PL-TR-—-
93-3002

Calculation of Resonant Values of Electromagnetic Energy
Incident Upon Dielectric Spheres

PL-TR-93-3002

Larry T. Cox, Jr.

Phillips Laboratory
OL—-AC PL/RKFE

9 Antares Road
Edwards AFB, California 93524—-7680

February 1994

Final Report

.

PHILLIPS LABORATORY
Propulsion Directorate
AIR FORCE MATERIEL COMMAND

EDWARDS AIR FORCE BASE CA 93524-7048




NOTICE

When U.S. Government drawings, specifications, or other data are used for any purpose other
than a definitely related Government procurement operation, the fact that the Government
may have formulated, furnished, or in any way supplied the said drawings, specifications, or
other data, is not to be regarded by implication or otherwise, or in any way licensing the holder
or any other person or corporation, or conveying any rights or permission to manufacture, use
or sell any patented invention that may be related thereto.

FOREWORD

The work reported in this final report was performed under JON: 305800E2 with the OLAC
PL/RKFE Branch at the Phillips Laboratory, Edwards AFB CA 93524 —7680. OLAC PL Project
Manager was Dr Frank Mead.

This report has been reviewed and is approved for release and distribution in accordance
with the distribution statement on the cover and on the SF Form 298.

Shede. L Gudge

FRANKLIN B. MEAD, JR. STEPHE.N L RODGqERS
Project Manager Chief, Emerging Technologies Branch
» vl
Stele. L Gdgeu Ve (‘L e
STEPHEN L. RODGERS RANNEY (G. ADAMS

Acting Director, Public Affa irector

Fundamental Technologies Division



REPORT DOCUMENTATION PAGE oM N BoonoLss

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and
Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person
shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR
FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
Feb 1994 Final Report Aug 1993 — Feb 1994

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Calculation of Resonant Values of Electromagnetic Energy Incident Upon

Dielectric Spheres 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Larry T. Cox, Jr. 62302F

5e. TASK NUMBER

5f. WORK UNIT NUMBER

305800E2
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NO.
Phillips Laboratory
OL-AC PL/RKFE
9 Antares Road
Edwards AFB, CA 93524-7680
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
Air Force Research Laboratory (AFMC)
AFRL/RZS 11. SPONSOR/MONITOR’'S REPORT
5 Pollux Drive NUMBER(S)
Edwards AFB CA 93524-7048 PL-TR-93-3002

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution unlimited.

13. SUPPLEMENTARY NOTES

14. ABSTRACT
Research and development regarding the zero-point energy of the vacuum is in its infancy, with only a handful of
researchers having done serious work in the field. In this report, a theory developed by Dr. Jack Nachamkin is
investigated. His theory involves the incidence of electromagnetic radiation upon a dielectric sphere and the
associated resonances. If two spheres would be placed within close proximity of one another and exposed to
bombarding electromagnetic radiation having a range of frequencies broad enough to cover the difference in
resonant waves established would work in conjunction to create a beat frequency between the two waves which
could be rectified and thus provide a source of electrical energy and a trap for zero-point energy. This work
centered upon the search for at least one identifiable resonant combination of sphere radius and wave frequency.

15. SUBJECT TERMS
zero-point energy; plane wave diffraction; vacuum fluctuations; vacuum energy

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF
OF ABSTRACT OF PAGES RESPONSIBLE PERSON
Franklin B. Mead, Jr.
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NO
SAR 44 (include area code)
Unclassified Unclassified Unclassified N/A

Standard Form

298 (Rev. 8-98)
Prescribed by ANSI
Std. 239.18




This Page Intentionally Left Blank



Figure

1

;o s w N

LIST OF FIGURES

Caption
Incident Wave and Sphere
Spherical Coordinate System with i Unit Vectors
Flowchart for RES.FOR FORTRAN Code
FRHO vs. REAL (RHO_2)

FRHO Around RHO 2 Resonant Value

Page

10
17
18



INTRODUCTION AND BACKGROUND

As the Alr Force strives to maintain its excellence in science
and technology, care must be taken to investigate unconventional
areas in the hopes of creating a scientific breakthrough. Such
developments keep the Air Force at the forefront of the scientific
community. One such topic is the zero-point energy (ZPE) of space.
Theories have been developed regarding how to tap this essentially
infinite supply of energy. The tapping of such energy could have
many areas of application, two of which are as an alternative
energy source [Refs. 1,2] and as a field generator [Ref. 3]. The
implication of nearly limitless energy regardless of location in
space points to an obvious utilization of the ZPE as an enabling
means of previously unrealized types of propulsion.

However, research and development regarding the ZPE is in its
infancy, with only a handful of researchers having done serious
work in the field [Ref. 3]. 1In this paper, a theory developed by
Nachamkin will be investigated [Ref. 4]. His theory involves the
incidence of electromagnetic (EM) radiation upon a dielectric
sphere. The key characteristics of this phenomenon are a sphere of
radius a and propagation constant k; imbedded in an infinite
homogeneous medium of constant k,, and the EM wave angular
frequency, ®. The product of k, and a form p, the parameter of
interest for this type of interaction. 1If a resonant value of p
can be identified, then it would be desired to manufacture two
spheres of slightly dissimilar size, but with each able to attain
the same value of p, given the required EM radiation angular
frequency. The two spheres would be placed within close proximity
of one another and exposed to bombarding EM radiation having a
range of frequencies broad enough to cover the difference in
resonant ® values of the two spheres. In turn, the resonant waves
established would work in conjunction to create a beat frequency
between the two waves. This beat frequency could be rectified,
thus providing a source of electrical energy and a tap of the ZPE.

