
PATENT BASICS 
FOR PHYSICISTS 

The careers of many physi­
cists, particularly those 

engaged in applied or indus­
trial research, depend on the 
practical applications of their 
work. As budgetary con­
cerns grow, they are increas­
ingly being asked to help ex­
pand their employers' 
sources of income. In many 
cases, the most direct link 
between an organization's 

In an age when scientific knowledge is 
increasingly being treated as a form of 
property, a general understanding of 

patents is becoming a necessity 

by a mutually advantageous 
agreement between an in­
ventor and the public, repre­
sented by the Federal gov­
ernment. Through this 
agreement, the inventor 
makes a full , complete and 
understandable public dis­
closure of an invention, in 
exchange for which he or she 
is permitted-for a certain 

for the physicist. 
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scientific research, development and application efforts 
and its financial objectives is its portfolio of patents. And 
so it would not be unreasonable to say that the profes­
sional success of many physicists is greatly affected by 
the number and quality of the patents resulting from their 
efforts. 

Through education and experience, physicists acquire 
the ability to solve physics-related problems, along with 
an extensive set of mathematical tools. The well-rounded 
physicist should also have some background knowledge of 
patents, including what sorts of things are patentable and 
how patents work, as well as recent legal trends that are 
affecting when and how an invention can be patented. To 
discount the patentability of one's work is to ignore the 
economic realities that are of increasing concern to the 
physicist. This article aims to provide a basic under­
standing of the patent issues relevant to physicists. 

Each country has its own laws governing the patents 
it issues; our discussion deals only with the US. While 
the rights, responsibilities and features of the US patent 
system do not always agree with those of other countries, 
there are many similarities among the various systems. 

Overview of the US patent system 
The desirability of a national patent system in the US 
was expressed by the framers of the US Constitution: 
"The Congress shall have power . . . to promote the pro­
gress of science and useful arts, by securing for limited 
times to authors and inventors the exclusive right to their 
respective writings and discoveries." With the Patent Act 
of 1790, Congress established the legislative framework 
for realizing that goal. In the two centuries since, the US 
patent system has evolved in response to developments 
in both science and society. There have been occasional 
major changes in the system due to an action of Congress 
or a landmark decision by the courts, and a plethora of 
nearly imperceptible changes each year in the form of 
Federal regulations and mi-

period of time-to exercise a 
kind of monopoly over the invention by having the right 
to exclude others from making, using, selling or offering 
to sell the invention in the US, and from importing the 
invention into the US. In effect, this limited-duration 
monolopy encourages inventors to disclose their inventions 
rather than keeping them secret. The public disclosure 
takes the form of a patent issued by the US Patent and 
Trademark Office (USPTO). After the inventor's limited­
duration monopoly has expired, anyone is free to use the 
invention without restriction. 

What can be patented 
US patent laws specify three types of patents: utility 
patents, which protect the mechanical, electrical, chemical 
and/or functional aspects of an invention; design patents, 
which cover the visual or ornamental appearance of an 
item; and plant patents, which cover new varieties of 
plants. Since the vast majority of patents awarded to 
physics-related inventions are utility patents, we will focus 
on those. 

Within utility patents, there are four categories of 
inventions that Congress has deemed appropriate for pro­
tection: new and useful machines, processes, articles of 
manufacture and compositions of matter. The machines 
category is self-explanatory. The processes category in­
cludes computer software as well as chemical and me­
chanical processes. The articles-of-manufacture category 
includes useful articles and products, typically without 
moving parts; diffraction gratings would fall into this 
category. Patentable compositions of matter-for exam­
ple, semiconductors-must not be naturally occurring and 
must provide at least one new property that is materially 
different from the properties of the elements that form 
the substance. 

In general, a patentable invention must not be obvious 
in view of previous developments in the field. Thus, 
patents are not issued for trivial developments or for newly 

discovered laws of nature, 
nor court decisions. 

In the US patent sys­
tem, "the progress of science 
and useful arts" is promoted 
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naturally occurring compo­
sitions, scientific principles 
or mathematical relation­
ships. Most patents now in 
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Modify_ the 
invention 

FIGURE 1. Is THE INVENTION 
PATENTABLE? Prior to filing a patent 
application with the US Patent and 
Trade Office, an inventor should make 
sure that the idea meets certain basic 
criteria, as outlined here. 

