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APPENDIX B
GRAPHICAL ANALYSIS

INTRODUCTION

There are two basic ways to present data: thetdhta and the graph. In this appendix,
we will try to acquaint you with some of the poitdsbe considered in preparing a proper graph.

SELECTING THE GRAPH PAPER

For a first graph, made while the data are beakgr, you might find it convenient to just
use the square-ruled paper of your lab notebobi¢ou are like most people, you will be able to
divide a small length into five equal parts by ewi¢gh sufficient accuracy. A typical notebook
has squares 14 1/4 inch. Allowing some margins for labeling tie&ves you an area of about
30 x 40 squares. Counting on your ability to interpoléo about 1/5 of the width of an
individual square this will permit you to plot aagh containing 15& 200 units. Choose your
scale so that the graph fills the page as muchoasilge without, however, going to strange
units. Thus, if you want to plot 100 seconds altmg30 squares of the x-axis, you will be better
off if you use units of 5 sec per division instezd3.333 sec/div, even though the latter choice
would have filled the available space. Do not 8sdiv/inch because that forces you to use
fractions instead of the more convenient decimalesc

For a formal lab report as well as for a bett@klng journal, you might want to use

regulargraph paper ruled in either millimeters or 1/10 of an inch.gan, avoid the kind of
graph paper that is ruled in 1/2, 1/4, and 1/8 @&sch

LOGARITHMIC PAPER

Sometimes it become®cessary or desirable to plot the logarithm of a quantity instead
of the quantity itself:

Necessary: In the case that a parameter varies over sewedars of magnitude, the drastic
compression of the scale by the logarithm (loglD, 409100 = 2, log1000 = 3, etc.) makes it
possible to plot the data over a very wide rangidefargument and/or the function.

Desirable: A logarithmic plot brings out the functional reta between the two variables plotted
along the x and the y-axis. Consider, for example function

y =Cx“ 1)

Fora = 1 it is represented by a straight line, for atlyer value ofa by some curve or
other. If we take the logarithm of both sidesto$ tequation we get



logy =logC +alogx. (2)

This equation is represented by a straight lineafplot logx along theabscissa (the x-axis) and
log y along theordinate (the y-axis) of linear graph paper. Doubly logarithmmapgh paper is
ruled so that we do not need to take the logaritivensimply plotx along the (logarithmically
ruled) x-axis andy along the (logarithmically ruled}axis and get a straight line in the resulting
log-log plot. The slope of that straight line is given by thg@onenta. Note that this is true
only for a simple power law of the form given by.Bq Even an additive constant will make the
log-log plot non-linear.

If one wishes to plot an exponential functiontwé form
y =Ce™, ©)
it is expedient to ussemi-log paper, i.e. graph paper on which theaxis is ruled linearly and
the y-axis logarithmically. If one plots Eq. 3 sach paper, a straight line with the slapwvill

result. Again any additive term, even a simplestant will make the resulting plot non-linear.

To find the slope from a logarithmic graph, redfitawo points from your straight line
and solve the relevant equation, solving for tlopal For example, working from Eq. 2,

logy, =logC +alogx,

| _ : 4)

ogy, =logC +alogx,

SO logy, —logy, =a(logx, —logx,), 5)
Iog(yzj

or a= Y (6)

Iog(xzj
Xl

wherex,, Xz, y1, andy, are read directly off the graph.

Just in case you do not remember what logarithrasall about, we list some useful
formulas and definitions:

In x = naturallogx = In_ x logx = commonlogx = log,, X
In(ex): X Iog(lOX)= X
In x = 2.3026l0g,, X In(ab) =Ina+Inb

In(gjzlna—lnb In(ax)=xlna
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PLOTTING THE GRAPH

Select a scale for the x and the y-axis so tregthph fills the available area as much as
is practical. In a linear plot, you might considersuppress zero. For example, if y varies only
from 100 to 125 you might want to start the y-aatiy = 100 and spread the interval from 100 to
125 over the entire length of the axis. Plot eaclvidual point first with a pencil and, after a
final check of all points, mark them permanenth.dot with a concentric circle around it will
both mark a point precisely and draw attentiort.tdfiyou plot more than one curve on a graph,
select different symbols for the data points ofreaarve. Indicate the size of the probable error
by error bars; if appropriate show error bars ithlibe x and the y-direction.

One usually plots not only the measured data panta graph but connects them also
with some kind of curve. This curve can eitherabgraphic representation of a theory that (one
hopes) describes the experiment or it can simplg Benooth line drawn by eye with a French
curve that more or less follows the data pointshat¥ver it is should be clearly stated in the
caption underneath the figure, e.g. “The curve shtive calculated values according to ... [the
formula],” or “The curve was drawn to guide the éye

Often the slope of a curve, i.e. the tangent efdhgle with the x-axis, conveys useful
information. This does not mean that you can leamgthing by taking a protractor to your
curve, measuring its angle with the x-axis and ttaking the tangent of that angle. Let us
assume that you have plotted a distaxn¢measured in meters) against the tinfeneasured in
seconds) it takes to travel that distance. In tlage, the slop&x/At of the resulting curve will
be a measure of the velocity. This slope, howew#r depend on the scales that you have used
along the two axes. You will get the correct vabdig¢he velocity in m/s only if you divide the
value ofAx (in meters) that you have read off taecale by the value dit (in seconds) read off
thex-scale.

LABELING THE GRAPH

Every graph should have a title that tells whathewn. You should also label both axes
and give the units used. The customary way isue the name of the variable followed by the
dimension in square brackets, e.g.: time [secPraph without proper labeling of the axes gives
no useful information.

AN EXAMPLE

Figures 1 and 2 (following page) show an examplthe same set of data plotted on a
linear and a log-log plot. The time it took a fifiadling steel sphere of 1 cm diameter to fall a
distanceS was measured at 20 cm intervals. The experimentais were smaller than the size

of the data points. The curve represents the egquat /2S/g for g = 9.8 m/é.
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Figure 1. Time as a function of distance in frdé fa
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Figure 2. Same as Figure 1, but plotted on logplog
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