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Viking Lander: Creating the Science Teams

Designing and fabricating the Viking lander was a difficult task.

Engineers at JPL could draw on their experiences with Mariner systems as

they worked on the orbiter, but the lander team was tackling a new field.

The men in California completed the orbiter with relatively few technical

difficulties; but the contractors at Martin Marietta in Denver, breaking

much new technological ground, encountered many problems. The lander

was far more complex than NASA's previous unmanned lander, the lunar

Surveyor, and Viking's goals were more ambitious. Viking was twice as

heavy as Surveyor; it had two cameras for stereophotography and a com-

plement of very sophisticated scientific instruments, and it was destined to

land on a planet far more distant than Earth's own moon. The Viking

lander represented a series of clever inventions in answer to specific prob-

lems. While this inventiveness can be seen clearly in the creation and

fabrication of the biology instrument and the gas chromatograph-mass

spectrometer, the NASA-contractor team also developed a host of other new

solutions to meet new technological demands.

As with the orbiter, the first priorities of the Viking managers in

dealing with the lander were establishing spacecraft specifications, select-
ing an organization to build it, and forming key teams to do the work--

industrial, managerial, and scientific teams. Team-building began months

before the official approval of the Viking program when Jim Martin at

Langley Research Center selected some of his top people from the Lunar

Orbiter team. For deputy project manager Martin selected Israel Taback,

spacecraft manager for Lunar Orbiter. Iz, as he was called by his colleagues,

had joined the Langley staff in 1942 as a mechanical engineer on gradua-

tion from Cooper Union Engineering School. He successively headed the

instrument calibration laboratory--a group developing aircraft flight

instruments--and the navigation and communications branch at the Lang-

ley center. Gerald A. Soften, Viking project scientist, once noted that while

Taback might have looked like a tailor among the engineers and managers,

he was the wizard behind the Viking lander. If any one man could be
awarded the title "father of the lander," it was Taback. _
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During the summer and fall of 1968, Taback supervised the progress of
the contractors studying various technological approaches for landing on
Mars• General Electric was investigating hard-landers; McDonnell Douglas

Astronautics was examining soft-landers; the Boeing Company was study-

ing propulsion and landing systems; and Hughes Aircraft was looking into
low-cost landers, support modules, and mission reliability. In Denver, the
Martin Marietta Corporation was winding up a study of direct versus
out-of-orbit entry for the lander. 2 These early studies helped define the

shape and size a Mars lander would have for a Titan-launched mission•
They also drew attention to subjects that would require special handling•
Taback andhis associates at Langley worked constantly with the contrac-
tors so that their latest ideas for ahernative approaches to lander design

could be debated and evaluated in NASA circles.
As Taback's people and the contractors worked on general approaches

to lander design, Jim Martin took steps to begin definition of the science
payload• In August 1968, he established a science instrument working
group under the chairmanship of G. Calvin Broome. Broome, who had
joined Langley in June 1962, was manager of the photographic subsystem
of Lunar Orbiter, overseeing design, fabrication, testing, and operation of
the instrument that would photograph the lunar surface• Just 30 years old
in the summer of 1968, Cal Broome was given a major responsibility for

Viking. His working group, a subdivision of the Mission Design Steering
Committee, would oversee all the preliminary planning for the scientific

payloads for the orbiter and lander. Essential to its work was an understand-
ing of the interactions among the various lander experiments, especially the
interfaces among the surface sampler, biological instrument, and gas
chromatograph-mass spectrometer experiments being proposed for the
mission. _

With the definition of the lander and science hardware taking shape,

Jim Martin needed a project scientist• He first took measure of Gerald
Soften during a 1967 briefing, when Soften, a senior scientist at JPL,
described his abbreviated microscope as a possible life detector• The scien-

tist impressed Martin with his technical competence and his enthusiasm for
Mars exploration• Jerry Soften, 42 years old in 1968, was one of the early
members of the exobiology community. After receiving his Ph.D. from

• ¢_, .

Pliutctu,, U.iwx_lty m........l_vv, ._ .au b_en a U.S. Fublit Health o_,_,_
fellow at the New York University School of Medicine• Shortly after he

joined the JPL staff, he took part in devising instruments for detecting life
on Mars, in the science planning for Mariner B, and in the development of
automated biology laboratories• Before the demise of Voyager, Soften had
been deputy project scientist for that endeavor• With this background, he
had the necessary stature in the scientific community that Martin was sure
would be needed by the project scientist of a 1973 Mars landing mission. 4

In August 1968, Edgar M. Cortright, Langley director, asked JPL
Director William H. Pickering to assign five JPL staff members to the
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Virginia center for six to nine months of temporary duty. Of those
requested, four had taken part in capsule systems advanced development
activities at JPL. The fifth was Soften. Picketing and his managers were
unhappy about this request. At that time, Langley and JPL were competing
over Mars mission proposals, and it did not seem to be in JPL's best interests'
to send its specialists to help the competition. Pickering told Cortright that
if Langley wanted Soften, then Soften would have to resign his position and
join the civil service staff at Langley. Soften recalled that he felt like a pawn
in a game of planetary chess. Cortright could not promise that the Langley
proposal for a 1973 Mars mission would be approved, and if it were not,
Soften could find himself a solitary scientist awash in a sea of engineers in
Tidewater Virginia. If he stayed at JPL, he would be able to keep alive his
vital contacts with other space scientists, but he might also miss the oppor-
tunity to lead the first landed scientific investigations of Mars. Cortright
ultimately persuaded Pickering to agree to Soffen's temporary assignment
to the Langley Mars 73 planning project, but only after an appeal to John
Naugle at NASA Headquarters. 5

Reflecting on his decision to move from California, Soften commented
that morale and leadership also affected his desire to make the change. In the
months immediately following the termination of Voyager, the planners at
JPL were in turmoil. At Langley, the situation was different. Cortright and
Martin wanted their 1973 project to become a reality, and Martin espe-
cially pursued this goal with single-minded zeal. If sheer will and determi-
nation could make something happen, then Langley would be the center
that landed spacecraft on Mars. Appreciating this aggressive spirit, Soften
forced the issue of his being detailed to Langley by purchasing a house in
Hampton, Virginia. In the face of a determined Soften and a solid front in
the NASA management, Pickering had to let Soften go east. 6

A TEAM OF SCIENTISTS

Setting up the science instrument working group and appointing a
project scientist* were part of Langley's strategy to gain an early definition
of the scientific aspects of the landed mission. Prospective industrial con-
tractors would, in turn, have a reasonably good understanding of the
problems in building the lander and incorporating the scientific instru-
ments into it. During the second half of 1968, Jim Martin, Jerry Soften, and
A. Thomas Young began talking to scientists. Tom Young would have a
very difficult assignment as science integration manager; he would often be
surrounded by the conflicting demands of Martin, project engineers, con-
tractor engineers, and oft-complaining scientists. Another 30-year-old, a ,
mechanical engineer with a second degree in aeronautical engineering,
Young was a native Virginian and a graduate of the University of Virginia.

*At NASA Headquarters, SofIen's counterpart was Milton A. Mitz, program scientist, On 28
December 1970, Mitz left Viking to join NASA's Grand Tour Project, and Richard S. Young became

Viking program scientist.
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He had joined Langley in 1961 and managed the mission-definition phase

of the Lunar Orbiter project, v
Together, Young, Martin, and Soften went in search of science team

members for a 1973 mission. At the outset, it appeared that NASA Head-

quarters preferred that Langley deal with "inside" scientists; that is, per-
sons already receiving support from the Office of Space Science and Appli-

cations. But the managers at Langley wanted to cast their net as widely as
Selecuon Cri-possible. 8 Their philosophy was outlined in a document, "

teria for Team Membership," circulated by Jerry Soffen in early December

1968. It began, "Rarely are scientists assembled in loosely bound organiza-

tion and asked to perform and make intelligent compromises." As a rule,

they act as individuals with considerable control over their own research

efforts. For the Mars lander project, a group of scientists would have to work

"in concert" to select the best plans for developing instruments that might

he used several years later. In addition to projecting the wisest technological

approach, the science team would have to handle "engineering problems,

financial problems, political pressure, not to speak of scientific unknowns.

The quality of brilliance is likely to be in more abundance than wisdom and

certainly more than experience." An "absolute prerequisite" for member-

ship on the science team was "complementarity to other members of the

team." The guidelines also noted that usually scientists were identified

with a speciality. For this team, however, persons with scientific breadth

and all ability to cooperate with others would be more important assets.

Strictly discipline-oriented persons would be a liability.
"The most difficult candidates to evaluate are likely to be the new or

unknown faces." Some of the newcomers might be "well-meaning-but-not-

too-useful" scientists who were attracted to the project because they

believed that "the space program might be a nice lark for awhile." Others

would not understand that participation in a spaceflight project required a
minimum commitment of five years. The burden of ferreting out the good

scientists rested with Soften and his colleagues at Langley and NASA

Headquarters. The guidelines cautioned, "An unknown name should not
mean that the candidate is relegated to a second rate position." But the

NASA managers could not afford to accept an only candidate for a position

either, hoping he would "work out." Obviously, "the time for brinuine lid

dn,lhtc ;c rl,,_:-g _.1_ ,............ , akltttlOll llO[ ai[er the C]lOlCe" was nlade, when dismissal
would be difficult, awkward, and embarrassing.

