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MURCHISON RADIO OBSERVATORY FIELD REPORT (2012 NOVEMBER)
Jose Chavez, Hamdi Mani
Purpose
The basis for this report is to provide an
extensive description of the team’s
fieldwork at the Murchison Radio
Observatory (MRO) and as an aide for
consecutive trips.
Useful acronyms:
EDGES: Experiment to Detect to Global
EoR Signature.
DARE: Dark Ages Radio Explorer.
MRO: Murchison Radio Observatory
ASKAP: Australian Square Kilometer
Array Pathfinder
RFI: Radio-frequency interference
SPDT: Single-pole, double-throw.
ADC: Analog-to-digital converter.
DARE
Day 1 (Nov 23 Fri):
A team member took a spectrum
measurement between 1-500 MHz; 1000
points. This was followed by a nearimmediate measurement. Attenuators
were then added to the antenna output to
prevent signal overload. A variable, handcracked mechanical attenuator was used.
An attenuation of 3 dB was found to be
sufficient.
A narrowed bandwidth was then used
between 1-200 MHz. The spectrum
analyzer showed an overload warning.
Again, it was 1000 points with a step size
of 100 KHz.
Data for the first run was saved from the
DARE antenna titled “01.tat”.
A few attempts were made to dismantle the
DARE’s exterior. The team tried to
remove the bottom L-brackets without

damaging the enclosure’s foundation.
Unfortunately, the underside foam was
found to have stuck to the ground-screen.
The team settled on cutting the upper part
off the following day (1/3 from the top).
Day 2 (Nov 24 Sat):
Most the field work this day was focused
on the DARE system. The team attempted
to lift the bottom with metal plates
(bookshelves we borrowed from the
control building) but it only pushed the
bottom foam further into the center of the
ground-screen.

Figure 1 - Opening DARE foam cap

A different method was the attempted. A
horizontal cut was around the box. The
team made sure not to make any contact
between the saw and the biconical antenna.
The top was removed without any issues.
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added to the receiver’s output. Again, we
used a mechanical attenuator to calibrate
the signal, we found that 10 dB worked.
The team continued to observe the
spectrum. We waiting for a periodic
transmission at 137.4 MHz, which
signified an Orbcomm satellite was
overhead. We noted the sweep time from
1-200 MHz took 40 seconds.

Figure 2 - Removing DARE top in order to access
antenna and front-end electronics.

Before we altered any part of the setup, the
team took a spectrum (1-300 MHz)
sample. Some attenuation was necessary.
We expected to find a change in the
amplitude of the signals.

There was a suspicion that there was some
gain across the wire from the hut to the
DARE antenna. The voltage was
measured to confirm this. The power
readings were -53 dBm not connected and
-50.3 dBm connected to the antenna. We
believed that was not enough power,
possibility the voltage might be too low.

A total power meter was used to to
measure the total power across the
bandwidth. This was found to be -21.2
dBm. This was before any attenuation was

Figure 3
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A team member observed that the balun
unit had a bent point. We then measured
the balun bias voltages between the power
supply and DARE antenna. There was
15V to power the balun, 5V to power the
switch, and TTL voltage (0V and 5V) to
control the switch. Between points A and
F, the resistance was found to be 21.2Ω at
-5V.

DARE PC Info
Hostname: daremachine
IP Address: 172.20.1.100
Day 3 (Nov 25 Sun):
The DARE antenna had been left inside
the hut overnight. In the morning, the
team placed it back in the foam box. As
the team was doing so, we noticed that that
terminal 4 was disconnected. The joint
was subsequently resoldered. We
conducted a DC resistance measurement
before and after reconnecting the antenna;
no problems were found.

Figure 4 - Checking the bias voltages of DARE unit
after long cable.

It was considerably windier in the
afternoon. The DARE biconical antenna is
very fragile (it snapped in Green Bank
with wind). The best way to hold it is at
the center (balun), not from the biconical
elements.

Figure 5 - Connection at Terminal 4 was found to be
broken.

Figure 6
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This was followed by a spectral check
from 1-300 MHz. It looked considerably
different. The RFI seemed too low, a
possible sign that there was not enough
power to the antenna (1-2 dBm). The
slope looked good; there might have not
been much RFI at the time. (The day was
considerably cooler than the previous two.)
We then took total power measurements of
the DARE receiver in two positions. The
first was the antenna itself, or rather the
sky, was found to be -24.64 dBm. The
second, connected to the load and a 50Ω
resistor, was found to be -28.46 dBm. The
foam enclosure was then sealed. The glue
ran out; there was only enough for some
pellets along the inside wall and to fill in
the largest lacerations (specifically one on
the SE side dubbed “scar-face”).

Figure 7 - DARE foam box glued after fixing antennabalun connection.

(Started taking data around 10:30 AM.
Titled “2012_330_02.dat”. The fixed
antenna was reconnected to the system
exactly as it was before.)
It’s important to note that the RFI might
not have been as much of we originally
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thought it was. We still observed the
signal at 137 MHz changing in amplitude.
When observed from an aerial view, the
DARE’s ground-screen seemed to be off
by around 10°. The team wanted to
accurately know what the azimuthal angle
was. A rough sketch was made of the
layout indicating direction.
Day 5 (Nov 27 Tue):
Team adjusted new BIOS settings on new
DARE digitizer card. We also took
measurements of the DARE angle. A
compass was set on the corner
corresponding to antenna 1. The azimuthal
angle was found to be 19°.

Figure 8 – Compass measurement

The primary dipoles sampled in the field
were at terminals 2 and 4. Ideally, the
biconical antenna at these terminals will be
aligned to the Northwest-Southeast axis
but because of the offset angle, the
alignment direction is shifted 19° in the
counterclockwise direction. (Figure 9)
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The DARE front end was saturated. The
gain was 20 dB.

