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Differentiation Chapter 7: The derivative

The Definition of the derivative:

The derivative of the function f is the function f whose value at x is defined by the eq.

f (x) = im fG&+A0)—-f(x) whenever the limit exists
Ax—0O Ax

Example 1: Use the definition of the derivative to find the derivative of the function

f(x)=3x—4
Sol: f (x) = tim fGH+A0)—f(x) _  1im 30x+Ax)—4—(3x—4)
Ax—>0 Ax Ax—0" Ax
__ lim 3x+3Ax—4—3x+4)
 Ax—0r Ax
lim 30x = lm3=13

:Ax—>0' Ax Ax—0

Example 2: Use the definition of the derivative to find the derivative of the function

f(x) =x2
Sol: f* (x) = 1im fGeHA0)—f(x)
Ax—-0 Ax
im (X + Ax)? — x2
- Ax—0" Ax

_ lim X®—2xAx+(Ax)%—x?
— Ax->0O Ax

_lim AxQx+Ax) = 2x
 Ax—0 Ax

H.W: Use the definition of the derivative to find the derivative of the following functions:

1- f(x) =2x—1 2-fx)=(x+1)2 3-f(x)=x2-1

4- f(x) =z 5‘f(x)=ﬁ 6- f(x) = 13
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Differentiation Chapter 7: The derivative

Derivative Formulas

Powers of x rule:

If f(x) = xn, then f'(x) = n(x)n1
Constant rule:

If f(x) =C,then f'(x) =0
Coefficient rules:

If f(x) =c-u(x),then f'(x) =c-u'(x)

If f(x) =k-xn, then f'(x) = kn(x)* 1

If f(x) =kx,then f'(x) =k
Sum rule:

If f(x) = u(x) + v(x), then f'(x) = u'(x) + v'(x)
Difference rule:

If f(x) = u(x) —v(x), then f'(x) = u'(x) — v'(x)
Product rule:

If f(x) = u(x) - v(x), then f'(x) = u'(x) - v(x) + ulx) - v'(x)
Quotient rule:

|ff( ) _(_). then f (X) — u(x) 17(92](:)()35) U(x)

Power (Chain) rule:

If FG) = ()", then £'(x) = n(u®)" - u'()
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Differentiation Chapter 7: The derivative

A 4

Examples: Find the derivative of the following functions:
d d
1- f(x)=5= d—f(x) =—(5)=0
2- f(x) =x¢ = _f(x) = _(x6) = 6x°
dx 4 dx d d
3- f) =xt+x3=> —(x®+x8) = _—(x6) + — (x3) = 6x5 F 3x2
d dx d dx dx
4- f(x) =3x>=> —f(x) = —(3x5) = 15x*
dx dx
5- f) =(x2+2)(x3+3x+1) =

d%f(x) = (x2+2)Bx2+3)+ (3 +3x+1).2x

0= e 4/ =60 9 (321

x2—1 d x%-1 (x4+1).i(x2—1)—(x2—1).i(x4+1)
7- X) = — — dx dx
f( ) x*+1 =>dx x4+1) - (x*+1)2
(et D). (2%) = [( — 1) 4] 2x5 4 2x — [4x5 — 4x3]
(x* + 1)2 - (x*+ 1)2
2x5 + 2x — 4x5 + 4x3]  —2x5 + 4x3 + 2x
- (x* + 1) (et 1)

8 f(x) =(2x2—-5x12)" =
d%f(x) = —502x2 —5x2)% (4x + 10x3

Derivative of trigonometric function
1-if f(x) =sinx = f'(x) = cosx
2-if f(x) = cosx = f'(x) = —sinx
3-if f(x) =tanx = f'(x) = sec?x
4-if f(x) = cotx = f'(x) = —csc? x
5-if f(x) = secx = f'(x) = secxtanx
6-if f(x) = cscx = f'(x) = —cscx cotx
7-if f(x) =ex = f'(x) =ex
8-if f(x) = Inx = f'(x) = ;C £
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Differentiation Chapter Four: The derivative
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A 4

Note: we use the following rules when u(x) is a function of x:
d ) ,

1- — (sin u(x)) = cos u(x).u (x)
X

2- % (cos u(x)) = —sinu(x). u’ (x)

3 - % (tan u(x)) = sec? u(x).u (x)

4-% (cotu(x)) = — csc? u(x). w (x)
5. di; (sec u(x)) = secu(x) tan u(x) . w (x)
6- dii (cscu(x)) = —escu(x) cot(u(x)). u (x)

Examples: Find the derivative of the following functions:
1- f(x) =sinx3 = f'(x) = cosx3.3x2 = 3x2 cos x3
2- f(x) = cos(5x2 + 2)3 4+ cot(1 — x2) = f'(x) = —sin(5x% +
2)3.3(5x2 + 2)2.10 x — csc(1 — x2) cot(1 — x2) . —2x
3- f(x) =tan(x2 + 1) = f'(x) = sec?(x?2 + 1).2x
4-f(x) = (3 - sec(sx))z1 = f'(x) = 2 (3 — sec(5x)) = sec(5x) tan(5x).5
5-f(x) = csc2(2x) + 4x? sinx
f'(x) = 2csc(2x) . —csc(2x) cot(2x) .2 + 4(x2 cosx + sinx. 2x)
f'(x) = —2csc?(2x) cot(2x) .2 + 4(x% cosx + 2x sinx)
1- =In(x2-8) = f'(x) = ' oox="

x%2—8 x2—8

2 f() = e = f(x) = —2e2

H.W: Find the derivative of the following functions:
1
1- f(x) = tan3 (COS 5x3 )z 2- f(x) = cos(x* + 3x3 + x2)7 + csc(tanx?)

(sinVx)3
3- =
f(x) =

4- f(x) = x3 sin(2x2 + 3)
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