
Chapter 9 – Conic Sections and Analytical Geometry 
9.1 The Ellipse 

 A property of right circular cones is that if a plane intersects a cone, the 
intersection will be a particular curve (see figure to the right): 

o If the plane is parallel to the circular base of the cone, it  will 
result in a circle on the plane. 

o If the plane is perpendicular to the base of the cone, it will 
result in a hyperbola. 

o If the plane slices through the side of the code not parallel to 
the base, it will result in an ellipse. 

o If the plane slices through the base and the side of the code, 
the result is a parabola. 

 
Def:  An ellipse is the set of all points P (a locus), in a plane the sum of whose 

distances from two fixed points F1 and F2, is constant.  These two fixed 
points are called the foci (plural for focus).  The midpoint of the segment 
connecting the foci is the center of the ellipse. 

 
 
 
 
 
 
 
 
 
 
 
Standard Form of the Equation of an Ellipse:   

Centered at the origin:   (2a is length of major axis, 2b is length of minor axis) 

Position 1:  + = 1   Position 2:  + = 1 

            = −  
 
 
 
  Major axis is horizontal    Major axis is vertical 
   Vertices: (± , 0)    Vertices: (0,± )  
   Endpoints of Minor axis: (0,± )  Endpoints of Minor axis: (± , 0)  
   Foci:  (± , 0)      Foci: (0,± )  
Proof: (Position 1 – works same for Position 2) 
 
 
 
 
 
 

Def:  
1. The line through the foci intersects the 

ellipse at two points, called vertices 
(singular: vertex) 

2. The segment that connects the vertices 
is called the major axis. 

3. The segment that passes through the 
center and is perpendicular to the major 
axis is called the minor axis.   

 
Major axis is longer than the minor axis. 
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Ex.  On the set of axes, graph and locate the foci: 

 1.  + = 1      2.   + = 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.  25 + 16 = 400     4.  9 + 16 = 144 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ex.   Find the equation, in standard form, of the ellipse whose foci at (-1,0) and (1,0) and whose vertices 

are (-2,0) and (2,0) 
 
 
 
 
 
 
 
 



                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
 

                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
 

Standard Equation of an Ellipse whose Center is (h,k):   

Position 1:  ( )
+

( )
= 1   Position 2:  ( )

+
( )

= 1 

 
            = −  
 
 
 
  Major axis is horizontal    Major axis is vertical 
   Vertices: (ℎ ± , )    Vertices: (ℎ, ± )  
   Endpoints of Minor axis: (ℎ, ± )  Endpoints of Minor axis: (ℎ ± , )  
   Foci:  (ℎ ± , )     Foci: (ℎ, ± )  
 

Ex.  Graph ( )
+

( )
= 1.  What are the coordinates of the foci? 

 
 
 
 
 
 
 
 
 
 
 
 
 
General Form of the Equation of an Ellipse:  + + + + = 0 with ≠  
 
Ex.  Graph and find the center, vertices, foci, and endpoints of the minor axis of the ellipse whose 

equation is  
  1.   4 + 9 − 32 + 36 + 64 = 0     
 
 
 
 
 
 
 
 
 

  



                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
 

2.  + 4 + 10 − 8 + 13 = 0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Homework: Pg. 883 – 884 #3-36 (3’s), 37, 39, 43, 48, 51, 55  



9.2 The Hyperbola – Day 1 
Def:  A hyperbola is the locus of points in a plane the difference 

of whose distances from two fixed points, called foci, is 
constant. 
 Hyperbolas are sometimes mistaken for 2 parabolas.  
 The line that connects the two foci is called the 

transverse axis.   
 The midpoint of the two foci is called the center. 
 The two points on the hyperbola that intersect the 

transverse axis are called the vertices. 
 The center is also the midpoint of the 

vertices. 
 The two branches of the hyperbola are asymptotic to two oblique lines (dashed lines) 

 The curve approaches the asymptotes but never touch 
 The two asymptotes intersect at the center. 

