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1. Introduction.

In the previous paper,” the'p/rob'lem of transmission of arbitrary
elastxc waves generated from a spherical source Wlth spheroidal vibra-
tion of order n=2, was solved. Although the case discussed in that
paper was that for the vibration resulting from pressure change at
the origin, in the present paper the problem will be extended fo the
case for the vibration arising from change in shearing force at the
same origin. The types of shearing force are quite similar to those
in the previous investigation, namely, ‘that of rectangular form and
that of sine form, both begmnmg from a qu1escent state.

2. Geneml equatwns fm the waves genemted from a spherical source
under shearing forces ,

The mtegral expressions of dlsplacements of the waves for any n
are the same as those shown in equations (1), (2) in the previous
paper. Let the normal stress at the spherical source, r= a, be zero
and the tangential stress there be distributed spheroidally, but changing
with time in the form f(¢). It is then possible to write

’/ AA+2,1—“=0?, o (1)

" (a'z) v 1 au) 4P, cost
Aor ™7 T a0

f(t) (@)

at r=a, where %, v are normal and transverse dlsplacements as shown
in the previous paper.
Let 9(z) be the operational form of f(t), that is to say,
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g(z)=zS e~ f(t)dt. (3)
, ,
It is then possible to write
¢ +i
v v 1 du\ _dP.(cosf) 1 ("e
(o =rtr 30 )="ar mS @ (D)

Substituting the expressions of displacements in (1), (4), we get

c4+fo - ( )
eg(R
__"—dz y

e+ion
~  dP.cost) 1 (77 e"A, . dP.(cosf) 1
(r6.-=)="g4 2m'g . Llz="—"1p " om Tz
(6)
where
- I
@= Pzcia*n(n+1) {RS+2n (n+ I)PQ} ’
Q—': (’n—-l)H;’}_ 1/2(2'2’(10) —’izaclH,(Bg,;(izaC,) y
S=2(1 —ng)ng,/g(iZ(L%) 7
+izac,(2n+1)HY, . (1zac.) + (zac,)*HY: 0 (12ac,) , (1)
R= {(2/2/1) (zacl)z-'l-n(n—l)}Hg‘z,,z(z'zac,)
—izae,(2n+ 1) HY, o (12ac,) — (zac,)*HS)s 2 (izac,) ,
P=(n—1)HY,.(izac,) —izac.H)y . (izac,) .
From (6) it is possible to write '
_9(2)
An"' g ! ( 8 )
from which we have
LEZ
_ 1\ et g(r) Hi2ip(izre)
—Zm'g T e P, (cos0)dz (9)

for any value of » and similar expressions for 2=, u, v.

3. The expressions for n=2, i=p,

When n=2 and 2=p, the expressions for wu=u,+u, v=v,+7,
reduce to
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- ~4v/3a* P,(cos0) mwg(z)P'n,{;_c,cf-,o}
U et 2i 29 °

c=io

. {(zrcg)3+41/§(zrc_,)2+27 (zrc,) +271/§‘} dz,

p 128 dP.cost) 1 ("Tg@P oy
T peirt do 2mi 2

c—io

) {(zrcz)2+3V§(zrci) + 9}dz,

. 2y/ 3¢ P,(cosf) c-+mg'(z)R’e,{..c,:r-a»
T 2n1 Y
. { (zre;)r+3(zrey) + 3} dz,
@ APseost) 1 ("TGER ooy
Y/ Sucyt  do 2mi) 28
. {(zrcg)3 +3(zre,)’+6(2re,) + 6} dz,
where

P’ = (zac;)*+5(zac.)* +12(zac,) +12,
R'=1v/38 (2ac,)*+ 13 (2ac,)*+ 371/ 3 (zac.)*+216(zac,) +2161/3 ,

Q= {zacz + (08033 — 1-0406) } {zac2 + (08033 + 1-O406i)}
: {zac, + (3648—1+44103) } {zac2 + (3648 +1+4410i) }
: {zacg + (1'8015—4'1852@')} {zacg + (18015 +4-1852) }

='f[{-zacg + (p;—iqs)} {;acﬁ (ps+ iqs)} .

