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Abstract

In the last sixty years, the government spent the tens billion dollars attempting to develop useful
thermonuclear energy. However, they cannot yet reach a stable thermonuclear reaction. They still are
promising publically, after another 15 — 20 years, and more tens of billions of US dollars to finally
design the expensive workable industrial installation, which possibly will produce electric energy more
expensive than current heat, wind and hydroelectric stations can in 2015.

The author offers the new, small cheap electric impulse and cumulative thermonuclear reactors, which
increases the temperature and pressure of its nuclear fuel by millions of times, reaches the required
ignition stage and, ultimately, constant contained thermonuclear reaction. Electric Impulse and
Cumulative AB Reactors contain several innovations to achieve its product.

Chief among them in version one the electric thermonuclear reactors are using electric field voltage
50 + 1000 kV (an electric condenser discharge), which allows to heat the primary compressed fuel in
special pellet by electric impulse up hundreds millions degrees of temperature.

In electric impulse and cumulative versions of AB thermonuclear reactors the fuel nucleus are heated
by high electric voltage (50 + 1000 kV) up the hundreds millions degree and cumulative compressed
into center of the special cylindrical or spherical fuel cartridge.

The additional compressing and combustion time the fuel nucleus may have from electric pinch-
effect and heavy nucleus of the fuel cartridge cover. The main advantages of the offered method are
very small electric fuel cartridge (11-18 mm) and small of the full reactor installation (reactor has
the spherical diameter 0.3 - 3 m), using the many thermonuclear fuels at room temperature and
possibility of using the offered thermonuclear reactor for transportation (ships, trains, aircrafts, rockets,
etc.). Author gives theory and estimations of the suggested reactors.

Author also is discussing the problems of converting the received thermonuclear energy
into mechanical (electrical) energy and into rocket thrust.

Offered small micro-reactors may be used as heaves (ignition, fuse) for small artillery nuclear
projectiles and bombs.

Keywords: Micro-thermonuclear reactor, Impulse thermonuclear reactor, electric thermonuclear
reactor, cumulative thermonuclear reactor, transportation thermonuclear reactor, aerospace thermonuclear
engine, nuclei fuse, thermonuclear rocket.



INTRODUCTION IN CURENT THERMONUCLEAR REACTORS

Main difference between the current and offered AB Thermonuclear Reactors
As it is well-known the thermonuclear reaction occurs when Lawson criterion
L =nTt >cC,
where n is matter (fuel) density, [1/m°]; T is temperature, [KeV], 1 eV = 1.16x10*K; ris reaction time,
[s]; c is constant for given nuclear fuel. For tritium-deuterium fuel (T + D) ¢ = 10°° +10%. The current
Inertial Confinement Fusion (ICF) uses the laser compression method (high matter density n) and low
temperature T and low reaction time z. With a compression by 10%, the compressed density will be 200
g/lcm? (T+D), and the compressed radius can be as small as 0.05 mm. For this density (n = 4.810% m
Yand 7 =10 s the Lawson criterion gives a need temperature T = 2 eV ~ 8300 K. It is very few for
nuclear reaction. But laser ICF cannot reach this temperature. Trying to warm up the fuel capsule by
additional X-rays and other particles have been unsuccessful.

The other method of the current thermonuclear reaction is Magnetic Confinement Fusion (MCF). It
uses the other idea — high time reaction (z = seconds, up minutes) and low plasma density (n = 10%*m’
%) and low temperature. That method has a lot of technical problems, is very expensive and also not
reaches the stable ignition.

Both current main methods (ICF and MCF) are developed more 60 years by the thousands scientists
in all main countries. The governments spent the billions of dollars for their R&D (Research and
Development) and are spending hundreds millions dollars every years. But optimist sciences only
promise to reach the useful stable nuclear reaction throw 10 — 15 years (after 2016) and build the
industrial electric station after the additional 5— 10 years. The other scientists show: the price of the
nuclear energy used tritium fuel (main fuel for current reactors is T+D) will be cost ten times more than
in present electric stations using the natural fuel (tritium costs 30,000 $/gram, trend up 100,000 $/g)).

The author offers the new method (reactor)(see Chapter 2). Main idea is getting a high temperature
by high intensity electric field. Reactor can easy to get the very high temperature up 300 keV (1.3
billion K), has enough compression (up 600 - 1000 atm) and conformation (107 sec). One has Lawson
criterion in thousands times more than need, can work on cheap D+D nuclear fuel (1 gram of
deuterium cost only 13$), is very cheap and has a small installation. The main test (getting the
thermonuclear reaction) costs only same thousands dollars. If test will be successful, we can
immediately design the engines for ships, trains, submarines, electric stations and propulsions for
rockets.

Brief Information about Current Thermonuclear Reactors

Fusion power is useful energy generated by nuclear fusion reactions. In this kind of reaction two light
atomic nuclei fuse together to form a heavier nucleus and release energy. The largest current nuclear
fusion experiment, JET, has resulted in fusion power production somewhat larger than the power put
into the plasma, maintained for a few seconds. In June 2005, the construction of the experimental
reactor ITER, designed to produce several times more fusion power than the power into it generating
the plasma over many minutes, was announced. The unrealized production of net electrical power from
fusion machines is planned for the next generation experiment after ITER.

Unfortunately, this task is not easy, as scientists thought early on. Fusion reactions require a very
large amount of energy to initiate in order to overcome the so-called Coulomb barrier or fusion barrier
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energy. The key to practical fusion power is to select a fuel that requires the minimum amount of
energy to start, that is, the lowest barrier energy. The best fuel from this standpoint is a one-to-one mix
of deuterium and tritium; both are heavy isotopes of hydrogen. The D-T (Deuterium and Tritium) mix
has suitable low barrier energy. In order to create the required conditions, the fuel must be heated to
tens of millions of degrees, and/or compressed to immense pressures.

At present, D-T is used by two main methods of fusion: inertial confinement fusion (ICF) and
magnetic confinement fusion (MCF)--for example, tokomak device.

In inertial confinement fusion (ICF), nuclear fusion reactions are initiated by heating and compressing
a target. The target is a pellet that most often contains deuterium and tritium (often only micro or
milligrams). Intense focused laser or ion beams are used for compression of pellets. The beams
explosively detonate the outer material layers of the target pellet. That accelerates the underlying target
layers inward, sending a shockwave into the center of each pellet’s mass. If the shockwave is powerful
enough, and if high enough density at the center is achieved, some of the fuel will be heated enough to
cause pellet fusion reactions. In a target which has been heated and compressed to the point of
thermonuclear ignition, energy can then heat surrounding fuel to cause it to fuse as well, potentially
releasing tremendous amounts of energy.

Magnetic confinement fusion (MCF). Since plasmas are very good electrical conductors, magnetic
fields can also be configured to safely confine fusion fuel. A variety of magnetic configurations can be
used, the basic distinction being between magnetic mirror confinement and toroidal confinement,
especially tokomaks and stellarators.

Lawson criterion. In nuclear fusion research, the Lawson criterion, first derived by John D. Lawson in
1957, is an important general measure of a system that defines the conditions needed for a fusion
reactor to reach ignition stage, that is the heating of the plasma by the products of the fusion reactions
is sufficient to maintain the temperature of the plasma against all losses without external power input.
As originally formulated the Lawson criterion gives a minimum required value for the product of the
plasma (electron) density ne and the "energy confinement time" z. Later analyses suggested that a more
useful figure of merit is the "triple product” of density, confinement time, and plasma temperature T.
The triple product also has a minimum required value, and the name "Lawson criterion™ often refers to
this important inequality.

The key to practical fusion power is to select a fuel that requires the minimum amount of energy to
start, that is, the lowest barrier energy. The best known fuel from this standpoint is a one-to-one mix of
deuterium and tritium; both are heavy isotopes of hydrogen. The D-T (Deuterium and Tritium) mix has
a low barrier.

In order to create the required conditions, the fuel must be heated to tens of millions of degrees,
and/or compressed to immense pressures. The temperature and pressure required for any particular fuel
to fuse is known as the Lawson criterion. For the D-T reaction, the physical value is about

L=nTz> (0" +10") in "cgs" units

or L=nTz>(10%+10*) in CI units
where T is temperature, [KeV], 1 eV = 1.16x10*K; n. is matter density, [1/cm’]; n is matter density,
[1/m%]; zis time, [s]. Last equation is in metric system. The thermonuclear reaction of 2H + °D realizes
if L >10% in CI (meter, kilogram, second) units or L >10™ in 'cgs' (centimeter, gram, second) units.

This number has not yet been achieved in any fusion reactor, although the latest generations of fusion-
making machines have come significantly close to doing so. For instance, the reactor TFTR has
achieved the densities and energy lifetimes needed to achieve Lawson at the temperatures it can create,
but it cannot create those temperatures at the same time. Future ITER aims to do both.

The Lawson criterion applies to inertial confinement fusion as well as to magnetic confinement fusion
but is more usefully expressed in a different form. Whereas the energy confinement time in a magnetic
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system is very difficult to predict or even to establish empirically, in an inertial system it must be on
the order of the time it takes sound waves to travel across the plasma:
R

JKT/m,

where zis time, s; R is distance, m; k is Boltzmann constant; T is temperature, K; m; is mass of ion, kg.

Following the above derivation of the limit on netg, we see that the product of the density and the
radius must be greater than a value related to the minimum of T¥%/<cv> (here o is Boltzmann constant,
v is ion speed). This condition is traditionally expressed in terms of the mass density p:

pR>1glcm?.

To satisfy this criterion at the density of solid D+T (0.2 g/cm?) would require implausibly large laser
pulse energy. Assuming the energy required scales with the mass of the fusion plasma (Ejaser ~ pR> ~ p°
%), compressing the fuel to 10° or 10* times solid density would reduce the energy required by a factor
of 10° or 10%, bringing it into a realistic range. With a compression by 103, the compressed density will
be 200 g/cm3, and the compressed radius can be as small as 0.05 mm. The radius of the fuel before
compression would be 0.5 mm. The initial pellet will be perhaps twice as large since most of the mass
will be ablated during the compression stage by a symmetrical energy input bath.

The fusion power density is a good figure of merit to determine the optimum temperature for
magnetic confinement, but for inertial confinement the fractional burn-up of the fuel is probably more
useful. The burn-up should be proportional to the specific reaction rate (n><cv>) times the confinement
time (which scales as T?) divided by the particle density n: burn-up fraction ~ n><ov>T2/ n ~ (nT)
(<ov>/T¥?)

Thus the optimum temperature for inertial confinement fusion is that which maximizes <ov>/T>?,
which is slightly higher than the optimum temperature for magnetic confinement.

Short history of thermonuclear fusion. One of the earliest (in the late 1970's and early 1980's) serious
attempts at an ICF design was Shiva, a 20-armed neodymium laser system built at the Lawrence
Livermore National Laboratory (LLNL) in California that started operation in 1978. Shiva was a "proof
of concept" design, followed by the NOVA design with 10 times the power. Funding for fusion research
was severely constrained in the 80's, but NOV A nevertheless successfully gathered enough information
for a next generation machine whose goal was ignition. Although net energy can be released even
without ignition (the breakeven point), ignition is considered necessary for a practical power system.

The resulting design, now known as the National Ignition Facility, commenced being constructed at
LLNL in 1997. Originally intended to start construction in the early 1990s, the NIF is now six years
behind schedule and over-budget by some $3.5 billion. Nevertheless many of the problems appear to be
due to the "Big Science Laboratory" mentality and shifting the focus from pure ICF research to the
nuclear stewardship program, LLNLS traditional nuclear weapons-making role. NIF "burned" in 2010,
when the remaining lasers in the 192-beam array were finally installed. Like those earlier experiments,
however, NIF has failed to reach ignition and is, as of 2015, generating only about 1/3rd of the required
energy levels needed to reach full fusion stage of operation.

Laser physicists in Europe have put forward plans to build a £500m facility, called HIiPER, to study a
new approach to laser fusion. A panel of scientists from seven European Union countries believes that
a "fast ignition™ laser facility could make a significant contribution to fusion research, as well as
supporting experiments in other areas of physics. The facility would be designed to achieve high-
energy gains, providing the critical intermediate step between ignition and a demonstration reactor. It
would consist of a long-pulse laser with energy of 200 kJ to compress the fuel and a short-pulse laser
with energy of 70 kJ to heat it.

Confinement refers to all the conditions necessary to keep plasma dense and hot long enough to
undergo fusion:

~
~
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« Equilibrium: There must be no net forces on any part of the plasma, otherwise it will rapidly
disassemble. The exception, of course, is inertial confinement, where the relevant physics must
occur faster than the disassembly time.

» Stability: The plasma must be so constructed that small deviations are restored to the initial state,
otherwise some unavoidable disturbance will occur and grow exponentially until the plasma is
destroyed.

« Transport: The loss of particles and heat in all channels must be sufficiently slow. The word
"confinement” is often used in the restricted sense of “energy confinement".

To produce self-sustaining fusion, the energy released by the reaction (or at least a fraction of it) must
be used to heat new reactant nuclei and keep them hot long enough that they also undergo fusion
reactions. Retaining the heat generated is called energy confinement and may be accomplished in a
number of ways.

Hydrogen bomb weapons require no confinement at all. The fuel is simply allowed to fly apart, but it
takes a certain length of time to do this, and during this time fusion can occur. This approach is called
inertial confinement (Figure 1). If more than about a milligram of fuel is used, the explosion would
destroy the machine, so controlled thermonuclear fusion using inertial confinement causes tiny pellets
of fuel to explode several times a second. To induce the explosion, the pellet must be compressed to
about 30 times solid density with energetic beams. If the beams are focused directly on the pellet, it is
called direct drive, which can in principle be very efficient, but in practice it is difficult to obtain the
needed uniformity. An alternative approach is indirect drive, in which the beams heat a shell, and the
shell radiates x-rays, which then implode the pellet. The beams are commonly laser beams, but heavy
and light ion beams and electron beams have all been investigated and tried to one degree or another.

They rely on fuel pellets with a "perfect” globular shape in order to generate a symmetrical inward
shock wave to produce the high-density plasma, and in practice these have proven difficult to produce.
A recent development in the field of laser-induced ICF is the use of ultra-short pulse multi-petawatt
lasers to heat the plasma of an imploding pellet at exactly the moment of greatest density after it is
imploded conventionally using terawatt-scale lasers. This research will be carried out on the (currently
being built) OMEGA EP petawatt and OMEGA lasers at the University of Rochester in New York and
at the GEKKO XII laser at the Institute for Laser Engineering in Osaka, Japan which, if fruitful, may
have the effect of greatly reducing the cost of a laser fusion-based power source.

77T S
B ey

Fig.1. One laser installation of NIF
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At the temperatures required for fusion, the fuel is in the form of plasma with very good electrical
conductivity. This opens the possibility to confine the fuel and the energy with magnetic fields, an idea
known as magnetic confinement (Figure 2).

Fig. 2. Magnetic thermonuclear reactor. The size of the installation is obvious if you compare it with the “Little Blue Man” inside
the machine at the bottom. Cost is some tens of billions of dollars.

Much of this progress has been achieved with a particular emphasis on tokomaks (Figure 2).

In fusion research, achieving a fusion energy gain factor Q = 1 is called breakeven and is considered
a significant although somewhat artificial milestone. Ignition refers to an infinite Q, that is, a self-
sustaining plasma where the losses are made up for by fusion power without any external input. In a
practical fusion reactor, some external power will always be required for things like current drive,
refueling, profile control, and burn control. A value on the order of Q = 20 will be required if the plant
is to deliver much more energy than it uses internally.

In a fusion power plant, the nuclear island has a plasma chamber with an associated vacuum system,
surrounded by a plasma-facing components (first wall and diverter) maintaining the vacuum boundary
and absorbing the thermal radiation coming from the plasma, surrounded in turn by a blanket where the
neutrons are absorbed to breed tritium and heat a working fluid that transfers the power to the balance
of plant. If magnetic confinement is used, a magnet system, using primarily cryogenic superconducting
magnets, is needed, and usually systems for heating and refueling the plasma and for driving current. In
inertial confinement, a driver(laser or accelerator) and a focusing system are needed, as well as a means
for forming and positioning the pellets.

The magnetic fusion energy (MFE) program seeks to establish the conditions to sustain a nuclear
fusion reaction in plasma that is contained by magnetic fields to allow the successful production of
fusion power.

In thirty years, scientists have increased the Lawson criterion of the ICF and tokomak installations by
tens of times. Unfortunately, all current and some new installations (ICF and tokomak) have a
Lawrence criterion that is tens of times lower than is necessary (Figure 3).
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Fig. 3. Parameter space occupied by inertial fusion energy and magnetic fusion energy devices. The regime allowing
thermonuclear ignition with high gain lies near the upper right corner of the plot.

Data of same current inertial laser installations:

1. NOVA uses laser NIF (USA), has 192 beams, impulse energy up 120 kJ. One reach density
20 g/cm?, speed of cover is up 300 km/s. NIF has failed to reach ignition and is, as of 2013,
generating about 1/3rd of the required energy levels. NIF cost is about $3.5B.

. YIPER (EU) has impulse energy up 70 kJ.

. OMEGA (USA) has impulse energy up 60 kJ.

. Gekko-XII (Japan) has impulse energy up 20 kJ. One reaches density 120 g/cm?.

. Febus (France) has impulse energy up 20 kJ.

. Iskra-5 (Russia) has impulse energy up 30 kJ.

OO wpdDN
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Chapter 1.
Theory of the Thermonuclear Reactors

1. The following reactions are suitable for thermonuclear fusion:
Table 1. Sutable reactions for thermonuclear fusion

# Syntezis Result (received Energy, MeV) %
1 D+T— *He(3.5)+n(14.1)

2a | D+tD— T(1.01)+p(3.02) 50%
2b | D+D— *He(0.82)+n(2.45) 50%

3 D+’He— | "He(3.06)+p(14.7)
4 T+T— *He+2n(+11.3)
5 *He+’He— | "He+2p(+12.9)

6a | °HetT— | “He+p+n(+12,1) 51%
6b | °HetT— | *He(4.8)+D(9.5) 43%
6c | °HetT— | °He(2.4)+p(+11.9) 6%
7 p+°Li —» | "He(1.7)+°He(2.3)

8a |p+'Li— | 2%He(17.3) 20%
8b |p+t'Li— | 'Be+n(1.6) 80%

9 D+°Li—» | 2°He(22.4)

10 |p+'B— | 3'He(+8.7)

11 [ n+’Lis [ He(2.1)+T(2.7)

12 | °He+°Li— | 2"He+p(+16.9)

Here are: p = 'H (protium), D = °H (deuterium), and T = °H (tritium) are shorthand notation for the main three isotopes of
hydrogen. “He = 6 —alpha particle.

Very important value is the cross section of thermonuclear reaction. The nuclear cross section of a
nucleus is used to characterize the probability that a nuclear reaction will occur. The concept of a
nuclear cross section can be quantified physically in terms of “"characteristic area” where a larger area
means a larger probability of interaction. The standard unit for measuring a nuclear cross section
(denoted as o) is the barn, which is equal to 102 m2 or 10 % cm2. Nuclear cross section very strong
depent from kinetic energy of particles. Typical thermonuclear cross section main fuel particles are
shown in fig.4.

For reactions with two products, the energy is divided between them in inverse proportion to their
masses, as shown. In most reactions with three products, the distribution of energy varies. For reactions
that can result in more than one set of products, the branching ratios are given.

Some reaction candidates can be eliminated at once. The D+°Li reaction has no advantage compared
to p+''B because it is roughly as difficult to burn but produces substantially more neutrons through
D+D side reactions. There is also a p+’Li reaction, but the cross-section is far too low accepted
possible for T;> 1 MeV, but at such high temperatures, an endothermic, direct neutron-producing
reaction also becomes very significant. Finally, there is also a p+°Be reaction, which is not only
difficult to burn, but °Be can be easily induced to split into two alphas and a neutron.

Typical nuclear radii are of the order 10 m. Assuming spherical shape, we therefore expect the
cross sections for nuclear reactions to be of the order of 7r 2 or 1072 m2 (i.e. 1 barn). Observed cross
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Fig.4. Thermonuclear cross section reation D+T, D+D (2a), D+D (2b), D+°He, and p+B vs kinetis energy E

[keV] of the light particles.

sections vary enormously - for example, slow neutrons absorbed by the (n, ) reaction show a cross
section much higher than 1,000 barns in some cases (boron-10, cadmium-113, and xenon-135), while
the cross sections for transmutations by gamma-ray absorption are in the region of 0.001 barn.

The some cross sections and corresponding energy are shown in Table 2. In Table 2 we use the
shortly notation the nuclear reaction. For example D+T — “He + n as 2H(t,n)*He. If result has many

products canals, we do not write them.

Table 2. Cross section and corresponding energy of some thermonuclear reaction

Fig. # | Reaction Reaction | Temperat. | Temperat. | Temperat. Temperat. | Temperat.
Energy | ~10kV and | ~10° kV ~10° kV ~10" kV and e=max
MeV c and ¢ and ¢ and ¢

43- H(d,n)°H 4,033 10KV, 10°kV, 10°kV, 10°kV, 10°kV,

1(2) =107 0=2h10% | 6=710% 0=710% 6=7107%

43- ®Li(p,&)°He 4.021 - 10°kV, 10°kV, 10%kV, -

1(7) 0=8107% 0=10"° 0=2107%

43- ®Li(t,n) 16 - - 10°kV, - -

1(8) 0=310%

43- H(t,d)*H 4.321 - 10°kV, 10°kV, 10%kV, 10°kV,

1(3) 0=1.110% | 6=710% 0=7107° 0=7107°

43- *H(d,n)"He 17,6 10KV, 10°kV, 10°kV, 10°kV, 10°kV,

2(2) D+T—"He+n 6=210%" | 6=510%* | o=2107% 0=610% | 6=510*

43- ?H(d,n)’He 7.3 10'kV, 10%kV, 10°kV, 10°%kV, 10%kV,

2(1) 0=1.110% | 6=510"° 6=0.910% | 6=0.810% | 6=0.910%

43- *H(d,p)*He 18.35 - 10°kV, 10°kV, 10°kV, 410%kV,

2(4) 0=3107 6=310% 0=510"% 6=910%

43- *H(t,pn)*He 12 - 10%kV, 10°kV, - -

2(5) 6c=710" =610

43- ®Li(d,p)’Li 5.028 - 10°kV, 10°kV, - -

2(6) =610 =107

43- ®Li(d,0)"He 22375 | - 10%kV, 710KV, - -

3(4) =710 6=7107%
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*Be(p,d)°Li 2.126 - 510°kV, 1.110°kv, |- -
06=310%* | o=310"

Li?e')

Source: [12] pp. 947-950.

In addition to the fusion reactions, the following reactions with neutrons are important in order to
"breed" tritium in "dry" fusion bombs and some proposed fusion reactors:
n+°Li > T+*He+45MeV, n+'Li+25MeV— T+*He+n’.

To evaluate the usefulness of these reactions, in addition to the reactants, the products, and the energy
released, one needs to know something about the cross section. Any given fusion device will have a
maximum plasma pressure that it can sustain, and an economical device will always operate near this
maximum. Given this pressure, the largest fusion output is obtained when the temperature is selected so
that <ov>/T? is a maximum. This is also the temperature at which the value of the triple product nTt
required for ignition is a minimum. This chosen optimum temperature and the value of <ov>/T? at that
temperature is given for a few of these reactions in the following table.

Table 3. Optimum temperature and the value of <ov>/T? at that temperature
fuel T [keV] |<ov>/T? [m3/s/keV?]
DT 136  1.24x10% |

D-D |15 1.28x10°%
D-*He 58 2.24x102%°
p-’Li 66 1.46x107%

p-'B 123 3.01x10%

Note: that many of the reactions form chains. For instance, a reactor fueled with T and *He will create some D,
which is then possible to use in the D + *He reaction if the energies are “right". An elegant idea is to
combine the reactions (7) and (12). The *He from reaction (7) can react with °Li in reaction (12) before
completely thermalizing. This produces an energetic proton which in turn undergoes reaction (7) before
thermalizing. A detailed analysis shows that this idea will not really work well, but it is a good example of a
case where the usual assumption of a Maxwellian plasma is not appropriate.

Any of the reactions above can, in principle, be the basis of fusion power production. In addition to
the temperature and cross section discussed above, we must consider the total energy of the fusion
products Ezs, the energy of the charged fusion products E.,, and the atomic number Z of the non-
hydrogenic reactant.

Specification of the D-D reaction entails some difficulties, though. To begin with, one must average
over the two branches (2) and (3). More difficult is to decide how to treat the T and *He products. T
burns so well in a deuterium plasma that it is almost impossible to extract from the plasma. The D->He
reaction is optimized at a much higher temperature, so the burn-up at the optimum D-D temperature
may be low, so it seems reasonable to assume the T but not the ®He gets burned up and adds its energy
to the net reaction.

Thus we will count the D-D fusion energy as Eg,s = (4.03+17.6+3.27)/2 = 12.5 MeV and the energy
in charged particles as E¢, = (4.03+3.5+0.82)/2 = 4.2 MeV.

Another unique aspect of the D-D reaction is that there is only one reactant, which must be taken into
account when calculating the reaction rate.

With this choice, we tabulate parameters for four of the most important reactions.

Table 4. Parameters of the most important reactions
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Fuel |Z |Eqs[MeV] |Eg [MeV] neutronicity

D-T 1 176 35 0.80
D-D 1 125 4.2 0.66
D-*He 2 183 18.3 ~0.05
p-'B 5 87 8.7 ~0.001

The last column is the neutronicity of the reaction, the fraction of the fusion energy released as
neutrons. This is an important indicator of the magnitude of the problems associated with neutrons like
radiation damage, biological shielding, remote handling, and safety. For the first two reactions it is
calculated as (Efus-Ecn)/Esus. For the last two reactions, where this calculation would give zero, the
values quoted are rough estimates based on side reactions that produce neutrons in a plasma in thermal
equilibrium.

Of course, the reactants should also be mixed in the optimal proportions. This is the case when each
reactant ion plus its associated electrons accounts for half the pressure. Assuming that the total pressure
is fixed, this means that density of the non-hydrogenic ion is smaller than that of the hydrogenic ion by
a factor 2/(Z+1). Therefore, the rate for these reactions is reduced by the same factor, on top of any
differences in the values of <ov>/T2. On the other hand, because the D-D reaction has only one
reactant, the rate is twice as high as if the fuel were divided between two hydrogenic species.

Thus, there is a "penalty"” of (2/(Z+1)) for non-hydrogenic fuels arising from the fact that they require
more electrons, which take up pressure without participating in the fusion reaction. There is, at the
same time, a "bonus" of a factor 2 for D-D due to the fact that each ion can react with any of the other
ions, not just a fraction of them.

We can now compare these reactions in the following table 5.

Table 5. Comparison of reactions

fuel <ov>/T? penalty/ reactivity La}wspn Power
bonus criterion density
D-T | 1.24x10% |1 1 1 1 '
D-D 1.28x10% 2 48 30 68
D-*He 2.24x10% 2/3 83 16 80

p-'B 3.01x10% 1/3 1240 500 2500

The maximum value of <ov>/T? is taken from a previous table. The "penalty/bonus” factor is that
related to a non-hydrogenic reactant or a single-species reaction. The values in the column "reactivity"
are found by dividing (1.24x102* by the product of the second and third columns. It indicates the factor
by which the other reactions occur more slowly than the D-T reaction under comparable conditions.
The column "Lawson criterion™ weights these results with E, and gives an indication of how much
more difficult it is to achieve ignition with these reactions, relative to the difficulty for the D-T
reaction. The last column is labeled “"power density™ and weights the practical reactivity with Egs. It
indicates how much lower the fusion power density of the other reactions is compared to the D-T
reaction and can be considered a measure of the economic potential.

Bremsstrahlung (Brake) Losses
1. Bremsstrahlung, (from the German bremsen, to brake and Strahlung, radiation, thus, "braking
radiation™), is electromagnetic radiation produced by the acceleration of a charged particle, such as an
electron, when deflected by another charged particle, such as an atomic nucleus. The term is also used
to refer to the process of producing the radiation. Bremsstrahlung has a continuous spectrum. The
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phenomenon was discovered by Nikola Tesla (1856-1943) during high frequency research he
conducted between 1888 and 1897.

Bremsstrahlung may also be referred to as free-free radiation. This refers to the radiation that arises as
a result of a charged particle that is free both before and after the deflection (acceleration) that causes
the emission. Strictly speaking, bremsstrahlung refers to any radiation due to the acceleration of a
charged particle, which includes synchrotron radiation; however, it is frequently used (even when not
speaking German) in the more literal and narrow sense of radiation from electrons stopping in matter.

The ions undergoing fusion will essentially never occur alone but will be mixed with electrons that
neutralize the ions' electrical charge and form a plasma. The electrons will generally have a
temperature comparable to or greater than that of the ions, so they will collide with the ions and emit
Bremsstrahlung. The Sun and stars are opaque to Bremsstrahlung, but essentially any terrestrial fusion
reactor will be optically thin at relevant wavelengths. Bremsstrahlung is also difficult to reflect and
difficult to convert directly to electricity, so the ratio of fusion power produced to Bremsstrahlung
radiation lost is an important figure of merit. This ratio is generally maximized at a much higher
temperature than that which maximizes the power density (see the previous subsection). The following
table shows the rough optimum temperature and the power ratio at that temperature for several

reactions.
Table 6. Rough optimum temperature and the power ratio of fusion and Bremsstrahlung radiation lost

Fuel T (kev) Dwsionl
Bremsstrahlung

D-T 50 140
D-D 500 2.9
D-*He 100 5.3
*He-*He 1000  0.72
p-°Li 800 0.21
p-"'B 300 0.57

The actual ratios of fusion to Bremsstrahlung power will likely be significantly lower for several
reasons. For one, the calculation assumes that the energy of the fusion products is transmitted
completely to the fuel ions, which then lose energy to the electrons by collisions, which in turn lose
energy by Bremsstrahlung. However because the fusion products move much faster than the fuel ions,
they will give up a significant fraction of their energy directly to the electrons. Secondly, the plasma is
assumed to be composed purely of fuel ions. In practice, there will be a significant proportion of
impurity ions, which will lower the ratio. In particular, the fusion products themselves must remain in
the plasma until they have given up their energy, and will remain some time after that in any proposed
confinement scheme. Finally, all channels of energy loss other than Bremsstrahlung have been
neglected. The last two factors are related. On theoretical and experimental grounds, particle and
energy confinement seem to be closely related. In a confinement scheme that does a good job of
retaining energy, fusion products will build up. If the fusion products are efficiently ejected, then
energy confinement will be poor, too.

The temperatures maximizing the fusion power compared to the Bremsstrahlung are in every case
higher than the temperature that maximizes the power density and minimizes the required value of the
fusion triple product (Lawson criterion). This will not change the optimum operating point for D-T
very much because the Bremsstrahlung fraction is low, but it will push the other fuels into regimes
where the power density relative to D-T is even lower and the required confinement even more difficult
to achieve. For D-D and D-*He, Bremsstrahlung losses will be a serious, possibly prohibitive problem.
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For *He-He, p-°Li and p-'B the Bremsstrahlung losses appear to make a fusion reactor using these
fuels impossible.

In a plasma, the free electrons are constantly producing Bremsstrahlung in collisions with the ions.
The power density of the Bremsstrahlung radiated is given by
_ 160°h? 2712

PBr - \/§ m:/z neTe Zeff

Te is the electron temperature, a is the fine structure constant, h is Planck's constant, and the "effective"
ion charge state Z is given by an average over the charge states of the ions:
Zett = X (Z2nz) I ne

This formula is derived in "Basic Principles of Plasmas Physics: A Statistical Approach” by S.
Ichimaru, p. 228. It applies for high enough T, that the electron deBroglie wavelength is longer than the
classical Coulomb distance of closest approach. In practical units, this formula gives

Per =  (1.69x10°% /W cm™) (ng/em™)? (TeleV)"? Zes

= (5.34x10°% /W m®) (ne/m)? (T IkeV)"? Zegs

where Wem™®, cm™, eV, Wm™, m™, keV are units of corresponding magnitudes. For very high
temperatures there are relativistic corrections to this formula, that is, additional terms of order Te/mec?.

Below are some equations useful for computation:
2. The Deep of Penetration of outer radiation into plasma is
d =% =531.10°n2 . [cm] (1)

p

@

For plasma density ne = 10° 1/cm® d,, = 5.31x10° cm.

3. The Gas (Plasma) Dynamic Pressure, p, is

p.=nk(T,+T;) if T,=T, then p, =2nkT, (2)
where k = 1.38x10% is Boltzmann constant; T, is temperature of electrons, °K; T; is temperature of
ions,’K. These temperatures may be different; n is plasma density, 1/m?; py is plasma pressure, N/m?.

4. The gas (plasma) ion pressure, p, is
2
= ZnkT,
p=3" ®)

Here n is plasma density in 1/m°.

5. The magnetic py, and electrostatic pressure, ps, are
B® 1 4)
pm = ’ ps = _80 ES2 !
24, 2
where B is electromagnetic induction, Tesla; u = 4tx107 electromagnetic constant; & = 8.85x10™*?
F/m,is electrostatic constant; Es is electrostatic intensity, V/m.

6. lon thermal velocity is

1/2
v, :(ﬂJ =9.79x10° T Y? cmis | (5)

where 2= m;/my, m; is mass of ion, kg; m, = 1.67x10" is mass of proton, kg.

7. Transverse Spitzer plasma resistivity
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n, =1.03x107°ZIn AT**, Qcm or pchl'_ﬂ Qcm ©)

312

where In A =5 + 15 ~ 10 is Coulomb logarithm, Z is charge state.

8. Reaction rates <ov> (in cm® s™) averaged over Maxwellian distributions for low energy (T<25 keV)
may be represent by

(G_V) oD = 2.33x107T 23 exp(—18.76T’“3) Cm33*1’ (7
(0v)r =3.68x10™2T *exp(~19.94T %) cm’s™,

where T is measured in keV.

Reaction rates are presented in Table 7 below:

3

Table 7. Reaction rates <ov> (in cm™ s™) averaged over Maxwellian distributions

Tempera- | D+D, D+T, D+°He, | T+T, T+°He,
ture, keV | (2a + 2b) (1) (3) (4) (6a-c)
1.0 1.5x10% 55x10°1 | 10%° 3.3x10% | 107®

2.0 5.4x10% 26x10"° [ 1.4x10% | 7.1x10" | 10®

5.0 1.8x10™"° 1.3x10" | 6.7x10% | 1.4x10"° | 2.1x107%
10.0 1.2x107° 1.1x10%° [ 2.3x10" | 7.2x107° | 1.2x107°
20.0 5.2x10® 42x10"° [ 3.8x10"® [ 25x10"® | 2.6x107%°
50.0 2.1x10™" 8.7x10™ | 5.4x10"" [8.7x10™ | 5.3x10™
100.0 4.5x107" 85x10™ [ 1.6x10™ [ 1.9x10% | 7.7x107"
200.0 8.8x107% 6.3x10™° | 2.4x10™ [ 4.2x10% | 9.2x10""
500.0 1.8x10™"° 3.7x10™ [ 2.3x10™ | 8.4x10" [ 2.9x10™
1000.0 2.2x107"® 2.7x10™ [ 1.8x10™ [ 8.0x10%Y [5.2x10™

Sourse: AIP, Desk Reference, Thied Edition, p. 644.
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Fig.5. Reactivity is requested for thermonuclear reaction.

The deuterium cannot be used in the laser reactor because one requests in 100 times more ignition
criterion then D + T. But, as you see in (23), one may be used in AB reactor (Fig.5).

9. The power density released in the form of charged particles is


http://en.wikipedia.org/wiki/File:Fusion_rxnrate.svg
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P, =33x10"n3(ov),,, W cm™
P, =5.6x10"n,n.(cv),;, Wcm™ (8)

P =29%x10n,n . (ov),... Wcm™
Here in Ppp equation it is included D+T reaction.

10. Cost of the nuclear fuel (2012).
Deuterium. The sea water contains about 1.55:10™ %. The World produces about tens thousend tons
in year. Cost 1 $/g.
Tritium. The special nuclear reactors can produced it. Now the cost is 30,000 $/g. In future an
expected cost will be from 100K+200K $/g.
Helium-3. Very rare isotop. The Helium-4 contains 1.3:10%/1 of the Helium-3. Cost is 30K $/g.
One project offers to extract it on Moon and delivery to Earth.
Litium 6 -7. Nature mixture cost 150 $/kg.
Uranium-238 contains 0.7% of Uranium-235. It cost 90+250 $/kg.
Plutonium-239. Cost 5600 $/g.
As you see the thermonucler fuel D+D is the cheapest, but D+T has the lowest temperature for
themonucler reaction. All the current experimental thermonuclear instellations are using the D+T.
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Chapter 2.

Electric Impulse Thermonuclear Reactor with the Opposed Jets.

Abstract

Chief in electric thermonuclear reactor is using electric voltage 50 + 1000 kV (an electric condenser
discharge), which allows to heat the compressed fuel in special pellet by electric field (impulse) up
hundreds millions degrees of temperature.

In electric impulse and cumulative version of AB thermonuclear reactors the fuel nucleus are heated
by high electric voltage (50 + 1000 kV) and magnetic or cumulative compressed into center of the
special cylindrical or spherical fuel cartridge.

The additional compressing and combustion time the fuel nucleus may have from electric pinch-
effect and heavy nucleus of the fuel cartridge cover. The main advantages of the offered method are
very small electric fuel cartridge (11-18 mm) and small of the full reactor installation (reactor has
the spherical diameter 0.3 - 3 m), using the many thermonuclear fuels at room temperature and
possibility of using the offered thermonuclear reactor for transportation (ships, trains, aircrafts, rockets,
etc.). Author gives theory and estimations of the suggested reactors.

Author also is discussing the problems of converting the received thermonuclear energy
into mechanical (electrical) energy and into rocket thrust.

Offered small micro-reactors may be used as heaves (ignition, fusee) for small artillery nuclear
projectiles and bombs.

Description and Innovations of Electric Impulse AB reactors

Description.

Laser method. Disadvantages.

Thermonuclear reactors and, in particular, Laser methods are have been under development for about
60 years. Governments have already spent tens billions of US dollars, but it is not yet seen as an
industrial application of thermonuclear energy for the coming 10-15 years. The laser has very low
efficiency (2- 3%), high-pressure acts every shot time (10°— 10" s), enough energy not delivered to
the center of the spherical fuel pellet (low temperature), there are many future problems the
radioactivity and converting the thermonuclear energy into useful energy.

Electric impulse method. Early author offered five the new methods (reflex, cumulative, impulse,
ultra-cold, electric)[1 + 5], which is cheaper by thousands of times, more efficiency and does not have
many disadvantages of the laser and magnetic methods. In given chapter the author offers a version of
the electric impulse improved reactor. Detailed consideration of advantages the new methods and
computation proofs are in next paragraphs.

Outline of the new electric impulse reactors and method.

The improved version of the electric impulse AB thermonuclear reactor is presented in figures 1 — 3.

The new thermonuclear reactor contains:

1) Small cylindrical thermonuclear cartridge (cylindrical fuel ampule (granule, beat, pellet) having
two cameres, (Fig.1). For fuel mass M = 10™" kg, the internel diameter is about 1 mm, the camera
length is about 1 mm; pressure of gas fuel is up 200 +1000 atm.

2) The thermonuclear reactor (sphere diameter is 0.3 — 3 m. (Fig.2). Reactor has two Version 1 - 2. In
Version 1 the reactor has the additional installations for converting the nuclear energy into an electric,
mechanical energy, in Version 2 the reactor converts the thermonuclear energy in a rocket thrust (fig.
3).

The fuel cartridge has (fig.1): the strong cylindrical shell from non-conductive heavy matter (A =
200); left fuel camera 1, right fuel camera 2, thermonuclear fuel in left camera 3, thermonuclear fuel in
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right camera 4 (one may be different from left camera), power electric condenser 5 (50+150 kJ, voltage
100 +1000 kV), negative electric contact 6, two positive electric contacts 7, thin electric conductivity
partition 8 delete the left and right fuel cameras. Partition is burned by electric impulse.