This work centered upon the search for at least one
identifiable resonant combination of -sphere radius and wave
frequency, as mentioned above. Work was performed at the Air
Force’s Phillips Laboratory (PL) at Edwards Air Force Base. Use
was made of the PL’s VAXCluster for computational work.



THE MIE SCATTERING AND ITS ASSUMPTIONS

The main area of concern addressed in this report is the
interaction of electromagnetic radiation with a dielectric sphere;
i. e., the diffraction of a plane wave by a sphere, more commonly
known as Mie scattering [Ref. 5]. It is assumed that the sphere is
made of a homogeneous material and that the medium surrounding the
sphere is a vacuum. The incident radiation is assumed to ke a
plane wave propagating in the z-direction. Electrical vibrations
of the incident wave are assumed to occur in the x-direction, with
magnetic vibrations in the y-direction, as illustrated in Figure 1.

As explained in Stratton [(Ref. 6], a forced oscillation of
free and bound charges, synchronous with the applied field, arises
when a periodic wave falls incident upon a body, regardless of the
sphere’s material. This creates a secondary field in and around
the body. The vector sum of these primary and secondary fields
gives the value of the overall field. 1In theory, a transient term
must be added to account for the failure of the boundary conditions
to hold during the onset of the forced oscillations. However, in
practice it 1is acceptable to consider only the steady-state,
synchronous term because the transient oscillations are quickly
damped by absorption and radiation losses.

A plane wave falling upon a sphere is the simplest of such
instances, but it is the central focus of this study. In
Stratton’s notation, the sphere has a radius a and a propagation
constant k;. It is located within an infinite, homogeneous medium
with propagation constant k,. Region 1 and region 2 have
permittivities €, and &,, respectively, and permeabilities W, and W,,
respectively. Expanding the incident field in vector spherical
wave functions, with E, being the amplitude of the time harmonic
electric field, yields [Ref. 6]:

_ . . p 2N+1 (Y . (1)
E; = Es@ 1“2 1 (M51, - 1Bgs, (1)
ns=1

and, for the magnetic field:

(- -]
g, = - kz Ee-iccz jin 2n+1 (m(l) +in(1)) (2)
1 sz o —n(n+1) eln oin! ¢

n=1
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Incident Wave and Sphere
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A prime represents differentiation with respect to the argument
k,R. The unit vectors i,, 1i,, and i, represent the directions of
increasing r, 0, and ¢, respectively, in spherical coordinates.
They are presented in Figure 2.

The electric and magnetic fields of the wave transmitted into
the sphere (region 1), i. e., R < a, can be expanded using the same
functions [Ref. 6]:

. -]
- - , 2n+1 . (1)
E. = E,®e 1“2 1am (asmby,-ibsnl), (5)
n=1
and
—iccz ja_<n¥l 2n+l (b m(:.)_.__la n(l) . (6)
n( +1) eln n oln

If Jj.(k;R) is replaced by h,'" (k,R) in Eqs. (3) and (4), the
functions m'*’ and n'Y in Egs. (5) and (6) become m'*’ and n*’. The
outgoing fields (R > a) are then represented by:
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It should be noted that k; in Eqg. (6) is replaced with k, in Eq.
(8), as Eg. (8) represents the resultant wave in the medium
surrounding the sphere (region 2).

Being sought are the resonant p values for which the a,* and
b,* coefficients are infinite. To find a," and b, the boundary
conditions at the sphere radius (radius R = a) are needed, i. e.,
continuity of the E and H values at the surface. Thus,

1, x (B, +E,) =1, x B, (9)

and

1, x (B, + H,) = 1, x H, , (10)

which lead to two pairs of inhomogeneous equations:

-
-

11
asi,(Np) - afhiM (p) = 7, (p) R

11b
Ba2s (NPT, (NP) 1/ - p,af[phiY (p) 1! =, [pF,(p) 1/ (110)



(12a)

W, NbyJn(NP) = wibihs (p) = pyd,(p)

(12b)

bfinpi (Np)1! - NbFlphiM (p)1/ = Nlpj,(p)]/ .

Continuing with Stratton’s notation [Ref. 6], the key relations
are:

k, = Nk,, p = k,a, k,a=Np . (13)

Spherical Bessel functions of the first kind are denoted by j,.
while those of the third kind are denoted by h,'".

