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Review for Calculations 

Objective:  This pre-lab reviews several concepts that are important in performing calculations. The following discussion draws from Ebbing (1987) General Chemistry, 2nd edition.

For clarity, values less than 1 should always display a zero to the left of the decimal point.  For example, always write “0.25 cm” rather than “.25 cm.”

1. Significant Figures

The number of significant figures is the number of digits reported for the value of a measured or calculated quantity, indicating the precision of the value.  For example, the quantity 9.23 cm has three significant figures while the quantity 9.236 cm has four significant figures.  The following rules are used to determine the number of significant figures in a quantity:

(1) All digits are significant except zeros at the beginning of the number and possibly terminal zeros (one or more zeros at the end of a number).

(2) Terminal zeros ending at the right of the decimal point are significant.

(3) Terminal zeros ending to the left of the decimal point may or may not be significant.

Calculations may produce values that have more digits than required significant figures; in this case, round your answer to the appropriate number of significant digits.  Rounding is the procedure of dropping nonsignificant digits in a calculation result and adjusting the last digit reported.  Here is the general procedure; start by looking at the leftmost digit to be dropped.

(1) If this digits is greater than 5, or is 5 followed by nonzeros, add 1 to the last digit to be retained and drop all digits farther to the right.  Thus, rounding 1.2151 to three significant figures gives 1.22.

(2) If this digit is less than 5, simply drop it and all digits farther to the right.  Rounding 1.2143 to three significant figures gives 1.21.

(3) If this digit is simply 5 or 5 followed by zeros, and if the last digit to be retained is even, just drop the 5 and any zeros after it.  If the last digit to be retained is odd, add 1 to it and drop the 5 and any zeros after it.  For example, rounding 1.225, 1.22500, and 1.21500 to three significant figures gives 1.22 in each case.

If you are doing  a calculation of two or more steps, keep all of your digits for the intermediate steps.  Report your final result in the appropriate number of significant figures, rounding if necessary.  Two rules help determine how to report the significant figures in the result of a calculation:

(1) When multiplying or dividing measured quantities, give as many significant figures in the answer as there are in the measurement with the least number of significant figures.

(2) When adding or subtracting measured quantities, give the same number of decimal places in the answer as there are in the measurement with the least number of decimal places.

In this course, the lab instructions state that all values should be reported to three significant digits unless otherwise noted.  A particular conversion problem yields an answer of 1.456 meters.  Your answer should then be 1.46 meters (three significant digits).  Similarly, an answer of 78,258 gallons should be reported as 78,300 gallons, or better yet, 7.83 x 103 gallons, using scientific notation.

2. Scientific Notation


Scientific notation is the representation of a number in the form:

A x 10n

where: 



A is a number with a single nonzero digit to the left of the decimal point, and



n is an positive or negative integer, or whole number.

In scientific notation, the number 4583 would be written as 4.583 x 103, which is 4.583 multiplied by three factors of 10:

4.583 x 103 = 4.583 x 10 x 10 x 10 = 4583.

The number 0.0568 would be written in scientific notation as 5.68 x 10-2, which is 5.68 divided by two factors of 10:

      5.68

5.68 x 10-2 =  ----------  = 0.0568

      10 x 10

Any number can be conveniently transformed to scientific notation by moving the decimal point in the number to obtain a number, A, greater than or equal to 1 and less than 10.  If the decimal point is moved to the left, we multiply A by 10n, where n equals the number of decimal places moved.  If the decimal point is moved to the right, we multiply A by 10-n.  To transform a number written in scientific notation to one in usual form, the process is reversed.  If the exponent is positive, the decimal point is shifted right.  If the exponent is negative, the decimal point is shifted to the left.

The measurement 600 cm precise to two significant figures is written 6.0 x 102 cm.  To three significant figures, the measurement 600 cm would be 6.00 x 102 cm.

3. Dimensional Analysis

Dimensional analysis is the method of calculation in which you carry along the units for quantities.  In performing numerical calculations with physical quantities, it is good practice to enter each quantity as a number with its associated unit.  Both the numbers and the units are then carried through the indicated algebraic operations.  The advantages of this are twofold:

(1) The units for the answer will come out of the calculations automatically.

(2) If you make an error in arranging factors in the calculation (for example, if you use the wrong formula), this error will become apparent because the final units will be nonsense.

In short, dimensional analysis treats units as algebraic quantities, allowing you to cancel out units through division and to multiply units.  It also allows you to check the units of your answer to see if your final units make sense in the context of the question.  For example, if a question asks you to calculate a volume of water, then your dimensional analysis should yield some unit of volume, such as liters, gallons, or cubic meters.  If a questions asks you to calculate a velocity, then your dimensional analysis should yield some unit of velocity, such as meters per second (m/s or m s-1) or feet per second (ft/s or ft s-1).  

4. Units and Conversions

Familiarize yourself with the following units.  In your textbook (Appendix A, pp.429-430), there is a additional list of dimensions, units, symbols, and conversion factors that will be useful throughout this course.

Table 1.  Relationships of Some U. S. and Metric Units

	LENGTH
	MASS
	VOLUME

	1 in = 2.54 cm (exact)
	1 lb = 0.4536 kg
	1 qt = 0.9464 L

	1 yd = 0.9144 m (exact)
	1 lb = 16 oz (exact)
	4 qt = 1 gallon (exact)

	1 mile = 1.609 km
	1 oz = 28.35 g
	

	1 mile = 5280 ft
	
	


Table 2.  Derived Units

	QUANTITY
	DEFINITION OF QUANTITY
	SI UNIT
	

	area
	length squared
	m2
	

	volume
	length cubed
	m3
	

	density
	mass per unit volume
	kg/m3 = kg m-3
	

	speed

acceleration

force

pressure (sheer stress)

energy
	distance traveled per unit time

speed changed per unit time

mass time acceleration of object

force per unit area

force times distance traveled
	m/s = m s-1
m/s2 = m s-2
kg m /s2  =  kg m s-2
kg/(m s2) = kg m-1 s-2 

kg m2/s2  = kg m2 s-2
	N (newton) 

Pa (pascal)

J (joule)


Table 3.  Common Units in Hydrology

	QUANTITY
	DEFINITION OF QUANTITY
	UNIT

	Discharge
	Volume per unit time
	cfs or ft3 s-1 (cubic feet per second)

	
	
	cms or m3 s-1 (cubic meters per second)

	
	
	

	
	
	


