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Ep {cos Beos @)X + (cos fsin @) Y +sin 82 —a=0.
BRI RA
_ X —acos feos ¢ _ Y — acos §sin @
acos foos @ 0 0 —acos 8 sin @
—asin fsin ¢ acnﬂ acos # —asin§ cos J

. _Z-—asin ¥
I-amsﬁsing: acos feos @ J"

— asin #cos ¢ — asin fsin ¢



B 2.2

1 B r=ialu+v),b{u-v}2uvl,
r,=ta,h,2vi,
r.=ta,—=b,2ul.
E=r,'r,=a" +b6° +42° ,F=r,"r,=a’ —b" +4uv,
G=r,r,=a"+b +4u".
I=(a®+ & +42)du® +2(a° -~ 6 + duv)dudv +
(a® + 8 +4u’)do’.
2 B r=lucosw,usin v,bv|,
r, = icos v,sin v,01,
ro= 41— usin v, ucos v,hi.
E=1,F=0,G=u" +&".
T=du®+ (& +5%)dv".
N+ F=0,Brilesriisc 5 HEH .
3 B I =du’+sinhude’ ,iFHELEMHE w=v. F
ds’ =du’ +sin h® wda’
={1+sinh®u)du’
= cosh’ udu’.
BRHER u=o FPRA A Cu, ), Blauy) (u, <wy ), Wb g9
kA

.2d ]
5=J cﬁ-du=J2¢mhir£du

= lsinh u, —sinh «,[.
"y



4 | Ml =du’ +(a"+a*)do*, 5%
E=1,F=0.G=u"+4".
M v+ v=0,u—v=0MREN u=0,v=0.FEZEH(0,0)
AL E=1,F=0,G=a’.
. |
EEH+v=ﬂﬁﬁ=—l,ﬂﬂu—ITEl}ﬁg—::l.ﬂ?m

cdu Bu du  8u
F T av+F(E+E}+G

du\’ du Bu \* Su
J‘E(_U) +2F&{J"‘G,\/E( ‘z.r) +2F —+ G

Gw

r=lz,y,azyl,
r, = ilruyﬂ_'!l-"] ¥

r,=10,1,ax!.

TR (x4, 304,

E:-"l_'_“z-yE*F:azﬂruJ'urG:’"1"‘-22.1.‘3.

2
@ XyVo

__F _ +
mﬁ_vEG ‘.,/"fl'l_'cziyi}{1+a21'§}

ﬂz-i“u.)'u _
JO+a ) +a )
6 B WF u-MER.dv=0,du0 LA Edubu +
F(dudv +devdn)+ Gdvdv =098
Fdubu + Fdudv =10,
B R du70, 07 u - MM IEXPLE M SRR
Edu + Féo=0.
B S v - MR IETHE MM TR A
Féu+ Gav=10.

# = arccos




7 W HA du.dv AREEt RO, AT dvF0. HE B
W

du * dﬂ
P(d;) +2Q 54+ R=0.

b T S 0 YRR A 3 G, 2

e ETSER

E-+F(-2§)+G=ﬂ,

Hp ER —2FQ+ GP=0.
8 WM WM T dr=r.dutrde,Bdrr, .r, 20045
2.

F, _ F,
dr*ﬁ =dr \f’_ﬁ
r, r,
i L4 Erudu+rbdﬂ)'ﬁ:(r‘du+rmd-;;)-d{_;_,
Edu + Fdv _ Edu + Gdv
VE G o
i =
E*du’ +2EFdudv + F do® _ Fldu® + 2FGdudy + G*dd?
E G )
B E(EG — F')du’ = G{EG — F*)d+*,

MF EG- F >0, PR - 40Aa0K80aras
Edu® = Gdv*.



