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Telescope Optics

Prime Focus: Retractable boom
Gregorian Focus: 8-m subreflector - 6-degrees of freedom




Telescope Structure

» Fully Steerable

» Elevation Limit: 5°

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




Telescope Structure

Blind Pointing: o, ~5 arcsec

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

Offset Pointing: o, ~ 2.1 arcsec
(90 min) o(focus) 1.5 mm

Continuous Tracking: o, =1 arcsec
(30 min)




Telescope Structure
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Active Surface

Surface Deformations from Finite Element Model
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Active Surface




Telescope Optics

Rotating Turret with 8 receiver bays




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 3.95—5.85 GHz Being Upgraded
X Band 8.2—10.0 GHz Commissioned
Ku Band 12.4—15.4 GHz Commissioned
K Band 7-pixel 18—26.5 GHz Commissioned
Ka Band 26—40 GHz Commissioned
Q Band 40—50 GHz Commissioned
W Band 68—92 GHz Commissioned
Penn Array 86—94 GHz Being Upgraded
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Reflector Feeds







And More Feeds




Linecar Polarization

I

Orthomode Transducer




A Variety of OMTs




A HFET LNA
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Receiver . IF Rack

BPF 1 ®_D : BPF2  [——

1150 - 1750 MHz 2600 - 3400 MHz:

LO1 @

Converter Module - Analog Filter Module ..
P i 100 MHz
BPF LPF 485 MHz BPF 3 : Spectrometer
8500 - 10350 MHz -

. 10500 - 10500 MEz | |
18500 MHz L 300 MHz




Typical Components

— Amplifiers
—(%— Mixers
-MA—  Attenuators

26125 5

Ch1 Atten(dE)

RF powwe i)

[ osr | Power Detectors

Synthesizers

o

115 spare .
B6: ConverterFiltertzd Spl Ittel’S

107 ConverterRadcdq

Bc: spare
— Couplers
FHASE
CAL
Filters
HIGH— ..
row 2 Switches

(x¢) Multipliers
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Gain

1.0

Band Pass Filter

Frequency

Types of Filters

Low Pass Filter

Gain

Frequency

Edges are smoother than illustrated
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Gain

1.0

High Pass Filter

Frequency

Gain

1.0

Notch Filter

Frequency




Types of Mixers

f f .y |
i * n and m are positive or negative
Integers, usually 1 or -1
fl o * Up Conversion : fg>f

* Down Conversion : f<f
fie = n*f o5 + m*f
* Lower Side Band : f 5> f
- Sense of frequency flips
* Upper Side Band : f o <f
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Example Switches

HIGH—— ..
W
LOW — = )
oy ———
o | A 1 A
Chid Output

w All Pass —I._IS: SamplerFiltert:J1
v 0510 eHz | — M4 vLBA_DARC ﬁlx\‘*“. -
I—_ J9: Unk — A
e Al Pass I
sl
4 LPF 550 hHz

I..Iﬁ: Spare

CFFilter

[ 80100 iz
= External




40-Ft System

Noise
Diode

Center = 10.7 MHz
e — BPF Low Pass
D— 1370-1700 —®7 110 MHz ® BPF 30 kHz
MHz
Tunable LO

1000 - 2000 MHz Fixed LO Chart
_® \\ 110.7 MHzZ Recorder

Center = 10.7 WHz
BFF

— | p——— |
>_ 1370-1700 —(8)— II%VP"SS ® BPF 30 kHz
MHz MH:z L= 1 :|>




Quiz 1: Determine values for the first LO for the
40-1t when...

* Observing HI at 1420.41 MHz

* Observing OH at 1665.6 MHz
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Receiver . IF Rack

BPF 1 ®_D : BPF2  [——

1150 - 1750 MHz 2600 - 3400 MHz:

LO1 @

Converter Module - Analog Filter Module ..
P i 100 MHz
BPF LPF 485 MHz BPF 3 : Spectrometer
8500 - 10350 MHz -

. 10500 - 10500 MEz | |
18500 MHz L 300 MHz




Recelver Room




Typical Recelver

1.15-1.75 GHz
X Moise

Source
| o
- 1.2-1.45 GH= ELF
|I Motch Filter R1_zxL0

\ x Bias On  Gain Phaze 0 il LD Powver LO
Shift ]
> !
Y o IE Ii“l Linear

] Est. e

XferMode | Meb -l@ 2 Y.R

Source R4_2YR:0

Hoise Diode Al
HIGH B |_ External = |7 X
LOW P |_ =
External ] [ — g

T Law F'-:-l.n.le['

PHASE | External Cal
LO1Router513_12 CAL




Multi-beam Recelver

R Moise
Source
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o
) o

I Power Supply On
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LO1Rauters13_J4
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| External Cal
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hlode S
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LO1Rauter55_15

IFRouterJ26
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IFRouter.J52
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...............................................................

