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What Is intellectual Property?

e Property
- Ownership

- Free to use it as owner wishes

- Exclude others from so using that owned
item of property

 Intellectual Property

- Types of property that results from
creations of human mind,the intellect.
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WIPO Convention

“Literary artistic and scientific  works;
performances of performing artists,
phonograms, and broadcasts; inventions In
all fields of human endeavor; scientific
discoveries; industrial designs; trademarks,
service marks, and commercial names and
designations; protection against unfair
competition; and "all other rights resulting
from Intellectual activity In the industrial,
scientific, literary or artistic fields.”
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Intellectual Property Rights

_iterary, artistic and scientific works e.g.
D00ks. Protection of this property is governed
oy laws concerning Copyright.

Performances, broadcasts e.g. concerts.
Protection of this property is governed by
aws concerning Copyright's Related Rights.

Inventions e.g. a new form of jet engine.
Protection of inventions is covered by laws
concerning Patents.
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Intellectual Property

e Industrial designs e.g. the shape of a soft
drinks bottle. Industrial Designs may be
protected by its own specialized laws, or
those of Industrial Property or Copyright.

e Trademarks, service marks and commercial
names and designations e.g. logos

 Names for a product with unique
geographical origin, such as Champagne are
protected by Geographical Indicators.
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Intellectual Property Rights

e Technical Designs of electronic devices are
protected by Integrated Circuits.

 New Plant varieties are protected by Plant
Varieties Protection Act.

« Confidential information not in public domain
can be protected as Trade Secret.
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Why IP has become Important?

Development of Global Technological
capabillity

Reverse Engineering feasible in developing
countries

Follow-up of General Agreement on Trade
and Tariffs (GATT)

Agreement on Trade Related Aspects of
Intellectual Property Rights (TRIPS
Agreement)



WHAT IS A PATENT ?

A RIGHT GRANTED TO INVENTORS
TO PREVENT UNAUTHORIZED USE
OF AN INVENTION, WITHIN A

PARTICU
LIMITED

_AR TERRITORY, FOR A
'IME. DOES NOT

GUARAN'
EXPLOIT

'EE THE FREEDOM TO
THE INVENTION.
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Patent-Explanation

* Negative Right
e Patents are territorial
e.g., an Indian patent has no force in other

countries , just as a foreign patent has no
force in this country.

e Limited Time: 20 years from Date of
application.

» Positive right restricted by previous patents
-Freedom to operate/market/practice
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Social Contract

o Patent rights are granted Iin return for the
iInventor’s full disclosure of the technology to
the public

e The patent holder receives the right to
prevent anyone else from practicing the
Invention

 In exchange, the government ensures that
the information regarding the invention Is
publicly disclosed, and the invention itself is
available for anyone’s use after the expiration
of the patent.
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Provide Incentive towards various creative
endeavors of the mind by offering protections;

Give such creators official recognition,;
Create repositories of vital information;

Facilitate the growth of both domestic industry
and

Promote International trade, through the
treaties offering multi-lateral protection.



URDiP
REQUIREMENTS OF PATENTABILITY

SUBSTANTIVE REQUIREMENTS

« SUBJECT MATTER

« NOVELTY

e NON-OBVIOUSNESS
e UTILITY

PROCEDURAL REQUIREMENTS

« ENABLEMENT

« DEFINITENESS

« BEST MODE

IDEAS/CONCEPTS CANNOT BE PATENTED
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SUBJECT MATTER
« MANUFACTURE
« MACHINE
« COMPOSITION OF MATTER
e PROCESS

e.g. GENETICALLY MODIFIED BACTERIA

HUMAN ENGINEERED MICE

UTILITY

MINIMUM DEMONSTRATION
NOVELTY

NOT ANTICIPATED IN "PRIOR ART”

‘PRIOR ART"- ANYTHING PREVIOUSLY
PUBLISHED,PATENTED,KNOWN,USED,SOLD
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REQUIREMENTS OF PATENTABILITY

OBVIOUSNESS

KNOWLEDGE AT THE TIME OF INVENTION MUST
NOT BE OBVIOUS TO ONE OF ORDINARY SKILL

IN THAT AREA
DETERMINED BY
SCOPE / CONTENT OF PRIOR ART

AS LEVEL OF ORDINARY SKILL IN TECHNOLOGY
INCREASES, SO DOES THE OBVIOUSNESS OF

ADVANCES

Synthesis for Knowledge [zt .
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ENABLEMENT

ABILITY TO USE THE INVENTION WITHOUT
“UNDUE EXPERIMENTATION” (SPECIFICATION)

DEFINITENESS INQUIRY

UNDERSTANDING LIMITS OF INVENTION
BASED ON CLAIM LANGUAGE

BEST MODE

BEST WAY KNOWN TO HIM/HER TO CARRY
OUT THE CLAIMED INVENTION. DISCLOSURE
MUST ALLOW A PERSON OF “ORDINARY SKILL
IN THE ART “TO PRACTICE THE INVENTION.
CONCEALMENT OF BEST MODE RESULTS IN
REJECTION.
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 INVENTIONS

* “Invention” means a new product or process
Involving an inventive step and capable of industrial
application

 INVENTIVE STEP

e “Inventive step” means a feature that makes the
Inventions not obvious to a person skilled in the art

« CAPABLE OF INDUSTRIAL APPLICATION

e |n relation to an invention means that the invention Is
capable of being used in an industry

(Industry here does not mean manufacturing sector
alone. It is an all encompassing definition for the
purpose of utility).



EXCEPTIONS TO Ul
PATENTABILITY OF INVENTIONS

e An invention which is frivolous or which claims
anything obviously contrary to the well established
natural laws

« An Invention the primary or intended use or
commercial exploitation of which would be
contrary to public order or morality or which
causes serious prejudice to human, animal or
plant life or health or to the environment, law,
morality or injurious to public health.

