
\\,,,

IN THE UNITED STATES DISTRICT COURT
FOR'THE NORTHERN DISTRICT OF ILLINOIS

EASTERN DIVISION

THE FINNEY COMPANY,a partnership,

Plaintiff,

vs ,

JFD ELECTRONICS CORPORATION, a
corporation, and THE UNIVERSITY OF
ILLINOIS FOUNDATION, a non-profit
corporation,

Defendants.

)
)
)
)
)
)
)
)
)
)
)
)

CIVIL ACTION NOS.

65 C 220

and

65 C 671

(Consl. )

PLAINTIFF'S MOTION FOR SUMMARY JUDGMENT



Now comes the plaintiff, by its attorneys, and moves

under the provisions of Rule 56, F.R.C.P., for a summary judgment

,that two of the three patents in suit are invalid in their

entireties,' and that one of the two is unenforceable for unclean

hands in the procurement thereof, said patents in suit being:

1. U. S.patentNo. 3,210,767 (PX-A)i<
Inventor: Dwight E. Isbell
Application filed: May 3, 1960
Patent granted: October 5, 1965

II. U. S. patent No. Re. 25,740 (PX-B)**
'Inventors: Paul E. Mayes and Robert L. Carrel
Original application filed: September 30,,1960
Original patent No.3" 108,280 granted: October 22, 1963
Reissue application filed: March 5, 1964
Reissue patent granted: March 9, 1965

I. ISBELL PATENT NO. 3,210,767

The ground for Lnval.Ldfty of the claims of the Isbell

patent is tbat the subject matter of said claims was described in

a printed publication (PX-4)"dd< published April 30, 1959 (more

than one year prior to the May 3, 1960, date of application for the

patent) in contravention of §102 of Title 35, United States Code

[35 U.S.C. 102(b)].

* Hereafter called "Isbell patent."
in'< Hereafter called Iij\fJayes et a l , reissue patent, jl the original

patent replaced thereby being hereafter c a l Led I1Mayes et a l.,
original patent."

,'",,* Antenna Laboratory Quarterly Engineering Report No.2,
"RESEARCH STUDIES ON PROBLEMS RELATED TO ECM ANTENNAS,"
Electrical Engineering Research Laboratory, Engineering
Experiment Station, University of Illinois, Urbana, Illinois.
This report has heretofore been identified as plaintiff's
Exhibit 4 (PX-4) and will hereafter be so referred to.
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II. MAYES ET PL. REISSUE PATENT NO. RE. 25,7"fO

A.

Tne ground for invalidity of the claims of the Mayes

et al. reissue patent is that the alleged inventors did not them-

selves invent the subject matter of said claims, but derived the

same from another,* so that the patent was granted in contra-

vention of §102(f) and §l03 of Title 35, United States Code

[35 U. S.C. 102(f) and 103J •.

B.

The Mayes et al. reissue patent is unenforceable because

it and the Mayes et al. original patent on which the reissue was

based were both procured by the Foundation defendant by, presenting

the Patent Office with deceptive and misleading evidence to the

effect that the earlier work of Dwight E. Isbell was not a part

of the prior art, whereas it was in fact a part of the prior art

and had been describ~d in printed publications** more than one

year prior to the date of the application for the Mayes et al.

original patent.' Asa result, the Patent Office dropped the'

earlier work of Isbell from consideration as prior art :against

Mayes et al., which it otherwise would not have done, and was

i; Edwin M. Turner of Wright Patterson Air Force Base ,Dayton, @hio.
,'d; ThepublicationPX-4 and Ant.erma Laboratory Technical Report

No. 39, llLOG PERIODIC DIPOLE ARRAYS," Electrical Engineering
Research Laboratory, Engineering Experiment Statiqn,
University of Illinois, Urbana, Illinois. The latter report
has heretofore been identified as Plaintiff's Exhibit 17
(PX-17) and will hereafter be 'so referred to.
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thereby influenced to grant the Mayes et al. original and reissue

patents. Because defendant knew the pertinent facts, or should

have known them, they have come into court with unclean hands with

respect to the Mayes et .al. reissue patent and are not entitled to

enforce that patent, and the patent is invalid. Hazel-Atlas Glass

Co. v. Hartford-Empire Co., 322 U.S. 238 (1944); Precision Instrument

Manufacturing Co. v. Automotive Maintenance Machinery Co., 324 U.S.

806 (1945),; Walker Process Eguipment, Inc; v , Food Machinery and

Chemical Corp., 322 U:S. 172 (1965).

SUPPORTING EVIDENCE A1m MEMORA~DUM

Affidavits supporting the foregoing motion as to each

of the grounds thereof are attached hereto as a part hereof, .

together with copies of depositions, answers to interrogatories,

and admissions that are on file or are filed herewith, and copies

of prior patents and publications that are also relied upon in

support of this motion.

A separate memorandum in support of this motion further

explains each of the grounds therefor and is being filed by

plaintiff concurrently therewith.

Respectfully submitted,

MASON, KOLEHtYlAINEN, RATHBURJ.~ & WYSS

OF COUNSEL:
John F. Pearne
William A. Gail
McNenny, Farrington,

Pearne & Gordon
920 Midland Building
Cleveland, Ohio 44115
623-1040

One of the Attorneys for Plaintiff
20 North Wacker Drive

. Chicago, Illinois 60606
FInancial 6-1677
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of
symbols

Plaintiff's·exhibits are designated throughout as "PX _--;:_ II

Those exhibits introduced specifically for the purposes
plaintiff's motion have been identified by alphabetical
and others by numerical symbols.

*
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NATURE AND SUBJECT ~~TTER

OF THE SUIT

This suit is a consolidation of (1) a suit by The

Finney Co. for declaratory judgment that three patents of the

Foundation defendant are invalid and not infringed, and wherein

the Foundation has, counterclaimed that plaintiff has infringed

all three patents,* and (2) an earlier filed suit by the Foun-

dation against 'The Finney Co. (and another defendant as to whom

the earlier suit has been dismissed). Issue has been joined by

the pleadings in both suits, and jurisdiction and venue are

conceded.

All three patents in suit relate to radio frequency

antennas having certain design and performance characteristics in

common. From those common characteristics, the antennas .of all

three of the patents in suit are known as ."log periodic antennas."

NATURE OF THE MOTION

Plaintiff's motion attacks the validity of all claims

of two of the three patents in suit, namely, Isbell patent No.

3,210,767 (PX-A) and Mayes et a1. reissue patent No. Re , 25,740

(PX-B). The motion also attacks the enforceability of the Mayes

et al. reissue patent by the Foundation defendant on the ground

that this patent is invalid because it was procured by presenting

deceptive and misleading evidence to the Patent Office so that

the Foundation comes into court with unclean hands.

_1_
* Other causes of action against defendant JFD are not involved

in pLa tiff's motion.



RELATED LITIGATION

Tne importance of this motion and the urgency of having

it considered and decided on its merits are abnormally great in

view of three related suits pending in this Court and involving

val'idity and infringement of one or both of the same LWO patents

attacked by the motion.* In practical effect, the granting of

this motion will dispose of all of the issues ox patent validity

and infringement of two of those related suits, will eliminate

one of the two ,patents involved in the third of those related

suits, and will reduce the patent issues in the present 'suit

from a suit on three patents against 17 different antennas charged

to infringe to a suit on only one patent against only 8 of the

antennas charged to infringe.

* The University of Illinois Foundation v. Blonder-Tongue
Laboratories, Inc. et al.~ Doc. 66 C 567 (involving the Isbell
patent and the Mayes et al. reissue patent); The University of
Illinois Foundation v. Jerrold Electronics Corp., Doc. 66 C 636
(involving the Isbell patent and the Carrel et al. patent);
The University of Illinois Foundation v. Channel V~ster Corpora~

tion et al., Doc. 65 C 568 (involving the Isbell patent).
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STI~OPSIS OF MOTION

10

Isbell Patent Noo 3,210,767 Invalid
Because the Application Therefor was Not
Timely Filed as Required by 35 DoS.Co 102(b)*

The printed publication P2C-4 is a University of Illinois

report that admittedly describes the antennas of the invention of

this Isbell patent (Stipulation PX-C, paro 5-9).

The Report PX-4 was published April 30', 1959, by virtue

of->

(a) Its availability to the public in the "Local Library,"

Electrical Engineering Department, University of Illinois

(Johnson Affido PX-D; Lawler clepo PX-E) , and

(b) Extra copies thereof being available to the public, for

the asking, at the "Publications Office," Electrical

Engineering Department, University of Illinois (Johnson

Affido PX-D; Lawler dep, PX-E).

The "Local Library" as a source of similar technical publications

was available to faculty and students of the University of Illinois

and to members of the public since prior to April 30, 19590 Toe

* 35 V.SoC. 102:
"A person shall be entitled to a patent unless--

(b) the invention was * * * described in a printe4 publication
in this or a foreign country * * * more than one year prior to
the date of the application for patient; in the United States >'< -k * "

-3-



"Publications Office" as a source of similar technical publica-

tions had been well known to and used by interested members of

the public, including persons in industry and faculty and students

of the University of Illinois, since prior to April 30, 1959.

(Johnson Affid. PX-D;* Lawler dep. PX-E;** Mayes dep., PX-F)

The application for the Isbell patent (PX-A) was not

filed in the Patent Office until May 3, 1960 (PX-A - captLon 'data).

By the terms of 35 U.S.C. 102(b), the publication of PX-4 more

than Qne year earlier (on April 30, 1959) renders that patent

invalid.

As 35 U.S.C. 102(b) has been interpreted by the courts,

without an applicable exception, the availability of pX-4 on

April 30, 1959, from either source (a) or source (b), above"

constitutes "publication" on that date.

Since a patent exists only by statutory authority, there

can be no exception to the express prohibition in the patent

,1: Johnson testified entirely consistently with her affidavit PX-D
on direct and cross-examination in related litigation. The
pertinent parts of that-sworn testimony are submitted here
with as PX-DD and are mentioned further below.

** Lawler testified entirely consistently with his deposition PX-C
in related litigation as a witness for the present Foundation
defendant. The pertinent parts of that sworn testimony are
submitted herewith as PX-EE and are mentioned further below.
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statute to the patenting of an invention published more than one

year prior to the application for the patent, Isbell patent Noo

3,210,767, therefore, must be held invalid because the application

therefor was not filed within the time requirement of 35 DoS.C.

102(b).

II.

Ao Mayes et al. Reissue Patent No. Re. 25,740
Invalid Under 35 U.S.Go 102(f) Because

"Hayes et aL Did Not Themselves Invent the
Subject Matter Thereof as Required by
35 DoS.Co 102(f)*

Hayes and Carrel, when reporting the subject matter of

their reLssue patent in the form of a "RECORD OF INvE~JTION" (PX-15),

made reference in item 9 thereof to a suggestion they received

from a Mr.E. 1'1. Turner of 'Wright Air Development Cen"ter. In his

deposition (PX-F, pp. 113-115), Hayes acknowledged his understanding

"that Turner was referring to moving the arms of the simple dipoles

of the Isbell patent in"to the form of V-dipoles.** This change in

the dipo12s produced only the results which the prior literature

taught Hayes et al. to expect (Mayes dep. PX-F, pp. 116-121); and

* 35 U.S.C. 102:
"A person shall be entitled to a patient; unless--

* * *
(f) he did not himself invent the subject matter sought to be
patented * * *.H

i~k Mayes also admitted that the use and,operation of V-dipoles for
~he purposes described in the Mayes et al.reissue pa"tent had
been well known in the art prior to that time Qiayes dep. PX-F,
pp. 48-51). How~ well known"it was is discussed hereinafter.

-5-



this is the only change in the earlier developed antennas of the

IsbelL patent that is disclosed in the specifications and drawings

of the Mayes et al. original and reissue patents, as expressly

stated in the latter at col. 2, 'lines Lfb,- 49 , and confirmed by

Mrt ye s ('1a""'" ?,,~ ""{_1? p~ 121'-123, 154-'5C;0).,a l' j ',.. ,... -,-\ '-' i/ '" ... .t._ ., J:i ~ .J. Thus, the Mayes

et al. reissue patc~~ discloses the antennas earlier developed by

Isbell when modified only according to the suggestion of Turner.

It follows that, at'most, all Mayes and Carrel contribut-

ed to the invention disclosed and claimed in their reissue patent

was a mere recognition of the expected attributes of what was con-

ceived and suggested to them by Turner. As a matter of established

law, what was done by Mayes and Carrel does not constitute the

making of an invention; and any invention made was the invention

of Turner, not of, Mayes and Carrel. The Haye s et a1. reissue

patent, therefore, must be held invalid under 35 U.S.C. 102(f)

because the patentees did not invent the subject matter thereof.

B. Nayes et al. Reissue Patent No. Re. 25,740
Unenforceable for "Unclean Hands" of the
Foundation Defendant, Who Furnished the
Patent Office with Deceptive and Mis
leading Evidence in Procuring the Patent

During the prosecution of the application for the Nayes

et al. original patent, the Patent Office rejected the claims

thereof on a May, 1960, publication (PX-28)* of an article by

* IRE Transactions on Antennas and Propagation, Nay, 1960,
Vol. AP-8, No.3, pp. 260-267.

-6-



Dwight E. Isbell entitled "Log Periodic Dipole Arrays," in view

of a previously cited patent to Rowland (file history, PX-29, p. 30).
/ \

,
Mayes et al. responded to_that rejection by filing in

the Patent Office an affidavit and attorney's argument asserting

and document Lng completion of their V-dipole devel()pment prior to

the May, 1960, dat~ of the cited IRE publication and prior to the

May 3, 1960, filing date of the application for the Isbell patent

covering the log periodic dipole arrays described in the cited

IRE publication. That was done for the stated purpose of removing

both the IRE publication and the prior Isbell application from

consideration by the 'Patent Office as prior art against Hayes e t a1.

(file history PX-29, pp. 31-43).

That procedure for antedating the description of an

invention in a publication is permissible, in view of the grace

period provided by 35 U.S.C. 102(b), only if the earlies): such

publication was not more than a year before the filing date·of the

application against which the publication is cited (Pat. Off. Rule

131, 35 U.S.C.A., pp. 685-686). However, that Isbell development was

described in a printed report by the University of Illinois (PX-4)

that was published April 30, 1959,* and in another printed report by

the University of Illinois (PX~17) published at least by September 23,

* See Part I of this motion and admitted distribution date
of May 5, 1958, in stipulation, PX-C, par. 10.
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1959,* both publication dates being more than one year before

the filing of the application for the Mayes et al. original patent.**

To the extent that any of these facts might not have been known

to any particular person in the organizations of the Foundation

defendant and its counsel at. the time of filing the above-mentioned

Mayes affidavit, that information was clearly available and readily

ascertainable (discussed and documented in detail hereinafter).

The foregoing facts, known or available to Mayes et al.

and to the Foundation defendant and to their counsel, made Isbell's

log periodic dipole development prior art having a material bearing

on patentability of the Mayes et al. claims in the respects stated

in the aforementioned rejection. However, the Mayes affidavit

necessarily implied no knowledge by any of them of those facts.

Therefore, the filing of the Mayes affidavit was either a deliberate

effort to mislead the Patent Office regarding the prior art status

of Isbell's work or was done in a reckless and irresponsible dis

regard of the above-stated facts.

n~e Patent Office, having thus been misled by the ~fuyes

affidavit, expressly accepted it for the purpose for which it was

offered and withdrew the rejection of the Mayes et al. claims on

the IRE publication. Concurrently, the Patent Officea~lowed the

first seven claims of the ~fuyes et al. original patent and, in due

* Stipulation, PX~C, par. 11.

,'<"I, September 30, 1960. See cover page of file history, PX-29.
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course, the remaining claims thereof and the additional claims

of their reissue patent, without ever again citing the prior

Isbell work as prior art. Had the Patent Office known the

foregoing facts, t~2 Mayes affidavit would have been ineffective

and would not have been accepted for the purpose for which it was

offered. (File histories, PX-29 and PX-30)

The Foundation defendant, having been a party to the

foregoing, "is in no position to dispute" the effectiveness of its

deception in persuading the Patent Office to grant the Mayes et al.

original and reissue patents; and the total effect of this "calls

for nothing .Les s than a complete denf.al, of relief * ,~ * for the

claimed infringement of the patent thereby procured * * *."
Hazel-Atlas Glass Co. v. Hartford-Empire Co., 322 U.s. 238, 247,

259 (1944) and additional cases cited in the more detailed dis

cussion of the law hereinafter~

BACKGROuND

Historical Background

The developments that gave rise to the three patents

in suit were made at the University of Illinois in the course of

perfonning ;.research for departments of the Dni ted States Government,

particularly the Air Force. Specifically, the developments of

those three patents were made under an Air Force contract dated

August 28, 1958 (PX-IA), which required the University to perform
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"antenna research" directed to a variety of antenna problems in

eluding, inte" alia, continuing work on so-called "broad band

'antennas" that had been in progress under an earlier contract.

The purpose was to devise antennas "for which the patterns and

,impedance are independent of frequency." Such antennas are

commonly termed "frequency independent antennas," and the antennas

of both of the patents attacked by this motion fall in that broad

category. (PX-lA; PX-A; PX-B; Hayes de p . PX-F, pp. 19-30, 52-53)

Frequency independent operation is especially important

where the radio frequencies being used may fall anYVJhere within,

or vary over, a broad range or band of frequencies and uniform

response, over such range or band is 'required by the particular

antenna application. Frequency independent antennas find practical

application, for example, in specialized military operations termed

"electronic countermeasures" (abbreviated "ECM"), as well as in many

other operations involving the transmission and reception of widely

varying frequencies. (Hayes dep~, PX-F, pp. 177-179; Finneburgh

affidavit, PX-G, par. 12),

The type 'of frequency independent antennas to which the

three patents in suit relate involves certain progressively vary

ing dimensional relationships that render the antennas cyclical

or "periodic" in performance as the frequency of operation is

varied progressively over the bands of frequencies for which the

antennas are designed. The cycles or periods repeat according to

a simple proportional relationship that is called "logarithmic"

in mathematical ter~inology. Thus, such antennas are called
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"logarithmically periodic antennas" or, using an abbreviated

term, "log periodic antennas." (Finneburgh affidavit, PX-G, par. 13;

Mayes article, PX-H, p. 3)

The two.patents in suit attacked by this motion are

directed to log periodic antennas which, are roughly "unidirec

tional," i.e., when used as transmitting antennas, they transmit

energy as a "unidirectional" beam of radiation with only relatively

little radiation being emitted in other directions, or. conversely,

when used as receiving antennas, they receive radiation efficiently

from essentially only one direction while being relatively in

effective in receiving radiation from other directions. (Finneburgh

affidavit, PX-G; par. 13; PX-A; PX-B)

Development of the particular forms of log periodic

antennas to which the three patents in suit relate was based upon

earlier work at the Un~versity of Illinois by V. H. Rumsey,

Raymond H. DuHamel, Dwight E. Isbell, and possibly others.

