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Basic Report for
Mars Correct: Critique of all NASA Mars weather data,
With emphasis on pressure

ABSTRACT: We presentvidence that NASASsi seriously understating Martian air
pressure. Based on dust devils on Arsia Mons to altitudes of 17 km above areoid
(Martian equivalent of sea level), dust storm opacity, drifting Barclzema slunes,

spiral storms with 10 km eyealls above Arsia Mons, snow at Phoenix, excessive
aerobrakingor Mars Reconnaissance Orbiter and Mars Global Surysymtus clouds

13 km above areoid, and highly problematic record weather reporting by the MSL
REMS Team, we argue for an average pressure at areoid of ~511 mbar rather than the
accepted 6.1 mbar. This pressure growslt®50 mbar in the Hellas Basin. Ouy®&ar

study reviews 600 sols of MSL weather, and an in depth audit of Viking 1 and 2
weather dta. It includes analysis of technical papers, NASA documents; and personal
interviews of transducer designers. We troubleshoot pressures based on radio
occultation/spectroscopy, and the small pressures ranges that could be measured by
Viking (18 mbar), Pthfinder and Phoenix (12 mbar), and MSL (11.5 nibarith this
pressure measured on its sol 370, though later revised down after we made an issue out
of it). Vikings and MSL showed consistent daily pressure spikes at the same times. We
link this to how gaspressure in a sealed container would vary with Absolute
temperature, to heating by radioisotope thermoelectric generators (RTGs), and to dust

clogged air access tubes and dust filters.

Wind speed measurement failures are discussed. Phoenix preéssusducer
design problems are highlighted with respect to confusion about dust filter location, and
lack of information about nearby heat sources due to International Traffic and Arms
Regulations (ITAR). NASA could not replicate dust devils at 10 mRapidly filled
MER Spirit tracks required wind speeds of 80 mph at the assumed low preShesess.
winds were never recorded on Makéost troubling is that when we point out to JPL
MSL weather data that is of interest, tlodnange the data by reducing thressure back
to what was expected, and likewise alter temperatures.

1. INTRODUCTION

Mars has long fascinated humanity

and often been seen as a possible safe harbor

for life. In July, 1964 that hope was dealt a
crushing blow by Mariner 4. niages ad
data obtained from no closer than 9,846 km
showed a heavily cratered, cold, and dead
world. Air pressuresre posted o NASA
site as estimated at 4.1 to 7 mbar
(http://nssdc.gsfc.nagpov/planetary/mars/m
ariner.htm) although A. J. Kliore (1974) of
JPL listed the Mariner -derived pressure
range as4.5 to 9 mbar.Mariner 4 saw
daytime temperatures ofl00 C, with no

magnetic field. Mariners 6, 7 and 9 got
closer but still did not gie us a piaire that
was muchfriendlier. Marinerestimates for
pressure, based on radio occultation,
spanned a range df or 2.8 to 10.3 mbar
All pressure estimates were close to a
vacuum when compared &verage pressure
on Earth (1,013.25 mbar)However from a
distance of 1,650 km, after a dust storm that
obscured everything upon its arrival in orbit,
Mariner 9 could see evidence of wind and
water erosion, fog, and weather fronts.
When Vikings 1 and 2 landed, we learroéd

a high frequency of dustevils on Mars too.
Phoenix witnessed snow falling.The
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HIRISE and MER Spirit showednexpected
bedform (sand dune and ripplenovement
(Bridges et al., 2012

All landers agreed that pressure at
their respective locations wasomewhere
between 6.5 andl1.49 mbar (MSL Sol 370
at solar longitude [Ls] 9), but these low
pressures make it very hard to explain the
weather plainly seen. This is particularly
true of dust devilsand blowing sand.
NASA/JPL credibility sufered a major blow
when, afte® months of phblishing constant
winds of 2 m/s from the east, one of their
partners, Ashima research, met our demands
to change all wind reports to Nétvailable
(N/A) and to alter all daily published
sunrise/sunset times from 6 am and 5 pm
between August 2012 and Ma@13 (except
for October 2, 20120 match our calculated
times at
http://davidaroffman.com/photo4 26.html
(within one minute) that reflected seasan
variations to be expected at 4.59° South on a
plang with a 25.19° axial tilt. These
alterations were two minor bks won in
our war with NASA/JPL They were
accompanied by a
public relations director, Guy Webster, but
they do not constitute victory for our side.
That comes only whenNASA also reverses
course on ridiculously low pressure claims
that we believe our report can demolish.

There is an issue of how to best
conduct this war, and it is important that we
establish our rules of engagement up front.
Before Guy Webster, AshimaeRearch, and
the MSL REMS Team also began to change
theirreports to match the corrections that we
detailed on our web site and in this report,
Webster insisted that | submit this full report
(which is in fact updated approximately
every month now for fouyears), to Icarus.

The full report is over 80 pages in
length. As alluded to above, it is a living
documentthat is constantly updated and
expanded. However this is not the problem

t ha

with formal publication in the manner he
suggests. The problem is thair@eport goes
beyond mere data analysis to delve into the
nature of the specific people who have
published clearly erroneous data. \Wave
gotten to know many of them quite well.
The staff of Icarus is,in large part
composedof JPL personnel, with ageasl
and personal reputations at stake. To submit
this report to them alone is to fight our war
on their turf. We prefer to fight the war on
our turf, and this means through the media
(television, radio and Internes)nd/or public
debate in venues like Immatioral Mars
Society conventionsvhere we have twice
spokenand hope to again in August, 2014.
Having set the stage for the war, we fire the
opening shots with an in depth look at the
issue of Martian dust devils.

1.1. Comparison of Madn and terrestrial
dust devils

Dust devils on Brth and Mars are
similar with respect to geographic formation
regions, seasonal occurrences, electrical
praperties) size,f shapen diudrrRIL formation
rate, lifetime and frequency of occurrence,
wind speed, core temperature excursions,
and dust particle sizeThe only significant
differences lie in measured absolute and
relative pressure excursions in the cores of
Martian and terrestrial dust dés: Clogged
dust filters andpressure equalization ports
on landers may have diminishedcuray of
dust devil pessure changeneasurements
(see sections 2.1 through hélow).

1.1.1 Geographic Occurrencegnd the
Greenhouse an@ihermophoresis Effect

Thousands of dust devils per week
occur in the Peruvian Andes near the
Subancaya volcano (Metzger, 20Q¢hich
is 5,900 meters highDust devils are also
seen in abundance on a Martian volcano,


http://davidaroffman.com/photo4_26.html
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an

Arsia Mons. But the base altitude of some Il nsol ati on a\vliheytoackdee o0n
dust devilsthere has been about 17,000 that high altitude dust devils do not follow
meters. Such an altitude on Mars the season of maximum insolatjofout
supposedly would have about 1.2 mbar indicate that the GWEffect would be
pressure, compared tabout 478 mbar at strongest around  pressures of 1
Subancayan Earth. Reis et al. (2009) state mbar.However, if anything we would
that 28 active dust devils were reported in  expect such dust lifted at high altitudegust
their study region for Arsia Mons, with 11 drift away. The GT effectdoes not explain
of them at altitudes greater than 16 km, and the structure of these events at high altitude,
most inside the caldera (see Figure They or why the dust rates in columns that
don't fully urderstand how particles that are match dust devils produced at lower
a few microns in size can be liftégere, and altitudes. Furthe, Figure 1 shows thatust
statethat 1 mbaiir equi r es Bi n ddewsgoenead successivelgwer levels (i.e.,
times higher than at the Mars mean higher pressures) as altitudes decline from
el evation for particl &7 kemnd aboug7 lennsorittere ds nothing
unique about reaching théheorized ~1
L L T - mbarlevel at the top of Arsia Mons.
-5
6 6 1.1.2 Seasonal €urrences and Electrical
. Properties.
-7 -7
-8 -8 Dust devils usually occur in the
0 4 _ regional summeon Earth On Mars their
E‘e"(“nt,')"“ tracks are most ofterseenduring regional
Il 10 o spring and summerB@lme et al., 2003
11 12 | 1500 There are indications that there mayHigh
b i oo voltage electric fields associated with
= 120 1o Martian dust devils Such fields would
-13 -13 ‘g%ﬁ mirror terrestrial dust devils, where
-14 el 5 estimates are as large as 0.8 MV for one
i) sl O such event (Farrell et al., 2004).
Location of observed active :
dust devils (black dots) in the 1.1.3 Size ad Shape
study region (Background: _ _
MOLA topography) About .8% pf terrestrial dust degs
exceed 300 nm height. Bell (1967) reports
Figure 1i Arsia Mons Dust Devils (reproduced some seen from the air that are 2,500 m
from Reiset al., 2009) high.Mars orbitershave shown dust devils
there often area few kilometers high and
Reis et al. (2009) suggest a hundreds of meters in diameter, outdding
greenhous¢hermophoretic (GT) effect that larger terrestrial eventdartian dust devils
they believe explains ~1 mbar dust lifting at ~ can be 50 times as wide and 10 times as high
Arsia Mons. Their article states that as terresial ones(Smith & Nilton, 2001)
iLaboratory and micr oS§lk aav INASA Spiitp dress meelaases
show that the light flux needed for lift to  (8/192005)st at ed, fAMarti an
occur is in the same range as that of solar dust devils are similar in morphgy and
can be extremely common.


