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THE UNIVERSITY OF ARIZONA

TUCSON, ARIZONA 85721

r.f J
COLLEGE OF LIBERAL ARTS L

DEFARTMENT OF PHYSICS

BUILDING #81 October 25, 1979

Professor Igal Talmi

Department of Nuclear Physics

The Weizmann Institute of Science
Rehovat, ISRAEL

Dear Professor Talmi:

I am sorry if I havae confused the issue by addressing your attention
to the qualitative writeups. [ had hoped that they could lighten the burden
of coping with the complete exposition. The qualitative writeups, however,
serve a pedogogical purpose at the expense of full correctness. For instance,
considering coupling of the field to the nucleus only in the initial state
sacrifices gauge invariance. The complete calculation maintains gauge invari-
ance.

I wish to stress that none of the results I arrive at would have the
analytical form they do if the electromagnetic field were anything other
than a plane wave field. In particular, if X were a constant vector poten-
tial it would not appear at all in the results.

Let me consider the two cases of a constant vector potential and a
plane-wave vector potential (in Coulomb gauge) in sequence, as a way of
. emphasizing the different behavior of the two cases under a gauge transfor-
mation. To expedite this procedure, I first wish to point out that the
difference between the "reduced" nuclear charge in initial and final nuclear
states is equivalent to having a single proton in the final state (see Eq. (5)
on p. 45 and Eq. (73) on p. 70).

First consider constant K. If a gauge transformation to remove A from
the equation of motion is applied to the nuclear wave functions, the net
result in the transition matrix element is the phase factﬁr exp(ieA-r). The
same gauge transformation acting on the electron removes A from its equation
of motion, and contributes t%# phase factor exp(-ieA-r) to the transition
matrix element. Therefore, A vanishes from the problem. All of this is
standard and familiar.

Now consider the case where i'represents a plane wave in Coulomb gauge.
The analogue of the constant-potential-removing gauge transformation is just
a Goppert-Mayer gauge transformation, which greatly complicates the equations
of motion [ see my paper, Phys. Rev. A 19, 1140 (1979)], but certainly does
not remove the electromagnetic field. In like fashion, the exp(-ieA-r)



Professor Igal Talmi -2- October 25, 1979

transformation applied to the electron wave function, when A represents a
plane wave, serves only to complicate the wave equation and wave function,
but certainly does not remove the electromagnetic field from the problem.
The mathematical difficulties are so unmanageable in Gppert-Mayer gauge
that the only practical way to handle the problem is to carry out the cal-
culation in Coulomb gauge, and then to examine the results for gauge invari-
ance.

The plane-wave vector potential that is introduced in my theory appears
in the results ag an intensity parameter z, expressible in relativistic
notation as z=-e“A AMR 2 (where A A"=(A")2 - X2). Not only is this expres-
sion Lorentz invarian%, it is also gauge invariant under all transformations
of the type AM»AV+kYA, because of the transverse character of the plane wave
field. A point I must emphasize is that my theory of induced beta decay is
certainly not unique in the way field dependence occurs in it. There is a
sizable body of work on the behavior of free charged particles in intense
plane wave fields where the results are found to depend on the field through
the parameter z, = e2AZ%Z, where X, is the Compton wavelength. (See the
section entitled "Strength of the electromagnetic interaction," pp. 121-125).
These theories possess gauge invariance in exactly the same way as does my
theory of induced beta decay, and for exactly the same reason. That is, for
a plane wave, z¢ is invariant under AM+AM+k¥A. Furthermore, these theories
all reduce to familiar and correct results in the limit of low field intensity.
Were the value of A% somehow removable or changeable through gauge transfor-
mation in these theories, they would not give the correct limit.

You are quite right that Eq. (12) of "Basic theory of induced beta decay"
is meaningless for constant vector potentials, and I understand why you are
dismayed by its appearance. However, my point is that the complete expression
to which Eq. (12) is a crude and incompiete approximation leads, in fact, to
gauge-invariant results for plane-wave A. As I pointed out above, all intense-

field theories (including my theory of induced beta decay) are explicitly gauge
invariant despite depending on field quantities through an A dependence.

Sincerely,

Howard R. Reiss

eas
xc: G. M. Stadler, UPI
Rabbi A. Schindler
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Direct Tel.:D54-8-2060
October 8, 1979

Professor H.R. Reiss
Physics Department
University of Arizona
Tucson, AZ 85721
u'siA!

Dear Professor Reiss,

Thank you for your letter of August 24th which I found here upon
my return from abroad. I am sorry that my letter was mot sufficiently
detailed and I have not been able to explain clearly my ctriticism.

I am well aware that a constant vector potential, corresponding
to no electromagnetic field, can be removed by a simple gauge transforma-
tion. What I suspect however, is that if you introduce such a constant
vector potential into your formalism you will obtain stimulated beta-
decay by a non-existing electromagnetic field.

In fact, this seems to me to be the case if I look at your more
qualitative writeups. In the one entitled "coupling of the field to the
particle in induced beta-decay" you make the statement that it is enough
to consider the coupling of the electromagnetic field to the nucleus only
in the initial state. In the part entitled "basic theory of induced beta-
decay" your derivation of eq. (12) holds also for a constant, and arbitrarily
large, vector potential. This is the problem that worries me and the one to
which I tried to refer in my letter.

I suspect that lack of gauge invariance invalidates your conclusions.
If, however, I have misunderstood your argument, I would be grateful if
you could explain the specific point I raised above.

Sincerely yours,
Igal Talmi

cc. Rabbi A. Schindler

CABLE ADDRESS: WEIZINST (larael) :2'p732% 170 PHOMNE: 851721 Y0



August 31, 1979

Mr. Lewis Robins

89 Sturges Highway

Westport, Conn. 06880

Dear Lew:

Enclosed herewith 1s Dr. Talmi's response. If you want to, you can
pursue the matter with University Patents, Inc. and I refer to the
suggestion of having Dr. Feinberg of Colunmbia University review this
on a consultative basis. 1 trust that Professor Beiss will anuver.
With warmest regards, 1 am

Sincerely,

Alexander M. Schindler

Encl.
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13th August, 1979

Rabbi Alexander Schindler
838 Fifth Avenue

Mew York, NY

U. 5. A

Dear Rabbi Schindler,

Following our telephone conversation I received your
kind letter and the papers supplied by Dr. H.R. Reiss.