While "scientists do not like to make decisions any more than other

people," someone would have to be the "General" when science and democ-

racy failed to resolve problems. It was, therefore, important for Soften and
his associates to consider which of the scientist candidates would make

good leaders. Team leaders certainly had to be good communicators, with

their teammates and with other members of the project. One last thing had

to be ket)t in mind during the search: Teams "should nol be to() large. Five

are a democracy, six an assembly, and more than eight lead ultimately to
confusion and are often uncontrolled. ''9
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The need for three basic lander science teams had been identified by
December 1968Jimaging, organic analysis, and life detection. The scien-

tists on the imaging team would represent the most mixed set of disciplines,
since the goals for that experiment were so broad. Each field of inquiry
anticipated some useful information from lander photography. "The biolo-
gist has hope of finding something interesting. The geologist expects clues

to the surface characteristics. The mineralogist could make some deduc-
tions about the surface composition." Cartographers, geographers, and
engineers working on landing maneuvers and planning future spacecraft
for Mars would all have an interest in the images from the landers' cameras.
While most of the specialists who wanted to be included on the imaging
team were more interested in the information the system would obtain than
the development of the instrument itself, some would have definite sugges-
tions about the technology. To translate these suggestions into specifica-
tions that the contractors could use in building hardware, a very talented
instrument engineer would also have to be assigned to the team so that
Langley's plans for a facsimile camera on the lander could be realized. The
name for the camera was borrowed from the technique in telegraphy in
which a picture is divided into a grid of small squares. The brightness of
each square is converted into an electrical signal, and a sequence of such
signals transmitted to a receiving station. The sequence is converted into an
equivalent array of light and dark shades, and a "facsimile" of the original
picture is produced on a photographic film. In 1968, the facsimile camera
for aerospace applications was a relatively new tool, and the imaging
science team would have to learn many new lessons in the development of
that instrument for Viking2 °

It was generally agreed that the imaging team leader would need to be
familiar with facsimile camera technology, experienced in photo interpre-

tation, and well versed in other major aspects of the mission. He would need
a geologist colleague who was a "field scientist familiar with a wide variety
of terrain and experienced in interpreting photos." And that geologist

would have to be acquainted with the major theories on the formation of
Mars. A biologist for this team would be difficult to find according to

Soften. There just was not a large group of "first rate field biologists from
which to choose," and of these only a small number were interested in

exobiology. Interpreting the images from the standpoint of mineralogy and
inorganic chemistry might be done by a geologist, biologist, or related
specialist. Analyzing the effects of the braking rockets on the landing

zone--called site alteration--might require additional expertise, depend-
ing on the mode of terminal descent chosen. Obviously there would be more

to Martian imagery than just taking pictures. The photographs would
provide many important clues to scientists, and the system would likely be
the eyes of the landed spacecraft, relaying important messages to Earth-
bound engineers.

For the organic analysis team, five different specialties were required--
organic chemistry, gas chromatography, mass spectroscopy, inorganic
chemistry, and meteorology. The organic chemist in the group must be a
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specialist in pyrolysis, since "the central theme of the experiment is the
reconstruction of the organic {compounds] from the analysis of the end

products of thermal degradation." For pure compounds, this analytical

work can be very complex. For mixtures of compounds, the task is exceed-

ingly difficult. "For mixtures in which soil inorganics have been added, the

experiment is... !!" Since gas chromatography was a science in which the

technology was "changing every day," the specialist for this experiment

would have to be abreast of those changes. This expertise was especially

important because the information provided by gas chromatography would

help other specialists understand the makeup of compounds they encoun-

tered in other experiments.
The heart of the entire organic investigation was an unusual sensor

called a mass spectrometer. This instrument would examine the vapors
produced by Martian soil compounds when heated. The vapors would be

drawn into the gas chromatograph, which would separate the vapors into

their individual components. The components would then be drawn into

the mass spectrometer to be ionized (given an electrical charge) and ana-

lyzed to identify the constituent components. Profiles for each compound

would be converted into digital form and sent to Earth. Results of the

organic chemistry analysis would give scientists insights into compounds

that might have been produced by any life forms on Mars and identify any

organic material that might be present or might be generated at the Martian

surface by purely chemical means. 1_ The biological experiments were all

predicated on the detection of active life processes, but the organic chemis-

try investigation would determine if any organisms had existed in the past

or if the right organic compounds were present for the evolution of life in
the future. As a cross-check on the life detectors, the organic chemistry

experiment was all-important.
In addition to the analysis of organic compounds, there would also be a

need to examine inorganic compounds found at the landing site. Because

many of these inorganics are found in volatile form (ammonia, carbon
dioxide, carbon monoxide, nitrogen dioxide, nitric oxide, sulfur dioxide,

hydrogen sulfide) and appear only as gases in the atmosphere, a scientist

would be included on the organic analysis team who was "familiar with

such outgassing" and the composition of "juvenile" and secondary plane-

_,_1_ a_ .... pHc_c_. A meteorologist could also add to the examination of

these atmospheric elements as he studied the dynamics of Martian weather.

Finally, the major instrument planned for the lander was an integrated

series of life-detection experiments. By 1968, after several frustrating years

of experimenting with sample collectors for Voyager, exobiologists agreed

that a Martian biology investigation instrument should have a common

source for sample acquisition and analysis if evaluation of the results from
the individual elements was to have scientific validity. Because the biology

investigation was to be an integrated experiment, Soffen expected several

kinds of specialists to be on the biology team. "But more important than the
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specialties, there should be a good mixture of different attitudes and expe-

riences," since this complex of experiments would undoubtedly be "the
most controversial of the payload." For example, the variations on a

growth-detection instrument were apparently limitless, so the biology team
would have to select the best concepts and then "be willing to defend them

as the most reasonable thing to be done." Four kinds of biology expertise
were sought for the Viking lander biology team:

A microbiologist is the essential ingredient, one familiar with soil
growth conditions and the problems of demonstrating viable organisms
from natural soil.

A photosynthesis specialist. Since part of the experiment is likely to
be done in the light, searching for the photosynthetic reaction, it is
important that someone familiar with these conditions be included.

A cellular physiologist-biochemist. This is usually the same individ-

ual as the microbiologist, but in addition it is desirable to find a specialist
familiar with intermediary metabolism and the internal biochemistry of
organisms ....

One versed strongly in biological theory, evolution, genesis, chemi-
cal de nova synthesis, genetics. This theoretical job is likely to give the
very fabric to the biological goals of the mission. An appropriate person
could become the [team leader].

Soften and his colleagues believed that an engineer with a particularly

strong background in developing miniaturized systems would also be an

asset to the biology group in the design of the life-detection experiments, n

To expedite the development of the lander science instruments, the
new Viking Project Office, in concert with the program scientist's staff at

NASA Headquarters, organized the science activities into three phasesw
preparation, implementation, and data analysis. The preparation period

would extend from October 1968 to December 1969, culminating in the

selection of the Viking scientific investigators for the flight. Implementa-

tion would run from December 1969 through the final preparations for

launch. The analysis phase would begin with the collection of the first data

and end with the shutdown of each of the instruments. Only the lander

investigations wereidentified as requiring a preparation phase, because the
Viking managers expected that series of experiments to be more difficult to

develop than the orbiter instruments. Orbiter investigators also would be

chosen later than lander experimenters.

Associate Administrator for Space Science and Applications John

Naugle officially began selecting investigators for the preparation phase 27

September 1968. Although the "solicitation for participation" did not
name any specific mission or guarantee the participants in the early phase a

place on the flight team, Naugle, program scientist Milton Mitz, and Soften

realized that those chosen in the fall of 1968 to help define the scientific

payload for the lander would have an inside track toward selection as

investigators for Viking. And everyone--managers and scientists--recog-
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nized that the development of an atmospheric probe-lander and the scien-
tific instruments for a Mars lander would "require a long lead time."

Considering also the highly integrated payload, the interdisciplinary
nature of some of the proposed instruments, and the basic complexity of the
lander design, NASA had no choice but to bring scientists into the planning
phase at the very earliest point, even if this later made objective selection of

the flight team scientists more difficult. _3
The flight team investigators would be responsible for developing the

functional specifications for the instruments and for providing direct gui-
dance in all aspects of instrument design and construction. Including
scientists in all stages of experiment definition, design, development, fabri-
cation, testing, and operation was an attempt to preclude a problem that
had plagued many of NASA's programs: the conflict between the builders
of scientific instruments and the users of the data collected from them.

Outside the arena of spaceflight, scientists have traditionally built or at least
closely monitored the construction of their own experimental apparatus.
Indeed, scientists were often judged by their peers on how well they exe-
cuted the design of their hardware. With the shift from experiments on the
laboratory bench to instruments that had to be integrated into the multi-
plicity of spacecraft systems, a rift grew between the persons who conceived
the experiments and analyzed the results and those who actually built the
hardware. An exobiologist might conceptualize an investigation and even
build a bench prototype, but ;lily elements of an integrated biology instru-
ment would likely be built by a contractor specializing in the design and
fabrication of flight hardware. This new division of labor did not often
please the scientists, especially when engineers took an "I know how to do it
better than you" stance. To avoid this problem in Viking, Naugle and the
other NASA managers wanted the scientists working with the project from
the very beginning. TM

On 11 February 1969, after the headquarters' Space Science and Appli-
cations Steering Committee had evaluated the many proposals sent them by
poten(ial investigators, Jim Martin sent letters to 38 scientists, inviting
them to participate in the preparation phase of project planning. While
some familiar names were among the scientists, many were also newcomers
to space science. Soffen's objective of incorporating new talent into the

te:_rn_ h_t h ......... 1: .... _ A,,., - i pt d ti................. t,.a. ll. llttlClllV 1_('('5_i(7ce (' ,andt|lelr|lrstmee ngsat.

the Langley Research Center were the inaugural sessions of the Viking
science instrument team, 19-20 February, and the Science Steering Group,
21 February. _sThese meetings gave the scientists an overview of the entire
project, introducing them to current activities, the project's methods of
operation, and the schedule. Scientific objectives were discussed with

respect to the existing knowledge of Mars and the investigations planned
for Mariner 1969 and Mariner 1970 spacecraft. The scientists were also
briefed on their responsibilities and the manner in which the teams and the
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Science Steering Group would function. Mission design, engineering facts
of life ("engineering constraints"), and hardware design (lander, orbiter,
and scientific instruments) were summarized, as well. _6On 25 February,
NASA Headquarters officially announced the selected preliminary Viking
science team members. 17The list was a long one, and the number of teams

had grown to eight (see app. D).
During the next six months, each science team planned instrument

development. At the February Science Steering Group meeting, Jim Martin
had told the team leaders that their science definitions should clearly state
the scientific values of the instruments and the definitions "should be so

complete that they may be used as a guide in preparing preliminary specifi-
cations for spacecraft design." The scientists were responsible for defining
their potential hardware needs? 8 Viking planners had initially agreed to
include a "science definition" in "Mission Definition No. 2," but that

official statement of Viking science objectives promised to be too lengthy, a9
Only the essential data would appear in the mission definition, while the
more detailed information would be included in a reference work, "Viking
Lander Science Instrument Teams Report." Lander contractors would use
both documents as sources of information about the proposed instruments
and a guide to scientific rationale as they determined how to increase the
scientific capabilities of the lander, z°

