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AT N 1

APPARENT POSITIONS OF THE SUN AT O E.T. YEAR 185B
J.D. M D RA DEC G.A.BT. E-O-T
(MEAN~AFPPT)
2899000+ H M 8 5 O S = M s ™ g
709.5 1 30 20 4% 14.0% -17 47 29.74 8 35 "45.29 413 30.7%
710.5 1 51 20 53 22.01 -17 31 1.47 B 39 41.84 +13 40.17
28448 2 - 20 S57 27.18 -17 14 14.60 8 43 38.39 +13 48.79
712 2 5 21 1 31.53 =16 %7 ©9.4B 8 47 34.94 +13 54,59
7iI3.8 2 = 21 85 35,07 -1&86 3I9 454.50 B %1 31.49 +14 3.=8
714.5. 2 4 21 9. 37.81 -16 22 &4.0% 6 S5 28.04 +14 9,77
715.8 2 5 21 13 39.7% -6 4 8.52 B %% 24.59 +14 1%.14
716.5 2 & 21 17 40.90 -15 45 S4.32 3 21.15 414 19.7%8
.5 2 7 21 21 41.2% -1% 27 23.88 ? .7 N *14 23.54
718.5- 2 8 21 2% 40.82 -15 8 37.5% 9 11 14,27 +14 26.95%
719.5 2 9 21 29 3I9.41 -14 49 35,83 g 15 10.83 +14 28.78
720.8 2 10 21 33 37.82 -14 IO 19.10 9 19 7.39 +14 30.23
721.% 2 1t 21 37 343.85 -14 10 47,80 9 23 3.95 +14 30.91
722.% 2 12 21 41 34.33 -13 51 2.36 g 27 0.51 +14 30.82
7235.% 2 13 .4 | 45 27.03 =13 X1 28 ¥ 30 a7.08 +14 29.97
724.% 2 14 2t 49 21.99 ~13 10 50.83 9 34 S3I.&2 +14 72B.37
725.5 2 1S 21 53 16,19 -12 S50 25.860 9 38 S0.17 +14 24.02
726.8 2 1& 21 57 9.6% 12 29 47,97 9 42 46.72 +14 22.94
727.5 2 72 2 1 2.39 =-12 8 S58.39 9 446 43,27 +14 19.12
728.% 2 18 22 - 4 54.40 =11 47 57.29 9 S50 3I9.B2 +14 13.58
h "
729.5 2 19 22 B 45.70 =11 26 85.11 9 'S4 I4L.3I7  +14 9.34
750.5 2 20 2 12 36.31 -1l o W .7 e b 4 ¢ 58 3I2.92 +14 3.9
731.8 2 21 22 16 26.24 =10 43 39.20 10 2 29.88 413 S&.76&
732,55 2 22 22 20 15.50 =10 22 A.35 10 & 26.94 +13 49.44
733.% 2 23 22 & 4.10 =10 O §4.14 10 10 22,41 +1% 41.50
734.% 2 24 22 27 %2.07 -9 I8 12.96 10 14 19,17 +13 3I2.%0
735.5 2 2% 22 31 39.41 -9 16 3,22 10 18 1%.73 +13 23,48
726.% 2 26 22 35 26.14 -8 93 A45.30 10 22 12.29 +13 (z.87
737.5 2 22 22 3I7 12.31 -8B 31 19.57 10 264 B.84 +13 3.47
/38.5 2 28 22 42 =7,91 -8B @8 4&.41 10 30 S.39 12 52.52
7%9.%5 3 1 22 45 32.97 -7 46 6£.1%, 10 34 1.99 +12 41.03
740.5 3 2 22 S0 27.51 -7 23 19.17 10 37 %85.49 +12 29.03
781.% X 3 22 %A 11.%6 .- 7 0 25.80 - 10 41 S5.03 +12 14.53
742.5 3 4 22 97 55.15 ~ & 37 26.43 10 A4S S1.%8 +#12 3.9
743.5 3 S 2% t 3I8.28 - 46 14 21.44 10 49 48.14 +11 50.14
748.% 3 & 2 008 20,98 -5 51 11.19 10 S3I 34.69 *11 35.2%9
745.% 33 7 23 9 3I.28 -8 27 54.05 10 57 41.,2%. +11 22.04
746.% I B 23 12 4%.19 -5 4 3I6.40 11 { 37.81 +11  7.39
747.5 3 9 23 16 24.7X - 4 431 12.86b6 11 5 34.36 +10 52,37
748.8% I 10 - 23 20 7.927 ~ 4 17 4%.20 11 9 30.92 +10 X37.00
4
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1
Ccivil Twilight
AT UNIVERSAL TIME FOR GREENWICH MERIDIAN
LATITUDE 10D OM O S (NORTH)
y M D Tl BEGINNING END
H M S H M 5
1981 2 1 AN444636.5 & 0 30,71 18 26 52.39
L8y 2 2 24A463T7 .5 & O 27.80 18 27 10.7G
P12 3 2AAGL3D .S & O 23.%50 18 27 8.3y
L1 2 A 24445639. 93 b O 18.40 18 27 45 .46
I - P44456480. 5 & B Fom 18 28 1.90
(28] 2 4 2A44541,5 & O ¥, 27 18 28 17.71
1981 2 7 244446482, 5 o 5% Sl.19 i8 28 B2 .88
= | 2 =] 2444545. 5 5 a9 4t3.09 18 28 47 .42
281 2 9 24486484, 5 S 59 38.0% 18 29  1.33
logl 2 10 2444645, 5 5 59 27.05 18 29 14.80
gl T 11 2448646.5 5 59 15.08 18 29 27.23
T A . 2448647 .5 S 59 .16 18 29 39.25
(931 2 13 2444648, 5 5 58 48,31 18 29 S0.64
1261 2 14 2444649, 5 5 58 ° 33.53 18 30  1.44
;s A - PEARLSO.S s sg 17.86 18 30 11.a43
1¥B1 2 1& DA44LE] .S S S8 1.29 18 IO 721.724
1284 2 17 PH44652 . S s 57 43.85 18 30 30.28
1981 2 18 2444657, T 5 S7 25.57 18 30 8,77
(281 27 19 2444654, S 57 4,45 12 20 46,71
1791 Zz 20 28444559 5 94 46.3X 18 30 S4.14
fog1 2 21 PA44656 . 5 5 56 25.82 18 31 1.04
l9gy 2 22 PNRALST .S S %6 4.34 18 31 7.46
1981 2 23 4446585 5 S5 42,17 18 31 13.39
1981 2 24 2444659, 5 S 55 19.17 18 31 1§.87
1981 2 25 4446605 S S4 $55.51 18 31 23.90
191 2 26 2444661.5 S =4 31.17 18 31 28.49
1981 2 27 244662 .5 S sS4  6.16 1B 31 32.67
(¢g1 2 28 24886467, 5 5 53 40.51 18 31 36.45 |
1981 0z 29446640, S S3 14.23 18 31 39.84
1981 3 2 DAAALLS, S = 82 47,35 18 21 42.85
1961 3 03 24446665 s 52 19.68 18 31 45.%51
1981 I 4 24044667 .5 S 51 S51.85 18 %1 47.82
1981 3 5 20444668, 5 s 51 23,24 18 1 49.81
1981 03 6 24806569, 5 S 50 54.15 18 31 $1.47
198y 3 7 HA4AETO.S 5 =0 24,52 18 21 S2.81

