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Who Wants to Live in Space, Anyway? 
"In space, no one can hear you scream." Aliens exist. It's only a matter of 

time until we find them. Or 'til they find us. 
Aliens don't speak English. Aliens don't communicate in humanly audi

ble tones. Aliens have to get their voices dubbed when they appear in movies. 
Columbus thought he had it tough when he reached the New World. 

Aliens come in three sexes. It takes all three to make little creatures. It's 
cool to be the "third wheel." 

Wythe County is too clean for Aliens. K92 will never find flying saucers in 
Wythe. Aliens don't use flying saucers anymore. They fly modified MR2's. 
Highly modified. 

Aliens have been living in New York City for years. They blend in well 
because everyone in New York looks weird anyway. Aliens don't have to 
wear shirts with shoulder pads. Aliens are responsible for the stock market 
crash. They thought Wall Street was just a game of Monopoly for big people. 

Aliens don't have nuclear weapons. They aren't affected by radiation. 
Their space ships are highly radioactive. Humans abducted by aliens come 
back glowing green. 

Warring Aliens kill each other with antihistamines. Their bombs look 
like giant Con tac capsules. If you survive an alien attact, you will never have 
another runny nose. Protect yourself from aliens by keeping a stocked 
medicine cabinet. 

Aliens don't sell Mary Kay Cosmetics. 
Alien's don't read Engineers' Forum. They know it already. You have to be 

pretty smart for intergallactic travel. 
You also have to be patient. Aliens wear lots of clothes. Humans will, too, 

when they start taking long space trips. You can play lots of strip poker 
between here and Mars. Chewbacca always loses. 

Waking up after a 50 year sleep is tough. You wake up with a hangover no 
matter what. If you think you're ugly after 8 hours in the sack, imagine what 
you'll look like after 438,000 hours in a dormantubator. At least ten times 
worse. Even Sigourney Weaver wakes up ugly. 

Space station social structure is non-stratified. Everyone is filthy rich. At 
least, they were when they left Earth. Life in space is expensive. Fresh air 
costs more than fresh vegetables. Zero-g vegetables taste as funny as they 
look. 

In space, your door mat has a built-in geiger counter. Neighbors may 
never leave their airlocks open. Death comes quickly in the void. 

You can't open your windows in space stations. It would ruin your whole 
day. Spring cleaning is tough. There's no new air in space stations. Air goes 
through a treatment plant and is used again. And again and again ... You get 
fined $50 for farting. 

Maybe Earth isn't such a bad place after all. 

Cmdr. Alex Derr 
Starship Forum 

FnninAt:lr~' l=nr11rn 



The Limitations of Amorphous Silicon 
in Terrestrial Solar Cell Applications 

by Brad Reed 

This report describes the physical 
characteristics of amorphous silicon, 
covering physical, optical, environ
mental, and electrical considerations 
when designing terrestrial silicon 
cells. Special engineering considera
tions are noted and solutions to select
ed problems are suggested. 

INTRODUCTION 

Amorphous silicon is currently the 
most promising solar cell material for 
use in photovoltaic generation of elec
tric power. It is also easier to manufac
ture than single crystal silicon, mak
ing it popular in industry. 

The structure of amorphous silicon 
is not ordered, as is the case with pure 
silicon. Figure 1 shows an example of 
the basic difference in structure of (a) 
crystalline, (b) polycrystalline, and ( c) 
amorphous structures. There is no 
local or distant order to a-Si material. 

OPERATIONS AND LIMITATIONS 

The solar cell is essentially a flat, 
large area diode. A current is created 
when photons from a light source dis
turb free electrons in the device. This 
allows electron current to flow 
through an electrical load. 

Silicon has a total of 14 electrons in 
its structure. Each atom in silicon has 
four valence or "free" electrons. Each 
of these is shared in a covalent bond 
with electrons from other silicon at
oms. The crystal lattice structure of 
pure silicon is shown in figure 2. 

In order to create a material with an 
excess of free electrons, a number of 
atoms with five valence electrons are 
inserted into the crystalline structure. 
This "doping" results in negative, or 
n-type silicon, as shown in figure 3. 

To create a deficiency, the silicon is 
doped with a material having only 
three valence electrons. This creates a 
"hole" or absence of an electron in the 
structure. The electron-deficient mate
rial is called positive or p-type (figure 
4). 

To construct a solar cell, a piece of 
silicon is fabricated with n-type on one 
side and p-type on the other. Free elec
trons will tend to flow across the junc
tion from the p side to then side creat
ing an electric field, V , from the n 
region to the p region. 

The p-n junction can be varied to 
exhibit photovoltaic characteristics. 
Each side of the p-n junction can be 
doped in a non-uniform manner to 
change the size of the region of built-in 
electric field. This region is described 
by the area Vo in figure 5. The size of 
the region and doping of the material 
have a large impact on the recombina
tion lifetime of the cell. The effect of 
this will be described later. 

The conductivity, e, of silicon is a 
measure of how well electrons flow in 
the material: 

e = (nf +pf) q 
The charge, q, of the electron, is fixed 
at 1.6 X IOE-19 coulombs. The mobil
ity of the electron, f, is fixed at 1300 
cm2/V-s for silicon. The mobility of 
the hole, or f, is fixed at 500 cm2/V-s for 
silicon. The number of holes (p) and 
electrons (n) in the structure are varied 
by the doping. 

In order for a current to flow in the 
material, electrons must be excited 
from the valence band to the conduc
tion band, a higher energy state. Band
gap energy, Eg, is the energy difference 
between these two bands. The energy 
used to elevate an electron into the 
conduction band is gained from phot
ons as they enter the silicon. The val
ence electrons of amorphous silicon 
have a bandgap energy of 1.6 eV (Hu, 
214). Therefore, a photon with an 
energy of greater than 1.6 eV must dis
turb the valence electron before it 
moves into the conduction band. 

A photon's energy is inversely pro
portional to its wavelength: · 

Ep =l.24 (Hu, 44) 
In this equation, Ep is the energy of the 
photon and w is the wavelength of 
light. 

Solar spectral irradiance is a mea
sure of how many photons are emitted 
by the sun. The intensity of radiated 

photons in space is not equal for all 
frequencies (figure 6). In figure 7, a 
sample of the energy that is felt on the 
earth's surface is shown. Notice re
gions of attenuation (shaded) due to 
molecular absorption of specific bands 
within the spectrum. 

Silicon is not able to use all of the 
radiation that is incident on it. From 
figure 8, the region of greatest response 
is at 9 fm of wavelength. Also, the 
bandwidth of silicon is. 7 fm centered 
at .75 fm. 

