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Unit 6: Modeling Geometry 
 
This unit investigates coordinate geometry. Students look at equations for circles and parabolas 
and use given information to derive equations for representations of these figures on a coordinate 
plane. Students also use coordinates to prove simple geometric theorems using the properties of 
distance, slope, and midpoints. Students will verify whether a figure is a special quadrilateral by 
showing that sides of figures are parallel or perpendicular. 
 
 
 

KEY STANDARDS 
 

Solve systems of equations 

MCC9-12.A.REI.7 Solve a simple system consisting of a linear equation and a quadratic 
equation in two variables algebraically and graphically. 
 

Translate between the geometric description and the equation for a conic section 

MCC9-12.G.GPE.1   Derive the equation of a circle of given center and radius using the 
Pythagorean Theorem; complete the square to find the center and radius of a circle given by an 
equation. 
 
MCC9-12.G.GPE.2   Derive the equation of a parabola given a focus and directrix. 
 
Use coordinates to prove simple geometric theorems algebraically 

MCC9-12.G.GPE.4   Use coordinates to prove simple geometric theorems algebraically. For 
example, prove or disprove that a figure defined by four given points in the coordinate plane is a 
rectangle; prove or disprove that the point (1, √3) lies on the circle centered at the origin and 
containing the point (0, 2). (Restrict to context of circles and parabolas.) 
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TRANSLATE BETWEEN THE GEOMETRIC DESCRIPTION 
AND THE EQUATION FOR A CONIC SECTION 

 
 
 
 

                  KEY IDEAS 
 
 
11..  A circle is the set of points in a plane equidistant from a given point, or center, of the 

circle.  
 

22..  The standard form of the equation of a circle is 2 2 2( ) ( ) ,x h y k r     where (h, k) is the 
center of the circle and r is the radius of the circle. 
 

 
 

 
33..  The equation of a circle can be derived from the Pythagorean Theorem.  

Example: 

Given a circle with a center at (h, k) and a point (x, y) on the circle, draw a horizontal line 
segment from (h, k) to (x, k). Label this line segment a. Draw a vertical line segment from 
(x, y) to (x, k). Label this line segment b. Label the radius c. A right triangle is formed.  

The length of line segment a is given by (x – h).  

The length of line segment b is given by (y – k).  
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Using the Pythagorean Theorem, substitute (x – h) for a, (y – k) for b, and r for c in the 
equation. 

 
     a2 + b2 = c2  Use the Pythagorean Theorem. 

(x – h)2 + (y – k)2 = r2   Substitution. 

The equation for a circle with a center at (h, k) and a radius r is: 2 2 2( ) ( ) .x h y k r      
 

   
44..  A parabola is the set of all points equidistant from a given point, the focus of the 

parabola, and a given line, the directrix. 

 

 

 
 

55..  The form of the equation of a parabola depends on whether the directrix of the parabola is 
horizontal or vertical.  
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When the directrix of the parabola is horizontal, the equation of the parabola is 

21
( ) ,

4
y k x h

p
   where (h, k) is the vertex, (h, k + p) is the focus, x = h is the  

axis of symmetry, and y = k – p is the equation of the directrix. If p > 0, the parabola 

opens up, and if p < 0, the parabola opens down. 

 

 
 

When the directrix of the parabola is vertical, the equation of the parabola is 

21
( ) ,

4
x h y k

p
   where (h, k) is the vertex, (h + p, k) is the focus, y = k is the axis of 

symmetry, and x = h – p is the equation of the directrix. If p > 0, the parabola opens to the 

right, and if p < 0, the parabola opens to the left. 
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SOLVE SYSTEMS OF EQUATIONS  
THAT INCLUDE CIRCLES  

 
 
 

                  KEY IDEAS 
 
11..  To algebraically solve a system of equations involving a linear equation and an equation 

representing a circle, first solve the linear equation for a variable. Then substitute into the 
equation that represents the circle. Once you have found the solution for one variable, 
substitute the value into either equation and solve for the second variable. 

 
22..  To graphically solve a system of equations involving a linear equation and an equation 

that represents a circle, graph both equations. The point (or points) of intersection are the 
solutions. Check these solutions by substituting them into both equations. 

 
33..  There can be 0, 1, or 2 solutions to a system of equations involving a linear equation and 

an equation representing a circle. The number of solutions can be seen graphically by the 
number of points of intersection. When a system of equations involving a linear equation 
and an equation representing a circle has 0 solutions, the line does not intersect the circle; 
for 1 solution, the line is tangent to the circle and intersects it at a single point; for  
2 solutions, the line is secant to the circle and intersects it at two points.   
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USE COORDINATES TO PROVE SIMPLE  
GEOMETRIC THEOREMS ALGEBRAICALLY 

 
 
 

                  KEY IDEAS 
 
 
11..  Given the equation of a circle or a parabola, you can verify whether a point lies on the 

circle or on the parabola by substituting the coordinates of the point into the equation. If 
the resulting equation is true, then the point lies on the figure. If the resulting equation is 
not true, then the point does not lie on the figure. 
 

22..  Given the center and radius of a circle, you can verify whether a point lies on the circle by 
determining whether the distance between the given point and the center is equal to the 
radius.  
 

33..  Given the focus and directrix of a parabola, you can verify whether a point lies on the 
parabola by determining whether the distance between the given point and the directrix is 
equal to the distance between the given point and the focus.  
 

44..  To prove properties about special parallelograms on a coordinate plane, you can use the 
midpoint, distance, and slope formulas: 
 

 The midpoint formula is 1 2 1 2, .
2 2

x x y y  
 
 

 This formula is used to find the 

coordinates of the midpoint of ,AB  given A 1 1( , )x y  and B 2 2( , ).x y   

 The distance formula is 2 2
2 1 2 1( ) ( ) .d x x y y     This formula is used to find 

the length of ,AB  given A 1 1( , )x y  and B 2 2( , ).x y   

 The slope formula is 2 1

2 1

.
y y

m
x x

 
   

 This formula is used to find the slope of a 

line or line segment, given any two points on the line or line segment A 1 1( , )x y  

and B 2 2( , ).x y   

 
55..  To prove a triangle is isosceles, you can use the distance formula to show that at least two 

sides are congruent.  
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66..  You can use properties of quadrilaterals to help prove theorems: 

 To prove a quadrilateral is a parallelogram, show that the opposite sides are 
parallel using slope.  

 To prove a quadrilateral is a rectangle, show that the opposite sides are parallel 
and the consecutive sides are perpendicular using slope.  

 To prove a quadrilateral is a rhombus, show that all four sides are congruent using 
distance formula.  

 To prove a quadrilateral is a square, show that all four sides are congruent and 
consecutive sides are perpendicular using slope and distance formula. 

 
77..  You can also use diagonals of a quadrilateral to help prove theorems:   

 To prove a quadrilateral is a parallelogram, show that its diagonals bisect each 
other.  

 To prove a quadrilateral is a rectangle, show that its diagonals bisect each other 
and are congruent.  

 To prove a quadrilateral is a rhombus, show that its diagonals bisect each other 
and are perpendicular. 

 To prove a quadrilateral is a square, show that its diagonals bisect each other, are 
congruent, and are perpendicular.  

 
 
 Important Tips 
 

 When using the formulas for midpoint, distance, and slope, the order of the points 

does not matter. You can use either point to be 1 1( , )x y  and 2 2( , ),x y but be careful 

to always subtract in the same order. 
 Parallel lines have the same slope. Perpendicular lines have slopes that are the 

negative reciprocal of each other.   
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