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1. Preliminaries and Notations

The theory of elasticity considering the 2nd order terms of strain was developed
by the author in the paper” wtih the same title. In this report the strain tensor
with finite deformation will be adopted and the relation between stress and strain
tensors (2, 1) in I will be obtained simply and the following 4 cases solved.

1. Bending of an elliptic cylinder,

2. Torsion of an elliptic cylinder,

3. Radial vibration of a sphere,

4. Torsional vibration of a circular cylinder.

Let, as in I,

y;: coordinates of a material point in unstrained state,
x;: coordinates of the same point in strained state,

— yi =7:i(t,y) = &(t,x): components of displacement,
Aij(t,x): components of stress tensor at (x;),
po: density in unstrained state.

. 1 (388 | O _ &k 1028 0%
9% = 2_(ax. + ox; )’ TRE = Do Wil = (ax, ox,)

I1. The Equations of Motion and the Boundary Conditions

The equations of motion, when &;’s are small and their 3rd order quantities are
neglected, can be written easily as in (1, 1) in I as follows:

a’-’ef, 5: o ack ,k ofi _ aAij ,,,,,,,, L 1
"°( ot~ O o T 2 apme o t o axk) = S L, 1)

We calculate for the finite deformation in the following
way:

v g O w0
dxi = dyi + e dyr, dyi = dx; e dxr,

ds* — ds* = dxi — dyit = (dyi + gy’fk dy ) (dyi + % dy)

o (O, O O O
—dyp = (0 4 DN DTk T\
J (8y o T ow ay,-) Viadi

(1) Proc. Phys.-Math. Soc. Jap. 3rd Series, Vol. ‘22 (1940), p. 999. This paper shall be denoted
as L
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= 2eis(ty)dyidy; = ds = (ax: - 3 2 { d ) (axi - -gi!lidx,)

_ (985, Ofi _ Ofr Otk
B ( dxi + ox;  oxi ax])dx'dx: = 2e&j(t,x)dxidx;.

We can define the strain tensor by e;i; or by eij,

&ij = 0ij — %—(Uz‘k + wir) (ajk + ©jk), €k = Okk — —;—ai, - %wi,’

and the general relations between 2 symmetric tensors A;j and ei;, which contain the
Ist and 2nd order terms of ¢, can be written by:

Aij = Aewrbij + 2 peij + (Cremren + csehr)dij + Cserreij + Catire
= Aownbij + 2 poi; + (@orron + aofy — A/2+0k1)dij
+aooij + awireir — p(Oikwjk + Oikdjk + OjROIR), e (1IL,2)
a; = Cy, a = ¢ — 1/2, as = Cs, Qg = Cq — [
coinciding with (2, 1) in L
We put
g = £0(tx) + &/(HX),  oij =i+ ol wij = 03 + 0
Aij = A% (%) + Alj + AY} = (Aobedis + 2 poty) + (Rokrdij + 2 poij)
+{(@iobudl + @) 0i; + asdhpo’; + aorote — A2+ 0k15i
—p(ohols + ol + ofd)Y, e (1L.3)
where the usual equations are satisfied;
% 2A%Y;
o T oxs
then we have from (I, 1):

(B - ZE + 2 ZEL O, Tt k) _0Al , 0AY . ....(IL 4)

it~ omop T 2ome ot T o omd T oxi | omy

For the boundary conditions we also obtained in I:
= fi(u,v): boundary surface of unstrained state,
= v; + 1i(t,y) = xi(i,u,0): boundary of strained state,

o s | 2UnSs)

0 — 0 4.0
a"(u,v) = S P | = a(%v),q.,qb,
ofs Ofs |
v ov |

Bi(t,u,'l)) = Eiu(t’f)5
. where we put f7(u,v) instead of x;j in £0(t,x),

a(B 3/"5) + @(f‘.‘o B?)