Perform preliminary 
patent research 

revised guidelines for patent examin­
ers who are studying applications re­
lated to software. In a statement an­
nouncing the new guidelines, Bruce 
Lehman, commissioner of patents and 
trademarks, said they would be the 
"first step in our effort to make the 
patent system more responsive to soft­
ware innovation." 

Prepare and file patent applicati o n 
for the invention (see figure 2) 

force are directed toward the improvement, perhaps only 
slight, of more basic existing products and processes. 
Considerable effort goes into the legally acceptable and 
financially prudent practice of "designing around" pat­
ented products. By analyzing a patent, one may discover 
a way to obtain the result of the patented invention 
without infringing on the patent. A product or process 
made by designing around a patent may itself be eligible 
for patent protection. 

Computer software is one example of how the US 
patent system has been changing. Although considered a 
process invention, and therefore patentable, software has 
typically been protected by copyrights rather than patents 
in the US. But recent court decisions seem to indicate 
that patenting may soon become the preferred mode of 
protecting certain types of software. Specifically, although 
some aspects of software are clearly protected by copy­
right, the trend of court decisions is that copyright pro­
tection does not automatically extend to everything con­
tained in or associated with software. (In general, original 
creative works of fiction that can be expressed in infinite 
variation, such as novels, plays and motion pictures, are 
given broad copyright protection, while functional or fac­
tual works having only a narrow range of possible expres­
sion have more limited copyright protection.) In recogni­
tion of these recent decisions, the USPTO has issued 

The patent application 
The process of obtaining US patent 
protection for an invention involves 
numerous steps. Figure 1 offers a 
basic checklist for the patent seeker 
to determine whether his or her in­
vention is patentable. Figure 2 shows 
some fairly typical steps after an ap­

plication has been filed. A patent attorney may assist in 
the initial process of evaluating an invention's patentabil­
ity, and is also usually employed to prepare, file and 
"prosecute" a patent application on behalf of the inventor. 

In figure 1 the threshold determination of whether 
an invention has been in public use or on sale prior to 
the patent application applies to activities within the US 
only. Similarly, if an invention is already "known or used 
by others" in the US, patent protection will be unavailable. 
Perhaps of more interest to the physics community is the 
requirement that the invention must not have been de­
scribed in a printed publication anywhere in the world 
more than one year before the patent application is filed. 
Thus, one should note carefully the publication date of 
research that includes potentially patentable subject mat­
ter in any journal or conference proceeding, however 
obscure. 

Like scientific papers, patent applications are written 
in a specialized format. Each application includes an 
abstract, a section describing the field of the invention 
and a review of prior developments in the field. These 
portions are followed by a summary of the invention and 
a detailed description of the preferred embodiments of the 
invention. The application concludes with a set of claims, 
designed to stake out the boundaries of the invention. 
The claims constitute the most important part of the 
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FIGURE 2. PATENT PROSECUTION, as 
shown here, takes place after a patent 

application has been filed with the US 
Patent and Trade Office; it usually 

involves several rounds of review by 
the USPTO and revisions by the 

patent seeker. 

application; among other uses, they 
may be cited in patent-infringement liti­
gation. The language and form of pat­
ent claims, which have changed little 
in the past 50 or even 100 years, are 
exemplified in figures 3 and 4, which 
were taken from US patents issued to 
Albert Einstein and Leo Szilard in 
1930 and to John Bardeen and William 
Brattain in 1950, respectively. 

Prepare and file patent application for im cntion 
(sec figure I) ' 

Receive patent 
application receipt and 

fo reign fi ling license 
from USPTO 

1.----•I File related patent 
applications in 
othe r countries 

USPTO examines pate nt 
applicat ion, searches 

prior art and responds 
with official action 

YES 

It is important that a patent ap­
plication disclose the best mode for 
producing the invention, describe all 
embodiments of the invention and 
claim the invention as broadly as is 
justified. In general, a patent that 

Amend the patent 
application; interview the 
patent examiner; submit 

relevant evidence, etc. 

USPTO issues a patent 
for the invention 

discloses an invention broadly but 
claims it too narrowly will prevent 
other parties from obtaining patent 
protection for the unclaimed portion­
but it may also prevent the inventor 
from later broadening his or her 
claims. When a patent both discloses 
and claims an invention too narrowly, 
other parties may obtain a patent for 
a similar invention that was not dis­
closed or claimed in the original pat­
ent. But if a patent application 
claims an invention too broadly, the 
USPTO will reject it. 

