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000000D0D0000000000D00000 (ae,b) 0000 Ja,b[00000000D0000DOO0 4oo
00000000000000 (0,+00] D00O0OODODODOD

ppoooo: a nonnegative real number; 00000 O0ODO (the set of nonnegative real
numbers) 000 [0,400) 0000000000000O0OO (the set of positive real numbers) O
(0,+00) 00ODOOODDOODOOOOOODOO the set of nonpositive (negative) real numbers)
00000 (—o00,0], (—o0,0) 000D
9gpoo “0” 0000 “00” 0000000000000000 1.10000 “0”0 “007 0
oooooo



3 (20150724) 010

01.2 (1) 002000000000 00000000000000
0000000 -100000000 -1000000000000
000000000000000000000

() 000000000000000 x000000000000000
000000 400000000 4000000 420 -20 20
00000000000D00000000000000

(3) DOO00O0O00O0O00D0 [0,400) 000 2000000000 z0
000000000000 1000000000 /20000000
000f:z— flz)=z 0 [0,400) 0000000000000

ooooO0O0ODO1000000000000 ROOOODODOOOOOOO
ugbobooooboobooooooboobooba

013. (1) 000 I=(-%,2)000 20000 2000 tanz 00
000000 4000000 JO00D00 ROOOODOOOA OO0
ROOOO

1
(2) 000000 ¢0000 fo(e)=—; 00000000 f2 0
{r eR|z #0} = (—00,0) U (0, +00)

0000000000 WO0000 (0,+00) 0000 o

goooboooboobuoobuoobuoooobooboobobbooboo
0O 14. 00 f3, f4, s 0 ROOOOODOOODOOOOO

() 00 z00000
x2sin%+%x (x#0000),

fa3(x) =
0 (z=0000).

Mopg “U0” 00000 the union 0000000 AUB={z|z€ A0ODOO z ¢ B}O

010 (20150724) 4

(2) 00 z0D0000O
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m 0000000 OO0O0OO0O0OODOOO0OO0 cosine, OO sine, OO tangent
O00000DooooDoooooooo

CcosT 1 1
, secx := cscx =

(1.1) cotx =

sinz cosz’ sinz’

2)000: a rational number; 00 0: an irrational number.

¥oo fs 000 ROODODODODOUDOOOOOOOODOOUOOODOOOODOOOOOOODODOOOOO

R lulln fO0000: the graph of a function f.

1500 00a rational function; 00 0000000000000 00O0OMa radical root; 00 00the
square root; 0 O O0Othe cubic root; n-0 O0the n-th rootd0 0 0 O0the exponential function; O
00 00the logarithmic function; 00 0 00O the trigonometric functions, the circular functions.
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(a) fi(z) = tanz (b) fa(z) = & (c) f3 (O 1.4)
y y

(d) fa (O 1.4) (e) f5 (O 1.4)

011 013,140000000000 0000000000 c0000000y0O0ODO
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cotz = —(1 + cot? x),

dx dx
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7000 -2<Z—cos'2<Z0000sin'2=%—cos !z0

2
(2) 0000000

1 I 1 1 7
tan~' = +tan"! = = — 4tan~t - —tan"t — = —.
an 2+ an 370 an 5 an 939 4

O00a=tan™'3, f=tan"'1 00000tana = 30tanf = 3 O

000000000000000 tan(a+8)=100000tan"1x

¥0o00o0arc cosine; 00 00O arc sine; DO 0: arc tangent; 000 00O 0 inverse trigonometric
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00 1.10. (1) 00O cosh®z—sinh®z=100000 29270
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sinh(x 4 y) = sinh x cosh y 4 cosh z sinh y,
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1+ tanhztanhy’

tanh(z +y) =

22)DDEIDDelementmy functions.

2)pp0o0000 YeO0DOO0O0 % 00000 {zjz >0} 000000

24)DDDDDDhyperbolic cosine; 0 00000 hyperbolic sine; 0 0 000 O hyperbolic tangent;
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(3 DOooDOoOo
d d
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—
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2. 000000000 I

2.1 0OO0O0O0OO0O

m 00 0000 n00000n00000O0O0COOOQORTOOOO
R" = {(z1,...,2n) | 21,..., 2, € R}.
0000 R'=RO

R? = {(z1,23) | 21,20 € R} = {(z,y) |z, y OO DO }

R3 = {(z,y,2) |z, y, 2000 }
0000000 ROODOOOR?000000R3 00000000000
0000000 R*0000000 R*O000000000 YO

m 00000 OO0R'00000 DOOOO (a,...,2,) 000000
f(z1,...,2,) 00000000 fO0 DOOOOOOO (nOO)O000D
0 f0000000%0000 22000000000 0000000
000000000 110000004 0 DCcR*O0000000000
00’ 00000000000000

f:D—R.

0 21. 0 (z,9) eR2O000 fo(z,y) =22 +42 0000 fo, 0 R20O
0000000000030 f:R2-ROODOO0ODOO0OO000OO00

fo: R*3 (z,9) — f(z,y) = Vo> + 2 €R
00000000 £(0,00=0, fo(1,0) =1, fo(-1,-1)=v20000 ¢

M20150 60 190,/230 (20150 60 23000)

DO00: the number line; 0000 : the coordinate plane, the Cartesian plane; 0000 : the
coordinate space; 0 : a point.

200000 PO0OD0O0OOOOOOOOOOOOOO0O0DO RO “007000000000000
00000) 0000000000000 000000000DDO00000000O0DO0000000ODO
00000000 3000000000 7000000 4000

2 00000000R2 000 (21,22) 0000000 (z,9) 0000000000000 “f(x,y)
0Oz0y0 200000007 0000000000000000O0000O0OO0OO0O 2000000000
gooooooooooooOoooboooooooo

0 22. 00 20000 yO0ODOOOOO0O fue,y) 000000000
folz,y) 0 20 y0 20000000000000000000000000

f(0000000,0000000)=000000
oooo &

0 2.3. 0000000000 20000 y0OOOOOOO0O0O00O0OO
folz,y) 000000000000 f(z,y) 0 20 y0 200000000

m J000000 1000000000100400000000 200
00 f:D—-R(DCR)ODODOOR3OOOOD0

{(z.y. f(x,)) | (z,y) € D}

0 fO000000D00O0OD fO “00000” 0000000000000
OO0 R3O0000OO0OO
00020000 f:D—RO0O0O ¢c00000DO (R20)0000

{(z,y) € D| f(z,y) = c}

0000 fO0D0c0D0000OD Y000 fO0D0 c0D0O00O0DODOO

000 zyO0OO0OO0ODOO0OO0D0 z=c00000D0C0O0OC0ODOCOOOOOO

Of0 “00000”0000c¢O “000”0000000D0DOOOO0OO

oooooOo0o0oobooo0oooooooooobboooooboooo3oo0og
00o0oOoobooOoOoOOODODOODOOODOOOOOOOOOOOOObOOO
ooo0 0000 ff:R*"DODD—-RO0O0O cO00O0O

{(:El,:vQ,...,xn,f(xl,...,:cn)) | (z1,...,2,) € D} c R

{(z1,22,...,2n) € D| f(x1,...,2) =c} CDCR"

ooo00 fOO0OODOO cOOOODOOOOOODDOOO

024 (1) RRODOOOOOO fi(z,y) =2*+y> 000 [0,400) O
00000 ce(0,400) 0000000 {(z,y)|fi(z,y) =c} O0xzy

Y000: the contour, the level curve, the level set.
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(a) 00000000 (b) foOOOOOODOD

021 024

00000D000000000 veDODOOODOODODO /000 ¢
0000000000000 00000000000000000
000000000000000000A 00000 2000000
000000000000000 2.1 (a)00

(2) R?00D0D000OD0O folw,y)=2>—y> 000 ROOOO cO00OO
000 {(z,y)|f2(z,y) =c} D02y 00000000c=00000
20000000000000000000000002.1(b)000
oooo &

m 0000 022230000000 000000 R2OOOOOO
pDOOO0O0O0DD0OO0O0O0O0DOO0O0O0DDODO0O0O0O0OODOOO0fO R2O00D
0000000 00000000000000022000000000
gboboooboobooboboboobooboboboboooboooban
oobooob 2300000000000 00000DOO0ODOO0OO
oob0o300000000000000000O0000000000O0
0oO00000o0ooooooooon 90

50000: ascalar field. 1000000000000000
8)ppoDOooDO0oO0O000000000000000C0000000000000000000MO00nDn
goo0o0o0oo0oDoDOo0oDOOo0DobOoOoOoOoOoDOoOO
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22 0O0OO0O0OOCOOO

m 100000000000 0OO0OJIcROOOOOOO1000O0 fO

acl 0000000

flath) - fa)
(21) fim =
00000000 f0 ¢« DO0OOCODOOOODODOODOOODOO (2.1)

O f0O aDDDDDDDDDDDDf’(a)DDD7)|:||]DD 1000000
o0 fO0000ODOOOCOOOOOOO

ffiIsor— fl(x)eR
00000000 fO00000D00O00 fOy=f(x)DD0O0ODODOOOO

dy

/ — =

Ofd0ooOo0oo0oooooooooboobooooooooooooooooo
0000000 fO000 fUOOOO0OOOOOf 0000 f70f0

20000 (2000)0f"(z) 00000 30000...000%0000 f

(y=f(z)) D nOODOODO
d’n

) (p) = &Y

F @) =
Doooooog fO()=f(z) 000DOOODO
" 0000000000 0OO09DcR2000000 20000

f: D3 (x,y)— flz,y) €R

000000 (a,b) e DO0OODOODOOO

8.f T f(a+h7b)_f(a7b)
2c P = h |
8f s f(a7b+k>_f(a?b)
gy (@) = Jimy k

Doooo: differentiable; 000 0: the differential coefficient; OO O: the derivative; f’:
f-prime (00 dash OOODOOO).

82 0000: the second derivative; 3 00 0 O: the third derivative; n OO0 O: the n-th
derivative.

900 “00 (adomain)” 00000 3000000
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00000000000 f0 (e,b)000000O0OOOOOODO

of of
%(a»b) <8y(a’b)>
00f0O (a,b) U000 20000 (yUOOO)OOOOOOOOO

o000 fO0O DOoOOOCOOOOOOOOO

of of
: D == R
LD (5,y)— g (n,y) €
O pDO0O0OODODO 2000000000000 f0 000000000

0
DDDDDDDDNEDDDnyDDDDDDDDéiDDDDDDD
Y

00 25. 0000000 9 000000000000O0O0O0OODODOOO
OO0 d0O00ooo0o0ooolgoooooooo

of of
00000000000 ()oooooo
m JO00000 OO0 f(00 f(z,y) 00000000)0 20000
oobodOyOO0OO000000 x:000000D0C0O0O0 10000000
000000000000 f(z,y) 0 2,y 0000000000000

(2.2) f- 0 fz,y) 0 yOODODDOOODOOUOD 20000000000

(23)  f,0 f(z,y) 0 200000000 yODODOOOOOO

000000 f(z,y) 0000 fulz,y)0 f,(z,y)0 00000000200y
ooooooo0O0O0O0oO0

m 2000000 00 f(z,y) 00000 fo(z,y), fy(z,y) 000000
0000000400 20000

_f 9 of _f 9 of
fwx—@—%%, f”y_ayax_@%’
_f 9 of 9 of
o= Guy ~oxoy T a2 T oyay

Ypooooo: partially differentiable; * 00000000 : the partial derivative with respect
to x.

020 (20150724) 18

000000D000000000 fO200000000 DO
0 2.6. 20000 f(z,y)=2>+32%y+¢y> 0000
fo(z,y) =32% + 62y, fy(x,y) = 32® + 2.
D00D00000000 2000000000
fze = 62 4 6y, fay = 6z, fye = 6, Syy = 2. &

0 2.7 00R200000 D={(z,y)z#0} 000000020000

f(z,y) = tan~ 2
X
00DOO0(1.8) 00000

e = g () = ey

Yy
l‘
1 d 1y 1
hen = rrgmray () = romr () = w i
go0oopooooggoooD 200000000o

—x2+y2
fa::r— fwy—fya:—m7

):—7?/
z2+y

2zy
(22 + 12)2’

f = —2zy
W@ 2
026,2700 f,y (x DO0OO0O0OO0OD0O0DOO00OO0 yOOOOOOOO)DO
fy» (yO0OOOOOOO :00000000)000000000000O0
oooooooooooon f, 0 f,.,0000000000000000
D0000®0o000000000000000200000000000
ooboooooosooooooo 290 f,y 0O f,, 00000000000

s 000000 200000000000O00O0O00O00300000
00000000oo00oooo 20000 f(f(x,y) 03000000

*f 0 0 of 3f 0 0 9f o3f 0 0 of

020y~ Oz dx Oy’ Oxdydxr Oz dy oz’ Oydx® Oy dr oz’

9o OOOO0: the second partial derivatives.
2)00000000000: the commutativity of partial differentials.
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obooooooooooboooboooooOoboobooOoo3gooooon
oboboobooooooooooooooobo3ooboogoon

f »Pf Bf »f

823 0x20y’  0xdy2’  OyP

0400000000000 00000DOO0OODOOOOOOD

m JO0000000O00 000 nOO0OO0O f(o1,...,2,) 00 400
Oi=1,...,n0000000000000000000000000 f£0 =4
ugbobooboobooboboboobooobobobobooooobann
gbobogobooboobooboooooooban

o2 f o2 f
= 1= <n).
6‘xk6xl axlal’k ( - k’l - n)

goood
gooooooooooooooboooooooooooboobooobobobooooooo
ooooooodooooboooooooobooooboobooooooboOogn

m JO000O0O0O 10000 w«(t)0D0O0O0ODOD20000 ...00000D0OO
00000 ¥ o000000000000on u(t) D0D0OD0O0DO0O0OOooo

0 28 00000 AQDU0OOOO0OOOOOOOOOD tO0D00O0O0O ADOO
0Ow«(t) 00000w() 0000000

(2.4) %:—Au (\0O0oDo)

00000o00oDoo0 koooa

(2.5) u(t) = ke
00000D0D000000000(24) 000 (25) 0000000 90 &

0 29. 000000000000000 mO00000000000000000
00000 x0000000000000000 ¢t0000000000 «(¢) 0000
0000000000000 000000000 —ks (k>0000000)00
000000000000 —p% (p>0000)000000000 ¢t000000

¥)gpgoo000an ordinary differential equation.

