1 EHDOMS differentiation
{df(a:‘) _ fle) = lim LETAT) f(a:)J

dx Ax—0 Ax

df
A
dx *

flo + Ax) ~ f(x) A

d
fle+A0)— f@) = Tax )



2 RITHR
5B RN SIREDIE > TERERICES
x: WPEJTIE y: FEALITIAE

g - X

fy): xy R TOES



O

S RS
df = BD| = |BC| + |CD| = |AE| + |CD)|
= slope(OE)|OA| + slope(ED)[EC]




> O

2

Y D

F Y/

'C df = |BD| = |BC| + |CD| = |AE| + |CD|

S [0 GO it
e/ B = slope(OE)|OA| + slope(ED)|EC]

s A
of 0 )

df = |(=— | de+ | = d
f a ay r+dx 7




> O

) dy} dx
y— xr

) dxdy
Y_




Z 5ICd,
Udf #2525
&

8&)
(® .

) of
(‘fy (8x>y_




Al

NeZEFT %, Eq.(1)EE>,

Af

PEY:

f -

- Az, y A

fla-

_Ay) o f(mvy)

- Ay) — flz + Az, y)

+f(x+ Az,y) — f(z,y)

fulx+ Az, y) Ay + fo(x,y)Ax

Sy, y) + fye(z,y)Az]Ay + fo(z,y) A
fe(z,y)Ax + fy, (2, y)Ay + fyu(z,y) AxAy

(2)



T TORERZFE- I

fe(x,y)

fy(z,y)

fyz (T, )




ERZMRULL S,

- = fx(af,y)M:(

f,\




ERZMRULL S,

== fylr,y)Ay = (;)xﬁy

10

10



M1 Fig. 1R L2l OEDF 2 &£ T HBAD 2 = f(z,y) THASND, &M df = (%), dz+
(g—g)xdy DERZ K 2> THHE L, zfili Licd b OA DRI Z do, y W T2 ABDOR I Z dy, 2
TR BDOEIZdf £ 55, £/, AEODEIEBCOEIEFFLVWbDET S, ¥ 1 BD
DEZ%, AE L CD DEIIZFIFTEZL L,

=

11

11



W0 &R

total and partial total differentiation

- (Of of
o= (G), () o

12




another route? H©H 3L,

f,\

13

13



PHIEAU KSR 2ER T %, Eq.(1)&E>S,

Af

2

¢

fla-

- Az, y A

fla-

fay(

_Ay) R f(xvy)

- Az, y A

- Ay) — f(z,y + Ay)
+f(z,y + Ay) — f(z,y)
folz,y + Ay) Az + f,(x,y) Ay

fa(,y) + fay (2, y) AylAz + fy (2, y) Ay
fz(x,y) Az + fy,(z,9) Ay + foy (2, y) AxAy

0

z,Y)

0y

(

of
ox

),

(3)

14



0 of
v = (G), e () o

Eq. (2) &£ Q) DEEERIZK Y
N
-

fazy(xv y) — fyib(xa y)

15




meaning of grad f : 2D system

vector : dr = dxi + dyj = (dx, dy)
. _ of . f of of
vector : gradf =V f = O i+ 8y T (9y
inner product : gradf dr=V/[f dr = —fd:U -+ —fdy = df
Ox oy

under the condition that dr = const.,
Vf || dr gives the maximum of df,

this means V f is the steepest descent direction.
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exact differential, nonexact (imperfect) differential
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Green's Theorem
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M5 differentiation
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