Electrical Engineering. Great Events. Famous Names
UDC 621.3: 537.8:910.4

doi: 10.20998/2074-272X.2017.5.01

M.I. Baranov

AN ANTHOLOGY OF THE DISTINGUISHED ACHIEVEMENTS IN SCIENCE AND
TECHNIQUE. PART 40: THE SCIENTIFIC OPENING OF THE METHOD OF
EXPLOSIVE IMPLOSION FOR THE OBTAINING ABOVE CRITICAL MASS OF
NUCLEAR CHARGE AND UKRAINIAN «TRACK» IN THE «MANHATTAN»
AMERICAN ATOMIC PROJECT

Purpose. Preparation of short scientifically-historical essay about the prominent American scientist-chemist and physicist George
Bogdan Kistiakowsky, having the Ukrainian «rootsy and bringing in a considerable scientific and technical contribution to
development and creation of the first atomic bombs in the USA. Methodology. Scientific methods of collection, analysis and
analytical treatment of the opened scientific and technical information of world level in area of atomic and nuclear physics,
Physics of hyperpessure, applied electrophysics, modern experimental physics, atomic science and technology. Results. The state-
of-the-art review of the state of basic scientific and technical problems, arising up before scientists and engineers at development
and creation within the framework of the «Manhattany American atomic project of the first standards of atomic bombs of the
USA is resulted. Two basic methods of receipt in the a-bomb of above critical mass of the divided nuclear material of military load
are described: method of «cannon-shoty and method of «explosive implosion». Basic information is resulted about the
declassified scheme and construction decisions, applied scientists and specialists in the first atomic bombs of the USA. Technical
information is indicated about basic ordinary hard chemical explosive matters (EM), atomic bombs of the USA of implosend type
utillized in the first. Originality. Systematization of the scientific and technical materials devoted the basic results of pioneer
nuclear researches in the USA and USSR in the period of 1940-th on a capture above all things for soldiery aims by intranuclear
energy and to the offensive on a planet Earth of nuclear era known from the opened sources is executed. The important role of
the scientific ukrainian origin of G.B. Kistiakowsky in development and creation in the National nuclear center of the USA —
Los-Alamos of laboratory of the first implosend atomic bombs of the USA. The large deposit of the American scientist is marked
in area of physical chemistry, of theory and practice chemical EM G.B. Kistiakowsky in a fight for stopping in the world of race
of armaments and nuclear disarmament. Practical value. Popularization and deepening for students, engineer and technical
specialists and research workers of scientific and technical knowledges in area of nuclear physics, modern experimental physics,
atomic science and technology, extending their scientific range of interests and further development of scientific and technical
progress in human society. References 21, figures 10.

Key words: history of creation in the USA and USSR of the first standards of nuclear weapon, atomic bomb, critical mass of
nuclear explosive, nuclear explosion, methods of «cannon-shot» and «explosive implosion» for an atomic bomb, chemical
explosive matter, scientific achievements, nuclear disarmament.

Ilpugeden Hayuno-ucmopuqeckuil o4epK 0 6blOAIOULEMCA AMEPUKAHCKOM YyueHOM-Xumuxe u ¢usuke /[coposrce bozoane
Kucmsakoeckom, umesuiem yKpaunckue «KOPHU» U GHeCUieM 0ZPOMHBLIL 6KIA0 8 PA3PAOGOMKY U CO30AHUE NEPBbIX AMOMHBIX
00mo CLLA. bnazooapsa e20 HayuHbIM 0OCHUNCEHUAM 6 00NACIMU U300PEMEHUSA HOBbIX XUMUYECKUX 63DblGUAMbIX 6EeUiEeCE U
YCHEWIHOMY PA36UMUI0 UM Memood 63pbleHoll umnaozuu ¢ 1945 200y owvina peanuszoeana Ha nNPpaKmMuke meopus A0EpHOO
63pviga. OmmeueHnsl yCUIUa IMO20 YUeH020 6 NOCIeOHUEe OeCAMUIEMUA €20 HCUZHU 6 opboe 3a npeKkpauienue 6 mupe 20HKu
600pyHcenuil u adeproe pazopysrcenue. buodn. 21, puc. 10.

Kniouesvie cnosa: ncropus co3nanusa B CIIIA m CCCP nepBbix 00pa3noB siIepHOro Opy:xHs, aTOMHasi 6om0a, siiepHbIi
B3PBIB, MeTO/I B3PLIBHOIT HMILIO3HH H 60M0a, HAyUHBIe JOCTHKEHHS, sSAePHOE Pa3opy KeHHe.

Introduction. The world history of mastery in the
first half of the 20th century by outstanding scientists and
engineers of the genus of human intranuclear energy and
its further military-strategic use, because of its specificity
and closeness, contains more than one dozen little-known,
interesting and interesting for the general reader scientific
and technical facts. One of such facts in 2015 was
reported by our metropolitan newspaper «Zerkalo Nedeli»
[1, 2]. Tt dealt essentially with Ukraine (then in the early
20th century from the Russian Empire) George Bogdan
(Georgy Bogdanovich) Kistiakowsky, an outstanding
American expert in the field of physical chemistry and
solid explosives, who made a huge contribution to the
creation of the first US atomic bombs and practical
implementation of the theory of nuclear explosion [3].
What exactly did the Ukrainian G.B. Kistiakowsky
(Fig. 1), so valuable and important for the onset of the

atomic era on our planet, do? We will try to follow below
with the use of exclusively open sources and messages
from the World Wide Web in a concentrated form of a
brief scientific and historical essay to trace the milestones
of the life and creative path of this legendary scientist of
the United States, who stood at the very origins of the
creation and creation of the most terrible weapons in the
history of mankind.

