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This Report is dedicated to the memory of our uncle, Eugene Roffman, the first great scientist in
our family. When he was 92 years old, on the last day that we saw him alive, he gave us the key
to the door hiding one of the great mysteé the universe. He then asked us to unlock and reveal

to the world what would be found. This father and son work is the fruit of ouryégintourney

to fulfill his request. May it forever distract humanity from the petty squabbles that threaten to
destroy our species.
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BASIC REPORT FOR MARS CORRECT:
CRITIQUE OF ALL NASA MARS WEATHER DATA

ABSTRACT: We present evidence that NASA is seriously undengtMartian air pressure. Our

9-year study critiqueg,23 Sols 6+ terrestrial years3.33 Martian yearsand a fullGlobal Dust

Storm at MSI). of highly problematic MSL Rover Environmental Monitoring Station (REMS)
weather data, and offers an in depth audit of &®8t1 hourly Viking 1 and 2 weather reports.

We discuss analysis of technical papers, NASA documents, and personal interviews of transducer
designers. We troubleshoot pressures based on radio occultation/spectroscopy, and the previously
accepted small pssure ranges that could be measured by Viking 1 and 2 (18 mbar), Pathfinder
and Phoenix (12 mbar), and MSL (11.5 mbaltered to 14 mbar in 2017). For MSL there were
several pressures published from August 30 to September 5tH2z@h2re from 737 mbato 747

mbari two orders of magnitude highonly to be retracted. We challengedny pressureand

NASA revised them down, howevel8ars into this audit it has come to our attention thawof

pressure sensors ordei®g NASA for Mars Pathfinder, one of them (Tavis Dash No. 1) could in

fact measure up to 1,034 mbar. Further, for the MSL according Absinact to theAmerican
Geophysical Union for the Fall 2012 meetifigne Finnish Meteorological Institute (FMI) states

of their MSL (and Phoenix) Vaisala transducer
1025 hPa in temperature range-45°Ci 55°C, but its ckbration is optimized for the Martian
pressurerangeofi4dl 2 hPa. . 0 So while we originally thou
had meteorological suites, none of them could measure-BHathressures, in facif, the higher
pressure sensoraihfinder Tavis Dash 1 {05 PSIA/1,034 mbar) was sent rather than Tavis Dash

2 (0-0.174 PSIA/12 mbar), three landers were actually equipped to get the job done, but the public
was largely kept in the dark about it. All 19 low uv values were removed wheasked about

them, although they eventually restored 12 of them. REMS alaaysy opacity reports were
contradicted by Mars Reconnaissance Orbiter photos. Why REMS Team data was so wrong is a
matter of speculation, but waearly demonstrate that theireather data was regularly revised

after they studied critiques in working versions tbfis report and on our websitat
http://davidaroffman.conREMS even labelled all dust storm weather as sunny, although they did

list theUV valuesas all low.

Vikings and MSL showed consistent timing of daily pressure spikes which we link to how gas
pressure in a sealed container would vary with Absolute temperature, to heating by radioisotope
thermoelectric generators (RTGs)dao dust clots at air access tubes and dust filters. Pathfinder,
Phoenix and MSL wind measurement failed. Phoenix and MSL pressure transducer design
problems included confusion about dust filter location, and lack of information about nearby heat
sourcesdue to International Traffic and Arms Regulations (ITAR). NASA Ames could not
replicate dust devils at 10 mbar. Rapidly filled MER Spirit tracks required wind speeds of 80 mph
at the assumed low pressures. These winds were never recorded on Mars.dNSA&AIEXplain

drifting Barchan sand dunes. Based on the above and dust devils on Arsia Mons to altitudes of 17
km above areoid (Martian equivalent of sea level), spiral storms with 10 kmadigeabove Arsia

Mons and similar storms above Olympus Monsefo21 km high), dust storm opaciéy MER
Opportunity blacking out the susnow that descends 1 to 2 km in only 5 or 10 minutes, excessive
aero braking, liquid water running on the surface in numerous locations at Recurring Slope Lineae
(RSL) and stratuslouds 13 km above areoid, we argue for an average pressure at areoid of ~511
mbar rather than the accepted 6.1 mbar. This pressure grows to 1,050 mbar in the Hellas Basin.
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1. INTRODUCTION

Mars has long fascinated humanity and often
been seen as a possibléedaarbor for life. In
July, 1964 that hope was dealt a crushing
blow by Mariner 4. Images and data obtained
from no closer than 9,846 km showed a
heavily cratered, cold, and dead world. Air
pressures posted on a NASA site were
estimated at 41 to 7 mbar,
(http://nssdc.gsfc.nasa.gov/planetary/mars/m
ariner.htm)* although A. J. Kliore (1974) of
JPL listed the Mariner -derived pressure
range as 4.5 to 9 mBarMariner 4 saw
daytime tempetures of10®° C (not seen on
landers), with no magnetic field. Mariners 6,
7 and 9 got closer but still did not give us a
picture that was much friendlier. Mariner
estimates for pressure, based on radio
occultation, spanned a range of 1 or 2.8 to
10.3 mtar3 All pressure estimates were close
to a vacuum when compared to average
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
learned of a high frequency of dust devils on
Mars too. Phoenix witnessed snow fallihg.
The HIRISE and MER Spirit showed
unexpected bedform (sand dune and ripple)
movemen®.