I looked at the material and I have a few questions
which I would like to clarify before giving you my final
opinion. I enclose a copy of a letter which I am sending
to Dr. Reiss. At this stage it seems to me that the theory
is not good enough and I certainly would not recommend
investing a large amount of money in conducting experiments
which are based on it. In any case, I would recommend that
a reputable physicist will be persuaded to read the paper of
Dr. Reiss in much more detail than I have been able to do.
Perhaps a prominent theorist like Prof. Gary Feinberg from
Columbia University could be persuaded to do it. It is better
to spend a couple of thousands as consultants' fees than to
rush into something with good intentions but no chance to
succeed.

I am leaving very soon for a few weeks. Upon my return,
if I will have received further explanations from Dr. Reiss,
I will gladly let you know what I think about it.

With best regards,

Sincerely yours,
< <
-

Igal Talmi

CARE ADDRESS . WEIDINST (hircel] | E'FI207 358 PHONE: (03I BZ1V1-83110 i1me TELEX) 31900 opiho



15th August, 1979

Professor H.R. Reiss
Physics Départment
University of Arizona
Tucson, AL 85721
USsA

Dear Professor Reiss,

Thank you for your material sent to me by Rabbi Schindler.
While I have sympathy for your motives I have great doubts about
the validity of yomr theory. .

The most disturbing feature seems to me the Fact that the
matrix elements of the induced B-decay depend on the magnitude
of the vector potential. It seems that your theory is not gauge
invariant. 1In fact, I suspect that your expression (110) could
be obrained approximately directly from your eq.(9) (or (18) and
(19)) as is done in the ordinary way of approximation used for
normal f-decay. This would happen even if the vector potential
is a constant vector, i.e. no electromagnetic field at all (in
this way there would be no E? in the denominator and f, would
replace your f3. So far I have not been able to trace the origin
of these differences).

Fhe ondy day that ¥ $an gee for an external electromagnetic
field to induce B-decay is by mixing into the ground state of the
nucleus excited states with lower spins. The spacings between
such levels are of order of 1 MeV. I suspect that in order to
reach admixtures which will have an appreciable contribution, huge
electromagnetic fields will be necessary.

I would appreciate hearing from you about these comments. In
any case, I suggest you do a simple approximate calculatiom of a
very simple case which will give the magnitude of the required fields
without going through the complicated algebra that you use in your

paper.
Sincerely yours,

Igal Talmi




July 27, 1979

Mr. Joseph Vardi

7 Haim Haviv Street

Jerusalem, Israel

Dear Joseph:

Please do not think that I have forgotten the energy matter.

After some thought, I decided to send the material directly to Dr. Talmi
for an evaluation. The material 1s on 1ts way to him now. If he consi-
ders 1t worthy, I will be in touch with you again.

1 appreciate your willingness to be of help. With warmest pemsonal re-
gards, [ am

Sincerely,

Alexander M. Schindler
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August 2, 1979

Rabbi Alexander Schindler
838 Fifth Avenue
New York, New York 10019

Dear Rabbi Schindler:

I want to thank you for taking the time last Friday
to meet with us and explore the possibilities and potential
of the Reiss technology. You certainly have the ability to
create action, and action is just what we needed at this
point in the project's development.

After you left, we completed ocur work on a briefing
memorandum which I think you will find helpful in under-
standing Howard's work. I have enclosed a copy for you
and for Dr. Talmi.

I hope that I, or UPI, will have the opportunity in
the future to return your favor. Please do not hesitate
to contact me if and when such a need arises.

Again, thank you and shalom!

Sincerely,

GEORGE M. STADLER
Assistant to the President
GMS/cm
Enclosures
cc: Dr. Howard Reiss

Mr. Lou Robbins
Mr. L. W. Miles

TELEPHONE: (203) B46-3461
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A Novel Major Energy Source: Controlled Beta Decay

I. Basic Concept

The proposed energy source is nuclear, although it is
neither fission nor fusion. It involves the induction of a
type of radicactivity called "forbidden beta decay".

Only a few materials found in nature have the requisite
nuclear properties, but these materials are relatively
commonplace. (They include particular isotopes of calcium,
cadmium, etc.) The fuel material is normally guiescent.
When exposed to an intense low-frequency electromagnetic
field (such as low frequency radiowaves), however, beta
decay is induced to occur. This leads to a release of
nuclear energy far in excess of the energy involved in the
inducing field. The result is a net energy production
available for the generation of power. It should be stressed
that no gaseous emissions occur, and that the end product of
the beta decay is an innocuous material, devoid of further
radicactivity.

The same physical process described above may also
prove useful to accelerate the decay, or reduce the halflife,
of certain nuclear fission waste products (such as strontium -90
and cesium -137) which possess forbidden beta decays.

II. Importance of the Concept

*The total energy resources available from controlled
beta decay are larger than those associated with fossil
fuels (including coal) and with nuclear fission (including
breeding). They are not as large, however, as nuclear
fusion resources, if and when these are developed.

*Controlled beta decay fuel resources are widely distri-
buted geographically. In fact, the oceans are a major
source of some of the fuels.

TELEPHONE: (203) 846-3461



*A reactor based on controlled beta decay would be
extremely safe to operate. Unless the fuel is subjected to
an applied field within a narrow range of the optimum field,
the reaction ceases. There is no possibility of an explosion,
chain reaction, or any other kind of self-propagating reaction.

*No gaseous emissions of any kind are involved in the
proposed controlled beta decay reactor. The emissions from
some beta reactor fuels are limited to beta particles, which
cannot travel more than millimeters from point of origin.
Other beta reactor fuels also emit gamma rays which reguire
shielding. This is in any case a necessary part of reactor
design, however, since the gamma rays must be captured in
order to employ their energy.

