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1. Introduction

The results of the research carried out under NASA Grant NAG9-108 in the time
period May 1, 1985-April 30, 1994 have been published in refereed papers
(Section 2), and presented at scientific conferences with published abstracts
(Section 3). Also, a large number of invited lectures without published abstracts
were given. They are listed in the previous individual annual reports for this grant
and a listing is not repeated here.

The very significant record of publications provides direct evidence of the
productivity and accomplishments of the research program conducted under this

grant.

A copy of the 1993 paper by R. Prinn is appended to this final report since it has
not previously been sent to NASA.

2. Publications Supported in Whole or Part by NAG9-108

1985:

1986:

1987:

1988:

B. Fegley, Jr. and J.E. Post, A refractory inclusion in the Kaba CV3 chondrite:
Some implications for the origin of spinel-rich objeccts in chondrites. Earth Planet.
Sci. Lert., 75, 297-310.

R. Prinn, The volcanoes and clouds of Venus, Scientific American, 252, 46-53.

B. Fegley, Jr. and H. Palme, Evidence for oxidizing conditions in the solar nebula
from Mo and W depletions in refractory inclusions in carbonaceous chondrites.
Earth Planet. Sci. Lett., 72, 311-326.

B. Fegley, Jr., R. Prinn, H. Hartman, and H. Watkins, Chemical effects of large
impacts on the Earth’s primitive atmosphere, Nature, 319, 305-307.

A.S. Kornacki and B. Fegley, Jr., The abundance and relative volatility of
refractory trace elements in Allende Ca, Al-rich inclusions: Implications for
chemical and physical processes in the solar nebula. Earth Planet. Sci. Lett., 79,
217-234.

R. Prinn and B. Fegley, Jr., The atmospheres of Venus, Earth, and Mars: a critical
comparison, Annual Rev. Earth Planet. Sci., 15, 171-212.

R. Prinn and B. Fegley, Bolide impacts, acid rain, and biospheric traumas at the
Cretaceous-Tertiary boundary, Earth Planet Sci. Lett., 83, 1-15.

B. Fegley, Jr. and A.G.W. Cameron, A vaporization model for iron/silicate
fractionation in the Mercury protoplanet. Earth Planet. Sci. Lett., 82, 207-222.

A.G.W. Cameron, B. Fegley, Jr., W. Benz, and W.L. Slattery, The strange
density of Mercury: Theoretical considerations. In Mercury, eds. C. Chapman, F.
Vilas, and M.S. Matthews, University of Arizona Press, Tucson, pp. 692-708.

A. Rubin, B. Fegley, Jr., and R. Brett, Oxidation state in chondrites. In Mereorites
and the Early Solar System (eds. J. Kerridge and M.S. Matthews, University of
Arizona Press, Tucson), pp. 488-511.

B. Fegley, Jr., Cosmochemical trends of volatile elements in the solar system. In
Workshop on the Origins of Solar Systems (eds. J.LA. Nuth and P. Sylvester, LPI
Technical Report No. 88-04).



1989:

1990:

1993:

R. Prinn and B. Fegley, Jr., Solar nebula chemistry: origin of planetary, satellite,
and cometary volatiles. In Planetary and Satellite Atmospheres: Origin and
Evolution (eds. S. Atreya, J. Pollack, M. Matthews, Univ. of Arizona Press,
Tucson), 78-136.

R. Prinn and B. Fegley, Jr., Solar nebula chemistry: implications for volatiles in
the solar system. In The Formation and Evolution of Planetary Systems (ed. H.
Weaver, F. Paresee, L. Danly, Cambridge Univ. Press), 171-211.

R. Prinn, On neglect of non-linear momentum terms in solar nebula accretion disc
models, Astrophys. J., 348, 725-729. i

R. Prinn, Chemistry and evolution of gaseous circumstellar discs. In Protostars
and Planets II] (eds. E. Levy, J. Lunine, Univ. of Arizona Press), pp. 1005-1030.

B. Fegley, Jr. and R. Prinn, Chemical reprocessing of the Earth’s present and
primordial atmosphere by large impacts. In Interaction of the Solid Planet with the
Atmosphere and Cliamte (ed. G. Visconti, Editrice Galileo Galilei/Gordon and
Breach, Lausanne), in press.

3. Invited Papers with Abstracts Supported in Whole or Part by NAG9-108

1985:

1986:

1987:

1988:

R. Prinn, Impacts, acid rain, and biospheric traumas. Trans. Amer. Geophys.
Union, 66, 813.

B. Fegley, Jr., R. Prinn, and H. Hartman, Chemical processing of the Earth’s
earliest atmosphere by large impacts. Meteoritics, 20, 644-645.

A.S. Kornacki and B. Fegley, Jr., Fractionated lithophile and siderophile refractory
trace element patterns in CAls: Implications for grain transport. 49th Meteoritical
Society meeting, NY, NY, September 22-26, 1986. Abstract: Meteoritics, 21, 422-
423.

B. Fegley, Jr., Formation of dust grains in cool, stellar atmospheres:
thermochemical kinetic models. 49th Meteoritical Society meeting, NY, NY,
September 22-26, 1986. Abstract: Meteoritics, 21, 378.

B. Fegley, Jr. and R. Prinn, Chemical models of impact-generated atmospheres on
the early Earth. Trans. Amer. Geophys. Union, 68, 1337.

B. Fegley, Jr., Carbon chemistry and organic compound synthesis in the solar
nebula. 50th Meteoritical Society meeting, Newcastle, England, July 20-24, 1987.
Abstract: Meteoritics, 22, 378.

R. Prinn, After the fall: effects of large impacts on the atmosphere and biosphere.
Amer. Assn. Advan. Sci., Publ. 87-30, 12-13.

B. Fegley, Jr. and R. Prinn, Oxygen production by large impacts into the Earth’s
early atmosphere. In Proceedings: Conference on the Origin of the Earth (Lunar
and Planetary Institute Contribution No. 681, Houston), pp. 18-19.



1989:

1990:

1991:

1994:

R. Prinn and B. Fegley, Jr., Chemical interactions between the present-day Martian
atmosphere and surface minerals: implications for sample return. In Proceedings:
Mars Sample Return Science Workshop (Lunar and Planetary Institute Technical
Report 88-07, Houston), pp. 141.

R. Prinn and B. Fegley, Jr., Biospheric traumas caused by large impacts and
predicted relics in the sedimentary record. In Proceedings: Snowbird Conference
on Global Catastrophes in Earth History (Lunar and Planetary Institute Contribution
No. 673, Houston), pp. 145.

R. Prinn and B. Fegley, Jr., Chemical interactions between the present-day Martian
atmosphere and surface minerals. In METV Workshop on the Nature and
Composition of Surface Units on Mars (Lunar and Planetary Institute Technical
Report 88-05), pp. 105.

R. Prinn and B. Fegley, Jr., Atmosphere-surface interactions on Venus and Mars.
Trans. Amer. Geophys. Union, 70, 387-388.

R. Prinn, Solar nebula mixing and the origin of ice-rich satellites and comets.
Bulletin Amer. Astron. Soc., 21, 914,

R. Prinn, Chemical state and evolution of protoplanetary discs. Invited paper at
Conference on Protostars and Protoplanets III, Tucson, AZ, March 5-9, 1990.
Abstract in: Protostars and Planets Ill, p. 19..

R. Prinn, Terrestrial environmental effects of large impacts: a review. Trans.
Amer. Geophys. Union, 71, 1425-1426.

R. Prinn, Biospheric traumas caused by large impacts. Invited paper, 28th
COSPAR meeting, The Hague, The Netherlands, July, 1990.

R. Prinn, Planetary volatiles and atmospheres. Invited paper, Gordon Conference
on the Origins of Solar Systems, New London, July, 1991.

R. Prinn, Atmospheric and biospheric effects of large collisions over geologic time.
Invited paper, International Conference on Near-Earth Asteroids, San Juan
Capistrano, July, 1991.

R. Prinn, Planetary atmospheres: Three decades of exploration. Trans. Amer.
Geophys. Union, 75, 51.



[so0t]

mau juepodun ue aptaoid 01 undaq ey SYSIP JEJASWNIILS JO SUONIEAISSqO
[esIIouonse ‘A[Iuadal A0 YSIP JB[OSWNDILD 3t JO sjopow Lond o jo
Juswdo(aaap Yim 1213501 $I9WOD PUE SALIOIU "SALAES Kxejauerd ‘syauerd
a jo uonisodwod Yy Jo SUONBAIISQO JO uoneUIqUIOd B Aq Af[euonipen
popingd usaq sey pauuoj s1oue(d 3y YoIYm UL HSIP IBngau Je[oSWnaID L1snp
pue snoased oy Jo Ansiwayd dyi Jo Surpue1sIapun IN0 JO JUSWADUBAPE 3y

