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This paper is concerned with investigation of thermal stresses in an elastic
cone due to & mixed thermal loading on its surface. Distribution of tem-
perature on its bounding surface and in the interior is obtained by applying
Wiener-Hopf technique to heat conduction equation. The solution for
temperature digtribution thus obtained is shown to tally with the results for
semi-infinite body in the limiting case. Thermal stresses are then obtained
for this temperature distribution.

1. INTRODUCTION

The stress analysis of circular cones and of solids of revolution bounded by
one or two cones and of bodies bounded by two co-axial conical surfaces
with a common vertex has been the object of numerous investigations in the
clagsical linear theories of elasticity and thermo-elasticity. Solutions for a
semi-infinite solid cone under a concentrated force of arbitrary orientation
applied at the vertex were established by Michell (1900). Foppl (1921) studied
the analogous pure torsion problem. Michell’s results were extended by
Neuber (1934) to the case of conical shell of varying thickness and obtained
the solutions for the flexure of the sheil due to a concentrated couple at the
apex. Knops (1958) has rederived the results given by Neuber (1934) in a
different manner. ;

Certain axisymmetric problems concerning solid and hollow cones sub-
jected to a quite general axially symmetric external loading condition distri-
buted over the conical boundary have been considered by Morgan (1954, 1956).
In his first paper (Morgan 1954) the lateral loading is assumed to be propor-
tional to an arbitrary real power of the distance from the vertex while in the
second paper (Morgan 1956) piecewise continuous surface tractions have been
assumed such that they vanish identically beyond a fixed distance from the
apex. The procedure applied by Morgan (1956) is the generalization of the
method suggested by Tranter (1948) in connection with the similar two-
dimensional equilibrium problems for an elastic wedge. Morgan’s scheme
rests on the use of the Mellin transform together with Love’s stress function
for the torsionless rotational symmetry, Muki and Sternberg (1960) have
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obtained the solutions for the steady state thermal stresses in an elastic cone
subjected to a discontinuous surface temperature, the tip of the cone (up to a
given distance from the apex) is held at a constant temperature while the
remainder of the boundary is maintained at another uniform temperature.

Instead of applying the Love’s stress function they have treated the
thermoelastic problem on the basis of the axisymmetric version of Boussenesq
Papkovich’s general solution to the isothermal elastostatic field equations,
which was readily modified to account for the presence of temperature field and
was infroduced by McDowell and Sternberg (1957). In contrast to Morgan’s
treatment which is purely formal with the aid of Mellin transform and of the
corresponding inversion theorem they have deduced the complex integral
representations of the thermal stresses into real integrals involving Legendre
functions of the first kind of complex degree. The validity of the solutions
is examined and numerical evaluation is discussed in detail with the help of
highly cumbersome, voluminous computational work.

In the present work, we seek the solutions for the thermal stresses in a
solid elastic circular cone which is free from external loads, due to a mixed
thermal loading on the boundary surface of the cone: the tip of the cone (up
to a given distance from the apex) is held at a given temperature distribution
while the remainder of the surface is thermally insulated, Mellin transform
technique together with Boussinesq Papkovich’s scalar potential functions are
employed to obtain the complex integral representation of the temperature
stress required. Weiner-Hopf technique is employed to obtain the tempera-
ture on the surface and in the interior of the cone.

2. FORMULATION OF THE PROBLEM

Consider a medium occupying an isotropic homogeneous region of space
D with boundary B. The spherical polar-coordinates (r, 8, @) are introduced
by means of the mapping
z=rsinfcos @

y =rsin § sin @
z=rcos
0<r<on, 0K, 0P < 2n
Suppose the axis of the cone in question coincides with z-axis, Let its
apex be at the origin and let «(0 < 7 < =/2) be its semi-opening angle. Fur-
ther, let us introduce the following auxiliary variables
p=cosf, g=sind
Po = COS &, o = Bin a.
The region D is then in this case given by
0<r<oo, pp<p<l, O0<p<1)
while the boundary B corresponds to p = pj.
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The cone is subjected to the following thermal and elastic loadings (Fig. 1)
T(r,po) = m(r), 0<r< 1{

or
'5; (7:po) = 0’ r> 1 (2'1)
GW(r: po) = O

O<r< ooI
G'ro(’,_po) =O$

where m(r) is the given function.