The energy a silicon solar cell can 
use is found by combining the energy 
equation, the silicon spectral response 
diagram, and the solar spectral dia
gram. Energy below the . 78 fM range is 
found to be available for conversion. 
This energy is represented by the strip
ed area in figure 8. 

Photons are not absorbed directly at 
the surface of the silicon. Rather, the 
quantity photons-s/cm2 decreases ex
ponentially with the distance of travel 
within the cell: 

-CX:x 
G(x)=cx:F(O)e (Hu, 45) 

Where G(x) is the rate of photon ab
sorption or electron-hole pair genera
tion per unit volume, xis the distance 
of travel within the cell, F(O) is the 
number of photons flowing through 
the surface per second, and ex: is the 
absorption coefficient, a nonlinear con
stant that varies with photon energy. 

Under equilibrium conditions, after 
electrons are displaced and holes are 
created, the opposite charges wish to 
recombine. The rate at which these 
excess charges die away is called the 
recombination rate: 

Rr =n-n = p-p (Hu, 46) 
g g 

Where n and p are the equilibrium 
electron and hole densities and g is the 
recombination lifetime of the carriers. 

A small recombination rate is de
sired for high solar cell efficiencies. A 
large recombination lifetime will de
crease the recombination rate. Recom
bination lifetime is given as: 

g = -t (Pascoe 1973, 219) 
· ln(n/n) . 



Where t is the r-C time constant in the 
contact potential region and n and n 
are the minority carrier and equili
brium concentration of electrons in 
the material. 

The recombination lifetime can be 
increased by increasing the r-C time 
constant or equilibrium electron con
centration.- To increase the r-C time 
constant and the equilibrium electron 
concentration, the n and p materials 
must be more heavily doped near the 
p-n junction. This increases n and the 
r-C time constant, t. 

As a semiconductor material, silicon 
is subject to variations in resistance 
with temp~rature changes. The vol
tage of silicon decreases about 2.5 
m V /°C. This means that the resistance 
of silicon decreases as the temperature 
decreases. This has a favorable effect 
on the power output of the cell. The 
contact potential is fixed by design 
using the equation J=V /R, so as resist
ance decreases, the current density, J, 
increases. This results in increased 
power output. Therefore, it is desira
ble to operate silicon solar cells at a 
low temperature. 

To permit current flow, electrodes 
are connected to the n and p sides of the 
silicon (figure 9). The electrodes are 
arranged in a grid fashion on then side 
to allow sunlight to pass to the mate
rial. A solid electrode is attached to the 
p side and a load is connected the elec
trodes via leads. Current flows from 
then side, through the load, and back 
to the p side of the device. 

The silicon solar cell is simply mod
eled in figure 10. The diagram shows 
the two factors that cause losses within 
the cell. The series resistance, Rs, can 
be broken into two components, inter
nal resistance and surface resistance. 
Surface resistance is a problem at the 
junction at electrical contact. Because 
of surface anomalies an undesirable 
resistance to electron flow is created. 
The other series resistance limitation 
is the high resistance due to internal 
factors. One such factor is discontinui
ties and pits in the amorphous struc
ture. In each irregularity there is an 
inherent resistance to current flow. 

An undesirable effect of the surface 
of crystalline silicon is the reflection 
that the polished surface presents to 
incoming radiation. Amorphous sil
icon has irregularities in the receiving 

surface of the material but this prop
erty does not solve the problem. One 
solution to reflection is to apply an 
antireflective coating to the receiving 
surface of the cell. Another is to chemi
cally etch prisms in the cell. 

PRACTICAL CONSIDERATIONS 

One of the key problems in design
ing an amorphous silicon solar cell is 
in the silicon itself. As mentioned pre
viously, it is difficult to produce sil
icon that is pure. Even silicon that is 
99.99% pure contains impurities that 
are an impediment to design. The level 
of doping in silicon is typically on the 
order of one impurity to every 
1,000,000,000,000 silicon atoms or great
er. An unknown impurity level of 
1: 10,000, that of 99.99% pure a-Si, will 
effectively nullify the usefulness of the 
silicon device. Another drawback, par
ticularly in amorphous silicon, is the 
presence of grain boundaries, pits or 
cracks in the material. Any physical 
defect will increase the series resistance 
and decrease the shunt resistance caus
ing higher internal cell losses. A high 
degree of crystallographic perfection is 
necessary for optimum device opera
tion. 

SUMMARY 

The perfect a-Si cell would be of 
pure material. The cell would receive 
all incoming energy. It would have no 
physical defects. The cell would oper
ate in subfreezing temperatures for 
maximum efficiency. If all of these 
parameters could be assumed, then the 
design of the perfect a-Si cell would be 
academic. 

As a practical matter, the a-Si cell is 
designed for conditions other than i
deal. There is still a problem in manu
facturing a-Si in a grade high enough 
for solar cell use. Doping processes 
have to combat the impurity level al
ready existing in the material. Crystal 
imperfections cause series resistances 
and lower shunt resistances, increas
ing internal cell losses and causing 
lower power output. 

Limitations on the design of a-Si 
solar cells are severe. Care must be 
taken to asess the limitations of the 
a-Si for the a-Si design process to be 
sucessful. 
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Figure I. Differences between crystalline, 
polycrystalline and amorphous silicon. 
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Figure 2. Structure of pure silicon. 
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Figure 3. N-type silicon. 
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Figure 9. Diagram of a typical solar cell. 

Figure 10. Electrical model of a solar cell. 

Figure 4. P-type silicon. 
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Figure 5. Contact potential. 
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A Practical Method for Constructing 
an Erasable Optical Disk 

by Nelson C. Chu 

INTRODUCTION 

Erasable optical disks are at the cutting edge of technology 
for computer storage media. These disks are related to the 
commonly known compact audio disks or CDs that have 
been popularized in the past couple of years. These disks are 
similar because both depend on the use of a laser beam to 
read the recorded information, and both are unsurpassed in 
storage capacity, ease of handling, and data protection. The 
erasable optical disk is different from the CD in that it is 
capable of having its information erased and rerecorded 
while the CD does not possess this capability. 

The purpose of this report is to introduce to the reader the 
latest developments in the area of erasable optical disk tech
nology. At the moment there is a great deal of research taking 
place in an effort to develop a system for commercial use. 
Companies such as the Verbatim Corporation, Hitachi, 
Sony Corporation, and Optimem are spending large sums of 
money and time in an attempt to bring an erasable optical 
disk system to the public. The system has the potential of 
revolutionizing mass storage for computers by offering high 
storage capacity (more than 50 Megabytes) in a compact, 
efficient device (3.5 inch disk with access times of under 70 
milliseconds total) (Geyer 1987). 