Potential scientific investigators received the "Announcement of
Flight Opportunity for Viking 1973" in early August 1969. This package of
materials, which included the instrument teams' reports and the mission
definition, would guide scientists who wished to work on one of the
suggested experiments or who wanted to propose alternative versions of
existing experiment proposals or additional experiments. 2_(See app. D for
an excerpt from one of the science reports.) Concurrent with the final
revisions of the science instrument reports, the Science Steering Group
recommended at its July meeting that the weight of Viking lander science
instrumentation be targeted at 41 kilograms rather than the original 32
kilograms. The extra weight would permit consideration of a number of
important additional goals that had been identified as desirable if a larger
payload was possible, zz

With the completion of three major documents--the "Viking Lander
Science Instrument Teams Report," "Viking Mission Definition No. 2,"
and the "Science Management Plan"--the science instrument team's work
was essentially completed. The next step was the reception and evaluation
of the science proposals in response to the flight opportunity announce-
ment. More than 300 persons had attended the two day pre-proposal brief-
ing for Viking science. By the 20 October deadline, NASA had received 150
proposals. Since 5 of these were considered dual proposals and 10 presented
additional instrument options that had to be studied, the total number of
items to be evaluated reached 165. They were divided into nine groups.
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Table 36

Viking Science Proposals

Lander

Experiments Number of
Proposa Is

Imaging 14
Molecular analysis 19
Active biology 13
Meteorology 11
Entry science 15
Proposals for experiments

requiring additional
instruments 22

Orbiter

Experinwnts Number of
Proposals

Imaging 17
Proposals for exl)eriments

requiring additional
instruments 27

Radio science 27

As part of the evaluation process, Mike Mitz, program scientist at headquar-

ters, made these proposals available to the four subcommittees of the Space

Science and Applications Steering Committee--Planetary Biology, Plane-
tary Atmospheres, Planetology, and Particles and Fields. Each proposal

was reviewed by at least one subcommittee. The steering committee

recommended 12 experiments and 61 scientists to John Naugle, who con-

curred on 15 Decentber (see app. D and table 37). Of the 8 lander experi-

ments, 6 had been proposed during the preparation phase of the lander

work; 2 were new investigations suggested by outside scientists, and I of the

major instruments proposed for the lander during the early planning

phase, the ultraviolet photometer, would not be flown. 2_

In the course of selecting the scientific experiments for Viking, Jim

Martin expressed some reservations to Ed Cortright: "The proposed science

payload represents an escalation in science objectives which is likely to lead

to cost increases beyond those estimated in our assessment." His concern

was ('specially strong for the experiments not previously exanlined by science

instrument teams. Cost problems could be generated by the entry-science

.......... ,_-pu,c,,u,u auaiyzer, the lander-science physical properties inves-
tigations, or the magnetic properties experiment. "These additions, when

coupled with the problems of using the [gas chromatograph-mass spec-

trometer] to measure water and adding a gas exchange investigation to the

biology instrument, add up to a potential overrun .... " Martin was also
worried about some of the scientists chosen for the work. He told Cortright

that lessons they should have learned over the course of the preceding year

were not being implemented. "Specifically, the Biology Team has the same

group of men who demonstrated an inability or unwillingness to work

together, the [Molecular Analysis] Team has two members only interested
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Table 37

Key Dates in Assessment of Viking Science Proposals

11-12 Sept. 1969

20 Oct. 1969

23 Oct. 1969

3-4 Nov. 1969

7-8 Nov. 1969

12-14 Nov. 1969

17 Nov. 1969

18-20 Nov. 1969

21 Nov. 1969

26 Nov. 1969

3 Dec. 1969

8 Dec. 1969

15 Dec. 1969

Pre-proposal briefing for potential experimenters.

Proposals due at NASA Headquarters.

Copies of proposals due at Langley and JPL; meeting held at

Langley to discuss proposals.

First Space Science and Applications Steering Committee

(SSASC) subcommittee meetings to initiate evaluation

process, Goddard Space Flight Center.

Review of science proposals at Langley.

Second subcommittee meetings, Goddard.

Viking Project Office assessments of proposals due at NASA

Headquarters.

Definition of science payload by Headquarters Planetary

Program Office.

Tentative payload presentation to D. P. Hearth, director,

Planetary Program Office.

Planetary Program Office recommendations made to SSASC.

Recommendations presented to SSASC in writing.

Oral presentation to SSASC.

Selection of Viking science payload by John E. Naugle,

associate administrator for space science and applications,
based on SSASC recommendations.

in water detection who will interfere with achievement of the team's pri-
mary objective, and the Entry Team has the same two members who have

demonstrated many times an inability to work together. ''24

Martin had good reason to be worried about possible cost escalations.
On 3 September, Don Hearth's Planetary Program Office held a Viking
science review with Langley personnel, Office of Space Science and Appli-
cations program chiefs, and Dr. Henry J. Smith, deputy associate adminis-
trator for space science. The objective was to establish weight- and cost-
limit goals for Viking science activities. Later decisions about overall Viking
costs and flight instruments could be made using these guidelines. Some of
the more significant decisions reached at the 3 September review were on
reduction of the lander science instruments' total weight, development of
backup instruments for the gas chromatograph-mass spectrometer and the
biology instrument, and specific dollar limits oil science spending.

As a result of the early fall meeting, the science planners reverted to the
32-kilogram limit on science instruments, dropping the 41-kilogram pro-
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posal made by the Science Steering Group. The major difference between

the two weight packages was the addition of a separate mass spectrometer

for determining lower atmosphere constituents. Hearth's view was that the

additional scientific information they could obtain with that instrument

could not be justified when they considered its cost. He believed that the

first gas chromatograph-mass spectrometer measurements after touch-

down would be sufficient. Weights and costs of the 32-kilogram science

payload for the lander were summarized in September 1969 (table 38).

Table 38

Estimates ]or Lander Payload, September 1969

Item Weight Cost

(kg) (millions)

Entry science 4.1 $ 4.1

Imaging 5.0 6.2

Biology 5.4 11.3

Gas chromatograph-mass
spectrometer 10.4 8.5

Meteorology 2.3 3.0
Water 1.1 1.8

Seismometry .9 2.0

Ultraviohq photometry .5 0.7
Total for instruments 29.7 37.6

Intt'gralion and test 2.0 5.8
Total 31.7 "$43.4

Cost of the lander instruments was expected to be about $1.36 million per

kilogram. The orbiter experiments were projected to cost about $0.56 mil-

lion per kilogram. Overall costs were broken down as in table 39.

Table 39

Viking Science Cost Projections, September 1969

q
Item (]_l

(millions)

Lander science $43.4

Orbiter science 32.0

Support of science teams 13.3
JPL supt)ort of GCMS develot)m_'nt 5,6

Ames sut)t)ort of biology instrument

deveh)pmcnt 2.1
Tot a I $96.4
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With an additional 10 percent for contingencies, Hearth established a firm
ceiling of $107.5 million for the total Viking science package. 25

Looking at Hearth's estimate in December, Martin believed that they
were selecting too many members for the experiment teams. "The total
number of team members and participating scientists has increased beyond
our budgeted estimates and considerably beyond what the [project office]
believes is required to achieve the mission objectives." The budget called for
55 scientists; 61 had been selected. Martin would have been happy with
fewer than 40. (By flight time, the number of science team members would
grow to 80.) Although Don Hearth's Planetary Science Office had told all
the scientists that the payload selection was tentative pending negotiation
of a contract for each instrument and an individual contract for each

scientist, Martin personally believed that it would be extremely difficult for
NASA to drop any scientist or investigation. The '!pressure will be on to

consider an increase of a few million [dollars] as acceptable; it will come out
of our contingency allowance and avoids unpleasantness between [the
Office of Space Science and Applications] and the science community."

Martin feared that in a few years when all these reasons for the
increased expenditures had been forgotten, he and the Viking Project Office
would be held responsible for not properly managing their funds. With

only $102 million set aside for total project contingency costs (a small
amount compared to other major NASA projects) and the "tight funding
environment" that everyone expected to face for several years, it appeared to
Martin that "a prudent manager must hold the line against escalation in all
areas of the project today." Since he saw considerable cost uncertainty
associated with the science instruments, Martin would be especially cau-
tious in this area: 6Many of his concerns did become problems in the future.
There was friction among the members of the biology team, and the costs of
the biology instrument and the gas chromatograph-mass spectrometer rose
sharply. Most of these difficulties emerged after the January 1970 schedule
change from a 1973 to a 1975 launch.

Reservations aside, NASA appeared to be well on its way to organizing
a Mars lander mission. In encouraging Joshua Lederberg to work with the
biology team, Richard S. Young, chief of exobiology, Office of Space
Science and Applications, had written that many details of the biology
experiment still needed resolving. Young sought Lederberg's advice on
NASA's "method of operation" as much as on "the science involved in these
missions." Looking back over the long road since the early 1960s when
exobiology was a very new field, Young noted, "The science hasn't changed
much since the 'Westex' days [see chapter 3], but we are finally trying to
organize in the best way as to achieve some of the 'old' objectives." Young
and his colleagues wanted "to make this thing work ... within the con-
straints imposed" on them by the administration and Congress. z7 They
would need the help of many parties to reach their goal.
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SELECTING A CONTRACTOR

Selection of a contractor to build the lander and to supervise integra-t!

tion of the lander and orbiter and integration of the spacecraft and launch

vehicle paralleled in time the selection of the scientific experiments. On 28 :,

February 1969, Langley Resed_ch Center issued a request for proposals on 1

the design and fabrication of the lander and project integration. In addition

t() the 20 firms directly solicited for this procurement, 12 others requested

and were sent copies of the proposal package. Technical and managerial

proposals were submitted to NASA by the Boeing Company, McDonnell

Douglas Corporation, and Martin Marietta Corporation. All three com-

panies had conducted studies earlier for Jim Martin's Titan Mars 1973
team. In the process, they had developed an enthusiasm for and an expertise

in the design of Mars landers.

