D00D000000000000000
ool

200700000 0DDOOO0 (00oo oooo)

No.l: JOOOOOO(ODOOODODODOODOOODOOODO)

No.2: 0UOOOOOO(DODODOOOOODO)

No3: 0UUOOOUO(DOUOOODOOUOOOOUDOOO)YOODODOOUOOO
Nod: ODOODOOODODOODOOODO

No.5: 2* 000

No6: 0O00OOOOOODOOOODOO

No7: 0000O0OOOOOOOOOOOODOO

Nog8: OOOODOOOODOO

No9: O0DOODODODOODOO

No.10: "0 poppooooo®®)pooooooooooo

oo bobooooobobooooboboboboooobobooboboobooboboobog



[ooooooiNel|0 0000000 10 Jooooog ¢ cotr — C98% _ 1

sin x tanx

goooo @ ocosecx =

- sinx
sin O cos 1

0000 : trigonometric function e COS T
el 2rdd0: m7=3.14---: 000
sin(z +2n7w) = sin OO0 70 00 tanzUOcotzO cosecxUsece 0 0O 0O O
cos(z+2nmw) = cos x 0oon
e 100
sin(—z) =-sinz :000 0000 : exponential function
cos(—x) = coszx :000 23-80 3000 (exponent)
y = ¢&° 0000 z00
0010 00ooooogooooog
1. sin 2z 2. sin§ 3. sin (x4 %) I
esin cos 000 e=2718---: 000000
booobbooo (moooob)oo 0080 y=exp(—z) 00000000
sin?z + cos’z =1
oo0oono hyperbolic function
eJ0000D0OODO R
sinh x = — 0000000000 «
sin(a+f) = sin acos =+ cos asin cosh 2 — ezzefz LLLLLOLLLLL .
cos(a+ ) = cos acos B Fsin asin tanh 7 — zg;{lli:eife:z . 0000000000000 4
er+e

mo2nooooooooooonoooound 00000 pooooooD (0O00D0)00000 (0)0000
goooooooboooooooooobood
U0oo0oo0o0o0o0o0o0oo0o0o0ooooooooooon

oboooobooooboobocooboooooooobo

00000O0Ocesh O “000070sinh 0 “00 (0)” 0000
gooooooo

0000 (sinhz)" O sinh"z 0000
Ud 30 Do oooooon

0000000000000 0000Otan 00 U0 90 00 sinh z0cosh z0tanh 2 OO0 OO
00o000ooon uod

0040 y=sin?z0y=cos’?z 00000000 esinh0 coshOOO o0oooooonoo
0o s0 f027r Sin2 xdl‘ ] fozﬂ- COS2 xdm gooooono COSth — SinhQQf =1

0060 0-00000000000000000O00O00
1)sin3x:—isin3w+%sinx eJ0IODOODODO 0000000000
2) Sin4$:%COS4{E—%COSQ$+%

inh (o & = ginh h 8 £ cosh « sinh
cos’z, cos’z 000000000 OOOOOOO sinh (a £ 5) sinh o cosh § & cosh o sinh 5

cosh (o= ) = cosh a cosh § + sinh « sinh g

00000000

. OOoiwooooon (cosh2x—sinh2x =1,sinh(a+p)="--,
SN T

oooooo @ tanx = cosh(a+p)=--- ) 0000
cos x




(535058 102] 0 DOODOOD 20

0000 (logarithmic function) O
obooooOobooooobooog

y= € (—oo<z<o0,y>0)

z= logy (y>0, —co<z< )

]DDDDDDDDDD\
O (base) O a(>0) 000000000

x

y=a" << xz=log,y

e HOOOODOOODO
O go goo

e |OO0O0O | logzOlnx
10| 0000 | logx

0000 logxe O0DOOOODODDOOODODOO

00000 Im0Oooooooooooooo«0oord.--

e JIODODODOO a,b,c,e,y>0000

log,zy = log,x+log,y
log,z¥ = ylog,z
log,.b
log b = —oc’
%8a log. a

0010 000000000000
a®a? = a*™0 (a®)! =™ 00000

0020 000000000 (e>0,b>0)
. log, 1 2. log, a
. logy,, 00 log, o000
logya O log, b0 00
. log 500 log, b0 00
logﬁ\/l;[l log, b0 00O
log, 8 9. logg 16

