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2.1 TANGENT LINES AND VELOCITY

In this lesson we just need to understand the concept of tangent line and instantaneous

velocity just focus on average velocity

Jaall J\A,g\eﬁy@;@dﬁk&ﬁJ;\Jdmuﬁmjw\asﬂbww‘e@ehﬁueﬁmkﬁwJﬂ\ \AAUA
Ao gial) A puud) o) e 380 B Janse S g A8 g5l B Aaliall de ol g obaall Aalaa s

¥

'l";
%
Y /
% 4
A
— A
I""'\.
/ﬁp r
| | Point
of
release I — x
\ / —4 I -
S+ - f@ _ fla+h - f@
oV — '
(a+h)—a h
DEFINITION 1.1
The slope i, of the tangent line to y = f(x) at x = a is given by
! +h)—
i = lim L2 = J@) (1.2)
h—0 h
provided the limit exists.
y = mua(x — a) + f(a).|
0507614804 525 ses JiuY)
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2 sgdall L i () Ub zling i ABaM) (gl (8 Sl i ghad g A8y oy (g J)iged) 138 (o S35
Solved Example Find an equation of the 3Uaxal) Adadill die Al puleal) Aalas 2a ) J glaa Jlia
tangent line to
y=x*+1at x = 1.
Solution We compute the slope using (1.2):

f(1+h)— (1)

Mign = Aim
—

0 h
R [ Ry /) R | S Y
= lim
h—0 h
o1+ 2h+hr+1-2
= lim
h—0 h
C 2h+ R R+ h)
= lim — = lim ———
h—0 h h—0 h
hl—lﬂa{ +h)
y=m(x—1)+ f(1)
Megn = 2, f)=124+1=2

y=mx—-1)+f1)=2(x—-1)+2
y=2x—2+2
y = 2x

Velocity

signed distance  s(b) — s(a)
Vavg = - — .
e time b—a

L

DEFINITION 1.2

If 5(t) represents the position of an object relative to some fixed location at time ¢ as
the object moves along a straight line, then the instantaneous velocity at time f = a

is given by
. s(a+h)—s(a) . sla+h)—s(a)
v(a) = lim = lim . (1.5)
h—0 (a+h)—a h—0 h
provided the limit exists. The speed is the absolute value of the velocity.
0507614804 335 das i)
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Solved Example Suppose that the height ofa & (e ¥ (30 by auas £l ) o)) (a3 Jglaa Jbia
falling object t seconds after being dropped Al amy t e M
from a height
of 64 feet is given by s(t)

s(t) = 64 — 16t2.

1) Find the average velocity between O B_ialld dlaws giall de yuall 2a )

times t =15t = 2
t =1landt=2.
Solution The average velocity between times t=1 and ¢t= 2 is

s(2) —s(1)
wg =" 1
_ [64 — 16(2)2] —[64 — 16(1)2]
B 1
Vavg = —48ft/s
" 2) Find the average velocity between ~ O» bl e gidll de ) an )
times t=1.55t = 2

t =1.5andt = 2.
Solution The average velocity between timest = 1.5andt = 2is

5(2) —s(1.5)
Vavg =5 15
3 [64 — 16(2)?%] — [64 — 16(1.5)?]
B 0.5
Vavg = —56ft/s
" 3) Find the average velocity between ~ Oxbilidbu il de jul) aa gl
times t=1.9,t = 2

t =1.9andt = 2.
Solution The average velocity between timest = 1.9 and t = 2is

s(2) —s(1.9)
Vavg = ™5 _"19

[64 — 16(2)%] — [64 — 16(1.9)?]
0.1

Vavg = —62.4ft/s

4 Baall) de ) p ggda il o)) U zliad Jadd A8adU) Qg ual) B Jgol il ghad g 48y yhay Jag JIigead) () 2S5 Ui Lagl

0507614804 335 Jes i)
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4) and the instantaneous velocity at time t = 2.3 Aball) de yul) 2yl
t = 2.
Solution
. S(2+h)—s(2
v(2) = lim i ) —s2)

h—0 (24 h)—2
. [64— 16(2 + h)*] — [64 — 16(2)%]
111

i—0 h
o [64 — 16(4 + 4h + hY)] — [64 — 16(2)7]
o Iz—r:-r(j1 h
—64h — 16k . —16h(h +4)
= Ilim -—-—=lm—
h—0 h h—0 h

= Ilin?][—lﬁ(h +4)] = —64 fi/s.
1—

Q1 The function s(t) represents the A ) 2a ) Lo auand a8 gall Alla Al Jii 1w
position of an object. Find the average t=0,t=2 Opibugd
velocity betweent =0ant = 2

s(H) =33+t

Q2 The function s(t) represents the de ol 2a ) Lo el 2 gall Ala Al oS 200

position of an object. Find the average t=0,t=2 Opibugd

velocity betweent =0ant = 2
s(t) = 4¢3 + 10

Q3 The function s(t) represents the de ) 2x gl Lo ol a8 gall Alla Al Jiad 3w
position of an object. Find the average t=0, t=1 o Aau gidll
velocity between t=0 an t=1

s(t) = t?> + 8t (in meter)

0507614804 335 Jes i)
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Q4 The function s(t) represents the
position of an object. Find the average

Ge ol ang) Lo avead g pall A3 A1) i 4

velocity betweent =0andt =7

s(t) = 3sin (t — g)

2.2 THE DERIVATIVE

'u,. A “ e . " ‘0
Explanation of the concept of derivative
¢ didall ap g e ¢ dBIEAN AL
What is derivative ? when we need to calculate derivaitive

Derivative

Explanation physical
(b 5

rate of change

aalll il Jaee

Explanation Geometrical

Derivaitve notations dEia) e

) ) dy
f y .

df
dx

0507614804 335 Jes i)
https://t.me/+vin4wuNV2B83NDAO
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m die 4llal) d8tde
Derivative of a function

ata pOll’ltX =a

pE (LR [

y=fxgkx)

The derivative of the function f is the dy f'(x)gx)—fx)g'(x)

function y=—= dx 2
1S A A (9()

f'(x) =lim w y = F)g@) N
‘:I y =flgx) =f (g(x))g (x)

dy _f'®

Altrnative definition

i)

(x)

A8l Jadd) iy el

f(b) — f(@) — = seczx
! = lim————~ 7 =t
f'(a) %1_1)1‘: . y an x dx
_ secx = secx tans

= csc x = —cscx cot x

0507614804 335 sas Miuy)
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d_ ()
dx  2/f(x)

dy _—af(x)
dx  2,/f(x)

d
=S

dy f'(x)

y=Wm({f®) ldx 70

First by difention (limit) | ABidial) iy i aladiuly Yl |

— —— = ———

FINITIOR
The derivative of the function [ at the point x = a is defined as
fla+h)— f(a)
h '

provided the limit exists. If the limit exists, we say that f is differentiable at x = a.

Solved Example Use definition to compute Alagy (lledll) AEiiall oy jad aadiul Jglaa Jlia
the derivative of

fla)=fimy @

f(x)=3x+1ata = 1.
fA+h) -

f'() = lim

, CBA+R) +1]-[3(1) +1]
f'() = }llg(l)[ ] .

, ~ [B+3h+1]-[4]
f'() = }lli%[ ] -

, 4+ 3h] — [4]
f'() = lim ) -

3
f=jny =3
0507614804 335 Jes i)
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h
3(1+2h+h*>)+1]—-[4
1) = im )+ 1] = 4
,  [3+6h+3h%+1] - [4]
f') = lim h
o [4+6h+3h% - [4]
f'() = lim 7
. [6h+3h]]
~ h|64+3h
fr) =lim———
lim[6 + 3h] = 6
h—0
~ Solved Example Use definition to compute by (Cbledl) A8iia) Cay s axdind Jglaa Ja
the derivative of
f(x)=x*+5 ata = 2.
Alternative definition AGEl Jonl) Cay pail) andied Cage Jh sl 138 4
. . f(x)—f(a)
o) =l =2
oo e S x) = f(2)
f(z)—!:BZ‘ZxT
sron e (X5 +5)—(9)
f(z)_gcl—l}zl x—2
(@) = lim S
f()—;yg(x_zz)( 2)
C (x—=2)(x+
f'(2) =1lim -

Imad Odeh

Solved Example Use definition to compute Ay (Sllell) AEiiall Cay yai aadil J glaa Jlia
the derivative of
f(x)=3x*+1 ata = 1.
fA+h)—f()
h

f'() = lim
[3(1+ h)? +1]—[3(1)* + 1]

f'() = lim

Imad QOdeh

f@=limx+2)=2+2=4
x—

0507614804 335 Jes i)
https://t.me/+vin4wuNV2B83NDAO http://www.youtube.com/@imaths2022
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Q1 Use definition (limit) to compute Alagy (b)) Asiiall cay pi aadin) L
the derivative of
f(x)=2x*-1 ata = 3.

Solved Example Use definition (limit) to Alay (llell) Asiiall Cay e ariinl J glaa JUia
compute the derivative of

f(x)=+V3x+1 ata = 1.

Alternative definition Aaidiall Jaaal) oy yatll a2dtad (o gus J)gal) 120 3

f) - fla@)
xX—a

f'(a) =1lim

1

V3x+1-3(1)+1

f'(1) =lim

x—1
1) = 1i V3x+1-V4
f()—xgl} 1
o V3x+1-2 Vv3x+1+2
f(1) =lim .
x-1 -1 V3x+1+2
) = tim 314 1
= lim :
=1 x—1  \Bx+1+2
£(1) = li 3x—3 1
= 11m .
=1 x—1 3x+1+2
3(x—1) 1
(1) = lim :
Fa=im—— V3x+1+2

1 4,13
V3x+1+2 2.2 4

f'(1) =lim 3.
x-1

0507614804 335 Jes i)
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Q2 Use definition (limit) to compute Alagy (b)) Asihall cay i aadin) 2
the derivative of

f(x)=+vV2x—1 ata = 5.