Additional work was done by DuHamel and others at Collins Radio

Company of Cedar Rapids, Iowa, after DuHamel left the University

about the latter part of 1957. The sequential relationship of the

log periodic antenna developments made in the course of all of that

work is described in the article (PX-12) entitled "Logarithmically

Periodic Antenna Designs" by DuHamel and Ore, published by Collins

Radio at least by ~~y 14, 1958. (Mayes dep., PX-F, pp.18~19, 27~30,

52-54; Mayes article PX-H, pp , 3-4; Stipulation PX-C, par. 14)
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The first of that related series of log periodic antenna

developments was made by DuHamel (Mayes artic1ePX-H, pp. 1-2)

and was patented by the University of Illinois Foundation on an

application filed July 9, 1958, which issued as patent No .•

2,985,879 (PX-31). It is illustrated in Fig. la and described on

pp.1 and 2 of both PX-12 and PX-R.

The second of that related series of log periodic antenna

developments was made by Isbell (Mayes article PX-H, pp. 3-5) and

was also patented by the University of Illinois. Foundation, on an

application filed October 20, 1958, which issued as patent No.

3,011,168 (PX-32). That Isbell patent is not here in suit and is

to be distinguished from the Isbell patent in suit No. 3,210,767

(PX-A). That development is illustrated in Fig. 1b and described

on p. 2 of PX-12 (as well as in PX-H, pp. 3-5).

The next several of that related series of log periodic

antenna developments were made at Collins Radio by DuHamel and Ore

(Mayes article, PX-H, pp. 4 and 6) and were patented by Collins

Radio on a single application filed March 14, 1958, which issued

as patent No. 3,079,602 (PX-33). Those developments, their objec

tives, and their structural and functional relationships are

described in PX-12, beginning on p. 2. The resulting antenna

forms of particular present interest are shown in Figures 2, 9,

and 15 of J?X-12 and in Figs. 1-7 and 15 of the patent J?X-33.



That related series of prior developments, from the first

(by DuHam~l) through the last-mentioned group (developed by DuHamel

and Ore), illustrates the evolution of log periodic antennas from

sheet metal structures through a sequence of rod and wire

structures, leading progressively closer to the rod dipole fODms

of the Isbell patent in suit (PX-A), both in physical structure and

in performance characteristics W.ayes article PX-H, pp. 4 and 7).

All involved the same kind of mathematical progression of dimensions

from one end to the other. All were developed and described in

the printed publication PX-12 by May of 1958, prior to the earliest

work on any of the developments of the three patents in suit (which

were made between the fall of 1958 and January of 1960, as sum~

marized below).

The work of Isbell, Mayes et al., and Carrel et al. that

gave rise to their three patents in suit was performed at the

University of Illinois under the Air Force contractPX-lA dated

August 28, 1958 (Mayes dep , PX-F, pp. 21-23). According to Isbell's

report to the University, PX-3, and his Preliminary Statement in

a Patent Office interference, PX-I, his earliest conception of the

log periodic dipole antennas of his patent in suit was in

September, 1958, and 51 ch antennas were first built and tested by

December, 1958.*

* See colloquy be~leen counsel and stipulation re Isbell's
invention dates in ~illyes deposition, PX-F, at pp. 35-37.
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Thus, as should be understood at the outset, and

contrary to what one might gather from the three patents in suit

alone, Isbell did not originate the log periodic principle of

antenna design. On the contrary, the antennas of the three patents

in suit followed a sequence of log periodic antennas deveioped

earlier at the University of Illinois and at, Collins Radio Company

and separately patented by the University and by Collins Radio

in the names of DuHa~el, Isbell, and DuHamel and Ore. (Mayes dep.

PX-F,pp. 27-30, 52-%; 'PX-H; PX-I; PX':3l;'PX-32; PX-33)

,T~e prior art status of the DuHamel patent, PX-3l, and the

DuHamel and Ore patent, PX-J3, are established by their filing dates

in the P4tent Office (shown on the face of the patents) prior to the.

earliest alleged conception by Isbell of the subject matter of the

Isbell patent in suit. Except as it indicates an intermediate

development step between the disclosures of those two patents, the

Isbell patent No. 3,011,168, PX-32 (not in suit) is of only

historical interest here.

It is primarily in the light of the foregoing prior art

background that the subsequent developments of the three patents. in

suit should be viewed. Although the obviousness of the latter

developments has been placed in issue by the pleadings, it should

be clearly understood that it is not an issue of this motion. On

the other hand, it should also be understood from the foregoing

that the antennas of the patents in suit were not the first log



"
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periodic antennas, or the first to provide unidirectional operation

wi~h substantially uniform radiation patterns and input impedance

over theoreticall% unlimited frequency bands. The similarities

.between the prior art log periodic antennas of the DuHamel and

Ore patent (PX-33) and the' later antennas of the Isbell patent

in suit will be further clarified below in explaining the respective

structures and performance characteristics of those patents and of,

the Mayes et al. reissue patent, in accordanCe with their respective

disclosures.

Technical Background

The issues raised by this motion are such as to require

no special knowledge of technical facts. On the other hand, an

understanding of a few uniformly accepted, basic principles of radio

frequency wave transmission and reception may be helpful to the

Court, and those principles are briefly explained in the ~inneburgh

affidavit (PX-G) for reference by the Court for that purpose.

Also, it is assumed that, for its own satisfaction, the

Court would like to know more about the alleged inventions of the

Isbell and Mayes et al. patents in suit and Ebout the immediately

preceding prior art patent of DuHamel and Ore. Accordingly,

primarily for that background ,purpose, each of those patents and

their relationship to each other will be described further in the

ensuing six pages before dealing in detail with the merits of this

motion.
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The Isbell Patent in Suit

The Isbell patent in suit- (PX-A) discloses two physically

different forms of antennas that are electrically equivalent. As

shown in Fig. 1 of the patent and described in the specification,

the antennas of the patent may comprise a planar array of dipoles*

10, 11, 12, etc; of progressively diminishing lengths Ll , L2, L3,

etc., with dipole spacings that similarly diminish in the same

direction (col. 1, lines 33-36). As further disclosed in the

specification, "the ends of the dipoles fall on a pair of straight

lines whi.ch intersect and form an angle a *'~" (col. 1, lines 36-40);

and the successive lengths and spacings .of the dipoles "are related

by a constant scale factor"'" ,"'~** Le., a multiplier stated to be

"less than 1" (col. 1, line 56). Thus, the length of each successive

smaller dipole is equal to the length of the adjacent larger one

multipli~d by the decimal fraction 1(, and each successive smaller

space between dipoles is equal to the adjacent larger space multi-

plied by the same decimal fraction 1"" .
As also shown in Fig. 1 and described in the specifica-

tion of the patent, the several dipoles are "fed" or driven at the

"narrow"or small dipole end of the array by an "alternator" or

* A dipole is an active antenna element. In its simplest form,
it isa straight conciuctorhaving a center gap, as shown in
Fig. 1 of PX~A.(Mayes dep., PX-F, pp. 39-43)

** Greek letter "alpha."

*1'*Greek letter "tau."
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transmitter, shown diagrammatically at 13 as being connected to the

antenna by balanced feeder lines (two-wire transmission line) 14

and 16. The feeder lines 14 and 16 continue through the array so

as to interconnect the several dipoles with the feeders, and the

feeders are "alternated" or transposed between dipoles so as to

produce a "phase reversal" between the successive pairs of dipole

connections' (col. 1, lines 43-49).

The radiation pattern of such antennas is essentially

"unidirectional" to the left (forward direction) as viewed in

Fig. 1, typical ra.diation patterns being shown in the "E plane"

(plane of the dipoles) in Fig. 3 and "H plane" (longitudinal of and

perpendicular to the plane of the dipoles) in Fig. 4. The scale of

these patterns in Figs. 3 and 4 is.such that only the radiation in

a generally forward direction, or to the left as the antenna is

viewed in Fig. 1, is shown (col. 2, lines 3-7 and 45-52). To

some degree,. one or more much smaller radiation lobes in another

or several·other directions would appear in Figs. 3 and 4 if they

were drawn to a larger scale (or on what is commonly called a

logarithmic scale). This is indicated by the reference to a

front-to-back ratio' of "17db" at col. 2, lines 49-50. (Finneburgh

affidavit, PX-G, par. 17)

As shown in Fig. 2 of the patent and described at col. 2,

lines 8-45, the physical form of the antenna of Fig. 1 may be

-17- .



'.

modified by substituting closely spaced parallel feeder conductors

17 and 18 of Fig. 2 for the repeatedly transposed feeders 14 and 16

of Fig. 1. By alternating the connections of the dipole halves

,(e.g., 19 and 19a, 21 and 2la, etc.) to the feeder conductors of

Fig,' 2, essentially the same alternation in phase between succes

sive dipoles is obtained as with the transposed feeders of Fig. 1

(col. 2, lines 2L-23). Although the two halves of each dipole and"

hence, the several dipoles of the array of Fig. 2 are not precisely

coplanar, the spacing of the feeder conductors is so small that

the effect of the planar arrangement of Fig. 1 is not lost in the

structure of Fig. 2, and the previously described operating char

acteristics are maintained (col. 2, lines 24-28). Thus, for

practical purposes , .the dipole array of Fig. 2 may be considered

to be a substantially planar array and, electrically, essentially

,the same as the array of Fig. l.

The Prior Art DuHamel and Ore'Patent

The DuHamel and Ore patent (PX~33), in Figs. 3, 4, and

5, discloses three forms of log periodic antennas made of straight

rods in different configurations that were successively derived

from the sheet metal antenna of Figs. 1 and 2 of the patent.

All four of those forms include two tapered, planar assemblies

that are slightly spaced apart at their apices 28 and that diverge

by an angle \f! (Greek letter psi). All four forms have essentially
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uniforn;radiation patterns and input impedance "over a very broad

operating (frequency) range, which may be greater than ten-to-one"

(col. 1, lines 11-15). As the patent discloses (col. 2, lines 51 ...53),

,the angle 1jJ may be reduced to 0
0 so that the center conducting rods

46 and 47 of the two planar assemblies are slightly spaced apart

and parallel, as in Fig. 2 of the. Isbell patent in suit; and as

the angle YJ approaches 0
0

, ' the antennas become more nearly

unidirectional (col. 9, lines 59-67).

When the angie~ is thus reduced to 00 in the

antenna of Figs. 1-2 of the DuHamel ahd Ore patent, its structural

similarity to the form of antenna shown in Fig. 2 of the Isbell

patent in suit is evident and was acknowledged by Mayes (Mayes dep.,

PX-F, p ; 83).

. How the antennas of the Isbell patent are derivable in a

simple manner from the antennas of the DuHamel and Ore patent has

been pointed out by Mayes (PX-H, p. 4, penultimate par.). As is

evident, the antenna of Fig. 2 of the Isbell patent results merely

from reducing' the tooth widths in Fig. 1 of DuHamel and Ore (PX.'-33),

when the angle ~ is 00 , as.by substituting simple dipole rods for

other dipole-like members, with no other change in physical or

electrical structure.

The Mayes et al. Original and Reissue Patents

The entire content of the Mayes et al. original patent

is given in the Mayes et al. reissue patent now in suit (PX-B).

As stated in the latter (col. 1, lines 11-14)--
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"Ma'tter enclosed in heavy brackets [.]
appears in the original patent but forms no
part of thisreissue specification; matter
printed in italics indicates the additions
made by reissue."

The absence of either brackets or parentheses in the specification

and first ten claims of the reissue patent shows that the original

patent was changed only by addition to the reissue patent of

claims 11-17, inclusive.

After briefly describing the subject matter of the pre-

vLousl.y filed application for the Isbell patent in, suit, the Mayes

et a1. spedfication continues (coL 1, lines 40-55)--

"In accordance with the present invention, it has
been found ,that the directivity of an antenna of the
type described iQ the aforementioned application'may
be increased and the effective frequency range of an
antenna of fixed size may be extended by inclining the
dipoles of Isbell" to form V-elements, each of which
consists of two straight arms of equal length defining
an apex which points away from the direction ofradia
tionof the antenna which is also the direction in
which the element size decreases. The modification
of the straight dipoles of Isbell to V-shaped elements
permits the antenna to be operated over bands of fre
quencies higher than those established, as described
above, by the length of the shortest dipole in the
antenna, with increased directivity, thus obviously
increasing the effective frequency range of a given
antenna."

As the specification makes clear and as Mayes was

forced to admit,* the Mayes et al. original and reissue patents

* See PX-B, lines 44-49, col. 4, lines 19-21; Mayes deposition,
PX-F, pp. 113-123, 154-155.'
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disclosed the prior Isbell invention as changed only by sub-

stituting known V-dipoles for the straight, . simple dipoles of

Isbell. As mentioned in the foregoing Synopsis (Part IA) and as

explained in more detail hereinafter, that single change was

admitted by Mayes et al. to have been suggested to them by another

person and, therefore, was not their·ide;ot in the first place.

The result of that change was to give the antenna only the expected

and well known ability to operate in a similar manner over a number

of qdditional frequency ranges that are higher harmonics of the

range which would be covered by the corresponding straight dipole

form of Isbe11.*

* Such well known "multi-mode" operation is explained hereinafter
at pp. 49-50 and in the affidavit of L. H. Finneburgh, Jr.
(PX-G, par. 15, 16). That it was common knowledge in the art
is shown by al943 "Handbook" (PX-%).
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ISBELL PATENT NO. -3,210,767
I~VALID BECAUSE THE APPLICATION THEREFOR WAS NOT

TIMELY FILED AS REQUIRED BY 35 U.S.C. 102(b)

This ground for invalidity of the Isbell patent in suit

(PX~A), summarized in Part I of the foregoing Synopsis, will now

be fully presented with detailed reference to the facts, the

supporting documerits, and the applicable law. The absence of any
•

genuine issue of material fact and invalidity of the patent as a

w~tter of law will clearly appear from this presentation.

The Evidence

The controlling facts upon which this ground of the

motion is based are contained in a stipulation of facts, PX-C; an

affidavit, PX-D, by Miss Marjorie Johnson, a former employee of the

University of Illinois; a deposition, PX-E, of Harold B.La,~ler,

another employee of the University of Illinois; and a. Quarterly

Engineering Report, PX-4, printed for the University of Illinois

and describing the alleged invention of the Isbell pacent , As shown
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by the other mentioned documents, the report PX-4 became a

"publication" within the meaning of 35 U.S.C. 102(b) on

April 30, 1959, more than one year before the May 3, 1960,

filing date of the application for the Isbell patent (PX-A).

The Johnson affidavit, PX-D, contains supporting docu-

ments from the records of the University of Illinois which need

not be considered in view of the s!=ipulation, PX-C, which covers

many of the same facts set forth in the Johnson affidavit.'

Long after the date of her affidavit, PX-D, Miss. Johnson

testified as a witness for the defendant in a related suit brought

by the University of. Illinois Foundation and charging infringement

by the Winegard Co. of the same Isbell patent here in suit.* Her

testimony having been given under oath and including cross.,.

examination by cou,nsel for the University of Illinois Foundation,

is obviously at least the legal equivalent of an affidavit and,

therefore, admissible for the purposes of this motion. A copy

of that testimony, PX-DD, is appended to this motion merely as

corroboration of the facts more succinctly stated with complete

consistency in the Johnson affidavit PX-D.Accordingly, no

further reference need be made herein to that testimony by

Johnson in the related suit against Winegard Co.

>', The University of Illinois Foundation, plaintiff, vs. Winegard
Company, defendant, Civil Action No. 3-695-D, United States
District Court, Southern District of Iowa, Davenport Division,
tried February 13-17, 1967.
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The Lawler deposition, PX-E, was taken in the present

suit in the form of ~ross-examinationby counsel for the plaintiff

with redirect examination by counsel for defendant, l~e University

of Illinois Foundation. The same witness, called on behalf of the

University of Illinois Foundation in the aforementioned, related

suit againstWinegard Company, later testified consistently with

his depositionPX-E, with only one immaterial qualification noted

hereinafter. Like trre Johnson testimony in the related suit

mentioned above, the Lawler testimony in that suit is ~t least

the equivalent of an affidavit and, therefore, admissible for the

purposes of this motion. A copy thereof, PX~EE, is appended .to

this motion merely as corroboration of the facts more fully covered

in the Lawler deposition PX-E. Accordingly, with the one minor

exception noted, no further reference need be made herein to that

testimony by Lawler in the .related suit against Winegard Company.

Another University of Illinois report,PX-5, published

prior to April 1, 1959, gave advance notice that the work covered

in PX-4would be covered in that report. Therefore, the document

PX-5is also pertinent to the issue raised by this ground of the

motion and is supplied as one of the. supporting documents.

Agreement by the University of Illinois that the report

PX-4 was a "publication" by April 30, 1959, is shown by an
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additional document, PX-27, and by a pertinent part of the Mayes

deposition, PX-F, also taken in the present. suit.

The present defendant, the University of Illinois

Foundation, had the opportunity to present evidence rebutting

the controlling facts relied upon in this part of this motion when

presented with the same issue and most .of the same facts in the

above-mentioned suit against Winegard Company. Because it produced

no material evidence of such character in that suit, and because no

additional facts which defendant might now urge could alter the

legal effect of those relied upon herein, it is respectfully

submitted that only a simple, basic question of law as to the

validity of the Isbell patent in suit is presented hereby.

The significance of the controlling facts, so established

for the purposes of this motion, will be better appreciated as

they are developed below if the specific question of law to be

decided is'first briefly explained.

The Specific Question of Law Presented

As detailed below, the publication PX-4 was made

accessible to the public on or before April 30, 1959, in two

distinct ways. By that date, copies thereof were available (1) for

reference or borrowing at a so-called "Local Library" in the Electri

cal Engineering Research Laboratory of the University of Illinois, and
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(2) for distribution, for the asking, to any responsible,

interested person or concern within the University or outside

of the University. The intent of such handling of reports like

PX-4 was to make their contents available "to the people most

genuinely and seriously interested in the subject matter."

(See Mayes dep., PX-F, p. 56, line 13, to p. 57, line 10; Lawler

dep , , p. 24, lines 20-24, and p. 40, line 1, to p. 41, line 13,

and The Hamilton Laboratories, Inc. v. Massengill, cited and

,quoted, infra, under the heading "The Law on Publication.")

