024S

Oscillation of a Cantilever




(Introduction to log graphs)
Apparatus:

Metre rule, G-clamp, stop watch, set of masses (4 x 100g), sellotape and scissors.

Diagram:
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Introduction:

The period, T of the oscillation of a cantilever is related (amongst other things) to its length, L. The following equation could be used: T = k Lp  
Where k is some constant to do with the mass and dimensions of the ruler and p is a power to which L is raised. For example if the period T is proportional to the length L then p=1 so that the equation would become just T = kL. In this experiment you are going to measure the period of oscillation T for a range of lengths and then draw a graph from which you can obtain both power p and the constant k.

Procedure:
1.  
Use the apparatus, set up as shown in the diagram.

2.
Start with a length L of 0.900m (90.0cm).

3.
Use a stop=watch to measure the time taken for N = 20 complete oscillations. 


(NT/s).

4.
Repeat twice more to obtain two more values of NT.

5.
Calculate the average value of NT.

6.
Calculate from this average the time taken for one oscillation T. (= NT/20 !)

7.
Use your calculator to look up the log to the base 10 of both L in metres and T in 

seconds. The button on your calculator will be marked as "lg" or "log" or "log10".

8.
Enter all the above values in a table as shown opposite and above
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Length Number of Time for N  Average   Time for one lg(L/m) lg(T/s)

L/m oscillations Noscill. NT/s NT/s oscillation T/s

0.900 20 15.67

0.900 20 15.78 15.67 0.783 -0.04576 -0.10605

0.900 20 15.55


9.
Repeat the above for five more lengths (minimum 0.400m).

10.
Enter your results in the table as before.

11.
Use your log values to draw a graph of lg(T/m) against lg(L/m). (see opposite)


The lg(L/m) axis scale MUST include zero.
12.
Measure the gradient M and y-intercept C of this graph.

Results table: (made up numbers)
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Typical graph:
Calculations:
1.
Measure the gradient (Y-step divided by X-step). Use two widely separated points 

along your best fit line. This gradient equals power p.

2.
Read off the Y-intercept. This equals the log to the base 10 of constant k. Insert this 

value into your calculator and press either INV then Lg or a button marked 10x . 


You will then have the value of constant k. 

3.
p being a power has no units, k has unit sm-1.

For mathematicians only:
How this method works:

T = kLp
taking logs on both sides becomes:

log(T) = log(k) + p log(L)

log(T) = p log(L) + log(k)

This has the form of the equation of a straight line : Y = MX +C

with Y = log(T);  X = log(L); gradient M = p  and y-intercept C = log(k)
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