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we must have a distribution of electricity at some of the surfaces,
whether we have any in the space included in the dx dy dz integral
tion or not. Analytically, it means that we are no longer to make

?± + *f. + *t = 0
dx% dy* ds*

throughout the entire space of the integration, but only up to art
infinitesimal distance from the boundaries where there is electricity,
just as in the case of the straight line, we are not to make

dty/da? = 0

everywhere throughout the integration, but only up to an infini-
tesimal distance from the limiting points P and Q.

What occurs in the potential problem is probably typical of what
happens in multiple integrals generally. For instance, given two
continuous closed curves, the solution of the problem to join them by
the surface of least area is analytically as well as physically con-
tinuous. But, if we replace the two curves by two lines with any
number of angular points, we shall evidently have a physically con-
tinuous surface giving a solution which has analytical discontinuities
at the boundaries. In general, we may expect that the effect of a
superabundant number of limiting conditions is merely to introduce
discontinuities of some kind at the boundary, and to leave the solution
continuous within the general extent of the integration, and not by
any means to render the function incapable of a maximum or a.
minimum value.

On those Orthogonal Substitutions that can be Generated by the-
Repetition of an Infinitesimal Orthogonal Substitution. By
HENRY TABER. Received May 1st, 1895. Read May 9th,.
1895.

§1-
In the following I show what are the conditions necessary and

sufficient that a given orthogonal substitution of n variables may be
generated by the repetition of an infinitesimal orthogonal substitution
of the same number of variables (that is, by the repetition of an
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•orthogonal substitution of n variables infinitely near to the identical
substitution).

An orthogonal substitution may be designated as of the first or
second kind according as it is or is not the second power of an
orthogonal substitution. Improper orthogonal substitutions are then
of the second kind. All real proper orthogonal substitutions, and
all imaginary proper orthogonal substitutions of two or three
vaiiables, are of the first kind; but there are imaginary proper
•orthogonal substitutions of n variables of the second kind for
any value of n ^ 4. Thus the imaginary proper orthogonal substi-
tution of four variables given on p. 255 of the Bulletin of the New
York Mathematical Society, for July, 1894, is not the second power of
any orthogonal substitution whatever; and, from the existence for
four variables of an orthogonal substitution of the second kind, it
follows that, for any number of variables greater than four, there are
proper orthogonal substitutions of the second kind. In the number
of the Bulletin referred to above, I have shown that any orthogonal
substitution of the first kind can be generated by the repetition of an
orthogonal substitution infinitely near to the identical substitution;
but that no orthogonal substitution of the second kind can be
generated thus. (See § 3.) The conditions necessary and sufficient
that a given orthogonal substitution may be generated by the repeti-
tion of an orthogonal substitution infinitely near to the identical
substitution are, then, the same as the conditions necessary and
sufficient that a given orthogonal substitution shall be the second
power of an orthogonal substitution, that is, that an orthogonal
substitution shall be of the first kind.

In Vol. xvi., p. 130, of the American Journal of Mathematics, I have
shown that certain conditions, presently to be named, are satisfied by
every orthogonal substitution of the first kind, that is, by every
orthogonal substitution which is the second power of an orthogonal
substitution. I now find that these conditions are sufficient as well
as necessary.

That these conditions are sufficient may be most readily shown, if,
in accordance with Cayley's " Memoir on the Theory of Matrices,"
Philosophical Transactions, 1858, we regard the operations of addition
and subtraction as capable of extension to linear substitutions or their
matrices, that is, the square array of their coefficients.* Multiplication

* Denoting by (<p)r, the coefficient of the linear substitution <p of n variables in
the rth row and «th column of its matrix, the sum or difference of two linear substi-
tutions <p and ^ of n variables is defined as follows:—

(' , « - 1, 2, ... »).
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is, of course, taken as equivalent to the composition of linear substi-
tutions, and is associative and distributive. Multiplication is not in:

general commutative ; but, if / (0) and F (<t>) are two polynomials in
the linear substitution d>, we have

In what follows the identical substitution will be denoted by 5; the*
linear substitution which, multiplied by or into 0, gives the identical
substitution will be denoted by <p~l; and the linear substitution
transverse or conjugate to <f> will be denoted by 0.* We then have

and (rl) = $rl-

The linear substitution 0 is symmetric, if 0 = 0 ; is skew symmetric, if
0 = —0 ; and is orthogonal, if 0 = 0"1. Finally, the determinant of
the linear substitution 0 will be denoted by | 0 | . The characteristic
equation of 0 is then

| 0—zh | = 0 .

