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B 4.1 Formal Definition of the Derivative - \

Definition The derivative of a function f at x, denoted by f’(x), is
= (SRl

. 0 0
f(x) —}1‘2) P ? pirime

provided that the limit exists.

, \
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YA é \%
ecant line through”)
7 (¢, f(c)) and (x, f(x))
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Figure 4.6 The derivative(f'(c) J=lim_ L‘»;m is the slope },\’V\e & X=C
of the tangent line at (¢, f(c)).
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ooy, July 04 2024 B 4.1.1 Geometric Interpretation and Using the Definition

Definition of the Tangent Line If the derivative of a function f exists at
x = c, then the tangent line at x = cis the line going through the point (c, f(c))
withlope»
h) —
h—)
: f\’cw\y»—& o3
X=<—

Equation of the Tangent Line If the derivative of a function f exists at x = c,
then f’(c) is the slope of the tangent line at the point (¢, f(c)). The equation

of the tangent line is given by S\QF{ :w\csl‘(c)
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Sunday, uly 04, 2021 B 4.1.3 Differentiability and Continuity
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Figure 4.18 The function y = f(x)
1s not differentiable at x = c.
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B 4.2 The Power Rule, the Basic Rules of Differentiation, and the Derivatives
of Polynomials

0 P (e 4 ()= A e

‘/@ FCX)’: Conshat = (\(X)f;b'

f/"é' (=) ’F("”« Xé c}{'(xw; x>,
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m Tangent and Normal Lines If f(x) = 2x*—3x 41, find the tangent and normal lines

at (—1,2).
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B 4.3 The Product and Quotient Rules, and the Derivatives of Rational
and Power Functions

B 4.3.1 The Product Rule

“{_J"\é) )/é/j Lo

Q\/\ch FLog = W 0= )C\va AR -+ {3&@

m Differentiate f(x) (Bx + D(2x* = 5).
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Homrvori + Fholkl.

m Apply the product rule repeatedly to find the derivative of

y=2x+DHx+1)(3Bx —4)
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B 4.3.2 The Quotient Rule / )
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IETTIED  Differentiate y = S35, (This function is defined for all x € R, since x> + 1 £ 0.)
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B 4.4.2 Implicit Functions and ImpI|C|t Differentiation
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&

EXAMPLE 16 Changing Volume A spherical balloon is being filled with air. When the radiu@

cm, the radius is increasing at a rate of 2 cm/s. How fast is the volume changing at

f this time? &‘(— )
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61. Assume that x and y are differentiable functions of 7. Find 3%

%=2fo'E&i
>/

Sal. ) 2 .
Sel. —dr,(<><)+%—e(\3):%;(\) 1

7
% v )= o
- &

whenlx? + y? =

2(1;/ " 2(N=z ) X . 2
() 4 7>ﬁ’

Q, - I = dy o
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Homework

66. Assume that the radius r and the area A = 77~ of a circle are
differentiable functions of t. Express d A /dt in terms of dr/dt.
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= F e ek

M 4.4.4 Higher Derivatives
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- _x\ . —=3*
2 3 (=) = =

- =200 9 \3

m Acceleration Assume that the dosition Bf a car moving along a straight line is given

by
s(t) =3t° =2t + 1

Find the car’s velocity and acceleration.
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—
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M 4.5 Derivatives of Trigonometric Functions

d v W d <

O — SInNX = COSX @ — COSX = —sinXx
dx dx
d d

@ tan x = sec” x @) —_cotx = —csct x
dx dx
d d

Q —secx = secxtanx @ — CSCX = —cscxcotx

dx dx

,(- 9 Anx, — Sinx ((_nsx( CoSx) (Sw%)(-_gw‘)
P b ( ) =

- C o8

Cosx

Co_51>< -+ 5\'&2>L
— -
Costx

‘ _S‘f/\ X

T G CoSx

Conshod
m Find the derivative of f(x) = —4sinx +@

5__‘3_\’ 7@‘(%)’: —4 CodSX 4+ o — M CoSx-

.= Sery 4"“"& .

m Find the derivative of y = cos(x* + 1).
Y —  — <A (X?—\—\>‘ (xl—r\)/ = —Sin (XQ‘\") (7—><>

— =1L X S\“"C’Xl‘\'\) ’
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m Find the derivative of y :w — cos(Sx).
Sal J I <X‘L>< CoSB) - 3) + <5\'A3><> (2) + Sin(5X).5

— 3XT Ces (3%) &+ 21X Si~(3%) + 5 Sia(sx).

m Compare the derivatives of

(a) tanx? (b) tan x

e (a) D= Forx® = fran(xd)

j\ = sec(XP) k= 2X SZCQCX)')

2
LSk — 2.*{‘0\«\)( Sect, .

m Repeated Application of the Chain Rule Find the derivative of f(x) = ser:(\/x2 + 1)

jm,. sec( )
f!(@» Sec(r')lm(\y_”> (@T>

- W Sec( 1) ban (51 ).
29. f(x)= \/sm(Zx- - 1)
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60. Find the points on the curve y = cos” x that have a horizontal ;
tangent. od / L’)
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M 4.7 Derivatives of Inverse Functions, Logarithmic Functions, and the Inverse

Tangent Function

B 4.7.1 Derivatives of Inverse Functions

Derivative of an Inverse Function If f(x) is one to one and differentiable with
inverse function f~!(x) and [ f~'(x)] # 0. then f~!(x) is differentiable and

g .
E(f ())— T (4.12)
) . \ \ Y = Foo
(£ =
?\;£ ) — %%\ b 7Cc,<)
= X[ [

Plogo (00 - xW
(1+2)*

';f/<,'~),- "—J_: —)\Zi
T (I+h)z Uy T
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ox (j = LV\(BX}

B 4.7.2 The Derivative of the Logarithmic Function
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