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Research reports are similar to research papers
that every student has done at one time or
another. You remember—papers with titles such
as “The Sexuality of Lady Macbeth” or “The
Benefits of the Modern Mosquito.” In technical
writing, however, research reports are focused,
objective inquiries into technical subjects.

Research reports describe the discovery, analysis,
and documentation of knowledge obtained through
some type of investigation. In technical writing,
these reports are specifically geared to the pur-
pose at hand, the readers who will use them, the
clients who will read them, and whatever limita-
tions have been placed on the scope of the project.
Technical research reports frequently focus on
new, evolving, sometimes purely hypothetical
technologies, in which case they are called state-
of-the-art reports.

One distinguishing characteristic of research
reports is the extensive research and documenta-
tion required. The research may consist of library
and laboratory research, interviews, question-
naires, various types of corporate technical
reports, and trade journal articles. Also research
report writers increasingly use the wealth of
information on the Internet. Unlike laboratory
reports, however, research reports do not invelve
doing the actual research being reported; they
only present the findings of research that has
already been done.

What Are
Research
Reports?
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The organization of a research report is
straightforward, as shown in Outline 11.1. How-
ever, what goes in the discussion section depends
on the topic and the specific requirements for the
research. If the focus is on how we got to where we
are in developing a certain technology, the discus-
sion will be primarily historical. But if the purpose
is to describe new, evolving technologies, the dis-
cussion may be geared more to future implications.

Research reports are usually comprehensive
documents that often extend beyond the scope of
this book. However, to illustrate the kinds of
things that go into a research report, this chapter
will provide two abbreviated examples. As in
prior chapters, these examples will employ theo-
retically correct, but fictitious technologies. The
first example is a state-of-the-art report on the
QCPU, a quantum computing chip. The second is
a research report on shortwave-broadcast trans-
mission antennas for use with the 16LX1000000
tube. Both examples follow Qutline 11.1.

i ,:Outiline,ﬂ.v'l.’ R'esearbh' Report

Introdticﬁon
- o Purpose -
e Prohlem
¢ Scope .
Background
* Theory
«: History
" Discussion

: Conclusion
¢ “Summary

_ Provide a brief overview or introduetion for the topic.

- nificantly.)

_ - Summarize the discussion section. »
- * Recommendation Provide suggestions based on the summary. -

Desb.ribe_ the reason for writing this report.
- Describe the limitations of this report.
Review any theory needed to ﬁnderstand the topic.

Provide any necessary historical perspective.
(Main section of the report—ceontent can vary sig-
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List s e Vnsul‘ced and used in the repor‘s

List’ sources , ,onsulted but not spec1ﬁca11y used

- . Provide: supportmg matemal not needed to under-
o stand the report ; ~

This first example is a state-of-the-art report on Developing a
Quantum Chips Corporation’s Quantum Central Research
Processing Unit (QCPU). This powerful piece of Report
vaporware exploits the tremendous potential of

quantum computing architectures to effectively

increase, by several orders of magnitude, the

high-end computing power currently available.

(Quantum computing is actually an area of seri-

ous scientific research among leading physicists

and engineers. It is an extremely dynamic theo-

retical field.)

Introduction

As in other documents, the first part of the
research report is the introduction section. Start
with the purpose statement to explain why you
are writing the report:

Purpose

The purpose of this report is to provide the results of
a state-of-the-art investigation of the Quantum
Chips Quantum Central Processing Unit (QCPU),
including a theoretical review of the premises of its
operation.

Next, state the problem that the report ad-
dresses. In a research report, note that the prob-
lem is really more of a general background state-
ment that expands on the topic and gives a brief
context for what the report will investigate. Also
note the inclusion of a source citation to support
the assertion regarding processing speed. This
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type of documentation is required in research
reports and is explained more thoroughly in

Chapter 14.

Problem

Traditionally, computing power has been enhanced
by increasing CPU speeds primarily through
decreasing the size of conductors and solid-state
devices used in chip fabrication. Decreasing size,
however, has finite limitations, such as those associ-
ated with reducing the dielectric constants of the
required materials. There has also been a move
toward increasing the number of instructions exe-
cuted for each clock cycle, especially with reduced-
instruction-set computer (RISC) processors.

Quantum Chips Corporation has transcended this
traditional paradigm by developing the QCPU. The
QCPU exploits and manipulates the quantum nuclear
spin states of atoms. The QCPU is capable of per-
forming large numbers of advanced computational
tasks simultaneously, using the superimposition of
multiple values encoded into the respective spin
states of individual atoms. The resulting (effective)
CPU speed is equal to or better than 500 gigahertz
(Josephson 2004, p. 291). This effective speed makes
the QCPU an ideal chip for processing-intensive tasks
such as cryptographic factoring of large numbers,
DNA sequencing in genetic research, and interactive,
three-dimensional holographic imaging in advanced
virtual reality systems.

