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Plo� ing the Course
Introduction
The primary goal of this learning 
cycle is for students to learn about  
determining distance and direc-
tion. In the Exploration phase, the 
students will calculate distance 
using mathematics and then 
construct a transit. 

During the Engagement activity, 
students will have the opportunity 
to expand upon those concepts 
by using the transit to measure 
distance. These activities will 
provide the knowledge needed as 
part of the solution to the Primary 
Challenge.
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Equipment and Materials

Based on a class of 28 students:

(7) Photocopies of protractor

(1) 50' Tape Measure

(1) Laser measuring device with 
visible laser beam and a range 
of 60 feet

Glue guns and glue

1/4” Plywood

Band or scroll saw

1/2” PVC pipe

Power drill and drill bits

Screws and washers

Facility Requirements
Exploration I and II work best in a Exploration I and II work best in a Exploration I and II
classroom with large tables. The 
Engagement activity works best 
when you can make use of the 
largest possible area outside of 
your building. If possible, use the 
football fi eld, tennis courts, soccer 
fi eld, etc. 

Objectives and Essential Questions
A� er completing this learning cycle, students will be able to:

1. Determine distance using the Pythagorean Theorem 
(geometry).

Essential Question 9b: How are technologies used to control 
devices or systems and provide information to humans?

4. Determine distance using a transit.
Essential Question 4a: What are the systems and subsystems 

involved in the various contexts of technology?



38 Project ProBase • Transportation Technologies

2 2

Day One Day Two Day Three

Introduction,
Exploration I
Refl ection I  

Exploration II Exploration II
Refl ection II 

Day Four Day Five Day Six

Engagement Engagement
Engagement
Preparing for the 
Challenge

Suggested Daily Outline

Estimated Number of 50-
minute class periods: 6

Exploration I
Determining Distance Using 
Mathematics

This activity requires students to 
have a basic understanding of the 
Pythagorean Theorem: 

(a2 + b2 = c2)
Students should be able to locate the 
correct formula for determining the 
length of a side of a right triangle. 
Given a map of the State of Florida (p. 
35 in the Student Guide), students 
must determine which route will 
enable them to travel the fewest 
number of miles and still reach the 
appointed destination. 

hypotenuse

adjacent

opposite

angle G

Logbook 2.1 entry: triangle labels 
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You may want to collaborate with a mathematics teacher 
for this activity. Students will be more successful if they 
understand the parts of a right triangle. Students are 

asked to draw a right triangle in the Inventor’s Logbook 
space provided in their text and label the adjacent, opposite, 
and hypotenuse sides. 

Teaching
i
p
s

Depending on the students’ knowl-
edge of trigonometry, they may 
choose other methods to solve 
this problem. However, one of the 
most effi  cient ways to approach 
this problem is described on the 
following two pages. The correct 
answers are also provided.

Students are also required 
to locate the formula for 
determining the length of 

the sides of a right triangle. 
They need to use this infor-
mation to determine the 
length of the opposite side 
of each right triangle (this is 
the dashed line on the map). 
Knowing two sides allows the 
students to use the Pythago-
rean Theorem to determine 
the actual distance traveled 
(hypotenuse). 

Teaching
i
p
s
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Figure 1. Map of Florida

Table 2. 

Distances for Route One and Route Two

Route
Length of Line Segments (miles) Degree for 

Angle Q
Degree for 
Angle R

Total Distance 
TraveledA, C C, B A, D D, B

1 198.63 315.36 NA NA
70 51

513.99

2 NA NA 375.99 146.19 434.24
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tan(of angle R or Q)   = 
length of the opposite side / length of the adjacent side 

Solving for Route 1 
(use Figure 1a)
Adjacent side = 125 miles
Angle R = 510

tan (510) = 1.2349
Therefore: 1.2349 = opposite side (X) / 125
1.2349 x 125 = X
154.36 = X

(use Figure 1b)
Now that we know the length of the opposite and adjacent sides 
we can use the Pythagorean Theorem (a2 + b2 = c2) to fi nd the 
length of line segment AC.
1252 + 154.362 = c2

15625 + 23827.01 = c2

39452.67 = c2

√‾= 198.63 miles = c (segment AC)

(use Figure 1c)
A similar process is followed to determine the length of line 
segment C, B. To fi nd the length of the adjacent side one must 
subtract 125 miles from 400 miles. 275 miles is the length of the 
adjacent side used in the Pythagorean Theorem to solve the 
hypotenuse C, B.
(a2 + b2 = c2)
2752 + 154.362 = c2

75625 + 23827.01 = c2

9945.01 = c2

√‾= 315.36 miles = c (segment CB)

The fi nal step is to add the length of both line segments together 
to fi nd the total distance of Route 1.
198.63 + 315.36 = 513.99 miles

Solving for Route 2
(use the Figures 1a-c, 
but solve for Route 2)
Students should find the distance 
of Route 2 using a similar process as 
fi nding that for Route 1.

