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3.1 TANGENT LINES AND VELOCITY
dgaiall de ) g iluladll
In this lesson we just need to understand the concept of tangent line and instantaneous
velocity just focus on average velocity
Jaall sl ataus G Lgia JS3 dah aa) g Jlie Gl 5 Apdiall) de puad) g (ulaal) a e alaty o siins Jad G all 128 b
U gial) Ao puad) dlag) Ao 385 188 Javuse (S g 483D u g pal) b Alaalll eyl 5 alaall Alalaa s
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- il
el Jaa
fla+h)— fla) fla+h)— fl(a)
,FHH_.{. = = .
(a4 h)—a h
DEFINITION 1.1 x=ase fx) Al ouaall da cdy i

The slope my,, of the tangent line to y = f(x) at x = a 1s given by

. fla+h)— f(a)
Mgy = lim .
h—0 h

(1.2)

provided the limit exists.

Equation of tangent line of f(x) ¥ x=a X =as f(x) Dl ulaal) dalea

Imad Odeh

Y = Mun(x —a)+ f(a). |

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Find an equation of tangent line to ~ sUazall 4dadil) ie AJall (ulaall Aalas 2

y=x*+1at x = 1.
Solution We compute the slope using (1.2):

Cay yil) aladiny Jaall aa 53 oY f
f+h)— f(D) i) aladiuly daall 2253 19

Mian = ;%i_% I

1+h)?+1 141 f)
_ i (LW 1141 g
Imad 66_1»611 11 Imad Odeh Imad Odeh Imad Odeh @)
o1 +2h+h 4+ 1-2 -
= lim =
h—0 h E
2h+h> . h(24+h) =
= lim = lim
h—0 h h—0 h
=lim(24+h)=2.
h—0
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

y=m(x— 1) + f(l) sacEl) e Gulaal) alea aa g3 tLS
Megn = 2,
f@) = 12+1=2

y=mx—-1)+f(1)=2(x—-1)+2

y=2x—-2+2
y = 2x
Average Velocity aw gial) 4s yull
signed distance  s(b) — s(a)
Ugyg = . = .
time b—a
Suppose that the height of a t el (B eV (e Ty aun i) () B
falling object t seconds after being dropped from ALy axy

a height of 64 feet is given by s(t)

S
'8 s(t) = 64 — 16t>.
w3 1) Find the average velocity between times O bl 8 Ao gial) Aoyl aa
E The average velocity between times t=1and ¢t= 2 is

s(2)—s(1) [64—16(2)%] - [64 —16(1)?]

Yavg =757 T 1
Vavg = —48ft/s
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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1) Find the average velocity between times O 3l (8 Ao giall e pud) 2a )
t =1.5andt = 2. t=1.55t = 2
The average velocity between timest = 1.5andt = 2is
s(2)—s(15)  [64—16(2)2] — [64 — 16(1.5)2]

Yavg =75 15 T 0.5 <

o

Vapg = —56ft/s O

Imad Odeh Imad Odeh Imad Odeh Imad Odeh Fg

2) Find the average velocity between times O 3l (8 Ao giall e pud) 2a ) é
t =19andt =2. t=1.95t =2

The average velocity between timest = 1.9andt = 2is

_s(2)—-s(19) _ [64—16(2)%] — [64 — 16(1.9)?]

Yavg =T 19 0.1
Vavg = —62.4ft/s
Exercise (ni«
Q1 The function s(t) represents the position of an object. Lol a8 gall dlla Allall Jiai - G pal

Find the average velocity

1) s(t) =3t3 +t 2) s(t) =4t3+ 10
betweent = 0and t = 2 O betweent =0andt = 2 &=
3) s(t) = Vt2 + 8t (in meter) 4) s(t) = 3sin (t — g)
betweent =0andt =1 &» betweent = 0and t = w O»
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5) s(t) =3t3-3 6) s(t) = 3sin(t — 2)
betweent = 0andt = 20 betweent = 0and t = 20

Imad Odeh Imad Odeh
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Instantaneous 4all) de )

DEFINITION 1.2
If s(t) represents the position of an object relative to some fixed location at time 7 as I
the object moves along a straight line, then the instantaneous velocity at time t = a g
is given by @)
. sla+hy—s(a) . s(a+h)—s(a) =
v(ia) = lim = lim . (1.5) S
h—0 (a4 h)—a h—0 h =
provided the limit exists. The speed is the absolute value of the velocity.
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
LBaall) Ao pudl) a ggda i a0 Ui liag JaBh A8aU) Gug uall A Jgol il glad g 48 jhay Jag J)gaad) ) 3853 Ui L]
' 1) Find the instantaneous velocity at time t = 2. t = 2. 2o Alialll de pul) 294 |
s(t) = 64 — 16t*
s+ h)—s(2)
@) = T =2
. [64 —16(2 + h)*] — [64 — 16(2)*]
= lim
h—0 h
_ i [64— 164+ 4h 4+ 12)] — [64 — 16(2)"]
= h
. —64h — 16k? . —16h(h +4)
= lim = lim
h—0 h h—0 h
= }Eirrg][—IG(h +4)] = —64 fi/s.
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q2 Find the instantaneous velocity . die Apaall) de yud) dag) (o pal |
1) s(t)=-4.9t> +5 attimet = 2 2) s(t)=+t+16 attimet =0
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 335 ses i)
https://t.me/lomaths12 http://www.youtube.com/@imaths2022

Imad Odeh


https://t.me/Iomaths12
http://www.youtube.com/@imaths2022

Imad Odeh

S
3.2 THE DERIVATIVE

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
A0S p9gSa el
Explanation of the concept of derivative

¢ diidall ap g e ¢ dBIGAN AL
What is derivative ? when we need to calculate derivaitive

Derivative

Imad[Odeh Tmad Odeh Tmad Odeh Tmad Odeh

rate of change

‘;.L:Aﬂ\):\’_\.“ Jaxa Aaall) de. o obaall (e
Instantaneous velocity Tangentline
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Derivaitve notations ALidial) jay
£(x) y dy df
dx dx
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Defintion (Limit) <Llgl aladia)

Defintion (Limit) <bigll aladia)

=
Q
Derivative of the function f(x) The derivative of the function f(x) is the 8
atapointx =a function -
. xS <
x = q i die f(x) Aol At dlall & fx) A Aside s
o
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
fla+h) - f(a) ; . fx+h)—f(x)
! = 1j x) = lim
f'(@) Ll_{% h f(x) h—0 h
Imad Odeh Imad éc}ftg,nﬁat?vji?f:gg - ‘gdeh Imad Odeh
. () - f(a)
f'(a) = lim fa) - fla)
x-a X—a
First by difention (limit) | ALl iy a5 aladialy Y g

Use definition to compute the derivative of =~ Ja¥ (Sllell) Adidall iy ja3 axiiul
f(x)=3x+1ata = 1.

ooy fA+R) - f(D)
f'() = lim .

[3(1+h)+1]—[3(1) +1] i [3+3h+1]—[4]

F =i h R —
, . [4+3h]—[4] . 3h
FO=Im = %’

f) H Q1 Use definition (limit) to compute the derivative of Sl (Dllell) ABial) Cy pal aadial - (gl
'8 1) f(x)=2x—1ata = 5. 2) fx)=5x+3ata = 2.
o
<
£
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Use definition to compute the
derivative of

A (cliled) ARidal) Ciy i p23iu)

f(x)=3x*+1ata = 1.

fA+h)-fQ1Q)

f'() = lim

h
, o [B@+h)? +1]-[3(1)%2+1]
f') = lim h
, o [B(1+2h+ k%) +1] - [4]
f') = lim h
3+6h+3h%+1]—[4
f’(1)=lim[ . -4
h_)(I)mad Odeh Imad Odeh Imad Odeh
yoon . [4+6h+3h%] —[4]
f') = lim h
o [6h+ 3R]
f'@) = lim ———
, ~ h[6+ 3h] .
') =lim————=lim[6 + 3h] = 6
Imad Odeh Imad Odeh Imad Odeh

S
(a + b)? = a? + 2ab + b?

Imad Odeh

Imad Odeh

Use definition(limit) to compute
the derivative of

Aay (Sleall) Aidal) iy yas aadi

f(x)= x?>+5 ata = 2.

Alternative definition

f(x) - fla)
xX—a

f'(a) =lim

yoon o (X2 +5)—=(9)
f12) = }Cl_rg x—2
Izmad Odeh Imad Odeh Imad Odeh
o x“—4
F@ =
. L (x=2)(x+2)
f'(2) = lim —2

f@=lmGx+2)=2+2=4
X—
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| Q2 Use definition (limit) to compute the derivative of ¥ (b)) dsiiall Cay pad addil Gl
) f(x)=x*-3 ata =2. 2) f(x)=x*-2ata =2.
5
Imad Odeh Imad Odeh Imad Odeh Imad Odeh "8
e
S
S
o
Use definition (limit) to Ay (clileall) dRidial) Cay jad ariil

compute the derivative of

f(x)=+V3x+1ata = 1.
Alternative definition dfidall Jaaal) ciy i) addiod G J)pead) 138 A

’ - - f(x) = f(a)
f'(a) = }cl—%ﬁ
S
f'() = limw conjugate 8 all el
ol (Vi-a) o (x+a)

V3x+1—-,/3(1) +1

f'@) = lim

x =1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
, CB3x+1-+4
f'() = lqux—l
x— —

V3x+1—-2 V3x+14+2
x=1 " \Bx+1+2

f'@) = lim

= 1) = i F L 1
= l1im .
8 -1 x—1 V3x+ 142
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3 ) =1 3x — 3 1
= l1im .
s =ix—=1 3x+142
|
3(x—1 1
£'(1) = lim @-1)
-1 x—=1  B3x+1+2
£'(1) = lim 3 ! 3.3
=lim3,. ——=3.-——==—
-1 \Bx+1+2 2.2 4
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Q3 Use definition (limit) to compute the derivative of

Aa (cliledl) ARidal) Ciy i paiind

1) f(x)=+Vxata = 1. 2) f(x)=+V2x+1ata = 5.
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) 3 4) 2
= =2 = =1
f (x) ~ 11 ata f x) ~ 11 ata
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Use definition (limit) to
compute the derivative of

Aay (Slell) Aidal) Cay yas a0

f(x)=x*—-2x atx = 3.

fB+h-£(3)
h

[B+M)?-2B+M]-[3)*—2(3)]

f'3) = lim

f'(3) = lim

Imad Odeh Imad Odeh Imad Odeh

, _ [9+6h+h?—6—2h] —[3]
f'3) = lim h

, - [3+4h+h?]—[3]
f'3) = lim h

, - h(4+h)
FO =

Imad Odeh Imad Odeh Imad Odeh

f'(3) = lim(4+h) = 4
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Use definition (limit) to compute the derivative of Ay (CLledll) dailall Cay jat aadiul

f(x) =3x3+2x—1atx = 1.