http://www.marstoday.com/viewpr.html?pid=14063
http://www.marstoday.com/viewpr.html?pid=14063
http://www.marstoday.com/viewpr.html?pid=14063
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threshold friction velocity, and that

1.1.4 Diurnal FormationTimes larger and smaller particles require
stronger winds to entrain them into the
About 80 convective vortices were flow. However, mu c h of
recorded by Pathfinder. Most occurred atmospheric dust load is very small, and
between 1200 and 1300ocal True Solar the bounday layer wind speeds required
Time (Murphy & Nellis, 2002).On Earth to entrain such fine material are in
noon is about the peak time. excess of those measured at the surface
(Magalhaes et al. 1999).Nevertheless,
1.1.5Wind Speesl fine dust is somehow being injected into
the atmosphere to suppérthaze ancé
Stanzel et al. (200&ssers that dust | ocal é and gl obal & dust
devil velocities were directly measuardy
Mars Express Orbiter between January 2004 The problem of dust particle size is
and July 2006They had arangeof speeds more serious than indicated above.
from 1 m/s (2.2 mph)to 59 m/s(132 mph) Optimum particle size for dirédifting by
Even on the high end, we do na&testhe 70 the wind (with the lowest threshold velocity)
m/s required to lift dust by a NASA Ames i's around 90 & m. Thi s r €
apparatus discussed below in section 1.2. meters altitude to be around-380 m/s. For
smal |l er particl es I i ke
1.16 Core Temperature Excursions typically suspended in the air over Mars, the
threshold velocity is extremely high,
Balme and Greeley(2006) state, requiring enormous wind speeds (>500 m/s)

APositive temperat ur e atb m alitudswhichhwouldinaeverwaut.t i c e s
measured by Viking and MPF landers had is thusargued that saltation must be crucial
maximumvalues of 56 K. These values are to the lifting of very small particles into the
similar t o terrest r argRead and ¢ewis, 2004, 400Nt s . O
However they note low samplingtes on Saltationoccurs when larg particles

Mars, fimeasurements with an order of arebriefly lifted into air by surface winds,
magnitude higher sampling rate show and then soorfall out by sedimentation
temperature excur si on@®agmld, 1§54 @nt impast w0 the . o

Ellehoj et al. (2009)indicate that core surface, they may dislodge smaller particles
excursons for Martian dust devils cdre up and lift them into the air.The velocity that
to 10 K (°C). fine s andwouldhag Ondmpacm

is only about 50 to 80 cm per secqiidB to
1.1.7 Dust Particle Sizee The Problem of 2.88 kph(Read and Lewis, 2004, 197).
Martian Dust <2 Micronsand Wind Speeds

Balme and Greeley (2006) also state, 1.1.8 Core Pressure Excursions

AThe Mar ti an at mosphere i s thinner

t han Eart hdos déer wimd mu c h RdyE.gWyatt (1954) of the Weather
speeds are required to pick up sand or Bureau Regional Office in Salt Lake City,
dust on Mars.Wind tunnel studies have Utah reported that a small, @pximately
shown that, like Earth, particles with ~15 mhigh, 15to 18 mwide dust devil had
diameter 881 00 e m ( f i ne sitsncdnier passewithirth4e to 3 mof a
easiest to move, having the lowest static microbarograph on August 12, 1953 in St.
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George, Utah Kigure 2 at an altitude of
~899 m above sea levelA drop from

913.644 to 912.289 mbarwas recorded.
This 1.355 mbar dropn pressure equals
0.148%.

Famvannw P

Figure 2i Dust devil pressure drop in Salt Lake City,
Utah where a small, ~5f@ot high, ~60 foot wide

dust devil had its center pas4 8 feet from a
microbarograph on August 12, 1953 in St. George,
Utah.

Balme and Greelef2006) report that
Pathfinder fii denti fi ed 79
convect v e vortices from
Recorded pressure dropswere from
~0.075% to ~0.75%. Figure 3shows dust
devils eventdor Pathfinde and PhoenixIf
we examine the pressure drop seen by
Phcenix from 8.425 to 8.422 mbar, that
0.003 mbar pressure drop is only about
0.036%.The Pathfinder event shows a drop
in pressure from about &3 to 6.705 mbar
(0.03 mba). That is about a 0.445% drop.
While the percent pressure droplasger on
the Pathihder eventthan the Utah event, it
was smaller for the Phoenix evengo
absoluteand percent pressure drops on Mars
are producing almost the exaamestorms
indeed often bigger storms, thare see on
Earth.It might be argued that pressure is
smaller on Mars; but so too ikinetic
energy Clearly, as we approach a vacuum
we are going to seeeather eventbased on
pressure differeres, there should be at least
the same size percent pressure drops to drive

5

them, not smaller ones.However, most
telling is that while the percent drops on
Martian dust devils appear to overlap their
terrestrial cousis) for hundreds of days
Viking 1 and 2 almost always samuch
larger pressure increases each bolua 7:30
AM local time with increases up to 0.62
mbarfrom the previous hoiat that ime.

etections

evil

Dust Devil - Sol 25
Mars Pathfinder

/

245700 24517

Time -

245178
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wrap ety durisewl birel
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Figure 37 Pressure drops at Phoenix and Pathfinder
during dust devils (adapted from Elohoj et al. 2009
and
http://nssdc.gsfc.nasa.gov.plangtenarspath/dustde
vil.html).

Figure 4offers evidence thahternal
events on the Vikings werdaving a much
greater impact orpressure readings than
dramatic events like dust devilsPressure
increases at the 0.26 to 0.3 tii@s were
comparable to mssure drops associated
with global dust stormdAn increase of 0.62
mbarin about 59 minutes that makes up one
time-bin equates to a pressure risgtimes
greater than thelargest (0.477 mbal)


http://nssdc.gsfc.nasa.gov.planetary/marspath/dustdevil.html
http://nssdc.gsfc.nasa.gov.planetary/marspath/dustdevil.html
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pressurdall shownfor all 79 Pathfirder dust devil evesfand about 21imes greatethan the
largest (.028%9nbay pressuralropseen for @hoenix dustevil.

AP (mbar)
0.7

! @ 0.62 mbar Viking 1 Pressure
0.6? “Increase af Its sol 332.3. This

Increase was experienced

0.5 | over ~59 minutes from its

] sol 332.26.
WY R R R R S S R S e S R S AR SRR RS AR EESaEEE
0.3 22 2

| Pressure drops associated with 79 convective vortices over 83 sols at Mars
0.2{§ Pathfinder. The fargest drop-in-pressure was 0.0477 mbar-for the 19th-event
on sol 34 at 11:32:24.1

-~ ‘ WW
01!
Figure 41 Relative nagnitude o0.62 mbar increase in pressure for Viking 1 at its sol 332.3 and pressure
dropsfor 79 convective vortices/dust dsvat Mars pathfinder over its 83 saBource: Murphy, J. and
Nelli, S., Mars Pathfinder Convective Vortices: Frequency of Occurrence (2002)
http://tide.gsfc.nasa.gov/stadi/Chen/proposals/IES/2002GL015214.pdf

1.2. NASA Ames Test of Martian Pressures At he simul ated (10 mb
and Dust Devils atmosphere in the wind tunnel is so tenuous
that a fan would have to spin at too high a

An effort was made at the Ames speed to blow thin wind through the test
facility to simulate Martian dust devisata secti on. 0 As such, It k
pressure of 10 mbarNASA (2005 article) accept that dat devils can occur in such low
stat es t h-prassure @idrdwsthim i g pressures. The problem becomes more
air through the tunnel like a vacuum cleaner severe when we see Martian dust devils
sucks air. Scientists also compare this operating at even lower speeds, or on Arsia
process to a person sucking water through a Mons where pressure is ~1 mbar (see Table
straw. The resulting simulated Mars wind  1).