3

(10)

a1

The roots of £'=0 are the same as those of £,=0 in the previous

paper.

4. The special case, f(t)=p, for >0 and f(t)=0 for ¢<0.

" In this case, g(?) =p, fof t>0, g(z) =0 for t<<0. Thus from (10)

we have

U=Up+ Uy, Up=Upp+Uspy V=V +V;, V2=Vp+V,

(12)
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where
S a5p_o_P »(c0s6) I (L :_ L) - 729}
Y1 =T o116y [\2208 a ) 4968( a

(T t—c,(r—a)) ft—c,(r—a) )\
+4968V3(~——1)I——1a——62 R e A

3a’p, dP (cos(?)l— N r\_
o= 2116;107‘4 2do L{184(a> 552<a) 81} (13)
)2
' +5521/%“(%—1>{————t_c;(c’;““)}+828{———r~t—°;(c: “)} ]
[{t—cl(r—a)’}>0]
Ugy =g =0, - [{t_cx(r‘a)}<0] )
3a’p,P,(cosll) r\2 AT
Ugy= 105%/1?—[{828(;) —-2484(;>+925}
+2484(L—1){——————~t_62 (0’;"“) } + 1242{_'5—02 (c: —a) }2] ,
—a’p, dP, (cos0)[ 7\2 r
Vgp= 1058,”‘34 2 &0 L{1242(;) —2484(a)+925} o

C2 2

[{t—cz('r—a)}>0]

t—co(r—a) t—c,(r—a)
+2484(——1)I —2——} + 1242{——‘1c } ] ’

Ugp= Doy =0, , [{t—cz(r—a)}<0]/
_‘Sl/g.aspo (P +P )(U19+U;x) "“_{t 01("‘—11)}
U= e os())g (Z:+Z7) (E+ 23

Tay, .. WP U o Z 9
-cos[;c;{t——cl(v-a)}-f-tan‘P +tan T fan Z. tan 2 |

1s

v _24&2)0 dP“(cosa)z (P:+ P, )(V|:+V13) _p {t c,(r a)}
Ty Sz Z) (G2 (15

+ COS
ac.

P, ns A A
{t e (r— a)}+tan"P +tan ‘V:—tan “%—tan 1?3],
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\ [{t —cl(r—a)} >O]

Uyp=0,,=0, - . v [{t—cl(r—a)}<0]

uf2=

4v/3 a’p, B+ R (U + Uz - 2 (i - air-a}
pr L2(c08 0)2‘/ (Z4+Z)(2+ 27

) ' PP LB L AR /S
cos[ac‘2 {t ¢ (r—a) I+tan R5+tan 7., tan Z. tgr} Tk

—2a°p, dPa(cosﬂ) "(R:+RP) (Vi + V) —«—{t ea(r= a))
013—1/3/17‘4 = 1’/ € ac :

(Z:+Z7) (24 07

. COS [(%{t—,c,(r—a)}+tanf‘%§+tan"’ I‘Z:—tan g—;—tar"' .Z] ,
[{t—qg(r—_a)}>O]

Up=0,=0, : [{t—cg(r—a)}<0]

in which
Pa=‘pa(3qa_ps) +5(p3_q:) +12(1—pa) ’
P,=q,{(3p:~¢}) —10p,+12},

R,=v/'38 (pi—6pia’+¢') +13p,(3¢—D2)
+37y/8 (91—¢q)) +216(1/3 —p,) ,

Ri=q.{4y/ 3p.(g— 1)) +13(30}—q)) —T4,/ 31, + 216},
Z,=p,3¢—1}), Z.=q,(3pi—q7),
95=6ps{(203— Q§) Bg—p) + 2q‘;’(3p‘§— QT;’)}

o+ (25+——)(p,—6psqs+ Q) + (232 o= 1/— Ps(3‘1s : )

