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Example: As an example we take the time-intensity rainfall curve in

Athens area, which is found to be:

40
20+t

Assuming that ha =6 m/m and that usually the expected unfavourable

duration time of rainfall, for the design of storm drains, is about 25’ we get:

40 ,
ta=6w=6.

Adding to this value the above accepted minimum inlet time ti+ta=
= — 12, which should correspond to the values usually accepted for the
inlet time (to in textbooks), and given in the table I. It follows therefrom
that in the majority of cases of table I the inlet time has been selected
rather.small, while the values suggested in textbooks should be limited to
the lower value (t=15'); consequently the values between 15-20" should be
considered rather high for greater cities. (Thickly built up).

i— in mm/minute.
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MAOHMATIKH ANAAYZIZ.-- Generalization of some linear differential
equations of Mathematical Physics, by Spyridon B. Sarantopou-
los*. "Avexowveydn vnd . ITav. Zeofod.

1.—1It is known! that all the linear differential equations which occur
in certain branches of Mathematical Physics are confluent forms of a dif-
ferential equation of the second order which has every point except a,, a,,
ag, a, and « as an ordinary point. These five points are regular points and
the difference of the two exponents e, B, at a; (6=1, 2, 3, 4) and of the
two exponents at « is 1/,. Such confluent forms are the linear differential
equations of Legendre, Bessel, Stokes, Weber, Hermite, Mathiew and Lamé.

In a work which I hope to be published in a short time, I make some
generalization of certain of these equations. I present here only some rusalts
of my research.

* ZMYPIAGNOE B. IAPAﬁTOHOYAOY, Tevirevois ypaupIXGY Tivav Stxgopindv EEigheewy Ths Madn-
petinig Puoinfig.
! See E. T. WITTAKER, Modern Analysis, 1920, p. 203.
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The Legendre’s ﬁ\uation

(1) (1 zz)%—2z%%+n(n+l)u=0,

when n is a positive integer, is satisfied by the Legendre polynomial which
is given by the Rodrigues’ formula

—_ d"(z?*—1)" :
(2) Pn(l)—- 2«,1."! : dz" ’

or also by the Schlifli’s integral formula

‘ 1 1" .
() Pp(&)=5 /Wdt,

e

where ¢ is a contour which encircles the point z once counter-clock-
wise. The expression (3) is a solution of the differential equation (1) even
when m is not a positive integer provided that ¢ is a contour such that
(t2== 1)1 (t—z)-m-% resumes its original value after describing c.

2.— I have proved the following more general proposition.

The linear differential equation of the p order

I A
& - r-v [ M+ v—(m+n) )
4) } [— fz) 0, (@) £, + 2 B B g
A=0 v=}
(v-1) p-h
(@e@] | S| du
+ WJ oy (2) = =0,
where it is
—1)...(p—A+1 c o
(5) oh= bl ledb) pe _qi1) (1+2). (+eh A 5=1,
’fl+1¢0» (l"+7|¢0)1 ¥
(6) f(z) =0zttt oy 2t 4 .. 4 @z + Gy,
(7) (p(z)'—/ aozt+a, 2" 1 +. .. +ap-1 zt+ay di
aoz”+1+q,z"‘ + . ooty z+opt1 '
(8) (w + 1) a6 +2,=0,
Moy Qyyeney Uypry By, By, ...y Ay, N a@re arbitrary numbers, and oy(z) = —8(17)— an
arbitrary function, it satisfied by the expression
o) [ e®HHI" o
(9) u—m—/m dt, (u=arbitrary. constant),

€
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where ¢, the contour of integration, is either a closed.contour in the b plane
such that the function ®(t):

(] 0) (I)(t) _ &%t [f(t)]""“

(t_,Z"‘I‘HL
resunes its initial value after t has described it, or else is & simple curve such
that O(t) has the same value at ils termina.

3.—We can distinguish different particular cases of the differential
equation (4). We mention immediately below some of them.

1o Suppose that o(z)=1. Then the differential equation (4) reduces to
the forme

w

d*u o1 Mm+1) v —Mm+p) ¢, [i(z) @)™V | @*™u
(11) —i(2) Tiz—”+2 L Mo [_T_ﬂ ey (v—1)! PR

$ v=1

I. If we take f(z) =z#t'—1, and ¢(z)=constant (e. g. ¢(z) =0), we must

have n= —% and the differential equation (11) becomes

!

(12)  (1—zwt1) *+2£u — +1)V~(n+u)]2"'"+‘zu_ X

and this latter is satlsfled by
ik

Sl
(13) e / L4 1)1" dt.

2mio. — L
= (t——z) w

II. By putting f(z) =z*—1 and ¢(z)=0, the equation (11) becomes

d"u
14 1 —zw
(14)  (1—=z¥ = =

F & -y a#™
i Z "gqu i [+ Dy =@+ )22 =0

and its solution is now
3 @ —a
(]5) L 2mio. f (t~—z)"+1
c /
For p=2 the differential equations (12) and (14) reduce respectively
to the equations:

1

d’u du 8z 1 (t3—1)" 2
e i e —_— . = — 5
(r6). (@—25 3 3iz2 = T 0, where u e / ) dt;
(t—z

L
2
c
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d’u

E: E=g"
(17) (l—zz)d—.j—-QZ __+n(n+1)u =0, where u= omia f(t~z)”+‘

e
The latter of them is the differential equation (1) of Legendre.

