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Opening door Ed Dusschoten



Waarom zijn we hier?

» Karl Jansky van Bell Telephone Laboratories ontdekte bij toeval (1932)
dat:

* Er radiogolven uit het heelal komen.
* Het signaal zich elke 23 uur en 56 minuten herhaalt.

e De Leidse astronoom Jan Oort:

o Ziet mogelijke correlatie radiogolven en Melkweg
* Wil de Melkweg in kaart brengen.

* 1944: Opdracht aan student Henk van de Hulst: Hebben radiogolven
betekenis voor de astronomie?

* QOort/ Hendrik van de Hulst tonen aan dat:

* Waterstofatomen radiogolven uitzenden op een golflengte van

21,105 centimeter (de “21-cm waterstof spectraallijn met dus een
frequentie van 1420,4 MHz")

* Deze radio golven op specifieke plaatsen in het heelal zitten, zoals
het Melkwegstelsel.




Waarom zijn we hier? (2)

Eerste waterstof waarnemingen werden gedaan op de
PTT locatie Radio Kootwijk door Christiaan Alexander

(Lex) Muller.

De waarneming werd uitgevoerd met een omgebouwde
Duits Radar station “Der Wirzburg-Riese”. Deze waren
massaal na de oorlog door de Duitsers achter gelaten.

Er was veel storing in de omgeving van Kootwijk en de
spiegel was klein.

Een nieuwe “stillere” ( = minder storing) locatie werd
gezocht en gevonden op het Dwingeler veld. Er werd
gekeken naar grotere nieuwbouw.
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Demonstraties en buitenprogramma

- Demonstraties van meegebrachte ontvangers

- Doorlopend waterstofmetingen in de Dwingeloo telescoop
- First light van 2.5m-schotel CAMRAS

- Virtual reality visualisatie van all-sky waterstofmetingen

- Posterpresentaties
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Ned. T. Natuurk. 11. December 1945,

Radiogolven uit het wereldruim )
door C. J. Bakker en H. C. van der Hulst

Zijn er ook afzonderlijke spectraallyynen’




21cm golven

de eis S, > 0,03. Daar S, meestal van de grootteorde 1 is, ziet de
zaak er niet hopeloos uit, zelfs piet als we bedenken dat voor de
gevoeligheid der huidige ont 1llaties de eis nog een factor

100 hoger moet gesteld word jn echter redenen om aan te
nemen, dat de werkelijke S, wat kleiner zal zijn. Zolang
de strenge berekening nog ni€t gemntaakt is, blijft het bestaan van
deze lijn speculatief.

Ho-lijnen PN

Substitueren we de zo gevo v/ /\v, de juiste hv/x1 en Gg/G -

0,78/8 = 0,1 dan blykt dat 4 ijnen alle onwaarneembaar zin.
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356 NATURE September 1, 1951 vo. 168

OBSERVATION OF A LINE IN THE GALACTIC RADIO SPECTRUM

Radiation from Galactic Hydrogen at
1,420 Mc./sec.

“Doc” Ewen
Ed Purcell

T SN
25 maart 1951
Lyman laboratory, Harvard
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FIGURE 2 — Line profiles for three points in Cassiopeia and
Cepheus. Each profile is a plot of intensity against Doppler
velocity. Their common longitude is 80° (broken line in
figure 1). The middle point is in the galactic plane; the
others have latitudes 5° above and below the galactic plane.

Note different dependence on latitude in the three arms.

Galactic structure and the 21-centimetre line
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FIGURE 3 — Cross-section perpendicular to the galactic plane. This shows isodensity contours of atomic hyq

perpendicular to the galactic plane. The Sun (o Earth) is at the origin, r = distance from Sun along p'[y O8N in g pi,
Heaviest shadings represent 2 atoms per cm®; the lowest contour represents (fgg’ Zt = dista,
alom pey omd

from Sun perpendicular to plane.
Note here and in figure 2 that the Perseus arm is split and also that the outer arm lies above the galactic plane
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FRB 202401 14A detected by Dwingeloo Radio Telescope
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vrt-1g-tools

