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Prerequisite Knowledge
The prerequisite knowledge for each of the programs is listed below.

C Heyn’s Method - basic metallography and stereology, grain size, mean lineal intercept
C Point Count - basic metallography and stereology, volume fraction of phases, point count

method
C Jominy -  Jominy end-quench, heat treating of steels, hardness, hardenability
C Audio Scope - data acquisition, WAV files

Objective
This article does not describe an experiment, but rather several computer programs that may be
useful in laboratory experiments many of us already perform.  The functions and features of each
program are summarized along with comments on how we use these programs in the classroom.

Equipment and Materials
All of these programs run under Window 95 and NT, so all one needs is a PC running one of these
operating systems.  To use Audio Scope in the laboratory one may also need an external amplifier
to condition the signal for the ±1 volt sound card inputs.

Introduction
As microcomputers become more powerful, less expensive and easier to use they are finding their
way into almost every aspect of education.  In the laboratory they have long been used for data
collection and analysis.  Currently there are also many large and often expensive programs on the
market that will do what would have been extremely impractical, if not impossible to do by hand.
In our small department, for instance, we use major software packages that perform finite element
modeling, molecular dynamics modeling, crystallographic calculations, image processing and
analysis, thermodynamic calculations and data retrieval from large databases.  Still, we are in
constant need of simpler and smaller software tools that do tedious work that we somehow still find
ourselves doing manually.  Many of us can think of operations that we wish the computer could do
for us, or which would help ensure success in our teaching experiments, or something that has been
sitting in our heads for years, or staring back at us from a text book, whose time has come to be
“animated” as computer code.  Fortunately programming tools such as Microsoft’s VisualBASIC



Figure 1 Screen shot of the Heyn’s Method program.

and Borland’s Delphi make it relatively easy for intermittent programmers such as engineering
students and instructors to write useful programs that can run in the rich but very complicated
Windows environment.  With the availability of such tools the desire to code finally got the best of
me and I ended up writing several modest but useful computer programs that we regularly use in our
laboratory courses.  

Heyn’s Method
Heyn’s method, better known as the mean
lineal intercept method, is widely used for
estimating the average grain size in
polycrystalline materials.  ASTM standard E
112-88 describes this method in detail along
with the procedure for converting the mean
lineal intercept length to an equivalent
ASTM grain size.

Basically, the method involves laying a test
line over a field of view and counting either
the number of grain boundary intersections
or the number of grain intercepts. The length
of the test line divided by the number of
intersections, or intercepts, gives a mean
lineal intercept length.  After repeating this
procedure a number of times basic sampling
statistics can be used to produce an overall
average value plus the confidence interval for a specified confidence level.  The math is simple
enough, but tallying the counts and doing the calculations while observing the microstructure is
tedious and likely to lead to errors, especially for the student who is doing this for the first time.

The program Heyn’s Method (Figure 1) makes tallying the counts and calculating the results painless
and easy.  To use it, one presses the New button to start a new measurement.  After entering the test
line length, magnification and confidence level one can start entering the counts into a spreadsheet-
style grid.  After five entries have been made, the program will calculate and display the mean value,
the relevant statistics and the ASTM grain size.  To aid in data entry one can bring up the  keypad
tool which will allow one to click-in the intercepts while observing them in the microscope.  Finally,
the results can be printed and saved as a text file.

One final feature, the graph, was added to help the student see the data plotted as a histogram plus
the normal distribution for the current values of the mean and standard deviation.  This graph will
automatically rescale itself to center the data along the x-axis and to fit it within the range of the y-
axis.

This has been a very useful program in several of our laboratory courses.  We give it to the students
to take home and perform several grain size measurements on real and artificial microstructures [1]
after we have spent sufficient time together discussing the technique and the statistical functions
involved.  Several of our graduate researchers have also taken copies to their lab and use it to



Figure 2 Screen shot of the Point Count program.

Figure 3 Screen shot of the Jominy End-Quench program.

analyze their optical and TEM images. 

Point Count 
The point count method is widely used to
estimate the volume fraction of phases in a
multi-phase material.  This method,
described in detail in reference 2, involves
laying a grid over the field of view and
counting the number of grid intersections
which fall on the phase of interest.  The
volume fraction of phases is calculated by
simply dividing this count by the total
number of intersections in the grid.  

The program Point Count (Figure 2) is nearly
identical to Heyn’s Method except for minor
changes in how it handles the counts, and the
fact that it is used to estimate the volume
fraction of phases.  The statistics are
identical.

The utility of this program in our laboratories is similar to that of the Heyn’s Method.  Student’s and
researchers alike have found it to be a handy program to have on a computer next to the microscope
or a collection of micrographs.

