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Objectives 

Students will be able to: 

• Define the twelve key terms regarding conic sections. 
• Write the equation of a circle, ellipse, hyperbola, and parabola in the standard form. 
• Identify the center, vertex, and focus from the equation of an ellipse, hyperbola, and 

parabola.  

 

Orienting Questions   

 What are the definitions of the twelve key terms in this module? 
 How are the equations of a circle, ellipse, hyperbola, and parabola written in the standard form? 
 How are the center, vertex, and focus of an ellipse, hyperbola, and parabola identified? 
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INTRODUCTION 

Nature is a great place to find examples of curves. If we take a look at a beautiful rainbow after a summer 
thunderstorm, we can see it has the shape of a parabola or if we study the movement of the planets, we 
have to study curves. As a result of these naturally occurring curves, mathematicians throughout history 
have studied the different types of curves.  The study of curves is also involved in manmade objects such 
as tunnels, bridges, and navigation systems.  To study curves you have to use the concept of conic 
sections.  Conic sections are curves that are created by the intersection of a right circular cone and a 
plane.  The conic sections we will examine in this module are circle, ellipse, hyperbola, and parabola. 

6.1 CIRCLE   

A circle is a set of points in a plane where the points have equal distance to the center.  A radius is the 
distance from the center to any point on a circle (See figure 6.1a).  The standard form of a circle is 
(𝑥𝑥 − ℎ)2 + (𝑦𝑦 − 𝑘𝑘)2 = 𝑟𝑟2 where (𝑥𝑥,𝑦𝑦) represents any point on the circle and (ℎ, 𝑘𝑘) represents the center.  

 

EXAMPLES 

Please work through the following examples before completing the 6.1 LEARNING ACTIVITY: 

Example 1:  Find the equation of a circle centered at (−𝟐𝟐,𝟐𝟐) with a radius 3. 

Since the center (−𝟐𝟐,𝟐𝟐) represents (𝒉𝒉,𝒌𝒌), 𝒉𝒉 = −𝟐𝟐 and 𝒌𝒌 = 𝟐𝟐.  With a radius 𝒓𝒓 = 𝟑𝟑, we can 
plug into the standard form. 

(𝒙𝒙 − 𝒉𝒉)𝟐𝟐 + (𝒚𝒚 − 𝒌𝒌)𝟐𝟐 = 𝒓𝒓𝟐𝟐 

�𝒙𝒙 − (−𝟐𝟐)�𝟐𝟐 + (𝒚𝒚 − 𝟐𝟐)𝟐𝟐 = (𝟑𝟑)𝟐𝟐 

(𝒙𝒙 + 𝟐𝟐)𝟐𝟐 + (𝒚𝒚 − 𝟐𝟐)𝟐𝟐 = 𝟗𝟗 

 

 

Figure 6.1a:  A circle in the form 
of (𝑥𝑥 − ℎ)2 + (𝑦𝑦 − 𝑘𝑘)2 = 𝑟𝑟2 
consists of a center and a radius. 
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Example 2:  For the equation of a circle (𝒙𝒙 + 𝟑𝟑)𝟐𝟐 + (𝒚𝒚 − 𝟏𝟏)𝟐𝟐 = 𝟏𝟏𝟔𝟔, find the center and the radius. 

Since the equation �𝒙𝒙 − (−𝟑𝟑)�𝟐𝟐 + (𝒚𝒚 − 𝟏𝟏)𝟐𝟐 = (𝟒𝟒)𝟐𝟐 is in the form of (𝒙𝒙 − 𝒉𝒉)𝟐𝟐 + (𝒚𝒚 − 𝒌𝒌)𝟐𝟐 = 𝒓𝒓𝟐𝟐, 
𝒉𝒉 = −𝟑𝟑, 𝒌𝒌 = 𝟏𝟏, and 𝒓𝒓 = 𝟒𝟒. 

 

 

6.1 LEARNING ACTIVITY 

a. Find the equation of a circle centered at (3,2) with a radius 2. 
 

b. For the equation of a circle (𝑥𝑥 + 3)2 + (𝑦𝑦 + 3)2 = 9, find the center and the radius. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VIDEO 6.1A TRANSCRIPT 

Transcript is available under Module 
6 in Moodle. 

VIDEO 6.1A 

Click here to watch an example of 
how to write the equation of a circle. 

https://www.dropbox.com/s/0fxnv3oh6zxbduv/Stanard%20Form%20of%20a%20Circle.wmv
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6.2 ELLIPSE 

An ellipse is the set of points in a plane where the sum of the distance from two fixed points are constant 
(See figure 6.2a).  

   

Foci (singular: Focus) are two fixed points inside the ellipse.  The center of an ellipse is the midpoint 
connecting the focus.  The major axis is a line segment that passes through the foci and joins the 
vertices.  The minor axis is a line segment, whose endpoints are on the ellipse, which is perpendicular to 
the major axis at the center (See figure 6.2b).  The vertices are the endpoints of the major axis. 

   

An ellipse has the standard form (𝑥𝑥−ℎ)2

𝑎𝑎2
+ (𝑦𝑦−𝑘𝑘)2

𝑏𝑏2
= 1 and (𝑥𝑥−ℎ)2

𝑏𝑏2
+ (𝑦𝑦−𝑘𝑘)2

𝑎𝑎2
= 1.  The ellipse is centered at 

(ℎ, 𝑘𝑘).  In the standard form (𝑥𝑥−ℎ)2

𝑎𝑎2
+ (𝑦𝑦−𝑘𝑘)2

𝑏𝑏2
= 1 where 𝑎𝑎2 > 𝑏𝑏2, the foci are 𝑐𝑐 units to the right and left of 

the center and 𝑐𝑐2 = 𝑎𝑎2 − 𝑏𝑏2.  The major axis is parallel to the x-axis.  The endpoints of the major axis are 
𝑎𝑎 units to the right and left of the center and the minor axis are 𝑏𝑏 units above and below the center (See 
figure 6.2c). 

Figure 6.2a:  An ellipse where 
𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 1 𝑡𝑡𝐹𝐹 𝑃𝑃𝐹𝐹𝑃𝑃𝑃𝑃𝑡𝑡 1 + 𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 1 𝑡𝑡𝐹𝐹 𝑃𝑃𝐹𝐹𝑃𝑃𝑃𝑃𝑡𝑡 2 

= 𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 2 𝑡𝑡𝐹𝐹 𝑃𝑃𝐹𝐹𝑃𝑃𝑃𝑃𝑡𝑡 1 + 𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 2 𝑡𝑡𝐹𝐹 𝑃𝑃𝐹𝐹𝑃𝑃𝑃𝑃𝑡𝑡 2    

 

 

 

 

Figure 6.2b:  An ellipse consists 
of a center, vertices, foci, a major 
axis, and a minor axis. 
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In the standard form (𝑥𝑥−ℎ)2

𝑏𝑏2
+ (𝑦𝑦−𝑘𝑘)2

𝑎𝑎2
= 1 where 𝑎𝑎2 > 𝑏𝑏2, the foci are 𝑐𝑐 units above and below the center 

and 𝑐𝑐2 = 𝑎𝑎2 − 𝑏𝑏2.  The major axis is parallel to the y-axis.  The endpoints of the major axis are 𝑎𝑎 units 
above and below the center and the minor axis are 𝑏𝑏 units to the right and left of the center (See figure 
6.2d). 

EXAMPLES 

Please work through the following examples before completing the 6.2 LEARNING ACTIVITY: 

Example 1:  For the equation of an ellipse (𝒙𝒙−𝟏𝟏)𝟐𝟐

𝟒𝟒
+ (𝒚𝒚+𝟑𝟑)𝟐𝟐

𝟗𝟗
= 𝟏𝟏, find the center, vertices, the endpoints 

of the minor axis, and foci. 

(𝒙𝒙−𝟏𝟏)𝟐𝟐

(𝟐𝟐)𝟐𝟐
+ �𝒚𝒚−(−𝟑𝟑)�𝟐𝟐

(𝟑𝟑)𝟐𝟐
= 𝟏𝟏 is in the form of (𝒙𝒙−𝒉𝒉)𝟐𝟐

𝒃𝒃𝟐𝟐
+ (𝒚𝒚−𝒌𝒌)𝟐𝟐

𝒂𝒂𝟐𝟐
= 𝟏𝟏, where 𝒂𝒂 = 𝟑𝟑, 𝒃𝒃 = 𝟐𝟐, 𝒉𝒉 = 𝟏𝟏, and 𝒌𝒌 = −𝟑𝟑.  

