goooboooogn
0 5390 1984 0 1-36

&
S

3
4.

TEFERE 2F 2 (lsao IMAL)

1. B UHiI=

G LT TR ABIBE) 1R R T 3 - o RAREL G T 5.
F 1 {;,‘Zy@?y‘mwf%’r ol r bt w3 NFboTHe. K%
bbb, “2-50B VYV, Ve "EBS HLTVELE, 5B
33, Vi, Vo T & :éﬁ'}l/z 0 TR D IT PN 5 T, Vi, V2 * &
b 258, VitV 3BUT Loo e . RAALELT
O OFELHE A ., F2LRIEER o 2 AT 0D8ED 3T A
¢ Blasius o AN b a. L LAEEE TR
TiRiArd 5. ME AT e LT, (1) X & ik ob <
» B2 0 4 \fs‘;é?j]b (ii) F 2 sB L (T z)
N # B Fhan —rh@iaiE8ht 4 2 RED a5 BRI E
PriBGh, v A xR B, L 3. ARE Lo HERER 0 15E 0B
WA eIt LT B P’ b BIEHBE L &k G e o
CH 5. Hie Saffman #7BE = FHE L« LB R’ IR
L



L1 sg, foBgu BT, 080 s 5 s CHe, F
T 5B Tmwdpitiiitd 51 h v co2@PATE25 9

bz Tt riEET 3.

L. 5%9i%%3) oS tr¥etn

'\‘J/L.J

2- Aoy

PRV B Aot rRET e S RAR Y £y

- > — - /s
£ F ) Twv. o litniz, BE P, r b P, 75//%'7)_”’ »

B VSR Ta BN b B, AL, U Do L EE

[y

5818 0 (215 0 AR, B fo AR, &Y TRESG 5 M
0B fae BAey = RAT 2 0 N BIRTHEA, EBTHEA,

#Ki%ffﬁi%,... 1'H v, i e KEME 0 T2 v NIz b o e —

AR

N
N
~

W, REY O LEN p Kt FhoF v L1 £ ML,
BAETALA, BT ALR 5 v N e o FIER L p=£(p)
=& o T VY, p,p NEEIND. p T Ganid p=7Fp) ili
~F i 20 s, HELookbBE < s sdunid (V,p)
D1tz k, THER ML e K H U B,

T 1, v % I ) %V}Z%\@L‘L T }Sﬁ,}%{?z_? 2 2 o %8B, Vi,
Va 1= 4 MU HF 0 RU (V) p)), }(\Vz,pz) nNhH e X, o

WHoMum™WR i G 15838 VitV T H <3 Looiik

W (v, p) hEBTHER, YAEEFENHUREWEDS
| 2



»p? (A1) 4H =1t SET Vi=ve, p=p, WA Y St i
FwEAT. LnlL, FHtes ht, vi=Ve U tER
LTt &vo T @& 7%GHDH 5 NT

o B tBAs i d A o R ER

FARE o © ) #how = BE 1T H s e B

v BB GHIF Tt Uk

R Z S SR SN S A S T AT SNy

X 1

Kirchhoff »#%M58 1= 5w 1 12, 54
nDQEPTUH = 8 —HIBE W 9 Fuke, BT osbi UF = B

gD 9o BE Lokt iT, AMHHt % hip
& PR v 5B e L o O-éﬁﬂ.% % xb. %o, Lamb
(1] i@ Vi=Ve 853 Y25 e thmns e w

DBE B, 4L Villat [9) i, CH etk ¥ pop,
D EM LB EH T Bt n D 9 U h . H LT

Villat o C 98838155 e T E 0 TH s 5 n T KT, 4
30955 -8B T3 A@BL6] 9w '}fﬁv\ EEIREE = B -2 3
SRPAISI Bz cn Bk B, OB 250 d 2o b A

2o FI15R9 E?é@f‘fy%;.;

3. Kelvin o 1835232 =182 4 3 B2

REME o 7 o N2 2 £ — Fdb 1= > T 12 2 %0 '/?’\7’_52‘0\“/5\:{; Yy
3



Zo. 2t wiEBo t o v Hs. (e d[2] tHpE]

[ 22Z]
D % d 2%
Dt hoy " =~ [H-0] (3-)
H = P+ (2 +':!,‘:QZ (32)

-D—ii - 3Yad (P—i—ﬂ) (3.3)

LERBE N F W dr v 9 RAH 5 —FEEH < B (F2)

DY D &
. dr —_Y ° N — . D
Dt Dt (v-dr)—v og 4 ar
— D '
= —D—t‘(\v'dl?”} ”d(é%z). ¢ d
L
NS '*’%_dl,f:d,%’g =dv ‘éfi;‘ )22

%(v- dr) = —dp. grad (P+Q) + d (£9Y)
=d(-P-02+59)=d(g*-H).