YES 

The USPTO's examination of a patent application to 
determine whether the invention qualifies for patent pro­
tection (in a process known as patent prosecution) includes 
a word-by-word analysis of the application and a careful 
review of any drawings included with it. The goal of the 
examination is to ascertain whether the invention has the 
utility, novelty and lack of obviousness required by Federal 
law, whether the application makes a full , clear, concise 
and exact written description of the invention, and 
whether the application clearly states the subject matter 
of the invention. Ideally, a patent should allow a person 
of ordinary skill in the field of the invention to understand 
and reproduce the invention. 

The USPTO does not accept most patent applications 
after the first examination; some type of amendment of 
the application will generally need to be made. For 
example, the patent seeker may be instructed by the 
patent examiner to narrow the scope of claims that are 
too broad. The revised patent application may then be 
resubmitted. Successive rounds of review by the USPTO 
and responses by the applicant culminate with the USPTO 
either issuing a patent or making a final rejection of the 
patent application. 

If the application is successful, patent protection be­
gins when the patent is granted and ends 20 years after 
the filing date of the patent application. At that point, 
the invention becomes available for anyone to use with 
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NO 

conunuauon patent 
application 

no further restriction. The 20-year term reflects a fairly 
recent change in US patent law; previously, the term of 
protection was 17 years (starting on the date the patent 
was granted). Most patents are prosecuted in less than 
three years, and so the recent change, on average, extends 
the term of patent protection. 

In the event of a final rejection, as shown in figure 
2, the applicant has three choices: stopping prosecution of 
the patent application, which results in the application 
being abandoned; continuing prosecution by filing a so­
called continuation patent application for the invention; 
or appealing the final rejection to the Board of Patent 
Appeals and Interferences (a branch of the USPTO) or to 
the courts. A specially staffed Federal appellate court, 
the Court of Appeals for the Federal Circuit, is responsible 
for hearing such appeals. 

Issues affecting patent filing 
An important element of the US patent system is what 
is known as the first-to-invent paradigm, under which 
legal priority is given to the inventor who first conceived 
the idea leading to the invention, continuously and dili­
gently worked on the invention until it was reduced to 
practice and then filed a patent application within the 
time prescribed by law. A second inventor of the same 
invention who reduced to practice before the first inventor 
did but cannot trace back a continuous period of diligent 
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work on the invention to a time before conception of the 
idea by the first inventor will not receive a patent for the 
invention. (Proceedings to determine which of two or more 
applicants was the first to invent, called interference 
proceedings, are infrequent, involving less than 1 % of all 
patent applications.) In contrast to the US, most countries 
have a first-to-file system, whereby priority is given to the 
first person to file a patent application for an invention. 
Proposals in the US to convert to a first-to-file system 
have met with such strong opposition that the first-to-invent 
system is likely to remain with us for the foreseeable future. 

After a patent application has been filed with the 
USPTO, the inventor may wish to publish a paper about 
the work. In doing so, he or she should avoid revealing 
the serial number and filing date of the application, as 
well as the dates of other events regarding the invention, 
which may be important if any question arises as to 
priority of invention. (While a patent application is pend­
ing, the USPTO keeps the application, as well as its serial 
number and filing date, confidential; however, as discussed 
below, that may soon change.) 

In some circumstances, an inventor may wish to delay 
filing a patent application but meanwhile sell the inven­
tion, publicly use it or publish a paper describing it. If 
so, he or she should keep in mind that a patent application 
for the invention must be filed by the end of one year 
after such a sale, public use or publication. Otherwise, 
US patent protection for the invention will be barred. And 
if a sale, public use or publication occurs prior to the 
inventor's filing a US patent application, patent protection 
in foreign countries may not be available. 

FIGURE 3. ALBERT EINSTEIN AND LEO SZILARD were issued 
US Patent No. 1 781 541 in 1930 for their novel refrigeration 
design. Later developed and sold widely by the Servell Corp 
of Evansville, Indiana, the invention provided much needed 
refrigeration in rural areas without electric power. In Europe, 
compact refrigerators based on the design are still being 
produced. Claim 5 from the patent reads as follows: "Method 
of refrigerating which comprises evaporating a liquid cooling 
agent in the presence of an inert gas to absorb heat and thus 
forming a gaseous mixture into the presence of an absorption 
liquid at such condition that the cooling agent condenses on 
being deprived of inert gas in gaseous mixture therewith due 
to the introduction of absorption liquid into the presence of 
the inert gas, separating the solution of inert gas in absorption 
medium from the condensed cooling agent, returning the 
condensed cooling agent to the presence of the inert gas, 
separating the inert gas and absorption liquid by heat, 
circulating the absorption liquid by means of a separate source 
of heat to the presence of the gaseous mixture of cooling agent 
and inert gas and returning the inert gas to the presence of the 
liquid cooling agent." 

