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Asteroid Mining Grade 12 — Planetary Science

Using the JPL Small Object Browser

Website: http://ssd.jpl.nasa.gov/sbdb_query.cgi
The following is a summary of the tutorial.

Part 1: Specify Search Constraints

Select the type of small-body you would like to investigate. There are 3 types of characteristics
offered:

a) Limit by object type/group:

Object Group: Do you want Near Earth Objects (NEO’s), Potentially Hazardous Asteroids
(PHA’s) or All Objects?

Object Kind: check either asteroids or comets or All Objects

Numbered State: check all objects

b) Limit to select orbit classes:

If no classes are selected, the search is unrestricted. You may select any of the orbit class titles
(in blue) for more information, research them online, and you may want to locate the orbit
classes using this image.

¢) Limit by object characteristics:

This part is tricky. There are many combinations of physical parameters and orbital parameters.
You may wish to consult outside resources such as
https://en.wikipedia.org/wiki/Asteroid_mining and
http://www.planetaryresources.com/2015/08/how-we-choose-our-asteroid-targets/

You need to use operators such as:

< less than the specified single "value"

<= less than or equal to the specified single "value"

> greater than the specified single "value"

>= greater than or equal to the specified single "value"

range within the range specified (e.g. "4 9.2", "0.8-1.3", "-40:-2")
I= not equal to the specified "value"

REGEXP matching the specified "regular expression"
defined  the parameter is defined (has a non-NULL value)
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not defined the parameter is not defined (NULL value)
And when you have defined the parameter, select “Add =

For physical parameters, you may want to consider features such as:
Diameter: the approximate diameter of the asteroid in km
Example: “diameter” “<=" “1" (means diameter of less than or equal to 1 km)

Rotation Period: the time it takes for the body to rotate about its own axis in hours
Example: “rot_per(h)””’<=""24" (means rotation period of less than 24 h)

Spectral Type (SMASS-II) and/or Spectral Type (Tholen): Asteroid Spectral Types
Example: “spec. type (SMASS-11)” “=""X" (means spectral type X)

For orbital parameters, you may want to consider such features as:

Perihelion (q): the closest distance to the sun (measured in AU)

Example: “q””’=""1" (means the object passes 1AU from the sun — this is the same as the
distance from the sun to the Earth)

Inclination (i): the angle between the plane of the asteroid’s orbit and the Earth’s orbit (measured
in degrees)

Example: “1” “<=
the Earth’s orbit)

29 661”

(means that the object’s orbit is tilted less than 1 degree with respect to

Earth minimum orbit intersection distance ( MOID (AU)): the distance between the closest
points in the orbit of the object and the orbit of the Earth

Example: “MOID (AU)” “=" “1” (means that the closest point between the object and the Earth
is 1 AU (the distance between the Earth and the sun))

Period (in days or years): how long it takes for the object to orbit the sun once
Example: “Period (d)” “=" “365” (means the period is 365 days (the same as the period of the
Earth)

Part 2: Output Fields
I suggest using the pre-defined field sets — either “asteroid — basic” or “comet — basic”
And then “Append Selected”

Part 3: Format Options

Leave on the default (HTML) and select “Generate Table”

Be patient. You may need to try different combinations. Start with the most basic criteria and
then add one constraint at a time to refine your list.

For example:
A simple query for Near Earth Objects that are asteroids with a C-Type spectrum:
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Step 1: optionally limit your results by selecting one or more constraint below

Limit by object type/group:
object group: All objects
object kind All objects
numbered state: @ All objects

® NEOs
@ Asteroids
Numbered

PHAs
Comets
Unnumbered

Limit to selected orbit class(es):

Aten Main-belt Asteroid
Apollo
Amor Jupiter Trojan

Mars-crossing Asteroid Centaur

Asteroid Orbit Classes -—

Inner Main-belt Asteroid

Outer Main-belt Asteroid

TransNeptunian Object
Parabolic Asteroid
Hyperbolic Asteroid
Asteroid (other)

clear selection(s)
--------- Comet Orbit Classes ————

Encke-ty
Chiron

Hyperbolic Comet
Parabolic Comet

Jupiter-family Comet
Comet (other)

Jupiter-family Comet*
Halley-type Comet*

Limit by object characteristics:

( select physical parameter ) ¥ | | (operator) ¥

( select orbital parameter ) v | | ( operator) ¥

characteristics constrained as follows.

* spec. type = C (SMASSII) remove

Ourtput FieLps:

Object Fields:

object interal database ID

object primary SPK-ID

object full name/designation

object primary designation

object IAU name

comet designation prefix

Near-Earth Object (NEO) flag (Y/N)

Potentially Hazardous Asteroid (PHA) flag (Y/N)
[ H ] absolute magnitude parameter (mag)

[ G ] magnitude slope parameter (default is 0.15)

€ Bigm "

Led to only 9 objects:

Step 2: select desired output fields from the lists below or pick from defined sets
(you can add fields one at a time or in groups)

ssd.jpl.nasa.gov/sbdb_query.cgi#

” D As
€« C
Jet Propulsion Laboratory +View the NASA Portal
California Institute of Technology + Near-Earth Object (NEO) Program

[ eow | o | swmomen |
‘Solar System S -
Dynamics

BODIES

EPHEMERIDES

PHYSICAL DATA
JPL Small-Body Database Search Engine

[ Refine Search ]  Results: 9 matching objects

[ Refine Search ]