Further, following Sylvester, I shall employ the term nullity to
denote the complement relative to n, the number of variables, of the-
order of the non-evanescent minor formed from the rows and columns
of the determinant or matrix of a linear substitution. Thus, the
nullity of the linear substitution 0 of n variables is m, if the (ra—l)to

minors of | <f> | (the minors of order n — m + 1) all vanish, but not all
the wtt minors (the minors of order %—m). In particular, if

I * I # 0,
the nullity of 0 is zero. If g is a root of multiplicity m of the-
characteristic equation of 0, the nullity of 0—^5 is at least 1, and
the nullity of successive integer powers of <p—g$ increases until a
power of index n <. m is attained, whose nullity is m. The nullity

• With the notation of the preceding note, we have r and s taking all integer-
values from 1 to n,

(8)rr = l , (5)r. = 0 ()' ^ s),

and if, as in what follows, we denote the determinant of <f> by | <p | ,



1895.] Orthogonal Substitutions. 3G7'

of tho (/* + l ) t h and higher powers of <p—yS is then also in. And if
wo designate respectively l>y

mu m.2, ... m^u inh = w,

the nullities of (f-yS), (<p-yS)\ ... ty-y&y-1, (p-fl^)",

we have m̂  — w^ ^ m3—m3 ^ ... ^ m,,—ra,,_i ^ 1.

The numbers inu ra2, &c, may bo termed the numbers belonging to the
root g of the characteristic equation of 0. If y is not a root of the
characteristic equation of f, that is, if the multiplicity of g is zero,
the nullity of f—g& [and of (^ — j/^)s, &c.] is zero, and we may say
that the number belonging to g is zero. Again, by tho " corollary of
the law of nullity," if gx and g.t are distinct roots of the characteristic
equation of <f>, the nullity of (^—g'j)1'1 (̂ »—G'a)'* ™ ^ne 8 u m °f the
nullities of the two factors.

Let, now, <fi be an orthogonal substitution which is the second
power of an orthogonal substitution if/; that is, let f = i/̂ a, \p being
orthogonal. "The roots of the characteristic equation of f are the
squares of the roots of the characteristic equation of i£. Therefore, if
— 1 is a root of the characteristic equation of <}>, V — 1 is a root of the
characteristic equation of if/; that is, tho determinant of \p— */—1 8
is zero. But then tho determinant of the transverse of \J/— \ / — 1 §t

namely, \f/— */—1 $, obtained from \f/— -J — 1 8 by interchanging the
rows and columns of its matrix, is also zero ; and, since

therefore, because | ^"l | =£ 0,

\++S~lS\ =0,

that is, — */—1 is also a root of the characteristic equation of \j/.

If the nullity of 4>—</ — IB is m,, the nullity of its transverse,,

namely, ^~V^l B= t~x- S~l S) = - y/'-\^-x (f+ v/~U)

is also w-i; and, since tho nullity of if/'1 is zero, tho nullity of
\p -f y/— 1 8 is m,. Therefore, the nullity of

is 2m,.
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Similarly, if the nullity of (if/— */—\)p is mpi the nullity of its
transverse

is also mp. Therefore, the nullity of

is 2m,,.

§2.
Conversely, if 0 is orthogonal, and if for any positive integer p the

nullity of (0-f<5)''is even, <j> is the second power of an orthogonal
substitution.

In Vol. LXXXIV. of Orelle's Journal, Frobenius has given sub-
stantially the following theorem, namely, that an orthogonal
substitution \p can always be formed of whose characteristic equation
:any given quantities (other than zero) are roots of any given •
multiplicities, provided that, if g =£ ± 1 is a root of the characteristic
equation, g~x is also a root of the same multiplicity as g\ moreover,
that wo may take any set of numbers mu mit ... m^ subject to the
conditions

m%—ra, z. w-3—i>h — ••• ^ m,.—wM-i ^ l i

as the numbers belonging to the root g =j£ =fc 1, provided that the
•same set of numbers belongs to g~\ Further, \p may have + 1 as a
root of its characteristic equation, and the numbers belonging to + 1
may bo taken tho same as the numbers belonging to the root + 1 of
the characteristic equation of any other orthogonal substitution.