1. The beginning of the way. George Kistiakowsky
was born on November 18, 1900 in the family of
Professor of law at Kiev University Bogdan
Aleksandrovich Kistiakowsky and his wife Maria (nee
Berenshtam) [4]. He received his secondary education in
private schools in Kiev. In the autumn of 1918 he joined
the White Army and until the autumn of 1920 participated
in military operations. After the defeat of Wrangel's
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forces in the Crimea, he first came to Turkey, and then to
Germany. In 1921 he entered the University of Berlin on
Chemical Faculty, which he graduated from in 3.5 years.
In 1925, under the scientific guidance of Prof. M.
Bodenstein he successfully defended a Doctoral Thesis at
this University on the topic of the problem of the
decomposition of chlorine oxide with the help of a flux of
light radiation [3]. In 1926, as a scholar of the
International Committee for Education in Physical
Chemistry, he was sent to the Princeton University (USA)
for scientific internship [4].

Fig. 1. Prominent American chemist and physicist George
Bogdan Kistiakowsky (1900-1982), one of the main inventors
and creators of the first atomic bombs of the USA of implosive

type [3]

According to the results of the research, in 1928 he
published his first scientific monograph «Photochemical
Processes» in the United States, which brought the young
scientist to fame in the field of photochemistry. Since
1930, as a Professor, he began teaching chemistry at
Harvard University (Boston, USA), with whom he was
associated for the rest of his life. In 1933 G.B.
Kistiakowsky accepted US citizenship and began to bear a
new name - George Bogdan Kistiakowsky. During the
Second World War he dealt exclusively with military
scientific and technical issues [3, 4]. He had an active
civil position and was an ardent opponent of German
fascism. Therefore, in those war years, this scientist
concentrated all his physical, moral and creative forces on
works directly aimed at the victory over Germany. Since
1941 G. Kistiakowsky became a member of the
Committee on Atomic Energy of the National Academy
of Sciences of the United States. In this Academy of
Sciences of the USA he was elected for scientific merits
in the field of studying chemical explosive matters (EM).
In 1942, he headed the Department for the development
and testing of conventional chemical explosives at the
National Defense Research Committee of the United
States [3, 4].

2. Manhattan Project of the USA. It is known that
the pioneers of the nuclear era on the planet Earth were

the two most powerful countries in the world - the US and
the USSR. For this purpose, their most outstanding
physicists, at first, developed theoretical models of
nuclear-physical processes and nuclear warheads of a new
type of weapons of enormous destructive power. Their
scientists and engineers have conducted numerous
experiments on physical and technical stands to determine
a number of nuclear constants. Historically, in the
practical creation of the first nuclear weapons (at the stage
of work on the production of atomic bombs), large-scale
issues have come to the fore, connected with the
organization in these developed countries of a
fundamentally new type of industry - the nuclear industry,
which requires huge capital investments and completely
new technologies for the production of fissionable nuclear
materials, and other necessary for the realization of the
unprecedented enormous scientific and military tasks of
the accompanying materials of nuclear (super high)
purity [5].

In the United States, to achieve this goal in the
shortest time (with the first persons from the political
leadership of the country and the outstanding physicists of
the world on its territory constantly remembered similar
searches in Germany for the creation of such a
superweapon) after the signing by President Franklin
Roosevelt on January 19, 1942 the American government,
in complete secrecy, launched a decree on the conduct of
work on the creation of an atomic bomb in the United
States by the US «Manhattan» Atomic Project widely
known to many of us [1-6]. Since the autumn of 1942, to
intensify the whole complex of closed works and transfer
them to a practical plane, this scientific and technical
project of a huge military purpose was transferred directly
to the American army. His administrative leader was
appointed Brigadier General of the US Army 46-year-old
Leslie Groves [5-7]. As a scientific supervisor of the
project, from the autumn of 1943, at the request of L.
Groves, a 39-year-old theoretical physicist from the
University of California (Berkeley, USA), Professor
Robert Oppenheimer (1904-1967) [5-8 ]. This scientist-
physicist was simultaneously appointed director of the
new National Nuclear Center of the United States, a
super-secret Los Alamos Scientific Laboratory located in
the desert area of New Mexico, which deals exclusively
with the development and creation of the first atomic
bombs in the USA [5-8]. In the Manhattan project, in fact,
an international team of leading physicists and specialists
from all over the world (naturally except physicists in the
USSR and Germany), including 12 Nobel Prize Laureates
in physics and chemistry, took part [7, 9]. More than 130
thousand people were involved in the work of this project.
All financial costs of the project were written off to the
virtually existing Manhattan engineering district, whose
command was General L. Groves (hence, obviously,
according to the cover secret developed by the US secret
services, and the name of this super-secret project took
place). The incurred monetary costs for the
implementation of this superproject for the period 1942-
1945 amounted to a huge for those times the amount -
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about 2 billion USD (in current prices it is about 63
billion USD) [9]. Note that in 1944, the United States
gross domestic product (GDP) was about 1499 billion
USD [9]. For comparison, it should be noted that during
this period Germany's GDP was about 437 billion USD,
the USSR's GDP was 362 billion USD, Britain's GDP was
346 billion USD and Japan's was 189 billion USD. From
these economic data it is clear that in 1944 the US GDP
exceeded the GDP of Germany, the USSR, Great Britain
and Japan combined. To this, it is necessary to add that
the United States, after the occupation by the German
troops of France in 1940 (before this event, France, with
its world-famous school of nuclear physicists headed by
Frederic Joliot-Curie, occupied the leading position in the
scientific world on the Uranium problem) Concentrate
from the Belgian Congo (countries in Central Africa) in
the volume of about 1200 tons, as well as serious
calculations by the UK on its own nuclear project «Tub
Alloys» (supervisor of the work - Professor of physics
J. Thompson) [9]. Here it is necessary to point out that the
scientific group of J. Thompson, which included the
French nuclear physicists H. Halban and L. Kovarski, the
famous students of F. Joliot-Curie, already in July 1941
sent to the British government deeply developed materials
on the creation of uranium atomic bomb, including the
calculation of the critical mass of its nuclear explosive -
the uranium isotope o>°U [9]. Given the complex
military situation in Britain (the constant German
bombing and the danger of German invasion) and the
shortage of «financial resources» for expensive scientific
projects on the «foggy Albion», the leaders of the
Western Allies in the anti-Hitler coalition in the war
against Germany, F. Roosevelt and W. Churchill agreed
to those severe the war years about the mutual exchange
of secret information on the atomic superbomb. The
proud British, figuratively speaking, «gritting their teeth»
and realizing that by voluntary transfer to the Americans
of their data on the new superweapons, they lose the
«key» to world domination, after all, under pressure from
external and internal circumstances, they were forced to
give the US their developments of own nuclear weapons.