« The mere discovery of a scientific principle or the
formulation of an abstract theory or discovery of
any living thing or non-living thing in nature
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....Continued

The mere discovery of a new property or new use for
a known substance or of the mere use of a known
process, machine or apparatus unless such known
process results in a new product or employs at least
one new reactant

A substance obtained by a mere admixture resulting
only in the aggregation of the properties of the
components thereof or a process for producing such
substances

The mere arrangement or rearrangement or
duplication of known devices each functioning
Independently of one another in a known way
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PATENTABILITY OF INVENTIONS

....Continued

A method of agriculture or horticulture

Any process for the medicinal, surgical, curative,
prophylactic, diagnostic, therapeutic or other
treatment of human beings or any process for a
similar treatment of an animal or plants to render
them free of disease or to increase their economic
value or that of their products



EXCEPTIONS TO THE INVENTIONS i

e Plants and animals in whole or part thereof other
than micro organism but including seeds, varieties
and species and essentially biological processes
for production or propagation of plants and animals

A mathematical or business method or a computer
programme per se or algorithms

* A literary, dramatic, musical or artistic work or any
other aesthetic creation whatsoever including
cinematographic works and television productions
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EXCEPTIONS TO THE INVENTIONS

- A mere scheme or rule or method of performing
mental act or method of playing games

- A presentation of information
- Topography of integrated circuits

- An invention which, in effect , is traditional
knowledge or which is an aggregation or
duplication of known properties of traditionally
known component or components
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PATENTABILITY UNDER US SYSTEM

ANYTHING THAT INVOLVES HUMAN
INTERFERENCE CAN BE PATENTED

PLANTS,BUISNESS METHODS,SOFTWARE (ALL
TECHNOLOGY AREAS)



Process Vs Product Patent

A+B

A+B\ la/b B+C

X

T B+D

C+D = 4 c

X — Product
a,b,c,d, e - Processes
A,B,C,D — Raw materials

U3oir



IMPORTANT CHANGES aral

IN RESPECT OF CHEMICAL PROCESS

Patents to the products capable of being used as
food, agrochemicals , drug and medicines and
those of chemical process.

Chemical processes to include biochemical,
biotechnological and microbiological processes



U3oir

COMMUNICATIONS THAT COUNT
AGAINST AN INVENTOR

« PRINTED PUBLICATIONS
— MICROFILM
— SLIDES AND DRAWINGS
— PHOTOGRAPHS
— SPEECHES AND HANDOUTS
— LIBRARY CATALOUGING (THESIS)
— GOVERNMENT RESEARCH GRANT PROPOSAL

« EMPHASIS ON "ACCESSIBILITY AND DISSEMINATION
OF THE WORK’

« INVENTION ON SALE
 INVENTION AVAILABLE FOR PUBLIC USE.

+ USA- ONE YEAR GRACE AFTERPUBLICATION Verecemer
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WHO CAN QUALIFY AS INVENTORS

« PROVIDER OF THE IDEA/CONCEPT

« MEMBERS OF TEAM WHO MADE SIGNIFICANT
CONCEPTUAL CONTRIBUTIONS

« EVERY TEAM MEMBERS SHOULD HAVE HIS
OWN NOTEBOOK OR DOCUMENT TO RECORD
HIS CONTRIBUTION,DATED,SIGNED AND
WITNESSED

 |IF YOU DESIGN AN EXPERIMENT FOR SOMEONE
ELSE TO PERFORM ENTER YOUR
INSTRUCTIONS INTO YOUR NOTEBOOK
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 Record the date of conception of an idea

 Record the date when the Conception was
first “Reduced to Practice"

« Show “Due Diligence" In reducing the
Invention to practice sign and witness all
entries in

 Notebook. The laboratory notebook is a legal
record. A System for lab record keeping
should be evolved.
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INVENTORSHIP Vs. OWNERSHIP

« ORGANISATIONAL IPR POLICIES (WORK FOR HIRE)
« COMMERICAL WORK OF NON-EMPLOYEES
ARTISTIC WORKS

ARCHITECTURAL OR ENGINEERING DRAWINGS
COMPUTER SOFTWARE

REPORTS BY CONSUTLANTS OR
SUBCONTRACTORS

SPONSORSHIPS /GRANTS — ASSIGNMENTS /
MARCH IN RIGHTS / SHOP RIGHTS
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Types of Patents

o Utility Patents

e Design Patents

e Plant Patents

e Innovation Patents
e Provisional Patents
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PROVISIONAL PATENT

* In India, the United States and some other
countries, a temporary patent application, to
protect invention while work Is In progress
termed as provisional application, may be
filed.

e Must be “completed” within 12 months by the
filing of a complete application.

« The legal requirements for a provisional
application may be less than those for a
complete application, for example, It IS not
necessary to include claims in a provisional.
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 In certain cases, In fact, the use of the patented
Invention may be authorized to a third party either by
the competent court or by a Patent Office
(depending on the law of the country)

 Prevents the abuses which might result from the
exclusive rights conferred by a patent. This regime
may also be applied in case of non-use of the
patented invention within a prescribed period
(generally four years from the filing date of
application for patent, or three years from the issue of
patent).
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FOREIGN PATENTS

- TERRITORIAL RIGHT- RESTRICTED TO GRANT
GIVING COUNTRY

- NO CONCEPT OF WORLD PATENT or
INTERNATIONAL PATENT

- SYSTEM OF FILING INERNATIONAL PATENT
APPLICATION FOR THE PURPOSE OF PRIORITY
DATE AND EXAMINATION EXISTS UNDER THE
PATENT COOPERATION TREATY (PCT)
ADMINISTERED BY WORLD INTELLECTUAL
PROPERTY ORGANISATION (WIPO)
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Patent Cooperation Treaty (PCT)

 Filing In a home country

 International Search (ISA)

 International Publication (WIPQO)

o International Preliminary Examination
(optional)

« National Phase (Optional in designated
countries)
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ADVANTAGES of PCT

o Simplify the process
e Single Priority date
e Gain time to make a decision

o Disseminate more effectively the technical
knowledge contained in patent
documentation.

e |ncreased efficiency of national patent offices



PATENT PROSECUTION

EXAMINERS SEARCH
CITATION OF PRIOR ART

NORMAL FOR ALL CLAIMS TO BE
REJECTED

GROUNDS ON WHICH CLAIMS HAVE
BEEN REJECTED

INVENTION HAS TO BE OF AN EARLIER
DATE THAN CITED PRIOR ART

ANSWER TO THE OBJECTIONS/AMEND
CLAIMS/ WITHDRAW

U3oir
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European Patent System

« EUROPEAN PATENT CONVENTION

- EUROPEAN DIRECTIVES
- NATIONAL LAWS ON THE SUBJECT MATTER

« EUROPEAN PATENT OFFICE (EPO)
- PATENT VALID IN CONTRACTING COUNTRIES
« NATIONAL PATENTS (GERMAN-DE) ETC.

