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The Derivative of a function (&R £ 5 S £0) (p99)
1. The derivative of function f{x) at x /
(c, f(©)

is given by(x = H9S£0)
fx +A%) — f(x) Ay
P | /

f'x) = lim ———— __— -
A0 Ax Ax (e flo)
2. For all x for which this limit exists, .
f'(x) is afunction of x.(S &%) 4‘%’ /
3. Notation for derivatives (@ f(e))

Ay
e, 2y A
o Y (e, f(e))
d Ax—0
T [f (2], D, [y] %angent line

The function f'(x) isread as “f-prime of x".
Differential of a function (R N %)

The differential is defined by
dy = f'(x)dx

The notion dy/dx is read as the derivative of y with respect to x or dy,dx
dy Ay . flx+Ax)—-f(x)
— = lim — = lim

— !
dx A% Ax  Ax—0 Ax =/
Example 1: Using the derivative to find the ¥

slop ata point (p100)

Find f'(x) for f(x) = +v/x.Then find the
slopes of the graph of f(x) atthe point (1,1) o ﬂ)
! . f(x+Ax)_f(x) 1 ' n.g:l
f (x) = Alll’l’l A = 4
0 X 2vx | flx)=/x
(x> 0) 1

1 (0, 0)

[ =3

L

3
1l
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Differentiability and continuity(o] § 5% 4%) (p101)

Differentiability = Continuity
TS RESL, EEA—E 05 Although it is true that differentiability implies
continuity, the converse is no true.

¥y y
‘f(X) — X\B

- 37 f =|x-2|

li 1/3y = i 1/3
xl)%l‘(x ) xl»%l"'(x )

lim |x — 2| # lim |x — 2|
x—27 x-2%
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EARAMI AR
FRiEBRSEM: 3

d - a4 - 4 = L f'
Ll =0 2 ] = k L f (0] = kf' ()
AR 3
i[x"] =nx" 1 4 [sinx] = cosx i[cos x] = —sinx
dx dx dx
Hti=fARHK 2+2
d _ 2 a a2
a[tan x] = sec*x ™ [cotx] = —csc?x
d d
— [secx] = secxtanx —[cscx] = —cscx cotx
dx dx
EAREH 3
d .y ;4 oy pod [u] _ ovu'-w’
a[ tv]=u"xv dx[uv]—vu +uv dx[v]— —
TERK 2
dy_dy  du 4 - —1,,
dx du dx dx [un] ="y

Exercise 1: Find the derivative by the limit process.
1.1 f(x) =7

1.2 f(x) =x%—3x

13 f(x) ==

14 f(x) ==

X

1.5 f(x) =vx+4
L6f&)=%

Exercise 2: (p104-35)Find an equation of the line that is tangent to the graph
of f(x) and parallel to the given line.

Function Line
35.f(x) = x3 3x—y+1=0
1
37.f(x)=ﬁ xX+2y—6=0

38.f(x)=\/% x+2y+7=0
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int 24int
Exercise3:(p106-105)Let f(x) = {x sin, x#0 and g(x) = {x sinz, x#0 .

’ X =

)

Show that fis continuous, but not differentiable, at x = 0.

Show that g is differentiable at 0, and find g'(0).

Exercise 4 : (p126-1) Use the Product Rule to differentiate the function.
1. g(x) = (x% +3)(x?% — 4x)

2. f(x)=(6x+5)(x3-2)

3. h(t) =+t(1—t?)

4. g(s) =+/s(s?>+8)

5. f(x) =x3cosx

6. g(x) =+xsinx

Exercise 5 : (p126-7)Use the Quotient Rule to differentiate the function.
7. f() =5

244
8. g(t)=§t—j3

9. h(x) = xjfl
S
10. h(S) = m

11. g (x) = 25
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12.f(t) = cost

t3

Exercise 6: (p126-34)Find the derivative of the algebraic function.

2 1
34. = 2(—— )
g(x) =x x x+1

35.f(x) = 2x3 + 5x)(x — 3)(x + 2)

2 2
37.f(x) = iz—:z, ¢ is a constant
c?—x? .
38.f(x) = gy ¢ is a constant

Exercise 7: (p126-40)Find the derivative of the trigonometric function.

