1RANUS AFTER SOLSTICE:RESULTS FROM THE 1998 NOVEMBER 6 by,

2

3observed a stellar occultation of the star U149 by Uranus on Mauna on 6, 1998. The derived isothermal fits to the Lowell lightcurves 116.7 ± 7.9 immersion, and 124.8 ± 15.5 emersion. The secular increase in of 1.2 K/yr) cannot be explained solely by radiative cooling. Although theof UranusÕs upper atmosphere may be related to (e.g., the subsolar latitude) local conditions (e.g., insolation), these observations suggest non-radiative influences on thetemperature, such as adiabatic heating/cooling or thermal conduction.Keywords: Uranus, atmosphere; Occultations; Atmospheres, Atmospheres, dynamics.

41. IUranus of by of Uranus supply of stars. of as of of of by of of Uranus of 1989). (1983). 1 Ð 100K No of is so ason of of 1989 of 1 Ð 100 UranusÕ UVS 19861977 of our of

52. Oon1998 6 UT of 17.61 We (IRTF) on (Fig. 1). M. Wasserman of U149 byUranus using PCCD 1993) Perkins ObservatoryÕs Mesa We Uranus of sky In for 2 hours used 3 3 for of 1.2 aaWe 0.89 (0.10 m6 RS. Bosh J. using NSFCAM IRTF. for of discusses

63. Aused Uranus on of 4 (4.9 sky of of 7 (8.61 We used (Uranus +U149) 56 for 20 for of of

(v

�

/ H)

1/ 2

�

v_� is

is eis of 1978). For 0.044 for for We of hours of(Fig. 2) of Uranus for for for as as 1968). In by

XXXXX

= ¢- ¢- - ¢- - ¢-

00018 1 00029 1 00008 1 2 3 . ( ) . ( ) . ( )

¢ =X altitude

csc( )

isfor by 1% less or less of

7of using using of Bosh (1994). Uranus I. IRTF ofby (1991)=1; d or gIn IRTF of as of rings Insert Table I here1953) of Fig. 3). 1% of forfor of .

8for ) of 25952.7 ± 7.6 25832.8 ± 14.8 by of .(1989). of so of UranusÕs of Insert Table II hereof 2.324 by (1987) of 0.152 ± 0.033.for is 1.215 10Ð4 Huang using = = of =3.34343 ´ 10 and J4 = Ð2.885 ´ 10 (French et 1g =8.52 for ofno for of or for 116.7 ± 7.9 K for 124.8 ± 15.5 K forfor

9using pressure of 0.89When 10UVS 1991 for 1996 for isof foris by

H � H^h � �H (r � r^h )

Êis is

�H

is For

�H �1

,by

H^{iso} � H^h / 1�(5/ 2) �H � �

slopes of is of by (1963)). By h =

r � rh � (5/ 2)Hiso

. 1 Ð 100addressof .(1978). We (1978) on of so discussion

10as SNR for With SNR. For of (1978) 2.6 is of by Wasserman (1973). For is of 1 100is goodof 2.6 foris .1989). is as Fig. +9¡ strong (1989) no

11as Probes of 0.11 (1991) suggest of is By Uranus passed south of (1989). (1989) of 4. D4.1m´´ .of is by by by 7.7

12of by is of of of by for 3 of Using by 1000 1500 IR pressures 5 Ð 10 for (1983) of of 3 ) a 10Ð8), found 0.066 K at 100 K to 71.4 K yr at 175 K. (1985) found of ~10 K 140 K. by (1990) found1 100 of 120 Ð 125 K for 41977 (Fig. on of With UVS of Bishop has McKay (1999) using 1 6 . 10 100 In

1330 for UVS is for sources ofof of 1-10 K is non-of of 1977 ofSuggestions for of by McKay by dust of by ions 4.2Fig. 1977 1983 has of ofsub-solar (Fig. 5b) or (Fig.