Yponoo (24) 000000 (25)000000000000000O0OODDOOOOOOOOOOOO
000000000000000000000000000

%)000000: Hooke’s Law; Hooke, Robert, (16351703, En).

020 (20150724) 20

000 a(t) O
&’z dx
2.6 —_— — 4+ kzx=0
(2.6) M TP TR
goooooooooo x:x(t)DQDDDDDDDDDDDD 200000000
goooooooo (2.4)DDDDDDDD 1000000000000000000

gooooooooooboooooobooo &

m 000000 0OOOOOOOOOOOOOOO0O00000O0 *Y00000o0on
gooooooooooooooooo

D2.10(DDDDDDDDDDDDDDDDD).QDDDDu:u(x,y),3DDDD
w:w(:c,y,z)[][II:IDDDDDDDDDDDDDDDDDDDDDDD
%u  d%u FPw  Pw  Hw

o o T Tap T o

Au
000000000000D0000 ADOODOOOO Y oo0o
000000000 Au=0 (Aw=0)(000000000000)000000
w(w)0DDDOD *®¥OooD0D0o0o0
00000000000000000000000000000000000000
0(0D)0000000000000000000000000000000000
00000D000000000 (000000000000)00000000000
000000000000000000000000000000000000000
0 Aw =p (p = p(z,y,2) 00 (z,y,2) 000000 (0D0)00)0000O0O0OO
000 Aw=p (p00000)00000000000000 Y0000 O

0 2.11 (00O0O0O0O0). OO000DDOO0O 200000000 ¢t0D00O0O0O0OO

OO0 0000000000 u(t,a))DDDDDuD
ou 9%u
2.7 — =Cc—
(2.7) ot Cc’)a:Q
godoooooooooa (1DDD)DDDD20)DDDDDDD cOO0OOO0OO0O
godoooooboooobooooboooono

(2.8) UOU’x)::g;%igexp<_T£;)

0 {(t,z)|t>0} cR?000000 (2.7) 00000000 210000000000
(2.7)00000000000000 BOOODOOOOOOOOO0D t0000000

) pgpooOO0da partial differential equation.

00000000 the Laplacian; 00000 Laplace, Pierre-Simon (1749-1827, F)O
¥)00000a harmonic function.

1900000000 the Poisson equaiton; 0 OO0 O Poisson, Siméon Denis (1781-1840, F).
20000000 the heat equation.
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/N
uo(0.0S,%) uo(o.l,é) u0(0.15,;) u0(042,¥) u0(0.25,£)
T T
u0(0.3, x) u0(0.35, z) u0(0.4, ) u0(0.45, x) u0 (0.5, )

022 00000000 (c=1)

M
u(0.01, x) u(0.02, ) 1(0.03, z) u(0.04, ) u(0.05, )
u(0.06, x) u(0.07, x) u(0.08, z) 1(0.09, ) «(0.10, )

023 000000 (29) (c=1)

O uo(t,z) 000 0000 2¢t (0000 v2¢t) DO0DDOO0O0O0ODODODDOOOOOOO

[e'e] oo 1 .’EQ
uo(t, o dx:/ ———ex (——) dr =1
[oo olt,) oo 2V/Tct P 4ct
00000 2000 +0 0000000
0 (z#0)

li =
talrilo uo(t, x) {oo (z =0)

00¢t=00000000000¢>00000000000000 (0 220000

0o
1 (-i<z<d
f(x)—{ asrsy)
0 (lz| > 3)
0ooo
(29) u(t.) = [ wnto =) f()dy
0000 wut,z) O (27) 000000000¢t—00000 “00” fO0000 22
(0 2.3)0 &

2)goooo00000DD 70000000
22)«gp”» 00000000000

020 (20150724) 22

0 2,12 (0000000DOOO0). D00DOO0O0OO0O0OO0DODODOOODOOO
0000000 ¢t+000000000000000 »(t,z) DODODDODDODODOOO
o0 «0O

82'LL 2 82U

00000000 ¢00000D0OOO0O0ODDOOOODDOOOOOOOODOOOO
02 0000000000ooooo

u(t,z) = F(z + ct) + G(z — ct)

00000000 F,GO (0000000000)10000000 (00 2-11)290
00000000000000000000000 ux=c?Aw00000000
000000000000 (00000000000)0000000000000 ¢

2-1 0000000

(1) 00 ICRODOOOOOOOD fO0000000000000000
(2) 00 DCR?’000000000 fO0000000000000000
2-2 (1) 0D0O0OOO0O0020000030000...0000000000000
ooooo
(2) 000000000000 D0000000O0D000000000000

30000,40000 ...000000000000000O
gooooooooobooooooooooooooooooo

2-3 021000 fO0O00O0OO0DOOOOOODODOO 1,2,3...0000000
oooo

2-4 02400000000

2-5 10000 FOOOOOSf(z,y)=F(/22+%?) 00020000 f000
ooo
(1) f0000D000D000O0DOOO0
(2) f0000D000D000O0DOOO0

23)0 00000 the wave equation.
2)QpQo0000000000000000000000000000000000
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2-6

2-7

2-8

2-9

2-10
2-11

2-12

2-13

20000

2y
f(:c,y): 22 + 92 (( 7y)7é(0,0)DDEI )

0 ((z,y) =(0,00000)

gooo
(1) 0ODOOOO0OOD:
o F(0,0), F(L,1), £(1,2), £(1,3).
o F(2.4), £(3,6), F(4,8).
e f(a,ma) (mOO00,a0 000000).
(2) f00000D000O0OC
(3 fO00DD0O0OODOODOUOODO
000 nOD00O0ODO 2000000D000C0O0O00O0O0O0OOODODOOOOO

goboobooooocooooooooooooOobOoOoOoOOoOoODObOOOoDoboO
oooo

oo n0OO0O0O0O0 mOOOOOOOOOOCOOOOOOODOOOODOOO
gobooooooboooooobooooooooooooOoooboOooood
goooo

od

@ =) (2o
flz,y) = 22 + 42 ((z,y) # (0,0))

0 ((z,y) = (0,0))
020000000000000002000000000000

0 (28)00000 (27)00000000000000
00

u(t,z) = asin(z + qt) + bsin(z — qt) (a,b,q00ODO)

000000 (210) 00000000 e, b, gO00O0O0O0ODOOO
oboz2000000000000C00CCOODOOOO

f(z,y) =log /x2 + 42, M%y%:mﬂﬁg'

ObbOz,y03000000000000000O0OC0OCOOOOOOOOO
10000 F)OOOoOo

flx,y,2) = F(v/2? + y?2 + 2?)

00oo0o0oo0oooo 30000 fOo000O0O0O00O0O0 FOOOOOOO

020 (20150724) 24

2-14 20000 f(r,y) 00ODOOODO

o (& o (& _
ax<m>+ay<m> "

ooooooooo fDDDDDDDDDDDDDDDDDD25)DDI:IDEI (o
0000000O000O00D)0000O00DO00DO00ODO0OODODOODODOO

fla,y) =log(Va? +y2 + Va2 +y2 — 1),

COS T
g(z,y) =log —,
cosy

1Y
h(z =tan ' Z.
(z,9) -

2-15 (1) 0000000 € =cosf+ising (i 00000)0000 (000D
000) 00000000 z=z+iwy (z,yOOD)O0DOO
e® ="t = ¢%(cosy + isiny)

000000000, e* 000 Ree* 00000 Ime* O (z,y) OO0
goobooobooboobooog

(2) 000 z=2z4+4y 0000 f(2)=2"(mO000D0)0000ORef(2)
(Im f(z)) 0 (z,y) 000000000000000000 (z,y) 000
00000000 m=2,3,400000000000000 mO00O
ooo

25)0000: a minimal surface.
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3. Ugougouon I

3.1 100000000000O00O (ODD)

00 8.1.00 ICROD 10000 fO0eel0000DO0OOOY
lim f(z) = f(a)

r—a

0000000000 2000 0000 JO0000O0OOOO fO0 10
oobooO00oOo0ooooOooooooboboooo
032 (1) 00O0OOO14 (0000000000
1 (x40),
xTr) =
f=) {O (x =0).
00 lim f(z) = lim f(z)= lim f(z)=10000 f(0)=00
x—0 r—+0 x——0
(2 OOOO fOooOOOOOUOO
fz) = cos = (z#0),
0 (x =0).
DDDmn:ﬁ?yn:@ﬁﬁﬂn:Lz3m)DDDDDD@A,
{y,} 00000 000000 lim f(z,) =1, lim f(y,) =-100
n—oo n—roo
000 lim f(2) D000OD0ODO &
z—0
6000000000 0DOO000000DoDoooogon
00 33.10000 fO «000OD0OO0O0O0 «0O0O0OO0OO

oooooooooo

(lim £(2)) = £(a) = lim ((2) = f(@)) = lim (f(a+h) = f(a)

:lim(f(aJrh f(a h) (hm “*h f())(limh)
h—0 h—0 h—0

= f'(a) x0=0.
20150 60 260 /300
Yoo continuous; 000 0: a continuous function.
0000 ¢ 0 « D0000000000000000 f(z) 0 f(e) 000000 3.2(2) 0000
goooooooooooooooo

N e
S

f(z) = |=| flz)= ¥z
031 O34

0 3.4. (1) OO f(z)=|¢/0 00000000000 3.1000

(2) f(x)=¥z(xreR)0D0D000000 f000000000000DO

f(h)—f(O)‘: 1
h B
000000 f0000000000O0ODODOOOOO 3.1000

(3) 0140 (1)DOOOOO

— 400 (h—0)

1 1
2?sin= + -z (2 #0)
fz) = v 2
0 (x =0)
000 (0O0O0OO0 ROOD)ODOOODOO

1 1 1
2zsin— —cos—+ = (x#0)

fw=q, * 7
) (x=0)
000000 f(0)0 “0C0000000”3 000000 &

m CF-000 0000000010000 f000 70
e C-0O0DDYO0O IODOODODO
e C-00D0DOOI/DOOOODOOODOO f/OID0O0DOOOOOO
e CFODOkK>00000000D000f0 kODODO f®OoDO0ODOO
000 7000000000
e C.0000D0ODODODOCODOO ADDOODO CkODODODOO
oooo

30oooo0000: the squeeze theorem.
DCO-0: of class C°; C™-0: of class C"; C°°-0: of class C™ (C-infinity).
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035 e 034(3)000 fO0ROOOODOOOC-0000000
000320 (2)00000 f000000000

e 0100000000000000000000 C®-0000000

0000 ¢z0 {z|z>0,000000000000 o

3.2 0OO0O0OO0O00O0O0O0O000000

O0o0o0oo0oDbOooooO0oo0oo0oDbOooOooobOooooOoo 20000
00000000000 ReRO0O000 (n>2)00000000000

" 00 0000 R200000 DOOODOOOOOOOO “0000
0000000”?00000%00000 RROOODOoOoooooon®

{(z,y) € R?|2? +¢* < r?}, {(z,y) eR*|la <z < bc<y<d}
0000000000000 r,a,b,¢,d0r>0,a<bc<d00000

m 00 20000 f00000 ADOOOO
(3.1) lim  f(z,y)=A (f(x,y) — A ((m,y) — (a,b)))

(2.y)—(a,b)
0000700 (2,9y) 000000000 (a,b) 000000 f(z,y) OO
0 AD0DO0DOOOO0®mMO000000 (a+h,b+k) 0 (a,b) 000

0000 (hk)O (0,00 000000000000

3.2 lim z,y) =  lim a+h,b+ k).
( ) (z,y)—(a,b) f( y) (h,k)—(0,0) f( )

00 3.6. 20000 a, 8, f O

lim «a(h,k)=0, lim h,k) =0, lim x,y)=A
(h,k)—(0,0) (h: ) (h,k)—>(0,0)ﬂ( ) (z,y)—(a,b) fz:9)
gooooooooo li h,k),b h,k)) = A.
sl f (ot alh k). b+ B(h k)

500: adomain; 0000000000 OOOOOOO

)000: an open disc; D000 : an open rectangle (rectangular domain).

Dz, y) = (a,b) 0000000000000 (a,b) 0000000000000000000000
0 00O the limit.

