ooooobpooooo
30 19650 15-26

MEEC KT B WKB DS A

& x  m
L fzmé B
v W’KBE&%?)‘J"?&E&?}?&DE@E&%B#VC?%Es'ﬁl*cmbmt Wentze!
' .‘Bt illouin, Kramers OEWCHMUZFF(1926) st 5. T2 R
Schrodinger DHBRT, Planck o 4 T 0 T 238RY ENFHEHNED
. FEEAE oS EERL,, B, A BTN xy&urz&ﬁﬂmcfc Schrio—
dinger HRREMZ 5L 5 HETSH 5. |
LaL, ﬁ?mﬁ&%@%oam Jeffreys(1923) vc.:::-cj:gﬁm’ﬁgnrmm
3 Jeffreys@%@%tﬁé(wse)m:ca toB¥R G. Greenofz( ¥
‘Eﬁﬁx@éfapam&ém%aﬁmﬁﬂ ERT A EBN , RHICL bz 4 v ¥F~BEDZNET & B
RT3 (1837) KEHOETH , 35, EnL vFi0 Carliai(1817) o
" Bessel mﬁe%ﬁﬁﬂca%rééﬁ%%%ﬁﬁﬁan% Ens, B4AK, WK Bt
Singutar Perturbati on?ﬁfﬂ%ﬁ:c‘: b&ﬁﬁ:&fwf) 100k TS 5.
HEHZECONTik Langer O Kehil LTECHRENSIH , S oMt
%ﬁ%@@ﬁﬁTWKBﬂEméox5K£€Fﬂénrmaﬁ«%ﬁ%mmm LE DD
WKBRAZOBBUXRTEL L TETNECHATEERGAMAR LN , £ DA TEICR
| BICECE TINTWEDT, 2 THEFET 5o Wii? BohmogH®(1951) 2 8TH
& o WKBECOWTERADOM KRS T ANaBnreiiRe LCREREN(1960)
THEL T, -
» Langer BF0oBR2TS L CHigsnr “ﬁﬁﬁﬁﬁ/)ﬁﬁé@vlv%Dmﬁﬁ "
WET Yy RUT A(L1964) OTay —F4 v 7rxs: Wi lcoxﬁt:ofﬁﬁfégnfh%.
LOBOBEKE TD EEXED 6 HEOHA TS5 BENLC EHTEETHS 5

-15-



2 Schrodinger 027’&’5{", .
1HFCRT 5 S-FEkE , RAORSEAAT,

. O
zﬁat = Hyr

H=7—p —H’qj} S P}, P ,;grmi! i
£, P (R
e + V,(g’), = + +
| ( ) v v dx? Oyt  9z? |
_ Planck o Az 0 a—mmu@s ﬁ&ﬁﬁ&ﬁ%@ﬁ&ﬁ%ﬁ?ét '

ERRTSe S v ‘ v
"L, 2CETREZ Y B0 OBRATL DL L2 TE 2

’#il", t) =4 eXp{ﬁg’(r t}}

yésﬁﬁ

4 ' o
9 +—E—{gradW; +{!-fiv W....
é‘t |
R A ﬁ-@ﬁ ~§’&z:,
aw S
~9
| at+f£(? 2)

| stradﬂ", Hz‘;;i—pz «f-l»’_(i’;,yl 5
 IREENFTO Hamilton-Jacobi OFEATHSe W o Hamiltono
e - | e

‘ﬁﬁ'ﬁﬁ?ﬁ £! T
-

| ?:"f. i»ru(‘r}" '

Wer,t)=SW@)—-Et

CewQrimrd

-16~ -



u () — A exp {% S},

1 2 | i
| 2m(grad 5) —(E"V(f’]“%v 5=0
FilE B T
| Y S 3
WzWu**--{Wl‘*-(;)sz F v
LT W Wy, ... TEKKOALIN. W) AERNZETO TEE. ) &
ow,
ot
o¥E,... Tdbe
Pl 4 WK B ORET 5 o