II.- [ z €1k
e

b

Fig.1. Principal schema of the fuel cartridge. Notation: a — side view; b — forward view. 1- left fuel camera, 2 -
right fuel camera, 3 — thermonuclear fuel in left camera, 4 — thermonuclear fuel in right camera (one may be
different from left camera), 5 — power electric condenser (50+150 kJ, voltage 100 +1000 kV), 6 — negative
electric contact, 7 —two positive electric contacts, 8 — thin elastic electric conductivity partition.

Body of nuclear reactor is shown in Fig.2. One contains: strong spherical body (shell) of reactor 1
(diameter about 0.3 — 3 m); the fuel cartridge 2 (It is described in Fig.1); holder (electric conductor) 3
of fuel cartridge; enter of compressed air (gas) 4; exit of a hot compressed air (gas) after thermonuclear
heating 5; electric voltage from condenser 6.

The offered thermonuclear reactor works the next way (Figs. 1 — 3):
1) Version 1 for an electric or mechanic energy.
The internal volume of reactor body is filled the atmospheric or compression air (enter 4 of Fig.2).

6

Fig. 2. AB thermonuclear electric impulse reactor. Notations: 1 - strong spherical body (shell) of reactor
(diameter about 0.3 — 3 m); 2 - the fuel cartridge (it is described in Fig.1); 3 - holder of fuel cartridge; 4 — enter
of compressed air (gas); 5 — exit of a hot compressed air (gas) after thermonuclear heating; 6 — electric
conductor.

The fuel cartridge (Fig.1) lifts by holder 3 (Fig.2) into reactor body. Turn on the charged (up 50 -500
kV) electric condenser 6 (Fig 2). The electrons from the contacts 6-7 (Fig.1.) are ionised the fuel
molecules (fig.1) into the left and right cameras. In particle, they positive ionize and dissociate the fuel
molecules (for example, D and T are contained into cameras 3 — 4 of cartridge). The positive ionized
nucleus of the thermonuclear fuel (having small mass) are quick collectively accelerated up very high
temperature (up 50 — 500 keV) and collide the collectively moving nucleus of opposed camera.
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Partition 8 is burned. The high electric currency produces the strong pinch effect, delete the charged
particles from the pellet walls and compress the thermonuclear fuel. The cover from heavy molecules
(mass A =~ 200) reflect the light (A = 2+3) fuel nucleus and increase the fusion (reaction) time of the
fuel nucleus. In results (as show computation) the fuel nucleus merge and produce a thermonuclear
reaction. The thermonuclear reaction (explosive) heats the air into reactor body. For increasing the
efficiency, work mass, decreasing explosive temperature and protection from neutrons, the liquid 7
(for example, water, fig.3a) may be injected into reactor.

After thermonuclear explosion the hot gas flow out into the magneto-hydrodynamic generator
(MHG) 10 and produces electric energy or runs to the gas, steam turbine and produces an useful work
(Fig. 3a). Or the hot compressed gas runs to rocket nozzle and produces the rocket trust (fig. 3b).

IER-F2b

WAL

b

Fig.3. Final (industrial) work of Impulse Electric AB thermonuclear reactors. a) Hot compressed gas from
sphere runs to the magneto-hydrodynamic generator (MHG) 10 and produces electric energy or runs to gas
turbine and produces an useful work (Fig. 3a). b) Hot compressed gas runs to rocket nozzle and produces the
rocket trust. Notation: 1 — 6 are same Fig.2; 7 — injection the cooling liquid (for example, water)(option); 8 —
thermonuclear explosive of fuel pellet; 10 — MHG or gas (steam) turbine; 11 - exit of hot gas.

The main difference the offered electric reactor from the published cumulative reactors [2, 7] is type
of explosive for getting the temperature, pressure and cumulative effect in fuel. On [2 - 4] author used
the chemical explosive. The offered reactor uses the strong electric field for acceleration, getting high
temperature and cumulative effect. The electric method leads to practically unlimited cheap power. In
[2, 4] the explosive is located into main spherical body 1 (fig.1) (or gun in [2]). In [4] version 1 (fig.2,
[4]) the explosive 3 is small and located in the special fuel cartridge (fig.2, [6]). In current version no
special compression explosive. The pressure and high temperature of the fuel are reached the high
voltage condenser. It is easier and it is more comfortable in using.

In the current cartridge version) the fuel pullet is filling by the compressed gas fuel (up 200+600
atmosphere or more). Reactor not has the explosive for an additional compressing of fuel. The fuel is
compressed primery and heating only by strong electric charge of a condenser. The computation shows
that is possible. We can also use the conventional pellet with frozen fuel.

AB Reactors are cooled using well-known methods between explosives or by an injection of water
into sphere (fig. 3a).

Advantages of the suggested reactors in comparison with ICF Laser method.

The offered reactor and methods have the following advantages in comparison with the conventional
ICF laser reactor:
1. The high voltage electric condenser allows reaching the needed thermonuclear temperature.
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2. Cumulative, Impulse Electric AB-reactors are cheaper by thousands of time because they do not
have the gigantic very expensive laser or magnetic installations (see [1]-[6]).

3. They more efficiency because the laser installation converts only 1 - 2.5% the electric energy into
the light beam. In suggested AB reactors, the all underused energy remains in the spherical reactor
and utilized in MHG or turbine. AB reactors cannot have coefficient Q (used energy) significantly
less 1. Moreover, one has heat efficiency more than conventional heat engines because it has very
high temperature and compression ratio. One can use as the conventional very high power engine in
civil and military transportation.

4. The offered very important innovation (accelerating of exhaust rocket gas) allows increasing the
top speed of the exhaust mass up very high speed. This makes this method available for
thermonuclear rockets.

5. Electric AB-reactors give temperature of the fuel much more than the current ICF laser
installations.

6. The compression has longer time (up to 10° — 10°° s) than a laser beam pressing (10° — 10 s),
because molar mass (1 = 200) of heavy molecules (cover of cartridge in fig.1) is many times (50 +
100) heavier than fuel molar mass (u = 2 + 3).This pressure is supported by shock wave coming
from moving gas and pinch effect. This pressure increases the temperature, compressing and
probability of thermonuclear reaction.

7. The heavy mass of the cover of cartridge (fig.1) (having high nuclear numbers Z ~ 80 and A = 200)
not allow the nuclear particles easily to fly apart. That increases the reaction time and reactor
efficiency.

8. The suggested AB-thermonuclear reactor is small (diameter about 0.5+3 m or less up 0.3 m) light
(mass is about some ton or less up 100 kg) and may be used in the transport vehicles and aviation.

9. The water may protect the material of the sphere from neutrons.

10. It is possible (see computations) the efficiency of AB reactors will be enough for using as fuel only
the deuterium (or others) which is cheaper then tritium in thousands times (One gram of tritium
costs about 30,000 US dollars. One gram of deuterium costs 1$) (see Estimations of a fuel cost).

11. The offered AB reactors have high temperature. That allows to use the fuels do not give
the heutrons and gamma-radiation. These fuels are safety for humanity and installations.

12. Offered reactor may be used for syntheses elements.

Theory, computation and estimation of Electric, Cumulative and Impulse AB-

reactors and comparison them with current laser ICF.
Estimation of Laser method (ICF).
For comparison the laser and offer Electric, Cumulative and Impulse AB methods, we estimate the
current ICF laser method.
Typical laser installation for ICF has the power 5 MJ and deliver to pellet about 20+50 kJ energy. The
pullet has the 1 — 10 mg liquid (frozen) fuel D+T (density 200 kg/m?®), diameter of the spherical fuel
pullet aboutl- 2 mm, diameter of an evaporative coating 4 — 10 mm.
Let us take the delivered energy E = 50 kJ, volume of the coating v = 5 mm?, specific weight of
coating y = 400 kg/m® (molar weight p = 10).
For these data and instant delivery of laser energy the maximum pressure in cover is
E _ 5x10% N
=== =10"—==10%tm )
But we don’t know what part this pressure transfer to the fuel pellet.
Number of nuclear in 1 m® of covering is

y _ 04:10°
pm, 10-167-107

n=

=24.10% [m™]
(2
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Here m,=1.67"10"" is mass of nucleon (proton) [kg].

Temperature of evaporating cover is
T=L_ 107 =3.10" [K]
nk 24-10%1.38-10%

®)

Here k = 1.38x107% Boltzmann constant, J/K.

Speed of evaporated covering is
23 7 \%°
8.1.38-10 73-10 j —251.10° m/s = 251km/s
(4)

8kT
V = = 727
Tpm, 3.14-10-1.67-10

Time of evaporating for thickness of covering | =2:10% m is
-3
©)

V. 251.10°

Let us to consider now the process into pellet.

The density of fuel particles is
n=t =20 5100 L

um,  2.5-1.67-10 m ©6)
where i = 2.5 is average molar mass of fuel D+T.

The frozen (liquid) fuel, after converting in gas, has a temperature of about T = 4 K.
The pressure average speed V,, of particles after conversion of the fuel into gas (plasma) and sound

speed Vs to fuel gas at temperature 4K are:
N/m?=265 atm,

p, =nkT =4.8-10® x1.38-10 ® x4 = 2.65-10°
U]

1/2 1/2
8kT 8-1.38-10%-4 m
V, = = 57| =183 —,
um, 3.14.25-1.67-10 S
" (265100
v, =[P [25> =115 m/s.
o 200
Additional fuel pressure in center of pellet from two opposing sound wave bump-up is
P, = p,(V,)?/2=200-(2-115%/2=53-10° N/m?=53 atm @
Fuel temperature in center of small mass pellet where two opposing sound (shock) wave bump-up

happens is
_mumy (Vo +Vi)® 31425167107 (183+115)° _, o\
: ) 8-1.38-10% - o

In reality, the full pressure and temperature in center of capsule is much more. We compute ONLY the

8k
sound wave. Any shock wave becomes fast at short distance the sound wave. However, in our case this

computation is very complex.
Current inertial reactors have the maximal rate of fuel compressing in center of pellet about
(10)

& =~ 600
Criterion of ignition (for radius of pullet R, = 0.02 sm and solid or liquid fuel p,= 0.2 glem®) is
PR=p R &% =0.2-0.02-(600)°"° =0.28<1 (11)

where p in g/cm®, R in cm. That value is not enough (0.28 < 1).
You can imagine — with just a small effort and we will fulfill the criterion of ignition! Look your

attention in very low temperature of fuel (9). For this temperature, the criterion may be wrong, or area
of the ignition located into center of pullet may be very small, that energy is very few for ignition of all
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fuel?

Estimation of some parameters the proposed Electric Impulse AB reactor.

The proposed Electric Impulse AB Reactor accelerates the fuel 3-4 (fig.1) by a strong electric field
(100+1000 keV) and heats the fuel up 100+1000 keV. The counter-flows and electric pinch-effect
compresses and additional heats the fuel up to very high values, producing a nuclear reaction. Inlike [1
— 4] the cumulative explosionis produced not chemical explosive but a strong electric impulse.

Below is not mega-project. Instead, below, is the estimations of the typical parameters of electric
impulse AB reactors.

1. Suitable thermonuclear reactions.

The corresponding reactions are:

D+ T —*He (3.5MeV) + n (14.1MeV);

D +D —T (1.01MeV) + p (3.02MeV) 50%

D + D —°He(0.82MeV) + n (2.45MeV) 50%

The deuterium cannot be used in the laser reactor because one requests in 100 times more ignition
criterion then D + T. But D+D may be used in AB reactors with an additional heating by electric field.

The He is received in deuterium reaction may be used in next reactions:

D + *He —*He (3.6MeV) + p (14.7MeV);
*He + *He —"He +2p (12.9MeV).

They produce only high-energy protons which can be directly converted in electric energy. Last
reactions do not produce radio isotopic matters (no neutrons).

Reaction D + D has the other distinct advantages:

1. One produces the protons which energy can be converted directly to electric energy.
2. One produces the tritium which is expensive and may be used for thermonuclear reaction.
3. One produces less and low energy neutrons which create radioactive matters.

The other important advantage is using the pellets with compression gas fuel. Let us take a micro-
balloon (pellet) having fuel gas with p,>200 atm., radius 0.05 cm., temperature 300K. The mass fuel
will be less 1 mg.

Compressed micro-balloon (pellet) is more comfortable for working because it is unnecessary to store
the fuel at lower (frozen)) temperature.

2. Cumulative nucleus speed, temperature and pressure in the fuel cartridge after electric impulse.
When we turn on the high voltage electric impulse, the power electron flows into pellet vaporize,
ionize and dissociate the fuel.
The average ion (nuclear) temperature. The average voltage U = 15 kV, 100 kV of condenser is
accelerated fuel ion in vacuum . The ion temperatureis
T =15.10°-1.18-10" =177-10° K, T =10°-1.18-10'=1.18-10° K . (12)

This temperature will have the fuel gas is filled the cartrige. The energy of ionization and dissociation
is small (3 + 15 eV) in comparison with energy from acceleration (15 + 100) keV. We can neglect it.
The full ionized ions are moving as one whole.That means no gas resistance for fuel ion acceleration
(electron mass is only 1/1836 of mass proton) . Any atom in internal space of cartridge will be ionized
and accelerated in two counter-flow directions.

The average speed of ionsand ion and electrons for U = 15 kV is:

v - |2eU :\/2-1.6-101915-103 06 m 2eU \/2 1.6-10"15-10° _ . v M
"\ um, \ 25.167-107 259110 S (13)
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Here e =1.6:10™ is charge of ion, C; U is condenser voltage, V; J is relative mass of molar fuel D+T;
m,= 1.67:10?’is proton weight, kg, me= 9.110°%! iis electron mass, kg.
The average time of ion and electron moving in distance L = 1 mm and speed V = 10° m/s are:

_3 -3
;_L_110 L 110

== =110%s, T, =—-= - =217-10" s
vV, 10 V., 46-10 (14)
3.Maximal deviation of fuel ion from cartridge centeris
r,=V,T, =1750-1-10° =1.75-10° m, (15)
Where V is speed of nucleon for temperature at 300 K.
4. lon free path in the center of the cartridge
1 1
I = = =3.76-10"
V2znd?  V2:3.14.2.4.10%(5-101%)? o . (16)

Here n=N/v = 2.410*/10%cmis density of fuel ion in center of cartridge (v is volume 1 cm®), d is
ion diameter, cm. Than means, the ions will collisions many times at center of the cartridge.

5. Thermonuclear energy. One/tenth mg (10 kg) of thermonuclear fuel D+T has energy:
Number of nucleus:

M 107
um,~ 25.167-107
One pair of nuclear D+T produces energy E; = 17.6 MeV. The n; nuclear particles contain the energy
E=05n,E =05-24-10°17.6-10° =21.1-10” eV =21.1-10°1.6-10 ™" J =3.38-10" J 18)
One pair of nuclear D+D produces energy E; = 3.64 MeV. The n;-3:10"° nuclear particles contain
the energy
E=0.5n,E, =0.5-3-10"°3.64-10° =5.46-10° eV =5.46-10°1.6-10 ™" ~8.74-10° J

n,= =24-10" (17)

(19)

If coefficient efficiency of the Electric Cumulative AB Reactor is # = 0.3, 0.1 mg of fuel T+D
produces the energy 10 million joules, D+D produced 2.62 million joules. If we make one explosion
per sec, installation has the power of 10 million watts (T+D). The part of this energy will be produced
inside fuel microcapsule-fuel pellet (3.5 MeV from “He, E = 6.76:10°J) the most of energy (14.1 MeV
from neutrons, E = 2.7:10” J) will be produced into the big containment sphere .

Conventional coefficient of nuclear reactor efficiency is about 0.3+ 0.5, the steam (gas) turbine is
about 0.9.

6. Estimation of pressure and temperature after nuclear explosion in reactor (more precisely, inside
reactor sphere).

Let us to find the pressure and temperature after thermonuclear explosive the 0.1 mg fuel D+T into
reactor having sphere 1 m® filled by air.

Number of nuclear particles in sphere 1 m® is

M 107 1
nn = = 57 = 241019 3
um, 25-1.67-10 m (20)
Full thermonuclear energy ( = 1):
E,=0.5nE =0.5-2.4-10°17.6-10° =21.1-10®° eV =3.38-10" J

(21)
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Number of air particles with air density p = 1.225 kg/m® in pressure p = 1 atm. p= 28 is

M 1.225 1
= ~ — = 2.6-10% — . (22)
um, 28-1.67-10 m
If coefficient efficiency of thermonuclear reaction is # = 0.3 in volume 1 m*;
_7E, 03.338.100 ., .o N _
Total pressure— nuclear explosive is p = 100 atm.
Temperature of gas mixture of explosive plus nuclear fuel is
p 10’ 3
T= = =27.9-10° K
(n,+n)k (2.6-10®+2.4.10°)-1.38.10% (24)

If we increase the initial pressure into reactor body up 10 atm, that the temperature decreases to
2790K.

The same temperature is in a combustion chamber of conventional engine of the internal combustion.

We can use the conventional cooling system.

The same method may be used for estimation of injection water into installation body or any garbage
material in a space ship.

7. Possibility charging the condenser .
If we use the fuel D+D in our reactor can directly produce protons having E; = 3.03 MeV. For fuel
107 kg (N = 3:10") in one explosion (cycle) and efficiencys = 0.5 that gives the electric energy
E =0.57E,eN =0.5-0.5-3.03-10°-1.6-10°3-10" =3.6-10° J
This energy in 50 times more than energy 72:10% J, which is requests for heating fuel for
thermonuclear reaction.

8. Thickness of sphere cover. Assume the spherical cover of reactor is made from conventional steel
having safety tensile stress o = 50 kg/mm?=510® N/m?, pressure is 100 atm. The full tensile force is F
= m?p=3.140.5%10" = 0.78510" N. Requested area of steel is S; = F/o = 0.785107/510% =0.0157 m?.
The thickness of sphere wall is 6 = S;/2zr = 0.0157/2:3.14'0.5 = 0.005 m. Mass of sphere is M=ySs0 =
78003.140.005 = 122.5 kg. Here Se=4nr’- 43.14:0.5°=3.14 m?is average surface of sphere.

If we use the more strong material for sphere wall, for example: 1um iron whisker having safety
tensile stress o ~ 400 kg/mm?= 410° N/m? we decrease the sphere’s mass by 4 — 8 times. We can also
make the sphere wall from composite materials (example: an artificial fiber carbon or glass having
safety stress o ~ 100 + 150 kg/mm? and density y = 1500 + 2700 kg/m®). There are many other regests
to sphere cover.

9. Cooling the sphere by water. If explosions are very frequent, we then can decrease the wall or/and
gas temperature by injection of the chilled or room temperature water. The water also protects our
installation from high-energy neutrons in other words, it behaves as a shielding materials.

Let us estimate the amount of water which decreases the temperature and pressure of gas (at most
steam H,0) into sphere for magnitudes acceptable for current steam turbines: T = 400°C = 672 K. The
critical point of water (triple point) is T = 273°C, p = 22 MPa.

Heating 1 kg water from 20°C to 100°C requests energy E = CpAT = 4.19:80 = 333 kJ, evaporation —r
= 2260 kJ, heating of steam up 400°C - E = CpdT = 1.05300 = 315 kJ. Total amount of water heat
energy is E, = 333 + 2260 + 315 = 2908 kJ/kg. Total mass of water for nuclear efficiency = 1 equals
M,, = E/E,, = 3.4107/2.910° = 11.7 kg. For n =0.3 M, = 3.5 kg. The 2 — 3 cm of water thickness
protects the installation from high energy of neutrons produced by reaction D+T.
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Unfortunately, the injection of water before decompressing strongly decreases the efficiency of
installation.

10. Run protons and heavy nuclear particles.
The physic directory by Kikoin, Moscow, 1975, p. 953[12] gives the following equation for running
the protons and charged heavy particles inside gas at pressure 1 atm

Mg (Mo

Where Ry is run of the investigated particles, my is mass of investigated particles, my is mass of proton,
Rp is run of known particles in a known environment, E is energy of particles in MeV. The run of
proton in Hy at pressure 1 atmosphere is in Table 6:

Table 6. Run (range) of proton in gas H- at pressure 1 atmosphere
Energy E [MeV] 1 10 100
Run R [cm] 10 510° 210

For particles “He (3.5 MeV) in reaction D+T under the pressure p = 10’atmosphere the run is

m, m, 4 1 8 7 6 5

R,(E) = m. Rp[m Ej/ p zERp(Zl-3.5j/10 ~4-10/10'=4-10° cm~4-10°mm (og)

That means the all energy of the charges particles after nuclear reaction is used for heating other “cold”
particles. If probability of an initial reaction is more than 10 keV//3500 keV = 1/ 350, the chain reaction
and ignition will occur .

In the Electric Impulse AB Reactor these conditions are in whole fuel capsule, in laser reactor of many
times lower conditions may be only in center of fuel capsule (collision of the imposed shock waves). If
reacted particles run out the center of capsule, its energy will wasted.

The run way of neutrons is large and is very complex function of energy and conditions of
Environment.

X

11.Converting the nuclear energy of Electric Impulse AB reactor to electric, mechanical energy

or rocket thrust.

The best means for converting the nuclear energy of the offered Reactor is magneto hydrodynamic
electric generator (MHD-generator) which converts with high efficiency the high temperature and high
pressure plasma directly in electric energy. Together with capacitors one can produces continuous
electric currency. Impulse work of reactor allows to cool the reactor by injection the cooler (or
conventional cooling) and protect the Electric Cumulative AB Reactor installation from very high
temperature.

The second way for converting an Electric Cumulative AB Reactor nuclear energy is conventional
heat exchanger and gas turbine. As cooler may be used the FLiBe — melted mix of fluoride salts of
lithium and beryllium.

The third way is injection of water inside sphere and steam turbine as description over.

12. Using the Electric Impulse reactor as an impulse space rocket engine.

There are good prospects (possibility) to use the suggested Electric Impulse AB Reactor as an impulse
rocket engine.

Assume the fuel energy is 10® J and mass of cartridge is 5 gram. If plasma will flow from reactor to
space the average speed V of jet is

2 1/2 g \1/2
From E = mv we get V = [Z—Ej = LO% =2.10° M —200km/s (27)
2 m 5-10 S '
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Here E = 10 is nuclear energy in one impulse one mg nuclear fuel, J; m = 5 g is the mass injected to
outer space (fuel cartridge), kg.

Received speed V = 200 km/s is in many times more than a current exhaust chemical speed 3 km/s. If
of space apparatus has mass m, = 1 ton, the ship speed changes in V, = (m/m2)V = 1 m/s in one impulse.
If we spend 10 kg of fuel cartridges, the apparatus get speed 2 km/s.

More importantly, the next possibility is of the rocket powered by the Electric Impulse AB Reactor.
Any matter from any planets, asteroids, space body may be used as fuel (or addition to emission) for
increasing the derivation of impulses. For example, assume the captured solid object moving through
spaceis composed of some water, and we filled rocket tanks using that mined planet, comet or asteroid
water. From (27) and Law of equal impulse we have from every impulse

V, ~(2Em,)}"*/m, =(2-10°-16)"*/10° =56.6 m/s (28)

Here V, is additional speed of space ship; m; mass jet, kg, m; = 16 kg of water; m is mass of space
apparatus.

13. Estimation of the neutron penetration
|=1/no, (29)
Where | is path of penetration, cm; n is density of material, 1/cm®; ¢ = 10* cm? is cross section of the
neutron. For steel | = 12 cm, for compressed air up 200 atm the | = 205 cm.

14. Requested thickness of the cylindrical ;" and spherical “s” shell is

() -(2) (G2

Where D is outer diameter of shell, d is inner diameter of shell, p is pressure, atm; o is safety tensile
stress kg/cm?. Example, if p = 10 kg/mm?, o = 50 kg/mm?, then (D/d). = 1.2.

Detail Estimation of Electric Impulse Reactors for transportation engine

1. Estimation of nuclear energy (power). Let us make more detail estimation the Electric
Impulse Reactors for engine of transport vehicle having the fuel pellet 0.1 mg (M; = 107 kg) with
fuel D+T and D+D.

Estimation of energy the D+T fuel for the coefficient efficiency  =0.5 is;

The couple nuclei T+D produces nuclear energy E; = 17.6 MeV.
Number N of fuel nuclei’s is:

My 107
am, 2.5-1.67-10°%

Here [ is average relative (molar) mass of D+T; mj is mass of proton, kg.

The nuclear energy of 0.1 mg D+T fuel in 1 Hz for efficiency = 0.5 is

E =0.5E,eN7=0.5-17.6-10°-1.6-10'°2.4.10° -0.5=16.9-10° ~17MJ / Hz _

Here e = 1.6:10™" is charge of electron, C.

That is power energy of the 2 + 5 power aviation turbo-engines. If one cycle in second (1Hz) is
not enough, we can decrease the frequency. The piston engine has up 50-70 revolution per second,
the high speed aviation gun up 30 shots in second.

If we use the D+D fuel having single energy E; = 3.15 MeV , g = 2, N = 310" the nucler energy

E =0.5E,eN7 =0.5-3.15-10°-1.6-107°3-10" - 0.5=3.8-10° ~ 3.8 MJ / Hz

N =

= 2.4-1019_



29
is aproximetely in 4.5 times less because E; is less.

2. Size of cartridge and pellet. Let us estimate the size of the electric impulse cartrige having an

internal diameter d = 1 mm. The thickness o of the cartrige wall is 0.5 mm.

Let us estimate the compressed pellet having gas mass M = 10” kg, pressure p = 1000 atm =10°
N/m?and T = 300 K. Specific density the gas D+D, D+T in compression p = 1atm is p,= 0.1 kg/m°.
The relative outer diameter of spherical pellet for pressure p = 10 kg/mm? and the safety tensile
stress of the pellet cover o = 50 kg/mm? with according (30-2) is

2:(£+1}:(E+1j:1.2
d o 50 .

Outer diameter of cartridge for safety tensile stress 50 kg/mm? is D =1.2 mm.

3. Estimation of requested an acceleration time, electric currency, energy for fuel heating.
Let us take the fuel D+D, mass M = 10 kg, the full fuel camera has internel diameter d = 1 mm,
length | = 2 mm separated in two subcameres 1x1 mm having volume v ~ 1 mm? (fig.1) each.
The number nucleus in subcamera is N = 1.5:10", density in 1 cm® (m°) is
9
n=N o 1'5'131 =15-10? is =15.10" i3
Vv 10 cm m
The pressure at temperature T =300 K is
p=nkT =1.5-10%-1.38-10*-300=6.21-10' N /m? = 621atm
Electric charge located in every subcamera
Q=Ne=15-10°-1.6-10" =24 C .
Let us take average voltage of condenser U = 50 kV and the length of subcamera | = 1 mm =10 m.
Then averege intensity of electric field is
Ee = U/l =510%10° = 0.510° V/m.
The force acting on the charge is
F=QE=24.05-10° N=1.2-10° N.
Acceleration of charge is
F_12.10°
M 05107
Acceleration time is
05 3705
t:(ZIJ :(2'0-5‘1?53J ~042.10° s
a 24-10 .

Here | = 0.5 mm is average distanse of the charge acceleration.
Average charge speed in end of acceleration is

V=at=24-10-0.42-0°=10° m/s_
Kinetic energy of fuel is

MV?_10700°F _ o
2 2 7 :

=24.10°
S

E-=

Electric currency is
Q24
t 042-10°
Energy of electric currency is

=5.7-10° A
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E=IUt=57-10°-5-10*-0.42-10° =1.2-10° J _

Here U = 510* V is everage voltage of the condenser.
Estimation of evarage magnetic pressure (pinch effect).
Intensity H of magnetic field is
9

:J7:44E1i24::48462A

2zr  2-3.14-05-10 m"
Here r = 0.5 mm is the internel radius of fuel pellet.
Pressure p of magnetic field is

2 -7 12 \2

H? _47107(18:10") ~20.107 N 22.10° atm

2 2 m?
Here po = 4710° is the magnetic constant.

This pressure increases the fuel density in nnag times and separated nucleus from the capsule walls
Ny = P/ P, =2:10°/621=3.22-10°°, n,,, =nN, , —15.10%3.22.10 =4.83-10% 1/cm*®_

P =4

The probability P of te nucleus collision for temperature (voltage) =10° eV (cross section ¢ = 410"

28 fig.4), nucleus density n = Nmag and the length of the opposed jet 6 = 0.05 cm) is
P=ons=4-10%-4.83-10%¥.05-10" =9.7-10° 21.

In reality the probability is less 1, because the number of reactive nucleus decrease as result of

reactions
N(5)=N,(1—exp(-ons))

After collision the left and right collections of charges, the shock wave will move in a cylindrical
capsule reflected from its ends. That oscillation may be support by electric impulses and increase
the reaction time.

Evaluation time retaining a high temperature and pressure.

Rate of collising the plasma iones after average electric heating T = 10°eV is
v=48-10"Z"u"*n-InA-T™? [1/5]=48-10"-1-(2) *15-10”-10-10"° =1.6-10° [L/s]

Here Z = 1 is charge state, p = mi/m, =2 is molar mass expressed in units of the proton mass, n =
1.510% is ion density, 1/cm®, T is temperature expressed in eV.

If the cover of pellet has i1 = 200 and ion has | = 2, the fuel ion can pass its energy to the cover
ion after ~200/2 = 100 collisions (impacts). That means the time of the ion transfer its energy
encreses in 100 times and will be less 10°® sec. In reality for need mass of fuel cover the additional
reactivity time tie may be 10 + 107 seconds.

Estimation of received energy and the energy contained in the fuel.
Let us to estimate the received energy from D+D fuel having mass M = 107 kg (without energy of
the first hit) and energy containing in fuel for selected T = 10° eV and the capcule pressure 620 atm
= fuel density n = 1.510% 1/cm®.
The thermonuclear power is
P =3.3:10%n%. (0V)pp =3.3-10™% - (1.5-10%)%-45.10" =3.34.10° W /cm’.
Here (ov)p, =4.5-10" is taken fromTable 5

The energy getting in time t = 10 sec is
E =Pppvt=3.3410"2.10°10°=6.6810° J.
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Here v = 2.10° cm® is volume of fuel pellet.
The fusion energy of couple D+D nucleus is
E;=3.65 MeV = 3.6510°1.610™° =5.84107" J
Full energy M = 10" kg of fuel D+D is
Er=0.5NE;=0.51.510"5.8410" = 4.410° J .

We get the full energy is less than the received energy E;. That means the time of themonuclear
fusion is less them 10°® sec. In fact the fusion time will be significantly smaller 10 sec because a
pinch magnetic effect is strong compressed the gas fuel.

Loss the heat throw a thermal conductivity.

The loss the heat throw pallet wall is

Q=a(p)F -AT -At=100-621.7.8-10°-1.16-10°-10° =0.562 kJ / Hz

Here o = 100 W/(m*K's); p = 621 atm; F = internel surface of pallet; m% T =10° eV = 1.16:10"° K
is avarage temperature, K; t is time, sec.

That is small part from the spent electric energy = 100 kW.

Bremsstrahlung radiation Pg, of a hot plasma having temterature T=10" eV.
312

= %nﬁj’zzeﬁ =1.69x10%n’T"?Z, =1.69-10%-(1.5-10”)*(10°)"*-1=1.2-10" {%}
Here « is the fine structure constant, h is Planck’s constant, me iS mass of electron, ne is electron
density, 1/cm®; Te is electron temperature, eV, Zeg is “effective” ion charge.

The loss of energy by volume v = 0.002 cm® in time t = 107 sec is

Eor = PerVAr = 1.210°210°107 = 0.2410° J.
That is 5.4% from full enery.

4.Estimation of electric condenser. For heating of fuel we use the short strong electric impulse.
For impulse the electric condenser may be used. Let us to estimate the condenser parameters for
getting the fuel temperature T = 15 keV (plasma temperature is 30 keV for opposet jets) .

If fuel mass is M = 0.1 mg = 10’kg, the number of nucleus for D+T is

-7
M _ 10 =24 109
pm, 2.5-1.67-10 :
For D+D the N = 310",
The energy W is needed for heating the fuel D+T up temperature T = 15 keV is
W = NT -e=2.4-1015-10°1.6-10° ~60kJ

For heating D+D fuel is W =72 kJ.

The minimal specific energy of conventional conductor according [10] p. 368 is y = 2 kl/kg.
Consequently, the requested mass of condenser is about 30 — 36 kg. But if we can use the advanced
supercapacitor (y = 10 kJ/kg) or ultra-capacitor (y = 20 kJ/kg) or capacitor EE Stor, having claimed
capacity y = 1000 kJ/kg, we can decreased the capacitor mass. In any case, the capacitor mass is
small part of thermonuclear engine.

5. Estimation of capacitor discharge. The electric schema of connection the condenser to fuel
pellet is present in fig.5. That contains: the condenser 1, the source of high voltage 2 (high voltage
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electric generator or battery), fuel cartrige (pellet) Ry, and connection wires having the electric
resistance R,.

The source charges the condenser has voltage up 50 + 200 kV, energy 70 + 200 kJ. The condenser
connects to fuel cartrige.

— =

RZ Rz

et

I

Fig.5. Electric schema of connection the condenser to the fuel pellet. Notation: R; is the resistance of fuel
pellet, R, is resistance of the connection wires from condenser to the fuel pellet, 1 is condenser , 2 is high
voltage electric generator (battery).

Electric resistance of a copper wires connected condenser to cartidgeis (fuel pellet) is

200

R, :plgo =1.75-10_6? =7-10"° Q

Where I = 200 cm is length of one wire, cm; s = 5 cm? is cross-section area of wire, sm?; p=
1.75.10° is a coefficient electric resistance of cupper.
Estimation the plasma resistance into cartridge. The plasma resistance coefficients are:

n, =1.03-10%°Z - InA-T ¥,
ForT =10eV 75, ~1.03-10°? -1-10-10%2=3.16-10"* Q-cm.
ForT =10°eV 7, ~1.03-10°-1-10-10"°=3.2-10° Q-cm.
Here: Z = 1 is ion charge of fuel D, T; InA = 10 is Columbu’s logarithm; T is temperature, eV.

The plasma electric resistance for fuel cameras I, =1 mm, areas =1 mm? are:
0.1

ForT =10eV Rlzm'—°=3.16.10-4 ~1.6-10° Q,
S 2-0.01
5 IO -9 O.l _8
ForT=10eV R =1, —=32-10 ~1.6-10° Q.
S 2-0.01

Let us take the average electric resistance R = R; + 2R, = 10° Q. The condenser energy E = 60 kJ.
Time of the condenser discharge for initial voltage U = 30 kV

_RE 10°60-10°

U?  (30-10%? _

The time of discharge is about time of the full thermonuclear reaction (10 s).
The average electric currency in cartridge

3 E 3 6-10°
Ut 3.106.67-10°
Capacity of condenser

=6.67-10° s

=0.3-10° A
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67-10°°
C =l=% =6.67-10° F
R 10 :
The specific energy weight y. [J/kg] of the condenser may be estimated by formulas
&y6E,
Ve =7
v

Where &= 8.8510™% F/m is electric constant; ¢ = 3 dielectric constant; Eq~ 160 + 640 MV/m is
safety electric stress of isolator; y ~ 1000 + 3000 kg/m? is specific weight of isolator. The y. ~ 3
kJ/Kg.

Electric switch must be very fast (t < 10 s)(electronic or explosive) and pass very high currency.

6. Electric breakdown. For starting fusion reaction the spark gap into the fuel pellet must be less
the definite value. According [14] p.123, fig.51for plates in compressed hydrogen the voltage 10°
volts has the spark gap pd = 10* kPamm (here p is pressure, kPa; d is distance between plates,
mm). That means for 10° volts and a length fuel camera d = 1mm the maximum hydrogen pressure
can be less p = 10°/(5 10*1) = 200 atm. That is not problem because the plates we can change the
spearheads which decrease the need distance in 5 times or put in fuel a conductive yarns .

Look your attention, the offered method allow to get very high thermonuclear temperature. We
take U = 15 + 50 kV, but no limit take U = 100, 200, 500 kV. The 200 kV produce the temperature
T =20010%1.1810" = 2.36:10° K (two billions!). As you see in fig. 4 and estimations over, that
significantly increase the probability of thermonuclear reaction and produce a fuel for the other
reactor.We can use the cheap fuel produced few neutrons, many protons, expensive elements,
which can be a fuel for thermonuclear reactors.

Cheap and quick testing of the proposed idea and method.

The offered idea and method of the thermonuclear fusion has the huge advantage over other
known methods. One does not need in billions dollars and tens of years for cheking up idea and
getting a stable termonuclear reaction. The method may be checked by many enthusiasts and
ameteurs of new technique.

Testing the offered method is very cheap (ten thousand dollars), and need 3-6 months.
Experimenter makes or orders only the pullets having different fuel (D+D, T+D, D+°He, etc. , mg)
and condenser having a high voltage 50 — 100 kV and a power 60 — 100 kW. No complex measure
devices. If no thermonuclear reaction, the experimenter gets the electric spark. If there is the
thermonuclear reaction, the experimenter gets an explosion quills the energy of 2 — 8 kg of TNT
(for mass of fuel 0.1 mg). One successful test allows beginning a design of the engines for
transports.

Discussion

About sixty years ago, scientists conducted Research and Development of a thermonuclear
reactor that promised then a true revolution in the energy industry and, especially, in humankind’s
aerospace activities. Using such reactor, aircraft could undertake flights of very long distance and
for extended periods and that, of course, decreases a significant cost of aerial transportation,
allowing the saving of ever-more expensive imported oil-based fuels. (As of mid-2006, the USA
DoD has a program to make aircraft fuel from domestic natural gas sources). The pressure, time
and temperature required for any particular fuel to fuse is known as the Lawson criterion L. Lawson
criterion relates to plasma production temperature, plasma density and time. The thermonuclear



34

reaction is realized when L is more certain magnitude. There are two main methods of nuclear
fusion: inertial confinement fusion (ICF) and magnetic confinement fusion (MCF).

Existing thermonuclear reactors are very complex, expensive, large, and heavy. They cost many
billions of US dollars and require many years for their design, construction and prototype testing.
They cannot stably achieve the nuclear ignition and the Lawson criterion. In future, they will have a
lot of difficulties with acceptable cost of nuclear energy, with converting the nuclear energy to
conventional energy, with small thermonuclear installation suitable for transportation or space
exploration. Scientists promise an industrial application of thermonuclear energy after 10 — 15 years
additional researches and new billions of US dollars in the future. But old methods do not allow us
to reach an industrial or transport engine in nearest future.

In inertial confinement many scientists thought that short pressure (10° — 102 s), which they
can reach by laser beam, compress the fuel capsule, but this short pressure only create the shock
wave which produced the not large pressure and temperature in a limited range area in center of
fuel capsule. The scientists try to reach it by increasing NIF, but plasma from initial vaporization
the cover of fuel capsule does not allow to delivery big energy. After laser beam, the fuel capsule is
“naked” capsule. Capsule cannot to keep the high-energy particles of the nuclear ignition and loss
them. Producing the power laser beam is very expensive and has very low efficiency (1 - 2.5%).
The offer method EIF (Electric Impulse Fusion) does not have these disadvantages. One uses the
primary high pressed gas fuel ampoules and directly heats them to need high temperature by special
electric impulse in special cartridge. The shell of capsule protects the fuel by the heavy elements (i
= 200) having high number of nucleons A and charges Z. They reflect the light protons, D, T,
repels high-energy reacted particles (D, T, ®He, “He, p) back to fuel and significantly increasing the
pressure and conformation time.

The laser ICF, MCF ideas cannot be used for thermonuclear reaction in its classical form.
Produced temperature and pressure by laser ICF and magnetic MCF are not enough for
thermonuclear reaction. The main author innovation is using the electric field [1-2] for reaching the
need temperature (up 1000 MeV) and using the primary compressing the gas fuel (up 1000 atm) in
special ampoules. That increases the intensity of nuclear reaction (and temperature) in hundreds
times.