The specific question of law presented is whether or not

such accessibility of the publication PX-4 to the public on April

30, 1959, coupled with such intent, constituted "publication" within

the meaning of 35 U.S.C. 102(b). That it did constitute such pub-

lication is supported by all known authorities dealing with similar
,

or comparable fact situations, as will be pointed out below after

a more detailed presentation and documentation of the facts.

Uncontested Facts

(a) Library Accessibility

The facts enumerated in the succeeding numbered para-

graphs and supported as indicated therein establish, beyond dispute,

that a printed copy of the publication PX-4 was in the "Local

Library" of the Electrical Engineering Research Laboratory of the

University of Illinois (sometimes referred to as the "Local
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Library EERL") and was available for borrowing and reference by

the faculty, other employees, and students of the University and

by the general public no later than April 30, 1959.

1. The publication PX-4 was printed and 148 copies

thereof were delivered to Miss Marjorie Johnson, the acting

Technical Editor of the Publications Office of the Electrical

Engf.nee r Lng Department of the University of Illinois, at her office

at the University on or before April 30, 1959 (Stipulation,PX-C,

par. 4).

2. Miss Johnson in addition to being the'acting

Technical Editor of the Publications Office, was also the Liprarian

of the "Local Library EERL" during April, 1959 (Johnson Affidavit,

PX-D, par. 20; Lawler dep., PX-E, p. 39, line 17, to p. 40" line 1).

3. InApril,1959, the "Local Library" was located in a

"reading room" of the Electrical Engineering Research Laboratory

on the same floor of the building as the Publications Office

(Johnson Affidavit, PX-D,par. 21). That library and "reading

room" were maintained by the Publications Office to assure having

a t least one copy of every report it produced, as weLl as copLes: of.

publications of other research groups, both at the University and

elsewhere in the country (Lawler dep., PX-E, p. 37, line 17, to

p. 38, line 5; Johnson affid., PX-D, pars. 21-22).

4. The "Local Library" and the "reading room" in which,

it was located in April, 1959, were maintained as part of the
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operations of the "Publications Office" of the Electrical

Engineering Department; and the same employee, Miss Marjorie

Johnson, was responsible for all of the operations of the

Publications Office, including the printing and distribution of

publications by the Electrical Engineering Department and operation

of the "Local Library." As Librarian, she had custody of the

contents of the "Local Library" and .responsibility.for the

loan and return of such contents. (Johnson Affidavit, PX-D,

pars. 2-4, 20, and 22-26; Lawler dep., PX-E, p. 38)

5. The printed material contained in the "Local Library"

was available for borrowing and use by many thousands of people.

at the University of Illinois,including those not directly

connected with the Antenna Laboratory, and also by the general

public (Lawler dep , , PX-E, p. 36, line 3, to P- ·37, line 4, and

p. 39, lines· 10-16; Johnson Affidavit, PX-D, par. 35 (c)).

6. The publications in the "Local Library" were normally

kept in one of several locked file cabinets, not to. prevent use of

such material by the public, but only to maintain control of that

material, so that it would not be lost and so that records could

be maintained of the names of borrowers and the dates on which

material was borrowed (Johnson Affidavit, PX-D, pars. 23, 25,

Lawlerdep., PX-E, p. 37, line 7, to p , 39, line 9). Those

i
i

" !

publications were entered on a card index of the contents of the i,

"Local Library," and the report PX-4 is shown thereby to have

been a part of those contents (Lawler dep., PX-E, p. 44, lines 9-20).
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When anyone wanted to borrow a copy of a publication from the

"Local Library," he came to the Publications Office and requested

the report from Miss Johnson or one of her assistants, who unlocked

and opened the file cabinet and signed-out the requested publica

tion. (Johnson Affidavit, PX-D, par. 24; Lawler dep., PX-E,p. 39,

lines 10-16).

7: In order to inform people of the availability of

publications received by the "Local Library," a magazine-type rack

was, maintained in a hall of the Electrical Engineering Research

Laboratory leading to Miss Johnson's office, copies of publications

were placed on display on the ,rack for that purpose soon after

they were received ,by her, and a notice was maintained on that

rack indicating that displayed materials could be borrowed by

signing them out with Miss Johnson or one of the other employees

of the Publica:tions Office (Johnson Affidavit, PX-D, pars; 27-29;

Lawler dep , , PX-E,p. 40, line 2, to p , 41, line, 13). When

publications were received. in the Publications Office, they were

in the possession of Miss Johnson as Librarian and were immediately

available for borrowing by_anyone requestip.g the library copy

(Johnson Affidavit, PX-D, par. 26).

8. Thus, on or before April 30,1959, the "Local Library"

copy of the publication PX-4 was in the possession of Miss Johnson,'

the librarian of that library, and was available for borrowing or

use by the general public (Johnson·Affidavit, PX-D, par. 3l(a) and

(c)). Lawler, as business manager of the Department of Electrical
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Engineering of the University of Illinois, when called as a

witness for the Foundation in its related suit against Winegard,*

stated that the "reading room" of the Publications Office was an

"unofficial reading room used by the department"; and that "it was

not a library" in the sense that the department had "tried to

obtain library status for it, but couldn't" because "they [the'

University] said it wasn't large enough" (Lawler testimony; PX-K,

pp. 675-676). However, he confirmed on cross-examination that

Miss. Johnson had charge of that facility, that it was designated

by the de.partment as the "Local Library" in the "local distribu

tion list" (PX-35) for reports of the department, and that both

students having some laboratory connection at the University and

faculty members of the University were aware of the fact that

research publications were available there (Lawler testimony,

PX-K, pp.687-689). In addition, in. his earlier deposition PX-E'-"

Lawler repeatedly referred to the "Local Library" by that term and

expressly confirmed many of the details of its character and

functions as related by the references to his testimony in the

preceding numbered. paragraphs, while contradicting none of them.

Thus, his only qualification of his own prior deposition (PX-E)

and the affidavit and testimony of Miss Johnson (PX-D and PX-DD)

was that the "Local Library," though publicized and functioning as

* See p. 25, supra.
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a library for students and faculty of the University and

available for use by the· public, as well, was not "officially"

recognized as having "library status" in the University classifi

cation of its facilities.

(b) Copies Available For Sale or at No Charge

The facts enumerated in the next succeeding numbered

,paragraphs and supported as indicated therein establish, beyond

dispute, that "extra" printed copies of the publication PX-4

were available to the public at the Publications Office by April

30, 1959; that the public had knowledge of the availability of such

copLes for sale or at no charge so long as the supply lasted;

that such copies were commonly requested by outsiders and were

supplied so far as they were .available; and that the prospective

availability of a report on the subject of present interest

contained in PX-4 had been announced in another, earlier report

of a similar character, PX-5, published prior to April 1, 1959.

9. Some of the 148 copies of pX-4 received by·Miss

Marjorie Johnson (par. 1, supra) had been printed so that the

Publications Office would have a su~ply of extra copies not

required for specific distribution and so that such extra copies

would be available for internal reference and for distribution

to any responsible person requesting a copy until a minimum

number of internal reference copies remained on hand (Johnson

. Affidavit, PX-.D, pars. 9-12; Lawler, dep., PX-E, p , 23, line 13,

to p. 24, line 10).
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10. Requests for extra copies of publications, such

as PX-4, were regularly received by the Publications Office of

the Electrical Engineering Department of the University from

people outside the University who were interested in antenna

developments, and such requests were normally filled by the

Publications' Office by supplying such extra copies to the request-

ing party until only a specified minimum number of copies remained

on hand (Johnson Affidavit,. PX-D, pars. 9-13; Lawler dep., p. 7,

line 17, to p. 10, line 8; Mayes dep., PX-F, p. 55, line 22, to

p • 56, line 5).

11. In some instances, a person requesting one of the

"extra copies" was charged for such a copy, but in most instances

it was given away without charge (Lawler dep., PX-E,p. 28,.

lines 10-17).,

12. As soon as copies of reports, such as PX-4, were

received in the Publications Office, . the extr4 copies were given

to any responsible party requesting a copy, at least in the case

of reports prepared pursuant to the contract, .PX-1A, under which

the reports PX-4 and PX-5 of present interest were rendered (Johnson

Affidavit, PX-D, par. 16, 17, 19; Lawler dep., PX-E, p. 5, line 18,

to p , 6, line 6, and p , 23, line 21, .to p , 29, line 12)
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13. In April of 1959, many people were aware of· the

fact that extra copies of publications prepared by the Antenna

Laboratory of the University of Illinois could be obtained from

the Publications Office of the Electrical Engineering Department

of the University. Such people included faculty and students at

the University" not connected with the Antenna Laboratory, and

members of industry and others who were not connected with the

University or with the United States Government. (Johnson Affidavit,

PX-D, pars. 18-19; Law1erdep., PX-E, p. 7, line 17 to p. 10, line 8;

Mayes dep. ," PX-F, p. 55, line 22, to p. 56, line 5)

14. Copies of the Quarterly Engineering Report No.1

(PX-5) for the period from September 1 .to December 1, 1958 (see

title page) were printed and published by the University of Illinois

before April 1 11959 (Stipulation,PX-C, pars. 2-3). That report

contained a statement appearing on page 2--

"2.3 Plans for Next Interval
"An investigation of log

periodic structures of thin linear
elements (zero tooth width) is planned."

The subject matter disclosed in' the Isbell patent in suit and

described in the report PX-4 for the next "interval" (December 1,

1958, to March 1, 1959 -- see title page) results from reducing
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the tooth widths "to zero" in the prior toothed structure of

DuHamel and Ore (PX-33,Fig. 1) when the angle is 0° (pp. 18-19,

supra),' as explained by Mayes (PX-H, p. 4). Thus, the coming

availability of the next report PX-4 on the subject matter of

interest was announced in PX-5, which was published and available

before April 1, 1959.

(c) PX-4 Described the Invention
of the Isbell Patent

The additional facts enumerated in the next succeeding

numbered paragraphs and supported as indicated therein established,

beyond dispute, that the publication PX-4, which was accessible to

the public by April 30, 1959, as related above, actually described

the alleged invention of the Isbell patent in suit, with sufficient

clarity to be understood and used by a person having ordinary skill

in the relevant art at the time that alleged invention was made.

15. The publicationPX-4, on pages 2 and 3, contains'

a written description and a schematic illustration of an antenna

credited to Dwight E. Isbell, the same Dwight E. Isbell who was

named the inventor in the Isbell patent in suit (Stipulation, PX-C"

par. 5). That sc~ematic illustration sho~s an antenna having the

same dipole length and spacing relationships as the antenna illus-

trated in Fig.'l of the Isbell patent in suit (Stipulation, PX-C,

par. 6), and having the cross-over front feed that alternates in

phase between successive dipoles as iliustrated and described in

that patent (Stipulation, PX~C, par.?).
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J6. The written description andschematic illustration

on pages 2 and 3 of PX-4 illustrate and describe an antenna having

the same electrical structure, mode of operation, and performance

as the antenna disclosed and claimed in the Isbell patent in suit

(Stipulation, PX-C, par. 8), which illustration and description

would be sufficient for anyone with antenna design experience to

construct a successful antenna having a mode of operation and

performance identical to the antenna disclosed in the Isbell

patent (Stipulation, PX-C, par. 9).

17. As 'explained above (pp. 18-19), the structure of

the antennas of Fig. 2 ,of the Isbell patent in suit, as well as

the mode of operation thereof,'results merely from reducing the

teeth to thin-linear elements in the antennas of Figs. 1-4 of

the prior art DuHamel and Ore patent PX-33 (or from substituting

thin-linear elements for the triangular dipole-like members of

Fig. 5 of that prior art patent) when the angle 1/1 is reduce'd

to 0° as disclosed therein (each of those prior art forms having

also been disclosed by May, 1958, in the prior art publication

PX-12). PX,,4, itself, calls attention to the "solid sheet,

broad tooth, log periodic antennas" that were earlier shown in

Figs. 1-2 of PX-33 and Fig. 2 of PX-12, and to the indicated

"comparable" performance of' the ,s'imple dipole form disclosed in

PX-4. Therefore, while PX-4 "schema tically" shows and describes

only the form of antenna having 'the'"cross-over" front feed of
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Fig. 1 of the Isbell patent in suit, it is evident that the

parallel feeder structure of Fig. 2 of that patent was old

in the prior art developments of DuHamel and Ore and was mereiy

carried over by Isbell into his patent in suit, so that any

contribution over the prior art that is disclosed by the Isbell

patent in sui twas, in fact, disclosed by the publication PX-4

by April 30,,1959.

18. The coming availability of the report PX-4 on

the particular subject of present; interest was announced to the

public in advance of its preparation in the earlier report PX-5,

published prior to April I, 1959, as'detailed in paragraph 14,

supra.

(d) "Publication" of PX-4 by April, 1959,
Acknowledged by the University

PX-27 is a single sheet, printed form, dated June 12,

1959, and entitled "Research Project Report" by the "Engineering

Experiment Station" of the "University of Illinois,"the same group

that prepared the Quarterly Engineering Reper t No • .2 (PX-4), as

shown on the face of the latter. As testified by Mayes (Mayes

dep., PX-F, p. 193, lines 5-19), the report PX-27 "was prepared

to summarize the activities under a given research contract [PX-IA]

to assist the engineering publications department in preparation of

the research summary which is issued annually." Near the bottom of

the front side of the single sheet report PX-27 is a printed heading

that reads--
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"Publications published * * ,~"

Under that heading is a list of items c.ontinuing onto the back side

of the report and concluding, under the typed subheading "Progress

Reports," with a listing, by title and report number, of the two

Quartedy Engineering Reports No. 1 (PX-5) and No.2 (PX-4). The

latter report listing was designated "April 1959," the clear

meaning being that PX-4 was "published" in April 1959. Mayes

acknowledged that he, himself, probably compiled that list (Mayes

dep., PX-F, p. 193,' lines 20-24), and that, according to normal

practice in citing publications, one would normally interpret the

citation of PX-4 at. the end of PX-27 to mean that the "publication

date" of PX..4 was "April, 1959" (Mayes dep , , PX..F" p. 195, line 22, .

to p. 196, line 3).

Thus, the report PX-27, prepared by the University in

the regular course of its business on a form printed for the

purpose and dated, only about six weeks after the event, acknowledged

that PX-4 was a "publication" that was "published" at least. by the

last day of "April 1959," Le., by the April 30, 1959 date when

(as detailed above) it was available for reference in the "Local

Librari' and for distribution to ~nyone, on request, by the'

"Publications Office."
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(e) Summary of Controlling Facts

The printed publication PX-4 described the alleged

invention of the Isbell patent in suit. For the purpose of dis

seminating knowledge of the development, that report was made

accessible to the public both for reference or borrowing at the

"Local Library" and by gift or sale from the Publications Office.

Both occurred more than a year before the application, for the

Isbell patent in suit.

Accordingly, there remains only the legal question of

whether such availability, coupled with such intent, constituted

"publication" within the meaning of 35 U.S.C. l02(b) so as to

render the Isbell patent in suit invalid.
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The Law on "Publication"

While a considerable number of court decisions have

considered what constitutes a "printed publication" und ez 35 U. S. c.

102(b), many of those decisions deal only with.what constitutes

"printed" within the meaning of that section of the statute, rather

than what constitutes "publication." Since it is evident on

inspection tbat the document PX-4 was "printed," such decisions

are not pertinent. The only question here is whether the avail-

ability of that document more.than one year before the application

for the Isbell patent in suit on May 3, 1960, constituted "publica-

tion" under the law.

The early decision in Cottier v. Stimson, 20 Fed. 906

(Cfr , Ct., D. Ore, , 1884) set forth the general requirements for a

"publication," In that decision (p. 910), the Court said:

"In ivalk. Pat. 56,· it is said that a 'printed
pubLication is anything which is printed, and,
without any injunction of secrecy, is distributed
to any part of the public in any country. Indeed,
it seems reasonable that no actual distribution
need occur, but that exposure of printed matter
for sale is enough to constitute a printed
publication. t :

"But something besides printing is required.
The statute goes upon the theory that the work
has been made accessible to the public. and t~
the invention has thereby been given to the public,
and is no longer patentable by anyone. Publica
tion means put into general circulation or on sale,
where the work is accessible to the public. See
Reeves v , Keystone Bridge Co. 5 Fisher,.L;67."
(Emphasis added)
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In substance that decision held that a printed work is a

"publication" when it is accessible to the public. This accessi-

bility to the public can occur in a number of different ways, many

of which have been specifically considered by the courts.

(a) Deposit in a Library

One of the common ways in which a printed work is made

accessible to the public is by plac~nga copy in a library where

it is accessible to members of the public. In an early decision

in John Crossley & Sons v. Hogg, 83 Fed. 488 (Cir. Ct., D. Mass.,

1897), it was held that publication had been established by proof

that a single coPY of a book was received in a library and that

such publication was sufficient to bar the grant of a valid patent.
:I

There is no requirement that members of the public

actually used the printed copy contained within a library. ltis

merely necessary to establish that a copy of the publication was

received by the library. Thus, the Patent Office Board of Appeals

held in Gulliksen v. Halberg v. Edgerton v. Scott, 75 USPQ 252

. (1937) that "publication" of a thesis was established when it was

proved that a copy of the thesis had been received by a college

library. The Board said at page 257:

"Since both affidavits referred to above clearly
show that the thesis was received September 25, 1929,
it is held that the dates when the same was bound or
indexed is of no importance for the thesis became
available to the public as soon as received in the
library." (Emphasis added)
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Subsequently, the Sixth Circuit Court of Appeals held

in The Hamilton Laboratories, Inc. v. Massengill, 111 F.2d.584, 585,

45 USPQ 594, 595 (1940);

">h"*the Weed thesis is in the prior art and marks
a'step in its development. since it was put on file
in the library of the college, available to students
there and to other libraries having exchange arrange
ments with Iowa State. John Crossley and Sons v.
Hogg, C•. C., 83 Fed. 488, 490; Britton v. White Mfg.
Co., C.C., 61 Fed. 93, 95. We think intent that the
fruits of research be available to the public is
determinative of publication under the statute***."
(Emphasis added)

More recent decisions have followed and further clarified

the foregoing statements of the law. For example, the sufficiency

of the deposit in a library of a single copy of printed matter and

the immateriality of.the obscurity of the library were con~ented

on by the Court of Customs and Patent Appeals in the case of

In re Tenney, Frank and Knox, 254 F.2d 619, 627, 117 USpQ 348,354

(1958). In that case, the Court observed--

"It is no doubt true that our present law is
anomalous, as evidenced by our conclusion that a
microfilm is not 'printed.' A foreign patent file,
laid open for public inspection, is not a printed

.-c publication because typewritten, while a printed
publication available to the public only in a
Southern Rhodesian library would be."

