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~What Is an entry probe?

Science issues Engineering issues
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The plan for today

Typical trajectory and atmospheric
structure reconstruction

Creative smoothing of data
Creative use of no data
Creative use of additional data
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Where are we?

dr/dt=v
dv/dt = a-aero + g(r)
r0, vO known

Aerodynamic accelerations measured with
respect to spacecraft structure

Which way Is spacecraft pointing?
Which way Is up?
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Pathfinder - Acceleration
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Pathfinder altitude profile
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Pathfinder speed profile
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Density from deceleration
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» Define “C” by rho Av? (C/2) =m a
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Atmospheric conditions

* dp/dz =rho g

— Find p(z) from rho(z) and an upper boundary

* p =rho k-Boltzmann T / (molecular mass)

— Find T(z) from rho(z) and p(z) and assumed
molecular mass

 How important is precise C for drag?
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Pathfinder density
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Altitude z (km)

Pathfinder pressure
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Pathflnder temperature
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Unsmoothed Phoenix data
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Which smoothing interval?
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Exponential acceleration helps

— __ We know the acceleration
a4 = Qg €XpP — varies like this

Acceleration at

7R . h tX t=01is a0 |
a — an— Sl —_ Mean acceleration
et 0 tX T from —tx to tx is
not a0
CLL tS Mean accelerations over two
— COSh —— | related time intervals are
aS T related -tL =2 tS

We know aL, aS, tS — Find taul!
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Vary smoothing interval OK!
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Smoothed Phoenix data
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Sky Frequency (Hz)
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Radio link Is helpful

Opportunity EDL Sequence
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How Is it helpful?

Doppler shift provides line of sight speed
One dimensional only!

Assumption — All aerodynamic forces are
parallel to velocity vector

Drag only, no lift
Just enough information to solve trajectory
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Opportunity accelerations
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Opportunity altitudes
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Opportunity temperatures
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Atmospheric composition

molecular mass = dp/dz k T / (rho g)
molecular mass = dp/dt k T/ (rho g v)

R i R R ] Easyto measure p, T directly at
Huygens at Titan 1 subsonic speeds on parachute
29k N2 atmosphere with 3 P P
: some CH4

Combine with trajectory
{ Information to find atmospheric
37 molecular mass

This means composition!

25F . . . . 1 \Who needs a mass spectrometer?
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Conclusions

* Entry probes are not simply engineering
making science possible

* Engineering analysis produces science

* Imagination is helpful
— Situation-specific smoothing approach
— Doppler data survives crash landings
— Composition can usually be found as well
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