*No noxious wastes are associated with induced beta
decay. The end products of the beta decay are conventional
materials, with no residual radioactivity. Furthermore,
there is no by-product radicactivity, such as occurs in both
nuclear fusion and fission.

*There is no weapons potential associated with controlled
beta decay fuels or their end products. Both the fuels and
wastes are conventional materials with no weapons applications.

III. Elements of the Physics

So-called forbidden (not an absolute term) beta decays
are nuclear decay processes which are strongly inhibited in
nature because certain angular momentum and parity selection
rules are not met. Since each photon (an elementary unit of
the electromagnetic field) carries one unit of angular
momentum and causes a parity change, a forbidden beta decay
can become allowed through application of photons from an
external source, leading to a release of nuclear energy in
the beta decay which can be put to practical use. Every
photon carries the same amount of angular momentum regardless
of its energy, and so the use of very low energy photons
makes possible a favorable overall energy balance in controlled
beta decay. (A somewhat more technical description of some
of the special features of the physics of induced beta decay
is given below.)

IVv. Present Status

A complete theory of induced beta decay has been developed.
The theory starts from first principles, is applicable to
forbidden beta decay of any order, and carries through to



final results for power density of the released energy in an
induced beta decay fuel. Preliminary parameters for beta
reactors have been explored. All of this information is
contained in a patent application which has been filed with

the U. S. Patent Office. In addition, several brief pedagogical
writeups have been prepared which address aspects of the

physics of induced beta decay which are novel. To some
physicists, these novel aspects may even be counter-intuitive.

V. HNext Steps And Estimated Costs

The principal requirement is for a laboratory verification
of the theory. This may take place in several stages, since
the easiest way to apply the inducing electromagnetic field
to the target material does not match the idealized conditions
reflected in the theory. A field corresponding to the
calculations can be provided if simpler experiments prove to
be inadequate. More theoretical work is also appropriate.

The existing theory considers only the pure induced decay,
whereas additional contributions arise from mixed induced

and natural decay channels yet to be analyzed. Also, present
numerical results have been derived by analytical approximations
introduced in the late stages of the calculation. Computer
calculations are desirable. Further calculations on intense
fields arising from practical physical sources should be
explored so that a better understanding of their properties

and applications can be established.

In order to accomplish the aforementioned work, a
three-phase experimental and theoretical program is envisioned.
Phase I experimentation will involve a simple source, based
on near field effects and the use of soft permeable materials
in a core. Phase II involves a source design with a core, in
which only the radiation field component of the source is
considered. If necessary, a Phase III source would be
developed in which no core is used and only the radiation
field component is utilized.

Phase I is expected to take 6-8 weeks at a cost of
$15,000 to $20,000. Projected costs for a one-year Phase II
program are approximately $200,000, while costs for Phase III
work (if necessary) may run as high as $500,000. (A detailed
proposal and budget can be made available upon regquest.)

VI. Salient Features of the Physics

A very simplified presentation is given here of the
basic physical and theoretical concept which is involved in
induced beta decay. Then a qualitative discussion is presented



of an interesting feature of the electrodynamics of the
induced beta decay process which is quite unfamiliar.
Misconceptions can arise if this point is not understood.

To describe the basic process, a four-fermion point
interaction is considered, with nonrelativistic treatment of
the nucleons. Purely for expository purposes, attention is
confined to a Fermi beta decay process involving a single
nucleon in the nucleus. The nuclear matrix element which
arises in the ordinary theory is (¥¢,¥i), where subscripts f
and i refer to final and initial states given by the two-
component spinor ¥. This matrix element gives the selection
rules AJ=0, "no" for change in angular momentum and change
in parity. Suppose the final and initial nuclear states
differ by one unit of angular momentum and have opposite
parity. This represents a first-forbidden beta decay, and
the simple matrix element (¥f,¥i) will vanish in this case.
There are correction terms to the simple matrix element
which do make beta decay possible, although the halflife for
this forbidden decay is much longer than for a corresponding
allowed decay. One such correction comes from the orbital
angular momentum of the electron and neutrino emitted in the
decay, which is expressible as

(Ye ¥i) > (P ¥5) - 1iBatk]) - (¥e 2¥;)

where Pe and k, are electron and neutrino momenta, and ¥ is
the position coordinate of the beta decay nucleon. The
nuclear matrix element (¥f,¥ ¥j) gives the selection rules
|AJ|=0,1, "yes" for angular momentum change and parity
change. Now consider the effect on a nuclear state of an
externally applied plane wave electromagnetic field. For a
field of frequency w such that i w <<|AE|, with AE a charac-
teristic nuclear level spacing, the effect on the initial
state can be shown to be

¥y + ¥3 + i(ejR-2/c) ¥;.

Here A is the vector potential of the field, and ej is the
effective charge of the beta decay nucleon in coordinates
relative to the center of mass of the nucleus. An analogous
expression holds for the final state, and since ef -e; = e,
where e is the charge of a single proton, the final effect
of the field is to modify the nuclear matrix element to

(Yg,¥5) =+ (¥g ¥5) - i(eR/e)- (¥g BYy).

The effect of the applied field is just like that of electron
and neutrino orbital angular momentum in changing nuclear



selection rules. The magnitude of the modified matrix
element can be seen to be significant if |eARy/c| is of
order unity, where Rp is the nuclear radius. This requires
a very intense electromagnetic field, but the reguired
intensity can be achieved on a practical basis with low
frequency fields.

