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The function-notation  f’(x)
dy

The differential .notation d_
X

The operator notation Df (x)

Theorem 1 : Derivative of a Constant (ﬁfj‘g’ﬁﬁ ko3 )
If f(x)=c (aconstant) forall x,then f'(x)=0 forall x.Thatis,

E:DC:O

dx

<G> PNEL f(x+h)=f(x)=c
fW+?_”©:HmE£:Hm9:Om#

h—-0 R h—0 h

Bl f’(a)zLing
BlE-898

LB =



c“ ‘en ET:)P-:}

8
By
Dx=1
Dx* = 2x
Dx® =3x°
Dx* = 4x°
Dx*'=-x7
Dx?* =-2x"°
Dx? =1x*
Dx?=-2x*
(a+b)"=a"+ natp+ M= grgpz  NO=D - (=KHD oy g
2-1 k(k-1)---3-2-1
n=2 (a+b)’=a’+2ab+b?
n=3 (a+b)’=a’+3a’h+3ab’®+b°
(x+h)® = x*> +5x*h +10x°h? +10x°h* + 5xh* + h°
=x° +5x*h+h’ (10x° +10x*h + 5xh’ + h°)
= x> +5x*h+h*-P(h)
(x+h)" =x"+nx""h+h*P(h)
Theorem 2 : Power rule for a positive integer n
If n isa positioninteger and.f (x) = x", then f'(x)=nx""
<g > 1 f'(x)=lim FXAMZA ) _ iy X ()
h—0 h h—0 h
n—1 2
L4im nx" "h+h°P(h)
h—-0 h
N H n-1 X
= m[nx +h-P(h) |
=nx""+0-P(0)
() =nx""...#
Theorem 3 : Derivative of a Linear Combination (F64%73™ & pUsgtgfe)
If fand g are differentiable function and aand b are fixed real number,
then D[af (x)+bg(x)]=aDf (x)+bDg(x)
With u=f(x) and v=g(x), this takes the form
ﬁi%%%ﬂg.ﬂ %ZE O%&QE
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(au+bv) _ du,  dv
dx dx  dx
f h)+b h)|—|af b
< D{at 0] - iy T OO D[ 00 <bg)
_ a(lim f(x+h)- f(x)j+b("m g(x+h)— g(x)j
h—0 h h—0 h
=aDf (x) +bDg(x) ...#
Theorem 4 : The Product Rule
If f and g aredifferential at x, then fgis differentiable at" x;.and
D[ f(x)g(x)]= f'(x)g(x)+ f(x)g'(x)
With u=f(x) and v=g(x), this product rule takes the form
d(uv) dv du
=U—+V—
dx dx  dx
When it is clear what the independent variable is, we can make the product rule
even briefer:
(uv) =u'v+uv’
<> D[1(g(] - lim- L THI90)
_lim f(x+h)g(x+h)— f)g(x+h)+ f(x)g(x+h)—f(X)g(x)
h—0 h
_lim f(x+h)g(x+h) - f(x)g(x+h)+lim f(x)g(x+h)—f(x)g(x)
h—0 h h—0 h
(i LX) = £ () L 9(x+h)-9g(x)
=[O imate) ) i 0
=1'(x)g(x)+ f(X)g'(x) ...#
The Reciprocal Rule
If. f.is differentiable at x and f(x)=0, then
1L~ f'x
F)  [f]
With u = f(x), the reciprocal rule takes the form
i(lj __1du
dx\u)  u? dx
If there can be no doubt what the independent variable is, we can write
H’ v
u u’
. 8388395
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Theorem 5 : Power rule for a negative Integer n
If n isanegative integer, then Dx" =nx""

<FPH> - -,&J m=-n

px" =D~ =~ P&
X" (x™)
mx™*

=——— =(-m)x"MF =nx"" . #
X

Theorem 6 : The Quotient Rule

If f and g are differentiableat x and g(x)=0, then ’ is differentiable at
g

X and
o) _ F'(X)g(x) =1 (X)g'(x)
g(X) [9(0)]°
With u=f (x)".and- v = g(x), this rule takes the form

du dv

Ve —y—
i(ﬂj: dx.  dx
dx \ v v?

