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Hoansmemnsimans, 2563)

1.1 myfunu n1siie wazdsein vewmsimanding
(Karttunen, Kréger, Oja, Poutanen, & Donner, 2017 ; Burke, Graham-
Smith, & Wilkinson, 2019; Pannuti, 2020)
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fisn: Ohio State University Radio Observatory and
North American AstroPhysical Observatory (2008)
Britannica (2024)
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Tl 1937
fisn: Lockman (2017)
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il 1.3 Tawdu wad Uocelyn Bell) LLﬁS%@Qﬁ%&Lamﬁﬁuﬁﬂlﬁ
Fathlugnisdumy stawns

#iun: PARI (2024)

Lesson Five: The Discovery of the Pulsar

http://campus.pari.edu/radiosky/lessons/pulsars/02.shtml
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(Carroll & Ostlie, 2017; Karttunen, Kréger, Oja, Poutanen, & Donner,
2017)
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wHuMvgvesiesiuuduuanmatiliuiinTosmoniines

g 1.4 mﬁLﬁumaﬁuam?{uimqmﬂmmﬂmﬁamu%’u Heyayod

fan: Cambridge University Press (2024)

Appendix A - Radio Astronomy: Telescopes
https://www.cambridge.org/core/books/alma-telescope/radio-astronomy/

3B7A00AB13295CFEB06272845037E758
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AA 1.5 dudsenauveinaednsnssmiingauasie sy
u1: Jelterna (2024)
Radio Telescopes — Basic Design

https://scipp.ucsc.edu/~tesla/lecturel5.pdf
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1: Lockman (2017)
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voandednImIIMAngIuasiou

flan: Leeuwen (2017)

https://www.astron.nl/astrowiki/lib/exe/fetch.php?media=ra_uva:

2017:ra_uva_lecture5.pdf
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AT 1.9 9uasTioundn Inudeviouses wazangenasudya ol
MANEYIIAE

#i1n; ResearchGate (2024)

https://www.researchgate.net/figure/The-NSRT-employs-a-

Stewart-platform-as-a-subreflector-positioner figl 342778244
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agonAkaraLT UYL IINY YaendednInssAlIngauaYiou

Al 1,10 agemiawazauiudynnaivg vendednmssmiing
ATV

#i111: Green Bank Observatory (2024)

The Argus144 Project at the GBT

https://ereenbankobservatory.org/science-old/instruments-2020-

2030/argus144/
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angonAuazdIuSudy vy Yoendedlnsnsimlinguaz oy

BIRIATUN

AWl 111 angeimAnazdniudaaiing vesndednsnssmiing
IUALYIOU BINIAL

#i11: The National Radio Astronomy Observatory (2024)

ALMA’s Most Scientifically Productive Receiver Will Soon See

Further than Ever Before

https://public.nrac.edu/news/alma-band-6-upgrade/
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Al 1.12 esgunsalfudynnanendednmmssmiingniunusd
fian: Frayer (2024)

“Tracing the Signal”: Heterodyne Techniques and IF Systems in
Radio Astronomy

https://ereenbankobservatory.org/wp-
content/uploads/2020/06/Tracing-the-Signal.pdf
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ﬂ’ﬁ/\lﬁ 1.13 ﬁL‘Uﬂﬁl%ﬂ%ﬁ]ﬁﬂguLLiJlmgﬂi‘Wﬁ”IGﬁllﬂ’J’]iJ873ﬂ§uuasﬂ’3’]ﬂ§
fis: Wikipedia (2024)

Electromagnetic spectrum: A diagram of the electromagnetic
spectrum, showing various properties across the range of
frequencies and wavelengths
https://en.wikipedia.org/wiki/Electromagnetic_spectrum#/media/
File:EM_Spectrum_Properties_edit.svg
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Al 1.1 wivhding-tasanueneduuimanliihfidumendeiuialanld
fis1n: Wikipedia (2024) ; Radio window
https://en.wikipedia.org/wiki/Radio_window
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A 1.15 Heanuennduudmdnlihiidunandeiuiolanld
fian: Space Telescope Science Institute (2005)

U.Mars — Encyclopedia: Telescopes: Limitations on Seeing
https://theastroventure.com/encyclopedia/unit1l/ulp07_telesco

pes/seeing.html
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MelaunsluatvenaevsnssauingagyiminNas viou

FIANULIIVIF YYIUI NG I nUNa I T ad ey
Tueinia sgdeudaluguves anunuiudundndaiunnia