In April the Source Ewduation Board began with an appraisal of the

written proposals and visited the production facilities of each of the three

potential builders, where members of the board spoke at length with com-

pany representatives. As Administrator Thomas O. Paine noted in his

report on the contractor selection process, the board furnished wriuen

questions to each firm before its visit. The companies were advised that the

questions covered deficiencies and omissions as well as proposal ambigui-

ties and that they were being given an opportunity to SUl)port, clarify,
correct, or make revisions. After the visits, the board made its final rankings

in May 1969.

Martin Marietta received the highest overall final rating; its cost pro-

posal was between those of the other two bidders. The Denver-based divi-

sion's technical t)rol)osal was well organized, according to the judges on the

board; its strong points were "outstanding mission analysis and plans for
maximum science return, the connnunications system, the terminal descent

radar analysis, a common deorbit and descent engine, and landing gear

design." Weak points included "the power systeln design and uncertain

subsonic stat)ility of the aero(lynainic configuration." NASA specialists

believed these to be "readily (:orrectable" problems, and Martin Marietta

suggested that the inflatat)le-balloon decelerator (ballute) and parachute

combination, which had been proposed for slowing and stabilizing the

lander once it was separated from its aeroshell, be replaced by a more

convention-d p:_r'_,ch_:'!'. '.

Boeing received the second highest overall ranking and offered the
lowest cost. Boeing's proposal contained "a well-conceived mechanical

design, a redundant and flexible communications system, and an excellent

plan for launch and flight operations." Proposal weaknesses centered on a

method suggested for dealing with the scientific instruments and the inves-

tigators, the power system design, and deorbit prot)ulsion. Tit(' latter two

areas would require "major proposal revisions," according to the source

board. Boeing had planne(t to join forces with General Electric and Hughes

Aircraft Company--GE as the sut)contractor for entry, l)ower, data han-
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i dling, and attitude control systems; Hughes as the subcontractor for termi-

nal landing subsystems, terminal guidance and control, terminal propul-

sion, and landing gear. While the combination of these three companies

offered much "specialized experience" and while the Boeing-GE-Hughes

team plan was well organized, NASA officials thought there were "poten-

tial management and operational problems" in this arrangement. 28

McDonnell Douglas, with the highest cost estimate, was ranked third.

Technical weaknesses outweighed the strengths of its proposal. And the

potential strength of its management team was outweighed by its decentral-

ized facilities, which were not as well suited for Viking as those at Martin

Marietta or Boeing.

Following the Source Evaluation Board presentations, Paine met with

a few key NASA employees to obtain their views on the board's findings.
Administrator Paine, Associate Administrator Homer E. Newell, and

NASA General Counsel Paul G. Dembling subsequently met and agreed to

award the contract to Martin Marietta. z9 Paine explained that his choice for

the lander contractor was influenced by the fact that the firm had "applica-

ble company experience, technical capability and the most outstanding

facilities.., which are specially tailored to Viking requirements." Martin

Marietta's participation in early Voyager activities and its decision to

maintain a team effort with more than 100 persons during the 1967-1969

period had "established a strong and highly motivated" group from the top

management down through the working personnel. 3°
On 29 May 1969, Paine announced that NASA planned to award a

cost-plus-incentive-fee/award-fee contract for $280 million. 31 The lander

system as proposed by the contractor was technically evaluated by the

engineers at Langley to identify changes that should be made before the
formal contract negotiations between NASA and Martin Marietta began.

These alterations were documented in a "shopping list" of 18 items over

which Langley and the new contractor negotiated. Wi_h the changes, the

contract figure totaled $299.1 million in the contract approved by Paine 20

October. Martin Marietta's fee was targeted at $14.52 million, but the

incentive provision permitted the company to earn more money if the

contract was concluded at less than the projected cost of $299.1 million and

it penalized the company for any cost overruns. For every dollar above the

target, Martin Marietta would lose 15 cents from the fee, while any cost

savings would bring an additional reward of 15 cents per dollar. 32

The statement of work that accompanied the contract for "Viking

lander system and project integration" was kept as general as practical so

that the number of changes in the contract could be kept to a minimum.

Other large NASA projects like Gemini and Apollo had produced thou-
sands of contract modifications. David B. Ahearn in the Langley Procure-

ment Division sought from the beginning to produce a Viking contract that

would ensure that the work was done properly but with a minimum of

paperwork. During the life of the contract, the number of alterations made
in that document numbered about 300. 3_
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Very early in the contract, a major modification, made necessary by the
two-year launch-date slip, was negotiated between NASA and Martin

Marietta. On 13 January 1970 following the administrator's unexpected
announcement of the change in plans for Viking, the Langley Research
Center Contracting Office notified the contractor to stop all work autho-
rized under the contract. That week meetings at JPL, Martin Marietta, and
Langley began reprogramming for the new game plan. Martin Marietta
studied two possible alternatives for a 1975 launch (table 40). 34

Table 40

Alternatives for 1975 Viking Launch

Option A:

Viking 1973 Mission

Slipped to 1975 Opportunity

Orbiter-lander-Titan III-Centaur

1973 management and contractor team

1973 science and scientists

Type II trajectory

Use added time to minimize technical

risk, optimize hardware use, minimize

schedule risk, and minimize cost.

FY 1969, 1970, 1971 funds held to $87.5
million.

First priority in study

Option B:

Direct Entry
Lander Mission in 1975

Lander-relay module-Titan Ill-Centaur

1973 lander contractor to supply

relay module

1973 science and scientists

Type II trajectory

Second priority in study

By mid-February, the Viking Project Office authorized Martin Marietta
to proceed with the first option and lifted the stop-work order. Through the
end of fiscal 1971 (30June), only $87.427 million would be made available
for the project, so Martin Marietta would not be able to hire as many
persons as planned. Nor would it be able to increase employment levels as
rapidly as it had hoped under the 1973 schedule. JPL also had to make
changes in its manpower projections. Although Martin Marietta would
employ a smaller total number during the life of the lander contract, those
who did work on Viking would be employed for a longer time. As a
consequence, the total cost of the lander grew by another $44 million (see
also graphs in appendix C.) _5

The immediately apparent increase caused by the shift from a 1973 to a
1975 launch was $141 million. While other factors would drive Viking costs
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Table 41

Viking Cost Increases Because of Launch Delay

(in millions, as of June 1970)

Component Viking 1973 Viking 1975
(as of June 1970)

Lander $313 $360

Orbiter 202 257

Other 94 133

Total $609 $750

even higher, Ihe econollllCS of delaying I11_'project two years to meet file
political t)ressures on the fiscal 1971 budge! were expensive for NASA and
American taxpayers.

SCIENTISTS, INSTRUMENTS, AND SUBCONTRA(71"ORS

The Viking project stretchout also affected management of the scien-
tific experiments for the Mars mission. Originally, the Viking Project
Office had planned to negotiate contracts with the scientists and select
instrument subcontractors during the first weeks of 1970, and most of the
science teams had met in early January to review their plans. With the
switch to a 1975 mission, that schedule had to be reewduated and the

activities reprogrammed. On 13 January the science teams, except those
working on the biology instrument and the lander imaging system, were
told to terminate their Viking activities, s6

Jerry Soffen advised all of the scientists in late January that the Viking
Project Office's main goal was to make the transition to a revised schedule
as smooth as possible, while protecting against any unnecessary cost
increases or further schedule delays. "During this transition period," Soffen
hoped that the scientists would "not lose sight of the Viking objectives,"
and he reminded them that "scientific research has never been an easy way

of life. We expect to find favorable aspects of this Viking deferment in the
form of improvements in the investigations and the better use of Mariner 71
results. ''_7 The Viking Project Office workvcl ,_,_:t2 pr._cczlu;-c fo_ k_cping
the ,,_icnte team leaders in the instrument definition process during the

transition without having to include them in formal contract negotiations.
After selection of a subcontractor to negotiate to build a science instrument
and before negotiations began, a technical review would be held. Martin
Marietta, the Viking Project Office, the science team, and the subcontractor
(or "vendor") would thoroughly review the procurement drawing, espe-
cially where changes in specifications were required. The science team

1
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leader could participate in discussions leading to prenegotiation specifica-
tion. Then, during negotiations, any additional changes would be coordi-
nated with the team leader through the Viking office, s8

For the scientists as a group, the next big gathering scheduled was the
Viking science review in mid-April 1970. By that time, Martin Marietta had

chosen Itek Corporation's Optical Systems Division to develop and build
the lander camera system and was evaluating biology instrument proposals
from Bendix Aerospace Systems Division and TRW Defense and Space
Systems Group. JPL was in the process of evaluating a breadboard model of
the gas chromatograph-mass spectrometer, and Martin Marietta's plan-
ning for the construction of the upper-atmospheric mass spectrometer
breadboard was under way. 39

For three days, 13-15 April, 42 scientists (about two-thirds of the total
team membership) met with representatives from the project office and
lander contractor. After receiving reports from the Viking managers the
first morning, each team leader presented a 10- to 20-minute summary
report on the status of his experiment that afternoon. On the 14th, a series of

concurrent team meetings gave the scientists time to talk with their team-
mates and discuss matters of common interest with other teams. Later that

day, a number of special science meetings took up investigative considera-
tions affecting more than one team, such as site alteration, organic con-
tamination, landing site characteristics, atmosphere. The final day of the
gathering was given over to a session of the Science Steering Group. The
scientists found all the meetings educational but agreed that the smaller
"think" groups they had participated in the second day were particularly
stimulating. Viking's schedule may have been stretched out, but nearly
everyone agreed that much work would still have to be done by all to meet
the 1975 launch date? 0

The pace of work was moderately slow at first because of the limited
money available, but in retrospect that may have been fortunate, because
many technological problems lay ahead. Three scientific instruments--th_

ones given first priority for the dollars available--were particular prob-
lems: the gas chromatograph-mass spectrometer, the biology instrument,
and the lander imaging system.* While the story of these instruments is a

tale of amazing accomplishment, the facts also indicate that if Viking had
flown in 1973 it probably would have been launched without the gas
chromatograph-mass spectrometer and the biology instrument. Without
those experiments, Viking would have been a vastly different mission.

