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Let Your Imagination 
Run Away With You 

If you're an engineer - or studying to be one - chances 
are non-engineers have at some point accused you of not 
being able to let your imagination run away with you. Perhaps 
those of us who are not engineers tend to separate too quickly 
the creativities required by the arts and by engineering. If your 
innovation potential is insulted by a non-engineer, you can 
counter by mentioning some of the avant garde research being 
conducted at Tech. 

For example, three seniors in ESM are working on stream
lined spokeless wheels for racing bicycles. This research is 
being prompted by regulations prohibiting any bicycle part 
whose sole purpose is to reduce wind resistance. Solid disks, if 
used to replace spokes, could not be classified as optional 
wind cheaters. In addition to being an innovative solution to a 
problem, these devices will turn out to be aesthetically pleasing. 

With the plethora of fascinating findings at Tech, it's surpris
ing that more technical reports are not entered in our contest 
each year. The main restrictions put on the entries simply per
tain to the paper's length (1500 to 2000 words) and authorship 
(Tech student upon entry). 

Starting in the next issue, the Engineers' Forum will feature a 
column to recognize students' creative research. Also featured 
will be brief profiles of the students and their reasons for con
ducting the research. We are depending on you, our readers, to 
keep us up to date on what you find interesting. 

We encourage you to give us a call if you know someone who is 
studying something exciting or is simply excited about his study. Any 
questions regarding the technical writing contest are welcome, 
too. Our office number is 961-7738. 

Editor's Note: 
In early November, a fire in the steam tunnels wiped out our 

computer cables. Without this link which we use for typesetting, 
Engineers' Forum could not come out in November as originally 
planned. We hope that this delay has not caused any 
inconvenience. 
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MICHAEL F. RIEMER 

Stability of the Narrows, Virginia 

ABSTRACT 

A stability study of the Narrows landslide was performed in order to estimate the likelihood of a 
rapid slope failure, and to determine an efficient means of slope stabilization for this site. The 
study included research of the slope conditions, a site inspection, and a computer analysis of the 
data gathered using STABR, a slope stability computer program. The study revealed two inde
pendent failure mechanisms: limited surface slumping of the shale formations, and a large circular 
slip failure extending beneath U.S. Route 460. Neither failure mode is likely to cause a catastrophic 
failure at this site. The shale slumping can best be contained by the construction of a retaining 
wall on the slope, which would prevent sliding material from reaching the highway. The rotational 
movement can be alleviated by installing a system of horizontal drains in the slope, since the driv
ing force of this movement is the added weight of excess groundwater in the slope. 

INTRODUCTION 

Small movements of the slopes along rural high
ways are common, and can usually be accepted 
as inevitable consequences of road construction. 
At certain sites, however, such as the northern side 
of U.S. Route 460 near Narrows, adverse geologi
cal conditions can combine with destabilizing 
construction to create landsliding of major propor
tions. One section of this slope has become par
ticularly troublesome: the state has already spent 
over one million dollars attempting to control it, 
spending $8,000 each year on maintenance1, and 
the possibility of large, rapid movement endangers 
both the highway and a nearby railroad line. 

This paper culminates a slope stability analysis of 
the Narrows landslide. The analysis has two prim
ary objectives: 1) To describe the actual sliding 
mechanism, including the location of the slip sur
face and an identification of the factors which con
trol the movement, and 2) To determine an effec
tive means of stabilizing this slope in order to 
reduce future movement. 

The following stability analysis consists of three 
parts: research of the site to establish the slope 
conditions and failure surface, a computer analy-

sis to identify the critical slope condition, and a 
computer simulation of the effect of drainage on 
the slope stability. 

BACKGROUND 

Movement at the Narrows landslide was first 
reported in 1916, when the Virginian Railroad 
noted that sections of the track were shifted by 
considerable earth movement. Since then, the 
entire slope has shifted a total of about thirty feet. 
Rather than creeping continuously the slope 
moves intermittently, with the periods of greatest 
movement coinciding with either prolonged heavy 
rains or major construction work on the highway. 
In repeated efforts to halt the slide, the state con
structed two retaining walls at the toe, or lower 
boundary of the slide. The first was a concrete 
beam wall, which was replaced in 1971 by a sturd
ier metal bin wall. At the same time, nearly 250,000 

cubic yards of soil were removed in an effort to 
unload the slope. In spite of these measures, the 
landslide has continued moving. While there have 
been no large scale failures of the slope, repeated 
minor movements indicate that the slope has not 
reached a position of long-term stability.2 
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DESCRIPTION 

OF SLOPE 

The particular section of the slope in question lies on the 
northern side of U.S. Route 460, approximately two miles 
east of the town of Narrows, Virginia. The area affected by 
the slide is roughly triangular, with the toe of the landslide 
extending some 1500 feet along the highway, and the upper 
scarp reaching over 700 feet up the slope (Fig. 1 ). Route 460 
runs across the toe of the slide, whose lower boundary is . 
marked by the bin wall to the south of the highway. This wall 
has failed at several sections, while the corrugated metal 
panels have been completely sheared off their original 
supports. 

SURFACE 

The surface of the slide is highly irregular but the average 
slope angle at the location of the slide is twenty degrees. 
Weathered outcroppings of crumbling shale dot the lower 
region, and open fissures up to six inches wide character
ize the eastern and central section of the slide. Relatively 
stable sections of the slope are covered by annual vegeta
tion, while other sections consist entirely of loose sand and 
soil that have recently been deposited. Perhaps the most 
striking characteristic of the slide surface, however, is the 
large number of "sag ponds" scattered across the face of 
the slide. Sag ponds are minor depressions in the slope left 
by the sliding process which fill with rainwater. Though 
these depressions may occur near the top of a steep slope, 
they can contain standing water almost continuously. Some 
of the sag ponds at this site support a population of cattails, 
a plant usually associated with marshes, which testify to the 
high availability of water at these points~ 

SUBSURFACE 

The geology of the slope is complex, and relatively little data 
about the underlying soil strata is available. In 1967, the . 
_Virginia Department of Highways took a series of soil bor
ings along the northern shoulder qt Route 460. Using these 
limited sources, a representative cross-section of the land
slide has been developed (Fi.g. 2). This profile is extremely 
sketchy, and the lack of more detailed subsurface data · 

.. makes the profile a limiting factor for the sophistication of 
this analysis. 

The upper eighteen to twenty feet consists primarily of clay 
and silt, though local outcroppings of shale and sandstone 
exist at the surface. The clay layer is highly impermeable, 
and is therefore the primary cause of the slope's . poor 
drainage characteristics. Beneath this clay lies a layer of 
weathered, sandy shale, which extends to a depth of 65 feet 
This sandy shale is more permeable and stronger in shear 
than the clay above it. Below this depth, the entire slope is 
underlain by a layer of black shale, which has been identi
fied as the Millboro shale fprmation. This formation is 
exposed in other locations near the slide, and is over 300 
feet thick. 
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Figure 1: Location and Extent of the Landslide 
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PRESENT 
STABILITY 

From the feature of the landslide described earlier, it seems 
clear that there is more than one mechanism of sliding 
occurring at this site. The repeated movements of surface 
soil down the slope and onto the highway suggest slumping 
of the surface shale, while the pronounced upper scarp and 
bin wall failure at the toe suggest a circular slip failure. [A 
review of these failure mechanisms is presented in the 
Appendix.] 

