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This report covers work of the Optics l)iv is ion at l incoln laboratory
f r  the period I J a n u a r y  throug h 30 June  1976 . The topics  covered

are lase r technology and propagation and pollution studies.

Additional information on the npt i~ s program may be found in the
ARPA/ST( ) Program Semiannual Technical Summary Report s to the
l)efe nse Advanced Research Projects A~ cnev .
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I N  T H O D I :  C T I ON

I. t~~~- i-:tt L I X  I I  NOL~(X ;Y

‘in experimental s r i i -i is in progress to investigate the e t b - & t~ of ;rnlsc

sliaJw and pulse length on enhanced thermal coupling to metallic an r i-ac es

Pulse lengths of “ . 10 . and 25 ~sec are being used. The magnitude of the
ga in—switc hed spike is being varied for • ru h l)tilSe li ri~~th.

‘i tli ree — week expe imental e i i i )  rt has been scheduled at Boeing ‘ii ros
( ompanv to st r i lv long—pulse breakdown i t  Ill laser wavc l i l i e l t } I 4  (2.8 elm).

Vi obtained oil I 12 \l inod~- operat ion in all four branches of the
0 0 0 ‘“xl () 0 000 1 -110 0,02 

~~ 
and 110 1 110 0, 02 Ol t i  vibrat ional bands and also in

t ) i ~ 1)1  1 — I I  0 ~liot Icii~ i’ 4 ( 1 f
~~~ , laser.  The transition frequencies

ii i r~ •~ t r r r i r i i e d  Wi t h sp.~ t i - o nce .-r s er iF - a  \ .

Il. i’Oll.t l I t  )N ~S I I  l)IES

V i i -  eu • p ~~I i d  u - ~~ I c  of c~i i Ic tuiiiuhlt si miconilie tor diode laser

i i pullntit.r i r r I u r i J t u , l 11i 1 - c  ste in  wlii Ii i i i  thi n perm it  sequential mon—
ii J kul l i I tar I t  ga~~~-s with a single d vii . l r i q u e n u  tuning

ot 300 rn 
1 

~ 1~~ss ih li’ l,~ a u u I r i ~~t u e l  the u loseut—cvc le  refri gerator
‘ i t  i i i ,  I ~ it I 00~ E- . ImIx)rtant ;sul l i itar i ts  such as ammonia.

. t hc I., ,. . in I ., in. Ic iv i -  h en  s tc i c l i e , 1  \~ it h  this u lvan i - I  ins tr unw ntati on. ~

lkt li I l i n t u l l.  t i l  il i t u u i  411t t ro- opil nit- us r i t t i n e n t s  and long—
i. -I i i i  i t  u i i  ~‘ slut ul 1 hi n - i i i  s i  i~ni Ii antI v with this nee

• I ; i .  l i t

• I his~~ ui i c r i ph h o  i i I e s t h i ’ work j e r t inn I at I incoin I • i h ratorv w i t h
ri icr  by t he J~~

.rt ns, •\ lv ii - el lIt-search l i t e i t s  \ c e r l v
a ,itl in pu rt I . s t :~ . ,

~~~ lb ~~~
. r u b  • - I  ~ rnu r i r  .~~dinini st rat  rn

I . ~~ r~~ ’ r up li..i h.~ .. rd . .  t .  t m k  f u . i i u r i i . - I iI I_ n i  o u r  l u l ~ ui i to rc
tin .i;.tu _ u u u — . h o ~~u .1  I i ,  \ I t i , r . u I  ~ i t - ri. . l orin lat iu ,, i  ( l J . - ,i :irelr ‘ip—

Ii. 1 t i ,  N u t i r i u l  \ , . - l , . ) .  a u t i  . ; i I i a I  —. r i p t I x h I ?  frcirri iii. I .~~‘. I i i \ 1 i l ) l l i 1 i i lit ~t l
l’r,ui.. t i . ’  ~~~~~~~ \

i t
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I. l -\ S I-; ll T I-:C IIN I O G Y  A N D  l’Rol’A( ; A ’I’InN

5. I -\:-d I~ I-:l-i- ’I- :( T s

I. l Hei- l  ‘ i t  l’t i l - t t ’  Shtuin’ and l’ti l-t ’ I ength tin Enhane.rtl Ihu i - r t t u I
( ‘ ‘ I I ) i t t  

~
‘ I i ,  iSlet ,,Is

An ex isc rimental series is in ~rrng i’its a to invest IL’ at i ’ the effects of (so ShS1i(’ a u t h  ps i I se
lt’n~~t ! t  on en b i n u - e , l  thermal coupling ,il pulsed 10 .6—gm ruhi ul t i n  to meta i l i s  .- ; t i t { , ,  u ’ s . l in-

I_ inc’o ln I uhit. ratui ry 5 0 0 — 1  ( ( )  , la ser  c ui nfigure d is ill o F f — a x i s . t instah , lt ’  t > - s ’ s t i u t s . l ’  i—i  I’ ’ ini~ uso’ i
I s - c  the t e s t s . lic ustirements arc being made at p su l s r t  lengths i s !  5 . 10, ant .h .!S u S i ’ i  . l i i i ’  ‘ ‘ u s - l i

pulse length , the ga in— sw its- he il spike to average energy lat in  is  si’t ut t h e ’  “ nitr lt i t I ’  v u  Inc of
7 1 t ic , through the us.~ of two—level pu lse—forming n et w or ks , at a c- u l t i i ’  ‘.1 s pl,r’ s t c j m u t t -  I’. .! ‘c-
1- 1. i’he thermal coup ling is being measured using both ca lorimetr i t-  and C m i.’ — r u ’ s . s l v t ’ l r i  -a
s u r f a c e  the rmoccuup le techniques.