. D zZ 2 2 —
- 5?/; \V’Cér :[_%(V.df) :—[H‘?]f Q.E.D.

11 Kelvin o 535252

Flyfovt—SxeczeCufldiess. oLk

4



(3.1)

2 I) =-[n) . - (34)

PN KT e L WA o LAEBRE T H L, F o

Ak 0= ma. Lo 1 Kelyin o 7838 23 . r{c)=

const N 1F 54 5.

-

13 2 SR 0 Bkt R4t

[g@] @S o &El i e s b F At L
TGV AN Y p b B, L TN, T
290N 0SS A 05 1B UT Lo GAL K EER
h4., =7 L, /uc.,z/Fri)ﬁP’df@ﬁm/\\ﬁFuk,»ﬁ*/f” T, AR
1R e 2.

(3298) w& S wiiiE» %
et ko T KT 4 3.
5% t =0 1 9 St So
td 2. ST 9FHMR o
) BN LA R e 9 3

TARE N 5, SEonUERIT S o &L % 5088 =5

FTortFrouns. (3.0) 7 1,2 v Lt 8 xraotdkfoz

Z.A, B trner



H_ox® _ _ D [®
[H -1, Dt Jyge) Vedr. (3.5)

% 52 | v a =% 4ot N = 4
29 i%‘{ﬁl 2 S o WAl ¥ U X H o /y—?ff{ 5w 1B EC
=5 > -
!:/)1/\1/7)(;/,‘_’7,’,7¢?‘C&724#¥> 2_<[:’ch( S_t-a){év//}é’;”)
gji’ﬁiéﬁvg v 3 e WU EE . st 1 (35) 0B S o

BIvIR VU s . T b B

{[H“@Z]f}xﬁ). (3.6)

Lo {QY RBSEHWE Y X0 Qafho vt BKT B

(X

1

WLH-9 ] = [{H“ﬁz}]’f:[{P+ﬂ~Z’€z}]j

= [{P)P (~ {2=0, g0

e

= {[PL}] = {P(®}~{P(A)}.

Lf:mwz, (3.6) 1= &

{P(B)} = {P(A)}. (3.7)

P ¢ grad P o 1% _f"i@?ﬁ/f)’?fﬁ‘% X ns, B o
{'//l_;'})i.u_l-@,‘é\l'éfp B % - “C”,) ﬁ % L= m'u‘?\ (’;ﬁ{&tfff/fé‘\) A (= - LN
< {PA)=0 txrmnisir, S0t 5 BiouT

{PBI=0 wfhniocrcha. §hbs, &5 o @il
6



058 v P, L7ts T p, W SETEHUIEL A .

Ve p »SEC—HTuL. 5o @Bl

" 31! -
sz oo oL T L

- , ) _ .
s TR ML BT Tt ) EU NP

~Jy

); ¢ 7 7 L ? ) I'd 7 inle)

ﬁi T 9 %%/’F’/ k‘éé’{» N /;gg\f'/]‘/‘k iz X & a1 , ’%/’57"‘;/‘ 7 a_m[y
PR A = ~ € P >

o3 BLZEy Bk T,

. Blasius o 2= o¥ail

1z o~

by -~ ,J&:’f"i
4. x0T EIRME 28 %9 IEZ T Esh

o

—

W = U—1, Z‘:—ﬂfﬂ‘z'% (4.1)
w o= 2028 (4.2)
W = Zi 8?_1{‘ = —-2{_2;7‘-_ —_— Bzﬁ"' 5\

i z A‘E 1& :/f(;,, @ )é@ é{’ a f)




‘%‘? = —2% +iww, (4.4)
H =L +Lg2+0 (4.5)

Dk G L Kb D,

Aea FoE B WAENS G s ) F £% b s K
Wkt vy s o iE B o JBHC vl 2 2595 = o T 1B
G5 (FT5 0 40 3 1849 s (W4). C W HREBE ds

Y > . . <Z A 24 B
L B> 1 Tm 5 5= ( Codsso 218 12) BT 3 2909

AdG = pyvm + pnn (4.6) B \S
; @
TFrsn, fl?j%ﬂ’r/‘ A, iz ‘;

S
/
\\AN—”"/
AdG,—idGy = pwd¥ +ipd%
(4.7) A4

.
29 TG 1L

v %2. BrCobMlabhuy 2
Sy 4w, BETIRTG %0 «

X=:Y = —fc(aﬁ@ygid@)— P& | was -2p [l 242 s
‘ (4,8)

mijz;%wiswa. j\;ﬁmﬁﬁl»ﬁzacziﬂvf%ﬁx\fai%_
'3'%/75%7 ¥ 338 185 St b o 5 SHAE =9k = & 5 Z%é?\:‘,z}a
| 3



ey ! 7A Bl B . i o 22 \
3 @é’w%, X230 s 0 BENG 0 3% GAE R
ﬁ;ﬁLL.iiﬁﬁ’tnajﬁ@\E%,hc} (7‘,, ¥y < oL whiES