The properties of the shale in the surface outcrops support 
the idea thatthe slumping is seated in these formations. The 
well-bonded shales commonly found in the Allegheny 
region are subject to extreme weathering, or deterioration. 
Thus, when a formation of this type is subjected to intermit
tent saturation and drying, or freezing and thawing, the 
shale often literally disintegrates into fine, planar particles.3 
Consequently, the shear strength decreases, and a section 
of the slope which was previously secure becomes unsta
ble, sending both the weakened shale and adjoining clay 
down the slope. The construction associated with the wid
ening of Route 460 in 1970 has undoubtedly accelerated 
the rate of slumping: by removing material at the toe of the 
slope, the evacuation has reduced the support of soil 
farther up the slope. 

The large scale movement of the slope is.almost certain due 
to a circular slip type. of failure. The location of the slip 
surface is known at three points: the toe of the slide at the 
bin wall, the upper scarp, and a point located during the 
1967 borings, which lies 20 feet under the northern 
shoulder of the highway. · Taken together, these points 
define a unique circle, whose center lies more than 900 feet 
above the slope. This circle represents the idealized failure 
surface about which the stability calculations are per
formed. The computer analysis was carried out using a 
slope stability program, STABR, which calculates the factor 
of safety for a given situation using Bishop's Modified 
Method.4 The coordinate system used by the program, the 
simplified slope conditions, and the critical slip circle are 
shown in Figure 3. 

In order to calculate the stability of any slope, width and 
strength parameters for each type of soil present must be 
given. For the upper two layers this presents no problem, 
since accurate estimates based on similar soil deposits can 
be made. The strength of the Millboro shale, however, does 
pose a problem: its strength depends on its level of deterio
ration, which in turn depends on the history and drainage 
characteristics of this particular slope. Fortunately, one of 
the soil properties · can be back-calculated, because the 
~tability is known for the present condition. Since the slope 
1s currently unstable, the factor of safety must be 1.0. Thus 
the strength of the Millboro shale can be determined by trial 
and error, by finding out what strength is required to bring 
the current slope conditions to a position of marginal stabil
ity. For the soil properties and slip surface of this analysis, 
the friction angle of the shale was calculated to be 23 
degrees. 
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Figure 3: Geometry of the Landslide Model 

Although the theoretical slip surface defined by the circle in 
Figure 3 .cuts into the lowest layer, it is far more likely thatthe 
actual slip surface departs from the circular model to follow 
the soil boundary at a depth of 65 feet. This would occur for 
!wo reasons. Most importantly, the black shale is virtually 
impermeable compared to the broken, sandy shale above it. 
As a result, water which drained through the upper layer is 
stopped at this boundary, and the pore pressure rises 
accordingly. This reduces the effective stress at the soil 
inte~~ce and consequently reduces the soil strength. In 
add1t1on'. the outer surface of the black shale is subject to 
weathering by the stagnant water. As a very thick surface 
layer of the black shale deteriorates, its resistance to shear 
drops and it virtually acts as a lubricant between the remain
ing black shale and the sandy shale above it. 

Although an exact determination of the failure surface is 
necessary .for a complete understanding of the landslide, a 
more crucial concern centers on identifying the cause of 
the instability. Since the movements occur intermittently, 
the key factor must vary over time. For this slope, as for may 
?ther u~~table slopes, the amount ~f groundwater present 
is the critical factor. While the groundwater has little effect 
on the shear strength of the soil, it increases the moments 
creat~d by the soil mass by effect'ively raising the weight of 
the soil. Smee the volume of soil tending to cause rotation is 
greater than the volume resisting it, the net effect of an 
increase in groundwater is a decrease in the relative stabil
ity of the slope. At the Narrows landslide, the clay layer near 
the. surf~c~ is pierced by a number of fractures, through 
which rainwater can infiltrate the.sandy shale which forms 
the bulk of the unstable soil mass. 

Given .these slip mechanisms, there is virtually no possibility 
of rapid, catastrophic slide. While the slumping soil could 
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reach the road and temporarily block traffic, the amount of 
soil involved would be relatively small. In contrast, the circu
lar slide includes virtually the entire slope, but its movement 
is self-limiting since the soil mass becomes more stable as 
it moves. 

STABILIZATION 

Since thete is little or no chance of a catastrophic slope 
failure, the short term goal of a stabilization plan should be 
the prevention of surface slumping onto Route 460. This 
would considerably reduce the annual maintenance costs 
of $6,000-8,000, which are currently spent in keeping the 
highway and its shoulder clear of debris. Unfortunately, 
there is no economical means of preventing this surface 
slumping, since the exposed shale will continue to deterio
rate and weaken. However, the slumping can be contained 
through the construction of a modest retaining wall along 
the northern edge of the highway to keep the sliding mate
rial on the slope and off the highway. The wall required for 
this would be small since the surface slumping is lim.ited to 
a small volume of soil. This measure would have an addi
tional benefit: by holding the slumping soil near the toe of 
the circular slide, it would contribute to the moment re
sisting the rotation of the larger slide. 

While movements of the circular slide pose no immediate 
danger or expense, over a long period of time any differen
tial movements across the width of the slope could effec
tively tear the highway apart. Physical retention of slide this 
massive is not feasible, as the shear bin wall attests. The 
unstable portion of the slope includes nearly one million 
tons of soi I. Rather than trying to restrain the sliding material 
a more realistic alternative would be to prevent the move
ment by providing adequate drainage. Lowering the water 
table would remove the cause of the instability by reducing 
the net moment due to the soil weight, while also reducing 
the destabilizing pore pressures at the slip surface. 

The computer program STABR was used to determine the 
relative stability that could be attained by a uniform lowering 
of the water table, such as might be accomplished using 
horizontal drains. The analysis predicts that a drainage 
program which would lower the water table to a depth 
midway into the sandy shale layer would increase the factor 
of safety from its current value of 1.0 to approximately 1.5. 

CONCLUSION 

The geology, surface features, and history of the Narrows 
landslide indicate that there are two mechanisms of slope 
failure atthis site. The gradual obstruction of U.S. Route 460 
with slope debris results from surface slumping of the 
weathered shale formations seated in the clay layer, while 
the shear failure of the metal bin wall and the net displace
ment of the entire slope are caused by a massive circular 
slip failure. Neither of these mechanisms are capable of 
causing a rapid, catastrophic failure for the slope. 

While the surface slumping can only be contained, stability 
calculations indicate that the much larger circular slip 
movement can probably be eliminated by significantly low
ering the water table through the implementation of a drain
age program. 