In any research paper, you cannot possibly
research everything about your topic. Human
knowledge is not that simple or easy, and there is
too much of'it. So you will have to limit your paper
by including only certain aspects of your topic. To
complete the introduction, provide a scope state-
ment that addresses this limitation. This section
tells your reader what you are including in the
paper and why, and it articulates the rationale for
the limitations you are imposing.
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Scope

The QCPU is built using proprietary information
owned and protected by Quantum Chips Corpora-
tion. Consequently, this report will be limited to the
general theoretical approaches underlying the
QCPU architecture; it will not investigate the actual
methods used by the QCPU to implement these the-
oretical approaches.

Background

In the background section, discuss the theoretical
and historical aspects of the topic, as appropriate.
Given the purpose here, this example will focus
on only the theoretical aspects of Quantum Chips’
QCPU technology. The background should start
with a brief discussion of quantum computing
theory because this theory is not common knowl-
edge for the audience; consequently, the theory
discussion is essential to understanding the rest
of the paper. Note again the inclusion of source
citations throughout this discussion.

Theory

Quantum computing theory applies the properties
of quantum physics to exploit subatomic phenomena
of common elements to perform extremely complex
computational tasks. When properly exploited,
these phenomena provide a truly unprecedented
ability for massively parallel processing (Ardvark
2004, pp. 446-448). Several options exist to exploit
quantum phenomena in this regard. One is to
equate binary values to the ground and excited
states of an atom. Another is to use traditional
nuclear magnetic resonance {NMR) techniques to
read induced spin states of atoms. A third is to
polarize photons in an optical chamber. Quantum
Chips Corporation has applied the second option in
the QCPU, using NMR techniques to read specifi-
cally induced spin states in carbon, hydrogen, and
other atoms (Josephson 2004, p. 301).

195
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To manipulate carbon and hydrogen atoms,
radio frequency (RF) energy is applied to each
atom at its specific resonant frequency. This RF
energy is applied to the atom while it is in a fixed
magnetic field. Because the atom remains in a
fixed position, the position can serve as its mem-
ory address. The nucleons of these atoms spin
predictably while in this magnetic field. If an
atom lines up with the direction of the magnetic
field, it is considered to be in a “spin up” orienta-
tion. If it lines up in a direction opposite to the
magnetic field, it is considered to be in a “spin
down” orientation. Different spin states have dif-
ferent energy signatures for different atoms at
different magnetic field magnitudes. These differ-
ences can be read by NMR sensors.

Discussion

As an example of the kinds of discussion material
this type of report might contain, some informa-
tion is also provided on the genesis of the QCPU.
This kind of discussion would be useful for topics
that deal with radically new technologies that
vary significantly from traditional methods.
Quantum computing is clearly such a topie.

Genesis of the QCPU

In 1998, George Yamaslute demonstrated that dif-
ferent RF signals cause predictably different spins
for certain atoms. He also showed that the spin of
these atoms can be altered by the applicatien of dif-
ferent RF signals. These altered spin states then
can be used symbolically to represent different val-
ues. The spin states of these atoms effectively store
the values encoded by these RF signals. These val-
ues are then read by traditional NMR techniques,
thereby creating a machine memory capability
{Yamaslute 1998, pp. 200-210).

Besides memory capabilities, manipulation of the
spin states of atoms can be used to perform various
logic operations. Early experiments with molecules
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containing carbon and hydrogen atoms demon-
strated such theoretical feasibility. The carbon and
hydrogep atoms can be manipulated independently
by varying RF signals applied at different resonant
frequencies while these atoms are held in a fixed
mggnetm field. By making both atoms spin up, or
spin down, or alternately spin up and spin down, the
atoms can constitute a 2-bit truth table. Adding
more types of atoms and using intermediate spin
states substantially increase the range of logi~
cal operations. Such manipulation provides the

quantum logic capabilities of the QCPU (Yamaslute
1998, p. 240).

Fir}all_y, the discussion should include a brief
fiescnptpn of the QCPU device because the chip
is the primary focus of this report.

The QCPU

The Quantum Chips QCPU is proprietary technol-
ogy used today only in highly classified government
projects. Although unclassified information is lim-
ited, some scientists believe that the QCPU is now
providing the computational power for the genetic
manipulation of bacteria. The specific goal is to cre-
ate virulent strains of Naomi-B bacteria that are
capable of eating through the armored titanium and
steel hulls of enemy submarines at depths exceeding
10,000 feet (Mierson 2003, p. 50).