Still more recently, the District Court for the Southern

District of California held that the filing of a copy of a

thesis in a college library on October 9, 1950, barred a

-
patent applied for October 30, 1951 (21 days over the permissible
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one year). Indiana General Corp. v. Lockheed Aircraft' Corp ••

249 F. Supp. 809. 815. 816 (1966). In that decision, rhe Court

cited the Hamilton Laboratories v. Massengill case, supra, as an

authority "squarely in point."

About the same time, the District Court for the Southern

District of New York (while denying a motion for summary judgment

because of unresolved questions of fact in the particular case)

reviewed the same. and related questions of law in some detail and

concluded that a "'printed publication' as contemplated by Congress

in 35 U.S.G. 102"--

"can include a document printed, reproduced or
duplicated by modern day methods, including
microfilming, upon a.satisfactory showing that
such document has been disseminated or otherwise
made available to the extent that persons in
terested and ordinarily skilled in the subject
matter or art, exercising reasonable diligence,
can locate it and recognize and comprehend
therefrom the essentials of the claimed inven
tion without need of further research or experi
mentation." (Emphasis added)

I.C.E. Corporation v. Armco Steel Corporation, 250 F. Supp. 738.

743 (1966).

(b) Availability to the Public
by Sale or Without Charge

The "publication" of a printed work also occurs when

copies of the work are first accessible to the public, by purchase

or without cost. In the above-cited case of In re Tenney,

Frank & Knox, 254 F.2d 619, 628. 117 USPQ 348. '355 (C.C.P.A •• 1958).

in .a concurring .opLnd.on , Judge Rich 'stated his view of .the law to

be tha c-.-
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!lHhen a book .has been printed and copies
are available for delivery, an advertisement
offering it for sale would bring about its
'publication' even before any copies are
actually sold."

In its majority opinion in that case (at 254 F.2d 624), the Court

stated--

"The essence of all vie have quoted is that, in
consideration for the patent grant, something
must be given to the public which it did not
have before (Albeit that the enjoyment of this
'something' may be postponed for seventeen years).
If the public is already possessed of that 'some
thing', or if it is accessible to the pub1 ie,
there is a failure of consideration and no patent
may be granted. II

Explaining what "accessible to the public" means, the Court stated

further (at 254 F.2d 626-627)--

"But though the law has in mind the probability
of public knowledge of the contents of the publica
tion, the law does not go further and require that
the probability must have become an actuality. In
other words, once it.has been established that the
item has been both printed and published, it is
not necessary to further show that any given number
of people actually saw it or that any specific number
of copies have been circulated. The law sets up a
conclusive presumption to the effect that the. public
has knowledge of the publication when a single printed
copy is proved to have been so published. See Evans
v. Eaton, 1818, 3.Wheat. 454, 514, 4 L.Ed. 433; Curtis,
Law of Patents, pp. 500-03 (4th ed. 1873)." (Emphasis
added)

The Tenney case, supra, is consistent with the law as

previously stated by other courts. and text writers over the years.

Thus, as far back as 1884, when the substance of the present statute

on this point was also in force, the Court specifically stated in
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Cottier v. Stimson (cited and quoted at p. 37, supra) that--

"exposure of printed matter for sale :LS
enough to constitute a printed publica
tion," [Quoted from Walk. Pat. 56]

and that, in the Court's own words--

."Publication means put into circulation
or on sale*-;'*." (Emphasis added)

No contrary decision throughout the history of the United States

Patent System has been found.

Clearly, if it is enough that copies of printed material

be "on sale" or exposed "for sale", availability to the public is

still greater where, as here, such printed matter was known to be

available without charge and had frequently been so supplied on

request.

Summary

Summarizing the facts and the law affecting the Isbell

patent in suit, as presented above, each of two independent, but

simultaneous occurrences constituted legal "publication" of PX-4

by April 30,1959. Those occurrences were: (1) the "Local Library"

copy was available to the public ina repository for technical

publications that was both used as a "library" and called a "library",

and that was clearly established and operated to perform the

function of a "library," and (2) "extra ,copies" of the publication

were available for sale or free distribution, with public knOWledge
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o£ this availability. That publication, and others of similar

character were made accessible to the public in both of those ways

with the clear intent to make the fruits of the University research

available to all.

While both of those two occurrences independently con-

s t Lt.uted legal "publication" by April 30, 1959, it is also evident,

that the same physical organization under the supervision of the

same individual" Miss Marjorie Johnson, made the publication PX-4

available both through its library reference and loan facility

and through the Publications Office facility for furnishing copies

of the publication for sale or at no charge. Thus, that same

physical organization actually performed more than the normal

functions of a library in making possible and facilitating both

modes of making the publication accessible to the public.

By all of the standards derivable from pertinent court

decisions and other recognized authorities, the publication PX-4

was legally "published" on or before April 30, 1959, and was so

considered by the .University of Illinois, itself, in the nearly

contemporaneous report PX-27. Since PX-4 clearly described the

alleged invention of the Isbell patent in suit and was published

·1

more than a year prior to the application for the patent, that

patent must be held invalid under the provisions of 35U.S.C. 102(b).
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II.A.

MAYES E1 AL.REISSUE PATENT NO. 25,740
. INVALID UNDER 35 U.S.C. 102 (f) BECAUSE

M.JI,.YES ET AL. DID NOT THEMSELVES INVENT
THE SUBJECT MATTER THEREOF AS REQUIRED .
BY 35 U.S.C. l02(f) .

This ground for invalidity of the Mayes et al. reissue

patent in suit (PX-B), summarized in Part II.A. of the foregoing

Synopsis, will now be fully presented with detailed reference to

the facts, the supporting documents, and the applicable law. The

absence of any genuine issue of material fact and invalidity of the

patent as a matter of law will clearly appear from this presenta-

tion.

The Evidence

The controlling facts upon which this ground of the

motion is based are contained in the deposition (PX-F) of Paul E.

Mayes and the "RECORD OF INVENTION" (PX-15) signed by both Paul E.

Mayes and Robert L. Carrel and identified by Mayes in his deposition..

The University of Illinois report, PX-4, on which Part I

of this motion was primarily based and another report, PX-17, are

also relied upon to confirm the priority of the work of Isbell

over that of Mayes et al.; and portions (PX-34) of a 1943 radio

handbook are relied upon merely to demonstrate what had long been·

known in the art about the design and operation of V:-dipoles.
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The significance of the controlling facts, so established

for the purposes of this motion, and the immateriality of any

additional facts that defendants might conceivably assert in re

sponse thereto, will be better appreciated as they are developed

below if the specific question of law to be decided is first

briefly explained.

The Specific Question of Law Presented

As summarized in the background discussion above (pp. 20

21) and as documented in more detail in the ensuing development

of the uncontested facts, the only departure from the prior

invention covered by the Isbell patent in suit (PX-A) that is

disclosed in the Mayes et al. original and reissue patents is the

mere substitution of known V-dipoles for the straight, simple

dipoles of Isbell; such substitution of V-dipoles was suggested to

Mayes and Carrel by Mr. E. M. Turner of Wright Air Development

Center; and such substitution of V-dipoles gave to the antenna only

the expected and w~ll known operation over a number of additional,

higher, harmonic, frequency ranges'. Thus, the only departure· from

the prior Isbell invention was the substitution suggested by

Turner; the inherent results of such substitution were well known,

and expected; and nothing was left as a possible contribution by

Mayes and Carrel but a recognition of those well known and expected

results.
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The specific question of law presented is whether or not

Mayes and Carrel made an invention entitling them to patent the

identical structure suggested by Turner merely because they

recognized and verified the inherent, well known,' and expected

results obtainable with that structure. That they were not entitled

to do so is supported by all known authorities dealing with similar

or comparable fact situations, as will be pointed out below follow-

ing a more detailed presentation and documentation of the facts.

Uncontested Facts

The alleged invention of the Isbell patent in suit

was described in a printed report by the University of Illinois

(PX-4) that ~as dated "31 March 1959" on the title page and signed

thereon by Mayes, himself, and that was published April 30, 1959,

as established in Part I of this motion and, in any event, by the

admitted mailing of that report by May 5, 1958, to the entire

distribution lLst filling the last five and one-half pages of the

report. (Stipulation, PX-C, par. 10). That alleged invention was

necessarily made sometime prior to the description thereof in

the "31 March 1959" report, PX-4.

The later dates and the place of making the alleged

V-dipole invention of the Mayes et al. reissue patent in suit are

detailed in a "RECORD OF INVENTION" (PX-15), over the signature of

both Mayes and Carrel.* That document, in the items numbered 9-11,

* Produced by the Foundation defendant and identified by Mayes
(Mayes dep., PX-F, p. 113, line 2, to p. 114, line 5).
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13, aud 15 on the first page thereof, fixes the date and place of

making the invention between June 11 and June 23, 1959, at the

Antenna Laboratory of the University of Illinois. By specific

reference thereto in items 19 and 20 on page 2 thereof, that docu

ment also refers to the related, prior, invention of the Isbell

patertt in suit and to its description in the University of Illinois

Antenna Laboratory Technical Report No. 39 (PX-l7) of "1 June 1959"

(title page) or "10 .June 1959" (front cover). On its face, PX-17 in

cludes every detail of the Isbell patent disclosure. It became a

"publ Lcaufon" at least by September .21, 1959 (Stipulation, PX-C,

par. 11).

Mayes admitted in his deposition (p. 7, line 19, to p.·8,

line 5), that he was familiar with the work on which the Isbell

patent in suit was based at the time that work was going on and

with the records of that work as they were prepared.

As shown by item 9 on page 1 of the "RECORD OF IN"VENTION"

(PX-15), the first occurrence leading to the alleged invention of

the Mayes et al. patent in suit was a question, asked by Mr. E. M.

Turner of Wright Air Development Center, "if the angle of dipoles

·on a log-periodic dipole array had been used as a design parameter."

Mayes stated his understanding that, in asking that question,

Mr. Turner "was referring to moving the dipole arms of the simple

dipoles in antennas of the type disclosed in the Isbell 767 patent

(PX-A), forward-1y so that they would be in effect a V-dipole"

(Mayes dep., PX-F, p. 114, line 6, top: 115, line 20). Mayes

further testified that he understood that Mr. Turner's suggestion
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had reference only to operation of the antenna on the fundamental

one-vhaLf wave mode; that it would have been apparent prior 'to that

time to anyone familiar with V-dipoles and their operation that

this would not improve the gain and would detract from the directiv-

ity on the one-half wave mode operation; but that, nevertheless,

Mayes and Carrel tested an antenna of the Isbell type after V'ing
, '

the elements forwardly and verified that there was no significant,

difference in operation on the one-half wave mode of operation

(Mayes de p , PX-F, p. 116, line 7,to p.ll7, line 15). Mayes then

testified further that they took a similar antenna and tested it

on higher modes of operation; that the gain was increased and the

directivity was sharper than when using the Isbell antenna on the

half-wave mode; that, as was well known prior to June 1959, the

same Lmprovement; was obtained with V-dipoles generally; and that

such improvement from substituting V~dipoles in the Isbell antenna

resulted "as expected" (Mayes dep. PX-F, p. 117, line 16, to

p. 120, line,24)~

Finally, Mayes testified (consistently with the clear

disclosure of the Mayeset al. patent in suit*), that, the prior

antennas of the Isbell patent and the V-dipol~ antennas of Mayes

e t al. reissue patent "are LderitLcaI" other than for the smaller

* PX-B, col. 1, lines 40-55; col. 2, lines 44-49; and col. 4,
lines 9-21, the first of these citations being quoted in full
at p. 20, supra.
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included angle betWeen the two elements of each dipole in the

V-dipole antennas of the Mayes et al. patent.

The suggestion of using V-dipoles necessarily required

some determination of the proper included angle to be used between

the diverging arms or elements of each V-dipole. How to determine

this parameter of the design of the V-dipole form of the antenna

appears at column 3, lines 19-34 with the general suggestion

that it range from "about 11lfo for the [three] half-wavelength

mode to about 62 0 for the 9/2 wavelengths mode."* However,

essentially that same range of V-angles would have been implicit

to one skilled in the art from the mere suggestion of using V-

dipoles and is clearly the only parameter data for such an antenna

that Mayes could have compared with "some of the references of

previous literature," as he stated in his deposition (PX-F, p. 117,

line 22, to p. 118, linen.

* Omission from the patent of the word "three" enclosed in brackets
in this quotation is an obvious typographical error in the
patent. As Mayes testified (Mayes dep., PX-F, pp. 50, 116-117),
any Veeing of the dipole arms is disadvantageous for operation
in the half-wavelength mode,for which one would use the
straight dipoles of the Isbell patent in suit, but that the

. improvement in operation occurs when .the V-dipoles are "1.5
times the wavelength, i.e., three half-wavelengths). See
Finneburgh. affidavit, PX-G, par. 16 •
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At least as early as 1943, handbook information gave

essentially the same V-angle .inforll'.ation, as is evidenced by the

"Radio Engineers'Handbo9k" by Frederick Emmons Terman (1943)

pp. 788 and 807-808 (PX-34). As explained in the F'inneburgh

affidavit (PX-G, par. 15-16), use of that handbook information to

determine the included angles for diverging arms of V-dipoles for

3/2 wavelengths mode operation and for 9/2 wavelengths mode operation

would result in selecting, respectively, a little less than 120 0

(corresponding -closely to the 114'° in the Mayes et al, pacen t ) and a

little less than 70° (corresponding closely to the 62° in the Mayes

et al. patent). !hus, selection of the appropriate V-angle in

accordance with the disclosure of the Mayes et al. patent in suit

involved only.normal, well known, engineering practice that would

have been employed by anyone skilled in the art in following Turneris

suggestion of using V-dipoles.

Summarizing the controlling fac t s ; it is clear beyond

dispute that Turner suggested the use of V-dipoles in place of the

straight dipoles of the Isbell patent in suit, although he may have

had in mind only half-wave mode operation. Mayes and Carrel merely

tested the resulting V-dipole antenna on higher modes and verified

that the previously well known and characteristic operation of

V-dipoles resulted as! one skilled in the art at that time would

have expected; .and the V-angles disclosed by Mayes et al. for use

for that purpose were only thoseth~t had been customarily employed

in the prior art for the same purpose.
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Thus, the particular antenna structures that are

claimed in the Mayes et al. reissue patent in suit are only what

were suggested by Turner; the design parameters employed were only

those earlier taught by Isbell plus what was common practice in

the prior art when using V-dipoles; and the mode of operation was

only what was expected from the then well known operation of the

Isbell antennas. and of the prior artV-dipoles~ Accordingly, there

remains only the legal question of whether Mayes and Carrel them-

selves made an invention, if any is disclosed in their patent in

suit,or merely derived the idea from another and added nothing

patentable to it, so as to be barred from the right to a patent by

35 U.S.C. 102(f).*

The Law on Derivation of .the
Patented Invention from "Another"

An application of the law on patentability of inventfons

to the particular fact situation existing in this case may best

be taken in two steps. It is first necessary to recognize what

should be an obvious principle of law, i.e., what Turner admittedly

suggested to Mayes et al. could not have been the invention of

V~yes et al. That principle of law may have been first stated by

the courts in the historic case of Stearns v. Davis, 22 Fed. Cases

1182, Fed. Case No. 13,338 (C.C., Dist. of Col" 1859). The

* Quoted in first footnote,p. 5, supra.
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principle has never been better stated than in the headnote of the

report of that case (fully supported by the opinion), which reads:

"One who receives a 'suggestion' of a machine from
another, and promptly reduces it to practical use, is
not an inventor, and will acquire no right by reason
of any laches of the original inventor in perfecting
his inventi on. If the la t'ter forfeits his rights, the
forfeiture will be to the public. 1I

The foregoing was, perhaps, the first authoritative

statement of the law of ','originality" or "derivation" that

necessarily follows from the .Constitutional provision for granting

patents only to "Inventors," not to those who derived their ideas

from others. Some 16 years later, the same thing was stated, in

substance, by the Supreme Court in the noted case of Smith v.

Nichols, 88 U.S. 112,22 L.Ed. 566 (1875). In the words of the

Supreme Court (22 L.Ed. at p. 567)--
!

"A patentable invention is a mental result.
It must be new and shown to be of practical utility.
Everything within the domain of the conception be-

e longs to him who conceived it. The machine, process
or product is but its material reflex and embodiment."

The Court then explained that one may improve on the prior

invention or idea of another and patent the improvement. However;

it also pointed out that the improvement must itself amount to an

invention in order to be patentable over the prior idea. Here

Mayes et al. patented the precise structure conceived and suggested

to them by Turner and which was necessarily "within the domain of"

and "belongs co" Turner "who conceived it."
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The samE! principle was applied a few years later by the

Supreme Court in the equally well known case of Atlantic Works v.

Brady, 107 U.S. 192, 27 L.Ed. 438 (1882). In that case, the Court

first sought in vain for any inventive difference of Brady's

claimed invention from the prior art, Then (at 27. L.Ed. 442) it

detailed how, in any event, "Brady derived his whole idea from

the suggestions of General McAlester" and concluded, for that·

additional reason, "that the patent sued on cannot be sustained."

Such "derivation" or "originality" questions most fre-

quently arise in patent interferen<;es between rival.inventors in

the Patent Office. Thus, in the case of Barba .v. Brizzolara,

104 F.2d 198, 202-203, 41 USPQ 749, 752-753 (C.C.P.A., 1939), the

Court found that the basic idea was derived by the appellant from

the appellee and that the particular detail of construction employed

by the appellant could have been worked out by one skilled in the

art (for example, the included angle of the V-dipole arms, which is

not even mentioned in most of the claims here in suit). Accordingly,

the Court held the appellee to be the inventor, not the appellant

who had merely used the skill of the art in producing an operable

structure. See, also, Finch v. Dillenback, Jr., 121F.2d 459, 466,

49USPQ 731, 738 (C.C.p.A., 1941).

As the Court of Customs and Patent Appeals explained

more fully in :\pplegate et al. v , Scherer et aI., 332F.2d 571,

141 USPQ 796, 798-799 (1964)--

"An originality or derivation case, which this is, is quite
unlike a case involving independent inventors, between
whom true 'priority' must be decided.
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"Appellants seem to propose that there cannot
be a conception of an inv~tion of the type here
involved in the absence of knowledge that the in
vention will work.' Such knowledge, necessarily,
can rest only on an actual reduction to practice.
To adopt this proposition would mean, as a practical
matter, that one could never communicate an invention
thought up by him to another who is to try it out,
for, when the tester succeeds, the one who does no
more than exercise ordinary skill would be rewarded
and the innovator would not be. Such cannot be
the law. A contrary intent is implicit in the
statutes and in a multitude of precedents.",

Clearly, on the authority and reasoning of the above cases,

Mayes et al. did not themselves invent the structure claimed in'

their patent, which was suggested to them by Turner. In that

connection, the facts of those cases and of the present case must

be distinguished from the many cases reaching the opposite result

because the one making the suggestion did not suggest enough for

,one having ordinary skill in the art to make a complete and

operative device. In the present case, Turner suggested precisely

what Mayes et al. disclosed, namely, the prior Isbell antenna

modified only by substituting V-dipoles for straight dipoles.

