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Abstract 

The subject of this paper is the complicated, sometimes dramatic, and never-published events around the development of the 
L-band magnetrons and pulsed radar in Kharkov, Ukraine (then the USSR), in the 1920-30s. Magnetron studies were started 
in the Kharkov State University by Prof. Abram Slutskin. By the end of the decade, they reached the world’s highest level in 
terms of achieved output power and frequency. This work was continued and greatly extended in next decade, when the 
Ukrainian Institute of Physics and Technology was established, and Slutskin obtained there his second job, as a head of the 
Laboratory of Electromagnetic Oscillations. Based on the successful development of sources, in 1935, he started work on 
developing a three-coordinate radar. At that time, it was far from clear that L band and the pulsed method would be more 
promising. Two-antenna and single-antenna radars were designed, fabricated, and tested, with all-metal and wire-grid three- 
meter parabolic reflectors. The war disrupted the plans of the radar team, which had to move the laboratory to central Asia. 
The radar that was developed was not put into serial production; however, many associated ideas and innovations were well 
ahead of the contemporary level of technology. The paper also throws some light on how hard it was for scientists and engi- 
neers to work in the Orwellian environment of the pre-war USSR. 

Keywords: History, magnetrons, antennas, pulsed radar 

1, Introduction 

oon after the end of WWII, materials were published [ 1-41 that 
covered the history of radar development, starting from the 
formulation of basic physical principles to the first experi- 

ments, and on to the use of radar in combat operations. These 
papers mainly featured the contributions of the scientists and engi- 
neers of the UK and the USA. However, in our opinion, the work 
on radar by USSR scientists and engineers has been rather scarcely 
reviewed. Now, more than 60 years later, this work can be consid- 
ered to be quite fundamental and, in certain aspects, pioneering. It 
was done in isolation and without publicity, necessitated by the 
pre-war circumstances and the general Soviet “spy-mania.” All thc 
investigations in this field were heavily classified as Top Secret. 
The first reviews of the related history were published only in the 
1960s, and then all in Russian [5-131. It should be noted that these 
were usually written from one perspective, featuring only a certain, 
separate, development, undertaken by a specific research team. A 
brief - however, fair -evaluation of the subject of our present arti- 
cle (the first USSR L-band pulsed radar, developed in Kharltov in 
1937-1938) can be found in the memoirs of Gen. M. Lobanov [5, 
10, 121. He was then a leading specialist on radar in the Principal 
Department of Artillery of the Peoples Commissariat [or Ministry] 
of Defense (PDA-PCD). Some data were also presented in the 

S 
book of Prof. P. Oshcheplcov [6]. In the mid-l930s, he was a repre- 
sentative of the Department of Air Defense of the Red Army 
(DAD-RA), and supervised all the radar work performed by the 
research institutes and in industry for the Service of Air-Defense 
Surveillance, Alarm and Communication (SASAC) of the Red 
Army. 

Recent AP Mcigazirze publications [ 14, 151, concerning radar 
developments in the pre-war and war tiincs in Japan and New 
Zealand, tended to cover unofficial aspects of the work, such as 
preliminary ideas, working materials, foimerly classified data, vis- 
its and meetings, correspondence, private episodes, etc. This has 
been invaluable in providing a really full view of historical events. 

We would like to introduce the reader to the history of the 
design of a pulsed radar operating in L band, within the broader 
context of the formation of the Kharkov radio-physics community 
and of pre-war Soviet radar devclopments. The radar was designed 
at the Ukrainian lnstitute of Physics and Technology (UIPT), and it 
was a remarkable milestonc in Soviet science and technology. This 
work was unique in terms of the ideas, importance, scope, com- 
plexity of tasks, and the time of completion. The basic concepts of 
radar design and many technical innovations were well ahead of 
the general trends in radio engineering. However, because of the 
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rapid advancc of the Nazis (who occupied Kliarltov in tlie fourth 
month of the war), this radar, after a successful start, never resulted 
in serial production. Only an experimental radar was tested, and 
later used near Moscow and Murmansk for snrveillancc. 

Unfortunately, all the pre-war archives containing official 
docuineiits on this development were lost in the chaos of the UIPT 
evacuation to Central Asia, in the fall of 1941. For this reason, our 
article has been written on the basis of available memoirs, frag- 
ments of remaining documents, and private archives of the research 
staff and their families. In particular, we used the publications [ 16- 
181 of the late Alexaiidr Usikov [19, 201, as well as his archive 
materials [21] and his interview [22]. A. Usikov was one of the 
initiators of the radar studies, and, therefore, his point of view was 
of great importance for recovering a complete image. An exciting 
and valuable input to this paper was obtained from an interview of 
Seinion Braude [23, 241. Now, after a career of 67 years [25], he is 
the only living member of the Iharltov radar team. He remem- 
bered many events in detail, so our work would not have been pos- 
sible without his insightful connncnts. 

2. The Formation of the Kharkov Radio- 
Physics Community in the KSU 

The history of the developiiieiit of the L-band pulsed radar is 
inseparable from the history of the formation of the IUiarlcov radio- 
physics community (see [26, 271). Here, we shall briefly recall tlie 
essential milestones that are relevant to the radar research. 

The birth of the radio-physical comtnunity in Iharltov was 
conditioned by its history. The city was founded in 1655 as a Rus- 
sian frontier fort, inhabited mainly by Ukrainians. By the begin- 
ning of the twentieth century, it had developed into a large indus- 
trial, cultural, and scientific centcr, with lasting university tradi- 
tions. The Kharkov State University (KSU), the third-oldest uni- 
versity in Russia, was opened by imperial decree in 1805, after the 
universities in Moscow (1755) and Kazan (1804). Reinarkably, 
KSU had four departments, including a Dcpartinent of Physical 
and Mathematical Sciences. During the first hundred years after its 
opening, the university trained a galaxy of prominent scientists, 
whose works brought them world-wide fame: mathematicians M. 
V. Ostrogradslty, A. M. Lyapunov, and V. A. Steklov; biologist I. 
I. Mechniltov; chemist N. N. Beketov; and others. The university 
won a reputation as one of the most prestigious schools of higher 
education in Russia, and became a center of advanced science and 
technology. 

For better insight, one has to keep in mind that after the 
revolution and bloody civil war, it was Kharkov that was chosen as 
the capital city of the Soviet Ukraine from 1919 to 1934. Then, 
Kiev was considered less politically reliable and more devastated, 
after changing hands nearly 20 times within three years of fighting. 
Once the Soviet regime was set into placc, the universities in 
Ukraine entered a turbulcnt period of reforms. The name “I<SU” 
even disappeared for a while, until 1933; however, we shall still 
use it here, for simplicity. 

In 1921, one of the first rescarch departments of physics in 
Ukraine was established in the ICSU, as a new, independent scien- 
tific unit [26, 271. This was during a short time of a relatively 
greater degree of freedom - both economic and political - in the 
USSR, and, therefore, a handful of scientists who remained in the 
country had relative freedom in research, as well. The department 
was established under the guidance of the prominent physicist 
Dmitry Rozhanslty (Figure 1)  [28, 291. The Kharltov period of his 

career was devoted to invcstigatiiig the oscillatory spark discharge, 
studying the properties of an electric arc, oscillations in coupled 
circuits, rarelied-gas discharges, etc. As a recognized scientific 
leader, he had groupcd around himself similarly minded associates, 
creating a supportive atmosphere and determining the topics of 
research. With a vcry wide circle of scientific interests, Rozhansky 
was one of tlie first who foresaw the future of high-frequency radio 
engineering, and he initiated research on electromagnetic oscilla- 
tions. As a matter of fact, this gave a birth to the Kharltov radio- 
physics coininunity as a whole. 

The nunihcr-one Soviet physicist of that time, A. loffe, wrote 
that Rozliaiisky performed investigations oii short electric waves, 
gcnerated by cathode tubes, after methods similar to those devel- 
oped by Barkghausen and Kurlz, in Germany. In Kharkov, these 
investigations resulted in discovcring “magnetron oscillations” 
[30]. These werc high-powered oscillations, with a wavelcngtli of 
about several centimeters. After leaving Kliarkov, in 1924, 
Rozhanslty kept in close contact with his fonner staff and students. 
Braude recalled [24] that he inct Rozhanslty when he was a young 
scientist at UIPT. At that timc, Rozhansky worked in Leningrad, 
but lie still was supcrvising rcsearch at ICSU and UIPT, and he 
used to visit IUiarltov twicc per year. Braude remarked that 
Rozhansky was an excellent teacher and gentleman. At that time, 
Braude was working on the problem of obtaining ion beams by 
using a magnetic field. This was his first scientific project. 
Rozliansky showed a great intcrest in this work, and willingly 
advised him on scientific and practical issues. Rozhansky was 
renicinbered as a very interesting and sociable person: easy to get 
along with. He was always particularly encouraging to young sci- 
entists, and promoted inany of them who later became famous. It 
was no accident that two of  his students, A. Slutsltin in ICharkov 
and Y .  Kobzarcv in Leningrad (who also graduated from KSU), 
headed tlie work on thc dcvclopment of the first Soviet pulsed- 
radar systcins. 

Here we come to the central pcrsonage of our story. It is no 
mistake to say that the main discovery of Rozhansky in Kharkov 

Figure 1. Dmitry A. Rozliaiisky (circa 1930). 
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Figure 2. Abram A. Slutskin (1949). 

was the most remarkable inan in Ukrainian radio physics and elec- 
tronics between 1925 and 1950, Abrain Slutskin (Figure 2). 

We believe that A. Slutskin (1881-1950) was one of those 
who played a crucial role in shaping modern radio science. He 
entered the Physics-Mathematics Dcpartnient of KSU in 191 0, just 
before Rozhansky's arrival. Rozhansky started a very interesting 
physical seminar, with active student participation. This, according 
to Slutskin, determined Slutskin's ever-lasting interest in electron- 
ics. Slutskin graduated from the university in 1916, and worked 
there as an assistant (until 1928), and tlicn as a professor in the 
Physics Department. ln 1928-1930, he was in Germany, where he 
worked in the laboratory of Barkghausen. In 1937, he was awarded 
the degree of DSc, without defending a thesis. He was elected a 
Corresponding Member (1939) and later Academician (1948) of 
the Academy of Sciences of Ukraine. His work was focused on the 
magnetron and on pulsed radar [31]. 