’ ’
a(u 7)) a(u,v) s dss G5,

a/(t.u,v) =

Fi(t,u,v): components of external force at x;(f,#,?),
then, when the boundary conditions concerning the Ist order quantities are satisfied
and hence

— AV ). -——F,’(t 2w, )

\/ 02
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are small of 2nd order. we have:

1 i
F{/ = VW( A':]q ar a’ + Aiq + Aufbo + - 8 ” 43; a;° + A:JIIJ) -+ (IL,5)

where in A};(£,x), Ai; and A%} we have to put xj = fj(u,v).

III. Bending of an Elliptic Cylinder.

0= 4 : Poisson’s ratio,
(2 + )
0= Logm, &= o@D epn - Ly, (L1
R 7 T 2R 2R ’ R~ ’
R: radius of curvature for the line y; =y =0,
A== fm, = o= —E R lm ol =0 (%)),
. .
of, = — 13 iy Of= = M OR=0, e (111, 2)

all other A}/’s are zero. For the lateral surface we put:

y=ru), = fa(u), ;V'i =7,

q" =7, gd=—fl ar=0, 7 (111, 3)
_ 0 - IS B
Bl - _'R_‘flf‘.!: B" - 2R (f fl ) q"’ R fl 2. (HI’ 4)
From (II,5) we obtain for the free lateral surface the conditions:
A!JQJO + A”(] 'a' qu + A(;'j(bl' =0,  ceeeeee (111, 5)
Xom i
Using (II1,2) we calculate A%} into the foIIowing results:
A ° b
AR = = Sttt s W - —R—, % )
ARt = — -&qﬁ X+ ﬂ..- Xt — )—+:.£ x5
h 2R R Ly SRS (IIL, 6)
0 A e, b o R ’
AP = — —1% %7+ R Xgt — -7"3'7”:6 2
AR =0, A =L g, Ay = - 20ED 9 s

where
by = (1 =20+ (1+26)a —a(l —20)as + d°a.,
bo=(1-20)a;+ (1 +206%)a:+ (1 —20)as + a.
The equations of equilibrium are written by (II,4) and (III,6) in the form:

oAl _ _2AY _ Y -
ox; | oxj; 6 (2 + 2 ) (esxs, €2z, €5%3), (IIL, 7)
with
o= h=mo o, pta) =2b 2143

GremR’ @760 2R T “TEGFZR
........ (III 8)
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For the lateral boundary we obtain from (III,2~6) the conditions:
Anfe — Abfi = — A, :
A.l”'z’ —A:_fJ’ — Q,":’f]” } ......... (III,Q)
Aife — Anf] =J*‘ v(— af i fs K (1 +0)f1/e).

To solve (III,7) with the conditions (IIl, 9) we put

’ oij+3 (e:%;%, eoxs® ,e343°), (i = 7)
’ " .
& =&+ (e1x®, e, esx3?), 0:’;‘ = la;.'j.’ (i % 7)
ok = ke + 3 erxs?,
’” . o o " o g .
Al {Az‘j + 31 e + 6 plewst, eena®, es%0° ), (7 = 7)
17 =

Aty G#5) (L 10)
and the following equations and conditions are obtained:
aA,, =0, (IIL, 11)
oX;

Aufi = Aufi =g ey (G 20 = (WL +0) + 48012 + w0)7,

|"'f0 - Aoo](] = '—("‘ lﬁ" —)_.!— ( 320}’12 + (;‘ + 2 ll)(l + G)f:_g“' - (3 A - 4.(4)1)‘3)]",’9
AGfd = Af! = S 0(= of S + L+ OS2

Y (111, 12)
The equations (III, 11) have the following solution:

c”-‘@ll+c“'1ﬂ1’ II

8 = gut Guenst, | e (111, 13)
&' = @uie s + @aoe s,

where ¢’s are functions of x; and x. only.