3. log, %

e 00000 ODOODODOOOeOOOOODO

obooooOooooogon

a® = €% log, a
log, x

log, a

log, =

ogooood inverse trigonometric functions

oo nnooooooooo

IA
[NE)

r=arcsiny < y=sinr(-I<az —1<y<1)

x=arccosy < y=cosx (0<a<m-1<y<1

~—

r=arctany < y=tanzr (-Z <z< I, —oc0<y<oo)

O00000ooooo00o00DO00oo0oDooooonooog

DooOsin~'y O Sin~ly0 -2 0000000000

siny

arcsiny 000000000 D0arc0O00O0O0O

goooOobooOoooOoooOooobooobobooon
gboooboooooooobooobooooooboaon
O000O0000000(- SinO sin000)

e JOUODOOODOO

™ 1
- = arcsinf = arccos— = arctan——
6 2 2 V3
T 1 1 tan 1
— — arcsilil——= = arccos——= = arctan
4 V2 V2

o JUDOOUDOOOODO

00000000000 0000O0O000DO0O00DO0O (oooo
00)00000000000000000000O00000DOOD
jgooooooooooooOO0O0OO00000OoooODOOO00oOoo

po0ooooooooooooo

o030 0oooooooo

1 in 2 i L
. arcsin 5 - arcsin | —
3 . 4 L
. arccos 5 . arccos { —g
5. arctan 1 6. arctan (—1)

, V3 [ V2
7. sin arccosT 8. cos | arcsin —7



]DDDDDD I No.3

e UIDDOODLOODDOO oooooo

3
oo 10 sin(arccosg) oooooono y =sinhx <= z = arcsinhy

1 y=coshz <= z=arccoshy (20)
0o 20 cos(arctan) goooood
2 y=tanhx <= x = arctanhy

1
DDSDtan(arCSinlo)DDDDDDD log00O0DODODO:
00 40 arcsinz = arctan2 0000 200000 arcsinh ¢ — log(w+*/x2+1>,—oo<x<oo
2
0o 50 arccosx:arcsin[DDDDxDDDDD arccosh z = log(:vi\/:ﬁfl) (20),z>1
= Hloglz+Va2-1
0o e arctanx:arccos\ééDDDDmDDDDD 1 g$_|_ )
1 1 arctanhz = —log x, -l<z<l1
o0 7o Cos(arcsing—arcsin4> Ooo0ooooo 2 1=

1 1 00 230 OO arcsinh x0 arccosh x0 arctanh x
00 80 arcsin§+arcsin§ —arcsing OO OO x o0o000o0oo

Ud0d00pooooooo [-%,2]00000000000
00240 000000000 (MCO0O00000

ooooooooo)

gooooooooooooo

1 1
0o g arctani—i—arctang oooooono

.2 .3 go0ooooooon
00 100 arcsin—— +arcsin—— OO0 00000

\/ﬁ V13 differential:oo (D), differentiation:0o (0ooo), derivative:ooo
1
gg 11d Sin<2arcsin4>DDDDDDD o [0 (000 000000 @oooo)oo000000)
df(z) . flz+h)— f(z)
! — —
00 120 cos(;arccosé)DDDDDDD fla)==g, = im h
o [I[]
gooooooooooooooo
1. 000000 1) =F+4
00 130 arcsin %2 ..ooovvivviiniinn, (0. 1) Utg)=r+g
2.000000  (fg) = flg+ /g
00 140 aresin (—=¥3) ............... o. -2
arcsm( D) ) ( 3) = (fgh)/ _ f/gh+fg,h+fgh/
00 150 arccos% ..................... (0. %) :>(f1f2f3f4)/=’ + + +
1 3 N _flg—1d
00 160 arccos( \/i) ................ (0. 9m) 3. 000000 <g>292
00 170 arctany/3 ...........ooooo.... (0. %) 4. 000000000 (chain rule)
00 180 arctan (—\/3) ............... (0. -%) df (9 (=) _dfdg
dx dg dx
!/ / /
00 190 sin (arctan (—%)) ........... (D. —%) 0o (fg(@) =f(g(x)g (z)
00 200 cos (arcsin (—2)) ........... (Dﬁ) - HDnbooon
3 3 dy 1 1, 1
— =g 0o (@) =577
3 : praT FU1G)
00 210 tan (arccos (—\/—ﬁ)) ........ (0. -3)