Author noted that the mass of fuel is very small and allows reaching the high speed by
opposed high intensity electric fields.

The impotent innovations are the compressed the fuel gas into fuel cartridge at room
temperature and an electric impulse for heating of fuel up the thermonuclear temperatures. The
current ICF uses the frozen fuel about absolute zero. That is not acceptable for practice. Author also
suggested the transport nuclear engine and nuclear rocket.

The method possible allows to use reaction D+D (instead D+T) with cheap nuclear fuel D
(Tritium is very expensive — about 30,000 USD per 1 g, deuterium costs 1 $/g). One also allows
using the compressed fuel-gas at room temperature. We can use the nuclear reactions which do not
produce the neutrons and gamma radiation. They are dangerous for people.

Testing the offered method is very cheap (ten thousand dollars), need 3-6 months and may be
made by many amateur of technique. They make or order only the pullets and condenser.

Conclusion

The author offers a new small very cheap Electric Impulse thermonuclear Reactors (EIR), which
increases the temperature of a primary compressed nuclear fuel in thousands times, reaches the ignition
and full thermonuclear reaction. Electric Impulse AB Reactor, herein offered by its originator, contains
several innovations and inventions.
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Main of them is using a electric field, which allows to accelerate the thermonuclear fuel to very
high speed which (as it is shown by computations) heating up the hundreds million degrees of
temperature. Important innovation is compressed gas fuel at room temperature, instellation for
electric and mechanical energy and thermonuclear rocket.

The offered reactor is small, very cheap, may be used for non-expensive electricity, as engine for
Earth transportation (train, truck, sea-going ships, aircraft), for space apparatus and for producing
small and cheap and powerful weapons. Closed ideas are in [1]-[12].
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Chapter 3

Electric Cumulative Reactors

Abstract.

The author offers the new, small and cheap electric cumulative thermonuclear reactors, which
increases the temperature and pressure of its nuclear fuel by millions of times, reaches the required
ignition stage and, ultimately, a constant well-contained thermonuclear reaction. Electric Cumulative
AB Reactors contain several innovations to achieve its power output product. Chief among them in
electric thermonuclear reactors are using moving cumulative explosives and an electric discharge,
which allows to accelerate the fuel and special nucleus to very high speed which (as shown by integral
computations) compresses the fuel thousands times and heats the fuel by electric impulse to hundreds
of millions degrees of temperature.

In electric cumulative version of AB thermonuclear reactors, the fuel nucleus are accelerated by high
electric voltage (15 + 60 kV) up the hundreds millions degree and cumulative compressed into center
of the spherical fuel cartridge. The additional compressing and combustion time the fuel
nucleus may have from heavy nucleus of the fuel cartridge.

The main advantages of the offered method are very small fuel cartridge (11-18 mm) of the full
reactor installation (reactor having spherical diameter (0.3 - 3 m), using the thermonuclear fuel at
room-temperature and achieves the possibility of using the offered thermonuclear reactor for
transportation (ships, trains, aircrafts, rockets, etc.). Author gives theory and estimations of the
suggested reactors. Author also is discussing the problems of converting the
received thermonuclear energy into mechanical (electrical) energy and into rocket thrust. Offered small
micro-reactors may be used as heaves (propellant after ignition, fuse) for small artillery nuclear
projectiles and bombs.

Main difference proposed fuel cartridge from version in Chapter 2 is the spherical form. Spheris form
allows to use cumulative effect and increase the fuel pressure. But we loss the pinch-effect and may the
problems with thin central electrode.

Keywords: Micro-thermonuclear reactor, Cumulative electric thermonuclear reactor, Impulse thermonuclear
reactor, transportation thermonuclear reactor, aerospace thermonuclear engine, nuclei fuse, thermonuclear rocket

Description and Innovations of Electric Cumulative AB reactors

Description.

Outline of the new electric cumulative reactors and method.

The improved version 1 of the electric AB thermonuclear reactors is presented in figures 1 — 3.

The new thermonuclear reactor contains: small (spherical diameter is 11 — 18 mm) thermonuclear
cartridge (special fuel ampoule, granule, beat, pellet, Fig.1), thermonuclear reactor (sphere diameter is
0.3—3m. fig.2, Ch.2). Reactor has two Version 1 - 2. In Version 1 the reactor has the additional
installations for converting the nuclear energy into an electric, mechanical energy; in Version 2 the
reactor converts the thermonuclear energy in a rocket thrust (fig. 3, Ch.2).

The fuel cartridge has (fig.1): the spherical shell 1; conductive layer 2 connected to condenser 7;
layer 3 of heavy material (molar mass about 200), (option); layer 4 contains the thermonuclear fuel in a
solid compound (option): internal volume of cartridge 5; edge 6 of a conductive needle connected with
charged condenser 7, or very small conductive compressed fuel pellet (option); electric capacitor 7
connected to the layer 2, the edge needle 6 and source of energy.

The cartridge has three versions:

1) The Version 1 contains the layers 3-4 and vacuum 5.
2) The Version 2 not contains the layers 3-4 (or has only 3), but contains the gas thermonuclear fuel



37

in volume 5 (in room temperature); 6 — edge of a conductive needle connected with charged
condenser 7.

3) Version 3 is version 1 — 2, but one has the additional very small pellet in center of cartridge. Pellet
has a thin conductive layer over thin cover and compressed fuel into pellet located on needle edge

(Fig.1).

1

Fig.1. Cartridge (special fuel ampule, pellet) of the thermonuclear fuel, sphere of diameter 1+ 2 cm. Notations: 1

— spherical shell of fuel cartridge; 2 — conductive layer connected to condenser 7; 3 - layer of heavy material

(molar mass about 200), (option); 4 — layer contains the thermonuclear fuel in a solid compound (option);
Cartridge has three versions:

1) The Version 1 contains the layers 3-4 and vacuum 5.

2) The Version 2 not contains the layers 3-4, but contains the gas thermonuclear fuel in volume 5 (in room

temperature); 6 — edge of a conductive needle connected with charged condenser 7.
3) The version 3 has very small compressed fuel pellet having the thin conductive layer and thin cover (option).

Body of nuclear reactor is shown in Fig.2, Ch.2. One contains: strong spherical body (shell) of reactor
1 (diameter about 0.3 — 3 m); the fuel cartridge 2 (It is described in Fig.1); holder (electric conductor)
3 of fuel cartridge; 4 — enter of compressed air (gas); exit of a hot compressed air (gas) after
thermonuclear heating 5; electric voltage from condenser 6.

The offered thermonuclear reactor works the next way (Figs. 1 and 2 — 3,Ch.2):

1) Cartridge Version 1 for an electric or mechanic energy.

The internal volume of reactor body is filled the atmospheric or compression air (enter 4 of Fig.2,
Ch.2).

The fuel cartridge (Fig.1) lifts by holder 3 (Fig.2, Ch.2) into reactor body. Turn on the charged (up 20
-100 kV) electric condenser 7 (Fig 2). The electrons from the needle edge 6 (Fig.1) are accelerated to
the conductive layer 2 (fig.1). They positive ionize and dissociate the fuel molecules (for example, D
and T are contained into matter of layers 3-4 (in cartridge Version 1) or into volume 5 (in cartridge
Version 2)). The positive ionized nucleus of the thermonuclear fuel (having small mass) are quick
accelerated up very high temperature (up 15 — 50 keV) and collide at the needle edge. The heavy and
slow molecules from cartridge layer 3 (fig.1) research the region at the needle edge later and compress
the thermonuclear fuel and increase the fusion (reaction) time of the fuel nucleus at the needle edge. In
results (as show computation) the fuel nucleus merges and produce a thermonuclear reaction. The
thermonuclear reaction (explosive) heats the air into reactor body. For increasing the efficiency, work
mass, decreasing explosive temperature and protection from neutrons, the liquid 7 (for example, water,
fig. 3, Ch.2) may be injected into reactor.
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2) In cartridge Version 3, the needle edge contains the very small pellet 6 having the thin conductive
layer, thin cover and compressed fuel. The high energy outer fuel flow additional compress the pellet 6,
penetrate through the pellet cover and heat the internal part of fuel.

After thermonuclear explosion the hot gas flow out into the magneto-hydrodynamic generator
(MHG) 10 and produces electric energy or runs to the gas, steam turbine and produces an useful work
(Fig. 3a, Ch.2). Or the hot compressed gas runs to rocket nozzle and produces the rocket trust (fig. 3b,
Ch.2).

The main difference the offered electric reactor from the cumulative reactors (versions 2, 4) [2, 4] is
type of explosive for getting the temperature, pressure and cumulative effect in fuel. On [1 -2] author
used the chemical explosive. The offered reactor uses the strong electric field for acceleration, getting
high temperature and cumulative effect. The electric method leads to practically unlimited cheap
power. In [2, 4] the explosive is located into main spherical body 1 (fig.1) (or gun in [2]). In
[4] version 1 (fig.2, [4]) the explosive 3 is small and located in the special fuel cartridge (fig.2, [4]). In
current version no special compression explosive. The pressure and high temperature of the fuel are
reached the high voltage condenser. It easier and it is more comfortable in using.

The version 3 of current cartridge the fuel pullet is filling by the compressed gas fuel (up 100
atmosphere or more) and version 1 - 3 not has the explosive for an additional compressing of fuel. The
fuel is compressed by cumulative fuel flow (in Version 1 by additional flow of heavy elements),
heating only by strong electric charge of a condenser. The computation shows that is possible. In
version 3, we can use the conventional pellet with frozen fuel.

AB Reactors are cooled using well-known methods between explosives or by an injection of water
into sphere (fig. 3a, Ch.2).

Detail Estimation of Electric Cumulative reactors for transportation engine

1. Estimation of nuclear energy (power). Let us make more detail estimation the Electric
Cumulative reactors for engine of transport vehicle having the fuel pellet 0.1 mg (M; = 107 kg) with
fuel D+T and D+D.

Estimation of energy the D+T fuel for the coefficient efficiency  =0.5 is;
The couple nuclei T+D produces nuclear energy E; = 17.6 MeV.
Number N of fuel nuclei’s is:

M, 10”7
pum,  25.1.67-107

Here W is average relative mass of D+T; m, is mass of proton, kg.

The nuclear energy of 0.1 mg D+T fuel in 1 Hz is
E =0.5E,eN7=0.5-17.6-10°-1.6-10"°2.4-10" -0.5=16.9-10° ~ 17 MJ / Hz _

Here e = 1.610™*° C is charge of electron, C.

That is power energy of the 2 + 5 power aviation turbo-engines. If one cycle in second (1Hz) is
not enough, we can decrease the frequency. The piston engine has up 50-70 revolution per second,
the high speed aviation gun up 30 shots in second.

If we use the D+D fuel having single energy E; = 3.65 MeV , p = 2, the nucler energy is
aproximetely in 5 times less because E; is less.

2. Size of cartridge and pellet. Let us estimate the size of the electric cumulative cartridge having
an internal diameter d = 10 mm. The thickness & of wall is 0.5 mm. Outer diameter of cartridge
for safety tensile stress 100 kg/mm?is D ~ 11 mm.

Let us estimate the compressed pellet having gas mass M = 0.510” kg (Version 3, the other

accelerated fuel is located in cartridge), pressure p = 300 atm = 3:10° N/m? and T = 300 K. Specific

=2.4-10"
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density the gas D+D, D+T in compression p = 1atm is po= 0.1 kg/m? atm. The internal radius of gas
pellet is:

am ) 3.05.107 "
r= - bl ~0.74-10°m~0.74mm.
47 PP, 4.3.14-3-10%0.1

The relative outer diameter of pellet for pressure p = 3 kg/mm? and the safety tensile stress of the
pellet cover o = 50 kg/mm? is

0.5 1/2
2:(£+1} :[3+1j ~1.03
d o 50

3.Nuclear processes in to pellet. After electric cumulative explosive into cartridge the mass of 10”
kg fuel D+T into pellet having diameter d = 1 mm (v = 0.810° cm®) after electric cumulative
compressing is
m 107
n= - —27 6
umyv  25-1.67-10 (0.8-107)
Where p is pressure after cumulative compressing, N/m?v is a pellet volume, cm3;mp is mass of

proton, kg. Density of D+D fuel is n = 3.7510%° cm™,
Time of fuel combustion for T = 15 keV is

=3.10%cm™®

-12
ForD+T t= O_'i"El = 0'5_?3'5 2'2352 10 —=1.58-10"s,
5.6-10%n<ov> 5.6-10"%3.10%2.65-10
-12
ForD4D o 0.57E, 0.5-0.5-0.58-10 _37.10°s

3.3-10"%n<ov> B 5.6-10°3.75-10°3.2-10"°

Where 7 is coefficient efficiency, E; is energy couple nucleis (for D+T E; = 17.6MeV'1.6:10™°=
2.82:10™2 J; for D+D E;=3.65MeV= 0.58'10"*J). Here we used theTable 5.
4. Estimation of electric condenser. For heating of fuel we use the short strong electric impulse.
For impulse the electric condenser may be used. Let us to estimate the condenser parameters for
getting the fuel temperature T = 15 keV.

If fuel mass is M = 0.1 mg = 10'kg, the number of nucleus for D+T is

—7
M__ 10 —=2.4-10"
pm, 2.5-1.67-10° :

For D+D the N = 310",

The energy W is needed for heating the fuel D+T up temperature T = 15 keVis
W =NT-e=2.4-10"-15-10°-1.6-10"° ~ 60 kJ _

For heating D+D fuel is W =72 kJ.

The minimal specific weight of conventional conductor according [8] p. 368 is y = 2kJ/kg.
Consequently, the requested mass of condenser is about 30 — 36 kg. But if we can use the advanced
supercapacitor (y = 10 kJ/kg) or ultra-capacitor (y = 20 kJ/kg) or capacitor EEStor, having claimed
capacity y = 1000 kJ/kg, we can decreased the capacitor mass. In any case, the capacitor mass is
small part of thermonuclear engine.

5. Estimation of capacitor discharge.
Electric resistance of a copper wires connected condenser to cartidgeis

R =p|—0=1.75-10_6¥=7-10_4 ~10°Q
S .
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Where lo= 400 cm is length of wire, cm; s= 1 cm?is cross-section area of wire, sm?.
The plasma resistance into cartridge we can neglect.
Time of the condenser discharge for initial voltage U = 30 kV
_ RwW _10’360-103
U?  (30-10°)°
The time of discharge must be more than time of the full thermonuclear reaction (10 s).
The average electric currency in cartridge

w610

=6.75-10"° s

— = " _8:0.3-108A
ut 3.10°6.75-10
Capacity of condenser
C=l —67510 =6.75-10"° F
R 107
The specific energy weight y. [J/kg] of the condenser may be estimated by formulas
&S

Ve =

y
Where ¢,= 8.8510"? F/m is electric constant; & = 3 dlelectrlc constant; Eq~ 160 + 640 MV/m is
safety electric stress of isolator; y ~ 1000 + 3000 kg/m? is specific weight of isolator. The y. = 3
kJ/kg.

6. Magnetic pressure from electric currency.
a) Pellet having electric cumulative compressing has initial currency | = 310" A, radius of pellet
(edge of needle) before compressing r = 0.510° m has magnetic intensity H and magnetic pressure

p:

,

| 3-10 _3z1010 A
2zr  2-3.14-0.5-10 m
_ H?  4z-107(10°)°

=6.28- 1013 =6.28-10° atm
m®

2
That is closed to electric cumulative pressure for diameter capsule (centerarea) r=0.5mm (p =
6:10° atm.).
The electric intensity E and electric pressure near center r = 0.5 mm is
U 30-10° Vv = 6-10 N
E=—=—"-=6-100 —, p=¢— =885 10-12( )y =1.6-10' — =0.16 atm.
r 0.5-10 m 2 2 m?

As you see the electrostatic pressure we can neglect.
7. The heating problem of a needle edge.

Let us estimate the cooling of needle edge. Assume the needle edge is made from copper (p =
1.7510° Ohmem) and has the length | = 0.5 cm and cross-section areas = 0.04 cm?. The electric

resistance of edge is
I

R=p— ~1.75:10° 2> ~2.2.10°° Ohm.
S 0.04
Let us take the average condenser discharge time t = 6,7510®s and electric currency | = 310" A
(see early estimation).
The energy loss in needle is
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E=1?Rt=(3-10")?2.2-106.75-10° =1.33kJ .
The water requests 2269 kJ/kg for evaporation. Consequently, we need 0.6 gram/Hz of water for
cooling of a needle edge in every cartridge.

8. Cost of the thermonuclear fuel.

Deuterium. The sea water contains deuterium about 1.55:10 %. The World produces about tens
thousand tons in year. Cost 1 $/g.

Tritium. The special nuclear reactors can produced it. Now the cost is 30,000 $/g. In future an
expected cost will be from 100K+200K $/g.

Helium-3. Very rare isotope. The Helium-4 contains 1.3:10%/1 of the Helium-3. Cost is 30K $/g.
One project offers to extract it on Moon and delivery to Earth.

Lithium 6 -7. Nature mixture cost 150 $/kg.

Uranium-238 contains 0.7% of Uranium-235. It cost 90+250 $/kg.

Plutonium-239. Cost 5600 $/g.

As you see the thermonuclear fuel D+D is the cheapest, but D+T has the lowest temperature for
thermonuclear reaction. All the current experimental thermonuclear installations are using the D+T.
Look your attention, the offered method allow to get very high thermonuclear temperature. We take
U =15 kV, but no limit take U = 50,100, 200 kV. The 200 kV produce the temperature T =
200'10%1.1810* = 2.3610° K (two billions!). As you see in fig. 4 and estimations over, that
significantly increase the probability of thermonuclear reaction and produce a fuel for the other
reactor.We can use the cheap fuel produced small neutrons, large protons, expensive elements,
which can be a fuel for thermonuclear reactors.

Below in Table 7 theproperties of some material suitable for the offer installation.

Table 7. Properties of some material suitable for the offer installation.

Material Tensile Density  Fibers Tensile Density
strength glem? strength glem®
kg/mm? kg/mm?

Steel A514 76 7.8 S-Glass 471 2.48

Aluminum alloy 455 2.7 Basalt fiber 484 2.7

Titanium alloy 90 451 Carbon fiber 565 1,75

Steel Piano wire ~ 220-248 7.8 Carbon nanotubes 6200 1.34

Issue: [7] p.370.

Conclusion

The author offers a new small cheap electric cumulative and impulse inertial thermonuclear reactors,
which increases the pressure and temperature of a nuclear fuel in thousands times, reaches the ignition
and full thermonuclear reaction. Electric Cumulative and Impulse AB Reactor, herein offered by its
originator, contains several innovations and inventions.

Main of them is using a electric explosive, which allows to accelerate the thermonuclear fuel to
very high speed (up and more than 1000 km/s) which (as it is shown by computations) compresses
the fuel in million times and heating up the hundreds million degrees of temperature. The second
main innovation is the additional heating the fuel by electric impulse to up temperature in 15keV
and more (hundreds millions of degrees). Important innovation is compressed gas fuel at room
temperature, instellation for electric and mechanical energy and thermonuclear rocket.

The offered reactor is small, cheap, may be used for cheap electricity, as engine for Earth
transportation (train, truck, sea-going ships, aircraft), for space apparatus and for producing small
and cheap and powerful weapons. Closed ideas are in [1]-[10].
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Chapter 4

Cumulative-Rocket Reactor with additional Electric Heating
(Version 1)

Abstract

The author offers two types Chemical Explosive Pressing Cumulative Reactor with additional
Electric Heating. Reactors increase the pressure and temperature of its nuclear fuel by chemical
explosive and electric charge. Offered reactors contain several innovations to achieve its product.

Chief among them in an chemical cumulative reactor is using moving explosives (by rocket
thrust) and an electric discharge, which allows to accelerate the explosive to very high speed (more
20 km/s) which (as shown by integral computations) compresses the fuel capsule a million times
and additional heating fuel by electric impulse up hundreds millions degrees of temperature.

In impulse version of AB thermonuclear reactor the gas fuel, primary high compressed into a
pellet by a chemical explosive. Than the fuel pellet is heating by an electric impulse up the needed
temperature in hundred of millions degrees, produces the thermonuclear reaction. Author gives
theory and estimations of the suggested reactors.

Description and Innovations of Cumulative and Impulse AB reactors
Description.

Cumulative method. Author offered three the new methods [1 — 3], which is cheaper by thousands of
times, more efficiency and does not have many disadvantages of the laser and magnetic methods. In
given article the author offers two (cumulative and impulse) improved reactors. Detailed consideration
of advantages the new methods and computation proofs are in next paragraph.

Description of new cumulativr reactor and method.

The improved version 1 of the Cumulative AB thermonuclear reactor is presented in figures 1 — 4.
The new thermonuclear reactor contains (Fig.1): strong spherical body of reactor 1; cartridge (holder) of
fuel pellet (or pellet in Version 2) 2; holders (electric conductor) of fuel cartridge (pellet) 3; enter of compressed
air (gas) 4, exit of a hot compressed air after thermonuclear heating, 5; contacts of voltage 6 for electric
condenser.

Fig. 1. AB thermonuclear cumulative reactor (Version 1). Notations: 1- strong spherical body of reactor,
diameter about 0.5—-5 m ; 2 — cartridge (holder) of fuel pellet, diameter 1+ 2 cm (or pellet in Version 2,
diameter 2 + 3 mm); 3 — holder (electric conductor) of fuel pellet; 4 — enter of compressed air (gas); 5 — exit of a
hot compressed air (gas) after thermonuclear heating; 6 — electric voltage.
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The fuel cartridge 6 has diameter about 10 — 20 mm and the next design (fig.2): strong sphere 1; net
fuse (electric net 2 for ignition of explosive 3, fig 2), explosive 3, film (piston) of heavy material 4,
ampoule of nuclear fuel (pellet) 5, electric conductors 6.

Fig.2. Cartridge of Cumulative AB-thermonuclear Reactor (Version 1). Notations: 1 —strong sphere, 2 — net fuse
(electric net), 3 — explosive, 4 - layer (piston) of heavy material, 5 — nuclear fuel (pellet), 6 - electric conductor.

In shortly the reactor works the following way: The lasting sphere 1of reactor (fig.1) is filled the
compressed gas (for example, air). Electric signal is sending across the electric conductor 3 (fig.1) and
blow up the explosive 3 (fig.2) into fuel cartridge (fig.3a). The cumulative explosive works as rocket
engine (fig.3b) and presses the layer (piston) of heavy material 4 around the fuel pullet 5 (fig.3) and
high presses (and heating) the fuel pullet 5. The strong electric impulse from condenser, sending across
the insulated conductors 3 (fig.1) and 6 (fig.2) into pellet, additional heats the nuclear fuel up the need
thermonuclear temperature. The nuclear fuel explodes.

Note: It is very important to simultaneously ignite the all outer surface of explosive 3 (fig.2). In only
this case the explosive begin to move towards mass center and works as rocket engine, accelerate and
compress the explosive and layer 4 (having small mass) for high speeds in tens times more that in
conventional explosive. That is main innovation in offered method.

We can reach the simultaneously ignition all outer surface of explosive by an electric net having a
small cells of net. The electric impulse will ignite the entire outer surface of explosive.
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a b

Fig. 3. Cumulative cartridge of thermonuclear fuel. Work of Cumulative thermonuclear cartridge (Version 1).
Notations: a — initial layer explosive, b — rocket part of explosive. 1 - 5 are same with Fig.3; 6 is pressure of
initial layer of explosion, 7 is moving of explosive (force from jetted gas rocket thrust) , 8 is flow of reactive
explosive gas.

Simultaneously (or early) into the big sphere of reactor body may be injected the water 7 (fig.4a)
(optional).

The compressed air (or injected water) is heating by the thermonuclear explosive 8 (fig.4a) and go out
across a hole 9 (fig.4a) into MHG (or gas-, steam turbine) and produces the electric or mechanical
energy.

In rocket engine the gas flow out across the nozzle and creates the rocket trust (fig.4b).

IR-F15b

WA

b

Fig. 4. Final (industrial) work of Cumulative and Impulse AB thermonuclear reactors. a) Hot compressed gas
from sphere runs to the magneto-hydrodynamic generator (MHG) 10 and produces electric energy or runs to gas
turbine and produces an useful work (Fig. 2a). b) Hot compressed gas runs to rocket nozzle and produces the
rocket trust. Notation: 1 — 6 are same Fig.1; 7 — injection the cooling liquid (for example, water)(option); 8 —
thermonuclear explosive of fuel pellet; exit of hot gas; 10 — MHG or gas (steam) turbine.

The main difference the offered reactor from cumulative reactors (versions 1, 2) [1] is location of a
compressed explosive. In [1] the explosive is located into main spherical body 1 (fig.1)(or gun in [2]).
In current version 1 (fig.2) the explosive 3 is small and located in the special fuel cartridge (fig.2). It
easer and it is more comfortable in using.

The versions 1, 2 of current reactors the fuel pullet is filling by the compressed gas fuel (up 1000
atmosphere or more) and version 2 not has the explosive for an additional compressing of fuel. The fuel
pellet is heating only by strong electric charge. The pullet has an additional features (fig.5). The
computation shows that is possible. This method needs in additional research. In cumulative version 1
we can use the conventional pellet with frozen fuel.

AB Reactors are cooled well-known methods between explosives or by an injection of water into
sphere (fig. 4a).

In more details the Cumulative AB Reactor works the following way (figs. 3 — 5):

The net fuse 2 (Fig.3a) simultaneously blows an outer layer of the explosive 3 and an explosive gas 6
is pushing the explosive 3 to center of sphere fuel cartridge. The outer surface of explosive 3 is burning
8 (fig.3b) and create jet rocket thrust 7 which is moving, accelerating, compressing the explosive and
thin layer 4 in direction to center 5 of sphere fuel pellet.

As the result the layer 4 (piston) made from heavy material bumps with high speed (about 20 km/s)
and produced a high pressure (millions atmospheres). This pressure is acting more time than laser
pressure and reaches to center of fuel capsule (Fig.3a). The strong electric impulse increases the fuel
temperature up need value. The thermonuclear fuel capsule explodes (Fig.3b). The heavy material of
layer breaks the nuclear explosion, increases the conformation time and efficiency of the thermonuclear
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reaction. If installation is used as reactor for MHG or turbine, the cooling liquid (for example, water) is
injected into strong sphere. One is converted to hot gas (steam) and rotates the turbine blades (Fig.4a).

Note: It is very important to simultaneously ignite the all outer surface of explosive 3 (fig.2). In only
this case the explosive mass begin to move towards to center and works as rocket engine, accelerate
and compress the explosive and layer 4 (having small mass) for high speeds in tens times more that in
conventional explosive. That is main innovation in offered method.

Compressed gas pellet for Cumulative and Impulse thermonuclear reactors is shown in fig.5. One has
a compressed up 300 — 1000 atm thermonuclear gas fuel 5, the insulator spherical cover 2, the contacts
connect the inside and outside electric contacts 2-3; and thin internal electric conductor 4 (only for
Impulse reactor) which produces the initial ion canal for an electric currency.

Fig.5. Compressed gas pellet for Cumulative and Impulse Thermonuclear reactors. Notations: 1- isolator cover;
2, 3 —internal and external electric contacts; 4 — initial hot ionizer; 5 — compressed gas thermonuclear fuel.

Cumulative-Rocket Reactor (Version 2)
Description and Innovations of Cumulative-Rocket reactors
Description.

Cumulative-Rocket method. Author offers the new method, which is cheaper more efficiency and does
not have many disadvantages of the laser and magnetic methods. Detailed consideration of advantages
the new method and computation proofs will be in below paragraph.

Description of Cumulative-Rocket reactor and method.

The most comfortable version 1 of the Cumulative AB thermonuclear reactor is presented in figures 6 —
8.

The new thermonuclear reactor contains (Fig.6): strong sphere 1, fuse 2, six (or more) explosive
injectors 3, piston 4 from heavy appropriate material, fuel pellet 5 and tube 6 for loading and primary
acceleration.
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Fig.6. Impulse Cumulative-Rocket Thermonuclear Reactor (Version 2). Notations: 1 — strong sphere of
reactor body, 2 — fuse, 3— explosive, 4 - piston from heavy material, 5 — capsule (pellet) of nuclear fuel;
6 — tube for loading and additional initial acceleration.

The Cumulative AB reactor works in the following way (figs. 7):

The net fuses 2 (six or more) (Fig.6) simultaneously blows an nearest layer of the explosive (shoot,
fire off) and an explosive gas is pushing the explosive 3 to center of sphere (Fig.7a). The explosive 3 is
burning, produces gas jet 8 (fig.7a) and create jet rocket thrust 7 which is moving, accelerating, pistons
4 in direction to center of sphere 1.

a b
Fig. 7. Work of cumulative-rocket thermonuclear reactor (Version 2). Notations: a — rocket acceleration of
pistons, b — nuclear explosion; 7 is moving of explosive and pistons (force from rocket thrust), 8 is flow of
rocket explosive gas. 13 — Thermonuclear explosion.

Note: It is very important to simultaneously ignite all fuses 2 of explosive 3. In only this case, the
explosive begin to move at the same time into target mass and reach simultaneously its center. They
work like rocket engine, accelerate the pistons 4 (having small mass from heavy material) for high
speeds in tens times more that in conventional cumulative explosive. That is main innovation in offered
method, version 2.

Estimation of Chemical Cumulative-Rocket AB thermonuclear reactor.

The proposed Chemical Cumulative AB Reactor is an internal rocket engine, which accelerates the
small layer from heavy material by cumulative chemical explosion (Figs. 1-3). This piston bumps into
pellet of contained nuclear fuel, compresses and heats the pellet up to very high values, producing a
nuclear reaction. Most important innovation is in design, the cumulative explosion which works as
rocket engine and produces a final speed of the small piston in 10 (and more, from 2 km/s to 20 km/s)
times and piston energy in (10)% = 100 times more than a convention explosion. The second important
innovation is the additional heating the fuel by the strong electric impulse. Below is not project, below
is the estimations of the typical parameters of AB reactors.

1. Final speed of the piston (heavy layer). Let us to estimate the offered design. It is well known the
final speed V of rocket is
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V =-W, Inﬂ =-W, In g,
M @
where W, is speed exhaust gas of rocket, m/s; My is final mass of rocket, kg; M is initial mass of rocket,
kg; Uk = M/M is ratio the final and initial mass of rocket.
The distance L (acceleration path) of rocket is

L=g,WAV,[1— 4 (1—1Ing)] if x4 <0.05 then L=~g,'Wy, )

In (2) it is used the notations: go = 9.81 m/s* ~ 10 m/s” is Earth acceleration, v, = Mgo/P, is an initial
weight-to-thrust, N/N.

The rocket engine has the solid fuel W, = 2400 + 2800 m/s, liquid fuel W, = 3000 + 3400 m/s,
hydrogen- oxygen up W, = 4000 m/s.

The explosive matters have:
TNT: specific energy Es= 4.184MJ/kg ~ 4.2 MJ/kg, density p = 1,650 kg/m?, speed of detonation 6900
m/s;
Dynamite: specific energy up Es= 7 MJ/kg, standards = 5.3 MJ/kg, density p= 1,400 kg/m* , speed of
detonation 6000 m/s.

From E = mV?/2 we get the average speed of exhaust gas for TNT:

W, = (2E,)"? =(2-4.184-10°)""* =2893m/s

3
Maximum pressure of explosive is
p= E = Em =E,p=4.184-10°-1650=6.9-10° lz =6.9-10* atm , 4)
Vv myv m

where v is volume of explosive, m®; Es= E/m is specific energy of explosion, J/kg.

Density of particles and temperature of TNT explosion initial moment of explosion (exhause gas has
average p = 20, TNT reaction) is:

p 1650
um, 20-1.67-107
TP _ 6.9-10°

nk 4.94.10%1.38-10%

Let us estimate the final speed of the layer for data: mass of explosive is M = 10 kg, mass of layer M
=1 mg = 10" kg, We = 2650 m/s.
10°°
10°°

Let us to find the minimal acceleration distance L of layer (minimal distance from lower part of
explosive to center of sphere cartridge). For Version 1 we receive:
From L=g,'W?v,,v, =Mg,/F, m_=pV,S,
F=ma=mW, = pV,SW, ,v, = Mg,/ pV,SW, ,V, =W,. - ™
—3
we get L= M 12 -
pS 1.65-10°-6-10
where go= 9.81 m/s” is gravitation; W, is speed of rocket exhaust gas, m/s; p is rocket fuel density,
kg/m*;Vyis rate (speed) of combustion of rocket fuel, m/s; S is initial area of the combustion created
rocket thrust, m?; F is initial rocket thrust, N/m?, M is mass of rocket fuel, kg. We can change speed Vg
to add special additives.

2. Temperature T and pressure p in pellet after compressing by piston is (for piston speed V =
1.8:10* m/s and density of piston p = 2:10* kg/m?, u = 200):

_p(v)?  2-10°(2-1.8-10%)°
2 2

n= =4.94-10® m?,

~101-10° K, ®)

\Y =—Weln%=—2650ln =2650-3-2.3~18300m/s ~18km/s. (6)

=0.1-10°m=1mm

p ~1.36-10" n'\l'z =1.36-10° atm . (8)
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We take here layer speed 2V because we have two opposed layers.
Temperature
2 2
HMy VT _ KT we hawe Tz—ﬂmpv )
2 2 3k

The mixture D+T has p = 2.5, piston about 1 = 200 (for example: tungsten has p = 19.34'10° kg/m?®,

1 =184; uran-238 has p = 19.110° kg/m®, u = 238 ; lead has p = 11.3510° kg/m* , p = 207).
The temperature of mixture D+T is:
2 —27 4\2

am, V7 _ 25167107 (A810T) _ 56100k ~ 3140V,

3K 3-1.38:10 (10)
p#m,V?  200-1.67-10(1.8-10%)?

3k 3.1.38:10°%

The mass of the layer is in 5 + 20 times more then mass of fuel and the layr has direct contact to fuel.
That means the fuel will has temperature about 3 millions degree. That is less the need value 10 keV
but in thousands of time more than in a laser method. In offered method we have also very more
pressure that in laser method. The high-pressure significantly decreases the need temperature because
one decreases the need distance between nuclear particles.

3. Estimation the Criterion of ignition the Cumulative-Rocket AB Reactor.

The process of compression converted the solid-liquid fuel into gas. In according Ch.1 the initial
pressure this gas is p,= 26.5 atm. The final pressure is about p = 1.44:10® atm. The rate of fuel
compression is

From E=

For fuel D+T T=

For layer T = =2.61-10°K =225V,

§_£_1.44-108
Po 26.5

(compare this reached value with maximum & = 600 in laser method. The Cumulative AB Reactor has
compression many times more than laser method).

That means the liner size of fuel pellet will be in (5)1/3: 82 times less. If capsule has initial diameter D
= 0.1 cm (fuel mass = 2110 kg, p, = 0.2 g/cm®), one has R = 0.05/82 = 6.110™ cm. The offered
Cumulative AB thermonuclear reactor produced direct compression almost a thousands times greater
than the usual shock wave laser compression machines at the center of a fuel pullet. The density of the
fuel will be p = po¢ = 0.2'5.4310°= 1.110° g/em”.

The criterion of the inertial ignition is

pR=1.1-10°-6.1-10" =67>1 (12)

One is in 67 times MORE than needed (67 > 1> 0.28) . That means we can use instead of very
expensive tritium the deuterium which is the thousands times cheaper. The corresponding reactions are:

D + T —*He (3.5MeV) + n (14.1MeV);

D +D —T (1.01MeV) +p (3.02MeV) 50%

D + D —>He(0.82MeV) + n (2.45MeV) 50%

The deuterium cannot be used in the laser reactor because one requests in 100 times more ignition
criterion then D + T. But, as you see in (12), one may be used in AB reactor (Fig.5, Ch.1) with an
additional heating by electric charge.

The *He is received in deuterium reaction may be used in next reactions:

D + *He —*He (3.6MeV) + p (14.7MeV);

*He + *He —"He +2p (12.9MeV).

They produce only high-energy protons which can be directly converted in electric energy. Last
reactions do not produce radio isotopic matters (no neutrons).

Reaction D + D has the other distinct advantages:

1. One produces the protons which energy can be converted directly to electric energy.

~5.43.10° (11)
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2. One produces the tritium which is expensive and may be used for thermonuclear reaction.
3. One produces less and low energy neutrons which create radioactive matters.

The other important advantage is using the pellets with compression gas fuel. Let us take a micro-
balloon (pellet) having fuel gas with p,= 100 atm., radius 0.1 cm., temperature 300K. The mass fuel
will be 4.19 mg.

The compression rate is & = p /p, =1.44'10%/100 = 1.44:10°. Liner size decreases by (&) = 113 times.
The radius of compressed fuel pellet will be R = 0.1/113 = 0.88'10° cm. The initial density is

_ 4myp, 25-1.67-10%10'

Py = 1059 _107 9, (13)

kT,  1.38-10300 m cm®

and inertial criterion is
PR =p,RE?=1070.1-(1.44-10°)*"% =127 > 1. (14)

Criterion is good for compressed fuel D+T, but it is small for fuel D+D. For fuel D+D we must
decrease pressure in pellet up 400+1000 atm or increase diameter (and power) our installation or use
the additional heating of fuel by strong electric impulse.

Compressed micro-balloon (pellet) is more comfortable for working because it is unnecessary to store
the fuel at lower temperature.

Estimation of other parameters the Cumulative-Rocket AB Reactor.

1. Thermonuclear energy. One mg (10°® kg) of thermonuclear fuel D+T has energy:
Number of nucleus:

-6
ne M 100 a0
um,  25.167-10 s)

One pair of nuclear D+T produces energy E; = 17.6 MeV. The n; nuclear particles contain the energy
E=05n,E =05-24-1017.6-10° =21.1.10® eV = 21.1.10%1.6-10™ = 3.38-10° J (16)

If coefficient efficiency of the Cumulative AB Reactor is # = 0.3, one mg of fuel produces the energy
100 millions joules. If we make one explosion per sec, installation has the power of 100 million watts.
The part of this energy will be produced inside fuel micro-capsule fuel pellet (3.5 MeV from *He, E =
6.72:107J ) the most of energy (14.1 MeV from neutrons) will be produced into the big containment
sphere.

Conventional coefficient of nuclear reactor efficiency is about 0.3+ 0.5, the steam (gas) turbine is
about 0.9.

2. Energy is delivered by piston to fuel capsule is E = mV?/2. For m = 5 mg, piston speed V = 2:10*
m/s final piston energy is E = 2:10° J. That is less then typical energy 20 + 50 kJ delivered by laser
installation. But laser energy is spent in vaporizing the cover of the fuel pellet and only small part as
shock wave reaches the center of fuel pellet mass. In Cumulative AB Reactor, all piston energy passes
directly into the target fuel pellet. The piston energy is easy to increase up 20 kJ by increasing the
layer/piston (see Ch.5) mass and piston speed (also by using more explosive). The layer/piston mass
hinders the fuel micro-balloon and increases the nuclear reaction time in many times.

Part of this energy will be used for ionization of the fuel. One mg of fuel, for its ionization, requests E
=n;13.6 eV =522 J, compression of solid fuel about E = 624 J, compression of gas fuel from p = 100
atm E = 105 J. That is a part of the derived piston energy.

3. Reaction of explosive TNT is 2C7HsN30s=3N,+5H,0+7CO+7C.
4. Estimation of pressure and temperature after nuclear explosion.

Let us to find the pressure and temperature after thermonuclear explosive the one mg fuel D+T.

