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Fig. 6. First Ardenne’s patent 

The first integrated circuit. In 1926-1927 Ardenne studied 
for four semesters at the University of Berlin. In 1926, Ardenne 
developed a combined radio tube by combining three lamps in 
one vacuum cylinder. This lamp is today considered the world's 
first integrated circuit. He assembled a radio receiver on this 
combined lamp, which was then mastered in serial production 
by Radiofrequenz GmbH (the owner Siegmunds Loewe), and 
produced in millions of quantities (Figs 7, 8). 

Fig. 7. Ardenne’s radio receiver on a combined lamp 

Fig. 8. Sigmund Loewe and M. von Ardenne in 1928 

The famous creator of the tube triode, Lee de Forest (1873-
1961), showed interest in the work of the young scientist, who 
specially sailed from overseas to meet the talented young man 
(Fig. 9) personally. Lee de Forest was an American inventor 
and a fundamentally important early pioneer in electronics. He 
invented the first practical electronic amplifier, the three-
element “Audion” triode vacuum tube in 1906. 

Fig. 9. Lee de Forest, M. von Ardenne 

Private research institute. The money earned from this 
invention and a loan of 150 thousand marks were enough to 
buy 1928 a large house in Berlin-Lichterfelde and equip it for 
the private institute “Forschungslaboratorium für 
Elektronenphysik” (research laboratory for electron physics). In 
the building that now houses the Villa Folke Bernadotte youth 
cultural center. 

Тelevision. Ardenne was particularly motivated by his visit 
to the International Radio Exhibition (IFA) in 1928. The 
experimental apparatus presented by the Hungarian Dénes von 
Mihály with a Nipkow disk - a purely mechanically controlled 
process for transmitting images - appeared to him to be 
"useless". Ardenne tinkered and experimented and created the 
world's first electronic image decomposition and reproduction 
on a cathode ray tube. The funds came from the proceeds of 
Loewe Technology. On December 14, 1930, he made the first 
television broadcast in Germany. In 1931, Ardenne's transmit-
receive electronic TV system with 6000 elements (100 lines) at 
20 frames per second, manufactured by Loewe, became the 
decoration of the Eighth Berlin Radio Exhibition. On August 
22, 1931, his “Flying Spot Scanner” was presented at the IFA, 
and even the New York Times reported on the invention on the 
front page (Fig. 10). 

Fig. 10. New York Times (1931): the front page on Ardenne’s achievements 
in TV 

The Lichterfeld Ardenne Laboratory was visited by the 
pioneer of English mechanical television, John Logie Bird, who 
got acquainted with his achievements and became convinced of 
the advantage of electronic scanning over mechanical scanning 
(Figs 11-13). John Logie Baird (1888-1946) was a Scottish 
inventor, electrical engineer, and innovator who demonstrated 
the world's first live-working television system on 26 January 
1926. 

Fig. 11. Ardenne with a Braun tube in his laboratory, 1931. The earliest 
version of the cathode-ray tube was known as the "Braun tube", invented by 
the German physicist Ferdinand Braun in 1897. 

Fig. 12. Cathode-ray tube cross-section diagram with its focused and 
deflected electron beam
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Fig. 13. Lorenz television receiver from 1936 with the television tube 
invented by Ardenne

TV triumph: Berlin Olympic Games. On January 15, 1936, 
regular television broadcasting began in Berlin. The highlight 
of Ardenne's life was the 1936 Summer Olympics in Berlin. 
More than 150 thousand spectators watched the Olympic 
competition on TV clubs. It was the first show of this level and 
scale in world history (Figs 14-16). 

Fig. 14. Manfred von Ardenne (foreground) Berlin Olympics 1936 

Fig. 15. Opening of the Berlin Olympic Games in 1936: The Olympic 
Stadium welcomes A. Hitler 

Fig. 16. Berlin Television Exhibition 1936. Above is the stand of the 
Lichterfeld Laboratory: on the right is a model of a polar-coordinated 
oscilloscope for radar; on the left are indicators on the Ardenne tubes. Below 
are two designs of the Leibold and von Ardenne association. 

Scanning electron microscope. In 1937, Ardenne pioneered 
the scanning electron microscope with an electron beam 
diameter on a target of Ḑ10 nm. This allows the smallest 
molecule structures to be made visible for the first time (Figs 
17, 18). Through his development of amplifier tubes, he is also 
significantly involved in the further development of radar in 
Germany. Siemens-Schuckertwerke produced the first 
commercial electron microscope in 1938. From this point 
onwards, transmission electron microscopes became more 
readily available in other areas of the world. During World War 
II, the installation was destroyed and work on electron 
microscopy was stopped. 