As for the German Atomic Project (the scientific
supervisor of the works is the outstanding German
theoretical physicist, Nobel Prize Laureate in physics for
1932 Werner Heisenberg (1901-1976)), despite her
capture in 1940 at the concentrator in Oolen under the
occupation of 1200 tons of uranium concentrate by
Belgium [9], the shortage of highly qualified specialists
(many hastily left the country) and the extremely
inadequate financing of these works (about USD 10
million [9]) led to the collapse of their obsessive ideas on
mastering the world's first intranuclear energy, the
creation of the first atomic superbomb and victory over
the USSR [7].

Concerning nuclear research of a military nature,
bleached with heavy human and material and technical
losses of the USSR, during this period, for several years,
«to death» by belligerent conventional weapons against
Germany with its considerable own and European

resources, it is necessary to say that the Atomic Project of
the USSR (the scientific supervisor of the work -
Professor Igor Kurchatov (1903-1960), which started with
the instruction of the State Defense Committee of the
USSR No. 2352 of September 28, 1942 «On the
organization of work on uraniumy», due to poor financing
and underestimation by the government of the strategic
importance of this work till 20 August 1945 was carried
out slowly. After this date, and the organization of the
Special Committee of the USSR Council of Ministers
(chairman - Marshal of State Security L.P. Beria, deputy
chairman - People's Commissar of Ammunition Colonel-
General B.L. Vannikov, Colonel-General A.P.
Zavenyagin, members - Academicians of the USSR
Academy of Sciences P.L. Kapitsa and 1.V. Kurchatov)
atomic work in the USSR acquired unprecedented in
scope and intensity [5, 7].

Therefore, taking into account the other political,
economic and scientific-technical data mentioned above
and known to the author in general terms, it is quite
possible to conclude that the United States during the
military period of 1942-1945, in comparison with the
opposing sides-parties of the Second World War, had the
most favorable chances of succeeding first in the
development and creation of the first atomic bombs.
American scientists and experts, as pioneers in the nuclear
arms race, went the hard way: they simultaneously
created two fundamentally different models of atomic
bombs - «uranium» based on the fissile uranium isotope
0°°U and «plutonium» based on the fissile isotope of
plutonium o4>**Pu [2- 9].

2.1. The «gun shot» method to detonate the
uranium nuclear charge of an atomic bomb. The basic
scheme for constructing a uranium atomic bomb based on
the «gun shot» method was set forth in the English report
of the Thompson Committee, transmitted by the United
States in the autumn of 1941 [9]. Its author was physicist
William Parsons. This scheme provided for the creation
of a critical mass (of the order of 60 kg [9]) in the
neutron-fissioning isotope of uranium 023U with the flow
of an explosive chain nuclear reaction in it [10]. For this
purpose, two cylindrical parts with subcritical masses
were used in the uranium charge: «shell» and «target» [6,
11]. Uranium «shell» (a solid assembly of individual rings
of a cylindrical bar from 90% enriched uranium 92235U)
with a conventional cannon barrel and a smokeless
powder charge at a speed of about 350 m/s was sent
inside a hollow cylindrical uranium «target» (a composite
structure of separate hollow cylinders from enriched to
80% of uranium 4,”*°U) [9, 11]. With the full flight of the
uranium «projectile» into the uranium «target», a
supercritical mass of nuclear explosive was formed, in
which a chain nuclear reaction of an explosive nature was
initiated by means of a neutron fuse (external source of
neutrons). For example, in the first American uranium
atomic bomb «Little Boy» with a capacity of TNT
equivalent of about 15 kilotons, exploded in the morning
(at 09:16 am) on August 6, 1945 at an altitude of about
580 meters above the city of Hiroshima, Japan, the
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uranium «shell» of the nuclear charge (160 mm long and
100 mm in diameter) had a mass of about 26 kg (enriched
to 89% of uranium ,”°U), and the uranium target of the
nuclear charge (160 mm in length, 100 mm in internal
diameter and outer 160 mm in diameter) had a mass of
about 38 kg (enriched to 80% of uranium ,>°U) [9, 11].
By the way, the neutron fuse in the first US uranium
atomic bomb «Little Boy» was made on the basis of
beryllium-polonium initiators emitting a neutron flux at
the time of the supercritical mass of the fissioning
uranium isotope 023U in the cylindrical nucleus of the
bomb [9, 11]. To reflect the supercritical mass of the
uranium isotope 0> 3U in the compressed state to reflect
the neutron flux into the inner region of the bomb and
retain it for the required time (of the order of 500 ns [5])
in order to allow at least 70 chain links of nuclear fission
to occur in it [5], the cylindrical nucleus of this uranium
The bombs were surrounded from the outside by massive
cylindrical shells made of tungsten carbide (for
immediately adjacent to nuclear explosives) and hardened
steel (for the outer shroud) [9, 11]. The total mass of such
shells was about 2300 kg. The cannon barrel, about 2000
mm in length, firmly fixed on a thick carbide sheath,
together with the breech part, had a mass of about 450 kg.
Uranium «projectile» in a cannon barrel of the bomb
developed speeds of up to 300 m/s [9, 11]. As a result, the
first US uranium atomic bomb «Little Boy» with a
diameter of 0.7 m and a length of 3 m had a total weight
of about 4,100 kg [5, 9, 11]. Experimental data from the
US confirmed that when the first uranium atomic bomb
«Little Boy» was blasted, which killed about 170,000
residents and destroyed 62,000 buildings in Hiroshima for
a moment, the energy released by the passage of a chain
in the uranium isotope 02%U nuclear reaction, «inflates»
the nuclear assembly of the bomb at a speed of about
1000 km/s [7, 11]. Therefore, when it undermined, only
up to 1.4% of 64 kg of the critical mass of the U
enriched to not less than 80% of uranium had managed to
react [11].

