[

6)liaJl

<lualy

Dr. Yamar Hamwi

Al-Manara University

2024-2025

https://manara.edu.sy/


https://manara.edu.sy/

[

&jliall

DEFINITION The derivative of the function f(x) with respect to the variable x
1s the function f’ whose value at x is

£00 = lim f(x + h) — f(x)

h—0 h

-

provided the limit exists.

Alternative Formula for the Derivative

f(2) — f(x)

f(x) = l‘_‘}“ Z— X

https://manara.edu.sy/


https://manara.edu.sy/

Py

)
(dads § Al 3idae ) 1 iy

O 13) Xg wie LA f 066 X9 € T als fi] = Ry R oo (ogzia Yma [ S
s I Capall il Juse £y ‘gg.ijl g L&

9:1\xo} - R
S0~ fxo)

X _xo
P ¥ JSAL L Al da @505 X I s X Loatie § Augaie 2l el
[ = lim g(x) = lim &) = 7 (x) = f'(xp)

X=X X=X X — Xp
Xo azill wie f BN Grde 2add f1(X0) suall Jia,
: 3 hm).a.?
A s, Xg € 1 dads IS wie 3LazaW L o8 15) 1 Jlell e lazatMls [ oss

df ¢ - -
LG sas f 0 20 X 1> ()

https://manara.edu.sy/


https://manara.edu.sy/

Py

degl o
6jligJi
sy
fx)=x"-8x+9 Xo=a Al xe SY) gl Gt
Jall
- x> -8 +9—(a’-8a+9
@) =lim DT @ ( )
X —a X —a X —a =
fim & =0)=8G —a) _ i, ¢ ~a)x +0) 8( ~4) _ i ((x +4)-8) =248

X —da X —d X —a X —a X —a “:u
Fx)=vx N e Gide sl
Al

f'(a)=limf(x)_f(a)= lim‘/’?"/‘j= lim Vx —va — lim ‘
x> x —q IS """‘(«/;—«/;)(J; \/_) "’(*/_‘F‘/—) 2a

’ 1
S'@)=o7= G ass Mk,

https://manara.edu.sy/


https://manara.edu.sy/

[

6)liaJl

(aidiall q.mlg.\\ oy j=ill

A i) grlandl Yoo OB ¥, 2o AL ¥ F>f (x) DN SIS 15)
589 plaad) 12D Aol Lol . f(x,) 9B Ao M,(x,,y,) AW\ Ko y =f (x)
Y = (x)Hf (o )x —x,)

L DM (x.y,) Bogdeo ARB 0w g M Ago pains Boleo &) @
y=yo=m(x -x,)

https://manara.edu.sy/


https://manara.edu.sy/

[

6)liaJl

Ao Adlally (@, (@) dkaiil) 8y =1 (x) e isiad Gulaal) Aalae Jaxs
y =f(@)=f"(a)x ~a)

Jle
(3,—6) adaail) Q.Q y =_x2—8x +9 a_,alS.«J\ tksn L)J)LAAI‘ aloles .\;J‘

VA Jhl\
f'(x)=2x -8 ) f'(3)=2(3)-8=-2 P
\
= y-(-6)=2)x-3) = y=-2x 0 \‘\ /
5// (3,—6)
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S o B S, TR e Joe 2 BES 8 BASKE f (v)=cos(g(x)) | f(x)=—g'(x)-sin(g(x))

ol el e @i f(x)=(g(x)) :reQ : : p
- (8¢)) f'(x)=g (.\')-(l+tan‘(g(.\')))

f')=r(g()) " g'x) f(x)=tan(g(x)) o g'(x)
cos’(g(x))

f"(x)=—g'(x)-(l+cot3(g(x)))

f(x)=cot(g(x)) _ —g'kx)

sin’ (g(x))

https://manara.edu.sy/


https://manara.edu.sy/

[

6)liaJl

 JSE e /D culSy T CR pgia Jlae e g (x) D) culs 1)

g(x)

fx)=g'(x)e* =g'(x)f(x) :liada o f(x)=e

JN e [ A culSy T SR £5ie Jlae Jle Lt g (x) Dl cul 1y
g(x)>0 4 0] Jladl b e Jlae 08 e @@ &) . f(x)=In(g(x))

g'(x)
g(x)

. \‘.Img" ' §

\f (x)=

https://manara.edu.sy/


https://manara.edu.sy/

[

0)liaJl
g\ R
GBI Jaal
— ki - Derivatives of Trigonometric Functions
nu" ' nmez u , I
-u' 1 — (sin x) = cos x = csc x) = —csc x cot x
_ - [ dx
uf u
d {
u_ Vu —(cos x) = —sin x = (sec x) = sec x tan x
Z\/H dx dx
au'u*;a €R u® d . d ;
ol o . (tan x) = secx E{cnt X) = —cCscx
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FYVNINI | Differentiate f(x) = —————. For what values of x does the graph
. : ‘ | + tan x
of f have a horizontal tangent?

