
(𝑥 − ℎ)ଶ + (𝑦 − 𝑘)ଶ = 𝑟ଶ

(𝑥 − 1)ଶ + (𝑦 − 2)ଶ = 4

𝐶𝑒𝑛𝑡𝑒𝑟: (ℎ, 𝑘)𝑥ଶ + 𝑦ଶ = 𝑟ଶ

𝑥ଶ + 𝑦ଶ = 9

(1,2)

𝐶𝑒𝑛𝑡𝑒𝑟: (1,2)

𝑅𝑎𝑑𝑖𝑢𝑠 = 𝑟

𝐶𝑒𝑛𝑡𝑒𝑟: (0,0)(𝑥 − 0)ଶ + (𝑦 − 0)ଶ = 3ଶ

(0,0) 𝑟 = 3

𝑟 = 2

𝑥ଶ + 𝑦ଶ = 3ଶ (𝑥 − 1)ଶ + (𝑦 − 2)ଶ = 2ଶ𝑟 = 3 𝑟 = 2

𝐸𝑙𝑙𝑖𝑝𝑠𝑒:

(𝑥 − ℎ)ଶ

𝑎ଶ
⎯⎯⎯⎯⎯⎯⎯⎯+

(𝑦 − 𝑘)ଶ

𝑏ଶ
⎯⎯⎯⎯⎯⎯⎯⎯= 1

(𝑥 + 1)ଶ

4ଶ
⎯⎯⎯⎯⎯⎯⎯⎯+

(𝑦 + 2)ଶ

3ଶ
⎯⎯⎯⎯⎯⎯⎯⎯= 1

𝑥ଶ

𝑎ଶ
⎯⎯⎯+

𝑦ଶ

𝑏ଶ
⎯⎯⎯= 1

𝐶𝑒𝑛𝑡𝑒𝑟:

(−1, −2)𝐶𝑒𝑛𝑡𝑒𝑟:

(0,0)

𝐶𝑒𝑛𝑡𝑒𝑟:

(ℎ, 𝑘)

               9(𝑥 − 1)ଶ + 16(𝑦 − 1)ଶ = 144
9𝑥ଶ − 18𝑥 + 16𝑦ଶ − 32𝑦 − 119 = 0

𝐶𝑖𝑟𝑐𝑙𝑒:

𝑏 = 2
𝑎 = 3

𝑥ଶ

9
⎯⎯⎯+

𝑦ଶ

4
⎯⎯⎯= 1

𝑥ଶ

3ଶ
⎯⎯⎯+

𝑦ଶ

2ଶ
⎯⎯⎯= 1

4𝑥ଶ + 9𝑦ଶ = 36

𝑥 − 𝑅𝑎𝑑𝑖𝑢𝑠 = 𝑎
𝑦 − 𝑅𝑎𝑑𝑖𝑢𝑠 = 𝑏

𝑎 = 3 𝑏 = 2

(0,0)

; × 𝑏𝑜𝑡ℎ 𝑠𝑖𝑑𝑒𝑠 𝑏𝑦 𝐿𝐶𝐷: 36

(𝑥 + 1)ଶ

16
⎯⎯⎯⎯⎯⎯⎯⎯+

(𝑦 + 2)ଶ

9
⎯⎯⎯⎯⎯⎯⎯⎯= 1

𝑎 = 4 𝑏 = 3

𝑎 = 4
𝑏 = 3

(−1, −2)

𝐿𝐶𝐷
𝐹𝑂𝐼𝐿
𝐴𝑙𝑔𝑒𝑏𝑟𝑎

𝐺𝑒𝑡 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 1.