10 W TRKEREMNE-—-EEH.

= { Reos foos ¢, Roos fsin ¢, Rsin 01, - 3 4’55{

ry =1 - Rsin 0cos ¢, — Rsin fsin ¢, Ros 0},

= 0< p<2x.

r,= |~ Rcos 8sin ¢, Roos focs ¢ 01,
E=R ,F=0,G=R%c0s8.
I = R*dé + Rcos’ fdg”,
v EG—- F* = R*cos 8.

g = J]-v’ EG - Fdedf= J-I’ [rw R*cos Hdg&]dﬁ'
% Tz e

= rl 2xR?cos 08 =4nR?.
T

1M S M R — AR
r={u.{:os T, S0 'U:R'"F"f’lr
= {cos wv,sin v,1},

r.=1— usin v,ucos v,11},
E=2,F=1,G=1+u".
I=2du? +2dudv + (1 + & )dv’.

r° =1{tcos O,tsin &@,v " =11,

iy

o — ccmﬂ,ﬁil‘.l Er »
r, SiE -1
re=|—tsin 8,1cos 6,0},
E" = znj-m-: _11 F*=0,G6"=

7= 2:° -1

"'f:'z-""'i—l.‘.lf 1 f-zdﬁz .



-

0

X FR A

! =arctan u + v, d#=-—"% +dw,

=+ u +1, dt = —o—du,
fRAr HE—-REER 178

W _2at+1) -1 u ' z du
"= iy .
w11 (v"u2+l) du +["'/"'2+1] [(l'l't.&'
2
1+:fdud'ﬂ:|

=2du’ + 2dudo + {1+ 1% )do’.
B T= 1" S E S A

38 2.3

1 ® B¥r=|cosh u cos v,cosh usin v,v}.
r, = isinh » cos v,sinh usin »,1},
r.=1—cosh u sin v,cosh ueos »,01,
r.. = tcosh u cos v,cosh usin ©»,0},

r.. = 1 —sinh u sin ©,sinh wcos v,0},

r. =1—cosh u cos v, — cosh usin v,0}.

b
E=rr, =cosh’u , F=0,G=r_rr,=cosh’u.
B &
F_er 1 )
n= (7. <r.]  cosh uf"‘DﬂS v, —Sin v,sinh /.
Filr LA

L=r n=-1,M=r_+n=0,N=r_'n=1.



2 W BEN2x,=5z+4z,x,+22°,

_ 2 2
Ty =5y t2x,x, t i,

2

dax,
= _. " = +
p=5 | dr, ¥2x,,

rERAE

p=0,g=0,r=5,5=2,1=2.
FiF LA
E=1+p'=1,F=pg=0,G=1+4"=1,
L:——r ZS,MZ 3 =2“N=

J1Ep 4 g V1t + 4 Vitpi+g

I=dxi +dz?,
I=5ds} +4dr, dx, +2dx3.
3 ER:HF r={ucos v,usin v, bv) .
r, = icos v,sin v,0},
r.=1{— usin v,ucos v,b},
r.=10,0,01%,
r..=1—sin v,cos v,01},
F,=1=ucos v, — usin v,0}. ~
B LA
E=1,F=0,G=u"+p",

_ 1 _
ﬂ——v’(—_m{bSIH ﬂ|_bcﬂﬁ U,H}r
L=0,M=-5§,N=0.
7 EN-2FM+ GL =0.



4 Rk BN i':{-z,y.%(ﬂ-rz‘“by?ﬂ‘ﬁm

p=axr,qg=by.
r=a,x=0,t=5.
EO0,08%
ﬁ'.:ﬂ,l;ln:ﬂ,r,:a,sn: 0,t,= &,
E-—l,F=ﬂ,G=l,L=a,M=ﬂ.N=b,
I =dz® +dy?,
Il ‘-=:1d.:rz+ﬁl:|}r2,

ﬁE(ﬂ.Mﬁiﬁ;’iﬁ]{h:d;)ﬂﬂH&ﬂﬂ$ﬁ:

dx y?
i _a_d.r2+£=dyz_a(ﬁ) e

k,_(d.]::dy}=-1— d—rz_'_'a—z de 5 -
T ()
S M BIHVE x SRARENEENE, LEBE -
VL —db BT LSRR RY ith 3

p=—1

J1-d*

BEMRE S FEERA4BE—UFmEBEE % S fXm,
Brih = 55 M8 FE— SAM TR Hin Bkt ®EL = 1.
(I n 46 ) 3R L)

