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1.0 INTRODUCTION AND SUMMARY . . [.i

ThlS flnal report describes work 1ead1ng to ‘the evolution"‘

of a conceptual de81gn of the flight hardware for the Surface'
-}Electrical Properties Experiment (SEP), the definltion of
;‘requests for proposals, the analySis of proposals submitted by
prospective flight hardware subcontractors, and recommendations
-for the flight configuration to. be implemented.

- Initial efforts were made to'assess thewelectromagnetic

environment of the SEP Experiment. An EMIyreceiyer and tri-loop-

-antenna were constructedvand tests of opportunity were performed

with aILunar valng Vehicie (LRV) " Initial analyses were made
‘of data from these tests w1th support from this contract,.
'1analyses'wh1ch.were continued.in depth,under therhardware
:,contract.y” ) - . | - |
h - Exten51ve theoretical work was performedvin an effort
to reduce to a conveniently tractable form, the difficult |
problem of finding an analytic solution for the near- inter—ﬁ
mediate-, and far-field components of a radiating dipole
deployed at the 1nterface between ‘two dielectr*c media. - The
problem was further complicated by the addition of layers With
varying dielectric fcontrast" in one'of the media.

| ,yField tests were performed on glaciersvto evaluate
several engineering designlconcepts, and toiacquire empirical
" data o support design ,re,erfpr‘rnanc.e';‘?r_i,,t_er'i‘aj,ldwtlfled in the
- conceptual design. Glacier data along'with measurements made

on samples of lunar rock and soil returned by Apollo astro-

nauts were used to refine the sc1ent1f1c conceptual de51gn



.of‘the experiment, and as an aid in forecasting the kind of -

1nformatlon that could be derlved from the experlment as 1t
applled to the flrst few thousand meters of the lunar surface. -

Prellmlnary electronlc, thermal, and mechan1ca1 -designs

,were completed and tested in breadboard and model form. These
_ylelded 1nformatlon whlch proved valuable 1n the evaluatlon of

Athe sub—contractor proposals.

The sallent features of the conceptual deSLgn evolved dur_fnﬂ

-1ng thlS study are as’ follows..

The SEP fllght hardware was to con51st of a transmltter. .

~and a recelver of combined welght not to exceed 30 pounds.

The transmltter was to be equlpped with a palr of dlpoles,;.

de51gned to operate eff1c1ently at each of s1x frequen01es~
when deployed by the astronaut orthogonal to one another on ,

the_lunar surface.v Thevoverall lengthpof each leg of each

'dipolefwas not to exceed_70pmeters. The transmitter was to

power each orthogonal’dipole alternately for aﬁperiod of 200

hmllllseconds at each of the six frequenc1es totalllng 400

mllllseconds on—tlme -at each frequency. The~transm1tter_w0uld

- be off for two 400 mllllsecond.perlods before the pattern was

repeated at 3 2 second 1ntervals. The de51red transmltted '

,power output at each of- the frequenc1es was glven as follows'4

Frequency ‘ N Radiated Power

__(MHZ) - - L © 0 (watts)
- 0.5 - . 6"

1.0 3
2.0 1.5
8.0 1.5

- 16.0 1.5 -
32.0 1.5



. The rece1v1ng antenna was to con51st of tbree mutually

"'gorthOgonal loops’ approximately one th1rd meter in dlameter,

but not necessarlly c1rcular,-w1th-m1n1mum cross coupllng Lo

between the loops.

The Data Storage Electronlcs Assembly (DSEA) was prescrlbed

as the magnetlc tape recorder to be used for recordlng the
.. experiment data. The recelver was to acqulre and synchronlze

_automatlcally with the transmltter 31gnal pattern. Each of the

three orthogonal 1oops was to be connected to the recelver 1nput.

sequentlally for equal tlmes durlng each 200° mllllsecond inter-

- val. It was env1saged that the receiver would be mounted on
";the LRV as a source of locomotlon durlng traverses needed for

o 1nterferomet1c operatlon.'

