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It has been assumed here that 0 lies within the parabola so that b < a.
When 0 is without the parabola, the equation will be

and, if 2a be the angle between the two tangents drawu from 0 to the

given parabola, cos 2a = ——-, 2 sin1 a = ,

or the vector equation is

rx. OFt — ri.OFl±r.Fi F, sin a = 0.
' When 0 lies on the parabola, 6=a, 02^=0, or Fx coincides with 0,
which is then a triple focus (and cusp) of the pedal, kx = 0, fc, = — 2,
and the coordinates of Fv the only real single focus, will be X—4a, — Y;
O-Ft being normal at Ft to the parabola yx = 4a (3+4a). When O
lies on the axis, on the opposite side of the focus to the vertex, 6 = 0,
OFV 0Ft are normals drawn from O to the parabola y* = 4a (»+a),
and the vector equation is f^-fr, = 2r.
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1. Consider the equation

<»-,!) (ar-JHfl^-|+Aaf-t-A*-i+...) = 0 :..(]),
suppose the roots of the equation of the 11th degree to be a, /3, y,...

and let 2a«/K.. y'* = ( ^ . J J , , ^ , ) ; '

the introduction of the new root /1, on the one hand, changes
PuPv Pt> "• i n t o P1+H1 Pt+PPuPt+HPif •••> an^» o n ^ e other, intro-
duces into the symmetric function new terms of the form

Hence

) (2).
If now the expanded value of <p, in (2), is written
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equating coefficients, we have

, = 0 unless c = g, r, s

(3).

Or, the symmetric function equivalent to 0, is obtained by simply can-
celling one of the letters in the original symmetric function that occurs
with the index K. If we wish to find the value of 2a",

0i»0s» ••• 0n-i = 0,
and f« = 1.

2. Several terms of a symmetric function can often be found by in-
spection from known formulae.

Thus, let 0 = 2a*/3V

and suppose 2Ma*j3'V ... to denote the value of the symmetric function
when pmrl and all succeeding coefficients in (1) are equated to zero;

then <p (jhi J>» Pit ••• 2>») = 9 (PuPnPv ~Pm, 0, 0, ...)
+ terms containingpm<u pm+i, pm+» ••• p»

= S«a«/3V +other terms (4).

In the case Za'^V^e, we have

and, referring to tables of the 10th degree, we see that

+ terms containingpt, p7,p6t ... pw

If ^ = 2a", it is easily seen that

In fact, if we consider the equation

a$»—2ajcos8 + l = 0,

in which px = 2 cos 0 and JJ, = 1, it is obvious that 2,a" = 2 cos nO,
and hence that the coefficients in (5) are those of the development of
2 cosnd in descending powers of 2 cos 0.

This gives r~— or 4- + 1 of the leading terms of Sa" according as

n is odd or oven.
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3. The use of 0i alone will sometimes enable as to calculate the
value of a symmetrio function, and in the case where 2 contains no
letters with unity for their index, the determination will be independent
of the values of symmetrio functions of inferior degrees, since here
0 1 = O .

For example, if $ = 2a*/3V , the index of the last letter being
1 or 2 according as n is odd or even.

First, when n = 2m, assume

... + Am_x pj |>2m_i+Am p t m ;

operatiug with -=— +JJ, -—\-pt — + ,
dPl

 ridj>, r'dpt

we have

h=Pm- iPm(2+Al)+pm.ipm.l(Al+Ai)+pm_apm.i(Al+Ai)+...
•••+i>i».i(-4-.-i+^«)f

where, since in this case 0, = 0, it follows that
Ax = - 2 , A t = 2, 4m = (-)"2,

i.e., 2aVV-.. = Pl-2pu..1pm.l+2put.tpmit-... + ( - ) " 2 ^ ...(6).

Secondly, if « = 2m+1, assume

as before,

but here, since the index of the last letter in j; is unity* this value of ft
must be equivalent to (6). Hence

1 + * , = - 2, ^ + £ , = 2, £ * - . + £ . , = : ( - ) - 2 ,

giving 2aV3y...= pmpmH-Zpm-ipm+» + 5pm-tpm.,-...
. . . + ( - ) - ( 2 m + l ) ^ . 1 (7).

Again, if <p ?s 2a*/3y5... = uH, the destruction of the last letter
changes u, into »„_!, so that, if

'From this we obtain 1 +^4, = JM_b

and finally 2a'/3y^ ... = PiPn-i—nPn •••• (8).

4. But fv whioh is of weight n—1, will not in many oases give
e.iough relations among the coefficients of f, whioh is of weight n, to
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determine all of them. In snch cases the missing relations can be
supplied by using single terms of <pt, <pt, ...; the method of finding such
terms is in every case the same as in the following example, where
n = 11, and it is required to find the coefficient of Piptp\ in <t>%>

If we consider all the factors of PiPtp\» not exceeding in this case
the second degree, viz., 1, p l t p t , p v p ^ ptpv ptpH p \ t and the
corresponding terms of the operator, in this case

we see that the term Piptp\ in <pt can only come from

* XT \Y\ PiP\ )» ^l T T " (̂ 1 Pa Pi )» Pi J—T-

and hence, if

+ Op\p\
Qplp\pi + EplPiP\ + ,

fc= +@A+2B+6O+2D+ZE+2F+2Q+H)plptp\ + ,

and if we have already found all but one of the quantities A, Bt... JET,
the remaining on9 is found from <pt.