This paper will discuss the three most popular plans of 
development that could be used to develop an erasable opti
cal disk. These methods are color-change, phase transition, 
and magneto-optic technology. All three are viable alterna
tives. After discussing these three technologies in detail, one 
of these will be determined to be the most feasible for use. 
This determination will be made based upon pros and cons 
of the system as well as technological feasibility. 

COLOR-CHANGE TECHNOLOGY 

Color-change technology, or photochromism, is a method 
which involves the "reversible coloring of media on expo
sure to light" (Clark 1985, 262). This utilizes a material that 
can undergo a reversible color change, with the reflectivity of 
the two colors being different enough that a laser beam can 
be used to identify them. Storing information is accomp
lished by using one color as a reference color, say to represent 
a logical "O." A logical "l" can then be represented by the 
other color. This method can be effective because digital 
information is stored by using logical l's and O's. 

Extensive research is being conducted at Hitachi Ltd.'s 
Research Laboratory to find a usable material which meets 
the above requirements. The Hitachi team has concentrated 
its efforts on "thin films of binary and ternary alloys that 
exhibit reversible color change depending on the thermal 
history of the film" (Cohen 1984, 29). One suitable material 
is a silver-zinc alloy which contains 353 to 403 zinc by 
weight. Another such material is a silver-aluminum-copper 

alloy with 73 to 83 aluminum and about 83 copper. 
The Hitachi team is concentrating their efforts on the 

silver-zinc alloy. The metal alloy system involves a crystal
to-crystal transition with the two colors being silver and 
pink. In its silver state the alloy has a hexagonal structure, 
and in· its pink state the alloy has a cubic structure. Figure 1 
shows this in more detail, along with the record/ erase transi
tion temperatures. When the alloy is deposited or sputtered 
(a process of spraying the material on a surface) on a glass 
substrate it has a silvery white color. Recording is done by 
changing the color of the alloy to pink by heating it to above 
its 300°C recording temperature and then rapidly cooling, or 
quenching, it (see Figure 1 again). A low power monochro
matic laser is used to identify the color of the data being read. 

Erasing the data is performed by heating the material 
above 100°C and then slowly cooling, or tempering, it. The 
silver-zinc alloy is one of the few materials that has a reversi
ble color change property. 

The actual system used to perform the recording and 
erasing would be relatively simple. The disk is coated with a 
thin binary or ternary alloy film. Recording is performed by 
an 800-nm semiconductor laser with an output of 20 to 30 
mW. The laser emits a short pulse on an area of about one 
micron in diameter. Quenching is achieved because the sur
rounding area remains cool, thereby rapidly cooling the 
written area. 

Erasing the data is done by heating the area with a laser 
beam of lower power that may also be defocussed. The beam 
is pulsed for a longer period which heats up the area sur
rounding the laser spot. Tempering is achieved because the 
erased area is slowly cooled when the pulse ends. 

The silver-aluminum-copper alloy mentioned previously 
has a write temperature of 550°C and an erase temperature of 
200°C. The writing and erasing techniques are basically the 
same as those of the silver-zinc alloy except for the tempera
ture differences. 

The color-change system has advantages over the magneto
optic system that is discussed later in this paper. These 
advantages include "simpler systems, higher access speed, 
and potential lower error rates" (Cohen 1984, 29). The 
simpler system results because the color-change technology 
does not need a magnetic readout head as in magnetic-optic 
technology. This makes the access speed of the color-change 
system faster because of the absence of the magnet which 
makes up the magnetic readout head. This magnet slows 
down positioning speed due to the increase in moving mass. 
In color-change technology, the change in color that the disk 
undergoes results in a change in the power which is reflected 
from the disk. The system to detect this change in power is 
simpler than the magneto-optic system, where a complex 
system is required to detect a small change in polarization 
angle of the reflected beam. The error rate of the color
change system is potentially lower because of a better noise 
margin due to the easier-to-detect signal. 



Hitachi claims that both states of the film are stable below 
100°C, eliminating the possibility of accidental erasure and 
long-term effects of the material during storage. Hitachi also 
claims that repeated read-write cycles have not caused a 
degradation of the thin film. The problem lies, however, in 
the fact that it will be several years before the proper mate
rials, process, and substrate are developed. This delay puts 
color-change technology at a disadvantage because of the 
current advances in phase-change and magneto-optics, to be 
discussed shortly. Color-change technology looks like a 
promising technique which has a great deal of potential 
given sufficient research monies and time. 

PHASE TRANSITION TECHNOLOGY 

Phase transition technology has received a good deal more 
attention than color-change technology and is more promis
ing as a practical application in the near future than color
change. The basis of operation of the phase transition tech
nique is the changing of-the material's phase from amor
phous (noncrystalline) to crystalline and vice-versa. The 
reflectivity of each phase is different, and it is this difference 
that allows information to be stored on the disk. A logic 1 
may be assigned to one reflectivity and a logic 0 to the other. 
Just as in the color-change case, data is stored in binary form 
by using a sequence of l's and O's. 

The materials that are being considered for phase-change 
usage are metal alloys based on tellurium or selenium. These 
appear to be promising materials because of their ability to 
change from the crystalline to the amorphous state and back 
again. The addition of small amounts of tin and germanium 
improves the thermal stability of the tellurium, making the 
material more usable (Sadashige and Tagenago 1985, 201). 
Tellurium also has advantages because of its low melting 
point (450°C) and high sensitivity (Rothchild 1983, 88). 
These characteristics will allow the material to heat rapidly 
and thus undergo a rapid change of states. 

Information is stored when a write laser creates a one 
micrometer diameter, amorphous region of low reflectivity 
in a film which was originally crystalline and had high 
reflectivity. A read laser is used to read the relatively unreflec
tive spot in the thin film. An experimental system utilizing 
this technology is the Optical Disk Memory Recorder deve
loped by Matsushita Electric Industrial Co., Tokyo (McLeod 
1980, 31). This system uses a laser beam with a .83 microme
ter wavelength and 8-m W incident output power for record
ing and playback. To erase, a laser beam of . 78 micrometer 
wavelength and 10-m W output power is used. Figure 2 illus
trates this system, showing representations of the disk sub
strate and the relative layout of the entire disk system. 

The Matsushita system utilizes a single focusing lens 
which serves both the read/write and erase lasers. This 
allows for nearly simultaneous erasing and recording, 
which means that it has the ability to write data one bit at a 
time, an advantage over magneto-optics which requires two 
complete passes for data to be erased and then rewritten. 
This makes phase transition technology faster and more 
efficient than magneto-optics. 

Another advantage of the phase-change system is that 
high carrier-to-noise ratios (the ratio of carrier power to 
noise power) are achievable. This is because the difference in 

reflectivity between the amorphous and crystalline states is 
relatively high. Phillip's Research Laboratories in Eind
hoven, the Netherlands, has developed a system using a 0.1 
micrometer-thick layer of tellurium-selenium-antimony al
loy which has a 95 db carrier-to-noise ratio (McLeod 1986, 
31 ). Carrier-to-noise ratios this high are good enough for 
high-quality video recording. 

