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This document provides a plan for a manned Iunsr Expedition.
It wms prepared to furnish more detailed informetion in support
of the National Space Program proposed by a USAF committee
chaired by MajJor General J. R. Holzapple. That report pointed
out the dire need for a FGel for cur national space program.
The Duray Expedition was chosen as the goal slmce 1t not only”
v, provides a sufficient challenge to the mation, but also provides
R technical fell-cuts for greatly improved space capabilities.

Previous editions of this plan have provided guildance and
incentive to Air Force technical groups. Consequently, their
" efforts have established a broad technical base within the .
. ( Air Force from which rapif - ivAnces can be made. This capa- _
bility bas Been taken into acecunt in laying out the accelerated o
schedules in this plan. '
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SECTION 1

IUNAR EXFEDITION (U)

{LUNEX )

1.1 WDLAR-S-458
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1.0 SUMMARY
1.1 FPURPOSE

The ILunar Expedition bhas as 1ts oblectlve manmed exploration
of the moon with the first manned landing snd return in late 1967.
This one achievement if &ccomplished before the USSR, will serve
to demonstrate conclusively that this pation possesses the
capabllity to win future competition in technology. No space
aschievement short of this goal will have equal technological
significance, historical jimpact, or excite the entire world.

1.2 BACKGROUND

Extensive studies by Air Force-Industry teams during 1958,
1959, and 1960 examined all facets of the problem and techniques
of sending men to the moon and resulied in a feasible concept
which 1s sttainable at an early date and is economical and reliable.
Leboratories within the Adlr Force participated in this effort, thus
-establishing & broad technological base which can react gqulickly to
an expanded high priority program.

1.3 DESCRIPTION o

The luniar mission would be initiated by the launching of the
lunar payload by a large, three-stage liguid or solid propellant -
booster to escape veloeity on a lunar intercept trajectory. The
payload, consisting of e Lunar Landing Stage, Lunar Leunching Stage
and & manned vehicle, would use a lumar horizon scanner and a
doppler sltimeter for orientation prior to & soft landing using
the Lunar Landing Stage. Terminal guidance using prepositioned
beacons would be required for landing at a preselected site. The
Lunar Launch Stage would provide the necessary boost for the return
to earth of the manned Iunex Re-entry Vehicle. Using mid-course
guidance and aerodynamic braking, the vehicle would effeét re-entry
end 8 normal unpowered aireraft landing at & ZI hase.

In addition to the manned vehicle a cargo peyload 1s included
in this plan. The cargo payload would utilize the same three-stage
earth launch booster and the same lunar landing techniques. How-
ever 1t would not be returned to earth and would be used only to
transport supplies and cargo to the expedition on the moon.

The primary concept recommended 1n this pla.n is the "di
shot" method sinee studies have indicated it could be available

o
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!.--at. en earlier date and it vould be more relisble. Another concept . -
is also suggested which consists of the rendezvous and assembly of
components in an earth orbit before injection into a lunmar trajectory.
The techniques and development required for this latter concept are
documented under & separate SSP titled, SATNT. Therefore, no
detalls of this concept are presented in this plar. A1l schedules

o relating the two plans have been coordinated to insure compatibility

and to take advantage of mutual advences. Since nelther rendezvous

techniques nor large boostere have been demonstrated, both spproaches
must be pursued until it becomes obvious that one of them has clear

¥

advaitages over the other. -

LIRS
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i
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The following developments ere required in order to accomplish
the lunar expedition:

a, A three-man Lunex Re-entry Vehicle. This vehicle
must be capadle of re-entry into the earth's atmosphere et velocities
of 37,000 ft/sec. It must also de capable of making & conventional
aircraft landing. Control end improved guidance for entering the
earth's atmosphere at the proper place and angle is needed as well
as improved materials to withstand the high surface temperatures.
Adequate life support equipment is alsc required. The development (

