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Cartographers use math in lots of ways. They create map scales to show how the distance 
between places shown on a map relates to the actual distance between places. They can 
also superimpose a coordinate grid on a map to identify points.

Often maps can be used to show distance rings and give a user a quick look at what 
will be included within the rings. For example, the ship shown on the map below, where 
the coordinates are given in miles, has just come within range of the beam from the 
lighthouse. 

y

x

6

6
(-27, 0)

(0, 0)

The circle represents the set of points that lie at the outer range of the lighthouse beam. 
The lighthouse is located at the origin, so the center of the circle is (0, 0). The distance 
between the ship and the lighthouse is 27 miles, so the radius is r = 27. Therefore the 
equation of the circle is x2 + y2 = 272 or x2 + y2 = 729.

The map can then be used to determine if other ships can see the beam. The 
inequality x2 + y2 ≤ 729 represents the situation. To determine if a second ship with 
coordinates (24, 12) would be included in the ring, determine if the coordinates satisfy the 
inequality. Since 242 + 122 = 720 and 720 ≤ 729, the second ship can see the beam from 
the lighthouse. Plotting the point on the map would give a visual confirmation that the 
second ship is indeed within the circle.

UNIT 2

Quadratic Functions, 
Equations, and Relations 
Mathematics and Cartography

Digital mapping, or digital cartography, is the process of 
compiling data collected over time to generate a virtual 
image of a specific region. The majority of the data is 
geographic in nature, but other types of information 
relevant to the map’s application are also included. The 
chief purpose of this technology is to produce maps 
that accurately represent a particular area. Much of 
the data comes from satellite imagery, and for most 
applications, these maps must be updated regularly to 
provide the most accurate information. 
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Exercises

One digital map created showed engine response time for a Massachusetts fire 
department. A coordinate grid was superimposed on a map of the town, with the fire 
station located at the origin. The map indicated a fire engine leaving the station could 
reach a fire that was within 1.6 miles of the station in less than 5 minutes.

1. Write an equation of the circle defining the region that a fire engine could reach 
within 5 minutes. 

2. Suppose the station received an alarm from a building located at the map 
coordinates (0.9, 1.2). The fire chief said that the building was on the outer edge 
of the circle defining the 5-minute response time. Do you agree? Explain your 
reasoning. 

3. Suppose a second fire station located at (1.6, 1.6) sometimes sent fire engines to 
help the fire department referred to in Exercises 1−2. Suppose this second fire 
station assisted with fires within a one-mile radius. Write an equation of the circle 
defining the region that the second station covered. Then determine whether the 
second station would assist with a fire at the building in Exercise 2.

A cellular phone network uses towers to transmit calls. The range of a tower can be 
defined by a circle. Suppose a cellular phone service company is installing towers in a town 
centered at the origin on a coordinate plane. Tower A will be located 19 miles due north 
of the town’s center point and Tower B will be located 19 miles due south of the town’s 
center point. Assume each tower has a range of 20 miles.

4. Find an equation of the circle that defines the range of Tower A.

5. Find an equation of the circle that defines the range of Tower B.

6. The table below gives the locations of several places within the town. Are there any 
places that are not within the range of at least one of the towers? Are there any 
places that are within the range of both of the towers?

Place Location
School (–3, 0)

Library (7, 5)

Park (12, –2)
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No; (0.9)2 + (1.2)2 < 2.56, so the building is not on the edge 
of the circle defining the 5-minute response time.

The park is not within the range of either tower. 
The school is within the range of both towers.

3.  (x - 1.6)2 + (y - 1.6)2 = 1; (0.9 - 1.6)2 + (1.2 - 1.6)2 < 1, so the second station 
would assist with the fire at (0.9, 1.2).

x2 + y2 = 2.56

x2 + (y - 19)2 = 400

x2 + (y + 19)2 = 400

See below.

Unit 2 FC5 Focus on Careers

Unit 2 Focus on Careers FC5