Detalled 1nformat10n on- the varlous parts of thls program

is contalned 1n reports and memoranda whlch are referenced 1n

'the maln body text and appended in full text to pr1nc1pal )

B copies of thlS report. There are a few 1nstances 1n whlch the

bulk of the work but not all, reported in a. glven document

was supported under thlS contract. In these 1nstances, the

Vdocument is 1ncluded in full for completeness. %'

2.0 SURFACE ELECTRICAL PROPERTIES EXPERIMENT,

CONCEPTUAL DESIGN

The objectlves of the SEP experlmentwereto detect layerlng

’1n the lunar subsurface as. revealed by 51gn1f1cant changes 1n

the dlelectrlc propertles (e.qg., dlelectrlc constant, conduc-

"t1v1ty) on the scale of a wavelength ‘The dramatlc dlfference

between the dlelectrlc constant of water (80) and 1ce (3) or .

lunar 5011»(3~15) makes it po551b1e to detect the presence .



~ of water at depth. fTheldetectionhandfmeasurenent~of the depth
-of a waterelceflnterfacef(ob‘C.Aisotherm)'would;make_it_
’possible to ohtain an independent estimate. of ﬁnepiﬁnAfhthegmal
; :flﬁx. | - | |
The'electrical properties ofltheflnnar‘naterial werthd‘be;'
'Lmeasured in 51tu over the seven octave frequency range to be
employed by the experlment. Under'favorable COndltlonS,‘lt
| might be.p0551ble o estlmateltheunnmher;and”siZe”offsnbsurface”':
scattering bodies throngh an analeis of'thelr;iﬁpact on‘the
1nterfer0grams taken at each of the 51x operatlng frequenc1es._
The status of the SEP experlment conceptual de81gn as of
October 28, 1970 ‘was descrlbed in detall in a M I T Center '
‘forFSpace'Research Technlcal Report CSR TR 70-7, attached as
Appendlx 2. l to pr1n01pa1 coples of thlS report.- The Technlcal
lf_Report contalns sectlons on admlnlstratlve/bloqraphlcal |
1nformatlon, plus dlscus51on of technlcal, englneerlng, and
.operatlonal aspects of the conceptual de81gn.; An appendlx -
detalls a rotatlng beam dlrectlon f1nd1ng concept whlch at the
l.tlme of the report wrltlng was belng con51dered as a prlme‘,-
candldate solutlon to the problem of tracklng and locatlng the
'LRV durlng a traverse.: | |
o The conceptual de51gn at thls stage env1saged a trans—
_ mltter prov1d1ng a rotatlng beam pattern from. an orthogonally

' drlvenfturnstyle antenna. Elght frequenc1es (0 5, 1, 2, 4,

8, 16, 24, 32 MHz) each radlated for 0 l seconds were called
for, plus two 0 1 second perlods durlng Wthh the transmltter_
.would be off ‘in the total cycle tlme of l second Ant1c1pated

radlated powers were 2 watts at 0 S MHz, 1/2 Watt at 1.0 MHz,



mandzl/8'watt_at;each'of the other freguencies.jfThe:estlmated"
':.‘weight-of the;transmitter was 11.1 lb’ The recelver equlpped
lw1th three mutually orthogonal 1oops was to be de51gned for |
‘a logarlthmlc response to accommodate the large dynamlc range
;of~51gnals-expected in the-experlment._ The data were to be ,
\'recorded on the DSEA Whlch was to. be returned to‘earthl "Theﬁ
weight of the receiver in thlS conceptual de51gn was estlmated
at’ 10 8 lbs. The estlmated tlme requlred for deployment by
one astronaut was 31 mlnutes, w1th an addltlonal -3 1/2 mlnutes.
';requlred for cther experlment-related act1v1t1es. |
As a result of englneerlng tests on the glac1er, and of

’further analytlcal work the rotatlng beam antcnna concept

:-lwas abandoned “ The multlple conductor flat rlbbon w1re trans-

mlttlng antenna concept also had to be abandoned because glac1er‘,
tests showed break-up of the dlpole patterns resultlng from
1nteractlons of the contlguous w1re elements. To 1mprove the‘
51gna1 to n01se ratlo, more transmltter power was deemed :lf
necessary. Also, two of the orlglnal elght frequenc1es (4 &’
24 MHz) were. dropped from the conceptual de31gn.

| This conceptual de51gn, as modlfled, was used as al_
basellne gulde in the wr1t1ng of ‘the several proposals and -

requests for proposal prepared to 1mplement the acqulsltlon

of the fllght hardware.~



3 O PROPAGATION AND ANTENNA ANALYSIS

One of the most 1ntr1gu1ng aspects of the Study Phase was

S the 1nvest1gat10n of electromagnetlc propagatlon Phenomena and

antenna problems assocxated w1th the lunar envrronment. In-
the case;of the'transmitter, a radiating antenna lying on “the.
*lunar surface was to. be operated at the boundary of dlfferent’

dlelectrlc medla. In the case of the recelver, the antenna was'

?

