TEACHER NOTES

Dr Andrew French. October 2020.
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Equipment

Open ended glass tube
with smoothed ends

Weights in 10g increments
(you’ll need up to 160g). Note
the hook is 10g.

Bung, tied to string

‘Light inextensible
string’

Tube length is: L = 189mm

Bung mass is:
m = 15.51g

Hook masses in range 40g to 160g
into a loop of the string, which passes
through the glass tube and is tied to
the bung. Dangle masses vertically.
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Whirl the bung until the strings stops
moving inside the tube.
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Get a partner to video about ten
rotations using a digital camera or
smartphone.
Copy the video files to a laptop, and
name each one according to the
added mass.
Take a freeze-frame for each movie
and use this to calculate L, h, r and
angle  (from pixels, or direct
measurement from a screen).
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Take a screenshot of a freeze-frame from each
movie and copy and paste into a bitmap editor
such as IrfanView. Use the crop tool to
determine the pixel values of L, h, r.
Since we know the actual length of the tube in
mm, we can convert these pixel values into
measurements in mm.
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Screen pixel to reality calibration

Model
predictions

Analysis

m
sin  
M
gP 2
r
4 2 tan 

m
sin  
M
gP 2
r
4 2 tan 
i.e. plot model
vs prediction. Should
be a y = x line if
perfectly correlated.

Compared to most other A-Level experiments, it is difficult to obtain a strong correlation of model and
measurement. The sin(theta) = m/M model is a reasonable fit (it has the correct 1:1 gradient!), but
overall the degree of correlation is poor. The plot of measured vs model radius is entirely inconclusive.
Many potential sources of error:
• Significant friction between string and glass lip, and expect this to increase as bung is whirled faster.
• Glass lip is often not flat, resulting in increased elevation.
• The 29FPS frame rate results in blurry images, so precise measurement from screenshots is difficult.

In both cases,
prediction is
plotted against
measurement.
If 100% correct
this should be
the line y = x.
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