6 WM MFHE I =|Rcos veos u, Reos vsin u, Rsin v}

£}
I = R*cos” vdu® + R*do?,
I = = {Rcos’ vdu® + Rdo?).
BT LARRE) b AF 8 8 (o, v ) WS AR 10T (d e 2 d o ) O3 il 38 %
] 1

kn_'T j_?-



Y T
_ T _ Ldu®+2Mdudv+ Ndv* 1

1T " Edu"+2Fdudw + Gdo®  R°

k,

A
(RL + E)du® +2(RM + F)dudv + (RN + G )dv? =0.
EAXER du . do BB, MA
RL+E=RM+F=RN+ G=0,

7 M BAbr=lucos v,usin v,bvl, T
E=1,F=0,G=u"+p?,

_ . b
L=0,M NpETY
BT L= N=0,8L, IF SR 69 il 208 br R 2 70 M, 00— 7%

R

yN=0.

= u,c08 v, uyEn v, bvl.
X RWEL. BRI R
r=lucos vy.,usin vy, bvyl,

X R HEE.

8 M OW33VWHIE.

9 WEM.@BFEEMZEZ(C):r=r(s). ERNEELMm 2N
r=r(s)+pls).
r=a(s)+t{—ka+ry)

={1—-ki)a@+ tc¥.,
r. = B(s).



R TR A3 W) B
N=rXr=(1l"kdatiy!xp
=(1— k)Y trex.
HHR(C) =0, N=y KN EZREShEENBH LR ¢

=Z(B.7)=F . &F

k, = keos E?=Izms%= )

B LA 1 £2 ( C) R gl v 25 00 5 3 b 4% .
10 3 HA z=flx)+ g(y),BrEL
P__.f{-t}v 5:'}1
M=——“—_=.
Sicp+q
Hd A S br M 2 . S R =8,y = F RN
JeiE M,

11 & X TTFE®RE r=ucos v,usin v,col,
E=1,F=0,G=u"+c".

L=0M=—2XL_ N=0.
ut+ct
Hiy 3 28 B9 77 BB A
dz? —dudw du’
1 0 wl+ ¢t 0.
0 < 0
AR
~du?+(w?+5)dv’ =0,
du
Ep = tduv.
W +r:'i
HoB
Inla+vu*+d|=+u+e.
B R HE 2R Wy

Inlu+vu*++v=¢,,

Inlu+vu’+ct-v=c,.



12 % W35 ¥EE.

13 & BXr= %(u‘w}'.%{u+w},%

rau_ iﬂ!{] ﬂf?
rlﬂ' ﬂ?ﬂ?% 1
r.= 10,0,01.

B 1 E=%(31+¢*+J;,F=}{—&=+a=+w1.
1

(s (a® +b*+ u’),

T4
L=0.M=—2__ N=0.

HERA WD TR

de’ —dudw du’

%(tz“rbz*-vz) %(—u‘+5‘+ wv) -:T(a?+£:*+u2}

0 al 0
VEG - F?
L1815
du _ 4 dv
B3

Inlu+va*+68+u°|tnlv+/a*+b62+2° | =C.




14 DEA] Edhim EEEL D AHTBRN
r=ris),
B%.(n,v) =0 M) L n-y=cos 0. W%t S KEHS
aryt+ny=0.
HEMERTEB r-y=0,%F
n-( - cf)=0.
Fr=0,MMhe r H—FHHMZE.
FHnf=00ln g0 IrRELR, XLHEW I EdiRE,
BT
dn= — kydr,
Bl dn=0,n REmEE.
dim-r)=dn-r+n-dr=0,
« 156 ~

i LA dia-r)=0,n"r=c.
Bp 1 A5 T 4R
15 YW XMTFHEL D r=rs). T r EHETOFE.y
EETIMENTPE.KEE s Sy REM. A ELFR.r E¥
fh 2%
16 M 3.6 FHE.
17 # B z=a(z’ + " )8
p=2ar,g=2ay,r=2a,5=0,r=2a.
TE(D,0) 45
Po=0,q0=0,r,=2a,5,=0,t,=2a,
E=1,F=0,G=1,L=2a, M=0,N=24.
AT RAA
2a = ky 0
0 2a - ky
FehHER b, =2a.k,=2a.

=0.



