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Telescope Structure and Optics
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eLarge 100-m Diameter:
eHigh Sensitivity
eHigh Angular Resolution — wavelength / Diameter












Telescope Structure and Optics




GBT Telescope Optics

» 110 m x 100 m of a 208 m parent paraboloid
e Effective diameter: 100 m
e Off axis - Clear/Unblocked Aperture

208 m parent (virtual) parabola
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GBT 100 x 110 m Parabola Section




Telescope Optics

» High Dynamic Range
» High Fidelity Images




Telescope Optics

Stray ~_

Radiation

Blockage

Spillover




Telescope Optics

Omeqga Nebula 8.4GHz, Feb9, 2002

18"22™00° 21M00% 20M20° 19M40°

J2000 Right Ascension






Telescope Optics

Prime Focus: Retractable boom

m subreflector - 6-degrees of freedom

Gregorian Focus: 8




Telescope Optics

Rotating Turret with 8 receiver bays




Telescope Structure

» Fully Steerable

» Elevation Limit: 5°

» Can observe 85% of the entire Celestial Sphere
» Slew Rates: Azimuth - 40°/min; Elevation - 20°/min




National Radio Quiet Zone
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National Radio Quiet Zone
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Atmosphere

* |Index of Refraction
— Weather (i.e., time) and frequency dependent
— Real Part: Bends the light path
— Imaginary part: Opacity
 http://www.gb.nrao.edu/~rmaddale/Weather/

* Winds
— Wind-induced pointing errors

— Safety


http://www.gb.nrao.edu/~rmaddale/Weather/

The Influence of the Atmosphere and
Weather at cm- and mm-wavelengths

 QOpacity * Cloud Cover
— Calibration — Continuum performance
— System performance — Tsys — Calibration
— Observing techniques  Winds
— Hardware design — Pointing
e Refraction — Safety
— Pointing e Telescope Scheduling
— Air Mass — Proportion of proposals
* Calibration that should be accepted
* Interferometer & VLB phase — Telescope productivity

errors
— Aperture phase errors



Weather Forecasts for Radio Astronomy

DSS Overview
Efficiencies (Eff)

Local Date and Time

Tue Wed Thu Fri Sat Sun Mon Tue
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Weather Forecasts for Radio Astronomy

Nepers/Air Mass

Zenith Opacity at 86 GHz

Local Date and Time

Tue Tue Wed Wed Thu Thu Fri Fri
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Telescope Structure




GBT active surface system
e Surface has 2004 panels

— average panel rms: 68 um
* 2209 precision actuators
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Surface Panel Actuators

One of 2209 actuators.

e Actuators are located under
each set of surface panel
corners
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Actuator Control Room
e 26,508 control and supply wires
terminated in this room
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Finite Element Model Predictions
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Mechanical adjustment of the panels
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Image quality and efficiency
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Image quality, efficiency, resolution

Diffraction Pattern

QHPBW =1.24 D

=40"at 300MHz(1m)
=9'at 1420 MHz(21cm)
=6.5"at115 GHz (3 mm)

Far-Fleld Plane



Image quality and efficiency

|

Aperture Efficiency =7, = Detected Power <0.71

Incident Power
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Holography

Far-Field Plane



Holography
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Surface accuracy (rms) = 240 um



Ap. Efficiency (%)

80

Aperture Efficiency

Aperture Efficiency for e_pat= 0.70
r— [ — f —— [ — T —T—

, e_surf=300. and 400.

I o = rms surface error
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Telescope Structure

Blind Pointing: o, =5 arcsec

(1 point/focus) o(focus) = 2.5 mm

Offset Pointing: o, = 2.7 arcsec
(90 min) o(focus) ~1.5 mm

Continuous Tracking: o, =1 arcsec

(30 min)



Recelvers

Receiver Operating Range Status

Prime Focus 1 0.29—0.92 GHz Commissioned
Prime Focus 2 0.910—1.23 GHz Commissioned
L Band 1.15—1.73 GHz Commissioned
S Band 1.73—2.60 GHz Commissioned
C Band 4—8.0 GHz Recently upgraded
X Band 8—12.0 GHz Commissioned
Ku Band 12—15 GHz Commissioned
K Band Array 18—27 GHz Commissioned
Ka Band 26—40 GHz Commissioned
Q Band 40—50 GHz Commissioned
W Band 68—92 GHz Commissioned
Mustang Bolometer 86—94 GHz Being upgraded