40.f(0) = (@ +1)cosb

42, F(x) = sin3x

X

44.y = x + cotx

1
46.h(x) = i 12 secx

secx

48.y =

50.y = xsinx + cosx

52.f(x) = sinx cosx

54.h(0) = 50 secH + 6 tan 6

Exercise 8: (p127-73)Determine the point(s) at which the graph of the

function has a horizontal tangent line.

2x—1
73.f(x) = 2
X2
74.f(x) =

x2+1
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2

75.f(x) =

x—1

x—4
x2 -7

76.f(x) =
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Exercise 2:
35y=3x—-2,y=3x+2

-1 3
37.y—7x+5

-1
38.y=7x+2

int 24int
Exercise3:(p106-105)Let f(x) = {x sinZ, x#0 and g(x) = {x sing, x#0 .

0, X = 0’ X =

(1) Show that fis continuous, but not differentiable, at x = 0.

Squeeze theorem: —|x| < xsint < [x], lim(—]x]) = 0,lim(|x|) = 0,
x x—0 x—0
so that lir% (x sin %) =0 = f(0), so fis continuous at x =0
X—

x)—f(0 xsin(1/x)—0 1
f'tx) = limf( O = lim /%) = lim sin— = limit doesn’t exist.
x-0 x—0 x—0 x—0 x>0 X

(2) Show that g is differentiable at 0, and find g'(0).

1 . .
Squeeze theorem: —x? < x2sin= < x?,lim(—x?) = 0,lim(x2) = 0,
X x—0 x—0

so that lin?) (x2 sini) = 0 = f(0), so fis continuous at x =0
X—

_gx)—g(0)  x*sin(1/x) -0 . 1
g'(x) = lim = lim = limxsin— =0
x—0 x—0 x—0 x—0 x—0 X

Therefore, x = 0 is differentiable at x =0, g’'(0) = 0.
Exercise 4:

1. g'(x) =4x3 —12x?> + 6x — 12

2. f'(x) =24x3+ 15x%2 — 12

3. h(t) =32 4272
4, g'(s) = 253/2 + 4571/2
5. f'(x) = 3x?cosx — x3sinx

6. g(x)= %x‘l/z sinx + vx cosx

Exercise 5:

7. £ = s
8. g'(n) =200
9 K@ =_(—1)_
10. h'(s) = (}ﬁ;

11.g’(x) — xcosxx—3251nx

12.f’(t) — _tSinttZZ cost

Exercise 6:
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34.9'(x) =1 +(x+%)2

35.f'(x) = 10x* — 8x3 — 21x? — 10x — 30
, —4c%x

37.f'(x) = GI— o2
, —4c%x

38.f'(x) = 1207

Exercise 7:

40.f'(6) = cos@ — (6 + 1)sin6

cosx 3sinx

42.f'(x) =

x3 x?
44.y' =1 —csc?x
-1
46.h'(x) = 7z 12secxtanx

, secxtanx secx
48.y' = o ~

50.y' = xcosx
52.f'(x) = cos?x —sin? x

54.h'(0) = 5sec + 50 secOtanf + tan 6 + O sec?

Exercise 8:
73. f(x) = = EHA(BH L Domain: x # 0
a) flx)=ZF=2x"1—x7?
1 2 2
b fl)=-3+2=0=>x=1

c f()= 21;1 =1 = at (1,1) f(x) has a horizontal tangent line.

2
74.f(x) = x§+1 {8% %, Domain: x € R
x? x241-1 1 _
a) f=gg="Fr=1-57=1-@"+D7"

/ _ 2 -2 _ 2x _ _
c) f(@)=1/2 at (1,1/2) hasa horizontal tangent line.
75.f(x) = 2 k% F{EH AL, Domain: x # 1

2_ -
_ X214l (=D (x+D) +ﬁ =(x+D+ -1

2 fO)=2

X x—1 x—1

1
(x-1)2

b) flf)=1+(C-DEx-1)2%=1- =0=>x=20rx=0

c) f(2)=4,f(0)=0= at(2,4),(0,0) f(x) has horizontal tangent lines.

76.f(x) = 5= JZIE{B& K Domain: x # +v7

X

a) flo)=

x—4
x2-7
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x2-7-(x—4)2x _ x?-7-2x248x _ -x%+8x-7 _ —(x-1)(x=7) _

b) /()= = = = =0

(x?=7)? (x?=7)? -2 T )

) =2x=lorx=7

1

d) = f)=5f7 =

14

= at (1,%),(7,%) f(x) has horizontal tangent lines.