Since 𝒂𝒂𝟐𝟐 > 𝒃𝒃𝟐𝟐, the major axis is parallel to the y-axis.   (𝒉𝒉,𝒌𝒌) is the center, (𝒉𝒉,𝒌𝒌 + 𝒂𝒂) and 
(𝒉𝒉,𝒌𝒌 − 𝒂𝒂) are the vertices, (𝒉𝒉 + 𝒃𝒃,𝒌𝒌) and (𝒉𝒉 − 𝒃𝒃,𝒌𝒌) are the endpoints of the minor axis, 
and(𝒉𝒉,𝒌𝒌 + 𝒄𝒄) (𝒉𝒉,𝒌𝒌 − 𝒄𝒄) are the foci.   

(𝒉𝒉,𝒌𝒌) = (𝟏𝟏,−𝟑𝟑) is the center. 

Figure 6.2c:  An ellipse in the form of  
(𝑥𝑥−ℎ)2

𝑎𝑎2
+ (𝑦𝑦−𝑘𝑘)2

𝑏𝑏2
= 1 where 𝑎𝑎2 > 𝑏𝑏2. 

 

 

 

 

 

Figure 6.2d:  An ellipse in the form of  
(𝑥𝑥−ℎ)2

𝑏𝑏2
+ (𝑦𝑦−𝑘𝑘)2

𝑎𝑎2
= 1 where 𝑎𝑎2 > 𝑏𝑏2. 
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(𝒉𝒉,𝒌𝒌 + 𝒂𝒂) = (𝟏𝟏,−𝟑𝟑 + 𝟑𝟑) = (𝟏𝟏,𝟎𝟎) and (𝒉𝒉,𝒌𝒌 − 𝒂𝒂) = (𝟏𝟏,−𝟑𝟑 − 𝟑𝟑) = (𝟏𝟏,−𝟔𝟔) are the vertices.   

(𝒉𝒉 + 𝒃𝒃,𝒌𝒌) = (𝟏𝟏 + 𝟐𝟐,−𝟑𝟑) = (𝟑𝟑,−𝟑𝟑) and (𝒉𝒉 − 𝒃𝒃,𝒌𝒌) = (𝟏𝟏 − 𝟐𝟐,−𝟑𝟑) = (−𝟏𝟏,−𝟑𝟑) are the 
endpoints of the minor axis. 

Since the foci are 𝒄𝒄 units above and below the center, we use 𝒄𝒄𝟐𝟐 = 𝒂𝒂𝟐𝟐 − 𝒃𝒃𝟐𝟐 to find 𝒄𝒄. 

𝒄𝒄𝟐𝟐 = 𝒂𝒂𝟐𝟐 − 𝒃𝒃𝟐𝟐     𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭 𝐭𝐭 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭 𝐬𝐬𝐫𝐫𝐫𝐫𝐭𝐭 𝐫𝐫𝐨𝐨 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 

𝒄𝒄 = �𝒂𝒂𝟐𝟐 − 𝒃𝒃𝟐𝟐 

𝒄𝒄 = �(𝟑𝟑)𝟐𝟐 − (𝟐𝟐)𝟐𝟐 

𝒄𝒄 = √𝟗𝟗 − 𝟒𝟒 = √𝟓𝟓 

(𝒉𝒉,𝒌𝒌 + 𝒄𝒄) = �𝟏𝟏,−𝟑𝟑 + √𝟓𝟓� and �𝟏𝟏,−𝟑𝟑 − √𝟓𝟓� are the foci. 

Example 2:  Find the equation of an ellipse where the foci are (𝟓𝟓,𝟎𝟎), (−𝟓𝟓,𝟎𝟎) and the vertices are 
(𝟕𝟕,𝟎𝟎), (−𝟕𝟕,𝟎𝟎). 

To find the equation of an ellipse in the form of (𝒙𝒙−𝒉𝒉)𝟐𝟐

𝒂𝒂𝟐𝟐
+ (𝒚𝒚−𝒌𝒌)𝟐𝟐

𝒃𝒃𝟐𝟐
= 𝟏𝟏, we will find the center 

(𝒉𝒉,𝒌𝒌), 𝒂𝒂𝟐𝟐 and 𝒃𝒃𝟐𝟐.   

The vertices (𝟕𝟕,𝟎𝟎), (−𝟕𝟕,𝟎𝟎) are 𝒂𝒂 units from the center, 𝒂𝒂 = 𝟕𝟕.  Thus, 𝒂𝒂𝟐𝟐 = 𝟒𝟒𝟗𝟗. 

The vertex (𝒉𝒉 + 𝒂𝒂,𝒌𝒌) = (𝟕𝟕,𝟎𝟎), where 𝒌𝒌 = 𝟎𝟎, is 𝟕𝟕 units to the right of the center.  We will 
substitute 𝟕𝟕 for 𝒂𝒂 and set 𝒉𝒉 + 𝒂𝒂 equal to 𝟕𝟕 to solve for 𝒉𝒉.   

 𝒉𝒉 + 𝒂𝒂 = 𝟕𝟕     𝐬𝐬𝐬𝐬𝐛𝐛𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐭𝐭 𝟕𝟕 𝐟𝐟𝐫𝐫𝐬𝐬 𝐭𝐭 

𝒉𝒉 + 𝟕𝟕 = 𝟕𝟕     𝐬𝐬𝐬𝐬𝐛𝐛𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭 𝟕𝟕 𝐫𝐫𝐨𝐨 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 

 𝒉𝒉 = 𝟎𝟎 

Since the foci (𝟓𝟓,𝟎𝟎), (−𝟓𝟓,𝟎𝟎) are 𝒄𝒄 units from the center, 𝒄𝒄 = 𝟓𝟓.  So, to find 𝒃𝒃𝟐𝟐, we use 𝒄𝒄𝟐𝟐 =
𝒂𝒂𝟐𝟐 − 𝒃𝒃𝟐𝟐. 

  𝒄𝒄𝟐𝟐 = 𝒂𝒂𝟐𝟐 − 𝒃𝒃𝟐𝟐     𝐬𝐬𝐬𝐬𝐛𝐛𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐭𝐭 𝟓𝟓 𝐟𝐟𝐫𝐫𝐬𝐬 𝐬𝐬 𝐭𝐭𝐨𝐨𝐬𝐬 𝟕𝟕 𝐟𝐟𝐫𝐫𝐬𝐬 𝐭𝐭 

 𝟓𝟓𝟐𝟐 = 𝟕𝟕𝟐𝟐 − 𝒃𝒃𝟐𝟐 

𝟐𝟐𝟓𝟓 = 𝟒𝟒𝟗𝟗 − 𝒃𝒃𝟐𝟐     𝐭𝐭𝐬𝐬𝐬𝐬 𝐛𝐛𝟐𝟐 𝐭𝐭𝐨𝐨𝐬𝐬 𝐬𝐬𝐬𝐬𝐛𝐛𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭 𝟐𝟐𝟓𝟓 𝐫𝐫𝐨𝐨 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 

𝒃𝒃𝟐𝟐 = 𝟒𝟒𝟗𝟗 − 𝟐𝟐𝟓𝟓 

𝒃𝒃𝟐𝟐 = 𝟐𝟐𝟒𝟒 
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So, the equation is 𝒙𝒙
𝟐𝟐

𝟒𝟒𝟗𝟗
+ 𝒚𝒚𝟐𝟐

𝟐𝟐𝟒𝟒
= 𝟏𝟏. 

Example 3:  Find the equation of an ellipse that has a horizontal major axis with length 10, a minor 
axis with length 4, and the center located at (−𝟐𝟐,𝟑𝟑).   

To find the equation of an ellipse in the form of (𝒙𝒙−𝒉𝒉)𝟐𝟐

𝒂𝒂𝟐𝟐
+ (𝒚𝒚−𝒌𝒌)𝟐𝟐

𝒃𝒃𝟐𝟐
= 𝟏𝟏, we will find the center 

(𝒉𝒉,𝒌𝒌), 𝒂𝒂𝟐𝟐 and 𝒃𝒃𝟐𝟐. 

The center (𝒉𝒉,𝒌𝒌) = (−𝟐𝟐,𝟑𝟑), so 𝒉𝒉 = −𝟐𝟐 and 𝒌𝒌 = 𝟑𝟑. 

Since the center is the midpoint for the major and minor axis, 

 𝒂𝒂 = 𝟓𝟓  and 𝒃𝒃 = 𝟐𝟐 

𝒂𝒂𝟐𝟐 = 𝟐𝟐𝟓𝟓  and 𝒃𝒃𝟐𝟐 = 𝟒𝟒 

Thus, the equation is (𝒙𝒙+𝟐𝟐)𝟐𝟐

𝟐𝟐𝟓𝟓
+ (𝒚𝒚−𝟑𝟑)𝟐𝟐

𝟒𝟒
= 𝟏𝟏. 