Itt- tnt s h i a g n i s s t i c s  inc’lude shot —l w —shot  measurements of the power (pulsi’ sh u t.: ( ,  t O t  ii

energy, and spatial distribution. Plasma diagnostics include sI i-oak Iuhiit ss ~ i- :ij s hc- Is ,  measure

~l~ ’ rate of plasma expansion and u measurement of the plasma igni t ion t i n t ’ i-i ’l l iv .’  C ut  the

arrival of the radiation pulse at the target surface.
ruìe exper i t t it ’ n ’ s are current ly in progress, and the resu l ts  wi l l  I . -  i’.’p sil e d in ‘t. ’ t ; ull in

the next ()p l is - s  Researc h Report. S. K. iSIu n l ie f

2. I ong- l’ulse IlK l aser Breakdown Experiment

‘5 t h u u , i ’ — w e t ’ k  experimental effort has been schedule.I ut Itocing - ‘ 5 e rs s s p t .‘ ( . uu n pa nv  Is ’
study long— pis isu ’  breakdown at HF laser wavelengths (2 . 8 gOt ) . The prirnar’c- it bje -t i v ’ s  of the

experiment ic,’ I s ,  determine the wavelength scaling for lung—p o lo -  last ’ r  hiu - t ’ i k s l s . t t  n thces hi .u l t hs

in ; u e r u s s t i l,s the pl;usnt u growth rate scaling, and energy t r a n s m i s s t t i n .

‘I’he u’x lu,’ r imenta l arrangement that will be used is si > cvii in FIL’ I — I .  lhe III” use r t v t t l >
t he sl u lt lc  u - , , v i t v  has an output beam 5— 1/ 2 in. in diameter w it h  a l ’ u ’ u t t i  ru t- u: r’~g’nt - t ’  — 1 0  mr- i l.

l ilac (‘nergi t’s  us high as 250 .1 in I p5cc can he obtained. Ihe bean> w i l l  be fou-used in an
ut ’i- ttsol cell and re -t il h im ate d with 6—in. —diameter le i rs t e -. )Gl - 125 iii’ ( s  I- , .  I t - t n t  S P I r I t S

will lie used t . u  obtain , ‘r t >’u -~ v and pulse shape before i t t , )  after the hice ukd i ,wn t -eg ,t ,n. The t i m
profile in the fo u- aI plane will be measured with a >4—u’l , ’t t i, ’n t pc roelci - t t - i - a r - i - ic - . l~I t , t l s n I j s i s l t ’ ,,

w i ll be used t i  measure the t ime of onset of breakdown and th u I a , i —  Fc: i nt , ’ i r t t s t ~.- —c i ,nv - i - I c r

t - : t,itera system will be used to obtain t i m e — r e s o l v e d  infuirmation on lb.’ l )IisIt i 5 growth  r u n - s .

The smallest focal spot is obtained w i t h  a fi t -i l length ‘~ 12 in. 1-’or su nt I l ,’ r si t - i l  t r u t h s .
the apitt size increases due to sphern-;fl aberrations. Thus, the hi i,’t it ’ .si in t t’ re.il  c t -xpu’ u -led is

i o~ Vi ‘cm 2. Although this is well below the (‘It’ t n— tl r breakdown limit for S 2.8 lul l> , it

should he adequate for large particle induced breakdowns.

The experiment is tentatively scheduled for 12 to 30 July 1976.

1). I- I enu ui t n i

u~

______ - - — .-.~
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Ft. ‘- ‘ IARI  1-: 
~ >~ 2 l AI-d- R l i l - S I l  i u l ’ \ l I - \ t  - \ N ) t  I- ;V A I , I A’ l ION —

- 
A l  - I 1111 AT !( IN ( II- I ‘l( - 1 1 ( 1 ,  1 -\ i ~~i- : H I I N1-~ S 

-

\‘.t -  have r’ec-cntl as - il i - c - , - ’ )  a signi fb-ant aslvan u-e in 1 4 ( I t
1 , las ’ -  r tipe rat i sri and u- a l  ti r s t u t i .

Al t  rss n L ’ i r  I 2. 1 — p ni operation was ni l  di f f is - t i t ’  • t he output mi-it-It’ wa° ununs uah lv had and no

O2~ OJ~ hand l i n u s  w e r e  t u t u s , - r c  u- i, W.- now ! t l t \ s ’  def in i te 1n r ’ us t I  that lioth of t h u  above

pn’ sbu l u - n t ts were caused by the poor imaging qualit y ‘f tls u ’ 12—pm pt -a t  (ups used in 1)5 - ~~~ 
I

last- i - s cc- ,’ bu ilt , u - c - u-ti though both gratin gs had wc-ll s ic  i - n -  ‘>O— p r ut e f f i s  i t - I t s -c- in t I  - first u sn- ,I.-r

a’ 12 s o r t .