2.2. The method of «explosive implosion» to
undermine the plutonium nuclear charge of an atomic
bomb. Undermining the plutonium nuclear bomb of an
atomic bomb based on the weapons-grade isotope of
plutonium o,”°Pu (Fig. 2), synthesized and isolated in
1941 by a group of American nuclear scientists led by
Glenn Seaborg (for this important discovery in 1951, he
was awarded the Nobel Prize for chemistry) [5, 12], with
a subcritical mass of up to 6.2 kg using the «gun shot»
method described in subsection 2.1 proved to be
fundamentally impossible [9, 11].

The main reason for this was that the weapons-grade
plutonium o,*°Pu which is currently being produced
commercially in the fuel elements of nuclear reactors in
the long-term irradiation with neutrons of the natural
uranium isotope 0> 38U contained in them [5, 10], is
significantly larger (about 100 times [6, 11]) by the
neutron background (this fissile nuclear material is
strongly «fonite» or «glows»).

| U R T
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Fig. 2. The unique view of two hemispherical blanks cast in a
special metallurgical furnace is silver-white (on the left with a
flat inner part, and on the right with a rounded outer part) of the
subcritical mass of fissile nuclear material from weapons-grade
plutonium o4>*°Pu used in the first US implosive atomic bombs
«Trinity» and «Fat Man» [6]

Because of such a relatively large background
neutron flux, even when the plutonium «projectile»
approaches the plutonium «target» between them, a
chain nuclear reaction starts prematurely, leading to
inefficient separation of intranuclear energy in the zone
of their «meetingy. It is interesting to note the fact that I
remembered for a lifetime the fact of the Soviet period
from my own scientific biography, when at one time the
author, while staying at the secret scientific center of the
USSR at the world level - VNIITPh (Chelyabinsk-70),
now called the Russian Federal Nuclear Center No. 2
(Snezhinsk), it was possible at one of the unique nuclear
installations to see firsthand the controlled course of the
chain nuclear reaction between two vertically
approaching in the open air inside the thick lead
detachable casings by massive uranium discs. Moreover,
this reaction was accompanied by a visually visible
intense sizzling (well, just like an electric corona!) glow
of bluish-blue color in the section of the interdisk air gap
up to 30 mm in length (now one can only guess at the
intensity of neutron radiation in the zone of this air gap).
Then, in order to avoid neutron irradiation, all observing
this impressive nuclear-physical phenomenon were at a
distance of about 10 m from the core behind a thick
(thickness more than 100 mm) leaded glass, providing
our radiation protection. Returning again to the scientific
subject of our nuclear physical examination, we point
out that, from the practical application of such a scheme
of detonation in a nuclear bomb of a plutonium nuclear
charge, one nuclear «fizzle» was obtained [11]. For an
effective nuclear «detonation» of the plutonium charge
in an atomic bomb, using the «cannon shot» method, the
speed of the connection of its (charge) parts should have
been technically unattainable (more than 1 km/s) [11]. It
should not be forgotten that the uranium isotope ,>>U is
better than the isotope of plutonium o,>*°Pu withstanding
strong mechanical loads [11]. By the way, according to
modern data, to improve the stability of physical
properties and increase the compressibility (plasticity),
the isotope of plutonium o,”’Pu is doped with a small
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amount of gallium ;,"°Ga [11]. That is why at the end of
1943 the work on the creation of the plutonium atomic
bomb in the USA was at an impasse. And as it turned
out in the future, it was the plutonium type of nuclear
charge that determined the world's main path for the
creation of all nuclear (atomic and thermonuclear)
weapons. Scientists needed a fundamentally new
technical solution to create and wundermine the
supercritical mass of the nuclear charge of an atomic
bomb from weapons-grade plutonium ¢,>*°Pu [9, 11].

And such a new scientific and technical solution in
the Los Alamos Laboratory of the United States was first
discovered in 1944. Its author was the American physicist
Seth Neddermeyer [9]. He proposed a method of
«explosive implosiony (this term derives from the English
word «implosion» [5, 13]), which involves, by
compressing an explosive wave converging toward the
center of the bomb from the explosive of chemical EM of
plutonium nuclear explosives supercritical mass.
According to this method of detonation of nuclear
explosives from weapons-grade plutonium o> Pu,
explosive charges from conventional chemical explosives
(for example, from trinitrotoluene (TNT) or hexagen) are
exploded from the outside all along the perimeter of this
fissile nuclear material [5, 9, 11 ]. Numerous charges with
chemical EM are activated by means of a system of
electric detonators, triggered by a single trigger device. It
was one thing to propose an implosive scheme for
detonating the nuclear charge of an atomic bomb (yes,
this was then certainly a revolutionary step in the field of
atomic science and technology), and it is another thing to
implement it practically. There were months of laboratory
tests of such a scheme for building a plutonium atomic
bomb, but there were no acceptable results.

And here, in the spring of 1944, the scientific leader
of the «Manhattan» American Atomic Project R.
Oppenheimer, and draws in full to the creation of an
implosive atomic bomb of the leading US scientist in the
development and testing of conventional chemical EM,
Professor at Harvard University G. Kistiakowsky [9]. It
should be noted that even before the above-mentioned
period, practically since 1943, this American chemist has
already performed some work in the framework of this
superproject. In the spring of 1944, G. Kistiakowsky
became the head of the Department G in the Los Alamos
Laboratory, engaged in EM and responsible for solving
the problem of implosion reduction of plutonium nuclear
charge of an atomic bomb [4, 9]. On the special
importance, the scientific and technical level and the
amount of work performed in this Department can be
indicated by the fact that by the beginning of 1945, in the
submission of G. Kistiakowsky, the collective was tense
and with full dedication to working like-minded people,
including about 600 scientists and engineers [2, 4].