Those instruments were ready to fly in 1975, and the story of their design
and fabrication deserves to be told. For the men and women who worked the

extra hours, sweated out the successive problems, and reveled in personal

*Thomas A. Mutch has described the history of the lander cameras in The Martian Landscape,
NASA SP-425 (Washington, 1978), pp. 3-31.
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satisfaction when the experiments actually worked on the surface of Mars, it

was "their" lander, "their" experiment, and "their" triumph.

Gas Chromatograph-Mass Spectrometer (GCMS)

Development of a GCMS prototype had initially been assigned to the

Jet Propulsion Laboratory by Langley in August 1968. This responsibility

remained with JPL when the Viking project was officially established.

Before selecting a contractor to build the flight hardware, the California lab

had the task of developing, fabricating, and testing a lightweight portable

breadboard of the GCMS that could be used to carry out surface organic

analysis by pyrolysis. Gas chromatography and mass spectrometry in the

laboratory were one thing; shrinking the equipment to a size that could be

placed on a spacecraft was another? 1 Requirements for such an instrument

were not easy to meet for a laboratory model; restrictions put on the design

to qualify it for spaceflight made it extremely difficult.
Pulverized Martian soil would be placed in the instrmnent and heated

to temperatures up to 500°C. The gases given off would be carried into a gas

column, a long tube packed with coated glass beads that would selectively
delay the passage of gases according to their adsorptive qualities. The

column would then be heated progressively to 200°C at a rate of 8.3°C per

minute. Each level of temperature would release different organic mole-
cules, separated into narrow family groupings. A palladium separator unit,

porous only to hydrogen, would filter out that gas, leaving only the vapor-

ized organic compounds, which would be drawn into tile mass spectrometer
to be ionized. The stream of ions would be focused in the electrostatic and

magnetic sectors of the device. When the stream of focused ions struck

the electron multiplier tube, generating electrical impulses, that activity

would be amplified and recorded, producing a profile of each compound.

Finally, the profiles would be converted into digital signals that could be
transmitted to Earth. 42

Although the GCMS was a complex piece of equipment, no one

predicted the difficuhies that JPL encountered in its development. At first,

dollars and failure to agree on priority for the instrument's development

were causes for delay. But by the summer of 1970, serious engineering and

managerial problems were plaguing GCMS development? 3
In Seotember 1970. Cal Broome told lim Martin that the GCMS,

nominally under the purview of Henry Norris's Viking Orbiter Office, was

a stepchild not getting proper supervision because of the decentralized
management structure at the lab. 44 A five-day (;(:MS engineering model

review, held 25-30 January 1971, was a disaster. Jack Van Ness told Langley
Director Cortright that between 200 and 300 "request for action" forms

resulted from the review; he anticipated that 100 to 150 of those items would
be assigned to JPL for its attention. "It is expected that the major output of

the review will be a critical reassessment of the requirements imposed upon

d
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theinstrumentanditssubsystems,with aneyetowards reductions in instru-

ment complexity. ''45 Two weeks later, Van Ness reported that JPL had

taken steps to strengthen its managerial control. John J. Paulson, head of
the GCMS project office, would henceforth report directly to Robert J.

Parks, assistant laboratory director for flight projects. This shift put the
GCMS on the same management plane as Mariner Mars 71 and Viking

Orbiter. The Viking Project Office hoped this visibility would help solve

some of the stepchild's troubles. 46

Jim Martin was not pleased. At a Science Steering Group meeting 2-3

March 1971, he indicated that funding increases, technical problems, and

schedule slips had caused him and his colleagues considerable concern

about the future of the GCMS. Although the recent management change at

JPL was encouraging, the instrument's progress would be watched closely

during the next few months. If progress was not satisfactory, Martin would

have to consider an alternate or less ambitious design. 47The project manag-

er's attitude toward the GCMS difficulties was not enhanced by his unhap-

piness over the science subsystem preliminary design review at Martin

Marietta on 1-2 March. The part of the PDR covering the science experi-

ments integration laboratory (SEIL), to be built in Denver, was particularly

unsatisfactory. Martin told the lander contractor that the SEIL PDR would

be repeated and that no funds would be spent on equipment for that instru-

ment until a satisfactory review had been held. 4_ (The SEIL was canceled in

July 1971; instruments tests would be performed on the system test bed

lander at Martin Marietta.)

On 18 March, the GCMS engineering breadboard was operated for the

first time as a completely automated soil-organic-analysis instrument. Sev-

eral problems of the kind usually associated with first tries were encoun-
tered, but everyone in the Viking Project Office interested in the develop-

ment of the GCMS considered it a major step forward. 49 Meanwhile, an ad

hoc GCMS requirements review panel, established by Martin after the

unsuccessful engineering model review in January, met to discuss possible

ways of simplifying the design.* Preliminary results of the ad hoc panel's

study were presented at the June 1971 Science Steering Group meeting.

Martin noted several discouraging facts at this session: by this date the start

of GCMS science testing had slipped by six months (from early 1971 to

October 1971); after four years of work the breadboard was just ready; and

the GCMS was now getting too heavy. Originally projected to weigh about

9.5 kilograms, the GCMS was weighing in at about 14.5 kilograms. The ad

hoc panel presented five GCMS design variants with weight projections

between 11 and 14 kilograms, but they requested and were given more time

to study the science impact of these alternatives: °

*Panel members included Chairman H. B. Edwards, K. Biemann, T. Owen, R. S. Young, J. J.
Paulson, and G. C. Broome.
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Of the Illinois Institute of Technology's Research Institute suggested an

alternative explanation for the so-called "wave of darkening." The most
common reason given for this phenomenon had been an increase in atmos-

pheric humidity as water sublimed from one polar cap and moved toward

the other. New observations indicated that the wave, which progressed at a

speed of 30 kilometers a day, might actually be a wave of brightening.

Earth-based photometric measurements had compared dark areas to bright

areas on the assumption that it was the bright areas that were unchanging.

If the bright areas were getting brighter, then water or vegetation was not

needed to explain the change. Instead, the explanation might be some

simple mechanism, a dust storm, for example. Some microbe hunters who

saw this as one more strike against the possibility of Martian water might

not have been pleased, but the reasoning was more consistent with other

investigations that indicated limited water on the Red Planet. 51

Toby Owen of the State University of New York at Stony Brook and

Michael McElroy of Harvard reported that Mariner 6 and 7 had provided

new clues about the composition of the planet's atmosphere. It was 95

percent carbon dioxide. Nitrogen probably existed in quantities less than 4

percent, and perhaps as little as 0.5 percent. Traces of carbon monoxide,

molecular oxygen, ozone, and water vapor were likely. While these were not

very encouraging comments for those who wanted to find life on Mars, Carl

Sagan repeated his oft-given summary that the only way to make such a

determination was to go there and check out the planet. Such an examina-
tion might not end all speculation, but it would certainly give them better

data. To make that trip worth the effort, the GCMS and the biology
instrument would have to work.

The problems encountered with the gas chromatograph-mass spec-

trometer were not made any better by renewed money problems. A special
meeting held 19 September to discuss the budget led to some very bitter

reactions by several scientists. Martin told those investigators that they

would have to reduce their projected costs by a further $17 million to $22

million. Before the next discussion of the science budget reduction in early

October, Jerry Soffen received some amazing letters in response to his

comments about scientific priorities. There was a decided lander-versus-

orbiter outlook among the scientists, and a dichotomy between the build-

the-experiment-hardware-yourself group and the more theoretically ori-

ented investigators.

Harold P. Klein, biology team leader, was among the first to write. He

concluded that it was more important to get results from the lander than

from the orbiter. "I say this for a number of reasons: by 1975, we will have

had several missions to the planets--with flybys and orbiters, but no lander

mission; we have learned a great deal about Mars from the Mariner series and

there is no doubt that these have shaped our views of the planet, and that

Mariner 9 should add immeasurably to this store of information." But there
had never been a direct measurement made from or of the surface of Mars.
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"What I amemphasizingis somethingwhich scientistsrecognizeasfirst
order science--i.e.,it is generallyeasierto refine your techniques,and
repeatyour experiments with more sophisticated equipment than to start

investigating in unknown territory." But Klein noted that "it is much more
exciting to try something completely new and different--to do something

first." He would be willing to sacrifice the orbiter imaging system rather

than subtract anything from the landed group of experiments.

Oil tile lander, we are proposing a number of investigations--and while
these will all be "first time" investigations, and therefore of great poten-
tial interest, it is obvious that some are concerned with answering really

colossal questions and ot]lers arc not. II is no stlrl)rise--at least to me--
that there is a direct relationship between the magnitude of the scientific

question being asked, and the complexity, uncertainty and, therefore, the
expense inwflved in the equipment concerned with each investigation.

Klein would prune the orbiter science to only that needed to support the

lander. While dropping the large imaging payload, he would maintain the

atmospheric water detector and the infrared thermal mapping device. He

hoped that no lander experiments would have to be eliminated, but if

deletions were necessary the big experiments--the GCMS, the biology

instrument, and lander imaging--must be preserved. "_2

Don L. Anderson, seismology team leader, was equally strong in his

opinions. "First of all, I feel that Viking was poorly conceived from the

beginning, and this, of course, was headquarters' fauh." With that shot
across the NASA bow, he continued:

The way science was selected was ill-conceived, and headquarters was
repeatedly warned that one does not decide what needs to he done and then
try to find someone to do it. In the past, the scientists designed the
experiments and, by and large, the instrument. The Viking scientists have
little experimental experience and virtually no equipment experience.
They were chosen because they expressed an interest in an area--not
because of any demonstrated wisdom on the important problems of Mars
or of the solar system. As a group they cannot provide you guidance in
scientific policy matters of priority. As individuals they are ineffective,
because of the system, in riding herd on their own ext)eriments, particu-
larly tile costs.