The QCPU assembly consists of the quantum
molecular matrix (QMM), the magnetic field coil
(MFC), the nuclear magnetic resonance (NMR) sen-
sor, and the RF assembly (RFA). The MFC provides
the fixed magnetic field engulfing the QMM. The
QMM provides atomic structures that have unique
spin up and spin down characteristics. The RFA pro-
vides the RF energy needed to change the spin char-
acteristics of each atom to reflect specific values
(Bearkins 2000, p. 91). The energy is radiated by a
phase directional array, but the exact design or
method of control is proprietary. The NMR sensor is
the means of sensing or reading these altered spin
states.
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Conclusion

The conclusion section of a research report nor-
mally summarizes the report and may provide a
recommendation. Any recommendation must be
supported and justified by information in the dis-
cussion section. Given the nature of this sample
report’s theoretical discussion, a specific recom-
mendation is not supported or justified, and one
is not provided. In this example, the conclusion

will summarize only the information provided on
the QCPU.

Summary

The Quantum Chips Quantum Central Processing
Unit (QCPU) has made quantum computing a real-
ity. By controlling and reading the spin states of
selected atoms and using applied RF and NMR tech-
niques, the QCPU effectively uses quantum phe-
nomena to store data and conduct logical operations
on those data. Quantum computing, by exploiting
the possibilities of data manipulation and storage at
the atomic level, provides the power to accomplish
parallel processing at far greater amplitudes than
traditional approaches.

The actual design and implementation of the
QCPU is not only proprietary but also highly classi-
fied for national security purposes. Little informa-
tion is available about the specifics of the QCPU’s
design implementation.

References and Appendix

Finally, include a list of the references used in the
report. Always list all references that were actu-
ally cited in the report. As a courtesy to your
reader, you can also list sources that you con-
sulted but did not specifically use because these
sources may have influenced your thinking or
may provide additional information for further
exploration of the topic. In this example, five
sources were actually cited in the paper, and one
gource was consulted but not used.
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Consequently, in the following section of this
chapter, where the complete report has been
assembled, you will note that two categories of
references are listed: sources consulted and used
and sources consulted and not used. For a more
detailed discussion of documentation, see Chapter
14. By the way, although not provided here, this
example could also include an appendix contain-
ing additional, useful information that is not nec-
essary for understanding the report. For example,
this material might include the manufacturer’s
press releases on the QCPU, more information on
the use of NMR in materials research, or detailed
discussions of atomic spin states.

Here is the complete state of the—art research
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toward increasing the number of instructions exe-
cuted for each clock cycle, especially with reduced-
instruction-set computer (RISC) processors.
Quantum Chips Corporation has transcended
this traditional paradigm by developing the

" QCPU. The QCPU exploits and manipulates the

quantum nuclear spin states of atoms. The QCPU
is capable of performing  large numbers of
advanced - computational tasks simultaneously,
using the superimposition of multiple values
encoded into the respective spin states of individ-
ual atoms. The resulting (effective) CPU speed is
equal to or better than 500 gigahertz (Josephson
2004, p. 291). This effective speed makes the
QCPU an ideal chip for processing-intensive
tasks such as cryptographm factoring of large
numbers, DNA sequencing in genetic research,
and interactive, three-dimensional holographic
imaging in advanced virtual reality systems:

- Scope

The QCPU is buﬂt using propmetary mformatlon
owned and protected by Quantum Chips Corpora-
tion. Consequently, this report will be limited to
the general theoretical approaches -underlying
the QCPU architecture; it will not investigate the-
actual methods used by the QCPU to 1mp1ement
these theoretical approaches.

Background
Theory

Quantum computing -theory applies the knowl-
edge of quantum physics to exploit subatomic phe-
nomena of common elements to perform extremely
complex computational tasks. When properly ex-
ploited, these phenomena provide a truly un-
precedented ability for massively parallel pro-

cessing (Ardvark 2004, pp. 446-448). Several
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'optmns emst to explolt quantum phenomena in
this regard. One is to equate binary values to the
ground and excited states of an atom. Another is
to use traditional nuclear magnetlc resonance
(NMR) techniques to read induced spin states of
atoms. A third is to polarize photons in an optical
chamber. Quantum Chips Corporation has applied
the second option in the QCPU, using NMR tech-

" niques to read specifically induced spin states in
carbon, hydrogen and other atoms (Josephson ;
2004, p. 301).