Manipulation of Egs. (12) and (13) gives the values of af and
b," to be:

e _  BiJa(P) [phat (p)1/-pyha" (p) [pJ,a(p) 1

(14)
Boda (V) [phiM (p) 1/-p,hM (p) [N, (Np) 1/

and

bt = _MNIa(p) [phsM (p)1/-p,NAY (p) [pF (p) 1/
n

B2N2T, (0p) [P ()1~ hs™ (p) [NpF, (M) 1/~ (33)

At a resonance, the denominator of either a, or b," will be zero.
A FORTRAN code was written that calculated denominator values for
varying values of p in Egs. (14) and (15). It was desired that
such a root could be found very near the real axis, so that Real(p)
>> Imaginary(p). Root searches were started by using the code to
calculate the denominator values of either a, or b, over a range
of p values. The coefficient type (‘a’ or 'b’) is specified in the
input file.

From this point forward, the value N in Eqg. (13) will be
referred to as KRATIO, as it is the ratio of the sphere material’s
propagation constant k; to the surrounding medium’s propagation
constant k;. This is done in order to avoid confusion with the
spherical Bessel function order N in the RES.FOR FORTRAN code,
which will be described in the next section.



The program is utilized to find p values that correspond to a
resonant combination of angular frequency (®w) and radius (a) for a
given sphere material (region 1) and surrounding medium (region 2).
The expression for p, according to Stratton [Ref. 6], is:

p = ak, = aw /e, B, . (16)

In the code, p is identified by RHO_2, as it corresponds to the
surrounding medium (region 2). RHO 1 (p,) corresponds to the
sphere material (region 1) and is given by:

p, = (k/k)p . (17)

It was assumed that W, = 4, = B = 47tx1077 [H-m!] and that €, = g, =
8.85419x107'2 [F-m™]. A dielectric constant (g,) of 5.0 was assumed
for the sphere, giving the relation: €, = €8 = 5.0'€,. Thus, ¢
was considered to be fully real, having no imaginary part.



THE CODE (RES.FOR) DESCRIPTION AND ITS USAGE

This summary describes how to use the FORTRAN code RES.FCR.
It consists of the Main Program, the SUBROUTINE SOLVE, and the
SUBROUTINE NEWTON. Three output files are produced by RES. They
are ITERRES.OUT, RES1.0UT, and RES2.0UT . One input file is used:
RHORES. IN. A discussion of each code section and output file
appears below, followed by a section describing how to use the
code. Figure 3 is a flowchart summarizing the code’s execution.

MAIN PROGRAM AND INPUT FILE (RHORES.IN)

The main program section of the FORTRAN code RES.FOR (Appendix
A contains the full code) begins with a header, followed by an
OPTIONS statement. The two options utilized are /G_FLOATING and
/I4. Option /G_FLOATING was utilized in the program to allow the
handling of numbers ranging approximately from 1073° to 10*°® along
both the real and imaginary axes. Option /I4 defaults all integer
variables to INTEGER*4 type. All variables are initially declared
as COMPLEX*16, followed by the excepting of needed INTEGER*4 and
CHARACTER*1 variables with subsequent declarations.

Next the input file, RHORES.IN, to the code is OPENed and
READ. Examples of the input files used to generate the needed
results are found in Appendices B, C, D, and E. The strategy used
in varying the values in RHORES.IN are discussed in more detail
throughout the remainder of this report. DENTYP is the type of
denominator being used for the Newton-Raphson iterations. In
Stratton the two coefficients are a, and b,, so here DENTYP is a
one-letter variable having either the value ’‘a’ or 'b’. If neither
‘b’ nor ‘B’ is placed in RHORES.IN, the default is ‘a’. The
default IF-loop follows the READing of RHORES.IN.

NRITER is the number of Newton-Raphson iterations to be
performed. MU_1l, MU _2, EPS_R, and EPS_2 are as explained above.
NBEG and NEND give the range of spherical Bessel function orders to
be calculated. RHOMIN and RHOMAX likewise give the range of p
values to be tried in the code, with RHODIV being the number of
divisions between the minimum and maximum values. RHORES.IN is
then CLOSEd, and ITERRES.OUT is OPENed. All of the input
parameters are then echoed back into ITERRES.OUT. A message tells
the user the name of the three output files, and then RES1.0UT and
RES2.0UT are OPENed. KRATIO is then calculated. It is the ratio
of k; to k,, as seen earlier.

DO-loop 1100 steps through the input range of p (RHO_2)

values. INIT stores the value of RHO_2 before Newton-Raphson
recalculations. RHO_1l is found as mentioned earlier, and ITER, the
current Newton-Raphson iteration, is set to 0. The DOWHILE

structure is used for the iteration loop, with the condition that

9



WRITE Header to
READ in RHORES.IN Input File —————®/ ITERRES.OUT
* Output File

Begin DO-loop for RHODIV partitions of RHO_2 input range

, WRITE RHO_2 and FRH
Calculate RHO_1 and RHO_2 values Aucs to RES1.OUT

Begin DOWHILE loop for number of iterations required

Is ITER > NRITER?

