N
e

el 05 ) S

KUT UNIVERSITY COLLEGE
2012 i 0

i) 00 )l (e Jadi e it sk
WRiliaadaig oyl

=%
= R LG?‘ T“‘ vc z’dmz Llf{‘s‘)‘ﬁ‘
dwu;u@)})us &

daalal) ¢Sl AS @) ylaal
sadlly Sl Sigadl 355e
oy dagdal)
a¥ VA






B Y e ¥ dls 6)
(S L et o) uale

ot

(rr &Y /540 é5s)






gAY

ol llall iy ol Ll g1 e 5,81 )
oI 31 D 1 SN s oy SI il o a1
el s () bVl s JI s Loty Gl (8 )z
C(25) LN ol
Sladl sy el Gl Ly L3I 2505 JLs
St 5 Lol pnd)
LS 1 oSl a5 oy b Sl sl b oS
sy domald U by 31 g iy 0¥ Lagle ) skay
Gls ey
S hs Laal 5l b sl (sa s s
L@ Vsls Slrass (S

=2Vl i el el s e aiy e IS UL






Jod| Juail
IO pitanil§ 4o il
ol i | <t Gt












Somgall o) qallls Jgasall.cennii

el Jdanll s e ALl 5300 (inyad Joadl) 30 8
Janll g5alse elld 3 Loy (LIBS) 3alll dlaudsy antianal) (g5l
(LIBS) 1 (ye dale 8)la iy Loleall ailinlats dariisall 8¢l
sare Ay ¢ 3l Ataall Lol J sl ol 8
pg) ilias Al ol g Ally laall 138 b 5yiall gl
Y il b Lhska ) lts Uy (e oslaial
" : Al (e dlie

sl Ll 5l Ay ananall ielall Jolatl) (o
(Laser-Induced Plasma 5l 4 Siaall LaPlll sl
(Laser 3l zadl _alll sl f Spectrometry — LIPS)

Julat s (4e degaas a9 Spark Spectrometry — LSS)

Slasi abll Jlail) bl e ag & 5 aliall 522 et
¢us ¢« ((Atomic Emission Spectroscopy — AES )3
4. ((Vaporization) ,ail 5 8l Adle )5l Ay aadn
Lol algi (e yal cangll (Excitation) ~ugsy « (Atomization)
D] Cagll mha e Alle 3 Ay b iy Sl

bl o 5SS Addatll elaasSl cojgde Gindl e o
g3 amanil e b Aapda il clailly Clsa) sda (aey . lgaY g
danh @3 (gyal By dliag ¢ sall) 8 GLSHally pabiall 22l

038 g bl b ST gl jeaic aalg e el ash Cus daS
Balall ) dall mags o aing Sl il ale (8 il
b ons sl bl Jlaall 5 LSl gl ggall dda sy
Gilihe 45 Jie ¢ Led 43Sl A8lhasl) LSl (e 2858 Al



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

iad) saaiadll cladll (o a5 (Mass Spectrometry) x|
clandl (ya gl A slall Al Balall e Cijas 0 (aslom alle Al 1)
Bl 3 Ly asing ASanll Apliaal) 2052V (e die 22l aili
abias Hlga & @bl Jslaall Jlaa) o elld aey gl e dony
Jugail lig pSYL Jolaal) i Jolail) ddae Tas Caa 38
g anly Cayas Ligadia aluad ) disad) & Cilinally <)
uhline Jlae of ALyeS Jlae aladiuls aglsall 253 . (lons)
1l gug clgiin & lake o Leh€ e oLy dahsal)l cligV) Jaadl
23 (DDT) 5ale e clowdl &5kall dalid) salal) iy o aabaion
Gt el silE ol sl ilolee (8 p03005 A 30la

e el alll zagd 3alll aaaind 5,881 i) b
IS - lgie elana) oS Y Al @leal) e dildat salS 5l e
S9Y) Ofiegene ) s il aadnes Al Al el
Sl ik el el Ay Adguall (S ARl aul Cays
[¥] dgguall e

Gk e Agn e ddllanl cilail) dinh Jee s adiag
iyt Al o3 52l giall Aigeall dagall (e Al yualiall
Sisall 05754l ! (Photoacoustic  Pulsed-Laser ) .l
Lvieg . diall Ao 3alll dpagsy Joaat Ally ) 5ll) dias e il
Gy Lae 2349 Lgiha Ay aii ¢ oull) e A8l diall (i
Acoustic ~ Pressure ) _igua laiia zlsel Gilas) el e
bl (Transducer) galgal— 5568 Janaic prii .(Wave



Somgall o) qallls Jgasall.cennii
i AilneS Claan () ASalSual) ahlima¥) dogas (Ao oy
Arb ey [4] QLS o Capaill Gapad e Lad Lusuls Leldas
(lon Mobility Syall e Cilibaall (SAY) dfigun yuall Jlail
paaS o Gioa ((IMS) jLaia¥h cay 2y (531 Spectrometer)
I Al hans (e Spaiaa shial o) adad gl Al s & )l
Al 8 )3l il Gune i Al Sl L opls 4 s
Aoy s Ol asi B deyun @ (e Lo 8 JAx
[5] lis¥) U85 anan il Ally ¢l 8 clig) A
) dalstl) oy Cayes ) Adguall CaaSl el Ll

e ey )l Jolal) ol ( Laser Spectroscopy) b
U unaling g oSl Cadall e Jgaanll Lebias 5 Al Eiliaial
ale siay Gum el s palaia) o) elasY) Slas) e
rehall Jalaill g plsil ac @liliag dalgll Dbl o1 e Caplal
f el alasauly

: (Raman Spectroscopy) ¢l 4dlaa ()

@M (C.V. Raman) (saigll allall lgadnCe ) 2ga% daanall o2a
e iy Laie Ol galal g (e alall codnll Gl oL
agag S OVl clisl 50 e b Gl salal) gguall il
dad) alanae Aad) o 35S0 JC8 i ciluae s Lo ddalsy
DA pgunal cagall Jedall uds die codig duell Ge 25 )l
Covon 1289 . 4ak40 dage Jlohal die it pguall dadl (oars (Sl
Apall 250Sal) liiall AlaY) ASall 3l dadl Jelis
aain gl iSs 3lll iligigh Jaad cliiaaY) eda(Phonons)

AR



.............. giliaabaty )l Aiaall Lajdill sk (Julas dagliia 5Ly
& Yl Llal e cilasten sy A8l 6~ L) 48U
Y] Al
:(Fluorescence Spectroscopy) &, slall 4:dluaa (¥
el & ldy) () agan (Fluorescence) 8)slall duans g3
el s Jsha 93 gl Jagh i dgall s e Gzl
o)y il 5yglall 8 5ol Ao Guaiall agall Johall oa
Lalis 23y &ua ((Laser Induce Fluorescence — LIF) 5.l
pind Al e Digazmall liaall 3 gl Cngyaall 5l ded]
Aie) 58 g ya dag dalle A8Ua <3 Culjlaad Al cilig ) 5)
A8lall ligiue (A @il SSIY) 2ga0 AiBsIL daaiay 393 A Bjuad
vie Sligigh Bgaa b lgady A8Ua g SN o3 2385 Ay Y]
Slbigiae Y @iy .5l oasal) Jodall (e Jodal dunga Jls
055 Ll msegll candall (L8 13T 8)ae liially )l 45U
o] il 1 il e el Bame dcy ansy o
A3l ddaulgy Goally g iall daidl) A el cildlodaal) (Y
a3l
Laser Ablation Inductively Coupled Plasma (Sptical
Emission Spectroscopy - LA-ICP-OES :

Ao ey Sl P e LoDl 0l 5 dal) sda 8

L) (e canlil 2D e 050 530 (plasma torch) Ll
Dt el Ll e letie. Jtne Ciles dllaa S5l 5aa%e
Sl (B SlpeSh S adg e deny ndaline Jlase iy ol
A dsmas sV Al HU) (Ao duery (05 O3S L Bale)
plasiul Sass Ladlall dlad Slea dash e L) #5355 LDl

VY



Somgall o) qallls Jgasall.cennii
pxiiun (sAl) (ICP-OES) jleall 85 .dnall dilas d Slgall 1
o ghl sl suaal (Nd:YAG) @l — agsanill sl aniiag ¢ 5l
oo @y dang Al mlaw 4w (Ablate) dadsy Glaris alad
Gind o Bl Alall ) Joaiil LDl Al b de il ol
olinl) Cilapsal oa Aaphs (o Cipaill ALl (S L osan
\g AR ETCN|
o) ddafgy iatnall (55l bl Juladll (€
Laser-Induced Breakdown Spectroscopy — LIBS
Sty Al ghea® ) soaliall s Akkall sl b iy
Mg ally LAl LDl (655 Al 5,58 il il diag Aausy
Grainl) oSGl o (e A 5 (53 351 (M) Calal
S dasd Lgesh (e 528 Clilagl Jagha juaie JSI 0 Cus cCaagll
Ll sl Jodall aoding ccaphall alanl aas L uaiall "deis)
Goe i) L)) 2yl ey paaliall 4ag e Ciyanll ey
CSH 8 il aaanl HLSS GlaV) b Al dal sl
[o]anad)
ol Ada gy Aol Jie Apaal 40,0 Aadal) coll)
5 (LA-ICP-OES) i3l Lalll (e ks ilaily casaadll
) Jalaidl i) Jdailly (ICP-MS) 4 1)) A_dlylas
sy Lgad cliall <1 lies sl 6l Lgd 005 (AAS)
plasinl e i (Wi ylad Lgas€l ABLadly jeaig) yuS ) pual
L laally Lo igha g 2 lad Lg3sS uls ) B)lad 40 g
Jie Lhall e 2aaal) (5923 Lgils (LIBS)  duis 5las Byball el ae

V'Y



.............. giliaabaty )l Aiaall Lajdill sk (Julas dagliia 5Ly
Tlee O Guan cdlill jiman dlgg s (Aol Ay jaamg Akl
Al Sy dalall e ) yin JBL (sSi dial) mhaw Jolas
Giay )l 8y ladl) slaliall 6 4als das e Gliall (and
J1] @AY claladiad) e laye I clgd) Jguasl)
Leelia) Ao s (S Aysitll Coylas s (LIBS) Lijal 1yl
dalaill (e IS 8 Fla addadiud oty bl )l b, 8
sl ]l el b Ley eVl Calide b el Qlailly S
Hettinger et ([A] Samek et al.[Y] Hahn and Lunde )
Kraushaar et ([) .] (Grant et al.) = nall 2a)lly «([4] al.
Radziemski ) ¢Lxdll calisiuly ([VY] Garciaet al.[V)] al.
¢ lual¥l aaat Jie dlgall Caliaa Jalasg ([Y¥] @and Cremers
«([V¢] Anglos et al.) dagusyall Ll Jlac¥) & Alaxioudll
Labbeé ) daslsnlls ([) 0] Melessanak et al) 4 3Y1 <l jealls
L)yl Jlgalls ¢([Y V] Anzano et al. ) Zaaglsalls (([V 1] et al.
Kaiser et al.([Y4] Sirven et al ([YA] Vadillo et al.)
D
e Aiall dbils e LY(LIBS) diis o (e a2l e
¢ JUal Jaw e L Leadl agan Ll o) Y1 o) dadal) bzl
L)<« (LOD)  adll adlall dpaganall ¢ Byfias e §yLa) B
omlaag A0l dalgall Gagall e el Caisy LaS Al (il
Jsalls ¢((LIBS) I cilaghaial Jilatll 36l e 5555 A 53¢V
¢ Aysll Ayl clidas (panai Al KU oy Jilii] Aediiusal
b5l il Lt 5la ey ¢ AaShall 3l LUl Jaas