Problems with phase change systems are quite severe. One 
problem is that the amorphous state is quite unstable, a 
problem attributable to the use of tellurium. This material 
also oxidizes very quickly in the atmosphere, which worsens 
the amorphous state stability problem. This means that the 
entire disk can become nonreflective, erasing all stored data. 
Another problem is that the continual change from the 
crystalline to the amorphous phases can reduce the life of the 
disk. 

Corrosion is retarded by sealing the medium in an airtight 
plastic coating. Stability can be achieved by alloying tellu
rium with other metals such as selenium. Fujitsu Laborato
ries Ltd. is attempting to solve the stability problem by 
eliminating tellurium altogether. Engineers at Fujitsu have 
created a medium made of selenium-indium-antimony. The 
medium has characteristics of sharp contrast of reflection 
between written and erased states, high sensitivity, and life 
expectancy of nearly 10 years (McLeod 1986, 32). 

Phase transition technology is becoming a very viable 
medium for use in erasable optical disks, but still faces many 
challenges from magneto-optics. 

MAGNETO-OPTIC TECHNOLOGY 

Magneto-optic technology is a very popular method 
among disk manufacturers of approaching the erasable 
optical disk problem. This method involves the altering of 
the magnetic properties of a metallic disk. This is done by 
first using a semiconductor laser to heat a very small portion 
of an initially uniformly magnetized disk past its Curie 
point, the temperature at which a magnetic material loses its 
magnetic property. As the material cools down past its Curie 
point the magnetic material's flux lines assume the direction 
of the flux lines of an applied external magnetic field, which 
is set up to oppose the direction of the magnetic field of the 
premagnatized disk (Ohr 1985, 94). Figure 3 shows the 
read/write process of a magneto-optical disk. 

Reading the recorded information requires the use of the 
same laser operating at a much lower power. The laser beam 
is shown through the transparent disk. When the beam 
passes through an area where the flux lines are reversed in 
the disk it undergoes a rotation of the plane of polarization. 
This clockwise/ counterclockwise rotation, known as the 
Faraday effect, is detected as the beam shines into an objec
tive lens and a photodetector placed beneath the disk. 

The experimental disks that have been made use an active 
layer of terbium, iron, and cobalt (TbFeCo) on a substrate of 
glass or plastic composition. At the Kokusai Denshin Denwa 
(KDD) Research and Development Laboratories in Tokyo, a 
TbFeCo thin film was developed in which a double layer of 
the TbFeCo and zinc sulfur (ZnS) is sandwiched in a protec
tive silicon oxide layer (Imamura, et al, 1986). 

Verbatim Corporation is currently developing a magneto
optic 3.5" erasable optical drive and media (Geyer 1987). The 



optic 3.5" erasable optical drive and media (Geyer 1987). 
The Verbatim disk consists of a data layer of TbFeCo coated 
on a rigid plastic substrate. The data layer is covered by one 
or two protective layers. This disk has a plane of magnetiza
tion normal to the plane of the film, much like other exper
imental magneto-optical disks. 

Writing information occurs as described above. The sys
tem uses an external field which is continuously on and a 
laser beam which is pulsed to allow for erasing and writing. 
Reading the Verbatim disk uses a method which utilizes the 
Kerr Effect instead of the Faraday effect. The Kerr effect uses 
information from a beam reflected off the surface of the 
disk, while the Faraday effect uses information from a beam 
transmitted through the disk. The information that the 
Kerr effect uses is the rotation of the plane of polarization of 
the laser beam, the same as that used for the Faraday effect. 

Magneto-optic technology has advantages over other 
recording methods mainly because "it is based on more 
than 30 years of experience with magnetic recording" 
(Geyer 1987). This experience refers to the current technol
ogy of storing data on magnetic media such a floppy disks, 
tape, and hard disks. The movement of atoms is not 
involved in magneto-optical recording, making the system 
simpler than the others. Dr. Geyer predicts that because of 
these factors magneto-optic recording will be the first 
method incorporated in an erasable disk system (Geyer 
1987). 

Other advantages of the magneto-optical disk are its high 
bit density (108 bits/cm3) and nonvolatile recording me
dium (Kryder 1985, 3917). Another major advantage of 
magneto-optics is that it has a virtually infinite number of 
read/write cycles, whereas phase-change and color-change 
technologies have a more limited number of cycles avail
able. 

Magneto-optical disks suffer because of lower carrier-to
signal ratios compared to phase transition disks. A TbFeCo 
medium developed by Hitachi Ltd.'s Central Research 
Laboratory has a carrier-to-signal noise ratio of 57 db, and 
3M Co. has developed a disk which has a 52 to 57 db ratio. 
The highest carrier-to-signal ratio achieved by a magneto
optical disk was 83 db, still significantly lower than the 95 
db maximum ratio achieved by phase transition disks (Ohr 
1985, 97). Another problem with magneto-optic technology 
is that tracks must be completely erased before they can be 
rewritten. This requires that an erase pass be used to reor
ient the film in one direction before recording new informa
tion. This process increases the write time of this system, 
making it slower than the other recording methods. This 
setback in recording speed is currently being worked on by 
ongoing research. Work at Carnegie-Mellon University is 
attacking this problem by using local de-magnetization 
instead of externally applied fields (Geyer 1987). 

CONCLUSIONS 
Of the three technologies discussed in this report, mag

neto-optics is by far the most likely technology to be 
implemented first. This route is favored by many compan
ies that are developing erasable optical disks. Verbatim 
Corporation, Phillip's, Sony, 3M, Toshiba, and Hitachi are 
some of the companies that have already shown prototype 

magneto-optical media (McLeod 1986, 31 ). 
The main advantages of magneto-optics are its nearly 

infinite number of read/write cycles and its ease of manu
facture. These disks are relatively easy to manufacture 
because the technology is based on magnetic recording, 
which has been around for more than 30 years, and because 
it doesn't involve the movement of atoms (Geyer 1987). The 
other technologies are hindered by their fewer write/erase 
cycles. Phase transition technology also suffers because 
there is yet to be a medium found which offers as high 
stability as magneto-optics. Color-change technology suf
fers because of the lack of knowledge from the materials 
aspect of the recording medium. Efforts are underway at 
Hitachi to alleviate the problems that are plaguing this 
system. 