- . f(I+h)y— f(1)
r) = fim S
g PO 2040 1] -G+2-1)
h—0 h
— lim 314+3h 43 +h)+Q2+2h)—-1-4
h=0" 1mad Odeh h Imad Odeh Imad Odeh Imad Odeh
L +9h? 4 3h°
h—0 h

- ,lin?)( 11 +9h +3h%) =11.
N—

The derivative of the function f(x) is the Al & f(x) Dol dsise
function Imad Odeh Imad Odeh Imad Odeh Imad Odeh
vy fx+h) - f(x)
[ =t h
Use definition (limit) to ddida alagy (lledll) Aaiia) oy pat aadiinl
compute the derivative of
f(x)=2x+5
oy FEEM —FC) | [2G+h) +5] - [2x + 5]
f'(x) = hl_I)T(l) h = hlir(l) ™
, . [2x+2h + 5] — [2x + 5]
f'0) = lim 3
, _[2h]
1) = lim = =2
Use definition (limit) to ddida alagy (lledll) daiial oy yai padil

compute the derivative of

1
=—,x#0
f) =2 x

( n 1 1

x+h)—f(x Y+ h %

f’(x)=}lin(1)f f( ):}lir%x_i_h X

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
x—(x+h)

x(x+h) —h

f@ = =G T mn

-1 1
f'(x) =lim

h-0x(x + h) -T2

0507614804 525 e il
https://t.me/lomaths12 http://www.youtube.com/@imaths2022

Imad Odeh



https://t.me/Iomaths12
http://www.youtube.com/@imaths2022

Imad Odeh

H Q4 Use definition (limit) to compute the derivative of

Aa (cliledl) ARidal) Ciy i priind

D fx=vx,x=0 2) fx)=3x*+1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) f(x)=x*-2x+1 4) f(x)=§
X
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
) f®=rm K f® =
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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H Q5 Use definition (limit) to compute the derivative of

A (cliledll) ARidal) Ciy e p2dind e

7) f(x)=+V3t+1 8) f(x)=V2t+4
-~
[P]
o]
@)
S
Imad Odeh Imad Odeh Imad Odeh Imad Odeh E
[
N fx)=vV2x—-1 10) f(x) =x3+2x—1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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il ASiEal o ggda oy
Link derivative with limit

Let Gr
f[2)=3,f(-3)=5,f(1)=2
1) Find LY (1
. f2+h)-f(2)
lim
h—-0 h
24+h)—f(2
i [CERF@ o
h=0 h Imad Odeh Imad Odeh Imad Odeh Imad Odeh
2) . fA+n-f) 3) . f@A-f2+h
lim lim
h—0 h h—0 h
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
4 . fA+h)-fA-h) 5 . f(=3=h)—f(-3)
lim lim
h—-0 h h—0 5h
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
6) .. f(A-2n)—-f() ) SSSEERS [ (Ps)
lim lim ————
h—0 h x—-3 x+3
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
8 .. f)-fD
llm ——
x—1 \/; -1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

GUELEY) 3o g8 (3 JlaSiadd Cpa ) G el A8y Jaali allaw
Other question will be postponed after completing the derivative rules lesson
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3.3 COMPUTATION OF DERIVATIVES: THE POWER RULE
6 s8l) Bas @ - eliiiial) Gilua

didal) Ja
=
f,(x) ) y,’ Q’ df(x) %
dx dx O
Defintion Rules (§Ei&Y) ao) g8 aladic F§
Basic Rules 4xula) o) 5l )
dy
=C 2 = O
Y dx
dy
= ax —=a
y dx
d
y=x" =2 =
dx
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
“ Find the derivative of ddidal) 2y ) “
1) f(x)=x° 2) g() =t
f,(X) = 8x’ gl(x) = 107106
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

THEOREM 3.3

If f(x)and g(x) are differentiable at x and ¢ is any constant, then

d
L)+ 8] = f'(x) + g'(x),

(1)
., d , :
(i) H[f(x) —g(x)] = f(x) — g'(x) and

d
(iii) —[cf(x)] = cf'(x).
dx

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Find the derivative of diidal) 2 g)
1 3
) = 5 2) 9=V
flo) =x71 g = 963E )
£1(x) = —19x720 g'(x) =z L
, 19 3 Q
) =-—5 g'() =5Vx g
3 h(x) = x™ 4) Flx) = 1 g
h'(x) = mx™1 Vx é
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q1 Find the derivative of EEROSREN TS
1) f(x)=x3-2x+1 2) f(x) =x°—3x>+4x? —4x
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) f(x) =2x%+3Vx 4) f(s) =5Vs —4s%+3
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5) 4x% — 3x + 2\/x 6) f(t)=3t3—2t
fx) =
X
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
=
=
2
c 7 ——8 +1 8) =——x3+2
= flx) = x f(x) i’
<
£
[
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q2 Find the derivative of Adidie an gl pad
9) 3x2-3x+1 10) 2 — 3x + x?
fo) = =——— f) ="
x Vx
S
o
Imad Odeh Imad Odeh Imad Odeh Imad Odeh O
1 — 9e3/2 _ 2-1/3 2 10 &
) f(x)=2s 3s ) f) == —2x+7 o
Vx
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) f(t)=3t"—2t'3 4) 00 4x% —x + 3
X — Py —
Vx
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5) 3 5 6) 3x2 -1
X)) =—4+— . - R WV &
f(x) 7T _— f(x)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
S
8 7)  f(x) =x(3x* —Vx) 8) f(x)=(x+1)(Bx*-4)
=
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 335 sles JiuY)
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Equation of the tangent line
y=m(x—xq) t+y;
m = f'(xq), Y1 =f(x1)

Find an equation of the tangent Blaral) Adaill) wic ANall uleal) Adalea aa )
line to the graph of

fx)=4x*—-3x+2 atx=1

y=m(x—2x)+y;
f'(x) =8x—3
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

f'1)=8(1)-3=5 m=5

f=41)*-3LD+2=3 , »=3
y=5(x—-1)+3
y B ST 8
Find an equation of the tangent dlazal) Adadil) wic AJall ulaal) Alslea 23 )

line to the graph of

2
f(x)=4—4x+; rx — 1

=m(x —xq) +
f(x) =4—4x +2x71 g ( AR

f'(x) =—4—2x2
F) =4 —2(-1) = -2 m=—2
f(l):4_4(1)+E=2 , ylzz

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
y=-2kx—-1)+2

y=—-2x+4

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q3 Find equation of the tangent line to the
function of f(x) below at the given point:

slaadl) Adaiill yie AUl Gulaall Alatas 2a )

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

Imad Odeh Imad Odeh

2) f(x)=2x*—-4x—1at x = 3

Imad Odeh Imad Odeh

3) f(x)=x?>—-2at a =1

Imad Odeh Imad Odeh

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

Imad Odeh Imad Odeh

5 f(x)=x>-3x at a =1

Imad Odeh Imad Odeh

Imad Odeh

https://t.me/lomaths12

6) f(x)=4Vx—2x at a =4

Imad Odeh Imad Odeh
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Q4 Determine the values of x for which the
tangent line of the function is horizontal

B (il Ladie Aol o Al 5 a0 af 2ngl

1) y=x3-6x*+1

2) fl)=x*—4x+2

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) y=x*-2x*+3 4)  f(x)=x?3
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Suppose that the height of a

a height of 64 feet is given by

falling object t seconds after being dropped from

G ) (8 il S (e Jailay s @) OIS 1Y)
Al A8Bally e 038 64 (55l t

s(t) = 64 — 16t* feet.

Find instantaneous velocity attime t = 2.
v=s'(t) =-23t
v=s5'(2) = -32(2) = —64 ft/sec

Imad Odeh Imad Odeh

v==s'(t)

Imad Odeh Imad Odeh
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Q5 The function h(t) represent the height of an Aoy da ) e pus #85)) Jiad p(F) Al oS3 g pad
» object. Compute the velocity at time ¢t = 1 - t =1 Lic aual
1) h(t) = 10t? — 24t 2
) h(®) ) h(t) =10 ——
=
L
o
O
o
Imad Odeh Imad Odeh Imad Odeh Imad Odeh g
o
Q6 Use position function to find the velocity at t = a Laic Ao jull Ay a8 gall Alla aadil O yad
timet = a
1 t) =4t —49t%,a=1 2 4
) s 4 ) st) ==,a=2
t
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) s(t) =—-49t*+5 a=2
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

lasie (58 (o AL U jial Joadl Waic oS 80 AL (o ol sl coem T a5 i ey 300 ALY b
Jaall a8 a5 (e g Adaill ey Jad s o @ 585 Cia 5SD) udll

In exercises 13 and 14, list the points 4, B, C and D
in order of increasing slope of the tangent line.

