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I. Introduction

A variety of postulated but as-yet undetected astrophysical phenomena are likely to produce
single pulses detectable in the low end of the radio spectrum. An important class of these in-
volves the relativistic expansion of a shell of charged particles through the ambient magnetic field
at the onset of a cataclysmic explosion, and may be characteristic of the explosion of primor-
dial black holes, supernovae, and gamma ray bursts (GRBs). GRBs might also produce prompt
low-frequency radio emission through other mechanisms depending on the nature of the progen-
itor object; for example, through maser-type emission accompanying shock deceleration, or the
interaction of magnetic fields accompanying the coalescence of neutron star binaries. Detection
of any of these mechanisms would have extraordinary implications for the study of these ob-
jects, their host environments, and the intervening interstellar/intergalactic medium. The recent
serendipitous discovery of the extraordinarily bright “giant nanopulses” of the Crab pulsar and
other transients provides additional motivation for a search over a much broader swath of the
unexplored parameter space, which is relatively inexpensive at low radio frequencies.

To this end, we are building the Eight-meter Wavelength Transient Array (ETA), an instrument
optimized for the detection of dispersed radio pulses in the 29–47 MHz band. ETA consists of
an array of 12 dual-polarized dipoles achieving ∼ 476 m2 effective aperture with Galactic noise-
limited performance over 18 MHz bandwidth. The dipole signals are acquired by direct sampling,
formed into beams, and the beams will be individually searched for pulses of various lengths and
dispersion measures. ETA has been designed to achieve reliable (∼ 5σ) detection of giant pulses
from the Crab pulsar, providing an excellent commissioning test.

The remainder of this report is organized as follows. Section II provides a summary of status and
our plans for the project. Section III provides a description of the instrument and it’s development.
Finally, Section IV provides some results from our commissioning activities and pilot observations.

II. Status and Plans

Status. The ETA project began on August 15, 2005 and is currently in its ninth month. In this
time, we have installed and commissioned the antenna array (Figure 1), front end electronics, and
cable system; refurbished and moved into an electronics building; and designed and demonstrated
a complete signal path from antennas to data acquisition computers. We have verified Galactic
noise-limited sensitivity and gained experience and confidence in our ability to observe in the
presence of RFI. We have also conducted a one-hour pilot survey for dispersed radio pulses using
two widely-separated dipoles. Although two dipoles is not sufficient to reliably detect Crab giant
pulses, the intent was to expose any potential obstacles in our goal of operating a continuous
survey program. We have encountered no “showstoppers”. We do find that RFI poses some
problems (to no one’s surprise!), however, these problems appear to be manageable. The types
of RFI that we encounter are described toward the end of this report. Currently, we are able to
acquire coherent time series data from up to eight (of 24) dipoles synchronously with a bandwidth
of about 5 MHz and for durations of up to 2 hours.



Fig. 1. The core array (centrally located group of 10 antenna stands) of ETA.

Up-to-date status and additional information is available at project web site,
http://www.ece.vt.edu/swe/eta/.

Plans. Work over the remaining three months of the current funding period will concentrate
on (1) building receivers, (2) integration and commissioning of ETA’s real-time beamforming and
automated analysis capability, and (3) continued field testing and pilot observations. Concerning
receivers, we are currently using a simple but expensive connectorized design for the analog section
that is well-suited to diagnostic and initial debugging work and has allowed us to get on the air
quickly. However, we will replace these with inexpensive custom-designed receivers that we are
currently developing as part of a rapid prototyping activity associated with the Long Wavelength
Array (LWA) project. Concerning beamforming, the reconfigurable computing cluster (RCC)
which performs beamforming has been constructed but we currently use the nodes only singly
as interfaces between digital receivers and data acquisition PCs. We have separately verified the
ability to move data among nodes with the necessary routing topology and at the necessary rates.
We anticipate the ability to acquire data from all 24 dipoles using the RCC and to do real-time
beamforming should be operational by the end of July 2006. Neither of these activities interferes
with our ability to perform continued field testing and pilot observations, or to continue the
associated development and debugging of automated RFI mitigation and dispersed pulse search
algorithms.

