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Overview.

So what are we trying to detect?

Single dish vs interferometer

Indlebe Radio Telescope.

Indlebe Enkulu Radio Telescope.

Phased Experimental Demonstrator (PED-2)
Multi Frequency Interferometer Telescope for
Radio Astronomy (MITRA).

The SKA.
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Overview

« In 2006 a decision was made to build a small radio telescope
that could provide a real world platform for student project
work.

* Anobjective was to be part of IYA 2009 and the result was
the Indlebe Radio Telescope that saw first light on 28 July
2008.

*  Contact with the SKA SA Project Office followed and this

resulted in students starting their work integrated learning at
HartRAO in 2009.

«  The centre now has four radio telescope instruments at various
stages of completion.
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So what are we trying to detect?

EM radiation from a source can be produced by
thermal or non-thermal mechanisms.

Thermal -:

A continuous spectrum (noise) related to the
temperature of the object (blackbody radiation)

« Discrete absorption or emission spectra (e.g.
hydrogen at 1420 MHz, A = 21 cm)

Non-thermal-:

« Synchrotron radiation (high energy particles
spiralling through a magnetic field)
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Blackbody radiation (thermal noise)

* A blackbody with a temperature higher than O K
emits some energy at all wavelengths.

A blackbody at higher temperature emits more
energy at all wavelengths than a cooler one.

* The higher the temperature, the higher the
frequency at which the maximum energy is emitted.

P = kTAv

Boltzmann's constant ~——/ L

Temperature Bandwidth
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e As temp increases, energy (Brightness) increases
« As temp increases, frequency of radiation peak increases
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THE ELECTROMAGNETIC SPECTRUM

Penetrates
Eath [V | | ¥
Atmosphere?
Wave(iﬁ:tge:g Microwave: Infrared Visible Ultraviolet X-ray Gamma Ray
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(Humans # 310 K Sun # 5800 K)
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Concept of equivalent noise temperature

O00zs

Components and systems
that generate noise (as long

oo 4

as it is random) can be oo
characterised by saying acess O AL TORT RO !
they have an equivalent s

noise temperature 7, where

Pp

T.,= —
€ kAv
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Sys’rem thermal noise

Tant= cmb+Tatm+T + T +Tsrc

Tsys= antTe

B,=kT,y,sAv

The source equivalent brightness temperature AT is added to T,

A

Peak-to-peak
temperature

Al

AT in=

Tsys

Avtn

)

ys

A \ AT in=BT s
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Single dish vs Interferometer

I't's all about sensitivity and resolution
(size does countl)

GBT West Virginia USA Jodie Foster (Contact)
100 m diameter
0,1-116 GHz

VLA, New Mexico USA
27%x25 m diameter

t;DUTaHSB.Tm o TNk

TECHNOLOGY



Point Source and a Single Dish

1
1 plane co-phased front of an
*incident wave

D

@ = angular resolution

A
~1.22 —

D

0.211
~1.22
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~ 0.051 rad (2.95°)
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¢ = hour angle (°)
R = dish radius

A = wavelength

Single Dish Antenna Pattern

Hour Angle (Degrees)




* An interferometer measures coherence in the
electric field between pairs of points (baselines).

Direction to source

(Impressive word for adder
(or multiplier))

* Because of the geometric path difference, the
incoming wavefront arrives at each antenna at a
different phase (which varies with movement).



A Simple Interferometer

< >

A
0 ~1.02 —
S

1.02 x0.211

~

20
~ 0.011 rad (0.62°)

Note improved resolution!

2-Dish Interferometer Power

Hour Angle (Degrees)




However, there is a small problem and......

It’s About Time 111

ZITS JERRY SCOTT & JIM BORGMAN

IM GOING TONEED
A MORE ACCURATE WATCH
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Consider an average digital watch which loses 1 s per day:

1
Stability = _116 x10 °| over 1 day
24 x 60 x 60

To maintain phase coherence of 10° between 2 clocks
(oscillators) at 1 GHz for 100 s you require:

10 /360 )x1x10 °
Stability = ( ) -28x10 ®| Over 100 s

100
This would be a watch that loses 0°/\ |
1 s every 115308 years! 10° \/360
1ns

7
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1 _13)
=2,8x10
| 115308 x 365 x 24 x 60 x 60 )

NI

TECHNOLOGY w#/




LJ;LJL)LJ (5]
uluuu ©

=
(=]

LA @
CUCE

L
A EE N EE N NI
SLAL LA R I NN

ADCINDPRN
J[JJZO/:.JD}/}
GPS Disciplined
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Our GPS Disciplined Rubidium Frequency Standard
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Indlebe Radio Telescope

A transit telescope using a 5 m diameter parabolic
reflector.