................... po

Dwingeloo Hi live

vrt_spectrum hi-live.py

nZFerE usrp_to_vrt a+am —

Ettus USRP B210

vrt_to _sigmf

*,sigmf-meta/sigmf-data




usrp_to vrt —freq 1421.5e6 —rate 8e6 —gain 50 ——ant RX2 —ref external —int-second —progress |

Vvrt spectrum

[camrasdemo@mercurius:~$ ./vrt_spectrum ——integration-time 1 —-int-second —--num-bins 5 —-dt-trace
# VRT Context:

Stream ID (channel): 1 (0)

Sample Rate [samples per second]: 8000000

RF Freq [Hz]: 1421500000

Bandwidth [Hz]: 56000000

Gain [dB]: 70

Ref lock: external

Time cal: internal
Spectrum parameters:

Bins: 5

Bin size [Hz]: 1600000.00

Integrations: 1600000

Integration Time [sec]l: 1.00
timestamp, azimuth, elevation, 1418300000, 1419900000, 1421500000, 1423100000, 1424700000
1681495831.000006031, 153.506, 28.589, 54.911, 55.740, 55.908, 55.924, 55.789
1681495832.000006031, 153.508, 28.587, 54.916, 55.743, 55.917, 55.922, 55.787
1681495833.000006031, 153.510, 28.586, 54.912, 55.739, 55.906, 55.926, 55.792
1681495834.000006031, 153.512, 28.585, 54.920, 55.741, 55.905, 55.925, 55.786
1681495835.000006031, 153.514, 28.584, 54.908, 55.738, 55.914, 55.925, 55.792
1681495836.000006031, 153.516, 28.583, 54.914, 55.740, 55.915, 55.927, 55.791

H R R H R R R H B HHH




data = Table.read('/home/telkamp/data/2026-01-17/woerden-cloud.ecsv', format='ascii.ecsv')

start_col = int(data.metal'spectrum']['col_first_bin'])
freqs = np.array(list(map(int,data.columns[start_col:])))
fc = data.meta['vrt'] ['frequency"]

spec_data = np.column_stack([datalcolname] for colname in data.columns[start_col:]])
print(spec_data.shape)

(60, 6000)
Sancisi-van Woerden cloud
<SkyCoord (Galactic): (I, b) in deg
(353., 22.)>
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1. GENERAL METHOD
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where T, is the observed antenna temperature d
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Fic. 1. Absorption profile of Cas A. The
temperature indications in Figs. 1 through 5
are antenna temperatures, and are smaller
than the brightness temperatures used in other
Dutch papers by approximately 30 per cent.
Upper curve: expected profile ; middle curve:
observed profile;; lower curve : true absorption

profile.
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No. 4909 November 30, 1963 NATU RE 829

RADIO OBSERVATIONS OF OH IN THE INTERSTELLAR MEDIUM

By Dr. S. WEINREB
Lincoln Laboratory, Massachusetts Institute of Technology
Pror. A. H. BARRETT

Research Laboratory of Electronics, Massachusetts Institute of Technology, Cambridge, Mass.
AND

Dr. M. L. MEEKS and J. C. HENRY CasA HI and OH absoprtion

Lincoln Laboratory, Massachusetts Institute of Technology, Lexington, Mass. 1.40

N this articlo we wish to report the detection of 18-cm  A-type doublet-levels, each of which is OH (1667.359 MHz)

absorption lines of the hydroxyl (OH) radical in the interactions with the hydrogen nuclet —— HI (1420.40575 MHz)
radio absorption spectrum of Cassiopeia 4, thereby transitions result. The two strongest 1.35 A
providing positive evidence for the existence of OH in previously measured in the laborator;
the interstellar medium. The microwave transitions of 0-03 Mc/s (F = 2 — 2) and 1,665
OH in the ground-state, %m,,, J = 3/2, arise from two (F = 1 — 1) with relative intensities of

| LulLll P v il r‘"l‘ ’ W Ll“l X
| ‘

Power

(2) The OH absorption spectra at both frequencies R0
show general agreement with the H absorption spectra.
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ACADEMIE DES SCIENCES. SEANCE DU 25 MARS 19927.

