
  

Equations of an Ellipse: 

𝐶𝑒𝑛𝑡𝑒𝑟 =  𝑕, 𝑘 ; 𝑐2 = 𝑎2 − 𝑏2; 𝑎 > 𝑏; 2𝑎 = 𝑙𝑒𝑛𝑔𝑡𝑕 𝑜𝑓 𝑚𝑎𝑗𝑜𝑟 𝑎𝑥𝑖𝑠; 2𝑏 = 𝑙𝑒𝑛𝑔𝑡𝑕 𝑜𝑓 𝑚𝑖𝑛𝑜𝑟 𝑎𝑥𝑖𝑠 

 Horizontal Major Axis:  
 𝑥−𝑕 2

𝑎2 +
 𝑦−𝑘 2

𝑏2 = 1  

 Distinguishing Characteristic: 

 𝑎2 is the greatest denominator & it is under the 𝑥 term 

 To Graph: 

1. Graph the center 

2. Create points that are 𝑎 units to the left and right of the center 

3. Create points that are 𝑏 units up and down from the center 

4. Connect the points in steps 2 & 3 

5. To graph the FOCI, create points 𝑐 units to the left and right of the center 

Coordinates of the FOCI are  𝑕 ± 𝑐, 𝑘  

 Vertical Major Axis:  
 𝑥−𝑕 2

𝑏2 +
 𝑦−𝑘 2

𝑎2 = 1  

 Distinguishing Characteristic: 

 𝑎2 is the greatest denominator and it is under the 𝑦 term 

 To Graph: 

1. Graph the center 

2. Create points that are 𝑎 units up and down from the center 

3. Create points that are 𝑏 units to the left and right of the center 

4. Connect the points in steps 2 & 3 

5. To graph the FOCI, create points 𝑐 units up and down from the center 

Coordinates of the FOCI are  𝑕, 𝑘 ± 𝑐  

 

 

Midpoint Formula: (
𝑥1+𝑥2

2
,
𝑦1+𝑦2

2
)                                         Distance Formula:  (𝑦2 − 𝑦1)2 + (𝑥2 − 𝑥1)2 

 

𝑎 = 4, 𝑏 = 3, 𝑐 = 5;  𝑐𝑒𝑛𝑡𝑒𝑟:  −6,4 ;  𝑠𝑙𝑜𝑝𝑒𝑠 𝑜𝑓 𝑎𝑠𝑦𝑚𝑝𝑡𝑜𝑡𝑒𝑠: ±
3

4
;  𝑓𝑜𝑐𝑖:  −11,4 ,  −1,4  

Completing the Square: How do you get an equation in standard form to look like a specific conic section? 

 9𝑥2 − 16𝑦2 + 108𝑥 + 128𝑦 = 76  Need to put all x’s and y’s together 

 9𝑥2 + 108𝑥 − 16𝑦2 + 128𝑦 = 76  Need to get a leading coefficient (the 𝑎 in 𝑎𝑥2) of 1 

 9(𝑥2 + 12𝑥+ ? ) − 16(𝑦2 − 8𝑦 + ? ) = 76  Need to complete the square (add to BOTH sides!) 

 9 𝑥2 + 12𝑥 +  36 − 16 𝑦2 − 8𝑦 +  16 = 76 + (9 ∗ 36) + ( −16 ∗ 16)  Need to simplify 

 9 𝑥 + 6 2 − 16 𝑦 − 4 2 = 144  The “—” tells us this is a hyperbola, so we need to get 1 on the right-hand side 

 
 𝑥+6 2

16
−

 𝑦−4 2

9
= 1  Since the 𝑥 term is positive, this is a horizontal hyperbola, where: 

Equation of a Circle:  𝑥 − 𝑕 2 +  𝑦 − 𝑘 2 = 𝑟2;  𝐶𝑒𝑛𝑡𝑒𝑟 =  𝑕, 𝑘 ; 𝑅𝑎𝑑𝑖𝑢𝑠 = 𝑟 



 