Beginning approximately August 2006, our top priority will be a full-bandwidth observation
of the sky, written directly to tape without analysis (referred to as “Mode 1” in our proposal).
In Year 2 we will record, archive, and analyze 41 hours of observations obtained in this manner;
transition ETA to an continuous/unattended search mode, which does not require archiving to
tape (except for detections, of course); and begin the formidable task of analyzing the Mode 1
dataset.

III. System Description

A block diagram of the ETA system is shown in Figure 2. The tuning range of ETA is 29–
47 MHz, which is a response to a number of factors. First, we are limited at the low end by the
increasing opacity of the ionosphere to wavelengths longer than about 20 m (15 MHz). Useable
spectrum is further limited by the presence of strong interfering anthropogenic signals below
about 30 MHz (in particular, international shortwave broadcasting) and above about 50 MHz
(in particular, broadcast television), which makes it difficult to observe productively outside this
range. In fact, RFI influences many aspects of the design.

A. Site

ETA is located on the campus of the Pisgah Astronomical Research Institute (PARI), located
in the Blue Ridge Mountains of Western North Carolina, about a 1-hour drive southwest from
Asheville. The coordinates are 35◦ 11.98′ N, 82◦ 52.28′ W, Elevation: 870 m. The site was
selected based on a combination of a very generous offer of support from PARI, and the existence
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Fig. 2. A system-level block diagram of ETA.

of relatively good RFI characteristics. PARI has provided land, a building for electronics and
to host on-site activities, power, and internet access at no cost to the project for the first year.
The RFI characteristics at the ETA site are attractive for two reasons. First, the site is quite
remote and surrounded by mountainous terrain, with the effect that linearity-limiting signals such
as broadcast TV are relatively weak. Second, the ETA site is located at the bottom of deep
depression which is surrounded on all sides by relatively high terrain. This has the effect that the
RFI levels measured ETA site are significantly (10–15 dB) lower than those measured on other
parts of the PARI campus.

B. Array

ETA consists of an array of 12 dual-polarized dipoles, which we refer to as “stands”. The
geometry of the array is shown in Figure 3. The array is organized as a 10-stand “core array”
with single “outrigger” stands located to the east and north of the core array. The core array
stands are arranged as circle with diameter equal to 2 wavelengths at 38 MHz, with one stand
located in the center. The purpose of the outriggers is two-fold: First, to provide additional spatial
resolution should a detected pulse be strong enough to be located in this manner; and second, to
provide a means to localize and possibly discriminate against RFI; including self-generated RFI.

In our original design concept, we had also intended to install a dipole on one of PARI’s two
26-m dishes. PARI installed one of our dipole + front end units in November 2006, and we tested
this arrangement later the same month. We found that, in contrast to the ground-mounted ETA
dipoles, the dish dipole experienced RFI that was relatively strong and difficult to manage. One
reason for this appears to be that the increased effective height of the dipole results in a significant
increase in RFI levels. A second issue was RFI associated with dish’s control system that resulted
in additional RFI whenever the drive system was powered on, and overwhelming levels of RFI
whenever the dish was in motion. Since the RFI for the ground-based antennas is relatively easy
to manage in comparison, we have abandoned work on the dish dipole for now.
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Fig. 3. ETA site and array geometry. (b) shows the positions of stands (“×”) in the core array and the north
outrigger. The east outrigger is located about 500 ft to the east of the core array.

C. Antennas

A tuning range of 29–47 MHz equates to 25% bandwidth and would ordinarily require an
ultrawideband antenna. At these frequencies, however, the ubiquitous Galactic noise emission is
extraordinarily strong and can easily be the dominant source of noise in the observation. From
previous work (see [2] and references), it is known that a simple dipole-like antenna, used in
conjunction with a preamplifier having a modest noise temperature may exhibit nearly the best
possible sensitivity even when impedance matching is very poor, because Galactic noise may be
dominant.

Working along these lines, we settled on a dipole design in which the arms are constructed
from 3

4
-in (1.9 cm) × 3

4
-in aluminum angle (i.e., “L”-shaped) stock, 1

8
-in (∼ 3 mm) thick. This

material was chosen as a tradeoff between ease of construction (favoring thinner dimensions) and
bandwidth (favoring thicker dimensions). Alternatives considered included stranded copper wire
(diameter ∼ 1.5 mm), which is very easy to work with but yields significantly less bandwidth;
and 3

4
-in wide × 1

8
-in thick aluminum strip stock, which yielded acceptable bandwidth but lacks

rigidity. Angle stock, in contrast, is quite rigid and exhibits slightly greater bandwidth than strip
stock.

