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sine (O 0O), cosine (O O)

0000 : trigonometric function

o0 2r000: m=314.---: 00O
n=0,+1,42,-..-0000
sin (z +2nmw) = sin z
cos(z+2nm) = cos x

e 10 : parity
(odd) O O

(even) o0

sin(—z) =-—sinz :0
cos(—x) = cosx :0

0010 goooooooogooo
1. sin2z 2. sin § 3. sin(az—i—%)

esin [ cosO0O0O

cotangent

0ooooooo (00)

secant

oooo (00)

cosecant
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oooo “co” 00O

COS T 1

cotr = — =
sinx tanx
1
secr =
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1
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OO 70 00 tanzOcotxO sin xU cosecx cos xJ

secx O QOOOQO

od
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23 =80 3000 (exponent)

T
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= expxr Oo0000000000 zO
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sin(a+f) = sin acos §=£cos asin

cos(a+ ) = cos acos BFsin asin
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googn hyperbolic function

sinh x = 6_26 10000000000 2
xT xT
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tanh _ sinhx _ e*—e % .
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oooooo (oo) @ tanx =
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Od0doooooo
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0000 (logarithmic function)d

gooono inverse trigonometric functions
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’DDDDDDDDDD‘ 0ooo0000000000,0000000000
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a0 = log. a

o NUODOOODOODOOO
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. log, 1 2. log, a 3. 10ga% 3. arccos 3 4. arccos (2>
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0o 30 tan(arcsinllo) oo0ooooo
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gbooooo
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logODOOOOODO:
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0 O000O000 O derivatives of basic functions O OO 00O OO O aifferentiation of composite functions
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13.
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1 1
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(sinz) = cos, (cosz) = —sinx
1 1
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1
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1
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1
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(arctan z) 522
(sinh z)" = coshz, (cosh )" = sinhx
1
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1
(arcsinh )’ = ————=
V14?2
1
(arccoshz)’ = + (20)
2?2 —1
1
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(arctanh ) .2

oooooooooooooobo sboooooboobooooboono o2

gobobooooooobooobh obobooooobOobo bobOoOoo

0000000 40000000000000

gbooooobooo (J;) :f
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00200900 0100000 (00)cosh?z—sinh?z =1
dy 1
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gooo0o0oiogoo
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1. V3x
2. 4cos (br —6)
. LT
3. sin (2z) arcsin o
1
4. arccos (2 cosx)
5. arctan (sin \/§>
1 /z—5\?
6. —=
exp{ (5 )}
7. log (\/43:+3+2\/a:+5)
qO0000000000000000000000000
0000000000
8. V(Bx? —2x3)3 . 0ooo
9. 342c+2H)Y3 0000
1 _
10— o o000
2z + 1 -
11 zV2x oo 0000
12.sin 2 o 0ooo
13. sin2xcos3x ............ .. ... oooo0
1 _
14, —— 0000
(1+4)
1 2 .
15. (arctan +x) .................. oooo
1—=x -
16. sin (2arccosx) .........ooiiiiii... 0ooo
17. log (1+log (1+1logx)) ...ovvvnnn... 0000
1-— _
18. Ve o000
1+ .
19. \fz+ /e +VT oo 0ooo
20. log‘\/x?’—l—\/x?’—i-l) .............. oooo
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O 2* 000 O differentiation of x to the =
e 0 e 000OOOOODLDODO
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1. (xa) = az* 1 oooooooooool (@o) oo

2. (@) =a"loga

3. (z%) :’ ‘

1. (fp@) =] |

ugd1iggodob bo2000d
logO exp 0O0OO0OO0O0OODOCODODO e>00000
e=€°*000000000000000DO0

o020 000000000 z>00000
000 z>00000 z=€°¢"00000000000
(000 100000000 000020000000

003000000000 f(z),g(x) 00000
f(x)¥® 0000 f,gf,¢ 0000000
O000f(z)>00000

0040 000000000DOO0O0D0OODODOO0
0000000000 (logarithmic differentiation) O O O O

de) _ f(a;)%(log\f(x)\)

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

o SO =@ L@y Bos
@) _ T Ji fulz
i —ﬂ)&Umw+ +“n@&

oooof(z) =2*(z+1)3%@—-1)"* 000

F@= (24 2s - )t )i e -

r xz+1 =x-—1

(00)O0O000 (00)0000 f(z)=2"0000
Flu,v)=u", u(z)==z, v(z)=2 00000
f(z) = F(u(z),v(x)). 000000000000 DOOO0OO
df(xz) _ 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
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OOs0 0oooooooooao
D00 0000 o) 000000 (af)° (=a®)) 000

9.