‘ﬂlto be portable and capable of sen51ng the separate orthogonal ;
magnetlc field components of the transmltted electromagnetlc
wave.

One problem'was»the characteriiation of the basic-propagae
tion phenomena a55001ated w1th the lunar env1ronment, whlch
: involved the SLmultaneous 1nteract10n of electromagnetlc waves
’ propagatlng above the lunar surface, energy propagatlng below

the surface, and propagated energy reflected bj one or more

”'the experlment posed many antenna unknowns of - a practlcal nature
- such as lnput 1mpedance, eff1c1ency, radlatlon patterns,vand
power lelSlon 1nto the dual media in the case of the trans-
mitting antenna,‘and fleld strengths and cross- coupllng levels
'1n the case of the rece1v1ng antenna. The problems were. |
attacked in somewhat dlfferent fashlons by dlfterent 1nvest1-'A
gators. o : o A‘ L |
W1th1n the Center for Space Research,.LaDoratory for Space
hExperlments, ‘the pr1nc1pal analytlc effort to develop propaga—.
tion condlt;ons.ln layered media was pursued by W. W. Cooperf'}
who approached the problem by a direct-method5which obtained '
the field compbnents associated with orthogongl'ﬁertzian.dié

poles without using electromagnetic potentials. His work,

o contrastlng layers w1th1n the dlelectrlc materlal In addltlon,'



begun in the Study Phase was. contlnued in the Hardware Phase

:»,resultlng in Report TR 71 3 in June 1971 entltled "Patterns of

‘Dipole Antenna on Stratlfled Medlum," and 1ater 1n January 1972

v“_‘ a report entltled "TE/TM Patterns of Hert21an Dlpole ‘in Two- ‘or .
':nThree-Layered Medlum"'whlch 1s 1ncluded as Appendlx 3. l |

Slmultaneously, Professor Jd. A. Kong of the M.I. T Electrl-,

cal Englneerlng Department conducted propagatlon studles based

on a dlelectrlcally stratlfled model of the moon, the results T

L of_whlch are summarlzed in Appendlx 3.2, in a memo of Februaryvl"

- 17, 1971 entltled "Model Study of Lunar Subsurface Electrlcal
,Propertles, Formal Solutlons of Radlatlon from Dlpole Antennas
;over Stratifled Medla". Professor-Kong s studres have also

contlnued 1n the’ Hardware Phase.v

Toward the end of the Study Phase, J Lozow of the Charles‘

Stark Draper Laboratory, M I T., formed a rev1ew and exten51on

- of the work of Annan as a prelude to the determlnatlon of the '

.electrlcal and radlatlon propertles of the SEP antenna. _The
_ results of h1s brlef effort, termlnated by depletlon of Study
Phase funds, are glven in Memo 238 70- 81 of 23 December 1971,

entltled "Resonant Dlpole on the Surface of a: D1e1ectr1c Half

_vSpace,. whlch also appears as Appendlx 3 3. ' DQ,_7

' In addltlon, propagatlon and antenna studles were carrled
out by LSE personnel. Typlcal results of thls effort are

abstracted in Appendlx 8 1



S a0 FIELDVITESTS :

Two' field tests were carrled out. EarlyiteSts-at the'

' P_Gorner Glac1er in Sw1tzer1and were des1gned to verlfy the

d'ivalldlty of the experlmental concept. Durlng the Study Phase: _
,1tests were. performed at the Athabasca Glac1er to evaluate thef .
'[gconceptual de51gn." A prellmlnary report on- the Athabasca

o expedltlon and a heurlstlc 1nterpretatlon of the’ results ?}}}

appear in Appendlx 4. l.,




. 5.0 ENGINEERING DEVELOPMENT AND FEASIBILITY PROGRAM

In the flrst portlon of the Study Phase startlng May 5,_ :

f?3,1970, and coverlng a. perlod of approxrmately three months, the,
‘Ivfbulk of the CSDL englneerlng effort was dlrected toward the
.evolutlon of a. de51gn concept for 1mp1ementatlon of the o
:Pexperlment. The result of thls early effort 1s:represented 1nf
‘the "Conceptual De51gn Report" forwarded to MSC on July 23,

