;>1tI.$j;<:. B ‘

’i1’x‘is‘.«xns am {he 2’m’.>:.ix‘i s:v;,:v:mu<m w2.==.}z »¢J¥‘imi‘:3§111.s;ti:z:g €3\?,%..') :;::>m;a.:3nszz£i<>n. 2-’~.!Ih<.mgh the

  

 

 
 

 g W". in ;.>:'ism_s; 'ha.«:4 :mr;'mx’i c§is:;2~:2x'<;it.:11 {fflii eaiixifiss fin: p1:E:’<::’}._ me. gem"rre£x"j.* <:'zm. be 2n‘f’(1I)gefl
so mat the: hint‘, ¢:::satisp:.)I3cn'i5; mm me {he garisrn path in 3 31.1mm Imzgth 4):?‘ time tium the
am mn::gom’.Ax11:'s. An £‘;s-aasngmfi of :1 }7:r5.:;m paia‘ whev::~. me C:‘cVli) is 22 ¥’um:tim: ms!‘ 1.. is gixmn in
’I‘°”ig,m‘<': 11.36.

' 11.5.2 Nan'§irsem*=i£ies ilsecti in Creafia Fe»mto*se:cz)nci Puisais

   
  

 

ail Hf 1312:? imwiitxdizxzti mt) ’ xvi£}.bz3nmx1ir1g wiz¥1'z.‘m§r1mnpha ca”
_ . .. . . AC . ~*.:1C¥u.'u ‘?ti"I3§V'i§‘§i§7 éiciffliifiiil x3§”’¥i‘ §>i¥.‘2if'i*1'ff1“Iti‘» :; " Hits: _ . A"""""""""""""""""""""""""""""""""""""""""""""""""""“

Ims;s::t* is z‘:e:fs:‘::'t's;:~.c'3 in p may at 5:-3§f~rx3t)t§x:~§w;t1;m¥ when thiyé .t‘m;;1i:3:2;z-my is: gg3mc:‘:xtc.zif

V»-'Et.E;.in the 3zi5::r am‘! L:ic):2.,~, mi: .c$:3g;3e1:;r.§y an azsxtemzfi .ittfi11€i1C€-5.

Ftwr §>zx.ssiw: nxmi-c~1§}c’k.it';g; {:3 w:;:r§»;, 311:": iI’z§t‘§.‘L»(31us’C»z’.’.-#3 m";mfi.x1eas’»ity mus: 4;'r:2.uts=: am amgaiiv

5:13:36 pr ].3I.3€iSL“ i’t1.*?9=§i’1i’)i.§§f.j>_.x ii” an zxmgpmxxda i115t’:\?.)i.§iIy is cméxi:::{f., ihiis; ampiimctzz ‘iJ’t~s.tz1"1)ili3,3.
smo-ufcl p:'m:‘ad£ gait: W3 the: nmsi ivatevmfie .ini1.m’I .ih1c¥uati0n mm; 1:953 in tbs: c'vm<2rs. In acfcfiticatw,

(1133 xtmpfitugia iz1xt:.:£fi%it’§/ sifmxsid be xh<.w-Em‘ flkzri {fire mmimnm ,*§§‘;?.i3 ti}? ‘t‘m;*. ix‘1iI.Ea| iiucuxatimn

In !;;s:m:<.s xvfzczm me 1I;‘)"p€.',f'..S‘i:‘1i‘€ ‘Ex’f;txi'nm;§ 2;; sahor: in c:c:::x’;ma1z;c>r1 10 the: xsnvity mtm-<.i—~11rip

vri‘;-mi ( p1'im:i»p2:1'!y {lye 1&1 "~.:';zx’§ me-3224.1: 1‘:2c_ga.1ix’c:z'wm,s; ms the inm>t;}u<:::d x1('311U.I'1t;*;"i3"i’l.j,~‘ zxre ezxsfiiy nwt‘

   
 

   

 
2’ w: ifs»: ;. i:ssxis_;m{’ixiivezx;;!1s:yi’1<:v?s:a;cg;I1
iii" I?.ms$ '2‘h:~m :I1a.'— mi! s:z:4npm>::m,:s.

 



§3‘$’2 TMran$i’ti::>n»Mezai S9?id~Sta'te Lasers C$i'zap. Hf

lag usizig it slzjaw azmumtiaic. abs+<)z‘bm1 Tin: xzmiminmi mtiiml <?s't"xi1e rapid :~;zm.1rab1e ggziit) {IiU*.°- 10
the Imsx’) and the siczswx‘ s;;;zmx“;sNe a¥;s::0z'pt.im1 {due my me: dye) Mam E32; :1 ,gain sviminw that

ficllusvéz lf‘1<3j_}LI§S§¥.V\’E(§,if1 dawrz i(Hf1s? i3€§}3h£iSi1$g time 01‘th(2. dye. (uzsxmiiéa Lens :31‘ fe.n1£<;secc)11ci::).
T0 iIt’La:.m'ats:. this in nxtwe .636. iii. visuzxiiéze a shcm. s§m11tama<.}us. fimrztxatiota. A2; tiw

f‘ilIi:£’u2'1fi<:>i'I goes t!m;):ugI‘x me s.zitumb.}é:» ubs<:)fi>ex*, Ihs: iraI::4s.1:<iiy {If the gitllfii‘. will blétwix I316
zxiisc-nrbc.:‘ amil Hm %1i)t=.£)£iZ?&f' 1:353 wt?! (imp ~L¥m1‘:mti<:.alIy. -AS; tin}. .,fluz2m::x1’i0n t.i)’1‘x=u1gh the’:
gain £‘{i}E}If.'?1“ii§l {W383 :1 sfmri t:;7;m‘ .~;'::'1t.¢: limiixna}, it will dyxzanzicziily wzciuiciz ihe: zwaimbic
gain thr 21 pr;=.z=ii<3~:'i fxixllsm-ving the __;m1$e.. 'i‘fm:;, thx:m za wim;imv 1,:::tw»c>c~n the drop in 1035
5313-2‘: in tihzz iiye. bk:a<:Ia.ing imd Kim a 9;‘: in gait; due: in tfigsxnznsnic gaizs §:;:m2.:':»z'£i<::r;. 'fir&E.e?. wiziiitjsw
fawssrs fin: m£3:I’{?- Ai3‘£I{)11S§§ pulse (see. . A are I 13?}.

flax»: £;<)I1$§¥}si3t“ iii "’i£u:1.iicm. wi1§"e.a Iy;.2:is;ai xécy-'tfi—<i~::t::w;r Izxsar. in mEic.%~51.*m: iasam. iim

upgfri-3:“ Mate: iifetirm: is ts.<;zxa'¥t—_v 'im1g and the 1~a,~;;s:z:ss dc) mat exgmfierwee dyz"naz'nic. gain é;i1utr‘ati(.m
OH ("$1753 s;<:a¥.e.s mm;>a§’i¥.>ie. with ’:r1£w<'§e»§.x:zck£t(i pui. 'I"¥1us. gmssivve t¥1CI{§x3«'lf}Ckii1g£€*Chfifi}I.I€3»
in. mlid-state ‘izxsm; rely an s.aus:';1i3’ie ah. *r.rb<:.:‘ dis/:53; with exm:mt:'iy':sI1x:.xrt ii Ye-tir1~x<:s,s.. In flu-:sc

syxtzsnxsr. 03113 the zziymmfzrz ble:=x,c'i1ix1g, :3?" the dye \v(‘>1‘k;‘: an rafmrxm an: ;-aulxa. ’I’i*}e5:c Eymczm.
are z1I.~;s) iitrtiwfi by tile {i‘I}5itz~’.~i${i1t&3-ifixciiétfi '§ifeti.:n=s,*. :3? the '::z:‘tui':zh'ie. éI,bS1.)i‘f3t"f£‘ (ii)/ct, Such ii-£'e;-v

mmzs‘. ‘mt _pi::0se.i;m1ds in xxwst 0r‘g._.2mi¢ dyes, tiiuatx Ihzz nmszt ea-(mic scmf::»m1c1:x<:Im' :iau1fa11i»;:
abx<>rbcx:\; have. 2ifz':15imc& is: me i.1u.ndreds cs? fe1z:t<x:4€cx;>:'rci5 {mm are sm>ex*<:l_\,-' xarzzvveiurugtit

c§c;,*»:r1dc.:1£).

‘i¥mvt~.w:1*. ii i:& 3130 ;.ms:§i§3ie. m im)d€’:-¥t3Ck a §£1S€§‘ wing segtsmiai pr :c:npm"zxE SPM. 5~Z.i:’2'vI
has the Em-:.rc.stix3g cham£;is3ri:‘;ii<: iimt it aiznczxfi -i.n:§i.:::m.an€m1s.Ey fsfilsawx the varizstimx in (fur:

' uptitzzfl fitsirf .im€:1s:fil}t This 1di;"zx~fast x:I"few:'£ can in: i:';:nsi"i)Lx*:x2c::'{ mm :2 satumbicz 2tt>:s::as'hc:'
rc.s;'r(ms;c: by ‘imiiusion uf Lt§1xn;>:::zs:sz%:1g_ §J‘}133‘fit‘.¥!tS in ma Izsaarzsr‘ cavity,

Paar czxsunglbe, :';pa1i21} SM./I (sc:If~f:)cusing') (.1211! be usxzd in cream: an int::ns'*iI}=-ctapcndcwxl

If?-SS. S;.mr.ia§ SEW} will irwtregvgmz;-2 em ititcmiiy«»cie;2«2ude:t1 chzmgw in hctsh km: imtazimn and the
width of tin: rc:;0;r¢z1£c..11? rsmcle beam. xwxisat. By intmducsi.<.n'x :3!“ as hard. or wit 21;2€:.mu'c, the

“ f1:>cu.<.4ing x;=f'1T¢<;*1c:.m he ¢:0s1vc:x‘t:zt€i ‘sum an imxsnsityw£3€*13c:nzkén! firm. (The p1*:.»m;:s is 9150

i‘e§.m'.c'»2d in are .K.K;“¥.‘4‘-]C.i’1.S nm(ic«l<z::ki:1g:'m' KLM.)

I<rm'~-Zens n“:c>ci‘=*»I,0::I~c'mg Cal“: lye. used in many sulici‘-~:etzz1c lz\:sf€:—r;~;, ézither t;':;.! :'e1yis*;g; on

-----------------------------------------------------------------»w»i¥2e» «i szwtrimfiew 5e¥i’~ 1}.-.3Gu55tkggv--Hi?-~i?1~~3 912:4 ac rm‘: 2: {£:»!‘i2.iL:):(5~~by.«»zx-Cidi$1g»--21$’:i£E.i7<“n:usi;:; g_..‘:13:~m:.;'i;11,_....

.rtmr'xy v ‘maczs (mt a=!x:.1mph:. ’}“'iL:;%::1_;.:z;~;I1is‘<:) it is -nest: savers": ¥1€”.t'fL€§9Sé¥¥’§’ t(}.iI!(:3LId(1 :1 true. exgjwtzarzz.

 

  

 

 

 

Gain amci ins»-ss

Time 
Wiguri‘ £1.27 In ‘ims.=;.-x’;a whem fin:-. 1’.i';)pt':I‘
.s1u_t<-.‘ liiimirxzuz Mum in cmnpax'is;{m tn 1!»:

my m1'znuiv:r2~’p lime. ’llki‘.1‘€f is as wimiow

 
hmviscsx. we aim» in dw. his the dye:

mg.» in
"ms.  



HIE Fahd-io$econfl Pzxise l.as.m* Qasign 3Ir‘3

 

 

.1“

Input gzrutzse Enteraminn
‘ ....M elaméznf

/\
N 3 mm W W ,,,, ,_,__,,;x’7 f4‘i;:.xz:rt< $1.1}; ‘flier :v1n,§m-‘iIy»i)f_ Iz .1 ‘N 1'cs"s=m.x:a.A Hui tktfisw11'R2IlStt3‘~t:§13xTt1k*ii2‘£$flIi’I£fY.1€?5

  
*3“ MC’V‘?i”?Q <IL:p»:.nxi mi $31-: > 425 mm put: mm ems.

‘5?3£i*?‘*§“*{ ciciazymi in :‘:m«‘:: 4:»-’tt'I} u,....;,a~;t 2.01112» L\!.f2'<f.
 

’7{’.tw ixighzzr §.;s1in sew by :1 :=;z:n9aIie:‘ t3§r;3={is:“. will <:.x;)<::‘§cs'u:e2 gain £.»‘13!!i‘kI1";iI:i.<:*!1 and %i-23:3 wiil .a:c2rve*.
ms 2': mt’: z.1;3«::*mm in [flit m:;:.y.

11.5.3 Measuring Femiasa-cane: Puisaes

{Z’9m:e. lazm puke xvitftm; amp beinxv ;=:. {kw rxa1ru3.x7v::(;:'1<itS, it bccotmts diiTH:..LI3{ to I11’%.:§B’LlKTfi mmn

with cc.xx2wx':iim1;=J plm1t)c!e.§<:cu3I‘s; and e!e.c;1roni:;s. Thus. 3 xe';;rz‘ie:-Sy :1{’;>Ieg,zz13: txcchnicmctss haw:
zrpptzzmad to tnmsurzs kiwxc: 5:310:71 pu1.~;es.

’3'f3vs: rzi:1§c>x‘iiy z>Hi1s:;~te rx:<:.hrxiqm:s; tiepand on man Bi’ awn putsesz. wiih <;.>m':: d::iz1;g‘::*d in

time. with 3“<:tI§i;,3%2£:1;li:; the tithe? Figufi: 11.23}. 'I"hu2.sxa two praises am .cypic.a1i_y cn:zxu2.<,:! by
2: beam ripiitter am} we tifiiilivii tinm: <i::'§ay .ixxtmduc»:ti by 3 nmxéingg mirmz' (Sue?) a.~r._;z mixmr

my a »:;ap:2z:};ez‘}. Tite. ;.m}sx*:5 am: than ailtgm/ct? LC} n2.~£inu:.x<a<:t in samxm way. amci 21 c:b.:21in’:»e:d
fem: this ixxieracttitrit. 333’ .¢:§:z1t3g§xxg me. §mS§fis.’.}}'1 at‘ one. {misc :emm'xra’I§y M111 rc:sps2i;l to mg:
ttzmczszg an .2um::c¢;'z:;’:‘%2:i:1IEm pzmcm mix in? <.1’hi‘ziin<::3 {adn’1iite:::£Iy, :11 rmcr point per ;}u§£;s:t).

Thar‘: 21:13‘ :2. r11m3b€:..¥‘—0¥ fysixgsmigt inmraeticm fl3.£‘;¥1‘i€*¥’ , Twxti) <1? ma .ms'.3&t.z;%-mz1zn<>1r am

S¢3€iQIi(i iuzrmmti .;$t.,2”1E.é: anti ms}-»_;'2«f ‘icm ;)§:s<..2s;ai1<:xr:s. hr: 31%: Si’:€f}1\(i~§‘}fifl¥1(1l1iiZ nmmxi, ism
.a.:‘me:< nf mt i:.*;,’ts;=1’rf.e-‘:.m’mtz§:>.:' me a1‘r:sx1g;e<i 30 mat. the §”¢iItIS$22S in-xvi: cutimggomtl p.(:§z:z‘%:mii:>n.s;.: A

issconzi~¥1:2i.x‘:11CmiC iZi‘)«$l§i}' $3 (21111. :40 that-£ .!rmI1»c:nic: Iigllast is 01333! pI‘0d12ue:ii when ba;.>:.l*1 p(_aIm‘iz:1-

t.ion.<A :32? px'<':s;::2:;'1i.. ‘E322 mxzlfumi mus t11£:.Z§‘§’lIr<3S am: nxéczriésgactafIi:e.;J1.1is¢:> with its ifs-.3:Iyx:z;i. :‘x3;)Iic:::.
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 Fix: {W In ‘ £10531 sax ‘imptrzr in 31.x<.:r:p€.iI1m1If :‘;<¥~hz .:’:t!mcL

"""""""""""""""""""""""""""""""""""""""""""""“fii””t.’ffé”tw imwn ;n_th~T<'¥L'i. mp .21 tw —p¥‘mm'n film mm. ‘s;%’I‘s”é3“z'2”““""""‘""“"""‘““'”“‘“‘“‘"""""“”""“""““""““"’

xxx;-‘<13; photongz 211%: $ii1!&}.§!£ii1€3f)u$ z1bsc)ri3<:d in {im fi!.:('J!’£:5L€{il'!f xtmtarizii, it $'m.§g;§£) p11(3tvi}ti 0? twicie
the I’naqu~«::ncy is mitts:-at zmd <fe.t<:c+t::=..§i lay .:=: c:1me.m Im j3i}€3££}dr3ir:s;t{m".

1*i.§,z3 S-miiding Putm i\.tis::4;¥=is2«'t...<‘2=§ki:3-’g
 

¥§»sa:i¥3¢' wm.1$< in £3:é:t'r1,i«:>'¢:gt:=;:<;m£i-figs? izism”-2 »;?‘1i‘i't’n2t:*i1.)g .1*s’i>£:1::’4i:.a’% an :'i::5:<§:x:ai1)a‘fiszsigtuy A "321
oi’ ziétaigxis warez. ;pt'€>p:>24<ex£ mm te:2':t:2.:§. }~¥ms«'m1e.r, in '1.*792§i., i£“9r%; at 211,. f1€‘§1$§t-L3 up wim 1 scwctrx»
’{fi\§}‘1‘£}¥’(t£1ii=i{§i’t3;g;,pii¥§€§ .mxizd<:~l!(':ck.i:xg; {siL?PM') rimg i2:xe:'.“‘>“3 Cm’! ri.ng.sr;~1.re Si)‘-S[iCC1€3§§hi1l[ihfli
ml fmnm.~;-r:cz:>i3»c} (tyre. lasmrs ssiaca 111231 112% :a0'Inc. fhrm ix? CJPM fmg §.;c«;)mmtry.

A {y iicai :.»'et«11g.} fm a‘C?Y’.iv1 :a;y>.:'tm'n is shown in Figtare 11.39). The 'la>h:w gain m:m=:':’i:-'1!

is :1 fi<::w},1‘1gg,_ier of rhodmnine 6C3 dye ezcciimi by an mtggon 1:154:32". The: satumhfc :«.:l:rsm'hcr is
2'; 1.’}xinj<:t (H) ;,m.xf) cf‘ absorber dye.

 

 

“R, L :3 B. 1, (§1'w:1c:—.z1x1d V,£$h2sJx‘5:,é1;u>f. i*1«y.s. 1 u: :3z'a:::~'7Ls (mi).
"-““’i~’.. 3.“ §~"a;‘¥::, {'34 V. 2‘fii'mu§:., R. ‘r‘z:::1. mu! (.1. A, Hixliimamx. 4’ . . <:f{;?m‘m1n/11Zi?:‘=i::2‘mz. {3§Ei-W158i} (£933). 
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 ¥3g.j:x;u:ce 11.2?! in ¢;’€z‘U§iiit‘:'  
ht C?.¥”M,. km) gm}nt(z.i‘~;:rrn;):xg;aii:1g ptI¥3€%é;':é.1‘€: fr1};”I\(?J§,t'€}Inii(°.-(1 Si? as to vtzvszmzgj in 2'1 em-’é~

xzmixie ab.s;mbez* cipycz. The; .ix’m:.r£’em.x1c:et cxf the {we guises will ares:-ate a stzsniiing wave ;m:ci<::'n

in the 2;2xt:{zm1::%e ::b;sv:>rb¢z;' dye. "Hit; 'min$mum lass cc'5ndi1ic;n in the dye x::23r:'e:.spen1c1>: in the.
maximum ccmsmaci’i‘ve it3ixar!‘::re;:x1<,:e. for,‘ the Easei‘ puisas.

The sysi.é~m s;:23i1.<;yt1c¥1r0t1i xi :1)‘; hi:x?:11z.aeti:eit‘3xve:.%’i i.o;s;~; <:oud.itic:n :*x1\-s’£x}/Sf}i':%3uI‘.s‘ when

me two cm1nte—z’~prx,)pz1gz:ting pixlses nvcxfazp in zinc: s;mumhh3 22l>sori)e::', C)’l}1:%1' c::mdit.i<ms am:
mum: Jmsy and tapidiy fuse cu! m that lax-amt ¥r:ss:«%a .simatic>n.

{?cxmpm‘;il.i<3n between pulsars fat‘ gain 53 minisnal '£)ec2zu$:: the gain ?n3c<}v£:=1)‘ time is

:;»‘wif‘2 in mn1pau'i.<;<:m tn the z‘(12x1\£i»tr§p- cavity tim-2:-.=. This inttzxfvai hs;*t.wec::*s §}t13Si3 aairiviai Lima:

in ’£§’§& gain media «run he memes: Iétfgfl smd c=:z';ua=:1 ‘fur {mm pxxises by sc;.ma7;:i§ng ‘the gain: and
;1b$:0z‘he-s‘j::i‘5§ ‘ivy’ £3v’!1£-I-’«‘._§'iI£¥!"t.'L‘..§" st‘ 111:: 1’G1:m¥~:r§p ;>.:xth length. {’§"ms iciiezx 11529;: is fm the pxxlsm:
In xweriaga én the »:1atm*z’:§>Ie 21b‘;:m‘h<:r gigs: jczi, hm fiat in 111:: 333;: mcdi:&,)

A figure 9!’ .rm::".i£ {hr azzsmrrxtsia. 2';b:.¢«3r£>cr dye. mCV£§i‘.~ff'!C§i.iIl>g ‘is; the liatm qri‘ film zmiicai

{Said imczmsity whicin sa'2£1s:rau:.s the zs1;>s<;:1‘im.x‘; N‘: the up4"i:::sI filfit} imensity which s':2xLi:m':2cs:»tl1c*.

gain nmtmfiai, Th-2‘: ixigluax‘ this I‘-autism fixes rnme $i€-thk‘. the Kasai’. (LZPVM rings {.1W::1‘ 2: minimum.

oi" £1 fa<:1_m¢ sgsf two im;m;>ve1Im1t «cmzr cm1v:mt_icanz-21. 1,'€Sf3.fl£1i(.)fS ("the f;‘xcu:»r cxf txm is: beczxxrse.
two pufia ' ’ ’

""""""""""""""""""""""""""""""""""""""""""""""""""""""’"£iI{¥c3iiI‘".1'm1 1‘r1‘+.prt;ws;*m:;mi 1 ~31}!{:§'”‘fi‘Z§ffi"’§I'i€”i‘iE>fil“i’ifi"’ “"313 01‘13e:"<:i§'x':".T

the. increzxsed .s£ai.:~i’liiy of {Z‘F’M 1*iug;ss. pt:1::.r1§.L5 rem:;wz2.i <11" di$1m*:~:i\*e ism/itA_y clctmxsxlls wh§x:¥i

mz:§-* k_‘;=rmxgim‘1 .4139.» puise. The rm rsawli is iimt; C_£’Mi fiszgs ‘féfiutté me puma widfi‘: by 2: fzxzzim
<2? ii 1.0 10 s;w<*:.r £‘l£)I1“’)€§'1§g{\)“};3l ¥.‘e2;t“:\mL02‘;~';.

  
 
 

   
   
  

31.5.?) mating :?gzit$ea..§-ampresgmtx

{§r::tixxg;_;3£1is§i:: mn3§>z*assirz:1Es:1ii1a isictzxi éiicfitii 9. . 13z>$"x‘a3m:xIc.irzg i¥xreJtem}§<3:f:x’l Ii»::*:;»,3;fi1s:2f';:1:II:a:>s;
by §us.i.t1g }£~A;3I:;is:3 mr<:ii:.:'§a§;i.:> cg. $321; the i£.‘3(:.).

An mm: piliéia iii :i.i:"§3~3tw'e.{i i§‘trrm5,_;%t 3 :£i.spm‘si'aI9 malarial Whicii‘; iam.;=s.:'i<:ns the s:;1=*::é:'t1‘mn mi’
lhxt i3131sra 1f§1’t‘mk’g.h .*:xi3f~§it1°:’%: r:1miu§exi’ic.;’t1, {S§11_g3c-xnmfiefibcr ix rm usua} ’ .. ;‘z€1';x}ve. m.z1Ie.’1‘i.ai’

I Ihézcalsscz {hie 'i‘:ib£:i' yicizis. :s*;pz;t‘§aIIy ur .. .. f}'t'::;uem;.y i3r{;racir:.x1ix1,£_g, wine!) is; zxI:1wé:t cmiwlgz

: {fits} In st:.1i'=-piiafisb z13or_ii:.lz1§$x:sn.} ”.f’hz3 1* uizmg. p£§¥3€‘5 {jsf "fin: 33.1121-1 Ie:':np€:;*a! wi:im,. but with

2: .f‘m:Ior mi" 3 in 5 ¥3I‘i3zu‘Ie.r §;;3€t::I‘r;11I1} is {H611 1~3i‘i+’:i:&z3»i¥ bemwtzfi {Wis gtmixxgs. "¥"?*m. gzrzmxagg

pair _i’g';(1'§3(j!1;§;2;;1§; I,-4 pjrmge 5112;}, which. .35 .3 .<:;1x:1:ii.mt:ic .fimz:t§0’n crf §1'eqtxe’x1c:§g’ :ms:i {is 0;3»p(.x.si’t<: in

 
 

  
 

 
 
 



 

375in Ftanwtosecerxd Pulse Laser Design

tn»pv£ puis-9.
5'.{L?i3CifiiU}.¥
broadcmeci‘

  
£3ma’1’im;.;
pair “‘"”“"‘“””’“ " “M”

‘femporaily
compress-ed
pulse»

.if‘>’igtrr9 H.311 {3§z~.=xxing puise +;mn;2z‘eaLs‘¥is.¢1 txszzrs e2z.if'~i{v1r2~z;>‘c xim’u'infrxti<31\ in :1 film‘ In
hmzuiers tiw. ».‘;§3<:»g:I.rurt-1 of 1.12:: pxnisu, lbilmvesxi by 2: gm1i:‘1g pair :0 ytemg.mr;§lly sconzpz-<:.»:s

tin": ‘p\’kI:‘;i1‘}.

sigzt in am: M‘ 311:: di:_%p::.x‘1‘»‘ivt‘. "medium. Thea. and msulz. h; 2: ’:m'npr;::*:r:iE}; Sht?7I"i€1’I' puss: wiih 7:1
1.w0:zde.r sps'.::’:it'um. '

"I ?.,5‘.f3 3<:isii'Ions

"(Ems the. (TM ring 3ase..r g,c<21ntt£x'ies b::s;:,:x:rm vs*:tiI«éstza§3ti.sfhx:d., resazzrciz izxegzm tn f9::u.s

an <i.£spez*:;&t:¢ }7zmp::.g'ii§=::«; cf (hr: rcs:>x':amsx In 19851, ’\v¥a1r1ine.:I. ex. zsnl. W1:-pc:2s€c1 me itimx

:hé;£. bzsfiizwixzg grzgmgs 'x2g2.tc:g;i£_y £§.i1Ei_’{)&2“t‘£>fi.£¥!’& {{3V’{}) 2-xgéiififiél ;§e1.f«;).t:ase m.0d1flat’ié;m {:53»P‘M."} =z..n'igIzi
‘pmvi<ir; :gs:;z’titz’m,—.1iI<::2 gnxmgz .$;¥?:a}j::i.z'sV.;z_ zuizd ¥’L:rii1e.1‘ nzdmza ihtz i::£:zpx;>1'a} puificir. \z=i€5I.¥1.‘5*3" f-i£3we\2e;r,,
M2-I.t‘£:im*:."a, iii‘ 91. ztrtzfiséwe-2:3. that 11153: 23-t?€J<:£ was Lmiikts {£3 fitlittil’ in ct-m.m‘:€r1:§om1i CPM ring

3§’~:.fé<:‘21”.S« ’bi‘C£1£xEe' M” £1 cotnp~za.tiz'i;)n iaaiwctcxxk a iiegzxiive c.0:’1:’zfii:m£ims. w the .im:t2xc»avity S}3IxI3$
&’€f‘ii£ih 21ri;s‘t2:s j£7‘rm't‘2 that 1it:r2s:t~gie;3:zs1c§:2:§i sztfurmimt ::>¥‘tE1»zt ah3;c.2:’§3<=:z‘ Kgiyc, zmzi the ;1{§.~:it:ivc E§.¥"’.§vi,;
w'§1'mE1 ..ii§’i3:::S.«fi‘f)m me .fast....i{!@.i*£. cffevat. in . »£f2€.. iiysit. :.i{.31‘s'i§l?t.. _. '}“§1.i§.._.c.:=:.x

   

woufci nm-‘.<:i in ‘mi I’e£i§¥i:.t;*-(1 fat the 750111011 §)s’f§'t&1\*'i(‘!»I.' to be <:>}>:;z:s*sy‘v:ci}3"""

Tixis C<.2¥£1k".-£3;_Z‘f£ <:x'1‘balam:i1\g the (E913 agszinst me .SPi\/1 cu fcmn :_:QE‘itt.>n:; *.;v£1s:fix‘st 41;:’.m<m.«
‘ Va-z:i by \1~ai<imanis.a -+21 :21. in ii}:-';é:3 in ;'€;ix~=z31is‘r£:I"(.IPM ring e.avit.y wizh fmxr gmsarms itged

M :%is;ae.rs.i:m =ix‘::13ng £é.I»c:nzAz:zz£s”5“"‘ {stat} §"igzi:ré I Lfiiif). 3:1 zthfia <:§.>n§‘i;;_um{i.:.9iI. faulr . s.cd~;s.i.1ic;1
pm a :3 -usiizi with ' we i:z:::xm.. mzmmg 1hm=u5,g_h the apgzx imtzh ;,1ri:’:m:,1, “me. aim ' ' an
K > ixmgih L, With {fX1l‘”*£>;?E£ t3’eg;1t’i‘v‘e €;"X*’I}, ‘mt: }a§:i:;' 1’1‘}:2a.in1.a§'s‘is:§.i m"xi'5Ir2

{H _2;Lim:3 but E¥fsx‘;% ;.“1:ui§::el'w'i.s:3£3: gr2;:¢‘1x:zaiiii,3=‘ ’in.m*e2x2;§:d.. ’¥‘a:;r :2x*::::.:;5. :3 . {EVE}, ’::hr;3 ¥:1s::‘>;:r was
iii? if .¥3<;>i Si£;i1i3fz“£»£}t‘ :t-'at1'w‘A:it¥:t 5} " e’: ;::1t‘><§:t: $312: with 30:13 g3'!..ti.s‘€: wiCi.¥i1:eL ’V213e3n-ma-E3 izi. 2:1,

hy’p{3i¥xc1:~“.ize§§ 8121; the fast ‘Km’ :2-.i‘fc,tc:t i3": 1:21;“. Aéya §si’:’£w;'m w§13’i::>3n:;ze.§3saI:is1g f'x:x:' xiiw ’¥1i:g;3Iiv::

  

 

 

-it-1im::~z.. Rim F’<:sr‘I-‘.; ax-mi 3. $4’. €§c>r<§zm. fipr, f..(?’(f. %}:i»‘5(i (H3843.

