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VIKING PROJECT

THURSDAY, NOVEMBER 21, 1974

HOUSE OF REPRESENTATIVES,
COMMIME ON SCIENCE AND ASTRONAUTICS,

SUBCOMMITTEE ON SPACE SCIENCE AND APPLICATIONS,
Washington, D.C.

The subcommittee met, pursuant to notice, in room 2325, Rayburn
House Office Building, Hon. James W. Symington, chairman of the
subcommittee, presiding.
Mr. SYMINGTON. The subcommittee will be in order.
Good morning everybody.
This morning, the Subcommittee on Space Science and Applications

begins 2 days of legislative oversight hearings on Viking, NASA's
most challenging planetary exploration project to date.
Next summer, two complex Viking spacecraft are scheduled to be

launched from Cape Canaveral; their trip will take nearly a year and,
in July 1976, scientific instruments will be landed on the surface
of Mars.
NASA's planetary exploration program has given special emphasis

to Mars for several reasons. Exploration of Mars is expected to cast
light on the origin and evolution of our solar system, as well as the
processes that shape our terrestial environment. As one of our closest
neighboring planets, Mars is accessible to visits by our spacecraft ap-
proximately every 2 years. Moreover, Mars is the most Earth-like of
all the planets, and is considered to be the place most likely to harbor
life forms if any exist elsewhere in the solar system.

Mariner 4 made mankind's first close-up observations of Mars as
it flew by the planet in 1965. Four years later, Mariners 6 and 7 flew
past Mars and sent back more and better pictures, and additional
scientific data. In 1971, the highly successful Mariner 9 surveyed Mars
from orbit for several months and mapped the entire planet.
The next step involves the soft landing of scientific instruments on

the Martian surface. The Viking spacecraft is designed to make direct
measurements of the atmosphere, as well as chemical, physical, and
biological analyses at the surface. The major scientific objective is
the search for evidence of extraterrestrial life.
Viking is the most ambitious unmanned space project ever under-

taken by NASA. It is also the most expensive: Estimated total costs
currently exceed $1 billion.
During the past year or so, a number of technical problems have

been encountered in the development of certain critical subsystems
in the lander portion of the spacecraft which have resulted in substan-
tial cost increases. Some months ago Congress was advised that all
Viking contingency funds had been used up, and that more than $40
million had to be reprogramed into the project during fiscal year
1974. Recently, we were informed that nearly $50 million more must
be reprogramed into the Viking project during the current fiscal year.
Without objection, relevant letters from the Administrator of NASA
dated April 3, 1974, and October 10, 1974, will be included in the rec-
ord at this point.

(1)
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

APR - 3 1974
OFFICE OF THE ADMINISTRATOR

Honorable Olin E. Teague
Chairman, Committee on Science

and Astronautics
House of Representatives
Washington, DC 20515

Dear Mr. Chairman:

Enclosed is a report by the National Aeronautics and Space
Administration on plans to conduct the Lunar and Planetary
Exploration program at a level in excess of that authorized
in the National Aeronautics and Space Administration Authori-
zation Act, 1974 (87 Stat. 171), together with the facts and
circumstances related to the proposed action. This report is
being made pursuant to Section 4 of the above referenced
Authorization Act and Section 4 of the National Aeronautics
and Space Administration Authorization Act, 1973 (86 Stat.
157, 161). This report is being submitted to the Committee
pursuant to the cited sections.

The report explains that this increase in the Lunar and
Planetary Exploration program is necessary to provide for
unanticipated growth in funding requirements for the Viking
project caused by development problems in a number of
systems and subsystems. As explained in the report, the
additional funds for this project in FY 1974 are to be made
available from savings in other parts of the program, from
deferral of some less time critical efforts, and from
savings of $20 million in FY 1973 funds realized in closing
out the Apollo program.

Sincerely,

James C. Fletcher
Administrator

Enclosure

4

0



3

National Aeronautics and Space Administration 

Report on Planned Actions in the FY 1974 Lunar and Planetary 

Exploration Program 

Made pursuant to Section 4 of the National Aeronautics and Space

Administration Authorization Act, 1974 (87 Stat. 171) and

Section 4 of the National Aeronautics and Space Administration
Authorization Act, 1973 (86 Stat. 157, 161)

The attached table shows the currently planned FY 1974

National Aeronautics and Space Administration's program

levels compared to those included in the FY 1974 Authori-

zation Act. The Lunar and Planetary Exploration program

is planned at a program level in excess of the authorized

amount. A comparison of the Lunar and Planetary Explor-

ation program on which the FY 1974 authorization was based,

with the current planned program follows:

Lunar and Planetary Exploration 
(In Thousands of Dollars)

Project

Basis for
FY 1974

Authorization
Act

Planned
FY 1974
Project
Levels

Mariner
Viking
Outer planets missions
Pioneer/Helios

8,900
201,200
32,200
7,700

11,115
241,655
28,110
7,070

Planetary flight support 22,000 20,800

Lunar and planetary ground
based activities 40,000 34,950

Budget request 312,000
Less: Authorization Act

reduction -1,000

Total, Lunar and planetary
exploration 311,000 343,700

The net change in the Lunar and Planetary Exploration program

is an increase of $32,700 thousand. Within this total, the

major change is an increase of $40,455 thousand for the

Viking project. The Viking project, which is developing dual

Spacecraft to simultaneously orbit and land on the surface of
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Mars, is a technologically demanding one in terms of the
compact, automated instruments themselves and in terms of

their complex interrelationships. Problems have been

encountered in a number of the Lander systems and sub-
systems during the initial sequence of tests which require
prompt correction in order to allow progress on what has
become a demanding schedule between now and launch in
August/September 1975.

Project planning did allow contingencies in both dollars and

time for a reasonable amount of problem solving during the

development. The problems encountered, however, have been
more extensive than anticipated and have involved a number
of spacecraft and experiment systems.

A brief review of the major problems leading to the revised
estimates follows:

1) Biology Instrument - Problems have stemmed from the
extreme complexity of these three experiments and the limi-

ted space available for the package. Solutions for these
problems are anticipated but at the cost of much tizhe and
effort. This has sharply curtailed the time available for
manufacture and test.

2) Gas Chromatograph Mass Spectrometer - Corona arcing pre-
sented a severe problem which required several months of
intensive effort to solve. The instrument has passed its
thermal-vacuum tests and, at this time, does not ha7e
serious problems.

3) Camera - Increased expense for this instrument as
primarily related to a series of bearing and gearing
problems, development of the photo sensor assembly, and
a decision to add a dust removal system. This sysem
includes a jet of carbon dioxide to clear the camen
during operation on the Martian surface.

4) Guidance Control and Sequencing Computer - Several prozleins

have been encountered with this instrument, the Lander "LrEi.:1 1
Problems center on the plated wire memory, a technological'.'
advanced unit manufactured by a technique of double-plating
a magnetic coating on wire only :two thousandths of an inch
in diameter. Problems with this system remain at this date.
Because of the critical nature of this system to the Lander,
a backup magnetic core memory is being concurrently developed

5) Radar - Problems were encountered with this design related
to temperature sensitivity and operating at minimum altitude
These problems have been corrected but, as with others, re-
quired additional, unplanned time and effort.
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6) Inertial Reference Unit - Problems involved hybrid
circuits and operations under extreme cold temperatures.
These problems have also been solved, but at a cost of
extra effort.

7) Proof Test Lander - Late deliveries of the above and
other subsystems, together with problems with the automated
testing system, have required contractor manpower for longer
periods and at higher levels than planned.

The total impact of these problems has made necessary the
additional funding detailed in this report.

The additional funds required for this augmentation are
being made available as follows:

1) $20 million of FY 1973 funds is to be transferred from
Apollo following a more rapid and less expensive phaseout
of that program than expected.

2) $10.7 million is from funds earlier planned for the
Launch Vehicle procurement program. A substantial portion
of this results from an increase in the number of non-NASA
users of launch vehicles and a resultant increase in the
portion of the costs of supporting the Launch Vehicle
program for which NASA receives reimbursement. (The
attachment indicates an $11.7 million difference between
the authorized budget plan and the operating plan. The
other $1 million of authorization was not funded when the
allocation of appropriated funds was made.)

3) $2 million is being made available from the Physics and
Astronomy program by reducing the planned activity in
Sounding Rockets and Supporting Research and Technology.

4) $7.755 million is from other projects within the Lunar
and Planetary Exploration program. Major elements of these
adjustments are:

a) an increase of $2,215 thousand for the Mariner
Venus/Mercury mission required to support missions
operations;

b) a decrease of $4,090 thousand for the Outer Planets
Missions by reducing the cost buildup cm the project;

c) a decrease of $630 thousand for Pioneer/Helios due
to lower current cost rates in both projects;

d) a decrease of $1,200 thousand in Planetary Flight
0 Support thru deferral of selected activities; and
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e) a net decrease of $5,050 thousand in the supporting
lunar and planetary activities made available by
deferral of studies of future missions; delays in
the program of synthesizing lunar data; a deferral,
for other reasons, in the beginning of operational
use of the Arecibo Observatory and similar program
changes.

The total of items 4a through 4e is $8.755 million c2
which $1 million is a reduction in plan following a $1
million reduction in the Authorization Act compared to the
FY 1974 request, as noted in the table on page 1.
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National Aeronautics and Space Administration

AUTHORIZED AND PLANNED ACTIONS 
ON THE FY 1974 PROGRAM
(Thousands of Dollars)

FY 1973
Funds to

FY 1974
Authorization
Act (PL 93-74)

be Applied
as Detailed
in FY 1974
Budget
Request

FY 1974 FY 1974
Authorized Operating
Budget Plan Plan

Space flight operations 555,500 25,000 580,500 580,000

Space shuttle 475,000 --- 475,000 475,000

Advanced missions 1,500 --- 1,500 1,500

Physics and astronomy 63,600 30,400 94,000 92,000

Lunar and planetary exploration 311,000 --- 311,000 343,700

Launch vehicle procurement 177,400 600 178,000 166,300

Space applications 161,000 6,000 167,000 161,000

Aeronautical research and tech-
nology 180,000 25,000 205,000 168,000

Space and nuclear research and
technology 72,000 4,000 76,000 69,000

Tracking and data acquisition 244,000 244,000 244,000

Technology utilization 4,500 4,500 4,500

Total research and development 2,245,500 91,000 2,336,500 2,305,000

Construction of facilities 112,000 112,000 101,100

Research and program manage-
ment 707,000 707,000 707,000

Civilian pay raise: January and
October, 1973 37,786* 37,786

TOTAL NASA 3,064,500* 91,000 3,193,286 3,150,886

*PL 93-74 authorized appropriations for such additional or E-upplemental

amounts as may be necessary for increases in salary, pay, retirement, or

other employee benefits authorized by law.



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546

OCT 1 (1 1974 %8!--->f)
OFFICE OF THE ADMINISTRATOR

- Honorable Carl Albert
Speaker of the House of Representatives
Washington, DC 20515

Dear Mr. Speaker:

Enclosed is a report by the National Aeronautics and Space
Administration indicating our plans to use in FY 1975, in the
Lunar and Planetary Exploration program, funds appropriated
pursuant to the National Aeronautics and Space Administration
Authorization Act, 1974, (87 Stat. 171), in excess of the
amount authorized therefor. This report is being made pursuant
to Section 4 of the above referenced Authorization Act, and
is being submitted to the Speaker of the House of Representatives
pursuant to Rule XL of that House.

The need for additional funding in the Lunar and Planetary
Exploration program, to accommodate Viking development problems,
was explained and discussed during testimony on the FY 1975 NASA
budget by NASA witnesses before the House and Senate Authorization
Committees and the Appropriations Subcommittees; however, the
specific additional funding required was not known at that time.
The National Aeronautics and Space Administration Authorization
Act, 1975 (88 Stat. 240), authorized to be appropriated
$266,000,000 for the Lunar and Planetary Exploration program,
of which $89,016,000 was to be applied to the Viking project.
As pointed out in the enclosed report, the requirements for this
year are $137,798,000, or $48,782,000 more than is available.

To meet the increased programmatic requirements of Viking, we
plan to use in FY 1975, $48,782,000 of funds appropriated pur-
suant to the National Aeronautics and Space Administration
Authorization Act, 1974. These funds are to be made available
from savings in FY 1974 realized from closing-out contracts on
the successful Skylab project, thus permitting the Agency to
provide for Viking requirements without disrupting the programs
authorized and funded by the Congress for FY 1975. It is
believed that this approach is consistent with the concern
stated by Congressional Appropriations Committees that other
important NASA activities not be restricted because of funding
problems with the Viking mission.
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The NASA FY 1975 Operating Plan will contain other program
element adjustments necessitated by appropriation reduc-
tions and changes in project emphasis. These chdnges will
be communicated to the Congress on a timely basis after
completion of apportionment actions.

Sincerely,

/44.4M1)(if, 114

James C. Fletcher
ifflAdministrator

Enclosure
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National Aeronautics and Space Administration

REPORT ON PLANNED ACTICNS AFFECTING THE 
LUNAR AND PLANLTARY hXPLOrt.ATION 15r1OGRA:4 

Made pursuant to Section 4 of the National Aeronautics and

Space Authorization Act, 1974 (87 Stat. 171).

Viking is by far the most sophisticated project ever attempted.

using automated spacecraft. It will make the first compre-

hensive surface study of the physical, chemical, and biological

properties of the planet Mars. The Viking missions will not

only yield unique observations of Mars but will also search

for evidence of past or present life or the probability of

future development of life on the planet.

-These determinations are to be made using data from a variety

of sensors in Mars-orbiting spacecraft, as well as from space-

craft designed to land on the surface of Mars. Two launches

will be made in August/September 1975, each including a combin-

ation Orbiter/Lander spacecraft.

Major technical problems in three areas have delayed the

completion of the Lander: (1) the guidance and control computer;

(2) the biology instrument; and (3) the Lander proof test

capsule qualification program. These problems surfaced a

number of months ago and have resulted in an extremely tight

schedule situation, even though recent progress has been good.

The computer qualification unit is in test and the first two
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flight computers have been assembled and are also in test.

A recent problem required that many of the printed circuit

boards in these computers be replaced before fligpt. The

first flight-type biology instrument has been assembled and

is in factory acceptance test. The biology instruments will

be delivered very late in the lander assembly and test schedule,

but in adequate time for launch preparations. The Lander

proof test capsule has completed sterilization tests, acoustic

and vibration tests, and is now in its science tests in a simu-

lated Mars environment. These tests are going well, although

considerably later than originally scheduled.

These problems have resulted in significant cost increases,

which have been partially offset through program changes.

Additional effort needed to complete a backup flight lander

has been deleted from the program. Assembly of one of the two

flight orbiters has also been stopped and the proof test

orbiter, which had an excellent test history, will be refurbished

and become the second flight orbiter. We believe that these

actions will enhance the probability of meeting our remaining

scheduled milestones, will contribute significantly to holding

down the overall cost of Viking, and will not seriously com-

promise the probability of mission success.

The cost increases described above will require an estimated

$48,782,000 above the $89,016,000 which was our estimate of

Viking project requirements at the time the FY 1975 budget was
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printed and distributed. We plan to use in FY 1975,

$48,782,000 of funds appropriated for the Skylab program

in FY 1974. These funds are available following cioseout

of contracts after the successful completion of that

project. This action increases the funding planned for the

Viking project in FY 1975 to $137,798,000 and increases the

Viking usage of funds appropriated pursuant to the National

Aeronautics and Space Administration Authorization Act,

FY 1974 (87 Stat. 171) from $241,655,000 to $290,437,000.

1.•
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According to NASA's then Associate Administrator for Space
Science, Dr. John Naugle, "after holding to a ceiling cost for 4 years,
the program encountered unexpected development problems which
will increase runout costs by 5 to 7 percent.' Since he testified last
spring, that estimated increase has at least doubled.
These hearings have been scheduled in order to determine the

nature of those development problems, and why they were unexpected
at such a late stage in the Viking project. We shall also review the
financial history of the project, and seek an expert assessment of the
probability of mission success.
This morning we will hear from three members of the NASA team

on Viking tomorrow our witnesses will be representatives of the in-
dustrial contractors.
Our leadoff witness today is NASA's Associate Administrator, Dr.

Rocco A. Petrone, who will give an overview of the Viking project
for NASA Headquarters. He will be followed by Mr. Edgar M.
Cortright, Director of NASA's Langley Research Center, which has
overall project management responsibility for Viking. Our third
witness will be Mr. Robert Parks, Assistant Laboratory Director for
Flight Projects at the Jet Propulsion Laboratory, who will describe
the development of the orbiter portion of the spacecraft.
On behalf of the subcommittee, I welcome all of you. We will

begin with Dr. Petrone's prepared statement.

STATEMENT OF DR. ROCCO A. PETRONE, ASSOCIATE
ADMINISTRATOR, NASA

Dr. PETVONE. Mr. Chairman and members of the committee, I am
pleased to be able to discuss with you today the status and progress
of the Viking program. With me are Dr. Noel W. Hinners, the re-
cently appointed Associate Administrator for Space Science, the
office with primary responsibility for the Viking program at head-
quarters Dr. Edgar M. Cortright, Director of the Langley Research
Center, which has management and operational responsibility for
Viking and Mr. Robert J. Parks, Assistant Laboratory Director
for Flight Projects at the Jet Propulsion Laboratory, which has
responsibility for the Viking orbiter.
Today I plan to provide a perspective and overview of the Viking

program. Dr. Cortright and Mr. Parks are prepared to discuss the
status and progress of the program in greater technical detail.
The National Aeonautics and Space Administration, shortly after

its establishment, began studies for a Mars exploration program. En-
couraged by the results of Mariner 4 in 1964, we initiated the Mars
Voyager program to carry out detailed studies from orbit and on the
surface of Mars of the chemistry of the atmosphere and surface, radia-
tion levels, temperatures, seismic activity and search for evidence of
extraterrestrial life.
A major feature of Voyager was that the orbiting spacecraft would

be capable of missions to other planets and the landing capsule would
be designed to carry interchangeable payloads such as an automated
surface laboratory or a large roving vehicle. Voyager, first authorized
by this committee in fiscal year 1966, was described in the fiscal year
1968 budget hearings as a $2.2 billion program and had strong endorse-

44-128 0 - 75 - 2
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ment from the NASA Lunar and Planetary Mission Board. It became
obvious, however, with the reduction in the fiscal year 1968. NASA
budget request of $5.1 billion to an appropriation of $4.6 billion that
the Saturn V launch of two 25,000-pound Voyager planetary vehicles
could not be accomplished within fiscal constraints. At that time, the
agency commenced studies aimed at reducing the mission goals and
commensurate expense of the Voyager while preserving the most
significant science objectives of a Mars mission.
The first program option considered was discussed with this com-

mittee in the fiscal year 1969 budget hearings and was referred to as
the Mars 1973 program. Studies indicated that an orbiter and a. short-
lived, survivable hard lander mission without life detection instru-
mentation could be developed for $347 million. The committee was
also advised in those same hearings that NASA was studying several
other mission options. The early results of those studies were pre-
sented to the committee in the fiscal year 1970 budget hearings and
recommended that a Mars program called Viking, with soft landing
capability and life detection capability, could be developed and the
preliminary cost estimate was $364 million. During the summer of
1969, definition studies were completed, proposals were received from
industry for the major hardware elements, and the baseline science
payload was established using the recently received results of Mariners
6 and 7. The changes to the Viking program during this time period
were discussed in special hearings before this committee in a supple-
mental review of NASA/OSSA projects conducted in October 1969.
The program cost range discussed during these hearings was $650 to
$750 million, including the Titan-Centaur launch vehicles.
The constraints on expenditures applied in the formulation of the

fiscal year 1971 budget request resulted in rescheduling of the Viking
program from a launch date of 1973 to 1975 which was the next Mars
launch opportunity. This schedule change increased the cost range to
$700—$850 million—excluding the Titan-Centaur launch vehicles—
and it was presented in our fiscal year 1971 budget hearings. The cost
range was further refined to $750—$830 million and presented to this
committee in the fiscal year 1972 hearings.
The Viking program is widely regarded as a program of enormous

scientific value and one of the greatest milestones in the exploration
of the solar system. Two missions will be launched, each to place an
Orbiter/Lander spacecraft around Mars—chart SL69-339—this figure
shows the Orbiter and Lander in Martian orbit, and then we will give
the command to separate. This in effect will be our last command from
Earth until after landing. We are 40 minutes away in a two-way radio
journey. Guidance and control of the spacecraft must be totally auto-
mated, unlike an Apollo. There is no information or help we can give
the spacecraft going in for the landing. It must be totally automatic
and must totally take care of itself. The next event after separation is
atmospheric entry. Here is the deployment of the chute and, finally,
retrorockets bringing us down to a soft landing. The figure shows the
two communication modes, relay to the Orbiter and direct to Earth.
The communications are very much constrained by the power
availability.
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We will have that relay communication link to give us the science
data after the soft landing, with the Orbiter remaining in orbit about
Mars. The Lander will separate from the Orbiter and descend to a soft
landing on the surface of Mars [chart SL75-15190]. The next vugraph
shows the Lander on the surface. We see our long arm for the sample.
One of our prime experiments will be the attempt to detect what life
may be there, a very exciting prospect. We also see the two cameras on
our Lander model here in front of the committee. They are shown in
green on the unit here. The antenna dish is to communicate to Earth.
As I mentioned in our previous slide, we communicate both to Earth
with a direct dish and through the Orbiter. The data obtained from
the Viking experiments will, for the first time, provide detailed spe-
cific information on the nature of the atmosphere and surface of Mars
[chart SL75-15189 (3) ].
Our experiments are alined in three different modes. We have the

Orbiter which, from the orbit of Mars, will be looking for water
vapor, doing thermal mapping, and obtaining surface photographs.
During entry, we will get a reading of the atmospheric composition
and atmospheric structure. And then on the surface, we have the
visual; we're sending pictures from our two cameras. Our biology
instrument, which you will hear more about later, will look for life.
We also have a molecular experiment for organic activity. These ex-
periments will tell us something about the chemistry of organic or in-
organic materials on Mars. A seismology instrument will look for
quakes.
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VIKING

SCIENCE SUMMARY
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We will investigate magnetic and physical properties of the soil;
and the radio experiments, and so forth. This of course is a very ambi-
tious program as we mentioned before in terms of stepping out to a
distant planet to try to learn something about it. We have learned
much from pictures. But one step on the soil, of course, with the Lander
will bring us into a whole new understanding of our neighboring
planet. One of the many important questions the experiments are
designed to address is the question of whether life exists, has existed,
or could evolve on Mars. These points are mentioned to emphasize the
fact that Viking is truly unique from a scientific point of view. Viking
is the most advanced, automated mission ever attempted. The Lander
contains the capabilities of a chemical laboratory to analyze the chemi-
cal composition of the Martian atmosphere and the soil around the
Lander for organic and inorganic makeup. It contains a meteorologi-
cal station for measuring pressure, temperature and wind velocities; a
seismometry station for measuring marsquakes ; a biology laboratory
utilizing several different techniques for detecting life in the form of
microorganisms; and, a number of other experiments including high
resolution color and infrared twin cameras [chart SL012PDF-01].

This is not a view of Mars. It is a view taken with the cameras
showing the fidelity we expect to be able to return in color and in-
frared.
We can also, with the twin cameras, be able to get stereo views of

certain features that I am sure will be of interest. The camera devel-
opment has been an outstanding bit of work in terms of getting res-
olution of data from that distance. This is just a copy of what fidelity
we do expect to return. The Orbiter, the companion vehicle to the
Lander, utilizes Mariner spacecraft and sensor technology but still
performs several new features such as its communication role in relay-
ing Lander data back to Earth. The mission plan with its 11 months
of cruise time, orbital operations, deorbit and soft landing at a pre-
determined landing site, data gathering and transmission operations
illustrate the uniqueness and complexity of the Viking program.
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At this point, I would like to mention the publication of the "Viking
Mission to Mars," a copy of which has been placed before each member
of this subcommittee. This is a concise description of the basic ele-
ments of the Viking mission in much more detail than time allowed
me to present here this morning.
Mr. SYMINGTON. Without objection, this brochure will be made part

of the record at this point.
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Only through comparative studies of other planets and their evolution
will man truly begin to understand the forces which shaped his own being
and the world in which he lives.

JOHN E. NAUGLE
Deputy Associate Administrator
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AIN

Foreword

This monograph describes the National Aeronautics and Space Ad-
ministration's program to explore the planet that most nearly resembles
the Earth. Americans have taken many giant steps for all mankind since
1776, but few as potentially momentous as the search for life on the
surface of Mars that the Vikings are scheduled to begin in 1976.
The recent Mariner flights by and around Mars have yielded photo-

graphic and other data packed with surprises for scientists. The Soviet
Union has also embarked on an extensive program to study Mars' sur-
face. From the Viking instruments that are being readied now for use
on the surface and in orbit around Mars, much more will be learned
about the nature of the planet, possible origins of life, and the possible
fate of our own environment.
In this brief account of the Viking mission to Mars, Mr. Corliss has

endeavored to describe it in ways understandable to everyone.

EDGAR M. CORTRIGHT
Director
Langley Research Center
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Chapter 1

The Purpose of
Planetary Exploration

From the Great Pyramid to Palomar, man has always searched the
skies for clues to his destiny. Down the centuries the bright, wandering
orbs of the planets have captured his imagination. At first, he peopled
those spheres with his ancient gods and, later, with the exotic creatures
of science fiction. Although the Sun's planets are devoid of those fanciful
beings, they boast something much more valuable: The keys to under-
standing our Earth, its geological past, and how its variegated cargo of
life originated and evolved.
The planets of the solar system probably had a common origin. The

current view holds that all were formed by "accretion," as gravity pulled
dust and rocky debris into the spherical conglomerations of matter we
now call planets. Despite their similar births, each planet is different in
character. Earth teems with life; Jupiter is massive with a thick and
colorful atmosphere; Mercury is small with little atmosphere and baked
by the nearby Sun; while Mars, the most Earth-like of all the planets,
is a dry, windblown, cold desert. Their different chemistries, geologies,
and meteorologies derive from their different masses and varying dis-
tances from the Sun. This diversity alone makes planetary exploration
worthwhile.
What the planets can tell us about life is possibly even more impor-

tant. Earth, to be sure, harbors abundant life in a relatively thin bio-
sphere only a few miles thick but is unique among the denizens of the
solar system in this regard. Data gathered from outer space—the amino
acids detected in meteorites and the observed spectra of water, ammonia,
and organic chemicals in interstellar space—suggest that the chemical
building blocks of life are universal. Life may be an integral, perhaps
inevitable, part or the unfolding evolution of the universe. Very likely
some of the precursors of life exist somewhere on our eight sister planets
or their several dozen assorted moons. Somewhere in the solar system,
chemical evolution may have taken that one critical additional step into
the realm of life, just as it did some 3.5 to 4 billion years ago on Earth.
By exploring the other solar system planets and their satellites, we

should be able to study the various stages of chemical and, hopefully,
biological evolution. Thereby, scientists can gain insight into the proc-

1
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esses leading from simple molecules to man. Valuable as this detailed
insight would be, just one look at that part of the drama which reveals
some form of "other life" would make space exploration worthwhile.

Recognizing that many scientific secrets still lie hidden throughout
the solar system, NASA has a program of solar system exploration aimed
at answering the following questions:

(1) How did our solar system form and evolve?
(2) How did life originate and evolve?
(3) What are the processes that shape our terrestrial environment?

Our astronauts have begun detailed exploration of the Moon, but we
have sent only a few instrumented spacecraft past or into orbit around
the other planets. Among the other planets, Mars is the most potentially
rewarding as an astronautical objective, especially in terms of the second
question. It is neither too hot nor too cold; it possesses carbon dioxide
and some water. Life could exist there, and scientists are eager to send
their instruments down to the Martian surface.
The possibility of Martian life—extinct, extant, or future—is the target

of the Viking program that is described in detail in this publication. The
two Viking spacecraft, to be launched in 1975, will be Orbiter-Lander
combinations. The Orbiters will contribute to the science objectives
of the mission by taking photographs and spectra over large regions of
the planet. The Landers will make in situ atmospheric and meteorologi-
cal measurements during descent and while on the surface. Once safely
landed, various other instruments will analyze the soil for organic and
inorganic compounds and try to detect biological activity.

Viking is a challenging program to explore the surface of a planet
millions of miles away. From the information in the stream of radio
signals beamed back to Earth across that immense void, we hope to
learn more about Earth through the study of the differences and simi-
larities of the planets and, possibly, to hear first signals announcing the
discovery of extraterrestrial life.

2
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Chapter 2
Viking's Target:

Mars
The Red Planet
Through the Telescope

Mars is the third smallest planet of our solar system. Its diameter is
scarcely half that of Earth and its mass is only one-tenth that of our
globe. Yet, of all the planets that circle the Sun, Mars seems most like
Earth. Its year is twice ours-687 days—but the Martian day is almost
exactly the same-24 hours, 37 minutes, and 23 seconds. Mars has a thin
atmosphere which supports a few clouds and fierce duststorms. Because
the axis of Mars is tilted at 25° to the plane of its orbit, it has seasons
that superficially seem like those on Earth. When spring comes to the
northern hemisphere of Mars, its northern polar cap recedes while the
southern cap grows. As the white northern cap shrinks, a wave. of dark-
ening appears to sweep south toward the equator as if Sun-released
moisture were reviving dormant vegetation. Little wonder that some
early astronomers reckoned Mars a second Earth! Scores of science fiction
stories portrayed their heroes striding across the red sands of Mars, while
Phobos and Deimos, the two tiny moons, raced overhead.
Many facts about Mars can be verified through the telescope; but the

older visions of Earth-like springtimes, greening vegetation, and a
biosphere like our own are unwarranted extrapolations from them. Mars
is still a mysterious planet. Each new phase of scientific exploration has
changed our picture of it substantially. Telescope, spectroscope, flyby
spacecraft, and orbiting spacecraft have in their turns revolutionized our
concept of Mars.
When an astronomer trains his telescope on Mars, he sees a fuzzy

reddish sphere capped in white at both poles. There are pronounced
light and dark areas and, when the Earth's turbulent atmosphere holds
still for a moment, fine details seem to crystallize. (See frontispiece.)
It was during such moments of "good seeing" that Giovanni Schiaparelli
saw and drew his famous "canali," or channels, when Earth and Mars
were separated by a distance of less than 35 million miles during the
opposition of 1877. Today we know there are no canals on Mars, but
we still are not able to study details of the Martian surface through a
telescope.

3



28

VIKING MISSION TO MARS

Spectroscopic studies of Mars began in 1862 when the English astrono-

mer William Huggins first applied that technique. When a prism ,or

ruled grating spreads the light from Mars out into a spectrum, dark

absorption bands can help to identify the atmosphere's constituents,

but for more than 80 years astronomers have struggled with their
spectroscopes with scant results. The atmosphere of Mars is so thin
that absorption bands, if present, were difficult to discern. Finally, in
1947, Gerard P. Kuiper positively identified several infrared absorption
bands due to carbon dioxide. Despite this evidence, carbon dioxide was
assumed to be a minor constituent in comparison to nitrogen, even
though nitrogen had not been detected. This assumption, based on
analogy with the Earth's atmosphere, was proven incorrect in the
1960's. Carbon dioxide is now known to make up most of the Martian
atmosphere. This turnabout and others to follow illustrate the difficulty
of doing planetary research at distances of 35 million miles, the closest
Mars ever gets to Earth.
The brilliant polar caps of Mars were initially assumed to be ice

or at least a layer of hoarfrost (again in analogy with Earth). Water
vapor was therefore expected to appear in Martian spectrograms. But
the characteristic infrared absorption bands of Martian water vapor,
if they existed, were masked by water vapor in Earth's atmosphere
above the telescope. Finally, in 1963, scientists definitely detected Mar-
tian water vapor bands by utilizing the Doppler shift caused by the
relative motion of Mars and Earth.
A rough idea of the Martian surface temperature was acquired by

measuring the heat radiation emitted (not reflected) by the planet in
the infrared portion of the spectrum. Temperature measurements made
in 1922 indicated that Mars was a very cold planet, but not completely
hostile to life as we know it. Refined techniques have led to the con-
clusion that shortly after midday, surface temperatures on the equator
can rise to at least 25° C (77° F). (See table 1.)
The first indications that life might exist on Mars came in 1956 and

1958 when W. M. Sinton observed distinct absorption bands at 3.43,
3.54, and 3.69 micrometers in light reflected from the dark areas of
Mars. Since carbon-hydrogen bonds in organic compounds display simi-
lar bands, some sort of life, probably vegetation, might occur in the
dark areas. Like the canals a half century earlier, Sinton's bands, as
they were called, led many to conclude that Mars indeed did support life.
A rude awakening came in 1965 when two of Sinton's bands were

identified as absorption bands of the rare molecule hydrogen deuterium
oxide, HDO (a type of heavy water) , in Earth's atmosphere. Once again
the limitations of Earth-bound astronomy had been emphasized. By
this time, however, a spacecraft was on its way to Mars to observe the
planet from an incomparably better vantage point as it flew past.

4



T
A
B
L
E
 1

.-
Ph

ys
ic

al
 P
ro
pe
rt
ie
s 
of
 t
he
 P
la

ne
t 
M
a
r
s

P
r
o
p
e
r
t
y

V
a
l
u
e

E
q
u
i
v
a
l
e
n
t
 v
al
ue
 i
n

M
e
t
r
i
c
 s
y
s
t
e
m

E
n
g
l
i
s
h
 s
y
s
t
e
m

V
a
l
u
e
 f
o
r

E
a
r
t
h
 i
n

En
gl
is
h 
s
y
s
t
e
m

M
e
a
n
 
si
de
re
al
 
ye
ar
,.
 
d
a
y
s
 
 

M
e
a
n
 
di

st
an

ce
 f
r
o
m
 
S
u
n
,
•
 a
s
t
r
o
n
o
m
i
c
a
l
 u
ni
ts

D
i
s
t
a
n
c
e
 a
t
 p

er
ih
el
io
n,
 
a
s
t
r
o
n
o
m
i
c
a
l
 
un
it
s 
 

D
i
s
t
a
n
c
e
 a
t
 a
ph
el
io
n,
. 
a
s
t
r
o
n
o
m
i
c
a
l
 u
ni
ts
 
 

Cl
os

e 
a
p
p
r
o
a
c
h
 (
op

po
si

ti
on

),
 •
 a
s
t
r
o
n
o
m
i
c
a
l
 u
n
i
t
s
:

A
u
g
u
s
t
 1
2,
 1
9
7
1
 
 

O
c
t
o
b
e
r
 
17
, 
1
9
7
3
 
 

D
e
c
e
m
b
e
r
 8
,
 1
9
7
5
  

J
a
n
u
a
r
y
 1
9
,
 1
9
7
8
 
 

F
e
b
r
u
a
r
y
 
2
6
,
 1
9
8
0
 
 

In
cl
in
at
io
n,
. 
de
gr
ee
s 
 

M
e
a
n
 
eq

ua
to

ri
al

 d
ia

me
te

r,
" 
ki
lo
me
te
rs
 
 

M
e
a
n
 
po
la
r 

di
am

et
er

,"
 k
il
om
et
er
s 
 

M
a
s
s
,
"
 
g
r
a
m
s
 
 

M
e
a
n
 
de
ns
it
y,
" 
g
r
a
m
s
 p
e
r
 c
ub
ic
 c
e
n
t
i
m
e
t
e
r
 
 

M
a
g
n
e
t
i
c
 f

ie
ld
 a
t
 s
ur

fa
ce

,"
 g
a
u
s
s
  

L
e
n
g
t
h
 
o
f
 d
ay
,"
 h
o
u
r
s
 a
n
d
 
m
i
n
u
t
e
s
 
 

M
e
a
n
 
so

la
r 

ir
ra
di
an
ce
,"
 
w
a
t
t
s
 
p
e
r
 
s
q
u
a
r
e

ce
nt
im
et
er
.

A
t
m
o
s
p
h
e
r
i
c
 
pr
es
su
re
,"
 
mi
ll
ib
ar
s 
 

A
t
m
o
s
p
h
e
r
i
c
 
c
o
m
p
o
s
i
t
i
o
n
 b
 
 

68
6.

98
1.

52
1.
38

1.
67

0.
38

0.
44

0.
57

0.
65

0.
68

24
.9
4

6
7
8
6

6
7
5
1

6.
18

 X
 1
0
°

3.
94
5

<
4
 X
 1
0-
•

2
4
"
3
7
"

0.
05

8

6.
3

C
O
2
~
1
0
0
%

N
2
 

T
r
a
c
e

H
2
O
 

T
r
a
c
e

O
s
 

T
r
a
c
e

A
r
 

T
r
a
c
e

C
O
 

T
r
a
c
e

21
7.
94
 X
 1
06
 (
ki
lo
me
te
rs
)

20
6.

66
 X
 1
06
 (
ki
lo
me
te
rs
)

24
9.
22
 X
 1
06
 (
ki
lo
me
te
rs
)

56
.2
0 
X
 1
06
 (
k
i
l
o
m
e
t
e
r
s
)

65
.2
2 
X
 1
06
 (
k
i
l
o
m
e
t
e
r
s
)

84
.6
0 
X
 1
06
 (
k
i
l
o
m
e
t
e
r
s
)

97
.7

2 
X
 1
06
 (
k
i
l
o
m
e
t
e
r
s
)

10
1.

32
 X
 1
06
 (
k
i
l
o
m
e
t
e
r
s
)

5.
3 
X
 1
03
 (
d
y
n
e
s
 p
e
r
 s
q
u
a
r
e

ce
nt

im
et

er
)

14
1.

64
 X
 1
06
 (
m
i
l
e
s
)

12
8.

41
 X
 1
06
 (
m
i
l
e
s
)

15
4.
86
 X
 1
06
 (
m
i
l
e
s
)

34
.9
2 
X
 1
06
 (
m
i
l
e
s
)

40
.5

3 
X
 1
06
 (
m
i
l
e
s
)

52
.5
7 
X
 1
06
 (
m
i
l
e
s
)

60
.7
2 
X
 1
06
 (
m
i
l
e
s
)

62
.9

6 
X
 1
06
 (
m
i
l
e
s
)

4
2
1
7
 (
m
i
l
e
s
)

4
1
9
5

1.
36

 X
 1
0
"
 (
p
o
u
n
d
s
)

0.
14
6 
(
p
o
u
n
d
s
 p
e
r
 c
ub
ic

i
n
c
h
)

0.
07
7 
(
p
o
u
n
d
s
 p
e
r
 s
q
u
a
r
e

i
n
c
h
)

36
5.
24

9
3
 X
 1
06
 (
m
i
l
e
s
)

91
.4
0 
X
 1
06
 (
m
i
l
e
s
)

94
.5
1 
X
 1
06
 (
m
i
l
e
s
)

23
.4
5

79
26

.4
 (
m
i
l
e
s
)

78
99

.8
13
.1
8 
X
 1
0
"

0.
19

9 
(
p
o
u
n
d
s
 p
e
r
 c
ub
ic

i
n
c
h
)

0.
32

2
4
"

0.
13

9

14
.6
96
 (
p
o
u
n
d
s
 p
e
r
 s
q
u
a
r
e

i
n
c
h
)

0
.
0
0
3
%

78
.0

0.
00
1-
0.
02
8

20
.9

0.
00

9
T
r
a
c
e

•
 D
a
t
a
 f
r
o
m
 r
ef

. 
1.

"
 D
a
t
a
 f
r
o
m
 
re

f.
 2
.

SIIVMI :Ia011V,I, S,ONINIA 



30

VIKING MISSION TO MARS

TABLE 2.—Summary of Mariner Flights to Mars

Spacecraft
Launch
date

Spacecraft
weight,

kilograms
(pounds)

Encounter
date Remarks

Mariner 3 __ Nov. 5, 1964 262 (575)  In solar orbit (shroud

failure precluded
Mars flyby).

Mariner 4 __ Nov. 28, 1964 262 (575) July 15, 1965 Closest approach: 9800
kilometers (6140
miles).

Mariner 6 __ Feb. 24, 1969 414 (910) July 31, 1969 Closest approach: 3400
kilometers (2131
miles).

Mariner 7 __ Mar. 27, 1969 414 (910) Aug. 5, 1969 Closest approach: 3400
kilometers (2131
miles) .

Mariner 8  May 8, 1971 1000 (2200)  Launch vehicle failure.

Mariner 9 __ May 30, 1971 978 (2150) Nov. 13, 1971 In Martian orbit.

The First Mariners

Mariner 4 flew past Mars on July 15, 1965, at a distance of 9800 km

(6140 miles), snapping 22 pictures of the planet (table 2). To nearly

everyone's surprise, the pictures revealed a heavily cratered surface like

that of the Moon (fig. 1). Furthermore, the craters showed little evi-

dence of erosion, suggesting that wind and water had scarcely touched

the surface during the geological eons. Even though Mariner 4 had

photographed only about 1 percent of the planet's surface (fig. 2) and
from 9800 kilometers, the scientific interest in Mars as an abode of life
quickly wavered. Mariner 4 suggested that Mars was geologically and
biologically dead. To make the case for Martian life even worse, the
Mariner 4 magnetometer radioed back that there was little or no mag-
netic field around the planet. With no magnetic field and only a very
thin atmosphere to shield the surface from charged particles (and with-
out atmospheric ozone to absorb ultraviolet radiation) , life on Mars
seemed unlikely indeed.
The conclusion was premature. From several thousand kilometers out,

Earth also appears lifeless. Additionally, Mariner 4 photographed only
a narrow strip of Mars. What did the other 99 percent look like?

Mariners 6 and 7 flew past Mars in the summer of 1969. In addition
to cameras, they carried infrared and ultraviolet instruments to analyze
the Martian atmosphere and surface. Again, photos of the surface
showed many craters strewn across the planet's surface, but not at ran-
dom. The 202 pictures (covering 20 times the area shown by Mariner
4) revealed two unexpected features: chaotic terrain composed of jum-

6
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bled ridges and valleys unlike anything found on the Earth or Moon

(fig. 3) and wide expanses of featureless terrain where craters had been

somehow eroded (fig. 4) . Mars had obviously been geologically active

in the past and possessed its own evolutionary history.

The camera eyes of Mariners 6 and 7 saw no canals, but where canals

were thought to be, the closeup photos -revealed alinements of dark-

floored craters and diffuse dark patches. Some of the alinements may be

random but others probably have geological significance. Pictures taken

over the southern polar cap indicated a thin layer of snow which in-

frared spectra suggest is mostly frozen carbon dioxide (fig. 5) . The bulk

of the thin atmosphere also seems to be carbon dioxide, with some water

but little or no nitrogen. Atmospheric pressures were confirmed to be

very low, about 6 millibars, compared to about 1000 millibars on Earth.

Mars was thus found to be a unique member of the solar system.

The Orbiter Phase
Collectively, Mariners 4, 6, and 7 photographed only about 10 per-

cent of the surface of Mars as they cruised past and went into orbits

about the Sun. Only a long-lived picture-taking Martian satellite could

provide a complete photographic map of Mars. This was the task of

Mariner 9, which was inserted into Martian orbit on November 13, 1971.

A planetwide duststorm concealed most of the surface when Mariner

9 arrived at its destination. It was still possible, however, to make meas-

urements of the upper atmosphere; and a spacecraft camera caught the

two moons, Phobos and Deimos, in its field of view, revealing them

as irregular, cratered chunks of rock (fig. 6) . In addition, infrared

spectrograms of the dust itself showed it to be similar in composition to
surface rocks on Earth. To geologists this indicated that the lighter

materials had risen to the surface while Mars was still molten, as

probably happened when Earth was evolving.
As the duststorm slowly subsided in early 1972, Mariner 9 began

sending back thousands of high-quality pictures of the surface. This
detailed, comprehensive look at Mars revealed several things that
telescopes could not show us and that had been missed by previous

Mariners.
One of the most exciting discoveries was clear-cut evidence of fluid

erosion. A meandering "riverbed" (fig. 7) and braided channels were

photographed. Except for the nearby craters, such scenes might have
been shot by satellites over the American Southwest. Equally extraor-

dinary were pits and slumps (fig. 8) resembling ice-formed features in
Earth's polar regions. Furthermore, the region around the southern

polar cap proved to be extensively eroded as if by glacial action. Mars
might have had an appreciable hydrosphere within the past 100 million

years with accompanying glaciation and river erosion.
To heighten the resemblance to Earth, Mars has many volcanoes.

7
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Nix Olympica (fig. 9) , the largest observed in the solar system, is 500

kilometers (310 miles) wide at its base. The sea-covered foundation

of Mauna Loa, Earth's largest volcanic formation, is only about half

this breadth. Mars also has vast canyon lands (fig. 10) . One great "rift

valley" is 121 kilometers (75 miles) wide and almost 61/9 kilometers (4

miles) deep, far greater than our Grand Canyon. Geologists see this as

a great crack in the Martian surface where crustal plates are pulling

apart, much as they are along the deep fault that bisects Iceland. Like

Earth, Mars seeems to have two kinds of surface: recent, relatively fea-

tureless terrain like Earth's sea bottoms and old, well-cratered regions

similar to terrestrial continents.
Will the similarities end with geology? Perhaps somewhere on Mars

near the warmth of a volcano or a similar favorable niche, life may have
survived from warmer, wetter days. Or Martian life may be prospering
in its present environment. For it is now believed, based on the Mariner
9 results, that the polar caps do contain a frozen-water deposit below
an overlay of frozen carbon dioxide, and that at the fringes of the
southernmost extremes of the northern cap temperature and pressure
conditions exist for a short period of the Martian year which would
allow even certain forms of terrestrial life to assimilate liquid water—
or Mars may truly be lifeless. We do not know.

8
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FIGURE 1.—In 1965 Mariner 4 sent back puzzling views of Mars.
-

FIGURE 2.—Mariner 4 photographed 22 small parts of surface.



FIGURE 3.—Chaotic terrain was noted by Mariner 6 in 1969.

FIGURE 4.—Featureless terrain was photograpbed by Mariner 7 in

1969.
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FIGURE 6.—Mariner 9 obtained the first
closeup views of the two moons of Mars,

Phobos (a) and Deimos (b) .

VIKING MISSION TO MARS

(



FIGURE 7.—In 1972 Mariner 9 revealed this Martian "river bed."



FIGURE 8.—Martian pits and slumps resemble some of the Earth.

FIGURE 9.—Nix Olympica is a volcano pile twice as wide as Mauna Loa, the

largest volcanic pile on Earth.



FIGURE I0.—Vast canyon lands were photographed by Mariner 9.
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Chapter 3
The Viking
Mission

The Scientific Objectives
The goal of the NASA Viking program is to learn more about the

planet Mars by direct measurements in its atmosphere and on its sur-
face. Additional scientific data will be acquired from the Orbiter which
will circle Mars in a synchronous orbit above the Lander after the
latter has descended to the surface. On both the Orbiter and the Lander
the primary emphasis will be on biological, chemical, and environmental
aspects of Mars which are relevant to the existence of life.
The Viking scientific experiments are divided into four groups: Or-

biter, entry, Lander, and radio (table 3). The Lander carries by far the
most instruments. It is, in fact, a miniature automated laboratory. The
entry experiments involve instruments mounted on a protective shell sur-
rounding the Lander during its high-velocity entry into the Martian
atmosphere. The entry experiments will obviously be brief but will give
us a unique opportunity to analyze the characteristics of the Martian
atmosphere from top to bottom. After the Lander is detached, the
Orbiter plays mainly a supporting role, although it may, for selected
periods of time, break its radio ties with the Lander and commence
independent scientific experiments. The specific instruments associated
with the four groups of experiments are listed in table 3. They will
be described in more detail in chapter 5.

The Flight Plan
The Viking flight plan consists of five major phases of operations:•

launch, cruise, orbital, entry, and landed. The operations which must
be performed during these phases, in turn, dictate the functional capa-
bility of the various parts of the total space vehicle system (fig. 11) .
This system is described in more detail in chapter 4.

Launch Phase

In the summer of 1975, the launch vehicle will first propel the space-
craft into a 165-kilometer (90-nautical-mile) orbit and, after a short
coasting period, inject the spacecraft on a heliocentric trajectory which
will intercept Mars nearly a year later (fig. 12).

17
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TABLE 3.—Viking Scientific Goals and Instruments

Experiment
category Scientific goals

Investigations
(instruments)

Orbiter  

Entry  

Lander  

Radio 

Perform reconnaissance to verify
or search for landing sites.

Monitor landing sites.
Obtain data from other areas of

the planet.
Search for future landing sites.
Determine composition and struc-

tural profile of the ionosphere
and atmosphere.

Visually examine the landing
site.

Search for evidence of life.
Search for and study organic
and inorganic compounds.

Determine atmospheric composi-
tion and its variations with
time.

Determine temporal variations of
pressure, temperature, a n d
wind velocity.

Determine seismological charac-
teristics.

Determine magnetic properties of
surface.

Determine physical properties of
surface.

Conduct scientific investigations
using the radio and radar sys-
tems.

Visual imaging (2 television
cameras) .

Atmospheric water mapping
(infrared spectrometer) .

Surface temperature mapping
(infrared radiometer) .

Ions and elections (retarding
potential analyzer) .

Neutral gases (mass spec-
trometer) .

Pressure a n d temperature
(pressure, acceleration, and
temperature sensors) .

Visual imaging (2 cameras) .
Direct biology (3 metabolism
and growth detectors) .

Molecular analysis (gas chro-
matograph and mass spec-
trometer) and X-ray spec-
trometer.

Meteorology (pressure, tem-
perature, and wind sen-
sors) .

Seismology (3-axis seismom-
eter) .

Magnetic properties (2 mag-
net arrays and magnifying
mirror) .

Physical properties.
Radioscience (Orbiter a n d
Lander radio equipment) .

Cruise Phase

During the cruise to Mars the Orbiter rocket engines will be used to
make midcourse trajectory corrections based on radio-tracking data.
Frequent assessments of the spacecraft's "health" will be obtained via
the Orbiter's radio. Orbiter science instruments are to be calibrated and
used to observe the planet as the spacecraft approaches Mars.

Orbital Phase

Upon insertion of the spacecraft into orbit around Mars with the
Orbiter rocket engines, preparations begin for the separation • of the
Lander capsule. During this time, the Orbiter surveys prospective land-

18
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ing sites chosen with the aid of Mariner 9 science data. After Lander

capsule separation, the Orbiter functions as a radio relay and scientific

instrument platform in support of the Lander capsule (fig. 13) .

Entry Phase

Retrorocket engines on the aeroshell decelerate the Lander capsule

out of orbit (fig. 14) . It descends to the surface sequentially braked by

the aeroshcll's aerodynamic drag, by a parachute, and finally by retro-
rocket engines on the Lander.

Landed Phase

Scientific explorations of the Martian surface can begin when the
science instruments are activated and data can be transmitted back to
Earth directly via the Lander radio or through a radio relay link with
the Orbiter (fig. 15) .

Viking space vehicle

48.5 meters

Viking launch vehicle

Titan II IE

Viking

spacecraft

-4-Centaur -4.

D-1T

Launch

Space vehicle
system

Launch

vehicle
- - - —

Spacecraft

Cruise

Spacecraft

Orbiter

Lander

capsule

t)

Orbital

Orbiter

Separate

after Mars

orbit
insertion

'1Ziv

Lander

capsule

Entry

Lander

capsule

Aeroshell
and parachute
- - - - -

Lander

Landed

Lander

FIGURE 11.—The space vehicle system requires the functional parts indicated here for
the mission's five phases.
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Spacecraft trajectory

Mars position

at arrival,

June-Sept. 1976

Earth orbit

Mars orbit

Sun

Conjunction, Nov. 1976

Mars position

at launch,

Aug.-Sept. 1975

Earth position

at launch,

Aug.-Sept. 1975

Earth position

at arrival,

June-Sept. 1976

FIGURE 12.—Relative positions of Earth and Mars.
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FIGURE 13.—The orbital phases of the flight.
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Separate

Deorbit
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Atmospheric
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(800,000 feet)

Deploy
Peak deceleration, parachute,
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(80,000 to 100,000 feet; (21,000 feet)
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Engine ignition,
1200 meters 44247
(4000 feet)

Entry to
landing
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FIGURE 14.—How the Lander will reach the surface.

Earth

Orbiter to Earth two-way radio link:
• Orbiter science data
• Lander relay data
• Engineering telemetry
• Doppler and range signals
• Commands

Lander to Earth two-way radio link:
• Lander science data
• Engineering telemetry
• Doppler and range signals
• Commands

4tfraio,
:etrifik

trir
Orbiter

Lander to Orbiter one-way relay radio link:
• Lander science data
• Engineering telemetry

Lander

FIGURE 15.—Two-way radio links will transmit information between the Earth and
both the Orbiter and the Lander.
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Chapter 4
The Spacecraft

and Launch Vehicle
The launch vehicle and spacecraft are the most novel parts of Viking.

In contrast, the tracking stations, computers, and other equipment left
behind on Earth get little fanfare. Yet a complete understanding of
Viking demands knowledge of all pieces of interacting hardware. Viking
actually comprises the six "systems" portrayed in figure 16, three of
which never leave the ground. In this section, each of these systems will
be described in more detail. None is independent of any other system;
parts have to fit together mechanically, common radiofrequencies must
be used, and a host of other "interfaces" have to be mutually compatible.

The Orbiter
During the long flight to Mars, the Orbiter is the dominant part of

the spacecraft. The Lander is maintained in a quiescent state during
these 10 to 12 months. At this time the Orbiter provides spacecraft
stabilization and maintains the only telemetry and command links with
the Deep Space Network (DSN) back on Earth. The dormant Lander
also receives life-sustaining electrical power from the Orbiter. Period-
ically, the Orbiter relays "housekeeping" data from the Lander to DSN
antennas so that engineers can assess the Lander's mechanical well-being.
The Orbiter is much more than a nursemaid to the Lander. As the

spacecraft approaches Mars, it is the Orbiter's engine which slows it
down to make gravitational capture possible. After a satisfactory orbit
has been attained, the Orbiter scans several preselected landing sites
with its television cameras and other instruments to provide data to the
flight operations team for a final choice. With this decision, the Lander
is commanded to operational status and checked out for landing on the
planet.
During the separation and entry of the Lander capsule, the Orbiter

serves as the vital communication relay link with Earth. Even after a
successful landing, the Orbiter communication relay link is the primary
method of transmitting Lander data back to Earth. The Orbiter-Lander
cooperation continues through the remainder of the mission, with the
Orbiter storing data received from the Lander for retransmission to
Earth when the planet's rotation carries the Lander to the side of Mars
away from Earth. While in orbit administering to the Lander, the Or-
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N4411

Tracking and data
Deep Space Network

Jet Propulsion Laboratory
Pasadena, Calif.

Orbiter system
Jet Propulsion
Laboratory

Pasadena, Calif.

Mission control and
computing center

Jet Propulsion Laboratory
Pasadena, Calif.

Lander system
Martin Marietta Corp.

Denver, Colo.

Shroud

Centaur

Titan Ill

Launch vehicle system
Lewis Research Center

Cleveland, Ohio

4 4

Launch operations
Kennedy Space Center

Florida

FIGURE 16.—Viking systems.

FIGURE 17.—Comparison of Viking and Mariner spacecraft.

biter scientific instruments also scan Mars for data for it to telemeter
back to Earth.
The design of the Viking Orbiter is derived from the Mariner series

of spacecraft. Originally, it had been hoped that a slightly scaled-up
Mariner 9 spacecraft would suffice. The Orbiter resembles a Mariner
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(fig. 17) , for the arrangement of components is generally similar and

Mariner design philosophy was employed throughout. There are dif-

ferences, however, because the Viking Orbiter has tasks not on Mariner

9's list. The whole Orbiter structure was influenced by the much larger

propellant tanks required by Viking. Not only does the Orbiter have

to decelerate so that it can be captured by Mars but it also must de-

celerate the attached Lander capsule. Consequently, the propellant tanks

are three times the size of those of Mariner 9-1600 kilograms (3137
pounds) of propellant in two tanks, each 140 centimeters (55.1 inches)

long and 91 centimeters (35.8 inches) in diameter. These tanks can be

seen in figure 18 just atop the polygonal spacecraft structure. There is

a 64-centimeter (25.2-inch) spherical propellant-pressurizing tank nested

within the structure. In addition to the extra "muscle" needed by the
Viking Orbiter, designers provided more brainpower than Mariner 9

had. The Orbiter, having to perform more complex functions than Mari-

ner 9, possesses two 4096-word, general-purpose computers operating

in parallel or tandem rather than the small, special-purpose computer of

its predecessor. The faster picture-taking rate of the Orbiter (needed for

landing-site verification) required a 2.112 megabits per second tape re-

corder capable of storing 55 television frames, or over half a billion bits.