6.2 LEARNING ACTIVITY 

a. For the equation of an ellipse (𝑥𝑥−2)2

9
+ (𝑦𝑦−1)2

4
= 1, find the center, vertices, the endpoints of the minor 

axis, and foci. 
 

b. Find the equation of an ellipse where the foci are (−2,0), (2,0) and the vertices are (−4,0), (4,0). 
 

c. Find the equation of an ellipse that has a vertical major axis with length 8, a minor axis with length 4, 
and the center located at (1,3). 
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6.3 HYPERBOLA 

A hyperbola is the set of points in a plane where the differences of the distance from two foci are 
constant (See figure 6.3a). 

 

The transverse axis is a line segment that joins the vertices.  The midpoint of the transverse axis is the 
center (ℎ, 𝑘𝑘) of the hyperbola.  The asymptotes of a hyperbola are two straight lines that pass through the 
center separating the two branches (See figure 6.3b and 6.3c).   

 

 

Figure 6.3a:  A hyperbola where 
𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 2 𝑡𝑡𝐹𝐹 𝑃𝑃𝐹𝐹𝑃𝑃𝑃𝑃𝑡𝑡 1 − 𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 1 𝑡𝑡𝐹𝐹 𝑃𝑃𝐹𝐹𝑃𝑃𝑃𝑃𝑡𝑡 1 

= 𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 1 𝑡𝑡𝐹𝐹 𝑃𝑃𝐹𝐹𝑃𝑃𝑃𝑃𝑡𝑡 2 − 𝑑𝑑𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 2 𝑡𝑡𝐹𝐹 𝑃𝑃𝐹𝐹𝑃𝑃𝑃𝑃𝑡𝑡 2    

 

 

 

 

Figure 6.3b:  The midpoint of the 
transverse axis is the center of the 
hyperbola. 

 

 

 

 

 
Figure 6.3c:  The two asymptotes 
passes through the center of a 
hyperbola. 
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A hyperbola has the standard form (𝑥𝑥−ℎ)2

𝑎𝑎2
− (𝑦𝑦−𝑘𝑘)2

𝑏𝑏2
= 1 and  (𝑦𝑦−𝑘𝑘)2

𝑎𝑎2
− (𝑥𝑥−ℎ)2

𝑏𝑏2
= 1.  In the standard form 

(𝑥𝑥−ℎ)2

𝑎𝑎2
− (𝑦𝑦−𝑘𝑘)2

𝑏𝑏2
= 1, the foci are 𝑐𝑐 units to the right and left of the center where 𝑐𝑐2 = 𝑎𝑎2 + 𝑏𝑏2.  The 

transverse axis is parallel to the x-axis.  The vertices are 𝑎𝑎 units to the right and left of the center.  If the 
hyperbola is centered at the origin, the two asymptotes have equations that are 𝑦𝑦 = 𝑏𝑏

𝑎𝑎
𝑥𝑥 and 𝑦𝑦 = − 𝑏𝑏

𝑎𝑎
𝑥𝑥 

(See figure 6.3d).  In the standard form (𝑦𝑦−𝑘𝑘)2

𝑎𝑎2
− (𝑥𝑥−ℎ)2

𝑏𝑏2
= 1, the foci are 𝑐𝑐 units above and below the center 

where 𝑐𝑐2 = 𝑎𝑎2 + 𝑏𝑏2.  The transverse axis is parallel to the y-axis.  The vertices are 𝑎𝑎 units above and 
below the center.  If the hyperbola is centered at the origin, the two asymptotes have equations that are 
𝑦𝑦 = 𝑎𝑎

𝑏𝑏
𝑥𝑥 and 𝑦𝑦 = −𝑎𝑎

𝑏𝑏
𝑥𝑥 (See figure 6.3e). 

  

 

EXAMPLES 

Please work through the following examples before completing the 6.3 LEARNING ACTIVITY: 

Example 1:  For the equation of a hyperbola (𝒙𝒙−𝟐𝟐)𝟐𝟐

𝟏𝟏𝟔𝟔
− (𝒚𝒚−𝟑𝟑)𝟐𝟐

𝟒𝟒
= 𝟏𝟏, find the center, vertices, foci, and 

the two asymptotes. 

Since (𝒙𝒙−𝟐𝟐)𝟐𝟐

𝟏𝟏𝟔𝟔
− (𝒚𝒚−𝟑𝟑)𝟐𝟐

𝟒𝟒
= 𝟏𝟏 is in the form of (𝒙𝒙−𝒉𝒉)𝟐𝟐

𝒂𝒂𝟐𝟐
− (𝒚𝒚−𝒌𝒌)𝟐𝟐

𝒃𝒃𝟐𝟐
= 𝟏𝟏, 𝒉𝒉 = 𝟐𝟐, 𝒌𝒌 = 𝟑𝟑, 𝒂𝒂 = 𝟒𝟒, and 𝒃𝒃 = 𝟐𝟐.  

Figure 6.3d:  A hyperbola in the form 

of  (𝑥𝑥−ℎ)2

𝑎𝑎2
− (𝑦𝑦−𝑘𝑘)2

𝑏𝑏2
= 1. 

 

 

 

 

 Figure 6.3e:  A hyperbola in the form 

of (𝑦𝑦−𝑘𝑘)2

𝑎𝑎2
− (𝑥𝑥−ℎ)2

𝑏𝑏2
= 1. 
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(𝒉𝒉,𝒌𝒌) is the center, (𝒉𝒉 + 𝒂𝒂,𝒌𝒌) and (𝒉𝒉 − 𝒂𝒂,𝒌𝒌) are the vertices, (𝒉𝒉 + 𝒄𝒄,𝒌𝒌) and (𝒉𝒉 − 𝒄𝒄,𝒌𝒌) are the 
foci. 

(𝒉𝒉,𝒌𝒌) = (𝟐𝟐,𝟑𝟑) is the center.  

 (𝒉𝒉 + 𝒂𝒂,𝒌𝒌) = (𝟐𝟐 + 𝟒𝟒,𝟑𝟑) = (𝟔𝟔,𝟑𝟑) and (𝒉𝒉 − 𝒂𝒂,𝒌𝒌) = (𝟐𝟐 − 𝟒𝟒,𝟑𝟑) = (−𝟐𝟐,𝟑𝟑) are the vertices. 

 To find the foci (𝒉𝒉 + 𝒄𝒄,𝒌𝒌), we use 𝒄𝒄𝟐𝟐 = 𝒂𝒂𝟐𝟐 + 𝒃𝒃𝟐𝟐 to find 𝒄𝒄. 

  𝒄𝒄𝟐𝟐 = 𝒂𝒂𝟐𝟐 + 𝒃𝒃𝟐𝟐     𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭 𝐭𝐭 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭 𝐬𝐬𝐫𝐫𝐫𝐫𝐭𝐭 𝐫𝐫𝐨𝐨 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 

  𝒄𝒄 = √𝒂𝒂𝟐𝟐 + 𝒃𝒃𝟐𝟐     𝐬𝐬𝐬𝐬𝐛𝐛𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐭𝐭 𝟒𝟒 𝐟𝐟𝐫𝐫𝐬𝐬 𝐭𝐭 𝐭𝐭𝐨𝐨𝐬𝐬 𝟐𝟐 𝐟𝐟𝐫𝐫𝐬𝐬 𝐛𝐛 

  𝒄𝒄 = �(𝟒𝟒)𝟐𝟐 + (𝟐𝟐)𝟐𝟐 

  𝒄𝒄 = √𝟏𝟏𝟔𝟔 + 𝟒𝟒 = √𝟐𝟐𝟎𝟎     𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐟𝐟𝐬𝐬 √𝟐𝟐𝟎𝟎 

  𝒄𝒄 = 𝟐𝟐√𝟓𝟓 

  (𝒉𝒉 + 𝒄𝒄,𝒌𝒌) = �𝟐𝟐 + 𝟐𝟐√𝟓𝟓,𝟑𝟑� and (𝒉𝒉 − 𝒄𝒄,𝒌𝒌) = �𝟐𝟐 − 𝟐𝟐√𝟓𝟓,𝟑𝟑� are the foci. 

 Since the center of the hyperbola is shifted to (𝟐𝟐,𝟑𝟑), the two asymptotes are 

 𝒚𝒚 − 𝟑𝟑 = 𝟒𝟒
𝟐𝟐

(𝒙𝒙 − 𝟐𝟐)  and 𝒚𝒚 − 𝟑𝟑 = −𝟒𝟒
𝟐𝟐

(𝒙𝒙 − 𝟐𝟐).   