NOLLDNAOULINI ‘1

“(§S1p SNOISET IRJOSWNIILD [ruiduo ays noge
snip pue) sYSIP asaY) INOGE UOHRULIOjU wenodwr apiaoid pNod SYSIP IR[3SUNID
snoased ut O°H pue tHN "THD ‘0D 21 sanads A3y Jo suoneasasqQ Ysip ._m_%:_zu:.u
ay1 ul uoneuuoy sit Aq paute[dxa 3q ued Ka[[ey 19Wwo00 Ul sadurpunge O pue *HN
‘THD TOD Ay "$Ised awos ul pasnbar 3uiaq ssO[ 29! uoneunoj-150d 2WOS Yim Ys1p
Kreraueld UBIAOLWIRDILD YOL-QD) PUE -FHD ¥ IO XSIP TR[OSWNOILD YO1I-U0QIEs0IpAY pue
QD) Ay 1atle wl uonruLog Aq paure[dxa 3¢ UED YdIym SONRI 301-0)-¥001 ATY WISAS
12]0S I3INC U] U1 $APOQ YILI-3I] "PASSNDSIP 21T LOIYM SPI0IAISE PUR $IILI0AIIUI *S1UI0D
0In|d "SaNj[aes You-adi ‘sjaueid juetd ‘sioue|d [ELsaLIa1 A JO suonsodwos ay 1o}
suoneatjdunt sofew sey sarfiuey ALDIS snopAy/snopAyue pue us3onNIu “uogIeds ay
Ul uonIqIyul dUAULY “sa15ads 20011 10) UBYL WNIUIWIOW 10} saull} Furxiw 123u0] Yonur
pla1& sassanold JLAUUON 'S ()] JO JWNIJY ASIP jead£) v 01 paredwod § 01 noge
21e $2153ds 20ea) 10) sawun Juxiw Sunqnsal [patdA] "paads punos a1 Jo %1 Jo spaads
Appa aonpoid ued pue ¥sIp ay1 ul Furxiw 10§ wstueydw Ud10) lofew e st spasds
S1w0s13dAY 1B [RLIAIEW JO UONDIADT SLIISWILASINBUON  sIp 3yl Ul sarmuiadwal (e
16 areurwop (SN ‘0D ~379) sarmeiadwa) mo e 10U ang sarmruiaduwat Y31y 1e Iqes
£qeonweudpounsa) $a13ads "ASED SIYY UL TSIUTISUOD awn (urjoos Anualeatnba 10)
FUIXIW PIRMING UBYL 123U0] FUTUI03A( STURISUOS atull [ea1WAYD AQ pasnput uomqiyul
SU2UDY,. 01 2NP UOTIEIGHINDISIP [EDILIAYIOULIDN) 01 SPEA] NSIp UO11210E UE 3YI[ JUSWU0I
-1AU3 DIUIPPOUWLIAY} B Ul BuIXiw Suong “(Funnysiy AG pue UonAIIN 3unnp) Ansnusayd
yoous pue (wnuqiinha A|uessadsu 10u) ANSIWAYIOULIAY) AP sass2201d [LaTWAYD JSIP
j0fepy 103dsar styy ut wedpudis froq e (SATDI]IS snospAyue sa snospAy pue *HN
sa N “F'9) uontsodwod Jefndajoul puw (sadurpunqe QO pue D "89) vonisodwod [el
-UBWAIT  "UOHIN[OAD |EDIWAYD 1uanbasqns JO IUBLILLINAD wenodun ue st [euaed
IR[[21SIAIUT PAIUIOE JO UOTHSOdWIOd I ] "PIsSNISIp 21T SYSIP JB[31SWNID you-sed Jo
UONN[OA3 put uohsoduiod ayl SUTUIANIP YOTYM sas$2201d jrarsiyd pue jEdIwayd aylL

LaopouyIa] ,\: IHLISU .,.:.wwzcuzwsz
NNIId D aTvNOd

SSIA AVTTALSWNOALD
SNOASYH 4O NOLLNTOAT AN AYISINIHD

NOANO1 8 NOSONL
SS3Hd YNOZIHY 40 ALISHIAINA FHL

sioyine Bueloge||od 16 YIM

sSmayliei\ 'S ‘N pue usuieng “N
O 9ouUEB)SISSE [elIolIpa Byl YHA

sioyp3

auiun ‘| ueyjeuor
AnoT 'H eusbng

I SIINVId
aNV
SUVISOLOUd

PRECEDXNG PAGE BLANK NOT FILMED



OIS SB Yons s|eJaui Sunjew Jay3iy yonwl st BINGau 3y Jo LIS uonlepixe
ay pue (RG] UUL pue SIMaT) QD Wl SI uoqled ayj e A[[enuassa J1 usaa
juepunqe st (301 10 Jodea) OIH ‘(B[NGaU IRJOSWNIID Y3 J0] 3FLIAE ay; uo
PIp 1 sB) UogIe) $pPaadxa Apuesyruds uadAxo i ‘A[3s13AU0]) (SL61 JawweT)
NIL Pue OIS *S3IN ‘D34 *SeD Jo wnuqi[inba [eoiuaya0uLsy) ut uoneuoy
01 Surpea] suonipuoa Juronpal K124 pue 'suoqsed01pAy pue anydes3 wepunqe
01 SuIpea] UOQIED JO $$0X3 UR (861 UULLJ PUB SIMIT) S3dUBPUNQE (321 10
1odea) OFH Mmol K19 Ajaanejar 01 Surpes] 0D se dn pua ued usdixo ay jo
Aofew oy ‘uadAxo spaadxs 10 sfenba uogred Ji aepnonaed up Ansiways
ys1p a1 dutuyap i juenodwt ASWANXI dIe SONE! [RUAWD[D UlRLS))

(786 1) UOIAWRD) PUR (686 1) 35524210
puR SI3pUY JO SABWIISD IdUBPUNGE Y1 $Isn JqeL ,

¢-01 X 9L'¢ ¢-01 X 69'¢ S
01l X LL9 01 X §t+'9 a]
01 X TS'L 01 X LI'L 1S
=01 X L6'L 01 X 0L°L N
Ol X pL1 w01 X ¥T'C N
01 X 66'1 w01 X LT'T N
w01 x 6£'8 w01 X $T'L o)
01 X 871 ¢ Ol X L] 0
SEL0 S61°0 3H

01 0l ‘H

uoiawe)) 3SSIAIIN) puE SIspuy

jeudipy uonisodwo)) Jejog Ul sjuawaly
JURPUNQY 1SOJA US] dY1 JO TH 01 2ANR[AY SONTY
P1HTAVL

1} £q 1 punoduwiod 10 uAWa[2 Ue Jo ANSUIP 12quUINU 31y 0UP
[[1w am 121deyd s1y) U '] 2[QEL Ul UIAIS JIE Wwnipaw uonysodwod sejos e ul
$22UTPUNQE [EIUALA]D A JO SAIRWISI OM], "IDURPUNQE H Y1 JO (] JO 1210
alp Jo Buraq uoxnt pur nj[ns ‘wnisauew "UOdI[IS puT dduRpUNQE H 41 JO 1q
-wnu £qQ Q1 01 ._()] JO 43pI0 3Y1 JO Bu1aq uadoniu pue UO3U ‘UOQIED ‘uagkxo.
1M SPNOJD JB}[21S1a)Ul Ul JUBUTWOP A[[BJUST 218 Wni{ay pue uadoiphy ‘(6861)
IYOBUY pUE JUIAI] A PAM3IAIL SY "3d1Id1em pur “(a1ydeid 3urpnjoul) spunod
-W0d FUTUIRIUOI-UOGIED *3INUSRW ‘SANDIIS SNOLIBA JO souasaxd ayy 15333M A
Juauoduiod 1snp 3yl Jo SuOEAIdSqO J[iYm spunoduwiod Suurejuod-Inj[ns v:uw
“-uafoniu *-uoqes *-uadkxo *-uagorpAy jo amxiw xaduwiod v Moys sproldy
IR[[215121U1 ASUAP JO WAL0dLwod SNOISES ALY} JO SUONBAIISGD SIP ay1Jo Bsnm
featwayd sy Sutuuuagap ui uenodui £1$noiaqo st (pnogd Jejjaistaul JosIndy
-a1d su Apuageainba 10) Ys1p Je[jAasWINOND € Jo uomsodwod piuawae uﬁh

Ve

asurAapRy ) pue uonsodwo)) [ENUL

SASSIADOAA TvOIWAHD 2

LOGL SUSIC AV TTLS WAL SNOASVD A0 AYLSHNTIHD

Fgapi0a]) JUALINI PUIIX? pue 153 01 suonealasqo [earsfydonse mau £3y £jjeuy

pre 1SPIOIRISE PUE $IILIOID SIDWOD JO SUONEAIDSQO PUE 10911 U33M13q

,mnoﬂ.a%:ou ‘SUOLIBAIIS]O [[ales ‘Krejauepd pue £103y) usamlaq uosuedwos
J?o:BEE a1aUny) $3L03Y] [EIIWEULP-[EDILIAYD SILI0Y [BIIUIAYD 0} £]aan
_godsal PalOASp SUONIIS dAY JIe 1Y, 'sassanoud [eaisdyd pue [esrwayd
Wmsbbwcs s ButssaIppe £Q SYSIP B[NGIU JR[[IISWNDILD J3YI0 O} YSIp BInqau
" Jejoswindd1d 33 InOGE Seap! aaoqe ayi aztjerauad o1 sidwane 1deyo sy

