Low Frequency: RFI’s Playground

David R DeBoer
University of California Berkeley
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A Pulse Problem
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A Pulse Problem




The Reasons
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The Reasons
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The Reasons
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all (logarithmic)

T

RAM DDR3-1600

PCI-E 3.0

DisplayPort 1.3

HDMI 2.0

SATA 3.2

USB 3.1

eSATA

Gigabit Ethernet
Typical HDD|
WiFi 802.11n|

USB 2.0

LTE 4G

Cable Modem‘
HSPA+ 3.5G]

EV-DO 3G|

Internal
RAM DDR3-1600 |
PCI-E 3.0 g |
DisplayPort 1.3 | :
HDMI 2.0 |
SATA 3.2 | :
0 5000 10000 15000
MB/s MB/s MB/s MB/s
Home Network
USB 3.1 z .
eSATAf : ] ]
Gigabit Ethernet [ ] : 1
Typical HDD '] § 1
WiFi 802.11n[] 1
usB 2.0f] :
0 500 1000 1500
MB/s MB/s MB/s MB/s
Internet Link
LTE 4G |
Cable Modem |
HSPA+ 3.5G] | :
EV-DO 3G D
0 10 20 30
MB/s MB/s MB/s MB/s

source: http://en.wikipedia.org/wiki/List_of_device_bit_rates



Part 15 Devices

—-60

= (Class A

3 ; 5 — CIaSSB
—TOF N

—-80}

—90}

—100}

Power into isotropic at 10m [dBm]

_110] — T R .

—-120 I I | | |
0 200 400 600 800 1000
Frequency [MHz]

e http://www.arrl.org/part-15-radio-frequency-devices



Magnitude (dBuV/m)

Power Lines

Frequency spectrum at lateral distance from T3 with R§\4V 100kHz

10m

W W
o O

N
%))
!

n
(=)

w5 oa
TRt
WV

—
%))

|
1(900 800

Frequency (MHz)
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21cm EoR Science Goals

* Probing the history of the Universe via the 21cm emission from Hl
* Focus primarily on the Epoch of Reionization (EoR)
* Key Questions:
* What objects first lit up the Universe and reionized the neutral IGM?
* Over what redshift range did this occur?
* How did the process proceed (wrt heating, feedback, scale-dependence)?
* How did this lead to the large scale galaxy structure seen today?

z=100to 20 z=20to5 z=5t00
15 to 70 MHz 70 to 240 MHz 240 to 1400 MHz



Why We Care
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Why We Care
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Other Effects

* Power spectrum ripple from RFI flagging
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Space Weather Storms

LY

WfBla;ckouts §

- - . o »
"1/ "m~Solar Flares send out x-r

& . ._
a&e communication

o HF radio operators
o DoD Communications
o Satellite Communications

. Radiation Storms

—Solar Flares and Coronal Mass
Ejections (CMEs) send out
Energetic Particles

—Arrive at Earth in 15 minufes to
24 hours

—Impacts:
e Airline communication
¢ HF radio operators
« DoD Communications
¢ Astronauts (radiation)
e Satellite failures

S

3.Geomagnetic Storms

— Coronal Mass Ejections (CMEs)
send out Magnetic Clouds

— Arrive at Earth in 1-4 days
—Impacts:
* HF radio communication
« Radio Navigation (GPS)
* Electric Power Grids
e Increased Satellite Drag
e Aurora '
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Radiometric Bode’ s Law

- Jupiter at 5pc would have average
flux of 20 Wy and 0.2 mJy when
active —some S bursts up to 20 mly

- ‘Hot Jupiters’ with expected radio
luminosities many thousands of

times brighter than Jupiter

- 100s of mly predicted in some case
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Why look for radio emission from exoplanets?

- It’s a direct detection
- Allows measurement of rotation rate

- Possible use as a detection method for
exoplanets

- The only method currently viable for
measurement of magnetic field strengths for
exoplanets...

a) Leads to constraints on scaling laws based on
magnetic fields of solar system planets

b) Provides insight into internal structure of
planet.




To Thine Ownself Be RFI True

* Packaging/system integration
— Grounding
— Shielding
— Matching
— Filtering
* Good engineering on power supplies and
clocks
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