Inserting the expressions (III, 13) into .
(II1,11) and (III, 12) we obtain:

(A ,u) - + ﬂ(2<,01° + Dey) = 0,

@+ m) 2L+ 4@ ¢+ Dgn) =0,

........ (I11, 14)
(A4 ) gﬁ + uDoyw = 0, [ .

(A -+ ,u) 4 + #Dos = 0,

21+ ﬂ)Q+ #(6¢ss + Dgny) =0,

and
E = (ﬁxfjg — gy Py, l
By = —(befs — a1, )
F, = 2/17,1]:;/’ ........ (IH, 13)

F: I u/l”Jl,’
Cufd — Cof =251,/ —2 sofofts
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and further that
¢ = const.,

where . .
D= gt e }
pP= gﬁ" + gj‘ft”' +om Q= gﬁ!“ ore =+ 3,
Befie i Ceman 2
Cps = aa%’: + 20, Co = aw“ + 2 @m,
B = (P4 20 a_@)ﬁ o ) (L 16)
E= - (1P+ 2,:592');" + uCut,
Fi= (1Q+2u352) 1/ — uBf/,
F:= - (1Q+2n %‘;—) £+ uBfY, }
ad =gt = ge(lt) 0= z’ze‘ —;t ')2'+—"l""
sy = _Z_IR_"’U’ Se = —2%?—2(14-0)

We now assume that the cross section is an ellipse:
yy=/fi=acosu. y:=j.=bsinu,

then we can take:
@ = 7% F T + Tuedr’, @i = Tk
Coy = 7olz + Ton®s® + TeeX®Xa, Qe = Ta¥a, ) it (111, 18)
@31 = 75 + TauXe® + e Usa2 = T3

and we calculate: A

P= (114 1o+ 75) + (1 + 372 + 7a0) % + (370 + 7o + IEOET
Q=72+ Too + 3732,
B =0, 912 =2 (T"r’ + Tlll)flf",

Cu=2(re+ el Cn=2 (re+ rsu)f

and from (III,14 ~15) we obtain the equations for r ’s:

A+ )Brne+ 722 + 7o) + p(re + T+ 37m) =0,

(2 4+ ) (rm + 37en + 71au) + 2(ree + 3 720 + Tae) = 0,

A+ ) (7ie + 1e2 4+ 3732) + 2375 + Ton + Ta2) = 0,
and

Tie -+ 752 = S, Tas + T35 = Sy )
(A+2p)Te+ ATee + 327 = 2 p71, (242 )T + Ao+ 38750 = 2 pu7,
{2+ 207+ e + A5y + 2 2a*(Tan + Taie) + B2+ 2 )T + 3 Mo + su} = — 0%,
{QA+2p)7) + s+ As) + @3 (X + 2 ) Tue + Wasz + AT} = @Dy,
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{rs+ (X + 2 0)1e + 215} + 2 p0*(Tur + Toe) + @31 + (A + 2 u)Tose + s} = — @',
{XT] + (A + 2/.£)Tﬂ + ;rq.)‘ + be<lr1u + 3 (l{ + 2#)7‘011 + XT u} = b"’?z-—
‘The solutions of these equations are the following:

T = — _é_ 51 i 5 (A +7) + (A+ 2)(si + 52)),

Fie = 3/112#{2(””)" —m+7(s.+sg)}.

Tw= g /z-lr—zp{_ Ay + 2 (i + p)7s + —g- (s,_+ s} Y (II1,19)
Tou = o i‘"z# (n=2Q+mn—- bgy 803 4n g |

Tz = 3—%}-__——“ {(=2Q+mn+ i+ —5—1'{2'—4” 5; — - g-— Se}, J

2+ 2)BA+22)(3a + 26 + 35y = — M6 + 0)a + 2B )
+ 327+ A 320 + (5A+44)a% + 6 (A + )67

_{(_g_ B A+6ap+ 4/;-')a4 +2(24 + 64n + 3 42 aBt — - 3 l”b*}s,
_{% Aat — 22 + 52# + 345 a® + X(wgd + 4,&)[)“}3._,