moves at about 230 feet per second (70 Recent findings (Bdges, et al., 2012)
m/ s )Actdal recorded dust devivind based on HRISE and MER Sipit photosof
speedsseen on Mars by Pathfinder and Martian bedforms (moving dunes and sand
Phoenix were about 6 m{Ellohoj et al., ripples) are alsoat odds with surface
2009). Seventy m/s 252 kilometersper meteorological measurements and climate

hour, nearly the strength of a category 5 modelswhich indicate thatl29 koh winds

hurricane. NASA Ames was unable to (termed threshold windgapable of moving
replicate adust devil with a fan spinning at sand are infrequent inthe ~6 mbar
the 10 mbar pressure lev@lhey state that atmosphere(Arvidson et al., 1983; Almeida


http://tide.gsfc.nasa.gov/studies/Chen/proposals/IES/2002GL015214.pdf
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et al., 2008)In fact, the required winds were never seen in 8J8iurly pressureshecked for

Vikings 1 and 2. Tis will be discussed in greater

detatlerin Section7.2.

A 67 C D G H |
1 MARS SITE |ENTERING ARGUMENTS SCALE HEIGHT 10.0 KM AND AVERAGE MARTIAN PRESSURES.AMBAR | |
2 KILOMETERS |10.8km Scale RATIO BIC [“EXPID VALUE) [t€ value | F VALUE - PRESSURE |PERCENT OF |PRESSURE IN
) Height (MARS) |MULTIPLE OF PRESSURE AT [MILLIBARS
3 16.1 MBAR MEAN MEAN AREOID
5 'MEAN AREOID 0 108 0 1 1] 1 100 6.1
6 MOUNTAINS:
7 OLYMPUS MONS 21.2874 10.8] 1.97105556] .7.178245532 0.13930572% 0.1393097200  13.93097234]  0.849789249
§ ASCRAEUS MONS 18.219 10.8] 168654444 5402946454 0.185084196 0.185084196!  18.50841559]  1.129013595
3 ARSIA MONS 17.7807 10.8] 1.64636111] 5.188066639 0.19275003 0.19275003 19275003  1.475775183
10 PAVONIS MONS 14.0574 10.8] 1.30161111] 3675213077 0.2712093068 0.272093068)  27.20930675| 1655767712
11 ELYSIUM MONS 14,1226 10.8] 1.30764815] 3697457582 027045538 0.27045538/ 27.045538| 1649777818
12 HECATES THOLUS 4.85326 10.8] 0.44937593] .1.567313748 0.638026203 0638026203  63.8026203]  3.891959838
13 VALLEYS!
14 VALLES MARINERIS 567947 10.8] .0.52587685] .0.591026885 169134178 169194178 169
15 LYOT (DEEPEST IN N, HEM) 7.036 10.8] 0.65148148 0521272548 1.91838077 1.51838077 1916838017 rarri
16 HELLAS BASIN 3108 10.8] D.75740741] 0.458880469 213273911 213273911 2132197 13.0097123
17 LANDERS:
18 VIKING 1 -3.627 10.8] 031583333  .0.7v47T4Z2 1.399105821 1.299105821)  139.9105821]  8.5M4545508
15 VIKING 2 -4,505 10.8] DA1712963] 0658905497 1517599226 1,517599226]  151.7599226] 9.257355279
20 PATHFINDER -3.682 10.8] .0.34092593] 0.711111581 140624907 140624507 140.624907|  8.578119329
21 PHOENIX -4.126 10.8] .0.38203704! .0.582465776 1.46526635) 1465266153 146.526635)  8.938124755
22| MSL ot GALE CRATOR 44 10.8] -0 4074074 | -0 685373057 1.5029163 150201623 | 150 291628 | 9.167789300

SOURCE FOR ALL HEXGHT S EXCEPT PHOENIX & MSL:

VD £ SMITH ET AL [2001), MARS OREITER LASER ALTIMETER: EXPERIMENT SUMMARY AFTER FIRST YEAR OF GLOBAL MAPPNG OF MARS

TABLE 171 Pressre at various elevatigron Mars based on a scale height of 10.8 and a pressure at Mars
Areoid of 6.1 mbar. Atmospheric pressure decreases exponewiidllgltitude. In determiningressure

for Earth, the formula for scale height is p "™ whe
Earth),h = height (altitude)P, = pressure at height= 0

2. OVERVIEW OF
INSTRUMENTATION PROBLEMS.

Differences between terrestrial and
Martian dust devil presire excursion
measurements hinge largely on the accuracy
of the 354gram Tavis magnetic reluctance
diaphragm used for Vikings in 1976, and
Pathfinder in 1996; and a Zffam Vaisala
Barocap ® sensor developad2008by the
Finnish Meteorological InstitutéFMI) for
the Phoenixand MSL Curiosity. Did any
probes sent to Mars ever have the ability to
measure pressures near those associated
with terrestrial dust devils? The answer
appears to oHowbver, wiil e .
discussed later in conjunction with Figure
10B, Tavis CAD 10484 indicates that one of
two transducers ordered for Pathfinder had a

e p = atmospheric pressure (measured in bars on
(surface pressure), ahig = scale height.

pressure range of 0 to 15 PSIA. This means
it could measure up to 1,034 mbar.
Supposedly that sensor was not sent.

Tavis sensor pressure ranges for
Viking had limits d about 18 mbar There
was a question of whether aot the limit
was closer to 25 mbar due to Tavis CAD no.
10014(seeFigure 1®\) that indicates a limit
of 24.82 mbar (0.36 PSIA). However,
ProfessorJamesE. Tillman, directorof the
Viking Computer Facity, in a personal
communication dated 27 May 20lifisisted
that the limit was 18 mbar. Thisgure is
acepted as correct in this repoithe 18
mbar Viking figure is backed bWASA
report TM X-74020 by MichaelMitchell
dated March 1977. Htates:
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Two variable reluctance type pressure
sensors with a full range of 1.79 x310

N/M?
determine

(18 mb) were evaluated to

their performance

characteristics related to Vikg Mission
environment levels. Twelve static
calibrations were performed throughout
the evaliation over the full range of the
sensors
manometer  sindards. From  the

beginning of the evaluation to the end of
the evaluation, the zero shift in the two
sensors was within 0.5 percent and the

using two point contact

sensitivity shift was 0.05 percentThe

maximum
exhibited by the sensors was 0.032% over

thermal zero coefficient

the temperature range 028.89°C to

71.11°C.

fiThe pressure sensors were located inside

the

It gets a lot colder thar28.89°Con
Mars, but ProfessorTillman insisted that

lanabr

Dark band caused by dust cloud stirred up by the landing as it drifted  Dust on lander footpad
downwind and momentarily came between the lander and the Sun
(Viking P-17053)

Figure 5A: Viking 1 footpad with dust, sand and rocks on it right after landiffgcts
of dust cloud stirred up are to the |éfor a better view, see the NASA image at
http://upload.wikimedia.org/wikipedia/commons/a/ae/Mars_Viking_12a001.png

body and heated by RTG

(radioisotopethermoelectric  generato)
units. They were not exposed to ambient
Marti an t e mihie rrepdrtuwille s . 0
guestion whether rapid ingestion of dust
during the landing process also prevented
transducers from ever cenatly measuring
ambient Martian pressures.
Figure 5A is the very first picture
ever transmitted from the surface of Mars to
Earth.It was akenbetween 25 seconds and
4 minutes after the landing and it makes
clear that dust was ammediateissuewhen
the landing occurredFigure 5A also shows
that rocks were also kicked up and landed on
at least one footpad.
Figure 5B shows that again with the
MSL landing rocks kicked up on landing fell
on the lander deck. As is showater in this
paper onFigure 3E, dwst covered a camera
|l ens cover on the MSL to
that dust could have quickly made its way
i nto t he MSLOGSs Vai s al
transducer 6s dust filter

Rocks on
footpad



http://upload.wikimedia.org/wikipedia/commons/a/ae/Mars_Viking_12a001.png

ROFFMAN & ROFFMAN Mars CorrectCritique d All NASA Mars Weather Datamphasisn Pressure

Figure 5B: During the landing, many rocks were again kicked up and landed on the deck of
the MSL Curiosity. The issue, however, is whether any dust was ingested psesiseire
transducer. Source: http://astroengine.com/2012/08/08/tocky-debrison-curiositys
deckhints-of-thunderoudanding/

2.1 Vkings, MSL,and GayL us s ac 6 s Loatside, then whateveFear 1 minimum
pressure seen inside the lander at theis
RTGsmay be at the root of problems  pressure transducer (6.5inbar) would
with Viking and MSL pressure readings increase in pressure in accordance with-Gay
which appear to vary inversely with outside Lussacdés Law. Figes6 i s sh
temperatures. That is, whengets colder when the bhove two temperatures and 6.51
outside and RTGseed to warm the inside mbar are entered into the calculator, the
of the lnders, th pressure recorded inside expectd pressure is shown to be 9.397
goes up. Temperature and prage mbar. The actual maxim pressure
variations seen for Viking Year 1 almost recorded by Viking 1 was 9.57 mbar. That
exactly match what would be expected in is a 98.1% agreement with the idea thhe
accordancewithGay u s sac 6s Pr e saisacess tulledowthe sensor was clogged.