The dipole dimensions are shown in Figure 4. The total length of a dipole (including both arms
and feed gap) is 3.8 m, which was selected to make the dipole resonant at 38 MHz. The dipole
arms are bent down at an angle of 45◦ to broaden the pattern. The feed points are located at
the top of a mast 2-m in height, corresponding to one-quarter wavelength above the ground at
resonance. The mast is constructed from 4-in (10 cm) PVC electrical conduit.

D. Active Balun

Each dipole is attached to an “active balun”, which has the dual purposes of (1) converting
the differential output of the dipole to a single-ended signal suitable for coaxial cable, and (2)
setting the noise temperature of the system. The active baluns are located inside the mast,
separated from the dipole by a plastic end cap as shown in Figure 5. We adapted a design
originally developed by the U.S. Naval Research Laboratory, consisting of two Mini-Circuits GALI-
74 MMIC amplifiers arranged as a differential pair [1]. Our twist on this design, shown in Figure 6,



Fig. 4. Dimensions of the ETA dipole.

Fig. 5. Mounting of active baluns inside the plastic end cap.

is different in the following aspects: (1) The amplifiers are biased at a slightly higher voltage, (2)
The amplifier outputs are combined through a less-expensive Mini-Circuits ADT2-1T-1P surface-
mount transformer, and (3) The layout, enclosure, and connectors are different. In our design,
the dipoles are attached using short wires attached to binding posts, and the single-ended output
of the transformer is output to coaxial cable through a Type-N connector.

This design yields about 24 dB gain with a noise temperature of approximately 250K. The 1-dB
compression point is about −3 dBm, input-referred, which seems to be sufficiently linear to avoid
significant intermodulation at the ETA site. This performance is observed from about 5 MHz
to about 95 MHz. Eight of these units were installed prior to November 2005 and are all still
operational (5 months including winter). The remaining units were installed during March and
April of 2006. To date, only one (of 24 total) has failed. Anticipating that we could possibly loose
more (e.g., due to lightning), we have accumulated a reserve of about 10 spares.

E. RF Cable System

RF from the core array stands is sent to the electronics building over RG-58 coaxial cable sections
averaging about 40 m in length. The north and east outriggers are cabled to the electronics
building using RG-8X (78 m in length) and Times LMR-400 (156 m in length) coaxial cable,
respectively, which has the effect of making the loss on all cables approximately equal at about



Fig. 6. An active balun, with lid removed.

Fig. 7. Trenching. A section of PVC pipe lies to the right of the trench.

4 dB. Three cables return from each stand: two polarizations plus an unused spare. Power for
the active baluns is routed separately on shielded twisted pair. The cables and power are routed
inside the mast to a 1.5-in PVC pipe buried about 18 in underground. Two of the steps in the
process of trenching and pulling cable are illustrated in Figures 7 and 8, respectively. All cables
emerge inside an enclosure on the west end of the electronics building, where they are connected
to an aluminum egress panel. The egress panel provides grounding and includes in-line (coaxial)
lightning protectors.

F. Analog Receivers

ETA uses a direct-sampling receiver architecture, in which the analog section consists only of
gain, filtering, and digitization, and any additional tuning and filtering within the passband is done
digitally. As mentioned in Section II, we are currently using a small number of temporary analog
receivers constructed from connectorized components. This has been very useful in that it has



Fig. 8. Pulling cables for the East Outrigger. This view is facing west; the core array lies beyond the radome.



Fig. 9. The Altera DSP-Board/S25 Stratix development board.

allowed us to determine and validate the requirements for the receiver before pressing ahead with a
custom design. Based on our analysis, consideration of our analog-to-digital conversion hardware
(discussed below), and the results of field experiments, we have converged on a specification for
maximum gain equal to 42 dB, with attenuation variable from zero (max gain, optimum noise
temperature) to 21 dB (minimum useful gain, maximum headroom against RFI). We have a
favored SMT-based design and which consists of just two MMIC amplifiers, a variable attenuator,
and discrete inductors and capacitors, satisfies the gain specifications, and results in an overall
(antenna terminals to A/D input) receiver temperature of about 255 K and third-order intercept
point (IP3) of about −32 dBm referenced to the antenna terminals, both at maximum gain. We
intend to build and validate the new design in May 2006, and install the new receivers beginning
in June.

