Activity 3:
Length Measurements with the Four-Sided Meter Stick

OBJECTIVE:

The purpose of this experiment is to study errors and the propagation of errors when
experimental data derived using a four-sided meter stick are arithmetically manipulated.

THEORY:

Error of measurement refers to the uncertainty of a reading. It carries no implication of
mistake or blunder on the part of the observer. Error means the uncertainty between the measured
value and the standard value. It can either be a positive error, that is the error that tends to make a
reading too high, or a negative error, one in which reading tends to be too low.

Errors may be grouped into two classes, systematic and random. A systematic error is one
that always produces an error of the same sign, for example, one that would tend to make all the
observations too small. A random error, also called erratic error, is one in which positive and negative
errors are equally probable.

Systematic errors can be subdivided into three groups depending on the sources of errors.
These are:

1. Instrumental Errors

This type of errors is caused by faulty or inaccurate apparatus. For example, an
undetected zero error in a scale, an incorrectly adjusted or a meter with undue friction.

2. Personal Errors



Due to the fact that variations in the observations only follow chance, the laws of statistics may
be used to arrive at certain definite conclusions about the magnitude of the errors. The following
results of statistical laws can be utilized to quantify error of measurement:

1. Arithmetic Mean, a.m.



In addition, when experimental data are arithmetically manipulated, errors may be
propagated. The following rules are safe to apply in making computations:

1. Inaddition and subtraction, carry the result only through the first column that contains a doubtful
figure.

2. In multiplication and division, carry the result to the same number of significant figures that are
in the factor with the least number of significant figures.

One must learn therefore how to determine significant figures in a measurement. The
significant figures of a number specify its accuracy, the number of digits which are meaningful. For
example, if you have a ruler marked off in millimeters and you use it to measure the length of a line,



3. Measure and record the length of the block using the millimeter scale. Take six observations at
different places on the block in order that a fair average may be obtained. Ineach reading estimate
fractional parts of millimeter divisions. (Remember to include the proper number of zeros when
the observed length seems to fall exactly on a scale division.) Calculate the mean of the
observations of the length. Find the deviation from the mean and calculate the average of the
deviations. Compute the A.D. of the mean length. Attach this A.D. to the mean length with a ( )
sign and call this final result the observed length of the block.

4. Repeat Procedure 3 for the width and thickness of the block and determine the A.D. of each.
Calculate the volume of the block, recording the result to the proper number of significant figures.
Determine the numerical and percentage errors of this volume, using for the respective errors of
the length, width, and thickness the A.D.’s found above.

DATA

Table 1. Measurement of Length Using a Meterstick with No Graduation

Trial 1 2 3
Observed length
Smallest scale division
Smallest fractional part of the scale
division that can be reasonably
estimated
Numerical uncertainty




Table 4.

Measurement of Length Using a Meterstick Calibrated in Millimeters

Trial

1

2 3

Observed length

Smallest scale division

Smallest fractional part of the scale
division that can be reasonably

estimated

Numerical uncertainty

Percentage uncertainty

Table 5.

Measurement of Length of a Block

Trials Observed Length Deviation from the
Mean
1
2
3
4
5
6

Average

a.m.

a.d.




Table 8. Propagation of errors during arithmetic manipulations

Volume (accepted value) = mms3
Volume Calculated Numerical Percentage
Value Error Error
Minimum
Maximum

GUIDE QUESTIONS FOR ANALYSIS:

1. How does the side of the four-sided meter stick influence the precision of your measurement? How

about the accuracy?

2. Five different students take the following measurements of the same object:
10m 145m 15m 14530 m 146m
(A) Why are the measurements different? (B) Which one is correct? (trick question)

3. Discuss the relative accuracy obtained and the variation in the error caused by estimating
fractional parts of scale divisions as the same length is measured with scales of progressively
decreasing lengths of scale divisions (refer to the data gathered in Procedure 2 and Procedure 3).

4. What does the average of the deviations signify?

5. What is the significance of average deviation of the mean?