3

¥ '$1220qo snosuagolaray
"pugAy 0} P3| UED PUT J[GRILASUL 1P 1 Ui pappaquut sysip Leurd
| WRIAO[LUNIDALO UY PAULIOJ 350U} PUR YSIP JEJOSLUINDILD 3y} Ut pIULIO s133lqo
“gsam1aq SUOISI[[OD “YSIP JR[OSWNDIID SN03sET 3yl Jo uotiedissip 12))yY 6
’ ‘utduo 119Y) Jo J1SOUTRIP 31 $3IPOQ YO1I-3d!
ur (21e21[18/231 OTH "tHN/*N ""HD/0D "'3'3) SONEJ 3[NBJOA UIBLISD SNy ] '}
“¥stp JR[OSWNILD 3y U PIULIO} $3POq uey) suonisodiod Wualagip
Apounsip yim sYsIp Areidueld URIAO[WINDIID UT ULIOJ URD SIT[[218S renday f
‘$Ys1p Arerour(d UBIAO[WNOND Ul JOU ING NSIP IR[OS
-WNOIID 33 UT PanGiyul £J[EOIBULY ST SIIBDIIS JO UOTIRIPAY aseyd-iodep g
"FHD puR YHN Ul You
atom sysIp Areroueld URLAO[WNDID 3yl J[IYM (1 WOY) PIULIO) $OIUREI0
PUE) 0D PUB N UI 4oL seM YSIP IR[OSWNDID 3Y) sny L sysip umaueid
URIAO[WUNDILD 3YI] SYSIp atnssald 1oyFiy ut 10U Ing YSIp JL[OSWNIID 3Y)
u1 payquyur {[[esnaury sexm FHD) pue PN 01 Q0D pue IN JO uonsnpal sy ¢
“§SIp 3yl Jo Apoq ay) uissadold Sjeoruayd ut
ung-0101d 3y} WOIJ UONRIPRI I3[OIARII[N JO 3DUINGUT Y] £[313A38 FunIWI]
anbedo AjySiy sem YsIp IejOSWINOND YoU-ISNp Ide] pue you-sed syl p
‘wisiueyoaw Juissadord [esnwayd tofew sy aimns
-u02 (Juneay Yoouys pur £315u3 [PULIAYE FUISN) SUOLIORIT [BOIUSYIOULISY ] ¢
‘ung-o104d 3y3 1wau ULLINIIO
8uissasordar 1318213 a1 Yiim passanoxdar Afjened 1sed] 18 319m sureld
PUE SISES 359Y] ‘PIAJOAS PUR PIWLIOJ YSIP SNOSET IB[OSWNAIID Yl SY T
"$PNO[D Je[[18I31UL U SUIeIs
PUE s3sed a1am YSIp Jejoswnod ay Jurtio] 1o) sjeusiew Sutlels ayf |

{(6861) A3[3a4 pue uulld WOoI1j SUOIS
=N5u0d Jedibunid sy aseaydered o1 [nyasn st 11 1aideyo sy 01 3dejaId v sy
"SINSaI JU3531 ajow yo paseq "AILssaoau a1aym patepdn 3q [jim 1aded Jane] s
UL SUOISN[OU0) J1) *1aaamop "a1ay pateadal aq 10U [[1m S[IBISP 353U} PUB (686 |
£31324 pue UuLL) s1s1x3 ApRaIR B[NQaU IROSWAMIID 341 JO ANSIUYD 341 JO
:o_mmzuﬂn (pafierop K12A pue) oy1oads aI0W Yy "SYSIP IR}[SISWNOND [OLI-583
J0 Anstways pue uonisoduios sy Fururunalep sspdiound [e1aus3 3y uo Arow
SN20J (1w sardeypd sty *Yooq sty Jo s[eod Kleul[didsIpIaiul 3y Jo M3IA U]

‘S[opowW YSIp JB[[ISWNIILD I3YI0 pue
Tejoswnous yioq uo SIUTRAISUOD PUB AUNIONIIS YSIP UO UOUBLLIOJUL JO 3DMOS

NNI¥Ed D dTVYNOYA 9001



HS1P paxooys ayi Jo * armeradwal oyl ure1qo 0l (961 SYIUPaL pue lueinoy
99s) sed oidonAjod [eapt ue ul uoNRIA YOOUS 101UOSNH 3Y) 213L SN M “Ingag
ued ysiym 3uneay Jooys aYl Jo ANSua)ul 3} JO INSTIW B UIRIQO O] (6861)
Aa13a4 pue uuug Aq AjaAnRINURND PAISPISUOD 10U SBM “YSIP Y] OIUO UOHBIIp
Buunp 3uneay Yooys A[aWwEU *3A0qe PAUONUIW DINOS ATIAUS YIXIs ay
ystp
snoased adA1-1ejosojoad e jo suotdal 1souLauul syl Ul Uy} 13410 3ULLING50 reyg
fenusd ayy woiy suojoyd Aq uaaup Anstuayooloyd Joj 30uapiaa apraoid oy
Op $IRIS LUNRJ, ] WOI] SUOISSIWI 19]OIARIIN JO SUONBAIISQO SNY] -3|qealas
-qo Ajar0u1dr 3q 210§a121) pue uondiosqe ou 1o NI Jajns Aew (suoldanp
Iejod ui ~3:3) ysIp 31 01U URY] 12410 SUONIIAIIP Ul paniwa suoloyd Jejosojord
ey A[[eonayiuared 310U 9pq "UOHRIDOSSIP [BULdY) UL 1212313 3 (0] noge
saimesadwa) sannbal uoneziuot feuuay) 1uaidyys ~asodind sup sog -suojoyd
13[01ARIN Y1 JO $139J2 FUIZIUOl PUE DANEBIDOSSIP 311 W[AYMIIAO0 A[[eIauad
[[!M SUOT pUEB SUOIIDJI3 ‘s[edIpEs 334} ‘swole paonpod Aj[euday wepunqe
SurajoaUl $3)81 UONOERAI [EdIWAYdOULIAY] a81R] *aloH YSIp snoased ay) jo ped
1SOLLIRULL A5UAp ARANR[AI (M 0067 < < aimeradwal) 10y AJaA ap ut Ajjoym
paglosqe are suojoyd sy ‘A1oedo a3re] ayy 01 anp Ing dFIe] Al aq M
saxny uoloyd 1ajoiaen|n Jrjosolold (= ¥ ‘(= 1) ungo101d 3y 01 250[0 AIap
"NV 01 <y 10} wedayudis Apanedal aq pinod ing Ny 1> y 10 wenodwiun
are suojoyd Iejja1g (NY [ << y) ung-ojoid a3 woij Jayuny ueuodwi asour
AJSATIB[31 AWOD3q SYDOYSIIPUNY] D]TYM I0W UIAD SARUNUOP ATIUD [BULIAp
(NV 1> >y ung-otoad sy yorordde am sy 'y 11w 2jqUBau e (1, JO
32UEpUNE MO] 3U} 01 anp) ANATIOROIPEI pue (YSIP Y1 Ul 232 "1snp ‘OTH uep
-unqe wolj 3unmsat anjea 2 adie] K134 3yl 01 anp) suoloyd ejog -(sueoyrudis
5Q pNOY $YOOYSISPUNY) YOIy JOJ) F adIe| A1aa yuim suonorval 1oj 1daoxs
NV | ' sajeunop A315ud [euuay) '$anunos £312Ua dAY 2534 10J Apuapiag
NV 1 = ¥ 1e xny A315U2 15[01ARIN [0S Aep-1uasaid ayl st ./ pue *y sniped
pue ung-ojoad ayi uaamiaq suojoyd 1sjotaenyn aejos 1oj yidap feondo ayi st 2
“19quUINU S 0IPESOAY S A/ JUTISUOD S UuRWZIjog St Y 'Y | = ¥ 18 Suryouanb.
uONIE3l [EANWAYD € Jo AT1aua uoneande [eadliesiajowy/f (1 X6 =7 a1oyM’

() © 01 X € & Lp/(Auandeotpra)¢

) o 01 = 1o/ (suooyd rejpa1s) @

() 0= 1p/(2—)dxa g x 0] = 1¢/(suotoyd 1vjos)¢
(T) -0l X { == 1P/ (yooysidpunyy) ¢

ay 01 Xt = (LIN/A—)dxa = Lo/ (euuayn ¢

aindwos Aa ¥SIp BNGaU Iejoswmaud ay ut NV 1 uum
1¥ SUOIIPUOD 10, “¥ SNIPEI 1B YSIp Ayl Jo armriadwa) 2a10ajja ayl st (4)

6001 SAUSIA AV TTALSNNDYEID SNOASYD 40 AdLSINIHD

pue JUBISUOD S _URJDIS ST § aIaym 3SIp 3yl ul m&h = I¢ xn|j plemino 1au 3yl 0
suONOEAI [EDIUIAYD SALIP 01 $32INOS SNOLIRA SY) WO J|qR]IEAR ¢ saxnyy A813ua
ajqesn oy aredwod 01 [nyasn st 11 *(6861) 49132 pue uutlg Aq passnosip sy
~ys1p 241 UL (Vg7 Aqre1oadsa) siuawags aanoeotpel jo Aedap wolj sajded pue
suojoyd £313u2 Y31y K1a pue “sies ewrrxoad Suipunosins ayy pue Jeisorold
[enuad 3yl Woly suojoyd 12j01AEN[N “YSIP 3YI UT UOIIDIAUOGD iIm PAIBIDOSSe
sy00ysIapUNY} pue sagreyosip Funnydip “¥SIp 2yYi 0juo 3unlaIdde [RUIdEW 1B
st swostadAy Jo 1edwir 01 anp Funeay Yooys *ysip ays Jo A319u [euuray)
[PILIAIUL 34} IPA[OUL SUONOEAL [RIIUISYD IALIP O} A3IaU3 JO $30IN0S [ENUA0]

