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I. Personnel Working on this Grant During this Reporting Period

Dr. Wesley A. Traub (Principal Investigator)
Dr. Kelly V. Chance (Principal Investigator)

Dr. Stephen C. Wofsy (Co~Investigator)

ITI. Status Summary

During this reporting period we worked on data analysis
from our 1983 BIC-I and II balloon flights, with emphasis on
Hzoz, OH, HCl1l, HF, 03, 02, and Hzo. Results were presented at a
BIC data meeting, at a workshop on the stratosphere near Munich,
West Germany, and in a paper submitted for publication (Hzoz).
Finally, we have begun design work on our major new effort,.the
building of a new far-infrared spectrometer and stratospheric
telescope to replace the system destroyed in the BIC-II

free-fall. A fuller discussion of each of these areas follows.

(1) H2Q2. We completed our search for stratcspheric H2°2
in our January 1983 flight spectra. From our analysis of the
most sensitive clean spectral feature of hydrogen peroxide in the

far-infrared, the RQ5 branch at 112.2 cm t

» we have set a 2 sigma
upper limit on its abundance as a function of altitude. In the
altitude range where we were most sensitive for H,0, detection,
between 26 and 24 km, we find a 2 sigma upper 1limit which is
comparable to or less than theoretically predicted winter
abundances from the 2-D models of du Pont and of AER, at our

latitude of observation. A copy of the paper describing this

work (subsequently accepted by JGR Atmospheres) is included with



this report as Appendix A.

These measurements represent the most sensitive search
for H202 yet made in the atmosphere. In the near future we
intend to extend the analysis to our June 1983 flight data. Both
models predict a winter minimum in H 0,/ with a summer maximum
that is sufficiently large to make definite concentration profile
measurements a distinct possibility. Future measurements of this
molecule will be greatly enhanced by the increased sensitivity

R

and greater resolution (allowing the measurement of up to four "Q

branches) of our new spectrometer.

(2) QH. We have begun to extract both vertical and
temporal abundance profiles for OH from our June 1983 flight
spectra. This is summarized briefly in the attached figure,
which was prepared for the June 1984 merting "Current Issues in
our Understanding of the Stratosphere and the Future of the Ozone
Layer", where Dr. Traub presented results for both OH and H,0,.
As shown in the figure, there is a clear and dramatic drop in OH
from day to night, as generally anticipated from photochemical
theory but never before directly measured in the stratosphere.
Note that the reduction of OH is not total in the nighttime
scans. There are small remaining OH lines that we currently
believe to be from mesospheric OH.

Vertical profiles from 3 of the 12 available OH lines are
shown. The measured trend follows, in a very rough sense,.two
available model profiles (from M. Prather and A. J. Owens), but

more analysis is required before we can make definitive




comparisons. Active work is continuing in this area.

(3) HC1l and HF. HCl is our "prime molecule" for the BIC
intercomparison. At the 2nd BIC data analysis meeting, in Paris
at ONERA in May 1984, we presented our vertical profiles for HCl
and HF. Although our results, as well as those of most others,
were still preliminary, we were very encouraged by the amount of
agreement among the majority of the profiles (including ours).
An important result from this meeting was the discovery that one
of our two HF lines was contuminated by a weak H,0 line, which
explained a large systematic difference we had observed, and
improved the general agreement between HF measurements. The HCl
and HF work is expected to be essentially completz, including
modelling of the interfering water line, in time for the last BIC

data meeting, in December 1984.

(4) Q3;_Q2L_gnd_ﬂ2Q. We are analyzing our spectra for
these molecules with emphasis on using them as checks on the
overall retrieval process, more than as investigations from which
we expect fundamental results. Since the O3 profile was the best
determined profile from the BIC-II campaign, we have tried to
improve the éccuracy of our retrieval in several ways, to
approach the overall ability of various investigators for
measuring ozone. One improvement was to fully recognize the
dominant role of the far wings of Hzo lines in low=-altitude
spectra. This has been theoretically predicted by A. Clough at
AFGL, and appears to be verified in our spectra. Thé strength of

these wings exceeds that of many molecular line cores (including




03 and 02) for our loYest elevation spectra, especially near the
long wavelength (100 cm™t) end of the spectra. Another place for
improvement has been in the knowledge of line center positions
and pressure broadening coefficients. We have obtained from B.
Carli et al. a set of newly-measured positions for 03, which
noticeably improves our least-squares fitting procedure. We have
also begun to work closely with R. Gamache of the University of
Lowell, who has provided us with newly-calculated O3 and HZO
broadening parameters; these often differ substantially from the
values in the AFGL line listing, and we have been able to
retrieve very good O3 profiles with the new parameters. The 0,
work ig important in that it directly checks our retrievai
process, since O2 has a known, constant mixing ratio. Tﬁese
efforts are currently quite active and will continue at least

until the December 1984 BIC data meeting.

(5) Rebuilding. The instrument rebuilding effort began
in the middle of this reporting period. We have made good
progress, particularly in the area of electronics. The
mechanical design was somewhat slower, but with the hiring of a
senior mechanical engineer in June 1984 we began to move rapidly.
As of the end of this reporting period, we have completed most of
the design of the stabilized platform, and part of the design of
the telescope. A preliminary optical layocut was completed,

1

incorporating our new higher resolution (0.004 cm ~ versus 0.032

1

cm™*, unapodized). The 8-foid increase in optical path

difference was accomplished with only a modest increase in




spectrometer weight. Since the end of the reporting period, a
final optical layout has heen adopted, with the detailed design
proceeding rapidly. As evpected, the rebuilding work is
consuming a large fraction of our time, at the expense of data
analysis. Our current schedule projects the completion of

assembly and start of laboratory testing in July 1985.




IITI. Publications and Presentations

(1) "An Upper Limit for Stratospheric Hydrogen

Peroxide", Chance and Traub, to appear in JGR Atmospheres.

(2) Seminars on our stratospheric measurement program,
by Traub, at the Division of Engineering and Applied Physics,
Harvard ﬁniversity, in February, and at the Air Force Geophysical

Laboratory, in March.

(3) "HCl1l and HF Intercomparison Studies", by Chance and
Traub under CMA sponsorship (included here for completeness, as

Appendix B).

(4) Presentation of BIC-I and BIC-IJ preliminary

results, by Traub and Chance, at ONERA, in May.

(5) Presentation of OH and Hzo2 preliminary results, by

Traub, at Munich workshop, in June.
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Appendix A

An Upper Limit for Stratospheric Hydrogen Peroxide



F POOR QUALITY.

-

:
!
5

0

sazaydsowy ‘goieasayg Teorsiydosn Jo TruInop

~pIssnosTp ATJITIQ IV SUOSEIs puR SIPNITIRT ut Ieadde oy

3URIAIFTP 3% T0%g jo jusweinses: 107 suoraeorrdMr ayr -s3yjoxd
TeII3IX03Y3 I83Y3 03 I[qerwdwod 3Inq ‘uryl Iamor ATIYSITS oT
3F "= Tf 3o pooyIoqubian 3q3 ur :%ofm 103 suorgernoTEd Burrtapox $07154qdo13SY I0F I93U3) URTUOSYITUS-PICAIRH
3 AR AT3UIIIND O, TA pa1udmod ST JTEIT Iaddn mau !
TqeTT ) A3 Y3ITA P T JTaIt queig v M
STUL “9PNITITR® INQI AOTIQ pIAR IA0QR I3BIRT BT pue ‘wy §-97 Ivau
4qdd §0°0 ST ITWIT 13ddn vwbIS z IO -g£36T AIvnuwp £z Uo IYBITI : pue
uoo e Inp 1339wo130cds pIIRIFUT-IvY GUTSUIS-I I r.\
TIRq ® Butrinp 193 30 P jur-203 bur J0WAT B Y3T Pduey; A ¥
PIUTRIGO JIIA RIep YL -SITUIT pIurmialisp A1snotaazd ueyy Iamof
ATTeTauvasqns ST 3eq3 9prroxad usboiphy oTIaydsolelIs 03 ITWIT IAIXO¥AEd NIDQNAAE JTYIHISOIVHIS ¥OJd LIWIT ¥3ddn NY

13ddn juapuadap-3puITITR UP 3O SIUIWBINSITW Juasaad oM

LOVELSEY

1302 "ON $911ag jurxdax
z so1s4qdoxIsy 103 I3

. X
-
v
"