Q3  Usedefinition (limit) to compute ~ aY (Clled) didall iy peipadin) 3w
the derivative of
= = 2.
f (x) > 1 at a
Solved Example Use definition (limit) to Al (lbledll) dgiiall oy yai aadinl Jglaa JUia

compute the derivative of
f(x) =x*—-2x atx = 3.

fG+h -3
h

Neld 0dgl,, h

f,(B):E%[9+6h+h2—6—2h]—[3]

f'(3) = lim

h
[3 + 4h + h?] — [3]

f'(3) = lim

F/(3) = lim "D
£'(3) = lim(4 + h)
f'3)=4

0507614804 335 Jes i)
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Use definition (limit) to compute the gy (bledll) dsiial oyt aadin) Jglaa JUia

derivative of
f(x) =3x3+2x—1atx = 1.

f(l+h)y— f(1)

b= llzl-l.](]) h
i [3A+ha° +20+h)—1]-3+2-1)
h—0 h
— im 3143043+ +Q2+2h)-1-4
h—0 h
_ i 11 +9h% + 3h°
h—0 h

= lim(11 + 94 + 3h%) = 11.

h—0

DEFINITION 2.2

The derivative of the function f is the function f’ given by
oy — e LR — f(X)
o = jim FEER=IE,
The domain of f' is the set of all x’s for which this limit exists. The process of

computing a derivative is called differentiation. Further, f is differentiable on an
open interval [ if 1t is differentiable at every point in I.

(2.3)

Solved Example Use definition (limit) to Adida dlagy (wliledll) Asidall Cay pad andin) Jglaa JUa
compute the derivative of
f(x)=2x+5

£(x) = lim [2(x + h) + 5] — [2x + 5]
h—-0

f0) = lim

h
[2x + 2h + 5] — [2x + 5]

0507614804 335 Jes i)
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Solved Example Adisa alagy (liledll) Asiiall Cay paf andiin) Jolaa JUa
Use definition (limit) to compute the
derivative of

f(x)=%,x¢0

fx+h) - f(x)
h

f'(x) = lim

1 1
fr(x)zlllig(l)x-l'z X
x— (x+h)
') = }lig(l)—x(x; h)
PO = e o
f'(x) = lim 1 !

h-0x(x + h) T2

Q1 Use definition (limit) to compute Alagy (b)) Asilall coy pd aaddn)  f
the derivative of
fX)=vVx,x=0
Q2 Use definition (limit) to compute Ay (Slleal)) Asiball Cay jat paddul 204
the derivative of
f(x)=3x2+1

0507614804 335 Jes i)
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Q3 Use definition (limit) to compute Alagy (liledl)) Asihall cay i aadin)
the derivative of
fx)=x*-2x+1

Q4  Use definition (limit) to compute ¥ (Clled)) Rt oy jad aadind 4w
the derivative of
f)=x3+2x-1

Q5 Usedefinition (limit) to compute Y (Sbledl) sl oy adi) 5w

the derivative of

3
f(x)=m

0507614804 335 Jes i)
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Q6 Use definition (limit) to compute Alagy (b)) dsihall cay i aaddn) G
the derivative of
f=0=
Q7  Usedefinition (limit) to compute sy (QUledl)) AGika) Coyyad a0iind Fw
the derivative of
fx)=Vv3t+1
Q8 Use definition (limit) to compute Alagy (liledll) Asidall cay i a2ddn) B
the derivative of
f(x)=V2t+4

0507614804 335 Jes i)
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gty didal) asgda by
Link derivative with limit

Q9 Let 9
f[2)=3f(3)=5,f(1)=2
Solved Example Jslaa Jla
1) Find 2wyl (1
. f@2+h)—f(2)
lim
@+h-f2) e
. f - o
2) Find 2wl (2
. fA+h)-f)
lim
h—0 h
3) Find 2y (3
. fR2)-f(2+h)
lim
h—0 h
4) Find 1y (4
. f(A+h)-f(1-h)
lim
h-0 h
0507614804 525 das Jiy)
https://t.me/+vin4wuNV2B83NDAO http://www.youtube.com/@imaths2022
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li f(=3—-h)—-f(-3)
ho0 5h

6) Find =3 (6
L f( -2 - ()
1m
h—0 h
7) Find =3 (7
I fx) — f(=3)
1m
x-3 x+3
8) Find T
L f@) = £(1)
h-1 \/} -1

GUELEY) 3o g8 (i d JlaSind cpa A1 o lail) 438y Jaall sl
Other question will be postponed after completing the derivative rules lesson

0507614804 335 Jes i)
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2.3 COMPUTATION OF DERIVATIVES: THE POWER RULE

Aidal) ja
, dy df (x)

Functlon Derlvatlve

For any constant ¢ dy
dx
Linear
dx B

Solved Example Find the derivative of daiiial) aa gl Jglaa JUia
a) f(x) = a® b) g(t) = 17
f'(x) = 8x7 g'(x) = 107x1°6

THEOREM 3.3

If f(x)and g(x) are differentiable at x and ¢ 1s any constant, then
. d . , ,
(1) —_[f{.r}+g{.r)] = f(x)+ g'(x),
(i1) —[fh}— g(x)] = f'(x) — g'(x) and

(i) ~—[cf (x)] = cf'(x)
dx

0507614804 335 Jes i)
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Solved Example Find the derivative of

a) f(x) =x%

flx) =x1
f'(x) = —-19x72°

¢) h(x) =x"

h'(x) = mx™1

daiiial) aa gl Jglaa Jlia

b) g(x) = Vx?

g(x) = % )
g'(x) = gxf
d) f(x) = =

Q1 Find the derivative of Adide aa gl Qm
f)=x3-2x+1

Q2 Find the derivative of Adide 2yl 20
f(x) = 2x° + 3Vx

Q3 Find the derivative of d8ide da gl 3

fx) =

Q4 Find the derivative of

ft) =33 — 2/t

Q5 Find the derivative of

f(s) =5Vs—4s*+3

0507614804 335 sas Miuy)

https://t.me/+vin4wuNV2B83NDAO
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Q6 Find the derivative of Al 2a gl B

f(x)=;—8x+1

Q7 Find the derivative of Adide aa gl 7
2
_ 3
f(x) = i +2
Q8 Find the derivative of Adide 2a gl 8w
fG) = 2—2x+
X)=s=—2x+m
Vx
Q9 Find the derivative of Adide 2a gl 9

f(@) = 2t™ — 2¢13

Q10 Find the derivative of iEia aag 10w
3x> —-3x+1
f(x) = 2%
Q11 Find the derivative of Adide 2l 110w
4x* —x+3
xX)=——
f(x) NF

0507614804 335 Jes i)
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Equation of the tangent line

y=m(x—x1) t+y;
m = f'(xq), Y1 =f(x1)

~ Solved Example Find an equation of the ~ sUaaal) 4y xic Aall Guleal) Lslaa 2390

tangent line to the graph of
f(x) =4x*—-3x+2 atx=1

y=m(x—xq)+y;
f'(x)=8x—-3

ff(1)=8(1)-3=5 m=5
f1)=4(1)?*-3(1)+2=3 , y, =3
y=5(x—-1)+3

=5x—2

Solved Example Find an equation of the dlaral) Adadil) sic ABJall (ulaal) Ualea aa g)
tangent line to the graph of

2
f(x)=4—4x+; atx=1

3 — +
f(x) =4—4x+2x71 y=mx—x)+ys

fl(x)=—4-2x*
f()=-4-2(-1)"1=-2 m=-2
f(1)=4—4(1)+%=2 .y =2

y=-2(x—-1)+2
y=-2x+4

0507614804 335 Jes i)
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Q1 find the slope of the tangent line to the SUazall ddadill aie AdJall plaal) Joae an gl 1w
function of f(x) below at the given point:

f(x)=2x*-2 at x= -1

Q2 Find he equation of the tangent line of laral) ddadil) sie Allall laell Aalae 22 gl 204
the function

f(x)=2x*—-4x—1at x = 3

Q3 Find he equation of the tangent line of Blazal) ddadill wic Alall (ulaall dlales 2a gl 3m
the function

fxX)=x*—-2at a =1

Q4 Find he equation of the tangent line of Blazal) adadil) wic Alall (ulaall dlales 2n gl 4m
the function

f(x)=x*-3xat a = -2

0507614804 335 Jes i)
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Q5 Find he equation of the tangent line of Blasall Adadill 2ie Allall Luledll Aldlas 225l 5w
the function

f(X)=4/x—2x at a = 4

Q6 Determine the values of x for which the e Ladie Al 05 Al x adangl 60w
tangent line of the function is horizontal 8

fx)=x*—4x+2

Solved Example Suppose that the height of a ol e (e By anias £ ) OIS 1) J glaa Jlia

falling object t seconds after being dropped AUl ABdally dara add 64 g sl £ a3 A
from a height of 64 feet is given by
s(t) = 64 — 16t feet.
Find instantaneous velocity at time t = 2. t = 2 Laic 4ulaalllde judl aa )
v=s'(t)
v==s'(t) = -23t

v==s5'(2) =-32(2) = —64 ft/sec

0507614804 335 Jes i)
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Q1 The function Al < 1w
h(t) = 10t> — 24t

represent the height of an object. Compute Ladic auall de ju da gl (pre pnea i) Jid

the velocity at time t = 1 t=1

Q2 Find the velocity at time £ = 1 seconds, ad)a ALl ¢ = 1 e aual) ic yudagl 20
using the following position function a8 gall

s(t) = 4t — 4.9t>

Q3 Find the velocity at time t = 2 seconds, aBgall A3 aladily £ = 1 e auallde juaagl 3
using the following position function
(=1
s(t) =—
t
Q4 The following function h(t) represents
the highest of an object in meter
10
h(t) =10 — T

Find velocity of the object at t = 1 second
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Q5 Use position function to find the t = a Laic dc yull Ay a8 gall Al padin) G
velocity attime t = a
s(t) = —4.9t*+5 a=2

Q6 Use position function to find the t = a Lodic dc yull A a8 sall Al pain) G
velocity attime t = a
s(H) =4t —4.9t> a=1

ladie ¢S il Al ) aal Juall Wi oS5 a0 Al e (f Jaall Conn ol i 55 lia ol 300 ALY b

Jaall a8 &5 (e g Adaill ey Jad sy @ 85 Cia Sl Jadll

Solved Example In exercises 13 and 14, list the || In exercises 13 and 14, list the points A,B,C
points 4, B, C and D in order of increasing slope || and D in order of increasing slope of the

of the tangent line. tangent line.

q o
A =
D
ay | J ) |
X |

G B,AD

0507614804 335 Jes i)
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Solved Example sketch in a plausible tangent
line at the given point, or state that there is no
tangent line.