8000000000000 000000000000000000000000000000000000

030 (20150724) 28

0O 3.7. (1) (31)000000000000000000000OO0
020000 {h,}, {k,} 00009 000000000000

dim fla+ hbt k) = A.
(2) (31)0 D00D00000000000000{f(a+ hn,b+k,)} O
A0000D0D0000000000000 {h,}, {k,}) 000000
000000000000

038 (1) R2OOOOOOOOOO

2xy
21 (@) #0,0
PR b= ((z,y) # (0,0))

0 ((z,y) = (0,0))
0000000 2-60000000h, =1/n, k,=1/n,kl, =—1/n
030000 {hn}, {k.}, {k,} 0000000000 O0D0OODODO
M f(hn k) =1, lm f(hn, k) = —1

000000010000 3.7(1)000(z,y)— (0,00000 f(z,y)
O1000000000000000000 2000 f(.r,y)D -1
O0o0o0ooooooooooooooooon (x,y)—>(0,0)DDD
flxz,y) 00O0DDDOOOODOOOOOOO

gooo0dboO0o yOOOODODDOOO0D10ODODOOODODDODOODDOO

. . 2zy . .
E%f@wf—ggﬂ+y2—0 oo &g(ggﬂ%w)—&
ooo
2xy

;li% (x’y)zl}%ﬁ—i-zﬁ:o ooo il_r)r%)(ig% (x,y)):O.

©2) flz,y) = (?—y?)/(=2+92) 0 (z,y)— (0,00 000000000
0oooooooo

hm(Mﬁ@szL thmf@w):q.

z—0 \y—0 y—0 \z—0
(3) 0O fz,y) =ay(@®-y*)/(2* +4*) O (z,9) — (0,00 0000 0
O000000r>00 60000 x=rcosf,y=rsinf 00000

9)0o0oo000o: arbitrary; 000 X 0000 POOOOO: P holds for an arbitrary X.



29 (20150724) 030

(z,9) = (0,000 r=+/22 +¢y2 - 00000000000

(*)  f(z,y) = f(rcosh,rsinf) = r? cosfsin f(cos®  — sin? #)
= %rg sin 26 cos 26 = irQ sin 460

000|sin40|£10000(x)0000r—00 000000 ¢

m 00 031000000 200000000000000000O0
00 3.9. 00 DcR?0020000 fO(,b)eDDOOODDOOODO
lim z,y) = f(a,b
(w’y)ﬁ(a)b)f( y) = f(a,b)

oo0o0ooooO00oo0O0 fOo000 pOOOOOOOOOOOOOOO
fO0DO0ODODOOCOO pOOOOODOODOODOOOO

0 3.10. (1) 0380 (1)000 f0O (0,00000000000000
00000 f.(0,0)=£,(0,00=00000
(2) DOODOOO 2900 (0,0000000000 3.8 (3)

@ =) 0
fag) = i (@97F00)

0 ((xvy) = (0’0)) ¢

00 z,y 00000000000 ODOCOOODOOOOODOOOOOO
gboboooooboobboboboboobobobobobooooban
ooooooooob obOboOoOoOoOooDbDooooOg

m 00000 03100 (1)OOOODODOODOODOOOODOOOODOOOO
gbobooboooooooboboboboboo

00 3.11. 00 DcR?00000000 f(x,y) 0 (a,b) e DOOOODO
00000000 A, BOOUOOOOOODOOOO (hk)#(0,000000

(33)  fla+h,b+k)— fla,b) = Ah + Bk + e(h, k)V/h2 + k2
000 e, k) 00000000O00OO0OOOOOOO0O

lim  e(h,k)=0.
(h,k)—(0,0)

030 (20150724) 30

00 3.12. 00 f(z,9) 0 (¢,b) 000000000f0 (a,b) 00000
000(3.3)000 A, BO A= fu(a,b), B=f,(a,b) 0000000000

0000 (33)0 k=0000
fla+h,b) — fla,b)  Ah+e(h,0)vVh2

|hl
N = A —A+5(h0)h
000 —|e(h,0)] < e(h, 0) 2L < |e(h, 0000 A > 00000 (h,0) > 0000
o Jlathb) = flab) _
A= h—»O h _fz(a’b).
00 A=0000000 B=fy(a,b) 000000 O

oobooooo s11oo00oo0oon

00 3.13. 00 DcR*00000000 f(z,y) O (a,b) e DODOODO
000000000000000f0 (e,b) 00000000

(3.4) lim e(h,k)=0

(h,k)—(0,0)
(E(h k) := fla+h,b+k)— f(a,b) — fu(a,b)h — fy(a,b)k)
o NrEwr

gboobobobobg

00 8.14. 00 f0O (a,b) 00000000 (a,b) 0000000

0000 (3.3)0000 (hk)—(0,000000000 O

00 3.15. 00 3.1200000000000003.8(1)0 f0 (0,0) 0
00000000000000310000000000000 314000
0DO0O0O00o000oo0

" 0000000000

00 316. U0 DOOOOOO 20000 fO0 DOOOOOOOOOO
o0oo0o f, f,0D000000 f0 DOOOOOOOOOOOO

gobooooooobooboooooo3sbooooogn
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0O 317. 00 316000000000000

1
2 2V gin ————
fla,y) = (x* +y%)s Nrcwr ((z,y) # (0,0))
! ((z,y) = (0,0))
D (0,00000000000 f,, f, 0000000000 ¢

m OJO000000000

00 3.18. 00 DCR*000000 20000 f0200200000
foy, f, 000000000000000, foy =f,, 000000

m Ck-000 OO0 DCR?200000020000 fO0 DO
e C'-000 DOOODODDO
e Cl.0D0 DODOODOODODODDOOSf, f,0 DOODOOOODOOO

e C2-0000000f0200000 fan fays fyer fyy 000000
0000000 DOOOOOODO0

e CF-O00KDODO0OOOOO fO KODDODDOOOOOOOOOOO
o0 pOooooOoobooooDo

e C>*.0000D0DDD AKDDDDO CkODDOOOOOODOD
03.19. 00 DcR?00000000 fO
) 00O0DDO0 ¢-0000000 3.1400
2) Cl-0000000000000O0 3.1600
)y k<mDODOO Cc™-0000 ck-00000
) C*0000 fo=f,, 0000D0O00O 3.1800

3.3 OOOaoan

00 f(z,y) 000000 P=(e,b) 00000000000

(35) @ = (L. Haw)

030 (20150724) 32

0000002000000 (df)p 000 f00 POODOODOOODDOO
00000 'Y00000(2,y) 0000 2000000 (fuo(z,9), fy(z,y))
00000000 d4df0 f0000000O0ODODOOO

(o of

(3.6) df = (895’83/)'

0 3.20. 00 ¢(z,y) ==, Y(z,y) =y 0000 dp = (1,0), dy = (0,1) O
0000000000000000dx =(1,0), dy =(0,1). &

032000000000 (3.6)0

) 9
(3.7) df = a—idx + 8—5@

000000000000000000000000000
0 3.21. 000000000 (33)0000000(hkk) O (0,00 000
VRZ¥ K2 0000000000000000000000000000(h,k)
0 (Az,Ay) 00000000 (0,00 0000000000000

0 3}
(3.8) Af= a—i(a,b)Am + a—g(a,b)Ay,

(Af ::f(a+Ax,b+Ay)—f(a,b))
g0oo0obobdbD =00b0o0obooboobbooboboobobooooo
ggdddddodouoduouoobooooboboboobbobobo &

m 0000000 0000000 7000000010000 z(t), y(t)
0O (z(t),y(t)) D 1000000 R200000000O

'y:IBtr—Wy(t):(x(t),y(t))ERQ.
000000000000000000000000 000 Woooooo
0000 2(t), y(¢) 0000000000000 00 2000000 %

9gp 2000000000 20000000000000 (1,2)-000000000000D000D
0000000000b0O000 40000;000000a row vector 000 000a column vector;
0000 a total differential; 0 0 O a differential.

11)DD[Iacurve; 00000000000 a parametric representation of the curve.
2)0pooO000 4000 “0000” 0000000000000000000 y(t) = (t—sint, 1—
Cost) 0000000 (eycloid) 000000000 DDOOOOO 20000000000000000
ce-goopo0dgot=2nr 000000 (2n7,0) (n=0,4+1,4+2,...) 00000000000
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000007 00000000000 () = (z(¢),y(t)) 0000

310 = 0 = (@0.900) = (0. 5 0))
000000 (z(t),y(t)) DOODOOOOOOOOOO ¥OOOO0O0O0¢tO0
0000000004() 000 +0000000000000000000
00 (+)00000000000000000000000000000O0
000 4(+) 000 +00000000000000000000000

0 3.22. (1) 0000 v=(v1,v2) 00 P=(a,b) 0000
Y(t) = (a+ tvr, b+ tvy)

0¢t=000 POODOOODOOD »00000000000000
0 PO00 00000000000 32000

(2) 00000 sO0O00 o(s) = (coss,sins) (—r<s<m) 0000
0000000 10000 (1,00 000000000 Yoooo
0000 (—sins,coss) 000000000 100000000 3.2
0000

(3) DOO0DDDOODDOO0OO0 10000 (-1,000000000000

B 1—¢* 2t

0000 t=tan$ 00000(2) 0000000000 3.2000¢
20000 f(z,y) 000 ~(t) = (=(t),y(t)) DOOOO
(3.9) F(t) = f(2(t),y(t)).
001000000000

00 3.23. 0000020000 f(z,y) 00000000 4(t) = (2(t),y(t))

00000@B9Y 0100000000000 00000oO0ooOO

0= T @Op0) G0+ 5 w0,0) G0,

00000 ¢+0000000060 10000 h(8), k) 0ODODO
h(d) :=z(t 4+ 6) — z(¢), k(d) =yt +96) —y(t)

130000000 the velocity vector; 000 the speed. 000000000000
MOgpooa line; O O a circle.

030 (20150724) 34

(€] (2) (3)

032 0O 3.22

00000,y 000000 6§—0000 A(S), k(§) »00000

a(0) = ZEED=HO 5y 2 MO g, e =MD g

0000D0z(t),y(t) 00000000 6§ »00000e1(6), e2(6) - 0000000
0000000f00000000

F(t+0) — F(t) = f(z(t+0),y(t +9)) — f(x(t),y(t))

= f(z(t) + h(0),y(t) + k(3)) — f(=(t),y(1))
:=gﬁ@@%y@Dh®)+gg@@%y@»k@%+dh®%k®» h(6)? + k(6)?
0000000 e(h,k) 0 (hk)— (0,00000000000000000000000

F(t+68) — F(t)

§
= 2 (@0, 50) 60 + £10)) + 5L (@(0,4(0) (50 + £200)

“J t) +21(0))° + (9(t) + £2(6))*.
DDDd—»ODDDq@)%OJ]_LmDDD(M&$@)%(Q®DDD
e(h(6),k(6)) »0000DO ||§]/6| =1 00000000000

F(0) =t TEEOZEO A a yw)in + O @oww)i) O

oo
0000000 “«c0”00U00000oU00o0oU0o0oU0oOoUoOooooUoo
gooooooooooooooobooboooooo



35 (20150724) 030

O00.000 I=[eb 002000000 z,y00 v(t) = (2(t),y(t)) (a <t <b)
00000 RP0000000 v(e)0~(b) 00000 y000,000000

00. 0000 R*00000 DOOOOOODOOODOOO0 P,QOODOO PO
000QODDO0DD0O000 v:[a,b] =R*00 ~(t) (a<t<b)0 DOODODO
000000000000000(MO0000000 “00000” 00000
00. 0000 R*00 P=(e,b) 00000 0000

Ue(P) = {(z,y) € R*|(z — a)* + (y = b)* <"} CR?
000000 R?000000 “0 POOOOOODOO 000”0000

00. 0000 R200000 DOOOO ®OoOoooo DOOO POOOO
U (P)cDOO0OOOOOOOD ed00D00DO0DOOOODOOO

gooooooooooboooooooooooono

00. 0000 F:R?-ROO0O0O00 {(z,y) € R?|F(z,y) >0} 0 R*> 00
oooooo

O0. 0000 RPO0D0OO0OO0O00OO00O0000000000O0

00 3.16000 3.18000
000000000000000000000000000000 900000

00 (DODO0O0OO0). 00 fODD IDODO0ODODOOOODO ael0a+hel
000000 AO0O0DO0OO0O0OO0OD0 000000

fla+h)—f(a)=fla+0h)h (0<0<1).

003.16 00000 (a,b) e DODDODODODO0O0DO0O0D0000 h, kODD
0 (34) 0000 ¢(h,k) 0000000 00000000000D000KOO00O0
00 F(h):= f(a+h,b+k)— f(a,b+k) 00000 f000000000 FO A
000000000 F'(h) = fo(a+h,b+k), F(O)=0000000000 FOO
00000000000

F(h) = F(h) — F(0) = F'(0h)h = fo(a+0h,b+k)h  (0<0<1)
0000 4000000000 G(k) = f(a,b+k)— f(a,b) 00000KDDOD

G(k) = G'(6k)k = fy(a,b+ok)k  (0<d<1)

0000 6000000000000000
F(h) + G(k) — fe(a,b)h — fy(a,b)k

s(h k) = NEE

¥)goo: an open set; DO O0O: a connected set; OO0 : a disc (disk).
19)g00000: the mean value theorem. 000000000000000000

030 (20150724) 36
h k
= (fa(a+ 0h,b+ k) — fz(a, b))ﬁ + (fy(a,b+ k) — fy(a, b))\/ﬁ

000000k < |Al, |6k < |kl DO |h/VRZ+E2 £ 1, |k/VAZ T #2| <1 0000
00 (hk) — (0,00 0000 000000 O

0031800000 (a,b) € DODO0DD fuy(a,b) = fye(a,b) 0000000
fla+h,b+k)— f(a,b+k)— f(a+ h,b) + f(a,b)

V=V(hk):= WE
O000ooooOA kOO0 OOOODOODOOOOOO
1 F(h)— F(0
V:E% (F(t) ::f(a-‘rt,b-‘rk)—f(a-‘rt,b))

O00F'(t) = fu(a+t,b+k)— fola+t,b) 000000000000000000

V= %F’(é)lh) - %(fz(a F 0k b+ k) — fala+ 01h,0)

1
= E(Fl(k) — F1(0)) (F1(t) := fo(a+ O1h,b+ 1))
000 6, €(0,1) 000000000 F{(t) = fay(a+0:1h,b+¢t) 00000000

ooooooooooog 61,0, 000000000000

) V = fuy(a+0uhb+02k) (61,00 € (0,1)).