4
MmN 2
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CIVIL TWILIGHT, 1981
UNIVERSAL TIME FOR MERIDIAN OF GREENWICH
MORNING CIVIL TWILIGHT
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CIVIL TWILIGHT
EANGEKOK MEAN TIME
LONGITUDE 100 D 29 M 50 S (EAST) LATITUDE 13 D 44 M 29 8 (MORTH)
HELGHI OF OBSERVING STATION 100 FEET
Y [ I § J.D. BEGINNING EMD
H M 153 H ™ S
1858 2 1 2399711.5 & 4 34,70 g 2 15, BO
1858 2 2 23I99712.5 & 4 24,78 18 23 29.09
18%8 2 3 2399713, %5 b 4 17.79 18 24 i. 84
1858 > 4 2399714.5 & 4 7.73 1B 24 24.04
§=let=] 2 = 2399715.5 & 2 S6.61 18 24 4%, 49
1958 2 & 2399716.5 5 3 44.45 18 28 &, B0
1 356 2 7 2IB99717.5 & 3 3I1.2% 18 29 27.38
1850 2 8 2399718.5 & 3 4174639 1B 25 47.37
1858 2 o 2399719.5 & 3 1.789 18 24 6.82
1858 2 10 2399720.5 & 2 4%.%54 18 26 25,73
16858 T 24 2399721.5% h 2 28.30 18 26 44.09
16444 2 12 297225 b 2 10,08 18 27 L.90
161583 2 13 399728, A it S0.88 18 27 19.17
1959 2 14 2399724.5 & 1 30.73 I8 27 x5.88
1858 2 15 239972% .5 & 1 .63 18 27 S52.0G8
1858 2 16 A9V IE. S & O 47,60 18 28 7. 69
18598 2 17 PAGRT72T.S & Q 24,45 18 28 22.78
1853 2 18 2599726.5 & Q O, BO 1§ 28 3I7.34
1848 2 19 2IFRT29.5 5 859 3456.05 18 28 51.38
1858 2 20 VXOGTRO.H 5 59 10.43 18 29 4.89
1858 2 21 2I997351.95 S S8 43.95 18 29 17.%0
1858 2 22 2I97IN. G 5 58 16.63 18 292 30.40
1 EISE 2 oy 2IPY7II.G 5 57 48.S50 18 29 42,42
1859 2 24 2399734, % 5 87 19.57 1B 29 53.9&
1 58 2 25 2399735.5 5 S6 4%.87 18 20 " 5,05
1858 2 26 2I99T7IRL.S 5 %6 19.42 18 30 15,49
1858 T o 2399737.5 S S5 48.25 18 30 25.%91
1858 2 28 2399738.5 %S 53 16.37 18 30 35.72
1858 = 1 2T799729.5 5 5S4 4%.82 18 30 4%.15
1858 et . 2399740.5 S S4 10.42 18 30 54,20
1858 3 ;1 2399741.5 S T 36.80 18 31 2.91
1856 3 q 2399742.5 % =3 2.37 18 31 11.28B
1858 - 5 2399742.5 S %2 27.35 18 31 19.33
. 1858 3 & 2399744, 5 5 S1 51.81 18 31 27.09
1958 i 2 2399749, 9 S 81 1%5.72 18 31 34.5&

-
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Begining of Civil Twilight
Bangkok Apparent Time
February 1858

Time
Date H M S
2 5 50 30
3 s S0 14
4 b 49 38
g < 49 42
& 5 49 25
7 5 49 8
R 5 43 51
o 5 43 31
1) 5 43 15
1 5 47 87
12 5 47 39
13 5 47 21
13 ] 47 P
13 5 40 44
I 3 46 23

A5 5

TOTisL =CLISE uvF The sUN
CUMJUNCTICN IN RIGHT <ASCEMIILN, wmULGLET 18,1888 AT 02113504 UL T,

H " ©
R.Aa, UF  =ud $ Si 039 HOURLY 1OTIL LN 7.31 T.ME=%t
Rt OF MOON ? O ¢,35 HOURLY 1OT1 O 151.58 TIME-S
I 5
DEC. OF SuM +13 2 ‘Sl HOURLY ™MOT 10N -48 .62 ARC-8
DEC, OF MOON +12Z 3% 15,11 HOURLY MOTIO0N -547 .68 ARC-8
E.M.P. OF 3l €.¢Y ARC-3 TRUE SEMIDIAMETER QF SUN 948.44 ARC-S

E.H.P. OF MDON 3e80.31 ARC-S TRUE SEMIOIAMETER OF MOON 1002.7% ARC-S
CIRCUNSTAMCES OF THE ECLIPSE

LONG LaT

C ¥
ECLIFSE BEGINS G2:34:13c U, - 47,43 +12.03
LENTRiL ECLIPEE ESELINS ﬂ_E:Z?:lE- J. T, = 38.%3 +11.20
CENTRAL ECLIPSE AT LOCAL APPARENT NOOH 05:13104 U.7T =102,63 +10.45
CLENTRAL ECLIFSE ENDS D&:S4:34 U.V -183.,3%9 -1&.26
ECLIPEE ENDS P7:473195 U.T =14%.¥%5 -15.3%

AN 7
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LL—a Jotal tichipse of the SUN, August 17, 1863, invisible ot Creenwich.