 AFRICA and MIDDLE EAST TO FOLLOW
SIMILAR PRACTICE
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PARIS CONVENTION OF INDUSTRIAL
PROPERTY

e Oldest Convention (1883)

 The Right of Priority — Filing within 12 Months

e Concept of National Treatment

* Independence of Patents



Patent Protection In India — Important Ui?
Milestones

» 1856 - Protection for inventions formally started
— Based on the British Patent Law of 1852

e 1911 - The Indian Patents & Designs Act
— Product patents / composition of matter patents available

e 1972 - The Indian Patents Act ( April 20, 1972)

— Only process patents in pharmaceuticals, agrochemicals and
food

— Term -5 years from date of grant or 7 years from date of
application, whichever was earlier

Dr Raj Hirwani _ _ - 38
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Patent Protection in India — Important

IVITICOLUIIVO

e 1994 — Indian signs GATT agreement
e 1997 — India becomes a PCT member-state

o Amendments to the 1970 Act
— 1999 - (effective Jan 1, 1995)
— 2002 (effective May 20, 2003)

— 2005 (effective Jan. 1,2005) — Reintroduction of
product patents for pharma, food and agrochem.

— Patents for other technology areas like Biotech
INDIAN IPR LAWS ARE TRIPS COMPLIANT

Dr Raj Hirwani _ _ -39
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Commercial exploitation of patents

Patents to Exclude the Competition - the
Pharmaceutical Industry

Patents for Survival - the Biotechnology Industry
Patents as Bargaining Chips - the Electronics Industry
Patents as a Source of Royalty Income - Universities
Patents as Marketing Tools- National Labs

Patents as Lottery Tickets - Individual Inventors

Dr Raj Hirwani 40
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Patents : Hidden Benefits

 Advancement of Technology

e Source of Information

e Economic Indicators (R&D Investment)

* |nnovation Indicators

* Delineation of technology fronts
(Useful for Technology Forecasts)

 Research and Business Planning
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PUBLIC PERCEPTIONS

 HYPE Vs. REALITY
— TURMERIC
— NEEM
— BASMATI RICE
« NEED FOR INFORMED OPINION
— PIRACY
— COUNTERFEITS



BBRDIP - Patent Analysis and Mapping Wit
Focus on
Strategic Technology Management

Scope of such activities includes
e Technology Scenario Analysis

e Competitive Intelligence Studies

e Technology Movement Assessment
e New Product Development Studies

e Freedom to Operate Studies

e Research Planning Studies

e Human Resource Management
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us 7,419,022 B2

1
THERMIONIC POWER UNIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation in part of LIS, appli
tion Ser. No. 09/828,646, filed 5 Apr. 2001 now LS. Pat. No.
6,651,760, which claims the benefit of 1J.5. Provisional

Application No. 60/194 850 filed Apr. 5, 2000,

BACKGROUND OF THE INVENTION

Thermionic devices, such as thermionic converters., which
translorm input heat o electricity, are known in the art. A
number of thermionic converters comprise low work function
clectrodes that convert heat energy to electrical energy with
enhanced efficiency. Thermotmnneling converters are also
known to the art.

In WO99/13562 Tavkhelidze and delson disclose diode
devices in which the separation of the electrodes is set and
controlled using piezo-electric, electrostrictive. or magneto-
strictive actuators. This avoids problems associated with elec-
trode spacing changing or distorting as a result of heat stress.
Inaddition it allows the operation of these devices at electrode
separations  which permit quantum  electron tunneling
between them. Pairs of electrodes whose surfaces replicate
each other are also disclosed. These may be used in construct-
ing devices with very close electrode spacings. including
thermionic and thermotunelling converters,

In LS. Pat. No. 6,281,514 1o Tavkhelidze, a method for
promoting the passage ol elementary particles at or through a
potential barrier comprising providing a potential barrier hav-
ing a geometrical shape for causing de Broglic interference
between said elementary particles is disclosed. In another
cmbodiment. the invention provides an elementary particle-
emitting surface having a series of indents. The depth of the
indents is chosen so that the probability wave ol the cleme
tary particle reflected from the bottom of the indent interferes
destructively with the probability wave of the elementary
particle reflected from the surface. This results in the increase
of tunneling through the potential barrier. When the elemen-
tary particle is an electron, then electrons tunnel through the
potential barrier, thereby leading to a reduction in the effec-
tive work function of the surface. In further embodiments. the
invention provides wvacuum diode devices, including a
vacuum diode heat pump, a thermionic converter and a pho-
toelectric converter, in which either or both of the electrodes
in these devices utilize said elementary particle-emitting sur-
face. In wyet further embodiments, the invention provides
devices in which the separation of the surfaces in such devices
is controlled by piezo-electric positioning elements. A further
embodiment provides a method for making an elementary
particle-cmitting surface having a series ol indents.

The internal combustion engines used in automobiles con-
vert the expansive energy of combusted fuel into pressure and
the pressure into motive power lor the vehicle. This process
has a number of inefficiencies. Forexample. it is an inefficient
use ol fuel, as a substantial amount of heat liberated from the
fuel is wasted. Furthermore. these engines work by driving
pistons up and down. This not only leads to frictional losses,
but also creates unwanted wvibration: many designs are
expressly created to disguise these vibrations, The internal
combustion engine is also noisy. and this is especially so in
large vehicles such as trucks and locomotives. Moreover, the
frictional forces between the components of the internal com-
bustion engine cause considerable wear and tear on the
engine, and shorten the lifetime of the vehicle and of its

3C
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2
component parts, Further, many components of vehicles are
mechanical. such as power steering, water pumping and tans.

Additionally, when a car is temporarily stopped, idling of
the engine wastes energy. is incllicient and noisy, but is neces-
sitated by the nature of internal combustion engine-driven
cars.

LS. Pat. No. 4,148,192 to Cummings discloses an internal
comiby ion electric power hybrid power plant with a number
of features. First, it allows the use of a smaller than normal
internal combustion engine; the internal combustion engine is
selected so as to provide sullicient power torwhen the vehicle
is at cruising speed, and the extra torque needed for accelera-
tion is provided by an electric motor/generator powered by a
battery. Secondly, it allows energy (o be conserved during
braking by the motor/gencrator, and stored in the battery.
Thirdly, one or more thermoelectric converlers recover some
ol the energy in the waste heat from the exhaust, and this is
applied to recharge the battery when the vehicle is at cruising
speed. Whilst Cummings discloses that this arrangement may
be used with a variety of internal combustion engines, includ-
ing petrol engines, diesel engines, stratificd charge engines
and gas turbines, it does not overcome the major disadvan-
tages associated with such engines, including noise, low elli-
ciency and pollution.