000 V = (G(k) — G(0))/(hk) (G(t) := f(a+h,b+1t)— f(a,b+1) 000D
(%) V = fya(a+@ih,b+p2k)  (p1,92 € (0,1))

000 @1, 92 000000 fay, fye 100000 (%), (%) O (A k) = (0,0) OO
00000000 fay(a,b) = fye(e,b) 000000000000 O

U g 3

3-1 0O 34,3.8,3.10,3.17v 00000000

3-2 20000000000000000000000000000O0O0O0O00O0C!-
gooooobooooooobooooo
000000 = 00000 % 0000000 f(z,y) =22 +y° 0 (0,0)
oboooooboooooo

3-3 00 f(z,y) =e€"(cosy+siny) 0000 f(0.1,0.2) 000000 (3.8) 00
gboboobooboooboooboobooboobobobooooboooboooboo

3-4 20000 f0 “0000DO0O0OO” 00O 220000 () 0000 t0OO
000000000 00000000 (3900000 1000000000
gooooooooogoo
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4. Jooogogon I

4.1 O0O0OO0O0OOOO0OOOO

2000300000000000000000000Y0000000
0000000000000 00000000

00 nO000000000 n0000000000000O0O0 w000
000000200000

1 1
(1,2), <2> : (1,2,3), <§>

00000 200000002000000030000000300000
godoododooboobouoooobonoooooooboooouon
go0oooodooooboobooooooon
T = <$1> =21, x2), b = (21, 22).
T2
ooo t(*)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
000300000300 (3.6)DDDDDDDDDDDDDDDDDDDD

gbobobooobooboobooooooobobobobobom

an

Y1
(w1, 22) ( ) =T1y1 + T2y2, (T1,22,73) (Zn) = T1y1 + XT2Y2 + T3ys.
Y2 Y3

0000000000000000 z-y=txy 0000000000
00 2x23x3)000000000000 200300000000

049000000000000 20000030000000000000
O00000ooo0o000O0ooo0o0o0ooooooooooonD A0

M20150 70 30/70

1)DDDDDavector,DDDDDDD “00007” 00000000000000a matrix, matrices.
gooooooO0oooOoooooOoooooooo

2>DDDDascalar; 0JO00000a row vector; 000 000Oa column vector.

3)DDDtransposition.

4)DDDDDasquare matrix.

an A=) —@a) (w= () e-(02))
_ <a1> (Oél = (a11,1112)>
o2 az = (a21,a22)
000000000 o0o0oo0o0o00 AoDoDOooooooooooooo
O0o0ooooooooooo
EIDI:II]AD(4‘1)DDDDDDDDDDDDDDDDDw,D[IIZIDIZI
f0o00oooooooooooood
Az = <a1m> , §A = (§a1,8ay).
aox
0000000000 AQO BOOODOOOOoOoOoOooOoo
an=(zpoaw) (4= (2) B=oub).
Oo000ob00o0oooooboooboooobooooboooboooobooon
oooooooooooboooouoooooooa
200000 AOOOO

(4.2) AA ' =AA=F Oa_G S)

00000000 A-'00000000AO0O0O0ODODOOOOODOA!
0 AD0D00ODO0ODO0DO0ODO FO200000000000000000
0%00002000000 202000000 ¢,200000 AODOOO

(4.3) Ex=x, (E=¢ EA=AE=A
0 (41)000 A0OOO
(44) det A := a11a22 — A12021

O00D000O0detAD ADODDOOOO Y000 AODDOODOOOO
0000000 detA#0000000000A4°'0000000000O

1 Qg2  —ai2
4. A7l = .
(4.5) det A ( )

—a21 a1

S\00000a regular matrix; 00 OO the inverse matrix; 0 O 00O the identity matrix.
9000: determinant.
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4.2 000O

000020000 f(r,y) 000000 z="(z,y) 00000 f(z) =
f(z,y) 00000O0O0DOODD00 P00 3.220 (1)000000 P =*a,b)
0000000000 v="(v,0) 0000000 () 000000

fy(t):P+t’u:t(a+’[}1t,b+1}2t).
00 4.1. 00 DCcR?00000000 fO000 P=(a,b)e DO0OO
a ’U:t(’Ul,’Ug)DDDDDDDDDDDDDDDlDDDD
F(t) := f(a+vit, b+ vot) = f(P + tv)
0+=0000000000000000000O0OOOO F(O)O fO

POOODO 00000000000 ®00000000 00000 v0O
oooooooooooofoO pPOO0ODODODODOODOOO

ob 32300000000

00 4.2. 00 DCcR?0000 fO0 P=(e,b)e DO00O0O0OOOOO f

O pOOOODOOODOOOOOO0OO0000000O0O0DODDODODO

(46) (df)p’l) = %(0,, b)Ul + %‘;(a,b)vg (’U — t(vl,’uz)> .

m 000000 0O POOOOOOOOOOOOOOOOOO fOOQCO
[ fe(a,b)\ ¢t
o = () =)
000000000 f0 PODOODOOOOOOOODO 0000000
000000 46)000 «20000

(df)pv = (grad fp) - v
0000000000000 000 grad fp 0000000000 OO0OO
0o0oo0o PO0OO fOOODOOOOOODOODOOOODOO 4400

oO00000000000000000000000000000000000000000000nnon
8)0 0000 the directional derivative.
90000000 the gradient vectord

040 (20150724) 40

43 0000OO0OOOD (DODODOODO)

ooooOoooooooon 323000000000o0000ooooon
oooo

00 4.3 (00000000 Y. 20000 f(ez,y) D0200 20000

r = x(§,m), y=y(&n)
00000o00oooooono Wo20000

F&m) = flz(€mn),y(&n)
00000000000000

SE6m) = S (@€ w6 m) G (€) + B (ol m) (e ) Ge(Eon)
e = Fentem Goen + Zatenven) 2.

00 44. 00000000000430 f(&n) 0000 f(z,y) 000 f
0000 f(¢,» 0000000000000000000000000OO0

DDDDDDDDDDDDDDDDDD(DDDDDDD)DD4.3DDDD
of _ofor ofoy  of _ofor ofoy
o8 Odx d¢ Oy O¢’ on  0xdn  Oyon
O0o00o000oo0ooooobooooooooooono
2= f(z,y) = f(=(&n),y(&n) = f(&n)

godooboooooobouooooa
0: _0s0r 0:0y 0= _0zor 00y
o0& O0x 0t Oy oE’ on  Oxon  Oyon

" R200 R2O000000000 OO DcCcRO000000O00
F:D—-R?’00000000 DOOO (z,y) D000 R2000 F(z,y)
00000000000 0000F(z,y) 0 R2OODDODOODOOO0OO (£,7)
000O0oo ¢ 0 (xy) 000000000 F:R2>D—-R20000

19000000000 the chain rule.
e xiyn: eta. 000000 &, n, ¢ (zeta) 0000000000 (2,9,2) 000000000000
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DCcR2O0000000 200000000000000000
(4.7) F:R*D D3 (z,y) — (&(z,9).n(z,y)) € R

0000020020000 &(z,y), n(z,y) 0 FOOODOO Y0000
0000000000000000000000

E=F(x) (£=(&n), z=(z,y))
0000000000000 F=(¢n):R2>D—R?20 Ck-0 0000
0O¥Woooo ¢ np0 Ck-0 (260000000000000

00 45. 00 DCR?*00 Cc-000 F=(¢,n):D—-R*"0000O

2] o)

ar (ff ff) _ (fx fy)
o 9
% CfTZ Nz Ty

0000002000000 FOODOOOODDOOOD 000 0

m 0000000000000 00 D, U CROOOOOODDOO
F:D—-ROG:U—-R 00000 z=(x,y) eD0O0O0OO Flz)eU
ooooooo

GoF:R*>D>x+— G(F(x)) €R?
00000000 GoF:R2>D—-R?0F0O GOOOOO YW OOOO
00 4.6. JOODDOOF, GOOOO C-0000

d(G o F) = dG dF, ninlnln d(Go F)(z) = dG(F(x)) dF(z)
000000D00000D00000000000
00 DCR?000 000000000000000O0
idp: D3>z v+—idp(x) =x €D

0DO0O0OD0DOD®OoDoDOooo DcR200UCR20000 F:D—

12)DDDamapDDD: components.

¥)gpo000D000000000000000000000 ¢*00000000000000000
0000000 000000000000o0o0o00o0oon

14)0 00 the differentiald 000000 the Jacobian matrix0d 0 000 Jacobi, Carl Gustav Jacob
(1804-1851, D).

15000 the composition.

16)0 00 00¢the identity mapd 000 D 00D0000000000idp 000 id000000000

040 (20150724) 42

UDODOOOGoF=idp, FoG=idy 000000 G:U—-DOOOO
0O000GO FOOOOOOOOG=F-'0o0O0 90

0 4.7. 00
D={(ro)err>0-3 <0<}, U={(y) ek x>0}
goog

F:D>(r,0) — F(r,0) = (rcosf,rsinf) € U,

G:U > (z,y) — G(z,y) = ( 22 4 42, tan ™ %) eD

0000 G=F"Y F=G'000000,(rd)eDOOOO -5<60<3
000 tan 'tanfd=0000 1.60000000r>0000000

ind
GoF(r,0) = G(rcosf,rsinf) = <\/r2 cos2 6 + r2sin? 0, tan ! o )
rcosf
= (r,tan" ' tan®) = (r,0) = idp(r, ).
0006 =tan"(y/r) 000000000000000 -3 <6<%00
Ocosf>00000000x>000000
1 1 1
costan™ L = cos§ = = = =
z V1 +tan® 6 \/l—i-tanztan_l% \/1—1—?;—2
|z x

- \/x2+y2 - \/x2+y2’

=sinf = cosftanf = x y_ y .
/12 +y2 x /12 +y2

oooon FoG(ac,y):F( x2—|—y2,tan71%)z(x,y):idy(x,y). O

1

sintan™

SHES

00 4.8. 0000000 (2,y) 00000470000 (r,0) = G(z,y) O
00000, () 00000000000000000000 (z,y) 000
000 0000 0000000000 90

170000 the inverse map; F~!: the inverse of F/F-inverse;

)0000the polar coordinate system; 0 0 00O 0O O the orthognonal cooridnate system; 0O
000000the Cartesian coordinate system; 00000 : Descartes, René (Renatus Cartesius;
1596-1650).
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047000000(x,y) 000000DOO0OODOOODOOODOOODOO
gooooobooooooboooooooboooooobo

D={(r0)|r>0—r<60<z}, U={(z,y)|ly£0000 z>0}
0000h:U—RO

tan—1 Y (z > 0)
x
h(z,y) = —tan™' 4 2 (@S 0,y>0)
Yy
—tan1Z_T (x£0,y <0)
Y 2
ooo 90
F:D > (r,0) —s F(r,0) = (rcos6,rsinf) € U,
G: U 5 (x,y) — G(z,y) = (\/x2+y hxy) eD

000D F=G™Y,G=F'100000000000 (z,9) 00000
0 (z,y) 00000000

00 4.9. 00 F:R2>D—>UCR2O00O0G=F'0oooorOor!

000 c-ooooo
dF~'=(dF)"" 0000  d(F Y (F(z)) = (dF(z)) "
000000000000 “-1”70 000000000000

00D0000000000000 EDO0O0OOOOOOOOF 'oF =idp OO
046000000 dF'dF = E,00 FoF ' =idy 000 46000000
dFdF~'=E0000DD dF'0dF00000nnn O

m Jggad
0 4.10 (000000000 0O0O0O). 04700000000
(4.8) x = x(r,0) = rcosb, y=1y(r,0) = rsiné.
0000 F: (r,0) — (z,y) 000000 4500
T, X cosf —rsinf
(4.9) ar =" ") = :
Yr Yo sin 6 rcos 6
9p(z,y) 000 (0,0) 00 (z,9) 000000000000 x00000000000000000
0000000000 C O Fortran 1000 atan2(x,y) 0000000000000000

040 (20150724) 44

000000000 G=F"10000000490000000 (4.5)00

(410) dG = r Ty _ (dF),l _ CcOS sin
0. 0, —1sind Lcosd

oobooooood

(4.11) %:cos&%—%sin@%, %zsinQ% 10059%
0000 Cc%000 f(r,y) ODODD

o*f  O*f
(4.12) Az:Af:@—Fa—yQ
000000 AOODOOODOOODODOOODO0ODOO0O0O0O 2.10000
DDf(yc,y)D(4.8)DDDIZI(r,&)DDDDDDDDDDDAfoDr,H
00000000000000000 (411) 00000

0? 2 1 1 2
of = cos? Ofrr — = cosOsinbf g + — sin® 0 fp9 + — sin2 0 fr + — sinfcos b fy
z2 r r2 r r2

2 2 1 1 2
ﬂ:sin29fw+7cosﬁsin0fT9+—cos20f99+7c0320fr——sin@cos@fg
Oy? r r2 r r2
gooobooood

(113) AP=frot fu=Fro b Hfo+ oo O

44 000
00 DcCcR?000000020000 F(z,y) 000000 F(z,y) =0
0Dx0y00000000000 000000700000000000
Flz,y) =0 <  y=o¢().