At an early stage, Slutskin managed to foresee many major 
trends in microwavc electronics and physics. In 1924, having suc- 
ceeded in generating L-band (din-band, in Soviet notation) oscilla- 
tions in a magnetron-type oscillator (i.e., reaching the high-fre- 
quency part of the then-available spectrum), he became a devoted 
enthusiast of conquering even shorter wavelength bands. It was due 
to his intuition and initiative that the three-coordinate L-band 
pulsed radar was developed at UTPT, although, at that time, there 
were no evident grounds for selecting this band and the pulsed 
method. Research and development in new wavelength bands 
became a scientific credo of his followers. In particular, this was 
true of A. Usikov, one of the founders and the first Director of the 
Institute of Radio-Physics and Electronics (IRE) in Kharkov, 
aimed at the development of the millimcter and sub-millimeter 
wavelength bands. 

The work at ICSU on electromagnetic oscillations was 
substantially extended aftcr a scparatc scction of the Research 
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Department of Physics was established there, in 1926. It was 
headed by Slutskin beginning in 1930, after his return from Ger- 
many. This was the time when the Kharkov radio-physics commu- 
nity began to develop rapidly, as did the communities established 
earlier in Moscow and Leningrad. Talented students and young 
scientists of the department were actively engaged in research, with 
the magnetron as their major focus. 

As far as is known, the first publication on magnetron oscilla- 
tion was by A. W. Hull, whose papers [32, 331 appeared in 1921. 
Soon, A. Zachek demonstrated (1924) the possibility of generating 
high-frequency oscillations by connecting an oscillation circuit 
between the magnetron's cathode and its anode, and applying a 
permanent magnetic field of a strength close to its critical value 
[34]. E. Habann revealed (1924) that by splitting the anode into 
two equal segments (a split anode), between which a high-fre- 
qnency circuit was placed, the output power could be increased 
drastically [35]. In 1924 at KSU, by the initiative of D. Rozhansky, 
A. Slutskin, and D. Shteinberg [36], investigations of the processes 
occurring in electron tubes under the impact of an extemal field 
were undertaken. By using the three-electrode tube R5, produced 
by a Leningrad electro-vacuum plant, they succeeded in generating 
electromagnetic oscillations within the wavelength band of 40 to 
300 cm (see Figure 3) [37]. Later, they studied the effects associ- 
ated with the tube-element geometry, operation modes, and the 
magnetic field strength [38]. At their request, industry manufac- 
tured diodes where the anode was made from a non-magnetic 
material (tantalum). By the end of 1925, these studies enabled 
Slutskin and Shteinberg to obtain oscillations with a wavelength of 
7.3 cm. Unfortunately, we failed to find the publication containing 
this data. However, it was mentioned in a paper of one of the stu- 
dents of Slutskin [3 11. Additionally, this result was stated in a book 
[27] with a reference to the archive materials [39]. Here, one 
should keep in mind that important pioneering experimental work 
was also done by H. Yagi [40] and K. Okabe [41] (1928-1929), 
with a magnetron having a split anode in the form of two half-cyl- 
inders. 

It is necessary to note that all the works mentioned were 
really performed independently. There is no doubt that - together 
with the other researchers better known in the West - A. Slutskin 
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Figure 3. The journal title page and the first page of the pio- 
neering paper by A. Slutskin and D. Shteinberg, entitled 
"Obtaining of Oscillations in Cathode Tubes with the Aid of 
Magnetic Field" (1926). 
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and D. Sliteinberg can bc considered to be pioneers of the magne- 
tron oscillation method. 

3. Development of Magnetron Research 
at UIPT 

The next stage in the development of the Kharlcov radio- 
physics community was closcly linked to the founding of UIPT, in 
1928. This brand-new research and development center strongly 
influenced the progress in physics in the USSR, and became a 
leader in sevcral areas of advanced science, particularly in radio- 
physics and electronics. The key role in organizing this institute 
was played by Ac. A. loffe, who was then the Director of the Len- 
ingrad Institute of Physics and Technology (LIPT). He persuaded 
the government that a certain decentralizatlon of Soviet science 
was necessary, and suggested that IUiarkov, then the capital of 
Ulcraine, was the bcst choice for a new major laboratory. In the 
beginning, the main scientific areas investigated at UIPT were 
solid-state physics and low-temperature physics, but it soon was 
oriented toward research in nuclear physics [27]. 

The Institute began its life in 1929, with a staff of 14 scien- 
tists including the Director, Prof. I. Obreimov, who came from 
LIPT. Slutslcin and Shteinberg were on this staff, still keeping their 
university posts. It was only in May, 1930, when the main group of 
Leningrad scientists from LIPT came to UIPT. These scientists, 
who later built the backbone of the Institute, were of the younger 
generation, attracted by the promising research and carecr opportu- 
nities. The engagement of highly qualified specialists, impressive 
funds rendered by the government for purchasing equipment 
abroad, as well as the offer of better salaries and service apart- 
ments, together with the rapid building of the laboratory and living 
blocks led to shortening the startup period. The official opening 
ceremony took place on November 7, 1930, the Revolution day, 
and the first fundamental research results were obtained as soon as 
in 1932. 

As Ioffe wrote [30], in terms of organization, this institute 
was the best in the USSR, and compared favorably with many of 
the large centers in the West. In terms of research, it was on a par 
with the bcst physical institutes of Moscow and Leningrad. 
Obreimov managed to establish active contacts with the West- 
European scientific community. Thesc contacts were recognized as 
an example for all rcsearch institutes of the USSR. What was most 
unusual was that the regular journal of UIPT published all the 
papers in German, to facilitate their international recognition. 

Due to this openness, during the first several years of exis- 
tence UIPT was visited by a number of international science celeb- 
rities: N. Bohr, P. Dirac, P. Ehrenfest (Figure 4), R. Payerls, G. 
Placliel<; and Soviet celebrities: V. A. Fok, G. Gamov, P. L. 
Kapitsa, etc. This added to the extraordinary scientific potential 
already accumulated at the institute. So, it was no surprise that on 
October 11, 1932 - for the first time in the USSR - the splitting of 
a lithium nucleus was done at UIPT. Later the same year, liquid 
hydrogen and liquid helium wcre obtained. This proved that 
ICharltov had tumed into one of the most important centers of 
physical science. 

N. Bohr left the following reference, when visiting UIPT in 
1934: 

I am glad to get an opportunity to give expression for 
the feeling of great admiration and pleasure with which 
I have seen the beautiful new physical-technical insti- 

tute in IUiarkov, where the excellent conditions for 
expcrimental work in all branches of modern physics 
are utilized with greatest enthusiasm and success under 
most distinguished leadership and in closest collabora- 
tion with brilliant theoretical physicists [27]. 

In 1932, Obreimov offered Lev Landau, later a Nobel Prize 
winner, employment at UlPT. Landau was only 24, but he was 
already a world celebrity in theoretical physics. From 1932 until 
1937, hc headed the Theoretical Dcparlment of UIPT, and actively 
participated in the development of the Institute. Besides this, he 
lectured at ICSU, where he held tlie Chair of Theoretical Physics 
~421. 

As Petr ICapitsa (also a Nobel Prize winner) later wrote [43], 
a number of tlie main works of Landau related to the IUiarlcov 
period: the theory of phase transitions of the second kind, the 
kinetic equation in the Coulomb interaction of particles, the theory 
of the intermediate state in superconductivity, and some others. 
This turned Kharlcov into the center of hmdamental physics in the 
USSR. It was there that Landau organized a regular theoretical 
seminar and startcd writing - at first with L. Pyatigorsky, and then 
with Y. Lifshits - the famous Course qf Theoretical Physics. He 
also initiated a “theoretical-minimum” cxaniination program for 
the research staff of UIPT. 

S. Braude recalled, 

I was luclcy to meet Landau when he was worlcing in 
UIPT. First, like many other rcsearcliers, I sat for an 
examination in the theoretical-physics course before 
Landau (there were two variants of the program: one €or 
theoreticians and one for experimentalists) and passed 
two exams in “Mcchanics” and “Statistical Physics.” As 
it is known, thc hull scope of the theoretical minimum 
consisted of nine exams, and within 30 years, only 43 
pcrsons had managed to pass all of tlicm. I should note 
that the extraordinary depth of physical thinking of 
Landau, along with the informal atmosphere of tlie 
exams, made the theoretical-minimum a very useful and 
meinorable cxpcrience for a well-trained applicant, 
although the evaluations of Landau were often critical, 
ironic, and virulent. Second, in 1935, being involved in 

Figure 4. The staff of UPTI during the visit of P. Ehrenfest in 
1930. In the second row, from left to right: P. Ehrenfest, I. 
Obreimov, T. Afanasyeva-Ehrenfest, A. Ioffe, and D. 
Shteinberg. The fifth person from the left in the back row is A. 
Slutskin. 
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Furthermore, Braude tells [24] thal at the lime he started working 
in LEMO, in 1933, they were intensively investigating all theoreti- 
cal and experimental aspects of generating electromagnetic oscil- 
lations of thc dni and cm wavelength bands. By 1933, a group con- 
sisting of A. Usilcov (Figure 5), P. Lelyakov, Y .  Kopilovich, and 
N. Vyshinslcy had designed multi-segment-anode magnetrons in 
the waveband of 20 to 80 cm, with a CW output power of 30 to 
100 W. In 1934, the resulls of these investigations were published 
[45, 461. These were the champion parameters at that time: the CW 
output power of the magnetron, in watts, was equal to the wave- 
length, measured in centimeters. The magnetron studies, aimed at 
raising the power and the frequency, went on. Braude took part in 
this work as an engineer, together with Pave1 Lelyalcov, who was a 
leading expert of the laboratory, and held the post of Senior Scien- 
tist. Lelyakov made an important contribution to the magnetron 
and radar projects, but his fate was dramatic. Unlike his colleagues, 
he stayed in I<harkov when it was occupied by the Nazis, and left it 
with the German Army, in 1942. As recallcd by Braude, Lelyakov 
had already opposed the Soviet regimc before the war (although it 
was very dangerous), and therefore, for his colleagues, such an 
ending was no surprise. In August-September, 1941, A. Slutskin, 
being on a mission to Moscow, repeatedly called the Director of 
UIPT to discuss the laboratory evacuation to Central Asia, and 
drew the Director’s attention to Lelyakov. Later on, Braude came 
across the papers published by Lelyaltov in the US technical jour- 
nals, but, after 1962, lost track of him [24]. 

Figure 5. Aleksandr Y. Usikov (1948). 

the magnetron research, I developed a method for 
solving the problem about the effect of a magnetic field 
on a spatial charge. Previously, this problem had been 
reduced to a set of non-linear equations. I obtained the 
solution in quadratures for a planar model of the inag- 
netron, and in terms of a series for a cylindrical model. 
Then I discussed this result with one of the leading 
theoreticians of UIPT, Lev Rozenkevich [44], who said 
that the solution was erroneous. I did not agree with 
him, and decided to discuss this problem with Landau. 
It took him only 15 minutes to go deeply into the sub- 
ject and to derive the same results as I did. After that, 
the correctness of the solution was never disputed [24]. 

