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the variable x, which is denoted by f'(x), y', ji g ddxy ,dd;t f(x).

Differentiation Rules:

Let f(x) and g(x) be two differentiable functions ( in the interval
under consideration ) , then

RULE 1 Constant Multiple Rule

If f(x) is a differentiable function of x ,and c is a constant, then

d d
5 VEINEL ) Se TR

RULE 2 Derivative of the Sum

If f(x) and g(x) are differentiable functions of x ,then their
sum f(x) + g(x) is differentiable , and

L) + g00) = E";f(x) + %g(x) |

RULE 3 Derivative of the Difference

If f(x) and g(x) are differentiable functions of x , then their
difference f(x) — g(x) is differentiable , and

d
S - g0 = 1) - +gx)

RULE 4 Derivative of the Product

If f(x) and g(x) are differentiable functions of x , then their
product f(x). g(x) is differentiable , and

d
()80 =f(x)-£—g(x) + g(x) ;f; £x)
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RULE 5 Derivative of the Quotient

If f(x)and g(x) are differentiable functions of x and g(x)=0,

then the quotient S is differentiable , and
&(x)

. d
i[f(x)) 8 1) - (). 5 8t

dx\ g(x) g(x)’

Derivatives of Some Special Functions and the Chain Rule:

1) Deriv'atives of Some Algebraic Functions:

1) Derivativée of a Constant Function

I f(9=c, then %f(x) = %c =

d : d
E le3.2.3: If =12, th = = — =0 .
xample f(x) en & f(x) 5 (12)=0

2) Derivatives of a Power Functions

.'
d -
e L x"=nx""1, neQ

dx

provided that x # 0 when n is negative .

Example 3.2.4 : Find f' for each of the following functions :
() fx)=x, (@) f()=x7 (@) f(x)=x", @) f(x)=x"

Solution:

@) )= x"""=x"=1
B ri)=2x"" = 2x
@) Fog= 3 e — 3"

(iv) f'(x)= 0.3x""" = 0.3x°"




Example 3.2.5 : Find f' for each of the following functions :

(@) f(x)=%x . Gi) FO)=922 | Gii) fD=45"7 , () f(x)=x2" |

Solution:
=] 1
(t)f(x)—2 €1)= =
(#) f'(x)=982x"") =18x
(@) f'(x)=48((-3)x""") = -12x¢
(iv) fi(x)=25x*"1=25x""

Example 3.2.6 : Find f' for each of the following functions :

) = xY45x7 , () f(x)=x* -%x’ + 7x - 14
Solution:

@) f'(x)=2x-15x7"

(i) f'(x):,qxz_%)x B Lrghts 4x3—gx+7

Example 3.2.7 : Find f’ for the function f(x)=2x(3x5+§)
X
Solution: '
' N 3
fi3)=2x (5% =)+ (327+2) 2
_ x x

= 30x° - E + 6x° + b = 36 x°
X x :

Example 3.2.8 : Find f' for the function f(x)=2xﬁ1
_ 3x+1
Solution:
; (3x+1).2 - (2x-1).3
X)) =
S ) (3x+1)?
6x+2-6x1+3 _ S

(3x+1)) = (3x+1)?




The derivative of the cosine function is the negative of the
sine function :

d \
—(cosx) =—sinx
dx( )

Example 3.2.10 : Find f'(x) for the function f(x)=3x"+2cosx

Solution: f'(x)=6x— 2 sinx

Example 3.2.11 : Find y' for each of the following functions :

- (i) y=sinx—cosx (if) y=2sinx cosx (iii) y= s
: cosx+1

‘Solution:

(i) y' =cosx+sinx

(if) y'=2sinx . (—sinx) +cosx.(2cosx) =—2sin’ x + 2cos’ x
I'(:'ii) y,z(cosx+1).(3cosx) — (3sinx).(—sinx)

: (cosx+1)’
_ 3cos’x+ 3cosx + 3sin’x

(cosx+1)’

The derivative of other trigonometric functions :

d

— (tan x) = sec’ x

dx

d

—(cotx)=—csc’ x

d

—(sec x) =secxtanx
dx

d
—(escx)=—escxcotx
dx

Example 3.2.12 : Find y’ for each of the following functions :
(/) y=tanx +secx (if) y=5cotx cscx
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~ Solution:

(i) y' =sec’ x+secxtanx

‘(i) ¥’ =5cotx. (—csexcotx) +escx.(—5ese’ x)
= —5csexcot’x —5esc’ x

Derivative of Logarithmic Function:

The derivative of the natural logarithmic function is:

d 1
—(Ilnx)=—
(bc( ) X

Example 3.2.13 : Find p' for each of the following functions :

2Inx
) y=4x1 i) y=
() y=4x"Inx (#) ) S i1

Solution:
a) y'=4x’(%) .

(9x+1)(—2—) - (2Inx)(9) 18+ 2T s
X X

TS (9x+1)’ C T @x+1)

Derivative of Exponential Function :

The derivative of the exponential functions are:

X o

d ; d
—a*=a*lna and —e* =¢e
dx _ dx

Example 3.2.14 : Find f' for the function f(x)=5x"e" + 4e¢".

Solution: f'(x)=5x"e" + e (35x°) +4e* = 5x" "+ 35x‘ e +4¢*




Implicit Differentiation (Derivative of Composite F u'nctions) 3

Chain Rule :

Let y=f(u#) , u=g(x) then A

@
du dx

| - d
Example 3.2.15: Let y=6u’+5u, u=lx, find =2 .
Solution:
W _wires . 2.1
du dc Xx
dy dy du 5 1 - 1
&G 0 serisyisy =gt e s =
= = (1807 +5)() (18 (mx)* +5)( )

L. (Inx)’ + =
x x

Il

Example 3.2.16 : Find % for each of the following functions :

(i) y=(x+4x)* , (i) y=In(x*+3) , (i) y=tan’x
Solution:

(i) let u=x+4x’ ,then y=u’ .

Thus d—y:6u’ and -“"—"_’=1+12x2

du ; dx
EX:—@.E = 6u°(1+12x7 )=6(x+4x")°(1+12x7)
d_x du dx i

(i) let u=x'+3 ,then y=Inu .

dy

Thus —=1 and -d_u=

2x
du u :
b_dp 1,0 2
dc du dx u X" +3
(iii) let u=tanx ,then y=u’ .
Thus ifl:.‘iu’ and E=sec’x
du dx
dy dy d
D_ Y T _ 32 (sec’x) = 3tan’x sec’ x

" dx du’ dx




@O\

- In examples ( 3.2.15 and 3.2.16 ) we use the Chain rule to get the
derivative of a composite function using substitutions, but also we
can get the same results directly without substitutions, considering
the following rules:

fr—(f(x))" = n(f)" . (),

d 1 4 .
E(lnf(x))-—- N [(x),

(&)= /. (),
<L (sin £(x)) = (o5 £()). £'(x),
%(‘éos f(x))=(=sin f(x)). f'(x),
E‘i-( tan f(x)) = (sec’ f(x)). f'(x),
%( sec f(x)) =!( se;: f(x).tan f(x)) . f'(x),
L (e £(0)) = (— ese £(3) - ot £(2)) - 1)

(D)= (- e S S

dy

Example 3.2.17 : Find p for each of the following functions :

(i) y=Ax*+4x , (@) y=In(x’'+3x) , (iii) y=e* .

Solution:
1
(D y=+Vx°+4x = (x°+4x)2

dy 1 1 5x'+4
o = (2 +4x) 4. (54 £4) =

2. /x* +4x