Suo1IEIY [ed1way)) Joj £34uy g

'S$1awod Aprenonded
quaisks 1e]0S 3y} JO sUOIFal 1S0ULINN0 pa1o[dx3 1SE3[ AY) Ul $31POG Ut [eLiarewl
palal[BUN YIns JO [BAIAINS JOJ Aunqeqolad 121ea13 e s310adxa A[UIElad auo pue
[ELISIEW JR[[RISIAIUT PAI3I[EUN 3G Aell $21110313W SWWOS Ul [elIa)ew d1uedio ay)
Jo awog “tHN AN saads punoq Apyeam aiow ueyy duissasold aa1aIns 0)
A1) 210w are IN Y] sa[noafoul punoq Ajduons ‘aseyd sed oyl up ‘saiels
snoydiowe 10 aul[[RISA1d Ul 31e spunodwod JayIdsym UO pueT *dzis umeld uo
puadop os[e [[IM SPI[OS JO [BAIAING (OTHY-0D "OTHL "HD "OTH''HN "3
OYH) SPHOS 2[IR[OA UBY) SAIAINS O] AfRYI] 2Jow yonuw ale ylog pue (S
‘spunodwod onewole d1pAdxK[od sawdrps parespAy ayderd 32) [puUawWw
PIOS A10JORIJAI SS3| UTL) dAIAINS 01 A[3Y1] 10w 1 (FQISTBN “Aoffe IN-24
“ougSNTED tOLLED OV “879) [euaiew prjos K1oweyal AYSIH TSP oy
uigiam Suissasoad 1a1e] pue uonaidde FuLINp FUIS$ad0Id [EDIWDYD 01 [RUISIEW
st jo Anprqndansns sty Sututuualap upjuepodw osie a1e Ys1p aiy ouo sutsdey
-[00 [BLIDIRWI JE[[31S121UL JO 21p)s Jpoissiyd pur uonisodwod «opnaajow 3y |,

‘uoI3al You-Q)
€ Ul uey) uoIda1 You-o1uTdIo J0 YouU-FH) Ul 331 BUIULIOJ 10] J[QE{IBAT 121EMm
atow sawy (Z40 = [OVIDD 0T =0'¢/6'S 10 (90 = [ONIDD 6€ = 1'I/ET 81
sy snyL Zp'0 = 0/D 10 0'1:6'6:0°0 PUT 09°0 = [OV/[D] 10§ 071:€°+:0°0 §!
IS) = [ad] + [BIA] + [S]1T:[OTH) [OD] uays “{uogded jo suuoy Jofew ayl a1
saedio Jojpue FHD D) () & [DV/IQD] J1 35nEI3G UOGIRD JO LIS UONTPIXO
3 0) aansuss osfe si ANpqeieat Jalem 09°0 = [O)/[D] uaym uey 0
[OMID] uaym sa1poq you-a31 FUILLIOY 10 S[QRIIEAT JJEM 2I0W SAWN /T
TH/0'e staragr sny, zp0 = [0)/[D] 103 0'1:0°€:6°T PU® 09°0 = [0)/[D] 105
LT e st(S] — [24] + [BW] + [SITIOTHIOD] 271 saeatps snospAyue
PU® Q%Y ‘0D ut sasuepunge uadAx0 ayl Jo 0Nkl A UYL ‘S, pue 03] ‘03N
‘OIS se yoo1 snoJpAyut [apow am Ji pue (] = [DY/[(0D]) punodwod 7y jueut
“WOP Ay ST QD J1 09°0 & [O)/] D] SuIpuaWOdal (86 ) UOIAWEY) PUE TH ()~
oneI{(])/1D] tejos sy Furodal (686 ] ) FUOIS PUE (686 | ) I8SIAI0) PUE SIBPUY
Y fesianonuon stone [O)/[ D] as102id ay1 ¥SIP BINGaU 1ROSWNIILD 31 10,
CONRI 31edI[Is 01 ()T Y1 JO [ONUOD $11 YFNOIY] SYSIP IR[ISISWAIND Ul SIAES
~U3puod you-aa1 10 Ansuap ayr soppe Ajjenuatod osie ones [Q)/[D] AUL
‘ (6L6]
Buue) %01 uey asow Aq [H] spasdxa [(O] 1 algeisun Ajjediuaydouuay)

NNIdd 'O dTYNOY 8001



(an THE + NDH = *HN + 'HD
o1 YHE + NDHT = IN + "HDZ

eLqInInba oy ‘uonippe uf "u13aq 01 UOHBZIUOI PUE UOTIBZIWIONE 10 (Y 000€ <)
y3nous y3ry swod3q saimeradwa) [nun Q) pue IN ‘0D PRI 01 yAu ucu o

(6) O™H + 0D = H + 0D
(8) THE 4 N = YHN + HN
(0 HE + 0D = OH + "HD

) euqIInba Jofew 321y 3y jo yiys e
Aq paruedwosoe st sainssald pue sainiesadwal 1oy31y 0} uonisuen ay) muaoa
amssard-amiesadwa) dueqeipe-1eau asayl [fe 10j ‘Auapiag  sainssaxd pue
saniesaduia) 1043y 0) (UMOYS SIEQRIPE 3y UBYI [EDFIAA O] JASO[d 3q pjnom
yotym) 101uodng-3}doys e dn 10 (umoys se) eqeipe ue dn sed paydoys ay

.CAR|dwod O34, pajaqe] “a12]dwod §1 ()34 01 34 JO UOHEPIXO 31aym smieradwal
ay pue  (bis)ay,, pajaqe] armnuadwal uonesuapuod ol u:._ Juneudisap saur| ag
u33M13q 21qIssod SI LOISIAUOD (PAZA[LILD-u01r) f.::u:quEuI S ‘.o_ _— loj
nuwir 1addn ue Jununsse TR 01 D) JO UOISIIAU0D {astyd-sed) w.:cw_:uonoc 10J
1 amriadiug) youanb a puE SYSIP URIAO[WNDID PUR JR]OSWNILD 3yl 10} sajyjoid
ainssaid-aimeiadua) aanensnp aw umoys o8|y 9'0 = |0l/ID] ::.3 winipaw :'o:_m
-odwoo Jejos v ut sanjea (("HOYIOD D V180 wnugiinba _nu::u:uoEB;H 1 u.:.ﬂw_m

{s108) 34NSS3Iud vioL ©'bo
. € | |- €- G- L-

T T T

o]0} 4

L 008

009
s

00L
008

006
000!

(%) 3¥NLYH3IdN3L/,0!
(%) JHNLVY3dW3L

o]}

002!
0051
0002

00s2
4 000¢

i

1101 SASIA AVTTILSINNDALD SNOASYD 40 AALSIWAHD

JO UOISINOX? £rerodway v Swuideun £q sweideip 9s3yy o parelsnjll 2q ues
sed ystp 3y Jo Suneay yooys "AIE[IWIS pIuUteRe S| winuqiinbs fesnwaydo
-JaUp J1 SYSIP 383y Jo uonisodwod 2yl ANSN{[! 01 SWEIFep 53] U0 UMEID
aq os[e Aeu ySIp IR{{IISWNIID uonisodwos-sejos-1eau K1enigie Aue 10 safy
_o1d ainjeradwal-oinssald (1861 A3[Fa] pue uuld) Ysip EMqau Kieyoueid
URIAOWINDAID AU PUE (OR6] UUL PUE SIMIT) YSIp BINGaU JEjOSWNID oyl
é. umoys are sajgoad ameradway-ainssaid sneqerpe ysip sjdweg sonel N
pue D ‘O ‘H IBI0S Yum sed e w simesadwel pue ainssaid jo uonodunj e se

wnuqiinba [EIIUYS0OULIAY} Ul Area QD/T0D Pue FHN/N "THD/QD sohed
£3% 92141 MOY dNBNSN[]! ¢ pUE 7 °| samn3ig -(3unnySiy Jo 1wedunr ue £q pareay
§ooys UoI3al B Ui 10 eysojoid sty 1eau *'§'9) 1SBJ 2JB SUOIDEAI 31AYm YSIp
sy ut saimeradwar y3iy 1e Indd0 01 A[YI[ 1s0W $NYL ST 11 pue sawh uotse
-31 [EOTWAYD WUBAJ[II Y} SPAIIX? sed 2y 10] (SANRIPEL IO [BDIWEBUAP) W)
Su[009 1WEAJ[DI ) JI A[UO ajqissod st winuql{inha Yons “Iae] PIssnasip sy
-unLiqImba [P0 UL uonisodwod paoipaid sy utssaippe Aq pazul
-RUILNS AJIUSIUSAUOD SIT SUOTIIRAT [EDIUAYI0ULIIY] JO s1onpoud jpuuajod 3y,

SUOIIIEIY [EINWIYI0WIY |, JO S1ONPOL] wnuqumnby D

‘sanem yooys Sunededoid ydnolyy uorsal
SIyi puokaq pue UOHEID[33P JO uoIdal 3y} y10q U1 INDJ0 []IMm guissaooadal [ed
-TWaYD) “SSAD{IILI SI1 INOYBNOIY) JO NSIP Y3 JO IBNS Y1 IT3U Burxtw uons
310) PUE PAITISIDIP 3q [[I4 [PHIITW FUNIIOIE AU "YSIP BNGIU AY} pUT SSEL
sed Junaiooe ayl 10j (30edW JO UONDASP 3N UT) BALE JIUN 1ad ssew ayy Jo
sopniiuSew aane[al ayy uo Suipuadsq NV 01 = ¥ PIsul [eUIeW (IR[[1S
-1t Suroedunn Jus1XS 198SI] B 01 pue) Ysip Jo Suissadoadar festwaydouayl
weoyiudis 01 pay Ajqeqoad Jasit ssadod uonaddE YSIp 3y {SIP Ay Uty
Suissaoo1d uanbasqns Aue woiy uede aunb snyl AV 01 < ¥ 10§ parray
Jooys A[pjuu A[uo 1ng (v 1> ¥ 10§ pareay yooys A]asusiut st (sed Je[aIsiaul
Sunoedwi-aimesadwal-1amo] ) 1UIIX2 138$3| T 0] pUE) sed ysip ay Apuspt
-Ag "y dueIsIp Jo Ajaewixordde wapuadaput s11aquInu YITA Jane] oyl Uayl
*\- ¥ se Ajoreunxoirdde sauea Uf pue '] S SALIEA paads punos ayy ' ¥ ST
sauea paads [[Bf 221) AY1 ISNEIA 1LY DION "UOIFIL UOHITIIOY UBIAO[ 3y Ul
uonesuapuos 251 Sutmoppe Ayoid ameads) viNgau Iejos aaneiuasaidar v
St °] pue ‘[euatew Je[asiomun Sunosedur Jurjey 2a1) Ay JO JaquIn YIRIN A4
01 ajenba am YoIYM U0 OOUS AT JO JaqUINU YR Yl ST TT~ AN *amssaid
WEISUOD pue Swnjoa JULISUOD 1e sanioeded 1eay ayi Jo wns ay] Aq papIAlp 1ueIs
-U00 $E3 21 Jo f7 pur Y7 UDIMIAQ [BAIIUT BT 19A0 afriaar oy st 77 aIdym

(V1 =¥ M009 =L 910 = AT

©) (AVS =4 MO0 =L L1I'0= DN LY8]
(NVO1 = ¥ M09 ="L"810= A 1101

N+ -+ o= DL

&

?