Despite strict secrecy in all countries of the world,
the devices of nuclear munitions, thanks to some
declassified data on the construction of the first US
atomic bombs, we can correctly from the positions of
ultrahigh-pressure physics, nuclear and nuclear physicists

and, as it turned out, electrophysics, to state the basic
principles of their circuit-structural construction and
operation [6, 11]. G. Kistiakowsky and his Department G
had to develop a new spherical explosive shell and
detonation system for its explosion to implosion the
plutonium charge of the bomb, based on solid chemical
EM which would provide a directed and growing to the
center of the bomb, where a spherical charge was placed
from weapons-grade plutonium o,”’Pu with a subcritical
mass, a spherical shock gas-dynamic wave [6]. Estimates
made by G. Kistiakowsky showed that in order to achieve
this goal, it is necessary to use both explosive and slow
brisant chemical explosives in the explosive shell
developed by him at the Los Alamos Laboratory of the
USA. To do this, they created a new «slow» brisant
chemical explosives (mixture of TNT (33%), barium
nitrate (66%) and binder wax (1%)), called «baratol» and
having a stable detonation velocity (propagation velocity
in EM process of chemical decomposition [5, 13]) about
4 km/s [3, 6]. The use of composition B (mixture of
hexagene (60%), TNT (39%), and binder wax (1%)),
which has a detonation velocity of up to 9 km/s, was
suggested as a «fasty brisant chemical explosive in a
plutonium atomic bomb [5, 6]. A «slow» brisant chemical
EM was used in the outer part of a massive explosive
shell, and a «fast» brisant chemical explosive was used in
its inner part adjacent to a spherical massive aluminum
pusher (neutron absorber) [3, 6]. For the completeness of
the complex gas-dynamic problem solved by
G. Kistiakowsky 's team from the chemical-physical field
of explosives, we note that the accuracy of assembling
individual cast brizant lens parts of a spherical explosive
shell was less than 1 mm. In order to avoid
inhomogeneities in the shock wave directed to the inside
of the bomb, special requirements were imposed on the
accuracy of spherical surfaces in individual cast brisant
lens parts weighing up to 100 kg of this explosive shell
with a total mass of up to 2600 kg [6, 11]. A massive
explosive shell with its outer (outer subshell) and internal
(internal subshell) parts together with its massive
spherical aluminum pusher and its massive spherical
uranium body (a neutron reflector made from a natural
uranium isotope of 4,”**U) had to perform a strictly
symmetrical reduction small (up to 100 mm in diameter)
and made in the form of hemispheres of nuclear charge
from weapon plutonium o,”’Pu separated by a thin gold
layer (up to 100 microns thick) u with a subcritical mass
located inside such a spherical nuclear-chemical «puff»
and containing a miniature neutron beryllium-polonium
initiator of a spherical shape inside itself [6, 7, 11].

As a result of scientific research, G. Kistiakowsky
together with his colleagues at the Los Alamos
Laboratory in the USA in February 1945 proposed the
final design of the explosive shell for the first plutonium
atomic bomb forming the spherical shock gas-dynamic
wave growing to its center. The outer and inner subshells
of this explosive shell were made of 32 explosive cast
lenses, 20 of which were hexagonal, and 12 were
pentagonal [6, 11]. These lenses, made by precise casting
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from the molten «slow» and «fast» brisant chemical EM
described above, joined together on the basis of the
manufacturing of the leather shell of all the known
football for us, forming a spherical explosive assembly
with a thickness of up to 420 mm and an outer diameter of
up to 1300 mm [6, 7, 11]. The total weight of such an
explosive shell of a plutonium atomic bomb was about
2500 kg [6, 11]. A hollow aluminum pusher with a boron
content of 5s''B (up to 40%), designed to absorb neutrons
emitted from the plutonium-uranium assembly and to
reduce the pressure drop behind the front of the
detonation wave in the explosive shell (this solution
increased the pressure of the gas-dynamic wave that
passed to the center) diameter of 460 mm had a thickness
of about 115 mm and weighed up to 120 kg [6]. With this
explosive shell design, the hollow uranium body of a
plutonium atomic bomb from a natural uranium isotope
08U designed to reflect and retain neutrons in its center,
with a wall thickness of 70 mm, had an outer diameter of
230 mm and a mass of about 120 kg [6]. The uranium
body and the plutonium charge of the bomb formed its
subcritical system. Therefore, with its up to 20% of the
released intranuclear energy was accounted for by the
fission reactions in the uranium shell of the bomb [6, 7].
Note that during the implosion explosion of the shell of
these brisant chemical EM which creates pressure in the
hundreds of thousands of atmospheres in the central part
of the bomb, a decrease in the diameter of the spherical
plutonium charge (the «core» of the bomb) occurred
2.5 times, which led to an increase to five times taking
into account the mass loss due to the evaporation of
fissionable nuclear material) of the density of weapons-
grade plutonium o4*’Pu and to the appearance in it of a
corresponding decrease in its critical mass, up to five
critical masses [6, 7, 11]. We point out that the initial
diameter of the subcritical spherical parts of the
plutonium charge of the bomb was 90 mm, which ensured
the presence of a subcritical mass of up to 6.2 kg
[6, 7, 11]. To trigger nuclear fission reactions in weapons-
grade plutonium o~ ’Pu with the supercritical mass
obtained, a neutron flux initiating them was needed. For
this purpose, a spherical cavity with a diameter of 25 mm
was made inside the hemispheres of the plutonium charge
to accommodate a neutron initiator containing a hollow
spherical beryllium shell 20 mm in diameter with a wall
thickness of 6 mm, inside of which was a beryllium liner
8 mm in diameter [6, 7, 11]. On the outer surface of the
beryllium liner and the wedge-shaped slits made on the
inner surface of the beryllium shell, first layers of nickel
and gold were deposited, and then a thin layer of
radioactive polonium g,*'’Po with a total mass of up to 11
mg [6, 7, 11]. Thin layers of nickel and gold before
implosive explosion of the shell from chemical EM
protected the hollow sphere and the liner sphere of
beryllium ,’Be from the action of a particles (helium
isotope nuclei ,*He [10]) emitted by the polonium nuclei
«>'%Po. The neutron initiator was activated when a
converging shock gas-dynamic wave was reached from an
implosive explosion outside the chemical EM center of

the plutonium charge of the bomb. At this moment, the
neutron initiator was extremely rapidly destroyed and the
mixing of the polonium g°'°Po atoms with beryllium
JBe. The alpha particles emitted by the nuclei of > °Po
were absorbed in the beryllium ,’Be formed in the center
of the charge of the radioactive mixture, the nuclei of
which began to actively emit neutrons that acted on the
fissionable weapons grade plutonium o~°Pu  with
supercritical mass [6, 7]. As a result, a chain nuclear
reaction of explosive type began to flow in the plutonium
nuclear charge of the bomb.