The Laboratory of Electromagnetic Oscillations (LEMO) was 
established as a department of UIPT as early as in 1930, and was 
headed by A. Slutskin. This was the only department headed by a 
Kharkov scientist, while the other eight were headed by the foimer 
LIPT staff. Besides this, it was the only department engaged in 
electrical engineering and electromagnetic waves. As we shall see, 
both circumstances played a certain role in what happened further. 
During this period, Slutskin investigated the mechanisms and con- 
ditions of excitation of split magnetrons, and developed a theory of 
a magnetron oscillator operating in the dynatron mode. This, 
together with the advanced technical equipment of UIPT, enabled 
the scientists of LEMO to extend the work of generating high- 
power oscillations in the L band. According to Usikov, Slutskin 
enjoyed an extremely high reputation as initiator of a completely 
new method in science: the magnetron. In the laboratory, general 
and theoretical research was performed by Slutskin himself, and a 
number of specific problems were studied by the staff [22]. 

S. Braude: 

Slutskin was my teacher, as he lectured on electrody- 
namics in KSU where I studied. It was with his personal 
support that I was assigned to UIPT on my graduation. I 
have been shaped as a scientist under a strong influence 
of him. Together we published a series of papers, 
mainly on the theory of magnetron oscillation. It should 
be noted that he personally supervised all the research 
projects of his staff, and every day discussed the results 
obtained. 

In particular, it was Lelyakov who invented a magnetron with 
a hollow anode, water-cooled from the inside (Figure 6). Two half- 
anodes were connected by tunable circuits, consisting of metal 
tubes for bringing the water and carrying i t  away. This design later 
sewed as a basic design with different modifications. Braude (Fig- 
ure 7), Lelyalcov, and Truten (Figure 8) had developed a water- 
cooled magnetron in a glass case, which enabled them to achieve 
an output power of 5 to7 kW at a wavelength of 80 cm. An even 
higher power level (up to 17 kW in the CW mode) with 55% effi- 
ciency was achieved by Braude, in an all-metal “barrel-type” 
oscillator (Figure 9). Besides this, a sample tunable magnetron was 
designed (Figure IO), in which the frequency was tuncd over a 
30% band, by varying thc length of the circuit extended off the 
metal case. These results were published only after the war, in 
1946 [47]. 

At the same time, an extensive investigation of the magne- 
tron’s power and frequency control, and the design of a pulsed- 
mode device, wcre carried out. This work was led by Usikov, 
whose role in radar development is hard to overestimate. Along 
with the magnetron research, and supervision of the design of the 
radar transmitter, he shouldered the main burden of the scientific 
management of the whole project. Being a fair and decent person, 
always attentive and sympathetic toward colleagues but Gm in the 
fundamental issues, he favorably influenced the atmosphere at 
LEMO [24]. In 1933, Usilcov discovered the effect of discontinu- 
ous modulation, which could be observed in a magnetron provided 
that its connection circuit corresponded to the relaxation scheme. 
Later he, and also Lelyakov and Vyshinsly [48], were investigat- 
ing the characteristic features of the magnetron’s pulsed excitation. 
Started under his guidance, this important research work resulted 
in the design of high-power pulsed magnetrons in the L band at 
UIPT. Usiltov recalled [22] that the progress in generating high- 
power oscillations drew the attention of the government, which 
considered high-power magnetrons important for the military. 
Therefore, UlPT was soon given a corresponding task by the 
Technical Department of the Red Army (TD-RA). The investiga- 
tions included the testing of the operational modes of oscillation of 
the magnetron that could provide the maximum pulse power and 
the required frequency stability. At this time, a packaged un-cooled 
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Figure 6a. A drawing of a hollow aiiode for a high-power 
water-cooled magnetron in a glass case (from [39]). 

Figure 7. Semioii Y .  Braude (1948). 

Figure 6b. A high-power water-cooled magnetron in a glass 
case (from [39]). 

34 

Figure 8. Ivan D. Truten (1947). 

magnetron, with a linear cathode inscrted in a glass case, was 
developed (Figure 11). It provided pulsed power up to 60 kW at a 
wavclength of 60 to 65 cin. Two other rnenibers of thc research 
team were Ivan Truten [49] and losif Vigdorchik [SO]. 

S. Braude recalled 1241 that I. Truten was a person with 
extraordinary capabilities, famous for non-standard thinking. He 
developed a number of original radar units, in particular, a super- 
heterodyne rcceivcr and gas dischargers [spark gaps], which pro- 
vided for the operation of a radar with a single antenna. A funda- 
mental approach was always prescnt in his research, and was espe- 
cially brightly displayed when he guided the work of developing 
the mm-band niagnctroiis in the 1950s and 1960s at IRE. At the 
same time, hc is remcinbcrcd as ai1 extremely decent person, 
enjoying huge respcct among the staff. The modesty of Truten was 
sometimes in the extreme. When, taking into account his great 
contribution to the development of magnetrons, the USSR 
Supreme Quali lication Commission decided to award him a Doctor 
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of Technical Sciences degree without defending a thesis, he 
refused. 1. Vigdorchik was characterized by Braude as an enthusi- 
astic and innovative colleague, who took a most active part in the 
radar project. 

Simultaneously, new ideas were being explored in LEMO. In 
particular, the possibility of using a net as an electrode for coiitrol- 
ling the output-signal amplitude was demonstrated in 1935, in the 
PhD thesis of Usikov. Later, V. Tkach designed a magnetron with 
a net that was able to generate power ranging up to several tens of 
watts in the dm band; these results were presentcd in his PhD the- 
sis, in 1940. These investigations were further continued by S. 
Braude and A. Ivanchenlto, who designed an erficient magnetron 
with a net control, able to generate pulses of 5 to 20 p, and a 
pulsed power of several tens of IcW [Sl] .  These results werc sum- 
marized in 1943 in the DSc thesis ofBraude. 

One can judge the scale of research carried out at LEMO- 
UIPT by the impressive number of papers published in the techni- 
cal journals during the pre-war time. Many of the results obtained 
during that period were of fundame~ital character, and have not lost 
their importance even now. In particular, research on developing 
higher-frequency sources resulted in the discovery of a special type 
of mm-band magnetron operation, by Truten, in 1945. It consisted 
of the interaction of the electrons not with the first harmonic, but 
with one of the delayed, higher-ordcr spatial field harmonics. 
These working modes were later callcd “the IUiarkov magnetron 

Figure 9b. The high-powcr magnetron without the metal case 
(from [391). 

Figure 9a. A drawing of a high-power magnetron in a “harrel- 
type” metal case (from [39]). 
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Figure 10. A drawing of a tunable magnetron. 

operation modes” in Soviet litcrature. They enabled one lo consid- 
erably reducc the static magnetic-field magnitude and the inanu- 
facturing tolcrances of the anode resonator. As a result, a series of 
mm-band magnetrons were produced having a champion powcr 
(e.g., a pulsed powcr or 100 liW at a wavelength of 4 mm). One of 
the methods of magnctron modulation with thc aid of electrostatic 
lenses, proposed by Usiltov in  1936, later served as a basis for 
designing surface-wavc magnetrons with lens optics (in the 1970s, 
together with G. Levia). 
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T ~ L I S ,  by tlie end of 1936, LEMO-UIPT had carried out wide- 
range fuiidaiiiciital research on the magiictron method, and had a 
complete set of L-band devices, both for CW and for pulsed opera- 
tion. This was a solid background for launching complex work on 
developing pulsed radar. 

4. Pre-War Soviet Research on Radar 

4.1. Anti-Aircraft Gun-Aiming Radar 
Developments 

It appears natural to present thc development of tlie Kharltov 
three-coordinate pulsed radar against the background of various 
events surrounding the origination of radar as a new direction in 
defense sciencc and tcchnology. In the 1930s, which were remark- 
able for rapid progrcss in thc aircraft industry, the capabilities of 
combat aircra1t increased drastically, incl tiding speed, altitude, and 
navigatioii. Existing optical and acoustical survcillance methods 
could not provide reliable dctectioii of hostile aircraft, especially in 
the nighttime and under coinplicatcd weather conditions. Tliere- 
fore, in the U K ,  the USA, Europe, and tlie USSR, new radar meth- 
ods were developed, practically simultaneously. 

The economics of tlie USSR, strangled by state planning, as a 
rule did not allow any competition. The only - but remarkable - 
exception was the military industry, where, to design advanced 
weapons in tlie shortest tinic, rcsearcli and development efforts 
were often doubled and triplcd by different teains and labs. A good 
example was the aircraft industry, where in ordcr to develop a new 
fighter or bomber, as well as to provide infiastructure and equip- 
ment, it was coiiiinoii to organize tenders between several (or at 
least two) competing dcsigii bureaus. Thc same approach was used 
with radar research. Thereforc, tlie first Soviet studies related to 

Figure l l a .  A drawing o f a  pulsed magnetron (circa 1935) kept 
in the IRE, Kharltov. 

Figure l l b .  The pulsed magnetron in a glass case (circa 1935) 
from the IRE, Kharltov. 

radar were performed in parallcl by the initiative aiid with the sup- 
port of two military departmciits: tlie PDA-PCD (Principal 
Department of Artillery of the People's Coininissariat of Defense), 
for the anti-aircraft art i lhy,  and the DAD-RA (Dcpartment of Air 
Defense of the Red Army), for air survcillaiice. In  turn, these 
departments, as customers, cngaged different research and devel- 
opment organizations into parallel devclopineiits of radar. Thus, in 
October, 1933, after preliminary tests, the PDA-PCD allocated a 
project to the Central Radio Laboratory (CRL) in Leningrad for the 
detection of radio waves reflected from an aircraft. This was the 
first USSR legal document that became a basis for starting planned 
rescarch, developmciit, design, and tcstiiig in radio detection. It 
was also the first document stating the systcinatic financing of such 
ltinds of work [ 10, 521. 

According to tlie project, Engineer Y. Korovin used already 
existing radio-communication equipment, designed at CRL aiid 
operated in CW mode at wavelengths from 50 to 60 c m  On Janu- 
ary 3, 1934, the first tcsts of radio detection of a flying boat were 
carried out. Korovin observed the Doppler effect in the form of the 
pulsation of the sound signal when the aircraft entered thc line-of- 
sight zone. The flying boat was detected at a distance of 600 to 
700 in, at a flight altitudc 01 100 to 150 in [42]. Later, Korovin 
continued his work with the Ccntral Military-Industrial Radio 
Laboratory (CMIRL) i n  the city of Corky [now, Nizliny Nov- 
gorod]. However, despite an improved detection range ( I  1 kin), his 
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“radio-catchers” [53] showed an unstable operation, and the work 
was terminated in 1937. 