An interesting property of the electrodynamics of

induced beta decay will now be discussed. The simple analysis
above led to the inference that the essential parameter of
the field is |eARg The analysis is based on an inter-
actlnn Hamiltonian of the field with the nucleon glven by

pfc, where P is the momentum operator. A comparison of
the magnitude of this interaction energy with a characteristic
nuclear level spacing AE, gives the ratio

&
lehdrel = (O (IEE_Eol)r
AE \, C
just as before. 1In view of the remark that the field should
be of low frequency, it is tempting to replace the -eh- -p/ec
interaction term with the scalar putentlal -2 -r, as is
often done for low frequency fields. E is the electric

field vector. The ratio of the magnitude of this scalar
potential interaction energy to AE is

E'T =~ 1 A :
|E5Er| O(IE%! |EEB‘°|)

which differs by the factor fiw/|AE| (hypothesized to be very
small) from the previous result. This apparent paradox has
an explanation which has only recently appeared in the
physics literature (see H.R. Reiss, Phys. Rev. A 19, 1140
(1979)). Although the -ek.p/c and -eE-r interaction terms
are commonly taken to be equivalent whenever dipole approximation
is valid (low frequency fields), this is no longer true when
field intensity is large. The vector potential A in Coulamh
gauge, normally represented by the scalar potential -E-r in
electric-field gauge, requires as well vector potential
terms in electric-field gauge at high field intensity.

These additional vector potential terms become dominant at
high intensity, and, in fact, prevent the usual separation
of the equations of motion into center-of-mass and relative
coordinate equations. This conclusion, demonstrated in the
above-cited article for atomic problems, becomes even more
emphatic in the nuglear problem. The origin of the hw/|AE|
factor in the -eE-r case as compared to thg = pfc interaction
term is simply from the fact that the -eE.-r term represents
only a small part of the total field-nucleus interaction
energy in the intense field case. These conclusions bear

i By



directly on a different physical problem. Although an
electromagnetic plane wave cannot be represented by the
scalar potential -E-r in the intense-field case, a guasi-
static electric field can properly be represented in that
fashion. A corollary tc the above conclusion is that a
quasistatic field is less effective than a plane wave field
in inducing beta decay by the factor hw/|AE| for fields of
like frequency and electric field magnitude. Of course, in
the case of resonance (i.e., when fiw=|AE|, the usual case
that is the subject of electromagnetic transition calcula-
tions), the familiar result obtains that there is no dif-
ference in the effects of quasistatic and plane wave fields.
However, a major difference arises when only a small portion
of the transition energy is supplied by the electromagnetic
field, in which case hw<<|AE|. This is the case associated
with obtaining useful energy from induced beta decay.

VII. Available Supportive Material

1. U. S. Patent Application, Ser. No. 968,406, entitled
"Induced Beta Decay."

2. A series of background papers which provide a gualita-
tive treatment of some of the more fundamental aspects
of the theory. The titles of these papers are:

a) "Introduction to the Theory of Induced Beta
Deca}r = 1]

b) "Basic Theory of Induced Beta Decay."

c) "Comparison of Induced Beta Emission with
Induced Emission From Metastable Atomic
State."”

d) "Differences Between a Low Frequency Plane
Wave Field and a Quasistatic Electric Field."

e) "Coupling of the Field to the Particle in
Induced Beta Decay."

3. A recent paper which appeared in Physical Review entitled
"Field Intensity and Relativistic Considerations in the
Choice of Gauge in Electrodynamics" (Phys. Rev. A 19,
1140 (1979)).
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A Novel Major Energy Source: Controlled Beta Decay

I. Basic Concept

The proposed energy source is nuclear, although it is
neither fission nor fusion. It involves the induction of a
type of radicactivity called "forbidden beta decay".

Only a few materials found in nature have the requisite
nuclear properties, but these materials are relatively
commonplace. (They include particular isotopes of calcium,
cadmium, ete.) The fuel material is normally quiescent.
When exposed to an intense low-frequency electromagnetic
field (such as low frequency radiowaves), however, beta
decay is induced to occur. This leads to a release of
nuclear energy far in excess of the energy involved in the
inducing field. The result is a net energy production
available for the generation of power. It should be stressed
that no gaseous emissions occur, and that the end product of
the beta decay is an innocuous material, devoid of further
radicactivity.

The same physical process described above may also
prove useful to accelerate the decay, or reduce the halflife,
of certain nuclear fission waste products (such as strontium -90
and cesium -137) which possess forbidden beta decays.

II. Importance of the Concept

*The total energy resources available from controlled
beta decay are larger than those associated with fossil
fuels (including coal) and with nuclear fission (including
breeding). They are not as large, however, as nuclear
fusion resources, if and when these are developed.

*Controlled beta decay fuel resources are widely distri-

buted geographically. In fact, the oceans are a major
source of some of the fuels.

TELEPHONE: (203) 846-3451



*A reactor based on controlled beta decay would be
extremely safe to operate. Unless the fuel is subjected to
an applied field within a narrow range of the optimum field,
the reaction ceases. There is no possibility of an explosion,
chain reaction, or any other kind of self-propagating reaction.

*No gaseous emissions of any kind are involved in the
proposed controlled beta decay reactor. The emissions from
some beta reactor fuels are limited to beta particles, which
cannot travel more than millimeters from point of origin.
Other beta reactor fuels also emit gamma rays which require
shielding. This is in any case a necessary part of reactor
design, however, since the gamma rays must be captured in .
order to employ their energy.

*No noxious wastes are associated with induced beta
decay. The end products of the beta decay are conventional
materials, with no residual radiocactivity. Furthermore,
there is no by-product radiocactivity, such as occurs in both
nuclear fusion and fission.

*There is no weapons potential associated with controlled
beta decay fuels or their end products. Both the fuels and
wastes are conventional materials with no weapons applications.

II1. Elements of the Physics

So-called forbidden (not an absolute term) beta decays
are nuclear decay processes which are strongly inhibited in
nature because certain angular momentum and parity selection
rules are not met. Since each photon (an elementary unit of
the electromagnetic field) carries one unit of angular
momentum and causes a parity change, a forbidden beta decay
can become allowed through application of photons from an
external source, leading to a release of nuclear energy in
the beta decay which can be put to practical use. Every
photon carries the same amount of angular momentum regardless
of its energy, and so the use of very low energy photons
makes possible a favorable overall energy balance in controlled
beta decay. (A somewhat more technical description of some
of the special features of the physics of induced beta decay
is given below.)