'.1970 It contalns a descrlptlon of the mechanlcal aspects of

-the concept, thermal de51gn con51derat10ns, tape recorder‘f‘

‘ ~~'-'requlrements, astronaut deployment descrlptlon welght estlmates, _

AP power requlrements, and equlpment requlrements.’ Thls document,

reproduced 1n Appendlx 5 l descrlbed the orlglnal de51gn con-
: cept to whlch many modlflcatlons were. 1ater made._
: In addltlon, a portlon of the early englneerlng effort was

.’~_expended in. the generatlon of: a technlcal spec;flcatlon whlch

’f:if_subsequently became part of a proposed statement of work by

w'*}ICSDL for- hardware development. The S 0. W- was forwarded t°

EIEMSC ‘on July 31 . 1970. The orlglnal explratlon date for thlS Study'

la'fPhase.- effort was August 7, 1970. ) B |

The englneerlng fea51b111ty program, whlch 1nvolvednthe |

.‘ deslgn, constructlon and 1aboratory evaluatlon w1th1n CSDL of
‘breadboard system elements 1mplement1ng the r‘onceptual de51gn,

was not 1n1t1ated untll after recelpt of the Study Phase. contract

. exten51on notlflcatlon of August 17, 1970. Under thlS extens1on, ”1

"’”;p'élrm ry c1rcu1t, mechan1ca1 and thermal breadboaxds were’” ’

contructed, based on conceptual de81gn lnformatlon avallable
~.in early September of l970,_for the purpose of fac111tat1ng the

) development of a Field Evaluatlon Model of both the SEP trans-



10
"mltter and recelver as well as a spec1al EMI recelver to survey:

ﬁ'f,:LRV 1nterference.

'?i~5 1 SEP TRANSMITTER ELECTRICAL DESIGN ACTIVITY

At the start of the breadboard de51gn effort, the sallent )

lh’ﬂf SEP transmltter requlrements dlffered from: those wh1ch ult1-

imately evolved and are summarlzed as follows~~$ L
) (1) RF frequenc1es of 0 5 1, 2. 4, 8, 16, 24, 32 MHz.
'(2) A rotatlng dlpole f1e1d u51ng a. crossed dlpole trans-
. mlttlng antenna.‘_ 4 | B
.(3)f’Power dellvered to the transmlttlng antenna‘of 2
| .vwatts @0 5 MHz, 1 watt @ 1 MHz, 0.5 watts @2 MH7,
0. 25 watts @ 4 MHz, and 0f125Awatts';l8, 16, 24,_“.4
_ and 32 MHz.: _ O ” | o
The frequenc1es were derlved from a 32 MHz TCXO.} how
oower TT loglc was used 1n a count down chaln to derlve the
RF frequenc1es. Thls sectlon was bullt and tested 1n-house.
- The square-wave outputs of the loglc were buffered and
,: then.flltered u51ng hlgh—Q f;lters of 2-; 4-, ‘and 6—‘poleff
Tchehycheff design, vThis section was.built and.tested in;houser
biodeAswitches were used to select the Rvarequencies,to
- be transmitted. In-house desién as well as_comnerciallydauail-
Iable switches from companies such as Lorch and Meriman-fhesearch'
-were tested and evaluated._ | | |

_Power dlvlders,.balanced modulators, and baluns used in

' the transmltter de51gn were obtalned commerc1ally from companles
such as Meriman Research ‘
The rotatlng dlpole fleld was 1mp1emented by amplltude

modulatlng the N-S dipole RF exc1tatlon with a 15 Hz sine wave
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‘- and the E—W dlpole RF exc1tatlon ‘with. a 15 Hz 0051ne wave.tg_7

The s1ne-c051ne generator used a llnear approx1matlon approach

5 ﬁi'whlch dlgltally locked the pha51ng of the 51ne and c051ne out-s'

- Llnear ampllflers were chosen to drlve the N-S and E-Wﬂ

antennas as it was. requ1red to have a dlfferentlal phase error rf

‘;.of less than 5° and a. galn error.. of less than l db over the

S requlred frequency and temperature range.- LEL d1v1s1on of

Varlan and Advantek were two companles “who were approached

for the supply of these ampllflers._

Prellmlnary negotlatlons were concluded w1th both M I T. -

L1ncoln Laboratory and Raytheon for the de51gn of the antennas,v

I'II as’ the proper fac111t1es were not. avallable at Draper Laboratory.