UITIRAILD 3d00SI[IT ayy +sorbur BUIYOOT-UmOP 103 Jurod Juabuey
9Y3 32 UOTINTOSIT TLDIITAA ®Y T 3noqe BUIATD ‘MdOTa Jo PIOTT
cE70 UR 43Ta ©doos91a3 » Agq ainyzade soueIjzua s,31339wo130ads
33 O3UC PIISNI0F PUR PIIOITTOD SBM UOTIRIPRT Tewiayg aur
"pa3sn 3IaM X ¥ I° SI030939p J030dnpurosojoyd eH:an IGSITI
STQ3 03 -uoI3nTosIT pazrpode , B y9o°0 IT , WO 05z — oL Ibuexr
Y3 I3a0 Burjersdo izger *-Te 1@ qQreil] x33amoljoads mioJsuwiy
I3TIN0J ERAQ-ITQNOPp ® YITA IPYW IIIM SIUIAIINSRIE YUY
*uaye]} OSTE IID2A IDINOS IDUITIIIT ApOGYIRIqQ
PIROG-UC Uz 32 °1303ds -e3lep pIPIodIT IYI Y3ra smayqoid
30 9sSned3q SUOTIRAI[D IEWOS Iv 2[qesn 2Ie 1InoF Se MaJ se ybnogzre
“UOTIRAITD YOBI ' UINRJ II3A ‘UIRI Spuod3as 14y bBuriinbax
*sxe260393293uT IYBIT I ITQRL UT uaarbh aIe Ifbue yYoes v 3ybray
audbuey 943 pue yaded sty3y uTr pasu satbue uorjeaste Oyg ‘06" €-
pue ,0¢+ UIIAJRAQ SITBuUR UOTIRARTR JO SITIVS ® IvA0 “sIdydsozeiss
9Y3 IO UOTSSIMS TemI2Y) ay3 buransesw Aq ‘spom HuruuedIS-QUIT ® UT

uaye3 I13a v13dAds YL *[996T °*SIueassraing saxoydsomyy piepuels

ORIGINAL, PAGE 1y

OF POOR QUALITY

*s -a] 3gdsomye Y3IION ,0£ ‘Arenues saragdsomy pivpueas °s -n
a3 Bursn *®Y [*0 ¥ I°Sf FO IPNITIIR UR JUTWISIIp @A aInssaid sy
2013 ~3aSN Aq papracid lozamouvm aduesroeded ® Aq pains2om “leqm

L6"0 ¥ 087y 30 2an8saxd JROTF ® ' ISO =X goif pUR 00z UIIAIRG

PIUTRIQO SIIA »IPQ  “£36T AIPNURE FT UO (N ,TE) SOXIL -dUTISaTR]
o7 AJTTYOR3I UOOTTRY OTITIUSIOS T[RUOTIEN Y3 2033 paygouney

“@-3YET "ON 3IYSTITF uoo(IRq WO1F 2Iv 212q PIsn =3ep 34y
UoTILeIUITNIISUL pur 3ubITy vooyTeg ¥

SROIEYTIOOTYO ONV SNOISVLARISEO

¥

T

(£}
)

(15

*sapn3lT3ITe
3Isaybry aga 3nq [Te 3® sanyea snoradad asayl MOTag ATIeTiueisqns
ST 3yl £867 AIenuep gz I0F Wy @°8¢ PUR ¢ IZ UIIMIIQ SAIND ITWIT

xaddn juspuadap apnjT3re ue sSpTATA Apnis juasaid ayi - (£86T
‘uorjEdTUNNMOD a3eATId ‘uomoTeS *H “d pPUE 4STaIed -y ‘33drIreg

*M °f cexjezsp T “¥) £861 2WwnL-AeH UT ApPN3IS SARM-IOJIWTITTTW
paseq-punoib v wo1y paure3qo ‘(aqdd 9*o-#-0 JO OTI2I BuTxTm uEam
® 03 Ju3[eaTInda ST YOTYA) WY of da0qe z-T2 4y0T X $°T-T 3JO JTEIT
13ddn ue ST 21343 ‘puod3Is 21361 AILNIQAI oz UO JYBITI uoorTRq

® U0 paurelqo Bjep BUIpunos QUIT SARMOIDTN WOIF WY Sg~ pue

Lz~ uadn3aq aqdd s°0 ¥ T°T JO JUIWIINSEIU IATIRLIUAY © paystiqnd
oARY [TE6T] TR 3@ SI23eM “3SITT :9prtxoaad uaboiapdy orraydso3zziiys

Jxnsean 03 s3yduajie sSNoTadld OM3 JO IEMR [IR BM

- %om + 0%me—HO + %0%g
HO ze—f + Toty

20 + to%u «—Fonz

SuoT3IoeaI 33
ybnoIgy ATISITYD ~WOYF II2AUOSIBIUT 03 AJTTIGR SIT JOJ pue ssroads
uaboIpdy ppe IMI JUIS pueR 1TOATISIX ® Se XIISTWIYDS oTIaydsozeiqs

9T juelzodmr aq 03 pejernisod ST ‘Yo% -sprxorad uaboipAn

HOILONAOYINL




s1ajezadway 34y (309339 STyl Aq pauspeoaq I9qzIn3y IIe ‘puey
I9Y30 IQ3 wOo “3IROURIG P, SYI) -UWOTITOISTP [RBNITIIUID Jo 9IS
43 &q 39s330 3IsouTe ST uor3rsod SUIT UO SIURISUOD TruOT3IRIOX
33038 TPUOTSI03 IIAOT puw xaddn 3y3 UT IDUIIIIFTP 3IYSTIS
® JO 323339 IYI UFIIIYA “IDUIPTOUIOCD ¥ 03 S0P ST SSIUNOIIRU STYTL
“s3mnjeiadway orregdsuleIls v YouwIq ® SIY3 O3 Bur3ngrazuco
uorywindod I3 JO 406 I2AC IPNTOUT SIUTT 9SIYL .
€£070 HIPTA JO TRAIIUT UR UY ITT 0T=L O3 9=l WOIF SIUIT [IR®
gy Youwiaqg md« 343 0¥ IDIPIId OgA “(gg6T “‘UOTITOTUNWWOD ajearid
‘uemsog ) M) RIdNT IQ puv IIBUTHIIH ‘UvmuMOg JO SUOTIRINOIRD Aq
PIWIFJUCO ST STYL °, WO $$0°0 3JO UOTINFOST pazrpode Ino e JUTT
dregs » s® sivadde 37 3eg3 moxaeu A[IUSTOTFIas ST Youeliq nam aqr
“S3UIANIISUT UOTINTOSIX IIYOTY 43ITA Y1o0A orraydsomie J0F Tnyasn
3q PINOYS BIGOURIQ © IIIYF 1330 IYL “SUOTIRUTEIAIFIP uasead ay3
u¥ pIsn uc Y3 ST pue -mmipads orzagdsojerls Iyy ur uorzrsod
3SIURITO 3Q] uT ST nam 243 ‘sagoueiq ® 1INOF IFIYY JO
~{xx y£Z = 3IYSTaY juabues “o8°T~) ex3dads orxvudsojeixs 9 3o mms
® pue 21303ds XI032I0QRT 0T JO WS T UT SIYoURIq B IFSYI U29AIaq
vostredwoo ® smoys *t 633 “%a¥g osrreydsozerss jo jusmsinseom
303 SIITPIPUED 3ISIQ IYI 3IAA ‘. WD 9£TgrT 3T nam pue [ ®d zeoofl
3% uam ‘7-X2 eTTzTIr 3R mam ‘122 00°rs @ va~H 343 “‘s3ygoueiq
© 2037 3Ryl pIAoys ei3dads 3IYBrry pue Yo%y 3o eigosds Kxojezoqer
e um uostIvd®o) “[gL6T *°-T® 32 uwaurddney] wnx3zoads 3y3
uT UYL Oy TeopIsex Bursn wxjoods ayy Burzeiqryes AqQ 1-¥2 T0°0%

Jo Aseindov uw 03 PIUTRIQO IIIA suoriTsod goweiq © Xeaad ~YBILI

s

S A

UOOTTRQ SY3 UO DPISN IIJRT OM YOTUM JUIWNIFSUT wauw.m:u YyITa
mo«m 3o ®»1303ds A103R10QRT PIInSeawW A °sIYouelq @ #i3 Jo sadeys
pue sSuot3Tsod yead ayjz auyzap Aresrosad muoe.ou Iap10 uy

