Bk L B A RS b R R

T 5§ G o gAY CC T bifr —
g dpk A S LA 3.0 EREE Y

XA hefzdpy LcH & N. Gregory Mankiw: Principles of Economics (2012),
6th edition.

National Taiwan Universi ity
“ OpenCourselWare

o ZERBIRCR p


http://creativecommons.org/licenses/by-nc-sa/3.0/tw/
http://creativecommons.org/licenses/by-nc-sa/3.0/tw/
http://creativecommons.org/licenses/by-nc-sa/3.0/tw/
http://creativecommons.org/licenses/by-nc-sa/3.0/tw/
http://creativecommons.org/licenses/by-nc-sa/3.0/tw/
http://creativecommons.org/licenses/by-nc-sa/3.0/tw/
http://creativecommons.org/licenses/by-nc-sa/3.0/tw/
http://creativecommons.org/licenses/by-nc-sa/3.0/tw/
http://creativecommons.org/licenses/by-nc-sa/3.0/tw/

& A& £ R = / % v @# / B = £ F /% 2 F

I.  Slope and Limit

However, how can we measure the “rate of change” in a more

“general environment”, say y = (x) ?

® How can we measure the rate of change given only (xo, yo)and (xo+Ax,

Yo+ Ay)?
y
Yo + Ay
Ay
Yo
Ax
Yo
Ax
X Xo + Ax X
Rate of change and slope
y
_ Y17 Yo _ A_y
Slope = X — Xy  Ax
(33) o — X
(X1, 1) 'y (LR -
(1L,D)
(XOryO)

X

® Slope, or “rate of change” depends not only on the amount of change, "Ax”, but
also the starting point x;.
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® How can we measure the “rate of change”more precisely?

= Let xo + Ax be close to xg
= A.C.A.P. (As close as possible)

I Ay
ArS0 Ax

= x @I 0 {f Ay BfGHiEHE
= REEEELARE (S FERERE xo - BAFEZEEE)

o y=fl) WREETHL () HES (Lagrange) - i > (Leibnie) F1 2> FALL
i limit -
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Giveny=(x) =k

dy_l f(xo+Ax)_f(X0)_k—k
— = lIm =
dx Ax—0 Ax Ax

Slope=0

—RAL
dx"
dx

. (xg + 4x)™ - x "
im > 0

Ax—0 Ax

XN T A+ (1) xF T2 AxZ +—x "

Ax—0 Ax

Example 1:

y=flx)= x73,f(x) = =3x7*
Example 2:

Vx
2x"

y=flx)= x°5, f'(x) = 0.5x 705 =
Example 3:
y=flx)= x*1F x = IFHTLIERRIE 2

f()=2xFRAx=1, f(1)=2.

= 0.

National Taiwan University

# OpenCourselWare

o SRR BH U3 P



& A& £ R = / % v @# / B = £ F / % 5 F
l1l. Rules of Differentiation
a _df(x) , dg(x)
L L) + g)]=LE2 4 2O
Example 1:
flx)=14x3, g(x) = 2x2,
df (14x3 + 2x?
f4x” + 2x )=42x2+4x.
dx
HAnEMAHE
d _da;(x)  day(x) da,(x)
E[al(x) +a,(x)+ -+ a,(x)] = Tx + I + T
d _ dg(x) ar&)
2. LI g0 = F@) L2 4 g(x) LE
Example:
(x)=2x+3, g(x)=3x2,f'(x) = 2, g(x) = 6x,
. 2 2
dif) - gl _d@x+3)3x" _ 10 2 1g,
dx dx
Proof:
L F @) 900
e X)- X
I f g
— lim f(x +Ax)g(x + Ax) — f(x)g(x)
Ax—0 Ax
~ i fx +Ax)g(x + Ax)- f(x + Ax)g(x)+ f(x + Ax)g(x)- f(x)g(x)
Ax—0 Ax
- lim fx+Ax)(g(x + Ax)- g(x))+ g ) (f (x + Ax)- f(x))
Ax—0 Ax
- lim f(x +Ax)(g(x + Ax) — g(x)) + lim gx)(f(x + Ax) — f(x))
Ax—0 Ax Ax—0 Ax
- llm g(x + Ax) - g(x) (x) Alimo (f(x + Ax) - f(x))
X—

Ax—0 Ax AIJ%TO f (x + Ax) tg

=g'(x) - f(x) + g(x) - f'(x).

Ax
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IV. Chain Rule

Wz = f(y), y = g(x) > AiVEEB— BB Hz A M58 ?
X—=>y—>1

d d
A
dx dy

Example 1:

z = 3y%,y=2x+35,

dz _ 42 4y _ (. 2 = 12y = 12(2x + 5) = 24x + 60
dx dy dx Y - A= x - e '
Example 2:

R=f(Q), Q=g(L)

where R = revenue, Q = Quantity, L = Labor

B2 —ETA > AR E -

V. BT

y = f(xq, x5, X3, ...)

TR iET &
dy 0dy Ody
0x, 0x, 0x3

= fEx, X3, Xq .. NEHVHIHEZ T » x BEEYIVREE -

0y _ (it A KT X ) ~f (B X35 )

e
0x4 ox

Example:

y= 3x% + x,x, + 4x2,
0 s
= 52-=6x1 + %, (T BN H), 5 ay = x, + 8, (0, B,
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VI. fi{E

Why all the fuss?
= To get minimum or maximum (3 zstR AR )
Example:

y =ax®+ bx +c,

where a >0 is a convex function; a < 0 is a concave function.

Line 1 Line 2

1 3 x
Line 1 PJaEflE=2a(1)+b=2a+b>01,

Line 2 tJ4RHI%R=2a(3)+b=6a+hb<0] .

T {EAE ?
f'(x)=2ax+b=0,
., b
* T2

A Bt MESHEAE ?
= () HEor—R 0 BT () AHER -

f'(x) =2a
T -

f'(x) >0 Fsti/ME > (%) <0 FEfiiA(E -
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