(3,0)(−3,0)

(0,3)

(0, −3)

(3,2)

(1,0)

(−1,2)

(1,4)

(3,0)

(𝑎, 0)

(0, 𝑏)

(0,2)

(−3,0)

(−𝑎, 0)

(0, −𝑏)

(0, −2)

(3, −2)

(ℎ + 𝑎, 𝑘)(−5, −2)

(ℎ − 𝑎, 𝑘)

(ℎ, 𝑘 + 𝑏)

(ℎ, 𝑘 + 𝑏)(−1, −5)

(−1,1)

Major Axis - Long
Minor Axis - Short
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𝐻𝑦𝑝𝑒𝑟𝑏𝑜𝑙𝑎:

𝑥ଶ

𝑎ଶ
⎯⎯⎯−

𝑦ଶ

𝑏ଶ
⎯⎯⎯= 1

𝑥ଶ

9
⎯⎯⎯−

𝑦ଶ

4
⎯⎯⎯= 1

𝐶𝑒𝑛𝑡𝑒𝑟: (0,0)

𝑦ଶ

9
⎯⎯⎯−

𝑥ଶ

4
⎯⎯⎯= 1

Draw a box around the Hyperbola; lines through the vertices of the rectangle are the equations of the asymptotes. 

(0,0)

𝑏 = 2
𝑎 = 3 (0,0)

(0,0)

𝑏 = 2
𝑎 = 3

𝐴𝑠𝑦𝑚𝑝𝑡𝑜𝑡𝑒𝑠: 𝑦 = ±
𝑏

𝑎
⎯⎯𝑥

𝑥ଶ − 𝑦ଶ; 𝑥 𝑓𝑖𝑟𝑠𝑡, 𝑂𝑝𝑒𝑛𝑠 𝑖𝑛 𝑥 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛

𝑦ଶ − 𝑥ଶ; 𝑦 𝑓𝑖𝑟𝑠𝑡, 𝑂𝑝𝑒𝑛𝑠 𝑖𝑛 𝑦 − 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛

𝐺𝑒𝑡 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 1.

(0,0)

𝑦 =
3

2
⎯⎯𝑥𝑦 = −

3

2
⎯⎯𝑥

(3,2)(−3,2)

(3, −2)(−3, −2)

(𝑎, 𝑏)(−𝑎, 𝑏)

(𝑎, −𝑏)(−𝑎, −𝑏)

A Hyperbola and an ellipse fuse together at (±𝑎, 0) 𝑜𝑟 (0, ±𝑏)

𝑚 = ±
𝑏

𝑎
⎯⎯𝑦 = 𝑚𝑥 + 𝑏

𝑥ଶ

4
⎯⎯⎯−

𝑦ଶ

9
⎯⎯⎯= −1
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(𝑥 − ℎ)ଶ

𝑎ଶ
⎯⎯⎯⎯⎯⎯⎯⎯−

(𝑦 − 𝑘)ଶ

𝑏ଶ
⎯⎯⎯⎯⎯⎯⎯⎯= 1 𝐶𝑒𝑛𝑡𝑒𝑟: (ℎ, 𝑘)

(𝑥 + 1)ଶ

16
⎯⎯⎯⎯⎯⎯⎯⎯−

(𝑦 + 2)ଶ

9
⎯⎯⎯⎯⎯⎯⎯⎯= 1

𝐴𝑠𝑦𝑚𝑝𝑡𝑜𝑡𝑒𝑠: 𝑚 = ±
𝑏

𝑎
⎯⎯𝑦 − 𝑘 = 𝑚(𝑥 − ℎ)

𝐻𝑦𝑝𝑒𝑟𝑏𝑜𝑙𝑎:

𝑦 + 2 =
3

4
⎯⎯(𝑥 + 1)𝑦 + 2 = −

3

4
⎯⎯(𝑥 + 1)

𝐶𝑖𝑟𝑐𝑙𝑒

𝐸𝑙𝑙𝑖𝑝𝑠𝑒

𝑃𝑎𝑟𝑎𝑏𝑜𝑙𝑎

𝑆𝑖𝑑𝑒 𝑉𝑖𝑒𝑤 𝐹𝑟𝑜𝑛𝑡 𝑉𝑖𝑒𝑤

𝐻𝑦𝑝𝑒𝑟𝑏𝑜𝑙𝑎

Transverse Axis
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3𝑥ଶ − 12𝑥 − 18𝑦 + 3𝑦ଶ = 0
3(𝑥ଶ − 4𝑥 − 6𝑦 + 𝑦ଶ) = 0
3(𝑥ଶ − 4𝑥 − 6𝑦 + 𝑦ଶ)