APPENDIX 

BASIC SLIDING 
THEORY 

The complex geologic structures of some landslides can 
make a detailed interpretation of the sliding mechanism 
extremely difficult. Regardless of a sight's complexity, 
though, it is important to remember that all landslides move 
because the forces tending to cause motion exceed the 
forces resisting motion. While the sliding mechanism at a 
site will depend on the characteristics of the slope involved, 
most slides can be classified as variations of either circular 
slip failures or surface wedge failures. 

CIRCULAR SLIP 

In this mode of sliding the slip surface, or surface along 
which the relative motion occurs, is described by the arc of 
a circle whose center lies above the slope (Fig. 6a). A failure 
of this type involves a rotation of the entire soil mass around 
the hypothetical center of the circle which describes the 
slip surface. 

The driving force behind this type of failure is the weight of 
the unstable soil "upslope" from the vertical projection of 
the circle's center. This force acts vertically downward, of 
course, and thereby creates a moment around the center of 
the circle. There are two forces resisting the rotation of the 
soil mass. One is the moment created by the weight of the 
unstable soil "downslope" of the circle's center. This 
moment will always oppose motion, but it is usually too 
small to completely offset the moment causing motion. The 
other force resisting rotation is caused by the shear 
strength of the soil itself, which develops a frictional resist
ance along the entire slip surface. 

When the sum of these two forces is insufficient to offset the 
moment causing motion, a slope failure occurs along the 
slip surface, and the entire mass of unstable soil rotates 
around the center of the slip circle (Fig 6b). The net effect of 
this type of movement is a bulging or lifting of the soil at the 
toe of the slide, and a subsidence of the sliding mass at the 
top. It is this sinking relative to the stable portion of the slope 
that results in the steep scarps along the upper edges of 
these landslides. The total movement in this type of slope 
failure is usually small, since the rotation of the soil mass 
moves it into a more stable position: some of the soil which 
initially acted to cause motion has been moved downslope 
of the circle's center, and therefore opposes any further 
motion. 