PRI s BI Rt Ay T x w0, 7, T om s ik B ig)

CHFXGY) 2 52 %a U ha.
(4.7) % (4.8) 2104 % x

X—iT= z?of wdz +ZP/ ZOCKH“” )

+0 4 = . . -
Pty EdY tipy 2z

MWi5 5, REFE 4 L

X+z')/'_—‘*—é~f3f’”f’“¢z ”f’-a'fzwéz +i/’fc?'3wdy

+pa(Sa) —ip[ Nes (.9)
e hn. B2 o Rk osin Green 90 %K (0 MEF 5;&) = ds
) B o B dEA((B] Uk n §) = on1 9 @AED TR
hEh
—Z/O/ﬂdz = —ip thfm 22 45
= ‘ML(KIMK;{)@. (4. 10)

L K= —grad (2 1 BERE G T nE. L
PV T, (4.10) IR L EH o MUECBE N 2L e

Bhesr B ol4Z vdiirnt o, sz 354 thrgo
q .



T'$ 5. b (4.9) ofail =3 s S e Z¢ 124w 4 4[B]
"B R v gic (218 58R) vHa (H5)

B »wBENT 3 IKH v =0k
ks BE L ES R E 2o 1= FA146Y
AEFEIE; LB TUH L. Lo H

o (4.9) 1 | 95

X”Y:—%PLWJ{Z +z',of%~f8(z—zo)wéz

*/ofgz{s(ze—zo>+pﬁ”(5ég>

+p T (B)Z, + 557 (4.11)

= —-%'/-p/é wrdZ +ip %fc(z—z,,}wdz

tipf (F-) @ AV +p L[S g0z}

+p%(5éo)+ilof(6)éo+ %R (4.12)

ey, EFEL, D(B) aiF 755185, I'(C) it Alwiz
C 727 B ps. B —HL [(B# I(C) %
A,

52398 o0t ErBFor Bt T ek,
WntE B CRIE ) 9 = — F ko B A RIS w s 155

G

ZoZo =l T3 2 —F bt Mz The i
10

-



11

f(z Zo)(Z—2,) W A5

d ke B
+pRe {Z,[E Z- Za7fufd{5j+)0:(m[zod+.{'~)\z? Z>ﬂ

-g- e]Bw’“(z—zo)dZ + ‘/3'75 (4. 13)
+~§— 5%{(2 ~%,)(Z- zo}wcw
T [Z 4
{%ofc (z-zo)wdz} +Pim[%oE{S {Z@~zo>}]
T %7, (4-14)
X+7Y7 v Mg, 1= %4t e 218y f)%(,/?\m“ﬂti%,'c H 3 oA
T (:(%%"FE’/H t ¥ 9 @B = >ov TITR A, it e Y
T e (BB EE L) ABEL C o0 1175 5

—

matBiE cbat 9O, Wyv o Ut R AT 1F Ltk

vy

— R %35 0 h

'5/%57‘745 w3 % 1< b LV, FhErE w = consh o K H

(< (i 7/) M o %ﬁ ’(__Z/ A {/\/%‘:i}}?‘@]%"w* £ 1 - @ﬁ/%,fm‘}fﬂfi
F(2) 248, 1 289k 5 K+ Eus [5l

11



12

Vo= -——f}%z'z’ +Im £ (=), (5.1)
W= - WE + (5. (5.2)

—
—

L He, DebvE—rrbo RAREELTHT>E
I SR

X+il = \‘z’/”/cf’z”‘z' +p (2 +id)[ (z-z)df
+2wlf], e +iﬁ[;]aéo+p5§o+;%ﬁ; (5.3)

Mzy =2 ?e/f’z(z 2,)dZ +%d%f Re_/ (2-2,Y(Z~%,)df

+p Re{(fo +3va%°){jc(z_%°) df — ij{'g[s (%G'—Zo)-lﬂ

£ w[Re{z5(ze-zl+ 4h] + 5% (5.4)

—

Co v [(fls r¥iEB t LB Lo 2o f ot Kb B

S T, Mk L by 9B T(B) 5k Untha i O S 255
rﬁé@"/}ijﬁ S o A =

~

(], = [(B) ~wS +i5S (5.5)

D BRIF N HD. 7 Lo wHEadr @ [B] o 5.2, o £
yo (%1979 1G4 2—7 T8 5,
(5.3)) (5.4) " w=0 ¥ w1&, 255, LMFZ e
12



