
022A
Checking that acceleration equals force divided by mass – using an acceleration computer and a light gate.
Apparatus:
1 x runway, 9 x 10g masses plus holder, ruler, string, scissors, blutack, sellotape, dynamics trolley, double interrupt card, runway wedge or clampstand, pulley, access to a top-pan balance.

Acceleration computer + one light gate. 
Diagram:

[image: image1.bmp] 

Procedure:
1. 
Set up the apparatus as shown above. 

The slope of the runway should be adjusted so that the trolley runs at a constant speed down the slope when gently pushed (as judged by eye). 
CARE – runway is heavy, so be careful when adjusting the slope.

In this condition there is no resultant force acting on the trolley along the slope. The frictional forces slowing the trolley are balanced by a component of the gravitational force acting on the trolley. The runway is now said to be ‘friction compensated’. 

2.
For this version of the experiment you need to use a double interrupt card and just one light gate.  Attach the card to the trolley.  Check that it will pass freely through the light gate, blocking the light beam.
3. 
Hang a mass holder, plus 9 x 10g masses, from the end of the string as shown (while holding the trolley in place!). This has a total mass of 100g and therefore the resultant pulling force causing the whole system to accelerate is 0.981N. 


Ensure that the interrupt card will pass through the light gate before the mass holder reaches the floor (so that the trolley is still accelerating at this point).
Using the acceleration computer:
4.
The double interrupt card blocks the light beam twice as it moves through the gate.
5.
The computer records: 
t1 – time taken by first blocking





t2 – time taken by second blocking





P1 – time interval between first and second blocking

6.
Each card section is 0.040m (40mm) wide.


The computer also records:
U1 – speed at first blocking (= 0.04/t1)






U2 – speed at second blocking (= 0.04/t2)






A1 – acceleration (= (U2 – U1)/P1)

7.
Check that the power packs connected to the acceleration computer and the light gate are turned on.

8.
Check that the LED on the acceleration computer comes on when you block the light gate with your hand.

9.
Press the ‘Reset’ button on the computer – the display will show ‘SELECt’.

Taking measurements:

10.
When you are ready to take a set of measurements press the ‘Start’ button on the computer.  The display will go blank and you have a few seconds during which the computer will be able to record measurements. 

11.
Release the trolley and allow it to accelerate down the slope.  

CATCH THE TROLLEY BEFORE IT FALLS OFF THE END OF THE RUNWAY!
12.
After a few seconds the display will show ‘rEAdy’ – meaning that it is ready to display the results.

13.
Press the ‘Time’ button to get the value of ‘t1’ and again to get the value of ‘t2’.


Press the ‘Period’ button to get the value of ‘P1’ (you may need to press this a few times to cycle through unwanted values of P2 etc before you get to P1!).

Press the ‘Speed’ button as necessary to get the values of ‘U1’ and ‘U2’ and the ‘Acceleration’ button to access the value of the acceleration ‘A1’.


Note: recording these values to 3 sig figs will be sufficient!

14.
To take another set of measurements press the ‘Reset’ button first to clear the memory and then press the ‘’Start’ button again when you are ready to release the trolley.
15.
Repeat and find the average acceleration of the trolley down the slope for this pulling force.


Do not be surprised if the values are quite inconsistent!
16.
Remove 2 x 10g masses from the mass holder and stick them to the top of the trolley.  Explain why this is necessary.  The pulling force is now 0.785N (80g).  Determine the new average acceleration of the trolley down the slope as above.
17. 
Repeat all the above for pulling forces of 0.589N (60g), 0.392N (40g), & 0.196N (20g).
18. 
Tabulate all of your measurements and calculations.
Analysis of results:

19.
Plot a graph of the average acceleration of the trolley (dependent variable – Y-axis) against the pulling force (independent variable – X-axis).  This graph should be a straight line through the origin.  Determine the gradient of your graph.  Give a reason why the line might not pass through the origin.
20.
Given that  F = ma  what should the gradient of your graph be equal to?

21.
Use the balance to measure the total mass (m) being accelerated throughout your experiment.  Use this to work out the expected value of your gradient.

22.
Calculate the percentage difference between this expected value and your actual gradient.

23.
Estimate the percentage uncertainty in your value of acceleration for the pulling force of 0.589N (60g).
24.
Comment on your results.
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