V¢



Somgall o) qallls Jgasall.cennii
Badaag cdauly Glaglee o (g9ian (LISB) Canla (Lo cdliasdl)
cos LSy A8y Cinlall Jlat a3 Lo 13 cingll (gyumiall (Sl o
Y] Gagll sealiall €l oS sl dslasind (S laie
PO O (S Gl 1aa
Gl 3l dnad) LoDl daghiia Caadag tdg¥) gl )
s yualial @ahaz.&\ bl Sl baghad yaaty ol
Ao Al el aies Ally el Aol 3 aslsn Al
-@ball (B agasall LY kil
5L Ainall Lol aal) Q) A Cadags 1 SEN gad) LY
aill aaiall I (MC ) aiiall (50, lSN A 2paa3 (a3
O Al ALalil) (mye Gluas) DA o ((PC) )8
Ll ddpra ey caiiall Gs0)lSlly (sl S Gl (354
Mo Ll (goa3 N A1 Baldll yae ayaat (5 <ay Al
FOsDSN Sl He (e Al Bgan (585 Al diguiac
el gy Carind! ()it (rioalal) oo} i) ulu (530
: 33l
2l 5aal) e mn 3l ety (LIBS) I A 4
S EL (bl dal) mhas e (LIP) il dad) Ll
YMP ) e zshi sl Izl Led 05 (o3 (g5lall Jaadl) b
leadana (580 Biaaall shlidl (e Zayiall GalbY) (Ve v emp )
Slagleall jugdail andn uig ¢ 4 8kly cilia & Gld Gligly &y
Y Y] ey A i) dubilan)
ehial dan)l (e (LIBS) 1) i Lawlsy dallall dilee il

(Y] Sy (1)) JSall b masall saill e oag daulid

Yo



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

Al agranaillyal (LIBS) andions ¢ 5lll sa wdyl) gyal) )
033 OSIg (V1€ M) agall adgha (3 (ND:YAG)
Ll lahasid o< 50l e oal gl of () slay)
OsSe Aal) ) Jasi g IS il pUaty )30 Qe

(Yo ns AS5ns ) ez oo

N

by aiwall (GLgiy) Akl Julaill :(1-1) S
Nidi 3
e ol A8l fueaty asd duae e ialll plad e LY
Baate o Aidia il o8 Jens Aaball] Gaey i)
A 08y elga A ejie A il Lo (gt dald
4z (53 QISall ) el (Sag Alsane 05S5 (9AY) dalai)
S5 O Ll asls JleaY) JS ey o lgand oyl dual)
Glaruall 1Y AP 28Ul ¢l LS 81 )5l A

1



Somgall o) qallls Jgasall.cennii

A8la Jasd iulll Glian e dian S J8 Al mdans (4
gy S a8all sdag . (Vee M Ve M) ) 20 B
La (sSig Ailia (5980 Cilaraadl o2y L 5alall Cilara s
-(Plasma Plume) Ll law asls Caya

Auie) 8y iy olial) 5l e 43 sKall Lol las daaw ¥
L [PRF-5. PR EG R CH PO [ RN o L P PR PR
il auls Gyl g ciligigh il dpa)¥) ol
cligigdll sda s .(Spectral  Emission) &lauY)
GLIY) G allas o L Lgnaat cilbise e ddgul)
Jaiy yaadl LYY LU a5 o(Fiber  Optic) dyaal
clabadl) ) eguall

Goas gguiall Cidn o Jan ¢ slise Ao Glhadll (ggan £
O el Caphall Jonity Lald haalS oo iy agall alsh
Guniall gguall Longall Jlsla¥) 93 Ay - Jalailly Aoyl
= Bagasall jaliall e Capal) e ¢ L s jlakag
(YY) IS B LS W3S ke diual

\R%



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

ELEMENT 1
Q

ELEMENT 2
O

=
~
o
=
w
-
-

ELEMENT 3
Q

800

Wavelength (nanometers)
Sy bl Lt o geilil] ciaal) (Y1) JEd
SrY] el Ay Gadaadf

e Ba Lilie el g las 35 (LIBS) 21 Jasy

Giagll ol dias (DUl 2 Lavie . Lgllas ahall diall mlaws
ol 8Us Aoy paia Al Balal (e i s 30aS (pl
(Ve K) Gesale b pha clayay Lapdlll agee Jsial
Bhall Lapa ola ¢ (LIBS) Jl Ladlll dally . (Vo v vy o0 K)
(Yoo K) (10000 K) e gadl e Llle (5
Bine gl ) (Ala) Dl dgall GSED ¢ sha cilay 138 Jia
Y Jesie Ciub Lol (e Cansl cugl) (il (g 2A0)d ilual
oo Bie Claglas (5l 28 Y Leld 1ags Lol Laglad () e (gginy
poni ALl e 858 DA (Jla &l e Biall Gy 5l 53 Lale
paibad o adied Lleall 038 (250 o5 (ray Addle deyun Lol
LYV Lebdas ahall Lapdlll dpals 0585 salall sienall ) alll dias

YA



Somgall o) qallls Jgasall.cennii
e | ey 1§ J s &
18300 e G sl y 3L

Lagl V47 ole (Ruby laser) cagld) )3 ¢)yma) as
At sy e (V) dahall (AL )5l Al LoDl 350
e o abiall iU Jadl jaiaeS HHlll aladnid a5 )5l
Js sl (Liodec) 5 (Debras—Gudon) 4« J<aL3 Y 41Y
bl andin) G puabiall Jalas Jlae 8 5l plasind djan
Jalal) a5l )l syliiel Sa (sl cplandld  Slaasl Sl
L7 ¢] (LIBS) ) idanlgy Ganidl) il
o (LIBS) 2 alaan oy bl ol (LS Jilgeadlly Ll
A ae padiuil duald Glgal pglat (& 50 o0 Algall Calida Ay
Laser ) 5l (&) ) Jasdll 405¥) clyshaill i . (LIBS)
5))—ill o (Cross—Excitation) —ajll =2 gilly (Ablation
O oS sl o) Laasl ag (V) (e Aaslll Jie) dualaeY)
Ak el AT (il sla Jaal DA (e Julatl) Siey il
Cross—Excitation by Electrode—) wladl (51 (ayal magill
-(Inductively ~Coupled Plasma)  Jiall ()lall Lol ¢ Jia (Less
e Gluall e Jualatll Ll (S0 83ga¥) 02 () (e a8yl (o
idy bl Y Ll VI (Non—Conducting Samples) ala gl
LY €] L) sal) e saciaad) _adal) (il sigal 52US

D Slgal Cmpial ¢ day ¢ el (3 Sliners iy b
ol ualls ikl Jasl) sl dalbia el ,ASY) (LIBS)

Y4



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

AL Al el (Spectroscopic Time-Resolved Analysis)
oo Al LAl Gy 3 Sl e seluy LD (K8 281,
o Jpanll dabiae (i€ Lakil L) s LS Jladl) Caplall
BYSSITR (Temporally Resolved Spectra) daalll Callla¥) vl
(Time-ReolvedLIBS) 1) cilulial dliadall 3yl colil ol
25|y (Charge Coupled Detectors—CCD) diaill ()3 Cadl< |
.(Intensified Charge Coupled Detectors — ICCD) A&i<all diail) () 3)
Jonaiilly yogoaill A adai) e 5y Sioall A1gY) byl s (yag
([Ye] Schroeder et al :odfialll (1e JS 4 alile o il
al 5 «[YV] ia. Koppel et al 4 «[Y1] 42, Menzies et al
.[YA] Brunol et
D D il s sl
—aldl oyall alalall ) (Time-Resolved  Laser Plasma)

gy el Loyl 2ilsh Al awgil dais Caal) c¥ b Cunusig
sl cmpal (LIBS) 1 cilig€ag 3l (o) dai lagumy i<
el & (LIBS) 1) aasnud sl o3 DA Ylaaiad Jgusds Laas
Al Adgeaaall A0 ([YA] Lodlll U< 15 VL) (e
V] elall (8 LaiBll (Y] jmalial) ddas e A il
(Aerosols) (spall slogll Jolas & (LIBS) ) 4 culalass
Ay [YY]

Dol Ll g (5alie aeds 836aY) e JS 8 pail)
e ISl (e 2aell dgalse Ao 5508 ,3S) (LIBS) Il cules



Somgall o) qallls Jgasall.cennii
oo Sl (YY) cladyd) e elsgll b aludl HLall e Cais)
LYV dilsadly ([Y] goad) sligdl e cadSH (V€] syhaall cfylal)

DAl e Ladlll (s andi e (g3 cilaly @S
o pmilimd Chamy o5 i Sl sl il g il
05 SN Blya dap e Ll jalae 3gaaty Liadll Lol
(Essien and Rodziemski) JUsl (paliaa cpfialy J8 (1ag 48Uy
seYAIYAq ale 8 (Grand et al) 5 ¢[YV] YAAA Lle <
Speal Liad clglae ciunls [FA]N 440 ole & (Sabsabi)
SlseS din ) o[£ ] ndalind) Jladll Gk e Lall Silayl
J60]

& Sgaally luhall Cpglai (Yo v v ble sy cilieadll (g
ey Lulidy) A aalieg atlinat Jlase & (LIBS) I il
A Gt 28y . oS (LIBS) ) s e il aatl) il
[E7] Al Jlae¥) ([£Y] (goall slagl) Julas & S (LIBS)
[€0] s oo (LIBS) 1) dsghaiay oSanll Liasly [€ €] lalad)

(= Clay A e (LIBS) ) dsslatay oSan 1) 4w o
Gl iy ¢ dalall Oyl Gline i 336 Aoy g laig cclinldll
LY Gliatia [£7] 2m Go paliall Jilat Sl Baaie aucalge
Jalatl (LIBS) 1) alasial o L[£V] anr e liaill 3 Zupead
Blacic et ) U (e 5y Js¥ a3 (SISl mhaud) LDl ~shal
daulgr Jlee¥) (e Al ciadig [24] (Kane et al) 5 [¢A] (al
Ldlal clalus [0)] (Wiens et al)s[o+] (Knight et al)
A(LIBS) 1) sae ey SIsSl g aliaany

AR



.............. lgilisalaty 5llls Aiaal) LajSill ks Julas dagliia sl
: (Nt ol Sl y ! (s 33

ale 8 2ie (gl (LIBS) I i e g0 ¢ Laa) ol 2ia
Euro—) ituss 5503 Al gy o Lallad ey (8 Yues
(LIBS) I 2 g ks 23 . (LIBS) ) o= (Mediterranean
Aasdle OSarg - Jlexin)l) Ba0atag g dalilat 558 ) oy JS0
Sl Jlas ale 8 delasindy danly 5ygem Ansamiy ojpks i)
Y Lol Ciianai Y40 q ale dage (B Fyall ST daglguall
G358 Apdall dakaial) 8 ALl LESY) 52U Ayl 8 saaal)
Alaall (Ll Glind e dsand) clandail) 8y cAaehyil) Losusiiall
(((LIBS) A pladinls mrasdll) oadaidl pigailly Jashadill oeanilly
[23] e s isntl) (ale V) 8 darsival) (Ll 5]