V.-‘ Isrlmixxcvz‘ R, L. ’?7<sx‘};, mu} 3. P. flicxrsiimm. J, ¢.“)})r. .Sos*1i', 227553 (191853,

"53. A. ’i"aldIn::nis. £2. I... 'l*"m~}»:., and .1. P." C$m'dc.m. Upt. !..z*11.. 3&1}! (1985),
‘"33. .-\.. \*’z'zl'i.I.n-uani;-. and R. L. i°«::u'!~:, .1; zsf zgvnmzmn ;z.?I.zwr.m. QR-22:11! cxasm.

   

115.. anjt1tm(:mri1;g-ieial,......................................................:...........

' Sifiei ihm is sx‘r1ai3. emit 3:'1~53‘-§,#£ifiX’s?». '§°¥u':iLt‘ $1§ggé§?5¥;i(‘1n was. than (me of (i1v:~:»r:*.; »:;:.m1t.rib1tI~i§3g wtmxes
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’i“i:gm-e ;i=i.3.§, “fin: §."t)1.t£-ci‘:;>{ ’ tin! gmtxgs write:-tisy r.Ji.$.<1;>’a‘*:;'si»;;2’;'3 ;§_§;:’1i-rmi 8:»:
;tk.i1z:s:': mtii§uia.§" gs; .39 _!i1>m1— :;::_>_i m: was mt <2<:*m£)1x${:t‘1i1£&d by Vzxmmzsmsw.‘ at at ‘in. £985 in
:3 .s"ix-=Ix1%mr;‘ €:£1'i\«i ring mu‘-ix-y an f'0u;~ wriz-;r1z3 its as difvgirizeifilt zoning cfcmemw. mhtxtri
.11 A. \’nh1rm:snis zmri :¥<, 1.. grit, “I’)::si;;m {Tcsrm iz:2';rlimLs far 3 P::rvmm:.tL:m\cf I-’n‘Iw. Lamzx
!;<I;Ii;=:t1¢in;_;‘ Sci)‘ 91;: ~ ?v‘i()<i£i1:aIix:2<t’L,. Group Yzticrtily §I’3»is-pex's:.im:, San 1e 2\.1:amx'1a1.i:1x:. am"!
1%;-L=x£1:x'2.l’!1¥:> €§:a.iu,," IL .1‘ <:3t'.Qxza1xIz1t:1£i’5x:>¢'mm, €}.Ei-~'3.2:i 3'2 (‘i‘)E§l.4 ?35‘§fl'« i1’.‘lIiE3IZ3

 

 
  

  

i.IH‘t‘s'iw<.§ttL*é‘<} CW1?) by {hut p1'i..«.:rns and thus erexitixxg {$12 .*;€:iitt;r1 fm'mzui:;>n.. in e,h‘»;\}r?.m‘:t'.?, the Ken‘

¥:¥'?£*-rrri ge.rIc:ra:.:sd :1 ;311i?5'<: with :2 pcxsitive .ci1i:‘~p (21 p(:\s;.i£ive. iirneax‘ £32333 118.1‘: :2 piwaxsa gvermaz‘
mar: '.«.e.z*o and gzan ht’: mmjaidzered qLm}i1e:tive!y In have: the red Iigh1cr:smi,ng fir:-;’t 3:16 the bins

Iightz, gztaming .:;,.g>.cm5;_}‘ ’\%~'l1§i,;‘.h :requi;:':::a;'i aha :-:<:E.<£ix3::m mi‘ 3, ’m‘:g,a(iv'e. (W1) (0 gene.:‘m~. puma:
z;:{>'2x:L§.ma;~:si:m’.

?11.§iI‘ %§e:rr»i.eAns; iwlude-imc¥£i'fig {§€i.fi_5) if} “¥”§:ISap~;:shire

‘f’3‘im' ti) l?3.}9ii, :2 va‘11‘i<€ty 9%‘ n'2(.u,¥z;*.~§m‘:$:iI1g Ic~t.ch21iqm’:.s.z hacf inner: zxppiied Eu ”¥”i::mpp'i1i.s'e.. Thsm:

iI'}€‘.1Li£.§r¢£i é;};m*.?rx‘m1x§u:2 pmnping, a:;r:n1s'tn--xxptic mud21h~1Iic):1, pza.a.sivr: ‘1,”I"L0€}{-:~~I(3\f3i£i’iI‘!g. itijectirm
$t:r;n:'iit‘sg. ma addifm: gwtaiém m<J.:ic:~X(.)s:i<i's1g. ‘Tim cmiy c:c::n*x,r1m1 feaixmz was {hat fill’? ie<:hr";‘1c;_m‘:s
wari: <;iifE‘u'mi.i. mm 310! wegxr sL1c‘cmsf'13l (,Lh<3 ;»t.hstu'zes! ;:mIs<s: \\ricitt‘: ;:p;)1*0>;:i1mz,u.~..iy 3410
f‘e.zmcas;s:c:;m<is txsizig injz:,:;§i<:s,r1 3:36-<‘§5r1g[>.

¥‘2¥1>w«3v¢..1‘, in 1991, Spam’ ‘. ct  
 

£is2mx3I1.*§ix“§iis2d 2“: new .nmde.4

.2 §,ii'x’ii{i{’}’t1"”’{’§f .i~:;2':hr. (,1 \’

11:16.3 Km: szkgatxt i‘c:23’tx.u‘:-3» 1¥2.a*£ the izfiticrul. mmiim:a;*i£y was {2*m(1u.ccd by the ‘I‘i:szxp;mi.s*e £:ry$;t:al
it'.~;c}f i,r»:=:'xhz3»r mam "$233 an a(i<:¥iti<maI -:;>’;:?»iic.§i§ z‘:'¥£:'sx1:::33’£.).
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4 ' "f wi-1:}: that pt*..;'r}.1i:;Siu1z if
(if A'n1«"s"Zm';;s1_}»-v»....-.»
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xx1odE:«-Iczxzkixxg g}rx}c*c:z;s. (,°¥’i:.~:app'f3iir<r rc.~;r‘:ar:‘h;*.2‘:«: typicalfy sstart the ‘i.zL5;»::r:«; m<.rci.:2~§o::‘ki1':§,_z by
tzxpgaing, an :z11ir;7or!} Km .I&*.lim Izxsm’ inc(;r.1'parat.e.:<2-1 r1m:'e¥ mmgeiermlcsstgtia var:iat.ic.>n Lachsxicpsr:
tmxi c:'e2x'£es, :1 sLs!"£ic:icnfiy shm‘! pals:-1 In .=;t;u't the m<:>cie«10.ck.$:I;;g :;3m(-.<:s;s.

The npziazzxi K31-H-"i{‘§,' E1)? the piccme-cum! Mm €3l3i}~P' is ilitzsmzttmi in Figun: I135. Tiw
pump fiarmn ::nEm*.~; at M4, mu! 1rri1‘s‘0x's-;‘§vIéi and M5 are tm11espz1a'enl to me: pump fight. Ik/im'm':~'.
M2. N13‘ M3, M5. M8, and MK) are Eaigiéaiyr rcmciivr: oven‘ the ‘]‘i:sz1pphire x ‘a\»‘elc11gIl1:'s.
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esimpiy nmving prim: ‘Pi and rnimwr M710 and using the mimyr zcomhitwatmn M1. M2, M3,
:V'§¢i, M5? M8, amt! M9.
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snw {E3\7sz’ mixrmz‘ 3:312, ;3L1'3¥3‘;:3"2Z*(1 by’ 33 hi vmti m‘g»::v:':-‘firm 3115::-:r,), The rep;:tii‘ic)11 x:;m;°. is 7-6: M?-T2
wiiirw ii imam"; :£¥2nn¢..z‘t';z‘ af (H m (3.3 mm anti 1: di\‘t':1“§,'j€‘mZ(;’. :2!‘ if? it‘) 3.7 axzzmi.
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(3.23 :1 mht-:2 nr Em .xt'nI111‘:.z11'ifzii1§;{ fuixmz <iew¥cs;;na.mt~:.
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Exerciseg ’ V ' 33:

nm~m:aI.) £13321; diagx:am:‘s zgixnilar m FigI.m: 11.17, cxpiain the c:i‘E’s;*<:s mm this :zis2:x':‘1-‘wt w<.-mid
lam: if i.m:taIlc3d in ax ,(ypi:’.al ring iaser. ‘

IN’: idmzign) {Trmti’tx,g t1I1§»€ii.ri;‘€i'i<):£}'eti‘ c:2:=r¢$1.I:11i:>:: is :1 sec-:':ry i:m3:manr Ciesigtl isssur in mg 1:z5m;. The

taxi ttlciilliiainffés using ;mI:*.>:ttt1* :11 t::wi:y Q1‘ 2: Fzxrmtlay r<,:mmr' to mew: m1idim«:€icax.m? :>;»:cit§a1irrn.
’?m§p<’ ’< at 1:11:51<>m3si£§1:2;t’tna¥im¢.£far ::<:1h.icwing u»ni<I.i1*ezri‘i:;r;a1 .:).'<<:.i’iim§i;»x1 in 2: ring lawn Yarur

  

 

'i¥t1s;\§‘£r __ ,: ‘ > xiac.
{#3. 2: 3. ' idezx.

{ii} 22 x2:i’i:rea:n:::;2 :1! 1: ij. r:i;ta.r1éirig§im1£ idea, gm!
{{1} 't‘-we .ss,:i:z{mic§e:; zixswssiing‘£i1eii::ia::s.,

iiimtfriragerz-1 Q»i‘}’.*§{€i1§ . ‘

"$1.7 Axsmm that yaw 313%. New ig}cmi=::e1l po3»ari,"/.::r$ as‘im1c:2v:i with their p;C:i£\I"iZatEK‘21H1K»‘:5; 2:: <i.€g3's:cs
tc; ;:<;\_;:§1 Oifwzr, mestlxne you hzwe an ~im:‘u¥<mi ux1g.m1:u‘izt.%d w11i(L! lig}-11 ;x'0uI‘<>i*. £25? an im~:‘.:1&ity {if
101} waxrsferzzg. ».. mac. hmh ;>:)'iz1x‘i2eu: haw, A,;z{).:3 and .!.'§:.9(335‘5 m/m'1f1L=-. rmzxge of Ihv white
light sat:-rec. Haw nmch iigm ixm1I1sx1'1it(¢dflnftaughth¢%;><>fat'i.:«1c:1zs;‘? N0\v_.,z1dr3 :3 third i<;lc2:x1t.ic211
p~:‘;}z1ri2fc:'iI3~f3etsve2;%s1 the two cro::::::<i pc:>.iarizc.:'s, <>r'ic:’sww;3 at 435 deg:‘¢z':s to each ox*ig.iu1a’i pt9ta:'3zer.
Haw much fight is now ’i:'zm.~;xn-iwzd tftsicmgh the thrmx pr)i:1rixt'.rs'? How much light. would he.
mmsnmzed it‘ the zthraei p:)ta.r%z<=::x:e xrmre. ;n~:m:t:.5".’ fixplain.

 

11.8 {dctsigzw} ’Us:c. mam cars: and pins (0 mnszmctt :1 music; :35‘ me indixzatfix for 3 x1eg.2zti\/:2 unie.2.:<i;ad
strysmi. i_T§1.is sum. be atom‘. by ctstting N.-(3 fi::axwz:17s'& cihpses with :1, and nu ;.r1z:_jm'.:1xe.s, sand"
me fhaxiwora ciy:-ate with an 2:“ mkitla. Theta, cum iraf the "ellipses visa! in half. and rzmc cm
in qu;-mars» Tim slruszture is; than s'c:zs.se:n{11e¢'l as an indicrzairix using me pints, T116 nmdai Qilfl

be fm1.he.r' miltzxalced bf adding a S:»vecio1' and the. asmztiafcxl efiipssz uxizsg a ci$E‘fc:x'r:m mint of
f<>‘:u:nv ewe.)

{L9 (desigafl I2s:pe:\t‘—1la+2 pr::vim:.& p.rc>bk:n.1. hm built} a px'>$i£,§\'t? unizxxiut 'im§ic:ur3.»;.

13.10 (design) §{e.pg;u me. ;.m).v§c>1sx problerm, hm, ibuild an imI.ir:;1trix far 2': hisaszial -';ry~staL Bimiazl
C1‘}’S‘1:tl§,; haw;-. ‘two t;ptis:.:z’i axsex. Ixaczms threw an H11: indic:.m’i.\; mzmce it buiit.

.§ 3.41. Cmz.s'id£tr me general p1r<m’km1 :21?’ {)£0;3:1gt1t‘i<i1i1 th.r<:»ugl: sx pL’l1<1ii\=‘s3 m‘ msgaziw. umzmat cs‘3s's’tB;l.
fffieiexwniisa an equ:ni:m flmt affavweié the 4:2Ik:t.1izuim) of m,f,_i‘~J. :13) sand :1‘. (6, rm fin’ am a:'»§3its':1r'y til
and 211 1;-jivcm 13;, mui 1:, cf‘ the mig’i:1:11::2'y;«;t.:;nt.,
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/—‘\.s.;«xIz1e‘t’im1 §‘{.Y{t a=r~:*. p:'g:pag;1.{i.ng 2: 1;c:;mm:ii’?Te.f$ :¥;2§1'r:e$ to me :>;:v£.§.c axis ms rm»:-x>;urs2<¥ from this
mmzai} 231:6 midway b-»;~w:»:«~2n the :r-» mu} j;v—a.'~;»2:é (ix... at «£5 fle;gt*er:»s in mzzh xaxiré}. f}z=:i:mnin<:
am: €){1$£'.*.¥'\}’§‘:{I 2’x,,{fi,. <12) £11113 ‘km: m€,i?, aft} fix all itismi '5'}/$t’e',’J1‘s‘5§..

’W—:e1~»-‘e pfzflozs V

‘X 1.33 ;‘%ssu11w that ynu. are on an intwviexsr for $1 jab in i3})fiC$ and me iI1’t«~;r:‘v,ieAe\’<:5‘ iaaxrtcis §/ms cvm
ici§tr:11i.a::£x1I_y appearing. tfzpticzzd elexzncxmzs. She. {alts ;w=u that they are 2: c;u:crtcz~»w:=tvv: pimc anal n
;.x>‘lar:i;:s.2:-. Stu: ‘ gm: Vic: figum cm: wh.,‘u,:h ix which. Di::sx°:riim what sm*:{!md you wcmid. use
10 .:iis’m1;;uVis;t3 imtsve-an the a1ems;~.nt.s using uni}! iiimins p1*c;ss:=ni. in a cm:w<mu'<ma.t ism:wi£zwz:s*’.»s
caffictez.

 



3&2 ”i‘r22:ns;iiE<3r>a¥vX:e§ai $e>iiri~$tme Lasers chap. 1‘?

stixw. Crnmi:i=2=s\:1wz;w pi2m3¥%xbIiic.sx!.::d¥1’0t1H:231t3ii‘r2{fig I.f3.’5$é-“L m }r£§$.(.1iE§A 1-inxvg m‘i.::.£; mm ma
weave. glam {:23 in C:1rt';I<’:£Ex;)—<ix;pL’:<!';=1tx': ax-qLxzx;;:»:e:=~wz.wv pims wiith 2: M2 911:2. . .:hi¥'i’? Ase‘»L:rv:<‘: the
w-ave plaizz is in be usazd mm :1 632.8 um flsaser.

 

I3:§»c*e£x‘i11g-321% fiI:te.;'a§

3:35 Kim-xtiz» pmgrsuu ma! purdicitzr; time: trm:s;rnis:«:i:Jsz_t3i? a1'bi1"s:i“rix1g.ex.:i filtxw. U:st;' this pr*ugz':zm to
czairmizxter the ii'é1m‘en’ii(I::‘t'rt.t'.‘4;2 ,¢3f‘v:z iI‘u'e<:~s§a;ge filiv f2:i:y1*icau:a:! mam cguartxt. Axxtxfxxxe ma smallest
.ei;':.n'§§*m is £31; {(1131: mic.;:~ and lim sim m.1§::.i.s !:’;?:2:?. A$$ut11ctii:e‘Nfi.T:t%2§' i..»;im;:a§tc:<:1z:ti3mtwstsrr's

unw anti rim: that :c:%m.icsm'xi} ztrtgie is sjizg. .

H.&i£i '.!?‘has. micutmvzci 1’r;ar1s:x11iéLsi:i>:1 i‘m:te:iimi mi" 2: 13:i1’£:fz7it:g§::nt mm-r wzsily dar-.=:s mt §7ii(yi\&§t’£‘§_‘3>‘ fix»: zrue.
mine -of the fi.i(t:m w’I1:::n. .iu1s»i:1I?i¢:3. invsisiéz :1 item‘ ca-x:i‘ty, ' z>.:bine:_1’tz:2 b:‘u2(”z*is1gm: fitmr :m:x1—

ggig g;{' .sv.;*;,;mz 3.1.4;2. with the mmpiag <:‘s9:m.:raim.s ;1:isc;;§sc<i iii smm 5&3 tn’: :112‘e<3is:"¥ the
mngsur. ’i:t1t:*:—r1s-ii}; {as ea fxzttnticm cf v<.»av~atmx;.;1§1} for a Ti:’;%(x;)ph;im fuse: with 3 bi.mfri.ngmu film:
insmliead 1n..sid¢ the §a5z:—.z'. A-mama. (ht: Ti:sa&p;7I3.i1'e Iasczr is the (;‘»oh.e§n°.m .nmcieIL $§9:,). ciiwussszd
111 Sei‘i.'t0n .1 1.4.3. Afislxmc I3irc¥xti1'xgcm filter is the we in E.xc:‘<;i:~:e 3 1.115‘ \’(2ur zmxxws‘ 5-;i1:cmi(l
include:

(21) a brief” ('2: few $e.ntex1ce::?; anzxtysis; :3?" how ynu mw.ckxzd the pmhiam,
(b) a ‘listing uf yum .aas,11rtxg3(i<:>11:s‘,
411'} 3 C€)f|CiS§? i~;us"ru:1ax';;r of ycaur‘ film! i2’.t’,‘{t12M<m$. and
id} :1 pk): cf intcmtity (y—ix'.*<i:+) vezrsus xvzamc;-zgtix {..t’~2\Xi§_} f':'.u‘ the imer.

 

 

‘fire. Com~:x<9:1.: modcei 890 mu: 8% ’£‘i:::sa;:»{>§:si:'e ka>:e:‘s

am‘: Cass .g.n}-£}i>tai:1('¥z2:::« 5,i:c<:I1:s.,i‘m:xa1ws::x'r;zajQrrna.m1§‘a::£u:=ersnfcwfifizsugypixirez1a9»::rs. Cmt.'q;mr»;>
aux} mm:-aszt the iasser -.s-ys;-t:2z11.s. ("mu may wizaiw m mmfinzna xviiii yam clas%:n1:%:.(r;*.a tn amid
having .21 Rifgit rzmmber sf gmupic. contexciing fim samz:-. veudmr.} ‘:.‘mu‘ m-mxazz‘ simuhi isxciudeg
{:2} :1 xaixic c:.un's.paring Iiisit’-&'a.1‘&t::1t5;& frzmums’ nit’ zfvr» immcrs. mm
{B} .»‘.,mm; gyarzxg-ranks ziigxmzistaixag {he re:iz:rix-s::~ szm.s.wgit1;s aw w;%:.1k.nesi:y:esz «of :.k:';. 3-as:-.2: $_V’SI'.'t'211‘2.‘I-$.

, Tim dasign of ’f§és-:1t:rsit»rI13nd' mars

11.18 {’:i<3sii;_“;:1_)Tf.3[1:taia?s t::n;>ie:s m'’(). 33;. 3'%iIarti:'1.ez..§’~t. L. 'E~°r,u‘l»; and 3. -{K Go1‘r§crm 1.i7pr; .Lm $?"§‘St‘i { $9823;
3, A... V:1’ix:I:m%x1fi§.,_ K. L‘ §"“§'.v£’3r;..‘ said 5.. P. €§ar€§<m,, Upz. .E.s"m H333} (I§‘2I§5’_); and E}, Sp.:3m*.e..

V» N can. and W. Sib1':<-3:11, Q31. £..z:.rf.. i{::<§'2 €'¥F1‘S3‘I'}. iiiéth Uf'th::ts,e. ’{‘5i1p§?t‘?2 rap: ~ laxative ur
"""""""""""""""""""""""""""""""""""'“"“““;‘“"""““““'“'“"‘" that .i3I'EI[6;'£"I”§f 111cm": at 13%. :i’:n«;+r-1i:’e ’p:z;perr V.?r?Ttc':II.”‘R£%;tL'i""(he p:s33€J1‘:s’;*Stvt1<;i‘devs“£m;3~zi ,~;umr:mw_>,=

vi‘ the t3ew:}npxz2::<.m ,¢;wi‘»me state 6:?" me an‘ ‘m g!'<>1‘Ip V€5.Im’.i1V t'iis31<::'s:im1 (€3\f.I3) cquxnpszswszxtmux
iwcrxx.-man £934 amzi 1‘J€§}.. Yt;1tsrm't$wr::r5hm1hi imimigz it hr} ‘{three am fmz1:»zm1g.:'zzphe:}:4m»n.21mry

mi‘ iiw <i::v<a=IL>j>x~::1»:m{ of the $ierte :3? 1m e:.s1"'£iw mi in CSVIZQ .v*urm;:r:n:s;zti<:n': b§.‘lW5;itZ',1'3' {.984 -and
¥‘~}9’1\

liigfii iaizzsigrxj 'M.~2asu::ing the wid1I1 mi.” fmx1ti)x:cce>:rci gauizwze 33 3. .rzz:al c§1:mz:nge! Que mag: cat?‘ i,m‘1i’t'(:x:I
m.<;‘zt3;1.1¥‘€¥‘£§€2’;)Liklffihfxfqttxf ix‘ Lia i'h’e..{’r:%3:t, f"rcs;:«c'sse.awcnzymer gms... ‘ic: xxrtxyss i‘s>'r.z1':e2m1ri:rg
tf;é:;_u1§:;s: wimn ,’ ,‘e.; (:mu;l puts Ymxr answ xhcnjfxj in:.‘ILu;’it.* ,
({1} {mp xi: mic: st-wickets {if your pm; ’ s»:=.heme.s taraw:'nsu.rin;;1i‘xepuisgr widiitwf‘ fétzfitififiaif-r

mtci pa and
(13) £1 'fiiY§’ :«;emc:.m;:‘c.s: mi eswh ngpgnmzmh §',w.i1i:w c;t:a}é;zL}afic;1;s as z:p;:s'::;:rrizxh:} rk:.<a‘:*ii2i;:1ggt¥:r zxctisrsmo

%‘:xg-as zinc“! <fii5€sd\¥'m3t‘e3gK:$ 0.?‘ the: zi§};.‘s:1‘<;I.zI£‘1L

.!..i..2£t {:i<:::;.igm'} 33:: smut: %if1s:ar:.I s°t,*.w«a:n:h,{ m.;a§1xp’ie., abet}; .:*e:~m'}£ 3i:é?Slit';2£a' m‘ lIf:;c1cf:jc!x§.t‘31€1i& suszia
3x:,~;ta1- sF?'am;x Wmirl 1-mtii Pfzaizrtl .‘>/n2<:.t;m.’, and i‘3;”=<.'.§i“{Ii U? ;w;rm£e:xx1ic j(7(‘!1’¥'(aiS sum

the {£21312 mzmml zgf iijimcrrrrmi: ££I‘e.¢.m:mi;:s~. A;.>p.I{za:I‘.1‘*Ii3=si:5 Ixrrzzras, £13313 1}_pri:;:s: Z,w:ar:;} and:
um-rmsxzc ::f;<:,::u::.'mn»t. state ed’ the 212‘: Sn =f'en1te:::%es;<;z::d-pulse ¥zas%:r2:. §?\7i::at do imu. Willi’: is :.lw.
simziast -g3s::>::s;i’bI~:: ;fm'¥i:;e‘ i»¢x,2gifi-‘i ’&’:>’ur :x;1s.<-~.4ec:sms¥x«>u.§zi ixmitzcictz
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{:2} st a.oma« 1:3 ('\vc:»--pzxragmpix ;%:Zss::‘ipi::i<>;1 —!.::f 215:: Stain: 01’ 1.33:“, am in f€;‘»m§‘T,11”:’¥C01'§ti pulse _!m3x*.r2a
{_;in{:}m‘-i‘i’n,g, re. 3}, and

{b} :a 0113- m {.f¥im’2—pam§.;r£1ph sxmtx’ ’ sat" 3-min‘ cypinizm {:'::up;‘r§n'te:3 by ffiicits, referezzcés. axmi
-LmIz:u¥:aL$u11s)oflixii S§1(\I1‘h;*.:¢£i ;3=r.x.~'.s..:i;> s. guise lmgtlz f'rw;.xm :1 ft:mtL1:;I:csaIid«;)t.t1Sz2= fzmér.