 Similar to the ellipse, there are two positions for the hyperbola: 
Position I – transverse axis horizontal  Position II – transverse axis vertical 
     
 
 
 

 
 
 
Standard Form of the Equation of a Hyperbola: with center (0,0) 
 

Position I:  − = 1  Position II:   − = 1 

 
 Note:   is always with the positive fraction  

o If x is positive – position I    ….. if y is positive – position II   
 For either position, the distance between the vertices on the transverse axis is 2a 

o a units from the center along the transverse axis 
 To locate the foci, use the formula:  = +        (or = − ) 

 
Ex.  Find the vertices, and foci of each of the following hyperbolas 

1.    − = 1     2.   − = 1 

 
 
 
 
 



                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
 

Ex.  Find the standard form of the equation of a hyperbola whose foci are (0,5) and (0,-5) and whose 
vertices are (0,-3) and (0, 3). 

 
 
 
 
 
 
 
 
 
 As stated earlier, hyperbolas are asymptotic to two lines. 

The hyperbola − = 1 has two asymptotes:  =  and = −  

 

The hyperbola − = 1 has two asymptotes:  =  and = −  

 
Ex.  What are the equations of the asymptotes of the following hyperbolas? 

1.    − = 1     2.   − = 1 

 
 
 
 
 

Ex.  On the set of axes below, graph − = 1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Homework:  Pg. 897-898 #1-10, 13, 17, 21, 27, 29, 30 

To graph a hyperbola: 
1. Locate the center & vertices 
2. Use dashed lines to draw a rectangle 

centered at the origin using sides of 2a 
and 2b 

3. Use dashed line to draw the diagonals of 
this rectangle – these are the asymptotes  

4. Draw the two branches of the hyperbola 
by starting at each vertex and 
approaching the asymptotes 

 



                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
                 
 

                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
 

9.2 The Hyperbola – Day 2 

Ex.  On the set of axes, graph  − = 1 

 
 
 
 
 
 
 

 
Def:  The Standard Form of the Equation of a Hyperbola with center (h, k): 

Position I:  ( )
−

( )
= 1   Position II:   ( )

−
( )

= 1 

 a2 is always with the positive fraction 
 Equations of the Asymptotes: 

Position I:   − = ± ( − ℎ)  

Position II:  − = ± ( − ℎ) 

 
 Graphing is done the same way as before 

Position II 

 
 

Ex.  Graph ( )
−

( )
= 1.  What are the equations of the asymptotes?  Where are the foci? 

 
 
 
 
 
 
 
 
 
 
 

  

To graph a hyperbola: 
1. Locate the center & vertices 
2. Use dashed lines to draw a rectangle 

centered at the origin using sides of 2a 
and 2b 

3. Use dashed line to draw the diagonals of 
this rectangle – these are the asymptotes  

4. Draw the two branches of the hyperbola 
by starting at each vertex and 
approaching the asymptotes 

 



                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
 

                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
                     
 

Ex.   Graph 4 − 25 − 24 + 250 − 489 = 0.  What are the equations of the asymptotes?  Where 
are the foci? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ex.   Graph 25 − 36 − 150 − 72 − 711 = 0.  What are the equations of the asymptotes?  Where 

are the foci? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Homework: Pg. 898-899 #11, 12, 25, 31, 32, 33-49odd, 62, 63 



9.3 The Parabola – Day 1 
Def:   A parabola is the set of all points in a plane that are 

equidistant from a fixed line, called the directrix, and a fixed 
point, the focus, that is not on the directrix. 
o The line that passes through the focus and is 

perpendicular to the directrix is called the axis of 
symmetry.   

o The point on the parabola that intersects the axis of 
symmetry is called the vertex. 

 The vertex is the midway between the focus and the 
directrix. 

 
Standard Form of the Equation of the Parabola:   
Suppose we have a parabola as shown in the graph below: 
 

 The distance from point P to M (on the directrix), d1, is equal to  
 the distance from P to F, d2. 
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This is the standard equation of a parabola with vertex (0,0) and opens up or down. 
o Up if 0 
o Down if 0  

There are two positions for a parabola:  I – opens left or right and II – opens up/down   
 
The Standard Form of the Equation of a Parabola with vertex at the origin is: 
 Position I: = 4   and  Position II: = 4  

 For any position, the vertex is (0,0) and the focus lies on the axis (direction 
determined by a) a units from the vertex. 

