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➢ Quadratics and Parabolas

➢ Methods of solving quadratic equations

• Graphing

• Completing the square

• Quadratic Formula

➢ Circles



Quadratics

• Quadratic expressions: A quadratic expression (in 𝑥) has general form:        

𝒂𝒙𝟐 + 𝒃𝒙 + 𝒄

𝐸𝑥. 3𝑥2 − 16𝑥 + 36

𝐸𝑥.
4

7
𝑥2 − 𝑥 + 5

………………



Parabolas

• is a curve in the plane that is result of any combinations of 
(positive or negative) dilations, rotations or translations of the 
curve 

𝒚 = 𝒙𝟐

Parent function

Facing upwards, a>0
Facing downwards, a<0



Parabola
• Consider the satellite dish. These structures have a parabolic shape, 
allowing the reflection and focus of radio waves (parabolic shape helps 
receive and transmit signals).

• Parabolas in Spaceflight



Quadratics and Parabolas in Real Life

• Calculating Room Areas

• Figuring a Profit (Business Profit)

• Quadratics in Athletics

• Finding a Speed

• River Cruise

• Resistors In Parallel (In Physics)

• For a parabolic mirror, a reflecting 
telescope or a satellite dish, the shape 
is defined by a quadratic equation.

• Quadratic equations are also needed 
when studying lenses and curved 
mirrors.

• And many questions involving time, 
distance and speed need quadratic 
equations.



Methods to 
solve quadratic 
equations



Graphing

Form Vertex

𝑓 𝑥 = 𝑎(𝑥 − ℎ)2 + 𝑘 (ℎ, 𝑘)

𝑓(𝑥) = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 (−
𝑏

2𝑎
, 𝑓(−

𝑏

2𝑎
))



Graphs of 𝑦 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 when 𝑎 is negativeGraphs of 𝑦 = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 when 𝑎 is positive





𝑓 𝑥 = 𝑎(𝑥 − ℎ)2 + 𝑘

➢ 𝑎 ≠ 0, 𝑖𝑓 𝑎 𝑖𝑠 …

▪ 𝑃𝑜𝑠𝑖𝑡𝑖𝑣𝑒: 𝑜𝑝𝑒𝑛𝑠 𝑢𝑝 ∪

▪ 𝑁𝑒𝑔𝑎𝑡𝑖𝑣𝑒: 𝑜𝑝𝑒𝑛𝑠 𝑑𝑜𝑤𝑛 ∩

➢ 𝑉𝑒𝑟𝑡𝑒𝑥 (ℎ, 𝑘)

𝑦 = −3(𝑥 − 1)2 + 5

• 𝑎 = −3 − 𝑜𝑝𝑒𝑛𝑠 𝑑𝑜𝑤𝑛

• ℎ = 1

• 𝑘 = 5

• So, 𝑣𝑒𝑟𝑡𝑒𝑥 𝑖𝑠 𝑎𝑡 𝑝𝑜𝑖𝑛𝑡 (1,5)

𝑉𝑒𝑟𝑡𝑒𝑥

𝑥 𝑦

-1 -7

0 2

1 5

2 2

3 -7

𝑉𝑒𝑟𝑡𝑒𝑥



𝑓(𝑥) = 𝑎𝑥2 + 𝑏𝑥 + 𝑐



𝑓(𝑥) = 𝑎𝑥2 + 𝑏𝑥 + 𝑐 𝑉𝑒𝑟𝑡𝑒𝑥: (−
𝑏

2𝑎
, 𝑓(−

𝑏

2𝑎
))

𝑦 = 2𝑥2 + 20𝑥 + 52

• −
𝑏

2𝑎
= −

20

4
= −5

• 𝑓 −
𝑏

2𝑎
= (2 × −5)2 + 20 × −5 + 52 = 2

𝑥 𝑦

-7 10

-6 4

-5 2

-4 4

-3 10

𝑉𝑒𝑟𝑡𝑒𝑥



Problems

𝑦 = 𝑥2 + 12𝑥 + 38

𝑦 = 2𝑥2 − 16𝑥 + 30

𝑦 = 2𝑥2 + 6𝑥

𝑦 = −𝑥2 − 10𝑥 − 26

𝑦 = −
1

2
𝑥2 + 4𝑥 − 6



Graphing Parabola Practice



Completing the square 
(square root method)