13

FL1H 2% o v rrad ([21psor) =-3F 2 <o
BN S s,

A

Tk 0 P 9 Wik » 385

6. -/jfﬁ’cn%%/ 7
Lt o n IR ARE T s bk, F(z) o0 ZAEET%

7 ;@b\”f’g‘é\‘%——c“#) 3. WiBAR VBN ST \:]7 'L AE] o b
ER BT 2 h ot kT —HBETE K 2T
RoKtx B END 9 BEFE L | T ff’?{-? 3 oy 1%’}%

LT

F(2) =7, g +025+ 1, (2) (6.1)

Yy s ki=dh. Tk F

w:«—%w%%’Z%Zﬂ—% +£ (%) (6.2

ThH2 25, ¥ Ve 14 W EFNE BRE A TR &Y
?%‘M‘E%ﬁhi Lot R, F T

/
Fol2) = O(%), =—>oe (6.3)
LIRET s cLw B,
1 9 74 Q I ¥iE o 9FE 27 9 58 oy A ,,f""};;p’ﬂ?\]&
= 9.(%) (6.4)

3



14

= &, 7 f’,fr@o\%{.j;q [t =1 aﬁkgg,:’,?{%(ﬁka t 9 >;‘
Fi. e g(2) i
§0) = A+ Z v Gvene, 154 (6.5)

D& 52 Laurent B < w5 . % m“a’g{fég‘; 105 o~ iz f,
128 A, B, C,... 20580 t 1R T 5. PpiEn BB % 13
Hoiziz, (6.4) *—HTILL T

Z = 2z, +e%g(() (6.6)

LAl . EEL, B wMpiEcEZ Ll A uaky
#aifes 2o+ (1F6).

> o

Bo, X & —Heiz T o BB
THo., v <= Zo 11WpiEosn
BB, A 1w B4ho BEE
Foo g |

BREE WME B o B®@ o 0
R SR |

Y = Im ]B;é'dz B L (6.7)

52 5mne [(B]l. wEoh, ¥z (5.1) U5xn uB
b\&;
14-



15

Im F(z) = % Z7 + Im/B Z 4% B k1" (5.8)

Ly, X502 (6.1) 1z &Y

fmfa(3)= — Im ( +VZ)+ImfZ/z

B E (6.9)
e 5. (6.6) 240N L1 REFE A 4 12"

Im 3[9 (Z> - = Im{(% T 2%z, "‘ZZ:/“)'%—O - go)éizxg, + 2 62&?2}

+ Im (ﬁwg@) ffm(f?dg,-—iifﬁaé}},
Zl=1 (6.10)

s fo(®) W RIKE T ffY (6.3) ¢ (Il=1 70
%-%L{% (6. IO) i T/)E/Lt%k. 7- v 214"

g’t(l):Aer—? - (b6.11)

e, ERAE0 S N T n B

7. BEaF oAk 0iBE)
A6y 2 D87 + 4 % 5;‘5%@@{% <o Wi niBdh (D7) 14

?/1:}/&:07 f’(f)f—dﬁ, X,:O

yFHEEe. Tow i (6.10) n5 %0 o

|5



16

Jﬁ(l)f—fo(é):“a(éo—é:w%o)—%— t+inlogl (7.1)

"I 5w b, w2 fé: e %f(%%{‘c H%. (11)%t Blasius
0 L RAR o Fik (53) sfUNL T E 4 2 ¢

X+iY = —pSkh+ip{l@®+wslz, +5w (B2 (72)

—

nWiEsn . 1AEoLg ($12 k& <«
Srmyn) £ M «gx, BEHU
/}r?j% 1§

Mz, = X+iY (7-3)

TH%. (’727 AN L 1 %‘E?igrﬂ/i

Zo — 200l % +ﬁ%’o =0, (7.4
_ L I®B)+wS _ ()
A 2 M+pS ? /:3“_'22,7&;:;5:“ (7.5)
r 7%y, #Ru
2z, = ¢ (¢, e® 1 ¢, e i) (7.6)
’k::'\/O(z-k/i" (7'7)

Chrsnn. HEaPCaothy cBHERE L <EIY3
BB T s An il PR B BY - % %

[ 6



17

o2+ B niE B U, a8 8y 5 5 v 1E IRW S ¢

1T%3 9

S*

8 Fuca(pbzhU) 2 20 nF4EEY
BB opse s BRE oo L e JAF WA 2Pt 2 U
HNatopHhiewi o Lt oSl a Bk R s TR
4] kol nes el U FRoFOH F 0 X
1y ko FKoBEIEE 2 k5.
M1l X NS wiRM e L Tk T w B,

0.