If.it is clear what the independent variable is, we can write the quotient rule as

’
uj  uv-uv
v %

=EEHE :M:f L
N T e Tey
&) = [Df (x )]—+f(x) D_1_

g9(x) 9(x) g9(x)
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§3-3 The Chain Rule
dy dy du
dx du dx

y=g(u) and u=f(x)
2 y=h(x)=g[f(x)]

du ,

@ W

dy

o

dy .
—du—g(U)—g[f(X)]

S Wx)=g[tx)] ')

The version of the chain rule gives the derivation of the composition h=go f of two functions
g and f interms of their derivations.

Theorem 1 : The Chain,Rule
Suppose that ' f is-differentiable at x and that g is differentiable at f(x).

Then-the composition h=go f defined by h(x)=g[f(x)] is differentiable at
X;and its-derivative is

h(xy= Dg[f (0] ]=g'[f ()] F'(x)

The-Chain Rule pogEf

<> y=g(u) and u= f(x)

ﬂ: Iimﬂz lim gl f(x+A)]-g[ f(x)]
dx Ax->0AX  Ax—>0 AX
Ay Ay
AX AU AX
. EEhEZ 393
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u=f(x) and f(=2
dx
;o\ du
Do) =0')
X

g'(u)=nu""
n—ld_u

D,u" = nx
dx

If u="f(x)
D,[f ()] =n[ (0] f'(x)
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yq = xP
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ay Y~ pxot

dx
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DXl '=rx
y=u'
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Theorem 1 : Generalized Power Rule
If r isarational number, then

D,[f()] =r[ ()] f'(x)

Wherever the function f

is differentiable and the right-hand side is defined.

Vertical Tangent Line
The curve y= f(x) has a vertical tangent line at the point (a, f (a)) provided

that f iscontinuousat a and that

f'(x)| >+ as x—a.
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There are_-z radians in.180 degrees.

Radians

Degrees

0
zl4
wl?2
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32
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0
45
90

180
270
360
720
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Addition formulas ( [k 274 ) ¢
cos(X + y) =CcosXCcos y—sinxsiny
sin(Xx+ y) =sin XCcos y + C0os Xsin y
Theorem 1 : Derivatives of Sines and Cosines
The functions f(x)=sinx and g(x)=cosx are differentiable for.all x and
Dsinx =cosx
Dcosx =—-sinx
e . . f(x+h)=f(x) . sin(x+h)=sin(x)
=< [E : ! — —
RS | e S
. (sinxcosh+cos xsinh) —sin(x)
 ho0 h
. sinh . 1-cosh
:!ﬂg[(cosx)(—T;—j—(sn1x)( » j}
._sinh . .. 1-cosh
=cosx| lim=—— |—(sinx)| lim
h—0 h h—0 h
=cos x(1)—(sinx)(0)
= COS X
sin X COSX
tanx =—— ot x=——
COS X sin x
SecXx=—— CSCX=—=
COS X sin X
Theorem 2 : Derivatives of Trigonometric Functions
The functions f(x)=tanx,g(x)=cotx, p(x)=secx,and g(x)=cscx are
differentiable wherever they are defined, and
D tan x = sec® x
D cot X = —csc’ X
Dsec x =sec xtan x
D csc x = —csc x cot X
i Dsinx)(cos x)—(sinx)( D cos x
<125 ¢ Dtany—pf 3 | (L) emon) (5 Dess)
COS X (cosx)
EB8E839H
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_ (cosx)(cosx)—(sinx)(-sinx)

cos® X
_cos’x+sin’x 1
~ cos’x  cos’x
=sec’ X ...#

<& 2>: Dcotx= D(
sin x

CoS xj _ (Dcosx)(sinx)—(cosx)(Dsinx)
(sinx)’

_ (—sin x)(sinx)—(cos x)(cos x)

sin’ x
=2 2
—-sin“x-cos"x 1
sin® x sin? x
—CSC? X ... #

D cos x
- 2
(cosx)
_sinx 1 sinx

"~ cos’X  COSX COSX
=secxtanx...#

<= 3> : Dsecx=D( ! j:
COS X

. 1 Dsin x
<P 4>: Descx=D——=— >
sin X (sin x)
_cosx 1. cosx
sin®x  sinx’sinx
=—CSCXCOt X...#
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[NOTE] + Jﬂ&‘?flﬁ (sin'x) =sin® x
(sinx)® =sin® x

[Fsin x* =sin(x*) = (sin x)*

sin x
sinx=a = x=sin"a

#E] (sin X)" = L #sin™' x
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