*yIoa uwuonmwounuum

J0F SIJLPIPULD JATIdRIFL Iq ow 402 #°0 3O uUOT3NTOS3x [eidads

ITayy Iesu Jo 3v) dieys AT3uaTOTIINS ITaA muwn: Ia233wox3oads

Imo jo uoibex yibusTaaea ay3 uUTYITA sayourig ® Buoils Jo Ioqunu

© paMoys [s56T] “T® 39 Jung Jo uwni3zoads pareajur-iey aygy Jo

uoTjRUTWRXI -PIVP JO SIDINOS SNOTILA WOIJ PIUTWIIZIP 23am ‘oly

9TIAYdIn3eI3S 3O UOTIRUTWIIISP I0J ITQRITNS 3ISOE 3Y] I YITYM

sayoue1q ® IY3 Jo sy3xbuails pue ‘syipra pue sadeys -suor3rsod syg

©aTNOdTom I3 3O 932IS TRUOTILIOI puUR TRUOTSIO] IY3 ur abueyd

3uaxInOuUcO ® molx¥ BurstIe sayoueiq ® Moileu axe Loly 3jo wmizoeds

P3IRIJUT-IRY BY3I UT Saan3eady jJudurioid 3Isow SYL - [1$6T °° T

39 JI6UTMISH *§96T ‘"R 39 44NH] SOTURYOSW PIUTUIIISP TTIA y3Ta
1030301 TRUXIIUT IITIIRQ ITqnop ' ST aprxorsd uaboipky

SI939WRIRY ICINISTOH 0%y -g

"o{£¥) Lse Jo Burpeay sni3 e je burjurod adoossray ayy

Y3Ta uaye3 313m e1303ds IIV oI+ 03 T0I3U0D Yinurze aaeb yoiuym

*X103e30qR] UOTSTNGOIZ 33L 243 Lq partddns eropuob e uo pajunow
919m 1933mo13>ads pue miojlerd pezrtigess <adoosseyal ayg

ruor3eorIqnd ajriedas

B UT paqrIdsIp aq ITIA “‘3YBITF STY3 U0 3s@3 DIILF 3ISITI ITay3

peq yoTym ‘mrozyjerd pPIzZITIqe3s puz 3dodsa(al ayr -Aeas pue ITIS

eTopuch Surjoslaz arTym “o%0°0F 03 UOT3IeAd[d 23nyosqe ur Surjurod

Jo arqedeo wa3s&s Burzurod pazITrqEls © Xg PITTOIIUOD Sem

- 4 ER R

e I L SN - )



ORIGINAL PAGE 1§

OF POOR QUALITY

103 ‘pue [rr6T “Butemeny (sz°g ‘0§70 “$T°0) uorjoung burigbrom
Jurod-g BuIpTTS UUPg uoa Y3TA pay3joows usy3 s1e eI3oads .
84y  ~3gbriz au3 buranp psprooax ‘unx3sads ssuaragax Apoqgyoetq
H 897 passasead ATxerurs » Xq IPTATP BA “puodas $I933W0IaFIIJUT
BR3IG-Z INO UT WNRUIIUOD paduerequn Tenpisax ayy ajeuTurIa 03
‘PIAO=IT 3IUTT uoISSIWS S3IT 43IM “wnijzoads (o0€+) uoT3EadT3 ybry
p3qjcoms ° 2x3dads e WOIF JDvIIGRE LA 3ISITY :31Inpasoad dazs-g
2 Aq X31susjur UT pPazTIemiou aIe BIjoads 3Y6TIF agg
®1303ds 3o stsireuy -5

*stsi1eue Ino ur paumnsse ST

pUR “d>T3SITR?2T 231nb 9T sy35uas3ys goueaq v ayy 3O Sartjure3zIzOoUAN
TR303 3Y3 103 %01 Jo S3IPWMIISD ue ‘sayr - (syzbuaizs JATIDAIIS ayy
SSEIIDAP pINoA yorym) dInjeay TeIdads panzasqo ue o3 33nqIrI3zuco
30U pinoa “axniezadway oTraydso3l213s 3t uot3erndod Non

S43 JO %0T URYI SSIT J0oJ Funoosoe USTYA ‘0z<L pue 9>L WOIF saury
Ieq3 A3Tr1qISsod ag3 (z) pu2 ©(sy3buails 2at30a3ye ays aseaxdur
PTROA YoTYM) sauzT gouelq ¥y pue g paubigseun Xq 3oU3IIFIIJUT

¥+ A3TTTgissod ay3y (1) 91w ‘syibuaiys aurr TenpTATpUT

30 s3ns S1e Yoiym “sy3zbuaiys Gouelq p ayy ur sIrjuTelrsoUn zoflem
4% -satnooria 3IG6IT ur SUOIITSURI] [SAST TRUOTIE30X a3exupowm
30 Juadiad A3T © uvyyl alom ou I sy3bu213s ay3 uo uoT3oeRIaZUT
TRUCIZ2IDI-TRUOTIRIQIA I3G30 pue UoT3I03STP Tebayijuas jJo s30937e
Judpuadap-33e3s agy souis PUR “SjusmaInseaw Jusmom arodIp uo
A132017p pasey a1 &34y 32uTS ‘a3eanooe 3370b Ayreorsurijer aie

4ea sTY3 UT pajeynofes soury TeNDTATPUT J0F sy3buaizs ayg

k3

“II 31qey UT UdATE

- .vam 3} Jo saInjeradwsy [erasas

IR Sy3buaias pajernoren 3y3 pue 9injeradusy woor e suot3tsad

a1v sayoueaq nam,u:m wdx 5o

painseaw 34y  °suoTIDUNT uoTITITed TeroTsIOy pue TeuoT3eloa
su3 axe SI03g pyp 307, 7-B®p, WO uT ST Y pue wo-nss ur st Toy
“¢-U0 UT Youelq B 243 Jo uor3Tsod Sy3 ST o° “(;_W> 3TndaToW) 7 _mwo

uT sy3lbuails youerq p ayz are Aa.mdmuw ayy sxaym

I+
LY (X+058 S10%93%Tnoy, s
(¥} [(UOTSIOITH L) .3~ [dXa{I-F) (T+3+D) (T+6T) .ﬁuax\um.e«“anununa.mam,w

isuns [esrisTjess

@3eradoidde sy3 ajernotes pue ‘rTB6T] 3IIIDIJ pue usyo)

JO sJuUsWAINSTLW Y3 worF uayey *3&Q9D T0°0 ¥ 85°T = T4 ‘sajess

TRUOTSIOY $*g=2 ‘9=U puR <=2 ‘0=U SY3 us9m3laq jusuou atod1p

SATIOII3 943 osn aM ‘sy3tusizs urejqo oy -%nly o113ydsozeras jo

UCTIRUTWIIYSP J0F siy3zbusaiss wuexq 8 ‘o%g z0 ssinos e Se 3sn o3
SAT3e3TyURenb AT3UaTorIIns jou oiam 2130ads Lz03eroqeT Ing