The connectorized receivers we are using in the interim are comprised mainly of combinations of
Mini-Circuits ZJL-3G amplifiers and SLP-50 lowpass and SHP-50 highpass filters, of which we had
a pre-existing supply. The gain is about 38 dB (fixed), resulting in an overall noise temperature
of about 270 K and IP3 of about −48 dBm referenced to the antenna terminals. The passband
using the available filters is 32–50 MHz (1 dB frequencies). This is the configuration that is used
for all of the results shown in Section IV, except for a few where various filters are removed.

G. Digital Receivers

The output of the analog section of the receiver is routed to an Altera “DSP-BOARD/S25”
Stratix development board (Figure 9), which we have taken to referring to simply as “S25” boards.
These boards were selected primarily because we already have considerable experience with Altera
Stratix FPGAs generally and the S25 boards specifically, and because we can purchase these boards
at a very large university discount. S25 boards include two Analog Devices AD9433 12-bit A/Ds,
a Stratix EP1S25-class FPGA, and copious memory, I/O, and signal devices. In our design, each
A/D digitizes one polarization from one stand, and so there is one S25 board per stand, and 12
S25 boards total. The A/Ds are clocked coherently from a single, passively-divided clock running
at 120 million samples per second (MSPS).

In normal operation, the usual digital receiver scheme is as shown in Figure 10, in which the
18 MHz passband is divided into 1180 spectral channels, each coherently sampled with ∆ν ≈
15.3 kHz and ∆t ≈ 66 µs. For development purposes, we find it convenient to obtain unchannelized
time series, which allows flexible analysis and post-processing of the data. For this, we use a
different scheme which implements a cascade of two multiplier-less “FS/4” frequency conversion
stages followed by an additional multirate filter stage. The first stage converts the real-valued 120



Fig. 10. Digital Receiver Processing for “normal” observing modes (18 MHz instantaneous bandwidth).

MSPS input into a complex-valued 60 MSPS output where zero frequency corresponds to a sky
frequency 30 MHz. The decimation by 2 is accomplished using a 16-tap FIR using 8-bit coefficients.
The second stage converts this into a 30 MSPS output where zero frequency corresponds to a sky
frequency of 45 MHz, using a second instantiation of the same filter. The final multirate filter
decimates by 4, yielding 7.5 MSPS encoding a bandwidth of approximately 5 MHz using 64 taps
with 8-bit coefficients. The sample format at this point is complex, with 7 bits encoding the
real and imaginary components; i.e., 14 bits/sample. The outputs from both polarizations are
multiplexed together with a 4-bit counter, yielding a total of 4 bytes to encode a single sample
from both polarizations. This implementation results in 38% utilization (9922 logic elements) of
the FPGA, plus approximately 250 Kb (12%) of on-chip memory. No dedicated multipliers or
DSP blocks are used.

The route off the S25 board is via a ribbon cable which conveys 5 bits in parallel using low-
voltage differential signaling (LVDS). 4 bits are used for data and the fifth is used to send additional
framing and status information. Thus, 8 5-bit transfers are required to send a single sample
(including both polarizations), and the transfer rate is 7.5 MSPS × 8 = 60 MHz. The ribbon
cables are 3-m-long “Blue Ribbon” cables with Mictor connectors from Precision Interconnects,
Inc, which allows the S25 boards to be located in a rack separate from the subsequent components.