Like the Mariners, the shape of the Viking Orbiter structure is a
rather flat octagonal prism. This structure has unequal sides 216 by 252
centimeters (85 by 99.2 inches) along the diagonals. Other Orbiter com-

ponents are appendages attached to the basic octagonal structure.

Thermal control is critical for electronic and many other subsystem

components. Windowblindlike louvers around the periphery of the

octagon open and close automatically to permit individual cooling of
16 equipment bays built into it (fig. 19) . The propellant tanks are

shielded from the direct sunlight by a multilayer blanket of insulation.

The propulsion module temperature is regulated by four solar energy
reflectors mounted on the rim of the octagon to direct sunlight to the

sides of the thermal blankets (fig. 18) .

The X-shaped silhouette created by the four solar panels is a Mariner

trademark. Each panel is hinged at its base to an outrigger structure
and hinged again halfway out. Viking solar panels thus fold double for

stowage inside the fairing of the launch vehicle instead of once like

other Mariner designs. Together, the solar panels present just over 15
square meters (23,250 square inches) of solar cells to the Sun. At the
distance of Mars, the cells generate 620 watts of electrical power. When
this amount of power is insufficient to handle peak loads, or when the
Orbiter turns away from the Sun—as it must do for the braking maneu-
ver at Mars—supplementary power is provided by two 30-ampere-hour
nickel-cadmium storage batteries.

25



- 48

VIKING MISSION TO MARS

S-band low-gain antenna
--Nar

Cruise Sun sensor
and Sun gate

Viking Lander
capsule

Propulsion
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panel (4)

Solar energy controller

Orbiter bus

S- and X-band
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(a)

Attitude-control
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Canopus tracker
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Viking Lander
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Stray light
sensor

S-band low-gain
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Science scan platform
(cameras and spectrometers
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S- and X-band
high-gain antenna

(b)

FIGURE 18.—Orbiter (with Lander capsule attached) . (a) Top view. (b) Bottom view

Information is the lifeblood of any unmanned space mission. The
object is to radio as much scientific information as possible from Orbiter
and Lander to Earth. The Orbiter's telecommunication subsystem is
depicted in figure 20. The mainstay of this subsystem is a parabolic
high-gain antenna 147 centimeters (57.9 inches) in diameter, motor-
driven about two axes. The two degrees of freedom mean that the nar-
row cone of radio energy emitted by the antenna can be directed right
at Earth. Communication at high bit rates at the distance of Mars
would be impossible unless the Orbiter's transmitter power were con-
centrated in this way.
Communication between Orbiter and the DSN must be two-way be-

cause terrestrial controllers have to send commands to the spacecraft
to carry out certain functions, such as to turn on the cameras or to
separate the Lander. In fact, spacecraft designers try to insure that it is
always possible to send commands to the spacecraft and to receive him-
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FIGURE 19.—Orbiter electronic bays.

ited telemetry regardless of whether its high-gain antenna is pointing
at Earth. (It very likely will not be during some of the Orbiter's ma-
neuvers.) Therefore, on the sunlit side of the spacecraft (fig. 18) is a
rodlike low-gain antenna with a small cone at its tip. Not as directionally
sensitive, it allows limited two-way communications with Earth over
greater than hemispherical coverage.
The last of the Orbiter's complement of antennas is mounted on

the end of one of the solar panels. This antenna is solely for communi-
cation traffic between Orbiter and Lander on the surface.
The Orbiter's role as a communication relay can be seen in figure 21,

which depicts the direct communication link possible between the
Lander and DSN, and the potential links that may be established be-
tween Orbiter A and Lander B and Orbiter B and Lander A.
The Orbiter's transmitter power is about 20 watts. Most terrestrial

commercial radio stations broadcast hundreds of times this amount of
power. How can so weak a signal be detected after traveling hundreds
of millions of miles? The ultrasensitive 64-meter (210-foot) diameter an-
tennas of the DSN help make interplanetary communication possible.
They have already recorded the 10-watt signals of the interplanetary
Pioneer spacecraft at well over 200 million miles. At these tremendous
distances the rate of information flow is very small. Most of the time,
the so-called "bit rate" will be only 8% bits per second from the
Viking Orbiter, which amounts to about one scientific or housekeeping
measurement per second. However, when the Orbiter's high-gain an-
tenna is directed right at a 64-meter DSN antenna, it is planned to send
data at 4000 bits per second.
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Scientific data telemetered to Earth will also come from the Orbiter's

own scientific experiments. These instruments will scan the surface of

Mars looking for warm, wet areas and checking out the preselected

landing spots prior to the descent of the Lander. The cameras and spec-

trometers are mounted on a scan platform similar to that used on

Mariner 9.
The Orbiter-Lander combination must also be pointed precisely,

while the Orbiter propulsion unit injects the spacecraft into Martian

orbit. How does the spacecraft find its actual orientation and then

change it to the desired orientation? The two celestial references used

are the Sun and the star Canopus. Viking's photoelectric sensors lock

onto these known objects, enabling the spacecraft to maintain a fixed

attitude in space. When either the Sun or Canopus cannot be seen be-

cause of occultation by Mars, an inertial reference unit provides the

guidance information.
Attitude-control jets are located at the tips of each of the four solar

panels, giving them lever arms (fig. 18) of 483 centimeters (190 inches) .
Nitrogen gas for the jets is stored in two 30-centimeter (12-inch) bot-
tles. The Orbiter's attitude-control subsystem automatically commands

the opening and closing of the jet valves to release bursts of cold nitrogen

gas which are used to nudge the spacecraft into the desired orientation.
The Orbiter as a whole weighs 2324 kilograms (5125 pounds) at

launch, compared with Mariner 9 which weighed in at 978 kilograms
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FIGURE 20.—Orbiter telecommunication subsystem.
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(2150 pounds) . Much of the additional weight is propellant, reflecting

the bigger braking task at Mars. But the Viking Orbiter also has to

provide for storage of data from the Lander, extra communications

tasks, and the long job of caring for the inactive Lander during flight
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....-- mg. -----

...• ....-
.....
/ \
/

./ Lander to Orbiter link: ‘
/ 
/ science and engineering telemetry /

Orbiter A .b.tEir /
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science and engineering , 1 
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/ oe 

range rate, and / ,4?''> , 
.......,
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..........'

/
/ / 

/DSN/Lander link:e'

0,-, science and engineering

----.....-

....' telemetry, range,
..4.-•"" range rate, and

command

FIGURE 21.—Communication links.

from Earth. All these functions require more equipment, more 
power,

and, naturally, more weight.

The Lander

The focus of activity changes from the Orbiter to the Lander as retr
o-

rockets slow the Lander down and it begins to fall toward the sur
face of

Mars.
The first major task of the recently awakened Lander is its safe de-

scent through the thin Martian atmosphere to the .selected landing
 site.

The Martian atmosphere, though only a hundredth as dense as Earth'
s,

requires that the Lander be thermally protected during the initial ent
ry

phase when it is still traveling sixteen thousand kilometers per hour
.

A second complicating factor is the necessity for "canning" or bio
logi-

cally isolating the Lander from the time it is sterilized on Earth 
until

it is outside Earth's biosphere. Scientists want to make sure that n
o

terrestrial life forms are carried along to confound their search f
or

native life forms on Mars or to contaminate the planet.

The Lander is actually in a double "can" until separation of the bio-
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shield cap outside Earth's biosphere. Thus sealed and pressurized, the

Lander capsule is protected against biological invasion from the un-

sterilized Orbiter (fig. 22) . The lens-shaped bioshield is 365.7 centi-

meters (144 inches) in diameter and 193.8 centimeters (76.3 inches)

from top to bottom. It is constructed from coated woven Fiberglas
0.0013 centimeter (0.005 inch) thick. The material is intentionally thin

to reduce weight. The bioshield is pressurized and hermetically sealed

to prevent biological invasions during the launch. The aeroshell and base

cover nest inside the bioshield, as shown in figure 22. The aeroshell's

basic structure is 0.008-centimeter (0.034-inch) aluminum alloy formed

into a 140° cone stiffened with concentric rings. It takes the full brunt

of aerodynamic forces during entry. Bonded to its outside is a corklike

material which protects the contained Lander from the searing tempera-

tures (1500° C (2700° F)) created by aerodynamic heating. Attached to
the aeroshell are a base cover and parachute system. The parachute slows
the Lander descent further after atmospheric drag has reduced the
Lander's velocity to about 375 meters per second (1230 feet per second)
at 6400-meter (21,000-foot) altitude. At about 1200 meters (4000 feet)
the parachute is jettisoned and the Lander descends slowly to the surface
using three terminal descent engines to retard its fall.
The well-protected Lander rests inside its shells like a butterfly in the

chrysalis stage. Its appendages are all retracted. When the aeroshell is
jettisoned, the Lander legs are extended, and after landing the other
appendages (high-gain antenna, meteorology boom, and sample arm)
are extended.
During the long flight from Earth, an umbilical connection through

the base cover provides power to the Lander. Housekeeping data also
flow through this connection. Once small explosive charges break the
connections, the Lander plus aeroshell are separated from the Orbiter.
The aeroshell is not merely a passive aerodynamic shield. The two

spheres shown in figure 22 contain hydrazine monopropellant to feed
four small rocket engines located around the edge of the aeroshell. These
rockets slow down the Lander and allow it to be pulled toward Mars
by gravity. They also provide pitch-and-yaw control to orient the aero-
shell in the proper attitude for entering the atmosphere. Aeroshell roll
control is provided by eight similar rockets colocated with the pitch-
and-yaw engines. As the Lander capsule descends (fig. 14) , a solid-state
pulse radar transmitting at 1000 megahertz performs as an altimeter.
At about 6400 meters (21,000 feet) above the surface, the radar signals

a mortar housed in the base cover to fire and deploy a lightweight poly-
ester parachute. Its diameter is 16.2 meters (53 feet) , and extralong sus-
pension lines separate it from the Lander by almost 30 meters (100 feet) .
At about 1200 meters (4000 feet) the parachute is also jettisoned and

the terminal descent engines are fired. A continuous-wave Doppler
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FIGURE 22.—Exploded view of encapsulated Lander capsule.

radar, which directs four canted beams toward the Martian surface and
operates at 13,000 megahertz, measures the Lander's horizontal veloci-
ties to within 1 meter per second. Another radar measures its altitude.
These radars provide altitude and velocity data which control the firing
of three retrorockets to finally ease the Lander down to the surface.
(The parachute alone cannot do the job in the rarefied Martian at-
mosphere.) Like the aeroshell's much smaller rockets, those on the bot-
tom of the Lander utilize hydrazine monopropellant (fig. 23) . Spaced
equidistant around the Lander's frame, they control the pitch-and-yaw
attitude of the Lander as well as braking its descent. Roll control is
provided by four other engines located on the hydrazine tanks.
The difficult problem of "site alteration" was solved by an unusual

array of 18 nozzles on each of the Lander engines. When a spacecraft
eases down to a surface with its descent engines firing, the ground under-
neath may be scoured over a wide area by the rocket blast. Further-
more, the soil is heated—perhaps killing any indigenous life forms—and
extraneous chemicals are added to the soil by the burning fuel. Ordi-
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nary hydrazine, for example, can introduce hydrogen cyanide, water,

and ammonia. Originally, Viking engineers contemplated turning off

the descent engines about 2.5 meters (10 feet) above the surface and

letting the Lander fall the rest of the way. Then it was found that

ultrapure hydrazine would not contaminate the surface and that an

array of small nozzles would spread the exhaust gases out into a wide,

gentle fan that would not unduly disturb the chemical and biological

experiments to follow. The Lander's descent engines will be turned off

by switches in the three strutlike legs projecting from its body. Inside

each main landing strut is crushable aluminum honeycomb material

which cushions the final impact.
The deorbit-descent-landing sequence presents a complex control prob-

lem. To make matters more difficult, next to nothing can be done

from Earth because, even at the velocity of light, a command will take

on the order of 20 minutes to reach the Lander. It would take an equally

long time for the Lander to signal terrestrial controllers that it is in

S-band high-gain
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FIGURE 23.—Lander.
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trouble. The only way to control the deorbit-descent-landing sequence
is by automation. The Lander is on its own until touchdown. In fact,
it has in its computer memory stored instructions which could control
the first 22 days of experimentation without contact from Earth. The
Lander is, by today's standards, a fairly intelligent robot.
Once on the surface with all its appendages extended, the Lander

somewhat resembles the unmanned Surveyor spacecraft NASA landed
on the Moon prior to the manned Apollo flights. The Viking Lander
owes a considerable debt to Surveyor technology, but its designers have
had to wrestle with three new problems: The technology of sterilization,
the requirement for a much higher degree of autonomy because of signal
time delay from Earth, and the yearlong dormant state.
NASA has always met the internationally established planetary quar-

antine requirement for payloads headed for Mars and other planets.
The internationally accepted criterion for planetary quarantine is that
there be only a 1-in-1000 chance (0.001 probability) of contamination
by terrestrial organisms during the 50-year period beginning January 1,
1969. Because there may be many spacecraft exploring Mars within
that period, the sterilization specifications for each Viking launch are
more stringent: less than 1 chance in 10,000 (0.0001 probability) . To
achieve this low probability, the entire Viking Lander capsule sealed in
its bioshield is baked in an oven for several days. The coldest part of
the Lander must register about 112° C for sufficient time to insure that
enough of the micro-organisms have been killed to meet these very
small probabilities of contaminating Mars.
The heat of sterilization not only kills micro-organisms but also risks

injury to many Lander components. Even though many pieces of Lander
hardware were borrowed from space programs where they had proven
themselves, the rigors of heat sterilization caused some failures during
the Viking test program that necessitated a redesign of these components
or selection of alternate components impervious to the heat levels.
The "brain" behind the critical descent maneuvers is called the guid-

ance control and sequencing computer (GCSC) . The sequencing part
of its name refers to automation of the actions that follow a successful
landing. The instructions (22 days' worth) are stored in the GCSC.
They may be updated and modified by Earth once communication has
been established. Even under the best conditions, however, the Lander
will be out of sight about 12 hours each day as the rotation of Mars
carries it around the far side of Mars where terrestrial antennas cannot
communicate with it.
The GCSC was one of the greatest technical challenges of the Viking

Lander. It consists of two general-purpose computers with plated-wire
memories, each having 18,000 words of storage. One computer will be
operational while the other is in reserve. The operating computer sends
a periodic "I'm OK" signal back to Earth. If it is not OK, the Lander
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automatically goes into standby mode and waits for the reserve com-

puter to take over and begin to reactivate the Lander.

With all its appendages deployed (fig. 23) , the Lander structure is

hard to discern. Basically, it is a hexagonal box 1.494 meters (58.8

inches) wide and 0.457 meter (18 inches) thick. The major structural

materials of the box are aluminum and titanium alloys. Landing legs,

antennas, and instrument sensors project from it.

Once safely on the surface, two vital functions of the Lander are the

supply of electrical power and the maintenance of communication with

the Earth—directly or by Orbiter relay. Let us look at the power problem

first.
Sunlight is one-half as strong at the orbit of Mars as in Earth's orbit,

and it is nonexistent during the frigid Martian night. The radioisotope

thermoelectric generator (RTG) was the logical choice for the Viking

Lander because it is a long-lived source of both electricity and heat.

The two Viking RTG's (fig. 24) convert the heat from decaying plu-

tonium-238 into 70 watts of electric power with thermoelectric elements.

The "waste" or unconverted heat is conveyed via a thermal switch to a
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48.5 meters
(159 feet)

THE SPACECRAFT AND LAUNCH VEHICLE

temperature-controlled instrument compartment. A windscreen (shown

covering the RTG's in fig. 23) insures that waste heat from the RTG's

will be available for the instruments and not dissipated uselessly to the

environment. Heat on Mars is a valuable commodity for the Lander

because at night the atmospheric temperature may drop as low as

—120° C (-184° F) .
Data from the Lander's scientific instruments and its internal house-

keeping measurements can follow either of two routes back to Earth.

The highest data rate is via an Orbiter. Data stored on the Lander tape

recorder can be transmitted at high speed (16,000 bits per second) along

an ultrahigh frequency link to an Orbiter when it passes overhead. The

Orbiter records this information on its tape recorder and retransmits

it over its S-band radio link to terrestrial DSN antennas.

The second electronic pathway, completely redundant to the relay

link, is the Lander's direct S-band link with Earth via its computer-

steered high-gain antenna located on top of the Lander. With this

0.762-meter (30-inch) parabolic dish, the Lander can transmit directly

to a 64-meter (210-foot) DSN antenna at up to 500 bits per second.

If the Viking Orbiters should fail, all Lander data would take this alter-

nate route.

4.88 meters

(16 feet)

4.27 meters
(14 feet)

Diameter

8-5

Titan III E/Centaur D-1T

Kilograms Pounds

Lander capsule 1118 2464

(Usable Lander propellant) (139) (307)

Lander capsule adaptor 16 35

Orbiter 2325 5125

(Usable Orbiter propellant) (1406) (3097)

Spacecraft 3458 7624

Spacecraft adaptor 61 135

Total Viking spacecraft system 3519 7759

FIGURE 25.—Viking spacecraft allocated weights.

Four Tons to Mars
The weight of the Viking Orbiter and Lander plus propellants and

adaptors is about 3600 kilograms (4 tons) (fig. 25) . Mariner 9 weighed

only 978 kilograms (2150 pounds), less than one-third the Viking pay-

load. The Atlas-Centaur launch vehicle used for propelling Mariner 9

to Mars is much too small for Viking. On the other hand, the NASA

Saturn V launch vehicle built for the Apollo program is too big by a
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factor of 2. The most economical approach to furnishing the re
quire-

ments of Viking is to use the Titan III rocket with a Centaur upper

stage, a combination that can place about 3600 kilograms (8000 pounds)

in the vicinity of Mars.

The Titan III/Centaur combination (fig. 26) is a relatively new

launch vehicle, although each part has been used on other missions.

Standing 48.5 meters (159 feet) high on the launch pad, the Titan

III/Centaur does not have the streamlined, monolithic look of the

Nose
fairing

Shroud

Viking Lander
capsule

Viking
Orbiter

Centaur
stage

Titan core,
stage II

Titan core,
stage I

Titan solid
rocket motors,

stage 0

FIGURE 26.—Viking space vehicle configuration.

Saturn V. The Titan III is assembled by taking a two-stage Titan II

rocket for a core and strapping on two large solid rockets for added

thrust. The solid rockets are each 3.05 meters (10 feet) in diameter and

25.9 meters (85 feet) long. Their fuel is powdered aluminum in a rubber

matrix. This is burned with ammonium perchlorate to generate about

4,893,230 newtons (1,100,000 pounds) of thrust per rocket at liftoff.

The solid rockets (called the zeroth stage) burn out after about 2

minutes and are jettisoned over the Atlantic. The Titan core, consisting

of a two-stage liquid rocket 3.05 meters (10 feet) in diameter, does not

ignite until just before the solids burn out. Both liquid stages burn a

blend of hydrazine and unsymmetrical dimethylhydrazine fuel with

nitrogen tetroxide oxidizer. The first stage burns for about 21/2 min-

utes; the second stage for about 31/2 minutes. Then the Centaur upper

stage takes over.
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The Centaur is one of NASA's high-performance upper stages, de-

veloped primarily for lunar and interplanetary work. Its two engines

generate a total of about 133,452 newtons (30,000 pounds) of thrust

by burning hydrogen with oxygen. A feature of Centaur is that its en-

gines can be restarted in space, which is essential in the Viking mission.

After the Titan second stage is jettisoned, the Centaur first propels the

Viking into a 165-kilometer (90-nautical-mile-high) parking orbit around

Earth, where it waits between 6 and 30 minutes for the proper moment

to depart for Mars. When this arrives, the Centaur is restarted and

injects Viking into a heliocentric trajectory to intercept Mars nearly a

year later. Centaur's final act is to separate itself from Viking, and, by

expelling its residual propellants, deflect itself away from the Viking

trajectory to minimize the chance that it will impact on Mars.

The Terrestrial Part of Viking
As the Titan III/Centaur lifts Viking off the launchpad, all terres-

trial ties are broken except those using electromagnetic waves. By ter-

restrial standards, Viking's radio voice is weak (20 watts). Once it leaves

its parking orbit for Mars it would be invisible and effectively lost if

its radio transmissions could not be heard. To pick up the weak signals

the Earth-bound part of Viking must be correspondingly large. And if

Viking is to be followed continuously as Earth rotates, the network of

listening stations must be worldwide.
Viking's terrestrial systems are three in number: (1) the launch and

flight operations system, (2) the tracking and data system, and (3) the

mission control and computing center system. The facilities that make

up these systems—Kennedy Space Center, DSN, and JPL's Space Flight

Operations Facility (SFOF)—are multipurpose. All NASA's interplane-

tary and lunar missions utilize them.
Viking will be launched at the Kennedy Space Center from Launch

Complex 41. This is part of NASA's Integrate-Transfer-Launch Facility

at the Cape (fig. 27) . The vertical integration building will be used to

assemble the liquid rocket Titan core and the Centaur upper stage.

The mated liquid stages will then be transported by rail to the solid

motor assembly building where the two big solid rocket stages will be

attached. The entire launch vehicle will then move by rail to the

launchpad. Rail-mounted vans containing necessary checkout equip-

ment will follow. At the launchpad, the spacecraft will be mated to the

Centaur and enclosed in the Centaur standard shroud. Following exhaus-

tive tests and checkout, the spacecraft and launch vehicle will be ready

to go.
At Cape Canaveral and on islands, ships, and planes along the Air

Force's Eastern Test Range (ETR) , radars and optical tracking instru-

ments will follow the launch vehicle as it rises from the pad and heads

downrange toward Ascension Island in the South Atlantic. ETR will
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continue to receive telemetry data from the Viking spacecraft until it

separates from the Centaur. When the spacecraft is separated from the

Centaur its radio signal will be received by the DSN stations. From

that moment on, the DSN's tasks are to track Viking, receive its telem-

etry, and send commands to it.

The DSN is a worldwide tracking and data acquisition facility con-

sisting of six 26-meter (85-foot) paraboloidal antennas and three 64-

meter (210-foot) dishes (fig. 28) . The 64-meter dishes are critical to

Viking, for only they are sensitive enough to receive Viking data from

Mars at sufficiently high rates. These paraboloids are spaced around

Earth so that one will always have Mars in view. Their locations are

in Goldstone, Calif.; Madrid, Spain; and Tidbinbilla, Australia (fig. 29).

Amplifiers at the foci of the antennas are cryogenically cooled to reduce

thermally induced noise. Each site was selected on the basis of lack of

manmade radio noise. Only with antennas of such size, carefully de-

signed and sited, can the faint radio signals of the Viking transmitters

be heard over distances exceeding 200 million miles.

The DSN stations are tied together by a global communications net-

work called the NASA communications network, which uses cables,

microwave relays, and satellites to feed signals to the SFOF at Pasadena,

Calif. (fig. 30) . An impressive, four-level structure, the SFOF is a multi-

mission terminal, data-processing facility, computer center, and control

center from which mission operations are controlled. A portion of the

SFOF will be turned over to the Viking program. Another part of the

Viking flight team, science analysis and evaluation, will be located in

an adjacent building. In total, the flight team consists of about 700

members.

FIGURE 27.—Integrate-Transfer-Launch Facility.

1 Motor inert storage

2 Segment arrival storage

3 Receopt.inspection storage
4 Segment ready Storage
5 Vertical integration building
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FIGURE 28.—DSN antennas. (a)
26-meter antenna. (b) 64-meter

antenna.
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FIGURE 29.—Location of DSN stations.
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Chapter 5
Viking

Scientific Explorations
The View From Orbit

Three types of optical instruments view the surface of Mars from

the Orbiter's scan platform (fig. 31) . These are a pair of high-resolution

television cameras, an infrared atmospheric water detector, and an infra-

red radiometer for atmospheric and surface thermal mapping. Together

the instruments scan strips of the surface below as the Orbiter swings

around Mars. The infrared instruments will pinpoint warm, wet places.

These sites can then be checked visually for geological interest and suit-

ability for landing, using the photographs taken at the same time.

Once the Lander is on the surface, large-scale observations from the

Orbiter—say, the detection of an oncoming duststorm or other regional

changes detectable from orbit—may be correlated with fine-scale meas-

urements obtained by the Lander as the phenomenon sweeps over it.

The Orbiter Cameras

Each of the two Orbiter television cameras consists of a 1.5-inch vidi-

con, telescope, mechanical shutter, and filter wheel (fig. 32). When the

shutter of the camera is open, an electrostatic image of the scene below

is formed photoelectrically on the vidicon target material, which is

then scanned by an electron beam. Neutralization by the beam converts

the image into electrical signals. Each image (or frame) consists of 1056

lines of 1182 spots (pixels) . The intensity of each spot or pixel is trans-

mitted as a seven-bit word. Thus, each transmitted frame consists of 8.7

million bits. Each frame is scanned every 4.48 seconds. A wheel incor-

porating seven different filters can be turned by command to admit light

from different portions of the spectrum over the 3600- to 6500-angstrom

range.
The camera axes are canted slightly so that a pair of pictures covers

a solid angle 3.10 by 1.510. During actual operation each camera takes

one picture every 4.48 seconds, one camera "reading" its image, the

other erasing its last one. At an altitude of 1500 kilometers the cameras

photograph contiguous, nonoverlapping squares 80 kilometers on a side

in swaths about 500 kilometers long. Resolution will be about 40 meters
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under these conditions, capable of resolving an object the size of a foot-
ball stadium.
Vidicon cameras are susceptible to changes in their response to light.

Just prior to Mars encounter, while the spacecraft is still in "celestial
lock" (that is, its navigation sensors are still locked onto the Sun and
Canopus) , the cameras will take pictures of known stars for calibration
purposes. A few exploratory pictures will also be taken of Mars to see
if there have been any large-scale surface changes since the Mariner 9
photographs were taken.
The prelanding period will be devoted almost exclusively to checking

out the potential landing sites. Emphasis will be on mapping and geo-
logically detailing the likely spots. Following a successful landing, the

Orbiter's periapsis will be kept near the landing site to make data relay-
ing easier. During this period the cameras will be on the lookout for
changes in the atmosphere and on the surface. Ultimately, the Orbiter
will be released from the Lander-support task and its orbit will be
varied for more comprehensive studies of the planet.

Infrared thermal
mapper

Mars atmospheric
water detector.
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FIGURE 31.—Orbiter science scan platform.
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FIGURE 32.—Orbiter visual imaging subsystem.

Mapping Concentrations of Water Vapor

More than anything else, Viking will be looking for signs of life on

Mars, and in terrestrial thinking this means water. The presence of this

biologically important substance should, therefore, be a factor in selec-

tion of the final landing site. Mariner 9 photos leave little doubt that

liquid water has existed on the surface of Mars in the past. The atmos-

pheric conditions under which some of the Martian clouds prevail indi-

cate that they are formed from water ice crystals. The objective of the

Mars atmospheric water detector (MAWD) is to locate areas of the

surface where the concentration of water vapor (and by inference,

ground water, probably as ice or permafrost) is high. This information

will then be weighed with data on the terrain, geology, and temperature

in making the final landing-site decision.
Once the Orbiter has been released from its landing-site duties, the

MAWD can inquire into planetwide variations of water-vapor concen-

tration, particularly in connection with geological features and the

diurnal cycle. Martian meteorology has become unexpectedly interesting,

and water vapor is a key factor on this unusual planet. Present atmos-

pheric conditions inhibit the accumulation of large bodies of water as
on Earth. The hydrologic cycle of Mars is different from that of Earth
and what possibly existed on Mars in the past.
Water vapor is detected from orbit with an infrared spectrometer sen-

sitive to the absorption band of water vapor existing at approximately
1.38-micrometer wavelength. Traces of water in the Martian atmosphere
were first detected from Earth in this way in 1965. The optical configu-
ration of the MAWD is shown in figure 33. Infrared radiation reflected
from and emitted by the Martian surface passes upward through the
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atmosphere into the MAWD. Passing through a chopper, it is collimated

and reflected back to a 12,000-line-per-centimeter grating which spreads
out the spectrum onto an array of five lead sulfide infrared detectors.
Three of these detectors are located so that they intercept wavelengths
in the absorption band of water vapor near 1.38 micrometers; the other

two are on either side of the band for reference purposes. The relative
amount of infrared radiation detected by those sensors in the absorp-
tion band and outside it will be related to the amount of atmospheric
water vapor the light has passed through. The chopper provides an
alternating signal that is much easier to amplify than a steady signal.
The raster mirror indicated in the optical diagram is driven through

a cycle of 15 steps by a small motor. This motion permits the instru-

ment to scan terrain transverse to the Orbiter's motion. Fifteen staggered
rectangles 3.0 by 24 kilometers are seen each sweep. A very crude 15-line

"picture" of water-vapor concentration is thus formed every 4.48 seconds.

The sensitivity of the MAWD is about 1 precipitable micrometer of

water. In other words, if the total amount of water vapor in the column

of "air" under the Orbiter increases by 1 micrometer when condensed to
liquid, the MAWD will detect this change.
Although the principles are simple, the instrument itself is sophisti-

cated and rather large. The optical portion is 71 by 20 by 28 centimeters
(28 by 8 by 11 inches) . Alinement is critical, and the MAWD must be
rugged to preserve alinement during launch and temperature variations.
The entire instrument, including the supporting electronics, weighs 15.9
kilograms (35 pounds) .

Looking for Hot Spots

Another desirable feature of a landing site is warmth, for life, if
present, would likely favor warm niches. A thermal map of the Martian

surface will also give us much-needed information on cold spots and
the temperatures of frost layers and the tops of clouds. These data will
help explain condensation occurring in the atmosphere and perhaps
help account for the fierce winds which whip up the colossal Martian
duststorms. Geologists are, of course, interested in any hot spots detected
because they are diagnostic (on Earth, at least) for geologically active

areas such as volcanoes and hot springs.
The Viking Orbiter's infrared thermal mapper (IRTM) measures the

infrared brightness of the surface below in several spectral bands or
channels. The spectrum of radiation emitted by a surface—even a sur-

face as cold as Mars—depends strongly on its temperature. Of course,
corrections have to be made for reflected solar radiation. In addition,
the surface emissivity depends on its composition and roughness. Previ-

ous work with Mariners and similar instruments on Earth weather
satellites has given scientists considerable experience in translating radia-
tion measurements into surface and cloud temperatures.
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The IRTM is a four-channel infrared radiometer:

(1) 6 to 8 micrometers

(2) 8 to 9.5 micrometers

(3) 9.5 to 13 micrometers
(4) 18 to 24 micrometers

Additional channels for measuring the atmospheric temperature and the

reflected radiation (albedo) are at 16 micrometers and 0.3 to 3 microm-

eters, respectively. A radiometer, such as the IRTM, does not disperse

the spectrum with a grating or prism. Instead, the desired portions of

the spectrum are selected by filters. The Orbiter IRTM consists of four

telescopes, each with interference-type filters which pass radiation in only

the channels listed (fig. 34) . Bimetallic thermopiles sensitive to infrared

radiation measure the quantity of radiation in the spectral intervals

passed by the filters.
In the Viking IRTM, each channel uses seven antimony-bismuth de-

tectors arranged in a chevron pattern. Each detector views the Martian

surface through a 0.3° field of view, which, at an altitude of 1500 kil-
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FIGURE 33.—Mars atmospheric water detection spectrometer.

ometers, is equivalent to an 8-kilometer circle on the ground. The tem-
perature resolution of channels (1) to (3) is less than 0.1° C; that of
channel (4) is 0.36° C. The scan mirror shown in figure 34 is stepped
systematically through three positions: one position allows the instru-
ment to view the planet surface; a second brings into view a reference
surface at a known temperature; the third position points the detectors
at deep space. A complete cycle lasts about 1.25 minutes. The scan mir-
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Scan mirror
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Analog channels
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FIGURE 34.—Orbiter IRTM layout. (a) Exploded view.

ror has nothing to do with scanning the terrain; rather, it is the mo-

tion of the scan platform which brings each segment of terrain in the

swath below into view of the staggered detectors, one channel after

another.

Experiments During Atmospheric Entry
Previous Mariners made indirect measurements of the thin layer of

gases surrounding Mars, with unexpected results. Mars has a very cold

lower atmosphere consisting almost entirely of carbon dioxide rather

than nitrogen as was earlier supposed. In addition, radio-propagation

experiments have indicated that a thin but fairly dense ionosphere exists

at approximately 130 kilometers. None of the Mariners came closer

than 1300 kilometers to the surface. Direct confirmation by in situ meas-

urements would be highly desirable. The Viking Lander will plunge

through the ionosphere and atmosphere, giving scientists a few precious

minutes to sample the ions, atoms, and molecules directly.

A retarding potential analyzer and a mass spectrometer will be

mounted on the aeroshell forward surface. Three other instruments will

provide additional atmospheric data less directly. They are a pressure

cell, a sensor to measure the temperature, and the accelerometers in the

inertial reference unit (fig. 35) . These instruments are concerned pri-

marily with the aerodynamic properties of the Martian atmosphere, but

will indirectly tell us much about atmospheric density and pressure when

the atmosphere begins to slow the Lander.
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FIGURE 34.—Continued---- (b) Cutaway view.

Retarding Potential Analyzer

Scientists are puzzled about electrical processes transpiring in the
upper atmosphere of Mars. Sunlight dissociates some of the carbon
dioxide to create an ionosphere, but how does the solar wind interact?
Does Mars possess a sufficient magnetic field to ward off the solar wind
before it can interact directly with the atmosphere? Or do the high-
velocity solar-wind ions penetrate deep into the atmosphere?

Retarding potential analyzers have been flown on many Earth satel-
lites and space probes. Basically, they are made from a series of wire
grids like those in an old-fashioned vacuum tube (fig. 36) . As the volt-
age on the grids is swept through a range of positive and negative volt-
ages, varying portions of the population of ions and electrons in the
outside atmosphere will penetrate the grid structure. The current of
electrically charged particles traversing the grids will be measured by a
sensitive electrometer. In essence, the grids act as an electrical filter
which admits only those particles possessing selected ranges of energies
and electrical charge.
The retarding potential analyzer is located near the edge of the

aeroshell. Its aperture is a 3.8-centimeter (1.5-inch) diameter circle
(fig. 36) . The first, second, and last of the six grids are grounded to
the spacecraft. The third and fourth grids are connected electrically
and make up the so-called retarding grid. The fifth grid acts as a sup-
pressor. The 4-second instrument cycle consists of three voltage sweeps
applied to the retarding grid: 15 to 0 volts in 2 seconds, —75 to 0
volts in 1 second; and —1.5 to 0 volts in 1 second. In this way, wide
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ranges of ions and electrons are sampled during the penetration of the

ionosphere and lower atmosphere. The analyzer will be effective for

particle concentrations between 10 and 106 particles per cubic centimeter.

Mass Spectrometer

Most of the particles in the Martian atmosphere are electrically neu-

tral. Scientists need to know their identities and concentrations as a

function of altitude to understand the chemistry and thermal structure

of the atmosphere. The mass spectrometer is the appropriate instru-

ment here, and once again considerable pioneering work has already

been done on scientific satellites, but there are important differences

between the Viking and typical satellite missions. Viking's measure-

ments must be made quickly during the short entry phase; the Martian

atmosphere is very thin and measurements will be made at high space-

craft speeds.
A schematic diagram of the Viking mass spectrometer is shown in

figure 37. As the aeroshell pushes into the sensible atmosphere, gas flows

into the instrument. A beam of electrons created by the instrument

bombards the incoming neutral atoms and molecules and ionizes them.

These ions are first accelerated by grids and then pass through a slit

into a region bounded by two parallel plates. One is at a negative

voltage, the other at a positive voltage. Emerging from between the
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FIGURE 35.—Entry sciences aeroshell instrumentation. (Accelerometers are located in-

ternally in the inertial guidance unit of the guidance and control system.)
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plates, the ions enter a fixed magnetic field which makes them curve
toward two ion collectors. The electrostatic and magnetic fields work
together to focus ions with certain electrostatic charges and momentum.
For this reason, this type of instrument is called a double-focusing mass
spectrometer. For a given combination of accelerating voltage and poten-
tial difference across the plates, two groups of ions, each with certain
masses, will be focused into the two collectors. By sweeping the accelerat-
ing voltage and the potential difference across the plates, the instrument
will measure ions from 1 through 50 atomic mass units. One collector
handles the atomic mass unit range from 1 to 7, the other covers
the range from 7 to 49 atomic mass units. The spectrum will be swept
every 5 seconds during entry.
The range of the mass spectrometer is broad enough to measure car-

bon (12 atomic mass units) , oxygen (16 atomic mass units) , carbon
monoxide (28 atomic mass units) , and carbon dioxide (44 atomic mass
units) . All of these should be present in a predominantly carbon dioxide
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FIGURE 36.—Retarding potential analyzer.

atmosphere subjected to bombardment by solar radiation and dissocia-
tion through mutual collisions.

Surface Science
Strategy for a Martian Laboratory

Once Viking lands on the Martian surface after years of work by
thousands of scientists and engineers, it would be tempting to turn on
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FIGURE 37.—Double-focusing mass spectrometer.

at once all the instruments to learn as much as we could about this
intriguing planet. This impulsive approach would be self-defeating be-
cause the instruments are interdependent and experiments must be done
carefully and, above all, in the right order. Clearly an experimental
strategy is essential.
The Viking science strategy is not fully worked out yet, but some

preliminary thoughts can be presented. For example, no matter how
well conceived the engine design, the rocket descent is bound to stir up
the surface to some degree. Some of the experimentation must wait for
the dust to settle. A second delaying factor involves the engine gases
liberated during descent. No atmospheric samples should be taken for
several days to avoid detecting "the breath of the spacecraft."
Would just a look around with the camera hurt? It might if high-

velocity winds flung sand against camera lenses, sandblasting them to
the point of uselessness. Consequently, present strategy calls for one of
the two cameras to be used approximately 10 minutes after landing to
obtain visual imaging data, while the second camera will not be used
until the meteorology instruments check and report the weather. Ex-
periments with the mass spectrometer and biology instrument must also
be carefully planned.
Imaging data of the sample area must be obtained to assure that the

sample acquisition boom can safely acquire the sample. Soil samples
cannot be analyzed while waiting for the air to clear of spacecraft
effluents because the soil would contaminate the instrument for later
atmospheric analysis.
The final science strategy will manifest itself in a long series of pre-

programed instructions stored in the computer's memory. This pre-
determined strategy may be altered upon command from Earth if
adequate communications have been established. The high degree of
automation insures that experiments will progress even in the face of
initial communication problems.
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A good deal of forethought has succeeded in locating the scientific

instruments where their measurements are not influenced by other ex-

periments or the presence of the Lander. Most of the chosen locations

can be seen in the external view of the Lander (fig. 23). The schematic

of inlet/outlet locations (fig. 38) , however, reveals some of the prob-

lems. The gas and liquid vents from the experiments must not be

placed near any inlets or the sample acquisition area. Also, meteorology

instruments should be mounted where they are not affected by effluents

or wind disturbance caused by the antenna. Another type of interaction

is mechanical—spacecraft motors must be off when the seismometer

is on.
The science strategy must also include the two Orbiters and another

Lander elsewhere on the surface. The Orbiter observations of storms

and other dynamic processes can be correlated with Lander measure-

ments. Even the Landers can help each other in the sense of providing

a stereophonic view of seismic events and surface weather.

A Look Around the Spacecraft

Camera eyes on Mars have exciting work to do. Their assignments
include inspecting the geology of the landing site, observing duststorms

and clouds, following the Martian satellites as they move swiftly across

the horizon, and, most important, searching for possible Martian life in
living or fossilized forms.

A
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engine

Biology surface sample
and atmospheric inlet

/ Leg 3_
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(below Lander)
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Gas chromatograph-mass
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Descent
engine
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Leg N
Gas chromatograph-
mass spectrometer

FIGURE 38.—Landed science inlet/outlet locations.
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The two stereoscopic cameras are mounted on top of the Lander

frame where they can take 3600 panoramic pictures of the landing site.

They can scan upward from the Lander footpad to about 40° above

the horizon. This extensive coverage is accomplished with the help of

a scanning mirror that nods up and down and with rotation of the

camera as a whole.
The optical image is not formed as it is on the Orbiter's vidicon

plate. Rather, the outside scene is dissected pixel by pixel by the me-

chanical motions of the scanning mirror and turret action of the

camera (fig. 39) . The image is formed only when all the pixels are

assembled into a picture back on Earth. The principle is like that used

in transmitting newspaper pictures by facsimile.

This type of camera can be made surprisingly versatile. Light ad-

mitted through the lens falls on an array of a dozen pinholes, each

backed by a photosensor. Each photosensor generates a signal propor-

FIGURE 39.—Lander imaging concept.
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tional to the amount of light falling on it. At any instant, any one of
the pinhole-sensor combinations can create a pixel of the scene being
surveyed. By using filters, colored pictures can be achieved. By adjust-
ing the distance between the lens and the sensors, objects at various
distances can be focused. Resolution near the footpad is a few milli-
meters and decreases with increasing distance to the object.
The cameras can scan at two rates, one matched to the ultrahigh

frequency link to the Orbiter, 16,000 bits per second, and the other
to the direct link to the Earth, 250 bits per second. The Lander cameras,
like those on the Orbiter, generate data at a tremendous rate: 10 mil-
lion bits for a single complete panorama around the spacecraft with a
600 scan in elevation. A similar picture in color would take three times
as many bits; high resolution photography, even more.

Automated Chemical Analyses
Three kinds of scientific investigations call for chemical analysis.

We want to know the chemical composition of the atmosphere and we
want to analyze the soil around the Lander for organic and inorganic
chemicals. These experiments can tell us much about the likelihood
of life on Mars—past, present, or future—and about the geological dif-
ferentiating that has occurred on the planet. This is because chemical
evolution precedes biological evolution. Even if the Lander's biological
experiments fail to detect life in the immediate vicinity, the composition
of the atmosphere and soil may preserve echoes of past life or the pre-
cursors of future life.
The mass spectrometer is the best choice for atmospheric analysis

once on the surface. As in the mass spectrometer employed during the
entry phase, atmospheric molecules admitted to the instrument are
ionized and then separated according to their masses by electromagnetic
means. However, solid samples picked up from the surface must first
be volatilized. Solids will, therefore, first be transferred to an oven
and heated to volatilize and ultimately pyrolyze contained organic com-
pounds. Then the resultant gases will enter a chromatographic column
that separates various compounds by using the fact that different or-
ganic gases travel at different speeds through the materials packed in
the column. As the separated gases emerge from the chromatograph,
they are fed into the mass spectrometer for identification. It is obvious
now why atmospheric analysis must precede the study of solid samples
—the organic gases may contaminate the mass spectrometer. The sche-
matic for the Viking gas chromatograph-mass spectrometer (GCMS)
is shown in figure 40.
The operating principle of the Lander's mass spectrometer is similar

to that used for entry experiments. Both are of the double-focusing
type. The mass range, though, must be much larger for the Lander in
which the goal is to detect the heavier molecules resulting from the
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heating of organic compounds. From an engineering standpoint, it is
difficult to build this type mass spectrometer to cover both the very
low and the higher mass numbers. It was therefore decided to ignore
hydrogen and helium and concentrate on the range from 12 to 200
atomic mass units. Compounds containing up to 10 carbon atoms can
be accommodated in this range. Most atmospheric molecules will also
be within range.
During atmospheric analysis, gas samples will first pass through a

chemical filter capable of absorbing all of the carbon monoxide and
carbon dioxide. This means that well over 90 percent of the sample
will be eliminated before it enters the spectrometer, permitting the
analysis to be concentrated on the more interesting minor constituents,
such as oxygen, nitrogen, argon, and krypton. The chemical filter,
possessing a limited absorption capability, sets a limit of about 60
sample analyses. Unfiltered analyses will also be made to observe the
relative abundance of the more prevalent gases and water vapor.

Gases are far easier to handle than solids. Analysis of solids proceeds
thus: First a soil sample of approximately 100 milligrams is deposited
in one of several little ovens on a motor-driven holder. Then, the
oven is electrically heated to about 200° C. If the sample is rich in
organic compounds, many gases will evolve. If the sample is organically
poor, there will be little evolution, and the temperature may have to
be raised to 350° C or even 500° C. The higher the temperature the
more the sample will be volatilized or pyrolyzed. Since high tempera-
tures destroy the more complex organic molecules, low oven tempera-
tures are applied first.
A stream of stored hydrogen carrier gas sweeps any evolving gases

from the oven into the gas chromatograph column. This is simply a
long tube packed with coated beads or other solids that selectively
delay the passage of different gases in accordance with their adsorptive
properties. Another feature of the GCMS is the "splitter," which diverts
excess gas from the mass spectrometer to prevent overloading the ion
pump (a device used to remove ions from the gas sample to achieve the
low operating pressure required) . The hydrogen carrier gas is also
separated at this point.

Present plans call for making two analyses for each of three soil
samples. The surface sampler will, of course, scoop these up from the
most interesting areas seen through the cameras.
The inorganic and elemental analysis (described in more detail later)

is not a primary part of the analyses supporting the biological inves-
tigation; however, the data acquired from this analysis are of interest
to the biologists and could aid in interpreting the results of their
investigation.
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FIGURE 40.—Gas chromatograph-mass spectrometer schematic.

The Life Detectors

While the Lander cameras may spot some unmistakable form of life,

it now seems much more probable that Martian life, if it exists, will

be in the form of micro-organisms. During the past two decades, many

ingenious schemes have been devised for remotely detecting the presence

of micro-organisms on other planets. Most techniques involve detecting

the processes of metabolism and growth common to Earth life (and

which are expected to be common to Martian life, too) . Viking sci-

entists have selected three approaches:

(1) Pyrolytic release experiment: A sample of soil is dumped into

a chamber where the Martian environment is simulated in all

aspects, except that some of the normal carbon dioxide atmos-

phere is replaced by one of carbon monoxide and carbon diox-

ide "tagged" with radioactive carbon-14 (fig. 41) . Water vapor

can be added upon command. Any life in the sample should

assimilate some of this artificial atmosphere and incorporate

the radioactive atoms into the organic compounds it manufac-

tures—assuming its behavior is like that of Earth organisms.

Artificial sunlight from a xenon lamp will bathe the sample

to promote photosynthesis should these micro-organisms be

plantlike. After several days' incubation, the sample will be

pyrolyzed at about 600° C to drive off organic vapors. The

vapors will be separated by a special copper-oxide vapor trap

and monitored for radioactivity. The presence of radioactive
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FIGURE 41.—Pyrolytic release ex-

periment.

FIGURE 42.—Labeled release ex-

periment.

FIGURE 43.—Gas exchange experi-

ment.
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organic molecules would strongly imply terrestrial-type me-
tabolism in the sample. An important feature of this experi-
ment is that it is performed under essentially Martian condi-
tions and that Martian life, if present, will not be destroyed
before it can be detected.

(2) Labeled release experiment: Similar in principle to the fore-
going experiment, this one substitutes carbon-14-tagged nutri-
ents for the tagged atmosphere. A soil sample will be moistened
by a small sample of tagged nutrients and then incubated; that
is, given time to assimilate the nutrients. Any tagged carbon
dioxide or tagged volatiles released during incubation would
imply the existence of metabolism. By measuring the amount
of tagged gases excreted as a function of time, information on
the reproduction rate and physiological state of the micro-
organisms may be obtained. This type of life detector has been
successfully tested in several desolate but life-sustaining ter-
restrial environments (fig. 42) .

(3) Gas exchange experiment: This experiment is based on the
fact that the atmosphere over a sample containing metabolizing
micro-organisms changes in composition with time. A soil sam-
ple will first be moistened with a rich nutrient. Periodically,
after suitable incubation, samples of the atmosphere will be
conveyed to a gas chromatograph to discover whether any
chemical changes have occurred. Methane and carbon dioxide
are likely products of micro-organisms growing in a dark,
oxygenless environment; and if the concentrations of gases
such as these change during incubation, it will be evidence
for the presence of living material in the sample (fig. 43) .

It is much easier to draw the schematic diagrams of these instruments
than to build the requisite mechanical and chemical apparatus. The
collection of a sample, its preparation, and its transportation to the
experiments are exceedingly difficult to automate. The biology experi-
ments really constitute three tiny, separate laboratories that must handle
gases, liquids, and solids reliably on the surface of a distant planet. The
prototype model of the integrated instruments (fig. 44) reflects the
complexity of the engineering job.

Life detection is a new branch of biology. Its practitioners know
what to look for on Earth, but they will be at a serious disadvantage
on Mars. Mars life may be radically different from what scientists an-
ticipate. The Viking experiments may not ask the right questions, so
a "no" from each of the three experiments would not rule out Martian
life completely. In addition, life on Mars may be highly localized in
specialized niches—niches that terrestrial biologists might not consider
hospitable at all, or that might be inaccessible to the sampler.
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FIGURE 44.—Biology experiment prototype model.

What Is the Surface Made Of?

The preceding experiments are concerned primarily with the chemical
evolution leading up to life. Scientists interested in the evolution of the
solar system are also anxious to study the inorganic portion of the
Martian surface; that is, the mineralogy of the sand, rocks, or whatever
constitutes the surface material. We now have extensive data on two
bodies of the solar system: Earth and the Moon. Knowing the constit-
uents of the Martian surface would give us a great deal more insight
about how the inner terrestrial-type planets evolved.
The return of rock samples to Earth from Mars may be accom-

plished eventually by unmanned spacecraft—as it has been done for the
Moon by the Russians—but this is beyond Viking's capabilities, so
analysis will have to be done remotely. When only the abundance of
the elements is required (as opposed to molecular analysis) , some com-
paratively simple instrumentation from the physics lab works well. The
physical technique selected for Viking is X-ray fluorescence. In this
approach, the sample is bombarded by X-rays from radioactive elements.
The X-rays activate atoms in the sample and induce them to emit
X-rays themselves. (This is fluorescence.) The emitted X-rays are char-
acteristic of the elements in the sample; each element has in effect its
own X-ray fingerprint. By measuring the numbers and energies of the
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FIGURE 45.—X-ray fluorescence spectrometer.

X-rays in the fluorescence spectrum, we can calculate elemental abun-

dances although not how they are incorporated into compounds, which

has to he inferred. X-ray fluorescence is a common terrestrial analytical

tool where materials must be identified without damaging the specimen.
On Viking a sample is dumped into the funnel shown in figure 45.
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It falls into the measurement cavity where it is bombarded by the X-rays
from radioactive iron-55 and cadmium-109. The X-rays that fluoresce
from the sample are counted by four gas-filled proportional counters.
The heights of the pulses delivered by the counter are proportional
to the X-ray energies. A pulse-height analyzer sorts these pulses into an
energy spectrum that is radioed back to Earth. The Viking instrument
will detect elements with atomic numbers of 12 and higher. Each in-

Aluminum
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Aluminum

oxide
overcoat

(a)

Control
amplifier

lb)

Wind speed analog

Wind sensor

FIGURE 46.—Meteorology wind velocity sensor. (a) Probe. (b) Constant overheat
circuit.

strument cycle accepts up to 50 cubic centimeters of material from the
Martian surface and analyzes it in about 5 hours.

A Simple Martian Weather Station

Mars is now recognized as a meteorologically dynamic planet with
sand dunes, cloud formations leeward of some mountains, and similar
Earth-like phenomena. Scientists believe that Martian weather is a
simple version of our own, and that we can learn a great deal by at-
taching a few simple meteorological sensors to the Viking Lander. Of
course, the local weather will also be a factor in interpreting the other
experiments. Frequent high winds would, for example, help geologists
explain formations seen through the cameras.
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Pressure, temperature, and wind velocity will be measured periodically

throughout each diurnal cycle. The very low pressures of the Martian

atmosphere (less than 1 percent of those on Earth) can be detected

reliably with a stretched-diaphragm-type sensor. The thin metallic

diaphragm forms one side of an electrical capacitor, with the exposed

wall of an evacuated chamber forming the other. Any motion due to

external pressure changes will be reflected as changes in electrical ca-
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FIGURE 46.—Continued—(c) Boom with sensors.

pacitance. The diaphragm must be shielded from the wind, of course.

Present plans are to use the same pressure sensor employed during the

entry phase.
Thin-wire thermocouples will measure the "air" temperature. These,

too, must be behind a windshield. In fact, the wind velocity sensor is

essentially a thermocouple exposed to the wind. It is called a "hot-film

anemometer" and consists of an aluminum oxide cylinder or probe

about 1 centimeter long (fig. 46) heated by electrical current passing
through a thin platinum film. The higher the outside wind velocity,

the more the probe is cooled. Windspeed is determined by measuring

the electrical power required to keep the cylinder at a certain tempera-
ture with respect to a similar unheated probe. This kind of anemometer
will be accurate to about 10 percent over the range between 2 and 150
meters per second (4.5 to 340 miles per hour) . The hard aluminum ox-
ide exterior protects the probe from the effects of sandblasting.
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Marsquakes

From the vantage point of Mariner 9's cameras, Mars appears tec-
tonically active. Motion of crustal plates should generate quakes and
and microseisms. Monitoring these phenomena alone is sufficient reason .
for mounting a simple seismometer on the Lander frame. (The Apollo
seismometers left on the Moon may completely change our view of the
internal structure of the Moon.) A Martian seismometer could also
register meteor impacts and perhaps determine whether Mars has a
crust/mantle/core structure like the Earth.
The Viking seismometer is a small, three-axis instrument mounted

on the Lander. Seismic vibrations will travel up through the Lander
legs to the frame and thence to the seismometer. Three perpendicular
components of ground motion are measured with the following sensi-
tivities: 50X10-6 millimeter or less at 1 hertz and 1X10-6 millimeter
or less at 4 hertz. During seismic quiet the seismometer will operate
at a low data rate; however, a major quake will trigger a higher data
mode, giving geologists a better look at the details of the vibrations
as they propagate around and through the planet.

Does the Martian Soil Contain Magnetic Particles?
We know that the soils of Earth and the Moon contain several types

of magnetic particles, some from eons of meteorite bombardment and
others the result of geological processes. The presence of native iron,
magnetite, limonite, and other iron-bearing materials can tell us some-
thing about the separation of minerals (differentiation) during the
evolution of Mars and the oxidization of the surface in the distant past
when the atmosphere of Mars presumably possessed oxygen.

Experience with the lunar Surveyors proved that small permanent
magnets can detect magnetic particles in the soil. Simple visual inspec-
tion with a camera can lead to surprisingly accurate estimates of particle
abundance. A logical place to mount magnets on Viking is directly on
the head of the surface sampler (fig. 47) . Every time a soil sample
is collected, some of the magnetic particles will adhere to the magnet
array. The sampler arm can be maneuvered around so that the magnet
array can be photographed directly or via a magnifying mirror. Color
pictures will help identify specific minerals. Magnets of different
strengths and shapes in the array will add versatility. Additional mag-
nets will be mounted on one of the Lander's camera calibration targets
for the detection of windblown magnetic particles.

Physical Properties of the Martian Surface
Mars very likely has a surface layer of particles or soil much like

Earth and the Moon. By observing the activities of the surface sampler
with the cameras and the depth of the Viking Lander's footprint, engi-
neers can deduce bearing strength, porosity, grain size, adhesion prop-
erties, and similar soil properties. In addition, Viking Lander telemetry
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will re-port on surface sampler motor currents and hence the resistance

of the soil to the motion of the sampler head. The thermocouples lo-

cated at various positions in the Lander to help assess the "health" of

the spacecraft also can help determine the temperature and thermal

inertia of the surrounding terrain.

