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AHOTaNUsA:

Paguo actpoHomusita € cnenmuUYeH 71 OT acTPOHOMHSATA, KOWTO C€ 3aHMMaBa C
(dhenomenute Ha Beenenara, HaOmro1aBaHu B pajinio BBIHH ¢ yecToTu Mexay 13 kHz u 31 GHz.
Pa,Z[HO&CTpOHOMI/I‘ICCKI/I HaGJIIO,Z[eHI/IH Ca B OCHOBATa Ha HAKOU OT I'OJICMUTC OTKPHUTHA Ha 20t
BEK, KaTO HalpuMmep IyJcapuTe, MUKPOBBJIHOBUSA (oH OT ['onemMusT B3pHMB B HA4ajioTO Ha
Bcenenara, 1 akTUBHUTE siipa Ha rajlakTUKK. [Ipe3 21Bu Bek HEBEPOATHUTE OTKPUTHUS HA paH0
aCTPOHOMHUATA MPOABIIKABAT C IBPBOTO JUPEKTHO N300paKeHHe Ha YepHa JyTIKa.

OcCHOBHUAT HAOMIOAATENEH Yped Ha paauo acTPOHOMHUATA ca aHTeHWUTe. ToBa s
pasnnyaBa 3HaYUTENTHO OT TPAJUIMOHHATA ONTHYHA acTpoHOMHUS. B To3u Kypc ce mpencrass
HCTOPUYICCKOTO PA3BUTHUC U OCHOBHUTC MMApaMCTPU HA PASJIMYHUTC paJruO0 aHTCHU HU3II0JI3BAHU
3a paJiio acTPOHOMHUS C MPUMEPH OT UCTHHCKH oOcepBaTopuu. Pasrnexnaar ce cneuuduunu
,Z[H33.I>iHH Ha aHTCHU HU3NIO0JI3BAHU B ACTPOHOMUATA, TAXHUTC IIPCANMCTBA U HCAOCTATHI U, KAKTO
U ChbBPEMEHHHUS MOAXO0/ 32 Ch3/aBaHe Ha aHTeHHU MacuBU. KypchT 3aBbpIlBa ¢ MPaKTUYECKU
IM3aiiH Ha BUCOKOYECTOTEH PAJMOACTPOHOMHUYECKH aHTCHEH MACHB.

To3u Kypc € OCHOBEH 3a 00ydeHueTo 3a pabora ¢ pamuoteneckona LOFAR, gusaTo
HabmronarenHa ctaHuus B bwiarapus e B mpouec Ha pa3paborka. Cien Kypca CTYACHTHUTE
TpsiOBa Aa pa3OupaT OCHOBHUTE MOHATHSA, 3aBUCUMOCTH U ChbBPEMEHHH PE3Y/ITATH 110 TeMaTa.
HCOGXO,Z[I/IMI/ITG IIbpBOHAYAJIHW 3HAHUA IO TEMATa Ha KypcCa 06XBaH_IaT moaAroroBkara OT
001N Te YHUBEPCUTETCKU KYPCOBE MO (pr3MKa M MaTeMaTHKa.

Abstract:

Radio astronomy is a specific part of astronomy, dealing with the phenomena of the
Universe, observable in radio waves with frequencies between 13 kHz and 31 GHz.
Radioastronomical observations are the sources of some of the greatest discoveries of the 20th
century - such as pulsars, the Cosmic Microwave Background from the early epochs of the
Universe, and active galactic nuclei. During the 21st century, the great discoveries of radio
astronomy continue with the first direct image of a black hole.

The main observational instrument of radio astronomy is the antenna. This makes it
significantly different from traditional optical astronomy. This course presents the historical
development and main parameters of the various radio antennas used in radio astronomy, with
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examples from real observatories around the world. Specific antenna designs used in radio
astronomy are analyzed, together with their advantages and disadvantages. The course goes in
depth into the modern approach to designing and building radio antenna arrays. The course ends
with a practical exercise - the design of a high-frequency radio astronomical antenna array.

This course forms the basis of the training for work with the LOFAR radio telescope
and the Bulgarian LOFAR observing station, which is under development currently. After the
course the students must have a solid understanding of the main definitions and terms, as well
as contemporary results on the topic of radio astronomical observing antenna arrays.
Prerequisites for the course are the general university-level Physics (Electromagnetism) and
Mathematics (Calculus, Linear Algebra).

KoncniekT Ha kypca “BbBeaeHue B paauo aHTEHUTE”

1. OcHOBHM mapaMeTpH HA AHTEHHUTE
OCHOBHM MOHATHS U CTaHAAPTHU 0003HaUeHus. PaHHA UCTOpUS HA Pa3BUTHETO HA AHTEHUTE
3a paguo actpoHomusi. OCHOBHU MapaMeTpH Ha aHTEHUTE.

2. [IpuHnunu Ha padoTa HA AHTEHUTe
EmucuonHa nonspu3aiusi, IpUHIUI Ha paboTa Ha aHTeHUTE. EXBUBAIGHTHU BEpUTH,
penunpovHocT. YpaBHeHue Ha Opuiic 3a mpenaBaHe Ha cUrHal. AHTEHEH GakTop.

3. OCHOBHHM BH/10B€ AHTEHHU
AHTEHU CbC 3¢MHA PaBHUHA, )KUYHU AHTEHU. AHTEHU TUI 'MUKpO-CTpun'. [IpuHumnu Ha
pabota, OTroBOp, JU3AIHH.

4. AHTEeHHU 32 paJii0 ACTPOHOMHUS
ArnepTypHH aHTeHH, pedaekTopHu aHTeHH. [[puHIUIM HA paboTa, OTTOBOD, AU3ANHHU.

5. AHTEeHHU MaCUBH
JIunelinu MacuBM, paBHUHHU MacuBU. MacHBH C MMPABUIIHO U HEPETYJISPHO pa3npeiesieHre
Ha aHTeHuTe. BrpajeHu eaeMeHTH Ha MacuBH OT aHTeHU. [IpuHuMnu Ha paboTa, OTroBOD,
JIN3aMHH.

6. /In3aiin Ha pagMOaCTPOHOMUYECKU AHTEHEH MaCUB

Course Syllabus, “Introduction to Radio Antennas”

1. Fundamental Antenna Parameters
Basic terminology. Early history of radio astronomy antenna development. Main parameters
of antennas.

2. Principles of Operation of Antennas
Emission polarization, Operating principle of antennas. Equivalent networks. Reciprocity.
Friis Transmission Equation, antenna factor.

3. Basic Antenna Types
Antennas over a ground plane, wire antennas. Microstrip antennas, operating principle,
response, designs.

4. Radio Astronomy Antennas
Aperture antennas, reflector antennas. Operating principles, response, designs.

5. Antenna Arrays
Linear arrays, planar arrays. Regular and irrecular arrays. Embedded element arrays.
Operating principles, response, designs.

6. Design of a Radioastronomical Antenna Array
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