00 220 arccos%—arccos%:arccosx([l.x:%) nopobsb bbbzt bd 4DD1DDDD
0O0000000ooo0000000oooooO.000oooooooooooog (f(x)/g(x):f(m)h(g(x))’h(y):a DDD)



]DDDDDD INo.4‘

0O 00000000 derivatives of basic functions

e UIDDOODOODDOO

1Y
20
37
40
5.
6"

7.

8"

10.

11.

12.

13.

(2°) = st
(@) ="
1
(logz)' =~ oo (logla])’ = —
(sinz) = cos, (cosz) = —sinx
1 1
(tan )’ = cos?x’ (cotz)’ = sin?x
1
(arcsinz) = ———=
V1—a?
1
(arccos )’ = ————=
V1—2?
1
(arctan I’), = m
(sinh z)" = coshz, (cosh )" = sinhx
1
tanhz) = ———, (cothz) = ————
( ) cosh?z ( ) sinh?z
1
(arcsinh )’ = ————=
V1422
1
(arccoshz)’ = + (20)
2?2 —1
1
tanhz) = ——
(arctanh ) .2

gooooooooooooobo oboOooobooooooo o2

goooooooooooo ooooooOOboOo boboUoOog

gooooooooooooooooooboo

f\' _fa-1g
0Ooo00o00n () =19-J9 popooo 18,19
g

g

ooboog

o0 10

oo 20

gbobooboo

oo 3d
oo 40
oo s0d
o0 ed

oo vg

0400 050000 (00O)cos?x+sin2z=1

09000100000 (00)cosh?z—sinh?z =1

dy 1

goboooos3grooooon

og200030000d
0400 0600 vOOOO
os00080000
o900 01100 120000

g1oo0oi130o00o

D D D D D D D D D differentiation of composite functions

oo 80 Dbooboooboobon

1.

2.

7.

V3x
4 cos(5x — 6)

sin(2x) arcsin %

1
arccos (2 Cos x)

arctan(sin /)
o l/xz-5 ) 2
L2

log (VAz +3 + 2V +5)
0
[}

DDDDD gooooooooooooooooooo 0
ooboooooood

8.

9.

10. —

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

(3x? —2x3)3 ... (0. 9(z — 2*)V/32% — 223)

2\1/3 2(1+=)
(B+2x 423 ... (O setttrs)
1 2221
2x+% ----------------------- (D . _m)
TV2T o (0. 22)
1 1 1
1 1 R (0. —=5cos )
sin 2x cos 3z . (D. 2 cos 2x cos 3z — 3 sin 2x sin3x>
1
............... O 8 _ )
8 ( 2 1\9
1 322(14+2)
(1 + ﬂ) 3
1+2)\2 9 1
_2 1tz
(arctan . x) (0. {557 arctan 127)
. 2(1—222)
sin (2arccosz) .............. (0. Vi
- __2cos(2arccos x) DDDD)
V1—z2

log (1+ log (1+ IOg ZE)) (D © z(14+log x)(lilog(1+log 1)))

1—-+/x
1\f .............. (0. s A—=)
+yz
142v/z+4/ z(z++/)

81/ ala+vE) w41/ /E)

r+ iz +vxr (o
0. 37

10g‘\/3?+ m) 5\ 7o

18o2000000000000000000O00O000COO




]DDDDDD INo.S‘

O 2* 000 O differentiation of x to the =
e Il e000O0OOOODODO

/ _
1. (xa) = az® 1 000000000000 (00) 00

2. (@) =a"loga

3. (z®) :’ ‘

1. (fp@) =] |

g 1o ogoo oz20000
log O exp 00000000 O0O0O0O0O0 ea>000000
a=€°* 0000000000000 00DO

o020 000000000 z>00000
000 z>00000 z=€°* 00000000000
(000 1)000000000 (00020000000