§oe (LF) =0
sre (BR)=0

Fie. 1. Thermal loading on the surface.

By virtue of rotationally symmetric character of the problem, the tem-
perature field is independent of the longitude @ and satisfies Laplace’s equa-
tion, which govern the steady state heat conduction of a thermally homo-
geneous and isotropic solid. Thus

2. 1
0*T 29T 16[ 87]___0 2.2) -

wiia e |-y
must hold in the region 0 < r < oo.

The equation of thermoelastic displacement potential F when referred to
spherical polar coordinates takes the form

BF 20F 1 oF -
T2l @[(1_pz)_a§]=mzv LT @3
with
2(14-v)

(- 78

1—~2
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The components of stress tensor and displacement vector corresponding to the
function F are given by the following relations:

. OF

o=

ow_ _ 1 PF_poF 10F

2u- P rPop'r or
Gge _ p OF 10F . .. .. 24)

20 "2 dp r orop)

6’r¢—-—0

_ _OF

Uy 'W

_ q oF}, (2.5)
g — ;a_p

iy =0

For the removal of the stress ‘residuals’ on the surface of the cone pro-
duced by temperature distribution 7', the Boussinesq-Papkovich approach is
used, according to which the general solution of the displacement equation
of equilibrium in the case of torsion-free rotational symmetry and absence of
body forces admits the representation as

w = i —B—dhi+ X5 5 (5,j=1,2,3) .. .. (2.6)
du=0, $y=0 .. .. .. .. .. .. 2

where v is the Poisson’s ratio and the subscript comma denotes partial
differentiation,

In the case of axisymmetry about z-axis, the general solution (2.6) and
(2.7) of the isothermal elastostatic field equation remains complete if ¢ and ¢
are restricted by

¢ = ¢(T, P)> ¢3 = ¢(r: p)}
2.8
r=yps=0 =8)
whence (2.7) now reduces to
V3(r, p) = O}
2.
V3ir, p) =0 39
in which the Laplacian operator v 2 is given as
2 20 1 0
V2=37?+;5g—)+;2 [(1—1)2)52—)], .. .. {2.10)
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Equation (2.6) when referred to spherical polar coordinates becomes.

7= P ¥ 3ty 1

. (211)

- 2 0 :
do = — % a%';ﬂoq,-,—;[;—F(i”—f!cv)qtﬁJ

lI
O

The corresponding stress ﬁeld in terms of the stress function ¢ (r, p) and ¢ (r, p)
is given as

L A 0 290y
Z‘arﬁ i = r op
000 9% _pd¢ 104  pg* 0%
T e Ao Tror ! r op
+(1—2V)p%—¢—‘——fl+(l 2v) 2}—‘/{
pop 134 10y { by, qagzj} e (212
‘W“r‘zap ;57‘;370+1 —) Portrap
- _ flog 104 1 a2 ¢
=N e rarep  porapT L)%
pasb}

0rg =0, Ggp=0 /

The resultant state of displacement and stress is obtained by adding (2.5) to
(2.11) and (2.4) to (2.12). The problem under consideration thus reduces to
the determination of the solutions F, ¢, ¢, T

3. APPLICATION OF THE MELLIN TRANSFORM

Let P(p, s), 4(p, s), §(p, s) and 7(p, s) be the Mellin transforms with
respect to r of r2F(r, p), 1~24(r, p), r~~4(r, p) and T(r, p); s being the
transform parameter.

Thus

ﬁ‘(p, 8) = J F(r, p)rs-3 dr
0

5) = f : é(r, p)rs=3 dr
(3.1

= f : W, D=2 dr

A -]
P(p, s) = fo T(r, p)re-2 dr
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Further, following Muki and Sternberg (1960) we assume that the order of
each of

r2F, r‘lgg 1 2%

PR L, %;é is 7~** ag r— o0 (s* > 0). .. (3.2

In addition, we assume that the six functions appearing in (3.2) remain bound-
ed as r - 0. Then (3.1) and integration by parts imply the identities

f %g” Pdr = —(s—2)F f ——Ts‘ldr—(s—l)(s—2)f:‘
f gf’“dr— —(s—2)$, f aifrs‘ldr=(s—-l)(s—2)$ . (3.3)

0 2
f %:bfrs"ldr= —(s—1)§, a4,’r£dr-s(s—l)

0

4. SorurioN or THE CoxpucorioN EqQuaTioN oF HEAT

Applying Mellin transform to eqn. (2.2) we obtain in view of (3.3) the
following Legendre equation

d

@[( 2)d]+s(s—1)ﬂ‘—0 R RN )

The general solution of this equation is given by

T(pss) = A(9)Ps_o(p) .. .. .. G2
where A(s) is arbitrary function of the transform parameter ‘s’ and is deter-

mined from the boundary conditions.