\ t - t o r  re) t ru i lt l inp one of I t , -  lasers u s u r p  an olilu’ r hut ‘- t i l s - c i o r  1 0—pm master grating, cc .-

- s l - ’ ~~inu- l TET’ii mode oper’ at i surt  in all four i t r t u t t -  ( s t - s  ui thu 0001 - - t s
t
~ s , 02

0
0 and 00

0
1

0 0 cog I
~l0 0, 02 Ol It v ibrat ional h t a n d s  and also in  l I s t -  01 I -— II 0 “hot hand.” I- igure I—i s l v tws  lii,-

TF.M mode output of the I )
( - C

~~~ l a s t -  r op-rating at 12 .1 1571’ .ooq 2

IT’ 

1~E1
Fib. 1— 2 . rl- ; \l  r iot !,’  out l it of I4~ I

~~~, laser ut  12 . 1 p:ni.(i(M 1

Tables 1— 1 t i .  - -i list ft, I 4~. 1 
~~~~ laser transitions wu- have nicasureth ut ft a 1— n ‘~l ‘1~ N

grating spectrometer. ~ s ‘Ii’ , however , that the -a I i l s ra !  on of our ~pu- - l  r n i r t i , - t ,  r’ mac’ Ii.’ s i t - t i c —

wha t off at I 2 .1 na. This ciisu’repancy is probably clue to the fas t that o ru r  s l t ( ’ u - t  n -o nr i - n  r i’al its ra—

on is hase.b on (1) , laser transit ions between u and 11 pm , and l inear cc trap - ‘t o I iou of ‘ l a s ,  -

data l ,u 12.1 pm may not I t , -  crus ~f ( s - ( e n l1v ar’ s t r i a l , . Ilo w u - v u - r - , t t , u ’  apt l r - s ’ t i i , - t , - r -  data lu - ’  i in
‘tables 1— 1 to — ‘I w i l l  soon he s t i p o r s u - s l u - s i  ls c-  an a l , s o l r i t t -  , a l lis ral ion ( u - i t a l i c  u- t , t  ‘ l i t  well—

known h( I’ 
~~~~, t i t u s )  of t I n -  ~~~~ ( 5 , la a t - r  t ransi tions I-v th ree- i laser Fri- it - t i  v ! s i - ’ . - r - , s ) v t > t -

l u - s  ) r l t t u ~ u i i -5  .~ — 
-iSa a matter of fact , I - u  p. 1— 3 at i ,iw s the ( ra t  di r u ’ s - I Itcat fr , ’sl tu ’ ’nt v we have It us t

sth tt ain erl l s u - t w i ’ , ’ n t  Chic ~~~ 
~ 2 00

0
1 — 10~ o, 02

00~l hand R(18) an t I t h e 14 ( 1. 
(
,
, 00

0 1 ~io
0o.

02001 11 hand I’IlO ) laser trans itions, It is vi r t ti all c- r u -r l a in i t h at w -  shall obtain t hu

c-al ibrat ion (anul I neil line ass ignnrents) of t hu .  I 4~~, 1 
( 1 , asi c t r ansitions wi th in  tire nex t  report-

ing it .-  t s r i .  
t_ - 

. 1 c u - i’ i i

.u. ’1’I-uj~ a urr k was SI)tunst )rt-dl in part by thu’ De f u n ct  Advanced 1 . - s i - a n  It I ‘I- .nt’u -ts -\ i~t ’ l i s  - - and i n
pa r t i s ,  l i i i I , h. I- nt -u ’ pv i{ cs .’a n’ u - h  th ’c -.’Iopn rient A u l : t u i t n s t  r a t s - s r i .  
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TABLE I—I

0001 — 11000, 0200}~ BAND TRANSIT IONS OF 14 C 1602 LASE R

Transition Vacuum Wove Number l/~ 1cm 1) Vacuum Wavelength ~ (pm)

P(2) 864.62063554 11 .56576606

P(4) 863.04007227 1 1 .58694749

P(6) 861.44323770 11 .60842591

P(8) 859 .83U 5.s 75 - 
11 .63020389

P( IO) 858. j -~
-
~~ 

- 11 .65228410
P(I2 ) 856. 55531342 11 .6746692 8
P 1 4 1  854.89358883 11.69736226

P t 1 8 1  853.2 156 784-6 11 .72036597

P11 8 1 851.52159217 11 ,74368342

P(20) 849.81133740 11 .76731771

P(22) 848.08491919 11 .79127205

Pi 2 4 -  846. 34234015 11 ,815 5 4 9 7 2

P126 844.58360047 11.840154 12

P(28) 842 .80869794 11 .86508875

P(30 ) 841 .01762793 11 .8 9035719

P(32 ) 839.21038339 1 1 . 915963 15

P~~34) 837.386c-~~485 
-

~ 11. 94191042

P(36) 835. 54733044 11 .96820292

P(38) 833.69149587 11 .994844-68

P(40) 831.8194 3442 12.02183982

P(42 ) 829. 93112698 12 ,0491 9261

P(44 ) 828.02655200 
- 

12.0769074 1

P(46) 826. 10568552 12 , 10498871
P(48) 824.1 6850119 12 , 13344 114
P(50) 822.2149702 1 12 . 1 6226943

P(52) 820.24506138 - 12. 1914784 6

P(54 ) 818.25874109 12 .2210732 3
P(56) 816.255973 30 12 .25105889

P(58) 8’14.23671958 12 ,28 144072

P(60) 812. 20093905 
-

- 

12 .312224 13

- - - - - - - - - -~ ---- - -‘- -- - - - - --— - — - - -  -t- - - - -—-—-— - - - --—-— - - —