IV. Present Status

A complete theory of induced beta decay has_been developed.
The theory starts from first principles, isiappllcahle to
forbidden beta decay of any order, and carries through to



final results for power density of the released energy in an
induced beta decay fuel. Preliminary parameters for beta
reactors have been explored. All of this information is
contained in a patent application which has been filed with

the U. S§. Patent Office. 1In additiocon, several brief pedagogical
writeups have been prepared which address aspects of the

physics of induced beta decay which are novel. To some
physicists, these novel aspects may even be counter-intuitive.

V. Next Steps And Estimated Costs

The principal requirement is for a laboratory verification
of the theory. This may take place in several stages, since
the easiest way to apply the inducing electromagnetic field
to the target material does not match the idealized conditions
reflected in the theory. A field corresponding to the
calculations can be provided if simpler experiments prove to
be inadequate. More theocretical work is also appropriate.

The existing theory considers only the pure induced decay,
whereas additional contributions arise from mixed induced

and natural decay channels yet to be analyzed. Also, present
numerical results have been derived by analytical approximations
introduced in the late stages of the calculation. Computer
calculations are desirable. Further calculations on intense
fields arising from practical physical sources should be
explored so that a better understanding of their properties

and applications can be established.

In order to accomplish the aforementioned work, a
three-phase experimental and theoretical program is envisioned.
Phase I experimentation will involve a simple source, based
on near field effects and the use of soft permeable materials
in a core. Phase II involves a source design with a core, in
which only the radiation field component of the source is
considered. If necessary, a Phase III source would he
developed in which no core is used and only the radiation
field component is utilized.

Phase I is expected to take 6-8 weeks at a cost of
515,000 to 520,000. Projected costs for a one-year Phase II
program are approximately $200,000, while costs for Phase III
work (if necessary) may run as high as $500,000. (A detailed
proposal and budget can be made available upon request.)

VI. Salient Features of the Physics

A very simplified presentation is given here of the
basic physical and theoretical concept which is involved in
induced beta decay. Then a gualitative discussion is presented



of an interesting feature of the electrodynamics ?f the
induced beta decay process whicl is quite unfamiliar.
Misconceptions can arise if this point is not understood.

To describe the basic process, a four-fermion point
interaction is considered, with nonrelativistic treatment of
the nucleons. Purely for expository purposes, attention is
confined to a Fermi beta decay process involving a single
nucleon in the nucleus. The nuclear matrix element which
arises in the ordinary theory is (Yf,Y¥i), where subscripts £
and i refer to final and initial states given by the two-
component spinor ¥. This matrix element gives the selection
rules AJ=0, "no" for change in angular momentum and change
in parity. Suppose the final and initial nuclear states
differ by one unit of angular momentum and have opposite
parity. This represents a first-forbidden beta decay, and
the simple matrix element (¥f, ¥i) will vanish in this case.
There are correction terms to the simple matrix element
which do make beta decay possible, although the halflife for
this forbidden decay is much longer than for a corresponding
allowed decay. One such correction comes from the orbital
angular momentum of the electron and neutrino emitted in the
decay, which is expressible as

E‘\l"f,wi} -+ I:"Ff"‘l“'i] - i{ﬁe-l_k;}.{wf,fliri]

where pe and K, are electron and neutrino momenta, and ¥ is
the position coordinate of the beta decay nucleon. The
nuclear matrix element (¥f,¥ ¥j) gives the selection rules
|AT|=0,1, "yes" for angular momentum change and parity
change. Now consider the effect on a nuclear state of an
externally applied plane wave electromagnetic field. For a
field of frequency w such that f w <<|AE|, with AE a charac-
teristic nuclear level spacing, the effect on the initial
state can be shown to be

T B s i{EiE-ffCT ¥i.

Here A is the vector potential of the field, and ej is the
effective charge of the beta decay nucleon in coordinates
relative to the center of mass of the nucleus. An analogous
expression holds for the final state, and since ef -ej = e,
where e is the charge of a single proton, the final effect
of the field is to modify the nuclear matrix element to

(¥g, ¥3) + (¥g ¥5) - di(eR/c).(¥g T¥;).

The effect of the applied field is just like that of electron
and neutrino orbital angular momentum in changing nuclear



selection rules. The magnitude of the modified matrix
element can be seen to be significant if |eARy/c| is of
order unity, where Ry is the nuclear radius. This requires
a very intense electromagnetic field, but the required
intensity can be achieved on a practical basis with low
frequency fields.

An interesting property of the electrodynamics of
induced beta decay will now be discussed. The simple analysis
above led to the inference that the essential parameter of
the field is |eARo/c|. The analysis is based on an inter-
action Hamiltonian of the field with the nucleon given by
—eé-p}c, where P is the momentum operator. A comparison of
the magnitude of this interaction energy with a characteristic
nuclear level spacing AE, gives the ratio

|eh-p/c| - () |eARo]| |,
AE] [
just as before. 1In view of the remark that the field should
be of low frequency, it is tempting to replace the -eA-p/c
interaction term with the scalar potential =-eE.r, as is
often done for low fregquency fields. E is the electric

field vector. The ratio of the magnitude of this scalar
potential interaction energy to AE is

B3| =~ nw |eRRol) .
e 0 )

which differs by the factor Hw/|AE| (hypothesized to be very
small) from the previous result. This apparent paradox has

an explanation which has only recently appeared in the

physics literature (see H.R., Reiss, Phys. Rev. A 19, 1140
(1979)). Although the -eA.p/c and -eBE-r interaction terms

are commonly taken to be equivalent whenever dipole approximation
is valid (low frequency fields), this is no longer true when
field intensity is large. The vector potential A in Coulomb

gauge, normally represented by the scalar potential -E-r in

electric-field gauge, requires as well vector potential
terms in electric-field gauge at high field intensity.
These additional vector potential terms become dominant at
high intensity, and, in fact, prevent the usual separation
of the equations of motion into center-of-mass and relative
coordinate equations. This conclusion, demonstrated in the
above-cited article for atomic problems, becomes even more
emphatic in the nucglear problem. The origin of the hw/ | AE |
factor in the -eE-r case as compared to the -ei-pfc interaction
term is simply from the fact that the -eE.r term represents
only a small part of the total field-nucleus interaction
energy in the intense field case. These conclusions bear