10.

ooboooOoooboOooOoboooOoOobOobooon

11, eV oooo
12, 2V oooo
13. eV oooo
14, edretane .. 0000
15, arctanz . 0ooo
16. gdretane . oooQ
17. sin (m2> .......................... oooo
18. sin (z%) ..o oooo
19. sin (a:Si“) ........................ oooQ
20. (sinz)® ... oooo
21, (Sinx)® oo 0000
22, (sinz)™ ... oooo
23. (sin :L")((Si”)sm) .................. 0000
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0 00 (=o00)00 O high-order differentials

o JUIODODODOO
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da: dxn—1
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nO000
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2. logx

3. arcsinx

4. sinh(z?)

0O n 0O (0) 00O Onth order differentials

0000000,000000000000000000.
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(ex)(n) — et
(sinx)(n) = sin x—l—%”)

(cosx)(”) = cos m—l—%)
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000000 nx'000000. 000 n!'0 nO double factorial
(factorial 00 O 0O0O00) 0000000

nD000000 nll=n(n—2)(n—4)---2,
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.......................... go0oo
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0030 000 000000000 (n>1000).
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2000000 noooooooo n=10000000000.
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:x—x2+%}1x3+(’)( 4

0020 €*sinz 0 22000000000000.

0o

0 Q0 0000000000000.
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lim@:limf(‘r) O flzy) _ 0 (0f(zy) fyy 0OODO.
T—a g(gp) T—a g’(m) 0y? Jy Oy
gogbbD. b0 e zeoOOg. e 00000000 foy=fe DOODODO.
00000000000 000 f(z,y) =2*+32%y+ 202000,

i)00000000 0000 co000D0O000OO0DOOOO. 3 9 0.9
i) 00000 000000000000000,(00000)0 fo=4a” +6ry +2y°,  fy = 32" + day,

0000000, lim(fg— f¢')/¢>000000000. foa = %(4x3+6a}y+2y2) = 1222 + 6y

D (43 2y _

00 0000000000 (Hospital) I0DODOODODO fxy—%l(4x2+6xy—l—2y)—6:c+4y
0000000000 (Johann Bernoull) 0000000000  fye = 5, (32° +4xy) = 6 + 4y
0D0D000000. WEBOOOOODOOOOOOOOD fyy:%(3x2+4xy):4m

. logx oy
00 10 lim ooogd. 0070 f(x,y =sinz5 U fo, f, DODDO.

T—00
00000 £000000000000000. 00000 t=-% 0000 f, = (4 sint) 5.
Ood20 1 ogooo.

xl»IEOZE 08T 00 80 f(‘rvy) =a¥ [ fa:v fyv fx:ca fxya fy:ca fyy

00000 0-0000 £ 00000000000000000DO. 0000, 00000 = azo?, (a®) = a® loga 000

00 30 111201_?08‘/55555. 00000000000000000
T— S x
00000 ¢0000 000000000000,cs0 sin0 £=a+Az, y=b+ay 0000,
00000000000000000000000. F(@,) = fan+ fo@nAz+ fy@nAy — 0000000
1 2 2
D D 4|:| hm .'L"f‘]. * DDDD +§ (fxw(ayb)(Al‘) +2fxy(a,b)Al‘Ay+fyy(a,b)(Ay) >+R3
r—o00 \ 1 —

00000 1°0000000000000000000.00, [ ggono f(z,y) 0, fo=f,=000000 (000) 0
000 A>00000 A=exp(logd) 00000 ’2 PoEe Y so0oOooooo ’
neRREneE feofyy = (Fay)” > 000 foo {<OEID[I[I[IDDD:

0050 y=2"(x>0)0000000. foafuyy — (foy)?<0000000000 (DD).
r—+000000000000.0000000 0OO0: stationary point, O0O: saddle point

000 z,yOO 0OODOO. f(z,y)0 20000,000 200000000000.