NO

SUBROUTINE SOLVE calculates Bessel WRITE RHO_2, function order
function values, their derivatives, and the and inverse denominator
a_nandb_n dcnominator values values to RES2.0UT

RHO_2 and appropriate
dcnommator value to
RRES.OUT

SUBROUTINE NEWTON calculates
next-guess RHO_2 root value

Figure 3
Flowchart for RES.FOR FORTRAN Code
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ITER must be less than or equal to NRITER. The first step in the
DOWHILE loop is to call the SUBROUTINE SOLVE in order to determine
the denominator values of a, (DENA) and b, (DENB), as well as the
derivatives of DENA and DENB, DENAS$ and DENBS, respectively. It
should be noted that '$’ represents a first derivative of the
variable with respect to p, while ‘$$’ represents a second
derivative. Depending on the type of denominator (a, or b,)
currently being scrutinized, RHO_2 and the appropriate DEN term are
written to ITERRES.OUT. Newton-Raphson is then called upon to
determine the new RHO_2 value for the next iteration, passing the
appropriate DEN and DEN$ values. RHO_Ll is then recalculated, and
ITER 1is stepped one.

The beginning RHO_2 value and FRHO (a functicon of RHO_2) are
then written to RES1.0UT for the current p division of the 1100 DO-
loop. Finally, the three output files are CLOSEd and code
operations are stopped.

SUBROUTINE SOLVE

This SUBROUTINE represents the largest portion of the code.
In it, the j, and y, spherical Bessel function values up to the
needed order N are calculated. These, in turn, yield the values
for DENA, DENB, DENAS$, DENBS$, and FRHO. Four l-dimensional arrays
are used in the calculation of the j’s and y’s. By having
capacities of 10000, these arrays may contain j and y values up to
the 9995th order. It is not a full 10000 because array indexes of
1, 2, 9999, and 10000 are required in the calculations of second
derivative ($$) terms, and an N=0 index must be included. The
indexes (shown in parentheses below) are offset by 3 from the true
function order (N):

(1) ---> N=-2
(2) ---> N=-1
(3) ---> N= 0
(4) ---> N=+1
(5) ==-=> N=+42 -~
(9998) ---> N=+9995

The maximum order index (MAXORD and MAXOR2) must be offset 2
because of the needed allocation space for the N=-2 and N=-1 cases.
MAXORD will never have a value less than 10, as given by the JMAXO0
functions. MAXORD is the upper order 1limit for RHO_l-only
functions, while MAXOR2 is the same for functions of RHO_2 only.
The j,’s for RHO_1 (found in the array JNRHOl) and RHO_2 (array
JNRHO2) are then solved as was done by Nachamkin in his program
TESTJY.FOR. This is followed by the calculations of the y,’s for
RHO_2 (array YNRHO2). No y, values are needed for RHO_1l because
the terms in the denominators are j,’s (spherical Bessel functions

11
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of the 1st kind), which are functions of RHO_1l only. The h, % ’s
(3rd kind) are functions of RHO_2 only and are equivalent to:

rY =5, + iy, . (18)

Upon completion of the y, calculations, some of the variables

are initialized and the current RHO_2 value is written to RES2.0UT.
DO-loop 4000 then finds all of the denominator and derivative
values based on recurrence relations found in a handbook of
mathematical functions (Ref. 7]. A, B, C, and CINV are used to
eliminate some of the bulk in the recurrence relations and make
them more readable and more easily editted. The 4000 DO-loop uses
J as its counting variable, starting at 0 and going to MAXN, as
found in the y, calculations. ZERO represents the index
corresponding to the actual Jth function being observed.
CN and DN are the inverses of the a, and b, denominator values,
respectively. SQCN and SQDN are simply the squares cf the absolute
values of CN and DN, respectively. FRHO represents the running sum
of the SQCN and SQDN terms combined as the loop is passed through
MAXN+1 times. SQCNTOT and SQDNTOT provide a more detailed account
of the gradual accumulation of the FRHO term through the separate
running summations of the SQCN and SQDN values. A special note is
that the second derivatives of j, and h,’”’ have been commented out
because the Newton-Raphson method seemed to converge better in some
cases without these terms included. This should be investigated
further, however, before leaving these terms out completely. The
second derivative terms are only utilized in the Newton-Raphson
portion of the code, so leaving them out is not detrimental to the
performance of the other portions of the code. This is not
necessary a limitation of the code, but rather a possible
limitation of the use of the Newton-Raphson method for functions
involving spherical Bessel functions.

If the number of Newton-Raphson iterations wanted is 0 and
RHO_2 is being held constant, then the current J value and all
SQCN, SQDN, SQCNTOT, SQDNTOT values will be written to RES2.0UT
This will also occur if, in addition to 0 Newton-Raphson iterations
being input, a single order is being scrutinized for a resonance
(NBEG=NEND) and J has reached that order’s value (J=NBEG=NEND) .

SUBROUTINE NEWTON

In this program structure, the method of Newton-Raphson is
used to attempt to converge on a root in either the a, or b,
denominator equations, depending on which DENTYP is passed to it.
A precaution has been taken to let the user know in the unlikely
case that DEN$ equals (0.D0,0.D0), which immediately would kill
program execution due to division by zero. After determining the
new RHO_2 value, control returns to the Main Program.

12
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QUTPUT FILE #l1 (ITERRES.OUT)

See Appendix E.

OUTPUT FILE #2 (RES1.0UT)

See Appendices B and D.

OUTPUT FILE #3 (RES2.0UT)

See Appendix C.