_32+2u

20 [{(3 A+ 4t + 3 (R + 2 )0y (a2ps + bqy)

~ {3 +2p) a — W }(0p: + a'g- )] o(a,b)r; + & (a,b) 7,
+ w(a, b)s, + ' + 7(a, b)s. + 2L, 32+ 2”{0((!, b)Y (e*p: + bqy)

+ 80, 8) (0 +a'a) ),
2(7)(7 (7 Ve = BB, @) + 0(b,@)7: + 7 (B, @) + w(bu a)s:

+ U200 500,0) (@py+ 50) + 00, @) BB+ ),

2p
@70 X+,u 97,0 \
6 (2 + 2)(3d* + 2 4% +3b')rm—x(6m—z—a*+ab +3b*) (11, 20)
3 31 )y, — L [ZLE 42800+ 808
Mazyou @+ ab)n - 5 31+24
ohe 3 °p2
+ 422+ )b +3(3/1+2,u)b*}s.+--—2- S1qgpdt 4l

+ _-—{3 2+ (324 2mE) (6D + a':) = e(a b7, + %(a, )7
+ v(a,b)s; + v(a,b)s. + ?Z{C(“’b)(“% + b))

+ e, b) (5p: + a'2) ),

6 (7)( 7 Yen = (b, @) 71 + 2(b, @)1 + (b, @)s; + v (b, a)s.
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1 I 2 2 2 2.
+ {800 @1+ Fa) + cba) B+ @) ),
2+ 1= =+ ”2% @ {2+ 2 )P + Aqe} — @*{ 6 (A + p)Tie
+ A} + A0 (Taas +7212),

224+ )= — A5.— 2% a{(A+2p)q:+ b} — {2 (A + p)Tose

F ATz} — (A + 2 )0 (Tayy + Tege), ) /

here 75 is to be determined by the following condition (III,23).
For the terminal surface yv; = I we have:

M= U, V=0,

.,q10=q20=0, 30= 1

3 = 0 B o0 — ) r- 20
f:’x—sz, Bs—2R+ 70 % =50
o ges o8 Py, Of. _3_3_ 2
ds® = dx* --.(1+2a )du +2( —I-ﬁ‘)dudv+(1+2 )du,
= 9B, 9Bs), = K < ..
s Jl +2( By 9B auav (1+2 -2 v)dudy (111, 21)
surface element,
= - 4 0@y - (712 + Tai0)xy _ s, (2= 1)
Aly = A (2 iz + oXi )xs 2 s (Yoo + Ton)®e — =24 s, (£=2)
Af =3 JEekxzf+ 6 pesxd + Am = 32(e® + ewr®) + 3 (A + 2 p)esl
111, 22
+ AT+ T+ T3) + AT A+ S Tan + Tan)0* + A3 Tase + Tose + Tape)aet >( )
F A(Tye + Voo 4+ 3Ts) P+ 2 75 + 2 psy0° + 2 pu¥sie® + 6 pirsl®
= g+ g’ + gt, ‘ )
Fi=FA+F{, Fo=F=0, Fp=4y=-22019,
F/ =0, Fe = — ?ﬁ(;éj_") In,

Fy = A+ Ag — —(_ - 9). {4+ a(v* — u?)} = Iy + hgae* + hov®.
Hence we obtain for the total force on the surface:

X; = S FidS = j F.,~°(1 +2% v)dudv + SF,-’dudv,
0, (i =1,2)
= {S{h° + hatt + (hg - ﬂ’ﬁ%;l))vﬂ}dudv, (i =3)
and from the condition
=0, e (111, 23)

we have to determine 7;. Similarly we calculate the moment of force on the sur-
face:
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G, = S(sz, — %5F) dS = S (vFy— IF)dudp + j(va ~ IF) 2 - vdudv
+ S(BzFao — BsFs") dudy + y(UFs' — IFY)dudv = S(Z)F3° — IF)dudy = G,
Gg — S(xsF, -— x]F:;)dS = 0, GS = 0-

By substituting (IIL, 17) in (IIL, 19) we get:

S fo= — L A fm= L At2n
2T6AF 2R " AR A+p’ TUUR A
Tan = "—%_r, Tae = 0.