 
 

T119. {j;_iI1e‘.«’re.;1£ Mira féntmsecolld 'f.’35£,‘*.f2\3

3:11‘ {da:;ign) Qbmin clam :s~.hs:=e.t.s frmn Lwc.» majcxr 111z111I1fz=ui:I‘ur‘c.*.r2sa srsf f‘<:mt’asemxuivxaulse 7i‘i:3app?1ir¢
izm~.r:;, Cempazte amt} c£m1m.~;1 ifha taxes’ gvstems. ("K011 nmy wish {(3 :;»:w:t'c§ina1<i-. with your
cfzz2sst1a21ttz,s ti) .-é;vc>}:.i $‘nzwi11§_.{ $1 Iai‘ga ntirnabur of maple ccarwtactiixag me ~:;;'\tn§‘. v*.m;k7r.‘} X’-cmr
Z1s1sxw;1'£;hé!L1l(i it)fi}E£(1t.‘: '
fa") 21 iablé manigizifing rim vzxricaus t‘cauxm at‘ the lazsmis, zmti
U1} :§r,w:»x'a3 ;2m’:,g.ra;aI1s disczmsisxg ms: 1‘€:1ati'v:‘: .:er:r<:ng1iu; and xveakrxesszes M" the. £mr.m~ syrstexxxst
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Carixrm iaiitzezkzivzée §.a:z~>£::“£

a T0 Smmmaxisw the: gerzaric ch21ra::§:2r3:s2.ic:s <3?’ ihxé Cf.3g 12156:.

at Tc: (§€i$C’¥ibfi§ 131:: X":-1!‘§{‘.#UZ>2 zmcrgy 55:21:25; 03' the CC); iazmr and {(3 s;ur:1:'z12::‘i2§:z haw Vthase
:;ia;e:s inre.a.ra<:Ls Wiih §:,:,a.g:§:1 rztiser,

u Ti‘) st.:mmz1§i;:.z=: ma :s£=:c;ue‘:2.ce <3? mxtczrical $w:.:m; ktadizsg {:3 ihe i'i(.‘-\i§3§C>_§}SiI‘}£i¥1£ :33" the
5§?zi’£§:;‘.

a '1“<3« a;i+:2.s;%::fi§:>t: that major :‘:I§1arasie::rist'ia:s <3!’ wavaguickt wzzsus frmz spam C302 §'as,:2.ss.
‘a To <i§5§;9‘.’ri3:3=:3 2&3 c:.<ms.tm::,Lis:m :21‘ z: <;<>m.mé:rc:ia£ wavaguifie CO3 iasx-:.r.

Qlxcixrzvsar Iasxam

. a- "D3 S1.}Ii1:¥I’3.§1FIT€£’: this gamariz: charactxztésims :3? the .é“:2mi.a':mr mar.

________________________________"1_____WMWW_»__WV__~_W__;g~3&3“_§§£;g;f§§3£ the various; enmgy‘ ‘ate-:a G? the €“XC»§i‘1’2.£‘£i“§Ii§'s':.”5.{’ maxi (<3 ~2z:r::1n:a:i2e;h:;:w
xiaase ma£s2éM§§i¥érz£E§7.?§§}§‘Ei&3§‘gather. """"""""""""""""""""H ”"""""""""""""""'“

a "fa smrmmariztiz L314? -.<.»e{;u::.m:z: of hisamizzal avazxzts iaadiztg tn aha ;§eve§<:«p»;rsze;:t of this
::;~.:cri’:nr:r Ii:a:5az:r'.

.3 ix": datzecriiszt aim gz=:nera.i <3e:.»;~i,g:3. priiicipifis umieriyirng e.xx:ir-mar ilascrx. "$315252: i::c§1zc§e
;m2;iozzimtix;3:z, fiffifffifiil §'i3c:}§z1tge fire-uizgry, anti main aii..:é:imx*ga ciraaziiry‘
“M xiwazribe W2. mrmmczims ¢:>f zs mmrrzzzzrsziai mcinw laser.

éfikarni-rI:=§)(1=t§§xx:i.<3r :s§£esi¥.=e ‘¥.ase::*:s

9 Tea su.mmar§rz<: ¥§?i3 zas:-qmm-xsa {sf Eaiswricai m~e:mzs I<::a<iing my the ~df:vsI€3p’m(mI 9581::
$.'$:1‘§ii:£}.i°3(§£S.C’t(3$‘ $a.sz~“:.n ,

a< Ts: <-mszszriba Qua enszigy band same-rm-z: of me-. 2:§:’zniV»;:.cx.n.<i:,:.c:tr:».:’ ciinde. 1.339;‘.

 



 '‘»:'2«::. $2.? rm fiasign :2»? Cawiszzrz '£3?e;x.ir..iss Laams

9 ”Ii":> sa2nzm2:r*i.z.c t:‘m*: §§.I"€3s:'>§5$i$ <3»? pm:n:»§;.§fig; rim: mmicxyizmicrwr diacifi Easter wiih £1 92$
j-xzmztmrx. ‘

as T0 c§»e.:~;::ri§3~:: me pm(:€'.:$$ cf m:a:§.ng, a s::'r:2ic0n<iuc.»:o-r mar: e:z:vit.3~’ fly chsavitxg the
sgemiczxzmductcxr mzaicrial.

42 ‘I13 drxzcriba the $3Ii‘i§3£ifi{i€:S am} -r:33ffsmn<:c:<s bzazwuirz hc;rw;>s:.mc:m.r§-3 and ht2{a.rosim.cV-
mm, :'~3»§:‘1Tf!.i<:fi§£'iI3,11(}t(")1” clicrdtz Samara.

ax Tc: dc::;r:rit>:3 that ir:1;.~mz2:r:<:e: of v:2.rri.<;:ai and h<)ri,zr>n.tz21 cmtfimzsngznig in daaigzxing
saxxziarondaxcter ’izss;;<:.4." s:.tu::t1m::;.

xv To dascfibvz {ha mafia: vm1.is:..ai and horizontai c<)n.:“ine,*.:z‘1::tz':’i Stmcuzrcs,

er T0 iizaxcribtz the gctmemk. ghysical p{§£2¢.33§35I't?S vgaverrxixzg that t:§£»f$i'g;r'3 of qxxézritund wéiisa
with 5pv:::§aI éampizas-iL:~; an xix: i:7::pz;>:*t2mr;a sf {he width :31?‘ ms: quaxzmm was! in
t:i:m:’rmin.ing fizz: !T3;)’£§£;‘£}J prapgrzias mi" qum1iu.r'n well Izzfizzr diéydm.
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{SC}; I£1§'£:'fS apersaw :€.}‘</iii” it .:‘»§:r§!;:$ cs? viimtstienai and rcziatimzfl fmacis is: im: r~:rgir,m.5 ‘M, am? 10.6
;.z..m.. em: i2:::t?a h'ig,h~avé2r;2g£§~;3£3w5:.r zmci §:igh»e.f£3c.i§:nmy Eager agrxternsa, {3<':;nme:r<;ia3.1y
mxaiizxlxe six}; .i£i.$I~E1't»“>:‘,‘ét1’xg_i‘:'§Ii pmwer {mm 6 wzsaas {<3 1(3,i}(}0 w21?;‘i$,5.m‘i cusmm §é£fs'itrS an:

avaiiabizs :3’: war: highm“ ;}(§‘w~€:¥*$. Smail £23 an 3 feet 3£?srx§;3 {EOE isxmrs can prmducc: imndmdg
crf w‘:ms ‘-1.3? avzzmgzz gxyxwzr at an 23i?'fici::nz;:y :11? 10%,‘ Latgrz:' Cf); i£3S«£3l“.’ti can pmc.iu<:.c: many

k'i§m;v2m,:s nf p<:\*«s:¥. Ci}; '}asm*s_ are svicizfiy uscxi in smsh ci%v::r3<: m.m:nm~ciai 2zppI.ica.t»iz;ms

“m.€:r}<i.ng scarf 91¢ *tmn.iut coinpanarxiiré, wafers, mi chips; maxtking on zanoditezmii aE‘um%'m:m;

t:tx€.xE::.s‘ zmsii 'i}’is3€§§.1.‘§; c-warez. s:.mI’i3}zz<.i»e, and 321i} ducting; i‘i!i1i§t'}g,‘; man fifirn {§§:;)(‘.XS‘ifi(m; and

wire zstrignping {ma figure. I213, 'i,"ney find appiicatiati in mg :n:«a.<§.ic:za§. fi.ai<i for laser szzrgary,
and in ;;gg.a;;~,r¢1g gm g§;;g{;:,rz;>y;s::n:;;rz3,; and mznaate sans:i:x1g. Miiitary a;1;;:‘ii<:zaU'm25incii11zia imaging,

ma§;{.zi::': 1, zéfid z‘;2:‘:gta-,finéi:2g;.. ’1”’i1£:}«‘»i?:£m‘-5 am been ixxxésazi ix“; .%.,mtmi:s1 rzorxfimzxx-zsznz f‘us%:m as am.
ai1ema:£iv£: {<3 ¥.z=z.z'gt: §;iza.:sI53

£31"); ié; ix :{2§.;§81'i.i"£’§’¢i,3§i:&“i¥.i3 i<)t;1i<33r Z1¥}}{i§£>i$ tbs: znzarézsiais éiistgsssad 3%’? fax iii, {his iaxt, {Don-
"vmi¥;iimz‘2:'i lmegrs iaw: eff <3‘? :33a=::I£‘r£mi£; £..i‘&¥£i’3ii'ii’s’IiS imwiéxam va.tim:.s ammic sziatcg, CO; isaszzzzti;

§.‘Et:‘:1fi- :.3.f’f :“m3'r2:.::;iiartr21::siiix7m.e; 2-gm variczcm; ‘«*ii3;”:2t.ic:r-‘(mi and ££3=tazt'im‘sai scams of CS3,

efixrzxsztag aim: ihirxgs, thia ¥3§€t§3x.‘}‘.‘§%i ii‘-xai Ci}; iaesars mvz: :2 §<:mg:§:.r w’;w2:§e:x3;;th and higfimr cz‘ffi-
zsiemy =t:3;z:’:': .§'1.:£>§<»i Cimvifii ‘mixai Iasszm A<fic§:ii:ic3nz;I1 irxfmmation am CC}; kzsars can hi: f’i:m.mi

iii Cfxxza,’ I3::§::y’,?°‘ ’.§‘_yt.z:,3 and %Vi{r.:::::a;n,“ Aei.<,i.ii’i»:3::.a,L1 izzfmm-::t§»<:n an h.§g_}1 {ma}: pmwcr a.rh:.i
3&2‘; i§y:3a;:a¥,i<:x CCX; §3$f,-’§i'§§ »g::a.n M» f<:;tm.d in A.:;s:is:’:is<:’n,5 .'fia“:a,1§§iwf’ 2-3:m”1 Lt2:;‘«t?:*¢.7
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3f}, i?.,v’Z“y‘1=:¢.. in fiégzimi ?:;‘!mr:rr(>:1é::3. WE, L W. ismsdwin, ifivw ‘>:’x:zr§<: Aziasiamic .i‘%*£:‘»éa.
i‘}?Q’}. pp. §2‘.3}~»§.‘;?S. _

‘W. 1. Wi:2tma.n, ms: :“;'xt3g {_'f%<:efEiit: §;f:r%§n._ge:svi’e:r%.§;gg, 3§%.$’?);
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fiigzxre fI:;..1 CTas'§;mn ciiaxide <.:zm%»::;<3 5}+:=ii’«:m. {Courmy :2?‘ Sggsiitzici, Ivfukiiteza, Vws,
and Satxntmgiraphécs)

32$? intrcrxuciiazu ta mg Laser Satatw

Cansiaim the (K3; m—s>}e::=<:x:i<¥: as c¥g.;:}ic::2<i is‘; .“%"§gu.re £2.12. ‘Them are mars: z:<:>rma§ rmdes of

v.ih.r::1%icm p0s:;.ii:«§.e. is mix I‘51C3i~‘.3€Z3.1.1t32 the sym.:m:u'§<: zstretch macic, {£18 be.m*3§r3g mode, and’

.........................................................................ihéi Nasynrzsmeiriszgsimtrah. .:13c:<3£:V\ .,..;T31e. .§;zais:s.....a£:;};:i3<:1§t:£.?§§.£:§-nc>£zit§£§n..{32; ,..;22,_.g:L3}-321}3£2T%..§i¥i;w_._

3§tXb§SC!'i§,J»i§ we-fer ta £3112 '?«’£i3‘§£}¥3S m:«2'ma} mc;£§s:>s am? whszre p is an image: »ccm::::2;p:m<:i§rzg {:1 {ha
mxmi->52: (sf :“;uam;a in the m::><ic:. Tfhus {M31} is the mix: Wi’{§“) G118 qazmza in the :xsyrnmc:xr§.:2
strata}: rsxcde. arid {Z90} is the Z-Swift with two Lquama iii the szyrnmwizt sirttirsia mcxfls. The
mm} v§b;*a:i»:m.aI szsmrgy M” the CE}; :nw§e-mtuhx is ::;t>:§::2'z::e>.»~.s:::i as

£{§1;;,1}3,’tJ~3,}m km (£3; 4- '§~ 31;}; (35);: ~}» Mi» Fzfig (pg ~§* {I33}?2.

where: 1.2;, 193, :23 1*z3;;.:“;€5§5x'3£ ths: frmqtsezxcias of {The partieuiar mm.de~.s..3

*“z*ym.nan ‘_z’1:;m<, Qpiécal Eixrczrvaias, 4:3: {i’?ti§as.S<;:;;gg:.:;, FA: Saunaiara Casiaga Puh§.'rs?sing. W91}, fa. 242»
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Figure K2,} Narmni. !'13i)C§¢2»§ M the <:axr§9e>n d‘iz>’xi.«:§e molacufa.

The C633 rxzoiemiim; mm 33259 mime, n:sa¥.z¥i.i:1g in. a sctrias :21‘ slowly spaced statics chap

V a.<:£e;ri;:£:zi by me, miaiicmai qmmm.m Immhcr J, The: rotational e.m:'r.g§s":5 <1»? 2: given ’v.ibr;atior2.a1

33:31:: i mlaiivc: iii {ma .1 2:: 13 Iszvszi art: given as
V a . . '2
>J{J + :5 ~»— }zz‘fl§}J‘{J +1)» ' 03.23

  i an iififi mxma an .

The pzincigsai Iz2:se:*1:‘a:zsi.t.i{:z2$ in CC}; my the (303) ii} {WEE} H313 mm :mns.i{i::m.<;: and
«fiw, {f}£}E} as {£12.43} €94 pm irarzsitizans {ma if";igAur»:: $3}. .§§m:i'z of {Em lavzzis ((392%), (100), anal?

{G1-Z13} €{t£18i.$I£3 :3‘? a $.£i“§t3=Z~2 cf mtaiizarszzi fi{’i$£i3{>'. '§’r—an;»;iti::ms in {R233 exam: imwacn zitazmfi where

},m; we {1 + ¥},,m {tamed ma. 3?’+hz*;i:::;§1_3‘ am Jaw -s~ {J »- i},,W {L:mna;:2 we §§$b:sa:;;-ah).

{£3<°::: Figure 1"3<«*-3.} -
if my Vs’ii¥{3I-flitzgtifl xii.es<:tir::ix3ati.an i:~: ;¥.rm'is:¥ad in ifw zavity, this P~£:.mz1sh af ((101) In

{$00) 10.6 mi: £r:~t::.9i£_icm wijif ds::>mizm.m. fluwewrfi .§f wzsvz;1e:;:g=th s»e;:§~::<:-dam is yxcvidmk {by a

graiirigg, §‘@.1‘aX:m},pIe}, it is pfififiiifiifi :9 Ease on may (if ziize alluwezi ear R~i::ram:%x §r2m.5%'£:'1<m.s,
§‘~§<3:z:§x:»<:., h(meve:z7, {km 5:5x:i.»:2es batfi me {{}£}1}~~.>(i0(}) zmci Efiéfi {i3(31}~»~a»({_$2{3} cramiricms share

£§“ie’:' game i3;3§3m‘ {agar Ievei. fixczr: the ({)(3:}~««{ 19%} .tmm:.i£i<:m must be. sxxgrprasmd far the
{£;2{}i}--—a»{1£3£%) 'ir;§:z$i£i0fi its Ease.

The nifzsjcxriiy Qf ?fZ’iC3g ‘iasars e::<3n£a.i:.';. a. mixtttszz Gf ’£§1r':%t: gaa-:3-5 {C131, N3, and Be} in :1

.r<::ug§1iy {}..§.§:1:'? $23’:-ixa.""* 'i‘h=€:» ‘is’; tha 333%: gain 'i.‘m§£¥i$’i%1i. The has: @3213; we 8X..z:.1‘§K:d
mi)’d$‘,': (aha: ay'mn1£tz"i:a¥ xarwzix ’t'T§\‘.‘3(§.£3.} and 31:: energy of the {I} ;{*«z';-2 vii3:r-zztmrx ’:::i<:e..£y aligns
wizh fliii £063’) 11§)§36§"$—i.a$(i {sf the C0; nioiezaxzisz Figgure. §:E’..3}‘ Sisxszse the 1%,; vibrational

Siam: am: 2*n-s;.a:;::z1t:1¢ {very {mg iifa=ti:ns::s‘} tim ':“:m:z'gy in the (13; N; tgransition {pm a mi-e

§¢,ii1-gziicf. margy) ggsm he tr‘;ms.f3::rred 10 3. {,‘i{}; nmiacuirs. aa 2 ::11é:;zms of pc«p’u’iaiing the: (D131)

mgmgn ymvl Q,m,,m,,; 5-;§;s;;x;:nicx, Ed 64.1. {New “x’m?z.:: Jolm Wiiay and Sana; 1975),?‘ .’z§3,;Xp;at:m:1i>;.3.

""*’«‘e’. W. Daley; CC33 L=!3.$£{.¥2I.‘ I:‘;f*”e:;¢:.s am1i§;3pifcarian.r (Rcsv York: Améexxxic. £31222, .1976), ya, 16.
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I~‘igxz:re $3.3 i.-war statcs (:4? sin» carixxxz <3ic>;xici¢ xz’mie»;~.u.ie. {F-’=m:ts ’£.,A.S’€R E¥..E§TfRQN§C$ by
’V§§I{.i)EZYiEEN. LT, {§:f}i§'éZ§_, Figum {(3.14 32. 336, Achepzad by permiasirsn of £3:-:3-nLi4:e~.§«§a§i. Iw:.,
Upps; 32:.t3¢31»g Rim-‘szr, E3.)

F’ Bmrxzh

Fm-:zwa=nt:y {cm“’*}

I¥?5;g,&x-M ’1§.i§ afiixssczr-psziiafi sz;>'<:=2.::u.rx: :32“ firm mam aiiaaaidza asu:xisi<m§ze.. {%‘r<sm E‘. .!§;§:§§s°:r
srriéf; A. ..’r*s<§z::§., f‘3'::»';9< Rérv. ~“I-‘$t33§ {$.33}?

 

 

 

 



 
Eea. 'i2*.,'§ The Emslgn of ilaxbarw C33'0>§§t3r3' Laezarzs 33$

iigkpxtr Ci}; §:*.:va§‘ firxaiiw: i§:£a:?£ ifixiz 3‘~?;;»~C?{}g izmirgy i.f21n$f¢r is vary sissxiliar lat) fire '§§e:«~Ne sm~
ritrgzy tm’;:15fx:r- in i§~ie.§’\T::. izimrs: 2222: S-£:£:i¥(2ra §3,‘i..T§}; ’.I“'i~::e Iae§.iL::.'x"1 in xfm gas :*2z'i.:<.m.r<-2 prtmnzims
moi.ing by m~s2a::.sA (3.? xi:.em:1.:a<§ trarzsfrcrr {Ca 23:21 walirs {hs;¢’¥\i:::32 is 3 ’v~2x“-y 'thc::m:a3iy mnciuctivc:

gas}; hksiimn also pizxya 2': 1132:: in czzptimixing the kixmiic fEIfx€:.iTg}’ inf the N3 tzmimuics fcw
rmiximuin enzarm tranxfer %2:z*twas:,r: iha 3% and C02.

Because of the xzxazaxiabie N; and me. yzsatmh bawaan ifiéé (I) ‘N; Ewe! zfmd that (001)

{Bi}; 1r3..va:*.i., thrz mnvszrxitsn efficienszyr be£we.<m input alectricai §30W€¢r in pcmexzr in the uppm‘
laser Fri-‘fiiét £3 5!.) in ?0%. Sxixute that q§:.;3.z:tL§11z s:ffi<:icm:y rqmghiy 45%, £¥:i.s m<:2’m;~; that CO9

' ‘£2.-szgzrs cm} *c)§}£21‘€sir.’¢; at gzxirzzxnxtiy higiz g:.ffiai:::x:c§::s (10 ii‘: Zi~§%),

‘§iE.‘.'i.§ “£33-9 §m::¥s;:%§s‘3§2 «:3? $63 L-,a$e»m.

fine "first ::1z:.m§>n::m::in»rz x::f §a&i°1*..i‘ zmiszm Wm (30; was naparteé 13;; i’;;.2z;:i in }€}6~’%,”v”-g3
Tize c:<3sz3=r::a;3i {sf zirsing {cs §;'1"£‘}fi.Ef§3I‘ *J’ibrat;ii:«n.ai ::zzz2:rgy {mm ‘W: ééamsfittai £i.i.s.;:i1.a'rx,gt: fit: the

C33‘-.2. was rexagnizeci by -Lzgay 21:13 ’{mg2<§~$s>umx;aire in fiat: sza:-rm year“ and aha: ic3u:.a- ssf
incmparmirsg hrziium fur <‘:m:>i.i.ng :3/21$ firs: ;;3ro§:c:$a.ci irzy §”a§.2§ E yaar iatgmfi During this

§3>::?‘is3t3 £3? arapixi i:ix3x«‘c§Gp;mt,’:m am the Cikg ¥m:€.r., §"s:’t&1 ami mjiixar mtearchars‘ Wfifiié 212322 in
im;>ma~'c E3aie:£’s %:sr?igin;a.§ 3 ’;n‘¥‘~?' :>;;t;:=::s’§ m rs§n_;;g§:'!y 150 xv3:i.s‘.”"‘7’V‘5

‘Fm: "first *ZiQg Iastzraa wara rsémstzwtieici fmm iimg mixes :>fUg1::$s \v%xer;*.. the .ci<-zsinrzi. isaser

mi;~;£z2.r:: iiawed thmuggia Ema: gjass tube Figure 12.5}. Eieczroéca in the, gas gam;~:ra::mi
;g:sI:2.;z,ma am 20 tmcita tize :‘2wic:z:x:.I::.;§ imu their isymmeiriczai strzmh mmie. Aithaugh

{Em vary first deracxnstrzxiian {sf 33:»:-a':' mien firm: sfffj-3 -used f:’2<t”:it3ti(.3l’i, sysuzms saomx

mnvszned 1;: {BC excitaiimn fur incremzd pc:s:r<:r.'9
..................................................................................., '' awcrias{3.f3..0paf3 Givvmprggguit“,3UT31%ti§,:a1._d_§>g:...__._,,..M,_._V,,M...

- charga rumixig iongimdinaily down the cas.Iity.. 'éi.{;.(3n»3e,q1.l£°:}'1C@,'{)}3€'!”1§£i1’kg pregazsums were
.1~c:w duct Ii) the: :'xc:z:::.:»;si£y m amaze and magimain 9. ;)2a$.:x1a ave: $1 icmg diseazam }—¥c)x=mve4', in

i%?‘Ii§, ‘f3z:§:;1.iix:u'*“’ firs: :'e{2o;x'Ied crpxzraticsn af an a{mospIm.ic ip;*2-mare Ci"); mar by axcixing
{fig {i‘iS<‘£§‘£,€3.fg;{: t.rati;sw3.r$<3£?,y £13 fin: cémiy‘ (aw ?",ig;Lm: 132.6}. Theséz T1‘-av1:;’v<:r:»‘,e ffixcimd Az-

' m<3:;a;3.h€:riaa {’1"£i.=’x) L*;‘$i£tf.¥’S fiffsswd iaéigiuir gzdnsg and gmzli-a: autpzxi pawerss. {$121-:3 I0r1gim(iinzsI.iy
t=:x:ei'L§:.<3 §.a3::'rs.

 45;‘, K.‘ 53.. 'F‘2xI.:<':’!, :“fi~.;»*.§-. Ems, E33233?-§§§ £396»?-is.

“£7. f’a:{e:‘%. }”£:_§:.z. Ema iii; 13:? £’I9§:4}.

W:,.. K, rat. ¥’s:»m'E. Fézyré. 32:-:=.». §3{i:;§.i18‘? {ma}.

W‘. £r>§g.:a:I 321% 3*}. £. (:1 R; ‘é$»¢az.i. .2fi=§3B:€¢§ { §%%’;,

‘§'C/§(_.?*é..f°2x1z3},'¥’. K. rgm 3‘ 15$ 3» e, A;a;;.z. f’.»‘:y,_g{_ L511, ‘;;::§1g3 {;i;¢:x;$3¢
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i'£5"‘¢g:m2 _§..%.5 lfiariy rmthun §&§£e’1’ ¥:.£:vi§$2{t’rJ.<Iii0rL (Warn C. K‘ ’f‘r»w2., .f*Izys: Rev. fawn E3:
6}‘? ('§_¢??3-‘,1}. Re;,3’¢—irm.~<i 133312: the gzazrrnizssmn tvf iii»: aur;h<31‘..3

'i”'§1r:L {TC}; met Clnswfitazhzzs; cxsxégzianaziiy weii zzmi Q*$.W.ii£2.?}t3(§ ape:-mien was mportad

in 196131 by :1 zmmbzxr sf rczaearcl-xera i’zzc§udi;ng f“7’§}{it’II,21'32 Kox~’m;::,33 Ekridgas?‘ and Patel?“
i£~j§¢:mzw::.r, ms: rzawoxv baaiciwiziiiz sf CCS3 {2x;3pr0f<§:;33.23¥.i:§3I I50 Exmz}, nzezms chm physica§.1Ly
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fiiflfisgy and imwing gzssezs ts3s::E1m::»Ir1gy is rtstxgiliy I ir:W., amt? r:imi::.zI Qrimzuily by size and
man::fa.ctu:%;3_g <:z1z°«..s;t-zfé2si's't:t7:a’.“"

V2‘:-:€er»::<::£:Ii.ng is zmcmer z;:rézic.ai isms: in (ii); §':%S~%3i‘ :‘36sig's‘1. Aif.i'ioa:g}1 CK}; lasazrs are

rxxmzpsixsnafivy xzfficiani, i€§% >:2’€¥%c;i<::1c:y §4ii§I. mezms that ‘é-(13% age!” 5 £5 ingui gmwar‘ itmix ug

smxmwfzerc else‘ mm:;;3iyV zas_ha.a:. in the chassis. If 32:: Iaassar geza mi: hm, tmm the fiiywzzr

siatxe pzepniaiimn m»::x'::as..s2s.2, and ma: laser perfttsmaarms ckops. X?»-’iif1 gum? heat ::::§rz¥: d.*:.sign1
seam! CR3; mars can Eye: ~:;;;r:r2xtm'¥ in ;+x§r—m<31<:<.i rrxcxie up ts: app:’€:X§1’t1ai£*ly 23': wmts. ms:

that ;>c:w<:s~ E35‘/‘{:;x, wsm:r~cc:o§in_g :},»;:i.ca12y r-x2<;x1in:»:i;.‘"’5

iiesigr-2 éfif"£€§ manzsémsztum ax‘ ma mriess £8 msosfiuta. Thza‘bz3&.'i:;' series «$8 m<;sm:¥e.
is: described in i,I.E§\ ‘Patent ?é:S,(.}zEi£i,-*${);”§ (Rater 1..;:a§<ma1m, “§§z:a:Ied Off Rfifalxcizard Gas Lasms

anti, 21 Eséztvmgsd far Yixseix §v§:.tnu:f‘zi::iiufx*:,” §‘5C3V£*<5§1bi%I‘ 32, V391} and lb? tizahnaicgy is discuwxzi
in 13.3. §’21£.<:;¥2i$2-4,a*%{}5,‘§82{P::$ar Lzmkzinzmm. “§%.¥«f£:<c§L1.::£3 M§«I%z$s:~mI Gas: 'l.as:::," ¥<’ebr1;ary :14»

"’“73§’atc,r’ L;z::z.’;::'zw1m "‘:Ss:a§c~4§ £33‘? RI*'«iZx=c.i:mz§ €33: 3./:$$£.t3 9311;! a 3‘«‘é:2£§.m<§ firth ’%e’§:s:nu'22%z;1Lt1~::,.“ §"'s’«'£i‘-.!3¥

'f.\~3«iI&*<t.§3’-iba“:¥ £2‘ §9*%}.
*‘**§‘ic'£x:: arzgana, "1 mg, §_.,-ma ¥’.g>x1»:cr €313 },a::sm ién §.r:.;%ust:ia§ ;\;:g.>§,§§2z’tiGa;s‘.“’ Syarad z"x.;2§fii<:‘2:z.i<;x2
“§Fr‘e£<tr £,:£2:d<.rn.arm, ”“£22s:ng L:;2»w Ii3<:wztr‘£Zi}; Lassczs ii: Ixmaiims;-ta; i5s;3g§:ii€-ati.c{§7s.," Syizréxzi. :’&;:g;E’i<:mL3xx—

  

 



 

 
Sec. 12.“! The ~€3m:ig;n nit Carma £3.i:>:x;i::i:;a iaamga

 
3£:.'<<s~

¥’§.§,:z1rs:’i2.'!£} Tyfi ical producxg an mximn {§i<:<>x}:§>: {‘{.°»;:mr§z:'§y of S waraxfi}§’ .2’ 3'

E98£¥). "fhe key gguiuts of the <1c:&:ign and :'m::mf:xs:§:11::iz1g art: dwrsribazd i)c:¥:';~.v and additicmai
dmaiig may ‘hm fmmd. in the patems.