  Equations of a Hyperbola: 𝐶𝑒𝑛𝑡𝑒𝑟 =  𝑕, 𝑘 ; 𝑐2 = 𝑎2 + 𝑏2; 𝑎 𝑖𝑠𝑛′𝑡𝑎𝑙𝑤𝑎𝑦𝑠 𝑔𝑟𝑒𝑎𝑡𝑒𝑟 𝑡𝑕𝑎𝑛 𝑏 

 Horizontal:  
 𝑥−𝑕 2

𝑎2
−

 𝑦−𝑘 2

𝑏2 = 1  

 Distinguishing Characteristic: 

 The 𝑥 term is the positive term 

 To Graph: 

1. Graph the center 

2. Create points (VERTICES) that are 𝑎 units to the left and right of the center 

3. Create points that are 𝑏 units up and down from the center 

4. Create a dotted rectangle where the points from steps 2 & 3 are the midpoints of each side 

5. Draw in the (dotted) diagonals of the rectangle from step 4 

6. Draw 2 parabolas whose vertices are the points from step 2 and that approach the dotted diagonals 

from step 5 

7. To graph the FOCI, create points 𝑐 units to the left and right of the center 

Coordinates of the FOCI are  𝑕 ± 𝑐, 𝑘  

 Vertical:  
 𝑦−𝑘 2

𝑎2
−

 𝑥−𝑕 2

𝑏2 = 1  

 Distinguishing Characteristic: 

 The 𝑦 term is the positive term 

 To Graph: 

1. Graph the center 

2. Create points (VERTICES) that are 𝑎 units up and down from the center 

3. Create points that are 𝑏 units to the left and right of the center 

4. Create a dotted rectangle where the points from steps 2 & 3 are the midpoints of each side 

5. Draw in the (dotted) diagonals of the rectangle from step 4 

6. Draw 2 parabolas whose vertices are the points from step 2 and that approach the dotted diagonals 

from step 5 

7. To graph the FOCI, create points 𝑐 units up and down from the center 

Coordinates of the FOCI are  𝑕 ± 𝑐, 𝑘  

Equations of a Parabola: 𝑉𝑒𝑟𝑡𝑒𝑥 =  𝑕, 𝑘  

 Opening Up or Down:  4𝑝(𝑦 − 𝑘) =  𝑥 − 𝑕 2 ; (distinguishing characteristic: there is no 𝑦2 term) 

  If 𝑝 > 0:  

 Focus: 𝑝 units up from vertex; Directrix: 𝑝 units down from vertex 

 If 𝑝 < 0:  

 Focus: 𝑝 units down from vertex; Directrix: 𝑝 units up from vertex 

 Opening Up or Down:  4𝑝(𝑥 − 𝑕) =  𝑦 − 𝑘 2 ; (distinguishing characteristic: there is no 𝑥2 term) 

  If 𝑝 > 0:  

 Focus: 𝑝 units to the right of the vertex; Directrix: 𝑝 units to the left of the vertex 

 If 𝑝 < 0:  

 Focus: 𝑝 units to the left of the vertex; Directrix: 𝑝 units to the right of the vertex 



PARABOLAS SUMMARY – FORMULAS 

Horizontal Axis of Symmetry 

 𝑦 − 𝑘 2 = 4𝑝(𝑥 − 𝑕) 

𝑣𝑒𝑟𝑡𝑒𝑥:  𝑕, 𝑘  

𝑓𝑜𝑐𝑢𝑠:  𝑕 + 𝑝, 𝑘  

𝑑𝑖𝑟𝑒𝑐𝑡𝑟𝑖𝑥: 𝑥 = 𝑕 − 𝑝 

Vertical Axis of Symmetry 

 𝑥 − 𝑕 2 = 4𝑝(𝑦 − 𝑘) 