Radio Experiments

Even if the Viking spacecraft carried only its radio transmitter and

radars, with no scientific instruments whatever, the scientific return

would be impressive. On Viking, as with most other deep-space and

satellite flights, one will be able to extract considerable information from

radio-tracking measurements and the properties of electromagnetic waves

received from the spacecraft transmitters as they are modified by matter

in space and Mars itself. Some of the planned investigations are—

(1) Tracking data will refine the orbit and mass of Mars.

(2) The Lander radars will measure the surface reflectivity in the

microwave range.
(3) As the Viking Orbiter swings behind Mars, its radio signals

will be distorted by the Martian atmosphere and ionosphere,

leading to estimates of electron density in the ionosphere, etc.

(4) Lander-to-Orbiter transmissions will indirectly measure atmos-

pheric turbulence.
(5) Precision tracking of the Orbiter (even from Earth) will yield

estimates of atmospheric drag.
(6) The differences in propagation velocities of Viking radio sig-

nals at different frequencies (S-band and X-band dispersion)

will provide a measure of electron concentration between Earth

and Mars.
(7) Radio signal time delay caused by the Sun during superior

conjunction will add greatly to our verification of Einstein's

Relativity Theory.
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Chapter 6
Touchdown
on Mars

Viking at the Cape

Before the Orbiter, Lander, and launch vehicle meet at Cape Ken-
nedy, they will already have passed a multitude of tests. These systems
and the parts from which they are constructed will have been shaken,
baked, and operated under simulated space conditions. Only acceptable
parts survive the testing and screening procedures. Final checkout and
assembly occur at NASA's Kennedy Space Center but these procedures
will be far from routine. The Viking launch will be unique in that
there will be two extremely complex systems making up the spacecraft
rather than the usual one and the Lander will have to be "canned"
and sterilized at the Cape.

The all-important sterilization of the Lander occurs in the Viking
spacecraft assembly and encapsulation building. Sterilization is pre-
ceded by intensive cleaning and frequent bioassays to check the effec-
tiveness of the cleaning steps. Immediately following encapsulation, the
already well-cleaned Lander is then sterilized by baking for no more
than 3 days at about 112° C. The next living matter it contacts may be
of extraterrestrial origin.

All of these events have to be synchronized with the so-called "launch
period" for Mars, which occurs about every 26 months. During this
period, the Earth is just catching up with Mars as the two planets fly
their elliptical courses around the Sun (fig. 12) . Within this period
there are daily launch "windows" when the propulsive requirements
are low and well within the capabilities of the Titan III/Centaur. The
daily window closes when the Titan III/Centaur can no longer propel
the spacecraft into an interception course with Mars. During August
and September 1975, a period of at least 41 days exists for Titan III/
Centaur and the Viking spacecraft.

The Titan III solids alone (stage 0) lift the launch vehicle off the
pad; the first Titan III liquid stage does not fire for approximately 2
minutes. After the Titan III second liquid stage cuts off, the Centaur
upper stage injects the spacecraft into a parking orbit about 165
kilometers (90 nautical miles) above Earth. At precisely the right mo-
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ment, an onboard guidance computer initiates the second firing of the
Centaur rocket engine, which injects the spacecraft into a trajectory
which will intercept Mars in the summer of 1976.

The Long Trip to Mars
During the 305- to 360-day cruise to Mars, the Viking Lander will

be almost completely dormant and the Orbiter not much more lively.
However, several very important things must be done. The first is to
make sure that the spacecraft really does intercept Mars. If rocket angles
and burn times are only slightly off during launch and the departure
from parking orbit, the miss distance at Mars may be large. The Orbiter
in conjunction with the DSN has the tasks of navigation and midcourse
correction. First, the Orbiter opens its solar panels and performs a con-
trolled search for the Sun using its inertial reference platform for space-
craft attitude reference. Then, it performs a roll search for the star
Canopus. The DSN tracking antennas‘ then acquire enough trajectory
data to determine how much of a midcourse correction is needed. The
Orbiter's engine then fires to nudge the spacecraft into a more accurate
encounter trajectory. Up to three more midcourse corrections may be
performed if needed.
During the long flight, the Orbiter will be tracked frequently (but

not continuously) by the DSN. Housekeeping data will be recorded
and scanned to determine the "health" of both Orbiter and Lander.
Approximately every 15 days, the Orbiter will check out the Lander and
carry out simple maintenance operations.
As the spacecraft trajectory begins to converge with the orbit of

Mars, the Orbiter's scan platform and instruments are calibrated because
they will be brought into play before the actual encounter. Approxi-
mately 10 days before encounter, the scan platform is unlatched and
pointed toward Mars. Mars will still be tens of thousands of miles away,
appearing as a small but rapidly increasing visible disk. The object of
Viking preencounter science is to obtain global distributions of tem-
perature and water vapor as well as pictures of the whole planet and
its two moons for navigational purposes.
Encounter will occur between mid-June and late August 1976, when

summer prevails in the northern hemisphere of Mars. As the spacecraft
nears Mars, the Orbiter gas jets will swing the double spacecraft around
so that the Orbiter engine is pointed roughly in the direction of flight.
At command from Earth, the engine will burn for a little under an
hour. The retrothrust reduces the spacecraft velocity by about 1480
meters per second and permits it to be captured by the gravitational
field of Mars. The target orbit has a periapsis of 1500 kilometers (940
miles) above the Martian surface and an apoapsis of 32,600 kilometers
(20,400 miles) and a period of 24.6 hours, the same time it takes Mars
to rotate on its axis. If this rather eccentric ellipse is not obtained
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precisely, the Orbiter's engine can "trim" the orbit, that is, adjust it
to the desired shape (fig. 13) . With this milestone, the real work of
the Orbiter begins.

In Orbit About Mars
Orbiter's first task is to aid in final site selection. Prelaunch primary

and backup landing sites have already been selected on the basis of
Mariner 9 photos. The Viking Orbiter's cameras, water-vapor detector,
and thermal mapping instrument will examine the sites in detail with
an eye to scientific payoff and safe descent of the Lander. If the primary
site looks risky, the Orbiter will begin examination of the backup site.
Once the final selection has been made, the Orbiter's trim maneuvers
will fix the orbit's periapsis right over the primary site.

Scientists would like a relatively warm, wet landing site with a thick
soil layer. There should be formations of high geological interest nearby
and no obstructions that would interfere with meteorological measure-
ments. These objectives are in some degree incompatible. Warm, wet
niches are likely to be at low elevations, perhaps at canyon bottoms.
Unobstructed areas are likely to be featureless geologically and unin-
teresting biologically.
The engineers designing the Lander have an entirely different set

of landing criteria:
(1) The spacecraft orbit fixes the site within the latitude band of

25° S to 75° N.
(2) The surface cannot be too rough or have too great a slope

(more than 19°) or the landing will be endangered.
(3) The site must be at a low enough elevation to give the para-

chute enough dense atmosphere to slow the descent.
(4) The radars on the Lander require a surface with high micro-

wave reflectivity for good, clear echoes.
After weighing the scientific and engineering factors, the Mission

Director will make the final choice and give the go-ahead for landing.
This decision should be made between 10 and 50 days after the space-
craft arrives at Mars.

Given a go-ahead for landing, the Orbiter attends to the task of
reviving the dormant Lander. Preseparation checkout begins about 30
hours before the command is sent from Earth to sever the year-old
mechanical and electrical ties between Orbiter and Lander. At separa-
tion, the Lander, which is already partially "uncanned," is separated
from the Orbiter and the aft bioshield is discarded. The aeroshell's four
small hydrazine engines are then ready to deorbit the Lander.

In scheduling orbital operations, it must be remembered that Viking
A will be followed by Viking B, launched 10 to 41 days later. The
goal here is to separate the spacecraft arrivals at Mars sufficiently to
allow Lander A to get down to the surface and send back some engi-
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neering and scientific data about the descent phase and the landing
site itself. If Viking B is 10 or more days away from encounter when
these data are received, its trajectory can still be modified enough to
choose from a wide range of possible landing sites. Once in orbit, only
small latitude changes but large longitude changes are possible due to
the differences in energy required.

Descent to the Surface
Lander separation from the Orbiter is initiated by a command sig-

nal which energizes explosive nuts and allows compressed springs to
separate the two vehicles. About 10 minutes later the aeroshell's four
hydrazine engines fire and begin the deorbit maneuver. These engines
in addition to four others for roll control are used to hold the Lander
capsule in the proper attitude so that the cork-honeycomb ablative sur-
face protects the capsule from heat and pressure and gives it a small
amount of lift during entry. Between 2 and 5 hours after separation, the
Lander encounters the sensible atmosphere at about 250 kilometers
(800,000 feet). Peak deceleration occurs between 24,000 and 30,000 meters
(80,000 to 100,000 feet; these figures are approximate because our knowl-
edge of the Martian atmosphere is still limited) (fig. 14). By the time
the spacecraft has penetrated to 6400 meters (21,000 feet) altitude, its
velocity has decreased to about 375 meters per second (1230 feet per
second) . The parachute can be opened safely at this point. A few sec-
onds later the aeroshell is separated via explosive bolt-compressed spring
devices. (These and all other descent activities are carried out automati-
cally by the Lander because it takes too long to transmit the pertinent
atmospheric data to Earth and to return the appropriate command sig-
nal.) In about a minute the parachute-suspended Lander drifts down to
1200 meters (4000 feet) where it is falling at a rate of about 60 meters
per second. Here, the Lander terminal-phase engines are ignited and the
parachute is cut loose upon signal from the radar altimeter. Touchdown
should occur at a vertical velocity of 2.44 meters per second (5.5 miles per
hour) . The entire sequence from atmospheric entry to touchdown takes
between 6 and 13 minutes. In this short and very crucial span of time,
all of man's knowledge of aerodynamics and the Martian atmosphere
must be brought to bear. If successful, we will have soft landed our first
cargo of scientific instruments on another planet of the solar system.

Lander Operations Begin
Once safely on the surface, the Lander's first order of business is the

establishment of communication links with the Orbiter and with the
DSN antennas on Earth. Neither link is continuous because Mars rotates
on its axis and the Orbiter's position relative to the Lander precesses
slightly (fig. 48) . Once again, we have time windows. The ultrahigh
frequency Orbiter relay link window is open when the Lander sees the
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Orbiter 25° or more above the horizon and within 5000 kilometers. This
window will be open for between 10 and 40 minutes once a day. The
window governing the direct radio link to Earth is open for about 12
hours a day, but can be used only when the Lander's high-gain an-
tenna can contact a DSN 64-meter dish. Lander electrical power limita-
tions restrict radio communication to 2 hours a day.

Early in the mission, the direct link to Earth can transmit about 3.6
million bits of information during the daily 2-hour window. As the
Mars/Earth distance increases, the rate decreases to 1.8 million bits
daily. The ultrahigh frequency link to the Orbiter can carry up to 16,000
bits per second, compared to a maximum of 500 bits per second direct
to Earth. The relay link window, however, is not open as long, and the
maximum number of bits per day will be about 38 million. Although

Orbiter
rise

Apoapsis

Periapsis

Periapsis
communication

time

Orbiter set

Lander

•

Mars
Orbiter rise

/ Orbiter set

Land mask

Lander horizon

FIGURE 48.—Lander-to-Orbiter communication geometry.

these numbers sound very large, the Lander cameras can consume as
many as 10 million bits per picture. Other instruments are less voracious
in terms of bits. Obviously, priorities have to be established for the
instruments.

Operating plans, too, must be carefully formulated. The present plan
is to keep Orbiter A with its periapsis over the site of Lander A for a
complete scientific cycle—about 22 days. While relaying Lander A's data
to Earth, Orbiter A will survey potential landing sites for Lander B,
some 7 weeks behind the Viking A schedule. If the promising Viking B
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sites are too far away from Orbiter A's orbit, it may be commanded to
break oft its support of Lander A and begin reconnoitering sites for
Lander B. When Viking B arrives and its Lander is successfully soft
landed, many options become possible. Orbiter A may act as a relay
for Lander B, and Orbiter B may act as a relay for Lander A. Or, one
Orbiter may be delegated to serve both Landers while the other begins
scientific missions on its own. (Orbiter design life is 140 days after attain-
ing orbit. The Lander design life after landing is 90 days.) This flexibility
will be invaluable should trouble develop with any of the spacecraft.
This pairing of spacecraft and communication links and the large-scale
redundancy of spacecraft components yield a high probability of success
for the Viking mission as a whole, even if one of the spacecraft should
fail completely. A scientific bonus also results from joint Orbiter-Lander
operations in that the Orbiter can prepare the Lander for oncoming at-
mospheric disturbances and then observe the phenomena from orbit
while the Lander takes in situ measurements.
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Chapter 7
The Viking
Team

The Viking project involves thousands of people building and oper-
ating complex machines to achieve specific objectives within a certain
timespan for a given number of dollars. Viking differs from other large
technological enterprises mainly in the hundreds of millions of miles
between its radio-connected systems and in its scientific objectives—the
exploration of another planet of the solar system.
The human organization of the Viking project parallels the organiza-

tion of the machine; that is, each major Viking system has a "people
counterpart." As illustrated in figure 49, the six Viking systems are
split neatly in two: three systems of flight hardware and three ground-
based systems which are manned by human controllers who communi-
cate with and command the flight hardware. Here we get into the realm
of management, with its organization charts, contractors, schedules, etc.

Overall program management begins at NASA Headquarters, Wash-
ington, D.C., in the Office of Space Science. The major portion of the
management task is delegated to NASA's Langley Research Center, lo-
cated at Hampton, Va. Langley's Viking Project Office, consisting
of about 250 engineers and scientists, directs the day-to-day progress of
the program. NASA Headquarters has assigned responsibility for the six
Viking systems in the following way:

(I) Lander system.—Langley's Viking Project Office oversees Mar-
tin Marietta Aerospace's Denver Division, the contractor respon-
sible for designing and building the Lander.

(2) Orbiter system.—The Jet Propulsion Laboratory has the re-
sponsibility for designing and building the Orbiter.

(3) Launch vehicle system.—Responsibility for this system has been
assigned to NASA's Lewis Research Center. Martin Marietta
Aerospace builds the Titan III booster while the Centaur stage
is a product of General Dynamics Corp.

(4) Launch and flight operations.—Langley's Viking Project Office
manages this operational system with design and implementa-
tion by Martin Marietta Aerospace, the Jet Propulsion Labora-
tory, and the Kennedy Space Center. Kennedy Space Center
is responsible for conducting the actual launches at the Cape.
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(5) Tracking and data system.—The DSN, built and operated by
the Jet Propulsion Laboratory under the sponsorship of NASA,
is the only U.S. network capable of tracking and communicat-
ing with spacecraft as far away as Mars. The Jet Propulsion
Laboratory has management responsibility for this system.
Ground communication, i.e., transmission of data from radio
stations to control center, is achieved via landlines. The NASA
Goddard Space Flight Center is responsible for this function.

(6) Mission control and computing center system.—The Jet Pro-
pulsion Laboratory's SFOF is equipped with the computers and
displays needed for directing interplanetary missions. Responsi-
bility for this system is assigned to the Jet Propulsion Labora-
tory.

So far, the organization of the Viking project follows traditional lines:
The flight hardware is divided into handy systems and assigned to spe-
cific operation components of NASA and associated industrial contrac-
tors. Systems incorporating the ground-based hardware and the incredi-
ble amount of software (computer programs) have been assigned to
"systems managers." When it comes to science—which is what Viking is
all about—there has been a distinct departure from tradition. Most

Viking
project

Langley Research Center
Viking Project Office

Lander system
Launch and

flight operations Mission control and
Langley Research Orbiter system

Launch vehicle
system

Tracking and computing center
Center Jet Propulsion

system
Langley Research

data system

Viking Project Laboratory
Lewis Research

Center Jet Propulsion
Jet Propulsion

Office
Center

Viking Project Laboratory
Laboratory

Office

FIGURE 49.—Viking project structure.

NASA space science to date has been organized around principal investi-
gators, individual scientists who propose a specific study, develop an in-
strument for flight, analyze data received, and publish results. Viking in-
stead makes use of individual scientific teams. Each team has a leader
who represents the team to the Viking project, but the scientists in each
team participate on an equal basis.
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Most of the scientific instruments are on the Lander. The associated
science teams are—

(1) Imaging
(2) Seismology
(3) Molecular analysis
(4) Biology
(5) Entry
(6) Magnetic properties
(7) Meteorology
(8) Inorganic chemical
(9) Physical properties

The Orbiter is also an instrument carrier and has the following science
teams assigned:

(1) Imaging
(2) Water vapor mapping
(3) Thermal mapping

Lastly, a radioscience team, which uses the Orbiter and Lander radio
signals, has been formed to study the properties of interplanetary space,
celestial mechanics, and the Martian atmosphere by means of their effects
on radio signals transmitted back to Earth or their perturbations of the
spacecraft.

Viking will be the beginning of a new phase of man's exploration of
the unknown. He will put his machines softly onto the surface of an-
other planet and by remote control begin to study the very essence of
that planet. He will try to determine the imprint of life on that planet
(or its absence) and thereby to determine by analogy the place of his
own planet and its life forms in the universe. If life exists, he will have
created a new science of biology, based on a completely new set of data.
If life does not exist he will have a new approach to understanding the
problems of the Earth induced by its overwhelming biota; that is, he
will have the comparison bf a planet evolving in the absence of life. In
either case, man is the winner because he will be closer to viewing his
place in the Sun.
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Dr. PETRONE. Now I want to address the current cost picture. As I
mentioned earlier in my statemcnt, in the fiscal year 1971 hearings
we presented a cost range of $700-850 million for the mission as now
defined. Dr. Naugle and others have discussed before this committee
on several past occasions both the progress and the development
difficulties that occurred in the program. In past testimony, we
discussed problems with several of the experiments and spacecraft
systems as they developed. These problems were tracked very care-
fully and you were advised in NASA's annual budget hearings of our
progress and the actions taken to hold the costs of the program to our
estimates. We summarized the status of the program before the com-
mittee last spring, during the fiscal year 1975 hearings, indicating that
after more than 4 years of holding to the fiscal year 1971 estimate for
program completion, we would probably exceed the upper bound of
that estimate by about 10 percent. Progress on the program since last
spring indicates that we have a fundamentally sound and technically
achievable program however, several technical problems have per-
sisted and their resolution required •an increase in the estimate to
complete the program to $950 million. The problems and the estab-
lished cost goal were discussed in our reprograming letter to your
committee dated October 10,1974.
As as result of the cost growth in the program, we have made a

detailed review of the problems yet to be resolved and have assessed the
likelihood of meeting the launch schedule with a fully acceptable space-
craft. Dr. Cortright intends to discuss in detail the major problems
encountered and their solutions so I will not cover them here but I do
want to state that a plan has now been developed by the contractors
and the respective NASA managers in each of the major problem areas
which gives me confidence of their timely solution within the schedule
and cost estimates now established.
Every week I review in detail the program costs, manpower levels of

the major contracts, and the critical milestones essential to com-
pleting the program successfully. We have levied a $930 million cost
target for completion of the program on the Langley Research Center
and that is the level Dr. Cortright will discuss. The establishment of
this cost target for the Center allows a prudent contingency to be main-
tained at the headquarters level which cannot be spent without my
specific approval.
Our efforts in the past few months have concentrated on develop-

ing approaches to solving the outstanding technical problems, taking
action to reduce manpower on the program, and in making a detailed
review of the technical content of the program. Based on this review,
we have eliminated those tests and other activities that we now feel
are not absolutely necessary to the success of the program. This
included the elimination of one Orbiter and Lander which were to be
used as backup hardware.
We believe the steps I have described will enhance the probability of

meeting our remaining scheduled milestones, will contribute signif-
icantly to staying within the $950 million cost goal and will not seri-
ously jeopardize the probability of mission success.
Mr. Chairman, I believe we have acted responsibly in the manage-

ment of the Viking program. The cost increases we have experienced
resulted from developing the most advanced automated space equip-
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ment this country has ever attempted. The problems in the develop-
ment are largely behind us and we have confidence in our present tech-
nical approach and our ability to meet cost goals. NASA has taken
every reasonable action to assure mission success, to provide the world
new knowledge about the planet Mars through direct measurement
in its atmosphere and on its surface, and to hopefully answer the
centuries-old question of whether life exists on Mars.
Mr. Chairman, this concludes my statement. Dr. Cortright and Mr.

Parks are prepared to discuss the program in greater technical detail.
Mr. SYMINGTON. Thank you, Dr. Petrone, for a very good overview

of the progress and current status of the Viking project. I think, if it is
satisfactory with my colleagues on the committee, before we address
questions to you it might be well to proceed with Dr. Cortright's
statement.
Dr. Cortright, would you like to proceed with your statement?

STATEMENT OF EDGAR M. CORTRIGHT, DIRECTOR, LANGLEY
RESEARCH CENTER, NASA

Dr. CORTRIGHT. Mr. Chairman, I welcome this opportunity to appear
before you and your subcommittee to discuss the status of the Viking
project. Over 6 years have passed since the Congress authorized NASA
to undertake the Viking mission to land on the surface of Mars for the
purpose of scientific exploration. During this period you have provided
unwavering support and encouragement, for which all the Vikings
are grateful. We fully understand and share your concerns over tech-
nical and schedule problems and rising costs. Today I will try to
address each of those concerns, and to show you why I believe we have
all of those problems under control. Subsequent testimony by key
officials of the Jet Propulsion Laboratory (JPL) , the Martin Marietta
Corp. (MMC) , Honeywell, Inc. (HI) , and TRW Systems will provide
additional insight into the project status.
My statement will address the areas of cost growth, cost control, and

program status.
Before summarizing the cost history of the Viking project, I would

like to call to your attention that, at the start of the project, I requested.
NASA headquarters to assign a full-time audit team to reside at Lang-
ley and provide audit services.
Mr. SYMINGTON. Is that a normal procedure?
Dr. CORTRIGHT. No it is not. We recognized the magnitude of the job

and felt the best thing to do is go open books from the beginning.
In addition, in November 1970 a GAO team from Norfolk com-

menced a more or less continuing series of Viking project audits. And
they have spent much time at our center and contractors plants. The
resulting audits have not only helped us avoid some pitfalls, but
have provided a clear record of all that has transpired. The Viking
cost history is shown in figure 1.
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FIGURE I

November 1968—July 1970. This period covers the time from NASA's
first in-house estimates, through the firm contracting for a 1973 launch,
and up to and including the redirection and restructuring of the con-
tract for a 1975 launch date. In other words, the dotted portion of
this curve is the 1973 mission and the solid portion is the 1975 mission.
In mid-1967, the Langley Research Center began studies of an Or-

biter/nonsurvivable probe mission to Mars for 1973. The President's
Scientific Advisory Committee reviewed this mission concept along
with other candidate Mars missions in late 1967 and concluded that
the 1973 mission should obtain data from the surface of Mars. In
other words, a nonsurvivable probe was not adequate for the mid-
seventies timeframe. Thus, the NASA headquarters provided guide-
lines to the Langley Research Center in January 1968 for the con-
duct of studies of a 1973 mission that emphasized the return of landed
scientific data.
The Langley Research Center initiated in-house and contracted

studies directed toward defining this 1973 mission concept. A tenta-
tive mission definition was published in April 1968, which further de-
fined science and other requirements and provided a basis for con-
tinuing mission study efforts. The National Academy of Sciences/
Space Science Board held a summer study to further science objec-
tives for the 1973 mission. Results of this summer study were utilized
by NASA headquarters to develop revised guidelines which were pro-
vided to the Langley Research Center in July of 1968. The revised
guidelines were reflected in a new mission definition in August which
was incorporated into all study activities.
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A comprehensive mission mode briefing, incorporating various mis-
sion options, was given to NASA headquarters in early November
1968. Twenty different mission concepts, based on the in-house and
contracted studies, were presented. From these options, NASA selected
the mission mode for the 1973 Mars mission as follows: It is es-
sentially the mission mode we are still on today.
Launch vehicle—Titan III Centaur.
Spacecraft—Combined Orbiter and Lander with extended Lander

lifetime.
Entry mode—Lander to have out-of-orbit entry mode, rather than

direct entry.
This early parametric study indicated that a mission of the above

class could be accomplished for an estimated cost of $364 million. This
estimate did not include any factor for escalation or contingency.
This cost estimate, and all other cost estimates included in this state-
ment, did not include launch vehicle costs.
During the period December 1968 through February 1969, the

NASA Source Evaluation Board for the Lander system and project
integration procurement reviewed and approved a statement of work
which was included in NASA's request for proposals issued in Febru-
ary 1969. Proposals were received from the following companies:
Martin Marietta Corp., The Boeing Co., McDonnell Douglas Corp.
Proposal evaluation consisted of a detailed assessment of each pro-

posal during which deficiencies, omissions, and ambiguities were iden-
tified and communicated to the offerors. This was followed by plant
visits during which each offeror was given an opportunity to support,
clarify, correct, improve, or revise his proposal.
The results of the overall evaluations were presented to the admin-

istrator in May 1969. Martin Marietta Corp., was the selected con-
tractor. At that briefing it was reported that the project target cost was
estimated to be a minimum of $530 million—but possibly running as
high as $588 million—including 5 percent annual escalation. The total
estimated runout cost with contingency was $695 million. At that time
the actual accrued costs on the project were approximately $2 million.
I state that figure to point out things were still in a fairly preliminary
situation, although we did have the proposals of the contractors which
significantly upgraded our understanding of the job.
In early June 1969, a limited go-ahead was given Martin Marietta

Corp., for initiation of necessary long lead activities. An updated ver-
sion of the mission definition was issued in June 1969 and the final
version on August 11. The cost, weight, and requirements constraints
for Viking science were established at a science review at NASA Head-
quarters (SSA) in September 1969.
Subsequent to the selection of the Martin Marietta Corp., but prior

to completion of contract negotiations, technical discussions between
the Viking Project Office (VPO) and Martin Marietta resulted in the
identification of a number of potential changes to the basic scope of
work. The negotiation activities were completed by mid-September
and, following NASA headquarter's review, the contract was executed
on October 20,1969.
Mr. SYMINGTON. Was that a fixed price contract?
Dr. CORTRIGHT. No, it was a cost-plus incentive award fee.
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Mr. SYMINGTON. Is that the type contract Martin has executed with
its subs?
Dr. CORTRIGHT. The types of contracts Martin holds with the sub-

contractors vary. In the case of Honeywell; for example, they had a
fixed price for some parts of the project.
Mr. SYMINGTON. NASA never had a fixed price contract with

Martin?
Dr. CORTRIGHT. No.
Concurrently with the above described activities, the Jet Propulsion

Laboratory evaluated the effect of the Martin Marietta Corp. Lander
design concept on the Orbiter baseline. Changes necessary to achieve
hardware compatibility, and those resulting from a weight reduction
program, to arrive at a spacecraft weight that would provide a
minimum launch period of 30 days, were reviewed by the VP0 in
early August 1969.
At the conclusion of program definition and cost negotiations with

MMC and JPL, the estimated target cost—wherein I will repeat, the
systems were made initially compatible—the estimated target cost,
including 5-percent escalation, was revised to $610 million. With
contingency of $101 million-16 percent—the total cost was estimated
to be $711 million.
Mr. SYMINGTON. That was upward revision of $80 million.
Dr. CORTRIGHT. Yes; when referenced to the minimum target cost,

but not in the total which went from $695 million to $711 million.
Mr. SYMINGTON. What were the factors that contributed to that

increase?
Dr. CORTRIGHT. I will list some of those for you in just a moment.

Basically, the Lander system was growing in weight and complexity
as we negotiated it out and these in turn reflected in the Orbiter sys-
tem. We found that the Orbiter system, for example, could not use as
much of the Mariner technology and hardware as we anticipated so it
grew in cost also during that period. The Lander grew $32 million due
to changes in design, engineering changes, and ground equipment addi-
tions. In addition, cancellation of the MOL contract at Martin Marietta
increased the overhead. The Orbiter cost increased $3 million due to en-
gineering changes. Estimates of support costs increased to $45 million.
These were expenses associated with the science team, provision for the
award fee, instrument development changes, and facilities additions.
These were all details which were not apparent to us until we got into
this detailed negotiation.
Mr. SYMINGTON. Would you put that in the record in detail?
Dr. CORTRIGHT. Be glad to, Mr. Chairman.
Mr. SYMINGTON. Describe them as particularly as you can.
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May—October 1969 target cost changes—
Lander: Miilions

Science definition changes (includes GCMS changed to GFE ) $14.0
Engineering definition changes  7. 4
Master schedule change (additional AGE)  7. 4
Increased overhead due to MOL termination  6. 7
Delete inverted Lander capability  ( —1. 3)
Delete facilities (computers)  ( —2. 1)

Subtotal   32. 1

Orbiter:
Engineering definition changes  5.2
Credit for schedule adjustment  (-2.4)

Subtotal  2. 8

Other •
Adjustments:

Science team support  10. 7
Ames biology support  0. 6
Langley support  4. 7
MMC award fee  0.0
DOD contract support  3. 2
Support contracts  ( —1. 2)
Organic/atmospheric analysis instrument  3. 9

New items:
Back-up instruments  12. 0
Facilities (computers)  1. 9

Subtotal   44. 8

Total   79. 7

Dr. CORTRIGHT. Mr. Chairman, at this time period, in August of
1970, the then chairman of this subcommittee, Congressman Karth
accompanied by Mr. Hammill, I believe, and perhaps others of the
committee, visited the Langley Research Center to obtain a detailed
understanding of where the cost increases had arisen from the outset of
the program to that point in time. This cost history was provided him
at that time. In the event that it is no longer in your records, I would
like to resubmit it for the committee's use because it goes into these
changes in very great detail and may meet your needs.
Mr. SYMINGTON. All right.
[The information follows:]
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6
8
 f
o
r
 t
h
e
 
c
o
n
d
u
c
t
 o
f

s
t
u
d
i
e
s
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f
 a
 1
9
7
3
 m
i
s
s
i
o
n
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h
a
t
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m
p
h
a
s
i
z
e
d
 t
h
e
 r
e
t
u
r
n
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f
 l
a
n
d
e
d
 s
c
i
e
n
t
i
q
c
 d
a
t
a
.
 
T
h
e
 L
a
n
g
l
e
y

R
e
s
e
a
r
c
h
 C
e
n
t
e
r
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ni

ti
at
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n
-
h
o
u
s
e
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n
d
 c
o
n
t
r
a
c
t
e
d
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t
u
d
i
e
s
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i
r
e
c
t
e
d
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o
v
r
a
r
d
s
 d
e
f
i
n
i
n
g
 t
h
e

1
9
7
3
 m
i
s
s
i
o
n
 c
o
n
c
e
p
t
.
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t
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t
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i
s
s
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n
 d
ef
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it
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n 
w
a
s
 p
u
b
l
i
s
h
e
d
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r.
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p
r
i
l
 1
9
6
8
,
 w
h
i
c
h

d
e
f
i
n
e
d
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c
i
e
n
c
e
 a
n
d
 o
t
h
e
r
 r
e
q
u
i
r
e
m
e
n
t
s
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o 
g
i
v
e
 c
o
n
t
i
n
u
i
t
y
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o
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h
e
 
s
t
u
d
y
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f
f
o
r
t
s
.
 
T
h
e
 N
a
t
i
o
n
a
l

A
c
a
d
e
m
y
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f
 S
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i
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n
c
e
s
/
S
p
a
c
e
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c
i
e
n
c
e
 B
o
a
r
d
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e
l
d
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u
m
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e
r
 
s
t
u
d
y
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o 
b
e
t
t
e
r
 d
e
f
i
n
e
 o
b
j
e
c
t
i
v
e
s

f
o
r
 t
h
e
 
1
9
7
3
 m
i
s
s
i
o
n
.
 
R
e
s
u
l
t
s
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f
 t
h
e
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u
m
m
e
r
 
s
t
u
d
y
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e
r
e
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ti
li
ze
d 
b
y
 N
A
S
A
 H
e
a
d
q
u
a
r
t
e
r
s
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 d
e
v
e
l
o
p
 r
e
v
i
s
e
d
 g
u
i
d
e
l
i
n
e
s
 w
h
i
c
h
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e
r
e
 p
r
o
v
i
d
e
d
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o
 t
h
e
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a
n
g
l
e
y
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e
s
e
a
r
c
h
 C
e
n
t
e
r
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n
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u
l
y
.

T
h
e
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e
v
i
s
e
d
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u
i
d
e
l
i
n
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s
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e
r
e
 r
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f
l
e
c
t
e
d
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e
w
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i
s
s
i
o
n
 d
e
f
i
n
i
t
i
o
n
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n
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u
g
u
s
t
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h
i
c
h
 w
a
s

i
n
c
o
r
p
o
r
a
t
e
d
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nt

o 
al
l 
s
t
u
d
y
 a
ct
iv
it
ie
s.
 
A
 m
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n
 m
o
d
e
 b
r
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g
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'
v
e
n
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N
A
S
A
/
O
S
S
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i
n
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a
r
l
y
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o
v
e
m
b
e
r
.
 
T
w
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n
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y
 d
i
f
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r
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n
t
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i
s
s
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n
 c
o
n
c
e
p
t
s
,
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h
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t
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e
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a
s
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h
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n
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o
e
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n
d

c
o
n
t
r
a
c
t
e
d
 
s
t
u
d
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e
s
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e
r
e
 p
r
e
s
e
n
t
e
d,.
 
T
h
e
 m
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 m
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 t
h
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 1
9
7
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 M
a
r
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 m
i
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n
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a
s

e
s
t
a
b
l
i
s
h
e
d
 b
y
 t
h
e
 N
A
S
A
 t
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b
e
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s
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o
l
l
o
w
s
:

L
a
u
n
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e
h
i
c
l
e
:
 
T
i
t
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I
I
/
C
e
n
t
a
u
r

S
p
a
c
e
c
r
a
f
t
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C
o
m
b
i
n
e
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r
b
i
t
e
r
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n
d
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n
d
e
r
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i
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n
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L
a
n
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 l
i
f
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o
d
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a
n
d
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a
v
e
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u
t
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o
f
-
o
r
b
i
t
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n
t
r
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o
d
e
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e
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 l
i
h
a
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s
c
i
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n
c
e
 
d
e
f
i
n
i
t
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o
n
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s
 d
e
v
e
l
o
p
e
d
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y
 t
h
e
 N
A
S
A
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r
i
o
r
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o
 t
h
e
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e
l
e
c
t
i
o
n
 o
f
 s
c
i
e
n
t
i
s
t
s
 t
o
 p
a
r
t
i
c
i
p
a
t
e
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n
 t
h
e
 1
9
7
3
 M
a
r
s
 m
i
s
s
i
o
n
.
 
T
h
e
 N
a
t
i
o
n
a
l
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c
a
d
e
m
y

o
f
 S
c
i
e
n
c
e
s
/
S
p
a
c
e
 S
c
i
e
n
c
e
 B
o
a
r
d
 s
u
m
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e
r
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t
u
d
y
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 m
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s
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i
s
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n
s
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d
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e
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e
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s
e
d
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s
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h
e
 p
r
i
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r
y
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n
p
u
t
s
 f
o
r
 d
e
v
e
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o
p
i
n
g
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h
e
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s
c
i
e
n
c
e
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ef
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p
h
a
s
e
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T
h
e
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c
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c
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u
s
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a
r
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y
 P
l
a
.
n
n
i
n
g
 P
h
a
s
e

i
s
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i
v
e
n
 b
e
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w
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T
h
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s
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c
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c
e
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t
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u
s
 d
e
l
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n
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s
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h
e
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e
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n
d
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t
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t
 c
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i
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n
c
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de
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 s
h
o
w
n
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n
 t
h
e
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d
j
a
c
e
n
t
 c
h
a
r
t
.
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l
l
 b
e
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n
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h
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c
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u
d
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n
g
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ef

in
it
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f
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h
e
 c
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a
n
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r
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v
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h
a
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h
e
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e
a
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n
s

f
o
r
 t
h
e
 c
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a
g
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e
s
.
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b
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b
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d
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h
e
 
e
n
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i
n
e
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r
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n
g
 
id
ef
in
it
io
n 
w
a
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s
t
a
b
l
i
s
h
e
d
 b
y
 t
h
e
 N
A
S
A
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s
 a
 r
e
s
u
l
t
 o
f
 t
h
e
 e
a
r
l
y

N
o
v
e
m
b
e
r
 m
i
s
s
i
o
n
 m
o
d
e
 b
r
i
e
f
i
n
g
.
 
A
 P
h
a
s
e
 B
 
r
e
p
o
r
t
 w
a
s
 p
z
i
2
p
a
r
e
d
 f
o
l
l
o
w
i
n
g
 t
h
e

m
i
s
s
i
o
n
 m
o
d
e
 b
r
i
e
f
i
n
g
 t
h
a
t
 d
o
c
u
m
e
n
t
e
d
 t
h
e
 d
a
t
a
 u
s
e
d
 i
n
 d
e
f
i
n
i
n
g
 t
h
e
 
e
n
g
i
n
e
e
r
i
n
g

de
fi

ni
ti

on
.

T
h
e
 d
e
t
a
i
l
s
 o
f
 t
h
e
 O
r
b
i
t
e
r
 d
ef
in
it
io
n 
w
e
r
e
 b
a
s
e
d
 o
n
 J
e
t
 P
r
o
p
u
l
s
i
o
n
 L
a
b
o
r
a
t
o
r
y

s
t
u
d
i
e
s
 u
s
i
n
g
 t
h
e
 
c
r
i
t
e
r
i
o
n
 t
h
a
t
 t
h
e
 O
r
b
i
t
e
r
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e
 a
 d
i
r
e
c
t
 d
e
r
i
v
a
t
i
v
e
 o
f
 M
a
r
i
n
e
r
 '
7
1
 w
i
t
h

o
n
l
y
 t
h
o
s
e
 
c
h
a
n
g
e
s
 n
e
c
e
s
s
a
r
y
 t
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s
u
p
p
o
r
t
 t
h
e
 L
a
n
d
e
r
 a
n
d
 t
h
e
 S
c
i
e
n
c
e
 
d
e
f
i
n
i
t
i
o
n
.
 
C
h
a
n
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e
s

w
e
r
e
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e
q
u
i
r
e
d
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n
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h
e
 
p
r
o
p
u
l
s
i
o
n
 S
y
s
t
e
m
 t
o 
p
r
o
v
i
d
e
 t
h
e
 v
e
l
o
c
i
t
y
 c
h
a
n
g
e
 c
a
p
a
b
i
l
i
t
y
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o

p
l
a
c
e
 b
o
t
h
 t
h
e
 O
r
b
i
t
e
r
 a
n
d
 
L
a
n
d
e
r
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n
t
o
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r
b
i
t
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b
o
u
t
 M
a
r
s
.
 
S
t
r
u
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l
 c
h
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n
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e

n
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c
e
s
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r
y
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u
p
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r
t
 t
h
e
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a
n
d
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r
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n
d
 t
h
e
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y 
h
;
o
r
n
m
u
n
i
c
a
t
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n
s
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y
s
t
e
m
 w
a
s
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d
d
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o

p
r
o
v
i
d
e
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h
e
 c
a
p
a
b
i
l
i
t
y
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f
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b
t
a
i
n
i
n
g
 
L
a
n
d
e
r
 d
a
t
a
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y
 w
a
y
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f
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r
b
i
t
e
r
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e
l
a
y
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s
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e
l
l
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s

d
i
r
e
c
t
l
y
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r
o
m
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h
e
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a
n
d
e
r
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o 
E
a
r
t
h
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T
h
e
 L
a
n
d
e
r
 d
ef
in
it
io
n 
w
a
s
 b
a
s
e
d
 o
n
 t
h
e
 
c
o
n
t
r
a
c
t
e
d
 
s
t
u
d
i
e
s
 a
n
d
 L
a
n
g
l
e
y
 R
e
s
e
a
r
c
h

C
e
n
t
e
r
 s
t
u
d
i
e
s
 d
i
s
c
u
s
s
e
d
 i
n 
t
h
e
 "
M
a
j
o
r
 M
i
l
e
s
t
o
n
e
s
"
 s
e
c
t
i
o
n
.
 
A
 s
o
f
t
 l
a
n
d
e
r
 w
i
t
h
 e
x
t
e
n
d
e
d

li
fe
 c
a
p
a
b
i
l
i
t
y
 (
a
p
p
r
o
x
i
m
a
t
e
l
y
 9
0
 d
a
y
s
)
 w
a
s
 s
e
l
e
c
t
e
d
.
 
T
o
 p
r
o
v
i
d
e
 t
h
e
 e
x
t
e
n
d
e
d
 l
if

e 
c
a
p
a
b
i
l
i
t
y
,

a
 p
o
w
e
r
 r
e
g
e
n
e
r
a
t
i
o
n
 s
y
s
t
e
m
 w
a
s
 n
e
c
e
s
s
a
r
y
.
 
T
h
e
 L
a
n
d
e
r
 c
o
m
m
u
n
i
c
a
t
i
o
n
s
 s
y
s
t
e
m
 c
o
n
s
i
s
t
e
d

o
f
 r
e
l
a
y
 b
y
 w
a
y
 o
f
 t
h
e
 O
r
b
i
t
e
r
,
 d
i
r
e
c
t
 t
r
a
n
s
m
i
s
s
i
o
n
 t
o
 E
a
r
t
h
,
 a
n
d
 d
i
r
e
c
t
 c
o
m
m
a
n
d
 f
r
o
m
 E
a
r
t
h
.

A
 c
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e
r
a
b
l
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o
u
n
t
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f
 m
i
s
s
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o
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a
l
y
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i
s
 (
t
r
a
j
e
c
t
o
r
y
 a
n
a
l
y
s
i
s
,
 n
a
v
i
g
a
t
i
o
n
 s
t
u
d
i
e
s
,
 e
t
c
.
)

i
n
f
o
r
m
a
t
i
o
n
 f
o
r
 a
 1
9
7
3
 M
a
r
s
 m
i
s
s
i
o
n
 w
a
s
 d
e
v
e
l
o
p
e
d
 a
s
 a
 p
a
r
t
 o
f
 V
o
y
a
g
e
r
 s
t
u
d
i
e
s
.
 
T
h
i
s

i
n
f
o
r
m
a
t
i
o
n
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e
r
v
e
d
 a
s
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 v
a
l
u
a
b
l
e
 f
o
u
n
d
a
t
i
o
n
 f
o
r
 d
e
v
e
l
o
p
i
n
g
 t
h
e
 m
i
s
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o
n
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o
n
c
e
p
t
s
 d
u
r
i
n
g

t
h
e
 E
a
r
l
y
 P
l
a
n
n
i
n
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 P
h
a
s
e
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n
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r
o
v
i
d
e
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o
n
f
i
d
e
n
c
e
 f
o
r
 t
h
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e
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h
n
i
c
a
l
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e
c
i
s
i
o
n
s
.
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i
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a
r
g
e
t
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o
s
t
 w
a
s
 d
e
r
i
v
e
d
 f
r
o
m
 e
s
t
i
m
a
t
e
s
 b
a
s
e
d
 o
n
 a
c
t
u
a
l
 c
o
s
t
s

p
f
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ar
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 l
u
n
a
r
 a
n
d
 p
l
a
n
e
t
a
r
y
 p
r
o
j
e
c
t
s
 a
n
d
 w
a
s
 s
t
a
t
e
d
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n
 1
9
6
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 d
o
l
l
a
r
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F
o
r
 t
h
o
s
e
 i
t
e
m
s

n
o
t
 i
n
c
l
u
d
e
d
 i
n
 t
h
e
 h
i
s
t
o
r
i
c
a
l
 b
a
s
e
,
 e
n
g
i
n
e
e
r
i
n
g
 e
s
t
i
m
a
t
e
s
 w
e
r
e
 u
s
e
d
 (
f
o
r
 e
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 l
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s
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c
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k
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n
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r
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u
p
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o
r
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e
r
v
i
c
e
s
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o
r
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h
e
 V
i
k
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g
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e
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t
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A
 p
r
e
l
i
M
i
n
a
r
y
 v
e
r
s
i
o
n
 o
f
 M
i
s
s
i
o
n
 D
e
f
i
n
i
t
i
o
n
 N
o
.
 2
 w
a
s
 i
s
s
u
e
d
 i
n 
J
u
n
e
 1
9
6
9
 a
n
d
 t
h
e

f
i
n
a
l
 v
e
r
s
i
o
n
 w
a
s
 i
s
s
u
e
d
.
 o
n
 A
u
g
u
s
t
 1
1
,
 
1
9
6
9
.
 
T
h
e
 c
o
s
t
,
 w
e
i
g
h
t
,
 a
n
d
 r
e
q
u
i
r
e
m
e
n
t
s

c
o
n
s
t
r
a
i
n
t
s
 f
o
r
 V
i
k
i
n
g
 s
c
i
e
n
c
e
 w
e
r
e
 e
s
t
a
b
l
i
s
h
e
d
 a
t
 a
 s
c
i
e
n
c
e
 r
e
v
i
e
w
 a
t
 N
A
S
A
 H
e
a
d
q
u
a
r
t
e
r
s

(
O
S
S
A
)
 i
n 
S
e
p
t
e
m
b
e
r
 1
9
6
9
.

S
u
b
s
e
q
u
e
n
t
 t
o 
t
h
e
 s
e
l
e
c
t
i
o
n
 o
f
 t
h
e
 M
a
r
t
i
n
 M
a
r
i
e
t
t
a
 C
o
r
p
o
r
a
t
i
o
n
,
 b
u
t
 p
r
i
o
r
 t
o
 c
o
n
t
r
a
c
t

n
e
g
o
t
i
a
t
i
o
n
,
 t
e
c
h
n
i
c
a
l
 d
i
s
c
u
s
s
i
o
n
s
 b
e
t
w
e
e
n
 t
h
e
 V
i
k
i
n
g
 P
r
o
j
e
c
t
 O
f
f
i
c
e
 a
n
d
 M
a
r
t
i
n
 M
a
r
i
e
t
t
a

r
e
s
u
l
t
e
d
 i
n 
t
h
e
 i
de

nt
if

ic
at

io
n 
o
f
 a
 n
u
m
b
e
r
 o
f
 p
o
t
e
n
t
i
a
l
 c
h
a
n
g
e
s
 t
o
 t
h
e
 b
a
s
i
c
 s
c
o
p
e
 o
f
 w
o
r
k
.

T
h
e
s
e
 i
n
c
l
u
d
e
d
 s
u
c
h
 i
t
e
m
s
 a
s
 t
h
e
 a
d
d
i
t
i
o
n
 o
f
 L
a
n
d
e
r
 s
i
m
u
l
a
t
o
r
s
 f
o
r
 O
r
b
i
t
e
r
 t
e
s
t
i
n
g
,

c
o
m
b
i
n
i
n
g
 t
h
e
 a
tt
it
ud
e 
c
o
n
t
r
o
l
 s
y
s
t
e
m
 a
n
d
 d
e
o
r
b
i
t
 s
y
s
t
e
m
 t
o 
a
l
l
o
w
 c
o
m
m
o
n
 d
e
v
e
l
o
p
m
e
n
t

a
n
d
 i
n
c
r
e
a
s
e
d
 
re
li
ab
il
it
y,
 
a
n
d
 t
h
e
 n
e
w
 s
c
i
e
n
c
e
 d
ef
in
it
io
n.
 
M
a
r
t
i
n
 M
a
r
i
e
t
t
a
 w
a
s
 d
i
r
e
c
t
e
d
 t
o

s
u
b
m
i
t
 p
r
o
p
o
s
a
l
s
 f
o
r
 t
h
e
s
e
 c
a
n
d
i
d
a
t
e
 c
h
a
n
g
e
s
 d
u
r
i
n
g
 t
h
e
 p
e
r
i
o
d
 J
u
n
e
 t
o 
S
e
p
t
e
m
b
e
r
 1
9
6
9
.

T
h
e
 b
a
s
i
c
 p
r
o
p
o
s
a
l
 a
n
d
 t
he

 
c
a
n
d
i
d
a
t
e
 c
h
a
n
g
e
 i
t
e
m
s
 w
e
r
e
 a
n
a
l
y
z
e
d
 i
n
 d
e
t
a
i
l
 d
u
r
i
n
g
 t
h
e
 s
a
m
e

t
i
m
e
 
p
e
r
i
o
d
.
 
D
e
c
i
s
i
o
n
s
 w
e
r
e
 m
a
d
e
 a
s
 t
o
 w
h
i
c
h
 c
h
a
n
g
e
 i
t
e
m
s
 w
e
r
e
 t
o 
b
e
 i
n
c
l
u
d
e
d
 i
n 
t
h
e

M
a
r
t
i
n
 M
a
r
i
e
t
t
a
 s
c
o
p
e
 o
f
 w
o
r
k
.
 
T
h
e
 n
e
g
o
t
i
a
t
i
o
n
 a
ct
iv
it
ie
s 
w
e
r
e
 c
o
m
p
l
e
t
e
 w
i
t
h
 a
 f
ul

l 
g
o
-
a
h
e
a
d
 g
i
v
e
n

M
a
r
t
i
n
 M
a
r
i
e
t
t
a
 i
n 
m
i
d
-
S
e
p
t
e
m
b
e
r
.
 
F
o
l
l
o
w
i
n
g
 N
A
S
A
 H
e
a
d
q
u
a
r
t
e
r
s
 r
e
v
i
e
w
,
 
t
h
e
 c
o
n
t
r
a
c
t

w
a
s
 e
x
e
c
u
t
e
d
 
o
n
 O
c
t
o
b
e
r
 2
0
,
 
1
9
6
9
.
 
A
d
v
i
s
o
r
y
 p
r
i
c
e
 a
n
a
l
y
s
e
s
 s
u
b
m
i
t
t
e
d
 b
y
 t
h
e
 D
e
p
a
r
t
m
e
n
t

o
f
 D
e
f
e
n
s
e
 w
e
r
e
 u
ti
li
ze
d 
d
u
r
i
n
g
 t
h
e
 n
e
g
o
t
i
a
t
i
o
n
.

C
o
n
c
u
r
r
e
n
t
l
y
 w
i
t
h
 t
h
e
 a
b
o
v
e
 d
e
s
c
r
i
b
e
d
 a
ct
iv
it
ie
s,
 
t
h
e
 J
e
t
 P
r
o
p
u
l
s
i
o
n
 
L
a
b
o
r
a
t
o
r
y

e
v
a
l
u
a
t
e
d
 t
h
e
 e
f
f
e
c
t
 o
f
 t
h
e
 M
a
r
t
i
n
 M
a
r
i
e
t
t
a
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o
r
p
o
r
a
t
i
o
n
'
s
 L
a
n
d
e
r
 d
e
s
i
g
n
 c
o
n
c
e
p
t
 o
n
 t
h
e

O
r
b
i
t
e
r
 b
a
s
e
l
i
n
e
.
 
C
a
n
d
i
d
a
t
e
 c
h
a
n
g
e
s
 n
e
c
e
s
s
a
r
y
 t
o 
a
c
h
i
e
v
e
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a
r
d
w
a
r
e
 c
o
m
p
a
t
i
b
i
l
i
t
y
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a
n
d

t
h
o
s
e
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e
s
u
l
t
i
n
g
 f
r
o
m
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 w
e
i
g
h
t
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e
d
u
c
t
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n
 p
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o
g
r
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m
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t
o
 a
r
r
i
v
e
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t
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 s
p
a
c
e
c
r
a
f
t
 w
e
i
g
h
t
 t
h
a
t

w
o
u
l
d
 p
r
o
v
i
d
e
 a
 m
i
n
i
m
u
m
 l
a
u
n
c
h
 p
e
r
i
o
d
 o
f
 3
0
 d
a
y
s
)
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e
r
e
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e
v
i
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e
d
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h
e
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i
k
i
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g
 P
r
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O
f
f
i
c
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u
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.
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 c
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 c
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 c
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 c
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 c
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A
s
 w
a
s
 d
i
s
c
u
s
s
e
d
 i
n
 t
h
e
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r
e
v
i
o
u
s
 p
h
a
s
e
,
 s
c
i
e
n
t
i
s
t
s
 w
e
r
e
 s
e
l
e
c
t
e
d
 i
n
 F
e
b
r
u
a
r
y
 1
9
6
9

t
o
 p
a
r
t
i
c
i
p
a
t
e
 i
n 
V
i
k
i
n
g
 P
r
o
j
e
c
t
 p
l
a
n
n
i
n
g
.
 
Si

gn
if

ic
an

t 
m
o
d
i
f
i
c
a
t
i
o
n
s
 i
n
 t
h
e
 s
c
i
e
n
c
e

de
fi

ni
ti

on
 
w
e
r
e
 n
e
c
e
s
s
a
r
y
 t
o 
a
c
c
o
m
m
o
d
a
t
e
 t
h
e
 r
e
c
o
m
m
e
n
d
a
t
i
o
n
s
 o
f
 t
h
e
 s
c
i
e
n
t
i
s
t
s
.
 
T
h
e

O
r
b
i
t
e
r
 c
h
a
n
g
e
s
 .
w
e
r
e
 g
i
v
e
n
 i
n
 t
h
e
 p
r
e
v
i
o
u
s
 p
h
a
s
e
.
 
T
h
e
 L
a
n
d
e
r
 m
o
d
i
f
i
c
a
t
i
o
n
s
 w
e
r
e

i
n
c
o
r
p
o
r
a
t
e
d
 d
u
r
i
n
g
 t
h
e
 n
e
g
o
t
i
a
t
i
o
n
 p
h
a
s
e
 s
u
c
h
 t
h
a
t
 t
h
e
y
 c
o
u
l
d
 b
e
 i
n
c
l
u
d
e
d
 i
n 
t
h
e
 c
o
n
t
r
a
c
t

w
i
t
h
 t
h
e
 M
a
r
t
i
n
 M
a
r
i
e
t
t
a
 C
o
r
o
r
a
t
i
o
n
.

T
h
e
 r
e
v
i
s
e
d
 
s
c
i
e
n
c
e
 
de
fi
ni
ti
on
, 
w
h
i
c
h
 w
a
s
 i
n
c
o
r
p
o
r
a
t
e
d
 i
n 
M
i
s
s
i
o
n
 D
e
f
i
n
i
t
i
o
n
 N
o
.
 2
,

w
a
s
 s
ig
ni
fi
ca
nt
ly
 m
o
r
e
 c
o
m
p
l
e
x
 t
h
a
n
 t
h
a
t
 d
e
v
e
l
o
p
e
d
 i
n 
t
h
e
 E
a
r
l
y
 P
l
a
n
n
i
n
g
 P
h
a
s
e
 a
n
d

d
o
c
u
m
e
n
t
e
d
 i
n 
M
i
s
s
i
o
n
 D
e
f
i
n
i
t
i
o
n
 N
o
.
 
1.
 
T
h
i
s
 a
d
d
i
t
i
o
n
a
l
 c
o
m
p
l
e
x
i
t
y
 w
a
s
 i
n 
t
h
e
 L
a
n
d
e
r

a
r
e
a
 s
i
n
c
e
 t
h
e
 m
a
j
o
r
 c
h
a
n
g
e
s
 i
n 
t
h
e
 O
r
b
i
t
e
r
 w
e
r
e
 d
i
s
c
u
s
s
e
d
 i
n 
t
h
e
 p
r
e
v
i
o
u
s
 p
h
a
s
e
.
 
T
h
e

L
a
n
d
e
r
 s
c
i
e
n
c
e
 s
y
s
t
e
m
 w
e
i
g
h
t
 w
a
s
 r
e
d
u
c
e
d
 f
i
v
e
 p
o
u
n
d
s
,
 b
u
t
 t
h
e
 c
o
m
p
l
e
x
i
t
y
 w
a
s
 i
n
c
r
e
a
s
e
d

i
n
 b
o
t
h
 t
h
e
 e
n
t
r
y
 a
n
d
 l
a
n
d
e
d
 p
h
a
s
e
s
.
 