What V-ang+e to use for any higher harmonic mode operation above

the'half-wave mode for which the Isbell antennas had been designed,

being handbook, information at least since 1943, was clearly

implicit in the mere suggestion -of ,the use of the well known

V-dipoles.
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The next step is to deal with what Turner did not suggest

to Mayes et al., namely the use of the proposed V-dipole forms of

the Isbell antennas on the 3/2 wavelengths and higher harmonic

modes, which produced higher gain and sharper directivity (some-

thing which Turner may not have appreciated). The authorities

are uniform in holding that when one merely makes a new or extended

'use of an old device, he is not, entitled to a patent on the device

itself, which he did not invent.

The last cited principle may have had its first clear

statement in Roberts v. Ryer, 91 U.S. 150, 157, 23 L.Ed. 267, 270

(1875), in which the Supreme Court more specifically stated--

"It is no new invention to use an old machine
for a new purpose. The inventor of a machine is
entitled to the benefit of all the uses to which
it can be put, no matter whether he had conceived
the idea of the use or not." (Emphasis added)

In that case, comparing the claimed :'machine of the Sanford patent

in suit with the prior Lyman machine, the court continued--

"There was no change in the machine: It was only
put to a new use., If there was any change of con
struction suggested, it was only to increase it~

capacity for usefulness''<*,'<Clearly', we think, there
fore, the invention of Sanford was anticipated by
Lyman and his patent is, on that account,void."

The logic of the decision in Robe.rts v. Ryer is, clear

and has constituted the cornerstone of a host of subsequent

decisions involving countless variations of the particular facts

involved in tha-t case.' However, a comment seems warranted on a

related principle of patent law codified in the 1953 Patent Act,
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namely, that "a. new use of aknown***machine" is embraced by the

term "process" [35 U.S.C. 100(b)], and that "Whoever invents or

discovers any new and useful process*~~may obtain a patent therefore,

subject to the conditions and requirements of this title." [35

U.S.C. 101]. The distinction between the principle of Roberts v.

Ryer and the quoted portions of 35 U.S.C. 100(b) and 101 is simply

this: One who merely puts an old machine to a new use, or uses it

in a different way, or for a new purpose, if his conception is

inventive in character ("unobvious"), is entitled to patent his

conception as a "new and usefulprocess lf by the terms of 35 U.S.C.

100(b) and 101. However, where there is no change in the construc

tion of the machine, or any change made in the machine is not

inventive, neither the machine nor its inherent functions is new

and one who conc~ives only the new use for the machine is not

entitled to claim the machine itself, as his invention, or to

patent it, though he may be entitled to patent, in terms ofa

"process," the particular new steps or operations involved in the

new use.

Thus,' here, the claims of the Mayes et al. patent in suit

improperly cover precisely the device that Turner suggested to Mayes

et al., namely, the dipole antennas of Isbell modified only by

substituting for Isbell's straight dipoles ,the well known V-dipo1es

of the prior art "(even including the same V-angles for particular
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higher modes of operation that were handbook standards in the prior

art use of such V-dipoles).

The principle that discoverJng a new use for an old device

does not entitle one to a patent on the old device, whether or not

the new use was previously known, was re-emphasized again in 1892

in another historic case, Ansonia Brass & Copper Co. v. Electrical

Supply Co;, 144 U.S. 11, 36 L.Ed. 327, 329, citing and repeating

the above-quoted language from Roberts v. Ryer.

This has been the law ever since. Thus, in General

Electric Co. v. Jewel Incandescent Lamp Co., 326 U.S. 242 (1945),

the Supreme Court said (at p. 249)--

"Where there has been use of an article or the
method of its manufacture has been known, more
than a new advantage of the product must be
discovered in order to claim invention. See
DeForest Radio Co. v. General Electric Co.,
283 US 664, 682, 75 Led 1339, 1347, 51S Ct
563. It is not invention to perceive that the
product which others had discovered bad qualities
they failed to detect. See Corona Cord Tire Co.
v. Dovan Chemical Corp. 276 US 358,369,72 Led
610, 614, 48 S Ct 380."

Still more recently, this Court restated ,the principle

and repeated the first part of the above quotation from General

Electric v. Jewell. Armour Research Foundation of Illinois

Institute of Technologyet al. v , C. K. Williams & Co., Inc.,

170 F.Supp. 871,884,121 USPQ 3,13, (D.C., N.D. Ill., 1959);

affirmed, 280F, 2d 499.
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The same' principle has been applied by the Court of

Appeals of the Seventh Circuit in, the type of situations involved

in the Ansonia case, supra, B.&M. Corp. v. Koolvent Aluminum

Awning Corp. of Indiana, 257 F.2d 264, 267, 118 USPQ 191, 194 (1958).

Armour & Co. v. Wilson & Co.; 274 F.2d 143, 150, 124 USPQ 115,

120-121 (1960), citing 85 U.S.C. 102(f) on which this part of this

motion is based •.'

Summary

In claiming only the V-dipole form of Isbell's log

periodic antennas and the inherent functions or properties thereof

when operating at higher harmonic frequencies, the Mayes et al.

patent covers the precise antenna structure suggested to them by

Turner. By the first principle of law discussed above, it is

clear that such structure, per ~ could not be the invention of

Mayes et al.; and by the second principle of law discussed above,

it is equally clear that such structure waS not rendered patentable

to Mayes et al. by their concept of using it at higher frequencies,

whether or.not Turner knew that it could be so used ,or appreciated

the advantages of doing so.

The factual premises upon which these legal conclusions

are based, being admitted by Mayes in his testimony and by Mayes

and Carrel in their Invention Record (PX-15), their patent is

necessarily invalid as a matter of law, and no other facts which

defendants might conceivably a l.Legevcoul.d alter this final legal

conclusion.
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reissue patent in suit (PX-B) ,summarized in Part ILB •. of the
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MAYES ET AL. REISSUE PATENT NO. 25,740
UNENFORCEABLE FOR "UNCLE~ HANDS" OF THE
FOUNDATION DEFEl\TDANT, WHO FURNISHED THE
PATENT OFFICE WITH DECEPTIVE k\TD MIS
LEADING EVIDENCE IN PROCURING THE PATENT

This ground for unenforceability of the Mayes et al:

'.

foregoing Synopsis, will now be fully presented with detailed

reference to the facts, the supporting' documents', and the applicable

enforceability of the patent as ama,tter .of law will clearly appear

The controlling facts upon which this ground of the

motion is based are contained in the file history (PX-29) of the

Mayes et al. original patent and the file history (PX-30) of the

Mayes et al. reissue patent in suit; the University of Illinois

xeport;s PX-4 and PX-17, which disclose the Isbell invention;

the Stipulation PX-C as it refers to those two reports; the deposi-

tion (PX-F) of Paul E. Mayes; and the "RECORD OF INVENTION" (PX-15)

signed by both Paul.iB; Mayes and Robert L. Carrel and identified

by Mayes in his deposi~ion.

The significance of the controlling fac::ts,so established

for the purposes. of this motion, and the immate,riality of any

additional facts that defendants might conceivably assert in

response thereto, will be better appreciated as the controlling
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fqcts are developed in detail below if the specific question of

to be decided is first briefly explained.

The Specific Question of Law Presented
,

As explained and documented in Parts I and II.A. of this

memorandum (pp. 34 to 36, and 46 to 47, supra), the log periodic

dipole antennas of the Isbell patent in suit (PX-A) were described

in the reports PX..4 and PX-17 prior to any conception of the subject

matter of the Mayes e1;:al. reissue,patent in suit, and those reports

were both published more than one year prior to the first application

of Mayes et a L, for a patent on that subject matter. It is evident

that, if this was not known to the Foundation defendant, it should

have been so known and could have been readily ascertained by it.

Despite those facts, when" the Patent Office cited another

article describing the prior Isbell antennas and published prior to

the first Mayeset al. application, but less than a year prior, the

applicants filed an affidavit by Mayes to eliminate' that publication

from consideration as a reference against them. Admittedly, that

affidavit wasfile~ to establish that Mayes et al. made their

alleged invention prior to the publication date of that particular

cited article, so as to eliminate the article from consideration

as prior art, but said nothing about the fact that the same in-

f()rmation had been earlier published in PX-4 and PX-17. Yet, those

two earlier publications, if known, could not have been eliminated

from consideration because they had, both been published more than

one year prior to the first application for the Mayes et a1. patent.
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Based on those .fac t.s ; the specific question of law

presented is the right of the Foundation defendant to enforce the

patent (or the reissue patent in suit that·replaced it) which was

procured by misleading the Patent Office in that manner, inducing it

to withdraw a rejection of the Mayes et al. claims based on the

prior work of Isbe~l, and securing the Mayes et al. patent and

subsequent reissue thereof without the prior art work of Isbell

ever again being considered by the Patent Office. That the

Foundation defendant is not entitled to enforce the Mayes et al.

re~ssue patent in suit after such deception was employed in .

procuring the patent, is supported by the most fundamental principles

of equity and by a series of Supreme Court decisions rendered over

.the last 23 years.

Uncontested Facts

The Mayeset al. original and reissue patents, by their

express terms and as confirmed by Mayes (PartILA., pp. 48-49,

supra), are directed to log periodic dipole antennas of the type

described in a patent application of Dwight E; Isbell, Serial No.

26,589, filed May 3, 1960,* and differing only in the use by Mayes

et al., of "V-shaped elements" instead of the straight dipoles dis-

. closed in that Isbell application. However, the Mayes et a l ,

original and reissue patents and the applications on which they were

based did not state that the work of Isbell was completed or known

to Mayes et al; before they made their alleged V-dipole invention

(see Mayes et al. reissue patent, PX-B).

* .See application Serial No. and filing date given in the heading
of the Isbell patent in suit, PX-A.
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The application for the Mayeset al. original patent

was filed September 30, 1960 (see headingqf that patent, PX-B).

During the prosecution of that application, the Patent Office re-

jected the claims thereof on a May, 1960, publication* of an

article by Isbell entitled "Log Periodic Dipole Arrays, It in view'

of a previously cited patent to Rowland (file history, PX-29, p. 30).

Prior. to the conception by Mayes et al. of their V-dipole

modification of the Isbell antennas, the development work by Isbell

had been completed and described in the reports PX-4 and PX-17,

and those reporcs were published more than one year prior to the.

application for the Mayes .et al. original patent (Part ILA.,

pp. 46-47, supra). Moreover, Mayes was familia'r with the work of

Isbell at the time it was going on and with the records of that work

as they were prepared (Part ILA., p. 47, supra).'

Mayes, .himself, was familiar with the requirement that

an application must be made within one year of the date of publica

tion of the invention thereof (Mayes dep.,.PX-F; p. 173). As

Associate Director of'the Antenna Laboratory of the University of

Illinois, it is inconceivable that Mayes did not have knowledge of

the fact.of the early publication of PX-4 and PX-17 at the time he

executed his affidavit, as counsel for the Foundation defendant

conceded (Mayes dep., PX-F, p:177, lines 5-9).

* IRE Transactions on Antennas and, Propagation, May, 1960,
vol. AP-8, No.3,. pp. 260-267.'
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Yet, Mayes et al. responded to the above-mentioned

rejection of their application by filing in the Patent Office an

affidavit by Mayes and an attorney's argument asserting and docu-

menting completion of their V-dipole development prior to the May,

1960, date of the cited IRE publication and prior to the May 3,

1960, filing date of the Isbell log periodic dipole application.,

That was done without disclosing or suggesting the much earlier

publication of the reportsPX-4 and PX-17 or the priority of the

work of Isbell. Counsel's own argument to the Patent Office stated

that Mayes was "fut.Ly and completely familiar with***Mr. Isbell's

work," and the same counsel had previously filed and were still

prosecuting the Isbell application.* Nevertheless, as stated in

their argument accompanying the Mayes affidavit, it was filed for

the purpose ofiemoving both the IRE publication and the Isbell

application from consideration as prior art against Mayes et al.

(file history, PX-29, pp. 31-43) The necessary (but untrue)

implication of the affidavit and argument was that Mayes et al.

knew of no other facts making Isbell's work prior art against them.

The fact that the Isbell work had been published much

earlier in PX-4 and PX-17 and more than a year before the original

application of Mayes et al. should·have prevented any such removal

of Isbell's prior work from consideration as prior art against

* Isbell file history, PX-36~
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Mayes et al., by the express terms of the Patent Office Rule* under

which the Mayes- affidavit was filed.

The contents and prior publication of PX-4 and PX~17

by the University of Illinois must have been known to Mayes.

Admittedly (see PX-15), he knew all about the priority of the

work of Isbell, in any event. And all of that knowledge by Mayes

was, at least readily available to the Foundation defendant and

its counsel.

Thus, either the filing of the Mayes affidavit was a

deliberate effort to deceive the Patent Office as to the proper

status of the .. Isbell work as prior art, or that affidavit was filed

with a reckless and irresponsible disregard of the fact that the

prior work of Isbell was a part of the prior art. That such prior

art was material to the issue of patentability of the claims of

the Mayes et al. application is evident from the Examiner's

reliance upon that prior art in rejecting those claims. It is

also evident from the fact that Mayes etaL took steps to remove

that prior art from consideration by the Patent Office, rather

than rely on an argument that it was not material.

* Section l.13l [Rule 131 (a) ] of the "RULES OF PRACTICE IN PATENT
CASES AS AMEN1>ED TO AUGUST 23, 1954 [35 U.S.C.A., pp , 685-6]
provides for the filing of affidavits to overcome cited pub
lications _"unless the date of such'l'dd<printed publication be
more than one year prior to the date on which the application
was filed in this country." Having filed the Mayes affidavit
under the provisions of this rule,counsel for Mayes et aL
must have known of its limitation as herein quoted.
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The Patent Office, having thus been misled by the Mayes

affidavit, expressly accepted it for the purpose for which it was

offered, withdrew the rejection of the Mayes et al. claims on

th7cited IRE. publi~ation, and concurrently allowed the first seven

claims of the application, which became the first seven claims of the

Mayes et al. original and reissue patents (file history PX-29, pp.

44-45). In due course, the remaining claims thereof and the

additional claims of the Mayes et al., reissue patent were allowed

by the Patent Office without ever again citing the prior Isbell

work as pertinent prior art. (File history, PX-29, page 46 to the

end; reissue file history, PX-30, in its entirety).

The Applicable Law

In Hazel~Atlas Glass Company v. Hartford-Empire Company,

322 U.S. 238 (1944), the Supreme Court clearly established the

principle of law tpat "fraud" in obtaining a patent for an inven

tion requires a complete denial of relief to the patentee against

a claimed infringement. As the court stated (at p. 246)--

"This inatter does not. concern only private. parties •.
There are issues of great moment to the public in a
patent suit. [citing prior decisions]. Furthermore,
tampering with the administration of justice in the
manner indisputably shown here involves far more than
an. injury to a single litigant. It is a wrong against
the institutions set up to procect and safeguard the
public, institutions in which fraud cannot complacently
be tolerated consistently' with the good order of society. ".
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As regards the extent, if any, to which the wrongful acts

committed in procUring the patent actually influenced the granting

thereof, the court stated (at p. 247)--

"Doubtless it is wholly impossible accurately to
appraise the influence that the article exerted on
the judges. But we do not think the circumstances
call for such an attempted appraisal. Hartford's
officials and lawyers thought the article material.
They conceived it in an effort to persuade a hostile
Patent Office to grant their patentapplication~~*.

They are in no position now to dispute its effective
ness."

As to the particular relief to which a defendant is en-

titled when sued on a patent So procured, the court had this to

say (at p •. 250)--

"Had the District Court learned of the fraud on the
Patent Office at the original infringement trial,
it would have been warranted in dismissing Hartford's

·case. In a patent case where the fraud certainly
was not more flagrant than here, this court said:
'Had the corruption of Clutter been disclosed at
the trial***, the court undoubtedly would have been
warranted in holding it sufficient to require dis
missal of the cause of action there alleged for
the infringement of the Downie patent.' [citing
cases] The total effect of all this fraud, practiced
both on the Patent Office and the courts, calls for
nothing less than a complete denial of relief .to
Hartford for the' claimed infringement of the patent
thereby procured and enforced."

Shortly after its decision in the Hazel-Atlas case, in

Precision Instrument Manufacturing Co. v. Automotive Maintenance

Machinery Co., 324 U.S. 806 (1945), the Supreme Court clarified the·

kinds of misconduct that fall within the rule of Hazel-Atlas.. . .
In the later.':case, the court explai~ed that it is the "unclean

hands" maxim of equity that constitutes the guiding doctrine, and
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that anyone "tainted with Lnequf.tabLenes s or bad faith relative

to the matter in which he seeks relief" must be denied that relief.

More specifically, in that regard, the court stated (at p. 815)--

"Accordingly one's mf.sconduct; need not necessarily
have been of such a nature as to be punishable as
a crime or as to justify legal proceedings of any
character. Any willful act concerning the cause
of action which rightfully can be said to trans
gress equitable standards of conduct is sufficieht
cause for the invocation of the maxim by the
chancellor."

What is required."to transgress equitable standards of

conduct" and call for the denial of relief was further explained

by the court (at p. 818) as follows:

"We need not speculate as to whether there was
sufficient proof to present the matter to the
District. Attorney. But it is clear that
Automotive knew and suppressed facts that, at
the very least, should have been brought in some
way to the attention of the Patent Office>W'*.
Those who have applications. pending with the
Patent Office or who are parties to Patent
Office proceedings have an uncompromising duty'
to report to it all facts concerning possible
fraud or inequitableness underlying the appli-.
cations in issue. [Case citation] This duty is
not excused by reasonable doubts as to the suf
ficiency of the proof of the inequitable conduct
nor by resort to independent legal advice. Public
interest demands that all facts relevant to such
matters be submitted formally or informally to
the Patent Office, which can then pass upon the
sufficiency of the evidence. Only in this way
can that agency act to safeguard the public in
the first instance against fraudulent patent
monopolies. Only in that way can the Patent
Office and the public escape from being classed
among the 'mute and helpless victims of deception
and fraud. '" .
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In the most recent Supreme Court decision on this subject,

on writ of certiorari to the Court of Appeals of the Seventh Circuit

in Walker Process Equipment Inc. v. Food Machinery and Chemical

Corp ., 322 U. S. 172 (1965), the court cited its prior decisions in

the Hazel-Atlas and Precision Instrument cases fotthe proposition

that a person sued for infringemenimay challenge the validity of

the patent on various grounds, including fraudulent procurement.