00000000 F(z,y) = 0000 y =) 00000000000
y=o(x) 000029000000

0 4.11. (1) F(z,y)=22-3y+500000F(z,y) =00 y = £(22+5)

000000000000 x=1438y—-5) 000000

(2) F(z,y)=22>+4*-100000000 F(z,y)=00y 00000

2gp000an implicit function.
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00000000 FO00000 U :={(z,y) eR?|y>0} 0000

(,y) U OO Fz,y)=0 < y=+1-22 (-l<z<1)
O0y0200000000000000007U":={(z,9) eR?|y<
0} 00000000000 y=—v/1-22000000000000
{(z,9)]z>0} 00000 F(z,y) =00 z=+/1-¢200000 ¢

" 00000 000 f(z,y)=00 yO0OOOOO0O0000000000
00000000000000000000

00 4.12 (00000000000). 00 DcR200 ¢k000 F: D —
RO F(zo,90) =000000 (0,%) € DOO0D0D0000F,(zo,50) #0
000000000000POO00O0OO0UCDOOROOODOOO 100
00000 ¢k-00 10000 ¢: I »RO0D0D00000000000

(r,y) eU OO0 Flz,y)=0 <& zel 00 y=p).
0000 zel0000 F(z,e(x))=000000.

0000000DPOOODO0OOF(z,y)=00y 00000000000
0000000000 412000 20 yOOOOOOOOOOOE(P)#0
000 POUOO F(z,y)=00 x00000000000O0OOO

gbooboobobobobobobooobooooon

0 4.13. R® 00000030000 F(a,y,2) := 22 +y>+22-10
C~-000000 P=(0,0,1)0 F(P)=00000000000000
0F(P)=2#£000000000000U = {(z,y,2) € R¥|z > 0}0
Vi={(z,y) eR*|2?+y?* <1} 00000

F(z,y,2) =000 (z,y,2) U= z=+/1-22—4200 (z,y) €V
00000000 F(x,y,2) =00 20000000000 {(z,y,2) €

R3|F(r,y,2)=0} 0 R3O000000000D0 10000000000
;00000000007 0000000000000000 290 ¢

21)DDDasphere;DDDDDDDDDDDDDDDDDDDDDDDD aballJ000OO0OOO0OOOOO
000 the Northern Hemisphere.
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" 0000000 OO0 DcCcR2O0 C®-000 FOOOOOOO C=
{(z,y) € D|F(z,y) =0} 000000 PeCOOODOOPOO00O R20
00 V000000000000 CNUO C*-000000000000
0000CO POOOOOOOOOOO200000000000000

O000000oooO0O0o00oboooO cooooooooooUooooooo

0 4.14. C = {(z,y) €eR?|2?+»? =1} 00000000000 100 %)
00000000000000000000000 PeCO

Up:={(z,y)|y >0}, Uz:={(z,y)|y <0},
U3 = {((E,y)|$>0}, U4 = {(:v,y)|m<0}

00000000000000 j=1,2,3,40000 CNU; 0 C>-000
Vi—22 (-1<z<1)00000000000 &

0041200000000000

00 4.15. 00 D c R2 0000000 C~-000 FOOOO C =
{(z,y) € D|F(x,y) =0} 00000 PeCO (dF)p #(0,00000 CO
0oo0ooooooon

0 4.16. 00 F(z,y) :=2(z* —y?*) — («*+¢y?)? 0000

dF(z.y) = (4x(1—x2—y2),—4y(1—|—x2+y2))

000 dF,,) =(0,0000000 (z,y) = (0,0), (1,0), (-1,0) 00000
0000000 F(4£1,0) #00F(0,0) =00000C = {(z,y) | F(x,y) = 0}
0(,0000000000000000000000000000000O0
0200000000490 ¢=000000 O

m JO00000

00 4.17. 00 4120000 F(z,y) =00 y=(z) 000000000

ubobodobdobaobabd

do@) __OF / T

22)00000000a smooth curve.
2)00a circle; 0000000000 1000the circle centered at the origin with radius 1.
200000000 the lemniscate.
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000000 F(z,e(z))=00000 000000000 323000 430000

_d _oF dz  OF de(x)
0= Pl o@) = 5@ e@) g + 5 o)™
_OF L OF ()
00 4.120000000000000000 F,#40000000000 O
dy  F,

00 4170000000O0DOOODODOO0O0000 —=——.

dx F,
O000F(z,y)=00 2=¢(y) 00000000F, £0000000
By dv _ F,
dy(w_ Fy(z,y) (e=v@) DOBO dy — F
0 [l 4

4-1
4-2

4-4

4-5

004200000000

00000 (2,9) 00000000000 flz,y) =2 +ay+y> 0000
0000000000000 000000000000000000 1000
000000000000 10000000000000000000000
00000000000000000000000000000000000
000000 3.220 (2) 0000

0OP=(a,b) 00000000000 20000 f0POOOOOOO (df)e
0 (0,00000000000000f00 POOOOOOOOOO »000
0000 (df)p(v) 00000000 v 0O (grad;)p 00000000000
00000000000000000000000000000000000
O P=(,0b)0000000000020000 f0 POODOOOOO
(df)yp O (0,0) 00000000 POODO fO00000 ()= (x(t),y(t))
(v(0)=P)0000000000000¢t=00000 0000000 4(0)
O (grad f)p 0000000000000 0O00000“000000000
ooooooro

00 ¢ (#£0) 0000 E=z+ct,n=2—ct 0000000 (¢,z)— (&n)
0000000000C?000 f(t,z) 0000

OPf 20 _ a0

oz~ “oax2 T ¢ veon
00D000000000D000000 fi —c2fee =00000 C%000 f
00200 C*-00 10000 F,GO0000 f(t,z) = F(z+ct)+G(x—ct)
00000000000000000

040
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4-10

000 fu=c’f., 00000000000 212000000000000°“0
00000000000 000 ® 00000 20000 2-1100
0000000 f(x,y,2) 0000 Af = foo+ fyy+ f-- 000000 AO
000D000000D00D0000 20000 2-13000000000

x = rcosfcosyp, y = rsinf cos p, z=rsingy

(r>0,—-r<0<m—-3<¢<3)

good
Te Ty T2 cos B cos p sin @ cos ¢ sin
_ _1sin@ 1 cosf
O 0y 0 - T COS ¢ T COoS ¢ 0
1 f 1 : 1
Yo Py Pz —scosfsing —:isinflsing :cosy

ooobooooooo

2 1
Af:frr‘i'*fr‘i‘ 2
T T

1 1
mfee + ijeocﬁ 2 tan o f,

0ooOoOoooooooo.
F(z,y) =2 —-4* 00000 F(z,y) =0000000 RP000000D0
000000000000000000000000000
0041200000000 C = {(z,y) € R*|F(z,y) =000 P = (x0,%0)
0000 F,#00000P 0000 COO000 y=¢(z) 0000000
0000000000000000

Py FooF2 — 2F, Fy Fy + Fyy F2

dw2 ¢ (z) =— F3 :
0000000 F,, 000 (z,9(z)) 000000000

00 ¢« 0000 F(z,y) = 2(2® —y?) — (2 +y*)? —a, C = {(z,y) €
R?|F(z,y) =0} 00000000 COOO0O0 y=¢(z) 00000000
000000000 ¢ 0000000000 CO0000000000000a
0000000000000000

R® 000 DOOODOOOO C®*00 30000 F(z,y,2) 000000
0 F(z,y,2) = 00000000000 P = (a,b,c) D000 F(P) =
F(a,b,c)=00000000000P 0000 F,, Fy, F, 0OOOOO 0
000000000000P 0000 F(z,y,2)=00 z,y, 2000000
000000000000000

Flz,y,2) =0 &  x=£(y2), y=n(zz), z=(zy)
O POODODO Flz,y,z)=000000000000

% My wy. Xy 2y = - Oudydz _ _
8y(y72) 82(2’:8) 8x(yvz)_ 1 0ooo 8y Oz O - 1

ooooooooooooo

25)0000000d Alembert, Jean Le Rond (1717-1783, F).
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5.1 1000000000

ooolbo0oooooooooboobooOoooboOoboOobOboOoooo
oobooobooooooooboboooooooooon

m J000O0 000 [eb)0000000O000O00ODO0ODO
A ={zp,x1,22,..., TN} (a=zg<x1<--<xzNy=0D)
000000000 ADDOOODOOODODOOOOOOO0O00 Yo
|Al :== max{|z1 — zo]|, |x2 — z1],...,|zN — zN-1]}.

00 I=[e,b00 10000 0000 1000 A= {zg,1,...,2x} 0
000000000000 20

N
(5.1) Sa(f)=>_ fidx;, Sa(f) ;:Zijmj, Azj=xj — x4
j=1

fj = (DD [a:j_l,a:j]EID fD “DDD”),
f,=(00 [z;-1,2,] 00 fO0 “0007).
00 5.1. 00 JOODODOOOOD f0 00000000000 IO

00 AODOD 0000000 Sa(f),SA(f) 00000000000000
00000000000 /0000 f00000000000000 90

/If(x)d:c ( /{ff(x)dx).

M20150 70 100 /140 (20150 70 14000)

Dooo max{ai,...,an} 000 a1, ...,any 00000000000

2)gog fooo [zj_l,mj]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
000 the superimum 00 the infinimum00000000000000000O000OODOOOODODO
gObOoO000OoO000OO0O00O0OO b 8U000DOOUODOOUOUODOUOUODOOUDOOUODODODDOO
goo0o0ooOo0oo0oOOo0oDOobOoOooDoOUODOoOODOo

3)DDDDDintegrable; 00 I 0000 f0000the integral of f on the interval I.

Ygpoooooo a<b000000O00ODO10000000O0O0O0O0O0O0OOOODOOOOOOOO
0000o0o0o0ooooooooooo (.2)00000OD

050 (20150724) 50

0 5.2. 00 [0,1]0000000O0

1 (z0000)
flz) =
0 (z000D0)

00009000 A={z,z1,...,2xy} 0000000 [z;_,2,] 0000
000000000000

N N
Sa(f) =) Waj—zj 1) =an—x0=1, Sx(f)=> 0(x;—x;1) =0,
j=1 j=1
DDDDDJCD[QHDDDDDDDDD &

0 5.3.00 [-1,1]00000000

1 (x=0)
flz) =

0 (0ooo)
D0000[-1,1 000 A = {zg,...,zy} 000000 k = k(A) O
0€[zp_1,2:) 0000000000 f00000000 |oge_i,24) 0 100
00o0odoooo oooooono foo00ooOoO ooOoOO

Sa(f) =ar —xpa (k= K(4)), Sa(f)=0.

D00 0<ap—a41 <|A|0000|A|0000000000000 SA(f)
0 0o00000ooOoooOfO [-L,1]000000oUooUo og &

m 00000000 OO fO00I=[b 00000000000

b a
(5.2) /a f(z)dx ::/If(x)dx, /b f(z)dx ::—/If(x)dx
DDDfDDDD6)DDDDDDDDDDDDDD

00 5.4. 00 I=[e,b) 000000020000 f, g0
f@)=g(x) (azz=b)
000000000000000000

/a  fla)dr < / gy de.

500 20000000000C0C000000000C0CO00000000000000
6)0 000 the definite integral.
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ooboooobOoobooooooobooOoboooobOoOobboOoooono

00 5.5 (000000). 00 f,¢g000 [¢,b)000000000f+g,
af («000)00000 [¢,b) 0000000000000

/a (@) + 9(a) d = / ' fla)dr + / ' (@) da,
/abaf(x)d:r— a/abf(x)dx

000D00000000000000000000 70

00 5.6. 0 a,b,c00000000OCDODOO0O0O fOODODO

/abf(x)dm _ /acf(x)dx—i—/cbf(x)dm.

0000000000000000000000000000
00 5.7. 00 [a,0) 00000

Al g = H<x[1n] --<x["]=b n=1,2,...)
0 lim |AM|=00000000000000 O j=1,2,...,N, 00

n— oo

D0 AR oo jooooooo e’ ooooe’ el <. ooooo
f0 [e,b]000D0000

b Nn,

(5.3) / flaye = i (D55 (o1 o)
a ]:1

goooog

D000 (5.1) 0000000 (53) 000000 S, 00000
S (f) £ S0 £ 5 4m ()

00o0o0ooooOo fOo0oOoOO |A["]\—>ODEIDD[IDDEIDDEIDD n — 00
00000 f0O [0, 00000000O00C0O0OO O

0 ¢000 [a,0) 0000000000(a,d) 0 [¢,b) 00000000 [a,b)] 0000000000
000000000000000000000000 a,b,¢c000000 a<c<bOOO00000 (5.2)
00000000000000000000000000

050 (20150724) 52

" 000000000 00 I=[,b 00000000 070000
00 I000000000® 0007000 0000 lim f(z) = f(e)

T—x
0000000000000

(54) 0000000000 {z,}0000 lim f(a,) = f(a)

ooboooooboooooooboooboooooooobooooooooooon
D0000000000000000000000 90

00 5.8 (000000000). 000 I=[eb 0000000000 f
0 /0000000000000000000 210000 f(z) < f(a),
fz)= f() 0000 o, 000000

000000000000000000000000Y 000000
00 5.9. 000 I=[e, ) 0000000000 fO0 I00000DOOOO
0000 f000000000DO0O0O0O0OOOD |fi0000000

0 5.10 (0000000ODO). 00 fO0000I=eb0000000|f]
oooooobooboboooo
b
< [ 5@ d.
a

/abf(ac) dx

DI:I[I|f|I:I[IDDI:IDD \f|I:IEIDI:I[IDD 59 000000000D000DOD
—If@)| £ f(z) £ |f(x)| DDD 540000000 0

ooooOoooooooosiiobooobbooobooooooooooon
gbobobobobobooboooooo

00 5.11 (00000O000OO0). 00 I—-M ﬂ[]D[]D[]D fOoooog
l/ ft)dt (aLz =)
0oo0o0Oo FO IDODOODOO F' f( )D[][]D[]D

8)DDDcontinuous, 00000a continuous function.