All landers agreed that pressure at their
respective locations was somewhere between
6.5 and11.49 mbar (MSL Sol 370 at solar
longitude [Ls] 9) or even 12 mbar (Sol
1,161) but these low pressures make it very
hard to explain the weather plainly seehisT
is particularly true of dust devils and blowing
sand. NASA/JPL credibility suffered a major
blow when, after 9 months of publishing
constant winds of 2 m/s from the east, one of
their partners, Ashima research, met our

demands to change all wind remotb Not
Available (N/A) and to alter all daily
published sunrise/sunset times from 6 am and
5 pm between August 2012 and May 2013
(except for October 2, 2012) to match our
calculated times at
http://davidaroffman.com/photo4 26.html
(within one minutée) that reflected seasonal
variations to be expected at 4.59° South on a
planet with a 25.19° axial tilt. These
alterations were two minor battles won in our
dispute with NASA/JPL. They were
accompanied bgn emailed thank you from
JPLOsSs public relati
but they do not constitute victory for our side.
That comes only when NASA also reverses
course on ridiculously low pressure claims
that we believe our report can demolish.

To borrow from some military terms,
there is an issue of how to best conduct this
Awar , 0 and it is i
our fArules of
Guy Webster, Ashima Research, and the
MSL REMS Team also began to change their
reports © 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 six years), to Icarus.

The full report isover 1,000pages in
length. As alluded to above, it is a living
document that is constantly updated and
expanded. However this is not the problem
with formal publication at the venue he
suggests. The problem is that our report goes
beyond mere data analysis to delve into the
naure of the specific people who have
published what we feel is clearly erroneous
data. We have gotten to know many of them
quite well. The staff of Icarus is, in large part,
composed of JPL personnel, with agendas
and personal reputations at stake. To gtibm
this report to them alone is to fight our war on
their turf. We prefer to fight the war on our

ons

mport a
engagement
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turf, and this means through the media
(television,radio® andInternetand/or public

0o o o o 0o 0 o
237 238 239 240 241 242 243
=

debate. Having set the> » var , 0O WE
fire the opening shots with an in depth look -6 -6
at the issue of Martian dust devils. P =
1.1 Comparison of Maran and Terestrial -8 .
Dust Devils o ° )
Elevation
: -10 a0 (M

Dust devils on Earth and Mars are ] 17000
similar with respect to geographic formation 11 11 | 150w
regions, seasonal occurrences, electrical i 12/ T2000
properties, size, shape, diurnal formation 10000
rate, lifetime and frequency of occurrence, 13 130 ao
wind speed, core tempéuae excursions, and -14 14 Ml 00
dust particle siz&. The only significant 237 238 239 240 241 242 243
differences lie in meas.ured. absolute and Location of observed active
relative pressure excursions in the cores of dust devils (black dots) in the
Martian and terrestrial dust déss Clogged study region (Background:
dust filters angbressure equalization ports on MOLA topography)
landers mayhave diminishedaccuray of
dust devil pressure changeeasurements Figure 1i ArsiaMons Dust Devils (reproduced
(see sections 2.1 through 2élow). from Reis et al., 2009)
1.1.1 Geographic ocurrences and the Reis et al. (2009) suggest a
Greenhouse andhermophoresis Effect greenhous¢hermophoretic (GT) effect that

they believe explains ~1 mbar dust lifting at

Thousands of dust devils per week Arsia Mons!! Their article states that
occur in the Peruvian Andes near the fiLabor atory and microgr 3
Subancaya volcano (Metzger, 200d)ich is shav that the light flux needed for lift to
5,900 meters hig’.Dust devils are also seen  occur is in the same range as that of solar
in abundance on a Martian volcano, Arsia i ns ol ati on avlhelytoackdee o n

Mons. But the base altitude of some dust that high altitude dust devils do not follow the

devilsthere has been about 17,000 metérs  season of maximum insolatiphut indicate
Such an altitude on Mars supposedly dou that the GTeffect would be stronge around

have about 1.2 mbar pressure, compared to pressures of 1 mbadowever, if anything we
about 478 mbar &ubancayan Earth. Reis would expect such dust lifted at high altitude

et al. state that 28 active dust devils were to just drift away. The GT effectdoes not

reported in their study region for Arsia Mons,  explain the structure of these events at high
with 11 of them at altitudes greater than 16 altitude, or why the dust tates in columns
km, and most inside the caldefsee Figure that match dust dals produced at lower

1). They dori fully understand how particles altitudes. Further, Figure 1 shows thedtist
that are a few microns in size can be lifted devils form at successivelgwer levels (i.e.,

there, and state that 1 mb@r e q ui r e s higher pressures) as altitudes decline from 17
speeds B times higher than at the Mars  km to about 7 km, so there is nothing unique

mean el evation for particle entangl ement.