F
o
r
 e
n
t
r
y
,
 a
 s
t
a
g
n
a
t
i
o
n
 t
e
m
p
e
r
a
t
u
r
e
 i
n
s
t
r
u
m
e
n
t
 w
a
s

a
d
d
e
d
 a
n
d
 t
h
e
 r
e
g
i
m
e
 f
o
r
 c
o
m
p
o
s
i
t
i
o
n
 m
e
a
s
u
r
e
m
e
n
t
s
 w
a
s
 c
h
a
n
g
e
d
 f
r
o
m
 t
h
e
 l
o
w
e
r
 a
t
m
o
s
p
h
e
r
e

to
 t
h
e
 u
p
p
e
r
 a
t
m
o
s
p
h
e
r
e
.
 
B
o
t
h
 o
f
 t
h
e
s
e
 c
h
a
n
g
e
s
 c
a
u
s
e
d
 i
n
c
r
e
a
s
e
d
 s
y
s
t
e
m
s
 i
n
t
e
g
r
a
t
i
o
n

p
r
o
b
l
e
m
s
.
 
L
a
n
d
e
d
 s
c
i
e
n
c
e
 c
h
a
n
g
e
s
 w
e
r
e
 m
a
d
e
 i
n
 a
l
m
o
s
t
 a
ll

 a
r
e
a
s
 a
n
d
 t
he
 s
e
 a
r
e
 s
u
m
m
a
r
i
z
e
d

o
n
 t
h
e
 f
o
l
l
o
w
i
n
g
 t
w
o
 c
h
a
r
t
s
.
 
B
e
c
a
u
s
e
 o
f
 t
h
e
 c
o
m
p
l
e
x
i
t
y
 a
n
d
 t
h
e
 s
h
o
r
t
 t
i
m
e
 f
o
r
 d
e
v
e
l
o
p
m
e
n
t
,

b
a
c
k
u
p
 o
r
g
a
n
i
c
/
a
t
m
o
s
p
h
e
r
i
c
 a
n
a
l
y
s
i
s
 (
G
C
M
S
)
 a
n
d
 b
i
o
l
o
g
y
 i
n
s
t
r
u
m
e
n
t
s
 w
e
r
e
 i
n
c
o
r
p
o
r
a
t
e
d
 i
nt
o

t
h
e
 p
l
a
n
n
i
n
g
 d
u
r
i
n
g
 t
hi

s 
p
h
a
s
e
.

T
h
e
 f
a
c
t
o
r
s
 t
h
a
t
 a
r
e
 i
n
c
l
u
d
e
d
 i
n 
t
h
e
 c
o
s
t
 c
h
a
n
g
e
 s
h
o
w
n
 i
n 
t
h
e
 f
o
l
l
o
w
i
n
g
 t
a
b
l
e
 a
r
e

(
1
)
 L
a
n
d
e
r
 c
h
a
n
g
e
s
 $
1
8
.
5
M
 (
i
n
c
l
u
d
e
s
 i
n
h
o
u
s
e
 i
n
s
t
r
u
m
e
n
t
 d
e
v
e
l
o
p
m
e
n
t
 s
u
p
p
o
r
t
 a
n
d
 G
F
E
 G
C
M
S
)
,

(
2
)
 b
a
c
k
u
p
 i
n
s
t
r
u
m
e
n
t
s
 $
1
2
M
,
 a
n
d
 (
3
)
 a
d
d
i
t
i
o
n
a
l
 c
o
s
t
 t
o
 s
u
p
p
o
r
t
 s
e
l
e
c
t
e
d
 s
c
i
e
n
t
i
s
t
s
 $
1
0
.
7
M
:

S
c
i
e
n
c
e
 S
t
a
t
u
s
 a
s
 o
f
 O
c
t
o
b
e
r
 1
9
6
9
 

W
e
i
g
h
t
 (
l
b
s
.
)
 

O
r
b
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t
e
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L
a
n
d
e
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$
M
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Dr. CORTRIGHT. At this point when we were at an estimated comple-
tion cost of $711 million, the actual cost we had accrued was $12 mil-
lion. From October 1969 until January 1970, there were no significant
changes identified in the total cost estimates for the 1973 mission.
On January 13, 1970, the NASA Administrator, faced with a very

tight budgetary problem, announced that Viking would be repro-
gramed to the 1975 launch opportunity. As a result of this decision,
stop-work orders were issued to Martin Marietta Corp., Jet Propulsion
Laboratory, and Viking support contractors. VPO teams visited MMC
and JPL to outline ground rules and constraints which would apply
to the replanning for the 1975 opportunity. Manpower levels were
promptly reduced. Only critical long-lead procurements were con-
tinued. Stop-work orders were issued as appropriate to subcontractors.
Mr. SYMINGTON. Considering the problems you face today, do you

think all those manpower reductions and stop-work decisions were
correct? Maybe we should have kept a few of those things humming
along. Do you think that the problems we are facing today could
not have been anticipated or, if they could, that the situation could not
have been improved by any changes in your winding down operation ?
Dr. CORTRIGHT. I think that is a very good question, and if we had

known enough about the project at that point in time, to have long-
lead work done on the computer and the biology experiment, I think
it would have subsequently helped the project.
Mr. SYMINGTON. As I understand it, you ceased considering the

1.973 launch for purely budgetary reasons. You didn't feel you were
running into any particular technical problems that would make
launching during that window difficult?
Dr. CORTRIGHT. That is correct.
Mr. SYlVIINGTON. Of course, if you had kept some of those people

on the job they might have turned up some of the technical problems
a little sooner than they were actually discovered, is that possible?
Dr. CORTRIGHT. We, of course, did keep some work going. As I point-

ed out, the problem with keeping effective work going is to specify the
systems well enough for the subcontractors to know what to do in that
period.
Mr. SYMINGTON. All right.
Dr. CORTRIGHT. The results of MMC's and JPL's replanning were

presented to the VPO in late January of 1970. The VPO, on comple-
tion of its own assessment of project plans, presented a Viking 1975
proposal to NASA headquarters on February 3 and 5, 1970. Author-
ization to implement plans for the 1975 missions was received from
NASA headquarters on February 7, 1970. Stop-work •orders were
lifted and redirection instructions issued in mid-February 1970. Guide-
lines governing the preparation and submission of proposals covering
the redirection were provided MMC and JPL in mid-March 1970.
Firm cost proposals were submitted to the VPO in May/June 1970.
Following completion of negotiations with both MMC and JPL
during June, NASA headquarters was given a complete update on
Viking 1975 resource planning in June of 1970.
The rephasing to the 1975 launch opportunity changed the estimated

total cost estimate from $711 million to $830 million ($750 million
target cost, including escalation, and $80 million contingency-desig-
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nated allowance for program adjustment (APA) ). Actual cost in-
curred at this time was $37 million.
Mr. SYMINGTON. What were the factors that caused you to increase

your estimate?
Dr. CORTRIGHT. In the case of the Lander, there were science addi-

tions totaling $11 million, but these were counterbalanced by reduc-
tions in the test program. Spacecraft changes accounted for $2 million.
The escalation costs were $30 million for the Lander. A $14 million
increase was related directly to the 2-year slip, that is the stretchout
in work and having people work longer to accomplish the same job. In
other words, we had to keep a minimal part of the team together
during that period.
Mr. SYMINGTON. That $11 million addition for science, what kind

of changes were involved?
Dr. CORTRIGHT. They were associated with better definition of the

biology experiment and the GCMS and the addition of the seismom-
eter.
Mr. SYMINGTON. With respect to the biology experiment, was there

a technical problem they had encountered with it, or was something
added to it, do you know?
Dr. CORTRIGHT. I think the simplest way to answer that is that

we had not really defined the biology experiment or selected the sub-
elements of it prior to this time.
Mr. SYMINGTON. Well, I am just looking at your dates there. You

canceled the 1973 launch in January. Up to that point, you hadn't
made any changes in the biology experiment or maybe you hadn't
gotten around to getting it structured, but then it was just a few
months later you added $11 million to it.
Dr. CORTRIGHT. Yes.
Mr. SYMINGTON. It would suggest to me that you must have flagged

something. If it was important enough to add $11 million in 2 or 3
months, maybe if you had increased the effort, really poured it on, you
would be in better shape today with that experiment.
Dr. CORTRIGHT. Mr. Chairman, I think I would like to give you a

little more detailed indication here of some of the changes in the sci-
ence definition at that point in time. These are all listed in the docu-
ment that I just submitted to you that we had shown to Congressman
Karth on page 29—V.
Mr. SYMINGTON. Why don't we get a copy of that up here so we can

follow your testimony?
Dr. CORTRIGHT. Your question is why these changes were made as

part and parcel of the change in launch date, I think it really relates
to the fact that we were at that point of mission definition when the
contract was revised. In any event, as you can see, the ionosphere
properties during entry was a new investigation. One experiment on
the biology was deleted and one added; there was a total increase in
complexity. The accuracy requirements on the meteorology were in-
creased and the flexible data system added. We added seismometry.
We, added Lander calibration tests and improved the data system.
The physical property experiment was new. The magnetic properties
experiment was new. In the case of radio science, we deleted a require-
ment for rate measurement. We deleted an ultraviolet photometry and



165

soil investigation. I think I mentioned that the science changes netted
out at zero because we took out as much as we added.
The real buildup in Lander costs was in the 2-year slip, $14 million

for work stretchout and $30 million escalation. I haven't given you
the Orbiter figures yet. There was $25 million associated with work
stretchout, $17 million with escalation, and $12 million in additional
engineering changes to the spacecraft.
In the support category, there was a $12 million figure associated

directly with stretchout, $9 million additional escalation, and a net
of $19 million in additional requirements covering mission operations,
and Government support and Government-furnished equipment.
If you need additional detail on these, we can supply it.
Mr. HAMMILL. On our last visit to the Jet Propulsion Laboratory,

they told us, if I remember correctly, that they made very good use
of the 2-year delay and that rather than causing an increase in the
total cost of the Orbiter portion of the spacecraft, the delay resulted
in a cost decrease. Is that so?
Dr. CORTRIGHT. I guess I would like Mr. Parks who is here with

us, to comment on that. I am not familiar with that statement.
Mr. PARKS. I am not specifically familiar with the conversation you

are referring to here, but the facts of the matter are, there was an
increase in the Orbiter costs as a consequence of that 2-year delay.
We did make good use of that time in doing more detailed planning
for the 1975 mission. And we were able to take advantage of that
planning during the later implementation phase. But there was a
total cost increase due to that delay.
Mr. HAMMILL. That was a misunderstanding on my part.
Dr. PETRONE. The 2 years did make it a tougher mission. You are

communicating over a large distance. Transmitting had to be beefed
up to take account of that. You added about 20 or 30 percent commu-
nication distance because of the relative orientation of Mars at that
particular time. It did increase certain complexities in that mission.
The big dollars, as he pointed out, was the escalation in both Lander
and Orbiter over the 2 years.
Mr. SYMINGTON. Supposing there hadn't been that budget con-

straint that you testified to, do you think you could have flown the
mission in 1973 successfully?
Dr. CORTRIGHT. We often ask ourselves that question, Mr. Chair-

man, and the answer we come up with is, we think we could have flown
a mission in 1973, but it would not be the mission we are flying in
1975.
Mr. SYMINGTON. What would be the significant difference?
Dr. CORTRIGHT. I think there is no question the science would be

simpler, the systems would all be simpler, less sophisticated. The space-
craft would be lighter and we would have done things differently. I
think that there is a high probability we would have flown a mission
but it would have been tight, very tight.
Mr. SYMINGTON. It would have included a biology package?
Dr. CORTRIGHT. It certainly wouldn't have been the 1975 design.
Mr. SYMINGTON. Does your testimony generally, Dr. Petrone, estab-

lish the distinction between the type and character of the two missions
so that in going before the public with explanations of various kinds
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we can make it clear what was actually gained, perhaps unexpectedly,
by the delay?
Dr. CORTRIGHT. This document which I submitted to the committee

contains some of this information. My statement does not.
Mr. SYMINGTON. OK. Does it contain the information explicitly or

just by inference?
Dr. CORTRIGHT. I think it would be helpful to the committee, Mr.

Chairman, if we supplied a statement just answering that question.
Mr. SYMINGTON. Yes, that would be very helpful.
[The information follows:]
Long lead development: Radar; biology; and communications.
Added system redundancy.
Following science changes made possible: Orbiter imaging—Increased resolu-

tion; radio—Added X-band ; biology—Increased capacity; meteorology—In-
creased accuracy—Added flexible data system; seismometry—Added calibra-
tion tests—Added flexible data system; physical and magnetic properties added;
and ultraviolent photometry and soil water deleted.
Changed to lifting entry.
Test program reduced.

Mr. SYMINGTON. May I ask you a question about your statement to
the effect that "the complexity of what NASA was asking the industry
to accomplish became more apparent." Wasn't that what NASA was
asking from the very beginning? In other words, had there been insuf-
ficient communication up to that point? Why did it suddenly come into
focus and not before?
Dr. CORTRIGHT. I think, as we got into some of these systems in more

depth, Mr. Chairman, and, when the subcontractors themselves got
into the subsystems in more depth, that it became clear that we were
asking for advances in the state of the art that were substantial. That
certainly was true in the cases of the biology experiment, the ,GOMS,
and the computer.
Mr. SYMINGTON. This would have been the case if you were still

aiming for a 1973 launch.
Dr. CORTRIGHT. That is probably correct.
Dr. PETRONE. I think that is a correct statement. One puts out a set

of requirements for things you would like to do and you define the
results you want until someone converts that, starts engineering draw-
ings, and one sees how much one has in the package. What happened
in the interim with respect to requirements was that we found things
we wanted to do on the surface. Things we started then became a
tremendous step forward. I do believe the same would have applied
for the 1973 mission as the 1975, no question about that.
Mr. SYMINGTON. It would have made the 1973 mission much

tougher?
Dr. PETRONE. Very much tougher, in my estimation.
Mr. SYMINGTON. As this complexity became more apparent at that

point, you had 5 years before the launch.
Dr. CORTRIGHT. I think we would have had to descope our objectives

at that point in time if we were still on the 1973 path.
July 1970—August 1971. This period is significant because it covers

the preliminary design phase of the Viking spacecraft, during which
the project firmed up the system design and uncovered numerous
underscoped items. The complexity of what NASA was asking the
industry to accomplish became more apparent. During that time period,
the estimates for project target cost grew from $750 to $810 million.
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This growth required the application of $60 million of project APA
to accommodate the cost growth and left a project reserve of only $20
million. The JPL Orbiter costs did not increase in this time period.
From this period to the present date, Orbiter costs have in fact de-
creased, and therefore will not be discussed in detail in this statement.
The major cost increase was experienced in the Lander—S41 million—
and was attributed to underestimates in lVfMC in-house and subcontract
activities, and to VPO-directed changes for redundancy and design
refinements [figure 2].
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Mr. SYMINGTON. These will be submitted for the record?
Dr. CORTRIGHT. Yes, sir.
[The information follows:]

Principal target cost changes—July-August 1971
Lander: Millions

Subcontracts   419
MMC In-house  14
Redundancy   5
Design refinements  3

Subtotal   41
Orbiter   1
Support: GCMS  18

Total   60

Dr. CORTRIGHT. This figure deals exclusively with the Lander situa-
tion, wherein most of our costs growth occurred throughout the proj-
ect, and is broken down, Mr. Chairman, into Martin in-house increases
and subcontractor increases. I have put the numbers on for TRW and
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Honeywell because they will be testifying, not because th
ey were the

only subcontractors with cost containment problems. As
 you can see

from the chart, the total subcontractor bill more than doub
led whereas

Martin in-house bill did not increase such a large percentage.

In addition, support costs increased $18 million, due 
primarily to

underestimates of the effect to design, test, and fabricate th
e complex

gas chromatograph mass spectrometer (GCMS ) instrumen
t. Actual

accrued costs were $87 million in August 1971.
Mr. SYMINGTON. Was that a contractor's underestimates?

Dr. CORTRIGHT. Which one GCMS ?
Mr. SYMINGTON. GCMS ?
Dr. CORTRIGHT. The GCMS was an instrument begun by th

e Jet

Propulsion Laboratory and the underestimate initially was one 
made

by them, and concurred in by Langley. The Martin Marietta C
orp.

was not involved in that underestimate.
August 1971—July 1972. As a result of the above significant increase

in the target cost after an expenditure of only slightly more th
an

10 percent of the total budget, the Viking project initiated a cost

offset program designed to increase the APA account. This activity was

statused in July of 1972 with an estimated total cost offset of $39 mil-

lion. The actions included a number of deletions of effort at both

MMC and its subcontractors.
Mr. SYMINGTON. These deletions that you mentioned, will you speci-

fy these for the record?
Dr. CORTRIGHT. Yes, sir, I will. There is a rather long list which

I could read.
Mr. SYMINGTON. No, it is not necessary. Put them in the record

and indicate which have been reinstated, if there have been any.
Dr. CORTRIGHT. Yes, sir. I would be glad to do that.
[The information follows:]

Principal cost offsets—August 1971-July 1972

Lander: 
Millions

Hardware and test  $10

Subcontractor  
 6

Science  
 3

Subtotal  19

Orbiter:
Hardware and test  2

Mission operations  1
Reserve requirements  5

Subtotal  

Support:
Test  

 9

Support contractors 
Science

8

Subtotal  

2
6

10

Total  
Miscellaneous

Total  

None of these cost offsets were subsequently reinstated.

37
2

39
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Mr. WINN. Could I ask a question?
Mr. SYMINGTON. Yes.
Mr. WINN. At anytime when all these underestimates, cost over-

runs and everything was going on, did NASA ever once give any
idea to giving this thing up, because it was pretty obvious from the
start it was getting out of hand? You got some of the finest subcon-
tractors we ever had in this field, that in this program were con-
stantly underestimating, redesigning, retooling, whatever, all this
little nitty-gritty you're talking about here, which I think can save
a lot of time for the committee if you just don't tell us who reported
to who, because I don't think we care. I think it is the end result.
Did you ever thinX maybe the taxpayers wouldn't pay for this
program?
Dr. CORTRIGHT. No, sir.
Mr. WINN. I didn't think so.
Dr. CORTRIGHT. We felt we could bring in this job for $830 million

for the first several years. With things going right we could have,
but the problems did not get solved in as expeditious a manner as we
hoped, and that is why we are at $930 million today.
Mr. WINN. Does NASA, and do all the subcontractors just con-

stantly think "let's keep on going, let's redesign, let's redo this, we
have underestimated the committee rigamarole," somewhere somehow
they will get this thing bought?
Dr. CORTRIGHT. Sir, that gets tested every year by both the executive

and legislative branches. The OMB looks at it and, in the case of this
project, I imagine the President looked at it. Certainly the Congress
has looked at it at least once a year and generally almost continuously.
Mr. WINN. I am trying to tell you, though, I think that some of

us that have supported your programs down through the years, I am
telling you right now and I have got a lot of friends sitting out here,
I am going to start saying no to a lot of these programs. The American
people are fed up with cost overruns. If you look at some of the
people in both parties, they campaigned on this issue. I am saying
you guys are not going to be able to stick this stuff down our throats
anymore.
Thank you, Mr. Chairman.
Mr. SYMINGTON. There is another dimension to Mr. Winn's point.

From your testimony, it appears that you would have flown a 1973
mission if OMB had not stepped in to stop you, true?
Dr. CORTRIGHT. I can't remember whether OMB said that. I believe

the Administrator made the judgment.
Mr. SYMINGTON. We know OMB has nothing to do with budget

constraints.
[Laughter.]
Mr. SYMINGTON. So if you hadn't had these budget constraints, you

would have flown a 1973 mission which now appears would have been
jerry-rigged in order to get ready in time to launch. Then because of
the budget constraint a decision was made to delay for 2 years, and I
imagine that there were those among you who might have said, "How
are we going to keep the team together?" But you not only lived with
that decision, you made a virtue of that necessity by improving your
instrumentation, getting things ready to go, better experiments et
cetera to the point where in retrospect you are probably greatful it is
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a 1975 launch rather than a 1973 launch because of all the new things
you are going to learn.
Why wouldn't the same reasoning cause a number of people to won-

der, since we are again under the financial gun, why not wait another
2 years and make it an even more beautiful project? Granted, it might
take an additional $100 million or some such figure, according to some
conversations I have had. Another delay would provide equipment
that really works not only works but works well. That might be
preferable, rather than to fly something that is not quite ready in
terms of a reasonable expectation of mission success that you would
like to have in your minds as scientists. In that way you would be able to
demonstrate to the American people that their investment really was
well spent, and has paid off.
What are the reasons that would make another 2-year delay inad-

visable? In retrospect reasons were found to be quite sufficient to justify
the first 2-year delay.
Dr. PETRONE. May I address that, Mr. Chairman?
Mr. SYMINGTON. Yes.
Dr. PETRONE. In terms of looking at a further delay, and we are

obviously in a different timeframe than the 1970 delay, certainly the
question of costs have come into the picture. We have attempted to
steer a path, fiscal responsibility, not asking Congress for more money
for that purpose.
Now, at the same time, we will not launch a Viking that we feel has

little chance of success. A delay in my opinion would not necessarily
increase the chances of success. With the need to keep a team two addi-
tional years, there is always a question of changes people want to make.
We are now, in effect, trying to closeout our subcontracts—the people
not required onboard at the time we conduct this mission. So a delay
at this stage of the game is quite different than a delay in the 1970
timeframe wherein there may have not been full definition of the
requirement of things to be done, which became apparent in the sum-
mer of 1970. Today we have our equipment. We think we have defined
and constrained. We know we have hurdles yet ahead of us to make.
We do believe we can bring this to a point of a proper mission in terms
of returns we expect to get and make our launch date of next August
at Cape Canaveral.
Mr. SYMINGTON. I think that is a succinct answer to my question,

one we ought to try to flesh out in even greater detail so we can explain
it to the average taxpayer.
Mr. WINN. Mr. Chairman?
Mr. SYMINGTON. Yes.
Mr. WINN. I'd like to refer back to Mr. Cortright's prepared remarks

where on page 3 he said "from these options, NASA selected the mis-
sion mode for the 1973 Mars mission." He lists these other things and
that means we are going in that direction. Several times after that, you
talk about redesign of the Lander, underestimates by the contractor,
but at the top of page 4, you say that could be accomplished for an
estimated cost of $364 million, the price is going up everytime you turn
a page.

It says, "This estimate did not include any factor for escalation or
contingency." I always thought for the 8 years I have been on this com-
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mittee there was a built-in factor for escalation and contingency.
Have I been wrong for 8 years?
Dr. CORTRIGHT. It used to be, as I recall my early years, that it was

not the practice to put escalation in, and frequently not contingency
either. I really am very sympathetic with your position that you are
tired of overruns. I believe that the way we have to approach that
problem, in addition to managing as best we can and initially defin-
ing the job as best we can, is to do a respectable amount of work on the
project before we commit to costs, and before you commit to support
through completion.
Mr. WINN. Just one of the contractors, I believe Martin Marietta,

was on a cost-plus basis?
Dr. CORTRIGHT. It is a share.
Mr. WINN. Yes; I know, an incentive. I know how it works. We

have looked into some of these contracts.
Dr. CORTRIGHT. There really is no way in my opinion to take on a

job this complex with a fixed-price contract. The Agency is trying
every technique it knows how to meet its cost targets for the Congress.
I think the Agency is doing better. There are projects that have done
better than this one, most certainly.
Mr. WINN. That's for sure. I don't think we would still be in this

committee, I don't think you would have jobs, if NASA hadn't done
a better job than they have done on this one.
Dr. CORTRIGHT. If I could just say one thing, this is not intended to

belittle the increase, because it has been large, but after we had the
contractors on board and had defined the 1975 mission, we incurred a
12-percent increase over what we said it was going to cost in 1970. I
wish that was zero, but experience shows that the most complex R. & D.
jobs increase as much or more.
Mr. WINN. I want to give you time to finish the rest of your com-

ments, and we will have some other questions.
Thank you, Mr. Chairman.
Mr. SYMINGTON. Thank you.
I want to ask a question which refers to your prepared remarks on

page 8, Mr. Cortright. The deletion of the light scattering investigation
which was one of the four original biology instruments, why was that
decision made? Was the task too difficult technically, or too expensive?
Dr. CORTRIGHT. There were several reasons. We had a weight prob-

lem, we had a volume problem, and we had a cost problem, and it just
simplified the bioinstrument.
Dr. PETRONE. This is a case of desires and requirements. When you

finally get them translated into what the hardware is going to look
like and what it takes, in that particular case I think we made a pru-
dent decision, not an easy one to the scientist that had that experiment,
he did go through agony on it. We made the necessary hard decision to
take it off to try to stay within costs and weights and volumes for that
particular experiment. It did show this question I mentioned earlier,
the requirements driving the program and not well understood at the
time they were leveled.
Mr. SYMINGTON. That was part of the biology package. It would

have added to its weight?
Dr. PETRONE. Immensely to the complexity of the package.
Mr. SYMINGTON. The weight is what now?



172

Dr. PETRONE. It is an 11-inch cube in terms of dimensions. We have
11 inches of cube. Three major experiments. This would have been
the fourth. It would have just increased our job immensely.
Dr. CORTRIGHT. About 40 pounds.
Dr. PETRONE. Eleven-inch cube.
Mr. SYMINGTON. The light scattering experiment would have in-

creased it by how much?
Dr. CORTRIGHT. I wouldn't know, Mr. Chairman.
Dr. PETRONE. We would have had to change our interface dimen-

sions.
Mr. SYMINGTON. Weight, and size, and configuration; all would

have been affected. OK, I just wondered.
Dr. CORTRIGHT. Mr. Chairman, I realize that plotting this cost his-

tory isn't the most interesting material in the world. It is responsive,
I feel, to what was asked. However, I think I could save some time
if you wish, if I could submit the next two pages for the record and
move on to the problems of the last year:
This cost offset effort was to continue and, as a matter of fact, is still active.

In addition, one of the four biology investigations—light scattering—was deleted
within the biology instrument. But, at the same time, the science steering group
proposed to add an inorganic investigation to the Lander science package by the
incorporation of an X-ray fluorescence instrument. The action was approved by
NASA headquarters in July 1972.
During this period of Viking subsystem and component preliminary design,

the Lander continued to show problems in subcontract and in-house labor cost
growth. It is important to recognize that cost growth was a problem common
to most subcontractors, and not just TRW and HI.
The JPL demnstrated its active participation in the cost offset program by

reductions in the areas of spacecraft design, science and test areas, for a total
decrease of $10 million. During July 1972, the Viking target cost was reestimated
at $805 million, and the APA was $25 million. At this time the project was
3 years away from launch and accrued costs had reached $285 million.

July 1972 to July 1973. This period is identified as that of final design and
development. The project continued to encounter technical problems on a num-
ber of Lander components. Although we maintained an active cost offset program,
it was obvious that the Lander target cost at MMC was continuing to grow.
The project target cost during July 1973 was estimated at $824 million. The
resulting APA of $14 million, 2 years prior to launch, was judged to be marginal
with several identified areas of concern. The July 1973 accrued cost was $514
million. A NASA accounting change increased the $830 million to $838 million
in 1973.

It is worth noting here that our continuing cost offset program—figure 3—
had by this time identified and implemented more than $54 million in cost
reductions. When combined with the application of $66 million of our planned
reserve, a total of $120 million in anticipated problems had been absorbed
within the project to this point.

JULY 1973—MARCH 1974

During the fall and winter of 1973, the computer and biology development
and build problems intensified. We were still having some development problems
in certain of the other Lander components, although with a lesser cost impact
than in the earlier period. Also, the fall of 1973 saw the start of Lander system
level tests on the proof test capsule (PTC), to be followed by flight article test-
ing. This effort proved to be generally underscoped, both as to the resources and
time required.
Beginning in 1973 we were also caught in the inflationary spiral and our

previous escalation factor of 5 percent a year, on which our forward estimating
was based, was inadequate to cover rising costs of material and labor. In
November 1973, our estimated total cost was $878 million. This included $10
million of APA. By March 1974 these continuing problems, along with a realistic-
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increase in the APA needed to cover the remainder of the program, drove
Langley's estimate of total cost to $920 million including APA of $25 million.
At that date, $668 million in costs had been accrued.
On March 13, 1974, Dr. John Naugle reported to the Subcommittee on Space

Science and Applications a possible 10-percent increase in the $838 million, which
corresponded closely to Langley's projected $920 million.
March 1974 to date. Although the Lander computer, biology, and GCMS prob-

lems that had plagued us earlier were well on the way to solution, the schedule
stretchout of the effort due to these problems continued to add substantial incre-
ments of cost. We also experienced additional cost in the Lander systems test
area, mostly due to continued problems with proof test capsule testing and delays
in starting test of flight Landers caused by late component deliveries. Software
development problems and other lesser MMC in-house efforts, along with an
additional increment for inflation, accounted for additional cost growth.

Mr. SYMINGTON. I have a couple of questions on these pages. With-
out your reading them, I will just refer to them, if I may.
You say it is important to recognize cost growth was a problem

common to most subcontractors. I would simply ask you to furnish a
list of subcontractors that experienced significant cost growth, if you
would?
Dr. CORTRIGHT. I have that with me. I would be glad to do that.
[The information follows:]

Lander subcontractor cost growth

Subcontractor and item
Millions

ITEK—Camera   $13
TRW:

Biology   42
Meteorology   2

Hamilton-Standard—Inertial reference unit  6
Ryan—Terminal descent landing radar/radar altimeter  10
RCA—Communications   6
LEC—Tape recorder  2
Bendix :

Seismometer   1
Upper atmosphere mass spectrometer  3

Honeywell—Computer   24
EM and M—Core memory_  
Rocket research:

Terminal engine  1
Deorbit engine 

Celesco/Singer—Articulated boom/motors  3
Kearfott  
Other   3

Total   116

Mr. SYMINGTON. You mention at the top of page 9 the projects con-
tinued to encounter technical problems on a number of Lander com-
ponents.
Are those described anywhere else in your material where we can

see them, or would you like to submit them also for the record?
Dr. CORTRIGHT. I would be glad to submit a list of problems in that

time period.
Mr. SYMINGTON. Would you?
Dr. CORTRIGHT. It is a long list. We had lots of problems.
[The information follows:]

44-128 0 - 75 - 12



LA
ND
ER
 
H
A
R
D
W
A
R
E

EL
EC

TR
ON

 I
C 
C
O
M
P
O
N
E
N
T
S

TE
CH
NI
CA
L 
PR

OB
LE

MS
 

7/
12

 -
 to

 -
1/
74
 

o 
AL
L 

- 
Ca

bl
in

g 
co

nn
ec

to
r 
pi

ns
 w
er
e 
fo

un
d 
to

 b
e 

br
it
tl
e 
- 
ex
te
ns
iv
e 
fa
il
ur
e 
an

al
ys

es
 a
nd

co
rr
ec
ti
ve
 a
ct
io
n 
wa

s 
re
qu
ir
ed
, 
as

 m
at
er
ia
l 
an
d 
pr

oc
es

s 
ch

an
ge

s 
we
re
 i
nc
or
po
ra
te
d.
 
Ca
se

ma
te

ri
al

 h
ad

 t
o 
be
 c
ha

ng
ed

 f
ro

m 
ma

gn
es

iu
m 

to
 a
lu
mn
iu
m 
du

e 
to

 m
ag

ne
si

um
 c
re
ep

(f
as
te
ne
rs
 l
oo

se
ne

d)
.

o 
P
C
D
A 

-•
 C
as
e 
de
si
gn
 h
ad

 t
o 
be

 m
od

if
ie

d 
to

 a
cc

om
mo

da
te

 c
on
ne
ct
in
g 
ha
rn
es
se
s 
be
tw
ee
n

bo
ar
ds
. 

Re
vi
se
d 
sw
it
ch
in
g 
to

 a
ll

ow
 d
is
sa
pa
ti
ng
 R
TG

 e
ne

rg
y 
in
 e
xt

er
na

l 
lo

ad
 b
an

k.
 
Ti

me
r

ca
pa
ci
to
r 
fa
il
ed
 -
 h
ad

 t
o 
be

 r
ed
es
ig
ne
d 
an
d 
ne

w 
it
em
 o
bt
ai
ne
d.
 
Re
vi
se
d 

lo
gi

c 
to

 p
ro

te
ct

ag
ai

ns
t 
G
C
S
C
 t
ra
ns
fe
r 
du

e 
to

 a
 p
ow

er
-d

ow
n 

of
 d
et
ec
to
rs
.

•
 
PC

DA
/L

PC
A 

- 
DC

/D
C 
co
nn
ec
to
rs
 s
ho
we
d 
in
te
rr
up
te
d 
pe

rf
or

ma
nc

e 
at

 l
ow

er
 t
em
pe
fa
tu
re
s;

tr
an

sf
or

me
rs

 h
ad

 t
o 
be

 r
ed
es
ig
ne
d.

0
BP
A 

- 
A 
nu

mb
er

 o
f 
si

ng
le

 p
oi
nt
 f
ai
lu
re
s 
we
re
 d
is

co
ve

re
d 
du
ri
ng
 C
DR

 r
eq

ui
ri

ng
 c
ir

cu
it

re
de
si
gn
s.

•
 
D
A
P
U 

- 
Ex

te
ns

iv
e 
co

rr
ec

ti
ve

 a
ct
io
n 
wa
s 
re

qu
ir

ed
 d
ue

 t
o 
P
C
 b
oa
rd
 w
ar
pi
ng
. 

Os
ci
ll
at
or

cr
ys
ta
l 
pr
ob
le
ms
 r
eq

ui
re

d 
th
ei
r 
be

in
g 
re

de
si

gn
ed

 o
ut
 o
f 
th

e 
sy
st
em
.

o 
S
S
C
A 

- 
Po

we
r 
su
pp
ly
 r
ed

es
ig

ne
d 

to
 a
cc

om
mo

da
te

 h
ig

he
r 
cu
rr
en
t 
re

qu
ir

em
en

ts
 o
f 
S
S
A
A

"l
ev

el
 d
et
ec
to
r"
 c
ir

cu
it

s.
 
So

le
no

id
 a
nd
 m
ot
or
 d
ri

ve
r 
ci
rc
ui
ts
 w
er

e 
re

vi
se

d 
to

 s
up

pl
y 
th

e
po

we
r 
in
cr
ea
se
s 
de
ma
nd
ed
 b
y 
Na
sh
 s
ol

en
oi

ds
 a
nd
 K
ea

rf
ot

t 
mo

to
rs

.



•
V

LA
ND
ER
 
H
A
R
D
W
A
R
E

VE
HI
CL
E

TE
CH
NI
CA
L 
PR

OB
LE

MS
 

7/
72

 -
to
 -
1/

74
 

o
 

St
ru

ct
ur

es
 M
an
uf
ac
tu
ri
ng
 
- 

To
ol
in
g 
an
d 
fa
br
ic
at
io
n 
wa
s 
un
de
rs
co
pe
d.
 
Co

mp
le

xi
ty

 o
f

th
in

, 
li

gh
tw

ei
gh

t 
st

ru
ct

ur
e 
ca
us
ed
 n
um

er
ou

s 
pr
ob
le
ms
 a
nd

 e
rr
or
s 
in
 n
um
er
ic
al
ly
 c
on
tr
ol
le
d

ta
pe

 m
ac

hi
ni

ng
 a
nd
 i
ne

xp
er

ie
nc

e 
wi
th
 f
ab

ri
ca

ti
on

 p
he

no
li

c-
fi

be
rg

la
ss

 l
am

in
at

e.
 (

La
nd
er

bo
dy

, 
ba
se
 c
ov

er
, 
RI
G 
wi
nd
sc
re
en
s,
 A
er
os
he
ll
)

o 
Ae

ro
sh

el
l 

- 
Tw
o 
un
ex
pe
ct
ed
 f
ai
lu
re
s 
cr

ea
te

d 
ma
jo
r 
de

si
gn

, 
ma

nu
fa

ct
ur

in
g 
an
d 

te
st
 i
mp

ac
ts

.
(F
ir
st
 
el

as
ti

c 
fa

il
ur

e 
ad
de
d 
st

if
fe

ni
ng

 c
li
ps
; s

ec
on

d 
fa
il
ur
e,
 o
f 
a 
ca

ta
st

ro
ph

ic
 n
at
ur
e,
 a
dd
ed

mo
re

 c
li
ps
, 
de

si
gn

 c
ha

ng
es

 t
o 
in
ne
r 
co
ne
 a
nd

 a
dd

it
io

n 
of

 t
he

 b
el
ly
-b

an
d 
re

in
fo

rc
em

en
t.

)
Fa

il
ur

es
 c
au

se
d 
a 
st

re
tc

ho
ut

 i
n 
te

st
in

g 
of

 t
he

 L
ST
M 

ma
jo
r 
st
at
ic
 t
es
t 
pr
og
ra
m 

in
 a
dd
it
io
n 
to

in
co

rp
or

at
in

g 
a 
pr

oo
f 
te
st
 o
n 
ea

ch
 f
li

gh
t 
ae
ro
sh
el
l.

o 
Mo
rt
ar
 F
ir

e 
Te

st
s 

- 
Hi
gh
 m
or
ta
r 
sh

oc
k 
re
sp
on
se
s 
me

as
ur

ed
 o
n 

fi
rs

t 
LD

TM
 f
ir
in
g 
ca

us
ed

de
si
gn
 c
ha

ng
es

 a
nd

 t
wo

 a
dd
it
io
na
l 
ve

ri
fi

ca
ti

on
 t
es
ts
.

o 
Hi

gh
 G
ai

n 
An

te
nn

a 
De

pl
oy

me
nt

 M
ec
ha
ni
sm
 
- 

Ex
te

ns
iv

e 
fa
il
ur
es
 i
n 
de
ve
lo
pm
en
t 
an

d 
du
ri
ng

qu
al

if
ic

at
io

n 
te

st
in

g 
ca
us
ed
 n
um
er
ou
s 
de
la
ys
.

o 
Bi
os
hi
el
d 

- 
La

ck
 o
f 
su

ff
ic

ie
nt

 a
tt

en
ti

on
 t
o 
th

e 
th
er
ma
l 
gr
ad
ie
nt
 p
ro
bl
em
 a
ss

oc
ia

te
d 
wi

th
 v
er

y
la

rg
e 
li

gh
tw

ei
gh

t 
ri
ng
, 
pr
io
r 
to

 m
an

uf
ac

tu
ri

ng
 c
au

se
d 
ex
ce
ss
iv
e 
de

ta
il

 c
ha

ng
es

, 
re

wo
rk

 a
nd

ad
di

ti
on

al
 s
ep

ar
at

io
n 
te

st
in

g.



LA
ND
ER
 
H
A
R
D
W
A
R
E

VE
HI

CL
E

TE
CH
NI
CA
L 
PR

OB
LE

MS
 

(c
on

t'
d)

7/
72

 -
 to

 -
 1
/7
4 

(c
on
tl
d)

o 
Te

rm
in

al
 T
an
k 

- 
Te

rm
in

al
 t
an
k 
ru

pt
ur

ed
 d
ur
in
g 
cr

yo
-p

ro
of

 t
es
t 
-f

ai
lu

re
 d
ue

 t
o 
Al
ph
a

co
nt

am
in

at
io

n 
of

 t
it

an
iu

m 
he

mi
sp

he
re

 d
ur
in
g 
he
at
 t
re

at
; 

so
lu

ti
on

 w
as
 d
ev

is
ed

 t
o 
de
te
ct

an
y 
Al
ph
a 
co

nt
am

in
at

io
n 

of
 f
li

gh
t 
ty

pe
 h
em

is
ph

er
e 
wh

ic
h 
ha

d 
be

en
 f
ab
ri
ca
te
d.
 
Te
rm
in
al

en
gi

ne
•w

en
t 
th
ru
 m
an

y 
de
si
gn
 m
od

s 
du
ri
ng
 d
ev
el
op
me
nt
 p
ro

gr
es

s,
 w
hi

ch
 p
us
he
d 
st
at
e-

of
-t

he
-a

rt
. 

Ab
il
it
y 
of

 c
at

al
ys

t 
be
d 
de

si
gn

 t
o 
me

et
 v
ib

ra
ti

on
 a
nd
 t
he
rm
al
 e
xp
an
si
on
 r
eq
ui
re
-

me
nt

s,
 y
et
 n
ot
 c
ru

sh
 c
at

al
ys

t,
 w
as

 a
n 
ov

er
ri

di
ng

 p
ro
bl
em
.

o 
Th
ru
st
er
s 

- 
In

su
ff

ic
ie

nt
 t
he

rm
al

 c
on
tr
ol
 o
f 
RC

S/
De

or
bi

t 
th

ru
st

er
s 
mo
un
te
d 
on

 p
yl

on
mo

du
le

s 
wa

s 
di

sc
ov

er
ed

 w
he

n 
TE

TM
 w
as

 i
n 
cr
ui
se
 t
he

rm
al

 v
ac

uu
m 

te
st
. 

Pa
ss

iv
e_

th
er

ma
l

im
pr
ov
em
en
ts
 w
er
e 
ma
de
, 
bu
t 
in
 s
im
ul
at
ed
 c
ol
d 
te
st
s 

on
e 
th
ru
st
er
 f
ai

le
d 
to

 o
pe
ra
te
 b
ec
au
se

pa
rt
ia
ll
y 
fr
oz
en
 p
ro
pe
ll
an
t 
so

li
di

fi
ed

 i
n 
th

e 
va

lv
e.

 
Ad
di
ti
on
al
 p
yl

on
 h
ea
te
rs
 w
er
e 
ad
de
d 
in

pa
ra

ll
el

 w
it
h 
ea

ch
 t
hr

us
te

r 
in

je
ct

or
 h
ea

te
r 
to

 p
ro
vi
de
 n
ec

es
sa

ry
 w
ar

m-
up

 p
ri
or
 t
o 
de
or
bi
t 
A

ve
lo

ci
ty

.

o 
St
er
il
iz
at
io
n 
Ch

am
be

rs
 
- 
M
M
C
'
s
 c
on

ce
rn

 f
or
 r
el

ia
bi

li
ty

 o
f 
ve
nd
or
 s
up
pl
ie
d 
ch

am
be

rs
 a
s

we
ll

 a
s 
la

rg
e 
am
ou
nt
 o
f 
re
wo
rk
 n
ee
de
d 
to

 g
et
 D
en
ve
r 
ch
am
be
r 
in
 o
pe
ra
ti
on
 a
nd

 r
es

ul
te

d 
in

te
rm

in
at

io
n 

of
 v
en
do
r 
an
d 
in

-h
ou

se
 M
M
C
 b
ui

ld
 o
f 
re
ma
in
in
g 
tw

o 
ch

am
be

rs
 f
or
 K
S
C
 u
se

.



•Ir

SU
RF
AC
E 

S
A
M
P
L
E
R
 (
S
S
M
A
A
)

TE
CH
NI
CA
L 
P
R
O
B
L
E
M
S
 

7/
72
 
- 

to
 
- 

1/
74

o
 
Or
ga
ni
c 
Cl

ea
ni

ng
 
- 

Re
de

si
gn

 o
f 
th

e 
ha

rd
wa

re
 w
as

 r
eq

ui
re

d 
to

 o
bt

ai
n 
th

e 
cl
ea
nl
in
es
s 

le
ve
ls

di
ct
at
ed
 b
y 
th

e 
or
ga
ni
c 
an
al
ys
is
 e
xp
er
im
en
t.

o 
In
st
ru
me
nt
 I
nt

eg
ra

ti
on
 
- 
M
a
n
y
 d
es
ig
n 
ch
an
ge
s 
we

re
 r
eq

ui
re

d 
to

 t
he
 S
ur

fa
ce

 S
am

pl
er

PD
A'

s 
in
 r
es
po
ns
e 
to

 B
io

lo
gy

 a
nd
 G
C
M
S
 i
ns
tr
um
en
t 
in
te
rf
ac
e 
ch
an
ge
s.

o
 

Sc
ie

nc
e 
Ch

an
ge

s 
- 

Se
ve
ra
l 
st
ud
ie
s 
an

d 
de
si
gn
 c
ha

ng
es

 w
er

e 
re
qu
ir
ed
 t
o 
su
pp
or
t 
ch
an
gi
ng

sc
ie

nc
e 
re

qu
ir

em
en

ts
 o
r 
ob
je
ct
iv
es
; 
su
sc
ep
ti
bi
li
ty
 o
f 
th
e 
G
C
M
S
 t
o 
M
0
S2
 a
nd
 t
ox

ic
it

y 
of

 t
he

Bi
ol

og
y 
to

 c
er
ta
in
 e
le
me
nt
s 
re

qu
ir

ed
 m
at
er
ia
l 
ch
an
ge
s 

in
 t
he
 S
ur
fa
ce
 S
am
pl
er
; 
mo

re
 d
et
ai
le
d

de
fi
ni
ti
on
 o

f 
th
e 
Ma
gn
et
ic
 P
ro

pe
rt

ie
s 

In
ve

st
ig

at
io

n 
re
qu
ir
ed
 s
ev
er
al
 r
ed
es
ig
ns
 o
f 
th
e 
ba
ck

-h
oe
;

in
cr
ea
se
d 
sa
nd
 a
nd
 d
us

t 
le
ve
ls
 r
eq
ui
re
d 
in
cr
ea
se
d 
te

st
in

g 
an

d 
de
si
gn
 m

od
if

ic
at

io
ns

 t
o 
th

e
ha
rd
wa
re
.

G
C
M
S
/
P
D
A
 B

ol
t 
Cu

tt
er
 
- 

Fa
il

ur
e 
of

 t
he
 p
yr
ot
ec
hn
ic
 b
ol

t 
cu

tt
er

 o
n 
th
e 
G
C
M
S
/
P
D
A
 t
o 
me
et

le
ak
ag
e 
re

qu
ir

em
en

ts
 n
ec

es
si

ta
te

d 
se

ve
ra

l 
st

ud
ie

s,
 l

at
e 
in
 t
he
 p
ro
gr
am
, 
di

re
ct

ed
 t
ow

ar
d 

it
s

el
im

in
at

io
n.

o 
Bo

om
 M
ot
or
 V
en
do
r 
De
fa
ul
t 
- 
Th
e 
fa

il
ur

e 
of

 N
as
h 

Co
nt
ro
ls
 t
o 
de
li
ve
r 
ac

ce
pt

ab
le

 f
li
gh
t 
mo
to
rs

fo
r 
th

e 
Su

rf
ac

e 
Sa
mp
le
r 
Bo

om
 r

es
ul

te
d 
in
 s
lo
wi
ng
 o
f 
de
li
ve
ry
 o
f 
mo

to
rs

 t
o 
ot

he
r 
Su

rf
ac

e
Sa
mp
le
r 
co

mp
on

en
ts

.

0



X-
RA

Y 
FL
UO
RS
CE
NC
E

TE
CH
NI
CA
L 
P
R
O
B
L
E
M
S

7/
72

 -
 t
o 
- 
1/
74
 

o 
Ro
ta
ry
 S
ol
en
oi
d 

- 
Th
e 

lt
ek
 c
am

er
a 

ro
ta
ry
 s
ol
en
oi
d 
wa
s 
al
so
 u
se
d 
fo
r 
th
e 
X
R
F
S
 a
nd

co
ns
ta
nt
 f
ai
lu
re
s 
oc
cu
rr
ed
 a
s 
th
e 
XR

FS
 d
ut
y 
cy

cl
e 
wa
s 
co

ns
id

er
ab

ly
 d
if
fe
re
nt
 f
ro

m 
th
at

of
 t
he
 c
am
er
a.
 
A 
ne
w 
so
le
no
id
 h
ad

 t
o 
be
 o
rd
er
ed
 a
nd

 q
ua
li
fi
ed
.

o 
Pr
op
or
ti
on
al
 C
ou

nt
er

 (
PC

) 
Tu
be
s 

- 
Wi

de
, 
no
n -

re
pe
at
ab
le
 c
ha
ng
es
 w
er

e 
no
te
d 
in
 t
he
 t
ub

es
du
ri
ng
 s
ur
fa
ce
 t
he
rm
al
 t
es

ts
. 

Ne
w 
tu

be
s 
wi
th
 a
n 

ad
di

ti
on

al
 i
ns

ul
at

in
g 
wa
sh
er
 w
er

e 
re

qu
ir

ed
.

o 
Wi
nd
 S
po
il
er
 
- 
A 

la
rg

e 
lo
ss
 o
cc

ur
re

d 
at

 M
ar
s 
wi
nd
 l

ev
el

s 
in
 t
he
 s
am

pl
e 
de
li
ve
re
d 
to

 t
he

XR
FS
 f
un

ne
l.

 
A 

wi
nd
 s
po
il
er
 h
ad
 t
o 
be
 d
es
ig
ne
d,
 t
es
te
d 
in
 w
in
d 
tu

nn
el

s,
 f
li
gh
t 
qu
al
if
ie
d.

o 
Re
de
si
gn
ed
 E
le
ct
ro
ni
c 
Bo

ar
ds
 
- 
To
 s
av
e 
sp

ac
e,

 t
he
 e
le

ct
ro

ni
c 
di
sc
ri
ma
to
r 
ci

rc
ui

ts
 f
or

 t
he

X
R
F
S
 w
er

e 
in
co
rp
or
at
ed
 i
n 
th
e 

lo
gi

c 
bo

ar
d.

 
Cr
os
s 
co

mp
li

ng
 f
ro
m 
th
e 

lo
gi

c 
bo

ar
d 
_t
ra
ce
s

ca
us

ed
 e
xc

es
si

ve
 d
is
to
rt
io
n 
an

d 
no
is
e 
in
 t
he
 d
is
cr
im
at
or
 c
ir
cu
it
s.
 
A 

se
pa

ra
te

 d
is
cr
im
at
or

bo
ar
d 
an
d 

a 
re

va
mp

ed
 l

og
ic
 b
oa

rd
 h
ad

 t
o 
be
 u
se

d.
O 

Pa
rt
s 
Pr

ob
le

ms
 
- 

Fa
il
ur
e 
of

 t
he
 2
70

0 
Op

er
. 
Am
p,
 p
ar

t;
 s
ho
rt
ed
 p
ri
nt
ed
 c
ir
cu
it
 b
oa
rd
s;
 a
nd

10
80

 A
ID
 c
on

ve
rt

er
s 
sc
re
en
in
g 
pr
ob
le
ms
 d
el
ay
ed
 b
ui
ld
 s
ch
ed
ul
e.

O 
Te

st
 S
et
 
- 

Or
ig
in
al
 d
es
ig
n 
wa
s 
po

or
 c
au

si
ng

 d
if
fi
cu
lt
y 
in
 a
cq

ui
ri

ng
 q
ua

li
ty

 X
RF

S 
sp
ec
tr
al

da
ta
. 

Re
de

si
gn

 w
as
 r
eq
ui
re
d.



FL
IG

HT
 
S
O
F
T
W
A
R
E
 

TE
CH
NI
CA
L 
P
R
O
B
L
E
M
S
 

7/
72

 -
 to

 -
 1
/ 7
4
 

o 
V
C
S
 R
eq
ui
re
me
nt
 C
ha

ng
es
 
- 

Ch
an

ge
s 
in
 L

an
de

r 
sy
st
em
 r
ed

un
da

nc
y 
co

nc
ep

t 
ca

us
ed

re
de
si
gn
 o
f 
ma
jo
r 
so
ft
wa
re
 r
ou

ti
ne

s 
af

fe
ct

in
g 
(1
) 
ma

jo
r 
Gu
id
an
ce
 s
of
tw
ar
e 
mo

du
le

s 
su
ch

as
 I
RU

, 
TD
LR
, 
VD
A,
 R
A;
 (2

) 
ma

jo
r 
La

nd
er

 s
of
tw
ar
e 
su

ch
 a
s 
Me

te
or

ol
og

y 
(m
ov
ab
le
 t
o

fi
xe
d 
bo

om
),

 A
nt
en
na
 P
oi
nt
in
g,
 B
io

lo
gy

, 
G
C
M
S
,
 L
CS

, 
UH

F 
Be
ac
on
 R
el
ay
; 
an

d 
(3
) 
ma
jo
r

ch
an
ge
s 

to
 p
re
- s
ep
ar
at
io
n/
pr
e-
la
un
ch
 c
he
ck
ou
t 
ph
il
os
op
hy
. 

A 
co

mp
le

te
ly

 n
ew

 b
as
el
in
e

de
si

gn
•h

ac
l 
to
 h
e 
de

ve
lo

pe
d.

O 
Vi
ki
ng
 C
on
tr
ol
s 
Mo

ck
-u

p 
- 
Th
e 
bu
il
d-
up
 a
nd
 c
he

ck
-o

ut
 o
f 
th

is
 f
ac
il
it
y 
wa
s 
gr
os
sl
y 
un

de
r-

sc
op

ed
. 

Ma
jo

r 
ha
rd
wa
re
 m
od
if
ic
at
io
ns
 w
er

e 
ne
ce
ss
ar
y 
to

 t
he
 I
C
-7
00
0 
co
mp
ut
er
 t
o 
up
gr
ad
e

it
s 
ca

pa
bi

li
ti

es
. 

Th
e 

fi
rs

t 
su
pp
or
t 
so

ft
wa

re
 o
pe
ra
ti
ng
 s
ys
te
m 
(s
im
ul
at
io
n 
ma

st
er

 c
on
tr
ol

sy
st

em
) 
ha

d 
to
 b
e 
ab

an
do

ne
d 
an
d 

a 
ne

w 
op

er
at

in
g 
sy
st
em
 d
ev
el
op
ed
 (
ru

n 
ti
me
 s
ys
te
m)
 to

pe
rm

it
 t
he
 f
ac
il
it
y 
to

 o
pe
ra
te
 i
n 

re
al
 t
im

e.

o 
Gr
os
s 
Sh

or
ta

ge
 o
f 
Ma

np
ow

er
/T

al
en

t 
- 
Th
e 

ab
il

it
y 
to

 c
op
e 
wi
th
 m

aj
or
 c
ha
ng
es
 a
nd

 m
aj
or

te
ch
ni
ca
l 
pr
ob
le
ms
 h
as

 b
ee
n 

li
mi
te
d 
by
 a
 s
ho

rt
ag

e 
of

 t
al
en
te
d 
pe
rs
on
ne
l 
wh
o 
ca
n 
ex
pe
di
ou
sl
y

di
ag

no
se

 a
nd
 p
re
sc
ri
be
 r
em
ed
ia
l 
so
lu
ti
on
s.

O 
La
ck
 o
f 
G
C
S
C
 H
ar
dw
ar
e 

- 
As
 a
 r
es

ul
t 
of

 G
C
S
C
 d
ev

el
op

me
nt

 p
ro
bl
em
s,
 t
he
 i
na

bi
li

ty
 t
o 
ob
ta
in

G
C
S
C
 h
ar

dw
ar

e 
an
d 
ad
eq
ua
te
 h
ar

dw
ar

e 
do
cu
me
nt
at
io
n 
im
pe
de
d 
th
e 

ab
il

it
y 
to

 d
ev

el
op

, 
ch

ec
k-

ou
t,

 a
nd

 v
al

id
at

e 
th

e 
IC

-7
00

0 
em

ul
at

or
. 

Si
mu

la
ti

on
 o
f 
th

e 
G
C
S
C
 I
/O
 s
tr
uc
tu
re
 w
as

 t
he

 m
os

t
se
ri
ou
sl
y 
im

pa
ct

ed
 a
re

a.



FL
IG
HT
 
SO
FT
WA
RE
 

TE
CH
NI
CA
L 
P
R
O
B
L
E
M
S
 

(c
on
t'
d)

7/
72
 -
 t
o 
- 
1/
74
 

(c
on
t'
d)

° 
So
ft
wa
re
 F
ix

es
 t
o 
Ha
rd
wa
re
 P
ro
bl
em
s 

- 
Du
e 

to
 t
he
 s
ch
ed
ul
e 
pr
es
su
re
 t
o 
wr
ap
-u
p 
th
e

ha
rd
wa
re
 d
ev

el
op

me
nt

 a
nd
 b
ui
ld
, 
ma
ny
 h
ar
dw
ar
e 
pr
ob
le
ms
 r
eq
ui
re
d 
so
ft
wa
re
 f
ix
es
. 