𝒂𝑥2 + 𝑏𝑥 + 𝑐𝑥2 + 𝑏𝑥 + 𝑐





𝟐𝒙𝟐 + 𝟕𝒙 + 𝟔 = 𝟎

| ÷ 𝟐



Example

• 3𝑥2 + 𝑥 − 10 = 0 – completing square

𝑺𝒕𝒆𝒑 𝟏. 3 𝑥2 +
𝑥

3
− 10

𝑎 ≠ 1,
𝑏

2𝑎

2

=
1

2 × 3

2

=
1

6

2

=
1

36

3 𝑥2 +
𝑥

3
+

1

36
−

1

36
− 10

3(𝑥 +
1

6
)2−3 ×

1

36
− 10

3(𝑥 +
1

6
)2−

1

12
− 10

3(𝑥 +
1

6
)2−10

1

12

𝑺𝒕𝒆𝒑 𝟐.

3(𝑥 +
1

6
)2−10

1

12
= 0

3(𝑥 +
1

6
)2= 10

1

12

10
1

12
=
121

12

3(𝑥 +
1

6
)2=

121

12

(𝑥 +
1

6
)2=

121

36

(𝑥 +
1

6
)2=

121

36

𝑥 +
1

6
= ±

11

6

𝑥1 = −2

𝑥2 =
5

3



Example

• 𝑦 = 𝑥2 + 4𝑥 + 4 - graph

𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑖𝑛𝑔 𝑠𝑞𝑢𝑎𝑟𝑒 𝑚𝑒𝑡ℎ𝑜𝑑:

𝑥2 + 4𝑥 + 4 = 𝑥2 + 4𝑥 + 4 + 4 − 4 = (𝑥 + 2)2

𝑎 = 1, (
𝑏

2
)2= (

4

2
)2= 22 = 4

𝑦 = (𝑥 + 2)2

−2 𝑢𝑛𝑖𝑡𝑠 𝑙𝑒𝑓𝑡 𝑏𝑦 𝑥 − 𝑎𝑥𝑖𝑠

-2

𝑥 𝑦

0 4

-1 1

-2 0

-3 1

-4 4

5 𝑣𝑎𝑙𝑢𝑒𝑠 𝑓𝑜𝑟 𝑝𝑎𝑟𝑎𝑏𝑜𝑙𝑎:
2 𝑣𝑎𝑙𝑢𝑒𝑠 𝑓𝑜𝑟 𝑙𝑖𝑛𝑒 𝑏𝑢𝑡

𝑝𝑒𝑟𝑓𝑒𝑐𝑡 𝑠𝑞𝑢𝑎𝑟𝑒





Example

• 𝑦 = 𝑥2 + 2

• 𝑦 = 𝑥2 + 4𝑥 + 4

• 𝑦 = 2𝑥 − 𝑥2

• 2𝑥2 + 3𝑥 = 0

• 𝑥2 + 2𝑥 + 8 = 0

• 3𝑥2 + 𝑥 − 10 = 0









Quadratic Formula

𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0

𝑥 =
−𝑏 ± 𝑏2 − 4𝑎𝑐

2𝑎

• 16𝑥2 − 56𝑥 + 49 = 0

•
2

𝑥+1
−

2

𝑥+2
= 7



Example

•
2

𝑥+1
−

2

𝑥+2
= 7

𝑐ℎ𝑒𝑐𝑘 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑑𝑒𝑛𝑜𝑚𝑖𝑛𝑎𝑡𝑜𝑟, 𝑠ℎ𝑜𝑢𝑙𝑑 𝑏𝑒 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒

2×(𝑥+2)

(𝑥+1)(𝑥+2)
−

2× 𝑥+1

𝑥+1 𝑥+2
= 7

2𝑥+4−2𝑥−2

(𝑥+1)(𝑥+2)
= 7

𝐷𝑒𝑛𝑜𝑚𝑖𝑛𝑎𝑡𝑜𝑟 𝑐𝑎𝑛𝑛𝑜𝑡 𝑏𝑒 𝑧𝑒𝑟𝑜, 𝑠𝑜 𝑥 ≠ −1, 𝑥 ≠ −2

2 = 7(𝑥 + 1)(𝑥 + 2)

2 = 7(𝑥2 + 3𝑥 + 2)

7𝑥2 + 21𝑥 + 14 = 2

7𝑥2 + 21𝑥 + 12 = 0

𝑎 = 7
b = 21 c = 12

𝑄𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝐹𝑜𝑟𝑚𝑢𝑙𝑎:

𝑥 =
−21 ± 212 − 4 × 7 × 12

2 × 7

𝑥 =
−21 ± 105

14

𝐼𝑛 𝑜𝑟𝑑𝑒𝑟 𝑡𝑜 𝑠𝑜𝑙𝑣𝑒 𝑡ℎ𝑖𝑠 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑠, 𝑤𝑒 ℎ𝑎𝑣𝑒 𝑡𝑜
𝑔𝑒𝑡 𝑡ℎ𝑒 𝑓𝑜𝑟𝑚 𝑜𝑓 𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛: 𝑎𝑥2 + 𝑏𝑥 + 𝑐



Write each quadratic equation in standard form then solve them.





