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90 Mr. Lubbock on the Limits u2on the JEarth' s Su~2face 

Berwiek Hill  near Mason Dinnington, and Heddon-on-the- 
Wall ,  and another traverses the country to the westward, 
from the sea-coast in the vicinity of Howiek and Warkworth  
by the Helm-on-the-Hill, Netherwitton, Roadley, Shaftoe 
Crags near Wallington, and Stamfordham. Basalt beifig evi- 
dently the production of fire, and pervading in an irregular 
manner rocks of almost esery age, does not come within the 
scope of these remarks ; so that the similarity of organic re- 
mains has at length become the geologist's chief guide and 
reliance, in proving or endeavouring to prove the identity of 
formations; but if I mistake not these exuvive will not always 
warrant the conclusions drawn from their presence. 

XV. On the Limits upon the Earth's Su~sface within which an 
Occultation o f  a Star or Planet by] the Moon is visible. By  
J. W.  LPBBOCK, Esff. F./iLS.* 

A S T A K  is occulted at all those points which coincide at 
any instant with the intersection of a cone circumscribing 

the moon, and whose apex coincides with the star in question 
and the earth's surface ; and the star will be just occulted, or 
appear to ~raze the moon's edge at those points which co- 
incide wim the intersection of a plane perpendicular to the 
moon's orbit, and passing through the star and the centre of the 
moon, with the earth's surface. In order, therefore, to de- 
termine the limits within which the occultation is visible, it is 
necessary to find the equation of this cone and plane. 

On account of the small diameter of the moon and the great 
distance of the star or planet, the cone in question may be 
considered as a cylinder whose axis coincides with the line 
joining the centres of the moon and the star, which axis is 
parallel to a line joining the centre of the earth and the star. 

Le t  F (x,`7, z) = 0, F / (x,`7, z) = 0, be the equations to 
any curve, x = a z + x~, `7 = b z + Yi the equations to any 
straight line, the equation to the cylinder whose axis coincides 
with the line in question and has the curve {F(z ,g ,z )  = 0 
F I (x,y, z) -- 0} for its base, may be tbund by eliminating x ,y ,z  
between the four equations { F (x, g, z) =. O, F t (x, `7, z) = 0 
z = a z + x I and 2/=. b z + .71} and then putting for x I and.Tj 
their values x -- a z and .7 -- b z in the resulting equation. 
The  following method however in some cases is perhaps 
more simple. 

Let  ~F~ + ff~ = r ~ be the equation to the cylinder in ques- 
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w i t h i n  which an Occul tat ion is visible, 9 I  

tlon referred to coordinate axes which have their origin at 
the moon's centre; the axis z of course coinciding with the 
line which joins the eentres of the moon and the star, and r 
being the radius of the moon. 

Let  xt, .Yl, zt, be the coordinates of  the centre of the  moon re- 
ferred to the centre of the earth, the plane x y  coinciding with 
the equator, x~,y~, z~ the coordinates o f  the star referred to 
the same axes, and let 

~, = a (~  - ,~t) + b ( v  - y l )  + c ( z -  ~1) 
# - -  d (x  - x t) + V ( y  - Y l )  + d (z  - z l )  
z '  = a "  (x - x~) + 6" (y  - y~) -+ c" (~ - z~) 

The  equation to the cylinder referred to the axes x ,y ,  z is 

{a (~ - x l )  + b ( y  - y 3  + c (~ - ~,) }'  

The  equation to the plane xrff is 

a" (x --  xl) + b " ( y  --ff l)  + dt (z --  zl) = O. 