So
ft
wa
re

re
de
si
gn
 i
n 
th
es
e 
ar
ea
s 
ca
us
ed
 s
of
tw
ar
e 
de
ve
lo
pm
en
t 
sl
ip
s 
in
 t
he
 a
re
as
 o
f 
(1
) 
ca
me
ra
 -

en
co
de
r 
po

si
ti

on
, 
(2
) 
IR
U 
- 
hi
gh
 r

at
e 
mo
de
 l
oc
k-

up
, 
(3
) 
RA
 -
 fa

ls
e 
ta
rg
et
 d
is
cr
im
in
at
io
n,

(4
) T

DL
R 
- 
ha
rm
on
ic
 l
oc
k 
up
. 

An
ot
he
r 
ma
jo
r 
de
si
gn
 i
mp
ac
t 
wa
s 
th
e 
re
qu
ir
em
en
t 
fo

r 
a 
so
ft
-

wa
re
 r
ef
re
sh
 r

ou
ti
ne
 t
o 
ha

nd
le

 t
he
 G
C
S
C
 m
em
or
y 
di

st
ru

ba
nc

e 
pr
ob
le
m.



6

A
S
S
E
M
B
L
Y
 
AN

D 
TE
ST
 

TE
CH
NI
CA
L 
PR

OB
LE

MS
 

71
72

 -
to
 -
1/
74

La
te

 d
el

iv
er

y 
of

 c
om

po
ne

nt
s 
to

 P
TC

 (
up

 t
o 
4
 m
on
th
s)
.

Un
de
re
st
im
at
e 
of

 t
he

 c
om

pl
ex

it
y 
of

 b
ui
ld
in
g 
sp

ec
ia

l 
te
st
 s
eq

ue
nc

es
 a
nd
 t
he

 r
el
at
ed
 s
of
tw
ar
e

fo
r 
PT

C 
te

st
in

g.

')
 
De
si
gn
 c
ha

ng
es

 t
o 
th

e 
la

nd
er

 s
ys
te
m 

re
qu

ir
ed

 s
ig

ni
fi

ca
nt

 c
ha

ng
es

 t
o 
th

e 
ST

E.



BI
OL
OG
Y 

IN
ST
RU
ME
NT

TE
CH
NI
CA
L 
P
R
O
B
L
E
M
S

7/
72

 - 
to

 -
1/
74

o 
Th

er
ma

l 
Pr
ob
le
ms
 
- 

Ov
er

he
at

in
g 
of

 c
el
ls
 d
ur
in
g 
in
cu
ba
ti
on
 r
eq
ui
re
d 
se

pa
ra

ti
on

 o
f

el
ec
tr
on
ic
s 
su
bs
ys
te
m 
fr

om
 e
xp

er
im

en
t 
me
ch
an
ic
al
 m
od

ul
es

 t
o 
re

du
ce

 h
ea
t 
lo

ad
s.

 
Af
te
r

al
l 
pa
ss
iv
e 
me
an
s 
ta
ke
n 

it
 w
as
 s
ti
ll
 n
ec
es
sa
ry
 t
o 
pr
ov
id
e 
ac
ti
ve
 t
he

rm
oe

le
ct

ri
c 
co

ol
in

g.

Fa
il
ur
e 
to

 a
ch

ie
ve

 s
te

ri
li

za
ti

on
 t
em

pe
ra

tu
re

 f
or

 c
on
tr
ol
 e
xp

er
im

en
t 
- 
re
qu
ir
ed
 r
ed
es
ig
n

of
 h
ea
d 
en
d,
 l
in
e 
an
d 

va
lv

e 
bl
oc
k 
he
at
er
s.

Nu
tr
ie
nt
 f
re

ez
in

g 
- 
re
qu
ir
ed
 a
dd
it
io
n 

of
 h
ea

te
rs

 f
or

 c
on

tr
ol

 e
xp
er
im
en
t 
mo
du
le
s.

o 
So
le
no
id
 V
al
ve
 P
ro

bl
em

s 
- 

Nu
tr
ie
nt
 C
om
pa
ti
bi
li
ty
 -
 d
if

fi
cu

lt
y 
in
 f
in

di
ng

 m
at
er
ia
ls

co
mp
at
ib
le
 w
it
h 
nu
tr
ie
nt
s 
re
qu
ir
ed
 r

ed
es

ig
n 

of
 v
al
ve
 t
o 
di
ap
hr
ag
m 

ty
pe
.

o 
Va

lv
e 

St
ic

ti
on
 
- 

Va
lv

e 
po
pp
et
 m
at

er
ia

l 
ad
he
re
d 
to

 v
al

ve
 s
ea
t 
du
e 

to
 c
om
bi
na
ti
on
 o
f 
th

er
ma

l
en
vi
ro
nm
en
ts
, 
re
qu
ir
in
g 
ch

an
ge

 o
f 
ma
te
ri
al
.

o 
Py

ro
ly

ti
c 
Re
le
as
e 
Ex

pe
ri

me
nt

, 
Hi
gh
 S
ec

on
d 
Pe
ak
 
- 

Ex
ce

ss
iv

e 
14
C
O
2
 r
et

en
ti

on
 i
n 
or
ga
ni
c

va
po
r 
tr
ap
 i
nt
er
fe
re
d 

wi
th
 d
et

er
mi

na
ti

on
 o
f 
14
C
 -
 l
ab
el
le
d 
or
ga
ni
c 
co

mp
ou

nd
s.

 
Ex

te
ns

iv
e

in
ve
st
ig
at
io
n 
de
fi
ne
d 
pr
ob
le
m 

to
 b
e 
ca

us
ed

 b
y 
af

fi
ni

ty
 o
f 
va
po
r 
tr
ap
 f
or

 C
O2

 a
ft
er
 h
ea

ti
ng

 i
n

he
li
um
 s
tr
ea
m 

to
 o
xi
di
ze
 o
rg
an
ic
 a
s 
pa
rt
 o
f 
ex
pe
ri
me
nt
 s
eq
ue
nc
e.
 
Re

qu
ir

ed
 r
ew
or
k 

of
op
er
at
io
na
l 
se
qu
en
ce
 t
o 
pe
rm
it
 a
mb
ie
nt
 C
O
2
 to

 d
if

fu
se

 i
nt

o 
tr
ap
 f
ro

m 
Ma

rt
ia

n 
at
mo
sp
he
re
.

o 
Ce
ll
 S
ea
l 
Ma
te
ri
al
 P
ro
bl
em
s 

- 
Re
qu
ir
em
en
t 
fo

r 
se

al
in

g 
at
 s
te

ri
li

za
ti

on
 t
em
pe
ra
tu
re
 (
>
1
6
0°
C)

an
d 

py
ro
ly
si
s 
te

mp
er

at
ur

e 
(
>
2
0
0°
C)
 fo

ll
ow

ed
 b
y 
op
er
at
io
n 

at
 t
em
pe
ra
tu
re
 a
s 
lo
w 
as
 0
°C

pr
od

uc
ed

 p
ro
bl
em
s 
of
 s
ti
ck
in
g 
an
d 

le
ak
ag
e.



GC
SC
/D
SM
 

TE
CH
NI
CA
L 
PR

OB
LE

MS
 

- 
to
 -
 1
/7

4 
0
 

Fl
ex
 C
ab
le
s 

- 
Po
or
 f
ix
tu
re
s 
an
d 
qu
an
ti
ty
 o
f 
ha
nd
li
ng
 c
au

se
d 
ma
ny
 f
ai
lu
re
s 
an
d 

lo
st
 t
im
e

(n
ew
 f
ix
tu
re
s 
an
d 
tr

ai
ni

ng
 r
eq
ui
re
d 
- 
ba
ck
 u
p 
ca

bl
e 
de
si
gn
 a
nd
 p
ro

cu
re

me
nt

 w
as
 i
mp

le
me

nt
ed

).

°
 
Tu

nn
el

 B
ui

ld
 
- 

Po
or

 y
ie

ld
 o
f 
tu
nn
el
s 
du
e 
to

 s
tu

ck
 t
oo
li
ng
 w
ir
es
 a
nd

 p
la

ti
ng

 o
f 
ke
ep
er
s

(r
eg
is
tr
at
io
n,
 a

 i 
r 
ho
ni
ng
, 
ch
an
ge
 i
n 
pr
oc
es
s 
fo

r 
lu
br
ic
at
in
g 
an
d 
re
mo
vi
ng
 t
oo

li
ng

 w
ir

e 
-

ad
di
ti
on
al
 N
A
S
A
 d
ev

el
op

ed
 t
oo
ls
).

0 0 0 0

Me
mo
ry
 S
hi
el
ds
 
- 

Or
ig
in
al
 m
at
er
ia
l 
ma

gn
et

os
tr

ic
ti

ve
 a
t 
co

ld
 t
em
p.
 c
au

si
ng

 l
os
s 
of

at
te

nu
at

io
n 
(n
ew
 m
at
er
ia
l 
an

d 
di
me
ns
io
n 
ch
an
ge
 r
eq

ui
re

d)
.

Wo
rd

 S
tr
ap
 K
ee
pe
rs
 
- 

Hi
gh

 r
em
an
en
ce
 a
nd
 p
oo

r 
et
ch
 r

eg
is
tr
at
io
n 
(c
ha
ng
e 
in
 k
ee

pe
r 
de
si
gn
,

ma
te
ri
al
, 
an
d 

pr
oc
es
s)
.

Si
ng
le
 F
il
m 

Pl
at
ed
 W
ir
e 

- 
Po
or
 y
ie

ld
 a
t 
ha
lf
 s
ta
ck
 l
ev

el
 o
f 
te
st
in
g,
 p
oo

r 
ma

gn
et

os
tr

ic
ti

ve
ch
ar
ac
te
ri
st
ic
s,
 l
ow
 o
ut
pu
t 
(c

ha
ng

e 
in
 w
ir

e 
de
si
gn
).

Ha
lf
 S
ta
ck
 T
es

te
rs

  
- 

Si
ng
le
 c
ha

nn
el

 t
es

te
r 
no
t 
ca

pa
bl

e 
of

 h
an

dl
in

g 
qu
an
ti
ty
 o
f 
wi

re
 t
es
ti
ng

no
r 
ac

cu
ra

te
 e
no

ug
h 

(a
dd

it
io

na
l 
ha
lf
 s
ta
ck
 t
es

te
rs

 r
eq
ui
re
d 
an
d 

si
gn

if
ic

an
t 
de
si
gn
 i
mp

ro
ve

me
nt

s
im
pl
em
en
te
d)
.



GC
SC
/D
SN
1 

TE
CH
NI
CA
L 
P
R
O
B
L
E
M
S

(c
on
t'
d)

7/
72

 -
 t
o 
- 
1/
74
 

(c
on
t'
d)

o 
Pr

in
te

d 
Ci
rc
ui
t 
Bo

ar
ds
 
- 

Po
or

 q
ua

li
ty

 p
la
te
d -
th

ro
ug

h 
ho

le
s 
(n
ew
 s
up

pl
ie

r 
re

qu
ir

ed
).

O 
Ti

mi
ng

 P
ro
bl
em
s 

I/
O 
an

d 
Me

mo
ry
 
- 
W
C
A
 i
nd
ic
at
ed
 r
ac
e 
co

nd
it

io
ns

, 
(s
pe
ci
al
 p
ar

t 
sc
re
en
in
g

54
L'

s 
an
d 
se

ns
e 
am
p'
s 

re
qu

ir
ed

).

o 
Pa
rt
s 
Pr
ob

le
ms
 
- 
RL
RO
5 

re
si
st
or
 c
ra

ck
in

g,
 d
el
ay
 l
in
e 
vo
id
s,
 t
an
ta
lu
m 

ca
pa

ci
to

rs
.

o 
Po
we
r 
Su
pp
ly
 
- 

Fi
lt
er
in
g 
an

d 
ad
de
d 
te

st
in

g 
fo

r 
st
ab
il
it
y.

o 
Va
ri
ou
s 
Pr

oc
es

so
r,

 I
/O
, 
D
R
U
 P
ro

bl
em

s 
- 

EX
I 

no
t 

lo
st

, 
in

te
rr

up
t 
re

de
si

gn
, 
R
A
 d
is

cr
et

e,
B
P
A
 s
ym
pa
th
et
ic
 d
is

cr
et

e,
 [
RI
 c
au

se
d 
by
 i
ll
eg
al
 j
um

p,
 1
0 
wa

tt
 r
ac
e.

O 
La
ck
 o
f 
Me
mo
ri
es
 
- 

Ca
us
e 
us

ag
e 

of
 e
xt

er
na

l 
co
re
's
 o
n 
DD

-1
,C

DU
 (
1)
, 
an

d 
PT
C 
(1

);
 a
ls

o
in
it
ia
ti
on
 o

f 
ba
ck
-u
p 
co

re
 p
ro
gr
am
.

O 
Sy
st
em
 L

ev
el

 T
es
ti
ng
 I
na

de
qu

ac
ie

s 
- 

Pu
rc
ha
se
 o
f 
hi

st
or

y 
me

mo
ri

es
. 

In
cr
ea
se
 i
n 
di

ag
no

st
ic

so
ft
wa
re
 c
ap
ab
il
it
y.



LA
ND
ER
 

C
A
M
E
R
A
 

TE
CH
NI
CA
L 
P
R
O
B
L
E
M
S

7/
72
 -
to

 -
1/
74
 

0
 
Ph

ot
o 
Se
ns
or
 A
rr

ay
 
- 

Co
nt
in
ui
ng
 t
ec
hn
ic
al
 p
ro

bl
em

s,
 i
na

de
qu

at
e 
te
ch
ni
ca
l 
de

pt
h,

 a
nd

in
ad
eq
ua
te
 p
ro
gr
am
 c
on
tr
ol
 l

ed
 t
o 
te
rm
in
at
io
n 

of
 t
he
 s
up

pl
ie

r 
of

 t
he

 p
ho
to
 s
en
so
r 
ar
ra
y 
in

ea
rl

y 
'7
3.
 
Th
e 
M
M
C
 t
oo

k 
ov
er
 t
he
 a
ss
em
bl
y 

ef
fo

rt
 w
it
h 
a 
te
am
 e

ff
or
t 
wi
th
 N
A
S
A
 s
up

pl
yi

ng
me

ch
an

ic
al

 p
ar

ts
.

0

El
ec
tr
on
ic
 D
es

ig
n 

- 
lt

ek
 c
on

ti
nu

ed
 t
o 
ex

pe
ri

en
ce

 m
aj

or
 e
le

ct
ro

ni
c 
de
si
gn
 p
ro

bl
em

s 
du
ri
ng

th
e 
fi

rs
t 
2/

3 
of
 t
hi
s 
pe
ri
od
, 
in
cl
ud
in
g:

(1
) 

ap
pl

ic
at

io
n 

of
 t
he

 H
ar
ri
s 
26
00
's
 a
nd

 2
70
0'
s

(2
) 

se
rv

o 
de
si
gn
 p
ro

bl
em

s 
le

d 
to

 d
ro
pp
in
g 
th
e 

po
si

ti
on

 (
ze

ro
-c
ro
ss
in
g)
 c
on
tr
ol
 v
er
ti
ca
l

se
rv

o
(3

) 
Te

le
dy

ne
 h
yb
ri
d 
de
li
ve
ri
es
 o
f 
up

 t
o 
7 
mo
nt
hs
 l
at
e 
re
su
lt
ed
 i
n 
pr
og
ra
m 

in
ef

fi
ci

en
ci

es
(4
) 

re
wo

rk
in

g,
 r
ed

es
ig

ni
ng

, 
an
d 
ch

an
gi

ng
 s
up

pl
ie

rs
 f
or

 p
ri
nt
ed
 w
ir

e 
bo
ar
ds
.

Be
ar

in
gs

/M
ot

or
s 

- 
Ma

jo
r 
pr

ob
le

ms
 i
n 
th
is
 a
re

a 
in
cl
ud
ed
:

(1
) 

be
ar
in
g 
re
de
si
gn
 t
o 
ac
co
mm
od
at
e 

ra
te
s 
on
 t
he
 v
er

ti
ca

l 
sc

an
ne

r 
(r
et
ai
ne
rs
)

(2
) 
ch

an
ge

 f
ro
m 
dr
y 
to
 w
et

 l
ub

e 
on
 v
er
ti
ca
l 
sc
an
ne
r 
be

ar
in

gs
 (
in
cl
ud
in
g 
ad

di
ti

on
 o
f

La
by

ri
nt

h)
(3
) 

se
le

ct
in

g 
ra

ti
o 
of

 M
ol

y/
Ca

rb
on

 f
or

 b
ru

sh
es

, 
fo

r 
sp
ec
if
ic
 a
pp

li
ca

ti
on

(4
) 

re
de
si
gn
 o
f 
br
us
h 
as

se
mb

ly
 t
o 
ma

in
ta

in
 t
en

si
on

 t
hr
ou
gh
 e
nv
ir
on
me
nt
s.



IN
ER

TI
AL

 R
EF

ER
EN

CE
 
UN
IT
 (
IR

U)
 

TE
CH
NI
CA
L 
PR
OB
LE
MS

7/
72
 -
to
 -
1/

74
 

o 
Ac

ce
le

ro
me

te
r 

- 
Th

e 
ma

nu
fa

ct
ur

e 
of

 B
el
l 
ac
ce
le
ro
me
te
rs
 w
as

 m
ov

ed
 f
ro

m 
Cl

ev
el

an
d 
to

Bu
ff
al
o 
pr
io
r 
to

 t
he

 V
ik

in
g 
bu

il
d.

 
Ma

nu
fa

ct
ur

in
g 
st

ar
t-

up
 p
ro
bl
em
s 
at
 B
uf
fa
lo
 w
er
e 
mo
re

ex
te
ns
iv
e 
th

an
 a
nt

ic
ip

at
ed

. 
Al

so
, 
ac

ce
le

ro
me

te
r 
bi

as
 s
ta

bi
li

ty
 w
as

 f
ou

nd
 t
o 
be

 d
eg
ra
de
d 
by

te
mp
er
at
ur
e 

hy
st
er
es
is
. 

Th
is

 i
te
m 

re
qu
ir
ed
 e
xt
en
si
ve
 i
nv
es
ti
ga
ti
on
.

o 
We

ig
ht

. 
- 

St
ru
ct
ur
al
 p
ar

ts
 w
er
e 
re
de
si
gn
ed
 a
nd

 d
is

cr
et

e 
el

ec
tr

ic
al

 p
ar
ts
 w
er
e 
re

pl
ac

ed
wi

th
 h

yb
ri
d 
ci
rc
ui
ts
 a
nd

 f
il
m 

re
si
st
or
 n
et
wo
rk
s 
to

 r
ed

uc
e 
we
ig
ht
.

o 
Su

sp
en

si
on
 
- 

Sh
oc

k 
an
d 

vi
br

at
io

n 
is

ol
at

io
n 
re
qu
ir
em
en
ts
 c
ou

ld
 n
ot
 b
e 

sa
ti

sf
ie

d 
wi
th
 t
he

or
ig

in
al

 m
et

al
li

c 
su

sp
en

si
on

. 
Th

e 
me

ta
ll

ic
 s
us
pe
ns
io
n 
wa
s 
re

pl
ac

ed
 w
it
h 
an

 e
la

st
om

er
ic

su
sp

en
si

on
.

o 
Hi

gh
 R
at

e 
Mo
de
 
- 
Th
e 
du

ra
ti

on
 o
f 
hi
gh
 r

at
e 
mo

de
 o
pe
ra
ti
on
 i
n 
th

e 
Vi

ki
ng

 m
is

si
on

 w
as

 f
ou

nd
to

 b
e 
lo

ng
er

 t
ha

n 
or

ig
in

al
ly

 s
pe

ci
fi

ed
. 

In
ve
st
ig
at
io
n 
of

 t
he

 p
ro

bl
em

s 
as

so
ci

at
ed

 w
it
h 
lo

ng
er

hi
gh

 r
at

e 
mo

de
 o
pe
ra
ti
on
 w
as

 a
 s
ig

ni
fi

ca
nt

 e
ff
or
t.

o
 
Gy
ro
 
- 

Gy
ro
 f
le
xl
ea
ds
 r
up
tu
re
d 
du

ri
ng

 l
ow

 t
em
pe
ra
tu
re
 e
nv

ir
on

me
nt

al
 t
es
ts
. 

Ex
te

ns
iv

e
te

st
s 
we
re
 p
er
fo
rm
ed
 t
o 
in
ve
st
ig
at
e 
th
is
 p
ro
bl
em
.

O
 

Wi
ri
ng
/C
ab
li
ng
 
- 

As
se
mb
ly
 a
nd
 r
ep
ai
r 
of

 t
he

 I
RU
 a
s 
or

ig
in

al
ly

 d
es
ig
ne
d 
wa

s 
di
ff
ic
ul
t.
 
To

co
rr

ec
t 
th
is
 p
ro
bl
em
, 
in

te
rn

al
 w
ir
in
g 
an

d 
ca
bl
in
g 
we

re
 c
ha
ng
ed
 a
nd
 t
er

mi
na
l 
bo

ar
ds

 w
er
e

ad
de

d.

0
0



V
'
)

•

T
E
R
M
I
N
A
L
 D
ES
CE
NT
 
LA
ND
IN
G 
R
A
D
A
R
 (

TD
LR
) 

TE
CH
NI
CA
L 
P
R
O
B
L
E
M
S
 

7/
72

 -
to
 -
1/
74
 

An
te
nn
a 
Re

de
si

gn
 
- 

Re
de

si
gn

 o
f 
th
e 
ph
as
ed
 a
rr
ay
 a
nt
en
na
 t
o 
re
du
ce
 s
id
el
ob
e 
le
ve
ls
 t
o

el
im
in
at
e 
fa

ls
e 
lo

ck
s 
wa

s 
re
qu
ir
ed
.

Po
we
r 
Su
pp
ly
 R
ed

es
ig

n 
- 
Th
e 
po

we
r 
su

pp
ly

 h
ad
 t
o 
be
 r
ed
es
ig
ne
d 
to

 o
bt

ai
n 
se

pa
ra

te
 p
ow

er
fo

r 
ea

ch
 b
ea
m 

to
 p
ro
vi
de
 r
ed

un
da

nc
y 
wi
th
in
 t
he
 u
ni
t.

Ad
di
ti
on

- o
f 
Sh
oc
k 
Mo
un
ts
 
- 

Re
de
si
gn
 o
f 
TD
LR
 m
ou
nt
in
g 
fe
et
 a
nd
 a
dd
it
io
n 
of
 s
ho

ck
 m
ou
nt
s

wa
s 

re
qu
ir
ed
 t
o 
su
rv
iv
e 
vi

br
at

io
n 
re

qu
ir

em
en

ts
.

Mi
xe
r -

Di
od
e 
Pr
ob
le
m 

- 
Ma

nu
fa

ct
ur

in
g 
pr

ob
le

ms
 w
it
h 
lo

w 
no
is
e 
mi
xe
r 
di
od
es
 c
au
se
d

ad
di
ti
on
al
 l

ot
 b
uy
s 
an
d 
co
ns
id
er
ab
le
 h
ar
dw
ar
e 

re
te
st
in
g.

CI



R
A
D
A
R
 
AL
TI
ME
TE
R 
(R
A)
 

TE
CH
NI
CA
L 
P
R
O
B
L
E
M
S
 

7/
72
 -
 t
o 
- 
1/
74
 

o 
Tr
an
sm
it
te
r 
Pu

ls
e 
Br
ea
ku
p 

- 
Pr

ob
le

ms
 w
it
h 
br

ea
ku

p 
on

 t
he
 t
ra

ns
mi

tt
er
 p
ul
se
 r
es

ul
te

d 
in

tr
ac

ke
r 
fa
ls
e 
lo

ck
s 
wh
ic
h 

re
qu
ir
ed
 s
ub
st
an
ti
al
 e
ff

or
t 
in
 t
he

 S
S
X
 c
ir

cu
it

ry
 t
o 
co

rr
ec

t.
oo oo

o 
Ad
di
ti
on
 o

f 
"T

ai
l-

Bi
te
" 
Ci

rc
ui

ts
 
- 

Ra
pi

d 
tu
rn
 o
ff
 o
f 
th

e 
tr

an
sm

it
te

r 
pu
ls
e 
tr

ai
li

ng
 e
dg
e 
to

ac
hi
ev
e 
th
e 
10
0 
fo

ot
 m
in
im
um
 a
lt

it
ud

e 
pe
rf
or
ma
nc
e 
re
qu
ir
ed
 t
he
 a
dd
it
io
n 
of

 s
ev

er
al

 s
pe

ci
al

de
si
gn
't
ai
 I-

bi
te

 c
ir
cu
it
s.

o 
Tr
an
sm
it
te
r 
Co
ro
na
 
- 

Co
ro
na
 w
as

 e
xp

er
ie

nc
ed

 i
n 
th
e 
tr

an
sm

it
te

r 
pu
ls
e 
mi
cr
os
tr
ip
 c
ir
cu
it
s

du
ri
ng
 t
es

ti
ng

 i
n 
va
cu
um
. 

Th
is

 r
eq

ui
re

d 
th
e 
co

at
in

g 
of

 c
er
ta
in
 m

ic
ro
st
ri
p 
ci
rc
ui
ts
 w
it
h 
a

si
li
ca
 s
ph

er
e 
pr
oc
es
s 
("

pi
nk

 s
an
d"
).

o 
Ci

rc
ul

at
or

 R
in

gi
ng

 P
ro
bl
em
 
- 

Fa
ls
e 
ta

rg
et

s 
we

re
 p
ro
du
ce
d 
by
 r
in
gi
ng
 o
f 
th

e 
ci
rc
ul
at
or

fe
rr
it
e 
ma
te
ri
al
. 

Ag
in

g 
an
d 

st
ab
il
it
y 
te

st
in

g 
ha

d 
to

 b
e 
pe

rf
or

me
d.



1

G
C
M
S
 

TE
CH
NI
CA
L 
PR

OB
LE

MS
 

7/
72

 -
 t
o 
- 
1/
74
 

•
 
Pa
rk
er
 H
an

ni
fi

n 
Va

lv
es
 
- 

Le
ak

ag
e 
ar
ou
nd
 E
B
 w
el
ds
 a
nd

 l
ea
ka
ge
 o
f 
po

pp
et

/s
ea

t 
at

 h
ig

h
te

mp
er

at
ur

e 
- 
re
de
si
gn
 r
eq
ui
re
d;
 st

at
us
 i
nd
ic
at
or
 s
wi
tc
h 
we
ld
in
g 
- 
re
de
si
gn
 r
eq
ui
re
d;

co
nv

er
si

on
 o
f 
Be
nz
yl
 C
ya
ni
de
 g
ro
up
 -
 s
ta
in
le
ss
 s
te
el
 l
in
er
s 
ad

de
d.

"'
 
Hy
dr
og
en
 S

ep
ar

at
or
 
- 

Ru
pt

ur
es

 -
 n
um
er
ou
s 

ma
te

ri
al

s 
an

d 
pr
oc
es
si
ng
 r
ev
is
io

ns
 r
eq

ui
re

d.

c' 
Th
er
ma
l 
Zo

ne
 
- 

En
er

gy
 r
eq
ui
re
me
nt
 e
xc
es
si
ve
 -
 r
ed

es
ig

ne
d 
to

 r
ed
uc
e 
en

er
gy

 r
eq
ui
re
me
nt
.

°
 

Ef
fl
ue
nt
 D
iv

id
er
 
- 

Pe
rf

or
ma

nc
e 
un

sa
ti

sf
ac

to
ry

 -
 s
ig

ni
fi

ca
nt

 r
ed
es
ig
n 
an

d 
EB

B 
te
st
 r
eq

ui
re

d.

c' 
Ma

ss
 S
pe

ct
ro

me
te

r 
- 

Co
ro

na
 f
ai
lu
re
s 
in
 h
ig

h 
vo

lt
ag

e 
po

tt
in

g 
- 
po

we
r 
su
pp
li
es
 r
ed

es
ig

ne
d,

po
tt
in
g 
ma

te
ri

al
 c
ha

ng
ed

, 
an

d 
ne

w 
te
st
 t
ec
hn
iq
ue
s 
re
qu
ir
ed
; 
an
al
yz
er
 p
er

fo
rm

an
ce

 i
na

de
qu

at
e 
-

nu
me

ro
us

 d
es

ig
n 
ch
an
ge
s 
re
qu
ir
ed
; f

il
am

en
t 
vi
br
at
io
n 
fa
il
ur
e 
- 
re

de
si

gn
 o
f 
fi

la
me

nt
 m
ou

nt
in

g
re
qu
ir
ed
.



190

GLOSSARY LIST

1. EPA - Bio shield Power Assembly

2. CDR - Critical Design Review

3. CDU - Command Decorder' Unit

4. DAPU - Data Acquisition and Processor Unit

5. DC/DC - Direct Current to Direct Current

6. DRU - Driver Receiver Unit

7. DSM - Data Storage Memory

8. EB - Electronic Beam

9. EBB - Engineering Breadboard

10. ERI - Error Interrupt

11. EXI - External Interrupt

12. GCMS - Gas Chromatograph Mass Spectrorre ter

13. GCSC - Guidance Control and Sequencing Computer

14. I/0 - input/Output

15. IRU - Inertial Reference Unit

16. KSC - Kennedy Space Center

17. LCS-- Launch Complete Set (Equipment)

18. LDTM - Lander (Structual) Dynamic Test Model

19. LPCA - Lander Pyrotechnic Control Assembly

20. LSTM - Lander (Structural) Static Test Model

21. MMC - Martin Marietta Aerospace

NASA - National Aeronautics and Space Administration

23. PC - Printed Circuit
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24. PCDA - Power Conditioning and Distribution Assembly

25. FDA - Processing and Distribution Assembly

26. FTC - Proof Test Capsule, (Lander)

27. RA - Radar Altimeter

28. RCS - Reaction Control Subsystem (VOS)

29. RTG - Radioisotope Thermoelectric Generators

30. SSAA - Surface Sampler Acquisition Assembly

31. SSCA - Surface Sampler Control Assembly

32. SSX - Solid State Transmitter

33. STE - System Test Equipment

34. TDLR - Terminal Descent and Landing Radar

35. TETM - Thermal Effects Test Model

36. UHF - Ultra High Frequency

37. VCS - Viking Change Summary

38. VDA - Valve Drive Amplifier

39. WCA - Worst Case Analysis

40. XRFS - X-ray Fluorescence
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Mr. SYMINGTON. In the middle of page 9, you state that you identi-
fied and implemented more than $54 million in cost reductions. We cer-
tainly would like to have those details, as well.
Dr. CORTRIGHT. Be gled to do that.
[The information follows:]

Principal cost offsets—August 1971—July 1973
Lander: Millions

Hardware and test $13
Hardware and test support 5
Subcontractor  9
Science  4

Subtotal  31

Orbiter:
Hardware and test 2
Mission operations 1
Reserve requirements 5

Subtotal  8

Support:
Test  3
Support contractor 3
Science  6

Subtotal  12

Total  51
Miscellaneous  3

Total  54
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Mr.. WINN. Mr. Chairman, in fairness to Mr. Cortright and to the
committee, I think we ought to be sure that any pages that you skip
because of time should be included in the record.
Mr. SYMINGTON. Oh, yes, they will certainly be in the record. The

record will contain his statement with my interventions or those of
other members where they appear. I am trying to call attention to
those spots.
Again, at page 9 where you say "when combined with the applica-

tion of $66 million of our planned reserve, a total of $120 million in
unanticipated problems had been absorbed within the project to this
point," this point being July 1973?
Dr. CORTRIGHT. Yes, sir.
Mr. SYMINGTON. $120 million constitutes a lot of surprises. How

Flo you maintain your overview of subcontractor and contractor
activities?
Dr. CORTRIGHT. Well, the cost offsets or cost reduction items are a

matter of tabulated record. We have generated throughout the project
a long list of possible ways to get the costs down, some of which were
acceptable and some not. These are all, as I say, a matter of record.
The application of our reserve is not really very magic. It was applied
as it was originally intended to cover unanticipated problems. All I
am really trying to say here is that at this point in time we had not
yet broken the $838 million ceiling by both the application of the
reserve contained therein, and the generation of cost reduction items.
Mr. SYMINGTON. I think I will let you return to your statement

where you wish.
Mr. HAMMILL. I am not sure you understood the thrust of the

chairman's question, Mr. Cortright.
I think what he was asking was: what techniques does Langley

have for maintaining visibility over the activities of contractors and
subcontractors? Because it appears that $120 million worth of sur-
prises, that is to say, unanticipated problems, is a lot. It reflects, I
think, unfavorably upon any techniques that you have for maintaining
visibility.
Mr. WINN. Any kind of oversight.
Mr. HAMMILL. Yes.
Dr. CORTRIGHT. The way we basically manage the project is this.

We have had about 140 to 150 people at Langley in the project office
supported by another 140 in technical divisions around the center.
We have residents at Martin, Martin in turn has resident teams at all
subcontractors.
Mr. HAMMILL. Can you give us the numbers ? How many residents

do you have at Martin, how many does a Martin have at the various
subs, and so forth?
Dr. CORTRIGHT. Yes, we can. That varies with time. At this time

there are a lot of NASA people at Denver as we progress through
the test period, there are 28 at the moment. These are not just Langley
people: we supplemented the Langley team with teams from Johnson
and Kennedy.
Mr. HAMMILL. Right. But, you see, the question really is: If you

are doing a good job of watching what's going on, how can you come
up with $120 million of unanticipated problems?
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Dr. CORT1UGHT. Well, Mr. Hammill, I guess I would have to answer
that in this way. The subcontractors have to solve their own problems
by and large as does the prime contractor. We all work together to
help each other, but each man on the team has to carry his load. The
technique that we use is to have individuals assigned to watch every
component and subsystem both in the project office and in the Martin
Marietta Corp., Denver Division. We, of course

' 
try to work and

help the subcontractors solve their problems. The fact that problems
were bigger than originally anticipated, I think, reflects mostly on the
ability to get the job done. That is my personal feeling. We have been
playing catch up ever since because of the low estimates to start with.
Dr. PETRONE. This question of unanticipated problems is a direct

relation to the state of the jump you're taking in technology. The
packages, biopackage or computer for this particular spacecraft rep-
resent new technology, new things being done. This is a question
of a new memory system being developed for this computer in going
to what is called 2-mil thickness wire. There were difficulties in in-
troducing and getting the state of technology to where it needed to be.
Today it is there. We have it. But these difficulties certainly were not
anticipated, because if it had been, we would have taken a different
path. This is the nature of it, as we push technology, think of the new
techniques, unfortunately we will run into difficulties which will cost
more money than has been anticipated. There is sort of a direct rela-
tionship to the step one takes forward as to the degree of uncertainty
of the ground that you're stepping in.
Mr. SYMINGTON. Thank you. Would you continue Dr. Cortright ?
Dr. CORTRIGHT. Mr. Chairman, figure 3 is the record of the cost

offset program throughout the course of the project. We had sort of
leveled off in this time period at about $55 or $60 million. The upturn
in 1974 was the last major cost reduction exercise, which I am going
to talk about in just a moment.
I would recommend then that we move all the way to page 11.

I can summarize my statement in between by saying that on March 13,
1974, John Naugle indicated to the Congress a possible 10-percent
increase over the $838 million which corresponds closely to our $920
million number. Then, in the intervening period between Dr. Naugle's
testimony and midsummer, we are still unable to contain the cost
growth on the project. Now, basically, what happens when you near
the end of a project, all of your manpower curves are supposed to
"turn the corner," as we say. The ability to do that is very frequently
the primary measure of whether you make your project on time and
on cost. And we were experiencing tremendous difficulty getting to
that point of maturity with the hardware that we could really turn
the manpower curve down.

Continuing cost estimate assessment indicated that the final cost
of Viking would substantially exceed $920 million. In September 1974
our latest cost estimate was brought to headquarters and discussed at
length with Dr. Petrone and Dr. Hinners, who were then wrestling
with very severe fiscal year 1975 and fiscal year 1976 resource problems.
Faced with this substantial Viking increase, NASA headquarters
"drew the line." Langley was directed to develop a plan, constrained
to severe fiscal year 1975-76 limits, that would substantially reduce the
estimated cost and provide assurance that cost containment actions
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would be effective. The goal was to continue to accomplish the stated
mission science objectives with acceptable risk. Any prudent reserve
was to be created through cost reduction actions. There were to be no
"sacred cows" within the program—except mission success itself. It
was a tough assignment so late in the program, but we set out to cut
$25 million out of the target cost, an amount judged necessary to meet
fiscal year constraints and generate a modest unallocated reserve. This
target has been achieved and we now expect to complete the project
for $930 million. I will now tell you how the NASA/industry team
achieved this goal.
Mr. WINN. May I ask right there, when NASA drew the line, did

that include any changes in personnel?
Dr. CORTRIGHT. Within NASA?
Mr. WINN. Yes.
Dr. CORTRIGHT. No, sir.
Mr. WINN. None. Any changes of authority?
Dr. CORTRIGHT. Well, in the sense that the reserve funds were held

within headquarters and not put in the Center, yes.
Mr. WINN. I'm talking about individual people personally?
Dr. CORTRIGHT. NO, sir.
[NoTE.—However, the project team had been strengthened.]
Mr. WINN. Nothing.
Dr. CORTRIGHT. I would now like to return to my statement and dis-

cuss cost reductions. The $25 million cost offset program represented a
major redirection of project effort, coming as it did late in the project's
maturity, and included cancellation of both a backup Lander and an
Orbiter spacecraft in order to achieve the required cost savings. In sum-
mary, the reduction was made as follows:

Reduction

Project element: in millions

Lander   $14
Orbiter   '7
Support  4

Total   25

In order to give you an idea of the specific types of actions required
to reach $25 million, figure 4 lists some of the major program actions
we took at MMC, JPL, and other installations. Although each action
was important in its own right, I would like to briefly cover two areas
of reduction: One, deletion of the third Lander and Orbiter, and two,
reductions in the planned mission operations activity.

FIGURE 4.—Principal recent cost offsets
Lander: Thousands

Deletion of third Lander $5,500
Deletion of all captive firing and hover tests 440
Consolidation of systems and test engineering for test team activities_ 725
Accelerate computer deliveries 1,120
Modification of biology instrument test program 590
Reduction of mission operations 3,096

Orbiter:
Delete third Orbiter 4,420
Reduction of mission operations 3,174

Support:
Reduction of mission operations 1,876
Reduction of support contracts 750
Replan of biology test standard modules effort 250
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Mr. HAMMILL. May I interject here?
The third Lander and Orbiter must have been well along in develop-

ment when the decision to delete was made. They must almost have
been built; isn't that true?
Dr. CORTRIGHT. They were well along. The components required to

assemble them were almost all delivered, and assembly had begun.
Mr. HAMMILL. So that represents a very large investment?
Dr. CORTRIGHT. Yes.
Mr. HAMMILL. In hardware?
Dr. CORTRIGHT. Yes.
Mr. HAMMILL. But they will not be completed now?
Dr. CORTRIGHT. Yes.
Mr. HAMMILL. In order to save what appears to be, in light of the

history of the program, a relatively small amount of money? I am
not suggesting that you shouldn't try to save money in the program,
but—
Dr. PETRONE. I would like to add that one has to look at the money

to be spent. I know there has been an investment made. We knew we
were going to fly. How do we fly within the fiscal resources available
to us. The judgment has to be made in that context. It is a very dif-
ficult decision. We reached a point in terms of dollars as well as the
program structure, and we looked at dollars to be spent and made
a decision that that money we would rather save.
Mr. HAMMILL. Is there any way we could determine the amount of

that investment in the canceled Orbiter and Lander?
Dr. PETRONE. I think we can, if we could submit that for the record.
[The information follows:]
Lander.—Recurring cost to fabricate, assemble, and test a Viking lander is

estimated at $20 million. The deletion of the Viking third lander avoided $5 mil-
lion of planned expenditures. Therefore, the remaining $15 million is the amount
invested in the deleted third lander. We do, however, have this hardware avail-
able for logistical support of the two remaining flight landers and the Proof Test
Capsule (PTC). However, all surplus material could be utilized in a future
Viking launch opportunity.
Orbiter.—Recurring cost to fabricate, assemble, and test a Viking orbiter is

estimated at $20 million. The deletion of the third orbiter avoided $3 million of
planned expenditure. JPL feels that a majority of the hardware is usable in
support of the Viking '75. It is estimated that approximately $5 million was spent
in the assembly of the structure that will not be utilized in support of the 1975
launch opportunity. However, all surplus hardware from Viking '75 could be
utilized on a future Viking mission.

DELETION OF THIRD LANDER AND ORBITER

Dr. CORTRIGHT. A major cost reduction was achieved with the dele-
tion of the third Lander and Orbiter. In so doing, however, it was
necessary to replan our pathfinder operations at KSC, and to alter our
philosophy on spare spacecraft. Let me explain.
The Proof Test Orbiter—PTO—and the third Lander had been

planned to go through all of the handling and processing required at
KSC as pathfinders, in advance of the flight articles. Following this,
the PTO would revert to a troubleshooting status during the mission,
and the third Lander would become a flight spare. In our revised plan,
the pathfinder operations are reduced to include only those steps which
have not been performed at the factory.
Equipment used at the factory for various stages of the testing will

also go to the cape. Therefore, in the process of our normal testing,
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many of the mating actions and operational actions which would have

been done in the pathfinder are seen at least once in the factory. So we

were able to eliminate some of those. The pathfinder operations that

remain are accomplished with flight articles. This is possible because

of the large amount of factory test equipment which will be used at

KSC.
With the deletion of the third Orbiter, the PTO is being refurbished

to become a flight spacecraft. This is practical since it completed its

qualification testing at JPL in very good condition. It passed the

qualification test so well and emerged in such good condition that we

are confident it will be a flightworthy Orbiter.
The situation with regard to the third Lander is slightly more

complex. In 1969, the program plan included a minimum 30-day

launch window. In order that we could survive a Lander failure on pad

and still launch two spacecraft to Mars in the launch window, it was

determined that three Landers were needed. As the design weight

matured and mission trajectories were calculated, it has been possible
to extend the launch window to the order of 45 days. Thus, this pro-

vides a longer opportunity to repair and resterilize a Lander that has

failed and still launch a second spacecraft late in the launch window.

The deletion of the third Lander increases the risk that, in the event

of Lander 2 malfunctioning on the launch pad, coupled with a late
second spacecraft launch attempt due to weather, launch vehicle, or

other problems, it may not be possible to repair and resterilize the

Lander and still launch. We have made the judgment that this in-
creased risk is acceptable, consistent with NASA and Viking fiscal
constraints.
An additional point worth noting is that the associated reduction

in work at MMC and at KSC not only reduces costs, but also reduces
the risk of schedule problems during the remaining months preced-
ing launch. In other words, it ventilates the schedule and does not
require working three shifts a day, 7 days a week from now until
launch, which can be an impossible situation. We now have more
shift margin to get the work done than we had.

MISSION OPERATIONS

Another major cost reduction was made in the mission operations
budget. Although this activity has been managed very effectively
over the past year, additional reviews revealed that a reduction of
$8 million, or 15 percent, could be achieved without a serious impact
to the mission operations plan.
The largest cost offset is the reduction from 850 to 730 people in the

size of the Viking flight team that will be responsible for operating
the spacecraft-2 Orbiters and 2 Landers—after launch. There will
be some reduction of mission flexibility to respond to new information
and problem solving capability but this is considered acceptable. In-
depth training exercises are planned which will verify the accepta-
bility of the planned staffing level.
Manpower efficiencies have been realized by using test and training

personnel in operational positions; having the Lander science imaging
team operate the Lander image reconstruction equipment; and having
people that have completed their hardware development responsi-
bility work on non-Viking activities until their flight team position
must be filled, thus eliminating the retention cost. Development of
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procedures not required until the planetary phase of mission opera-
tions has been delayed to a time when they can be more efficiently
incorporated into the work plan, while still meeting the need date.
Lander and Orbiter imaging comprise a large portion of the datato be returned by Viking. Reductions have been made in computer

enhancement capability and the number of duplicate products has been
minimized. No reduction has been made in the amount of data acquired,
however. This decision was carefully reviewed with the Viking science
steering group and is acceptable to them.
In a supporting area of mission operations, the Lander proof test

capsule will be available for problem solving in an ambient environ-
ment during mission operations, but funds originally planned to
operate the Lander in a chamber simulating the Mars surface environ-
ment have been deleted. Consistent with Mariner 10 practice, an
assembled Orbiter will not be available for operations support.

MANPOWER MANAGEMENT

Having established a firm new schedule and cost baseline for the
work to go, the Viking project office also moved to strengthen its
cost management and control activities. The key to containment of
costs at MMC—and its major subcontractors—was to jointly establish
and adhere to stringent new manpower plans—the major element of
cost—while still maintaining successful implementation of schedule
milestones. Manpower no longer needed on the project is offloaded
immediately. At MMC, for example, manpower plans identify by
surname most of the people charged to the Viking contract. This
provides the basis for weekly time-phased offload plans by individual
in each of the major task areas.
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The in-house effort at MMC now follows the manpower plan as
shown on figure 5. Note particularly that MMC performance against
the October 1974 plan has been consistently good since the program
was restructured. Data obtained since the figure was prepared shows
a slight increase, so the curve will not continue to come down as steeply
as indicated, but we are under plan at the moment.
At TRW and Honeywell, the situation is much the same and is

evidenced by the manpower curves also shown on this figure. If our
contractors can stay below the planned manpower levels, we will have
some margin for unforeseen problem solving, while still making our
target costs. And the target costs are those which would conform
to the $930 million completion cost.

CONTRACT RESTRUCTURING

Another key feature of our current relationship with the MMC
is a contract restructuring which is now being formalized with the
company. Under this award fee arrangement, the Martin Co., will be
judged and rewarded on its ability to live within the $539 million
estimate for their part of the project, a target compatible with our
$930 million project ceiling. In our judgment, the contract restructur-
ing has resulted in greater motivation for the contractor, and has pro-

vided a substantially greater assurance to the Government on the

matter of cost containment. I believe contractor actions and manpower

offloading during the past 6 weeks support these assertions.

INDIRECT COSTS

In addition to the manpower offload plan referred to earlier, we have

also agreed to a firm indirect cost management action plan with MMC.
Our monitoring of indirect cost performance against plan is based

upon actual progress shown weekly on the MMC indirect manpower

reduction plan. An update of progress is examined weekly by VPO.

Additionally, any variances in the MMC progress against their in-

direct manpower plan is analyzed by the resident DCAS/AFPRO

on a monthly basis and corrective actions are identified.

PROGRAM STATUS

The final concern which is important to address today is that of the

progress and readiness of the hardware itself. The year 1974 has been

a crucial one for Viking. This was the year for the last of the com-

ponent and system qualification tests to be completed, and for flight

Orbiters and Landers to be assembled and acceptance tested. Despite

technical, schedule, and cost problems, all of which necessitated work-

arounds of one sort or another, most of this has come to pass. We are

approaching preshipment reviews with high confidence that we have

good hardware and a viable schedule.
To get to this point, many technical problems had to be solved. To

illustrate some of the more recent: the X-ray proportional counters

required redesign to eliminate voltage breakdown; drive motors for

the surface sampler boom required redesign at a very late date; the

metal tape in the Lander recorder, which was required to withstand

heat sterilization, was plagued by scratching; to UHF transmitter ran
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hot during PTC testing; the upper atmospheric mass spectrometersuffered persistent failures to eject a protective cover the GCMSencountered stubborn corona problems; and the inertial referenceunits—IRU's—developed helium leaks.
Mr. SYMINGTON. Could we have advantageously incorporated thoseprovisions earlier on? It seems to me that the motivation is importantfor cost cutting. Could you have introduced those elements earlier ornot?
Dr. CORTRIGHT. We had motivation for cost containment in terms ofa cost share arrangement with the company, but the fee losses due tooverruns had eroded that to the point where the large incentive priorto contract restructuring was on mission success. And one could rea-son although I don't think Martin was doing this, that this wouldincline a contractor to keep extra men on to assure mission success.What we did was redistribute the available fee between the missionsuccess award portion of it, and a portion to be awarded at launchwhich would be a measure of whether or not the company had mettheir target cost to that point in time; This also gives the companyan opportunity to realize some fee prior to July 1976 if they do thismanpower management job well.
Mr. EscH. Mr. Chairman, if you would yield, we are in the usualprocess of running to three committees. I have read the testimony sofar.
I am concerned about a different perspective in the same area andthat is the relationship between the Viking lander and the lunarlander. It seems to me if we have the right precept, we ought to lookat the question of cost in relationship to the complexity of the two.I would like to hear someone discuss very briefly the relationship be-tween the Apollo and Surveyor in terms of both the complexities ofthe operation and the relationship to costs. It seems to me, I want tocome down hard on you fellows in terms of cost, too, and at the sametime we ought to recognize that the two are not completely analogous.To the degree to which they are not analogous we ought to recognizesome variables in cost. In fact, what we may be doing is moving outinto a new field. I assume they are not analogous.Dr. PETRONE. I believe we have stated in our testimony, this is themost complex automated spacecraft NASA has ever undertaken. Noone else has ever undertaken anything comparable. In terms of Apolloand its need to support life I don't believe there is a comparison,but with Surveyor there probably is a direct comparison. Thus,you had a Lander that was going to go to a close body as contrastedto 200 million miles away. When one compares what Surveyor wasdoing compared to the Viking here, there are many orders of magni-tude in complexity in terms of science objectives. The prime objectiveof Surveyor was soil testing. Those things we needed as a precursorto know it would be safe to land our men. Here we are really movingthe biology laboratory we have here on Earth. We are moving thebiology laboratory to Mars because of the inability to return the sam-ple using methods we developed on Apollo for reasons that are veryclear because of the distance involved. Here is a case of moving yourlaboratory 200 million miles out, taking your samples and testing themto find out whether or not we might find some life. The question ofreading seismometry, the quakes and so forth, requires a whole dif-
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ferent approach in planetary exploration because of the distance in-
volved. We are seeking some of the same answers we got from the
Moon, but doing it at a much greater distance. The question became
one of automating the spacecraft to do that and to also take care of
itself. We are 40 minutes away from communicating with that space-
craft from the time we tell it to do something, as contrasted to 21/2
seconds to the Moon is a significant task. So the complexity makes it
very unique and, I think, speaks for itself in terms of the objectives
we have outlined for that spacecraft.
Mr. Escx. I am concerned about that in relation to cost. It seems

to me we should recognize we are beginning to pattern out a new con-
cept at least in terms of unmanned exploration of our planets, so we
need a new approach.
Dr. CORTRIGHT. Yes, sir, I can make the Surveyor comparison. We

had worked this out awhile back. I was reluctant to present it because
it sounded self-serving. I am glad you asked the question because it
is an interesting point.
If we take the Surveyor contract with Hughes and escalate it

to today's dollars, it comes to $518 million for seven spacecraft. The
Martin Marietta lander comes out to $545 million. Now, we get seven
spacecraft with Hughes at about 750 pounds each, and we are getting
two with Martin at three times that weight, so it comes out to roughly
the same number of pounds for the same number of dollars. The
difference is in the complexity. The packing density, for example, in
the Viking in terms of complex electronics and other equipment is
far higher.
Just to give you a feel for it, the electronic parts count in the

Surveyor was 28,700 and the electronic parts count in the Viking
lander can be as high as 967,000. Now, the reason this is a little
misleading is that it counts integrated circuits as multiple parts because
they have multiple electronic functions. That is a little unfair. Correct-
ing for this, I would guess that there are still several hundred thou-
sand parts in the Viking lander. So roughly we are getting the same
pounds of hardware for the same price, but a lot more in each pound.
Mr. EscH. Thank you.
Mr. SYMINGTON. Mr. Brown?
Mr. BROWN. One of the interesting strategic aspects of the compe-

tition between this country and the Russians in space was our decision
to undertake a program to put a man on the Moon and their decision
to go with an unmanned program. This leads me to feel that possibly
they had done more and earlier work with unmanned probes than we
had and I wanted to raise that question with you. Is there a possibility
that closer cooperation with the Russians in terms of their unmanned
technology might have given us a little more insight into some of the
problems we are experiencing with this Viking operation on Mars, or
has there been any interchange of information bearing on this point?
Dr. PETRONE. There have been discussions with the Russians.
Dr. Hinners participated in some of those planetary exploration

discussions. We, unfortunately, have not learned much about their
hardware.
Dr. HINNERS. Right. You are well aware 
Mr. BROWN. It's their science package that would be most relevant,

I think, to what we are trying to do here.
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Dr. PETRONE. Science and also techniques of landing. The Russians
have had a very ambitious program to land on Mars. They .launched
three missions in 1971, four launches instead of two like missions in
1973, and they have not succeeded yet in putting a Lander down suc-
cessfully on Mars to get data back.
They have had successful Orbiters. No successful Landers. One

Lander did return approximately 20 seconds of data from what was
believed to be the surface. But there is no good confirmation. We have
had science discussions with the Russians in trying to exchange data
and there have been some exchanges.
Dr. HINNERS. Right. We have had some information from their

spacecraft, the ones that have been partially successful in terms of
the pressure coming into the atmosphere which we have then .fed back
into our models of the Mars environment which will be helping us in
our landing attempts. We have also seen some of their science data
which has been released. They have taken photographs from their
Orbiter in their last attempt which were of quite good quality, and
they have conducted a couple of experiments which we have not and
are not now planning to do in our Viking mission.
Most of their successes in the automated area have been in theirlunar program where they have put down successfully two automatedroving vehicles, and have had two successful automated sample return

missions. Although the last sample return mission several weeks agodid not succeed, they have developed that technology. What we havefound is their ability to interpret their results has been fantastically
enhanced by the results we have obtained from Apollo because of ourmuch more extensive scientific investigations. The caliber, the qualityof the science is one big item to be considered in talking with them, andconsidering what future missions we might do. The state of technologythat we employ is very much advanced over what they are generallydoing in their science investigations. Some of that shows up within thecomplexity of what we are attempting to do.
So, in our successes I think we are much further ahead in the amountand the quality of the scientific data we acquire.
Mr. BROWN. In other words, closer cooperation would not have madeit any easier to solve some of the problems we have encountered withthe biology package on the Viking
Dr. HINNERS. That is correct.
Mr. BROWN. I thought because their emphasis was on the automatedprocedures, there could have been some prospects for our learning fromthem. Certainly an option we ought to continue to consider.Dr. HINNERS. We do talk with them and exchange information andwhen they have a program, we are in contact with them, exchange in-formation on what they saw and what they think in many instanceswhen they did not succeed.
Mr. BROWN. Thank you.
Mr. SYMINGTON. Thank you, Mr. Brown.
Dr. CORTRIGHT. To solve these problems, it was necessary to pulltogether teams of experts from wherever we could find them—the con-tractor's own staffs, NASA centers, or other Government and industryorganizations around the country. This team approach paid off timeand again.
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Some technical problems are still with us. We are not yet fully satis-

fied with a proposed solution to a radar altimeter false lock problem.

Retest may be required. The GCMS soil distribution unit has been

subject to jamming. As in many other instances, the Langley fabrica-

tion shops have worked with our contractors in developing alternative

fixes.
Our most serious component problems this past year were encoun-

tered in the Honeywell computer (GCSC) and the TRW biology pack-

age. Since these will be discussed tomorrow, I will not dwell on them

here.
To interject a thought here, each of these problems could occupy us

for 10 or 15 minutes were we to go into them. I tried to give you a sam-

pling of the current flurry of problems.
At the system level, the Lander system design verification test on the

proof test capsule (PTC ) was replanned in March 1974 to accommo-

date delays in the component design development phase and unex-

pected startup problems with the systems test software and automated

systems test equipment ( STE ) .
Mr. SYMINGTON. Since Langley is Project Manager, it would be

enlightening to the committee to get your viewpoint of these problems.