0060 y=2"/(z>0)0000000. 0090 00000 f(z,y) =22 +ay+ 42+ 2z

r—+0000 z—o00o 00000 OOO0OOO. OO0 OOO DDDDDDD(m,y)DDDD.

00,00000000 #,y00 0000. 0000
oooooooao. 0010000000 f(z,y) =2(1-32°>—y*) 0
00000 0000000 (z,y)0000.
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OEH 0000000 “total differential formula” 0D®»poooooooooog

CEZ:E(U,'U), y:y(uyv) ooo
z=2z(), y=yt), z=z2@y) 00O 0z or By 0z
dz o Oz dzx n 0z dy Ou _ ou  Ou oz
dt Oz dt  Oydt 0z ox  dy 9z
ov v Ov Oy

obooooooooOooooooooooooboo.

0000 z=z(z(u,v), y(u,v)), 0000 z=z(z,y).
oo,0z00000000bobbobooob.

o = 22(wy), F=L2ay). o Oz 0y 9
¢ ? ov o ou Ju Ou Oz
00,000 0dt0000D00O0OO z0OO0O0O0OOOO: =
5 5 0 or Oy 9
z z v 99 v O
ox oy

e 0000000, 00000000000O0O0O0OOOOOO

00 40 z = e* — “sino 0000000000
000000000000000000000000000000 T =€ cosv, Yy =e smu

0. 00000000000 20000000000000000. 0O0O.

or oy

ou o
0010000000000000000000000o0n. 080 T=( | 000B0ww0000000
00000 rfem), 00000000 m[g 000,000 gq v Ov

3 _ om :

000d plg/cm® O p=4-—5000000.0000 1l)§,§Du,v,§,a—DDDDDD
0000,r000 20em0,1em/s000000000 r oy u 2 o
0 (00 r=20, £=1). 00, m000 50g0,8¢g/s 00 iii)DDDDDDD(Laplacian)A=@+a—y2

00000000 (00 m=50, 42=8). 00000000 0

0wuv 2, 2 oooooo
p000D0 [g/em®s) 0 (00 %£0)000. T ou

ov

gb00ooooo00o,000d 0 314000000000

pooooo. oo, dooonooonooog. 00 50 u=3log(z® +y°),v=arctan 2 0000000
00000000 ¢t=00000 r=204t+O(t2), m =
50+ 8t+0O(2)000. 0000 pooooooooon  UHODOO. ou o
000 Taylor 0000 1 000000000,0000 i
00000000,000000000000000. oo T'= 00000 z,y 0000000
ou v
9y By
0.
0020000 ROODODDOODODOO VOOOOOOOO 5 9
V2 ) =, Yy, —, =— 000ooo.
00D0000000000000 W=—2000.00 3u23v , Oz dy
00 AR, 000 AVOOOODODOO, WO AwWOOO ui)a—+a— x,y,g,gDDDDDD.
ou?  Ov? oz’ Oy

000000, AW O R, V,AR AV OOOOOO. OO,

AV/V =—0.01, AR/R=0.05000, AW/WO0O000.
006004000000 05000000,000000

0000000.0000,7T0 T"0000000O000O0O
U.00,0000000000000,00000000
gooooobooog.

2
Dooaw =4 ¥ gpooooooo, 00000

gooooooo0ooOo,o00n0 AR, AV OOOO0ODO
ooboooooooo.10bo00o0o0ooo0o, v,ROO
0000000 AW/ wWoooooo.

003000 » 00 AOD0D0OO0DOO0OO V =ar?h0
O0000. 0000000 r0000 Ar,hO0O0O00 AR ODO700000 z=rcosf, y=rsinf 00000000
000. r=1.00 cm, h=2.00 cm, |Ar| < 0.05 cm, |Ah| < z2+y? f=arctan?2 0000,0 4060000
005em00000,VO0000O0O0 (DO0O0O0OOOO0 OO0O0DDOOOOO0O.