  𝒚𝒚 − 𝟑𝟑 = 𝟒𝟒
𝟐𝟐

(𝒙𝒙 − 𝟐𝟐)  𝒚𝒚 − 𝟑𝟑 = −𝟒𝟒
𝟐𝟐

(𝒙𝒙 − 𝟐𝟐) 

  𝒚𝒚 − 𝟑𝟑 = 𝟐𝟐(𝒙𝒙 − 𝟐𝟐)  𝒚𝒚 − 𝟑𝟑 = −𝟐𝟐(𝒙𝒙 − 𝟐𝟐)     𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬𝐬𝐬𝐛𝐛𝐬𝐬𝐭𝐭𝐭𝐭 

  𝒚𝒚 − 𝟑𝟑 = 𝟐𝟐𝒙𝒙 − 𝟒𝟒   𝒚𝒚 − 𝟑𝟑 = −𝟐𝟐𝒙𝒙 + 𝟒𝟒 

   𝒚𝒚 = 𝟐𝟐𝒙𝒙 − 𝟒𝟒 + 𝟑𝟑   𝒚𝒚 = −𝟐𝟐𝒙𝒙 + 𝟒𝟒 + 𝟑𝟑     𝐭𝐭𝐬𝐬𝐬𝐬 𝟑𝟑 𝐫𝐫𝐨𝐨 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 

  𝒚𝒚 = 𝟐𝟐𝒙𝒙 − 𝟏𝟏   𝒚𝒚 = −𝟐𝟐𝒙𝒙 + 𝟕𝟕 

Example 2:  Find the equation of a hyperbola where (𝟒𝟒,−𝟏𝟏) is the center, (𝟕𝟕,−𝟏𝟏) is the focus, and 
(𝟔𝟔,−𝟏𝟏) is the vertex. 

To find the equation of a hyperbola in the form of (𝒙𝒙−𝒉𝒉)𝟐𝟐

𝒂𝒂𝟐𝟐
− (𝒚𝒚−𝒌𝒌)𝟐𝟐

𝒃𝒃𝟐𝟐
= 𝟏𝟏 or  (𝒚𝒚−𝒌𝒌)𝟐𝟐

𝒂𝒂𝟐𝟐
− (𝒙𝒙−𝒉𝒉)𝟐𝟐

𝒃𝒃𝟐𝟐
= 𝟏𝟏, we 

will need to find 𝒉𝒉, 𝒌𝒌, 𝒂𝒂𝟐𝟐, and 𝒃𝒃𝟐𝟐. 

The center (𝒉𝒉,𝒌𝒌) = (𝟒𝟒,−𝟏𝟏). So, 𝒉𝒉 = 𝟒𝟒 and 𝒌𝒌 = −𝟏𝟏. 

Since the vertex and the focus have the same y-value as the center, we use 
 (𝒙𝒙−𝒉𝒉)𝟐𝟐

𝒂𝒂𝟐𝟐
− (𝒚𝒚−𝒌𝒌)𝟐𝟐

𝒃𝒃𝟐𝟐
= 𝟏𝟏 form to find the equation.   

 



ASSIST To Work Consortium 

Open Text 

MAT 111 

Module 6 Conic Sections 

 

P a g e  | 11 

Version │ MAT 111 │ Rev 1 2012 

 

The vertex (𝒉𝒉 + 𝒂𝒂,𝒌𝒌) = (𝟔𝟔,−𝟏𝟏) is 𝟔𝟔 units to the right of the vertex.  We will substitute 𝟒𝟒 for 
𝒉𝒉,  set 𝒉𝒉 + 𝒂𝒂 equal to 𝟔𝟔 to solve for 𝒂𝒂, and find 𝒂𝒂𝟐𝟐. 

𝒉𝒉 + 𝒂𝒂 = 𝟔𝟔     𝐬𝐬𝐬𝐬𝐛𝐛𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐭𝐭 𝟒𝟒 𝐟𝐟𝐫𝐫𝐬𝐬 𝐛𝐛  

𝟒𝟒 + 𝒂𝒂 = 𝟔𝟔     𝐬𝐬𝐬𝐬𝐛𝐛𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭 𝟒𝟒 𝐫𝐫𝐨𝐨 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 

𝒂𝒂 = 𝟐𝟐 

𝒂𝒂𝟐𝟐 = 𝟒𝟒 

The focus (𝒉𝒉 + 𝒄𝒄,𝒌𝒌) = (𝟕𝟕,−𝟏𝟏) is 𝟕𝟕 units above the center.  We will substitute 𝟒𝟒 for 𝒉𝒉,  set 
𝒉𝒉 + 𝒂𝒂 equal to 𝟕𝟕 to solve for 𝒄𝒄, and find 𝒄𝒄𝟐𝟐.  Once we solved for 𝒄𝒄𝟐𝟐, we will use 𝒄𝒄𝟐𝟐 = 𝒂𝒂𝟐𝟐 + 𝒃𝒃𝟐𝟐 
to find 𝒃𝒃𝟐𝟐. 

𝒉𝒉 + 𝒄𝒄 = 𝟕𝟕     𝐬𝐬𝐬𝐬𝐛𝐛𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐭𝐭 𝟒𝟒 𝐟𝐟𝐫𝐫𝐬𝐬 𝐛𝐛  

𝟒𝟒 + 𝒄𝒄 = 𝟕𝟕     𝐬𝐬𝐬𝐬𝐛𝐛𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭 𝟒𝟒 𝐫𝐫𝐨𝐨 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 

𝒄𝒄 = 𝟑𝟑 

𝒄𝒄𝟐𝟐 = 𝟗𝟗 

𝒄𝒄𝟐𝟐 = 𝒂𝒂𝟐𝟐 + 𝒃𝒃𝟐𝟐     𝐬𝐬𝐬𝐬𝐛𝐛𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭 𝒂𝒂𝟐𝟐 𝒐𝒐𝒐𝒐 𝒃𝒃𝒐𝒐𝒃𝒃𝒉𝒉 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 

  𝒄𝒄𝟐𝟐 − 𝒂𝒂𝟐𝟐 = 𝒃𝒃𝟐𝟐     𝐬𝐬𝐬𝐬𝐛𝐛𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐭𝐭 𝟒𝟒 𝐟𝐟𝐫𝐫𝐬𝐬 𝐭𝐭 𝐭𝐭𝐨𝐨𝐬𝐬 𝟐𝟐 𝐟𝐟𝐫𝐫𝐬𝐬 𝐛𝐛 

  𝟗𝟗 − 𝟒𝟒 = 𝒃𝒃𝟐𝟐 

  𝟓𝟓 = 𝒃𝒃𝟐𝟐 

 So, the equation is (𝒙𝒙−𝟒𝟒)𝟐𝟐

𝟒𝟒
− (𝒚𝒚+𝟏𝟏)𝟐𝟐

𝟓𝟓
= 𝟏𝟏. 

6.3 LEARNING ACTIVITY 

a. For the equation of a hyperbola (𝑥𝑥−3)2

16
− (𝑦𝑦−3)2

4
= 1, find the center, vertices, foci, and the two 

asymptotes. 
 

b. Find the equation of a hyperbola where (−2,1) is the center, (−2,5) is the focus, and (−2,3) is the 
vertex. 
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6.4 PARABOLA 

A parabola is the set of points in a plane that have equal distance from a fixed line called directrix and 
the focus (See figure 6.4a).  The latus rectum is a line segment that passes through the focus and 
parallel to the directrix.  The endpoints of the latus rectum are on the parabola, and its length is equal to 
|4𝑝𝑝| (See figure 6.4b). 

 

 

The standard form of a parabola is (𝑦𝑦 − 𝑘𝑘)2 = 4𝑝𝑝(𝑥𝑥 − ℎ) and (𝑥𝑥 − ℎ)2 = 4𝑝𝑝(𝑦𝑦 − 𝑘𝑘).  In the standard form 
(𝑦𝑦 − 𝑘𝑘)2 = 4𝑝𝑝(𝑥𝑥 − ℎ), the vertex is (ℎ, 𝑘𝑘), the focus is (ℎ + 𝑝𝑝, 𝑘𝑘), and the directrix is 𝑥𝑥 = ℎ − 𝑝𝑝 (See figure 
6.4c).  If 𝑝𝑝 > 0, the parabola opens to the right.  If 𝑝𝑝 < 0, the parabola opens to the left.  In the standard 
form (𝑥𝑥 − ℎ)2 = 4𝑝𝑝(𝑦𝑦 − 𝑘𝑘),  the vertex is (ℎ, 𝑘𝑘), the focus is (ℎ, 𝑘𝑘 + 𝑝𝑝), and the directrix is 𝑦𝑦 = 𝑘𝑘 − 𝑝𝑝 (See 
figure 6.4d).  If 𝑝𝑝 > 0, the parabola opens upward.  If 𝑝𝑝 < 0, the parabola opens downward. 