Clarifying the breadth oftha,t rule, the court further stated

(at p. 176)-':'

"In fact, one .ne ed not await' the filing of a threatened
suit by the patentee; the validity .of the patent may be
tested under the DectaratoryJudgment Act, 28 U.S.C.

,'§2201 (1964 Ed.).",

Thus, the defense asserted here agai~st the Mayes et al. reissue

patent in suit applies equally well to plaintiff'sdedaratory

jUdgment suit,and, to the earlier suit by the Foundation with which

the declaratory judgment suit has been consolidated.

Summary

Summarizing, and applying the, principles of the three

Supreme Court cases reviewed above to the facts of the present case,

there can be no doubtthat--

1. The Mayes affidavit was filed in the application for
the original Mayes et al. patent at a time when all
parties concerned knew or should have 'known that the
prior work of Isbell preceded the work of Mayes et al.
and was known to Mayes et al. before they conceived
the subject matter of their own patent application.

2. Mayes and Carrel both knew of the prior report PX-17,
~hich most fully described the Isbell work, and to
which they referred in their invention record, PX-15.
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3. As counsel for the Foundation defendant acknowledged,
Mayes undoubtedly had knowledge of the fact that
both of the reports PX-4 and PX-17 that disclosed
the results of Isbell's prior work had been pub
lished more than one year befo~e the Mayes et al.
appl, ica tion. :

4. Mayes, admitted his own knowledge that publication
of the subject matter of a patent application more
than a year before filing it bars the grant of a
valid patent.

Thus,whether or not any particular individual involved

in the procurement of the Mayes et al. original and reissue,patents

knew all of the foregoing facts, it is evident that all'of those

facts could readily have been ascertained and that the Mayes

affidavit was filed either with knowledge of those facts or in a

, :1

reckless and irresponsible disregard for those facts. Clearly,

such conduct does not meet the standard required of parties engaged,

~n the procurement of patents from the Patent Office, as so clearly

prescribed by the Supreme Court in the Precision Instrument case

(p. 66, supra). That conduct was obviously "willful" and, since

it transgressed the equitable standards so prescribed, it "is $uf-

ficient cause for the invocation of the maxim by the chancellor'"

and a declaration, on this motion for summary judgment, that the

Mayes et al. reissue patent in suit is unenforceable and invalid.

CONCLUSIONS

L The Isbell patent, No. 3,210,767 (PX-A), is invalid

because the subject matter thereof was described in a,printed

publication (PX-4) by April 30, 1959, more than one year prior to

the May, 1960, date of application for the patent [35 U.S.C. I02(b)].
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2. The Mayes et al. reissue patent, No. Re. 25,740, is

invalid because Mayeset al. did not themselves invent the subject

matter thereof [35 U.S.C. 102(f)].

3. The Mayes et al. reissue patent, No. Re. 25,740 is un-

enforceable because it and the original patent upon which it was

based were procured by presenting the Patent Office with deceptive

and misleading evidence to the effect that the earlier work of

Dwight E. Isbell was not a part of the prior art, whereas it was

in fact a part of the prior art, was known to the applicants

before they made their alleged,invention, and had been described in

printed publications (that were not before the Patent Office) more

than one year prior to the date of the application for the Mayes

et al. original patent. Hazel-Atlas Glass Co. v. Hartford-Empire Co.

322 U.S. 238 (1944); Precision Instrument Manufacturing Co. v.

Automotive Maintenance Machinery Co., 324 U.S. 806 (1945); Walker
I

Process Eguipment,Inc. v. Food Machinery and Chemical Corp.,

322U. S. 172 (1965).

Respectfully submitted,

MASON, KOLEHMAINEN, RATHBURN & WXSS

PlaintiffOne of the Attorneys for
20 North Wacker Drive
Chicago, Illinois 60606
FInancial 6-1677OF COuNSEL:

John F. Pearne
William A. Gail
McNenny, Farrington, Pearne & Go~don

920 Midland Building
Cleveland, Ohio 44115
623-1040,
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IN THE u~ITZD STATES DISTRICT COURT
FOR THE NORTHE&~ DISTRICT OF ILLINOIS

EASTEK~ DIVISION

.

THE FIij'NEY COMPANy,
a partnership,

Plaintiff

v.

JFD ELECTRONICSCORPQRATION,
a co~porat~on, '

and

THE UNIVERSITY OF ILLINOIS FOU1~ATION,

a non-profit corpo~ation,

Defendants.

)
)
)
)
)
,)
)
)
)
)
)
)
)
)
)
)

CIVIL ACTION 'NOS.

,65 C 220

and

65 C 671

(Consl. )

STIPULATION OF FACTS
\

IT IS HEREBY STIPULATED ,Al-m AGREED by and between the

, 'parties to this cause, by, their undersigned counsel, that, for all

,purposes in this suit:

1. Printed copies, photostats,Xerox copies, photo

cop i.es, and' the like of'printed documents may be introduced and·
,



2. Copies of other papers and documents produced by any

of the parties in response to formal or informal discovery by an

adverse party may be introduced by such adverse party, and received

in evidence in lieu of the originals, and shall be accepted as

authentic papers and documents of the character indicated thereby,

subject to correction if discrepancies should later appear and to

. objection by any other party on any ground other than authenticity,

Respectfully submitted,

McNENNY, FARRINGTON, PEARJ:.l"E & GORDON

torneys for Plaintiff
20 Midland Building

Cleveland, Ohio 44115
623-1040 "

'. ':

... ,

MERRIAM,V.ARSP.ALL, SHAPIRO & KLOSE

B~&d;£;?1J1?"P .
Oneoi the Attorneys for Defendant
The University of Illinois Foundation
30 West Monroe Street
Chicago, Illinois 60603
FInancial 6-5750

OSTROLE1'J"K, FABER, GERE & SOFFEN

. ".,

.

of the Attorneys for Defendant
Electronics Corporation

10 East 40th Street
New York, Ne'tv York 10016
Murray Hill 5-8470
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IN THE m~ITED STATES DISTRICT COURT
FOR THE NORTRERN DISTRICT· OF ILLIKOIS

EASTElli~ DIVISION

TRE FINNEY COMPJll~Y, a partnership,

P j
::l -i'n'.... .;rf.:.cJ..c.o. ... J. \,. ...1... .l.,

vs ,

JFD ELECTRONICS CORPORATION, a
corporation,. and TPX UNIVERSITY OF
ILLINOIS FOilliDATION, a non-profit
corporation,

Defendants.

)
)
)
)
)
)
)
)
)
)
)
)

Civil Action Nos.
65 C 220

and
65 C er:

(Cons.)

AFFTDAVTT

STATE OF OHIO

COUNTY OF CUYAHOGA

)
) .SS:·
)

JO}lli F. PEAfu~E, being duly sworn, deposes and says that

the 'following pages are true and correct reproduc'tions of selected

portions of the deposition of Paul E. Villyes taken in the above-

. entitled 'suit January 17-19,1967, as heretofore filed with the

Court, except that corrections agreed upon by counsel and made in

the original transcript filed with the Court are shewn on the

. attached pages by longhand interlineations.

px-p

F. Pearne

this /.r.4 day of

. . ///C!-&.:.;y-~ t2f.t'-'-'fd &7
/A)/-'~ Notary Public

Subscribed and s~~'

1967.Aor"'l• J. ,
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SOMERECE~T RESULTS IN FREQUENCY
INDEPENDENT ~~TENNA RESEAFXH

*P. E. Mayes

I • EARLl', WORK

An antenna is said to be frequency independent if the principal charac

t e r i-s t i ca (radiation pattern and input impedance) change negligibly with'

frequency over a band which is limited only by the construction of "the

antenna' and if the band can be readily extended by adding to the structure

in a manner which is apparent from the structure geometry. This definition

is designed to distinguish t~e frequency independent antenna from that

which is loosely termed broad-band. The above definition serves to separate

the log-spiral and log-periodic antennas from the so-called broad-band an-

tennas of the past, spch as the biconical, and its flat counterpart, the

bow-tie. However, it was from these early broad-band types which followed

the angle concept as outlined by, Professor V. H. Rumsey that th~ development
1 2

of log-periodic antennas has proceeded. )

The troublesome thing about the bow-tie could be termed "end effect."

For, although this shape of triangular fins would have frequency independent

properties when extended to infinity, the truncation which is necessary in

the practical antenna produces a length in the defining parameters and this

length produqes variations in the rad~ation pattern. DuHamel theorized

that the end effect in a bow-tie might be elIminated if the energy could
, 2

be removed by radiation in the region between feed point and truncation.

This reasoning led to the first successful log-periodic antennas, with a

shape'which is shown in Figure 1. The serrations were designed to produce

the desired radiation. They were also designed to improve the chances

that the resulting structure would be frequency independent. First, the

shape is self-complementary; that is, if we consider t.hevou.t Lfned r-eg i on to

be a flat sheet of conductor, the open region between the elements has a

*Antenna Laboratory, Department of Electrical Engineering, University, of
Illinois, Urbana, Illinois.
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Figure 1 •. An early planar log~periodic stru~ture.
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shape which is identical to the shape of the conducting regiono When·such

a 58·li-complementary. stn:ucture is infinite; Babinet IS principle tells us

that the input impedance is constant at 189 ohms regardless of the frequency.

If the end, effect is truly eliminated by the serrations, the antenna will

appear infinite at the input terminals, and the impedance will be frequency

independent. Although it was later found that this was not a necessary

condition for frequency independent input impedance, it no doubt played an

.impo r t an t part in the success' of the first models.

The second general principle follows, from similitude, which has been

used for many years as a basis for testing antennas by using a scale model.

The shape shown in Figure 1 is such that the application of a certain scale

factor to this figure would result in the same figure except in the area

near the truncation of the large and small ends of the structure. Hence,

insofar -as the truncations are unimportant to the antenna performance, the

electrical characteristics of the antenna must be repeated at frequencies

which are related by the scale factor, which is usually called T. ·Since

the same results could be obtained by many successive applications of the

same' scale factor (when the truncation effects are negligible), the per

formance should repeat at, frequencies related by any integral power of

the scale factorT. This property of the geometry, that the electrical

performance should repeat periodically with the logarithm of the frequency,

was the motivation for the name IVlogari thmically periodic" or, I~log-periodicll

structures 0

The flat sheet metal antenna shown in Figure 1 produced a bi-directional

beam whi ch was linearly polarized with the electric vector parallel to the

teeth. This latter observation confirmed that it was the currents fLow Lng

on the serrations which produced the radiation and the triangUlar fin merely

acted as a transmis~ion line to, feed the radiating elements 0

Important,asthey.were, these first log-periodic antennas w~re not of

great practical usefulness. The principal drawback was the bi-di.rectional

characteristic of the radiationwhi.ch would naturally result from the

symmetry of a planar structure Q. ·For mos t applications, a uni-directior.~al

radiation pattern is preferable •. The obvious thing to,try, then, is to

spoil the symmetry of the structure in order to change the 'radiation pattern
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from a bi-directional one to a uni-directional one~ Figure 2 shows ,a log-

periodic antenna with elements tilted toward each other that was first
3

;nvestigated by Isbell. It indicates that the desired uni-directional

ra,diation was achieved, but; ins-tead of radiating in the direction of phase

progression of the current along the fin, the beam was produced in the

opposite d.l.rec t Lon -- that .is , toward the feed point" This ubackfire"

characteristic, has been found to be· inherent .in the operation of most

successful un.i:..".direc.±1onal frequency independent antennas .and will be di s-,

cussed further later"

The first development of wire outline 'vers'ions of log-periodic

antep.nas was done primarily by. DuflameL: and his co-workers at Collins
4 5

Radio.) Figure 3 shows some of the modifications which were made to

convert the first uni-directional ~og-periodic antennas into structures

which would be practical for applicatIons in the high frequency. commun i ca-.

tions band -- 6 to 30 megacycles •. Most of the conductor has been eliminated

from the elements leaving only a central boom .and the edges of the elements 0

The element shape has been changed' f rom circular arc t,o straight line 0 The

essential properties ~re retai~ed; however; due to the common scale factor

associated with ~the dimensions of any two adjacent elements"
6Anqther very practical form of the antenna was developed by. Isbell.

Although he proceeded along a different line of reasoning; the same result

is ach Leved if we apply s ever a I per turbat t ons to the antenna i'n; Figure 3.

If we let the element widths become small and then allow the angle between

t:p.e planes of elements to go to zero; the result is the familiar log-periodic

arr ay of dipole elements shown in Figure 4." The .pez-tur-bat.Lon just described,'

leads naturally to the transposed feeder line shown in,Figure 40

Rumsey has pointed out the common symmetry, p rope r ties in a, self-comple

mentary structure and the dipole array with transposed feeder.
l

It is

interesting to note that the shape of the f~rst log-periodic antennas wa·s

governed by a desire to obtain a self-complementary structure, and this

dictated the staggered location of the "teeth" on the antenna shown in

Figure 1. Although the perturbations in the structure o f Figure 1 which

lead to the dipole array of Figure 4 are rather severe, the symmetry is

maintained:f;:l1r0:\:!g!'lT the -use .Qi, th"e :t~nspc")·.s~d)2f""""<f,,,r·.:.)···
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Figure 2. The first unidirectional log-periodic
antenna showing the backfire beam.
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·• SCHEDULE

PAJ{T' I - STATBj\jEJl.ii OF WOR.K

A. TIle, Contractor ,51:'3011 ~ ~:ri t~1in the p0r1op of time setfo:rth in PA,R.7: IX
hereof, provide the nec8ssE,r:;;" pej:::"so:':1rl.(~l ~ facili,tie.'3 ~ ma t er t aLs and suppli<93 a.n.d
shall perr orm- antenna rGElsarch in aCCOrd:2JDCe wi th the following:

1. Att achmerrt I, dat?d 7 cJu.Jiy 1958, attached hereto and r.H~dfa a part
hereof~

B. Th e COI.1t:r'Z1,ctor shEdJL 1 asS'. re8vJ. t of the work accomp11~hi5d in e.cco:r dnnce
with the requirem0nts of Paragraph A abova~ and in acco~dance with the schedule set
forth in PART II h0reQf~ Bubmit the f?llowing ITEMS:

1. ITEM 1 - Monthly PTogreHo. Reports - 'in two (2) copies cont&ining a
,brief outline of the S'Cit"tU8 of the project and. a discussion bG&lring
upon the approach' to thQ.~ objectivez 13pec:ifil2tQ hifirein ~ includi:ng both
positive andn~gatiwe T~su~tB obtained dU~ing the reporting psriod.

2. XT:EM .11 -Quarterly Engiui':'o;1:"ing Reports -in rdn~ty (90) copies ~

one (1) c,9Pyof ,;whicl'l shall be in a !":epr-odu~lble form pre'p8.red in
accor-dance with ARDe Manua15-1 ~ oated June 2957 ~ f-l:n.n 7,~~.ingai3 a
gUide Exhibit VlCLR,519 s d.s.ted 8 Octobe'r 1957 s b()t~l :tnc,r'JY.'pox':;;,'Cr.::c by
rr2:f"fjrp.nC,3o /1.\ C{.Jl~)y 'CJi .:~1tt.:fj (;l,j"L'S:';;~\~:lJ');il.:r(;:'ll)D. :List mtn\ti~n1.€d L'J. PAR't:K:i
1J.l'2i1."C~;o:f GL"Jtl1..b(~ !:»i~:.J:({-:':!)~i;q'.'@:fl:~~~"C:~l,pi~f the !"$PO?t by tho' 'Cont!"2:l.ctor.

-,~.-: -- -'.. ,.-.,.',,~.. -, .... -," ~ .... " . .,'

her-eofby PART 1
set forth nerein onthe wOTk

r~",q1'iJlil""ed

~Qmmen~e performance of
sIlall d01iveT the items

ITEM X - Monthly P£'og:-{"r2.8:::~ Repurts ,... Tne', fi2""st report:'"sh.~111 be s'l..'ib-
n1i tced no late't' then 2;D O<ztobrar 1958 l,U\O each S1:lb.e8iOluent report sh:all
be'submitted'monthly thereafter fo~ the duration of the cont~act~

1.

A. The Contractor shall
or after 1 September 1958 and
accordance with the fol1owi~g

D. All !:te~r.is requi?ea hereig s~'ll8.11 ibJia2:.?

designated on the coverp~geDf this contractQ

PART

3. rl'EM XIX Final Eng!n®6l"':Ung Repo?'t ,- in ninety (90)copiei3 s on:& (1)
copy of which zhall be il~ 8. reproducible form prepared in' 2.cco;L·dan,ce
with ARDC Man_lJIal 5":"jL ~ ah1d using 8.9. a. g'Ui,~;eExhib,i t WCLR 5\9,. A copy
o~ the' dist~ibutjt0n. '}list !fHS'ntion,~d in PARlJ."' J[J[ hereof shall be 'bound
into each copy of the ?eport by the Contractor.

:1 c. The COl1t'I'8>cto!" sl"hl;.11 Pr'~p;:;':fe :1.'n'ti't..rQ!10 (3) copie~ s. lett.e:c of transmittal
~:l which shall be's-u,bm:tttedco!1c1\ll" Jr ifi :i.1.t ')I.;] '('t1'i'i!:Jiiear~;h Jrt(em dC8'li"Ii"<t:l"ed undez trdscontr8.c~tQ

~ The Let t er of Transmittal i1i"hl,ioh' a',lC:cl'):fJ,.~:nLn:lf')8 \thr:::, 'Monthly )?:togre813 Re'port she-II contain
~ an lndi.c:ation $.'sto the pejf>~:$ntS',gi) <Qf (':o~,'1pi,,)ti,on of the: 'tots.lwork 1."'e(~·i..liired 6.'1;::: of
~ the orid of t he r-epor-t ang pertod. ·,'the C;(j~'!.l~Jt'~C.t01C' F-lhall c<f-JJr'tity In the lett(~r of
~ transmittal vJhich accoTfrp~:nies t,~,~iI9 Ql;$:,::"t<S,'1~ly ar..a FilTtl!hl Engineering Reports tT,;l2~t the
Ii other ·:.Opi0S of -che reports h@we 't108!Ci!1 di8t~"ib')J,-ced to the d(9stins.tions O'i.!t.JLin\9·j f.n the
~ distribution list. Tne Letter of 'T.r'8niC;;l;dtl~~1 shall be submitted 1&1. s'¢co:r:-dance with
~ inst~ucticn9 contained in PPiliT Ili h~reof~
~
n

i
~,
U
"r

. ~
~

I,:



ITm& xx - '~JaTtGrl~ ~n~inGG~in$ RCP0~tQ~-~1i0 fi?st ro?o~t ahall
be ;:n.:.:'b;.:d. ttod no l,stc:i~ than 31 DCCo-clDOi'" 1952 and each aubs'B(i1i.;;o:nt
rcpnrt,gh~ll DO s~bmitt0d q~~tQ?ly t~er0~1t0r, for ,tho dur£t1c~ of
-t:l3LC cor.tZ08l.ct.