— 4—] IF RHCk Optical Fiber
i — : L {2000 - 8000 MHz
> BPF 1 P | BPF 2 '
1150 - 1750 MHz 2600 - 3400 MHz | L |
Recerver B
; E | |
| —§—|—{ BPF 2 Fie——

_|

S |

8 Units




Local Oscillator and Switching Matrix

] | —
5l ; 1 A
[zeunk [ ]510 _
18: Lo1e | J - 1 Prime Focus 14 || — |
20115 - 172 6Hz i
Commandad S5 H=:205-585 GHz || —
& | 1430000000 [ H 4 spare (=
El| 123456720 | 5:12.0- 154 GHz || — |
|| 6180220 GHz || —
1
82 A [ 1:400-520 6Kz || — |
F M 2:2-2 GHz (=
86 M =:80-1006H || —
stfz
" - 4 Spare =]
4 H 5: Spare (=
Revr LO Input —_i " B =
B |1: Frime Focus 18 i [ 1: Spare I —
H 2:220- 265 GHz || — - 2: Spare (=
S8 H 2: LOADistribution || — 87 H 2 spare | — |
= & Spare I — = < Spare I — |
= 5: Spare I — | = 5. Spare I — |
L. G: Spare I — | — G: Spare I —




...............................................................

— 4—] IF RHCk Optical Fiber
i — : L {2000 - 8000 MHz
> BPF 1 P | BPF 2 '
1150 - 1750 MHz 2600 - 3400 MHz | L |
Recerver B
; E | |
| —§—|—{ BPF 2 Fie——

_|

S |
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|F Rack — Input switching Matrix, IF Filters,
Power Balancing Attenuators, and Drivers for 8
Optical Fibers

Optical Oriver 4 D—O

Atten(dE) RF Power | 048 wIF
51 17 Filter [ W palEnabled |
OpticalReceiver]

S: PF_xLC:2 All Fazs Target Level | 05 —0
||- Aute Ll Ctrl) Laser Pwr I on State
More. .. I I- Systemn Select Ready

=3 Atten(dB) ||- Auto Ll Ctel|  Laser Pur I On State
52 ﬁ More. .. I I System Select Ready

A6: MoiseSouree:]] | All Pass | | | Bal Enabled | _O

i OpticalR iwer2
Filter Target Level l? pticalReceaive
G

LCR:A_Z

DCR:A_1

RF Fower 0.0

Optical Oriver 2 D i O




Power Balancing/Leveling and Non-
Linearity

Saturation
Gam
Compression
Gam
Expansion
= =
L I/“\.I
Mt P’
- -
o o
= =
o o
A Ay e _—
Linea
|
|
| Optimum Input
| / Power Level
|
. B
6-10 dB
ALY
Power In Power In
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Receiver . IF Rack

BPF 1 ®_D : BPF2  [——

1150 - 1750 MHz 2600 - 3400 MHz:

LO1 @

Converter Module - Analog Filter Module ..
P i 100 MHz
BPF LPF 485 MHz BPF 3 : Spectrometer
8500 - 10350 MHz -

. 10500 - 10500 MEz | |
18500 MHz L 300 MHz




Converter and Analog Filter Racks,
Spectrometer

Y ™Y ey

e 4
IY)n’il‘l' .
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Converter Rack — Receivers for Optical Fibers, LO2 and
O3, Power Balancing Attenuators, Output Switches to
Backends and AFR

Chid Output
RFpowe
P ) All Fass —2: samplerFilter 1
057 0510 GHz B2 viea_par:c
Chi1 Input -
All Fass Ba: Unk
OpRcwr
: l "" 8.5-1035 GIE “ E3 7
OpRevrz l LFF 550 MHz| _[Ju5: Spare
; 25.125 % —lJE: ConvererFiltert:J4
— 7 c rterRaccdd
Chi1 Atten(dE] : ArErema
— B2 Spare
Loz
o ©
C Lewel (dBm) 10 : 0.5 GHe — W= Spare
L 7 rterRac)s
Freq (MHz) 11156 3 CMS Atten(dB) b7 Convererha
i — ChS Output —lJ6: ConvererFilter5:Jq
EMS Input 20978 ¥ LFF 550 hiHz| ——[fJs:
OpRons l z s spare
E—— l All P ass I..IQI.Ik
p R  — :Un
IT O510GHZ | g vies DAR:A
All Pass —W)3: samplerFilters: 1

RFpawen)
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Analog Filter Rack

For 12.5 and 50 MHz Slow-Speed Spectrometer Samplers :
LO4 and Filters

CFFilter

50-100 MH=z SpectrometernJg
|
25-37.5 MHz Ot
Spare | VIF Cotretter
047 | —
External Q -
CFFower (W) DCR:E O

For 200 and 800 MHz High-Speed Spectrometer Samplers :
Input Switches and Filters.