B} _ i
,q‘:%@@%'/fbﬁkf/, %@"F’U’%’b“%j"/@ X x
NFENHBEtHLSE. ok ? 0O

5 8

=% =0, 2(0)=a(l+7), =0

ThH, <, JF;}iﬁo‘/:F/ﬁff(i Gba "HB \(!ﬂ g).
H @Ko 28
F(&) = fole) = ia* (L -%) 7 Tinlogl+ m log z

. (8.1)
WiFons., muhiRlaikcha. HBEEZ (6.2

(_,,}:7
L zer (W)L
W:—LQJZ’!'L%' ! K Xz L m
;2



18

chA. WaBH ([ =t1) VKB ARt oL L BX

T (Kutta o &%) 18282 % £ > %0 &5 1= RZ

)

Ty .

W = @Z(cd—zﬁ‘(,).

(8.3)
ik enr Blasius o 2ILAA (5.4) B{f 18
Mz, = 27Cp %m—ﬁpa%
::2ﬁpweaz&u—zk)+2ﬁpaf% (8.4)

7, ﬂ/‘%/Lﬂ) \5)7/b‘¢) Z¥7Y a;,}fg,/,/sk/;&__% — btz I ?LKI,;(“
\BEOT AL 2 1
156 = Mzo (8.5)
Tha. (8.4) TR
(‘I—-Z'mﬁaj‘)ﬁé.;_L/_%/O%czz(jc_%}_;o (8-5)
ARERN T fﬁ)}r 1%
. + .
X*g’ = ek ),:___L/-’/Z’,P%Q,
TH5x5UD.



13

}ﬁ@”)aﬁﬁ?ﬂla%%i}i}i(i w2 U"Hasns, =0 ulXf

w . ba. 2 2
TRy vt c@BaT A CLER LT A, T ZEES

>

b

NEhFNTEHEINEB L, AS0 g LHw =ik BEbG
@ESRE T s g, (86)ms L oun ko,

I i — - ? "
RHEEE 2 — 4~} 1k —2mpat Ho 1 <A F A gik

,

tencemEBIMNE. L, BlBa kg rREAY0E
BT, P AT e, UM T Bl T
"y %7‘7%‘\:; A2 0 11 44’2.%0!:?’?/7&@"%&2:117;:
), Focm ey n FHEAFNY @A EG U 0T
» 4.

M. 289 0%
q. BHFEK

Y 3 e w TR 9 188 1

divv =0, (9. 1)

g%:-—gra_d H+N+vly (9.2)

92 x i 4. (4.1) 1KBAEGAEA, (4-2) wBFe iR O

H= & +249"+.0, (4.3)

9



20

/V — VvV xad. (44)
v R BEMEEE A . (4.2) o rot 1 ezt ABEGAE
2
w
%—i_ = rot N +v e (9.5)
3\3%61&% w2
— / '
]Lb'j = ?fiVj ‘“1"@25\5} (9-6)
LE gL
Ni = — 9/c» fi/o (9.7)

NE5 chrnTub.,

10. A2RB605 (REHEWD

‘\\
B b BT s h v, BEs - BEE e BB
L o BTN 0K ) Lok 5 =

NI

5WE. | AL, PR
=Y B A BFE 1= 5w T 18, /g’ B Ek @%ﬂ%’@ SR
FukB cnrvwo U Hhe. B, LAYV tEs 1Mk
2 L. 2

Eee

P=rplllvav

29 ¥ “
B A R

(10.1)

2.0



21

\74 zé“iﬁfcz:‘v%«n“z?géx%a* zr, < o KGR 1t — P =12 1%
LifivorHa. 223 %u Tollmenl§] =k, 7%
s exid, TREREIEEC v=0(Fk) ok ; =5
245 %55, (10.1) 255 as8,\ o RIS A o110
e n =iklF 5. 2B LI BL AR B N ErcolEB
th, WE0iBEy i~k T UEBE I UL T 0B s b
25U o 204 9 15) 15 % .

;0):5 %/ 5@175/’#)1@ ﬂ\dzé%u{ (f/jﬁgff?
T x "{Z%tﬁ}zﬁﬁ%@ 0 HEZ LARE L2 (3], —usie

ﬁ:ﬁffLWdV—éfme(VXm)dS (10.2)
= %vaz}"xw oLV—ﬁ-ffB rx (Vxe) 4S, (10.3)
L = Pff/;/foaLV + %ffs T2y xet dS - (o4

- —‘éﬁfv—rgw céVTii—ffB réyxe dS (10.5)
TEE .