1. Vit
3 “.‘;'. .

of this vehicle is the key to the accomplishment of the LUNEX
program and ic one of the pacing development items. A detailed
schedule for its development is included. ]

. b. A Lunar Lending Stege for decelerating end landing the
entire payload. This stage must have the capebility to decelerete
134,000 pounds from & velocity of almost 9,000 ft/sec to 20 Pt/sec

at touchdown. A doppler altimeter is required to provide information
for igrition and control of the engine. Horizon scanners must be
used to orient the payload to the local vertical.

c. A Lunar launch Stage capable of lsunching the manned
Lunex Re-entry Vehicle from the lunar surface. Lunar ascent.
guidance is required to place the vehicle on the proper trajectory.

d. A three-stage earth leunch booster, referenced as a
space launching system. The first stage will use elther LOX/LEH,
with six million pounds of thrust or a solid fuel with an equivalent
"< lsunch capability. The second and third steges will use LOX/LE,.
The development of this space launching system i1s considered the
«#  pacing development item for the LUNEX program. Because of the

magnitude of the booster progrem and the applicabliity of the
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booster to other programs, the plan for its development is being
presented separately.

In addition to the above 1isted hardware developments,
additiopal information is regulred about the lunar surface such
- as 1ts physical and roughness characteristics. High resclution
photographs of the entire lunsr surface may provide this Information.
Present NASA plans if expedited could provide the information for
* this LUNEX program. NASA's SURVEYOR (soft lumar landing) progrem
could also incorporate radio-light beacons which would be used.
later in conjunction with a terminal landing system. A core ssmple
of lurar material is required as soon as possible so that design
of lunar landing devices and lunar facilities can be accamplished,

1.4 MAJOR PROBLEM AREAS

_ The development of techniques for re-entering the earth’s at-
isd mosphere at 37,000 ft/sec is one of the major problems. Guldance
equipment must be very accurate to lnsure that the re-entry engle
is within * 2°. Too steep an entry angle will cause overheating
and untolerable G loads, while too shellow en entry angle may
permit the Lunex Re-entry Vehicle to skip out of the atmosphere
( into & highly eccentric earth orbit. If this happens, the vehicle
mzy spend seversdl days in the trapped radiation belts snd may =xceed
. the time limits of the ecological system.

The Lunar Landing Stage will be & &ifficult development be-
":;“ cause of & requirement for orientation with the loecsl vertical
- vhen approaching the moon. It must alsc be guided to the selected
: landing site. Many tests will be required to develop the necessary
e equipment.

The Luvar Launching Stage will be another difficult development.
The prelaunch countdown must be performed automatically and, if the
launching booster 1s mot vertical upon launch, corrections must be
made in order to attain the required moon-earth tmjectory

——— Although the foregoing developments are difficult, no
P technological break-through will be required. All designs can be
ol based on extrepolation of present technology.

e £ .

— 1.5 MILESTONES

Major milestones in the program are:
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% a, Recovery cf "‘a manned re-entry vehicle from 50,000 miles
in 1965. :

b. Manned circumlunar flight in 1966.
¢. Manned lunar landing and return in 1967.
These and other significant events are shown on Chart I-A.

1.6 CAPABILITIES DEVELOPED

The development of large boosters, rendezvous techniques and
maneuverable space vehicles, all required for the Lunar Expedition,
will also provide a capabllity for many new and advanced space
achievéments. For example, the Space Launching System which will
boost 134,000 pounds to escape velocity will boost epproximetely
350,000 pounds into & 300 mm orbit, or will launch & manned vehicle
on & past around either Mars or Venus.

1.7 MANAGEMENT ACTIONS REQUIRED

The major Management Milestones for FY62 and FY63 are shown
on Chart I-B. Immediate attention by Monagement to obtain Program
Approval and Funding by July 1961 is necessary 1f the United
States is to put a "man on the moon" by August 1967.

