Newton’s Second Law with ‘Constant Mass, Variable Force’ ( Newt Lab 1)

Name ______________________  ___o

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

Background: We know from experience that it we apply a force to a mass, the mass can accelerate if conditions are correct.  Since the force makes the acceleration happen, we would say the acceleration is dependent upon the force.  Acceleration is called the dependent variable, which is usually plotted on the vertical axis.  

That makes the force the independent variable, that is, the variable we can control.  It is usually plotted on the horizontal axis.  Sometimes, though, it is better to plot the independent variable on the vertical axis as you will see in this lab.

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 in table.

3. Find the mass of the force sensor in kg.  RECORD in table.

4. Find the mass of a bar in kg.  RECORD in table.

5. Add steps 2, 3, and 4 and record it in the column “cart masstotal”.  Do not include step 5.

6. Find the mass of the hanger in kg.  RECORD in table.  Do not add this to the mass in the cart.

7. Place the force sensor on the dynamics cart, add the bar.

8. Run a string from the hook on the cart, over the pulley, to a mass hanger (~5.3 g) with 120 grams added.  Let the hanger rest on the floor for now.

9. Go to physicscoach.com and open the Data Studio file named “2nd with Mass Constant - DS”.

PART B: Procedure

10. You will do five sets of trials.  Each set will consist of two trials.  Only do a third trial if the first two don’t agree.  Use your judgment or ask.  If you are a slow group do the 120 g, 80 g, and 40 g first.  If you finish those, go back and do the others.

11. 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.  

12. Set 1 will use the cart, the force sensor with one bar, and the hanger plus 120 g.

13. Set 2 will use the cart, the force sensor with one bar, and the hanger plus 100 g.

14. Set 3 will use the cart, the force sensor with one bar, and the hanger plus 80 g.

15. Set 4 will use the cart, the force sensor with one bar, and the hanger plus 60 g.

16. Set 5 will use the cart, the force sensor with one bar, and the hanger plus 40 g.

17. Do the following steps (18-33) in order for each trial:

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

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

20. Pull the cart back until the mass hanger is about 1 cm below the clamp.

21. Pinch the string near the cart, move the cart slightly toward the pinch 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.

22. Make sure the string is on the pulley before each run.

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

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

25. Click “Stop” on Data Studio.

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

27. 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.

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

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

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 which cover the same time interval as you used when finding the slope.  (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 and the cart accelerating.

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.

PART C: Calculations – Do this in class

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

35. Click on the zero in the first data cell in the data table.  Enter your data starting with the lowest forces and accelerations at.  Do not include (0,0) as a data point.  On the second row, click on the number and type in the average acceleration for Set 1.  Hit Tab and type in the average Force 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.

36. Highlight all the data points.

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

38. Using the actual mass as the accepted answer, calculate a % error for the mass calculated using the slope.

39. RECORD the y-intercept.

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

Name ______________________  ___o

Data:

	mass of empty cart (kg)
	mass of sensor (kg)
	mass of bar (kg)
	mass of hanger (kg)

	
	
	
	


Set 1 – cart, sensor, one bar, hanger (120 g on the hanger)

	Trial
	cart masstotal (kg)
	acceleration (m/s2)
	FT (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	average
	
	
	


Set 2 – cart, sensor, one bar, hanger (100 g on the hanger)

	Trial
	cart masstotal (kg)
	acceleration (m/s2)
	FT (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	average
	
	
	


Set 3 – cart, sensor, one bar, hanger (80 g on the hanger)

	Trial
	cart masstotal (kg)
	acceleration (m/s2)
	FT (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	average
	
	
	


Set 4 – cart, sensor, one bar, hanger (60 g on the hanger)

	Trial
	cart masstotal (kg)
	acceleration (m/s2)
	FT (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	average
	
	
	


Set 5 – cart, sensor, one bar, hanger (40 g on the hanger)

	Trial
	cart masstotal (kg)
	acceleration (m/s2)
	FT (N)

	1
	
	
	

	2
	
	
	

	3
	
	
	

	average
	
	
	


	massexp (kg)
	
	equation
	       F =

	% error
	

	y-intercept
	