Adjacent side = 50 miles
Angle Q = 700

tan (700) = 2.7475
Therefore: 2.7475 = 
opposite side (Y) / 50
Y = 137.37 miles

The length of line segment BD 
(a2 + b2 = c2) 
137.372 + 502 = c2 

√‾= 146.19 miles = c (segment BD)

The length of line segment DA 
(a2 + b2 = c2) 
137.372 + 3502 = c2

18870.52 + 122500 = c2

141370.52 = c2

√‾= 375.99 miles = c (segment DA)

The total distance of Route 2 = 
(146.19 + 375.99)= 522.18 miles

Therefore, the shortest route 
between Tallahassee and Miami is 
Route 1 @ 513.99 miles.

A black line master of the map can be 
found in the Appendix.
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Refl ection 
Students should record the 
answers to the following questions 
in the Inventor’s Logbook spaces 
provided.

1. What is the shortest land route 
from your departure location 
to your destination location in 
Florida? How do you know?
The shortest route between Talla-
hassee and Miami is Route 1 @ 
513.99 miles.

2. If the speed limit on Route 1 is 
45 mph and the speed limit on 
Route 2 is 55 mph, what would 
be the quickest route?
Route 1 = 
513.99 miles / 45 mph = 
11.42 hrs 
Route 2 = 
522.18 miles / 55 mph = 
9.49 hrs

3. What other mathematical 
methods can you use to calcu-
late the distance?
Using the longitude and latitude 
coordinates, you can also measure 
distance.
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Exploration II
The purpose for this Exploration is for students to construct 
a measuring device that will be used during the Engage-
ment activity. A transit is a device that uses the mathematical 
concepts explored on paper (during the fi rst Exploration) and Exploration) and Exploration
applies them to real situations.

Place your students in teams of three or four to construct their 
devices. These same teams will complete the Engagement activity.  

You should encourage the 
students to first research 
transits so they under-

stand how they work before 
they begin constructing 
their devices. If they do 
not construct their devices 
correctly, the measurements 
they take during the Engage-
ment activity will be incorrect.

Teaching
i
p
s
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Figure 1.  Constructing the transit 
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Refl ection 
1.  What type of applications would require very accurate, 

expensive distance-measuring devices? Identify at least one 
application for each mode of transportation.

     Land: Mobility of Blind and Elderly People Interacting with 
Computers (MoBIC) uses a route planning system. Air: Aircra�  
use Distance Measuring Equipment (DME), which is a tran-
sponder-based radio navigation technology that measures distance 
by timing the propagation delay of UHF radio signals. Water: 
The USS Cape St. George, a guided missile cruiser, uses Elec-
tronic Charting Display and Information System-Navy (ECDIS-
N) with the National Geospatial-Intelligence Agency’s Digital 

Nautical Chart (DNC). Space: 
The Hubble Space Telescope 
measures distance in space. 

2.  Knowing the formula (distance 
= velocity x time), explain 
how a laser-measuring device 
uses a light wave to determine 
distance.

     Light travels in a straight line, 
which makes it feasible to use 
diff erent geometric methods for 
measuring distance. Light propa-
gates through space at the speed 
of light, which is measured at 
299,792,458 meters per second. 

3.  Submarines use high- 
frequency sound waves to 
calculate distance under water, 
much like dolphins use high-
frequency sounds to commu-
nicate. Light waves and sound 
waves are very similar. With 
this in mind, how might a 
submarine use high frequency 
sound waves to determine 
distance?