Fig. 17. Scanning electron microscope 

Fig. 18. Diagram of a transmission electron microscope 

German atom project. Always looking deeply and broadly 
at problems, von Ardenne recruited the theoretical physicist 
Friedrich Houtermans (1903-1966), who in August 1941 
proved that isotopes of transuranium elements such as 
neptunium and plutonium could be used as nuclear fuel instead 
of uranium. In 1941 experimental (60-ton cyclotron) work on 
nuclear physics began at the institute in Lichterfelde. The 
institute to be set up by Ardenne was integrated into the atomic 
bomb project (Kerwaffenprojekt). It was commissioned to 
develop an electromagnetic process for the industrial separation 
of uranium isotopes.  

The Ardenne laboratory had a special government order, 
but it operated separately from Germany's main uranium 
project - under the auspices of the Reich Ministry of Posts 
(Reichspostministerium). In 1942, the laboratory developed a 
new method of electromagnetic separation of uranium isotope 
235. Linear and circular accelerators were created for the 
separation of uranium isotopes. Ardenne received the personal 
patronage of Reich Minister Wilhelm Ohnesorge (1872-1962). 
He is also known to have contributed heavily to research 
towards a German atomic bomb. However, by order of A. 
Hitler, all scientific work that did not have a quick military 
effect in 1943-1944 was deprived of funding. During the 
Second World War, he took part in the research and application 
of radar technology. in January 1945 Ardenne received the title 
of “Reich Research Adviser” (Reichsforschungsrat). His 
private institute operated under the command of SS troops, and 
he received the rank of Standartenführer (Colonel). For his 
many achievements, Hitler personally presented Manfred von 
Ardenne with the Knight's Cross with Oak Leaves (Fig. 19). 

Fig. 19. Knight's Cross with Oak Leaves 
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research from isotope separation to plasma research directed 
toward controlled nuclear fusion. 

Institutes "A" and "G" were supplied with German 
equipment and devices exported from Germany (mainly from 
the Kaiser Institute in Berlin and the Ardenne Institute). At 
first, the Germans who came with their families worked in 
facilities A and G. Then it was supplemented with specialists 
from German prisoners of war and German-speaking Soviet 
specialists (to take over the knowledge of the Germans). 

Fig. 22. Cyclotron was transported from the Ardenne Institute (Berlin) to Sinop 

German specialists lived in a guarded area, behind a high 
green fence, literally in a "corn field" a hundred meters from 
the institute. They had five long two-story houses with a 
corridor system of rooms and common areas. Next to the park, 
there were also five Finnish-style houses where higher-level 
scientists and their families lived. At any time, the Germans 
could leave the zone - even if only accompanied by a convoy - 
24 hours a day, to go on a trip to the city, to the market, or to a 
shop (Figs 23-25). 

Fig. 23. Scheme of Institute "A" drawn by M. von Ardenne's daughter 
(father's office was located in the upper left corner of the institute building, a 
little higher - also a private home for living). 

Fig. 24. Ardenne with his family on the way to Svaneti (1946) 

Fig. 25. Sukhumi in vinter, 1950 

Electron microscope. Ardenne twice became a laureate of 
the Stalin Prize: for the first time in 1947 for the invention of 
the electron microscope. 

Mass spectrometer. One of the first achievements of 
Institute "A" was two mass spectrometers designed by Ardenne 
with sector magnets at an angle of 60 degrees. The first of them 
was with a single focus, the second - with a double focus. The 
mass spectrometer made it possible to accurately measure the 
atomic nuclei and isotope masses of all known elements. 

Duoplasmatron. In 1948 Ardenne constructed the 
Duoplasmatron — ion source for use in large particle 
accelerators and ion-propelled cosmic rockets. Ion sources are 
necessary to form ions for mass spectrometers and other types 
of instruments. 

The Duoplasmatron is an ion source in which a cathode 
filament emits electrons into a vacuum chamber. A gas such as 
argon is introduced in very small quantities into the chamber 
where it is charged or ionized by interacting with free electrons 
from the cathode to form a plasma. The plasma is then 
accelerated through a series of at least two highly charged grids 
and becomes an ion beam traveling at a fairly high speed from 
the device aperture (Fig. 26). 