Throughout the IINEX program time allocated for monagement
and Air Force technical evaluations has been kept to s minimum.
Tis 1s essential to meet the schedules, and delays in providing
funding a5 indiceted, or in receiving notifiestion of required
decision, will have the direct effect of delaying the program end
cbjective.

1.8 WDLAR-S-458
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CHART [-A

LUNAR EXPEDITION PROGRAM MILESTONE SCHEDULE
CALENDAR YEARS

PRELIMINARY DESIGN COMPLETE { LUNEX PAYLOAD)

1961

1962

1963

1964 1965

1966

1967 1968

PROGRAM APPROVAL AND FUNDING

ENGINEERING DESIGN AND MOCK-UP

INITIATE HARDWARE PROCUREMENT

RE-ENTRY VEHICLE {90% ENG REL }

LUNAR LANDING STAGE {90% ENG REL) .

FIRST MANNED ORBITAL FLIGHT

CARGO PAYLOAD (90% ENG REL)

LUNAR LAUNCH SYAGE {90% ENG REL)

FIRST LUNAR LANDING (CARGO TEST FLIGHT )

MANNED CIRCUMLUNAR FELIGHT

SPACE LAUNCHING SYSTEM FLIGHT QUALIFIED

m\sn LUNAR LANDING 4 RETURN
PEMMANENTLY MANNED LUNAR EXPEDITION

LUNAR EXPEDITION FUNDING REQUIREMENTS ( MILLIONS)

27

e

350 Ti0

1320

1405 1760
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IB LUNAR EXPEDITION

MANAGEMENT MILESTONES Fygz - FY61;

2_START PRELIMINARY DESIGN {LRV)

a
4 COMPLETE PRELIMINARY DESIGN (LRV

4 PROGRAM APPROVAL AND FUNDING

¥ B -
L __ENGINEERING DESIGN COMPETITION

? AND MOCK-UP
n__

1l ___ Contractor No. 1 (Lunex Payloads)

n__

n Contractor No, 2 (Lunex.Payloads)

u_

15 DEVELOPMENT - PRODUCTION FUNDING 11

W
Il _DESIGN CONCEPT DECISION
n_

18 APPROVAL FOR HARDWARE_GO-‘-AHEAD

2 _
CONTRACT AWARD
8

23 _LUNAR TRANSPORT VEHICLE PROGRAM
N

I _LUNAR EXPEDITION

#%__PROGRAM

2 ___
A REQUIRED FUNDING {(MILLIONS)
]

u  FY.BZ

J

__ FY-63

FY-64

F

i

FEFFEE

LRV - Tunex Re-eniry Véhicle
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> PO IRTEET e ONEDENTLAL

2.0 BACKGROUND

Shortly after the first Sputnik was launched in October 1957,
- Beadguarters, ARDC Initiated a serles of studies to examine the
military potential of space operations. These studies were
accomplished by Industry-Alr Foree teams each working independently.
Two of these studies which were the forerunners of this Lunex plan
were "Lunar Observatory" and "Strategic Lunar System." The objective
of the first study vas 1o exsmine an econcmical, sound and.logical
approach for establishing a manned intelligence observatory on the
moon, and the second study examined the military potential of lunar
cperations. These studies showed that It iz technlically amd
economically feasible to build a manned lunay facility.

A third study titled, "Permanent Satellite Base and Logistic
Study" is presently under way ard will be completed in August 1961.
This study will provide a conceptual design of & three-man re-entry
vehicle which will carry men to €nd from the moon, The three-man
vehicle is the key item in the lunar transportation system &g its
welght will dictate the booster sizes. For this reason it is glven
special attention in this plan.