✓ A right triangle has one leg that is 3 m shorter than the other leg. The triangle has area of 54 𝑚2. 
Find the lengths of the legs.

✓ The hypotenuse of a right triangle is 3 in. longer than the longer leg. The shorter leg is 3 in. shorter 
than the longer leg. Find the lengths of the sides of the triangle.

✓ The hypotenuse of right-angled triangle is 2 more than twice of one of the other side while the third 
side is 13 more than half of the hypotenuse. Find the length of the median to the hypotenuse.

✓ The difference between the squares of the two numbers is 72. Eight times the numerically smaller 
number is 1 more than 5 times the other number. Find the numerically greater number.





Problems to practice (try to use all methods)



Write Linear if the given equation is a Linear equation or Quadratic and solve them.



Circle

• r - radius
Q (x, y)

P (a, b)

By Pythagoras:

𝑟2 = (𝑥 − 𝑎)2+(𝑦 − 𝑏)2

Equation of the circle



• Circle C centered at P (3, 4) with 
radius 5 units. Equation?

• Crossing 𝑥 and 𝑦 axes:

𝑥 = 0, touches y-axis

𝑦 = 0, touches x-axis 



Circle-Line Intersection



Example

𝑦1 = −
9 + 31

4
−
1

2
=
−11 − 31

4

𝑦2 = −
9 − 31

4
−
1

2
=
−11 + 31

4

𝑺𝒕𝒆𝒑 𝟏. 2𝑥 + 2𝑦 = −1

2𝑦 = −2𝑥 − 1

𝑦 = −𝑥 −
1

2
𝑺𝒕𝒆𝒑 𝟑. 𝐴𝑛𝑦 𝑚𝑒𝑡ℎ𝑜𝑑 𝑜𝑓 𝑠𝑜𝑙𝑣𝑖𝑛𝑔 𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛𝑠:

𝑥 =
9 ± 81 − 50

4
=
9 ± 31

4
(𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐 𝑓𝑜𝑟𝑚𝑢𝑙𝑎)

𝑥1 =
9 + 31

4

𝑥2 =
9 − 31

4

(𝑥 − 2)2+ (𝑦 + 3)2= 4
2𝑥 + 2𝑦 = −1

𝑥, 𝑦 = ?
𝒚 ⟺ 𝒙

(𝑥 − 2)2+(−𝑥 +
5

2
)2 = 4

𝑺𝒕𝒆𝒑 𝟐. (𝑥 − 2)2+(𝑦 + 3)2= 4

(𝑥 − 2)2+(−𝑥 −
1

2
+ 3)2= 4

2𝑥2 − 9𝑥 +
25

4
= 0

𝑥2 − 2 × 𝑥 × 2 + 22 + 𝑥2 − 2 × 𝑥 ×
5

2
+ (

5

2
)2= 4



𝑥 + 𝑦 = 1

(𝑥 − 2)2+(𝑦 + 1)2= 8

➢ At what points given equations’ graphs intersect?

𝑥2 + 𝑦2 = 9
𝑥 − 1 + 𝑦 = 2

➢ At what points does the line with equation 𝑦 = 2𝑥 + 5 intersect a 
circle with radius 2 and center (0, 5)?



More problems



Solve for 3 lines below:

(𝑥 + 9)2 + (𝑦 + 10)2 = 100

• _____________

• 𝑦 = 𝑥 + 1

• 𝑥 = 1

• 𝑦 = −𝑥 + 3



−4𝑦 − 3𝑥 − 2 = 0 meets the circle 𝑥2 + 𝑦2 + 6𝑥 + 4𝑦 = 0 in 
points A and B. Find the coordinates of A and B.

(𝑥 − 2)2+(𝑦 + 3)2= 4
2𝑥 + 2𝑦 = −1
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