The basfic sm-is:,:~'. 48 mcfidukz wa¢::"“ L<a £21” tww mztruded akzmirlum eiccxmdszzs and two

—s:xzru<:i:::z§ alumiz.-mm ground phme sar%p=§ {,.r.‘.-2*: '¥E"i.g:am T§2.I2}. ’Fh<;*. inmer stzrfaccsz tat‘ £12-:2-::1.::c»

ztgmcizzs amzi ground si:xips am apiizcafiy xnfhaetive. at 10.53 gmrz. {°I‘i*::: fizzeircasirass we {’§,Ipi;2;:iI}'§’
amgdizmfi with a‘ :3’ mm hard :axz<;zc§iz;atic>u 1:3 irngarzm: xii.sm'-:2“-gre siabiiiity and IR? i)r::;:§§<i<2wva

<:ham:‘:ie~tis:t§cs.“5) ‘Kim {asap smci ziiwxtsrsx eiiec~;rm'i{:.se am $8233. .. 4.1 and :rz:2a»z.:a,2:re ap;:r<::;is‘rz;rt::i§*

3. am £723; 2 cm by 48 cm imrzg,‘ ffize izrft and xaéght gmmfizd p}a:1»e..s.i:2’i;)£a are aiszrs mesxtiesai and

2ne.a.s;ure a;zpmxi.m2::e3y 2 an isy 4: cm. tgy éfl cm iong. ‘£13 r::::.iz.xé:£: casts, ‘{§”ix? rwaraii sitmpa
mt” fix: alccircszm and g,r.<,>z.mx:I phases is gwrzeaizafizxzcd by she s2:<§;ms:§<.>:: yéraaess and may miimr

pa:2t-exi’rxzs’3»z:m .r’t12mh§11i31g ezmrzariaszx .r1«e°:eri {<3 ‘twat p{3:’f(3'!”¥?}€2§i.
‘T’.i1<:i::rz:<::r»:surf2:s;»<::s {sf 81:: electmrm am: tfm. groumzi smps; game the ogtxiztzai ::iNi:{§z (sf

 

 

the Eases. The: i:m:'<a af‘ this ttaviiy xxxezxsassras mugmy 5 mm a.qu:a.r"-s:§ xvhich givrasa xix: émarzxll ‘

45?‘ 11. zzmg, S» R. i3yn:>n. P, Laaimuanzx, and W. $. i%:ic§.gea.. Ififikéz ‘frrfi. I}£,a_;w 5§:r€s.*.;s'. Vat,
§?«&C’¥§Z3:4f3.‘?.«»?, 33;). 355$-«éh '

  

 



 396 Qiher Maicr C1emm:3:§:§.aiL.a2:ss3:5 Qhsxp, 33 

  
Figutszz $2.15 ’i‘h~e Syamzi 43 mxfed msrbon Liiaxidéz i:z2;+m;. (cxsumrsy 91' Synrsd)

irmear, mmcai
quaiity ssxzrfsaceze

"““"-~.H v,,..
V inwssr, Gpfiitsfl
 

 
M» ,« " /’ v r W . _ ,

W A/ /,..«”§;. /;;7 xzuailty searriacre

. \ W »<r«“5"5‘ '
Exzxsssc: extrucim ~'“’ 4

gmund :33"-we i‘€£‘fp -. 59”’; »
V1: “ ’ ,5} X ,»»;i,;;»“'’

f" “* ‘.;:'_::".’.«"--~-W5‘ » " .Figxm«2 3212 The Syzmzzi :t&§c<:£:'a3c!z;:« am;
Basic: gwximcéed ekmzrofia ground 91%,; W-;;;g_

Isms: wsiam a 'f*”:'as:1<:i zwzxizber of 2;:-prszncixrzzataiy 1,:"§ and 21 xiiaznetar is iexrxgih .mti¢;s of a;;2pr0;x~
ir:1ar::l;y ilfilfi. ‘mus, £212: laser aparaiezs in t.?3§i» §ntz‘:m1:2:.§i:;«;i»:: xjizgisnc: bfiiwfitzii fuii wavegume,

......................................................................................_4:*;:::::::;'i¢;>:2..aa:f;,iZt:fl.-.f:::€:.... ‘:??Li§§3j}33£¥§§i@)§ ’,;_.,;..j M...._;_ " ..L. 32...? f T’
pzgwzzzrs mi’ the z:}p=:i<;;a3 w£ivc2‘ir’:i:1§‘aa%i.§; with 2213 walls; :3‘? ma: ca~ez3£y.. "£3233 fr czimz is high ezrimzgh
an t)§}{2;§n 2; gcsmi :;sp:ica; ma .§z;g:s:-3:, but ml 343 higix as if: cmxts: iargz: 1<:zs:ss;*.:s* tiuza {<3 zzhgcrptim
in the agrrfiérai cavity s£rt1i:.{'i1rz,aL

if/fix: t:s;::s£§<::ii sur§’z.t::x:s 6}” tha £5§§?,<;‘,{}‘£}if£i?;§§ and ma’. ggrmmd strips 33'”

      

p:;:'fm:I.iy‘ fiar and
 

aiigmzcé, {‘h;-‘m s;;:’;;:.r§<;>z3:a :‘s':3‘:¥i.e<:i:§.e:rm: {mm 8%: §2.tri‘ac<a§ may <::a.ts§»z: a§I3~Q£’?ai‘i£;1fii*§‘:§.f1 {fie :3.:3~z;m$ nxmie.
'{)£’£i¥.<‘~Z3"!‘1z E32 cia§§§:r:mtz~:}y imrmizz-:;irsg a3‘£i.fa:t§‘s Sam me s;:zw§:y gwme:-ry., i§m;«:az- .1fi3v{£2‘¥“a§i>$3if1§§
{zany be reéiuzzzzifi {yr §:3i:s'xir~;::i:2£i. ”¥"wc:2 £j{§}€:§; mi’ :m§5f‘2;»::i:s; haw: isms fmzmi {:3 ix: suz:z:z:.i~:3f’x:i
is; rmf.{£~:*.%.§':g zmzfztr *a..?3£*.:’z*:1‘tit’1-as. “rm firs: .m§¥‘:;.c;~t mzzsém 0fs3ig?1£§y §'::;x::t*’:’r§g' iffze cad’
firm ixsrza, In {his xmzithcxi, {ha mm is xawéxzé s&i_gh.t.iy Iaazjgar near 237:: and ‘s‘r1’i£“rcsr‘t§}.a’s) at

 



 
 

38¢. 12.‘? The Ds:~:+;-i»g;r1 <35 Carbefi Qiczszicie Lasers my

Gum mass V

 
 

ifizaaireciss
£3-mamic disk

_ as .
Lassa: tzme

£3:-cxzznd <;:2~.=2mza >:::i’ripi~s

’§.>"1;gurs: 3,.Z.}.f§ ‘§“iv:s.: Syzmxd arsrfierza :13 m>$2«-.:e-s;‘mn..

fmm; m.irmrV, ”£“.$‘:»;z tssrpser z;.n,gi::: -is; quite. 5:322:13, {mi-caiiy 3683- Mm. 21 .m.iii‘imzii;m.. The 5ex;'t:sI'v:§
:=m:ifa;:i <:<ms.i.s:i:‘s Qf inimdusing. .sma13, sharp I>eamCf.:s in {he <:1g)i{i(;£3i $3if‘.f&fZ€‘.§. ‘Eh: bamis can

fix? ifs {T2113 63&»::z‘;:“i;)<i<: ‘zmé iii; 3:i§23s:c%n§ grm2m§»s;£:':i§>§. or in {wry ;3gpc3si.2r;g fl§€’:s'.‘-i1'1"J€ifi-S (Of graund
strips}. i1f{tx;v: hvzmzi is i.;3:-mtiiumzi mm the taE:3c’iroxix3' am iis adjacaxtz. grcrmm s::2~ip., zmm ii1

********************************************M“ ' ~b::n+:§«~ve<n~»£§;a»v a3ri§e:‘e~-~a§"~~-3«»»»~1{)-~-}£34113;§i¥a<i.i§s32sy———1'f-3):: hémiinI3“(§(§\1£::t3£i~--/irttibm32953052i:'1g./WW-W.....-W......;_..

.a~:2e<:Itr:)x:%<2.s (gr grmmd strips}, ’them 5: aim Ihéi cm3ar.:3f E §'¥~1i§'3i«¥'£i£§,§,§}'II. Tixscsc bands pmvmzt
mfieczisyna tiff 311 fans wai.i1s: from adding in phase as -produce cx;>x13;mi::g:32ozi::As; and psraaitéc
{s.~;::.§1ji:ztit>:;2:s. .

'f§:;.’: mm e:?z*:«3tmde:s and two grmzzrfi §}ii3fi’t3‘is° am ssxaéamifiazd ix: .2: ::§s:2.4£m r£}C3&'£‘1. Théi

g:§:2z::rmx“£<:rs azzé grxaumi piamr: amps a:'=a.s1ip_§a~:£int2a an gum: case as Sfimvn in figuxc 12.33.

Smszii c.»arami<: hm.-(is are uzévd ta .is«:}i::m 1§1»2$»Ei§£;£:ir:3C§£°:$ fmm £123 gmsmé plane sirégas‘ La;rge.{
izeramitr c§i:>;i§:rs. are: xssexi tit ‘iwiata ma i:§€:sirG:3»:24s {mm £31€‘£'3iiII?:.{C£}§.§z‘:‘ Eiaciriazii f*wdt£:x'oug%zs ’

{wézich aim s».;°.m:: ass gm iifi ;_>c::7i§;’} am pf‘<3'Vi£§£’:{§ in iixzz. {sutezz £32323‘
A £6:-nxnafi. €.;a.§z’se -of’ $§.1.»:3x*z. .“£if@si?i.::1€S ‘iii C32 }a.§m“s; is 231:: ac:cu’s::3:z}a§'im: mf waits: va~

pm. Wasar wipxar :22:-21 .:2:ig;:*at:a imrcmgiz me: c.~«z:‘a"s.g urxitrox mafia, or bi: .f£3-rtmgi hy hydra»
gen ;:;:zm'i:;%;3i’a.g wit}: g§.i.s;s;r;:?is“:i:tzi. sz2X§ig_.*93n.; A23 affczsziivc. way in 1-21irii%:?°1i.°:.& cantmrxiamtitzxy
am: “:9 'waLe:‘ wag»)? is tax in2m:§»::zr;v:: a getter imxs the mvitya A 'm.:33E:c:;1ia.t" siave getzar ;fm*
2*s=;:3a,c§%~.e=.§ cf ’s?s’§“&f£‘={’ mpg: is £y:;:s.im.i'§3: .in.3;ts"££2§ ixxtfs zit?) i.‘»fi‘a‘Iif§’ éiuring tin: ’in.i£iaI zrssembiy.
¥’£aH»esx*ir:1g rim 'iz3§'t:ia'l assamb}Ay, ah2mim2m mimzar :moums am waidari :92: bratii ends the
§‘1xi*>%;%. ‘fit’; lam: fiivfifiiliiié is man subjecwd {Q a high Vaczmm baR£z«.o::.t graces?» This prev

C§iZ§‘$ ramnsvax wage: as ~wa;i.1 as 2%»: xxsajurity cw‘? vo1at.iI.a ztmxtasrxisaants suxzis as i':yci.r » car-bum:
arid hyiirogzzn,

‘ifizsz: 1}£x¥:i§«<:.1£.3-i p3?<.\C..(zs$ is fcxiixxweci by a pas-sivzstisan ;:n‘0<:s¥:.ss wmtrc in»: laser module $13
expzvszzd {£1 an oxygm».h<:§ium gxirmna. ”1"he._p23ssiva::$on {aromas producers xxurmtrous c«x?ygen
sp::‘c:i::V:; that. reams!" with that e-xpased almnimxm parts and cream aluminum m;:‘;?de.s. {A.1gO3,

« xappfxira, is cane 0f the maray a1um.ir:umox.id::s formed by this-. ;:>roc:€:ss,) ’.§"I:e3a axédas sarve to
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gag Othar Major‘ Consmerciaz Lasers Chap, 1;;  

grcvant oxygen 15932:; in tin: finis%1.ea.‘iz«:::4x>.t‘ and exwmi the: <2_p<<:ratin.g iifa:'im:2, The gasxivatigg .
;§ra.<:ess .a§:;.c3 sewas :0 man im txcsm of the: imsrr mad gmzvczxt mr2tarni:rs2s¥.im: {sf {he mimzers »
during O;3€£’£:¢_i.iC?.f!.

The: ;~,~a.ss-ivatix3x: ;3e2::%§‘::::z:ms2s:i by gam::ratin.g an ~t2.>a3«,gm piasxzm wixtfxzm Km”: '§a;s:<ar here,
Te .e:mz;tr: all the c}xic§«::.s 11é§cB’a3'$m'y fee: affacziw: passixratian, *5“ i%‘§3’<3$”iTi-3 is flparataii at. am»,

ems. gfif,f‘a+n:z3£ {izzfi;p£:rat1;.m5. mac? at pszaiec {z..3:.{:§tatian powars ma: mrerexzi chase the. ia..sa:r will
mzperienca in O§¥£3’ffi§‘§.€.?fr§.,-

After the passixvatirzn is {;omp§::1c., the iasazr mirmrza E158 add-ed. it: the mmIu}.::.V wzheugi;
xzeaariy ;::::3fa~.c1 mirms aiigxmsezzxr. is rzaquirézd for ef*f;":c'£'i’9e: opa.ra1i<z«n tiff a mm wavzaguirit Iizwexr,
rm. "i3;:.s;i mcxzic, z§ma{§.iiy ::.m§ m_1£;>:ut gfimvm‘ ’;3£xfe3rm;?.'r:ctt:~ :31’ em .i.iiim‘1?§r:£i.iair:: rsagime; East:
ofszm Gtxifiixxezzfi ‘:i£’§1Cf:.l} 11342 mi? znirmrx (am. aiignési sliiglhiiy Uff+m;i.a. T125 iiazzazaziv; mirmr is :2

}§)~{}‘§§’:: g%.i‘aZ::c:{:ic acaazimg an $i}.iC<:33A {3 ’mz:tz:z eancavcs 23:5: rim :6 xvait aszzriszca 42?: §.as&s"}( “me
from :*;;;:§:'2§'v:_:zr is flax WM; :1 §3=§i1“i y r&f¥a:t:f'ivzz éia3::3>:.:€£:’iv:: maiizxg cm 323$-ex {¥}:3$é> rcfimtiviiy
for the IQ wati srgrim 2:33 Iassr}, me m§.,rm:r;2 am ~mcn,:;rsn.::~:«:i agaiczsx: wring seal: amri if1f«*3=.e

smefii mmws ;3I‘<'}V3»‘§€— :’%l:ig::.::1&nK :1d§t1:sImz2:1t., {A}t?z»:;1:g¥*z .f?'1‘t'.‘. :3-z°§'i.’:g sea! at firsai -g,¥z§mr::3 Sfismgv
mm ;; §a,;>{z;3a;§§:§g‘1i3,: agygsatigfazttggxfy zgiezmrzni‘, 8j,rIz:;;*;;g:i $3{§$fi1‘it31I’i{‘.=ri’; has ».>:i*:u:>w:n mam L0 w::>ri~; egg {:3
W131}. _ ’ie’.a}<.; mm $5 za;3g3t::>x§.:‘r3zx£s2’3y "E m“:>13 (sf hxaiixsim agar ‘yam rm: {hat iimi’:.i.n,g fame: is:
that 135:2: i1‘fi’«::z*ir.n¢:. °i"?m:’ A0«ri.ng zmmms dc} mi faii c2:t2:s':i:°opZi?3icaiiy, mad. ;:zr€>v'icie a simpie-. mm

sir:aighcfn1waz'xi xnmans in alignment adjusimezI2t.5.“7)
Once the. mi’m.s’r;«; hzma ‘own insialled, the; Eases“ is again. s:3'£2j§zczed m .;-1 322011 ‘vammm

.bak<:»out, This bake rz2.mm«:‘;s«; wzmr vapm intrcadtmzd by the mirmr mmmiing opexmian. Tim

bake: £3 rr:ia2.i'vce?_y shorz (i‘E'.O‘C for 8 hs:n.§.x‘:+: far cm 10 Wifitif 3:§:‘ix35 4% laser‘) rm iivetrid dzimaging;

the g:a.<;5%/atiozu izsyfitr.
C)n<‘:f§ ihs kakzz-out is c»:3:xx-pzemé; the mar is camfuiiy rczaiiggzwd am? pmzzanamiy fined

gwiih cm“: Qpsrating gas m.ixi.u.ra:z. ”§.”m2. z7;7es'a’£Lin,g:, m.§xt‘a.rt% :;:<::}::§.<;£$ of ruxzgjfiy‘ ‘?% ><:m<>11. 1Q?/2:.»
{EC}-;:;s 138% and 3E?§a."*3 {The xaimn is 2"1z:i<i€zci.u:s Ecasxrez'I}€1<: ovetraii :21%e<:§.r<;:n te:mpm‘azu::'e+

zmd §.mpr<;w:s {hrs <;rz;zss«;;::.c:£§Acsn of tits“: {1} mmsitimx: in 2‘sig§r.”"§ Tisa t:)a5;.it:. Eases‘ :rmd:u}e: is new
wmpiete. V _

Tina f>‘mish:::-ii T¥Ta'x,«2er nméuk: can Em i“f7£m!i1¥.£’}:3 in Gcflki {if Ezwsrai {3i§fi"t:re:m. fmusizigs. ’§’§2»:3
nmsi mmzncén Tm its meyum. the; i£3Ai2I in 3: ximgie .¥zc:u.z$£11,e_§,. in.s3.ozpe2mi:i:3g an iniagrai fmrai

ctx~c§:«.a¥:gm". ’§‘he iasczr mizrzt fits. in the tmtixsm £3“ iihsz hm:aaimg., and the RF e°:icz::imnic:;: I0 nirivzt
him eiszmredgas xzaaaunts in ihza tap {see §*"“2gu::=> i§2.34«.). ’

E.x§::"a:??t»::ii:3»g§ ih-3 §::a$i¥+.:: mztjatiuixa. “¥"h::. ’§Iaa:xic iii) wau1a«:c:rLis dzasigsiaezi ta €:¥’fi:€iévE§y
""""""""""""""""""""""""""""""""""""""""""""""""""""""" 'Z<;2‘ei“2“:I’é‘"i<S”"%iig,§i€r"";:ét3Kv€:z*S’I"’E‘wi§“'”ii2z§é*;i%§<ii ”';“iti2*£3. ’gi{'£"é§%;?1C5'é§i;'i;§é§';‘" .‘§§‘i)""§%fi3“z:ifi*§?if'§t3fi’¥}E"§'"30

wati m<>::iuia( Faur s::»£&cmv.de—$ {~€>i‘” the sama .§e:3gs;3x as the 10 Wéiii etie:::£;r::>si£t.s3, was g:s:m_r;d
str§_;>:2 {zxviate as ieixg 615 the N wax gmtxnd strips}, zmé um R}? mmiuies rieiirxct me 23‘ xvati
m:>&§u.§a.

Thea we ?..§ -watt {1‘xi:3<.i1i3t‘cK are r:s;>z111*:‘;n5:<3. mgzzihzzr he :1 siznple ‘hm affecziivg way it)

femn the: Si} wait snczcixahz, ‘§"h>3 zetancizxxxfi 25:’ watt zmmiuic 32156:; with 3&3 ;3u:>§a.ri.za.t:i:>z: wcmr

  

‘Q5’. §;s3;x¥a;mann,— sflszzers am! .€T§m:m,ni::: §v1wc}1: 3541. {tfiliiifi}

“I”. maicrrmnzr‘ "‘l5sin,g Law 32-.*rwm' ('26); i.ax2:r§ in i::e.ivusz:ziai ,~’x;;;:3.£m:ix2ns," Symad Agsglicaeinn T‘¥’c)t<:.
E. V»".§§i%tI1't{§fi. ’.¥’s*‘2«: Sf}; Lcuar (f“z'3z:r§§m E§;:r§v§1.g,:e1=r—*v's2r§—:»y;g 1987‘). ma, ‘M-?§.
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cxf zr1otz3rm.1z.: forrmzricsn. iRz:::a3.1 that the farxnation sin” a molmtuia is czfiriven by a baiam;-:,«_;

izsetxvaen the :2mzi:>;x:r:¥yi»:: &i£3‘£:z3I.i€3I} of the mas and 512:: .r:3puis§w:: pcstexztial that k€€§)‘£¥ two icms

fmm ocwpying the warm‘: space. ‘fans, {ha .{c:m.mti:>It 23f.” a .m.s3ie3.=::u!e is :1 funciicm csf the;
xiiszance iawvaaen the sway inns (sex: Figure 12.39), If tin": two ions am widaiy :s€:para:::d.,
there is £30 mcziecuifi. if the two ions are: trying 0:) cycazupy that sgaace, thmnz my
nzsnieczxfrr, ’,i“hx: ivaiance ?£b6£W{‘éi1 Lhs3~c.m21omb§c r4t.ra.caion and the mpuisive pmemial s:re.a1€5£,~‘

2: mail or Apacfwz‘ in the pméantizxi esmzrgy curve, Whzzn tbs. two ions am at a <iis£zmcc: (the

equiiibfimn ’i.ntx:mu¢:‘l+2ar ser_par2s:.icm} camzsguzsnding ta this tzwzygy weii they aria éazxztxzé and
f«:>r.m the ma.iesu§e. . A

"¥".h:: sizmatigan in a §'§11'33v-3353 izaiczsgma iasw i;a smnewha: more <:~:3mp1ic2:t~2z:i tfmn that

iiiusgramd in figure: E2. 259. Thfia is bsmzausae cxf ma .a'si2:miIarw>s:~us axiisscnm cf mums, ms,
m<3}€:c::2.‘{e:s, sad 1:123; variaw zzxrsitmi swim A 5-impiviffied ;;:<,m:n2:ia;i energy <§i;“:g:2m:,2 of 3

gag mziirgétrg £:x€.:§m£:£ 332-‘star is §.iXi1£if£i§£‘.{§ in §4’.§g22'r<=:. §‘%Ez3»i:ic<: ihaz the upgm’ Stab? xnimiftaici
hm we i~:.i-mm mi’ *;amanAti:ai s’-smzxrgy ::mw:s.. Tiaera c=:>v21§r:m x::u2‘~vs3:+: ::arra3pm1cii.ng fr} iixe
banciizxg 93:’ am axszitexi aiycsm with ax1m.hl~2r awm {XV ~§~ X at A + X’). ’f"¥:erx2 an: Mam iwi»:
csarirés c».r.\z*i‘z;s;§:={)I:ciin.g 10 the: fieaxdisag 9:“ two. '¥s;xi:.z»; {e§.*'§¢f""’}, .§c-mic: :;m'vt*,S actiualiy farm
a fa‘m.iiy cf <:'m'v2:3s, heaauxe am a variety srsf :3k::s,:£r<:»-n ::(:,nfig::[ra§’imxs pizsssibie in the
M“ X grxcimi séaisa.

1z:xws:i mama. at“ 113:: upper zxzazzifmd. ’1'?..ma am gystzams whiz-re me crassiings i3z:t=£ween fiiét
itirriifi: anti cmvaizaziz Siam eztargies {sec-ur fast imgar §.nmmue1&2zr ~:x::*.;3;s,rai:ia-:25 t¥z.m“1 §}.’i&?. cquiifiw

-:“§1m:a t3tiSim1£,':I‘£3, in téxwz .’i:jy’${I'.'::K.’£'}l-‘» xix: dyn.z:ix2ia:s :16‘ {has rm;“:’t§<s:;§,.% ism ine:viia‘r::1y so mO§s’:§,Z.i}I€ff°:
x':::»;ic'i.i:;g in .2132: bcgmrzd :'22e::;::si':2t.:3:a CA“? ‘”‘_)‘* srtaaa. Fram the (A‘*' X graze, lhéa cmly av.zzii:¢§;"fié

doxwwzzré e.m::rgyV t.r:ansii‘i<.1‘z:3 is fiiy miizzriczix. ‘fhzzsfzz am am mmgzwzting amzmaiivzz paths,

We icwsar stem: maaiifaié is simikar Sf} tin: vppar Stine. manifceidg hm s<;:«meAwmt Eess
cmxxpiax. ?§§x:’c£:T the: imv<::r stats was mat have izma, -{hag zmiy poieniiai ems:-gy c2:rv::.>; tire»
ithme i&$2§(§tZ§%3’Z’f:(§ witiz me vmicms :.t3{:ct;r<3n§n xtzztzéze of {he §:<:xv.<2.iezz't A X. ‘The. §<:w£::z‘ $'§.a.i1i» ’m£¥§’

(G? amzsy mt) 21.3% 2 ;2»:z»t::n.::ia} ‘mi; i.m:§i.ca"ting tin: a.x*i2::e:nc:z~; cat’ 21 hcyxxiwa mmecbuiw.
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?set:., 1 215‘ ‘fha Eli-ewivggrn La? ¥:E;:z:§m.ar’ taaears 44$?

fiwcimra at we gag m«:>:',:z>b§x.iit$m

y»r""""““l"m‘”~" Ma» ><-

::s.e~4«-««~w««~«-~»---»-~,»-»»~«'“”M ~ am ><
mar '
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’ atmorptian '

\0<,» m<(‘=‘;:) »$tr:;m§;§y m<;:aui:>.iv§3,. r:ovaa§er'stT
<;:\,~:2:a»¢.~«.m.~...~,w»~»«»wwm-,«~»-~A~mmmMM~.m~ M 4‘. X

M><'{'""}:} ~We«a§dy attracfive. cavaiazfit.
-tharmaiéy uyzsmbfie

.. ff ,. * 4;.

iiiti-}?§‘iiJC}%?El( zziisianc-22

vE§"¥gure 13.31} A simwifie-d gmcrméai cmesrgy diagmni at" :1 mr2:~;;3s11:aIc;g;-2:-n 33-33;“. {,?’mm
‘$5.. Khcwdw, ;:>:L zfiixcinzer Lasssrx fifit:-:'i.%n: .‘S§:ring::r~Ve:I:a;_:;‘ I§%»$), ¥i.gx2r<: st. 1., p. 83.