14of is of for For as as In is noUnder as

dTdtaeb T/ /= - -x

of

a � 8�Sh�_3 / (c_2mcp )

b � h� / k

SHz is of is g-1), h is PlanckÕs is of is. Using 1996 of a´´9´and b =1034.8 K for 4, 26, For McKay 30 isby :

D t e e bEib T Eib T a b T b T f i f i = - ( )

- -

( )

/ / ( / ) ( / ) x

(1)ofof 116.7 ± 7.9 124.8 ± 15.0 K. drop is ~170 ~122 for of 3 K . by 15 K on

15ask 155 K 137 K. Using of 1 30 by McKay 4000 drop 15.6 of 5 10Ð5. is pressure of JupiterÕs 30 If is 10Ð4, as by McKay by of.1987). If is no ofsupply by less of or by orders of of or ,ask is155 137 K 15.6 ´Ð7 or 3.8 for . From 2 UVSBishop (1990) of 10Ð12 for 30 orders of should by less of 3 (Moses is by of10 does 1-100 UVS of ~200 less .

163as _{dT dt a T b/ = - x}= 0.506 K b = is of In :

D t a b T T f

b i

b =

-

-

æ è

ç

ö ø

÷ - -

1

1

1 1

1 1

x ( )

(2)x´ tdiscussion suggests loss of4.3One is by = 55

FdTdtcp p g

p high low = - ( / ) ( ) /

F0.90or 0.35 for our or of / = 3 or 1.2 K

F � �dT / dz

is K , = 252 .of 8.5 K is of 1.2

17UVS 1.1 K 1 ÐÊ6 0.3 K foras by sources. UVSof 3so is by 1996), 4.4such as We by of of proposedsuch as is use of asby (1991) 200 K 1-10 by (1987) ~2 K on aor of or ofof orof of 4.2 suggest

18or Ifprocesses

dT / dt

W � � RN2H dTdt

(3)N is Aof 3 K of 0.016 .If the as EarthÕs

1 acos� � � Vcos� � � 1� �z � W� � � 0

(4)mass If ronof a/H) WÐ1If aof

�U�t � fV� F^u

(5)Êis is is for is is a

19of

�U / �t � 0

. If ofof 3 K by is processes of isEarthÕs is by of by is for reasons. of as our (2). on is 1977 1983 (Fig is on Uranus onon of is of of on for purpose ofof on use of

20of is of For

Fu � kc_32NH � kN_22Hm3

(6) is We ,

D � N2H km4

.(7)

Fu � DN2�L^z

(8)of = 2.5 for aof of of 198025 150 (1982) »Lz » 11 km and D = 4.5 ´ 104 cm2 sÐ1.(1983) Òvariations of

21 of Uranus’s 10 0.4 discussed of of or sum of oris

N D c p

2

2/

(0.3 K yrÐ1), ofor on suchof 1983). on Uranus as on discussion is of is In of no of 5. CFrom probes of for1977 1983 has of 3K . by processes

22sink for sink We 50 of 3-10 K . UVS by of 0.016 of of 2-11 process on of of (as has for of of use ofof A.by Grants NSF Grants Perkins as of aBoston Boston Floyd for of UVS John Bob Ken Janes for

23Perkins for hisF10.7 by .Brook. s

24 ,125.,

25508. 505.

26 ,199Ð204.,1357Ð1383.

27 ,985-1011.

28 ,2149-2162.

29a (deg, J2000)d

¶a ¶ t

¶d ¶ t

246Star position (Klemola and Mink 1991)Catalog (J2000)20 43 29.618Catalog d (J2000)Ð18 49 35.17a0Ð0.10784 ± 0.000080Ð0.02435 ± 0.0003020 43 29.6460Ð18 49 35.1120Time (UTC on 6 Nov. 1998)e3 39 13.5d3 42 18.0ag3 43 07.0ahb3 45 33.0a3 46 39.0456655 11 56.045 12 28.0a5 15 06.0b5 16 18.0h5 18 12.0g5 18 45.0ad5 19 36.0ae5 28 45.0a