« Constructed by students, constructed from 8 petals
bolted together on a very light steel frame.

« Operates at the 21 cm hydrogen line (1420 MHz).

 Receiver equivalent noise temperature (including feed
losses) T,=90 K.

e Receiver bandwidth = 80 MHz.

* Elevation control only - approximately 26° either side
of the zenith.

 Fully operational - but not optimal.
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"The cosmic watering hole"- reserved band for RA

H =1420 MHz (21 cm)

1000k

100k

108

3K Background

Amosphernc
windam

Cuantum Moize
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100GHz 1THz

AN DURBAN
kL UNIVERSITY OF
A TECHNOLOGY

i cv I\\\/
AV



Pn

KT Av

Output voltage (mV)

500.0

50.0

5.0

0.5

0.05

0.005

Input power (dBm)

N
hh
AN

DURBAN .

UNIVERSITY OF i
TECHNOLOGY

7

m)/

R LOW RADIO BAND IF
owicy [ NOISE [~ FREQUENCY —>| PASS |~ MIXER > [ oo
T AMPLIFIER AMPLIFIER FILTER l
DIODE IF
NOISE LOCAL AMPLIFIER
SOURCE OSCILLATOR
SQUARE
P LAW
-
Jt7 . /_\/ DETECTOR
- s
- "
LBSDy / BSD
ANALOGUE
/ L - To DC AMP
- — - And
= / A— DIGITAL INTEGRATOR
Without / S _ CONVERTER
law loaded
) // /
-0 -40 -30 -20 -10 0




The “in-door”
radio telescope
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Prime focus
feedhorn F/D ratio = 0.5
F() D=bm,F =25 m
N Beamwidth=3°
VSWR«< 2
6=35 dB (3162)

| |
1 plane co-phased front of an
" incident wave
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LNA

Friis's formula
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Il Agilent Noise Figure - Noise Figure
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LNA as close to feed as possible
(1 dB loss on connector adds 75 K 1o T,!)

RFA, BPF and down-converter
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Vela X, Centaurus A, Sagittarius A

1300 Jy
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So what's a Jansky (Jy)?
Flux density Sis measured in Jy, where 1 Jy = 1x10-2¢ W/m?/Hz.

Consider a cellphone transmitting isotropically
(equally in all directions) on the moon.

Transmit Power = 0.5 W
Channel bandwidth (4v)=12,5 kHz
Distance to earth = 380x103 km

P, 0,5
S = -_——
cellphone ™ Amr2Av ™~ 4w x (380 x 106)2x 12 x 103

=2,3%x 10723 W/m2/Hz
= 2300 Jy

So a cellphone on the Moon appears 1000 Jy stronger than Sag.Al!
N
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Antenna
sidelobe
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Drift scan of the Sun: 07/10/2009
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Centaurus A
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Thermo electric coolers (Peltier coolers)

Heatsink
Electrically
—»=  Controlled ——
Power Unit
Heatsink

Control Signal

Feedback

Temperature Measurement

+15V PSU
Computer
{Control Algorithm,
Data Trending)
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~PID Data

Feedback lg,z-c 5
P

0.18

Error
Proportional lo.u
Output

Integral (0100)  Limits: mg::‘ |1.os =

B r. Max 2 g ] Derivative  |0.01
) Output I ’

Min 2 ) Manipulated |1 7V
Variable
Derivative [0-1}'.[3!] Limits: ‘ Output % |23.4%
5 -) Max ! g
Min 1

Logging Data
Press to stop

Start / Stop Controller
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Students supposed to be in lectures!
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This is what we want!
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Indlebe Enkulu Radio Telescope

 Also operating at the hydrogen line frequency this
telescope consists of 16 quad loop Yagi antennas,
configured in a 4x4 array (BW = 4°)

* Located at Monteseel 45 km from Durban.

 Equivalent Noise Temperature (feed losses not
included) T, = 54 K

« The intention is o implement a simple 2 element
interferometer with Indlebe.
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SKA supported students starting their
work integrated learning (WIL)
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Elevation rotator

Azimuth rotator
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Antenna testing - |
Paardefontein e
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(Phased Array)
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Phased Experimental Demonstrator
(PED-2)

* Originally built as a pre-curser to KAT 7, it was de-
commissioned in 2011 and the hardware split between
DUT and UCT.