9)0ooooO000O0onoooo
0)Qpo0000000000000000000000000000000000000000000
J000000000000000000000000LO0000DO0000L0D00OUOOD0O0oLOOoOooOoo
J00000000D0D0O0O0ODOoDOooDOo
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00000 [0, 00 2 002z+h0 [0,b)000000 hOOOOOOO 5600

z+h x
F(x+h)—F(x):/a ) dt—/a £t dt
:/;f(t) dt+/:+h ) dt—/: f(t)dt:/:+h () dt.

ooooo0oo0o s5, 051000000

F(z+h) — F(x) 1| ek
f—f@) =1

x+h

F(t)dt — / ) dt'

x+h

1 1

{r@) - }dt‘ |f(t) — f(z)| dt‘.

000000000000 {hy} O 20 24 hy, O [a,b]DDDDDDDDDDDDD
00t000 gt) :=|f(t) - f(x)| 0 I, :=[z,z+h,) 0000000000000
0000000 g(ts) = |f(ta) — f(z)] 2 ¢(t) 00 te [, 00000000 t, € I,
000000t, €l, 000 n—oo0 t, » 20005400

T - zth
PEEB =L )| < | [ st = einlaten) = ote).

000 n—ooO0000¢gO000D00O0 g(n)ﬁg(x)—ODEIEIDDEI

limw—ﬂx)zo, O

h—0

m 0000000 (00OD0) OO0 10000 fO00000YW0O0
F'(z)=f(zx)0DO0OO FOOOOOOO

00 /00000000 02000000 F,GO G(z)=F(z)+00
00000000{G(z)-F(z)} =G'(z) - F'(z) = f(z) — f(x) =000
0Gk)-Fx0OI00D0DO0DOODODODOOOO 700000000 f
000000000000000000000000

OO0 5.12. 00 7000000 fOO0000O0OODOOOO

00000 /000 «00O0DOOO F(z /f t)dt 0000000 O

x
0 5.13. 00 ¢* 000000 (DDDDDDDD)/ e at00ood
0

0 0000the primitive
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ooogd fDDDDDDDDDDDDF DDDDDD

/f
000 2000000000000 0N00NoNo0NooNooonoooononoo
00 5.14. 00 100 fDDDDDDDDD FOOOOOOIOd a,b0

gopbooooboogoo
b
/ f(@)dz = F(b) — F(a).

" 00000 (0D0)
00 5.15. 00 [e,b) 00 C-000 0000000 (00)00

b
/ V1+{f(z)}?dzx
Oooooooo

00000 [a,b] 000 A ={zo,21,...,2nx} 00000 (z0, f(20)), (x1, f(x1))se - -,
(zn,f(zn)) 0000D00DO0O0O

N 2
_ fxy) = flzi1) o
IA*; 1+< Tj = Tj-1 ) (1 = #-1)
go0o0o0oooooDoOoOooooooon
flwg) = Flasm) &) wim1<§<a,

Tj — Tj—1
0000 ¢ oooooooo

In= Z VI+ ()" (25 —zj1) (A5 =25 —x5-1)

ooooooo f[l cl-oooo V14 f(x)? 0000000005700 |A|—=0
0oooO 000000000000 O

0 5.16. 00000 t000 ~(¢) = (x(t),y(t))
oooocct-ooooooa

b 2 2
dx dy
LG () o
gogooooo

—~

«<t<b) 000000

2)«ic” 0OOOO0000000000
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5.2 0OO0OO0O0OO0OODOO

g0o0o0ooboooobo200bb00b0b0o0boboooboooo
gooooooooooooboobobbobbbobbbobbbbbbbbobon
goooooooooooobobbobobbobobboobooooo

000 [a,b] 0 [¢,d DOOD

[a,b] x [e,d] = {(z,y) |z € [a,b],y € [c,d]}
={(z,y)|aLz<bc<y<d}CR?

0 [a,0] 0 [,d D0O0O0 0000000000 R2O0DO00OO0O0
0000o00o0o0Uo0oU0od [eb 0 [,dD0D00D0OOOO
(5.5) a=29<x1 < < Ty =b, c=y<y < <y,=d
00000000 I=(abx[ed 00mn000000000000000

I=[abx[e,d = | A Ap=lrj-12] X lye-1, 3]

0000020000000000000000000000000000
0YNooooo0000D0000 ADDODDOOODODOOO0

|A] :=max{(z1—z0), (x2—21), ..., (@m—Tm-1), ¥1—Y0),-- -, Un—Yn—1)}
00000000000 00000

m 0000000 R2000000000000O0O0O00COOOOOO
0 (03000)00000000Yooooo f,...,f,0000

{z e R?*| fi(2) 20,..., fo(z) 20} CR?
000000000000 R2O0DO0O0000000O0R200000 DO

0000000000 0O00O000 I0000 DCclIO0OOO0O0O0O0OOR?
0000000000000 0000000000 190

13000 the Cartesian product; 0000 a rectangle.
MO0000000000000000000000 (atleast) J0000 at most 0000
¥)0000a closed set0 0000 the comlement.

16)I]EIDDI]aboundedset;DDI:IDDDI:I: a compact set. 000000000000 O0OOOO
00000000000 0OR®" 00D0D0OD0O0D0ODO0ODOOO0OO0OOODODODOODDOODOODOOO

050 (20150724) 56

" 00000000 000 I=labxled 00000000 f0710
00 (55) 000000

m m
DD i) (@ — @) (e — i)
j=1k=1
(000 & € [xj—1,25), Mk € Wr—1,Vk])
oooooo ‘A| O ODDDDDDDD(&jk,nﬂC) goooooooooon

0000000000000 f0 JO0000DOODO0DOODOO0O0O0OO
0000 IDOD f00000D0DO000OOOOO YOo0DO0000O0On ®0

//I f(z,y) dzdy.

s 000000000000 OO0 R2O0O0000000O00 DOOOO
00000 fO0000O0OO0O00OO0O0DOOODOO IODDOOOOOO

. f(z,y) ((z,y) € D)
flz,y) =
0 ((z,y) € D)
0000/ 000 fO0O000OO00O000D f0 DOODOOOOOOOO

//Df(:v,wdxdy://If(w,wdxdy

00000000 fO0 DOOOOOOOOO 90

s 000000 000000000 DCR?2ODOOOOO0 fla,y) =1
ooooooooooopOoooooooo

(5.6) D] = //D d dy

0O DOOOOoOo 200

)0 0000 double integral; 0 00 O O multiple integral.
¥)ppooooooooon fl:l 20000000000000000000DO
¥)opoOoO0000000000 DOOOOOO I 0000000000
20)0000000a measurable set; 00O area.



57 (20150724) 050

m 00000 0000000 DCR?0O0DO0O0O0O0O0 00000
0000 pOOOOoOoOOO OOoOOOOO fDI]D[ID foooo
ugbobooboooooooboobobobobobobooooobooban
gboobooooon

00 5.17. R 00000000000000O0 DOOOOOOOOOD
O fO0pO0O0OOODQDOOOO

0 5.18. 00000000 [ = [a,b x[e,d c R”2 000000 |I] =

(b—a)(d—c)ODODOO O
goboogobooobboobboobbooobooobboobon

goboboobobooobooobobooboobog

00 5.19. 00 [¢,b) 000000 (1000) 0000 o(z), ¢(z) O
o) <y() (e<2<b)0000000000000DO00

D:={(z,y) eR*|p(x) Sy = ¥(v),a = v = b}
000 (0000)00000R?2000000000000000000D
00000000000000

b ()
(5.7) / fzy dwdy—/ l/( ) f(m,y)dy} dz.
a w(z

0 (5.7 00000010000000002000000000000
002900 (5.7)0000000000000000000

b ¥ ()
][ dzz/m f(x,y)dy.
a »(x)

005.190000000000000 [a,b] 000 a=20 <21 <+ < T =b0
000000000 [#j_1,2;] 00000 DOOO

Dj:={(z,y) € D|z € [zj-1, 2]}
0000 fO00000C0CC0COOCOO0O000000
P(xj—1)
/ f(zj,y)dy| Az;  (Azj =25 — x5-1)
p(zj—1)

000000000 jOOODODODOODOODOOOD |Al—0Q000O0O0100DO
oooooooooooooogono O

2)00000an iterated integral.
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0 5.20. 000 [a,b]x[e,d CR2O0000000000 f(z,y)00000

//If(x,y)dxdyz/ab dx /Cdf(m,y)dy:/cd dy /abf(g;7y)dm, o

0 5.21. 0000000 D={(z,y)|2*+%*><1} 0000 f(z,y) =2
000000D={(z,y)| —V1I-22Sy<V1-22,-1<z<1} 0000
00 51900

1 Vi—z2 1 Vi—z2
// dea:dy:/ [/ xQdyl dx:2/ l/ xzdy] dx
D —1 —v/1—22 —1 0
1 1
:2/ x2\/1fx2dx:4/ $2Md(£:%.
- 0
000D = { —V/I-¢ <z VTT?;4§y§QDDDDDD

frren- L[] [

o (=) s [ (1)

-1
00000000oO0U0oOoooo0oooooUoooUoooooooo ¢

s 0000 000 R OO0OOO0O0OOOOO0 DOOOooO (Dooo)o
0000D0DOOoDOoooooooo RPOoDoooooooooooooa
e z000DO [¢,b)000000000000 200000000 p(x)
b
(@h@DDDDDDDDDDDD(/;ﬁWﬂ)@D
e xyODOODOODODODO DOODODODODODODOOOOO
00 (2,y) eDO0DO00OOOO0D pla,y) (keg/m2) 000000
DDDDDD(//p(x,y)dmdy)ngDDD
D
e J00DOUOOUDOD DOODODOOUOO (x,y,2)€eDDOO0OOO0O

p@y@)&ym%DDDDDDDDDD(/[ép@ﬂ&ﬁhdmﬁ)@.
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5-1

5-4

0 0 5

0000000000000 f(«) 000000 F(z)0OO0OO

b
/ f(x) dz = F(b) - F(a)

D0000000000000000000000000000000
2 2
Ly
00 E: 5443
(1) FOD0000000000 rab000000000000

(2) FOOOODODDOOOOOOOOoOooooooo
3 2 _ 12
&{/ | k2smtdt, k= YO Y
0 a

(3 DOO0ODO0DO0O00ODD0O000ODO0O0000O00DO0O0O0OOODOnO
000000000000000000 6377.397km, 0000000
6356.079km D0 000000000000 000000O0OO0O0O0(0O
00000 Vi—-z=1-%(x000000)0000M

000 2*—4*=1000000000 100 P=(z,y) 00000 = (0,0),

A=(1,0000000 OA,OP,00000000 APODOOOOOOOOO

0¢/2000000P000 z,y0¢t000000D0

000 y=2’00<zx<e00000000000000000

000000 y(t) = (t—sint,1 —cost) D 0St<2r 00000000 z

000000000000 00000000000000

000000O000OoOong

) //D(xz—l—f)dmdy, D

[ Zasa, D={(my)1sysa’2<a<4},
DY

// 2y de d p=lizy|057=™
7y dzx dy, =< (z,
D Y Y v 0Ly <sinzx

//D@dxdy, D_{(:r,y) z20,y20, }

Vi+ .yl
2 2 2 w»?hzzo
z°+y +2°)dedydz, D =< (x,y,2 .
///D( ) ( )I+y+z§1
00000 ROOOODOUOOOODOOUOOD rODOO0ODOD (LD)OODO
p=p(keg/m®* 000000000000000 pO000O0OOOODOOO
00 pD [0,RIO000OO0OOODDOOODOO

=1(a>b>0)00000

Il
—N
—

8
<
=
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5-8

5-9

5-10

5-11

R2DDDDI_ab][qﬂDDDDDDDDDDDC%DDDFDDDD

// Sy Ao dy = Plb.d) = Fla.d) = F(b.0) + Fa.c)
gooobooooooooo
R2O0D0D0O0DOOO 1000 DDDDD// dedydz 000000
D

0000000000000000 RY,R° 000000000 104000
00500000 “00” 0000000

00oo0o0ooOo0oo0oo0oo0o0ooo0g e,b,c00000000OO0

1'2 2 2 .’E2 2 4
{(xvy’z) 22 } {(I,y72’) 7+:Ll:72+7<1}

RQDDDDDDIL:ﬁ@meRﬂx-+f§1}DDDDDDDDDDDQ
o0 c-0o00 F,GO0000

//D (Ga(z,y) — Fy(z,y)) dz dy

27
= / (—F(cos t,sint) (sint) + G(cost, sint) (cos t)) dt
0

000000000000000
000000 C: (z(t),y(t) (e<t<b) 020000 F,GO0000

/c (F(x, y)dz + G(z,y) dy)
- /ab (F(x(t),y(t))‘fl—f +G(a:(t),y(t))%) dt

0 CU0O00 Fdr+GdyOOQOUOOOOOOODOOODOOOODOOOOOO
DOO0OO0O0OODO0D0DODOO0OD COOO0D0O0O0DO0OO0OD0O0OO00O0OO0DO)O

//5 (Go(z,y) = Fy(z,y)) dedy = /C (F(:c,y) dz + G(z,y) dy)

oooooO0oO0oO0oOO0O0O0O0Oob0000000 512020000000
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6. Uogooogog I