5. RepvctioN 10 WEINER-HoPF EQUATION

We rewrite the boundary conditions (2.1) as

T(r, po) =my(r), 0 <r<1 {

= m_(r), r>1} (5.1)
5 (20 =0, 0< 7 < 1}_ e 6
=0, r>1

In the above equation m.(r) is of course the given function m(r) but m_(r) and
n4(r) are unknown funetions of » for r - 1 and 0 < r < 1 respectively. We
assume the following order properties of the functions appearing in (5.1) and
(5.2):

my(r) = O(1), as r—> 0, r—>1-

o), r—=1t o1y, r—> 0t
() = {O(r‘l), r—>o’ )= {O(l—-r)*}, r—>1-
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The Mellin transform of (5.1) and (5.2) yields

T(por ) = M(s) + M _(s)
7 (5.3)
2 w9 = Ny)
where
1 0
M (s) = f my(r)rs-tdr, M_(s) = J m_(r)rs-1dr
; 1 (54
Ny(s) = J‘ ., (r)rs L dr
0
From eqns. (4.2) and (5.3) we obtain
A($)Ps-1(Po) = M ((s)+M_(s)
) } . (5.5)
A(s)P,_y(po) = N ()
Eliminating A(s) between the two equations we obtain
E(S)[M 4(s)+M_(s)] = N o(s) . (38)
where »
P ;_1(1’0)
K(S):m. .« . e . (5‘7)

Now in (5.6), M (s) and K(s) are known, whereas M_(s) and N _(s) are to be
determined. If it is shown that (5.6) holds in the strip 0 << Re (s) < 1 that
M ,(s) and N.(s) are regular in Re (s) > 0 and that M_(s) is regular in Re (s)
< 1. The determination of M_(s) and N, (s) is then possible by the Wiener-
Hopf technique if K(s) is factorized in the form

_K_(9)

=% e e e (B8)
in which K, (s) and K_(s) are regular and zeroless in Re (s) > 0 and in Re (s) < 1
respectively. From (5.7) and the asymptotic forms of the Legendre function it
follows that | K(s)| = O(| s|?) where p = 2 unless &= =2 in which case p = 1.

Thus it is possible (Noble 1958, p. 42) to perform the factorization in (5.8).
Hence (5.6) can be rearranged in the form

K ($)N () —K_(s)M_(s)— K _(s)M 4(s) = 0. e . (89)
Next (Noble 1958, p. 13) if | K_(s) M.(s)]| = O( s]?); p> 0 as s—» o0 in
the strip 0 < Re (s) < 1, then the function K_(s) M. (s) = f(s), say, can be
decomposed into the sum f,(s)-f_(s) in which Jfi(s) and f_(s) are regular in
Re(s)>0and Re (s) < 1 respectively. Then (5.9) becomes

Eo)N4()—f1(8) = E_(&M_()+f-). .. .. (5.10)

Now the left-hand side of (5.10) is regular in Re (s) > 0, the right side in
Re (s) < 1. Since the two sides are equal in the strip 0 < Re (s) < 1, they
are analytic continuations of each other into the whole ‘s’ plane,

K(s)
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Thus an entire function J(s) is defined, the representations of which are
the two sides of (5.10) in right and left half planes. Thus

J(5) = K (8) N y(8) —f1(8) = K_(s) M _(s) +S-(s). .. (5.11)
Now suppose that it can be shown that
| K ()N p(8)—=f+(8) | < | s]? as s> 0, Re(s) > 1
| K_(S)M_(8)+f-(s)1 < |s]? as s> o0, Re(s) < 1. .. (5.12)
Then by the extended form of Liouvilles theorem J(s) is a polynomial P(s) of
degree less than that or equal to the integral part of min (p, g), i.e.
K (5)N 1(s)—f+(8) = P(s)
K_(s) M _(s)+f-(s) = P(s)