0030 00000000 f(z), g(x) 00000
f(x)¥® 0000 f,g f,¢ 0000000
D000 f(x)>00000

U040 0bDO0U0b000poopooooooooog
0000000000 (logarithmic differentiation) 0 0 O O

df (x)
dx

= f(w) - (g £ (x)])

oooo(2%) = 2% (logz®) = 2" (zlogx)’ = z”(logx + 1)

0 SO = G @y B0
@) _ x fiz fulz
i —ﬂ)&Umw+ +“n@&

oooof(z)=2*(z+1)3%@2-1)"* 000

F@ =G+ - ) e ) @ -

r xz+1 =x-—1

(00)0O000 (00)0000 fz)=2"0000
Flu,v)=u", u(z)==z, v(z)=200000
f(z) = F(u(z),v(x)). 00000000 O0OODOODOOOOO
df(x)  OF(u,v) du(x) n OF (u,v) dv(x)
de ~—  Ou dx Ov dx

_ Ou’dr  Ou'dx

T Oudr  Ov dx

=vu’ ' 14 ulogu -1

=zz" " + 2% logx

=z"(logz + 1)

oo sb0 0boobooobooon

D00e*" 0000 «®) 000000 (o) (=at?) 000
D0000000000000000000000

9. 2(%)

10. 2%

11 eV™ (o ﬁeﬁ)
12.2V% . (0. 1‘%22\/9?—1)
13 2V% (o. aViy (%log:c + 1))
14, eretans (o. 1Jr%e‘mt"””ﬁ)
15, garctane L. (0. {85 garctana)
16. gorctans (g garctanz (ﬁ% + arct%))
17. sin (332> .................. (0. 27 cos(x?))
18. sin () ........ (0. z%(logz + 1) cos(x™))

19. sin (xsm 5’:) ..............................

20. (sinz)? ... (0. 2sinx cosx)
21. (sinz)® . (0. (sinz)® (log(sinz) + x cot x))

22. (sinz)™

sin x

...... (0. (sinz)™ cos z(log(sinz) + 1))

23. (sinx)((smx)smz) . (o. (sinm)(smx)smzﬂi”

(cos zlog(sinx)(log(sinz) + 1) + cot x))



000000 I No.6

O 0oooooooogd --- of product of functions
000000 (Leibniz) 000

0O OO0OO0O O high-order differentials

e OOODOO n . .
(n) _ n (n—1) (4)
X X = . X xr
5005 Ly - 26 _ @) Z()f (@) @)
.7: a: 1=
d d - d2f(£) e |
DDDDDdx(d:cf(f))_ ) 00O ’;‘)_nci_(n”'i)'i':mmmm
d dn— dn l‘ n - . .
n0000 - /() :%El):f( (z) Ol=1, 11=1, 20=2.1=2, 3!=3.2.1=6: 00
di—ﬂf(x),(%) f(x) 00000000 o
(fo) =f'g+1d
(f9)" =f"g+2fg + fg"
nr 111 "o’ o "
DD 1D DDDDDDD7D7DDDDDDDDD (fg)////:f////+3f g/;‘r?)fg//;";fg 1o W
(f9)" =f"g+Af"g +6f g +4f g+ fg
1
z+ 1 00 z"0n+100000000000 oooOoOoooaO!
2. logx 2 250
xlﬂlﬂO
3. arcsinz 22 25 9, 85,9 80,
h( 2) x3£3x2£6m£6£0
4. sinh(x
5 tana 0030 000 »n000000000 (p>1000)0
— 1. (ze®)™
2 (xQe_x>(n)
400: 2xcosha?, 2cosha? + 4x? sinh z2, '
823 cosh z? + 12z sinh 22. 3 ( 3 in )n)
500: 12 QSigac 674c252z ' LS x
600: —2ze " 2(222 — 1)e=2", 4z (222 — 3)e—o". n (@r+1fe%>m)
U n 00 0O O nth order differentials 5. ((:L‘S + ) cos {E> ()
(n)
iﬁDDDDDDDDDDDDDDDDDDDDDDDDD 6. @%$+aw>
(e:c)('n) — e
(sinz)™ = sin(z+ 2F) 100000 k>20000 M =0000
(cosa)™ = cos (z+ 2F) (wer)() = (g)xw>@zyn)+,(?)wo»@zyn—n