Let, now, tho roots of tho characteristic equation of ^ bo + 1 of
multiplicity m, —1 of multiplicity 2m, and f/(., </"' each of multi-
plicity m{'\ v taking all integer values from 1 to v. Let tho numbers
belonging respectively to + 1 and —1 bo

(m,, ni2, ... m/.o)(2jHl, 2m.j, ... 2m,.),

and the numbers belonging to gr, g~\ for r = 1, 2, ..., vy be

Let us now form an orthogonal substitution \\> whose characteristic
equation shall have as roots + 1 of multiplicity m, ± \ / ~ l each of
multiplicity m, and for

%2 hJ~ V1
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•each of multiplicity m(r). Further, lot the numbers belonging to + 1 be

(mj, m2, . . . m^) ;

let the numbers belonging to •+• */—1 and to — «/ — 1 be

(m,, m,, ... m,) ;

and, for r = 1, 2, ... v, let the numbers belonging to hr and h'x be

<"\ ...
The roots of the characteristic equation of i/f* are then + 1 of
multiplicity m, —1 of multiplicity 2m, and (for r = 1, 2, ... v) gr and
0"1 each of multiplicity TOW. Further, sinco —1 is not a root of the
characteristic equation of'<//, the nullity of «// +Sis zero; therofore,
the nullity of

o p * )
is equal to the nullity of (t/<—3)p. Consequently, the numbers belong-
ing to the root + 1 of the characteristic equation of \p" are

(m,, m2, ... m^).
Again, the nullity of

is equal to the sum of the nullities of

(̂  - y31 a)" and

:since both ± \ / — 1 are roots of the characteristic equation of \p.
Therefore, the numbers belonging to the root •—1 of the characteristic
equation of i/'8 are

(2mj, 2?ra3, ... 2mJ.

Finally, the nullity of

is equal to the nullity of (i/*—hrh)'\ sinco — hr is not a root of the
characteristic equation of ij/; and> therefore, tho nullity of
is zero. Similarly, tho nullity

is equal to the nullity of (>// — h~x h)p, sinco — h'1 is not a root of the
characteristic equation of \p. Whence it follows that, for r = 1,2, ... v,

VOL. xxvi.—MO. 523. 2 u
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the numbers belonging to the root gr, g'1 of the characteristic equa-
tion of i//1 are

Since <p and i/̂  are similar, that is, the roots of the characteristic
equations of <j> and if/ and the numbers belonging to these roots are
the same, a linear substitution vt of non-zero determinant can be
found such that

Since both 0 and if/ are orthogonal, we can always so choose tar that
it shall be orthogonal. For we have

B = <p <b = ta""1 if/* vf vfif^tx'^.

That is, denoting tar w by w,

tj/3 tit \p* = to ;

or, since ^8 IB orthogonal, w^'sij/ 'w,

The linear substitution w is of non-zero determinant; there are,
therefore, one or moi'e polynomials in u> whose second power is equal
to u). Let w* denote any one of these polynomials. Then, since w is
symmetric, w* is also symmetric; and, moreover, since \p* is commu-
tative with to, it is also commutative with w*, that is,

Any linear substitution «r satisfying the equation

IB given by the expression w'x, in which \ is an orthogonal substitu-
tion. For the last equation may be written

and, if wo put X = tsr(w*)~l,

it becomes ^ X = ^ '

Conversely, if x is orthogonal, and

or =a Xw*,

we have tsr cr = w* ^ ^ w*
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We therefore have

And, if we put *p

¥ is orthogonal, since both \// and x are orthogonal; and

that is, $ is the second power of an orthogonal substitution.

§3.

We may show as follows that any orthogonal substitution of the
first kind can bo generated by the repetition of an orthogonal substi-
tution infinitely near to the identical substitution, but that no
orthogonal substitution of the second kind can be generated thus.
Let e3 denote the infinite series

^y+^j «•+...+-^3-+...,
2! o! ml

convergent for any linear substitution $. We then have

and, if m is any positive integer,

- » = 6 - *

= em3.

Moreover, if •& and 3' are commutative,

Finally, for any linear substitution <f> of non-zero determinant,1!we can
always find a polynomial in <py

such that 0 = e*.