=
Q
8 13. ¥ 14. :
F 3 b
e B C
< B
£ N A
M \c A D .
VAl IV
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
CB,A,D

https://t.me/lomaths12
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sketch in a plausible tangent line at

Adaail) die Aol st Lilas a

the given point, or state that there is no tangent line. 3landll
27. y=sinxatx =7 28. y=tan'xatx =0
y
4
-
Lt
T
[mad Odeh ad Odeh Imad Odeh Imad Odeh
29, y=|x|atx =0 3. y=xatx =1
¥ ¥
A A
mad Odeh mad Odeh Imad Odeh Imad Odeh
b »x atxr=1

Imad Odeh

Cilas sy R ¥ (gl D) e il Lia
We couldn’t sketch a tangent line (corner)

https://t.me/lomaths12

Ll !
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SN 5 Jlay)
Continuity and differentiation

THEOREM 2.1

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

Prove if f is differentiable at x = a, then f is
continuous at x = a.

f A b x = g vie GEESIALE f Alal) Cls 1) as) e
x = a e daie 3

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

f(a) =lim f(x)

lim[f(x) = f(a)] =

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
; — 1 x—al _ f)—f(a)
lm[f (o) ~ f@] = lim |£C0) — f(@) =] =lim 252 (x — 0)|
x) = f(a)
i - @1 = i (ML e - ) -
Iim[f () = f(@)] = f'(a) lim(x —a) =
im[f(x) = f(@)] = f'(a).0=
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
lim[£(x) = f(a)] =
lim £(x) = £(a)
Show that Al ¢y o
4, x <2
fx) = {Zx x> 2
is not differentiable at x = 2. X = 2 3 GEEALE e

x = 2 e Jlaiyl Gay Y
first, we must check continuity

Juai¥ b yd
f(@) = lim £ (x)
f(Z) =2(2) = Lll-mad Odeh Imad Odeh

lim f(x) =4

lim, /() = 2(2) = 4

i 10 =l 70 =
}ciirzl f(x) =4

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

So f(x) is continuous at x = 2

x = 2 e QEIY) & oY) Gy dlate Al o) Ly
Now we check differentiable at x = 2

0 x <2
! _ )
flo = { 2, x> 2
Imad Odeh Imad Odeh

D_f(2)=0 # D,(2) =2

f'(2) does not exist
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Q1 Show that A o) o Al
4, x<0
flo) = {Zx , x>0
is not differentiable atx = 0. x = 0 ds GEiE ALE e
=
[P]
o]
@)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh Fg
S
o
Q2 Show that Al o) O Gl

2x+1, x<O0
f(x)_{3x+1, x>0

is not differentiable atx = 0. x = 0 s AL ALE 8
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q3 Show that Al o) o o
2x , x <0
x ——
@) {xz + 2x , x>0
is differentiable atx = 0. x = 0 Me G AL

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q4 Show that QA o H
2
xc, x<1
x =
fe) { 2x , x=>1
is not differentiable at x = 1. x = 1 ae GELE A6 e
=
[P]
o]
@)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh Fg
S
i
Q5 Show that D)al o) o Gl
Lo <3
——x°, x
T =-—2
—-3x, x >3
is not differentiable at x = 3. x = 3 s GEiiONALE e
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q6 Show that Al o) o oAl
2
ol — §, =X 2
x —
f&) { 2x— 2, x> 2
‘: . P - - .
..8 is not differentiable at x = 2. x = 2 e G ALE 2
@)
o
fant
=
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q7 Show that

Al o) o G

4x , x<1
f(x)_{2x2+2, x>1
is differentiable atx = 1. x = 1 8 Ganisl A
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
2
x°+2x , x<0
x ——
f) { ax+ b, x>0

find all real numbers a and b
such that f'(0) exists.

As f(x) differentiable so f(x) will be continuous

lim £(x) = £(0)
Jimy /) = i, )

lim x2 4+ 2x = lim ax+ b
x—-0~ x-0%

0=0+b->b=0

3agasa f1(0) OsSStusy @ b ad e 2

f (x) differentiable at x = 0 so
, _(2x+2, x<0
f') = { a, x>0
D_f(0) = D,f(0)

200+2=a »a=2

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q8 For dlall & G
Flx) = { " x<1
ax+b , x>1

find all real numbers a and b
such that f(x) differentiable at x = 1.

Imad Odeh Imad Odeh

0507614804 315 sas Miuy)
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A b oo

find all real numbers m and k

x<1
x>1

dagase f(1) 0SSy m Lk a8 e 2a

—
such that f'(1) exists. <
@)
kS
Imad Odeh Imad Odeh Imad Odeh Imad Odeh E
i
Q10 For dlall 8 (sl
x* -2, x<2
x —
fe) {bx2+ax , x> 2

find all real numbers a and b
such that f(x) differentiable at x = 2.

x =2 e FWIWALLE (S Cimy @ , b ad e 22

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q11 For A b oo
ax +b , x<0
x) =
f() { x2-3x , x>0
find all real numbers a and b Baae f1(0) OsSdusy @ , b e 2
such that f'(x) exist
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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For Al g fupa
ax x<0
x =
f @) x2-3x , x>0
find all real numbers a Baase f1(0) OsSdusy @ ol e 22
such that f'(x) exist =
[}
o]
@)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh Fg
S
i
Q13 For Dall 3 e
ax+b , x< -1
x =
f) {bx2—3 , x> —1
find all real numbers a and b
such that f’'(x) exist
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Q14 If f(x) differentiable at x = @, show that <l x = @ e I ALE f() Dlall CulS 1)
g(x) is continuous atx = a X = a e lai g(x) Dl g
fx) = f(a) CN
g(x) = x—a '
fll) x=a
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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f'(a) does not exist
Bagage b ARidal Laie ()sS AN clal)

Y T

> X

t /
a

A /f
E
E

Ajump dlscontmulty 5 )4

Aie ye 4l A vertical asymptote ¢s2se e
’ alaie P adla
f'(a) does not exist , .
f'(a) does not exist
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

¥y Y

\“ y=lx=1],x=1

A cusp cue ol
does not existf'(a) oS ilaic dlls
D_f@) # D.f(@

/

Imad Odeh Imad Odeh /‘ Imad Odeh Imad Odeh

1

A vertical tangent line 2 se (ilas
Bl g g0 y& f’(a) uﬁ“mﬁad\d
f'(a) does not exist

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Imad Odeh
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Q13 Which graph does not have a tangent line
at a given point

slaxall ddaill die ulas Ld ud 20U J1sall (e 6 Gl

A) .
y=sinx, X=rx
Imad Odeh Imad Odeh
C)

v oy=tany,x=0

B)
Y y=x-1,x=0
—
x ,_8
@)
Imad Odeh Imad Odeh —g
D) ,, E

\“ y=lx—1],x=1

Q14 Determine the value of x where f(x) not
differentiable.

GBI ALE 8 Al lavie ¢ 5S5 ) x al 2aa

X = Reason

Imad Odeh Imad Odeh

Imad Odeh  L———tadeOdeh

Q15  Determine the value of x where f(x) not

GEE ALE 8 Al bavie (S5l g af 2 (pad

differentiable.
X = “ Reason

Imad Odeh Imad Odeh

(‘-—4,,
RS I 1 2 3 4 5 6 7 8 9 1011
2

Imad Odeh T Ouelr

Q16 Determine the value of x where f(x) not
differentiable.

GEIN ALE 8 A i ()5S5 il xp af 28

X = Reason

Imad Odeh Imad Odeh

0507614804 315 sas Miuy)
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Q16 Determine the value of x where f(x) not GUEEE AL @ Al laxie 85 Al ) a2 (g pal
7 differentiable.
x = Reason VA
N
— T 'ﬁ
-2 \\/ 2 4 &
Imad Odeh Imad Odeh Imad Odeh Imad Odeh "g
g
o
Sketching the Graph of f Given the Graph of f’
b Lo i AlaY) Al ) Sl e AEal an )
ladie o6& Al <l 8l g x ) sna (358 Lgpam i a3 ey (Ao W) (A aady (o) 2l Al s laaie 6 Al &l sl sass (2
X Jsaa ont lgans iy Jiadl anthy (alily inial
Given the graph of f sketch a Ol e b f Adlall Sl s 1) aadil
plausible graph of f’ [ lasida
v y
Imad Odeh _} Imad Odeh Imad Odeh ¢ Imad Odeh
y=r
404 10—+
20 204+
_ 2 I:, 4 F £ ‘}1 > X
_20__
_40__
760,,
=
Q
o
@)
o
g Imad Odeh Imad Odeh Imad Odeh Imad Odeh
|
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Q17 Given the graph of f sketch a plausible [ leiiie Oly aul fF Al bl Jial) aasiul gl
graph of f’
¥ ¥y
n r 3
/ S
i)
/..-"'"-H“-. T O
> x =
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
y ¥
& F
> X
Imad dey/\ Imad Odeh Imad Odeh Imad Odeh
Y
Q18 Given the graph of f sketch a plausible [ leiide gly au )yl f Adlall bl JAal aadiul - Gl
graph of f’
y y
‘ -
"
X
> X \
Imad Pdeh Imad Odeh Imad Odeh Imad Odeh
y y
4 A
AN > x
X / \
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 335 sles JiuY)
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Q19 Given the graph of f sketch a plausible [ e gl asyl £ Al Jlal) Jiadl) aadin) - Gapal
graph of f’

Ay

Imad Odeh Imad Odeh Imad Odeh —»1 TImad Odeh
Q20 Study graph below then answer the ALY o caal o5 I as ) sl Gl
question
a) atwhich points of the interval [-4,6] is f’ [-4,6] sl (B Baga e pe 7 ladie S5 ) dalail) as )
not defined? Give reasons for your answer. Gl g
y
(0,2) (6,2)
X\ y=flx) /
O R R | | |
b)  Graph the derivative of . (—4,0) 0 \1 6

The graph should show a step function.

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Imad Odeh
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Q21 Given the graph of f sketch a plausible [ eEide gl auyl £ Allall Sl Jiadl) aadin) G gl
graph of f’
)
A
7‘/;\“@'1’ * 'f)
o
O
Imad Odeh Imad Odeh Imad Odeh Imad Odeh Fg
L i
; E
Il'l_ g = .l'--.-h"'\-__ -
A) \ | B) —FP—
LY ry L _.' I|II
\+ { \
! - \
. .
M
C) | D) _"'
Imad Odeh) Imad Odeh Imad Odeh fofad Odeh
| —_— ar
\ [\ I,i y
I\ ..,
Q22 Given the graph of f sketch a plausible [ liihe Gy an)l f Al bl QA aasial - G pal
graph of [’
A) = B)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0 D)
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Q23 Given the graph of f sketch a plausible [ ldsiia gl an ) f Al Sl Jiall aadsiu)
graph of f’
AY
_/\ X
.
Imad Odeh AY Imad Odeh Imad Odeh Imad O(jf.l}‘
2 : B) :
4> | AY |
K | |
0 D) B
| [
| [
| [
Imad Odeh Imad Odeh Imad Odeh lImad Oc{eh

Q24 Given the graph of f sketch a plausible graph of f’ &i&iia Gy sl £ Allall Jlal) Jiail) aasiu)

}.‘

~ 1

Imad Odeh A Yimad Odeh Imad Odeh
A) A~ x B)
AY

Imad Odeh Imad Odeh Imad Odeh
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Q25 Given the graph of f sketch a plausible graph of f' e Gy f Alall SGall Jiadll anaiiu)

\ i /.