2.1 TUREX PROGRAM OBJECTIVE

The objective of the Lunar Expedition program is the menned
exploration of the moon with the firet manneé lunar landing to
occur a& soon as possible. The execution of this plan will land
three men on the moon a&nd return them during the 3rd guarter of
calendar year 1967, and will establish the Lunar Expedition ..
in 1968. Completion of this plan will require the Gevelopment of
equipment, materials, and techniques to transport men to and from
the lunar surface and to provide a lunar facility which will allow.
men to live and work in the extremely harsh limar environment.

2.2 LUNEX PROGRAM - DESCRIPTION

The Lunar Expedition Program is primarily concerned with the
development of the equipment necessary to itransport men and supplies
to the lunar surface.

The key development in this program is the Lunar Transport
Vehicle which is composed of the Space Leunching System and either
the Menned Lunar Payload or the Cargo Payload.

The Manned Lunar Payload consists of a three-man Iunex Re-Entry
Vehiecle, a Lunar Launch Stage, and a Lunar Iending Stage. The

ecame Lunar landing Stage, plus & cargo package, composes the Cargo
Payload. The relative effort required for the development of these

e -_‘,.‘
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::l‘llsﬂ s-ummm'm rha h ik Lon of which Inmymmmhnuuﬂhoﬂudmhwlbﬂdhhu

R s

-__.;_..n — e



o ab s

ST ST T e e o e i g R s T i g —— o - v R - - . L .. -

v ol

two payloads in comparison with other portions of the complete Limar (
Expedition Program is shown in Figure 2-1. A breskdown of the Lunar
Transport Vehicle 1s shown 1n Figure 2-2.
The Space ILaunching System consists of & three-stage booster
capable of placing elther the Manned Lunsr Payloed or the Carge
Payloed on e lunsr intercept trajectory at escape veloeity. This
Plan does not contaln development information on the Launching System
since such information is contained in a separate System Package
Plan being prepared concurrently. The development schedules in
these plans have been coordinated to insure compatibility.

In operation, the Manned Lunar Payload, weighing 134,000 pounds,
will be boosted to escape velocity of approximately 37,000 ft/sec
on a trajectory vwhich intercepts the moon. Velocity will be sufficient
to reach the moon in approximetely 21 days. As the Manned Lunar Pay-
load approaches the moon it is oriented with the local vertical by
the use of horizon scanners. The Iunar Landing Stege decelerates the
Manned Lunar Payloed for a soft landing at a preselected site using
an altitude sensing device to determine time of ignition. ILanding
at the preselected site will be accomplished using terminal guidance
equipment and & prepositioned beacon to effect an off-seét larding.

The Lunar Launching Stage, using the Landing Stage as a base,
will launch the Lunex Re-entry Vehicle on the return trajectory.
In early test shots before men are included, the countdown and
launch will be effected sutomatically by command from the earth.
Small mid-course corrections may be necessary to insure re-entry ) (
into the earth's atm cohere within allowsble corridor limits.

The Lunex Re-entry Vehicle wlll re-enter the earth's stmosphere
within the sllowsble corridor so that it will not skip back into
epace again nor burn from excess heat. It will use aerodynamic
braking to decelerate and will have sufficient 1ift capebility to
effect a normal unpowered aircrafi la.nding at a base such as
Edwards Air Force Base.

Several successful unmanned,completely automatic flights of
the type juet described must be completed in order to establish
confidence in the system reliability before mnned missions will be

attempted.

Cargo will be transported to the lunar surface using the same
procedures and equipment except that the Lunar Launch Stage is not
needed. The Cargo Package will have a weight equal to the combined
weight of the Lunex Re-entry Vehicle and the Lunar Launch Stage. .

As a separate approach to the problem of placing ldirge payloads -
on the moon, techniques of rendezvous and assembly in earth orbit .