Ly e @Sy ((LIBS) I duml daall ciluhall ¢ulh o)
(Bxlaally Aadaill il elld b Lay) cliplailly el ggaluall
Double Pulse ) dagajall danll i Ao oo 555 cllia olS
Ll giedll 3l Ay alasand ((DP-LIBS) :(euan (- DP
[52] Wwleul 4 (Pinon) Jd 4« (Femto—Second  Laser)
Ll I Jlexinds 3)3¥1 caglll dlad) 432l <3 (LIBS) ) 4
(= (Femto Second Double Pulse) dsli— giadll 8 da g3l
alasiuly Elan) 5l (puad ([53] Lildl e (Baument) (s
8 e M) 5w ) Cp)l Sl a3l A
ALl sl bl (o] saaiall NSl o (Waterbury)
[55] WUy e (Giacomo) Ji (1 (DP-LIPS)

YY



Somgall o) qallls Jgasall.cennii
DY) dilidas 5oL et ) Loadl (gAY izl Caags
a1 e s (Breakdown Based Spectroscopy)
LaeV) e (filament-induced breakdown) cuiadl clludl
[YY] saaidl @l¥sl) o4 (Baudelet) (& -« 4881 Ly iaall
Spark-Induced) sl 5y Sl (5 all Gl agall (pad
Ol colalll o« [YY] (Kaneko) J—3 ;« (Breakdown
(Efthimion) (& ;w (LIBS) A1 3l sac iy (graall cilagall
cira Al 23kl luhs (A ALLYL L[56] sasiall LY e
Aalaial) Auhll Lgiag cLa Dl I & laad Gac alie yisl
J& e (Multiple  Emission  Line) aaxiall Jaghadlly ¢ilanYL
aliall daatie Jodatll S ([oV] saaiall LVl (4w (Mungas)
[oA] Wisul ;e (Death) Ji (e (Multi-Element Analysis)
Bagll Ao Jgasl) Jal o (LIBS) AV Julas 5508 5aL)
JERCIREC IR VNN RV PRUPARS. S i PG SR R P
gl PR e g2l paliall st ¢ Jia clandaill (e 2aall
(LIBS) ) )2 80 aruigi () <l (Chemometrics) s (LIBS) I
lalal) Jie i) Qo Ua daghiiall Jilat gt s ALl
Bl barall Al Al el el of el aladll ¢ sl ol o (A sl
A slaeSaenl) Qi) 5 &g mally Agunll bl el iy b
Gilabae jugdaig Gunanl dgga JAy day ilial (puati€y . 5 AY)
Ol—aly Adlihe &« (LIBS) | =3 3y (4= (LIBS)
B)hall Caimall Pasy) dildas (Raman Spectroscopy)

idlha ‘(Breakdown Spectroscopy-SIBS Spark-Induced)

Yy



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

—alulas ¢(laser Induced Fluorescence-LIF) 3lll diaall 5414l
LaserAblationInductively ) La D) A5S xa eadall Jal) &y30) 5l
Cil (rwatig (Spectroscopy-LAICP-MS Coupled Plasma-Mass
23]

(LIBS) 1l didi clasial ey o lae Al Jlae 8 W
Jurs ([59] (Winefordner et al.) a8 (Lguli€ e 5figall Julsalls
saliall Jolas 8 (LIBS) ) 4 s &adle (s2ag Ll e 4l
s Cun AV (A Caplall all By e daell pe A3l
il d8ls Jie 555 o) 0Ser (Al dalgall e el Glisal) b
ekl e AN ¢ paliall a3 Allaa) (Al

Hgal e by dall ¢ sl sy ¢ [1+] (Song) aas
2ol AL ¢ yaliS) 5l dadail duhall Ciieais LS L (LIBS))
LS L (LIBS) I cilualial Lgilals (ND:YAG) éllima e ¢ s\
Fns2al) dail) Ay 8 Les sasand) Bl (pe paal) Gaall) i
AL ol Glaa) (Gl aamie (LIBS ae 4laall (UV)
Echelle ) 1l Caldas iy o(LIF) 3lil dniaa) 5)5lal) culuiis as
o eaY L L ke ddlide clind e e Liad) (Spectroscopy
.(CCDs)

(LIBS) 1) #5ka dad) o alyie aSh cllia Yo o ale diag
Vg Akl (LIBS) I dashiie Jie 5, cliudas slagly Ljlas
Gkl e byt g Alial) A3V 8y daa¥) ¥l L pisi sy

. GAY)

Y¢



Somgall o) qallls Jgasall.cennii

Lk OsSl Heda (LIBS) 1 of ¢ byl sda (e geiins
e pSAL aluhall dpan) Sua L Jlaain) Badatiag By dlilan
shyal Grualy Ll 35k e @lliy (LIBS) A Al L&) augs
Lali e LAY Byshiall g saal) il ae 4o o (LIBS) )
Dsedall cule (LIBS) ) s 18 4ds¥) cluhall (e daadl (g al
s2a DA g +Adladl)l LU el of saiiall clalall can
2 dogd Ablanala) Ly < (LIBS) ) dass o)) gy byl
¥ ) Calidg
Nl g Eetid] (83l i) sl A Sl day
: (LIBS) 33400

cabide iyela ¢ bl (pal Cilisin & 5l Calins] i
Byl (ailaddl g o 5lll aladn Wl sanaal) adall el i)
celilail)l (LalaiViS dntaeY) ol jaliaas do)lie | 3alll Ay
pailadl el g (sl Aty ol g lansl) cAdlal) 5L
Glanki 8 sl cV el e el ciaanind agd )50l 5 4l
bl gl 8 il 835 llaely cuaall sl Jodasl)
sl

Al sLiaSll e 8 5,5 Sl (LIBS) I 4l
Gy el b (o)Al ciliuky clamial) Jalas ¢ palial) Julas
(LIBS) I posisy celicall e laal) 8. 405L80 caall Julail
Al oda (Y Aladdll Gylall (e (LIBS) I yiang i) Julasd
reant Glilaal dalall gen Aball Lnall e gyilie gubs o) (Sa
A allyiaty  Jordnll CallSy gl 8 Hien Laa cdinel) dallaag

Yo



.............. giliaabaty )l Aiaall Lajdill sk (Julas dagliia 5Ly
QI (sl Lo lial) ailindes Cun Ysdll A< 8 Gaaal ASY)
Gluhall i (LIBS) U dedyl) clinlaill aal g jealiall CaiS la
A pa el (pe Banlid Bygemn Wdl) A (45S5 Cun . 23Vl
Balal) oyl Sl s imng (%1.17) (%0.1 ) o Lo mghi G9plS
Gsina oJUiad) Qs Ao cazaal) ae Wbl < JaY) 4l
Giladiag i) abuad delival Janios Al bl & (yp\S)
Weals Cayay 2l (%0.3) e slami ¥ o camg 303 al) A3l
Sl glé i uly jeall delia 8 Ll (gl Sl (a ddal)
O e b Ay o)l i 385 (e (gead dlxiudll
GsS) e 3eall angy el ) ALY U5 . (%0.7) 50.3%
o> A aifig (%00.7) (e ol o)l st e (sgimn (53l
Aling @Elia s Aiida) abadll cilgal Jaxias (%1.3) )
coslail) (sl Sl 2y oSl alal cag eVl Jie (g af 5 alie
casalanll ¢ paadll (Sl (JSall cagiaudoall ca izl
Sl bl el < il A0 Al Al JalgaS ol cpgaaildl)
LSl Ao S AL Ll saalial) s2a JS L apal) 531 (g0l
S Al Adlall 48018 2Ys8 g0l clilid A ibyudl) alsall
b lland) Bylaris Adadiyall 5agael) algall dsllae 3sall SLae
5eLiS et a3 el A bl LA (e - ) delia
G e S 8 il Jaadl el (LIBS)J) dal Caisl)

o elyal Loty Wadll 8 A pealiall Cosd duant Sy _pealiall
[61] Gsaldl)

Y1



Somgall o) qallls Jgasall.cennii
A L) A cendind edgdll Coatlly LY eV laa 8

Gilaslll alel o) i dndl) cilasll uhal Caaliall 4 (LIBS)
) Lo G Guiall g pars ¢ e malad) GHAl et dinail) Al
28 aa Adds Cilial Lo dagll) e aseyilly diluall cilbilee (4
ALRYL . bl Lgeadnnd ) Aol ) Gs8 Adipe e (5SS
Lo cdaslll mdany bl 38 (0585 (San olaally gl (la el )
B9y O A3aby sad ddl) dadadll (e Cales dagll Jan afid o
1l gl daglll sda Jolaty agi o) Caatiall ) cuyyad Andla
sl (368 s ) Sl 8 Log dpaldl clgidl e gl G
S lidal) 5 lilaie Akl dsall cra g () alaaiud o
plasiud OIS 51 S @l s daslll ey 8 daglll e Cuu
il 1N Cayay o Al Y Sa Y 43l 486 4lay 21y ladaid) oda
plasiuly (Slg L Aagll Zabal) ) e g ol oda Chdanil) dilec
Y G o)) (g2 el dlee 35 ) Sy (LIBS) i
Ginidl Candall Slead Aba¥ daslll 335 G LAall Al
gliuls 3alll abiig cadias il Lgd i JS sy ol Aol
Lol (e Cmiall Cadall dlasg daglll s (e 428 il
e Bagasall Cliiiall god A8ay auaan (< plHidl das 454Kl
dalis Jla Lexie o JBa Qas e Lgie palitl) cany Al dasl)
Adbaall ¢ L) e Cayas Ll ¢y ) (pd il Aaslll s

pabayll jaic o £ lual) sda cigial 13) Died L g dadiill

Yv



.............. lgalialaiy )5l Ainal) Lajdll iud Julas daghiia ol
&b DAsie 09S al aanliall Ol Lasulsll jaie o cigial ()3l
Aami ela asulial) of Cayas o podainid V4Y s alal) s (3leud))
138 Gy ABla ciliy) Caanall g Lgy al8 3 aaeyil) clilee
il U ela 8y Lial Cipay ) (il padiin G Grad
i3 1308 aldaty e s Al (DLA (e L 3l Al
Caadall 4 laaind Ty a8l 6 saas dial Jawl 43) iy Caidal)
b Alag (e Bpra labis Je (LIBS) )l daulgy Gatiiial)
Badize dliug A8 28 aladiul maay Chgu dalall cojall b (Sl
A5 DS e cllhg L Agbaal () Lgalatinly Al sl (sl
Al ) Jyaagll s Ak i Lad cigipe ynll clialal

[43] dall a5l LY
2 (LIBS) Ly (5)5d alad aladind 5 sliamdll cVlaw Ay
Chem Cam Rock laser for the Mars Science ) uijall yiida &g pia

(Los Alamos National Laboratory's) <yiiaa (& (4« (Laboratory
Loiad Lo yall aSS e ot Ailmd due o oLl i Gam
Dk oo il 5l egia 8 el L5 (Ao ) ddar 3Ll
il o Aie ald sygal daulyy il (uSaiy oyall 40