&

W)

&

sed payooys-aid ayi jo “ samuiadiual dy1 03 aanT(l sed

NNDRId "0 dTVNOY 010t



“13W sAEM[B JOU ST UOHIPUOD ST} *UONIIS 1X3U 3U} U Passnag

SV "jueAd[al 3q 01 s15nposd winuqiinbs [ea1WaYd0WISY) SYi 10§ AInssaid p

aimeradwia) ut s33UrYD 0 9A1IE[31 ISR} 3¢ 1SN SUOISIAAUOD 3A0QE Y Jo 53
oy 1eyr utede sziseydws am “saseyd pasuapuod pue sed sy y10q o4

‘p1os aind 3

SB SISUIPUOD YHD) $539%3 “A[[euy pue :OTHY -PHD d1BIYIR]D 3} sk S3SU3PLIGy

(wnuqipmba ut D jo uuoy sofew ayy) YHD 'Q%H -tHN 21eIpAY 3y} se RERIEIIT

(wnuqipnbs ur N Jo wuog solew ay1) FHN 1901 SE $SUIPUOD O%Y :I3p1o

500 suonisuely Fumof[oj Y1 ‘(4 "S14) sarmjeradwal 19mo[ usaa o

“(parelpAy) . wd 3 ¢ 01 (snospAyue) (- wag

t INOQE Woly wnqiinba ut feuatew Y501 3y Jo ANSUIP Y Jamo] Loy oty

WB1om £q %91 01 § a1k SAPIXOIPAY pUB SAIEDIYIS palelpAy Jane] asay asneaag

p
e
ey

(07) (HOYB + S(HO)'OMISTBIN = OTHT + *O1S3INY

(61) “(HO)BW + "(HO)SOUS BN = OTHE + TOISTANT
‘sjdurexs 104 "m0 adng
a1 $3pIX0IpAY pue d[w1 pue sunuadids 3§ SARII[IS PRIRIPAY WLIO) 0} $3ud

-x014d pue sauraljo jo uoneIpAY “1ayuny patamol st aimesadway 31 sk ‘os|y

(|1) TH A+ Sod = ST + 24

0D 01 0D JC UOISIZAUOD pUR 0lel [OD/[FOD) w0y ing | Figursy ¢ amndy

(s10g) 34NSSI™g Tvi0L Olbo

€ | - 1 S- 2-
s2 T T — T T =TT 00t
B m\
(2] [2)
rc ]
~M m_
(=] Q
\m .v.\ d
B N 51 %adwos pay
F—r——2 — - — - — - - — -
o ! \ \l\\\\\QW\
o
Ny \ ] ~
=i ] {oos Z
z ! bl
v Sit ! ER ﬂ
m
P {oos %
=1 5¢,0 : 3
= Pl
c | Q0L My, {cos m
3 ) HYy =
joos X
= Olf \ /) £~ Jooo!
d \ \\\Hooe
! , - \G:.Suu 4
\ - Joos!
\ -
ﬂ / — P - \ 7
L 4
[ 7 - o 0002
00§2
" n 1 . L N . . 000¢

¢101 SAUSIA AVTTILSIWNDYID SNOASVD 40 A¥LSINIHD

O‘H t+ 24

|

@) “H+ 0

Alteayidads |e1aw sup saedap
ay[101 SULIOJ UDIYM G 01 pur sauaxolfd pue ssutatjo oyt pajesodiodur st
oy 024 01 UOHIEPIXO 3 "PAIdmOY S amjeradwa) ay $y  sauaxolAd pue
SaUIAL[O UL (Q3:] $B) 10 [P13UW 3L SE SISIXD 94 pue (212 EQIS(TN'3) audxol
-£d *OIST(SIN'a) SUIAI[O) SULIOJ SNOIPAYUR UL ISIX3 SLIA[IS *saInjesadwa)
ydy Apusyns 1y ‘314 935) 152131UT J[QEIAPISUOD JO OS|E SI SUONIPUOD
JSIp JR[[AISWNDIID I9PUN S[ELIdIEW PLOs Jo uonisodwod wmnuqinba oy

o =10l 10}
palale Lpeaneljenb 1ou Inq A[daneinuenb are pue g7 jo onel [Ql/[D] & asn
g-1 5334 (01 °6°9°S S 6861 L3132 pue uund "33 "99s) YD) pue
T *NOH JO siunowe 33 SWpAt& ¥ (00L > L 10§ WS Y1 01 Jiys os[e

(9D OTHT + °HD = *H¢ + 00¢
(30 ‘H + °H®D = "HOT

$20) OHT + “H®D) = THy + 0¢
(3] ‘Ht + TH'D = "HOC

@ OTHT + NOHCT = TH{ + IN + 00¢

YHN 03 TN Jo uois1oauod pue ones [YHN/[EN] agr 1oy ing [ Sigursy g andig

(si0g) 3I¥NSSINd TvioL oy
¢- 5- L-
e — r ooy
/ / \\ B

7 /

/1

00¢

009

00L

3YNIvH3dN3L

oos

IHNIVHIEINIL /401

(A)

4006
0001

()

0021
00¢!
0002

o= WA, by Joose
) . A 3 ooo¢

NNRId "D dATYNOYd <ot



ue(d ySIP Y IA0GE I 3PNINE Yl ISEAIIIP A[[R13udT /(1] Y pup
aunssaud “aameraduoy 2ouls “os[y Y Wi Surxiu [RIper 3yl s[enbs s3rya4,
ayy 10y (p/[2]1p)/[ 1] — = MU AW UONINNSIP |EDIIAYD Y YINYM Jk Snipey ap
st 7y vonewixoidde ywatoygns € o], (¢ "3 235) wnuqiinba [EMWBYd0ULay,
ur 1eg o1 [enbd Ajenuassa st (7] wonenuasuod $a12ads a1 1Byl ansuy o
(Y3noua 151§ SUOIOEAL [EDIWAYIOULIAY) SNYI PUR) YFNOU Y31y 218 Saimersduy,
A Yoy apisul (#y) snipes youanb e satoads [E21WAYD YOBI 10) 3UYSp ey
3UO YSIP JR[[AISWNDID SNOISET B 3] JUSWUOLAUS JIUI[D0ULIdY) 10Y € U]
‘winuqiinbs 3uuteiurew soj aum
UONDB3L [BOIUSYD JUBAS[SI 3Y) URY) JSUOYS SAW03q udipeld ainjeradws) g
yum wnipaw e ut podsuen o} anp dwn 3urjood 3yl uaym K[[eay103ds $1[nsa;
uonelqinbasip sy (1861 £313a4 pue uutg) sisureid uetaof a1 punole sysip
Kieroue|dwindnd 0) pue (0861 UULLJ PUE SIMIT) YSIP BINGSU JB[OSWNIID 3y
01 osje paridde 1a1e] sem )] -asaydsowne uviaof Ysu-fHD Y1 Ut Q) Jo A3
-A00s1p pardadxaun ayy uiejdxa 01(/£61) Aeysieq pue uulld Aq pasodoid jsiy
SEM JUILIUOIIAUD duljdoudyl v ul Furxiut pider 4q paonput uoteIqijinbasip
[B21WBYIOULIBY) J0) A103Y] | UONIQIYUl J13uly,, pa[[Rd-08 Y] -uoneiqiinb
-3SIp [ED1WAYD ISNED O} SI YSIP A ul Jurxiw 3uons Jo 103))9 Jofew syj