RES.FOR CODE USAGE

Earlier work by Nachamkin [Ref. 4] had yielded possible
neighborhoods of root locations along the Real axis. Thus, these
prospective resonance locations were checked using the current
code. It was found that the current code’s findings supported
Nachamkin’s earlier results. The checking of the possible root
locations began by inputting a range of p wvalues in the
neighborhood of the prospective root. The range was divided into
a specified number of intervals. For each such interval, the
inverse value of the denominator was determined.

The code is utilized in four ways during the determination of
a root. First, a range of RHO_ 2 values is studied to find any FRHO
peaks in that range. Second, once a peak has been chosen, the
function order n giving the dominant FRHO term is determined. This
also gives a clue as to whether the peak is due to a magnetic
resonance (a, approaches infinity) or an electrical resonance (b,

approaches infinity). If the dominant FRHO value comes from tbe CN
term, one uses 'a’ (for DENTYP) in RHORES.IN, while ’'b’ is used for
a dominant DN term. Third, a large number of Newton-Raphson

iterations is performed in order to converge upon a root RHO_2
value. A hundred or more iterations is possible. This root may or
may not lie near the initial RHO_2 value wlich gave the peak in the
FRHO function. Finally, after finding a root, the root is checked
to make sure it has a dominant term for the same order n originally
determined. Then the root is used in the code as the initial RHO 2
value to see if the denominator does, indeed, converge toward 0.0.

In order to understand the process better, the root identified
in this study will be used as an example. The spherical Bessel
function order N varies from 0 to 100, because the resonant order
has not yet been determined. The real portion of RHO_2 is held
constant, while the complex portion varies from -1.0 to 0.0 with
100 divisions. 1In Appendix B, the RES1.0UT file, one sees that the
FRHO value achieves its maximum value for the -0.63 imaginary mark.

13
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Since the peak value is now determined to two significant
figures, one may determine the N value that contributes the most to
FRHO, 1. e., the resonant spherical Bessel function order. This is
seen in Appendix C, which displays the contents of the output fila
used for this purpose--RES2.0UT. The RHO_2 value is held constant,
while the value of N varies from 0 to 100. For N = 58, the DN
value (resulting from b,’s denominator) is largest by about four
orders of magnitude over all other N values. Thus, one sees that
the N range may now be narrowed down to a single order, 58, for
determination of the root. Also, DENTYP would be ‘b’ because the
spike in the FRHO value results from the b, denominator.

Having narrowed down the n value to a single order, further
RHO_2 division runs are made. The final run is shown in Appendix
D, which is similar to Appendix B, but now is based on one N value
and is much more accurate. This time the FRHO value reaches order
of magnitude 10?°, resulting from a complex portion of p equal to
-0.634786707197. The full 1000 RHO_2 divisions have been narrowed
down to approximately 250 divisions, located in Appendix D as well.

Finally, this root wvalue may be checked using the RHORES.IN
input file in Appendix E. Twenty iterations are calculated, with
N and RHO_2 held constant. To observe the iterations of the NEWTON
SUBROUTINE, the ITERRES.OUT output file is used. Appendix E also
contains the resulting ITERRES.OUT file.

14
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CONCLUSIONS AND RECOMMENDATIONS

The one major root of p which was identified had a value of:

REAL (p) = +66.39752607619131
IMAGINARY (p) = -0.6347867071968998

Thus, one may determine a possible aw combination which would have
this root value. For p, € = € and U = U,

p=-aw/ep, =aw/c. (19)

In SI units, the speed of light ¢ = 2.99792458x10% [m/s]. 1If an a
value of 10™® [m] is assumed, then:

W= -Pa—c ~1.9919x101 - 11.9044x10 [rad/s] . (20)

This then, is the angular frequency required within the impingent
EM radiation in order to create a resonant situation. Other
resonances were indicated by the outputs from the code, but this
was the most prevalent one.

Of course, no complex-frequency plane waves exist. Thus, the
code was used by considering only the real portion of the above
root, setting the imaginary portion equal to zero. Upon doing this,
however, the code became insensitive to any root in the vicinity of
the root’s real portion. Therefore, a number of runs looking at
ranges of real-only p values in the p = 1 to 100 neighborhood were
executed. The results of the p = 40 to 50 range are found in Figure
4, showing FRHO values versus the real portion of p. Possible
resonances are indicated by sharp rises in the Figure 4 plot. One
such resonance is detailed more closely in the Figure 5 graph,
showing an approximate two order of mdgnitude rise over the
surrounding curve region at a RHO_2 (p) value of approximately
+43.51883 . Yet many elusive resonances surely remain, awaiting
more code executions targeted along the real axis.

Much work still remains in finding more resonances and in
studying other areas of the theory. A source of EM radiation having
a broad enough range of frequencies to achieve resonances between
two chosen spheres needs to be selected. Then, one should analyze
the beat frequency produced by the interaction of the two resonant
waves, as well as the effect of separation distance of the two
spheres on the beat frequency. Finally, a method of rectifying
this beat frequency should be established using currently available
equipment, if possible. It is also important to know how much

15
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energy 1is available at the resonant points. As a practical matter,
manufacturing processes must be investigated that would allow
structures to be fabricated with close enough tolerances to be of

use.
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QOO0

ADDRESS:

PROGRAMMER:
ORGANIZATION: OLAC-PL/RKFE

EDWARDS AFB, CA 93523-5000
DATE OF ORIGIN: 4 AUGUST 1992

LATEST REVISION: 6 AUGUST 1992

APPENDIX A

RES.FOR

LARRY T. COX, JR.

