Higher Mathematics

Stationary Points - Solutions

Marks are indicated in brackets after each question number

2014 Paper 1 Question 21, (6) (2)
a)y = 3x%—x3
L — 6x — 3x2

dx

. .. d
For stationary points ﬁ =0

6x —3x*> =0
3x(2—x)=0
x=0,x=2

Whenx =0,y =0
Whenx =2,y =4
Stationary points are (0,0) & (2,4)

x -1 0 1 2 5

£ + 0 - 0 +
Shape \ / \

(0,0) is a minimum turning point and (2, 4) is a maximum turning point.

b) For the y intercept x = 0 giving
y=3:02-03=0
For the x intercept y = 0 giving
0 =3x%—x3
0=x23—x)

x=0,x=3
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2016 Paper 1 Question 9, (4) (2)
a) f(x) = x3 +3x% — 24x
f'(x) =3x%+ 6x — 24
For stationary points f'(x) = 0
Letf'(x) =0
3x2+6x—24=0
x2+2x—-8=0
x+4)(x—2)=0

x=—4x=2
b)
X —-10 —4 1 2 10
f'(x) + 0 — 0 +

Shape / \ L /

So, f is strictly increasing for x < —4 and for x > 2

So,—4>x> 2.

my guy.com



2017 Paper 2 Question 7, (4) (3)

a)y = 6x — 2vVx3

6 —3x2 =
1
6 = 3x2
1
2 =Xz

Squaring both sides gives

4 =x

b) Whenx =4,y =8
Whenx =1,y =4
Whenx =9,y =0
So, the maximum valueof yon1 < x < 9is 8.

And the minimum value is 0.

2019 Paper 1 Question 1, (4)
1
y = Ex‘* —2x3+6

dy
—~ =2 3_62
I X X

. . d -
For stationary points ﬁ = 0 giving

2x3 —6x2=0

2x2(x—=3)=0

2x% =0 x—3=0
x=0 X =
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2023 Paper 1 Question 8, (6)
f(x) =x3+3x2—9x+5
f'(x) =3x2+6x—9

For stationary points f'(x) = 0 giving
3x2+6x—9=0

x2+2x-3=0

x+3)(x—1)=0

x=-3,x=1

When x = =3,y = (=3)3+3(-3)2 —9(-3) + 5 = 32
Whenx =1,y = (1)3+3(1)?-9(1)+5=0

So, stationary points are at (—3,32) and (1, 0).

x —10 -3 0 1 10

J€9) + 0 — 0 +

Shape / - \ L /

So, (—3,32) is a maximum turning point and (1, 0) is a minimum turning point.

2023 Paper 2 Question 10, (4)

f(x) =2x%+9x? —24x+ 6

f'(x) = 6x% + 18x — 24

Stationary points occur where f'(x) = 0 giving
6x%+18x—24=0

x*+3x—4=0

(x+4)(x-1)=0

x=—-4x=1
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x —10 —4 0 1 10

£(x) + 0 - 0 +

Shape / S \_/

So, the function is decreasing between —4 and 1, giving —4 < x < 1.

2024 Paper 2 Question 9, (4) (2)

a)y=§x3—x2—3x+1

d
=x2-2x-3
dx

For stationary points z—z = 0 giving
x2—2x—-3=0

x=3)(x+1)=0

x=3,x=-1

Whenx =3,y =2(3)° —32-3(3) +1=—8

8

Whenx = -1,y = (-1)* - (-1)? = 3(-1) +1 =7

So, the stationary points are (3, —8) and (—1,2)

b) When x = 6,y = 2(6)° — 67 = 3(6) + 1 = 19

So, the greatest value in the range is 19 and the least value is —8.

2025 Paper 1 Question 13, (3) (3)

a) Stationary points occur where f'(x) = 0
x+5)2-x)=0
x=-5x=2
f'(x) = (x+5)(2—-x)=10— 3x — x*
f"(x) =-3—-2x
f"(=5) = =3 — 2(—5) = 7 giving a minimum turning point
f"(2) = =3 — 2(2) = —7 giving a maximum turning point
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f(x) = 0 has only one solution means there is only one root point and the root

b) £(0) < 0 means the graph crosses the y axis underneath the x axis.

point is between —10 and 10.

YA
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