SPPPOJAl UOBIqIYU] d1RULY Y

Burxiw Juons 10§ wsiueydsw Juiaio} weutwop sdeyrad pue ueuodul ue
sapraoad §13s1t $$9001d UONRI0E YSIP Y G ][ 99 UI SSNISIP 3Mm S “PIIY L,
‘splealalje 10 3uipaasold (1S Sea YSIP Y O1UO UONAIIDE J[IYM
pauysp seam WIISAS 12[0s 1udsard oY1 pauLIo} YoIiym [RLISIRW 3] IaYIdym "210§
~3I3U) ‘S1 patamsue 3q 0} uonsanb jueuodun Uy "S3SEID UONRIO0R USYM N0
Pa{TU 3q 10UUED 3SED ()66 1) UOSUDAIIS 3 Ing $s2004d UO12ID0R YSIP Yl 4q
paoIof K[[EULIIXD ST WIISKAS Y} UdYM anJ) A[UIRLISD JSOW e ST SIY], "UOISSIIO
SIY} JO 1oBJILIE UB S $3s5001d reauijuou 110 Yoiym S[Spow YSIp uona1doe ut
pawipaid Jurxiw waninsuod ases 100d 3yl 1eyi sandie (0661 ) uuld “uodsuen
[BLISIBW 30R1) JO aInTRU (AJ1D0[3A Ul) Jesul] ayi 01 paredwod uodsuet) wausw
-ow jo aInjeu (A1150[94 UI) IB3ULUOU 3Y] SIOJ[IU JAOQR Passnsip se Yolym
[spow prepuels ay) Jo 3dueldadoe ue UO paseq die SUIWNGIE ISIY] paXIW
(AppEam 4ioq 1xa1u00 i ut pue) £[jenbs {o1ewixoidde are sjuaninsuod eN
pUE WMUAWOW 1Y) sapnjouos oy utodmata Suisoddo ue siussasd (0661)
HOSUIAIS (661 UULLJ) PaXIUW [[am Furaq wnjuawiour Inoyim paxitl [[am 39
UEd SYSIP 9S3Y1 Ul SIUIMINSUOD ddel) eyl os “(s[qedijdde j1 sanbioy [euonRIIARIS
snjd) uonedissip snodsia 1suede paulelUiEW 3q 01 YSIP UOIAID0R UR Ul JEAYS
U1 3]qeud $3s59001d UONEIS[EIIE IEBUI[UOU DISEq ISNEIaq UoNN|oAd YSIp 10
3[IS I 2YI UBL{Y JOLIOYS yonu aq Ued Fuixiw 10J 3[eds Swn 3y} ‘puodg
“(UmOUYUN ST $JUSLLILOJIAUS B{ngaU
3891y Jo uoneredss a1 asnedaq Led ur pauyap |1 s 3urxiw ay) Jo 3[e3S [eneds
pue Juwin sy} y3noiie) SILIOISIY WAIIPIP Ylim S[eLId1eW 2asay) JO Furaut
Fuons sannbar armixiw sy jo uOHEULIO (8861 POOM £q mataal 373 *335)
uotesuspuosas pue uonezuodea ‘UONESUIPUOD JO s32133p Buikiea 1uamIp
-un A3y UD1M UI SJUSWLLOIAUS B[NQIU JUSIAJJIP AJOUNSIP Ul pauLiof ydrym

S1ol SASIA YV TTALSWNADIAUID SNOFSYD 0 AYLSINGHD

(xuEw “SUOISNOUL £1010R1)31 “SI[NIPUOYD) SRLIAIEW JO dInixTW snoauagoll
.oP—E ue 2IB S0 383y "A{[eoy10adg "$3I03IaUL DNLIPUOYD UL PIUITILOD
guissaooidal pue FUIXIW JB{NGOU JBIOSWNDIID JAUUL JAISUIIXD I0f JUIPIAD
_m:‘ocmiumzo S[QEIIPISUOD ST AIAYD ISIL] “SYSIP TB][IISWNIID J9YIO Ul FUIX I
guons a[qeqoad 3oeue £q pue YsIp JR[OSWNIID 3 ut FuIXIW [BLIBIEW ddel)
guons Suwoae) (pardadoe A|[BsIaAlUn JOU 113q[R) SJUSWINSIE 18 1Y |,
YSIP 3Y) UI S[RLIIBW 3DBJ]
j0 podsuel 3y) 01 Os[e siqeardde palapisuod i £11SOISIA SIYI UIYM SISLIR
Anoyjip sefoned v (16 01 01 (0) 3[BIS W PIAIISGO 3y UO YSIP 3y) JO
UoNNJOA? SANSUD YOIYM Kusoasia e Juisooyd Ajdwis Aq payoeas 3q o1 suolsn>
-y02 PaqBUD SBY (uoneoyijduwisisao 10) uoneayipdus sy, “A1150[3A ut reaur|
STYOIYM uoissa1dxa uoIsnJip SNOdsIA 10 Appa udipess e Aq £[afos AL100124 ul
seautjuou S[{edneipenb S[muawepuny st ya1yM Xny wmuawow Ign3ue [eIpel
ay sazuaroweted [apow SIYL (G861 B 13 [[YION 16861 noziojedey pue ur]
11861 3[3utid "8 93S) [9POUI PIEPUBIS B JO IXIIUOD Y UL PASSIOSIP UIJO
are systp Ut $3s52001d BUIXIAL “YSIP Y} UL SIND20 1 JI TUIXILL PUE UOLIEINIILD
guons AQuatdyns £q pasuanjjut £[punojoid st $YSIp Ie[[21SWNDID AnstusyD)

SASSADOUd TVOINAHD-TYIINVNAA "HI

"SYSIP URTAO[WINDIID PUE IBJOSWNDIIDS 3Y) Jo] sapgord
asnssard-aniesadiua) aAnEHSN{L 218 UMOYS OS]y Wwnipaw uonisodwos Jejos & ul
[ELSIEW PLOS PASUSPUOD 10§ sPay AN[1geIs winugimba eonuaygdoutay 'y 3n3id

(s4pg) IYNSS3Hd %'6o)

| 0 I- 2- € Y- & 9- L-
I T 0

00¢%

o0s=0y f ]
Jo uojjsidwoy o

W\ »_(ojnoiL) 504 ] ﬂ
A / 4 <
/ )
L o i m
— /8 000! R
< 3
- (4odspjed) \Q.w (S)IN'0 c
L *otisiv(>oN) \ s} . A
L !

17 i =

| (®moysuz)

*oistn o0os|

(®iInsr0l0d)
fo1L0D

L L 0002

NNIdd "D dTVNOY 101



1 i ‘W
o T D0 - == |yl =
- (TT/d+ 1Dy, Q_A,gvi_ a) .\ W
(£t AT+ DT
\ PO

v/l

paads Appa ayy 10y uotssardxa apdwis FuImo([0f U ulLlgo am
‘SUONBINDIID APPa 3yl JO 3[eds YIBua| pue paads dSUSLISIDEIRYD 341 38 7 pue g

arym 7/, = ¥e/{(,1,A)e PUB L = (,1, A) suone(a1 Jueds 3y (77) by u
Fuiunssy YSIp 343 Ul SSeW JOJ AW UONN[OA3 dU) St | _(JP/OU[P) = 1 araym

)

@) Ao Ll

S \WDT/ P £ <
19ABY am * 0 10} 3duapuadap [erper
jrews Sue Junospdsu pue "KJUN I3pIO JO O JURISUOD B pUE [RLIdjew unanoe
J0 o/, (4/WDT) Knd0]aA ey-201) 2 Jo 1onpod ap 01 (17) — (/1) unenbs
‘wnjuawow (Je[ndue) [YINWIZE JO XNy APP3 [BIPRI 3Y1 01 SANR[L [[ELWS ST Xny
aanoaApe [eipes oY) Surnssy 7 {inuenb ay) Jo IBRISAR [BYINWIZE SIY) WO
UONIBIASP pue d3elaae [eyinunze 3y ‘S[2andadsal *ajousp 1 pue (1) pue swn
S1 7 ‘[eustew Julfjrjul Jo AND0[dA [EYINUNZE ) ST %) *K]2ANdadsar *A100[aa
10 siuauodlwod [eyinuize pue [BIpeR1 Yl 218 /) PUB ,{ UOHIIIIE 01 anp 0 Jo
a3ueyo Jo 3t Y1 Y1 ST P (1p/ op) "AIISUSP SOBLINS SYI ST 0 “STUPRI Y] ST Y 313Ym

o

ao hm U =y = zbvxvmmm A.:§+:5::b~$mmm
op e 1 eI
(% b 0661 UULIG) YSIP Y1 10§ sajeulplood rejod [eoupurf£d ut uorenbs
wmuswow renue Appa sy Suuapisuod £q 13y paptacid st uonardde Aq
¥SIP 31 Ul Padio} suolemaId Appa ut paads sy jo Aewnsa ewixoidde uy
(0661 uuLg) A319us enusjod [euoneliaeld [enIUl Woly (UONAIdE YInomy)
A31aua anaury ysip Jo uononpoid ayl uey) ss3| A[qeIaPISUOd 3q 01 pardadxa st
£815ua [ewL1ul YsIp woly AZ13ua d12UY YSIP JO (SINN[IGRISUL [BLURIUT Y3noIy))
uononpoid ay1 20usy “K31aua onouly 01 Y2rg ABISUS [ELIAIUT JY) JO LONJEY
Tews £194 & £juo Junisauod jo asojalayl ajqedes are £5y1 pue 019z 01 AWM
-ezadwa anjosqe oy Jo watpesd ainjesadwal 3yl 3dnpal Jouued sanlIqeIsul
[BLISIUL 3S3Y) “IOASMOH "PRISpISU0d aq 01 184 (*019 *oidonjoreq *o1u1o018q)
SONI[IQRISUL 1510 AUBL SIB 219y} NG UONUSNE JUIOS PIAISIAI sey Anfiqeisut
2ANI9AUOD) “s3NIqRISUL [RwWaiuT snotiea £q £31aua onauny 01 YoBg pauaAUC)
S1 awos pue 3oeds 01 UONEIPEL £q 150] UaY) ST ATI2UD [BULISY] J121R] JY) JO JUWOS
“ys1p snoased oy Yim sodioul pue SIPI[{OD [BLIBIBW SUNRIDE Y] SB uonedrs
-s1p [eUONLY 10 uoissaidwos £q A315ud (JEULISY)) [BUISIUL OJUT PIUAAUOD S!
A815u5 dnaury 3yl jo uondesy a3re] v ‘1xaN (JEIpEL SWOS INg [211Q10 Apsow)
A3saua onoury ojur A315us [enuajod [eUONENAEIS [eNIUL 3Y) JO UOISIAAU0D 3
SIA[OAUI UOHBIOOE JO sOIWRUApOULIay) 3 (0661) WUl Aq pazueununs SV
“UONUSNE S| A[QeYIBWDI PIAIIOA] SBY PISPUI PUE payliuenb usaq jou sey !
Inq (066 1) UUL] pue (Pg/61) UoIaWE) AQ paziudodal usaq sey j[asit [euRl