H. Reconfigurable Computing Cluster (RCC)

The princpal roles of the RCC are (1) beamforming, (2) reconfigurable interfacing of digital
receivers to acquisition computers, and (3) provide flexibility to implement additional real-time
functionality that might not now be anticipated; i.e., risk mitigation. The RCC consists of 16
nodes, as shown in Figures 11 and 12. Each node is a Xilinx1 ML310 development board consisting
of a Xilinx XC2VP30-class FPGA and copious interfaces for peripheral devices and diagnostic
purposes. (The ML310 board is visible in Figure 13.) Abundant intracluster communications are
employed in such a way to make the RCC useable as a single large “virtual” FPGA with 500K
logic cells, 2176 18 × 18 multipliers, 40 MB internal RAM, 32 PowerPC processors, and 4 GB of
distributed external DDR SRAM. The 16 nodes are divided (logically, not physically) into 12
“edge nodes” which are connected one-to-one with digital receivers, and 4 “center nodes” which
are connected one-to-one with the data acquisition PCs. The 16 nodes are interconnected to each
other using a mesh of serial links implementing Xilinx’s “Aurora” protocol. For electromechanical
interfaces, we have chosen cables and connectors intended for “Infiniband” networking technology,
because these connectors exhibit excellent high-frequency performance and are becoming relatively
inexpensive (thanks apparently to Infiniband’s increasing popularity). In our design, each node
is connected to three others by Aurora links, each operating at 3.125 Gb/s. Figure 13 shows a
benchtop test of Aurora-based intracluster communications between two ML310 nodes, including

1It is probably hard not to notice that we have divided our loyalties among the two principal rival vendors in the FPGA
market. This is primarily because one of us (Ellingson) is heavily invested in Altera development infrastructure, whereas the
another (Patterson) is heavily invested in Xilinx infrastructure. Surprisingly, this creates no difficulties, as is demonstrated
by the simple and seamless integration of the Altera-based digital receivers with the Xilinx-based RCC.



Fig. 11. Architecture of the reconfigurable computing cluster (RCC).

the custom interface boards we have developed for this application.
Currently, we use the RCC only to interface the digital receivers to the acquisition PCs. In order

to get on the air quickly, we have implemented a scheme in which the RCC relays the output of S25
boards directly to acquisition PCs, with no additional processing. Since there are four acquisition
PCs, we are currently limited to acquiring the data from 8 (of 24) dipoles at a time. This has
served well for development and diagnostic purposes, as demonstrated in the results section of
this report. Independently, using an identical (pre-existing) cluster of ML310s located on the
Virginia Tech campus, we are currently developing the “production” RCC implementation, which
acquires the channelized data from all 12 S25 boards, forms 24 beams (that is, two polarizations
per pointing × 12 pointings) and streams the output continuously to the 4 acquistion computers.
The primary difficulty in this is implementing the internode routing algorithm, simply because it
is very complex. Presently, we have a working scheme for a 4-node RCC (see [5] for details), and
see no obstacles to having a completed 16-node implementation by July 2006.



Fig. 12. The RCC rack. The 16 nodes are apparent as the 16 cases stacked vertically in the rack.

Fig. 13. Benchtop test of Aurora-based communications between two RCC nodes.



I. Acquisition PCs

We have obtained 4 Dell SC430 servers running Red Hat Enterprise Linux for use as acquisition
computers. Each server is equipped with a EDT, Inc. PCI CDa LVDS/S600E data aquisition
board plus three hard drives, including a 300 GB Ultra320 SCSI drive, a 147 GB Ultra320 SCSI
drive, and a 250 GB SATA drive. Portions of the three drives are combined into a single “logical”
drive using using software RAID Level 0. We have developed and validated software which allows
continuous error-free streaming of data from the RCC at a rate of 432 Mb/s (54 MB/s) contin-
uously for up to 2 hours. We plan to acquire LTO2 tape drive units for recording, transfer, and
long-term archiving of data.

IV. Results

A. Antenna Testing

We have been careful to verify that our combination of antenna, active balun, and coaxial cable
both (1) yields sensitivity which is dominated by Galactic noise, and (2) exhibits sufficient linearity
so as not to generate onerous intermodulation in response to strong out-of-band signals, such as
broadcast TV signals. Figure 14 shows the result of an experiment we performed in November
2005 and which is reported in [3]. In this experiment, we simply used a spectrum analyzer to
analyze the output of the coaxial cable where it emerges in the electronics building. The visible
RFI includes TV channel 4 (video and audio carriers straddling 70 MHz), broadcast FM (above
88 MHz), and HF-band signals (below 30 MHz). No intermodulation is apparent (although it
is difficult to be certain from this data). Based on our estimate that the active balun’s noise
temperature is about 250K, we find that performance is Galactic-noise-limited by at least 10 dB
from 29 MHz to 47 MHz.

