


*= oM?fi dk = 0
dX z

&I f'(x) = 0

1.2 Power-function Rule

Derivative W4 power function y = f(x) = xn ilo nx'l'l

real number)

I!% f'(x) = nxn-'
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aiak lperivative WJ y z # b d2 = g = 3x2

2) Derivative 8fN y = x9 &l d.& = gg = 9x8

3) Derivative flDJ y = x-s dx-9sz  z = -gf'O

4) Derivative m y = x0 #a & dx"dx = ;i; = (O)(x) -' no

$8 & dldx = z = 0 ( ar"=1r8m )

5) Derivative rnJy=xxo&  d . 2
dx = z = $4x-s  (P

1.3 Power-func.ttFon  mle generalized

)r
Ldfl Power fhnction  il constant(c)  $iB&&  f(⌧) l= Cf

Derivative JUn$&

A. cxn t cd-’ Ida f'(r) = cnx'l-'
d.x

*Lf@Gl  lWJ?t  differentiate c$L  Lt9&lJlSfA  (c) f&4  7 ELlkltl

differentiate L&IQ xn Lk&

2 fmmGswd&hd~&,~~&~

(Rules of Differentiatioh  Involving Two or More Functiona  of the

Same Variable)
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& [f(x) +, g(d) = $ f(r)r$  e(x) = f*(xi  ,+ g’(X>

(a? + bf + cx + d) I 3ax2+2bx+o

2) $ (7x4+42-2x2+5~-27) = 282+12x2-4x+5-0

9 282+12x2-4x+5

P.
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6&w = (2x+3)(8x)  + (4x2)(2)

t 24x2  + 24x

g(x) f'(x)  - f(x) P'(X)

s2w

I.1 d (2x- )z +- = (x+1)(2)  - (2x-3)(?)  I 5 2
(x+1 I2 (x+1)

2) d (5x)=
ax x2+1

(x2+1)(5)  - (5x)(2x)
<?+I  1 2

3) A (ax2+b) = (cx)(2ax)  - (ax2+b>(c)  = c(ax2-b~  d-b
dx cx (Cd2 (cxc) 2 -7

(F&lee  of Differentiation Involving Functions  of Different Variablom)
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= 2x+5

g= $f $ = 6y(2)  = 12y = 12(2x+5)

*I;;1 t = y-guaz  ,’ 2

g = (1)(3x2)  = 3x2

3G t = f(y), y = g(x) UB:: x = h(r)

g= !pg!g  = f'(y)  g'(x)  h'(w)

4); 1.= (x2+ 3x - 2P7

17(?+3~-2)'~ (2x+3)

3~2pver88- function Ruls&un =f(x)Lh  Monotonic Function6

(%‘SrJIJ&i,ijncintun  xd&v~rn' ' '
*:.3 Ghihmtam) iTWBl.4  f iii& inverse

fnnctionjjlfl  x = f-'(r) 1mA ia Lf?R,&  y ,,7rtflw.rlfll#7P;7  *Gun

(mnfltolq  :i-' iTlkUJW%  $ ll~*UM&x  Lihlinverse function 2QJy  1

;;7timp;L;;  y = f(x) LihlM0n0t0niO  Function ua=;;7  f(x) 1

r;anAl&  t ilp;wlnh lr?~lfln  monotonic function6J;Qlh  Noaotonicall~

Increasinn  Fuaotion  l&T; f(x) &*a4iL x “mtnn’ z Lf%i~~monotonic

function #U&L&l  Honotonically  De&easing F'unction.

rql'lu~~~%@&Ki4  Inveree  Function%
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J = f(r,,4)  = 3~: + 5% + 44 mmP=tial

i2 = 8x2+ x.,
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2 )  lflmiii  y I f(U,V)  = (la+4)  (3u+2r) L??dcUn?P#l  Partial

Derivative t;;lf!& Product Rule %

fa = (d+)(3)  + (I)(~u+~Y)  = 2(3~+~+6) (holding v coastant)

iv = (0+4)(2) + O(3u+2r)  = 2(u+4) (holding  u aonstmt  )

Derfratire

-2(u2+3r) - 3(3u-2vl
(u2+3v)

2
= -d2u+9)

h2i3y12

(Rules of Differential)

EC215 77.