𝑣𝑒𝑟𝑡𝑒𝑥:  𝑕, 𝑘  

𝑓𝑜𝑐𝑢𝑠:  𝑕, 𝑘 + 𝑝  

𝑑𝑖𝑟𝑒𝑐𝑡𝑟𝑖𝑥: 𝑦 = 𝑘 − 𝑝 

CIRCLES 

 𝑥 − 𝑕 2 + (𝑦 − 𝑘)2 = 𝑟2;   𝑐𝑒𝑛𝑡𝑒𝑟:  𝑕, 𝑘 ;   𝑟𝑎𝑑𝑖𝑢𝑠: 𝑟 

ELLIPSES 

Horizontal Major Axis 

 𝑥 − 𝑕 2

𝑎2
+

(𝑦 − 𝑘)2

𝑏2
= 1 

𝑎2 > 𝑏2; 𝑎2 𝑖𝑠 𝑢𝑛𝑑𝑒𝑟 𝑡𝑕𝑒 𝑥 − 𝑡𝑒𝑟𝑚 

𝑐𝑒𝑛𝑡𝑒𝑟:  𝑕, 𝑘  

𝑣𝑒𝑟𝑡𝑖𝑐𝑒𝑠:  𝑕 ± 𝑎, 𝑘  

𝑐𝑜𝑣𝑒𝑟𝑡𝑖𝑐𝑒𝑠:  𝑕, 𝑘 ± 𝑏  

𝑐2 = 𝑎2 − 𝑏2 

𝐹𝑜𝑐𝑖:  𝑕 ± 𝑐, 𝑘  

Vertical Major Axis 

 𝑥 − 𝑕 2

𝑎2
+

(𝑦 − 𝑘)2

𝑏2
= 1 

𝑎2 > 𝑏2; 𝑎2 𝑖𝑠 𝑢𝑛𝑑𝑒𝑟 𝑡𝑕𝑒 𝑦 − 𝑡𝑒𝑟𝑚 

𝑐𝑒𝑛𝑡𝑒𝑟:  𝑕, 𝑘  

𝑣𝑒𝑟𝑡𝑖𝑐𝑒𝑠:  𝑕, 𝑘 ± 𝑎  

𝑐𝑜𝑣𝑒𝑟𝑡𝑖𝑐𝑒𝑠:  𝑕 ± 𝑏, 𝑘  

𝑐2 = 𝑎2 − 𝑏2 

𝐹𝑜𝑐𝑖:  𝑕, 𝑘 ± 𝑐   

HYPERBOLAS 

Horizontal Transverse Axis 

 𝑥 − 𝑕 2

𝑎2
−

(𝑦 − 𝑘)2

𝑏2
= 1 

𝑇𝑕𝑒 𝑥 − 𝑡𝑒𝑟𝑚 𝑖𝑠 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒; 𝑎2 𝑖𝑠 𝑢𝑛𝑑𝑒𝑟 𝑡𝑕𝑒 𝑥 − 𝑡𝑒𝑟𝑚 

𝑐𝑒𝑛𝑡𝑒𝑟:  𝑕, 𝑘  

𝑣𝑒𝑟𝑡𝑖𝑐𝑒𝑠:  𝑕 ± 𝑎, 𝑘  

𝑐2 = 𝑎2 + 𝑏2 

𝐹𝑜𝑐𝑖:  𝑕 ± 𝑐, 𝑘  

𝐶𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑎𝑥𝑖𝑠 𝑖𝑠 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 

Vertical Transverse Axis 

(𝑦 − 𝑘)2

𝑎2
−

 𝑥 − 𝑕 2

𝑏2
= 1 

𝑇𝑕𝑒 𝑦 − 𝑡𝑒𝑟𝑚 𝑖𝑠 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒; 𝑎2 𝑖𝑠 𝑢𝑛𝑑𝑒𝑟 𝑡𝑕𝑒 𝑦 − 𝑡𝑒𝑟𝑚 

𝑐𝑒𝑛𝑡𝑒𝑟:  𝑕, 𝑘  

𝑣𝑒𝑟𝑡𝑖𝑐𝑒𝑠:  𝑕, 𝑘 ± 𝑎  

𝑐2 = 𝑎2 + 𝑏2 

𝐹𝑜𝑐𝑖:  𝑕, 𝑘 ± 𝑐  

 𝐶𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑎𝑥𝑖𝑠 𝑖𝑠 𝑕𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 

 

 