Already, at an early stage of the work mentioned, the PDA- 
PCD came to the conclusion that parallel research had to bc per- 
formed by the Leningrad Electro-Physical Institute (LEPI). On 
January 11, 1934, a corresponding research and development pro- 
ject was allocated by the PDA-PCD, and B. Shembel, later a well- 
known radio engineer, was assigned as project leader. By the 
summer of 1935, an experimental radio-direction finder was 
assembled. It was able to locate two angular coordinates of a tar- 
get: the azimuth and the elevation. Its design used a quadruple-split 
CW magnetron, generating a power of over 10 W, at a wavelength 
between 21 and 29 cm. The tests had shown that a small airplane, 
such as the U-2, could be detected at a distance of 8 km. In the fall 
of 1935, LEPI was merged with the Radio Experimental Institute 
(REI), and was reorganized into the R&D Institute No. 9 (RDI-9). 
It was oriented towards defense-related research, and headed by a 
remarkable scientist, radio engineer, inventor, and manager, M. A. 
Bonch-Bruyevich. Under the contract of tlie PDA-PCD, in 1936 
RDI-9 fabricated a sample radio-searcher “Burya,” with a magne- 
tron source having a CW radiation power of 6 to 7 W and a wavc- 
length of 21 to 23 cm. The tests of this radio-searcher demon- 
strated the detection of a squadron of small R-5 aircraft at 10- 
11 lm. In the discussion of the field tests, it was noted that the 
results obtained did not meet the requirements of thc anti-aircraft 
artillery, and a number of measures were planned to enlarge the 
detection range, and to improve this device’s accuracy aiid reli- 
ability. In 1937, managerial and technical rearrangements wcre 
undertaken to widen the research. In particular, a laboratory, 
headed by Prof. B. Vvedenslcy, later a scientist in microwave 
propagation, was affiliated with RDI-9. This group strengthened 
the RDI-9 vacuum laboratory in the effort to design and produce 
magnetrons in the 12 to 90 cm wavelength band [lo]. 

S. Braude recalled [24] that once a large group of scientists 
from RDI-9, headed by Vvedensky, came from Leningrad. From 
the beginning, everybody was deeply impressed by Vvedensky’s 
open and friendly style. The LEMO staff, except for Slutsltin, was 
much younger than Vvedensky, but nobody felt this, nor any other 
difference in position. This “non-bossy’’ style was especially 
remarkable by comparison with the behavior of some of the other 
scientists of RDI-9, who considered Kharltov as a provincial place, 
and spoke in patronizing manner. Although they later adinitted that 
the LEMO magnetrons were, in some aspects, better than theirs, 
the relations had already been spoiled. When Vvedenslcy felt this, 
his reaction was immediate. He called together both teams, and 
made a brief but impressive speech, highly estimating the LEMO 
achievements. Thanks to such efforts, the two teams agreed to 
carry out joint developments. 

In 1937-1939, RDI-9 performed wide-ranging research, 
aimed at designing a reliable gun-aiming radar. By the fall of 1937, 
a stationary radio-searcher, RS-4, was designed and assembled. 
The detection range of a small aircraft, such as the U-2, was 25 kin. 
That same year, two radio-direction finders, “Burya-2” and 
“Burya-3,” were designed and assembled. In order to enhance the 
detection accuracy without shrinking the radiation pattern, both 
used the method of an equal-signal zone. ‘The tests demonstrated 
reliable detection within a range of 17.5 kin, and a high accuracy of 
locating the angular coordinate (1 ”). However, both radio-searchers 
provided low reliability at target altitudes over 4000 in. 

As a result of the work of CRL/CMIIU and LEPIIRDI-9 in 
1934-1939, a basis was prepared for tlie industrial manufacturing 
of radio-searchers. The war in Europe forced this to be hurried up. 
On July 4, 1940, the recently organized State Defense Committee 

(SDC) ordered RDI-9 to release the field-tested anti-aircraft radio- 
searcher to the PDA-PCD by October 1 ,  1940. Tlie radio iiidustry 
was given six months to produce a new prototype radio-direction 
finder, “Luna.” Latcr, thc SDC ordered the radio industry to com- 
plete tlie prototype device by August 5 ,  1941, and to start serial 
production by A~igtist 20, 1941. The beginning of the war with 
Germany disrupted these plans. Evacuation of the radio industry to 
the east and leiininatioii of the activity of RD1-9 niadc it impossi- 
ble to fiaalizc the development of Luna. It should be noted that all 
the deviccs mentioned were based on the Doppler principle in the 
CW radiation mode. Only one attempt was made at LEPI (1935) to 
design pulsed cquipment. However, thc pulse power and thc 
receiver sensitivity of this setup wcrc too low for detection of ai1 

aircraft, and the project was soon terminated. 

4.2. Air-Defense Radar Developments 

The problem of the rcliable detection of airboiiic targets was 
getting more and morc urgent for air surveillance, as well. At the 
initiative of military engineer P. Oshchepkov, a special conference 
was held, as early as Jati~iary 16, 1934, in LIPT. It was chaired by 
tlie LIPT Director, hc .  A. Ioffe. The topics were methods of air- 
craft detcction at night and under bad weather conditions, when 
visual methods were not applicable, for the purposes of air defense 
[6] .  Besides Ioffc, the conference was attciided by many leading 
Soviet scientists, including Rozhanslty. 111 tlie final document, the 
participants agrecd that radio-detection methods, using wavcs of 
“essentially short” length, were the most promising. As 
Oshchepkov latcr wrote [O] during the final editing, he made an 
attempt to insert a clearer scntencc about din- and cin-waves. 
However, when signing this document, the Chairman, A. loffc, 
crossed out that phrase. This detail shows that by the mid-l930s, 
there was no clear evidence that the din-band might offer better 
opporttinitics for designing an efficient and reliable radar. 

On February 19, 1934, the DAD-RA assigned a research and 
development project to LEPI on aircraft detection (code “Rapid,” 
projcct leader B. Shembcl). According to the projcct, rcsearch on 
measuring the waves reflected from objects of various shapes and 
materials had to be carried out. This dcvclopment was again based 
on the Doppler method in the CW radiation mode. 11 implied cre- 
ating an electromagnetic “curtain” between a distant transmitter 
and receiver. By July, 1934, a prototypc dcvice had been designed 
and fabricated (the source wavclciigtli was 4.7 ni, and the power 
was 200 W). The detection range of Rapid, for an all-metal fighter 
plane, was 5 to 7 km. Thc DAD-RA terminated the contract with 
LEPI at this stage. Nevertheless, Rapid scrved as a prototypc oftlie 
RUS-1 system, which was latcr developed in the R&D and Testing 
Institute of Communications of the Red Army (RDTIC-RA), and 
was released to the Army. The total number of RUS-1 units pro- 
duced aniounted to 45; these werc employed in air defense in 
Karelia, the Far East, and thc Trans-Caucasus during the Soviet- 
Finland war and in WWll. 

In October, 1934, a special dcsign bureau (DB) was estab- 
lished in  the DAD-RA, which was charged to develop general 
radar methods and necessary specific non-standard components. 
Tlie Chief of thc DB-DAD-RA was P. Oshchepkov. In order to 
solve the problem in the shortest time, research aiid experimental 
work was performed at LEPI and other institutions. T~LIS ,  accord- 
ing to the contract datcd November 15, 1934, UIPT started d e h -  
ering experimental CW magnetrons in  the wavelength band from 
30 to 80 cm, and with powcr ranging from 10 to 1000 W, to the 
DB-DAD-RA. The number of magnetrons manufactured reached 
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50 devices a year. Here, it should be noted that this contract was 
considered by LEMO as a burden, as it required a lot of effort that 
was not usual for a rcsearch and dcvelopnient laboratory. The DB- 
DAD-RA allocated a number of other contracts to design the radio- 
dctection equipment “Vega” and “Konus.” In fact, tlie operating 
principle of tlic Vega system was tlie same as that of Rapid. Alter- 
natively, the Iconus system was designed to not only detect an air- 
craft, but also to determine the target’s distance and azimuth. As 
the tests showed, the difficultics associatcd with using tlie FM 
mcthod in the CW radio-direction finders remained unresolved, 
and the contracts with the radio industry were cancelled in 1935. 
Nevertheless, the magnetrons were still delivered from UIPT to the 
DB-DAD-RA for rurther experiments. 

Tlic idea of developing radar systcnis opcrating in the pulsed 
mode appcarcd in tlie search for mcthods of enhancing detection 
range and simplifying location techniques. On March 19, 1935, tlie 
DB-DAD-RA allocated a project to LIPT, where a laboratory of 
radar rcsearch was established. At first it was licadcd by 
Rozhansky, and after his death, in September, 1936, it was lieadcd 
by Kobzarcv. At that time, the DB-DAD-RA was transformed into 
the Experimental Section, the research activity of which included, 
in addition to design duties, a complex investigatioii of radar 
problcms. 

Bctwccii Octobcr, 1935, aiid April, 1936, LIPT carried out 
cxperimental investigations of tlie RCS properties of aircraft irra- 
diated in the CU’ mode, with wavelengths from 3.2 to 4.7 m. These 
enabled one to estimate the capabilities of a pulsed radar system. 
By the spring of 1937, all thc dcsign work on an cxpcrimental 
pulscd radar was complctcd. Thc transmitter for this radar was 
based on tlie serial tubes G-165, and provided a pulse duration of 
10 ps at a pulse power of only 1 kW. Ncvci-thelcss, the first tests, 
on April 17, 1937, were successfill. A small R-5 aircraft was 
detected at a distance of 17 Itm. Aftcr that, it was decided to 
develop a high-power transmitter. However, at that moment the 
work was strongly handicappcd by some purely Soviet plicnomena. 
1935-1938 werc tlie years of the most severe purges by Stalin and 
the NIWD [later, the KGB]. These not only “beheaded” the gov- 
crnnicnt, industry, the army, science, and education, but they also 
simply wiped out cntirc laboratories, and many thousands of per- 
sonnel. ‘The victims were especially ntimerous among the defense 
scientists and cnginecrs, as many advanced groups and laboratories 
were actively promoted by tlic purgcd coinmandcrs of tlie Red 
A m y .  In thc summer of 1937, Oslicliepkov, the head of tlie 
Experimental Section of DAD-RA, was arrested. His section was 
liquidated, with all tlic projccts being transfcrred to the RDTIC-RA 
(Research, Development, aiid Testing Institute of Communications 
of the Red Army). As a result, the equipment produced at LIPT 
was released for testing only in August, 1938. The transmitter used 
tlie IG-8 tubes, with a pulsed power of 40-50 ItW, and a pulse 
duration of 10 ps. When a test of the radar was carried out in 
Mytishclii, near Moscow, it deinonstratcd reliable detection or an 
SB-type of bomber at distances of up to 55 km and a height of 
1500 m. 