6.1 0OO0OO0O0OO

gboboboboboboooooboboobobobobobooooon
gobooobooooooooobobobobooboooooooboobon
ugbgboobooooooodad

m 00 0500560000000000R20000000 DOOOO
ocopooooool1oo0b0ooogooooo

0 6.1. D= {(z,y)| {22+ 4?2 <1} cR2000 [D| 00000000
0oooon

D= {(wy)| /2% + Yy £ L,z 2 0,y 2 0}
000 |p|00000 [D|=4/D|0000

1= [ vazay= [a /W‘Wd v |e-k
= y= y T = y* | dy = o5
D’ 0 0 0 32

O0oo0oooooog 3x/8. &

" 00D200000000000) DOOOR20000000 DOO
0000000000000 000000000000

2 ={(z,9,2) [ (x,y) € D, 0= 2 £ f(a,9)} CR®
000000 RPO0D0f00000 2y000000000000000
000D00000000D OO (r,y) 000000000 DOOOOO
00 o2+ Az] x [y,y+ Ay 000000000 f(z,y) 0000OO0DO
000000000 f(z,y)AzAy 00000000000 00000000O

0oo00oooooon
// f(z,y) dx dy.
D

20150 70 240/280

0 6.2. 00O

22 2
flz,y) = 1—a—2—b—2 (e,b0000DO)
00000 2y000000000000000000 f(z,y) O
22 2
D:{(Z‘,y)aQ+b2<1}
gboboboboboboboooooooboboobobooban

/ 2 2 2
//Df(x,y)d:rdy://D 1f§fb—2dxdy:§ﬂ'ab

gbooboobobon O

" 00 0000000000 OOR]OO00DOO000 200000 Y00
oobooobo1l100000000o00o

06.3. 0000000 D= {(n,y,2)|22<4a,y? < x—22 000 |D|
0000000000000 D' ={(z,y)|y*<2z—-2%2y0000

2V
|D|:/// dacdydz:// dacdy/ dz
D D’ N

/e
:// 4\/5dxdy=~-~:%. o

m 00000 000 2= f(x,y) ((z,y) €eD) 000000000000
DO R’0000000O0O00OOfO DOO C-00000
00 DOOO0O0ODOO0 [v,2+ Az x [y,y+ Ay 000000030

P = (z,y, f(z,y)),
Q= (v+4 Azx,y, f(x + Az,y)), R=(z,y+ Ay, f(x,y+ Ay))

000000 P, PRO2000000000O0D0COOOOOOOOO
00o000o0o0ooUo0oUn (ouoo)yoooo

1)DDEIvolume;DEIDD R® 0000000000000 O0D000000O00OR?2 00000000
gooooooo0ooooOooooOoobonon
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PG x PH|

= |(A.’L‘7O,f($+ASL',y) - f(a?,y)) X (O,Ay7f(.’177y+Ay) - f(x,y))|

_ \/1 o (Lrran - f(x,y>>2 NrrE f(x,y)>2AMy

= \/1 + (gi(x,y))z + (ggjj(x,y)foAy

ugbobooboobooboooooooobooboaona

(6.1) J[ Vi G g eay

gboooooo

0 6.4. 00 f(z,y)=1(2?+4y?) 000000D ={(z,y)|0S2<1,0=
y<1})00000000000000000 (6.1) 000000000

1 1
// \/1+x2+y2dxdy:/ dac/ V1422 +9y2dy
D 0 0
goooooooooooooooooo

i%(qv§+bg7+4¢$)—w):12&”

oooo &

6.2 0O0O0OO

m 0000000000000 000000000002 0000000
gbobooboooooooboobobaobobobobooooobooban
ogboobogooooo

00 6.5 (00000). 00 [e,b) 0000000000 0000 [a,f
D0000000000000000 C-000 ¢ 0 ¢la)=a, (8) =b
00000000000 0ooOo

b B
(6:2) | t@yde= [ (o) ¢'w du
ooooo o

2)DDDDDDintcgration by substitution.
30000 o0 Cl-000000000000 (6.2) J00DODO0OO0DOOOOODOOOODOOD
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00 6.6. 00000 z=a(u)=¢w) 000000 (6.2) 0000

B dx
—d
/af(xuo)du u
godooooooo

00000O0DbO0O0O0 e.500000000D0O0O0O0ODNO (6.2)0D0O0ODODOO
gbooobooobooobooboobooobOoooOooOoboooOooboOoooOoboOobogon
gooooooopboooOooOobooooboobooooo

goooooooooooboooooooboOoooooDOoooooooboooooo
goooooobooooooooboooboooooobobooooboooobooboooDo

00 [,8/ 000 A:a=uw <u < - <uy = 0000z = ¢(uy)
(j=0,1,...,N)0OOOOeOOOO0ODOO0DO0D0000 A t20<31 <+ <an
000 [a,b) 0000000

000000000 [uj—1,u]0000000¢" 0000000000D0DO0DOOO
DDDDDDDDDDD@'Dﬁﬁﬁje[uj;l,uj]DDDDDDDDDDDDDDDD
oooooo0 5400

uj
xj — xj—1 = p(uz) — p(uj-1) = / @' (u) du < @' (7;) (uj — uj—1),
uj_1
zj— w1 2 ¢ () (w5 — ujo1)
gooooooo
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1:¢/ 000000000000¢'(*) 0 «000000000000 [uj—1,u;] O

gooooom
D000000g(w) = f(pw)e (), =¢m,), & =¢@;) 00000

9(n,)(uj = uj-1) = f(éj)sol(ﬁj)(uj —uj-1) = f(E)(x; — @j-1),

g(m;)(uy —uj—1) = f(§,) @;) (ug —uj—1) = () (x5 — x5-1).
ooooo
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m 0000000 00000000 (62)0000 ¢ 0000000(a, b
0000000000000 [o,B 0000000000 ¢ 00 (6.3)00
oooooo

000000000000000000000000000000000
0000000000000 00000000000000000000Q
00000000000000R?20000 000000000000 4.1
O00D00R?200 R2O0000

LiyRs>zr— X=AzcR? (AD2000000)

0000000000000 RPO0OOOO0 4000000 AOODOO38
ooooooooooo L, 00000000 oooo

o0 6.7. 0000000D0 1010000000

0000000000 La0 La(p)=La(q) 000000000000 Ap=AqO
00000 A' 00000000 p=qO0000 O

00 6.8. 0000 L, 000 R20000000000000000OO0
00 L,00000000000000000
00000020 P,QeR*00000 (00000000P,QOOOOODOONO
0000 p,q0O00000 [0
I={(1—-t)p+tq|teR}
0000000000000000000
La((1—t)p+tq) = (1—t)Ap+tAq
0000!0 La 00000
U'={1-t)p+tq|teR} p=Ap, g=Aq

00000000 OP =$,0Q =¢g0000 P,Q 0000 (1) P #Q' 0000
/0 P,Q 000000000R)P =@ 00010010 PO00000O00
00000 L, 0000000000000 6.700 (2)000000000000 O

00 6.9. 0000000 L, 000 R20000 20000000020
ooood

4900000 a linear transformation.
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000000200000 200000000000000000000 LAaO 10O
10000000000 O

00 6.10. OO [ 00000 20 P,UODOOOODOOODO (DOOO 2
O R SOO0O lDDDDDDDDDDDDDDDDDDdet(ﬁ,I@)EI
det(ﬁ,@)DDDDDDDDDDDDDDDDD R200000000D0
O0000O00OdetD 200 20000000000C0000O0O0O0O0ODOO38
gobooooogd
DDD%mmzﬁaDDDDn:te@@DDDDD(Umﬂf@m)zwnoDD
00000000 RPO0D0OO0O0()»n 000 100000000000000
000

0000000 ROOOOD !0 »n0000000000000000000 PR
0 »000000000000(PR,A)>0000000 (1)00000000000

00 6.11. 0000 L, 00000R?2 000000000000 R200
oooooooooooooooooooooD L, O0OD0O0O0O0O000o
uboboobobaobaoobda

00000000 Ly00000000000000 PQRSO000000p = OP,
¢=000000000 PQO {(1-t)p+tq|0<t<1})00000000000
0 P,Q 0000000 P,Q 00000 L,000 P,QUOOOOODODOOO
000000000000000000000000000000000000000
0000000 4000000000000000000000000 6.100000
000 (000D0000)0 O

00 6.12. 00000 PQRSOOOD |det(a,b)| 0000000 a= PG,
b=PEOODOOD 2000000000000000

0000000 e, b00000 pUOOOODODOODOOO

(64)  al[b][sin6] = \/|af? [bf? — |a]? [b]* cos? 0 = \/|al? [b]? — (a, b)2.

000 (a,b)0 @, b0000000000 a = “(a1,a2), b= "(b1,bo) 0O OD
(6.4) 000000000000 O
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00 6.13. 0000 L, 00000000 DOOOOOOO|detA||D| O
000000 [D|0 POO00OO0OOOO

00000000 D=PQRSOOO P,Q, RO0DDODODOOOOOOO p, q, r0
a,:]ﬁ:q—p7 b:F'—})Ezr—p
0OoOoP,Q, RO L,0000O0O00O P,Q,R 00000
/ ’ / /
P'Q =Aq— Ap = A(q — p) = Aa, PR = Ab
goooo

|D'| = | det(Aa, Ab)| = |det(A(a,b))| = |det A - det(a,b)| = [det A||D]. O

m 20000000 R2O0O0O0O0OOOOO0O0 C-000
F:R*D (u,v) — F(u,v) = (z(u,v),y(u,v)) € R
00000000000000 3.11000 3.16000%000

F(a+h,b+k)
::FKa,b)+—<xu(aJ0 x”@“b)> <h> + VR + k2 e(h, k)
Yu(a,b)  yu(a,b)) \k
le(h, k)| =0 ((h,k) = (0,0))
0000000 Yhk) D000DODOFODOdFO0DO0O000O (OO
45 00000000000(k) 0000000000000

(6.5) @(h,k):=F(a+h,b+k)— F(a,b) = <$Uu(a, b) xu(a, b)) <h>

yula,b)  yu(a,b) ) \k
0ooooo

500 3.110000000000000000000000000 z(u,v), y(u,v) 0O0O0O0OODOO
0000000000000000000000000000 2,y 00000 “000” 000 €1,e20
000 e=1%(e1,e2) 0000000000000 ODOO
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od.0000b0o0ooo0d

(m,y)_ e Lu Ty
<u,v>‘“<yu y>

D000D0000D0O0 ooo 90

o))

o))

000 (6500000000000
00 6.14. 00D00 Ay, Av D000 Dw-000000

(a,b), (a+ Au,b), (a,b+ Av), (a + Au, b+ Av)
00000000000000 F(u,v) = (z(u,v),y(u,v)) 0000000

Y (L,b)

z(a,b),y
) + @y (a, b)Au, y(a,b) + yu(a, b)Au),
)
)

(z(a,b
(z(a,b
(z(a,b) + z.(a,b) Av, y(a,b) + y,(a,b) Av),
(z(a,b
0

z(a,b) + z(a, b) Au + x,(a, b) Av, y(a,b) + yu(a, b) Au + y,(a, b) Av)
gobogobogobbuoobbuoobobooobogoo
0(,y) Aulv
9(u,v)

oooooooooooooOOOOObObOOObOObObOOOOOO0O000004

s 00000000 0OOO0OO0O00oooobOoOooOoboOoocOooooboobood

oobobOooooooobooooooooboooobooOooooo 614000

gboboobobobooba

00 6.15 (00000000). R20000000O0O0O0O ¢c-000
(u,v) — (2(u,v),y(u, v))

Oo0O000wOOOODOO0OO0000 FO2 0000000000 DDO1

0O1000o0oooooopbpOo0Ob0Ob00og foDOOO

/Df(:c,y) dx dy = //E f(x(u,v),y(u,v)) ‘ggz:z;‘ du dv

godoaoano

60000000 the Jacobian.
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0 6.16. OO0O
dz dy
—— D:= 122 4+942<2,220
] 5t (1S4 <20 20)
ooobooobooo s0b0o0bbooobboobobobogn
(6.6) (x,y) = (rcos6,rsinf)
ogoooo

E!={(n9)‘1§r§x/§,—ggegg}

0 D010 10000000000 (re)DOD0OOOOO

8(m,y) — det Ty To — det cos@ —rsinf —
a(r,0) Yr Yo sin 6 r cosf

oobooooels 00

/ dz dy _/ 7‘clrd9_/7r/2 /\/E rdr
pl+a?+y®  Jpl+r2 o pnlhi 1472

gboboobooooooobaba &

3
:—1 —
Og2

od 6.17. 0616 000000
Di={(zy)1=a®+y* <2},  Do:={(z,y)|2> +y* <2}
O0000D0oooooo (6.6) 0000
By ={(r0)|1<r<V2, -1 <6< n),
Ey:={(r,0)|0<r<V2,—n <0< )
oooooo D, D, 0000 10 1000000D, 00 20000000