-==---====== --- ·- -

=--...=..~-

- -= .~~~~·~ 
-

~~~~--~=:~~~-



--f"-CE..NT£R -+-

(a) (b) 

Figure 6: Dynamics of Circular Slip Failures 

SURFACE 
WEDGE 

The dynamics of this failure mode, which is also known as 
11slumping," are simpler than those of a circular slip. There 
are only two forces acting on a basic surface wedge, or 
mass of soil: The component of the soil's weight in the 
direction of motion, and the shear strength of the soil along 
the planar failure surface. Because of this, critical wedges 
are often bounded by discontinuities in the slope, such as 
fractures, which minimize the shear strength that can be 
mobilized. If the driving force exceeds the shear resistance, 
the entire wedge breaks free and slides down the slope. 
Although this failure mode is more dramatic due to the long 
distances the soil may move, surface wedge failures are 
usually limited to relatively small soil masses near the slope 
surface. 

NOTES 

1 Samford, William J., An Investigation of the Narrows 
Landslide, Giles County, Virginia, Thesis for Master of 
Science, Geology, Virginia Polytechnic Institute and State 
University, Blacksburg, VA., Dec, 1981, p.94. 

2 Samford, William J., pp.4-22. 

3 Terzhagi, Karl and Ralph B. Peck, Soil Mechanics in Engi
neering Practice, 2nd ed., John Wiley & Sons, New York, 
1967. pp. 426-27. 

4 Duncan, J.M., and Kai Sin Wong, STABR: A Computer 
Program for Slope Stability Analysis with Circular Slip Sur
faces, Microcomputer version, Virginia Tech, Blacksburg, 
VA, 1984. 
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Mike Riemer graduated in Civil Engineering this past 
spring. While at Tech, he was a member of the Juggling 
Club and Chi Epsilon, the CE honor society. Presently, he 
is a graduate student in Geotechnical Engineering at the 
University of California, Berkeley. 
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JONATHAN A. LEBLANG 

MAGNETIC DISKS: 
Advances in Materials and Storage Technology 

T
his paper discusses some of the recent advances in 
magnetic storage media technology, focusing on 
computer disks. Computer disks are important be

cause for the past 35 years, magnetic media have been the 
primary mechanism of off-line computer storage. Because 
of the need to keep backups of data, and because main 
computer memories are limited, off-line storage was need
ed that was inexpensive (compared to main memory) and 
that could provide safe long term storage. 

Magnetic media can be found in two primary forms; the 
magnetic tape and the magnetic disk. Tapes were the first 
type of magnetic storage media used, but were (and still are) 
slow and inconvenient due to their sequential storage struc
ture. Tapes are now used primarily for archive and transpor
tation purposes. Disks, though more bulky and harder to 
care for, may be accessed randomly, thus making more 
efficient use of space and increasing the rate at which the 
data may be accessed. 

Since the introduction of the personal computer in 197 4, 
computer users have been looking for an off-line storage 
medium that must meet many diverse requirements. It must 
be relatively inexpensive, be able to store a reasonable 
amount of data, must have an extremely low error rate, and 
must be tolerant of varied operating conditions and users of 
different levels of proficiency. Audio cassettes were used 
for a short time, until the introduction of the 8 inch disk drive 
by Shugart in 1975 and the establishment of CP/M as a 
standard operating system for microcomputers. These 
disks held about 160K and were relatively slow. In 1978 
Apple Computer introduced the Disk, a 51A inch format disk 
drive and disk, that could store 117K on one disk. Then in 
1981 IBM introduced its IBM personal computer, with disk 
storage of 360K on a 51A inch diskette; soon after, Sony 
introduced their 3Y2 inch disk format, which can store from 
270K to BOOK on one disk. See figure 1 for a comparison of 
disk capacities. 

Information Storage 

T
he magnetic recording process occurs when a cur
rent is passed through an electromagnet which 
produces a magnetic field that orients the direction of 

magnetization along a track in the disk. When the pattern of 
magnetized particles passes under an electromagnet, it 
produces a voltage in the coil, which allows the recorded 
data to be read. The device, composed of both the electro
magnet and the structure on which it is mounted, is called 
the head. 

The whole process is based on electromagnetic magnet
ization and induction. In writing the data, a current flows 
through the windings of a coil and produces a magnetic 
field. The field is confined in a ringshaped core of magnetic 
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material around which the coil is wound. The field extends 
itself both in front of and across a narrow slot which has 
been cut in the head. As the media and the magnetic oxide 
pass under the head gap (the space between the media and 
the head), the flux field penetrates the oxide on the media 
and orients the magnetic media in a direction dependent on 
the current in the head. By reversing the current, the orienta
tion of the particles may be reversed. When the field is 
removed, the region of polarized media remains. This is 
how data is written to the disk. 

In order to read the data, the same head may be used. 
Based on Faraday's principle of induction, the electric field 
intensity in a region of time-varying magnetic flux density is 
nonconservative. In other words, voltage is induced in an 
open circuit when there is a change in magnetic field. When 
the head passes over the region where data had been 
written, the magnetic flux field from the media permeates 
across the head gap. If the magnetic field is oriented on one 
specific direction, no voltage will be produced in the coil. If 
t~e head passes under a region where the oxide is oriented 
opposite in polarity, this represents a reversal and so the 
qhange in the field includes a voltage pulse in the coil. This 
analog signal is then filtered and converted from an analog 
to a digital signal. 

Disk Capacities and Costs 
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The actual disk is comprised of a mylar substrate, coated 
with a magnetic layer (to be discussed below). This disk sits 
inside the jacket. The jacket is the enclosure for the disk 
which provides protection, support and access by the 
read/write head to the media. The jacket is constructed 
from a semi-rigid Poly Vinyl Chloride (PVC). The jacket 
contains a specially selected soft, non-woven liner. The 
liner has a dual purpose of 1) Control ling the disk torque by 
reducing friction during disk rotation and 2) cleaning debris 
from the disk as it is being used. 
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Hub Hole 

data actually involves detecting the change in polarity. The 
magnetized zones lie lengthwise, or end to end, along the 

Liner recording track in conventional longitudinal recording (see 
figure 4a). 

Figure 2 

Figure 3 

Storage Capacity 

Human Hair 
0.03 in 

Tracks 

A
s the capabilities of computers increase, larger and 
larger external storage capacities are needed. The 
current limit is about BOOK doubled track density, the 

gains in capacity tend to be accompanied by a drop in data 
integrity. This is due to the expansion and contraction of 
flexible media due to changes in temperature which make it 
very difficult to read to disks that were written to under 
significantly different conditions. However, advances in 
head positioning systems have greatly alleviated this prob
lem. 

Once the mechanical problems of writing data onto a 
high capacity disk have been solved, one must turn to the 
actual problem of storing more information on a disk. There 
are three areas that we must look into in order to see where 
advances may be made, 1) vertical vs. parallel recording 
techniques, 2) methods of depositing the magnetic material 
on the substrate, and 3) thin film vs. oxide media. 

Vertical Recording 

A
lthough a lot of room still exists to increase track 
densities and thus capacity, conventional recording 
techniques are approaching their physical limits, 

and vertical (or perpendicular) recording promises to be the 
next step in recording techniques. In the media used now, 
the magnetic particles are laid end to end along the direc
tion of the media's tracks. 

This means that if one things or each computer bit (0or1) 
as a tiny permanent magnet, conventional recording put 
tiny permanent magnets representing digital 1s might be 
recorded north-pole-first along the length of the recording 
track, while digital Os would be recorded south-pole-first 
along the same track. Because the playback heads can 
only detect transitions, the process of reading the recorded 

Figure 4 (a) 

However, due to self-demagnetizing properties of all 
permanent magnets, the north and south poles tend to 