B i@, S eihiEs by
B tibE g AWBH 5 (A a).
(10.2), (10.4) 0 &K np AL
AR B9re %‘\ot v B g

GollE s 45 e Naisnu

21



22

2 £% 5. t</-#fmztm?3ﬁ¢¢ 2RI R s

WhaEHoizit, (10.3), (10.5) &

P = %fﬁv rxed dv, (10.6)
L = “%fffv r*ew AV (10.7)
LI ex (rx ) av (10.8)

Lt a. Bo ThrN B SEB TR U T A I H L =K
P, 1w w =BT sy, Li!ﬁﬁﬁé!'i%’( 5. (e »
#f’f)o\ F&\&,ﬁf VAN 7 v % H v 6 V—>00 o9 &
BY n e TR Tk )
[’ﬂ?%] Bk H N RERT L mfﬁf/ﬁf’(i, Ko 0 8-
D ey RFBGEIREBEWE RFS s, F 42

45_—_—_ 07 KZ?/:O’ ('O>Q)

-

BERET | TIEL LB RE o h i kT
(B rn Rt = 2 18H o WD Y 5.)  ABEL G 4E
ZE5 1t dr, 78 ,,\Mf,mmfia o e Far, (10.6), (10.7)

22



23

de:a)Gdr = ldr (11.1)
vZinzn e nvxs (1910).
L, W= |wl G K E =,
I'=wo ’BiR2IZ2:1H 5.
Lrns T, (10.7), (10.8) &

£ M xn

7= %Pffc Fxdr,  (11.2)

%:—Jipl”/crzdr (11.3)
vt 75 %

vy = 2 Stokes o AR =Ly

LB T E L. S el 1tk diAWBE U 4S=ndS ThH .
1728 (Sx,Sy,53) 45085 C L/4EF

Btro kg (5% ¢ %25) 2 7¢
(@ 11)  LE»N- 7 (0.2) 1

=
7 3 - T b .

P =plS (11.5)

k

b 2 4 ) ﬂ'
Y. oty WBBa 10458, DR eyl 3 (2 ¥ 3 60%



24

2 E o001 By

- Xz

fcr”cw‘ :~z//3 rxdé‘:—zjfs ;Lc;; Z
LSy dSy A4S,

- ﬁz{Sx(Zx‘j} _#75/‘[‘() + Sg(xgk-*zxﬁf)
‘i’sz(ﬁ/zﬁz“xzﬁ)}

1

CZBur. EEL, il (3 7) € Coyz %@«a)
HRAT) 0 BIC 0 BRE T Hh . = wtk (11.3) =AU,
> (11.5) &{E; ¢ |
L = P, (le~§ftk)+.P7(JC,//§—E}§/]+P;;(ﬁ%zxob—rzj;)
(11.6)
A B, o wIRIBAEBEAG & ‘(in'%ﬁ.;’;mél#};qilﬂﬁ’; o B =47
B bl 5 EBB I BEY T v L F oo

t74 6 0 CHa(IDN),

2= y —
iz P oo bE s A ?

| ¢ Es
xEh 4 L L > ‘ ="

5;=SZ:O g—‘i @

y ' Sx
tﬁ%%{)\l}/ ? '~ > X
$H AT S 0 F
W i BEhE pI Sz 4 %& S
WEF 7 7 11

24



25

FandEv ot ety P& w FEM-EFEUS
s 5, © B« @'/@m‘o&%é?{-fif%%’f
7()/;/”(-"$Z ’&/5%%@5?* .[ I{//’L7‘ % j) NEH P v L

J

2R En ki e RIAF e e T ARL T LT

[ 2] 208 %13F 0 5 5 448 L = DF » D2 1205 H45
g2

=FEChr. W5 iDL (57«@{51?’%'? ‘i/ﬂﬁﬁlﬂff'; e

%f{i@-}%?%m%h'z it on 1 a, P e o 1R TF 9 o4 8l

(X

= - AT A A Ay A v %
» 17 LR e ME. Lt FEIEEE mﬂ’%ﬁi oSS BF 58 » 15 2L

FRIE Tk B A S

12 ;‘ij’r'a)z__ A =/ ’\ RL/, l/(

—

{/ﬁ@@% P &?’3 )ﬁ 53‘{7”/ L o Z}{ii 0. é) (10. 7/

LN, DA W o | Rak U 2K ' —2 = Ft o

A

(=,

25



26

Kok 3 cEBT 5.

ar :/ffv Lio 4V, (12.0

T;,;k :f!jv X, % i dV. (12.2)
/’;% AN

jo = — Rj;; 7'LJ/< — 7;'2)6 (12.3)

Thrc e i benns. (R mant a3 PR LA

Ats.) 27, P(PF,R), Lz l, Ls) & Ry Tk %

o=t e R, PRx = £ (12.4)
Li= pTliw = -£ T (12.5)

vk kb s, LT PL HHIEE xRy, T
m%%.ﬁ\%%é‘walzé\”bm%.
¥ 1 eERYEIES Lok
J L4

= f//;, i (roth ), 4V H//ffriﬁwj AV o (9.5)

[N NN
26



27

_ ffj;/ x;(ro’st)j dV = Ej/”"lffji IL‘BPN‘Z 4V
= 2‘/./65 /fﬁf {9,0 (I;/Vg?“ggp f/\/@&f{ v