OPTIONS /G_FLOATING /I4

C23456

PROGRAM RESONATOR

IMPLICIT COMPLEX*16 (A-2)

INTEGER*4 I, ITER,J,K,L,M,N,NRITER, RHODIV,NBEG,NEND, MAXN
CHARACTER*1 DENTYP

OPEN (UNIT=1,FILE='RHORES.IN’,FORM='FORMATTED’, STATUS='0OLD’,
ACCESS=’ SEQUENTIAL')

READ (1,99) DENTYP
99 FORMAT (Al)

READ
READ
READ
READ
READ
READ
READ
READ
READ
READ
CLOSE
EPS_1

(1,*) NRITER ! Number of Newton-Raphson iterations
(1,*) MU_1
(1,*) EPS_R
(1,*) MU_2
(1,*) EPS_2
(1,*) NBEG ! Function of the Nth kind
(1,*) NEND ! Function of the Nth kind
(1,*) RHOMIN ! Initial value of RHO 2
(1, *) RHOMAX
(1,*) RHODIV

(UNIT=1)

= EPS_ R * EPS_2

IF (DENTYP.EQ.’B’.OR.DENTYP.EQ.’b’) THEN
DENTYP = ’'Db’

ELSE

DENTYP

ENDIF

=’al

OPEN (UNIT=1,FILE=’ITERRES.OUT’,FORM='FORMATTED’ , STATUS='NEW’,
ACCESS=’ SEQUENTIAL')

&

WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(1,*)
(1,%*)
(1,%*)
(1,%*)
(1,%*)
(1,%*)

DENTYP,’ n denominator roots’

‘mu_1 ="'/,MU_1

‘mu_2 =',MU_2

’epsilon_1 = ’,EPS_1

‘epsilon_2 = ' ,EPS_2

'Functions of the ’,NBEG,’th to ’,NEND,’th kind.’

a1
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WRITE (1,%*)

WRITE (1,*) ' RE (RHO) ", IM(RHO)'
WRITE (1,*) DREAL (RHOMIN), DIMAG (RHOMIN)

WRITE (1,*) DREAL (RHOMAX), DIMAG (RHOMAX)

WRITE (1,*) RHODIV,’ divisions’

WRITE (1,%*)

WRITE (1,*) '/ Re (rho) Im(rho)’,

& ! Re (Denom ’,DENTYP,’ n) Im(Denom /,
& DENTYP,’ n)’

PRINT *, ’Output file containing iterations is ITERRES.QUT .’
PRINT *, ’Other output files are:’
PRINT *, ’'RES1.0UT and RES2.0QUT A

OPEN (UNIT=2,FILE='RES1.0UT’,FORM=’/FORMATTED’, STATUS='NEW’,

& ACCESS=' SEQUENTIAL')
OPEN (UNIT=3,FILE='RES2.0UT’,FORM='FORMATTED’, STATUS='NEW’,
& ACCESS=' SEQUENTIAL')

KRATIO = CDSQRT (MU_1*EPS_ 1 / (MU_2*EPS_2))
WRITE (2,*) 'Rho’’s with Functions of Rho’’s’

DO 1100 L = 1,RHODIV
RHO 2 = RHOMIN + DCMPLX (L-1) * (RHOMAX-RHOMIN) /DCMPLX (RHODIV)
INIT = RHO 2
RHO 1 = KRATIO * RHO_2
ITER = 0

DOWHILE (ITER.LE.NRITER)
CALL SOLVE (KRATIO,RHO_1,RHO_2,DENA,DENAS,N, RHODIV,
& MU 1,MU_2,DENB, DENBS,NBEG, NEND, FRHO, NRITER,

IF (DENTYP.EQ.’b’) THEN
WRITE (1,1095) RHO_2,DENB

ELSE
WRITE (1,1095) RHO_2,DENA
ENDIF
1095 FORMAT (2E24.16,2E16.8)

-

IF (DENTYP.EQ.’b’) THEN

CALL NEWTON (ITER, NRITER, DENB, DENBS$, RHO 2)
ELSE

CALL NEWTON (ITER, NRITER, DENA, DENAS, RHO 2)
ENDIF

RHO_1 = KRATIO * RHO_2
ITER = ITER + 1

ENDDO
1098 FORMAT (5E16.8)
WRITE (2,1099) INIT,FRHO .
1099 FORMAT (E24.16,E24.16,E24.16,E8.2)

WRITE (1,*)
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1100 CONTINUE

CLOSE (UNIT=1)
CLOSE (UNIT=2)
CLOSE (UNIT=3)

C23456
OPTIONS /G_FLOATING /I4

SUBROUTINE SOLVE (KRATIO,RHO_1,RHO_2,DENA,DENAS,N,RHODIV,
& MU_1,MU_2,DENB, DENB$, NBEG, NEND, FRHO, NRITER)