Fig. 26. Illustration of a Duoplasmatron 

Cyclotron. In 1953, a cyclotron with a voltage of 10-20 
megavolts was put into operation, which made it possible to 
accelerate deuterons and protons with an intensity of more than 
100 mA and to study the nuclear reactions of radioactive 
isotopes in a wide mass range. In the same year, the institute 
created the first Soviet mass spectrograph with high light 
output and extremely small errors in the optical image of ions, 
which made it possible to significantly improve the accuracy of 
measuring the masses of atomic nuclei. This was an important 
scientific achievement and contributed to the further 
development of spectral analysis (Fig. 27). 

Fig. 27. This is what Ardenne's secret underground laboratory looks like today. 
The two main underground tunnels of gigantic size, which could easily fit two 
railway cars, had many more branches (all long since ruined and overgrown). 
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Fig. 43. Selectotherm machine uses radio waves to treat malignant tumors 

In the Selectotherm concept, the phenomenon of complete 
blockade of tumor blood flow at pH 6.1 and 410C was 
discovered soon (Fig. 43). 

Fig. 44. Whole-body infrared range hyperthermia 

Infrared range hyperthermia. In 1992, a new system for 
extreme whole-body hyperthermia IRATHERM 2000 (infrared 
range, IRA) was launched, and in 1993 the final version of 
sCMT was completed: extreme whole-body hyperthermia + 
selective hyperglycemia thermopotentiation + supportive 
hyperoxemia (Fig. 44). Meanwhile, hyperthermia was ready for 
the battle for recognition. 

B) Hyperthermia – the rise and decline

Oncological hyperthermia was pioneered by Manfred von 
Ardenne in the 1960s. He announced his discovery of a “zone 
of selectivity between malignant and healthy cells in the 
treatment of cancer with extreme hyperthermia”. This marked 
the beginning of the world's "hyperthermia race". In 1971, von 
Ardenne published a fundamental monograph on multi-stage 
cancer therapy, and already in 1975, the first international 
hyperthermia and radiotherapy cancer symposium was held in 
Washington, where the North American Hyperthermia Group 
(NAHG) was founded; it was followed by the second 
symposium in 1977, the third in 1980 and the fourth in 1984. 
Around 1981, the US National Cancer Institute (NCI) funded 
comparative studies of hyperthermia devices (more than 20 
prototypes were tested). In 1981, the North American 
Hyperthermia Society (NAHS) and the International Clinical 
Hyperthermia Society (ICHS) were founded. In 1978, the 
Hyperthermia Research Group was established in Japan, and in 
1984 it became the Japanese Society of Hyperthermic 
Oncology (JSHO). Since 1985, hyperthermia treatment began 
to be insured in Japan. Together with large subsidies from the 
Japanese government, this led to the rapid development of 
hyperthermia in Japan. Around 1985, the European Society for 
Hyperthermic Oncology (ESHO) was founded, in 1985 NAHS, 
ESHO, and JSHO founded the International Journal of 
Hyperthermia. In 1985, hyperthermia was considered a 
promising method in oncology. It was many times called the 
potential fourth basic method of treatment in oncology, after 
surgery, chemotherapy, and radiotherapy. 

Thus, from 1965 to 1975 hyperthermia experienced 
considerable progress. At the same time, the negative results 
had been accumulated. The initial enthusiasm for the “virtually 
unlimited selectivity” of hyperthermia quickly gave way to the 

understanding of the inefficiency of hyperthermia as a separate 
method, as is seen from von Ardenne's research progress.  

Despite many “positive” studies and some meta-analyses of 
hyperthermia, these results were not considered obvious by the 
medical community. Hyperthermia is not approved as a 
standard treatment method in oncology. The hyperthermia of 
the world is now in ruins. This is especially evident when 
comparing the current state with the 80s and 90s. Analysis of 
biases in randomized trials has not confirmed the efficacy of 
hyperthermia. The growing evidence of athermal effects and 
their wide application has led to the development of some 
athermal cancer treatments. The concept of hyperthermia (HT) 
now needs to be radically re-evaluated to establish the obvious 
bankruptcy of the temperature concept and the development of 
the athermal concept. 

The initial hyperthermia concept of the 60s was 
straightforward. It was based on the known imperfect of tumor 
bloodflow: hypovascularization makes the tumor a “heat trap” 
and allows it to overheat more than surrounding tissues because 
of their cooling with thermoenhanced bloodflow. 

It is well known that the direct cell-damaging effect of 
hyperthermia is connected with protein denaturation. 
Reversible denaturation of proteins starts already above 41ᶼC, 
which is a physiological limit of body temperature. 