2.3. Application of electric explosion of thin
conductors for detonation of chemical EM in the first
atomic bombs of the USA. In the first American
plutonium atomic bombs, thin electrically exploding
conductors (EEC) were used to accurately synchronize
the detonation of electric detonators of their explosive
shells (see subsection 2.2) [6, 7, 11]. The electric
explosion of short segments of thin EEC, carried out with
an allowance of up to +10 ns and causing the
simultaneous operation of 32 electric detonators and the
corresponding detonation of all 64 lenses from the
chemical explosives of the outer and inner explosive
subshells of the bomb, was produced by supplying,
through numerous electrical cables, from one charged
high-voltage capacitor bank of a pulse of a large damped
sinusoidal current [6, 15]. The weight of such a starting
electrical device, together with a capacitor bank, was
about 200 kg [6, 7].

3. A great physical experiment of US nuclear
scientists in the Alamogordo desert. Given the colossal
scientific and technological complexity of developing
reliable designs and manufacturing the world's leading
nuclear weapons in the «metal», it can be argued quite
reasonably that this kind of sinister (diabolical) weapons
of mass destruction of everything on our planet is the
result of the world's prior development of science and
technology. And now the paradoxical apotheosis of the
scientific and technical achievements of mankind in the
20th century by the will of the objective process of the
development of our civilization should be the great
physical experiment of American scientists and engineers,
demonstrating for the first time to all the nuclear
explosion in the desert region of the Earth the first
experimental US plutonium atomic bomb «Trinity» and,
accordingly, the release of huge energy reserves, enclosed
in the microcosm of matter.

Undoubtedly, this unique demonstration was not for
everyone, but only for 425 elected scientists and
specialists who arrived on the eve of this historic event at
the US military training ground in the Alamogordo Desert
(New Mexico) where a steel tower (Fig. 3) was installed
and the first prototype of a plutonium atomic bomb, code-
named «Trinity», was prepared for the explosion [7]. We
will point out that in a number of sources this bomb is
also called «Gadget» [14]. We will stop in our narrative
on the first name of this bomb [5, 9].
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Fig. 3. The general view of the epicenter of a future nuclear
explosion with a steel tower up to 30 m high, on top of which
the first American plutonium atomic bomb «Trinity» (US
military probe in the Alamogordo Desert, New Mexico) was
moved there with the help of lifting equipment,

July 15, 1945) [7]

In my opinion, our attention deserves the reigning
atmosphere among the authors-developers of this terrible
from the universal positions and values of the American
atomic bomb, as well as the leading scientists and
specialists gathered at the US proving ground. Many of
them intuitively realized that they were in step or from an
unprecedented  scientific discovery, or from an
unprecedented catastrophe. For example, the Nobel Prize
Laureate in physics for 1938, Enrico Fermi, who worked
at the Los Alamos Laboratory on the creation of the first
US atomic bombs, 5 believed that after the explosion of
this atomic bomb from the present developers in a
reinforced concrete bunker 10 miles away from its
epicenter will not survive anybody [9]. G. Kistiakowsky
argued with R. Oppenheimer for his monthly salary
(USD 700) that the developed implosive explosion
mechanism will work successfully and all will remain
alive [9]. When declaring a 10-second readiness, all those
who were in the team bunker began to pray furiously, as
last time, praying and remembering the words from the
Gospel [9]: «...I believe! Lord, help my unbelief!» At that
moment R. Oppenheimer could not take himself in hand:
he was shaking with nervous tension [9]. Immediately
after the explosion of the bomb and when a huge column
of gas and smoke rose above the desert, on which a
«nuclear mushroom» opened like a parachute (Fig. 4),
R. Oppenheimer, violating the «grave» silence, exclaimed
[8, 9]: «lt's working!». Most of those present with him in
the bunker were simply depressed and overwhelmed by
this grandiose explosion and just remained silent. Then
quickly came to life, G. Kistiakowsky loudly said [9]:
«l am sure that when the end of the world comes, in the
last millisecond of the Earth's existence, mankind will see
exactly what we have just witnessed.

Fig. 4. External view of the «nuclear fungus» from the explosion
of the first experimental plutonium atomic bomb of the United
States «Trinity» (the US military training ground in
Alamogordo, New Mexico, 05:30 am, July 16, 1945) [7]

In Fig. 4, to the left of the «nuclear fungus», winding
«paths» of numerous channels of air electrical discharges
accompanying the first nuclear explosion (NE) in the
history of mankind are clearly visible. The formation of
such electrical discharges in the air atmosphere is
associated with the intensive separation of electric
charges of both polarities in the zone of NE leading to the
emergence of a high-ionized gas medium adjacent to the
«nuclear fungus» of a high-power electromagnetic pulse,
which along with penetrating radiation, light and shock
wave is one of the main striking factors of nuclear
weapons [11].

After the nuclear explosion of July 16, 1945, the first
US experimental implosive atomic bomb «Trinity» with a
plutonium «filling» subcritical mass of up to 6.2 kg with a
trotyl equivalent of about 18 kt from the steel tower (see
Fig. 3), only a part of its melted reinforced concrete base
remained (Fig. 5) [2, 5].

Fig. 5. Scientific and administrative leaders of the «Manhattan»
US Atomic Project Robert Oppenheimer (left) and Leslie
Groves (right) at the site of the nuclear explosion of the first
implosive plutonium atomic bomb «Trinity» (the US military
range 400 km south of Los Alamos, New Mexico, September
1945) [7]
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From the memories of the witness of the first in the
modern history of mankind to test in the uninhabited
area of the Earth nuclear weapons, the US Army General
T. Farrell [7, 9]: «... This was something unprecedented.
During the explosion, there was a stunningly beautiful
and terrible game of gold, purple, purple, gray and blue
colors. We felt ourselves to be small blasphemous
creatures, swinging at the taming of forces that until
then were subordinate only to the Most High. « In the
radius of 1.5 km from the epicenter of the explosion of
the first implosive plutonium atomic bomb «Trinity»,
the upper layer of sand melted, turning on the surface
into a vitreous substance of greenish color - trinitite (this
name was firstly artificially obtained on Earth substance,
from the name of the American bomb that «gave birth»
to it) [5-7]. The destructive power of the nuclear
explosion carried out by the Americans so influenced
the human psyche that no festive events and even parties
were held for the successful testing of the first
plutonium atomic bomb at the National Nuclear Center
of the USA (Los Alamos) [9].