= D0
. @.13)
M_(s) = P____(j%_—é' ;("')

Making an appeal to the inversion theorem of Mellin transform the functions
m_(r) and n,(r) are given by

ny(r) = 2_1_ J. Ny (s)r-s ds |
wt J oy i
- (5.14)
m_(r) = 2}” ]}I__(s) r=8ds [
Having determined N (s) and M_(s) we can now find A(s) from (5.5) and
then the temperature field is obtained by inverting the relation (4.2).
As an application of the above results we consider the elastic half space
0 < 0 < #/2 on whose free surface # = « == #/2, the following conditions are
prescribed:

%—?(r,O):O, r>40

Tr,0) =1 O0<r<l. .. . .. (5.15)

The solution of this problem is well known (Nowacki 1962, p. 119) but its
solution by the above method serves as a check on the method.
From relation (5.4) we see that

1
My(s) = Tof rs-ldy = Ts—“ ,Re(s) >0 .. .. {5.16)
0

when « = =/2 we have

.. (5.17)
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From this we deduce that K(s) is regular and zeroless in 0 < Re (s) < 1.

We now choose
8 2—s
49 ”Fr)

2
K, (s) and K_(s) are regular and zeroless in Re (s) > 0 and Re (s) < 1 re-
spectively. Also K, (s) =0 (|s|~%) and K_(s) =0 (s?) as |s]|— o in the
appropriate half planes.
Hence (5.9) becomes

K_(s)= so that

K (s)Ny(s)—E_\M_(s)+fs) =0 .. .. .. (5.18)
where
2T.,P( 2'9)
f(s) =———~.

We now split up f(s) into f,(s)+f_(s) such that f.(s) is regular in Re (s) > 0
and f_(s) in Re (s) < 1. To this end we make use of Cauchy’s theorem and
thus get

2—1
fu = 2o (7)o
T om 1—1\l—s
" zr(

dL

- .. (5.19)
I (s)———J F(T)ﬂ
- 271 r 1=\ {—s
()
On integration we get
2—s
r
_ _ 27, ( 2 ) 1
f+(s) /\/— J'f—()—T 1——1—(1—_—8—)—"\/——; . . . (5.20)
2

Substituting these values of f(s) and J—(s) in the Weiner-Hopf equation (5.10)
we obtain

()
K+(s)N+(s)+T_K _(8)M _(s)—2T, ——— = .. (21)

(%)

N
ER
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From the order properties established above in section 5 we see that the left
side is O(|s|™!) and the right side is O(|s|}) in their half planes. Hence the
polynomial .J(s) is identically zero and we obtain

2T, To r (l -2‘-8)
\/”SK+(3) ’\/7T (2+3)

/

2—s
27, F(T)__L
SK_(s) 1—s o
F(T)

(5.22)

()

L)y V27
8

virle)

M_(5) =

Now
ny(r) = L Ny(s)yr—s-1ds, 0<r<1

145
_ f_(“‘_f‘_)
T A/ n2m ,,I"(2-;8)

The integrand has simple poles at s = —(2n-+1), » =1, 2, 3 and, therefore,
the sum of the residues at these poles are

l”’+2 "
22 'I’h"rrr2

n+(r)=g?’(l-—r2)'*, O<r<!1. .. .. .. (5.24)

= Tof M_(s)yr=s ds
y S
l1—s
7, T ( T) r
27n J' 1— ————“—*_‘ o s _E—ds’
Y '\/7711 (T )

Here r > 1, so we must close the path in the right half plane and in this region
the integrand in the first integral of (5.25) is regular and hence we have

& ldr, Q< r<<l. .. .. (5.23)

Hence

Again

r>1, .. .. (5.25)

2o Trtd)

Vw@nt1) n!
—?—"-TT—sm"li, r>1. .. . .. .. (6.26)
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Hence the temperature distribution on the free surface of the half space is
T=T,0<r<l1

——’-‘—1—19s1n i, r>1
4 r

T(r, 0) = T(,[v;(l——r)-— %n(r—-l) sin‘l%.} .. .. (8.27)

which tallies with the result obtained in Nowacki (1962, p. 120).