[62] Ausll Sasl Sl A aa (h0 giSas Ailucadl
A 212350l Jgeny ) ekl cdplall e Laall

by -Omdl gt 84l ooy ) Gany (631 (3aad) aaail (LIBS)

s b Al sda e sasall o clyide adiad ¢ elidl Y e

YA



Somgall o) qallls Jgasall.cennii
O) (e S ol 8 prsinall paviagll ) diladl) jealiall ke
DUV sldde o) LaS  daplall gaala) o5 ol o dgllaal) ol
e dyanll dilaill ilblee & 38 28 Jgarding oo pdl) Gl
D s aladiad Say og<ually Y] Jlaall oy 388y Cilaslas
Al Jeny Caan chadiall (i€ Jie ddide Ylae HLIBS)
Aol ddladi il gaiall as s peaay D3 e O O5Se )5
Agall Ao Capaid Golall b dagie slual (o e 3l cilias
ol (I p3alll Sl GulSasl DA e A3l 2Ll Byadiall
7]

Ll e (LIBS) ) ds dias (lal<eY) oda Capang
ikl (it A lgle olae¥) oSy ) sl
t el (e UG

Uil Ladll (g e Jolat daghiia eling araas
AlalSie daghie oSl ddll Lgilalae canfiig ¢ 5paall e )l
¢ Adhall Lol LS doiids daaay ol ((5)She d80)laS Loy 5kat)
¢ adhall JUY) AaSh 2aaad (ayal 5 Sl Aaphll oda Jasid
Gl splaag ¢ Lalae DA (e el V) Lajlac) auaatg
e B gl LoDl clilesl ae (sl Lgalis€ag ¢ Aol gl
Ll o 555 Y duguae A8l ld 5l Ay HBY) adad Coiad
Lias 400 jdehg ¢ Al (e Lgale Blaad) 2o lliag ¢ LgugSiy
¢ Alle A3y aaatiy ¢ UL 5 ¢ ABY) Glaglaall dis)) ()l

¥4



.............. giliaabaty )l Aiaall Lajdill sk (Julas dagliia 5Ly
Lgida (lug ¢ o) adadll Allal o CadSl) (o yal Jasiad LS
o5 e DY) oda Lgde ciaals Al )l ¢ Lealigag ¢ sl
Gl &V e Laliall 2y @lldyg o Y o) ddhe 4 Ja Ldjpes

.2l



Somgall o) qallls Jgasall.cennii

(el il

S skl l 5
(el Sl i (55000 p gl
(LIBS)_y3uuldl Ml 99 Eetmiaut! (6 5!

[]

)



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

A



Somgall o) qallls Jgasall.cennii
ol diadll L BLll ALyl o ggiall Joadl) laa Jsliy
g Al el Caladaes Adagiyall 40,00 cilaleal) dieaially
-0l Ll Lopdlll i) (uldl dage s Al Ciljaaall
: (LIBS) y3uuldl il g3 a8yt bl ol i
el Canlall 45 ga (LIBS) 5l dianidd) Hlagt) ddlidas
Al (graiall Sl aaanl A8 ) dan axiny (52l
c Cangll &5l Al ualaallg
I altie s 8 5l Ale A3 Ly (LIBS) I Calasy
ida g Ly LapSin oy 0 A QS8 dalgbiaad) e il
Bl e B A€ A Al Lall) adls dal e o(lsae
cuilS Al @lig¥ls Hliall bl e salgiadl LDl (ggins L Caagl
A e il salel LalKa 1l liall Ulaly Cangll 8 5a5ase
Ll clijally lig) o Al s dlaPull 3y8 Laie eyl
Sl - (gradl sl Jodall Gligigd Slgde Silan) Gk e
Ngal) 8 Bagmgal) saliall oy LaD) egial  alall (ol
OS e ) pualiall o el Jaghad e Bl Copell | Adagisdl)
Ll danay IS0 Gl il (i 320l (gl Jsdall (s
LIVT ey cadll culaill (5)Sl) puaie Jie Caaghl 528
SU 3l Bie) (a3l (e 05SE Aandgail) (LIBS) ) daghaia
g lad 5l dandi vl Gilipadly ¢ (Al gtadl) 3l ol Al
o Lay cdaadll gyadiall dlgally Aoyl Jia) Al o (Aol
) dlee oL Ll pgiall gaad dyiaill By dall (ang oSl
Caildae 5 ¢ (Apaad) GLIYI o ¢ Uhally ¢ ciluaall 1) (LIBS)

AR



.............. @bty sl Ainall Loyl (ddn (s dashiia Uiy
Cigas AN ol 8. (V=Y) IS 3 e 98 LS gpual) il
Beal] Joaie Ciay 48\S 219 Ayl duyaill cilblaeyl S5

L] eadnid) Glyeadly

Pulsed Laser

(]

N Echelle
L}

1 Spectrometer

Microscope @ Optical
Obective Fiber ; CCD Camera
h =l zkz
Laser-induced ' /"_/

Breakdown Spark ~ “
LIBS Spectrum ‘

Bacterial Sample

[77] Ladsalll (LIBS) J) doghiia s :(1~1) JSilf

(LIBS) »5ald (Masilgy Cumiiaad) (Sdadal) Jodond) (sl (S 3L es
(LIBS) A aul gilill ol Gaaas Al ALelal) cilbleal) pandli (Ko
Te] doaldil) (o dhan 700 Lgal dpulal) lshadl) b
i (Short Pulse Duration ) 8ysad dcay aal 3 53 )
Adagiaal Agall e
DA g I Aaiig (Ail) 8 oSSy Aaald) A5 LY
Jelis Cagu 5lsl 3alll L oy Al (re Bt S
Allall shal) das cld LSl Al el dgee g Lind
a—end (Lmadl QLYY f duse) @lyad) aaf aadn s ¥
Py (- ASiia 33U fale) cundn Glodas yuaicg eyl

Al



Somgall o) qallls Jgasall.cennii

Lald) DA (e gsie Elasi) o sguall Wity L gguall 50580l
Laplll & g ]

Lpaiall Ul paail lghlan 2 L3 clilegy) el L€
Al la3Sng Cliell

Glileal) JS lelsY doalil) ae Aa¥) clghdll b L iy
:(LIBS) I & G ) 45054
: (Energy Source) jxdlall yduae

AL agrant H3l (LIBS) Al clandat (pe daaall aadind
Neodymium Doped Yitrium ) =it o4y (Nd:YAG)
ehpanl) a3 A age Jsha ae ol (Aluminum Garnet
Gyl (e lesrd SV goil) ga 5l ey (Y2 1ENM) lake
3¢ O pad)ly ¢ alaaiu¥l auly Gl e aadiing ddall Al
Adle 3ad @ld Glils elliag ¢ pladnu) Jew

Izl b agenil) cligd @l agaanns 3l 8
& A Cligine o) S o€ Jant Cua eladl e (YAG)
aills Lauhadty aly (g5ise 3l ol Lan (NA) Gl (gginnall
e Jaad @ladl (il el cags (YY) JSEN 8 rasa
730nmM) (adll b lagaatg o 30 enM) (e pall dinge Jlgdal
pdia ) ayl) JLas) dda gy oyl sda Opa8 . (A e NM
.(4/-'3/2 ) 48l g5 ) (Fast Nonradioactive Transition)
(dush sl ae) tisall i) gsiane Alamil) sia i
(Population Inversion) —Sall ajsill lls T4 g Jadow

Yo



Excited Levels

.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

(FFn Yo JEN Goh el Slas) Algn (@b 2y . giatan
lly e sdles (V218 M) asad) Johall xie (Y )
A e ) popad) JENG Ll it (Y ) s

101 (Php)  Lemy¥) EsU (ghi

Non-Radiative

Decay
Optical Pumping Fsp
800nm
A= 1064 nm
730nm *111p
Non-radiative
4,9/2 Decay

[7e] b aguati ! ALhl Cilygivs Lbia :( Y- 1) JSi

Al l) Lngal) JIpha¥) A daladin) (See b agpass )3l

(Second and Third Harmonic Wavelengths) 44lll|y sl
& 0sSy AU Gagl (SHG ) aie (A=532nM) asall Jskall
(THG)xe (A= Yoonm) agall Johll 5 (Sl Slaai¥l) (52
e (Ramasii]) (358 2] Slagil) (52 3 O3Sy I 33l
dgpeadl 55l Jisl Gk e Mg of oSa gl s3a L gl
el e sdleg o ((VoEnmM ) ol gled jlue B ddasll e
Sl pung ol (CW) spcions dage b Lol (Kay il 3l o3

1



Somgall o) qallls Jgasall.cennii

A8l 38xi ¢ (CW laser) syaiudl dasall )50 dlls i . (Pulse)
il 3lll Lal gl s pa paiae (g Adln 05
Obes JBa 3k e adle Jgmall (Kaid (Pulsed  Laser)
e 5l Cgas JAb (il (533 Bl (Srar JljeS
Gang Lovie Hlavall cdalal syally Jladll bagll Gy 2p0all 4y
Al 3 Gany (93l Al (el 1aa 8 L Gantid) i)
o o e dy ) (4h 53U d9aa) Jaa Bjual A8l Clias
Alasiul ladin 2 ) (LIBS) 31 ojlad cga) Lali (pa 555
Jro] Lead 4l gl <yl
:(Spatial Intensity Distribution) U@Lémmuéj‘&jg
Lgih (Ao )l daial (Irradiance) apa ol Ciojas <a
b (W/M?) dalud) sasng e Lagee ¢ bl Lebany 3 5,040
rise A el Bl alis e §yaall cdaadsail) (LIBS) J) 4oy
O 38 Jadl 5 daal I o diagi ) slgall e oaa
aslally dojall Led 585 of 0Sar Al dakdl ans Lijaa ()9 ]
(s JS Balgline clia ) @lyie sale) 3l dag gagias 3l
L]
O aaas wiy Allg ¢l Aads auags ol ke 55 58 il
IS e o3a5 2 5l (Gpeadl) Chagatl L (55l (S ugad 8
Auslalitag oSl Cilagall (e A3 L) L cliledll Tpe Cana s
Lalasl Lggad b 3lll ¢ Jalad¥) e as Casatl) 13a Jals cal€n )
Chaay 3l sl 92 5l g el ajall Jaaill L dpaye g 4k

v



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

bl ol Ao (gasand) (gginal) 8 gl 8 laedl) Jin ays
LV] il Caugatll Jals 3l ¢ las

e i daad g4 (TEMpg) dcajel) didalinag ¢Sl Jaas ()
« (Gaussian Radial Profile) (uslS 5yl alaia 40y ¢l (Ll
(<ay (Beam Divergence) cahai¥) (o (A aall apal o) LS
5 olll A8l (e (%A ) dransg AiSan dats jpal o 5355
clanhill wl g doady) a1l sy daaine ol sd gl
dad 3 Sl s Lkl Gl Lalail . (LIBS) Ul Lgias doyiiaall
Alad Bygem LanSi oSaly (Aol apn iled las Il ¢ Ll
b ek LS Aahiae Gy e AES Llail (YY) UK maagg ¢
L] ) ol e b

(TEMpg) aai 5 Jand sliariind (g3 53ll) sans ¢ Upiida b
ool Chigat e ddluall pe Jaaill Baga st S