F6 ..9%%§_Sari1*=:=;s:€:T*1*;wxa;;t....L. ._ .  

“fiat: i.?.’2‘§:z§$2‘s§Q:x é${3t‘:{Z¥r'LK§i: (sf Kr? i3.I\§$'£;‘.2?xi£5; tine rzxziizztive €§3.arzis:!r.’::'i:;i;§c:3 m‘ a ’::,r;:>ic:;~2;1 rm:
gag-ixalugen ::ra.ns.itim-2 {we §°‘§g:z:.re E221}. fm Iarg¢..<s.t pea}: caxrcsponcis I'D me: i‘rzm:'.«‘i£i(‘;vn
«am fizz: iaitvtifml éf -sm p’rm»:?r:ii.a',1 W13 csf tiw. {.+i'?X*}* ezxcitrzd azata to the ‘bmmm 91° the

pmatséziai wail MT" me: AX »:::a:t:ii‘e«ci stzzfie.

§:i§5fi1Ii§ié?§’€:i€§§§:¢§Ii *z§§§£i¥:g ram g'21's;11:3i§€it:i;é:$§2I’$ am pnmipzd by ttiaciion imam xiyattimioti
:3: by €t§it§‘€'Et'i4”3a§ éfischarg iii: £:iz>z':£r-tn“: man; axcimtinn, an cr1m‘gm,ir.'t eziczzzmn iaaam is c:;r::»3a:t<~::zi
in vaszxmisn mi} <3.imm:;¥ !:§;3:—€:iigh 2: mix: mam mt gmiyrmzr *:::.m131?s:r:3n:a mm the; gas ’m§xi'11.ri;. iiixgh
e::u2‘:.rgy aissmoas scfizieziug aff .ata.ms $36: :33»: gas ::m2:§:c: rims. axaitad amms. and aecmziary
n1§ciz‘:;rza. Tm: s¢::=::rnz}.a::y eiemrans. in. ixzm. cream rm:-2%: i1:)i':$,t3X€itz‘.(i amms, Kfiii a=:i§~mt.r’<3;;5;..
fie imxs amfil exc:ite:3 zzmxmz man: as few “aka; eazwitazci .rx;ts‘ia:::x;ii¢~:«;‘ Undaar aimtrata imzmx
g.;:ci£2zi.i.am iéms am §:*acizzz:ezi is: ';3re»fere;:m:~. to axc.ita£§. siams (‘ivy alamxt 2:. 3:: M521} mzci {flit

re2:::ii»:m- is ‘

 

M X“ M’ “"5" (1-f&‘*';F{"’}‘ ~;v M _ (112.53

M1:-arc. A is thz: rim: gm‘: i9r:,_ X :13 ‘tilt: E'1z1’1(':g::-:1. mm, and M is any thfgtzi baéy famxxafiy aimifxtrr
rare: gm; iorzfi, tn sxszwre n10n3an't:xsm. c01x$e.m>,ax.ian.

.5P¥1.¥.::s¢z.d e2.e:=x;m‘c:z21 <3.i5:i:i‘z;§,r_2;.£:s; are; rxxcmtz <2:-‘.:m.xrmn1y usmi. for ez)mmmc’i.a1 §a&-ears bavtzzaus-$5

may Qfffif {hit pr)timii.;fl fax‘ higimr ;,mr:2§}s'ng afficfirezacy and ‘higher axrszrréxge pxzywmz II; 2:22
Leigcificai :1.i5:.:§'ta.1'g¢, the: low amergy rzaimtimsls drift azismg in ‘me: elemic Mid arid ixicmasri if:

amtgy. Qxizantzsaily. tmy 22.32%: KER: <2-nest’-§;_y $i:rr:s.i1<>¥.d fa-2? :3>:c:itmi::~«'m of ma first mxzite-4:1. stair:

 



 
453$ zimagar isiiaiczr Cixxmmercia: Lassirs Q¥':ag‘ 33

%‘~”%u<::res»'.s:can:':-xtz spaetrnm of Kr?’
(A: + 4% Kr -9; <:~;:2*:«z F at am km}

W 321""-~»/"EI"‘

 I“ 3;} twéfim
3 .,»~”"""“““ ._ .

\ ; ,.»""f “\””’~' ~<-»w ..,.....,,_,,......-~..»’"" ’M w-" \
,,,,,,,,,,,,,£ 1 A.,_,.i,,__..,,,.,,.-E,W,,,,.i........'f:....,..;,..,.Ma.,,.w2.,,.netm,.3.,,.:.~,W.x».:.»;.~J...,...-51....«.~.1,~.,,

949 $50 280 37'?) 213$ 953$? 366 333$} M30 8335 S013

Waveiangfih {mm}

figzmee 3E.2.‘2l£ Tfzt: cmissian s:p~c»a.:m:x2 .of ifiustraws. um. rs,:§éa.t:i’vc charsycseristicé mi
:1 -tyyriasxi um: ga22~hzz§a;g-a:-n 1'r;6ms§tix:sn. (From (I. K, R.hmi<:e;. sci. Eyrcirmzr 3113271 (E-min:
$§;ri:ag::r~V=::ar3;2g‘ 1984), Figgsm 13,2. pg 331, @§€3‘<8»e§ §prin;§;ar-Xwrlag.)

{if thsz: rm: tags awms. ’§'f2£:n, they :2-t:>1§.%é«:z. i£1c?a5£ica}.§},' with the ram gas zxmrra, ieavmg the gas
arena £21 an exaimri mm: am": r:3i's;m:z‘mg the ai§e¢t.r:3z: {at} law z:m.¢.rg,y, Uzaaitr; time c:0x:d%I'is;ns..,
.22 xrcxfg.-* fzzxi zmci r:ffic’i€>::2 re.m:tix:‘rm mmed 2: izargszacm s:oi¥isimt is iTr'x‘v:3§%:::t:l,3 ‘

xv ,2;-ix W.» (.»;'*‘x”"fi;“ »+ M 02.5}

$2.22 ’3?‘he fixmfutitm »e'§’Ea<c:ir*s*¥<aV¥s

T115 iérgz excfimer was cimxonsimted in W70 by Easov 2: 33. a: the Labedav Wxysics ¥nsticu1<-:.,'”‘
This §a5s:::' was an Xe; :=:>:c:im<::r that iaszzd at 3% am and wax s:x.z:§md by ii relativistic cieczmrs

ziirac-tad mm lilquici xcmém. 3%}? 1972,, i<,<32‘:¥13.::r at -21%. at .£,a:wrm3c;: .Live'mu::m Nsiiiorxxa-I
L§i§3{3m1m‘it;£: demozzxtmted an Xiig iazasar mfirzg :2}:t:»:mm Ewart: ptxrruzxing :3?‘ gasmus ,x£:r:on,”
Lam" agxzéozz from 2133: at, 232 nm was {max I‘§f:p<}ri£ad in 1€3=?5 by Scarles and Rm at the

Nave} Iiezstzaxreziz Lahoram:y.""‘ Semies and mm ’s:.1-:'msur»°:.»;i ma‘: <3_;;st§c:a§ gain of £216.’: Xeiir (0

ha 4% gar pm: cs's'r3§ 125. cm czf’ azzzzivas imgth. The mxpetinmm wag <3:E’igiI}’:§13y mm at .i us
B.r:;,.1zu: iiiifi .L,ss:.as. .;%s2;£.iu¢¢<§ .;::..VC3,..L:<:.« ’¥. F7§>_,.§.%x~g;w;1?:_$;u_ 333:‘; _.§éz_§$.....§1i§§g.ym:¢%_AL@W.a3;;.§;;t:?1.L.tiI§.-_...

Zitiffisf 2m:.ii:«':d aiata,

A few} wc:e§<;s 13142:, :§3.w§::g ami Bran ’re:j;3cm&+z;i §Zi"$E—’i‘ {Mimi fmm 1§~i::{'2i§ at 308 mm .-and ‘iii’?
at 2%? mm *5 Au §fid§:‘g§.3%'Znd<m§ zztxswvzaiiexu of 33323: :a£i‘im1 in ’K§’i~‘ was 315:: yapéaneé by ’T§‘i/mne
   

“:3. R. .§{cr-.ar;Exirss,a:.h. £1.33’; crsm Pm, 131319 (19553; pg, 3<s7~-we in ;:m.;m;3;,

€§,.§i1m;<s-v,. Re’. A, §T)a1s13..§»;/eshzm Ya. §.’e§s>2»‘.. mi £3. 35). Iééhotika-vita. f’ .£,m, 12:32? {'I9‘?<}}.
“ff. §§.e2%h¥sz;r., M. ¥3e2:€§z:r§se.:r, I}. L. Evfezihzzad, smii F‘, }. i'£E2>2:=ri., Appl. Piiy-3. .5135. ’2§:I§$v§2§”?2};
“S. ma (3, ,»x:. iém. Ag:rp.?. Pm. ..£m~. ~2?;24:% {.1*s2?$*_1,

73}. 5. mid. £3. 33-:rss.I;«../*;32p=Z, PM x $35!}. ‘@1350 {1’3‘f’3:'§).»

 

 

 



822s. 12.3 ‘Tm: Qgssigzw {:6 ‘FZ.s«:i.mer wxserea 45:35:

«*3: I315“? é1£7t€i:?¢§‘Zi£§§$?5.fi£3_ii§}£i 3aQ{>E3..”” in iixfs ééiwing and Emma e:<;p*s::zimaxx:z§., iasxtr amicm was .5313,»
zaineé fmm 2“: mi:-:m;*aa of .2‘X;i. X3, and {'33 at -S§.$3:.1€I2;§§.1 zmzi frzirxn .22 mix€:'x.z'e ntxiflsz, §<2;r, am £53
at £¥§$.E1:1.£3;{3. 1; ‘fiac {3»1!§‘§fv’l.=i¥.‘\“51‘ii2‘4.§j.{§,‘-3;" wszzs €i§73pm§§%ma¥:£:Z}5' ED ;,z.3 {mm ma '§*(2:{L‘1 i*a..vzm' Elfitfi ;z;3§1r(:v.2a~
izimtfsiy £3» :11} fwm $34: i*‘~it:§‘~’ §é§5>é3‘. T:isrme, :21‘ xi. ¥.i5x‘3{i a mixturza m” 3000 {art ::>f fir, 150 torr

{If Kr, and 6 tort :2“? F3 and wrzm abie re zzsbtain 5.6 3 by using 5 cm dmxuc-;2er .<:a-wiry mirrors.
In the Iviazugzarm and Jam?) ¢:s;p¢;~rimcntss, ia.s2e:.:* aezimn was Qbiszined fmm 2; mixture: cf Ar, Kr,

and F’; at 97.9:2,{§:O.1. "1”'§'w maxinmm output: enezrgy in tha ’éVI2mganc> am? Jacob 4>'§‘Xp€3t'ifZfIC3}i$
was: 6 ml. All {Mae expezrixnents usmi :2 pxxizeaai eitiecimn gun in excite the gar: mixmm,

Repcm :3? Iasm actixm mm: .X<:¥" 209:1 f'c>I!mv4=;d, fixzet ctiacuvarad by Brim and Ewing,”
but final published by Auk :2: :9;.lf“”‘ Bran and Ewing ussrd a mixuxrez of Ar, Xc, mad F; at
99.€:':(),.3:£3. 1' v:¥3m'e (hr: znixztusrza was exstésed wish a mid ;:athr:ecie ::1etc£.mn guts, Au}: at 31.

uszttfi :3. {mixture <1)? Ar, Xe, and NF; at ’2.50:.?.5;’L Thif. uat: of N33 in the. Au}: experirnzents was

we bath n1.inimi.z:: {he zzzzsmtmivs ;:f§1a»z:2ss cf "F3 ami its amid querxching clue: is se3f~ubsc:r;:>iior:..

".%,Th:: .rz2c:2x:»::m:ci xauigzxzt s£3<’:»z‘g§:' 3‘-rem that 339.32! saxpbcrixnenxss was; 3 mi pe:r;;:u3’s=e, tin: »p$:%i~: gxawszr
was $58 368.1%-‘, anti the: ;mi:2»:: wifixh 36

Ski} Qf {he early :z.°,2s;ci:m:;",an:§ zzx:;:%;:}i.eAx §as;e::"& were c:}ete:z'r<3»n §§fi*.§iI£”.t pumgxz-::i( fiovzevcr.

aim ai"fic’i¢nc’y aéx*ani’z;g:3s a!“ wing atleaiticai discfzarge p»:xm;;:iz1g were rewgnizagi wzry smriy.

Séneze .»2:.xc§:nm~ §é£$?a’:!I'5 re.qzzi.re. very high waiaageszz, Ietzgétxsdmai ¢‘ii,§;€}}&r3;zz: e:x::§ia:.imz cf excirnw:

was z”1.€3"J£*;i‘ s;u::ms¢2fz:i.1y 2"§'£2.<e.‘;3'z_;::zzc§. T¥x3s2z:a.<;$, mt.cimx‘«.~.r ta;<:§mni{>gy Im«*::rsg.;=zd at‘? {he :3xi::.:rizxg
<ia*..*e:i<3;3m::s:<£.2: £2"; i.£z‘zm:;ve::r§:§:3y €:J8;£‘§{6.d {X}; L’;i.*2«€:i‘:;. A :m2§§0r 2zcivzz12::t<~:me.x1I m;:::zm"t:.<f£ in M75,
whim Ezanahzmx and man: an the: Navc+.¥ ,I’i‘5z\.':€1&¥'!T2}¥ iaboratmrim nmtiifiezf a TEA (I303 laser and

de:ra.onst:'mad excinzer laser zwtigah with an saimiricai di$ci§ar§;§3m

 

figs §£waf.. in order it) <;»p.::~..raz:: 23.111. cI%:m.:’ic21i!y :§.i_:s>;;.ha.:'g<: cxciiac! zzxzzimcr i2_z'$£:3¥, it

is }'i€iL":€’:$«§Z€tf§" 1:3 I3¥‘(3vi—!:}fl an c".3§;z.‘:s":§:£‘%x: fiéziti 312:1 é1.?iQ€343Ci$> ma :'.)¢I..‘ hxitakfioxwzn v¢;'it.ag§e:. <2?‘ the

gas mixmre. by .:a fzxcmr cs? :2 in This iyp.§:2§3.13.§i r=:;eqL.x.irs:::s vo’£t2zga;~,s; of 3.6 so 15 Ai9:W:::n..

§t;:*-i‘§a~:>m1.(:.r::t, thiy _§ru§5;.z°: mars: apgrziie-d it; 21 tizzw $?§‘IG&'t4,3£31?‘Z§}«Eii‘f§€i £32: i:%‘..:r::» az§<:.r2I(m:*x.i:c avalanche:
mm: :31? Zine :36 ms. Ttsis i::1?i§éii-:.& :1 :*‘:::.e time at” *:«r:~sa'rz%i !<‘1’!¥1aI1<m::::1r%€§. ?*iIi.2113"-_. '11'¥=i;’~1’*':‘« mm

he s:u§‘f§»§:§e3:£ «::§’<:z§:tr0»t2s in the z:.i.:s2m§§. ii} sugzpiy 122:2 ,gg:r::swi;qg gsiizmnaa. This rzaqzrircza ii haw
izngzmiamti: bk’:-i:§-riczai. §2.5:c§£:1£§c3’r: etI§§<:13%I..

T2;e: c3.%sCharga ;:~i;i.sé;: :3? gm L&2xs:.i’m:’:’r £32-er‘ <:r‘::ém::s £3 ¥i11i£'£.‘¢'§t§£%.!.“%3i73f.31'-1i*"i£§ 3:363 fitxafiittci

i<;3=:*.&.i~;z.:;, Many vi the :s;3e<:.ie<: Qxiiiiii 1<.»::g;~v§i»;::t:§.; .If¥mQ§§‘1i?:{<3i.${:§Yi=%1"”*3 gm} a.:t:~s:r;r:;_m:zi
imfcxrra {§}a‘::§f; &ec::-“Mary ézgmziez hssw <:i<‘:r,.a_;yr:.»:3.§ 83¢: r:~:.’~2u.iii*:1g C:‘3€’2{2{{§€l1v£1§l s*ch<«:;r‘g,s°:. 92/iii be um
sigh:-s:. '{hr..=.:'z:~:§cvr¢:V_\ in mm «:*::2’mr1zt:»rCi2\i $xci:‘a1s*r$, the: gas flows mroazs rim {*.l(itc:;ré:2cié:s. In

ggxaezrzzh me best msvuits are: achievczci. whan the flow rate is '§1ig%3 ::n<mgix to fiush the. dis»

 

  

 

 

333. {T3, “fimnxt. A. K. Hiays-, ézflé 3} M. %§‘<.>ffn1em, f}{;z‘. C"m2’.vm(e2. 132383 {§Q?5).= {f'?’§.:a=&: Ifixsling, papfiv was
:"»<.*s:’m’-2*-«.1 vm Isms 3?, 1‘,-W3, RSIC3 the papa? an Kuiy ‘f. 1<.3”:‘.§3*.f)

W.}‘ A. —»£~»img:.ano .3‘. $5. ixasaéa, zi;;;aZ. }“}.:§>x, .2;e.:r. 2’“2;«iS¥§ 1; i§?}’5). {Yhszz Eiwéng pagw {z“‘m:»:n0rs~ €573}
.;»~.;».;:».s»;w 9:2 2?, 19%. and the M§Ii$sg2sn<f; gs-.ar;;=cr cm July 7‘. 1.97%}

353, zmri £3. ;?a, firau, Appi. §’i:_,m: .£,.e.*r; 2’f:3.§3Ci £1935}: anti i’.,’.. $9», ‘B:-an and L I. {~’.»win;;. rigsgsi, ."3:5«m
.£;;:::, ‘EH35 {’i€i?5}.
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» xmziiipie pzxmiiel pins, where. (£33 gins "warm fired s:irrzu.i£21m:()u:t;iy. Spar-£4 gaps pravim: excel»
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Mt} Q:‘m=:r Magior f{3am»merc§sai Lasezs Chm, 33

gmwear iasers vm‘}'1‘;;:z.2l5;a rapazaitim rams <11" :?€}&”.> £52 It) ‘'2 §<.¥*I;-., :h.'::<; gas repfiac:=::ment nxzsaug

that vsa.§c}<:':i‘:es zxf .59 {.0 I50 mfszxéz; -axe": raqm’re.d. ”1‘§ms., aerodymxyxsicg bazmxims :1. Cfitiéfii pay;
02“ fixcimer 12132.: acietsign.

_Pr.a¥a::§zati{2~n. eitzszztriaai -ciiésezbaxjgaa uzzétbmfity is czxsential far 111:: sm;<:>s3ssfg,§

cr;g>a:a:.icm mf a _§:3‘L1.if.§e‘:d azmixnezr Iasei. in Vmrziier 1.0 ’§3rm¥idfi :3 unifzm-n i{i.g%.1 V03£33g€.-£3i.SC§'1BIfgs: gg,
fiigh §,}!‘¥35£S£ii:rl3 ga»s:,€.s. the gfifi mast be ~pmi:;s:xi.:s€£3 i::nm€21§§.i2%E.»':4§y gxricszr it) me appiizgaticm cf 1%“:
main aiectricai c%i.s:2§.zarge gmisza. §?rs2.io:1§:t.az§m: mamas fizaz 2 unifnmx ism ax vakciren ciaxzé

is gészrtrzratétzi ii": aha gas in tha &.i.5s::§2z2rg::. re_gia'rs. Tizis, eiomi s;e:mz's m sew‘ tin: fiiisatfmgg.
zmzi p{§.w£-:.ni z.i~;:e'f:m°z1mi:';:z 0:’ am; :3: szfireamm §.n fins: :3-ixahavga. =£3m‘=c°: {hit initial‘ c:¥mz<i

{ap§rexi.m:~;ue.}.y it?’ &§<:czmns;!c.;n3) is crctsmszi, :t§2».z3 zizzfin :$§sx;’i1argc:wi'§1bprosceed by avalzmcéze.
icrziizzatian :0 cr::~as;:2 zifa.-z2..«:i’t§s::s, .5155; 29“ .e§:gtransJc::u3.

’?‘rt::ic;:nizaiion ix 2: my c¥1a3§e;;§g,iLz:g ;:«m%>iem Ezsaszaum. 2: 1axg<:;:.urnbz:r :13“ xéitrctrcns mus:
3:2-:5 <:x_*:zatr:<::‘ quicrkiy. Pnzianization mm be: a=::.mmp.¥isI2r:{i in a varirzzy of ways.’-W5‘? two
axes: camnson {W figiht arm .x;~ra}.'s. UV iighi can be gem’:-:rmed. by spark gaps £31‘ by
mama :i.i$4:iz.arge:e;, }ii}W€Vf:f, UV’ fiigh: Vdcaezz "ham mt? iLimi2ati<m {hat the in-nizzéng range-. is
rcstréueci ate: a few ::.rz2.33‘ }{~ra§;:: aim be crxzamd in 3-way ttxim ‘fiy Ccftiiifiiflrifi Gf anergezic

€11£§‘€{I'{m»S. wirix 1% high mamriai {:s1:(;?x aa «x':mg:;1:;*.sf:}. ébrrays §§.zm:: zi musiiz ciafiper {J-€’i‘$f:£Ta£§.m1
degyzh. but are rmm‘: aiiffinsslt ac: ciftzsait. In ;a.cic;%i1§tsra., (32.2, ms :2? ;w:.xyz:. in 2: cm:zzne;:*c.iTa1 5}}lEi£;Zi'i.2,

z<x;ui.rez: apseiai §icens&.ng.; zmd z:;3;:zr:>v.ai. A
ixvinitipirz Vsgerzzré»; pgays ‘éifff. :t<‘1m.xnc;n¥y amd Via: xrxz.;ai.e. UV iéghs ft??? §:>:'w2Ei£3z&i.zaz§csa,8“ i~Z§zr§y

v»:-.:<<:imc:r mater s*y:3ie::ns uses} a fimaar sparivzbtmrci w§:»:A-ma gash spark gap was sétparazeigr <:ii;~;A
ehargeri cc: :‘:re.;m2 2: msveiizxg s:;m.r§<; wave dawn the lengiix of the cavity. Lazar daaigng used

lent pmi»:>nim2.ion, {am 22: mt’: msi of status: mxuctural aorngmiexity. Meme importzmtly, s;az:ri<

333433 fl1’f.)f3-C5 anti mm! (0 <:<mw.mim::e the iasser gar: zmci optical. comxgaonxmis mi.‘ {he mamxsaior.
Sgmia gaps are mam: 1:55 fre.c;m:.:1t.Z3,' {med mday. as they heave. imam repiastcd by Cfkfttrrla cu‘

X‘-ray §;)r¢;§0z“:.i2£z:s(it:x:, .mc£§;0ds,

£3:>ra:1.a-éischarggas iezsd in pmvide fmvazr fireman cesrmzntrazioxzs; but an zaimctumiiy
simgéiet and _»c§0 mi <:::sg:"2§.za:r::.ix::1t£: fin: gas, iffiraxaa tiisciaargas "haw {$15 adciiiiémai adv:1n.i’3gv;:V

i§12t£they»<2an is»: §:as2i.iy ixxirxgrazed wiih the msxi.r: c:¥%»et::-trGn§;*;' sxnzcxzxrc. Thus atamna éissitarges

am ’m05‘t m::n*mmti§y usasd wiih c0:r§m¢::rc:iaI zzxtzismtrz; {such as Efixzifi} i§m£<;1<::+ "um fzzcgzziraz h.ig§*:

£:}.tt::m‘3:‘& pm§m:.i2:3.:.§m; a.tz3r:1:xmtraIic>::$. b

:?x..n<::he..r aizamatim: is is; use 4»:-«»rayA §.:«reicmi.2atic=>:1.35 A}:Emu_;j}.: ::’s:~::‘ay graicxrxizaiimt was

sham fibiiiy ;m}.xa.s} zsacissanme in may gemrmim: zwhnmlmgy fw iawrs hava mask:

xwafg 1;tm3<;xt2§.:a;st2’(m :22 var}; viabk: a1£e.m.2stiv:: (Z) mrcma imzhntsiagyy '?i‘x1's is »::s9£:c:ia}¥y {ma
{at am nzxom <:xo:.k2. :::x<:i.m£3rs whicfix may raquim. h§.rg.;.%2:cx ;3m.§mt:izzzti0n £,‘.3§::C{f€3.T1 aa§s':ru&ité—c:*,=;«x

“:2. §’a1m¢r‘..,/égpi, P§:}~:\‘. best. 35:‘! {.i<2"}e$-}.

"’*’$.. #15. i’i>:s...}.1i;I;ziL Pézyi, :5.§:1"i{} \f.¥’§8f!’i. ’
.- ciczriiamm, tsxi1.<?Ib3r.-a¢V:>:'2r:1‘f'. fix am: Ié':”Z€£?i. :3; §;*e:.mx.;x:.m {;}EE.~3i1:'1§>8 (;$984f).

§\<fiy;»:z:;a};:i rs: :11... 111.;-m::}:, s.3:T2’m 1,‘ 1985}:
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ifigisre £3.23 A iygricsai aarona di.a::kac'g:t cé:':::.x%:, '£‘h:a. two rmzin aicuamdassz are csrienzmi trans-
v4:t2:~e§y. The awry praiom’.zn:.i:m rrlgmraées aim crismted zr2m§\o‘crs»{5iyS mid aw: pa-miirsl :0 the main
it2e:s:t1‘(>{im €'i’,mm 3*viim::r«¥§ar§cEt:2':, “Apgearatus .§"*r::iLxni.7,i;1g 2; Fzsiml {Sag .¥.\as:::.:,‘” U.S,, %'_’a:e:m
=.r:?§$.24?.§31, .5?>;?§;éi, 22‘ $193.}

filzifstfw §¥§:z’:?°§-.%~.t§‘«g:& §;;irz:.u’¥$ry. Tha mmmx clisxzftarga me:-thod, is; (me: (sf the mast

mm:zzm:: (itfimfliiiféfiiiii ;>m§<:ni2.:::i:m t{ac.hn.iqa¢:»;¥‘*v37 in me r.:m<>na r§'i.5.s:§‘m:I-gé meltmd, UV Eight
ix: §g€:'¥!~6.*,r:»3::ae“Z by :2 .cii.<ch;;rge.=. hestwem a memi ma: 3 zéieiccrria. ’1."i3e.L§V iigiax Wm cmaaes

.3 -wmilkz i.{3&f¥.iEt31£§f.‘3i2 in fix: ei.isc.§¢:.2:.:’gc— rézgicm :31’ that: 2‘-i»:>.s:;%i,:m;ké;:;. Gm: 0? {im mzsjmf a<i.v:m1agz;ts.
«sf <:(:2f:>m: vgxrezicsnixaiian is (£33: the :§i::i£e:::£ris: prevsants fommticm of spark cimnrxais {:1 that
pm.i<;xx§za’2icm z:tic:s;:im::¥m;‘ Thus, {£29 ::c3n$tm13i.s2.z;Y€iors é:.ff»a£:£s af {ha symks ma uiitninaiezgix

A £j§'p’i::ai <';z:xmna ciis<::i';.:-zrgéz ::i.mui1 i3 :«;hc:w'n in Figms-3. .i2.2‘§..8g The twn’m.~1i.21 €I(3'(2’{3‘(}dl,’1$§
are {§I’if.!{}£i£<(i £:‘:"m5;vs:rs£2§§a The. me; pft2i€%IIi?3€§[.i€m c.€i:::£:trv:zci<3:s an: aim‘) £?3'I‘ii‘/{ii§3C3 ira.:13;v£:rs£:§y,

wiihv :2 :;m'roxsx':1§§:2g :ii»3‘§.:e::tria:: {far resxamgmz, :3 c§uem;:»; :;§»:";+m~“a'a:}*. ’1‘%1s«: {W:Z’:(Jrli‘é°f<Z(i£3f1 aiczmrucitzsg
am placrerd xscsar mm of the: main zziemrtadas am} czmzgwzzied m xi:-ea pnteniiai cf the <'>x..!.m

€.i2>£m;sz§.:>. A hi»gh-voI§*;:ag::1 scum’: ciwrgézs. this. szeragc: <;:a;::2::;iu.:r, and the p:2!‘sz;=, is tziggered
by as {hymuen gm L=zquiv.ai::n.z; i3;i.gi':»w¥::zge: :aw.i.tz:¥s§ng gziezmezm), T132 ;3rs:foni;:at.i<)n potmiiiiil

is was xi;-max: by main d§§c:§z:z;r§,«:: ;gu§.sz2;. —
.s*mc:t%2»e:r mxzimn is $h.aw'23 in iviiagura :.2‘23.¥9 T123 ga.cnm:rty is s;i.mi£ax ta ifigum ’12..:2.2.