— 2 _ —x
0020 000 »0000000 (n>1000)0 2000000 n=10000000 (2® —20x 4+ 90)e"* oooo

n " " 3000000 n=100 —(23 —270z) sinz + (3022 — 720) cos =
L) 2 ()™ 3 (sinz)™ —_—

000000000000000

4 (295)(71) 5. (\/5)(”) 6. (sin2 a:) (n) (sin x)<”) = (cos x)(nfl) - f(sinx)(“*z) = —(cos x)(n*3)

(cosz)™ = —(sinz) ™Y = —(cosz)? = (sinz) "~
gooooooboooobobOobDOoboobOoo Sin(z-i—"—;) |

500: —(—l)"(gn_g)uﬁ cos(z+ &) 0000000ODOO

: 5 nyz.

000 n!! (n O double factorial, factorial 000 O0000) 00 (ne1)
n000000 nl!l=n(n—2)(n—4)---20 400: 27e® {(z+1)2+n(z+1)+ 2221
nO000000 nll=n(n—-2)(n—4)---1

oooo 500: a{2?—(3n% —3n— 1)} cos (z + =)

+n{32%2 — (n? —3n + 1)} sin (a: + "7")
600: —2"n"lcos (2a:+ %)

2 — 1
sinz = 5(1 —cos2z) DOODOODODOODOODOO. 600: n!{x2+2nx(x+a)+%n(n—l)(w—&-a)Q}




000000 I No.7

0 000000 O Taylor expansin

e 100ODODOO

f@) = f@+ 5P -0+ 50w - o)
+~~~+%(ZE*G)”+Rn+1
_ f(n+1>(£) n+1

Uz00000000

° hm R,y1 =000 f(x

D

e 00I0DODO azODDDDDD (00DoOOoOooo)o

o R, 00000 O(z"!) 000 oe") DDDDODOD.

00 arctanz 0 22 0000000000000

0 f(x) =arctanz 0O f(0) =

@)= 050 =

'@ = ~gaes 010 =0

) =22 g = -

£o) = O+ Ot P02 0 oat)
ooooo arctanx:x—%x‘?—i—(’)(:#) o000

(00 1 arctanz 000000000 O0OOOOOOOO
000D000000000000 «* 000000000
00000000 OE®) 00000000

(00 2)3000000000000000
Lo Lo 1o 1o
3 50 T 7 9 11

DDDszlDDDDDDDarctanlz%[IEIEID

11

1
arctanz = ¢ — —2° + =

1
SN G-I N S I T I

( :%ﬁL 7+9 +13 15+ )
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

goo0ooooooooooooOoOOObObOO0Obo0ooooooo

oo 100 oo 40 OO0
flz)0 x=000000«2000000000
00000000000000 O@E)o0o0oooooo

00 10 f(z) = sin(z + 2?)

0020 f(x)=e"

T

COS T

0030 f(z) = +—
00 f(z )—1+2x+;x +§:c3+(’)( )
00 40 f(x)=V1+e®
00 f(z) = f+ﬁ +3\/5 2+73T\f 50z

gooobooooboon o
2

_q x 3t b 2l
(1] e’ +x+*+§+7+a+a+“'
o 3 x°
2] sinz = X e —i—a —
_1 z? z? 8
[3] cosx = ~ o0 +ﬂ —a—i--"
4 log(1+2) z? 23 x4+x5 x6+
o r=2r——+——-——+—=———=+-
e N T R R
s (2= (;)" (§)=1
k=0

s(s=1)(s—=2)---(s—k+1)
k!

