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9 3.1415111723 3.20609713952 3.14159255471 3.14160295152
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13 3.1415894253 3.17857519207 3.14159265331 3.14159275175
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gdodbooodoooooouoboooobooooooooooaa
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Oz 00000000000 QCCOCCOOOODfOO0OOOOOOOOCOOCOOOOOOODDOOOOOOM
oooobobooobooboooooboobooooboobooobooboooooobooooboOoboon
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3.2 000000
000000000000 f(r,y) 0O (a,b) 00 xc0000000O00OO0OOO
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00000000000 (6,b)00y000000O00O0OOOO
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00000000000000000000000000000000000000000
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000000000000t=2300000000000000

g/(t) = %{(1 —|—t)—2/3 + (1 . t)_2/3}, g”(t) _ _g{(l +t)_5/3 . (1 . t)_5/3}7

10
g/l/ (t)

S (1+1) 83 1 (1—1)78/33, g(4)(t):—2—(1){(14—0_11/3—(1—t)_11/3},

880 _ _
g (t) = S+ WL (1T,

0ooo , ”
9(0) = ¢"(0) = gW(0) =0, ¢(0)= 3 93(0) = > g®(0)

gboooboooboobgooooboo
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j=1
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gbooobOob0ooooboboooboobooooboboobOOobobooobDOb cosbboobonoobOO
0000000000000 000000000000000000 a/n0 2sin(e/2n) 0000000000
boboobobooobooboboooboboooooboooobOobooobobon
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o/ 7T

obooobOooooboooooboooobooboooboboooboobooobOobooooobooooobooon
gooobooobooobobooogj0bobooooboooobOobOo0obDOobOobOb0ObDO n—o00oO 10000

gooono
lim S,(f;Z) = lim [cos(;) —COS(a(Qn—’_l))] =1—cosa
n

n— o0 n— 00 2n
gooobbobboooooboooboog
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goboboooooboobooobobooobbooDoobobobobbobboobODoobobOooobo
oooooooboooboooooobo0obo0boob0oobobDboooDoooDoooOOom
000000 f(z,y) 00000
g(t) = fla+th,b+tk) — f(a,b) (3.12)

0000000 gt)O0O0O0D¢+000000000¢t0000000000000000000ooooooog
Ogt)0 C"-O00000O0O0

fla+hb+k)=g(l) = i g(k;fo) + 9(2'(9) 0<0<1) (3.13)

00000000000000000000000000000000000000000000000000
00000000000000000000x(t)=a+th,y{t)=b+tk000000

d _dx(t) 0 dy(t) 9 0 0
dt  dt Ox + dt Oy hax +k8y (3.14)
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— 2 (3.15)

00 3.1 000000 f(z,y) O Cr-00000000000<A<10000

r—1 m
1 om
fla+h,b+k) = f(a,b) +Z EZ @)W(a b) W' k™ 4 |Z< ) xm — = (a+0h, b+0k) h* k™"
=1 =0
(3.16)
ogooooo
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3.5.1 0OO0O0O0

00 32000000 f(z,y)0 (¢,6)0 00 000000 (2,9)0 (a,6) 0000000

f(x) < f(a) (3.17)
0000000000000 f(e)0 =0 00 000000(z,%)0 (a,b)0000000

f(z) > f(a) (3.18)

gboooooboon

e 000000D000000D000000 (317)0 (3.18)00000 f(x) < f(a)O f(z) > f(a)0000
00000000MO0000000000

« 00000DD00000D0D0000D0D flz)02z=¢000000f0000000000000
f@)0000000000000000

f00000000000000 0000 f(z) < f(a) (3.19)
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oooooooo
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0000000000 f(e)£2000 2 —aO0

f(@)=fla)+ f'(a)(z —a)+ ... (3.21)
0000000000000000000000000000000 ()DOD0OUO0 f(e)=00000
f"(a)
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000000fe)>000 2#¢000000000000f(z)> f(a)0000000f"(a)<000000
000000000 f(e)=0000000000000000000000000000000000000
000000000000000000f(a)=f"(e)=000000
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gooobooobooboobooo

(ii) f(z,5) 0 (2,9) = (a,0) 00000000 fy(a,b) = f,(a,0) =0000000000000000000
0 (a,b) 0000000000

a. feofyy — foyfye >0000000000000 f(z,y) 0 (e,0) 00000000000000000
— fee>0000 f0O (a,b) 00000
— fee<0000 fO (a,b)00D0O0O
0000
b. fewfyy — faoyfye <000000000000 f(z,y) 0 (¢,) 000000000000000000
¢ feafyy — foyfyz =00000 f(z,9)0 (¢,0) 0000000000000000000000000O0OO
000000000000 D000DO0O00

obooobooooboooooboobooobOoboooooboobooboOooboOoboooboooobOooog
obooobOobooooboboboobooboooobobooooboobon

oo0o00000000000000000000000000O0000000000f0 f,,, fe, 000000
000 (e,b) 00000000 OCOOOOOOOOOOOO

f(x,y):f+fz(zfa)+fy(yfb)+% faa(@w = a)® +2foy (@ —a)ly =) + fuy (y = 0)* | +... (3.25)

ubooooboboooobobooo

() 000000000000000000000

000f #00 f,#000000 (¢,b)) 000000000 (z—a)0 (y—b) 0000000000000
00000000000000000000f(z,y)0 (,b) 000000000000000000000000
00000000000 ()0000