SGInput SGFilter
Spectrometer.

1: Canverterhodule l 0.8-1.6 GHz o
2: Conwerterhdodul =g l 0.8-1.0 Hz
3: Empty l Spare ViF Cotretter
4: Empty l E:xternal -0.00 |

SiEPower (W)

DCR:A 8
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Quiz 2: Determine values for red components

Spectrometer

Receiver . IF Rack
BPF 1 BPF 2 —
1150-1750 MHz
. LO1
{1000 - 10,000 MHz
Converter Module Analog Filter Module .
P ! 100 MHz
BPF LPF 485 MH=z BPF 3
8500 - 10350 MH=z
B 10500 -
: 10500 MHz | | MHz
18500 MHz . 500
Converter Module Analog Filter Module .
P 100 MHz
BPF LPF 485 MH=z BPF 3
E500 - 10350 MH=z
10500 - 10500 MHz | | 500 MHz

118500 MHz

:




Quiz 2: Determine values for red components

Goal : Observe simultaneously 1420 MHz and 1665 MHz with
the 50 MHz wide (75 MHz center frequency) mode of the
Spectrometer

Parameters:

BPF1 can be: 1100-1800, 1600-1750, 1300-1450, or 1100-1450 MHz

All mixers are LSB. Hint: first two mixers up convert, the last two down
convert.

BPF2 can be : 2990-3010, 2960-3040, 2840-3160, 2360-3640, 5960-6040,
5840-6160, or 5360-6640 MHz

BPF3 can be : 50-100 or 25-37.5 MHz
See block diagram for other parameters

Hint: Work from the receiver down the chain until you get stuck,
then from Spectrometer up. Try 1420 MHz first, then add in
1665 MHz.

Record values for LO1 and both LO2’s; settings for BPF1, 2, and
3; and values for all Intermediate Frequencies.
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Spectrum
Sideband |omer
IF 1200
Shoy -2770
Bandwidth u]
Folarization linear_y
Noise Diode lowiC: al
Sinusoid
IF a
AtLO a

From: SamplerFilters: 5

Spectrum

Sideband |ower
IF 1200
Sho -ZTT0
Bandwidth u}
Faolarization linear_wy
Noise Diode lowC al
Sinusoid
IF
AtLO

From: SamplerFilter3:05

Feed: RowrPF_1:YRO_242
Freq: 270 to 420 MHz
FPolarization: linear_y
Harn: 1
Torez: RowrPF_1:C342%
Freq: O MH=
Filter: RewrPF_1:FL242_5%
Freq: 270 to 420 MHz
RowrPF_A:MEYRD
LO: 1430 MH=z
Component-- LO1Asynthesizer
Lower Sideband: [Fo = 1430 - IFi
Filter: RewrPF_1:FLYRDOZ2
Freq: 1040 to 1120 MH=z
Filter: RewrPF_1:FLYRDO
Freq: 960 to 1200 MHz
Attenustor: RewrPF_1:ifChannel D
Outpert Port: RewrPF_ 04
Input Fort: PF_IF_Conditioner:J4
Cutpedt FPort: PF_IF_Conditioner: J2
Input Fort: IFRouter:J232
Cutpedt Fort: IFRouter: JET
Input FPort: Optical Oriver3:J4
Attenustor: Optical Oriver3 attenuator
Outpert Port: Optical Oriver3: J2
Input Port: Optical Receiver3:Jq
Outpurt Port: Optical Receiverd: 5
Input Port: Converter Modul=8:04
Corrverter Modul e2:MH2
LO: 13500 hMHz
Component-- LO2_G4synthesizear
Lowwer Sideband: IFo = 12500 - IFi
Filter: Converterbodules:FLA
Freq: 2600 to 10350 MH=z
Corrverter Modul e2:MH32
LO: 10500 hMHz
Component-- LOZ2Distributiond :synthesizer
Lowwer Sideband: IFo = 10500 - IFi
Filter: Conwverterbodules:FLZ
Freq: 0 to 2200 MH=z