'15—-



directly on a different physical problem. Although an
electromagnetic plane wave cannot be represented by the
scalar potential -E-r in the intense-field case, a quasi-
static electric field can properly be represented in that
fashion. A corollary to the above conclusion is that a
quasistatic field is less effective than a plane wave field
in inducing beta decay by the factor hw/|AE| for fields of
like frequency and electric field magnitude:. Of course, in
the case of resonance (i.e., when fiw=|AE|, the usual case
that is the subject of electromagnetic transition calcula-
tions), the familiar result obtains that there is no dif-
ference in the effects of quasistatic and plane wave fields.
However, a major difference arises when only a small portion
of the transition energy is supplied by the electromagnetic
field, in which case hw<<|[AE|. This is the case associated
with obtaining useful energy from induced beta decay.

VII. Available Supportive Material

l. U. S. Patent Application, Ser. No. 968,406, entitled
"Induced Beta Decay."

2. A series of background papers which provide a gualita-
tive treatment of some of the more fundamental aspects
of the theory. The titles of these papers are:

a) "Introduction to the Theory of Induced Beta
Decay."

b) "Basic Theory of Induced Beta Decay."

¢) "Comparison of Induced Beta Emission with
Induced Emission From Metastable Atomic
State.”

d) "Differences Between a Low Frequency Plane

Wave Field and a Quasistatic Electric Field."

e) "Coupling of the Field to the Particle in
Induced Beta Decay."

3. A recent paper which appeared in Physical Review entitled:
"Field Intensity and Relativistic Considerations in the
Choice of Gauge in Electrodynamics" (Phys. Rev. A 19,
1140 (1979)).




February 14, 1979

Reverend William H. Millerd, S.d., Dir.
Interfaith Coalition on Energy

1413 K Street, N.W., 8th Floor
Washington, DC 20005

Dear Reverend Millerd:

I wish I could join with you at the press conference. No {ssue cries
out more insistently for inter-religious coalition than energy. Feal
free to use the attached resolution, adopted overwhelmingly by the
tfﬂ-lc Ben-_t;-ﬂ Assembly, as well as my personal comments on Mexican oil
enclosed).

Sincerely,

Alexander M. Schindler



Interfaith Coalition on Energy

1413 K Street, NW. 8tk Floor

Wasbizgton, D.C. 20005 (202) 393-6700

February 9, 1979

Rabbi Alexander Schindler

Union of Anerican Hebrew Congregations
63¢ Fifth Avenue,

New York, NY 10021

Dear Rabbhi Schindler,

At the urging of Rabbi David Saperstein, I am writing you to
inform you of the Interfaith Coalition's plans to launch a canpaicn
for energy conservation in the nation's churches and synagoques. 2An
outline of the program is enclosed with this letter.

To launch the program we are scheduling a press conference for the
moming of February 22, 1979,. 2s part of the initial presentaticn,
we hope to release statenents of endorsement and exhortation from
the representative leaders of the many relicicus dencminations
which share the views of the Coalition on energy conservation.
Through David Saperstein I know of UNIC's deep concems about these
matters and I would like to invite your participation in this effort.

If the date matches your trawel plans, we would be honored to
have you join persaally with us in the inauguration of the campaion.
If not, a statement of endorserment and of encouracerent to your
cogregations will be a mest valuable contribution, We could release
your statewent to the media as part of the conference,

‘Thank you for giving this matter your attention. I am very
hopeful that you can help us in this morally urgent matter in which
the religious commmity is only beginning to make an effective

1 pray for the success of your work for the Union and for the
religious comamities of the nation.

Sincerely,

(S ilan WM 22 D, ]

William H. Millerd, S.J.
Director, Interfaith
Coalition on Eneray
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(Here are
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some suggestions that might be included on a Covenant Card)

8.

9.

10.
11.

12,

COVENANT FOR CONSERVATION

Turn thermostat down to 65° at bedtime

Turn thermostat down at least to 682 when occupying
house in daytime and early evening

Turn thermostat to 62°2 when at work and no one is
in the house

Car pool whenever possible to work, for weekly
grocery shopping, to church and synagogue

Turn the hot water heater down to the low-temperature
range

Purchase new appliances with conservation in mind

Set the air conditioning thermostat. at least as
high as 76° in the summertime

Not leave lights burning in unoccupied rooms of my
house :

I /
Take public transportation to work ﬂl{}fbgé‘f A ke
Considerably limit my pleasure driving.

Buy and use gas-saving car when next purchase of
automobile

ééﬁtgv{.;;,'i' e i
Subject my house to an 'Energy Conservation Audit F/¢v7

ZL{’- \Lag ,



ENERGY CONSERVATION CRUSADE

Sponsored

by

The Interfaith Coalition on Energy

Slogan: "Covenant for Conservation"

Purpose: To encourage local congregations to initiate a program
in the local churches and synagogues to convenant for con-
servation.

Implementation: 1, Pastors and rabbis would speak on Friday
nights and Sunday mornings on '"The Ethics of Conservation"
and ask their respective congregations to covenant with
them on behali of a voluntary crusade for conservation.

2, Members of congregations would be presented with a card
listing twelve specific measures they can accept for meaning-
ful participation in the Crusade. To be considered a
participant they will be asked by religious leaders to commit
themselves to at least seven courses of action.