LIS, Pat. No. 4,097,752 to Woll et al. discloses an internal
combustion engine in which at least one thermionic converter
is acted upon by the hot exhaust gases to generate electricity,
which is used to power an electric motor. Whilst Wolf et al.
teach that this arrangement increases the overall efficiency of’
an internal combustion engine, it does not avoid the inherent
disadvantages of an internal combustion engine iterated
above.

ULS. Pat. No. 4.199.713 to Foster discloses an installation
for supplying the electric power supply ol motor vehicles that
includes a generator, a battery as storage device or accumu-
lator and several loads. A thermionic converter ol conven-
tional construction, which is operable with the Iuel of the
motor vehicle, is provided as generator, The electricity gen-
erated by the thermionic converter is used to power such
ancillary devices as the ignition system, the injection instal-
lation, the starter, the light system, the ventilating system, the
air conditioning syvstem as well as vunder certain circum-
stances also auxiliary apparatus such as, for example, the
radio, air-conditioning and the like. This arrangement gener-
ates electricity for these ancillary devices when the engine
not running. and also obviates the requirement for an alterna-
tor, with concomitant savings. This arrangement does not,
however, provide enough electrical energy to propel the car
via an electric motor.

Adreralt main engines not only provide thrust for flight and
for taxiing but are also called upon to provide energy for
running aircrall systems. This includes bleed air, hydraulic
power, and electrical power. When the aircraft is on the
ground, and high levels ol thrust are not required., producing,
these ancillary services using the main engines consumes
large quantities ol fuel. To minimirze fuel consumption and
yvet provide the necessary forms of power, so-called auxiliary
power units or “APUs™ have been deploved on many aircrall.

Demands for hydraulic power. electric power and bleed air
may be and frequently are independent of one another. This
means that a high demand for one or two forms ol energy. say,
electrical and hydraulic power, much more bleed air than is
required will be generated and the system will dump or spill
the excess bleed air which. In addition, gas turbine engines of’
the type employved in APUs operate most eff =ntly when
operated at a constant speed, which is not necessarily consis-
tent with the demand placed upon them.

) T
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The disadvantage of the known auxiliary power units is
their relatively poor eﬂ'iciency par‘licuhrly with respect to
generating electricity. Their operation is also connected with
high exhaust gas and noise e ions.

LS, Pat. No. 5,235,803 10 Rodgers discloses an APU that
provides a dual flow, single stage centrifugal compressor by
which both bleed air and turbine air may be provided. The
ohjective was to provide, from a single HI{ISL centrifugal com-
pressor, relatively low pressure bleed air flow to bleed air
system and relatively higher pressure compressed air flow to
the turbine combustor.

BRIEF SUMMARY OF THE INVENTION

I'rom the foregoing, it may be appreciated that a need has
arisen lor a new type ol clectrical power unit that avoids the
disadvantages associated with mechanical systems which
rely on the use ol expanding gases 10 move pistons or turn
turbines to harness energy from burning fuel.

It is the principal object of the invention to provide a new
and improved electrical power unit for use in automobiles. on
aircrafl, or for local generation of electrical power.

In one embodiment of the present invention, an electrical
power plant comprises: a combustion chamber that burns fuel
to produce heat energy: a thermionic device that converts the
heat energy into electrical energy: and an energy control
system. The energy control system takes an input represen-
tative of the demand for electrical power and computes and
controls the intake of fuel and air into the combustion cham-
ber.

In another embodiment of the present invention, a moltive
unit comprises: a combustion chamber that burns fuel to
produce heat energy; a thermionic device that converts the
heat energy into clectrical energy: an energy control system:
and an electric motor. The energy control system takes an
input represcentative ol the demand lor electrical power, which
correlates 1o the desired speed ol the electric motor and the
load on the electric motor, and computes and controls the
intake of fuel and air into the combustion chamber.

In a further embodiment of the present invention, an auto-
maobile comprises: a combustion chamber that burns fuel and
produces heat energy; a thermionic device that converts said
heat energy into electrical energy: and an electric motor.
wherein said motor converts said electrical energy into rota-
tional energy. wherein said rotational energy provides motive
power to said automobile.

In another embodiment of the present invention., an
improved system is disclosed which uses thermionic devices
1o convert combustion heat into electrical power that would in
turn power an electric motor. providing a drive means for an
clectric car,

In another embodiment of the present invention, an auxil-
iary power unil comprises: a combustion chamber that burns
fuel to produce heat energy: a thermionic device that converts
the heat energy into electrical energy: an energy control sys-
and one or more ancillary units. The energy control
tem takes an input representative ol the demand for clec-
trical power [rom said ancillary units and computes and con-
trols the intake of fuel and ai 1o the combustion chamber.
The ancillary units include: a conditioning means to provide
clectrical energy at the required voltage and frequency: an
electrical compressor means powered by the electrical energy
for providing bleed air; and an electrical compressor means
powered by the electrical energy for providing hydraulic
power.

In a further embodiment of the present invention, an air-
craft comprises a combustion chamber that burns fuel and
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produces heat energy: a thermionic device that converts said
heat energy into electrical energy: and one or more ancillary
units providing one or more services 1o the airerall including:
a conditioning means o provide electrical energy at the
required voltage and [requency: an electrical compressor
means powered by the electrical energy for providing bleed
and an electrical compressor means powered by the elec-
trical energy for providing hydraulic power auxiliary power
unit.

A techniecal advantage of the present invention is an energy
ellicient, environmentally friendly power plant.

Another technical advantage of the present invention is that
an internal combustion engine is not required.

Another technical advantage ol the present invention is an
energy ellicient, enviro ital friendly automaobile. Anaddi-
tional technical advantage ol the present invention is that
unwanted vibrations due to mechanical movement ol parts,
such as the reciprocating movement of pistons, is reduced.

A Turther technical advantage ol the present invention is
that the engine does not need to idle when output power is not
reqguired.

A further technical advantage of the present invention is
that the vehicle of the present invention can go from stopped
to full speed without the need for elaborate restarting or for an
idle state which consumes power.,

A still further technical advantage of the present invention
is that other vehicle systems, such as hydraulic power steering
and braking systems powered from the internal combustion
engine, water pumps and oil pumps, and the alternator are not
required by the present invention.