The successful development of an erasable optical disk 
system will dramatically affect mass data storage as we see it 
today. The compacUless of the system and the medium's 
ease of handling are unheard of by current standards. A 
current system of comparable size holds, at best, one tenth 
the information capable of being held by optical disks. 
Current systems also do not allow for the extreme portabil
ity that optical disks offer. These disks can be removed and 
handled by the user without any special equipment. Com
panies such as Sony and Verbatim are nearly ready to bring 
an erasable optical disk system on the market. They are 
waiting for some form of standard to be developed before 
they proceed with product development. Computer users 
seeking sources of large information storage such as for data 
bases, graphics storage, CAD/CAM, and engineering and 
office drawings will not have much longer to wait before 
their needs can be met. With the current rapid development 
in erasable optical disk technology, it should be no more 
than a few years before an erasable optical disk is available 
to the public. 
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Effects of Deicer Salts on 
Various Linseed Oil Treatments 

by ] ef frey L. Howe th 

INTRODUCTION 
Multiple studies and experience clearly indicate that con

crete with good resistance to scaling from deicer salts can be 
obtained when the water-cement ratio is kept at or below 
0.45, the air entrainment is adequate for the size aggregate 
used, and the mixture is properly consolidated. Because 
these factors are not consistently given the needed attention 
required to produce a satisfactory product, numerous water 
repellent treatments have proven ineffective as to cost and/ or 
performance. The Guide to Durable Concrete prepared by 
Committee.201 of the American Concrete Institute states: 

Most studies indicate that linseed oil is the best cho
ice when both effectiveness and cost are considered. A 
mixture of fifty percent boiled linseed oil and fifty 
percent mineral spirits is normally used. It should be 
put on in two applications when the concrete surface is 
dry and clean. For estimating purposes, a coverage of 
40 sq. yds. (33 sq. m.) per gallon for the first and 65 sq. 
yds. (54 sq. m.) per gallon for the second application 
may be assumed. However, experience has shown that 
because of varying porosities of different concretes, the 
actual application rate should be determined from a 
test strip on each pavement. Applications which are 
too light or too heavy should be avoided; both are 
ineffective in preventing scaling and the latter also 
adversely affects skid resistance. A linseed oil treatment 
should provide temporary protection (for one to three 
years), after which another application may be made if 
needed. 1 

Further research of ASTM C666 "Standard Test Method 
for Resistance of Concrete to Rapid Freezing and Thawing," 
Procedure A (freezing and thawing in water) has provided 
the basis for a more discriminating test, which is more 
closely correlated to actual field conditions by using a two 
percent by weight solution of sodium chloride as the sur
rounding medium instead of the required water for the 
standard method. Other conclusions drawn from this type of 
research indicated that minor variations in the sodium chlo
ride concentration would not adversely affect the results and 
that a period of drying between moist during and exposure 
to a freezing and thawing environment significantly im
proved the final performance of the concrete. 2 

It is the purpose and scope of this experiment to determine 
the effectiveness of initial linseed oil treatments and subse
quent retreatments of concrete specimens fabricated as to fall 
below one or more criteria recommended by the American 
Concrete Institute for frost resistant concrete containing 
sound aggregates by exposure to a deicer salt solution of two 
percent by weight sodium chloride. 

MATERIALS AND VARIABLES 
Since results and conclusions on the effects of deicer salts 

on concrete treated with various linseed oil applications 
would be virtually useless on concrete deemed adequately 
frost resistant, it is necessary to set forth criteria for adequate 
frost resistance of concrete. In Tables 1 and 2, the American 
Concrete Institute has established the requirements for air 
content and water/ cement ratio as being the dominant char
acteristics of frost resistant concrete that contains sound 
aggregates. 3 

TABLE 1 

ACI RECOMMENDED AIR CONTENTS 
Nominal Maximum 
Aggregate Size (In.} 

Y2 

Average Air Content (Percent} (1} 
Severe Exposure (2) Moderate Exposure (3) 

7 5% 
3A 6 5 

1 Y2 5% 4% 

(1} A reasonable tolerance for air content in field construction is + /-1 Y2%. 
(2) Outdoor exposure in a cold climate where the concrete may be in almost 

continual contact with moisture prior to freezing or where deicing salts 
are used. 

(3) Outdoor exposure in a cold climate where the concrete will be only 
occasionally exposed to moisture prior to freezing and where no deicing 
salts will be used. 

TABLE2 

ACI RECOMMENDED WATER/CEMENT RATIOS 
Element Maximum Water I Cement Ratio 

Thin sections (bridge decks, rail-
ings, curbs, etc.} and any concrete 
exposed to deicing salts. 0.45 
All other structures. 0.50 

Based on the criteria established by the American Concrete 
Institute's Frost Resistant Concrete tables, specimens for the 
experiment were fabricated according to the variables listed 
in Table 3. 

TABLE3 

SUMMARY OF CONCRETE MIX DESIGN 

Variable 
Type Cement 
Air-Entrainment (Percent} 
Water/Cement Ratio 
Maximum Slump (In.} 
Max. Coarse Aggregate (In.} 
Fineness Modulus 
Compressive Strength (Psi.} (1} 

Air-Entrained 
Ill 
7 

0.48 
6 +/- 2 

3A 
2.80 
2300 

Non Air-Entrained 
Ill 
2 

0.57 
6 +/- 2 

3A 
2.80 
4300 

(1} Compressive strength tests were performed on six-inch diameter speci
mens cured 28 days in 100 percent humidity and 65-75 degrees 
Farenheit. 

Due to the limited amount of space in the testing appara
tus, only sixteen concrete specimens could be used in the 
experiment. Therefore, variability among the test specimens 
was limited to initial treatments of linseed oil compared to 
no linseed oil treatments for the air-entrained specimens 
while the non air-entrained specimens were subjected to no 
treatments, initial treatments, and multiple retreatments of 



linseed oil. 
Any given linseed oil treatment or retreatment in this 

experiment consists of a single application at a coverage rate 
of approximately 50 sq. yards per gallon of a mixture of 50 
percent raw boiled linseed oil and 50 percent mineral spirits. 

PROCEDURE 
Following fabrication, the specimens were allowed to cure 

24 hours in laboratory air. The specimens were demolded 
and placed in a moist curing room for 14 days. At 15 days, 
specimens were air dried for 24 hours, treated with one 
application of linseed oil applied at an approximate rate on 
one gallon per 50 sq. yards of area, allowed to dry 6 hours, 
and finally placed in the freeze-thaw maching surrounded by 
a medium of approximately two percent by weight sodium 
chloride solution. 