\/ﬁ‘

Imad Odeh ) Imad Odeh Imad Odeh Imad Odeh
y ¥’

A) B)

C) / | D)
vk ~a \\/\° [\

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Imad Odeh

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Leiiida Gl JMA cpe ANAY) anay

A ) padl) s L A8 ey ko) A )
6 e dad Lgrai ) gaall (58 Ladey s ) saall a2 s yo Ll s Sl S 1) (6 gl 28 I Led s X ) sme e adaliill Lol oo (1
oSl
laxie (585 Gl @il g oW1 ) s (o a5 s 8 Lans i (o sae (358) um o LS laie (5S35 Ll <l il sass (2
Jaul) L aasi o Gl Alla A Lgans yis (X ) sae Cand) Adls A
Tgne Y 8 (S5 85 At (s Leams i (Rasinna o glad) ol 348 Ladie ()55 30 Ll (3 =
5 L i (sinia s Ja shad) il 3d8 lavie (S5 30l Ll (4 "8
£

Gl ) 4 gee lulan Lo i AleiVle Waie (35S i) L@l (5

Q1 Given the graph of f' sketch a plausible graph of f [ ol 1Al dsiiad Sl Jial) aadsiu)
¥
A )
X
» X
; ! PR
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
:‘I. '1|
F -
A
> k—’f’_’_,_-l.r" X
\/ )

Q2 Given the graph of f' sketch a plausible graph of f [ ot a1 AN Agiial Slal) Jdiadll aadiiul

y

.ﬁ N Y
A
8 \
‘g A) ‘ B) Y \O o
™ Imad Odeh Imad Odeh Imad Odeh Imad'Odeh
y y
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BELEY) 20 gk, ARLEal) o ggia Jay 1 Ae gia Jilsa

Q1 If fis differentiable at x = @ # 0, evaluate wglx=a# 0 xe GEIDIALE F Al cals )
. f)?* - [f(@?]
lim 5 5
x—a X“—a
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q2 Prove thatif f is differentiable at x = a, then Qi x = @ e WS ALE CulS f 1Y) 4) b
1) f(a+ch)— f(a) 2) (2+h)2-8
lim =cC 4 a im——
h—0 h f@ }11—13(1) h
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3)  5(3+h)%—45 4 (=3+h)2-09
lim lim
h—-0 h h—0 h
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5 . (h—2)*-16 6)  Y8+h-2
hm - . m—-—
h—0 h h—0 h
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q3 If oSl
3+h)—f(3—-h
flx)=x2+1 find limf( )~ /( )-\.AJ‘
h—0 h
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
“ Q4 Find value of a if Cua @ dad 22 “
2+ h)—f(2
f(xX)=x*+ax—-5 and limf( ) /@) =3
h—-0 h
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
H Q5 Find value of a if Cua @ dad 2 )
fA+h)-fQQ)
_B3_ . i
f(x)=ax>—-7 and Llllg h 6
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Q6 Find value of b if

Cus b dad 2a

o AR —f2)
im =
h—0 h

Imad Odeh Imad Odeh

10

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

Imad Odeh Imad Odeh
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If sl
fG)-f(4)
! = 1 im——— =
f'(4)=6 find Ll_r)r}L N a5
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q8  Sketch the graph of a function with the Al pailadll W Al g Aol gl an )l Gaal
following properties:
f(0) =1,f(1) =0,£(3) =6, ]
f'(0)=0,f"(1)=—-1and f'(3) =4 I
! -
]
,4,,,*<>, e =
i4tzf1.1_i234i
Imad Odeh Imad Odeh Imad (pdeh Iméfl Odeh|
4 1
¥
-7
-8
Ex  Sketch the graph of a function with the Al pailiasdl Ld (Al g Al Glo as )l Gl
following properties:
fl(=2)=-2,f'(0)=2and f'(2) =1 .
o
~r
34
4 " + " " 24 4 + + + +
Imad Odeh Imad Odeh ImadOdeh 7 [ [ IHad Odeh T 1 =
I T T T Y T T
24—
pi|
M
£l
8+
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Higher Order Derivatives Lixl) cliidial)

Order Prime Notation Leibniz Notation
df
1 vi = f'(x —
Y = ') =
ﬂf:
2 ¥y = f"(x) J:
dx?
rr My d3 f
3 V' = ) —
Imad Odel'l }ulad Odc‘u ‘Iulad Cdc‘u Imad Odeh
4 \.ﬂ:-l':l — ff-‘-?[_r} _d:lf
- ) dx?
. d f
5 1},(53 — ':”[.l'} :
_ f o
If RN “

fx) =3x*-2x*+1

Compute as many derivatives as possible.

flx) =3x*—2x2+1
fl(x) = 12x3 — 4x
f"(x) =36x%—4

1224 — 72
f (x) IﬁadOdeh

f*(x) =72
f5x) =0

Imad Odeh

LiSaal) Llal) cliiial) aa )

Imad Odeh Imad Odeh

Q1 Compute the indicated derivative.

Lell Lial) Aidiall aa

1) f"(t) for f(t) =t*+3t2-2

2) nr 4
[ for f(O) =4t* —12+

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

D 8L for = 2xt = L o
—  for f(x) =2x* —— = x6 —

Tx? N I for f(x) =x X

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q2 Compute the indicated derivative.

lell L) AEidal) o

5  f5°(x) for f(x) =x —3x*+2x—1

Imad Odeh Imad Odeh

6) — 243 _ 3 fing &L
f(x) =2x = find —
Imad Odeh Imad Odeh

7)) f(x)=—x"2— 4x* find f@(x)

Imad Odeh Imad Odeh

8) f"()forf(x) =x*—3x3+2x*-x—-1

Imad Odeh Imad Odeh

Acceleration gt

d

a(t) =v'(t) = —

v
dt

Suppose that the height of a

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

ANl Sy A gL ) ) B

f () = 640 — 20t — 16t* feet

Find the person’s acceleration at time ¢.
f (t) = 640 — 20t — 16t>

v=f(t)=-20-32t
a=f"(t)=-32

Imad Odeh Imad Odeh

tdgéigégiﬁd\&JMdgj

Imad Odeh Imad Odeh
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1)  s(t) = 2Vt + 2t?

Q1 Use the given position function to find the g obudll g Ao puall Al Cluuad 28 gall Ally a2diu)
velocity and acceleration function

2) s(t)=-4.9t* -12t-3

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3 10 4 4
) hwy=10-- ) s=1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Q2 The function

Al o<l

h(t) = 10t% — 24t

represent the height of an object. Compute the

t=1um&JM\.\93\eugng\du

< velocity and acceleration attime t = 1

Q
o

@)
o

<

g Imad Odeh Imad Odeh Imad Odeh Imad Odeh

0507614804 335 sles JiuY)
https://t.me/lomaths12 http://www.youtube.com/@imaths2022

Imad Odeh



https://t.me/Iomaths12
http://www.youtube.com/@imaths2022

Imad Odeh

Imad Odeh

f(x) =x*+3x2—-2 find f”(:}—)

Imad Odeh Imad Odeh

Q3 Compute velocity and acceleration at time Lagd 20a o3 (hanall (g3l e g Ll 5 de jull
t = ty. Is the object going up or down? Yol Jawdl & ety avall IS 1)
1) h(t) =—-16t2+40t+5,t,=1 2)  h(t) = 10t? — 24t ,t, = 2
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) s(t) = —16t% + 40t + 10 4) s(t) = —9.8t2 — 22t + 6
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Uana dall aie Aljal Llal) cul@idiall il
Q4 Compute the indicated derivative. 3Uanall Aadil) die AGiLAN ol
1) 2) f(x)=2x—-x°+1 find f'(-1)

Imad Odeh Imad Odeh
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il iy 235 p by L) Al By

oSl
. 10— f(2) . "
==z =>/md [
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
oSl
"xX)—f'(2
f(x) =x*-5x% find limM-\w‘
x-2 x—2
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
oSl
f(x) —f(4)
"4) =6 ind lim—
F@=6 f lim =
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
ol
') —-f'(3
f(x)=ax®+3x2-2x+3 and limM =-12
x-3 x—3
Find value of a a dad 2a g
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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5&@\ u.mé\ e\g.@.\t.a

Q1 Aball is thrown upward then moves AU A8l s A1 M) 5 S s
according to the relation

S(t) = 56t — 4t?
Where t in seconds and S in meters. What is the SN Al sl o185 ) () 2a
maximum height the ball can reach?
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q2 Aball is thrown upward then moves AN A8 e oY) )3 S sl

according to the relation

S(t) = 48t — 4t?

Where t in seconds and S in meters. What is the 5 SI Al sl o185 ) () 2
maximum height the ball can reach?

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Q3 Aballis thrown upward then moves according A A8 s oY) )5 S s
to the relation

S(t) = 16t — 4t?

Where t in seconds and S in meters. What is the BSI agl Juad g 85 ) a2
maximum height the ball can reach?

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Llay) Al Gl aladdialy 400 ASiaal) au
Q1 Use the graph of f to sketch a graph of f" f A Gl syl fallall SLll sl e added
-L- g
) ¥ b) ' =
(a) " ( 10 | O
. je
| | | | <
| I | s S
| | { 2 \ —
| | | 1
| | !
|I | - N
' ' —t— ——+——+—x
\ [ 3 -2 -1/ | \1 2 3
Imad Od'?h f-'l Imad Odeh Imad Odeh II Ithad IOdeh
II'\_ B )."I . |I—f|_ |
- | ||::|_ ‘
Q2 Use the graph of f to sketch a graph of f" /A Gl as ) F A Sl s ) e adie)
; ¥
(@) ® i
-.lll ‘
F
| | 37
.'Ill |I 1
/ I\
-"Il L ——1"'}'-Il 1 ll'\“' ] ] ] > T
o~ / .. TS 0 NAT
-~ ! |I
/ — L
/ -5+ ||
/
—10- ]
S
"8 Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q
<
£
0507614804 525 e il
https://t.me/lomaths12 http://www.youtube.com/@imaths2022

Imad Odeh



https://t.me/Iomaths12
http://www.youtube.com/@imaths2022

Imad Odeh

Imad Odeh

Q3

Given the graph of f sketch a plausible
graph of f"'

Fl e s an ) f DA ) Gl s

1) /‘\

W =
O
2) b) | E
B |/ =
T\ -
TN -+ /
T 1/
/! ‘ \ \l
/ 's‘
Imad Odeh . Imad Odeh Imad Odeh Imad Odeh
c) X d) Y
i !
- \ /f.
! \\ E
Jaall 4939 ubaall Jia o ey AR Jay ) Jilsa
Q1 Determine the value(s) of x for which the L) ulaall lavie o6 (Al x ol 2as
tangent line to y = f (x) is horizontal
1) fx)=x3-3x+1 2) f)=x*—4x+2
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) f(x)=3x*-6x*+1 4) f(x)=x*—-2x%2+3
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q2 Determine the value(s) of x for which the
tangent line to y = f (x) intersects the
x — axis at a 45° angle.