(see Figures 6 through 9C)o counteract a For Viking 2, the minimum and maximum

minimum Year 1 temperatureof 177.1K temperatures were 152.14 K and 245.74 K.
seen, and to raise internal temperatures to The minimum pressure found was 7.29
the maximumYear 1 external temperature mbar. The maximum predicted pressure was

seen (255.7°K), air caught behind a dust 11.775 mbar. The maximum pressure
clog would experiere a pressure rise. If recorded by VE2 was 10.72nbar, which is
Viking 1 sucked in enough dust and sand on  91.04% of the predicted valuBeeFigure 6
landing to clog, but not enougb equalize The data points on Figure 6 are
the internal pressure with the air pressure meant to get some sense of whether the

9


http://astroengine.com/2012/08/08/sol-2-rocky-debris-on-curiositys-deck-hints-of-thunderous-landing/
http://astroengine.com/2012/08/08/sol-2-rocky-debris-on-curiositys-deck-hints-of-thunderous-landing/
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pressure limits seen were roughly in line
with expectations based on hegaplied to a
sealed space (behind the dust clot3hey
were, but obviously more so in Viking 6 s
first year. By Year 2overall predictions
were off by 9 or 10 percent, but the
calculations are less certain becausmahy
incidents involving stuck pressure readings,
sometimes for days on end. Annexofthis
report supports this allegation, but Annex D
also highlights stuck pressure readings for
Vi king 1. The ol d
Gar bage out o s ums
Temperature data wasredible for the
Vikings (but were problematic for MSL
see Table 7 and Figure 14Bexcept when
reported as Absolute Zero, but the pressure
data(the focus of this studyyas not.

& http:'www.1728 com/gaspres, htm

VIKING 1 YEAR 1
solve for:

T+ T2

[;I'empcnlun l'Equals 1))}'177.19 ] VL1 SOL 292,96, Ls 260,849

PRESSURE?

[Temperature 2 Equals |>> (25577 | VL1 SOL 102.5, Ls 146.386

>>16.81 VL1 SOL 110.65 (and
others), Ls 150.662

[ Pressure 1 Equals

[cALCILATE|
|Pressure 2 Equals |>>>>>[2387 |
ACTUAL VL1 MAX PRESSURE = 9.57 MBAR
AT SOL 318,34, Ls 277,724 (98.19% OF PREDICTED VALUE)

VIKING 2 YEAR 1

| Temperature 1 Equals |>>[ 152 14| VL2 SOL 211.02, Ls 236,513

[Temperature 2 Equals |>>[245.74 | VL2 SOL 26.66, Ls 130.472

Pressure { Equals  [>>(7.20 |VL2 SOL 56.74, Ls 145,725

CALCULATE|

I Pressure 2 Equals }>>>>>[ 11.778 |

ACTUAL HIGH PRESSURE FOUND = 10.72 MBAR
ON VL2 SOL 277.34. Ls 27993 (91.04% OF PREDICTED VALUE)

Figure 6 Pressure calculator with entey

arguments based on Vikiadl and 2 Year 1

results. Prediction is 98.%® in agreement with
measured resultsfor Viking 1, 91.04% in
agreement for Viking 2.
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Annex D displaysour attempt to
predict pressure on what is basically an
hourly frequency (actually once per time
bin, with each timéin equal toabout 59
minutes) for Viking 1 sols 1 to 1161d 134
to 350.While previous researchers focused
on diurnal pressure cycles, Annex D focuses
on the percent differences between pressures
measured and pragres predicted based on
heat being applied by RTGs when
terhperatire®  fefl. GTdnerdo avapea distinct

upaternt skem, oftpnr as Icleae @s what one

would see when looking at a healthy
electrocardiogram. Pressures would vary
sometimes by up to 26% from the predicted
value, and then settle back to almost O
percent difference, always at the same time
of day for long periods of time.

Annex D is voluminous, providing
all temperature and pressure data available
for Viking 1. Each page has the 25 time bins
for one sol on the left side and for another
sol on the right. Appendix 1 to Annex D has
data fo VL-1 sols 1 to91 on the left;and
sols 92 to 116plus 134 to 199 on the right.
Appendix 2 to AnnexXD has data for Vil
solsl to 20Go 274o0n the left, then for sols
275to 350 on the right. When the percent
difference is less than 2%, the data is shown
in red bold fors.

Annex E just singles out the percent
differences seen for the .3 and .34 time bins
over VL-1 sols 200 to 350. Thiggenerally
around sunrise timejs one of the times
when it would be reasonable to expheat
from the RTGs to accessquipment (like
cameras) that need to begin their daily
operations The average percent difference
was 2.67%. Of the 302 pressure predictions
made, 72 had aepcent difference of less
than 26. See Table 2 and Figur@ for
furtherdetails.



ROFFMAN & ROFFMAN Mars CorrectCritique d All NASA Mars Weather Datamphasisn Pressure

7 MOST ACCURATE TIME-BIN 7LEASTACCURATE TIME-BIN
PRESSURE PREDICTION TIMES PRESSURE PREDICTION TIMES
TIMEBIN | LOCAL TIME | PREDICTIONS TIMEBIN | LOCAL PREDICTIONS
MORE TIME MORE
ACCURATE ACCURATE
THAN 2% THAN 2%
DIFFERENCE DIFFERENCE
10 2:30 AM 27.6%
14 J:30AM | 11.6%
18 4:30 AM | 1.5%
22 5:30 AM | 1.8%
30 7:30 AM 271.7%
34 8:30 AM | 16.7%
A2 10:30 AM 33.6%
46 11:30 AM 28.6%
54 1:30PM | 10.4%
58 2:30PM | 9.8%
66 4:30PM 37.5%
70 5:30 PM 30.6%
74 6:30PM | 15.8%
94 11:30 PM 28.6%

Table 2 Viking 1 cyclic accuracies for pressure predictions. $égure 7 andAnnex F for
further details. The data source was the Viking Project site http://www-
k12.atmos.washingtoedu/k12/resources/mars_datéormation/data.html

Pressure predictions with  4,,, 128 Formula used:
less than 2% difference 33.6% i p = (6.51 mbar)(255.17K)
from pressures measured Predicted
L 13316“/ K measured in cell
S 2 —=H 88/ - 28.8%
0, 0, - - o
27.6% 21.7% o F5106.2% 73/ 88/
25.3% 21.7% 26.2%4 81/
791 -~ % = - 78/ - AL
o4 d% 23.2% . 24.1%
' 161/ 23%"/% 77 e
2711 18.2% , o
L21.1%E 167%,, =1 = =i :; '
; 3 381 = —=f =is53 484 3 31
{}*'} i K : : = - S £115.8%! ‘i
11.6% 33/ = = =
34 ook -
: 31 31 1354’0/-5 33 5
+ efme o SELT98% - = im
* 5 [oLaidi s 1= = T : = EIE IS IS IS
5%1(8% =
i EiE BB HE E
TIME-BINS

.02.06 .10 .14 .18.22 .26 .30 .34 .38 .42 .46 50 54 58 62 .66 .70 .74 .78 .82 .86 .90 .94 .98
VIKING 1 SOLS 1 TO 116 AND 134 TO 350 (336 SOLS IN ALL)
Figure 7i Prediction success totals per tiii@ and corresponding % of successful predictions.

