A Short Introduction to
Radio Astronomy

and the

ALMA Observatory

(for Engineers)
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"Radio Astronomy" as In radio waves
from the stars?

« Every object at a temperature above 0 Kelvin radiates
electromagnetic waves.
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What can we "see" at millimeter-wave
frequencies?

« Chemical compounds and reactions
e Colder (older and further away) sources
« Easier to analyze!
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How do we observe radio sources?

« No CCD/CMOS sensors. Wavelength are too large. No
lenses.

 Use very directional antennas, and ultra-sensitive ultra-
broadband receivers.

 Antenna Arrays and interferometry: Like an image
sensor, but without a lens.

 Need to accurately measure relative phase and amplitude
at every antenna.

 Spectral analysis and image synthesis.
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he Atacama Large Millimeter/Sub-millimeter Array
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A Global Project
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Where do we build this thing?
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Where do we build this thing?
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Where do we build this thing?
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Where do we build this thing?
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Where do we build this thing?
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Basics of ALMA Electronics
& Interferometry
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Basics of ALMA Electronics
& Interferometry
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The Array
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Holography Frosrol Lons

Not to scale!
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The Recelver

Super-heterodyne Recelver

Sky RF
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Front End

e 1St Down-conversion
e 1S'LO Synthesis
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Reference Signals

« All reference signals combined and delivered
through 1 single-mode fiber.

DISPLAY| FILE | MISC. [€):CHANGE VALUE 2007.11.29 08-93 |

SWEEP | SETUP | POVER MON. | PRG START |

[ 6.8MB/D RES:[0.05w SENS:[NORA HLD AVG:[ 1) LPF:[OFF]
| 9.8 : : : : : :
| : REF
LINEAR
e REF
: LEVEL
1518.868n. SHPL:[ AUTO] 548. 1570 .88nm
EXIT
m v nm dBm LOG SCALE|[a] [alv]
hdl nm dBm v-¥1 nm 8dB
3 nm dBm v-v3 nm dB 1/2
4 nn dBm v-v4 nm dB
5 nm dBm ¥-v5 nm dB
6 nm dBm Y-¥6 ™ daB LEVEL 2
v7 nm dBm v-v7 ns dB
8 nm dBm v-v8 nm dB
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Line-Length Correction
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Final Products

QOrien hot core: Spectra 01-19-08 2,13.12.858.dat: 18.3 minutes
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Power Spectrum Example: First Interferometric Spectrum at the ATF, Orion Hot
Core (19 January, 2008)

Cross-correlalion Amplilude (wilh birdie channels blanked)

3

/' Georgialnsiituie Juan Pablo Caram - 2011
N o Technhoelogy School of Electrical and Computer Enginering



Final
Products
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19 Antennas
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Credits: Some material has been taken from the ALMAObservatory.org website.
Please visit for further credit details.