neutralize each other, with a net reduction in the magnet's 
overall effectiveness and resulting external field. So the 
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Some tho~ 
From the Class of '86. 
"I was concerned that Boeing would turn out to be 

just another large company - a place where people get 
lost in the shuffle. 

"It isn't. Boeing has huge channels of communications. 
For example, I recently completed an engineering 
familiarity training class. I wanted to comment about the 
course, but I had no idea where to go or how to do that. 
As it turned out, I didn't need to go to them - they came 
to me. I received a survey form asking my evaluation of 
the class. I responded, and they're already doing something 
about the suggestions I made. 

"I suspect that most successful companies treat their 
people like that: as important assets. That's how Boeing 
has treated me, and the people I work 
with. I have everything I need 
to do my job, and to pre
pare myself for any career 
move I might wish to 
make. There's room for 
personal growth. 

"I like that. But the 
most important test 
of a job is the simplest 
one of all: I like get
ting up in the morning 
and coming to work:' 

JohnTurak 
Structural Design Engineer 

Boeing Commercial 
Airplane Company 



your future. dours. 
From the Class of'69. 

''.At Boeing, you can change jobs without changing 
companies. 

''.And that's an important consideration for many of us 
because surveys show engineers typically change jobs 
within their first three years. 

"Boeing offers a wide diversity of technical chal
lenges. You are encouraged to go wherever your talents
and preferences take you by using the company's 
Employee Requested Transfer Program. 

"Then, too, I think most engineers like the way 
Boeing works - in teams of six to eight persons working 
together. The environment is intense and supportive, 
with a strong sense of partnership. 

"Boeing is a good place to grow, too. We have an 
active graduate studies program - I earned my MS 

under a similar program. 
"Those who seek tech

nical challenges find 
no limits at Boeing:' 

Craig Simcox 
Technology Chief 767 
Boeing Commercial 
Mrplane Company 

Engineers and 
Engineering Technologists: 
To find out more about the opportunities at 
Boeing, contact your college placement office. 
Or send your resume to The Boeing Company, 
P.O. Box 3707-CSl, Seattle, WA 98124. 

BOEING 
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magnet must be 'long' in order to keep the north and south 
poles far apart. This limits the amount of miniaturization that 
can be applied to the magnets. Vertical recording sidesteps 
this problem by turning the magnets 90 degrees, so that 
instead of lying along the disk's surface, the length dimen
sion of them now stands vertically perpendicular to the 
surface of the disk. So now the data is recorded 'into' the 
magnetic material instead on 'on' the material (see figure 
4b). 

Figure 4(b) 

Magnet length is now determined by the depth of the 
layer of magnetic material, instead of the length. As a con
sequence, increased recording density no longer worsens 
the demagnetizing effect; actually, the opposite is true. 
Because the densities tend to squeeze the width instead of 
the length, increasing the important width/length ratio. This 
means that by increasing the recording density, the mag
netic field strength is increased. 

However, there are problems with vertical recording due 
to the media used. Because the media are far wider than 
they are tall, shape anisotropy makes it much easier for the 
magnets to lie in the plane of the media - a lower energy 
situation than that of vertical orientation. The solution to th is 
problem lies in the type of material used for the magnetic 
media. 

One method being used is to develop isotropic media 
-media that have no intrinsic orientation, and thus allow 
themselves to be oriented vertically by an external field. In 
order to achieve isotropy, the iron oxide particles are doped 
with cobalt so thatthe cobalt's natural crystalline anisotropy 
competes with the shape anisotropy of the particles. This 
results in a uniform magnetization. The major drawback to 
this method is that media doped with cobalt have coerci
vites that are highly temperature dependent, up to 10 Oers
teds per degree Celsius. Coercivity is a measure, in Oers
teds, at which the medium reverses its magnetization. 

The coercivity must be high enough so that the medium 
will not spontaneously demagnetize, but must not be higher 
than the field produced by the writing head (or data will not 
be able to be erased). For a normal disk, coercivities in the 
range of 300 to 700 Oe are typical. 

As a response to the previous problem, an alloy of chro
mium and cobalt is now being used. It has been found that 
an alloy with over 13% atomic chromium have a perpendic
ular orientation when magnetized. The alloy is deposited on 
the media substrate in the form of hexagonal crystals that 
can be magnetized vertically. 

Thin Film Techniques 

Asecond way to increase data density and integrity is 
by using thin film technology for the magnetic media. 
The typical disk usually depended on an iron oxide 

particulate media. This coating usually has a thickness 
ranging from 2S to 3S microinches. Curing manufacturing, 
the Fe20 3 particles in the magnetic coating are oriented in 
one direction during the curing process to provide a uni
form, basic magnetic orientation. However, this type of 
media has limits to the coercivity that can be obtained, due 
to the relative scarceness of the particles (see figure Sb). 

Thin film technology solves this problem by laying down 
a film of pure magnetic particles about 3 microinches thick 
(see figure Sa), which leads to a doubling of attainable bit 
densities without losing signal strength. This allows for 
more tracks per inch, thus more storage for a given size of 
disk. And due to the higher coercivity of the material, the 
prospects for vertical recording are enhanced, because the 
particles have a stronger force holding them in their vertical 
orientation. 

Magnetic Oxide 
8000 FCPI 

Figure S(a) Figure S(b) 

Other advantages provided by thin film technology are 
fewer read and write errors due to the increased smooth
ness of the disk surface. A smoother medium will allow 
better contact between the disk head and the surface, 
which means better amplitude and resolution. This allows a 
lower magnetic field to flip or read a bit, reducing the fring
ing effect, which allows increased numbers of tracks per 
inch. 

With oxide media, bit size is limited to the size of the ferric 
oxide particle. There is no such limitation with thin film 
media as both density is limited only by the size of the 
microcyrstal in the metal film. Thin film media also are not 
subject to problems associated with particle size variation 
of nonuniform particle distribution. Although more difficult 
to produce than oxide disks, thin film disks are the wave of 
the future, and advanced production capabilities are being 
introduced, as described in the next section. For a compari
son of thin films versus oxide media, see table 1. 

Adv11nt11ges 
Qxld1 M1dl1 Ibla-tllm of tbla mm 

l:'.lagal!tlic e r11111irt 111 
Coercivity (oersteds) 350 - 400 500 - 700+ } High resalut l..i, 
Remanence (gauss) 3500 - 4000 7000 - 8000 amp II !Ude 11114 

Squareness (MrlMsl 0.45 - 0.55 0.80 - 0.95 roducod bit shift 

Thickness (J.l i n.) 20 - 40 3 - 4 

e11 u~i cal er11111tll1:1 

Surface smoothness (J.lin.) 1.0 - 1.5 0.5 or less bett .. heed c..itact 
overcoat fluid dry less c..it1111 tn1111t s 

Surface adhesi on poor to good excellent 

B~ic1mllag era111tll11 
Bit density (bits/ i n.) • 8000 > 15000 } tncrHsed s torage 
Resol ution (percent ) .. 65 > 80 cepacttu I. lawar 
Arnplitude low hi gh S/N rati o 

Bit Shi ft high low rawer errors 

Table 1 COMPARISON OF OXIDE AND THIN FILM MEDIA 
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Deposition Methods 

M 
any of the characteristics of the recording media, 
whether oxide or thin film, are controlled by the 
technique used to depositthe magnetic material on 

the substrate. There are four methods now in wide use, 
vacuum deposition, sputtering, electroless (chemical) plat
ing, and electroplating. The advantages and disadvantages 
of these methods will be discussed in the following sec
tions. 

Vacuum deposition has been used to make thin film 
media used for both vertical and longitudinal recording. 
The magnetic material to be deposited is heated by means 
of either electrical current or radio frequency to a tempera
ture above the melting point of the metals. The metal vapor 
is then deposited on the cool surface of the disk substrate. 
Although a high deposit rate is achieved, a serious defi
ciency is noted when alloys are used. 

Because of the difference in vapor pressures of the 