18 BB AIRKhr A=
k,=k,cos’ 6+ k,sin’ 8,
k.}:k.m’(%+ﬁ)+klsin3(%-+ﬂ]
: =.éls.ini!9|kzg‘:)@:§,
FREL E, + &) =k, + b, = const.
19 GEHH Ej’gk':klmza*kzsinzﬁ,ﬁ:]:ﬁiﬁﬁﬂﬂ.k,=
0, FT LY

kicos’ 0+ kysin’6=0,

I B
tan 8= + —;-z-,

T S 18] [ Y e A =281
®y

= : e
7= tan” = = conat
ky 2

20 ® W3.6WHIE.
21 & BR=z=axy, Ll
p=ay,q=ar,r=0,5=a,t=0.
#0005 F
Po=0,q0=0,ry,=0,5=a,2, =0,
E=1,F=0,G=1,
L=0,M=a,N=0.
B ETE0,0) ST E H=0, BB E K= —-a".

22 UEBS BN H= 3k, + k) =0, 57 R

by = — k.
ﬁ k| == _kgzﬂ ﬁﬁ#‘ﬁ-
Mok = — kA0 R K = ky ke = — £ <0, Rl AL



33 iFE— &
LG ~2MF + NE _

H==twe-ry
Jil 24 LG-2MF+ NE =0,
E(LE)+F[—2TM)+G=D, {1)
& T W i 2%
Ldu® +2Mdudw + Ndv® =0,
H
2
(o] ()2 o
TRA
du , du_ _2M
dv d&uv L (2)
du 8u _ N
dv 8v L °
BHIRRANKX B

Edudu + F{dudv + dvéu) + Gdodoe =0.
HRBHBENTFE (dude), (3w 82) T HE S, Hodh & - s 86iE

PO 4 B, 1 22 4 .
Wik— H
LG ~2MF + NE
H=Ee-r "
M LG - 2MF + NE=0. (1)
BRI GHER L L= N=0. h(1)A 8
- MF=0.

B M7Z003EBF 80 PR F=0. 245 M 25 2K, B8 i 9 2 IF
ol
W=
_LG-2MF + NE _k, +k,
TTaEG-Fy 0z %
14 ki =~Fk,,

tan @ = + —-j&—':' 1.
Nk,

=+ T
o=,

i 1A



=+Z
20=t 5.

BN T A N WM R ER M.

24 W HA
r=1{(b+acos g)eos 8,(h+ acos ¢)sin #,asin ol
=1~ asin goos 0, ~ asin gsin §,acos ¢!,
re=1—(&+ acos @lsin 8,(b+ acos wleos 0,0},
Fee = 1= acos pcos @, — acos gsin §, — gsin e,

re= | @sin gsin 8, — asin poos 0,01,
0
re =1 —{b+acos g)eos §, —{b+acos g)sin ,0].
M E=a®,F=0,G=(b+acos ¢),
L=a.M=0,N=(b+acos q::]'r_'r:ls ©.
HHko>a>0, X~ 1sicos < 1.l
a(h+acos ¢) >0,

75 Ky i
K:LN—MEZQ(&+amsg:]m599: cos @

EG - F? a”(b+acos @)° a{b+acos @)
- [}%p{%

I B, K >0, 28 B L5

?{:?{21‘[

Yy 2< pfé%nﬂﬁ.K{ﬂ.Eﬂm.ﬁ;

Y op=THe=on BLK=0.RBBA.



25 EM HE r=ig(t)cos 8.g(t)sin 8, F(2)].
ro=1g (t)eos G,g (¢)sin 0, F (),
re=1—gft)sin 0,g(t)cos 8,0},

E=[g () +[F (), F=0,G=[g(t)],
I=(lg (P +[F ()] )de® + [g() ] dé*.
#EE R

I=g (:}(%ﬁdsz +d31)_

(-3 %%
u= I ——'gi;fﬂdr.w= .
L
du==——£;E:Jiidr,w——ﬂ
F-EAELTH
i I =g*(de’ +duv’).