(339 n %ﬂ) (s~ a?) —(882+ 39‘5);95 + 552( : /h)

9;=qs[6{zpz<pz—3qz>+(p§—q§)(3p§-q§>} ~1p, - a)(25+ )

b

(16)

7 (17)
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%
(Lol (e s
a5 ey 3 (s 1),
Vi=(%) e —3v3( o+,

Vi=a(r ){31/3—2( )p,},
(Yo 0. Bumal Yol

Va=(L)2.0a—m) +3(% ) @i-ad —6(; o6,

vieal (Y o -on(;) 5]

+ (232 b (3p, ) —2p. (339 + 1107) + (882 1104)] ,

[Vol. XX,

The expressions for displacements at the spherical boundary r=a

are expressed by

o, by
um/ ; Pz(COSO)—2116{7452( c) 3489},

ap, dP;(cosf) 3 i?
”‘"/ x do 2116 828(%) —A4D

/“p”P (cos0) =7 x5 =1242(~) 731}

.| e, dP,(cosf) — EAN
zo_/ gra(e0s7) 1058{1242( ) -317} [t/ac,>0]

# ag
Uy =V =Up=Vp:=0, ' [t/ac.<< 0]
ap, - T _ bt
Uy, —#—Pg(cos0) =-8y3 ?Z}Mg/ U, .+ Ug e ac
q t =1 1 a ]
cos{ v AL

» (18)
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dP 0 J S TERT o
7)!1/2% ——2%‘=24§M3-‘/Vfw+ Viee ac:

t ’
cos{ % + p,+tan™! Vi, "} s
Vls,a

/ Dop,(cosf) = 41/32N VU .+ U2, -L,

.coqu’ +v, +tan"’U },
la 25, a

ap, dP,(cosf) e _ Pt
vfz/ P do _‘/gsle 1/V"a at "lae acs
.cos{q‘C +v, +tan"‘V },
2%,
[t/ac,>0]
u,,=’vﬂ=uﬂ=v,2=0, [t/a02<0]

where
Us,,a=D:(3¢3—03) +4v/ 8 (0i—q}) +27(v/ 3 —p,) ,
Ui, u= qa{(3p§—q§) —81/§p,+27} ,
Vie= 0i=0) =3V/30,49,  Viu=a[3v/ T2,
Usum @1~) +30-1),  Ui.=af3-2),
Ver,a=0.8¢:—p7) +3(0:— 7)) +6(1—-p)) ,

Vie=af @ri-a) +6(L-p)},

M=/ P+ Pk N=/ _ RI4+-R}?
TV (@ZzZH (2428’ TV A(Z4+Z)H (B2

’ ’

P Z 2

— ~1_5 -1 —-177s
p.=tan P, tan 7. tan 2’

R, A 2.

— —1278 s —1%s
v, —tap R —tan™! Z.s —tan 2.

|

( (19)

f (20)

The displacements at a relatively large r can be expressed by
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u a*p,Ps(cos 0) _—24 o a’p, dPs(cosl) 6
o e I 7% ar T 23"

v [{t—cl(7'—a)}>0, Izatr—a) <%]

ac,

u0,=fvm=0 [{t—cl(r—a)}<0]
o pOPn(cosﬂ) _ 54 v a’p, dP,(cos0) =21
Yor 9/1 - 237 L a 23’

acs

Ue=0p=0, [{t—cg(r—a)} <0]

> o c 0 - 'Frz . o, TT1'2 p
un/»a?’oPﬁos )=—81/3§Mn/ Uit Uifme ~ae (7000 )

AR/
.cos[a {t c(o—a)}+/z+tan‘ ],

Uls o

a*p, dPy(cosl) S
s1 /‘ r ‘uo a0 —242M‘31/V13 o+ Vlso(. acs \ c1-r ‘(.1, }

cos[ {t cl('l—a)}+/t +tan"‘ "“],

lsoe

[t e (r— a) >0]‘

U, =0,;=0, ' . [t ¢ (r—a) <0]

?’M /apOPQ(COS(i) _4 /SZN VUL +UZze a%g(t—c:(r-a)}
- ru

cos[ {t —cy(r— a)}+J +tan lUI"’""”],

a’py dPy(cesl) P {t-citr—a))
vﬂ/ 7‘# d0 V?EN 1/V"s m+V4m fzc-_ P . .

