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Measurement Technique

Max-Planck-Institute for
Max Planck Gesellschaft Solar System Research

Backscattered pulse

- Instrument
i Nadir

i Instrument

Original pulse | Nadir

e

Footprints

Target surface

28 October 2010 IMPRS lecture 2



Measurement Technique

Max-Planck-Institute for
Max Planck Gesellschaft Solar System Research
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Max Planck Gesellschaft

Power

Backscattered f

Measurement Technique

Max-Planck-Institute for
Solar System Research

Outgoing pulse Incoming pulse (highly exaggerated)

pU'Se 'R i Time
l J
[ AT I
extra pulse spread:
igi | Instr t
Original | Instrumen AT, = g-tan((l) +S)-Z-AD
pulse I Nadir c
c: speed of light
®: off-nadir pointing angle
e S:  surface slope
'''''' Z: slant range to the surface
Footorint A®: laser divergence angle or
CORIIR uncertainty in pointing angle
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Measurement Technique

Max-Planck-Institute for
Max Planck Gesellschaft Solar System Research

Link budget (Example BELA)

Number of photoelectrons on detector:

E ’T] A 9 I,
N = E . L.t .t .|-2X=
r [ hV ] (Z?,] SYs atm (Qtar]

Backscattered f

pulse R Parameter Symbol | Value
| Transmit laser energy E: 50 mJ
APD quantum efficiency n 0.36
Photon energy hv 1.875-10"7J
Receiver telescope area A, 0.049 m>
Original | Instrument Range to Mercury z 400 km
pulse I Nadir System transmission tsys 0.77
Atmospheric transmission tatm 0.9
Target scattering angle Qiar T
Target diffuse reflectivity Lo 0.25

o

N, = 1460 at Z = 400 km to Mercury

Footprint
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Instruments
Mercury Laser Altimeter (MLA) -
Cavanaugh et al. (2007) Max-Planck-Institute for

Max Planck Gesellschaft Solar System Research
Receiver Beam Expander Aft Optics/ Fiber Optic

Telescopes (4) Detector Connectors

Fiber

Main
Housing

Laser
Filter

Mounting
Laser Bench Flexures

(laser mounted to

RMU/CPU

Power Converter Assembly

Assembly (PCA) underside of bench)
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Instruments

Max Planck Gesellschaft
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Max-Planck-Institute for
Solar System Research
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Instruments
MLA Transmitter (Cavanaugh et al., 2007)

Max-Planck-Institute for

Max Planck Gesellschaft Solar System Research

Error source Contribution

Parameter Requirement
Leading edge timing 0.06 m

Wavelength 1,064.5nm +£02nm  Clock frequency error (0.1 parts per million) 0.20 m

Pulse energy 20mJ£2 m] Measurement quantization (2.5 ns) 0.11m

Pulse width 6ns+2ns Pointi ! rtainty (0,13 d 0.68

Pulse repetition rate 8 Hz arpngang e.unce Abye(O L) OB

Beam divergence (1/¢2) less than 80 prad Spacecraft orbit knowledge error 0.75m
Total (root sum squared) I m

Fold Mirror Polarizer 0.57 wave

/ plate

Porro

_ - Polarizer
Exit Mirror 2X beam exp.

\ Oscillator slab \ \ \ Porro a8 A A 140 em

0.57 wave Passive 0.25 wave
plate Q-Switch plate
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Instruments
Detector: Avalanche Photodiode (APD)

Max-Planck-Institute for
Solar System Research

INSULATION
POSITIVE LAYER pECATIVE Current I
ELECTRODE  “, DEPLETIONLAYER [GATHODE) X

ANODE)

SHORT
WAVELENGTH ~ ~—" ™~
INCIDENT LIGHT

IIL'E“TI% LENGTH w-‘ I Breakdown Dark current R
paver” || p N | ——
5 .
N-LAYER S [

S .M

—— 4k TB

N 4.1, +1,,)-B-M* -F(M) +2q-1, -B+ <" 1°2

L

where

q. Charge of the electron
I1; Photocurrent at M=1
Ipg: Dark current component to be multiplied
Ips: Dark current component not to be multiplied
B: Bandwidth
M: Multiplication ratio (gain)
F: Excess noise factor
T: Temperature
ks: Boltzman constant ) s e :
Ri: Load resistance (¢) PCB mounted on test frame, (d) PCB mounted on test frame,

front view back view.
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Instruments
MOLA: Mars Orbiter Laser Altimeter .
NASA — Mars Global Surveyor MGS  MaxPlanck-insiitute for

Max Planck Gesellschaft Solar System Research

Alignment Cube
Laser

Cutput }Tf Sacondary Mirror
-l

Secondary Baffle

Laser//’ \ frl/// Primary Mirror

: -~
Shisld Primary Shroud

Electronics
\r-“' Enclesura
e

Md: Yag i Support
Laser ] Structurg
Assembly
Thermal . .
lsoloation Pad Maounting Pads (3)
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Planetary Science
MOLA: Mars Orbiter Laser Altimeter
NASA — Mars Global Surveyor MGS  MaxPianciinsiitute for