A lae e iy A1 x o 20m
y:f(x) LAJ\JS.A‘\,JJ\‘)LI-SO DR pa X

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

Imad Odeh Imad Odeh

2) f(x)=x*—4x+2

Imad Odeh Imad Odeh

Q3 Determine the value(s) of x for which the
tangent line to y = f (x) intersects the x —
axis ata 30° angle.

Alall Gulas Lazic @:A:! Pl 'QPCRREEN
X osaa aa 30° Ll 45l yy = f (x)

D y=x3-3x+1

Imad Odeh Imad Odeh

Imad Odeh Imad Odeh

Q4 Find all values of x for which the tangent
lines to the two curves are parallel

S Giledl baie 68 (Aly x o gpan 2
L) sie bl Gaaniall (4

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

Imad Odeh Imad Odeh

Imad Odeh Imad Odeh
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Find all values of x for which the tangent o JS Gleall ladie 058 Sl ad e 22 )
lines to the two curves are perpendicular Olalatia Cplll (il

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

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Q6 Find a second-degree polynomial of the form Al As Hall e Adls 2a )

ax®>+bx+c a

such that f(0)= -2, f'(0)=2and f"(0) =3 ol €
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
| Q7 Find a second-degree polynomial of the form Al da all (e Ally 2a
ax?+bx+c a

such that

such that f(0)=0, f'(0) = 5and f""(0) = 1. ol <
-
Q
8 Imad Odeh Imad Odeh Imad Odeh Imad Odeh
e
=<
£
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A8 (o A8l Fulal) gl S

Q  Find a general formula for the nth derivative f ®(x) for Alall 4 5ill Agidall Aalal) dapall 2a
1) f()=+x 2) _2
fx) =
X
—
[P]
-
@)
o
=
=
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Lesson 2.4

THE PRODUCT AND QUOTIENT RULES
dandl) g i pual) s 68

Function Derivative
= d
Product Rule y=f(x)g(x) d_i’ = g + F)g @)
Quotient Rule _ fx) dy _ f()glx) —f(x)g (x)
Y g(x) dx (g(x))z
Find f'(x) Find f'(x) 2>

f(x) = (2x*—3x+5)(x?-5)

f'(x) = (8x3—3)(x%—-5) + (2x* — 3x + 5)(2x)

f'(x) = (8x°> — 40x3 — 3x2 + 15) + (4x° — 6x% + 10x)

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

Q1 Find the derivative of each function

&L‘“ JS A8ida 2 )

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

Imad Odeh Imad Odeh

2) fx)= (x3—2x2+5)(x*—3x2+2)

Imad Odeh Imad Odeh

3) h(t) =t(Vt+3)

Imad Odeh Imad Odeh

2 feo) = (Vi+3%) <5x2 - ;)

Imad Odeh Imad Odeh

4 f(x) = (2x* —3x+5) (xz —\/E—I—;)

Imad Odeh Imad Odeh

O fo) = (v—ax) (v =S +2)

Imad Odeh Imad Odeh
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Find f'(x) f(x) 2
x* -2
x =
J@) x3+1
=~
( 2x(x3 +1) — (x% — 2)(3x?) <
x) =
A (x% + 1)2 C
Imad Odeh Imad Odeh Imad Odeh Imad Odeh "g
) 2x* 4+ 2x — 3x* + 6x% <
fie) = — =
(x3+1)
) —x* + 6x2 4 2x
x) =
(x3+1)2
Q2 Find the derivative of each function
1) 3x—2 2) 2 &
x = —
J @) S5x +1 f() 2x +3
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3 x* —2x 4 t2+2t+5
) f) == ) 9) = 5——
X%+ 5x t2 —5t+1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 335 sles JiuY)
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Q2 Find the derivative of each function

5) x%4+3x—2 6)
f(x) = R Flx) =
x2 ++/x
—
[P]
o]
@)
S
Imad Odeh Imad Odeh Imad Odeh Imad Odeh E
—
7 (x+D(x—-2) 8)
) e =5 Fo) =
x?—-5x+1 Vx
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q3 if BISYN)]
g(2)=3and g'(2) = —1,
What is the value of d (g(x) daf 2
— atx =27
dx\ x2
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

https://t.me/lomaths12
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BISN]

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

X
h(x) = —=
f(x)

What is the value of h'(2) Ao 2a )

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q5 if osil

@ I
h(x)—m, f=1, f'(1)=-2
find h'(1)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Q6 If fand g are differentiable functions and OGS QEid ulE g, f ol sl

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

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q7  If fand g are differentiable functions and OlSy GEE uliEd g, f plllall sl
(x) ’ '
h@ =25 f2)=-1, f@2)=3, g@ =2, g@)=5
find h'(5)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q8 If o
f(x)=e*g(x), g(0)=0, g'(0)=3,

find f'(5)

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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s

Imad Odeh Imad Odeh

Imad Odeh

Imad Odeh

Q10

assume that f and g are differentiable with

f(O=-1,f(1)=-2,f'0)=-1,f'1)=3

9(0)=3,91)=1.9'(0)=-1,9'(1) = -2

O paid bl g, f

Sl sl

Find RENY
1) hx) =fx)gx)atx=0 2) h(x)=f(x)gkx) atx=1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3 X 4 X
) (x)—&,atx—o ) (x)—&,atx—l
g(x) g(x)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5 h(x) =x*f(x); atx=0 6) h(x) =x%f(x); atx =1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
7 x? 8 x?
) h(x) =——; atx=0 ) h(x) =——; atx=1
g(x) gx)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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el Jilowa

Q1 Find an equation of the tangent line to

Alall Jalaall ddalas 2 )

Suppose that a product currently sells for
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?
[s the total revenue increasing or decreasing?

Imad Odeh Imad Odeh

0507614804 315 sas Miuy)

https://t.me/lomaths12

1) y=Gt-32 + 2003 - 2+ D atx=0 | 2) y = (x2 + 20)(x*+x*+ Datx=0
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q1

& AED25 Jall ¢ gl 8 iie an yas o)) (ia sl
Glapal)l Galy 136 Gladl 4 AED2 Jaray ped) 83305
paid 1 Cilagnall il g dadad Call 150 el 128 2ic
Al 8 dakad eV 8 Jomay

Slea ¥l A Y 53 Jamae 2l

oallih o) (aa¥ ol oV 2l 35 Ja

Imad Odeh

Imad Odeh
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Q2
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

Imad Odeh Imad Odeh

Al s3a) s o i HAED20 it Cum Axluil
Jaza 2 el (K108 4xdad 20000 Dlasaad)
AED1.25 2000 Jare; deluall 408l ala 335 olall 8

3 Y1 38 3 Jaze sl aladl 8 dakad

Imad Odeh Imad Odeh

Q3

-

Qi

Suppose the price of an object is AED14 and
12,000 units are sold. The company wants to
increase the quantity sold by 1200 units per
year, while increasing the revenue by
AED20,000 per year. At what rate would the
price have to be increased to reach these goals?

Imad Odeh Imad Odeh

sl €l Cun Aakill AED14 alod) sonl yous () @
1200 _latay ilapall dpeS 30l ) AS HA)) 3 55 4aka 12000
plall A dalad
padl 8 AED20000 _laie; Slal ¥ 830 ) e

Ol e (gaaailay el 8ol ) ey (oA Janall Lad

Imad Odeh Imad Odeh

Q4

-

Qi

Revenue equals price times quantity. Suppose
that the current price is 2.44AED and 12,000
items are sold at that price. If the price is
increasing at the rate of 10 cents per year and
the quantity sold decreases at the rate of 1500

f) items per year, at what rate is the revenue
7 changing?
@)
e
<
=
Imad Odeh Imad Odeh

https://t.me/lomaths12
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Sl il Cm Aakill AED2.4 aodl (s3a) s ) (s
Aladl & bl 10 Jomay 21330 el (IS 13U 22kd 12000
Jare sl alall 8 4akad 1500 Jare delaall 40aSl) Jii
A ala e

Imad Odeh Imad Odeh
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THEOREM 5.1

ol Busld
2.5 THE CHAIN RULE

(Chain Rule)

If g is differentiable at x and f is differentiable at g(x), then
d . ,
—[f(g(x)] = f'(g(x)) g'(x).
dx
Differentiate dsidall as )
1) y=(?*+1)? 2) y=x3+x—-1)°
dy _ 2 dy b 3 4092
E—Z(x + 1)(2x) a—S(x +x—-1)*Bx*+1)
dy =4 2 1 d_'y
dx x(x*+1) a=5(3x2+1)(x3+x—1)2
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
dald o gd
Function Derivative
y = Jf@) dy _ '
dx  2./f(x)
yZL dy —af'(x)
f(x) dx (f(x))z
Q1 Find the derivative d8ide 2 )
D f)=+V3x+1 2) f)=+x2+3x-5
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) 3 4) _
f(x)_x+2 f(x)_x2+5
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q2 Compute the derivative of Adiiall 2l
1 d 2 = (x3-1)2
) - (VI00 +8¢) ) y=0"-1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) y=(@(*-5x+1)* 4)  fx)=x3Vax+1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5) 8 6) 3
f(x)—m f(x)=( x2+4—3x2)2

D @) =Vx?+4 8)  f(e) =t5t3 +2

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
X
9 fG) = (ot +2)x2 +1 10 f) = —=
Vx2+1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q3 find an equation of the tangent line to
» the graph of y = f(x)at x = a.
1) f(x)=Vx+3atx=-2

Alall alaall ddalas 2 )

2) f(x)=+x2+16 a=3

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) 2 4) 6
f(x):x+1 x=1 f(x):x2+4 a=-2
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Q4 Use the position function to find the
velocity at time t = 2.