".r"nlS Cc,ntr,uct~ 3hil1.1_1$ub':,~d-·t by pr~pald ma!l,·all items L,'16quirod 'by Pf:;RT' I
n9 follQws:

c. ?nc Contractor eh~ll forw£rd the tbroQ (3) copios tho Lotto?; of Trnna-
""~~t·t.,,,,,~.. ,.,·~1i ,,,,,,1 $o~.. "!-."'·<";~""'\n "0 ..,.~...,;.". ·fo"l~'n&" 021= (\I' ·C"''''';'· ··,·~,c",""",,",,,,,,'fl' o}r",6. ·Y"'i·~'1
/>:<:l";" "' ......... ,,,,, __ 1;::."\,,4 .c. ..A ...... v .... .,;,;"'" Il,. ........ 'U .... VIf.'Jl. u-. "".:Jot U;.§J ., ..... ' .....,:--''''''''''''.j' ..u,'<,;;; "'" 0..:.....

wUb:1itt';)',-1,:;;O ~th0 wbol"'@tory; one 0..·) copy to tho Ad6iu~Stl:"D,:GitrQ Offico d-osig71StQd
". tho CP'70:i.'" page of -'Chis contract; and-one, (1) ~opy to CommandO?, Wright Air

_..Jvl2ilop:;.cnt Centczo~. ATTN: W\TJ..u.~~3 v Wr1ght-~etterson Air FOl"~e ·Base ,Ohio

A. ~'hG (:;stit:!C~tQ;;.""d cost, of tLis C'ontl"'8.ct
CiNE If~u"UWD rnOUSJ~ID DO:LL.,tUl.S· ss». ',NO CENTS

I, '

as eonte~'npl2.tcd

($100,000;00).

shall be distrHmted'in accordance with a
bo lU?nishod by tho Aorial Roconnaissance

1m, IU
list to

Co-mmande-r
~:ightAi~ ~valOl~ent Center
~TTN: W~~S-5, Contract A!~ 33(616)-6079
Wright-P~tter$onAir Force Base, Ohio

I'"Jl."ill1.1 to:

ITZli'II ;ind
distribution
Labor-s t,01"'7.

3. rrE~ Iix - 'Pinal ElJ.gil.106:r-ing Roport- shall be suhmitted on m'"
bofo~o 31 October 19~~.

31.
b01"'Oiff

j:=\,:r';!', FOR:.:] <1""''0 ..,••~(,,:'7" i1~

U.I.J.dl.: i Ju~aQ ••:Y~)-i(4L!-:
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S '~L ~c':LeD.t of V/orlc

7 :JUly 1958

1. Co~tiDUO kork on Broadband Antennas

'J.\l': objective"is to devise V;~I·j.OUS typos ofw.'1tcn.nas for 11hich the lJuttern
i;;<pcclanoo :;::0:'0 indopcndon·t of frequency. Succo-s~~ful dOD igns to date'

l:,:~-"'G )JOu~1 ac nicvcd by spccifjrir,,{:; 'cho arrcc nna in tor-illS of an(31osand by
'2;:1:i::.g -tIle st:c"ucturo loss:r'itllin.i'ci.llly ]?oriodic. Continuo tho effo1."t 01;

) oxtcr.dinz thoso br-oad.band ';;ochni,ques tothreo d i.ne ns i ona I s"i.;ruc'cu.rcD;
(1.)) investi'gc.te unidiroctioDu.l bz-oadband t(:chniqu03i (c)tl'lSOrotical
ti::"c;.lysia of' broadband anz ennas ~

2. L2CTGaS0 of Effoctive Aporture

I,nvcstic~... to 'techniques of ii1creasine; the of:tec 'Give eper'ture by , Ca) 2.lY3.YS
of ~leillD0ts where the detector is an integral part of the element anQ tho
"tiJ.coqu.tl1ut3 are c omoined such that t he pattern of the array is: tiDn:C of
c:;-:s: elOlt£nt and the video output is a. 'function of tho number of: 'elemonts;
Co) othc:..... methOQ3 ot incl"ca.sirig the effective. aperture while ret.aininG nF
information.

Investi-:,':ste problems associated \rJith coup Lirig arrccrmas or e.ntGflIl.3. SYSt0;::C~~

to ~"i.A.SE~:~ )¥c~Jlifiers.. As an example a t ec hnLquos for reduc inc t he :c'adih t :Lon
rro2 a not antenna arc required to uakc full use of the low noise fig~~00f

a l'-:LA.SER ,,~J.J!lifior.

4.. ,I:kstod Antennas
.' ,~'

1~:-'J;:.:sti3a.te t.e c nm.que s of obtaiDt.11'i 0xtl'>eIUq;ly bz-oadband ant cnaas \'JDerein
':"L""cJn::::.,s are nl~;}0o. .fpi t m n arrte nnas , An o:(aIDpl0 \iouldbe a he Lxx inside

• '\. ~ '4 \~r' r i ." , '1 ~'f 'h ., .0." hG:'~X~L8'{)C"!;" -;;.:c- .. s C1GSl.j....eo.. to nave' on y OU0,oUCDUG .. rOl1l1.1 esc ne e"vcc

3.nt8unas; h9Vp~:e&~;~ 'hl: ohtput fo~/:eacli:;,\i~nt:c.nna'~i'fhin" the group is acceptable ..

Int6r-Sa"Glt~~~:~~~~Bf
~nvestig:;;.tej~~;·;$¢:hB:~:qu&1\ for ante nna
snl1crica.l CQvera,(7e is r0quire.d for.. '. ~

;'.. ;';

or ai~t.:snila·'~i'iJYstems whe r'o essentia11:!
USG. on "sat,.Q~lite vehicles.
.',;:~' ,::'! ";;"\;") ~. ~': :" i~~ ~":';' -:

6. J?erlor2 s uc h oJ~hGr t as ks i es may be mutU5.11yagreed upon by the c orrcrac t.oz
and ·~he procUl"ing agency.

1 AF 33(616)-6079
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LOGARITHMICALLY PERIODIC ANTENNA DESIGNS

The two halves of the antenna are fed at the vertices
either with .a balanced two-wire line or with a coaxial
line running up one half of the structure with the outer
conductor bonded to the structure. For the structure of
figure La, His found that the lower and higher frequency
limits are obtained when the longest and shortest teeth
respectively are approximately 1/4 wavelength long.
By probing the structure, it is found that the currents
on the structure die off quite rapidly after progressing'
past the region wher-ea tooth 1/4 wavelength long is
positioned. This accounts for the negligible end effect:
'I'hia antenna has a horizontally polar-ized bidfrectional
pattern with approximately equal and constant principal

If the shape of the structure and the factor '7 can be
made such that the var-Iation of the pattern and Imped
'ance over one period is small, then this will hold true
for al] periods, the result being an extr-emely broadband
antenna. For finite structures, it has been found that
since the end effect is negligible, wide bandwidths are
readily obtained.

R. H. DuHamel and r, R. Ore
Collins Radio Company

Cedar Rapids, Iowa
or logarithmic spiral antennae which has a frequency
independent bandwidth of better thanlO to.L.

Referring to figure 1, the geometry of logarith
mically periodic antenna structures is defined so that
the pattern .and impedance repeat periodically with the
logarithm of the frequency. For planar strucrures, "rh.is
is accomplished by defining their shape such that e
equals a periodic function of In r where rand 8 are the
polar coor-dinates in the plane. Then if In -r is the period
of In r, the operation of a str-ucture of infinite extent
would be the same for any two frequencies related by
some integral power of r , For the simple structure in
figure La:

Summary

The only other known class of frequency indepen
dent antennas ~s the angular antenna described by
V. H. Sumsey.z Common examples are the discone,
biconical, and bow-tie antennas which have bandwidths
of approximately 2 or 3 to 1 for which the pattern is
essentially independent of frequency'. The so-called
"end effect" limits the bandwidth of these antennas. An
example of a recent type' of angular antenna which
apparently' has negligible "end effect" is the equiangular

Research on new types of broadband Iogar-Ithmrcal'ly
periodic antenna structures is reported. The antennas
have pattern and impedance characteristics. which are
essenttally independent of frequency over theor-eticafly
unlimited bandwidths. Bandwidths of ten to one are
readily achieved in practice. Structures are" deecribed
which provide Itnear-Iy polarized omnidirectional, bidlr-ec
tional and unidir-ectionaI patterns' as well as circularly
polarized bidirectional and unidirectional patterns .

Introduction

Theaubject or'this paper is a class of antennas,
called logarithmfcally periodic antenna structures, for
which the pattern and, impedance are essentially inde
pendent of frequency over tlrcor etical.ly unlimited band
widths. Research on one particular type of these struc
tures which provided a linearly polarized bidirectional
beam\vas previously reported.I Since that time, v<'l,rious
types of these structures have been discovered which
provide linearly polarized unidirectional and omntdsrec-

<. tlonal patterns as well as circularly polarized unidirec
tional patterns. The proven versatility and Wide band
width of these structures leads to the conclusion that the
applications are practically unlimited. Obvious applica
tions are to high-frequency and ECM antennas as well as
to primary feeds for reflector and lens-type antennas.

p

Q" 1350

B " 45°

7""'.5

Figure 1. Parameters and Coordinate. System for Circular Tooth Structures

1



plane ,be:lmwidths over, a frequency band of 10 to 1 or
more 'and has a constant input impedance of approx
imately 170 ohms. The axes of the lobes are perpen
dicular fo the plane of the structure. It was originally
believed that it was necessary to make these structures
identical to their complement in order to obtain a fre
quency independent input impedance. However, the

.r-esults .repor-ted in this paper demonstrate that this
equi-complementary condition is sufficient but not al
ways necessary. Several frequency Independent an
tennas will be introduced where the deviation from the
equl-complementar-y condition is quite severe. "

The fact that the electrical characteristics of log
arithmically periodic structures repeat everypertcd
greatly simplifies the experimental investigation of

,them because it is only necessary to measure these
chaz-acter-iatics over a half or single period in most
cases. The operation over other periods may be readily
predicted provided the end effect.Ls negligible and that
all dimensions are made proportional to their distance
from the vertex.

As Llluatrated in figure Lb, D. E •. Isoe114 found that
by bending the curved tooth structure about a horizontal
axis, a unidirectional pattern pointing in the direction
of the positive y axis could he obtained. Some control
of the principal plane beamwtdths and front-to-back
ratio was' obtained-by varying the parameters a,' f3. tj; j

and 'T. 'I'ypical E-plane and He-plane beamwidths of

,.-,

-t~""

60" and 90" and a tront-tc-back ratio on the order of 10
to 15 db were obtained. It W2.S found that the character
istic impedance of the structure deer-cased as the' angle
tjJ was decreased, but that the VS'NR referred to this
characteristic impedance increased r-ather- rapidly to
3,5:1 for J./;= 30°.

A great number- of IogarithmtcalIy periodic antenna
configurations are pos aible , The investigation r-epor-ted
in-this paper was conducted to study impedance, patter-n,
and polarization characteristics of a -var-iety of struc
tures. Another objective of the investtgation was to de
vise practical forms of this type of antenna. Since large,
circular tooth structures would be difficult to construct,
the possibility of simplifying this basic structure by
straightening the teeth and by .making wire approxima
tions of the teeth was investigated and is reported -in the
following sections.

Trapezoidal Tooth Sheet Structures

Figure 2 shows a sketch of a general trapezoidal
tooth structure and"gives a definition of the coordinate
'system and various parameters that will be used
throughout this paper to descr-ibe the various structures,
Ftgure- 3 is a photograph of a printed circuit board form
of this type of structure which was used for the exper
imental investigation. By compartng.n structure cut
from sheet metal in a conventional way to an identical
structure etched on teflon dielectric printed circuit

Figure 2, Parameter and Coordinate System for Trapezoidal Tooth Structures
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H-PLANE
8,,90"

a. =90"

jj =\5
c

r ~.5

1J{ ;: 180"

f;:1500

f.1700

f=I900

Figure 3. A Printed, Nonplanar-, Trapezoidal
Tooth Structure Bent About the X Axis

board, it W~lS found that the printed circuit boar-d mod
els could be used up to about 3000 me without the pres
ence of the dielectr-ic becoming too objectionable. As a
point of inter-est', the undesired metal can be removed
either by an etching process or by cutting around the
outline of the structure with a sharp instrument and
then peehng the metal away. Two models of planar
structures (with l,b :::: 180"rwere constructed with the
following parameters: c > 90", j3 :::: 30" for one and

3

Figure 4. Patterns for Planar Trapezoidal
Tooth Structure

fJ :::: +5° for the other, r:::: 0.5, and R 1, the perpendic
ular dletance from the vertex of one-half the structure
to the, longest element, is 12.75 em. Patterns were
taken.over about a two' to one, frequency range (900 to
2100 me). Figure 4 shows typicalpatterns for this type
of structure. In general, both structures gave essen
tdally fr-equency independent, linearly polarized, btdj
r-ectlonal patterns. Over the frequency r-ange stated
above, the E-plane (pattern in the :0f plane of figure Ib)
half-power beamwtdth varied from 65" to 80" with an
average beamwidth cf 71", and the He-plane (pattern in
the yz plane of figure Lb) half-power beamwidtb varied
from 60" to 6Sg.with an average beamwldth of 62°. Of
the two antennas tested, the one having the narrower
center section (j3:::: 15°> demonstrated slightly less
variation of beamwidth with frequency.

Patterns were taken for a nonp.lanar structure with
tj;:::: GO" over a 5:1 frequency r-ange .. Typical patter-ns

arc shown in figure 5. The Ecplanc patterns were uni
directional with beamwidths that varied from 60° to 75 g

with an- average beamwidth of 65" and the He-plane patterns
had bearnwidths that varied from 80° to 110" 'with an
average beamwidth of 85°. The front-fc--back .r atio, due
to the cross polarization Ea.' had an aver-age value of
about 9 db; the front-to-beck ratio, due to the major
polarization E¢, had an average value of about 13 db.
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Eigur-e '5. Patterns for Nonplanar (Bent About
Horizontal Axis) Trapezoidal Tooth Structure

TABLE 1, VA~IATlON OF Zo Al\D VSWR WITH
'/J ANGLE FOR A PRINTED·, TRAPEZOIDAL

TOOTH STRUCTURE

\f1.tu!gle

180

60

Zo

170

105

VSWR (Referred to Zo)

1.4

1.6 Figure 6. A Printed Nonp.lanar-, Trapezoidal
Tooth Structure Bent About the Z Axis

Table 1 shows how the impedance of this particular
structure compared with the corresponding planar struc
ture. 'l"'1'...e input impedance Zo was reduced from 170
ohms to about 105 ohms and theVSWR's referred to
their respective input impedances were about the same.
Thus, the impedance characteristic of a nonplanar
trapezoidal tooth structure is considerably better than
that of a curved tooth structure.

Typical patterns for X == 90 0 are shown in Itgure 7. In'
general, the patterns varied considerably wlth frequency.

TABLE 2, VARIATION OF Zo AND VSWP. WITH
VARIons X ~!\NGLES FOR A PRINTED,

TRAPEZOIDAL TOOTH STRUCTlJEE

Another possible nonplanar. structure is where the
original planar structure is bent about its ver-tical axis
to <D.'1 included acute angle x. A,structure of this type
is shown in figur-e 6. Patterns and impedance were
measured for a variation in ..x from 180 0 to 60 0 in 30°
steps. It was found that the E-plane patterns showed
a definite tendency toward varying from hidi.rectional
at x;=: 180'" to omnidir-ectional at X;=: 60°; the He-plane
patterns remained bidirectional over the same range.
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180

120

90 

60

170

180

200

210

VSVTR (Referred to Zo)

1.4

1. 35

1.4

1.9



E-PLANE
0 090.

0:. ~90"

P =30"

"f =.5

X .90·

f:::.1400

(a) With Tapered Elements

Figure 7. Patterns for Nonplanar (Bent About
Vertical Axis) 'Trapezoidal Tooth Structure

The variation of impedance with the angle- X was
rather Inter-eating, as can be seen In tablez , The
average input impedance 2 0 increased as the X angle
was decreased. This was just the reverse of the effect
that the reduction in '1f produced.

VJire Structures

Wire, Curved Tooth, Planar Structure

The approximation of sheet structures With wire
structures was first investigated for a circular tooth
structure. Two different approximations are shown
in figure 8 and as can be seen, all the metal was- re
moved except tor narrow atrdps outltntngthe teeth.
A still clo ser-ohservattcn will indicate that the hori
zontal metal strips in figure Sa vary in width propor-.
tiona! to the distance from the center of the structure
and the ver'ttcal member's are triangular in shape.
'I'hia is necessary in order to make the structure log
arithmically periodic. Figure 8b is a etructure Iden
tical to that of figure Ba, except that all members are
of uniform 'Width.

The average Input impedance of the structure In
figure 8b was slightly lower than that in figure Sa,

5

(b) With .. Uniform Elements

Figure 8. Planar, Printed, Wire Like,
Circular Tooth Structure

110 ohms for figure 8b as compared to 150 ohr..as for
ffgur-e-Ba, .As an -interesting comparison, the lmpad
auce of a similar basic circular tooth structure was
about 150 ohms.

In general, the patterns for the two cases were very
similar. In both cases, the patterns were essentially
independent of frequency, with the structure having
tapered elements being slightly less frequency sensitive.
1':'1-3 beamwldths in both, the above cases were slightly
wider than the beamwidth of the corresponding basic
circular tooth structure.

Nonplanar, Wire, Trapezoidal Tooth Struct'ure

Since the circular tooth structures with only the
outline of the teeth being made of metal performed al
most as well as the basic circular tooth structure, this
technique was used. in constructing the trapezotdal tooth
atructures , In figures. 9a and 9b are two typical types
of wire, nonplanar', trapezoidal tooth structures. The
only difference is that in figure Sa, the fj angle has
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Figure 9. Types of Nonplanar , Wire,' Trapezoidal Tooth Structures

been decreased to zero. Figure 10 is a photograph of
a typical model used in the investigation of this type
of structure. (In the photograph, the dielectric rod

"between the halves of the antenna was used for support
only and is not part of the antenna;')

A considerable number of models of this type of
structure with various values of the parameters a, tjJ-.,
and r were constructed and tested. In general, the
patter-ns of these structures were quite Independent of
frequency, especially those with the larger values of
T. Variations of the beamwidth of only several per
cent over a period of operation were common.