Elad A gkt LaS dilise dudye 48LS Dlail :(1— 1) JSil
ST sl

YA



Somgall o) qallls Jgasall.cennii

(Fundamental Ablation Processes) i laddl COildes
A dpas A Gaad ol (Se Al pall Glilee anud 2

Jelall Vo) 1 a Ay Slolee 2D ) A dgalll (LIBS)
(Primary Laser-Matter Interaction) salall xe 5l JAlasY!
215 Ll o (B S 5 Al 5 el e
Lol 2 y8s 20 LG ¢ ( Generating Plasma) Ll

.( Expansion and Cooling of Plasma)

aliall aldat e JLgN day Lo 5aldg L3S JusalD
Plasma formation and post-breakdown phenomena on
solid targets
@l (Pulsed Laser)  canll by agranni H3al 55 Laie
clall gl e (Q-switched) duesill Jale ~Bas dayhay Jary
Loyl Jain oy AUllg algall (e dims dpaS jamn A4S Al ae
LDl dgie o)) (e 0 Alawadll 8l e a3 gl e e
s(A Wem ?) o et clall Cargll adall HLgiYL dinal)
AL assans )30 Lol alaall 28N s ¢ (V) W/em )
o) gz Jsh b damy  (Aee Mizoe Mj ) o e
5 ¢ A e Aaulg 03K A1y ¢ (4 NM) Baa (VT NM)
S el as ¢ (W/em?® 10 1%) 14 )lke Lgunall 508l 43S
LTA] DbVl dge (e

A



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

LasgrlBgam
1 1 1

_\_/_
Material

il Litaalf Lapull AsT Ao e Jlia o(£- 1) Sl
J7AT

e L) e 8IS By5umr Jlo alll 2l (580 Lerie

Balll Hadiy gd ¢ An Al Giliay e e ¢ Al mha
o bl o ¢ aaly g 8 Lot Gagl) mha B dilas )
DI gl Baaly dilee Dla (0 (Seed Electrons) cilig sV e,
(Uil palaia¥ aeludl 5l ¢ ciligsdl) aaatie culall Jie)
(oY) JSally (£-Y) Al 8 mange LS dbie LoDl JSil
aslgs el AasY aliaia¥) (e Lijes prand g SN o3l
(Inverse Bremsstrahlung) (us<sall LSV & i) e
Gl ) sa555 aaam Lleal) oda ¢ cplall 530 0y50 sy (53
pabaial 8 53l (A (ga50 el Jana 5305 o)) e (5)eY)
& - 12Sa ol Jass 2 83 (A oysny (5352 sMly H3lll egm
gl many )3alll diail ddiee Lol il ¢ ildadll dlgs
Jalall 5all) poal ddine o Ladie LoDl 26ES . Lgia ana
(@) sl 20yill A jal) AEESH dad ) dajal) 86 Ll Conags



Somgall o) qallls Jgasall.cennii

A3l Ll S ¢ (1 7Y )OS 8 LS (5l epal
- [va] (1-2) daladl)

Mels” o 10 om | g 1-2
M- = _l-_v-l-'_" 5 .,-'.{',l” ............... ( )

P ¢ Og SN ABS Mg ):pa(1-Y) Aabeall B Geasll
tec(o=hv=hc/h) o S 5l glad) e malill 22l
G oesall Aoyt o il agd) Jshall 2 A ¢ gp pSY) ding

(DLt h ¢ glal

Incident Photons

-\h \I
e
NSNS
C ¥ €
[
' j_f L~ lonzation
’ - -~ ’
’ \
’ \ \
7 el ® e
| Y \ n
\ U \ s\
\ ’ 4
~ - S - :
~ -
~ o v

[79] susial) ciligisd palaiel daufs culdl - (- 1) JSilf
s 3l (Ve6nm ) ulal) oasall Jodall dajall 280K
¢ Lapall el LUl 28 Jow Laxie (V221 em ) oyl @l
dzhie Coalln Lapdlll ddaulsy LBlull )5olll e 5SS o) (eSaiy
Aol adaii (pe 22a A L) Tas Asyall 13 6 ¢ dn ) d8ESY)
ala 5l dadl (AT 8pe ¢ lig STV AAES e iy aaall 1aa
Llaall 228 jaindy . agll (paus Lapdlll Pla e poyall (e
Gy AN L) Y] dalee day 5l Ay elguil Ja d)gal)
sy Ui Pa . Jaasdl) gall 5 ghall 8 pugn )l diay
Jin e 5 AalSV) il salel 5 culal) cililee ¢ Lol

QY] Lol dala

¢



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

Ernission
Vapor E
@
Plasm Bremsstrahlung
Sample Crater H u

[V ] Gdd) LIBS 1) cildas (71— 1) JSilf

Aot Lo3 M 33 (5B Tty 0} ool

Atomic Processes in Laser Induced Plasmas:
15V Gy sl Jlaul Sais all Gl 4 i) clileal)
Glgiud sl de Glileall o3a dpes) adiadg (LoDl & dalidl)
e ol Jalye aanty (el cplil) Jalpey dabiad) 25U
Dla e JS oyt Hign LoDl ABS5 Gg 3SIY) B)a Ao
Adhde Cigpla dda 8 Lald) @l (il agd La Dl oLy
) DA A ul) AAN cillasl) Caan A0 A i) ALY
s «(Free—Free) 5y~ — 5y~ c¥lawl 1 & LapPlll 8 &aas
— ddanp a¥lawl ¢ (Free—Bound) ddagip — 8y~ iy Ll
[VY] (Bound—Bound) sy

&y



Somgall o) qallls Jgasall.cennii
: (Free—Freey §yo-— 3 yor CNEZ
ol Led @i ) clleadl o (8 — B ) YY)

gVl L gy ey ey Jlag Jeliil) b Ll e 50
¢ aligVl ¢ Hall alip S G Gladalaal) e aaiy ALY
5<eall Jabyall DA Ll Bj5um Giasag ¢ sulaadl Slawall
Lebias (Say - Alle AEESH 055 oo 3l Ladls e (oo
53 5 sl Jiad (X)) ey aladiuls ¢ olial 3 (YY) Asleall
s eoall g nS) Jaad (%% gle* ) ) g ddalaia
J (8% *) o SDU A Siall a8l o 0yp35ll Jbiadd ()
plabia¥l an, (€%) g iSDU LAl dalall (e S) o alabaY)
VF=YY] (YY) AV dlled) 8 LS

X+e** 5 X+e*+y. ... (2-2)
—Se AL gl mlaias L uSlaall Ldeal) e 3y
Aaleally Jelall 1aa (o (S5 .(Bremsstrahlung inverse)
JVY=YY] € (F-Y) asy)

X+e** +y —» X+e** ... (3-2)
Osisd A8la Hall g i) (i ¢ uSall AL i) 8
Sl Al (sgine ) adipg ¢ pslaall Cagall Gs) (pe ANl
Anlo¥) ) dleal) o yieny ¢ Al dEal) alays Nl
sl Joal) oSag ¢ all) Lapdl JSin ddee A 3all) (calig i
c gl b ) Aasall cilip AU )l ol

¢y



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

: (Free—Bound) {Ala.d ywe — 3 yo- SNEZSN
pofanhll Gile saal (Aadye — 3a ) cVEY) Gaas of Ko
Electron  Collisional ) 5,31 asbaty cplall 8 AsY)
ool Al dagig (sl ol 53 g 9SSV arkaay ¢ (lonization
Al pe s bl g pSIYI Jla Lai ¢ QY aanal) (e A (g 580
Three—Body ) alal 230 S salel ) 81 AS)a
Qs¥ly 09 A pabial o8y e g5kt « (Recombination
lgmmiay 1 52550 A8UI ga 095381 e madl) b
—Y) ZaY) Al b LS ¢ djie o gdlsl) B jall g S

NARE
X" 4 ern o5 XU 4 errex L (4-2)
dil (5igil) aiay Lexie (Photoionization) Aswall culill caaay
daules OsY) Gaias laaie o cargll 500 il aga e S
3B e iy ell AAIS A8 095 e ladie . () S
Baliea) diging oSl illanl) Alleay slane A8l S0¥1 3¢l e
VYT« (oY) sy
k= l-nf.al-""g S T (5-2)

i3l ( hv) e oSDUASall ashll o (V7)) o s
AL ) 138 5 osd/ B il aga (B ) ¢ aild) (gl

SV (Y) Al Jie o oSar (@A Agdag g
X'+ hves XD+ e (6-2)

¢¢



Somgall o) qallls Jgasall.cennii
Oandll Al & celed¥) il salel dlae ol LulSad) clla]

Q5 gRllS diayial) A8l 238 aa gal Adanilgy 09 SN e
Q\)ﬁd\‘_g(z\_}aﬁf—% )Q‘XU&Y\ QLAAG QJAS(;LG ds.ﬁu
Al syl ) e Jim e Laplall yae e Aty

> SN PEN | 3% SR Il ( Continuum-Dominated )

u
[V¥] ¢ Wi ( Line— Dominated Radiation )
: (bound-bound) Ala.S e . Alas ywe SAESN
La e Alggasdl ( Akaipe— Ll ) YY) o
)3y a2l L LDl 8 4,30 gl el ililasdl Saee
() Al e 1S LDl e SV ghall 3y Lavie A
Sl Ay Ll Gadiial QIR 3 LDl e Jad aading
el (e (653 Bpe ()5S lilead) 638+ 5l Al L)
IVY] dseclail) o) dae Lai!
Gl lpany ae ShA e olegi asbeaty ¢ Al cDlelal b
OV - AY) Gyl e LSy DA aa) e ddliall A8kl ke aa
dhluy . (Collisional de Excitation) ( 55Y) Jlg) ) asluas
A 81 8l (ggicee ) Jin el g SN ¢ dlaal) a3 (yusSas
e Aealiaial) Glapuall ) A gaid) A8l (ils ae (ysY)
Y sl e ppruleal) BIS jeling ¢ el dsla dlla ) 51 U<
VYT @ (Y=Y ) Aladl)
X+ Xo X+ X5 (7-2)
Radiative Bound—) ¢ ( deled] datw — dhiipn ) Clke o
5L A3l jame of V) Al Allall dfilee o (Bound

¢o



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

saill Ao et o €0 Al dV) llaall oda ¢ (etigdll g
C(AY) Aaled) G V)

Do (OslfpN) Levie (0sigh) iy ¢ Bnla¥) Gldeadl b
bl dalaill Galatl il dage oo ¢ fag¥) A8l ks )
aie JS Baae i bkl caail Elaall sda 3l (Y Leu
- el dalaall Claadiul
: L3 (rolad ailadell

sl Lhay oS Balall s (e Bhaae Ala 8 LeDL
3 a5l BAL ddatise iy By g AN 4 ()5 oplia e
O Al g ¢ Adobaiall diga i) Clar sl (o Ao gana
¢ Wi ol LIS Diea diall LaPlll 8¢ Al 5 damge Bys Sl
st AL ol dngall digafiall ilarual) (ga laa¥) 2aall 8
are AAES oy AR () ¢ LiilyeS dhabeie LDl &5 Gy
(n ) Lga il ligVlg (N ) clig S
V] (VK (A-Y) dalaall s Caags

e = Z'”-zﬁ ................... (9-2)

aw\; ¢ Coasll 138 e ¢ Opl il Alls (Z) o Gas
oaibiad st ¢ daladl Ahlad) e LSl jua Al ddgaiiall
NLagin Jelilly &gaiadl Cilasad) DA e LD

e



Somgall o) qallls Jgasall.cennii
L3l 3359 (glera sl
Debye Sheath and Plasma Frequency:

