
Measuring Speed (Velocity Vectors) 

Problem Statement: Transportation engineers often need to measure the speed with which people 

drive on a particular segment of road. Radar guns can be used for this purpose, but they only measure 

the speed at which a car approaches the gun. How can a transportation engineer safely determine the 

true speed? 

Analysis 

How fast was the vehicle moving on lap 1?  Why did you all get different speeds?  Is there any pattern to 

your answers?  

Trigonometry 

The velocity of the vehicle was along the direction of the road, but each radar gun measured only the 

component acting along a line directed toward the gun. Let’s choose someone who was standing 10 ft 

away from the road and 20 ft ahead of the measurement point as an example.  We can draw a triangle 

as shown below and use trigonometry to find the angle, A. 

 

First, let’s gather known information from the problem: 

Side a = ____ 

Side b = ____ 

Angle C = ____ 

It doesn’t look like we can find A directly, but we do have all the pieces we need to use the Law of 

Cosines (or it’s simplification for right triangles, Pythagorean Theorem). 

Law of Cosines:  2 2 22 cos( )a b ab C c     

Notice that when C = 90 degrees, cos(C) = 0, and so for a right triangle, the law of cosines simplifies to 

Pythagorean theorem:    2 2 2a b c   
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Side c = _____ 

Now we have enough information to use the Law Sines to find angle A. 

Law of Sines:  
sin sin sin

a b c

A B C
    or  

sin sin sinA B C

a b c
   

Since we are solving for an angle, it is easiest to start with the angles on top.  Also, we only need two 

parts – one that has our unknown and one that we know the values.  We now know c and C, and we 

want to know A, so let’s start with  
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Angle A = ____ 

Another way to find angle A 

Upper grades may be familiar with the arctangent function.  In this context, angles would usually be 

labeled with greek letters, such as theta,  .   

Recall that tan( )
opposite

adjacent
   , therefore 1tan

opposite

adjacent
   
  

 
 

 

Now use the same process to calculate the angle you took your speed measurements at: 

Side a = ____ 

Side b = ____ 

Angle C = ____ 

Side c = _____ 

Angle A = ____ 

 

Now that we have angle A, we don’t need the other dimensions anymore, so let’s simplify our sketch. 

We know that the vehicle’s velocity was along the direction of the road, but our radar guns only 

measured the component along side c.  We show the velocity in its direction, labeled v,  and then draw 



another right triangle, but this time, the 90 degree corner should touch side c.  This is the point on side c 

that is closest to the end of the velocity vector. 

 

The side of this new triangle represents the part of the velocity that was measured by the radar gun, 

labeled m.  Notice that it is less than the full resultant velocity. 

 

Now, using the m that you measured, angle A that you calculated above, can you determine what the 

vehicle’s velocity was? If you can’t find v right away, what can you find? 

 

A  

v  

A  

v  

A  

v  

m  



 

Hint:  cos
m
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v = ____ 

 

Other answers from the class: ________________________________________________________ 

 

Discussion 

Are your answers more similar than before?  Are they exactly the same?  Why might that be?  Whose 

measurements were the most accurate?  Whose were the least accurate?  What advice would you give 

someone trying to measure speed using a radar gun? 

 

Practice 

Given the vehicle’s actual speed, find the speed that each radar gun would measure. 

Given a radar gun reading and its position, find the actual speed of the vehicle. 

 

 

 

Extensions/Adaptations 

This exercise could be adapted by: 

1. Measuring a softball pitch instead of a vehicle  

2. Measuring only one or two positions at a time.  This will require multiple drive-bys at the same speed. 