-cos[ {t C('I—(I)}+z +tan“¥;°‘°°],

[{t—cz(7'—a)}>0]

(21

@2)
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ufg='i)fg=0, : : i ’ [{t—Cg(T—a)}<O]J
where S
o Uis.c —ps(3q3 D)y 15,0= 0 (BD;—q5) »
V 5,00 ’E) | a’oe -2 s
i ' q‘7 1 D ’ (23)
U"s w=Ps— s, ] "’.s, = —2175(1;’
: ‘:_.VZ.s, ""p.s(gqs ps) ’ . ‘Vés,oc__‘Qs(gpi_qg) .

The results of numerical calculation for Ugrs Uosy Uypiy Ugpzy Vors Vozs
V1, Vg and also for uy+u,, Up+Use, Vo +Vp, VetV all at r=a,
are shown in Figs. 1, 2. It will be seen that, as in the case of pressure
change, with time increase the displacements of forced waves, whether

4 %@F}(cose) . o~

N
Y dﬂg‘mﬂ) I
Uns* g /% 4 4
I/I Vm““vﬂ
1+ 1+ ,I//q-\va’
uﬂ L. 7!
I Use :\ \/(7‘ {Uﬂ
- ; e w— P BRI oo
’ 2 E e N B E M :
I e — ARV — a5
Us N U
-+ - \\ \‘\/Uo; "
uﬂr"’ﬂﬁ . ) v \‘\\/ e
+ - N ER b A
\\
\
-2 b \
“Fig. 1. Displacéments for u: at r=a. Fig. 2. Displacements for v: at r=a.
f(t)=p, for t>0, f(t)=0 for t<0. Cf(®)=p, for t>0, f(t)=0 for t_<0,.
Yoty ) ' )
7 Rlst) : : Y/ dPeos6)
08 st A g
< Ul —
Us+lly, . ) e ~ ! I LR
SN E— e -
| uﬂﬂ'ucz i \U’m.'_uu_;,uﬂ.*_uw' ) o —"0" ' Uit Vs ‘-\W?%#I);vﬂiﬂ o
Fig. 3. Resultant dlsplacements for us Fig. 4. Resultant displacements for Vs
at r=a. Ft)=p, for t>0, f.t)=0 at r=a. f(t) =P for t>0, .f(t) 0.
for'¢tLo. - 7 T for t<0. '

in dilatational waves or in distortional waves, augment without limit,
whereas the displacements of free waves diminish. Thus, the resultant
displacements %+ Uy, Uge+ U yo, Vo -+ Vpy, Voot Vye also diverge with time.

The resultant displacements of forced waves, namely, w, + %y, Vo +
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v, never diverge. The values of %y -+ %y, Vo+Vp, together with u,,+
Uy VyFVszy UnFUpFUp+Upey Vot VetV + Vs, are shown in Figs.
3, 4. It will be seen that u, +u, Yo+, are constant for any ¢, and
that wy, + U+ U g +Use, Vo + Ve +0,,+,, tend to constant values u, + u,
Vo + 7, In question, for ¢— oo . The values of u,+u,, Vu+V: agree
with the change in shearing force at the spherical boundary, at least
apparently.

The results of numerical calculation for uy, Ve, %z, Vi Up+Usis
Vo4V, and also for w, Vo, Uysss Ve, Un+Usey VortVya, all a6 r— o,
are shown in Figs. 5, 6. It should be borne in mind that although
the order in 1/r for %y, va, ¥
Ugzy Upay Vo2 iS/ higherm’;haorll’ thgé (u"‘ujl)_’;/%a(me)’uz_';% 4%%@’2%2’% I%%Lm
for u,y, v,., all curves are plot- .
ted, for, convenience, with the
same scale for ordinate. Thus,

r Uy +llps

1 g Uy

- L—CAT-0)
Ugs, Uit Uss o
‘_/ - > K

01.