Instead of triumph, the hyperthermic community was in for 
a huge disappointment: all the trials had failed to prove the 
benefits of hyperthermia. Nothing was confirmed: thermal 
parameters were mostly uncorrelated with endpoints, heating 
was insufficient within the extreme HT concept, toxicity was 
too high, and multiple sessions had no effect. The result of 25 
years of boiling activity was nothing. It was the dawn of 
hyperthermia. 

C) Technologies based on nonthermal effects

Nonthermal effects have been gradually becoming the 
mainstream of electromagnetic research since 1985. By the end 
of the XX century, the number of nonthermal publications 
(more than 20,000 Pubmed publications) had reached the 
critical mass, making the transition to practical application 
inevitable.  

TABLE. NONTHERMAL ALTERNATING ELECTROMAGNETIC 
FIELDS (AEMF) IN CLINICAL ONCOLOGY [5].
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Currently, the nonthermal effects of alternating 
electromagnetic fields could be classified as follows:  

(1) ponderomotoric effects due to polarization of 
dielectrics: (a) dielectrophoresis; (b) rotation of cell and 
nucleus; (c) orientational effect (“pearl-chain” formation),  

(2) membranotropic effects: (a) electropermeabilization and 
electroporation; (b) cell fusion; (c) changes of transmembrane 
transport; (d) changes of membrane structure; (e) membrane 
destruction,  

(3) molecular effects caused by direct impact of AEMF on 
macromolecules: (a) genotropic effects on DNA; (b) 
proteinotropic effects. 

 There are several directions and technologies based on the 
nonthermal effects: (1) dielectrophoresis; (2) electroporation; 
(3) bioelectric effect; (4) galvanotherapy; (5) electrotherapy; 
(6) electric field therapy; (7) magnetotherapy; (8) electro 
hyperthermia (see Table). Some nonthermal technologies have 
been commercialized or close to commercialization [5].  

At the same time, the history of electromagnetic therapy in 
oncology is only at its beginning. New methods of 
electromagnetic treatment, some of which already exist and 
some are in development, will replace hyperthermia, and, 
probably, we will see the “fourth basic method of cancer 
treatment” at last.  

In the application of oncological hyperthermia, which uses 
nanoscale heating technology (called oncothermia); a radio 
frequency (RF) current flows through a selected volume of the 
body, separately heating the cell membrane. The cell 
membrane is a good insulator and therefore the current is 
densest in the extracellular electrolyte near the cells. Of course, 
when the absorbed energy is too much, individual cell heating 
does not work, the whole volume will be heated equally. This 
is again the declaration of the well-known rule: “The difference 
between the poison and the medicament is only their dose”.  

Fig. 45. Magnetic nanoparticles for cancer therapy. 

Fig. 46. The oncothermia principle [6]. 

Both electrodes are always active, independently of their 
size or form. The current starts in one and ends in the other. 
The energy density is different, and many safety functions 
differ (Figs 45,46). 

Although oncothermia is currently the hyperthermia world 
leader with more than 250 devices installed, it is impossible to 
resume its final success before obtaining trial results because 
there was the same “success” with other hyperthermia 

technologies before phase trials. Anyway, we will receive the 
answers soon.  

VI. THE WARBURG EFFECT RENAISSANCE

As Otto Warburg discovered, the malignant cells behave 
completely differently from their healthy counterparts, having 
mitochondrial dysfunction to produce ATP. (For this discovery 
a Nobel prize was granted to him.) Warburg’s work nowadays 
has its renaissance [7]; showing the validity of the dominance 
of the non-mitochondrial (fermentative) way of ATP 
production. The enzymatic form of metabolic ATP production 
is still an “ancient” chemical reaction that was typical early in 
the evolution of life when oxygen, the general electron 
acceptor, was only available in small amounts in the 
atmosphere. It is an enzymatic way of using glucose energy, 
converting it into lactic acid, producing only 2 ATP per cycle. 
The metabolism of whole cells is mainly regulated by the ATP-
convertible energy source. The citrate (Krebs) cycle, carried 
out by the mitochondria, the “energy plant” of the cell, 
produces 36 ATP with excellent efficiency with the help of 
oxygen (Fig. 47a). The fermentative ATP production is a low-
efficacy process in malignant cells, (Fig. 47b), however, (due to 
its simplicity) it can occur in large amounts, and its overall 
energy-flux can be higher than obtained from the high-efficacy 
process.  

Fig. 47. Differences in healthy and malignant cells: a) healthy cell: glucose  
6O2  6CO2  36ATP; b) malignant cell: glucose  2lactic acid  2ATP [7]. 