£i%€:zwg3'¢.:"eti?, wii’§) this ?§}’,L‘§5f;‘<3:t2‘£, {he §.~’¥eAim’2’E2-aticsn p:m:':§ti2ael firiwn by :3 saapixrmz {sf ci:“i:».z3i.;'2’"y

{mm {ha mafirz :sEi&c:§mrg:»,>; puisgzz. ”f§zi:«; gsamxits mare subiisa. tu't2:i£1g {sf fix:-g timing bt':i‘W3€:¥.t {ha
Wm ev::~ut::, M: at me am: <3? .2':£§£§:§tii::§-3:1 aimaitzy. ,

:43x§}% $123-§3t§t4Z?x“€3f.%i3»£}f3 is ah-éw:n $.21 ¥7§gt1'x"e ’2.2..2s$.9” j¥.~§art:., ale-var us;-’: cf inxiucznrs .3533
-ctapacimrs ganaratas 3. v-mg; rapid siariiizg :;;:i.ir.s~.~: aarixss ms gt:-r'z’:é€H'2i;£;zézt‘i0;I1 €:ie:»::£1'z>e§£:.3, which

is faliewed by 816 main éi:s::i3.arg3 g’}uise;..\ f$11;i£::ahi<2. c:it<.;«ii’.£t {sf in*Ciu:c-my and txapzicziim "s13im:.s
{mam-3:2: i=17e.é..<:.»c.§,x"<:t-xi: 1:) 133:: ttxmzd far iapiirmxm aaxiput §a=€.:w£2::

“£3. §. 53-ima: am} A {L Essex. ifiézrs‘. Cammzaz 2'3':‘i{}§ €'i:‘}’1‘S).
   {’i9T:‘9§.

“ii. ?w‘§it1’Err>»i.i0:-:ssc§3~c, "‘A;s;:>az'am».-1 fur ’§’:e:£ioni’zir:g: ta §’2.fi3§t€3 Ixaszc-r.,” 3.3.8. §‘aicn§. éi3.?fi-‘?,:53‘iV 5¢¥2I.-

“£2, !\€*';‘s,§§:;<r.IH%:?ar;:¢’?x<i. V*‘s%§>g:s::zzu:s ;’or '.‘P:+cim'i;a‘mg A Pssi§~':d 1.:;»:;~er." HS, Pzzzmzz $e’§.?;*«-£7,533. Sam. 21,

W13‘ ?%e§‘ii§Iz/;r—§§.<3:~:é>:§%::, *’A;;-;>a:aKs;zs fut’ §~‘r¢«i<ai,\i:2.iz:;.; 2; Puéwi Gas Las;.s‘:.z" USA Rataxat ;3%5,1Zi%7;.3Z5i., Strpi. 21+
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figure I2+3.3 ,¢\x1at%;::rtyg>:~, of ~.’;i3L‘x:%m3 ziischarge cémaiz. 1;: $233 circuit, the; preicm§§‘.a!§(>n
potcmiai is <§zrix~n iry as suzgszxrata sex 01” cérczsiuy {mm 522:: tn-am digaharge pulse. ‘fhiie;

rm; axe-:.>rc. sum: 3§I:1,%r;;;,; ni gm; timhgg §~ mwn than war: zzverxts. but at am: c:.o::a; at’
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3-*‘f.gfur»:+, 222$ In 151:5 aivcttxir, iixis sézevzzr (sf itzdueztas mi c:ap.a«e2£c>:'s ,c;marat>:s 8 vary
fra11:ix3«ed"5y tr}Eé"“¥?iai?i"'“

arggfs ’g§1t35.‘e:; {§’;*<3r:3 §S§k"§§:§&{~H{32‘§C31§“:.‘ "}'\;.x;5:zr.21§uv5,.' fm‘ Pmiofiizifig 3 §"»1J'§’2~§4‘.‘,d Q2111:
“ ¥’:2.§§£m ?’?5.2\~‘+‘?‘,53l. Saspk. 2}. §£§’:?3.} ’ 

maén ::i§&c§x.2':rg>:=:: .¢§rc:u%¥ry. Qmtzz fix: _;:r£’.ic§rzi’;:aiiCn: $3 €:€:i’§?§‘:§§’¢?£’:, {be xmxisa
:§.i:a.ci@a:rg«s puissfs. mm: g;z2.:::t2‘-.a.ia<:<1. ’i‘hxz afa.s:z:'§<;:a1 {}i:‘>;€:.?1£ii‘gt,’, .i"z':{.}l1§i‘%21‘}‘.!=k?.i,1i£§ an ::3.§2;x;§7:sarg<3
n*:Xé:i’£.£ér:i grruiézsazi *£:X£.:§mt':f Miami; am sgxxiie siré mg.-.:r:»z_ "i‘.§m. xix:-3 tima is.§s%1c3r£(§£)“ AJ:;:':,=:‘:} and the.
mitagaz and pmszasar am Ewgh {:3(‘3 IN and 5 KW}. §’*zxr2}w:xia.r;~., that gazz §a_i’i::r bre:akx§<wm‘_) km
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F5-gtam 12,35 A zngsicai. tiémitaxgts .ci»r<:u’i£ far at: cmirizxzr ‘i-mar. This c‘:rc;1m providw ax: ciectricni
iniarfas;.2: barsvccn ax i1igh~vQi£sg€., Iaigh»-impmimgxa pczwcr sxaunx, and :5 relariwky ic:w~imped:m>:~.::,
i%z;5»:2z mm. (Stem '1". ZS. Fabien and £3, ‘M25523. "§;~Z!cc.aric:zi fixciizatiuxx {I§.rt;uit far Gas 1Laze::::a:,”' I33.
E’.31ix:1::»_§i=*g§»$Si,£}9l, ‘Stefi. ‘E2, "$935.3

A31 :7=.aam._§>is: of ix zypimi iiisehargas circmit §s sizmvn in Figs:-c 1§.‘§.I3’.9‘ Tiaé. rfiectricai
<:ir<:x:.i£ §sx‘z.wic§;:.~:— an rsitzczitricsai §n:.e:r:fzz£,:£: b::t*»z/1%-£2.:.t 3 high~mI’£ag:a., 1.1ig.§§-~it1%:p:3:iezx1-c:<: gmwe: murce

3:36 ;a 're§at§.sia3.y j%ew~’impt::i.m::£; laser iaazi. ’-fizz: t:Ii.m.1il‘ ifimrxicieés 51:1 Blctcmizai mciiation circuit
$8,. 21 {:§*.&rging :::ii‘€:§:.i§. 1&3, $3 @2236 fr,>m1ing, ’r2e;£wc>.;r§: 1.8, mad 3. $21362.‘ 35312 H»,

’§"’-ha ::'§‘:argi:ng ::::irc:.s.:~i: i.;zc.i-zzsfias ~23 ’;3f>‘«V£3¥ szsnma sapacimr £13, a ::%1:arg:ing capaszimr ('33
 

maize 1.; mad cizargng ziiaci-2:: I131 iszfiaizz ti-1-at poms? s»z:mz::x>.» £2 fmm ma gmfisa forming nem’ar§:
2.& {”.§‘h:a zzapzzcziiiivr (2.; 33 sigrzi.fica::‘tEy larger 2.12311 the zzapaczimr {Zn} A myramrm 8; is aim

é1':¢;.1i:c1s::2d ia tha czharging cizguiz, ‘me 'c:m}.'imI eimzmde of the £}33;rai1'<)i1 is mmrzactad to a
p:1i.s;e: gwaraxaf, ‘ ’

Tfim pu1se.~fc>ming mztxvaria (P§"§”~2‘} in»::£z.z<:.i:2.s 2: sat.ur;z‘£2§t i:1:iu¢;ms' svzitch a bias

gmwar {wares {mi 32‘ ami E’: §.‘§“!€.3K§Z Lg 1:£)n11:€AcA€::£§ in 3¢:ré&s with {he hiss wimiing of this
.Sai'am&§.é: inciucmr sw‘itch. The LPFEXE, aiszca .§§1—Qh:(£i£:Si a §’}?'§\f capaaiior (L13 sh.ur::md acmas the

;2:atzz2”ab;{::~. incitssczmr /s.wite.}1 Sq zméi )3 stgmud 3i"I?‘£*<” myacitor £23.; 2:x>x1m:c&23+c§ izevtween ‘{3}’; and
Ad&if.i:3na1'1y», ma '£‘3'¥*;\-3 ;’tn<:1':1dr::'s 22 mzxgzzmers dirsde <:ha-x'ging imucior L3, 3' bias powm _

mum: fat L3 am? :1 chxzéqc §,.§ ntonxzgaizwd 311 writes with was Bias. wénc:;i.ng, car“ the magnetic
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magnmic diocie~-charging indusmar L3,} "i”h:% iassar mad 14 is cazzxaxecitzai betxvaen TF3 zmci
mmtxmcm. 'i”h::iz1:fi‘uétz:xnc:2 14;; r’r.3§:£“;33£:§1Lé’ the ciisi:*i¥3ut.<2=;i ‘imi.u.c’zz.mc.e an“ we eimrtrodéz structure

ref {£343 iasctr lead 24‘ A jpraianizaiisn r:.irc::;1il 28 £5 alga irmiixcitzd.
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figure 3213.333 Th: I1e::=.z'r-2 Df aha 53~{'}G is 3: pmrssuw vea£.e1.consi3zing of Wm trmesrztricsxiiy
motizmsd vcylinckxs‘ (’¥~‘-mu: I}. J. Ciark and I‘. iflfixlcra, “€355 ‘§'r2ms:ps}ri i.,a.»s%2:’ Sysuxzm,"

Patxzzat $§x§,6£T,.327x §§£*.;3l. 9, 122%.}

nezwark 18.. an i.r:ve:z's.i:>n cxf tha vr.>3z;ag:: an izaif ef the gméae forming m:twm*k.. am‘: finaliy
tine .E£~13r:%r :;’¢:i3<:hargs. V

‘¥§.x3.»s3 A ‘§’y:p¥.c:a»¥ ?r§£.’t§~fi*-i"%"i mamas» ma$$=r

‘fize. re:.r:2a.im:ier of {his seciion wili facus an 2312 i:1<§'u2;tr§:=.1 mszimczr 18382"'i§1is§n€ie{§ far izadusmaxt

m.avr:ria§s pm‘<:t::a&i..r2Lg; a;1;33icattioas. The zspaisific am}: undar i'3iSi»{.‘US§i5IiiZ}i’§ 332 this ‘ECMIR fi3f){1'1a§<tr
.ma:m1’i"2:cz11re»:§ by X3‘-FIR, ‘!r’z=:,, in .§’~‘r::m:mz, CA. This Ease? is ratgarztserstzstivtt 0f 3 higmanci
inciustsiai 21.1-Sits?-f§i&}§$ pmcszzasirzg t’c‘~”¥.~E2iI‘£‘3:€‘:I' iasm.

‘Iha Xiisxiifi §*I3{3-0 is a 3542521 laser c>;:s»am1"ing at 308 an’: anti ;pr<2<§'ut:in;g, 200 watts 31 300 Hz
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H: and am: ‘puma width is 401:» :50 ms. The Quiput mam imomm-at::s; za imam haaxniogexxixsr
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of 5326 a.tr:;z3sp§:~.e.-:re:s W33: 3 huffa: gags :3? new a:m:i was an RC3} pm-cumar his gtiimraie than
szmaxtixzszz... "EM ézasign at“? $3.52 3353: is .&iseus~:~:z:d in £3‘ 3. Ciiarsk and T. S. fiahfazrx, *‘f;Ixa:~: Transport
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‘£333 gm £iw~* is hesxween tin: ..im:m* ¢y§.inc§¢:' ms! the onmr ::yi~im;§«zr and is étivrzn by :4, $61
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fiffha :3}e=;:'tro<ix2;.2 are: §fii.£3£>z‘5ii mi the mp <3?’ £113 i.t:.m=;r <,¥i.::Iac2m“c =::y3i:xcktr am ithe Iasar

is ex imd ~trzm1e:vz::rs:3%}:., ‘Wm pairs of prsionizzing zturssna €t{z:$£;ma:§r:‘.’3 are Zcrcaicarzi slightviy £0
tacit}; xidas (If {£261 ':main ~<:‘1c.c:tr0cié:$. Time: Lmaiiz a:.iis::h§t::fg<: gviasma is: gtmatézd bsstwatan the, twa

ciezatraaics near the top <3?‘ the ;)re<s's~ura 'v€:.23»a£, 'f’§‘1Lxs, the Qp‘iica1.c.avity The immrzd pamilczl :0
mezsa eiaaumdes.

Phys§ca3§y., the 53£‘s£3 premuxza va::s~3cI :::C>nsis€.2; mf a nic1«;ez§~7g:iated stain1‘z:s§.-smei cyljxzcier
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xzzmi. ‘Em: giatssss arr: boitesi its {ha we§:1e<i fianges. M!h€:1:g¥‘§ the :e:y°s:.<:m apmatss at ;:srs:s:sum

:31‘ rmxghivy “$9 gsig, we imavy sm'i.n§¢3.s:; m:mrucLi0t1 haw been ‘§:%2"£:xs2;re ms tad up ‘:9 180 psig.

73315 293522: syaeie.rn is zimfigxwzl. fer: easy repair and zzxainzenazw. A}? G?‘ the cnmpormnzs
ins.it3.é: the gym:-;a:u:‘Em<§ viz$.se.1 em: :re;a..s:.i.i.};g az:.::mas§{$i;;<. A Vremuvable xtzisxtiimvtzmci sum. hinged ti}
aha: fiangggz }:z:2I.d.:s 121:2. 99.61 plaiz: sea {mi ii can baa swung zmray imrn xix: flange. (Erma r>a.mov¢:ci.
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suh-»a.ss:am§fi.ic:»s is; a mmiule am? 3211: Ex: :’::;:)§§:s;::x:?. i::t§<:§>e::2»L%»::n£iy (7? W1: ~:}§ht:1'$.
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23 cm, The :3:za1:;:r§z¢.§ 1:)? E2013; zczicmm»-;i::.s 33 Mid nictkei. Thcz a1e':ct.r:::;ie:: are 1m)ume—d if}

the 0u'£$itf.€: :31’ that ix1‘£¢:’m—al. sfiieisansxic cyfirzdzaar, Each (sf the £’:§{%{‘.l!‘{J€iE’.‘<:-3 is baited to rzigftztszzxrx
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fiivg in it) Mr {sf hem ix gen.¢=:‘a'!ez:¥ $33 the i.as;e.r gm §:‘rc«z::1 £'i'}.<’: Ci§§3.t3ii£i§;z:§. iiiszzjiszxrggz {ma

mrtxtxzx gkrtziciiiiiatian. ami thfi ialbxs.-':::r Mfzms, ’.f‘?7ts:t gas; m Viitffllili §‘£t:32‘!..{ é3x§>!1>.mge3:r zzjzairltzxiixs 13%;
gas temperatutm a1§i3°Fwi‘£.i1 65“? .in.pm caniatzi ’mx:‘:;;:3rm'uret at :2 flaw of .3 {:3 33 ggailcm par
minute. Wax‘: hm: axaimrxger is a fim1»2:c:i tube —;::3’z1sm1<:1ti.s;3n, :rxic§r.::E~;,)’i;2:1:;3:_§ tsrr x“:1’m§211i2:a. daxaxagsz

frmn cm gas mixmm in ssrciizr in Irzi.x2.ixr1:i.z:z :fc§:<§i3:r:»:312\g§1:»; i:h;*; htiiii exeixanger is xxzcifim tr.»

2': Af§.a,rigt:.* svsf:i?:§1 is §:s§‘.ai::»t.;i vtxta tin‘: mac! pfiaia with an £:§+.£’i);1g,
‘Figure 1‘2.,‘2T7 is xx ;;e;;is;;_)z:::{§vs: figzmz. iii.i22.:’au'.a&iag vim antim sysmm. “1.‘h»;3 aizmr mrzml

czyiixxgm dafixzrcs tin: $=}§i1a;)t': Q1‘ ma cfztim siystaxxz. "gm i.m.2<<:;:~ ciieieciriez tzyiiniier can be s<*:<:n
zc:awa,rd €h<;':’i:+::c:.i: :9? me’: d.rawi.ng {}s;cm1:z=wha; hicideza by ti1»:a:i’m2:s)i Ti3.c; wind.ow far the <3-pt:i::ai

eav’iz§2‘ 23:2 ha. man xmr the: frizenti :09 of the ;')mé;$i1.re v1zgs::.i.. Tim Iargz: ifizlrigtfifiir musings
rm aam sizisz: at‘ we ’;::z*v::::;sur£z vs:-... at zczmrtzxin »:;h<:: ‘djrive ggsacémialy far ifw izimwzs-r fans‘

333$ ti§}’K3§7i6 cylinder s’i‘:1'uC%t{sx'¢: offm; 2: xzrumbar <:«f a:iva.:;§ag:2s. “.123 begin wim, ii places

{Em j;>u}5;2~’f{:s.m1ing riai-Mari»: ittssidaz (‘If 2 }a2'gra*‘.s£-e<<IV is-.timf:tI3:;"'c:. Tixis games as an izfiexai .f‘!:mxz;¥:z}.v
rags and m§’i§.ifxT$:iZ%fi¢ ‘§:as¢;:r' >g£s:mz*a£§ng dams:g§.ng x”:§f:£:’trt}im:§g:3»8tic :isz::;:r'fT:5:z*zmz::=: fm:.n the

<‘:.§<ir(:¥£3€‘~§_¥ kziigfz iv::«.1£:age sxmfi z:::.rra%nx pz1.§3e2$.. ‘fix: Faraday‘;“.3._g:-3::3\:s'nsm1<B»ii§3fi simi1:«Lr§y mamas
fim }c2<3:>3s:§i3"§I¥,i£;:* :3? acnc:i:c§ezm‘ £3‘ yggexing m“ that ’§3‘iFI\*’ by axsazmai murces. wearing size PFTN

faicme -2;: the é%§ef§£’:{>:&€z$. m.iné;:3z.i.:::es; rhze. *v2:Vs;t£’é3H inzi13Ac::za1xce :73‘? {he aiecizit-211 $3¢$s£e:m.. §T~"iz:aii’i§e,
lmsatizig that wii§2.i::z tibia ;3%r::$.-2:.m3 vz:.s:>:=e1 n;in§m.§m<; ma mniber cazf fcefi.z§;rogghs.,
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§??:gurz3 $2.2? A ;2<’::-'.:p:c{iw: iigizw ‘r1iusm2=z§ng me ‘kagcr c%m:}t2£.:‘ mi‘ :12»: XMR 5300, '”t‘%3c-. €=’t}{t‘.‘£‘
rzmsil sylinnizx’ riwfsrmx £133» :~:.§m;2*:. :3’! the: vamizea zsysimak Tm: imm <$.i=:*§r.:+::z.r':s: c y‘i'iz1<i»:v can we sear:

’ toxwxsd fat: ms; (sf ms: :,*»rsv¢in;;. mnrrtawhnt Ewlckiw by :21»: €a1r3.=.§.. (Warn I11. 3. Cfkari; and T. $‘~"2x§2?e::3,
“Gas ”i‘rzm=:o;sm 'L:s.sr.’r §$';‘k&t;‘-£33.“ ?a:2.r.:—. E?-'~’r.1’\1L33’.?‘, Sam, 9. }9?s6.)

‘Ems: mean:-ric ;)i.a:::a.:m:ni :1? the cyiincéars ia aiisa 3 ttxiiinzsi part of the fiitxign. Noxica ma:
mt: £¥{¢£:ii“f)(§€:5 we icmaizcci tbs‘: Y1£i'fT~2‘>Wt3:«}$ part; :3? “::he: ,*~;t.ma:’1ur:a. Wis i:1ereaas:::~: the valocity 9?

the gag: swag’ :.§.:£; :‘:i:2.r:v:m<ias mid mhzxnms the L2?1ifCt¥“m.ii'“’§_,-‘£:if‘ -{ks gases flaw, The fimv xsa}z:>«~:izy is
;r.x,*::x.im:im<:i iii Kin": C§i.1li»§}§i3~»C§I§§i3tZi£¥ gamrmatry mere am me xharg imndx, £‘.‘:§)I‘£Si‘z‘§{1?¥.i(mES,

or .::'haz.:gezs z§.im<,::i<z;zV. 2'-xdz3é:'imzz.;z:§iiy. aha s::j§*§i:’1ziri£‘z3.¥ gs<;:a.:':a~:=.:tzéy mi-::§mi;:.z:.s tin: 3zz'rfa.ce: ama
m;.;3<1&e:<i if: iiiicfi i’$}§iX§3;§i§5.

~ I *£i$x3x~;3 cat’ z2::«2ags:«z in téisa5;:;*2:s£iag«~e<xaLi1x1ez‘-iasmasystxxxxss is ihfi ::=r»rrms;-mu}-«-«VA---»

czmtacaci $33: sim ha1£sg:x'3.zx £0: ., ifiarivy ‘z3.3(x“,§f7{123.:‘.‘s‘ ’W’¢X:2“fi nmi>rim:.:'»; :§'c>:‘ hiowizxg gmis anti {i:=:..:aL:r‘:iy~
mg aiaciriazal tZ<'>itn§';:{3r1:2tm§&, "{”f3us., L-".§§€."<i;*{1*s€ff §.:’::s‘s§.'.:L' d£::3—i§,fi rrmsz inzximia a m1mb»:5:* 9.? '§’::3:£11:‘€:!-¥

it}.:;§:.m;§i’am<m.$iy ;tr;%2:imti*. ieaxéigtz $3113 ::r.man::a msér ¥’if:éi'i:rm2. Tht’: 53%) §$§C€}i"§§i3f¥§ii‘i$
::s.ag:;'m-tic £:(,su;pi:ing.§s fat {ha §:£¥cwszzx*s. in a‘»:réa:r £23 ;gx-ramfidcz a §1.¢::;%’:“m:ii:: 36.3% vzitfi 215:1 -i”£1£i*=<?§E-iirliciifi

c:¢§:3{:»1zbt. Wi!.h.i:§ the p3'%3;$3:u::i.z:¢:§ W:$:e::1., m.m%;xgs am Ezfiasricaiagi wizi: §i1;:.q;;'ivnzm3{§ }i3§)';“i£;-';;g’;i:§§,

himver mid :it»m:;;:}i’r:.g §3:2:?1ri.:§gs §’::;s:i{§a '1Z*x:e.°. vassati arc: &¥$s?,.§i:3§&£':i§ in a ’i%tcm.3.i:1g. wh§<:%3 $3.
§)£‘<3iS&iI?§'i§:'.£2(3 with an rmzsiii iiaxw -13’? 3$a§Qgm:»'fri:e girl ;;’§<ic§.i'£i<::3; ma§mi.a.t.5 mam} iizatitia inc

§;sz3ss11’re ’xs£:$&::i ksm-:2 =i*:ee:: éi1:‘:lc§{:$.€:£i s:.3zz:f2;V¥1»}¢. ‘ma vmajxarity as“ this m»<:mIs are ::i::;%m1-p§.a:z:d.
¥:m:'§a§'ing mmx2:ia§.s gm: we ccr:mi.z.:. '
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ggaiéz. <3£‘t"a:'se mam; :22ci<ms:tags:s. ever m-2%-iuzzzz 35:: :2: system with mrcma wira ;:::*s3§<:3:f1iZ3§'ix’Js:':.
1 ~~ (sf miss: Va Zmi'i":e;' gas iz:e.re.;,m:.a imzira ms. t;:3t;>’:;E’ j;>cxx>~.>a;7 and affigiaxscy <3?’ L¥3{: ‘iasm ffiais

<:::?3z1n:£:x*3éi ,g3<*:x'fr:vm2.£z:1r:e. appszazza. has $35: rzziaijezéi £oi:1rm:a§a:i sA:2sbi3§tb3.r 9:“ 8;: piasma.

"Rx:-2 §*513tiI£)€i£§; aha {Ji.3¥.S»f31} 1;: 20 £6 .f{§ fix‘. Tim» .r§.5e,: I:ixm3 :2? -{E16 é§m:£fri<:—aI fmizsit ,I‘{§ii$§£ be
§§:2€1§1<':;r1¥az1r: 112:3; :§lp§.§&—£ mats: 1.i.fe=£ime: (3 £0 153 $135.); 3.3% 93’ me szércuéi *&}e<mc.nizi in am. .?i+z%;>“ an:

gfsraifairahiy i13..$u.%at§>d $331 a f‘.¥£i5¥.§1 esi’ £ram.’f<;:rm:1:f .cr;i.i, ’{’§3.<: inmizztizxg 52.3.1 ::m;§£t=2§ "by cix'w}»:a.i;i.0r‘:
mfcugiil. a hm: exe¥2.2m.g:az'.. ’”££§-iiaatricai’ a:i3nm?:c*1im1:; ftmm {hit §,;z::§s.{: f<3m1i.ng 21::::x§'{irk xix) the
a;~.X*:‘e.mzx§: ci.s"w ry tzaaiia *:r»'§¥§2 ::s3m.im2~e3u3; ::a%3:z$ zseéfiazi by zzutizgxremioiil ()~YiI’3§§:?..

“Fix: £a:$€.: ¥‘€:§$€)r§€1£€:Y am 2: czmveniixmaii }2ig1‘t«refi*&c£ix3g .r-r-.23.: rrziz"-2;‘<nr and pm-izslsy tt‘2m:'.~

’§§i3i"!3:I1£ frszmi rxsirrcx. ’£’h:2 1a$;<:;“ rum iv: 9. §:.s;e:xdc;w:+w£:.§,zuicie mam‘: in Lima vcsriiwal ciireciisam anci
in 2;: frz3e~3p;at.;2. £‘1F§O&§1’£ fin me. 11:>ris.tm'%a§. ’fhis. <:’::‘<:r.a_'1m a bazmxa gsrasfile that Gzzrzsaizizs 913.1}; %.:a
£532.. }1{3f“i.Z»{3?iIi£i Ciirectimx, '

 

*:2.:é,5 Law»? fifisfim 3~>§c:).me:»g»er1£mm

;¥‘s’¥£:tec:'é2:§!i pm£;e3s:i2ig a;3p§:iz':;aii{ms (sum as 32:55:33 p§aIxari;:s1ti<.wr3 or §a5v.*.z* .az'az;r::atirs—g) fmcguzzntiy
requirss 3 "*':~:>;.: éxatf‘ imam grsafiie iztsm Figt:xr=;i E228) with a:i§.1s.s:aEnIe: am y {§i:‘r.x»e :3ir,>.ns».