IMPLICIT COMPLEX*16 (A-2)

INTEGER*4 I,IORD,J,K,L,M,MAXORD,MAXOR2,N,ORDER, RHODIV, ZERO
INTEGER*4 NBEG, NEND, MAXN,NRITER

REAL*8 SQCN, SQDN,A,B,C,CINV, SQCNTOT, SQDNTOT

COMPLEX*16 JNRHO1 (10000),JNRHOZ2(10000), YNRHO2 (10000)
COMPLEX*16 H1INRHO2(10000)

DATA JNRHO1 /10000 * (0.D0,0.DO0)/
DATA JNRHO2 /10000 * (0.D0,0.D0)/
DATA YNRHO2 /10000 * (0.D0,0.DO0)/
DATA H1NRHO2 /10000 * (0.D0,0.DO0)/

ORDER = NEND+1

MAXORD 2 + JIDINT(DREAL(RHO_1)) +

& JIDINT (DREAL (CDSQRT ( (150.D0,0.D0) *RHO_1)))
MAXORD JMAXO0 (MAXORD, 10)

MAXOR2 2 + JIDINT(DREAL(RHO 2)) +

& JIDINT (DREAL (CDSQRT ( (150.D0,0.D0) *RHO_2)))
MAXOR2 JMAX0 (MAXOR2,10)

IF (MAXORD.GT.9999) THEN -
PRINT *, / RHO_1 TOO BIG !!! "(= ’/,DREAL(RHO_1),")’
STOP
ELSEIF (MAXOR2.GT.9999) THEN
PRINT *, / RHO_2 TOO BIG !!! (= ’/,DREAL(RHO 2),')’
STOP
ENDIF
o
C Begin the jn’s for RHO_1
C
RHO1INV
RHO12IN

(1.D0,0.D0) /RHO 1
RHOLINV + RHO1INV

Bl = -RHO1INV - RHO12IN ’
JNRHO1 (1) = -CDCOS (RHO_1) /RHO_1**2 - CDSIN(RHO 1) /RHO 1
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C

2000

2100

JNRHO1 (2) = CDCOS(RHO_1)/RHO_1

R10 = -CDSIN(RHO_1)/RHO 1
R11 = (R10+CDCOS (RHO_1)) *RHOLINV
BETAl = Bl

JNRHO1 (3) = R10/BETAlL

IORD = 4
Bl = Bl - RHO12IN

YNRHO2 (IORD) (1.00,0.D0) /BETAL
BETAl = Bl
JNRHO1 (IORD)

R11/BETAl

DO 2000 IORD = 5,MAXORD+4
Bl = Bl - RHO1lZ2IN

YNRHO2 (IORD) = (1.D0,0.D0)/BETAl

BETAl = Bl - YNRHOZ (IORD)

JNRHO1 (IORD) = -JNRHO1 (IORD-1)/BETAl
CONTINUE

DO 2100 IORD = MAXORD+3,3,-1
JNRHO1 (IORD) = JNRHO1 (IORD) -YNRHOZ (IORD+1) *JNRHO1 (IORD+1)
CONTINUE

DO 2200 IORD = MAXORD+3,3,-1
JNRHO1 (IORD+1) = JNRHO1 (IORD)

2200 CONTINUE

JNRHO1 (3) = =-R10

C Begin the jn’s for RHO_ 2

C

RHOZ2INV
RHOZ22IN

(1.D0,0.D0) /RHO_2
RHO2INV + RHO2INV

B2 = -RHO2INV - RHO22IN

JNRHO2 (1) = -CDCOS (RHO_2) /RHO_2**2 - CDSIN(RHO_2) /RHO_2
JNRHO2 (2) = CDCOS (RHO_2) /RHO_2

R20 = -CDSIN(RHO 2)/RHO 2 .

R21 = (R20+CDCOST(RHO_2)) *RHO2INV "~

BETA2 = B2

JNRHO2 (3) = R20/BETA2

IORD = 4

B2 = B2 - RHO22IN

YNRHO2 (IORD) = (1.D0,0.D0)/BETA2
BETA2 = B2

JNRHO2 (IORD) R21/BETA2

DO 2300 IORD = 5,MAXOR2+4
B2 = B2 - RHO22IN
YNRHO2 (IORD) = (1.D0,0.D0Q) /BETA2
BETA2 = B2 - YNRHO2 (IORD)
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C
C
C

JNRHO2 (IORD) = -JNRHO2 (IORD-1)/BETA2
2300 CONTINUE

DO 2400 IORD = MAXOR2+3,3,-1
JNRHOZ2 (IORD) = JNRHOZ (IORD)-YNRHOZ2 (IORD+1) *JNRHO2 (IORD+1)
2400 CONTINUE

DO 2500 IORD = MAXOR2+3,3,-1
JNRHOZ2 (IORD+1) = JNRHOZ2 (IORD)
2500 CONTINUE

JNRHO2 (3) = -R20
Begin the yn’s for RHO 2
YNRHO2 (1) = —-JNRHO2 (4)
YNRHO2 (2) = JNRHO2 (3)
YNRHO2 (3) = -CDCOS(RHO_2) / RHO_2
YNRHO2 (4) = -JNRHO2(3) + YNRHO2(3) / RHO_2
IORD = 4

