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[ [xlf;lw) + x%w)].ds= 0 (15)

and

f[xg%l (Ag) — x,—% (A¢)] ds = 0. (16)

Equations (14), (15) and (16) are Michell’s conditions which are thus seen to be the
natural boundary conditions of the variational problem for the stress function. The
manner in which these equations are used in determining ¢ is obvious. Let ¢o, ¢1, ¢2, 3
be the biharmonic functions defined by the following boundary conditions:
1) ¢o and d¢¢/dn have the prescribed boundary values on the loaded boundary
curve C; and vanish on the other boundary curve Cs;
2) &1 =6¢1/6n =0 on Cl,
¢1=x1and 0¢1/9n =n, on Cy;
3) ¢2=0¢:/0n=0 on C,
¢2=x, and d¢/n =mn, on C;;
4) ¢3=0¢3/dn=0 on Cy,
¢s=1and d¢,/dn=0on C,.
Substituting
¢ = ¢o + a1p1 + asps + b3

into Egs. (14), (15) and (16), we obtain three linear equations from which a,, a; and
b can be determined.

THE CAPACITY OF TWIN CABLE—II*
By J. W. CRAGGS anp C. J. TRANTER (Military College of Science, Stoke-on-Trent, England)

1. Introduction. In a recent paper! (subsequently referred to as “I”) we have
given a method for determining the capacity of two circular wires surrounded by con-
centric touching dielectric sheaths. The present note gives the extension of the method
to the case in which the dielectric sheaths are not in contact. The problem considered
is the symmetrical one of two infinite parallel circular wires each of radius R, sur-
rounded by concentric sheaths of radius R, and dielectric constant K;, the distance
between the centers of the wires being 2L(L > R;). The dielectric constant of the sur-
rounding medium is taken as Ko.

2. The equations for solution. In line with the treatment in “I” we replace R,
by unity, Ri/R; by a and L/R; by s; we also write K,/K;=K. The potentials Vi, V,
must therefore satisfy (¢) the differential equations

V¥, =0, a=r=1, (1)
V2V, = 0, r=1, x=0, 2)

and (#7) the boundary conditions
Vi=1, 3)

* Received June 19, 1945,
1 J.W. Craggsand C. J. Tranter, The capacity of twin cable, Quart. Appl. Math. 3, 268-272 (1945).
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when r=aq,
V=V, 4) KoVy/or = aV,/or, (5)

when r=1,
V! = Ov (6)

when x=0. Here V? is Laplace’s operator in two dimensions and the coordinate sys-
tems are as shown in Fig. 1.

Nl
_

Fic. 1.

3. The analytical solution. As in “I” we write

Vi=1+ Blog % + ”2:31{(1) - (i)} b cos nd. %)

a r

The conformal transformation for the region r>1, x>0 can be written

' re + e+
— ip = log ——M88M 8
§—in=log— o ®)
where

p = log (s + /st — 1). )

The boundaries r =1, x =0 then become £=u, £=0 respectively.
Since V; is odd in £ and even and periodic in 7, we write

Vs = Dt + 2 d,, sinh m¢ cos m. (10)
m=1
The constants B, b, of (7) and D, d.. of (10) are now to be determined from the
boundary conditions (4) and (5).
On the boundary r=1((=pu), we find from (8) and 9)

1 h u cos 6
cosn = ——+ o ) (11)
cos § + cosh u
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so that 0 <6 = corresponds to 0 9 <, and

vV o av an Vv —sinhp 9V 12
dr  or O 09 Of cosO -+ coshu 9f
Thus (4) and (5) give
L 1 —_ aZu © .
1—Bloga+ 3 bacos nf = Du + 2 dm sinh mu cos mn, (13)
n=1 a" el
© 1 + a2n
KB+ KY. nb, cos nf
n=1 a" 'nh ®
—s
- MmE {D + > md.n cosh mu cos mn} . (14)
cos 0 4+ cosh u M1
Multiplying (13) by cos mn(m =0, 1, 2, - - - ) and integrating with respect to 3
from 0 to 7, we have
© 1 —_— azn
Du=1—Bloga+ 2, (— 1)nem™ bn, (15)
ne=]
since
f cos nfdny = (— 1)rze=",
0
and
© 1 — 2n
dmsinhmy = Y, ™ bal m(n), (16)
=] a”
where
2 [ 3
I.(n) = — e""f cos n cos mndn. a7
T 0
Similar treatment of (14) gives for B, b,
KB=—D (18)
and
14 a* ©
K nb, = 2(— 1)"*e=™wD — ¢~ Y md,, cosh mula(n). (19)
a” m=1
Expansion of cos mn in (17) in terms of u = (14e~2#+2¢~* cos 0)~! leads to
I.(n) = (— l)fn+nz (= 1)? 2C o, ™H71C e (v—20)k, (20)
p=0
Eliminating D, b, from equations (15), (16), (18) and (19) we have
1 L]
Bloga—1— KBu = 2BS + 7K > mdman cosh my, (21)
Mme=1
1 L]
— dy sinh pu = Ba, + 5 > mdmAm, cosh mu, (22)
me=1
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S _ i(l — 02“) e—21m,

a1\l 4+ a2*/ =n

where

, N (23)

ap =23 (— 1)ﬂ+l(1 — “2") I(n)°

=] l + 02"

i 1._.02n e—2im
App = I.(n)I,(n .
= S () It =

Following the procedure of “I” we retain only a finite number p of the coefficients
dm. Writing

K
Ym = — tanh mu, (24)
m

and eliminating md,, cosh mu between equations (21), (22) we find

Au+m A -0 Ay “
A Azt 72 -+ - Az oz
............................... —0. (5
An Apr o Appt+ 7o ar
1
a o a, 2<E-1084+K“)+4S

The capacity is then given by —1K,B.

4. Alternative method of solution. The above treatment provides a satisfactory
basis of computation when K =1. For completeness it is interesting to notice that,
when K <1, more rapid convergence to the true solution is obtained by eliminating
D and dn. from equations (13), (14) by treating (13) as a Fourier series in 8 and (14)
as one in 7.

ON A. A. POPOFF’'S METHOD OF INTEGRATION BY
MEANS OF ORTHOGONALITY FOCI*

By HOWARD A. ROBINSON (Research Laboratories, Armstrong Cork Company)

In a recently published paper' a method is given which allows a marked reduction
of the work necessary in computing the tristimulus values necessary in color specifi-
cation work. The three tristimulus values are defined by the following relations:

X =fEL()\)5c()\)R(>\)d)\, Y =fEL()\)5’()\)R()\)d)\, VA =fE1,()\)2()\)R()\)d)\,

where EL(\) are tabulated relative energy functions of a known light source L, Z(\),
F(N\), 2(\) are tabulated luminosity functions and R(\) are the experimentally meas-

* Received August 9, 1945
1 Quart. Appl. Math., 3, 166-174 (1945).



