Math 121, section 11.2  Rules for differentiation

Example (1) Find di(c) , where c is constant.
X

Solution:

Since f(x)=c, then f(x+h)=c
CS@Hh) - f(x) _c-c_0_
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Now, we have the following rule:

Rule 1: the derivative of a constant function is zero.

Example 2 find %)f using the definition
Solution:
Since f(x)=x", then
f(x+h)=(x+h)’ =x> +3x*h+3xh> +h°,
f(x+h)—f(x) _ x*+3x*h+3xh* +h° —(x7)
h h

C+3x°h+3xh+ k7 h(3x? +3xh+h?)
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For general x" we have the following rule:

=3x? +3xh+h°.

=1lim(3x* +3xh+h*)=Bx* +0+0) =3x>.

Rule 2: ix” =nx""
dx

Example (3) find the derivative of the following functions:

() f)=x*, @) f)=x, i) f)=xdx, (@) f(x)=+x.

Prepared by Ahmed Ezzat Mohamed Matouk,

Lec5



Math 121, section 11.2  Rules for differentiation Lec5

Solution:

. dx’ 4-1 _ 4.3

(1) T =4x" =4x",

(i) <22 = e =" = 0.0 =1
X

ity L0V _dG) o om0 = 34,
dx dx
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(iv) d\/;=d(x1/2)
dx dx

Rule 3: a4 (c.f(x))=c.f'(x)
dx

Proof:

Let g(x)=c.f(x), then g(x+h)=c.f(x+h)

L8t —g(x) _efxth)—cf(x) clf(x+h)-[f(x)
h h h ’

g+ =g(x) e/~ f()_ S+ =f()_ d
h 0 h 0 h “dx

e f o) =lim
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Example 4 differentiate the following functions:

0 f@)=3x" (i) f(r)=—§r8.

Solution:
L df (x) d(3x®%) B dx® B s s
(1) R =3. 0 =(3).(6)x” =18x".
1
d(=_1") s
. df() 8 __l dt _ _l -1 _ 7
W = xa Cp® =
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Rule 4 derivative of sum of two functions equals sum of their derivatives

di[f(xng(x)] = @) +g'(r),
X

derivative of difference of two functions equals difference of their derivatives

di[f(x)—g(x)] = () -g'(®).
X

Example (5) find the derivative of the following functions:

() f(x)=x+3, (i) f(x)=4x> —2x+3, (i) f(x)=—x*+x’,

@) f(x)=x(3x*-10x+7), ) f(x)_sxz%
Solution

df(x) d(x+3)_d(x)+d(3)
dx  dx dx

i) f'(x)= =1+0=1.

(i1) fx)= dx dx dx dx dx

=(4)(2)x-2(1)+0=8x-2.

df(x) d(—x8 +x7) _ d(-x%) N d(x’) :_d(xg) N d(x”)
dx dx dx dx dx

(i) f'(x)=

(iv) f(x)=x(3x>-10x+7)=3x> —10x" +7x,

J'(x)=

df(x) d(4x’ ~2x+3) _d(@x’) d(-20) d3) _,d(’)

=-8x’

d(x) +0
dx

+5x°,

2
Od(x )+7

Lec5

d(x)

dx dx dx dx dx
= (3)(3)x2 —-102)x+7() = 9x? —20x+7.

(v)
fx) =

5xt+x? B 5xt+x?2 _i
124/x 12xY? 12
=%(5x(7/2)+x(3/2)),

x—(l/z)(5x4+x2):é(5x4—(1/2)+x2—(1/2))
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5 1 5 1
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Example (6) find the slopes of the curve y =3x> +4x -8, at the points (0,-8), (2,12), (-3,7).

Solution

The derivative of this function is % =y '=6x+4,
X

is the slope of the tangent line to the curve of y = f(x) at the point x,

Since Q
dx

X

Then, the slope at the point (0,-8) is:

&

=6(0)+4=0+4=4.
dx

x=0

The slope at the point (2,12) is:

4

=6(2)+4=12+4=16.
dx

x=2

The slope at the point (-3,7) is:
dy

= 6(=3)+4=—18+4=—14.
dx

x=-3

3
Example 7 find all points on the curve y = x?_ x +1, where the tangent line is horizontal.

Solution
The derivative of this function is % = 3(%)x2 —1=x> -1,
x

If the tangent is horizontal then its slope equals zero
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But, know that % is the slope of the tangent line to the curve of y = f(x) at the point x, then to
X

X

obtain all the points of the curve of y at which the tangent line is horizontal put Z—y =0, this
X

implies that x* —1=0. The solutions of the last equation are x=—1 or x=1.

(-1’
3

At x=—-1,then y= —(—1)+1=—%+1+1:—%+2:%, 1.e the tangent line to the curve of

y is horizontal to the point (—1,%) which lies on this curve.

. W’
Similarly, at x =1, then y =

-H+1= % , 1.e the tangent line to the curve of y is horizontal to

the point (1,%) which lies also on this curve.

Home work: solve book pages 551 and 552, the following problems:

Differentiate the following functions:

[22] y=-8x"+In2,
[34] f(x)=2x"""7,
[61] y=xx,

2 3
X +Xx
2 b
X

[73]  w(x)=
[78] find all the slopes of the function y = 3x—4+/x whenx = 4,x=9,x=25.

[85] find all points on the curve y = %xz —x°, where the tangent line is horizontal.
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