27. y=sinxatx =7
y
F 9

L J
i

29, y=|x|atx =0
y
r Y

oabaa a8 Y (A g) ) e (ol Lia
We couldn'’t sketch a tangent line (corner)

Sl ighd g 3ok g (GUELEN) 200 58, Leda sl g U () Ailgs ) LIRS Al () Aliad A8,

0507614804 335 sas Miuy)
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28. y=tan 'xatx =0
.1I
A

3. y=xatx =1
y
F
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LAY 9 Jlaty)
Continuity and differentiation

THEOREM 2.1

If f 1s differentiable at x = a, then f is continuous at x = a.

Prove adlall calS 1) aa) e \f de GlEidd] Al xy = g o
if f is differentiable at x = a, then f is AIf 2ie Aot S x =@
continuous at x = a.

For f to be continuous at x = a, we need only show that

f(a) = lim £(x)
lim[f(x) - f(a)] =
lim[f(x) - (@] = lim [f(x) f(@) —] lim [f -7t a)]
e [f( x) - f@], _
;Cga[f D= f@] = Jim = — | i) =
mlf(x) - fla)] = f'(a&).lim(x —a) =
llm[f(x) - fl@] = f'(a). 0=
}Clggl[f(x) —fl@]=0
lim f(x) = f(a)
Solved Example Show that Al & G Jslaa JUa
4, x <2
f(x)={2x, x> 2
is not differentiable at x = 2. x = 2 e GELiS] ALE e
x =2 e Jual¥l Cag Vol x = 2 xie GWEYI A oY) g dliaie A ) L
first, we must check continuity Now we check differentiable at x = 2
Juasy) L i
f(a) ="lim f(x) ' N, x <2
e f(x)_{z, x> 2

f@)=22)=4
Jim /) =4

lim f(x) =2(2) =4

xl;ril_f(x) = lim f(x) =4 f'(2) does not exist
E‘E fx) = i

f(2) =lim f(x) = 4

So f(x) is continuous at x = 2

D_f(2)=0 = D,(2)=2
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Q1 Show that QAN o om 1o
4 x<O0
foo ={
2x x =0
is not differentiable at x = 0. x = 0 s GELIALE e
Q2 Show that A o) o 20

2x x <0
f(x)_{3x+1, x>0

is not differentiable at x = 0. x = 0 s GELid] ALE e
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Q3 Show that Al o o 3w

Imad QOdeh

is not differentiable at x = 0. x = 0 s GELISALE e
Q4 Show that A o om 4o

f(x)={ 2, x<1

X
2x x=>1

is not differentiable at x = 1. x = 1 s AL ALE 8
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Q5 Show that A o o 5w
- 3
—=x°, x<
fxX) =4 2
—-3x , x =3
is not differentiable at x = 3. x = 3 e Gaidl AL e
=
Q
he]
o)
e
S
=
Q6 Show that QA o om 6
2x — 2, x> 2
is not differentiable at x = 2. x = 2 s Ganddl AL e
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Q7 Show that AN o om T
4x , x <1
fx) = 2
2x“+ 2, x=>1
is differentiable at x = 1. x = 1 e GlEidod a6
Solved Example For Al 3 Jslae Jbia
2
x° +2x , x<0
fe =1
ax+b, x=0
find all real numbers a and b 3asasa f1(0) OsSCusy @ , b ad s 2
such that f'(0) exists.
As f(x) differentiable so f(x) will be f (x) differentiable at x = 0 so
continuous
2+ 2, x <0
im £(x) = fl) ={
lim f(x) = £(0) a, x>0
lim f(x) = lim f(x) D_f(0) = D,f(0)
x—=0 24 o x:O*i. .
Jmat+ 2z = g 200)+2=a »a=2

0=0+b->b=0
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Q8 For alll & (8

Flx) = { Y

3 x<1
ax+b , x>1

)

Imad QOdeh

find all real numbers a and b de GEIM AL oSS dusy @ L b af e 2
such that f(x) differentiable at x = 1. x=1
Q9 For Al & 9o
2
mx“ —2, x<1
fo) = {
kvx x> 1
find all real numbers m and k Bagage fI(1) OsSicuny m Lk o8 e 2

such that f'(1) exists.
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Q10 For i & 100«

x> -2, x <2
x) =
f& {bx2+ax x> 2

find all real numbers a and b de BEI AL S5 Cusy @ L b el pes 2 )
such that f(x) differentiable at x = 2. x =2
-~
O
o
O
e
<
£
£0) { ax+b , x<0
X) = ) d 5
. x*—3x , x>0

find all real numbers a and b Bagage f(0) 0SS dusy @ , b Al e 2
such that f'(x) exist
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Q12 If f(x) differentiable at x = @, show  x = @ i GEEDUALE £ (o) AN <l 13 120w
that g(x) is continuous at x = a X = a e dlais g(x) A o) il

f(x) = f(a)
gx) = xX—a ’
f(a) , xX=a

X Fa
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f'(a) does not exist

<YLl

343%3.4)&5&.«3\ Laic Qjﬁéﬁ\

'y F 3

I/

f

/

1

} > X

A jump discontinuity & A vertical
f'(a) does not exist

asymptote 2 see (ulas

f'(a) does not exist

uv
¥ 3

IS

Gue el A cusp
oS Alaia Al
f'(a) does not exist
D_f(a) # D, (a)

}/,/

A vertical tangent line (2 see (les
3l 9 ga & f’(a) N alatia Ay
f'(a) does not exist

—
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Q1 Which graph does not have a tangent ki) vie Gl L Gl AN J)sal) e (s T
line at a given point Blaxall
A) B)
if ) :{ y=x2=1,x=0
y=sinx,X=nx ‘

7 . \\ >

}v \/ "
C) D)

Y y=tanlx,x=0 {

Q2 Determine the value of x where f(x) ALE p& Allall aie (58 Al o s 20

not differentiable.

Determine the value of x where f (x)
not differentiable.
x = Reason

g BN

) (

Imad QOdeh

3

AL e Al ladie <8 Al x ad daa
Glaii™

1 2 3 4 5 6 7 8 9 10 11

0507614804 335 Jes i)
https://t.me/+vin4wuNV2B83NDAO http://www.youtube.com/@imaths2022
37

Imad Odeh




Imad Odeh

Imad Odeh

Q4 Determine the value of x where f(x) ALE o8 Al baie oS5 llx ad s 4o
not differentiable. Glaiady

x "y x
EE -2

Sketching the Graph of f Given the Graph of f’
b Lo i Abal) Al ) Jiiall (pe i) aua )

S Al il g x ) ena (398 e yi ey eV ) Ay (o ) i Al st ladie oS Sl <l il sass (2
X J5ae o Lgans yi g JauU anly ity iaiall ladie () S,

Imad QOdeh

Solved example Given the graph of f Olw s f Adlall Jlal) a3l axsin) Jglaa JBia
sketch a plausible graph of f' L
! solution
401+ + 60+
y=1f(x)
¥ - 40,
-+
s 20
_ ’ iy L
- v 4
i —> X
2 /4
0507614804 335 les JiuY)
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Q1 Given the graph of f sketch a plausible — Li&ide Glw aw )l f Alall Sl Jial) o

graph of f’

f

/N,

Q2 Given the graph of f sketch a Liidia Gl sl f Alall Shall Jaiadll aadiiu
plausible graph of f’ f
A y
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Q3 Given the graph of f sketch a plausible = i&iie Glu aw y f Alall Sl Jial) aadinl 3w

f

graph of f’ )
A
; /..
\ ]
II'| | |'I )
A) -.".L l.'ll B) .
“-.1,,-"' .
iy
C) 'H ." D)
'- |
leh_,.." =I-.u_-" 2 / /

I
|
|
I

Q4 Given the graph of f sketch a plausible  iiia Gl awyl £ Al SLal) Jial) aodind 4w

graph of f'

MNP

f

S
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https://t.me/+vin4wuNV2B83NDAO

40

http://www.youtube.com/@imaths2022

Imad Odeh

Imad QOdeh




Imad Odeh

Imad Odeh

Q5 Given the graph of f sketch a plausible

graph of f’

A)

AV

] L

AY

N

Liiidie (g pme )V f ANAl S0 Jiaill 23350 5
fl

~

Q6 Given the graph of f sketch a plausible

graph of f’

pV

Y =

0 \¢$

https://t.me/+vin4wuNV2B83NDAO

B)

D)

B)

D)

X
.

Liidia O ave )l f Al Sl Jfiaill axdied G
!/

f
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Lgiicia ¢l P (e ANl ann
200 Gl sladl) s e 48 yaay ko) AN o )]

Dsaall B5d laany s ) saall Cnd g e Led s 1) S 1Y) (5 gl I Led a0 ) sme e pdaliil) Lol caas (1
OSally 5 (5 i el Lgaial

Cal sl 5 (A=) I aa ol i dlla 8 Lean sy (rysma (3 58) das e A8 Laaie o) S5 A ) il aaad (2
Jeud) ) 4 o) (il s 8 Lgan yis (i L sae Cand) Al Adiial) laie (<3 )

Apre SVl (8 QL (5S35 Ade gy gy (agine dashad) ol 38 Laie (0S5 Al LA (3

Al L i ((inia g Jashad) <ol 388 Laie ()5<3 il Laladl) (4

Gl 5l A gee clalen Lpans 3 AlgiVle Ladie 4S5 il Lalaall (5

Q1 Given the graph of f’ sketch a f oo am ) f1oAdal) daidal St Jiall aodind
plausible graph of f
y v
‘ =

-t
-

0507614804 335 sas Miuy)
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Q2

A)

0

Imad Odeh

Given the graph of f’ sketch a [ o pm ) 1Al dsidal Sl Jial) aadiu)
plausible graph of f
v
A
/
X
Y
Yy A

T
7

| I D) | A
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QLYY 101 8, ABidal) o ggia Jay 1 Ao gia Jilsa

Q1 If fisdifferentiableatx = a # 0, vie BN ALE F Al cul< 1y
evaluate wxilx=a= 0
0] - [f(@)?]
lim
x—a x2 — a?
Q2 Prove thatif f is differentiableat ~ x = @ v GEDAGE S fHal el 20
X = a,then Bt
fla+ch)—-f(a)
li =cf’
jim A ¢ f'(a)