An additional technical advantage of the present invention
is that the heat energy of combusted fuel provides the motive
power, allowing cheaper. healthier, and more easily obtain-
able fuels.

Other technical advantages of the present invention are set
forth in or will be apparent [rom drawings and the desceription
ol the invention that [ollows, or may be learned from the
practice ol the invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF TTHE DRAWING

For a more complete explanation of the present invention
and the technical advantages thereof, reference is now made
to the following description and the accompanying drawing
in which:

FIG. 1 is a schematic view ol an electrical power unit
according to the invention;

FIG. 2 schematic view ol'a motive unit according to the
invention:

FFIG. 3 is o schematic view ol an auxiliary power unil
according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention and their technical
advantages may be better understood by referring 1o FIGL 1.

For purposes of illustration. the present invention is dis-
cussed with reference to standard thermionic converters.
ITowever, it is understood that the present invention may be
nction with any thermionic device that acts to
convert input heat energy to output electrical energy. includ-
ing thermotunneling converters.

Furthermore., for purposes of illustration, the present
invention discussed with reference to vehicles, automao-
biles, and cars. However it is to be understood that any device
that use the combustion of a fuel in an engine to output motive
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power, is within the scope ol the present invention. Thus any
kind of self-propelled vehicle. including military vehicles,
locomotives. ships and aircraft are envisaged to be able to
utilize the motive unit of the present invention.

Furthermore, for purposes of illustration, the present
invention is discussed with reference to gasoline, diesel [uel
and aviation fuel. Howeveri 1o be understood that any Tuel
may be utilized. Thus liquid fuels such as kerosene, alcohol,
liquefied petroleum gases, liquid hydrogen and the like, gas-
eous fuels such as butane, other hydrocarbon gases. hydro-
gen. carbon monoxide and the like, and solid fuels such as
coal, coke, wood and the like are considered to be within the
scope of the present invention.

In accordance with a first embodiment of the present
tion, an electrical power unit comprises a combustion chame-
ber attached to one or more thermionic devices. As opposed to
previous described usage of thermionic devices located close
to exhaust heat, in the present invention such devices are
located right next to the combustion chamber or combustion
pipe. lor drawing heat therefrom. Such a power unit may be
utilized in a n ber ol devices, such as instead ol a diesel-
powered gencrator to provide local., or a back-up, :
electricity: as a power unit in a vehicle: or in a MEMS form,
as a small. compact and efficient electrical supply.

Referring now to IFI1(G. 1, which shows an electrical power
unit of the present invention a combustion chamber 1 is pro-
vided and surrounded by one or more thermionic converters
3. These are not limited in number, and may comprise a single
device adapted to surround the comby m chamber, or 1-
tiple thermionic converters 3 strategically placed around the
chamber 1 for extracting as much heart therefrom as possible.
Thermionic converters generate electricity from a tempera-
ture differential, and therelore require a hotter side and a
colder side. In the present invention, the hot side of the ther-
mionic converter is placed adja 1 the combustion chamber
1 while the colder side is adjacent to heat sink 5. Again, the
heat sink 5 may be a single device connected to all the ther-
mionic converters 3, or a multiple of heat sink devices, or
simply a cooling fluid.

To one side of the combustion chamber 1 is the intake/
controller 6 for fuel 21 and air 22, which may comprise
separate intake pathways, or a combined pathway, and could
comprise means for compressing the Tuel and/or the air. In
one embodiment intake 6 may be a mecl 1l Teed lor solid
fuel. Glow plugs. pilot lights, piezo-electric igniters or similar
means for beginning the combustion are not shown. The main
exit for the combusted fuel from the combustion chamber 1 is
through the exhaust 7. Along the pathway ol the exhaust 7 is
positioned an optional catalytic converter 9, which provides
for the catalytic conversion ol nitrates rom the exhaust
fumes. However, other catalytic converters may not be nec-
essary in the present invention because a lean burn environ-
ment may be provided for according to the method of the
present invention, thus not ereating hydrocarbons or similar
emissions. Optionally, along the pathway ol the exhaust 7 are
secondary thermionic converters (not shown) for converting
the remaining heat in the exhaust 7 into electricity.

The clectrical output ol the thermionic converters 3 is
transferred via electrical leads 11 to an energy control system
13. The thermionic converters 3 may be arranged in series or
in parallel to one another, depending on the voltage require-
ment: in series for high voltage, in parallel for low voliage,
gh current. The energy control system takes an lica-
tive ol the clectrical power output required. which may be
rom a human controller or fror ssociated control sys-
tem. The energy control system controls the rate at which fuel
and air is supplied to the combustion chamber.
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In accordance with a sccond embodiment of the present
invention, a motive unit comprises a combustion chamber
attached to one or more thermionic devices. and drive means
for converting, electrical output of the thermionic converters
into motive power for the wheels ol a vehicle., As opposed to

ious described usage ol thermionic devices located close
151 heat, in the present invention such devices are
located right next to the combustion chamber or combustion
pipe. for drawing heat therefrom. Such a motive unit may be
utilized in a number of devices, including land. sea and air
vehicles.

Referring now to FIG. 2, which shows a motive unit ol the
xnt invention, a combustion chamber 1 is provided and
wled by one or more thermionic converters 3. Thesc are
not limited in number, and may comprise a single device
adapted to surround the combustion chamber, or multiple
thermionic converters 3 strategically placed around the cham-
ber 1 forextracting as much heat therefrom as possible. Ther-
mionic converters generale electricity from a temperature
dilferential, and therclore require a hotter side and a colder
side. In the present invention, the hot side of the thermionic
converter is placed adjacent the combustion chamber 1 while
the colder side is adjacent to heat sink 5. Again, the heat sink
S may be a single device connected to all the thermionic
converters 3, or a multiple of heat sink devices. or simply a
cooling {Tuid.