*(086T

‘uoTIedTUNUEOR 33eaTad) uemmog 4q suoryernsren ur pauITIvOD

S8TR seMm STIYL - (xew)p 30 3ITYS Isgumuasea ay3 butzernored

pue adoraaus no:mwn D 343 IPTSUT £ yaTH IITYS uor3Tsed

dteasae ue Burunsse Aq ‘g2 18°0- Aroarurxoidde 3q ¢3 pajernoren

ST (¥ 0€z 03 ¥ oot 3noqe “-3 1) 9Inzersdwsy otiaydsogze.iiys

03 L1ozezo0qet w01y Burob ur uotyrsod Jouexq wam 343 jo 3I1tys

L

BRI Sl il N



h

PAGE 1y

OF POOR QUALITY

9S9YI UTYITAM SUOIIBNIONTT SuI oYL -2I309ds 93 103 T9AST ISTOU
S2U213391 » IATD 03 pazAreue aixam assuodsax I9ITTF pue I030233p
@43 3jo ssedpueq ag3 Jo aprsSIno erjoads pazrpode ay3 Jo suor3yoas
33oys om3 “o1bue uorjeAl’T® zeTnoTzIed Kue 3e wnx3ydads pue astou
30 UOT3IRTI30U®D SNO3INIIOF OU ST aIayy 30y 2INSUT OF
“pog3jawm ‘puodas “burmorrozy sy3 Loidws osTe am
uosS®ar SIY3 103 -3juassid aq Aew yoiya aInj=aIns auryeseq IedOT
303 ROTTR Jou saop 3nbruysay STyl *SIOWIIYIINg *{q)z -br3 ur
BEIIIXS USIAIq JUXY IYSTRIIS Byl -a-T ‘surTeseq Jo IDTOYD 3y3z o3
SATITSUIS ITRD ST YIPTA juaTeATnba DP3ATI3p 3yl 3jey3 ST anbruyoay
SIY3 Jo uorieqruwry tediourzd ayy -unazoads 00° I+ 343 103 (q)¢
*613 ur umoys se ‘mmwez3x0 Iyl 8,e70ST 03 uMelp JurT 3ybreiys v
Aq paurmIa3sp SITWIT udamlaq 1andwoo Aq paj=ibajur sea wnizoadg
qoed 103 uoibax B9 ED°0 ¥ 6I°ZIT 2Y3 UT UNWSIIXI ue y3TA
31n30n138 3Is3bxer ayyz Jo eaze yead-o3-yead ayy “ISITI
-sAeA OM3 UT PIUTWIAIAD SI2A Youelq mam a3
30 uoTHaI 3yl uUT SYIPTA Juareainba asToU paxeibajur “aAInd JTWIT
x3ddn a3 SuUIMIIIIP OL - (UOTITSOA goueIq ® pa3FTYs Iinzersdway.
3q3 Jo A3Ure3Iasun oy ay3 sawil ST TRAIIIUT SIYI JO YIPIM 3Yl)
SSTOU 3q 03 USYP3 SY pue mmazoads 03 uniysads woiy arqronpoadai
30T SY , WD £070 ¥ 6I°TIT [RATA3UL ay3 ur ex3zoads agy
UT 3103003138 3YL -vI3d3ds TR ur juasaid osTe pue NOﬂm 3o youeaq
nam 973 43TA JUIISTSUOD Y3IOQ II® Jeql S2INIEIT ou pamoys eizoods
343 3Jo :omumnwnnnw TnJaIed ¥ “sofbum uor3zea’Ta 9 Ig3 jo yoes
203 mn13d3ds auo L{uo Y3ra Burfesp aie oa stsAjeue juanbasqns

343 UT JeQ3 OS ‘OT3ET AsTOU-03-Teubls arqrssod 3s3q 943 ure3lqo O3

ot

I3y3aboy pappe aie szo3zoazap Juspusdapur oMl sy3 woIy eazdads ayg
*(®)z *BTy ur zMoys ST saIns 3TwIT xaddn ayy uo‘:owumcwauwumw
3Y3 UT pasn wnxjoads yoea jo uorbaa U2 ZIT 9% )

“%§> ST uorleIqITR> A3TSUlJUT ayy woiy AjurEyTacun TeUuoT3IPPY
“S3TUTe3ISoUN L3TATSSTUS puR JUIWRINSESW vusumuwmewu 3o
$309333 pouUTqWOd 343 WOIF “gg-z ST -T2 TO0Z I® IdULIpLI Teizoads

22IN0S IDUdISF21 Apogyoelq ay3y Jo AjurezIsoun agqr
-butpeor 1030333p
03 3np A3TAT3IISUSS uT abueyd pue A31A13TSU9S wajsis uy suor3leTrIieA
WI33-3I0Ys 103 d3esuadwod 03 Spual OSTE ‘%eF UTg3TA 03 ®I30dads
TIe Joy sues Y3 ST YOIYM “Io03oey burztyewaou styg *atryoad
3injezadway oriaydsojeiss Y3 jyo abpataouy 309319dur woay
ASTIR ISTMIAY30 3IYGTW yYoTYM SI03113 Aue [IVNpaz o3y m:wcuww Aqaxayy
‘ (M0T3q 293s) alaydsowze Topow Ino ur 3imyeiadway [eoOT 3y3 aq
03 3je3 3M yYoTYA ‘aInjeradwey oriaydsojexys TedoT 3yl Aq A1durs
uaath st o'y pajelnjes ayy wol3y xnry yeazsads pueq-sorzeu ay3y
3eY3 sT ‘3adwed STY3 ur Pasn auo 943 ST YoTYM ‘poylam I333jeT STU3
Jo abejueape uy “p-U° ToT I1eau saUTL oy Jo dnoib pajeanjes ay3
&q =1303ds uorjeasTs 3s94bTY Ino 3nq TIe ur pajeisush ST YoIym
4Apogyoriq pazitesor ATTe1305ds g3 asn ued om ‘puonas  “sSZUIWSTD
Je’UITINIayYy Juapuadapur £ Y3TA paIojTuow ST 3Injexadway
asoys ApoqiyoRIg ® Jo sueos UOI3IRIGITERD pIROQ-UO BY3 Isn A1308171p
ued aM ‘3siTy  °s3TuSaX Juareatnbs L11eriuasss oz Burpeat
y30q ‘sfea z ur paysridwoose ag uen uoryezriRWIOU A3ITSUI3UT
TIRI520 3z -, WO »IZ£0°9 3O S3TUN ug S¥ X 3I3YM ‘Xz Xx
UIS uoT3duny snjezedde feoriazosyy ayy q3TA ucrintoauon Lq

(f_u

z£00°¢) Buroeds prib I9uTy e 03 pajzyodiajur sie ‘uoT323uasaxd



Xq paureiqo 93 sanTea orjex Burxiw 3TwrT xaddn Teury aysx Aww
“SROTIRTF OTRO 9S9Y3I I0F pasn sem [996T ‘siuawarddns seisydsouqy
pIirvpueys °s °n] sraydsomye yaIoN o0€ ‘XArenuep aygy -paurmiazap

OSTe 3I3M SITI32W036 3YBTS-JO-3ULT 2yl 107 (SSeuire JTeY-3UO)

s3ybrayg 3ar309339 YL -3y6I3 Jo Sury uedsS-quIY 3Yy3z buore ‘arbue

m.m uedS-quIT 4oea 10F IY5TaY jusbuey ay3 sasoge ‘wy -9 3q 03 uaIyey

w IA._ *3ubtay aress L31Suap Ius ur ITR Jo A3ISUSp UWNTOD Te303 ayg3

MM MW3 dUTHIIISP 01 pamzroyzad seM SUOTIRTNOTED Butoeij-Aex orisydsouze
E¥)

3o 39s ¥ -arbue ueds-quIT TENPTATPUT Yoed 10F 3ybroy jusbue;
943 aaoqe Y519y STeds T 03 Ardde 03 S3IT31SUSP UWMTOD 2oty
uo s3turt xaddn ay3 I9prSuod Ing ‘uorysey beryssd-uotuo we ur
MW S134eT 194BIY mOXF SUOTINGTIFUCD IDORIIGRS JOU Op 9 SOTIRT BuTIXTW
I03 s3rmr{ 13ddn snoxobrx ureaqo oy (¥) ~XA3Tsusp umntod Yo%y ayy
uo s3yeIY xaddn urejqo o3 ‘arbue uwvOS GWIT Yoed 3o dinzeradualy
2A4T303333 ayY3y o3 djeridoadde {IT ¥1qel) syibuaizs mam a3
£q popratp 31e sSU3lpTA juaTeAaInbs astou Jo s3as IYL (€) *SYIpTA
juiTeATnb2 astou TeurbrIo Y3 SIMTI Y-z BI° UDITUM ‘SITIUTRIIIIUN
~ butpnyoutr ‘sy3lpTA Juaearnba astou oz Jo 39S ® IAT6 03 z &q
PaTTdI3Inm 2I° SITNSIX ISIYL " (§°T = WY I°0F)IPNITITS UCOTTEq
Pue (%t = ,z0°0¥) Burjured adoosayey ‘uor3zeaqIIRd TRIFdAdS
“SY3IpTA pue sY36uUaIIS IeIndITO® UT SITIUTRITIIDUR IY JIOF SYUITIA
Juateainba astou 2y3 o3 ‘aInjeipend ur *pappr ST AJuTE3IaDUN 7T
TRUOTITPPR UY (Z) <“SIIUIT ST 29 03 PIIIPISUOD 3IV SEaIR ISTOU
4L (1) :aanpadoid burmoyryol 3yl &q ‘s3tmrT 1addn NONm 2ATIaD

03 pasn :vau JI9M SEITIR ISTOU PIJOIIIOD JO SIIS ylog
-mwmcm ueds quIT Yoed 103
uotduny Sutyybroa ayy Lq pordwes asbuex aInjezadwsy Trews sy3l I0T

o™
zI

uctyewrxoxdde poob Aiaa e sT 3I  -%0%H se uoTINGTIISIP apu3TITe
SuWeS 3Y3l Sey XRTF WANUTIUOD 3¢3J JO 32INOS ay3 JT Jo azsydsowze
T2Wi3Yy3osT Ue I0J 30PX3 ST UOT3IDAIT0D STYL ApoqyoeIq 30uUa13Iax
dY3 Jo [ WO z°TIT 3B XNTF Te130ads auz st (3971%0)g pue ¢
atbue je XLex ay3 Aq patduwes ssewzye ayy Jo muaumuwm&mu 2ATIOAIID
9y3 pue Mlsu T°TIT 3@ xniy Tei3laads Lpoqyoelq 3yl st nnmvma.abvm
‘g a1bue ueds-quif 3e uoryisod mam 3y3 jo pooyrogybrau