ELEMENTS
B m »

Greenwich Mean Timo of f in R.A. Avgust 17, 17 13 §°3

@'annd {'s Right Ascension = - - = g 51 07125

d ‘s Declination- - - - - - - - . N :: 5; }6°6 i
®'s Declination =« « = = « -« « . N, 13 2 b'o

(s Tourly Motionin R.A, - - - - = 37 §53'7

O'a Hourly Molionin RA - - - - - 2 19°7 |
q 's Iourly Molion in Declination - - - § 9 27y

©'s ITourly Motion in Declinalion - - - 8. 436 I

| q's Equatorinl Horizontal Poarallax - - 61 19°9

O's Equatorinl Horizental Parallax - = N

{'s True Semidiameler = = = =« = = 16 4.11"':4 ‘
®’s True Semidiameter - - - = - - 15 507

i
J

Begins on the Earth generally, Avgust 17, 14" 34™° 7, Mean Time at Greenwich,
in Longitude 49° 25" E. of Greenwich, and Latitude 12° &' N.

Central Fulipse begins genernlly, Avgust 17, 15® 29®° ¢, |
in Longitude 35° 55" E. of Grecnwich, snd Latitude 11° 11" N.

Central Eclipso at Noon, Auguat 17, 17 1321,
in Longitudo 102° 38' I, of Greeowich, and Latitude 10" 27" IN.

Central Eclipse cnds generally, August 17, 18" 54™4,
in Lonritudo 163° 27’ E. of Greenwich, and Latitude  16% 15"8S.

Ends on tlic Earth gencrally, August 17, 19" 49™- 2,
in Longitude 149° 59" . of Greenwich, and Latitudo 15" 23" S.

The centrnl and limiting lines of this Eclipse, in the dianram in page 435,
liave Leen lnid down from the following caleulated positions :

Line of Central Eclipse.

i g— e _

Longitude. i Latitole. Lonpitnde | Latitude, Yongitude Latirude.
o 1 l ¢ ' o r _I o ] I o o I
36 558 1 Atk §3 BL.| 16 1N.j 126 6E. 3 1585

47 55 13 47 go 16 4 44 13 37 | g 33

} 29 14 46 97 $9 12 1g 139 2% 8 35 |
0 47 15 47 106 29 8 3t 140 12 12

68 22 16 26 113 34 4 46 ISt 3t 12 59
75 51 LB} 16 33N.| 119 43E. t 13N 163 27E. | 16 135S

It

!

_ == |

28 (NAUTICAL ALMANAG, 1868.) 2P

#1519 6
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P=TH OF THE CENTFAL FHI-SE

TOTAL ETLIPIE OF ™HE SUN, QUSUST 18,1848
) =2 NORTHERM LIMIT CENTRAL LINE SOUTHERN LIMIT DURATICN &
LAT LONG LaT ~OHG LAT LOMG

