IR=-59-80
U. Camerini
June 4, 1980

l | Demand Mole §0-%
OPACITY OF THE URCHIN (NECLECTING REFLECIIONS)

»

I have calculated the gffet_:t:ive area A of the Urchin for various geometrical

configurations. :
1 find that A increases slowly with the nusber of rods: 50001000 seems a

practical number. : -
Also small Urch:l.ns (R = 1,2) are much closer to the theoretical u:d.uun

eff. area than large ones.
Parameters:

R Radius of inner sphere

r = Radius of rods |

L = Radius of urchin

N = Nusber of rods |

k = Packing fraction for rods (Y 0.7)
The rods are assumed to cover sll the sphere.

‘l'he number of rods per steradian n 1.: therefore n = % . .(1)

Assume a parallel bu- of light with an int.enn:lty Io quanu/lz' in the

-x direction.

Consider a cylindrical annulus w'th its axis parallel to the light.

(Two coaxial cylinders-of radius £ and % + df respectively.)

fz
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The number dN of rods cropllling the cylinder at positions between x

and x+dx is

@ = n dQ
where d0} is the solid angle subtended to the center of ﬁhe sphere by the
" element of cylinder of height dr and radiue % '

Q= 21 (1-cos6)

& = 2nsin0db

dN = - 27ainBd0 = £l s:l.nﬁdﬁ _ (2)

Let I be _thé jntensity of the light beam in the annulus at a depth x.
Then the change in intensity of the beam in crossing the elementary

cylinder of height dx is dI = -I i—;‘:—‘&;{! -EH g
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 where the mumerator is the area occupied by the rods and the denominator
is the area of the snnulus.

The radiui of the rods can be calculated from

r = 2RY% raN = RAH 8in6d0, snd d1 = -1 BN g1nede.

vhere sinb 0" L/L

or .- % 510849,

I - s:l.nﬁo
n R AR
ﬂhﬂt’e [+ B '.l: p- !

Integrating from 90 to 6, one obtains for the light remaining

u(cosﬂ-coneo)

sinf
I=Ice °
[+]

Integrating ‘this over appropriate boiundaries, I have calculated the
opicity 1 -'Illl:o and cffecfive area for a side view (Urchin appears
semicircular) and & top view (Urchin sppesrs circular), for various
rod dimmeter and lengths, and for various packing fraction values.
The radius of the inner sphere was taken as 0.2 m. The results are

| summarized in Table I and Fig. 1. Typical opacities as a function of

distance are shown in Figs. 2 and 3.
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