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	I’m On My Way! Navigation and Global Positioning Systems (GPS)

	Grade Level
	Content Standards for 6-8th

	Subjects
	Physical Science,  Earth, and Space Science

	Duration
	Preparation:     1 hour prior to class                                    Activity:  3 hours class time

	Setting
	Classroom with internet and PowerPoint



[bookmark: _gjdgxs]Objectives:
In this lesson students will
1. Be able to understand how geological coordinates are determined and used for navigation
2. Identify what the Global Positioning System (GPS) is and various applications of GPS
3. Be able to calculate the travel time of a GPS signal

Activity Summary
In this final lesson of the first course, students will be introduced to GPS and navigation.  The students will do a brief exercise to calculate the time/distance formula required for satellite location positioning. 
Materials
· Powerpoint Presentation
· Poster: “How GPS Works” { http://www.gps.gov/multimedia/poster/)
· Early Navigation, How Was It Done? click here to download
· GPS and Navigation exercise
· Where Am I?/Where Are They?– Trilateration Activity
· Smithsonian Museum TIme & Navigation website

Activity Procedure
Engage- Using Navigation Systems such as Global Positioning System (GPS): [Slides 1-4]
Ask students, who has a smartphone?
a. Have you ever used an app on your phone to find your way somewhere, catch the next  bus or train, or call an Uber?  What do we call the technology that allows us to do this? 
i. Students may say “GPS” but this is only partially correct
ii. The correct answer is “navigation systems” or “location based services” which combine GPS with other location sensors (e.g., WiFi, BlueTooth, accelerometers, altimeter/barometer, digital compass), wireless radio communication between the phone and the Internet, geographic information systems (GIS) containing maps, addresses, points of interest, traffic information, and other data, tracking systems installed on transportation systems, and software that puts it all together in the phone 
· Ask students “What does GPS stand for?” 
· Answer: Global Positioning System

a. Let’s brainstorm some applications with which we could use a technology like this
i. Let the students call out ideas and write them down
1. Students provide ideas on applications
2. Have students then explain how this would work
3. Ask students what other technologies would also be needed to make that work

b. Discuss some examples of purposes for GPS:
i. Agriculture - farmers use GPS to automate seeding, watering, fertilizing, spraying, and harvesting using robotic equipment that runs 24 hours a day; they also make perfect, non-overlapping rows of crops and precisely level their land to prevent chemical runoff into rivers.
ii. Aviation - GPS guidance and tracking improves air safety and enables planes to fly closer together to share valuable air routes with faster currents; they also allow for flying mountainous terrain and automating every stage of flight.
iii. Environment - GPS is used to evaluate the atmosphere; locate water rising in streams, lakes, and rivers; as well as analyze phenomenon like earthquakes.
iv. Marine - GPS locators track fish and identify the best spots to cast nets, while shipping vessels use GPS for identification and navigation.
v. Public Safety and Disaster Relief - From storm prediction to planning search and rescue, GPS is essential in public safety and disaster response
vi. Rail - GPS is used to automate and control trains, as well as robots that inspect and repair railroad tracks.
vii. Recreation - fun games like geocaching use GPS as a real-world treasure hunt, but others use GPS for safety and navigation outdoors (e.g. skiing)
viii. Roads and Highways - car-based navigation is the most well-known, but GPS is also used to support route finding and enable automated cars
ix. Space - GPS is used to orient satellites and other spacecraft, including formation flying, constellation control, and attitude management
x. Surveying and Mapping - GPS is used to locate positions of landmarks, waypoints, and boundaries to define maps
xi. Timing - GPS provides access to synchronous automatic clocks used to capture times of financial transactions or coordinate activities
c. What tools have humans used in the past to navigate around the world?
1. Sundials
2. Sextants
3. Compasses
4. Charts
5. Maps

Exploration: History of Navigation and its technology [Slides 5-7]

Define GPS, a little history of navigation & outline how GPS works and what is involved:
· GPS stands for Global Positioning System which is a U.S.-owned utility that provides users with positioning, navigation, and timing (PNT) services.  
· Geodesy is the science which makes global positioning possible. 
· Geodesy is literally the science of measuring and monitoring the size and shape of the Earth and the location of points on its surface.
· The National Oceanic and Atmospheric Administration’s (NOAA) National Geodetic Survey (NGS) is responsible for the development and maintenance of a national geodetic data system that is used for navigation, communication systems, and mapping and charting. 

So how does this work? For that we need to discuss navigation. 

· Navigation has long relied upon the use of the horizon, the planets, and stars. Through time navigational maps have become more advanced, from crude drawings to precise lines of longitude and latitude. 
· Simple astronomical navigation was replaced by the use of a tool called the sextant, which measured the angle of the stars above the horizon. This was used in conjunction with a chronometer or an accurate clock. The measurements from these tools could be put into some basic equations to calculate the position of a ship on a map.  
· We also see humans use a compass historically which helps to point us in the general direction of north, south, east and west based upon magnetic fields near the resulting from Earth’s north and south magnetic poles. 