     Sonar determines distance by 
measuring the time taken for a 
sound wave to travel from the 
transmi� er, refl ect from an object, 
and travel to the receiver.
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Engagement
Working in the same teams, 
students will use the transits 
they created. This activity will 
need to be completed outdoors 
at the football fi eld, soccer fi eld, 
tennis courts, etc. You will 
need to provide the teams with 
distances to measure. An example 
is provided in the student guide. 
You may decide to use diff erent 
measurements as you see fi t. 
Students will need to measure 
the distances using the transit 
and a tape measure and record 
their observations. Students will 
then need to measure the same 
distance with a tape-measure and 
a laser measuring device to check 
the accuracy of their device. 
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Once all of the teams have completed the activity, students 
should answer the questions below. 

1.  Calculate the variation between the largest and smallest 
measurement taken by the three diff erent measuring 
devices (transit, tape measurer, and laser measuring 
device).

     Answers will vary. 

2.  Which measurement was more accurate? Why?
     Answers may vary. The most accurate measurement may depend 

on the type of the device and the method used to calculate the 
distance.

3.  What diff erences would you 
expect to see in the design and 
construction of a transit used 
by engineers compared to the 
one you made? Why?

     Students may need to conduct 
research on transits used by engi-
neers to determine the diff erences. 
Commercial transits have a high 
rate of accuracy because of the 
way they are constructed.

4.  If you noticed diff erences 
between the teams’ measure-
ments, what are some plau-
sible reasons for measuring 
errors?

     Answers may vary. Measuring 
errors may be a� ributed to faulty 
construction and errors in calcu-
lation.
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Expansion
Although not required, these 
Expansion activities are designed 
to cause teams to delve deeper into 
concepts explored in this learning 
cycle.

1. If you have traveled along the 
interstate highway, you have 
likely had to stop and pay a 
toll. Have you ever noticed a 
special lane set aside for cars 
with an electronic  pass? These 
lanes allow vehicles to go 
through the tollbooth without 
stopping. Conduct research to 
determine how technologies 
such as this make travel faster, 
safer, or easier.

2. How did people navigate 
before global positioning 
systems (GPS) or detailed 
maps were available? Conduct 
research and discuss histor-
ical methods of navigation 
before these current technolo-
gies were developed. Explain 
how you could use a specifi c 
historic method of navigation 
to get from your school to a 
nearby city.

3. Have you ever encountered a person from a diff erent culture 
who did not speak the same language as you? It can be a 
rather frustrating experience, especially if you are trying to 
reach a specifi c destination. Develop some specifi c methods 
for giving directions to another student who does not speak 
a language with which you are familiar. How would you 
convey the idea of direction? What about roads, bridges, 
towns, or buildings? Explore the possibilities of nonverbal 
communication methods. 
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Preparing for the Challenge
Students should develop a navigation system from these activi-
ties that can be incorporated into their solution of the Primary 
Challenge to help ensure navigation of the course without devia-
tion. Time spent brainstorming plausible solutions in their 
Primary Challenge teams is optional here. 

Student Assessment
An assessment rubric has been 
developed for the Exploration and 
Engagement activities. Feel free to 
change this rubric to be� er suit 
your particular needs. 



50 Project ProBase • Transportation Technologies

2

Plotting the Course

Name:         Date:

Element
Criteria

Points
4 3 2 1

Measuring 
devices

Demonstrated 
a complete un-
derstanding of 
the proper use 
of measuring 

devices.

Demonstrated 
a considerable 
understanding 
of the proper 

use of measur-
ing devices.

Demonstrated 
a basic under-

standing of the 
proper use of 

measuring 
devices.

Demonstrated 
limited or no 

understanding 
of the proper 

use of measur-
ing devices.

Mathematical 
computation

Demonstrated 
a complete 

understanding 
of the proper 
mathematical 

formulas.

Demonstrated 
a considerable 
understanding 
of the proper 
mathematical 

formulas.

Demonstrated 
a basic un-

derstanding 
of the proper 
mathematical 

formulas.

Demonstrated 
limited or no 

understanding 
of the math-

ematical 
formulas.

Inventor’s 
Logbook
Trade-offs

Fully identifi es 
and compre-

hends the trade-
off s considered 

while 
designing.

Identifi es and 
comprehends 

most trade-off s 
considered 

while 
designing.

Identifi es and 
comprehends 
some trade-

off s considered 
while 

designing.

Does not iden-
tify or compre-
hend trade-off s 

considered 
while 

designing.

Total Points