1 1 2
=—( grad Wy - grad Wy ) 4+ — |/ 4
m( 6 8rac™ 2m ¥ 0

3. EEBHER
WK B 0 EBME~OILHE ¢ L TERIFERCONTEZINR.
e¥% Schrodinger HERL

(Vi+kiP))y=0 ) (31

DACET Bo KL

2m .
P=—F (E-V).
k2 P= 2% )

%2 READEEORS EO( 3.1 ) ORIIBEENE. RKL ,N(Z, Y,z ) &H
MOEF&ELTE P=Nl. ix k a@s, Tabs k —2n/2;: A wGES.
( 3.1 ) #( rpoEntys Fikd , EScmuE (£, 7, (I BALT, EH

AR CETHEe (3 BDA , TOLS 2L & DO THBEOHDNIKREN S )
+TrDL ' ’ )
Y=5C(m) K,(EVY (7)Y Z,({) (32)
LEET 2o cC M AT AS , C(m)adE 3 Xn, Y, Zm FLROF
D2 EORBAFERTBRT Do

-17-



dl

~= +a? P(x)® =0

@R AT AS m CETHER T DD,

¢ 3.3)

B, BREIEORE LT , 3.2 ) DR EREKSE I EMSOH T &£ Bo L
mﬁ:of%@lﬂlﬁt&%@f&ﬁ%&érm m—o €435 Xm,¥Ym,Zm oHz RS
DB HBo M—>0 ik , 4D A—»0 CHHi5T Bo LRdiDT( 3.3 )DE D(X)

Bt @0 t»’c?ca‘t,-cwizﬁ BHEE L O NEERMEL 25, CNHAWK BEORETS

B

4. WKBgZol120HR
¢ 3.3) OEBIHERX !

2
d ®~+a2P(x)q):0 a —»oo
dx? - ,
- DRAVITOL SRS 5T EATES( Imai (1956)),
S S
Z::_f Pldxy , d=P 4V
, 0 ’
Cry, (41 )
2y ‘ '
d g+(a2-Q)§f::0
dz? '
Log2pi 3 g2 pTd
o—p T LT e de p
dz? d x?
P=0(1),Q0=0C1) &3niz, (43 )dFHaC
2
S g Ty =0
dz?
o 'Wgﬂz::Aei“z‘i-Be'iaz
FiE G Aiid
| P, P

¥ =-exp [ xzaz + e AR |
' ta (za)

_]_8;_ :

(41)

(4.2)

(4.3)

€ 4.4 )



&:”h.t;?l: L2 J . Eﬁﬁﬁbnﬁzha V

 zoRS, {iijeﬁﬁazaeﬁﬁétf '

' 1 a1
7),2=exp [+zaz+«——- Q;( )+—»—-—-—{)(z)+ o(a-3) }

{453'
£83, ZTIC

1-j (Q**‘ )‘i

P(U) x 0 DHEBNICI( 4.5 ) DR OWEE RSB THET S 5o

3 Z

P(x}::alx(1+b;x+bzx2+»~)‘, d;ke

DEER, (%0, (D=0 KHLTRESBOMERRRTHE. |
IXOCHLTHED( 4.5 ) DIMERNEDE T RIUDe 0O BNRATDLS
&&ﬁ%ﬁ&iﬁ,(&ﬁ}ﬁﬁeﬁﬁﬁﬁ#%5néa

! 3 ,

2 ,
z=xa ﬁ{n»*ém+o~¢ru~4§yﬁ+“nL

1, 1, 22 S
e e e b S A, — — 2 3 s
:1‘—-.- 2'5 _ séif (751 175 51)1

. 3 3
i;(;ﬂ; Z}
2 p

0=- (-E- 2 +22~3+29+2—123+;~f3

( a, ) (51’2 - 351’)

| ,zo_-—.--;-s-- ( 2553- 35&,&2 +z4.é;33 s

27

3?55'5(" 1) + (612554——43505; —-98905153”

Ay =-

+12oaobﬁbg;—3sz4éi4 )y

- 19_. -



i

L3 2
) 525

?1r~6-) CHYMP (p+0(a™), z=0@a™)
3 | | (4.6)
1 ‘4
gz(eagzlz )Z
2
*~s(f+~ 12 {452)

E~ﬁ+xx .