= &g f[fy Ng dV = Epig /Yﬂ,r Bptep AV (A7)
=0, (12.6)

Jy 2oy dv =0 (12-7)
AWy o st s 2=
fﬁv X; Aw; dV = fffv &; 2,9, w; AV
provesny .”P g{ 4 .y a
- fI/V L 9l 9y @p) - 8 opa;p dV
= 0. |
L7 o T
RL-J‘ = Oo ’{!2‘8)
et (12.4) it LT
(P = const (!2.5??)
’7\“;!%’7 Wi ‘7—}1’1: 1= > 1 T ig}ﬁ‘iﬂ)%)\'g 4 2 r
—Tz.‘fi{. - Eu‘]'k sl ——E;'O(k /C;oo( (/2010)

27



28

W s Mt L

. (12.10) %J'}k 1= o T Hh b T3 k&, Fo(/g AN Eg 7] 7

.

Py wUhE ook e ALt

: -

Tipp = 0, (12.12)

X i,y = DR kORI

Tapk = 0 (12.13)

wNif s wa., (R aNa 1 (12.5) = ko

Z = const (12.04)

. e o3 X - 20 X 2 2 “
TH . U CIEERDHE L ARIEHENE 0 1R 4z +

13. Rij, Tijk 9 :%;* s

-2 . ]
TBE T N B 5 By SRRV CRNA N RN N L

WA L,k s cu s (1312).

28



29

r> e ToiuntéFt ks,

L = {(x=£7+ (y -+ (= - 4‘)"} v

Tar
_ -
= £ — £ 2 (jF') f“’zl &gﬁ ad'gp(,{)_.... (13.2)

cr (13,1) A F

v, = Eijk BjAk

— a//é {R«k? 3«("“) dpka 9‘(9 (r/ Fo- }
. "
A 22k - “3 )
7711/)71}7 =y o ek igIgd L Ut e &,

L RBRT Y W E R v Fowid

\yzgm,d,é, ¢ = B, oy (4 )Jerﬁ 2% (4 ) (13.5)
Buy, Cap,--- % B8 i 5 AR NS 2F gy L, F T4 x L,
ni% tr kP 7.

PR

(3.4) v (13.5) tebBdw il » 20 BB iT5 0 3.

R4



30

- L p
Bt' ylb E kzek“" zl_%P 731.7

- —
C"’ﬁ Y2 (&(Pz 7_/;’195 + CS/3/"2 /"(f"i)'

(13.6)

(13.7)

Rij, Tok & F 20 ia Bu, Cop 22 % 847, E = By Cop

“/

WE AL S ur et Ry, Tyo KRET 22 2% 50 7

Nt

Ty 2 27 a abt Bz & >0 1" H 8.

Tife = Trek,
T = Tapy = T533=0

Tiy = Z7Jn (i%; #Hotor (% v
Tiag + Tagy + T3 = O

L4y 1 22 % I 7 1% Tz, Tus, Taz, Taz3, VEET

Tes o #4870 5. (13.7) 1 £33 ¢ 21 BOFG -

R S
CLZ — T2 59;‘(7?/&_7;@/‘))

Cj = —Fe Cyr (Taic— 1i5)  (144)

N

t%/ja. zot) JL;{*}/ s> TR An Lk

v (/2.5) % Tije 1= >0 1A,

Tr2s = — 47 (Cu~Cy), ete

_7:'21} = £ L, F4rCa, ete

Z

(13.¢)

7}!"32} 7—723)



31
%1 5.

14, 27
(i) Soffman 9 ’fiﬁ
867} 07885 617 BB R & 4 1= d) = Saffman [7]

(£ [7570‘:(7'U7 Vor‘f:fcify céentroid v v 7Fé’}t£ eﬁk L7z,
cHBE W 0D H NS

I T ;2
PpPEX = %/f[v’ [69~(f°xw)§f“dﬂ Sy

P o= L), rre dV (14.2)

) ) P
= £ z%T% cuz X L ltZFeans. Saffman i

)

CitgEter ca REEF e 0 T et Y ogsm

L]

B \\%

B o0 T v, L miE @E%Q . E Hx 7 73?%.,50‘37
v, HEREY O w5 O =fh LT (140) TE Sk
Hod sy 1B ratiBetbng. hapie DBy
e ko, Tg@%'f,qgemz"a?)émﬁ) g (14.1) o2

me 7»-/6—,?”?@1“;5 2L ETA Lo zv%ié%é.