L M L M o M L Il L ™ G M ™M S D

LD | *14 1%.1 = A9 T6.2 +13 24.0 - 438 4.9 +1Z 32.6 — 45 295.3 3 27.% 11
J1 32 t149 44.7y = 438 12,1 +#13 55.0 - 99 34,1 +13 0.6 - 49 51.9 3 35.0 13
3233 +19 B.o = 80 16,9 +1d4 15.4 - 53 34.0 +1= 21.4 - S50 Q0.7 3 41.4 15
1354 +19 27.7 = 82 4.2 +14 33.7 - 52 21.2 +13 3.5 - 92 24.2 3 47.2 17
2:35 +13 44,2 - 03 9.5 +14 49.2 - 53 54.8 +13% S3.¢ - S9 e&.4 3 52.% 19
S13a 1D S8.2 -~ 58 S/ 1% 2.9 - 8% 19.7 +:i14 6.4 - 55 30.2 3 57.4 =1
B a7 *16 10.9 = S8 25.4 +15 19.2 - S 58,0 +i14 1?72.% - 84 47.3 4 2.1 22
3138 tl16 2L.8 = 57 9.3 «185 24.4 - 57 50.7 +14 27.2 - 57 59.2 4 &.5 =24
213y *16 30,3 — 58 43.8 +15 23.5 - 58 €3.9 +14 3%5.9 = 89 ¢&.e 4 10,8 25
3:49 16 37.4 -~ 57 53,8 <15 41,6 - &0 3.3 +i14 4.5 - 50 10.: 4 14.8 2Z45
2145 t17 10,3 — é4 3F7.0 +41¢ 10,9 = 44 42.8 415 11,1 - 44 46,0 4 33,5 32
2150 t17 27.9 — &3 31.8 «1& 26.9 - &8 34.1 +15 25.9 = &6 34.4 4 S0.0 =7
5189 + +17 3é.) = 71 59.2 +le F4.1 - 7Y 54,8 +IS 32.1 = 71 82:8% 5 5.9 41
SRR 117 37.0 = 79 56,94 1o 34.% — 74 53,1 +i5 31.8 - 74 46.% 5 1&8.&4 45
d:UD +17 3L.7 = 77 40.8 11& Z29.5 = 77 25,0 415 2.3 - 727 27.9 gy Jdl.2 4¢
q:1n 17 23.7 - 8) 11.9 +16 20,1 - 80 3.8 +:% 16.5 = 99 9%.a 9 32.8 55
4:15 i/ 1008 = 82 32.3 +1&6 4.8 - 82 22,0 +!5 .0 = 32 10.7 S £3.3 Sé
412y tlé6 O%,% = B4 43.9 +15 S0.83 -~ 84 51.5 +3194 44.5 -~ 8994 |€6.3 & 2.9 &0
4125 t1¢ 34,3 = 83 48.1 +15 20.7 = 2o 33.7 434 28.7 - 34 18.6 & ll.0 &3
q:13Y +1é 14,8 - 838 45,9 +15 8.5 - 88 z9.4 t14 4.5 = g8 12.86 &5 19.3 &&
47355 +12 47.46 = FU 33.85 +14 43,7 - Y0 20.4 +13 39.8 - 90 1.9 & 26.f! &9
41494 *10 20.8 = ¥2 26,4 <14 16,7 - 92 S.6 +13 13.0 = ®?1 de.e 5 31.9 72
3:495 i O0.9 — P4 10.4 +13 47,4 = 97 47,1 +12 44.0 - 93 27.6 o 2a.8 P
G157 *19 19,2 = 925 51.0 <13 16,1 ~ ?5 28,39 +12 13,0 - ?5 S.9 & 40.7 72
4: 85 t13 4Lo = ¥ i8,9 #1Z 32.9 - 97 4.7 +!1 40.1 = 7& 40.5% & 43.7 30
=Bl DAL *13 10,0 = ¥7 4.4 <12 72,7 - 98 33,9 +11 2.3 = 78 1Z.¢ 5 45.7 B:
05 t1Z 32.5 ~100 33.0 +11 30.8 —190 11.4 +10 28.8 - 99 44.9 & qe.8 35
b R *11 93,1 =102 0.1 +10C S1.8 -i01 42,4 + 9 50,4 -101 14.% & 47?.0 87
STl 11 11.%9 =103 1.2 10 311,01 =103 12.5 + 9 10.2 =192 49,0 ¢ 40,2 37
- Frad t10 23.% =109 11,7 «~ % 28.7 -104 42,0 + 8 28,2 =104 [Z.&6 & 44.4 2
Ties ¥ 44,1 =100 41,9 * E Q4.4 =106 11.3 + 7 94.%5 ~19% 41.2 & 2.0 32
%1 Z0 + 5 57.9 -1038 (2.3 + 7 B8.3 =107 41,0 + & S58.9 =107 1U.1 o 538.5 80
>:3% + 8 E.,7 =10¥ 43.3 + 7 10,3 ~10% 11.3 + & 11.% =-i08 37.8 ¢ 34,4 77
=149 * 7 18.4 =1l (D5 « &:20.4 =31{ <42.9 + % 35.% -110 6.8 & 20.9 7%
S14€ te 2947 ~il2 wP4 4 T I28.5 =112 14.2 + 4 30.8 111 43.7 & 23.4 7
i L) t 0 81.3 =154 2595 ~» 4 34.8 =113 51 .2 #» 3 37.9 =113 lE&.% & 14.7 &8
158 t 4 J4.4 -l16 4.6 + 2 F3.2 =11% 3.5 + 2 41.6 -114 S?7.3 & Y3 &9
c: (0 v S 35.0 S1L7 A28 + 2 39.8 -117 13.2 ¢+ 1 4%8.5 =114 8%.6 &5 1.0 &3
=% v 2 83,0 ~1iP 25.2 + 1 36.1 =115 0.6 + 0 42.7 =118 24.9 S S2.1 &9
é119 v 1 23,2 =121 28,8 +» 0 3%2.9 =120 54.1 = 0 21.0 =120 2C.2 % 42.3 59
e 8- >~ 0 20.1 ~133 30.0 - 0 33.7 =122 ¥§5.{ =] 27.9 -122 21.2 S 3l.§5 8z
s 20 -0 8l.7 -125 Q0.7 - | 45,0 -125 5,7 - 2 38,7 -124 B1.E 5 20.4 a5
§ gt =2 8.4 -123 3.6 -2 0.9 =127 28,7 =« 3:-53.9 -1246 54.¢ 5 a,2 v
AT - & 3W.D =130 42.6 =~ 4 22.Z2 =130 7.5 = 9 159.5 =12% 33.3 ‘4 55.0 4y
¢339 - 4 07.86 ~133 44,4 - § 80.5 =133 9.8 - & 42,1 =139 Be.2 4 d0.8 3e
=340 =5 38.% -137 18,5 - 7 26.6 ~1E5 44,0 - & 19,) ~13¢c 10.7 4 P4.& Hf
&Y = 3 22.1 =141 47.0 =~ 9 30.%9 =141 11.% -16 10.5 =140 32,0 4 &.4 =25
180 =1t C4.7 =148 S.4 =11 41.% —147 28.7 =17 9.4 ~l8a 5.2 3 45.8 37
015 ] =11 30.2 =149 48.8 -12 14.2 =197 11.2 =13 3.8 -148 37.2 3 38.3 15
- B 1< 10.3 =191 91.1 =12 %5.4 =191 1.8 =13 43,3 «150 24.7 -3 32.0 173
0t 532 =12 58,3 ~159 38.7 -12 42.1 =1%3 43.0 =14 2°.6 ~a3 2,0 3 24.&6 106

~
AT NN 8
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TOTAL ECLIPSE OF THE SUN
CONJUMCTION 1nv RIGHT ASCENSION, APRIL 30,1488 AT 02:27124 U.T,

H = S
F.Aa. OF GSUN 2 32 6,01 ROURLY rMOTTON 7.92 TIME=-E
oo, LF MUGON e 32 2&.,0) HOURLY MOTION 141 .91 TIME-S
L ™ g
LEC. OF SULN +1S 0 51.83 HOURLY MOTI1ON 45,95 ARC-S
CEC. OF MOON ~13% 44 13,49 HOURLY MOT 10N 8839.92 ARC-T
E.H.P. OF SUN 72 ARC~-S TRUE SEMIDIAMETER OF SUN 9351.08 ARC-S

E.H.F. OF MOON 3631 .21 ARC-5 TRUE SEMIDIAMETER OF MOON 98%.41 ARC=-S
CIRCUMETANCES OF THE ECLIFSE

LOING LAT
D D
ECLIFSE BESINS 25:32318 U.T. - 95.73 + 1,99
LEMTRAL ECLIFSE BEGINS 00:138:3% U.T. - 74,895 *1 7.1
LenTRal ECLIPSE AT LOTAL APPARENT NOON 02:27:24 U.T. =142.3% tél .49
CEMTRAL ECLIFPSE ENDS 033114140 U.T. ¢109.75 *él .08
ECLIPSE ENDS 04:21:12 U.T. +13%.17 + 7,32
=
AN 9

TOTaL ECLIPSE OF THE SUN, APRIL 30,1488

AT LOPBURI g

D M 8
LONGITUDE -100 37 3&
LATITUDE + 14 81 0O

LULAL CIRCUMSTANCES

FIRST PENUMBRAL CONTACT 23:3¥:111 U.T
MEX IMUM  PHASE 00:34:18 U.T

LasT  PENUMBRAL CONTACT 01:3415&8 U.T

. P.A. 253,781 D ALT  9.41 ©
» MAGBNITUDE 0.74 ALT  22.46 [
. PuA. 38,334 D ALT 37,14 O

15199 10
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FeaTh UF THE CENTRAL FHRSE