Fig. 5. Displacements for longitudinal  Fig. 6. Displacements for transverse
waves at r=o, f(t)=p, for t>0, waves at r=ow, f(t)=p, for t>0,
f)y=0 for t <o0. f@&)y=0 for t <o.

the curves for u,+u,,, v,.+v,. are identical respectively with those for
Uz, Vs. The condition of divergence and convergence for the forced
waves is the same as that shown in the previous paper.

The initial motions at r— o for uy+u;(, vVu+v,1, Up+Us, Vet
Vs, are, respectively, in good accordance with those at r=a for u,+
Usyy Vou+Vyyy Up+Uyps, Vp+Vs. The motions corresponding to these
curves begin from zero displacements. All these curves are indicated
with thick lines (full lines for u, and broken lines for v.). It is likely
that the initial motions of the displacements u,+u,, and v,+v,. at
r=a as well as at r— o are invariably in the sense of change in shear-
ing force at the spherical origin. '

Finally, it appears that the displacements represented by u, + .+
Upy sy VuF VetV +v,. at r=a, agree with change in shearing force
at the spherical origin, for initial motion as well as for motion at any
time. The curves for these cases are also drawn with thick lines (full
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lines for %, and broken lines for v.).

5. The special case, f(t)=p,sinft for t=0 and f(t)=0 for t<0.

In this case g(z) =2p/(2+p2) for t=0, g(z)=0 for ¢<0. Thus,
from (10) we obtain

_ —4V/ 3@ Py(cost) (7 Preste-atr-a)
T pert 271 2R+

) { (276,)° + 473 (2re,)* +2T(2rcy) + 2TV ?3*}dz ,

12¢°3 dP,(cosf) 1 g"“w Plez{t-ertr—a}

Tt d0 2w 2+
- (zre)*+3v 8 (zrey) +9}dz
A { : g
—2]/ 5 a,sﬂ P‘,(cosa) R’e:{t—ci(r-a)}
pezr 2mt - 2 (Z+p)2
. {(zrcz)“+ 3(zre,) +3}dz ,
- 16 dPo(COSﬂ) 1 R’ez(i-cnf"-_a)}
/3, Spucrt  dl 2mi\ 2+
. { (zr¢,) +3(zre.) +6(2rc.) + 6}dz
We shall write
Uy =Ugy + Uoy + Uyp1s Ug=TUg + Ugs + U 2y } 25
V=V + Vot + Vg1, V=V + Vo +V 2, (2)

where Uy, Up+Ufn, Voo, Voot Vi, are the parts of u,, 4, Vi, s
that correspond to forced waves and u;,, Uz, Vs, ¥yo the parts that
correspond to free waves.

The results of calculation show that

_ —b4aSp Py (cos 0) |- [t—ci(r—a) r
Yor= 23prie |_3l ac, }+ & ( 1)] ’

Doy = 18a°p, sz(cosﬁ)[gjt ¢, (r—a) ]+1/3(M_1>J

23puriE do | ac,
[{t—cl(r-—a) } >O]

