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Chapter Objectives

Chapter Objectives

To develop a differentiation formula for y = In u.

To develop a differentiation formula for y = €.

To give a mathematical analysis of the economic concept of elasticity.

To discuss the notion of a function defined implicitly.
To show how to differentiate a function of the form u'.
To approximate real roots of an equation by using calculus.

To find higher-order derivatives both directly and implicitly.
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1) Derivatives of Logarithmic Functions
2) Derivatives of Exponential Functions
3) Logarithmic Differentiation

4) Higher-Order Derivatives
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1 Derivatives of Logarithmic Functions

* The derivatives of log functions are:

| x/h
a. i(In X) = lIn(lim(1+ﬁj ]
dx X |h-0 X

i(In\x|) -1 where x %0
dx X

G —(I\ |)—— foru;tO
u
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Example - Differentiating Functions Involving In x

a. Differentiate f(x) =5 In x.

Solution: f'(x) = Si(ln x) = A -
ax X
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b. Differentiate y={¥£

Solution:

xzﬂ%(ln X) —(Inx)c%(xz]

i L] forx >0
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Example - Rewriting Logarithmic Functions before Differentiating

a. Find dy/dx if y =In(2x+5)’,

Solution:
W _3 1 )y
adx 2xX+5

= 6 forx >-5/2
2x+5
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b. Find f(p) if f(p) =In((p+1?(p+2)°(p +3)*]

Solution:
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Procedure to Differentiate log,u

« Convert log,u to ::—E and then differentiate.
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Example — Differentiating a Logarithmic Function to the Base 2

Differentiate y = log,x.

: d—y(log x)—i e
Solution: dx ' 2 dx\In2 | (In2)x
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2 Derivatives of Exponential Functions
* The derivatives of exponential functions are:

d |, , adu
a. —(e =e" —
dx ax
b. i(e"):e"
dx
c. L (b*) = b4(Inb) %Y
dx ax

d. i[f”(x))z _1 for '(f'(x)] 0
X "X
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Example — Differentiating Functions Involving e~

a. Find -2 (3¢").
ax

Solution: i(3e") = 3i(e") = 3e”
ax dx
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b. lfy=— find <

dy . d d
— =" —x+x—|\e”
Solution: I dx dx( o
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c. Find y’ when y =e*+e* +In3

Solution: y'=0+e*+0=¢€"
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Example — The Normal-Distribution Density Function

Determine the rate of change of y with respect to x

when x = U + 0.

y =f(x)= 1 g Hlx-sliaf ,//,_\

o2x " o
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Example - Differentiating Different Forms

Find 2 le? + x* + 2%
adx

Solution:

x| = ox® +[ (In2) J—](IHZ)(T)
29%|n2

2\/x

=ex® '+
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Higher-Order Derivatives
For higher-order derivatives:

: o i dy
First derivative: y' 1'(x) —
dx

e _ d*y

Second derivative: y’ " (x) i\"’
I

’ . . . 14/4 / ‘13 \‘
Third derivative: Y " (x) W
A

e | . d?y
Fourth derivative: '\"4’ ¥ (x) ey

. (f(x))
L X)

2

d flx
d.\-l(' (x))

3
d
(T\"T(f("))

d
—(IH))
dx?
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Example 1 — Finding Higher-Order Derivatives

a. If flx)=6x°-12x*+6x-2, find all higher-order
derivatives.

Solution:

=18x>-24x+6
=36x—-24
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b. If f(x) = 7, find f(x).

Solution:
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f(x) = SInx+2)+4In(x+ 1)+ 2In(x—2)

f‘xX)= x+2 x+1 x-=2
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f(X)_ 2x”° ]ll

o

2X

I SHX)= (4\’) (In .r)+[ —
- B
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Differentiate the following functions:

.
ax-

f(x)=¢

fe(x) = e™ (2ax)
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Differentiate the following functions:

' |
x-—=2x+1

f(x)= €

y % e | | g
filgy=9 -3 =2 -e —=F
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f(x) =3x? + 2x

f\ (x) = 6x + 2
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| B2

oo - (2

f(x)=
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f (x)——x
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x+1

y=—=—)\

v = F= D= (x+ D)

(.1'—1)2
5
=—— =—2(x—1)">
(x—1)~

j.-'* =4(x—1 }'3
(X— 1)3
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f(x) = Vx = fA\(X)
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Find f\\\ (x) :

If f(x)=23x%+ 2x
Solution

f\ (x) =6X + 2

f\\ (x) =6

f\\ (x) = zero
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V=X "+X +X +X +x+1-y\
: . SRS S
}-":5x4+4x +3x° +2x+1
2 :
v’ =20x> +12x% +6x+2

v =60x° +24x+6
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y=4x" - 12 x* +6x +2 = y\\\

: |
V' =12x"-24x+6
"=24x-24

7 =24

-

-

t.-.d
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1) Derivatives of Logarithmic Functions
2) Derivatives of Exponential Functions
3) Logarithmic Differentiation

4) Higher-Order Derivatives
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