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Part	
  15	
  Devices	
  

•  hTp://www.arrl.org/part-­‐15-­‐radio-­‐frequency-­‐devices	
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21cm	
  EoR	
  Science	
  Goals	
  
	
  
•  Probing	
  the	
  history	
  of	
  the	
  Universe	
  via	
  the	
  21cm	
  emission	
  from	
  HI	
  
•  Focus	
  primarily	
  on	
  the	
  Epoch	
  of	
  ReionizaAon	
  (EoR)	
  
•  Key	
  QuesAons:	
  

•  What	
  objects	
  first	
  lit	
  up	
  the	
  Universe	
  and	
  reionized	
  the	
  neutral	
  IGM?	
  
•  Over	
  what	
  redshid	
  range	
  did	
  this	
  occur?	
  
•  How	
  did	
  the	
  process	
  proceed	
  (wrt	
  heaAng,	
  feedback,	
  scale-­‐dependence)?	
  
•  How	
  did	
  this	
  lead	
  to	
  the	
  large	
  scale	
  galaxy	
  structure	
  seen	
  today?	
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  of	
  the	
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Other	
  Effects	
  

•  Power	
  spectrum	
  ripple	
  from	
  RFI	
  flagging	
  



2.  	
  Radia(on	
  Storms	
  
– Solar	
  Flares	
  and	
  Coronal	
  Mass	
  
Ejec(ons	
  (CMEs)	
  send	
  out	
  
Energe(c	
  Par(cles	
  	
  

– Arrive	
  at	
  Earth	
  in	
  15	
  minutes	
  to	
  
24	
  hours	
  	
  

– Impacts:	
  
• Airline	
  communica(on	
  
• HF	
  radio	
  operators	
  
• DoD	
  Communica(ons	
  
• Astronauts	
  (radia(on)	
  
• Satellite	
  failures	
  

3.  Geomagne(c	
  Storms	
  
– Coronal	
  Mass	
  Ejec(ons	
  (CMEs)	
  
send	
  out	
  Magne(c	
  Clouds	
  

– Arrive	
  at	
  Earth	
  in	
  1-­‐4	
  days	
  
– Impacts:	
  

• HF	
  radio	
  communica(on	
  
• Radio	
  Naviga(on	
  (GPS)	
  
• Electric	
  Power	
  Grids	
  
• Increased	
  Satellite	
  Drag	
  
• Aurora	
  

1.  Radio	
  Blackouts	
  	
  
¡  Solar	
  Flares	
  send	
  out	
  x-­‐rays	
  
¡  Arrive	
  at	
  Earth	
  in	
  8	
  minutes	
  

¡  Impacts:	
  
ú  Airline	
  communica(on	
  
ú  HF	
  radio	
  operators	
  
ú  DoD	
  Communica(ons	
  
ú  Satellite	
  Communica(ons	
  

Space	
  Weather	
  Storms	
  



March	
  1989	
  
Hydro	
  Quebec	
  Loses	
  Electric	
  Power	
  for	
  9	
  Hours	
  

Transformer	
  Damage	
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Transformer	
  



Radiometric	
  Bode’s	
  Law	
  

-­‐	
  Jupiter	
  at	
  5pc	
  would	
  have	
  average	
  
flux	
  of	
  20	
  μJy	
  and	
  0.2	
  mJy	
  when	
  
acAve	
  –	
  some	
  S	
  bursts	
  up	
  to	
  20	
  mJy	
  

-­‐	
  ‘Hot	
  Jupiters’	
  with	
  expected	
  radio	
  
luminosiAes	
  many	
  thousands	
  of	
  
Ames	
  brighter	
  than	
  Jupiter	
  

-­‐	
  100s	
  of	
  mJy	
  predicted	
  in	
  some	
  case	
  

Zarka	
  et	
  al,	
  ApSS.	
  2001	
  



-­‐	
  It’s	
  a	
  direct	
  detecAon	
  

-­‐	
  Allows	
  measurement	
  of	
  rotaAon	
  rate	
  

-­‐	
  Possible	
  use	
  as	
  a	
  detecAon	
  method	
  for	
  
exoplanets	
  

-­‐	
  The	
  only	
  method	
  currently	
  viable	
  for	
  
measurement	
  of	
  magneAc	
  field	
  strengths	
  for	
  
exoplanets...	
  
	
  
a)	
  Leads	
  to	
  constraints	
  on	
  scaling	
  laws	
  based	
  on	
  
magneAc	
  fields	
  of	
  solar	
  system	
  planets	
  	
  
	
  
b)	
  Provides	
  insight	
  into	
  internal	
  structure	
  of	
  
planet.	
  

	
  	
  

Why	
  look	
  for	
  radio	
  emission	
  from	
  exoplanets?	
  



To	
  Thine	
  Ownself	
  Be	
  RFI	
  True	
  

•  Packaging/system	
  integraAon	
  
– Grounding	
  
– Shielding	
  
– Matching	
  
– Filtering	
  

•  Good	
  engineering	
  on	
  power	
  supplies	
  and	
  
clocks	
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