As admitted by Gen. Lobanov [IO], this was a bright success 
of tlic pulscd technology. First, it showed that tlie problem of long- 
distance radio detection had been solved, in principle, and its fur- 
ther rcalization required only engineering cffort, Secondly, tlie 
pulscd-type radar had cvident advantages over the CW-mode radar, 
based on the Doppler frequency usagc. Artcr the experiments of 
Korovin, in January, 1934, and the tests of the first radio-detectors 
of Slicmbel, in Jdy ,  1934, these tests were a significant milestone 
in tlie Iiistory of Soviet radar. 

In August, 1939, field tests of a mobile version of the radar 
“Redut” were carried out near Sebastopol, the main Black Sea 
Navy base, with a receiver and transmitter installed on two auto- 
mobiles. The Redut system was developed jointly by LIPT, the 
RDTIC-RA, and the R&D Institute of Radio Industry No. 20 (RDI- 
20), in Moscow. RDI-20 later became tlie leading institute in long- 
range radar development. The tests showed a champion detection 
range of a flying boat: up to 15Olcm. The prototype device was 
designed at RDI-20 in May, 1940. On JUIY 26, by order of the 
h4inister of Defense, this serially produced radar was released to 
tlie air de€ense and named RUS-2. This system was later improved: 
the transmitter and receiver were integrated with a common 
antenna, and a radar with a fixcd platform and a rotating antenna 
was designed. During WWII, several modified versions of this 
radar were produced, for a total amount of 700. However, these 
devices, as well as all meter-band systems, had a serious drawback: 
they failed to deteimine tlie third coordinate of the airborne target, 
i.e., tlie height of flight. Gen. A. Batitsky, Commander of Air- 
Defense Forces in the 1960s, recalled in his memoirs [54] that for 
this reason, the radar-surveillance stations were used in close inter- 
action with the visual-observation posts, which determined tlie 
altitude and identity of the aircraft. Later on, supplementary height- 
measuring blocla for the radar stations were designed. 

In wartime, however, tlie most widely used radar of the 
Army, Navy, and Air Force was not Soviet made. From the begin- 
ning, the UK, and then USA allies, agreed to supply the Red Army 
with modern equipment. Of course, during tlie first six months of 
the German advance, there were apparently more urgent needs ~ 

like elementary combat communication and control - than 
deploying and integrating radar surveillance and aiming units. 
However, according to the SDC decree dated February 10, 1942, a 
new institutelfactory (PO Box 465) started backward engineering 
of the UIC gun-aiming radar GL-MltII. This was done in the short- 
est possible time. The Soviet designation of the radar was SON-2a. 
By the SDC decree, dated December 20, 1942, the SON-2a radar 
was released to the Army. It was produced serially in a total quan- 
tity of 124 units during WW 11. In addition, starting in 1943, long- 
range radar equipment was delivered from the UK, the USA, and 
Canada, via the Lend-Lease program. During the final stage of tlie 
war, the combat forccs of the Red Army used mainly these sys- 
tems. It must be admitted, however, that on the Soviet-German 
front, radar was never a major factor, compared to its role in the 
Battle of Britain. 

5. Development of the Pulsed Radar 
“Zenit” in Kharkov 

From 1937, by decree of the PCD (People’s Commissariat of 
Defense, the defense ministry), the contracts for developing radio- 
detection equipment service were to be a duty of tlie Department of 
Communications of llie Red Army (DC-RA), via its RDTIC-RA. 
Along with the problems associated with long-range surveillance, 
the RDTIC-RA had initiated a parallel development of a gun-aini- 
ing radar. Having studied the state-of-the-art of the preceding 
developments in CMIRL, RDI-9, and LIPT, the experts of tlie 
RDTIC-RA concluded that a duplication of the projects of the 
PDA-PCD was necessary, but that they should employ tlie pulsed 
method. 

Beginning in March, 1937, according to a project with a task 
that was formulated by the RDTIC-RA, the UIPT began the com- 
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plex work of designing a pulsed electromagnetic gun-aiming 
“searchlight” (tentative name) at L-band, with a wavelength of 60 
to 65 cm. This work, coded “Zenit,” was performed under tlie 
guidance of A. Slutsltin by the staff of LEMO: S. Braude, A. 
Chubakov, Y .  Kopilovich, P. Lelyaltov, A. Maidanov, I. Sorlcin, I. 
Truten, A. Usikov, and 1. Vigdorchik, who contributed at various 
stages and to various extents. The following record was found in 
Usiltov’s archive [21]: 

5.1 Transmitter 

The development of the transmitting unit was led by Usiltov; 
Vigdorchik and Lelyaltov took part in this work, as well. At first, 
they studied the features of the pulsed excitation of magnetrons. 
The results of comprehensive testing of several magnetrons, with 
different cathodes and anodes, had shown that the performance 
could be essentially improved. Assembly, adjustment, and the first 
tests of the Zenit setup were carried out by using an un-cooled 
packaged magnetron. A modulator was connected in series with the 
magnetron. It used tlie standard GI<-3000 tubes. A relaxation-gen- 
erator circuit, exploiting a TG-2 12 thyratron, was selected as a 
control device. The following characteristics were obtained for the 
first variant of the radar (1938): 

Pulse power 3 1cW 
Wavelength 60 cm 
Pulse duration 
Magnetron voltage 18.3 1tV 
Pulse current 20 A 
Magnetron lifetime 50 hours 

7 to 10 psec 

The improved Zenit radar (1 940) used a magnctron with the fol- 
lowing parameters: 

Pulse power 
Wavelength 
Pulse duration 

10 to 12 1cW 
64 cm 
10 to 20 psec 

5. 2 Receiver 

The development of the receiving unit was performed by 
Braude, I<opilovich, Maidanov, and Truten. They had studied and 
designed a magnetron receiver where a double-anode magnetron 
was used as a super-regenerative detector. This receiver enabled 
them to carry out the tests of detecting an aircraft with the first ver- 
sion of tlie Zenit radar (1938). However, this could not serve as tlie 
basis for developing a radar able to meet the requirements of the 
anti-aircraft artillery, because of the strong dependence of the 
receiver sensitivity on the magnetic field and the magnetron emis- 
sion current. Hence, along with this device, the research team had 
investigated a super-regenerative receiver, based on a triode of the 
“acorn” type 955. This had a much higher sensitivity, and was 
implemented in the improved version of Zenit. To enhance the sen- 
sitivity of the receiver, Truteii devcloped a superheterodyne 
receiver with an L-band amplifier (1940). 

5.3 Antenna System 

The Zenit radar was designed as a two-antenna system. The 
antennas used identical all-metal parabolic reflectors of 3 m 
diameter, fed by in-focus half-wave dipoles (Figure 12). 
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A. Usiltov recalled that making thc parabolic reflectors 
required a lot of specific inaterial: a mctal with a certain environ- 
mental resistance and certain eleclrical properlies. Hencc, he came 
up with the idea that it could be made of galvanized iron. This led 
him to a neccssary but also risky adventure. Somebody in his team 
noticed that thc institute buildings were equipped with rather 
impressive rainwater pipes, of about 30 x 30 cm cross section, 
made of what was needed. One night, all thcse pipes were talcen 
off, flattened, and used to make reflector scgments. Usiltov was 
fined as the initiator of this action [22]. 

The beamwidth of the amplitude radiation pattern of the 
antenna was about 16” in the “equatorial plane.” As we have men- 
lioned, there is no availablc technical documentation about Zenit 
and its antennas. Therefore, these data, together with the terminol- 
ogy, are based on the memories of those who heard it from the 
designers. Here, one should keep in mind that reflector-antenna 
theory did not exist in tlie 1930s, nor did horn feeds. Therefore, the 
Zenit’s performance was probably far from optimal in terms of 
edge illumination, gain, and sidelobe level. According to today’s 
estimates, done by the numerical method in [ 5 5 ] ,  a five-wavelength 
dish antenna, fed by a dipole, can provide an 18” (24”) main beam 
of the amplitude radiation pattcrn, with sidelobe levels of -7 
(-10) dB in tlie E (H) planc. 

5.4 Design 

A magnetron source with a stabilizing resonant circuit was 
located on the back side of the transmittcr’s reflector, in a hermeti- 
cally sealed inetal case. A two-wire feed, inductively connected 
with the magnetron circuit, was loaded with a half-wave dipole 
placed in the focal plane of’ the paraboloid of rcvolution. The 
recciver’s reflector was of similar design, with the circuitry located 
in a hermetically sealed case at the back. Synchronized rotation of 
the reflectors was achieved by using selsyns. 

A. Usiltov describcd this radar as two-reflector laboratory 
setup, in which the reflectors of the transmitter and receiver were 
separated about 50 in from each othcr in order to reduce the jam- 
ming of the sensitive rcceiver by the high-power pulses of the 
transmitter. Both reflectors rotated in a synchronous manner in the 
horizontal (0-360”) and vertical (0-90”) planes, thus providing a 
stable, parallel orientation of the radiation-pattern axes [22]. 

5.5 Test Results 

Preliminary calibrations of the receiver and transmitter were 
done by Trnten and Kopilovich at the 8 km line-of-sight test range 
between the UIPT hillside compound and the Kharltov Tractor 
Industry. In the summer of 1938, an experimental electromagnetic 
“searchlight,” Zenit, was asscmbled. The first tests of aircraft 
detection were carried out on October 14, 1938. The receiver and 
transmitter antennas werc placed at a distance of 65 m from each 
other, and the optical axes of their reflectors were fixed to be par- 
allel at an elevation angle of 20”. An SB-type middle-sized bomber 
flew at a distance of 3 Itni from the radar, crossing the radiation 
pattern of the antenna. Under such conditions, a stable effect of 
reflection of din waves from the aircraft was observed. As Gen. 
Lobanov later admitted [lo], for a beginning, such a result was 
quite what should have been cxpected: it was similar Lo the first 
tests at CRL and LEPI, but with different tcchnical parameters for 
the radar, namely, a differcnt wavelength and different radiation 
power, and different methods of generation and reception. 
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The test results enabled the designers to understand what 
should be done to improve the parameters of Zenit. Satisfied with 
the work, the CD-RA allocated a new project to LEMO-UPTI in 
May, 1939. The task was to raise the radiation power, to improve 
the reliability, and to manufacture a prototype radar, ready for 
transfer to industry. In  less than four months, war started in 
Europe, accompanied by the Soviet campaigns against Poland, the 
Baltic States, ancl Finland. This added to the activation ofmilitary- 

Figure 12c. A general view of tlie Zenit traiismitter anteni 

oriented research and dcvclopinent work in the USSR. In Sept 
ber, 1940, a modified Zenit radar was presented lo a joint com 
sion of virtually all of the interested customers - the Red Navy. 
DAD-RA, the FDA-PCD, the RDTIC-RA, and the RDI-20 - 
tests of the detection and coordinate determination of a single 
craft and of a squadron ofairplancs. 
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Figure 12a. The back side of the transmitter antenna with a 
magnetron block for the two-antenna radar “Zenit” (1939- 
1940). 