. Thls de51gn effort was accompllshed w1th approx1mately

3 man-months of englneerlng t1me and 3 man—months of techn1c1an

tlme.

",75{2 SEP RECEIVER ELECTRICAL DESIGN ACTIVITY

In early September 1970 based on tentatlve speCLflcatlon

]; 1nformat10n recelved from CSR, CSDL began breadboardlng an. elght-:

expertlse. LTS

- channel 51ngle hetrodyne Fleld Evaluatlon recelver, u51ng a log ‘

ampllfler for data compre531on. To meet the tlght schedule,-

out51de RF spec1allsts were consulted in the areas of " the1r

TEfforts to obtain 16§'aﬁplifiéfs*ffom”two“competitiﬁef*~7“ -

sources»were_initiated with Varian, (LEL Divisron)‘and:RHG;‘

‘These companies agreed to supply working samples of_small-r

hybridflog amplifiers deemed potentially applicable to the

" receiver.
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| f"Off-the*Shelf"-1oca1'osci11ators, mikers, COmbiners,l_

ﬂtetc:'Were‘ordered in parallel;-tolthe infhouSe;designfefforts"

lffﬁljlnltlated in this area.

Breadboards of ‘diode sw1tches, front end RF preampllflers,

'f:"and a telemeter VCO, were bullt and tested in- house. Spec1allzed"

ffHRF 1nstrumentatlon to- support the 1n—house de81gn and bulld

'ffeffort was rented (Vector voltmeter, spectrum analyzer, etc )

J“f;fSome of the 1n—house bu11t electronlcs was used to construct a’

o 7;spec1a1 EMI 1nvestlgatlon recelver, a c01nc1dent effort descr1bed~

'7iﬁ-’ln Paragraph 5. 5 2.

In the area of antenna de31gn, consultatlons were 1n1t1ated

"'f"w1th the M.I.T. Llncoln Laboratory and the Raytheon Company

‘ffj.7In addltlon, prellmlnary negotlatlons for.re51dent RF de51gn

”“a;j?and system englneers to backup the effort were undertaken w1th :ﬂ

:';the Raytheon Company, 'RCA, and Varlan (LEL D1v1510n)

The prellmlnary effort descrlbed above began 1n early

':?September 1970 and termlnated in early December 1970, a perlod

-of approx1mately 3 months. Durlng thls perlod, approx1mately
‘ 12 5 man-months/ month staff effort and 2 man—months/montn staff'
:effort and 2 man—months/month techn1c1an effort was applled to
iythe recelver de51gn.‘ In addltlon, gratultous study efforts
4by englneers at Varlan (LEL DlVlSlon), RHG and Lorch were -.
'expended the results of which were used by CSDL to supplement

','the in-house’ effort.
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" 5.3 SEP MECHANICAL AND THERMAL DESIGN ACTIVITY '
The mechanlcal and thermal deSIgn was started before the
COnceptual‘deSIgnﬁof.the_experlment had*been hardened In;order

'h7to meet the imposedISChedule.' The deSIgn descrIbed here was "‘v

nffﬂbased on Informatlon avallable in September and October, 1970.

A minimum weIght design requlres that the mechanlcal deSIgn
i ’lncorporate the requIred thermal lsolatlon wnIle prOVIdIng the

'f'necessary-mechanlcal structure. ' The structural deSIgn must '

;ffjalso make prov1510n for ease of handllng by the astronauts ;and.”