RowrPF_1:MEYRD
LO: 1430 MH=z
Component -- LO9Asynthesizar
Lower Sideband: IFa = 1420 - [Fi
Filter: RcwrPF_1:FLYRD3
Freq: 1040 to 1120 MH=z
Filter: RcwrPF_1:FLYRD
Freq: 960 to 1200 MHz
Atterustor: ReswrPF_Aif Channel D
Outpurt Fort: RewrPF_1:d4
Input Fort: PF_IF_Conditioner:J4
Output Fort: PF_IF_Conditioner: J2
Input Port: IFRouter: 1232
Output Fort: IFRouter: JET
Input Fort: Optical Oriver3: 4
Attenustor: Optical Driver2 :attenustor
Outpurt Port: Optical Oriver3: 2
Input Fort: Optical Receiver?: 1
Output Fort: Optical Receiwver3: 15
Input Fort: Conwerter Module2:.01
Corverter Moduled: MEZ2
Lo: 42500 MH=z
Component -- LOZ_Gdsynthesizer
Lower Sideband: IFo = 13500 - |Fi
Filter: Conwerter bModul=g:FLA1
Freq: 2500 to 10250 MH=z
Corverter Moduled: ME3
Lo: 40500 MH=
Component -- LOZDistributiond :synthesizer
Lower Sideband: IFo = 10500 - IFi
Filter: Conwerter bModul=2:FL2
Freq: O to 2200 MH=z
Attenuator: Converter Modul e AT
Output Port: Conwerterbdodulag: 12
Input Fort: SamplerFilters: 1
Filter: SamplerFilterg:FL1
Freq: 200 to 1600 MH=z
Output Fort: SamplerFilterg: 15
Input Fort: Spectrometer:.)2




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

configLine =""" viow =0
receiver ="Rcvrl_2" vhigh =0
beam =“B1" vframe = "lIsrk"
obstype ="Spectroscopy" vdef ="Radio"
backend ="Spectrometer" noisecal = "lo"
restfreq =1420.4058, 1665.0 nchan = "low"
deltaireq =0, 0 spect.levels = 3
bandwidth = 12.5 nnn

swmode ="tp"

swtype ="none"

swper :

=1.0
swfreq =0.0,0.0
tint =30




ALy m—

RC LOWPASS FILTER
(AVERAGER)
BAND PASS SQUARER
\i/ FILTER Voui = Vin®2 v
D’ > A I3 e “‘“‘""_Ij> o VI CHART
POLARIZATION "A" }é L — I L RECORDER
G—{ ATOD
CONVERTER

FRONT END + BACK END

_‘ COMPUTER |
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Diode

Model Recelver

—On or Off

N

]

Off / Signal

X

On / Signal

Off / Reference

On / Reference

|
@ _FSignal Of Freference- —!
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Continuum - Point Sources
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
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COUHTS

Continuum - Point Sources
On-Off Observing

270000 [
260000 [ —
250000 |

240000

ZA0000 |

220000 |

210000

200000 :—=—~"—-=-—J
| | ]

190000 -




Continuum - Point Sources
On-Off Observing

« Known:  Desired:
 Equivalent temperature of « Antenna temperature of the
noise diode or calibrator source (T ,)

(Tcal) =3K




RC LOWPASS FILTER
(AVERAGER)

— QR+

BAND PASS

tly [\ [\\ FILTER ] COMVERTER
> QL
POLARIZATION "a" =
-90°H
.:_
—-(?74»—5; o | COMPUTER
v =
P I .
P =_$ = Ig
POLARIZATION 8" + +

SINGLE CHANNEL POLARIMETER




FILTER BANK SPECTROMETER

POL B CHANMELS

SQUARER

Voui= Vin2 _”_

anD PASS J_—',,f

POL "A” EAMD PASS

FILTER I

F”‘TEH - NARRC',‘J e
AR, BAMD PASS

D L~ _@ _g FILTER

- NARROW | ATOD
BAND PASS

L
O
2
L
b
o \
FILTER /_&_____,z CONVERTER
—
e

O\

MARROW
BAND PASS
FILTER

\_ COMPUTER

|| HARROW
ganD PASS
FILTER




AUTOCORRELATOR

Number Lags
Rt)= D V()-V(t+nAt)
n=0

DELAYED DA

oewaveoiF § S(Frequency) = DFT (R(t))

Bandwidth = L - Sampling Frequency

2t 2
PROMPT I Bandwidth

«r§ Resolution =
Number of lags