0
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about reaching théneorized~1 mbarlevel at
the top of Arsia Mons.

1.1.2 Seasonal Occurrences and Electrical
Properties.

Dust devils usually occur in the
regional summeion Earth On Mars their
tracks are most ofterseenduring regional
spring and summet? There are indications
that there maye high voltage electric fields
associated with Martian dust devilSuch
fields would mirror terrestrial dust devils,
where estimates are as large as 0.8 MV for
one such everit

1.1.3 Sizeand Shape

About 8% of terrestrial dust diw
exceed 300 nm height. Bell (1967) reports
some seen from the air that are 2,500 m
high* Mars orbitershave shown dust devils
there often area few kilometers high and
hundreds of meters in diameter, aitd) the
larger terrestrial eventddartian dust devils
can be 50 times as wide and 10 times as high
as terresial ones!® Still, a NASA Spirit
press releas€d8/192,00) st at ed,
and terrestrial dust devils are similar in
morphology and can be w&&mely
common. 0O

1.1.4 Diurnal FormationTimes

About 80 convective vortices were
recorded by Pathfinder. Most occurred
between 1200 and 1300ocal True Solar
Time.1®On Eartmoon is about the peak time.

1.1.5Wind Speesl

Stanzel et alassert tht dust devil
velocities were directly measuteby Mars
Express Orbiter between January 2004 and
July 2006’ They had aangeof speeds from
1 m/s(2.2 mph)to 59 m/s(132 mph) Even

i Ma 80tLi0a@N & m

on the high end, we do not see the 70 m/s
required to lift dust by a N8A Ames
apparatus discussed below in section 1.2.

1.16 Core Temperature Excursions

Balme and Greelé§s t at e, M Posi
temperature excursions in vortices measured
by Viking and MPF landers had maximum
values of 56 K. These values are similar to
ter restrial mEavevarrtieeyne nt s .
note low sampling tes on Mars,
fimeasurements with an order of magnitude
higher sampling rate show temperature
excursions a €llelpjeea®
indicate that core excumis for Martian dust
devils carbe up to 10 K (°C).

as 2

1.1.7 Dust Particle Sizéd The Problem of
Martian Dust <2 Micronsand Wind Speeds

Balme and Greelé§also statefi T h e
Martian atmosphere is thinner than
Earthdésé so much highe
are required to pick up sand or dust on
Mars. Wind tunnel studies have shown
that, like Earth, particles with diameter
(fine sand)
move, having the lowest static threshold
friction velocity, and that largerand
smaller particles require stronger winds
to entrain themnto the flow. However,
much of Marso at mospher
very small, and the boundatayer wind
speeds requiredo entrain such fine
material are in excess of those measured
at the surface (Magalhaes et al.
1999)?° Nevertheless, fine dust is
soméow being injected into the
atmosphere to suppért haze andé
| ocal & and gl obal é

ar

dust

The problem of dust particle size is
more serious than indicated above. Optimum
particle size for direct lifting by the wind
(with the lowest threshold velogitis around
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90 e&m. Thi s requires
altitude to be around 3® m/s. For smaller
particles |ike the 1
suspended in the air over Mars, the threshold
velocity is extremely high, requiring
enormous wind speeds (>500 & 5 m
altitude which would never occuit is thus
argued that saltation must be crucial to the
lifting of very small particles into the air
(Read and Lewis, 2004, 190).

Saltationoccurs when large particles
are briefly lifted into air by surface wids,
and then soofall out by sedimentatiaft On
impact with the surface, they may dislodge
smaller particles and lift them into the air.
Read and Lewis indicate that thedocity that
fine s an dwouldhale®®imgach
is only about 50 to 80 cm per secdiidB to
2.88 kph).°

1.1.8 Core Pressure Excursions

Roy E. Wyatt (1954) of the Weather
Bureau Regional Office in Salt Lake City,
Utah reported that a small, @pximately
~15 mhigh, 15 to 18 mwide dust devil had
its center pass withi2.4 to 3 mof a
microbarograph on August 12, 1953 in St.
George, UtahRigure 2 at an altitude 0899
m above sea levéPA drop from 913.6440
912.289 mbarwas recorded. This 1.355
mbardrop in pressure equalsl48%.

