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THE SUN 

The Sun is a 
variable star. 
 
That variability 
is driven by its 
magnetic field. 

The Sun in 
visible light 



The Sun emits 
infrared, 
visible, UV, X-
ray, and 
gamma ray 
photons (light), 
solar wind, 
solar energetic 
particles, and 
magnetic field. 

The output is 
variable for 
ALL of these 
components 

The Sun in 
X-rays 



The Sun’s magnetic field flips polarity every 11 years 
This is the major factor in solar variability. 

11 year of solar images in X-rays (left) and magnetic field (right) 

When the field flips, there are more sunspots and more solar 
activity.  This part of the solar cycle is called Solar Maximum. 



Solar Flares 






Coronal Mass Ejections 






The solar magnetic field defines the 
“heliosphere”.  Particles of many flavors 
are present in varying amounts all 
through the heliosphere. 

Many Types of Particles 



Space Weather Effects 





Prediction 



There are two major roles for cubesats with regard to space weather. 
 
Science:  Map the changes in the magnetic field, plasma, and 
energetic particle populations throughout the heliosphere.  Use as 
input to models and to understand the propagation of solar wind and 
solar storms.  [NASA] 
 
Situational Awareness:  Give near real-time warning of solar storms 
and aid in forecasting of near future.  Currently available for Earth 
(but could be improved), and not for entire solar system.  [NOAA]   
 
To do situational awareness, you need 24-hour coverage of 
telemetry or some way to send an alert.  This is not easy to do from 
an interplanetary cubesat. 

How IP Cubesats fit in 



• Naturally supports constellation architectures 
• Via individual launches and dedicated constellation 

missions 
• Produces an architecture that is evolvable 

• Capabilities can be expanded or upgraded regularly 
• Constellation lifetime is much longer that the lifetime of an 

individual element 
• The system is more reliable than its individual components 

• Why use CubeSats? 
– Constraints on mass and volume may not be optimum, but this 

is significantly outweighed by rapid access to space 
(approaching 100 launches per year, but not many to C3>0, 
but that may change with SLS) 
 

Interplanetary Space Weather with CubeSats 



Instruments Needed 
Magnetometers 
 Issue: spacecraft magnetic field 
Particle Detectors 
 Plasma (thermal population) 
 Suprathermal tail 
 Energetic Particles 
X-ray instruments 
Gamma-ray instruments 
Neutron detectors 
Electric Field and Radio waves 
Heliospheric and Solar Imagers 
 
Don’t need all instruments at once 

Helium Magnetometer 
 (JPL/UCLA) 3D Voyager Faraday Cup  

Plasma Instrument (MIT) 

REPT Energetic Particle 
Instrument from RBSP 
mission 
 (U. Colorado) 



Orbits Needed 

Nearly anywhere but Earth and L1.  Need 
measurements spread throughout inner 
heliosphere, especially above and below 
ecliptic plane. 



Conclusion 

•  Interplanetary Cubesats are well suited for Space Weather 
applications.  Each spacecraft only needs to supply one or two 
measurements. 
 

•  Allows modular, expandable network of “Space Weatherstations”. 
 

•  Communications is a key issue.  As network expands, need ability 
to receive data from many IP cubesats.  And situational awareness 
role will put even more requirements on communications network. 
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