L101 SASIA AV TTILSIWNIYID SNOASVD 4O LALSTNAHD

_put SUL[EJUL AU Q SYSIP UONUIIR AR[AISWNIID UL 33U NG Jo Furdiof sy

DUIINQINY, PIDIO L[[BUONIIDIY ‘g

‘[BLIDIBWL IR][DISISIUL JO UON3IIIR
SLIAWWASIXRUOU ¢ P3dI0J SAIPP3 £g PIXIW YSIP © 10§ sanfea ™7 30npap am
01123 1XaU 3} Ul pue 1B3[3 1 ¥ Jutmouy jo aouruodwn sy (7 Busies)
s m._o_ ueyl $S3] BUIdq Os{e san[ea Yy oY) £q palAunod st sy ing sa[orued
2§ UO SUONIEA! s1s4[e1Bd $NO3UIT0IAIBY 01 NP SAUO SnoUIFOWOY Y} UeY)
¢1 Funomo]) 19U0YSs aIe sanfea WMWYy [emoe Y] ¢ 01 [ S3I4 Ul UMOYS aIv
(5 ¢,01) ASIP JROSWNOIID Y JO SWNS| arewrxoidde ayy o3 ¥ Funenbs pue
wad) JUYIP 01 SUONIBAL UOISIdAU0D aseyd-sed snosuadowoy L[uo 3uuapisuod
£q pauyap sanea b1 sidureg -y ueys sayies 77 £q ysip oy ut uonisod youanb
atp) SUYAP O} JUSBIUIAUOD 3I0W UdYYO ST 1t pue 7 ammesadwal youanb ay se
01 paLajal s1 sniped youanb a1 e amessdway oy MY = WY joym 3q ol
SNIpEL Youanb 3Y) JUYIP 3m USY ], “(UONDIS IXIU 335) YY) [0 s O Way)
asediod 01 UsY] pUE SUOHIEIIUDUOD WinLqijinba 3uisn UOISIZAUOD JUBAS|31 3
Joj san[ea W4 oindwos o3 st yoroudde [r1susd ay) *¢ 01 | sS14 Ul sUOHEMO[BD
wnuqiInba [Barwayd0wIay) 3y 01 Yorq JULLRISY “YSIP BINGSU IR[OSWNIID
gou-uadospAy syl ut EN 01 IN pue PHD 01 Q) JO SUOISISALOD 3} SB Yons
satdisua uonwanow 33Ie] Yilw suondeas o) aeudoidde suo ayr s1 uounjos
sawe] SWYL (SIEISP 10J [6861] £3[53,] pue uulig jo (8]1)~(¢[) 'sbg 2as) Py
snipel yosuanb ayi 1w /jo snjea wnuqiinba sy1 {jajewrxordde sjenba (£ y < y)
uordar wnuqinbasip ayr ul fones Juixiw ay) 1By LONN[OS 3L O) SPE3] SIY [
ASIP Y1 Ul SUONIE[NAILD PP JO 7 YIFUS] SUSLISIdRIBYD Y} UBY) $S3] YonW si
Yoym by wory W) soueisip € premino 3uiaow £q S[reatwayd payouanb s
se3 o1 1eyy uondumnsse syl yim Py <y uoidal a1 Ut sRUIPIOOD [ESLIpUI[AD
ut uonenba Annunuos satoads sy) Jo wioy oner Sunaw ay) asn ap ¢ 314
Ul UmOys Se X2AUOD ST 90ens yduanb oy £{q pepunoq uotdar winuqipnba ay

“SYsip Aie1aur|d UBTAO[WUNDIID JO IR{OSWNDIID
Snoase3d ur suordal wnuqinbasip-pasnpul-uodsuen pue wnugmbs [esiwaydow
=3y Suneredas aowpns youanb wapuadap-satads ay1 jo uonensny(] ‘¢ andry

(iudpuadap-s313ads )
Wy, waydy

S$30v4HNs
JINDJAJOS!

WOIEBITINOISIQ” X, NOI9IY WNMEITINGI
o P . S 4
XK

13INVI4OLOYd
ANVIO
‘“ ¥O
HVYiS/NNSOL0Hd

NN "D dTYNOY 9101



2A0QE 3Y} UL SILIYIR]D 3y o UOLRULIOS ) SULLIDOUOD SIRIAED VIR
(1861 31834 puw uuny)
pauuo) A3yl yorym ut ysIp B[ngau Jo ad&1 ayy jo dusouetp 2q Leur satpog
U[O11-301 U1 S31BSUIPUOD 31MEISWII-MO] 1By} UOISN[DUOD 31 OF P ] JIqe] ul
paZLIBWILUNS 1B YIIYMm $52UINDIS UONESUIPUOD K1ejaued uetAO[WNDND pue
JR[OSWNDID 3Y) UIIMIDG $IDUDIDJYIP WedyIuBls Y] "N Pue 00 Se N pue
swos Jo 33uasaid ay) 01 NP JUISJJIP sB PIZIUT03! A4R3[0 S1 31 UOljRUIWeX
I9S0[2 UO INQ B[NQAU IB[OSWNRID 3Y) Ul popreaard winuqiinba [EdIUSYD ;i
3ouanbas uonesuspuos syl ax1f K[jeroysadns sYoo[ Sty pijos IN pue prjos
0D IR OLHY-PHD eIpAY OCH-THN 99! OFH "Yoo1 snoIpAY :3ouanbas
UOLIBSUSPUOD 31} JABY 2M ISEIIUOD UL $YSIP Ateysur]d URIAO[WINOID 3yl U]
quauoduiod uogled 3[1E[OAUL A1 0} PPE p[noMm SIy)
UBYl NSIP B[NQAU JBOSWNDLD 3Y) UIim puR FUlEay YI0Us UOHRIde Suunp
pauququi Aj[edniauty sem spunodilod snoadRUOGIED J[NEJOAUL IB[[RISIAIUL Jo
uoneziIRjoA J[ s3uneod diuedio £q palealdr-3p 10 2A0QR PISSNOSIp se
pazuny[ns 10 pazipixo £[a19dwod jou st patinbay s{jeIRd 34 dY[ERW 3y ;i
Lpepnotued aqqissod oste st (901 uey) sainiesadwsy 19mo] 18 10 1M 1U3pIduiod
Suisuspuod) sIeIYIB[D UOQIEd0IPAY pue SUOQIEJ0IPAY SH pue (901 uey)
samesadway 1sy3y e Suisuspuod) spunodwod SNOIVBUOGIES J[HIBJOAUL O)
suonoeal adK1-yosdos g -194os1 Y3noayr O AYi JO JWOS JO UOISIIAUOT "pHOS
IN pue pijos 0D ‘AR OTHY N “IreIep OH9-0D " (&1p) 10D
“Jes THNOODTHN “Hes EODHTHN '39! O°H "YPo! snoIpAYUE JO UOHBULIO)
sammetadwa) 19mo] £[2A1552000s 18 10adxa am “Ysip 1ejos i uf (1861 Aa13a4
puE uullg (0861 UUL PUE SIMAT) JUIIIHIP A[IDUnSIp aIe SYSIp oml 3y ul
saseyd UoLI-331 JO UOHESUIPUOD AIMieladal-,mo[ Jeyl sueat sYSIp Kreyouerd
UBTAO[WINDILD 3y UL JOU NG YSIP JE[OSWNIILD Y} Ul SUONISURL JTESI{LS snoIpAy
« snoIpAyuE pue YHD «— OD "YHN « °N 21 jo uotiqryui shouty 34l
“PA1IQIYUT OS[E 10U ST UONIEAI SIYT JI SUILLIANSP O
3[qE[IBAR JOU 21k BlRp K101R10¢E] Inq (FO3d) amaudew uloy o1 3 08¢ IN0qe
ye 1odea OTH Yim 10ral 01 urdaq £[[ednuruApoulIay) pinod §a-f o1 POLIDALIOD
JOU 2.4 SS39X3 AU *9$ED Iyl U panqiyur Kjeonauty £[uieLIaD jSOW[e SBM
sajeoljis wnissugew ot uoteiodiodut st pue 34 JO UONEPIXO Y sealaym
(3 069) 1od AjIqeIs §3] Y1 18 pAlIGIYUL S][rINAUD{ 10U 51 uoneuloy §34
1By} papn[duod pue (suaxo1Ad pue sutatjo ur) 024 pue (aron ur) §aq 01 24
JO UOISISAUOD 3} B[NQSU JB[OS Y1 10 PIsSNISIP (6861) ULl pue A31324
“§SIP URTAO[WINDND AU
ur parquyur A[[eanauty aq jou Aetd s31ediIs patelpAyY JO uoleulo) 3yl "NsIP
IR[OSWNIIID Y UL YI[UN SAYL, HSIP ST UL UOHIIAUOD 01 anp Wil Surxiw Ay
uey) 12188y 3q A[qisea) Avu UyoIygm s (D121 1ey) ueall YSIp URIAO[WNDID
ay1 un ted voneuno) aunuadias A 1g SUONERUIIUOI OtH Jeweaid sawn (01
pue (3 §Z¢) saunjesaduwoy sy 3 Q01 3yl 1Byl 3pnpouod (6861) uuld pue
£31334 “1ISenUOD U] "YSIp 2} Ut 3|geIs £19A 3q 01 d10ja.9Y} paradxa a1e SIED
-1[1s PaIeIpAL JB[[1S1a1UL PIJa1OE Jo Bulssadosdal [erusey) uioy pasupoid 10
FSIp JR[OSLUNDID 3} OJUO PIIAIIIE SIIBIN[IS snoIp&yue JY [ "$91LI0IW UL 1B
pue B[n@au 3y} Ul [e1auIW pIoipaid souru € 3sed Kue ur st qowar] SoW

