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Why Radio astronomy is different
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Comet Hale-Bopp with footprint of proposed
GBT 3mm array
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GBT HI Map of Two Galaxies

Pisano (2013)






GBT 15hr field, cleaned, beam convolved (800.4 MHz, z = 0.775)
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Fourier Transform relationship
of aperture and beam

circular "diffraction”
aperture pattern

crqss-scction ) pross-g;cctian
of aperture of diffraction pattern




Main lobe axis
(or bore ntxhl )

Main lobe

Radio telescopes
f~ Pt W) have
g response in all
directions:
main “lobe” and
“sidelobes”
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Fig. 6-1. a) Antennsa pattern in [wi:u coordinates and linear power scale: Kraus (I 966)

)) antenna pattern in rectangular coordinates and decibel power scale




Fig. 2.7. A selection of gradings g(x) for a line antenna, the field patterns F(/)
and effective areas A(/).

g(x) F(l) A(l)
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The Response of a Radio Telescope

tel
T =, / Ty(0,$)P(0, ) e~ dO
47

(all a function of frequency)

/ P(0,$) dQ = 1
47




P:Pmb_|_Pnear+Pfar

sidelobes what we want
Tanr_l — /Tb[Pnear _|_Pfar]dQ -+ /Tmeb df)
_ Qmb
47
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Aperture Efficiency vs. Main Beam Efficiency
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Aperture Efficiency vs. Main Beam Efficiency
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Fig. 6=106 Aperture efficiency (solid) and beam
efficiency (dashed) of a circular aperture as a function

of taper and phase error. (After Nash, 1964.)

Kraus (1966)



Srikanth Calculations GBT 1400 20Apr08
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Deep nulls will be filled in by surface scattering
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Surface Errors

Ruze equation for rms error G

Scatter power out of main beam

Create a sidelobe
Reduce A-

c — e—(47ra/)\)2

A. reduced by factor of 2 for d=A/16



Surface Errors

Ruze equation for rms error G

Scatter power out of main beam

Create a sidelobe
Reduce A-

c — e—(47ra/)\)2

A. reduced by factor of 2 for d=A/16

Where does it go?
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NRAO 36-Foot
Telescope
Machined, Solid
Aluminum
Surface




NRAO 36-Foot
Telescope
Machined, Solid
Aluminum
Surface
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F1G. 2.—a) Normalized intensity in sun drift scan vs. offset from center of Sun.
d the smooth curve is the result of the convolution of the three-Gaussian model




NRAO 36-Foot
Telescope
Machined, Solid
Aluminum
Surface
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FI1G. 1.—Map of the inner 10" of the beam. The map was made in R.A. and
declination offset, but the tiited axes give the orientation of azimuth and
elevation. The LO was at 90.0 GHz. Contours are in 2 dB steps with the lowest
contour 18 dB below the peak.



300 Foot Radio
Telescope







300 Foot Radio
Telescope
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300 Foot Radio
Telescope




300 Foot Radio
Telescope
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300 Foot Radio
Telescope
November |5, 1988
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300 Foot Radio

Telescope
November |6, 988




Blockage










The Effects of Blockage (a 1-d example)

Uniform Tapered Tapered + shadow
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NRAO 140 Foot
Telescope




The Effects of Blockage -- 140 Foot lllumination Pattern
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NRAO 140 Foot =

Telescope

calculated

(Murphy 1993)



The Green Bank Telescope (GBT)
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M17 (GBT)
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The Effects of Blockage on Near Sidelobes




Far Sidelobes

Figure 3 Some mechanisms resulting in sidelobes: (1)Near-in sidelobes, main
beam, (2)spillover, (3)sec. diffraction, (4)prim. diffraction, (5)gap scattering,
(6)gap trans,(7)plane wave scatt., (8)spher. wave scattering, (9)scattering of

spillover power.
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25m

Telescope







Spillover




Table 2. Effects of Feed Taper for the GBT at 5 GHz

Edge Aperture T spiti
Taper Efficiency forward rear

—12 70.0 0.4 2.0
—13 69.9 0.4 2.2
—14 69.3 0.4 1.9
15 638.4 0.3 1.6
16 67.3 0.2 1.4
17 06.1 0.2 1.2




Hydrogen

(Dickey & Lockman 1990)



“Stray” radiation on the 140 Foot Telescope
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The Green Bank Telescope (GBT)
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GBT Measured
(Boothroyd et al 201 1)
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Poisson/Arago Spot

light waves

are

diffracted

around edge shadow

Poisson
bright spot
[interference
of dffracted

light rays]




GBT Measured
(Boothroyd et al 201 1)
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“Stray” radiation on the GBT

Jay Lockman LST : +08 O i : 12.5000 MHz AGBTO8C_062_02 Track

12 29 06.71 +02 03 08.1 Az: 103.9 EI: 20.1 HA: —4.39

Antenna Temperature (Tax*)
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GBT vs. HST HI

Averaged scans -- 24 May 09
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Point Spread Function
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Observing Extended Sources

Be aware of antenna response

The topic is increasingly relevant as
we observe with increasing angular
resolution