Q3 Evaluate Al 2
. (2+h)3-8
o0 h
Q4 Evaluate dagd aa gl
~ 5(3+h)*—-45
lim
h—0 h
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Q5 Evaluate dafdang  5ow
’ (-3+h)?*-9
hl—{r(} h

Q6 Evaluate dafi oyl G
 (h—-2)*—-16
lim
h—0 h

Q7 Evaluate 4o 2a )
. V8+h-2
lim———
h—0 h
Q8 If oSl
3+h)—f(3—h
fx)=x*+1 find }lin&f( ) = At )J.A;‘

0507614804 335 Jes i)
https://t.me/+vin4wuNV2B83NDAO http://www.youtube.com/@imaths2022
45

Imad Odeh

Imad QOdeh




Imad Odeh

Imad Odeh

Q9 Find value of a if

f(x) =x*+ax—5 and

Q10 Find value of a if

f(x)=ax3—-7 and

Q11 Find value of b if

fx+h)-f(2) _
m =

x—-0 h

GIVENY, [N IKENG B« T ™

L f2+h)-f(2)
im =

h—-0 h 3

Cua @ 4ad 2agl 10

i AT —F@)
1m =

h—0 h —6

Coa b 4@ gl 11w

10 and f(x) =2x*+bx+3

0507614804 335 sas Miuy)
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f/4)=6 find limf @ —f (4)%\

x> \Jx— 2
Q13 Sketch the graph of a function with 130
the following properties:
ot
fO=1f1)=0,f@3)=6, i
f/0)=0,f(1)=-1and f'(3) = 4 il
o
.3_.
i
5 4 3 poodoghn 1 2 3.4
24
3+
Wil
M|
4
8+
Q14 Sketch the graph of a function with 140
the following properties:
f(=2)=4,f(0)=-2,f(2) =1, | ] NEl
f'(=2) = =2,f'(0) = 2 and f'(2) = 1 N ¢
74
6+
4
3+
27
N4!21_1_h‘1i234<
9
3+
4t
M|
4
8+
0507614804 335 Jes i)
https://t.me/+vin4wuNV2B83NDAO http://www.youtube.com/@imaths2022

47

Imad Odeh

Imad QOdeh




Imad Odeh

Higher Order Derivatives

Order Prime Notation Leibniz Notation

df
1 v = f'(x) —
] fix) T

d*
2 Y = F7) s
dx?
¥ FEr fr.'.' :I Ei’:{ _J‘{
- v = X —_—
’ . A dx?
d* f

4 ‘l,":'” — 'I:-H{_}L-' :
_ f ) e

_ . 1
5 1;'::‘:' — IF('li:il{_}L-'} ¢ ‘If
" ' dx?

Solved Example If

O 13) Jglaa Jia

flx) =3x*—2x*+1

Compute as many derivatives as possible.

Liaa)) Ulad) cliideal] 2 )

fx) =3x*—2x*+1
fl(x) =12x3 — 4x
f'(x) =36x*-4
f'''(x) =72x

fx) =72

fPx)=0

Q1  Compute the indicated derivative. Ll Jliiall A8idall an gl 1
") for f(t) =t*+3t2 -2

Q2 Compute the indicated derivative. Lol Dliial) ddidiall aa gl 200

" 2 4
f@® for f(t) =4t* —12+

https://t.me/+vin4wuNV2B83NDAO
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Q3 Compute the indicated derivative. Ll Jliiall d8idall an sl 3

d2f ~ 3
] for f(x) = 2x* B

Q4 Compute the indicated derivative. Ll Jliiall d8ihall an sl 4

2
% for f(x) =x%—+x

Q4 Compute the indicated derivative. Lol Ll ALl aa gl 4

f35(x) for f(x) =x1°—3x*+2x—1

Q5 If L) Uil dsidial) an gl B
2
3_ 3 . acf
X) =2x°> — - thenfind —
f®) : o
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Q6 If 604

f(x)=—x"2—- 4x* then f®(x)

. -

Acceleration 3

, dv o

a(t) =v'(t) = ar s

Solved example Suppose that the height of a ABally Jary e gl o)) g2 8 Jalaa JUia 'g

skydiver t seconds after jumping from an
airplane is given by.

f (t) = 640 — 20t — 16t* feet

Find the person’s acceleration at time t. tedy ol B Bl g lud aa )

f (t) = 640 — 20t — 16t>
v=f(t)=-20— 32t
a=f"(t)=-32

Q1 The function s(t) represents the position g okl 1o 2 5l L asad 28 gl Al Alal) Jia3 1 m
of an object. Find the acceleration

s(t) = 24/t + 2¢t?

0507614804 335 Jes i)
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Q2 The function Al < w2
h(t) = 10t> — 24t

represent the height of an object. Compute
the velocity and acceleration at time t = 1 t =1 Ladie g ludll a9 amd gL ) Jiad

Q3 Use the given position function to find g obuiill g de pul) Al Cluuad 28 gall Ala p2diul (3
the velocity and acceleration functions.

s(t) = —4.9t* — 12t — 3

Q4 Use the given position function to find g ol g de pull Ay Cluad 28 gall Ally p2ddi) 4w
the velocity and acceleration functions.

s(t) =\t + 2t?
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Q5 Use the given position function to find g okl g de pud) Ay Clual &8 gall Al padiu) 5
the velocity and acceleration function
4
s(t) =—
® =

Q6 Use the given position function to find g okl g de pul) Ay Cluad 28 gall Ally a2d%ul - G
the velocity and acceleration functions.

10
h(t) =10 — T

Q7 Compute the velocity and acceleration at S ) a3l die & jldll 5 de puldl sl 7
time t = t. Is the object going up or Y ol Jawd dljaty anall IS 13) Lagd 2as
down?

h(t) = —16t> +40t+5,t, =1
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Q8 Compute the velocity and acceleration at & el (e )l die & sl g de pudl sl B
time £ = ¢. Is the object going up or Y o) Jaudd &ty anaal) IS 1Y) Lagd 2as
down?

h(t) = 10t* — 24t ,t, = 2

dUara 4408t aie AN Llal) cldidial) Gl
Q1 if oSl o
1
f(x)=x4+3x2—2 find f'(=5)

6

Qi s 20

fx)=2x—-x>+1 find f'(-1)
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Aiidial) Ciy gl g o ggday A0 dlida) Jay

li f'()—f'(2)
im =

x-2 x—2

5 find £ (2)

Q2 if osil 3w

f(x) =x*—-5x% find lim f[0-r@) N

|
x—2 xX—2 ’

Q3 if oSl 3w
f(x)—f(4)
'4)=6 ind lim
O f lim =——
Q4 if oS 4o
') -f'3
f(x) =ax3+3x>-2x+3 and lingf(x g()=—12
x- —
Find value of a a ed 2a )
0507614804 335 das i)
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&Li:u\ u.a&\ @J.Q.QA
Q1 Aball is thrown upward then moves AU A8Mal) o e 5 S i 1
according to the relation

S(t) = 56t — 4t?

Where t in seconds and S in meters. What is 3SI 4l Jaad g ) aa) 2 )
the maximum height the ball can reach?

Q2 Aballisthrown upward then moves &l &kall s eV V5 S s 20a

according to the relation
S(t) = 48t — 4t*

Where t in seconds and S in meters. What is 3SI Al Jaat ) aa) 2 )
the maximum height the ball can reach?

Q3 Aballis thrown upward then moves &l &lall coa eV N5 S i 3w

according to the relation
S(t) = 16t — 4t

Where t in seconds and S in meters. What is 3 SI 4l Jaad g )l ) 2
the maximum height the ball can reach?
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by Alal) Gl aladiialy 40 dfidal) an
Q1 Use the graph of f to sketch a graph of

fll
i
(b) o
¥ A
31. (a) M | |
. | |
| | = _|

|I | .'I . \

| [ / II"\.

I |I . L .
| I|I —-I‘- -2 -1 / g .\".I | 2 3 -
|II I'I II |I

|II III| I—j— |
. | ‘
1104
32. (a) (b) !
1]
|
f s
|II III
/ | AN
E— | F——t—®x
o S -3 =2 -1 N1 /72 3
o X I| |'I
i L]
< ]
— 10— | |
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Q2

Imad Odeh

Given the graph of f sketch a plausible

graph of f"'

f(x)
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Jeal) 43939 ulaall Jaa p ggday ABidial) oy 5 Jilisa
Q1 Determine the value(s) of x for which the L) laall Ladie & Al x al 2oa 1w
tangent line to y = f (x) is horizontal
fx)=x3-3x+1

Q2 Determine the value(s) of x for which the L) Galaall adie o6 Al x ad 2a 20
tangent line to y = f (x) is horizontal

fx) =x*—4x+2

Q2 Determine the value(s) of x for which the L) uleal) ladie o6& Al x ol 2an 20
tangent line to y = f (x) is horizontal

f(x) =3x*-6x*+1
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Q2 Determine the value(s) of x for which the L) uleal) ladie o6& Al x ol 2n 20
tangent line to y = f (x) is horizontal

fx) =x*—2x*+3

Q3 Determine the value(s) of x for which Al iles ladie aiiay Al x ad 2x 3
the tangent line to y = f (x) intersects  x s~ e 45° W )l 4505 y = f ()
the x — axis at a 45° angle.
fxX)=x>-3x+1

Q4 Determine the value(s) of x for which the A les ladie abay Al x o 23a 4
tangentline to y = f (x) intersectsthe x —  x ;50 20 45° L S &5l 5y = f (x)
axis at a 45° angle.
fx)=x*—4x+2
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Q5 Determine the value(s) of x for which the Alall Gules aie pay Jl x ad s G
tangent line to y = f (x) intersects the x — X o5e g 45° Ll Ayl y = f (x)
axis at a 45° angle.

y=x3-3x+1

Q6 Determine the value(s) of x for which the Alall Gules aie iy Al x af s G

tangent line to y = f (x) intersects the x — X osnepa 30° LN 45l )y = f (x)
axis at a 45° angle.