A US patent is, of course, enforceable only within the 
US. But the US and most other industrialized countries 
belong to international conventions governing patent pro­
tection. And so, an inventor who has filed a US patent 
application can retain the benefits of that filing date by 
filing a corresponding application in another country 
within one year of the US filing date. It is still possible 
to file for patent protection in other countries after one 
year, but important rights may be lost. 

Filing in certain countries involves meeting a number 
of formal requirements. The most cumbersome require­
ment is for a translation of the patent application. In 
addition, most countries levy substantial taxes to keep a 
patent in force, although the other costs associated with 
a foreign patent application are comparable to those in 
the US. For those reasons, US inventors generally pursue 
foreign patent protection only when there is a compelling 
reason. 

Costs and benefits 
A patent, like a patent application, is a species of property 
that can be bought, sold or given away. Obviously, there 
are costs inherent in acquiring and using any form of 
property. Such costs may be of little concern to some 
inventors, especially those who work for institutions whose 
legal divisions deal with intellectual property. But for 
physicists who work in smaller institutions or who are 
involved in small- or medium-sized business ventures, the 
costs of obtaining, maintaining and defending patent 
rights, as well as the risks of infringing upon the patent 
rights of others, are vitally important. 

How much does it cost to get a US patent? In a 
survey1 conducted in 1995, the median charge for having 
a private US patent attorney prepare a utility patent 
application for an invention of minimal complexity was 
about $3500. For a relatively complex invention, such as 
computer software or hardware, the median charge was 
about $7000. Other patent-related expenses are for draw­
ings of the invention (typically about $250 for a simple, 
easily illustrated invention, and $1000 or more for a 
complex invention), which must be prepared according to 
well-established USPTO guidelines, and for the patent 
application filing fees specified by Federal law (currently 
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FIGURE 4. A "CIRCUIT ELEMENT" invented by John Bardeen 
and Walter Brattain received US Patent No. 2 542 035 in 

1950. As described in Claim 1, the device "comprises a 
block of semiconductive material of which the body is of 

one conductivity type and a thin surface layer is of the 
opposite conductivity type, an emitter electrode making 

contact with said layer, a collector electrode making contact 
with said layer disposed to collect current spreading from 

said emitter electrode, and a base electrode making contact 
with the body of the block". 

$770 for a utility patent application). Median costs for 
typical patent-prosecution activities include about $235 
for the preparation of an information disclosure statement, 
$1000 for an amendment to a patent application and $1600 
to $2000 for a relatively complex amendment. Finally, 
when a patent application is approved, an issue fee must 
be paid to the USPTO before the patent is granted. 
Currently, the issue fee is $1290. (Filing and issue fees 
for independent inventors, small businesses and nonprofit 
organizations are reduced by 50%.) Thus, the total cost 
of obtaining a typical US patent can amount to $10 000 
or more. 

Another important potential cost may occur if one 
person infringes on the patent rights of another. Infringe­
ment occurs when a patented item is made, used, sold or 
offered for sale within the US, or is imported into the US, 
without the authority of the patent owner. In the majority 
of patent-infringement lawsuits, the amount at risk1 is 
between $1 million and $10 million. Willful infringers 
risk fines of treble damages, and in some cases, attorneys 
fees-which can easily be two or three orders of magnitude 
greater than the original cost of obtaining the patent. 
Clearly, anyone who infringes a patent may face economic 
consequences ranging from the merely substantial to the 
truly catastrophic. So, before undertaking any type of 
activity that may cause patent infringement, one should 
carefully analyze existing patents and other relevant in­
formation. To assist in this process, an experienced patent 
attorney can perform what is known as an infringement 
search. 

Of what value is a patent? This can vary widely, 
depending on how the patent is used and who owns it. 
For example, an inventor who is employed by an institu­
tion usually does not retain the patent rights to his or 
her invention-the institution does. And so the financial 
rewards for the inventor may range from a nominal sum 
when the patent is granted to a portion of the income 
generated by the · patent paid over the life of the patent. 