Function of ICE:
1. Prepare Covenant Card
2. Prepare sermonic materials

3. Distribute back-up materials which will give participants
ideas on how they can save on energy

4. Get religious leaders behind campaign

5. Stress cooperation with government in its public call
for conservation

6. Emphasize responsible voluntarism as a way of avoiding
= _ Oppressive bureaucratic mandatory controls

7. Hold a press conference to publicize the religious
communities leadership in the conservation movement

8. Serve as a "Clearing House for Conservation' ideas and
action

9. Provide ethical, scriptural and theological background
for the Crusade

10. Stress the critical need for conservation in the light
of world-wide shortages and how conservation can com-
pensate for import losses ‘ '



February 27, 1979

Enclosed you will find a packet containing statements
made at a press conference on February 22, concerning the
Covenant for Conservation Campaign. There are statements by
William H, Millerd, SJ, Director of the Interfaith Coalition
on Energy; Dr, George Outen, General Secretary, Board of
Church and Society, United Methodist Church; Reverend Paul
Kittlaus, Director, United Church of Christ, Office for
Church in Society; Rabbi Alexander Schindler, President,
Union of American Hebrew Congregations; and the Lutheran
Council in the USA., Also in the packet is a brief description
of the Coalition and an outline of the Covenant Campaign.

A copy of the first printing of the Covenant Card is in-
cluded here too. This was a rush job (done because of the
weather) in order to have cards available for the press con-
ference. The card has been revised and is in the process of
being reprinted.

We hope you will find this information useful to your

faith community.

Sincerely,

W tliin (| o lle ) //

William H. Millerd, SJ.



ENERGY CONSERVATION CAMPAIGN

Sponsored

by

The Interfaith Coalition on Energy

Slogan: '"Covenant for Conservation"

Purpose: To encourage local congregations to initiate a program

in the local churches and synagogues to convenant for con-
servation.

Implementation: 1. Pastors and rabbis would speak on Friday
nights and Sunday mornings on "The Ethics of Conservation"
and ask their respective congregations to covenant with
them on behalf of a voluntary crusade for conservation.

2. Members of congregations would be presented with a card
listing twelve specific measures they can accept for meaning-
ful participation in the Crusade. To be considered a
participant they will be asked by religious leaders to commit
themselves to at least seven courses of action.

Function of ICE:
1. Prepare Covenant Card
2. Prepare sermonic materials

3. Distribute back-up materials which will give participants
ideas on how they can save on energy

4. Get religious leaders behind campaign

5. Stress cooperation with government in its public call
for conservation

6. Emphasize responsible wvoluntarism as a way of aveoiding
oppressive bureauecratic mandatory controls

7. Hold a press conference to publicize the religious
communities leadership in the conservation movement

8. Serve as a "Clearing House for Conservation" ideas and
action

9. Provide ethical, scriptural and theological background
for the Crusade

10. Stress the critical need for conservation in the light
of world-wide shortages and how conservation can com-
pensate for import losses



STATEMENT BY REV. WILLIAM H. MILLERD, S8.J., DIRECTOR,
INTERFAITH COALITION ON ENERGY, FEBRUARY 22, 1979

The Interfaith Coalition on Energy issues today a call to
all the members of its falth communities, a call to conserve
energy. The Coalition begins today a campaign to awaken and
deepen the awareness of all people of falth in this nation
to the need = the religious and ethical need- to cut back on
our consumption of precious fuel resources, We lnvite all men
and women of good will to join with us in a covenant to conserve
energy.

The Interfaith Coalition on Energy today asks all those
who share our beliefs in the teachings of the Jewlsh and Christian
traditions, to look at our energy resources and use 1in the light
of these traditions.

All energy resources on which the human race depends for
heat, food and a multitude of cultural blessings, these resources
some renewable and some being rapidly used up, these resources

are gifts of our creator God, gifts which the Lord gives to
supply the needs of all peoples

The earth and all it contains is the Lord's. In the Lord's
Wisdom , the earth's resources are meant to supply the needs of
all humanity. With these resources the Lord feeds us all in due
season, We humans possess these resources as gilfts; we must use
them responsibly as stewards of thls wise Master. We of this
generation hold these gifts in trust for future generations.

Yet if we examine our conscliences about our stewardship of

these mesources. we find that we -in this nation, at least - are

using far more than we need and we are wasting them., With barely
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6% of the world's population, we account for more than a third
of the world's energy use, As much as 50% of this energy is
wasted,

Qur excessive consumption allows oll producers to demand
artificially high prices, These high prices are financially

rulnous to the developing nations. They unjustly deprive the
less fortunate in this nation of necessary fuel and foed. By

wasting these resources, we are burdening our children and grand

children with higher priced resources or, perhaps, depriving them
of sufficlent resources for theilr needs,

Our excessive use of o0ll makes us overly dependent on the
producing nations. We can begin to seek oil rather than justice
and peace between peoples. We increase arms exports to overcome
the dollar drain abroad. The weakened dollar increases inflation
at home to the harm of the elderly and others living on fixed

and low incomes,

In short, our over consumption and waste of energy is a
cause of soclal injustice at home and abroad. We are not acting
as falthful trustees towards our children and future generations.
We are not being reliable stewards of the Creator's gifts to all
humanity. We are doing harm - serious harm - to our neighbors,

For these reasons, the Coalition will work to encourage each
and every church and synagogue in this nation to give energy con-
servation a major role in their educational programs and communal
celebrations, We will reach out to pastors and rabbis and all

religious leaders to help them direct the attention of their

communities to the social injustices of excessive energy use,
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We invite the faithful of these communities to commit themselves

to undertake seven or more specific programs for energy conservation
in their personal and family lives. We are distributing Covenant
Cards listing possible actions and asking individuals and families
to indicate on them their specific covenant commitments.

We of the Interfaith Coalition on Energy invite communities of
all faiths to join us in examining our obedience to the commandment
to love our neighbors as this is reflected in our use and misuse
of energy. We invite them to see energy conserved as a gift of
love for our neighbors - of our neighbors at home, of our neighbors
abroad, of future generations. We ask all to join in the pursuit
of justice and peace by specifie, covenant commitments to

conserve energy.

Information about the Covenant Cards and other materials such as
sermon outlines, motivational and informational materials can
be obtained by writing the Interfaith Coalition on Energy, 1413
K Street, NW, 8th Floor, Washington, D.C. 20005. Telephone
(202) 783-2852.



INTERFAITH COALITION ON ENERGY

Nature and Purpose:

The Interfaith Coalition on Energy (ICE) is composed of national
religious organizations. The purpose is to educate the public and to increase
awareness in the churches and synagogues of the religious imperative for involve-
ment in energy education, conservation and the determination of public energy

policies.

