Turning points by completing the
square

Worked solutions

ROBINSON

This topic online

n y=x2+6x+4

By completing the square, find the coordinates of the turning point and say whether it is a maximum
or a minimum. (3 marks)

x*4bx+u = (R +3) =944

= (x+3)*-5

Turning pornt: x t3=0

(-3, -5’), o0 MLALMUM

ED -2 25

Write y in the form a(x + b)2 + ¢ and write down the coordinates of the turning point. (3 marks)

:) = 3(x2-4x)+S
3(x-2)-ul+s
= 3(x-2)-12+5
= 3(.:.-2)2-7

Turmna poent (2, -7)

a The curve C has equationy = (x - 32+5

Write down the coordinates of the turning point of C. (1 mark)
A siuo.re.d. reoal number cannot be ne.ao.ti\/e.. (x - 3)2 ¢s smallest
whea x-3=0,50x =3

At x =3, Yy=0+35=5.Thecurve tke.re.l,ore. has tts minimum
(turacn pou\t) ot (3, 9)

(3,5)
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n a. Write x2 — 6x + 11 in the form (x - 01)2 + b, where a and b are integers.

b. Hence find the coordinates of the turning point of the curve y = X2 - 6x + 11 3 marks)
o) (x-3)* = .z"-é.x.'!'ﬂ,sox1-6x+ll=(:x.-3)z+2.
«) Check b:) Laz.pomdu\a
xt =6 +94+2 = x?=-6x +I\
b) The minimum of (x=3)*+2cs when x =3, qeveng the turmns
pou\t (3, 2)

a By completing the square, find the coordinates of the minimum point of the curve

y=x>+10x -2 (3 marks)
Complete the square

x*+40x=-2 = (x+5)*-25-2=(x+5) -27
Check by expanding

x*4+10x+25-27 = x*4+10x -2

The minimum s when x = =5, so the mincmum po:.nt s (-5, -27)

(-5, -27)

n The curve y = X2 +bx+c passes through the points (0, 7) and (1, 4).

Find the coordinates of the turning point of the curve. 4 marks)
At (o, 7)
¢ =1
At (1, w)
I+b+7 = 4,s0b=-4
The curve s y= x* =4 + 7
Complete the square
x2=-dx+T = (=-2)"+1%
Check by expanding
x*=Yx + 4 +3 = x* =4 +7

The turn'\nb pount cs (1, 3)
(2, 3)
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The curve C has equation y = X2 —4x -5
a. Write x2 - 4x - 5 in the form (x - a)2 +b

b. Sketch C, showing clearly the coordinates of the turning point and the coordinates of the points
where C crosses the axes.

y

12

(2; _99

(5 marks)
a)xi-4x-5 = (x-2)'-4=-5=(x-2)-19
o) Check by expanding
xr-Hx+4-1 = *-Yx -5
b) The ‘kurninﬁ pouat s (2, -1)
b) For the x-wntercepts, pactoruse
x*-4Y4x -5 = (x-9)(x+ I), 50 the curve crosses at (5, o)
and. (-1, o)
b) When = O, y= =S, so the d-mtzrc.e.p'l: s (0, -5)
o) Orow o U-skape.d. po-ra.bola tkrouak these pocats wieth its

menimum ot (2, -9)
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n a. Show that x* + 5x + 9 can be written as (x + %)2 + 1

4
b. Write down the minimum value of x> + 5x + 9
c. Hence explain why the equation X2 + 5x + 9 = 0 has no real solutions. (5 marks)
o.) Halve the cocl.l,ir.i.bﬂt °of x
s = 295
(4 =)* T 2452+ —
2 ]
E) 1S S "
0) Sox?+Sx+9=(x+2)=-22 4q9=(a+ 1)+, sence 3
YR 4 2 “
%
o

b) The $9 vo.re term s ok Least O, so the minimum value s %,

when x = -i

I\
¢) The expresscon ¢s always okt Least —, which is 3rc.a.te.r than 0, so ¢t can never
L8

c.t\m(. O and the ULUmt:.oA has no real solutions

n f) = x> - 4x + 7

a. Write f(x) in the form (x — a)® + b and hence write down the coordinates of the turning point of y
= f(x)
b. Write down the coordinates of the turning point of y = f(x - 3)

c. Find the equation of y = f(-x), giving your answer in the form y = X2 +bx+c (4 marks)

o.) Comp(.e.te. the square
xP=Yx +7 = (.z-?.)"-‘-i-l'7=(.x-?.)1+3.'rke.‘kumi(\3

pounk s (2, 3)
b) y= J’("‘ - 3) translates the Sro.pk 3 uncts to the riaht, s0 the tum‘ma point moves
ko (s,3)

o)t('x) = (-x)'-u(-2) 4 T=x 4 Hx 4+ 50 y= 22+ 4x 47
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m y=-x>+6x-4

By completing the square, find the coordinates of the turning point. State whether it is a maximum
or a minimum.

(3 marks)
y = “(x*-6x) -4
= ~[(x-3)*-1]-u
= ~(x-3)*+9-4
= -(x - 3)" +S
(3, 5), 0 MoXimum
m A ball is thrown upwards. Its height, h metres, t seconds after it is thrown is given by
h=15+ 20t - 5
By completing the square, work out the maximum height of the ball and the time at which it reaches
this height. (4 marks)
h = -st*+20t +\5
= -s(t?-ut) +\5
= -s[(t-2)*-a4]+Ls
= -s(k-2)*+20+1S
= -s(k-2)*+0s
Mo x kciaht 2\.Smatt=2¢
m The graph of y = X2+ bx +chasa turning point at (3, -2).
Find the value of b and the value of c. (4 marks)

Turacng pocnt (3, -2)
:) = (x - 3)2' -2
= x*=-¢xt+t9-2

= xt-€6x+1

b=-6,c="7
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