Figure 6.4a:  A parabola where 
𝒔𝒔𝑷𝑷𝒐𝒐𝒔𝒔𝒐𝒐𝒃𝒃 𝒃𝒃𝒐𝒐 𝑭𝑭𝒐𝒐𝒄𝒄𝑭𝑭𝒔𝒔 = 𝒔𝒔𝑷𝑷𝒐𝒐𝒔𝒔𝒐𝒐𝒃𝒃 𝒃𝒃𝒐𝒐 𝑫𝑫𝒔𝒔𝒓𝒓𝒔𝒔𝒄𝒄𝒃𝒃𝒓𝒓𝒔𝒔𝒙𝒙 

 

 

 

 

 

 Figure 6.4b:  The latus rectum 
of a parabola that passes 
through the focus. 
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EXAMPLES 

Please work through the following examples before completing the 6.4 LEARNING ACTIVITY: 

Example 1:  For the equation of a parabola (𝒙𝒙 − 𝟐𝟐)𝟐𝟐 = 𝟒𝟒(𝒚𝒚 − 𝟏𝟏), find the vertex, focus, and directrix. 

Since (𝒙𝒙 − 𝟐𝟐)𝟐𝟐 = 𝟒𝟒(𝒚𝒚 − 𝟏𝟏) is in the form of (𝒙𝒙 − 𝒉𝒉)𝟐𝟐 = 𝟒𝟒𝟒𝟒(𝒚𝒚 − 𝒌𝒌), the vertex is (𝒉𝒉,𝒌𝒌), the 
focus is (𝒉𝒉,𝒌𝒌 + 𝟒𝟒), the directrix is 𝒚𝒚 = 𝒌𝒌 − 𝟒𝟒, 𝒉𝒉 = 𝟐𝟐, and 𝒌𝒌 = 𝟏𝟏.  To find 𝟒𝟒, we set 𝟒𝟒𝟒𝟒 equal to 
4 and solve for 𝟒𝟒. 

 𝟒𝟒𝟒𝟒 = 𝟒𝟒     𝐬𝐬𝐬𝐬𝐝𝐝𝐬𝐬𝐬𝐬𝐭𝐭 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 𝐛𝐛𝐬𝐬 𝟒𝟒 

 𝟒𝟒 = 𝟏𝟏 

 (𝒉𝒉,𝒌𝒌) = (𝟐𝟐,𝟏𝟏) is the vertex. 

 (𝒉𝒉,𝒌𝒌 + 𝟒𝟒) = (𝟐𝟐,𝟏𝟏 + 𝟏𝟏) = (𝟐𝟐,𝟐𝟐) is the focus.  

 𝒚𝒚 = 𝒌𝒌 − 𝟒𝟒 = 𝟏𝟏 − 𝟏𝟏 = 𝟎𝟎 is the directrix. 

 

Figure 6.3c:  A parabola in the form 
of (𝑦𝑦 − 𝑘𝑘)2 = 4𝑝𝑝(𝑥𝑥 − ℎ) with 𝑝𝑝 > 0. 

 

 

 

 

 
Figure 6.3d:  A parabola in the form of 
form (𝑥𝑥 − ℎ)2 = 4𝑝𝑝(𝑦𝑦 − 𝑘𝑘) with 𝑝𝑝 > 0. 
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Example 2:  Find the equation of a parabola where the focus is (𝟑𝟑,𝟐𝟐) and the directrix is 𝒙𝒙 = −𝟓𝟓. 

  To find the equation of a parabola in the form of (𝒚𝒚 − 𝒌𝒌)𝟐𝟐 = 𝟒𝟒𝟒𝟒(𝒙𝒙 − 𝒉𝒉) or 
(𝒙𝒙 − 𝒉𝒉)𝟐𝟐 = 𝟒𝟒𝟒𝟒(𝒚𝒚 − 𝒌𝒌), we will need to find 𝒉𝒉, 𝒌𝒌, and 𝟒𝟒.  Since the directrix 𝒙𝒙 = 𝒉𝒉 − 𝟒𝟒 is a 
vertical line 𝒙𝒙 = −𝟓𝟓, we use (𝒚𝒚 − 𝒌𝒌)𝟐𝟐 = 𝟒𝟒𝟒𝟒(𝒙𝒙 − 𝒉𝒉) form. 

Since the focus (𝒉𝒉 + 𝟒𝟒,𝒌𝒌) = (𝟑𝟑,𝟐𝟐), 𝒌𝒌 = 𝟐𝟐 and 𝒉𝒉 + 𝟒𝟒 = 𝟑𝟑.  Because 𝒉𝒉 and 𝟒𝟒 are unknown, we 
can use the equation from the focus 𝒉𝒉 + 𝟒𝟒 = 𝟑𝟑 and the equation from directrix −𝟓𝟓 = 𝒉𝒉 − 𝟒𝟒 
to help us to find 𝒉𝒉 and 𝟒𝟒.   

−𝟓𝟓 = 𝒉𝒉 − 𝟒𝟒
𝒉𝒉 + 𝟒𝟒 = 𝟑𝟑

     𝐬𝐬𝐫𝐫𝐬𝐬𝐝𝐝𝐭𝐭 𝐟𝐟𝐫𝐫𝐬𝐬 𝐬𝐬 𝐟𝐟𝐬𝐬𝐫𝐫𝐬𝐬 𝐭𝐭𝐛𝐛𝐭𝐭 𝐬𝐬𝐭𝐭𝐬𝐬𝐫𝐫𝐨𝐨𝐬𝐬 𝐭𝐭𝐬𝐬𝐬𝐬𝐭𝐭𝐭𝐭𝐬𝐬𝐫𝐫𝐨𝐨 𝐛𝐛𝐬𝐬 𝐬𝐬𝐬𝐬𝐛𝐛𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐨𝐨𝐬𝐬 𝐛𝐛 𝐫𝐫𝐨𝐨 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 

−𝟓𝟓 = 𝒉𝒉 − 𝟒𝟒
𝟒𝟒 = 𝟑𝟑 − 𝒉𝒉

     𝐬𝐬𝐬𝐬𝐛𝐛𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐬𝐬𝐭𝐭𝐭𝐭  𝐬𝐬 𝐬𝐬𝐨𝐨 𝐭𝐭𝐛𝐛𝐭𝐭 𝐟𝐟𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭 𝐭𝐭𝐬𝐬𝐬𝐬𝐭𝐭𝐭𝐭𝐬𝐬𝐫𝐫𝐨𝐨 𝐟𝐟𝐫𝐫𝐬𝐬 𝟑𝟑 − 𝐛𝐛 

−𝟓𝟓 = 𝒉𝒉 − (𝟑𝟑 − 𝒉𝒉)     𝐬𝐬𝐫𝐫𝐬𝐬𝐛𝐛𝐬𝐬𝐨𝐨𝐭𝐭 𝐬𝐬𝐬𝐬𝐭𝐭𝐭𝐭 𝐭𝐭𝐭𝐭𝐬𝐬𝐬𝐬𝐬𝐬 

−𝟓𝟓 = 𝟐𝟐𝒉𝒉 − 𝟑𝟑     𝐭𝐭𝐬𝐬𝐬𝐬 𝟑𝟑 𝐫𝐫𝐨𝐨 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 

−𝟓𝟓 + 𝟑𝟑 = 𝟐𝟐𝒉𝒉 

−𝟐𝟐 = 𝟐𝟐𝒉𝒉     𝐬𝐬𝐬𝐬𝐝𝐝𝐬𝐬𝐬𝐬𝐭𝐭 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 𝐛𝐛𝐬𝐬 𝟐𝟐 

𝒉𝒉 = −𝟏𝟏 

Substitute 𝒉𝒉 = −𝟏𝟏 into 𝒉𝒉 + 𝟒𝟒 = 𝟑𝟑 to find 𝟒𝟒. 

 −𝟏𝟏 + 𝟒𝟒 = 𝟑𝟑     𝐭𝐭𝐬𝐬𝐬𝐬 𝟏𝟏 𝐛𝐛𝐫𝐫𝐭𝐭𝐛𝐛 𝐬𝐬𝐬𝐬𝐬𝐬𝐭𝐭𝐬𝐬 

 𝟒𝟒 = 𝟒𝟒 

So, the equation is (𝒚𝒚 − 𝟐𝟐)𝟐𝟐 = 𝟏𝟏𝟔𝟔(𝒙𝒙 + 𝟏𝟏). 