343 uT ¥nTF Te1309dS uNNUTIUCO paInsesW IY3 ST Q)5 IISUM
sy N 1 (- ST C e SLF Y- TR RTINS KL PP

“(9)Jd 103083 2ATIROTTATITIM 2 Aq 1o
T°ZIT 3 SJURTPEX JOF pue ei3dads Ino ur juasaid Taaal unnuUT3IUOD
Y3 103 pa3D31I0D 3IIM SPOYIBW Yo WOIF SeIIR ISTOU Iy
(e
-BT3 uTr xoq papeys ay3 Jo eare sy3 03 spusdsaizod STqL -, _mo
-_0T X $°T JO Y3pIs Juafeatnba astou ® ST °3TWIT 3STOU pebeiuae
AT1Teqo1b e pPaxaprsuod aq Aem YoTym ‘3TNS9I BYyL *juUSWIT3 TeI3deds
pazIpode ButpucdsaIiod aul Jo YIPIM SY3 ST YaTym ‘U2 v90-0 &g
parTdrITnu seM <ApogyoeTq ¥ 897 B JO XnTJF Tei3oads WY3 JO ZTT00°0
‘9STOU smWI Jo Julea sbeIraae JURIINSIT IYL -2a0Qe PaqIIISIP sEM
YdTys BurTedsaI pue uoTIdRIIQAS puncibyoeq T2xioads Jo 3933379 ayy
yo3eu o3 9¢-1 Aq parrdrirTnu sem sSexaae siy3 *ATTeuUrI :pa23eTnOYEd
Ses antea abeisae ue ‘afqeseduoo 213M s3ybue uoTIRAITS
T1e pue suoTbal yjoq wory sanyea SuHI 3Y3 DUTS ~STRATII3UT

1-U2 T I3A0 PIINSEIU 9IBM ‘. WO L§T-$ST PUE SH~§f WOIT *SuUoIbaz

T—

[ 4



IY61T9Y arteos 1 103 pPITeA ‘RI13o3ds o¢ T~ 243 woxy aqdd t-g¢ o

ITEIT Ino Y3TA pazedmod aq 03 ST STYL ‘I g¢ dAoqe Aqdd gco-p-g .

0 oT3ex Burxim ® sawmoosq wy g¢ saoqe . mo $10T X $°I-1 JO 3TWIT

I943 ‘or3er HurxTw abeisae ue o3 (€261 ‘UoTjedTUNmWOS @3eATId)

“TI® 39 eIyezap jJo 3IEIT yaddn pauoTjuam A1snotasxd agy aIsauocs

B8 “=23T0S91 1IN0 Y3ITA uosTzedmod J03 “SIUBWIINSEIU SWIIIIJUTM

Y3oq s1e pue apnjriey swes oyg WoIY 3I® SITNS3I °y3 ybnoyy

U3ad ‘Aqdd §°0 F T°T JO juamdIngeawm SATIRIUI] [I86T] -T® 39
SI93eM Y3 moraq ArTerIURISqQNS S3TT @aInd 3ITwrT I2ddn ang

“apTx0o12d usboipAy oriaydsojeiys Jo BuryTspoum

313 JO 3993 JATSNTOUCD II0W yYonu e apraoid pTnoys 3jeyz ‘uor3onpaz

B3ep 3O =39201d SY3 ur L{juarino ‘€86 T dunL ur ubredwes 11-HIg

343 ®oxy ex30ads ueos-qurr orraydsojess Aeg 8y -umy of pue

9¢ wvAlaq Yo%y 3o 31T302d UCTIBIIUIDOUOD Tomums ay3 uT Iseaour

¥ 03 £ X030e3 ® 30Tpaid syapom yjog “(o0€) sSuoTjeTROdTED 9Y3 ur

SPUITITT Y3 UBYI (,¥€) YIION I3y3rey ATIY6TTS ST YoTyM “3pn3taet

Buransesm ano yo 309339 atqrssod 943 pue ‘HO pue %py sjuejoes:

943 3O SUOTILIIUIOUOD pIbersae ATTeuInTp 3Y3 ur S3Tjure3lIIDUN

OF POOR QUALMY

ORIGINAL PAGE (8

“[€86T “"1dD 2T86T “Idr] ISTTIB3 pPI3ISIT SUOTIORAI SSOT

pue uorjonpoid zofem ayy 103 sajex 3Y3 UT S2TIUTRITIDUN Jpn{ouUT
SuoT3eRINO[RD TIpow ay3 pue 3Irwry x3ddn psinseam 343 Jo uostiedwoos
943 bur3dazge sar3jurezIsoupn "Iy TE O3 97 Inoqe WOIF SIPN3TITE
32 T9pow 3V 3yl ueqy ssay X[IYBIIS ST 3Twrp zaddn g -uy 1g
1eau umm:uwumw 103 sanyea TIpow Juog np 3g3 o3 asofo Xi1sa st %oty
303 3rarT Iaddn o7 Ino jeyy 293 oa 2In61F a3Yy3 wWol3d - [zg6T “1ar)

39S 3BT TEOTWAYD L§-78 I4L Y3 SSn SUOTIIRINOTRD yjog -3TWIT

T

In0 y3ta uostredwoo 1oy ¢ -brg uT pajjoid 31e [pger ‘°Te 39
o3] weiaboad BurTrspou Yd1e3say TejusmuoiTauy pue otrraydsouyy ayy
PU®R (g£86T °UOTIELOTUNWWMOD a3eatid <suamg -p "¥) weaboid Burirapou
U0g NP JYI WOIF SUOTIRTNDTED Hm:owmsmevno:u 3u329y
"SOPNITIT® JUSIS3IITP 3 onbruynay Ino Jo A3ITATITSUSS aaTjerax ays
30 8Inseaw ® ST 3nq ‘arryoad Toly otr1aydsojeays syjy yo adeys aniy
343 3noqe Suryzdue Lrdut jou Sa0p 31n6Ty jue3Tnsaz sy3 jo adeus
TTeId40 9yy +s3TRsa3 343 Jo uor3e3a1dI1a3UT Tensrta ur ases 103
S3UTY 3y6TeI3S UYITA pejosuuos Ire s3urod 3sayy -umiyossds pamuns
{{oea 103 uor3lTsod mam 3U3 3I® sjusuRINSEaw TED0T SY3 ueyy x3baer
ST sased TTe UT YoTym ‘3ITWTT asTou pabeisae Arreqob Y3 woiy

P2ATI3p BI@ ¢ *BTJ uT umoys s3utod 3twry xaddn Zo%y ayg
NOISSNdSsIa

*€ °BT3 uT pa33zord aze S3TWIT I351eT

3YY -Seale 9STOU JO SIUBWDINS2IW Ted0T 3Y3 WOIF S3TMIT Iy3

uveq3y asea X134 ur 1961eT aiom ‘ITUIT ISTOU TTRIBA0 BY3 ‘s1skteue

30 poy3zsm puod’ss IY3 WOIF SITWIT Y3 ‘aot30oeid UI *T a3rqeg

UT papniour 91w saInjeiadws3 pue S3YBTS8Y 3aT3I09735 =yy pue *3Aa0qe
(Z) UT DIATISD sSUIPTA jJuateartnbas B5TOU JO S395 om3 By

"pIeayjIou Butrjurod

adoosatay ay3 yjta (Q3IION 4T£) wIozjletd uooyteq ayy 10 3pn3t3ey

Y} WOIF u3IS se ‘yjzioN omm 3nog2 jo spniTtiey ® 103 23etadozdde

21e A3yr -saybue URIS-qUITT m>ﬂuuwmmwuiwnu 107 s3ybray

SATI033F3 3Y3l 03 ITqeorrdde SITUIT 13ddn oz s1e ssayg *S3r3isuap

uunrod sjeridoadde ayz Xq SITWIT uwunTod NOum 3Yy3 burpratp

€1



OF POOR QUALMTY

ORIGINAL PAGE T2

o

“Sry-78 D3 3IDLIJUOD IIpUn UOTIRIDOSSY
SIaInjoeInuel [EdTWRYD 3yl Jo Tueg weiborg uocqiesoionTd
ay3 &q pajitoddns SeM UOTIOGPII BIPDP AYL °SLIS OSN jueib Ispun
we1bo1d yoieesay orrsydsouyy zaddn ¥SYN 2y3 Aq papraoid a1am
uoTIONIJSULd 9doosI(RI pur 3IYSTITT uoorTeq ay3z 10y Burpung
-310ddns
pue Surtzmeiboid zsandmoo juarTesxs 103 outubeae] uyog uo papuadsp
Qavg 9A ‘sAemie se ‘ATTeutr3d -91ho) Xi11e7T pue woilsAN 361099 03
Po3qoputr ATaernor3ied 232 aM *pPTSTY 9yl ur 3xo0ddns I103 pur ubrsap
TRIUIMNIISUT dg3 I0F sorsdydoIrxsy I0F I133jua) 3ay3z e juamizzedag
burzasurbug Terjua) 2yl 03 2pn3rieib Jo 31gqap jesaxb v aMO By
*mr033e1d p9zITIqQE3S puer 2dods3aTa3 2TIaydsoleils padoraasp-ATasu
Ino Jo 3S93 3S1TF 943 sem IYSITI STYL YBT3 uooTTRq SSITMRLF ®
I0F JESN 3T JJels 343 63 Ingozeab aie 3y -oTOOTY WIL pue .Aasoum
310ddns 3y6TTF Ino) moTIed p3 pue YIeYD ybnH ‘ueTTTIIY Apny jueyl
03 INIT cﬁnma oA czernorjxed ur -346TTI STYI I0F IuUTISATR UT
310ddns 3y3 pue eropuct oy3 burdAiddns 10y qae e dnoid suorzeaadg