6. SoruTioN OF THERMOELASTIC PROBLEM

Mellin transform of eqns. (2.3) yields

ar

[( —7°) dp]+(s—.2)(s—3)i*=m'i* e (8

where

Fip, 9)= [ # e~ drf 2

Pp,5) = [o T, pyorar
Taking into account the relation (4.2) we obtain a particular solution of (6.1)
as
mA(s) Ps_y(p)
2(25—3)Ps_1(po)

Again applying the Mellin transform to (2.9) and bearing in mind (3.3) we
obtain in this manner the Legendre equations

P=— (6.3)

d dé )
7 | (L=0°) 7|+ (s=2)(s—3)¢ =
dp[ ] 6.4)

;;[( )‘l"”] (s=2)(s—1)§ = 0

Taking into account (6.3) and keeping in view that the thermal displacements

and stresses sought must be regular along the axis of the cone « = 0 for p = 1
we take the solutions of (6.4) in the form

$(p, 5) = B(s)Ps_s(p) |

(D, 5) = O(©)Po_s(p) |

The arbitrary functions B(s) and C(s) appearing in (6.5) are to be determined
from the transformed boundary conditions (2.1), i.e.

(6.5)

56(Po, 8) = 0, Grg(po, 8) = 0.

The final displacement and the stress field in the spherical polar coordi-
nates are obtained by adding
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(2.5) to (2.11) and (2.4) to (2.12). Thus

7 F
LR .

uo:_gg’_g@_ a¢ (3—d)gi .. .. (6.6)

TR T
ou= T T e TP 20 5

o PP _poF 13F ¢ %

2u r28p2 ®op r or ' 1% op?

_pW 1% et P 0

T op ror r op or
1
~ (-2 %
s _ —p OF lai’_ga_qs 19¢ . .. (6.7)

2—,1_1'2 o r o t20p'ror
19¢ ¢ g
~raptd 2){1’ fap}

og 10F 10F 104 1 8% %

dug P op rorop Rop rarap Larop
4 P9
+(1=2) 5 +2(1—) 7 7

org == 094 = 0. |

’

Next let d.(p, s), ds(p, s) be the Mellin transforms of r~lu.(r, p), rtu,

(r, p) and denote by 6,(p, 8), 6e(P, 8), ete., the transforms of the corresponding
components of stress. Explicitly

ﬁr(f’, 8) = f: U(r, pirt~2dr, ... eto,
(6.8)
Gr(p, 8) = f o"(r pirs=2dy, ... ete.

Then equations (6.6) and (6.7) with the help of (3.1), (3.3), (6.3), (6.4) and
(6.8) reduce to

O, = —(s=2)F — (s~2)$—p{s-+2(1 —20)}¢

{d¢+sz (3"41').[')} _ . (89)

Q>
Il
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Grr = (5—1 )(s—2)F+(s—1 (s—2)¢+(s—1)(s+2—2v)pd

ayg
——2qu a‘};
5’00 d. 2 ‘f*
o 8(4s+7)F+pT —(s—2p2p+p - ap
. dp
—(=1)(s—1—-2)ph+{1 =B =g} 77
5’21:1 —(s—2 )F—p‘gf— (s—2)d— _pd¢ (1=2v)(s—1)pf (6.10)

—0-(-2} 5

o= q{<s_1)£ +6=1) 2 —(1-2)(s—1)§

|
+(8+1—2V)p@§
Finally the boundary conditions (2.1) in the transformed domain become

Goo(p, 8) = 0, 576(po, 8) = 0. .. .. .. (6.11)

Substituting (6.5) into the second and the last of (6.10) and invoking (6. 11)
subsequently we get a pair of simultaneous equations involving A(s) and
B(s).

These simultaneous equations can further be simplified with the aid of
the recursion relations:

P s(p) = s[Ps_y(p)—pPs(p)] } .. (6.12)

(254 1)pPy(p) = (s+1)Psss(p) +5Psr(D)
where prime denotes differentiation with respect to the argument. Setting
A (Do, 8) = (8—1)3(s—2)*Po[ ps_o(P0) P+ (5—1) (5 —2)¢0*Pe—2(P0)P’s-2(20)
+ {20 =1) 4 (s=1)(s=2)g 2} [P ss(P0)Z .- .. .. (6.13)

and making repeated use of (6.12) we write the final formulae for , § in the
form