S. Braude was an eyewitness of this test. He wrote [24] that 
the mission of a bomber aircraft was to execute several turns on the 
flight course. First, thc aircraft flew away from the radar for 50 km, 
then tumed right, flew 50 km more, then turned back, flew 100 Itm, 
and so on, repeating this route six times. During the fifth flight, the 
pilot turned to the opposite sidc, as he did not take the experiments 
seriously, and hoped that this deviation, in the clouds, would 
escape detection. He was deeply impressed that his unplanned 
inaneuver was recorded at thc ground base-station. From that 
moment on, he became an active zealot of radar. Later, when the 
war with thc Nazis started, this pilot played an important role in the 
fate of the Zenit project. 

The results of the tests of the Zenit radar, in 1940, according 
to the commission’s final report, wcrc as follows [21]: 

1. The device could locate the coordinates of a single aircraft at 
various heights. The tests confirmed locating an aircraft at heights 
of from 2000 to 5000 111. 

2. A comparison of the targct heights found by the Zenit radar with 
the barograph indications revealed an avcrage error in the height 
determination ofX.9% in the first test, and 5.2% in the second one. 

3. At heights of from 4000 to 7000 m, a targct was reliably located 
at a distance to thc radar of between 6 and 25 kin; at a distance of 
between 25 to 35 km, the dclection was unreliable. 

4. The time requircd to dctermine the targct coordinates was as 
follows: 

Elevation and distaiicc 13 sec 
Aziinuth and distance 17 sec 

feed at the focus Elevation, azimuth, and distance 38 sec 

40 

Figure 12b. The Zenit radar’s all-metal reflector, with a dipole 
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5. A squadron of aircraft could be detected reliably at heights of 
3000 and 4000 m in the specified space sector. 

6. If a squadron was flying in tight order, the oscilloscope indicatcd 
the beating of the pulses reflected from each aircraft. If one of the 
airplanes was behind the others, one could observe tlic variation of 
the width of the maximum corresponding to the reflected signals. 

7. If a squadron was flying in a column, with the airplanes sepa- 
rated by 2 km, the oscilloscope screen clearly indicated the pulses 
reflected from each individual aircraft, in the form of isolated 
maxima. If the distance to the airplanes was less than 15 ltm while 
the separation between the airplanes was more than 3 km, then two 
airplanes could not be seen on the screen simultaneously. In this 
case, each separate airplane had to be tracked independently by 
changing the azimuth. 

8. The current design and location of the radar did iiot permit con- 
tinuous tracking of an airplane flying a zigzag route in a sector o f  
60” at a distance up to 30 km. The course could be determined 
when the airplane was flying towards the radar, or, oppositely, 
away from it. Other courses could be determined, provided that the 
performance of the radar was more reliable. 

Estimating the overall performance of Zenit, the commission 
noted that the first Soviet laboratory device had been designed at 
UIPT that enabled one to locate a flying airplane in three coordi- 
nates (distance, azimuth, and elevatiou). As Gen. Lobanov wrote 
[lo], this was a great success for the young research team of UIPT. 
In comparison with the experimental radio-searcher Burya, devel- 
oped at RDI-9, Zenit had substantial advantages in its detcction 
range and its ability to determine all three coordinates ofthe target. 

At tlie same time, the commission noted some serious draw- 
backs of the system. The most important of these were slow and 
inaccurate determination of the angular coordinates, difficulty in 
locating the target (caused by a narrow radiation pattern), and the 
presence of a dead zone within which gun aiming was not possible. 
However, here it should be noted that tlie project did not suppose a 
continuous location mode, i.e., continuous deteimination of tlic 
target’s angular coordinates and their continuous transmission to a 
gun-fire-control device. There was also 110 requirement in the pro- 
ject about the absence of a dead zone for anti-aircraft gun aiming 
[12]. The commission concluded that the main points for tlic 
improvement of Zenit were the design a single-antenna radar, and 
the development of a technique for continuous location to provide 
continuous feeding of the gun-fire-control device. 

The military, whose leading expert was Gen. Lobanov, 
admitted that at UIPT a group of able young scientists succeeded in 
the theoretical calculations and experiments necessary for devel- 
oping a laboratory version of the Zenit pulse radar. However, liav- 
ing limited funds and production capacity, the Institute met with 
considerable difficulty in manufacturing this device. The fact that 
UIPT had managed to produce the radar on its own, without any 
external support, was credited to the efforts and euthusiasm of the 
team in solving this urgent and complicated defense problem [ 101. 

Here, we have to make a comment, which was never found in 
the previous Soviet publications on radar history but is well known 
to all who worked at UIPT or were acquainted with the staff. 
Along with the mentioned technical problems, tlie working condi- 
tions at LEMO were certainly handicapped by the general atmos- 
phere at UIPT during the years of Stalin’s terror, in 1935-1938. At 
that time (see [27] for details), UIPT, a leading research center, 
was literally smashed by a series of severe repressions, with 
Landau being the main target. 

S. Braude recalled that LEMO was one of a handfiil of 
research groups at UIPT able to keep their scicnti fic activity. 
United by a cominou goal, Slutsltin’s pcoplc kept perfectly friendly 
relations, dcspite sharp discussions [24]. This was obviously very 
important: even tlie views of Lclyalcov rcmained secret outside of 
LEMO. Howevcr, the climate in the Iiistitutc was not favorable for 
healthy working conditions. Braude stated: 

Some of the UIPT scicntists werc arrested; others were 
interrogated; frequent political meetings of thc [Com- 
munist] party, trade union and Komsomol brought fear 
and cinbai-rassmeat in the collectivc. In addition, somc 
of tlie leading sciciitists, first of all theoreticians, dis- 
played a neglect towards the radio-physics research, 
considering it a second-rate physics. The gap became 
even deepcr when UlPT started working on defense 
projects, which dominated in Il&D carried out by 
LEMO. 

In fact, according to an analysis by Ukrainian historians of science 
Y .  Pavlenlco, Y .  Kanyuk, and Y. I<liramov, the latter point was at 
the very corc o r  the conflict at UIPT. They wrote [27] that the main 
reasoii for the coiiLlict at UIPT was that fiom tlie moment UlPT 
started dcfensc-oriented research, thc scientific lcaders (i.e., the 
principal scientists of the Institute), who detcrmined the science 
policy and headed thc scientific activitics, wcre put asidc. Why this 
happened is not clear. [t could be that they refiised to participate in 
these military projects of their own will, reeling that this would 
inevitably limit the frcedom of rcsearch. It was also possiblc that 
they were iiot allowcd by the then-Director of the institute, or by 
tlie Principal Political Dcpartment [in Russian, this rcads as 
“GPU,” the then-current namc or the NKVDKGB]. In the meau- 
time, military projects had preferencc, a d  tlie scicntists involved 
were paid greater salaries. This resulted in splitting tlie Institute 
into two warring fractions, cacli of them having its sympathizers 
beyond the Institute. 

According to Ranyule [56], part of thc UIPT scicntists, 
includitig Landau, proposed lo scparatc LEMO Prom tlie Institute. 
In fact, further dcveloprncnts proved that this could havc been the 
best solution. Thc matter was that in  the atmosphere of a search for 
encniies in thc l930s, this internal conflict was actively cxploited 
by tlie NIWD. Fortunately for LEMO, work on the radar project 
played tlic role or a protcctivc shield, thus allowing thcm to study 
tlie fuiidamental microwave problcms, as well. It can be added that 
this was always a common practice: in the early 19SOs, tlie leaders 
of Sovict physics successfully used nuclear programs to save the 
theory of relativity and quaiitum mechanics from the Stalinist 
ideological mobsters (the lcss fortuiiatc ficlds of genetics and com- 
puter sciciice were crushed) [57]. In our story ofthe IUiarkov radar, 
it is important that tlie undisputed scientific leadcr of UIPT, Lev 
Landau - being a bright personality ~ did not stay away from the 
internal conflict. Both the insiders [ S G ]  and the NKVD infornicrs - 
whose observations wcrc summarizcd in  thc voluminous file on 
Landau in the ICGB [58] ~ agreed that his attitude toward tlie radar 
project at LEMO and toward Slutslcin was ucgative. Although this 
was his general attitude toward tlic military research in the USSR 
throughout all of his life, hc later nevcr cxprcssed it opeiily [58]. 
He had rcasoiis for this. It was only his worldwide fame that saved 
him in 1937, when thc NKVD poiiitcd to him as a leader of the 
“Trotsl<ist-sabotage group of Rozcnlcevich and othcrs” accuscd of 
“trying to spoil defense works in UIPT” [27]. Landau then escaped 
to Moscow, to work in tlie lnstitute of Physical Problems oEAc. P. 
Icapitsa. However, lie was arrested in 1938, and spent one year in 
the NIWDJail before being savcd, both for science and life, due lo 
tlie extraordinary efforts of Ibpitsa (who personally appealed to 
Stalin). Laler, along with many other Sovict scientists, he himself 

/€E€ Antennas and Propagatlon Magazine, Vol. 43, No. 3, June 2001 41 



Figure 13a. One of the official mission certificates of A. 
Slutskin, used in August, 1941, for traveling to Moscow and 
testiug the Zeiiit radar in the combat zone. This was issued by 
the air defense commauder of the Kharkov region. 

Figure 13b. A second official mission certificate of A. Slutskin, 
used in August, 1941, for traveling to Moscow and testing the 
Zenit radar in the combat zone, issued by the UIPT admini- 
stration. 

uscd military nuclear-program research as a shield against the per- 
sccutions of “Big Brother” [S7]. 

In 1939-1940, the situation inside UIPT became somewhat 
morc favorable Cor LEMO. The work schedulc of the laboratory for 
1941 foresaw solving the problems around the improvement of 
Zenit and the development of a single-reflector radar, “Rubin.” 