TOTAL ECLIPESE JF THE SJN, AFRIL 30,1688
ey NORTHERN LIMIT CENTRAL LINE SOUTHERN LIMIT DURATIOM &
LAT LONG LT LONG LAaT LONG ~

D M (I M D M D M 0 M D 1 M 3 0

0:40 +18 42.1 - 77 24.2 +\9 28,7 - B2 28,7 +19 42,9 - 89 43.8 2 (6.0 <]
Ji4l 20 7,2 - Bl 23.6 +20 24.]1 - B4 44.7 +20 29.2 - B7 30.2 2 20.7 10
D:42 +21 4,3 = 83 45,4 +21 (1.2 - 84 34.1 +21 10.,% - B8 £592.2 2 24.% 12
D:43 +21 52.3 - 895 34.5 +zl 83.5 - 88 4.3 +21 49.6 - 90 18.4 2z Z7.9 14
U s +22 30.3 = 87 5,6 +22 32.8 - BY 23,1 +22 25,9 - 91 28,7 2 30.9 1l¢
0:45 +23 15.0 - 98 24.% +23 9.4 - 90 33.6 +23 0.5 = 92 32.7 2 33.4 17
0:50 +26 &.0 - 93 25.68 +25 S2.0 - 95 1.5 +25 346.4 - P8 52.5 2 45.1 25
D155 +28 33.3 - 97 B.7 +¢28 14.8 - 96 41.3 +Z7 58.1 =100 13,8 2 S4.2 27
1:900 t30 48,2 ~-100 4.8 +30 24.4 =101 34.7 +30 3.7 =103 2.0 3 2.0 31}
TR W B +32 95.3 ~102 39.3 - #32Z 31.1 =104 5.8 +32 4.1 -108 29.% 3 &.7 34
wadn v34 57.0 -1094 S7.5 ¢354 30.6 —-104 21.3 +34 3.9 =107 43.1 4 14.4 37
F33 +346 54.8 ~107 4.6 +36 26.3 ~108B Z28.8 +35 57.2 ~-109? 446.2 3 19.7 39
1120 +38 49,5 -109 4.4 +38 12.0 -110 25.3 +37 48.1 =111 44.2 3 24.2 41
1829 +40 41.8 ~110 S9.3 +40 9.4 -112 19.3 +39 346.8 =113 37.2 3 28.1 43
{ £30 vQeé S2.4 -112 31.5 +41 58.3 ~114 10.8 +4|1 23.7 -115 27.9 3 Zl.9 a5
] 339 +44 21,9 =119 42.9 +43 45.9 =116 1.5 +43 9.2 =117 18.0 3 34.2 446
1 ;40 4¢ 7.5 ~-114 35.2 45 31.6 -117 53.2 +44 53.4 -11%9 9.1 13 34.4 &7
] 545 +47 D&.7 =119 30.0 +47 16.8 =119 47.4 +46 34.7 =121 2.5 3 3.1 48
} 350 4% 43,y =120 29.0 «4% 1,2 =121 45.6 +45 19.2 =122 S9.9 3 39.3 48
1:95%5 +31 2¥.0 =422 33,9 +30 45.0 -123 49.7 +50 1.0 ~125 2.y 3 39.9 4&
200 03 14.4 =129 47.0 +52 28.3 -126 1.4 +5% €2.1 =127 183.2 2 40.0 48
2103 +354 S59.49 -127 10.3 +54 10.% =128 23.0 +%3 22.6 —-129 32.9 3 39.5 4ds
2:10 r5& 43.9 ~-129 46.8 +5% S3.1 -1{30 57.0 +55 2.4 -132 4.4 3 38.5 43
i B B +38 27.8 ~13Z 39.8 +57 34.5 ~133 4.6 ¢56 41 .4 -134 50,5 3.36.% 47
2320 +60 10.% =135 53.94 +5% 14.9 —-134 55.4 +55 19.9 -137 54.7 5 34.7 45
2129 ko6t 52.7 —13% 33.0 +o0 S49.t1 ~140 2B.2 %9 S4.1 -14% 21,1 3 31.9 44
210 +462 32.e0 =142 45.2 +4Z H1.3 -1494 31,1 +&) 30.7 -145 15.1 3 2&8.4 43
7 B +eS 9.4 —148 3B.8 +¢é4 5.5 =149 11.4 +43 2.5 —-14% 43,3 3 24.3 41
z149 t6&6 41.4 =154 24.8 +46% 39,2 -1549 3%.0 +&4 30.1 =154 4.2 3 19.5 3%
eral té8 S.0 —=idi 17.7 +¢é S58.7 =11 &.0 +4%5 %1.5 =140 S8.4 3 13.9 34
2150 t6Y 18.8 —16Y 34,9 +468 10,7 -1e8 47.7 <67 3.5 =-lé8 %.1 3 7.5 33
24 ee +70 13.2 =177 37.0 +69 7.} ~178 2.3 +48 1.9 =176 42.% 3 J,] 30
3:00 +70 36.3 +148 13.é6 +59 38,5 +170 4.3 +46 37.4 +173 2.0 2 S51.5 26
5109 +70 13.6 +135 30.0 +67 29.4 +1%7 20.7 +48 39.9 +140 392.3 2 41.1 21
%110 +68 Z1.7 +13% 1.4 +6B 7.3 140 33,4 +47 41.3 +145 19.7 2 2?2.?7 15
TR B | to/7 26.% 130 26,40 +47 B5.: +138 31.7 +67 17.4 +141 43,1 2 29.4 13
3:12 466 36.0 #12% B.2 +6¢ 5I.G €132 5.1 +66 47.3 +137 49.0 2 20.% 11
3:13 63 0.2 +118 11.49 445 S6,86 +128 S7.3 466 E.1 +133 30.1 2 1.0 ?
3:14 +*55 2 H117 17,1 +é4 23.% 4120 1B.4 +45 14,8 +Y2E 20.% 2 9.9 &

-
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2.3N8. 1Y, 32(4) 240-249 (2547)