If, now, )̂ is orthogonal, wo have

that is, ^ is also a polynomial in <p •* and, consequently, § is com-
mutative with 3.

* The reciprocal of a liucar substitution <p ia expressible as a polynomial in <p.
2 B 2
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Therefore, c 3 + s = e3 e* = <j> f = S.

Let 20o = & + $, 20 = $ - 5 .

Sinco 3 and 3 aro commutative, 00 and 0, their half sum and differ-
ence, aro commutative ; and, consequently,

({, = c$ = e°»+° = c°o f)9 = c9 c°o.

Therefore, ^ = (c^f (cfl)s = c20»e29 = e29,

since e29o = ê +S" = 5.

Let vi bo any positive integer, and lot

(/r = e
( 2 / " 1 ) 9 ;

then, sinco 0 is skew symmetric,

Xj, — c{V<nV> 0{V>n)« _ e-(2/m)»e(2/m)8 _ . e-(2/m)8+(2/m}» __ ^ .

moreover, i/rm = (e'2/"1^)"' — ê 8 = 0*.

By taking wi sufficiently great, we can make the coefficients of
2
— 0 as small as wo please, and, consequently, we can make
m

ih = e ( 2 / m ) *

as nearly as we please equal to the identical substitution. But,
however great m may be, we have

\P \p = 8 and ^m = 02.

Therefore, any orthogonal substitution, as #% which is iho second:
power of an orthogonal substitution can be generated by the repeti-
tion of an infinitesimal orthogonal substitution.

Every orthogonal substitution given by Cayley's expression is of
the lirst kind. For, if

in which Y is skew symmetric, and such that

I * + Y I =£ 0,
we can find a polynomial in Y,

such that

Equating the transverse of either side, we have

S-Y = e*.
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And, since $ = / (Y) = / ( — Y)

is also a polynomial in Y, $ and $ are commutative. Therefore, if
we put _

0 S 3 / ( Y )

6 is skew symmetric, as it is a polynomial in odd powers of the skew
symmetric matrix Y, and

<p = (5_Y)(c5+Y) = e»e~» — ee.

If, now, \p = e1*,

since 0 is skew symmetric,

^ = c're{-" =•• e ^ c 1 0 = o-^i9 = $ ;

moreover, ip% = (e|9)2 = e' = 0.

That is, <p is n.n orthogonal substitution of the first kind.

If wo take the orthogonal substitution <f> sufficiently near to the
identical substitution, —1 cannot be a root of the characteristic equa-
tion of <p; and <p is therefore given by Cayley's expression, and is
consequently of the first kind. ]3ut tho repetition of an orthogonal
substitution of tho first kind gives an orthogonal substitution of that
kind. Whence it follows that no orthogonal substitution of the
second kind can bo generated by tho repetition of an infinitesimal
orthogonal substitution. Nevertheless, wo can approximate as near
as wo please to any proper orthogonal substitution of tho second
kind by tho repetition of an infinitesimal orthogonal substitution
properly chosen. For wo can obtain an orthogonal substitution of
tho first kind which shall be as nearly as we please equal to any
proper orthogonal substitution of tho second kind,* and tho former

* In particular, if tf> w any proper orthogonal substitution of tho Rccond kind, we
can find nn orthogonal sulwUtufcion <f>p of tho firHt kind whoso cncilioiont-H aro rational
functions of a parameter p Rueh that, by taking p RiifHcicntly Hinall, tho several
cocfHoiontH of <j>p can bo mado as nearly as wo ploaHO ctuiiil to the corresponding
coefticicntH of <p. CoiiHcquently, if tho rational functions arc properly choflcn, wo
Bhall liavc (̂ P)P=.o ~ <!>• So long as p "={=• 0, tlioro exists an orthogonal substitu-
tion \pr whoso coefficients arc algebraic fuTictions of p such that ifjS = $„; and
thus, by taking p siiflicicntly small, wo may niako (|/j as nearly as wo plcaso equal
to <p. Wo thus havo (p = limpnO(i|'p). But, for p = 0, \|/p becomes illusory, as its
coefficients aro them infiuito. (Seo Bulletin of the New York Mathematical Society,
for July, 1894, p. 255.)
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can bo generated by the repetition of an infinitesimal orthogonal
substitution.