Evaluations of deterioration of the concrete specimens 
were based on relative dynamic modulus of elasticity, weight 
loss, and a scale factor criteria based on specimen appear
ance. Relative dynamic modulus calculations were based 
upon the criteria set forth in ASTM C215 "Fundamental 
Transverse, Longitudinal, and Torsional Frequencies of 
Concrete Specimens," and were calculated as: 

(nl)2 

RDM = ------ x 100 
(n2)2 

where 
RDM = Relative dynamic modulus of elasticity 

after C cycles of freezing and thawing; in 
percent. 

nl = Fundamental transverse frequency at 0 
cycles of freezing and thawing. 

n2 = Fundamental transverse frequency after 
C cycles of freezing and thawing. 

Specimen testing in this experiment was discontinued 
when the relative dynamic modulus of elasticity of any spec
imen dropped below 40 percent of its original value. 

Since the specimens are not completely saturated when 
their initial weight is determined, an initial weight gain is 
evidenced in the data. To correct for this condition, percent 
weight loss calculations were based on the maximum weight 
achieved as the initial weight and all losses were calculated 
using this weight as such. 

CONCLUSIONS 
Examination of the experimental results led to several 

conclusions and recommendationsas to the effectiveness of 
linseed oil treatments to repelling deicer salt solutions such 
as the two percent sodium chloride solution used. It should 
be foremost emphasized that the most effective method to 
create a material capable of giving average to above average 
durability in a freezing and thawing environment is to use 
sound materials which are properly proportioned, placed, 
consolidated, and cured. Particular attention should be 
placed upon using the correct water/cement ratio for the 

type of construction and proper air/ entrainment for the 
maximum size aggregate being used. The use of a deicer salt 
solution such as a two percent solution of sodium chloride 
apparently had no effect in deviating the results from the 
accepted valued of linseed oil treatment tests performed in a 
surrounding medium of water. Therefore, recommenda
tions accepted for the treatment of concrete with linseed oil 
should be adhered to regardless of whether the surrounding 
medium is the standard water solution used in ASTM C666 
"Standard Test Method for Resistance of Concrete to Rapid 
Freezing and Thawing,'' Procedure A, or the modified two 
percent sodium chloride solution. 6 

Performance of the air-entrained specimens was as ex
pected for the given water/ cement ratio. Results indicated 
that the concrete did not suffer any internal damage and 
accumulated very little surface deterioration throughout the 
test. 

As would also be expected, the performance of the non 
air-entrained specimens was poorer by all criteria. Results 
indicated that initial linseed oil treatments of non air
entrained concrete with a high water/cement ratio have 
proven effective in delaying the onset of premature deterio
ration of the concrete. It should also be noted that retreat
ments prove effective up to a certain degree of deterioration, 
after which the treatment appears to be ineffective in reduct
ing the internal and external damage in the concrete speci
men. Degree of deterioration of retreatments was established 
through the values of the relative dynamic modulus of elas
ticity and durability factor and the percent weight loss at the 
30 and 80 cycle retreatment periods, respectfully. This con
clusion was in agreement with previous work done by the 
Virginia Highway and Transportation Research Council 
which indicated that general retreatment or initial treatment 
of pavements two or more years old should be discontinued, 
as such treatment proves ineffective. 7 

It should also be noted that linseed oil treatments used in 
this particular experiment consisted of a single coal applica
tion. Although this was not a criteria considered in this 
experiment, the results indicated that a single coal applica
tion of a linseed oil treatment proved to be just as effective as 
the recommended to stage applications of linseed oil treat
ments such as the one suggested by the American Concrete 
Institute. 8 

Of particular importance in the area of linseed oil treat
ments of pavements is its adverse effect on the skid resistance 
of the pavement. It is noted here that further research into the 
area of skid resistance should be done before any attempt is 
made to correct any deficient pavement with a linseed oil 
treatment. 9 

In view of the above results, the following recommenda
tions are made: 

1. Results of linseed oil treatments should be adhered to 
regardless of whether the tested samples were sur
rounded by the standard water solution or the modified 



two percent sodium chloride solution. Recommenda
tions of linseed oil treatment tests surrounded by a 
chloride. 

2. Concrete which is deemed deficient in either category 
of the American Concrete Institute's Guide to Frost 
Resistant Concrete should receive an initial linseed oil 
treatment. Initial treatment or general retreatment of 
deteriorated concrete surfaces should not be performed 
unless there is adequate test strip or sample evidence 
that suggests that such treatments will be effective. 

3. A single coat application of a linseed oil treatment may 
be sufficient for any treatment or retreatment. 

4. No linseed oil treatment or retreatment will be per
formed until it is proven that the surface will give 
adequate skid resistance in wet conditions if opened to 
traffic. 
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The National Aerospace Plane 
by Scott Ragon 

As the United States looks forward 
and begins to assess its needs for the 
future, the need for easier, more effi
cient space transportation stands out. 
Recent launch failures, including the 
tragic loss of the space shuttle Chal
lenger and crew, have re-emphasized 
the importance of reliable access to 
space. In addition, the economics of 
space flight have become increasingly 
important in light of the huge na
tional debt and growing international 
competition. 

In order to develop a plan for the 
nation's future space acitivities, Con
gress and the President created the 
National Commision on Space. In its 
final report, Pioneering the Space Fron
tier, the 15 member panel makes rec
ommendations for our next 50 years in 
space. Included is the recommenda
tion that improved space transporta
tion systems be developed in the next 
20 years. The Commission states that if 
this does not occur, then "the Nation 
must face the possibility that other 
nations will rapidly overtake our posi
tion as the world's leading spacefaring 
nation." It then says that the space 
shuttle should be replaced with "a new 
vehicle designed to meet all require
ments for the transport of passengers 
and high-value cargo to and from 
orbiting spaceports."I2 

On February 4, 1986,7 in his State of 
the Union Message, President Reagan · 
announced that 

"We are going forward with re
search on a new Orient Express 
that could, by the end of the next 
decade, take off from Dulles Air
port, accelerate up to 25 times the 
speed of sound attaining low 
earth orbit, or fly to Tokyo with
in two hours."I!I 
The development and use of this 

"Orient Express," or National Aero
space Plane (NASP), would be the 
answer to the nation's space transpor
tation problems. The National Com
mission on Sapce recommends that 
"The technology required for aero
space plane development and flight 
test receive the highest national prior
ity.''I2 NASP, also known as theTrans
atmospheric vehicle (TA V), would be 

fully reusable manned spacecraft cap
able of taking off and landing like a 
conventional aircraft. Most prelimi
nary designs for NASP propose a plane 
that looks similar to the Concord. The 
proposed plane would be capable of 
speeds of Mach 12 at 15,000 to 200,000 
feet and Mach 26 at the upper fringes of 
the atmoshpere.s 

In addition to its uses as a space 
transportation vehicle, NASP may be 
used as a high speed transport, capable 
of traveling to almost anywhere in the 
world in two to three hours. u Further 
applications can be found in the mil
itary and in the commercial travel 
sectors. 

