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Abstract
This paper describes the procedure used to produce a short digital video and how it has been used in the
classroom.  The video is of a tensile test of a polished brass specimen as viewed through a stereo-zoom
microscope.  The subject is the relationship between structure and properties and the point being made is
that the materials have an underlying structure that determines much of how they behave.  The video has
only been shown in class a couple of times and so far the results have been positive.
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Prerequisite Knowledge
The student should be familiar with the following:
1. Tensile testing
2. Crystal structure
3. Concepts of slip systems and critical resolved shear stress
4. The fact that many engineering materials are polycrystalline

Introduction
Consider the “structure-properties-processing” principle that is the foundation of materials science.  By
the time our students graduate they will appreciate this principle and will have a good understanding of its
many fundamental and practical and aspects.  But in an introductory course it may be difficult to make
this point well, to impress the students that all materials have an internal structure, that this structure is
dynamic and that it has direct influence on phenomenon such as plastic deformation.  This prompted the
making of a short video that shows a brass specimen being tensile tested.  Its purpose is to thoroughly
convince the students that there is an underlying structure, and not only can we see it but we can see it in
action.  This video can be played on most Windows-based PCs using the standard movie player program
or one can use the program I wrote that plays the video and displays the test data simultaneously.  The
video, the data and the program are all available on a CD-ROM.  This paper describes how the video was
made and how it has been used it in courses.  

Materials
The alloy used in this experiment was the C26000 alloy (70/30 brass, cartridge brass) which was recieved
in the half-hard condition.  Tensile specimens were machined from the 0.125 inch (3.175 mm) thick sheet. 
The gage length was 1.50 inches (38.1 mm) and the width was 0.50 inches (12.7 mm).  

Equipment
Equipment used to make the videos consisted of the following:



C Furnace - a box furnace capable of reaching 800°C
C Tensile testing system - in this case an Instron model 4204 (computer controlled, 50 kN capacity)
C Digital camera - a color CCD video camera with composite video output
C Video Capture - several AV Macs were available but they could not provide the desired frame rate

for full size video capture.  The computer used in this project was a 300 MHz Pentium II-based PC
running Windows 95.  It had 128 MB of SDRAM and a 9 GB UW-SCSI hard drive capable of 17
MB/sec sustained transfer rates.  The video capture board was capable of digitizing full motion video
at 640x480x24 bits and 30 frames per second (fps).

C Video editing software - Adobe Premiere
C Microscope - the microscope used in this experiment was a stereo-zoom microscope capable of

providing magnifications from 5 to 75X and a working distance of several inches
C Illumination - quartz lamp with two fiber optic light pipes

Procedure
Heat Treating
The tensile specimens were annealed in air at a temperature of 775°C for two hours.  This produced grain
sizes of several millimeters.

Polishing the Specimens
After heat treating the specimens were mounted in a specially designed holder and ground and polished
using an automated polisher/grinder (8-inch wheels, 240-600 grit SiC, 6 :m diamond) with the final
polishing being done using a vibratory polisher and a colloidal silica abrasive.  The final results were a
flat and nearly perfectly polished tensile testing specimen except for minor scalloping.

Tensile Testing
In the first video the specimen was tensile tested to failure using a crosshead speed of 6.00 mm per
minute. In the second the crosshead was only 0.60 mm per minute and the test was stopped long before
the specimen failed.  In both tests the lower crosshead is stationary while the upper crosshead moves at
the specified rate.  During the test the load-elongation data was recorded and saved to disk.

Video Capture
The stereo-zoom microscope was mounted horizontally on a tripod and focused on the center of the
specimen.  The video camera was attached to the microscope’s C-mount adapter and its output was
connected to the PC, a VCR (in case the PC video capture failed) and to a color monitor.  The light source
was carefully adjusted so that it would illuminate the polished specimen but not reflect towards the
microscope as a bright spot.  This was accomplished by adjusting the aim of the light pipes and by placing
a diffuser (a sheet of white paper) between them and the specimen.  After making a few short test
recordings the video capture system and the VCR were started and a few seconds later the tensile test was
started.  The video was recorded at the highest available resolution and frame rate (640x480x24-bits, 30
fps).  

Video Processing
All video processing was done on the same PC that was used to perform the video capture.  Adobe
Premiere was used to create the title screens, transitions and micron bars, to cut and splice the video and
to assemble the final video.  Two versions of each video were produced, one at 320x240x24-bit and the
other at 640x480x24-bit, both at a frame rate of 15 fps.  These were also accelerated so that their runtimes
would be less than five minutes.
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Figure 1 Stress-strain curve typical of all specimens tested
during this project.

Figure 2 The region of final fracture.  This is the final
frame in the first video.

CD-ROM
The videos, the data from the tensile tests, a
Windows program that displays the video
and the at stress-strain data simultaneously
and a few other files (drivers, readme, etc.)
were written to a CD-ROM.

Results
Mechanical Properties
Figure 1 shows the typical stress-strain curve
for the specimen tested in the first video. 
The stress-strain curve in the second video
was similar up to a strain of 22% when the
test was stopped.  The yield strength was
around 50 MPa, the UTS was 288 MPa and
the strain to failure was 117%.