:mountlng on the LEM and LRV The thermal deSIgn must prov1de
'the proper thermal enVIronment for the electronlcs, recorder,_ S
| 'fbatterles, and solar cells under ant1c1pated stowage and use _ ;
'fcondltlons. | | o
| Major assumptlons made were that the 4 transmIttIng antennav

zl‘rarms would ConSlSt of'8 parallel elements of~varlous:lengths up

'"zﬂ:to 70 meters in the form of a flex1b1e rIbbon and that the

receIVIng antenna would conSISt of -3 orthogonal common—center

”f';loops about 1 foot in dIameter as set forth ‘in the Conceptual

ﬁ: DeSIgn document dated 8 October 1970. A recerver mockup lS shown f
;In FIgure S l.; It was also assumed that the astronaut would
have the phy51cal ablllty to reach the lunar surface lf necessary
’durlng deployment. |

o A transmltter mockup is shown in FIgure 5. 2.v ThlS model
‘does not show ‘a system for attachlng the transmltter feet to - -
_fthe pallet, but effort was expended in deSIgnIng a tlghter hold-
| down system than the oft-used pip pin. The T carrylng handle
. also doubled as a fastener for holding the crossbar reel |

Securing dev1ce. . The reels were made as big in dIameter -
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".v:as p0351ble to reduce set in the coiled antenna. The three~

J*isectlon solar panel was stored in the base of the transmltter. _

53ﬁfiThe electronlcs 1n the cyllndrlcal sectlon were suspended from o

“77. the top plate whlch serves as a radlator.‘ The electronlcs

'Th'were packaged employlng welded, heat-sinked, cordwood-construc--

ﬂﬂltion7a5~usedfin.thevApoIio4Guidance5Computer,J

5.4 REPORTING OF ENGINEERING DEVELOPMENT. ACTIVITIES AND RESULTS

The evolutlon of the SEP conceptual de51gn 1ead1ng to

.. the "Conceptual Design Report"'of July 23, 1970 and to the later

“'SEP Prellmlnary Technlcal Spec1f1cat10n in August of 1970 may

.‘;d.be traced 1n SEP memos SEP—4 T, dated 8 June 1970 and SEP-S T,‘ o

-?dated 12 June 1970 both of which appear in Appendlx 5. 2._;
o Interim reportlng on the status of the CoDL breadboard

”5'%effort was covered in Weekly Memos, the most pertlnent of

5*:twh1ch appear 1n Appendlx 5.3.

v A summary report on the status of the englneerlng develop-

*ament effort at the termlnatlon of the Study Phase flrst contract C

'fexten51on was 1nc1uded in an M.I.T. presentatlon to MSC on

”ff'December 11 1970. A collectlon of presentatlon Vu—Graphs

: u‘comprlses Appendlx 5.4.

~‘5 5 EMI CONSIDERATIONS

One of the major de51gn uncertalntles assoclated w1th the

. SEP Experlment was the level of . electromagnetlc 1nterference )
Aiproduced by the Lunar Rover Vehlcle should: the dec151on be made ‘to
"transportthesensitive SEP receiver by this-method, During

" the period of the first extension_of_the:Study Phase; two:

,efforts:were mounted to reduce this uncertainty, one being~an‘
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'?EMI'test'of a breadborad.LRV'traction drive. system, and the,'

second belng the de51gn and fabrlcatlon of" a spec1a1 EMI

' recelver for use w1th the LRV.A

5 5. 1 INITIAL EMI TESTS -

The first tests glVlng an 1nd1catlon of the p0551ble level

of LRV 1nterference w1th SEP were conducted by CSDL personnel

. on October 26 and 27, 1970 on a breadboard Rover Tractlon Drlve

Motor System located at the Marshall Space Fllght Center.';i
descrlptlon of thlS ‘test- act1v1ty and 1ts results 1s glven 1n '
CSDL SEP memo SEP-lO T, dated November 2, 1970 whlch 1s 1ncluded
1n this report as Appendlx 5.5, | |

5 5 2 DEVELOPMENT OF THE EMI RECEIVER

Durlng the three-month Study Phase exten51on, CSDL undertook~

the de51gn and fabrlcatlon of a spec1a1 EMI recelver, self-».

":’contalned and 51m11ar 1n 1ts 1mportant characterlstlcs to the

"SEP recelver, ‘and capable of belng mounted on an LRV for hlgh

confldence determlnatlon of LRV 1nterference effects on’ the

"ui-SEP exper;ment, The completed recelver 1s plctured in Flgs.