The National Aerospace Plane 
would be a cost effective, reliable, and 
versatile space transportation vehicle. 
NASP would be able to provide almost 
instant access to space, launching as
tronauts on demand, launching and 
retrieving satellites, 7 and servicing fu
ture space stations, all at a cost from 
one to two orders of magnitude less 
that that of current launch systems. u 

The greatest cost savings would be a 
result of NASP's airplane-like opera
tions. Unlike the space shuttle, NASP 
would be fully reusable and would not 
require a sophisticated system of 
launch pads, ground support person
nel, and other expensive facilities. I!! 
NASP would be able to launch from 
most large civil or military airports, 7 

and its air breathing engines would 
significantly increase the amount of 
payload launched per pound of takeoff 
weight.I!! Unlike the space shuttle and 
other current rocket systems, which 
must carry tons of oxidizer with them 
each time they are launched, NASP's 
engines would use atmospheric air for 
oxidation. Some sources predict that 
cos ts could be less than 10% of those of 
the space shuttle (less that $200 per 
pound of payload weight). 7 

NASP could also provide- greater 
mission safety. Multi-engine redun
dancy would allow NASP to abort a 
mission safely, while versatile landing 
capabilities would allow the plane to 
choose from multiple landing sites. u 

NASP's capabilities as a space 
launch vehicle may prove to be very 
valuable to the military. Air Force stu~ 
dies have concluded that the nation 

requires short notice, on-call access to 
space to service and replenish the in
creasing number of military space sys
tems, including those associated with 
the Strategic Defense Initiative (SDI). 6 

In addition, NASP may find many 
other applications in the armed servi
ces. NASP's high speed would allow 
the nation to respond to global trouble 
very rapidly from bases in the contin
ental United States.I!! NASP could also ' 
be used as high altitude reconnais
sance platform7 and as a fast.response 
fighter-bomber.I General Lawrence A. 
Skantze, commander of the Air Force 
Systems Command, describes NASP as 
follows: 

"We're talking about the speed 
of response of an ICBM and the 
flexibility and recallability of a 
bomber, packaged together in a 
plane that can scramble, get into 
orbit, and change orbit so the 
Soviets can't get a reading accu
rate enough to shoot at it. [It 
is] ... precisely what's needed to 
open up the space frontier to rou
tine operations."U 
NASP would be capable of provid

ing high speed service to a variety of 
destinations throughout the world, rev
olutionizing air travel. Thomas 0. 
Paine, former administrator of the Na
tional Aeronautics and Space Admin
istration (NASA), predicted that NASP 
"would probably do to today's jumbo 
jets and supersonic transports what 
airplanes did to ocean liners. "7 Many 
passengers are expected to seek passage 
on the 'Orient Express', as the Mc
Donnell Douglas Corp. expects air 
trafficbetween the United States and 
other Pacific rim countries (Japan, 
China, South Korea, Singapore, a
mong others) to soar from the present 
six million passengers a year to more 
than 30 million, making the Pacific 
the world's busiest air travel corridor.I 
NASP would be able to fly from New 
York to Tokyo in about two hours, 
compared to 14 hours on a 747.I 

NASP would not draw fire from 
environmental groups, as the SST did 
in the seventies, because it would fly 
higher and faster, both reducing the 
sound of the sonic boom (it would 
occur farther away) and avoiding the 
ozone layer.I 



In order to test and evaluate the 
technology associated with NASP, the 
Defense Advanced Research Projects 
Agency (DARPA), the Air Force, the 
Navy, the SDI Organization, and 
NASA are planning to build two X-30 
research planes that could fly as early 
as 1993. 4 Each plane, about the size of a 
small airliner,1 would carry two pilots 
and would be capable of acceleration 
to Mach 25 for orbital flight as well as 
sustained cruise at Mach 5-15 in the 
upper atmosphere. A detailed technol
ogy development program is begin
ning nationwide in dozens of NASA, 
Air Force, Navy, contractor, and uni
versity laboratories to support this ef
fort. The 3.3 billion dollar program is 
funded by the Defense Department 
(803) and NASA (203). 4 

In November of 1985, DARPA re
quested bids for work on the X-30 pro
gram. 7 Key decisions regarding the 
selection of the engine and airframe 
manufacturers are expected by August 
and October of this year ( 1987), respec
tively. 4 (The airframe is the body of the 
aircraft.) Companies competing for 
the engine contracts are General Elec
tric, Pratt and Whitney, and Rocket
dyne, and companies competing for 
airframe contracts are Boeing, General 
Dynamics, Lockheed, McDonnell Doug
las, and Rockwell International. 4 The 
progress of the X-30 program will be 
evaluated in 1989, and a final decision 
will be made as to whether to proceed 
with the production of the two air
craft. 4 

Recent advances in several critical 
technological areas, including propul
sion, materials, and computer simula
tion, have created a favorable climate 
for NASP, but further progress is still 
required.7 In the words of NASA'a 
deputy associate administrator for aero
nautics and space technology, "There 
must be no misunderstanding - this 
will be the most complex vehicle ever 
built. " 8 

A propulsion system must be deve
loped that is capable of powering 
NASP throughout its entire range of 
flight, at speeds ranging from Mach 1 
through Mach 25. Because no single 
conventional propulsion system can 
operate efficiently throughout this 
speed range, a hybrid engine system is 
envisioned. 5 This system would be 
made up of three or more separate 

power plants, each of which would 
operate in its own specialized flight 
regiine. 12 

While it is on the ground and as it 
accelerates up to Mach 3, NASP would 
probably be powered by a conven
tional turbojet, the same power plant 
used on many of today's jet aircraft. 5 In 
a turbojet, the incoming air enters a 
compressor, where its density is in
creased before it is mixed with fuel and 
ignited. When the air/fuel mixture is 
ignited, it expands, driving a turbine 
(which, in turn, drives the compressor) 
before escaping out the rear of the 
engine, thrusting the aircraft forward. 7 

As an aircraft approaches the speed 
of sound (Mach 1), air entering the 
engine begins to compress naturally. 
By the time Mach 3 is reached, air is 
rammed into the engine at a pressure 
so high that a compressor is no longer 
needed. This is where another power 
plant, the ramjet, may take over. A 
ramjet is basically a turbojet without a 
compressor or turbine. This type of 
power plant would efficiently power 
NASP7 from Mach 3 through Mach 6. s 
Ramjets are not new to the aerospace 
field, as they were originally tested in 
the 1930s and 1940s and have been sub
sequently used on various missile sys
tems, but research aimed at improving 
their performance continues. 13 A ram
jet is now at NASA Lewis Research 
Center undergoing tests to examine 
start up and low speed engine char
acteristics. 4 