Video 1 
The first video shows a polished brass specimen being tensile tested to failure.  The magnification was set
so that the specimen’s width just filled the field of view and the microscope was focused on an area near
the center of the specimen.  After the title slides are shown one sees the smooth yellow brass metal.  As
soon as the tensile test starts the grains and twins appear and as the test continues the grains can be seen
moving off the top of the screen.  Meanwhile the surface of the specimen is becoming so rough and
fibrous looking that it hardly looks like a metallic specimen at all.  Finally the specimen fractures.  This is
shown in the video as a sudden jerk of the specimen.  The video ends a short clip showing the fractured
region (figure 2).  

Video 2
The second video is basically the same as the
first except that the crosshead speed using in
the tensile test was slower, the magnification
was higher, and the test was not carried out to
failure.  This video clearly shows the
formation of deformation bands (figure 3)
and eventually the same grain boundary
offsets as were shown in the first video.

Windows Program
A 32-bit Windows program was written so
that one could show the stress-strain behavior
and the microstructure simultaneously.  This
program displays three child forms in a main
parent form (figure 4).  The child forms show
the stress-strain plot, the video and text that
describes the test and the video.  Standard
VCR-type controls are used to start, stop and



Figure 3 Deformation bands similar to those shown in the
second video.  This micrograph is from the grips section of
the specimen in first video.  A metallograph was used to
take this digital photo.

rewind the video.  The plot of the stress-
strain data tracks with the video.

Discussion
Some of our sophomore engineering students
and visiting high school students are a little
surprised to learn that most of our common
engineering alloys are crystalline.  In their
world “common sense” says that crystals are
unusual, are somehow special and may even
possess magical qualitites that can influence
our health and spiritual well-being.  At very
least they should be transparent, possibly
colored and they are always brittle.  It is a
pleasure to be able introduce them to the
“uncommon sense” of the scientific world,
showing them that if one looks into the
matter of crystals one may find them to be
even more fascinating and also very ordinary. 
Even common metals are crystalline! Using
these videos we can show them crystals in action in a way they had not imagined before and then we can
go on to describe what they really are and how they influence many of the properties we take for granted.

In a more conventional series of lectures we might start with a discussion the space filling polyhedra
(crystal systems) that defines and essential characteristic of crystalline materials, then the fourteen sets of
points that repeat in space (Bravais lattices) and on to our systems for specifying the locations of lattice
points, of directions in the lattice, the Miller indicies of lattice planes, and eventually on to defects such as
dislocations.  Once the concept of the critical resolved shear stress is presented we must somehow relate
this atomic-scale shear in the crystal to macroscopic stress and strain.  At this point the student may or
may not fully believe us so we show them Bragg’s bubble-raft video to convince them that dislocations
really do glide, climb, etc.  Next we can show them the videos described here so that they can see that
while each grain deforms in a manner dictated its slip systems, orientation to the tensile axis and the
confinement by neighboring grains and at the same time they can see how the aggregate behavior of these
grains gives us the macroscopic mechanical properties we measure in the laboratory.

How We Have Used this Video
We have used this video in freshmen and sophomore introductory courses and we plan to try it out at the
beginning of a junior level course on dislocation mechanics/mechanical properties.  In the sophomore
course our showing goes something like this: 



Figure 4 Screen image of the “Underlying Structures” program.  (As you can see at the
time of this writing the program is not quite finished.)

C Show the students a shiny, polished piece of brass.  
C Tell the students that it is crystalline but that they can’t see this without first etching the specimen.
C Show the students a picture of a polished and etched specimen or better yet show them a polished and

etched metallography specimen.  Describe the major features.
C Tell them that each grain has a different orientation and will slip in different directions with respect to

the direction of loading, as if each grain were a randomly oriented stack of playing cards that will
shear only in the plane of the cards.

C Explain that deformation is isotropic on a microscopic scale, but because the grains are so small and
so numerous it is, in the general case, macroscopically anisotropic.  

C Suggest that if the grains are large enough we should be able to see each one in action.  
C Describe what the video will show.
C Show the video.  
C Discuss the video.

Showing the Video in Class
The two times we have shown these videos in class we ran them from the hard drive and projected it using
an LCD projector.  In both cases we showed the 640x480 format videos and the quality was very good. 

The videos ran smoothly using the PC described above but if a slower PC is used and these videos do not
run smoothly then one can use the 320x240 format videos.  Also, since the CPU overhead required to
operate the CR-ROM is about twice that of the hard drive we prefer to not run these videos from the CD-



ROM.

Conclusion
Although these videos have been shown in only two classes the results have been positive.  They have the
gee-wiz element that helps make the subject interesting and it also gets the point(s) across.

These videos, data, programs and the still images can be downloaded from our web site at
www.matsci.ucdavis.edu. Note that the 640x480 videos are 500+ MB files and the 320x240 videos are in
the neighborhood of 90 MB.  Download times may be impractical and you’ll need to have a place to put
these large files.  If you would like to get a copy of these videos you can write or email the author to
request copies of the CD-ROMs.
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