To mampulate carbon: and hydrogen atoms,
radio-frequency (RF) energy is applied to each
atom at its specific resonant frequency. This RF-
energy is applied to the atom while it is in a fixed

‘magnetic field. Because the atom remains in a

fixed position, the position can serve as its mem-
ory address. The nucleons of these atoms spin
predictably while in this magnetic field. If an
atom lines up with the d;rectlon of the magnetlc
field, it is considered to be in a “spin up” orienta-
tion. If it lines up in a direction’ opposate to the
magnetic field, it is considered to be in a “spin

down” orientation. Different spin states have dif- -
~ ferent energy signatures for different atoms at
different magnetic field. magmtudes These dlﬁ’er-
ences can be read by NMR Sensors. &

Discussion
Genes:s of the QCPU

In 1998, George Yamaslute demonstrated that dif-
ferent RF signals cause predictably different spins
for certain atoms. He also showed that the spin of - -
these atoms can be altered by the apphcatmn of
different RF signals. These altered spin states
then can be used symbolically to represent differ-

~ent values. The spin states of these atoms effec-

tively store the values encoded by these RF sig-
nals These values are then read by traditional
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“NMR téchmqués, théréby Creatmg a machine

‘memory capablhty (Yamaslute 1998, pp. 200-210).

Bes1des memory capabilities; manipulation of

" the spin states of atoms can be used to perform
- various logic operations. Early experiments with

molecules containing carbon and hydrogen atoms
demonstrated such theoretical feasibility: The
carbon and hydlogen atoms can be manipulated
independently by varying RF 31gna1s applied at

‘different resonant frequencies while these atoms

are held in a ﬁxed magnetm field. By making both

- atoms spin up, or spm down, or alternately spin up
“and spin down, the atoms can constitute a 2-bit

truth table (Table 11.1). Adding more types of

- atoms and using intermediate spin states sub-

stantially increase the range/of logical operations.

o Table 11. 1 Spm state truth tabie

RF S|gnal applied  Carbon Hydrogen -

. Frequency'1 u

- Frequency 2. u- D
Frequency 8 - " oo oD u
Frequency4 .. D D

Such mampulatmn pr0v1des the quantum logm

o capablhtles of the QCPU (Yamaslute 1998 p- 240)

The QCPU -

The Quantum Chips QCPU is propnetary tech- .

~ nology used today only in highly classified gov-

‘ernment projects. ‘Although unclassified informa-

~tion is limited, some scientists beheve that the

' QCPU is now providing the computatlonal power

for the genetm manipulation of bacteria. The spe-

* cific goal is to create virulent strams of Naomi-B

bacteria that are: capable of eating through the
armored titanium and steel hulls of enemy sub-
marines at depths exceedmg 10, 000 feet (Mierson

, 2003 p 50)



The QCP assembly conmsts of the quantumy',
molecular matrix (QMM), the maguetlc field coil -
(MFC), the nuclear ‘magnetic resonance (NMR)
sensor, and the RF assembly (RFA). (See Figure
11.1.) The MFC _provides the fixed magnetic field
engulfing the QMM The QMM prov1des atomic
structures that have unique spin up and spin
down characterlstlcs The RFA prowdes the RFJ :

magnetic quantum
field coil molecutar
(MFC) matrix

(QMM)
nuclear radio-
magnetic frequency
resonance (NMR) B e e I U e e assembly
sensor (RFA)
Flgure 11.1

QCPU assembly [Source George S Yamas/ute “Magnets and Blfs,”JournaI of -
Applled Magnetlc Hesonance 4:9 (September 2002), p. 26‘0] ' :

energy needed to change the spin charactenstlcs .

of each atom to reflect specific values (Bearkms :
2000, p. 91). The energy is radiated by a phase
directional array, but the exact design or method
of control is proprietary. The NMR sensor is the -
means of readlng these altered spm states.

conclusmn
Summary

Quantum Ch1ps Quantum Central Processmg ,
Unit (QCPU) has made quantum computing a =
reality. By controllmg and reading the spin states

of selected atoms, using applied RF and NMR
techmques, the QCPU effectively uses quantum
phenomena to store data and conduct logical oper-
atlons on’ those data Quantum computmg, by

i Putti‘rigjn;Aur'rcg'eih‘,er“'?zoé o
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exploiting the possibilities of data manipulation
and storage at the atomic level, prov1des the
power to accomphsh parallel processmg at far
greater amplitudes than traditional approaches.
The actual des1gn and 1mp1ementat10n of the
QCPU is not only proprietary but also highly
classified for national security purposes. Little :
information is available about the spec1ﬁcs of the
QCPU’s design 1mp1ementat10n : :
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