(Spectral flux density: S(v)) Fuduusinavemdsnuseiund wie

d

WUUS U UUDINE1UAD1UR8Y9IAUD T ANNTENUNUILNUN VD

ndedlnvssaiing lneUsunavisunvemasnuseduninduid
gniiusivalagniessudygya aunniandndazdesgndudivnsm
RABATINUNNNGDININITAUIVEAUTIUTI UAZAADATITIIAIIUDT

'
a

Mnsdususlagaiendt wuudinvi(Bandwidth) Tng f, Aevleidu
5UNHUSLANTAINVDIFINTINIUNANND 5 AIUUUSUIUVDINSI9UN

% a =2 <
gﬂmmﬁmmmmmmmmﬂu

P=[[s()f, dvdA (1.1)

[ '
] ada v v

MinsaNAmITndused@nsnin 100 % napANIt9ANND
Av uag S(v) HAANInaenTINee way A AeNuNUsEEnsHaues

Fouln USunavemdsnuiignasiadusiedund asnanelu

P=SAAv (1.2)
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AN 1.16 nALANTUNINARNTRINARIMINITATINGI MU 2 f

fian: Carroll and Ostlie (2017)
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Tyinfineundgngeluningia e

L=nk dlon=012 .. (1.3)
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dmsunsalndyaruanisdesnassinsnssauiimwanssiugm

NIRRT N INABARUUITNA1STULARL T

£

!
U (Out of phase) 1y

Feyayralmdvidueundgaioudugud o

£

1 .
L=(n- E)/?, wio N=0,1,2,........ (1.9)

Wie yud 0 Henuduiusiuen o uay L fadl

. L
sinf =— 15
I g (1.5)
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Y

o

siindln vesanszeiuing deusenousaondoslnsnssmiing
U 27 43 FaSeednieusuuudl Y lnediduriugudnans
sUsanndigavunn 27 Alawns Taefludazaiuaiseiniavendes
Tnsnssmiingazdvunmduriiuaudnie 25 was ldiadessudyan
fifianuliivaneainud eﬁaﬁzyzywmmﬂﬂa”aﬂmmmﬂmazc?f’;%gﬂ
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fvesviesiihfifinnuaziBungs (audn)
naedlnsnssAmlInguuuensisdauialuguingnveny
(Expanded Very Large Array: EVLA) Lﬁuﬂﬁaﬂmmmﬁ%qa%ﬁaﬁu
INVUILINY NOAATIINITIANAASINGUWN9YIR (The National Radio
Astronomy Observatory :NRAO) ¥83a %5 goiu5n1 lnaluauly
FEHEUIN %ﬁwmiaﬁ”ﬂﬂm'%'aa%“ué’zyzywimjﬁﬁmmhqwmEJLvﬁ'm
Tneldaoimdanuuduleuandensossninndesnamssmiinegus
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AANIAITIANEATINYG WY 9916 (The National Radio Astronomy
Observatory :NRAO) fiUsznausiendeslnsnssaiingsiuu 10 &
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ndednmssAmiinguuuasisdiadinatvunlnge1nianun
(Atacama Large Millimeter Array: ALMA) Wussuundedninssal
Ingiusznoude ndednavssmiingdiuiu 50 ¢ vunauaziou
12 wins Ineflusagfazdissoginszninndasnassmisnnnii 12
Alawns daeguuiuiififieniugs 5000 wns lunziansisarmann lu
U328l Llano de Chajnantor 114ma ULl 993U NATE Na 83
sz Savvihnuiinnad 900 GHz f 70 GHz Fendoaiianunsn
dmaldandnluiasnuiduldmeilusina Adadetuinimn
wazmnsgiteriniu mulufinsinwsreriangaveanianed
Y9INUand

o o

matlndednsnssamiinguunuialanilesudyyranauing

g

v

ayldansemasudyaaudadu 3 nsdl il

1. ASENTIANLENMUINATT 1 1R ELTa881NFLUULEUAIN

ada o !

2. As@ndANeesnin 1 was axldanseinALuvayyiou

3. nsd@finueUszana 1 wes sldasenniewuuneEgy
fhazvioulduain Mseloumealduain
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naealnInssAlIngnIuLULA (Green Bank Telescope)

At 1.17 ndeslnsmssAdingnIunued Usemaanizening

YUIN 100 LUAS
fiun: Wikipedia (2024)
https://en.wikipedia.org/wiki/Green_Bank_Telescope#/media/File
:Green_Bank_ Telescope NRAO (cropped).jpg
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ndedlnmssAiinglanad (Lovell Telescope)