Figare 2ivipiustrgayil pregstire drép in S@td-akeeCity,s
Utah where a small, ~5f@ot high, ~60 foot wide

miErohbroosan o Augual 13, 063 i & Yerbe® 2 1 1Y

Utah.

Balme and Geeley(2006) report that
Pathfinderi i dent i fi ed
vortices
pressure dropswere from ~0.075% to
~0.75%. Figure 3shows dust deviévents
for Pathfinde and PhoenixIf we examine
the pressure drop seky Phoenix from 8.425
to 8.422 mbar, th@.003 mbar pressure drop
is only about 0.036%The Pathfinder event
shows a drop in pressure from abou6.70
6.705 mbar @.03 mba). That is about a
0.445% drop. While the percent pressure
drop islarger on théathfinder everthan the
Utah event, it was smaller for the Phoenix
event.Soabsoluteandpercent pressure drops
on Mars are producing almost the exsantne
storms indeed often bigger storms, thare
see on Eartht might be argued that pressure
is smaller on Mars; but so too iKinetic
energy Clearly, as we approach a vacuuim
we are going to seeeather eventbased on
pressure differeres, there should be at least
the same size percent pressure drops to drive
them, not smaller ones.However, mos
telling is that while the percent drops on
Martian dust devils appear to overlap their
terrestrial cousigy for hundreds of days
Viking 1 and 2 almost always samuch
larger pressure increases each bolua 7:30
AM local timewith increases up to 0.62ar
from the previous houwat that ime.

As will be discussed later in this
report, after Mars Science Laboratory data
was scrubbed by JPL, there was not during
one full Martian year of weather data (669
Martian sols) even one day where the average
pressire from one dayods
differed from the next by more than 0.09
mbar (MSL Sol 543 saw this drop from MSL
Sol 542), although before they scrubbed the

v possi
f r om? Rpcordesl s ur e

ayv
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data there was an increase of pressure from
MSL Sol 369 to MSL Sol 370 of 2.84 mbar
(from 8.65mbar to 11.49 mbar), and a drop
on MSL 371 of the same 2.84 mbar back to
8.65 mbar. This report discusses MSL 370 in
more detail later, but note that after we raised
the issue of this pressure to Guy Webster at
JPL, JPL altered the pressure reported @r S
370 to 8.65 mbar, thus indicating no pressure
change at all from MSL Sol 369 through Sol
371.

"Dust Devil" ]-)etections-

Dust Devil - Sol 25
Mars Pathfinder

’I

o
~
&

o
-
o

o
o
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Pressure - mbar
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245762 24.5766 24571 245714 245778
Time — Sols

@ http://nssdc.gsfe.nasa.gov/ planetary/ marspath/dustdevil.html
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Figure 3i Pressure drops at Phoenix and Pathfinder
during dust devils (adapted from Elohoj et al. 2809
http://nssdc.gsfc.nasa.gov.planetary/marspath/dustde
vil.html).

Figure 4 offers evidence thatnternal
evants on the Vikings wer&éaving a much
greater impact orpressure readings than
dramatic events like dust devilsPressure
increases at the 0.26 to 0.3 tHi@s were
comparable to pressure drops associated with
global dust stormsAn increase of 0.6&hbar
in about 59 minutes that makes up one time
bin equates to a pressure risimes greater
than thelargest (0.47 mbap pressure fall
shown for all 79 Pathfinder dust devil events,
and about 21 times greater than the largest
(.0289 mbar) pressure drop seen for a
Phoenix dust devil.


http://nssdc.gsfc.nasa.gov.planetary/marspath/dustdevil.html
http://nssdc.gsfc.nasa.gov.planetary/marspath/dustdevil.html
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Figure 4i Relative magnitude of 0.62 mbar increase in pressuiéiltarg 1 at its sol 332.3 and pressure drops for 79

convective vortices/dust devils at Mars pathfinder over its 83 sols. Source: Murphy, J. and Nelli, S., Mars Pathfinder
Convective Vortices: Frequency of Occurrence (2008)://tide.gsfc.nasa.gov/studies/Chen/proposals/IES/2002GL015214.pdf
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1.2. NASA Ames Test of Martian Pressures
and Dust Devils

An effort was made at the Ames
facility to simulate Martian dust devilst a
pressure of 10 mbaMASA (2005 article’®

state

S

air through the tunnel like a vacuum cleaner
sucks air. Scientists also compare this process
to a person sucking water through a straw.
The resulting simulatefars wind moves at

about

230

feet

Aetual

recorded dust devil winspeedseeron Mars
by Pathfinder and Phoenix were about 6 modelswhich indicate that129 kph winds
m/s?* Seventy m/s is252 kilometersper
hour, nearly the strength of a category 5
NASA Ames wasunable to
replicate adust devil with a fan spinning at
the 10 mbar pressure levdlhey state that

hurricane.