Number of nuclear particles in sphere 1 m? is
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M 10°° 1
n, = = — = 2.4.10% —
um, 25-1.67-10 m
17)
Full thermonuclear energy
E,=0.5nE, =0.5-2.4.10°17.6-10° =21.1.10® eV =3.38-10° J (18)
Number of air particles with air density p = 1.225 kg/m® in pressure p = 1 atm is
M 1.225 1
n, = — — =26-10° — (19)
um, 28-1.67-10 m
If coefficient efficiency of thermonuclear reaction is # = 0.3 in volume 1 m*;
_nE, 03.338:10° . .5 . s N _
p=""0= 1 =1-10° ~10° _ =1000atm (20)

Total pressure— nuclear explosive together with chemical explosive - is p =~ 1000 atm.
Temperature of gas mixture of explosive plus nuclear fuel is

8
T=—P 10 =279-10° K
(ny+n )k (2.6-10°+24-10°)-1.38-10% (1)

If we increase the initial pressure into reactor body up 100 atm, that the temperature desreases to
2790K. The same temperature is in a combustion chamber of conventional engine of the internal
combustion.

We can use the conventional cooling system.

The same method may be used for estimation of injection water into instellation body or any garbige
material in a space ship (or asteroid).

5. Thickness of sphere cover. Assume the spherical cover is made from conventional steel having
safety tensile stress o = 50 kg/mm?=510% N/m®  The full tensile force is F = 7?p=3.14'0.5>10° =
0.78510° N. Requested area of steel is S; = F/o = 0.78510%510° =0.157 m?. The thickness of sphere
wall is 0 = S;/2zr = 0.157/2:3.14°0.5 = 0.05 m. Mass of sphere is M.~ ySs0 = 78004.536'0.05 = 1769
kg. Here S is average surface of sphere.

If we use the more strong material for sphere wall, for example: 1um iron whisker having safety
tensile
stress o ~ 400 kg/mm?= 410° N/m?, we decrease the sphere’s mass by 4 — 8 times. We can also make
the sphere wall from composite materials (example: an artificial fiber carbon or glass having safety
stress ¢ ~ 100 + 150 kg/mm? and density y = 1500 + 2700 kg/m°).

6. Cooling the sphere by water. If explosions are very frequent, we then can decrease the wall or/and
gas temperature by injection of the chilled or room-temperature water. The water also protects our
installation from high-energy neutrons in other words, it behaves as a shielding materials.

Let us estimate the amount of water which decreases the temperature and pressure of gas (at most
steam H,0) into sphere for magnitudes acceptable for current steam turbines: T = 400°C = 672 K. The
critical point of water (triple point) is T = 273°C, p = 22 MPa.

Heating 1 kg water from 20°C to 100°C requests energy E = CpAT = 4.19:80 = 333 kJ, evaporation —
r = 2260 kJ, heating of steam up 400°C - E = CpAT = 1.05300 = 315 kJ. Total amount of water heat
energy is E, = 333 + 2260 + 315 = 2908 kJ/kg. Total mass of water for nuclear efficiency = 1 equals
M, = E/E,, = 3.410%/2.910° = 117 kg. For n =0.3 My, =35 kg. The 2 — 3 cm of water thickness
protects the instellation fron high energy of neutrons produced by reaction D+T.

Unfortunately, the injection of water before decompressing strongly decreases the efficiency of
installation.

7. Run protons and heavy nuclear particles. (see p. 27).
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7a. Converting the nuclear energy of AB reactors to electric, mechanical energy or a rocket thrust.

The best means for converting a Cumulative AB Reactor nuclear energy is magneto hydrodynamic
electric generator (MHD-generator) which converts with high efficiency the high temperature and high
pressure plasma directly in electric energy. Together with capacitors one can produces continuous
electric currency. Impulse work of reactor allows to cool the reactor by injection the cooler (or
conventional cooling) and protect the Cumulative AB Reactor installation from very high temperature.

The second way for converting an Cumulative AB Reactor nuclear energy is conventional heat
exchanger and gas turbine. As cooler may be used the FLiBe — melted mix of fluoride salts of lithium
and beryllium.

The third way is injection of water inside sphere and steam turbine as description over.

8. Using the Cumulative AB reactor as an impulse space rocket engine.

There are good prospects (possibility) to use the suggested Cumulative AB Reactor as an impulse
rocket engine.

If plasma will flow from sphere to space the average speed V of jet is

my 2 2EV? (210" s m
From E = weget V=— = =4.10° —
2 J [ m j (5-103J s (22)

Here E is nuclear energy in one impulse of one mg nuclear fuel, J; m is the mass injected to outer
space (fuel catridge together with conventional explosive), kg.

Received speed V = 400 km/s is in many times more than a current exhaust chemical speed 3 km/s. If
of space apparatus has mass m, = 1 tonn the ship speed changes in V, = (m/m;) V1 =2 m/s in one
impulse. If we spend 10 kg of fuel cartriges, the apparatus get speed 10 km/s.

More importantly, the next possibility is of the rocket powered by the Cumulative AB Reactor. Any
matter
from any planets, asteroids, space body may be used as fuel used for increasing the derivation of
impulses. For example, assume the captured solid object moving through spaceis composed of some
water, and we filled rocket tanks using that mined planet, comet or asteroid water. From (35-2) and
Law of equal impulse we have from every impulse

V, =(2Em, }*/m, = (2-10°16)*/10° =56.6 m/s (23)
Here V1 is add speed m; mass jet kg, m; = 16 kg of water; m, is mass of space apparatus.

9. Estimation of the neutron penetration
| =1/no, (24)

Where | is path of penetration, cm; n is density of material, 1/cm®; 6 =10 cm? is cross section of the
nuclear. For steel | = 12 cm, for compressed air up 100 atm the | = 410 cm.

10. Requested thickness of the spherical shell is

D_ p 1 0.5
d ) (25)

Where D is outer diameter of spherical shell, d is inner diameter of spherical shell, p is pressure, atm;
o is safety tensail stress kg/cm?. Exemple, if p = 10 kg/mm?, o = 50 kg/mm?, then D/d = 1.1.

Detail Estimation of Cumulative-Rocket reactors for transportation engine

1. Estimation of nuclear energy (power). Let us make more detail estimation the Cumulative
and Impulse reactors for engine of transport vinicle having the fuel pellet 0.1 mg (M; = 10 kg)
with fuel D+T or D+D. The Impulse reactor has pressure into pellet 300 atm.
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Estimation of energy (power) this D+T pellet if the coefficient efficiency is = 0.5.
The couple nuclei T+D produses nuclear energy E; = 17.6 MeV
Number N of nucleis in pellet is:

pm,  25.167-107
Here [ is averege moliar mass of D+T; m, is mass of proton, kg.

The nucler energy of 1 mg D+T fuel in 1 Hz is

E =0.5E,N7=0.5-17.6-10°-1.6-10°2.4-10" -0.5=16.9-10° =17 MJ / Hz_

That is power energy of the 2-5 power aviation turbo-engines. If one cycle in second (1 Hz) is not
enough, we can decrease the friquency. The piston engine has up 50-70 revolution per second, the
high speed aviation gun up 30 shots in second.

If we use the D+D fuel having single energy E; = 3.65 MeV , pu = 2, the nucler energy is
aproximetely in 5 times less because E; is less.
2. Size of cartridge and pellet. Let us estimate the size of the cumulative cartrige for mass the
explosive TNT M. = 1 gram (M. = 107 kg, energy E. = 4.2 NJ, density p = 1650 kg/m®) and
internel diameter cartridge is d = 10 mm. The thickness O of explosive is:

M, 1
o~ 2 2
Arr°p 4-3.14-0.5°-1.65
Outer diameter of cartidge for safety tensile stress 100 kg/mm? is D = 16 mm.
Let us estimate the compressed pellet having gas mass M = 10 kg, pressure p = 300 atm =310’
N/m? and T = 300 K. Specific denfity the gas D+D, D+T in compession p = 1 atm is p, = 0.1
kg/m,atm. The internel radius of gas pellet is:

M 1/3 3.10” 1/3
r= - : ~0.926-10°m~1mm
Az pp, 4.3.14-3-10%0.1

The reletive outer diameter of pellet for pressure p = 3 kg/mm? and the safety tensile stress of the
pellet cover o = 50 kg/mm? with according (38-2) is

0.5 1/2
2=(£+1 :(iﬂ ~1.03
d o 50

Nuclear prosses in to pellet. After cumulative explosive into cartridge the density of fuel D+T
into pellet after cumulative compressing is

_3p 3.1.36-10%
pumV?  2.5.167-107(18-10°)

Where p is pressure after cumulative compressing, N/m?, V, is final speed of piston, m/s , m, is
mass of proton, kg. Density of D+D fuel is n = 3.7510% cm™.
Time of fuel combustion for T =15 keV is

4-1019_

=0.2cm

=3-10"cm™®

—12
ForD+T t= Ofg”El = 0'57?3'5 2'22 10 —=158-10"s,
5.6-10%n<ov> 5.6-10"3.10%2.65-10
—12
ForD+D t= 0.577E, __ 050505810 =3.7-107°s,

33-10%n<ov> 5.6-103.75.10°3.2.10°

Where 7 is coefficient efficiency, E; is energy couple nucleis (for D+T E; = 17.6MeV'1.610%=
2:82.10™"2 J; for D+D E;=3.65MeV= 0.5810"2J). Here we used Eq. (8-1) and Table 5.
For primery compressed gas fuel pellet p = 300 atm without cumulative compressing, the density
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of the fuel gas into pellet for T = 300K is
310’
n="P_ ———=2.25-10"cm™®
kT 1.38-10°°300 ’
Where k = 1.38'10% - is Boltzmann constant.
The time of nucler fuel combustion for T = 15 keV is

—12
orDaT (o 08 _____ 050528200% )4
56-:10°n<ov> 5.6-1072.25-1072.65-10
—-12
forDaD . OSTE, 0.5-0.5-0.58-10 6141055,

3.3:10"n<ov> 5.6-:10"2.25.-10*3.2.10"
As you see, the combustion time significently is increased but it is enough for reaction. We can
decrease it if we increases density of fuel.

Estimation of electric condenser. For heating of fuel we use the short strong electric impulse.
For impulse the electric conderser may be used. Let us to estimate the condenser parameters for
getting the fuel temperature T = 15 keV.

If fuel mass is M = 1 mg = 10”" kg, the number of nucleis for D+T is

M 10”7
pum,  25.167-107
For D+D the N = 3.10",

The energy is needed for heating the fuel D+T up T = 15 keV is
W =NT -1.6-10" =2.4-10"15-10*..6-10 ™ ~ 60kJ _
For heating D+D fuel is W =72 kJ.

The minimal specific weight of conventional conductor according [7] p. 368 is v = 2 kl/kg.

Consequently, the requeted mass of condenser is about 30 — 36 kg. But if we can use the
advanced supercapacitor (y = 10 kJ/kg) or ultracapacitor (y = 20 kJ/kg) or capacitor EEStor, having
claimed capasity y = 1000 kJ/kg, we can decreased the capacitor mass. In any case, the capacitor
mass is small part of themonuclear engine.

Estimation of capacitor descharge.

a) Need condenser after cumulative compressing of pellet for heating fuel up T = 15 keV.
Assume the initial temperature of cumulative compressed gas fuel is T = 3.14 eV, mass of fuel M
=107 kg, initial pressure p = 300 atm, initial diameter of pelletd = 0.2 cm..
The specific electric Spitzer resistance of plasma is
p=n,=103-10°ZInA-T 32,
Where Z is rate of charge, InA = (5+15) is Columbus logariphm. For InA = 10 we have
p»=1.03-10%-10/3.14*2=1.85-10° Q-cm.
Diameter of the cumulative compressed pellet having initial gas pressure p, = 300 atm and |, =0.2
cmiis

1/3 1/3
1=1,| Do :o.z(LOJ 42.10%cm, s=>2412214.10° em?
p 3.24-10 4

=2.4.10"

Electric resistance is

-3
R :pl :1.85-103L105 =0.555 Q-cm
s .

Where | is diameter of pellet, cm; s is cross-section area, sm?.
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Needed inisial voltage and currency of condenser for time of recharde t = 10 second is

RWY"? (0.555-6-10' )" w2 6-10' )
uz(—j S| =220 L 577k, |:(—j |2 | —104kA
t 10 Rt 0.555-10 -

Capasity of condenser
ot 107
R 0.555
b) Need condenser without cumulative compressing of pellet. Initial data: Initial temperature is T

= 0.1eV, mass of fuel M = 107 kg, pressire p = 300 atm, diameter of pellet d = 0.2 cm, final
temperture T = 15 keV.

=18-10° F _

p»=1.03-1071-10/0.1¥2 =3.16 Q-cm.
Cross-section area of the pellet having fuel gas pressure p, = 300 atm and diameter of pellet d, = I,
=0.2cmis
s=nxd./4=0.0314cm’ .
Electric resistance is

R :pI—O: 3.16 0.2
S 0.0314

Where | is diameter of pellet, cm; s is cross-section area, sm?.
Needed initial voltage and currency of condenser for time of recharge t = 10 second is

1/2 4 \1/2 1/2 4 \1/2
o (R _(208200 7 g (WY (820 YT

t 10 Rt 20-10 :
Capasity of condenser

=20 Q-cm_

-5
c=t 1 07 F
R 20

The specific energy weight y. [J/kg] of the condenser my be estimate by formules
&6E;
Ye=—
4

Where £,= 8.8510™2 F/m is electric constant; ¢ = 3 dielectric constant; Eq= 160 ~ 640 MV/m is
safety electric stress of isolator; y ~ 1000 + 3000 kg/m? is spesific weight of isolator.
Initial magnetic pressure from charged currency.
a) Pellet having cumulative compressing has initial currency | = 10* kA, radius of pellet after
compressing r = 2.110° m has magnetic intensity H and magnetic pressure p:

3
Hoolo 10419 ~=79-10° A
271 2-3.14-2.1-10 m
2 —7 812
UMM A 107(1910°) N s

2 2 m?

That is closed to piston pressure 3.4'107 atm.
b) Without cumulative pressure H = 0.87.10" A/m and p = 477 atm.
Table 7. Properties of some material suitable for the offer installation.
Material Tensile Density  Fibers Tensile Density
strength glem® strength glem®
kg/mm? kg/mm?
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Steel A514 76 7.8 S-Glass 471 2.48
Aluminum alloy 455 2.7 Basalt fiber 484 2.7

Titanium alloy 90 451 Carbon fiber 565 1,75
Steel Piano wire ~ 220-248 7.8 Carbon nanotubes 6200 1.34

Source: [7] p.370.
Conclusion

The author offers a new small cheap cumulative and impulse inertial thermonuclear reactors, which
increases the pressure by chemical explosive and temperature by electric charge. Cumulative and
Impulse AB Reactor, herein offered by its originator, contains several innovations and inventions.

Main of them is using a moved explosive, which allows to accelerate the special piston/layer to
very high speed (more than 20 km/s) which (as it is shown by computations) compresses the fuel
capsule in million times and heating up the million degrees of temperature. The second main
innovation is the additional heating the fuel pellet by electric impulse to up temperature in 15keV
and more (hundreds millions of degrees). Important innovtion is compressed pellet at room
temperature, installation for electric and mechanical energy and thermonuclear rocket.

The offered reactor is small, cheap, may be used for cheap electricity, as engine for Earth
transportation (train, truck, sea-going ships, aircraft), for space apparatus and for producing small
and cheap and powerful weapons. Closed ideas are in [1]-[9].
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Chapter 5
Multi-Reflection Thermonuclear Reactors”

ABSTRACT

The author offers several innovations that he first suggested publicly early in 1983 for the AB
multi-reflex engine, space propulsion, getting energy from plasma, etc. (see: A. Bolonkin, Non-
Rocket Space Launch and Flight, Elsevier, London, 2006, Chapters 12, 3A). It is the micro-
thermonuclear Reactors. That is new micro-thermonuclear reactor with very small fuel pellet that
uses plasma confinement generated by multi-reflection of laser beam or its own magnetic field. The
Lawson criterion increases by hundreds of times. The author also suggests a new method of heating
the power-making fuel pellet by outer electric current as well as new direct method of
transformation of ion Kinetic energy into harvestable electricity. These offered innovations
dramatically decrease the size, weight and cost of thermonuclear reactor, installation, propulsion
system and electric generator. Non-industrial countries can produce these researches and
constructions. Currently, the author is researching the efficiency of these innovations for two types
of the micro-thermonuclear reactors: multi-reflection reactor (ICF) and self-magnetic reactor
(MCEF).

Keywords: Micro-thermonuclear reactor, Multi-reflex AB-thermonuclear reactor, Self-magnetic AB-
thermonuclear reactor, aerospace thermonuclear engine.

* Presented as Bolonkin's paper AIAA-2006-8104 in 14th Space Plane and Hypersonic Systems Conference, 6-8 November,
2006, USA.

INNOVATION
As you can see in the Equation for thermonuclear reaction (reaction’s "ignition", Ch,1) it is necessary
to rapidly and greatly increase the target-enveloping temperature, the density of target proper and to
shorten the time of the operation in order to keep the fuel in these precisely induced conditions. In ICF
the density of plasma is very high (10% m™, it increases in 20-30 times in target), the temperature
reaches tens of millions °K, but time is measured in nanoseconds. As a result, the Lawson criterion is
tens to hundreds of times lower than is required. In a tokomak, the time is mere parts of second and the
ambient temperature is tens of millions of degrees, but density of plasma is very small (10?° m™®). The
Lawson criterion is also tens to hundreds of times lower than needed.

The author offers some innovations and names these reactors as AB-reactors.. The main innovations
are below.

Multi-reflect reactor (MRR). The first innovation suggested early in 1983 [14] and developed later in
[1]-[26] for multi-reflex engine and space propulsion. Conventional ICF has conventional inside
surface of the combustion chamber. This surface absorbs part of the heat radiation emanating from the
pellet and plasma, the rest of the radiation reflects in all directions and is also absorbed by walls of
combustion chamber. As result the target loses energy expensively delivered by lasers. This loss is so
huge that we need very powerful lasers and we cannot efficiently heat the target to reach ignition
temperature (Lawson’s criterion). In all current ICF installations this loss is tens of times more than
acceptable.

The innovative ICF has, on the inside surface of combustion chamber, a covering of small Prism
Reflectors (PR) (figs. 1, 2) (or multi-layer reflector. Note: Multi-layer reflector can only reflect the
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laser beam). The system of prism reflectors has great advantages in comparison with conventional
mirror and especially with conventional combustion chamber. The advantages are listed:

(1) The prism reflector has very high efficiency. The coefficient of its radiate absorption is less
about million times the rate of the conventional mirror.

(2) The prism mirror reflects the radiation in widely diapason of continuous spectrum. A
conventional mirror reflects the radiation only in narrow diapason of continuous spectrum. That
means that any conventional mirror has big absorption of radiation energy even if it has high
reflectivity (up 99%) in narrow interval of the continuous spectrum. The prism reflector allows
to use the thermal plasma radiation.

(3) The prism reflector bounces the heat radiation exactly to a point where heat beam comes up,
even if it has defect at position. The conventional mirror having small defect in position (or the
pellet is not located exactly in center of sphere) destroys the pellet.

(4) According with Point 3 above, the prism reflector may be used in cylindrical (toroidal) camera
(Figureb) (tokomak, stellarator). A conventional mirror cannot be employed because reflected
ray will be sent in the other direction.

(5) The prism reflector can uniformly distribute the beam energy in pellet surface. The small
spherical plasma pellet reflected the scattered radiation. That means the laser beam after the
first reflection reflects on semi-sphere, after two reflections that presses on full sphere, after 3 -
4 reflection the pressure is almost uniformly. That decreases a number of needed laser beams,
simplify, and decreases cost of laser installation.

In particular, this innovation may be used in already built current reactors for their improvement.

Self-Magnetic reactor (SMR) (Figures 3, 4). The magnetic pressure is proportional to the inverse value
of electric conductor diameter. (The conventional magnetic reactor has a diameter of plasma flex some
meters). The high temperature plasma has excellent conductivity which does not depend from plasma

density. If the diameter is decreased to 0.1 mm and electric currency is high, the magnetic pressure is

increased by hundreds or thousand times and that can keep the high-density plasma. Thus, the plasma is
confined by self-generated magnetic field (and by pinch-effect) and it does not need in powerful outer
magnetic field created very complex, high cost super-conductivity system! This innovation in MCF is
dramatically decreasing the size of reaction zone and using of gaseous compression fuel pellet (micro-

capsule) in magnetic confinement reactor.

Figure 1. Multi-reflex Reactor. (a) Cross-section of ICF; (b) Cross-section of spherical combustion
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chamber and prism reflectors. Notations: 1 - spherical shell; 2 - target (pellet); 3- ignition laser beams;
4 - reflected laser beams; 5 - prism reflector.

TRF2
%
2
c

Figure 2. Multi-reflective in cylindrical tube chamber or tokomak. (a) Cross-section along long axis. (b) Cross-section along
transverse axis; (c) Cross-section of toroidal or cylindrical combustion and prism reflectors. Notations: 1 - combustion chamber;
2 - plasma (fuel capsule); 3 - reflected laser beams; 5 - prism reflectors.

a

The other innovation in SMR is uses the electric current (electric impulse) for initial heating of
microcapsule targets. That means we don't need a large, very complex and expensive laser (or ion
beam) system for inertial confinement reactor or induce system in magnetic confinement reactor. That
is possible in special design of the fuel microcapsule. The energy for heating of the microcapsule to
thermonuclear temperature is small and conventional condensers may be used for it.

Figure 3. Micro AB-reactor with self-magnetic confinement and radiation support of plasma. (a) — fuel micro-capsule and
electrodes; (b) - Reflective camera. Notation: 1 - micro fuel capsule; 2 - thermonuclear fuel into capsule; 3 - capsule shell and
covering; 4 - electrodes; 5 - feeding of capsule; 6 - electric currency (electron injector); 7 - magnetic stopper; 8 - cooling system; 9
- thermo protection; 10 - radiation; 11 - additional radiation pressure to fuel capsule ends.

The self-magnetic reactor uses very small capsule diameter when the magnetic intensity is very high.
The magnetic intensity has good distribution (decreases to plasma center, Figure 4c) and magnetic
pressure is big (it is enough to keep the kinetic plasma pressure which is not so much for low density
plasma).
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Figure 4. Micro AB-thermonuclear reactor with self-magnetic confinement. (a) Self-magnetic field around fuel capsule, (b) -
Explosion initial compression, (c) Magnetic intensity distribution in cross-section plasma flex, (d) Fuel capsule. Notations: 4 -
electrodes; 5 - feeding of capsule; 6 - electric currency (electron injector); 7 - magnetic stopper; 8 - cooling system; 9 - thermo
protection; 11 - additional end capsule pressure of self-magnetic field and radiation; 12 - magnetic corks. 13 - self-magnetic field
of capsule (and pinch-effect).

The some innovations are magnetic and radiation stoppers (confinements) of plasma in ends of the
fuel capsule. It is suggested two methods:

(1) The capsule has conic ends (Figure 4d). The capsule radius decreases at ends. That means the
magnetic intensity will increase at the capsule ends (up 10 and more times). They will work as
magnetic mirror (plasma stopper) (Figure 4).

(2) Our magnetic field has other direction and form then it is in conventional tokomak. In tokomak
the magnetic lines are parallel to a toroid (or cylinder) axis. In our SMR the magnetic lines are
circles around cylindrical capsule. That means there is an axis magnetic force which put
obstacles a heat transfer from plasma to electric electrodes. That works as radial and axial
magnetic stopper.

There are others innovations which reader can apprehend in comparison the offered micro AB-
reactors and current and under construction reactors.

These innovations decrease the size, weight and the monetary cost of thermonuclear reactors by
thousands of times and allow the widespread future construction of thermonuclear electric stations,
engines, and space propulsions.

The offered self-magnetic reactor has the following differences in comparison with Z -machine of
Sandia Laboratory (USA). Z-machine used a set of very fine tungsten wires running around the fuel
would be "dumped" with the current instead. The wires would quickly vaporize into a plasma, which is
conductive, and the current flow would then cause the plasma to pinch. The key difference is that the
plasma would not be the fuel, as in our SMR, but used solely to generate very high-energy X-rays as
the metal plasma compressed and heated. The X-rays would compress a tiny fuel cylinder containing
deuterium-tritium mix, in the same fashion that the X-rays generated from a nuclear bomb compress
the fuel load in an H-bomb. The superpower X-ray output pulse (up 2.7 megajouls!) generated by
heavy tungsten metal plasma (W) is very danger for people. In additional, the powerful fluctuation in

the magnetic field (an "electromagnetic pulse") also generates strong electric current in all of the
metallic objects in the room and demises electronic devices. In our machine the small fuel cylinder has
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a thin conductive layer from light metall. The capsule can also have conductivity filaments into fuel.
They help to produce initial heating of fuel plasma (up 10* + 10° °K) and initial the plasma
compression (rocket and/or inertial). The father plasma heating and confinement is produced by voltage
curve of Figure 13 which create self-magnetic field equal (or more) plasma gas pressure.

Summary. This work offers two types of micro-AB-thermonuclear reactors: by multi-reflex radiation
confinement of plasma and self-magnetic confinement. They can use high and low density fuel
(compressed gas or liquid/frizzed fuel) and they can work in pulse or continuous regimes.

The offered micro-AB-reactor with self-magnetic confinement includes: micro fuel capsule with
compressed gaseous or liquid (frizzed) fuel; two electric electrodes, and a combustion chamber.
Internal surface of combustion chamber is covered by prism or multi-layer reflectors.

The capsule contains thermonuclear fuel (it conventionally has two component, example D + T), and
conducting capsule shell. Fuel may be composed by conducting fiber for quick heating. The capsule
has the conic ends.

The electric electrodes have windings for creating magnetic locks, canals for feeding of fuel capsule
(or injector for liquid fuel), and electron injector (electric currency). Last may be electron (currency)
emitter. Electrodes also contain a cooling system and thermo-protection.

The suggested reactor works the following way. The strong impulse electric current passes through
capsule. The capsule shell explodes, creating an initial plasma flux and compressed, heating, and
creating initial fuel plasma fuse. The plasma radiation erupts and part of them returns and compresses
the plasma, helping the electric current to heat the plasma to its ignition temperature.

We spoke about micro AB-reactors. But it does not mean that power of them is small. In next articles
I will discuss the methods for transformation and utilization of the thermonuclear energy into other
types of energy and propulsion. These completed research show the power of micro AB-reactor can
reach some thousands of kW.

ESTIMATIONS OF OFFERED REACTOR

We consider two new Micro-AB-Reactors having the innovative: multi-reflect radiation and self-
magnetic confinement features.

In multi-reflect radiation confinement of AB-Reactor the offered innovation is the special prisms, a
high reflectivity mirror that returns the laser beam exactly to its point of origination. As a result, the all
energy absorbs by plasma, the laser radiation multi-times presses the plasma and impedes it or, at least,
it does not allow its expansion. The plasma has high reflectivity and this press effect may be increased
hundreds to thousands of times. Practically speaking, we are weakly limited and can use the cheap and
solid fuel.

The uniformly heating of target by laser beam is very big and important problem in ICF. The non-
equal rocket forces on target shell destroy the capsule before thermonuclear ignition. If the first ICF
reactor had some laser beams, the second generation had 10 laser beams (NOVA), the third generation
has 60 beams (OMEGA), and the next generation will have 192 beams (NIF). All laser beams must be
equal and work in coordination - that is complex, difficult and expensive problem. The prism reflector
is easy designed such the reflected beam runs round the target and presses it uniformly from all sides
after 2 - 4 reflections.

The second innovation is the special form microcapsule that is filled by compression gas or liquid
(frozen) fuel.

In self-magnetic confinement Micro-AB-Reactor main innovation is super thin microcapsule and
electric heating which produce high-intensity magnetic field, keeping the plasma pressure and conic (or
close to conic) ends of ampoule capsule which work as plasma stoppers. The important innovation is
the using an electric currency for straight heating of capsule. The magnetic lines in our reactor are
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circles located into and around plasma channel. The magnetic intensity increases from central axis to
maximal plasma radius. That pushes plasma into center of plasma channel. In the ends of plasma
channel the magnetic forces put obstacles in plasma leakage.

For estimation possibilities of these innovations in the first AB-reactor we compute the multi-
reflection pressure, the condition of plasma reflection and compare them with dynamic pressure of
plasma. In the second AB-reactor we consider the equilibrium the magnetic and kinetic pressures.

Capsules. For multi-reflex conformation is more suitable the spherical capsule. Let us consider the
gas compressed fuel capsule. The shell thickness and relative weight of gas compressed fuel spherical
capsule can be computed by equations:

S_P g 3Py @)
r 2o’ " 20y,
where §is shell thickness of capsula, [m]; r is capsule radius, [m[;dr is relative thickness of fuel shell;
P is fuel gas pressure into capsule (over the atmospheric pressure), [N/m?]; o is safety tensile stress,
[N/m?]; Mg is relative capsule mass;  is density of capsule shell, [kg/m°®]; % is density of fuel, [kg/m®].
Example, for gas pressure P = 100 atm = 10" N/m?, o= 200 kgf/mm? = 2x10° N/m?, % = 1800 kg/m®;
=11 kg/m? (at P = 100 atm) we get Jr = 2.5x10°, Mg = 0.6.

Cylindrical capsule (I >> r). For our estimations we take the capsule having the length 1 mm, radius
r = 0.05 mm, cross section area S ~ 8x10™ mm?®, fuel volume V. = 8x10° mm?® = 8x10*? m®. That is
very small. It is a microcapsule.

If the gas in a microcapsule is pressed the relative thickness and relative mass of cylindrical shell may
be computed by equations:

2
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For P = 100 atm (P = 10" N/m?) and o= 200 kg/mm? (o = 2x10° N/m?) ratio &/r = 5x10°, Mg = 1.3 .

Fuel density. The particles (ions) density n of fuel in 1 m* and number of particles nc in microcapsule
equal

o [mgnjz Vo _Tw  Yn o _ny
2mp lul luz luamp mia lulmp
m m, 3
where g =—%, pu,=—%
mp mp

Here mi, =2.5x1.672x10 " kg for D+T is average mass of fuel ion; m, = 1.672x10 27 kg is proton
mass; low indexes "1 " means the first and the second fuel component.

The n ~ 10 1/m® in the present magnetic confinement fusion reactor; n = 2.6x10% 1/ m®for gas D+T
in a pressure 1 atm, T = 288 °K (the density of deuterium D is ; = 0.0875 kg/m®, 1 = 2, the density of
Tritium is 1.5 more). For D and other pressure the n must be changed in same times, for example, if P
=100 atm then % = 8.75 kg/m®, n = 2.6x10%” 1/m° n. = 20.8x10"; n ~ 2.1x10%® 1/m?, n, = 1.7x10" (4
= 71 kg/m®) for liquid hydrogen at a pressure of 1 atm. (In conventional inertial confinement fusion
reactor, the fuel density may be more in 10 - 30 times, under a rocket pressure of a fuel capsule cover.
For hydrogen the frizzed temperature is -259.34 °C, the boiling point is -252.87 °C). For D+T average
s = (2+3)/2 = 2.5.

Fuel mass M; [kg] and thermonuclear energy E. into microcapsule are computed by equations:
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where E, is reaction energy of one couple particles, eV; uy = 14 + 16 is number of nucleons which take
part in reaction, for D + T wy = 2+3 = 5. If we want compute energy of one type of particles, the E, is
reaction energy for given type of particles, for D+T the energy E, = 17.5 MeV;. For example, our
capsule (1x0.1 mm) filled by liquid fuel D+T has fuel mass M = 0.71x10" ug and will produce energy
Ec = 240 kJ. If we burn out 10 capsules per 1 s, the engine power will be 2400 kW. An estimated 20%
this energy gives the charged particles and 80% of neutrons. The fuel capsule having M = 10 g =107

kg of a mixture D+T produces 3.34x10° J if all atoms take part in reaction. That is equivalent to the
energy derived from 84 liters of benzene.
Computations are presented in Figure 5.
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Figure 5. Energy of thermonuclear reactor versus the fuel mass and energy per one nucleon. Eg = Er /uN.

Distribution of thermonuclear energy between particles. In most cases the result of thermonuclear
reaction is two components. As you see in Table 1 that may be "He" and neutron or proton. The
thermonuclear energy distributes between them the following manner:

2 2 5)
From E=E +E, = m1;/1 + ng/z , mV,=mV,,
we have E_.m __ 4 E,=E-E

m +m, 4+
where m is particle mass, kg; V is particle speed, m/s; E is particle energy, J; ¢ = m;/mj is relative
particle mass. Lower indexes "1 " are number of particles.

Unfortunately, as you can see (in Table 1, Chl), most particle energy catches the neutron as the
lightest particle. But its emission has high penetrating capability, creating radioactive isotopes, causing
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damage to the main construction, very dangerous for living beings, and that can be converted only in
heat energy.

Energy is needed for fuel heating. This energy can be estimated by equation:

| 6
E=SMT, c=—X —413.10°, y =T ©

U, 2m, m,
where c is plasma thermal capacity, J/kg °K; Ty is temperature in °K; k is Boltzmann constant, mj, is
average mass of ions, kg; M is fuel mass, kg. This computation is presented in Figure 6. Our capsule
filled by liquid mixture D+T requests ignition energy about 124 J for its heating up to 100 million °K.
That is energy of electric condenser having size about 10x10x10 cm for 8= 10% V/m (see below).

For M =0.001 mg, mu=m‘1mp=1 2346810
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Figure 6. Energy requested for fuel D+T heating.

Capacitor for thermonuclear ignition. Condenser requested as storage of energy for fuel

thermonuclear ignition my be estimated by equation

W_lggl[),2 W gef )

v 27" M 2y
where W is condenser energy, J; V is condenser volume, m*; M is condenser mass, kg; & = 8.85x10™*?
®/m is the electrostatic constant; ¢ is dielectric constant; £ is dielectric strength, V/m; yis specific
density of dielectric, kg/m®. Energy from capacitor is about one joule from one centimeter cub.

Electron plasma frequency. Electron frequency of plasma is computed by equation (8). For n ~ 10%°
1/m® that is equals ape = 5.64x10™ rad/s, for n ~ 10% 1/m® that equals @y = 5.64x10™ rad/s . That is
more then the laser frequency (A = 0.3x10”° m, @ = 2.1x10% rad/s). That means the plasma will reflect
the laser beam.

Plasma skin depth. The depth in plasma to which an electromagnetic radiation can penetrate (Eq. (9))
is: For n ~ 10%° 1/m? that is equals d, = 5.31x10 cm, for n ~ 10”® 1/m® that equals d, = 5.31x10° cm.
As you see, the depth is small.

Coefficient reflectivity of plasma. No data about plasma reflectivity. However, from general theory of
reflectivity it is known the reflectivity depends from conductivity. Silver has the best conductivity from



65

solid body and best reflectivity. It is about g = 0.78 + 0.99 (it depends from frequency of radiation: for
ultra-violet radiation q ~ 0.78, for thermal radiation q ~ 0.99). The plasma for T > 15x10° °K has better
conductivity then silver. The plasma conductivity increases as T¥2. That means the plasma having the T
~ 10% °K has reflectivity in 17.2 times better then silver. That means the plasma reflectivity is more
0.999. We take in our computation q = 0.999. The efficiency of offered innovation very strong depends
from reflectivity of plasma. The reflectivity of the prism mirror is very high [23]. We neglect the loss in
it.

Bremsstrahlung (brake) radiation. That is proportional the energy spectra E and has Maxwell
distribution:

f.dE = fp(d—deE=2 %exp “E e,
dE (KE) KT,

c c E
v’ "= A h ®)
where k = 1,38x10% is Boltzmann's constant, J/°K; T - temperature, °K; E - energy, J; v - frequency,
1/s; X length of wave, m; h = 6.525x10 is Planck’s constant, J's. Assume the brake radiation has same
specter.

Computations are presented in figures 7 - 8.
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Figure 7. Spectra of brake radiation for plasma temperature 60 - 200 millions degrees (°K).

The ultra-violet rays are below approximately < 3x10*" hertz (1 >10° m), the soft x-rays are below <
3x10" hertz (1 >10"** m). That means the brake radiation can be reflected by special methods. For
example, the silver having high electro-conductivity has average reflectivity 0.99 in heat region, 0.95 in
light region, and 0.78 in ultra-violet region. Some metals has reflectivity up 0.2 for 4 = 40x10”° m. But
plasma having the temperature more than 15x10° °K has more electro-conductivity then silver and it
must, therefore, have better reflectivity. The reflectivity coefficient of prism mirror is very high and we
can neglect its losses. However, the reflectivity of prism mirror for brake radiation is needed in a
detailed test.
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Figure 8. Spectra of brake radiation for plasma temperature 200 - 1000 millions degrees (°K).

The average energy of Bremsstrahlung photon equals average energy of plasma electron. The formula
for average wavelength is:

From E=KkT =hv, /1=E
14

we receive A, = ch _00144 ©)
KT, T,

where E is electron energy, ¢ = 3x10% is light speed, m/s; Ty is temperature in °K; A is wave length, m ;
v is wave frequency, 1/s;.

For example, for Ty = 108 °K the A, = 1.44x10™° m. That value is the lower ultra-violet diapason A >
107 m.

For very high temperature the most part of this spectrum is in the soft x-ray region, but soft x-ray can
be reflected and retracted by special methods.

The reactive pressure. We can estimate that the ion speed for T =10° °K. That is approximately V =
600 km/s. If M = 0.1 19 =10 kg of a mixture D+T is increased their speed to this value in time 7=10"°
s, the reactive force will be F = MV/z~ 5x10" N. If the fuel capsule has surface s = 5 mm? = 5x10° m?
the capsule cover pressure is p = F/s = 10** N/m? = 10® atm. This pressure produces the shockwave
which compresses the fuel microcapsule and create high ion temperature.

RADIATION CONFINEMENT
Radiation confinement is suitable for multi-reflex laser beam support.
Equilibrum of Multi-Reflex Laser and Kinetic Pressures

From equations (6), (10) we receive
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P, =2nkT, P, =E(Lj P =P,
c \1-q
P, =SE =0.5nkT,cS(1-q)
where P, is impulse power of laser, W; S is surface of capsule or plasma; q is plasma reflection. The

additional number 2 appears because we neglect the prism reflection loss. The computations for n = (0
+1)x10% 1/m?, S = (1 = 4)x10° m?, q = 0.999, T, = 10° are presented in Figure 13.
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Figure 9. Equilibrium of multi-reflex laser pulse power versus plasma density and fuel capsule surface S for coefficient
plasma reflectivity q = 0.999, plasma temperature T, = 10® °K.

Look your attention that power of laser pulse for multi-reflection confinement is in tens - hundreds
times less then one is in the current ICF reactors (OMEGA has 60x10* W, Z-machine will have
350x10% W). That shows, the multi-reflect conformation is more efficiency then rocket conformation
for small targets.

We can increase the initial multi-reflex pressure in millions times if we cover the outer capsule
surface the small reflective prism as internal surface of the combustion chamber. As it is shown in [26]
p. 378, Figure A3.4, the pressere from 1 kW of laser power can reach more 10* N. If laser pulse power
has P = 10" W, the pressure will be F = 10"’ N. The surface of a spherical capsule having diameter 1
mm is about S = 3 mm?=3x10° m?. Hence the pressure on target is P = F/S =3.3x10% N/m? = 3.3x10"’
atm! That is in 10° times more then a gas dynamic pressure of the plasma at temperature 10° K.

Note. The rocket force used for compressing and heating pullet at present time cannot keep the big
pressure and temperature for very small capsules at need time because gas extension. For example, let
us to estimate the extension time for two capsules having diameter d = 0.3 mm and d = 3 mm
respectively at temperature 10® K. The average ion speed at this temperature is about 6x10° m/s. For
typical pulse time 10”° s the plasma radius is increased in 6x10*m = 0.6 mm. That means the volume
of the first capsule increases in (0.75/0.15)° = 125 times, the volume of the second capsule is increased
only in (2.1/1.5)* = 2.7 times. In our multi-reflex reactor the beam pressure does not allow to expansion
the plasma and increases the reaction time and possibility thermonuclear reaction in hundreds times.
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Requested minimum time of laser pulse. Duration of laser pulse needed for heating of capsule can be
computed by equation

_aM T, (1)
IDL

where ¢; = 4.13x10° is thermal capacity coefficient, J/kg.K; Ty is plasma temperature, K.
The computations are presented in Figure 10.
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Figure 10. Request laser pulse time for capsule heating via capsule mass and laser pulse power for capsule temperature 10° K.