Estimated Accuracy 
1of the Spectrometer ±0.035 cm ±0.0005 pm
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TABLE 1—2

0001 — t l000, 020011i BAND TRANSITIONS OF 14C 1602 LASER
- -_ _ _ _ _

TrarisPion Vacuum Wave Number 1/ >s  (crn ’~~L Vacuum Wovelength )., (pvrr )

Pt 2 ’ 981 ,11885429 10. 19244504

P(4 ) 979.51363710 10.20914832

P 16 977.87809045 10.22622359

P(8) 976.212276(,uO 10,24367368

P ( l O )  974 .51626743 10.26 1501 36

P(12) 972.7901504 9 10.27970934

P(1 4 1 971.03402292 - 10. 29830033

P(16) 969.24799451 10.31727696

P(18) 967.43218707 10.33664182

P(20) 965. 58673446 10 . 35639746
P(22) 963.71178255 10.37654637

P(24) - 961.80748926 10 . 397091 01

P(26t 959. 87402451 10.41803377

P(28 1 957. 91157029 10 .43937698

P(30) 955. 92032059 10 .461 12295

P(32 ) 953. 90048146 10. 48327388

P(34 ) 951.85227094 10.50583195

P(36 ) 949.77591915 10.5287992 7

P(38 ) 947.671668 1 9 10.552 17786
P140 ) 945,53977224 10,57596972

P(42 ) 943.38049747 10 .60017673

P(44 ) 941 ,19412210 10 .62480073

P(46 ) 
- 938.98093639 

-

- 
10. 64984348

P(48 ) 936.74124261 - 10 ,67530663

P(50) 934.47535508 I0 ,70i 19179

P(52 ) 
- 

932 . 18360012 10 .72750046

P(54) i 929 .86631613 10.75423405

P(56) 927.52385350 10 .78 1 39388

P(58 ) 925. 15657465 10 .80898118

P(60 ) 922.76485407 10.836 99705

Estimoted Accuracy 1of the Spectro meter ± 0.035 cm ±0 . 0005 $svn

it,



TABL E 1—3

0001 — 11000, 02001i BAND TRANSITIONS OF 14C 1602 LASER

- 
Transit ion 

- 

— 

Vacuum Wove Numbe r l/~c Icr ~s ”~ ) Vacuum Wcivelet-.rjth X (pm ) 
-

R(0) 866,96091782 11.53454532

R(2) 868 ,50069101 11.5 1409562

R(4) 870,02409709 11.49393452

R(6) 871.53110327 11. 474 05980

R(8) 873.021674.32 
- 

1 1 . 45446934

R(l0) 874 .49577261 
- 

11. 43516105

R(12) 875 .95335809 11. 4 1613296

R(l4) 877.39438828 11.39738313

R(16) 878.8188 1832 11.37890973

R(18) 880.2266009 1 11.36071097

R(20) 881.61768632 11.34278515

R(22) 882,99202244 11.32513063

R(24) 884,34955472 11.30774584

R(26 ) 885.69022621 11.29062928

R(28) 887.01397753 11.27377950

R(30) 888.32074689 11.25719515

R(32) 889.61047009 11.24087490

R(34) 890.88308052 11.2248 1751

R(36) 892. 13850913 11. 70902 180

R(38) 893 .37668448 11. 19348666
R(40) 894,59753270 1 1 .17821102

R(42) 895 .80097752 11.16319389

R(4-4) 896.98694024 11.14843 433

R(46) 898.15533974 11 ,13393147

R(48) 899.30609251 1 1 .1 1968448

R(50) 900.43911259 11.10569261

R(52) 901 .55431164 11 .09195516

R(54) 902.65159889 11.07847149

R(56) 903.73088113 11. 06524100

R(58) 904.79206279 11. 05226318

R(60) 905 .83504583 11.03953755

Estimated Accuracy -1of the Spectrometer ±0.035 cm ±0,0005 pm
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TABLE 1—4
00~~1 —  11 0 00, 02001 ii BAND TRANSITIONS OF 14C 1602 LASER

Transition Vacuum Wove Number 1/ic (crnTl ) Vacuum Wav ele ngth X ( ~irn)

R(0) 983.46970705 10, 16808136

R(2) 984 . 99890975 10.15229550

R(4) 986. 49766192 10.13687147

R(6) 987.96595602 10.12180626

R(8) 989.40379656 10.10709685

R(10) 990.81120009 10.09274017

R(l2) 992. 18819516 10.078733 10

R(1 4) 993.53482238 10.06507248

R(1 6) 994 .85113438 10 .05175514

R ( 1 8) 996. 13719581 10.03877783

R(20) 997. 39308338 - 10.02613730

R(22) 998.61888580 10.01383024

R(24) 999.814703 83 10.00 185331

R(26) 1000.98065025 9.99020310

R(28) 1002. 11684987 9. 97887622

R(30) 1003.22343955 9.96786918
R(32) 1004.30056816 9 ,95717949

R(34) 
- 

1005.3483966 1 9.94680057

R(36) 1006.36709783 9 93673186

R(38) 1007. 35685680 9, 92696871

R(40) 1 008.31787052 9.91750746

R(42) 1009.25034801 9.9()834437 -

R(44) 1010. 1545 1 034 9.89947567

R(46) 101 1.0305906 1 9,89089756

R(48) 1011 .87883393 9.88260616

R(50) 1012.69949744 9.87459757

R( 52) 1013. 49285039 9 $6686783

R(54) 1014 . 25917393 9.8594 1292
R(56) 1014 . 99876133 9.85222877

R(58) 1015, 71191786 9.84531128

R(60) 1016. 39896084 9.83865626

Estimated Accuracy
of the Spectrometer tO.035 cm 1 ±0,0005 ~~
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1- rg .  1— t , fleat I n a ’ t j t i s - t i ’  v I t1~ S \ lIIz)
£ of a 1- ’ t 1’ O,~ 001—! t saa ~I 11(11-1 ) Iran—