In order to power NASP at speeds 
from Mach 6 through Mach 12 and 
higher, an innovative propulsion de
sign known as a supersonic combus
tion ramjet, or scramjet, could be 
used.12 A scramjet is a ramjet that has 
been modified in order to allow the 
incoming air to remain flowing at 
supersonic speeds as it is ignited.12 A 
fast burning fuel like liquid hydrogen 
is quickly injected into the center of 
the engine, where it is heated up rapid
ly and ignited quickly. 7 A scram jet has 
been described as "the most elegantly 
simple of all air breathing engines: an 
elongated box with some.angled struts 
inside to slow down the incoming air, 
and a combustion area in the back into 
which fuel is injected. "1 Scram jets, 
first developed in the 1960s, have seen 
use on test aircraft such as the X-15.13 
Testing has been ongoing; over the 

past 15 years, NASA-Langley has been 
developing a new scram jet design, and 
over 1000 tests have been run. 13 Recent 
tests of scramjetcomponents in a Calp
san Corp wind tunnel have occurred at 
speeds above Mach 10.4 

For the final boost into orbit, auxil
iary rockets would have to be used.12 A 
variety of well tested rocket engines are 
available to choose from. 1 

While each of the above engine sys
tem components operated in its own 
specialized flight regime, the other 
components would be inoperative, con
tributing nothing but extra mass. In 
order to minimize this extra mass and 
to make the system more efficient and 
cost effective, hybridized engine sys
tems are being explored. Two or more 
engine components could be com
bined, sharing such features as air 
inlets and exhaust nozzles. 7 An exam
ple of such an integrated system is 
Aerojet Techsystems Co.'s Airturbo
ramjet, which is designed to combine 
the features of the turbojet and ramjet. 9 

Any air breathing engine system 
such as the one described must also be 
carefully integrated with the airframe, 
as the shape of the aircraft itself plays a 
large part in the performance of the 
engines. Recent advances in computer 
simulated aerodynamic modeling are 
greatly aiding work in this area.12 

A whole new generation of innova
tive materials must be developed for 
use on the aerospace plane. 7 Materials 
combining high strength to weight 
ratios with good thermal protection 
will be of primary importance. 12 Tem
peratures on the aircraft's surface are 
expected to exceed the space shuttle's 
reentry temperatures of 2300-2400 F, 10 

and temperatures on the engine struc
tures are expected to be as high as 
5000F. 8 The aircraft's skin must also be 
chemically resistant, as it will be bom
barded by highly corrosive molecules 
of atmospheric oxygen. 1 

Materials created using rapid solidi
fication rate technology (RSR) are prom
ising candidates for use on NASP. In 
an RSR process, molten metal is cool
ed very rapidly; temperature drops of 
thousands of degrees occur in thou
sandths of a second. The metallic crys
tals that are formed are much smaller 
that normal, and hence, have im
proved strength to weight ratios7 as 



well as high heat resistance. I2 
Other materials that are under con

sideration include metal matrix com
posites, ceramics, 7 aluminum/ titani
um alloys,4 and carbon/carbon com
posites, which are showing particular 
provise as advanced long life mate
rials. 2 (Composites are materials that 
are made up of two or more other 
materials.) Research activity continues 
in this area, both in private industry4 

and at NASA research centers.Io 
Recent advances in supercomputing 

ability are greatly helping in the re
search and development of NASP tech
nology. Victor L. Peterson, the NASA
Ames director of aerophysics, says "I 
can't overemphasize the importance 
that computers are going to play in all 
of the technology areas of hypersonic 
research. "IO The limit to which hyper
sonic technologies can be tested in the 
wind tunnel is about Mach 8 for large 
components;Io in order to test higher 
Mach numbers, researchers are now 
turning to supercomputers, which can 
test and simulate aerodynamic and 
materials methods11 at NASP's highest 
speeds.4 NASA-Ames's numbercal aero
dynamic simulator (NAS), which was 
brought on line last July (1986), is 
expected to do much of this work. In 
recent tests, NAS has been used to sim
ulate Mach 25 flight of the baweline 
X-30 while simultaneously modeling 
numerous flow t.actors and parameters 
for the entire vehicle. 4 Other work that 
will be done on supercomputers 
ranges from the investigation of air 
characteristics at high Mach num
bersI0 to the integration of the propul
sion system with the airframe. I2 Re
search and development time will be 
greatly reduced, resulting in early mat
uration of the requisite NASP tech
nologies.I2 

Many other technologies must be 
developed by the future builders of the 
aerospace plane. One involves the in
tegration of human pilots into this 
complex aircraft. IO A variety of pilot 
aids, including detailed pictorial dis
plays of the outside world, advanced 
instrumentation, and artificial intelli
gence devices are all under rapid de
velopment in the labs. 1 

Another may be the development of 
active cooling devices to augment the 
advanced heat resistant materials. Par-

ticularly high temperature areas could 
be cooled by cycling the scram jet's cold 
liquid hydrogen fuel through the body 
of the aircraft. This would serve to 
both cool critical areas and allow the 
heated fuel to burn efficiently. I 

The biggest challenge of all, how
ever, may be cost reduction. As with 
any high technology project, NASP 
will be expensive. (The cost of the X-30 
program alone is estimated to be 3.3 
billion dollars. 4) It will be critically 
important to keep the ·costs as low as 
possible. 

If the nation is to move forward and 
take the lead in future space explora
tion and use, versatile, reliable, and 
cost effective space transportation sys
tems must be introduced. NASP is the 
most promising candidate. According 
to Robert M. Williams, the NASP pro
gram manager, every scientific, tech
nical, and professional group that has 
seriously examined our national needs 
for the 21st century has come to the 
same conclusion: the first flight of the 
X-30 is as important as ... the first Apol
lo landing on the Moon; as important 
as the first flight of the Space Shuttle. I!! 

If we decide not to build N ASP, oth
ers surely will, as foreign competition 
has already begun.B With their 'Ho
tos', I!! the British want to build a vehi
cle that, like NASP, will fly directly 
into orbit. I The West Germans are also 
getting involved. Their 'Saenger' will 
be a two stage aircraft, the first stage of 
which will be a forerunner to future 
hypersonic vehicle. !I The Soviets are 
expected to get involved as well. I!! 

A new era in air and space technol
ogy awaits us. It is time for us to move 
forward and make NASP a reality. 
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If you're talking about a future in infor
mation management, you're talking 
Northern Telecom. 

We're the world's largest supplier 
of fully digital telecommunications 
systems. And we have careers for new 
graduates in engineering and com
puter science, as well as in marketing, 
accounting, finance, business systems 
and human resources. Besides com
petitive salaries, we offer superb benefits 
and great locations. 

Let's talk about your future. Contact 
us when we visit your campus, or 
consult your college placement office . 
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