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Progress exercise 7.1 

(a) 2
d
d

−=
x
y .  As this is negative for all x, the function is always negatively sloped (= 

monotonic decreasing). 

(b) 13
d
d 2 += x
x
y .  This is positive for all x, so function is monotonic increasing. 

(c) Function is decreasing when 
x
y

d
d 46 +−= x < 0, which requires 3

2>x . 

(d) 
x
y

d
d ( )22 2312123 +=++= xxx .  This is always positive. Thus when x > -2, 

x
y

d
d 0>  

and fn is increasing.   

(e) 
x
y

d
d ( )( 25660426 2 ++=++= xxxx ) .  So 

x
y

d
d 0>  when (x + 5) and (x + 2) have 

the same sign (that is, both positive or both negative). They are both positive 
when x > -2 and both negative when x < -5. 

 
Progress exercise 7.2  
(a) 

x
y

d
d .62 −= x   For a maximum or minimum we require 

x
y

d
d = 0  ⇒  2x – 6 = 0   ⇒  x = 

3.  Thus there is a stationary point (SP) at x = 3.  We have ( ) 262
d
d

d

d
2

2
=−= x

xx

y .  This 

is positive for all values of x, including x = 3, so this stationary point (SP) is a 
minimum of y. 
 
 Ex 7.2 question (a)
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7.2 (b) 

x
y

d
d 51020102 =⇒=⇒=+−= xxx .  There is a stationary point (SP) at x = 5.  We 

have 2
d
d

2

2
−=

x
y .  This is negative when x = 5 so this SP is a maximum of y. 

 Ex 7.2 question (b)
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7.2 (c) 

x
y

d
d

2
3064 =⇒=−= xx .  So SP at 2

3=x .  Also, 4
d
d

2

2
=

x
y .  This is positive at 2

3=x , so 

this SP is a minimum. 
 
 

1562 2 +−= xxy  

Ex 7.2 question (c)

0

5

10

15

20

25

30

35

40

45

50

55

-3 -2 -1 0 1 2 3 4 5 6
x

y
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

H i g h e r   E d u c a t i o n 
© Oxford University Press, 2008. All rights reserved. 



 Renshaw: Maths for Economics 2e 3 
 Chapter 7: Derivatives in action  
 Answers to progress exercises  
 

OXFORD 

 
7.2 (d) 

x
y

d
d ( ) 0563015183 22 =+−⇒=+−= xxxx  

( )( ) 50153   =⇒=−−⇒ xxx  or 1.  (We have two SPs because 
x
y

d
d  is a quadratic 

equation with 2 roots.)  Also, ( )36186
d
d

2

2
−=−= xx

x
y . 

When x = 5 , .0)35(6
d
d

2

2
>−=

x
y   So this SP is a minimum.  

When x = 1, 
2

2

d
d
x

y .0)31(6 <−=   So this SP is a maximum. 

 
 
 Ex 7.2 question (d)
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7.2 (e) 

x
y

d
d 027303027303 22 =+−⇒=−+−= xxxx  

( ) ( )( ) 01939103 2 =−−=+−⇒ xxxx .  So we have SPs at x = 9 and x = 1. 

2

2

d
d
x

y ( 56306 )−−=+−= xx .  When x = 9 ,
2

2

d
d
x

y ( ) 0596 <−−= so maximum at x = 9 

When x = 1, 
2

2

d
d
x

y 0)51(6 >−−=  so minimum at x = 1. 

 

502715 23 +−+−= xxxy

Ex 7.2 question (e)
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Progress exercise 7.3  
(a) 
 

x
y

d
d 012123 2 =++= xx   ⇒  ( ) 0443 2 =++ xx   ⇒  ( )( ) 0223 =++ xx   ⇒  x = -2. 

So we have a SP when x = -2.  We have 
2

2

d
d
x

y ( )26126 +=+= xx .  When x = -2 , 

2

2

d
d
x

y ( ) 0226 =+−= .  So this SP may be a point of inflection.  We have 6
d
d

3

3
=

x
y .  This is 

positive when x = -2.  So at x = -2,  we have 
x
y

d
d 0

d
d,0

d
d,0

3

3

2

2
≠==

x
y

x
y  

So x = -2 is a point of inflection. 
 
 Ex 7.3 question (a)
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7.3 (b) 

x
y

d
d 060426 2 =+−= xx   ⇒  ( )( ) 50256 =⇒=−− xxx  or 2.  (Two SPs).  We have 

2

2

d
d
x

y ( 7264212 )−=−= xx .  When x = 5 , 0
d
d

2

2
>

x
y   so this SP is a minimum.   