dhw)  = vdu + udv

u
dF t $vdu - udv)

lnnn&lwk& ,t’ldm~nl~~wfn?nl

differential 6(h17fif& 4 &?&&QlJu& tid

afIb d(u+v+v) v du+dv+dv

d(uw)  e vwdu  + awdv  + uvdw
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= 4x,dx, + “,x2dr2  + +x, clsqjl 1)

P ‘44 + +c, + 2x,x.&

3) HWllMal  Differential YlfN  y t 3x, + x2

h&Partial Derivative rt7rh'l;;hjll

2x;

il = (2x;)(3) - (3x,+x.9(4x,) = 6’: - 12x; - 4x,x2
4=l  4 4x,  4

I - (3x, + 2x2)

at

0
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dy =
(2+d (3x,+ x2' - (37 + x2jd(2x:) &,,,&,  4l

4xl 4

(2x:)(Jdx,+dx2) - (3x,+x2)(4x,dx,j (IrmQii 2 ua= 1)
=

4x;

6x;dx,+2xTdx2  - 12xqdx, - 4x,x2dxi

= 4
4x1

-(6< + 4x,x2jdx, 2x;dx2
=

4x 41 +-k 4x1

-2x,(3x,+2x2) 1
= 4

4x1
9 + -dx22x:

-(3x,+2x2) 1
=

24
% + -dx22x;

6 n?*~fi;~wma4~&*~n~lJ
(Total Derivative of Composite Functions)
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Differential h dy = f,dx, + fzdx2

*
Ulffiildflk"  Differential dx, lf79:~fl Total Derivative 88

dy = f, + f2 dxz

=l dX1

W11'l Total Derivative c&

dX1
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l"tJ%*,ru*lX~~

&
dxl

= &L-x: + 3x, -9)

= - 2x,  + 3

dud&i!  Composite Function#fl

Y = f(x,,x2)
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Q = Q (K,L) = 2oKL- I+ : 2 L2

h K r g(t) = o.3t  u% L = h(t) = 0.2t

4.3 K #a '1~ (Capital) L&I U~WI~.~ (Labor) t %I L'Xi'I(time)lW  Q %I

oau3n(mtp~t) ww&mmttti  uuiula4muarAplr *vmfm~&4UmN~~~d d

'97n Q = Q (K,L)

= (2OL - 2Kjc0.3)  + (20K - '+L)(O.2)

= 6~- 0.6~ + 4K - 0.8~

= 3.4K + 5.2L

= 2.06 t

lt4 Composite Function%

Y = f (x, , x2) 44 7 = g(u,v)

x2
= h(n,r)
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tnmn& a p ar  a9 ar  afr
aci = ax, jr + 3-5  yjii

. . . . . . . . . . (1)

w ar ar ay ar ax,
-i - -+- -

av -0,, av ax, av
. . . . . . . ...(2)

84 EC215



YlA&4li~fii~  LYlWParti&l Derivative Ikid

WTllbGl  Partial Derivative L&l&I
.

4 u (1) U% (2) tf=lnPaAial  Total Derivative

Ed

$$= (6x,X1)  + (2)(1ou)
= 6(~+2$)  + 2011 = 6u + 12~~ + 20x1

= 26a+ 12v2

fi=
4-J

(6x,X4v) + (2)(1)

;L 6(u + 2v2) 4v + 2

= 241~  + 482 + 2
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m~~%$G(Derivative)~Jimplicit  function LtVf~I?i$
I

Taking the differential &itsd~~m?~n~~  F (qy) = 0 li~%~tnemn;;?u

differential dx'if-t&.l~~~ '#id

f&19$& Derivative(*) IEN Implicit Function y = f(x) dii~~~~~~u~~
dx

F(x,y) = 2Y + %y  - 5x

L?lt?:%z&Partial  Derivative Fx&Wz  5 &

F x  = y-5 Fy= x + 2

LWfW&Derivative  d& $B
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Fx = 6x2- y2 UR:: Fy= -2xY  + 3r2

LYlf'Ktl=& Derivative 4"m\lmtl%

$= - ( 6x2-y2) = g2-  6x2

-2xy + 372 3Y2-  2xy

*
&t&I  Partial derivative

8 MfM%lWU¶~J monential M: Logarithmic  Functions

l4&"~&f'l~fin'lWl  Derivative WI9 Exponential Function i%

d
TEb

f(ti = ,'(t) bf(t) lnb
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k e
f(t) = ,'W efw 1lZe