But the start of the war destroyed thesc plans. As is now well 
known, Moscow experienced its first air raid on the night of 
July 22, 1941. Soon, the city was protcctcd with three lines of anti- 
aircraft dcfense, and the CD-RA offered to Ict thc regional coni- 
mand in Moscow test the efficiency of the Zenit radar in combat 
anti-aircraft dcfense. Evcn before, at the very beginning of the war, 
thc pilot who took part in the 1938 tests of Zenit in IUlarl<ov wrote 
a Icttcr to Stalin, and urged him to deploy this promising detection 
systcin. On August 16, the LEMO staff members S. Bratide, A. 
Chuhaltov, L. I<itaevslcy, Y .  Kopilovich, A. Maidanov, A. 
Slutskin, A. Terpilo, 1. Truten, A. Usiltov, and 1. Vigdorchik were 

sent to Moscow, and attached to the RDTIC-RA. They brought the 
experimental Zenit radar, which was installed in the town of 
Mytishchi, into combat service. The radar was connected directly 
with the coinmand post for air defense in Moscow. The certificates 
given to A. Slutslcin in his mission to Moscow for testing the radar 
are shown in Figure 13. They played the role of ID’S, guaranteeing 
a safe passage to Moscow. 

Braude told the following story about the work in Mytischi 
[24]. A number of soldiers were assigned to the radar team. The 
moral atmosphere at the beginning was full of tension, Actually, at 
that time, very few people had even a basic understanding of radio 
detection, and a group of healthy men staying in the rear were 
commonly considered to be escaping from military service. The 
situation changed when the team succeed in detecting - by radar ~ 

that during a raid on Moscow, one of the German bombers left the 
flight order and made a loop to the east. Thanks to a report to the 
air-defense conimand post, this bomber was shot down by tlie anti- 
aircraft artillery. 

In September, 1941, after additional tests, a commission, 
headed by the deputy commander of the air-defense corps, reported 
[21]: 

The station could not detect near-flying aircraft within a range up 
to 15 km, because ofreflections from local objects; 

The detection range was 60 ltni at flight heights above SO00 m; 

The mean location error was 2.5” in azimuth, and not more than 
1.5 l m  in height. 

The tests demonstrated that after improving the radar, the detection 
range increased by a factor of two, but the dead zone also increased 
by more than twice. The commission noted that the present Zeiiit 
radar could not be employed for precise aiming and tracking of 
anti-aircraft artillery, but its accuracy was sufficient for barrage 
h e .  Besides, this station could be used for the guidance of fighter 
3ircraft, as supplementary equipment to the RUS-2 surveillance 
radar. Further modifications could be developed only under labo- 
ratory conditions. However, such work was not possible, at that 
time, either in Moscow nor in Kharltov. Because of the evacuation 
of the RDTIC-RA to Bukhara, on October 17, 1941, the Zenit 
radar and the whole LEMO team were dispatched there. 

In the meantime, UIPT itself was already on the way to cen- 
tral Asia. As is known, in tlie stnnnier of 1941, the situation on the 
Soviet-German front developed dramatically. In the first days, the 
cities of Riga and Minsk werc lost, and soon the Gemian tank 
armies were threatening Moscow. The more-successful defense of 
the elite Soviet troops in the Kiev direction put a serious strategic 
problem before the German commanders. On August 23, 1941, at a 
meeting in the headquarters of thc “Center” group of armies, Hitler 
rejected a proposal by Gcn. Guderian to concentrate all the forces 
for an offensive 011 Moscow, and decided to attack East Ulcraine 
from the north. According to one interpretation, Hitler’s words at 
this meeting were, “ICliarltov is more important for ine than Mos- 
cow.” As is known, this led to the annihilation of the strongest 
divisions of the Red Army bctween Kiev and Iularkov, but gave 
the USSR the time needed to bring fresh forces from Siberia, and 
to defend Moscow. For OUT story, it is important that according to 
thc plans of Hitler, Kharkov happened to be in tlie mainstream of 
the new offensive. After the fall of Kiev, at tlie end of September, 
the fate of IUlarltov was deterniined, and on October 24, the Red 
Army left it. However, much earlier, in h l y ,  1941, the State 
Defcnse Committee (a small group of leaders around Stalin) 
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decided to evacuate tlic heavy industries of Kliarlcov to the East. 
UIPT was not an industry, but it was still considered a valuable 
organization, and had to be evacuated, as well. 

6. Development of the Single-Antenna 
Radar “Rubin” and Observation 

of an Atmospheric-Duct Effect in Bukhara 

In 1939-1940, along with designing the Zenit radar, LEMO- 
UIPT performed three research and development projects for the 
CD-RA: “Generator and Receiver Operating in the cm-Band,” 
“Application of the Independent Excitation Principle for Generat- 
ing Frequency-Stable din-Band Pulses,” and “Design of a High- 
Power Pulse Source of the din-Band Stabilized by a Resonant Cir- 
cuit” [lo]. The results of these studies, as well as the experience 
accumulated in the work on Zenit, enabled LEMO to proceed to 
the design of the “Rubin” radar in 1941, again by a contract via the 
RDTIC-RA. This system had to be improved in terms of tlie range 
of target detection and the accuracy of its coordinate location, and 
it had to be designed with a single, common antenna. However, as 
we have mentioned, the disastrous and rapid approach of the front 
line forced UIPT to stop work as early as July, 1941, and to pack 
the equipment for a long trip. The final destination for the UIPT 
was Alma-Ata [now Almaty, Kazaltlistan]. However, LEMO had a 
different destination. Several railway trains, moving slowly from 
Kharltov and Moscow to the east ~ in the mess of the overall 
evacuation in the fall of 1941 - headed to the sunny and sleepy 
twenty-centuries-old city of Bukhara, over 3500 ltm away, and 
1500 ltm from Alma-Ata. Located in the heart of Central Asia, 
Bulthara had a glorious past, as certified by its gorgeous mosques 
and majestic Emir’s Palace. Before 1920, it had been the capital of 
the Emirate of Bulchara, a multi-national Moslem country that fell 
under the Russian protectorate in the 1870s. However, during the 
civil war, the Red Army stormed the city, the Emir was forced to 
abdicate, and the territory was divided among the Soviet republics 
of Tadjiltistan, Uzbekistan, and Kyrgyzstan. Since then, Bulthara 
was obliterated to a small provincial town. 

Thus, in fact, what was proposed by “pure physicists,” 
purged in 1937, was done by the war: the radio-physics laborato- 
ries of UIPT were separated from the other departments. After 
WWII, UIPT returned to Kharkov, and all its laboratories were 
again working together. Here, the history took a curious twist: in 
the 1940s and 19SOs, the Institute was a major research and devel- 
opment organization behind the NKVD-managed nuclear project 
code-named “Lab No 1.” At that time, all the departments of the 
UIPT were enjoying the benefits of worlting on extremely impor- 
tant defense topics, except for two radio-physics departments (the 
former LEMO, hcaded by Slutslcin, and the new Department of 
Radio-Wave Propagation, headed by Braude). Obviously, to avoid 
new conflicts and also due to a rising interest in developing nnn- 
wave plasma-diagnostics technologies for Toltamalt fusion 
machines, it was decided to separate these departments from UIPT, 
and to establish a new institute, the IRE (Institute of Radio-Physics 
and Electronics). It is worth noting that Slutsltin was against this 
separation, which was approved only after his death. 

In 1942, the work on the Rubin project was resumed in 
Bulchara, in collaboration with the RDTIC-RA, which was also 
evacuated to there (Figure 14). The scientists of RDTIC-RA, M. 
Kulikov, K. Motoriii and N. Nechayev, actively participated in this 
work By that time, LEMO had lost some of its leading staffmem- 
bers, including Lelyakov, who remained in Kliarlcov. Instead, L. 
Kitayevsky joined the project as a radio engineer. 

Figure 14. A. Usikov (first from the left in the second row), L. 
Kitayevsky (fourth from the left in the second row), A. Terpilo 
(first from the right in the first row), and unidentified staff 
members of RDTIC-RA in Bukhara on February 23, 1942, at 
the time of the development of the “Rubin” radar. The domes 
and miiiarets of the famous Bukhara mosques are visible in the 
background. 

In order to eliminate drawbacks found during the tests of the 
Zenit device, the causes of the errors due to the direction-finding 
technique selected (a null-reading method) were analyzed, and sev- 
eral methods of continuous detection were considered. As a result, 
a continuous-location scheme, utilizing the stationaiy-dipole 
method, was selected; its implementation and accuracy were 
tested; and the key bloclcs were finalized. However, the lack of 
necessary industrial capacity (radar was then produced in 
Tashkent) resulted in a failure to apply the uew scheme for target 
location. 

The receiver and transmitter circuits of the Rubin radar were 
similar to thosc of tlie Zenit. However, to increase the power and 
stability of the source, and to raise the sensitivity of the receiver, 
some corrections and changes were introduced into the design. The 
pulsed power of the magnetron was increased up to 15 1tW. The 
improved receiver was essentially a wide-band superheterodyne, 
with double frcquency transformation, and had a high-frequency 
block (an L-band amplifier, the first mixer, and the first hetero- 
dyne) and an intermediate-frequency amplifier, all placed in a her- 
metically sealed case on the back of the antenna reflector. Thc 
power-supply unit, the remote-adjustment blocks, and the amplifier 
control console werc located in an automobile. The heterodyne 
wave-meter for controlling the source frequency was also placed 
tlierc. While developing the Rubin radar, Truten had succeeded in 
solving the extremely “hot” problem of protecting the receiver 
froin the impact of a high-powcr source pulse, by employing a gas 
discharger. This blocked the input of thc receiver circuit when a 
high-powered pulse arrived. As an additional measure, bloclting of 
the intermediatc-frequency amplifier’s first cascade was foreseen. 

The antenna of Rubin was designed as a grid paraboloid of 
revolution, 3 in across, with transmitter and receiver dipoles 
located at tlic focus (Figure 15). The dish was deployable, and con- 
sisted of six removable segments, made from 2-mm dianieter wire. 
As recalled by Usilcov [22], the wind loading was incredible for 
such large-size reflectors. Hence, it was clearly necessary to resort 
to a grid-antenna design. These were made from wires stretched on 
the ribs, and soldered with a spacing of 20 x 20 min. All this was 
handmade by the team members. 
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It was there, in Bulchara, that the LEMO scientists met a 
mysterious phenomenon, never before reported. The following is 
its description by Usiltov [22]. 

At the moment wheii tlie asscmbly and tcsting of the new 
radar were under way, a specific, never-becore-obscrvcd cffect of 
intensive repeated jamming disrupted all the work. It occurrcd in 
the form of unusually strong rcflcctions from local objects, at all 
distanccs within a rangc of up to 180 km. This was a sort of radar 
“blinding,” which suppressed the radar signals reflected from an 
aircraft, aiid from local objects serving as benchmarks. Powerful 
jamming reflections were observed in May-July 1942 by Usiltov, 
Truten, and Vigdorchik. Reflections occurred at different times, 
usually in the afternoon, and their origin was hard to locate. Scan- 
ning the antenna beam within the spatial sector of 90” in azimuth 
and 70” in elevation was practically useless. Often, these difficul- 
ties forced cancellation of tlie planned tests. 