The remaining article consists of applications of this principle,
chiefly to the case 2a\

5. Suppose

... +An.tp\pn_t+AH_lplplt.l+AHpm+other terms,

then, if c<» the last terms of ft, <pt, ... <f>, are respectively

for the factors of pn.m are simply 1 and j?»-,, BO that the last term of
<pm is obtained from

7\ & W
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When ^ = 2a", since from (5), or otherwise, we have At = — n, it
follows that As — n, At = — n, ... .4,, = (—)n+I n.
But if <p ss So*/3r, where g>r and gr-f-y = n, we have

?r = 2a«, 0, = 2a', fc, = 0,

for other values of K ; thus

J^+A*i = eoeff.j), in 2a« = ( - ) t + 1 ? ,

and 4 r + 4 - + l = ( - : r I r .
Here, then, ^f, t̂« ••• -4r = 0,

These values must, however, be modified in the case

a-r- 2 ,

when ^*i = (-)•*» f, 4, = (-)"f.

Other symmetric functions may be similarly treated.
Again, suppose

and consider the term p*~m~1pm in <pt; factors 1, pu p
This term is

l}pl-m-lpm, if m>2.

When TO = 2,

and

Hence -48, -4,, ... ilB having been found from the last terms of
0ii 4>s> ••'• *> BV Bt, ..., can be found from $>, only.

If 0 = 2a", since

it follows that £ , =

which agrees with (5), and

. . J w = (-)-*> n,

(8),
o 2
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the last of the series being

Bn.t = ( - ) " n = coeff. ptpn-t in 2a"> «>*•

If, as before, m>2t the term p*~m~*pm in <f>v whose factors are 1, pu

Pm, p\ > P\ pm, can only originate from the five terms

so that'with coefficients Am... Bm... as before, if the coefficient of
p* m~*p\pm in ^ be denoted by Cmt the term in <pt is

whence the coeflicients (7m are determined.
In the case 2a", substituting for the A's and ITs their values found

above, we obtain
C» = ( - r » n ( n - m - 2 ) ( n - m - 3 ) >

2

the last term of the series being

The calculation of Ct, like that of i?,, will only reproduce a term of
(5). Coefficients of other terms of 2a" may be found in the same way,
without the slightest variation in the method.

Thursday, February 9th, 1882.

S. KOBERTS, Esq., F.R.S., President, in the Chair.

Mr. J. H. Tompson, F.C.S., F.G.S., Science Master in the Auckland
College, New Zealand, was elected a Member, and Mrs. Bryant was
admitted into the Society.

Mr. Tncker read a short abstract of a paper by Mr. H. M. Jeffery,
F.R.S., " On certain Quartic Curves having a Tacnode at Infinity at
which the Line at Infinity is the Multiple Tangent."



1882.] Proceedings. 85

Mr. J. W. L. Glaisher, F.R.S., having taken the Chair pro tern., .
the President communicated some results connected with Euler'a
Formula connecting the sum of the Divisors of a Number with the
Pentagonal Numbers, and remarked that the formnla really expressed
the equality of the sum of the divisors to the sum of the mtn powers of
the roots of a certain equation.

Mr. Hammond and Mr. Tucker also made brief communications.

The following presents were receivod:—
Carte-de-visite likeness from Mr. C. E. Bickmore.
" Me'moirea de la Socie*te* des {Sciences Physiques et Naturelies de Bordeaux," 2*

84rie, Tome iv., 3* Cahier; Paris, 1881.
" Atti della It. Accademia dei Lincei—Transunti," Vol. vi., Faso. 3°, 4°, 6°.
•• Educational Times," February, 1882.
" Proceedings of Royal Society," Vol. xxxiii., No. 217.
11 Tidsskrift for Mathematik . . . . Fjerde Rsakke, Femte Aargaug, F^rste, Andet,

Tredie, Fjerde, Femte, Sjette Hefte;" Kj<f>benhavn, 1881.
" Archives Ngerlandaises des Sciences Exactes et Naturelles," Tome xvi., 3 m t ,

4me, 5me Livraiaons; Harlem, 1881.
" Jahrbueh tiber die Fortechritte der Mathematik," elfter Band, Heft 3 ; Jahr-

gang 1879 ; Berlin, 1882.
Donations to the Bodleian Library during the year ending November 8, 1881;

Oxford, 1881.
"The Scientific Proceedings of the Royal Dublin Society," Vol. ii., Pt. vii.

(November, 1880;, Vol. in., Pt. i. (January, 188U, Pt. ii'. (April, 1881), Pt. iii.
(July, 1881), Pt. iv. (October, 1881).

" The Scientific Transactions of the Royal Dublin Society," Vol. i., Series ii.,
Pt. xiii., " On the Possibility of Originating Wave Disturbances in the Ether by
moans of Electric Forces," Pt. 2, by G. F. Fitzgerald (read May 19th, 1880).
Pt. xiv., " Explorations in the Bone Cave of Ballynamintra, near Cappttgh, County
Waterford," by A. L. Adams, G. H. Kinahan, and R. J. Ussher (read November
16th, 1880).

The following three Mdmoires (des xii. Buudes der " Abhandlungen der Mathe-
matisch- Physischen Classe der Konigl-sachsischen Gesellschaft der Wissen-
schaften"):—

C. Neumann: " Ubor di« Peripolaren Coordinaton," November (Leipzig, 1880).
0. Neumann: "Die Vertheilung der Elektricitat auf einer Kugelcalotto,"

November 1 (Leipzig, 1880).
W. G. Hankel: " Elektrische Untersuchungen, fiinfzehnte Abhandlung iiber die

aVtino- und 1'iezo-elpktrischcn Eigenschaften des Bergkrystalles und ibre Boz.ohutig
su den Thermo-elektrischen," No. vii. (Leipzig, 1881).