4. Awe-inspiring atomic bombing of the United
States in 1945 in Japanese cities. April 12, 1945,
Franklin Roosevelt died and Harry Truman became the
new President of the United States. The next day, April
13, 1945, US Secretary of Defense Henry Stimson was
forced to report to the new US President and commander
in chief of the US Army about the «Manhattany
superproject (surprisingly, as Vice-President, Truman did
not know anything about him!) [6, 16]. It was to this US
president's share that fate had the right to make an
important political decision about the first military use of
nuclear weapons. On May 11, 1945, the Pentagon
leadership, with the approval of its commander in chief,
US President G. Truman, made a decision to deploy the
first nuclear weapons attacks on peaceful Japanese cities -
Hiroshima, Kokure and Nagasaki [16]. An obligatory
condition for carrying out atomic bombardment of these
objects was the presence of a clear sky above them (first,
for better aiming at a high altitude of the flight of an
airplane (10-12 km), and, secondly, for photographing the
results of unique bombardments). These bombardments
were to take place on August 4, 1945. However, due to
bad weather, the first of them (a nuclear strike in
Hiroshima city) was postponed to August 6, 1945 [9, 16].
On the tragic consequences of the atomic bombing of
August 6, 1945, Hiroshima, when the first uranium
atomic bomb «Little Boy» was used with a power of TNT
equivalent of about 15 kt, was mentioned above in
Subsection 2.1 and [17]. In August 9, 1945, from the
American B-29 strategic bomber (Fig. 6), to the Japanese
city of Nagasaki, the plutonium atomic bomb «Fat Many
with a capacity of TNT equivalent of about 21 kt, due to
the expansion in all directions at a speed of up to
1000 km/s of its plutonium-uranium assembly, only 20%
of the approximately 6.2 kg of the initial mass of the
charge of weapons-grade plutonium o~ Pu in it had
reacted (to share the nuclear image) [6, 18].

Fig. 6. The US B-29 strategic bomber used by the United States
in 1945 to inflict eerie nuclear strikes on Japanese peaceful
cities [7, 18]

Due to the fact that the plutonium atomic bomb «Fat
Many having a length of 3.25 m, a diameter of 1.5 m and
a total weight of up to 4600 kg, was blown up at an
altitude of about 500 m on the outskirts of Nagasaki (the
nuclear strike on the original goal - Kokurye was canceled
due to the large cloudiness above it), the number of dead
inhabitants of this peaceful city immediately after the
nuclear explosion over it of this bomb (Fig. 7) was only
about 90 thousand people [6, 18 ]. The population and the
government of Japan, after these two historical cases of
the first US military use of nuclear weapons with horrific
human losses and devastating consequences, were in an
inexpressible shock. August 14, 1945 (recall that on
August 9, 1945 the USSR declared war on Japan and with
its victorious lightning-fast operations in the Far East
practically compelled the land forces of the Kwantung
Army of Japan with the number of up to 1 million soldiers
and officers to surrender), the Emperor of Japan Hirohito
after visiting the places nuclear bombing of the US
Japanese cities begged for peace and said [9, 18]:
«.. Japan is forced to accept the conditions of the
Potsdam Declaration». After that, on Sept. 2, 1945, on
the American Dbattleship «Missouri»  authorized

representatives of the USSR, the USA and Japan signed
the Act of unconditional surrender and put a «fat point» in
World War I1 [9, 18].

Fig. 7. The unique photograph by a Japanese amateur
photographer who captured the explosion of the American
plutonium atomic bomb «Fat Many for history (11:02 am,
August 9, 1945, Nagasaki, Japan) [7, 18]
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5. Some recent information about the «leakage»
of US atomic secrets in the USSR. All works on the US
«Manhattan» Atomic Project were given the highest
degree of secrecy [5, 6, 9]. The USSR from the very
beginning of these works began to create a branched
reconnaissance network around this superproject [9, 11].
Not only Soviet agents worked for the USSR, but also
American, British and Italian scientists and specialists
involved in the implementation of a number of works on
this project [5, 9]. It is believed that, thanks to the active
efforts of the intelligence agencies, the USSR foreign
intelligence extracted about 12,000 sheets of A4 format
from the US Atomic Project Manhattan with detailed
information on the designs of the first US atomic bombs,
information on the properties of the fissile and other
radioactive materials used in them, and technologies the
production of the fissile isotope of uranium ¢,*°U and the
fissile isotope of plutonium 042Pu [5]. Therefore,
certainly, not without reason, in the 1950s, trials took
place in the USA against the spouses Julius and Ethel
Rosenberg, David Greenglass (brother of E. Rozenberg)
and Donald MacLeod, who gave the secret information
about the US Atomic Project Manhattan [9] to the USSR.
The United States established that an important agent
recruited by the Soviet secret services was the English
theoretical physicist Klaus Fuchs, who in September 1944
had become a direct participant in the development and
creation of the first American atomic bombs [5, 9]. Over
time, new names have sprung to the troubled «surface» of
espionage in favor of the USSR: John Kernkross (from
the famous «Cambridge Five») and Ted Hall, who
«merged» US atomic secrets with Soviet intelligence [9].
Recently (in the spring of 2007) Russian President
V.V. Putin appropriated the title of the Hero of Russia
(posthumously) to the Soviet patriot-chemist Georges
Koval, who graduated from the D.I. Mendeleyev Moscow
Institute of Chemical Technology after the war who
worked legally in the United States from the 1940s in the
specialty and transmitted to the USSR valuable
information about the activities in the closed nuclear cities
of the USA Oak Ridge and Hanford on the production of
fissile isotopes of uranium 0 U and plutonium
0”°Pu [5, 9].