Dr. PETRONE. On those two, he will be glad to discuss that.
Mr. SYMINGTON. I think it might be helpful just to give us a few

thoughts, and if you think this requires extensive discussion, you can

put it in the record. But we'd like to be encouraged to believe that you

feel all is being done.
Dr. PETRONE. We would be glad to address it right now.
Dr. CORTRIGHT. Let me begin with the computer. I think during ear-

lier congressional testimony, you were made aware of the type prob-

lems we were having with the computer, one of which was getting

memory wire that met specifications. We decided about January, I

believe it was, to initiate a coupled film wire development, rather than

the single film wires we were using. These wires are 2 mils in diameter,

and coupled film wire was to give the wire the lifetime, the margin of

signal-to-noise, that we needed to get through this mission.
At the same time, we began a backup development of a core memory

unit for the computer. As it turned out, both of these have succeeded.

Although it is getting very late, we have core memories on the shelf

ready to use if needed. In the meantime, the Honeywell Co. solved its

wire problems, and has now completed the development of a computer

to the point where the two flight units are nearly ready for delivery.

One of them is buttoned up and should not be opened up again and the

other had a minor problem which was repaired this week, or is being

repaired this week. The spare is being refitted with some new multi-

layer circuit boards, which is another problem we had this year. We

found we had multilayer circuit boards that had gotten into the com-

puter that were not reliable. There were breaks in the circuitry through

the holes from one plane to another. These boards had to be replaced.

All of this has been accomplished. The company is on a schedule that

supports the Lander and we will ship the two flight computers the first

week of December.
Mr. HAMMILL. In other words, a final decision has been made to go

with the Honeywell memory and not with the backup?
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Dr. CORTRIGHT. That is right. One of our cost reduction items was
to stop all work on the backup.
Mr. HAMMILL. After an investment of how much?
Dr. CORTRIGHT. $7 million.
Mr. HA3IMILL. And the Honeywell contract is going to run to how

much, total project cost?
Dr. Comuoirr. I will get that for you in just a moment; $29.9

million.
Mr. BROWN. May I inquire in a small matter like this backup work

on the computer which cost us $7 million is there any benefit to be
obtained in the future from the technology and development that has
been done here or is this just cost that has to be written off?
Dr. CORTRIGHT. The memories themselves are usable. They are

20,000-word memories each. While they represent very excellent
memories, we have not identified a use for them at the moment. They
are quite usable core storage memories, but I don't know what their
future will be.
Mr. BROWN. They were developed for the specific function of this

Viking program so there would not be any applicability to terrestrialapplication, I suppose?
Dr. CORTRIGHT. I don't believe so. I think there may yet be an ap-plication in a space project, but even that is uncertain. I wouldn'tlike to hold that hope out. I do think they represent about the bestin the state of the art of small core memories. And I am sure thatboth we and the company that developed them learned something fromthat operation. The company, Electronic Magnetics and Memories,did an outstanding job and I would like to give them a plug.Mr. BROWN. I have a vague recollection of similar problems thatwere experienced during the Manhattan project; for example, de-veloping some way of producing a casing for the uranium segmentsthat went into various—I think what they called a cladding problemduring World War II in which numerous alternative methods weremade to develop the technology to encapsulate the uranium, and Ialways wondered if we completely waste the effort we make in study-ing various alternatives to solutions of these problems.Dr. CORTRIGHT. I would like to say, sir, when we began the backupcore memory, we didn't know whether we would ever have either a wirememory or a core memory. We were just about to give up on thesingle film plated wire. You will hear more about that tomorrow. Weundertook these courses of action because the mission could not beflown without a computer. I think it is gratifying they both havecome through for us. Naturally, I would like to see that $7 million backin the bank, if it would be possible. But we felt that we could notrisk not having a computer.
Mr: BROWN. I have the same question about what we are going todo with the work that has already been done on the Lander. Do wejust warehouse .this equipment and so forth? Is there a conceivablefuture use for it? I don't want to explore that at the present time.Mr. HAM.MILL. May I ask one question regarding the computer.The 2-mil wire memory for the computer had never been donebefore. It was a brand new development. It seems to me that I recallthat some contractor had proposed using a 5-mil wire memory, whichhad been done before, if I am not mistaken.Now, my guess is that weight was not a consideration in selecting2-mil instead of 5-mil wire.
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Why didn't we go to the 5-mil wire on the basis of reliability instead
of going to something that was totally unknown?
Dr. CORTRIGHT. There are several parts to the answer to that ques-

tion. In the first place, we had extreme weight, volume, and power
constraints on the computer, and we pushed the state of the art as far
as we thought was reasonable to do so in order to meet those constraints.
Now, the second part of the answer is I don't really believe it was the

shift from 5-mil to 2-mil that caused most of our problems. It was
meeting the sterilization requirement wherein the contractor had to
change his materials and processes which delayed for almost a year the
buildup of this computer. Mr. Rynearson will talk about that tomor-
row. Whether or not we could have made it with single film 5-mil wire,
I don't know. We may have needed a coupled film there also.
Information I have here says that the 2-mil is more stable than the

5-mil and we probably would have had the same problems with the
5-mil wire, in addition to the weight, volume, and power, so I don't
really think that is what tripped us up.
I would like to talk for a moment about the biology package. You

will hear in some detail tomorrow about the status of the problems.
We have been plagued with many of them during the past year. Rather
major redesign of many of the pieces within the experiments have had
to be undertaken to eliminate such problems as valve seal material
sticking as a result of the thermal environment and contamination of
valves which is an assembly-type cleanliness problem that has been
extremely difficult to solve. The instrument is full of heaters because
it has such a difficult thermal environment to meet. Heater debonding
held us up for a long period of time. It really was a long series of little
nitty-type problems with that instrument.
Mr. SYMINGTON. Were these all problems you would have had to

confront for a 1973 window?
Dr. PETRONE. With the same package, yes, sir.
Mr. SYMINGTON. I don't see how you could have made it.
Dr. CORTRIGHT. We never would have had that instrument for 1973.

It would have had to be a much simpler biology experiment.
Mr. SYMINGTON. It was the biology experiment which is of such

key interest to the scientific community.
Dr. CORTRIGHT. Yes, sir.
We might say it would have contained a single experiment rather

than three packed together, and perhaps one that was not so precise
in its measurements as we have here.
Mr. SYMINGTON. Yes, that is a point to remember.
Mr. BROWN. Could I ask one very small question. When you're de-

signing valve seals in this kind of a situation, what kind of tempera-
ture limits are you designing for?
Dr. CORTRIGHT. There are many ranges within the instrument de-

pending on where the value is located. We are talking about tempera-
tures between zero and 400° F, I think, on typical valve seals.
And, of course, these are very miniaturized valves we're talking
about with allowable leak rates that are almost immeasurable. The
biology experiments are scheduled for delivery in March and April.
The two flight biology packages will be installed in Florida. In
addition, two test biology packages will be complete in December. I
believe, Mr. Chairman, most of the known technical problems are be-

44-128 0 - 75 - 14
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hind us. But we still face a problem with these
 instruments in build-

ing them with precision.
Mr. SYMINGTON. How about fitting them into th

e Lander?

Dr. CORTRIGHT. Fitting them into the Lander is no
 problem. Having

them built with everything working perfectly is 
the problem that we

still face, and we are not quite there.
Mr. SYMINGTON. It is immaterial that you will be te

sting your flight

Lander next week without the biology package beca
use the package

can be inserted like a cartridge?
Dr. CORTRIGHT. It is not immaterial. We do plan to put

 one of the

test biology instruments back in the P'PC Lander in Janu
ary to verify

its operation. At the same time, we are going to conduct 
some addi-

tional tests on GCMS that were not completed in the last tes
t. So we

are going to pick that up at the same time. One of these
 will be

operating at TRW labs processing dirt, to make sure that we can
 work

with real soil and the scientists can interpret the data.

Mr. SYMINGTON. Fine.
Dr. CORTRIGHT. The replanning extended the PTC test work plan

and required augmentation of the MMC test team to provide add
i-

tional technical skills and accommodate an accelerated schedule-

7-day week, three shifts per day. In addition, experienced NASA

test personnel from KSC and JSC moved to Denver to help us. Since

August, Lander test activities have been on schedule. Figure 6 shows

a list of major milestones completed since March 1974.

FIGURE 6.—Major schedule accomplishments—March through November 1974

Lander-PTC : Completed

Heat compatibility test  May 1974

Acoustic/vibration test  June 1974

Post separation/solar vac test  August 1974

MSS/SEET test  October 1974

Pyro shock  In progress

Lander-Flight:
Structural assembly  July 1974

EMC testing  August 1974

Orbiter-PTO: Quality testing  July 1974

Orbiter-Flight:
VO-2 flight acceptance tests  November 1974

VO-1 flight acceptance tests  In progress

Launch operations activation: Spacecraft assem- October 1974

bly and encapsulation buildings (2) 
Mission operations:

Ground data system test  July 1974

Flight operations software development
(launch phase)  August 1974

In the interest of time, because Mr. Parks has yet to testify, I don't

think we will work through that list with you.
I would like to spend a few minutes talking about the work remain-

ing between now and August 11, 1975, the day the Viking launch

window opens. The first flight Lander will go into its flight acceptance

thermal vacuum tests next week. Following the completion of these

tests and the vertification of Lander performance, it will be shipped to

KSC and will arrive there on January 17, as shown on the master

schedule (fig. 7) . Flight Lander No. 2 will go into the thermal
vacuum chamber as soon as No. 1 comes out. This Lander will arrive
at KSC on or before February 24. The two Viking Orbiters are in the
final phases of post environmental systems test and will arrive' at KSC
on February 12 and February 17.
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At KSC an early significant activity will be the mating of Eander
i1 and Orbiter 1, the encapsulation of combined spacecraft n the Cen-

taur Standard Shroud, and then the mating of the encapsulated space-
craft with the Titan Centaur launch vehicle on pad 41 at ETR. A.
simulated countdown will be performed to demonstrate the compatibil-
ity of all of the flight hardware with the launch pad ground equip-
ment. This important pathfinder activity is scheduled to be complete
the first week in April.
Following this test, the spacecraft will undergo a series of flight

mission compatability tests that will demonstrate and verify the corn-
patability of the flight spacecraft with the ground system, particularly
the ground data system and software to be used in the Viking Mission
Control Center at JPL.
The Landers will then proceed through a final buildup for flight

with the installation of flight batteries, the flight biology instrument,
and RTG's. This activity will continue until mid-June when the
Landers will be ready for sterilization in the ovens at KSC. Follow-
ing sterilization, Lander propellants for the attitude control system
and the terminal descent engines will be loaded and the Lander is
then ready for flight.
During this same time period, the two flight Orbiters will be un-

dergoing final flight preparations. This includes moving the Orbiters
;from hangar AO at ETR to an explosive-safe area where fueled pro-
pulsion modules will be mated to the Orbiter bus. The Orbiters are
then ready for flight.

Starting the second week in July, Orbiter 1 and Lander 1 will then
be mated, encapsulated, and will move to pad 41 to be mated with the
launch vehicle. This will be complete August 1. Ten days of space-
craft and launch vehicle tests and simulated countdowns are then
planned. These practice countdowns will be monitored by the Viking
flight team located in the VMCCC in Pasadena. The final tests of all
equipment, facilities, and people will be complete to support a launch
on August 11.
Meanwhile, Orbiter 2 and Lander 2 will have been encapsulated in

the Centaur standard shroud in the spacecraft assembly and encap-
sulation building at KSC. In the event of a problem with the first
Viking spacecraft, the second will be ready to replace it on the launch
pad.
As you can see, from the master schedule, all of the supporting ac-

tivities necessary for launch and flight are continuing in Denver
and at JPL. These include flight software final verification and con-
tinuing test and integration of operations software.
Last month we ran a comprehensive series of science end-to-end

tests with the Lander proof test capsule. Due to the unavailability
of a biology instrument, end-to-end testing with biology was not pos-
sible.
Mr. SYMINGTON. Among other things, your qualification tests on

the biology package are not yet complete?
Dr. CORTRIGHT. That is correct.
Mr. SYMINGTON. When will those tests be completed?
Dr. CORTRIGHT. End of March.
Mr. SYMINGTON. End of March. You don't expect that those tests

will result in a different flight type instrument?
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Dr. CORTRIGHT. We don't expect any major changes to come fromthat. In fact, it would be very difficult, if not impossible, to makemajor changes. The modules that go into the bio experiments havebeen tested at flight levels. This is the system tests we are talking aboutwhich is one reason we don't expect any major redesign problems tocome out of it.
We therefore plan to put the PTC with a flight-type

i
 biology in-strument back in the thermal vacuum chamber n late January, andwill run simulated mission profiles with biology experiments duringthe month of February. These tests will be conducted with test stand-ard gases such that comparisons can be made with similar tests con-ducted at TRW at the instrument level. In this same time period,another flight-type biology instrument will be undergoing instrumentlevel tests using dirt with live organisms at TRW.

The work to go, as I have described above, has been carefullyplanned to provide adequate contingency at KSC and matches wellwith our fiscal constraints. We believe that all of the hardware willbe adequately tested and that the present plan will be achieved onschedule.
In summary, I believe our posture is as follows:
1. We continue to have a good science payload, with most of ourscience instruments in excellent shape. Biology and the GCMS, how-ever, must be watched carefully.
2. Our other component deliveries are very close to completion.Only the computer remains a major concern, although its progressis much better in recent months.
3. Our systems testing is proceeding well, with our flight spacecraftexpected to be delivered to the Cape on schedule in early 1975.4. Our planning and preparations for the mission operations areon schedule. Our Mars landing sites have been selected and approved,our mission rules, strategy, and procedures are in good shape, andformal team training will begin in the spring.
5. Our costs have been contained and management procedures tocontain these costs are working well. Barring major unforeseen prob-lems we expect to complete the project for $930 million.
6. I find our NASA/industry project team, after over 5 years ofworking together, is seasoned, cohesive, and confident. This is prob-ably the most important factor influencing the success of the project.
In conclusion, I believe that we stand in a good position today.Although we have much work ahead of us as we swing into the finaltest and operational phases of the project, I am confident that we will

be successful. Like Dr. Petrone, I will continue to give Viking myclose personal attention.
Mr. Chairman, this concludes my statement.
[The charts attached to Dr. Cortright's statement are as follows:]



210
MI
LL
IO
NS
 O
F 
DO
LL
AR
S 

EAC

($M)

600

500

1000-

80O

600.

400.

200.

400-

so

300

364

VIKING PROJECT COST HISTORY

830

APA

PROJECT EAC

r 810
1

LANDER SYSTEM & INTEGRATION
750

TS,. 930

(360) (545)

ORBITER SYSTEM

(257)

(133)

SUPPORT

•••--

(241)

(138)

I 1 I r 1 T 1 I I
NOV OCT JUL AUG JUL JUL NOV MAR JUL NOV
1968 1969 1970 1971 1972 1973 1973 1974 1974 1974

.1.— FY 69 —1.1— FY 7C —64.— FY 71 —of— FY 72 — 4.... Fy 73 --+— Fy74 —H.. Fy 75 --s•
FIGURE I

VIKING LANDER COST nio un

  _

(MAiC CONTRACT)

LANDER EAC

 1 ....Ns-H. I. (COMPUTER) EAC
-r L _

mmc suBCONTRACTS EAC

_

2C0-

100 -

0

73

MMC IN-HOUSE EAC

333

(BIOLOGY) EAC

Jt,n_

1970

juc AUG

1971

JL

1 1972 1

FIGURE 2

NOV MAR JdL SEP NOV 

1 11973 1974 1975

•

•



C
O
S
T
 O
F
F
S
E
T
S
 (
S
 M
)
 

LANDER:

100

90

ao

70

60

50

40

30

20

211

VIKING PROJECT COST OFFSET HISTORY

1975 1976

CALENDAR YEAR

FIGURE 3

PR I NCI PAL RECENT COST OFFSETS

o Deletion of Third Lander 5500
o Deletion of All Captive Firing and Hover Tests 440
o Consolidation of Systems and Test Engineering for 725

Test Team Activities
o Accelerate Computer Deliveries 1120
o Modification of Biology Instrument Test Program 590
o Reduction of Mission Operations 3096

ORB ITER:

o Delete Third Orbiter
o Reduction of Mission Operations

SUPPORT:

o Reduction of Mission Operations
o Reduction of Support Contracts
o Replan of Biology Test Standard Modules Effort

Figure 4

4420
3174

1876
750
250



. -

1000

SOD

SOO

500

400

ZOO

AMA(

ACT11A1

ACTUAl

212

RECENT MANPOWER PERFORMANCE 

"O'&01112I P.„/-

TRW - I 1OLOGY
OCTOSER '74 P.

\

FIGURE

MAJOR SCHEDULE ACCOMPLISHMENTS
MARCH THROUGH NOVEMBER 1974 

LANDER - PTC: 

o Heat Compatibility Test
o Acoustic/Vibration Test
o Post Separation/Solar Vac Test
o MSS/SEET Test
o Pyro Shock

LANDER -FLIGHT: 

o Structural Assembly
o EMC Testing

ORBITER - PTO: 

o Oual Testing

ORBITER - FLI GHT: 

o VO-2 Flight Acceptance Tests
o VO-1 Flight Acceptance Tests

LAUNCH OPERATIONS ACTIVATION: 

o Spacecraft Assembly and Encapsulation Buildings (2)

MISSION OPERATION&

o Ground Data System Test
o Flight Operations Software Development (Launch Phase)

Figure 6

COMPLETED

May 1974
June 1974
August 1974
October 1974
In Progress

July 1974
August 1974

July 1974

November 1974
In Progress

October 1974

July 1974
August 1974



f

L
A
N
G
L
E
Y
 
R
E
S
E
A
R
C
H
 
C
E
N
T
E
R

VI
KI

NG
 P
RO
JE
CT
 

,.
G

s

MA
ST
ER
 S
CH

ED
UL

E
N
O
V
E
M
B
E
R
 1
5
,
 1
9
7
4

I
D
A
T
D

M
I
L
E
S
T
O
N
E
S

1
9
7
4
 

1
9
7
5

O
C
T

N
O
V

D
E
C
 

J
A
N

F
E
B

M
A
R

A
P
R

M
A
Y

J
U
N

J
U
L

A
U
G

S
E
P

O
C
T

2
P
R
O
O
F
 T
E
S
T
 C
A
P
S
U
L
E

3 4

_I
-
-
-

O
R
B
I
T
E
R
 (
V
0
-
1
)

1
O
N
 
D
O
C
K
 
lc
C

6
a
i
r
N
o
r
,
T
O
F
 
P
T
O
/
Ti
E
l
l
y
P
D
S
.
.
 1
1.

1-
V
P
R
E
 •

,,
, 
A
T
E.

T
E
S
T
/
 P
R
E
P

..
I

1
l
a
C
f
 

K
S
C

C
O
r
A
 P
A
T

O
P
S

T
ê'

a
t
 I-
A
U
K
:
:
:

7
V
I
K
I
N
G
 A

L
A
N
D
E
R
 (
V
L
C
-
1
)

F
u
N
C
/
•
U
,

V
E
R
I
F

1
,

r
a

7

10
 I
S 
S
l
i
i
 —
T

-
P
R
 
P

T
E
S
T
/
P
R
E
P
/
S
T
E
R
O
L

8 9

-
-
-
-
 -
-
-
-
-
 
-

_

O
N
 
D
O
C
K
 
A
S
C

1
0

O
R
B
I
T
E
R
 (
V
O
-
2
)

1
-
-
-
 

—

:
 .
0
.
 
Di

 r
Es
iy
 ,
..
. .

1
i
i

T
E
S
T
/
P
R
E
P

V
I
K
I
N
G
 B

A
T
E

E
t
 L
A
U
N
C
H
A
M

11

F
u
N
c
, 
S
U
 
V
E
R
I
F

I
 

—

'
A
L
I
G
N

so

O
N
 
D
O
C
K

•
 D
 S
 
V
I

K
S
C

T
 
P

P
i
 
S
T
E
R
I
L

L
A
N
D
E
R
 (
V
L
C
-
2
)

1
2
 

1
3

G
 &
 C
 S
O
F
T
W
A
R
E

1
4

R
E
L
E
A
S
E

F
L
T
 
S
 
W
 
V
E
R
1
F

D
I
 i
 1
1
5

1 0
N
S
I
M
U
L
A
T
I
O
N

F
O
S
/
 G
 D
C
 
S
 
V
r
.
T
h
-
4
T
E
G

1.
..

 
j

M
O
S
S

2
.
1
 
O
S
1
 

M
O
S
S

3
.
1
 
S
i
l

—

1
5

1
6 17

—
.
.
—

F
L
I
G
H
T
 O
P
E
R
A
T
I
O
N
S
 S
O
F
T
W
A
R
E

 
.
-
C"
.

'.
. 
'
E
L
 '

i
m
a
r
o
m
m
i
t

'
V
A"
.

M
e

 S
S
 
3
.
0
 
D
E
L
 1

P
A
 

OOSS 
3
.
0
 .
.
 
S
T

A
T
S
S
I
O
N

'
4 P
1‘
..
.
AT
NE
A
V
A
r
L°
"
"
r

O
R

••
•

1
8

M
I
S
S
I
O
N
 O
P
E
R
A
T
I
O
N
S
 (
V
F
T
 &
 F
O
B
)

P
R
O
F
I
L
E

1 
P
t
 
1
S
T • O

P
A
L

O
R
O
E
R

_
_
1

L
A
U
N
C
H
 
D
 
C
R
U
I
S
E
 
0
1
1
9
.
.
.
.

0
 .

4
 
d
_v

0
.
T
v

1
9

2
0
L
A
U
N
C
H
 F
A
C
I
L
I
T
Y
 A
C
T
I
V
I
T
Y

V0
5:
01
;;
!2
.0
)
*
 
V

"
'
"
*
"
V

E
S
A
 —

A
S
S
Y
 •
L
D
G

2
1

2
2

1
-

2
3

+

2
4

-1

2
5

N
O
T
E

FI
GU

RE
 7



214

Mr. SYMINGTON. Thank you, Mr. Cortright.
Regarding the Viking landing sites, is there any remote possibility

that they would be areas that the Russians may already have impacted
wittingly or unwittingly?
Dr. PETRONE. Dr. Hinners can address that question.
Dr. HINNERS. No. Our proposed candidate landing sites are not

in the areas where the Russians have had their landing programed to
date.
Mr. SYMINGTON. I ask that because I am not really sure how clean

their vehicles were when they hit. We don't want to learn old news.
I think for the record it might be good to incorporate a brief precis

of the contract revisions that have been made, that you referred to,
for example, after revision of the Honeywell contract. I understand
that manpower assigned to Viking increased quite dramatically, and it
would give you an idea of what sort of events result in what kind of
changes.
Dr. CORTRIGHT. Be glad to do that.
Mr. SYMINGTON. And how you used the contract structure and for-

mulation to pursue our objectives, a good education for us here. I
think you have given us some of that.
Dr. CORTRIGHT. We will certainly do that.
Mr. SYMINGTON. It would certainly be helpful.
[The information follows:]

LANGLEY RESEARCH CENTER/MARTIN MARIETTA VIKING LANDER AND

PROJECT INTEGRATION CONTRACT RESTRUCTURING

CONTRACT RESTRUCTURE-CPIF/AF TO CPAF

Reasons for Restructuring
To provide an equitable adjustment for a major change in the program (dele-

tion of the third lander) and to revitalize the cost incentive:

Deletion of the third lander had a significant potential impact on Martin
Marietta's ability to achieve the Mission Success Award Fee.
Due to cost overrun, Martin Marietta had run out of the specific cost

incentive in the summer/fall of 1972, had eroded all of the available Periodic
Performance Award Fee, and was eroding potential earnings of the Mission
Success Award Fee to be determined in late 1976.

Benefits from Restructuring
Revised cost incentive provided more immediate reward and penalties for cost

management and containment.
Appropriate balance between mission success and cost containment was

reestablished.
All open changes to the contract were incorporated, thus permitting total man-

agement attention to work progress.
Provided consideration for third lander deletion.
Kept the parties in substantially the same fee position as before the

restructuring.

MARTIN MARIETTA CORPORATION/HONEYWELL, INC.-VIKING COMPUTER CONTRACT
RESTRUCTURING

CONTRACT RESTRUCTURE-FPI/AP TO CPAF

Reasons for Restructuring
To enhance the probability of meeting fixed delivery requirements with a relia-

ble computer:
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A series of technical problems required many research and development-
type studies, analyses and tests to find solutions or acceptable alternatives.

FPI contract type did not provide the needed flexibility to effectively
implement and conduct these studies.
These activities set up "constructive change" situations that took sig-

nificant time of technical managers at both Honeywell and Martin
Marietta.

Work was behind schedule to meet fixed delivery requirements.
Schedule/cost tradeoffs were apparently being made in favor of cost

due to the ceiling limitations of the FPI contract type.

Benefits from Restructuring
Required emphasis on problem solving and work progress was obtained:

Additional resources were provided by Honeywell.
Additional management techniques were installed such as production

control room and problem management center.
Team approach (Honeywell/Martin Marietta/Langley Research Center)

was facilitated which contributed significantly to work progress.
Management and cost performance in the form of award fee appraisals

facilitated direction to the program and added appropriate emphasis on
cost containment.

Mr. Brown, do you have any questions?
Mr. BROWN. Just one point. Your statement does touch lightly on the

sterilization problem. I know from the beginning of the concept of
this experiment that in the scientific community there was a great deal
of concern about the matter of sterilization and contamination of
Mars.
Has that controversy been satisfactorily resolved within the scien-

tific community?
Are the sterilization procedures we and the Russians are using ade-

quate to give some assurance at least we are not seriously endangering
Mars with Earth contamination?
Dr. PETRONE. I will ask Dr. Hinners to address that.
Dr. HINNERS. I believe that all our scientists are satisfied now with

our procedures on the sterilization; that we will meet the limits which
we have derived on the sterilization; and, that we are not taking an
undue risk in contaminating the planet.
One of the biggest efforts, of course, is being made to assure our-

selves that not only do we not contaminate Mars for its own sake,
but that we do not run the risk of having a false indication from
the biology experiments of life on Mars and that is being examined
very closely now in light of recent information to be sure that we do
have confidence in the answers we get from the biology experiments.
Mr. BROWN. Are there any members or groups within the scientific

community that are publishing critical material on this, on the science
aspects of this program? I am not aware of any, but I am not sure.
Dr. PETRONE. Critical in the sense of not being satisfied with what

is being done? I am not aware of any.
Dr. HINNERS. I am not aware of any either.
Mr. BROWN. Scientists that are writing critical reviews on every-

thing else that we do.
Dr. PETRONE. Well, I am sure in balancing the program—like when

we talked about deleting the No. 4 experiment on the biology package
in 1972—you make someone unhappy. We add one and make some-
one happy. I believe one has to expect that. Whether yours is flying
or not determines the happiness, and also the type of experiment we
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do affects certain elements of the scientific community. I would say
overall we have a good balance on the Viking program.
Mr. SYMINGTON. One way to delay the mission would be to require

an environmental impact statement of the impact on Mars.
Dr. PETRONE. Our soft landing, totally sterilized, we probably have

one of the best environments one could imagine.
Dr. CORTRIGHT. I can put a number to that, Mr. Chairman, if you

like, in answer to Mr. Brown's question. When COSPAR decided to
what extent they were going to protect Mars, they allocated out .to
various people trying to land on Mars, an allocation of probability
of contamination. It turns out each Viking is permitted 1 chance in
10,000 of releasing a viable organism on Mars.
Therein is a long story, but the end of that story is we have qualified

this spacecraft to take sterilization temperatures of 1110 centigrade,
actually by baking it at 123° to prove the capability. This had never
been done before, and worried us a great deal at the beginning of the
program. It has bitten us in a few places, such as the computer.
Mr. SYMINGTON. The biology package is affected, too, by the high

heat?
Dr. CORTRIGHT. It has to withstand that.
Dr. PETRONE. You hurt your valve seals by your sterilization proce-

dures. We had to design valves for that and the extreme temperatures
one could encounter in the mission.
Dr. CORTRIGHT. There was a tremendous amount of detail work done

in the early part of the program to identify parts and procedures which
would make it possible to sterilize the equipment.
Mr. SYMINGTON. What is the temperature you expect to encounter

at the landing site?
Dr. PETRONE. Plus 70° in the day time; minus 150° at night.
Mr. SYMINGTON. Quite a variance for instrumentation.
Dr. PETRONE. I do want to mention, we do take steps to have heaters

in our various parts of the program. We mentioned on the biology
package that the number is in the 40's. There are heaters in various
places to stabilize the temperatures within the Lander. The radio
thermal generators will be used as the primary source of heat to try
to keep a balance to see that temperatures are held within limits.
Where necessary, we will compensate with heaters on board the
Lander.
Mr. BROWN. Well, I am concerned about the financial aspects of

this program, of course, but also about the scentific aspects. It would
be highly unfortunate if by a combination of circumstances we ended
up with something that was both financially and scentifically not in
accordance with the best interests of the country, and I suppose that
possibility always exists in anything as complicated as this program.
I have no further questions, Mr. Chairman.
Mr. SYMINGTON. Thank you, Mr. Brown.
Mr. Winn.
Mr. WINN. I have just one question. I don't care who answers it.
Either yesterday or the day before in the Washington Post, Mr.

O'Toole wrote an article about Viking and said it might be up to its
neck in dust.

Will you comment on that?
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Dr. PETRONE. I would like to have Dr. Hinners comment on that.
The story about this test stated that it had been made in recent
weeks, but it turns out the test had been made some years ago. And
we were aware of it. The test referred to in the article was not of
recent origin. Some radar data correlation has been recent. But it
is relatively old data.
I would like Dr. Hinners to comment who was present at some of

the interpretation of the radar data.
Dr. HINNERS. We have been observing Mars for well over a decade

with radar observations. The best of the observations though, occurred
in the last year or so. From the radar results one can get two things: a
measure of surface roughness comparable to the state of the wave-
length used in the radar, and also an estimate of the physical prop-
erties of the soil in the upper several feet. What we have seen in
the radar results is, first, that the proposed landing sites for the
first mission appear to be quite acceptable in terms of the slope, slope
distribution, and appears to be well within the capability of the
Viking Lander. We do not have radar results and will not for the
proposed sites for the second mission. It is above the area in terms
of latitude where we can get results. In terms of the soil properties,
the radar results indicate a variation in a measurement of what I call
the dielectric constant. We take that measureinent and interpret it
in terms of a soil density, how much soil is packed into a given volume.
Now, most of the area on Mars appears to be of acceptable soil den-
sity such that there would not be a sinkage problem. The sites, again,
for the first Viking landing appear to be acceptable in terms of the
apparent soil density. The radar indicates that there are areas on Mars
which have possible densities much lower than we would think might
be acceptable for a landing. These areas are not our current landing
sites. The uncertainty occurs in that we do not have radar results for
the sites we are considering for the second landing.
What we are doing now is looking for alternative possibilities for

that second mission, sites for which we will have good radar results
so that if during the first landing we have any problem and find that
there is reason to doubt our interpretation of the radar, we could go
to a second site for which we do have radar results, rather than to
those sites we now have for which we do not have radar information.
Mr. WINN. The question they raised in the article—it is feasible

we may have misjudged the landing surface.
Dr. HINNERS. No; I don't think in those direct terms that is quite

true.. There are areas where we think there might be soils of low
density. I think to compare it to quicksand is not quite right because
quicksand is full of water such that when you walk into it you have
almost no buoyancy, and you go on down into it. We don't know of
any mechanism on Mars which would create that kind of a condition.
We have, based on those earlier tests, increased the area of the landing
footpads. Also the undersurface of the spacecraft itself is flat so
that if you do get into a situation where the footpads do start to com-
press the soil, then you hit the flat undercarrier of the spacecraft which
additionally acts as a load-bearing surface.
Mr. SYMINGTON. This arm would be 
Dr. PETRONE. You can work from here (indicating).
Mr. SYMINGTON. It can work up.
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Dr. CORTRIGHT. We had a hard time finding what set of circum-
stances would lead to a soil situation which would be so drastic as to
cause a sinking "up to the eyeballs." We will do everything we can to
avoid the doubtful areas and to go where our photographic and radar
information indicate we stand the best chance of having a firm sur-
face within the specification of the Lander.
Mr. WINN. Thank you.
Mr. SYMINGTON. Inasmuch as these radar studies, as you say, oc-

curred over the last year, and have given you a more precise under-
standing, then I take it they were not available at the planning of
the 1973 launch?
Dr. HINNERS. The best results have been available for the last year.

We have had radar observations since the mid to early 1960's and
some of the Goldstone results have come in at a later time. The ini-
tial ones were from the Haystack up in Massachusetts. We did not
have as good observations then. We will have some observations close
to the time of the Viking landing from the Arecibo Observatory. But
I don't think we will be putting a lot of reliance on the measurement
at that time. Mars is very far from the Earth and the radar signals at
that time are just at the marginal point where we think we will be able
to say for sure that the site is good. If it is marginal, you would have
a hard time saying so because of the weak signal at that time of the
year.
Mr. WINN. Have the Russian landing observations been of any

benefit to us as far as soil compaction?
Dr. PETRONE. I don't know of direct information 
Mr. WINN. They sent pictures.
Dr. PETRONE. Pictures from orbit. We, of course, in our Mariner

missions got some high quality resolution. You can correlate
' 

with the
radar data of the site and correlate the pictures and start to derive
some interrelationships there. It does not give you a direct measure-
ment, but you can get some inferences from correlating the pictures
with the radar data. This correlation gives us better information, but
it does not give you direct density.
Dr. CORTRIGHT. None of the Russian spacecraft have given any use-

ful data from the surface. One of the speculations of the failure mode
is very soft material, so that to that extent, we should try hard to avoid
areas that might threaten us that way. I think the answer is that this
spacecraft has a tremendous bearing area, if need be on its bottom.
Mr. SYMINGTON. I have but one last question. We do want to hear

from Mr. Parks.
In 1973 the GAO did a report on Viking and they made certain

recommendations. Let me quote from the report: "We believe that data
on changes in costs, schedule milestone, and performance characteris-
tics—similar to DOD reports on major weapons systems—would be
useful to the Congress in evaluating the Viking project." They sug-
gested NASA prepare such reports periodically for submission to
Congress and they suggest the reports contain details on budgeted and
actual cost of testing and other significant information regarding risk
and meeting performance characteristics, things like that.
Has NASA actually followed a pattern of providing periodic re-

ports to Congress in your own view?
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Dr. CORTRIGHT. We have made all of our information available to the
GAO. The way we attempted to respond to that is simply to make all
internal working documents available.
Mr. SYMINGTON. I am sure you are completely willing, if not anxious,

to keep us advised. I am not precisely certain in my own mind what
kinds of reports DOD gives or how it gives them, but it might not be a
bad idea to take a look at that and see if there is some way we can keep
the Congress more up-to-date on the progress of complex projects like
Viking. The way it has seemed to me to have occurred is every now and
then we get some rather tough news and then we have to sort of think
back and wonder how we got into that problem. Occasionally the
committee will take a trip and we will learn something horrendous
at that point we hadn't expected. Maybe there is no perfect way to keep
us all advised. The sooner that we all know there is a problem on the
horizon, the better we can work together to resolve it.
I do want to thank Dr. Petrone and Dr. Cortright for a very excel-

lent and complete statement.
We may have questions from the committee in writing which I trust

the witnesses will be happy to answer as best you can. We may not
have covered all the details, but we certainly got a lot done.
I also thank Dr. Hinners for his contribution.
Mr. Parks, I think we will now hear from you.

STATEMENT OF ROBERT J. PARKS, JET PROPULSION LABORATORY,
CALIFORNIA INSTITUTE OF TECHNOLOGY

Mr. PARKS. Mr. Chairman, my name is Robert J. Parks. I am the
assistant laboratory director for flight projects at the Jet Propulsion
Laboratory (JPL) of the California Institute of Technology. Thank
you for the opportunity to appear before your committee today to
discuss JPL participation in the Viking project.
The Jet Propulsion Laboratory is contributing to the Viking project

in several areas, as you know, for which it is responsible to the Viking
project office at the Langley Research Center.
The prncipal JPL assignments are to provide (1) the Orbiter

System, (2) the Tracking and Data Acquisition System, and (3) the
Mission Control and Computing Center System. In addition to these
major tasks, JPL is supporting the mission design and the flight
operations activities and is performing several small tasks in support
of the Viking Lander.
The laboratory efforts for the Orbiter include the System design,

the design and procurement of the subsystems through contracts with
the aerospace industry, providing the Orbiter science instruments,
conducting the assembly and system test of the Orbiter, and the final
launch phase preparations.
The Tracking and Data Acquisition activities include worldwide

data reception; tracking, and command support for the two Orbiters
and two Landers, utilizing, as appropriate, both the 26-meter and
64-meter facilities of the NASA deep space network. This effort
involves increasing transmitter power capability and providing X-
band coverage ( in addition to the normal S-band coverage) on a
worldwide basis.
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JPL support for the Mission Control and Computing Center covers
the ground computing and data display requirements as well as the
facility capabilities needed to command and control the spacecraft in
flight. It includes specialized facilities, computers, software, display
devices, and associated personnel. This activity covers both the Orbiter
and Lander as well as any special operations required during the
launch phase.
Support of the mission design activities includes design of the

Earth-to-Mars transit trajectories, the Mars orbital trajectories, the
navigation system concept, and the Orbiter science collection -plans.
For the flight operations activities JPL is preparing and will pro-

vide the following functions: Orbiter performance and analysis,
Orbiter science operations, and overall spacecraft navigation. In addi-
tion, JPL personnel are assigned to key positions in the flight team.
JPL is also assisting the Viking project by performing the first

and second order enhancement of the images sent back by the Lander
cameras and is supporting the calibration of the Viking Lander
cameras, in conjunction with these same tasks for the Orbiter cameras.
In addition JPL is developing the ground software required to
process the Lander telemetry data.
The laboratory was selected to carry out these tasks for the Viking

project because of the recent and applicable experience in all of these
areas resulting from prior Mariner projects, particularly the Mariner
Mars 1971 orbiter mission.
In 1970, when the Viking 1975 mission was first scheduled and au-

thorized, the plan envisioned an Orbiter generally based upon, but
considerably more capable than, the Mariner 1971 orbiting space-
craft. The Viking Orbiter would carry both itself and the Lander into
orbit at Mars and be capable of releasing the Lander for descent to
a preselected landing site. The Orbiter would also provide relay
communications to Earth for the Lander and conduct the assigned
orbital •science investigations. The schedule for the Orbiter system
was established primarily by the requirements of interacting with the
Lander; somewhat more time was provided than was required for the
Orbiter alone.
The plan for the Tracking and Data Acquisition, Mission Control

and Computing Center, and flight operations support activities was
based upon the Mariner Mars 1971 experience, with only generally
defined limits on both adaptive mode processing and simultaneous
control of the two Orbiters and two Landers. The schedule for these
activities anticipated readiness for orbital operations at the time of
launch.
In 1970 the cost of the JPL Viking effort, exclusive of Tracking and

Data Acquistion and Mission Control and Computing Center sup-
port, was estimated at $257 million which included provision for
5 percent per year cost escalation and a contingency or reserve allow-
ance of $10 million.
The activities have generally proceeded on schedule and are well

within the budget. In particular, during the last year, the design
qualification of the Orbiter System and its subsystems was completed,
the flight Orbiters have been assembled and are in test, the Orbiter
flight operations software has been delivered to integration, and com-
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patibility between the Orbiter and critical Lander components has
been demonstrated.
The activities related to the Orbiter have been accomplished within

the 1970 schedule. The schedule for the flight operations software has
slipped somewhat but is compatible with the current plan and does not
appear to portend any future major problems. The project has modi-
fied the overall schedule so that some operations capability, which is
needed only for the orbital period, will be developed and demon-
strated during the 11-month cruise period. This approach is believed_‘0 to be workable and appropriate.
The recent cost reduction activities initiated by the Viking project

office have changed the approach to several of the JPL tasks. The
proof test Orbiter is being reassembled and is now scheduled for flight.
Work on what was intended to be the second flight Orbiter has been
terminated. We will prepare the proof test Orbiter and the other
flight Orbiter using a single test team—as compared with the origi-
nally planned two—for all of the remaining activities scheduled at
JPL and at the eastern test range.
The cost reduction steps have also reduced the number of people

supporting flight operations and will modestly affect the adaptive
mode capability. We believe this reduction can be accommodated
without serious penalty to the operations.
At present, the second flight Orbiter installed in the solar vacuum

chamber is under test; the first flight Orbiter—previously the proof
test Orbiter—is being reassembled for final system tests prior to ship-
ment to the eastern test range. The flight operations software integra-
tion is well underway.
The outlook for the Tracking and Data Acquisition and Mission

Control and Computing Center support for Viking is generally good.
Initial demonstration tests to confirm compatibility with Viking mis-
sion requirements have not revealed any major problems. The modi-
fication of the 64-meter stations is expected to meet Viking launch
and planetary test schedules.
The incorporation of late changes in the Lander flight operations

software, which must be integrated with all of the other flight opera-
tions software, is of some concern. The integration of the Orbiter
flight operations software, although well underway, is being watched
carefully since this has been a troublesome area in past projects.
The current cost-at-completion target for the JPL effort exclusive

of Tracking and Data Acquisition and Mission Control and Computing
Center support is $239 million. This figure represents a reduction of
$18 million from cost estimates made in 1970. The cost-saving efforts
discussed above have contributed to this saving. There is no contin-
gency in the $239 million budget, but every effort will be made to hold
to this cost.
Mr. Chairman, that completes my prepared statement. I will be

happy to answer any questions.
Mr. SYMINGTON. Thank you, Mr. Parks.
At the bottom of page 4 you refer to the incorporation of late changes

in the software as being of some concern, and then you speak of in-
tegration of the orbiter flight operation software.
Can you describe the problems with greater particularity?

44-128 0 - 75 - 15



222

Mr. PARKS. Yes, sir. The software I am referring to here as to do
with that software that is used in the ground computers to analyze and
interpret the data that is being sent back by both the Orbiter and
Lander. This ground software, of course, has to be compatible with
and consistent with the specific design of the flight hardware and its
software. The fact that the Lander is somewhat behind its original
schedule and has had some modifications in the design of the hard-
ware and/or late development of this software, simply indicates that
there might be a problem. At the present time, we have no specific
indications of any problem in making sure that that software integrates
properly with all of the rest of the ground software. By integrates
properly, I mean that it must work in the computers properly and
work simultaneously with all the other software that has to be operated
in the computer. We have had some difficulty in past projects as I al-
luded to in my statement, in insuring that this software integration was
accomplished properly.
We have been able to overcome all of these problems in the past

and we fully expect to be able to do so here. It is highlighted here
to note the fact that we are alert to this concern and are doing every-
thing we know how to be prepared to overcome any of these late
problems, should they in fact occur.
Mr. SYMINGTON. Mr. Winn, do you have any questions?
Mr. WINN. I have no questions.
Mr. SYMINGTON. Mr. Cortright said you were developing the GCMS

experiment and there has been some cost growth there. Perhaps you
can describe the problems giving rise to that?
Mr. PARKS. Yes, sir. We initiated the development of the GCMS

experiment and carried it through to a point in time where we be-
lieved that the basic development was essentially completed. At this
time, it was a decision by the Viking Project Office to transfer the
responsibility for the continuing GCMS efforts from the JPL to the
Langley Research Center. They then undertook this task themselves.
We have not had any direct involvement with it subsequent to that
time. Prior to the time it was transferred there was a significant cost
growth as Dr. Cortright indicated, and their cost growth must be
attributed to the same types of problems that he referred to. This was
a new instrument, it was in effect taking a laboratory technique and
when applied in the laboratory requires a room full of equipment
and miniaturizing it to an instrument of the size that could be flown
on a Viking Lander.
There was an underestimate of the effort that would be required

to accomplish that complete miniaturization to the requirements that
were needed. We had to do a number of things to try to contain the
cost growth and to assure that there was a good plan established to
complete that effort. At the time the job was transferred, it was our
judgment that those eccomplishments had been achieved.
Mr. SYMINGTON. This spectrometer, what was its function exactly?
Mr. PARKS.. The technique here is to try to measure the Martian

soil to determine what kind of organic materials it actually contains;
and whether these be of actual biological type origin or whether they
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be simply a complex organic molecule not necessarily of biological
origin. This is a sophisticated technique that combines the use of a
gas chromotograph to separate the material in the soil in a way that
it can be handled effectively by the mass spectrometer which in turn
looks for specific indications of organic type material.
Mr. SYMINGTON. You say JPL had this well in hand. Why was it

transferred then to Langley?
Dr. CORTRIGHT. I think I probably should answer this, Mr. Chair-

man.
We did it as a cost containment movement at the time. I believe

the cost estimate at the time of transfer was about $39 million. We
hoped to do the job for less than that by managing it with fewer peo-
ple. JPL proposed a rather large team. We thought we could do it
with fewer people and get those people off the Viking payroll. We
did it with fewer, but the cost came out the same. So in a sense, what
really happened was the money we saved on JPL salaries went back
into paying cost growth. The job came out at the number they pre-
dicted.
Mr. SYMINGTON. This was in August of 1971?
Dr. CORTRIGHT. March, 1972.
Mr. HAMMILL. After JPL had worked on it, for how long?
Dr. CORTRIGHT. It started well back in the advanced technical de-

velopment phase, maybe 5 or 6 years ago. The only reason we took it
over was because we felt we were ready to settle down and build
something and stop researching.
Mr. HAMMILL. In general, when a project is taken over by someone

else, the costs are increased rather than decreased because each new
organization has to go through a learning procedure and usually
must learn some of the things the other one has already learned. Is
that not true in this case?
Dr. CoRTRIGIrr. I don't believe so. We had worked closely with

JPL. We essentially stayed on their plan, the same contractor.
Mr. HAMMILL. Who is the contractor?
Dr. CORTRIGHT. Litton is the prime, supported by Beckman and

Perkin Elmer.
Mr. HAMMILL. For the record could you insert a statement of the

financial history of that development, what it was supposed to cost in
the beginning, what the problems were that were encountered?
Dr. CORTRIGHT. It will appear in the other cost history asked for and

we will add some additional comments.
[The information follows:]

GAS CHROMATOGRAPH MASS SPECTROMETER COST GROWTH

[In millions of dollars]

July
1970

August
1971

July
1972

July
1973

January
1974

November
1974

GCMS support (including JPL effort)__ 15. 5 18.8 9.8 9.8 9.8 9. 8
Contractual effort 7. 0 21. 1 20. 5 25. 1 28.6 30.6

Total 22. 5 39. 9 30. 3 34. 9 38. 4 40.4
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Cost changes occurred due to the following major causes

July 1970—August 1971  Litton was selected by JPL for negotia-
tions in July 1971. Significant redesign
activity was identified as systems con-
tract was definitized.

September 1971—July 1972  The Litton contract was novated in March
1972 by the Langley Research Center.
The cost decrease was due to deletion of
all JPL effort related to subcontract
management, restructuring of the Lit-
ton Systems contract and instrument
simplification.

August 1972—July 1973  Identification of need for additional de-
velopment work based on deficiencies
found in development test unit (DTU).

August 1973—January 1974  Occurrence of corona problem in PTC
mass spectrometer and resolution.

February 1974—November 1974  Lander pyrolyzer assembly problem and
schedule slippage based on this prob-
lem and numerous minor manufacturing
problems.

Mr. SYMINGTON. On page 9 of your statement at the bottom, you say
that the Lander system level tests on the PTC to be followed ley flight
article testing was an effort which proved to be generally underscored
both as to resources and time required. Can you enlarge on that for us?
Dr. CORTRIGHT. Yes, sir; I can.
The numbers of people involved in running the test on the proof test

capsule were underestimated and the amount of difficulty that we
encountered in getting those tests completed was underestimated. Part
of this was due to problems we experienced with ground test equip-
ment. That equipment still continues to bother us and probably will off
and on throughout the remainder of the project.
We also ended up with quite a bit of parallel testing going on at the

company plant, which for some period of time at least involved addi-
tional test people.
Mr. SYMINGTON. When you encounter problems that you are able to

overcome through restructuring management and remotivating peo-
ple and new ways of changing the contracts, I hope that all becomes a
part of your experience that is incorporated in any new ventures that
you undertake, or is it that each project develops its own problems in
such a neat way there is nothing much to be learned managerially from
the experience?
Dr. CORTRIGHT. I will give you my answer and Dr. Petrone will prob-

ably have his own.
I believe we learn the same lessons repeatedly in the development

of high technology projects and it probably relates at least in part to
the fact that people are imperfect creatures.
Dr. PETRONE. I would like to add that one step Langley did take

here in testing at Martin, where new procedures had to be produced,
was to call upon the Kennedy and Johnson Centers for what was
available from Apollo testing, to go to Denver and assist in setting
up certain, different techniques in scheduling, in trying to anticipate
problems. There was a case where experience was available within
NASA, specifically in the area of tests when a deficiency in effect was
encountered. Langley did take the steps, Dr. Cortright, personally, in
trying to get assistance from two of our centers, which had this experi-
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ence from Apollo and did move people who are still in residence at
Denver. I use the word anticipate, that is a difficult thing to do. That
is also the key to move on, all of which takes time and manpower.
Mr. SYMINGTON. Dr. Petrone, what in retrospect, if anything, would

you have done differently in the preparation of Viking project? That
is a rather broad question. I am sure there must be some thoughts.
Dr. PETRONE. The one that comes to mind, I would understand the

requirements better. That is an easy statement to make and a very tough
one to live by. It is the one item I do believe, and we also see it
in our discussion with the DOD and some of their projects, the ques-
tion of a clear delineation of the requirement and feedback as to what
that is going to mean. Now, when you are in the business of explora-
tion, and pushing technology, you, of course, want to take on those
challenges. If you are not going to develop technology or make the
advance, then it is a question of what balance you take. I predict
we will always have unanticipated problems. If we do not, we are
not taking the steps for the country and the committee they would
like us to take. The question of understanding the requirements, do
you have enough technology basis work, we refer to our R. & D. base
to develop, work the problems in a research phase, so then you have
that material to build on as you ''cio into a hardware project. When
one goes into fundamental research problems, when you have the main-
stream contractors in line you are going to encounter delays which
mean money and resources. The biggest lesson I see in this, and in other
projects we have had, is this question of research base and having
looked at the requirements with sufficiently keen eye to try to see where
the weak spots are, what needs more work before I kick off my main
line program.
Mr. SYMINGTON. Well, we thank you. We know that you are doing

your level best, which is a very good job indeed to get this project going
and without taking unacceptable risks to cut costs and bring them into
line.

So, we thank you very much, Dr. Hinners, Dr. Petrone, and Dr.
Cortright, Mr. Parks for being here. I am sure we will be conversing
frequently with you in the future.
We will reconvene in this room tomorrow at 9 a.m. Today's meet-

ing is adjourned.
[Whereupon, at 12:05 p.m. the subcommittee was adjourned to

reconvene at 9 a.m., Friday, November 22, 1974.]





VIKING PROJECT

FRIDAY, NOVEMBER 22, 1974

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE AND ASTRONAUTICS,

SUBCOMMITTEE ON SPACE SCIENCE AND APPLICATIONS,
ashington,D.0 D.C.

The subcommittee met, pursuant to notice, in room 2325, Rayburn
House Office Building, Hon. James W. Symington (chairman of the
subcommittee) , presiding.
Mr. SYMINGTON. The subcommittee will be in order.
This is the second day of legislative oversight hearings on Viking,

NASA's most complex and expensive planetary exploration project.
Yesterday, the Subcommittee on Space Science and Applications

heard witnesses from NASA Headquarters, Langley Research Center,
and the Jet Propulsion Laboratory. Today, we will take testimony
from representatives of Martin Marietta Corp., the prime contractor,
and from two major subcontractors—TRW Systems, and Honey-
well, Inc.
Representatives of these industrial contractors are here to describe

their companies' participation in the Viking project. These witnesses
are in the best position to provide details on the critical technical prob-
lems that have been encountered in this very demanding development
program, as well as their impact upon costs.
We recognize that these hearings also provide a forum for these fine

industrial organizations to recount their technological achievements,
and we welcome a report on the extraordinary difficulties that have
been overcome during the past 5 years. At the same time, we expect
a candid description of the current status of the project, including
problems that remain to be solved. Finally, we seek their expert
opinion on the probability of mission success, a matter of growing
concern to the committee as the Viking story unfolds.
Our first witness this morning is Mr. L. J. Adams, vice president and

general manager of the Denver Division of Martin Marietta Aero-
space. He is accompanied by Mr. W. O. Lowrie, vice president and
Viking program director.
Welcome, gentlemen. Mr. Adams, you may proceed with your

prepared statement.
[The complete prepared statement of Mr. Adams follows:]

( 227 )
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STATEMENT OF LAURENCE J. ADAMS

VICE PRESIDENT AND GENERAL MANAGER

MARTIN MARIETTA AEROSPACE DENVER DIVISION

VIKING LANDER PROGRAM

INTRODUCTION

The Viking Lander Program is about to enter its final checkout and launch

preparation phase. After having completed the development phase and being

essentially complete in the component and spacecraft qualification phase, the

program is in a sound technical and schedule posture. Very high confidence exists

that the launch window will be met with hardware having a high degree of

maturity and integrity.

A number of serious technical problems were resolved during this past year. The

most severe problems were airborne computer development, biology instrument

development, and the achievement of total functioning of the ground test and

checkout systems. In addition, slippage which had accrued in the development of

many of the lander hardware components and science instruments had to be

accommodated in the down stream program. These problems were compounded

by the fixed launch window. The resolution of these problems resulted in a

significant cost growth. Vigorous action over the last several months has cut back

some of this cost growth. These vigorous actions on the part of NASA, Martin

Marietta and the subcontractors, coupled with the rather significant hardware

maturity which now exists, provide a high degree of confidence the program can

be completed without further growth.

CURRENT STATUS

The Viking Lander Program has reached a very high level of maturity and is

therefore in a good position to move on into the final launch checkout phase. Of

all of the parts, materials, processes, devices and components that go to make up

the Viking Lander, ninety-seven percent (97%) are now through their final

qualification. Ninety-four percent (94%) of the hardware required to build the

two flight landers or to support their launch in the form of spares is now either in
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the flight landers or in stockrooms in Denver. The Proof Test Capsule, a complete

flight-like capsule intended specifically for environmental qualification tests at the

spacecraft level, is now eighty-five percent (85%) through the qualification

program. PTC completed three sterilization cycles more severe than the flight

landers will see in terminal sterilization; it has been vibrated and bombarded with

acoustic energy more severe than will be experienced during launch; it has been

exposed to a thermal qualification more severe than the cruise to Mars and more

severe than the surface conditions on Mars; and it has recently completed a

comprehensive series of science end-to-end tests. These tests demonstrated the

capability of the science system, with the exception of biology, to operate in an

environment similar to that on the surface of Mars. The tests included the digger

picking up dirt and delivering it to the Gas Chromatograph Mass Spectrometer

and the X-ray spectrometer. Pyrotechnic and landing shock environmental testing

currently in progress, and another Martian-surface-environment-simulation test to

check out the flight-type biology instrument in the lander, will complete the

Lander Qualification Test Program. Successful completion of these tests in

February will provide confidence in the integrity of the lander hardware system.

The flight software, the load that goes into the airborne computer, has also

completed a series of evolutionary steps including development and testing.

During the past year the preliminary version of this software was tested against

computer emulation and in the hardware. Problems resulting from these tests have

been resolved and the flight version of this software is now released for higher

order compatibility testing. It will now be tested with the ground data system and

the Flight Landers. The final formal verification of the software package also has

started and will be completed in April. The flight capsules have completed their

initial buildup and checkout. A series of radar tests and electromagnetic

compatibility tests have been run on the Flight Landers, and Flight Lander 1 is

just entering its final thermal vacuum test after which it will be shipped to the

KSC in January. Flight Lander 2 is on schedule and will arrive at the KSC during

February. Figures 1 through 6 are photographs representative of the above

mentioned activities.