(i) 0000000000000 000000000000000000000000
ooo0f,=f,=00000000000000000000000000000000O0O0O0O0O0O0O0
00000000 ..00000000000000000
00000000000000000000000 2f.(z—a)(y—b) 000000000000 (z—a)?, (y—b)?
000000000000000000 (z—a)(y—b)00000000000000000000000000
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0000000000000 MO00000000000000000000000000000000000
0000000000000 00000000000000000
O0000A= fou, B= foy = fye, C=f, 00000
g(z,y) = A(x — a)® + 2B(z — a)(y — b) + C(y — b)? (3.26)
0r=aey=b000000000000000000000000C00000000000O0O
A4000000000000

oa) = a{@ -+ B -n) s A (327

obooobooboooooon

A>000CA-B?>00000(z—-a)?+(y-b?>00000000000
A<000CA-B*>00000(—-a)?+(y—0*>00000000000
A00O0D0O0OO0DODCA-B?2<000000000000000

e CA-B?>=0002-a=B(y-b)/A000000000 =000000000000000000
oo

00000000 a,bc000000000

C+#000002y0000000000000

000 A=C=00000 g(z,y) =2B(x—a)(y—b) 00000B£00000000000000000
00000000000000A=B=C=0000g(z,y)=0000000000000000000000

(i) 00000000000 0ooOooooon
0000 ...0000000000000000000000O00ODO00O00D0DO00DO0O0OOOoOO (i)
UcOOOD0OODOOOOODOODOOOO

gboooobobobooboobogo3subooboobooboooobboobooboobd O

oooooboobooooboboboooobooooobooboooo
000000O000ooO0o0U0oo00OdOn (eb)D0000OO0OOOODOOOOO

fz(a,b) = fy(a,b) =0 (3.28)

oo bgbogboobobobooboaobodabooboobobboboaoboa
0000000000000 00000000000000U 34000 350000000 (e,b)0000O0
ooooboooo

fﬂmb):[ﬂw ﬁ”] 0000 (z,y) = (a,b) 000 (3.29)
fya Sy
ooooooo

o det H(a,b) >000 fup(a,b)>0000 f(x,y) 0 (a,b) 0000

e det H(a,b) >000 fuu(a,b) <0000 f(z,y)0 (a,b) 0000

o det H(a,b) <000 f(x,y)0 (a,b) 00000000000OO

e detH(a,)=00000000000000000000000000000O0
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bboobooooboobobooboobooooboooobooooooboooobobooooboaon
obooobOobooobooboooooboooobooooobooboobooooobooobooooboobooon
obooobooooboooooboobooboooobooooboobooboOoboooboOoooooboOobn
ooooo

e« 0000000000000 D0O000O0O0ODO
- 00000000000000000000000000000000
- 000000000000sin(l)00000000000
e 00000000 O0OOD—— 000000000001000000
- 0000000000000000000000000000000000000000 sin0
000000000000000
e 000000
- 00000 f0000000000 f,f, /00000000
e 000ODDODOODO
- 00000000000000000000000

gbogbgbbooboobuoobuoobobboboboboobooboobobooboobaon
gboobobboboobooboobobooboobooboobobooboboobooboon
gooobobooboobooooogo
gboooooooooooboboboooooooobooooo oo boboobobooomooobooo
gboooboobooboolb —0Oboobooboobooboobm

tiooooobooboobooobooboobooooboobooobooboooooboooobooooOoDn
bobooboboooooooobobooooobooooobooboooobOoom

gbooobgoooan

050 D0000000D000000D00000000000000000000000000000000
ubodbouoobooobguooboobobobobboboobooboobobboboobooboaboan
gboobobobooboobobooboobobbobooboboobooboboobooboboon
goooog

fO0000000O00000O (z,y) 00000000
0= folz,y) = 322 — 3y oo 0= f,(z,y) =3y> — 3z

0000000000 y=2%,x=92000000

000 y000002=2'00000000000000000000000002=0,100000000
0000000000000000000 (0,000 (1,1)00000000000000000000000D0
D0000000o0oooooooon

fex(2,y) = 62, fwy(xvy) = fyz(xay) = -3, fyy(xuy) = 6y

0ooooooo
0(1,1)000000000062—(=3)2=27>000000000 f,u(1,1)=6>00000000000

00000000 f(1,1) =10
0(0,000000000000%2—(-32=-9<00000000000000000000000

¢00000000000 (z,y) 0

2_ .2
-y

0=go(z,y) =22(1 -2 +¢>)e™ ¥ 00  0=g,(z,y) = 2y +a>—y?)e®
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O000000e ¥ >0000000000
0=x(1-2+y*) OO 0=y(l+2%—1y?