KKU Sci. J. 32(4) 240-249 (2004)

qiWasisatannsnuazinalulai

8
Tuilagiiutis ansoleas lamen
—~ g/ = o o - -
malulagnaunoununes InsAnnione
iy I L = | L -:h -ﬂ-
nazm3aaaedoasiuaaiion luilefondi
¥
HANUAAYADNTANHUF IRV WY BT AT
3
v lauvatendlsauianassuazionyu lu
wiunlszmaiuinldanuaulalunisidouas
Wanouma TuTadmari Tuumanuiiverieuo
Tviude ' 1833nduiaanseasnquuilaiii
unuInadgyuInaema lulagdina)n vufe
o e o o e & dAN o et Qe
“Jaaes Isoannin” FINABIAANNAULANI
I = { -~ 1 o = o =
TWihedanianGen "anmwes Isdiannsn
¥ ¥
(ferroelectricity)" daaniautianananiiiluiag
' -1 - ) 3 e
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Symmetry point group

32
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(Non-piezoelectric)
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Metalization
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ferroelectric capacitor
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Perovskite
(titanates)
BaTiO, (BT) Dielectric Capacitors, sensor, phase shifter
(Ba,Sr)TiO, (BST) Diclectric Capacitors, sensor, phase shifter
SrTi0, Pyroelectric Pyrodetector
PbTiO, (PT) Pyroelectric Pyrodetector
Piezoelectric Acoustic transducer
Pb(Zr,Ti)O, (PZT) Dielectric Nonvolatile memory
Pyroelectric Pyrodetector

(Pb,La)(Zr,Ti)TiO, (PLZT)

Piezoelectric
Electrooptic
Pyroelectric

Electrooptic

Surface acoustic wave substrate (SAW)
Waveguide device
Pyrodetector

Waveguide device, optical memory, display

(Niobates)
Pb(Mg, ,,Nb, )0, (PMN)
PMN/PT
LiNbO, (LN)

LiTaO, (LT)
KNbO, (KN)

K(Ta,Nb)O, (KTN)
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Electrooptic
Piezoelectric
Electrooptic

Electrooptic

Pyroelectric

Electrooptic
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Waveguide device

Tungsten-bronze
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Dielectric
Pyroelectric

Electrooptic
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Waveguide device
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Microtube Silicon Nitride Microtube
Input Diaphragm Flow Qutput
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Side view
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LPCVD(low-pressure CVD)
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Biological Activities of Coumarins from
Lepisanthes rubiginosa (Roxb.) Leenh.

Chavi Yenjai', Supawadee Daodee’, Varima Wongpanich® and Prasat Kittakoop'

Abstract

The roots of Lepisanthes rubiginosa (Roxb.) Leenh. are used as an antituberculous, antipyretic and

sedative in Thai traditional medicine. The antituberculous activity of 7-hydroxy-6-methoxycoumarin (I) and

6,7-dimethoxy-8-hydroxycoumarin (IT) isolated from the roots of this plant was evaluated against Mycobac-

terium tuberculosis and exhibited antimycobacterial activity with the minimum inhibitory concentration (MIC)

of 200 Wg/mL. These coumarins showed neither antiplasmodial nor antifungal activity. In addition, they

exhibited non-cytotoxic against cancer cell lines, KB, BC and NCI-H187. The structures of these compounds

were elucidated by the analyses of their spectral data, mainly by 1D and 2D NMR spectroscopy.

Introduction

Lepisanthes rubiginosa (Sapindaceae) is

a 5-10 meter heigh tree which grows throughout

Thailand. The roots of this plant have been used as
traditional medicine for the treatment of tuberculosis,
fever and sedation. Crude dichloromethane extract
showed antimalarial activity against Plasmodium
Jalciparum with ECm value of4.7 llg/mL. According to

literature search, dichloromethane extract of roots

of this plant has not been previously investigated.
However, the isolation of methanolic fraction of the
bark has been reported as rubiginoside and

triterpenoid saponin (Adesanya et al., 1999).

Materials and Methods

Plant material

Roots of L. rubiginosa were collected from

the campus of Khon Kaen University, Khon Kaen.

' Department of Chemistry, Faculty of Science, Khon Kaen University, Khon Kaen, 40002

* Department of Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, Khon Kaen University,

Khon Kaen, 40002

' Department of Pharmaceutical Botany and Pharmacognosy, Faculty of Pharmaceutical Sciences,

Khon Kaen University, Khon Kaen, 40002

" National Center for Genetic Engineering and Biotechnology, NSTDA, 113 Paholyothin Road, Klong 1,

Klong Luang, Pathumthani, 20120
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Thailand. Plant specimen was identified by
Dr. Varima Wongpanich, Department of Pharma-
cognosy and Botany, Faculty of Pharmaceutical
Sciences, Khon Kaen University. A voucher specimen
(CY 4301) is deposited in the herbarium of Depart-
ment of Biology, Faculty of Science, Khon Kaen

University.

Extraction and isolation

Air-dried roots of L. rubiginosa (5 kg) were
ground and extracted successively with hexane (5 L x
Z); CH;CIl (5L x 2) and MeOH (5 L x 2) at room
temperature. The filtered samples were combined,
and the solvents were evaporated in vacuo to yield
crude hexane (3 g) CH Cl (10 g) and MeOH
extracts (300 g). The CH_Cl  extract was initially
subjected to silica gel (200 g) column chromatography
and eluted with increasing concentration of EtOAc
in hexane followed by MeOH in EtOAc. Each
fraction (100 mL) was monitored by TLC; fractions
with similar TLC patterns were combined to yield
23 fractions (F;Fﬂ). Purification of fraction Fu was
carried out on silica gel (100 g) eluting with the
gradient system of hexane/EtOAc to give a white
solid, stigmasterol (IIT) (Pouchert and Behnke,
1993a). Fraction F was rechromato -graphed on a
silica gel column eluted with hexane and a gradient
of EtOAc to yield 50 mg (0.001%) of 7-hydroxy-6-
methoxycoumarin (I) (Pouchert and Behnke, 1993b).
Fraction F ~was rechromato -graphed on a silica gel
column eluted with hexane and a gradient of EtOAc
to yield 33 mg (0.0007%) of 6,7-dimethoxy-8-
hydroxycoumarin (II).

Bioassay

Antimycobacterial assay

The antimycobacterial activity was
assessed against Mycobacterium tuberculosis H37Ra
using the Microplate Alamar Blue Assay (MABA)
(Collins and Franzblau, 1997). In our system, the
standard drugs, isoniazid and kanamycin sulfate,
were the reference compounds for the antimy -
cobacterial assay.