6.4 LEARNING ACTIVITY 

a. For the equation of a parabola (𝑥𝑥 − 2)2 = 4(𝑦𝑦 − 1), find the vertex, focus, and directrix. 
 

b. Find the equation of a parabola where the focus is (2,3) and the directrix is 𝑥𝑥 = −2. 
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MAJOR CONCEPTS 

KEY CONCEPTS 

The study of conic sections includes the circle, ellipse, hyperbola, and parabola. 

To write the equation of a circle in the standard form (𝑥𝑥 − ℎ)2 + (𝑦𝑦 − 𝑘𝑘)2 = 𝑟𝑟2, we will need to find the 
center (ℎ, 𝑘𝑘) and the radius 𝑟𝑟. 

In the standard form of an ellipse  (𝑥𝑥−ℎ)2

𝑎𝑎2
+ (𝑦𝑦−𝑘𝑘)2

𝑏𝑏2
= 1 where 𝑎𝑎2 > 𝑏𝑏2, the center is (ℎ, 𝑘𝑘), the vertices are 

(ℎ − 𝑎𝑎, 𝑘𝑘), (ℎ + 𝑎𝑎,𝑘𝑘), the foci are (ℎ − 𝑐𝑐, 𝑘𝑘), (ℎ + 𝑐𝑐, 𝑘𝑘), the endpoints of minor axis are (ℎ, 𝑘𝑘 − 𝑏𝑏), (ℎ, 𝑘𝑘 + 𝑏𝑏), 
and 𝑐𝑐2 = 𝑎𝑎2 − 𝑏𝑏2. 

In the standard form of an ellipse  (𝑥𝑥−ℎ)2

𝑏𝑏2
+ (𝑦𝑦−𝑘𝑘)2

𝑎𝑎2
= 1 where 𝑎𝑎2 > 𝑏𝑏2, the center is (ℎ, 𝑘𝑘), the vertices are 

(ℎ, 𝑘𝑘 − 𝑎𝑎), (ℎ, 𝑘𝑘 + 𝑎𝑎), the foci are (ℎ, 𝑘𝑘 − 𝑐𝑐), (ℎ, 𝑘𝑘 + 𝑐𝑐), the endpoints of minor axis are (ℎ − 𝑏𝑏, 𝑘𝑘), (ℎ + 𝑏𝑏, 𝑘𝑘), 
and 𝑐𝑐2 = 𝑎𝑎2 − 𝑏𝑏2. 

In the standard form of a hyperbola  (𝑥𝑥−ℎ)2

𝑎𝑎2
− (𝑦𝑦−𝑘𝑘)2

𝑏𝑏2
= 1, the center is (ℎ, 𝑘𝑘), the vertices are (ℎ − 𝑎𝑎, 𝑘𝑘), 

(ℎ + 𝑎𝑎, 𝑘𝑘), the foci are (ℎ − 𝑐𝑐, 𝑘𝑘), (ℎ + 𝑐𝑐, 𝑘𝑘), 𝑐𝑐2 = 𝑎𝑎2 + 𝑏𝑏2, and the asymptotes are 𝑦𝑦 = 𝑏𝑏
𝑎𝑎
𝑥𝑥 and 𝑦𝑦 = − 𝑏𝑏

𝑎𝑎
𝑥𝑥.  

In the standard form of a hyperbola  (𝑦𝑦−𝑘𝑘)2

𝑎𝑎2
− (𝑥𝑥−ℎ)2

𝑏𝑏2
= 1, the center is (ℎ, 𝑘𝑘), the vertices are (ℎ, 𝑘𝑘 − 𝑎𝑎), 

(ℎ, 𝑘𝑘 + 𝑎𝑎), the foci are (ℎ, 𝑘𝑘 − 𝑐𝑐), (ℎ, 𝑘𝑘 + 𝑐𝑐), 𝑐𝑐2 = 𝑎𝑎2 + 𝑏𝑏2, and the asymptotes are 𝑦𝑦 = 𝑎𝑎
𝑏𝑏
𝑥𝑥 and 𝑦𝑦 = −𝑎𝑎

𝑏𝑏
𝑥𝑥. 

In the standard form of a parabola (𝑦𝑦 − 𝑘𝑘)2 = 4𝑝𝑝(𝑥𝑥 − ℎ) where 𝑝𝑝 > 0, the vertex is (ℎ, 𝑘𝑘), the focus is 
(ℎ + 𝑝𝑝, 𝑘𝑘), and the directrix is 𝑥𝑥 = ℎ − 𝑝𝑝. 

In the standard form of a parabola (𝑥𝑥 − ℎ)2 = 4𝑝𝑝(𝑦𝑦 − 𝑘𝑘) where 𝑝𝑝 > 0, the vertex is (ℎ, 𝑘𝑘), the focus is 
(ℎ, 𝑘𝑘 + 𝑝𝑝), and the directrix is y= 𝑘𝑘 − 𝑝𝑝. 

KEY TERMS 

 

Conic Sections Circle Ellipse Focus  (Foci) 

Center Major axis Minor axis Vertices (Vertex) 

Hyperbola  Transverse Axis Parabola Latus Rectum 
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GLOSSARY 

Conic sections are curves that are created by the intersection of a right circular cone and a plane. 

A circle is a set of points in a plane where the points have equal distance to the center.   

An ellipse is the set of points in a plane where the sum of the distance from two fixed points are constant. 

Foci (singular: Focus) are two fixed points inside of an ellipse.   

The center of an ellipse is the midpoint connecting the focus.   

The major axis of an ellipse is a line segment that passes through the foci and joins the vertices.   

The minor axis of an ellipse is a line segment, whose endpoints are on the ellipse, which is 
perpendicular to the major axis at the center. 

The vertices of an ellipse are the endpoints of the major axis. 

A hyperbola is the set of points in a plane where the differences of the distance from two foci are 
constant.  

The transverse axis of a hyperbola is a line segment that joins the vertices.  

A parabola is the set of points in a plane that have equal distance from a fixed line called directrix and 
the focus. 

The latus rectum of a parabola is a line segment that passes through the focus and parallel to the 
directrix. 
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ASSESSMENT 

ANSWERS TO LEARNING ACTIVITIES 

6.1 LEARNING ACTIVITY  

a.  Find the equation of a circle centered at (3,2) with a radius 2. 

𝑨𝑨𝒐𝒐𝒔𝒔:  (𝒙𝒙 − 𝟑𝟑)𝟐𝟐 + (𝒚𝒚 − 𝟐𝟐)𝟐𝟐 = 𝟒𝟒 

b.  For the equation of a circle (𝑥𝑥 + 3)2 + (𝑦𝑦 + 3)2 = 9, find the center and the radius. 
𝑨𝑨𝒐𝒐𝒔𝒔:  𝑪𝑪𝒔𝒔𝒐𝒐𝒃𝒃𝒔𝒔𝒓𝒓 (−𝟑𝟑,−𝟑𝟑),𝒓𝒓 = 𝟑𝟑 

6.2 LEARNING ACTIVITY 

a. For the equation of an ellipse (𝑥𝑥−2)2

9
+ (𝑦𝑦−1)2

4
= 1, find the center, vertices, the endpoints of the minor 

axis, and foci. 
𝑨𝑨𝒐𝒐𝒔𝒔:  𝒄𝒄𝒔𝒔𝒐𝒐𝒃𝒃𝒔𝒔𝒓𝒓 𝒔𝒔𝒔𝒔 (𝟐𝟐,𝟏𝟏),𝒗𝒗𝒔𝒔𝒓𝒓𝒃𝒃𝒔𝒔𝒄𝒄𝒔𝒔𝒔𝒔 𝒂𝒂𝒓𝒓𝒔𝒔 (−𝟏𝟏,𝟏𝟏), (𝟓𝟓,𝟏𝟏), 𝒔𝒔𝒐𝒐𝒔𝒔𝟒𝟒𝒐𝒐𝒔𝒔𝒐𝒐𝒃𝒃𝒔𝒔 𝒐𝒐𝒐𝒐 𝒎𝒎𝒔𝒔𝒐𝒐𝒐𝒐𝒓𝒓 𝒂𝒂𝒙𝒙𝒔𝒔𝒔𝒔 𝒂𝒂𝒓𝒓𝒔𝒔 (𝟐𝟐,𝟑𝟑), (𝟐𝟐,−𝟏𝟏),  
𝒐𝒐𝒐𝒐𝒄𝒄𝒔𝒔 �𝟐𝟐 − √𝟓𝟓,𝟏𝟏�, �𝟐𝟐 + √𝟓𝟓,𝟏𝟏� 
 

b. Find the equation of an ellipse where the foci are (−2,0), (2,0) and the vertices are (−4,0), (4,0). 