(26)
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Uy =V, =0, [{t—cl(r—a,)r}<0J
_162a°p,Py(cos ) [t—c, (r—a) _1] )
02= 234 | ac, ta T
» __ —5da’p, sz(cosﬂ){t cy(r —a) 7 _1]
27" 98mir de ac, a 7’ (27)
[{t—cz(r—a)} >0]
u02=v02=0v, ' ‘ ’ [{t—02(1'—(1,)}<0] J
o 41/ 3 a'p,P.(cosl) /(Pi+Py)(Ui+Up)
01— ”4C N “‘+ (1
' P; ” 2
o i _ _ -8 -1 13 [ I
_:sm[ﬂ{t e (r a)}+tan B, +tan U, —tan- 9, ]
o ,mcz da 2 +9 (28)
P, Via 2
L al - _ 128 -1 13 -1%8
sm[ﬂ{t cy(r a)}+tan P, +tan Vs tan 2, ] )
S , [{t—c,(r—a)}>0]
Up=Vy=0, ' [{t—-c‘(’r-—a)}<0]
,  —2y/3aP,(cosl) /(RIFRD) (UL UL
Up= ipz . 02
me 2+ 2
. , R .U, 2,
. t—c.(r— ] 1278 -1 -8
s;n[ﬂ{ c:(r—a) J+tan. R, +tan~ 7., ta’r.lu 9, ].’. -
e @D dP:(cos) [(BITED (VA Va) (29)
o’_1/3 prict dg 2+ 27
TS SN TR DR /Y
sm[ﬂlt c(r—a) i +tan R, —~+tan Ve tan- .Qﬁ ,
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'[{t—c.,(r—a) }>‘0]
Up="0=0, ‘ | [{t—c,_,(r—a)}<0]
¢ =pac,, pP,=12-57, Pi=¢(12-09),

R,=v/3(('~31c*+216) , - R;=(216—13¢%)
Q,=—¢"+ (58 +41//3 )54— (441+552/1/3 )¢ +552,

Gi=¢{(5+18/y/ 3)C'~ (113+ 1237/ 3) 0+ 1843+ VE )} ‘,

Us=21v'8 4 3( ), ;”*%{27“(%>2}’ o
Vamo-(Y,  vi=sv s, i
Usy=3— ( ) 0;3%3%,

oo LY, vam o~}

The forms of free waves are the same as those shown in the pre-
vious section, with restriction that

¢

—2p4. oy, po GL
z=="2%e0-a + o). f o

1 - 2t g
Z,-=7{(p:—6p;q;+q:) +C'(p;—q;)} , 1

The diéplacemeﬁts at' the spherical boundary r=a for the special
case fac,=1 are expressed by -~

» /m{’@l_: _roass L,

ap, dP,(cosf) . ¢
vm/ Y _—_dﬁ_ —23478002,

Y2 : ac,

£l u02/w=7°0435L, o ) (32)
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t

Vo2 aPo. M —2:3478—— t [_._>0]
)7 de ac,’ ac,

ac,

ap.P (cos 9) _ 15197 sin (a_c —021264

2

Ugy=Vgy =Upp="Vp2=0,

ap, dP,(cos) (cos 8) —0-21484> ,

— 26118 sin ( ¢
a

>

ap,P, (cos 0)

Sl
o
=
i

’ ’ ! ’
Upy =V =Ue=V;=0,

81318 sin (1—0-23500) ,
ac

2

ap, dP,(€080) _o1907 sin (—t--o-18741), [i>0]
7 do ac, ac;

—0s033_t_

- cos {1'0406—t-—0'564}

ac,

“, / @szlw:l.ggg .

001804 ¢ ~"*"s% cos | g 1852— —o 0035}
2

-3 N‘}—

4003633 ¢ 262 COS {1'4410%-!- 1‘089} ,
2

apy dP,(cos0)

”/1/

= —0'6318 ¢ "z cos {1'0406L-—0°484}

] dog acy
+ 001875 ¢ "% cos {41852 — 1-542}
l ac,
+001001 ¢ ~*"s5 cos {14410+ 1-499} ,
l Gcy
u, / ‘-‘L‘)—PZS—“—”’ = —1:972 65 cos {1:0406 (%—0277}
2

" 4003100 ¢ ™" cos {4'1852%—4— 1'427}
2

[Vol. XX,

(33)