it he

S i

mu |

ated

(10

would have to spin at too high a speed to blow
thin wind through tk
it becomes harder to accept that dust devils
can occur in such low pressures. The problem
becomes more severe when we see Martian
dust devils operating at even lower speeds, or
on Arsia Mons where pressure is ~1 mbar
t h-prassure Airfdraws thini g (see Table 1)

test

sect

Recent findings (Bdges, et al., 2013
based on HIRISE and MER & photosof

Martian bedforms (moving dunes and sand
s e gpples)d aré ‘aldoatnmidds) witlh surface
meteorological measurements and climate

(termed threshold windgapable of moving

sand are

infrequent

in

the

~6 mbar

atmospheréArvidson et al., 198%; Aimeida
et al., 2008). In fact, the required winds

were never seen in 8,311 hourly pressures

on.

mb @hegkedMa Wikingsa Ihand 2. miusswllhbe r e

in the wind tunnel is so tenuous that a fan

discused in greater detail later in Section 7.2.

TABLE 17 Pressure at various elevations on Mars based on a scale height of 10.8 and a pressure at Mars

A B C D E F G H

1 MARS SITE ENTERING ARGUMENTS SCALE HEIGHT 10.8 KM AND AVERAGE MARTIAN PRESSURE 6.1 MBAR
2 KILOMETERS [10.8km Scale |RATIO B/C |=-EXP{D VALUE)|1/E value -F VALUE = PRESSURE |PERCENT OF |PRESSURE IN
3 Height (MARS) MULTIPLE OF PRESSURE AT |MILLIBARS
4 6.1 MBAR MEAN MEAN AREQID
5 |MEAN AREOID 0 10.8 0 A1 A1 1 100 6.1
6 [MOUNTAINS:
7 |OLYMPUS MONS 21.2874 10.8| 1.97105556| -7.178249532 -0.139309729 0.139309729)  13.93097294| 0.849789349
8 ASCRAEUS MONS 18.219 10.8] 1.68694444| .5.402946454 0.185084196 0.185084196|  18.50841959] 1.129013595
9 ARSIA MONS 17.7807 10.8| 1.64636111| -5.188066639 -0.19275003 0.19275003 19.275003|  1.175775183
10 PAVONIS MONS 14.0574 10.8] 1.30161111] -3.675213077 0.272093068 0.272093068|  27.20930675| 1.659767712
11 ELYSIUM MONS 14.1226 10.8| 1.30764815| -3.697467582 -0.27045538 0.27045538 27.045538|  1.649777818
12 HECATES THOLUS 4.85326 10.8| 0.44937593| -1.567333748 -0.638026203 0.638026203 63.8026203  3.891959838
13 VALLEYS:
14 VALLES MARINERIS -5.67947 10.8] -0.52587685| -0.591036885 -1.69194178 1.69194178 169.194178]  10.32084486
15 LYOT [DEEPEST IN N. HEM) -1.036 10.8 -0.65148148| -0.521272948 -1.91838077 1.91838077 191.838077 11.7021221
16 HELLAS BASIN B8.18 10.8] -0.75740741| -0.468880469 2132739121 213213911 213.2739T21 13.0097123
17 LANDERS:
18 VIKING 1 -3.627 10.8| -0.33583333|  -0.11474222 -1.399105821 1.399105821 139.9105821|  8.534545509
19 VIKING 2 -4.505 10.8 -0.41712963| -0.658935497 -1.517599226 1.517599226|  151.7599226| 9.257355279
20 PATHFINDER -3.682 10.8) -0.34092593| -0.711111581 -1.40624907 1.40624907 140.624907)  8.578119329
21 PHOENIX -4.126 10.8] -0.38203704| 0.682469776 -1.465266353 1.465266353|  146.5266353| 8.938124755
22| MSL at GALE CRATOR 4.4 10.8(-0.4074074 | -0.665373057 -1.5029163 1.50291628 150.291628 | 9.167789309

SOURCE FOR ALL HEIGHTS EXCEPT PHOENIX & MSL:

DAVID E. SMITH ET AL. (2001}, MARS ORBITER LASER ALTIMETER: EXPERIMENT SUMMARY AFTER FIRST YEAR OF GLOBAL MAPPNG OF MARS

Areoid of 6.1 mbar. Atmospheric pressure decreases exponentially with altitude. In detepraagug

for Earth, the formula for scale height is pgefy"®wherep = atmospheric pressure (measured in bars on

Earth),h = height (altitude)P, = pressure at height= 0 (surface pressure), ahid = scale height.

0
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2. OVERVIEW OF
INSTRUMENTATION PROBLEM S.