y=x3-3x+1

Q4 Find all values of x for which the tangent wiled) Ladie & g x ad ares a gl 4w
lines to the two curves are parallel Ll st ) sl g JSI

y=x3+2x+1and y=x*+x3+3
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Q5  Find all values of x for which the tangent el Ladie & il g x ad aes 32yl G
lines to the two curves are perpendicular Olalaia i) cuaiall e JS

y=x3+2x+1and y=x*+x3+3

Imad QOdeh

Q6 Find a second-degree polynomial (of il da all e Al syl 0
the form

ax®+bx+c a

such that <

f) = -2, f(0)=2and f"(0) =3
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Q7 Find a second-degree polynomial (of Al dsall e Al an gl T m
the form
ax’+bx+c a
such that
such that ¢y Cusa
F(0)=0, f(0) = 5andf'(0) = 1.
D A5 0 Rl ) il sl
Q1 Find a general formula for the nth Alall 45 51) Asiiall dalell drpall 2a gl 1w
derivative f™(x) for
flx) =Vx
Q2 Find a general formula for the nth Alall 40 gill Asifall dalal) apall 2a gl 1w
derivative f™(x) for
2
f(x) = X
0507614804 335 das i)
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2.4 THE PRODUCT AND QUOTIENT RULES

Function Derivative
= d
Product Rule y = f(x)g(x) d_i = F (g + f(0)g' (%)
Quotient Rule _ fx) dy _ f()glx) —fx)g' (x)
e dx T T (g

f'(x) = (12x° — 40x3 — 9x2 + 10x + 15)

Solved Example Jslaa JUia
Find f'(x) Find f'(x) 2
f(x) = (2x*—-3x+5)(x?—5)

Solution

f'(x) = (8x% — 3)(x? — 5) + (2x* — 3x + 5)(2x)
f'(x) = (8x> — 40x3 — 3x% + 15) + (4x> — 6x? + 10x)

Q1 Find the derivative of each function

o Lae S Aiia 3a gl 1w

f(x) = (x*+3)(x3=3x+1)

Q2 Find the derivative of each function

f(x) = (&3 —2x%2 +5)(x* —3x% + 2)

0507614804 335 sas Miuy)
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Q3 Find the derivative of each function 3

h(t) =t(Vt +3)

Q3 Find the derivative of each function 3

2
f(x) = (2x*—-3x+5) (xz —\/§+;)

Q5 Find the derivative of each function

f) = (Va +3x) (Sx2 _ ;)

Q6 Find the derivative of each function

f(x) =<x%—4x)(x4_%+2)
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Solved example Jslaa Jla
Find f'(x) £(x) 2
_x? =2
f) = x3+1
Solution
) = 2x(x3+1) — (x2 — 2)(3x?)
fx) = (3 + 1)2
, 2x* + 2x — 3x* + 6x2
X =
S (3 + 1)?2
, —x* + 6x% + 2x
X =
Je) (x3 4+ 1)
Q1 Find the derivative of each function 1o
_3x—2
f) = 5x+1
Q2 Find the derivative of each function
_x*=2
109 =253
Q3 Find the derivative of each function
x? —2x
fo) = x? + 5x

0507614804 335 sas Miuy)

https://t.me/+vin4wuNV2B83NDAO

http://www.youtube.com/@imaths2022

65

Imad Odeh

Imad QOdeh




Imad Odeh

Imad Odeh

Q4 Find the derivative of each function 4
©) = t?+2t+5
T
Q5 Find the derivative of each function 60~
) x?+3x—2
X)) =——
Vx

Q6 Find the derivative of each function

6x — %
-l =
o) =
Q7 Find the derivative of each function
_(x+1D(x—2)
f) = x?>—=5x+1
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Q8 if osil 8w
o) = =2
x) =
Vx+1
find )
()
Q9 if OGS 1Y 9

g9(2) =3and g'(2) = -1,

what is the value of
d
dx

Q9 if

f(2)=2and f'(2) =1

what is the value of

0507614804 335 sas Miuy)
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<g (x)

h(x) =

h'(2)
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f@
MO =i

Q11 If f and g are differentiable functions
and

h(x) = f(x).g(x) , f(0) =1, f(0)=-2, g(0)=3, g'(0) =4

find
h'(0)

Q12 If f and g are differentiable functions
and

h(x) =

f(x)
g(x
find

h'(5)
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f(O) = —l,f(l) = -2 :f’(o) = —l,f’(l) =3
9(0)=3,91)=1.9'(0)=-1,9'(1) = -2

Imad Odeh

Q13 assume that f and g are differentiable OS Qi (UlE g f gl oS3l 13
with

Find RENp)

1) h(x) = f(x)g(x) at x =0

2) h(x) = fx)g(x) atx =1

Imad QOdeh

Q14 assume that f and g are differentiable OS5 U GULE g, f oullall oS8l 14

with
f0O=-1,f1)=-2,f(0)=-1,f1)=3
g0)=3,91)=1.g'(0)=-1,9'(1) = —
Find

h()—@ tx=20

h()—f(— atx =1
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Q15 assume that f and g are differentiable OSSN (UlE g f gullall oS3l 150
with

f(O) = —l,f(l) = -2 :f’(o) = —l,f’(l) =3
9(0)=3,91)=1.9'(0)=-1,9'(1) = -2

Find

1) h(x) = x?f(x); atx=0

2) h(x) =x%f(x); atx =1

Q16 assume that f and g are differentiable
with

f(O) = _1!f(1) =-2 rf’(O) = _1rf,(1) =3
g0)=3,91)=1.g'(0)=-1,9'(1) = -2

Find
h(x) = = 0
1) h(x) =—=; atx =
) gx)
hx) = = 1
2) h(x) = ; atx =
) (x)
0507614804 335 Jes i)
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laall Jileca

Q1 Find an equation of the tangent line to Alall (ulaal) Aalas an ) 1

y = (x* —3x2 + 2x)(x®* — 2x + 3)atx =0

Q2 Find an equation of the tangent line to Alall alaal) Aalae a5l 20

y =@+ 2x)x*+x2+1)atx=0

Q3 Find an equation of the tangent line to Alall alaall Arlae an 5l 3

_x+1
Y Cx+2

atx =0
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Q4 Find an equation of the tangent line to Adlall uleal) dalas an ) 1 m
x+3 ; 1
= at x =
Y Tyt

-~
QO
I ——————————————————————— | "7
g oa e Ty O
4,.\3..&\5.} ALl -
EXAMPLE g
Suppose that a product currently sells for &e AED25 Aadl S8 gl 8 e an o o) g8l =

AED25, with the price increasing at the rate of
AED2 per year. At this current price, consumers
will buy 150 thousand items, but the number
sold is decreasing at the rate of 8 thousand per
year. At what rate is the total

revenue changing? Is the total revenue
increasing or decreasing?

Suppose the price of an object is AED20
and 20, 000 units are sold. If the price
increases at a rate of AED1.25 per year
and the quantity sold increases at a rate of
2000 per year, at what rate

Q1

0507614804 335 Jes i)
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Q2 Suppose the price of an object is Cua Axhill AED14 abodl gaa) jrws o) 2 8 20
AED14 and 12,000 units are sold. The 52 ) A8 il &y 5 dadad 12000 Cleall czly
company wants to increase the quantity pladl (8 dakad 1200 _laier Glapall A0S
sold by 1200 units per year, while alll 8 AED20000 lasay Cilal ¥l 30 ) ae
increasing the revenue by AED20,000 (22 Gaiail 4 jadl 3005 (pathy (53 Jaeddl L
per year. At what rate would the price Cragll
have to be increased to reach these
goals?

Q3 Revenue equals price times quantity. dakaill AED2.4 aldl (saa) jrw o) o A1 3
Suppose that the current price is Daad) IS 10 Zakd 12000 Clapall cialy Sua
2.4AED and 12,000 items are sold at Al Jai g plall 8 ldd 10 Jaras 23 3
that price. If the price is increasing at Jare sl plall 8 4add 1500 Joras delodl
the rate of 10 cents per year and the 2 ¥ 2 Jas

quantity sold decreases at the rate of
1500 items per year, at what rate is the
revenue changing?
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dlwdod! Bus®
2.5 THE CHAIN RULE

THEOREM'5.1 (Chain Kle)

If g is differentiable at x and f is differentiable at g(x), then

—[f(g(x)] = f'(gx)) g'(x).
dx

Solved example Jslse JUe
Differentiate Adidal) 2a
y = (x* +1)? y=(x3+x—-1)°
d : d
%= 2 (x*+1)(2x) d—z= 53 +x—1D*Bx*+1)
d—y =4x (x*+1) dy
x — =53x*+1) (x* +x — 1)?
dx
Q1 Compute the derivative of AGiiall aa gl Qo
d
- (v/100 + 8¢ )
Q2 Compute the derivative of AGiiall aa gl (2
y=(x*-1)7?
Q3 Compute the derivative of AGiiall 2a gl 3

y = (x? —5x + 1)*
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Q4 Compute the derivative of AGiiall aa gl 4

f(x) =x3V4x + 1

Q5 Compute the derivative of Adiiall a5l 5
8x

f(x) =10

Q6 Compute the derivative of Wad g 6

3

fx) = ( x?2 +4—3x2)§

Q7 Compute the derivative of AGiiall aa gl 7

flx) =+/x?>+4
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Q8 Compute the derivative of Adiiall 2a gl B

f(t) =t3/t3+2

Q9 Compute the derivative of Adidall a5l 9

fx)=(@x*+2)J/x2+1

Q10 Compute the derivative of Adidall aa gl 10
X
() = e
4 vx? +1
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THEOREM 5.2

If f is differentiable everywhere on its domain and has an inverse function g = f~,

then
1

f(g(x))’
for all x in the domain of g, provided f'(g(x)) # 0.

g(x) =

EXAMPLE Al o<l
Given that the function

f(xX)=x>+3x3+ 2x+1
has an inverse function g, compute g'(7) g'(7) =5 g 2 Saada
Q1 Given that A KV R W

f(x)=x3+5x+6

has an inverse function g(x) determine g'(6) 23l g & A sSaa Al
g'(6)
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Q2 Given that QA < 20

fX)=x3+4x-1

has an inverse function g(x) determine  g'(—1) g'(—1) 25 g A s Saadla ]

Q3 Given that A o 3
fX)=x°+4x—-2

has an inverse function g(x) determine  g'(—2) g'(—2) 25 g A Saa g

Q4 Given that Al < 4

fx)=x3+2x+1

has an inverse function g(x) determine  g'(—2) g'(—2) 24 g A e ddlald
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Q5 Given that Al o8l 5o
flo) =+/x3+2x+4
has an inverse function g(x) determine  g'(2) 9'(2) 2 g &Sl
dald 2o g8

Function Derivative

y=+fx)
y= L9 dy _—af "(x)
f(x) dx (x)
Q1 Find the derivative deiie aa
f(x) =v3x+1
Q2 Find the derivative dsiia aa gl

f(x) =Jx2+3x—5

Q3 Find the derivative deiia aa gl

fx) =

x+ 2
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Q4 Find the derivative dsiie an gl 4
) = =
X) =
/ x*+5
Q5 find an equation of the tangent line to Alall (ulaal) Adalas an ) 5
the graph of y = f(x)at x = a.
f(x) =vx+3atx=-2
Q6 find an equation of the tangent line to Alall alaall Aalas an 5l G

the graph of y = f(x)at x = a.

f(x)=yx2+16 a=3

Q7 find an equation of the tangent line to
the graph of y = f(x)at x = a.