The colculation of other s by (III,20) and (IIL, 23) is very troublesome and we
omit the results. '
IV. Torsion of an Elliptic Cylinder
Let the cross section of the cylinder be
yw=fi=acosu, y.=f.=bsinu

as in the foregoing case, further

£0 — . L a—p ‘
0 = — TXuX; & = TX X5, & = T?latl:.'bi’x'xﬂ"

ol = al, = ol = g}y, = o), =0,

%= T G O o = agi—fbrg bx,. ) oo (IV, 1)
= @ +[“bx’ 0y = & +1) a*xy, )

all A%,’s excepting A, and Aj, vanish. For the lateral surface we have:
=fi(u), v=rfalnr). =0, a0 =1, gt = -/, q*=0,
' a — b
Bi=—tfw, = fi=-c il (IV.2)
ail =<ffv, qf=flv. @ =i S+ LS.

From (IV,1) we calculate:

0,2 — 4 4 azo %

Ay = o [(2adt - 20+ { Qe+ adat = (4 w0+ 2 e
= (A+ p)Txs’,

Al = 7 [{(2a+ a)b* — (A + p)a* + 2 pab®yx + (2 aa® — 20)%:"]
—_— ”

A= 7 Qe+ a)bt - (ot p)a — 2pa0)xi + {2 a + anat AV
— (A + p)b* — 2 pa®b®yx*] — 2%t

A= 7 = pla+ V) = (a: — 1)@} x,xs.

Al = — priads,

Al = — poxa%xs. : /
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The equations of equilibrium take the same form as (III,7) with following values
of ¢’s:
’ A2, 5) _PAGe) L nts) gy
G =surIm@FEE 4T s @T (IV. 4)

3A+2p)°
A(@,0) = (0 + )@ + 5 (2 + @)@ + (12 — 2 @)
We put, as in (III, 10),
& =82 + (erxy, e.xsd, esxy), etc.,
‘then, with (IV,1~4) and (III,5). we obtain the following conditions for the free
lateral boundary:
e = Anfl =T 2;:(2-!-':)

Anft = Aufi = <~ +bn) (oft + (a Gt pla b} + 220 L D

Apft — Amfi= 7[ L {(“

-+ B0 @) S+ afe } - ]f

Anf - A" f] ——,‘_]_ b,.?){(3a"' —bc)fxf‘.:

- (30 - a"’)fj'f,_.},
@ = @+ ) + 5 (n+ ada,  Blab) = (?./A&i_ﬂ_j—_%az)

A+2ﬂ *w—%(#ﬁ'm))a‘
Ap+ a)\ e l(/l‘l'#)

{2 4 — 2 12+ p)

(2 2u+2u))“b it o,

these being of the same form as (III, 12). Hence we also assume (III,13) and (III,
18) and the constants (III,17) should be replaced by:

fo:fg X+ﬂ

nEn=ToTa, S Sy BE-F), s=7 @0 @),
S S e T (o @ : IV.5
B=bs - 0 Ggpe(® gt A@) ): (IV,5)

q: =7 {a -~+13(b a)},

and by (III, 19~20) we calculate the 7’s.
Similarly for the terminal surface we take:

n=u y=0 =L ¢ =¢" =0,

g =1
By = — <lo, Be = tlu, Bs=—r1 & b1 %o,
. o ‘ (z2 @ + b
- __a - bn p—4 A
W=rrwt & u, g =0.