:'83:::_0,2 + XQ .

5. BREOKREE
Hnohchtir =< & , Reynolds HOBEHWICE , Hiko RECE RG4S
Bo WEPADBEENRAKDER L REIIDETIE , EREBL THIEL onBe
WA an ERET o &, BTN
dzz,'o'v

= { 51

t oy L1
ou gu dp 0ly '

—— 2} . T e — R e ) 5.2

‘a(udx+ Jo‘y clx+ﬂ0’y3 _ ¢ )
oT oT 0T

—_— = g : 53

0Cp (u x-+vdy) kdyz | | (5:3)

L (w, v )i, pRES, TARE, od#E, Cp WEELS , kthizgs,
At stk o | '
Mty , v, TxH 3 LOBYHERr RO HREHO FCHC CLCRET S ¢

Te(Cx), u =y =20

I

yzﬁ : T
Yy =00 T =Ti(x), u—uy(x)

iz snELT
Ty-T) =bx™, uy=cx™

DHE BN , LORBSFRRAERSGHTERCE 5o T2D

-20-



36‘ (H_ mm)"‘f{m |

o 2’; L
R el g
‘» | TV»T; (?H |
f” +jf +,5°{1-—f’2}-~9 S ¢sey
8" +¢sf& ~on( 2~ ,é’)f 6._a (55}
O omERE :r‘ Lo |
@ =00 T f Vi

2 s 2#%%  pranatn x
; m+1 | e
»V( 5.4 }&‘3’. FalkBEt*Skaﬁ@ﬁgﬁ»& Iﬁn,ﬁ@@&@@ﬁﬁ{,‘c Hartree
(193? ) m:stﬁ%ﬂ»%&rxtmég ‘ ’ |

g !
-~--a;?2-.. -.ﬂr3+--}( 2,5--x )a"-?;‘i

2 - § s 5.6
7 5 +6f:-:(2 3,9),4?41?; + - (56)
(&5 }ﬂﬁﬁ%ﬁﬁz’%@%%ﬁ&iﬁ?ééo o
~3-*=exp-€~§ef jane sty
L rwdE e |

| 8" — P(7) =0 BE ,,\!(5;8 )

s



| p(mzzazﬁ+c{-§+n(2-ﬂ}}f{ | (59)
=Ap(1+b7+b373+b7t +- -] (5.10)
nKL o ' o
1 PO
‘A:aa{-§+n(2-ﬁ3}

- _ela?  (1-28)4a

bhi=-5g > 3T 164 24

_(2-38)F olaf

,2’4 60 24 4

oD, § 4ORRrE D BET O 25T Bo ( Imai (1958))
HICREDH DR HETOREERHR 2 T30

q, o7 |
— , =k (2
.TQ“TI 99 (dy F=0
.~ . de
hx/k T=—(2-4) ¢ (_C_l_v__) B
(uy2/v)? 7==8
2 2y | 1 1 .
= (=) —+n(2-8)}V(0a)’ L=
iz (3 g tet } Thea)

6. ZRAOEAERI
HMEOERUEEKD 2RI RBLOFENTEZEL L 5. EBXF v vYrEd, HhO
, ﬁﬁi‘?&?né{, E@HERNT

(61)

BB LK OEEE, Oy HEHOF{ A¥ 3¢ DkM Hodograph #
T &@vs. ThDD | |



w=gcosl,  v=gsinh

&fog,gﬁﬁﬁﬁﬁmﬁ4ﬁ

i 90’ 56
zax,ﬁgmﬁgéez@ﬁam

‘vfg.* - d

g 'IQﬂi g

H»&ﬁﬁm&nﬁ T
fo 6? o fe

_;7 ;56 ot *‘  af*”’

ot g
ey Kaﬁz 0

' ﬁ n@%ﬁﬁ%ﬁ@ 2D ﬁﬁ&‘i’ﬁéﬁ'ﬁzﬁ Z»a
(67}@&&@@./ |

gwgﬁnTn(i}é

T ~n3{{1’,g,3*~* 9
K‘C‘Dfﬁft&ﬁ%’ﬂéée

v 53’?1&*\7&.3: S, ( 6.9 )YROBHEWK Bﬁ%@ﬂ"ﬁémx B

& -mmlwtw fa-&
. ',;i
y:mx'fﬁ
awce (6.7)
e ’¢-k{r)w
k .
L K4 ”?dgzqi
kqu  o = -K Ty

