Measurement

A Measurement is simply a comparison between something we know and something we wish to know.

Why should we study measurement?

We use measurement quite often in everyday life, in school and in various careers.


Examples
- everyday life




- school




- careers

Expression of a Measurement

- It is important to write both the quantity and the units.

- We use the Metric System in Canada. 

Error or Uncertainty

All measurements have some degree of error or uncertainty.

No measurement is ever exact. 

Accuracy

The accuracy of a measurement depends on three factors:


1) The skill of the measurer


2) The quality of the measuring instrument


3) The conditions surrounding the measurement

We must be careful when we write measurement.  We must only write the digits that we actually measured.  For example if the length of a textbook is measured using a standard meter stick we should not write: 


length = 23.6872cm

The meter stick only shows the number of centimeters and the tenths of a centimeter and the measurement should be written as:

length = 23.7 cm

The remaining digits could not have been measured on that instrument and should not be written.

Significant digits

A significant digit is a digit that was actually measured or a digit that is known to have meaning (or "significance").  We use the following rules for significant digits when we write down measurements and when we interpret a measurement that was written by another person.

Rules for significant digits:


1) All non zero digits are significant




example - 2.346m   has 4 significant digits


2) Zeros that are found between two significant digits are significant




example - 4006m   has 4 significant digits


3) Zeros found on the left side of all of the numbers are never significant




example - 00.064m   has 2 significant digits

4) Zeros found on the right side of all of the numbers are significant if they are also on the right side of the decimal point.




example - 24.300m   has 5 significant digits




example - 200m   has 1 significant digits

Scientific Notation

We use scientific notation (or standard form) for numbers that are extremely large or extremely small.


examples  


c = 300 000 000 m/s = 3.0 x 108 m/s


e = 0.000 000 000 000 000 000 16 C = 1.6 x 10-19 C

Rounding off

When the need arises to round off numbers simply look at the first digit to be rounded off.  If this digit is 5 or larger then round up and if it is less than 5 round down (or drop it)


examples



2.356 rounded to two significant figures is 2.4



2.3499 rounded to two significant figures is 2.3

Note that there are other “systems” used to round off numbers when the digit to be rounded is a 5.  In another system you would check the next digit to the left of the 5 and round up if the number were odd and round down if it were even.  We will use the simple rule of rounding a 5 up for now.

Calculations with Measurements

Problems with significant digits usually arise while performing calculations using measurements.  We use calculators, which normally give 8 digits for each calculation.  We must be careful not to write more accuracy in the answer than the original measurements had.

Examples:

A length of 23.6cm multiplied by a width of 18.3cm gives an area of:



23.6cm x 18.3 cm = 431.88cm2
Each of the original measurements had only 3 significant digits and were measured to the nearest tenth of a cm.  The answer on the calculator gives 5 significant digits and an answer measured to the nearest one hundredth of a cm2.

We must round off the answer to 432cm2  (3 sig. figs)

Rule  -  Multiplication / Division

Round the answer off the same number of significant digits as the measurement with the least number of significant digits in the question.

Example



44.33cm   x   22cm   =   975.26cm2   =   980cm2 

Rule  -  Addition/ Subtraction

Round the answer off the same column as the least precise measurement in the question.

Examples:


44.33cm
2.005cm
25000.m


 + 22.    cm
+ 3.10  cm
+ 840.m

66.33cm
5.105cm
25840.m


66.cm(rounded)
5.11  cm(rounded)
26000.m (rounded)

Possible Error (PE)  and  Percent Error (%E)

The best way to express a measurement is by including the possible error or the percent error immediately following the measurement in brackets.

PE is simply an estimate of the maximum amount the measurement could be off.  The PE is estimated by the measurer at the time of measurement and is based on the factors that affect the accuracy of a measurement.

%E is simply the PE expressed as a percentage of the actual measurement.

Example:

The length of a textbook = 23.6cm(±0.2cm)  or  23.6cm (±0.8%)


%E   =   
        PE               x    100



          measurement