5 3,,5‘4?’5.5 and 5a6 ThlS unlt was ultlmately used to

record ‘the 1nterference env1ronment durlng Apollo System EMI

-and Compatlblllty Tests at MSC, performed on March 29, : l97lf
- A brief descrlptlon of the test condltlons, the recelver ,éi

"-characterlstlcs and the test results is glven in the CSDL memo -

entltled "EMI Test Results, Qulck Look (Uslng M1T EMI Recelver),
dated 19 February 1971, whlch is also 1ncluded in’ thls report
as Appendlx 5.6. Later, durlng the executlon of NASA Contract

NAS 9- 11540, a detalled error analys1s of all c1rcumstances of -
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the EMI tests as well as" exten51ve post—test callbratlon checks

of the EMI recelver led to sllght rev151ons of the “qulck

look" results and prov1ded the hlghest—confldence data to date.
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6.0 PHASE I DOCUMENTATION

In addltlon to de51gn act1v1ty, a complementary documenta-

tlon effort was pursued by CSDL durlng the Study Phase resultlng

in documentatlon 1mportant to further evolutlon of experlment

hardware.,~

Among the: more 51gn1f1cant documents produced were

the folloW1ng. :

(1)

(2)

- (3)

C(4)
()

(6)

A prellmlnary Hardware Technlcal Spec1flcatlon
whlch served as the basis for Part l of a
prellmlnary End Item Spec1f1catlon.

Part 1 of a prellmlnary End Item Spe01f1catlon .

i(See Appendlx 6 1)

A Conflguratlon Management Plan sultable for follow- .

on hardware fabrlcatlon (See Appendly 6 2)

PA Rellablllty and Quallty Assurance Plan sultable

for follow-on productlon (See Appendlx 6. 3)

-A Procurement Spec1f1cat10n for the Data Storage

Electronlc Assembly (See Appendlx 6 4)

prel;mlnary parts llSt for the-proposed hardware

design.
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'7_.’0 CONTRACT AND SUBCONTRACT DEFINITION, PROPOSAL, ‘PREPARATION.

AND EVALUATION

For CSDL, an objectlve of the extended Study Phase effort
vwas the preparatlon ‘and - sumeSSIon to NASA MSC of .a technIcal

' and cost proposal for development and manufacture of the SEP

"ExperIment hardware, in response to request for Proposal No.

AAJC931-88-1-165P : The work accompllshed'under ‘the Study Phase‘iv'
‘was applled in the generatlon of CSDL Proposal No. 70-238 | _
.respondlng to the RFP In thlS document, CSDL proposed the In—j
'house'development and manufacture-of-essentlally\all-the,SEP
hardware,~except for the groundISupport equipment and antennasd
‘ whlch would be deSIgned and buIlt by a subcontractor. In
addltlon, the subcontractor was to. furnIsh reSIdent engIneerIng
_.support, englneerlng erld.support and certaIn other»local,
- support to supplement the CSDL capablllty.- ‘A o
| The Raytheon Company was anlted by CSDL to bId on the
”subcontract act1v1ty, and requested to prepare supportlng
technlcal and cost proposals._ For thIs purpose, the necessary~
'contacts were establlshed between M. I T. and Raytheon personnel
to defIne the subcontract requIrements, Identlfy the tasks and
Aspeclfy the level of effort. - — ’
Several aspects of ‘the completed proposal were regarded as
unsatlsfactory by MSC, and the proposal was not accepted in ltS
‘orIgInal form Of partlcular concern to MSC werevpotentlal |
manpower problems attrIbutable to In-house manufacture of all

SEP hardware requiring a rapid but short term peaklng of produc-

tion manpower to produce the flIght hardware._*
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rTo‘meet these'objections;'CSDLisubSeouently:substantially
revised_the orlginal proposal.by placing the manufacture”of__1‘
 the cOmpat'ibility Unit, the Qualification Unlt, and the two
Fllght Unlts w1th the subcontractor, in addltlon to the otheré‘

fabrlcated ltems and support deflned in the orlglnal proposal.

