A-level Practical Work

A determination involves calculation based on the results of measurement (a determination of the mass per length of a piece of string involves measuring mass and length).

A measurement results from two observations (measurement of the length of a piece of string involves observing the positions of both ends of the string and subtracting these observations - note that the two observations are always subtracted in any measurement).

Observations should be written down and the measurements then derived from the observations.

Zero errors

It is conventional to omit recording the first of the two observations (since it is presumed to be zero) in a number of common  situations - in these cases the observation becomes the measurement - hence the confusion between the two terms.

Examples of cases in which it is conventional to omit the ‘zero’ observation:

measurement of 
mass
using
top pan balance


elapsed time
using
stop watch


current/voltage/resistance
using
digital meter


length
using
rule with obvious use of zero

note that care must be taken with the zero of an analogue meter - they are decidedly unreliable

In other measurements, the first observation, often called the zero error, must be written down in spite of the fact that it is likely to be zero in a well-adjusted instrument.
Examples of cases in which the ‘zero’ observation must be recorded:

measurement of
length
using
micrometer screw  gauge


length
using
vernier callipers


length
using
rule when not starting at zero


elapsed time
using
clock which cannot be zeroed

magnetic flux density
using 
Hall probe

Repeated readings

If graphs are to be plotted (using a minimum of 7 points) readings need not in general be repeated. The exception is the measurement of time-period using a stop watch (see below).

Examples of readings which should always be repeated:

measurement of
diameter
3 repeats at right angles for a sphere



2 repeats at right angles for a cylinder - possible also repeated



along the length if the cylinder is a wire

Measurement of time-period of oscillations using a stop watch.

A minimum of 20 complete oscillations must be timed.  To include repeats this could be 2 x 10 or 4 x 5.  (for the time periods likely to be found 2 x 10 is recommended).  Remember to count full oscillations and to start and stop the stop watch as the motion , say from left to right, passes a fiducial mark placed at the centre of the oscillation..

Accuracy

Remember that a piece of measuring equipment is not designed to be used with a resolution better than its smallest division. (otherwise the manufacturers would have used more divisions on the scale) - that means never attempt to read between the divisions on analogue instruments.  Note that the % reliability of observations taken towards the maximum scale reading is better.

Examples:

a metre rule gives a possible error of +/- 1 mm

an analogue meter with 50 divisions is reliable to 2% at the maximum of the scale

Note that a digital multimeter sometimes give an inflated feeling for their accuracy which is not consistent with the different answers given for the same measurement using the different ranges on the same instrument.

Be consistent in the use of significant figures in observations, intermediate answers and final answers.

Use good style in the headings of columns in tables - keep the columns vertical but do not worry about enclosing the table with ruled lines.