0oo0ooooooog
r=0 000 2 =1+

000000O0ooog
y=0 D000 2=142?

0000000000 2x20000000000000000000002%=1+¢?004*=1+2?000
0000000000000000000000

0,0,  (£1,0),  (0,%1)
000000000000000000000000000000000000000000000 2,y0000
Gow =201 = 52% +y? + 22* — 2% eV gy = g0 = day(a? —yP) e Y

Gyy = —2(1 + 2?2 — 5y% — 222y + 2y) e Y’

gobooobooooboooooboboobooboboobooobooobooooOooooOoobooboobobooboOoOonn
oooobooooboooobD «,y0000D00000O0O0O0O0O0DOO00OO0O0DOO0OO0OO0O0O0DOO0O0O0O
o000 HODODOOOO

(0,0000 H=-4<000000000000
(£1,0)00 H =16/e > 00 fo, = —4/e <0000000000000000 1/e0

(0,£1)00 H=16/e >0, for =4/e>0000000000000000 —1/el
A00000000000 (2,y)0
0="he(z,y) =42 —d(z —y) =4 —z+y) 00  O0=hy(z,y) =4° —4(y—2)=4(y> -y + )

gboooobooobobooooobo

y=z—-a°, w=y-y’

000000000000000000y00000000000000000000
0,0,  (V2,-v2),  (-V2,V?2)
0000000000000000000000
huw =122% —4, gy =hy, =4,  hy, =12y* — 4
0000

0 (v2,-v2)00 (-/2,/2)00000000 3840 h,, =20>000000000000000 —80

0 (0,0)0000000 0000000000000 0U00000000O0U0LOOO0O0DUODODOOOOn
oooooooooooooooogoooooooo0ooo0g AOOOODOOOOO0OOODDOOOOOO
OO0000D0000xz=rcosf,y=rsind 00000000

h(rcos @, rsinf) = r*(cos* @ + sin? §) — 2r%(cos® 6 — sin? )

4
= 5 {2 — sin?(26)} — 21” cos(20)
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0000000 é=0000r-00000000000000=7/40000000000000000000
gbogboobobboboobooboobooboboboobooooboo

gobooobooooobooobooooooooooboobooooboyb 0D z.000O0ObOO0ODbDOOO
obooboboobooboodtdoyb0ooboobboooboboooooboboooobooobooboboooboooon
gooobooooboboooooboooonbooobn

gbooobgooogn

3.6 00U

gbooobooboboboobobooboobobbobooboobobboboobobboboo
ubooobOoboooobooboooood
gbooobOobooooobooon

e 000 z,y000 f(x,y) 000000 f(w,y) = sin(z? —y*)0

e 2,y00D0D0D0D00000 w,v000000000xz=1u?y=2v00

e 0000 f(z,y) D0DOD00 w,v0000000000DD0DODOOOOOO g(u,v) = f(z,y) DOODO
00000g¢g0wv00000000000000

gogoobobobbooooobobbbboooogo
g(u,v) = sin{(u?)* — (2v)?} = sin(u* — 40?) (3.30)

gboooobooboobobw,vdbooooboon
00000000000000000U000OU000U000z,y0 w,v0000 f(e,y) DOOOOOOOOO

obobooooobobooobooooboobooboobw,yO00000O00O0O00O0O0O0O0OO0OOO0O00

gooobooooooboobooooboobooooooboo

0oo000oU0o0o0oUooU0o00oU0U00000o0o0oO0oO0O0DoUOUOU0n f(e)DODODODO

yO 2000 2=2()00000000 hiy)=f(z(y)) 000040 f020000000000000 h(y)
gooon

W) = Fe)a)  ooo =T

0000000000000 O00bO0D0O0 ez 000D00OO0OO0OO0DOODOODOOOODODOOODOODOOn
gooooooooobooooboooa

(3.31)

ugbooboobobbobooboobooboobooboooabo

0D000z,y000 f(r,y) 00000002,y00000¢0000000000000 z=21(t),y=
y()0DOO000 f(z(t),y(t)) 0 t00000000000000

gooooooooooooooooo

d of de  Of dy

- t),yt)) = 2L — 4 =2 3.32

il E0v®) = 5% oyt (3.32)
0000000000000 0ooU0 fU 2,y 000000000 O0ODOO0OOODOOOODOOOOODOOO
oo0oooOoooooooo

