Spring cart projectile investigation
AP Physics • Simulation only • 43 minutes
Name ______________________________  Class __________  Date __________
How does the cart’s motion at firing change where the projectile first lands? Build a model, test three firing times, then use your model to hit a ground target. Work independently and record your own simulation results.
1 Set up the investigation
Minutes 0 to 4. Select Reset default settings and leave Reveal launch calculations unchecked. Select an apparatus part or its button to find its controls or information. The ramp clock starts only when the cart enters the incline.
Cart mass m = 0.150 kg; spring constant k = 40 N/m; compression x꜀ = 0.080 m; ramp length L = 0.250 m; ramp angle θ = 30°; g = 9.8 m/s². Muzzle speed w = 1.50 m/s relative to the cart; barrel angle α = 0° relative to the ramp. Keep compression at 0.080 m throughout the core lesson.
At α = 0°, the barrel points uphill and its muzzle is 0.035 m vertically above the cart’s ramp position. The spring and ramp are frictionless; air resistance and launcher recoil are neglected. The solid ramp or ground stops the projectile at its first collision.
2 Build and use your model
Minutes 4 to 12. Take uphill along the ramp as positive. Let u be the signed cart velocity, t the time since ramp entry, and s the distance up the ramp. Use energy and constant acceleration to complete the model.


Calculate the turning time and maximum distance up the ramp. Does the cart stay on the 0.250 m ramp? Show your setup.
________________________________________________________________________________
________________________________________________________________________________
The muzzle speed w is relative to the moving cart. For α = 0°, write the projectile’s ground-frame launch components. Keep the sign of u.

Predict which firing time gives the greatest first-impact x-coordinate: 0.10 s, 0.27 s, or 0.40 s. Explain without running the trials.
________________________________________________________________________________
________________________________________________________________________________


3 Test the firing time prediction
Minutes 12 to 24. Keep every setup value fixed. Run the three firing-time presets in order. Before each run, calculate u and predict uphill, near the turn, or downhill.
Run trial plays setup, then ramp motion. The ramp clock reads “Not started” until entry. Pause or Step +0.02 s inspects the active phase; the time slider replays only ramp motion, skipping setup. Rewind returns to setup. Reveal launch calculations after predicting. Let each trial reach collision before recording; only completed trials enter the log.
Record simulation outputs below. The impact x-coordinate is measured from the ramp foot, not from the launch point. Write “ramp” or “ground” so you do not mistake a ramp collision for ground range.
	Firing time t (s)
	Predicted motion
	Model u (m/s)
	Launch vₓ from sim (m/s)
	First collision and x (m)

	0.10
	
	
	
	

	0.27
	
	
	
	

	0.40
	
	
	
	



Compare your prediction with the results. Explain why the same muzzle setting can produce different ground-frame launch speeds. Use at least two numerical results.
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
For one ground-impact trial, check the simulation analytically. At firing, x₀ = s cos θ and y₀ = s sin θ + 0.035 m. Let τ be elapsed time after firing. Solve for the positive flight time, then find x. Check whether the projectile could meet the ramp first.

Chosen trial __________  Predicted first impact __________  Simulation result __________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
If they differ, check the launch height, the sign of u, both clocks, and the first-collision surface before changing your model.


4 Design a target shot
Minutes 24 to 36. Hit the ground target centered at x = 0.600 m. A hit has a first ground-impact coordinate from 0.575 m to 0.625 m. A ramp impact is not a hit.
Keep θ = 30°, firing time t = 0.10 s, and α = 0°. Change only muzzle speed w within 0.50 to 4.00 m/s. Calculate a starting setting before running. Use your launch position and projectile equations from the previous pages.
Model-based starting setting w = __________ m/s. Show enough work for someone else to reproduce your prediction.
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
Run up to three design trials. Use the direction and size of each miss to choose the next setting. Do not fill unused rows. Your first successful shot can be the final design.
	Trial
	Muzzle speed w (m/s)
	First collision and x (m)
	Evidence for next setting

	1
	
	
	

	2
	
	
	

	3
	
	
	



Final setting w = __________ m/s. First ground-impact x = __________ m.   Hit / miss
5 Explain the design
Minutes 36 to 43. Write one short explanation using your model and trial evidence. Explain how cart velocity combines with muzzle velocity, why your setting reaches the target, and one physical effect that a real apparatus would introduce. State why repeating identical settings in this simulation does not measure real experimental uncertainty.
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
________________________________________________________________________________
Submit these three pages. Export the CSV log only if your teacher requests it. If time remains, predict whether your final setting still hits at 45° or 60°, then test one angle and explain the change.