“This o ley  nf i uﬁoﬂm’ ih naluml ‘Ihm of Hw iinited Sioles within The mlﬂ. o} tha Etplonoge Laws, Title,
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are being examined. Use of these techniques would require the lsunch,
rendezvous and orbital assembly of sections, of the Manned Lunar Payload
and the Cargo Payload along with ti required. orbital lsunch booster
and its fuel. The assembled vehicle would then be boosted from orbital
velocity to escape veloclty and would proceed as described above. De-
tails of the major developments required such as rendezvous, docking
and orbital assembly are outlined in & System Package Plan titled, SATNT
being prepared concurrently. All programming information and schedules
have been coordinated with this plan to insure compatibility and
mutual support.

2.3 DESIGN PHILOSOPHY

The Lunar Expedition Plan hee been oriented toward the development
of a useful capability rather than the accomplishment of a difficult
task on a one-time basie. The uee of & large booster is favored for
the direct shot approach since studies have shown this to be more re-
lieble, safer and more economicel as well as having esrlier availability.
Bowever, another approach using a smaller booster in conjunction with
orbital rendezvous and essembly 1s also considered.

The manned Lunex Re-entry Vehicle is the key item in determining
booster slzes. Tis welght determined the size of the Lunar Lsunch
Stage which in turn determined the size of the Lunar Landing Stage.
The total weight of these three iteme is the amount that must be
boosted to earth escape veloclity by the Space launching System. In
this manner the size of the Space Launching System was determined.

A 2} day trajectory each way was selected as a conservative
design objective. ILonger flights would bave more life support and
guldance problems while ehorter flights require higher boost velocity.

An sbort capability will be included in the deslgn insofar as
possible. The next section describes the abort system in consider-
able detnll.

Development and tests are scheduled on a high priority besis.
Thus, the schedules shown in this plan are dicta.ted by technological °
limitetions and not by funds. ;

The entire program as de-scri‘beﬂ herein ie an integrated program
in that lster development tests bulld on the results of early tests.
Thus, equipment and techniques are proved out early, end confidence
in the relisbility is obtalned by the time a man is included.

2.4 ABORT PHILOSOPHY

The insertion of a man into & space system creates a safety and
reliability problem appreciably greater than the problem faced by
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any unmanned system t 18 well recognized that maximum reliability
is desirable, dut also kiown that reliasbilities in excess of 85 to
90% are extremely difficult to achieve with systems as complex as
the Lunar Transportetion System. Therefore, the need for an sbort
system to protect the man during' the Yunreliable™ portions of
lunar misslon is aeccepted. '

A review of the proposed techniques and equipments to provide a
"full abort"” capability has shown that due to payload limitations
this ie not practical during the early lunar missions. Thus a
reasonable element of risk will be involved. In order to decrease
this element of risk and to understand where it occurs the lunar

mission has been divided into six time periods. These time periods
are as follows: : .

- a. Earth ascent.
b. Earth-moon traneit.
¢, Lunar terminal.
d. Lunsar ascent. (
e. Hoon-ea;'th transit.
f. Re-entry.
The development and test philosophy for this program is to

leunch the manned systems as eerly &s possible in the program, but
in an unmanned status. This will provide experience end allow the

" system 16 be checked out and "man-rated” before the first manned

flight. Tt also means that the Lunex Re-entry Vehicle will be used
for orbital and circumlunar flights prior to the lunar landing and
return flight. The propulsion systems ueed for these early flights
will be used throughout the program and the experience gained from
each flight will increase the probebility of success in reaching

the final lunar landing and return objective. Also these pro-
pulsion systems will be used concwrrently in other programs and

at the time of man-rating will possess greater launch experience

than can be expected for the largest booster of the Space Launching
System. This would indicate that & larger number of wnmanned flights
should be scheduled for the larger full boost system than for the
early flights. It also points out the need for s sopbisticated
Earth Ascent Abort capability during the first manned lunar landing
and return flight. T -
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In providing an abort philosophy for the Lumar Program it should
be noted that the Lunex Re-entry Vehicle, the Iunar Landing Stage -
and the Lunar Iaunching Stage all possess inherent abort capabllity
if utilized properly diring an emergency. With sufficlent velocity