TN2 = RHOZINV
TN2P = (1.D0,0.DO)

IF (NEND.GT.MAXORD) THEN
MAXN = MAXORD

ELSE
MAXN = NEND

ENDIF

DOWHILE (IORD.LE. (MAXORD+4))
IORD = IORD+1
TN2 = TN2 + RHO22IN
YNRHO2 (IORD) = TNZ2*YNRHO2 (IORD-1) - YNRHO2 (IORD-2)
TN2P = TN2 + RHO22IN .
ENDDO

DO 3000 I = 1,MAXORD+4
HINRHOZ2 (I) = JNRHO2(I) + (0.D0,1.D0)*YNRHO2 (I)
3000 CONTINUE .

ONE = (1.D0,0.DO0)

TWO = (2.D0,0.DO0)

FRHO = (0.D0,0.D0)

SQCNTOT = 0.DO0

SQDNTOT = 0.DO0

WRITE (3,*) ’RHO = ’/,RHO 2

DO 4000 J = 0,MAXN
A DFLOAT (J)
B A+ 1.D0
C = 2.D0*A + 1.D0
CINV =1.D0 / C
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ZERO = J+3

JN = JNRHO1 (ZERO)

JN$ = (A*JNRHOIl (ZERO-1) - B*JNRHO1l (ZERO+1l)) * CINV
JNM1$ = (A*JNRHO1 (ZERO-2) - B*JN) * CINV

JNP1$ = (A*JN - B*JNRHOIl (ZERO+2)) * CINV

HIN = H1NRHOZ2 (ZERO)

HINS = (A*HINRHOZ2 (ZERO-1) - B*HINRHO2 (ZERO+1l)) * CINV
HINM1$ = (A*HINRHOZ2 (ZERO-2) - B*HIN) * CINV

HINP1S$ = (A*HIN - B*HINRHO2 (ZERO+2)) * CINV
C JN$S = (A*JNM1$ - B*JNP1S$) * CINV
C HINS$S$ = (A*HINM1S$ - B*HINP1S$) * CINV
DENA = - HIN * (RHO_1*JN$+JN)
& + JN * (RHO_Z2*HINS+H1N)
DENAS$ = + JN*(RHO 2*HIN$$+2.DO*HINS$) + JNS$* (RHO_2*HINS$+H1IN)
& - HIN* (RHO_1*JN$$+2.DO*JNS)
& - HINS$* (RHO_1*JN$+JN)
DENB = + HIN * (RHO_1*JN$+JN)
& - KRATIO**2*JN * (RHO 2*HIN$+HIN)
DENB$ = + HIN* (RHO_1*JN$$+2.D0*JN$)
& + HIN$* (RHO_1*JN$+JN)
& - KRATIO**2*JN* (RHO 2*HINS$S$S+2.DO*HINS)
& - KRATIO**2*JN$* (RHO 2*HINS$+H1IN)

CN = ONE / DENA
DN = ONE / DENB

SQCN = (DREAL(CN))**2 + (DIMAG(CN))**2
SQDN = (DREAL(DN))**2 + (DIMAG(DN)) **2
FRHO = FRHO + SQCN + SQDN

SQCNTOT = SQCNTOT + SQCN
SQDNTOT = SQDNTOT + SQDN

IF (NRITER.EQ.0.AND.RHODIV.EQ.1l) THEN
WRITE (3,*) ’ORDER = ’,J
WRITE (3,3995) SQCN, SQCNTOT, SQDN, SQDNTOT
ELSEIF (NBEG.EQ.NEND.AND.J.EQ.NEND.AND.NRITER.EQ.0) THEN
WRITE (3,*) ’‘ORDER = ’,J
WRITE (3,3995) SQCN,SQCNTOT, SQDN, SQDNTOT

WRITE (3, *)
ENDIF
3995 FORMAT (4G20.10)
4000 CONTINUE
RETURN
END
C=========— === = =+t =
C23456

OPTIONS /G_FLOATING /I4
SUBROUTINE NEWTON (ITER,NRITER,DEN,DEN$,RHO_2)
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IMPLICIT COMPLEX*16 (A-2)
INTEGER*4 ITER,NRITER

IF (DEN$.EQ.(0.D0,0.D0)) THEN
ITER = NRITER
, WRITE (1,5097) /DEN$=(0.D0,0.D0)’
5097 FORMAT (A)
ELSE
DELRHO = -DEN / DEN$
RHO 2 = RHO_2 + DELRHO
ENDIF

RETURN
END
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APPENDIX B

RHORES.IN and RES1.0UT (l1lst run)

~O0OU

1.25663706144D-6,0.D0)
(5.D00,0.D0)
(1.25663706144D-6,0.D0)
(8.85418782D-12,0.D0)

0

100
(66.3975260761913D0,-1.DQ)
(66.3975260761913D0,0.D0)
100

-
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Rho’s with Functions of Rho’s
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