2
x+1

x=1

flx) =

0507614804 335 Jes i)
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Q8 find an equation of the tangent line to 8
the graph of y = f(x)at x = a.

6
= = —2
f& PRI
Q9 | Use the position function to find the t = 2 Lodic de jul) Alayy 8 sall s aad5ul | 9
velocity at time £ = 2.
s(t) = Jt? + 8
Q10 Use the position function to find the t = 2 Laic de yull ol a8 sall Al pasain) 11w
velocity at time t = 2.
60t
s(t) =
t2+1
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Q12 Given that the function oSl 1w

h(x) = f(g(x))
f(Z) = 1;f,(2) = _1'f,(3) = _379(2) = 319,(1) = 2,g’(2) =4

Find 2 )
h'(2)
Q13 Giventhat the function ol 130

h(x) = f(g(x))
fAO=3f1=4f(@2)=391)=29'(1)=-29'3)=5
Find
K(1)

Q14 Given the following table of values, find 4l Lee Y 4 Gl Jeaall e adiel
the indicated derivatives in (a) and (b).
x| f@ | f(x)

1 7
5 -3

= Q) i

a) g'(2),where g(x) = [f(x)]°
b) h'(2),where h(x) = f(x3)
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Q15 Find the derivative where f is an
unspecified differentiable function.

f(¥x)

QLI ALE £ Aly (oY dsiiall gl 150

Q16 Find the derivative where fis an
unspecified differentiable function.

V()

QLI ALE £ Aly (oY dsiiall 2yl 160

Q17 Find the derivative where fis an
unspecified differentiable function.

1+ f(x?)

GUELES ALE £ adly (oY dsidall aa gl 17

Q18 Find the derivative where fis an
unspecified differentiable function.

QLI ALE £ Aly (oY dsidal) 2 gl 180m

[1+f(0)]?
Q19 If oS 190
h'(x) = n\/h(x) wheren >0
and
h'(x) =9
at a given point x SUaza 4dadi 2ic
find the value of n N 48 2
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Q20 If oSl 200
h'(x) = ny/h(x) wheren >0

and GilS
h"(x) =18

at a given point x Slaza 4dad i

find the value of n N 4ad 2

Q21 Find h'(1) h'(1) 25 21cs

h(x) = (2° + f(x))_z
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Q22 use the graphs to find the derivative of
the composite function at the point, if it

exists.
y
F A
3d
2 f
I
i/
SERVEE
1/
-3 E'I
y = fix)

a)x =0
b) x=1
c) x=3

AS yal) Alal) dsidia alayy ‘";t:d\ (NJS\ Sl el 22
slaxall dlaasl) aie

Y

44+

1

—2+

.1 /

/

2ix)

2) 9(f(x) at

a)x =0
b) x =1
c) x=3
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y=sinx

Yy =Cos X

y =tanx

y = secx

y =cotx

y =cscx

y = sin g(x)

y =.cos g(x)

y = tan g(x)

y = sec g(x)

y = csc g(x)

y = cot g(x)

LAtal ) gal) diiiia
2.6 DERIVATIVES OF TRIGONOMETRIC FUNCTIONS

Function Derivative

dy _

ax = cos X

dy .

dr = sin x

Q = sec’x

dx

dy

— =secxtanx

dx

Q =] —(,'SC2 X

dx

dy

— = —cSscxcotx

dx

dy ’

E = Ccos .g(x)g (x)

dy . '

— = —sin g(x).g'(x)

dy 2 ! !
— = sec gx).g'(x).g'(x)
dy I
—— = sec g(x) tan g(x) . g'(x)
dx

d

_y = —CSsC g(x)cot g(x)-g'(x)
dx

dy 2 ’

o = eS¢ gx).g'(x)
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Solved example Find the derivative of. Adida 2a gl Jglaa JUia
a) f(x) = x°cosx b) f (x) =sin?x
f'(x) = 5x*cosx + x°(—sinx) f'(x) = 2sinx.cosx
f'(x) = 5x* cos x — x°sinx Jopall ARG laUatall aladinl (Kaall (10 g
f'(x) = sin 2x
Q1 find the derivative of each function. b lae IS Aiia 2n gl L
g(x) = 4tanx — 5cscx. f (x) = cosx?
Q2 find the derivative of each function. b lae IS Aidia 2a gl 20w
g(x) = cos®x h(x) = cos 3x.
L)
Q3 find the derivative of each function. b Lae IS diide 2n gl 3
f(x) =4sin3x —x I f(x) = 4x? — 3tan2x
(
Q4 find the derivative of each function. b lae IS dida 2n gl 4w

- 1
fx)= cos;
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Q5 find the derivative of each function. S50«

f (x) = cos/x f (x) = Jcosx

Q6 Find the derivative ddide 3a gl B

f(x) = sin3 (cosx/x3 + 2x2)

Q7 Find the derivative AEiia aa gl

g (x) = tan32t — csc* 3t.

Q8 Find the derivative AEida aa

f(x) = 4sin? 3x + 4cos? 3x

Q9 Find the derivative deiia aa

f(x) = 4x?sinx secx
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Q10 Find the derivative A8ide a5l 100w

Q11 Find the derivative Adide aa gl 110w
f) = —
X) = —
sin4dx
Q12 Find the derivative A8ide 2 gl 120
sin®x
fo)=—0
Q13 Find the derivative dEia s 13w

f(x) =tan3x —csc*x  find  f'(x)

Q14 Find f'(x) Aida s

f(x) = Jtan (x3 + 2x)
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Q15 Find the derivative of the function 150«
f(x) = sin?(tan x)
Q16 Find w160
. sin2(x+ h) —sin2x
lim
h—-0 h
Q16 Find w160«
sin (x) — sin (g)
lim 7
x—>§ o= §
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ubaal) Adalaa dlin
Equation of tangent line

Q1 Find an equation of the tangent line to Slasal) Abail) vie ANall Gulaall Adlae a5l 1
y = sin 2x atx =0
Q2 Find an equation of the tangent line slasall ddadill wie Allall leal) Aalae 2 sl 20
to
w
y=cosx atx=-—
Q3 Find an equation of the tangent line to 3Uaaal) Adadil) die Allall ulaal) Aslas a5l 3
y = tan 3x atx =0
Q4 Find an equation of the tangent line to 3Uaaal) Adadill die Alall ulaal) Aslaa 2a 5l 4
5 T
y=Xxcosx atx= 5
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Q5 Find an equation of the tangent line to Slasal) dkaiil) vie ANl el dlae 225l 1
) T
y=xsinx at x = E
Q6 Find an equation of the tangent line 8laaal) Adadil) die Allall uleal) Aslas 2a 5l G
to
T
y=3tanx —2cscx atx=§
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&J\.uﬁb :\QM\ At
Velocity and Acceleration

EXAMPLE

Suppose that u(t) measures the
displacement (measured in inches) of a
mass suspended

from a spring t seconds after it is released
and that Displacement

oy

b

= ult)

Equilibrium
position

FIGURE 2.32

Spring-mass system

u(t) = 4 cos?2t.

Find the velocity at any time ¢fand determine the maximum velocity.

Q1

Use the position function to find the Ao juaa gl & i sl ad ol la g(8) oS8 1m
velocity at time t = t,. Assume units of sl e 3l die aval)
feet and seconds.

s(t)=t>*— sin2t att,=0
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Q2 Use the position function to find the
velocity at time t = t,. Assume units of
feet and seconds.

s(t) =4+ 3sint

Q3 Use the position function to find the
velocity at time t = t,. Assume units of
feet and seconds.

Q4 Use the position function to find the
velocity at time t = t,. Assume units of
feet and seconds.

s(t) = t cos(t* + m)

Ao juaa gl & e sl ad sl Ay g(E) oS8 20
bl (o3l sie ansal

att0=1'l'

haall (pe 3 tie aneall

att0=1l'

bl (a3l ie aual

att0=0
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Llad) i) Jibesa
Higher order derivative

Q1 Find the indicated derivative el Ll daiiial) aa ) 1
f'"(x) for f(x) =tan2x
Q2 Find the indicated derivative el Ll daiiial) aa ) 2
@9 (x) for f(x) = sin3x
Q3 Find the indicated derivative el Ll Agiiall aa gl 3

fO9(x) for f(x) = cos3x.
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doaty e gl ) gl g dnu) ) gl) ABiiia
2.7 DERIVATIVES OF EXPONENTIAL AND LOGARITHMIC FUNCTIONS

Function
y=a
y=e"

y=Inx

y=ay®

y = eI™®

y =Ing(x)

Derivative \

dy .

F a*lna

dy o

dx €

dy 1

dx x

.

—Z = a9%, g'(x)Ina
| d [ Ode

2 — o9(x) o

d.x e 'g (x)

dy _g'(x) 3
‘ dx g(x)

EXAMPLE

If the value of a 100-dollar investment
doubles every year, its value after t years is
given by v(t) = 100 2° .

Find the instantaneous percentage rate of
change of the value.

0507614804 335 sas Miuy)

https://t.me/+vin4wuNV2B83NDAO

http://www.youtube.com/@imaths2022

96

Imad Odeh

Imad QOdeh




Imad Odeh

Imad Odeh

Solved example Find the derivative of

a) f(x) = 3e**

f'(x) = 3e*" (2x)
f'x) = 6xe*”

c) h(x) = 32
h'® =322 In3 (4x)

il a5l Jolaa Jlia
b) g(x) = xex

2 2 2
g'(x) =ex.xex (— F)

2.4
g'(x) = _;@

.