 — the re-entry vehicle is capable of appreciable maneuvering and

- lapding control to provide its own recovery system. The Lunar
Iaunching and Iunar lLanding Stsges possess an appreclasble AV

5 capability that can be used to alter the paylomd trajectory to

o better accomplish recovery of the man. However, in elther case the
maneuvers will have to rely on computing techniques to select the
best possible abort solution for any specific situation. '

oo

With this background, and with the understanding that in &
future final design effort "full abort” mey be required, the
following ebort design objectives for the Manned Lunar Payload are

presented: ]
. Esarth Ascent Phase
(1) On Pad.
Full abort system wlll be provided.
. ( - {2) Iift-off “o Flight Velocity for the Re-entry
Vehicle. .

Full sbort system will be provided.

(3) Flight Velocity for the Re-entry Vehicle to
Escape Velocity. _

‘The basic Manned Lunar Peyload will provide
the abort capabiiity.

b. Earth-Moon Transit

(1) Injection

"“‘: *2 Abort capability to compensate for injection
o error is desired as part of the basic Manned Lunar Payload.
— Computing, propulsion, etc., capabilities should be designed into

the baslc system to provide for the selection of the optimm abort
trajectory. A
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Abort capability during Earth-Moon transit is
desired for the Re-Entry Vehicle by means of a direct esrth return,
earth orbit, or circumlunar flight and earth return. Circumlunsar
flight generally requires the least/\v, but the actual selection

of the optimumm trajectory should be sccomplished when required by
a computing capability, and executed by the Lunar Pe.yload

¢. Lunar Terminal

This type of abort generally results from loss of
propulsion or control of the Lunar Lending Stage. Where possible
the lunar Leunching Stage wlll be used to attain & direct or circum-
lunar trajectory thet terminated in en earth return. When this is
not possible the Iunar Launching Stage will be used to accomplish
the safest poseible lunar lending. Recovery of the crew will not
be provided in this system and selection of the above alternatives
will be dccomplished automatically on-board. Crew recovery will
be provided by another stand-by I.unar Transport Vehicle. :

d. lLunar Ascent
(

Maximum inherent reliability by overdesign of
components and systems in the Lunar Launching Stage seems to be
the most logical approach for this phase due to the extreme weight
penalty imposed by a separate ebort system.

The early missions will be faced with the highest
risk, but as & facility on the lunar surface 1s developed, a
rescue cepability and the addition of an sbort capabillty can be
developed. No specific sbort system will be provided for this
phase, but consideration should be given to the possibility of
future lunar modifications to provide for abort.

e. Moon-Earth Transit

This would generelly be assoclated with & gross

' trajectory error, or loss of control on re-entry. The only
solution is to utilize the on-board capebility that remains to

achieve an earth orbit. After achieving orbit an earth launched

rescue mission would be initiated. This approach requires no

additional sboxt .system to be provided for this phase.
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T. Re-entr’y.

Exceeding re-entry corridor limits, or loss of econtrol
could cause an emergency where sbort would be desirable. Should
sufficient /»v remain from the over-design of the lunar lsunch stege,
and not be used during Moon-Earth transit this would be used to attain
an earth orbit where rescue could be achleved. No separaste ebort
capability 1s required for this phase, but s.vaila.hility of pro-
peliant should be considered.

2.5 EXPEDITION PLANNING

A detailed plan must be prepared for the complete Lunar Ex-
pedition operation. This plan must start from the first time man
lands on the lunar surfece and account for every single effort, or
objective be is to accomplish during his stey on the surface, A

- erew of three men will be sent into & new and hostile envirohmernt

where rescue or assistance from other liuman beings will be extremely
diffieult, if not impossible, for the first mission. Time will be st
a premium and &l]l items of equipment must be planned, designed and
delivered in the Cargo Payloads so that they can be used in the essiest
possible manner.