ARGUS 80—115 GHz Being commissioned



Receiver Room
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Typical Receiver

1.15-1.75 GHz
X Moise

Source
_[1.2-1.45 Hz N/
~ —X o
|I Motch Filter R1_ZxL0

Bias On  Gain Phaze 0 il LD Powver LO
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PHASE | External Cal
LO1Router513_12 CAL




Receiver Feeds




Typical Receiver

1.15-1.75 GHz
X Moise
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Typical Components

115 spare .
Ampliﬁers 05: ConverterFiltert .4 Splltters
107 ConverterRadcdq
Bc: spare
Mixers
— Couplers
Attenuators e
Filters
Power Detectors
HIGH—— ..
Synthesizers Low e Switches

Multipliers



Gain

1.0

Band Pass Filter

Frequency

Gain

Types of Filters

Low Pass Filter

Frequency

Gain

1.0

High Pass Filter

Frequency

Edges are smoother than illustrated

Gain

1.0

Notch Filter

Frequency




Types of Mixers

e n and m are positive or negative
integers, usually 1 or -1

flo e Up Conversion : f. > f
e Down Conversion : . <f
fr=n*f o+ m*f
e Lower Side Band : f, > f
- Sense of frequency flips
e Upper Side Band : f 5 <f



40-Ft System

Noise
Diode

EPF

Center = 10.7 MHz
Low Pass
MHz
B Tunable LO
! 1000 - 2000 MH=z \ Fixed LO
A —® 110.7 MHz

Center = 10,7 WHz
BPF

MHz

Determine values for the first LO for the 40-ft
when Observing HI at 1420 MHz
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RC LOWPASS FILTER
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BAND PASS SQUARER
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Receiver

ITF Rack
BPF 1 BPF 2 ——
1150-1750 MHz
LO1
1000 - 10,000 MHz
Converter Module Analog Filter Module 0.
100 MH=z
BPF LPF 485 MH=z BPF 3
8500 - 10350 MH=z
B 10500 -
: 10500 MHz
518500 MHz 00 MHz
Converter Module Analog Filter Module 0.
100 MHz
BPF LPF 485 MH=z BPF 3
8500 - 10350 MHz
10500 - 10500 MHz 500 MHz

118500 MHz

Spectrometer



configLine = """

receiver ="Rcvrl 2"
beam =“Bl"

obstype = "Spectroscopy"
backend = "Spectrometer"
nwin =1

restfreq = 1420.4058
deltafreq =0

bandwidth = 12.5

swmode ="tp"

swtype ="none"

swper =1.0

swfreq =0.0,0.0
tint =30

GBT — Astrid program does all the hard
work for you.....

viow =0
vhigh =0
vframe ="lsrk"
vdef ="Radio"
noisecal = "lo"
pol  ="Linear"
nchan = "low"

spect.levels =3



Power Out

Power Balancing/Leveling and Non-

Linearity

Power Out

Power In

Saturation

(Gaimn

Compression
Gam
Expansion

Linear

|
|
| Optimum Input
|
|

/ Power Level

Power In




Raw Data

Reduced
Data — High
Quality

Reduced
Data —
Problematic

Flux Density {Jy)

—0.2005

—0.0070

)

Antenna Temperature (Ta

Spectral-line observations
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Reference observations

* Difference a signal observation with a reference
observation

* Types of reference observations
— Frequency Switching
* In or Out-of-band
— Position Switching
— Beam Switching

* Move Subreflector
e Receiver beam-switch

— Dual-Beam Nodding

* Move telescope
 Move Subreflector



Diode

Model Receiver

—On or Off

N

]

Off / Signal

X

On / Signal

Off / Reference

On / Reference

|
@ _FSignal Of Freference- —!




Out-Of-Band Frequency Switching
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On-Off Observing

Detector




Nodding with dual-beam receivers -
Telescope motion

4+ — — — —OnorOff— — — — — .