26 WM Ra, . n,aoilRE S S, HREMSENE. A,
=cos . 5,5 S,MTL(CIR S, p— Rl L.
AL T 1E , AIEBE 24 © = o, = const, M (C) & S, /Y il =

o
B gt (nem) = e SRR A
-dl’ll__ - dr
FraR e
"
dr dn,
qkiE'nz_'_ﬂi-E:[}’
MR Y-g ARHF n, TRA n,- <o,
d ] 2
B LT REH:.F“ Ln,, BFL

dnz//



EF . dn, =2 dr

ds ds”
AP REREHA(C)HE S, h 2
1 HE R
H

d ) _dn, dn,
E(ﬂl ﬂzj—ﬁ‘ﬂz"'"f ds

BH{CYR S, #yih Lk, WR(S,) dh 2%, B il

dm, _,,dr  dm_ . dr
ds Tds' ds = “dse

dr dr .
RdsJ_HI ,H;J_ﬂziﬁu

%{HI'HZ);HFHJ-HZZW ¢ = const.

27 W WS R T L WA 2R A I T 0 . T TR AR Y
FUOVHSHEMYFEORES, TR

n==1vy.
PRI s SR,
n=ty=x{-f)=7(B).
Bir A
nn=rt.
By A UT 4R H=dnr"=1",
[ =drf=d*=1
M=0
fRALR M-2HIN +K1 =0,
i 7+ K=0.
m r=1v - K.

28 WEBH T T A ESRREER plu,v), B
n,xn,=K(r,xr,).
TR E, e, <, 70 W FiE AR S, K20, FFL
n,xXn,70.

PRl ER S SREmMR e aR——x s,



EE 2!4

1 iFH:ER r= uz'l%v,2u5+uu.uq+%uzv%ﬂm3i
=14
r=1ut, 20’0t + o %,u,%—ul

=alu)+ vb(u).
Brid a' (u)=12u.6u”,4u’],

B'{u)= {D,l,%u

¥

(b",a’,b}=0,
B X iy i A A 2 ify

2 WA BAH r=lcos v=(u+ v)sin v,sin v+ (u+ o)-
cos v,u+ 2o 0] LIS R
r ={cos v — vsin w,sin v+ veos v,2v} +
wi—sin v,cos v,1{
=agl{v)+ ub(v).
W e (v)=1-2sin v~ veos v,2cos v — veos v,2},
b (v)={-cos v, —sin v,0!,
(a’.5",b)=0,
BT A 1 it R T bl T
3 WB:BERN r=1{ucos v,usin v,av+ bl o LS
r=1{0,0,av+ b} + ulcos v,sin »,0}
=ag{v)tub(v).
nj a (v)=10,0,al.
b (v)=1{—sin v,cos v,0},
{a",b,b")= a0,
AR R
4 k8 WETHEEME a-a(s). DTSR EES i



o

i A7 R A
r=als)+ op(s),
als)=als),Bl(s)=—katrzy,
(a".b,b")=(a,B, —ka+cy)=cr70.
A A R
i 48 B ) 35 2R dh T o9
r=a{s)+ vy{s}),
r(s)= -8,
(a’. b, b )=(a,.y,—tp)=c70.
w1 Fl TR A T R
5 B FHEE rcos et ysin a = zsina=1.
Flr,v,z,e)=xcos 2+ ysin ¢ — zsin ¢« — 1 =0,
{F’,=—.rsinn-+_vm5nr—szn=U,
ip
lzeos at(y—2)sine—-1=0,
]—Iﬁina+{y—z)msa_ﬂ,
T P {y-z)=1.
i AR A, LA ERAREENTE.

6 W FmKa x+2Zay+t2z=2a.
Flr,v,z,a)=a'z+2ay+2z-2a=0,
{F,f.r.y.z,a]=2u;c+2_}l—2=ﬂ,
Bp
a‘r+2avt2z-2a=0,
# 21z — 3y +2y—1=0.

PR R 2zz~(y=1)"=0.
7 W EHENIEN

r=alu)+ob(u).