Malignant cells divide frequently and constantly. The 
energy consumption of intensive division is greater than the 
energy consumption of healthy cells in homeostasis. This is 
available only when the glucose intake is at least 18 times 
higher because its ATP (adenosine triphosphate) production is 
18 times less than normal. This allows the cell to supply 
energetically all the normal processes and make differentiation, 
development, adaptation, and evolution possible. This is a huge 
additional part of the glucose influx to the anyway high 
Warburg process.  

Nowadays, the Warburg Effect has been studied 
extensively (Fig. 48).  

Fig. 48. An exponential growth of publications on the Warburg Effect [7]. 

What happened? 
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Today, mutations in oncogenes and tumor suppressor genes 
are believed to be responsible for malignant transformation, 
and the metabolic changes that Warburg considered the cause 
are now believed to be the result of these mutations. Recent re-
evaluation of data from nuclear/cytoplasmic transfer 
experiments, in which cancer cell nuclei are placed in normal 
cytoplasm and normal cell nuclei are placed in cancer 
cytoplasm, supports the role of cancer metabolism and 
mitochondria in promoting tumor suppression. However, as can 
be seen from the references therein, this promising 
phenomenon cannot explain the origin of cancer, as Warburg 
originally proposed. 

Warburg's hypothesis has certainly inspired the scientific 
community to further explore the field of cancer metabolism. 
His tendency to oversimplify may have prevented him from 
accepting the extremely complex role and interaction between 
mitochondria and the nucleus, or, more generally, metabolism 
and mutation. 

The connection between cancer genetics and metabolism 
shed new light on Warburg's observations. Activation of 
oncogenes or deactivation of tumor suppressor genes 
reprograms the cancer cell's metabolism, increasing glucose 
uptake to provide the fuel the hungry cancer cell needs to 
continue growing and enhancing anabolic pathways that 
produce needed molecules. Metabolomics – the identification 
and quantification of these small molecule metabolites – is an 
application for which mass spectrometry with gas and liquid 
chromatography as a pre-separation is ideally suited. 

VII. CONCLUSION

Ardenne constantly fought with medical resistance, so in 
1991 he founded his Institute of Applied Medical Research and 
opened his Multi-Step Therapy Clinic in Dresden. In 1997, his 
monograph "Systemic multistage cancer therapy" [8] was 
published, and in the same year, Manfred von Ardenne died. 

Ardenne founded the only private research institute in the 
GDR in Dresden, which employed around 500 people in 1989. 
He led the institute named after himself for 35 years — from 
1955 to 1990. It gained worldwide fame as an important 
birthplace of innovation. 

Fig. 49. Professor Manfred von Ardenne 1988 

Evaluating M. von Ardenne's achievements in life (now 
more than 25 years have passed since his death), for the sake of 
truth we have to admit that his achievements in the world of 
technology are admirable, but not so successful in medicine 
(Fig. 49). Live nature turned out to be much more complicated. 
He overestimated his abilities as an inventor. His proposed 
multi-level oxygen therapy and cancer treatment with 

hyperthermia attracted many followers and research in these 
directions is still ongoing worldwide, but there is still a long 
way to go before the final results. 

In a television interview, looking back on his life for 85 
years, M. von Ardenne spoke about love: "Love, the most 
successful phenomenon given to mankind by God, or in other 
words, the knowledge of the infinite wisdom of nature, has 
guided my entire life, giving me the strength to achieve more 
than the world expected." It should be added here that love, as a 
passion for learning the wisdom of nature, is the essence of the 

life of every real scientist. 

He compared the long memory of a composer's work with 
the fleeting succession of an engineer's work: "I am most 
admired by Mozart's genius. It is incredible that a man who 
lived a little over 30 has made such a great contribution to a 
particular field and that his influence on it continues for 
centuries."  

Here are excerpts from “Baron unter Kommunisten: 
Manfred von Ardenne” [9] published in Hamburger 
Abendblatt: 

“Hamburg. No sign, no plaque, nothing on the house at 
Grindelhof 56 reminds us that one of the most interesting and 
at the same time contradictory German scientists and 
entrepreneurs was born here — a television pioneer, co-
developer of the Soviet atomic bomb, and holder of more than 
600 patents. (…) Manfred Baron von Ardenne died on May 26, 
1997 in Dresden at the age of 90. In the meantime, the memory 
of this extraordinary radio and television technology pioneer 
and natural scientist has faded somewhat.” 

Sic transit gloria mundi! 
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