dS = dudv : surface element,
the expressions (III, 22) hold without change and e

Fi = F* 4+ F{,
_2p7 ) 2,ur o
0 — 2 70 = 0 =
Fo = s b" a*v, F. = s b, Fy 0,
/o 2 /,ll» o ‘l. — o,
FY = ¥ s bu, Fo= 7 atv,

Fi= Ay + As + %Z(ﬁ—;)b) O — a'v®) = Iy + Ty + heot,
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o , 0, (i=1,2)
% = {Fias = {Feaudo + | Fraudo = { (o + o + B, (i = 3),

here also X; = 0 determines 75,
. GI=GQ=O, G:;:Gsﬂ.
Finaly substitution of (IV,5) in (III, 19) gives the results:

i _ 1 A+'u o L= _‘_‘Ti —_ . __a_b 2,
T3 = 3 /1+2,uT’ Tie = Te = 5 Toy = — Toie = +b,,1' (IV.6)

In the special case ¢ = b also from (III, 20) we obtain the results:

T 2
&; —(—ng + ¢ — 2(/1+ )BJ+Cr)x,, (i=1,2)

& = Psx3

32(1—{-2/1) ’

and the condition (IIL, 23) gives:
B';_T‘d( 3 1 ada 1 a4(A+2u))

¢ = — g2 3+ 4 pas + (22 +3u)as
2 @A+ p)(A+2p)

16 4 31+2, 16 uBi+2p/

" The corresponding results in I do not contain the terms due to B; so that the con-
dition (III, 23) is not satisfied.

V. Radial Vibration of a Sphere
Let

. 7= x’-’ge gi = xj .f(tr- 7‘)9
then
of

o 1 of
oij = f0iy + - fx,'x,', ore = 3/ + 75

y or wij =0,

Aij = [(3,1 +200f+ )y +{(9m +3a: +3as + ay) f*
+ (6a; + 2a. + as) rf—z+ (as + a.) 7* (g{)}] 0ij
+ [2/1 L af+ {(303 + 2a4) ,+ (as + a4)(g£)g}] Xi%;

= P8i; + Qxix;j,
and when we put:
)\'*'2/1:39’ At2p0 _ o
Oo Y2 ’
2(8a; + a: + 2a; + as) = poty, ay + @ + as + @y = poCe,
2(4(11 -+ 2ag + 4 a;+ 3“4) = 0pCs, 9(11 -+ 3a2,_+ 3623 + @y = poCs.
the equations of motion (II, 1) become: '

oS 95 o (af)+2 of o (1 8P+4Q+raQ)

.

oF ot* ot at otor ~ 7 o7
_4s*3f e f af % af :
=7 +5'5 + {40’ -’_c’far2 +2ew ar ot o (87) } '''' (v.1)
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Tor the free boundary surface we obtain:

= (= &)=r1A-N=d,
Aijxi = (P+ r°Q) i,

1 . . 4 .., Of
P+ Q=5 (3 = o)D)

o, NGNS
ES {c,rfé};+ co?” (3'7—’:) + c.,f-’} =0, = eeeeeses (V.2)
Let f°(#,7) be the solution of the 1st order quantities,
o’ _4s*of" Ly
of r or ar- _
} ........ (V,3)
(3- L) o+ e ta) =0,

and putting
f = f“ +f1,

we obtain the following equation and condition for f;:

0% 45291 | .9 ° af° of° %"
ot — (7 or T8 arf‘) (9f° or (at) 275F ator)
it of° ¥ o\ ...
Ha(GrG+rZe)r2er L0 +a(B)}
(u - —_)fl -+ Ggé =—a { (1 - % )faafo' + foafq}
- {c,af" or . ( of ) + cf""} ........ (V,5)
where in (V, 5) we have to put » = e,
The general solution of (V, 3) is
]‘“ T‘C,, cos (pat + En) B (P" ) S e (V, 6)
where
1 d(sinz
¢1(2) = z dz( )— 2 z-‘;"’3 OB
and %’-’-a is the #n-th positive root of the equation:
tgx 1
ol 1 - 4‘4‘— x*

When we put (V, 6) into (V, 4), the right side is of the form:
S Fu,m(7)cos {(Dn + D)t + (en + em)} +,EGH, m(7)CoS {(Pn — Pm)t + (e — em) }
= Iy (7) + i—xFl (7)cos (qit + 1),

Fi(r) : regular functions of #*, (I1=0).

similarly the right side of (V,.5) is
ay + Slarcos (qit + ¢7).