Derivative of the Natural Logarithm

Solved example Find the derivative of

a) f(x) =xlnx

f'(x) = Inx +x(§)
f'(x)=Inx+1

¢) h(x) = In(x* + 1).

2x

h(x)=x2+1

daiial as 5l Jolaa Jlia
b) g(x) = Inx3

3x2 3
x3

g'(x) =3
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Q1 (differentiate each function. b bea JS 33 L

f(x) = x3e* f(x) = e**cos 4x

Q2 differentiate each function. b bea JS @3 20
f®) =t+2¢ f(t) = t43t
)
Q3 differentiate each function. b baa JS @33 3
(x) = 2e***1 1\*
g =)
e
)
Q4 differentiate each function. b Lee JS G 4
1% h(x) =47%
he) = ()
() =3
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Q5 differentiate each function.

f(u) — eu2 +4u

Q6 differentiate each function.

e4w
fw) = 7

TN\ CLL L/

Q7 differentiate each function.

f(x) =Iln2x

Q8 differentiate each function.

f(®) =1In (83 +3t)

b lae JS 38 5w

f(u) — 3etanu

b lee JS 3 6

fw) =%

e

b baa JS @313 7

f(x) = InV8x

b bea JS 33 8w

f) =tnt
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Q9 differentiate each function.

g(x) =In(cos x)

Q10 differentiate each function.

f(x) = sin(Iln x?)

Q11 differentiate each function.

Vin x

X

fx) =

https://t.me/+vin4wuNV2B83NDAO

g(t) = In (sint?)

l
g@) = nTﬁ
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Q12 differentiate each function.

h(x) = e*lnx

Q13 differentiate each function.

h(x) = 2¢

Q14 differentiate each function.

f(x) = In(sin x)

B A e

Q15 differentiate each function.

@) = Yetin®

b Lee JS 5L 120

f(x) = el
[}

b Lae JS 381 130
o0 =5

b Lee JS GO 140w

f(t) =In(sect+tant)

b Lee JS 31 150
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Q16 Find the derivative of Adide a5l 1604
y=e x2+1
Q17 Find the derivative of Adide 2l 170
eV x3+1
X)) = ————
) =
Q18 Find xsl 180

2 lin(e + h) — 1]
lim =
h—0 h
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Q1 Find an equation of the tangent line to

flx) = 3e*’

Q2 Find an equation of the tangent line to

flx) =3

Q3 Find an equation of the tangent line to

f(x) =x%Inx

oubaall ddalaa dlin
Tangent line Equation

Alal) Ssial leal) Adolze aa ) 1

Alal) Ssial leal) dalze aa gl 20

A nial Guledll Aol 205l 3w
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Q4 Find an equation of the tangent line to Al Said Gulead) Aalas 225l 4m
f(x) =2Inx3
Q5 Find all values of x for which the ladie Alall Jisial 6 Al g x i aaes 335l 5
tangent line to y = f(x) is horizontal. L) Lulas
fx) = xe™*
Q6 Find all values of x for which the i Al Jaiel o8 Sl g x ol pes 225l 60

tangent line to y = f(x) is horizontal.

f(x) = x?e™*

Ll Lulas
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Q1 the value of an investment at time t is given AL it el (A LY Aed CulS 1)) 1
by v(t). Find the instantaneous percentage ol lasll) Jaeall 45 sl Apnsll aa ) w(8).
rate of change.
v(t) = 100 3.
Q2 the value of an investment at time t is given AL it el (A LY ded culS 1)) 2
by v(t). Find the instantaneous percentage ol Tasll) Jaeall 4 gsall danill aa ) w(8).
rate of change.
v(t) = 100 4.
Q3 the value of an investment at time t is given AL it el (B LY Al CilS 1)) 3
by v(t). Find the instantaneous percentage ol Jasll) Jaeall 45 il Aol aa ) w(8).
rate of change.
v(t) = 40 %4,
Q4 the value of an investment at time t is given Al it e ) (B L) ded CilS 1Y) 4
by v(t). Find the instantaneous percentage oaall Balll Jaeall 4 gial) 4l aa o) ().
rate of change.
v(t) = 60 e 0%,
Q5 S5«

The value (in dollars) of an investment as a function of time (years) is given by

t
v(t) = 200 (g) Find the instantaneous percentage rate of change of the value of the
investment.
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Solved example b A6 £ oy S Jglae 58 5 IS 1Y) Jglaa Jlia
The concentration c of a certain chemical after ¢ A3l
seconds of an autocatalytic reaction is given by
10
) =gz 1

Show that ¢'(t) > 0 and use this information f| S5 o <l & Sl sbeall 028 axiivd &5 ¢'(t) > 0 of o
to determinethat the concentration of the 10 Dsad A Jslas)
chemical never exceeds 10.

.. —10(—180e72%) Lodie 4edll lumy asil 10 0o 2 o S o) iy
c'(t) = (9e-20t 1 1)2 A (e x oy =
1800e 20t To show that the concetration will not exceed 10 | ©
¢'®) = Zor 2> 0 - ps;
(920t 4 1)2 we need to find O
For all value of x af gpeaddsn q 'g
lim c(t
lim c(®) g
) 10 10
lim 10

>09e 2% +1  9(0)+1

Q1 The concentration c of a certain chemical b Al t o SlesS Jslae 38 5 S 1Y) 1o
after t seconds of an autocatalytic reaction YD PA(I
is given by
ct) =5—r =
2e78t +1
Show that ¢'(t) > 0 and use this O i) 3 e glaall 238 a3l S5 ¢ (E) > 0 O O
information to determine that the 6 Jstadk O Jslaall 38 5
concentration of the chemical never
exceeds 6

|
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Q2 The concentration c of a certain chemical o Al t oo SheS Jedae 38 5 oS 1Y) 20
after t seconds of an autocatalytic AB8MNall
reaction is given by

® 10
c =

9e~10t 1 2
Show that ¢’(t) > 0 and use this O il b e glaall 238 il &5 ¢ (8) > 0 o) o
information to determine that the 5 Jsah o Jslaall 3 5
concentration of the chemical never
exceeds 5.
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A LE gll) Jualil
Logarithmic Differentiation

Solved example Find the derivative of AEia aa gl Joglaa JUlis

fx)=x*,x>0
In (f (x)) = In (x*)
In (f (x)) =x1In (x)
f'(x)
f(x)
f'(x) = (In(x) + Df (x)
f'(x) = (In(x) + 1) In(x™)

1
= In(x) + x.—
X

Q1 Use logarithmic differentiation to find ite gl Jualal) aloadtiuly dside 2 gl 1w
the derivative.

f (x) — Sinx

Q2 Use logarithmic differentiation to find e gl Jaalal) aladsiuly 48ide 2 gl 20
the derivative.

fx)=x*~

2

Q3 Use logarithmic differentiation to find =il il Jaalail) aladinly d8ide a5l 3
the derivative.

f (x) = (sinx)*
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Q4 Use logarithmic differentiation to find ite gl Jualail) alodtiuly 4side 3 gl 4
the derivative.

f ) =)™

Q5 Use logarithmic differentiation to find il sl Jaalail) aladinly 48ie a5l G
the derivative.

f () = xinx

Q6 Use logarithmic differentiation to find ile sl Jualdil) aladinly d8ide a5l G
the derivative.
@)= x"
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A50AY) ) gall (i gSpa Aiia 9 (aal) Gy

3.8 IMPLICIT DIFFERENTIATION AND Inverse TRIGONOMETRIC FUNCTIONS

d
Eg(}‘) = g'(y)y'(x).

Solved example Find y'(x). y'(x) 25 Jgtaa JUia
x2+ y3 -2y =3
2x + 3y%y' —2y' =0

3y%y' —2y' =0 —2x
y'(3y?—2) = —2x

. 2x

YT T2

Q1 Find the derivative y’ (x) implicitly. Lia 4810l aa )
x2y? + 3y = 4x
Q2 Find the derivative y’ (x) implicitly. Lias 48000 an gl 200
3xy3 — 4x = 10y?
0507614804 335 das i)
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Q3 Find the derivative y’ (x) implicitly.

xy? —3y3 =x2+1

Q4 Find the derivative y’ (x) implicitly.

xy* +5x = 2y + 1)?

Q5 Find the derivative y’ (x) implicitly.

Q6 Find the derivative y’ (x) implicitly.

Jxy —4y? =12

0507614804 335 Jes i)
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Q7 Find the derivative y’ (x) implicitly. Lo 48kl aa ) 7
sinxy = x? -3
. . , . . Ty =
Q8 Find the derivative y’ (x) implicitly. Lo 4810l aa ) 8o 2
x+3 A ) g
=4x+y =
=
Q9 Find the derivative y’ (x) implicitly. Liea 4800l aa g Qe
eV —e¥ =x
Q10 Find the derivative y’ (x) implicitly. Liaa 48154l aa gl 100«

xeY —3ysinx =1
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Q11 Find the derivative y’ (x) implicitly. Lian A8i0all aa gl 110

xcos(x+y)—y? =8

Q12 Find the derivative y’ (x) implicitly. Lian 4810l aa gl 120

e®” —In(y? + 3) = 2x

Q13 Find the derivative y’ (x) implicitly. Lo 4815l aa gl 130

e’y -3yt +2=x*+1
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oukaal) sl Jibwa

Solved example Find y’(x). Then, find the el (ulaal) Atlae 33 ) & ' (x) 2 9) Jslaa Jlia
equation of the tangent line at the point (2,1) Adadil) i 4l
(2,1).

x2+ y3 -2y =3
2x + 3y%y' —2y' =0
3y2y' —2y' =0 —2x
y' 3yt —-2)=—-2x

) 2x
Y = —70 7 o
(By?—2)
, 2x
Y = =0 o
(By*-2)
2(2) 4 y
- B(M2-2) 1
y=m(x—x1)+y
y=4(x—-2)+1
y=4x—-7
Q1 Find y'(x). Then, find the equation of Fiadal (ulaal) Adlae 230 & y'(x) 2290 1w
the tangent line at the point (2,-2) Adadill aie Al
(2,-2).
x?y? —2x =4 -4y
0507614804 525 das Jiy)
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Q2 Find y'(x). Then, find the equation of riaial (ulaal) dlalaa -‘%J‘fﬁ y'(x) 29 204
the tangent line at the point (2,1) Adaiil) aic adlal)
2, 1).
x2—4y3 =0
Q3 Find y'(x). Then, find the equation of rindal (ulaal) Aalae a2 g) a5 y'(x) 220 3
the tangent line at the point (1,2) Adaiil) aic adlal)
(1,2).
x?y? = 4x
Q4 Find y'(x). Then, find the equation of Fiadal (ulaal) Adlae 2340 & y'(x) 2290 4w

the tangent line at the point
(2,1).
x2y2

(2,1) 4kiil) xie )

=3y +1

0507614804 335 sas Miuy)
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Q5 Find y'(x). Then, find the equation of riaial (ulaall Aldlaa a2 9) a3 /() 229 5w
the tangent line at the point (-1,-3) dkdil) xic Al
(-1,-3).

x3y? = —-2xy—3

Q6 Find y'(x). Then, find the equation of riaial (ulaal) Aalae 230 & y'(x) 2290 6

the tangent line at the point (1, \/2_5) AdaEL) i A1l

(13)
x* = 4(x? —y?)