uoorTed orraydsou3y ay3 03 [njo3eib X1sa s1e oM

SLNIRIDATTHONNOV

9T

-s3T039ds I3yjlo 3SaY3z Jo
sayryoxd spn3T3I[L SNOAULITNUIS JO 395 3337dwod © 3aey pInoys oM
21In3ng Ieau ay3 UL -S3TNSdX oYy jussaid ay3 se TIoM Se I pue
18 ‘%o ‘0% ‘mo Jo ea3oads A3ttenb poob papTsti paseq ST JTUIT
0%y juaxzins ay3z yotys uodn JYBTITF BYL -sardads Nom,wnu se yons
‘a70&> o13dtre3Ed SWES 3Y] UT PIATOAUT SaTdads buowe Arzernoarzzed
“SUOT3OR3I TEROTWRYD SnoTIea 3yl Jo burTdnoo asoyo 3y3 Jo asaesaqg

ST9pou TeoIwayo orxdfdsowlz JO S3ISS] SB 3SN DIJTWIT JO ¥SINCD

JO 31w saIoads aTbuls B Jo sjuauLInseaw 10 sS3TWIT iaddp

UT p3PATOUT 3Ie “TE 31 eAFLZSP JO puR ‘TR IS5 SIIJeM JO SITNSAT
°ul -%0%m swryzsumms I0F usa® ‘SUOTIOTDAId TPOW FO SIS Y303

2a0qe TToM 27v SITASDI pautTwialap Afsnorasid yjog -uy p-9¢ 3aoqe

ST



“I86T “v9-19 ‘¥IiC

‘butpunos qurt saemoidtm Aq Sjusmainsesw orIiaydsojeiis
:9pTx013d usboipiy puz suozo ‘[eOIpEI IPTXOUCH 3UTIOTYD

“339YDTd *W *H pu®e 3jourep -3 ¥ *Apxeg ) L M L ‘SIagem

“TOr0zT "D°d ‘uolburyseM ‘921330 BursuTig

JUWLTIA0) °S°Q1 “996T ‘sjudwaTddns srsydsomiy piepueis -s °n

“TB86T SLT-¥9T °*TEt AY ATOUTIITY UT USTITTUSEOITSUY
TTAIITS "O0Id ‘IWK 243 e pue -adoosateny suioq-uooireq
® uo 1939wox303ds wIoJsuelj IITINOI ® JO IS ‘U0IDTIL) °g

“N pue YITTIIA "W °*L ‘Seunselrg D °f <2dueqd -A ¥ ‘°V "M ‘quelg
>

8L

*$86T ‘SS3Id UI TIBF TIOUIY [
‘ar1aydsowre 3Yy3 jJo Topom TeUOTSUSWIP-om3 ' Aq pojefnurs se 3uozo
pue s9seb soeI3 JO IOTAPYAQ [EUIPR3IIL] pueR [EUOSEasS ayy ‘aTia

‘¥ °r pue X0ITIOW € W ‘SITYSATT W °925 *d °N ‘"4 °¥ "W ‘Oy

“8LET ‘S¥-ST ‘TL
IS8T T IOR T .A|Eu 07L pu® pg uasmyaq Jodea 133em Jo unijdads

U0TINTOS9T YBTH 014y -3 pue usurexyrey - ‘- L ‘usurddney

*¥) ‘euapeseq ‘XLiojeaoqeq
uoTsTndold IS ‘€86T “T9-£3 UOTIeOTIqnd TAL ‘9 Iaqumu uorjenieas
*T86T ‘Ls-78 UOTIedTIqnd T4rL ‘s Jaquau uorjenieas ‘BurTrapom

o119uydso3rils UT ¥Sn I0F ®IPP [EOTWAYd03joyd pueR OTISUTY TERITWAIYD

‘S96T ‘IV6I-TEGL ‘TF
“SAUI WAy F ‘Terjuejod Burispury ay3 jo UOTIRUTWIIIAD BY3 pue
uni3o3ds pelexyur-I1ey 8yl :apixoxad usboipiy Ut UOTI3R30X TRUIIJUT

“IYDRH "L °Y PuUR SI339 ‘M ‘D ‘)YO00RIT °Y °¥ ‘-H °¥ ‘IUny

"I86T ‘OET-0ZT ‘S8 ~335dT “IOR T “2ZHD 0oL
pu® g8 uaasm3zaq aprxorad usaboiapAy Jo wniyoads TBUOTSIO]~TRUOTIRI0X

243 go Apnis y ‘erong oQ D °J pue uewMog D M ‘-g «I2butmTal

‘68 *d “Id :LL6T ‘SIITTD

PoOraTHUZ ‘TTEH-20T3UR3g *,.SISITTJ Te3thra. ‘°M ¥ *Surueq

“IS6T ‘€85-T8S ‘T8 “IDIAT - IOR I -aprxeiad

uaboipiy Jo Judwow ITOdIP BT *3IISYDT W *H pue *y -3 ‘uayo)
SIONIVITIIY

LT




ORIGINAL PAGE W
OF POOR QUAUTY

-30UaI133J21 10J DPOIEDTIEUT ST IPNITITE UCOTTEq Iing ~sjuswaInseaw
-Te 3= eIgezap oy3 burmoys xoq 34y pue 1aded s1y3 utr pajuasaid
4 s3jurod 9y3 Y3ioq 103 SITUIT z2ddn 23e201pUTI O3 P3SN 3Ie SMOIIV

J30o4s °-SuUOTIRTNOTED [9poW (-T PUR SIUIWIINSEIM oty -¢ -B1a

0t

*I 9TqexL
ut umoys 3twrT 12ddn To%g syy o3eTnOTEd 03 pasn ST 3T -sajedTmop
sinsesu I933eT 943 ‘UOTIRADT® STU3 J0F <IDUTS * (Z)B3N 3Insesu
astou aygl o3 speay pue «gmzaoads ay; 10 SuoIBdI SSIT3INRIAT

ut paInsedu se [9AAT 3sTou ©1 I3} S93e0TPUT XO0q Mmmmsm‘mna -3x93
sy3 uT PaQIIOS3p SB (T)DIN InsedW ISTOW 303 03 speaTr eaIe ST}
:a76ue uUOT3EADITA STUI 3B umIgoads TesoT 2yl WOIF DPIATIIP SB 0%
703 YapIs juaTeaTInbs astou o 23U SB UIYRF S% 3aInd 3yl yjesuaq
eaie poyo3lR{-SSOID IYL °UWNWRIIXS JO EBIIR furmoys wnizdads 0" T+
woi3 TTE3ad@ (q) -~derIsArc proae 03 sjunour Kiea3yrqie Aq paoeidsIp
XyTeoraIaa axe unijoads 4071+ 93 3daoxa [IY¥ “PI33edTIpPUT
sanjeisdwes o7I9udso3e1ls e (WO 6T°TIT) uot3Tsod aurt 0%H

ay3 y3ara <eIjoads oTIBYdso3eI}S JO suotbai W2 TIT (ey -+t °b1a

-aznjeradwsy suwes ay3l e ApogxdeIq

e Jo souerpex yex3joads 3yl 03 PIZTTEWIOU ST Tealdjur TeIdads
X103e30qeT Yoed 10F TS [BST3I3A UL -aanjeradusy wool

e TTo0 W2 9 B uUT To%y 31037 7z Are3ewrxcidde woxy ST wnijoads
KiojezogeT oyl -2ouaIazax Apoqyoelq ¥ 89T SU3I 03 pazyyeunIou