The particular solution of (V, 4), corresponding to Fycos (qif+¢7) and @ cos (qit+z1 ),

which is finite at 7 =0 is given by:
fi=cos(qt+¢1)-g(7),
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g+ = g’+ qg———~F1,
for I>1, g1 %0,

& = Ay, (5;5 r) - :}_ﬂbl (Z’ r)j;q 1 i, (p)ﬂ(“ o)dp
+ sl @, (X r)f:"wpkb: () FI(-—— 0 )do.

D (p) = ; a(’lo (C()s p)’

for I =0, q:=0,g=A———§7Fo(r)dr+ ----- Sr‘Fo(r)d;,

and A is to be determined from (V, 5).

VI. Torsional Vibration of a Circular Cylinder

a o -
X+ XS =77,

Q==L rnm)x, &'=Lv, &'=0,
1 5¢ 0 0

(7;'] = - a;,'_\ = - _’T a‘)' x;.‘\fg, Ty = Ol = 0,

0 1 165, . W 0 1 o¢

" ——— 2 Xt Jia = S 4 )
= el WA, ok =C+ 5o

0 0 1 2¢ X 1 ¢
O3 = — W3 = — 2- ax” Xa, ooy = — U)i, 2 o, Xi.

- .

The left side of (I, 4) can be written:

S O R N R

nAl

Po =75 at- ’ (=3)
and we calculate for A}}’s:
A=A+ Bx?, A=A+ Bx:, A¥=0C,
A =— Brw., A= Ev,, A% = Ex.,

('J‘_,

=—4~(2(Zn-r(l-|)'?"(?—’) e (2a. --/I)r-(a’;) (A4 u) aJ,n-/n'a
1

© bt B ot - o A ()
1

A% 1o
=‘Z(ﬂ4+/,t)( (’)—}-2;1? € ol

575 axwrz,
1 9% 5
E = {*{i— (a.l - /l) 7"3 iy 2 (1)1" a"xg;.

With these values the equations of motion become:

9 'a“a'-:f; a;ii’ -+ xi[po{Z (%fr) +¢ g"c -+ (“1 ?—A - B+ B_E:)]' (z=12) }

r 01 x5
5*&s aAq, + (ac aE)

5% +2E+7

......... (VL 1)
The equation of the surface of lateral boundary is:
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@ =97+ 9f = (0~ 5) 4 (xe— &) = (% — &) + (% — £1)2
F 4 X - 208" + 280) = 1 + %,
similarly those for the terminal boundaries are:

l
o) = =m = =,
so that the boundaries do not change their position and the boundary conditions are:
A1|xl+A]'x«=—(A x,+A° ) (j=1,2,3) at r=a
and }
LA 02 . o . . l,
Ajs =A% (j=1,2,3) ‘at x;;—{o
. : £ reerenes (VL 2)
We take for ¢ the sinple case:

nr [z nw 7 fu _
,—C,,cos(l pot)cos 7 s N K,

then ‘the inhomogeneous equations (VI, 1) have the following particular solution: .

S = x; {p,r + p.cos “'ll' X5 + pscos 2nrt + par® cos 2nkl cos 2——;5 xs}, (i=1,2)

= {(Ds + De7*) + (P: + ps7*) cos 2t} sin < 2"'7 X5,

where p;, - - -, psare constants, and we have to add the solution of the homogeneom
equations to satisfy the boundary conchtlons (VL 2).