Since this phenomenon had never been observed in either 
IUiarlcov or in Moscow, Usilcov and his team called it “the Bulchara 
effect.” They guessed that its nature could be explained by specific 
climatic conditions characteristic for the sandy desert terrain 
around Bulchara. More specifically, they came to the conclusion 
that the Bulchara effect was caused by a drastic decrcase of the 
natural attenuation of decimeter waves propagating over tlie Kyzyl- 
Kuin and Kara-Kuni deserts. This enabled one to observe strong 
radar reflcctions from local objects situated all the way to the 
Aktau Mountains, 1.50-1 80 Itin to the northeast from Bulchara. A 
failure to locate these objects (i.e., tlie impossibility of avoiding tlie 
reflections by rotating the radar) was attributed to the multi-lobe 

Figure 1%. A gridded paraboloidal reflector with in-focus 
transmitter aiid receiver dipoles for tlie Rubin single-antenna 
..“A”.. I l n A l \  

structure Of radiatioll patten’ [17, 221’ 

Here we remind tlie reader that the first, classical description 

Figure 15b. The fully deployed Rubin radar system. 

The main beamwidth of the radiation pattern (at the lialf- 
amplitude point) was 16” in the “cquatorial plane” and 24” in tlie 
“meridian plane.” The magnetron source, with a resonant circuit, 
and the receiver circuit were ciicascd i n  a hcrtnetically sealed case 
on tlie back of the reflector. Rolation of the antenna in the vertical 
(0-90”) aiid horizontal (0-400”) planes was remotely controlled. 

The whole Rubin equipment was placed on two cars: one for 
the power s~ipply (a ZIS-6 truck), and onc for the electronics (a 
GAZ-3A truclc). On tlie first car, the antenna systcni was installed 
on special rails. When the radar was deployed at a combat position, 
it was rolled out. A control console and a power-generating unit 
were also placed thcrc, consisting of a three-phase generator (PNT- 
100) and a petrol engine (L-12). The modulation and oscilloscopc 
bloclcs of the radar, and an antcnna remote-control system, were 
located on the elcctronics vehicle. Tlie dcployment and setting-up 
of the Rubin radar toole about three hours. 

of the surface-duct effect was given in 1946 1.591. Within the duct, 
thc field propagates as a cylindrical wave, instead of as a free- 
space spherical wave, although other propagation mechaiiisms may 
also contribute. As a result, the maximum radar range under duct- 
ing conditions may exceed tlie free-spacc radar range by a factor of 
1.5 or more [GO], with the long-distance record being 1700 miles, 
between India and Arabia [Gl]. However, wc must adinit that we 
have failed to find any published study of a ducting e€fect in the 
desert. 

In 1943, Rubin was transported to Moscow, where it was 
tested until November. As the situation near Moscow remained 
complicated, in early 1944 - by agreement with the Red Navy 
Command - tlie DC-RA sent the radar to a polar port and naval 
base in Murmanslc. From February 1 until March 31, 1944, the 
tests of the radar were perfonned there, led by Usilcov. The place 
for tlie deployment of the radar, selected by the Command of the 
North Fleet, was at the Kolsky Bay coast in the Vayenga Fiord. 
There, the maximum width of the fiord was 4750 in. Tlie bay 
offered a variety of testing opportunities, due to intensive sea traf- 
fic: Soviet and foreign navy ships and convoys frequently used 
Murmaiislc as tlie single non-frcezing port in the Soviet Arctic. The 
following are the data found in Usiltov’s archive [22]. 

6.1 Aircraft Location Tests 

The target-location tests consisted mainly of observation of 
occasional aircraft. For checlciiig the accuracy of location, a Hurri- 
cane fighter once made a special flight along a fixed route. The air- 
craft, flying above the sea, was first detected at a distance of 
60 lcm. Its location within a range of 40 Icm was reliable. In the 
tests, they repeatedly detected the aircraft flying at very low 
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heights above the sea, 30 to 50 i n .  The mean errors in the accuracy 
of determining tlie coordinates were as follows: 

In distance: not more than 120 ni; 

In azimuth and elevation: not more than 0.8" 

The time required for measuring each of the angular coordinates by 
tlie null-reading technique never excceded seven seconds. 

6.2 Ship Location Tests 

It should be noted that tlic terrain (a rather small, open space, 
and a rocky coast 5 ltm away from the radar) considerably compli- 
cated the testing. Despite this, the lcsts demonstrated that: 

Rubin enabled one to detect ships of all types - cruisers, freighters, 
destroyers, surfaced submarines, motor speedboats, and wooden 
boats - at distances from 500 in out to the limiting accessible 
range, i.e., about 5000 in; 

The amplitude of the reflected signal depended on the type and the 
size of the ship; 

The amplitudes of reflected signals were not stable and varied in 
time, with the oscillation frequency depending on the size of tlie 
ship and its speed; 

Thc mean errors in the accuracy of dcteriniiiing the target's coordi- 
nates were not more than 120 m in distance and 0.8" in azimuth. 

Usiltov had always been proud of this achicvement, and 
claimed that his team obtained the bcst results in radar in thc USSR 
for that time. Until the end of the war, Rubin was employed in the 
polar sector of the Soviet-German front for air and naval stirveil- 
laiice. 

7. Conclusions 

Thus, in 1938, the first USSR laboratory pulsed L-band radar, 
able to locate a flying aircraft in all three coordinates, is . ,  in dis- 
tance, azimuth, and elcvation, was developed at UIPT. Thc concept 
of this radar was well ahead of all of the contemporary trends in 
the development of radar in the UK, the USA, and the USSR. 
However, for many reasons, scrial production of this radar was 
hindered. The reasons that prevented iinpleinentation of thc Zenit 
radar as an industrial prototype were sumniarized in a lctter dated 
April 26, 1948, and addressed by A. Usiltov to the State Conimit- 
tee on Radar of the Council of Ministers of USSR [12]: 

The first success of UIPT led to a sharp and erroneous 
change in its work. Instead of undertaking further 
physical investigations, necessary for solving funda- 
mental problems around dcveloping a radar able to 
meet the exploitation dcmands, the customcr, CD-RA, 
insisted on dcveloping an industrial prototype of tlie 
radar by thc efforts of thc UIPT laboratory. Hcre, one 
should note that thc customer requirements for thc 
radar's performance did not foresee a continuous loca- 
tion mode, i.e., continuous dcterniination of the target's 
angular coordinates and their feeding to thc gun's firc- 
control device. Besides, there was no requirement [in 
the project task] concerning the absence of thc gunfire 

dead zone. All this considerably dcvalued the results 
obtained at UIPT. 

The work schedule of UIPT for 1941 foresaw solving h s e  prob- 
lems. However, the unexpected defeat of the Red Army in the bor- 
der fighting, and thc almost coinplcte loss of Ulcrainc disrupted tlie 
realization of this goal. Further development and nianufacturing of 
the modified Rubin radar was done, in cooperation with the 
RDTIC-RA in Bulchara. As a result, the dead zone was rcduced, a 
single-antenna radar was designcd, a propcr tcchnique of continu- 
ous location was elaborated, and the cxperirnental testing of tlic 
radar's accuracy was performed. It was only a lack of industrial 
facilities in Ccntral Asia that prevented implcrnenting the new 
location technique, and the prcvious o m  was Icept. This led thc 
DAD-PCD to thc conclusion that, despite a quite satisfactory pcr- 
forinance of the radar in tcrnis of range and accuracy, it was not 
suitable for integration with a gun's firc-control dcvice 

Besides this, lhe decision not to start the serial production of 
Rubin was apparently influenced by the ambitions of the Moscow- 
based laboratories, and the conservative thinking of the military. 
From their point of view, it was senseless to use the dni band, 
when the GL-MlcII stations in the UK and the SCR-268 stations in 
the USA, operating in the meter band, had already been designed 
and produced. Finally, the wartime circumstances dictated their 
own requirements, and so a UK-designed gun-aiming radar, the 
GL-MltII, was re-cngincered in 1942, and put into scrial produc- 
tion under tlie name SON-2a. This was done at the time when the 
small team of LEMO-UIPT was still struggling to develop Rubin 
under tlie very hard working conditions of Central Asia, without 
any serious support. Hence, it is no surprise that Rubin lost this 
competition, at that moment. 

Neverthcless, tlic work on this radar was of great importance, 
both for the general devclopinent of radar sciencc and microwave 
engineering, and for progress in forniing the Kharltov radio-phys- 
ics coinnmunity. The expericiice in designing a pulsed radar enabled 
A. Usilcov to devclop a radio-sounding device for thc remote loca- 
tion of the place and nature of the faults in high-voltage transniis- 
sion lines (1944), and a dcvice for performing diagnostics of sub- 
surface power cables (1946). These devices were widely used in 
repairing the electric-powcr networks dcstroyed during the war, in 
IUlarltov and other USSR cities, and in the arctic regions. Radar 
experiments had shown the necessity of large-scale radio-wave 
propagation rcsearch. This was pcrrormed by S. Brande and his 
colleagues in the 1940s and 1950s. Further magnetron studies, car- 
ried out by the team headed by I. Truten, resulted in designing a 
series of mm-wavelength-baud magnetrons, with chaiiipion char- 
acteristics. These inen and their teains later became the core of thc 
IRE, which was established in 1955. 
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Correction 
The following corrections should be made in the feature article by 
Allan W. Love, “Radiation Patterns and Gain for a Nominal 
Aperture of 105 Meters in the Arecibo Reflector” (IEEE Antennas 
and Propagution Magazine, 43, 1, February, 2001, pp. 20-30): 

In Equation (16), the second term in the expression for the conipo- 
nent N,, of the vector triple product should read 

N, = sinOcoscl,siiiycosq4 

sin2 q4 cos@ - y/) + cos2 I p  cosy  . (1 6) 1 
In Section 2.3, the number (17) belongs with the equation for the 
variablc U at the top of the second column, rather than with the 
Bessel-function equation at the bottom of the first column. 

The first sentence in the first paragraph of Section 2.4 should be 
changcd to read, “The phase /CA in Equations (20) and (21), for the 
axial direction 0 = 0 ,....” 

The second sentence in the first full paragraph in the right-hand 
column on p. 26 should read as follows: “It is to be expected that 
this will cause inorc loss in gain than would quadratic error of the 
same amount, for the error due to aberration occurs at a region of 
higher aperture illumination ( y = S o ,  see Figure 2) than at the edge 
(I// = 1 1.46” ), where quadratic error is maximized.” 

In the caption for Figure 14, the frequency should be 3 GHz. 

The Magozine regrets these errors 
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