0)000 (em®)0000. 00,V 00000 (AV/V O
DD)DDDD,TD AhOO0ODOOOODODODOOO.

rT =

0o 8o x:%(uQ—UQ), y=wv 00000,

0? o? o 0
—+— 0O —, — 0o0oooo.
0x2 = Oy? Y 50 au

O000|r(r+Ar)2(h+Ah)—ar?h| 000000000000
00,0000000,Ar0 AROOOOODOOOO
00.000000V 000000 15% 000,000
09%0r00000,6%0 hOOOD0O0OO0O000O
ooooooo.

+
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25

80 9(zx — 2?)v/322 — 223

2(1+x)

3(3+2z+x2)2/3

2221
(222+1)2

3V 2z
2

—1 cos l

2

2 cos 2x cos 3x — 3 sin 2x sin 3x

8

3x2(1+i)9

1+2

2(1—222?)

arctan 1‘”5

V1-z2

_ 2cos(2arccos x)

\/172 ooooo
—Z

1
z(1+log z) (1+log(1+log x))

1
T 20 tVa)Vi-z

(z

142z +4+/z(z+/T)

8\/x(cc+\/5)(il7+

3
2

2

\/ :1:3+1

f

eVe

log29\/z—1
Jz

2VE3 (% log x + 1)
e

log2 2arctan T
1+22

arctan ( log + arctanx)

T

arctan x
e

1+x2

2z cos(?)

X

sin

(coszlogx +

+V/a)

x

(logz + 1) cos(z™)

sinx
T

) COS(Z‘Sin r)

0 No.5 /0 200 2sinxcosx
0No.5 /0 210 (sinz)” (log(sinx) + x cot z)

0Nos /0 220 (sina)*™? cos z(log(sinx) + 1)

sinz)®" *+sinz

0 No.5 /0 230 (sin a:)(
- (cos x log(sin z) (log(sin z) 4+ 1) + cot x)

ONo.6 /O 1 /40 2xcoshz?, 2coshz? + 422 sinh z2,
823 cosh z? 4 12z sinh 22

DNO.ﬁ/ 01 /5|:] 1 2sinx 674c0521.

cos2z’ cos3x’ cost x

ONo.6 /0 1/60 —2ze*", 2(222 — 1)e=",

—4x (222 — 3)6_12.

ONo.6 /0 2/50 —(-3)" (2n— 31z

ONo6 /0 2/60 —2" tcos (2z+ 14F)

ONo.6 /0 3 /40 2e® {(z+1)% +n(z +1) + 2272}

ONo.6 /0 3 /50 z{z?2 — (3n? —3n — 1)} cos ($+n77r)
+n{3z2 — (n? — 3n + 1)} sin (x + %)

ONo.6 /0O 3/60 n! {x2 + 2nz(z +a) + %n(n— 1)(x+a)2}

ONo.7 /0 30 142z + 222+ 823 4+ O(a?)

ONo.7 /O 40 v2+ Y2z 4+ 3¥2,2 4 12,3 4 O(at)

ONo.7 /0O 70 1+%mfézg+%x37%w4+0(:p5)

0 No.7 /O 80 177x+3127—:1: +128x + O(z5)

ONo.7 /0 90 1+ + 22+ 23+ 2t + O(xb)

000000000000 0ODo0oO.

ONo.8 /0 7/60 a:+%m2—%x3+%z4+%$5—%m6+%x7+-~-

ONo8 /07 /70 —%12—#%1"4—&—%3264—?120388—!----

ONo8 /D0 7/80 1—2z+ 322 — 5234 S2at — 23825 4.
1

ONo8/07/90 1—2a2— 1234 2oty 1054 20064+

2n+41

_1
0No.8 /0 7/ 100 x—%w3+f—ox5+~-+( n2) e T

— @n—DU __ ont1 — —
=3 =" m mHoooo, ot = (- =1
ONo.8 /0O 7 /110 m+%x3+%xs+%x7+mx + e

ONo.8 /0 7 /120 etexr+ex?+2 ea: +—ez +Eez +---