The favorable health of the program is also depicted by general management

indicators. Three of these are shown on the accompanying graphs. The

engineering change activity, Figure 7, shows a very healthy downward turn since

May of this year. In May there was a peak of 213 change packages processed, but

by October that had been cut in half and the overall slope is sharply downward.
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Lander discrepancies, Figure 8, also show a downward trend—although not as

dramatic. This data has not been normalized for the very pronounced increase of

system test activity over the past several months. If it were normalized, it would

also show a much sharper downward trend in terms of discrepancies per hour of

tests. These two items are typical of the Project trends over the past several

months. As a result of this maturity, a significant reduction in force was achieved

in the month of October which reinforced the downward trend in manpower.

This is shown in Figure 9. There is every reason to believe the continued

downward trend in manpower can be achieved and that the overall manpower

plan can be met. This is of course of primary significance with regard to

cost-to-complete, since labor is our remaining largest major manageable item.

All of the above described indications are positive and provide the necessary

confidence in completing the remaining parts of the program within technical,

schedule and cost constraints.

PROBLEMS OF THE YEAR

While dramatically improved performance was evident this past year on most of

the major components, most notably on the imagery system and the radars,

several severe problems were encountered. Major among these were the serious

memory development problems in the main computer; numerous technical

problems in the biology instrument; the impact to the major system test program

of late deliveries of many components; and finally, difficulties in getting the

!ander test and checkout program moving efficiently.

Mr. Rynearson of Honeywell will discuss in some detail the computer problem

and its impact. In summary, continuing technical problems in the development of

the memory system required the initiation of a major parallel development of a

core memory to be used as a backup program. The late development also forced

the use of less than flight-grade computers to accomplish a number of the early

system tests in Denver. Consequently, the technical problems associated with this

very difficult development impacted costs in three areas: the basic computer

development, the backup memory system program, and the impact on the system

test program. A very extensive cooperative effort on the part of NASA, Martin

Marietta and Honeywell has resulted in the resolution of the technical problems.

The critical qualification tests have been completed, and the first Flight Lander

computer will be delivered to Denver in a matter of days.
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Dr. Solomon of TRW will subsequently discuss the development status of the

biology instrument in some detail. In summary, a year ago there was serious

concern that the biology instrument could not be developed for Viking on the

required time schedule or, at the very least, would require a radical departure

from requirements. The instrument was beset with a number of significant

problems which in the aggregate were almost unresolvable within the packaging

constraints imposed upon the mechanical subsystem. A vigorous corrective action

program was initiated at TRW with strong support from Martin Marietta and

NASA. As of today, the open problems have been largely resolved. The first

flight-type biology instrument will be delivered to Denver in the next few days for

use in the spacecraft level tests previously mentioned. The confidence level in

having two perfect biology instruments for flight is now quite high. However, the

test maturity is considerably lower than that for the computer, and it still remains

the single highest risk element on the lander. Although the late delivery of biology

is highly undesireable, the interaction of this subsystem's late delivery with the

lander system test program is not as serious as that of the computer.

Consequently, the cost impact is primarily associated with the biology instrument

development problems alone.

The component development-and-qualification program on Viking has been

completed—on the average—about five months later than originally planned as a

result of technical problems. In the current year this development slippage has

had a significant effect on the ability to efficiently conduct the system test

program. The lateness in delivery of flight hardware required the use of earlier

generation hardware in a number of instances to get tests started. This was

inefficient and resulted in a significant amount of additional procedures, test

sequences, data reductions, test troubleshooting and anomaly investigations. With

ninety-four percent (94%) of the flight hardware delivered, this problem has

diminished. However, it had a serious cost impact during the year.

The last major problem area experienced this year was associated with making the

ground test system work efficiently with the checkout of the lander. This of

course includes the sequences or procedures used to run tests. Part of the problem

was the result of the previously discussed item. In addition, there was a significant

period earlier this year when the instances of down time of the ground complex

were far too high. An extensive, detailed design review and a stiffening of
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preventive maintenance was instituted to improve the equipment reliability. At

the same time, the number of people designing and developing tests and their

automatic sequences was significantly increased. Test progress in recent months,

including the complex science end-to-end test on the Proof Test Capsule, has

shown that the corrective action has worked. The capability has now been

demonstrated to run the necessary test programs from now through launch.

PROGRAMMATIC ACTIONS

The lander system-level-test-and-checkout program has undergone a significant

change during the past year. There have been a number of tests eliminated and a

number of tests added. These are summarized in Figure 10. These changes

occurred for several reasons: new knowledge indicated the need to add tests such

as the Radar System Test; new knowledge allowed the elimination of tests such as

the heat sterilization in Denver; schedule conflict required revamping of the test

program, such as the redesign of the two thermal vacuum tests into a single test

because of schedule conflict in the vacuum chamber; or the elimination of tests to

save dollars where additional risk would not be large, such as the elimination of

acoustics and vibration. This revised test program is a well balanced program

providing all the necessary design and confirmation data, as well as control

through testing of the Flight Articles. The other significant programmatic change

has been the elimination of the third Flight Lander. This action was taken

specifically to minimize Viking costs, with some slight increase in risk; the risk

being associated with the probability of getting two spacecraft launched from the

same launch pad within the launch period. At the outset of the Viking program, a

major concern existed in the ability to develop a lander capable of heat

sterilization without some very significant probability that hardware failures

would occur during the terminal sterilization. Consequently, the third lander

existed because of a strong belief that one or more recycles of the hardware

would occur as a result of such terminal sterilization failures. Experience to date

on flight components and on the complete PTC spacecraft indicates that the

probability of failure is much lower than originally anticipated. This of course has
resulted from a very heavy attention to detail in materials, processes, and
component packaging. Consequently, when one analyzes the various time lines for
launching two spacecraft, using actual program experience, the assumption of

increased risk by eliminating the third lander is not high.

-

s
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All of the programmatic actions taken on the lander system in the past year have

of course been accomplished in close cooperation with the NASA. Although there

is some increase in risk, it is not large; and certainly, the basic concept and intent

of the Viking Program has not been altered by the actions taken.

CONCLUSION

The lander system has reached a high level of maturity, and the confidence exists

that the lander will be ready for the August 1975 launch period. More

importantly, the lander will be there with very high grade hardware capable of

accomplishing the very difficult Mars mission. It is unfortunate that the technical

and schedule accomplishment could not have been achieved without the cost

growth that has been experienced. Viking has been the most difficult technical

challenge Martin Marietta has faced, and it is the most complicated unmanned

space program undertaken by this Nation. It is my opinion that, although the

program cost will exceed our initial projections, it is not out of proportion with

the degree to which the technical challenge exceeded our initial understanding. I

am proud of the overall results that we have achieved, and I am dedicated to

completing this program with a highly successful mission on the surface of Mars.



Fig. 1 Proof Test Capsule being Readied for
Science End-to-End Test



•

F
i
g
.
 
2
 

C
l
o
s
e
-
u
p
 
o
f
 B
o
o
m
-
D
i
g
g
e
r
 
A
s
s
e
m
o
t
y
 
a
n
a
 
G
a
m
e
r
a





F
i
g
.
 
4
 
E
x
a
m
p
l
e
 H
i
g
h
 R
e
s
o
l
u
t
i
o
n
 P
i
c
t
u
r
e
 f
r
o
m
 
L
a
n
d
e
r

S
c
i
e
n
c
e
 
T
e
s
t



-.
14
1,
1v
40

F
i
g
.
 
5
 
E
x
a
m
p
l
e
 P
a
n
o
r
a
m
a
 P
i
c
t
u
r
e
 f
r
o
m
 
L
a
n
d
e
r
 S
c
i
e
n
c
e
 T
e
s
t



Fig. 6 Test Model being Prepared
Proof Test
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STATEMENT OF LAWRENCE J. ADAMS, VICE PRESIDENT AND GEN-
ERAL MANAGER., MARTIN MARIETTA AEROSPACE, DENVER
DIVISION

Mr. ADAMS. Thank you, Mr. Chairman and members of the commit-
tee. I welcome the opportunity to appear here today to discuss the
status of the Viking Lander program.
The Viking Lander program is about to enter its final checkout

and launch preparation phase. After having completed the develop-
ment phase and being essentially complete in the component and space-
craft qualification phase, the program is in a sound technical and
schedule posture. Very high confidence exists that the launch window
will be met with hardware having a high degree of maturity and
integrity.
A number of serious technical problems were resolved during this

past year. The most severe problems were airborne computer develop-
ment, biology instrument development, and the achievement of .total
functioning of the ground test and checkout systems. In addition,
slippage which had accrued in the development of many of the Lander
hardware components and science instruments had to be accommo-
dated in the down stream program. These problems were compounded
by the fixed launch window. The resolution of these problems resulted
in a significant cost growth. Vigorous action over the last several
months has cut back some of this cost growth. These vigorous actions
on the part of NASA, Martin Marietta and the subcontractors, coupled
with the rather significant hardware maturity which now exists,
provide a high degree of confidence the program can be completed
without further growth.
I would like now to review in some detail the current status of the

program.
The Viking Lander program has reached a very high level of matur-

ity and is therefore in a good position to move on into the final launch
checkout phase. Of all of the parts, materials, processes, devices and
components that go to make up the Viking Lander, 97 percent are now
through their final qualification; 94 percent of the hardware required
to build the two flight landers or to support their launch in the form
of spares is now either in the flight landers or in stockrooms in Denver.
The proof test capsule, a complete flight-like capsule intended spe-
cifically for environmental qualification tests at the spacecraft level,
is now 85 percent through the qualification program. PTC completed
three sterilization cycles more severe than the flight landers will see
in terminal sterilization; it has been vibrated and bombarded with
acoustic energy more severe than will be experienced during launch;
it has been exposed to a thermal qualification more severe than the
cruise to Mars and more severe than the surface conditions on Mars;
and it has recently completed a comprehensive series of science end-
to:end tests. This later series demonstrated the capability of the
science system, with the exception of biology, to operate in an environ-
ment similar to that on the surface of Mars. The tests included the
soil sampler digger picking up dirt and delivering it to the gas chro-
matog.raph mass spectrometer and the X-ray spectrometer.
I might add that very few design problems of any substance were

encountered in these tests. The ones which were encountered have
been fixed, revised and are well on the way to completely being re-
solved. Pyrotechnic and landing shock environmental testing currently
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in progress, and another Martian-surface-environment-simulation
test to check out the flight-type biology instrument in the Lander,
will complete the Lander qualification test program. Successful com-
pletion of these tests in February will provide confidence in the in-
tegrity of the Lander hardware system.
Mr. SYMINGTON. May I interrupt at this point? The biology pack-

age won't be ready in February, will it?
Mr. ADAMS. The first biology instrument will be delivered to us

very shortly, and we will install it into the PTC and its testing will
be completed in this simulated Mars surface testing in February. The
dirt qualification testing on biology will be performed on one of the
flight-type units and will be completed later—I believe the date is
March.
Mr. SYMINGTON. In other words, the package will not undergo any

change as a result of qualification testing?
Mr. ADAMS. That is the intent.

• Mr. SYMINGTON. That is the intent?
Mr. ADAMS. Yes. We have a fair bit of testing now on the biology

experiments at TRW. They have been through the complete func-
tional test-out with the system which they are going to deliver to us
in early December. That one has been through the complete func-
tional testing and we then have built up a fair bit of confidence from
that testing. All of the units are basically built at this time, and they
are in their checkout, final checkout testing.
The flight software, the load that goes into the airborne computer,

has also completed a series of evolutionary steps including develop-
ment and testing. During the past year the preliminary version of this
software was tested against computer emulation and in the hard-
ware. Problems resulting from these tests have been resolved and
the flight version of this software is now released for higher order
compatibility testing. It will now be tested with the ground data sys-
tem and the Flight Landers.
Mr. SYMINGTON. What kind of problems were they that you re-

solved?
Mr. LOWRIE. During the development of the software, we ran into

several problems. One of the major phases of the software is to control
the whole descent cycle, taking radar data and inertial reference data,
and navigating to the ground. We ran into some timing problems and
storage problems. We had to do some reframing which is reasonably
typical in the development of this kind of software package. That
has been completed and we can now run descent runs in the emula-
tion mode at will. So all the major problems are behind us in the soft-
ware. The things you get now are minor incompatibilities in subse-
quent testing with the final hardware. So we should not see any major
problems from now on in software.
Mr. ADAMS. The final formal verification of the software package

also has started and will be completed in April. The flight capsules
have completed their initial buildup and checkout. A series of radar
tests and electromagnetic compatibility tests have been run on the
Flight Landers, and Flight Lander 1 is just entering its final thermal
vacuum test after which it will be shipped to the KSC in January.
Earlier Walt had some discussion that it may go on somewhat

earlier than that. However, the scheduled date is mid-January.
Flight Lander 2 is on schedule and will arrive at the KSC during

February.
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I'd like to go through a series of photographs which we brought
along to demonstrate some of the events I have been talking about.
I think they are a little better than the ugraphs. They are in color and
come through better than this thing here.
This first picture shows the PTC being prepared for the science

end-to-end testing as it is being placed into the chamber. In this test,
the Mars surface environment was simulated in the space chamber at
Denver and the simulation there included the atmospheric composition
and density, day and night thermal variations which were accom-
plished through the use of a solar simulator in the chamber, plus
rotation of this particular test article. To simulate the day and night
variations and then the radiation characteristics of the surface of
Mars, temperatures were simulated upon the pad on which the vehicle
is located. In the course of this testing, then, we provided boxes con-
taining simulated Martian soil and the soil sampler actually picked up
soil from the boxes, delivered it to the instruments and it was analyzed
by the instruments in the test. The overall test program from this
science end-to-end testing is completed, as I mentioned before, with
the exception of biology. The test will be completed later on with biol-
ogy because it was not available at this time.
The next chart is a view taken by one of the cameras at the other

camera which is shown up here and the soil sampler and boom assembly
which is down here. The boom itself is rolled up in this box here, and
then it is extended. This is the "digger" sampler and this is extended on
out. The whole sampler is controlled by a series of electric motors.
During the test, then, it was extended as I mentioned, picked up soil
and returned it back to the instruments.
The next picture is of the targets we had in there for the camera

system itself. Pictures were taken of these, actually the colored boxes
on here, and then the photos from the camera were compared with the
actual photos, with the actual samples themselves and the fidelity there
was very good.
The next two photos were part of the science test on the camera and

were taken at our Denver facility. The first is a view of the landscape
there at Denver and you can see the very high resolution that we are
getting from the system. The next one is another picture of Denver.
This happens to be our plant layout taken from back up on one of the
hills there, and again you can see the very good fidelity out at great
distances.
The next picture is of a radar test which we instituted later in

the program. As I said, I will discuss that a bit later on. This is a
lull-scale model of the vehicle being lowered into a chamber for
testing on the radar system. This test had not been initially in the
program. It was added when we found some problems at lower level
tests, so we did construct this chamber over in our space simulation
chamber, specifically for running the tests. It was used in trouble-
shooting, in pinpointing the problems.
These are just some views of that test program and the activities

that went on there.
Figures 1 through 6 are photographs representative of the above-

mentioned activities.
The favorable health of the program is also depicted by general

management indicators. Three of these are shown on the accompany-
ing graphs. The engineering change activity, figure 7, shows a very
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healthy downward turn since May of this year. In May there was a
peak of 213 change packages processed, but by October that had been
cut in half and the overall slope is sharply downward. This particu-
lar downward trend, then, is a very healthy trend, and we believe it is
a very good indicator of the status of development of the system it-
self. I might point out that this high peak of activity is really the
area when most of the development and qualification testing activity
was going on. That is now completed. The peak activity up here oc-
curred about the time we were delivering the first flight components
to Denver and a major activity in cleaning up all the open paperwork
and those sorts of things was initiated there which caused the change
package count to go up but did not necessarily affect the hardware.
Mr. SYMINGTON. The change package, what is that exactly?
Mr. ADAMS. The change package involves generally one specific

problem which is to be solved. For example, if it is necessary to pro-
vide a fix on a piece of the structure, then a change package is initiated
to do that and it includes all of the impact on the other parts of the
system, be they software, hardware, procedures, or whatever. So the
change package covers all the activity for one problem, one specific
problem.
This did go up slightly back here. But again, if you look at the

itrend right now, it is on the way down still, so that s a very healthy
indicator.
Mr. SYMINGTON. Even though that curve is going down, are any

of those remaining change packages possibly critical ones or are they
all just minor?
Mr. ADAMS. Walt, why don't you address that?
Mr. LOWRIE. I don't have at the moment any items of an open

nature that I would call critical at this phase of the program. You do
have to clean up items, the radar tests which Mr. Adams is going to
speak of shortly. I have an open-change input on the radar altimeter
we have to open the box up and change a resistor to get a different
gain setting in order to play better with the Lander. I would not
consider that as a critical change. I have a number of that type of
activities. I don't have any critical issues facing me.
Mr. ADAMS. Lander discrepancies, figure 8, also show a downward

trend—although not as dramatic. This data has not been normalized
for the very pronounced increase of system test activity over the past
several months. If it were normalized, it would also show a much
sharper downward trend in terms of discrepancies per hour of tests.
The lander discrepancies occur on the program, when some discrep-
ancy is noted either in the paper, the drawings, the operation of the
system or errors made by an operator. A formal form is filled out
to note the discrepancy and then a formal action has to take place to
close it out. That is what the discrepancies are. Again, you can see
the discrepancies have been on a very sharp downward trend even
here. Even this is somewhat misleading in that the total number
of test activities going on during that period is significantly higher
than it has been in the past, so the number of discrepancies during
a test hour is really down quite sharply. These two items are typical
of project trends. As a result of this maturity, a significant reduction
in force was achieved in the month of October which reinforced the
downward trend in manpower. This is shown in figure 9. Again, here
you can see that we have started a sharply downward curve. I might
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digress for just a moment on this curve. It does tell you a lot about
the program. We moved up the program reasonably well along through
the first years. Mid 1972 was our really first significant departure from
our original plan.
At that point, we had intended to be able to peak out the manpower

and start back down again. It turned out we were not able to do that.
This was the point where we were bringing into being most of the
major subsystem test articles—the structural test article, the propul-
sion test article and the thermal test article. All were being built at
this time, and that was the place where real maturity on those kinds
of systems was achieved. The designs had to be finalized, lots of change
activity was taking place in terms of these particular phases at that
time. A lot of activity was going on in the shop. It was necessary to
actually push the manpower up to this higher-than-anticipated peak.
We did achieve the completion of those articles, basically on the sched-
ule we wanted but it cost us some money to do that. We had antici-
pated at this point—about a year ago—that we were going to be able
to continue down a steep curve which is almost parallel to the one we
are coming down now. This is a point where the problems which I
am addressing here today really got to us, and we found that as op-
posed to being able to take people off this point, we actually had to
put some on. I will discuss the reasons for that as we move along here
today.
There is every reason to believe the continued downward trend in

manpower that has recently started can be achieved and that the
overall manpower plan can be met. This is, of course, of primary
significance with regard to cost-to-complete, since labor is our remain-
ing largest major manageable item.

All of the above described indications are positive and provide the
necessary confidence in completing the remaining parts of the program
within technical, schedule, and cost constraints.
I would like now to review briefly some of the major problems,

primarily the past year which have caused this manpower problem
I referred to earlier.
While dramatically improved performance was evident this past

year on most of the maj or components, most notably on the imagery
system and the radars, several severe problems were encountered. I will
digress here just a moment. A year ago these were burning problems,
as you may recall. Since that time, they have shaped up extremely
well. All of the imaging systems are now in Denver and they are work-
ing beautifully. The radar systems have all been there. The radar
altimeters are being turned around for a minor modification at this
point. The majority of the systems are there now. We have accom-
plished the completion of development of those two major complex
systems.
Mr. SYMINGTON. Who is the subcontractor?
Mr. ADAMS. ITEK is the subcontractor on the imagery and Tele-

dyne-Ryan is the contractor on the radars.
The major problems of the year were the serious delay in memory

development on the main computer; numerous technical difficulties in
the biology instrument the impact to the major system test program
of late deliveries of many components; and finally, difficulties in get-
ting the Lander test and checkout program moving efficiently.
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Mr. SYMINGTON. For the record, you might list those components
that came in late. Would you provide that for the record and the cost
impact?
Mr. ADAMS. All right, we will do that.
Mr. SYMINGTON. For each one.
[The information follows:]
The cost impacts on the test program due to the late delivery of flight com-

ponents was $4.3M. The following components were late to the scheduled delivery
dates by the number of weeks indicated as follows:

Component Weeks late

Radar altimeter No. 1, FA-2  12
Communications system  11
Tape recorder, FA-1  7
Surface sampler control assembly, FA-2  6
Data storage memory workaround SP—Non flight Unit  6
Seismometer, FA-1  9
X-ray fluorescence, FA-1  8
Surface sampler control assembly, FA-3  5
Power conditioning distribution assembly, FA-2  12
Battery power assembly, FA-3  2
Tape recorder, FA-2  10
Radar altimeter No. 1, FA-3  22
Lander power control assembly No. 2, FA-2  4
Tape recorder, FA-3  30
Gas chromatograph mass spectrometer, FA-1  30
X-ray fluorescence, FA-2  25
Valve drive amplifier  2
Tape recorder, FA-4  33
Surface samplier boom assy, FA-1  13
Lander pyrotechnic control assembly No. 1, FA-4  15
Data acquisition and processor unit, FA-3  9
Inertial reference unit, FA-2  4
Terminal descent landing radar, FA-4  6
Surface sampler control assembly, FA-4  8
Biology PDA, FA-1  20
Seismometer, FA-2  12
X-ray fluorescence, FA-3  31
Data storage memory, FA-1  12
Power conditioning and distribution assembly, FA-3  13
Inertial reference unit, FA-3  33
Surface sampler boom assy, FA-2  15
Data storage memory, FA-2  14
Data acquisition and processor unit, FA-4  23
Guidance control and sequencing computer, FA-1  28
Radar altimeter No. 2, FA-3  14
Biology PDA, FA-2  17
X-ray fluorescence, FA-4  30
Deorbit tanks, FA-4  14
Power conditioning and distribution assembly, FA-4  17
Meteorology, FA-2  18
Decelerator system, FA-1  15
Decelerator system, FA-2  16
Inertial reference unit, FA-4  26
Biology, FA-2  15
Camera, No. 1, FA-2  4
Data storage memory, FA-3  12
Terminal tanks, FA-4  21
Decelerator system, FA-3  19
Decelerator system, FA-4  19
Seismometer, FA-3  10
Radar altimeter No. 2, FA-4  16
Biology PDA, FA-3  20
Camera No. 2, FA-2  10
Upper atmosphere mass spectrometer, FA-1  16
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Weeks late

Meteorology, FA-3  15
Gas chromatograph mass spectrometer PDA, FA-1  90
Gas chromatograph mass spectrometer, FA-2  19
Guidance control and sequencing computer, FA-2  20
Camera No. 1, FA-3  10
Biology PDA, FA-4  18
Seismometer, FA-4  13
Camera No. 2, FA-3  9
Gas chromatograph mass spectrometer, FA-3  21
Gas chromatograph mass spectrometer, PDA, FA-2  20
Gas chromatograph mass spectrometer, FA-4  7
Gas chromatograph mass spectrometer PDA, FA-3  20
Camera No. 1, FA-4  9
Camera No. 2, FA-4  7
Upper atmosphere mass spectrometer, FA-3  13
Guidance control and sequencing computer, FA-4  11
Biology, FA-1  8
Upper atmosphere mass spectrometer, FA-4  10
Biology, FA-3  6

Mr. ADAMS. Mr. Rynearson, of Honeywell, will discuss in some detail
the computer problem and its impact. In summary, continuing techni-
cal problems in the development of the memory system required the
initiation of a major parallel development of a core memory to be used
as a backup program. The late development also forced the use of less
than flight-grade computers to accomplish a number of the early sys-
tem tests in Denver. Consequently, the technical problems associated
with this very difficult development impacted costs in three areas: The
basic computer development, the backup memory system program, and
the impact on the system test program. A very extensive cooperative
effort on the part of NASA, Martin Marietta and Honeywell has
resulted in the resolution of the technical problems. The critical quali-
fication tests have been completed on the computer and the first Flight
Lander computer will be delivered to Denver in a matter of days.
Mr. SYMINGTON. Could I ask you about the 2-mil plated wire system

that you selected? We have been told GE proposed a core memory that
was technically superior to that system. Was that not known? You
decided to try that system without it ever having been produced before.
That is the Honeywell system. Was it your judgment that it was
superior to GE's system?
Mr. ADAMS. I am not personally familiar with that particular piece

of the program.
Walt, were you there at the time?
Mr. LOWRIE. No, I wasn't. It was my understanding that the core

memory system as proposed did take more power and more weight and
we were severely limited at that point in time. Consequently, 2-mil wire
was selected. There were some characterization tests done on wire that
gave us the belief that the wire would meet sterilization requirements
and you are going to get quite a bit more detail this morning on that.
The summary of the thing that burned us was the aggregate of all

the material changes in the total memory system to meet sterilization
requirements. That is maybe an overgeneralization. You are going to
hear some more detailed testimony later.
Mr. SYMINGTON. Was that Honeywell contract a fixed-price contract?
Mr. LowRIE. Yes; fixed price.
Mr. SYMINGTON. Was it changed?

I
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Mr. ADAMS. Yes; it was changed from a fixed-price to a cost-type
contract, with an award fee provision. This occurred approximately
a year ago.
Mr. SYMINGTON. And did Honeywell then step up their efforts at

that point, and employ more men and apply more resources?
Mr. ADAMS. That is sort of a subjective question in terms of being

able really to tell that. Certainly, the manpower increased. That is a
matter of record. On the other hand, the work activity, Honeywell
also had to increase at that time because that was when they entered
the test program. They cranked up into the major test program at
that point so a lot of new manpower came on to the program. I can't
say in my belief that Honeywell was dogging it in any sense pre-
vious to that.
Mr. SYMINGTON. We would like to know the specific cost impact

in each of the three areas that you mentioned?
Mr. ADAMS. All right.
Mr. SYMINGTON. Of those technical problems that you encountered.
Mr. ADAMS. I have those numbers and we shall provide them for the

record.
Mr. SYMINGTON. If you would provide the information for the

record.
MT. ADAMS. We will do SO.
[The information follows:]
The cost growth associated with the Honeywell Computer contract was $23.8

M, including the cost impact of the Martin Marietta Resident Team. The com-
plete Core Memory back-up program cost $6.8 M. Late delivery of computer
hardware impacted test start dates, necessitated test software modifications
and made trouble shooting more difficult. The approximate cost impact to the
test program was $1.2 M.

Mr. LOWRIE. I might add a word on this manpower increase in
Honeywell. It is also wrapped up in the very essence of the reason for
the restructuring at this point in time. We had entered into such a
difficult situation we had to go on a number of parallel paths and do
significantly more development than was contemplated or that was
intended, certainly, in a fixed price type of contract environment. And
so at the same time we were restructuring the contract, we were also

as directing Honeywell and working with NASA to move out on parallel
work. For example, coupled-film-wire development which you heard
about yesterday. A number of those things caused an increase in man-
power
' 
also; not just the contract change per se.

Dr. Solomon, of TRW, will subsequently discuss the development
status of the biology instrument in some detail. In summary, a year
ago there was serious concern that the biology instrument could be
developed for Viking on the required time schedule or, at the very
least, would require a radical departure from requirements.
Mr. SYMINGTON. That was just a year ago?
Mr. ADAMS. About a year ago.
Mr. SYMINGTON. On a particular day, suddenly you discovered this?
Mr. ADAMS. What actually happened was that TRW went through

a development cycle and completed the construction of a development
model of the biology instrument. The development testing program
was then conducted and uncovered this series of problems. We had had
some confidence, that we had a design which we could proceed on into
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production with and actually were prepared to do so. We discovered
in the course of these development tests that the design was not of a
quality which would allow us to proceed into the production, and the
number of open problems which I am sure Dr. Solomon will go into a
little later on, really was quite imposing at that time.
Mr. SYMINGTON. There was no way to flag them in any case from

your standpoint earlier than that developmental threshold?
Mr. ADAMS. We have asked ourselves that question. This whole busi-

ness of, you know, when you get into the major problems on the major
subcontracts is one which has caused us much concern. We have gone
back and reviewed our activities in that regard. In the course of set-
ting up the subcontracts, in the biology in particular, we and NASA,
and potential suppliers established criteria which we believed reason-
able and achievable at the time.
We had the best technical smarts that were available to help us

make those decisions. We awarded the contracts, in this case, to TRW
who we considered to be the best and most competent company avail-
able to do the job. We established firm controls at the outset of these
programs in terms of very rigorous design reviews with participation
from the NASA, ourselves and consultants. We had frequent manage-
ment reviews with ourselves and NASA. We established resident Mar-
tin Marietta management teams at the outset of each of these sub-
contracts, and we thought at the time we were doing it much more
responsively than ever before. We had management level people head-
ing the teams. We had a top designer from our operation as a mem-
ber of the team, and we had an overall businessman as a member of
the team in each case. So we felt that we were doing the right thing
in that regard.
We established high management involvement right off the bat. We

set up a management council in which we asked a high executive of
each of these companies to attend. This included TRW. Yet, in spite
of these actions, we got caught in these particular kinds or problems.
This one was more serious than any that we had. Biology was also, I
think, a more challenging problem than any we had.
Mr. SYMINGTON. Were these multidisciplinary teams?
Mr. ADAMS. The teams were multidiscipline.
Mr. SYMINGTON. Technical and scientific people?
Mr. ADAMS. Management man, technical man, management system

and quality control.
Mr. SYMINGTON. In your judgment, In which one of these areas do

you think the failure actually took place. Can you say that if you
had had a little more strength and prescience in one area you might
have headed it off the path a little sooner?
Mr. ADAMS. If I were to go back and, you know, again analyze that

a bit, I am not—I don't really believe it was a function of the team
makeup itself. I think it was a function of the degree to which we
were pushing the state of the art. It was more •a function of the
forward step we were trying to take, and in this case, we underesti-
mated the forward step we were trying to take, not in any specific
area. We understood the sterilization problem, I think, quite well. We
understood the weight problem quite well. We understand the thermal
problem quite well, the volume constraints, and so forth. When all
of these got interacting in the actual design of the fnstrument, then
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we found the interactions between them were causing problems which
we had not expected to encounter. And I believe the front end is
where the problem comes mostly, not after you're into it. I don't
think the management was particularly delinquent in that sense, in
answer to your question, where could we have beefed this up.
Mr. SYMINGTON. Was sterilization the main problem?
Mr. ADAMS. On the biology instrument, no. It was one of the prob-

lems. I think the principal problem is that associated with the weight
and density of the packaging. The requirement then for miniaturiza-
tion in the extreme on new pneumatic devices and this sort of thing, in
all of the mechanical systems that went in there. Extreme miniaturiza-
tion beyond that which we achieved before was a major problem, and

• packing that all together very densely resulted in thermal problems.
It resulted in extremely difficult maintainability problems, a failure
down in the middle of this thing is cause for days and even weeks of
delay to get at it and fix it.
Mr. SYMINGTON. And if it isn't quite right next March, it will be

almost impossible to get back into it in time?
Mr. ADAMS. That is true.
Mr. WINN. Don't you have to say, though, that going back, the

original design was your basic problem? I am not trying to lay blame
because we are all aware that you prime contractors and subcontractors
all work together and no one's ever going to blame anyone else for
anything, but if you got a design that was submitted and approved by
NASA, and approved and submitted, I gather by the prime contrac-
tor which in this case, I think, would be Martin Marietta with the
advice and counsel of designers of TRW, that is where your problem
started, you had a three-wheeled machine to start with?
Mr. ADAMS. The problem begins, yes, at the design phase. You are

correct. And the reason you have the problem in the design phase, in
my opinion, is in terms of your estimates, your judgments of how far
you can push the state of the art in terms of density and weight in these
things on an instrument like biology. And the best judgments we had
were brought to bear on that. When we got into the design, we found
that to achieve such a design was more difficult than we had anticipated
that it would be.
Mr. WINN. Does any of these teams that you put together, anywhere

along the line, anybody ever say "By God, we can't back it?"
Mr. ADAMS. It came very close to that about a year ago.
Mr. WINN. Or "let's keep spending money, we will get it one way

or another"?
Mr. ADAMS. We had a major decision to make approximately a

year ago in that regard when we reached the point where we had a
long list of technical problems, design problems. And we had a large
session on that which was attended by NASA Headquarters personnel,
Langley personnel, ourselves, JPL was brought in to run a special
study at that time, TRW people had done some special work to look
to see whether we should back off and say "We will have to settle for
something significantly less than we wanted in the program."
Mr. WINN. Was this because of the design or because your costs

were skyrocketing?
Mr. ADAMS. It was a combination of both. It was because primarily
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of concern that the design could be recovered in time to achieve the
fixed launch window, and also within the costs that we had available.
Mr. WINN. This was in 1972?
Mr. ADAMS. 1973. About a year ago now.
Mr. WINN. There is no way this thing could have flown in 1973?
Mr. ADAMS. Not this experiment. In 1973, it would have flown with

a much less ambitious biology experiment. But that is what happened
at that time and the decision was made by that group that the biology
experiment as we have it was such an important piece of the Viking
program that we really should not compromise it if we had some
reasonable chance of making it with what we had. I believe that cir-
cumstances have borne out that to be a proper decision. I think the
biology experiment now is coming along, and I think we are going
to have a good biology experiment on each of our two flight landers.
Mr. BROWN. Could I pursue that just a moment?
I think it is obvious that the biology experiment from the scientific

standpoint is the heart of the operation. But you had a point in time in
which there were probably a couple of strategic choices open to .you.
One was to pursue the continued development of the package within
the weight and volume and density constraints and possibly another
option, and I have asked this question, was to review these constraints
and see if they could be modified.
Was that a viable option at the time?
Mr. ADAMS. Well, it wasn't really a very viable one. It turns out the

lander itself is extremely densely packed. It turns out the weight
constraints on the total weight which we can go with are quite severe.
Now, we did make one compromise along the way. At one time we

had the electronics and the mechanical package all together and we
separated those and then we made another compromise later when we
actually removed one of the four experiments. There were four ex-
periments in the instrument. This was somewhat in regard to cost
saving, but it was also in regard to achieving more space for the
remaining experiments. So these steps were done. No big step, you
know, where you made a major change in philosophy.
Mr. LOWRIE. I might add one thing. When we got into the real deep

trouble in biology, which was about a year ago, we did provide some
significant power increase which allowed TRW to solve their thermal
problems. We also allowed, some minor volume changes. We were
pretty restricted other than making a total redesign of the 'ander
to open up and give any significant repackaging. It was sort of late
to repackage the whole biology experiment anyway. There were some
power changes and volume changes within the capability that late in
the game.
Mr. BROWN. When you mentioned one of the experiments being re-

moved, that was not a part of the biology package?
Mr. ADAMS. That was part of the biology package. The biology pack-

age at one time had four separate experiments in it. It now has three.
Mr. BROWN. I see.
Mr. LOWRIE. I might quote Dr. Kline now in a meeting we had

several months ago at TRW. Dr. Kline is head of the biology experi-
ment team. Ile felt that the implementation of biology with the three
experiments now was a better implementation because we had added
some new features to the other experiments. So it was a better overall

•
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biology balance than the original four experiments, and that is almost
a direct quote.
Mr. SYMINGTON. The systems team that you sent to TRW, at the

beginning, first time you sent a team, how many people were on the
team?
Mr. ADAMS. I believe there were four.
Mr. SYMINGTON. And how many people now?
Mr. ADAMS. I expect there are probably 15 at this point or 20.
Mr. LOWRIE. We had a peak of 19 people.
Mr. ADAMS. Several things were done there in augmenting that

team. Actually, we got into the design problems, and we got into this
problem of having the concurrent design, build and test programs
going on. We actually sent people to supplement some TRW capa-
bility, where we had some specific capability that they could use, for
example, in the thermal area. We sent out one or two of our thermal
analysts who worked actually with their group. In the program plan-
ning and scheduling effort, we added a couple of people that worked
actively with their people. We actually, in the team at that time, had
expertise from Denver supplementing some of the areas of TRW.
Mr. SYMINGTON. Counsel has a question.
Mr. HAMMILL. You mentioned concurrent design and manufactur-

ing and testing. Is that really possible to do? Can you be designing
or redesigning something and manufacturing it at the same time?
Mr. ADAMS. Well, I can put that in this context. The biology experi-

ment had been through essentially a complete design phase, and TRW
at this time in solving these major problems set up what they called
"tiger teams" on each of the major problems. There was a group of
people, and in some of these teams we had representatives and NASA
had representatives, but generally they were TRW teams to go and
resolve each of the problems.
Now, as the problem got resolved, the engineering would immedi-

ately be revised and the manufacturing would go on on the detailed
parts on the revised engineering. At the same time, we were proceeding
with the, I will say, the design confirmation testing, so you were in
the process of frequently building parts which had not had the design
completely verified through the test system, and there was—this was
necessary in order to work the scheduled problem. So that is possible.
There is some risk in it, but it is possible.
Mr. HAMMILL. It sounds as though you might end up throwing

away quite a lot of hardware if any significant redesigning had to be
done because the manufactured parts would be no good, would they?
Mr. ADAMS. That is a fact. I don't have a good feel on how many

cases we missed on. We missed occasionally. I don't think badly in that
case. You must remember, we were on the second cycle on biology and
judgments were made by a group of people including the program
manager at TRW and our senior man on the site and NASA's senior
man on the site, generally, to proceed in those sorts of things by mutual
agreement after evaluating the risk.
Mr. LOWRIE. To be sure we don't confuse you, Viking was basally

made not to have concurrence. By and large we achieved that i I most
areas and the two areas, in the biology area and computer, be muse of
problems in the earlier development phase and having to g- through
a second cycle, then your final production was concurrent with some-
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thing you had to clean up as a result of qualification of the hardware.
That certainly does give you a risk of scrappage of parts and replace-
ment of parts anytime you run a concurrency program. You do run
that risk and we had some in both instances, where we had to replace
parts where you took that risk and moved ahead.
Mr. ADAMS. The instrument was beset with a number of significant

problems which in the aggregate were almost unresolvable within the
packaging constraints imposed upon the mechanical subsystem. A
vigorous corrective action program was initiated at TRW with strong
support from Martin Marietta and NASA. As of today, the open prob-
lems have been largely resolved. The first flight-type biology instru-
ment will be delivered to Denver in the next few days for use in the
spacecraft level tests previously mentioned. The confidence level in
having two perfect biology instruments for flight is now quite high.
However, the test maturity is considerably lower than that for the
computer, and it still remains the single highest risk element on the
lander. I have to put that in context. The confidence is quite high as
compared to a year ago. It is quite high. If I look at the lander overall
where the confidence level is extremely high. Biology has to be con-
sidered as the highest risk item still around. Although the late deliv-
ery of biology is highly undesirable, the interaction of this subsystem's
late delivery with the lander system test program is not as serious as
that of the computer. Consequently, the cost impact is primarily asso-
ciated with the biology instrument development problems alone.
Mr. SYMINGTON. What was the cost impact again?
Mr. ADAMS. In the last year, it was in the neighborhood of $21.4

million escalation on biology.
Mr. BROWN. May I ask another question at this point?
The computer system, of course, is essential to the operation of

the lander itself, to the landing process. I suspect rather significantly,
but is the computer also involved in the operation of the biology pack-
age ? Are there elements of the operation which are controlled by
the computer?
Mr. ADAMS. Yes. All of the operations of the lander are controlled

by the computer, so the computer is an extremely vital piece of
equipment.
Mr. BROWN. As well as the actual landing process itself?
Mr. ADAMS. The whole system, getting landed is itself a major ele-

ment and after you have landed, it controls the entire process.
Mr. SYMINGTON. You test the computer without the biology pack-

age; does it work with a simulated biology package?
Mr. ADAMS. Yes; we have a simulator in there when we do system

testing, and that has been in all of these test programs so you get
the right signals back, and so forth. The computer, theoretically, is
looking at the instrument. However, the real interactions we still have
to get by putting the real biology in these tests, which we still have
to run.
Mr. SYMINGTON. That is your April test or February?
Mr. ADAMS. That is our January 
Mr. LOWRIE. The first basic compatibility is in December. As soon

as I get the instrument, I put it in the lander and function it, so I
will get that interface checked, that the computer talks to it properly
and the functional interface works.
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The next test, which is February, which Mr. Adams spoke about
before, is when I run a simulated biology experiment in the vacuum
chamber also.
Mr. SYMINGTON. When you're talking to the computer, that is a

40-minute conversation for one message?
Mr. ADAMS. That is between Earth and Mars. Between the com-

puter and biology. We have the software loaded in the computer.
Mr. SYMINGTON. I just wondered, now, I am thinking of the actual

operaton.
Mr. ADAMS. If you reprogram, then you have that 40-minute cycle.
Mr. SYMINGTON. I see.
Mr. ADAMS. The basic program is loaded into the computer, and

updates are put in over the link.
Mr. HAMMILL. The biology package has begun its final acceptance

tests, but they won't be completed until late in March. If, during the
course of these tests, something serious is disclosed, what happens to
all of the tests that you are doing on this article that they have
sent to you specifically for your testing?
Mr. LOWRIE. That is a pretty general question. It's very tough to

answer. I believe that we are far enough along now with our previous
testing base on the biology instrument to not expect a gross wipeout
in that final test, which is taking the flight-type unit, putting dirt in
and running an experiment, a series of experiments for the scientists.
That is the test that you're speaking of that will be done at TRW.
I do not envision that that test will wipe out completely and change
the instrument.
We may have to—if we have problems, either take some slight

degradation in performance or make some modifications to the instru-
ment. But I think the basic interface with the lander which is the
control sequence probably will stay fixed and I don't anticipate any
serious interface-type problem.
Frankly, to be perfectly honest, we don't have time, you know, from

that point on to change the biology instrument. I do have the confidence
we are not going to have something major. It isn't a question of cost
or anything else. It's a question of time and getting an instrument to
fly with.
Mr. HAMMILL. If something does come up, that is fairly significant

during these final acceptance tests, what would you propose? To de-
grade the biology experiment to make the launch next August or
have you considered the possibility of not flying until the 1977 op-
portunity?
Mr. LOWRIE. Of course, that would fundamentally have to be a

NASA decision, as you well know. We have had conversations with the
biology experiment team and I am trying to extrapolate what you
might get into, you might end up not quite getting the sterilization
temperature, just to use an example, in the module. If you got a little
bit less, they could accept it and they would still be satisfied they were
running decent biology.
It depends what exactly you come up with, the circumstances of the

case. If you were way off on the temperature 
Mr. ADAMS. It really is a NASA decision in this case.
Mr. HAMMILL. Yes, but the NASA decision would be based on your

recommendations?
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Mr. ADAMS. It would be based heavily on recommendations and
what was the specific problem.
Mr. LOWRIE. I cannot envision at the moment we could have suffi-

cient problems with biology that we would recommend not flying.

I really can't. Sometimes our vision isn't as good as we think. .I think
we have got enough testing behind us now. I am sure you will want
to ask Dr. Solomon the same type of question. I cannot envision we
would so degrade our biology to the point we would recommend not
flying.
We will come up with a decent experiment for Viking.
Mr. ADAMS. The component development-and-qualification program

on Viking has been completed—on the average—about 5 months later
than originally planned as a result of technical problems. In the cur-
rent year this development slippage has had a significant effect on the
ability to efficiently conduct the system test program. The lateness in
delivery of flight hardware required the use of earlier generation hard-
ware in a number of instances to get tests started. This was inefficient
and resulted in a significant amount of additional procedures, test
sequences, data reductions, test troubleshooting and anomaly investi-
gations. With 94 percent of the flight hardware delivered, this prob-
lem has diminished. However, it had a serious cost impact during the
year.
The last major problem area experienced this year was associated

with making the ground test system work efficiently with the checkout
of the Lander. This of course includes the sequences or procedures
used to run tests. I should point out here, we have a much more auto-
matic test system than we have normally had on other systems. It is
computer controlled .and the tests then are normally programed and
run by the actual operation of the computer. The test sequences are
prepared and converted in some software for the computer and then
the test itself is run essentially automatically.
Part of the problem was the result of the previously discussed item.

In addition, there was a significant period earlier this year when the
instances of down time of thet ground complex were far too high. An
extensive, detailed design review and a stiffening of preventive main-
tenance was instituted to improve the equipment reliability. At the
same time, the number of people designing and developing tests and
their automatic sequences was significantly increased.
Mr. SYMINGTON. Can you give us a before and after on that?
Mr. ADAMS. Can we provide that for the record?
Mr. SYMINGTON. Yes.
[The information follows:]
In January of 1974, our projection for the average number of people required

to design, develop tests, write the automatic sequences, and conduct tests was
169. It was necessary due to the lateness of hardware and a more complex test
program to increase this average to 216 people.

Mr. ADAMS. Test progress in recent months, including the complex
science end-to-end test on the proof test capsule, has shown that the
corrective action has worked. The capability has now been demon-
strated to run the necessary test programs from now through launch.

Yesterday Dr. Cortright mentioned we have been on schedule since
August. Actually, with the exception of a few relatively minor de-
viations, we have been pretty well on the test schedule since May of
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this year. We have been on or ahead since August and we were on
and slightly behind since May. We have been making that progress.
As I mentioned before the principal cost impact of these Denver

problems were a result of the sharply increased manpower require-
ments.
The Lander system-level-test-and-checkout program has undergone

a significant change during the past year. There have been a number
of tests eliminated and a number of tests added. These are summarized
in figure 10. These changes occurred for several reasons: new knowl-
edge indicated the need to add tests such as the radar system test;
new knowledge allowed the elimination of tests such as the heat steri-
lization in Denver; schedule conflict required revamping of the test
program, such as the redesign of the two thermal vacuum tests into a
single test because of schedule conflict in the vacuum chamber; or the
elimination of tests to save dollars where additional risk would not
be large, such as the elimination of acoustics and vibration. This re-
vised test program is a well balanced program providing all the neces-
sary design and confirmation data, as well as control through testing
of the flight articles.
I would like to spend some time in reviewing this chart.
The point was made yesterday by someone in the testimony that

in a complex development program like this, the future not neces-
sarily all that clear all the time. I think, this chart will show that
the program has reacted to the situations as it developed on the pro-
gram, not only technically but also in the cost and schedule sense. I
would like to spend some time and run through these items.
First of all, you will notice a lot of deletions in the heat compati-

bility and thermal areas; for instance, two cycles of heat compatibil-
ity were deleted on the proof test capsule. We initially had scheduled
four there. That was reduced by two. We removed the cruise thermal
test on that particular vehicle, and we removed the Denver heat com-
patibility test on the flight articles shown down here.
The thermal design of Viking was one of the areas which we con-

sidered to be most challenging when we began the program. We set
about then doing that in a very vigorous and cautious fashion. We
started out our first major thermal test, what we called a thermal test
model which was in effect a complete lander, model with simulated
heat-producing devices; et cetera, and subjected that to the total test-
ing in the space chamber. We then moved on into the heat compati-
bility testing on the PTC as the major system area. The results of those
tests were extremely positive. It turned out that the thermal design
was excellent, that we had good margins throughout the system, and
then our concerns with the thermal became significantly less. It also
turned out during the heat compatibility testing, the sterilization test-
ing, where we had had some rather serious concerns in the beginning
of the program about parts, materials, and processes. (This entails
cooking the entire capsule for approximately 40 hours at about 230
degrees Fahrenheit.) Careful attention to those during the course of
the development resulted in those not showing up as problems. Those
tests went very smoothly.
We concluded we had all that good test data behind us. It would

suffice to run a single thermal vacuum test and delete this cruise ther-
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mal, and do the actual heat compatibility testing on the flight articles
down at the Cape. So we were able to delete those items.
Another area you see several changes in is vibration. You see the

"Y" and "Z" axis of vibration and vibration of acoustics eliminated
down here. This is another environment which had given us some sig-
nificant concern earlier in the program.
In the course of running the early precursor vibration tests on the

dynamics test model, we discovered the excitation in these two axis
were very minor and, therefore, we were able to eliminate them and do
only the "X" axis with its very high excitations.
Again, in the course of the dynamics test model and PTC test,

which were done on the "X" axis, we found the vehicle to have very
good margins in all the dynamics types of environment and thus we
were able to with confidence delete these tests on the flight articles.
The next series of tests up here software-hardware compatibility,

electromagnetic, captive firing and PSC pathfinder, are in the nature
of tests to determine compatibility between various elements of the
system.
Software-hardware compatible tests—we have replaced these with,

we think, a much better test which is this plugs-out test. We will run
it at the Cape on the flight articles. In this test, we actually isolate the
entire system, hardware and software, from the ground system and
play the total system together, so the total compatibility is
demonstrated.
The EMC test was deleted here primarily as a schedule item. We

found we were really stacked up on PTC. We had some open time
on the first Flight Test Article, so we moved that test over there. It
has been completed successfully on that article.
The captive firing was a test which was primarily to demonstrate

the compatibility of the propulsion system, and also to give some
verification of the total end-to-end performance of flight controls. In
other words, the engines in themselves are the actuators, which bring
you the stability on the vehicle when it lands. We are hoping to get
some end-to-end testing on that.
The propulsion system testing we did earlier on the total complete

system. The changes which occurred in the propulsion systems were
very negligible. We felt the earlier test was adequate to demonstrate
that compatibility.
On the flight controls aspect of the captive firing, we were never

really able to come up with a test, a system test, without so much
simulation and so much artificial things in it we would believe the
results anyway.
At least, that was our opinion on the item, that we felt the effort

would be largely wasted, so that test was deleted, and the total end-to-
end capability of the Flight Control System has to be demonstrated
through some of these other total system tests.
And finally, in the recent reprograming we deleted using the PTC

as a pathfinder. We replaced that with several of these tests you see
here, the precursor tests on the flight article. These, again, are com-
patibility tests between the Lander, the Orbiter and the launch vehicle
and facility down there. In addition, we added a test which is this
propellant-load and CG verification from Denver. So we have in

-4
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essence replaced the significant pieces of the Pathfinder with other
kinds of activity.
I dwelled on this in some detail to try and leave you with the feeling

that it has been a fairly dynamic situation, in terms of the total test
program. I believe, we have reacted properly to findings in the pro-
gram, both schedule cost and technical, as we moved down through the
program.
Mr. SYMINGTON. These test deletions and additions each have a cost

impact?
Mr. ADAMS. Yes.
Mr. SYMINGTON. Presumably deletions reduce cost. You might, for

the record, indicate how that balances out test by test.
Mr. ADAMS. We will do that.
Mr. SYMINGTON. I take it that none of the deletions present you with

any qualms in mission performance or success?
Mr. ADAMS. No, they do not. They were examined in great detail by

ourselves and by the LRC people in recent weeks and by the NASA
headquarters people. We had the active participation of some of the
NASA people from both Johnson and Kennedy in helping us rework
the total test program recently.
Mr. SYMINGTON. These deletions were made for budgetary reasons,

weren't they?
Mr. ADAMS. Many of them were. Some of them were for scheduling.
Mr. SYMINGTON. Maybe we should note the difference.
Mr. BROWN. There is a third type of deletion, too. For example, as

I recall your discussion of the Y and Z axis of the vibration test. I
think that is a re-examination of the technical need for it, isn't it?
Mr. ADAMS. Yes. This is tied in with cost, however.
Mr. BROWN. You would have done something that was unnecessary

if it wasn't for the cost constraints?
Mr. ADAMS. We wouldn't do something that was unnecessary, if it

was expensive, I hope. I wouldn't say we never have, but we try not to.
Mr. SYMINGTON. What would be your best example of a test you

deleted solely for budgetary reasons? Even though there were so
merit to it?
Mr. ADAMS. I think the Pathfinder is probably the best example.

We have moved the Pathfinder operation to a flight article from
PTC. I believe that was primarily for a budget reason and we made
a tradeoff and decided the technical risk was not so great that we
could not do it.
Mr. SYMINGTON. Describe the risk?
Mr. ADAMS. The risk is that when you arrive at the Cape with your

flight article that you will have an incompatibility between the
Lander and Orbiter which will cause perhaps a design change, or
between the Lander and the facility or between the combined flight
vehicle and the launch vehicle, this sort of thing, which you would
have gotten some lead time on to change had you done it earlier. I
think that is the major risk of that.
Walt, do you concur?
Mr. LOWRIE. The -potentiality of finding something later and, there-

fore, work a little harder to get it fixed, we carefully went through
it and said this is a proper cost tradeoff, deleting it with the maturity
we have in the program today and the probability of finding those
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kinds of things now is smaller but clearly, if you weren't working on
a budget, yes, we would probably have left the Pathfinder in, too.
Mr. SYMINGTON. On that, how much do you save there? You can

supply that for the record.
Mr. ADAMS. I don't believe we have that as a broken-out item.
Mr. LOWRIE. We can give a cost of each of these.
Mr. SYMINGTON. I would like them all, and also a brief description,

if you haven't already got it in the record here.
Mr. ADAMS. It is not detailed, as I discussed here.
[The information follows:]
The technical descriptions of the system-level test and checkout program

icrentified on Figure 10 are included in the testimony starting on Page 138, line
22 and concludes on Page 146, line 1. The schedule and cost impacts associated
with each test deletion or addition are identified in the following table:

LANDER SYSTEM LEVEL TESTS

Articles Deletions
Schedule
impact 1

Amount
(millions) Additions

Schedule
impact 1

Amount
(millions)

Proof test capsule 2 cycles heat compati-
bility.

Y and Z axis of vibra-
tion.

9

9
$0.1 Science end-to-end test.

. 1 Biology performance
verification.

90
99

$1.5
.8

Cruise thermal 63 .4 Radar system tests 12 .1
S/W—H/W co m pat 10 .4
Electromagnetic

compatibility.
54 .4

Captive fire 80 .4
KSC pathfinder  410 2.8

Landerdynamics test
model.

None Propellant load and
CG verif.

130 .9

Flight articles Denver heat
compatibility.

20 . 1 Plugs-out test 10 .4

Radar system tests_ __ _ 30 .1
Vibration 28 . 2 100-word update test__ 4 . 1
Acoustics 20 .1 Precursor tests 36 .2

Electromagnetic
compatibility.

50 .4

Total 703 5.1  461 4.5

I Based on 8-hr shifts.