Annex F focuses just on tir@ns time of the greatest percent difference
that have a percent difference between agreement would shift by a tirten. For
measured and predicted peees that is example, there is a better than 2% difference

under 2%. It makes clear that gradually the agreement at the 0.3 tiniéns starting at

11


http://www-k12.atmos.washington.edu/k12/resources/mars_data-information/data.html
http://www-k12.atmos.washington.edu/k12/resources/mars_data-information/data.html
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VL-1 Sol 211 continuing uitVL -1 sol 288, a 7&lay run. The agreement was at the next later
time-bin (0.34) for sols 205 to 210 just before the long run, and the agreement switches back and
forth between these two time bins until sol 299. Then the agreement moves the 0.38 ase bi
Viking 1 experiences the first day of winter at its Sol 306.

There is a similar run of small percent differences in the middle of the night. For
example, in the 0.1 timbin between Sols 255 and 350, there were only nine times that the
percent diffeence was 2% or more. Likewise, the percent difference was (except for once)
always under 2% in at least one of the two tinmes labeled as 0.66 and 0.7 (early evening)
between sols 200 and 240. Where pressures drift away from the 2% standard,evediibbt
the RTGs were not permitted to transfer heat to the transducers and heat was slowly lost to the
frigid outside. Figure 8 is a sample of Annex F (sols 228 to 250).

il ol K B b o B o o B il B
!
BHLOEKSHINREP-ARE

W] THIN 4

—

S oAl HA 2=
VO UINY o 3
LUSSACIANONTON'S

GAS LAWS

t
P F 6.p1T mbar 259171 m

atiire. 245
N LA

lesgure predictigns this ol |

185 ta 2432 K 243
LA

S &[TV

Figure 8 Sample of Annex F showing the times of day (for sols 228 throughvi2sen
pressure predictions had less than a 2% difference from measured pressures at Viking 1.
The formula usedassumes that the pressure transducer is no longer in contact with

the ambient atmosphere on Mars.
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Most striking is what happems a close exaination of graphs that sum up Viki#ysol
averaged temperatures and pressuiggure A and 9C show thatas tenperaturs fell, often
pressures rosd.o counterfalling temperaturefRTG heat is allowed to access the lander interior
to maintaintemperatire sability there As this occursair trapped behindrg dust clot would
experience a pressure increase. Wiherigure € graph is inverted and displayed Ragure
9B, the temperature and pressure graphs are nearly an exact mha&higgestiscrgancyis
after a hiatus with no data between Viking 2 sols 560 to 633 (Ls 680tan1Martian spring to
summer)VL-2 pressure readirsgwereoften stuck forlO hours to six dayses Annex C forVL-

2 sols 639799). When pressures were stuck, temperatw&® not.

VL2 50L AVERAGED FIELDS

Sol 0 Fil 1} 400 600 800 1000

Figure 9A: VL-2 Pressures
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N
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Figure 9B: VL-2 Temperatures
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Figure 9C: VL-2 Temperatures

Figure 9A to 9C: Graphs shown as Figure 9A and 9C are redrawn from Tillman
and Johnson. Figure 9B inverts the direction of temperatures on the Y axis to show how
heating by RTGs to counter increasing cold outside produces a curve vday sinthe
pressure curve.
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2.2 Mars Pathfinder (MPF) and Phoenix
Pressure Issues

The MPF Tavis sensor had a litnof
0.174 PSIA (see Figure 1®). But, fiThe
pressure sensor obtains data in two ranges
simultaneouly; 0 - 12 mbar for descent and
only 6 - 10 mbar for surface observation
(http://atmos.nmsu.edu/PDS/data/mpam_00
01/document/asmtinst.h)m

Theabove link indicates that thebe
entry portlies in theplane of the perture
between thdander instrument shelf and 2
petals It is oriented perpendicular to the
anticipated airflow during descenfs no
objects were allowed to extend beyond the
lander profile during descent tleatry port
location is not ideal As was show on
Table 1 earlier, based on an average pressure
of 6.1 mbar at Mars areoid, the average
pressure to be expected for Pathfinder at an
elevation of 3.682 km below areoid would
be about 8.58 mbarlf we accept the
variations in pressure shown on Figure 9A
and later on Figure 18, and then allow for
pressure increases due to dust stoarsnit
of 10 mbar for the sensor seemsaitlvised.

The range of sensitivity and accuracy
of the Vaisala Barocap® and Tavis sensors
are crucialwith Mars Phoenix, three
Barocap sensors [LL(B1), and RSP1 (B2,
B3)] were used. They had problems
associated with a nearby heat source.
Problems were particularly noted when
temperatures rose above 0°Bccording to
Taylor et al. (2009) calibration coefficients
were also withheld from the Finnish
Meteorological Institute (FMRlue to
International Traffic in Arms Regulations
(ITAR). The 512 mbar range of Barocaps
was probably due to the data from the Tavis
sensors before, but Tavis sensors were
limited due toradio occultationpressure
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experiments (not as accurate as in situ
measurements)by the Mariners. Radio
occultation results are discussed further in
Section 5.

An issue with respect to how fast the
dust filters for transducers on landers could
have clogged relates to when the tube
was initially exposed to ambient conditions.
If open to space all the way down, then air
might not rush in so fast; while if the tube
were suddenly opened on the surface, more
dust might be expected to rush in, even at
supersonic speeds. Alvin ieet al. (1997)
indicates that for Pathfinder the plan was for
atmospheric pressure (and temperature) to
be measured during parachute descent from
~8 km to the surface. The air inlet was
connected to the flared tube fitting shown in
Figure 10B by one meter of 2 mm inside
diameter tubing. Dr. Robert Subian
(Cornell University) told us(on July 27,
2011) that while 1p particles on the surface
of Mars clump together quickly, larger
particles that were easier to move would be
lifted on landing. He was mosure about
whether they would clog a dust filter as fast.
But if MPF suddenly ingested 1y particles
suspended in the air below 8 km right after
parachute deployment, the hot air associated
with the entryrelated heat might cause a
problem for the tiny fter.

Mars Pathfinder pressures are
discussed in greater @dtin section 11.1
(pages 6Df thisreport).


http://atmos.nmsu.edu/PDS/data/mpam_0001/document/asmtinst.htm
http://atmos.nmsu.edu/PDS/data/mpam_0001/document/asmtinst.htm

ROFFMAN & ROFFMAN Mars CorrectCritique d All NASA Mars Weather Datamphasisn Pressure

BPECIFICATIONS)
CONMECTON
Mees 0371) AN 10040 INPUT POVERL 2637 VDS @ 5.7 we M
Ok €0 u: CUTPUT VOLTE @ 73° 43°ry 9,420 Lo 0,480 voC @ 0 ¥8IN
SPAny 4,508 & 100 voc
RAXTHUN QUTTUT 0,00 vDC @ 12,5 rsia
LINEARTTY ¢ WISTERESTEY 1980 THAN 3 05X 13 PROM SEIT graad
so LINE TICUCE PRESSURE DD POINTS
4 OUTRUT WOlEES LESH TIOX 30 WY PEAR TO PEAK
0.C, to 20 Mha,
180LATIONY TNIVT TO OUTIVT GREATER Tran
ane Ll

)
IREQUENCY RESPONEEY FLAT 90 33 hs a0
ALLOVASLE TEMP DX30M} LESS TN o Il'l o fres

03 A 110
4 MOLES \
] 40t
— B =30°F 1o W1
T 5 - : FOX OVOAPRESSUEY 1.8 B
I&E T : WOTE)  AMITE SIOLL BE IN LOTE AS AIQUINED, A LOT COWFIET OF A
| 'OENTIFICaTION H GAOUF OF 3 7O 30 ZACH, COVIALD BY ONE MROWIE e-nn o]
. = g oy GELIVERED AT OWE TIAZ, ALL INMDIVIDUAL MECANICAL
2 i | Sy -0 - of = e——— d ELECTAGHIC COMPONENTS VSED 1IN TUE LOT n-xcuw- nl
] " COMAGH, ARE PUBOIASEO AND DILIVILD AT CWE TINE, ASSENOL]
L OF TUZ LOT COVEAE A BRORT TINE SPAN (60 DAYS MAXINGN),