5It io~ wi th  a 1-l~ l ’ t , laser h a - .

I l l- h- l- ;h1 1- N ’1-: .~

1. I) . ‘si . l- c - . - n s t t t t , J. S. ‘sV t ’ I t s , i- , U. I’ c t u - t - - s , - t t , 11. I.. l)an ielstun ,
and G. iSV. I)av , AppI. I t l t c - I - s . 1 , 1 1 . ?~~, l 1 .~ 119 7 t I ,

.1. 1- ’ . TI. Petersen, I). G. Ms I)onald, .1. I). (‘ upp , and B. I . I)an ielson ,
I’tuc- s . l1 ’v . 1 ,ett. 31 , 573 (1 ‘~ 73).

-
. I r u - u - s i , -‘u.. II. \I. Iloss , and R. ( . 0’ I)onnehl , 3. \IttI . ,—~) e e - t n ’ s, sr  , 4 s ,

4 3 9  ( 1974 ) .
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II. l O t  I I ‘I t0\ S I t ’  1)11:5 *

I utng— ~sath n n n t ,nits s t ink ’ s i atfl- i.ispt t . - r l C ’ u - a t - i t t - r i  n i t , n n ux i t i u -  w i t t t  highs ~i-ns iliv i tv  a n s i  sj tu -i’ d ha’—

t I  Iv I n lemcu nst r u n - s i  using a tun ;u isl ,- t l i s , , i t ’  l as t - , ’  svst ,’ rn .1 ~ iS’..’ it ttv ,’ n n s : u t h u -  s ignificant

t ’ ~ -~~ in i t t )  I s V  t t ~~ t u e  r s s t iiti l ,ss ll utan l c :s 1 s;i b tjitv antI ~j st- t a ting sirnlul ic i ty ut f  t t i i s  monlru.r - ing

t i ’ ( - h in i r 1 t tu - . I H. - irTi~t i— s r ..- i d  C :s 1 : s I s i i s l i , - ~ t - ‘suit In - -u rn  int - - i _ ~n s t i ng a r i ,-aI v  i t - v ,  I r i s i ’ t i , a’ idu’ l’ s t t i t i t i i s h t ’

li .s i t -  1~ss. - ,  Vt lii a s i n  i : s i s I t - - .tetn 1:u’ l ’~t l i i r ’ .’. S t u t J l l i7 i’ - h , c l t ,su _’d— c v c lu ’  r t - f r - i g t - n  ; i t s r  iS’. t Il t l i i i  - singlu-

— - - t i n - i’,’ , it is puss~— i - I . - i t .  r t i , s n t i t s s r  ti..- a i r -  1 - s s l l titant w h ss , ’  ; i t , s s s t 1 s  l i s ts h i n t - ’ — fa ll a t h a t  hanis i~- . s f

s s ~ li ’ if lt i t i t iS  t t_ in i , i i s i l i l ’.’ - - I  liii i t s ~ - ,~ r in t i s t -  t - t~ to l 2 — s s t t ~ ! i ’ h~ i ,1t .  1 . -  i r s - — I t  t i nt -nt a l s s s  fl’u~ j ’.’ hi’ n i — a ’ s t

tu u - s t . - - S t i l t ’  liigh n ,- s ( lu l . ,s n  s i ) t r 1 s 1 s h i ’ t ’ — h i n r t t h i ’ d l  inlr sr i - h  I l- - s for i i n s t - — s t r - ,-ni~Ih c a l i t i r — t u f i u ’ n t  — sr ts i
i u h u ’ n t i l i c - a t  i ssn  ~~t’ t i ’ n ts~’I i’i r, -n fu .ru - nru- s . ~s~s u-  i l l i i s t r— a i t ’  Its  u s u -  for- li i- ’- punisos .- n i l  ,— ~~t i y ~~ s I . -  lit ,-

mu.nit t . r- ing S, -ns r - i t iv l l v  f t :  s. v i - r - ; s i  i r n l t u s r - t a n l  i t t - I i t i t : u n - t  — , irn- luding a m m s s n s i t s , v i ny l t-hh,r idu’ , , n s r l

s , t z t i n u - , ha5i— .l nt h i t s — ’’’ s i - - s  t n s s s u ’ i i i r i s ’ t I . ’ t s s s l r i’p 

i t i nsa i s l i -  t t i s  s t . -  I t i — t c r - ~ ar- u- ust ’f ul  l i s t  t s s l i L — t s t i l t ’ i rn - n s i t s u r i n g  ,rf i t t -  i,ttllut s r s t s  becaus ,’ their

u-mis ~~i( srt  w : s v , - h , -n a ’ t i r s  can I,,- made t s s  ce inc is iu’  wi th inf r - r u t ’ et t  a b s - s r  F t tiu tn l rnt - ~ of most gas u -s .