6101 SUSIA ¥V TTILSWNDEID SNOFSVD 4O AYLSINIHO

le%u Ja3u0] U3A2 O} Juipes| uotsnyip pilos-prjos sannbai y (g¢ punole e
W.:&E& snyd amwisud Jo uonespAy wolj aunuadias jo pue 3y ()¢ punole je
w_om_&o% snyd auelsua jo uoneIPAY WOIj 3HOWSIN JO UONBULIO] “YSIp E[NgaU
A.a_.OmE:u:u oy ut a[gissod A|[eoturuApouLIay) saw0daq A1dnIq pue sunuad
o5 01 uoneIpAY SI Yoty e sunjesadwal Y ¢z7 aU) I8 (WAISAS Jejos Yy Jo
SwmaJI] Y SPIIVX? U2A2 PUB ¥ $PaadXa K[UIBLIAD PIYM) S ¢ O <"1 sey
E=.¢m Qo_mﬁm_zv a121810) snipel uif 170 jo (61 uonoRal) UOHRIpAY arduns
o:._ uaaa Jeyl apn[ouod A3yl "(6861) £313a.] pue uulld £q p3I3piSU0d U33q
ARy B[NGRU FE[0S 34 Ul (¢ "84 ur apowran “sunuadias 3-3) saedl|Is pALIP
-Ay JO UONEULIOJ 10} sammesadwa) youanb pue sawmajif [eoIWSYd YT,
(6861 K312 puw uuLg 1861 1oN3RIQ puR UULY “LL61
feysred pue Uutd ‘1861 Ka13a4 pue uun Q861 UUL PUR SLw3T) sowl)
Fuixtw 3[qIsedy Jo S3ues Ipta B PUB SUONIEAI (PIZA[RIED) SNOIUITOIAIRY puw
su0auadowoy J10q UNOJIE 01Ul 3] YPIYM sayorosdde pajieiap a1ow ay)
‘moly SUOISN[OUOD AU} O Je(Iuls Kjpanenjenb a1 ¢ 01 | “s8i4 Juisn yoeoidde
“poyydwiis 3A0Ge 3Y1 Woly SuoISN(duod 9say punodwod FuruleIuod-uogIed
reuodwt UE SIW033q 70D 1eyl YSIP JB{OSWNDAD 3 ut Kjuo st ysip Arelo
-ue[d UBTAO[UINDIID 2yl Ut a1qi3ydau st [0D] se Inq sYsIp yioq ut [OD]J0 51
0170 st [Z0D)] *¢ “Bi4 woly ¥sip vingau Areour|d UBIAO[LNDIL 24 Ut [N
<< [EHN] pue [0D] << [FHD] ‘A[9s13AU0)) “YSIP B[NG3U IBJOSWNIIID atf) Ul
- LT 0 [FHN] << [EN]pue {PHD] << [OD] 1eY1 T pUE [ SB1{ W01} 3pN[IUOD
om ‘(P y<y Te 1o Lr> [ [® 1w 9T way) 01 I0LIXd swtod (e e sonel 3yl
autuuo1ep sutod youanb ayy 1 sones BuIxiu saads a 1ey) uuLqUIAWISY
-soam? axmeradwa) youanb syi pue sajyord aimieisdwal YSIp 3y Jo sUONIIS
~I|W 3y} 18 P3ILd0] JIB ¢ O} [ 'SS1 Ul SUONIPUOD 3 10} syutod youanb ay ],

.

synsay uoniquyuy d2ury )

‘a paads Appe Yy ueyl $$3| Yonur LRUIPIAS STHIUM

.ch
,Swo 5 y0'0 =
(74} d :

1 e
Joie T (A

s1 () 1o} Kiofaa ueuaiday] sy Juisn pue 3pis puey-1ya3

Y1 U0 uLIa) (1511 AU URY) IBYIR) PUOd3s 33 01 ([7) b Jo Ipts puey- Y31 Yl
8unenbs Aq parewnsa { 4) A1100[3A 3ANI3APE 341 1Y) Apeonsyuared ajou am
‘Aifeury -paxtur jam st YsIp ay) 18y} 0s °2>X™y 'y, O] X y Inoqe durpaadxs
THe oy snyy s, (T2/y + 1)/ 01 X 9 Jo °a/°y = X saun Furxqui
Appa [erpes [eutwou sarjdut osje °a syl (4/861 ¢ 19 10qe)) YSIp 2y ut
U0n3AUGS 321 woly pardadxa paads wnwixew Y1 SpaddXa 10 spenba paads
SID Y0 X § 1noqe Buipaaoxa 7 [f2 104 (N 009 18 S W 061) H ut paads
mssm Mo L, (T2/¥ + 1)/%S60 S-S W 7y (TT/Y + 1)/81Jo (°2) paads
PP3 [eunuou ayf, “ysIp JR[OSWNOID SNOISET YY) JO SWNIYY] awwixoldde awp

SIS 01 = °2 pue*yy | = “y ‘Ung 9y JO SSBW 3y} 1 *jy 313ym | _S UL UL

NNIYd 'O ATVNOY 8101



CircumJovian Planet disk
CHs-Rich

Largely hydrous rock?
NH;- H,O (160 K)
CH,- 6H,0 (94 K)

H,O (
CHy4 (40 K)

COONH,*

TABLE 114
Condensation Sequences Predicted in the Circumsolar Gas-Dust Disk and CircumJovian Planet Gas/Dust Disk”

CO + Hydrocarbons

hydrocarbon clathrates®

NHsHCO3/NH,

Involatile carbonaceous

compounds'¢-/?

H,0

Largely anhydrous rock
Ligl]l hydrocarbons and

Circumsolar Disk

NHsHCO3/NH4COONH,; (150,

Largely anhydrous rock”
130 Ky

H,O (150 K)

CO-Rich

CO (20 K¥
N, (20 K)*

N> (20 Ky

2 (20 K)
circumsolar disk the CO-plus-hydrocarbons sequence is preferred with the condensation temperatures being slightly below those in the CO-rich

case (the precise temperatures will depend on the degree of CO to hydrocarbons conversion).

“ QOlivine, pyroxene, troilite, unoxidized Fe, feldspar, etc.

4 Serpentine, talc, magnetite, troilite, tremolite, etc.

£ mmm
00 w0
O0Z0
]
228,
m@.OM
(H 22
o5 <
S0 Lo
S0=Z0O

b Condensation temperatures in models (Lewis and Prinn 1980; Prinn and Fegley 1981) are given for each condensate where available. For the

¢ Prinn and Fegley 1989.

her-Tropsch-type reactions and/or of intersiellar origin.

1SC

peoducts in |

) formed as initial

hondrites, and formed by nebular F

inc

L).. e

plificd by the light (C

¢ These compounds contain <102 of the total C or N.
=

I Exemplified by organic material
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sequences are in order. For the Anders and Grevesse [C]/[O] ratio and even
more so for the Cameron [C]/[O] ratio, there is insufficient H,O to enclathrate
the majority of the CO let alone the N> in the circumsolar disk. Lunine and
Stevenson (1985) give theoretical arguments and Davidson et al. (1987) give
nxﬁnl:ﬁ:g evidence that CO-6H,0 is more stable than N,-6H>O so the
latter clathrate may be very rare indeed. Similar difficulties exist for CO and
N, clathrates in circumJovian planetary disks where there is insufficient water
to enclathrate even the majority of the CHy4. Fegley and Prinn (1989) also
point out possible Kinetic inhibition of clathrate formation in the circumsolar
(but not circumjovian planetary) disk unless the activation energy for diffu-
sion of gas into the ice is very small. Lunine (1989b) argues in reply that
this activation energy is indeed small. However, if for CO one equates it
(arguably) to the recently reported binding energy for CO on H,O ice (14.5
kJ mole™!; Sandford and Allamandola 1990b) this is indeed large enough
to cause CO-6H,O formation to be kinetically inhibited in the circumsolar
nebula. Specifically, we compute fem = 1.6 x 10'7 s for conversion of
ice particles (2 um dimension) to CO-6H,0 at its formation temperature of
about 60 K in the circumsolar nebula (Table II). Conversely, this large acti-
vation energy would lead to efficient adsorption of CO on ice provided the
ice is sufficiently amorphous to expose a large enough surface area to enable
(COJ/IH, 0] stoichiometries like the 1/6 value in the clathrate to be realized.
This may be the way in which CO was incorporated into ice to explain its pres-
ence in comets. Note also that the salts ammonium bicarbonate (NH;HCO-)
and ammonium carbamate (NHsCOONH,) will enable up to 1% of the solar
abundances of C and N to be incorporated into ice.

IV. PLANETS AND SATELLITES

The amounts of H, O. C and N in the terrestrial planets, giant planets, satellites
of giant planets, Pluto/Charon, and comets provide crucial tests of theories of
their origin. This subject is thoroughly discussed by Prinn (1982). Lewis and
Prinn (1984), Prinn and Fegley (1987.1989) and Lunine (19894, ¢) so here
We present only a brief summary and update (the latter focusing on recent
observations of ice-rich satellites and comets).

A. Terrestrial Planets

It vmm been understood ever since Urey (1952) proposed the idea (based on
evidence such as the observed depletion of noble gases like Ne relative to
qomn:é elements like N) that the volatile elements on the terrestrial planets
onginated not from accretion of disk gas but from accretion of disk solids
(before and after disk gas dissipation). Fegley and Prinn (1989) and Prinn and
Fegley (1987) review the evidence that the major source of carbon and some
hydrogen in the terrestrial planets was accretion of material rich in organic
nc.Bwo::am (e.g., of the type produced from CO by Fischer-Tropsch reactions)
With thermochemical equilibrium sources like carbon dissolved in Fe-Ni alloy

OF BOOR QUALI™Y
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