FK1005 Solutions 3 1. INTRODUCTION TO DIFFERENTIATION

FORK1005

Solutions for Exercises 3

July 29, 2015

1 Introduction to Differentiation

Solution 1.1. f/(—2) = —4 and f'(1) = 2.

Solution 1.2. From left to right: +, —, 0, +.

2 Differentiation

Solution 2.1.

(x4 h)> —a® 24 32*h + 3zh® + h® — 2°
h N h

= 322 + 3zh + h?

SO

f(x) = lim ks h})L —J@) lim 32 + 3zh + h* = 32°.
_>

h—0
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Solution 2.2.
(a) D'(P) = —f (b) C'(x) = 2z
Solution 2.3.

(2) 3 (€) f/la) =~y 5o f/(3) =~

(b) filw) = 2w s0 fi(1) =2 (d) f(z) = 42% s0 f/(1) = 4.

Solution 2.4.

(a) f'(x) (d) _%‘7:)
(b) f'(x)
Af'(x)
() 4f'(x) © —&~
Solution 2.5.
(a) 8mr (c) _ﬁ

(b) (b+1)Ay®

Solution 2.6.

2 _ 2 _
f'(a) = lim T 7% lim (z—a)(z+a) = limz + a = 2a.
r—a T — Q rT—ra Tr — a r—a

2.1 Table of Derivatives and Rules
Solution 2.7.
(a) (322 — 1)(5x* + 2%) + (2 — x) (2023 + 22) = 352° — 20z* — 322
1 1 2 1 2 4

at™

(c) nt"avt +b) + Vi

= at" V2(n — 1/2) + nbt" !

1
N

(e) ’
203/2 + 4o + 24/x

Solution 2.8.
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2.2 Chain Rule
Solution 2.9.

(a) —1522(1 — 23! @ 355 3)4/§(x Ve
(b) —70(2z +4)
(22 + 4z + 5)8 (e) ;+ 1

(c) 50(3z% + 2z)(x3 + %)%

3 Applications of the Derivative

3.1 Increasing vs Decreasing Functions

Solution 3.1.

(a) f'(z) =3 so f/(1) =3 and f is increasing.
(b) f'(z) =2z so f/(1) = 2 and f is increasing,.

(¢) f(z) =2z —4s0 f'(1) = —2 and f is decreasing.

(d) f/(z) = 32% — 182 + 15 so f'(1) = 0 and f is stationary.
(e) fi(x)=e" — 2z s0 f'(1) =e—2 >0 and f is increasing.
(f) f'(x) =1/ — 150 f'(1) = 0 and f is stationary.

Solution 3.2.

fl(r) = —2* +42 -3
=—(z—1)(z —3).

A sign diagram analysis will tell you that
—(x—=1)(z=3)>0

if and only if 1 < 2 < 3. So f is increasing whenever 1 < x < 3, and f is decreasing when
x>3orx <l
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3.2 Locating Maxima and Minima

3.2 Locating Maxima and Minima
Solution 3.3.
'(x) = 2z so only stationary point is z = 0.

"(z) = 1/z — 1 so only stationary point is x = 1.

"(x) = (2 — 1)¢/(2* — ). Stationary points are
g (z? — z) = 0. One stationary point is z = 1/2.
of g, we need to solve the equality 22 — 2 = 2.

P —x=2
2?—r—-2=0

(2—2)(z+1)=0

(
f(
f'(x) = 2 — 1 so only stationary point is = = 1/2.
1
f(

"(x) = 322 4+ 62 — 9 = 3(x + 3)(x — 1) so stationary points are z = —3, 1.

those where either (2 — 1) = 0 or
Since 2 is the only stationary point

r=-—1,2

So we have the three stationary points x = —1,1/

3.3 Classifying Stationary Points

2 and 2.

Solution 3.4. f'(z) = 10z* — 92* + 2 and f"(x) = 402°® — 18z.

Solution 3.5.

(a) Stationary points: 0. f”(z) =2 > 0 so it is a minimum.

(b) Stationary points: —4. f”(x) = —2 < 0 so it is a maximum.
(c) Stationary points: 7, —2. f”(z) = 122 — 30 so x = —2 is a maximum and z = 7 is a
minimum.

(d) Stationary points: 3. f”(x) = 3e®* — €* so f"(3) >
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0 so it i1s a minimum.
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