The owner of a patent may choose to license its use 
to others and then collect royalties, which vary in size 
from field to field and are, in general, inversely related 
to predicted sales. Patents for such items as semiconduc­
tor chips may command royalties of around 1 % of the 
sales price; patents in a few other fields can command 
royalties of up to 15%. Sometimes, two patent owners 
exchange licenses for their patents in a practice known 
as cross-licensing. That is one way for a company to gain 
access to important technology developed by outsiders that 
is essential to a particular project. A patent thus may be 
economically valuable to an organization primarily as an 
addition to a library of patents that can be licensed. 

A patent may also be held for defensive purposes, to 
prevent others from using a particular technology. Such 
a strategy may be adopted, for instance, when a particular 
goal may be reached through any number of competing 
technologies, and when, to justify the cost of bringing just 
one of the technologies to market, it's necessary to garner 
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a large share of the potential market. In such a scenario, 
a company may wish to inhibit development of competing 
technologies by acquiring the patent rights to most or all 
of those technologies. 

Beyond the direct, immediate benefits afforded by 
patent protection, the long-term gains it brings to an 
organization will help the entity to survive and perhaps 
flourish. Therefore, an organization that employs clever, 
inventive people will be able to continue to support more 
theoretical and basic research, where patentable inven­
tions are necessarily infrequent. 

Recent and future changes 
The US patent system is undergoing several major 
changes. Of particular interest to the physics community 
is the recent creation of the "provisional" patent applica­
tion. Other changes concern new guidelines for patent 
protection of computer software (discussed earlier) and 
the publication of patent applications that are pending. 

On 8 June 1995, the US established a "domestic 
priority system" for patents, under which one may file a 
provisional patent application to quickly and inexpensively 
establish an early effective filing date. An early filing 
date has the obvious advantage of establishing when an 
invention was reduced to practice (although the inventor 
may be able to prove that an invention was in fact reduced 
to practice before the filing date). A provisional applica­
tion automatically expires one year after filing-but that 
time provides an opportunity to further develop the in­
vention and explore licensing possibilities. 



The new type of application consists of a full written 
description of the invention, including the best mode for 
making and using the invention, plus any drawings; the 
filing fee is $150. The USPTO does not examine provi­
sional patent applications for content, so almost ahy writ­
ten document that complies with a few formal require­
ments will be accepted. Only if a regular patent applica­
tion is subsequently filed and a question of priority arises 
will the content be analyzed. 

Provisional patent applications are expected to be 
widely used by university and college researchers, who 
could, for example, file slightly modified versions of their 
scientific papers. Although it might be tempting, in view 
of the low cost, for an institution to implement a policy 
of regularly submitting scientific papers as provisional 
patent applications before their publication, each provi­
sional application should still be reviewed to ensure that 
it discloses everything that might go into the subsequent 
regular patent application. 

Among the changes to the US patent system being 
considered is the publication of pending patent applica­
tions. At present, patent applications filed with the 
USPTO are held in strict secrecy during the entire exami­
nation process. Although the mean time of such patent 
prosecution is around 19.5 months, it sometimes takes 
much longer, especially in areas such as computer tech­
nology and biotechnology. In some instances, inventors 
intentionally prolong the patent prosecution to preserve 
their invention in secrecy while maintaining priority over 
other inventors. 

The practice of keeping patent applications confiden­
tial is almost unique to the US. In most countries, a 
patent application is routinely published after a specified 
interval has elapsed (typically 18 months). The US may 
soon adopt the practice also; Congress is now considering 
legislation2 that would mandate the publication of US 
patent applications 18 months after filing. 

As the above changes illustrate, the US patent system 
continues to evolve. And yet, for the would-be inventor 
who is developing a potentially patentable idea, the basic 
challenge remains the same: the goal of eventual commer­
cial success. Although elegance and simplicity may be the 
physicist's paradigms of choice, market factors such as 
cost, ease of manufacture, durability and repairability also 
have to be considered when attempting to bring an inven­
tion to market. In doing so, physicists may find them­
selves working on unfamiliar, seemingly intractable issues 
that are quite remote from science. 
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APD's 
8.5 Kelvin 
DispleX® 
The Displex refrigerator, long 
regarded as the industry's 1 O Kelvin 

standard, just got colder. 

This next generation of two-stage 

expanders is capable of 6.5 K 
operation with more than three times 

the refrigeration capacity at 10 K. 
APD is now the only company with a complete 
line of closed cycle 4 1(6.5 K, 10 K and 35 K 
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