Graphs of Quadratics e
Relationships
SPTA Mathematics - Topic Questions with Notes (G

Definition: the graph of a quadratic function 1s called a parabola.

The graph on the right is the basic graph of ¥y =x". You should (2. 4)

know 1ts shape.
y=x 1y,

\

\ /S If x*1s positive, the graph 1s “happy” (it has a minimum turning point)

"““ / \\ If x* is negative, then the graph 1s “unhappy™ (it has a
/ Y maximum tuming point)
/ \
The coordinates of any point on a graph tells you a value for x and y.
¢.g. for the coordinate point (3.7 ). x=3 andy=7
¢.g. for the coordinate point (0. 5). x=0andy=35

¢.g. for the coordinate point (4 .1). x=—4andy=1

These values can be put back mto the equation of the graph. If you don’t know the full
equation of a graph. they can give you an equation to solve to complete it.

Example
The graph on the right has the equation

" V

y=kx". The graph passes through the point

3,36 ). Find the value of k.
(3,36) (3, 36)

Solution
A pomnt on the graph1s ( 3, 36 ). This means that
x =23 and y = 36. X
2

Substituting these values into the equation gives:

y=h
36=kx3
6=k=9

k=4



Exercise 1

1. Write down the equation of the graphs shown below, which have the form y = kx2.
y A y A y A
a) (b) (c)
(13) (1,5)
(2,4)
0 X 0 % 0 %
y 4 y 4 y A
d) () ()
(2,20)) (-3.27)
(_216)
0 0 0
y A y 4 y 4
g) () (i)
0 X 0 X 0 X
(1,-5)
(3,-9) (-2,-8)
y A y A y A
) (k) 1)
_ (3.3)
(-22) (2,1)
0 § 0 'X 0 tx
A
m) (n) y 4 (0) A
(~3,360) > >
0 X 0 X
(—2,-100) (4,-12)
0




The graph of y=(x—a)” +b is still a parabola. but it has been V

moved so that 1ts nunimum point 1s no longer at (0. 0):

e The number inside the bracket (a) tells us how far the graph has
been moved left or right. If a is positive, the graph moved to
the left. If it 1s negative. it moved to the right.

¢ The number outside the bracket (b) tells us how far the graph (a,5)

has been moved up or down. If b is positive. the graph moved -
upwards. If it 1s negative, it moved downwards.
Example A: The graph of y=(x+3)" -2 has been moved 3 to the left and 2 down. Its
nunimum point 1s (—3. —2)
Example B: The graph of y=(x—5)"+4 is a ‘happy’ parabola that has been moved 5 to the
right and 4 up. Its minimum point 1s (5, 4)
Kev facts:
e y=(x—a)’ +b isa “happy” parabola. Its minimum tuming point is (a. b)
e y=—(x—a)’ +b is an “unhappy” parabola. Its maximum turning point is (a.b)
e The axis of symmetry of y=(x—a)’ +b or y=—(x—a)’ +b has the equation x=a
Example 1
This graph has an equation of the form ,1‘={x—a}: +b. .
What is its equation? \
Solution
The minimum point 1s (4, 1). This tells us that the graph has
been moved 4 to the right (soa=4)and 1 up (so b=1)
S x
Therefore its equation s y=(x—-4)" +1
Example 2
What is the equation of this parabola?
S (2,3)
Solution
The graph is unhappy. so it has an equation of the form
y=—(x—a) +b (as opposedto y=(x— a) +b )
The maximum point is (2, 3). The graph has moved 2 to the ¥

i

right and 3 up. Therefore its equationis y=—(x—2)" +3. / T \



Exercise 2

1. Write down the equation of the graphs shown below, which have the form y = ax? + b.
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Write down the equation of the graphs shown below, which have the formy = (x + a)? + b.

VA (b) yA ©  a
(1, 6)

(2,1) . >
0 X 0 X 0 (4,0) X

A y A y A

(e) (f)
\ (-1, 3)
0 ]/ 0 g
(0, -5)
A (3,-4) y 4 A
(h) o\
(4, 20)
\/ x (~6,0) O x 0 x
(-2, -4)
y4 A A
(k) (1 g
(25, 10)
R R (30, 5) R
0 \./ X 0 X 0 X
(10, -2)




(n)

(1,-1)

»

(0, 6)




Answers

Exercise 1

Exercise 2

1. a)
()
(i)

(m)

d)
9)
)

y=x° (b)

y=s5x ()
y=-5x ()

y = 40x° (n)

y=x+2  (b)

y=-x2+3 (P
y=3x*+2 (j)

y=-x*+3 (n)

y=(x-2)%+1
y=(x-3)°"-4
y=(x+2)*-4
y = (x—10)% -2

y=(x-1?%-1

y =3x* (€) y=5¢ (d) y=1-5%°

y=3¢ @ y=- () y=-2
1., 1., 1.,

y=2x K y=ic ) y=ix

y=-25x* (0) y:—zx2

y=x*-1 () y=x*+15 (d) y=-x*+5

y=-x*-2 (g) y=2x*+1 (h) y=5x*+4

y=2x*-3 (k) y:§x2—9 ()  y=-2x*+8

y =-3x> -2

(b) y=(x-1)°+6 © y=(x-4)7

() y=x’-5 (f) y=(x+1)?+3

(h)y y=(x+6)° (1 y=(x-4)*+20

(k)  y=(x-25°+10 () y=(x+30)°+5

(n)

y=x>+6