𝑨𝑨𝒐𝒐𝒔𝒔:  
𝒙𝒙𝟐𝟐

𝟒𝟒
+
𝒚𝒚𝟐𝟐

𝟏𝟏𝟐𝟐
= 𝟏𝟏 

 
c. Find the equation of an ellipse tht has a vertical major axis with length 8, a minor axis with length 4, 

and the center located at (1,3). 

𝑨𝑨𝒐𝒐𝒔𝒔:  
(𝒙𝒙 − 𝟏𝟏)𝟐𝟐

𝟒𝟒
+

(𝒚𝒚 − 𝟑𝟑)𝟐𝟐

𝟏𝟏𝟔𝟔
= 𝟏𝟏 

6.3 LEARNING ACTIVITY 

a. For the equation of a hyperbola (𝑥𝑥−3)2

16
− (𝑦𝑦−3)2

4
= 1, find the center, vertices, foci, and the two 

asymptotes. 
𝑨𝑨𝒐𝒐𝒔𝒔:  𝒄𝒄𝒔𝒔𝒐𝒐𝒃𝒃𝒔𝒔𝒓𝒓 𝒔𝒔𝒔𝒔 (𝟑𝟑,𝟑𝟑),𝒗𝒗𝒔𝒔𝒓𝒓𝒃𝒃𝒔𝒔𝒄𝒄𝒔𝒔𝒔𝒔 𝒂𝒂𝒓𝒓𝒔𝒔 (−𝟏𝟏,𝟑𝟑), (𝟕𝟕,𝟑𝟑),𝒐𝒐𝒐𝒐𝒄𝒄𝒔𝒔 𝒂𝒂𝒓𝒓𝒔𝒔 �𝟑𝟑 − 𝟐𝟐√𝟓𝟓,𝟑𝟑�, �𝟑𝟑 + √𝟓𝟓,𝟑𝟑�, 

 𝒂𝒂𝒔𝒔𝒚𝒚𝒎𝒎𝟒𝟒𝒃𝒃𝒐𝒐𝒃𝒃𝒔𝒔𝒔𝒔 𝒂𝒂𝒓𝒓𝒔𝒔  𝒚𝒚 =
𝟏𝟏
𝟐𝟐
𝒙𝒙 +

𝟑𝟑
𝟐𝟐

,𝒚𝒚 = −
𝟏𝟏
𝟐𝟐
𝒙𝒙 +

𝟗𝟗
𝟐𝟐

 
   

b. Find the equation of a hyperbola where (−2,1) is the center, (−2,5) is the focus, and (−2,3) is the 
vertex. 

𝑨𝑨𝒐𝒐𝒔𝒔:  
(𝒚𝒚 − 𝟏𝟏)𝟐𝟐

𝟒𝟒
−

(𝒙𝒙 + 𝟐𝟐)𝟐𝟐

𝟏𝟏𝟐𝟐
= 𝟏𝟏 
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6.4 LEARNING ACTIVITY 

a. For the equation of a parabola (𝑥𝑥 − 2)2 = 4(𝑦𝑦 − 1), find the vertex, focus, and directrix. 
𝑨𝑨𝒐𝒐𝒔𝒔:  𝒗𝒗𝒔𝒔𝒓𝒓𝒃𝒃𝒔𝒔𝒙𝒙 𝒔𝒔𝒔𝒔 (𝟐𝟐,𝟏𝟏),𝒐𝒐𝒐𝒐𝒄𝒄𝑭𝑭𝒔𝒔 𝒔𝒔𝒔𝒔 (𝟐𝟐,𝟎𝟎),𝒔𝒔𝒔𝒔𝒓𝒓𝒔𝒔𝒄𝒄𝒃𝒃𝒓𝒓𝒔𝒔𝒙𝒙 𝒚𝒚 = 𝟎𝟎 
 

b. Find the equation of a parabola where the focus is (2,3) and the directrix is 𝑥𝑥 = −2. 
𝑨𝑨𝒐𝒐𝒔𝒔:  (𝒚𝒚 − 𝟑𝟑)𝟐𝟐 = 𝟖𝟖(𝒙𝒙 − 𝟎𝟎) 
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MODULE REINFORCEMENT 

SHORT ANSWER QUESTIONS 

1) Find the equation of a circle centered at (−1,0) with a radius 3. 
 

2) For the equation of a circle (𝑥𝑥 − 1)2 + (𝑦𝑦 − 2)2 = 16, find the center and the radius. 
 

3) For the equation of the an ellipse (𝑥𝑥+3)2

25
+ (𝑦𝑦−3)2

16
= 1, find the vertices. 

 
4) Find the equation of an ellipse where the foci are (0,−2), (0,2) and the vertices are (0,−4), (0,4). 

 
5) Find the equation of an ellipse that has a horizontal major axis with length 6, a minor axis with length 

4, and the center located at (3,4). 
 

6) For the equation of a hyperbola 𝑦𝑦
2

16
− (𝑥𝑥+2)2

36
= 1, find the foci. 

 
7) Find the equation of a hyperbola where (3,−4) is the center, (3,4) is the focus, and (3,2) is the 

vertex. 
 

8) For the equation of a parabola (𝑦𝑦 − 2)2 = 4(𝑥𝑥 − 1), find the focus. 
 

9) For the equation of a parabola (𝑦𝑦 − 2)2 = 4(𝑥𝑥 − 1), find the directrix. 
 

10) Find the equation of a parabola where the focus is (2,3) and the directrix is 𝑦𝑦 = −1. 
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MULTIPLE CHOICE: READ THE FOLLOWING QUESTIONS OR STATEMENTS 
AND SELECT THE BEST ANSWER. 

1) __________ Choose the equation of a circle centered at (−1,4) with a radius 4. 
 

a. (𝑥𝑥 − 1)2 + (𝑦𝑦 ∓)2 = 16 
b. (𝑥𝑥 + 1)2 + (𝑦𝑦 − 4)2 = 4 
c. (𝑥𝑥 + 1)2 + (𝑦𝑦 − 4)2 = 16 

 
2) __________ For the equation of a circle (𝑥𝑥 + 1)2 + 𝑦𝑦2 = 36, find the center and the radius. 

 
a. 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟 (−1,0), 𝑟𝑟 = 6 
b. 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟 (0,−1), 𝑟𝑟 = 6 
c. 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟 (−1,0), 𝑟𝑟 = 36 

3) __________ For the equation of an ellipse (𝑥𝑥−1)2

4
+ (𝑦𝑦+1)2

16
= 1, find the vertices. 

 
a. (5,−1), (−3,−1) 
b. (1,3), (1,−5) 
c. (5,−1), (1,−5) 

 
4) __________ Find the equation of an ellipse where the foci are (−5,0), (5,0) and the vertices are 

(−6,0), (6,0). 
 

a. 𝑥𝑥2

6
+ 𝑦𝑦2

11
= 1 

b. 𝑥𝑥2

11
+ 𝑦𝑦2

36
= 1 

c. 𝑥𝑥2

36
+ 𝑦𝑦2

11
= 1 

 
 

5) __________ Find the equation of an ellipse that has a vertical major axis with length 12, a minor axis 
with length 6, and the center located at (−1,−2). 
 

a. (𝑥𝑥−1)2

36
+ (𝑦𝑦−2)2

9
= 1 

b. (𝑥𝑥+1)2

9
+ (𝑦𝑦+2)2

36
= 1 

c. (𝑥𝑥−1)2

9
+ (𝑦𝑦−2)2

36
= 1 
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6) __________ For the equation of a hyperbola 𝑥𝑥
2

49
− (𝑦𝑦−1)2

16
= 1, find the foci. 

 
a. �1,−√65�, �1,√65� 
b. (−7,1), (7,1) 
c. �−√65, 1�, �√65, 1� 

 
7) __________ Find the equation of a hyperbola where (−3,−3) is the center, (−3,7) is the focus, and 

(−3,−5) is the vertex. 
 

a. (𝑦𝑦−3)2

4
− (𝑥𝑥−3)2

96
= 1 

b. (𝑦𝑦+3)2

96
− (𝑥𝑥+3)2

4
= 1 

c. (𝑦𝑦+3)2

4
− (𝑥𝑥+3)2

96
= 1 

 
8) For the equation of a parabola (𝑦𝑦 + 2)2 = 4(𝑥𝑥 + 1), find the focus. 

 
a. (0,−2) 
b. (−1,−2) 
c. (1,2) 

 
9) For the equation of a parabola (𝑦𝑦 + 2)2 = 4(𝑥𝑥 + 1), find the directrix. 

 
a. 𝑥𝑥 = 2 
b. 𝑥𝑥 = −2 
c. 𝑥𝑥 = 1 

 
10) Find the equation of a parabola where the focus is (−3,4) and the directrix is 𝑦𝑦 = 2. 