Fs ,'&I *f(t) ( ','lne=l)

&logbf(t)  = s& * A-lnb

%lld  b = e %I log j?u e Derivative %rjuiij#

h&4 1) WWI Derivative llW p = et

= et ( ",' dt
iK = I' tty: In e = 1 1

2) WInDerivative  WN y = ert

$$ 3 g CfP) lne

= rert

3) NH7 Derivative 5EN y = eet

g t !p). 2lne

- tC -8
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4) OJMI derivative  %fN  y = bt

iIt= %b%lnb)d t

I btlnb

6) Wwl  derivative WN y = In at

7) Wmderivative  m p = klnt

iz
d t = k=d 1nt = $

8) NWl  derivative 304  g = lnt'

i!z c tc-l
dt=T  =

c
t

9) WPL? derivative %%I  y = t41nt5

g = t4 + l& + id& t4

=
+ lDt5(4t3)
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= 5t3+ 4t%5  LDt.l

I 5t3(l+  4 lnt)

10) 9JM'Iderivative  %I9 y = logb t

L!z
dt =

!zp*r;'ra

= 1
tlab

g lYltmflu~;a?titaaw.mAN

(Second and Higher  Derivative)

Second Order Derivative &Derivative qNFirst  Order Derivative

&LOj  &L&k&y = f(~LT~~&$&ll?lU First Order Derivative, Seconq

Order Derivative, Third Order Derivative,  Fourth Order Derivative... KliT

First Order Derivative : do 3 f,cx)
dx

Second Order Derivative :

Third  Order Derivative : &
dx?

Fourth Order Derivative : .:A(&)
d3 dz?

1 f4(x)

1) WM'I Second Order Derivative WI4 J -- lax2 +bx+c

&i=
dx

tax + b

d2
2~ 2a
dz

EC215 91



2) WM'I  Second Order DerivativeBN  y = 1 + x
1- x

2x  = (1-x) - (1+x)(-1)

d x (l-xl2

= 2

X%+X2

& = (1+2x+x2)(~)_-(2)(-2+2x)
d? (1-2x+x 2 1 2-

= 4(1-x1

,-4x+6x2-4x3+x4

3) ?WlThird  Order Derivative %IQ y = 4x4-3x+23

!3Y
dx = 16x3- 3

!A
dx2

= 48x2

!2Y
d$ =

96x

jOSecond-order  Partial Derivatives and Total Differentials

3.lo.f  Second-order Partial Derivatives &i'Il~fii~ 2 = f(x,y)

wwwJ;1  2 Lhfi;~3ti&ruJo  2 fi? i% x uaz y Lywjmyn117  First Partial

Derivative $& d

Order Partial Derivative  1%
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m: fyx &J Continuous Function fxyW fyx w&i&%

&lkN 1) WWI Second-order Partial Derivative =J z = x3+ 5xy - y2

5
= as

ar

=  3x2  +  5s

I
J

=$f- =5x-2y

2

fr$
+&- =5

r
YX

A&- =5

2) NM'I Second-order Partial Derivativ&ad  z = se-9
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.
= 2xe'y

f az
Y'PJ' (x2, d c-y) e-y

dz

f
9= 3=a ($1 = -2x*-y

frx = g Cf,)  = -2xe'y

10.2 Second-order !Potal Differentialhmn  z = f (x,y>j;  Lt'l

d'W?fWl First-order Total Differential~~~

dz @!a df ) = fxdx + fpdJ

bIl?'KQ&  Second-order Total Derivative %I

6’s = d(de) = acddx+ aady
ax BY

=
3$- (fxdx+fydy)dx  + &fxdx+fydy)dy

= (fxxdx+fxydy)  dx + (fyxdx+fyydy)dy

= fndx2+  fxydydx  + fyxdxdy  + fyydy2

dx2 5 (dx)2 UI: dy2  s (dy12j

= fndx2+ 2fqdxdy  + fyydy2
C
f
v
=I

YX3
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dz  - d(s) + d(54)  - d(Y2)

= 5x2dx  + 5xdy  + 5ydx - 2YdY

d2c I d(3x2>dx +  d(5x)dJ  +  d(5rk  - d(;b)@y

= (6xdx)dx  + (5dx)dy  + (5d~J)dx  - (2drht~

e 6xd? + 5dxdy  + Wdx - 2dy2

= 6xdx2  + 1OdxdY - 2dy2
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