At 1.18 ndesnmssmiinglanad Ussinadingy aunn 76 ing
fis1: Britannica (2024)
Lovell Telescope

https://www.britannica.com/science/radio-telescope



ndedlnImMssAIngea sl (Arecibo)

2l 119 ndednmssAuinendednavmssmiingaisdlu
Wasle3ln (Puerto Rico) 1A 305 LA
#117: Britannica (2024)

https://www.britannica.com/science/radio-telescope

27



nagalnsnssAdIngan

Five-hundred-meter Aperture Spherical radio Telescope (FAST)

Al 1.20 ndeslnnssmiingyihad Uszimadu vunm 500 s
Five-hundred-meter Aperture Spherical radio Telescope (FAST)
China Built the World’s Largest Telescope.

ian: Wired (2024)
https://www.wired.com/story/china-fast-worlds-largest-

telescope-tourists/
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ndedlnmssAlIngwuuasisduunlngann (Very Large Array: VLA)

Wiedleaasls 530dn3ln vesansgowsn

At 1.21 ndednamssmiinguuuendisduunelugjun
#i1171: The National Radio Astronomy Observatory (2024)

https://public.nrac.edu/gallery/this-is-the-vla-wye/



At 1.22 ndednamssmiinguuuendissuuneluaun (2)
#i1171: The National Radio Astronomy Observatory (2024)
Very Large Array
https://public.nrac.edu/telescopes/vla/
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naealnINTIAtINgLUURNSISENITr ugvsEn e goIN AN

(Very Long Baseline Array :VLBA)

it 1.23 ndedlnamssmiinguuueniisdiifszeyvineseming
d@1ga1n1FY1IUIN

fi117: Swinburne University of Technology (2024)

Cosmos: Very Long Baseline Array

https://astronomy.swin.edu.au/cosmos/v/Very+Long+Baseline+A

rray



ndednmssAlinguuuasisdladiivesuunaligoininiin

(Atacama Large Millimeter Array: ALMA)

il 1.24 ndeslnamssmiinguuueniisdiadtinesuuinlg
21m1AW (1)

#i1171: The National Radio Astronomy Observatory (2024)

ALMA Observes More Than Ever Before

https://public.nrac.edu/news/alma-cycle10/
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Al 1.25 ndednamssmiinguuueniisdiaddvefuuinlg
91011AU (2)

fiun: ALMA Observatory (2021)

Origins

https://www.almaobservatory.org/en/about-alma/origins/
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1.3 naaslnsininssaiolnie
Wundeddninssaddisaseglusinimnien ulanlagldsu
Fyarausmdninilugaslaun S@dunsise wasinuoadiu

[

Yeddanshloan S9AONT warSadwnun Fallsrwavidennall

NAININTIAUDINFALIUSIADUNT TR

it 1.26 ndednmsseieaniaand vl

(James Webb Space Telescope: JWST)
fiun: Wikipedia (2024)
James Webb Space Telescope
https://en.wikipedia.org/wiki/James Webb Space Telescope#/m
edia/File:James_Webb Space Telescope 2009 top.jpg
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NABININTIAUDINIALIURAITALBD LT

il 1.27 ndedlnsvsseennasuidaHubble Space Telescope)
fiun: Wikipedia (2024)

Hubble Space Telescope
https://en.wikipedia.org/wiki/Hubble Space Telescope#/media/F
ile:HST-SM4.jpeg
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naedlnsnssAleINIAg1us@dans i lawan

il 1.28 ndedlnamssatiednenidng

#i11: Wikipedia (2024) ; GALEX
https://en.wikipedia.org/wiki/GALEX#/media/File:GALEX spacecra
ft_ model.png



napdnIssAtoINAd LS EBNG

it 1.29 ndednanssaieniadun

i1 Wikipedia (2024)

Chandra X-ray Observatory
https://en.wikipedia.org/wiki/Chandra_X-
ray_Observatory#/media/File:Chandra_artist_illustration.jpg
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NADINITNTIAUDINALIUSTIFLNLLN

gl 130 ndadlnsnsseiennimilesi

fis: Wikipedia (2024)

Fermi Gamma-ray Space Telescope
https://en.wikipedia.org/wiki/Fermi_Gamma-ray Space Telescope#/

media/File:Fermi_Gamma-ray_Space_Telescope_spacecraft_model.png
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it 131 ndedlnsnssaioaniaflesd Tuvomaaes

fis: Wikipedia (2024)

Fermi Gamma-ray Space Telescope: Overview - Fermi on Earth, solar arrays
folded

https://en.wikipedia.org/wiki/Fermi_Gamma-
ray_Space_Telescope#/media/File:

GLAST on_the payload attach fitting.jpg