2° The Riemann’s P — equation

I a By
u=Pda" B ¢ 2z,
lafl 6/’ Y’f

that is the linear differential equation of second order

i 1= =Ny dn
(18) ’{za+zﬁ+zy]az+
a'a’ (a—f) (a—y) Bﬁ (B—a) B—y) , ¥¥ (y—o)ly— ﬁ)] u —0

Z—a, z—B z—y (z—a) (z—B) (z—v)

which has three and only three regular points a, §,y with exponents (a’,a”),
(B, B8"), (¥',7"), being subject to the condition o’'4 a4+ B "+y'+y" =1, and
which can be satisfied, as it is known, by an integral of the type

a” B” Y’ Bty to/-1  y"4a”4-p'-1 o"+f"+y' -1 -a’-B"-y”
09w Pl o) G ) e a

Cc

provided that the contour c of integration is suitably chosen, is a particu-
lar case of the equation (4) where u=2; hence the solution (19) can take
the form (9). Really, the, reader can be easily persuaded about it, dlIECﬂy
after some calculations, putting

f(z)=(z—a) (z—B) (z—)
p(2)=(o'=a") lz—a) +(§'—B") Iz—B) + (v —v") llz—7)

”

o(z)=2nia (z— a; (z— ﬁ‘;” (z— ﬁ”

n=—a'—f —y.
4.—When n+pu=0, we have to consider instead of the equation (4) the

following :
i y=%
(20) A(z2)o,(z ) d"u £A A(z)om )+ Y} 2o (A-v) plv- 1)(2)( - an~y -
1 dz* u-—v 1 ——d Y 3
=1 v=1
il
0y(2) = P
where A(z) denotes an arbitrary function and P(z) a polynomial:
(2') P(Z):alzﬂ-1+ a2zu—2+.”+au

at most of u— 1 degree. Its solution is
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@ ./P((t) . ;t-l
o\zZ f(t) Z
(22) = / g at

T 2nio

" where f(t) is an arbitrary contmuous function. The equation (20), if o(z)=1,
becomes '

> (1) d (u=1)
(23) A(g)

+ +(—1) P(z)u 0.

)

The general solution of this differential equation (23) can be found by
means of the formula (22) (where o(z)=1). This is

(24) u=K o + K,0,'+.--+K,; o, +
P(z) . .
: e
+ K, [/[f[[[[/ Be fA(z) Zfdz]:ml,u_ldz]...]wl,?dz}ml,l dz |,
’ N = = oiv-1Y)__ .
where mvz.ﬁ’u-lalzu v Lp-vile, s @ =0y, (m) =1y s

i=2 3,...,u—v+41), »=12...,pn-1),
Bl 0l ... o ., and K, K,,..., K, arbitrary constants. Consequently
the product of the right member of (24) by o(z) is the general solution of
the linear differential equation (30).
x OEPIAH¥YIS

‘O ouyypapeds yeviebwy v Swpopmdy Efcwow (1) <ot Legendre Swxtumd-
ver Ty Emopévny TEOTRGLY.

‘H yvoappeh Swpopny 2Elowsie (4), p vdfewe, vda % Zwoix T6v cupBdlwy
£, Al

N1
mwv (6), (7), (8) elg wodg émolovg T& Oo, 0, ..., Gu+ti, A1, s, ..., Ay, N Evar of0td%-
mote Sodévreg dotdpol, (W+n=0), xed % ouvdotyowg 01(z) = 1: olz) adPaiperoc, ira-
Indelderon Om6 ToD Ghoxhnpdparog (9), el &  xaumdhn ¢ THe Ghoxhnpdoswe elvan
elte plo xhewoty) rapmwddn tob t— Emmédov, Towdty Gote f cuvdptnog B(t), # (10),
v AoupPavy &x véou Thy &pyuwny adTiic Ty, doob To t yedyy GAdxdnpov TalTRy,
elre dMwe pla A xapmidn Towmdty, dote f BOt) vi hapPdvy Thv adthy Tiwhy
elc T& dnpoe TadTne, (T ©).

‘O yvwoth Swpopmy dElowoe P—Riemann, Sqhady 4 (18), mpoxdmter thpo
O¢ pepunh meplmTwoig Tie (4) Sk p=2 xal cuvsn'&")g 7 Mo adziic (19) Sdvarar va
7edF Omd Ty dmhovatéeay popphy (9).

Téhog % mepintwaig xad 4y w+n=0, %ric dxpedye: THc dvotépw Yevunic mpo-
Tdsews, dyer elg Thy Swpopudy EElowoy (20), %, dudun dmholorepoy, (Bik olz)=1),
elg hv (23),080« A(z) clvar Tuyobou ouvdptnow xal P(z) moludvopdy 71 w6 modd
w—1 Poduod. Tadtng % yeviry Aorg mapéyetan Omd <ol Témou (24), 3£ o mpoxd-
7ter dpbowg waxt G yeviny Moie THe (20).

dptleron 6mo Tév Tomwy (5) et ai cuvapthse £(z), @(z) Smd Tav <o-