To one side of the combustion chamber 1 is the intake/
controller 6 for fucel 21 and air 22, which may comprise
separale intake pathways, or a combined pathway, and could
comprise means for compressing the fuel and/or the air. In
one embodiment intake 6 may be a mechanical feed for solid
fuel. Glow plugs. pilot lights, piezo-electric igniters orsimilar
means [or beginning the combustion are not shown, The main
exit for the combusted fuel from the combustion chamber 1 is
through the exhanst 7. Along the pathway ol the exh 1T s
positioned an optional catalytic converter 9, which provides
for the catalytic conversion ol nitrates  fro the exhaust
fumes. However, other catalytic converters may not be nec-
essary in the present invention because a lean burn environ-
ment may be provided for according to the method of the
present invention, thus not creating hydrocarbons or similar
cmissions. Optionally, along the pathway of the exh LT are
onic converters (not shown) lor converting
wining heat in the exhaust 7 into electricity.

The electrical output of the thermionic converters 3 is
transferred via electrical leads 11 to an energy control system
13. The thermionic converters 3 may be arranged in series or
in parallel to one another, depending on the voliage require-
ment: in series lor high voltage, in parallel for low vol
high current. The energy control system takes an input indica-
tive ol the desired speed ol the electric motor, which may be
from a human controller or from an associated control sys-
tem. The energy control system controls the rate at which fuel
and air is supplied 10 the combustion chamber and takes an
input {rom the energy storage system 15, and [rom the drive
state, which representative ol the demand lor electrical

power and correlates to: the desired speed ol the electric
motor: the load on the clectric motor; and the a
energy stored in the energy storage system. The energy con-
trol system 13 further allocates power to and from the energy
storage system 15 as well as 10 the drive 17, The cnergy
storage system 15 may comprise a battery, a (lywheel, or the
like.

he drive 17 cor
therelor. Itmay be any type ol'electrical motor, but a preferred
tyvpe is one with many phases of electrical power (more than
three phases). preferably with a different phase for each wind-

prises an clectrical motor and a controller
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ing. The controller provides variable speed lor the motor, and
optionally provides for variable voltage too. The motor pro-
vides motive power to the wheels 19, according to the output
of the controller.

In accordance with a third embodiment of the present
invention., an auxiliary power unit comprises a combu
chamber attached to one or more thermionic devices
auxiliary power unit may additionally comprise compressor
means for converting electrical output of the thermionic con-
verters into hydraulic power and bleed air, and s ible con-
ditioning means to provide electrical power at the desired
voltage and requency. As opposed to previous described
usage ol thermionic devices located close to exhanst heat, in
the present invention such devices are located right next to the
combustion chamber or combustion pipe. for drawing heat
therefrom. Such an auxiliary power unit may be utilized in a
number of devices. including land. sea and air vehicles.

Referring now to FIG, 3, which shows an auxiliary power
unit of the present invention, a combustion chamber 1 is
provided and surrounded by one or more thermionic convert-
ers 3. These are not limited in number, and may comprise a
single device adapted to surround the combustion chamber, or
multiple thermionic converters 3 strategically placed around
the chamber 1 for extracting as much heat therefrom as pos-
sible. Thermionic converters generate electricity from ot
perature dilTerential, and therefore require a hotter side and a
colder side. In the present invention, the hot s clc_, of the ther-
mionic converter is placed adjacent the co
1 while the colder side is adjacent o heat the
ink 5 may be a single device connected to all tl'u_‘ ll'u_r—
mionic converters 3, or a multiple of heat sink devices, or
simply a cooling fluid.

To one side ol the combustion chamber 1 is the intake/
controller 6 for fuel 21 and r 22, which may comprise
separate intake pathways, or a con']bmcd pathway, and could
comprise means for compressing the luel and/or the air. In
one embodiment intake 6 may be a mechanieal feed for solid
fuel. Glow plugs, pilot lights, picro-clectric igniters or similar
means for beginning the combustion are not shown. The main
exit for the combusted fuel from the combustion chamber 1
through the exhaust 7. Along the pathway ol the exhaust 7 is
positioned an optional catalytic converter 9, which provides
lor the catalytic conversion of nitrates from the exhaust
es. However, other catalytic converters may not be nec-
& ry in the present invention because a lean burmnm environ-
ment may be provided for according to the method of the
present invention, thus not creating hydrocarbons or similar
e ssions. Optionally, along the pathway ol the exhaust 7 are
secondary thermionic converters (not shown) for converting
the remaining heat in the exhaust 7 into electricity.

The eclectrical output of the thermionic converters 3 is
trans lerred via electrical leads 11 to an energy control system
13. The thermionic converters 3 may be arranged in series or
in parallel to one another, dl.]1<.l'ldll‘lg. on the voltage require-
ment: in ries [or high voltage, in parallel for low voliage,
high current. The energy control system takes an input rep-
resentative of the demand for electrical power rom the one or
more ancillary units and computes and controls the intake of
Tuel and air into the combustion chamber. The energy control
system may also take an input from an energy storage system
15, which is representative ol the de 1d Tor electr
and correlates 1o the amount of energy stored in the energy
storage system. The energy control system 13 further allo-
cates power 1o and rom the energy storage system 15, The
cnergy storage system 15 could comprise a battery, a fly-
wheel, or the like.
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The energy control system provides electrical power to a
range of units, and some of the common ones are shown in
FI1G., 3. An clectrically powered compressor 31 compresses
supply air 22 to generate compressed air 33 (for example, 3
bar for supplying the cabin air-conditioning system). An elec-
trically powered compressor 35 may also be utilized to pro-
wvide hydraulic power for aircratt svstems. An electrical con-
ditioning unit 37 may also be employved to provide electric
energy (for example. 380 V/400 I 1z for the on-board power
supply ).

This embodiment remowve:
turbine-powered generator u
released as heat in the comb

The foregoi
trate the invention und s not intended 1o be limi
maoedifi ions ol the disclosed embodiments incorporating
the spirit and substance of the invention may occur to persons
skilled in the art, the invention should be construed to include
everything within the scope of the appended claims and
equivalents thereol.

The present invention also allows for several other features.
For example. the present invention allows for vehicle air
conditioning to be easily accommuodated because the vehicle
is operated on electrical power. In fact, the thermionic con-
verters can completely replace the alternator used in the prior
art. Extra control features over the {.lnvu and the wheels are
also provided for with the present invention. Furthermore,
generation of supplementary electricity when the vehicle is
zoing downhill may be more casily converted to other uselful
electrical energy.

Some systems in a vehicle may continue to utilize thermal
energy in the exhaust gases or from the heat sinks of the
thermionic converters. For example, heat from the heat sinks
may be used to heat water (for air conditioning or other
purposes), or 1o power a convective pump. Alternatively, sec-
ondary thermior converters could be situated to receive the
output heat from the primary ones, and produce supplemen-
tary clectrical power.

