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One of the easiest ways to determine if two quantities are related is
to plot them on graph paper. In many cases, the functiocnal relatiocnship
canbedete.m.i.nedbygraptucalamlysis. If the two quantities are

graph paper. Inctherwordsgraphsmpmsentexperimmtalmsults. There
aremnydifferemtypaofgraphpaper,m:slimr(mtarqular
coordinate), semi-log, log-log, polar and triangular. We will be corcerned
withtrnfinstﬂureeatvarimtimsmﬂtheymmmllydimaadin
Appendix 1, Formv,mwillmidermlylhmrgnphpaper.

Regardleasoftlutypeofgnphp&perusad,tlnnmcartainmlcsto
follwinccnstructirqagmm.

1. Bwexygrammndhaveatitle:ﬂngnmtalllaltmyuﬂas
Mdeservsﬂaelamemidentimasanybodc. A carplete
title should include the name of the experiment, the experi-
mmter'snm,ﬂadatemﬁmtmgnmm. All
titles ard labeling should be done neatly, preferably in block
lettering, rather than script.

2. I.abeleachaxiswiththevariableitrepresents. Include the
units and the scale used. 'Ihei.rﬂeperdentvariablex,mﬁd'xis
under control of the exper » is plotted on the abscissa
(x-axis, the horizental axis), The dependent variable y is
determjmbytmird@emmvariablearﬂisplottadmﬂn
ordinate(y-axis,t!nverticalaxis). When r is graphed as a
nmctimofs,risplottaimthey-axismﬂamtlnx-axis.

3. When choosing a scale for each axis, make sure each division
(block) represents a convenient unit (1,2,5,10), and at the same
time, trngram“ersasmOftlnpaperupossible far
better accuracy.

4. Draw small circles around data points so that, at a glance, a
readercanseehmmanydatapointsmmilable.

5. Do not comnect individual points. A line or curve should be
dmwnclosetobutbetwaenthepoirrts,withabcuthalfoftlmm
either side of the curve. A ruler should be used to draw a
straightlinea:ﬁafrendamrveshmldbeusedtodrawasmoth

ooy 3Satbe-




(7)

(8)

differences of the instrument used. A length measurement may be
expressed, for example, as 3.79 + 0.05 cm when 0.05 is the estimate
of the accuracy of a particular measurement. One indicates this en
the graph by drawing "flags" or error bars fram the datum point,
parallel to the appropriate axis; the distance on each side of the
datum point represents the assigned error.

% } represents 0.05mn on the scale used.

)representso.OSmmthescaleused.

reader, ('metopoftbegraphstmldbeorimtadsottmtitis d
eithe.rattmtcporatthelertoftherq:ort.)

Errors are really effects of neglected influences (e.g., friction,
temperature and pressure variations, etc.) or of the finite accuracy
of the equipment cn the final result. The experimenter will have
deviaticminrepeatedmadirgsmﬂahmnamot
statistical Mysiswhidlsrmﬂnfmnyinobsmi:ga

variable plcttec} against the value of the variable. Further details

aboutdrawi:ghlstog:answillbemppliedbyywrteadnrgassistant

or Apperdix 4 in this manual,
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REPORT FORMAT:

The report should contain the following parts:

A. Title and Abstract Page:

The title page should have the title of the experiment, the name of
the student, the lab section number, the names of any partners, the
date, and an abstract.’

An abstract gives the reader the essentials of the experiment in
compact form. Examples:

1. The acceleration of a freely-falling body was measured using the
Behr free-fall apparatus, i{n which a falling metal bob has {ts
position marked every 1/60 sec by means of a spark. The value
9.73 + 0.03 m/sec? (20.3%) was found, which differs by 0.4% from
the accepted value of 9.80004 m/sec?,

2. By doing a known amount of frictional work on a copper cylinder
and measuring the temperature rise, the mechanical equivalent of
heat was determined to be (4.2210.11) Joules/cal. This value is
in satisfactory agreement with the accepted wvalue of 4. 187
joules/cal. ‘

B. ata:

In this section are the original data (not copiad), written in
P¢n¢|l Permanant—imk, in a data table with ruled lines, headed by a symbol
'| J defined either in words or on a diagram, with the units used {see the
dllowe example.) Errors should be lined out, leaving them still readable, so
that they may be recovered in case their classification as errors is
mistaken, The data should be taken in an organized way, so think
about what you are going to do, and then construct the data table.
The data sheet should also have: 1) the date; 2) your name; 3) the
name of your partner, so designated; and 4) (as mentioned) the
initials of your instructor obtained when the completed measurements

are approved. Additional columns for entering calculated quantities
should be used when practicable.

C. Sample Calculation:

A sample calculation shows the equation used, the numbers {with units)
substituted, and the numerical result, with units. There should be a
sample for each important type of calculation.

Example: If several values of acceleration are found by measuring
distances and times, a sample calculation would look like:

2.x 1013 m _ 2 2
a = Zi - (22.1 see) 0.00415 m/sec” or 4.15 mm/sec

r

a = accel., m/sec?; 5 = distance, m; ¢ = time, sec.

Compuree GENERATEY
'



D. Measurement Uncertainties and Error Propagation:

This section should contain:

1. A list of each type of measurement, w a erica timate of
un tain e Examples are given in the lab
manual, Appendix 3. _

2. An__estimate of the propagated wuncertajnty. Every quantity
derived from physical measurements has an uncertainty which
depends upon the experimental uncertainties in the individual
measurements, Propagation of errors involves the methods for
evaluating, from the individual measurements, the uncertainty in
the final result, (See your 1lab manual.) Your teaching
assistant (TA) will give you additional rules as needed.

USE WTamDARD BrroR AWALYSIS
E. Resulcrs:

Included here should be:

1.

IF Compyrer
SRt v
PLOT T-505

"'.i..’J 'H’F‘llb \ﬂ

at b ) e ate. This can
often be combined with the table in which you entered your data.

(See the example of a graph.) Graphs are valuable in pPresenting
experimental results, and their value is much greater if standard
conventions are followed. These conventions include:

a. Plotting the {independent variable (the one set by the
experimenter) on the abscissa or horizontal axis, and the
dependent variable (the one measured) on the ordinate or
vertical axis. This procedure is described as plotting the
dependent variable versus the independent: "a versus b"
means "a" along the ordinate, "b" on the abscissa.

b. Labeling each axis with a symbol, a name, and the units
used.

c. Choosing the scale of each axis so that each square
répresents a convenient magnitude (e.g., 5 meters rather

than 4 meters) while at the same time allowing the curve to
cover most of the paper.

d. Drawing a smooth curve close to but between the points,
splitting them evenly, if they do not lie on a smooth curve,
since the scatter is probably from random error,

e, Designating measured points by a small dot enclosed in a
small circle, triangle, Square, etc., so the user can tell
at a glance where the measured points are.

£. Showing error bars or estimates of uncertainty on the
measured points if they are large enough to be seen.
2. Giving the graph a complete title so the viewer can

understand it without reading the entire report.

iv
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h. Plotting your data on the Page facing the table from which
they are derived.
3. o)

another experjment. The discussion should in
evaluation of Systematic errors.

son_with theorv or
clude an appropriate

Parts A through E should be in every report. In addition, there
part. ...

Ext;a-Credit Measurements:

Part F is optional and allows you to obtain u
the report if you can modify the experiment in a clever way, take

+ and learn something
"more of the same™,

is
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