4.6 Answers
A-Level Pure Mathematics: Year 1
Differentiation 1|
4.6.1 Solution to 4.3 Example

******************* R R R}

This function is increasing
(Note that increasing can include points with gradient zero)
Right : An example of a non-stationary point of inflection
This function is strictly increasing
(Note that the “strictly” means there are no points with gradient zero)

[ 2marks]
4.6.1 Solution to Example 4.4
(1) y=x3+6x2+9x %=3x2+12x+9
[ 2marks]
. d2y
I —5 = 6x+ 12
[ 2marks]
(iii) For a turning point,3x2 + 12X +9=0
¥ +4x+3=0
(X+3)(x+1)=20
Eitherx = -3 or x = -1
_ 3 2 _ 3 2
y=-3)+6(-3)"+9(-3) y=-1)"+6CFL"+9-1)
=0 = -4
The turning points ar¢g—3, 0), (-1,-4)
d2y d2y
Forx:—S,W:—6 Forx = -1, W:JFG
(-3, 0) is alocal maximum (-1, —4) is alocal minimum

[ 4 marks]



4.6.2 Solutionsto 4.5 Exercise

Answer 1
. 2 dy
= - . — = 10x —
(i) y = bX 30x Ix Ox — 30
[ 1mark ]
y d?y
(ll) W = 10
[ 1mark ]

(iii)  Foraturning point,10x — 30 = 0 < x =3
To get gpoint substitute this value ofback into the point equation
of the curve. (NOT the gradient equation of the curve !)

y = 5x° — 30x
—5x3¥-30x3

= -45 o (3, -45)
d2y
Whenx =3, —5 = 10
dx2
As this is positive( 3, —45) is a local minimum
[ 3marks]
Answer 2
. 2 dy
(i) y=4x"+16x+ 21 &:8X+16
[ 2marks]

(ii) Foraturningpoint 8x + 16 = 0 & x = -2
To get gpoint substitute this value ofback into the point equation
of the curve. (NOT the gradient equation of the curve !)

y:4x2+16x+21
—4x (=2 +16x%x (=2)+ 21
= 16-32+21
=5 & (-2,5)

d%

ii Regardless of the valuexf —5 = 8
( ) g Xy dX2

[ 4 marks]

As this is positive(— 2, 5) is a local minimum.
As this is positive is a local minimum.
[ 2marks]



Answer 3

(i)  y=x+09%+ 1% %:3x2+18x+15
[ 2marks]
(i) :—)2(32/ = 6Xx + 18
[ 2marks]
(i)  For aturning point,3x2 +18& +15=0
X+ 6Xx+5=0
(xX+5)(x+1)=0
Either x = -5 or x = -1
y:x3+9x2+15x y:x3+9x2+15<
= (-5 +9(=52%+15(-5) = (-1®+9(-1)>+15(-1)
= —-125+ 225- 75 =-1+9-15
= 25 < (-5, 25) = -7 (-1,-7)
Whenx:—5,g—>2(32/:—12 Whenx = -1, 3—2:+12
(-5, 25) is a local maximum (-1, —7) is a local minimum
[ 4 marks]
Answer 4
(1) f(x):x3+6x2+5 .-.f’(x):3x2+12x
[ 2marks]
(i) f7(x) = 6x + 12
[ 2marks]
(iii)  Foraturning point,3x2 +12x =0
X+ 4x = 0
X(x+4)=0
Eitherx = 0 or x = -4
y:x3+6x2+5 y:x3+6x2+5
= (0 +6(0)%+5 = (-4 +6(-47°+5
=5 (0, 5) =37 o (-4, 37)
When x = 0, S—Z: 12 Whenx = —4, j—)z()zl =-12
(0, 5) is a local minimum (-4, 37) is a local maximum

[ 4marks]



Answer 5

y=vV2x - 6VX +4V2
1
V232 - 6x7 +4V2

Y oyzx-ax?
dx
—2\/7x—i
B VX
dy 3 V2
Whenx = 2, % = 4472 -
enx =2 - =4V2 - 5 x
:4¢_—%M§
5 5
= 22 La=—>
s V2 a=3

[ 4 marks]
Answer 6
Given that students do not yet know of “The Product Rule”...

f(X) = (x = 2)%(2x+ 1)
= (- dx+4)(2x+ 1)
=2 -8 + 8+ X — A+ 4

2x3—7x2+4x+4

fr(x) = 6x° — 14X + 4
For turning points,6x2 - 14x+4 =0
3 - 7x+2=0
(3 —1)(x-2)=0

Either x = % orx = 2
The minimum at( 2, 0) is already known about.

(3)= (5215

2

3)3
= —_ X —
3 3
125 . 1 125
= — - Pis|=, =—
27 3 27

[ 7marks]
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