Rectangular, Semi log and Log-log Graphical Analysis


One of the most useful ways of displaying the results of experimental work is in the form of a graph. Here, large quantities of information may be concentrated into a small space and any patterns in the information become readily apparent. Many special types of graph paper have been devised for work in graphical analysis. Here we shall discuss three of the most common – Cartesian or rectangular graph paper; semi‑logarithmic paper and logarithmic graph paper.

Cartesian Graph Paper

This is graph paper consisting of two axes at right angles to each other. The horizontal axis is usually called the abscissa or the ‘x’ axis while the vertical axis is called either the ordinate or the ‘y’ axis. The ‘x’ and ‘y’ axes are divided into equal intervals with each interval mark corresponding to one of the rational numbers between positive and negative infinity. The division mark corresponding to  x = 0,  y = 0  is called the origin. Cartesian graph paper is by far the most common type of graph paper in use to today and I doubt if there is anyone of you who is not familiar with it. When plotted on Cartesian graph paper; equations of the form 

y = mx + b

produce straight lines. Straight lines are the most important types of lines in graphical analysis because while it is extremely difficult to determine how 'curved' a line is; it is ridiculously simple to determine whether or not a line is straight. Therefore, an important part of graphical analysis consists of finding ways of plotting data so that it will form straight lines. This is one of the major reasons behind the existence of so many special kinds of graph paper. The important things we wish to know about a straight line are:

1. its slope: 
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2. the y intercept: b = the value of y at x = 0.

The Logarithmic Scale

If you look at the ‘y’ axis on the semi‑logarithmic paper or at either of the axes on the logarithmic paper, you will note that the logarithmic axes are divided into unequal intervals. These uneven lengths are then labeled with the integers 1, 2, 3, …., 8, 9, 1, 2, … The lengths of these intervals correspond to the differences between the common logarithms of the integers. For example: note that the distances between successive values of 1 are always the same. We shall designate this distance as the length of a single cycle. You can now take a ruler and determine that the distance from 1 to 2 is 0.3 of the length of a single cycle; the distance from 1 to 3 is 0.48 of the length of a single cycle; the distance from 1 to 4 is 0.60 of the length of a single cycle, etc. If you now consult your calculator, you will discover that the logarithm of 2 is 0.3; the logarithm of 3 is 0.48; the logarithm of 4 is 0.60; etc. Thus the lengths of the divisions on the logarithmic scale correspond to the logarithms of the numbers represented by the interval. Since the logarithm of 1 is zero; any of the 1's on the logarithmic scale can be the origin. The 1's on the positive side of the origin then represent 10, 100, 1000, etc.; while the 1's on the negative side of the origin represent 0.1, 0.01, 0.001, etc.

One of the important things about a logarithmic scale then is that it allows a variety of points differing in magnitude by several powers of 10 to be graphed on the same piece of paper.

When graphing on a logarithmic scale the first thing that must be done is to select one of the 1's as the origin. The numbers of that cycle then represent the integers 1 through 10. The numbers of the next cycle above the origin correspond to the  numbers 10 through 100 and the numbers of the cycle below the origin correspond to the numbers 0.1 through 1. Thus if we wish to plot the points   log (0.2);   log (4.0); and   log (30);   we would simply put dots opposite the 2 in the cycle below the origin opposite the 4 in the cycle of the origin; and opposite 3 in the cycle above the cycle of the origin. A ruler will now confirm that the distances of these points from the origin are proportional to the logarithms of 0.2, 4, and 30 which are ‑0.7, +0.6 and +1.48 respectively.

Semi‑logarithmic paper

Semi‑log paper is paper on which the ‘y’ axis has a logarithmic scale and the ‘x’ axis has a Cartesian scale. Semi‑log paper is frequently used when curves of the form
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are to be graphed, or whenever we suspect that our experimental results should be represented by an equation of this form. Equations of this form plot as straight lines on semi‑log paper because

log (y) = log (A) + b[log (e)]x

which is the equation of a straight line. Alternatively – when given a set of points which form a straight line on semi‑log paper you can then deduce that the equation connecting the set of points is of this form. The constants A and b are found each from the ‘slope’ and ‘y’ intercept of the line. A is quite simply the value of ‘y’ when x = 0 and can be found by extending the line until the line intercepts the ‘y’ axis or by extrapolating the point at which it would do so.

The easiest way to find ‘b’ is to choose two points –  one at the top and the other at the bottom of a cycle. Then since   log y2 ‑ log y1 = 1, we have
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Logarithmic paper

Logarithmic paper is paper on which both the x and y axes have logarithmic scales log‑log paper is usually used when curves of the form  y = Axn  are to be graphed. Curves of this form will be straight lines on log‑log paper since

log y = log A + n log x

The constants ‘A’ and ‘n’ are found from the fact that ‘A’ is the value of ‘y’ when x ‑ 1

and n may be found from 
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If, of course, one has a set of points which form a straight line on log‑log paper then you know that they are related by an equation of the form
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where ‘A’ and ‘n’ may be evaluated as discussed above.

When expressing results in the form of a graph, the following standard practices should be followed.

1. For Cartesian axes, select scales which will permit easy interpolation. Each division may represent 1 unit, 2 units, 5 units, 10 units, etc.; but scales should not be laid out so that one division represents 3 units, 7 units or any similar number of units which is not an integral divisor of 10.

2. In selecting scales, pay attention to the precision of the quantities being plotted. The last figure in the results to be graphed should correspond as nearly possible to the smallest division of the graph paper. In plotting a series of temperatures which were measured to 0.1 degree, it would be desirable to select the divisions on the paper so that the smallest division represents 0.1 degree unless doing so makes it impossible to fit the whole graph on the paper.

3. Label the graph with an appropriate title. One which identifies it completely without reference to the rest of the report. State which identifies it completely without reference to the rest of the report. State what quantities are plotted on the graph and mark both axes with the names of the quantities each represents along with the units of each.

4. There are two acceptable ways of locating points on the graph

a. Mark the point carefully but conspicuously with a dot and then draw a small circle around each dot.

b. Use a straight edge and construct two short lines, one horizontal and the other vertical to form a cross at the point to be located.

5. After locating the points, draw the best representative curve possible. Use a straight edge to draw straight lines and a french curve (if you have one) for curved lines. [It is ok to sketch the curve. Thus do not go out and purchase one.] It is not necessary that all of the points lie exactly on the curve drawn. Quite often they will be staggered on both sides of the curve due to errors inherent in the experiment. Curves should be drawn so that approximately equal numbers of points lie on each side of the curve and are as close as possible to it.

Problems

A. Consider the three equations.

1.
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a. Compute the values of ‘y’ corresponding to the values:

x = 0.1,     0.5,     1.0,     5.0,   and    10.0     for each of these equations

b. Plot the three sets of points obtained on a piece of:

1.
cartesian graph paper
2.
semi-log paper
3.
log-log paper

B. Consider the following three sets of points

x =
0.1
0.5
1.0
5.0
10.0

y1=
7.0
19.0
34.0
154.
304.


y2=
0.05
1.25
5.0
125.
500.

Y3=
2.6
3.2
4.1
30.4
371.


Plot these three sets of points first on cartesian graph paper; then on a piece of semi-log graph paper and finally on a piece of log-log graph paper. From these three graphs, determine the equation of each set of points. 
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