
Date: _____________________________ 

SPH4U: Dynamics Part A 

GPS Simulation  

Background: The Global Positioning System (GPS) consists of more than 30 satellites orbiting around the Earth at an 

altitude of 20 200 km. The satellites send out signals in the microwave band that contain information about where the 

satellite is and what time the transmission is sent. GPS receivers use this information to determine how far a receiver 

is from the satellite. The receiver can only determine its location if it can obtain signals from 4 different satellites at 

the same time. 

Overview: In this activity, you will work in groups of three to model how the GPS works. Your first task is to generate 

a GPS message to describe where a receiver is located. Your second task is to use the messages from another group to 

locate their receiver. (Note: only three messages are needed because we are working in two dimensions not three 

dimensions). 

Materials: Calculators, Rulers, Compasses, Maps 

Instructions 

1. Work in a group. Choose a location for your GPS receiver. Write the location on a slip of paper and give it to 

your teacher. 

2. Each student in the group represents a GPS satellite (give each of group 

member a number). Choose a location on the map that your satellite will be 

passing over at the time the message is sent to the GPS receiver 

3. Determine the distance that your signal will travel to reach the receiver 

using the Pythagorean theorem. Two sides of the triangle in Figure X are the 

altitude of the satellite (2.0200 x 104 km) and the distance from the receiver 

to the point directly below the satellite. Measure the distance from the 

receiver to the point below your satellite with a ruler and remember to 

take the scale of the map into account. 

 

4. Now you have found the signal distance, determine the transit time ∆t for the signal, using the speed of light   

𝑐 = 2.9979 × 108 𝑚

𝑠
  and Δ𝑡 =

Δ𝑑

𝑐
.  

5. Compose a message as follows:  

“Satellite [Student Number] is 20 200 km above (a location on the map) and this signal has taken t to reach 

you”. 

6. Once your group has produced its messages, leave them with the map and go to another group's map. Use the 

information you find to locate the other group's receiver.  

 (i)  Use the time given to calculate the distance each signal travelled. 

(ii)  Use Pythagorean' Theorem to determine the distance from the point on the ground directly below the 

satellite to the receiver’s location. 

 (iii)  Draw a circle with the appropriate radius, beneath each satellite location. 

 (iv)  The receiver is located where the three circles intersect. 

 

7.  If time permits attempt to locate another group’s receiver using the same steps as above.  

Discussion 

1.  Why can the transit time NEVER be less than 0.067 s? 

2.  List some possible errors in the GPS calculations that have not been taken into account. 

3.  A standard GPS receiver will be accurate to within 10 m. How many certain digits must be in the distance 

expression? What value for c must be used in the calculations to obtain this level of precision? 
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SPH4U: Dynamics Part A 

Worksheet: GPS Satellites and Certain/Significant Digits 

Useful information: 𝑐 = 2.99792459 × 108 𝑚

𝑠
  

1. The GPS calculates the distance d from a satellite to a receiver by multiplying the speed c of a GPS signal by 

the time ∆t the signal takes to travel from satellite to receiver (i.e. 𝑑 = 𝑐 Δ𝑡).  Assume Δ𝑡 = 0.068503387 𝑠𝑒𝑐.  

a. Calculate d using i) all of the digits in ∆t and c.and ii) rounding off ∆t and c to. three 

significant/certain figures.  

b. What is the difference between your answers to parts i) and ii)? 

c. Use your answers to a) and b) to explain why the GPS needs to use atomic clocks accurate to 10−12 𝑠, 

instead of regular quartz clocks accurate to 10−6 𝑠. 

2. Einstein’s theory of special relativity states that the atomic clocks inside GPS satellites run slow by 8.3 × 10−11 

seconds per second, due to the speed of the satellites. Einstein’s theory of general relativity says the clocks 

also run fast by 5.3 × 10−10 seconds per second because Earth's gravity is weaker at the satellite's altitude. 

a. How much slower does a GPS clock run each day due to special relativity? How much faster does it 

run each day due to general relativity? 

b. GPS satellites emit signals that travel at the speed of light c. So, any timing error in the GPS translates 

into a distance error equal to the distance light travel in the time in question: 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑒𝑟𝑟𝑜𝑟 = 𝑐 Δ𝑡. 

i. Calculate the daily distance error from both special and general relativity. 

ii. Take the difference between these two distances to find the overall distance error from 

relativity. 

3. GPS satellites send time signals to GPS receivers. A receiver gets a signal that says it was sent at  

𝑡1 = 9: 00: 27.723 119 038 (i.e., 9 am and 27.723 119 038 seconds). The timestamp was received at  

𝑡2 = 9: 00: 27.790 249 045. 

a. How long did it take the signal to travel from the satellite to the receiver? 

b. How far is the receiver from the satellite? 

 