As you see, the pulse is same with current laser (1 + 10)x10™*2s, (ps). In conventional ICF reactor the
most part beam energy is reflected by plasma and heating the shell of combustion chamber. In our
reactor the nearly all beam energy is used for capsule heating.

Equilibrium of Brake Radiation and Kinetic Pressures

From equations (10), (7) we receive

P =2nkT,, P, =— 2 534.10°n7T*?Z,, P, =P,
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where T is temperature in keV; V is plasma volume, m®; S is plasma surface, m?; q is average
coefficient reflectivity of x-rays produced by brake radiation. The equilibrium of brake radiation and
Kinetic pressure can be reached for ratio V/S ~ 1. For reflection of the brake radiation one can be used a
plasma mirror.

THE SELF-MAGNETIC CONFINEMENT
The self-magnitude confinement is suitable for low-density plasma. Your attention is called for to the
big difference between a present conventional reactor magnetic field and the offered self-magnetic
field. For creating of the present magnetic field, the large powerful superconductivity very expensive
magnets are used. Our self-magnetic does not request anything. The self-magnetic field is produced by
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capsule electric current and that is more powerful by hundreds of times. Why? The magnetic intensity
and pressure of electric current in inverse proportion of plasma radius (see equations (29) below). The
present thermonuclear reactor has plasma camera of some meters. Our capsule has radius only 0.05
mm.

Equilibrium of Self-Magnetic and Kinetic Plasma Pressure
From equation (10) and (12) we receive

2 2
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where r is radius of capsule (plasma flux), m; I is electric currency, A; R is capsule (plasma) resistance,
Ohm; U is capsule (electrodes) voltage, V; H is magnetic intensity, A/m; B is magnetic intensity, Tesla;
Ty is plasma temperature , °K.

The computations for several n are presented in figures 11 - 14.

The present magnetic confinement reactor having superconductivity magnets has maximum magnetic
intensity 5 - 6 Tesla. As you see in Figure 14 the offered AB-self-magnetic reactor has more magnetic
intensity in hundreds times.

| =4nr

PROJECT
Below there are estimations of some projects, which show parameters of suggested AB-reactors.
These are not optimal reactors. They demonstrate the methods of computations and possible technical
data of new micro reactors.

1. Multi-reflection AB-reactor. Let us to take the spherical fuel capsule diameter d = 1 mm. Its surface
is 3.14 mm?, the volume is v = 0.52 mm®=5,2x10° m®. If gaseous fuel (D+T) has pressure 1, 10, 100
atm, the specific fuel density are p = 0.11 kg/m?, 1.1 kg/m?, 11 kg/m® respectively. The fuel mass are
M = pv=5.7x10", 57x10™", 570x10™" kg respectively. Particle densities are ny = p /gy m, =
2.63x10%° 1/m?, 2.63x10%° 1/m?, 2.63x10%" 1/m® respectively. Numbers of particles in the capsule are n
= v = 1.37x10%, 1.37x10"7, 1.37x10"® respectively.

Thermonuclear energy in capsule are E = 0.5nE; = 1.9x10% J, 1.9x10° J, 1.9x10° J respectively. Here
E1 = 17.6x10°x1.6x10™° = 2.8x10™2 J is the energy in single reaction of couple particles. Where
17.6x10° MeV is thermonuclear energy of reaction D+T. If we burn 1 capsule in 1 second, the
thermonuclear power will be W = 1.9x10* W, 1.9x10° W, 1.9x10° W respectively.

Fuel heating energy are E; = ciMT, = 24 J, 240 J, 2400 J respectively. Here ¢; = 4.13x10° is average
thermal capacity of plasma, T, = 10° K is maximal plasma temperature. These heating energy must be
increased some (3 + 6) times because we must to heat the capsule shell and coefficient of energy
efficiency is less then 1. The current condensers have energy storage capability about 1 J/cm®.

Requested minimum (equilibrium) pulse laser power equal N = 17.1x10° W, 17.1x10'° W, 17.1x10%
W respectively (Eq. (22)) for g = 0.999. Pulse time is 7= E¢/N = 1.4x107° s.

We can use the liquid fuel. All parameter significantly will improvement (approximately in 10 times
with comparison of the 100 atm capsule), but we get a problem with storage of capsules into a liquid
helium.



70

7 For Pg=Pm, log N =25 26 27 28 1/m’

10 Al Al Al
TMRAA F4 i

Log N=28

10‘3

101?

Log N=26

11

10

Log N=25

1010

Magnetic pressure, Nim?

-
o
-
\
Bl

10 A A A A
20 40 60 80 100

Temperature, min °K

o

Note: This pressure is same for multi-reflex and plasma pressure.

Figure 11. Equilibrium self-magnetic and kinetic pressures versus plasma temperature and plasma densities.
Capsule 0.1x1 mm. N is plasma density, 1/m®.
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Figure 12. Electric currency needed for equilibrium kinetic and magnetic pressure for several plasma densities.
Microcapsule has size 0.1x1 mm. N is plasma density, 1/m°.
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Figure 13. Electric voltage needed for equilibrium kinetic and magnetic pressures for several plasma densities.
Capsule has size 0.1x1 mm. N is plasma density, 1/m®.
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Figure 14. Equilibrium self-magnetic intensity on microcapsule surface via plasma temperature for several
plasma densities. Capsule has size 0.1x1 mm. N is plasma density, 1/m°.

2. Self-magnetic AB-reactor. Let us to take the fuel capsule of the length L = 1 mm, diameter 2r = 0.1
mm and gaseous fuel (D+T) pressure p = 100 atm . The cross-section of capsule is S = 7.85x10™° mm?,
volume v = 7.85x10™> m®, fuel mass is M = pv = 9.5x10™* kg, particle density is ny = p/uam, =
2.63x10%" 1/m®, number of particle into capsule is n = nyv = 2.06x10'®. Heating fuel energy is E; =
c1MTy = 39 J, for T = 10® K. If we burn 1 capsule in 1 second the thermonuclear power will be W =
3x10% W.

Requested minimum (equilibrium) electric currency equal | = 1.07x10° A (for Ty = 10° K),(Eq. (29)).
The plasma electric specific resistance at T, = 10° K is p = 0.1Z/T%? = 1.23x107 Q sm. The electric
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plasma resistance is R; = pL/S = 1.5x10™ Q (all for Ty = 10° K). Voltage U = IR; = 160 V. Pulse power
N = I1U = 17.1x10" W. Pulse time is 7= 2.3x10° s. Maximum intensity of magnetic field is B = z!/2r
=4280T.

DisCUsSION

The offered thermonuclear AB-Reactors, as with any innovations, are needed in further more detailed
laboratory research, product development and testing. However, theses new Reactors have gigantic
advantages over present-day thermonuclear reactors:

(1) They are cheaper by many hundreds of times. That means not only non-industrial countries but
middle-size companies can undertake RandD and production of perfected new thermonuclear
reactors.

(2) They have a small weight and size but they have enough power (up 10,000 kW). That means
they can be used as engine of land vehicles, small ships, aircraft, manned and unmanned
spacecraft propulsion and community power utilities.

(3) They are not limited in high temperature regime as are all existing reactors. That means they
can use inexpensive fuel (not tritium, helium-3, uranium as do extant reactors).

The parameters of AB-Reactors are considered and computed in given article very far from optima.
They are only examples utilized to vividly illustrate the large possibilities of the innovative reactors.
The suggested AB-thermonuclear reactor has Lawson criterion in some order more then conventional
current (2005) thermonuclear reactors (ICF). That strongly increases either of three multipliers in
Lawson criterion. That increases the density n up to two-three orders. It increases the temperature T. It
returns the laser and thermal radiation back to fuel pellet. (This emission is lost in present reactors). It
increases the time of reaction z. The suggested AB thermonuclear reactors may be a revolutionary jump
in energy industry.

Note: In conventional ICF the initial (internal into plasma) radiation does not compress the plasma.
Plasma is transparency for internal radiation. That emission influences only to an emitted particle.
When radiation came out of source (fuel pellet) and reflected or adsorbed by chamber surface that does
not press on pellet surface. By that means, the conventional inertial thermonuclear reactor has only
losses from radiation. The offered AB Reactor has the big desirable benefits from thermal radiation.
The more radiation, the more benefits.

The offered AB-Reactor can also have problems. The radiation mirror can have a bad reflectivity for
ultra-violent rays or experimenters may have problems with fast high-intensity electric impulse through
small capsule. However, if mirror will be reflect only conventional ultra-violet, light, and thermal
radiations that would be enough for ignition of a thermonuclear reaction. As any innovation the offered
reactor needs further perfecting RandD.

The offered AB-self magnetic reactor is different from present magnetic confinement reactor. That is
smaller because AB-self-magnetic reactor works a small fuel capsule. In present-day reactor, the rare
fuel gas (D+T) fills all volume of large chamber. In AB-Reactor the fuel is located into small capsule
under high pressure (or, as solid, liquid or frizzed fuel under conventional pressure). In this case the
fuel density can reach n = 10%° = 10" 1/m? (or solid, liquid, frozen fuel may be inside conductive
matter, n = 102 + 10 1/m®). If the plasma reflectivity is high (q > 0,99), that is enough for
thermonuclear ignition and keeping plasma under the radiation pressure and magnetic pressure. For
current MCF the magnetic intensity is 5 T. For AB-Self-MCF the magnetic intensity may be about 10*
T. For AB-radiation reactor the radiation pressure is about 10*° = 10** N/m? (millions atm) (Figure15).
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We can neglect the outer magnetic force in AB-Reactor and we may design AB-Self-MCF reactor
without very complex and expensive superconductivity magnetic system.
The article below is usefull for this topic.
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Chapter 6

Converting of any Matter to Nuclear Energy

by AB-Generator and its Application=*

Abstract

Author offers a new nuclear generator which allows to convert any matter to nuclear energy in
accordance with the Einstein equation E=mc?. The method is based upon tapping the energy potential
of a Micro Black Hole (MBH) and the Hawking radiation created by this MBH. As is well-known, the
vacuum continuously produces virtual pairs of particles and antiparticles, in particular, the photons and
anti-photons. The MBH event horizon allows separating them. Anti-photons can be moved to the MBH
and be annihilated; decreasing the mass of the MBH, the resulting photons leave the MBH
neighborhood as Hawking radiation. The offered nuclear generator (named by author as AB-Generator)
utilizes the Hawking radiation and injects the matter into MBH and keeps MBH in a stable state with
near-constant mass. The AB-Generator can not only produce gigantic energy outputs but should be
hundreds of times cheaper than a conventional electric generation processes. The AB-Generator can be
used in aerospace as a photon rocket or as a power source for numerous space vehicles. Many scientists
expect the Large Hadron Collider at CERN will produce one MBH every second and the technology to
capture them may be used for the AB-Generator.

Key words: Production of nuclear energy, Micro Black Hole, energy AB-Generator, photon rocket.
* Presented as Paper AIAA-2009-5342 in 45 Joint Propulsion Conferences, 2-5 August, 2009, Denver, CO,
USA.

Introduction

Black hole. In general relativity, a black hole is a region of space in which the gravitational
field is so powerful that nothing, including light, can escape its pull. The black hole has a one-way
surface, called the event horizon, into which objects can fall, but out of which nothing can come out. It
is called "black™ because it absorbs all the light that hits it, reflecting nothing, just like a perfect
blackbody in thermodynamics. Despite its invisible interior, a black hole can reveal its presence
through interaction with other matter. A black hole can be inferred by tracking the movement of a
group of stars that orbit a region in space which looks empty. Alternatively, one can see gas falling into
a relatively small black hole, from a companion star. This gas spirals inward, heating up to very high
temperature and emitting large amounts of radiation that can be detected from earthbound and earth-
orbiting telescopes. Such observations have resulted in the general scientific consensus that, barring a
breakdown in our understanding of nature, that black holes do exist in our universe. Although it is
impossible to directly observe a black hole, its existence is inferred by its gravitational action on the
surrounding environment, particularly with microquasars and active galactic nuclei, where material
falling into a nearby black hole is significantly heated and emits a large amount of X-ray radiation. The
only objects that agree with these observations and are consistent within the framework of general
relativity are black holes.

A black hole has only three independent physical properties: mass, charge and angular momentum.
In astronomy black holes are classed as:

e Supermassive - contain hundreds of thousands to billions of solar masses and are thought to exist in
the center of most galaxies, including the Milky Way.

e [ntermediate - contain thousands of solar masses.


http://en.wikipedia.org/wiki/Microquasars
http://en.wikipedia.org/wiki/Supermassive_black_hole
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e Micro (also mini black holes) - have masses much less than that of a star. At these sizes, quantum
mechanics is expected to take effect. There is no known mechanism for them to form via normal
processes of stellar evolution, but certain inflationary scenarios predict their production during the
early stages of the evolution of the universe.

According to some theories of quantum gravity they may also be produced in the highly energetic
reaction produced by cosmic rays hitting the atmosphere or even in particle accelerators such as the
Large Hadron Collider. The theory of Hawking radiation predicts that such black holes will evaporate
in bright flashes of gamma radiation. NASA's Fermi Gamma-ray Space Telescope satellite (formerly
GLAST) launched in 2008 is searching for such flashes.

Fig 1. Artist’s conception of a stellar mass black hole. Credit NASA.

The defining feature of a black hole is the appearance of an event horizon; a boundary in spacetime
beyond which events cannot affect an outside observer. Since the event horizon is not a material
surface but rather merely a mathematically defined demarcation boundary, nothing prevents matter or
radiation from entering a black hole, only from exiting one.

Fig.2 (left). Artist's impression of a binary system consisting of a black hole and a main sequence star. The
black hole is drawing matter from the main sequence star via an accretion disk around it, and some of this matter
forms a gas jet.


http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Large_Hadron_Collider
http://en.wikipedia.org/wiki/NASA
http://en.wikipedia.org/wiki/Spacetime
http://en.wikipedia.org/wiki/Main_sequence
http://en.wikipedia.org/wiki/File:Accretion_disk.jpg
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Fig.3 (right). Ring around a suspected black hole in galaxy NGC 4261. Date: Nov.1992. Courtesy of Space
Telescope Science

For a non rotating (static) black hole, the Schwarzschild radius delimits a spherical event
horizon. The Schwarzschild radius of an object is proportional to the mass. Rotating black holes have
distorted, nonspherical event horizons. The description of black holes given by general relativity is
known to be an approximation, and it is expected that quantum gravity effects become significant near
the vicinity of the event horizon. This allows observations of matter in the vicinity of a black hole's
event horizon to be used to indirectly study general relativity and proposed extensions to it.

Fig.4. Artist’s rendering showing the space-time contours around a black hole. Credit NASA.

Though black holes themselves may not radiate energy, electromagnetic radiation and matter
particles may be radiated from just outside the event horizon via Hawking radiation. At the center of a
black hole lies the singularity, where matter is crushed to infinite density, the pull of gravity is
infinitely strong, and spacetime has infinite curvature. This means that a black hole's mass becomes
entirely compressed into a region with zero volume. This zero-volume, infinitely dense region at the
center of a black hole is called a gravitational singularity. The singularity of a non-rotating black hole
has zero length, width, and height; a rotating black hole's is smeared out to form a ring shape lying in
the plane of rotation. The ring still has no thickness and hence no volume.

The photon sphere is a spherical boundary of zero thickness such that photons moving along
tangents to the sphere will be trapped in a circular orbit. For non-rotating black holes, the photon
sphere has a radius 1.5 times the Schwarzschild radius. The orbits are dynamically unstable, hence any
small perturbation (such as a particle of infalling matter) will grow over time, either setting it on an
outward trajectory escaping the black hole or on an inward spiral eventually crossing the event horizon.

Rotating black holes are surrounded by a region of spacetime in which it is impossible to stand
still, called the ergosphere. Objects and radiation (including light) can stay in orbit within the
ergosphere without falling to the center. Once a black hole has formed, it can continue to grow by
absorbing additional matter. Any black hole will continually absorb interstellar dust from its direct
surroundings and omnipresent cosmic background radiation. Much larger contributions can be obtained
when a black hole merges with other stars or compact objects.

Hawking radiation. In 1974, Stephen Hawking showed that black holes are not entirely black
but emit small amounts of thermal radiation.'"JHe got this result by applying quantum field theory in a
static black hole background. The result of his calculations is that a black hole should emit particles in


http://en.wikipedia.org/wiki/Hawking_radiation
http://en.wikipedia.org/wiki/Black_hole#cite_note-Hawking1974-49#cite_note-Hawking1974-49
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a perfect black body spectrum. This effect has become known as Hawking radiation. Since Hawking's
result many others have verified the effect through various methods. If his theory of black hole
radiation is correct then black holes are expected to emit a thermal spectrum of radiation, and thereby
lose mass, because according to the theory of relativity mass is just highly condensed energy (E = mc?).
Black holes will shrink and evaporate over time. The temperature of this spectrum (Hawking
temperature) is proportional to the surface gravity of the black hole, which in turn is inversely
proportional to the mass. Large black holes, therefore, emit less radiation than small black holes.

On the other hand if a black hole is very small, the radiation effects are expected to become very
strong. Even a black hole that is heavy compared to a human would evaporate in an instant. A black
hole the weight of a car (~10* m) would only take a nanosecond to evaporate, during which time it
would briefly have a luminosity more than 200 times that of the sun. Lighter black holes are expected
to evaporate even faster, for example a black hole of mass 1 TeV/c? would take less than 10 seconds
to evaporate completely. Of course, for such a small black hole quantum gravitation effects are
expected to play an important role and could even — although current developments in quantum gravity
do not indicate so — hypothetically make such a small black hole stable.

Micro Black Holes. Gravitational collapse is not the only process that could create black
holes. In principle, black holes could also be created in high energy collisions that create sufficient
density. Since classically black holes can take any mass, one would expect micro black holes to be
created in any such process no matter how low the energy. However, to date, no such events have ever
been detected either directly or indirectly as a deficiency of the mass balance in particle accelerator
experiments. This suggests that there must be a lower limit for the mass of black holes. Theoretically
this boundary is expected to lie around the Planck mass (~10*° GeV/c?, mp = 2.1764:10°® kg), where
quantum effects are expected to make the theory of general relativity break down completely. This
would put the creation of black holes firmly out of reach of any high energy process occurring on or
near the Earth. Certain developments in quantum gravity however suggest that this bound could be
much lower. Some braneworld scenarios for example put the Planck mass much lower, maybe even as
low as 1 TeV. This would make it possible for micro black holes to be created in the high energy
collisions occurring when cosmic rays hit the Earth's atmosphere, or possibly in the new Large Hadron
Collider at CERN. These theories are however very speculative, and the creation of black holes in these
processes is deemed unlikely by many specialists.

Smallest possible black hole. To make a black hole one must concentrate mass or energy
sufficiently that the escape velocity from the region in which it is concentrated exceeds the speed of
light. This condition gives the Schwarzschild radius, r, = 2GM / ¢, where G is Newton's constant and ¢
is the speed of light, as the size of a black hole of mass M. On the other hand, the Compton wavelength,
L =h/Mc, where h is Planck’s constant, represents a limit on the minimum size of the region in which
amass M at rest can be localized. For sufficiently small M, the Compton wavelength exceeds the
Schwarzschild radius, and no black hole description exists. This smallest mass for a black hole is thus
approximately the Planck mass, which is about 2 x 108 kg or 1.2 x 10* GeV/c?,

Any primordial black holes of sufficiently low mass will Hawking evaporate to near the Planck
mass within the lifetime of the universe. In this process, these small black holes radiate away matter. A
rough picture of this is that pairs of virtual particles emerge from the vacuum near the event horizon,
with one member of a pair being captured, and the other escaping the vicinity of the black hole. The net
result is the black hole loses mass (due to conservation of energy). According to the formulae of black
hole thermodynamics, the more the black hole loses mass the hotter it becomes, and the faster it
evaporates, until it approaches the Planck mass. At this stage a black hole would have a Hawking
temperature of Tp / 87 (5.6x10% K), which means an emitted Hawking particle would have an energy
comparable to the mass of the black hole. Thus a thermodynamic description breaks down. Such a


http://en.wikipedia.org/wiki/Braneworld
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mini-black hole would also have an entropy of only 4x nats, approximately the minimum possible
value.

At this point then, the object can no longer be described as a classical black hole, and
Hawking's calculations also break down. Conjectures for the final fate of the black hole include total
evaporation and production of a Planck mass-sized black hole remnant. If intuitions about quantum
black holes are correct, then close to the Planck mass the number of possible quantum states of the
black hole is expected to become so few and so quantised that its interactions are likely to be quenched
out. It is possible that such Planck-mass black holes, no longer able either to absorb energy
gravitationally like a classical black hole because of the quantised gaps between their allowed energy
levels, nor to emit Hawking particles for the same reason, may in effect be stable objects. They would
in effect be WIMPs, weakly interacting massive particles; this could explain dark matter.

Creation of micro black holes. Production of a black hole requires concentration of mass or
energy within the corresponding Schwarzschild radius. In familiar three-dimensional gravity, the
minimum such energy is 10*° GeV, which would have to be condensed into a region of approximate
size 10°** cm. This is far beyond the limits of any current technology; the Large hadron collider (LHC)
has a design energy of 14 TeV. This is also beyond the range of known collisions of cosmic rays with
Earth's atmosphere, which reach center of mass energies in the range of hundreds of TeV. It is
estimated that to collide two particles to within a distance of a Planck length with currently achievable
magnetic field strengths would require a ring accelerator about 1000 light years in diameter to keep the
particles on track.

Some extensions of present physics posit the existence of extra dimensions of space. In higher-
dimensional spacetime, the strength of gravity increases more rapidly with decreasing distance than in
three dimensions. With certain special configurations of the extra dimensions, this effect can lower the
Planck scale to the TeV range. Examples of such extensions include large extra dimensions, special
cases of the Randall-Sundrum model, and String theory configurations. In such scenarios, black hole
production could possibly be an important and observable effect at the LHC.

Virtual particles. In physics, a virtual particle is a particle that exists for a limited time and
space, introducing uncertainty in their energy and momentum due to the Heisenberg Uncertainty
Principle. Vacuum energy can also be thought of in terms of virtual particles (also known as vacuum
fluctuations) which are created and destroyed out of the vacuum. These particles are always created out
of the vacuum in particle-antiparticle pairs, which shortly annihilate each other and disappear.
However, these particles and antiparticles may interact with others before disappearing.

The net energy of the Universe remains zero so long as the particle pairs annihilate each other within
Planck time. Virtual particles are also excitations of the underlying fields, but are detectable only as
forces. The creation of these virtual particles near the event horizon of a black hole has been
hypothesized by physicist Stephen Hawking to be a mechanism for the eventual "evaporation" of black
holes. Since these particles do not have a permanent existence, they are called virtual particles or
vacuum fluctuations of vacuum energy. An important example of the "presence" of virtual particles in a
vacuum is the Casimir effect. Here, the explanation of the effect requires that the total energy of all of
the virtual particles in a vacuum can be added together. Thus, although the virtual particles themselves
are not directly observable in the laboratory, they do leave an observable effect: their zero-point energy
results in forces acting on suitably arranged metal plates or dielectrics. Thus, virtual particles are often
popularly described as coming in pairs, a particle and antiparticle, which can be of any kind.


http://en.wikipedia.org/wiki/%CE%A0
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Fig.5. Hawking radiation. a. Virtual particles at even horizon.
b. Virtual particles out even horizon (in conventional space).

The evaporation of a black hole is a process dominated by photons, which are their own
antiparticles and are uncharged. The uncertainty principle in the form AEAt ># implies that in the
vacuum one or more particles with energy 4E above the vacuum may be created for a short time Az.
These virtual particles are included in the definition of the vacuum.

Vacuum energy is an underlying background energy that exists in space even when devoid of
matter (known as free space). The vacuum energy is deduced from the concept of virtual particles,
which are themselves derived from the energy-time uncertainty principle. Its effects can be observed in
various phenomena (such as spontaneous emission, the Casimir effect, the van der Waals bonds, or the
Lamb shift), and it is thought to have consequences for the behavior of the Universe on cosmological
scales.

AB-Generator of Nuclear Energy and some Innovations

Simplified explanation of MBH radiation and work of AB-Generator (Fig.5). As known,
the vacuum continuously produces, virtual pairs of particles and antiparticles, in particular, photons and
anti-photons. In conventional space they exist only for a very short time, then annihilate and return
back to nothingness. The MBH event horizon, having very strong super-gravity, allows separation of
the particles and anti particles, in particular, photons and anti-photons. Part of the anti-photons move
into the MBH and annihilate with photons decreasing the mass of the MBH and return back a borrow
energy to vacuum. The free photons leave from the MBH neighborhood as Hawking radiation. That
way the MBH converts any conventional matter to Hawking radiation which may be converted to heat
or electric energy by the AB- Generator. This AB- Generator utilizes the produced Hawking radiation
and injects the matter into the MBH while maintaining the MBH in stable suspended state.

Note: The photon does NOT have rest mass. Therefore a photon can leave the MBH’s neighborhood
(if it is located beyond the event horizon). All other particles having a rest mass and speed less than
light speed cannot leave the Black Hole. They cannot achieve light speed because their mass at light
speed equals infinity and requests infinite energy for its’ escape—an impossibility.

Description of AB- Generator. The offered nuclear energy AB- Generator is shown in fig. 6.
That includes the Micro Black Hole (MBH) 1 suspended within a spherical radiation reflector and
heater 5. The MBH is supported (and controlled) at the center of sphere by a fuel (plasma, proton,
electron, matter) gun 7. This AB- Generator also contains the 9 — heat engine (for example, gas, vapor
turbine), 10 — electric generator, 11 — coolant (heat transfer agent), an outer electric line 12, internal
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electric generator (5 as antenna) with customer 14.

8
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e

Fig.6. Offered nuclear-vacuum energy AB- Generator. Notations: 1- Micro Black Hole (MBH), 2 - event
horizon (Schwarzschild radius), 3 - photon sphere, 4 — black hole radiation, 5 — radiation reflector, antenna and
heater (cover sphere), 6 — back (reflected) radiation from radiation reflector 5, 7 — fuel (plasma, protons,
electrons, ions, matter) gun (focusing accelerator), 8 — matter injected to MBH (fuel for Micro Black hole), 9 —
heat engine (for example, gas, vapor turbine), 10 — electric generator connected to heat engine 9, 11 — coolant
(heat transfer agent to the heat machine 9), 12 — electric line, 13 — internal vacuum, 14 — customer of electricity
from antenna 5, 15 — singularity.

Work. The generator works the following way. MBH, by selective directional input of matter,
Is levitated in captivity and produces radiation energy 4. That radiation heats the spherical reflector-
heater 5. The coolant (heat transfer agent) 11 delivers the heat to a heat machine 9 (for example, gas,
vapor turbine). The heat machine rotates an electric generator 10 that produces the electricity to the
outer electric line 12. Part of MBH radiation may accept by sphere 5 (as antenna) in form of electricity.

The control fuel guns inject the matter into MBH and do not allow bursting of the MBH. This
action also supports the MBH in isolation, suspended from dangerous contact with conventional matter.
They also control the MBH size and the energy output.

Any matter may be used as the fuel, for example, accelerated plasma, ions, protons, electrons,
micro particles, etc. The MBH may be charged and rotated. In this case the MBH may has an additional
suspension by control charges located at the ends of fuel guns or (in case of the rotating charged MBH)
may have an additional suspension by the control electric magnets located on the ends of fuel guns or at
points along the reflector-heater sphere.

Innovations, features, advantages and same research results

Some problems and solutions offered by the author include the following:

1) A practical (the MBH being obtained and levitated, details of which are beyond the scope of this
paper) method and installation for converting any conventional matter to energy in accordance with
Einstein’s equation E = mc?.

2) MBHs may produce gigantic energy and this energy is in the form of dangerous gamma radiation.
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The author shows how this dangerous gamma radiation Doppler shifts when it moves against the MBH
gravity and converts to safely tapped short radio waves.

3) The MBH of marginal mass has a tendency to explode (through quantum evaporation, very quickly
radiating its mass in energy). The AB- Generator automatically injects metered amounts of matter into
the MBH and keeps the MGH in a stable state or grows the MBH to a needed size, or decreases that
size, or temporarily turns off the AB- Generator (decreases the MBH to a Planck Black Hole).

4) Author shows the radiation flux exposure of AB- Generator (as result of MBH exposure) is not
dangerous because the generator cover sphere has a vacuum, and the MBH gravity gradient decreases
the radiation energy.

5) The MBH may be supported in a levitated (non-contact) state by generator fuel injectors.

Theory of AB- Generator

Below there are main equations for computation the conventional black hole (BH) and AB-Generator.

General theory of Black Hole.
1. Power produced by BH is
6
p-_ " 1. 3s610° >, w, (1)
153607 G* M M
where =h/27z =1.0546-10"* J /s is reduced Planck constant, ¢ =3-10° m/s - light speed, G =

6.6743:10™ m3/kg.s? is gravitation constant, M — mass of BH, kg.
2. Temperature of black body corresponding to this radiation is
3
e o ismat @)
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where k, = 1.38.10% J/k is Boltzmann constant.
3. Energy E, [J] and frequency v, of photon at event horizon are
3 3
LI S S_ ¢ 1 gog7a0°t, 4 =Co373107M.  (3)
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where ¢ = 310% m/s is light speed, 4, is wavelength of photon at even radius, m. h is Planck constant.
4. Radius of BH event horizon (Schwarzschild radius) is

rozi—ch =1.48-10*M , m, (4)

5. Relative density (ratio of mass M to volume V of BH) is

M 3 1 1
=— = —~~7.33.10° =, kg/m®. 5
p V 327ZG3 M 2 M 2 g ( )
6. Maximal charge of BH is
Q,, =510eM ~8-10°M, C, (6)
where e = -1.610™ is charge of electron, C.
7. Life time of BH is
51207 G*
r:h—C’ZM3=2.527-10'8M3, s @)
8. Gravitation around BH (r is distance from center) and on event horizon
GM ¢t 1 1
=, g,=——=310"=, ms?. 8
9T 9T ewm M ®)



83

Developed Theory of AB- Generator

Below are research and the theory developed by author for estimation and computation of facets of
the AB- Generator.

9. Loss of energy of Hawking photon in BH gravitational field. It is known that a red shift allows
estimating the frequency of photon in central gravitational field when it moves TO the gravity center.
In this case the photon increases its frequency because photon is accelerated the gravitational field
(wavelength decreases). But in our case the photon moves FROM the gravitational center, the
gravitational field brakes it and the photon loses its energy. That means its frequency decreases and the
wavelength increases. Our photon gets double energy because the black hole annihilates two photons
(photon and anti-photon). That way the equation for photon frequency at distance r > r, from center we
can write in form

V14282, ©
Vv, C
Where Ap = ¢ — @, Is difference of the gravity potential. The gravity potential is
GM GM 2GM
Ap=@=@y, ¢=——, G=—") h=—7% - (10)
r A C
Let us substitute (10) in (9), we get
Vs b oo YA K (12)
Vo rr ve A I
It is known, the energy and mass of photon is
E,=ny, E,=mc? m,=E/c*, (12)

The energy of photon linear depends from its frequency. Reminder: The photon does not have a rest
mass.

The relative loss of the photon radiation energy & at distance r from BH and the power P, of
Hawking radiation at radius r from the BH center is

§=%n v=Ev, P =£P. (13)

The ryis very small and £ is also very small and v << v,

The result of an energy loss by Hawking photon in the BH gravitational field is very important for
AB-Generator. The energy of Hawking radiation is very big; we very need to decrease it in many
orders. The initial Hawking photon is gamma radiation that is dangerous for people and matter. In r
distance the gamma radiation may be converted in the conventional light or radio radiation, which are
not dangerous and may be reflected, focused or a straightforward way converted into electricity by
antenna.

10. Reflection Hawking radiation back to MBH. For further decreasing the MBH produced energy
the part of this energy may be reflected to back in MBH. A conventional mirror may reflect up 0.9
+0.99 of radiation (& =0.01 + 0.1, & is a loss of energy in reflecting), the multi layers mirror can
reflect up 0.9999 of the monochromatic light radiation (¢& = 10+ 10°), and AB-mirror from cubic
corner cells offered by author in [2], p. 226, fig.12.1g , p. 376 allows to reflect non-monochromatic
light radiation with efficiency up & = 10 strong back to source. In the last case, the loss of reflected
energy is ([2] p.377)

& =0.0002&l, I=m4, m>1 (14)
where | is size of cube corner cell, m; m is number of radiation waves in one sell; A is wavelength, m; a
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is characteristic of sell material (see [2], fig.A3.3). Minimal value a = 10 for glass and a = 10 for
KCI crystal.
The reflection of radiation to back in MBH is may be important for MBH stabilization, MBH storage
and MBH ‘switch off’.
11. Useful energy of AB- Generator. The useful energy P, [J] is taken from AB- Generator is
R, =&5P. (15)
12. Fuel consumption is
M=P,/c*, kg (16)

The fuel consumption is very small. AB- Generator is the single method in the World now known
which allows full converting reasonably practical conversion of (any!) matter into energy according the
Einsteinian equation E = mc?.

13. Specific pressure on AB- Generator cover sphere p [N/m?] and on the surface of MBH p, is
8
KR KR 65100 g P gl gy
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where k = 1 if the cover sphere absorbs the radiation and k = 2 if the cover sphere high reﬂects
the radiation, S is the internal area of cover sphere, m?; Sy is surface of event horizon sphere, m?; p, is
specific pressure of Hawking radiation on the event horlzon surface. Note, the pressure p on cover
sphere is small (see Project), but pressure p, on event horizon surface is very high.
14. Mass particles produced on event surface. On event horizon surface may be also produced the
mass particles with speed V < c. Let us take the best case (for leaving the BH) when their speed is
radially vertical. They cannot leave the BH because their speed V is less than light speed c. The
maximal radius of lifting rp, [m] is

dv=—gdt, dv=-_dgr=_CMAr M __ &k (18)
Vv Vor c’-V¢ 1-(V/c)
where g is gravitational acceleration of BH, m/s%; t is time, sec.; r, is BH radius, m; Vj is particle
speed on event surface, m/s°. If the ry, is less than radius of the cover sphere, the mass particles return
to BH and do not influence the heat flow from BH to cover sphere. That is in the majority of cases.

15. Explosion of MBH. The MBH explosion produces the radiation energy
E, = Mc’. (19)

MBH has a small mass. The explosion of MBH having M = 10° kg produces 9x10™ J. That is energy
of about 10 tons of good conventional explosive (10 J/kg). But there is a vacuum into the cover sphere
and this energy is presented in radiation form. But in reality only very small part of explosion energy
reaches the cover sphere, because the very strong MBH gravitation field brakes the photons and any
mass particles. Find the energy which reaches the cover sphere via:

2
dE = &%dM, 5:5, O:ZGM dE—gMdM E=9M2=6,674-1o-11M_
r C r

The specific exposure radiation pressure of MBH pressure pe [N/m?] on the cover sphere of radius r <
r, may be computed by the way:

2 2
p=o=CM _16100M 1oy, (21)
V 4r rd ré

where V'=3/4 mr* is volume of the cover sphere.

That way the exposure radiation pressure on sphere has very small value and presses very short time.
Conventional gas balloon keeps pressure up 10’ N/m? (100 atm). However, the heat impact may be
high and AB- Generator design may have the reflectivity cover and automatically open windows for
radiation.

Your attention is requested toward the next important result following from equations (20)-(21).

. (20)
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Many astronomers try to find (detect) the MBH by a MBH exposure radiation. But this radiation is
small, may be detected but for a short distance, does not have a specific frequency and has a variably
long wavelength. This may be why during more than 30 years nobody has successfully observed MBH
events in Earth environment though the theoretical estimation predicts about 100 of MBH events
annually. Observers take note!
16. Supporting the MBH in suspended (levitated) state. The fuel injector can support the MBH in
suspended state (no contact the MBH with any material surface).

The maximal suspended force equals

_ _Pu _PUVf
F=qV;, a="z" F= o (22)

where q is fuel consumption, kg; V; is a fuel speed, m/s. The fuel (plasma) speed 0.01c is
conventionally enough for supporting the MBH in suspended state.
17. AB- Generator as electric generator. When the Hawking radiation reaches the cover as radio
microwaves they may be straightforwardly converted to electricity because they create a different
voltage between different isolated parts of the cover sphere as in an antenna. Maximal voltage which
can produces the radiation wave is

2 2
weEGE” AR R (23)
2 2 C

where w is density of radiation energy, J/m?; E is electric intensity, V/m; H is magnetic intensity, T;
= 8.85x10™? F/m is the coefficient of the electric permeability; uo=4nx10" N/A? is the coefficient
of the magnetic permeability; ¢ = « =1 for vacuum.

Let us take moment when H = 0, then

E- [2W_ 2R =2.73/P U ~hbDE, b=%£1,
& &,C (24)

P ~bP, A=A =16r, b= =1,
r, l6r 8

where E is electric intensity, V/m; U is voltage of AB-generator, V; b is relative size of antenna, D is
diameter of the cover sphere if the cover sphere is used as a full antenna, m; P, is power of the electric
station, W.

As you see about 1/8 of total energy produced by AB- Generator we can receive in the form of
electricity and 7/8ths reflects back to MBH; we may tap heat energy which convert to any form of
energy by conventional (heat engine) methods. If we reflect the most part of the heat energy back into
the MBH, we can have only electricity and do not have heat flux.

If we will use the super strong and super high temperature material AB-material offered in [3] the
conversion coefficient of heat machine may be very high.

18. Critical mass of MBH located in matter environment. Many people are afraid the MBH
experiments because BH can absorb the Earth. Let us find the critical mass of MBH which can begin
uncontrollably to grow into the Earth environment. That will happen when BH begins to have more
mass than mass of Hawking radiation. Below is the equation for the critical mass of initial BH. The
educated reader will understand the equations below without detailed explanations.
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where V is speed of environment matter absorbed by MBH, m/s; g is gravity acceleration of MBH, m/s;
r is distance environment matter to MBH center, m; t is time, sec; M is mass loss by MBH, Kkg; I\/'Ie is

mass taken from Earth environment by MBH, kg; y is density of Earth environment, kg/m>; M is
critical mass of MBH when one begin uncontrollable grows, kg; t is time, sec.

Let us to equate the mass M radiated by MBH to mass M . absorbed by MBH from Earth environment,
we obtain the critical mass M. of MBH for any environment:

4
M2 = ngl 317.10241 or y=3. 17-1024i (26)
921607°G y M2

If MBH having mass M = 10’ kg (10 thousands tons) is put in water (y = 1000 kg/m®), this MBH can
begin uncontrollable runaway growth and in short time (~74 sec) can consume the Earth into a black
hole having diameter ~ 9 mm. If this MBH is located in the sea level atmosphere (y = 1.29 kg/m®), the
initial MBH must has critical mass M = 10° kg (100 thousand tons). The critical radius of MBH is very
small. In the first case (M = 10" kg) r, = 1.48x 102° m, in the second case (M = 10® kg) r, = 1.48x 10
m. Our MBH into AB-Generator is not dangerous for Earth because it is located in vacuum and has
mass thousands to millions times less than the critical mass.

However, in a moment of extreme speculation, if far future artificial intelligence (or super-small
reasoning) beings will be created from nuclear matter [3] they can convert the Earth into a black hole to
attempt to access quick travel to other stars (Solar systems), past and future Universes and even
possibly past and future times.

19. General note. We got our equations in assumption /A, = r/re. If /4 = (r/r, )** or other relation,
the all above equations may be easy modified.