3
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯=

0

3?
⎯⎯

𝑥ଶ − 4𝑥 − 6𝑦 + 𝑦ଶ = 0
𝑥ଶ − 4𝑥 + 𝑦ଶ − 6𝑦 = 0
(𝑥ଶ − 4𝑥) + (𝑦ଶ − 6𝑦) = 0
(𝑥ଶ − 4𝑥 + 4) − 4 + (𝑦ଶ − 6𝑦 + 9) − 9 = 0
(𝑥 − 2)ଶ + (𝑦 − 3)ଶ − 13 = 0
(𝑥 − 2)ଶ + (𝑦 − 3)ଶ = 13

(𝑥 − 2)ଶ + (𝑦 − 3)ଶ = √13
⎯⎯⎯  ଶ

𝑟

𝑦 𝑐𝑜𝑜𝑟𝑑 𝑓𝑜𝑟 𝑐𝑒𝑛𝑡𝑒𝑟

𝑥 𝑐𝑜𝑜𝑟𝑑 𝑓𝑜𝑟 𝑐𝑒𝑛𝑡𝑒𝑟

𝑥ଶ − 4𝑥 + 𝑦ଶ − 6𝑦 = 0
(𝑥ଶ − 4𝑥) + (𝑦ଶ − 6𝑦) = 0
(𝑥ଶ − 4𝑥 + 4) − 4 + (𝑦ଶ − 6𝑦 + 9) − 9 = 0
(𝑥 − 2)ଶ + (𝑦 − 3)ଶ − 13 = 0
(𝑥 − 2)ଶ + (𝑦 − 3)ଶ = 13

(𝑥 − 2)ଶ + (𝑦 − 3)ଶ = √13
⎯⎯⎯  ଶ

𝑟

𝑦 𝑐𝑜𝑜𝑟𝑑 𝑓𝑜𝑟 𝑐𝑒𝑛𝑡𝑒𝑟

𝑥 𝑐𝑜𝑜𝑟𝑑 𝑓𝑜𝑟 𝑐𝑒𝑛𝑡𝑒𝑟

𝐺𝐶𝐹

0 = 𝐴𝑥ଶ + 𝐵𝑥𝑦 + 𝐶𝑦ଶ + 𝐷𝑥 + 𝐸𝑦 + 𝐹

𝐶𝑖𝑟𝑐𝑙𝑒𝑠:             𝑥ଶ , 𝑦ଶ 𝑠𝑎𝑚𝑒 𝑠𝑖𝑔𝑛, 𝐴 = 𝐶
𝐸𝑙𝑙𝑖𝑝𝑠𝑒:             𝑥ଶ , 𝑦ଶ 𝑠𝑎𝑚𝑒 𝑠𝑖𝑔𝑛, 𝐴, 𝐶 > 0, 𝐴 ≠ 𝐶
𝐻𝑦𝑝𝑒𝑟𝑏𝑜𝑙𝑎:     𝑥ଶ , 𝑦ଶ 𝑂𝑝𝑝𝑜𝑠𝑡𝑖𝑒 𝑠𝑖𝑔𝑛, 𝐴 < 0 < 𝐶 or 𝐴 > 0 > 𝐶
𝑃𝑎𝑟𝑎𝑏𝑜𝑙𝑎:        𝑥ଶ 𝑜𝑟 𝑦ଶ = 0, 𝐴𝑜𝑟 𝐶 = 0
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𝑥

𝑦

𝑦 = −𝑝

𝐹(0, 𝑝)
𝑃(𝑥, 𝑦)

𝑝

𝑦

𝑦 = 𝑎𝑥ଶ …

𝑦 =
𝑥ଶ

4𝑝
⎯⎯⎯

𝑦𝑥 = −𝑝

𝐹(0, 𝑝)

𝑝 𝑥

𝑥 = 𝑎𝑦ଶ …

𝑥 =
𝑦ଶ

4𝑝
⎯⎯⎯

𝑦 = 2𝑥ଶ

1

4𝑝
⎯⎯⎯= 2

  𝑝 =
1

8
⎯⎯

𝑎 =
1

4𝑝
⎯⎯⎯

Directrix: 𝑦 = −
ଵ

଼
⎯

𝑃(𝑥, 𝑦)
1

4𝑝
⎯⎯⎯=

1

4
⎯⎯

   𝑝 = 1

Directrix: 𝑥 = −1

𝑥 =
1

4
⎯⎯𝑦ଶ

Focus Focus

Parabola: The distance from the focus to the parabola and straight down to the directrix is equal. 𝑑 = 𝑦 + 𝑝

