
Relative to the ground, a car has a velocity of 16.7 m/s, directed due north. Relative 
to this car, a truck has a velocity of 25.0 m/s, directed 52.0° north of east. What is 
the magnitude of the truck's velocity relative to the ground? 
 
Solution: 

Vt − velocity of the truck relative to the ground; 

Vt,c = 25.0
m

s
− velocity of the truck relative to the car;  

Vc = 16.7
m

s
− velocity of the car relative to the ground; 

𝛼 = 52.0° −  𝑡ℎ𝑒 𝑎𝑛𝑔𝑙𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡ℎ𝑒 𝑤𝑒𝑠𝑡

− 𝑒𝑎𝑠𝑡 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑡ℎ𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑢𝑐𝑘 

Formula for the relative velocity of the track: 

V⃗⃗ t,c = Vt
⃗⃗  ⃗ − Vc

⃗⃗  ⃗ 

Vt
⃗⃗  ⃗ = V⃗⃗ t,c + Vc

⃗⃗  ⃗ 

The cosine theorem in the triangle ABC (β = 180o − (90o − α) = 90o + α): 

Vt = √Vt,c
2 + Vc

2 − 2Vt,c ∙ Vc ∙ cos β = √Vt,c
2 + Vc

2 − 2Vt,c ∙ Vc ∙ cos(90o + α) ; 

cos(90o + α) = − sin 𝛼 ⇒ 

Vt = √(16.6
m

s
)
2

+ (25
m

s
)
2

+ 2(16.6
m

s
) ∙ (25

m

s
) ∙ sin 52° = 39.43

m

s
 

Answer: magnitude of the truck's velocity relative to the ground is 39.43
m

s
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