()=

(0D) 10800000 004,50 |z/<10000

00 50 € =cosz+isinz 0000
000 ;00000000044 =-100000

000000000000 (Euler) 0000 (mooooy0OO0O0O
(0D0) 0O0OoDO0OO0oOOO0OOobO0OO0DOODOO0ODODODOOO
00 o000 oooooooooooooOoooooo
gooooooooooooOoOoboOo0oo0oOooooog
goooooooooooooooOoobooOooooog
gooooooooooooooooooooooooo
goooooooooooooOobOoboooobooboooo
gooooooooooooooooooooboo

000000000 @) = e nnooonoo
0000000000 Ocos(z + y) + isin(z + y)
(cos z+isinz)(cos y+isiny) = cosx cos y—sin z sin y+
i(sinzcosy+coszsiny) 000000000000 0OOO
00000000000000, cos(z+y) = cosxcosy —
sinzsiny, sin(z + y) = sinxzcosy + coszsiny 000
J00000 sind cos0O0OODOODOOODOO

gobogoobgedbogoboobd =0
0000 0000000000000

0060 (1+z)Y3
0070 (4+2)%?
00 [p|00000D00000000DD00O0O000O

0080 v1+zOo: 1+%x7%m2+1—16x37%m4+0(x5)

0o 9g o: 1—750—1— x —Ex +%x4+0(:(;5)

1
vi+zx

1
oo 100 ——
1—=x

(I1+(-z)~t0DO0D0OO

000000000: 142422 + 23 4+ 2% + O(«5)



000000 I No.8

gobogbooooood

o [J
1
oo Coshxzi(ez+e_z)DDDDDDDDDD
O H—+2+ﬁ+ﬁ+ﬁ+xﬁ+
= x P —_—
- 2 6 24 120 720
—1_ +$2 $3+$4 m5+x +.
= x _ _ —_—
2 6 24 120 720
gobooooooooooooo
IL’Z 114 ZEG
hz=14+—+ —~+ = -000oooon
coshz +2+ +720+

DDDDDDDDDDDDDDDDDDDDDDDDDDDD

1
00 10 arctanhz = flog <1 T

O log(l:tx)DDDDDDDDDEID L 00000000

)DDDDDDD

o 10

0 20000

1+x2 =1—a?42t —ab 4. gt _gint2
DDDDDDDDmﬂDDDDDDD
arctanx:a:—%—{— 7+ +4:L_:11 ;;:;—F"-
oooooo

0O0s0 (1-4%)"Y20 2000000000

arcsinz U Taylor U DO OO ODOO.

U060 ODDO0O0O0O0 z=00000 TaylorOOO
00000 z*00000000.

1. cos2x
o [J 2. sin?z
00 Vi—zlog(l4+2) 00000000 20O 3. (34 20)208
30000000 0 Vi—zlog(l+z)= ’
(1- 42— 122+ 0@Y) (2= 322+ 52 + 0@Y)) 4 (1442 +2%)
1

—x+(—h—)x-+@+§ yﬁ+0@ﬁ
=z — 2%+ a3 4+ O(a?)

0020 e*sinz 0 23 0000000000000

O

g
0O " 000000000000000

m‘m-

fm1:1+(x—%3+0@%)+§
+i(z+0@)’ + 4 (z+0E*) + 06" . 000,
x — % + (9(1’5))2 =z — % + O(z9), (m + O(x3))3
2+ 0@, (z+0@*)" = ' + 0% 000000
e =1+z+32° - 12'+0(°) 000000

0030 " 0 ¢00000000000000

(0)1+cosa+ grcos®w+ -0 cosz=1—222+...00000000

o [1[J

dd sinzx O Taylor[] od

. _ :(;3 ;1:5 47L+1 4n+3
sine = &—gr 45 — 7 T G UnF1) ~ dnT3)!

00002000000 cosx O TaylorO OO

2 4 6 4n 4an+2
cosT = 1—%+%—%+“'+(€m)!_m
goooao.

0040 e* 0 Taylor 000000000000 O0O
00000000, ((¢*) =e*00000000000)

(:r — % + (9(9U5))2

5. ycosx
6. log(1+ z + 2?)

7. log (cos (sinx))
efm
8.