Early Navigation video can be shown here [Slide 8]
[POTENTIAL BREAKPOINT FOR CLASS SESSION DEPENDING ON THE LENGTH OF YOUR CLASSROOM PERIOD]

Exploration – The Satellite Constellation that is GPS [Slides 9-11]
· In modern day, we don’t rely just on the stars that are navigating the Earth, but also man-made “stars” that we’ve launched ourselves.  These artificial stars are known as satellites, and humans have launched them into orbit and they stay there going around the Earth.  
· To better understand orbits and explain Orbits - see slide 10 - for images and a short video on orbits.
· Ask students to explain after the video:
· Why don’t objects orbit close to the earth?
· Answer: Air Resistance
· How high must an object be in general to orbit around the earth?
· 200 Miles or ~320 Kilometers
· What is the primary force acting on objects in orbit after launch?
· Answer: gravity
· Other good answers (but not primary): friction, drag, rocket propulsion (thrust)

These orbiting satellites have precision clocks incorporated in them. Beginning in the 1950’s, the Naval Research Laboratory (NRL) was responsible for monitoring and surveillance of space. They developed the first satellite tracking system, placed very precise clocks in the satellites, and developed calculations to allow for the tracking of satellites and navigation on Earth. These early contributions led to the first system of global positioning, called the Navigation System with Timing and Ranging (NAVSTAR). This project was led by Brad Parkinson during the 1970s and eventually became today’s GPS or global positioning system.
· The US system today consists of a minimum of 24 satellites flying 20,350 KM or 11, 000 miles above the surface of the Earth
· Each one circles the earth twice a day. This ensures continuous worldwide coverage.  
· Currently, there are thirty-one (31) satellites in orbit around the Earth which are used by civilian and military GPS units 
· They are maintained and monitored by the US Department of Defense (DOD) in conjunction with the US Geodetic Survey. 

So, in summary GPS is a constellation of satellites that orbits above the Earth and transmits radio wave signals to receivers across the planet. A signal is sent by each satellite to a receiver on Earth. By determining the time that it takes for a GPS satellite signal to reach the receiver and using basic geometry, you can calculate your distance to the satellite. Doing so for three or more satellites allows you to figure out your exact location on the Earth. In order to calculate the distance, it’s extremely important that the clocks in the GPS unit and satellite are accurate. This is why the US Naval Observatory keeps atomic time and there are precise atomic clocks in the satellites. If a clock were off by even 1/100th of a second it might have major consequences for distance; the receiver might be off in his or her position by over 100 miles.
[POTENTIAL BREAKPOINT FOR CLASS SESSION DEPENDING ON THE LENGTH OF YOUR CLASSROOM PERIOD]

Demonstrate The Travel Time Of Radio Signals From Satellites [Slide 12]
We can calculate how long it takes a signal travel from the satellite to the receiver because radio waves travel at the speed of light or 300 kilometer per millisecond (3 x 108 m/s) using: 
Distance (D) = time it takes the satellite radio wave to reach the receiver (T) x Speed of light (300 km/ms) 
D=T x (300 km/ms)
Have students calculate satellite distance for .02 ms, .006 ms, and 1.2 ms and fill in the student data sheet either in class or as a homework assignment. 
Engage - Location 
· Next, ask students if one satellite sending radio signals would be enough to help you find your location on Earth. Why or why not? 
· One satellite helps locate your position on a specific sphere, but without trilateration you can’t say with any accuracy where you really are; you need the overlapping coordinates of other spheres to home in on your location. 
· One satellite - gives you a bubble a 3D circle of potential locations
· Two satellites - forms a 2D ellipse-like set of potential locations
· Three satellites  - provides two points of potential location
· Three satellites can suggest where their ranges overlap at two points, you can eliminate the one that doesn’t make sense (usually one point is on earth and the other in space). 
· For a single point, one needs at least four satellites to state the exact location. 
· NOTE: most students think satellites and GPS units just triangulate, but they also trilaterate. Triangulation is finding position using triangles with known points (like cell phone towers), while trilateration is calculated using spheres. [See slide 13 for visual references on the differences between Triangulation and Trilateration.] 
· Triangulation - calculating one’s location using distances or angles with two known points of location (e.g. forming a triangle for trigonometric calculations)
· Trilateration - using the distances to known points to determine one’s position using overlapping circles or spheres.

Sound easy? In fact it is a very complicated process because you have to calculate the location based on several orbiting satellites travelling 14,000 kph or ~8,642 mph, and the calculations must happen at the exact same time. A GPS reading requires at least three, if not four, satellites to provide accurate trilateration coordinates for a single location. The satellites function, in conjunction with GPS receivers, through trilateration and triangulation. 

Demonstration of Trilateration: [Slide 13]
Hand out the maps and worksheets prepared in advance to each group. The distances will need to be converted based upon your location.