metals, the evaporation rates are different, causing an 
imbalance of the materials on the surface. Because 
changes in composition can cause a large effect on the 
magnetic properties of the recording surface, it is difficultto 
produce consistent magnetic recording surfaces. 

Sputtering promises to be a key process in the develop
ment of higher density recording media. Sputtering is a 
process in which a target, consisting of the material to be 
deposited, is placed opposite a substrate in a vacuum 
chamber. The chamber is evacuated and filled with low 
pressure argon gas. A potential of several kilovolts is app
lied between the target and an anode, the argon forms a 
glow discharge and argon ions are accelerated to the 
target, where they strike and cause an atomic cascade 
collision which causes some of the atoms hit to be depos
ited on the substrate. Sputtering has many advantages over 
the traditional coating method (see table 2), but as of now, 
sputtering is a slow process that requires rather expensive 
equipment. However, new technologies promise to make it 
a viable option for the future. 

EROEEBIY COATED SPUIIERED 
Recording Density (BPI) 12,000 24,000 

Film thickness (JJm) 0.7 0.16 

Surf ace roughness (JJm) 0.12 0.02 

Coercive force (Oe) 400 700 

TABLE 2: COATING VS. SPUTTERING 

Electroless plating processes produce deposits similar to 
one derived from electroplating. However, it is a chemical 
process involving submersion in an aqueous solution of the 
metal to be deposited present as sulfate or chloride salt 
along with sodium hypophosphite as a reducing agent. 
Electroless plating allows several hundred disks to be 
plated at one time, but drawbacks to this process are a 
difficulty in controlling the thickness, and thus the magnetic 
properties, of the film. In addition, at bit densities above 8 
million flux changes/ second the film has low amplitude and 
resolution. 

Electroplating deposition involves passing an electric 
current through a solution of dissolved metal salts, causing 
plating effect on the substrate. This has advantages over 
the electroless plating method in that the current may be 
varied to control the deposition process. Because of the 
many parameters involved, the properties of the magnetic 
film may be controlled with great precision. This process 
also requires a minimal capital investment, and can be 
greatly automated. However, alloy films are difficult to pro
duce with this method, due to the varied solubilities of the 
metals in solution. 

Conclusion 

F
rom the above discussions, we have seen that improv 
ing the storage capabilities of magnetic disk media is 
a task that requires the cooperation of many disci-

plines. The physicist, to improve processes for vertical 
magnetic recording; the electrical engineer, to design cir
cuits to read and write data with more precision; the 
mechanical engineer, to design and build servo and 
stepper motors to more accurately place the drive head; 
and the material engineer, to actually produce the magnetic 
material used and the processes used for applying the 
material to the substrate. 

It may seem that there are many directions that disk 
technology may take, but upon close examination, one can 
see that all aspects are closely related. Better processes for 
deposition lead to better thin film media which are better 
able to handle the demands of vertical recording. So as we 
look to the future, cooperation between the different facets 
of disk technology becomes increasingly important. 

Jonathan Leblang graduated this past June in Electrical 
Engineering. While at Tech, he was a Resident Advisor 
and a member of the VTU films committee. Jonathan is 
presently working as a consultant with Mitre Corp. in 
McLean, Virginia. 

c,.,,..;"~"'·,..' c,.. ... ...... 



SEARCHING FOR REPLACEMENTS FOR 
CHROMIUM IN TYPE 304 STAINLESS STEEL 

INTRODUCTION 

TECHNICAL 
DISCUSSION 

Chromium Content 

Kevin M. Loney 
Each year, the United States imports approximately 500 short tons of chromium, primarily from 
South Africa, Turkey, Rhodesia, and the USSR. This imported chromium accounts for 89% of the 
chromium used in the United States (the other 11% is recycled), and this trend is expected to 
continue. 

As a result, the effects of a chromium embargo or the formation of a cartel which could cease all 
chromium exports to the United States would be extensive. The most affected industry would be 
the metallurgical industry, of which the stainless steel industry comprises almost 70%. Thus, a 
great deal of research has been done in the last ten years in an effort to discover a viable 
alternative to chromium in stainless steels. However, since chromium adds certain characteris
tics to the steels which cannot be gained by any other single alloy addition, the majority of the 
research has centered on the use of low-chromium steels with other alloy additions. 

Therefore, it was necessary to evaluate possible alloying additions on the basis of their abilities to 
optimize the critical characteristics of the steel. Most of the research has centered on type 304 
stainless steel, since this accounts for over 50% of the stainless steel used today. It was found that 
the steel should contain a minimum of 12% chromium in order help maintain the strength and 
oxidation resistance of the steel. On the basis of these characteristics, a recommendation was 
made for the use of steel that is, by weight, 120/oCr-10%Ni-1.5%Si-1 %Al-2%Mo. Although there 
are several alloy combinations which meet the criteria, this is the one on which this paper will 
focus. 

A typical stainless steel contains, by weight, 18% chromium (Cr) and 8% nickel (Ni). Since type 304 
stainless steel accounts for over 50% of all stainless steel used, most of the research performed 
has used it as a basis for performance comparison. Since these steels contain such a large 
amount of chromium, one means of lowering our dependency on imported chromium would be to 
lower the amount used in standard stainless steels. Due to the material properties that would 
change as a result of this, alloying additions would be needed to compensate for the chromium 
loss. 

The first step in the search for a replacement for the high-chromium steels was to determine how 
much chromium was actually needed in the steels. In the past, with no economic or strategic 
considerations, there was no need to limit the amount of chromium in steels. Since it was known 
that chromium promotes passivation, that is, the forming of a protective oxide layer on the surface 
of the metal, and reduces corrosion rates, it was necessary to conduct experiments in order to 
determine the extent to which the chromium content affected each of these factors. For both of 
these criteria, it was found that the critical chromium content was approximately 12% by weight. 
Figures 1 and 2, shown on the next page, illustrate this point. 

Source: "Effects of Material Shortages on Stainless Steel Technology," Metal Progress, October, 
1979. 

Alloying Additions As a result of the decrease in the chromium content, certain mechanical properties of stainless 
steels would necessarily be affected. Those given the greatest consideration in recent research 
have been corrosion resistance, austenitic content (the percentage of the steel which forms in the 
austenite range) and oxidation resistance. The effects of additions were considered for each case 
individually, and by varying one alloying element concentration independently of the others, the 
combined effects of various alloys on all of the characteristics could be determined. On the basis 
of these results and the given criteria, a recommendation could then be made. 
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One of the first alloying additions considered was aluminum, which serves primarily to increase 
the oxidation resistance of stainless steels. This would allow for the steel's usage in a high
temperature environment. There are currently several alloys in use for this purpose, containing 
14% to 16% aluminum, but they all suffer from poor mechanical properties. In addition, aluminum 
lowers the tendency for passivation and decreases the pitting potential. The pitting potential is 
that at which pitting, or corrosion through a passive film layer, can begin. Lowering the pitting 
potential increases the ease of galvanic corrosion. 
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Optimization of 
the Composition 

Other Considerations 

CONCLUSIONS 

Since aluminum has these negative effects, it was necessary to use other alloying elements to 
improve the mechanical properties of the steel. The percentage of aluminum in the steel could 
then be reduced, since the oxidation resistance contributed by the other additions could com
pensate for the change in properties due to the loss of the aluminum. "Taking the elements that 
have a beneficial effect on corrosion and/or pitting resistance and eliminating cadmium, beryl