1+

1

et —sinx

10. arcsinh x

11. tanx

T

12. €

600: log(l—l—x—l—mQ):m+%m2—§m3+ix4+%w5+~--
+ O(ab

7%12 + 514 + O(x9)

700: 00 cos(sing) =1— 1224 Bt yoooo

000000 log(cos(sinz)) =

. T _ 5.2 8,34 85,4 163 5
800: i+z—172x+§x —sa’ + gat — e’ +-

. 1 _ 1.2 1.3 5 .4 1.5 19 .6
900 e = 1527327t ot + 327t 27+
1000: arcsinhx:fozdt/\/l+t2 ooooo,

1 3 1 2n+1
arcsinhz:z——m3+7z5+...+ ( n2) lznﬁ
— @n=D!"  2nt1 _ _
= Y () e, 000, 0 = (-1 =1,
1100: tana::a:Jréx3+%x5+%x7+72835x +.

sinz/cosx 0000, arctane 00000000000,

1200: Eem=€+6Z‘+€CC2+%€$3+%6I4+%6I5+“'



000000 INo.9

goboobooob o

e J00O0OODO limits of indeterminate forms
1000 O co—o0
200000 0 0-00, -,
3000000 O 0°,

oo

(0.¢]
OO0
o0

9

OO0 log0000 [3]0 [2]00,[2]0 (100000,

e 1 000ODOOO L’Hospital’s rule

00 z—aO f(x), g(x) O

ugbo o0 ooo 000 £
goooon )

tim L&) — ji £@)

v=ag(z)  e—a g'(x)
Uoodb.ddd e oo OODODO.

00000000000
)0000D000D0 0000 co000000D0000D0000.
i) 00000 000000000000000,(00000)0
0000000, lim(f'g— f¢')/¢? 0000000D00.

Internet 0000000

00000000000 (Johann Bernoulli) 100000000
goooooooobooobooooooboooo.
00000000 Hospital, Bernoulli

1
0010 lim 2 oooo.
T—00

ooooo %DDDDDDDDDDDDDDD‘

0020 lim zlogz OOODO.
z—+0

00000 0-c000O @DDDDDDDDDDDDDDDDDD.

lim LSV

gno 3o goog.
z—+0 sinx

ooooo %DDDD Oo00000000000, cos O sin O
gooooooooooooooooooboooog.

1.’1}
N gooo.

lim
r—00 \  —

oo 40

oobooo 1~ 000boobOo0o0o0boooo0oooooo. oo,

000 A>00000 A=exp(logA) 0DO0ODO
goooooo.

0050 y=2%(z>0)0000000.
r—+000000000000. 0000000
odd z,yUbO ODOOO.

0060 y=2z"Y" (x>0)0000000.

r—+0000 xz—o00o 00000 ODODOOODO.

uo,00000000 z,y OO OOOO. 0000
goooooobao.

00000 partial differentiation

8f((;;y):yDDDDDDDDxDDDDD.fZDDDD.
8f§;;’y):mDDDDDDDDyDDDDD.fyDDDD.
e J0OOO

P f(zy) _ 0 (0f(z,y)

Ox? oz ox fa2 DD
Pf(zy) _ 9 (0f(zy)

Oyox _87y ox foy ODOD.
f(x,y) _ 0 (0f(z.y)

oxdy Oz Oy fua OODD.

0 , 0 (0f(x,

g;y)—%(f(azy)) fyy ODDO.

e 00000000 foy=fye 0O0DO0OO
000 f(zy) =2*+32%y+ 202000,
fr =423 + 62y + 2%, f, = 322 + 4wy,
Jox = @(433 + 6zy + 2y°) = 1222 + 6y
foy = 2 (423 + 62y + 2y%) = 62 + 4y

v 0 f, f,0000.
sz—(dtsmt)

D D 8|:| f(ﬂj,y) = xy D fx7 fyv fx:ca fl‘ya fy:ca fyy
O000.oooo0(z®) =az® 1, (a®) =a*loga 000

0o0ooooooooooooooono
r=a+Ar,y=b+ay 0000,

f(@,y) = flan+ fe@nAr+ fyanAy
+% (fx:p(ayb)(Ax)Q + 2fxy(aqb)A$Ay + fyy(ﬂ,b)(Ay)2>+R3

~ 0oooooo

00000 f(z,y)0, fo=f,=0000000000,
>000000000.

