Newton’s Second Law with ‘Variable Mass, Constant Force’ (Newt Lab 2)

Name ______________________  ___o

Purpose: To find relationships among the variables (FT, m, and a) in a horizontal motion problem in which a constant force pulls on a cart of varying mass.

Background: We will use the equation derived in the previous lab, F = ma, and determine if it works for carts of varying mass when pulled by a constant force.  We will examine the equation in the form a = F/m where F is constant and 1/m is the slope.

PART A: Setup 

1. Set up a pulley and photogate (smart pulley) at the end of the dynamics track.

2. Find the mass of the empty cart in kg without the sensor on it.  RECORD on tape and table.

3. Find the mass of the sensor in kg.  RECORD on tape and table.

4. Find the masses of two bars in kg.  RECORD on tape and table as bar #1 and bar #2.

5. Find the mass of the hanger in kg.  RECORD on tape and table.

6. Place the force sensor on the dynamics cart.

7. Run a string from the hook on the cart, over the pulley, to a mass hanger (~5.3 g) with 60 grams added.  Let the hanger rest on the floor for now.

8. Go to physicscoach.com and open the Data Studio file named “2nd with Force Constant - DS”.  This is actually the same file as “2nd with Mass Constant”.

PART B: Procedure

9. You will do five sets of trials.  Each set will consist of three trials if you are a quick group.

10. For each set you will use the force sensor to measure the tension (FT) in the string and the smart pulley to measure the acceleration of the cart.  

11. Set 1 will use the cart, the force sensor, with no added mass (m ~ 0.825 kg).

12. Set 2 will use the cart, sensor, and 250 g mass added (m ~ 1.075 kg).

13. Set 3 will use the cart, sensor, and one black bar mass replacing the 250 g mass (m ~ 1.325 kg).

14. Set 4 will use the cart, sensor, one black mass, and 250 g mass (m ~ 1.575 kg).

15. Set 5 will use the cart, sensor, and two black masses only (m ~ 1.825 kg)

16. Do the following steps (17-35) in order for each trial:

17. RECORD the total mass in kg of the cart and all passengers.  The hanger and its mass are NOT passengers on the cart.

18. Click “Experiment”, “Delete ALL Data Runs”, “OK”.

19. Pull the cart back until the mass hanger is about 1 cm below the pulley.

20. Pinch the string, move the cart slightly to relieve the tension on the string, and press the ‘TARE’ button on the side of the force sensor.  Release the string.  IMPORTANT!  Make sure you do this just before every run.

21. Click “Start”.  Wait about 1 second and then quickly release the cart without pushing it in either direction.

22. When the mass hits the floor, stop the cart.

23. Click “Stop” on Data Studio.

24. Select the velocity-time graph by clicking in the open area.  The title bar will be blue if it is selected.

25. Starting on the straight part just to the left of the peak velocity, highlight down and to the left, including all points on the sloped straight line but the last few.  Make sure you include only the straight parts of the curve.  Check with me if you are not sure.

26. Click on “Fit” and select “Linear Fit”.  A check mark should appear.  No other terms should have a check.

27. RECORD the slope, which is the acceleration, in m/s2.  Keep all SigFigs for now.

28. Click away from the curve to make the yellow highlight disappear.

29. Click “Fit” again and deselect “Linear Fit”.  The check should disappear.

30. Next, select the Force-time graph.  The title bar should go from gray to blue.

31. Highlight the points in the higher part of the Force-time graph.  (Make sure there are no points missed above and below the yellow highlighting.)  The force data points bounce around, but there is a distinct higher set of points that are produced when the string is taut.

32. Click on the arrow to the right of the stats “” and select “Mean”.  A check mark should appear.  No other terms should have a check.

33. RECORD the mean, which is the average Force in N while the string was taut.  Keep all SF for now.

34. Click away from the curve to make the yellow highlight disappear.

35. Click on the arrow to the right of the stats “” and deselect “Mean”.  The check should disappear.

PART C: Calculations

36. When you are finished with all data runs, go to physicscoach.com and select “Newt 2 Force const graph”.  A data table with coordinate system will appear.

37. Click in the first data cell in the data table.  Type in the reciprocal of the mass for Set 1.  Use 4 SF.  Hit Tab and type in the acceleration for Set 1.  Hit Tab again and enter data for Set 2.  Continue until all data is entered.  When the last value is entered, DO NOT hit Tab again.  Instead, click on any other value on the table.

38. Highlight all the data points.

39. Click on “Fit”, “Linear”.  RECORD the slope of the line with units.  How does this slope compare to the other variable, Force?  Write a y = mx type equation, which begins with ‘a = ’, at the bottom of the table.  (b = 0)

Newton’s 2nd Law with ‘Constant Force, Variable Mass’ Lab
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Data:

	mass of empty cart (kg)
	mass of sensor (kg)
	hanging mass and hanger (kg)
	mass of bar #1 (kg)
	mass of bar #2 (kg)

	
	
	
	
	


Set 1 – cart, sensor (60g + hanger)

	Trial
	masstotal (kg)
	acceleration (m/s2)
	Force (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	average
	
	
	


Set 2 – cart, sensor, 250 g (60g + hanger)

	Trial
	masstotal (kg)
	acceleration (m/s2)
	Force (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	average
	
	
	


Set 3 – cart, sensor, black bar (60g + hanger)

	Trial
	masstotal (kg)
	acceleration (m/s2)
	Force (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	average
	
	
	


Set 4 – cart, sensor, black bar, 250 g (60g + hanger)

	Trial
	masstotal (kg)
	acceleration (m/s2)
	Force (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	average
	
	
	


Set 5 – cart, sensor, two black bars (60g + hanger)

	Trial
	masstotal (kg)
	acceleration (m/s2)
	Force (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	average
	
	
	


	Forceexp (kg)
	

	% error
	

	equation
	       a = 