Sl el Laws Lyl agle 3l slus (2a2) slie
Ll Lapdlall (e daids e Blae sas ¢ ((Soliug 5SIYT) ) (oSLu))
nge dind Lelh Ul ¢ dungal) ()elll) @i e 80 A8ES
¢ ool s Ao dllie dbo dind xe O350 (BlA0 a gl ¢ duaild
O Claag Bamy dapdall 23a dSles jaBi 5 ¢ Lgma (sl (Ao (450
Jie Ll saseial) (ailadll e Talael lgiad 5t slus Jlghl
VY] Aty ¢ gyl dayo
Bl da sale Leaad clig 51 oY LDl 8 (sl slie 5
Uy caal Leis€ () ALyl ¢ g 0 e ST s 5l )i
e Jalaa lig) Aoy G S0 de s g SSBU (8 s ¢
i SN asd N o Vi (VI Me Y iy o Js)
o Ml ¢ salall Jaldl) mhasd) e Lol e g 56l
Agld ans Ll pe 4laally Al Diny mdasd

oS ) Alesl) Jsdall zam Ll 3 ey SN )
2 Agandiall lapsall G ¢ aslsS (658 (a5l sl s Lgduay
13 by ¢ oalell Sl ae &3lke s2all Alighag ¢ dush Jlaall 120
S 55 O oSe 4l aaaga e Ol ) ¢ 098D sangs o
g la) S lad) 3 @l gl ¢ sslanal el sSY) Jalas
g i larie Lgaloe N bla WL &iga Sl cilay sl
5o Lae 02 Lgilh Ll 8 (sl aaiag e (g SN
e Gubai 4ty pa¥) A il dnge ASHs A Il deles

¢y



.............. gy llls Aiaal) Lol (s Jalal daghiia sliy
eelban I Ladl oy ¢ gl didaie (g )35 Ladie ciligY)
O S ad il lig) o) Gy Aisd Cilage () (53555
3 oa g Gl el aay il ld ¢ calg s
O SN ALS 1) A (e ABS 5 iy Cilig pSY1 e S

l.e. o & % , K = .EY\Q_\M;Z\:\M&J\EGM\ XYY JENeN-X .':9
(o = 2If = /£, Constant Spring)

a3yl e 0585 o) oKy ¢ AESD) Amitie D) ) o) Gae
& e i) Slage (A 0l Gla¥) (a4 ULy Aol
LS ¢ (107'em™) jlaies dlle culip SN J86S ao Ladlll )3 -
.( Collective Phenomena) dclaall jalshall LSl e (el
asdsS o 5dlie gl ae Lapdlll (8 Lsaiiall Cilapund) el
Ll (B (Al aslsS 98 Cana g 8yl lilinall 8 (<5 A
Blaall ¢ (9AY) Aamall LuSlaall cilinal) gyl daudsy Cilladll
o (Ao )sla Jslas Capas Jladl) o5lsS o liill dadaiall aa3 3l

2 A0V VY] Aaleall Jaxs

A = V

e (T ) ¢ olasle b (k) ¢« Sloesth Dyl b (&, )
Ll fSKY) BES (ne ) o Ll B)ha

LSl ALsadll el ¢ daelaadl Jalshll ldde Gangs (Al LD
a5l s ae A3lie SN (ginall e 056 of na (L)
IVE] () -7) Al

EA



e o len IS LDl oda e b cilig SV Aaly) s Lavic
Sye a1 g ST Jaiy Lol g ¢ dumgall ciligh)
e Al ) I L ¢ sl Ll g 1
Al oka 3355 ¢ LaPll) bl Ll e L) 8 il <Y
=) Aabaddl taay 53 (00p) Lol 23y5 Lgale sllay 430304

NAEENEER

(Me) ¢ 0o AES (M ) ¢ Al b (g, ) 1ol s
@bl Glaays gly ¢ QeI a5 (€) ¢ by SN A AES
ALS Jlaind 3k e Lahl) Guits L lgiay oSa L)
(12-2) dsladd) & (M) oY) AL (Me) O A<

gl joaae A Ll Alanad) (2w aaan Lol any5
Adadlud) dagall o)) Jliels . 5alll ¢ led i Dlsdl dalina g <)
O Lol aaysll [ailadl dalas (555 laaie ¢ (@) 20)5 Lgd
gt i L) ) Bacdalineg 5oS cilangall (e i) 25U
(©) 3350 ¢ bl Lagin (il Jelis cunss € IS
Anadalinag o<l Glagall (kK = 27/ ) L) ol Ao adiag
L) (VYY) Aaledd) Bl e 09S 221l Glia (L8 3 aaldl)
LvY]

€9



cogeall degu (& (C) 5 Ll 235 58 ((@p )0l Cus

¢ (Ne ) ulag SN 2K aw alidy (mp) LoDl 23)3 o)
Jﬁmhﬂbg@hqmﬁ(k)oﬁc(w > mp) Leried
¥ dasally lds ae e (k) glic (0 < 0p) Lavies ¢ LU
sl Glic (0 = @p ) Levieg ¢ paia sl uass o) Ll 24
8L (Ne ) clig pS) A 8ES jeasddlall oda _dg (uSais
(o=2nf= 2r(ch)) of Jloel ¢ dayall oda b ¢ dayal)
(UV) donuitia) (358 283 agall Gl 8 ¢ L)) jamn o
el Gl 8 ellh (o Sl s ) A LDl (3748 Cig
o ES 8 ) 13gly ¢ ((VIS=IR ) chyenll sy 435 5al) de2S)
L) 3l sl A ol A5V jalias aladial oy (LYl
ziadll
L33! o0 Ayl sl el (33103

Thermodynamic Equilibrium in Plasma:

LSl paibad o) ¢ LGl Aphall dSaliall (gaae 8
(B2ana yualic dag Larie) cpeSilly ¢ JAEK ¢ 8ylyall dayn Jha
Sl ysiia (e 22ae 2re JB e Jal€ IS8 Coags of oSy
- e Cba A3ial) el ASalinall 2da ¢ 4ol Al
.[ve] (Carroll and Kennedy) xSy J5) < (pfialill
(V] 2 W Ol Al b Gss allall julas



Somgall o) qallls Jgasall.cennii

gy lg SN el 1y 8 L il asea o (@
Jis—elSladey wa il o mdi By laall glg Vg
.( Maxwell Velocity Distribution )
) 4 (Population Distributions ) a5l 485 o (b
Olaiilos slae PUS e Lgias s sl 5l 83 Y (g5na
.( Boltzmann Formula)
2 ally (2) il B ligVlare oy A8 o) (C
.( Saha Equation ) bl daleas Jass (2 1) g5iall
A A lolea ey gl b g i) AEES A o) (d
.( Planck Formula )
A ¢ S 058 Lo ol (ball il ¢ Leal) Gadaill s
=2l @hall DIl ean )l B plads Wl Sy
¢ (LTE) syaisay ( Local Thermodynamic Equilibrium )
LoDl 8 Bia (3halia (8 39a9e O3lsal) 050 O (oo e Y
) Al e (el 23 e O3)s3 Ala JS o e pipll e
AL Claal) gl ¢ Ll 8 clalalacal) Gass e (g)al
Laje V) aa ((Glig SN ) cquall cliviag (hilly clig¥)
Leasisi i o) el (e A8 Can Jamiia I (il (3o
VY] ailad) S ey daabaiall caliniall o ST ggluiy
@hall 3lsill e sl ol (LTE) (aasall ghall il
2aa 3aa o oSa dyadall P i (near—LTE ) acasal)
Sl ¢ ligly i AN o Gaaad Al cllabaa) (e Gl
Jane 09 o Allall iy Y 2GS 6 3ot of gl (e

o)



.............. giliaabaty )l Aiaall Lajdill sk (Julas dagliia 5Ly
L) i <1V d86S o palail) Jana (go G ol g ledy)
( McWhirter ) caaldl 4 (e leaydl &3 Lol el (LTE)

VAL A1) £-Y) Al 38 sl
ne > 1.6 x 10225 em™ (14-2)

(1) 3¢ (K) 2 aulie 0p SV sha dapn a (( To) of s
<y sl ( Excitation Energy Potential ) 41\ 5,8y dalh &
a2 (V) b Lulie Luhll (em Aaladll clilagy) s )
alilas 7 8) Gus Cpmg yugll LDl oo Vi [71] ( Griem) Galdl
Do (Ve K ) agany L o Sy (1 6V ) s 4ail o
o sl (107 em™ ) jlake 09, S 4805 ¢ (gpall aaal
Gy of < (LTE) ) o) e 1 il (s (LTE)
e S) g let) Adaulgy Lagltsl a5 3 (LIBS ) ) ey

(10*W/em?* )

sl (dall L3S b

Quantitative Plasma Spectroscopy

LAl bl Ledlll 7l e 50al Ll dlladl dagll iyl ¢
il Gl agall Jolal) (3Ua3 8 clblas¥) g of (Sa S
g5 ¢ ol Jdaill (Yoo nm 0 vo nm) G (VUV) )l
«( Diffraction Grati) gl jaa adals Lol (e Euaial) ggucall
&N e dagvan i) calaayall cld clagisall of Gaaay
(Charge-Coupled—Device ) il oyl jlga ) (ulusdl Jguall
ai ¢ Gazgiall gguall Glilh (e dd52aeS (CCD) JL 4l Say L

oY



Somgall o) qallls Jgasall.cennii
Jehall dia (2wt ) 28BS gy Lgia Aailil) Canlall aaigh Balas
V1] (nm) PES

)2 iaaal) dutudall hagladll e 23 e Caddall S0 L LWl
L€y laral) gl agag A ot Jaghadll 038 ¢ Gpae Ol
Clgiosad saall LS o e B BLL eleDU aaell A8ES, Jasi 3,
peill ey ¢ LB Bha daps (o dilaall (8 adiad Baasall ()
arall LGS Alia @l e o S Uil lad 486 o e
oS Lol Bla Ll £ etV o Ll 8 Bagasall il
Gl 53 A (s ¢ (93] dalgms Al ol (i iy ¢
L gt jiae b 2 Y Gl 13gly ¢ Casldll b dahid
@Y Loy Ll DA e Lt Jlil s 2 Ll Laily ¢
VY] ol dnaall LSl Caalal) Jaad Julas
Bad (pn ADMal) maagig ( Corney ) ddalas aiin A8V clalleal
Lol (4,(%) ) 32l s of L[VA] Ll dag g Ludaall dagladl)
ol iy Levie (0 ) dbeal) gl Ao sty Lujis da8Y)
A hbidl b xmse LS Hlal @l e jle BLs (0-X)
(Y-Y) J<al

EEP1{ N P PR - WO W A P PC O Y2
s WS (k) @M pabaiad¥) bad e @l 2l () sl
ol lsles BlES) 8 igl paiall aas Hlae¥l by
2 ¢ (dQ) Bball Aghll 8 5jpaanall pouall Aajal elesY)
(A) cpbidil cDlalas U8 (e L) Gilagl < lalae apaa3 o5 6l
Jul aw 4aiipll (Einstein A and B Coefficients) « (B)

oy



.............. gty 5l Ainal) LajSl ik Julas aghita sy
i AV Gy e Jogaill Aalas (Ao Jpaaall Sy o (K = )
(da)) L_ﬁ}bj\ .J.J)ﬂ\ §yid ‘f 5.3)\)3\ dic e i) 4a) ‘f ‘):uﬂ\ JLC\C—Y\