(ii) Bk ot wjmc\a#; 3 14F 0 BB DT i LT, E
T 5%)?)1411, (13.4), (13.5) o jvd &35 = /%m PR AY

31



32

g ¥ - 44 - x 7=
Fwv. /2910 & O’ l:/@;},zé vn%;ﬁ 5 o
% a2 . Y
4Fpreht 082 Cyp BT a. (2F 0 20 Lo
@ FAC L 3
: )

Ml
= Jl et + &)y v @13
= [[[xtw dV+ & [[[w 4V

— R{j(d} ‘o ﬁ;’”f@c]‘&vm 0

(0)

- E s o (A 2 KL . -
LIS K E O E3i 2 Hhs ot Ad.
Nt

R.a m— Epig)
ALY

- T3 e L Per b NZ2ow N

ChoT, Ry nBBRsa&Ev ) «&s ko

D 3 0 o " 4 g"’ s
RN AV R S ¢ Cd/s‘ ""73“57:(7‘&5?3?3?%;,{&5



33

AR LT | |
Tie = Tl + Rk +Riek; (14.5)

75\“?5‘614/3.‘ St (13.7) =44 n iz’

= (0) ...._-——-‘-" c } ‘ .
C"(ﬂ C"‘f‘g eITp 72(%’/3 "(’7,:65«{ ii‘ﬂff) (69 §)&Ie
L. N Z (f4’5>
Czo((O)Po( -~ O (}4‘6)

i
X{ = %Qida ‘}‘%%g'ca(ﬁgp/@ E[. 1{4—’7)
Cap = (13.7) 0 FRE X0 L BEHZ F2 b
oL Y- o
X (PZ’ PXDZ %ﬁ—/ﬂ@)’ﬂﬁ){&p’(‘?"xw}}ﬁv?

Vel
*zﬁ“wwpr | (Pr)rxw) dV (14.8)

O
<
o
—
-

SO0

1R RALERE 8T 3 IRAAE G < e . TGaw
IG[;[}JT%t@—éZ(G) t%<1b[;Tat
33



34

29— L KxP

;—_-L’_;_‘Oi’::)- 7+ BPz/ff(yﬂa){fx(ﬂ"xm)} dV.
(14--9)

":s\

\.\\

g BAREEE S Ta. — 2y, “YhEoai 5y
wiho b L EIE P o oY o 2hy o EHE
9Z2dnet 2V e A5 NI 9T HE. LL =BEARP
Lz?:%?@if?< 2 H vz D0 T, 5?@6@ 4}@@7;;/31
O1 53”7 _enZgpfriia.

ST ap i A EEL R L. (13.7), (12.00) EiR

z%f)f?; fnlz{“

. | ] ,
Cag = *‘54:"% ( Eapg Tapg t EﬂpgTd/vz)
= /2,76 (3 Fo(,s - /Clbp Ju/s) (14-10)

w2 AN

NT s, x5, (14.7) T g5R = - o T HED L, (14.19

IRAWNE S 84

Xe =20 FuR - Lo (RRRr£,09 R (20)

34



35

Foo ={l[ (vivy ~4026) aV = [ty av (1412

n2ZBY)aF i Ekn Tt N=yxow T'Hzab»s, 58E
SR WEER R 5u 7 v a he, for k €885
HBraF2oFHANEH Upna. mR, F1 S TR 5 2
e, BEjz At - K o Fag 3t1%Z-7T &2 &5

7’}&4/; Tl g,
K=L[I[ 44V =—pFu. (14.13)

Pel aiea BB M e FIRFo NI, w =Rl
¢ K a¥itbck, CAET 3. K x $Amlarere t o
Fas ¢ AEIEBAET 2 IGH P92 EC T 5. [ 4> T, £EME
AT B P S RAEX & AR I e b (T 2.
P =const » 5 X/ = comst Y 43,’;(5’}@ e 'lfj;/’% 7
N2 5.

CCTHRE R SR 2 RE 1358 0 K = A
T o e BB g s 4R N5 5 wE W, Fd w7 LF
AR E T 5t ) Uha.

35



36

% AKX

NS

[11 Lamb,H.: Hydrodynamics (Cambr. Univ. Press,

| sqéz),pp.23:z~233

[2) 4% vh: hk0% (Fish) (£E%,1473)

(3] &5 0 Y585 L 18488805 — 5B b0 0o
BEMEYEF 298 54 F4H% £ (1974/10),
pp. 14~16

[41 5% sh: BB BE” B5% 354 4% (1980/4),
PP 100~103

(51 # 0 @ BeE2atmmrsd %4k 510 (1984), pp. 1~16

[6] Kida, S.: T.Phys.Soc.Japan 50 (1951), pp. 3517~20

[7] Saffman,P.G.: Studies in Appl.Math. 49 (iqr0),
pp- 371~ 380

[8] Tollmien,W.: ZAMM 18 (1938),pp.151~154

[4] Villat,H.: Liecons surla théoarie des tourbijllons

( Gauthiers-Villars, 1430), pp. 187~ (43

36