AB-Generator as Photon Rocket

The offered AB- Generator may be used as the most efficient photon propulsion system
(photon rocket). The photon rocket is the dream of all astronauts and space engineers, a unique vehicle)
which would make practical interstellar travel. But a functioning photon rocket would require gigantic
energy. The AB- Generator can convert any matter in energy (radiation) and gives the maximum
theoretical efficiency.

The some possible photon propulsion system used the AB —Generator is shown in Fig.7. In
simplest version (a) the cover of AB generator has window 3, the radiation goes out through window
and produces the thrust. More complex version (c) has the parabolic reflector, which sends all radiation
in one direction and increases the efficiency. If an insert in the AB- Generator covers the lens 6 which
will focuses the radiation in a given direction, at the given point the temperature will be a billions
degree (see Equation (2)) and AB- Generator may be used as a photon weapon.
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The maximal thrust T of the photon engine having AB- Generator may be computed
(estimated) by equation:

T=Mc, N, (26)
For example, the AB-generator, which spends only 1 gram of matter per second, will produce a thrust
3x10° N or 30 tons.
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Fig.?. AB- Generator as Photon Rocket and Radiation (Photon) Weapon. (a) AB- Generator as a Simplest
Photon Rocket; (b) AB- Generator as focused Radiation (photon, light or laser) weapon; (c) Photon Rocket with
Micro-Black Hole of AB-Generator. Notations: 1 — control MBH; 2 — spherical cover of AB-Generator; 3 —
window in spherical cover; 4 — radiation of BH; 5 — thrust; 6 — lens in window of cover; 7 —aim; 8 - focused
radiation; 9 — parabolic reflector.

AB-Generator Energy Production

To estimate the energy production of an AB-Generator which is only by way of example of a
computation and possible parameters. Let us take the MBH mass M = 10™ kg and radius of the cover
sphere r = 5m. No reflection. Using the equations (1)-(24) we receive:

P=356-10¥/M?=356-10* W,
r,=1.48-10"M =1.48-10% m,
E=1,/r=296-10"%,

P =£P=10510° P, =&&P=P, W, & =1

A, =373-10%°M =3.73-10 m. (27)
A=16-r=80 m,
p= R ~=0.111 ﬁz c=3-10° mis,
47cr m
M =P, /c*=1.17-10" kgls,
M 2
p,=16-10"—-=1.28-10"% N/m?
r

Remaing main notations in equations (27): P, = P, = 1.05x10™ W is the useful energy (1/8 of
this energy may be taken as electric energy by cover antenna, 7/8 is taken as heat); 2 =80 m is
wavelength of radiation at cover sphere (that is not dangerous for people); M = 1.17x10™ kg/s is fuel
consumption; r, = 1.48x10°? m is radius of MBH; p. = 1.28x10% N/m? is explosion pressure of
MBH.

Note that pressure of the explosion pressure is very small, less than a billion times of radiation
pressure on the cover surface p = 0.111 N/m? which is not surprising because BH takes back the
energy with that spent for acceleration the matter in eating the matter. As such, there is no danger of
explosion of MBH.
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Heat transfer and internal electric power are

P P W
=—u—_v -334.100 —,
f S 4xr? 2
For 6=2-10°m, 4,=100, AT ~qo/ 4, =668K, (28)

E=273/P =28.10° VIm, U=E-2r=28.10° V, P =P/8=131.10° W,
where q is specific heat transfer through the cover sphere, S is internal surface of the cover sphere, m?;
o is thickness of the cover sphere wall, m; A, is heat transfer coefficient for steel; AT is difference
temperature between internal and external walls of the cover sphere; E is electric intensity from
radiation on cover sphere surface, V/m; U is maximal electric voltage, V; Pe is electric power, W.

The power heat and electric output of a AB- Generator as similar to a very large complex of
present day Earth’s electric power stations (P, = 10*° W, ten billion of watts). The AB- Generator is a
hundred times cheaper than a conventional electric station, especially since, heat energy can be
reflected back to the MBH avoiding all the problems of conventional power conversion equipment
(using only electricity from spherical cover as antenna). We hope the Large Hadron Collider at CERN
can get the initial MBH needed for AB-Generator. The other way to obtain one is to find the Planck
MBH (remaining from the time of the Big Bang and former MBH) and grow them to target MBH size.

Results

1. Author has offered the method and installation for converting any conventional matter to energy
according the Einstein’s equation E = mc?, where m is mass of matter, kg; ¢ =3:102 is light speed, m/s.

2. The Micro Black Hole (MBH) is offered for this conversion.

3. Also is offered the control fuel guns and radiation reflector for explosion prevention of MBH.

4. Also is offered the control fuel guns and radiation reflector for the MBH control.

5. Also is offered the control fuel guns and radiation reflector for non-contact suspension (levitation)
of the MBH.

6. For non contact levitation of MBH the author also offers:
a) Controlled charging of MBH and of ends of the fuel guns.
b) Control charging of rotating MBH and control of electric magnets located on the ends of the fuel

guns or out of the reflector-heater sphere.

7. The author researches show the very important fact: A strong gamma radiation produced
by Hawking radiation loses energy after passing through the very strong gravitational MBH
field. The MBH radiation can reach the reflector-heater as the light or short-wave radio radiation.
That is very important for safety of the operating crew of the AB- Generator.

8. The author researches show: The matter particles produced by the MBH cannot escape from MBH
and can not influence the Hawking radiation.

9. The author researches show another very important fact: The MBH explosion (hundreds and
thousands of TNT tons) in radiation form produces a small pressure on the reflector-heater (cover
sphere) and does not destroys the AB- Generator (in a correct design of AB-generator!). That is
very important for safety of the operating crew of the AB-generator.

10. The author researches show another very important fact: the MBH cannot capture by oneself
the surrounding matter and cannot automatically grow to consume the planet.

11. As the initial MBH can be used the Planck’s (quantum) MBH which may be everywhere.
The offered fuel gun may to grow them (or decrease them) to needed size or the initial MBH may
be used the MBH produce Large Hadron Collider (LHC) at CERN. Some scientists assume LHC
will produce one MBH every second (86,400 MBH in day). The cosmic radiation also produces
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about 100 MBH every year.
12. The spherical dome of MBH may convert part of the radiation energy to electricity.
13. A correct design of MBH generator does not produce the radioactive waste of environment.
14. The attempts of many astronomers find (detect) the MBH by a MBH exposure radiation will not be
successful without knowing the following: The MBH radiation is small, may be detected only over
a short distance, does not have specific frequency and has a variable long wavelength.

Discussion
Our equations are based upon the assumption /4, = r/ro. If /4, = (r/r, )°° or other relation, the
all above equations may be easy modified. The Hawking article was published 34 years ago (1974)[1]
and since then hundreds of scientific works based in Hawking work appears and no known facts
creates doubt in the possibility of Hawking radiation but neither it is not proven so that the Hawking
radiation may not exist. The Large Hadron Collider has the main purpose to create the MBHs and
detect the Hawking radiation [5].

Conclusion

The AB- Generator could create a revolution in many industries (electricity, car, ship,
transportation, etc.) that allows designing photon rockets and flight to other star systems. The maximum
possible efficiency is obtained and a full solution possible for the energy problem of humanity. These
overwhelming prospects urge us to research and develop this achievement of science.

The articles usefull for thos topics are below in References.
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Chapter 7
Ultra-Cold Thermonuclear Reactor. Criterion of Cold Fusion.

Abstract

All scientists know well: for reaching the nucleus fusion, we need the gigantic temperature in
hundreds millions degrees. Only in this case the kinetic energy of nucleus overcomes the repulsive
electric force of nucleus and connects two initial nucleuses to one new nucleus. In last sixty years,
the goverment spent the tens billion dollars attempting to develop useful thermonuclear energy. But
scientists cannot yet reach a stable thermonuclear reaction. They still are promising publically, after
another 15 — 20 years, and more tens of billions of US dollars to finally design the expensive
workable industrial installation, which possibly will produce electric energy more expensive than
current heat, wind and hydro-electric stations can in 2015.

Author uses the well-known physical laws and shows the other opposed cheap way: very low
temperatures (0.01 + 10K) and high pressure (some thousands or millions of athmospheres) allow
reaching the same results: themonuclear fusion. He uses not kinetic energy of nucleus again
repulsive force of nucleous as in conventional methods. He uses the blocking the repulsive forces of
nucleos by electrons (sphere Debya), very low temperature and high pressure. In current time to
reach these temperature and pressure are easely than hundreds millions degrees by magnetic or
inercial confinement. New method the themonuclear fusion very cheap and allows to use other
thermonuclear fuel which are cheaper and produce the aneutronic reaction. Author offers the new
Criterion for Ultra Cold Termonuclear Fusion.

Keywords: Ultra-cold thermonuclear fusion, Micro-thermonuclear reactor, AB-thermonuclear reactor,
transportation thermonucler reactor, aerospace thermonuclear engine, nucleus fusion.

Main Idea. Theory, Estimations, Criteriuns of Cold Fusion.

Main Idea. Theory, Estimation. Plasma is the micture the positive (nucleus) and negative (electrons)
charges. The energy gives only the fusion of positive (nucleus) charges. The repulsive electric force
overcome the fusion of nucleus. The plasma is used in current nuclear reactors is rare and scientests
convensionaly neglet its influence of electrons in fusion of nucleus.

The nucleos pulse one other but if between them is electron, one blocks the repulsive force. For
example, the electrons in atoms and molecules are block the negative nucleus charge and atom
(moleculas) became neitral. The atoms can overcome one to other. The electrons connect them in
molecules.

Decreasing the distance between nucleous by negative charges are used in muon catalise. The heave
negative muon has orbite radius in 207 times less than conventional electron. One decreases the
dictance (and energy for association) nucleus and allows to connect nucleus. In conventional fusion, the
dictance between nucleuses the scientists try to overcome by high kinetic energy (temperature). The
offer method tries to overcome by electrons and compression of a fuel.

Criterium of Cool Fusion. However, if temperature is very low and pressure is very high, electron
effect become significant. In plasma physics there is Debye radius — distance the charge can come to
other same charge (nucleus to nucleus) not fills its charges (the other electrons are blocked the positive
charge of nucleus). Debye radius is (in SU)
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where &, is electric constant, C%/N'm?; k = 1.38'10°% is Bolzmann constant, J/K; e is charge of electron
1.6:10™%° C; T is temperature of electrons, K; n is number of electrons into 1 m°.

In typical conditions (hydrogen at 1 atm, p = 0.1 kg/m®, T = 300K) the n = p/p'm, = 0.1/1'1.67'10°%" =
6:10”° 1/m°. Jp=1.5410""° m. This is usial radius of atom H (it is closed to electron radius of
molecule Hz r=1.25 10" m).

The radius (length, sphere) of Debye is distance which the nucleus can approach (overcome) one to
other without the repulsive force of same charges. The outer electrons blockade the repulsive forces of
nucleus.

The strong nucleus attactive force of nucleus begine from distance less

d=~2-10"m. (2)
If we can to bring together two nucleus in this distance, we can reach the fusion. Let us substitute this
value (2) to equation (1) and estimate the ratio T/n requested for it.
2 —15\2
I<’1—E’2=wz8.4-1044. Final B :I<8.4-10’34_ 3)
n 69 4761 n
Here B is new critereon, T is temperature of fuel electrons, K; n is number (density) of electrons into 1
m? the fuel.

Final equation B is the first version the criterion of the Ultra-Cool Fusion. It is principal different
from criterium of the inercial fusion pR > 1 (where p is density of fuel. g/cm?, R is radius of fuel
cupsule, cm.). The inercial criterium depends from density and RADIUS of capsule and request
hundred millions of fuel temperature. The offer criterium depends from density and temperature (not
from capsule size). The LOWER temperature is better for cool fusion!

It is more camfortable for estimation when n is presented throw the pressure of fuel:

__b —10°
n_k_l_, p=10°p, , 4)
where p is fuel pressure, N/m?; pa is fuel pressure in atmospheres; k = 1.38-:10%% J/K is Bolzmann

constant. Substitute (4) to (3) we get the criterion (3) in form:
2

T 5
B:—a<0610 . (5)
For exemple, if we cool the fuel D+T at 0.7 K and press 100,000 atm, we can reach thermonuclear
fusion.
We can write criterion (2) throw density of fuel:

-

ﬂ m D ’ (6)
where p is density of fuel, kg/m?; u = m/my is molyar mass (for hydrogen H p = 1, for deiterium D p
=2, fo triteum T p =3); mp = 1.67°10%" kg is mass of proton.
Substitute (6) to (2) we receive Criterium of Cool Fusion in form:

_T -6
B=—<0.25-10 . (7)

Yo
Methods for reaching the need low temperature.
Let us consider the possibility of current thechnology to reach the temperatyry and pressure requested
for thermonuclear fusion.
The low temperature up 0.7K may be reached by pumping of helium vapor. The temperature low
0.3K up 0.001K is reached by magnetic refrigeration. The nuclear magnetic refregeration allow to get
temparature about 10°K. The mixing Helium-3 and Yelium-4 allows to get temperatures low 0.3K.
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In laboratories, a record low temperature of 100 pK, or 1.0 x 10 K in 1999.

The current apparatus for achieving low temperatures has two stages. The first utilizes a helium
dilution refrigerator to get to temperatures of millikelvins, then the next stage uses adiabatic nuclear
demagnetisation to reach picokelvins.

There are many methods of getting low temperatures. For example, Dilution refrigerator:

A ®He/*He dilution refrigerator is a cryogenic device that provides continuous cooling to temperatures
as low as 2 mK, with no moving parts in the low-temperature region.[ll The cooling power is provided
by the heat of mixing of the Helium-3 and Helium-4 isotopes. It is the only continuous refrigeration
method for reaching temperatures below 0.3 K.

Methods for reaching the need high pressure.

In inercial fusion the scientists try to reach the high pressure by shock wive from laser vaporation.
This method is very expensive and not suitable for us. One requests the gigantic instellation (1 + 15B
$), big energy (It has only 1+1.5% efficiency) and works a shot time (10 s). Author offers to use
cheap simple method described below (Fig.4). This method exploids the superhard allows widely used
in industry.

The date (maximum pressure) of super hard allows are presented in Table 1.

Table 1. Vickers hardness some materials.

Material Pressure in atm. | Material Pressure in atm
Diamond | 1150,000 B.C 300,000
c-BC,N 760,000 WB, 300,000
c-BN 480,000 ReB, 200,000
OsB; 370,000 Steel 40X 40,000

As you see from (5) we need pressure p, = 100,000 atm for fuel temperature T = 0.7K.

Description and Innovations of Ultra-Cold Thermonuclear Reactor (fuel cupsule).

Description and work Version 1. The suggested thermonucler fusion instellation (more exactle: work
capsule) is presented in Fig.4. The work cupcule has the strong outer cover 1, explosive 2, pressure
segments 3 (they convert low pressure of explosive 2 to high pressure of segment tip 5) , fuel capsule 4,
tip 5 of segment 3 from hardness material, canals for direct cooling of fuel capsule 6, elastic material
between pressure segment 7.

Fig.4. Ultra-Cold Thermonuclear Fusion Reactor (fuel capsule). Version 1. Notations: 1 - outer strong cover; 2 —
layer of explosive; 3 — compress segment; 4 — fuel pellet; 5 — the tip from the super-hard alloy; 6 — canal for
cooling fuel pellet by cooling liquid or gas; 7 - viscous grease (gasket from elastic material); 8 — pressure from
explosive.


https://en.wikipedia.org/wiki/1_E-12_K
https://en.wikipedia.org/wiki/Dilution_refrigerator#cite_note-1
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Version 1 (fuel capsule) works the next way. The fuel capsules keep in cryogenics vessel (for example
liquid air). Before explosion the pellet gets an additional cooling through canal 6. After explosion the
explosive layer 2, the explosive gas 8 presses to segments 3. The segments 3 increases this pressure in
hundreds times and press by the hardness tips 5 the fuel pellet 4. After explosion the thermonuclear
energy are used as it is described in [1] in thermonuclear reactor, or rocket engine, or weapon.

Description and work Version 2 (Fig.5). This version contains the outer cover 1, heat protection 2
(it may be vacuum); strong cover 3 (it can keep pressure from conventional explosive); fuze net 4;
explosive 5; heat protection 6; thermonuclear fuel pellet 7; cooling canal 8.

Version 2 (fuel capsule) works the next way. The fuel capsules are kept into the cryogenics vessel (for
example, in liquid helium). Before using, the pellet gets an additional cooling through canal 8. After
explosion the explosive 5, the explosive gas presses to pellet 7. After thermonuclear explosion the
thermonuclear energy are used as it is described in [1] in thermonuclear reactor, or MHD generator, or
in rocket engine, or weapon.

The first version allows to get more high pellet pressure up the 1 million atmosphere and relatively
high temperature up 2 K, but capsule has more size (diameter up 2 + 4 sm), mass (5 + 35 g) and needs
in more complex design, having the pressure segments.

The second version needs in less temperature (up 0.6 K) because produces the lower pressure (up
70,000 atm). But one is simplest and has less size (diameter 0.7 + 1.5 sm), and less mass (0.5 + 8 g)
(see estimation below).

Fig.5. Ultra-Cold Thermonuclear Fusion Reactor (fuel capsule). Version 2. Notations: 1 - outer cover; 2 —heat
protection (it may be vacuum); 3 — strong cover; 4 — fuse net; 5 — explosive; 6 — heat protection; 7 — fuel pellet; 8
— cooling canal.

Estimation. Let us estimate the suggested thermonuclear reactor. That is not optimal version. We
demonstrate the method of estimation.
Version 1. Assume the fuel pellet has diameter 2 mm (r = 1 mm). Fuel is D+T. The fuel volume is

\Yj =£7rr3=4.189x13z4.2 mm? ®)
3

Fusion energy of couple nucleus D+T is E; = 17.6 MeV, density of frozen fuel D+T is d = 0.2 g/sm® =
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200 kg/m?, mass of fuel is m = pV = 8.410°° kg. Number of fuel nucleolus and energy is:
M 84.10°
um, 25.1.67-10%
E, =0.5nE, =0.5-2.5-10°"-17.6-10° eV = )
=22-101.6-10"° =35-10% J.
For efficiency coefficient # = 0.3 the received energy is
E =7#E, =0.3-35-10° =10° J ' (10)
If installation produced one explosion in one second, the power is P = 1 Million kW. That is power
average electric station.
If installation is used as a rocket engine and fuel capsule has mass m = 40 g = 0.04 kg, the speed of
exhaust gas and thrust is

1/2 9\0-5
V = 2B\ _( 210 =225 km/s,
m 0.04

T =m-AV =0.04-2.25-10° =9-10° N = 900 kgf
Conventional rocket has speed of exhaust gas about 3 km/s. Offer thermonuclear reactor has exhause
speed in 75 times more. Increasing the frequency the fuel explosive, we can increase the rocket thrust.
That means we can flight easy to any planets of Solar system.
If fugl capsule is used as weapon, its energy equals the 250 kg TNT (for specific energy of TNT =
4.2'10° J).
The initial pressure into pellet, when frozen fuel converted into gas is

L _ 200 _27=4.8-1028i3.
um, 2.5-1.67-10 m

n= =2.5-10%,

11)

p=nKkT, where n,=

(12)
ForT =0.7K, p=4.64-10° lzzSatm
m

Here k =1.38:10" is Boltzmann constant, J/K; n, is number nucleus in 1 m®; p = 200 kg/m? is density
of frized (liquid) fuel in pellet. If compression is made in T = const up p = 100,000 atm, the ratio of
volume compression is ¢ = 10°/5 =20,000 . Final radius of pellet from 1 mm decreases to r = 1/¢'° =
1/27 = 0.037 mm.

The full diameter of the fuel capsule will be about 1+1.5 cm.

Estimation of Version 2.

If we can produce the temperature lower T = 0.6K we can make the more simple fuel capcule
(Fig.5). Conventional explosive be capable of pressure p, = 60,000 + 80,000 atm. For example,
pressure of the explosive TNT having the specific energy E. = 4.2 MJ/kg and density pe = 1654 kg/m®
Is:

p=E.p, =42-10°x1654~7-10° % =70,000atm (13)

That means criterion (5) can be applied and the fuel capsule may be made without additional
segments 3 (Fig.4). Example: For T = 0.5K from (5) we get B-criterion

2
B T _ 0.254 _
p, 7-10
The Version 2 has the pellet radius 0.5 mm. That means one produces in 8 times less power. But fuel
capsule has less size (about 1 cm), less mass (about 3 g) and very simple design.

Other data and problems.
Compressing. In our consideration we assumed, the compressing the fuel pellet after explosion is

—5 —5
0.357-107<0.6-10" (14)
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isothermal process (T = const). In reality one may be closed to adiabatic process (no adding and
deleting heat from environment). For example, let us estimate the heading the pullet cooled up T, =
0.01K and pressed from p; =5 atm up p, = 70,000 atm. The adiabatic process gives in end

compressing the temperature
k-1 1.67-1

ko 10% ) 167
T, = T{&j - 0.01(7 10 j —0.446K . (15)
5

2

Here k is adiabatic rate. This value is from 1 up 1.67. One depends from structure of molecules and
temperature. For isometric process k = 1, for air at room temperature one equals k = 1.4. We take the
worst value k = 1.67.

If cover 6 (fig. 5) of the pellet contains the small granules having Helium-3 and Helium-4, they
mixture in pressing and produce the mixture which has lower temperature than an initial components
and not allows increasing temperature the fuel pellet.

The melding and boiling of Helium and fuel request a lot of energy. The ionization and dissociation of
atom and molecules request the very big energy. That means one melding of Helium (T = 0.95K) stops
the father increasing temperature.

We must use the explosive with low speed of burning; press speed must be less than the sound speed
in fuel mixture in pellet. We must avoid the shock wave, use deeper cooling and protect the pellet from

overheating, for example, by mixture of helium-3 and helium-4.
Below are some data which may be used for estimation.

Helium-4

lonization energies

1st: 2372.3 kJ/mol
2nd: 5250.5 kJ/mol

Physical properties

Phase

Melting point

Boiling point
Density at stp (0 °C and
101.325 kPa)
when liquid, at m.p.
when liquid, at b.p.
Triple point
Critical point
Heat of fusion
Heat of vaporization
Molar heat capacity

Speed of sound

gas

0.95 K (—272.20 °C,
~457.96 °F) (at 2.5 MPa)

4.222 K (~268.928 °C,
~452.070 °F)

0.1786 g/L

0.145 g/cm®

0.125 g/cm®

2.177 K, 5.043 kPa
5.1953 K, 0.22746 MPa
0.0138 kJ/mol

0.0829 kJ/mol

20.78 J/(mol-K)

972 m/s

Hydrogen

Thermal conductivity

lonization energies

Phase

Melting point

Boiling point

Density at stp (0 °C
and 101.325 kPa)

when liquid, at m.p.

when liquid, at b.p.
Triple point
Critical point
Heat of fusion
Heat of vaporization

Molar heat capacity

0.1513 W/(m-K)

1st: 1312.0 kJ/mol

gas

13.99 K (-259.16 °C,
~434.49 °F)

20.271 K (—252.879 °C,
—423.182 °F)

0.08988 g/L

0.07 g/cm®

(solid: 0.0763 g-cm™®)
0.07099 g/cm®
13.8033 K, 7.041 kPa
32.938 K, 1.2858 MPa
(H) 0.117 ky/mol

(H,) 0.904 kJ/mol

(Hy) 28.836 J/(mol-K)


https://en.wikipedia.org/wiki/Kelvin
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Magnetic ordering diamagnetic

Helium-3.

Helium-3 boils at 3.19 K compared with helium-4 at 4.23 K, and its critical point is also lower at 3.35
K, compared with helium-4 at 5.2 K. Helium-3 has less than one-half of the density when it is at its
boiling point: 59 gram per liter compared to the 125 gram per liter of helium-4—at a pressure of one
atmosphere. Its latent heat of vaporization is also considerably lower at 0.026 kilojoules per mole
compared with the 0.0829 kilojoules per mole of helium-4.

Normal fluid *Hal*He

Fermi liquid *He
In superfluid *He

Temperature (K)

Farbidden reglan

«+——— Phasa saparation

a 25 a0 75 100

He concentration (%)

Fig.6. Phase diagram of liquid *He—"He mixtures showing the phase separation.

Thickness of sphere cover. The Variant 2 useful if the sphere outer cover will keep the pressure in long

time. According the Lawson criterion the received energy is proportional the time of reaction. If we can

keep our pressure and temperature a long time, the probability thermonuclear reaction is increased.

It is better, if the cover of fuel capsule must keep the internal pressure after conventional explosion.
Not difficult to get need equation for estimation the thickness and mass M the needed cover. The

author received the next equations:

— R 05 4 RY’
R=?=[£+lj : M=§ﬂ7r3[[?j —1] (16)

where r is internal radios cover sphere, m; R is external radius of sphere, m; y is density of cover,
kg/m; p is pressure after conventional explosive, N/m?; & is safety tensile stress, N/m?.
Property of some materials in Table 4.

Table 4. Property some material which can be used for cover.

Material Ultimate tensile | Density, | Material Ultimate tensile Density,
stress, MPa g/sm® stress, MPa glsm®

Steel (AISI All) | 5205 7.45 Silicon (m-S1) 7000 2.33

Carbon fiber (Torey | 6370 1.80 Carbon nanotube 11,000+63,000 0.037+1.34

+100G)

Zylon 5800 1.56 Grapheme 130,000 1

Example estimation of capsule cover for explosive press p = 710° N/m? and tensile stress ¢ =2.510°
N/m?, r =2 mm.


https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Critical_point_(thermodynamics)
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— R %5 7.10° oe
R:_:[£+1) =( 09+1] 3.8 ~2 R=4m,

251
3
M = %72'7/ r3[[5j - }: %3.14-7450- (2-10°)*[2° ~1]=1.75-10° kg ~ 2 g. (16)
r
Consequently, the diameter cupsule-2 is about 8 mm.

Discussion

About sixty years ago, scientists conducted Research and Development of a thermonuclear
reactor that promised then a true revolution in the energy. Existing thermonuclear reactors are very
complex, expensive, large, and heavy. They cost many billions of US dollars and require many
years for their design, construction and prototype testing.

For example, formation of the ITER Tokomak started in 2007 and the building costs are now over
US $14 billion as of June 2015, some 3 times the original figure. The facility is expected to finish its
construction phase in 2019 and will start commissioning the reactor that same year and initiate
plasma experiments in 2020 with full deuterium-tritium fusion experiments starting in 2027. If
ITER becomes operational, it will become the largest magnetic confinement plasma physics
experiment in use, surpassing the Joint European Torus. The first commercial demonstration fusion
power plant, named DEMO, is proposed to follow on from the ITER project.

The resulting design, now known as the National Ignition Facility, started construction at LLNL in
1997. NIF's main objective will be to operate as the flagship experimental device of the so-called
nuclear stewardship program, supporting LLNLSs traditional bomb-making role. Completed in
March 2009, NIF has now conducted experiments using all 192 beams, including experiments that
set new records for power delivery by a laser. The first credible attempts at ignition were initially
scheduled for 2010 but ignition was not achieved as of September 30, 2012. As of October 7, 2013,
the facility is understood to have achieved an important milestone towards commercialization of
fusion, namely, for the first time a fuel capsule gave off more energy than was applied to it. This is
still a long way from satisfying the Lawson criterion, but is a major step forward.

Many other magnetic reactors cannot stably achieve the nuclear ignition and the Lawson
criterion. In future, they will have a lot of difficulties with acceptable cost of nuclear energy, with
converting the nuclear energy to conventional energy, with small thermonuclear installation suitable
for transportation or space exploration. Scientists promise an industrial application of thermonuclear
energy after 10 — 15 years additional researches and new billions of US dollars in the future. But old
methods not allow to reach it in nearest future.

In inertial confinement many scientists thought that short pressure (10”° — 10" s), which they
can reach by laser beam, compress the fuel capsule, but this short pressure only create the shock
wave which produced the not large pressure and temperature in a limited range area in center of fuel
capsule. The scientists try to reach it by increasing NIF, but plasma from initial vaporarization the
cover of fuel capsule does not allow to delivery big energy. After laser beam, the fuel capsule is
“naked” capsule. Capsule cannot to keep the high-energy particles of the nuclear ignition and loss
them. Producing the power laser beam is very expensive and has very low efficiency (1 - 1.5%).

The author offers the new method the fusion of nucleuses. The old method try to reach very high
speed of nucleus (very high temperature — in hundreds millions degree). The high kinetic energy of
nucleus must overcome the repulsive force of nucleus. Author the blocks the repulsive force of
nucleus by sphere Debye which allows to approach the nucleus distance when nucleus force
produce the fusion. The very low temperature and high pressure decreases the Debye length for
need value. The nucleus oscillations goes not depend from temperature and help the fusion.

The offered method possible allows to use reaction D+D (instead D+T) with cheap nuclear fuel D
(Tritium is very expensive — about 20,000 USD for 1 g).


https://en.wikipedia.org/wiki/DEMO
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Conclusion

The author offers a new Method fusion in thermonuclear reaction and Installation for it. Author
uses the well-known physical laws and shows the other opposed cheap way: very low temperatures
(0.01 + 10K) and high pressure (some thousands or millions of atmospheres) allow to reach the
same results in thermonuclear fusion. He uses not kinetic energy of nucleus again repulsive force of
nucleus as in conventional methods. He uses the blocking the repulsive forces of nucleus by
electrons (sphere Debye), very low temperature and high pressure. In current time to reach these
temperature and pressure are easily than hundreds millions degrees by Magnetic or Inertial
Confinement. New method the thermonuclear fusion very cheap and allows to use other
thermonuclear fuel which are cheaper and produce the aleuronic reaction.

The offered reactor is small, cheap, may be used for cheap electricity, as engine for Earth
transportation (train, truck, sea-going ships, aircraft), for space apparatus and for producing small
and cheap and powerful weapons. Author offers the new Criterion for Ultra Cold Thermonuclear
Fusion.

Useful data for estimation are in [1]-[3].
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Chapter 8
Tritium Fusion: A Mistakefor Thermonuclear Energy*

Abstract

For the past sixty years, scientists have spent approximately one hundred billion dollars in an attempt
to develop tritium thermonuclear energy. They were unsuccessful. No stable thermonuclear reactions
were achieved. Current plans are to design an expensive, but workable industrial installation. It will cost
tens of billions of US dollars and will possibly only begin to produce electric energy 15 — 20 years from
now. Even if the new designs were viable, they are economically unfeasible. Currently, Tritium is used
for fusion ignition because the tritium-deuterium thermonuclear reaction (T+D) has the lowest ignition
temperature (=100 million degree) in contrast to deuterium thermonuclear reaction (D+D) which has a
fusion ignition temperature 50 - 100 times hotter. This paper demonstrates that because tritium fuel is
very expensive ($30,000/gram and more), the electricity generated by the tritium thermonuclear reactor
will cost (= $1/kwh), at least 10 times more than conventional sources of energy (= $0.1/kwh, 2015).
Even using Li-6, Li-7 blankets to breed tritium from fusion reactions cannot be a full solution, because,
as we will show, they can only restore a maximum of 30% of the expensive tritium fuel. Hundreds of
billions of dollars were spent in vain over the past sixty years for R&D of tritium fusion. It is the
costliest mistake in the history of science! Research and Development (R&D) of huge, very expensive
tritium fusion installations should be abandoned and in its stead, develop viable and economically
feasible, inexpensive, small reactors that use deuterium fuel and high temperatures. That decreases the
fuel cost by 30,000 times. Viable designs of small thermonuclear reactors have been offered by senior
author in [8,9] where an analysis of the problems with the various configurations of the new small and
cheap fusion reactors are detailed therein.

* This Chaiter 8 is written together with Zarek Newman.
Keywords: Cost of thermonuclear fuel, Cost of thermonuclear energy, Cost of thermonuclear reactor.

INTRODUCTION

About sixty years ago, scientists conducted Research and Development of a thermonuclear reactor
that promised then a true revolution in the energy industry and, especially, in aerospace. Using such
reactor, aircraft could undertake flights of very long distance and extended periods of time
significantly decreasing the cost of aerial transportation, freeing us from the reliance on ever-more
expensive imported oil-based fuels.

Unfortunately, this task is not as easy, as scientists thought early on. Fusion reactions require a
very large amount of energy to initiate in order to overcome the so-called Coulomb barrier or fusion
barrier energy. The key to practical fusion power is to select a fuel that requires the minimum
amount of energy to start, that is, the lowest barrier energy. The best fuel from this standpoint is a
one-to-one mix of deuterium and tritium (D —T); both are heavy isotopes of hydrogen. The D - T
mix has suitable low barrier energy. In order to create the required conditions, the fuel must be
heated to tens of millions of degrees, and/or compressed to immense pressures. Tritium, however, is
very expensive.

Brief Information about Thermonuclear Reactors

Fusion power is useful energy generated by nuclear fusion reactions. In this kind of reaction, two light
atomic nuclei fuse together to form a heavier nucleus and release energy. In order for a reactor to be
viable it must be able to reach ignition stage, that is, when the heating of the plasma by the products of
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the fusion reactions is sufficient to maintain the temperature of the plasma against all losses without
external power input. The conditions needed for a nuclear fusion reactor to reach ignition stage is the
"triple product™ of density, confinement time, and plasma temperature T. In order to create the required
conditions, the fuel must be heated to tens of millions of degrees, and/or compressed to immense
pressures. The key to practical fusion power is to select a fuel that requires the minimum amount of
energy to fuse, that is, the lowest barrier energy. The best-known fuel from this standpoint is a one-to-
one mix of deuterium and tritium; both are heavy isotopes of hydrogen. The D-T mix has a low barrier.
For the D-T reaction, the physical value is about L= n77> (10°°- 10 ?*) in CI units, where T is
temperature, [KeV], 1 eV = 1.16x10" K; n is matter density, [1/m°]; z is time, [s]. The thermonuclear
reaction of 2H + °D realizes if L >10% in CI (meter, kilogram, second) units. This number has not yet
been achieved in any fusion reactor.

At present, D-T is used by two main methods of fusion: inertial confinement fusion (ICF) and
magnetic confinement fusion (MCF)--for example, tokamak device.

In inertial confinement laser fusion (ICF), nuclear fusion reactions are initiated by heating and
compressing a target. The target is a pellet that most often contains D —T (often only micro or
milligrams). Intense focused laser or ion beams are used for compression of the pellets. The beams
explosively detonate the outer material layers of the target pellet. That accelerates the underlying target
layers inward, sending a shockwave into the center of each pellet mass. If the shockwave is powerful
enough, and if high enough density at the center is achieved, some of the fuel will be heated enough to
cause fusion reactions. In a target, which has been heated and compressed to the point of thermonuclear
ignition, energy can then heat surrounding fuel to cause it to fuse as well, potentially releasing
tremendous amounts of energy.

Magnetic confinement fusion (MCF). Since plasmas are very good electrical conductors, magnetic
fields can also be configured to safely confine fusion fuel. A variety of magnetic configurations can be
used, the basic distinction being between magnetic mirror confinement and toroidal confinement, the
most popular designs being tokamaks and stellarators.

Short history of ICF thermonuclear fusion. Serious attempts at an ICF design was Shiva, a 20-armed
neodymium laser system built at the Lawrence Livermore National Laboratory (LLNL) in California
that started operation in 1978. Shiva was a "proof of concept” design, followed by the NOVA design
with 10 times the power. Although net energy can be released even without ignition (the breakeven
point), ignition is considered necessary for a practical power system. The resulting design, the National
Ignition Facility (NIF), commenced construction at LLNL in the early 1990s, was six years behind
schedule and over-budget by some $3.5 billion. Like earlier experiments, NIF failed to reach ignition
and is, as of 2015, generating only about 1/3rd of the required energy levels needed to reach full fusion
stage of operation.

Laser physicists in Europe have put forward plans to build a £500m facility, called HIiPER, to study a
new approach to laser fusion: a "fast ignition™ laser facility would consist of a long-pulse laser with
energy of 200 kJ to compress the fuel and a short-pulse laser with energy of 70 kJ to heat it. Basic data
on a few of the current inertial laser installations:

1. NOVA uses laser NIF (USA), has 192 beams, impulse energy up 120 kJ. Can reach density of 20
glem®, speed of cover is over 300 km/s. NIF has failed to reach ignition and is, as of 2013,

generating about 1/3rd of the required energy levels. NIF cost is about $3.5B.

2. YiPER (EU) has impulse energy of 70 kJ.

2. OMEGA (USA) has impulse energy of 60 kJ.

3. Gekko-XII (Japan) has impulse energy of 20 kJ. Can reach density of 120 g/cm?®.

4. Febus (France) has impulse energy of 20 kJ.

5. Iskra-5 (Russia) has impulse energy of 30 kJ.

The largest current nuclear fusion experiment, JET, has resulted in fusion power production somewhat
larger than the power put into the plasma, maintained for a few seconds.
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The most well-known project of magnetic fusion is ITER. ITER (International Thermonuclear
Experimental Reactor) is an international nuclear fusion research and engineering mega project, which
will be the world's largest magnetic confinement plasma physics experiment. Construction of the ITER
Tokamak complex started in 2013 and the building costs are now over US$14 billion as of June 2015.
ITER began in 1985 as a Reagan—Gorbachev initiative and expected completion is in 2027. ITER
reactor alone requires about one billion annually.

Similar projects. Other planned and proposed fusion reactors include DEMO, Wendelstein 7-
X, NIF, HIPER, and MAST, as well as CFETR (China Fusion Engineering Test Reactor), a 200 MW
tokamak.

Cost of Tritium Thermonuclear energy.

Cost. The lowest fuel ignition temperature for thermonuclear reaction is a mixture (ratio of
weight 60%+40%) of tritium + deuterium (T+D). This temperature is tens of millions of degrees but
it is still easier to attain than other possible fuels (for example D+D) which have ignition
temperatures 50 - 100 times hotter than T+D fuel.

All present thermonuclear installations use tritium (T+D) fuel but they cannot reach the required
temperature.

Tritium is very expensive: Currently it costs $30,000/gram [1]!

Deuterium is produced from seawater. It is cheap: Currently it costs about $1/gram.

Let us estimate the cost of energy produced from one milligram tritium (10°® kg). As the cost of
deuterium is negligible, it is insignificant for these computations. The estimation is very simple. We
will give a detailed computation that will make it easy to understand.

Thermonuclear energy of two nuclei T+D is E; = 17.6 MeV = 17.610%1.6:10%° = 2.810™ J
T +D — “He (3.5 MeV) + n (12.1 MeV). (1)

One milligram of T contains this many nuclei:

M ¢
N= ! = 10 —=21-10"
pm o 3-1.6-10°7

(2
where M = 107 kg is mass of one milligram; pt is number of nucleons)in nucleus (in T, u =3; in D, 1
=2); my=1.6.10 "kg is the mass of one nucleon.
Helium energy *He (3.5 MeV) from (1) is easy to convert to heat. However, it is only 3.5/17.6 =
20% of the total nuclear energy. The neutron energy n (12.1 MeV) is difficult to harness, because
the neutron has large penetration ability (tens of cm) and reacts with matter producing harmful
radioactive isotopes.
The reaction probability is characterized by the cross section. Typical thermonuclear cross sections
of main fuel particles are shown in fig.1.

The conventional heat engine has the efficiency coefficient of about » = 0.3. The total efficiency
coefficient may be as low as 0.20.3 = 0.06. We will take the reactor efficiency n = 0.2. The total
thermonuclear energy of one milligram of tritium is

E=ENp=28-10"21-10"02=12-10°J (3)


https://en.wikipedia.org/wiki/National_Ignition_Facility
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Fig.1. Thermonuclear cross section reaction of D+T, D+D (1), D+D (2), D+He, and p+B vs kinetic energy E

[Kev] of the particles.