Spectrum analyzers acheive extraordinarily high dynamic range by measuring the spectrum on
a total power basis in a very small bandwidth. The full bandwidth is obtained by repeating this
narrowband measurement over the desired range of frequencies. The limitation of this approach is
that the measurement is not very sensitive to short, broadband pulses. This concerned us greatly
because the ETA design employs a wideband “direct sampling” technique, and the subsequent
astronomical signal processing would be very sensitive to such pulses if they did exist. To assess
the situation, we repeated the above experiment, replacing the spectrum analyzer with a locally-
developed instrument called the Matrix Channel Measurement System (MCMS) [4], [6]. MCMS
allows us to directly sample the outputs of the active baluns with 12 bit resolution at 104 MSPS,
with only lowpass filtering for anti-aliasing. The results are presented in Figure 15, which seem
to confirm the suitability of direct sampling under these conditions.

B. Spectrum Measurements

The remaining results in this report were generated using the complete signal chain; i.e., “anten-
nas to hard drives”. Figure 17 shows the results of an experiment in which we first applied a noise
source to the input of a receiver, and then repeated the measurement as a sky observation. Note
that the sky measurement is relatively clear of RFI and that there is also a hint of the slope of
the Galactic noise spectrum. This is a typical result for the late daylight hours through darkness.
From dawn until mid-afternoon, there is often some additional RFI.

Figure 18 conveys a sense of the dynamic spectrum, this time after calibration to remove the
frequency response of the receiver, and presented in linear power units. Also, the “max hold”
spectrum is shown. The “max hold” spectrum is constructed by keeping the largest magnitude
result ever observed in a frequency bin. Note that no impulsive RFI is evident. Once again it is
emphasized that whereas this is a typical result, we nevertheless frequently experience severe RFI
conditions, especially in the morning hours.
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effect of a 50 MHz low-pass filter following the AB, after calibration; i.e., the noise levels above 50 MHz are
exaggerated in order to make the signal levels above 50 MHz correct.

C. Diurnal Variation

It is highly desirable that the system temperature be dominated by Galactic noise. While the
result shown in Figure 14 (for example) is compelling, it is possible to be fooled since anthropogenic
noise backgrounds are known to exhibit similar spectral dependences, and is thought to be as
much as 100 times the level of the Galactic background under certain locations; e.g., in cities.
Independent verification can be obtained by confirming the correct diurnal variation of the Galactic
noise background. The temperature measured by a low-gain antenna (such as a dipole) should
vary according to a daily cycle as brighter and dimmer sections of the Galaxy move overhead each
day. This variation can be predicted independently from sky models.

Figure 19 shows the results of an experiment to confirm the diurnal variation using the complete
ETA signal chain. The sky noise prediction was provided courtesy of E. Polisensky and P. Ray of
the Naval Research Laboratory, and is obtained by convolving the pattern of a dipole located at
Green Bank, WV with a 74 MHz sky noise model. For our purposes, we simply rescaled this data
in a crude attempt to fit our the measured results. Since the prediction is at 74 MHz and the
measurement is at 45 MHz with a different dipole design located a different latitude, we cannot
expect perfect agreement. Nevertheless, the agreement is quite good and provides compelling
evidence that the ETA is strongly sky-noise dominated.
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Fig. 15. Spectrum from the east outrigger measured from the inside of the electronics building using direct
sampling. Result shown in dB relative to the estimated noise temperature of the active balun (TAB). Blue:
Measurement. Red: Prediction. The oscillation apparent in the measured spectrum is due to a small mismatch
at the antenna end of the long (156 m) cable.

In Figure 19 we now see that RFI tends to be a problem from about 2000 h to 2400 h LST,
corresponding to the local morning hours, compared to the relative quiet during the late evening
and early morning hours. Although we have not yet attempted to determine if this is truly a
daily phenomenon, our experience has been that in fact the best time to observe, from an RFI
perspective, is late afternoon through early morning.