ST (UOTIRADT3 (8 T-) unijoads orxauydsojexls UL -p13oads Jo S33S
y30q 21nseaw 03 PIsn ses 1939wo01309ds swes YL -woTbax Te13o3ads
Ino ut Yo%y yo umizoads TPUOTISIO]-TBUOTIIBIOX 33 3O sayoueiq

By 3jsabuoils 8yl Jo suorbaz ay3x ur e1303ds uUOTSSIWS (WO330Q)

Xiojeioqer pue (dol) orIaydsoleIls ulaml=q uostiedmwod ¥ I BT

svotidey 21Inb1g

61



*33s P3IPDP JUSIAND BY3 JO [Te 303 I13bieT

9Xe (z)BAN WOIT SITWIT 3Y3 Ing *3ITwr raddn ZoPy ue Burjernores
uaym psddoi1p 3q prnos ubTs ay3 <aar3ebou ST (1)PIN EP Y

S9S®D UI -SuoI3En3INTF TeIjoads Jo SaInsesw pauTWIS3ap-ATTRqOTE
pue —ATTES0T 2q 03 paiapTisuod aq ued Zayy -ATearioadsaz

‘u0Tba1 3suodsal JusunIISUT 3y3 IPTISINO [SAST SSTOU BDUSIFIT

943 moIz pue ‘7, Jo uor3irTsod Y3 IR SURIS QUIT TENPTATPUT

OF MOOR QUALITY

ORIGINAL PAGE 19

943 wWoIy sSYIPTA JuareaInbs astou oz BYy3 I (T)BIN PUR (T)DAN ®

. L 80°0 8°ST ¥ 1T TIT $°iTt  Y°0Z ob" &~
$85°0 FATAL ] 7260 6T°T 9€ 8T Dy
$9°0 0°s L0 TTT  §°9T  1°stT oT €~
- . - . - 9
rex s T EL°T [0 TETOET Oy Lo"o s°¥ 0" g~ LZT  6°2T  voLT 08" T-
. < 01" 0 8¢ s 0 €€ 9°TIE  +-0F€ 0T T~
€5°T 8972  J A 4 97T 0Z°ZIT "oy
+T°0 L€ ToE- LET S°€E  9°T¢ 09 T-
- - - - - ¥
¥6°g €8°¢ 99°¢ sT°e 00°%6 Oy z5°0 €€ v-0 S¥T  0°8f  I°S¢ 00" T+
(H002) (ASTT) [0:GFF3) (360¢) ({ U5y WoIITS5g - PUsIg B Nuammqqa«AIIAmuau y01) ;@3 . 00) 7 [C115°0 I €60 Jumna— ¥ 4714 -2
(7= 3n2370m) 1, w0 61-T)YAbU3IIS %o’y 2(Z)0AN etmivan 3 IF8z U, oapasra
sq3buaxls pue suor3rsod yosueag © 9pTX013q uaboiapAH 10F ®3Rd URIS-QUIT JO stsiteuy
II Ifqer . I 9Tqex

T 194



by

3 iy

ORICINGG, PANE 18

*
F Y ind & -
OF PO QUALITY
Pl = ' ¥ R ey v yoy viw =
o"_v v '3 0”‘- YT Y tY T YYY e Tnv»v.ﬂ? ol.’ ;m-meq-ra-vynvnnu-, PR e reg e
A T RS L oww \
o \ Tox! 5o oo !
4 . : k :
v o . on li kil \
s toLoy - | ! ) . H
o \ R i LTI h: [ i
: \'\-/\ s 0207 T om ' / | : !
: . : : h v ¢
oz- - 5 on; UL > V Ao /\ i
l’h‘T"" b rbed it abrbad b e . 3 ™ ‘ o i
WEVTRORENTT i W e it iz ' i is0d " | :
mﬂ cml" Wid  wid e ek so Wi 3047 T e ™ e et T
T e m‘ w"
[ T T .11 e 40'. b Aol oo SUNUR SRNY 3P TP I R
wé- : . " oay ]
o : R
o i o f o ok l
; . I8 : . Q4 H
o¢ i L oy i :
oar ! 0w o o4 §o S
. : ‘ I :
: P J A : ooy :
o1 D oop e e Ceme 0¥ C . y
ar s L ,.,.:,,.:-' R Y s Nbﬁ‘»"\.‘/\/\,,/ i
936 TUREE TN T TR e W e g Ot ia06 10" inod | isod wie :
o " i n24 298 290 10" oz " isod wie " el e e
tm i
(4
Fig. 1
N
g 8 8§ 8 g
[0}
_3 5 8 & § . o 5 __ &
ﬁ T T T T © 5 T T
¢ i : ' 2 R T T
S J—— ]
. - '/ I
O < - 24 — 1
Sk N ~ P ]~ :’P ~
. § ( 1% >
— | \ A i & ]
5l ‘. 3 '
— e \ 14 . " -
. ~ 15 5
A . -~ o — -
| g9k ? B
5 1 ]
G| 10 ]
I 1 B ]
S 1 7F I
).
: i i - =a
= 1 = 823 ]
sl | &l 238 .
N . 4 of 23N
. oaa ]
%
O "\ I 9- J
‘,'\‘, H i ot PR Lo t—1 R I I - ]
o Gl * L I e
o — s NN oW w
o m » 2 .
3, 8, s e NN 9




Altitude {km)

GRS, PAGE T
O DOONY W,ALPNY

Kl T T

™ Balloon oltitude
]

-

(3
o
i

20 ! :

; T T T T \%:\‘\%\\\II‘P*T&

This Work ==
(Jonuary 23) -

delofra,e

&\\*.ﬂ, ”’,'oy - ‘l"
NN

R NG

\\\\f{/// ,,m-}

du Pont 2-D

\ 30°N, January 15

AN AER 2-D
30°N, winter

0.0l

[H202] (ppbV)

Tig, 3




Appendix B
4, HCl and HF Intercomparison Studies

As a part of our CMA-sponsored research, we have
undertaken an intercomparison study of HCl and HF stratospheric
measurements, including a literature survey of the determination
of line parameters and of stratospheric measurements, and a mail
survey of the investigators who have reported stratospheric
measuremehts in the literature. The mail survey is now complete,
with 10 of the 12 investigating groups responding, either by

mail, by telephone or in person.
(3) Line parameters

The available line parameters have been partially
discussed in our final report for contract FC 81-375. Also, it
is worth noting the extensive effort by the HALOE group (Rinsland
et al., 1982) in surveying the line parameterz of these two
molecules. Apart from the rather special requirements of HALOE,
the greatest need at present is for more accurate strengths for
the fundamental bands of both molecules and for more accurate
pressure broadening coefficients for the rotational lines of both
molecules. Fortunately, both of these needs are being addressed
by research either in progress or planned for the immediate
future. Line positions for both molecules are known to
sufficient accuracy to satisfy all present atmospheric

investigations.

HE Strengths for the vibrational fundamental can be

determined, as in our final report for contract FC 81-375, to 8%
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(1 sigma) accuracy from data presently in the literature. These
values differ from the present AFGL catalog strengths by an
average of 5%, for the Ry to Ry lines. The AFGL numbers come
from the work of Ogilvie et al. (1980), who use experimental
dipole moment matrix elements, including the value for the
fundamental from Lovell and Herget (1962) to determine a power
series expansion for the dipole moment function.

Data for the pressure broadening of the fundamental band
of HF is very limited. ©&mith (1958) determined broadening
efficiency ratios of foreign gases (including N2 and 0,) to pure
HF for the R, to Ry lines. His study includes temperature
dependence of the e iency ratios for N,/HF (measurements at
298 K and 373 K). These results must be used in conjunction with
self-broadening coefficients of HF to obtain the appropriate
pressure broadening coefficients. For self-broadening
coefficients, see Beigang et al. (1979) and the review by Hough
(1977) . The AFGL numbers are probably adequate for
determinationg of HF above 28 km by solar absorption (i.e., their
use probably causes no more than 10% error at 25 km), but the way
they were actually determined is unclear. A careful, direct
study of both self and foreign gas broadening coefficients is
long overdue.

Strengths for the rotational lines of HF can be
determined directly from the dipole moment to an accuracy of
substantially better than 1%, even without making Herman-Wallis
corrections. This has been shown in cur CMA Quarterly Progress

Report No. 2 to contract FC81-375, and in Tipping (1976).