D s@o=+ez+8

Imad Odeh

Imad Odeh Imad Odeh

https://t.me/lomaths12

60t
D=
t2+1

Imad Odeh Imad Odeh
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Q5 Use the position function to find the

Acceleration function

1) s =Vat+16-4 2) 5
s(t) =
VitZ +3
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

g obuiil) Al Al a8 gall Al padia)

Q6  Given that the function oSl
h(x) = f(g(x))
fRQ=1f2)=-1,f'3)=-3,92)=3,9'(1)=2,9'(2) =4
Find h'(2)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q7 Given that the function osal
h(x) = f(g(x))
fO=3,f(1)=4f2)=3491)=2491)=-29'3)=5
Find h'(1)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q8  Given that the function oSl
h(x) = f(g(x))
f®=32)=-1f2)=29(2)=241)=5g2)=-2
Find h'(2)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q9 Given the following table of values, find the 4l Lee kel A JUl Jgaall e adie)
indicated derivatives in (a) and (b).
x| fx) | fiix)
2 1 7
8 5 -3
Find
1) g'(2),where g(x) = [f(x)]? 2) h'(2),where h(x) = f(x3)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q10 Find the derivative where f is an SIS Alal) o f Alla (oY ASiial) aa
unspecified differentiable function.
) f(Vx) 2) Jfx
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) 1+ f(x?) 4 [1+ fx)]?
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q11 If oSl
h'(x) = n\/h(x) wheren > 0
and h'(x) =9 <
at a given point x SUana 4dadh 2ic
find the value of n N il 2 g
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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h'(x) = n\/h(x) wheren > 0

R'(x) =18 EXTY
at a given point x sUaza ddagi 2ic
find the value of n N 4 2a g 'f)
e
@)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh —é
—
Q13 Find (1) sl
9 -2
h(x) = (° + f(0)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
THEOREM 5.2

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

then

o
¢ = Ty

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

Q1 Given that the function

A <l

fFx)=x>+3x3+ 2x+1
has an inverse function g, compute g'(7)

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 525 e il
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H Q2 Given that

fx)=x34+5x+6

has an inverse function g(x) determine g'(6)

Imad Odeh Imad Odeh Imad Odeh

Al &l

9'(6) =5 g A dusSaadlald

Imad Odeh

Q3 Given that

A ol

fX)=x3+4x—-1
has an inverse function g(x) determine  g'(—1)

Imad Odeh Imad Odeh Imad Odeh

g'(—1) 2 g A dusSaadald

Imad Odeh

Q4 Given that

AN <l

fx)=x>+4x—2

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

g'(—2) » g A iusSaadald

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q5 Given that

SN

fx)=x3+2x+1

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

Imad Odeh Imad Odeh Imad Odeh

9'(—2) 2l g A ausSaadald

Imad Odeh

Q6 Given that

Al ol

fx)=+x3+2x+4

has an inverse function g(x) determine  g'(2)

Imad Odeh Imad Odeh Imad Odeh

g’(Z) ;_;,\g@z.u)suuu@

Imad Odeh

Q7 Given that

Al oKl

fx)=x5+2x3-1

has an inverse function g(x) determine  g'(2)

g'(Z) A.;j\gg.al..u*,SMlU\JL@

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 335 sles JiuY)
https://t.me/lomaths12 http://www.youtube.com/@imaths2022

Imad Odeh



https://t.me/Iomaths12
http://www.youtube.com/@imaths2022

Imad Odeh

Q9  use the graphs to find the derivative of A el Al dsidie Moy (AU an )l e adde]
the composite function at the point, if it sUaxal) ddasill aie
exists.

¥ ¥
il. .
31 41 /

v

1/

Imad Odeh / Imad Ode_h
> 3 4
y=f)
1) f (g(x)) at
a)x =0
b) x=1
c) x=3
Imad Odeh Imad Odeh
Imad Odeh Imad Odeh

Imad Odh ] /n/n&ioaeh
'// T
-2 .41 1 \2/3 4
Lt /
-7 ‘Illr
v = gix)
—
2) 9(f®) at
a)x=0
b) x=1
il ‘= 3
Imad Odeh Imad Odeh
Imad Odeh Imad Odeh
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4.\.\3.\.&3":' Al JI gl A8iia
2.6 DERIVATIVES OF TRIGONOMETRIC FUNCTIONS
i
S dy L
y=sinx dx 0S¥ 3
@)
d : s
y =cosx dx  SmXx £
Imad Odeh Imad Odeh Imad Odeh Imad Odeh M
d _ 2
y =tan x dx _ Secx
d —
y = secx a—secxtanx
dy _ —csc? x
y =cotx dx
d —
y =cscx a——cscxcotx
dy ,
dy . y
y'= cos g(x) E=—smg(x).g(x)
dy ) ,
y = tan g(x) 1, - See gx).g'(x)
dy ,
L y = sec g(x) ax - See gx)tan g(x).g (x)
Q Imad Odeh Imad Odeh Imad Odeh Imad Odeh
8 dy
_g y = esc g(x) 1= eS¢ g(x)cot g(x).g'(x)
ng dy B ) ,
y = cot g(x) = cs¢ g(x).g'(x)
0507614804 525 s k(RN
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Find the derivative of.
1) f(x) = x°cosx

f'(x) = 5x*cosx + x>(—sinx)

f'(x) = 5x* cos x — x°sinx

Imad Odeh Imad Odeh

dgidia a
2) f(x) =sin’x
f'(x) = 2sinx.cosx
Tl AL calaatal) plasinl Saall (e

f'(x) =sin2x

Imad Odeh Imad Odeh

Q1 find the derivative of each function.

b Lae JS i 2a

1) g(x)= 4tanx — 5cscx.

2) f(x)=cosx®

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) g(x)=cosdx 4)  h(x) = cos 3x.

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5 f(x)=4sin3x—x 6) f(x)=4x?—3tan2x

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
7) f(x) = cos—l 8)  f(x) = sin3 (cos\/x3 + 2x2)

X
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q2 find the derivative of each function. b Laa S d8ida 2a
9) g (x) =tan32t — csc* 3t. 10) f(x) = 4sin? 3x + 4cos? 3x
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
11) f(x) = 4x?sinxsecx 12) o 2x
f (x) = sin
x+1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
13 1 14 sin’x
) f(X) = ) f(x) =
sindx x2
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
15) f(x) =tan3x —csc?x  find  f'(x) 16) f(x) =+/tan (x® + 2x)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
17) f(x) = sin?(tan x) 18) 00 x?
xX)=———
csc? 2x
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q2 find the derivative of each function.
19) f(t) = tcesct

b Laa S d8ida 2a

20) f(x) = x*sinx

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
21) f(x) = tanVx 22) f(t) = sin3tcos 4t
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
1 — qJ L . T
1) lim sin 2(x + h) — sin 2x 2) sin (x) — sin (§)
h—0 h 11H71T =
X—>§ a— §
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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ubaal) Adalaa dlin
Equation of tangent line

Q1 Find an equation of the tangent line to

Slanal) Adadill die Al pleal) Aalas 2

1) y=sin2x atx=0 2) ) —cosx atx:%
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

3) y=tan3x atx=0 DN 2 o atx=%
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

5) y=xsinx atx=% 6) y=3tanx —2cscx atx=g
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Velocity and Acceleration

EXAMPLE
Suppose that u(t) measures the displacement

=
(measured in inches) of a mass suspended = 'ﬁ
from a spring t seconds after it is released and % 8
that ~ =
Displucem:m?l'l—’ g
= uir)

T Equil?hrium =

position

u(t) = 4 cos2t.
Find the velocity at any time t and determine the maximum velocity.
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Q2 Use the position function to find the velocity at
time t = t,. Assume units of feet and seconds.

Ao pus 2a gl &l aia puald 2854l Alls g(2) oS
sl (po 3l e pnal

1) s(t)=t>*—sin2t atty,=0 2) s(t)=4+3sint atty=m
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
cost = 2 =
3) s(t) = ) atty =T 4) s(t)=tcos(t“+m) atty;=0
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Llad) il Jibesa
Higher order derivative

H Q1 Findtheindicated derivative el Hliall dsidiall an gl
f"(x) for f(x)=tan2x L
Q
o
O
e
<
£

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q2 Findtheindicated derivative el L) dgiial) as gl

f@9(x)  for f(x) = sin3x

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Q3 Findtheindicated derivative el Ll daiiiall an g
f79(x) for f(x) = cos3x.

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Imad Odeh
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Ay e sl J1gall g st ) gl ABiiia
2.7 DERIVATIVES OF EXPONENTIAL AND LOGARITHMIC FUNCTIONS

Function Derivative

dy S
y=a* F a*lna 8
d i
— pX —y = e* E
y =e dx [
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
dy 1
y=Inx dx «x
dy
y = a9® dr a?®™. g'(x)Ina
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
dy .
y = ed® dx ed™. g'(x)
dy g )

DERIVATIVES OF EXPONENTIAL FUNCTIONS

A ) gal) dindia

Find the derivative of dadal aa )
2 2
D f(x) = 3¢ 2)| 500K 8
'(x) = 3e*’ 2 20 2
f'() =3¢ (20) 900 = erxer(-=)
2
f'(x) = 6xe* , 2 4
X) =——ex
g'(x) 2
2
3) h(kx) = 3%
R'(x) = 32** In3 (4x)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 525 s k(LN
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Q1 differentiate each function. b Lae JS (5330
1) 2)
f(x) = x3e* f(x) = e**cos 4x
S
o
Imad Odeh Imad Odeh Imad Odeh Imad Odeh O
=
3) f(x) = 2e*! 4) 1\
o =(3)
e
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5)  flw) = ev 6) f(u)=3e"n
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
7 e4w 8 = w
) fw =S ) fw =
w
=
=
o Imad Odeh Imad Odeh Imad Odeh Imad Odeh
=
0507614804 525 e il
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Q2 differentiate each function. b Lae JS (5330
1 2
) f(H)y=t+2¢ ) f(t) = t43t
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) 1 4) h(x) =4
h(x) = (—)
3
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5) h(x) = zex 6) e*
0 fo==
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Derivative of the Natural Logarithm
doaty & gl J) gall diiiia
Find the derivative of d@iiall aa gl
1) f(x =xlnx 2) g(x) = Inx3
' _ 1 2
f(X)—lnx+X(x) g’(x):gx%:%
f'(x) =Inx+1
3) h(x) = In(x?* + 1).
, 2x
W) =217
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Imad Odeh