Max Planck Gesellschaft Solar System Research
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Planetary Science
Seasonal variations of
' . Max-Planck-Institute for
Max Planck Gesellschaft Mars polar ice caps Solar System Research

Mars - February 1985 HST - WFPC2
PRYS-1T « 5T Scl QPO - March 21, 1995
P, James (U, Toledo), 5, Lea (LLGO), HASA

MGS/MOLA Hubble Viking |
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Planetary Science
Tidal Interactions Solor System Researan

Max Planck Gesellschaft

Laplace resonance lo, Europa, and Ganymed in
Jupiter system: Europa diurnal tides

* Love number h,: vertical displacement of surface
relative to height of tidally perturbed potential surface
depends on presence of subsurface ocean

Theoretical values

no ocean ocean
Europa: 0.1 30m
Ganymede: 0.5 7 m
Callisto: 0.3 5m

Moore & Schubert (2000, 2003); Tobie 2003

* Love number k,: additional gravitational potential due to
displaced mass, relative to tide generating potential

depends on (Wu et al., 2001) thickness of ice shell, rigidity of

mantle, density of ocean (not depth), presence outer/liquid core

13
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Laser altimetry &

Rad | O DO p p I er traC kl n g Max-Planck-Institute for
Max Planck Gesellschaft Solar System Research
X-band Doppler tracking g8 g D8y Tracking from 2 DSN Stations

0.09 mm/s range rate error
Goldstone & Madrid stations
(degree > 20)

- static and tidal gravity

- Jupiter attraction

- Europa Albedo

- IR thermal radiation

- 3.55 day forced libration

10°E \ Mantle .

Geoid Height Uncertainty {mm)

Degree

* Simulations laser altimetry: Wu et al. (2001): Error of 0.002 in h,/k,

Koch et al. (2009) corresponds to 1 km thickness of ice shell
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Planetary Science
Time-dependent variation of Mercury‘s _
topography due to solar gravitation — te st o

Max Planck Gesellschaft
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Planetary Science _-
Forced libration of Mercury Max-PlanckcInstituts for

Max Planck Gesellschaft Solar System Research
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Planetary Science _
Forced libration of Mercury Max-PlanckcInstituts for

Solar System Research

Max Planck Gesellschaft
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Planetary Science
Tidal amplitUde Max-Planck-Institute for

Solar System Research

Max Planck Gesellschaft
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Planetary Science
BepiColombo Laser Altimeter BELA |, - cinsiute for

Max Planck Gesellschaft Solar System Research

-~

“Ahundred milescarp onMercury”
Copyright © Walter Myers
http.//www.arcadiastreet.com
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BELA at MPS
Thesis by C. Koch — Simulations - L
on Instrument performance Max-Planck-Institute for

Solar System Research

Max Planck Gesellschaft

e —— ] 6000 m
4000 m
G‘Ei \ 2000 m
., & 10 m
F .
" H=2000 m
—4000 m
—6000 m
- ~8000 m
180 270 360
A [deg]
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BELA at MPS
o Thesis by C. Koch — Simulations .
RGN e on Instrument performance SEEEE (ReCEn

« Simulate observations for different, nominal elliptical orbit of MPO
(continuous and/or with

data gaps):
resonant: 910.000 MPO orbits within 1 Mercury year
non-resonant: 909.234 MPO orbits within 1 Mercury year

 Add tidal elevation.

« Add noise (including small-scale topography, orbital and measurement
errors).

« Add offset in longitude due to libration.
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BELA at MPS
Assumptions on

Max-Planck-Institute for

Max Planck Gesellschaft M e FCU ry TO pOg rap hy Solar System Research
Wavelength (km)
100 10 1
¢ L - ;42
10° a
= 1
g .
» 10
o
o
5
E Region B
= 10° 9
L))
3
T B~3.4 —
10°

10 10”" 10°
Spatial Frequency (cycles/km)

Martian (Aharonson et al., 2001) & lunar topographic spectral density as reference
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BELA at MPS
Extraction of tidal Love B
number & libration amplitude Max-Planck-Institute for

Max Planck Gesellschaft Solar System Research

Take ,topographic measurements” T, at a constant frequency:

Ty = TOGMNFAN) + drgge(we) + N

Deterministic topog. Tidal elevation Noise

A, =@ (smM + a,sm2M +....) = ¢ f(M)
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BELA at MPS
Simulation results C. Koch T o

Max Planck Gesellschaft Solar System Research
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BELA at MPS =
Crossing point analysis i -

Max Planck Gesellschaft

« Large number of crossing
points close to the Poles due
to MPOQO'’s orbit.

 Amplitude of the tidal Love
number approximately 30 cm
at the Poles.

* 455/910 tracks are crossing
each other within 2/4 Mercury

years.