SOLUTION The Quotient Rule gives

d d
(1 + tanx) — (sec x) — secx— (1 + tanx)
dx dx

(1 + tan x)’

f(x) =

(1 + tan x) sec x tan x — sec x -+ sec’x
(1 + tan x)°

sec x (tan x + tan’x — sec’x)
(1 + tan x)?

sec x(tanx — 1)
(1 + tan v)?
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FYVIN: | Differentiate y = (2x + 1)°%(x* — x + 1)~

SOLUTION In this example we must use the Product Rule before using the Chain
Rule:

dy _ (2x + l)SL(Jr3 - x+ 1)+ (xP—x+ 1)41(2-" + 1y
dx dx dx

d
= (2x + 1)5-4(x3—x+l)3d—(x3—x+ 1)
x

d
+(x*—x+ 1) 502x + l)"z(Zx + 1)
=42x+ 1P —x+ 1G> -1 +5x*—x+1)'Q2x+1)-2

Noticing that each term has the common factor 2(2x + 1)*(x* — x + 1)*, we could
factor it out and write the answer as

dv >
d_) =2(Q2x + 1)'(x’ — x + 1)’(17x° + 6x* — 9x + 3)
X
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EYYEY: | Differentiate f(x) = /In x.

SOLUTION This time the logarithm is the inner function, so the Chain Rule gives
.
f'(x) = 3(In x)71/2 —o(lnx) = —=

EYYTTS | Differentiate f(x) = log (2 + sin x).

SOLUTION Using Formula 1 with & = 10, we have
d _
flix) = —log (2 + sin x)
dx

l
"~ (2 4 sinx) In 10 dx

(2 + sin x)

B COs X
(2 + sin x) In 10
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SOLUTION 2 If we first simplify the given function using the laws of logarithms,
then the differentiation becomes easier:

A2 ) e+ 1) — Lnee —
— 1n(vm) dx[ln{+]} Vin(x — 2)]
11
S x+1 2\x-—-2
s
f
14
2
0 ' X
f.r
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NI FA | Differentiate y = ™",

SOLUTION Here the inner function is g(x) = sin x and the outer function is the
exponential function f(x) = e*. So, by the Chain Rule,

dy . ; , )
d' = 7 (e®*) = ™" d—(sm x) = e *cos x
I X X
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XAMPLE | If f(x) = sin(cos(tan x)), then
) d
f'(x) = cos(cos(tan x)) d—cos(tan X)
x
) d
= cos(cos(tan x))[ —sin(tan x)]| e (tan x)
X
= —cos(cos(tan x)) sin(tan x) sec’x
Notice that we used the Chain Rule twice. |

FIVLINL | Differentiate y = e,

'OLUTION The outer function is the exponential function, the middle function is the
.ecant function, and the inner function is the tripling function. So we have

ay _ e i(sec 30)
de de

d
= ™% sec 30 tan 30 — (30
e* sec n de( )

= 3¢** gec 30 tan 30 o
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(a) Find v if x* + v' = 6xy.
(b) Find the tangent to the folium of Descartes x* + y* = 6.xy at the point (3, 3).

(b) When x = y = 3,

[
"
I
"

(35

SOLUTION and a glance at Figure 4 confirms that this is a reasonable value for the slope at (3, 3).
(a) Differentiating both sides of x* + y* = 6xy with respect to x, we have So an equation of the tangent to the folium at (3, 3) is

i{]+--‘}—i{ﬁ--} y—3=—1(x—3) or xt+tyv=6 ]
dx * ) _i.!'.l' )

Remembering that y is a function of x, and using the Chain Rule on the term v’ and the

VA
Product Rule on the term 6xy, we get :
It + Iy = 6xy + 6y (3,3)
or 2+ vl =20 + 2y
We now solve for v": >
| 2.0 ' 2 0 X
}2‘ }2‘ _— 2_1'}" S 2}" —_— _t
(y* —2x)y' =2y — x°
, 2y — x°
==
vo — 2x
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fe-f0O) x| -
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- f(0
i LR O _ 1 _
* X * x J)},A;\i-i}h‘u“.x:()hm —
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