Ha b(u)bhwmB b (u)=0 8rki
{(a”.b.B")=0,
i ol 2
8 AT
r=alu)+oblu),
HAra(u)hwmE, e (u)=0.8
(a",b.b")=0,
MEmEr] RE.
ik il £k 69 1) £ il i
r=alu)+vb{u).
H o' fb.a"=2b,.8Ca",b,b")=0, 5 Ly 52 a] J2 il & .
8 WMH:BRr,=r, =0 fUMENFE AR L-M=
0. W K=0.wiim Ay TRE, EHWRTE R
r=a{u}+ ob(u),
r,=a +ub’, r.o=a +uh =0,
r.=b =0,
Wy =0,b=HmE, KLUMmEHERE.

31 2.5

1 f# ATdS =dp’ +p'dé" B E(p,0)=1,F(p,8)=0,
G(p,8)=p" Bl
r,=0,r,=06,r,=0,
= Th=p.T%=0.
2 EW dF
,:=*-Zg‘*1.d,
[

) #
1__“LG+W z_I.F_f'u!IE
MUTEG-F C BT EGSFR
1=fQF_MG ::—I\E+MF
e R T TEG-F
_ (- LG+ MF)(-NE+MF) (LF-ME)(NF-MG)
der ) (BG - F°)* (EG-F*Y

=LN—-M1=K
EG-F’ :




3 W BT
._ ~LG+MF , -NE+MF

BMTTEG-FF " TEG-F
a1 1 ~ LG+ MF - NE + MF
Fir LA T(p:]‘l',uz} G - F
2MF - LG - NE
_2( EG - F* ) - H-
4 ERR (1) AR —ARESMFREBHEL
R,=T -0 S (ur, - nur).
A Rouu= 28Rl
3 3
:zgm,[au oL + 3T - ne)]. o
it F sz,mJ— > g,
B L4
| i _] P‘ arm
u m 23“ z g
B
3[1} m] g
ngd 2 EP LHH,I—';.
A E
_alij,m] alik,m] <98
Rmﬁ_ aul- &r Za ir:Er+
2 HMP' Z[}‘ﬁ.m}f‘-
I
i
.. 1 {2z, ﬂgm_agu
{t"m]_i(aw+au* au“)‘



. I | T _ 98
ik mJ=l(.g; + g,; — == |
P e oy

d
%i_ E‘kq?ﬂ-|+|-mkrj]l
Hgm
=[tj,ml+[mj, i],
FEra
LA (2)AR
R, -+ (aganﬁ‘gm_afv)__l_ﬂ (3£s;«+
st 2 RN du dut  du” 230 du
dg, 7
g—, ) ([, m]+[mk, 1], +
oy u™
{[Ejv’n]fE:-'erﬂ]}ra‘l'[pki?n]fl:._[Prsfn]‘ld-r
zi( aag:n + E'Fgll _ ':izgr_r _ azgkm )+
2V\3y'dnt Iwed du"du' Fu'du

E:J'W]Fl LEMJJ]F"‘\“[;JE m ]I

i

E{p”m]ri—Z[z&,m] Z[m* (1,

P

1( ngm + Jlgem _ ngu _ a gkm )+
2Vau'ay Auad Futad  Fudu

Z Lwmj plT% - 2 [k p 1.

5 ¥ MTRTEHHEHERE R, FHOFRRTERAR -
B

Run=-K, (g=gugn—8ugu)-
B i AT L] — R 3h 5 s O
Row=~Klg,g:~ gnug,)-
B2
=8 R
=g [ - K(gogs — gz, )]
= —K(g"gnste — 8" 8k )

- TFFd -



- “Kl:a:!gi_ﬁi;g.,}~
Fir 1A
Ry = —K(8ga ~8g,)-
6 (1) IiEM m@ERAR

ar, ar;,
a—?f‘%+ S, -ri-r,)

= ZEMI[L”LH}_ - L&L,ﬂ].
B k_z,j=1”{=2'i=lﬁu
(Pfi}"_(r‘f:'}"+P%1rﬁ1+r‘ilﬂ:_rtzﬁ, [Pi’.’-}i
:gml[[—l] Lgm = LRL]"]
=g [Luly LoLil+ gLy Loy =Ly Ly ]
=g"[LN - M*]
=%311{LN— M
L LN-M*_
S L

(2) iEH§ HF

e (T ) - (B )

7e Ll ) ()

it

d a
- 'q":—— .
0 W |-l ?& £ I‘f,+£. Piﬁ _
\”E_ (gn) En Ju
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