Sinco an orthogonal substitution of the first kind, and only an
orthogonal substitution of the first kind, can be generated by the
repetition of an orthogonal substitution infinitely near to the identical
substitution, we have, by § 1 and § 2, the following theorem :

The necessary and stijjidcnt condition that a given orthogonal substitu-
tion may be generated by the repetition of an infinitesimal orthogonal
substitution is that either — 1 shall not be a root of the characteristic
equation of the substitution, or, if —1 is a root of this equation, that the
numbers belonging to —1 shall all be even.

§4. .

Tho preceding division of the substitutions of the orthogonal group
gives, of course, a corresponding division of the group of linear sub-
stitutions which transform automorphically a symmetric bilinear
form with cogredient variables. Thus we may designate a substitu-
tion of this group as of the first or second kind according as it is or
is not the second power of a substitution of the group; and then any
substitution of tho first kind may be generated by the repetition of
an infinitesimal substitution of the group, but no substitution of the
second kind can be generated thus.

For let the variables of the symmetric bilinear form

xv ... xn^yu ?/3, ... y,)

be cogredient. Tho necessary and sufficient condition that the linear
sxihstitution <p shall transform the form automorphically is that <f>
shall satisfy the equation

It is assumed that the determinant of the form is not zero, that is,
that . _, , , n

| O | gfc 0.

Tliere are thcreforo one or moro polynomials in Q whose second
power is equal to fi. Lot 12' denote any such polynomial in Cl. We
may then write the preceding equation as
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and, if yp = fiJ0 (II5)~l,

it becomes «/n/r = 3,

since O4 is symmetric, as it is a polynomial in the symmetric
matrix Q. Whence it follows that the most general expression for
the linear substitution 0 is

(o»)-'

in which Q1 is a symmetric square root of O, and ^ is an arbitrary
orthogonal linear substitution or matrix.

If, now, if/ is an orthogonal substitution of the first kind, $ is also
of the first kind, and conversely. For, if t//0 is orthogonal, and

then, if

we have 0O Q ^0 =

and 0J =

Conversely, if

and

then, if

we have 'Ao'Ao = »̂

and if/* = i/r.

As stated above, the orthogonal substitutions of the second kind
are all imaginary. But the linear substitutions of the second kind
which transform automorphically certain real symmetric bilinear
forms are not all imaginary. Thus the bilinear form

is transformed automorphically, if we put

y* = —

•and this substitution, which is real, is of the second kind.
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If a and 6 are both positive, three of the roots of the equation

T (z) == a-z, 0, 0, 0 = 0

0, - z , 0, - 2 6

0, 0, 2b-z, b

0, - 2 6 , 6, -z

are positive and one negative. If a and 6 are of different sign, two
of the i'oots of this equation are positive and two negative. If both
a and 6 are negative, all but one of the roots of this equation are
negative. But any real symmetric bilinear form

(fija;,, .r2, a;,, »4][y,, y,, yti yt)

with cogredient variables can be transformed into the form $ by a real
linear substitution w, if the number of positive roots of the equation

| n-zS | = o

is equal to the number of positive roots of the equation

If this condition is satisfied, and if <p denotes the linear substitution
given above, the real linear substitution rsf xs~x transforms

a-,, .r8, x&y» yv yt, yt)

automoi'phicaHy, and is of tlie second kind. Whence it follows that
any real symmetric bilinear form

;,, x,, x3, ^ J y , , 2/2, ys, yt),

with two sets of four cogredient variables the roots of whose
characteristic equation

are not all of the same sign, is transformed automorphically by a real
inear substitution of the second kind.
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Thursday, Juno 13th, 1895.

Major P. A. MACMAHON, R.A., F.R.S., President, in the Chair.

Mr. Gilbert Thomas Walker, M.A., Fellow of Trinity College,.
Cambridge, was elected a member.

Mr. Bryan communicated a note " On an Extension of Boltzmann's
Minimum Theorem," by Mr. S. H. Burbury, F.R.S.

Dr. Larmor gave a sketch of a paper by Mr. J. Brill, entitled " On
the Form of the Energy Integral in the Varying Motion of a Viscous
Incompressible Fluid for the case in which the Motion is Two-
Dimensional, and the case in which the Motion is Symmetrical about
an Axis."

A paper by Dr. Routh, " On an Expansion of the Potential Func-
tion 1/JB""1 in Legendre's Functions," was taken as read.