ALL PAGRETIC CORES BIALL BE OF ONE NIAT TREAT LO7, AND
ML DIAWIOAGKE BIALL DE OF OIFE JAT TNEAT LOT. A LOT

o~ FAY CONSIET OF DIFFONDNT KAAZE INSTRMNINTE AS LOMG A3
- — Q — TUE ABOVE COMDITIONS ME KET AND THE

™ & AIFAINE TR BANE.
MOTEY  MRIONTY 1) O, 21,0 wigeuy mllﬂﬂ BEIWEDN XY TNO WNLT.
¥ A LOT BALL NOT CXCEED
o A
L300

>, | CI10011 I

UNCONTROLLED COPY
SUBJECT TO REVISION MAR 21 1092

0-0.36 PSIA

€ro0m foivce

(0 - 24.82 mbar) L 0-0.1 PSIA (0 - 6.9 mbar)

RS _Ll 1 | | 3 et 1 A . s

FARTE HI!!IKAIM

" ounme ot

LT

FLARES TURE FITTING PCA
LES ST

WEENCH FLATS witL

B0 PO3ITIONED AT RAMDON

-l
e
Sio

3

H

E RN ENREIT

ol sty

Figure 1@\ - Reproduced from Tavis CAD Diagram 10011. For Vikings '_ra\_/is DasieNad a
0.36 PSIA limit (2482 mbar). HoweveiTavis Dash Ne1 had a 0.1 PSIA limit (6.9 mbar).
Source: Personal communication, Tavis Corporation 10/29/2009

15



ROFFMAN & ROFFMAN Mars CorrectCritique d All NASA Mars Weather Datamphasisn Pressure

4 4 2 l 1
B REA IS ERSTIRIE TR | U 81 A, b ST ST T o ’
S R ¥ iay e R oy o — Ak S0
P o o Tou. THE CESION ACTMTY.
el S
SPECIFICATIONS
D Egm% D
ESSURE RANGE SEE TABLE 1
PROOF PRESSURE SEE TABLE 1
BURST PRESSURE SEE TRELE 1
WEGHT 477 GRAMS MAX
i s'y’f':‘m;‘&.?a”'m 2% 8076 +010 —] Aau‘io]-—z.ooo—— 4% 8.210 24k 03 -
070 _ 500
. NPUT VOLTAGE 3046 VOO LOCK WIRE HOLE —=1(58) —_— (.40) 015 —~f—
T U 5T S o ‘
A OUTPUT NOISE 090 RUS/Fz @ S, 158V PP WA P ) _EE J:l_ B
T INPEDANCE 1000 OPMS MAX  Fox 2ok § !
ISCLATION RESISTANCE CREATER THAN 50 UEGOHNS AT 50 \BC T
INSULATION RESISTANCE GROGTER THAN 50 WEGOHNS AT 50 \eC r— _|
| ipewmFicanon | »
P C = Y—- AL
TIC ERROR BANDZN\ 205% FULL g
COMPENSATED TEMPERATURE RANGE/D  -S0C TO +50C l
FREQUENCY RESPONSE FROM DG, —1d3 @ 5Hy, <348 @ 1082 AT AAES ! l
SHOCK 100 G's FOR 30 ms T C) T = @ 3 T‘y%
c CONNECTOR, HERMETIC (SST) -—T C
e ALONED DEVRH FRTK MATES WITH MSFC40M39569
& BT A A WA UAMZES T ERRORE DUE TO - LDEAFTY FLARED 74 foo—m (1.50) 30 l_ L10285) O EQUIVALENT
LY, HYSTERESS AND RESOLUTION, END FER MS33B56E4 & : ——L 03 NG
WRENCH FLATS POSITIONED 467 ke TP B +0UT SIGNAL
& L oot oo oM. A S 1 SN, LBE. WK AT RANDOM y C —OUT SIGNAL
MNMEZES THE ERROSS OUE TO TEMPERATURE OVER THE RAMWGE OF -S0°C TO #2000 ES?NQ GROUND
F +IN
b 4
o
UNCONTROLLED COPY TABLE 1 o
SUBJECT TO REVISION s | poessne st e
B oo | RANGE PRESSRE | PRESSURE %
2 {esW) (PSta) {5u) =
0-15PSIAC > [ o | » | o=
= s
-2 0-174 x > -
0-.174 PSIAI > K
1 | S | | | [
PARTE _LIST
|BEEIRET | CAD GENERATED TAVISCorporation
A m ,"‘ DRAWING I Madposs, California 95338 A
» preee— e B
| e sous e | 003336 OUTLINE & SPECIFICATION
s a:cw:-ct L PRESSURE TRANSDUCER
Ly 10484C.00 W[ Gwa e -
o e am Ll — &% |- 10484 [x
e = ) T BRIR™ [0 FULL | vk v 04821 [oawr 1 @ 1
4 | 2 | 1

Figure 1B 1 Reproduced from Tavis CAD Diagram 10484. For M@ashfinder Tavis Dash
No -2 had a 0.174 PSIA limitl2 mbar), but Pathfinder Tavis Dash No-1 had a 15 PSIA
limit (1,034 mbari best suited for Earth-like pressureg. Source: Personal communication,

Tavis Corporatiori0/29.2009

16




ROFFMAN & ROFFMAN Mars CorrectCritique d All NASA Mars Weather Data, Emphasis Pressure

Model P-1
Range 0-15 PSID

Model P-4
Range 0 - .2 PSID

Model P-108S
Range 0 -160 PSFD

Figure 10QG" Three different Tavis transducers.
Source: Tavisspecifications obtained from NASA Ames.

2.3 Which Transducerwereused?

A Tavis spokesman (Marty Kudella)
thought Pathfinder used Part 10484 (Tavis
Dash No. 2). The red words
UNCONTROLLED COPY SUBJECT
TO REVISION on both CADS shown
indicate possible need in the future for a
revelation about transducer pressure range
or other items shown.

Figure 1@ lists it as having a 0.174
psia limit (12 mbar), the same limit later
imposed by Vaisala on PhoeniXASA also
ordered a Tavis transdue@r that could
measure from 0 to 15 psia (1,034 mbar):
Part 10484, Tavis Dash No. 1 seeFigure
10B again. It supposedly remained on Earth.
If for classified reasons, a decision was
made to send ih place of the 12 mbar
transducer, none of the pressudata
published by NASA for Pathfinder would be
reliable. The final dispaton of the 15 psia
transducers not clear at this time.

Apparently similar looking and sized
Tavis transducers could measure up to 0.1
psia (6.9 mbar 0.174 psia limit (12 mbar
0.2 psia (13.79 mbar).26 psia (17.9 mbar),
0.36 psia (24.82 mbar), or 15 psia (1,034
mbar). Given their outward similarity and
the enigma of Martian weather, the possible
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installation of the wrong Tavis sensor cannot
be overlookedPerhaps somebodyanted a
15 mbar sensorna mistakenly chose the 15
psiatransducer.People made mistakes back
then, and they still do today as will be
abundantlyapparent later when we examine
REMS (Rover Environmental Monitoring
Station) data for MSL. For five daysaight
from Septembet to September 5, 2012 they
published Martian pressures@fer 740 hPa
(Earthlike), when theymay have mant740
Pa. A pressure of 740 hPA = 740 mbar,
while 740 Pa = 7.4 mbafhey published
numerous other similar questionable items
or obvious errors (see
http://davidaroffman.com/photo4 16.hjml
As for the Pathfinder, three different Tavis
transdicers are shown on Figure 108ee
Annex G for further information about
various Tais transducers.

The issue of pressure sensors is
clouded by restrictions on information
related to ITAR that handicapped the FMI
(and Vaisala) with respect to the calibration
coefficients needed for analysis of raw
pressure data on Phoenix (Taylor et al.,
2009). They indicate problems associated
with pressure analysis for Phoenix because
pressure sensors usddpended on Vaisala
Thermocap® temperature sensor$But,



http://davidaroffman.com/photo4_16.html
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nAfter Phoeni x
actual thermal environment was worse than

Information on a rdocation of the heat

the exected worse case. The temperature source had not been provided initially due to
ons. o0

was not only changing rapidly, but there
were also fast changes in the temperature

ITAR restrici

FOR PHOENIX
RAWPRESURE (P_ )IS MEASURED
WITH

IFarBdayShisid Transducer
Aluminum enclosure - electronics

% Dromant ||
Pressure tube Printed circuit board
Pressure equilization port & DUSI FILTER

Credit: FMI

A BARAOCAP PRESURE SENSOR
raday s Barocap pressure sensor head

SITE OF DUST CLOT?

FMI Phoenix Pressure Device

Pressure device is small and light weighted pressure sensing instrument. The main dimensions
of the device are approximately 55x45x20 mm and the weight is less than 30 grams.