A prelerred embodiment ol the present invention includes
the use ofhigh temperature (such as in the 2000 Kelvin range)
high elliciency thermionic converters, The base ol the vehicle
ay act as the heat sink. Alternatively, the top ol
the vehicle could also act as the heat sink. Further, the vehicle
may be designed to be shielded from the sun but allow passing
wind to remove heat therefrom. Another embodiment of the
present invention may allow the thermionic converter 1o oper-
ate with high enough efficiency to not require a dedicated heat
sink.

The thermionic converters ol the present invention may be
solid state. comprising glass between the electrodes, and with
all its component parts able to operate high temperatures
The thermionic converters of the present invention further
include devices described by Tavkhelidze (WO99/13562),
~h comprise: an emitter electrode, connected to the com-
bustion chamber; a collector electrode, positioned sulli-
ntly close o the emitter electrode for electrons to unnel
from the emitter electrode to the collector electrode:; and
manipulating means for controlling the relative electrode
positioning. connected to one or both of said electrodes. The
manipulating means may be piezo electric, electrostrictive, or
magnetostrictive actuators. The thermionic converters of the
present invention additionally include devices described by
Tavkhelidze (L . Pait. No. 6.281.514) which comprise an
wntary p}.lrlu.,l{_, cmilting surlace ]ulvln}:. an indented
section, in which the depth ol the indents
relationship 2.(1+2n)4, where 2. is the de Broglie wavelength
for the elementary particle, and where n is 0 or a positive

the need for a conventional
d converts directly energy
ion chamber into elect
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integer selected such that the geometric shape of the elemen-
tary particle-emitting surface causes de Broglie interference
between said elementary particles so that said tunneling is
promoted. The thern nic converters ol the present invention
additionally include devices comprising a first and a second
clectrode, each electrode having a surface for positioning
facing the other electrode, wherein said surfaces are substan-
tially flat and comprise matching topographical features to
one another.

The thern

onic converiers may power a motor ol a car,
although it could be used lor other uses too. A prelerred motor
to be used in conjunction with a thermionic converter is a
multi-phased motor, having more than three phases, which is
able to utilize more harmonics of the input power than a three
phase motor is able to, such as in U.S. Pat. No. 6,054,837 to
Fdelson. Here a polyphase induction machine operated by an
inverter drive system. The ma ne is construocted with con-
centrated full span windings. Twelve or more phases are used
to sulliciently cover the air gap region., in contrast o the
conventional three phases using distributed and chorded
windings. Substantial efficiency and starting torque benefits
are thereby obtained. According to Hdelson’s approach. an
AC induction machine is operated by an inverter drive sys-
tem. The improvement over the prior art is that tb umber of
independently driven phases nereased to more than the
conventional three, preferably to a number substantially
greater than three, such as twelve phases or more. The stator
is wound with little or no chording. and with little or no
winding distribution. both allowing windings with fewer
turns o be used. Thus resistance losses owing in the stator
windings are reduced. Large machines with low pole counts
are facilitated by the reduced winding distribution. again
enhancing elliciency because low pole count machines are
maore efficient. Great control of stator magnetic field structure
is possible, to the point that motor pole configuration may be
changed purely electronically. Moreover, the present inven-
tion may be used with any tyvpe of motor.

The fuel in the combustion chamber, or pipe. may be intro-
duced under high pressure to increase the efficiency of the
fuel power. The pumping to perform this may come from
clectricity provided by the thermionic converters

To maximize the heat output of combustion, a lean burn
environment is allowed for. The present invention provides
for hydrocarbons and carbon oxides to be [ully combusted. A
catalytic converter may be placed downstream of the com-
bustion chamber to deal with the resultant nitrogen oxides.

A preferred embodiment of the present invention is in a car.
However, the invention would be used ina goll cart, airplanc,
train. spacecrafi. other vehicles. or other things commonly
powered by engines.

The present invention further includes an energy storage
medium for excess energy produced. This helps the vehicle at
startup, for overload, to power secondary electrical devices in
the vehicle, and the like. Such encergy storage devices may
include, but are not limited to, batteries, [lywheels, and fuel
cells.

Further, the present invention uses clean fuels, which pro-
duce little or no toxic fumes and byproducts. Alternatively,
even vegetable oils may be used to provide the required heat
and driving power. All types of fuels or other technologies
that provide heat in a similar way 1o fuel may be used. In a
preferred embodiment. the fuel is injected into the combus-
tion chamber, and initial glow plug or starter plug power
would be provided from a storage medium.

Additionally, the present invention may use photoelectric
generators to convert energy from the sun into electrical
energy. Photoelectric generators comprise two electrode
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one exposed to the sun, and the other more shaded, each
having a low work [unction. With an appropriate vacuum, the
photoelectric converter may convert sunlight {(and potentially
some heat also), directly into electrical power. "I can be
used as a supplementary source of electrical power for the
vehicle and is particularly vselul in an all-electrically pow-
ered vehicle. Alternatively, the photoelectric generators may
be situated above the thermionic converters to provide power
to cool the heat sink side ofthe thermionic converters, thereby

cre: 12 the elficiency ol the thermionic converters
would be particularly usclul when th rlemperature is hot-
when the photoelectric generators provide the most power.,

Though the invention has been described with relerence to
specific preferred embodiments thereol, many variations and
modifications will immediately become apparent to those
skilled in the art. In particular, any device that exchanges heat
lor clectrical power may replace thermionic converters. Fur-
thermore, the combustion chamber may be replaced with any
other source ol heat energy such as a chemical reactor. Also,
the invention describes an end result of providing motive
power to wheels: however. it may also be used to provide
motive power to other elements, such as a conveyer belt.

While this invention has been described with reference to
illustrative embodiments, it is o be understood that this
description is not intended to be construed in a limiting sen
Meodifications to and combinations of the illustrative embaodi-
ments will be apparent to persons illed in the art upon
reference to this description. It is to be further understood,

therefore, that changes in the details of the embodiments of

the present invention and additional embodiments ol the

present invention will be apparent to persons ol ordinary skill

in the art having reference to this description. It is contem-

plated that such changes and additional embodiments are

within the spirit and true scope of the invention as claimed

below.