One kilowatt-hour has the energy En= 10*3600 =3.6:10° W/h. Therefore, one milligram of tritium
with the proper T+D ratio gives

E 12400
c== 1210

——— =33.3 kwh

E, 36-10" 4)
Using current cost of $30,000/gram, one milligram of T costs $30 so we get 33.3 kwh of tritium
thermonuclear energy. One kwh will cost

¢ =29 _ 0.9 dollars/kwh
333

()
Currently, electric energy costs about 9 cents/kwh. That is the average price from conventional
sources (gas, oil, water, wind, solar: 4+14 cents/kwh, see [8] - [9]).

Value (5) is 10 times MORE than the current cost of energy. What did the best nuclear scientists
who spent billions of dollars over tens of years accomplish? To get energy that is ten times more
expensive than the present? And in addition, assuming that all of the above is free, you have to deal
with the problems of radioactive waste and security. And even if we breed tritium with lithium
blankets, we will show that the cost of tritium energy will still be three-four times more than the
cost of current non-nuclear energy.

But is it possible that in the future the cost of tritium will decrease? Researchers predict the cost of
tritium will increase. Currently tritium is produced in nuclear reactors as a by-product and its
customers are mostly the thermonuclear research laboratories. It is very expensive. Now tritium
costs $30,000/gram [1]! In the future, it is expected to cost $84,000+130,000/g (400,000 +
1,900,000 $/g, 2033) [2]. That increase in price inexorably raises the cost (5) of tritium energy by
several times. It will not be acceptable as a viable power source. The only hope for a lower cost
would be that a dedicated tritium production technology emerges that makes tritium at a cheaper
cost than the present. The default, however, is that price will rise.

Note, we estimated only part of the full cost of tritium fusion energy, namely the cost of fuel.
Gigantic thermonuclear installations, employing highly qualified staff, and additional required R&D
further increase the cost of electricity produced by tritium.
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Presently tritium is produced mainly from heavy water moderators in nuclear reactor. Processing
several thousand tons of heavy water to extract only a few kg of tritium. Scientists working with
current tritium reactors argue that Tritium fusion facilities will be able to produce more tritium than
it consumes by means of lithium breeder blankets. Thus, the cost of tritium will decrease.

Upon closer scrutiny, however, this argument fails. We will subsequently consider neutron loss. But
even assuming negligible loss, tritium reactors produces high energy neutrons. Capturing these
neutrons requires a very thick lithium blanket. Also, the consumption of nuclear fuel is very small.
Both of these factors makes the concentration of tritium in lithium very small on the order of some
kg Thisonly increases the cost of its extraction and overall raises the price of tritium.

We will consider breeder blankets in more detail below.

Detailed consideration of tritium production in ICF

Possible candidates for fusion fuel include deuterium (D, ?H) and tritium (T, *H) as well as helium-3
(*He). These are not the only candidates, many other elements can also be fused together, but the larger
electrical charge of their nuclei requires a much higher temperature for ignition. Only the fusion of the
lightest elements is seriously considered as a future energy source. Although the energy density of
fusion fuel is even higher than that of fission fuel, and fusion reactions sustained for a few minutes have
been achieved, utilizing fusion fuel as a net energy source remains only a theoretical possibility.

The easiest nuclear reaction which requires the lowest energy, is (1). This reaction is common in
research, industrial and military applications, usually as a convenient source of neutrons. Deuterium is a
naturally occurring isotope of hydrogen and is commonly available. The large mass ratio of the
hydrogen isotopes makes their separation easy compared to the difficult uranium enrichment process.
Tritium is a natural isotope of hydrogen, but because it has a short half-life of 12.32 years, it is hard to
find, store, produce, and is expensive. Consequently, the deuterium-tritium fuel cycle requires the
breeding of tritium from lithium using one or two of the reactions (6) (we will show that the second
reaction is uncommon):

n+°Li — *He (1.92 MeV) + T (2.58 MeV), n(>2.5MeV) +Li= *He+T+n’. (6)

The reactant neutron is supplied by the D-T fusion reaction shown above (1), and the one that has the
greatest yield of energy. The reaction with °Li is exothermic, providing a small energy gain for the
reactor. The reaction with "Li is endothermic and though it does not consume the neutron. In order to
have any type of gain in neutron production at least some "Li reactions must take place to replace the
neutrons lost to absorption by other elements. Most reactor designs use the naturally occurring mix of
lithium isotopes.

Several drawbacks are commonly attributed to D-T fusion power:

1. It produces substantial amounts of neutrons that result in the neutron activation of the reactor
materials.

2. Only about 20% of the fusion energy yield appears in the form of charged particles with the
remainder carried off by neutrons, which limits the extent to which direct energy conversion
technigques might be applied.

3. It requires the handling of the radioisotope tritium. Similar to hydrogen, tritium is difficult to
contain and may leak from reactors in some quantity. Some estimates suggest that this would
represent a fairly large environmental release of radioactivity.


https://en.wikipedia.org/wiki/Tritium
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The neutron flux expected in a commercial D-T fusion reactor is about 100 times that of current
fission power reactors. This poses great problems for material design. To illustrate this point, after a
series of D-T tests at JET, the vacuum vessel was sufficiently radioactive that remote handling was
required for the year following the tests.

Production and demand of tritium.

According to the 1996 report from the Institute for Energy and Environmental Research, only 225 kg
(496 Ib.) of tritium has been produced in the United States since 1955. At the time of the report, only
about 75 kg (165 Ib.) remained due to its continual decay into helium-3.

Special heavy water reactors at the Savannah River Site produced tritium for American nuclear
weapons until their closures in 1988. With the Strategic Arms Reduction Treaty (START) after the end
of the Cold War, the existing supplies were sufficient for the smaller stockpile of nuclear weapons for
some time.

The production of tritium was resumed with lithium irradiation rods at the reactors of the
commercial Watts Bar Nuclear Generating Station in 2003—-2005 followed by extraction of tritium from
the rods at the new Tritium Extraction Facility at the Savannah River Site beginning in November 2006.

Canada has 21 heavy water reactors (CANDU reactors) that produce significant amounts of tritium
(2.5-3.5 kg) for civilian applications and is the only source of non-military tritium.Tritium is produced
in heavy water-moderated reactors whenever a deuterium nucleus captures a neutron. This reaction has
a quite small absorption cross section, making heavy water a good neutron moderator, and relatively
little tritium is produced. Even so, cleaning tritium from the moderator may be desirable after several
years to reduce the risk of its escaping into the environment. The company Ontario Power Generation
formerly known as "Ontario Hydro" in Darlington commissioned a Tritium Removal Facility

(TRF) for the isolation of the isotope from the heavy water moderators. This facility chemically
extracts tritium from the moderator water of all of Ontario Power Generation's CANDU reactors, using
a two-stage process. Stage 1 is a vapor phase catalytic extraction (VPCE) process which extracts the
tritium in vapor form. Stage 2 is a cryogenic distillation process which then distills the tritium at low
temperatures and immobilizes it. They can process up to 2,500 tons of heavy water a year, and separate
out about 2.5 kg (5.5 Ib.) of tritium, with a purity greater than 98%, making it available for other uses.
The CANDU are mostly scheduled to retire around the year 2025.

Large amounts of tritium are required for experiments and testing of thermonuclear power facilities.
For example, to run ITER will require a minimum of about 3 kg of tritium. The start of the DEMO wiill
need 4 -10 kg. Hypothetical tritium reactor would consume 56 kg of tritium to produce 1 GW of
electricity per year, while global stocks of tritium for 2003 were a total of 18 kg.

Estimation of the tritium production by T+D ICR reactors.

Some scientists think: T+D Reactors are capable of producing more tritium than they consume.
They show thereactions:

n+°Li — “He (1.92 MeV) + T (2.58 MeV), n (>2.5MeV) + 'Li= *He + T+n’. (6)

Cross sections of thesereactions are in fig.2.
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Fig.2. Cross section for reaction ®Li(n,a)°H, "Li(n,na)®H, °Be(n,2n), Pb(n,2n). Other important cross sections
include elastic and inelastic scattering cross sections for Li, Be, Pb, needed for the slowing down (moderation) of
the 14 MeV primary neutrons and neutron absorption cross sections for structural material (Figure from M.
Sawan).

Let us consider this suggestion in more detail.
Tritium production by T+D reactor may be represented by the equation:

i=6
n= Zﬂi -
= )

Where 7 is the relative remainder of the total neutrons after loss (which dictates the amount of tritium
able to be produced);#; is the remainder in local stages (regions).

But before we estimate the losses in each of the stages we will show the impossibility of achieving
n > 1 by showing the unlikeliness of the second reaction in (6). Let us consider the ideal case where
there is no loss except from collisions of neutrons with other particles. The average neutron loses
most of its energy in scattering (elastic collisions which converts its kinetic energy to heat)
BEFORE making any useful inelastic absorptioncollisions (the second equation in (6)).

Number of collisions the moving neutron has with the surrounding motionless particles for a given
loss of energy is (see Kikoin [10], p. 924):

(A" ALy 1) E,

=1+ , Ln—2,
2A A+l £ E @)

WhereNis number of collisions; A is nuclear number of motionless particle; E; is the initial energy
of neutron, MeV; E; is the final energy of the neutron, MeV.
For ’Li the value A = 7, maximum E; = 14.1 MeV, minimum E; = 2.5 MeV. So N = 6.65 .
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Let us estimate the probability of an absorption collision with Li-7. For E =5 MeV the cross
section of neutron scattering by Li-7 and Li-6 is about & ~ 1 barn (1 barn = 10** cm?) [10] p.904.
For Li-7 absorption ¢ = 0.15 barn. Consequently, free paths/ = 1/no before a scattering collision is
19 cm, before an absorptioncollision with the 50% Li-7 the free paths is 292 cm. Before colliding
with Li-7 the neutron has Ns =292/19 = 15 scattering collisions with Li before an absorption
collision with Li-7 and has already lost enough kinetic energy that it is below the required minimum
of 2.5 MeV. That means that the probability of a reaction with Li-7 is close to zero (1/15) and < 1.
We will show that it is closer toy = 0.31.This shows how the breeder reactors possessings> 1lis not
possible even though all of them produce additional neutrons from the first reaction in (6).

As for the neutron n’ produced in the second equation of (6), it is possible to show that its energy
will be E = 1.45 MeV and cannot take part in a reaction with Li-7.

Let us now give a detailed estimate of the losses in theximain stages(fig.3):

TD C1

Fig.3. Loss of tritium in breeder production in T+D nuclear ICF reactor. Notations: 1 —nuclear reaction zone;
2 — neutron produced from reaction (1); 3 — strong spherical wall that can containthe very high nuclear
pressure and temperature; 4 — layer (zone, area, mixture) of the Li-6 and Li-7 “blanket” (used as retardant,
tritium manufacturer, heat transfer agent); 5 — outer spherical wall (possible neutron reflector); 6 - moving
mixture 4 totritium extraction factory (once per 2 — 3 years); 7 — tritium extraction factory (plant); 8 — slow
neutrons moving in radial direction; 9 - slow neutrons moving perpendicular to the radius; 10 — thickness ¢ of
mixture 4.

1) 1 is the percentage of fuel that is actually fused during the thermonuclear reaction. Reaction
speed is linearly dependent on density of the fuel components. Reaction speed decreases when fuel
density decreases and practically stops when the plasma has considerably expanded. The
combustion time of ICF reactor is very small (about 107 s). All of the tritium cannot undergo
combustionduring this short time and some tritium is lost by incomplete combustion. We take 7, =
0.7 (70% combustion).

2) 1218 the fraction of neutrons that managed to get past sturdy wall 3. This strong, thick wall must
contain the high pressure and temperature of the small nuclear explosion. The wall absorbs part of
the neutrons and producesradioactive isotopes. These harmful isotopes force the replacement of the
reactor every 1 — 2 years. The fraction of neutrons not absorbed by wall 3 is 7, = 0.8.

3) 4 (fig.3) is the area of the Li-6 and Li-7 blanket. The blanket serves a few purposes. It is used as
the retardant, the tritium manufacturer and the heat transfer agent. As an example, we consider the
mixture50% Li-6 and 50% L.i-7 and reactions (6). The second reaction (with Li-7) in (6)requires a
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neutron with minimum Kineticenergy of 2.5 MeV. That means thatif the remainder of the neutron’s
kineticenergy after its dissipation collisions is lower than 2.5 MeV, this reaction cannot be initiated
and the energy is used to heat the lithium.

We use thefollowing data for our estimation:

Li-6. If neutron has energy E=10 MeV, Li-6 cross section area is ¢ = 2.5°10° barns (1 barn = 10"
*em?) (Fig. 2), and mileage (free path) | = 1/ns = 750 cm (here mixture density n = 5.33:10%
1/cm®). This mileage is very big and the layer 10 must be very large. That means, we must use
the mix in with the Li-6 an efficient retardant or have a very thick blanket. If E = 0, the Li-6 cross
section is huge withe = 940 barns, mileage of neutronl = 0.02 cm which makes it an efficient
retardant.

Li-7. If neutron has energy E=10 MeV, Li-7 cross section area is ¢ = 3.5.10" barns and mileage

| =73 cm. If E = 0, theno = 0 barns because the reaction cannot occur since the neutron lacks the

required energy.

Ratio of remaining neutrons is 3 =~ 1 with no gain.
Cost of lithium is 270 $/kg (2015).

4) Let us estimate the neutrons leak through walls 3, 5. Assume that only wall 5 has the neutron
reflector with albedo a = 0.5 (wall 3 cannot have reflector), for neutron 2 from 6 directions we get
the coefficient of neutron leak from zone 4:

11
—1-lZ24+21—a)|= ) 9
n,=1 [6+6(1 a)} 0.75 €)

The cost of a beryllium reflector is 4480 $/kg.

5) The loss of tritium in decay. The lithium blanket is located in the reactor for a minimum of two
years. Tritium half-life is 12.3 years. That means the average remainder coefficient is about s =1 -
1/12.3 =0.92.

6) The loss of tritium in extraction. Tritium extraction is a specialized technology and a very
expensive manufacturing process. But even at best we cannot hope to make a full tritium extraction.
A realistic extraction coefficient is about ng = 0.9.

The result, we get the relative tritium (after more than two years) according to (7):
n = ninansna nsne = 0.70.810.750.920.9 = 0.35< 1. (10)

That means we can only restore 1/3of initial amount of tritium and its cost will be about current
price.

In 2011, the US Department of Energy (DOE) after expending billions of dollars for R&D of
nuclear energy financed the JASON organization to estimatewhether tritium reproduction of #=1 is
feasible. In report [3] (without authors??) JASON wrote that the correct installation (reactor) can
havey = 1.04 + 1.10, i.e. reactor may produce 4 + 10% more tritium then it consumes during 2 + 3
years of operation. In ten years, it would produce an excess in the range of 1.04*%?= 1.21 to 1.1*%% =
1.61, i.e. JASON hopes to get 21% to 61% excess tritium after 10 years of operation. They proposed
to buy tritium for 10,000 + 30,000 $/gram and sell it for 100,000 $/gram (?) and concluded that the
income of the electric station from tritium production will be 10 times more than the income from
electricity. Currently, in order to getl gram of tritium we must spend 10 times more energy than
what we can get from nuclear reaction (1)(T+D — *He+n).

The JASON estimation is wrong because they do not account for many losses in (10). The detailed
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analysis shows the probability of reaction ‘Li + n + 2.5 MeV — T + 20+ n’ (7) is very small
(<1/15).

JASON also suggested that adding trace amounts of°Be or Pbto the lithium can act as neutron
multipliers increasing the overall tritium production.This cannot work, however, because their
reactions request high negative additional energy of neutron (3 — 10 MeV):

n+°Be +3 MeV —2a+n’+n”, n+Pb+ 10 MeV — Pb +n’+n”. (11)

The energy required for these reactions makes them rareoccurrences. Neutrons lose energy very
quickly in scattering collisions and are very soon under the 3 MeVthresholds. The probability of
these reactions taking place while the required negative energy is above these values (3 MeV, 10
MeV) is very small. (0.01 — 0.02).

If a fusion station would be designed specially to produce tritium it will lose more energy than is
produced since #<1. Furthermore, the extraction of the tritium from the lithium “blanket” requires a
specialized factory which consumes more energy than is produced by the obtained tritium. Scientists
have been experimenting with tritium since 1960, but cannot get excess tritium (> 1) by reactions

(6).

It may be said that the efficient electric station is abad tritium production plant. The good tritium
production plant is an inefficient electric station.
Summary: In reality, the cycles (1), (6) produce much less tritium than it consumes (<1).

Alternative methods of fusion

Every year about one billion dollars is expended in building ITER, a gigantic installation which
will produce very expensive energy tens of times more expensive then what we have now. It is
expected to begin to generate electricity in another 10 — 15 years after expenditure of additional tens
of billions of dollars. Comparable situations exist in current tritium installations in other countries.

We must stop the profligate fundingof these expensive tritium thermonuclear installations. We
must not, however, stop R&D of thermonuclear energy. Our attention and funding must be focused
on new ideas and designs using small cheap thermonuclear installations and cheaper fuel. Some
designs of these smallthermonuclear reactions are presented in [4-9].

At present in order toreachthe high temperature needed for fusion,scientists use expensive laser
pressure (ICF) or heating by an electric currentin one direction(MCF). Theauthor [8] offers using
direct fuel heating by means of electric field and opposed fuel jets. That allows to get very high fuel
temperature (up to a billion degrees). In articles [4]-[7] the author offers cumulative explosion to
attain high-pressure and electric heating necessary for fusion.

Brief information about the current cost of thermonuclear fuel is presented below:

e Tritium. Only certain specially designed nuclear reactors can produce it. Presently Tritium cost
is 30,000 $/g [1]. In the future, the expected cost will be from 84,000+130,000 $/g (up to
400,000+1,900,000 $/g)[2].

e Deuterium. Seawater contains deuterium. Mean abundance in ocean water (from VSMOW)
155.76 £ 0.1 ppm (a ratio of 1 part per approximately 6420 parts), that is, about 0.015% of the
atoms in a sample (by number, not weight). The World produces tens of thousands of tons in
year. Cost 1 $/g.

e Helium-3. Very rare isotope currently cheaper than it would be because of natural gas
production. Helium-4 contains 1.3*10°/1 of the Helium-3. Cost is 30,000 $/g now.

e Lithium 6 -7. Natural mixture (Li-7 92%, Li-6 8%) costs 270 $/kg.

e Boron. Cost 11,140 $/kg.
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e Beryllium. Cost 4480 $/kg.

e Uranium-238 Naturally contains 0.7% of Uranium-235. Natural uranium costs 90+250 $/kg.

e Plutonium-239. Costs 5600 $/g.

As you can see the thermonuclear fuel D+D is the cheapest (by 30,000 times!). Moreover, the
reaction D+D produces less and lower energyneutrons. However, D+T has the lowers temperature
for thermonuclear reaction/low reactivity.

The required temperature for most of the thermonuclear fuels is around 100 times more than for
T+D. That is why it is a popular choice for ignition experiments.

How did it happen that scientific community did not take into account the estimated cost of tritium
energy?

Perhaps discussions about the future cost of thermonuclear energy was discouraged via articles not
published. Or maybe it was simply assumed that the cost of the thermonuclear energy will be cheap.
Perhaps it was assumed that in the future fossil fuel will become prohibitively expensive. Or maybe
the assumption is that while expensive today, there would be in the future cheaper ways to produce
tritium.

How much cheaper must tritium be to compete with coal? Currently by EIA figures 1 kwh takes
about 1.8 cents of coal at $40/ton, To be competitivewith coal Tritium would need to be around 40-
45 times cheaper or ~$750 a gram. Using current cost of $30,000/gram, one milligram of T costs
$30 and can produce 33.3 kwh of tritium thermonuclear energy. One kwh will cost

¢ = 30 = 0.9 dollars/kwh
33.3

Even if the cost of Tritium could be cheaper, current approaches are still left with the problem of
thermonuclear ignition and the problems which appear in MCF (non-stable of plasma) and laser ICF
(uneven compression). The present solution to these problems require gigantic, very expensive
installations which provide stable jobs for scientists for many years to come.

But perhaps the approach for thermonuclear ignitions (MCF, laser ICF) was based upon a wrong
assumption. Ignition by pressure (very strong magnetic field in MCF or rocket evaporation in laser
ICF) have low efficiency and are very expensive methods. The strong magnetic field requires
superconductivity and very low temperature. The laser pressure requires powerful lasers with low
efficiency. The temperature of the liner increases from shock waves and in time the liner will need
replacement along with many other components. To reach the desired temperature and pressure is a
very difficult challengewith current technology.

Among the authors new ideas to achievefusion, are new methods to achievehigh temperature. This
is a more efficient strategy of increasing the nuclear reactivity. In the temperature range from 10 to
100 million degrees, increasing the temperature by 10 times increases the thermonuclear reactivity
by thousands of times. Increasing the pressure (density of nucleus) by ten times increases the
thermonuclear reactivity only by ten times.

Temperature significantly increases the probability of thermonuclear reaction and produces fuel that
can be used for other reactors. We canuse inexpensive fuel to produce small neutrons, large protons,
expensive elements, including tritium which can be a fuel for thermonuclear reactors. civil and
military industry.

Some of new fusion ideas previously proposed (for example, ultra-cold fusion [6]), are very
flexible in the nuclear fuels they can use and are not reliant solely on tritium.

Discussion

Existing thermonuclear reactors are very complex, expensive, large, and heavy. They cost many
billions of US dollars and require many years for their design, construction and prototype testing.
They cannot stably achieve nuclear ignition and the Lawson criterion. In the future, they will have
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great difficulty justifying the high cost of nuclear energy, the additional cost of converting the
nuclear energy to conventional energy, and greater difficulty in designing a small thermonuclear
installation suitable for transportation or space exploration. While scientists optimistically promise
an industrial application of thermonuclear energy (for T+D) after 10 — 15 years which hinge upon
additional research and even morefunding of billions of US dollars in the future, in the near future
these old methods will not have any industrial applications nor any feasible transport engine.

Consistent failure to achieve a desired result often requires a paradigm shift, looking at the same
thing from a different perspective. The pressure, time and temperature required for any particular
fuel to fuse is known as the Lawson criterion L (for T+D). Lawson criterion relates to plasma
production temperature, plasma density and time. The thermonuclear reaction is realized when L is
more than a certain magnitude. To achieve this, two main methods of nuclear fusion have been
employed: inertial confinement fusion (ICF) and magnetic confinement fusion (MCF). In inertial
confinement, many scientists thought that short pressure (10 — 10% s), which they can achieve by
laser beam wouldsufficiently compress the fuel capsule, but this short pressure only creates a shock
wave which produces insufficient high temperature and pressure to the target area in center of fuel
capsule. Scientists tried to reach ignition by increasing laser NIF, but plasma from initial
vaporization of the cover of fuel capsule does not deliver sufficient energy. After laser beam, the
fuel capsule is essentially a “naked” capsule. Capsule cannot retain the high-energy particles for the
duration of the nuclear ignition and loses them. Producing the required quality of laser beam is very
expensive and has very low efficiency (1 - 3%).

The main disadvantage of all current reactors is a gigantic cost of installation and using the very
expensive T fuel. As it is shown in given research the cost of tritium thermonuclear energy will be
at minimum ten times more than current conventional energy. It renders meaningless all current
tritium researches and installations.

The pressure strategy cannot be used for thermonuclear reaction in its classical form. The
produced pressure and temperature by laser ICF and magnetic MCF are not enough for tritium
thermonuclear reaction.

The paradigm that is self-limiting seems to be checkmated in an unsolvable dilemma: Because
inertial confinement fusion (ICF) and magnetic confinement fusion (MCF) are the two methods
employed does NOT mean that other methods would be just as ineffectual. There are other methods
which are published and are all prior art and there must be other methods which have yet not been
thought up, but it is these creative solutions that deserve funding.

Alternative methods to trigger fusion have been published by senior author since 1986, methods that
can be adaptable for spacecraft propulsion and electricity generation. The simplest and
mostperspective method to attain usable fusion energy is by means of a high voltage (70 — 100kV)
condenser 100kJ and special fuel capsules containing 0.1mg fuel. [9]. The condensers require no
special material and can be made from aluminum foil and film. Author is ready to consult with any
interested electrical engineer who would like to verify. The important innovations are method for
compressing the fuel gas into a fuel cartridge at room temperature and an electric impulse for
heating the fuel up to thermonuclear temperatures.

A different butmore complex approach [6] is a new method for achieving thermonuclear reaction
using very low temperatures (0.01 + 10K) and high pressure (some thousands or millions of
atmospheres). In this method, instead of using the kinetic energy of nucleus against repulsive force
of nucleus, (as in all conventional methods under R&D), he uses the blocking of the repulsive forces
of nucleus by electrons (the Debye sphere), very low temperature and high pressure. Using today’s
technology, it is easier to reach these temperatures and pressures than the hundreds of millions of
degrees required by Magnetic or Inertial Confinement. The new method for thermonuclear fusion is
very cheap and allows the use of other thermonuclear fuels which are cheaper and can produce the
aneutronic reaction. The offered fusion reactor is small in bulk, cheap to construct and operate, may
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be used for the copious production of very cheap electricity, can be used as an engine for Earth-
biosphere transportation (train, truck, sea-going ships, aircraft), for outer space apparatus propulsion
and for producing small, cheap and powerful deadly explosive weapons. In brief, the author has
offered a comprehensive new Criterion for Ultra Cold Thermonuclear Fusion!

In another innovation by main author [5,7] is the use of rocket electric explosive for acceleration
of very small amounts of fuel to very high speeds (from 0 km/s up to 1000 km/s and more), that
increases the kinetic energy (temperature) of the fuel by hundreds of times and allows the use of
other (not tritium) fuel. Author noted that the mass of fuel is very small allowingto reach the high
temperature, speed and pressure required for fusion.

The current ICF uses frozen fuel at close to absolute zero. That is not acceptable for practice.
Author also suggested the transport nuclear engine and nuclear rocket.

These methods make possible the use ofD+D reaction (instead D+T) with cheap nuclear fuel D
(Tritium is very expensive — about 30,000 USD per 1g, deuterium costs 1 $/g). These methods also
allowthe use of compressed fuel-gas at room temperature obviating the requirement for super cooled
fuel as is necessary in ICF fusion.

Conclusion

The estimation of tritium reproduction [3] is wrong. Tritium reproduction is a long, very expensive
process and yields a maximum of only about 30% from initial. And even if there was an extremely
cheap extraction process the price of T+D nuclear electricity would still be 3 — 4 timesmore
expensive than it is currently.

Because tritium fuel is very expensive ($30,000/gram and more) the energy produced by a tritium
thermonuclear reactor will cost (= $1/kwh) which is at least 10 times more expensive than existing
sources of energy (= $0.1/kwh, 2015), the expenditure of hundreds of billions of dollars and sixty
years for R&D of the tritium fusion were spent in vain. It is the costliest mistake in science history.
The authors propose abandoning (freezing) R&D of huge very expensive tritium fusion installations
and R&D instead cheap small reactors using deuterium fuel and high temperatures which decreases
the fuel cost by 30,000 times.
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Chapter 9
Transparent Fuel Capsule for Fusion Reactor

Abstract

For more 60 years scientists havewanted to reach confined, stable thermonuclear reaction state. They
are using two main methods: ICF — Inertial Confinement Fusion and MCF — Magnetic Confinement
Fusion. In ICF they have tried to heat a frozen thermonuclear fuel by highly compressing the reactive
force of the fuel’s vaporized cover and tohold (confine) it by inertial forces of the fuel used. In MCF
they heatrarefied plasma by electric current and hold it a relative long time by enshrouding magnetic
field. In ICF, only 10-20% the laser energy is used for compression and significantly less for further
fuel heating.

The author is offering a significantly new design the fuel pellet (capsule) for laser ICF reactor which
allows using about 90% the laser energy for pellet heating and compression work. The second
advantage of the author’s innovative suggested method is significantly increasing (by a hundred-fold)
the time of nuclear reaction (reactivity) as well as the possibility to use the compressed gas fuel at room
temperature,instead of the frozen fuel held at absolute Kelvin zero. The suggested pellet (capsule)
design requires few collimated light beams (maximum 6, not 192 as with NIF) because it is using
offered multi-reflect capsule(pellet). That greatly simplifies the design laser system.Possible of getting
conditions will be enough for using the D-D nuclear fuel, which is monetarily less costly by 30,000
times than T-D fuel.

Keywords: Inertial Confinement Fusion, Thermonuclear reactor, inertialthermonuclear reactor, fuel pellet of
thermonuclear reactor, transparent fuel capsule for fusion reactor.

INTRODUCTION
BRIEF INFORMATION ABOUT THERMONUCLEAR REACTORS

Fusion power is useful energy generated by nuclear fusion reactions. In this kind of reaction, two light
atomic nuclei fuse together to form a heavier nucleus, releasing energy that may be confined and
harnessed for various human purposes. In order for a reactor to be viable it must be able to reach
ignition stage, that is, when the heating of the plasma by the products of the fusion reactions is
sufficient to maintain the temperature of the plasma against all losses without external power input. The
conditions needed for a nuclear fusion reactor to reach ignition stage are the "triple product” of density,
confinement time, and plasma temperature T. In order to create the required conditions, the fuel must be
heated to temperatures beyond mere ordinary workshop plasmas, and/or compressed to immense
pressures. The key to practical fusion power is to select a fuel that requires the minimum amount of
energy to fuse, that is, the lowest barrier energy. The best-known fuel from this standpoint is a one-to-
one mix of deuterium and tritium; both are heavy isotopes of hg/drogen. The T-Dmix has a low barrier.
For the T-D reaction, the physical value is about L= nTt> (10*- 10 ?!) in CI units, where T is
temperature, [KeV], 1 eV = 1.16x10" K; n is matter density, [1/m°]; z is time, [s]. The thermonuclear
reaction of *H + °D realizes if L >10% in CI (meter, kilogram, second) units. This number has not yet
been achieved in any fusion reactor.

At present, T-D is used by two main methods of fusion: inertial confinement fusion (ICF) and
magnetic confinement fusion (MCF)--for example, tokomak device.

In inertial confinement laser fusion (ICF), nuclear fusion reactions are initiated by compressing and
heating a target. The target is a pellet that most often contains T —D (often only micro or milligrams).
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Intense focused laser or ion beams are used for compression of the pellets. The beams explosively
detonate the outer superficial material layers of the target pellet. That accelerates the underlying target
layers inward, sending a shockwave into the center of each pellet mass. If the shockwave is powerful
enough, and if high enough density at the center is achieved, some of the fuel will be heated enough to
cause fusion reactions. In a target, which has been heated and compressed to the point of thermonuclear
ignition, energy can then heat surrounding fuel to cause it to fuse as well, potentially releasing
tremendous amounts of energy.

Magnetic confinement fusion (MCF). Since plasmas are very good electrical conductors, magnetic fields
can also be configured to safely confine fusion fuel. A variety of magnetic configurations can be used,
the basic distinction being between magnetic mirror confinement and toroidal confinement, the most
popular designs being tokomaks and stellarators.

Short history of ICF thermonuclear fusion.Serious attempts at an ICF design was Shiva, a 20-armed
neodymium laser system built at the Lawrence Livermore National Laboratory (LLNL) in California
that started operation in 1978. Shiva was a "proof of concept” design, followed by the NOVA design
with 10 times the power. Although net energy can be released even without ignition (the breakeven
point), ignition is considered necessary for a practical power system. The resulting design, the National
Ignition Facility (NIF), commenced construction at LLNL in the early 1990s, was six years behind
schedule and over-budget by some $3.5 billion. Like earlier experiments, NIF failed to reach ignition
and was, as of 2015, reportedly generating only about 1/3rd of the required energy levels needed to
reach full fusion stage of operation.

Laser physicists in Europe have put forward plans to build a £500m facility, called HiPER, to study a
new approach to laser fusion: a "fast ignition™ laser facility would consist of a long-pulse laser with
energy of 200 kJ to compress the fuel and a short-pulse laser with energy of 70 kJ to heat it.

Basic data on a few of the current inertial laser installations:

1. NOVA uses laser NIF (USA), has 192 beams, impulse energy up 120 kJ. Can reach density of 20
glcm®, speed of cover is over 300 km/s. NIF has failed to reach ignition and is, as of 2013,

generating about 1/3rd of the required energy levels. NIF cost is about $3.5B.

2. HIPER (EU) has impulse energy of 70 kJ.

2. OMEGA (USA) has impulse energy of 60 kJ.

3. Gekko-XII (Japan) has impulse energy of 20 kJ. Can reach density of 120 g/cm®.

4. Febus (France) has impulse energy of 20 kJ.

5. Iskra-5 (Russia) has impulse energy of 30 kJ.

The largest current nuclear fusion experiment, JET, has resulted in fusion power production some
larger than the power put into the plasma, maintained for a few seconds.

The most well-known project of magnetic fusion is ITER. ITER (International Thermonuclear
Experimental Reactor) is an international nuclear fusion research and engineering mega project, which
will be the world's largest magnetic confinement plasma physics experiment. Construction of the ITER
Tokomak complex started in 2013 and the reported building costs exceeded US$14 billion by June
2015. ITER began in 1985 as a Reagan—Gorbacheyv initiative and expected completion is in 2027. ITER
reactor alone requires about one billion USD annually to operate.

Similar projects. Other planned and proposed fusion reactors include DEMO, Wendelstein 7-
X, NIF, HIPER, and MAST, as well as CFETR (China Fusion Engineering Test Reactor), a 200 MW
tokamak.

Innovations in offered fuel capsule
Beforeconsideration the offered transparent capsule, let us show the work of the current capsule
(Fig.1a). Current capsule contains pellet 1 having the frizzed T-D (= 2 mm)and cover plastic ablators
2,(= 5 mm) typically polystyrene (CH). Many power laser beams 3 (up 192) irradiate the capsule from
all sides. In result the material (ablator) is heated by the absorbed laser energy and evaporates or
sublimates (4). If process acts a very short time (ns), one produces the shock-wave (5). The shock-wave


https://en.wikipedia.org/wiki/National_Ignition_Facility
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cumulative the high pressure in a center of fuel pellet 1. If pressure and temperature of fuel is enough
the nuclear reaction occurs. If reactivity is enough, the fuel is ignited.

This method has many difficult technical problems not easily overcome successfully. One requests
many identical light beams acting simultaneously for uniform radiation bathing. The shock wave acts
very short time and does not produce enough heat. Only10-20% of the laser energy is actually used for
pressurization of the fuel pellet. The pellet 1 after sublimation is “naked”and cannot steadily hold the
pressure for enough time for any useful nuclear reaction result.

The author herein offers two versions of his more efficient capsule design (1b, 1c).

Both pellets have a compressed (up 200 + 600 atm) gas fuel (or frozen fuel).

In first version (fig.1b) the cover 6 is made from a good transparence material not heated by focused
laser beam. The frequency of laser beam or fuel (or in the fuel additive)is taken such that fuel well
absorbs the imposed laser radiation. The result is that the fuel absorbs 90% (or more) of the laser energy
and has enough heating for sustainedignition all available fusion reaction fuel (not only small region in
center pellet as in conventional method).

The massive transparencecover from heavy nuclei reflects the lightnuclei of fuel (and reaction products)
and significantly increases the duration time of a desired reaction.

It is difficult to select absorption frequency or absorption additive matter, the capsule is covering the
strong mirror 8 (having the small holes for laser beams). It is better if mirror has the high reflectivity
Fresnel cells. The mirror multiple reflects the laser beams back to the pellet and good increases the
pressure to fuel.

T a b C

Fig.1. The current ICF capsule for laser driver (a); the offered transparency ICF capsule (b); the offered
transparency-reflective capsule for laser drive. Notations: 1 — pellet having the thermonuclear fuel; 2 — cover
which is vaporized by laser beam and produced the shock wave; 3 — laser beam; 4 — cover gas; 5 — repulsive
force (pressure); 6 - high transparence cover; 7 — laser beam through the transparency cover; 8 — high efficiency
light (laser beam) reflector(possible Fresnel cells); 9 - issueand reflected laser beam; 10 — fuel pellet (absorption
additives are possible in version “b” and “c”).

Advantages of the offered design

The herein offered method and design has workability advantages, especially in comparison the

conventional fuel capsule:

1. Cconsiderably increasesthe necessary high temperature (in 10 — 20 times and more). In
conventional capsule only 10 + 20% the beam energy converts to pressure. The part of the residual
energy converts to energy the shock wave, the part of remaining wave energy converts again in
pressure at centerpellet, the part of last energy produces the high temperature at small central
volume at a very short time. As result, very few nucleuses have the nuclear reaction and cannot to
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heat to needed temperature the rest fuel (cannot ignite the nuclear reaction).

In suggested capsule, no studies pressure cover, producing shock-wave, again compressing the
fuel by shock wave, producing the temperature by shock wave. The 90% and more the laser energy
become directly converted into the fuel temperature. The temperature influences to nuclear
reactivity significantly more than pressure.

2. Greatly increase the reaction time (up hundred and more times). Ithappens because the mass of the
cover 6 (Fig.1b) resists an expansion the hot fuel gas. The mass of the cover may be in hundreds
times more than mass of fuel (mass of fuel is 0.01 — 0.1 mg). Besides the nuclear number of cover
is ten times more than fuel and reaction fragments (cover has N = 50 — 200, fuel and reaction
fragment has N = 2 — 6). This means the cover nucleus will be reflect the light hot fuel and
fragment nucleus. The increasing reaction time greatly produces the full combustion of fuel and
improves the efficiency coefficient.

3. The offered design my uses the compressed gas fuel pellets (up 800 atmospheres). That is more
comfortable then the very coldcapsules (about absolute zero Kelvin) used standardly at the present
time.

4. For testing the offered design may be applied any current ICF laser system, having the laser beam
more 20 KkJ.

5. ltis possible for herein offered design the laser beam energy 50 kJ will be enough for ignition fuel
D+D. In this case we solve the very important problem — final cost of the nuclear energy produced.
At present, cost of T+D nuclear energy in 10 times more than cost the energy of commercial
electricity generation infrastructure facilities usingnatural gas and oil as fuels. Change fuel T+D by
D+D decreases the fuel cost in 30,000 times the cost of the nuclear energy [14](see estimation
below).

Estimations and Computations
Brief Information about Plasmas and Nuclear Reactions
Below aresome equation useful for computation:
2. The Deep of Penetration of outer radiation into plasma is
d, = =531.10°n2. [cm] (1)
@,

For plasma density ne = 10 1/cm® d, = 5.31x10°® cm.

3. The Gas (Plasma) Dynamic Pressure,py, IS

p,=nk(T,+T,) if T,=T, then p, =2nkT, (2)
where k = 1.38x10% is Boltzmann constant; T is temperature of electrons, °K; T; is temperature of
ions,’K. These temperatures may be different; n is plasma density, 1/m?; py is plasma pressure, N/m?.

4. The gas (plasma) ion pressure, p, is

2
=—nkT,
=3 3
Here n is plasma density in 1/m°.
5. The magnetic py, and electrostatic pressure, ps,are
B’ 1 4
pm:2 ! pS:_‘goEszv ( )
Ho 2

where B is electromagnetic induction, tesla; uo = 4x107 electromagnetic constant; & = 8.85x10™*?
F/m,is electrostatic constant; Es is electrostatic intensity, V/m.
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6. lon thermal velocity is
1/2
v =(EJ =9.79x10° T cms, (5)

where 2= m;/my, m; is mass of ion, kg; m, = 1.67x10’is mass of proton, kg.

7. Transverse Spitzer plasma resistivity

n, =103x107°ZInAT™?, Qcm or ,oz(fl'_£ Qcm (6)

32

where In A =5+ 15 ~ 10 is Coulomb logarithm, Z is charge state.

8. Reaction rates <ov> (in cm® s™) averaged over Maxwellian distributions for low energy (T<25
keV) may be represent by

(oV)pp = 2.33x10 T 22 exp(—18.76 T ¥°) cm’s, (7)
(V) =3.68x1072T 2 exp(—19.94T %) cm’s™,
where T is measured in keV.

9. The power density released in the form of charged particles is
P, =33x10"%n3(ov),,, Wcm™*
P, =5.6x10"n,n,(ov),;, W cm™ @)
P =29x10"n,n_.(ov), .., Wecm?