Diode

- 1\ | off

On

Oft

Subreflector

Move telescope by the exact
amount the beams are separted

Optical aberrations

Difference in spillover/ground pickup

Removes any ‘fast’ gain/bandpass changes

Overhead from moving the telescope. All the time is spent on source



Nodding with dual-beam receivers -
Subreflector motion

Diode 4 — — — —OnorOff— — — — — 1

DR 1\ I ofr
i

On

Off

Subreﬂector On

Optical aberrations

Difference in spillover/ground pickup
Removes any ‘fast’ gain/bandpass changes
Low overhead. All the time is spent on source



Intrinsic Power P (Watts)
Distance R (meters)
Aperture A (sg.m.)

Flux = Power Received/Area
Flux Density (S) = Power Received/Area/bandwidth
Bandwidth (BW)

A “Jansky” is a unit of flux density

10**Watts / m?* / Hz

_10%°P
A7R* - BW
2kTA — S . 77A . Ag . e—r-AirMass

Gain=T,/S =n,-A, /2761
Gain=2.84-n5, for GBT
Gain = 2.0 for GBT at low frequencies



System Temperature

Tovs = Toor +(A—1) Tpin +

—7-Alrmass —7z-Airmass
T '[(TCMB +T, "'TBackground)'e ' + Ty -(A—€° )]

Radiometer Equation

1 (AGY
7=l Bwa e




Noise
Diode

40-Ft System

BPF Low Pass
>— 1370-1700 —® 110 M
MHz

Center = 10.7 MHz

Tunable LO

: 1000 - 2000 MHz

BPF
4|>— 1370-1700
MEH:z

Low Pass
110 MHz

&
O

BPF 30 kHz

B

Fixed LO
110.7 MHz

Center = 10,7 WHz

X

Chart
Recorder

BPF 30 kHz




System Temperature

Tovs = Toor +(A—1) Tpin +

- [(TCMB +TA +TBackground)° e—r-AirmaSS +TATM ) (l_ e—r'AirmaSS)]
Tsvs = Trowr + Thoisepiode T @ —771) T +
T [(TCMB +TA "’TBackground)' e_T.AirmaSS +TATM ) (1_ e_r.Airmass)]
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System Temperature

V=G Toys

Electronics

Ts[\)(isOdEOff =Teor +@=72) - Tgpin +

— "Revr

77' '[(TCMB +TA -I-T ).e—r-Airmass +TAT|\/| .(1_e—r-AirmaSS)]

Background
DiodeOn
Tsvs Teewr T Troisepiode T Q=72 - Topin +

~ " Rovr
7, - [(TCMB +TA +T ).e—r-Airmass +TAT|\/| . (1_e—r-AirmaSS)]

Background

AVCaIOnOff — GElectronics | ATSYS — GElectronics T

. G _ AVCaIOnOff

° Electronics T

NoiseDiode

NoiseDiode



On-Off Observing

*Observe blank sky for 10 sec
*Move telescope to object & observe for 10 sec
*Move to blank sky & observe for 10 sec

Fire noise diode & observe for 10 sec
*Observe blank sky for 10 sec

Detector




COUHTS

20000

2a0000

250000

240000

230000

220000

210000

200000

120000

Continuum - Point Sources
On-Off Observing

:_ rfw—hl TNoiseDiode=3K

- on's Off Source

— n>ource Diode On

: 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

0 10 an 30 40 a0



Source Antenna Temperature

AVSigRef — C-:'Electronics ) ATSYS =G TA

Electronics

AVCaIOnOf‘f — GEIectronics ) ATSYS — GEIectronics T

. G — AVCaIOnOff

< Electronics T

NoiseDiode

NoiseDiode




COUHTS

20000

2a0000

250000

240000

230000

220000

210000

200000

120000

Continuum - Point Sources
On-Off Observing

N On Source Off Source

L Diode On

B V4

B . © —

- " =

- = I

- - s

- = G T -)0K
B 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

1] 10 20 S0 40 A0



Converting T, to Scientifically Useful

Values
—7-Airmass
T,(K) = Ta Area;ke S(W -m~“Hz™) Point Source
= g, € AT (K) Extended source; .. depends upon
source size
~ @ T-Airmass T, (K) Source >> 6 onyy

2

0 - .

z[ 31¢ j e AT (K)  Source << 6,5, bUt Not pointsource
QHPBW

=1y €T, o (K)  Equivalent toa uniform
source that fills just themain beam