It is generally believed that it was the data of G.
Koval who helped the scientific leader of the Atomic
Project of the USSR Academician of the USSR Academy
of Sciences 1.V. Kurchatov in the beginning of 1945 to
take a strategically correct decision on the development
and creation in the USSR of the first plutonium atomic
bomb under the working code name «First Lightningy
[9, 11]. At that time, the USSR was not able to «pull» the
creation of two types of atomic bomb (uranium and
plutonium) at once. Further events in the world nuclear
arms race confirmed the full truth of such a responsible
decision of a strong-willed and wise Soviet nuclear
physicist. On August 29, 1949 (at 10:05 am) at the
Semipalatinsk nuclear test site (Southeast Kazakhstan),
the USSR successfully carried out in the desert area of its
territory a test of the first Soviet plutonium atomic bomb

with a capacity of about 22 kt in TNT equivalent (Fig. 8).
By and large, the Soviet plutonium atomic bomb under
the final code name PJIC-1 (this abbreviation according to
the cover story of the Soviet special services came from
the phrase «Stalin's Jet Propulsion» [19]) was in general a
certain modification of our American nuclear plutonium
atomic bomb by our nuclear physicists «Fat Man» [5, 20].
Having rechecked in the scientific laboratories the data
obtained by the Soviet foreign intelligence on the
construction of the first atomic bombs of the United
States and convinced of their reliability, the political
leadership of the Soviet country, in the person of its
leader, Chairman of the USSR Council of Ministers 1.V.
Stalin and the scientific and administrative leadership of
the Atomic Project of the USSR (represented by L.P.
Beria and I.V. Kurchatov) in a narrow circle took a
strictly closed decision on following the creation of the
first Soviet atomic bomb by the already approved nuclear
physicists and specialists in conventional EM by the US
way of [19-21].

I
& v 1

Fig. 8. External view of the first plutonium atomic bomb of the
USSR, code-named PJIC-1, with power of up to 22 kt in TNT
developed and created under the guidance of Yulij Borisovich

Khariton, Academician of the USSR Academy of Sciences

(1904-1996), who is sitting with a full-scale mock-up of the
bomb (museum of the VNIIEPh now called the Russian Federal
Nuclear Center No. 1, Arzamas-16, now called Sarov city, 1984,
RF) [5, 16]

For the Soviet Union, then, it was vital to ensure our
own security by any means «gaining» time and quickly
ending the US monopoly in the field of nuclear weapons.
Therefore, more than 70 years after the beginning of the
unprecedented in the USSR unprecedented in financial
costs and the military-industrial epic for the creation of its
own atomic bomb, the above-mentioned strategic decision
of the USSR in the field of Soviet nuclear research and
the production in the shortest possible time of the first
atomic bomb samples.

6. Scientific, educational and political activities of
G. Kistiakowsky after the «Manhattan» US atomic
project. Immediately after the successful completion of
the work at the Los Alamos Laboratory for the creation of
the first atomic bombs of the United States,
G. Kistiakowsky returned to the teaching and research
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work at Harvard University (Fig. 9) [2-4]. From 1947 to
1950 he was Head of the Department of Chemistry at this
University in the United States. In the period 1953-1958
G. Kistiakowsky was a member of the US Defense
Intelligence Agency Advisory Committee on Ballistic
Missiles [2-4]. In 1957 he, as a well-known scientist in
the field of physical chemistry and an extremely well-
proven manager in the execution of the most important
work on the Atomic Project, received an invitation from
the US President D. Eisenhower (Fig. 10) to join the
President's Council on Science and Technology. In this
work, he did not stay long in the «shadow» and already in
1959 he headed this Council in the administration of the
US president. In the period 1959-1961 G. Kistiakowsky
also headed the Office of the President of the US Office
of Science and Technology Policy. While in the White
House, this scientist actively pursued and introduced into
the consciousness of the country's political elite the policy
of nuclear disarmament [2, 3, 9].

— -l"* }
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Fig. 9. Professor of Harvard University G. Kistiakowsky after
the successful completion of research in the Los Alamos
Laboratory of the United States on the atomic problem again for
his favorite scientific and pedagogical work [3]

Fig. 10. US President D. Eisenhower (right) and his special
assistant on science and technology G. Kistiakowsky (left)
(Washington, White House, 1958) [3, 4]

Being in the post of adviser to the US president on
science and technology until 1961, G. Kistiakowsky
carried out consultations of the first person of the
American state on coordination among various
institutions of the country of a complex of scientific
research and training of scientific personnel. In 1965, for
scientific merit, he was elected Vice-President of the
National Academy of Sciences of the United States. This
honorable position he held until 1972 [9].

After retiring, G. Kistiakowsky actively joined in the
fight against the proliferation of nuclear weapons in the
world. In 1977 he headed the American Council for the
Preservation of Life [3, 4]. It is believed that G.
Kistiakowsky was in the United States one of the most
successful Ukrainian scientists. At one time his main
scientific developments in the field of physical chemistry
and chemical EM were compared with the famous
inventions of the Swedish engineer and businessman
Alfred Nobel (1833-1896) [3-5, 12]. For outstanding
scientific achievements, G. Kistiakowsky in the USA was
awarded the Willard Gibbs Prize (1960), the National
Scientific Medal of the USA (1967), the Priestly Medal
(1972) and the Franklin Medal (1972) [2-4]. In 1982, his
documents were prepared for the Nobel Peace Prize [9].
The famous American chemist and physicist (this famous
native from the Ukraine), who achieved significant results
in the development of physical chemistry, in the theory
and practice of chemical EM, in the development and
creation of the first nuclear weapons and in the struggle
for world peace, died on December 7, 1982 [2-4, 9].

Conclusions. American physicist and chemist
George Bogdan Kistiakowsky (1900-1982) of Ukrainian
origin left behind a notable scientific «trace» not only in
the field of physical chemistry in the development of new
chemical explosives, but also in the field of ultra-high-
pressure physics and nuclear physics in the development
and creation in the war period 1942-1945 in the USA
within the framework of the «Manhattan»US Atomic
Project Manhattan» of the first atomic bombs of the
implosive type based on the isotope of plutonium o, **Pu.
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