Centripetal force measurement
All objects moving in a circle require an inwards force on them given by:-

Force(N) = Mass of object (kg) x (Velocity (m/s))2 / Radius of circle (m) = mv2/r

This suggestion for measurements to confirm this relationship requires the following apparatus:-

 for the class:-

· Balance, accurate to 0.1g

and for each pair of students:-

· stop-watch

· about 1½m of light, strong, inelastic cord – the type used in the backing of synthetic carpets works well.

· a case from a discarded ball-point pen, with the ink-dispenser removed

· some 5g and 10g masses
· rubber bungs or erasers
The experimental arrangement is very simple.  A length of cord or string about 1½m long is threaded through the plastic pen-case and attached securely to rubber masses totaling about 15g.  This will be the rotating mass,m.  The other end of the string is attached to a counterweight  mass of 25g, M.  A mark is made on the string with a fibre-tipped pen at 30cm from the centre of mass of the 15g mass.

Now a little practice is needed.  Gripping the pen-case, the 15g mass is whirled gently in a circle above the operator’s head so that the tension in the near-horizontal part of the string is just balanced by the counterweight.  When this has been mastered, the rate of rotation is adjusted so that the mark on the string is just visible at the tip of the pen-case.
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When this rotation is happening the centripetal force is very nearly equal to the tension produced by the counterweight, if friction is negligible, as it should be with this apparatus.  The radius of the orbit has been set at about 30cm.  If we are being accurate, we should take into consideration that the radial string cannot be quite horizontal.  Luckily, for the angles met in this experiment, this is a small effect.
Measurements

Rotating mass, m (set at 15g)

Counterweight mass, M (set at 25g)

Radius of orbit, r (set at 30cm above)

Measure time for 10 complete rotations of the mass (t, sec) (start on zero as the stop-watch is clicked!)

Repeat this last step at least twice more to check for reproducibility of measurement

Change positions of operator and timer and repeat 3 more times.  Find the mean average time, t.
Calculations

When system is in operation, the tension in the string, T = counterweight mass (M, kg) x the gravitational constant (g, 9.8N/kg) = 0.025kg x 9.8N/kg = 0.245N
This tension should equal the centripetal force, F, which is given by:- 
F = rotating mass (m, kg) x (velocity of mass (v, m/s))2 / radius of orbit
We now know everything in these relationships except the velocity.  We can calculate this from the following:-

Distance traveled in 10 rotations = 10 x circumference of orbit = 10 x 2π x radius

= 20 π x 0.30m = 18.8m.  This distance was traveled in t sec and so the velocity needed is 18.9/t m/s.  (With the parameters chosen as above, the measurement gives a time of about 8.33s and hence a velocity of about 2.26m/s). 
With v = 2.26m/s, F = mv2/r = 0.015kg x (2.26m/s)2 / 0.30m = 0.255N

This example has produced a happily close match between T and F.  The measurements can now either be repeated, with different values of the masses and/or radius, by the same pair or the class results can be collated and discussed.
It is worth tabulating the results.  A sample table for one set of data, is shown below.
To be convincing, a range of values of m, M, and r should be measured.  This should then show that a single set of initial conditions does not just give a fortuitous result.

	Data
	 
	 
	 
	 
	 
	 
	 

	Gravitational constant, (g), N/kg
	9.8
	 
	 
	 
	 
	 
	 

	Rotating mass(m), g



	Counterweight(M), g
	Radius(r), cm
	
	 
	 
	 
	 

	15
	25
	30
	
	 
	 
	 
	 

	Rotating mass(m), kg
	Counterweight(M), kg
	Radius, m
	10xCircumference, m 
	 
	 
	 
	 

	0.015
	0.025
	0.3
	18.84
	 
	 
	 
	 

	 Measurements
	 
	 
	 
	 
	 
	 
	 

	Time for 10 revolutions, s
	Run 1
	Run 2
	Run 3
	Run 4
	Run 5
	Run 6
	Average time,s

	 
	8.4
	8.3
	8.4
	8.2
	8.3
	8.4
	8.33

	 
	
	
	
	
	
	
	

	Velocity(v), m/s =10 x Circumference/Average time
	18.84x10/8.33 = 2.26m/s
	
	
	
	
	
	

	 
	
	
	
	
	
	
	

	Tension = Mg
	0.025x9.8 = 0.245N
	
	
	
	
	
	

	Calculated value of mv2/r
	0.015x2.262/0.30 = 0.255N
	
	
	
	
	
	