(34)
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—0-01998 ¢ ~**%a cos {1-441052— + 1'466} ,
. 2

o / o APo(€080) _ 6498 ¢ =02z cos {1-0406-t——0'919}
2] dg acy

180154 (4
—0:02049 ¢ """ cos {4-1852——2-772}
ac,
— 001551 ¢ %% cos {1-4410-’5—+ 1-226} .
. . . acy

t >0]
ac,

t
u,1=’v,1=u,2=’v,2=0. a ‘<0]
Cy

The expressions for displacements at a relatively large », that is,
r— oo are of the forms

a'poPy(cost) | a*po dPy(cosf)
uol/——v rin = —4-0666 , 1)01/————~T3!1 a0 =1-3555,
[{t—cl(r—a)}>‘0]
u01=v01=0 ) [{t—cl('r—a)} <0]
40P, (cos ) 4y dP,(cosl) | .
@"Dol’2(COSU) _ o, @'Po @l7p(COSY) . o,
Upy / = =7-0435, Vog / rop 7 =—23478 ,
[{tfcz(r—a)}>0]
Ugp="02=0, < [{t—62(7’~a)} <0]
2, . 0 — —
" / IPL80) 015807 sin {t—°‘”—“)+ 0-77992} ,
s ac,
3, .
vl aqpo M=_0.27379 sin IM+2.35O71 o
7 do l ac,
; [{t—cl(r—a)}>0]
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Uy =v,=0, [{t—cl(1‘—a)}<0]
; (36)
3, —_ . .
ul, / 9—”"P;§—/f'“°"?l — 22552 sin {t—i(’—ﬂ + 1-92380} ,
ol / &Py APy(€080) 07604 sin {t_—"ﬁ_—“) + 0-35300} ,
rH do ac.
[{t—cg(r—a)} >0]
Ufy =0y, =20, [{t—cz(r—a)}<0]
/ a*p,P,(cos )
u,, —_——
T
—01439 ¢ os {1-0406t“—°’;ﬂl— 0-786}
+0:06371 ¢~ U s {4-18525}2:—‘“1 - 1-465}
+01065 e =5 cos {1~4410t_—c'-("—"—“l + 1-543} :
v a’p,  dPy(cost) .
11y de
=01896 ¢™° e cos {1-0406L‘M‘l + 0'126}
+0°02419 &5 cos {4-1852'5:—0‘5—:_& - 0-300} |
+0°04696 =>4 0og {1—44103:—"‘—”—"“—) + 1-919} ,
[{t—cl(r—a)} >0]
Up=v,=0, [{t—cl(r—a)}<0]
37
a*p.P.(cosf) N
Uyo T
=2:337 ¢~ =" g {1-04065%1(:;“) - 0-428}
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—co(r=a)
aca

4003816 ¢ "

—sgigt—C2 T~ )
aca

—0-04387 ¢ cos

a’p, dP.(cosf)
rH dd

=05122¢

~08033t—c2r - @)
aca

2— rz(r—a)
acg

—0:02900 "%

—0-02867 e-s ptoesr=a oo {1-44‘10

U=y, = 0.

cos {4-

[
l

cos {1 0406

cos {4-1852
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1852t C:(r—a)
- ac,

+-'z-091}

14410 ==
ac

+ 1-795} ,

2

L L. ~1340)

2

ielr=a) —2‘216}

2

t—e.(r a)

+1419)

2

{t—c2 (r—a)} >0]
{t—c._,(r—a)} <O]

[
[

The results of numerical calculation for wu,, ey, %pn, Ue, %, %,,
Vots Vos Vozs Vozs Vs Vg2 and also for u,; +ug, u01+u(1)1+u{1, Yoo+ Ugz, Ugo+
U+ Ups VotV Vot Vi+V, VotV VpntVn+vp, all at r=a, are
shown in Figs. 7, 8. In this case, too, the feature of divergence and

/#P(m 0

-8

Fig. 7. Displacements for us at r=a.

f(t)=posinft for t >0, f(t) =0 for t<
0, Bac:=1.

/%fl B{gos /

/

,--—/\

7/ - w .