 
a. (𝑥𝑥 + 3)2 = 4(𝑦𝑦 − 4) 
b. (𝑦𝑦 + 3)2 = 4(𝑥𝑥 − 3) 
c. (𝑥𝑥 + 3)2 = 4(𝑦𝑦 − 3) 
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ANSWER KEY 

Short Answer Questions Multiple Choice 

1) (𝑥𝑥 + 1)2 + 𝑦𝑦2 = 9 
2) Center (1,2), r = 4 
3) (2,3), (−8,3) 
4) 𝑥𝑥2

12
+ 𝑦𝑦2

16
= 1 

5) (𝑥𝑥−3)2

9
+ (𝑦𝑦−4)2

4
= 1 

6) �−2,−2√13�, �−2,2√13� 
7) (𝑦𝑦+4)2

36
− (𝑥𝑥−3)2

28
= 1 

8) (2,2) 
9) 𝑥𝑥 = 0 
10) (𝑥𝑥 − 2)2 = 8(𝑦𝑦 − 1) 

1) c 
2) a 
3) b 
4) c 
5) b 
6) c 
7) c 
8) a 
9) b 
10) c 

CRITICAL THINKING 

1) Suppose a truck 8 𝑓𝑓𝐶𝐶 wide and 8 𝑓𝑓𝐶𝐶 tall is entering a semielliptical arched tunnel that is 10 𝑓𝑓𝐶𝐶 tall 
and 30 𝑓𝑓𝐶𝐶 wide.  Can the truck drive through the tunnel without going into the other lane (See 
figure below)?  

 

𝑨𝑨𝒐𝒐𝒔𝒔:  

Since the truck is 𝟖𝟖 𝒐𝒐𝒃𝒃 wide, it corresponds to 𝒙𝒙 = 𝟖𝟖.  We can find the height of the arch 
way 𝟖𝟖 𝒐𝒐𝒃𝒃 from the center by substituting 𝟖𝟖 for 𝒙𝒙.  We will then determine if the height of the 
truck exceeds the height of the tunnel 𝟖𝟖 𝒐𝒐𝒃𝒃 away from the center. 

𝒙𝒙𝟐𝟐

𝟏𝟏𝟓𝟓𝟐𝟐
+

𝒚𝒚𝟐𝟐

𝟏𝟏𝟎𝟎𝟐𝟐
= 𝟏𝟏     𝒃𝒃𝒉𝒉𝒔𝒔𝒔𝒔 𝒔𝒔𝒔𝒔 𝒔𝒔𝒆𝒆𝑭𝑭𝒂𝒂𝒃𝒃𝒔𝒔𝒐𝒐𝒐𝒐 𝒐𝒐𝒐𝒐 𝒃𝒃𝒉𝒉𝒔𝒔 𝒔𝒔𝒆𝒆𝒆𝒆𝒔𝒔𝟒𝟒𝒔𝒔𝒔𝒔   

𝟖𝟖𝟐𝟐

𝟏𝟏𝟓𝟓𝟐𝟐
+

𝒚𝒚𝟐𝟐

𝟏𝟏𝟎𝟎𝟐𝟐
= 𝟏𝟏     𝒔𝒔𝑭𝑭𝒃𝒃𝒔𝒔𝒃𝒃𝒔𝒔𝒃𝒃𝑭𝑭𝒃𝒃𝒔𝒔 𝟖𝟖 𝒐𝒐𝒐𝒐𝒓𝒓 𝒙𝒙 
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𝟔𝟔𝟒𝟒
𝟐𝟐𝟐𝟐𝟓𝟓

+
𝒚𝒚𝟐𝟐

𝟏𝟏𝟎𝟎𝟎𝟎
= 𝟏𝟏     𝒔𝒔𝒐𝒐𝒆𝒆𝒗𝒗𝒔𝒔 𝒐𝒐𝒐𝒐𝒓𝒓 𝒚𝒚 

𝒚𝒚 ≈ 𝟖𝟖.𝟒𝟒 𝒐𝒐𝒃𝒃 

The height 𝟖𝟖 𝒐𝒐𝒃𝒃 away from the center is less than 𝟏𝟏𝟎𝟎 𝒐𝒐𝒃𝒃.  The truck can drive through the 
tunnel without going into the other lane. 

2) The equation of the purple ellipse is x
2

16
+ y2

9
= 1.  Find the equation of the blue circle. 

 
𝑨𝑨𝒐𝒐𝒔𝒔:   
𝒙𝒙𝟐𝟐 + 𝒚𝒚𝟐𝟐 = 𝟏𝟏𝟔𝟔 
   

3) Why is the length of the latus rectum |4𝑝𝑝|? 
𝑨𝑨𝒐𝒐𝒔𝒔𝑨𝑨𝒔𝒔𝒓𝒓𝒔𝒔 𝒎𝒎𝒂𝒂𝒚𝒚 𝒗𝒗𝒂𝒂𝒓𝒓𝒚𝒚. 
If the vertex (𝒉𝒉,𝒌𝒌) is located at the origin, then the focus (𝒉𝒉 + 𝟒𝟒,𝒌𝒌) = (𝟒𝟒,𝟎𝟎) and the equation 
of the parabola is 𝒚𝒚𝟐𝟐 = 𝟒𝟒𝟒𝟒𝒙𝒙.  
Since the endpoints of latus rectum is above and below the focus, the x-value of the 
endpoints are 𝟒𝟒.  So, we can substitute 𝟒𝟒 for 𝒙𝒙 into the equation and find the y-values of 
the endpoints. 
 
𝒚𝒚𝟐𝟐 = 𝟒𝟒𝟒𝟒𝒙𝒙      𝒔𝒔𝑭𝑭𝒃𝒃𝒔𝒔𝒃𝒃𝒔𝒔𝒃𝒃𝑭𝑭𝒃𝒃𝒔𝒔 𝟒𝟒 𝒐𝒐𝒐𝒐𝒓𝒓 𝒙𝒙 
𝒚𝒚𝟐𝟐 = 𝟒𝟒𝟒𝟒𝟒𝟒 
𝒚𝒚𝟐𝟐 = 𝟒𝟒𝟒𝟒𝟐𝟐     𝒃𝒃𝒂𝒂𝒌𝒌𝒔𝒔 𝒂𝒂 𝒔𝒔𝒆𝒆𝑭𝑭𝒂𝒂𝒓𝒓𝒔𝒔 𝒓𝒓𝒐𝒐𝒐𝒐𝒃𝒃 𝒐𝒐𝒐𝒐 𝒃𝒃𝒐𝒐𝒃𝒃𝒉𝒉 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 
𝒚𝒚 = ±𝟐𝟐𝟒𝟒 
 
The vertical distance from one endpoint to the focus is 𝟐𝟐𝟒𝟒.  Thus, the total distance is |𝟒𝟒𝟒𝟒|. 

 

 

 



ASSIST To Work Consortium 

Open Text 

MAT 111 

Module 6 Conic Sections 

 

P a g e  | 24 

Version │ MAT 111 │ Rev 1 2012 

 

All Figures and Tables were created by Ming Chan and are licensed under the same CC-By license as 
the document.  

This workforce solution was funded by a grant awarded by the U.S. Department of Labor’s Employment 
and Training Administration. The solution was created by the grantee and does not 
necessarily reflect the official position of the U.S. Department of Labor. The Department 
of Labor makes no guarantees, warranties, or assurances of any kind, express or 
implied, with respect to such information, including any information on linked sites, and 
including, but not limited to accuracy of the information or its completeness, timeliness, 
usefulness, adequacy, continued availability or ownership. 

 

 
ASSIST Consortium Curriculum is licensed under a Creative Commons Attribution 3.0 
Unported License. 

This work is licensed under the Creative Commons Attribution 3.0 Unported License. To view a copy of 
this license, visit http://creativecommons.org/licenses/by/3.0/ or send a letter to Creative Commons, 444 
Castro Street, Suite 900, Mountain View, California, 94041, USA. 

http://creativecommons.org/licenses/by/3.0/deed.en_US

	Introduction
	6.1 Circle
	EXAMPLEs
	6.1 learning activity

	Video 6.1A
	Video 6.1A Transcript
	6.2 Ellipse
	EXAMPLEs
	6.2 learning activity

	6.3 Hyperbola
	EXAMPLEs
	6.3 learning activity

	6.4 Parabola
	EXAMPLEs
	6.4 Learning Activity

	Major Concepts
	Key Concepts
	Key Terms
	Glossary

	Assessment
	Answers to Learning Activities
	6.1 Learning Activity
	6.2 Learning Activity
	6.3 Learning Activity
	6.4 Learning Activity


	Module Reinforcement
	Short answer questions
	Multiple Choice: Read the following questions or statements and select the best answer.
	Answer Key
	Critical Thinking


