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ALMA - Calculating photons (10 points).

ALMA is a radio observatory with a revolutionary design. It consists of 66 high-precision antennas, op-
erating in the wavelength range from 0.32 mm to 8.60 mm. The principal array has fifty antennas of 12 m
diameter each that can work together as a single telescope in the so-called interferometric mode. There
is also another array of four 12 m antennas, and twelve smaller antennas of 7 m diameter each.

Imagine that a single 12 m antenna is being calibrated, pointing to a source with a known incident flux
of 1 x 10720 W/m?

41 Assuming that all the flux arrives at the shortest wavelength of ALMA sensitivity,  2.0pt
determine the average number of photons that would reach the detector every
second.

4.2 Compare it to the average number of photons that would have reached the  2.0pt
detector, if all the flux arrived at the longest wavelength of operation.

4.3 What is the angular resolution (in arcsec) of a single 12m antenna, operatingat  2.0pt
74.9GHZ?

4.4 Imagine the principal array operating at 74.9 GHz in the interferometric mode.  2.0pt
Assuming for simplicity that the spatial resolution is solely given by the longest
baseline (largest distance between any pair of antennas), which turns to be
Dpax = 16 km , what would be the angular resolution (in arcsec) in this case?

Treat this case as a single slit aperture instead of a circular one.

4.5 For a radio antenna, the term SEFD refers to ‘System Equivalent Flux Density’, 2.0pt
which is a characteristic energy flux density of the antenna, depending on its
temperature and size. We also note that for energy estimation of radio pho-
tons, Rayleigh-Jeans approximation is valid. Assuming a system temperature
of 691 K, what would be the SEFD of the full ALMA observatory in Jansky if all
the 66 antennas could work together?
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ALMA - lMpecmaTaHe Ha $oToHU (10 TOUKMN).

ALMA e peBontoLMOHHO obopyaBaHa pagmoobcepBaTopus. Ta ce CbCTOM OT 66 aHTeHW C BUCOKa npe-
LM3HOCT, paboTeLun B f1ana3oHa oT Ab/AXKUHU Ha BbAHaTa oT 0.32 mm 8.60 mm.

OcHoBHaTa nopeAuLa CbAbpXa netgeceT aHTEHW, BCAKA OT KOUTO e C AuaMeTbp 12 m 1 KOUTO Morat
[la paboTAT KaTo eAuH Tesieckon B pexum Ha nHTepdepomeTsbp. ChLLo Taka MMa 1 gpyra nopeanua ot
yeTmnpu 12-MeTpoBU aHTEHU N ABaHALECT NO-Malky aHTeHV Mo 7m B AviaMeTbp.

MpeacTaBeTe cu1, Ye efHa 12-MeTpoBa aHTeHa ce Kanmbpupa, HacoUYBaKn ce KbM U3TOYHMK, OT KONTO
naga notok 1 x 10720 W/m?

4.1 Mpuemarikn, Ye LennsaT NOTOK Ce MojlyyaBa Ha Hal-kbcaTa Ab/KMHa Ha BbA-  2.0pt
HaTa, kbM KOATO ALMA e uyBCTBUTENHA, onpejenete cpeaHUAT 6poii GoToHN,
KOWTO AOCTUraT AeTeKTopa BCsKa cekyHza.

4.2 CpaBHeTe ro cbC cpeaHuns 6poi GOTOHU, KOUTO bUXa AoCTUranu geTekTopa, ako  2.0pt
LLenuaT NOTOK Ce noJslydaBalle Ha Hal-ronsamMaTa Ab/HKMHA Ha Bb/IHATa, Ha KO-
ATO ce paboTn.

4.3 KakBo e brnoBoTO paspeLlueHue (pasgenmtesiHa cnogobHocT) (B Abrosum cekyH-  2.0pt
AN) Ha eaVHWYHA 12-MeTpoBa aHTeHa, paboTtella Ha 74.9 GH2?

4.4 MNpeacTaBeTe cn, Ye OCHOBHATa nopeauua pabotn Ha vectota74.9 GHz B pe-  2.0pt
XUM Ha nHTepdbepomeTpus. NMpremaliki 3a NpocToTa, Ye paspeLleHmneTo (pas-
AennTtenHaTa CNOCOBHOCT) 3aBMCK CaMO OT Hail-Abiarata 6asa (Hal-ronaMmoTo
pascTosHue MexXAy ABOWKa aHTeHu), koeTo e D, ,, = 16 km , TO KakBa e 6bae
pasgenuTtenHaTa cnocobHOCT (B AbroBm CekyHAMW) B TO3M Cy4dain?

B 103K cnyuain, pasrieganiTe anepTypaTta Kato egMHMYeH npouen, a He KaTo
KPBr.

4.5 3a BCAKa pagvioaHTeHa ce BbBexaa TepMuHbT SEDF, koeTo o3HauvaBa ‘System  2.0pt
Equivalent Flux Density’, n ToBa e xapakTepHa 3a aHTeHaTa NAbTHOCT Ha NOTOKa
eHepruis, 3aBu1CeLLLa OT TemrnepaTtypaTa 1 pa3mepa . CbLLo Taka, npuemMame, ye
3a PoTOHUTE B pasmoananasoHa e BaMAHO NpUbnmKeHneTo Ha Peinnu-AXuHc.
Mpuemalikn, ye TemnepaTypaTa Ha cMcTeMaTa e 691 K, kakbB 61 61n SEFD Ha
uanata obcepsatopmsa ALMA B SSHCKM, ako BCUUKM 66 aHTeHV paboTAaT 3aefH0?
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4.1 (2.0 pt)

N,

shortest—wavelength —

4.2 (2.0 pt)

Nlongestfwavelength =

4.3 (2.0 pt)

4.5 (2.0 pt)

SEFD =
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