2
fwwfyy_ wy>ODD fﬂ”’ { <0oO0OoOoooooo.
fmfyy—fgy<0DDDDDDDDD (DD,saddlepoint)

0090 00000 f(z,y) = 2>+ zy +y> + 2z
000 000 0000000 (x,y)0000.

00100 00000 f(z,y) =2(1—1a2—y?) D
00000 0000000 (2,y)0000.



000000 I No.10

OCH O000000 “total differential formula”

z==z(t), y=y), z=z,y) 00O
dz  Ozdxr Ozdy
At dxdt " Oydt
gooooooooooooooooooboo.
L= 42 (2(0), (1) % = Salt), % = $y00)

00,000 04dt00000000 z,00000000:

el000000OO,000000O0O0ODOODOOOOOOOO,

go00o0o0ooooooooooooOoOoOObobooOobooooo

0.0000ooooboob 20000000000000000.

o®® ogoooooooooog

0z
ou

0z
ov

9
ou
9
ov

v =a(u,v),

oz
ou

oz
ov

oz
ou
oz
ov

9y
ou
9y
ov

9y
ou
9y
ov

y=y(u,v) 00O

Oz
ox

9z
dy

9
ox
9
dy

0000 z=z(z(u,v), y(u,v)), 0000 2z =z(x,y).
god,0z000bOoooobooooobo.

00 40 = = e“cosv, y = e“sino 0000000000

oo.

oz By

Ou o
0010 00000000000000000000000. Hoo 7= 00000 weO000000
00000 rfem], 00000000 m(g) 000,000 9 2y
0000 p[g/em®] O p:%DDDDDDDDDDD 00

T
0000,r000 20em001em/s 000000000 ii)g,aﬁ ,,g,guummmm.
z Oy v Ov

0 (00 r=20, %=1). 000m OO0 50g 008 g/s O " 82+52D 9 0 _loon
000000000 (00 m=50, &2=8). DOOOOOO Yoz Taer - Y B au :

0 p0000 [g/em®s] 0 (00 %2 0)000.

00000ooo0o0000o00oo0o0 o0 314000000000

Ooo0 50 u:%log(:cz+yQ),v:arctanE ooooooo
gooooO0o.0o0ooooooboooobooog. ®

oooogd.

ou v

dr Bz
0020 000 ROOOOOODODODO V‘D/YEDDD[I[ID oo T'= 00000 2,y 0000000
ooooooooooooooon szlﬂ[llj.[llj % %
OO0 AR, 000 AV OOOODOOO, WO AW OOO DD("? 5 R
0oooooo, AW O R, V,AR,AV 0O0OOO0O. 00O, i) —,=— 02,9y, -—, = 000000.

ou’ Qv ox’ Oy
AV/V =-0.01, AR/R=0.05000, AW/W O00O0OO. 2 2
/ /2 / iii)%ﬂ-%[lw,y,ﬁ,gDDDDDD.

oooaw = V+av) ou ov oz’ Oy

) ¥ 0p0000000,00000

000o0o0ooOooDoO0,o00n0 AR, AV OOODOO
pgoooooooobobo.10000o00000,Vv,rROO
0000000 AwW/woooooo.

0060 04000000 05000000,000000

0000000.0000,70 770000000000

0030 0000 ADO0O0DOOOOO0V=m?0 Q. pQgp,0000000000000,00000000

0000. 0000000 0000 Ar, hOOOO AR goooOoooon.

O00. r=1.00 cm, h=2.00 cm, |Ar| < 0.05 cm, |Ah| <

005em 00000,V 0000000 (0OO0DOO0OOO

0)OOO (em®)0000.00,VO0000 (AV/v o 00700000 r=rcosf, y=rsind 00000000

00)0000,r0 AROODODOOODOOOOOOO. r=+/a+y? f=arctan? 0000,04060000

000 |x(r+Ar2(h+Ah)—7r2h 000000000000 noooooooo.
00,0000000,Ar0 ALDOODOOOODO
00. 000000V 000000 15% 000,000

09%0r00000,6%0 hOO0OOOD0O0OOOOO
goooooo.

02 0?
o0 80 z = — + =
v "’ Ox2 + Oy
0 u, v,

du