MSL Vaisala Transducer

Vacuum

Diaphram chamber

Silicon i f : :

+| Glass

A\

N

Electrodes (capacitor)

Pressure port

Figure 11Ai The top transducer is for Phoenix. Note the tiny dust filter shown ungdefadapted
from Doc. No: FMI_SPHX-BAR-TN-00 FM-00 Revision 1.0 dated 20@2?-26). The report is
entitled The Time Response of the PHOENIX Pressure Sensarjarea of concern for clogging

dust is highlighted. The

by

photo

on the right is adapted from

http://www.space.fmi.fi/phoenix/?sivu=instrumeiffibe bottom pictures are for MSL.

2.4 Isstes Raised by the FMIThe FMI
report byKahanpaa and Polkko (2009)
discusses the Vaisala pressure sensor that it
designed for use on Phoenix. It statdf§e
should find out how the pressure tube is
mounted in the spacecraft ainfdthere are
additional filters etc." The one and only
filter for the Vaisala transducer is shown on
the top of Figure 11A (with its near twin for
MSL shown on the bottom of Figure 11A). |
challenged the above statement on
November 14, 2009, and published a
criticism of it on my wé site on November
17,2009.Kahanp?226s
the FMI to my assertion thatsomething
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parti al

stinks" abouthis request for information on
additional filters was a follows:

fi Y o mose smelled also a real issue.
The fact that we a@EMI did not k now
how our sensor was mounted in the
spacecraft and how many filters
there wereshows that the exchange of
information between NASA and the
foreign subcontractors did not work

optimally in this
personal communication, December
15, 20@).

r Ire laspemail ®feDecemberr5, 2009,
Kahanp&aa made clear that there was no extra

| ande dgradignt dug poe a nearthy hedt asburcd. h e

mi

S S


http://www.space.fmi.fi/phoenix/?sivu=instrument
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filter. However, the confusion in his report
highlights another possibilityAs is shown

in Figure 11B, the filter is very small (~10
mn).

Dime surface area = 251.9 mm2

. Tavis dust filter
for Viking = ~40 mm?2

® MPF dust filter = ~ 3.14 mm?2

® Vaisala/Phoenix dust filter = ~10mm?2

Figure 11Bi Relative &e of dust filter for
landers on Mars. 2 mm diameter of MPF tubing
from Seiff et al. (1997).

Like the Tavis transducers that were
used for Vikings and Pathfinder, the Vaisala
transducer was exposed to a vacuum on the
way from Earth to Mars. Again, when
Phoenix landed, a lot of dust was raised by
the retrorocket.The air pressure outside was
supposed to be low, almost as low as outer
space. The flow of air into the transducer
therefore should not have been too fast.
However, if the pressure outside wagher
than expected, the rate of flow of air and
dust into the Phoenix would be faster than
planned for, with the result that dust would
be rapidly sucked in just like a vacuum
cleaner would inhale itA tiny filter might
well quickly clog with dust sofast (at
supersonic speeds) that it would prevent
more air from reaching the pressure
transducer.

With a clogged filter, pressure at the
Barocap pressure sensor head would stay
pegged at a low pressure reading. If there
was a higher pressure on the outate of
the dust clog, it could not be felt on the inner
side where the Barocap resided. This could
explain the confusion by Kahanpdd &
Polkko and why they asked in their report
about more filters being present. Even if the
FMI team eventually received theeeded
information about relocation of heat sources,
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corrections to the pressure indicated at the
Barocap pressure sensor head would not
reflect what the true pressure was on the
other side of the dust clog.

One difference between the Vikings
and both Pdifinder and Phoenix is that the

latter two landers did not include
Radioisotope  Thermoelectric  Generator
(RTG) heaters. Therefore, it would be

expected that as the sun grew lower on the
horizon and temperatures dropped, pressure
would go down steadily. ltooking at data
for Phoenix derived from Nelli et al., 2009,
this is exactly what happened (sE&ure
12A). The pressure fell in a nearly linear
fashion.

Figure 12Ais extracted from graphs
produced by Nelli et al. (2009). However,
their graphs include projections made from
a General Circulation Model (GCM)
removed below for the sake of clarity in
terms of what was actually experienced.
Much of their black GCM data on the
temperature graph overlapped the red
plotted data for temperatures recorded.
Those GCM points were removed on a
Microsoft Paint program, which is not the
ideal way to produce the plot.
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PRESSURE AT PHOENIX LANDER SITE
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Figure 12A - Pressure and Temperatures
Recorded by Phoenix (adapted from Nelli et
al, 2009).

The pressure data appears to be sol
averaged, while th@éemperatures are not.
But what kind of pressure drop would be
expected if the average temperature dropped
from 195K to 180 K, with a starting pressure
of 8.5 mbar? The answer is about 7.85 mbar.
The actual pressure at the end of the series
shown on the gph is about 7.4 mbar, which
is better than a 94% match with the
prediction basedonGdyus saco6s La
clogged pressure tube. However, when
Phoenix landed on Mars on May 25, 2008, it
was not yet summer. The summer solstice
occurred on June 24, 2008y that time
there was no change in the temperatures
evident onFigure 12A but pressure was
running about 8.2 mbarUsing the same
temperatures as above with an entering
argument of 8.2 mbar the projected pressure
would be 7.57 mbar. That is an agreenwnt
97.78%.

Unlike pressure calculations based
on an inverse of normal temperature and
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pressure relationships that factor in RTG
heat becoming available to Viking
transducers, on Phoenix there was no heater.
Therefore pressures are expected to fall
direcly with the fall in ambient pressures.
There was nothing to keep Phoenix alive
once it got too cold. Its death came much
faster than was the case with the Vikings.

With respect to Phoenix design,
Kahanpaa & Polkko repeatedly mentioned
funding problems, #hough the meteorology
package for Phoenix cost $37,000,000o0t
only was an anemometer unfunded, but a
way to change the dust filter was also left
off the shopping list. Indeed it is unclear if
anyone conducted tests to see to how much
dust was requiredo clog the filters, or if
such tests were conducted, what size dust
particles, and what density of dust particles
were involved.

Kahanpda & Polkko (2009) stated that
the Mars Science Laboratory (MSL),
launched in 2011, is a $2 billion cornerstone
missicn and is therefore handled in a
different way than the $454 million dollar
scout missionPhoenix. The actual cost of
MSL was $2.5 bililon However,
FMI-built sensors (delivered in 2008, see
http://space.fmfi/solar.htn) are in the 0.01
to 115 mbar range (see
http://www.spaceflight101.com/mstms
instrumentinformation.htm), still too low
(the REMS Team reported a mean
Wresdur &f 18.49 mbar for Sol 370). |
discussed this problem with Dr. Ashwin
Vasavada, JPLOGs
MSL, but the inadequate transducer was
apparently serdnyway.

On December 9, 2013 at
httpJ//davidaroffman.com/custom3_45.html
we published a prediction that maximum
pressure published for MSL would occur
around January 31, 2013. Initially our
estimate of the date was only off by 2 days,
but our 9.45 to 9.5 mbar estimate was higher
than the 9.2 mbar published by the REMS
Team. But on July 3, 2013 REMS changed

MSLO

Deputy


http://space.fmi.fi/solar.htm
http://www.spaceflight101.com/msl-rems-instrument-information.html
http://www.spaceflight101.com/msl-rems-instrument-information.html
http://davidaroffman.com/custom3_45.html
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all its data. Ourestimatewas then listed as attention to four MSL pressures that were
off by 19 days, but the new pressure was 9.4 above the curve in August and September
mbar, quite close to our 9.45 to 9.5 figure. 2012 (see the red hexagon on Figure 12B

Our slightly off eyeballed predictionwas and Table 3); JPL dropped them back to
only basd on our beliefs that the REMS  match the curve when they reststheir data
Team would extrapolate (politically on July 3. Likewise, after a pressure of

expedient) results frompressure curves seen  11.49 mbar was reported for MSL sol 370
by Viking | and 2(see Figure 12B), making and we called JPL about it, the next sol
sure to keep all their invented data points (371)pressure was back down to 8.65 mbar.
between those of Viking 1 and Viking 2 By March, 2014 JPL/the REMS Team
because itMt®Ilwassbetveeentthose  altered the pressure for Sol 370 too and
two probes. Sure enough when we called rolled it back to only 8.65 mbar (865 Pa).