t heir s iitpui - , r r  be sufficiently cu t l l i n i s : u t t - d  for In : i n s S r f l i s~~i s s f l  (WCr ’ t hic l : i r is- u’s ..f c u-v u - ca l  k i l s , m ,’ —

t i n s , - n d  11 u - \ a r- u’ n i ’ a s l i i \  adai t~
iI s 1 . -  I t s  f ii’ Isi  use. \ b ; Ilt ’ t s t i nt u sf an i n t t i i v i s h t i i s t laser to mar,- than

ors , - pt - I l  to un i t , ho -v u -v s  -r , has been limit u-il by a somewhat na r row tuning range I 30 cm 
— I
) - i  nd the

n i t - s - r i  ~ maintain lii. ’ s i n  ‘s i t ’  at v e t - v  Iitw ru- nn s h st - r :ul ur’e I- .~0 K) tsr  (‘‘u.’. i - n i t  s t . A diod e Its ’ - i - r

w i t h  ~ ii~nsific antly ~~it h i ’ r t t n r t : s i s n l i t v  was f i rs t  ( h u - V t ’ I s s l s . ’ t l  in 1974 by Groves ~)_j.l; 5 
t h s i ’ c i -  I t t c i - r s 

s t  - r i (‘iSV t o  - t  t t ’ m hs u’ r a t u r t ’  of 81) K , a- thti tuning , , v . - r -  nearls- ~M 0 cm 
— 

iS’. e have Inc or~s ’ s —

i-a l t - s i  - i  Hi tS tV It ( ’  sI  w i s i u ’ Iy  tun ;uh lu- diode l a s t s  i t s
~~

i ’,i il l ase r  Analyt ics , Inc ., whic h pos—

-- .-s s  u - x l t - ri,i, ’ s l  w t i v t- i t ’ ng t h  tunab ilit y (300 cm t l and t s I s u ’ r : u t t -  ( ‘W  at t i - t n t  p u - n - s t a r t - s  as high as

100’h- . S i g n i f is - t i n t i’s , thu’s. ’  l a c u n a  l- r ’riuCe r - : s , l t a t i t , n  in the impor tant 8— t ,  12— g m a t m , t s 1 s l i t - r i s -

window; and if liquid ns t r u ig . ’n  us used to ~ct sii’vt- operating ti-rnperature in a simpler 177 b- - b

system , tuning ever 100 cm~~ is still j s i s s s i i i l u -  1w vacying the thiode curr’ent.

F’igure li—I i l l u - i t r - a l u - s  temperature tuning tsf  a wn ,ii-I ’s’ tun ahi r- s i i , . d , -  I tiser with n t t s n n i t r t t s l  lr ,- —

qui’nc ii - for monitor’ ing s u’v ,-ral pollutant ga si-s m d  icat urd . It is apruar-ent tha strong alt c t t r ’p t  i , s n t

b ri .- ’- of many im 1, rt a n t  gases  fall within the nyu-ra il tuning rang.’ of this la~ i’ n- , and it us a s , r th

netirt g t ha t , a - i ’ t s  r u g - s r - i l  i t s  1 -ri g—pa th nasrutoring, atmospheric t r t s r ic n t  r c s i t i n t  .,ver -  a 10—km sea  —

lu-v i ’ l  path is t v i s i s ’ : i h l v  gr i’tu t .-r than 50 Isu - r t - en t  b in s s i s g l s t s u l  the 8 . 7 —  t ,~ 12—g m t e g i s s n ,’ m :s k i ng th i~
t in ideal s ls ec t n sl t - t t n g u ’  for t s l r n s s s l s l t i ’ r ’ i C  long—pist l i  monitut r- ing.

b- ig t i n  i ’  11— 2 th ud t t i ’s application of the a’ idely tunable ha su ’ r , -per at t r ig  at is l t : s  .‘ I ,-mls, ’ i-  —

at Ure sf 77 1h in a Ii t l n rl n i r t r’ og u- rs dutw ar’ , in calibrating su-r t cut i vil y s~ - i ’ ’ o,,s fis t- a rss ns rnt i n  1tiil —

Iti tant , ethvleniu’ (‘
2 U 1 I. in this I s r . t ( ’ ,’ . l itn u - , S pur-e samp le t ,f  the tohh t i t an t iS 5r : s l it iu ’ . i  w i th  t hu

laser , fi r s t  u t low ur ,-ssure , then in attn ss s bs u- r -ir b tri- ssur e using air- t n -  nilr - . t g t - n t  f ,ur ’ t i t , -  baians ,- i- .