Figure 9 – The DARE biconical antenna drawn diagram. Biconical directed in NW-SE direction was studied at terminals 2 and 4.

Figure 10 - Antenna spectra taken with the iBob/iADC spectrometer showing the
galaxy noise. This is proof that the antenna is well connected and all RF electronics
are working.
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Figure 12 - Output of DARE receiver was connected
to spectrum analyzer with and without the high-pass
filter. A sign of saturation was seen at the lowfrequency end of the band.

Figure 13
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Figure 14

Figure 15
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Figure 16

Figure 17 - Screen of spectrum analyzer showing spectrum of front-end signal from
20MHz to 30MHz. Clearly shows intermod signals originating from the balun and not
the receiver. The balun has a low-pass response (high gain at < 40MHz) and was
picking up strong low-frequency RFI signals.
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Figure 18

Figure 19

Figure 20
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Figure 21 - Zoom of 20MHz-32MHz band. High-resolution spectrometer shows much more of the intermod
products seen on the spectrum analyzer.

ASU LoCo Lab
2012 Dec 28

11

EDGES

Figure 22

Day 1 (Nov 23 Fri):
In order to take a sample of the antenna
and check the signal integrity, EDGES
system was temporarily shut down. We
checked the mechanical connection by
joggling the jacks and inspecting the
outdoor cord. By stopping the software,
we stopped the mechanical switch (SPDT).
The resolution bandwidth (RBW) was set
to be 100 KHz and video bandwidth
(VBW) was set at 1 KHz.
The team then continued to conduct tests
on the system. We began by checking the
intermittence of the radio-frequency (RF)
chain. There was a probable issue with
balun circuit. Next, we checked the DC
block. The output was measured and the
power looked fine. Finally, we conducted
a simple RF test. The gain was found to be
50 dB at 150 MHz. We noticed that the as

the noise increased, the power went down.
The trace was saved. Additionally, the
high-pass filter (a capacitor) was checked
and found to be ok.

Figure 23

This was followed by a more manual
survey of the system. The physical
connections were checked by wiggling the
wires. The hi-pass filter, EDGES backend
(indoor component), balun system, and
solder joint intermittence were also
checked. Output of the spectrometer
(ADC) card was checked and saved.
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left side of the cabinet. We the noticed the
connection had a severe bent. If this were
a critical issue, the short to end would
measure reflection but it looked fine. The
team discussed EDGES’ other issues:
intermittencies were not as common in the
cold and agreed to apply some stress
testing buy reproducing the warmness with
a heat gun.

Figure 24 – Every cable of EDGES was measured
using the VNA and mechanically stressed to check for
intermittent failures.

(Side note: The team was told that we
would be able to place one of our radio
telescopes, EDGES, nearby one of the
ASKAP dishes. In order to have robust
measurements, the angle between the top
of the dish, the antenna itself, and the
bottom of the dish must be no greater than
5°. Some quick geometry was done and
minimal distance between the dish and
antenna must be around 274 meters.)

Day 2 (Nov 24 Sat):
We left Boolardy Station around an hour
later than we planned. A team member
kept inspecting the balun unit before
decamping.

(Although very minute, the diesel
generator might be a source of RFI. )
Figure 26

Heat was applied to every DC and RF
component of EDGES while looking at the
bandpass spectrum. The intermittent
failure was not reproduced. Other
mechanical tests were also performed by
shaking every cable and components but
did not reproduce the glitch.

Figure 25 – The gain was measured and was found to
be as expected. Intermittent problem was not
observed.

One of EDGES terminals, the connection
inside the hut, labeled “End B” (with a
circle around the B) is attached around the
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Figure 27 – Fixing EDGES LNA intermittence of the
gain by improving the grounding.
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Figure 29 – Protecting EDGES antenna-balun
connection.

Figure 28 – LNA Bias: 12V @ 97.8mA

Day 3 (Nov 25 Sun):
Meanwhile, the changes to EDGES were
essentially complete. The team ran a few
tests in the control building for calibration.
We then measured the antenna’s
impedance, noticed that it didn’t change.
While conducting these checks, we
weatherproofed the antenna by covering
the receiver with a nylon plastic bag and
laid down duct tape across the upper slits
of the antenna. We continuously took
samples and compared to the preceding
sets. The newer plots showed an increase
in noise. We had two cleans plots
followed by one with some RFI. Data
seemed like it fit well with the drift scan
model.

Figure 30 – Reduced the stress on EDGES’ receiver
output connector and cable.

We recorded the reflection coefficient
around 4:00 PM titled “antenna.s1p”.
Our return to the field the following day
was conditional to the quality of the data
we would receive.
(The first tech memo, uploaded on the
Wiki site, was completed on this day. The
following two days were not included in
the original tech memo draft.)
Day 4 (Nov 26 Mon):
Most of the team spent the morning going
over some data. Part of the team went to
pick up another member in Mullewa.
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New data still showed some gain. It did
not cancel when transient. There might be
a humidity problem (inside a hermitically
sealed box).

Figure 31 – EDGES antenna S11 measurement.

Figure 32
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Figure 33

Figure 34

Figure 35
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Figure 36

Figure 37 – EDGES spectrometer system changes (after leaving the MRO). ADC card has two channels. EDGES
was running on Channel 1.
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Figure 38 – EDGES RF output was connected to channel 2 of the ADC card. The system was left running from
Channel 2 and the data continued to show an increase in power. This suggests that the problem is in the analog
circuits. PX14.c code used to control the ADC card and collect data was remotely edited to process data from channel
2.

