
 

 

Answer on Question #54781, Physics / Mechanics | Kinematics | Dynamics 

 

A cart is moving horizontally along a straight line with constant speed of 30 m/s. A projectile is 

fired from the moving cart in such a way that it will return to the cart after the cart has moved 80 

m. At what speed (relative to the cart) and at what angle (to the horizontal) must the projectile be 

fired? 

Solution: 

Equation of motion in projection on OX: 

For projectile: 

𝑥 = 𝑥0 + 𝑣𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑙𝑒−𝑔𝑟𝑜𝑢𝑛𝑑𝑋 ∗ 𝑡 

For cart: 

𝑥 = 𝑥0 + 𝑣𝑐𝑎𝑟𝑡−𝑔𝑟𝑜𝑢𝑛𝑑𝑋 ∗ 𝑡 

𝑣𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑙𝑒−𝑔𝑟𝑜𝑢𝑛𝑑𝑋 = 𝑣𝑐𝑎𝑟𝑡−𝑔𝑟𝑜𝑢𝑛𝑑𝑋 

 

Thus, the relative velocity of projectile on x-direction (relative to the cart) is 

𝑣𝑐𝑎𝑟𝑡−𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑖𝑙𝑒𝑋 = 0 m/s 

 

The time of cart moving 

𝑡 =
𝑑

𝑣
=

80 𝑚

30 𝑚/𝑠
= 2.667 s 

In projectile motion, the horizontal motion and the vertical motion are independent of each 

other; that is, neither motion affects the other. 

The horizontal component of the velocity of the object remains unchanged throughout the 

motion. The vertical component of the velocity increases linearly, because the acceleration due to 

gravity is constant (g=9.81 m/s2). 

The equation of motion in OY projection: 

𝑦 = 𝑦0 + 𝑣0𝑦𝑡 −
1

2
𝑔𝑡2 

In our case 𝑦 = 𝑦0 = 0 

Thus, 

0 = 𝑣0𝑦𝑡 −
1

2
𝑔𝑡2 

𝑣0𝑦 =
1

2
𝑔𝑡 =

1

2
∗ 9.81 ∗ 2.667 = 13.082 m/s 

The initial velocity is 

𝑣0 = 𝑣0𝑦
2 ≈ 13.1 m/s 

The angle is 

𝜃 = tan−1 (
𝑣0𝑦

𝑣0𝑥
) = tan−1 (

13.082

0
) = tan−1(∞) = 90° 

 

Answer:  13.1 m/s at 90° to horizontal. 
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