Differences between terrestrial and
Martian dust devil pressure 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 2ffam Vaisala
Barocap ®sensor developed in 2008 by the
Finnish Meteorological Institute (FMI) for
the Phoenix and MSICuriosity. Did any
probes sent to Mars ever have the ability to

measure pressures near those associated with lander

terrestrial dust devils? The ansva@pears to

b enod@However, as will be discusseddat

in conjunction with Figure 1B, Tavis CAD
10484 indicates that one of two transducers
ordered for Pathfinder had a pressure range
of 0 to 15 PSIA. This means it could measure
up to 1,034 mbar. Supposedly that sengas

not sent.

Tavis sensor pressure ranges for
Viking had limits of about 18 mbar. There
was a question of whether or not the limit was
closer to 25 mbar due to Tavis CAD no.
10014 (sed-igure 1®\) that indicates a limit
of 24.82 mbar (0.36 PSIA). Howevye
Professor James E. Tillman, director of the
Viking Computer Facility, in a personal
communication dated 27 May 2010, stsid
that the limit was 18 mbar. Thisgure is
accepted as correct in this report. The 18
mbar Viking figure is backed by NASA
repat TM X-74020 by Michael Mitchell
dated March 1977 It states:

Two variable reluctance type pressure
sensors with a full range of 1.79 x310
N/M? (18 mb) were evaluated to determine
their performance characteristics related
to Viking Mission environmentevels.

Twelve static calibrations were performed
throughout the evaluation over the full
range of the sensors using two point

contact manometer standards. From the
beginning of the evaluation to the end of
the evaluation, the zero shift in the two
sensos was within 0.5 percent and the
sensitivity shift was 0.05 percent. The
maximum thermal zero coefficient
exhibited by the sensors was 0.032% over
the temperature range 0f28.89°C to
71.11°C.

It gets a lot colder thaf28.89°Con
Mars, but Professor Minan insisted that
AThe pressure sensors
body and heated by RTG
(radioisotope thermoelectric generato)
units. They were not exposed to ambient
Mar ti an temperatures.
guestion whether rapid ingestion of tus
during the landing process also prevented
transducers from ever correctly measuring
ambient Martian pressures.

Figure 5A is the very first picture ever
transmitted from the surface of Mars to Earth.
It was taken between 25 seconds and 4
minutes after ta landing and it makes clear
that dust was an immediate issue when the
landing occurred. Figure 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 landindlfe
on the lander deck. As is showater in this
paper onFigure 5@, dust covered a camera

|l ens cover on the MSL
that dust could have quickly made its way
into the MSL6s Vai sal
dust filter.

t

we |
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Dark band caused by dust cloud stirred up by the landing as it drifted Duston lander footpad Rocks on

downwind and momentarily came between the lander and the Sun foothad

(Viking P-17053) P
Figure 5A: Mking 1 footpad with dust, sand and rocks on it right after landing. Effects
of dust cloud stirred up are to the léfor a better view, see the NASA image at

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

Figure5B: 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 presiseire
trarsducer Sourcehttp://astroengine.com/2012/08/08/stocky-debrison-curiositysdeck

hints-of-thunderoudanding/

10
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2.1 Vikings, MSL,and GayL us s ac 6 s LBy Year 2overall predictions were off by 9
or 10 percent, but the calculations are less
RTGsmay be at the root of problems  certain because ehanyincidents involving
with Viking and MSL pressure readings stuck pressure readings, sometimes for days
which appear to vary inversely with outside  on end. Annex ®f this report supports this

temperatures. That is, whengets colder allegation, but Annex D also highlights stuck
outside and RTGseed to warm the inside of pressure readings for Viking 1. The old
the landers, th@ressure recorded insidegoes ¢l i ch® A Gar bage in Garba

up. Temperature and pragg variations seen problem. Temperaturelata seemedredible
for Viking 1 Year 1 almost exactly match for the Vikings éxcept when reported as
what would be expected in accordance with Absolute Zeo). However temperatures (in
GayLussacods P(seebigunes6e Lparticular, ground temperatureswere

through €). To counteract a minimurviear problematic for MSlas is detailed isection

1 temperatureof 177.1K seen, and to raise 14.1 of this report. We assert that pressure
internal temperatures to the maximiimar 1 data was not credible for any lander

external temperature seen (255.Kj, air

caught behind a dust clegould experierce a When comparing maximum air
pressure rise. If Viking $ucked in enough temperatures seen at M@hd Vking 1, we

dust and sand on landing to clog, but not show in Annex Mto this report that the
enough ¢ equalize the internal pressure with  highest air temperature seen after JPL revised
the air pressure outside, then whatevear it year 1 data was 4° @74.15K). MSL sits