Mr. Macaulay read a paper entitled " Groups of Points on Curves
treated by the Method of Residuation."

The President informed the meeting of the death of Prof. A. M.
Nash, of the Presidency College, Calcutta, which took place on the
voyage home, for a two years' furlough, after twenty years' service
in India.

The following presents were made to the Library :—

" Boibliitter zu den Annalen der Phyeik und Clicmic," Bd. xix., St. 6 ; Loipzig,
1895.

" Proceedings of the Royal Society," Vol. LVII., NO. 345.
"Journal of tho Institute of Actuaries," Vol. XXXII., Pt. 1 ; April, 1895.
"licrichto iibor die Vcrhaudlungeu derKiinigl. SaohsiHohen GCBCIIH. dcrWiesun-

Bohaften zu Leipzig," 1895, I.
" Wiskundigo Opgavcn met de Oplossingen door do Ledon van hot Wiskundig

Genootschap," Deel 6, St. 6 ; Amsterdam, 1895.
Mantel, W.—" Gowone Lineaire Differcntiaalvergclijkongen," pamphlet, 8vo,.

1894.
D'Ocagno, M.—"Sur la Composition des Lois de Probability des Errours do

Situation d'un Point Bur un Plan," pamphlot.
D'Ocagne, M.—" Abaquo en Points Isoplethos de l'Equation de Kepler,"

pamphlet.
"Proceedings of the Physical Society of London," Vol. xirr., Pt. 7, No. 57 ;

June, 1895.
"Nyt Tidsskxift for Mathematik," Aargang Sjctte, A., Nr. 1,2; B., Nr. 1;.

Copenhagen, 1895.
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" Nieuw Archief voor Wiskunde," Eeeka 2, Deel 1, 2 ; Amsterdam, 1895.
Schouten, Dr. G-.—" Theorie der Functies naar Weierstrass," pamphlet, 8vo;

1895.
"Bulletin of the American Mathematical Society," Series 2, Vol. i., No. 8 ;

May, 1895.
" Bulletin do la Soci6t6 Math6matique de France," Tome xxin., Nos. 2 and 3 ;

Paris, 1895.
" Bulletin dos Sciences Math6matiques," Tome xix., mai et juin, 1895 ; Paris.
Lamb, H.—" Hydrodynamics," 8vo ; Cambridge, 1895. From the Author.
Schwarz, JH. A.—"Ubcr die analytischo Darstellung elliptischer Functionen

mittelst rationaler Functionen einor Exponential function," pamphlet.
Schwarz, II. A.—" Zur Theorie der Minimalflachen, deren Begrenzung aus

gcradlinigon Strccken besteht," pamphlet.
" Rendiconto dell' Accademia delle Scienze Fisiche e Matematiche di Napoli,"

Serio 3, Vol. I., Fasc. 4 ; 1895.
11 Journal of the Japan College of Science," Vol. vn., Pt. 4; Tokyo, 1895.
" Sitzungsbcrichto der K. Preuss. Akademie der Wiseenschaften zu Berlin,"

1895, 1-25.
" Atti della Reale Accademia dei Lincei—Rendiconti," Sem. 1, Vol. iv., Fasc.

:8, 9, 10 ; Roma, 1895.
" Annali di Matematica," Ser. 2, Tomo xxm., Fasc. 2; Milano, 1895.
" Educational Times," June, 1895.
D'Ocagne, M.—"Sur une Application de la Th6orie de la Probabilit6 des

Erreurs aux Nivellemonts do Haute Pr6cision," pamphlet.
"Wcierstrafls, K.—"Formeln und Lehrsiitze zum Gebrauche der elliptischen

Functionen," horauflgegeben von H. A. Sohfcurtz, Zweite Ausgabe, Abt. 1, 8vo ;
Berlin, 1893.

" Annales de la Facultc" des Sciences de Toulouse," Tome ix., Fasc. 2 ; Paris,
1895.

"Journal fiir die roino und angewandto Mathematik," Bd. cxv., Heft 1;
Berlin, 1895.

" Indinn Engineering," Vol. xvu., Nos. 16-20.
" Application de la Gcom6trie a la Resolution d'une Clasee de Problcmes rclatifs

tiu Calcul des Probabilit6s," by Rev. T. C. Simmons. (Offprint of the Association
Franijaise, Congres de Caen, 1894.) From the Author.