Translated, the exobiologists might be asking the "colossal" questions, but

it was Anderson and his colleagues who were doing experiments with

Which they had first-hand experience. They could create hardware and

deliver it at a reasonable cost and on time. Anderson accepted, to a degree,

that "Oil(' ('an argue that tilt' first mission to Mars should have biological

emptmsis," but the realities were "that the biological and organic experi-

ments were not ready when the payload was selected, are not ready now, and

probably will not be ready in 1975." Anderson admitted that physical
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measurements, such as seismology, were relatively easy, but that complex
experiments like the GCMS and the biology investigation were more diffi-

cult than anything NASA had ever flown. One could argue parenthetically
that the molecular and biological investigations were closer to real labora-

tory science than anything ever done before in space. These experiments

required more than data gathering; they demanded elaborate manipula-

tions of sample materials in miniature laboratories. As he noted, such biolog-
ical investigations as these were "not even routine measurements on the

earth." They were "not ready to fly a biological mission to Mars. Even if the

instruments are ready the chances are high that they will not work on Mars,

and if they do, will give ambiguous results." This team leader represented

one camp of scientists who wanted to make "straightforward" measure-

ments; Klein and his associates preferred to pioneer a new "first order"

science in space. There were strong arguments for both points of view,

which did not make Soffen's or Martin's tasks any easier. The Viking

Project Office managers had their hands full--with complicated and trou-
blesome hardware, independent and troublesome scientists. A firm disci-

pline would have to be applied to both. 5_

The issues raised in the September-October 1971 Science Steering
Group meetings would not be resolved immediately. But the discussions led

to several changes, as the minutes recorded:

1. Reduction of science team support--By deleting certain efforts of the
scientists, holding fewer meetings, and supplying less assistance .... This
will save $3 M[illion].

2. Reduction of the Molecular Analysis Investigation--Current technical
problems with the GC/MS have resulted in substantial cost increase over

the original estimate. Most team leaders agree to the importance of the
investigation but feel that there should be a cost ceiling. By reducing the
requirements and simplifying the instrument, it should be possible to
assure technical feasibility and to bring the costs down to a level consis ,t
with the present project plans ($35 M). This involves a reduction ot the
number of samples analyzed.deletion of direct [mass spectrometer] analy-
sis and [deletion of a detector portion of the gas chromatograph]. The
cost saving is $3.0 M.

3. Relaxation of the Biology Instrument Requirements--Two major
requirements involving temperature control and waste management, and
several minor ones, can be relaxed at considerable savings .... The total
cost reduction of $2.0 M has been agreed upon.

4. Limitation of Viking Orbiter Science Mission Planning .... The sav-
ing is $1.0 M.

5. Reduction of Meteorology Investigation ... to result in a "weather
station" type experiment .... The saving would be $1.6 M.

6. Limitation of the Physical Properties Investigation to Current Base-
line .... [The saving would be $0.15 M.]
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7. UseoffixedmastsfortheVikingLanderCameras.... Thecost saving
is $0.3 M.

8. End Mission B at the beginning of conjunction .... The savings are
essentially in operations: $0.5M. 54

These changes totaled up to a possible saving of $11.5 million. Decisions

that were postponed at that meeting included eliminating photometric

calibration of the orbiter camera ($1.6 million) and deleting the X-band

radio ($1.1 million), the image-motion-compensation device for the orbiter

camera ($0.4 million), the retarding-potential analyzer from the entry

science experiment ($2.3 million), and deleting either tile infrared thermal

mapper ($3.3 million) or one of the biology experiments ($1.9 million).

(Deletion of the orbiter imaging system was also seriously considered at this

time. That proposal is described in chapter 9.)
Between October 1971 and March 1972, there were numerous conversa-

tions among Viking Project Office personnel members, JPL authorities,
and the contractor, Litton Industries, about the fate of the GCMS. Jim

Martin was not very happy with JPL's management of this activity, and he

told the lab on several occasions that he wanted JPL to monitor the contract

the way Martin Marietta was monitoring its science subcontracts. He did

not want JPL trying to build the GCMS; that was Litton's responsibility.

As early as October 1971, Martin was considering finding another organiza-

tion to handle the GCMS contract, and the project office awarded Bendix

Aerospace a contract to study the feasibility of using an organic analysis

mass spectrometer (OAMS) in place of the GCMS. Similar in the informa-

tion that it t)roduced, the OAMS (lid not use a gas chromatograph. To

demonstrate his concern, Jim Martin added the GCMS to the "Top Ten

Prol)lems" list on 26 October. "Specifically the problem is the systems

design and t)rogram redefinition of a simplified GCMS." Shortly thereaf-
ter, Klaus Biemann and his colleagues of the molecular analysis science

team requested that Alfred O. C. Nier, the entry science team leader, be

added to their group because of his background in mass st)ectrometry. __

The addition of Nier to the GCMS activity was another blow to JPI_.

He had written to Jerry Soffen in September 1971: "While I regard a
properl_ devised and managed GCMS experiment as one of the most

important things we could do on Mars, the history of this endeavor leaves so

n_c,_l, iu bc desired i really wonder whether it has not disqualified itself

already." Nier thought that JPL's record in this area was "dismal." Nier
also shared Don Anderson's complaint about the GCMS scientists' lack of

experience in inventing and building instruments. He believed that it was

"most unfortunate that in NASA's selection of the team some regard was

not given to this factor in view of JPL's weakness in this very difficult area."

By these statements, Nier did not mean to detract from the caliber of the

individuals on the GCMS team, but he felt that it was necessary to under-

s('ore the nature of the problem facing the project managers. '_6
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Continued troubles with development scheduling for the gas chroma-
tograph-mass spectrometer and the lack of confidence among the scientists
in JPL's ability to manage the instrument's development and fabrication
led Martin to transfer the management of the GCMS instrument contract

from JPL to his Viking Project Office at Langley. As a preparatory meas-
ure, he announced that effective 29 February 1972 Cal Broome, lander

science instruments manager, would report directly to the Viking project
manager. This shift was one more step to tighten control over the lander
science payload and give those experiments the visibility that they seemed
to require. Further--as a consequence of Klaus Biemann's presentation on

the GCMS and the OAMS made at the February Science Steering Group
meeting, in which Biemann had noted that each instrument had advantages
and disadvantages that could not be directly compared--Martin decided in
favor of continuing the development of a simplified version of the GCMS.
His action was prompted primarily by the cost projections, which indicated
that it would be cheaper, by about $7.5 million, to retain the GCMS and

transfer management of the instrument to Langley. NASA Headquarters
approved this recommendation on 10 March, and Martin appointed Joseph
C. Moorman as the GCMS manager and J. B. Lovell as the Viking Project
Office resident engineer at Litton Industries. Although the development
and fabrication of the instrument was still far from ensured, at least a more
responsive management-contractor structure had been established to deal

with the problems that would emerge later. 57

Viking Biology Instrument

Nearly everyone associated with the Viking project realized the Viking
biology instrument was going to be a technical and scientific challenge, but
no one was able to predict just how much time, energy, and dollars would
be required by this complex scientific package. Devising a bi'qogy instru-
ment that held three experiments in a container less than 0.C_ t cubic meter
in volume and weighing about 15.5 kilograms was more of a chore than

even the most pessimistic persons had believed. Certainly the TRW Systems
Group personnel who won the Viking biology instrument subcontract in
competition with Bendix Aerospace Systems Division did not expect its
original estimated cost of the completed flight instruments and test articles
to soar from $13.7 million to more than $59 million. 5s A box about the size

of a gallon milk carton, the instrument contained some 40 000 parts, half of
them transistors. In addition to tiny ovens to heat the samples were
ampules containing nutrients, which were to be broken on command;

bottled radioactive gases; geiger counters; some 50 valves; and a xenon lamp
to duplicate the light of the sun. It was a complicated and sophisticated
miniature laboratory.

The Viking biology instrument was originally conceived as essentially
the integration of four individual life-detection schemes. According to
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Loyal G. Goff, Viking Program Office, NASA Headquarters, "the transi-

tion from these early hardware models to an integrated, automated, and

miniaturized flight unit capable of survivin_ all of lho envirnnmtmt'al

,_unditions of stenllzatmn, launch, cruise, and landing was a horrendous

undertaking." These environmental requirements, with the performance

specifications, demanded considerable examination and testing of the

materials used in the biology instrument. The initial design concepts for

the experiment were developed by Ball Brothers Research Corporation,

Boulder, Colorado, and the Applied Technology Division of TRW Defense

and Space Systems Group, Redondo Beach, California, under contracts

managed by NASA's Ames Research Center. 59

On 3 September 1970, when the TRW team was given the go-ahead by

Martin Marietta, four direct biological lests had been selected for the

,I

23(1



)

P

VIKING LANDER: SCIENCE TEAM

instrument that could examine the Martian soil for traces of living orga-

nisms through the measurement of some aspect of the metabolic process.
Three of the procedures could in principle detect "resting" metabolism,
although all would be more reliable if growing organisms were present.
The first experiment, originally called carbon assimilation but later known

as pyrolytic release, would be performed with a minimum addition of

external substances (that is, only radioactive carbon dioxide [_4CO2],
radioactive carbon monoxide [14CO], and water vapor) to the samples. Exper-
iment two, originally known as Gulliver and subsequently called labeled

release, was to add extremely diluted solutions of labeled (carbon 14)
organic matter to the Martian soil samples under conditions that barely
moistened the samples. Experiment three, called the gas-exchange experi-
ment, provided for adding greater amounts of organic materials and water
to the samples. Because it was rich in nutrients, Jerry Soften and others

referred to this as the "chicken soup" experiment. The fourth experiment
(subsequently eliminated) was the light-scattering experiment, or Wolf
Trap as it was better known. Requiring the growth of organisms in the
sample, this investigation provided the least Marslike environment because

it would suspend the sample in an aqueous solution. But if microorganisms
did grow, they would turn the liquid cloudy, and the light sensor would

detect the change. Together, the four experiments represented a range from
very dry to saturated solutions, and experimenters hoped they would pro-
vide a check on each other while giving Martian microbes a choice of
environments in which to grow. 6°

The first year of work leading up to the preliminary design review was
spent making a breadboard model for each of the experiments. The PDR,
originally scheduled for July 1971, was postponed three months so that a
number of changes could be made in the biology instrument design. In
October, TRW submitted new "estimated cost at completion" figures to
Martin Marietta; the cost had risen to $20.2 million. TRW had greatly
underestimated the complexity of the task, which accounted for about half
of the $6.5-million jump. The rest was due to modifications in the experi-
ment definition.