Theological and Ethical Basis:

Because of our belief in the responsibility God has given humankind
to care for the earth and its environment, we of the religious community
have a special obligation to provide the necessary moral leadership the energy
issue demands.

In keeping with biblical principles and the Judeo-Christian ethic,
stewardship concerns require us to preserve the earth's resources for future
generations.

We also recognize our obligations to consider how energy decisions

affect human needs, both domestic and international.

Goal:

The Coalition seeks 1) the development of an energy conservation ethic
in both individuals and institutions, and 2) the adoption and implementation
of public policies which emphasize energy conservation and the rapid develop-
ment of energy sources that are renewable and nonthreatening to public health
or the environment, and which minimize dependence on fossil fuels and nuclear

fission together with their environmental and social costs.

Emphases:

The specific focus of ICE will be upon the following:
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(1) Encouraging energy conservation and efficiency by

ai

(2) Promoting

a.

assisting religious organizations to conserve energy in their
existing and future buildings;

facilitating the participation of religious bodies in community
programs such as weatherization for the elderly and low income
persons, and parallel job training programs;

calling for increased commitment to lifestyles in which energy
use is minimized.

solar and other renewable energy technologies by:

building informed, active support among religious leaders for
appropriate public policies;

assisting religious organizations and institutions to identify
opportunities for their use of these technologies;

encouraging missionary and foreign aid agencies to promote

these technologies in developing countriés as appropriate.

(3) Insisting that the use of fossil fuels and nuclear fission be dependent

upon:
a.

b.

adequate protection of miners and other workers;

adequate reduction of the present and potential environmental
costs of these energy sources, especially of the adverse impact
of mining, combustion/radioactive releases, and waste products;
respect for moral and legal international obligations requiring
that the development and use of fission power not allow the
diversion of nuclear fuels to use in weapons, and that fuel
imports and overconsumption not block the progress of developing

countries.
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(4) Emphasizing the social impact of energy decisions especially as they affect
the disadvantaged, people on fixed incomes, the unemployed and minority

populations.

Program:
(1) Energy conservation and efficiency.

Since energy conservation and efficiency is a most effective means of

minimizing dependence on fossil fuels and nuclear fission, an immediate

focus of the coalition will be to facilitate the involvement by the
religious community in the formulation and implementation of public
policies that promote energy conservation and efficiency. To these ends,
the coalition will:

a. survey its member organizations and others as to current practice,
policies, and needs relative to energy conservation;

b. share this information among the religious communities and encourage
them to borrow successful approaches from one another;

c. - facilitate contact by the groups with sources of technical information,
and with pertinent secular agencies, programs, and funding sources;

d. assist the religious communities in assessing public policies for
conservation especially as they affect the elderly, people on low
income and minorities, and in promoting just policies;

e. establish liaison with religious agencies, stewardship councils, aid
associations, in challenging energy lifestyles and promoting the
conservation ethic.

(2) Promotion of renewable energy technologies and just policies for fossil
and nuclear use.

ICE will seek to activate leaders of the religious communities on national
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state, and local levels by an education campaign and assist them in

entering into meaningful dialogue with public policy makers. For this

purpose, the coalition will:

a.

help keep religious leaders informed on the energy issues outlined
under emphases - through the distribution of pertinent literature,
through artia]e; in the religious press and through the mass media;
gather local religious Teaders for workshops and conferences on energy
issues especially in regions from which come principal decision
makers on energy policy;

assist involvement by the religious community in the formulation and
implementation of public policies, in parficu]ar, through cooperation

with Impact, Network, and other information networks on energy issues;

facilitate contact by the groups with sources of technical inform-
ation and with pertinent secular agencies, programs, and funding
sources;

encourage religious communities to work with secular energy groups
where they share similar purpases;

recruit religious organizations that are not active on enerqy issues

to an increased involvement.



STATEMENT OF RABBI ALEXANDER M. SCHINDLER, PRESIDENT, UNION

OF AMERICAN HEBREW CONGREGATIONS, FEBRUARY 22, 1979

The Union of American Hebrew Congregations is most pleased

and ready to cosponsor the Covenant for Conservation Campaign.

Our sponsorship follows directly from the energy policy resolution
adopted overwhelmingly by the UAHC General Assembly.

The UAHC energy policy resolution reads in part:
"The principles of our Jewish tradition stress mankind's respon-
sibility to care for God's earth and to safeguard its resources,
thas fulfilling our trust to generations yet unborn. 'We are but
stewards of whatever we possess.' We, therefore, concur that the
priorities of a national energy policy should be conservation
and development of renewable alternative resources as a means of
achieving self-sufficiency for our energy needs."

The resolution concludes: "We call upon the Commission
on Synagogue Administration and the Commission on Social Action
to provide effective and practical guidance to our congregations
in the conservation of energy in our own structures. We also call
on individual congregants and congregations to do whatever they
can to reduce energy consumption and to join with all public-
spirited citizens in helping the United States and other countries
to respond affirmatively to this profound challenge which will
do so much to shape the future of this country and the world."

For these reasons, the Union 0f American Hebrow Congregations

joins today in this Covenant for Conservation Campaign. We

encourage cooperation by all our congregants in this ecumenical

effort for energy conservation.



STATEMENT OF REV.PAUL KITTLAUS, DIRECTOR, UNITED CHURCH OF CHRIST,
OFFICE FOR CHURCH IN SOCIETY, WASHINGTON,D.C., February 22, 1979
The Office for Church in Society of the United Church of Christ
encourages its member churches as well as the ecumenical community
to participate in the Interfaith Coalition onEnergy (ICE) Energy

Conservation Campaign.

The American energy crisis is caused in large part by individuals
who waste energy in homes and transportation. The ICE covenant
among congregations of all faiths to take specific conservation
measures will be an effective means to reduce individual energy

consumption,

It is elear that the religious community should affirm the value
of the judicious use of the earth's resources. Simple measures
like turning down thermostats and hot water heaters, forming car
pools, taking public transportation o