When x = 2, 0
d
d

2

2
<

x
y   so this SP is a maximum. 
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106021 23 ++−= xxxy  

Ex 7.3 question (b)
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7.3 (c) 

x
y

d
d 031212 2 =+−= xx   ⇒ ( ) ( )( ) 012    012 2

1
2
1

4
12 =−−⇒=+− xxxx  

2
1  =⇒ x   (SP).  We have 

2

2

d
d
x

y ( )12121224 −=−= xx .  When 0
d
d,

2

2

2
1 ==

x
yx .  So this SP 

may be a point of inflection.  We have 024
d
d

3

3
≠=

x
y  at 2

1=x .  So this is confirmed as 

a point of inflection. 
 
 

12364 23 ++−= xxxy

Ex 7.3 question (c)
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7.3 (d) 

x
y

d
d 015183 2 =++= xx   ⇒  ( )( ) 1 or 5    0153 −−=⇒=++ xxx . 

2

2

d
d
x

y ( ) 0
d
d;36186

2

2
<+=+=

x
yxx  at x=-5 So this is a maximum 

0
d
d

2

2
>

x
y  at x = −1. So this is a minimum 

 
 

Ex 7.3 question (d)
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7.3 (e) 
 

x
y

d
d 012123 2 =−+−= xx   ⇒  ( ) 0443 =+−− xx   ⇒ 

( 02)(23 ) =−−− xx   So x = 2 is a SP 

When x = 2, 0126
d
d

2

2
=+−= x

x
y  and 06

d
d

3

3
≠−=

x
y , so x = 2 is a pt of inflection. 

 
 
 Ex 7.3 question (e)
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 Progress exercise 7.4  
 
(a) 
 

x
y

d
d 015183 2 =+−= xx   ⇒  ( )( ) 1 or 5    0153 ==⇒=−− xxxx  are SPs. 

2

2

d
d
x

y ( .36186 −=−= xx )   So 0
d
d

2

2
>

x
y   at x = 5 ⇒ minimum. 

0
d
d

2

2
<

x
y  at x = 1  ⇒  maximum. 

Point of inflection requires 0
d
d

2

2
=

x
y  and .0

d
d

3

3
≠

x
y   In this example, 

2

2

d
d
x

y ( ) 3036 =⇒=−= xx .  Also .6
d
d

3

3
=

x
y   Thus at x = 3, we have 

2

2

d
d
x

y = 0 and 0
d
d

3

3
≠

x
y  

so this is a point of inflection. 
 

5159 23 ++−= xxxy

Ex 7.4 question (a)
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 7.4 (b) 

x
y

d
d 027303 2 =−+−= xx   ⇒  ( ) 09103 2 =+−− xx   ⇒ 

( )( ) 1  or  90193 =⇒=−−− xxx .  We have 
2

2

d
d
x

y ( ).56306 −−=+−= xx  

So 0
d
d

2

2
<

x
y  at x = 9, and this SP is a maximum; also 0

d
d

2

2
>

x
y at x = 1 so this SP is a 

minimum. 

Point of inflection requires 0
d
d

2

2
=

x
y  and .0

d
d

3

3
≠

x
y   In this case, 

2

2

d
d
x

y ( ) 5  056 =⇒=−−= xx .  At x = 5, ,06
d
d

3

3
≠−=

x
y  so there is a point of inflection at x = 

5. 
 
 Ex 7.4 question 9(b)
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 7.4 (c) 

x
y

d
d 0216543 2 =+−= xx   ⇒  3(x2 – 18x + 72) = 0  ⇒ 

3(x – 6) (x – 12) = 0  ⇒  x = 6 or 12. 

2

2

d
d
x

y ( ) ⇒−=−= 96546 xx 0
d
d

2

2
<

x
y  at x = 6, so maximum.  Similarly 0

d
d

2

2
>

x
y  at x =12 , so 

minimum.  For point of inflection, set 
2

2

d
d
x

y  = 6x - 54 = 0, with solution x = 9.  Then 

06
d
d

3

3
≠=

x
y  at x = 9, so point of inflection at x = 9 is confirmed. 

 
 

1021627 23 ++−= xxxy

Ex 7.4 question (c)
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 7.4 (d) 

x
y

d
d 0624 2 =−= x   ⇒  

2
1  

4
1

24
62 ±=⇒== xx .  We have 

2

2

d
d
x

y 048 >= x  at 
2
1

=x  so 

minimum; and 048
d
d

2

2
<= x

x
y  at 

2
1

−=x  so maximum.  Also 
2

2

d
d
x

y 048 == x  when x = 0, 

and 048
d
d

3

3
≠=

x
y  when x = 0.  So  x = 0 is a point of inflection. 