Q1 differentiate each function. b Lae JS (5330
1) f(x)=mh2x 2) f(x)=InV8x
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) f(t) =In(t3+3t) 4) f@t)=t3nt
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5 g(x)=In(cos x) 6) g(x)=cosxIn(x?>+1)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
7)  f (x) =InVsin 4x 8 fx)=Vinx+1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q2 differentiate each function. b Lae JS (5330
1) Vinx 2) InVt
flx) = gt) =—
X t
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) h(x)=e*lnx 4)  f(x)=e"™
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5 h(x)=2¢ 6) e*
fo) =5
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

7)  f(x) =In(sinx)

Imad Odeh Imad Odeh

8) f()=In(sect+tant)

Imad Odeh Imad Odeh
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Q3 differentiate each function. b Lae JS (5330
1) flx) = 3 o2x 3 2) fw) = 3ezw + w3
S
o
Imad Odeh Imad Odeh Imad Odeh Imad Odeh O
3) y=eVn 1) Ny =
xX)=—F—
) =
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5) y = etan (x%+1) 6) y = eV3x
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
=
D]
pS; 1
O 5 [in(e + h) — 1]
h—0 h
=
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 525 e il
https://t.me/lomaths12 http://www.youtube.com/@imaths2022

Imad Odeh


https://t.me/Iomaths12
http://www.youtube.com/@imaths2022

oubaall ddalaa dlin

Tangent line Equation
Imad Odeh Imad Odeh

Imad Odeh Imad Odeh

H Q1 Find an equation of the tangent line to

Al Saial el Aales 2a

1)  f(x)=3e*

Imad Odeh Imad Odeh

2)  fl) =3

Imad Odeh Imad Odeh

3) f(x)=x%Inx

Imad Odeh Imad Odeh

4)  f(x)=2Ilnx3

Imad Odeh Imad Odeh

Q2 Find all values of x for which the tangent line

to y = f(x) is horizontal.

Lulas Laie Alall Jaial o6& Sl g x ol ges 2
Lusa)

f(x) = xe™?*

Imad Odeh Imad Odeh

Imad Odeh Imad Odeh
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Imad Odeh

Q3 Find all values of x for which the tangent line = Lulas laic dlall Jiaial 68 g x af ges 23 )
to y = f(x) is horizontal. Liad)

f() = x?e™>

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Q4 Use the position function to find the g obuill Adla alagy a8 gall Alla padin)

Acceleration function

s(t) = —10e %tsin4t

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
| Q6  Given oSl H
X
f(x) = p |
Find F®(x) d
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

0507614804 525 e il
https://t.me/lomaths12 http://www.youtube.com/@imaths2022

Imad Odeh



https://t.me/Iomaths12
http://www.youtube.com/@imaths2022

Imad Odeh

Q8 Given that

f(x) = ex t2x

Al ol

has an inverse function g(x) determine  g'(1) g'(1) 325l g & s Saa da L
-~
Q
o
@)
]
Imad Odeh Imad Odeh Imad Odeh Imad Odeh E
o

| 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.

Imad Odeh Imad Odeh

daydiad (ld cale S5V 50 100 Gy laliin Gad Caie Lat 13)
sl Al aa 5l p(8) = 100 2¢ Adally Jlaad il gine t

Imad Odeh Imad Odeh

Q1 The value of an investment at time ¢ is given
by v(t). Find the instantaneous percentage
rate of change.

BN Jani £ el b e e S )
Sl sl Jawall & i) danil) 3a ) p(2).

1) v(t) = 100 3t.

2) v(t) =100 4L,

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) w(t) =40 e, 4) v(t) = 60 e 02,
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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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.

Imad Odeh Imad Odeh

Imad Odeh Imad Odeh

The concentration ¢ of a certain chemical after t
seconds of an autocatalytic reaction is given by

hon Al { 2m e Jslan 58 5 IS 1Y

c(t) = 5

Show that ¢’(t) > 0 and use this information to
determinethat the concentration of the chemical
never exceeds 10.

—10(—180e~20%)

(9e-2% + 1)?
1800e720¢

c'(t) =

ct)=——F=>0
(©) (9e=20t + 1)2
For all value of x a8 mea! 4aa 5
Imad Odeh Imad Odeh

0507614804 315 sas Miuy)

https://t.me/lomaths12

Al
10
e"20t 11
OS8O Al (8 Sleglaall a8 axiiul A3 ¢(8) > 0 O o
10 Jstad O Jsladll

i Ladie Algdl) Cling o 58 10 0o 2 O Sl o) iy

G (e x
To show that the concetration will not exceed 10
we need to find

tlim c(t)

I 10 _ 10 ~ 10

(o 9e-20t 11 9(0)+1
Imad Odeh Imad Odeh
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Q1 The concentration ¢ of a certain chemical after t Al any e Jslas 5855 S 1)
seconds of an autocatalytic reaction is given by A8Nally any
ct)=——%——
® 2e8t4+1
Show that ¢’(t) > 0 and use this information eS8 o il 8 il glaall 0da padial S ¢'(E) > 0 o) o b
to determine that the concentration of the 6 Jstak O Jslaall <
chemical never exceeds 6 @)
o
=
Imad Odeh Imad Odeh Imad Odeh Imad Odeh -n
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q2 The concentration c of a certain chemical after t s A0 t 2 SleS Jolaa S 5 IS 1)
seconds of an autocatalytic reaction is given by A8l
10
ct)=—————
© 9e~10t + 2
Show that ¢'(t) > 0 and use this information to S8 0 ) 8 e slaall 038 andind & /(1) > 0 o) om
determine that the concentration of the chemical 5 Jstadk o Jslall

never exceeds 5.

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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A E gl Jualil
Logarithmic Differentiation

Find the derivative of dEia aa gl
fx)=x*,x>0
In (f () = In (x*) @
In (f (x)) = xIn (x) O
, Imad Odeh Imad Odeh Imad Odeh Imad Odeh Fg
f<x)=ln(x)+x— g
f(x) x “

f'() = (In(x) + Df (x)
f'(x) = (In(x) + 1) In(x*)

Q1 Use logarithmic differentiation to find the =ile gl Jaalaill aladtiuly 481k 2 )
derivative.
f (x) — xsin X
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q2 Use logarithmic differentiation to find the ale Sl Jualal) aladtiuly dsiia aa
derivative.
A2
f )= x*
=
Q
o
@)
o
g Imad Odeh Imad Odeh Imad Odeh Imad Odeh
|
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Q3 Use logarithmic differentiation to find the able gl Jaalail) aladiuly Asila o
derivative.

f (x) = (sinx)*

=
[P]
o]
@)
kS
Imad Odeh Imad Odeh Imad Odeh Imad Odeh E
i
Q4 Use logarithmic differentiation to find the aile Sl Jualal) aladtinly Asiia 2
derivative.

f ) =)™

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q5 Use logarithmic differentiation to find the =il ll) Jaalaill aladtinuly 48iha 2
derivative.
N

‘: f (x) =X nx

D]

o)

@)

e

=< Imad Odeh Imad Odeh Imad Odeh Imad Odeh
=
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Imad Odeh

Q6 Use logarithmic differentiation to find the able sl Jualail) aladiuly Asidia 2
derivative.
f)=x"*
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

AL ) gal) i gSaa ALl g el (GLELEY)

3.8 IMPLICIT DIFFERENTIATION AND Inverse TRIGONOMETRIC FUNCTIONS

d

er(}‘) = g'(y)y'(x).

Find y'(x). y'(x) =

1) x2+ y3 -2y =3 2) x?y? +3y =4x
2x + 3y%y' —2y' =0

3y%y' —2y' =0—2x

y'(By? —2) = —2x

2x
V' ==
(By?-2)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 335 sles JiuY)
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y'(x) 25

1) 3xy3 —4x = 10y2

2) xy?—-3y3=x%+1

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
2 = 2 x 2
3) xy*+5x=Q2y+1) 4) x <l
y X
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

5 Jxy—4y? =12

Imad Odeh

https://t.me/lomaths12

6) sinxy =x% -3

Imad Odeh Imad Odeh Imad Odeh
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y'(x) 25

Imad Odeh Imad Odeh

2) X'y ¥ =x

Imad Odeh Imad Odeh

3) xe¥ —3ysinx =1

Imad Odeh Imad Odeh

4) xcos(x+y)—y*=8

Imad Odeh Imad Odeh

5 e* —In(y?+3) =2x

Imad Odeh Imad Odeh

6) Xy —3/y2+2=x2+1

Imad Odeh Imad Odeh
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oukaal) Ul Jilwa

Find y'(x). Then, find the equation

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

Al Aaial Guleal) Adalea 23 ) A y'(x) @y

(2,1) dkiil) ie

2x + 3y%y' —2y' =0
3y2y' —2y' =0—2x
y'(By? —2) = —2x

Imad Odeh
, 2x

V=G

;L 2x
Y T T By2—2)

x2+y3 -2y =3

Imad Odeh

_ 22 _4_,
mTETemZ-2) 1
m=4

i i Laall ddalag
Euaign g tangentline o B

y=m(x—x;)+y;

y=4(x-2)+1

y=4x—-7

Q1 Find y'(x). Then, find the equation of the tangent

line at the point (2, -2).

die A aial (ubaal) Adles 23] 25 3/ (x) 229

(2,-2) 43aa1)

Imad Odeh

x2y? —2x =4 — 4y

Imad Odeh

Imad Odeh

Imad Odeh

Q2 Find y'(x). Then, find the equation of the
tangent line at the point (2, 1).