 The coordinates of the focus: 
o Position I:  (a,0) 
o Position II: (0,a) 

 The directrix has an equation: 
 Position I:  = −  
 Position II: = −  

 The distance between the focus and the directrix is 2a 
  



            
            
            
            
            
            
            
            
            
            
            
            
            
 

            
            
            
            
            
            
            
            
            
            
            
            
            
 

            
            
            
            
            
            
            
            
            
            
            
            
            
 

            
            
            
            
            
            
            
            
            
            
            
            
            
 

Def:   The latus rectum (or right chord) of a parabola is a line segment that passes through the 
focus, parallel to the directrix, and has it’s endpoints on the parabola. 
 The length of the latus rectum for either  = 4  and = 4  is |4 |.   

o You can the endpoints of the latus rectum by moving 2a units parallel to the 
directrix (perpendicular to the axis of symmetry) in both directions. 

 This gives you three points to sketch the graph. 
 

Ex.   Consider the parabola whose equation is given.  Find the focus, directrix and the endpoints of the latus 
rectum.  Sketch the graph on the axes provided. 

       1.   = 12        2.  = −8   
 
 
 
 
 
 
 
 
 
 
 

       3.   = 10        4.  = −4   
 
 
 
 
 
 
 
 
 
Ex.  Find the equation of the parabola whose vertex is (0,0) and whose focus is (-2,0).  What are the 

coordinates of the endpoints of the latus rectum and what is the equation of the directrix? 
 

 
 

 
Ex.  Find the equation of the parabola whose focus is (0,8) and whose directrix has equation = −8 
 
 

 
Homework:  Pg. 909-910 #1-3, 5-15odd, 17-24 



            
            
            
            
            
            
            
            
            
            
            
            
            
 

            
            
            
            
            
            
            
            
            
            
            
            
            
 

            
            
            
            
            
            
            
            
            
            
            
            
            
 

9.3 The Parabola – Day 2 
The Standard Form of a Parabola with Vertex (h,k): 

Position I:  ( − ) = 4 ( − ℎ)   Position II: ( − ℎ) = 4 ( − )   
Directrix:  = ℎ −      Directrix:  = −   
Axis of Symmetry:  =     Axis of Symmetry:  = ℎ 
Focus:   (ℎ + , )     Focus:  (ℎ, + ) 
 

Sketch:       Sketch: 
 
 
 
 
 
 
 

Ex.   Find the vertex, focus, directrix, and the endpoints of the latus rectum of the parabola given.  Graph the 
parabola: 
1.   ( − 3) = 8( + 1)      2.  ( − 2) = 4( + 1)  

 
 
 
 
 
 
 
 
 
 
 

Ex.  Find the vertex, focus, directrix, and endpoints of the latus rectum of the given parabola.  Sketch the 
parabola. 

1.  + 2 + 12 − 23 = 0 
 
 
 
 
 
 
 

 
 
   



            
            
            
            
            
            
            
            
            
            
            
            
            
 

2.  + 4 + 8 − 20 = 0 
 
 
 
 
 
 
 

 
 
   

 Ex.  An engineer is designing a flashlight using a parabolic reflecting mirror and a light source.  The 
casting has a diameter of 4 inches and a depth of 2 inches.  What is the equation of the parabola 
used to shape the mirror?  At what point should the light source be place relative to the mirror’s 
vertex? 

 
 
 
 
 
 
 
 
 
 
 
 
Ex.   The towers of a suspension bridge are 800 ft apart and rise 160 ft above the road.  The cable 

between the towers has the shape of a parabola and the cable touches the sides of the road 
midway between the towers.  What is the height of the cable 100 ft from a tower? 

 
 
 
 
 
 
 
 
 
 
Homework:  Pg. 910-911 #25-47odd, 61, 63, 64, 67, 68 
 Optional Day 2:  26-46even, 60, 62, 65-66 

Hints:   
1. Light rays will strike the mirror and always 

reflect to the focus. 
2. Place the vertex at (0,0) on a graph, 

opening up or right. 