(%) Jshs
VY] Y s (V0-Y) Aaladdl Wl i (A — 0) Lexie
[L.(x + dx) — 1,(x)]dSdwdQdt = %d,r.rfsm.,-dﬂm---(15—2)

e

dQ f\d

> dsf i)

X x+d x

I--fx) I x

x+d

Ma (X1 ) elash glsiall g ledd) daja Ll ¢ (V=) S
ylial) cuydl) e L
s DA ey ladie g bdl) Jd (e (Egps) doaiaal) 3 o
CYLEN) 2ae 8 aaly Ostsh Al i DA e sl (puaic
(e 2o Alia culS 1Y (0 dpie) 5% P Gaas Al dyae Ll
O LS (1) JBY) 48Ul (o5t (o8 aaall Bang A (V) )
PAY) (16-2) dbladl b

dQ)
L,(x)dt (16-2)

Eﬂbs = hwN;dxdSB 3-{[[, H[J;} d_,_*_l_"

o¢



Somgall o) qallls Jgasall.cennii
(Line Shape Factor g(w)) baall (<& Jule Jlaal a5 234
(adQ/4n) placas ¢ Jadll (<& 5 40N Clayall Llaiu) Caasl
glad e daalill clsanll & jSas Lol dids lae¥) a6 by
b ¢ (0 Q) lall Aughll 8 8yseans gl (Glsa
Elasi¥) G IS U o LD Al Lawt (K) Sdnal) (552l
() ) 23535 (02) Lbeal) ughill b g LD Camiaally 3
Pla e s (0 23l Joaldl Pl (Egpp) Al 28D s
IVY] sy (VV-Y) sl

P! 4]
Eemit = hoNpdrd S A o(w ]rfﬁ':—'_!rf.' + hw N r.’.r'f-f.‘w'."f,{,.rp: .;'Irl’.;;i:—'__ Loyl (17_2)

¢ (15-2) bl 8 (17-2) Ualadlly (16-2) dabaal) gty

dl, heo

dae F[.-h-,.‘u,-,—, + ( H,‘:f_."{i. - H:r;.--\-;]'![-]_r,r[;;}
- [

Ol g eyl Jai ddalae 40 <o 1A ¢ (Q/B/k/= ngki/) Qi Lo

Ao _ o p e (19-2)
dr

anall Galiaia¥) clelaay Elasd) cDlalae (1) 5 (£,) O Cus

any) ( 21-2 ) 9 ( 20-2 ) Y alaally Cayas ‘_?;d\j ‘ g",;J\j:d\ AT
(V1]

o0



o - ft A N () +ooeeoeeesneeesenee (20-2)
o E I a7 B gi N,  Yeereerenees 21-2
fo = = Bjp i (1 y;\--'\"}) g(w) (21-2)

DLl pabiaia¥) g Eilau¥) Edlalas 233 20 () dyaang
Ga e (V47Y) Jlay) Aalas oy cadigally 23,3l AN s il
olaal) o3a laadl L6 A6ESY e Joanll das ) €aa T2l
A Gy o6 4i€ee LSl VAl Qe Jall 6 dea
LAdaal)
( Point-Focused ) 4.kt 8)5um S5 3alll ¢ sl A1) 8
Lol Hlael (Sass ¢ (ggimsall mehadl (e d0g S dae Al
O Gy ad lead) J3a B pliiie uiad riae [l dal
Jie ¢ (x) aaind ¥ palaaidV) gl sgall Gl c el as
w3 b (G(o) ) 2D ISs dales (V) 5 (M) ap) st
G e (e dad (V9Y) JLay) Alales ) o2a 62500
JA] (22-2) Alsladdl Jassy ¢ ( €XP(Kc,X) ) ale

d

. [loexp(kor)] = ewexp(kpz)- (22-2)

(X = 0) Slsieadl sane IS5 e mrgidl 5Ll el 13
die lgaalaial gl () @bl 2yl & e ldY) sad ¢ (X = L)

. (23-2) sl sy (X = L) 550
I.(L) = Lo(0)eap(—ruL) + ~=[1 — eap(—ruL)}(2372)

t

o1



Somgall o) qallls Jgasall.cennii

(X =0) e )l o g lad¥) 82d o ((4,(0)) : o Sus
Source) juaall dlly (YF-Y) dlales & (Sa):Ew/Kw) dous Jiadg
radl dandl auly Gyt (7 (L) = K,L) Llaadl W ¢ (Function
(£,(0) ) 328 @lsad) g ladll (s A laid) aasy (52 ) Haadll
e Hle pabaial) Julae 5% Ladie o ((Lawgdl je ja ladie
[vY] (24-2)

s+ sl ) (X = L) gl e il (2= L= X) of Cas
ladl . (gradl Gaalls (7,(2) ) orw O Y] e Al 020
Gaaaty (M) L) Jaks Jladl) Gaad) Jisi ((7,(2) = 1) Lxie (2)

(of2m) 225l el 430

¢ Lpems 22831 aladll) Cpty Cpad () dnpeaill aliad) s
IMT Y e anag o g ¢ (L A0andl palanlly

7,(L) ) (Optically Thin Sources) Lz didyl jslaal

:(<<1
doda Dl (e b alitie dgae (o Caniall & L) 50l (e (321
\agas (4,(0) = O)(incident intensity) Gaall 5ok Laizg (L)
Ay) (25-2) dalaall e ya) I8 (YF-Y) dalaal) s

JVY] o[ AY]

ov



To(L) ) Tas e Jladl) (srad) Ganll ¢ Lyeas 22830 LoDl b
GsSen (Yo—F) daladl) 2 V) Jaladl aaniging (= Kol<<l
Ay (26-2) Aalad) L

Jrl_fu-' -
Io(L) = el = 7= AR Npg (@)L ... (26-2)

Bpanall ) LS pa i 5adl) ol ¢ Allall o3 b
SN Jshag ¢ (Ar) lilanY) Sy ddlsdall ddlaay) U ¢ (M)
Lall Cale gallay dfeiall 33U i) ayail) gl - (L) SLaal)
lad) (e Baial) doadal) Jaghadl) 525 (Wld L G(w) ) s
Gt e deadival) sl gra Y GulaY) 58 Lyany 444
Bl Canll (598 luas J alaell Sl 2ol Jalsill 8 2l
Ayl el
Optically Thick Sources) Lymas WSowsmud! y3luall
: (rolL) >>1,
Aasie ¢ )Vl il @i Al gkl g baall Al 4
O 3 Grad) jradl zisai laaie 53 iyl o) Y]
228 8 pent dednl) leantl) allin aay o1 (1,(L)  <<1)
Lol Aeiall cleled¥) Jalls Gl AUy i) & bl
VY] saadll jalas o) Jé lpaliaial alel S of e 850€ ddlaial

IMT s

oA



Somgall o) qallls Jgasall.cennii
(&) ¢ aalgll e ) ) e Aige (B (il Gand) 05< Latie
5 (YY) ol Lmigns o Sa (Y. Y0) ddabaal) 4 (k) 5
(YY)

VY] Ay (27-2) Aalaally s calag) 435S sl

hw? 1 — exp(—koL)

)= dmie? (Nigi/Nigi) — 1
Aoy o Gl LWl Joba ol calydll sac 436 alag LS
Ganll Laxie ¢ Jla il (e (fy(L) ) Sl 5as 8 Ja3s
Lugale a3 aliaial) o6 ¢ aalgll 3350 (KoL ) (g
Guaiall g el jglae gl e By . HASI o oy AUKT alajsg
S daa S Galaial Ml mlasalls Waes iy aus) moa
e S pabiaial) L dpppdall Jaghadll G 503l 34 28 (S5se
432) a1y dadal) Lggdall laghadll e dadgiall 500 aujgh sgidy
g5l S paliaia¥) ol o1, L>>1) Laaie dagilly ¢
ChA s 0o Jgsase OsS alabuall clidacy & WiV )5l
IMT LD 8
Lo BlaaV) 5 ()5 (A) Slsiaall ds Iy 2SS culS 1)
sl i L 13 ¢ (T2) i) Blha s die (ghall Ol
C(YTY) Aabeadl & (K, L>>] ) Jlasinls Ll 2y saaadl)
Black Body ) asu¥) auall anigs DA (e ade el
oSl (s padl Jasll dallaal) A86S) ulé Sl ¢ (Distribution
YY) el Al 5)hal) dnjn st (e Sasa

o9



.............. giliaabaty )l Aiaall Lajdill sk (Julas dagliia 5Ly
: (Analytical Figures of Merit) dqghia 5oWS Julas

Sl as g il adall Jalail) 6 clalaal) aal e 2aly
Jual) aily 4dys 2y . (LOD) spaiiag ( Limit of Detection )
Sl bl dalae) cre Ugies Ay sxie ol (Ko il
(IUPAC ) daudailly dnnyll oluasSll ool alam¥) U8 e (e
Cipall 8 bl Ll e Slaa¥l ajgl) e (LOD) ) iy
b My (Gauss  Distribution ) (uglS anig alads ul
JAYT Adul) (28-2) Aalaally

1

Plz:p, o) = ¢
ov 2T

f v 1 3
—(z—p)= 20

53 e aad S Ul gl Gl Clebian) Cauat Al oy
o ebilall (e (4) Aasgiall daidlly (0) (laaadl Gaha¥) baasy
Gauss ) (uglS migl alall il 5 ¢ oSl ikl Jdatl) Cus
Aalaad) as)ll Cyay Jal&ally JalSs ddee PIA (40 ( Distribution

[VY] Ay (29-2)

o0
/ Pla,p,o)de=1"""""" (28-2)
of — 0

gasl Allaial taat Lgild ¢ (0) aud  JelSall agaa 5w Laaie
33 Allas) ols by ¢ JalSill sgan e i clily Ak
1-A0<x< ) o el dihia z)la o iy dlais
Ll 5LV (e g Jangially (Gl CalaiN) S 1) ¢ (o)



Somgall o) qallls Jgasall.cennii

() Wras A Ll daaldie¥) agas 8¢ opad (Say anlball
S5iua i ¢ (30) & Aghas b pald (<0 Lliail JUPAC
e ey ¢ LR G Teya cosd Al Gl % 49.AY ) alael
dad ) salall el Qle e Lajaa S Al salall (e d0aS 8 o
VY] 8 (% 29.AY ) alaie) (gria aa (A2l
X=U+30 .oiiiiii.l. (30-2)

Jilae Ladl) A o) AECY pusy oy ¢ Aandgaill plaal) inial
il e (Sl e anl Clisial @llS e (Sang Jilal) 5ale S5
JAYT(31-2 ) daleall 0l

I..O.D. 3o (31-2)

bl e peaiall LalA1 (55l hatY) 58 (05) O Sus

e 1ia Hyug plad) il doall (8) ¢ st S5 JaL

3255) (X) A ) ¢ () e g Bl (inie 8 4] il
- e Ak ie o) o ZEUSY sy Wil (S (el

y/(L)=x ... (32-2)
aa Clos &y ¢ Jlanl) ball 5050 (30p) dad (ansat &1y Ladie
Lassl)
: el Al Ll

bl e el gl by (iajal daga 3l 8l 48K Cilua
i )l S Gliaady ¢ WPl 065 I (5355 o) (S Al ¢
Aalall 890 Al aiaiw o5 ¢ AUl 590 Clal (AllL) Lzl