D. Pilot Search for Crab Giant Pulses

In this section we present the results of a pilot search for giant pulses from the Crab pulsar.
As mentioned previously, we observed for one hour beginning with the transit of the Crab pulsar
(about 1800 h local time) on April 19, 2006 using one dipole from the east outrigger and one dipole
from the core array. Although two dipoles is not sufficient to reliably detect Crab giant pulses,
our intent was to expose any potential obstacles – RFI, in particular – in our goal of operating
a continuous survey program once the complete array is on-line. As in the above examples, we
recorded 5 MHz of bandwidth around 45 MHz, sampled at 7.5 MSPS, directly to a hard drive.
The data was analyzed by incoherent dedispersion with ∆ν = 7.324 kHz and ∆t = 35 ms, which is
well-matched to the dispersion measure of the Crab pulsar (56.8 pc cm−3). If we were to observe
a sufficiently strong pulse, it would appear as a chirp that would require about 18 s to traverse
the passband. We would also expect to see pulse broadening, possibly on the order of seconds.
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Fig. 16. Same as previous figure, but zooming in. This time, result is in linear units (not dB). 37.5–38.25 MHz is
a radio astronomy allocation.

In this observation, we noted no detections greater than 5σ that could not be attributed to RFI.
Although various forms of RFI were present throught the observation, and although we made no
attempt to mitigate it, less than 10% of the data was rendered unuseable by RFI.

Figures 20 and 21 illustrate time periods during the observation corresponding to useable and
unusable data, respectively. The only significant RFI apparent during the useable period shown in
Figure 20 is a persistent unidentified tone (i.e., unmodulated) at about 44 MHz, and which is the
same tone apparent in previous spectra presented in this section. It is too weak to significantly
affect the search. The spectrogram shown in Figure 21, on the other hand, is a virtual worst-case
scenario, exhibiting several instances of broadband RFI. Broadband RFI is particularly problem-
atic for searching even moderate DMs, because dedispersion converts the large bandwidth into a
long RFI event. The origin of this RFI is unknown, and could possibly even be our own equip-
ment. This effect is particularly pronounced at low frequencies, as is demonstrated in Figure 22.
Figure 22 shows about 2 minutes of the dedispersed time series from one antenna. In this plot,
times less than zero correspond to a period during which broadband RFI occurs; whereas, times
greater than zero correspond to a period of time in which no such RFI is present.

This result is both disappointing and encouraging. Of course, we would prefer to see no RFI.
However, we are now reasonably confident that we can observe productively even with no explicit
effort to actively mitigate RFI, since we regularly observe long periods of time which are free of
such RFI, especially late in the evening and early in the morning. Furthermore, we believe that
simple countermeasures might be able to mitigate RFI sufficiently to allow observing nearly all of
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Fig. 17. Spectrum measured using complete signal chain. Top/Red: Noise source applied to receiver input, 560 ms
integration. Bottom/Blue: Sky, 35.8 s integration. The noise source level was applied at a level just below
the level at which the A/D clips. Ripple is attributable to impedance mismatch at the connector between the
active balun and the coaxial cable.

the time, and we continue to investigate and plan to begin experimenting with those.
As a final note, we should point out that we observe many more forms of RFI than has been

described above. A notable example is a month-long period during which observing was nearly
impossible due to strong, persistent RFI consisting of short impulses occurring with an average
period of about 120 kHz. This interference disappeared as mysteriously as it began, although we
have come to believe that this episode may have been associated with work by the local power
utility to replace power poles along a nearby road.
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text).
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Fig. 19. Results of experiment to confirm diurnal variation in a 5 MHz bandwidth centered at 45 MHz. Blue line:
Predicted power due to Galactic noise (see text). Blue Scatter: Measured power from a core array dipole. Red
scatter: Measured power from a dipole on the east outrigger, about 150 m distant. Each “blob” is actually
100 contiguous integrations, each of length 35 ms, shown as a scatter plot. Difference between dipoles is
attributable to differences in cable loss.



Fig. 20. Spectrogram from a useable period of the Crab giant pulse pilot survey.



Fig. 21. Spectrogram from an unusable period of the Crab giant pulse pilot survey.
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Fig. 22. Dedispersed time series. Data prior to t = 0 is affected by the broadband RFI, whereas data after t = 0
corresponds to the absence of such RFI.