Antiplasmodial assay

The parasite Plasmodium falciparum (K1,
multidrug resistant strain) was cultured continuously
according to the method of Trager and Jensen (1976).
Quantitative assessment of in vitro antimalarial
activity was determined by means of themicroculture
radioisotope technique based upon the method
described by Desjardins et al. (1979). Effective con-
centration (ECH}) represents the concentration which
causes 50% reduction in parasite growth as indicated
by the in vitro uptake of ['H] hypoxanthine by P.
falciparum.

Antifungal assay

The isolated compounds were tested for
their antifungal activity against a clinical isolate of
Candida albicans using a method modified from the
soluble formazan assay (Scudiero et al., 1988). The
number of living cells was determined by measuring
the absorbance of XTT formazan at 450 nm.
Cytotoxicity assay

The cytotoxicity against human epider-
moid carcinoma (KB), human breast cancer (BC)
and human small cell lung cancer (NCI-H187) cell
lines were performed employing the colorimetric
method (Skehan et al., 1990). Ellipticin was the

reference compound for the cytotoxicity assay.
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Instrument

Infrared spectra (IR) were measured as
KBr disc on a Shimadzu 4100 FT-IR spectrometer
and are reported in wave number (cm™). 'Hand "C
NMR, COSY and HMBC were recorded in CIL‘rCl:i
and d -DMSO solutions with 'H (400 MHz), "'C (100
MHz) on Bruker Drx 400 instrument. Chemical shifts
(O ) are expressed in ppm and coupling constants
(/) in hertz (Hz). Mass spectra were obtained on
Fisons GC 8060 MS CB II spectrometer. Column

H;CO
HO O O

chromatography was performed with Merck silica
gel 60 (70-230 mesh). All other commercially avail-

able reagents were used after distillation.

Results and Discussion

Our study has indicated that L. rubiginosa
contains 7-hydroxy-6-methoxycoumarin (I), 6,
7-dimethoxy-8-hydroxycoumarin (II) and stigmas-
terol (III).

H;CO
3 \
H;CO 0" 0
OH
11

11

Figure 1 Structures of 7-hydroxy-6-methoxycoumarin (I), 6,7-dimethoxy-8-hydroxycoumarin (II) and

stigmasterol (I11)

7-Hydroxy-6-methoxycoumarin (I) was
recrystallized from ethyl acetate-hexane as yellow
needles, mp. 202-204°C. The molecular formula of
I was established as f.’_?mI{E(]{4 by GC-MS mass spec-
trum, m/z 192. The IR spectrum showed absorption
bands at 3340, 1705, 1610, 1560, 1290 and 1140
cm'. The 'H NMR spectrum of I showed two

doublets at O 6.01 and 7.46 (J = 9.4 Hz) which
were assigned to the O, ﬁ -unsaturated ester, H-3
and H-4, respectively. The methoxy group showed
a signal at 0 3.74 while a hydroxy group appeared
at 09.28. The C-5 and C-8 aromatic protons showed
the singlet signals at 0 6.65 and 6.66, respectively.
The "C NMR spectrum showed signals at 01117
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and 143.3 which were assigned to the carbons of
(I,ﬁ-unsaturated ester. The aromatic carbons
showed signals at 5 102.97, 107.98, 110.4, 144.9,
149.6 and 150.7. The signal at O 161.2 was assigned
to carbonyl carbon. The H-H COSY, HMQC and
HMBC spectrum provided strong support for the
proposed structure.
6,7-Dimethoxy-8-hydroxycoumarin (II)
was recrystallized from dichloromethane-hexane as
yellow needles, mp. 138-140°C. The molecular
formula of Il was established as C H O by GC-
MS mass spectrum, m/z 222. The IR spectrum
showed absorption bands at 3344, 1721, 1689, 1574,
1302 and 1123 cm'. The lHNMR spectrum of this
compound showed two doublets at O 6.29 and 7.60

Biological activity

(/ = 9.6 Hz) which were assigned to the O,
ﬁ-unsaturated ester, H-3 and H-4, respectively. Two
methoxy groups showed signals at 03.96 and 4.10.
The spectrum also showed a signal of aromatic
proton at 0 6.67 and a hydroxy proton at 06.17.
The C NMR showed signals at O 113.5 and 143 .8
which were assigned to the carbons of O, ﬁ-unsat-
urated ester. The signal at 0 160.6 was assigned to
carbonyl carbon. The aromatic carbons showed
signals at O 103.2, 111.2, 134.4, 142.4, 144.0 and
149.7

The 'H and "C NMR of stigmasterol (I1I)
were confirmed by comparison with the reference
spectral data (Pouchert, 1993). The mixed melting
point of this compound was confirmed with the

standard stigmasterol.

Table 1 Biological activities of stigmasterol and coumarins*

Compound Antituberculosis Antiplasmodial Antifungal Cytotoxicity
MIC (g/ml) IC,, (Mlg/ml) IC,, (Llg/ml) IC,, (JLg/ml)

Stigmasterol [nactive’ Inactive’ Inactive' Inactive

Coumarin I 200 Inactive Inactive’ [nactive’

Coumarin I1 200 [nactive Inactive' Inactive

[somazid 0.04-0.09 - - -

Kanamycin 2.0-5.0 . - -

sul fate

Ellipticin - - - 0.1-0.3

Chloroquine - 0.1-0.2 - -

Amphotericin B - - 0.01-0.02 -

* Data shown are values from replicate experiments.

a cytotoxity to KB, BC and NCI-H187 cell lines
b inactive at > 200 g/ml

¢ inactive at > 10 g/ml
d inactive at > 50 g/ml

¢ inactive at > 50 g/ml




(S}
e
e

MIHITINEIAIEAT UY. UN 32 atlun 2 269

Conclusion

Our study indicated that dichloromethane
extract of the roots of L. rubiginosa contained 7-
hydroxy-6-methoxycoumarin (I) 6,7-dimethoxy-8-
hydroxycoumarin (II) and stigmasterol (III). These
coumarins exhibited weak activity against the
Mycobacterium tuberculosis H37Ra with the MIC
of 200 Ug/mL. The coumanins I and Il showed no
cytotoxicity toward KB, BC and NCI-H187 cell
lines. Unfortunately these compounds showed no
antiplasmodial and antifungal activities. However,
this study was the first report of the chemical con-
stituents and bioactivities from the dichloromethane
extract of the roots of L. rubiginosa. Further
studies on chemical constituents and biological

activities will be carried out.
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Abstract