1)



.............. \galisakaiy jallly Ainal) Lajdhall (ks et Laghiia sy
[Ae] olial (33-2) daladll 8 (e 8 LS ¢ ddl) 4aUS

p
Power density (frrud_iunce (J')) = R (33—2)

ol daky dalie & (A) ¢ 5l 390 58 (P) toy G

JAe] as¥) (34-2 ) dalaal) (e aii d8UAY 893 bl

(t) « Bl Jrze 50 (E) c&ju\@Jbﬁ(P):Jﬁ_&m
Aadll (0) s
LAY (3572 ) Ableall DA (e 5l £l daliss Glasaly
2
A(em?) =[2] X T (35-2)

Aaid) Sl a (D) 5l plad dalus o (A) o s
daill lab Caas ol )5ll) g led S50 luaal) alasind Jls 8
alaall o Lgpbos g ¢ dadall 2y il g lals Hlad Coial g4

[Ae] 4oy (36-2)

D° =1.27xfxA [ D .. (36-2)
k8 58 (D) ¢ daal) aay il plat Hld g8 (D%) o s
« (Focal Length) (550 axall sa () ¢ duaadl J8 5l o lad
dgon Al i o (127 = 4/IT) ¢ agadl Jehall (1)
. ( @lwasll xe ((Ray Diffraction ) a3y

1y



Somgall o) qallls Jgasall.cennii

: (LIBS) 33ty ioniiaad) sl ndblslnny o liall balons

oilad (LIBS) 3Ly Eaiowall HLagiV) dilla s
- g3l haall cuaty chdal) gl 8 palial) Jolatl A
paidiall laxall 8 oS il Judasil clahall (e sl cual
O Gn ¢ ((omayagl) fasgadl A (L 8o L) L
Dl gy augig ¢ aalaill Joliil (6)g pia OIS (atdial) ozl
Ols ¢ daihall lglaall (Stark and  Doppler Broadening)
bl F L) e Gl 00K o) s e Al g o
z Lyl s (Spectral Lines) akll ~LiN1 5« (Isotope Shift)
Al 3 Ll e AT sl ae (o998 el Jaliy Levie A3 LY
Olest dlia ¢ GLLY) i 3Sye A sy Z LY olé 48 il
B et ABS G Bl sa Jg¥) L) 8 aalua Al BY) (g
2l A (slly AN it ama ey Gl WAy ¢ (530 0335l
AT (AL ealiall Ui 8 5y daaal 4)

LeisSo ddjma oo LoDl algall )5ll dpdidal) Jagladd) assi ()
L olae 3950 2ae 8BS 3 ¢ @bl 5l DA ¢ dass
05 Aadgatll A Caglall laghad amye lé ¢ (1017 cm’)
A LY ALl Ao Jud) Jus e ¢ (0.01 nm) Luyas
laylaie Lal) satie (7PU) 5 (FPU ) assihall ,mie Gla
£Yenm ) die gVl Laldll ageladl bghs & (4.2 Yo nm)
assigighll sl lg ¢ ((EYYNM - £YEnm) 5 ((£YYnm -
w3y 05 ) oSes Aal) gl ¢ (PPPu )5 (PPPu ) dasal
(A=Y ) USs 5 (A=Y ) IS Al GLLYY e 5S) il (4e

1y



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly
Joaally ¢ dabiaal) jualiall 43,4 il diial) sl c¥ead G
JAV] . Aiad) i) cieas b ) cliggd e (YY)
e bl e Ll gyall < [88] (A-Y) il (s
(1'B) Cusasd) sl (2872P°Dsp3pp) sl pd)ll o S
lalail ¢ (1B ) Clisivee de jusdl) Jaghaall Jidig ¢ (clall Ladll)
«(''B) clisiwe e alaie¥l Jyau ('B) Al g5
(+-£7 cm ™) sa JEy) 13g) (°B) 5 ('B) _slail) Jsail bl
Y all Ll dasall gl 536 o ¢ (sae oY M)
i) o lly ¢ Ol Gpulaill dall e 4l B dgas Jha o
OIS 2uSl oalal U Joat bl (e Jral okl Baase
(Vrem' ) 58 (BO) gaysdl SV ulad) Jyaill
[A4] (BPZT(v=0)—X’T" (v=2) ) JEdU (+.v¥ nm)

¢



Gomugall Ol cllla ) gisul)

Atomic Energy Levels A Molecular Energy Levels
2Dy Excited State
PO s Excted Stae
=
1.=208.838nen e
W
5
§
%.=206.957am S Ground State
1.=208.9550m ¢
- -zl ?/_'
(=
>
272y, X o Internugiear saparation, r
290 3p8__ . B late
i "g0 / \J
g | "o o\
. l ,/ V3] — \
e 1 [ _—0
w{ 4 . \
"o s | \ l
> i | Mo |
? 0 | " \ {
1] ] o L \\ PR— /
= N
= | v ! \ . 3 r’
7 g s d ,'.'J ’.. \ pey /
“B g e 1) }.‘ L\ a v/
8wy h \\\_/
| st ]
_ e |
208887 208388 208381 205383 o PR AN
DU IRA MDA DI MO F S 0
282 2‘; 203? ~ 232 29 EPD"? Wawebesgt® (v

2522p2P01/2,3/2 <« ﬁ&&i.ﬂ ‘(A—f) M’
8T O el A clig K1Y YT 25’ sz Ds)5, 3/

b bl eV e

-

LA el e

LA dafall el ligh adian

o bl Glad¥) didan 3 Jeaind 8))b Jagha Jia (A-Y) <Al
@Y Hlas ¢ (Vibrionic ) g 5N = (gl Auiall cauda o
(37-2) dalaall & dlicia (S90Sl ¢ )l ¢ Ay

& -

D

Y



.............. \galsakaiy 5allly Ainal) Lol (ks ol dasliia 5Ly

Gills s Alally dlygall AUl e s aial dunge gkl
JAA] (A-Y) IS pialida oy g 5<)
v=T-T" = (T,~T)) + (G;—G}) + (F/—F}}-----(37-2)

BLaYly ¢ Ll Al e Jas sayadl) 5Lyl i) Guaa
(Gy) ciuig SN dslall (Te) « Lag¥l ddlall e Jas dsgaiall
. Lalysall &8l (Fy) ¢ 4l5aY) dalal

Jo¥) alaall 8 calaagl Uil oy AESH s il )
(L) — g s ) Aiall YN (Fy) 5 (Gy) <l b
S el oa ABKY il 8 (Te) g pSIV) culilall 4ually Ll
Glgise A p60 Ao gohaii ddall cVeanll Al e oLy
Alas e¥pan Bgale IS8 Heli o 0Sarg ¢ ghsally cclyliaaY)
Ll 8 d0a A i€ (55 Al Al c¥s il (e S
Glubal)l o) (e et Byl AU g an (4 JA))
J4+]

Bashe o A fiall GLYI e iUl &y s el ()
gl sliall aslel dials Lpeal €3 ) (4-Y) IS jualial
el s Gl el il Gl AL jealiall 5 ¢ danslsad)
Lsha Gy o g Akl L€ ) Al Galids) ge jraan 43
e ol Lae )8l ALl Gliidl 8 hsally ¢ el
- Aaeal) )

11



Smgall () @lls HgiSall ool

Em
1000 2l
3 £ Diatomic Oxides | 3 .
4 d 1 L
1003{,,..%‘. ................. O Diatomic Fluondes|... £ il
':E ] A 'A 7 Atomic iﬂloqu::anbn-aawnnu
H 4 =
S B e S S e AL
g i g =
¥
I A {l A A
.9 1 a """"""""""""" L"'ﬁ'""'""""ﬂ'"
: o ¢ 588
- 18 m B 5] .
8 01—
2 a e ]
: D m 88 -
I . R ——
3 an o
1 0
0.001

B OMgCl K Sr Zr RuSn Xe BaCe Eu W Pt Pb U

walinlt Ly pil) Joldo Ludyjnd) Jilliil) ciifgad :(1- 1) JSiIf

9] délisa
AN ] Ldjnl) B cigaT A il Cildgsd : (1-1) Jota
Element Isotope Vibration Diatomic oxide  Diatomic fluoride
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Boron 10g, g (0-2) 113.505 79.344
Oxygen 150, 80 (0-2) 193.480

Magnesium  **Mg. Mg (1-0) 25.382 22.861
Chlorine »a.¥a (0-2) 21.013 29.030
Potassium e (0-1) 1413

Strontium %, B5r (0-1) 2.520 1.050
Zirconium b o7 A (0-1) 3.291

Ruthenium 'Ry, "™Ru  (0-1) 2.300

Tin 1165, 2%y (0-2) 7.004

Xenon 129%e, '2%e  (0-1) 0.362
Barium 13783, '3¥Ba  (0-1) 0.588 0.363
Cerium 140ce 2ca  (0-1) 2.367

Europium 5gy, "B (1-0) 0.834

Tungsten 182y, 184y (0-1) 0.959

Platinum 194py, 195py (0-1) 0.346

Lead 206pp, 2%8phy  (0-1) 0.285 0.380
Uranium sy, ¥y (1-0) 0.657
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C = 'Input the
Concentration of Carbon ';

D = input(C) ;

Ci = 'Input the
Concentration of Carbon
Element ';

P = input(Ci) ;
t=1/A * log(1+(D/P));
t=intlé6(t);

CreateStruct.Interpreter =
'tex';
CreateStruct.WindowStyle =
'modal’ ;

fprintf ('The Age oF
Artifacts is: %d
year.\n', t);

h=msgbox (sprintf ('%s The

Age of Artifacts is (%d)
%ars.',D,t), 'LIBS Aqge / \

Command Window

Input the Concentration of Carbon
Input the Concentration of Carbon Element

The Age oF Artifacts is: 2672 year.

é LIBS .. X
The Age of Artifacts is (2672) Years

l OK |

Yo

dlad

rais 581 A Guad JAa)
el A g G g
sy
L
4 sard) Clea Adalaa éﬁm\
G sl pladl

t = 1/A*log (1+(D/p));

= int 16(t)
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%% Setup the parameters you will use for this
exercise

global input layer size; global hidden layer size;
global num labels; global ImageMatrix;global y

input layer size = Yol*Yol; % xdim x ydim of Input
Images

hidden layer size = 43700; % number of hidden units
num_ labels = 3; % number of output labels
% Load Training Data

load('AllImages.mat'); load('Outputlabels.mat'):;

m = size (ImageMatrix, 1);

% Randomly select 100 data points to display
sel = randperm(size (ImageMatrix, 1));

sel = sel(1:100);

initial Thetal =
randInitializeWeights (input layer size,

hidden layer size);

initial Theta2 =
randInitializeWeights (hidden layer size, num labels);

% Unroll parameters

initial nn params = [initial Thetal(:) ;
initial Theta2(:)];

Part 3: Training NN
options = optimset ('MaxIter', 100);

5 regularization co efficient

lambda = 1;

costFunction = @ (p)
nnCostFunction (p, input layer size,

v
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