1 minimumpressure seen inside the lander at  at 4.59° South on Mars at an altitude of 4,400
the Tavis pressure transducer (6.5ibar) meters below areoid. Viking 1 was also in the
would increase in pressure in accordance tropics at 22 North. However VI:1 was at
with GayLussacod6s Law. A an altitade of IH@ Avnretersd below altitude.
Figure 6, when the bhove two temperatures  R.M. Haberlé!! at NASA Ames claims that
and 6.5Imbar are entered into the calculator, the adiabatic lapse rate for Mars is aldh6K

the expecté pressure is shown to be 9.397 km!. Using thatrate we would expect the

mbar. The actual maxum pressure maximum temperature at V1 to be about
recorded by Viking 1 was 9.57 mbar. Thatis 1.9325 K lower tha at MSL however the
a 98.196 agreement with the idea thhe air maximum temperature at VL was only
access tube for the sensor was cloggeéahr 255.77K, while the maximum (revised)

Viking 2, the minimum and maximum temperature foMSL Year lon MSL Sol
temperatures were 152.14 K and 245.74 K. 227/March 2, 2013) was 274.15K, a full
The minimum pressure found was 7.29 mbar. 18.38 K warmer than at \/IL. Further, before
The maximum predicted pressure was 11.775 JPL revised its MSL temperatures iticated
mbar. The maximum pressure recorded by a maxmum air temperature at MSL of &
VL-2 was 10.72 tmar, which is  91.04% of (281.15 K)on MSL Sol102 (November 18,
the predicted valueSeeFigure 6 2012) but they later altered this temperature
to -3° C (270.15 K)The high for MSL Year
The data points on Figure 6 are meant 2 was 11° C (284.15K) on Sol 7680, it
to get some sense of whether the pressure would appear that there is room to gtien
limits seen were roughly in line t the accuracy and consistency of air
expectations based on happlied to a sealed temperature sensors on these two missions.
space (behind the dust clots)hey were, but
obviously more so in Vikindt 6 s f i r st year .

11
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.1?28.0rg-:_|a£|:|'es.htm| P1 P2

T4 T2

VIKING 1 YEAR 1

VL1 SOL 110.66 (and
others), LS 150.849

| Pressure 1 Equals |>>|6.51

| Temperature 1 Equal5| >>| 177.19| Sol 292.96, LS 260.849

Temperature 2 Equals | »>{255.77
CALCULATE
| Pressure 2 Equals |>> | 9.39?|

ACTUAL VL1 MAX PRESSURE = 9.57 MBAR
AT SOL 318.38, Ls 277.724 (98.19% OF PREDICTED VALUE)

Sol 102.5, LS 146.385

VIKING 2 YEAR 1

| Pressure 1 Equals

VL2 50L 56.74,
LS 145.725

Temperature 1 Equals > 1152 14 | Sol 211.02, LS 236.913
>
| Temperature 2 Equal5| |245. 74 | Sol 26.66, LS 130.472

CALCULATE

| Pressure 2 Equals | 354 | 11.775|

s [720_]

ACTUAL HIGH PRESSURE FOUND = 10.72 MBAR ON VL2 50L
277.34, Ls 279.93 (91.04% OF PREDICTED VALUE)

Figure 6: Pressure calculator with entering arguments
based on Y- 1 and 2 Year 1 results. Prediction is
98.19% in agreement with measured results for Viking
1, 91.04% in agreement fovL-2.

Annex D displaysour attempt to
predict pressure on what is basically an
hourly frequency (actually once per tirben,
with each timebin equal tabout 59 miutes)
for Viking 1 sols 1 to 116 and 13 350.
While previous reseahers focused on
diurnal pressure cycles, Annex D focuses on
the percent differences between pressures
measured and presres predicted based on

heat being applied by RTGs when
temperatures fell. There was a distinct pattern
seen, often as clear as whateowould see
when looking at a healthy electrocardiogram.
Pressures would vafly 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 wluminous, 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 to 91 on the lefénd sols 92 to
116 plus134 to 199 on the right. Appendix 2
to AnnexD has data for VL1 solsl to 20@0
2740n the left, then for sols 276 350 on the
right. When the percent difference is less than
2%, the data is shown in red bold fonts.

Annex E just singles out ¢hpercent
differences seen for the .3 and .34 time bins
over VL-1 sols 200 to 350. Thiggenerally
around sunrise timé$ one ofthe timeswhen
it would be reasonable to expéetat from the
RTGs to accesequipment (like caneras)
that need to begin thaiiaily operations The
average percent difference was 2.67%. Of the
302 pressure predictions made, 72 had a
percent difference of less thaf2See Table
2 andFigure 8for furtherdetalils.