Rhizomes of Kaemferia parviflora with four different intensity of internal color as grouped by the
a*L*b* system according to the unweighted pair group method cluster analysis (UPGMA) were collected
from production areas in Loei (cv. Bohmuangnoi #2), Phitsanulok (cvs. Romklao and Namjuang) and
Phetchabun (cv. Khegnoi #2) provinces. The ethanolic extracts of four cultivars of K. parviflora, vitamin E
and other Zingiberaceous plants were evaluated for their anti-oxidant activity in the form of percent inhibition

of lipid peroxidation as determined by the thiobarbituric acid (TBA) method. It was found that all K. parviflora
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extracts at all concentrations used (0.98, 1.95, 3.91 and 7.81 mg/ml) inhibited lipid peroxidation in polyun-

saturated fatty acids obtained from Sprague-Dawley rats' brain. The extract of cv. Romklao, which had the

darkest internal color, was highest in percent inhibition of lipid peroxidation. However, the values for the

extracts of K. parviflora were significantly lower (p < 0.05) than those for vitamin E and other Zingiberaceous

plants. The extracts of Zingiber officinale and Curcuma longa had the highest percentages of lipid peroxidation

(88.85 and 85.06%). All cultivars of K. parviflora exhibited an anti-oxidant activity. Those with darker

internal color tended to have a higher anti-oxidant activity than those with lighter internal color.
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Abstract

Acorus calamus Linn. contains beta-asarone that has antibacterial, fungicidal, and insecticidal
properties. The aims of this research were to determine the effects of indole acetic acid (IAA) and benzyl
Adenine (BA) on shoot tip development of 4. calamus for micropropagation and to analyze beta-asarone
from in vitro and natural leaves of A. calamus. Shoot tips, 1.0-1.5 cm in length, from rhizomes of A. calamus
were cultured on the MS (Murashige and Skoog, 1962) media supplemented with IAA at 0, 0.25, 1 and 2 mg/I
in combination with BA at 0, 2, 3 and 4 mg/1. It was found that the MS medium supplemented with 4 mg/l BA
could induce the shoot tips to produce 100% of new shoots with the highest number of 2 shoots/explant in
4 weeks of micropropogation. The chemical analysis of secondary metobolites using thin-layer chromatography

(TLC) showed that the extracts from in vitro and natural leaves provided a band similar to that of

beta-asarone.
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ABSTRACT

This research is to study an approximate solution of a stationary problem of an air pollution. We use
Galerkin finite element method to solve problem in two dimensional space in order to find an air pollution at
height & above the ground. The flux of pollution is assumed to be zero at the inversion layer and assumed to
be varies with the concentration. We implement the numerical method using Matlab. The velocity of wind

and height of source are likely impact on the concentration dispersion of pollutants. An example problem 1s

illustrated.
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Ao 11 (Runca and Sardei,1975)
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" oQp op 0@ op  _
L(p) = — - —+op =0 (19)
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0, Eﬁﬂlﬁ"ﬁﬂﬁmﬁﬂuﬂuﬂﬁQﬂlﬂﬂﬂiﬁﬁﬁi 219
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UNUATR @20 L(@) asluaums (23)

1 A -~ A
Bl ol 8[ 6@9) "
ﬂj[u(z 2 o o v(2) 5 | T ((2)dz (24)

e i =1,2.... n

w14

INNMTOUNNTA 1AENMIDUNINTANAZAIULAZIIDY VoY 9 1@

| 6 ~ ~ | -~ |
J.u(z)—@a{.(z)dz—w ?Em,-(z)dz+ Iv(z) op aw*(z)dz
. ox 0 - %,

g
S OZ z 02

! (25)
+ _[cfcﬁwf (2)dz +av(2)p(x,2)®,(2)],.,=0
()



292 KKU Science Journal Volume 32 Number 4 Research

NI MARLANFN THUUINY 2 ﬂum'mm'nk wazszneuny 2 Qﬁﬂﬂ1'ﬂ7]ﬂﬂﬂ‘l‘ﬂﬂ HeannHadHT
1%’"1&'31115unﬂmaﬂﬂ“luumunu ;. dniumsduinsaluaumsthed smusonldouszunisa i
Tasnlasuanszuuiine - Wuszuuitasssund N luudazandnlg danm

(1) 2

k
Jv_ 1 (-1) ¢ 1

M 2 saaansulasandnainsyuunne z ldsensnluszuunnasssuna n

d

9/ o o
AJUANUAUNUTS

n+1

o e -1<m < 1

¥ :
mvua lidsngunuguvesaundnluszuuine  eglusduvuae 1yl

Z 4
¢j(z)=l—z o 0<z < k (26)
Z y
¢j+;(z)=; e 0<z <k (27)
wesnilymiazfinuszuuine z lussuuidasssuna 7 Antuilaiduiuguindvesandnezeg
Tugaluyy
1 4
¢j(77)=~2*(1—77) We -1<n < 1 (28)
1 4
¢j+.(n)=5(l+rz) o -1<m < 1 (29)

¥
E=T = -

| o as :’; a & = o’ s
wenlinFuimin @, # @, FAToNIFUIUNNION-NUABTAU (Petrov-Galerkin) Tagazidanflanau

¥
o

ﬂmuﬂagj“lugﬂumu (Bradford and Katopodes.,2000)

Ax d¢.(m) ,
w (n)=¢,(n)+ . o -
1) =@,(1) 75 dn e -1<n < 1 (30)
ﬂ%+1(??)=¢j+1(7?)+\/1—5 ¢d;} e -1<n <1 (31)

[=

¥
auin azlagluvuvesmssuiinsaluauns 25) luszuviita  dwsvusasaudniiiu




398 MIHITINBIAIFAT Y. TN 32 atun 4 293

‘ 0@ 0P 0pow,(m) . . |k
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Tumsanaez@on Tsunsumuanaz@ouns i T4 TUsunsua 5931 Matlab 3u 12 Taw
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Rriee) Jo(o ") exp[-o; x(1+ ¥)* /4]

o(x,2) = (1+?’)Z Lol [J,(c,)]
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