The 4-6 October preliminary design review in Redondo Beach, Cali-
fornia, disclosed a number of problem areas in the design and management
of the Viking biology instrument. Rodney A. Mills, Walter Jakobowski's
deputy, feared that Martin Marietta and TRW could both be blamed for

poor management. 61O[ particular concern were the complexity of the waste
management system, which would store the water and organic materials
after they had been tested; the complicated nature of the sampling system;
the increasing instrument weight, which would lead to higher costs; and
the numerous elements that, should they fail, would render the whole
instrument useless. On 1 July 1971, Jim Martin issued Viking project
directive no. 6: "It is project policy that no single malfunction shall cause
the loss of data return from more than one scientific investigation. ,,62 Each
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of the biology experiments was considered to be one scientific investigation
under this philosophy, and there were numerous "single point failures"
that could terminate the data return from the instrument. At the October

PDR, no single experiment stood out as a particular problem, but Martin,
Broome, and their colleagues were worried about the overall complexity of

the TRW design. 63
During November and December 1971, TRW and Ames Research

Center personnel under Harold Klein worked to simplify the biology
instrument. Deleted from the design were the Martian gas pump, the
onboard carbon dioxide gas system, one control chamber each for the
gas-exchange and light-scattering experiments, and related valves, plumb-
ing, and wiring. But it became apparent at a biology instrument review ill
late December that more drastic changes would have to be made. During the
final days of January 1972, Martin concluded that one of the experiments
would have to be eliminated to reduce the volume, weight, complexity, and
cost of the package. Walt Jakobowski and Richard Young from NASA
Headquarters met with representatives from the Viking Project Office,
Martin Marietta, and TRW on 24-25 January to discuss ways to remedy the
problems, especially cost, which had escalated to $33 million. 64

That meeting was not a satisfactory one from Jakobowski and Martin's
point of view. TRW was not able to suggest any acceptable engineering cost
reduction items without removing two or more experiments. Additionally,
all of TRW's cost reduction proposals had high-risk factors for scheduling,
testing, or both. Martin Marietta personnel who had reviewed TRW's
schedule and manpower figures were also unable to offer any ahernatives.
To find solutions to their problems, Martin formed an ad hoc panel for the
examination of imposed and derived requirements on the Viking biology
instrument under the chairmanship of Howard B. Edwards of Langley's
Instrument Research Division. While that panel met to determine which, if
any, of the scientific and engineering requirements could be relaxed or
eliminated to reduce cost, weight, size, and complexity of the overall
instrument, Klein, Joshua Lederberg, and Alex Rich, biology team
members who were not affiliated with any particular experiment, met to
discuss priorities for deleting one of the experiments.

Dropping an experiment was a painful experience for the men who
made the recommendati,_n and tEa._c who h.lO|emented it. By 13 March,
NASA Headquarters had decided that the light-scattering experiment, the
investigation based on the least Marslike premise, should be terminated.
The men in Washington cited possible difficulties in interpreting results
and a potential for further cost growth as reasons for their action. It was
John Naugle's unhappy responsibility to tell Wolf Vishniac that his Wolf
Trap would not be included in the Martian biology instrument. Noting
that "this was one of the more difficult decisions" that he had had to make

since joining NASA, Naugle told Vishniac that they had to "simplify the
biology experiment_its history of growth in cost and complexity had

|
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forced this position." In deciding how to reduce costs, the managers at

NASA had tried to consider both scientific and engineering factors:

On the science side, we are assured that the deletion of the light scattering
experiment, while undesirable, is the least damaging in terms of data lost.
I won't go into detail here since you have talked at length with Drs.

Lederberg and Rich on this subject. On the engineering side, it seems that
the light scattering experiment might be considered one of the least
complex in terms of number of parts and detail of design, but is one of the
more difficult to actually build into a problem free device.

Following advice from all members of the biology team, Naugle stressed the

desire that Vishniac continue to participate as a member of that group. 65

Although the biology team seldom acted as a cohesive group, the
decision to eliminate the light-scattering experiment did draw members

together temporarily. As a group, they aired their dissatisfaction with the
decision, the manner in which it was made, and the limited likelihood that

it would reduce significantly the cost of the biology instrument. At a

biology team meeting in March, Dick Young and Jerry Soften were on the

hot seat as they once again explained the need for cost reductions in an era of

tight budgets. Klein, the team leader, wrote to Naugle on behalf of the

whole group:

Naturally, the Team is not very happy that the scope of the biological
experiments was reduced .... This science reduction is all the more diffi-

cult to accept because it is not at all clear just what factors dictated this
decision. Recent discussions with TRW ... leave little doubt that no

savings in weight or in volume will follow from the elimination of the
light scattering experiment .... Whether, at this late date, any cost savings
will accrue from the deletion is also problematical.

While stopping short of mutiny--and still promising to work hard--Klein

said that the team wanted a better explanation of why Wolf Trap was

dropped. 66

Understandably, Wolf Vishniac was not happy with the decision. He

criticized Lederberg and Rich for not being familiar with the development

status of his experiment: "I am shocked to find that a judgment on the value

of an experiment was based upon such complete ignorance on the present

state of the instrument .... " Much of the discussion regarding Wolf Trap

concerned "matters which have long ago been settled and solved." Some of

the data the NASA managers had used in their decision-making process had

been gathered by the Ames Research Center. Vishniac was told by persons at

Ames that they had sent headquarters "some old reports which we had lying

around." When the scientist asked why "old" material was used, he was

given some surprising news: "It doesn't really matter, we have long ago

decided that light scattering is to be eliminated." The more Vishniac

investigated the elimination of his experiment, the more he was displeased.
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Hebelievedthat therehad beensomeanticipatorypreparationfor drop-
ping Wolf Trap. Andaccordingto Vishniac,LederbergandRichwerenot
reallysuitedfor orcapableof makingan informeddecision."Their aloof-
nessfrom the team, their ignoranceof the mechanicaldetailsand the
apparentpredispositionof Amesto leaveout the light scatteringexperi-
mentmakesmequestionthevalueof their recommendation.''67

In a compassionatereviewof thedecisionandtheprocessbywhich it
hadbeenmade,Naugletried toallay Vishniac'sfrustrationandanger.The
associateadministrator pointed out that somethinghad to give, asthe
budgetcouldnotbeincreased.Theyhadbeenforcedtoreviewandreviseall
of theViking experimentson theorbiterandlander.If LederbergandRich
hadnot participatedin theexaminationof thebiology insuument,some-
oneentirelyunfamiliar with theinstrumentandthesearchfor lifeon Mars
would have.

Werecognizedthat we were asking thent to undertake a very difficuh and
personally distasteful job of reviewing four experiments which had origi-
nally been very carefully selected and had just recently been certified as
complementary and an excellent payload for Viking, and recommending
whi(h of the four could be removed with the least impact on the overall

biology experiment. They reluctantly agreed.
In the guidelines we gave then we said the decision should be primar-

ily made on the basis of the scientific merits of the experiments since there
was no substantial engineering factor to use Io seh'cl the experiments to
be deleted ....

Dr. Lederberg and Dr. Rich's recommendations were ch'ar--that all
four experiments should fly, bul if one must be dropl)ed, it should be the
light scattering experiment. They also make it clear that ahhough the
experiment should be dropped, the experimenter (I)r. Vishniac) should
not !

Naugle thought that the deletion would "contribute" in a very real way to

the solution of their Viking payload problem. "I am assured that we will

save at least two or three pounds [0.9-1.4 kilograms] by this action. This

will be applied directly to the weight deficit already incurred by the biology

package." Additionally, space would be saved for other biology require-

Illents, at a saving of at least $2.3 million:" In the short run, the projected

COSt OI tile DIOIO_y illStt Ulllt'llt UIU Ultil, J , I/u[ by tll__ Jttt ...................

estimates would escalate wildly, leading to another major review of the

biology package.

Wolf Vishniac faced other disappointments in the loss of his Mars

exl)erintent. While he continued to participate constructively in the biol-

ogy team's work, he no longer had any NASA funds to support his research

l)rojects and personnel. Vishniac soon discovered that he would have to pay

a high t)rice for having gambled on spaceflight experiments. He had been

the first person to receive exobiological research support from the agency,
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but now that the money was gone he discovered a hostility on the part of
many scientists directed toward those who had accepted "space dollars." In
spring 1973, Vishniac wrote to Soften telling him that he could not attend a

particular meeting. "I will do whatever is essential in the Viking Program
but I simply must place my priorities on my university work. The conse-

quences of my change in status in the Viking Team have been far-reaching
as you know, not to say disastrous." He was finding it difficult to obtain

support for laboratory research because of his work with the space agency.
The National Institutes of Health had refused a grant application; "I was

told unofficially that it received a low priority because I was 'NASAing'
around." The National Science Foundation had decided not to renew a

grant for Vishniac, partly because of his association with NASA. The
exobiologist told Soften that "it is essential that I recapture some sort of

standing in the academic world and I must therefore limit my participation
in Viking to essentials only.'69

In 1973, Vishniac was still pursuing his research into the origins of life
and the possibility of life on other worlds when he fell 150 meters to his

death in Antarctica's Asgard Mountains. Searching for life in the dry valleys
of that bitter cold and windswept region, Vishniac was attempting to prove
that life forms could adapt to extremely hostile environments. Early in
1972, he had found microorganisms growing in what had previously been
thought to be sterile dry valleys. This discovery by Vishniac and his gradu-
ate student assistant Stanley E. Mainzer, using a version of the Wolf Trap
light-scattering instrument, was a bit of good news for the believers in life

on other planets but a contradiction of the findings of Norman Horowitz
and his colleagues Roy E. Cameron and Jerry S. Hubbard, who in five years
of research had yet to detect any life forms in that barren land.