APPROXIMATE DISPLAY OF HOW MSL PRESSURE DATA
FITS IN WITH VL-2, VL-1 AND PHOENIX DATA ¢m 11.49mbar ;11,5
MSL data off ___ Global Dust Storms 11.0
T T —— % e 19778 . E
- T g Ils 120 ILO ‘ II;) zflo uouszi}o Jso 3 p 10.5 %
Year [Vi2 | %10.0 [ l Tl s\’,{' _Ji.:"-\ - 10.0 g
e ear | -2|| | m o E
‘E’ T i}% ‘ L7 9.5 =
I PO i i 00 §
Pressure at g : M“l-n- 8.5 g
Phoenix Ibander Site s 8.0 48 N by , 8.0 &
L & Year Vi1 N 5
" 5 ‘ > 175 £
g”' _;- 7!0 : ‘l, | U.|.m" 7'0 %
i 8 — —J 6.5 ©
I8 o — ‘ Perihelion Viking curves by J.E. Tillman
R Area Highlighted in Yellow for Ls 158 to 90
Season in South at MSL: Winter Spring Summer Fall Winter
Season in North: Summer Fall Winter Spring Summer

Figure 12B: Except for Sol 370 the black MSL pressure curve is suspiciously too close to
the Viking 2 curve above it and the Viking 1 curve below it.

TABLE 31 Pressures revised by JPL/REMS after we highligtiteth
Date MSL Ls Initial Pressure| Final Pressure Reported afte
Sol Reported JPLRevisions

Aug 25, 2012 | 19 160.4 7.85 7.19

Aug 27,2012 |21 161.4 7.9 7.41

Sept 12, 2012 | 36 169.5 7.99 7.50

Sept 16, 2012 | 39 172.3 8.04 7.53

Aug 21, 2013 | 370 9 11.49 8.65

Table 3 shows some (not all) of how JPL/REMS altered off the curve data for August
and September 20Zhd August 2013after we brought the deviations up to JPL Public
RelationsDirector Guy Webster.
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2.4.1.1. Thel,149 Papressure spike of MSL
Sol 370. We focused on the last 45 days of
data and did a quality control Individuals
test assuming that each day was an
independent sample of atmospheric pressure
(see Figure 12CYhe upper and lower
control limits (UCL and LCL) encompass all
data points excegor the 44th point which
occurred on Aug 21. The standard deviation
of this process is 13.7 so that UCL here
represents a -8igma distance abovehd
859.1 mean valud®ata points within 3
sigma of their mean are considered to be
under control and exhibitg normal
variation.Any data point exceedingssgma

is cause for concerOn a production line,
quality control inspectors would be required
to explain what went wrong with either the
process settings or production line tools. In
practice 3-sigma excepbns are anticipated
no more than 6.7 times pehundred
measurements whileé-sigma exceptions
should occur no more than 3.4 times per
million observationsReally large sigma
values, should be very, very rarehe Sol
370 measured value of 114%scalis huge,
just over 21sigma from the mean value.

I 'type Control Chart of Martian alr pressure from 7/1/13 and 8/22/13

5 I.Z- 17 U = B 13 37 4 4
Observation

Figure 12C. Quality control Individuals test.

2.5 The Dust filter on Viking

We asked Professor Tillman about
the filter used for the Viking. In a personal
communicatednon 27 May 2010, he stated,
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i T hensors were connected to tmbient
atmosphere through a % inch (0.635 cm)
tube fitted with a dust filter. Blockage of this
system by dust would have been readily
detectable in a rapid change in sensitivity to
diurnal and synoptic pressure variations and
a change in the annual cycle of pressure. No
such changes wer e

The final statement above is not true.
Diurnal patterns vanished almost completely
between sols 639 to 799 on Viking 2 as is
fully documented in the data audit in Annex
C of thisreport. However, thenainissue is
how fast the pressure tubes and filters would
clog. If immediately upon landing as the
retrorockets kicked up the dust, then the
patterns alluded to by Professor Tillman
would still be there becauséhey were
established up front. Those patterns,
however, would not reflect ambient
pressures on Mars.

2.5.1. The issue of Viking pressure reports
and digitization.

Professor Tillman sent wsslide that
showed that Viking surface pressure
measurement and resolution wereiled by
digitization to 0.088 mbar (0.088 mbar = 1
DN (A-D Converter, 8 bits). An audit
showed 0.09 mbar was the most common
change for VE2 on its sols 1 to 199.
Between its landing in the summer on its sol
1 at Ls 118 and the end of the summer at Ls
180, there were 4,476 pressures recorded
between a low of 7.38 mbar and a high of
8.96 mbar. About 78.57% were either no
pressure at all or one of 19 specific
pressures, usilig 0.09 mbar apart (see
Table 4. The remaining 27.26% were
apparently the result ahterpolation and/or
the cubiespline technique. Fully 21.64%
were exactly 7.47 mbar.

Balme and Greeley (2006) report
diurnal pressure variations observed by
Tavis transducers showed the maximum

Observ
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pressures were at midnight add00 fr
Viking and Pathfinde Minimums were at
0400 (see Figure36B). Phoenix (with no
heater) showed no midnight or night
pressure maximum. Instead its maximum
pressures were at 0830 and 1530 local time
(Taylor et al., 2009). For MSL the initial
max pressure was about 0730 andimum
pressure was around 1600. So once the
transducer type was altered thesas no
agreement about diurnal pressure cycles.

2.5.2. The issue of daily pressure spikes at
consistent timéins

A large pressure increase rate at the
same time every dawould be consistent
with a limited amount of Martian air trapped
behind a clogged dust filter or pressure
equalization port. As was shown on Table 2
and Figure 7, there were multiple such hikes
found in the Viking Project Group data.

Data was dividednto 25 bins per
sol, each abow9 minutes. The 0.26 to 0.30
time-bin should be an appropriate time to
make RTG heat available and to turn on
equipment. If air were trapped between the
dust filter and the transducer, it would be
expected that pressure woulthcrease
rapidly at this timeFigures 13 to 13L and
Annex A show that this happened for ML
starting around its Sol 108 Ls 149 (late
summer) util the last data posted &bl 350
in winter (Ls 297). Likewise for V{2, there
was almost always a pressumerease in the
.26 to .3 timebin after the summer.

For VL-1 in the 333 days examined,
pressure only decreased 5 times in this time
bin (4 of these in the early summer before
Sol 108, with none then more than 0.02
mbar, and the'Scase was just 0.03 rbon
sol 240, Ls 227.084).All of these 5
exceptions were for amounts less than the
0.08 to 0.09 accuracies allowed by
digitization of pressure data described
above.
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SPECIFIC REPORTED
VL2 PRESSURE
BETWEEN LANDING AT

NUMBER OF TIMES
REPORTED OUT OF
4476 PRESSURES

LS 118 and LS 180 RECORDED
(START OF FALL)
0 246
7.38 305
7.47 969
7.56 542
7.64 378
7.73 263
7.82 101
7.91 59
7.99 39
8.08 74
8.17 79
8.26 84
8.35 48
8.43 59
8.52 38
8.61 37
8.7 133
8.79 0
8.88 38
8.96 25
TOTAL TIMES
REPORTED 3517
% OF 4,476
PRESSURES 78.57%
INTERPOLATED
VALUES 959
% INTERPOLATED 27.26%

Table 47

Digitization limitations and the

specific pressures reported by ¥2Lfor its first

summer on Mars.

For VL-2 over 206 solsspecified,

pressure only decreased twice, each time

just .01 mbar. The next tird@n (0.30.34)

showed a much more varied pattern. Red

lines show the first timéin and blue show
the second timéins onFigures 13A13L.
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Figure 13Ai Viking 1 Sols 16 116. <0.05
Figure 13B- Viking 1 Sols 134 to 199 (no data available for Sols 11
133)
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07 Ls 201.850 TO 213.736 05
06 VIKING 1 PRESSURE CHANGES DURING VIKING SOLS 220 TO 304
VIKING 1 SOLS 200 TO 219 Ls 214.316 to 268.687
05 0.4
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04 .. Pressure change during sol fraction 0.26 to 0.30
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» 0.3 - Pressure change during sol fraction 0.30 to 0.34
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T . — Figure 1® - Viking 1 Sols 220 to 304
Figure 13C7 Viking 1 Sols 200 to 219
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Figure 1E - Viking 1 Sols 305 to 334

Figure 1% - Viking 1 Sols 335 to 350

Figure 135 - Viking 2 Sols 156 to 175

Figure 163 Viking 2 Sols 176 to 199
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