At lis a- pr u ’c s u r e , t race (b). tb. a lrsu.r’h it infl  I~~i ,-s are nat- raw and ,‘:u~~ilv identified. 1 . s t , ’ n t ~~~

I.: tu-r i ’ri s ’ i’s from other cons t i t su u - r i t  c sur ’t t  as 1120, (‘ ( l~~, ( ‘ 11 4, et c. , ar- c i du’ nt i f i ’-s i  t t v  t (‘, - s s r  sling

l I s t - i r l ow— p r es s u r u -  absorptiutn l int - c in the sam,’ r-,’giiin. Wav e length s f s s r  monit str ing i t  . -  — i - h .  s -l ed

so as to avoid absssr- I i t io n l int-s of art y inter f.’ring gases . Having s ,- ls ’ t ’ t , - t i  the (ilutimu rri irst,nitorini~
way,- ii ‘ ruglt i  - l i t .’ atmosp heric —pressur e scan (c ) then provides a quantitative nie:u sure s i t ’ t hu s t

lenuat ion c s , i ’ f i r c  i t-nt n-c unit concentration . Relative frequency cal ihr tu t iitn is obtained isv rnt ’ n t n i— -
7of a I’ abry —1 ‘.‘rsrI ~ta1on.

huts  work w~ts supported t ty  thu’ ~\ a t  istr i i u l Sc ience Foundat nun Il l AN NI and the I’ . S. 1- :nv i r . . n int - r t t -s  I
I’r s s t i - s - t u t i n  Agi- nu- y .
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Fig. Il—Z. I niser - spi.I’tr ’rts(’ u,~iv iii 
~
‘i 11 4 sising diod e la si ’r operating (‘iSV

at 77’ K I Ii , si id —n i t r oge n— cis ,uli ’d . ‘ I r a t e (a )  is l u s t  th~ evacuat ed ce ll ,
(b) for 1 ‘liii r C~ lI 4, and (C)  f u r  3 3,200 ppm 

~~~~ 
11 4 in air at atmosp heric

b un i’ss ur .- . (‘i’ll length * 30 cm.
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-u n uu the i ’ insporta nrl g:us.’ous pttliut :int in list’ I n s - t s s . s I . I s , ’ r .’ ant i s i n  ts t  s ’ ~ h - - r u -

a Inc h ‘- e n i s i t  iv , -  rn- - t nt - - t  h g  u r i s t r t i s t t , - n t l : i t  i nn  is in n g .’ ni t l’s  nt ’ s - i ,  1 . b ( s - ~’t ’ t i I  l ’s - Sehn,’ll anil I-

I t _ t i  s s t e  I i ’ s s , i i t i iii ’ n iu t ’ : s s t i r i ’ r n t ’ n tS  of the t i i i s -o  I i I n - n s  C’ ‘ ( h i s  s l it ’-, f i s n  “.11 at s , - v s - n - : u i I i s ,

l : is i ’t -  l i nt , ’ — , which irte lutbesl f l u’  s,f the m igh t - c l  v , s i u s  ,‘v ,’r n,btained nt l i n t ’  i n t f n - t t r t ’ . l -  120 s I  t i
3

s nns l 
il t u - 0 — ’t’ on’r n - - I l h _ c t - s  s s s r ” , f r -  b It .’ 11(3 0) (‘ i t , i’ u~~i r u r n ’  il 3 0 8 1 . 1 3 5 c m t

h t i - r t u s i s u ’  s. f l I s t ’  i n tb ’ t  at  in tb-lu-u-I tr ig thus pollutant is ’ s  I s~~t ’ r  tec hnis t i t ’  , ae hat’s’ . n~s i t t ~ d i t t

t s i l ‘h. NIl 3 :s i , s s r t I i s s n  in IIu~ r,’gion w i t h th~ ~~ iit i ’ i y  tunal- t h.’ sh a t ,  laser s.f I ILt . I l — I  and ‘ s ’ s i t h t  a

g n  i t  ns ~’ —I t i n i ’d t ’
~~~~ , l a — u ’ s  .~ ‘I ’l i ,- n t  i i l t s r s g  nut- a n u n u ’ n ru -n i I ~ t i n .  s I t - s a r i  in I i i .  1 1 — 3 . I n  i n s -  ( : i i  is a

(at
-so

h b t I

(ci

-i

I -
, Rb 5 ,~~ 5 

I

5, 31 - —— 5, t t
0 2  (5, 21 I I

o — 
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‘tAO S ‘t’ I f s  i.r

I ig. 1 1 — 3 . 1 t usen -  s t s i - s ’l n s , s c s Isv  of M I 3 using , l iu , s h i ’  I , s s i ’ n  in c h i s s t - s i — s - ’ s s - l t -
- ( n  ig . - i  :u l s , n  • su i t - n  t i ling  i t  : s i s s t - t s ~~irn:itely 90 l<. ‘I r a , ’ .’ ta b  r u - p r  u - a u n t s - i

1 s t ~ ’ NIh ’ . ,  (bI is 0.- ( -  ‘l’oi-r N I ’ .  a i t it 3 ( 0  I s s n ’ n  a i r  added, and t e l  is
(1 ,- It 1 . s r n NIh wi th 750 ‘Uss r - n  5 1  a t m )  air t i s l s l s - s b .  ‘ I i i ,-  ( ‘( i i  las t line is
11(30) ut I I)M- I .(, ‘.~. cm 1. ( ‘oil l.’ngtln 30 cm. 

scan of th.’ pure g:us ut 1 — 1  cr n - u ’ s s s i r s - , -,vlus ’ih~ rev i’t uli-i : u t . s s s r h s l s , s n r  l u s t - -- c , - r

ing l ’s  I ts , - s i x ~~i 1 l 5 , 0) Its sR(5, 5) N Il
’. 

l r- s tss nt s - na l i s I , - s l  by (hir ing, N i - k i n , and (Ito - . -\ t s r  z,s

wi k I s s - a - , t t te s ,-  l int -s have not been b tri ’~’ sst sly resssl vi ’tl . I n’ :ss- t ’ (bI is a , h s s s l s - I : u —i u ’  r s u n s  t i _ n