Ffgur-e 10. A Typical, Wire, Nonplanar-,
Trapezoidal- Tooth Structure

Figure 11 shows the patterns over a half-period
for the antenna shown in figure 10. Thisparticular
antenna had an average Ee-plane beamwidth of 67°, an

6

aver-age He-plane beamwidth of 106" and an average
front-to-beck ratio of 15 db.

Table 3 shows how the beamwidth, gain, and front
to-beck ratio are functions of the parameters of the an
tenna for several structures. From the table, it can be
seen that both E-p;lane and He-plane beamwidths decrease
as the design ratio of "T is incr-eased. For example,
take tjJ = 45°, a = 60"; then as or was varied from 0.4
to 0.70,7, the Ec-plane beamwidth decreased from 86" to
64°, and the He-plane beamwidth decreaeed from 112" to,
79°. It can then be concluded that if high gain is required,
a large design ratio is desirable. It was found that the
spacing between two adjacent transverse elements should
not be greater than 0.3 of-the length of the longer element.
Otherwise" the pattern starts breaking up. Also, from
the table it can be seen that the H-plane'beamwidthin
creased with a decrease in If; angle for anyone design
ratio, while the E-plane patter-n is essentially indepen
dent of the tjJ angle. Also, 'the front-to:-back,ratio, in
general, increased with a decrease in '/J angle. The O!

angle had a second-order-effect 'on the beamwidth; with
an increase in a, a decrease in Ec-plane beamwtdth and
an increase in H-plane beamwidth resulted.

In using the information in table 3 to design an an
tenna with relatively high gain, high front-to-hack ratio,
not too great complexity (the number of elements in
creases as the design ratio Increases), one must make
a compromise as to what parameters to choose. For
example, antenna number 14 has a "" 60(>, j3."" 0,

tjJ == 45"', and T"" 0.6. The gain. is 6.5 db over a dipole
and the front-fo-back r-atio is 15.8 db.

These pattern characteristics compare very favor
ably with those of a three-element Yagi antenna, Ad
mittedly, this type of structure is somewhat more com
ulex to constr-uct than a Yagi, insofar as the number of
~lements required is 'greater, and it is necessary to use
either a tapered coax line or a balanced open wir-e trans
mission line transformer 'in,order to ,match the imped
ance of the structur-e to conventional transmission lines.
It has, 'however, the added advantage of having



E-PLANE
$;:90"

0:.. ",75" T =.5

iJ .0" V 045"

I. PATTERN TAKEN OVER ,~ PERIOD.

2, DISTANCE FROM APEX TO LAST
ELEMENT 12.75 CM.

3. ELEMENT SlZE. = ,032. IN." (NO. 2.0 WlRE).

Figur.e 11. Patterns for a Typical Wire, Nonplanar-, Trapezoidal Tooth Structure

TABLE 3. PATTERN CHARACTERISTICS FOR VARIOUS wms, TRAPEZOIDAL TOOTH STRUCTURES

AVE. HALF PO"IER BEAJ'l n;;,.x.
PARAMETERS vllDTHS IN DB APPROX. SIDE LOSE LEVELS

f",NT =< 5' V E PLAliE H PLANE G~d MID IPOLE IN D8 [ r;: DB

75 .4 30 74 155 3.5 12. L~

2 75 .4 l~5 72 125 4.5. 11.4

3 75 .4 6IJ 73 103 5.3 8.6

4 60 .4 30 85 ~53 3.0 12.0

5 60 .4 45 86 112 4.2 B.6

6 60 .4 60 87 87 5.3 7.0

8 75 .5 30 66 126 4.9 17.0'

9 75 .5 45 67 106 5.6 14.9

10 75 .5 60 68 93 6.1 12.75

11 60 .5 30 70 118 4.9 17.7

12 60 .5 45 71 95 5.8 14.0

13 60 .5 60 71 77 6.7 9.9

14 60 .6 45 67 85 6.5 15.8

15 60 .707 1;5 64 79 7.0 .1 ,. o,.0

16 45 .707 45 66 66 7.7 12.3
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es sentially frequency independent impedance and pattern
characteristics over a ten to one or moz'e bandwidth .

. The patterns of a larger antenna model, with the
above design parameters (see' Iigure 12) were measured
avera ten to one.frequeucy-r-ange (100 to 1000 me). A
slight incr-ease in the beamwidths and a slight decrease
in the tront-to-back ratio was observed.at about" 300 me.
This effect was investfgated by taking patterns of the
s tructure and removing the elements one by one. It-was
found that the elements whose lengths were about 1. 5 A
were responsible for these pattern changes. Thus, some
end effect was noticeable for this str-ucture at a fre
quency approximately thr-ee times the low frequency
limit of the antenna.

TABLE ·i. VARIATION OF AVERAGE IMPEDANCE
AND VSWR WITH ~J ANGLE FOR A TYPICAL,

WIRE, TRAPEZOIDAL TOOTH STRUCTURE

\'; Angle Zo VSWR (Referred to Zo)

60 120 1.4

,," 110 1.45.0

3D 105 1.5

7 65 1.8

Figure 12. A Larger Model of a (Low Frequency
Limit 'of About 100 Me) Wire, Ncnpl.anar ,

Trapezoidal Tooth Structure

Table 4 shows how the impedance varies with the if)

angle for a typical wire, trapezoidal tooth atructur'e .

The impedance of the wire, trapezoidal tooth struc
ture (shown in figure 10) having the following parameters:
Q;;;: 75"', ;3 == 0, 7 ;;;: O. 5, y~, == 45"', and Hl == 12.75 inches,
was measured over a sixteen to one frequency bend
(250 to 4000 me). The impedance was good from 350 me
to 4000 me or an eleven to one frequency band. This
closely agrees with the previous definition of the low
frequency limit since the width of the structur-e at the
last element was 19.5 inches or a halfwavelength at
304 me. The actual measurements showed that the in
put impedance Zo decreased slowly and uniformly fr-om
about 150 ohms at 350 n1C to about' 75 ohms at the high
end of the rauge of measurements . 'I'hta change in' input
impedance is due to the modeling technique r-ather-than
a fault of the antenna. The elements of this particular
model were' of constant diameter (1fr 14 wire) and as the
frequency was increased, the length-to-diameter ratio
of the elements which were r esoonsfble for-the radiation
decreased. As further proof that modeling' was partially'
responsible for this Zo, change, the impedance of another
larger model, figure 12, where the elements had been
slightly taper-ed, was measur-ed over a ten to 91e fre
quency range. Although the Zo of this structure also

- decreased as the frequency increased, the change was
somewhat smaller. Thus, in order to obtain good fre
quency independence over a 10:1 bandwidth, it is nec
essary to model the structure aocurately eccording to
the design principles.

Ffsure 13. A Long (2A at 1000 Me) Nonplanar ,
.0 Wire, 'I'r-apezo Idai Tooth Structure

From the observed trends indicated in table 3, an
antenna with relatively high gain was designed. The
model was constructed as shown in figure 13. The pa
rameters for thi's partfoular model were a == 14.5",
P = 0, '7 == 0.85, !j; = 29" and R1 == 60 ,cm~ In 'or-der to,
make the vertical spacing between hor-izontal elements
of the same length of the two half-e tructures about
twice the length of the particular elements, ,0 was set
equal to 29". R' was .chosen equal to 60 em in order

" • lenath J +to make the. last element one half-wave eng n tong au
1000 me. The patterns for this structure are shown
in figure 14. The average E-plane beamwidth was 59";
the average Heplane beamwidth was 38°; andthe front
to-Lack ratio was about 18 db. The resulting gain of
this antenna then was slightly better than 10 db over a
dipole, and the patterns were extremely frequency

8
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E-PLANE

H PLANE IN BEANi
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Figure 14. Patterns-for a Long (2 A at 1000 Nlc)
Nonplanax, Wire, Trapezoidal Tooth-Structur-e

independent. The He-plane split beam patterns of figure
14 were the result of turning one of the half-structures
over 180", 1. e., one half-structure is then the mere
image of the other. The same effect could be had by
placing one of the half-structures over a ground plane
at an angle 1/2 ~ to the ground plane. It can be seen

'that the ground plane would divide the structure sym
metrically. TIle double lobes appeal" at about ± 35°
from this plane of symmetry.

On the shorter structures, where the spacing be
tween the half-structure and the gr-ound plane was small,
that is, much less than a half-wavelength, the effect 'of
the ground plane caused the impedance to rotate' around
the center of a Smith chart in a perlcdlc manner,but at
a VS\iVR of' five to eight, which is very undesirable.
However', this long structure had impedance character
istics very similar to a structure In free space, with
the Zb being only one-half the Zo of an antenna in free
space. The actual 2 0 was 80 ohms with a VS\VR of
1.1:1 over a period.

Wire Triangular, Tooth Stl'UCtJ.ll'8S

.Another step toward simplifying the construction of
these logarithmically periodic structures was the tri
angular tooth or- !IZig-:Zag" structure illustrated in

9

Figure 15. A Typical Wire, Nonplanar ,
Triangular Tooth, Structure

figure 15. It has the Saine parameters as the trapezoi
dal tooth structure of figure 10. Ftgtn-e 16 shows typical
patterns for this tr-iangujar tooth structure', In general,
the pattern characteristics are a slight improvement
over those of the trapezoidal tooth-utructure . Tb.G

. average g-plane beamwtdth was 70° as compared to
67°; the aver-age Hcplane beamwldth was 891) as com
pared to 106°; and the Iront-tc-back r-atio was 1~1_'1 db
as compared to 14.9 db for the tr-apezoidal tooth struc
ture, The impedance for the triangular tooth struc
ture was slightly lower (100 ohms 'with a VSWR of
1. 5 over the frequency range compared) than that of
the trapezoidal tooth Btru.cture.

Another' model of the tr-Iangular tooth structure
was constr-ucted similar to antenna 14 in table 3
{CL = 45°, /3 = 0, 'T =:; O.7()7 and .1.); = 45j. As be
fore, the H-plane bearnwidth was slightly narl'ower,
the. Ec-pl.ane beamwldth was about the same, and the
front-to-back r-atio was alfghtly gr-eater than that of
the similar trapezoidal tooth structure.

Phase Rotation Principle

The chase rotation phenomenon is a basic charac
teristic ;f these logarithmically periodic str'uctur-es
and has been verified expartmentally. It can best be
explained in the following manner: if one of these stmc
tur-es is fed, and if the phase of the electric field re
ceived at a distant dipole (see figure 2) is measur-ed
relative to the phase of curr-ent at the feed point of the
structure, the phase of the received sfgnal wfll advance
360 0 as the structure is shrunk through a period. Or,
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Figure 16. Patterns for Nonpl.anar , Wire ,
Triangular Tooth .sn-ucrar-c
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in other words; if the frequency of the exciting signal is
increased by 2. period, and the phase is measured at the
dipole while keeping the dipole at a' conatant electrical
dfstance from the pcrtcdtc structure, the phase will be
delayed 360°, relative to the phase of tile feed current.
This char'acter-iatic. is analagous to the pattern rotation
principle2 of angular atructures .

This phenomenon is the factor- which makes it
possible to achieve the omnidirectional and circularly
polarized logarithmically periodic structures discussed
in the following sections.

Omr-idirectional Structures

Often it is desirable to have a wide band antenna
that gives omnidir-ectional patterns. The most common
antenna to date that tends to meet such a r-equir-ement is
the vertically polarized discone or biconical antenna.
However, pattern breakup limits the bandwidth of these
antennas to 2. or: 3 to 1. The desirability of de
signing a Iogar ithmlcafly periodic structure with omni
directional characteristics is readily apparent.

Since two dipoles arranged in a turnstile and fed
ninety degrees out of phase give orrmtdtrectlonal patterns,
it was decided to ar-range rwo planar, sheet metal struc
tures (which have appr-oximate dipole patterns) in a
turnstile as shown in figur-e 17a. Since the planar sheets,
were actually soldered together wher-e they crossed, it
is obvious that the two sheet structures could not be
identical or the same result would OCCU1" as when feeding
two crossed dipoles in phase (a bidirectional pattern
with maximum lobes occurring- at an angle of 45'). There
fore, one of the 'structures was made _r1/N times the
size of the other (where N is the number of arms of the
structure) ill order to obtain the 90" phasing.

.An easy way to visualize such a structure is to
imagine two cones placed apex to apex on a common

z

(b )

Figure 17. Types of Omnidirectional Structures
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Figure 18 is a photograph of a' circular tOOL'1
structure constructed as stated above. The design
ratio -r of this particular structure is 0.7. Of the
various structures constructed and tested, it was
found that the etruotur-c with a design ratio of 0.5 had
the best pattern character-istics, Typical patterns of
this etructur-e are shown in figure 19. The 0 -= 90°, ¢

'variable,pat'te'Tl1s arc omnidirectional within ±l. 5 db
over the fr-equency range' of one per-iod; the ¢:=:. 90°,
Q variable patterns are bidirectional and have an aver
age beamwidth of about 65". The characteristic im
pedance was 100 ohms with a normalized VSWR of 1. 2
to 1.

axts . Starting atthe apex of each cone, an equtangular
spiral is placed on the alant side of the cone with the
axis of the spiral coinciding with the axis of the cone.
The spiral on one cone is made to rotate clockwise; the
spiral on the other cone' is made to rotate counterclock
wise as tile two cones are viewed aimultaneous.ly from
the point where their respective apexes meet. Actually,
these spir-ais Q1'8 the openings of grooves which become
progxes slvely wider- and deeper as they spiral away from
the "apexes of the cones. The outlmes of four arms of
a four-arm atructure would be the lines of intersection
of the cones and two planes perpendicular to each other
and inter-secting en the axis of the cones. When the
cone concept is used, it is possible to visualize a num
ber of different structures. Figure I7b is an example
of a structure with three arms. .

Figure 19. Patterns for Omnidirectional
Curved Tooth Structure

or as frequency independent. omnidirectional' character
istics as did the similar circular tooth structure. As a
comparison, the trapezoidal tooth structure was omni
directional within ±2.1 db as compared to ±1. 5 db for
the circular tooth structure; and the Hcplane, bidiz'ec
tional pat-terns were on an average 55" as compar-ed to
G5". The impedance was 140 ohms and 100 ohms for the
trapezoidal and circular tooth structures, respectively.
Both had a nor-malfzed VSWR of 1. 2 to 1.

Ptgure 18. A Typical, Four Armed, Sheet, Circular
Tooth, Omnidirectional Structure

A limited investigation of the effect of varying the
a angle while holding .8 fixed at 4·5<) for a structure
having a des lgn ratio of 0.7 (figure 18) was made. As
CJ. was reduced front 135" to 115", the E-pl:l~le patterns
were unchanged while the He-plane beamwidth increased
slightly from 68° to 75". 'if/hen a was reduced to 95",
the Ec-plane pattern was omnidirectional within ::1::3 db,
and the H-plane pattern beamwidthe were about.sc".
The impedance did not change appreciably as a was
reduced.

The trapezoidal tooth structur-e shown in figure
17a (0: == 90", j3 :::: 30", -r == 0.5) did not have as uniform

The only other type of' sheet metal omnidirectional
structure tested was a three-armed circular tooth
structure (see figure 170 for a similar trapezoidal tooth
structure)'. The structure was omnidirectional within
±3 db and-the patterns were more frequency dependent
than the structure having four arms. It appears that the'
more arms a structure has (within reason), the more
omnidirectional it will be.

One wire, trapezoidal tooth, omnidirectional struc-
ture 'Was constructed and tested {see figure 20}. The E
plane patterns varied somewhat in their omnidir-ectional
characteristics with frequency; but on an average, they
were omntedrectlonal within ±2.1 db; the He-plane patterns
vlere bidirectional with an average beamwidth of 60~. The
input impedance was 135 ohms with a normalized VSVln
of 1. 3 to 1. In view of the relative simplicity, this
structure could be used as an ill antenna. The wirestruc
ture could be -easfly str-ung-up between four wooden poles.
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Figure 20. A Typical Four Armed, Wire, Trapezoidal
Tooth, Omnidirectional Structure

Unfor-tunately, His not possible to use one-half of
any of the above structures avera ground plane (R1"1d
fed against the ground plane) without having large varia
tiOTI$ of pattern and impedance over- a period of
frequency.

Cil'cularly Polari.zed Antelma3

A limited investigation of circularly polarized,
unidir-ectional logar ithmical ly periodic broadband struc
tures was performed. The most successful of the va-t
ous 'techniques tried was that of taking the planar str-uc
tUT0 shown in figure 21 and placing the quar-tercatructures,
one on each slant side of a pyramid. The angle between
opposite slant sides of the pyramid is the :.I! angle of
the structure.

As can be observed from the figure, one structure
is ';'"1/4 the size of the other. A vm-y well-defined cir
cularly polarized beam (at ¢ "" 90", e "" 90") is obtain~d.
The enlarged view of the feed point shOVJS that, in gen
eral, two adjacent quarter-structures arc fed against
the remaining two quarter-structures; two and thr-ee are
being fed against four- and one. The sense of the cir
cular polarization can be reversed by simply switching
the feed point, or by feeding three and four against one
and two.

Four exper-Imental patterns cver approxtmately a
halj-pertod are shown in figure 22. As can be seen, the
axial ratio l' as measured on the beam axis var-ied from
1. 05 to 2 over this range. Since the patterns for the
linearly pc.arized components {Ee and E ¢)are very
similar ,i-~ is expected that good circular polarization
is obtained over most of the beam;

R,=12.75 ca.
0. =45 0

J3 ,,0
7 =.707
"If =180

0

Elgur-e 21. Wire. Trapezoidal Tooth, Circular Polarized Structure
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Conclusions

,Current Distribution Measurements

Figure 22. XY Plane Patterns of Circular
Pol~rizedPyramidal Structure

Many types of logarithmically periodic antenna
structures have been built and tested. Most of those

An attempt was made' to' measure the magnitude' a~d
phase of the currents flowing on the elements of a typical
ncnplanar-, wiro, trapezoidal tooth structure. The cur
rent distribution was very complex and the results were
not too conclusive. However,itwas observed that, as
the magnitude of the currents was measured from the
vertex out toward the longer transverse elements, a
point' of maximum current magnitude was reached. From
this point, the magnitude of the current decreased to
more than ao db below its value at the maximum point.
The transverse elements at this low current point were
much longer than a half wavelength of the opec...ating
frequency. . This tends to. demonstrate that end effects
ar-e negligible on t.'lese atructures , which must be the
case for wide band operation. .As would be expected,
'the point of maximum current magnitude shifted toward
the vertex of the structure as the frequency was
increased.

13'
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