STUrUAY S o

4—/@ : AN

AN " NN t
o "/,,ﬂé EBPANENC

. x\

‘\

)

N \/Uoz \\
—4- AN \
Fig. 8. Displacements for v: at r=a. -

f(&) =p,sin Bt for t>>0, f(t) =0 for t<
0, Bacz=1.

convergence of displacements with time increase is quite similar to that

in the case of pressure change in

the spherical origin. The resultants

of forced waves and those of free waves, together with those of both
waves inclusive, namely, o+ U + o+ Uz, Voy+Vor+ Vor +Vozy Uy + Uy Vp
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+Vay Ugy+ Upy U+ Uos+ U +Upey Vor+Voy +Vor + Ve + 0+ 0, are shown in
Figs. 9, 10. As in the previous case, the displacements resulting from

' V—%B({osﬁ) , - . %ﬂzd?i%gge) )
02F Ugrtlly o7} Vet e
— /o A
0 ? 3 [ ey ? 7 G
’ =~ N {lé,+uﬂ+%,+u2+u§+vﬂ d ~
Ueit ué:"'ujx"’yn*uc':*u;‘z / RN e - :—/léﬁl){&%ﬂl&
—04 2 — 4 e Tm o
\/ummﬁwu; l

Fig. 9. Resultant displacements for u¢! Fig. 10. Resultant displacements for Vs
at r=a. f(t)=posinft for t>0, f(1) at r =a. f(t)=posinft for ¢>0, f(t)

=0 for t<0, Bac;=1. =0 for t<0, fac:=1.
» U, pRlecs®) Vo, dBcosd) o
2 [ u ¥ ) it4
U;/ag?/acnx )’/z%ddcas(?) B . —37——,#’ . .}?" a8 %

P e 02, ) <
< ™ N

O..Z!F%’vf’ w+l}/, ,/,

Fo Y™~y

t=cdr-a)
at;

SO
=025 ST

7
U .

‘L \\( -

S

,Fig. 11. Displacements for longitudinal  Fig. 12. Displacements for transverse
waves at r=oc0. f(t)=p,sinft for t> waves at r=ow. f(t)=pysinft for t>
0, f(t)=0 for ¢ <0, Bac.=1. 0, 7 (&) =0 for t<0, fac:=1.
both free as well as forced waves, namely, 2y, + %+ Uos + Uge + Uy + Upy Voy
+ Vg + Ve + Ve +V,+ V. at r=a are in the sense of change in shearing
force for initial motion as well as for motion at any time. The results |
of numerical calculation for wg, vy, %y, ¥y, Ue+Un, Vo+Vp, and also
for wug, v, Upn, Ve, U+ Uz, Ve+v., all at r=c, are shown in Figs.
11, 12. At all events, it is possible to conclude that the initial motions
at r=oc0 for Uy+uy+uy, Vo+Vu+Vp, Up+Un+Up, VotVetv, res-
pectively, accord with those at 7=a for the same components of dis-
placements. Of these initial motions, the components 2y +uy + %y, Vo +
Ve+ Vg, both at r=a and at 7=, are also in the sense of .change in
shearing force at the spherical origin. '

6. Concludiﬁg remarks.

~ The problem of transmission of arbitrary elastic waves from a
spherical origin -in the case of change in shearing force of the order
n=2, is discussed.. As to the type of exciting forces, two.cases, namely
that of rectangular type and that of sine type, both beginning from a

.
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~quiescent state, have been solved. It has been found that the nature
of the generated waves is quite similar to that in the case of pressure
change at the spherical origin. It follows that if the type of the vibra-
tion at the origin were spheroidal, it would be almost impossible for
ithe data of generated waves to ascertain whether the exciting force at
‘the origin is of pressure type or of shearing force type.

In conclusion we wish to express our thanks to Mr. Watanabe, who
-assisted us greatly in our calculation.- We also wish to thank the offi-
-cials of the Division of Scientific Research, in the Ministry of Education,
for financial aid (Scientific Research Expenditure) granted us for a
:series of investigation, of which this study is a part.
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