dhidil) yie Al Aadel (ulaal) aea 339l &3 ' (x) 229

(2,1

Imad Odeh

x2—4y3=0

Imad Odeh

Imad Odeh
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Q3 Find y'(x). Then, find the equation of the dadil) die A adal Gulaal) Aldlea 23 ) a3y (x) 22
tangent line at the point (1, 2). (1,2)
x2y? = 4x
=
L
o
Imad Odeh Imad Odeh Imad Odeh Imad Odeh O
o
<
g
o
Q4 Find y’(x). Then, find the equation of the Aaiil) aie Aol dadal (ubeal) dalas a2 gl a3y (x) 229)
tangent line at the point (2, 1). (2,1)
x?y? =3y +1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
Q5 Find y'(x). Then, find the equation of the Aail) aie A Aadal Gulaal) dalas aag) a3 y'(x) 229)
= tangent line at the point (-1, -3). (-1,-3)
-8 x3y? =—-2xy -3
@)
o
<
E
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 325 dus i)
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Q6 Find y'(x). Then, find the equation of the A Aaial (uleall dalaa 330 & /() 29)
tangent line at the point (1, \/2—5) (1, ?) ddaddl) aic

x4 — 4(x2 _ yZ)

—
[P]
o]
@)
o]
Imad Odeh Imad Odeh Imad Odeh Imad Odeh g
—
L) cAEidal)

Higher order derivative

Q1 Find the second derivative y” (x). 4 dsiia) aa gl
y% 4+ 2™ =6

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Imad Odeh
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Q2 Find the second derivative y” (x). Al Asiial) an gl
x?y?+3x—4y =5

-~
Q
o
C
Imad Odeh Imad Odeh Imad Odeh Imad Odeh -
<
£
Q3 Find the second derivative y” (x). A dsiia) aa gl

e + 2y —3x =siny

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Imad Odeh

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q4 Find the second derivative y” (x). Al Asiial) an gl
(y—1)?=3xy +e¥

-~
.
Imad Odeh Imad Odeh Imad Odeh Imad Odeh @)
e
<
£
Q5 Find the second derivative y” (x). A dsiia) aa gl

(y —1)2 —e¥*! =3x

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Imad Odeh
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Q1 Find the locations of all horizontal and 430 ganll 5 488Y) lulaall aaes SLilas) 2a )
vertical tangents

x2+y*—3y=0

N

QL

o

O

i

Imad Odeh Imad Odeh Imad Odeh Imad Odeh E
o

Q2 Find the locations of all horizontal and 430 ganll 5 488Y) Gluleall preas Clilas) 2a )

vertical tangents

x> +y2-3y=0

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Imad Odeh
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Q3 Find all points where the tangent line to the J 8 alaall ladie 058 (Al il paes 22 )
curve Is horizontal
x’y?=3y+1
-
Q
o
O
e
S
Imad Odeh Imad Odeh Imad Odeh Imad Odeh é
Q3 Find all points where the tangent line to the J 8 pslaall ladie 05S Al adl) paes 2a )

curve Is horizontal

x> +y2+2y=0

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

Imad Odeh
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Derivatives of the Inverse Trigonometric Functions
Function Derivative
dy 1
y = sin"x dx 1 —x2
=~
[P]
dy -1 8
y =cos 1x dx  NI—xZ 3
Iimad Odeh Imad Odeh Imad Odeh Imad Odeh E
i
dy 1
y =tan"'x dx 1+ x2
dy -1
y = cot™'x dx 1+ «x2
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
d 1
y =sec 'x dx  |x|Vxz2 -1
d -1
’ p T~ 2
y =cSC X dx |x|Vx?2 -1
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
dy g
. dx
y =sin"1g(x) /1 _ (g(x))z
dy  —g'(x)
| dx 4 2
y =cos 'g(x) 1-— (g(x))
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
= dy g )
Q - . 2
S y = tan"'g(x) dx 1+ (g(x)
@)
=
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 525 s k(RN
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Compute the derivative of

b Lee S 8 dEisal sl

f(x) = cos™1(3x2)

f(x) = tan™!(x*)

, —6x 3x?

X)) =— ! X)) = ——

ro= =G F) =15y
oon 3x?

fl( ) —6x f (x) B 1+ x°

X) = ——

1 _11%%{3 Odeh Imad Odeh Imad Odeh Imad Odeh
f(x) = (sec™ x)?

£1() = 2sec x.——

X) = 4SecC X —

[x|Vx2 —1
, 2sec lx.
Flo) = e X
|x| xlm;d deh Imad Odeh Imad Odeh Imad Odeh
Q1 Find the derivative of
1) f(x)=sin"'(x®+1) 2)  f(x)=sin"'(Vx)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
— =142 2
3) f(x)=cos " (x*+x) 4) £(x) = cos—! (})
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

0507614804 315 sas Miuy)
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Q2 Find the derivative of
_ -1 1
D f6) =tan7'(Vx) D=t (o)
S
o
@)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh g
=
3) f(x) =+/2+tan"1x ) f)= gtan™'»
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5 f(x) =sec 1(x*) 6) f(x)=sec l(x®+1)
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
1 7) sin71(2x? +1) 8)  f(x) = sin (cos™1x?)
D]
o
@)
=
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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2.10 THE MEAN VALUE THEOREM
da gial) dagdl) 4y s

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.

Find a value of ¢ satisfying the Joodahilay pi (383 ) ¢ dad aa
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
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
2x=0
x=0¢€e(—22)
Find a value of c satisfying the oo Aokl Gia3 Jll € daf aa

conclusion of Rolle’s Theorem for

f(x) = x3—3x%+2x+ 2 ontheinterval [0, 1].
f (x) continuous and differentiable on (-2,2)

fl(x)=3x*—6x+2=0
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3x>—6x+2=0
By calculator Mode 5,3
x =1.577 ¢ (0,1), x=0.423€ (0,1)

Q1 Find a value of ¢ satisfying the conclusion of Jsod ki dag pl G8a8 Al ¢ Aad 2l
Rolle’s Theorem for

1) f (x) = x3+x? ontheinterval [-1,1]. 2) f(x)=sinx on the interval [O’g]'

Imad Odeh Imad Odeh Imad Odeh Imad Odeh

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

Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q2 Determine the value where the function Jso &k dag b 3aad Al 5yl aa
satisfies Roll’s theorem and find C C Aaf 2 ) A
f(x) = x?
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

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)
fl(c)= : (10.2)
b—a
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
¥ ¥
Fy
flb) — fla)
m-=——F—""
\ b —a
i } L I } —» x
a b a C b
FIGURE 2.51 FIGURE 2.52
Secant line Mean Value Theorem
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Find a value of c satisfying the Aall) 4y 5k Lo 5yl (3885 Al A 2
conclusion of the Mean Value Theorem for Ao siall
fx)=x3-—x2-x+1,[0,2]
f (x) continuous and differentiable on (0,2)

, fb) — f(a)
f@=—== 3
o @ = FO 3
2—0 o]
3¢c2—-2c—1= u g
R =
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

3c?—-2c—-1=1

3c?2—=2c=0

2
c(3c—=2)=0 ->c=0¢(02), c=§e(0,2)

Q1 Find a value of ¢ satisfying the conclusion of Aas giall dadll 4 Hl3 Ja g 58 (3885 Al € Aad 2a )
the Mean Value Theorem for

1) f&x)=x*+1 on [02]. 2) f@=x3+x* on[-11].
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

3) f(x)= x?—-2x on [0,2]. 4)  f(x)=x3-x on [0,2].

=

D]

o)

@)

e

g

™ Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q1 Find a value of c satisfying the conclusion of Ao siall dall 4y 5hai o gl (385 A € Aad 2a
the Mean Value Theorem for
5 f(x)=x*—2x on [0,2]. 6) f(x)=x*+2x+1 on [01].
=~
[P]
i)
@)
o
=
Imad Odeh Imad Odeh Imad Odeh Imad Odeh é
m — o _
7 f(x)=sinx on [O’E]' 8 f(x)=sinx on[-mO0].
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
9) f (X) = 6x3—6x on [0,2]. 10) f (X) =2 /3x2 +1 on [0’1]_
=
Q
8 Imad Odeh Imad Odeh Imad Odeh Imad Odeh
o
fant
=
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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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

=
Q
o
For any integer n > 0, if f is continuous on the interval [a, b] and differentiable on o
the interval (a, b) and f(x) = 0 has » solutions in [a, b], then f'(x) = 0 has at least s
(n — 1) solutions in (a, b). é

Q1 Prove that has exactly one solution. Ll aal g Ja Adlall o) e
1) x*+4x+1=0 2) x3+5x+1=0
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3) x*+4x-3=0 4) x>+ 3x3-2=0
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5 x3+7x—1=0 6) x3+ax+b=0,fora > 0.
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q2 Prove that has exactly two solutions. Lol s Alall o) i
1) x*+6x2-1=0 2) x*+3x2-2=0
Imad Odeh Imad Odeh Imad Odeh Imad Odeh

THEOREM 10.5

Y Suppose that f'(x) = O for all x in some open interval /. Then, f(x) is constant on /.
y=flx)+¢
o Vah
/—\m COROLLARY 10.1
/ ' Suppose that g'(x) = f(x) for all x in some open interval [. Then, for some
constant ¢,
- glx)= filx)+c,forallx € .
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
H Q1 Find all functions that have a derivative equal to. 5okt Leitidia L (Al J)sal) aaes 3a ) 0 pal H
1) fx=3x3+1 2) f(x)=cosx
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
1) f(x) =«x? 2) 1
f(x)= -
X
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
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Q2 Find all functions g such that G g Jsall ges 2a
9'x) = f (x).
D fe) =+x 2) f(x) =sinx
=
QL
o
3) 4 4)
xX) = X)) = —— o
f) =17 )= :
o
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
5 f(x) = 3x>—cosx 6) f(x) =x3— e*
Q3 Prove that o) @l
; s
1) |sina| < |a| foralla. 2) x| < |tan x| for |x| < >
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
3)  Prove that )
|tan"la| < |a|foralla # 0
and use this inequality to find all solutions of Aabeall Jal d3liiall aaaiul o
the equation.
tan"lx = x
Imad Odeh Imad Odeh Imad Odeh Imad Odeh
0507614804 335 sles JiuY)
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Q3

a) Iff'(x) > 0 for all values of x, prove that O ) dallita f(x) O Sl x ol aaend f7(x) > 0 OIS
f(x) is decreasing function. a < b Wxe f(a) > f(b)
Thatis f(a) > f(b) whena < b
=
QL
o
O
e
<
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b)  Show that the function f(x) =3 —x—e™™ A oyl o
f(x) =3 —x — e *is decreasing il dlla o8
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