 
 

2568 3 +−= xxy
Ex 7.4 question (d)
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 7.4 (e) 

x
y

d
d 060666 2 =+−= xx   ⇒  6(x2 – 11x + 10) = 0  ⇒   

6(x – 10) (x – 1) = 0 ⇒ x = 10 or 1.  We have 
2

2

d
d
x

y 06612 >−= x  at x = 10 so 

minimum.  And 
2

2

d
d
x

y 06612 <−= x  at x = 1 so maximum.  Point of inflection when 

06612
d
d

2

2
=−= x

x
y   ⇒  2

15
12
66

==x .  As 2
1

3

3
5at  012

d
d

=≠= x
x

y  this is a point of inflection. 

 
 
 

1560332 23 ++−= xxxy  

Ex 7.4 question (e)
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Progress exercise 7.5  
Question 1 (a) 
 

x
y

d
d 062 >−= x  when x > 4.  Also 02

d
d

2

2
>=

x
y  when x > 4.  So slope is positive and 

increasing (that is, convex from below) when x > 4. 
 
 

1262 +−= xxy

Ex 7.5 question 1a
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Progress exercise 7.5  
Question 1 (b) 
 
 

x
y

d
d 0)5(2102 >−−=+−= xx  when x < 4.  Also 02

d
d

2

2
<−=

x
y  when x < 4. 

So when x < 4 , slope is positive but decreasing ; that is, concave. 
 
 
 Ex 7.5 question 1b
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Progress exercise 7.5  
Question 1 (c) 
 

x
y

d
d 0)32(264 <−=−= xx  when x < 1.5.  Also 04

d
d

2

2
>=

x
y  when x < 1.5. 

So when x < 1.5, slope is negative and increasing; that is, convex. 
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 1562 2 +−= xxy

Ex 7.5 question 1c
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Progress exercise 7.5  
Question 1 (d) 

x
y

d
d 0)2(242 >+=+= xx  when x > -2.  Also 02

d
d

2

2
>=

x
y  when x > -2.  So when x > -2 , 

slope is positive and increasing; that is, convex. 
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Progress exercise 7.5  
Question 1 (e) 

x
y

d
d ( )23 30 27 3( 9)x x x x= − + − = − − − 1 .  Also (

2

2
d 6 30 6 5
d

y x x
x

)= − + = − − .  So when x > 9,  

( 9x − ) )and (  are both positive so 1x −
x
y

d
d < 0; and 

2

2
d 0.
d

y
x

<  So slope is negative and 

decreasing; that is, concave. When x < 1, ( 9x )− and ( )1x −  are both negative so 
x
y

d
d < 

0; but 
2

2
d 0.
d

y
x

>  So slope is negative and increasing; that is, convex. 

 
 
 Ex 7.5 question 1e
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Progress exercise 7.5  
Question 2 
 

Point of inflection:  
x
y

d
d 03 2 == x  when x = 0, so x = 0 is a SP.  Also 06

d
d

2

2
== x

x
y  when 

x =0, and 06
d
d

3

3
≠=

x
y  when x = 0.  So x = 0 is a SP (since 

x
y

d
d = 0) and is also a point 

of inflection since 0
d
d

2

2
=

x
y  and 0

d
d

3

3
≠

x
y  

Convexity/concavity:  when 03
d
d ,0 2 >=< x

x
yx  and 06

d
d

2

2
<= x

x
y , therefore concave.  

When 0
d
d ,0 >>

x
yx  and 0

d
d

2

2
>

x
y  , therefore convex. 

 
 

3xy =

Ex 7.5 question 2
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Progress exercise 7.5  
Question 3 
When x = 1 , y = 13 ; when x = 1.1 , y = 13.641.  So true change in y is Δy = 13.641 – 
13 = 0.641.  Using differential formula, dd d

d
yy x
x

= ⋅ ( )23 2 1 dx x= + + x .  So when x = 1 

and dx = 0.1, d
d
y
x ( )23 2 1 3 2 1x x= + + = + + = 6 .  So ( )dd d 6 0.1 0

d
yy x
x

= = = .6.   So absolute 

error, which we can define as estimated change, minus actual change, is 0.6 – 0.641 

= -0.041.  As a percentage of the actual change, this error is %40.6100
641.0
041.0

−=×
−  

to 2 decimal places. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

y = x3 + x2 + x + 10

13.641 
Q 

1.1 

13 

y 

1 x 

B

dx=0.1 

Δy=0.641 

R

0 

ε=0.041 

Distance RB is given by the differential, x
x
yy d

d
dd = .  This is an 

approximation to the true change in y, given by the distance RQ.  
The error, ε , is the distance BQ. 
(For the sake of clarity, this figure is drawn without regard to 
scale.) 

 dy=0.6

Not to scale! 
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