Questions for Reinforcement: [Slide 14]
· What is the difference between longitude and latitude and how they are laid out on the Earth?
· Besides GPS, how do you know your location on Earth and what would you need to help you find your way from one place to another?
· Why was GPS invented and by whom?
· What branches of government are involved in maintain a GPS network?
· What types of signals do GPS satellites use? How do they keep from conflicting with other radio signals?
· Why is it important that your GPS clock and the clocks of satellites are very accurate?
· What is the difference between triangulation and trilateration? Why do satellites use these?
Promote critical thinking by asking:
· “If you had to design a satellite and you wanted to make sure that its radio wave signals did not send out the same type of signals (radio frequency or radio codes) as CB’s, radios, or airport traffic control tower signals, how would you do this?” 
· Is it hard to understand how satellites work? Why or why not? (Have several students answer and discuss that the satellite is a tool, and while its inner workings may be complicated, its basic actions and uses are not hard to understand.  Tell them they will learn more about the workings of satellites in the next course.)
Prodding ideas:
· We know waves have different frequencies and therefore wavelengths
· We know that pulses are used to transmit information
· We know waves can be interfered with by the environment and other waves...

The answer is that satellites have a very specific signal structure. They transmit Pseudo Random Noise (PRN) Code , which is digital code that acts like an “ID” for the satellites. The PRN is formed with pulses of electrical “noise” in a seemingly random pattern on their own unique frequency. This frequency, complexity, and randomness keep the signals from being in sync with other sources and can’t be mistaken for anything else. Each satellite has its own PRN code so a receiver can’t receive another satellite’s signal by mistake.
Optional Exploration: Time and Navigation [Slide 15]
If there is additional classroom time or you want the students to do some additional exploration at home, explore this website provided by the Smithsonian Museum:  https://timeandnavigation.si.edu/  It provides an overview of navigation: its history, innovations over time, applications of navigation within various topics and the importance of accurate timekeeping on current navigation technology.
Key Terms for Students
GPS: stands for Global Positioning System and is a system of radio-emitting satellites and receiving devices
Geodesy:  the science of measuring and monitoring the size and shape of the Earth and the location of points on its surface
Satellite: an artificial body placed into orbit around the earth or moon or another planet in order to collect information or for communication
Satellite Constellation: the arrangement of a set of satellites in space
Orbit: the path described by one celestial body in its revolution about another
Solar System: a sun with the celestial bodies to make one complete orbit about another object; the earth takes 365 days to orbit the sun.
Triangulation: finding a position using triangles with known points (like cell phone towers)
Trilateration: A calculation determined in three dimensional space, using circles or spheres.

Background for Educator
This is the final lesson for a 3 lesson course on GPS.  
Here are some common misconceptions about GPS to remember: 
• Students often believe that GPS technology is open source, and that it was originally created as a tool for the general public. 
o Truth: GPS was originally created as a military tool and many branches of the US Federal Govern are involved in maintaining a complex system of satellites and coordinates. 
• GPS units work to find coordinates because satellites take pictures of where the receiver is located. 
O Truth: GPS satellites work by sending out pulses of radio wave signals, they do not take pictures. This will be addressed in Session 1 when discussing the nature of the mechanical radio waves that GPS satellites transmit. 
• GPS units work because satellites use triangulation. 
o Yes, GPS units can triangulate coordinates, but they also rely heavily on trilateration, which is fixing a position by using the overlapping radii of three to four satellites. This will be demonstrated in a hands-on activity in a follow on lesson. 
• All GPS units are 100% accurate in finding their locations. 
o Truth: GPS units have a range of accuracy; this range is represented on a GPS unit as a WAAS value. 
• Radio waves (the GPS signal) are sound waves 
o Truth: Radio waves are transverse waves similar to light. Sound waves are longitudinal waves or compression waves. Sound waves need a medium like air or water to travel through. There cannot be sound in space since there is no medium in a vacuum. Radio waves do not need a medium but cannot travel through walls. This is why GPS requires line of sight with the sky and does not work well indoors.
Next Generation Science Standards
MS-PS3-1  Construct and interpret graphical displays of data to describe the relationships of kinetic energy t the mass f an object and to the speed of an object. 
MS-ETS-1-1  Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions
Common Core Math Standards
CCSS.MATH.CONTENT.7.G.B.6  Solve real-world and mathematical problems involving area, volume and  surface area of two-and three- dimensional objects composed of triangles, quadrilaterals, polygons, cubes, and right prisms.
CSS.MATH.CONTENT.8.SP.A  Investigate patterns of association in bivariate data
Reference
GPS.gov
Navy STEM for the Classroom


[bookmark: _1fob9te]GPS and Navigation Student Exercise
Lesson # 1 Data Sheet

1. Using the following equations calculate how long it takes a GPS signal to travel from the satellite to the receiver if time (T) is: 

Calculate for T=.02 ms (meters per second) 
Calculate for T=.006 ms 
Calculate for T= 1.2 ms 

Distance (D) = time it takes the satellite radio wave to reach the receiver (T) x Speed of light (300 km/ms) or 
D (km) =T (ms) x 300( km/ms)

	Time (in ms)
	Distance (km)

	.02
	

	.006
	

	1.2
	






Answers:
	Time (in ms)
	Distance

	.02
	6 km

	.006
	1.8 km

	1.2
	360 km
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