The invention claimed is:

1. An electrical power unit comprising:

a combustion chamber. in which fuel is combusted to
release heat; and

a thermionic converter, which converts said heat into elec-
trical energy; and

an energy control system:

wherein said control system takes an input representative

ol the demand for electrical power and computes and

controls the intake of fuel and air into said combustion

chamber.
2. The electrical power unit of claim 1 wherein said ther-
ionic converter is a the 12, converter.
3. The electrical power unit of claim 1 wherein said ther-
mionic converler comprises low work [unction electrodes.

4. The electrical power unit of claim 1 additionally com-
prising a fuel intake, wherein said fuel intake is attached to
said combustion chamber,

wherein said fuel intake comprises a compressor for com-

pressing said fuel prior to its introduction o id com-
bustion chamber, and wherein said compressor is con-
trolled by said encrgy control system.

5. The electrical power unit of claim 1 additionally com-
prising an air intake, wherein said air intake is attached to said
combustion chamber,

wherein said air intake comprises a compressor for com-

pressing said air prior to its introduction to said combus-
tion chamber, and wherein said compressor is controlled
by said energy control system.

6. A motive unit comprisi

the electrical power unit of claim 1: and

an electric motor powered by said electrical energy:

ng:
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wherein said input representative of the demand for elec-
trical power correlates to: the desired speed ol said clec-

tric motor: and to the load on said electric motor.
7. The motive unit of claim 6 wherein said thermionic
converter is a thermotunneling converter.

8. The motive unit of claim 6 wherein said thermionic
converter comprises low work function electrodes.

9. The motive unit of claim 6 wherein said electric motor is
a multi-phase electric motor.

10. The motive unit of claim 6 additionally comprising a
fuel intake, wherein said fuel intake is attached to said com-
bustion chamber, wherein said fuel intake co
pressor for compressing said fuel prior to its introduction to
said combustion chamber, and wherein said compressor is
controlled by said energy control system.

11. The motive unit of claim 6 additionally compris
air intake, wherein said air intake is attached to said combus-
tion chamber, wherein said air intake comprises a compressor
for compressing said air prior o its introduction to said com-
bustion chamber, and wherein said compressor is controlled
by said energy control system.

12. The motive unit of claim 6 additionally comprising an
cnergy storage system, wherein electrical energy produced by
said thermionic converter may be stored, wherein said energy
slorage systoer s selected from the group consisting ol an
electrical battery, a flywheel, and a fuel cell, and wherein said
input representative of the demand for electrical power cor-
relates to: the desired speed ol said electric motor: the load on
said electric motor: and the amount of energy stored in said
energy storage system.

13. The motive unit of claim 6 wherein said input repre-
sentative ol the demand for electrical power is provided by a
throttle controlled by a human operator.

14. An automobile comprising the motive unit ol claim 6
wherein said motor converts said electrical energy into rota-
tional energy. wherein said rotational energy provides motive
power to said automobile,

15. The =
converter is g

prises a come-

momaobile of claim 14 wherein said thermionic
thermotunneling converter.

16. The automobile of claim 14 wherein said thermion
converter comprises low work function electrodes.

17. The automobile of claim 14 wherein said electric motor
is a multi-phase electric motor.

18. The auvtomobile of claim 14 additionally comprising a
fuel intake, wherein said fuel intake is attached 1o said com-
bustion chamber, wherein id fuel intake comprises
pressor for compressing said fuel prior to its introduction to
said combustion chamber, and wherein said compressor is
controlled by said energy control system.

192. The automobile of claim 14 additionally comprising an
air intake. wherein said air intake is attached to said combus-
tion chamber, wherein said air intake comprises a compressor
for compressing said air prior to its introduction to said com-
bustion chamber. and wherein said compressor is controlled
by said energy control system.

20, The automobile of claim 14 additionally comprising an
energy storage system. wherein electrical energy produced by
said thermionic converter may be stored. wherein said energy
storage system is sclected from the group consisting of: an
clectrical battery, a llywheel, and a luel cell,

o
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and wherein said input representative of the demand for
clectrical power correlates to: the desired speed of said
electric motor: the load on said electric motor: and the
1wount ol energy stored in said energy storage system.

21. The automobile of claim 14 wherein said input repre-
sentative of the demand for electrical power is provided by a
throttle controlled by a human operator.

22. The automobile of claim 14 additionally comprising an
energy recovery system, whereby electrical energy is recov-
d automobile i wlergoing, braking or when
said automobile traveling down an incline,

and wherein said energy recovery system is selected from

the group consisting ol an electrical battery, a (lywheel,
and a fuel cell.

23. An auxiliary power unit comprising: the electrical
power unit of claim 1

and one or more ancillary units, wherein said one or more

ancillary units are selected from the group consisting of:
a conditioning means to provide electrical energy at the
required voltage and frequency, an electrical compressor
means powered by the electrical energy for providing
bleed air. and an electrical compressor means powered
by the electrical energy for providing hydraulic power:;
wherein said energy control system takes an input rep-
resentative of the demand for electrical power from said
one or more ancillary vnits and computes and controls
the intake of fuel and air into the combustion chamber.,

24. The auxiliary power unit of claim 23 wherein said
thermionic converter is a thermotunneling converter.

25. The auxiliary power unit ol claim 23 wherein said
thermionic converter comprises low work function elec-
trodes.

26. The auxiliary power unit ol claim 23 additionally com-
prising a fuel intake, wherein said fuel intake is attached to
said combustion chamber.

wherein said fuel intake comprises a compressor for com-

pressing said fuel prior to its introduction o said com-
bustion chamber, and wherein said compressor is con-
trolled by said energy control system.

27. The auxiliary power unit of claim 23 additionally com-
prising an airintake, wherein said air intake is attached 1o said
combustion chamber,

wherein said air intake comprises a compressor for com-

pressing said air prior to its introduction to said combus-
tion chamber, and wherein said compressor is controlled
by said energy control system.

28. The auxiliary power unit of claim 23 additionally com-
prising an cnergy storage system, wherein said energy storage
system is selected from the group consisting of: an electrical
battery, a illywheel, and a fuel cell,

wherein electrical energy produced by said thermionic

converter may be stored. and wherein said input repre-
sentative of the demand for electrical power additionally
correlates to the amount of energy stored in said energy
slorage syslem.

29, An aircralt comprising the auxiliary power unit of

claim 23 whercin said auxiliary power unit provides one or
more services to the aircraft,
wherein said one or more services are selected from elec-
trical power. bleed air and hydraulic power.

* * * * *
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