433 {3t’i1e3r Mafinr ikammea-rc§a.i Lasara Chap. $2

Egirme mm‘: ::;mzi;a.§:~: pm£:z:ssi.r:g .¥2x5;xii‘:i Ease an msnzis ::cz;2x!::i:x:;:iic:;: af £;§m.:ss..i§2:°: xzmzieg,
an czptical ::}.:z.::m*mIt {ciaikri is h:;v£m3gc$':iz2:r} is .a¢¢z:s@sa.zjf §£:¢.£::3=m-'12:’: {ha {}auz>::;.ian beam firm {£35
“mpi1ai” pmzfiixz. A Qiarga xzumizvar {if :z:é:§1n§:t;z1.z:is ham mes: used is: §2=«-:31’rs€.:gr.':.2i*::éa'v;x*: Iaset §3‘$ii.m.$,
Gm: :,:‘%a;sa of iacizniquczs <:=:>n.sisz..; cf 2.:s;:in.g imam, ‘white £6135. ctr waxaeggxiiciss lg riiviiia Rm
hem: irxza email paras and than $2-z2<3:m§::i:zé:— the 31am §mx<s the z§:::::i‘rzz::i :a%:a;1r:.*"‘*5"’ A sectznd
cizszss mi" £t%¥:.1°3;£1.iC§t.i&«\‘ nsgxs pmms err mirrmrs to mid ma mam emit) itSeIf.96

XMR 11:%r:$ ii h»s:n1»:3g»s:’s1iz¢r<3f the bezam <1i’vi.d:i:1g tzype, in their t1c.x;rz':<;agan—i:::,.e'r,‘” we gets
of arrays ‘e:=x"z>5:s§:¢_i z:yi§ns:iri:.t:a% lemma {fmr grt>u_p»s 0? ayiinxiriazai ienwx in miai} are: am}
to {i§’x~'i£§i3 {ha in«::e<:sm.ing beam ’i.2"x::3 m army £21" ""%s:':.a.m1§:t::” (ms: .i’*":gsm: ’I’2.§*.§). A Vfoczuzxing
1:33.15 Qwrz m<:ar::binar3 231$ %s::a:nia:ts. mm :2 “trap $3.32” t3.iz:.t::*iburim1 en mi: aazpssuvra pmazb. En

the XMR -wzn:r:m:x:i:z.i’:zxz.iv:, arrays :3 imii £5; {mu} the -fe::us§:xz;;Aian.s§ are éixexi; Ar.'ra,:;s i zmé

ii are free it} .ssm:3«xre.., ‘fl“‘%a.e> szgmraticrzrz 4:3?‘ away 1 €22‘-z::m army 3 =:ie2;i’¢:3“?n§’x1czf5 $132 .3: dimezisiwxa
:>»:f:::h:3 §1:;>m(3g,:312.izt:£§ baaz:;.,’wVhi3a ma sggzaraaimm cf array 2 fmxrs array 4 damfizinma im: jg
djmexzsiers. féuticw em: am immagmiwi “-mg: §ta£"’:iiA<.ii:ti¥:1uI'i£srI .§s a_¥wa;:,:s ft‘<::mmz1a:z3m swag
i<1ca.z§t:>§:’f£0m Ztnntagezzizer, §::.:%2p&;:1r1an.£ affim ioeatém :31’ the arrays.

  
22.233 a%%p=;:s¥:§z:§§'iIen %¥i§hi‘§gi°§i

.E1.~;ci.z1:n:=;r iasars are azvzbgaiayeci in 3 large 'm:n':br:r of mssar mareriafis ;2r0z:e:s.~ai.ng appiicxatizyns.
Thxe sh.::zri wzavtriétngfii, high a:=n&rgy., and high Z3V§’..{EEg€i power of cxcimer }:::;.e’r2s ;)I'§3£t':I“xi urziquxz

rzzmzearzésakz gartzzztzaaing ?a€r2c‘:§ts( _

LR}: (%x:.;imp§»3\( the g3s:>iysii§a:az; thin éiim transissiar »{p<§¥y—Si. T.f3T} is. ems-iLde;r<:d :9 ha
viiit maxi ‘::*:c}":.!m1'::>gic-sad 329p in the x‘C52§3‘.»<’fi{.¥.‘.>_{.’.r.l"f3€2’f3i‘ xbf 2-:iiv~:°»:te;=zi:7i:2; iiqtaiéi ::s‘3¢‘$tz¥§ ciisgiizzg/sf?"
'¥’»c:%y‘s:i2.imu hag :21. m:.m’§:re:: (sf $141§x'~':;¥I‘it2§g;e3.5 aver a:m1:“;3~h<:>:z$ zziiimzz, As mm example. pa’1ys%.ILi:non
;§_)€§§.§€3»§$.S>‘t3»§ msm: mam mi} .£i}’.Ii=ES {his <2-miss: xmsfiility Leif .am9r;:*>I3r.m$ siiiatsrmg mias smhfixxg ,
{1M{}§§ ‘parigaherai .<3§s;pi3:y rizésmzrs far; ha integraiexi ségm firm the (§i::}}§a.y. D§:ap§ay.3 with
%.:ai.r;i3t~§.n a:i:*i'vA::m am rIm:'v:- rtfiiabfa: {ham C’0I}x’r:r¥i§{}23S’1i§ ciisgilayfi, b€i28»L33¥€3 aiectzical :w:mz::3£:»uZ<:ms

rm. im;:iemez2»t::»é in n:a:a§.ii.2.;::ix;s:rs 3a){<ii’3 an "ma suhsirat-2: étzseif Erzstmti zsf with thcusamis {sf

'.I’;>’~7¥.3««A‘z2m1c3:2<“I ~ix*m~‘::'cx3m":e:zte;‘ /‘u2<3£i”s-at benefit sf cii.mi.::2:t§ng ’f.*~K§§.gsanding is that sc:r::e:n pitch
is an icangcrr iiimimd by im.er<:mt:1:2»;:tic>:: péiizfx, mus »<1=p::n§.ng {hair dstmr to su;>¢:r~§xigh~r:2,::eItxiiczrs

d.2E3:p.1a§§'s :mi:abferf<3r imaging anti grzxgixigs agpiicaztiang. In &¥§d.if.i0f!, hag}: mwiiity goIy~

Si '§”§‘«'§' transisimm affer faaz ::§13zg;i.:3g xpaeéés to aonzgaensaie fear '-R{? aixzws (Mays in Iargea."
d§s;pia§gs. Y

H()K%’<2"é.t3f., c:-c;21::1:v::rciz3ii2:ing the use <3? pm;~§;§ “XVI” d{§Vi.C£:i-E for aciivmnairix ‘iiquiciw

.......\v\: t z : ;1 11l    V haaflbemdifficziizy LI"1:;: macrnary.L/,a;:v;2r::;:c2: .l§1A,CI“ii.§3;I:in_£; 129$ 2:33 ‘:'iE?'I",.;:1t;yMic.§:s;.....A., .

is: 10 use: a r;x:.sx:*t;: ‘uiastrata. with 21 32:31:25: <32’ ciegwnséiecl mi rg>§‘s<ms $ifi‘f:={)I§ an-xii slcxwhz’ anrzfiai
€7§3(}"’£‘3 R2: :24 hours} ;v1m<3r;3hm:s SH§£?.i(.?fl inta a ;p<:iiys§iic£3n thin mm: ¥~i‘cm>ev¢.r, {Ema high

ms: Anf qusznx stxbszzzmazs and the Iitmg §3f(3£Z1i‘>£S ti:-nw::.s mc}u.i.;::~c§ fer fz,:m.2:c.<-2 :z.nns:z:%in;; .hew«::. n-xacia.

 

§‘*»C3£~:a:jy’. (9,t.zii<."«,.ri §Z’!sgz’yzea*;vi:zg 2w72{1«:a3s}.

‘fiisvsxaizi :2: 31,. Aggazifieei Qzrfirts-' 2?: W35: §_!§9i§).
gfiiizmnn am} Mu 1’ <a‘r;re2:z<£»<i;%gz€fz:a:inm {i§‘3?§‘ gay 9%.

£3, ’¥~‘z::;r1%x°:n,. $3,, §-1mc3f{é5s:1:;,-4 zznsii 3’\?ici‘°Ix,fli‘§a. "*Ii}g:z‘st-:13 3?si:21:2~.Ita::>.*._ggr-.*x:*;£t1-;, 33y~'m:m,f‘ I13, §?;s;:e:;1t fih-i,°?33,‘§&3'«i,?s'¥:zr:'x:'i=2 2%}, §.?9§§’$‘

?2a:n.%mw;»:§:y‘. [»2.w> Fejmxix 'Wm<€e£ xj :9§§:i}V
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Exmsure plzma 

 

 

 

 
ieeasas ha parpssnazmuiar
arrays {2 ptaaszrs)i/...Eusw:1 Mica fiyfififificfiei .. >451 ......

Séfigurzz §Z§23§ in 3‘~{?\€K*—a h>z:t:1135ge:n£m', two arrays «sf vmmed cyti-ntirictszi ms:-:'.°.s {faur
gmup‘=z~: (3.tf‘£}1§iI$£3i‘§£}.9.§ iétzxsétg in wtai) am used is a§§v-Ede. i'nm:m-mg mam intt: an army
<3f “i¥s:;3(i‘£$}.{‘:‘§:E.“ A fascia;-sing ms ’(§i¢:2..ff razwmiairxzts ma: §»~::a’mh::s mm .2: “tag 1:21;" dia1m‘bu.t3cm
ma. the §>i«’sm3.,. {C{?L!fi'¢‘$j! nf Z‘i'M.¥-1. 'F‘x<s’:.m“::n£, <33}

this §’1¥‘Q§f:i;“»’§Si$.¥l3';1lI'$1-éiliiéi-it} fa: high-voiix:.n1a ;::m.:¥m:~:ion Qf iarge <:§.i::p%ays. ¥,§:1f0:'tt.1nai§:iy, lows»
prizzssii giass s:;?%x,;trzat§:s mam:-£3-t ‘ix: mad, be-cause the high. £:2.zx1;:,m-raizrrcs uzzazé in cmwarztiomxl

zmrzzzalfirag §§f€.:€£E«:3t3$ aism zmi: me. gms :s::z?c«.stmte%.

msez‘ fifl.¥££333§1’1g cz§‘f:::.:":'s as 33i€£‘fi8{iVw£:‘ in f‘i;§I.‘n&£:3~ aaxamififig far ematixzg c:ca::sn<3::21i::.al

;;2::>1y—8-i ’}"§'«‘”1“ iistvic-em v{sm figzx:-e% '¥§é.iE>‘(}). in Iaazee-.r smm:aiir:‘sg, ms: izwzr «army heats that sazrféwe

 

af iim amarial, aims aiiuxviag xtzatzitriais mhalr than ~‘i¥'£§3€Z1i15§Vz§‘, quart»: is be iiSi‘:1i.z§.8 $s%3¥3s£:ra*£€.$.
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LaadimtiaPrzsssmre Tv'3<:2.n£Lh3r

figure 3231'} $.:.§acma=1i~: ar“ an fags: zmnmling sysscm fear mz2nu€ac::zm'n§; ;:r.z}y~Si “FF!”
de:x'£z::,5. {Cm:’rzc:':y rs?’ XMR. ¥’fk:‘iI§0f!I¢ CA}

£30:£}1 a.r'gr.:m £zai:§ fitzuiimzar laws izzmz mam iififisfi {(3 m:2“::3.21} :s.z*m3r“p¥a<9u5; xiiicast {£3 ;3£i§yaii§c:3;t.

Rnwavét, excimm‘ iexézcrvs a aignifiztaxit aciva.x3£a;;¢: Wm" arg_<m lasers in: ma»; ?x§);¥3iC?£t§€1Ii.
T is §:2r.~:1s2s5.:s.z3 .€::»;<:im§§:'-:§ are §2§g?f2 p::':*w:::r {?.{3Q~¥~ waif), ‘§hi)Ii guise (?.G«- ice S{}~«r:$} §2§.:«;a*.x‘.3.

::£a:2§:2c§m:;1c%e,v~:imy~z;;r:.iy L§:>§z:i.};.'w»f1&at. rah»: ?zus*fé:::ez £3¥ t..¥1r::If'z‘3n":..»~’§”m3 {;2::2§M'z>.gé»:>x‘1 z2x::.em§s:

j’I.;&;’é S9 {:3 $4234} ism ilitffiirmi 83:2: surfzxca. E?;xcim<::r Iasxzr a.I;m:s iirzg is the £31113?’ crxzmant ::n—n.<*::aiing
£sc1z.nai@gj3r {fiat mm r::ii;.=d:«iy- irz§x%3£‘r3nn amm'1::1Eic>us siiiccm into ;mE§':;z‘iim:1w?:‘i}atha suhsstrezict
m-mains‘ at mam £::;npc2:*::m1m. A

"¥"iw, M5236 -;::<’~:’)c:§:.<.;:s. §3:i§'1"x:»’I‘€:£tI'in,g, _;m1y;V:;iii.cmr: thin films by iaszersmncaiing is c;1:itr:.sr:'-z:.igih£+
fgsnvarci. fiszfctrre p:t<3c:?.;~;.s;ing, fizz: s::%3,satr;‘::.es £3 ::,w::2'-c=:d with 21:: éz:n0:rp}X0115 séiiccm mm mm

‘Ike: Vs:2<;;%ms2~:r Liam Sf:.£11’§.S the g;ia.s:;~: 2s:x.I::mai£: with a :§_;>a;§2z.II-3: amifcmxa §.:2a.:w.s‘r1 af s:>v::»r§a;a;airzg;
t“£:‘-Ci.§.‘£i‘3,_f.}’._11§a.’f puisszs. ‘X315 13%?" mexgy is sm:s:2g}y a’b3c>r§:s¢<i by the: zsurfasxa iaytzr ca? m:mr§3f”x<:u&

$.§'i§i‘£‘.'{31’}, wh§i:‘:3.t21;3§<3}§,?2§§iz§£3 zami r.::r:;'ysmil}§z»::s izzitw ;9(}§}?$i§’§£11:>fi, ".I."h:,=: §§{%.S{.?}31{.i§?E.‘§i3(Iil-35 kzvctai §:e:m«

};3x’:r;:.'£1.:.rc: 3:: fix: si::s'f:a<;:e, ’%.2z’§~:s£ is ixigh §:m?2:.;g§z to zaazhiaavzra :aa.:<wz~:3i1é:2zi atr§*s’i;:iii.;:i.:y; I>§csw=;m:r, aim

 

 

 



 
59:2. 12,3 »i3vm:via\az mi »:-*3zar.z’1%‘:.e+:::c.>:':.~:..%:.:a.:m,r’ tiiaziaa Laz‘«:§:§¢'$ £321

aaveragc zersapxarazura £2:£‘:?::e giagsx ”’t:s-2:-ate mnéaizis $u.t3’5;tanvti.:z.l3y ’i:::i:;:sv the s3.a;m:Lg& i.htasht3Id
am is ';2n:2fiiee7€<a<ié 3:231 the ;._a;~:>e::.~ c:y3ta}1;;§2=i'iaen ;;23f{It:i:3i:$.

=Eir§&:s‘:.Ii=:33m? :§*.;:§.13v’3%i3.§’21g is 2% 5<J2§.'(zi3i£1g §)£tT?¥.;“€iS&., it s:xffars ccrnsifimabim pmsenx and inasm-

grrvwzzsz fkz;x§t:i.¥i£y. ‘Yb-ez manufarsmrer ifxm the optiimts {sf gems-tivafiy anr.m1i.ng cffi:';i_g;r}atQd areas
{NE m{3vi;r1g tn. .iarge: :3: srnafier s:u?2sf:m’:f:s< in arizziitim, iasmr anmtzziizig ;1{{)‘«°itiES; cm: high
thrnughpuzzz; required for }x.igb~vz>1un1e ac-téz=e~matx'ix iiszguizfi cxystai éisvpiay manufactiuringg.
'£’h::: 3:1;i.g£3 9&2}: ez1e:rgy vi‘ the Cfii§{,(2i1’¥}t3J Eager, cambined with at 300 §-i;-2; pufise repeiiticm rate.
izrzabiea 366 x 450 mm substrates ac: be pruczzased in as ¥i£t%e as three .rnim;tas;.

 

$3.3 {fZWE.F§\’¥EW £3?’ 3E.Mi£3€3?%§i3i.3£3’3‘{‘3.R ‘Z3§Q£}E L.§3f:'.§*3S

%£..;§ri 1"-§§$'§.£>f‘§i «:3-i $e~§x’z¥c»:>zsAs:§;s<.m>r Q3-mm Laeaarzs

‘mare ‘am ifsfifcn ;>e:*is:><i.s in s<:.i:<ancc wimn major {5i?5{fDV¢§f‘i{i3 xi-mulizzm-ecmsi‘y by a
mmabar ax‘ dif‘9§‘»°;:*-3.22’: Art:zamr1:i’z<::r.s. The: c::a.r1y §.isfs:>-ry of ssamietzisncitzaiszsr fii0<i<: §;2.s=e;rs fr.3'I3m%.=s

am gattxtm.
~{f:sn.s-ism the -re~sca.:::.iz '<f:r§‘4i.TiJ:';I1}<’§»ii£. fear ia;~;~:2r:.~: in 'm.ici»‘1§%€»2.. "fix.-e '<iXi.;«::’ix3g, insets wem

'ias::%r:«; xv-ii}; Iong §z‘m.g§.}f::=.1 and imge axiarnai ms»c2t3.aI£;;u.":;. ’.f'§“xe::»;-:2: taismrs L-Ccsxéei Gr: a:;m*«::w
£::'am:ei{i<3:2s heixvaxazz xxz:~:Ii~-aafinaxé <i.is<:'£ez.e sz.a.t2s. f3%3.{3§.i1:ts-fititmilczsét gwitii ea high free c.zmfiar

szbssrgtianx ?33m:i”w‘§d§i‘§. iigfitiifva? trzxnmimx, mu: raianiveiy mail siza) wz-:52: assuznad in
hzwc .i.II%3f'§§{ti<*3ni ;'adia£ive f€C»€}i§3bi21§{{§§3.t1 zmd mm‘: cc3n3ici:::~ra<:i an imgiimbabia material tfcsr
imsr actimx. »

1‘-'f::~,xwave<r, in"3ui§~§’§3£S2€§{::y<:s smci Quist. p't‘e:s-enmd a pagxzzx "‘Re.c.<>rn¥3inatit:x3 §%.z:t1izs-

iiisn §;'n1.iz£»2.¢i by ffizifiizzm Ar§:e::3.§dc }iL”}i:m;iz:;2:," at ‘tiara: Srziiri $za£:: ibavictsrc ilvnfiazwttmc
.{f5S¥.‘}R.C‘.} in Eiixfimm, ?‘§".¥~1L99-* W3 ‘Z3122; ’;>;.;:czzr £?:€‘)S~i‘$$‘§§3<€3zs‘.i intamfi ’iuf:2i:1e:~:m3.nc=s: with a sgz.1a.n~L
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{imgrgaxn for ($11: ssv::rn.ir:c>nr;h:cmr.. ii’ rmrzima cf the saarxduczicm band anti mi: maxixna :3?
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atfiazr .svid»:: is Iimavily siopaiii. p. in ge:n¢:ra.1, bath mairzriais are éaw-ti Gagemerzitaiy (maarxing
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{ha dxzgsth a‘ of the amiw: regigssa. in am semiconduczorg (the, (ma: szommaan szzmimnducwrs .
fa: c:e3:mm:rcria1 lam‘ c¥.i»s>c£2:.s}., {ha ¢}::x.:’:.mn3 am: nxaah m<;m=: rsmbiica than £§1.::h»Qia;e:( ”I7hr:<m'i3:m‘:<,

the depzh an-f me 2-1c:§.i*m :f23_§,i0n is _p«~§.ncé§:a.1}y <ie:ri2::rz:.2ine<i by the rmzriaéiizy ai“ I315: :e§e.::;m>:xs. ”.f.”hiz:

tmizxsscfa aggsmxinzgaieiy gimfi itey \
 .<vv»«»:

gm. (1; L X.“....a.;,_%.;‘:‘..,.
C V :3?” y _l~f;;We’z13',{

 



 

 
129-11135?

: Cfiazis :3: {3a.MA.LxAa

W Nfiafi-«';ay;~z>x

*Aét&rnazing Layers is?
~f3a‘WA%wAs and
i-5.aWAIYAs’ my

I\I¥esza~e§s:3xad Qistribufiad Vertical mvity
hé?f€tFf>3fI¥U*3¥U!’£% fesxcfkzack made: (SE53) surface vamiiflng
tziezxvs;-d iamr 13%.; W,“ {Vega}
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S:em§;::=:om§zx..<:zL3.r i.a§x::2's mm bt: {*2-3§.7z°ig‘..:1i'43<3 is izma 'vmti.::a.}.i§=. Wiih this ty;::::.. 9;“ e:w1.$,I.mr:»
rissxx, miéacting Iagmra .f§xi3¥it:.;3.i£3»d em aha: 2;'at:a.:m£e and gjfxaa ms-er rspar-aim; 3;:wpemi*icu1Lz%:riy {<3
aim :21I:h:atr=atc:; }£‘{:ei§¢::;:§ng Essyxmrza car: 136: rnade fmm mam, di<3'::acLKric fiims, and §§s:¥’:§.ii:0I1zZ§£iC~t€)r
i§‘£l1.I§‘£’§.§2!,};‘»':!-!’£";. $11.63: imazzrs aim ataiiéxci Vififiiih.

' Ex is 31:23 posz;.i§3}.e 2:3 simargwxrata g-mzkxgs €§i.:xac.:¥y Lima: the may vde-s;ig.n.. "$135.5 rasuiw

in 53. };a:;s’e.r mm a fiiiixgie: §:.mgitu<i.i.m:x1 medxz 'f;sr><:e3<% by ¢§:isz.:"ibute£i feedback fmm the’: inlexritzxi

gr-mi.:rg( :’:§m:¥: 1.2;m*s aw iertrrsa.-:5. .ii3F‘8 i:‘ns»e:rs. in $38!? iasmé; vmiatiun on ?£3.¥~“-B 33.3-axis.
”ia3.§ng meats Ekétwfiait rim gmténg 1?:f:.imJr§,, 4;:-2* hi.“-:t*{‘»'8€:!.'1 mtg. gmfti.ng.a:r1<3 3 »:::3t1.\?<m':ii:vx2:3§ facar,

.i..=¥:3=¥ri‘ pru§2a§;3£§<::n $37: tim $-amIix:<mdu»t:§c::r déwci-a iazsm. in :2 team dirazirz. “the

;:.»’I:c«£mz.s I1m:+:i he madeiad as c:33.I<::c:tiw; m:.iA::$a.s rraV&3.¥i’§¥§;£ in a cranfizwd. i‘&s%1i:>n dmm. 3
szraveguicie‘ 3%-is gi-vezsz 5% afiffemnz zéharacuzr {(3 am: 353% :2’? mucixziing iig,i>,.z omput {mm a

.§Ias:.:'2:r Ci§f3'{§£§ ifGf31{?>%§3“z:»:Ti m a <_:<mm;~.x:2im::a1 iiasar. in genzzmi, the far-ficzizi pattern mm a

iasszr £.:i‘$.«;ad<“-3 is; €§i£Zti$!'!3.inz2£i by ‘the E*a';u.:ria.r i::%e;g.ral (sf me. aimztroxnagrtaiic: fiafizd p-rcx;;.tag,ai:i’ng’
in {ha w.;x2*z:4gu.i:iet, T116 é:}<:»c*:r<z’:r2agne-t.§§t fiaid vsiiizxin fifasz‘. wa.v£:gu5<‘i§: <:an~i::z:~ itsaicuiatzbcfi uiaizig
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43.3 C}t?mz-' Ma;-er Qzzrnmerciai Lasers amfi’ g

iha eigxtmvaixxe ecguazkmsz my wravzz gzragagatisn. in -Is: 3211?} w':¢wagn§(§a iefiflztr emsnpie, sag: Q35.
and E’:-3.ni$ta"‘3).

:¥4»£>m»asir‘uct1;‘m~saem§mn»:3u::%c:r d-{ode ¥a.ae~r:s., I°!3it?,*.:‘»t33‘€’i°£.${:‘!i3¥“& 5-em»¥»n:g.mm
am dfacie %a.32‘:.ra, amt {ha 3m§martsa.n»<:e £2‘? {a¥i'§z3=z’: mamhing. may 5;€.m,ic:c)m.‘1ug:;’

lasers. are c*‘:1I1€.:£3 h<:1:3<3am1<:£'ux*:,~ kssers. Homosimctum lzwzrs hzavez shat advantage: mi‘ ::&iu<;‘mraI:
sir:1;>2iciry( ’

H*3Wf3’s:€.1“, s:ztnic.:m(iu::£:.s:~ iatsrzrs am also be wnst:'uc£::d from 1'1» emd 13- type. iaymrg 9 1
ciiffcerexix 2;r:1n%mm§u¢’im* n‘x2z.£e:.:'iai:;. Smzh §a>:-ms am called hetam::t:ruc£t:r2;*. 3352.25. The amt»

'E:>am:i smzcmm ami »i.m§s::x. sarf ‘refrmztien '§A2’!Z>§§£S cs?" .he£ems;truc:ture: I2zs.c:z$ cam L»: 1-a.sZIz:rx‘ i ;

’m<35~:»i 2; g,i.v::.n z2§:;3ii;:a£.is::11. M _ _
’3"¥1€: §.r§;§_§-£25‘-itry 4:1?” €8x:nm§:;*cia3. %ze.£:e2"cs5tr;1<:{1:.rr.:= sse‘:"rziie:~;r-r3Va:Ii3c:i:3~r 3§;*\:">‘£§£':S are f;’2;¥>ri::-zwsci "Em

§+mnicn»;.1dm:~-:~;3r mazzzriais in m¥=.1.rz*1r::«; iii am: V mi’ the mzriodic 'i:;2%ila.. {ii‘:t:ixzmxz III is immgz
{E3}, aimnimzm {M}, geaiiiiuxzi {£3a}., .i.::f2<-iium £1,111}, Mxd1haI,1i1x’m {"33}; caiumn ‘V is ':1%£r0gez'z
p§‘:0$§'$f34:¥m$: W)‘, :m:e=nEc {M}, anzimany {gm and i2i:;rm:.th {$3.2 Cowman lsamr *ma£aria$;;
-in<:?u&e xvirwaliy an czamixinaticzrxs ca? A1. (321, and in, w.i‘(i1 $3 zxné‘ A5. fimréc ‘work has been
zziasma w§:h 8, A1, and £321, with as wefi as A1, Ga, In with St)‘ Very iiztie; baa; be-an
dam: with T1 am 3:34.

¥{w2.{§>x:ru.czure laxars rzrquire }.:§y£:""iz‘:g :;i3e;:;:: ciii?ar+;m2 materiais. '1".§3%::. is 21 very mrnpicx
;:«2*<>%s}e:.rz2. that matefialx ham; diVi‘£”e;wm péiysicai §31‘€3;:s-’:¥‘i3.»€:8. Wrimpa aha 'm<::s+z 3mp€.'?r1‘i:~1r‘{t of

ahzzxe pr;>p:3r:§»z:.<,; 8 ti»: Iatéicfi: spaszing. If that zxxatefials do mm haw the same lattice §p:z3e{:ing.l
iihcn tii&}CIfi£3Y;iC}’r”;i} £2235: 2xg:spazm' in she .«3z:x¥:ics3*ndm:is;2x" !.a3z:.a In aciciiiiim-2 {ca the ;s'mn::mmi i3$f§i'€J13}v A

iises i.a7x;;m:s:¢z1 $3: i‘3i27>IC1<t§iti{2a1$. .<ii:;m<:a:im;:.::; can gigs he fiighéy‘ zigairfinxzazazai to .sm2iccmiu<:mz
iasrar znpcrat-ism 23.9 i}‘i§3)~‘ emit zaewie aa 21 nmrztciézxtiw sink {car aaxzriers. .