[II]I:IDI:IDDI:IDEI[II]DDDDDDDD[IDDDDDDDDDDDDDDDDDDDDDDDD%Dljt

0000000000 000000000000 0ODOOOOO0Ot0ODO0O0O0 zt),yt)OODOODODODODOOOOO
ooooboooobobooood

ﬁ = lim f(x(t +h),y(t+ h)) — f(.’b(t),y(t))

dt h—0 h

(3.33)
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ugbodgbouooooobobbooboaobodaod

fla(t+h),y(t+h)) — f(x(t),y(t))

h
_ St )yt +h) = fa@),yt+h) S0,y +h) = fe0),y(1)
h h
_ flat+h),yt+h)) — f(2(t) t+h»xx@+M—x@
z(t+h) — x(t) h
flz@),y(t +h) = f(x(),y(t)  y(t+h) —y(t)
+ N0 X W (3.34)

000000000000 000000R—0002'¢t)0¢/ (1) 0000000000000 0000Oy(t+h) =
yt)+ 0000000

f@@),y(t+h) — f(z@),y(®)  fla@),yt)+ 1) — f(z@),y(1)) of
y(t+ )~ y(0) - W — O G
DDDDDDDDDDDDDDDDDDDDDDDD%Q()y@)DMDDDDDDDDDDDDDDDDD
0000000000000000 v

00000000000 (332)0000 O

gbooobooboobobobobooboobooobon

O0000z,y 000 f(r,y) 00000002,y00000 »,v 0000000000000 2 =
z(u,v),y = y(u,v)000000 f(z(u,v),y(u,v)) 00v000000«00000000000000

wO0O000000000020000000wO0000O000000DO0O0O0O0ODO0¢t0«000000000A0

ooooooooooon
of ofox  Of 0y

du Oz du ' Oy du (3.36)

oooooO
0000000000000000000000000 f(z,y,2)0000 2,y,200000 »w,00000000

of ofdx Ofdy Of 0z

du Oz du oy dy Ou o 9z Ou (3.37)

oooooo0o0 foOo0oOOOoO0O0OOOOODOD

gboooboobooboobobooboobooboobobooobboobooboo
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gogd

coooooooooooooooooooooboobooooooooooooooooo0ooooboo0ogn
0oo00o00o0o0o0D00@Eo00000000000D00@oO0000o0ooo0oo0oooooo0o
0000000000000000http://www.math.kyushu-u.ac.jp/ hara/lectures/lectures-j.html00 0 0 0 O
googo

000000000000 0000 z=000000000000000000000O000OOOO0

fl@)=QQ+a)3 -1 —a)"1/3, g(x) = e*V1 —x, h(z) = elte’, p(z) = log(cos x)

oooobobooood

2] 00000000000000 f,¢y000000000000000O0000000WOOOO fO000O
T fys foas foys fpy 0000000000 M

flz,y) = % g(z,y) = log(z® + ¢*)

(3000000000000 00000U00000LO0U00000DO00DODO0DUO0UOOUz,y0OO0OOO
oooooobooooo

flay) =" —ay+2y° —x -2y,  g(z,y) =2' —day+2y",  h(z,y) =2" -2’y +y°

000000000000000000000000000000000000000 sin(l)0000000O
ocoooomooooooooooooooooooooooooooooboooooboobooooooDobooOB
obooobooooobon

ugbogboobobbobooboobobboobooboobobbobooboooboaoboobobo
goboboooobooooogobobobobobbooobobboboboboooboboboooooooo
gbobooboboooobooboobooboobooooboooobooboooobOooom
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ugbogboadgogod

1]

2 23 5
f(a:):—g—?—??afl—k
r  a?
g(:z:)—1—|—§—§+
h(z) = e+ ex? + §x4 + ...
x?2 a2t b

Y 1 2y 1
fac__ﬁ fy_; fww_g fmy:fym ﬁ fyy:O
2z 2y 202 —y?) dxy C2(z% —y?)

Jr = 21 2 Iy = 2 e oz = — @ +2)? Jzy = Gyo = RN Jyy = (22 1 y2)2

fDDDDDDDDDD(%%DDDDDDDDLm>0DDDDDDDDDDDDDDf&I

¢g0000000000 (0,0)0 (+1,+41)0000000
(0,000 000000000000000000000
(£1,£1) 000000000 f., >00000000000 —-10

A0000000000 (0,000 (4, 4)0

1
1 1
(®%>DDDDDDDDDﬂw>ODDDDDDDDDDDfﬂﬁm

(0,00000000000000000000000000R(0,0)=00000000A(x,0)=2°00000
000000000000z #400000000000000D0.00000DODODO0OOOOOOOO