51 .-I’ ‘I’orr NIl ’. 
in 3 (0 ‘l’orr air. lit.’ shs , s n ’ 1s t bsfl s ’ i s i ’ F f a - ie n t  s I I t t , ’  11(30 1 ( ‘ ( i , l:sst ’r lint’ was

found, t tv  using I l - u -  ‘ l i s e r- et -l~
- tunable d l  2 laser, ts ’ ix’ 120 ± 10 : s l n s  cm ’ , ins :sg ni t -

s y t n i s  Schnell and Fiss tu ,,r is s s t - t u s t s r . - n i t u ’ r s t .8 -\t line t’ i ’ n s t t ’ r  (i’ 1(554 . u - 05 ± 1 ,002 cm t . h i - l i - c —

mined isv corre lating l i s t ’  
~

‘
~ ‘2 Pus.’,’ shita a nd t ln su l i ’  laser sr : un is ) , t he i ibst ’ r- st i n s  C u - h is i , - ~ s I is

l i Z  t , t n n t 1 cm ’.. A I , , l : s I  pn’ u’ssure of 3 ( 0  ‘l’ s , i  r ..‘ss rc i ’ s lson t ls to s r i  a it it udu ’  s - I  S k m  s t - tv,’

level. Schnehi arid I- isc ) r , ’ n-  did not n- e tn s n - t  any rii ,’Hsut- i - n isn ’ n ts  f -n - i t n n s ’ a ) - l s . - t  is ’ Is r’ u ’ s s s i r s ’ , s t i —

s.’.~si i’ nt1v , we s .’n-fo r’med the bus. ’r- scan of b ig. t l — ’ . ) r l  and u l s ,t n uu’asii ru’ d the t u hs , , n  i- I  i s - n i  s - s . -  I —

ftc a nt f t c  N I  I at atmospheric pressure i t t  the 1 (1 301 (‘02 Its  5 . - c  I nIt ’ , l i s t -  ; s t u s s - n  )~ t s s s t t  c s - i l l s  —

c’ient at the 11 (30) lint’ is 7S atm 1 cm vs 93 atm 1 cm~~ at inni- center’ . I l i sn a , t In,’ w r d i - i v

* Wi’ are indebt ed I s  - ( ‘ . I” r’,’.’nI for usu ’ of h its (‘02 Itt si-c :,1t s t u c t u t U s .  
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TABLE 11—1
SPECTRA L ABSORPTION COEFFICIENT (k) AND PREDICTED SENSITIVITY
FOR MEASUREMENT OVER A 1—km ATMOSPHERIC PATH FOR SEVERA L

POLLUTANT GASES AT THE INDICATED FREQUENCIES ( i-)

Molecule Formula v (cm ~~) k (atm ~~ cm
”1 ) 

[ 
Sensitivity (ppb)

Freon ”— hh CCI
3

F 847 110 
1 

0.27

‘Freon -l2 CCI2F2 92 275 0. 11

Vi~y I chloride C2H3
CI 940 II 2.8

Eth y lene C2 H4 
950 42 0.71

Ozone 0
3 1052 22 1 .3

Ammonia NH
3 

1085 93 0.33

I s s n t : s i , i , ’  diode I t s  s i -n  htis been useful for’ observing the t ransit ions cusntril,ut ing I s  5 a strong absorp-
tion lint’ -I N hh st : s t n n i s s s l s h s . ’ n - i c ’  m - r - e c s u r a -  and revealing (it ,’ r’cltnt ivi’ lsss ’ t s t i , ’ n i  si f i X e d — t n ’ . ’ t ) r u ~’ n t s ’ v
i : s a . - i -  line w h s i rhn  I n  s : u t t i ’ t i s ’ t i v u ’  is ,c monitoring this gin s at sea h’vu’ I  and Its all ilud es sf a s ’ s ’ —

uI kil,rni.’t en’ ’-- ,
— i r i g  this w i- i I’s I s j n s , s h s l ’ ’  dox ie laser mounted in a te m pe r : s t ru r -u ’ —s I :uh i li-,’ed e l i s a i - s i — i - ’ s s - l i -  r u ’ —

I t i g u ’ n  s t - t n  • a.’ i s v.’ iht ’,’ ,’st  i g t s t u - sh several s,Ihs ’ i’ irnpsurtant mo becultun’ s s i ’ s - i s - a l i s t , - r l  in 1 s t i l t ’  h i — I .
I ( u s  I : u ) s h u ’  C. - n s t , i r s s  t ine i t s n’gu ’st vnniues of atniss ,’s sb a ’ n - i c  t ubss s r ’ ç s t i on  (‘ s - I - f t  [ ( ‘ nt - n O s-, measur ed ( s - n ’ nt is ’s ,’

i- - - - -  - : 1  n h . -  nnd i ca ts -d  frequencies. Predictions tsf lIre s ’ s s n ’ n - ( ’ s l s s s n s h i nng s i - r i cO  n ’ s i I i , - .~ fssr- a 1—km
s :s t i  s t uc , - bts s i -s i  s r i  - _  s I;utu’ —sif— llni ’—a, ’t s i g r n i n l — ( s c s s ( ’ i’ ssun ig  capability.1

U. ‘I . K u
-. I> . II ink It - v
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