0507614804 335 Jes i)
https://t.me/+vin4wuNV2B83NDAO http://www.youtube.com/@imaths2022
116

Imad Odeh

Imad QOdeh




Imad Odeh

Q1 Find the second derivative y” (x).

y? +2e™ =

Q2 Find the second derivative y” (x).

x?y?+3x—4y =5

Q3 Find the second derivative y” (x).

y2=x3—-6x+4cosy

0507614804 335 Jes i)
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Q4 Find the second derivative y” (x). L0 Asiiall an ) 4

e + 2y —3x =siny

Q5 Find the second derivative y” (x). 40 Asidall aa ) 5

(y —1)?*=3xy +e*?

Q6 Find the second derivative y” (x). AUl dsiial aa gl Gum

(y—1)2—e¥*1 =3x
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Q1 Find the locations of all horizontal and 4 ganl) g 4881 Cluleall aea Glilaa) 2a gl
vertical tangents

x2+y2-3y=0

Q2 Find the locations of all horizontal and 430 sanll 5 488Y) Cilislaal) pres Slilaal aa gl 20
vertical tangents
x2+y2—-2y=3

Q3 Find all points where the tangent line  J & (sleall ixie 058 ) 2l jpes 225l 3
to the curve Is horizontal

x’y* =3y +1
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Q4 Find all points where the tangent line  J & (sleall ladie (5 Al 2l paes 2a )

to the curve Is horizontal

x2+y2+2y=0

0507614804 335 Jes i)
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Derivatives of the Inverse Trigonometric Functions

Function Derivative
dy 1
y = sin"x dx 11— x2
dy -1
y =cos 1x dx 1 — x2
dy 1
y =tan 'x dx  1+x2
dy -1
y =cot™'x dx 1+ x2
dy 1
= x>
y = sec”lx dx  |x|VxZ =1
777777 - dy -1
—=—— x>
y =csclx dx  |x|VxZ =1
AN\ ‘ dy fle)
. dx
 y=sing® - (r)’
dy  —f'(®
_ -1 2
y =cosx /1 — (f(x)
= B U dy __ f'@)
= -1 a B 2
y=tanx 1+ (f()

0507614804 335 sas Miuy)
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Solved example Compute the derivative of b bae JS 8 Adiial) Coal Jglaa JUa
f(x) = cos™1(3x%) f(x) = tan"1(x3?)
—6x 3X2
() = —x ') = ——=v
! V1 —(3x2)? [ =16y 2
, 3x
f(x) = % FO =1
V1 —9x*

f(x) = (sec™! x)?

1
"(x) = 2sec ' x.
f'(x)
x|Vx? =1
f’() 2sec lx.
x = —-——
x|[Vx? -1
| x|V

Q1 Find the derivative of

f(x) =sin"1(x®+1)

Q2 Find the derivative of

f(x) =sin"1(Vx)

Q3 Find the derivative of

f(x) = cos™1(x? + x)
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Q4 Find the derivative of 4

f(x) = cos1 (;)

Q5 Find the derivative of 5

f(x) = tan"1(Vx )

Q6 Find the derivative of

f(x) = tan™! (%)

Q7 Find the derivative of

f(x)=y2+tan1lx
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Q8 Find the derivative of 8

f(X) — etan_1 x

Q9 Find the derivative of 9

f(x) = sec™ ' (x*)

Q10 Find the derivative of 10~

f(x) =sec (x> +1)
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2.10 THE MEAN VALUE THEOREM

THEOREM 10.1 (Rolle’s Theorem)

Suppose that f is continuous on the interval [a, b], differentiable on the interval
(a,b)and f(a) = f(b). Then there is a number ¢ € (a, b) such that f'(¢) = 0.

Solved example Find a value of c¢ satisfying ook g b 38ad Al ¢ dad aa ) Jolaa Jla
the conclusion of Rolle’s Theorem for

f(x) = x*+1 ontheinterval [-2,2].
f (x) continuous and differentiable on (-2,2)

f'(x)=2x=0
2x =0
x=0€e(-22)
Solved example Find a value of ¢ satisfying Jsodhiday pd g8ad Al € dad ax ) Jglaa JHa

the conclusion of Rolle’s Theorem for

f (x) = x> —=3x%+2x+ 2 ontheinterval [0, 1].
f (x) continuous and differentiable on (-2,2)

fl(x)=3x>—-6x+2=0
3x2—6x+2=0

By calculator Mode 5,3
x =1.577 €(0,1), ¥=0423€(01)

-

Q1 Find a value of c satisfying the oo dkidla ol 383 Al € e anyl 1w
conclusion of Rolle’s Theorem for
f (x) = x>+ x? ontheinterval [-1,1].
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Q2 Find a value of ¢ satisfying the Jeodbidag pd 383 Al € el aa gl 20m
conclusion of Rolle’s Theorem for

T
f (x) =sinx on the interval [O'EJ'

Q3 Find a value of ¢ satisfying the sy dkidag ol 38a3 Al € e angl 3om
conclusion of Rolle’s Theorem for
f (x) =sinx ontheinterval [-m,0 ].

Q4 Find a value of ¢ satisfying the s dpohidaypd 383 Al € defdanyl  4om
conclusion of Rolle’s Theorem for
f (x) =sinx on the interval [—m, 0 ].
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Q5 Determine the value where the function Jsodohidag b Gia3 (A3 jul sl 5w
satisfies Roll’s theorem and find C C e 2a gl &1

f(x) =x?

THEOREM 10.4 (Mean Value Theorem)

Suppose that f is continuous on the interval [a, b] and differentiable on the interval
(a, b). Then there exists a number ¢ € (a, b) such that

f(b) — fla)

b—a

f(e)=

(10.2)

f(b) — fla)
m=———

\h —a

b
-
b
P

FIGURE 2.51 FIGURE 2.52

Secant line Mean Value Theorem
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"Solved example Find a value of ¢ satisfying the el &, ,ai Jag 35 (38a3 3 dad 2n o) Jolaa Jla
conclusion of the Mean Value Theorem for Ao giall

fx)=x3—x*-x+1,[0,2]
f(x) continuous and differentiable on (0,2)

b) —
f,(c):f()b_cf(a)
o0 @2) = f(0)
fle) = 2_:? 1
3¢ ~2c-1="—

3¢c?-2c—1=1

3¢2—-2c=0

Imad QOdeh

c(3c—=2)=0 >c=0 &(02), c=§€(0,2)

Q1 Find a value of c satisfying the conclusion dagdll 4y Hlai da gl (383 Al € Aad an gl 1w
of the Mean Value Theorem for i gidll

f (x) = x*+1 ontheinterval [0,2].

Q2 Find a value of c satisfying the conclusion dagdll 4y Hlai Ja gl (38a3 Al € e 2n gl 204
of the Mean Value Theorem for 3 giall

f (x) = x3>+x? ontheinterval [-1,1].
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Q3 Find a value of c satisfying the conclusion dagdll Ay Hlai Jag i (38a3 Al € e 2a gl 3om
of the Mean Value Theorem for idau sid)

f (x) = x> —2x onthe interval [0,2].

Q4 Find a value of c satisfying the conclusion dagdl) 4y o gy (38a3 Al € Aad 2l 4o
of the Mean Value Theorem for idau sid)

f(x) = x*+2x+1 ontheinterval [0,1].

Q5 Find a value of c satisfying the conclusion dagll 4y Hlai dag pd (38a3 Al € el a gl Som
of the Mean Value Theorem for Adau sidl)

T
f (x) =sinx on the interval [O’E]'
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Q6 Find a value of c satisfying the conclusion dagdll 4y Hlai dag il (38a3 Al € e 2a gl B
of the Mean Value Theorem for idau sid)

f (x) =sinx on theinterval [—m, 0 ].

Q4 Find a value of c satisfying the conclusion dagdll 4y ylai da gl (383 Al € e 2n gl 4om
of the Mean Value Theorem for i gidll

f (x) =sinx ontheinterval [-m,0 ].
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THEOREM 10.2

If f is continuous on the interval [a, b], differentiable on the interval (a. b) and
f(x) = 0 has two solutions in [a, b], then f'(x) = 0 has at least one solution in (a, b).

THEOREM 10.3

For any integer n > 0, if f is continuous on the interval [a, b] and differentiable on

the interval (a, b) and f(x) = 0 has » solutions in [a, b], then f'(x) = 0 has at least
(n — 1) solutions in (a, b).

Q1 1o
Prove that has exactly one solution. baall aalg Ja Alall ) ol

fX)=x3+4x+1=0

Imad QOdeh

Q2 20
Prove that has exactly two solutions. Lually (Sla Alall )

f)=x*+6x2-1=0
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THEOREM 10.5

Suppose that f'(x) = 0 for all x in some open interval /. Then, f(x) is constant on /.

COROLLARY 10.1

Suppose that g’(x) = f'(x) for all x in some open interval /. Then, for some
constant ¢,

g(x) = f(x)+c,forallx € I.

EXAMPLE Find all functions that have a
derivative equal to.
f(x)=3x3+1

EXAMPLE
Prove that
|sina| < |a| for all a.
0507614804 335 Jes i)
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Q3
a) Iff'(x) > 0 for all values of x, prove
that f(x) is decreasing function. That
is f(a) > f(b) whena < b

b) Show that the function

c) f(x) =3 —x— e *isdecreasing

el cilialll bl
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