I f  a t and ~t denote the right ascension and declination of 
the moon, ~md a~, ~ of the star, since the plane xrff is perpen- 
dicular to a line joining the centre of the moon and star; it is 
easy to show that 

a" = cos a~ cos ~, b" = sin at cos ~ d I = sin ~. 
Th e  following well-known equations of condition obtain 

between the quantities a, 3, c, d ,  b t, d, a",/;1, c" : 
a a t + b b  r + c d  = 0  
a a "  + bb" + c d  I = 0 
d a " +  btb " + r i d  r = O  
a ~ + b 2 + c ~ = 1 
d"  + b I~ + d  ~ =  1, 
a "°" +I:1 t~ + c  'l~ = 1 

Since these equations are more than are necessary to de- 
termine these quantities, we may suppose one of them as c : O, 
and then it is easy to show that 

a = s i n ~ ,  b = - - c o s ~  
d = c o s a ~ s i n ~ ,  b I = s i n a . 2 s i n ~ , d =  - - c o s ~ ,  

and the equation to the cylinder becomes 
{(x --  x~) sin a ~ -  (y  --y~) cos ~}~ 

+ {(x -- xt) sin ~.2 cos a~ + (St --2Yl) sin a a sin ~ 
- (~ - z , )  cos  ~ } ~ =  ,'~ 

I f  x - R c o s ¢ c o s a  a, . y ' - R c o s ~ s i n % ,  z =  R s i n ¢ ,  
9 being the geographical latitude of a point on the earth's 
surface, and if II be the moon's horizontal parallax, A her 
apparent semidiameter, 

N '2 cos 
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92 Tables of  the Decimal Parts of  a Day and an Hour. 

{cos $, sin (a~  - -  a t )  - - / / c o s  ~ sin ( ~  - -  a s )  } "  

+ {cos S sin Su cos (a~ - - a i )  - -  sin S t cos ~ (1) 

- - / / ( c o s  $ sin $~ cos (a~ - -  as) - -  sin ~ cos S~} ~ ----- A ~ 

L e t  ~ be  the inc l ina t ionof  the moon ' s  orbi t  to the equator~ 
v the r ight  ascension of  its intersection with the equator  ; then  
the equat ion to he r  orbit  is 

x sin vJ sin v - -  3 sin ~o cos v + z cos c0 = 0 

T h e  equation to a plane passing th rough  the stai" and the 
centre of  the moon and perpen(l icular  to this plane is 

(x  - -  x:) (cos ~o cos b2 sin a~ z + sin 8 2 sin ~o cos v) 
+ (.y - -  y,) ( s in~  sin v sin ~ - -  cos ~2cos a~ cos ~) 
- -  (z - -  z,) (sin ~0 cos S 2 cos (a2 - -  v) = 0, 

and  p u t t i n g R c o s ¢ c o s a  a for x, R c o s ~  s i n s  a f o r g ,  and 
R sin 9 for z, 

/ /{ cos ¢ sin ~ sin ~0 cos (v - ~a) + cos ¢ cos $2 cos ~ sin (a2-- ~3) (2) 
- -  sin ¢ cosb2 sin 0o cos (a~--v)} 

- -  cos 3, sin ~2 sin o~ cos (v--a t) -- cos ~[ cos ~ c o s  o~ sin (=2--al )  
+ sin ~, cos Su sin o~ cos (~t~--v) ---- 0, 

the geographical  longitude east of  the point  cor responding  
to as = aa - -  the sidereal t ime at the place f rom which longi-  
tudes are reckoned.  

Equat ion  (1) may  be considered as the equation of  a cone 
having its apex at the ear th 's  centre,  the variables bein~ 
and a~. Th i s  determines  the points on the ear th 's  surface 
for  which the star is occulted at  any instant;  the intersection 
of  this cone with the plane,  Equat ion (2), determines the points  
a t  which the star is just  occulted or appears  to graze the edge 
of  the moon. T h e  mathemat ica l  solution here  given compre -  
hends  also those points on the opposite hemisphere  of  the 
ea r th  to the moon,  which are intersected by the cyl inder  and 
plane,  and which must  obviously be excluded.  

X V I .  Tables of the Decimal Parts of a Da2/ and an Hour. 
By A COrmESeO~D~T. 

To the Editors of the Philosophical Magazine and Annals. 
Gent lemen,  

A S i see that  in a fo rmer  N u m b e r  of  your  Journa l  you 
have commenced  a publicat ion ofc 'orreet  Tab les  requisite 

in practical  as t ronomy,  I forward two o f  the same na ture ,  in 
the hope tha t  other  cor respondents  may be induced,  like my-  
self, to follow so useful an example .  

December 10, 1830. 
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