/

ASTRONOMIE. — Expansion d’une structure spirale’ dans le noyau du

Systéme Galactique, et position de la radiosource Sagittarius 4. Note ()
de MM. Huco vax WoErpeEN, WiLLEm Roucoor et Jan Qorr.

Au cours d’une étude de la radiation 21 cm de 'hydrogéne on a trouvé, dans la

partie centrale du Systéme Galactique (R <C 2 kpc), des bras spiraux qui s’éloignent
du centre avec des vitesses de 50 & 100 km/s. Un de ces bras cause une forte absorp-

tion de la raie 21 cm dans la source Sagittarius A. Cect montre qu’en toute proba-
bilité cette source est située au centre de notre Galaxie.

Un des premiers points du programme du nouveau radiotélescope de 25 m

a Dwingeloo, Pays-Bas, est une étude de la radiation 21 cm de ’hydrogéne
issue de la partie centrale de la Galaxie.
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Fig. 13.14 Oort’s schematic drawing of the neutral hydrogen in the central part of the Galaxy that
he used in various publications and presentations. The 3-kpc arm on the left is seen in absorption
and moves towards the Sun at 53km/s in front of the central radio source Sagittarius A (Sgr A).
while on the opposite side there is no absorption from the arm moving at 135km/s. From the Qort
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Hydrogen spectral emissions

Lyman series
(ultraviolet)

Balmer series
(visible)

Paschen series
(infrared)

absorption of energy
>

€

emission of energy

n=1 n=2
ground state excited state

Hydrogen Absorption Spectrum

Hydrogen Emission Spectrum

| |
400nm 700nm
H Alpha Line
656nm

Transition N=3 to N=2



ATOMIC ENERGY LEVELS, n

1000

10 == 115 10; A=52.3 pk; KAO, 1995

] 7—6; A=12.3 uk; Humphreys. 1953

n = 1000 limit of levels in Galaxy

==0_767-766; 1=20.5m; Kharkov, 1990
==_1_749—5747; A=9.54m; Puschino, 1989
Z===T 733-732; A=18 m; Kharkov, 1983

==1632-631; A=11.5 m; Kharkov, 1980
2T 566-565: A=8.8 m; NRAO, 1989

EEE75395538: A=7.12 m; Puschino, 1983
=T 4285427 A=3.56 m; Puschino, 1983

£555777254-253; L=74.3 cm: NRAO, 1967

=57 159-5158; A =18.18 em; Harvard, 1966
===_1_110-109; 1 =5.99 cm; NRAO, 1965
=1 105-104; A=5.21 ¢m; Pulkovo, 1964

91-90: A=3.38 cm; Puschino. 1964

6—5; A=7.46 uk: Pfund. 1924
5-4; A=4.05 pk; Brackett. 1922
4-3; A=1.87 pk; Paschen, 1903

3-2: A=0.654 pk; Balmer, 1885

UV OPTICAL AND

2915 A=0.121 pk; Lyman, 19006

v 0.1 mm

222277301 -300; A=1.24 m; Jodrell Bank, 1978
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Omega Nebula (M17/W38)



1968, Bull. Astr. Inst. Netherlands 19 460-468;
1 9 6 6 Communication from the Netherlands Foundation for Radio Astronomy and the Kapteyn Astronomical Laboratory at Groningen
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Figure 2. Average measured profiles of H166« in six H II regions.

OBSERVATIONS OF THE HYDROGEN RECOMBINATION LINE H166

IN GALACTIC H I REGIONS

J. A. DE BOER, A. C. HIN, U. J. SCHWARZ and H. VAN WOERDEN

Received 2 February 1968
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https://www.astro.uni-bonn.de/hisurvey/euhou/LABprofile/

HI Profile Search

Select Position

Coordinate system Galactic coordinates (I, b) K
RA[hms]/1[°] 353
DEC[+°'"]/ b [°] 22

Position

Effective beamsize FWHM [°] 10.00

Minimum [km/s] -50.00
Velocity Window for display
Maximum [km/s] 50.00

Search data



Dwingeloo

Sancisi-van Woerden cloud
<SkyCoord (Galactic): (I, b) in deg
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