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MARBLE ROLLING INVESTIGATION

PRELIMINARY SIMULATION EXPERIMENT SHEET 3

· This simulation experiment is designed to help you achieve 8/8 for the planning stage of your investigation. One of the requirements for this mark requires you to have done a preliminary experiment to inform your plan. 

· Some of the results you obtain, and the conclusions you draw, from this simulation should be quoted in your plan and used to back up whatever prediction you make. 

· This simulation will show the effect of changing the slope angle, slope length and initial height.

· Before attempting the first of these experiments please read the document 
‘Motion Down a Slope Simulation Introduction’ especially noting the contents of 
sections 1, 2, 3, 4, 5, 9 & 10.

1. Open the simulation and check that it shows the marble as a blue ‘circle’ at the top of a slope of length 1.50 m, height 0.75 m, angle 30 degrees with a gravitational field strength of 9.8 N/kg (Earth). 
PART ONE – VARIATION OF AVERAGE SPEED WITH SLOPE ANGLE
	Slope angle (degrees)
	Slope distance (m)
	Slope time (seconds)
	Average speed (m/s)

	10
	1.50
	
	

	20
	1.50
	
	

	30
	1.50
	0.80
	1.88

	40
	1.50
	
	

	50
	1.50
	
	

	60
	1.50
	
	

	70
	1.50
	
	

	80
	1.50
	
	

	90
	1.50
	
	


2. In the table opposite enter the ‘white area’ slope time readings for the angles shown. In the third column calculate the average speed of the marble using the formula:  
average speed = slope distance
        slope time

I have done the initial 30 degree angle case for you.

3. Write in the space below a description of how the 
average speed of the marble changes with slope angle.
4. Look carefully at the speeds you have obtained for angles 10o, 20o & 40o and then complete the following by inserting the missing words or number.
Missing words: increases; not; angle;1.4; average; initial
According to the readings obtained from the simulation the ___________ speed of the marble _______________ if the angle of the slope is increased. If the _________ is doubled the average speed does ______ double but increases by approximately 1.2 to ________ times. The smaller the ____________angle the greater is the increase in speed when the angle is doubled.
5. (a) Change to simulation speed to ‘slow motion but accurate’ by pressing the appropriate orange button. Obtain accurate time readings in order to find out the missing number in the equation below:
Average speed for angle 4o   =   _________________   X   Average speed when angle is 2o
(b) Note that the number is less than two. Accurate experiments and simulations yield the number 1.414 when doubling small angles. How is this number, 1.414, approximately related to the number two?

PART TWO – VARIATION OF AVERAGE SPEED WITH SLOPE DISTANCE
	Slope distance (m)
	Slope time (s)
	Average speed (m/s)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


6. If you have not already done so read section 6 of the Motion Down a Slope Simulation Introduction sheet.
7. A student predicts that for a set angle the average speed of the marble should double if the slope distance is doubled. By selecting about five different distances, test out this prediction. You should use the table opposite to record your observations and calculations.

8. Was the student correct?

If not, what would you suggest has happened?

PART THREE – VARIATION OF AVERAGE SPEED WITH INITIAL HEIGHT
9. If you have not already done so read section 7 of the Motion Down a Slope 
Simulation Introduction sheet.
10. Press the ‘Reset to defaults’ button and then select ‘slow motion but accurate’.
11. Leaving the slope angle at 30o adjust the slope distance so that the initial height is 1.00m.
12. Release the marble and record the time taken for the marble to go down the slope.

13. In the table below enter this value along with the calculated average speed and the average speed squared. NOTE: I have done this for you!

14. Repeat the above, this time with you doing the calculations, for initial heights of 0.10m, 0.20m, 0.25m, 0.40m, 0.50m & 0.80m. Remember that you calculate the average speed using the slope distance value (shown on the green slider), not the initial height.
	Initial height (m)
	Slope distance (m)
	Slope time (s)
	Average speed (m/s)
	Average speed squared (m/s)2

	0.10
	
	
	
	

	0.20
	
	
	
	

	0.25
	
	
	
	

	0.40
	
	
	
	

	0.50
	
	
	
	

	0.80
	
	
	
	

	1.00
	2.00
	0.91
	2.20
	4.83


15 Read the following statement:

According to theory if the initial height is doubled then the average speed of the marble should increase by 1.41 times. The average speed squared, however, will double if the height is doubled. The average speed squared is said to be proportional to the initial height.

Use your results to show how well your results agree with this statement.

PART FOUR – CHANGING GRAVITATIONAL FIELD STRENGTH
16. If you have not already done so read section 8 of the Motion Down a Slope 
Simulation Introduction sheet.
17. Press the ‘Reset to defaults’ button and then select ‘slow motion but accurate’.

18. Use the simulation to answer the following questions:
(a) With an angle of 30o and slope distance 1.5m, how much longer does longer does the marble take to roll down the slope on the Moon than on the Earth?  Answer = ___________ times more.  
(b) With an angle of 80o and slope distance 2.0m, how much longer does longer does the marble take to roll down the slope on Pluto than on the Earth?  Answer = ___________ times more. 
(c) With an angle of 10o and slope distance 1.0m, how much longer does longer does the marble take to roll down the slope on the Earth than on Jupiter?  Answer = ___________ times more.  
	Gravitational field strength (N/kg)
	Location 
(if known)
	Time taken for a 2m fall (s)
	Time squared (s2)

	0.5
	****
	
	

	0.7
	Pluto
	
	

	1.0
	****
	
	

	1.7
	Moon
	
	

	2.0
	****
	
	

	3.7
	Mars
	
	

	4.9
	****
	
	

	9.8
	Earth
	0.64
	0.41

	20
	****
	
	

	25
	Jupiter
	
	

	270
	Sun
	
	


19. A, very rich, student uses a spaceship to investigate how gravitational field strength affects the time taken for a marble to fall vertically by 2.0m. Use the simulation to predict the readings obtained and enter them into the table opposite. 
I have done one for you.

(a) How does the time of fall vary with the gravitational field strength?

(b) What is the relationship between the time squared and the gravitational field strength?

(c) If the student performed the same experiment next to a more massive star than the Sun that had a gravitational field strength of 540 N/kg, what time would you expect to be obtained?

PART FIVE – FURTHER QUESTIONS
20. Press the ‘Reset to defaults’ button and then select ‘slow motion but accurate’.
21. Use the simulation to answer the following questions:
(a) Find a slope angle and slope distance combination that on the Earth causes the marble to take 

exactly 1.00 second to fall.   Slope angle = _______________ ; Slope distance = __________________
(b) Find a slope angle and slope distance combination that on Jupiter causes the marble to take 

exactly 0.50 second to fall.   Slope angle = _______________ ; Slope distance = __________________
(c) Select ‘fast but inaccurate’. Find a slope angle and slope distance combination that on the Moon causes the marble to take exactly 10 seconds to fall.   Slope angle = ______ ; Slope distance = _______
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