»  RG,
- ——A_PLS( & ) (6.14)
. RG AN
P = A’P,_g(p) /r
where
Gy = P'os(Do)[P' sl P2 — ) (L (5—2)g)}+ (5 — 1) (8—2) (8—29)
XPoPo-z(Po)]—8(4S+7)Ps—1(270)[(8+1—2V)P0P':-2(po)
(6.15)

—(s=1)(1 sz)Ps—z(po)]

Gy = (8—1)[s(ds+1)P;s_3(Po) P’ s .a(Do) — (8=2)2P’ s_3(00) Pa_3(20)
6B
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and

- A
R = =" =) Pipy”

Putting (6.14) and (6.15) into (6.10) and using (6.12) we get the expressions
for the transformed stress components in the form

G rr

G
2u IR [(s 1)(s—2) {Ps—l(f’)'l'zl Pa_s(p)}+%2

{(s=1)(s4+2—2v)pP,_5(p) —2vq2P's_z(p)}]

o G
2‘:;2 = [—3(43+7)P6—1( VP sy (p)— Al (8—2)2Ps_3{p)—pP's_3(p)}
- Z{ 8§—=1)(s—1—=2v)pP,_s(p)+(1 —(3—2V)92)P'a-z(1’)}]
R G . {6.16)
% = - [(3‘2)P8—1(p)+PP,3—1(P)+Z1{(3—2)Pe—s(P)—PP’a—3(P)}

+% {(s—=1)(1=2v)pP;_5(p)+ (1 — (1 —2v)¢°) P's_s(p)} ]
Or9

O [(s—l)P’,-l(p)-{—(é—-l)%P’,_3 p)— — { 3=1)(1=20)P,_,(p)

— (8 1—20v)pP,_o(p)} ]

J
For brevity the analogous formulae for the displacement components
Ay, @y are omitted.

In order to pass from the transformed stress functions and stresses to

their antecedents in the physical domain, we make an appeal to the inversion
theorem for the Mellin transform

By virtue of (3.1) and (6.8) we arrive at

7‘2 c+iwm w
F(Ta p) = 2_Lf F(p» S)T—'ds
¢+t A
o(r, p) = 2mf Vrtds > . . (8.17)
c+éo R
Plr, p) =5~ o Y(p, s)r-eds
and

e4+4w

1 . _
O,(1, P) = 3 fc-m a.(p, 8)r~tds. . . ete .. (6.18)
The integrands in (6.17) and (6.18) are fully accounted for through (6.14) and
(6.15).
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This completes the formal solution in complex integral form of the thermal
stress problem under consideration.

In conclusion, we merely mention that the solution to the thermoelastic
problem of cone established in this investigation when a = #/2 is reducible to
the corresponding result for the semi-infinite elastic solid obtained in Nowacki
(1962, pp. 119-21).

REFERENCES

Foppl, L. (1921). Die torsion runder stable von veranderlichen Querschitt. Bayer. Akad.
Wias., 61.

Krnops, R. J. (1958). On the variation of Poisson’s ratio in the solution of elastic problems.
Q. JI Mech. appl. Math., 11, No. 3, 326.

McDowell, E. L., and Sternberg, E. (1957). On the steady-state thermoelastic problem for half
space. Q. appl. Math., 14, No. 4, 381-98.

Michell, J. H. (1900). Some elementary distributions of stress in three dimensions. Proc.
Lond. math. Soc., 32, 32.

Morgan, A. J. A. (1954). Stress distributions in semi-infinite solids of revolution. Z. angew.
Math. Phys., 5, No. 4, 330.

(1956). Stress distribution within solids bounded by one or two cones. Z. angew.

Math. Phys., 7, No. 2, 130. :

Muki, R., and Sternberg, E. (1960). Steady-state heat conduction in a circular cone. Z. angew.
Math. Mech., 11, No. 4, 306.

Neuber, H. (1934). Ein neuer Ansatz zur Losung raumlicher Probleme der Elastizitatstheorie.
Der Hohelkegel unter Einzellast als Beispiel. Z. angew. Math. Phys., 14, No. 4, 203.

Noble, B. (1958). The Weiner-Hopf Technique. Pergamon Press, New York.

Nowacki, W. (1962). Thermoelasticity. Pergamon Press, London.

Tranter, C. J. (1948). The use of the Mellin transform in finding the stress distribution in an
infinite wedge. Q. JI. Mech. appl. Math., 1, No. 2, 125.