(62}

(6.3)

64y

(65)
(66)

(67)

(6.8)

(6.9)

(6.10)

(6.113

(6.12)



[
7, (69)2, Ta=K ! #n(7T) &tanT,

W = W=k Wy l (6.13)

£% 5o |
. p-soo T, BURLIELT

Wn~Ae"" +Be"T o - (614)

TOFBCHIETA0%8, (6.11 ) THAEAERL
viy=o0 | . (6.15)
TBHBe , e N
( 6.6 JRCHEDAL © LREEET, LesoT ¢g<lec, c'g>c:\'(i%n%n.%i‘é‘z’é;
(Subsonic) 3ANAEEE(Supersonic) £bonFe ¢SC KHLT
K%G , LAsDT(6.10) Ly, $ifSdcd 7 REYN, Bdcd T diBkics
Hg=ec B T=00hSTHL STEDS o
' o2 o2 ’ |
(3t " g<ec
YTy s az‘
i1t T 502
eBEMG, (6.15)dEEsce Laplace Wik, AEETE REFERICE 5o
g=cC Kzh g & C.&TTE, g=C.OHET(FTZOLEAFTEDELT)

g>e

K(q)=a (q——c.){lﬂ’:g(g-c,)-;uéz(g_ct;'u...}

1 2 2

’ 5 - 2
——— 3 3 ...
E(t)= 6 T +‘lr +20+&;r +

E(T) OBl BEzELAFLEESE(transonic) FLEEL LN B0 ( Imai
(1954),) ‘ ’

E¢Tt) = > (6.16)
(D=~ T2 )
i
1 . _
Wn=1t% Zy (ne7) (6.17)
3



m - .
ijr:r sxnma{Cl ka (coVsa)+Csz5(cosd)} (6.18)
| T % |
~Aco"‘F(l > 14m ;2
- e 6 1'6‘) m"é“‘{_")
«+B(m—2r) E(;,-€,1~mz;3;}i (6.19)

-

TI-'ZB

w=(T—-T; )+t 0, cosa= €6.20)

HIC M AEF RO SN HSERTEDI NI,

505, BESHFERCWKBEAKHAINADRED ) ADEWESWERONTHEA,
LD TRED b K7 Bird HAEON T3 ACREA 350 WD 5 RAHDEN
AFERCWKBEEMALLIETAHE ,nD ToED ) ADMEENELT AE LICHE
BLEFAEE 52 | |

2 % X #

SRE—  Wews (SRS (1960)  BAES © WKBE pp, 205 - 235;
&3 ¢ BHEGHOME pp 694 — 702,
D. Bohm : Quantum Theory (1951) Prentice—Hall.
HEFOTH
H, Jeffreys & B, Swirles I Methods of'MathematicaI
_ Physics (1956} pp. 523 — 527, Camb, Univ. Press.
C;.H. Wilcox(ed.) : Asymptotic Solutions of Differential
Equations and Their Applications (John Wiley &
R Sons,v Inc., 1964). |

I. Imai : On a refinement of the transonic approXximation

theory. J. Phys. Soc. Japan @ (1954) 1009,



i. Imai ! A refinement of the WKB method and its applica=

| tiop to the eiectrsmagnet%cvwave theq?y. IRE
Trans. AP—4 , No 3 (1956) 233, |

&. Imai : On the heat transfer to constantproperty
laminar boundary laver wit.h"pawernfuﬁction free—
stream velocity and wailéteméer’ature distributions.

Quart. Appl. Math., 16 (1958) 33,

~26-"



