SUBORBITAL ANALYSIS: THE A-to-B
PROBLEM IN PLANETARY SCIENCE

TIME OF FLIGHT (TOF): CORRELATING EJECTA & STREWN TO SOURCE

Because So Many Trajectories Are Possible For Every A-to-B Pair, We Need Perspective On How
Suborbital Analysis May Help Correlate Both Regional And Global Strewn & Ejecta. Two Master
Plots Are Very Helpful For Such Perspective, Allowing Quick Reference For Most Related
Problems. On The Left, “Iso-TOF” Contours Are Shown Vs. Central Flight Angle & Normalized
Semi-Major Axis. On The Right, Central Flight Angle Contours Are Shown Vs. Eccentricity & TOF.
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SUBORBITAL TIME OF FLIGHT vs. ECCENTRICITY
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REGIONAL EXAMPLE: Since The Launch Solution Helix Has A Fairly Vertical Leg For Close A-
To-B Range, Emplaced Principal Clocking Stays Relatively Constant For Elevations Below The
Knee Of The Helix, While Emplaced In-Track Length Increases With Elevation. This Pronounced
Separation Of Effects Allows Range-&-Radial Source Location For Repetitive Emplaced
Morphometry That Has Systematic Alignment By Geographic Location (i.e. The Carolina Bays).
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Earth Centered Inertial (ECI) Frame and One Hour Time Increment

—Flight Arc

O~ Moving Target

—Emplaced
Principals

\ — Suborbit

""" Launch Long

— - Fall Long

""" Latitudes

= limb

Emplaced Principal Directions For Increasing TOF

" 60°N

""30°N

Earth Centered Inertial (ECI) Frame and One Hour Time Increment

—Flight Arc

=©-Moving Target

—Emplaced

Principals

X Suborbit

**Launch Long

— - Fall Long

-** Latitudes

= |imb

EMPLACED PRINCIPAL DIRECTIONS

Infinite A-to-B Trajectories Yield A Continua Of

Downrange & Cross-Range Principals At Point B:
Different EMPLACED PRINCIPALS For Each TOF.

Emplaced Principal Directions, 3 Degree AZ/EL ¥2Cone, AVEL=0
Mid Latitude Launch Point A: +43.6°
AA-to-B: ~850 km = 7.65° GC distance (-4.7° Lat & +8.2° Long)

46.0 <©~t1 Low EL (EL/AZ/VEL :
30°/105.8°/3.6 km/s)
44.0 -%-t1 + 1 hr (EL/AZ/VEL :
81.8°/89.9°/8.5 km/s)
= :
42.0 t1 + 2 hrs (EL/AZ/VEL

79.2°/79.3°/9.2 km/s)

-A-t1 + 3 hrs (EL/AZ/VEL :
76.5°/71.0°/9.6 km/s)

Note 1: Emplaced

Principals generally rotate
clockwise w/ increasing oo
TOF, except at low EL.
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-¥-t1 + 4 hrs (EL/AZ/VEL :
73.9°/63.2°/9.8 km/s)

38.0 Note 2: 30° EL has order

of magnitude lower in-
track Principal Axis length
than 80° EL for same cone!
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Note 3: A 6°wide launch
cone produced all of these
Principals. Longer TOF
and higher EL expand
regional Principals, in-
track axis especially.
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LONGITUDE

EMPLACED PRINCIPALS Shown At Left In Blue &
Above In Red & Black. At Launch Elevations Near Or
Above The “Knee” Of The Helix, The In-Track Principal
Extends Radically (Black) Vs. Below The Knee (Red).

GLOBAL EXAMPLE: For Strewn Distribution, Launch Solution Helices Of Each Fall Site May Be
Collated In KE-Space For Any Possible Launch Point A, And The Group Compared To Hyper-
velocity Test Results For Ejection Trends Matching Specific Test Conditions (i.e. Volatiles, etc.)

AA TEKTITE LAUNCH SOLUTIONS

TOP VIEW ( In-Track is up, unit = Earth Escape KE )
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VIEW AA

ELEVATION LOOKING CROSS TRACK
( Downrange to Right, Vertical is Up, Unit = Earth Escape KE )
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AA TEKTITE LAUNCH CONDITION

HYPERVELOCITY TEST MATCH - ISOMETRIC VIEW
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