lium, silver, rhenium, and zinc on the basis of either toxicity, cost, or adverse effect on other 
properties, we are left with molybdenum (Mo), nickel (Ni), silicon (Si), copper, vanadium, and 
nitrogen." The impact of each of these additions on the material properties was then studied. Most 
of the published research has concentrated on studies of Mo, Ni, and Si, since these metals were 
already in use as alloy additions in steels. 

Results from previous experiments had shown that Si and Mo improved the corrosion resistance, 
while Si and aluminum (Al) contributed to oxidation resistance. Based on the results of extensive 
experimentation on the interaction of these three elements, it was found that "Si, and especially 
Mo, are beneficial in enhancing passivation of a 120/oCr modified composition stainless steel alloy 
series." However, it was found that the presence of Al, while increasing the oxidation resistance, 
decreased the pitting potential of the metal, thereby making it more susceptible to corrosion. 
Molybdenum was therefore added. It was found that "the effects of combining Al and Mo ... 
suggest that, in general, corrosion properties are dominated by the presence of Mo." Therefore, 
when used in the right proportions, alloy additions of Si, Al and Mo could serve to increase both 
the corrosion and oxidation resistance without significantly lowering the pitting potential. 

One of the reasons for the wide-spread use of type 304 stainless steel is its austenitic structure. 
Since a reduction in Cr content results in a reduction in the austenitic character of the steel, it is 
necessary to add elements which will cause the steel to become more austenitic. The two primary 
means of accomplishing this are the additions of either Ni or manganese (Mn),. 

Since both additions result in almost identical effects on the austenite content of the steel, they 
were evaluated in terms of their effects on the other characteristics of the steel. For the most part, 
these additions have little effect. However, it was found that the addition of Ni to the steel 
increases its pitting potential, thus increasing its corrosion resistance. 

Finally, it was found that Mo is very effective in improving the tendency for passivation in the steel. 
Si also contributes to this effect, but to a lesser degree. The effects of the other additions on the 
pitting potential, and thus the passivation behavior of the metal, have been discussed above. 

For this example, based in part on the data in Figures 1 and 2, a chromium content of 12% was 
chosen. Each alloy addition was then tested to see what effect it had when combined in different 
concentrations with chromium. It was then possible to reach an optimum case for each of the 
cases tested. Next, different compositions were held constant, and the combined effects of 
several alloy additions were considered simultaneously. Thus, by means of this univariate search, 
it was possible to determine the optimum composition despite the large number of variables. 

Source: "Anodic Polarization Behavior of Austenitic Stainless Steel Alloys with Lower Chromium 
Content," Corrosion, October, 1979. 

In addition to the composition described in this report, there are several other choices for the 
basic composition of the alloying elements. For example, a steel with composition of 300/oMn-
10%Al-Si-12%Cr was found to have a lower corrosion rate than that of type 304 stainless steel. In 
addition, this composition is not susceptible to stress corrosion cracking. However, it has a 
relatively low pitting potential due to the absence of Ni and the high concentration of Al. 
An alternative means of conserving chromium is the practice of cladding materials with a 
high-chromium steel. This procedure, however, is restricted to a limited number of combinations 
of alloys and thicknesses. At present, the technology for large-scale implementation of this 
procedure does not exist. 

Due to the extensive nature of American dependence on foreign chromium, it is imperative that 
we find replacements for the chromium products currently in use. Since no substitute has been 
found for chromium, most of the current research is centered on using alloy additions in 
low-chromium steels. 
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Scott M. Taylor 

Electrolytic Water 
Disinfection: 
A Preliminary Report 

Summary 

An electrolytic water disinfection sys
tem for the sterilization of water in a 
number of applications was designed 
and constructed for this report. The 
very simple system (See Figure 1) con
sists of the electrolytic cell (See Figure 
2), a peristaltic pump to feed the water 
to be sterilized in the cell, and either a 
single reservoir, or a reservoir and a 
receiver. The electrical circuit consists 
of a DC power supply, the anode
cathode system within the electrolytic 
cell, a known resistance and a mulit
meter used to determine various elec
trical parameters in the system. 

Preliminary results show that, as 
predicted, applying an electrical 
charge to a packed bed of activated 
carbon reduced the number ·of viable 
microorganisms present in the effluent 
water. At present, the mechanism of 
the "kill" of the organisms is unknown. 
However, future work, including tests 
run at high AC voltages (20-40 volts) in 
both one-pass and recirculation flow 
systems, is aimed at determining those 
mechanism(s). 

Introduction 

When an electrical potential is 
placed across a bed of activated car
bon, it is believed that the individual 
carbon particles in the bed become 
polarized. The polarized particles pro
vide sites for the "kill" of microorga
nisms present in the influent water. 

This type of electrolytic disinfection 
system has a number of obvious appli
cations such as cleaning swimming 
pools, cooling towers, drinking water 
(especially in remote areas), etc. 

Experimental 

The apparatus used for the experimen
tation (See Figure 1) consisted of an 
electrolytic cell, a peristaltic pump to 
feed the water to be sterilized to the 
cell, and either a single reservoir, or a 
reservoir and a receiver. The body of 
the electrolytic cell (See Figure 2) was 
constructed from two inch Sch. 40 316 
stainless steel piping. This outer shell 
serves as the cell cathode and has six 
electrical connection terminals distri
buted around the surface for even cur
rent distribution. Teflon end caps pro
vide good sealing characteristics as 
well as insulation of the electrodes. 
Two Swagelock MPF fittings are lo
cated in each cap. Those on the cen
troid support and seal the 1f.i inch 
anode(% inch 316 stainless steel tub
ing) which passes through the center 
of the cell and has electrical connec
tions at either end. The other fittings 
allow entrance and exit of the influent 
and effluent water. The activated car
bon packed bed occupies the inside of 
the cell except for one inch fluid distri
bution spaces at either end. Hard rub
ber bed support discs covered in 100 
mesh screen, allow the passage of 
water but not the activated carbon par
ticles. The bed can contain approxi-

mately 300 grams of activated carbon 
particles. The resulting reactor volume 
is 306.3 ml. The peristaltic pump which 
feeds the electrolytic cell can pump 
from 10to 750 ml/min of influent water. 
The reservoir is a three liter side outlet 
glass jug. For recirculation tests, the 
effluent returns to the reservoir whe
reas for once-through tests, the efflu
ent is collected in a separate receiver. 

The electrical circuit (See Figure 3) 
consists of a DC power supply, the 
anode-cathode system within the elec
trolytic cell, a known resistance and a 
multimeter to determine various elec
trical parameters in the system. The 
power supply is capable of producing 
1.8 to 28 volts at O to 5 amps. Only 
voltage is controllable; current is de
termined by the system resistivites and 
configuration. Two voltage measure
ments are routinely made: the first is 
across the electrode leads to deter
mine the electrolytic cell potential, and 
second, a survey is conducted across 
the known resistance,. a simple way to 
measure the current flowing through 
the cell. 

Viable cell measurements are made 
through colony counts on agar plates. 
The influent water has a viable cell 
concentration of 105 to 106 cells/ml. 
This is obtained by diluting a turbid 
Escherichia coli to the point it is not 
turbid. Once the water is passed 
through the system, in addition to con
trol sample, effluent samples are taken 
every 15 minutes for the recirculation 

page 21 



tests, and only once for the single
pass trials (after the system reaches 
steady-state). A series of five serial 
dilutions are performed on the sample 
in order to cover the possible range of 
effluent viable cell concentrations. A 
series of culture dishes are inoculated 
with 0.1 ml of each of the series of 
dilutions. The culture dished are then 