The procedures for first exploring the surface and then for con-
structing the expedition facility must all be derived, demonstrated
and proven by earth operations prior to attempting the desired opera-
tion on the moon. An environmental facility that simulates the lunar
surface with sufficient work area to test out equipment and procedures
will be required.

The actual landing operation and the first effort by men on the
surface requires detailed data about the moon's surface. The follow-
ing chart represents the best aveilsble data. The chart is & portion
of & Lunar Sectionsl having & scale of 1:1,000 (1 inch eguals 16
miles) produced by the USAF Aeronautiecal Chart and Information Center,
St Louis, Missouri. Present plans call for the eventual production
of 144 charts to cover the complete lunsr surface.

The best photographlic resolution to date is around cne-bhalf
mile on the lunar surface, which provides adequete data for charts
baving a scale of 1:1,350,000. Good sstronomical telescopes can be
used to improve onr the photographic data and obtain sufficient detail
to prepare sectional charts like the one included. Hwyer, larger
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scele, asccurate lupar charte will bé required to complete detalled
plans. Date can be obtained for such charts from a lunar orbiting
photographic satellite which will provide sufficient resolution and
overlap to enable etereographic complilation of contours and eleva-

. tions. The NASA proposed Luner Orbiter program is a possible source
" of the required data.

. .

—— Planning for construction of the expedition facility car begin
only after detziled surface information becomes avallable. Exemin-
ation of returned lumar core samples will be necessary before plans
can be completed.
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SCALE 1:1,000,000

PUBLISHED, BY THE AERONAUTICAL CHART AND INFORMATION CENTER,

UNITED STATES AtR FORCE
ST. LOLUHS 18, MO.

KEPLER
LAC 57

_ Mercator Projeciion
Scake 1:1,000,000 ot 11°00°45"

IST EDITION DECEMBER 1960

NOTES

This chart was prepared with advisory ussistance from
Dr. G. P. Kuiper and hix collobaorators, D. W. G. Arthur-
and €. A, Whitoker.

CONTROL

The position of Features on this chart was defermined
through the use of selencgraphic. control estoblished pri-
marily from the meosures of J. Franz ond S. A. Saunder,
A collated listing of this control was published under the
auspices of the Infernotions! Astronomical Pnion in 1935,
{tamed Luingr Formations - Blogg and Mbller).

VERTICAL DATUM

Vertical dotum is‘bosed an o0 ossumed spherica! figure
of the meen ond o lunor radius of 1738 kilometers. The
dalum plone wos subseguently adjusted o 2.6 kilometers
below the surface described by the 1738 kilometer radivs
to minimize the exlent of lunor surfoce of minus elevo-
tion volue. Gradients of mojor surfade undulotions were
established by interpolating Schiutko - Rechtenstomm
computotians of J. Franz's mecsurements of 150 moon
craters. The proboble error of comparctive elevotion
volres is evajuoted at 1000 meters. Verticol datum, so
establithed, is considered interim and will be refined as
soon o3 on acourate figure of the moon is determined,

ELEVATIONS

All elevotions-are shown in meters. The refotive heighits

of crolar rims and other promiinences obove the mario
and depths of craters were datermined through photo-
graphic measuremant utilizing the Z. Kopal and G,
Fislder Shodow Progression Technique. Relative heights
thus established, have been referenced to the ossumed:
vertical dotum ond hove bean integrated with the grod-

dents of te wrfoce undulah The probable srror of

the: localized relotive haights is 100 meters. Inhecan? with
maasuring fechnique vsed, relative haight determinations
in.general E-W direction are more. securate thon in the
-5 direction,
Spot Elevation (ref d to-datum)... 1o
Crotér Elevalions

Rim (referenced to Dotum). . ___.___... 300
Depth of croter {rim to Hoef} caaan ... {400)
CONTOURS

All confours are opproximote
Contour interval is 300

1. o

12°

0°
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