Making Measurements at Wonderland

1.  Distance and Height

a)  Use a measured pace or tape measure to measure horizontal distances along the ground. In some areas there are marked distances to rides or notable sites on rides. Ask a park employee or follow students form other schools.
b)  To estimate lengths of track sections - estimate first the length of one segment of the track and then count segments

c) To estimate heights, use trigonometry:  either 
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	Measure l and SYMBOL 113 \f "Symbol" . Use the horizontal accelerometer to measure the angle. Using 
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 solve for h
	 Measure l ,  SYMBOL 102 \f "Symbol" , and SYMBOL 113 \f "Symbol" .  Use the sine law 
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to determine x and then use 
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    to solve for h.


2.  Period or Time:  Use a stopwatch

3.  Speed:

a)  For linear motion average speeds are 
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b)  For circular motion, if period is constant 
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c)  If speed is changing measure the time it takes a part of the train (e.g. a single cart) to pass a point on the track.  Then speed at that point can be estimated by using 
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4.  Acceleration – The key to understanding is the free-body diagram
a)  Horizontal or Lateral acceleration:  Use a horizontal accelerometer.  These are calibrated in angles or g's.  The acceleration can be calculated using 
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 where SYMBOL 113 \f "Symbol" is the angle shown on the accelerometer.  If the accelerometer is calibrated in g's then just multiply the value on the accelerometer by g to determine the acceleration.  It is important to hold the accelerometer properly.  It must always be held horizontally so that the straw is pointed in the direction of the acceleration.  Therefore if a body is moving in a horizontal circle the accelerometer will point towards the center of the circle.

b) Vertical accelerometer The accelerometer actually reads apparent weight but it can be used to find the user’s acceleration. The accelerometer is calibrated in g's: however the way the accelerometer is read depends on whether the instrument is held upright or inverted.  When upright at rest the accelerometer gives an indication of the gravitational field strength. When you are moving in a vertical circle, at the bottom of the circle you will hold the accelerometer upright and at the top of the circle the accelerometer will be inverted (but still upright relative to you!)
How to read a vertical accelerometer.  
Stationary

	If it is on its side – the spring has no force on it in the direction of the spring. The direction of the gravitational field is perpendicular to the springs length and the accelerometer reads 0g 
	When it is upright – it measures 1g due to the field strength of the Earth 
	When it is inverted it reads 0g as the spring used is a tension spring only and cannot read when it is under compression.


In Motion 
When the accelerometer is in motion following a vertical circle it can be used to measure the rider’s apparent weight and from this the acceleration can be determined
	Vertical motion – straight up and down

When motion is up – subtract 1g to find actual acceleration 

When going down add 1g
	Centripetal motion

Bottom of loop

Read accelerometer – subtract 1g to find actual acceleration
	Centripetal motion

Top of loop – inverted

Read accelerometer – Add 1g to find actual acceleration. E.g. If it reads 0g centripetal acceleration = 1g


See if you can explain these examples:
	a)  in freefall
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the accelerometer reads 1g.
	b)  if the accelerometer is upright and at rest                 
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the accelerometer reads 1g.
	c) if the accelerometer is inverted, your acceleration downwards is 9.8m/s2 
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(free fall but accelerating towards the centre of a circle with 9.8m/s2)


p.s. An acceleration of 3 g's is a typical acceleration experienced on launch by space shuttle astronauts.
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