incubated for eight to ten hours. The 
colony count for the given sample is 
based on the dish which contains 50 to 
300 colonies. This number is then mul
tiplied by its dilution factor to calculate 
the viable cell concentration as viable 
microorganisms per milliliter. 

Results and Discussion 

The preliminary testing consisted of 
three experiments. In the first one, a 
single-pass low flow rate system was 
used. The flow rate was set at 132 
ml/min. and the voltage was set at two 
volts DC. The resulting currentthrough 
the system was 0.73 amps. After the 
system was run approximately four 
minutes to allow the "kill" reaction to 

n~no ?? 

reach steady-state, the resulting cul
tures showed reduced microorganism 
growth in the system effluent. 

The second test was a single-pass 
high flow rate system. The flow rate 
was set at 550 ml/min. and the voltage 
was set at two volts DC. The resulting 
current through the system was 0.32 
amps. The system was run approxi
mately two minutes in order to reach 
steady-state before the samples were 
taken. The cultures showed no signifi
cant microorganism growth reduction 
after treatment. 

E: ec trc.; ~ l • c 
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Figure 1: Experimental Apparatus 

The final test was a multi-pass recir
culation system. The flow rate was set 
at210 ml/min. and the voltage remain
ing the same. The resulting current 
through the system was 0.5 amps. The 
system was allowed to pass two to 
three volumes, 600 to 900 ml, before 
the initial influent sample was taken. 
Then effluent samples were taken at 
15 minute intervals. These cultures 
showed significant reduction in the 
number of viable cells with time of 
treatment in the recirculated system. 

Previous work has identified the fol
lowing possibilities as the mechanism 
by which the microorganism "kill" re
action takes place. Possibilities are: fil
tration by the activated carbon bed, 
electrolytic denaturation of the micro
organisms through contact with the 
polarized carbon particle surfaces, 
and chlorination due to Cl2 evolution. 
The Cl2 evolution observed in past test
ing was not observed in the tests pres
ented herein. It is possible that the vol
tage was not sufficient to drive the 
electrolysis. 

I I I ..... ~ I 
204 Draper Road 
Blacksburg, Virginia 
703 -552 -1020 



Recommendations 

The aim of future work will be to 
determine the mechanism of the mi
croorganism "kill" reaction. The fol
lowing additions to the testing scheme 
are recommended: 

1) Tests using high DC and AC cur
rents be performed. This may es
tablish single-pass high flow rate 
operation as an alternative. 

2) Tests using AC current be per
formed. Using AC current will elimi
nate the possibility of the Cl2 de
naturing as a "kill" mechanism. The 
cyclic nature of AC current elimi
nates Cl2 evolution by electrolysis. 

3) Quantitative results be obtained. 
This will provide a means to estab
lish operational limits and parame
ters, as well as aiding in determining 
the "kill" mechanism. 

4) Chlorine evolution be observed and 
measured if deemed viable. 
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Figure 2: Electrolytic Cell 



Scott Taylor, the illustrious ex-vice 
president of our Student Engineers' 
Council, graduated this June in Chem
ical Engineering. His present where
abouts are top secret. 

HUMAN FACTORS ENGINEER 
G eneral Physics Corporation is a dynamic and growing consulting firm headquartered in Columbia, Maryland. We 
provide engineering, analysis, training, and operations services to more than 50 electric power companies across the 
country. We also perform research and analysis services for the defense community and human resource develop
ment for the manufacturing industry. 

Openings currently exist at our Columbia headquarters and Detroit, Michigan, offices, and at other locations 
throughout the U.S. , for individuals with degrees in Human Factors Engineering, Applied/Experimental Psychology, 
Engineering Psychology, Industrial Engineering, Human Resource Development, Organizational Design/Develop
ment, and Instructional Systems Design. 

Current areas of company human factors involvement include: 
• Human Engineering of Power Plant Control Rooms 
• Operating Procedures Development and Validation 
• Advanced Display Systems Evaluation 
• Simulator Performance Measurement 
• Computer-Based Training 
• Safety Analysis and Emergency Facility Design 
• Human Reliability Analysis and Risk Assessment 
• Organizational Development and Training Systems 
General Physics offers an excellent salary, comprehensive medical and dental benefits, relocation costs, and per 
diem for field assignments. Qualified individuals should send a resume in complete confidence to lmll 
Shirley A. Tubbs, Manager, Recruiting Services, General Physics Corporation, Dept. HRE-374, MS 3-5, ~ 

10650 Hickory Ridge Road, Columbia, Maryland 21044-3698. 
An Equal Opponunity Employer. A86/005 

GENERAL PHYSICS CORPORATION 



Breakthrough 
The Leading Edge® Model 
"D" TM Personal Computer 

The Leading Edge® 
Information System TM 

$1295 $1495"NEW" 
• IBM®-Compatible nr· . ---~ • IBM-Compatible 

• FREE Word Processing , II · I ii\ • FREE Word Processing 
Software ~---- - - - I· Software with Spelling 

• 512K RAM Expandable to fA iilJ_- · Correction and Lotus® 1-2-3 
768K 1 .~ Er::::rcn{ look alike Spreadsheet 

• Dual-Disk Drives 1 GCYQ · Hayes®-Compatible, 
• High-Resolution Mono-!~ 0 , -~' •-"'';\!~ . ~ Installed Model "L'' Series'" 

chrome Monitor {_14IJJ. sr-~·,;~- -~b.~ 
1 

12008 Modem 
======--=~:JJ • 512K RAM Expandable to 

The Leading Edge Model * Fifteen 768K 
"D" 30MB FXD Disk PC Month • Dual-Disk Drives 

$1895 
• IBM-Compatible 
• FREE Word Processing 

Software with Spelling Cor
rection, and Lotus® 1-2-3 
look alike Spreadsheet 

• 30M8 FXD Disk drive 
• 512K RAM Expandable to 

768K 
•High-Resolution Mono
chrome Monitor 

•High-Resolution Mono-
Warranty chrome Monitor 

The Leading Edge® Model 
"L'' TM Series Modems 

• For Leading Edge, IBM 
and Compatible 

• Hayes-Compatible 
•Auto-Answer Auto-Dial 

12008-$149.95 

24008-$289.00 

J.f// MicroSystem Specialists, Inc. 
911 Hethwood Blvd. • Blacksburg, Virginia 24060 • 703-552-6515 

LEADING EDGE ~ 
AUTHORIZED RETAIL DEALER ~ 

Leading Edge is a registered trademark and Model "D", Model "L" Series and Information System are trademarks of Leading Edge 
Products, Inc. IBM is a registered trademark of International Business Machines Corp. Hayes is a registered trademark of Hayes 
Computer Technology. Lotus 1-2-3 is a registered trademark of Lotus Development Corp. 



YOUR FUTURE IS 
AS LIMITLESS AS 

YOUR I GINATION 
A s the innovator in telecommuni

cations testing systems, Hekimian 
Laboratories, Inc. (HLI) is seeking 

Communications Engineers and Computer 
Scientists who would like to put their talents 
to the test. Join us and be involved in 
hands-on approaches in research, develop
ment, design and manufacturing. 

S ince the AT&T divestiture, the need 
for quality telecommunications test
ing has increased at AT&T, the Other 

Common Carriers, and the Fortune 500 
companies. Our professionals are meeting 
this challenge. We are maintaining a tradi
tion of consistent innovation that has pio
neered the industry for more than 16 years. 

Members of the Hardware Design Engineer
ing Team may be involved with: 

•Development of new measurement 
techniques 

•Design of analog 
and digital filters 

•Interfacing analog 
and digital measure
ment techniques with 
microprocessors 

•Design of micropro
cessor systems and 
test fixtures 

•Development of elec
trical and mechani
cal design consider
ations for manufacturability 

As a member of the Software Engineering 
Group, you may be involved in: 

•Integrating equipment into a complete 
access and test system 

•Implementing instrument control soft
ware 

•Measurement control and data manipu-
lation within test instruments 

•Test fixture programming 
•Algorithm design 

A t Hekimian Laboratories, it isn't 
enough for your ideas to look good 
on paper; they have to be put to the 

test. You will work side-by-side with other 
professionals who are committed to being 

the best in their area of specialization, and 
follow a project through from inception to 
production. 

H LI offers excellen~ salaries, 
a comprehensive bene
fits package and a 

superb location in the Washington, D.C. 
area, adjacent to the 1-270 corridor in what 
is now called "Little Silicon Valley." 

If you would like to meet the testing require
ments of today ... and tomorrow ... while 

building a challenging career, we invite 
your inquiry. For more information about a 
career with Hekimian Laboratories, contact 
Tom Kruzic, Hekimian Laboratories, Inc., 
9298 Gaither Road, Gaithersburg, MD 
20877 (301) 840-1217. An equal oppor
tunity employer. 

Hekimian 
Laboratories, 
Inc. 
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