A wiry zxseftzi diagram far mzmliisirxg Eziitti-C-£3 mzmzh fir: i:etze.r<;s:=r§c:ur::: 2:15;:-rs is the
xmzargy vzmzzls 1-*.=:i%.Li::<s-. manstzmt, riizxgrann {An exzmzpie. at” 321031 21 diagram far F1733-V ;:1z§.t£:rés{¥>3 is
given in Fig-{are E135’), E‘§m'i<:£2 ‘that 13-12%; elm’: A§Aé:~{,¥;aAs syzzxem iariiwwmaiciwd .acr<:x5:2: {W2

<*:.:‘i:.ira c(}s¥1;}0$i¥;'i{>n3i’ré212g»2. This; is we zmizjcrzr raz2x:::c>r.1 far that K%‘ii§€§;33‘i3ad use: mi‘ A3C}aALsf£3A2.f&s
hf3ié:r{35t'r"t.1t”;££If€$ ms (Sam; 3:1hst.r~exté:s: far ss:2.m':::om,hsc:’z<>r iaser ciitxaics.

"£2.33 {‘3§:«nf§:'-xamasni in time $avmiz:m“:dm:'tar fiimie Lfififif

$imie: ms: i.:3t':s“.:!;rs;:;<11;1g.;na2i.c mafia in S,€’iT1iC{md££C’t{}’i“ §2:§:e.r:~:: is. an that order 0? the size {if ‘the

iascr cievice, awn i1<>riz<<>r:.ta1 1-md v£t’rii<:.$1£mi’fi.;":£%ment are §nzpc>'r§a::xI i.ssx1~::s in 5t:—mir:{>nt3£3Ct(>r
Iamr defiififi, 7§’§:£°I3s: isguéis xzsuaiiy 1'32: x:<2iE:ré'§%;a“"i"%: éo»::”x'-esrziiagsnéi i.z~£§1:E:1=r;’s::sxig'n;%;:; ::::nvm1i§s>m»i

'ia5:::r§ at’-:3 :.yp§ca§%.;y r;{3era£§r1_g in a §;2»mp?agzzti<2z; mania: wtme the w.a»va1»angi‘iz is -smmix %rr1a33eLr
man me :'esm‘:a’::3zr dif§3:%‘5.§'§:§§3i}f1‘$,

:«i2§:3¥':‘¥‘§:?§=e3°§‘3*;€éi°%;£, Tygziasaiiy varzkasi (”Lt“5v}“1i?."§i3€3.”i1‘f.‘-flf is gixrkzwiém by »£'2‘L?»‘7€E.ii}_s§ m.z:-1»
iizeria} r;:<3rx*1hi:zz£z~t‘ia%m$ wi'£’¥§ imiczirg {If i’{3i3‘fii.*§{03} g§r:§fi§§:.,n,: ifiai C.::mfi::;-1;: xiii: <:rpti,c::z2i xvave. Szrxmé £3?’

mrnhinaiimzzt; r;:f¥.e:€ ti:-£3‘ :3£iw:§*2’i:i<.7:’m¥. £xcIVa.ni‘ag€: «mi axanfinimg 2%‘: camfi-em as wail.

W°$i. {Z ; . 3%., 611:1! M. 13. ¥’?st{¢i~¥$, fs*‘e9i¢n7sty14c.<mg« L:j;‘.g‘r_§', f’¢ar;‘_y 3%, gm! 3? g"zx3}3_~,;,v 'f;*m§¢;3 Ag;5g;j;grgfir;
3973}, Ctimgzzay ‘

 

 

 

 



-Sam ‘£2.53 {)ve:w‘mwV cf Se:m§e.x:2ndm::<3r filéisma L,z~:s=::«2r*:s miss

'5¥€.L%VE.i,E.?‘~${$T:v% {gm}
:39 4,5 M as :2 .1;    
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am?-zmv my M 3-009 mi)

.Figxm;~ 11.355 ’§‘%m 25:22:‘-:'g;y veztzfims Ezxziicxz rzaxmarzt diagram ix very zm:§t1I.f0x visuakizing
Eaxtica rmxiirtfa E51 §1:'z.*:sm:w<:wrz‘z $112‘!-“.-I’5‘» »<§.§f’»i7i?1“s C1 R P-?sr‘mr,. f’?i,}’§5£1¥ 0fMr)I£x?.iJ?z2r Ifmm
flpikigry :;’!~’+‘esy "$9352: i*£2:mxn1 2>m:::;, i£3S.5f;.. p. :2??‘,. ;i¢i,§a_:x.e Z. {.\i;:p’yrig§:<(, 'i3:.,mum $293“;  

 

y ’- S 1
W*‘~'“*“*W"*W’M‘.. Y ¥ I

{W 1 E i I 1
*3 i 3 E5 5 _ x

<-' , ? 'X’X§E;=t’zf§ §1vZ‘kf5 3‘: !}*'§5ii*.;3,1 hazysgzazimczxmv;
‘ f f 32%? \?~‘3fi,§i=.§t.*; cs?“ «me ratxévariezi ma: with

'§ _ 1 2 5, dc;g::.m:.rzt$£=}y <i<zps:<i ;3 am} 1: mgimzs. ’T‘?s.~a:r»::
‘ £ Q “ is may a xiiglat rs:£:*2mivz’: im:¥s:7. changs: at

“ ” {has :2-V-§um:£io.zx in mu at in vcrticzel aptégai
?sr§a;{err§a1 .9:-sax? s:tmmur:a %n:§rs>t cf rzafraciion mnfirmz-rltrnt af rim km-er‘ izaxszm

H<3m@s£me'iur:‘: iasx::x;=; wrm. um vary .fir;:st typsz of fixémifi-£3';1<§u;:mr321s-<3: ${{'£1£$tLif13.;ig{t1(;i§'3»

.:::x*ai:::i, A £3/gzximxi h“<‘,’rffi".z<::3:{a"i1e;”.‘{u1*z: izamr {§¢<:‘: §3‘igxxx‘s.*:- 12,36} cgnxsixtsg <31“ tam. :<:x..at;£:.ri.ai type} (.fc>r
esxamgsla, x’3raAs’_) with degmxcratgiy <:¥—§:rpe;i p and 1*: raggims, ”§‘Ima3 35 only 2,; slight :r23fmc~
ti‘:-2 inzinx changa at the ’rt-»§ur1c..£ie)z§ 12> assist in x{<:ez1%c.aI<m:i'icaJ§ Cs:2r3'§ir3arraa.x1t uz” fin‘: kzxztr
beam. }*£cm1<>s*ir.::«::*;':z’zx=: Iéaam offer ,§§3£: aévantgxgm ax“ afimpiicizy, Em: the £§i.S2l£§’V23K1£/§;‘.§f£:§ £21‘
pate}: ézixrxfirmiia-izim

Siztgirzz’§3=::§m'a>;s.t3*1mmr:3 i.asm:rs ’w;f:m this firszi iypane at" Si5i’{1§§3£§K1€§i;£‘£ii)1‘ be.£<,a:m2;'tm£mrs~ §am::r

g§:¢:v::§as;:s:.+:3., 2?; ty;3'§::.a1 :s;:‘mg£e: ’i?:.:.°;ze:z<;z«;s;t.:‘11c:m:i'xi: f..Z‘<»é3.z<Xs iaser §"igura':: $2.37} is no-m_.p<3_2;e_§
of 2: %:{xrm3§un.c:i:3m £§:u?&:s 333:5: riisde. ’f:3i'§ifsss/mi by 3 p-A‘£:1‘§3<‘: Aiflézxsxs Izzyer {witix :21 larger
bam:‘§ga§ amd ‘iawér index :3? mfm<:‘sii<1i1}. ’3'h§.8 gérmznsziry zzmzatszs gm miex 02” r£:fr2mit3‘zi hump



 
,~;;3;;; Qthar mags»: Cammarciai Laseers Chap. mg

in am jg;-ty;:s <'3aA..5 iayer. "rm inciszx of reframtixaxx immga ;:rn::’«:i£?v.33 mme vm“f.i<::§,i »:nnf§n<:.me:m
far {he §§3,S;f.’~§' act£im'-1 m:m:;'.:'i:3.g in. that ;;:~£3zm fI?raA5. Eiizagia he.-zcm;3£:f2°t.i-<tm;*¢: ;E235t‘.m {Ii1't‘.}Vi(le

5s§gni.fi<;ami.y tfiififsfi -w:.rii::.aI ::<m§im:mmt than i1o.rxm:«rmzs:fm.rc 'iiz>:3c:s*s. but 1*eQui;x‘e iiflfsftz rzoixzgmgx
§m‘r::rz:>55rur2't13:<: g,gmw‘t'}s gmfit:-<2.$&»e:s;

 
Figiara 22°37 A xypicai

mszmrstmre mzar is cazngaamzti cf
iw’m»:rju3n<:£;'s:.>rz zlérscsz foiiowesi by 3 1:».
rypgo. ’i;zyz:r with is ’!§2.-‘rgzsr baznégup amt? {away
2'.I.ss§>‘.:x 13?":-mfx:sc’i.iQ£:x ‘iiais 5 ca-g;a;::;;,»:g

ixtxr3:<:.; :31“ -mfras:;§im'1 bump in nu: yriypaz;
<3::«:A.s: ixiyéf’. ’i"'?:«2 am: 0:‘ Y%§R‘&>'.’:t§{j§:'\ hump.

  

 
  

E56 £9‘ ’§xi'nrV§‘£i€:t$ .€£>‘I1Tv3 vcstimi acanfimmmni -fur fiwr.
Matgrlesi i33i"s‘.i‘£{3 51'fiJ(3ik.,Ert“;>, 3¥\r:i8}< 1)? w:‘ftza-,z:%3Q.n laser mains.

‘Do;:zi3§a %wI;:ms-tmcmrcz {EM} 13:5-some aha stzmtlard mzztzzraszzuczuse Sass;

type. A £}'p§§;.aI {W1 €3aAs iasezr {Sm $333213: 12.33) wmgactzssad bf 21 ;:s«1y;:€ {EaA:>.: ‘iaygzr
sanciwéséxeai iaeivieizn sirtypa. ;mci;3«!:j;.r;1z:~ sXi€Z}aA:§; §:2X}’fI§‘$§. '37his gtzozneiry armies a ézxrgts §§3:(3i¥.?€

:3? refmctian iaump in fins. p»~-tygaz Iayczsz The ix§ci§;zx {sf :'e.fr2act%013 §;m.mp prmiéirm: V'<:2*:i<:a%
c:{3:2’fi.:2£5ma:§’i fast {ha iasazr a»£;1§cr;1 £3(:C§)‘i‘1‘il3§; in mg: ;§~£}*;._><2 GaAs:. ‘mi mszrrs csffczr :2 very‘ rxice.

c:>snp:m.::1:'sa izzztsvemz the :a:§~va:2mga::a of an imam guiding vmimi ‘izanfiisememi Iaym", and the.
ti§saais».z::ztaga:s xzzi iwzemsz-matzum £3323" g-mwtk.

{EJRINSCE-i €gm:§:e.,.<;i<v§.nfiex szparaise m:sr:’ii:r:«£2t2?:x::V:'»: Eieteresimcgtzra} Iaserr; wffézr 330th c:_m.i~

:33} Mei <£§:¢r;izz-irézzi £6nfizxar:‘:»::.:-1:‘ in an e:°:f:“::::'°£‘ 1:3 .ach}<:v:: I»:>w:=:r £11:-ushaiés and nasavcs-vim: mam
;::2m.2ms. A (.“sRINS{:'i'i 313mm“ is basicsziiy ii DH iassm, hm (me. xvherz ma AiGz1As;3:2y<:r has

bee-ra g'z"'&{i<3r3 aim:/2:1 {(3 xxxeei {he Gazia {ayes {S{5¢’: E*'ig_m”<: ’i:2;3‘§}, ‘This pmvitim; hog}: «matron
cemfimzrzzszm {fmm gm: e:.>:m_ge~t-ic: wen <:’ra.z::m:i bytheg:-actedI;>a.:;c1g.apf} anti apzizrai ccpxfihxesrzszszt
ff:-Om {he incfizszr. <3?" -rxaifraiziion bLim;:: fimixvxzézn tilt: A}('3aAs ami Ciztm mzaiatiaiis}.

£3-R;‘£3~3:*S€3E-3’ lasers fraqna:2e.§y find zzpplicatioxx as cgurmturn xa.=r:I.’i.1za2;z:r-.:;, izeczxust: tin: gragiczi

bzzradgagz §3¥()*v’§{§£’.-‘:5 2: gcmd “fum1::§“ :9 ::t:m.fi;§$ {£22 e1¢°.::irc:ms tr; me the quantum wail wgimzsa

{ Eiigure, 12.40). M{;}W~{$¥%Ii*~:'S£C'¥i §.a.a:t;‘s very‘ ;3<::pu1ar ,gmsneLri::s as tjmzy cozraisimr.
mm}; :25’ max faast fea£r:1"e3; mf D}? }Lzt3:*r$ and (;}t§£m'{ii§i1‘:1 weiis,

P:-<:«r$:z:x>:t£.a¥ .::»z;mf'%m%s=:r:e«r:‘i. §?ar many sezxi:i€=:}t1<:iI:.;¢{’::s::‘.iéi3t3¥“ ¢i.§&é:a é¥§3§.33.iC2l£§{)§3fi it §s_

’§3:?.xt:E;‘~s3'2‘>BI£'”;3’ ta: <;e5::—zf§.zxe: -{Em mi<f2?§:§i‘S §;‘z:::th 3:; am; h ‘ am}: and ~.eem:i:«:a.§ <§i.re»:;:.icm>:, 5531;: moss’
 

9*1*:§31i»¥:%».:f ms::§z<:n:i far: h<.>:'§::m::tza3 xf.:=:3:‘:.i§:’:=t:1*:3§:nI.'i.s’z 2:2: m»%:ic:£ me. size (if the gain r&,gi€.s:7:; 3 rsmzihmi
-:;a§i%€:d‘ gafrz confinmzmz. Yimzra an-_: a '¥.-argza nutzxhar :3"? gain s:=;3.;1firx:§mars‘£ zechhigqnas, {mi we
mm: ;;:~:a;;;:zIia;:~ izmd 2:: fail ’i~r::i2 "em Acatagoriias £2? <:£:r2z:w:2. swipe, mafia each‘ io:1«i.m§1am;a:i.an
:m:<::§.x:.:z;§:s2, arm: mggmwih zaec3%m.iq:u:2;s {sash as httried i%:1:az::*ram:rz:s:i=L;ras:s[}.,

in the wrziezm géxipa :me£i%:anti., {hag gfiiix cé>I1iin<:m€i2£. is: §3.r:>vi<iad 1:23‘ m$£z'E<:’t:i31g am: sjpatiai

zamesxzt (.25 ism zzwtal‘ mzazact. {see Figure I%3«¢.1V}.. '¥“i1i%.«: mefimci zzffm pmcesfiing simpi.i.cit;y,

km: gztrésxz-icim; 'r&iai:i_v.c:.§§' _f3{30.1“ £3{}1‘§fi¥ii;Z§.T1i33%i gm, :0 I.*.I.§rs-cinzn-‘S £rz*::?:s§>ar'$ undamxaath (ha swipe.
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3:39:12. €23 Qveswims: 43$ Sasnimnciumasr ifsimisa Lasaw . 43$

Figzsm 3.333 A iyyisai dcuinic
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is ifwn fmtusetd down mix) the :§i:»:I>;.. if ma: §ig,§x( s;tz‘3.§<::.:; 33:33., it £2‘; refieaiad hack inm {he

abjzzxrtive isms; if im: Eight strikes the pin éz is mt ;‘<2§¥<:c{:2d., The: iigizt than pasm iiaxmzgh
the. £;u.;n"%.m' wave gizizuc agair: :md.rca1+;:.rgt:>;a ;)c7'ia:ii.ze:d pxesgxanéicuizar {:3 {E222 cariggirxai bxaazn (if:
timber xvorcis, Q23 fight pcz}a1'i'::z:§:<m is; mw vertical witiz rzasgszieesi {:2 tbs gsagrerj. when the
vxazticaiiy ptsfiazfizrteei 'iig§':t iiziits thfi‘. p<2i2z.ri:cing 13:22:31: Spiiitziiz’ {M4, £§.r;m1, ii will he: raflccried (rm:
%;s'2‘::25m,i£1e':d as i3e:§“<3rz33. Tfzzss, it M31 zafieci. ihnugh the: f:'>c:usingL lens and {M211 the eryiindrical
Xmas 3:113 1:242 izxuagmi cm {hit p§xc>i<;c¥:2.tm:te: 21f)”£‘g}.*. ‘

 ’ “fhfyaa-*f§3«L$sam m:tx:‘.s"i‘€:*a«;':i.§$« Tide s:c:§>sa"a»ti<an bt’:£W£::t:ii 13:12:. 13551.: am the czmapszcts :iis:}< is
mTiti(:§i3 fa:-2' fix: £:Q1‘3‘:§C§ opstration :3? ma CI} player, A wzzlevazr smigmaaic an1raf<3cus2'm:c}z.ax2ism

is»: usm it: maintain {his ciiizzxanasaz. This :»,mi::fom1.:; tneslmmisxn inonmomiax a ::y§.incim‘.;:.i lens
im.m:»2.:§iat:2iy in fmzzz Q1’ {h-t3 ;§h<:2t;vCi::is::;:u1‘a;ra‘y (sex: ’£‘i>guz*:‘: ¥2.,5’i3.

Lima £>bsj,c:<:5.ivsa- 17:35:»; is: €f§€}i§£?»:r its 31:: €§.£m‘§p§1£‘,l dist; tghasx me foam Iengifi <“:s:f the olajem
Eemsé wan the r:y1i;z1d:*iz;:ai Emu; cssmtes an :3i.E.ipii;:.:a.1 inxage an that ;3hI:::m(ir';t'f;c%ctr2r axray. if the:
i§i:>jt3i,’£i‘¥E3 iens is f‘i.It‘i'§)%.‘-f away fr-am szmrtgmtzt ciixk than ma: mza; iasxggih of‘ this asfbjecfi
.§.::xs.s, site £:yii:1£§i:“%cr:31 item; again r.*3'e2z1<::s an z:§§.i;3ti::2'£I i.z-zzaga cm me pbaizsdeztxaciazt may.
'§i<:«wm'e.:r, tirzig aiiépticai fiznage. is pe:}i.w:.:::iic=;x1;ar Kt first: image. (Qf ::r}u::%s:L, if km; disk is right
a {ha ‘féaczil §:;?:i°;gt¥: <::f Lifts: »¢1i3j§:»;t§.iv:z .§:ms., zémx tiica cy*1im§.ric:zl ismax :§x:::e.s mt afféci the: i.m2::g:z
and i; 35 gzszzrftzctiy <:%r<::1iza:r.j3

$3, ii‘ me ciislic is aim far away, £;_ua‘s;€:mm:: 53 mm 33 win gg-:2 iighz z;zs.acimn::.s Assn:-1
£2: Figu:rxé. i.2}:¥:Z}. S’imi¥a:iy', if {£25 éigk is msz; cixxsag q::.adra,nt-2: A and {Z wixi gm, mm:
fight ifmn £1 anti 3. if ti3.i.:zg;s .:zm jusz :ig§1£.., than aii c;t:.22dr2m?:.a; wiii get the same zxxrzcseazxi ctr?‘

Eight, it is pfi-:s$§§>.ie, re imiiszi 1*;s.:i3?s.1pIe. C’i.%">:Ii13'i ma: wiii ma§:z2t:ain 133;: f§%)§x:.(:ft’ 35:23.3 a°zj1x.:.at1ha':

 

night £I.isim1c:aL mm. the: dim ‘

‘§“?‘;=m&»%mam iiraaking. ?«¥aimaining ‘aha lam‘ man: (311 am iraciz is aim Lc:xi£:i<:.;ai for

that co:~x*e.c~t oyatrasim af the _p§::y&r. ’3’f12:: zhres:»'ba2::r1. o;:(iz:.a1 train uses threat szemrate
Efimxzza to n3aimai.n aw §if§?c§Z’§Z§{£}g.. Tizma ixsazms aw czxxazzgzd; by {he :iif7f:ae£i:2n gwiérzg {sec
’§’~”.‘sg‘uw ’i§;:“s‘3}.‘ Wium iasszr 'i:mm gags téxmugh £h.a <:ii.§‘frar:.£§.<;>;3 figmtitpg, it spiit up into :1
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Faiarizing imam sgsiiiier Di:3§£ {‘°"=‘5?3“¥ pit?
La’.-23;’ €§im”§‘:3 , 3 ;-V4 WW9 mat“. ‘ ""’9' ;.
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Qmilimatck ix-“ms /4 AFmsat piansa
t:;3I3§s'sez:=t.%w2. was

£§.§f%‘=:as:::zic2z~s_ graiing

Qanasve &i£1g¥£3.Him$ ’ ’

Qyfinci‘=r§::»:z,i 13:13 W")

 
§<"igm«e,> $3.51. separation }>z:zw>.m:a fin: 351323;: 2:93 :12»: wmgm.-ct éie:-§»; is cynical .22»: (ha
:2:-1rr2:r;:£ »r.»g2<:m!§o.rx of me Ci} gmsfy-ear. :"$,819f.‘.\‘»f:‘."E3,Si§gI’.\’¥.I§{i8 21umft3€I!<i3 mc~‘2’%2imi»§=2'ri I-1363 M*nmmt:.rnin ms, vz§é$:ars::z2.

Figzxras .3152: Es‘ Ii»: wl:>_jre:::ai\:.c: isms is
c'§:::<:¢t:z ta #3:: cmnpawt Ciisk i§'i'£§»I¥' Lbs; fcactzxi
Esmgrh of (km cxbjeasz isms. them ms: C)i§§X¥§§:'§.§.a,i
14:19 mzates am a§ii9ti::;ii imaaga cm the
§‘a?1x‘3iC3€§{:'l£C§\7$“ may. 
Wgnre 12,33 ‘fizz: i?)r&‘£~{3:$E%§”:”x zrpticezl train

7i“**’5**‘3? “WW5 masts: “mr::z: azcgxrawm ta $1212; mg: 23335:
933$ far §f3'¢3”3”§ — Mam cm 13% W-,:.§<_ ’1‘hm: imzmr. am: trezstaazi

s by the. ziiiizirmiazs grazing. '

mmxai ’¥3zig§:; imzzctm gfsfus 3"§£1£§3§3%‘$¥ at" aids: %3=£:<i:£m.§;, "flu: <;s:z2m:i ham} Zifiéfi tagsavviaeaxtz mt: mxirz

flidit am uxeéé by ma Cf) far 233%: systism, '

Tc: appmzzizsxes aim £:'a.c§4mg;; n1ez:¥2:mi.s:n, wz3s.i«:ie:* a ss2.gms.;:; szzf tha Cf} gjiayer <:.<a=2:’ta:i::.§:’s.g..
2ii>i‘sVz’;;r.z“s.§ §‘§“i‘r§:-$3.3 ism‘: .’£*”igm-at 155.5%. £1” CEp‘§.i£".§2.§ gem; is my, gram, {hm mg fgmfgggggyy bzgzgm wag:

biz mmrzreii ma 3 i::‘¢;t<:i»: {with jgziis am} hxxrzsgésifi zsmé the: mm ;::§2¢r;Imia;"y 232332125: wifi be cansamii

an 'i.a:2<.i‘. {“i”'§2.e:. mmzz swig am (ié3§.§§5:3ra§{:1;1 {iffset £:;§3p'r£‘§..*$.miiI€§y 2Gr1iim’-m.~; with r<2s;;g::3=s:': is
each mziwr ta avgzid c:rG§::;mIi}:.}

Tww addi:.is::::a1 i1é¥tc<,‘i£3’r':‘i am ;;§2:«::m:I aicsngaidg ma: .mai.n quzuirgznt »:ie:e(§;+::.‘m~_;* in. :;>3*«:ie:x' ta
$3ii3?5i 1133' fiwsxz .s»x:%ss;.ici.ize1iy warns} if the f§’.¥§‘€f-2'} baams are an track, "then 231% mm; sn¥:>sid.i.a:;y
p?3Qt;0&z:£z:z:t<3;r3 hzwa t°3$Z}i3fi3 axmwmm; mf fight émd wilt ta»: Quint: i2rég§z.: tss:¢;1xs.:;g {gay ave czniy

 

 



 
$*a<:, “$33 C?3ve.sv§s%w of Semiconductor E33643-a ms-é»rs 439

0.5 miamnz L Mi “,7 ‘~=’W3

 
Figure i}3.S+*$ if me: szgyticai hczsd is an magic, sham me: primary beam wit: ’E:<>2 «zzmmreci
ms :3 1:'ac:k.€wi't§1 piss axxd bumps} and ma ts‘;-z: zezsatnzxniary ‘(mamas wiié be cstnléfttfi an §:mt§.,.
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.¥‘I§§~;xx::'r;a ’§.2.5$S If rim :;:;:t.is:a.1 is sf? xrwck. {km Hm nearer s;gs<:~=;gw3r:1oze; L'ij;?:tt§11>*$t~g'y
{izvuc-acme: thms am: ieswazr pém eff tsafixj mtci Kim’ .~:i.:%‘..~s dc=z.z;<:é‘z:v%s w-ii! ta: :xai§b:1i;me:«:»<}..

1.mr:§<:i:3.g ms izmd. Tha .«":.aa.tz<:x§ mm win Em re-winced in brightxuzas ¥3z2caus<: it is igmckirzg cm
b(.§i§'1 land ami g}i‘{:‘§ (5242:: ¥i.g»ure 1‘2.§:é$§. ¥§owm*:2:“, if the K-zpiicai §1<:aar§' is off tmtzk, than the
cz:m=e*.;" 5:991 gas mew: light (1'}€2€?;iL$.8’f: ’m:m3 .&i‘fi fe:W£.~:'i.‘ mag (tiff {maria} {moi 33¢ ,:»:§£:15: zizttfictcrrs
wéii has n§is.%:>::1a:r2ce«:i (3:32: ¥.~”‘.ig:3m i2...”3I‘if}.
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&c§ai’€té<::n.a§ apt-fimi stmaga a;;2;;yiica’t.it:s~r:& (wing »ias=er3.s Tm: Ci) m2.ci;is:s gyxgim.
is just mm :31“ mazxy apéqai. gin-rags: apgfiicatiorxfi tx$ing‘1a3s2:s. The CI) temritahie (613.3) 33

amthar tizC3“x’nQ10,§§y a::ivan<:eme;nt in the opcicai ssatvrage. ma. "The t';1‘D~R uses 3 laser beam
to interracz with a mmiinwr ciya and “wrizs" {Jim in 53:13 {Z‘{>~R flask. C1341 disks are “wage

onée” £§x3Vi£Z8S, but szrffrer exceptiana} gmrform-ancc far arczhivai apgfiicatians. {This taxtbooig

was fiaiivefézzd m the ;:zub}§she:r cm a t',12{>~R 6:52..)

Mag:1e»t<mptis:a§ s'tom:g,a is .zm<::.mer fascinating laser diczds ap¢:2Zicaii0n« IS/I3.gf3€K3*{3p’£i.{;.§31

zzystatmz >.1::«>:":r .32 izsser ‘beam {:2 ch.ange‘ 31¢ mrianiazien 0.?" 3 magnetic rm-aerial. The ;3r<2»:ve:sg,
’r:::qzs.i.:'z2::-: .heaténg the zzzagmztizg maiszriai has mar its {“.‘u.r-k=: iamgaaramnz and using the f€)C’11se§d

fitzld of tax: mar t.s;:«.1c»ca¥.i.z& aw chmgea. ’§‘i::: msxxising, magmziic spazs am mad <;«pI;ic%sI;iy .
mairxg :t:£L§:a:;? me Km or the Fmmiay effzzct‘.

Amaflxxrzr t::;;x~ti.-:'::;3¥ $L(:zr&§;:3 ézpgziistmtm that is: gas: xachiwing stucsass in :11: {:«:1mm::z‘*ci.a1
xnarkatgdaae is 23%) £31“ aigfixai vid¢:c2 cm: gzeiayer, A wmtxirzaiiota szzf C32? Eamr mszimaitagy
and (;3K‘:\>’.€ti' §iig.§taI. aigarifilms 318.5 ’s:esa,§te:d is: 3 m-um rxibmat aixematim {:3 the virrie.-0 iagg
nzaahmé.
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