The dry valleys of South Victoria Land, Antarctica, with a few other

ice-free areas on the perimeter of that continent, formed what was generally
agreed to be the most extreme cold-desert region on Earth. The area was also

the closest terrestrial analogy to the Martian environment. These valleys,
which covered several thousand square kilometers, were cut off from the
flow of glaciers out of the interior of the continent by the Transantarctic

Mountains. Although the valleys were ice-free, their mean annual tempera-
ture was -20°C to -25°C, with atmospheric temperatures rising to just the
0°C mark at the height of the summer season. Liquid precipitation and
water vapor were almost nonexistent, and the limited snowfall usually
sublimed to the vapor phase without ever turning to liquid. It was in this
region that Horowitz's colleagues discovered what was believed to be the

only truly sterile soil on the face of Earth. From their research in the dry
valleys, Horowitz and his associates concluded:

These results have important implications for the Mars biological
program. First, it is evident that the fear that terrestrial microorganisms
carried to Mars could muhiply and contaminate the planet is unfounded.
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on Earth, but he would not see Viking go to Mars, and his instrument
would not be applied to searching for elusive Martian microbes. A man who
had done much to give exobiology legitimacy as a field of research was
gone. The loss of Vishniac from the biology team was repeatedly felt in later

years. He had been an arbiter and a man of good cheer. As the biology
instrument continued to increase in cost and to raise more and more
technological hurdles to be overcome, a man with his talents and humor
was sorely needed.

During the first half of 1973, work progressed on the design develop-
ment units for the biology instrument and the gas chromatograph-mass
spectrometer. Science tests for the biology instrument had begun in mid-
December 1972, with biology team members participating in the trials of
their experiments. GCMS testing began in early May. After the first round

of testing, the Viking managers held a critical design review on 23-25 May
for the biology instrument, and even though they discovered no major
problems with the package, Martin Marietta and the Viking Project Office
were less than pleased with the review. The GCMS critical design review in

mid-July disclosed only three major concerns, which was encouraging
news considering the problems that piece of hardware had caused earlier.

Unhappily, new trouble with the management of the biology instru-
ment surfaced in mid-July. At a meeting held at TRW, Jim Martin learned
that completion of the design development unit had slipped by three weeks
and the projected delivery date of the proof test capsule unit was behind by
five weeks. The problem, Martin found, was failure to plan ahead; TRW
lacked the skilled manpower to assemble and check out these crucial units.

As the July session went on, the discussion of the biology instrument came
"unglued," according to Martin; he feared that the work at TRW was "out
of control" with no credible schedule or cost plan. 7_ By that autumn, the

situation was even bleaker. On 15 October, Ed Cortright wrote to George
Solomon, vice president and general manager at TRW. Cortright had been
monitoring TRW's handling of the biology instrument problems with the
intent of reporting to Hans Mark, director of Ames Research Center. His
report was to give the center better data for judging prospective contrac-
tors-of which TRW was one--of experiment hardware for the Pioneer
spacecraft scheduled to visit Venus. Cor tright's report to Ames would not be
favorable. He thought that TRW, Martin Marietta, and NASA had underes-
timated the complexity of the biology instrument task: "The original TRW
proposed cost was grossly underestimated with the result that the current
estimate at completion is $30.9 million, which is $18.4 million or 147
percent over the original estimate." Of that amount, $12.4 million was

TRW's overrun; $6 million had been spent on redefining the experiments.
Cortright told Solomon that the TRW management had placed too

much emphasis on the company's previous performance and had been
reluctant to face the fact that the biology instrument was getting into

serious trouble. "You are currently beset with a rash of technical problems
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Problems list, Cortright again wrote the general manager about the "poten-
tially catastrophic" situation and sent a similar letter to Richard D. De

Lauer, TRW Space Systems executive vice president. To De Lauer, Cort-
right bluntly said, "It is imperative that you bring to bear on these problems
the most talented individuals you can find within your Company, and
elsewhere, and quickly weld them into a problem solving team to get this
job done. I know you have taken steps in this direction and I cannot fault
individuals who are currently working the problems. However, I must
believe that you have not yet applied your maximum effort, for which there
is no longer any substitute."v4

The problems at TRW were twofold. The engineering tasks imposed
by the experiments were very difficult, and TRW's management of the

project was poor. At very low temperatures, valves and seals failed, and
other hardware difficulties surfaced as the initial pieces of equipment were
tested. But most serious was the absence of a strong, driving manager at the
California firm overseeing the work. In November 1973, production of the
flight units was essentially stopped while the biology instrument was

redesigned. But design quality and workmanship problems persisted,
causing test failures and schedule difficulties. To meet the launch date,

TRW was required to conduct design-development concurrently with
qualification testing and fabrication of the flight units. By the first of
February 1974, several independent analyses of the situation at TRW
pointed to the possibility that the final flight units of the biology instru-
ment would not be ready until July 1975. That would be very close to the
scheduled launch dates (August and September) and too late for adequate
preflight science testing.

Cal Broome, who had been appointed NASA biology instrument man-
ager in December 1973, in a private note to Jim Martin on 7 February 1974,
stated that his own view of the situation at the subcontractor's was that the

"engineering organization, and, to a lesser extent, the manufacturing
organization [at TRW], are running out of control." Furthermore, "The
TRW engineering 'culture' simply cannot accept scheduling and discipline
in connection with engineering problems." Broome was also worried that
others would not share his opinion of TRW's failings and simply view his
pessimistic outlook as a case of Broome having panicked again; but Hatch
Wroton, the Martin Marietta resident engineer at TRW, and Dave Rogers,
the JPL resident at TRW, had independently assessed the biology instru-
ment's status and agreed with Broome's bleak prognosis. 75

During the remaining months before the Viking launches, time lost in
the schedule would be made up, only to be lost again when some new
difficulty appeared. In July 1974, Martin had Walter O. Lowrie, lander

manager at Martin Marietta, and Henry Norris, orbiter manager at JPL,
study contingency plans for flights without the biology instrument and
single flights of the Viking spacecraft in 1975, 1977, and 1979. Days later,
progress on the instrument at TRW looked more promising, but by the end
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of the year, when the performance verification tests of the completed;
instruments were being conducted in Redondo Beach, new doubts about
meeting the schedule plagued the Viking managers. 76

The seesaw between failure and progress finally stopped in the early
spring of 1975. On 7 March, Martin wrote to the three men who had seen the
biology instrument through some of its most difficult moments--Eugene
M. Noneman, TRW; Hatch Wroton, Martin Marietta; and Roy J. Duckett,
Viking Project Office: "I was pleased today to be advised that Viking
biology instrument S/N 106 is in its shipping box ready for delivery. I
believe that you and your team members have achieved a very significant
and important milestone. While there is still much work ahead of us,
having a flightworthy biology instrument ready to ship to the Cape is a
gratifying accomplishment." Martin extended his personal congratula-
titres to every memt)er of the team. 77Oil 28 May, Cal Broome could at last
recommend to Jim Martin that the GCMS and the biology instrument be
removed from the Top Ten Problems list. Those had been the final items on
the list of troubles. The hardware units were finally ready for shipment.

Table 42

Viking Biology Instrument Schedule, 1971-1975

Milestone Original Contract Actttal Delay in

Delivery Date Deliw'ry Dau' Months

Pteliminary design review

Critical design review

Design-dewqotmlent

testing complete (S/N 001)

Qualification unit delivery/

qualification testing

complete (S:N 102)

Proof-test capstth' unit

delivery (S/N 103)

Flight unit-1 delivery

S/N 105 on Viking lander
¢'a l'b_n i] o +"+1

Flight unit-2 delivery

S/N 106 on Viking lander

capsule #2

Flight unit-"l delivery (S/N 104)

Spare flight unit

July 1971 Oct. 1971 3

Aug. 1971 May 1973" 9

July 1971 Dec. 1973 I' 17

Sept. 1973 Mar. 1975' 18

June 1973 Nov. 1974 17

Jan. 197't Mar. 1975 14

Apr. 1974 Mar. 1975 11

July 1974 Apr. 1975 9

Added Deleted --

Dec. 1973 d Oct. 1974"

aMarlin Marietta contended thai a realistic (]DR was not ¢-Oml_leted until Mar. 1974.
I'l)t'sign devenolmWUl testing was _'_mqlh'led t)nl a no,lddiverabh' trait; one of tilt' deliveralfle units was

t'iultdt'd; tilt'otht'i dcliveralih, Illlil's m('l Ilallil al sUilass, t'llliily Wits Sillllllalcd ill sysl¢'nl It'st llt'dtesting.

'Qu,di[italion It'sling was ditfi'tt'nt from orng n 1 p ns nd not ;is comprt'hensive.
d I" ' '1 Its umt, not mcludc'd u it' OI glll;ll COIIII'iICI,Wits added in Def. 1973.

"Unit di'lcied ()it. 197,t when rl'qUilenit,nl I'oi st)air' land¢'i was eliininail'd.
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Biology instrument cost projections.

The cost in individual time and effort on these two items had been high; the
dollar costs were equally great. By launch, the GCMS bill read $41 million,
and the biology instrument had cost $59 million. TM

There was, of course, more to the Viking lander science package than
the gas chromatograph-mass spectrometer and the biology instrument.
Each of the other instruments went through a similar series of problems met
and problems solved. The GCMS and the biology instrument were unique
because of the magnitude of the difficulties and the expense. With time, all
problems with the instruments were resolved, and interaction among the
scientists improved. Still, each team remained a collection of individuals,
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and among the teams only a loose confederation existed. Before the mis_
sions were flown, a stronger discipline would have to be forged. Operationl
of the orbiters and landers would be a complex task, and each sequential !

operation would have to be carefully planned and precisely executed. Jerry
Soffen, Jim Martin, and Tom Young had many difficult tasks ahead of
them, and one was establishing tighter control over the Viking scientists

without stifling their inquisitiveness--exercising discipline so as to get
maximum science return, but not in such a manner as to eliminate flexibil-

ity when scientific targets of opportunity appeared.
As the Viking science teams and their instruments matured, Jim Mar-

tin faced other technical problems with the lander, each of which had to be
solved before the spacecraft could fly. Complexity and technological chal-

lenges abounded. Building Martian landing craft was genuinely hard work.
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