Here in Ppp equation it is included D+T reaction.

10. Reaction rates are presented in Table 1 below:

Table 1. Reaction rates <ov> (in cm™ s™*) averaged over Maxwellian distributions

Tempera- | D+D, D+T, D+°He, | T+T, T+°He,
ture, keV | (2a + 2b) (1) (3) 4) (6a-c)
1.0 1.5x10% 55x1071 | 10 3.3x10% | 107®

2.0 5.4x10% 2.6x10"° | 1.4x10% | 7.1x10 | 10®

5.0 1.8x10™" 1.3x10"" | 6.7x10% | 1.4x10" | 2.1x10%
10.0 1.2x10™® 1.1x10%° [ 2.3x10"° [ 7.2x10" [ 1.2x107°
20.0 5.2x107° 42x10" | 3.8x10™® [ 25x10™ | 2.6x107™°
50.0 2.1x107" 8.7x10% | 54x10"" [8.7x10"® | 5.3x10™®
100.0 4.5x10™ 85x10™ | 1.6x10™ [ 1.9x10" | 7.7x10™""
200.0 8.8x107" 6.3x10™° | 2.4x10™ | 4.2x10" [ 9.2x10""
500.0 1.8x107"® 3.7x10% | 2.3x10™® [ 8.4x10" | 2.9x10"®
1000.0 2.2x107° 2.7x10™ | 1.8x10™ [ 8.0x10"" | 5.2x10™

Source: AlP, Desk Reference, Third Edition, p.644.

Theory, computation and estimation of nuclear reactors and comparison

one with current laser ICF.

Estimation of Laser method (ICF).
For comparison the laser and offer methods, we estimate the current ICF laser method.
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Typical laser installation for ICF has the power 5 MJ and deliver to pellet about 20+50 kJ energy. The
pullet has the 1 — 10 mg liquid (frozen) fuel T+D (density 200 kg/m?®), diameter of the spherical fuel
pullet aboutl- 2 mm, diameter of an evaporative coating 4 — 10 mm.
Let us take the delivered energy E = 50 kJ, volume of the coating v = 50 mm? Specific weight of
coating y = 400 kg/m® (molar weight p = 10).
For these data and instant delivery of laser energy the maximum pressure in cover is
_E_ 5x10* _ h12 N _ 147
= T 50100 10— = 10"atm 9
But we don’t know what part this pressure transfer to the fuel pellet.
Number of nuclear in 1 m® of covering is
y 0.4-10°
n= =
pm, 10-167-107

=24-10% [m”]

(10)
Here m,=1.67"10"" is mass of nucleon (proton) [kg].

Temperature of evaporating cover is
T B L B 1013
nk 24.10%1.38-10%

Here k = 1.38x10%® Boltzmann constant, J/K.
Speed of evaporated covering is

0,5
v _( 8KkT J _[ 8-1.38-10%°3-107

=3.10" [K]
(11)

0.5
j =251-10° m/s=251km/s

Tum, 3.14.10-1.67-107%

12)

Time of evaporating for thickness of covering | =2:10% m is
12107
V.  251.10°
Let us to consider now the process into pellet.
The density of T+D fuel particles is
- 7o 200 g2 L
um,  25-1.67-10 m
where p = 2.5 is average molar mass of fuel T+D.
The frozen (liquid) fuel, after converting in gas, has a temperature of about T = 20 K.
The pressure average speed V,of particles afterconversion of the fuel into gas (plasma) and sound speed
Vito fuel gas at temperature 20K are:
p, =n,kT =4.8-10® x1.38-10® x20=1.325-10"N /m* =1325 atm,

1/2 1/2
v | 8T | _( 813810720 " _, om (15)
"\ mum, 3.14-25-1.67-10°7 s

1/2 2\1/2
V. = Pr — w =257 m/s
"y 200 '

The laser beam is very short — some picoseconds(10™? s) in duration. That way the laser pressure can
produced only shock-wave. The pellet cover protects the pellet from laser heating.
Additional fuel pressure in center of pellet from two opposing sound wave bump-up is

P, = p,(2V,)?/2=200-(2-250)*/2 = 25-10° N /m? = 250 atm (16)

Fuel temperature in center of small mass pellet where two opposing sound (shock) wave bump-up
happens is

=8-10"° s
13)

ny

(14)
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Cmum,(V,+V)?  314.25.1.67-10°% (410+250)2

T
8k 8-1.38:10%

=517K

a7
In reality, the full pressure and temperature in center of capsule is much more, but not enough for the
full nuclear reaction. The author herein computes ONLY the sound wave. Any shock-wave becomes
fast at short distance than the sound wave. However, in our case this computation is very complex.
Current inertial reactors have the maximal rate of fuel compressing in center of pellet about

Criterion of ignition (for radius of pullet R, = 0.02 ém and solid or liquid fuel p,= 0.2 g/lcm®) is
PR =p,R E?=0.2-0.02-(600°"° =0.28<1

where p in g/cm®, R in cm. This value is insufficient (0.28 < 1).

You can imagine — with just a small effort and we will fulfill the criterion of ignition! Look your
attention in very low temperature of fuel (17). For this temperature, the criterion may be wrong, or area
of the ignition located into center of pullet may be very small, that energy is very few for ignition of all
fuel?

(18)

Estimation of some parameters the nuclear reactor and pellet.
Below is not mega-project. Instead, below, are the estimations of the typical parameters of nuclear
reactors.

1. Suitable thermonuclear reactions.

The corresponding reactions are
D + T —*He (3.5MeV) + n (14.1MeV);
D +D —T (1.0IMeV) + p (3.02MeV) 50%, (19)
D + D —°He(0.82MeV) + n (2.45MeV) 50% .

The deuterium cannot be used in the laser reactor because one requests in 100 times more ignition
criterion then T + D. But D+D may be used in AB reactors with an additional heating by electric field
[3=14].

The He is received in deuterium reaction may be used in next reactions:

D + *He —He (3.6MeV) + p (14.7MeV);
*He + *He —*He +2p (12.9MeV). (20)

They produce only high-energy protons, which can be directly converted in electric energy. Last
reactions do not produce radio isotopic matters (no neutrons). But *He is very expensive (30,000 $/g) as
T.

Reaction D + D has the other distinct advantages:

1. One produces the protons which energy theoreticallycan be converted directly to electric energy.
2. One produces the tritium, which is expensive and may be used for thermonuclear reaction.
3. One produces less and low energy neutrons, which create radioactive matters.

The other important advantage is using the pellets with compression gas fuel. Let us take a micro-
balloon (pellet) having fuel gas with p,>200 atm., radius 0.05 cm., temperature 300K. The mass fuel
will be less 1 mg.The thickness of pellet having pressure 500 atmospheres is about 0.05+0.1 mm.

Compressed gas micro-balloon (pellet) is more comfortable for working because it is unnecessary to
store the fuel at lower (frozen)temperature (<10 K).

Next, we will consider mainly the fuel mass of M = 0.1 pg (107 kg), fuels T + D, D + D and the pellet
volumev; = 2 mm?®and v, = 4.19 mm? (diameter of pellet is d = 2 mm).

2. Number of nucleus N in given volume v = 2 mm? and density n of fuel until the nuclear reaction
is:
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Density. For T = 300°C, Boltzmann constant k =1.38-10J /K, we have :

—7 9
T+D: N=—M _ 10 — =2.4-10", n=ﬁ=%=1.2-1028i3,
um, 25-1.67-10 \% 2-10 m
_7 9
D+D: N=— _ 10 —— =3-10", n=N_3 10:)21.5-1028%,(21)
pum, 2-1.67-10 v 2-10 m

Pressure p = nkT. For T =300°C, Boltzmann constant k =1.38-10J /K, we hawe :
T+D: p=12-10%1.38-10*-300=4.97-10" N/m? =497 atm,
D+D: p=15-10®1.38-10%-300=6.21-10" N/m? =621atm,

For volume v = 4 mm? the pressure will be in two time less (for T+D: p =237 atm, for D+D p = 296
atm). Temperature of gas fuel before the laser heating is T = 300°C.

(22)

3. Temperature and pressure of gas fuel in pellet after heating by laser beam having energy E = 50 kJ,
coefficient efficiency n = 1 is:

Temperature:
4
T-2E. 14D T= 2-5-10 _=100-10°K =8.6 keV,
3kN 3-1.38:10%°2.4-10
2
D+D: T-= 2:5100  _g0.10°K 6.9 keV.
3-1.38-10%°3-10 (23)
Pressure is (for volume of pellet v = 210° m®):
4
_E_ 5'10_9 =2.5-10% iz =2.5-10° atm
v 2-10 m _ (24)

4. . Temperature and pressure of gas fuel in pellet after full Thermonuclear reaction, coefficient
efficiency n = 1 is (for volume of pellet v = 2.10° m®, without neutron energy):
T+D: E=05-N-E =05-24-10"-35-10° =4.2.10® MeV =6.72-10° J,

_nE 1.672:10° s N 10
5
b 336-10° ook

“nk 12-10%.138.107
D+D: E=05-N-E,=05-3-10"-2.42-10° =3.63-10” MeV =5.81.10° J,

6
JNE_LO8LO 5 g005 N _29.10%am,
v 2-10 m
13
T=Po 29000 0ok
Nk 15.10% 138-10 (26)

5. The plasma confinement time.
From the equations of uniformly accelerated motion, we can derive an equation for the assessment of

the plasma conformation time:
2 1/2
2 © 2 E) - @7)

where E is kinetic energy, J; m is mass of fuel + pellet cover, kg; V, is average speed, m/s; V is final speed of fuel product,
m/s; r is radius of pellet, m; t is conformation time, s.
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Estimation are (for r = 1mm = 10 m):
For pellet without cover, m = 10 g = 107 kg, heating only the laser beamE= 5.10" J):

107 1/2
_ 10-3 _2.10°
t=+2-10 (5.10& 2:10° s (28)
For pellet with cover, m = 10 kg, heating only the laser beam:
107 1/2
_ 103 —_2.10~7
t=+2-10 (5'104& 2:107s 29)
For pellet without cover, m = 10 kg, heating by nuclear reaction T+D E = 6.72.10° J.:
1/2
107”7
_ 10-3 _ 10-10
t=+2-10 rEPRT 21:10"s (30)
For pellet with cover, m = 107 kg, heating by nuclear reaction T+D E = 6.72.10° J.:
3 1/2
t=\/§'1073 % =2.1'10788
a (31)

As you see the transparent cover increases the conformation time by a hundred times!
For reaction D+D having E = 5.71 MJ the comformation time is closed.
Duration of laser impulse is some very few pico-seconds (10™2).

6. Radiation absorption by the pellettransparency cover.

Radiation absorption by the pellet transparency cover is very important for offered method.If cover hot
has enough transparency and the cover begin to active absorb (blocked) the laser radiation, the cover
will evaporate and we return to current old method, which is not efficiency as a practice shows.

Author offers to use for coverthe very efficiency material used in fiber optic for the transferring the
light signal (fig.2).

Be(CaKADF
100 - \ S
s10, ZnCl,
3 Chalcoganide [
- CdCsPbC
R 1] — SR S — glasses B v abiied]
7
=
3 l
i
= 01
E
z
= 0.0
£
A
0.001
|
2 5 10 20

0.0001
0.3

Wavelength (microns)

Fig. 2.Estimation of basic attenuation of some possible very low-loss materials [2], p.376.

The conventional optical matter widely produced currently in industry has an attenuation coefficient
equal to a = 2 dB/km.
Let us estimate the loss of beam energy in the transparence cover. Coefficient a loss for thickness of
cover 6 =2 mm is
y=22-10"a5=2.2-10"-2-2.10°=8.8-10"

(32)
For the laser beam energy equalsE = 510* J, the loss energy is
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—7 4 —2
E, =yE=8.8-1075.10" =4.4-102 J (33)

Assume the pellet cover is from a quartz having the heat capability 880 J/kg'K and permissible
temperature 300°C. For heating of cover to this temperature is necessary 7.7 J. That is significantly
more 4.4'107% J. That means no problem with heating of pellet cover (no loss the energy into good
transparency cover).

7. Heating, absorption, reflection and transparency the laser beam by fuel.

Heating, absorption, reflection and transparency of the fuel by the laser beam is important problem in
offered method. The fuel must absorb most of the beam energy. If fuel is plasma, then the absorptionx
[cm] the radiation by gas fuel may be estimated by next equation:
1
i (34)
wheren is density of fuel, 1/cm?; o is cross section area of photon into plasma, cm?.
The crosssection of photons is presented in fig.3 [18].As you see the elements having nuclear mass 2 +
6 have o = 100 + 10,000 cm?. The pellet having the density n = 1.2:10%*1/cm® and & = 2:10°barns has
1

X=1210%2.1010

That is enough for transmitted beam energy to the receiving fuel.

=0.042 cm_ (35)

Cross Sections of Elements for Different Energy Photons
In barns/atom or in 1024 cm?

Energy In MeV

=8 TN 8-Ca 0N
Atomic Number of Elements

Fig.3. Cross Section of Elements for Different Energy Photon.

If fuel pellet will be reflects or passes radiation, you must use the pellet design fig.1c, having the
reflector over pellet cover.

The beam pressure is

_(A+p)E (1+0)-5-10°

P= st 3.107126.10°-3.10 © (36)
Here p is coefficient reflectivity, < 1; E is energy of beam, J; ¢ = 3:10% m/s is light speed; s is surface
area of spherical pellet (d =2 mm); t is beam time , sec.

The beam pressure is gigantic. In case multi reflectivity the pressure will increases in some times. But
time is very short and this pressure can only create the shock wave.

=4.4.10° lz =4.4-10" atm
m .
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For increasing the beam energy absorption we can add in fuel the matter which active absorbs the need
light, for example, polystyrene (OH), or Fe (see fig.2). NIF used the wave A = 0.351 107, 1.05310° m.
8. Lawson’s criterion.

Lawson’s criterion of nuclear reaction is

L=nTz>=10%* +10%,
(37)
where n is density of plasma, 1/m*; T is temperature, keV;  is time, sec.

After heating the pellet v = 2 mm?® by laser beam E = 50 kJ the fuel T+D we have n = 1.2:10% 1/m?,
temperature T = 10°K = 10%0.86'10* eV =8.6 keV, z = 210" s, (see above). Substitute these values into
(37) we have:

Forfuel T+ D L=1.2-10®%-8.6-2-10" =2.06-10% >~ (10*° =10%).

For fuel D+D after heating the pellet v = 2 mm? by laser beam E = 50 kJ we have n = 1.510% 1/m°,
temperature T = 0.8"10°K = 0.8'10%0.86'10™ eV =6.9 keV, r = 2107 s. Substitute this values into (37)
we have:

ForfuelD+D L=1.5-10®.6.9-2-107 =2.06-10% = (10%° +10?).

Lawson criterion is fulfilling.

For conventional pellet WITHOUT transparency cover having fuel T+D, v =2 mm?® n = 1.2.10%® 1/m?,
temperature T = 0.1510°K = 10%0.150.86'10 eV =1.29keV (here 0.15 is part of beam energy used for
heating the fuel by current method), z = 2107 s, (see above), we have:

Forfuel T+ D L=12-10%.1.29-2-10° =3.1-10" < (10%° = 10%).

Lawson criterion is not fulfilling.

9. The mean free path of the nuclear reaction particles.

For transferringenergy,the mean free path of the nuclear reaction particles must be into the fuel i.e. less
then the radius of the fuel pellet. Otherwise, the particles leave the fuel without transfer the full its
energy to nuclear fuel. Thatway all neutrons having the big free path (great penetrating power) leavethe
fuel without heating the fuel. They heat only the reactor body and produce the radioactive isotopes in
body matter. The heating the fuel can only the charged particles.

Let us to estimate the mean free path the charge particles the reaction (19). Author has only the mean
free path the a-particles (*He)having mass m = 4 and charge Z=2 [15] p.955, Fig.44.8 versus energy for
air (m = 14) and pressure 1 atm. He recalculated them to other particles mass (m =1, 3) other pressure (p
= 300 atm), other charges (Z = 1) and other fuel mass (m = 2, 2.5). The results of estimation are shown
in Table 2 immediately following:

Table 2. Estimation of the mean free path of the nuclear reaction particles

Particles. Free Free Correct. | Free Correct. Free Correct. | Final

Free path as o, | pathas a, | pathas coeffic. | path as coeffic. path as | coeffic. | Free

(energy, MeV) | mm, in a,mm, in | on mass | a, mm, of charge | a, mm, | ofinvar. | path ,mm,
air at air at particle | correct. particle correct. | mass in fuel at
1 atm 300atm in mass 217 inZ (m air/ 300atm

m fuel)

*He (3.5 MeV) | 20 0.067 1 0.067 1(Z=2) 0.067 14/2.5 0.375

T=H(1 MeV) | 5 0.017 3/4 0.0127 2 (Z=1) 0.0254 | 14/2 0.178

*He (0.8 MeV) | 4 0.013 3/4 0.0097 1(Z=2) 0.0097 | 14/2 0.068

p (3 MeV) 18 0.067 1/4 0.0167 2 (Z=1) 0.0334 | 14/2 0.234

The free pass of reaction particles limits the minimal radius (mass) of fuel. The result of computation
shows the direct efficiency using the electric energy of the charged particles is very difficult because the
most part of their energy will absorb the fuel for pellet heating.

10. Cost of the thermonuclear fuel. (2016)



125

Deuterium. The sea water contains deuterium about 1.55:10™* %. The World produces about tens
thousand tons in year. Cost 1 $/g.

Tritium. The special nuclear reactors can produced it. Now the cost is 30,000 $/g. In future an

expected cost will be from 100K+200K $/g.

Helium-3. Very rare isotope. The Helium-4 contains 1.310°%/1 of the Helium-3. Cost is 30K $/g.
One project offers to extract it on Moon and delivery to Earth.

Lithium 6 -7. Nature mixture cost 270 $/kg.

Barium. Cost 11140 $/kg.

Uranium-238 contains 0.7% of Uranium-235. It cost 90+250 $/kg.

Plutonium-239. Cost 5600 $/g.

As you see the thermonuclear fuel D+D is the cheapest, but T+D has the lowest temperature for
thermonuclear reaction. All the current experimental thermonuclear installations are using the T+D.
Look your attention, the offered method allows to get very high thermonuclear temperature. We

take U = 15 + 50 kV [3-14], but no limit take U = 100, 200, 500 kV. The 200 kV produce the
temperature T = 20010*1.18'10% = 2.36:10° K (two billions!). As you see in fig. 4 and estimations
over [12], that significantly increase the probability of thermonuclear reaction and produce a fuel for
the other reactor. We canuse the cheap fuel produced few neutrons, many protons, expensive
elements, which can be to made a fuel for thermonuclear reactors.

Discussion

About sixty years ago, scientists conducted Research and Development of a thermonuclear reactor
that promised then a true revolution in the energy industry and, especially, in humankind’s
aerospace activities. Using such reactor, aircraft could undertake flights of very long distance and
for extended periods and that, of course, decreases a significant cost of aerial transportation,
allowing the saving of ever-more expensive imported oil-based fuels. The pressure, time and
temperature required for any particular fuel to fuse is known as the Lawson criterion L. Lawson
criterion  relates to plasma production plasma  density,temperature  and  time.

The thermonuclear reaction is realized when L is more certain magnitude. There are two main
methods of nuclear fusion: inertial confinement fusion (ICF) and magnetic confinement fusion
(MCEF).

Existing thermonuclear reactors are very complex, expensive, large, and heavy. They cost many
billions of US dollars and require many years for their design, construction and prototype testing.
They cannot stably achieve the nuclear ignition and the Lawson criterion. In future, they will have
many difficulties with acceptable cost of nuclear energy, with converting the nuclear energy to
conventional energy, with small thermonuclear installation suitable for transportation or space
exploration. Scientists promise an industrial application of thermonuclear energy after 10 — 15 years
additional researches and new billions of US dollars in the future. However, old methods do not
allow us to reach an industrial or transport engine in nearest future.

In inertial confinement many scientists thought that short pressure (10° — 102 s), which they can
reach by laser beam, compress the fuel capsule, but this short pressure only create the shock wave
which produced the not large pressure and temperature in a limited range area in center of fuel
capsule. The scientists try to reach it by increasing NIF, but plasma from initial vaporization the
cover of fuel capsule does not allow to delivery big energy. After laser beam, the fuel capsule is
“naked” capsule. Capsule cannot to keep the high-energy particles of the nuclear ignition and loss
them. Producing the power laser beam is very expensive and has very low efficiency (1 - 3.5%).

The offered method EIF (Electric Impulse Fusion) does not have these disadvantages [3-14]. One
uses the primary high pressed gas fuel ampoules and directly heats them to need high temperature
by special electric impulse in special cartridge. The shell of capsuleprotects the fuel by the heavy
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elements (1 = 200) having high number of nucleons A and charges Z. They reflect the light protons,
D, T, repels high-energy reacted particles (D, T, ®He, “He, p) back to fuel and significantly
increasing the pressure and conformation time.

The laser ICF, MCF ideas cannot be used for thermonuclear reaction in its classical form.
Produced temperature and pressure by laser ICF and magnetic MCF are not enough for
thermonuclear reaction. In given article the author offers the new design of ICF pellet. That design
allows more full using the beam energy for heating the pellet andto reach the need temperature (up
100 MeV) and using the primary compressing the gas fuel (up 700 atm) in special ampoules and
increase the time of reaction in 100 times by heaver pullet cover. That increases the intensity of
nuclear reaction (and temperature) in hundreds times.

The important innovations are the compressed the fuel gas into fuel cartridge at room temperature
and using laser beam for directheating of fuel up the thermonuclear temperatures. The current ICF
uses the frozen fuel about absolute zero. That is not acceptable for practice. Author also suggested
the transport nuclear engine and nuclear rocket [3-14].

The method possible allows to use reaction D+D (instead T+D) with cheap nuclear fuel D
(Tritium is very expensive — about 30,000 USD per 1 g, deuterium costs 1 $/g). One also allows
using the compressed fuel-gas at room temperature. We can use the nuclear reactions, which do not
produce many neutrons and gamma radiation. They are dangerousfor people.

Conclusion

The author offers a new design the fuel pellet for the laserimpulse thermonuclear reactors, which
increases the temperature of a primary compressed nuclear fuel in hundreds times, reaches the ignition
and full thermonuclear reaction. New design of the nuclear pellet offered by its originator contains
several innovations and inventions.

Main of them is using a high transparence cover of pellet, which allows to use the laser beam for direct
high efficiency heating of fuel bylaser beam to high temperature the hundredmilliondegrees.The second
innovation is using the heavytransparent pullet cover used for increasing the compressing fuel state
(reaction time).Important innovation is compressed gas fuel at room temperature and using efficiency
cover reflector (fig.3c) for increasing the temperature, pressure fuel and nuclear reactivity.

The offered method is cheap and easy for testing. For its testing may be used the most currentICF
installations. Closed ideas are in [3]-[14].
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Applications
1. Thermonuclear Reactions.
Nuclear energy.

The energy released in a nuclear reaction can appear mainly in one of three ways:

e kinetic energy of the product particles;
e emission of very high energy photons, called gamma rays;
e some energy may remain in the nucleus, as a metastable energy level.

When the product nucleus is metastable, this is indicated by placing an asterisk ("*") next to its atomic
number. This energy is eventually released through nuclear decay.

Kinetic energy may be released during the course of a reaction (exothermic reaction) or kinetic energy
may have to be supplied for the reaction to take place (endothermic reaction). This can be calculated by
reference to a table 1 of very accurate particle rest masses.

Table 1. Relative stable isotope mass. Note: 3 Li61is ¢Li andsoon.

H1 1.007 825 032 23(9) 2He 3 3.016 029 3201(25)
D2 201410177812(12) 4 4.002 603 254 13(6)
T3 3.016 049 2779(24)

Li6 6.015 122 8874(16) 4Be9 9.012 183 065(82)

3 7 7.016 003 4366(45)
5B 10 10.012 936 95(41) 6 C 12 12.0000000(00)

11 11.009 305 36(45) 13 13.003 354 835 07(23)
14 14.003 241 9884(40)
7N 14 14.003074 004 43(20) | 8016 15.994 914619 57(17)

15 15.000 108 898 88(64) 17 16.999 131 756 50(69)
18 17.999 159 612 86(76)
Sourse: http://physics.nist.gov/physRefData/compositions/index.html,

Example: For reaction

6p i 4 2 4

Li + “H — 2"He
is follows: according to the reference tables 1 the sLi-6 nucleus has a relative atomic mass of 6.015 atomic
mass units (abbreviated u), the deuterium ?H has 2.014 u, and the helium-4 nucleus has 4.0026 u. Thus:

o total rest mass on left side = 6.015 + 2.014 = 8.029 u;

e total rest mass on right side = 2 x 4.0026 = 8.0052 u;

e missing rest mass = 8.029 — 8.0052 = 0.0238 atomic mass units.
In a nuclear reaction, the total (relativistic) energy is conserved. The "missing" rest mass must therefore
reappear as kinetic energy released in the reaction; its source is the nuclear binding energy. Using

Einstein's mass-energy equivalence formula E = mc2, the amount of energy released can be determined.
We first need the energy equivalent of one atomic mass unit: 1 u c2 = 931.49 MeV.

Hence, the energy released is 0.0238 x 931 MeV = 22.2 MeV.
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Expressed differently: the mass is reduced by 0.3%, corresponding to 0.3% of 90 PJ/kg is 270 TJ/kg.

If result nuclear reaction has only two matter components, the energy distributed inversely between
them.

E,=E—f2  E,=E—* | E+E,=E
oty Mt Hy ’
where E;, E,, E are energy the first, second and common components respectively of the left energy
side; u1, M2 are molar mass of component in the right energy side.
Exemple.
For reaction
’H+°H — *He + 'n + 17.6 MeV

we get

E—E—* _176-1 —35 E,—E—* _176-% _1a1
AR A 4+1 M+ L 4+1 '
H + °H — “He (3.5 MeV)+ 'n (14.1 (MeV).

Graph of Avarage binding energy per nucleon MeV vs Number of nucleons in ucleus.
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This graph may be used for quick aproximatly estimation the reaction energy.For example: Estimate energy
reaction D+T — a+n, or:

H+°H— ‘He+'n.
The sum of mass and charges in left and right mast be same. From grapf we have:

In left side we have energy E;=2'1.1+32.9=10.9 MeV; in right side we have E,=47=28 MeV. The difference is
E,- E;=28-10.9=17.1 MeV. We spent about 0.3+0.7 MeV for electrostatic barrier.
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= kZ,Z,€*
C rO
where k = 910° , Z is charge state of 1 and 2-nd particles respectively; e = 1.610™ is charge of electron; ry~

2:10™ m is distance between charged particles. E¢is ~ 0.3 = 0.7 MeV. If we add E. ~ 0.5 to 17.1, we get kinetic
energy of particles after reaction aproximately E=17.1 + 0.5~ 17.6 MeV.

Table of reaction energy (Kikoin, p.942)

In computation you must to take account the energy of the short time isotopes = 10™ sec.

(Kikoin, p. 943)
®He — *He + n+0.958, °Li — *He + 'H + 1.965 , °Be— 2 “He + 0.094
and energy in decay ®He (T =0.802 sec)
®He — °Li + B+ v + 3.510,

where v is anti-neutrino.

Below is Tables 2 some theoretical thermonuclear reactions (Notations: 8 - electron, 8" - positron, v -
neutrino, y — gamma rays).

Table 2. (Kikoin, p. 943. Mistakes are corrected)

1. 'H+'H—>?H+8" +v+0.420 15. ’Li+3H — 2°He +n + 16.117
2. 2H+M > He +y+5.494 — °He + “He + 15.160
— LI +°H +0.995

2 2 3 1
3. 2H+%H—°H+'H+4.033 50% —°L+'H +0.803

3 0
- —>4He+n+3.270 50% - ®Be 41 + 16.023
H+"H—"He+y+19.814 16. OLi+%He — 5Li+*He +14.916
*H+2H - *He + n + 17.590 %e+H + 16.787
— °He +y + 16.632

6., 4 10
6. °H+%H — “He + 2n + 11.332 17. °Li+"He — "B +y+4.461

—5He + n + 10.374 18. °Li + °Le — 77Li + 4I;|e +'H + 3.556
7 %He +2H — *He + 'H + 18.354 —>88e+4He +n+1912
+oner Ho e - — ®Be + “He + 20.808
— °Li +y+ 16.388 — *Be +°He + 1.895
8. °He +°H - *He +°H + 14.321 43% — B+"H +0.808
— “He +'H + n + 12.096 51% — B+ H+2989
—°He + 'H +11.138 — B+'H+12.220
—°Li+n+10.131 —"C+n +1.895
— °Li+ y+15.793 19. Li+'H — 2 *He + 17.347
9. °He + °He — “He +2'H + 12.860 — Bet+y+17.252

—°Li +'H + 10.895 20. ‘Li+°H — 2%He +n+15.122

5 4
. , . . — "He + 'He + 14.164
10. "He +“H — "Li+ Y+ 1.472 — %Be +n +15.028

11. “He +°H — 'Li + y+ 2.467 — ‘Be +y + 16.693
12. *He + °*He — '‘Be + Yy + 1.587 21. 'Li+°*H — °He + *He + n + 7.907

L — °He + "He + 9.834
13. °Li + "H — “He +°He + 4.021 - ®Be+2n+ 8.770

— 'Be +Y +5.608 — “Be +n+10.436
14. °Li+°H — “He + °H + 'H + 2.561 22. "Li + *He — 5Li + “He + 13,325
— “He +3He + n +1.797 8Be + ?H + 11.759
— 2°He +22.375 °Be + 'H + 11.199
— ®He + °He + 0.839 "Be +n +9.349
—L1+°H +5.028 Be+y+17.786
7L+ H +5.028 23. Li + *He —'B +y +8.664

7
—.Be+ n+3384 24. "Li + °Li — ®Be + *He + 15.220
—°Be +y +22.280 — B +°H +1.994

L



25.

26.

27.

28.

29.

HB +2H+7.192
2B 4+ 14 + 8.337
He +2n+2.204
2C 4+ n+20.924

®Be + SHe + 7.272
Be + “He + 14.783
“B +3H +6.197
2B 4+ 2H + 3.300
BB +'H +5.964
2C +2n+13.672
2C 4+ 2n+13.672
—3C+n+18.619

°Be +'H — °Li+*He +2.126
— %Be +2H + 0.559
— B +y+6.587

"Li+ "L

A A A A

°Be +?H — 2 *He + 3He + 4.687

Li + “He + 7,154
%Be + °H + 4.592
YBe + 'H + 4.590
08 1+ n+4.363
YB+y+6.197

°Be + *H— BLi + “He + 2.930
— "B +n+9561
— “B+y+10.463

L

°Be + °He — °Be + *He + 18.913

— B +?H +1.094
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30.

31.

32.

33.

34.

— "B+'H+10.325
— MC+n+7562

°Be + *He — *C + n + 5.704
— 2C+y+10.650

°Be +°Li —®Be + 'Li + 5.587
%8 +5He + 1.933
1B +9He + 14.347
Bc+2H+09.178
¥c +'H + 15.130
BN +2n +3.951
N +n +14.504

°Be + 'Li — ®Be + 8Li + 0.367
— B+ %He + 10.463
— Bc+°H+8.183
—¥C +2H +10.102
— ®C +'H+9.095
— “N+2n+7.251
— N +n+18.086

B +H - 'Be + *He + 1.148
— YC+y+8.693

B +°H — 3*He + 17,914
— "B+ 1H+9,231
— C +y 425,182

il

Table 3. Reactions by slow neutrones produced the charges particles (Kikoin, p.888)
Reactions (SEnergy in MeV) Cross section, barn

*He + n — H+p+0.764
®Li+n > H+a+4.785
‘Be+n— Li+p+1.65
VB 4+n— Li+a+2791
“N+no™"C+p+0.626
Y"O4+noMC+a+1.72

5400

945
51000
3837

1.75
0.5

Stable isotopes (Kikoin, p.825)
Stable isotopes are: *H, ?H, *He, *He, °Li, 'Li, °Be, B, B, **C,**C, “N, ©N .

http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/nucrea.html#c3

Some Nuclear Reactions. Table 3.



http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/nucrea.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html

Feaction
“Hin,y)°H
2 3

Hid,p!"H

Measured O (Mey')

6.257 +/- 0.004
4.032 +/- 0.004

*Lilp,a)®H 4.016 +/- 0.005
®Litd,p) "Li 5.020 +/- 0.006

?Ll

P,
Li (p,
n

gBe

il
(
(
(

)
n) ‘Be -1.645 +/- 0.001
YHe 17337 +/- 0007

O
y)'"Be 6810 +/- 0006

*Be (y,n)°Be -1666 +/- 0.002
"Be (dp)'"Be 4585 +/- 0.005

132

Feaction

Measured O (MeY)

?Beip,a)®Li 2132 +/- 0.006

1':'5(an

) L

""Bip.a) 'Be

"2¢(n

4

¥)'3C

"Scip,n'*N

2793 +/- 0003
1.148 +/- 0.003
4948 +/- 0004

-3003 +/- 0.002
0627 +/- 0001

108335 +/- 0007
-2.453 +/- 0002
8.124 +/- 0007

* - .
The nuclear reaction in the atmosphere which produces carbon-14 for
radiocarbon dating.

Data from C. W. Li, W. Whaling, W. A. Fowler, and C. C. Lauritson,
Physical Review 83:512 (1951)

HyperPhysics***** Nuclear

Back

Number of collising the moving neutron in the moveless surrounding particles for given loss of
energy is (see Kikoin [10], p. 924) :

=1+

(A-1)° In A-1
2A A+l

1, E

N==Ln=2,
¢ E

©)

where N is number of collisings; A is nuclear number of moveless particle; E; is the initial energy of
neutron, MeV; E; is final energy of neutron, MeV.
For ’Li the value A = 7, maxinun E; = 14.1 MeV, minimum E; = 2.5 MeV. The N = 6.65.

Properties of some retarders in Tables 4 below (Kikoin, p.925):

Table 4. Number of collising for retarding
from 2 MeV to warm energy

Retarder | & N
H 1.00 18
D 0.725 25
*He 0.425 43
Li 0.268 67
'Be 0.209 86
2c 0.158 114
0 0.120 150
Aisbig | 2/(A+2/3) | 9A+6
H,0 0.948

D,O 0.570



http://hyperphysics.phy-astr.gsu.edu/hbase/hph.html
http://hyperphysics.phy-astr.gsu.edu/hbase/nuccon.html#nuccon
javascript:history.go(-1)
javascript:history.go(-1)

133

| BeO 10173 |

The time of neutron retardering estimate by equation:

Here t is regarding time, sec; A, -is the free path of neutrons in relation to dispersal, cm; vy, v; - are final
and initial speed of neutrone respectively, cm/sec. Result of computation in Table 5.

Table 5. The regarding time of neutron from
energy E=2MeV to E=0.025eV.

-5
Regarder Ay €M t, 10 sec
Water 1.1 1.0
Heavy water 2.6 4.6
Beryllium 1.6 6.7
Beryllum oxide | 1.5 7.8
Graphite 2.6 15.0

2. Cross section areas of some termonuclear reactions

Cross section appears in diapason < 200 keV may be estimated by formula of George Gamov
o(E) = (A/E)exp(-B/E>?)
where o is cross-section of reaction; E is energy. A, B are the test coefficients.
Rough estimation the B coefficient is
BE®® =~ 272,76/ (hv)
Here Z;, Z, are charges of colliding particles; e is charge of electron; h is Plank constant.
Below are the test cross-sections [Kikon, pp.947 - 950]. If no the reaction product, the o is for all
products.
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Fig. 43.1. Cross-sections (diapason o from10*  Fig. 43.7. Cross-sections (diapason o from10™*°
to 10 cm?) vs. Energy (E 1 + 10* keV). to 10 cm?) vs. Energy (E 1 + 10* keV).
1 —2H(p,y)He; 2 — 2H(d,p)°He; 3 — *He(t, d)*He; 1-"Li(6,n)'°B; 2 — T(d,y)*He; 3 — **C(d,n)*N;
4 —>He(*He,p)...; 5—°H(4, v)'Li; 6 — *He(cy)'Be; 4 —"20(0,y)*Ne; 5 "Li(p,a)*He;
7 - °Li(p,&)*He; 8 — °Li(t,&) ... .
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] o)
Fig. 43.2. Cross-sections (diapason ¢ from10™%
to 10 cm?) vs. Energy (E 1 + 10* keV).
1 —2H(d,n)*He; 2 — *H(d,n)*He; 3 — *He(d,p)*He; 1 —3H(p,y)*He; 2 -°Li(d,n)'Be; 3 - °Li(d,b)...;
4 —3He(d, y)°Li; 5 — *He(t, pn)*He; 6 — °Li(d,p)Li; 4 - °Li(d,0)*He; 5 - "Li(t,n)...
6 - "Li("Li,p)**B + "Li(’Li,d)**B:
7 —°Be(p,d)*Be; 8- °Be(t,n)...
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Key Fusion Fuels w
1* Generation
g 2 10-2L
D+ T —=n(14.07 MeV) + *He (3.52 MeV)
D + D — n (2.45 MeV) + “He (0.82 MeV) PE
= 40-2
— p (3.02 MeV) + T (1.01 MeV) g 10
{50% each channel} g
g 107
28 Generation S
D + *He — p (14.68 MeV) + ‘He (3.67 MeV) 103
3 Generation
) 1 & 1R - 50 - SOT
p+UB -3 ‘He (8.68 McV) 1. i .10, 20. 0. 100. 200. 00.
Center-of-Mass EnergykeV)
| *He +He — 2 p + ‘He (12.86 MeV)

https://www.guora.com/What-are-the-pros-and-cons-of-controlled-nuclear-fusion-with-inertial-
confinement-like-NIF-National-Ignition-Facility-versus-magnetic-confinement-like-I TER-or-TOKAMAK
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10
N
/
g 1Q.i(n.d):"lH ' Pb(n,2n)
8 s
X 7
ﬁ ~
\
o 7 /ov)3
2 10 SLilrab
3 SBe (n, 2n ) F
=z
N\
102 I
107 107 1 10

Neutron energy, MeV

Cross section for reaction ®Li(n,a)*H, "Li(n,no)*H, °Be(n,2n), Pb(n,2n). Other important sections include
elastic and inelastic scattering cross sections for Li, Be, Pb, needed the slowing down (moderation) of the 14
MeV primery neutrons and neutron absorption cross sections for structural material (Figure from M. Sawan).
http://www.kayelaby.npl.co.uk/atomic_and_nuclear_physics/4_7/4_7_4.html
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Cross section for reactions absorption (solid line) and scattering (points) neutrones.
Common light element moderators, reflectors and absorbers
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https://upload.wikimedia.org/wikipedia/commons/8/80/Isotopes and half-life.svg

Cross section warm neutrons:
https://environmentalchemistry.com/yogi/periodic/crosssection.html
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3. Decay mode

wethary
S

S R o = 1 B
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https://upload.wikimedia.org/wikipedia/commons/7/79/NuclideMap stitched small preview.png

Decay modes

None (stable) | Neutron emission
Beta decay Alpha decay
Proton emission | Spontaneous fission

« | Positron emission or Electron capture

Stable isotopes
https://upload.wikimedia.org/wikipedia/commons/8/80/Isotopes and half-life.svg
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https://en.wikipedia.org/wiki/Alpha_decay
https://en.wikipedia.org/wiki/Spontaneous_fission
https://en.wikipedia.org/wiki/Positron_emission
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Type of decay

https://en.wikipedia.org/wiki/Radioactive decay#Decay modes in table form
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https://en.wikipedia.org/wiki/Radioactive_decay#Decay_modes_in_table_form
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Short biography of Bolonkin, Alexander Alexandrovich

Alexander A. Bolonkin was born in the former USSR. He holds doctoral degree in aviation engineering
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