Track 1 Track 2
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BELA at MPS __
Crossing point analysis Max-Planck-Institute for

Max Planck Gesellschaft Solar System Research
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BELA at MPS
GALA — Ganymede Laser Altimeter

Max-Planck-Institute for

Max Planck Gesellschaft Solar System Research
Parameter Symbol  ValueJEO  Value JGO
Semi major axis a 1769 km 2834 km
Eccentricity e 0.00001
Relative orbital period  Tigonigo  3819.2168  7744.294 s
Inclination i 89.9 deg

Near-polar orbit of JEO/JGO, 10 Hz repetition rate, 8 km ground track spacing in longitude
1536 x 3072 grid, decomposition spatial and time-dependent topography

i Europa 2 months L Ganymede 6 months
1.01111’1-"1 10[11111111
.CN .CN
0.5  Step functions Linear functions | Cubic Spline functions; 0.5  Step functions Linear functions | Cubic Spline functions
N I L T N N N N
Interpolation and binning Interpolation and binning




Max Planck Gesellschaft

Di= 1200 kgm®

Te Fe
Fe-S Core

Pc= 6500 kgm’

Ganymede: dynamo?

Ry =2634 km

Rsi =1720 km

Rc =700 km

28 October 2010

IMPRS lecture

Max-Planck-Institute for
Solar System Research

- Magnetoconvection

- Remanent magnetization due
to Jupiter's magnetic field

- Internal active dynamo

- Remanent magnetization
due to an internal dynamo
which is no longer active

M.T. Bland, A.P. Showman,
and G. Tobie (lcarus, 2008)
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1 M I C ro ’ L aS er I Max-Planck-Institute for

Max Planck Gesellschaft Solar System Research

« Several devices jointly developed by
NASA/GSFC and MIT/Lincoln Lab
(SLR2000)

 Power:

— >1 Watt @1064 nm
— Repetition Rate: up to 16 kHz

« Energy: up to 250 uJ/pulse
* Pulsewidths: 300 to 2200 psec

« Pumped by single GaAs diode laser
array at 808 nm (< 20W)

« Passively Q-switched
 Monolithic Structure
Ll ruchispad e AL LIrnedoeine

VAG 1.1t % Cri=:YAG  wag — Thermally bonded Nd3*:YAG,
Cr**:YAG and undoped YAG

— Coatings applied to crystals
— laser resonator <11 mm in length
— Can’t misalign

e o i + hr}d i 32

i}.I -"'~ d £ .f-t:

Lt Gostimg
& ar 308 nm
HR at 1364 nm




~Micro“ Laser Il

Max-Planck-Institute for
Max Planck Gesellschaft Solar System Research

BELA heritage
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BELA MPS Zeiss Laser

Max-Planck-Institut fur
Sonnensystemforschung
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TPSY BELA MPS Laser
Max-Planck-Institut fur ZeO S U b C O n S

Sonnensystemforschung

Contact INO

||
s 2740, Einstein Street
Quebec, Qc
Canada G1P 454 0
Fraunhofer s i i
Phone : 418-657-7006 SemiConductor Devices

Institut
Lasertechnik Products & Services T
5 pioY

e
NG

| OF LG
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Imaging/Image processing (Aerospace)
Instrument / Measuring systems (Aerospace)
Laser Technique / Power beams (Aerospace)
Optronics and Surveillance (Defence)
Sighting Systems (Defence)

Research and Development (Defence)
Research and Development (Space)
Research and Development (Aerospace)

Vision/ Optical systems (Aerospace) LWIR MWIR UNCOOLED LASER
A Signatrans Gesellschaft fiir NewTec GmbH
KOLT Ultraschall-Elektronik mbH  System-Entwicklung und Beratung
ngineering
Einsteinstr. 8 Buchenweg 3

» Luntahrstechnik 89179 Beimerstetten D-89284 Pfaffenhofen a. d. Roth

» Raumfahrttechnik Baden-WUrttemberg
+ Geschaftsfelder Bundesrepublik Deutschland

Raumfahrttechnik

« Unternehmen

willkommen@newtec.de

Fahrzeugtechnik

Fir Kunden aus der Raumfahrttechnik fihrt die KOLT H H H
. Luft- und Raum- faum . Active Space Technologies GmbH i.G.
.. Engineering GmbH CAE-Simulationen mit den Schwerpunkten auf
fahrttechnik
. » strukturdynamische Berechnungen wie Frequency, Random Rudower Chaussee 29, 12489 Berlin
Maschinen- urid & Shock Response Anslysen Ansprechpartner:  Herr R. Nadalini
Anlagebau

+ sowie Thermalanalysen

Consulting Schwerpunkte:

rechend fahrtspezifisch hwei - . . . .
Kontakt it entsprechenden raumfahrispezifischen Nachweisen Beratunmg und EDV-gestiitzte Dienstleistungen im Bereich des
* und Dokumentationen durch. N R R . - -
Anfanrt thermischen und strukturmechzanischen Engineering fir die Luft-
- nra - .
und Raumfahrt und fir andere hochtechnologische Sektoren.

+ Impressum



M- BELA MPS Laser

Max-Planck-Institut fir SC D teSt a.Ct I V I tl eS

Sonnensystemforschung
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