~
)
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Pressure broadening coefficients for the rotational lines
of HF need to be determined, particularly since the stratospheric
lines tend to be quite saturated, Determinatio;s presently
available include the N,-broadened R, through R, lines, by Bachet
(1972) , which does not include experimental uncertainties, and a
measurement of the Ny-broadened R, line by the IROE group. We
have found no measurements of HF rotational line broadening by 0,

in the literature. §

HCL Strengths for the HCl fundamental have been determined by
Toth gt al. (1970), Babrov et al. (1959), Varanasi et al.
(1972) , Benedict et al. (1956) and Lin et al. {(1978). Lin et al.
claim to have suffered some loss of HCl on the cell walls. The
other investigations all have errors, either stated or deduced
from the papers, around 5%. Indeed, the strengths of the P3
through R lines from these investigations, for both isotopic
species, have an rms deviation of 5% or less. The AFGL
strengths, as for HF, come from Ogilvie et al. (1980). They use
they rotationless dipole moment matrix element for the
fundamental band from Smith (1973), who determines it as a best
average of the infrared values and that obtained from the
molecular beam work of Kaiser (1970). The present AFGL strengths
should be good to 5% (1 sigme;.

Pregssure broadening coefficients of the HCl fundamental
have been studied by a number of groups. Until recently though,
Fhe results reported in the literature have included very little

9]
temperature dependence and O2 broadening information. Results
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until recently are summarized in the HALOE document, to which
should be added Petrov and Podkladenko (1972) and Petrov (1975),
two Soviet studies that contain information on the temperature
dependence of HCl/N2 broadening. There have been two recent
studies that are the most useful to date for stratospheric work:
those of Houdeau et al. (1980) (included in the HALOE study), and
of Ballard et al. (1983), which is just now available. The
Houdeau study includes both HCl/N2 and HCL/O,, at 298 K and 163
K, from which one may calculate the temperature dependences of
the broadening coefficients. The estimated uncertainties of the
measurements is 5%. The Ballard et al. study is only of HCL/N,,
but with a much more extensive temperature study. Their
uncertainties are 3-4% for the strong lines near band ceater.
Both studies include all the lines likely to be used in
atmospheric studies, including lines that will contribute
significantly to HALOE and PMR measurements. Over the range Pe
to R7, the range of commonality, the iverage disagreement at 235
K, appropriate to the mid-stratosphere, (from the measured
numbers of Ballard et al. at 235 K and power law interpolations
of the 298 K and 163 K Houdeau et al. values) is 7%. Both sets
of numbers are substantially lower than the Toth and Darnton
(1974) values, which are cuirently on the AFGL listing.

Line strengths for the HCl rotational lines are analogous
to those of HF, in that they may be calculated to greater than 1%
accuracy directly from the static dipole momgnt.

We have found no determinations of line broadening

parameters for the rotational lines of HCl in the literature. In
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this sense, the situation is worse than that of HF, since the
lines are similarly saturated. The relatively advanced state of
knowledge of the HCl1l (0,1) line broadening parameters, including
temperature dependence, would be very useful if it could be
transferred directly to the (0,0) case, but it is difficult to
quantify the common wisdom that pressure broadening coefficients
are the same for different vibrational transitions. There is an
experimental study on the (0,0) and (0,1) bands of HCl broadened
by Ar, by Smith and Giraud (1977), which indicates that the
correspondence is good to 10% in that particular case, but
nothing else to go by except theoretical studies; in searching
for an analogous case, we note that the (0,0) and (0,1) HF/N2
numbers presently available are not of sufficient accuracy to

warrant a qualitative comparison.
(B) Stratospheric Measurements

The past several years, roughly the tenure of the BIC
program and the ongoing analysis of results, has coincided with a
shift in spectral analysis techniques for most investigators
doing discrete line measurements of HCl and HF (and, of course,
all of the other important stratospheric trace species). The
change has been from line equivalent width measurements or, in a
few cases, comparison of measured and synthetic spectra, to
nonlinear least-squares fits of measured spectra to synthetic
spectra calculated using quite sophisticated radiative transfer
modelling of the atmosphere. However, there are apparently no

atmospheric profiles yet in the literature for either species
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derived by the new least-squares fitting methods. For column
measurements , a full nonlinear least squares treatment may not
be justified, since uncertainty due to the shape of the profile
may exceed the uncertainty to which the spectra can be fit (see
Mankin and Coffey, 1983). Some reanalysis of older data using
the more modern techniques is already underway, for example, the
reanalysis of éhe 1978 Bomem data by Jae Park at NASA/LaRC.

Several problems that can affect both the absorption and
emission balloon-borne measurements of HF and HCl remain to be
addressed by most investigators: (1) Instrumental field-of-view
effects can significantly broaden the effective weighting
functions used in a profile retrieval, and may need to be
included in the radiative transfer calculations. (2) Flight
pressures and temperatures need to be measured in a fasanion
consistent with prime scientific data. The pressure measurement
can be accomplished straightforwardly by including a calibrated
capacitance manometer as part of the scientific package, but
local temperature measurement from a balloon gondola is
difficult.

The history of stratospheric measurements is fairly long:
1973 to the present for HCl and 1974 to the present for HF,
including measurements in both hemispheres. The thrust of the
BIC campaign is to rescvlve differences in measurement and
analysis techniques, and to separate these from real atmospheric
differences. Hopefully, one result will be that a full enough
understanding of atmospheric measurements is reached to make the

full record of HCl/HF measurements of use in understanding trénds



.

in atmospheric composition.

HE The stratospheric investigations of HF are summarized in
the World Meteorological Organization report (Hudson, 1982, Table
1-22), to which the following additions should be made: Carli et
al. (1980), Girard et al. (1982), Girard et al. (1983), Mankin
and Coffey (1983), Traub and Chance (198l1) and the recent
ground-based work of G. M. Stokes and D. W. Johnson at Baktelle
Northwest Laboratories (personal communication, 1984).

For solar absorption measurements of the HF fundamental
band, the R, line has been used almost exclusively, except for
one of the seven investigating groups using only the RO' one
using t.\e R

-0
selection is governed by resolution and other instrumental

and Rqs and one using the Ry» Ry, Py and P,, Line

congiderations; it appears to have been made with sufficient
regard for interferences in all cases that this should not
influence the results. In particular, the R, line appears to be
quite free of interference in the stratospheric spectrum. Line
strengths all relate back to the results of Lovell and Herget
(1962) , although they have varying subsequent histories and vary
by small amounts (one study states a line strength without
attribution that is quite close to the other values). Most of
the studies predate the inclusion of HF in the AFGL listing.
Only one study includes an uncertainty due to the line strength
in the final errors.

Pure rotational lines of HF have been detected in the

stratosphere by Carli et al. (1980) and by Traub and Chance

e ST S T T

e e
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(1981) . The first actual profile of HF from our results is
included in this report. Both groups measuring HF rotational
lines are doing sc by emission measurements, and both have
suffered in the past from the difficulty of absolute pointing,
which is being addressed by the design of suitable gyroscope- and
inclinometer-based stabilization systems.

The only current evidence of the variability of
stratospheric HF is that found in Mankin and Coffey (1983), who
see both temporal and latitudinal variations substantially above

their level of precision in the column density of HF above 12 km.

HCl The stratospheric HCl investigations are also summarized
in he WMO report, with the following additions: Carli et al.
(1980} , Chance et al. (1980), Girard et al. (1982), Girard et al.
(1983) , Mankin and Coffey (1983), Traub and Chance (1981), and
Stokes and Johnson (personal communication, 1984).

The fundamental vibrational lines of HCl that have been
used most extensively for measurement of stratospheric
concentrations are the Rl and R2 lines of HBSCl, although at
least six other lines have been utilized in addition. The bulk

of the information always comes from the g33

Cl R, and/or R,
lines. Lines strengths for most of the investigations come from
Toth et al. (1970), since the investigations predate the
inclusion of HCl parameters on the AFGL listing. More recent
investigations use the AFGL strengths, whose genesis is described
above. Most investigators have either used the weak line

approximation or have used the Toth et al. self-broadening
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parameters for line saturation effects (excepting, of course,
recent investigators using the AFGL numbers). Only one reference
was found for the use of an actual N, broadening study of HCl
line broadening, that of Rank et al. (1963).

The groups measuring rotational lines of HCl (Traub and
Chance, Carli et al.) have similar difficulties to those
encountered for HF. There is a larger choice of lines than for
HF, but the difficulty with line saturation is as severe. The
comments on absolute pointing apply equally as well to HCl. Our
first profile for stratospheric HCl is also included as part of
this report.

Mankin and Coffey (1983) also have measurements showinq
significant temporal and latitudinal variation of the HCl column
density above 12 km, well outside their limits of experimental
precision. Girard et al. (1982,1983) have data showing
substantial variation of the HCl column density above 11.5 km
with latitude, obtained over a relatively short (11 day) time

period in 1980.
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