D, 0000000000DODOODODOOO000OO0ODOOOO  oODODODODOO
oobooooooboo

// dx dy _// rdrdf G=1,2)
Dj1+x2—|—y2_ Ej1+r2 J= 5

gbooooon
s 0000000000 oOobooboobooboooobooboon
gbobogoooooon
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00 6.18 (0000000 0O0). R*"O00D0O00000O0O C-000

(ul,...,un)l—>(xl(ul,...,un),...,xn(ul,...,un))
Jddd00OR*"0O0000O0O0OO0 FOOOOOOOO DO10100O0OO
o00oooobDbDoOOoOo0ooO fOoO0D0OO

/.../Df(gcl,...,mn)dxl...d:cn
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E
gooooobooood

(xl)m (ml)un

0w ra)
TR
(Tn)uy -+ (Tn)u,
oooo
O O 6

6-1 00000
Q:={(z,y,2)|2* +y* < 1,y* +2* <1} C R
0000000000
6-2 0000000000000 R(>0)000
Sk ={(z,y,2)|2* + " + 2" = R*}
0000 N=(0,0,R) 00000000 Sg000 POOOOOOOODO
000000000PO0OO000O00O00000000000NGD PO
00000000 ND POOOOOOOOOOOOOOOOODOO0OOO
00 »r00000NODOOOD r0000000000000000000
00000000 NOOOOOOOO r000 G, 0000
() ¢,00000000000000000000000000000
(2) ¢,000 L, 0r000000000000000000000000
000000000000
(3) ¢,00000000 Sx0000000 NOOOOOOOO 4,0 r
00000000000000<r<7R/20000

L A
(4) 0DODODODOODOO0O lim —, lim —.
r—+0 271" =40 72
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6-3

6-4

¢y 0000000000 DOOOOO {(z,y)|y >0} 000000000
0000000000000000000

(1) 2y 0DODOOODOOOODOOOOODOODDO z00DOOOODO

gobooobooobood
2#// ydx dy
D

oooo
(2) DOOOODOOO

ﬁ(/Amdwdy,/Aydmd@;) (|D\://Dda:dy>

oooo

ry00000000000 y=f(z) (e<z<b)0 000000000
000000000000

271'/: flx)y/ 1+ (f’(:c))Qda:

000000000000 00000D0000 [e,b 00 f(z)y>0000
oooo

ryOOOOO0OO CO

Ciq@t) = (2(t),y(t)) (a=t=D)

00000D000000D000000 «(t),y(t)0 t000000000 C'-
00000 [e,b 0 () >0000000000000000000000
000

(1) OO0 CO0O200000000000000O00DOOOD

b dx
o= [ vy ()
ooooooo

(2) DO COOODOOO

goooooo
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6-6 0O0s56000000000000000O00O0O0O0OCOOOOOOOOO
ooooooobooooo

xr=rcosf, y=rsind.

(1)

2) z=w,y=w.

(3) z=wu,y=wvsinu.

(4) z=rcosh, y=rsind.

(5) z=rcosfcosp, y=rsinbcosyp, z=rsinp.

6-7 oo s700o0oogd
(z,y,2) = (rcosfcosp,rsinbcos g, rsinyp)

0000000000
6-8 (C-00 10000 ¢0 (0)=00000000000

@@%=/ ¢’ (u) du
0
0000 u=¢z 0000000 +0000000000000000

p(x) = 29 (x)

0000 0000« O0000000000000000DO0O0OO0O0OOO
oooooooboooooooooooono
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7.1 0000

0000 (e, DOODODO0OOOO fOO0OO

b b
0oo lim/ flz)de 0O0O0OOOOOOOOO /f(x)dm
e—=+40 ate a
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oooooo fOo [a,b)DDDDDDDDDDDD/f(x)deDD[IDDD

a
00000 [e,c0) DO00OOD0OO0OOOO fOOODO
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DDDDDDD/ f(r)dx OODODOOO
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0000000000000 000000000 Y 00o0ooooooao
gbobooboooooooboobobobobobobooooobooban
gboboboobgo

071. (1) 000 ee(0,1)0000
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oooooo ]DDDDDDDDDDD
|
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| v

(2) 000 ee(0,1)0000

1
1
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x
€

")20150 70 310
D«gQoOoOoo0” 0000007 0 “0000” 0000000000 improper integral 000
0Dooooo

000000 (0,]]000000000O0D00OO
1
1
/fdx.
01‘

M
/ e Tdx = [—ef‘r]éw =1-eM1 (M — 400)
0

(3) OO0 MOOOO

000000 [0,+00) D0000O00OODOODO

/ e Pdr=1.
0

M
1
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1 xZ

(4) 000 MDOOOO

gooooa [1,+OO)DDDDDDDDDDDDDD
00
1
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1 x

ooooooooooooono 7-1m

00 7.2. (1) OO0 «0000OO0OO0OOO

1
/ % dx
0

00000o0o0oo0o0oo0o0o0o000 e>-—-10000
(2) 00O 000000000
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1

000000000D0oooog g<-10000
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0

ooboooboooobooobbog0 e>00000
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000000 ke(0,1) 00000000
1— k222
1— 22
O000000OoOee(0,))00ono
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/1 ) 1_7]<;2mgclac:/ " 6)\/1—k251n2tdt (z =sint)

0 1—a? 0
goooooobooooooa [0,%]DDDDDDDDDE—>+ODDDD
ooooooog

k242 Bl
ﬂdx:/ V1 — k2sin®tdt. O
0

1—22

(7.1)

00 f(z) O (a,b) 000000000 [a+e,b—ey) 0000000
(e1,e2) = (+0,+0) 000 0000000000000 O000000

. b—es
2)de =  lim / z)dv
/(; f( ) ( (e1,e2)—(0,0) ate; f( ) )

gooooooooooboobbobbbobbobbbbbbboboooboo
0 7.4. 000 1,6, €(0,1) 0000
1—eo 1—e2
z 1
——dx = [—10g(1—x2)]
/1_;’_611—.’,1:2 2

- —1+e1
1752

1
= 75(log62 +log(2 — 2) — log(2 — 1) — logey)
00000es —»+00000000000000000000000O0

1
x

d

/_11*$2 v

O00000000000000 (e1,62) — (0,00 000000000 & =
ego=e—+0000

1—¢

1-e
z 1
dx:[ log(1 — ) + log(1 + x) =0—0
/1+51—.’E2 2( ) —1+¢

2000000000000000000 5.1100000

ooooon

1
/‘ T _dr=0 0000000000 9
11—z

s JO0000O0000 0O0OO0oo0OoobOobooobOobooobobboon
ooooooobooooog

00 75.00 I = (e,b) 0000000000 f,¢g0000 I00
fl@)=20,9(x)>000000000

b
f(x) £ g(x) (x eI, 00 / glx)de 00000

gobooood
b
/f(:):)dx

00000000 “0000007”00000000000000000
0o0ooooooooo 3o
000000000000D00000000000

goooan

00 7.6. 0000000 m0O 2200000 2™ <mle* 000000

0000000 mOO000 fwm(z)=mle® —2™ 0000m 0000000000
000 f(z)200000xz20000 (e*—2z) =e*"—120000000€" —x
000000 Y000000 e®—22e—0=1. 0000 fi(z) 20000000
k0000 fi(z) 20(x20) 000000000000 fl4q(z) =kfe(x) 0000
fry1 0220000000000 220000 frpi(z) = frr1(0)=m! =00 O

0 7.7. 000000000 p0Ox=200000
P < Me”
000000000 M= (p]+1)! (p] 0 p00000O00000) 0000

00000 0<z<100000 1000000 1000000000000000
¢>10000 2 <P 0000m=[p)+1 000000 76000000 O

)p0pO00D000000000000000000000000000
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078 00000 00000 «00O0O lim 2Pe™** =0.

r—+o0
000p<0000 21000 2°<10000
05 2Pe ™™ <e™ ™™ =0 (z 2 1,z — +00).

p200000000760 00000 ex/20000000002x200000
a

(7.2) (§)pxp§(W]+1ﬂd””
ooooooobo

0<ae < (5) (+ 0 50 (@ o)
goooooboooobooboooboobo O

o0 79. 00000 pO00OD0OOO0ODOOOOOODOOD

o0
/ zPe™ " dx
1

000078000000 (72)000000

ZPe 9% § efaz/2

0O00Ue>00000000 [1,400)00000000O0ODO 72000000000
ocoooovs0000C00O000O000O0O00O00O0OC O

e

0 7.10. 000000 pOoOobDOOO0OO0OO0ODOODOOO

o0 2
/ zPe™™ dx.
0

00000000000000000 0000000 [0,1]000000
00000000 [I,+00) 00000D000000000D0 22>100
e <e*00000< aPe™ SaPe® (x>1)00000000 7.90
0000 [1,400) 0000000000000000 7500000000
000000000 &

o0 711. 000 p=000000O

e 2 0 2 o0 2 o0 2
/ e " dz:/ e ” der/ e ” da::2/ e * dx
e oo 0 0

0000000000000 000® 00000 720000000000
ooo /70000

5)000000¢the Gaussian integral; Gauss (Gau$), Carl Friedlich (1777-1855, G).

m 00000 0OO0DOO0ObOOobOOobOOobOOoOcOoOooOoboOobOobo
0 712 (000U0O0). 00 s>000000000
(7.3) /Ooe_”“'acs_l dz
gooogoog 7—2DDDD|:|O

F(s):/ooe_wxs_ldx (s >0)
DDDDDDDDDDDDD[O]DD &
0 7.13 (00000). 0000 p,¢O0000DOODO

1
Blp.q) / 2L (1 - 2)0 da
0

O00D00000 740000 20000000000000 90 &

7.2 00O00OO

00 7.14 (000OO0OO).

(7.4) / e dz = g, / e dz = /7.
0 —o00

o710,00 711 000000bO0cOoO0OoO0oOooOoOon e=®* 00000
gbobobobooboobooooobooboobobobobooooooaon
0000000000000 0000000000000o0oDO(74) 0000
00 7140000000000 MOOOO

M 2
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0
oOoooo

(7.5) UMV__<AM£“d%f__<AMeﬁd%>(AMelﬁﬁo
zzjgble‘WQ (Jﬁkfe*zgdx) dy::./)ghle*ZQ’ygdmdy

000000000 Ey :=[0,M]x[0,M] 0000
0000000000 ROOOD

(7.6) Jr:= // e Y dz dy, Dpg := {(x,y) €R’
Dpg

2® +y* < R?,
20,920

B 0000000 b000000000000000 p 00000000
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r 1)z/ e_zx_%dm:2/ e_"zdu:\/?r. |
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0000000 u=(z—p)/(v20) 0000000 My, M, 0000
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00000000000(7.9 000000000000 My, M, 0000
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Oo72 00717000

000000 p,¢000000D0O0O00O0DDO e<1/40000 M>10000

I(e, M) := //D e "aP e Yyt da dy
e, M

= (/EM e TPt dw) (/EM e Yyt dy> De oy = [g, M] X [g, M]

000ooo0o0ooooooooo r12000

(7.11) lim I(e,M)=1(p)I(q).
M3

ooooooo
T = uv, y=u(l—v)

00000002y 0000000 D,y DwoO0O0D00OOO
Egvs%,pggvgpi}
Ssus <v<

01010000000 720000000000000 8(x,y)/8(u,v) = —u 00
D000DO «>0000000

I(e, M) = /[ e “uP TP (1 —0)T  dudo
D

0o0oo0ooo
Dy = {\/E, %ﬁ} x [ve,1 —+e|, Ds:=[2,2M] x [

000000720000 DrcDC D, 0000

€ M
M+ M+e

070 (20150724) 82

I(e, M) < //~ e “uP TP (1 —0) T dudo
D
M

2M
(/ ey ta! du) (/ u P =)t dv> ,
2¢e £

M+e

I(e, M) = //~ e “uP TP (1 = 0)T  dudo

D
= 1-ve
/1 Ve eugPtal gy / w1 =) e | .
Ve Ve
000 € — 40, M » 400 000002000000000000 I'(p+ q)B(p,q)
gbooooooboobogooboo O

ogogo

00000000000000000000000000000000000000
00000000000000000000000000000000

000000000000 1000000000000 X 00000000000
X=k00OODODO0O 10C,/2° 000000000000000000000000
000000D0D0000000000000000000000000000 X OO0
¢; 000000 p; (>0)0000000000000 ¢, 0000000 Xpj=1
0000000000000 10000000000000000

M::ijxj, o® I:ij(wj_M)Q

000 0 X0O0O0Oe? 000000000000 70
00000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000 (¢,b) 0000 ¢<X<b000
00 P., 0000000000000000000000000000000

b
P(a,b):/p(x)dx p(x) 20
DDDI:ID[II]DI:IDDDDDDDDDDDDDDDDDDDDDDDDDp(m)[ll][ll:l
DDDDDDDDDDDDDDDDDDDDDDD1DDDDDDDDDDP(GJ,)ZO
go0ooooooooooooooooo
o0
(7.12) [ @z =1. s z0

— 00

700000 a stochastic variable, a random variable, 0 0 0 0 0 a probability distribution, 0
0000 the binomial distribution, 0 0 0 the mean, 0 0 0 the variance, 00 0 0O O the standard
deviation, 0000000 a probability density function.
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pO0O0000O0ODODOOODOOO
> 2 > 2
pim [ ep@yde, ot = [ @ p)pla)do
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