7 MOST ACCURATE TIME-BIN
PRESSURE PREDICTION TIMES
TIME-BIN

LOCAL TIME | PREDICTIONS
MORE
ACCURATE
THAN 2%
DIFFERENCE

7LEASTACCURATE TIME-BIN
PRESSURE PREDICTION TIMES
TIME-BIN

LOCAL
TIME

PREDICTIONS
MORE
ACCURATE
THAN 2%
DIFFERENCE

.10 2:30 AM 27.6%

14

3:30AM | 11.6%

.18

4:30AM | 1.5%

.22

5:30 AM [ 1.8%

.30 7:30 AM 27.7%

34

8:30 AM [ 16.7%

42 10:30 AM 33.6%

.46 11:30 AM 28.6%

.54

1:30PM | 10.4%

.68

2:30PM [ 9.8%

.66 4:30 PM 37.56%

.70 5:30PM 30.6%

.74

6:30PM | 15.8%

.94 11:30 PM 28.6%

Table 2 Viking 1 cyclic accuracies for pressure predictiorf&eeFigure 8andAnnex F for further

details. The data source was the

Viking  Project site  atttp://www-

k12.atmos.washington.edu/k12/resources/mars-idegamation/data.html
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Pressure predictions with
less than 2% difference
from pressures measured

122/
33.6%

126/

Formula used:
= (6.51 mbar)(255.17K)

37.5%

93/ 93/

27.6%

‘ Mos oo e o do

MWE?EWW»EE

TIME-BINS
.02.06 .10 .14 .18.22 .26 .30 .34 .38 .42 .46 .50 .54 .58 .62

VIKING 1 SOLS 1 TO 116 AND 134 TO 350 (336 SOLS IN ALL)

Figure 7: Viking 1 cyclic accuracies for pressure predictions. See Annex F for further details. The
Viking

data source was the

.66 .70

Predicted T
103/ K measured in cell
30.6% 96/
dii 28.6%
i 26.2%
= L 1%
= 23.2% fSESLE8
771 H
= - "i 25.s%éi§:
= Simimisi=
siEiliisisisisiE
= =i=i=i=s
., SiEEE
3 —g‘ }5 3
2 S
=iEiE
HEIEI B
i 313

.74 78 .82 .86 .90 .94 .98

Project site at http://www-

k12.atmos.washington.edu/k12/resources/mars-idigamation/data.html

Annex F focuses just on tir@ns
that have a percent difference between
measured and predicted pressures that is
under 2%. It makes clear that gradually the
time of the greatest percent difference
agreement would shift by a tini@n. For
example, there is a better than 2% difference
agreement at the 0.3 tinténs starting at VL
1 Sol 211 continuing until VA1 sol 288, a 78
day run. The agreement was at the neterla
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 time bin as Viking 1 experiences the first
day of winter at its Sol 3

13

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 difference was 2% or more.
Likewise, the percent difference was (egt
for once) always under 2% in at least one of
the two timebins labeled as 0.66 and 0.7
(early evening) between sols 200 and 240.
Where pressures drift away from the 2%
standard, it is believed that the RTGs were
not permitted to transfer heat to the
transducers and heat was slowly lost to the
frigid outside.Figure 8is a sample of Annex
F (sols 228 to 250).
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Vi1 |

0.06 | 0.1 | u.14| 0.18 | 0.22| 0.26 | 0.3 | 0‘34| 0.38 | 0.42 | 0.46 | 0.5 | 0‘54| 0.58 | 0.62 | 0.66 | 0.7 | 0.74 | u‘7s| 0.82 | 0.86 | 0.9 | 0.94 | 0.98 |
S0L

VL1 0.02
S0L

229 96 9 oY Wa¥alld-JE1VNn) = 199
DL UGTANI TIN NN
230 9 9 198 196 198 199 198
™ o | B WITHIN 2% OF
SN PREDICTIONS I
9 99 o,y AN S Vi
” oD YN D
" LUSSACIANO
28 GAS ILAWS
A 1o
%Nguu-\ G
= 6.51 mbar*255
. T Megasured in 194
Kn 195 197
[ ||
90 197
196 195
K—temperature —
2l [ | ]
foragcurate T
ressure predictic 199 196 195 192
{185-t9-243K) . . o
| / 194 250

Figure 8 Sample of Annex F showing the times of day (for sols 228 through 250) when
pressure predictions had less than a 2% differémmen 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 happens a theFigure € graph is inverted and displayed
close examination of graphs that sum up asFigure B, the temperature and pressure
Viking-2 sol averaged teperatures and graphs are nearly an exact matchlhe

pressures.Figure A and 9C show thatas biggestdiscrepancys after a hiatus with no
temperaturs fell, often pressures ros&o data between Viking 2o¢s 560 to 633 (Ls 68
counter falling temperaturesRTG heat is to 100 in Martian spring to summery.L-2
allowed to access the lander interior to pressure readirsgwere often stuck for10
maintaintemperature ability there As this hours to six dayéses Annex C forVL-2 sols
occurs, air trapped behindany dust clot 639799. When pressures were stuck,

would experience a pressure increase. When temperatures were not.

Figure A to 9C: Graphs shown dSgure A and 9C are redrawn from Tillman
and Johnsorfigure B inverts the direction of temperatures on the Y axis to show how
heating by RTGs to counter increasing cold outside produces a curve very similar to the
pressure curve.
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