Jominy End-Quench 
The Jominy end-quench (ASTM A 255-89)
is widely used in industry to gage the heat
treatability of steels.  In the classroom it may
be used to teach the principles of the kinetics
of phase transformations, of strengthening
mechanisms, and of the heat treatment of
steel.  Among these lessons is the fact that it
is the carbon in steel which is primarily
responsible for the maximum hardness of the
martensite while the other alloying elements
may increase or decrease the rate of
martensite formation and therefore the
amount of martensite that forms for a given
cooling rate.  Appendix X2 of ASTM A 255-
89 describes how to calculate the maximum hardness and the hardness as a function of distance from
the quenched end of the Jominy specimen.  These calculations involve a number of polynomials,
each of which is valid over various ranges of composition and distance from the quenched end; the
calculations which are tedious when done manually but are easy to code.

The Jominy program (Figure 3) allows one to calculate the Jominy curve for whatever steel is being



Figure 4 Screen shot of the Audio Scope program.

tested (within the limits specified in the ASTM standard); this curve may also be plotted on the same
graph as the measured hardness values.  To use this program one creates a new job and after entering
data on the steel and the end-quench procedure, the user can enter the composition of the steel and
the measured hardness values.  When this is complete, the program will calculate the initial
hardness, the ideal diameter, and the hardness at a point in the Jominy specimen (along the length
or in from the outer diameter) where the microstructure consists of 50% martensite.  The graph can
be rescaled and the results printed, saved in a file and reloaded at a future time.  It is an MDI-type
program, meaning that within the main (parent) window one can open any number of child windows,
each for a different Jominy specimen.

We have used an earlier version of this program in our courses.  It was well received and added
much to the success of the experiment.  The students could share their printouts and their files with
each other, allowing them to very efficiently pool the results from a number of quenches of different
steels.

Audio Scope
Audio Scope was written to avoid
having to purchase expensive data
acquisition boards or oscilloscopes
for up to three laboratory stations
where students could observe B-H
curves.  This experiment [3] uses 60
Hz excitation and our current
DMM/scanner setups could not
provide the necessary data
acquisition rates and they do not offer
simultaneous sample-hold for the two
channels of input.   All we needed
were two channels of input,
simultaneous sample hold, and
moderate data acquisition rates.  In
fact we could have used low data
acquisition rates and collected data over a period of time since the signal was periodic, but we
definitely needed simultaneous sample-hold.

The solution to this problem was to use the sound card which comes with most PCs.  Sound cards
provide two channels of input through their line-in ports plus a third channel through the
microphone input.  Sound cards offer sampling rates ranging from 8 kHz to 44.1 kHz, monaural or
stereo, and 8 or 16-bit resolution.  Input to the line-in ports has a full-scale range of ±1 volt, which
normally is adequate; and when it is inadequate one can use amplifiers to strengthen or other devices
to attenuate the signals.

Audio Scope offers many of the features one would expect to see on an oscilloscope.  You can scale
and attenuate the signals from each channel, adjust their zero positions independently, and shift them
left and right.  It even offers a triggering feature plus the ability to plot the signal from one channel
versus the signal from the other one.  The data can be saved to disk, and, if desired, the data can be



saved directly to disk as a WAV file and replayed later. 

Audio Scope is a much more ambitious program than the previous three.  It has many more features
and it must interact with Windows on a more intimate level.  It makes many calls to Window’s
multimedia API functions [4] to get the data from the sound card and the data must be decoded from
its native WAV file format [5] before it can be plotted.  Audio Scope is also a much more active
program since it must get the data from the sound card, translate it into x-y coordinates, plot it, and
handle all user requests; it must do this quickly enough to present a smooth display.  Unless your
computer is reasonably fast you may not get the quick oscilloscope-like performance you were
expecting.  Also, if one can manage to make less demand on the system’s resources -- for instance
by sampling for shorter time periods -- the performance should be adequate.  Even if the display is
not smooth, it will still acquire data at audio rates. 

This program is new.  I haven’t had a chance to thoroughly test it or to use it in our courses, but I
am anxious to implement it with  Furguson and Stoebe’s magnetic properties experiment that was
presented at NEW:Update 96 in Los Alamos [3].

Comments
Three of the  four programs described here have been used in our laboratory courses for up to two
years.  They have been worthwhile additions to our experiments and have helped to improve the
quality of  and the student’s understanding of the results.  The fourth program, Audio Scope, will be
used for the first time this year.  Before using it we will do additional testing to ensure accuracy and
reliability.  We plan to test it on every sound card we can find and if the results vary appreciably
between sound cards it may be necessary to add a calibration feature. One feature that each program
needs, however, is an extensive help utility.  These help utilities would explain how to use the
program and how the technique works; use of a tutorial is a possibility.  This would give the
programs an additional instructional component. 

All four programs can be downloaded from our department’s web site at www.matsci.ucdavis.edu.
Go to the laboratory teaching section where you will find the link to the NEW:Update 99 page.  All
files are zipped so you will need a Pkunzip-type utility to extract them.
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