Mr. SYMINGTON. Thank you.
Mr. ADAMS. The other significant programmatic change has been

the elimination of the third flight lander. This action was taken.
specifically to minimize Viking costs, with some slight increase in
risk; the risk being associated with the probability of getting two
spacecraft launched from the same launch pad within the launch
period. We can go out to 45 days with some minor degradation in
mission. So we actually have a total of 45 days in that launch period.
At the outset of the Viking program, a major concern existed in

the ability to develop a lander capable of heat sterilization without
some very significant probability that hardware failures would occur
during the terminal sterilization. Consequently, the third lander
existed because of a strong belief that one or more recycles of the
hardware would occur as a result of such terminal sterilization fail-
ures. Experiment to date on flight components and on the complete
FTC spacecraft indicates that the probability of failure is much
lower than originally anticipated. I discussed that when I was talk-
ing about the thermal situation. The thermal situation has turned out
to be a very favorable one on the program at this time. This of course

4
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has resulted from a very heavy attention to detail in materials, proc-
esses, and component packaging. Consequently, when one analyzes the
various time lines for launching two spacecraft, using actual program
experience, the assumption of increased risk by eliminating the third
lander is not high.
We still have time in the program for problems and recycles and

still being able to make the launch. I believe that was discussed some
yesterday by Dr. Cortright.
Mr. HAMMILL. That third lander must be nearly built ?
Mr. ADAMS. The third lander was almost complete. Not all of the

components were available yet. We made some significant savings at
some of the subcontractors and in-house. When you Say it's built, you
must remember that a large part of the cost of the building is in-
stallation of the components and final tests on that whole system.
And if you look at the third Lander itself, in the total dollars that,

yow know, I will say are lost because you set it aside, I don't have a
precise number on it, but they are lower than you would anticipate
because the major program costs are in the development costs, the
component qualification costs, the system qualification costs and then
the checkout of the complete system when you finish.
So the actual hardware that is there is not really the major item,

although obviously it is a significant item. The other thing I should
mention is that the Lander is nearly complete and is certainly a prime
candidate for another mission at some later time and would go a long
way toward reducing costs, if such a later mission were planned. It
is available for that. It is a perfectly good piece of hardware.
All of the programmatic actions taken on the lander system in the

past year have of course been accomplished in close cooperation with
the NASA.
And, in fact, we are absolutely living together very closely. We have

a fairly large test support team in Denver and this has been worked
out as a mutual kind of a program.
Although there is some increase in risk, it is not large; and certainly,

the basic concept and intent of the Viking program has not been
altered by the actions taken.
The Lander system has reached a high level of maturity, and the

confidence exists that the lander will be ready for the August 1975,
launch period. More importantly, the lander will be there with very
high grade hardware capable of accomplishing the very difficult Mars
mission. It is unfortunate that the technical and schedule accomplish-
ment could not have been achieved without the cost growth that has
been experienced. Viking has been the most difficult technical challenge
Martin Marietta has faced, and it is the most complicated unmanned
space program undertaken by this Nation. It is my opinion that,
although the program cost will exceed our initial projections, it is not
out of proportion with the degree to which the technical challenge
exceeded our initial understanding. I am proud of the overall results
that we have achieved, and I am dedicated to completing this program
with a highly successful mission on the surface of Mars.
Mr. Chairman, this concludes my testimony.
Mr. SYMINGTON. Thank you, Mr. Adams.
We have asked periodically throughout your testimony for the

names of subcontractors or a definition of problems and cost impact
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and so on. Perhaps a general request for the whole works would be
what we would make at this time, when you have a chance to put
together contractors problems, costs, and so forth.
Mr. ADAMS. In essence, you want a listing of cost and cost impact.
Mr. LOWRIE. Summary history by some breakdown.
Mr. ADAMS. We have that data here and we will put it together.
Mr. LOWRIE. We need to compile it.
Mr. SYMINGTON. I am sure you have compiled it in your way just

for your own purposes. Thank you very much.
[The information follows:]
From September 1970, baseline for the '75 million, through October 1974, the

Viking Project costs at Martin Marietta have increased by $181.2M. This in-
crease in cost has occurred due to the following:

1. Additional work items added and associated award fees increased the
amount of the contract by $36.4M. The major items contributing to this growth
are as follows

Million
a. GCSC/DSM and core memory back-ups $21. 8
b. Award fees  6. 1
c. X-ray fluorescence/inorganic anal  3. 0
d. Spacecraft test lander  2.9
e. Separate processors  1. 7
f. North Polar region landing capability  1. 7
g. Cost reduction items  (4.5)

2. Subcontract and purchased material has contributed $113.9M to the total
cost growth. This growth is attributable to the unforeseen complexities during
design, development, test and fabrication, and economic impacts experienced
by our suppliers to date. The major contributors to this increase are as follows:

Million
a. TRW—biology   $41. 5
b. ITEK—camera   13. 1
c. Ryan—TDLR/RA   10.4
d. Honywell—GCSC/DSM   10. 2
e. RCA—communications   5. 8
f. Hamilton Standard—IRU  5. 6
g. Bendix—UAMS and seismometer  4. 4h. Celesco—articulated boom  2. 8
i. TRW—meteorology   1. 9j. Lockheed—tape recorder  1. 6
k. Goodyear—decelerator   1. 4

3. The balance of the total growth is attributable to in-house cost increasesin labor, burden (including burden associated with the subcontract and materialgrowth) and other Direct Charges in the amount of $30.9M. The major contrib-uting factors to this increase are as follows:
Million

a. Burden associated with subcontract and purchased materials
growth   $5. 7b. Test   10.3c. Engineering   8. 9d. Components   4•3

e. Software   3. 5
Mr. SYMINGTON. Are there any questions?
Yes, Mr. Brown?
Mr. BROWN. You raised in your last few paragraphs a matter whichis of considerable interest to me because my primary concern has beenwith the basic longrun scientific content of our space program. I seethe Viking mission as being the prototype of what may be the senseof our additional steps in space exploration for many years, maybe a

generation. The possibility of using that third lander incomplete asit is as a component of an additional mission seems at least a reasonable
matter.



265

The question I have perhaps should be better directed to the NASApeople, but to your knowledge has there been a discussion of thefollow-on program to Mars based upon the input from the scienceexperiments in this program?
Mr. ADAMS. Yes, there has. There has been considerable discussionand we have done several studies in-house studies, and studies for theNASA on this subject.
We have done the preliminary work for instance, in modifying thethird lander to a mobile configuration and a relatively straightfor-ward modification has been evolved from that which is the additionof a small crawler on each of the three landing points and with thiscapability, then, the Lander could move many kilometers over a courseof a period of time and then actually get data from different points onthe planet.
Mr. BROWN. That requires some modification also to your power sys-tem, doesn't it, and some other types of modifications?
Mr. ADAMS. Actually, the basic power that we have available, Ibelieve, we upgraded the RTG's to some degree. The basic power sys-tem did not turn out to be a severe problem. The amount of power re-quired to move this thing really isn't all that great, and the half-life

on the basic isotope in these generators, is very long, so that we can
work for very long periods of time. If you aren't in too big of a
hurry and can take your time, you can move about quite well.
Mr. BROWN. I am used to the Earth environment where moving

things around is not very easy.
Mr. ADAMS. The Science Committee has indicated a very high inter-

est in that type of a mission and so also has NASA. Now, the obvious
situation is that of the budget constraints. How does this fit into the
budget of other programs going on?
Mr. BROWN. Quite obviously, looked at from this standpoint, this is

a part of an on-going unmanned exploration of not only Mars but pos-
sibly other planets. In effect we are solving problems here that will
contribute to our more economical ability to carry on this program,
and this does give you a slightly different perspective on the overruns
even though they are substantial.
Mr. LOWRIE. I might just add something. The crawlers we looked at

in this feasibility study came out of the lunar program. Huntsville
had done some development work as part of the Apollo program. We
are building on their technology development out of Apollo. So the
feasibility studies used the crawlers, they had developed from that
program.
Mr. SYMINGTON. Mr. Winn?
Mr. WINN. I'd like to know who pays for the feasibility studies and

the additional work that is done on the crawlers, for instance?
Mr. ADAMS. There was some minor funding from Langley.
Mr. LOWRIE. Less than $100,000, as I recall.
Mr. ADAMS. It was under $100,000, I am sure. It was a minor one.

Some of the funds that had gone into it are from our in-house study
and they are paid for ultimately, at least part of them, by the Govern-
ment. It is a cost-sharing kind of arrangement.
Mr. WINN. Who is the Government?
Mr. ADAMS. Well, in our case, the Government is all of our cus-

tomers and that includes the NASA and the Air Force primarily.
Mr. WINN. Air Force?
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Mr. ADAMS. Yes.
Mr. WINN. I am not aware of any plans for a future landing with

the third Lander?
Mr. ADAMS. Dr. Hinners has been addressing that as part of his

responsibility in the NASA headquarters, and I don't know whether
he has had discussions with the subcommittee.
Mr. LOWRIE. In the sense Mr. Winn is describing this is not an au-

thorized program. These are exploration R. & D. type studies to look
at the feasibility of setting up a future program.
Mr. ADAMS. Strictly a feasibility type of thing.
Mr. WINN. I don't have any further questions.
Mr. SYMINGTON. Thank you, Mr. Winn. Thank you very much.
Thank you, Mr. Adams and Mr. Lowrie, for your very helpful

testimony.
We will now hear from Dr. George Solomon, vice president and

general manager of TRW Systems.

STATEMENT OF DR. GEORGE SOLOMON, VICE PRESIDENT AND
GENERAL MANAGER, TRW SYSTEMS

Dr. SoLomoN. Gentlemen, I know that you have on other occasions
been briefed on the function and operation of the Viking Lander
biology instrument that we are building at TRW, but it might be
helpful to briefly review it again at this time. As you know, the pur-
pose of the instrument is to search for signs of life in small samples
of Martian soil. This is a very exciting task, as well as a difficult one,
and all of us at TRW who have worked on it are enthusiastic about
the job because of its obvious significance and scientific value.
The instrument itself consists of three completely separate experi-

ments. The original plan was to carry four experiments, but one was
eliminated in March of 1972 as a packaging and cost-saving measure.
Each instrument uses a different approach to the detection of possible
life in the Martian soil samples, and each one corresponds to a com-
plete biochemistry laboratory, including the laboratory staff. In ad-
dition to the experiments, there is a set of supporting equipment that
includes a complex electronics assembly with its own computer that
controls the experiments and processes the resulting data for trans-
mission back to Earth.
The three experiments were selected by NASA when the individual

scientists were selected to be part of the Viking biology science team
as experimenters in 1969. The selected experiments were assigned to
TRW for implementation from various experiments in different stages
of laboratory development in NASA, universities, and industrial
laboratories. The head of the science team is Dr. H. P. Klein, Assistant
Director for Life Sciences, NASA/Ames Research Center. The mem-
bers of the team who have experiments on the Viking biology instru-
ment are (1) Dr. Norman Horowitz, California Institute of Technol-
ogy, pyrolytic release experiment; (2) Mr. Vance Oyama, NASA/
Ames Research Center, gas exchange experiment; and (3) Dr. Gil-
bert Levin, Biospherics Inc., labeled release experiment. The two
remaining team members are Dr. Joshua Lederberg, Stanford Uni-
versity, and Dr. Alexander Rich, Massachusetts Institute of Tech-
nology.
Mr. Chairman, at this point, I would like to show you some photo-

graphs of the equipment, the actual instruments that we will be
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delivering—those we will deliver and those that are called the test
standard modules.
As I mentioned, these experiments are normally a complete labora-

tory, a room full of equipment and staff. These photographs show the
first step in the miniaturization of those experiments. On these first
three which cover the three present experiments, the test module is the
flight module, the actual experiment, plus the surrounding rack of
electronic equipment and pneumatic control equipment. The next
step in the miniaturization is to reduce these racks to the same scale.
The next photograph shows the experiments in their completely

miniaturized form; it also gives you a feeling for the cleanliness stand-
ards we worked toward in assembling and operating this instrument.
One of those photographs, the one labeled serial No. 102, is the complete
instrument has finished its functional verification, and is now in
its performance verification testing, and goes into biology testing in
December of this year. The final photograph, serial No. 103, is the first
instrument which will be delivered to the Martin Co. in the first week
of December.
One experiment looks for life forms that might function like many

Earth organisms, metabolizing food and producing carbon dioxide.
In this one, a pinch of Martian soil is wetted with a few drops of
a nutrient medium that contains radioactive carbon. If organisms of
this type exist in the soil, their metabolic processes will release radio-
actively labeled carbon dioxide that will be detected by a miniaturized
radiation detector built into the experiment. In this and the other two
experiments, the judgment as to whether or not life processes have
been observed will be based on comparing the results to those from an
identical sample that has been sterilized by heating to over 300° F.
The second experiment looks for life processes such as photosyn-

thesis, where carbon dioxide is incorporated into cellular material.
Labeled carbon dioxide is injected into the atmosphere in the incuba-
tion cell, and a small xenon lamp provides a simulation of the Martian
sun. After the incubation period, the labeled atmosphere is removed
and the sample is toasted and analyzed by a radiation detector to de-
termine whether it has assimilated any of the labeled carbon dioxide.
The third experiment is based on the fact that all known organisms

produce or take up gases as part of the process of living. A miniatur-
ized gas analysis system is used to make periodic measures of the gas
composition in a sealed cup containing the soil sample and a nutrient.
The three experiments can analyze at least four different surface

soil samples during the planned 90-day operational period on the
surface of Mars. The complete instrument, like the rest of the Lander,
must withstand prelaunch sterilization at 230° F for 20 to 40 hours.
It must also keep the test cells within the narrow range of suitable
incubation temperatures while the Martian atmosphere fluctuates over
200 degrees from day to night.
Your subcommittee has been following the progress of the biology

instrument over the years, so I will not dwell on the events before
August 1973 when you last reviewed the program.
Mr. SYMINGTON. I might say, it would be helpful if you would

submit for the record the date on which TRW was selected. Perhaps
we have it somewhere else; just a statement of what the amount was
of the original contract, and then a case history highlighting the
technical problems. I am sure some of that is in your testimony.
Mr. SOLOMON. We are prepared to do that.
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Dr. SOLOMON. You will recall that we found the technical difficul-
ties even greater than we had anticipated, and that the cost of the pro-
gram had grown accordingly. But during the past 15 months, we have
pursued an intensive program of redesign and verification testing
which, although costly, has given us renewed confidence that it will
indeed be feasible to conduct a search for life on the Martian surface
by means of a complex and miniaturized automated biology labora-
tory such as the one we are now preparing for the flight to Mars.
In August of 1973, the basic engineering, design, and development

phase of the program was thought to be complete and the instrument
ready for qualification and systems testing. Tests had been performed
on the development instrument, changes had been incorporated to
correct various deficiencies found in developmental testing, and the
critical design review had been completed. All open action items from
that review were closed. The program was then nominally in the man-
ufacturing and test phase, with the major emphasis being on build-
ing and delivering the instruments on the required schedule.
By this time the schedule problem was becoming severe, and to help

deal with it we restructured the project completely and assigned a new
project manager. At the same time, Martin Marietta assigned a spe-
cial audit team to work with the new TRW management team to de-
fine a feasible delivery plan and a realistic cost estimate for complet-
ing the program. At that time, the total cost of the program was esti-
mated to be just over $30 million. This estimate was based on the as-
sumption that no major technical problems remained from the design
and development phase.
Mr. SYMINGTON. I have a question at this point. That sentence you

just read seems a little inconsistent to me, at first glance, with the
first full paragraph of the same page, where you say that:

All open action items from that review were closed. The program was then
nominally in the manufacturing and test phase, with the major emphasis being
on building and delivering the instruments on the required schedule.
That is August. Then came September that was a bad month. What

happened?
Dr. SOLOMON. I think that prior to August we had done insufficient

testing at the unit, component, and subsystem level and it was in the
August—September time frame that we just began to get into the
real testing. We started that testing at the instrument level. We began
to find problems. That was the cause of that change between August
and September.
Mr. SYMINGTON. I think we must ask if that isn't the kind of sur-

prise that could have been avoided by a more indepth analysis of the
potential difficulties further upstream? It seems as if you almost had
the whole thing in the box ready to go without really knowing what
was involved?
Dr. SOLOMON. We had done insufficient testing prior to that point.
Mr. SYMINGTON. How long had you been on it before August of

1973?
Dr. SOLOMON. We competed for the program in early 1970 and were

selected as the contractor in March of 1970, but then we had bid to
the 1973 launch. There was that revision. I think we finally had an
agreement on the work statement and so on in mid-1970, October 1970.
We were into the program about 21/2 years.
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Mr. SYMINGTON. Two and one-half years.
And how much had you spent by that time? You say the later pro-

gram cost was estimated to be $30 million. How much had been spent?

Dr. SOLOMON. At September 1973?
Mr. SYMINGTON. Yes.
Dr. SOLOMON. About $24 million.
Mr. SYMINGTON. I guess we asked Mr. Adams how much had to be

added for the biology improvements, I believe he said $20 million.

Is that about right?
Dr. SOLOMON. From that point?
Mr. SYMINGTON. From that point.
Dr. SOLOMON. From late 1973 until now, about $20 million, I will

comment on this a little later.
Mr. SYMINGTON. Yes; I was getting ahead of you here.
Dr. SOLOMON. In September the qualification instrument was com-

pleted and testing was started on it. At approximately the same time
the development instrument was refurbished and soil biology testing
was begun. The tests of both instruments over the next 4 months
resulted in numerous failures. The failures encountered during these
tests were widespread and encompassed many technological fields.
The failures included failure of high-temperature heaters caused by
debonding, thermal and electrical stresses which prevented 'steriliza-
tion of the test cells; stiction of the elastomeric material in the valve
seats at low temperature which prevented valves from operating; and
failures of vertical actuators during heat compatibility testing which
prevented the test cells from being raised and lowered.
Electronic failures were also experienced. The noise in the low-level

electronics system which amplifies and counts the radioactive carbon
signals was excessive and prevented counting of the signal. In addi-
tion, the Xenon arc lamp which reproduces Martian sunlight in
the pyrolytic release experiment was found to operate erratically and
below the needed level of performance when coupled with its high
voltage starting circuit, mirrored reflectors and optics at the instru-
ment level. Perhaps the most serious problem identified at that time
was that of micron size particulate contamination in restrictors, lines,
and orifices which prevented flow of nutrient and gases to the experi-
ments.
These failures, together with the results of detailed design reviews

and audits conducted at the same time, provided conclusive evidence
that major redesign and additional development work would be needed
to give assurance of meeting the performance requirements. In par-
allel with this test and review activity, production was continuing on
the fabrication of parts, subassemblies, and modules for all flight
instruments.
Mr. SYMINGTON. Wasn't production suspended during the redesign

period?
Dr. SOLOMON. No, it was not. The schedule faced us. I will comment

in a moment about the cost of doing that which was really minimal.
Mr. SYMINGTON. I wonder how you can redesign and continue to

manufacture at the same time?
Dr. SOLOMON. We produced to the original designs with the thought

being that much of that produced hardware could be useful even after
redesign. Redesign was not that specific.



275

In December 1973 a program review was held with participation
by all involved parties, including the science community. Relief in
noncritical specification requirements was obtained in various areas
from both the science team and the prime contractor to permit re-
design of the instrument within the current state of technology. A
massive redesign, development, and engineering verification test pro-
gram was initiated with full approval of Martin Marietta and the
NASA Viking Project Office. This redesign effort required a buildup
in TRW manpower from approximately 250 people in November 1973
to 400 people in March of 1974, primarily in additional technical and
engineering disciplines. Because of the commonality of technology of
the various experiments, all experiments were involved in the re-
design. The redesign effort involved valves, cell seals, vertical actu-
ators, restrictors, low-level electronics, nutrient metering systems, con-
tamination and cleanliness, heaters, heater bonding, as well as a total
thermal redesign. To accomplish this redesign within the schedule
constraints, TRW assigned "tiger teams" to the various problems and
also, with the concurrence of Martin Marietta and the NASA Viking
Project Office, assigned a special assistant to the project manager for
management of problem investigations and solutions.
In March of 1974, all areas requiring redesign had been identified,

the redesign and develop effort was well underway and engineer-
ing was being released to the floor. At this point in time, the cost of
the program had increased to $40 million, a growth of $10 million,
attributable primarily to the extensive redesign and development ef-
fort. The March cost estimate was only a partial estimate of the total
program cost, since it did not include the impact of the redesign on
the manufacturing and test effort. Recognizing this, an estimate to
complete for the program was initiated in late March to determine
the full impact of the redesign on the manufacturing and testing of
the instrument. This estimate to complete was finalized in April, with
an estimated program cost of $48 million. The April estimate to com-
plete included an expanded test program at the subassembly and
module levels—which test program accounts for 11/2 million of the
cost growth—the extensive rework of components and subassemblies
which had already been fabricated, and the rebuilding from scratch
of components and subassemblies which could not be reworked.
Mr. SYMINGTON. I asked you a moment ago about the advisability

of going forward with production of certain components and subas-
semblies and you said that was possible during redesign because the
redesign was not that substantial.
Now, suddenly there is an $8 million cost increase in about 1 month.

Is that because you encountered massive redesign problems that
couldn't be anticipated ?
Dr. SOLOMON. That $8 million—the increase to $40 million—was a

redesign and development effort. Going from 40 to 48 was the addi-
tional manufacturing, but mostly testing; in large part it was testing.
The detailed testing starting at the unit level, component level, sub-
assembly level, and the complete instrument level which we had not
really done prior to late 1973. So that most of that cost increase was
in testing; we did scrap some material, but our estimate is not over
a million dollars' worth.
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The rework and rebuild effort was responsible for $21/2 million of the
increase. Most of the remaining increase was a result of a decision
to work on an around-the-clock, 7-day-week basis to insure schedule
maintenance. That is what I meant by the much more extensive testing
program.
In March of 1974, the NASA Viking project office established a

special task team to make an independent review of the program to
determine the feasibility and probability of delivering the three-
experiment biology instrument within schedule constraints imposed
by the 1975 launch window. This task team was comprised of technical
specialists from the Jet Propulsion Laboratory, the Langley Research
Center, and Martin Marietta. TRW supported the task team by pro-
viding drawings, data, and other technical information. The task team
was led by a technical specialist from JPL and performed their review
at JPL in March and April of 1974. As a part of this review, the task
team studied the technological aspects of each of the experiments, as
well as the instrument in toto ; and to give you an understanding of
the complexity and technologies involved, I would like to summarize
some of their findings. The task team identified 35 different tech-
nologies that are involved in the design of the instrument. Eighteen
of these technologies are equally important to each of the experiments;
three additional technologies are required for the labeled release ex-
periment; five additional technologies are required for the gas ex-
change experiment; and eleven additional technologies are required
for the pyrolytic release experiment. These technologies ranged from
movable vacuum type seals to high density electronics packaging,
from metering liquid flow systems to thin film electronics, and from
narrow hand temperature control systems to detection and counting
of radioactive gases.
As a result of their review and findings pertaining to technological

aspects of the experiments, the task team concluded that, independent
of cost, the three-experiment instrument would be very difficult to
build, test, and deliver within the schedule constraints imposed by the
1975 launch window, and hence recommended a single-experiment
approach as the most probable means for insuring delivery within
the schedule. The task team's findings and recommendations were re-
viewed during the April 22, 1974, management review meeting at
TRW with NASA headquarters, NASA Viking project office, Martin
Marietta, the Jet Propulsion Laboratory science team, and TRW in
attendance.
TRW did not concur with the task team's recommendation for the

following reasons: First, the selection of the experiment which would
be least susceptible to further development 'Problems was at best prob-
lematic because of the lack of proven experience in the manufacturing
and test of any of the experiments; secondly, the three-experiment
instrument provided the highest probability of accomplishing the
mission, that is, the search for life on Mars, in that if any one experi-
ment could not be made to work, the mission could still be performed
by the other two experiments; and finally, TRW was confident that by
adding manpower and working around the clock 7 days a week
the three-experiment instrument could be delivered in time for the
1975 launch.
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During this meeting, TRW was directed to proceed with the three-
experiment instrument and to initiate actions for manufacturing and
test on an around-the-clock basis. As a result, in April 1974 manu-
facturing and test activities were reinstituted in full force for the
three-experiment instrument.
From April through August 1974, the program emphasis was

primarily on delivering working instruments on schedule within the
projected program costs. Work on all instruments proceeded on an
around-the-clock, 7-day-week basis to attain the highest assurance of
meeting schedule commitments. In July a new estimate to complete was
performed based upon the manufacturing and test experience during
the time period of April, May, and June, and the program costs were
then estimated at $50.3 million, a growth of $2 million primarily at-
tributable to increased costs to maintain schedule and to unanticipated
occurrences in manufacture and test of the various experiment modules.
Manpower during this period peaked at 576 equivalent heads with
paid overtime running at approximately 17 percent.
By September 1974, the manufacturing and test problem content had

decreased significantly and manufacture and test of the experiment
modules for all instruments was in progress, although somewhat be-
hind schedule. The manufacture of the first instrument was completed
and the instrument subjected to test, and the second instrument was
essentially complete and ready for test. In late September, one instru-
ment was deleted from the program with a cost reduction in the order
of $600,000.
Mr. SYMINGTON. Why was that decision to delete that experiment

made in September?
Dr. SoLomoN. That was what we called the number 107 instrument.

It would have been the fourth flight experiment but with the direction
that was taking place in the overall program it was no longer needed.
Mr. SYMINGTON. Was that a NASA decision?
Dr. SOLOMON. I believe so. The decision to eliminate the third lander

was made by them.
Mr. SYMINGTON. That was the third lander.
Dr. SOLOMON. Concurrently numerous cost reduction options were

studied and analyzed, leading to the adoption of a new plan in October
with a further cost reduction of $280,000. The new plan implemented
in October, reduced the acceptance test requirements 

plan,
two of the

flight instruments and curtailed other test activities.
During the period from August to the present, TRW initiated and

implemented a detailed destaffing program to control project man-
power while maintaining program schedule, cost, and performance re-
quirements. This effort has been eminently successful and our current
manpower was reduced to 300 equivalent heads; today it's like 280.
The current estimate at completion is $50.4 million. This figure in-
cludes in scope since July of approximately $1 million, as well as the
cost reductions previously mentioned.
Today, we have successfully completed the manufacture of four

instruments, with manufacturing of the final instrument scheduled to
be complete on November 22. The Denver test instrument has essen-
tially completed the test program and is scheduled to be delivered to
Martin Marietta on November 27, 1973. The soil biology test instru-
ment, Serial #102, which will be tested at TRW, has successfully
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completed all functional tests and is currently in the performanc
e

vertification test. Soil biology testing is scheduled to begin in mid-

December 1974 and to be completed in March of 1975.

I might add parenthetically with regard to those test standard

modules we demonstrated that the basic experiment does work.

Mr. SYMINGTON. If between now and March those tests don't prove

out, there really isn't any time to redesign or make modifications?

Dr. SOLOMON. It will depend on the problem, if any, we find.

Mr. SYMINGTON. It might not be possible?
Dr. SOLOMON. We don't forecast or foresee any problems.

Mr. SYMINGTON. OK.
Dr. SOLOMON. The first flight instrument, which will undergo limited

qualification tests, as well as flight acceptance tests, is now undergoing

functional verification tests and is scheduled for delivery to Martin

Marietta in mid-March 1975.
Mr. SYMINGTON. That would make it how much later than the

original delivery date?
Dr. SOLOMON. I believe we had originally planned on having one at

Martin in early October or late September. As of about a year ago,

the plan was early October.
Mr. SYMINGTON. I see.
Dr. SOLOMON. The second flight instrument is also undergoing func-

tional verification tests with delivery to Martin Marietta also sched-

uled for mid-March 1975. The spare flight instrument is scheduled to

start into the test program on December 2 and to be delivered to Martin

Marietta in mid-April 1975.
To summarize where we stand today, during the past 15 months we

solved the major technical problems, redesigned the instrument, and

built and assembled four of the five instruments. We have encountered

a few nagging problems in the test phase, primarily associated with

particulate contamination, but are confident that we can deliver instru-

ments capable of performing the mission on Mars. Although we have

not completed the testing of the flight instruments, our current prog-
ress in instrument test makes us confident that we can deliver the

biology instruments in time for the 1975 launch and within the pro-

jected costs.
That is the end of my statement, Mr. Chairman.
Mr. SYMINGTON. Well, I want to thank you for a fine statement,

Dr. Solomon. Obviously TRW has made a remarkable recovery, and
had faith in its own people and in its own system to prevail in what
must have been an historic meeting to get the go-ahead. I think all
of us are glad to know there is a good chance of the three experi-
ments being successful. I suppose we would have been somewhat
disappointed if we had to go only with one.
The big question now is, can we go with the three?
Dr. SOLOMON. We can.
Mr. SYMINGTON. We are very anxious to see that that happens, and

I want to compliment you on your perseverance and your testimony
today.
Are there other questions?
Mr. BROWN. I am interested in why, in view of your obvious con-

cern with the assembly under clean-room conditions, you continued to
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encounter this particulate contamination. Have you identified the rea-
sons for that?
Dr. SOLOMON. We found—I believe we have found them. We found,

for example, in the gas exchange experiment there was a problem
that when back flushed it was putting particles in the plumbing. We
put in filters for that. That is an example of the kind of thing you
find in the test program. We have cleaned it up.
Mr. BROWN. In other words, there were contaminants being pro-

duced within the operations of the system?
Dr. SOLOMON. Correct.
Mr. BROWN. OK.
Mr. SYMINGTON. Thank you, Mr. Brown. Thank you very much,

Dr. Solomon, and good luck.
We will now hear from Mr. Robert Rynearson, vice president and

general manager of the Aerospace Division of Honeywell.
Mr. RYNEARSON. Mr. Chairman, and members of the committee,

I would like to introduce Stan Moeschl, who is chief engineer of our
guidance and control activity and was from January of 1973 until
very recently our program manager, and I would like him to assist
me in this presentation.
Mr. SYMINGTON. We are glad to have him with us. -
Mr. RYNEARSON. I have a prepared statement, which we provided,

which does summarize Honeywell's activities on the Viking pro-
gram. I would like to give my statement in a more extemporaneous
fashion so I could deal with some of the questions and issues raised
during yesterday's session and this morning.
Mr. SYMINGTON. Without objection, we will include the prepared

statement in the record at this point. We may have questions on it in
due course. In the meantime, you may proceed as you wish.

STATEMENT OF ROBERT L. RYNEARSON, VICE PRESIDENT AND
GENERAL MANAGER, HONEY w.ELL AEROSPACE DIVISION

Mr. RYNEARSON. I would like to first describe our equipment so that
you may have some feel for the complexity of the system as it exists,
and then I will describe our status, and then go through the major
program events that have been the source of our problems.
As it has been described, our computer is called the brain of Viking

lander, and I think as Mr. Adams stated, it essentially is responsible
to be the pilot during the landing phase, to be the lab technician di-
recting the science activity.
The brain cells, so to speak, of this computer are really the unique

feature. Stan, would you distribute them? They are the 2-mil plated
wire you have heard about. In those plastic tubes is a 16-inch length,
and if you'll pull the cap off and look carefully, you can find it. The
wire has been bent in the middle and that is what we call a hairpin.
Each one of those wires, in effect, carries 450 bits of information, or
225 bit pairs.
We build the computer, if you notice the photograph provided

(fig. 1), by having operators insert those wires in what is called a
memory plane. which is what I am holding. The operators insert them
in the end of the plane and each onerator inserts 250 per plane. The
wires are 2/1000ths of an inch thick and the tunnel is approximately
4/1000ths of an inch in diameter. An entire computer has 4,000 wires
in it, which is approximately a mile of wire.
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FIGURE 1

The total computer then is assembled, as shown in the first slide
(fig. 2). This is the picture of the processor. The electronics are
contained on those boards and it is assembled much like pages in a
book, into the entire frame. The entire computer is about a cubic foot
in volume, weighs about 50 pounds, and it has an integration speed
of about a millionth of a second—the ability to read or write into any
of those 900,000 bits. It must do that, of course, after having been
baked at 240° for 7 days, which is the sterilization requirement.
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The next picture is the computer in its finished form (fig. 3).
The most appropriate way to describe our status would be to say

that—it would be better to give this presentation next Thursday,
which is our national day of Thanksgiving. I am sure all of the Honey-
well team members have a great empathy for the feelings the pilgrims
had on that first Thanksgiving, having shared the common experience
of surviving a very difficult year successfully. I believe success is the
word that should be used here.

FIGURE 3

We have delivered 15 of the 17 systems that are scheduled under
the contract. As Dr. Cortwright said yesterday, the last two flight
units are essentially buttoned up and will be delivered in the next
few weeks.
We will have one unit that will be reworked and delivered in Janu-

ary to complete our development and fabrication program.
We have high confidence in this equipment. I will describe the prob-

lems that we have had, but we have done an enormous amount of vari-
fication testing to insure that it will operate in its vital role.
It is difficult to describe the kind of testing, but I think perhaps this

will give you some feel: Each computer memory has 86-billion elec-
trical measurements made on it: 86-billion electrical measurements
made on it, provided there is no retest or anything of that nature re-
quired. Those measurements verify that each bit will really perform
when it is needed under the conditions at Mars. So it is a piece of
hardware that has been thoroughly evaluated.

I'd like now to discuss our program activity, and let me first give
you background to our technical base when we entered into this
program.
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We had completed 36 subcontracts and programs on plated wire
memories and computers. The largest of these was a very large pro-
gram for the Air Force on a Minuteman computer. I think that pro-
gram ran some $90 million. It was a large program of hardware build
and development and we also had done a fair amount of work on 2-
mil plated wire. The bulk of our experience was on 5-mil plated wire,
which is only five one-thousandths of an inch thick instead of two
one-thousandths of an inch thick.
We had built a small memory, again for the Air Force, that was

2-mil wire.
Mr. HAMMILL. May I interrupt at this point? I seem to recall in

your statement you indicated that you proposed for the Viking com-
puter either 2- or 5-mil plated wire?
Mr. RYNEARSON. That is correct.
Mr. HAMMILL. You must know why the 2-mil wire was selected

instead of the 5 mil, in spite of the much longer experience you had
with the 5-mil wire?
Mr. RYNEARSON. The basic reason for selecting the plated wire over

core was power saving and the 2 mil did have the advantage of even
more power saving and size and weight and volume saving than the
5 mil. I don't have those numbers, but we could provide the actual
differences. But it was power, weight, and volume considerations.
Mr. HAMMILL. Well, now, 5-mil wire is still very tiny?
Mr. RYNEARSON. Yes. That is correct.
Mr. HAMMILL. And so as between 2- and 5-mil wire, the weight

saving would be very small?
Mr. RYNEARSON. It isn't the weight saving of the wire. It is the size

of the computer itself, which arose as a function of the more power
you have to use to drive the wire. Power in effect drives the weight up
on the computer for the supporting electronics.
Mr. HAMMILL. In your opinion, would a 5-mil wire computer have

been satisfactory for the Viking mission?
Mr. RYNEARSON. I can't address whether Viking could have accom-

modated the larger power requirements, but a 5-mil computer cer-
tainly could have been built with less technical risk than the 2-mil
computer.
Mr. HAMMILL. Yes; particularly with respect to the handling of the

wires. We understand that the 2-mil wires are very delicate and break
easily, and it is very difficult to fabricate the various components that
make up the computer.
Mr. RYNEARSON. The original 2-mil wire we started with was very

strain sensitive. That is a problem I will discuss later, the current 2-mil
wire we are now making, and used for the Viking program, is actually
less strain sensitive than our original 5-mil. We achieve better yield in
our 2-mil than 5-mil wire.
Mr. BROWN. Does each of the 2-mil wires have the same memory

capacities, if that is what they are, as the 5-mil wire would have?
Mr. RYNEARSON. What I would call the margin of the voltage output

of 5-mil wire is significantly higher than the 2-mil wire. So there was
more margin in that context than the 2-mil.
Mr. BROWN. I am trying to compare this with the volume figures.

Obviously, a 5-mil wire, the volume goes up as the square of the cube
of the radius, I guess, so that the question that I have is whether the
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2-mil wire has additional characteristics, additional capabilities, as
far as storage is concerned, or 5-mil wire is equivalent to it.
Mr. RYNEARSON. Yes. The storage density on 2-mil wire is superior

by a factor of approximately 2 to 1 to 5-mil wire. We store bits on
0.025 centers approximately in other words, every twenty-five
thousandths Of an inch on that wire is a different bit. On 5-mil it was
typically twice that. So there is more dense storage, which again con-
tributes to the greater weight and volume of a 5-mil computer.
Mr. WINN. More density using less power?
Mr. RYNEARSON. That is true. To give you a better feel for why we

believed 2-mil was an acceptable risk, here is a curve that shows the
output of the wire (fig. 4) .
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This is a typical curve showing the voltage output of a sample of
2-mil wire. The curve shows the average output of this whole sample
to be 10 millivolts. We did run aging tests, to determine the effect of
sterilization on the wire, and we got a shift down to about 9 millivolts.
Now, the end of life requirement that we believed we needed at that

time was about 41/2 milivolts, so we felt quite confident that it was
practical to proceed with this new 2-mil wire.
Now, this margin was much less than we had had in 5 mil. Five mil

would have been out several more milivolts, but it was still sufficient
even though the margin had been reduced. It did appear to be a very
adequate basis for proceeding with such a design.
Now, the problem was that the data sample was limited. When you

have a limited sample of data, you have high confidence or you have
good confidence on the mean. In other words, we found as we continued
to produce this wire, we did achieve those averages. The shape of the
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curve is what you don't have much confidence in, because there is very
little data supporting these tails.

Essentially, these two things happened. The end of life require-
ment did move up and these tails moved out a little bit. The tail only
has to cross a small amount because it is not the average output that is
important. It is the poorest output that is important. Every bit on that
wire must meet the end of life. So we started to get some bad bits on
the wire, and recognize there are, like, 450 changes on the wire to get
a bad bit. If you have a 50-50 chance of getting one bad bit on a wire,
you start having poor odds on being able to stuff 500 wires in a memory
plane and have a good memory plane. That is the essence of the prob-
lem that developed.
Now, I'm a little ahead of myself. That is the technical base that we

had at the beginning of the program.
The other thing that was difficult was the requirement for steriliza-

tion. We understood that the requirement existed. We had conducted
engineering tests and understood that we had to select different ma-
terials from the materials we had used in our other computers, and
memories. For example, we knew the materials had to be changed in
the boards that we had developed in the Minuteman program, and
other components where we had a very large data base.
We had identified other materials that could be used that would

service the sterilization requirements. The primary requirement is no
out-gasing under temperatures which would in turn deposit un-
wanted material around the spacecraft. We hadn't had a chance to
really develop the new materials into our manufacturing processes to
verify that those materials could really achieve the kind of yields we
had in our previous manufacturing. That is really where we got in
trouble in the first year of the program.

Essentially, we had a 3-year program starting in November of 1971.
It was a rational program but it was a tight program. I am simpli-
fying it a little bit. We had a year to design, about a year for verifica-
tion and a year for fabrication or manufacture.
We determined in building our first engineering models that we

•did have some basic process problems. There were two major problems.
The tunnels that store the wires are an epoxy-type board that is built
up. We did have to change the material because of sterilization. The
new material required higher bonding pressures. We construct these
tunnels by laying a tooling wire in the epoxy, bonding the board,
and then pulling out the tooling wire, leaving the tunnel.
We found with the new material and the higher pressures that we

had to use that we would occasionally, in fact all too often, get a
stuck tooling wire. We couldn't pull it out. It would actually be bonded
into the tunnel. This required us to stop and redevelop a new process of
building tunnels, which we did successfully, but it did take time and
it did take money.
We had a similar problem in the keepers, which are the magnetic

paths that are deposited into that board for interrogation of the
memory elements.
Again, we had changed materials for two reasons: sterilization and

the desire to compress the size. Sterilization requirement on the wire
lowered its output, and we wanted to get the paths as close as possible
to the wires to compensate.

44-128 0 - 75 - 19
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We found that the new material was strain sensitive in the sense
that if you flex the board you would get magnetic hot spots. This, of
course, created large noise signals in the computer. We stopped and
developed a new material for the magnetic paths, and we did solve the
problem and move on.
But the net effect of these problems was that engineering verification

was delayed approximately a year.
This delay meant several things to us and really was the cost problem

that we dealt with.
It meant, No. 1, that to support the Viking program, we now had

to conduct engineering verification of the design on a parallel basis
with the hardware build. This was compounded by the problem that
to support the Viking program, our engineeering models had to be
used to support the systems test at Martin, Denver. This action mini-
mized the time we had to use that hardware to debug our design to
find latent problems in the system.
This was a recognized risk, but it was a tradeoff, that had to be

made, and we did proceed on that basis. The obvious risk was that
any problem that existed caused not merely a change of the design,
but caused rework of the other hardware in process.
We did have two major problems during the time period from about

September of last year through the next 6 to 8 months.
As we went into the fabrication of our proof test capsule model, and

our first engineering model, we had the plated wire problem that I
mentioned earlier. Even though we had had enough output margin on
average, we simply were not achieving the yields that we needed. We
run billions of electrical measurements on each memory system which
is a significant cost. If you have to send it back to rework, one has to
repeat that set of tests. It does demand a very high yield at system
memory tests.
We did have another type wire, which is called a coupled film wire.

This wire was developed on our independent I.R. & P. programs, sepa-
rately from Viking. It had not been proposed originally, because it
was not mature enough at the time of our original proposal.
With the delay, we had started to apply it to some of our other pro-

grams. It particularly was 'attractive because it was much less strain
sensitive than the original 2-mil wire, and it also had higher voltage
output. It gave us more margin. The decision was made in January
1974 to convert to the coupled film wire, and that was a very successful
change.
Injust a few months we manufactured all of that wire and put that

problem completely to bed.
We did have other problems in the building and testing of the fight

hardware.
One in particular was electronic noise in the computer. The require-

ment to achieve high-density, small volume in the Viking program
meant that we had to compact the electronics as much as possible. It is
typical in that type of hardware to obtain some unwanted coupling
between circuits which causes a problem. The purpose of engineering
models is to work through those kinds of problems and clean the design
up prior to building the flight hardware.
It is really not practical to try to completely solve all problems in the

first paper design.
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We did have a problem called sense amplifier misfire. It was noise
coupling in the circuitry. We did have to stop and effect solutions to
those problems, not just on the engineering qualification models, but
in the flight hardware as well. This rework did contribute signifi-
cantly to the cost growth we have had in the past year.
You have asked a question about the change in our staffing level at

the conversion point. It was in this time period that we were building
up program activity. I have a chart (fig. 5) which I think shows that
change. Mr. Adams commented on the change in activity at our
organization
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This chart shows our halfstack memory test history. We tested each
model. If you will note in the time period of September—August, there
was very little hardware that was in that halfstack test level. Of
course, there was production of subassemblies, but notice the buildup
in November and December and even more in the first quarter of the
following year.
The point is that in the September time period, we essentially had

only production and engineering people. But we built up in Novem-
ber—December time period very rapidly to staff the test teams that
functioned around the clock. That is three sets of test teams, 7 days
a week, to run the tests on those half-stacks, and other subsystem and
system tests.
You will also note that many of the first stacks were run at less than

spec. Those are the single-film wire stacks and that was done to con-
serve cost. The purpose of the engineering models really didn't require
the end of life performance of a flight model so compromises were
made to conserve costs in that phase of the program.
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Obviously, the flight hardware had to be to the full specification
level.
In summary, then, the major problem that really compounded our

program was our lack of sufficient technical data on the total impact
of sterilization on our memory design.
We had a strong data base. We really felt confident we could build

and produce this type of device in very short order. It did cause us
major process types of problems.
These problems required us to collapse 2 years into one and to con-

duct the program to maximize schedule and to buy time in any fashion
we could.
The Viking team worked essentially for over a year, 7 days a week,

24 hours a day, including Christmas and New Year's. That isn't the
way we like to work our people. That is not the way our people like
to work, but we felt it was necessary to support the program and we
have successfully completed that activity.
That concludes my comments.
Mr. SYMINGTON. Thank you very much for an interesting and help-

ful statement.
Again, as a general request, I think we would like for the record

a composite history of your involvement, the original contract price
and the cost growth that were attributable to whatever technical
problems you encountered and the manpower loadings over the history
of your participation.
Mr. RYNEARSON. Certainly we will provide that. You do realize that

that type of allocation gets subjective.
Mr. SYMINGTON. That would be helpful.
Mr. Bergland ?
Mr. BERGLAND. I have no questions.
Mr. SYMINGTON. Mr. Brown?
Mr. BROWN. I think the statement is a complete explanation of the

technical difficulties as they relate to the Viking program.
iBut I am again interested, as I have indicated before, n the possible

future benefits or lessons that we learned from this type of an experi-
ence. I presume that having gone through this exercise that we won't
anticipate similar problems in the event of future efforts to move ahead
with an additional program in the space exploration field.
In other words, if we had a follow-on program for the Viking, this

could be accomplished with far less difficulty than we have experi-
enced here?
Mr. RYNEARSON. Given we stay with this level of technology, which

certainly can do the Viking job, those problems are behind us. I think
we have relearned some management lessons the hard way, that even
though the data looks very good, you must have done it to really know
where you are at.
Mr. BROWN. The computer field is probably the area in which the

technological changes are occurring most rapidly of any field.
Do you see the technology continuing to change at this same pace,

and again, this is not particularly related to the Viking program, can
we anticipate new generations of technical developments which would
make a major change in the kind of hardware you are producing in
this area?
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Mr. RYNEARSON. You are correct, the technology certainly is moving
rapidly, primarily in the area of having more computation capability
per cubic foot. I think the answer to your question varies with char-
acteristics; by that I mean, the savings you would 'achieve by improv-
ing the technology from a size, weight, power standpoint get to be
small savings now because our quiescent level of operating the com-
puter is something like 5 watts. I believe one might make some savings
that percentagewise would be significant, but you can't save more than
5 watts. I think you're reaching a point in some areas of diminishing
returns.
Mr. BROWN. Is there any spinoff from the kind of development that

you have done for the Viking that fits into our concept of technology
transfer that might be useful in nonspace applications, or is this some-
thing that basically has had to be tailored just for the space program?
Mr. RYNEARSON. The 2-mil wire does have, and we are now produc-

ing this coupled film wire for other DOD applications. Its character-
istic of low power and nuclear hardness, radiation hardness, make it
very attractive for that type of DOD requirement.
Mr. BROWN. Well, while your power demands are not particularly

great in the computer business, we still seem to be moving to an era
in which the requirement for minimum use of energy is going to be
extremely great.
Is there a possibility that we have learned something here that

would help us in some other energy areas?
Mr. RYNEARSON. I believe that much larger machines without the

requirement for radiation hardness will utilize semiconductor memo-
ries. These also will be very low power in the future and in the com-
mercial environment will dominate the scene.
Mr. BROWN. I have no further questions.
Mr. SYMINGTON. On page 3 of your prepared statement, you men-

tioned during the preliminary design review, need for design changes
were identified. Was this just an in-house identification or did some-
one come in and say that they thought you needed to change?
Mr. RYNEARSON. It was a design review with participation of NASA

and Martin Marietta.
Stan would you like to address those changes more specifically?
Mr.
Stan, 

All the major programs have what we call a PDR
which is a preliminary design review where you set in concrete the
specifics of how you're going to conduct the detail design and a critical
design review prior to committing production. So the preliminary
design review was the first time that all the people involved in the
program got a look at how Honeywell was building the computer.
There were three modifications to our initial cut at the design during
that review. They are listed there on page 3.
Mr. SYMINGTON. When does the computer begin to function during

the mission? Does it have a job to do right away, or later on as it
approaches the target?
Mr. MOESCHL. It is turned on during the cruise phase for some minor

tasks to do.
The real work begins in the descent modes and once on the surface.
Mr. RYNEARSON. It is designed as a redundant computer, and it is

designed so that there is no single point that can cause failure. This
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feature is, of course, related to the fact that during the descent phase
it must work.
Mr. SYMINGTON. Describe again when the space craft moves into

the threshold of a descent phase, is the computer then beginning to
play a role in the descent itself?
Mr. MOESCHL. The computer actually comes on prior to the separa-

tion of the Lander from the orbiter and automatically controls the
spacecraft during the undocking from the orbiter and total descent
mode.
Mr. SYMINGTON. It's pretty much on its own?
Mr. RYNEARSON. It is the pilot.
Mr. SYMINGTON. You wouldn't have to give it new instructions

presumably.
Mr. MOESCHL. It's preprogramed.
Mr. SYMINGTON. Having achieved a safe landing it then begins to

direct the operation of the experiments?
Mr. RYNEARSON. At that time, yo—uThave time, of course, to provide

updates from the Earth.
I hear Walt in the background very nervously. We are answering

his kind of questions.
Mr. SYMINGTON. I am trying to think what it is that we experience

in the control room here on Earth as the spacecraft nears Mars and
what messages we might be inclined to send before we are assured that
things are functioning?
Mr. RYNEARSON. I suggest that Walt Lowrie address that.
Mr. SYMINGTON. That suits the committee.
Mr. RYNEARSON. I suggest that Walt Lowrie address that.
Mr. SYMINGTON. Yes; indeed.
Mr. LOWRIE. I missed the last part of your question.
Mr. SYMINGTON. As the lander strikes Mars, from the point of im-

pact, we learn about that back here 
Mr. LOWRIE. Twenty-two minutes later.
Let me spend just a minute and walk through the general flight

pattern. When we are sitting on the launch pad ready to go, we have
stored the flight software program into the computer. One of the last
things we do is execute a prelaunch checkout and that is one instruc-
tion to the computer which then makes the lander go through self-
check. It says, "Yes, I am healthy. I am ready to go to Mars." That
is the first major function. Then we proceed, presuming the launch is
successful, and we are on our way to Mars. There are several times
during the 11-month cruise period where we will do some health check-
ing,also with prestored programs.

Finally, when we are in orbit around Mars and getting ready to go
down, we run what we call a preseparation checkout. This is very simi-
lar to what we ran in the prelaunch phase. Again we execute a com-
mand that says, "Tell me how healthy I am." At this time a few ele-
mentary decisions are made. For example, I look at the two radars, and
if one happens to be bad I will lock it out. So there are a few functions
that I can command. But once I do that, then I say, "Now, I am ready
to go," and I execute the separation and total descent phase. From
there on, the software in the computer and the computer automatically
control the total sequence, including the initial landed activities like
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setting up the meteorological station, taking the first picture, and so
on and so on. All that is preprogramed.
Mr. SYMINGTON. What tells you the spacecraft is in orbit around

Mars?
Mr. LOWRIE. When you're in orbit?
Mr. SYMINGTON. Yes.
Mr. LOWRIE. The deep-space tracking stations, Goldstone and so

forth. They track the Orbiter as you're coming into Mars, and based on
the navigation information from that you determine how long to burn
the engine on the Orbiter. That puts you in orbit around Mars. Sub-
sequently, that same tracking station network determines the precise
orbit you are in.
Mr. SYMINGTON. The Spacecraft is not taking any pictures at that

point?
Mr. LowiE. Oh, yes, you're taking pictures from the Orbiter on its

approach to Mars and then in Mars orbit the first few days. We re-
certify the landing site. It is one of the prime functions of the Orbiter
at this point in the program, to be satisfied the landing site isn't de-
graded from our last close-up look at it.
One last thing—the computer has stored in it, I forget the exact

number of days, I think it is like 22 days of landed functions. If we
never get a command up for some reason, some accident occurs, but we
are still capable of relaying down through the Orbiter and getting data
back, you will run 22 days of science on the surface of Mars, which is a
pretty good start. You would get one biology and the GCMS, and you
get certain other things in a preprogramed fashion. That is an emer-
gency feature, of course.
Mr. SYMINGTON. If you should land in some soft soil or otherwise

difficult terrain, and the lander sinks down a little bit, that arm that
comes out to do the soil testing just automatically seeks the level of the
surface?
Mr. LOWRIE. Yes, based on the—if you literally broke a leg or some-

thing, you could have some problems without pictures. You need
pictures to reestablish a reference. One of the first things we do when
we are on the surface is read the inertial platform, which was used
during descent. This inertial reference, when you're sitting on Mars,
tells you what angle you're at, gives us smile up-date information
which then the computer recycles and determines where the digger is
going to go on the first pass.
Of course, we take pictures, and we proceed in the mission and then

we will update and command it and get a better and better result.
Mr. SYMINGTON. Well, it sounds pretty good.
Any other questions?
Counsel would like to ask a question.
Mr. HAMMILL. The fact that the Honeywell contract with Martii.i.

was restructured and changed very substantially from fixed price to
cost plus, indicates that the fixed-price-contract was inappropriate in
the first instance, wouldn't you say?
Mr. RYNEARSON. I think it is a matter of opinion whether it was

inappropriate to begin with. At the point of restructuring, it really
was unworkable. The program had changed quite a bit from the initial
stages; for example, our shipping the engineering model to Martin to
allow systems to begin compounded our risk of being able to build our
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flight hardware, and there was no basis for being able to estimate that
in a fixed price environment.
There were many factors, such as that, which made it administra-

tively unmanageable.
Your first statement asked for an opinion, and, in my opinion, yes.
Mr. HAMMILL. I was wondering why Honeywell had agreed to such

a contract. It appears when you're building a flight computer with
2-mil wire that has never been done before, that the risk would be very
high, and a fixed-price contract would be inappropriate?
Mr. RYNEARSON. That was a risky decision. We did have the base of

a very large Minuteman program, very successful. We had just built
a plated wire memory computer with very stringent requirements.
We did have the kind of data discussed earlier and had outside

evaluation. Martin Marietta hired an organization to evaluate this
wire and all of the data said there was more than sufficient margin.
It turned out to be a bad risk.
Mr. HAMMILL. And the original contract price was how much?
Mr. RYNEARSON. About $6 million before the scope changes on it,

I think. I'm sorry—it was approximately $61/2 million.
Mr. HAMMILL. And the runout cost will be?
Mr. RYNEARSON. Approximately $30 million.
Mr. HAMMILL. Right. And with regard to the scope changes, I think

the chairman has asked you to indicate in more detail the history of
the program, including scope changes and the cost impact of such scope
changes?
Mr. RYNEARSON. Yes.
[The information follows:]
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Mr. Frank Hammill
Counsel
House Committee on Science and Astronautics

SUBJECT: Response to Request for Information Regarding

Honeywell's Viking Subcontract

Dear Mr. Hammill:

During our appearance before the House Committee on

Science and Astronautics on 22 November 1974, the Committee re-

quested that Honeywell provide a summary of the cost history and

manpower levels for the Viking Subcontract.

Honeywell's basic Subcontract was awarded in November 1971

at a ceiling price of $6, 780,000. The current program projected cost

is $31, 550,000. The four primary reasons for the growth in Honey-

well's Viking Subcontract are:

1) Changes in scope that affect both hardware and

software (documentation).

2) Sterilization related problems/changes.

3) Special studies/analysis.

4) Hardware modifications due to concurrent

development and production.

The details of these individual increases in the contract cost are shown

in Attachment 1.
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Scope changes, which accounted for $9,520,000 were

divided between hardware and software changes. The major hardware

changes were due to: (a) a redesign of the memory from 20,000 to

18,000 words, (b) redesign of the processor to eliminate single point

failure modes and to re-identify spare interface signal requirements,

(c) fabrication of new special test equipment at the computer level,

memory system level and half stack level, (d) fabrication of option

computer and data storage memory units.

The major elements of software scope changes were primarily

in the Quality Assurance and testing areas. In early 1973, MMC added

a requirement to perform detailed failure analyses for all subassembly

test failures and modified inspection/test techniques. At the time of

contract conversion, the Quality Control program was redefined to in-

clude 3 shift coverage of all test stations by Quality Test Monitors, and

requirements were increased for documenting test operations and hard-

ware failures. Margin tests and 107 testing were requirements added

after contract award.

The sterilizatin related problems/changes, which accounted

for $3,630,000, consisted of the following major elements: (a) plated

and etched keeper studies, (b) frozen tooling wire investigations, and

(c) memory redesign for worst case margins.
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Special engineering studies/analyses, which accounted for

$.510,000, were required due to problems encountered in the following

areas: (a) low output from single film plated wire (later converted to

coupled film plated wire), (b) investigation of plated through hole failures

in printed circuit boards, (c) investigation of memory sense amplifier

misfire problems.

Cost associated with concurrent development in production

operations accounted for $11,110,000 of the total contract cost. The

major items which have required hardware modification/retrofit are:

(a) conversion from single film to coupled film wire, (b) replacement

of printed circuit boards, (c) memory noise problems at half stack

levels, (d) sense amp ;misfire problems at memory system level.

Of the total program cost of $31,550,000, Honeywell has

absorbed $3,500,000 leaving a final projected contract cost to the

Government of $28,050,000.

Attachment 2 is a graph of the equivalent manpower expended

on the Viking Subcontract from contract inception through October 1974

and projections for the total manpower requirements through

February 1975.
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VIKING CONTRACT COST SUMMARY

Basic Contract (At Ceiling)

Scope Changes

(000)

$ 6, 780

• Hardware 4,230

. Software 5, 290

Sub-Total Scope Changes 9, 520

Sterilization Related Problems/Changes 3, 630

Engineering Studies/Analysis

. Coupled Film Wire 300

. Sense Amp Misfire 120

. Printed Circuit Boards 90

Sub-Total Studies/Analysis 510

Cost Associated with Concurrent
Development and Production 11, 110

Total Projected Program Cost 31, 550

Honeywell Support to Program (Fixed Loss) 3, 500

Contract Cost $28, 050
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Mr. SYMINGTON. We may have further questions directed in writing
to you.
We thank all of you very much, and thank you for your very help-

ful testimony.
These hearings are adjourned.
[Whereupon, at 11 :45 a.m., the subcommittee was adjourned.]
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