𝑐 = ඥ𝑎ଶ − 𝑏ଶ
⎯⎯⎯⎯⎯⎯⎯ 

 ; 𝑎 ≥ 𝑏

𝑐 = ඥ𝑏ଶ − 𝑎ଶ
⎯⎯⎯⎯⎯⎯⎯ 

 ; 𝑏 ≥ 𝑎

(𝑥 + 1)ଶ

16
⎯⎯⎯⎯⎯⎯⎯⎯+

(𝑦 + 2)ଶ

9
⎯⎯⎯⎯⎯⎯⎯⎯= 1

𝑐 = √16 − 9
⎯⎯⎯⎯⎯⎯ 

𝑐 = √5
⎯⎯ 

 

(−1 ± √5
⎯⎯ 

, −2)

𝑐 = ඥ𝑎ଶ + 𝑏ଶ
⎯⎯⎯⎯⎯⎯⎯ 

𝑐: Distance from Centre on Major/Transverse-Axis

(𝑥 + 1)ଶ

16
⎯⎯⎯⎯⎯⎯⎯⎯−

(𝑦 + 2)ଶ

9
⎯⎯⎯⎯⎯⎯⎯⎯= 1

𝑐 = √16 + 9
⎯⎯⎯⎯⎯⎯ 

𝑐 = 5

(−1 ± 5, −2)
(4, −2) & (−6, −2)

𝑃(𝑥, 𝑦)

𝐹ଵ(−𝑐, 0) 𝐹ଶ(𝑐, 0)

𝑑ଵ
𝑑ଶ

Ellipse: The sum distances from the Ellipse 
to the Foci is constant. 𝑑ଵ + 𝑑ଶ ; 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡!

Hyperbola: The difference in the distance from the 
Hyperbola to the Foci is constant. 𝑑ଵ − 𝑑ଶ ; 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡!

𝐹ଶ(𝑐, 0)

𝑑ଵ 𝑑ଶ

𝐹ଵ(−𝑐, 0)

𝑃(𝑥, 𝑦)

Focus: ቀ0,
ଵ

଼
⎯ቁ Focus: (1,0)

Foci: Foci: 

𝐴𝑥ଶ + 𝐵𝑥𝑦 + 𝐶𝑦ଶ + 𝐷𝑥 + 𝐸𝑦 + 𝐹 = 0

𝐶𝑖𝑟𝑐𝑙𝑒𝑠:             𝑥ଶ , 𝑦ଶ 𝑠𝑎𝑚𝑒 𝑠𝑖𝑔𝑛, 𝐴 = 𝐶
𝐸𝑙𝑙𝑖𝑝𝑠𝑒:             𝑥ଶ , 𝑦ଶ 𝑠𝑎𝑚𝑒 𝑠𝑖𝑔𝑛, 𝐴, 𝐶 > 0, 𝐴 ≠ 𝐶
𝐻𝑦𝑝𝑒𝑟𝑏𝑜𝑙𝑎:     𝑥ଶ , 𝑦ଶ 𝑂𝑝𝑝𝑜𝑠𝑡𝑖𝑒 𝑠𝑖𝑔𝑛, 𝐴 < 0 < 𝐶 or 𝐴 > 0 > 𝐶
𝑃𝑎𝑟𝑎𝑏𝑜𝑙𝑎:        𝑥ଶ 𝑜𝑟 𝑦ଶ = 0, 𝐴 𝑜𝑟 𝐶 = 0

𝑑
𝑥

𝑑

Eccentricity:

e =
𝑐

𝑎
⎯⎯ 𝑎 > 𝑏

e =
𝑐

𝑏
⎯⎯ 𝑏 > 𝑎

Directrix: Line 
Perpendicular away 
from Centre on 
Major/Transverse-Axis

x =
𝑎ଶ

𝑐
⎯⎯⎯ ; 𝑎 > 𝑏

𝑦 =
𝑏ଶ

𝑐
⎯⎯⎯  ; 𝑏 > 𝑎

Focus/i: Inside 
Parabola*
Directrix: Outside 
Parabola*
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