Data source timestamp: Fri Mar 4 09:09:00 2016 (pacific local)
Query timestamp: Fri Mar 4 09:43:07 2016 (pacific local)

STARS & GALAXIES

Qe V@A VIt VRE x VBE B V& My VEIM: VE] Co YMInb VBT Fac Ra

A\ {

Orbital and Model Parameter Fields:
orbit solution ID

epoch of osculation (JED)

epoch of osculation (MJD)

epoch of osculation (ET)

equinox of reference frame

[ e ] eccentricity

[ a] semi-major axis (AU)

[ q] perihelion distance (AU)

[ ] inclination (deg)

longitude of the ascending node (deg)

12:4.
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Constraints: asteroids and NEOs and spec. type = C (SMASSII)
object fullname a e i node peri q Q period data-arc span condition code # obs. used (total) # obs. used (del.) # obs. used (dop.
2 (AV) 2 2 (deg)?  (deg)2 (deg)z (AU)2  (AU)2  (years)2 @ 2 2 2 2
14402 (1991 DB) 1.715  0.4021 11.42 158.26 51.30 1.026 2.41 225 6739 0 425
16064 Davidharvey (1999 RH27) 2.849  0.5892 454 335.60 104.82 1.170 453 481 7564 0 937
65706 (1992 NA) 2397 05571 9.7 349.37 8.19 1.062 373 3N 8646 0 298
85774 (1998 UT18) 1404 03291 13.59 6471 50.01 0.942 1.87 1.66 9192 0 593 4
136793 (1997 AQ18) 1.147  0.4654 17.38 296.29 37.00 0613 1.68 123 6273 0 267
162567 (2000 RW37) 1248  0.2501 13.75 333.34 133.25 0.936 1.56 1.39 5281 0 201
175706 (1996 FG3) 1.054  0.3499 1.99 299.72 24.01 0.685 1.42 1.08 6560 0 1620 4
370061 (2000 YO29) 1815 06938 54.60 262.66 309.32 0.556 3.07 245 4632 0 56
446804 (1999 VN6) 1.733  0.3703 19.48 58.09 43.60 1.091 238 228 5982 0 269

.
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Query elapsed times: to determine number of matching rows took < 1 second, data query took < 1 second

These data were extracted from JPL's Solar System Dynamics Group small-body database (SBDB).

ABOUT SSD CREDITS/AWARDS PRIVACY/COPYRIGHT GLOSSARY |  LINKS |
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You can then click on the name of any one of these objects for more details.
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show orbit diagram

#obs. used (total) 425
data-arc span 6739 days (18.45 yr)
first obs. used  1991-02-13
last obs. used  2009-07-27
planetary ephem.  DE431
SB-pert. ephem.  SB431-BIG16
condition code 0
fit RMS .
data source  ORB

1715489150486474 16461009
1.025655808651533  5.3811e-08
11.41862648492538 I
158.2581498502354  1.3229¢-05
51.30045809675081 21438605
1.480428536889569  7.104e-06 ,

LSTIOTATOTATBA12 4 6192005 <oluion date__ 2009 205457

(@016-Jan09.67071783)

B206760079305943  1.18126-06

323409
4386616876791533  6.3137-10
2.405272494321415___2.308e-09

[ show covariance matrix ]

[ Ephemeris | Orbit Diagram | Orbital El | Physical P: | Discovery Ci | Close-Approach Data ]
Parameter Symbol | Value |Units | Sigma |Reference Notes
absolute magnitude H 18.6 | mag| n/a [MPO219630
diameter 06 | km n/a [Delbo et al. (2003). Icarus, v. 166, pp. 116-130

Result based on less than full coverage. so that the period may be wrong by 30 percent or so.
rotation period rot_per |2.2656 h n/a |LCDB (Rev. 2016-February). Wamer et al., 2009 ;,‘::\I/'::eg B\?\fg&e"‘\;ﬁe Is-lasrgunova L. (2000) http:/fwwiw. asu.cas. cz/~ppravec/neo. htm]
[Koehn, B.W.; Bowell, E.L.G.; Skiff, B.A.; Sanborn, J.J.; et al. (2014) Minor Planet Bul. 41, 286-300.]

geometric albedo albedo | 0.14 n/a |Delbo et al. (2003). Icarus, v. 166, pp. 116-130
SMASSII spectral type| spec_B| C n/a |Binzel et al. (2004) Icarus 170, 259-294

14402 (1991 DB) Discovered 1991-Fel

8 by Helin, E. F. at Palomar

[ show close-approach data |
[ Ephemeris | Orbit Diagram | Orbital El | Physical P | Discovery Cil | Cl Approach Data |
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Another interesting factor is to look at the close approach data to see the next time the object will
pass close to Earth. Select “show close approach data”.

For example 14402 will next pass within 0.163 AU of Earth in 2018:
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|14402 (1991 DB) Discovered 1991-Feb-18 by Helin, E. F. at Palomarl -
e close-aiiroach data

Datertime (rog) | Tige Uneerieity

<0

14402;0ld=0;0rb=0;co =0;cad=1#

Nominal Distance inis i Distance (au)| V-relative (kmis) | V-infinity (kmis) inty (minutes)| Semi-major axis (km)
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13.535
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[ Ephemeris | Orbit Diagram | Orbital Eements I thsical | Discovery Cil | CI Approach Data |
o
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