« The DUT array consists of two 2,6 m parabolic
reflectors operating at the hydrogen line.

* The array is fully steerable.
« The antennas have been completely refurbished.
 Uses a digital back-end.
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2.6m TVRO Dish

[PED L-Band Receiver Chain]

Low
LBand Feed

2 m Mounting Pole

GPS Disclplined
Local Osciliator

3/4 Ton Cancrete

64 MHz VCTCXO

s 5-10CmM SOlld =

2-50mLow Loss

10 - 30 cm Solid
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Nolse Ampiitier

i)

Reterence
Distributed to

5 other USRP

Line Amplitier (opt)

>

64 MHz Ret

In Phase 16

4 M samples/sec

Line Amplitier {opt)
RF From 2nd Antenna [
| —
Antenna 1 RF Antenna 2 RF
Baseband Baseband
ADC 10 MHz Ret ADC

Digital Data
FPGA

(Correlation)

Unliversal Software
Radio Peripheral

bit Quadrature 16 bit
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Software Defined Radio Astronomy

Complex to Real

&

UHD: USRP Source
Mb0: Subdev Spec: A:0 B:D
Samp Rate (Sps): 250k
ChO: Center Freq (Hz): 800M
ChQ: Gain (dB): 20
ChO: Bandwidth (Hz): 100k
Chl: Center Freq (Hz): 800M
Chl: Gain (dB): 20
Chl: Bandwidth (Hz): 100k

WX GUI Scope Sink
Title: Scope 1

Sample Rate: 250k
Trigger Mode: Auto

Y Axis Label: Amplitude

Multiply

WX GUI Scope Sink
Title: Scope 3

Sample Rate: 250k
Trigger Mode: Auto

Y Axis Label: Amplitude

File Sink
File: ..ses/record corelated
Unbuffered: Off

—»‘ Complex to Real E

WX GUI Scope S5ink
Title: Scope 2

Sample Rate: 250k
Trigger Mode: Auto

Y Axis Label: Amplitude

Low Pass Filter
Decimation: 1
Gain: 1
Sample Rate: 250k
Cutoff Freq: 3k
Transition Width: 100
Windew: Hamming
Beta: 6.76

Multiply Const
Constant: 3.5

inl| WX GUI Scope Sink
Title: Scope 4

Sample Rate: 250k
Trigger Mode: Auto
b.IE Y Axis Label: Amplitude

SDUT
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First Light 11 July 2014

Figure 1
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Multi Frequency Interferometer Telescope
for Radio Astronomy (MITRA)

* MITRA is a joint venture between the University of
Mauritius (UoM) and DUT.

* TInitially it will consist of arrays of 16 LPDA's located
in each country with the long term goal of doing VLBI
on a 2400 km baseline.

» Operating frequency is 200 MHz to 800 MHz.
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MITRA Front-end
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MITRA Back-end

From Front-end Segment

From Front-end Segment
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KAT 7 RF Stage 7
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Spectrum 28/08/12 16:47 VR
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SQUARE KILOMETRE ARRAY

* International consortium with a plan to build a radio
telescope with a collecting area of 1 square kilometre.

« Most of this to be built in South Africa with some in
Australia and other African countries.

« Getting to the SKA requires several precursors to prove
that it will work:

— Phased Experimental Demonstrator (2005).

— eXperimental Development Model (2007).

— Karoo Array Telescope (2010).

— MeerKAT (under construction, complete in 2017).
— Square Kilometre Array (2024).
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XDM

15m diameter

Solid fibreglass dish
Fully steerable

First light in July 2007

3 D U T e @
A UNIVERSITY OF
A TECHNOLOGY



KAT 7 Seven 12m diameter dishes
Baseline up to 185m
Same construction as XDM
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MeerKAT

64 Dishes
13,5m diameter

Maximum baseline of 20km
First light in 2017
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SQUARE KILOMETRE ARRAY

« Will eventually consist of 2400 antennas.
« Construction to start in 2017 (phase 1).
« Completion is scheduled to be in 2024.

« Some facts:

 The data collected by the SKA in a single day would take nearly 2 million
years to play back on an iPod.

« The SKA central computer will have the processing power of about 100
million PCs.

« The dishes of the SKA will produce 10 times the global internet traffic.
« The SKA will use enough optical fibre o wrap around the Earth twice.

A L0\
;t DU uDNHgane!l\‘p R, \

TECHNOLOGY 4‘,“,)/



A A \Z
SR DUT funsay
h TECHNOLOGY N4