"'«Because of the magnltude of the subcontract effort under thls

reV151on, 1t becamé necessary for CSDL to ‘solicit competltlve
bids from competent potent1a1 subcontractors,‘and a v1gorous
effort was mounted by CSDL to develop the request for proposal
vpackage._ Because of the ever-dw1nd11ng tlme remalnlng before
’ -the Apollo l7 scheduled 1aunch date of July, 1272, an’ accel—
~erated bid effort was dlctated_and only two 1ndustr1a1.contractors
RCA—Camden and Raytheon were soliCited; Technlcal and cost
proposals subsequently recelved 1n November of 1970 from both
organlzatlons, were carefully rev1ewed by CSDL and Raytheon was
°--selected as the successful bldder. Then followed intensive dis-
-cuss1ons w1th Raytheon to coordlnate detalls of the subcontract.
effort with CSDL s rev1sed proposal plan. ThlS effort culmlnated
late in November 1970 with CSDL "Technlcal Proposal for the
Surface Electrical Properties Experiment", Proposal Number;70—238,
Rewision 1. A copy of the technical portion of this:document
appears in appendix 7.1. . - o - ’

MSC was concerned about coordlnatlon problems that mlght
.occur in a program 1n whlch the prototype de51gn was the res—
Apon51b111ty of CSDL and the productlzlng and manufacture of the
end items was the respon31b111ty of the subcontractor under CSDL
superv1s1on. In addltlon, the estlmated cost of the program was

_ con51dered hlgh and MSC foresaw p0551b1e coordlnatlon problems
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_ withln"M,l:T{garising fromnthe organizational relatlonships~
‘-outlined infthe‘proposal. The rev1sed proposal was. not approwed
Thls dlsp051tlon termlnated the role of CSDL as- prlme bldder for |
'ASEP hardware 1mp1ementatlon.“ - | | | |
| A rev1ew of the 51tuatlon by the M. I T. Admlnlstratlon
eventually resulted 1n a pollcy dec151on to prOteed with a

th1rd proposal whlch placed respons1b111ty for 1mplementatlon

- of the'SEPiexperiment in therhands of_the‘M.I.Tngenter forﬁﬂi”
SpacegResearchUsupported by a SEP ProgramrManagement Office to',
administer a major subcontraCt-with an industrial Subcontractor
for the de51gn, development,'test and manufacture of the SEP }

' hardware and supportlng equlpment. Thls effort requlred the :A
,generatlon of two major documents' (l) A detalled request forv

"1proposa1 deflnlng for bld purposes the tasks and respon51b111t1es'

ffhpof the 1ndustr1al subcontractor for 1mplementat10n of SEP, and

(2) a proposal from M I T. to NASA respon51ve to RFP JC931 88 -1-
165P and dellneatlng the role of the M.I.T. Center for Space‘
Research as prlme contractor, and as manager and admlnlstrator
of a major subcontract. The task of preparlng these documents
t.on an accelerated ba51s was performed by CSDL and CSR personnel
whose fam111ar1ty w1th the detalls ‘and problems of the program:
7developed through the course of the Phase I effort, offered the
'best.chance ofvaccompllshlng‘the task w1th1n permlss1hle time
;iﬁit;; o | | .
;buring’thls period}'plans for the Operatfonj’organlzation
and-staffing of -the Program Management Office were formulated ,
‘and activated. Several of theilndiViduals-who were expected to
" comprise the PMO were brought together to carry'on the tasks of .

contract-and subcontract definition, proposaI-preparation,-and-
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subcontract bid response evaluation;' Amongf these uere'

. Dr James W. ‘Meyer of the M. I T. Llncoln Laboratory, who would

" assume the role of Program Manager under the Hardware Phase |

;n'Almplementatlon contract, and L. B. Johnson of CsDL, prospectlve
A551stant Program Manager, who would coordlnate back-up support
from CSDL .'In addltlon, spec1a1 asslstance was to be avallable :
from Dr. L. J Rlcardl of Llncoln Laboratory on antenna problems

'»and_from,Dr. J._A Kong on'questlons relatlng to electromagnet;c
propagation.v Generatlon of cost 1nformat10n was accompllshed

_ under the superv1s10n of L. E. Beckley, Admlnlstratlve Offlcer t'
' of CSR. | o |

The request for Proposal for the SEPlsubcontract effortvwas

.completed early 1n January 1971, and malled to prospectlve bldders
on 4 January w1th a c1051ng date for response of 18 January.
Because of the extremely short time avallable for preparatlon of

' responses by the bldders and for evaluatlon of the responses by

L CSR only two 1ndustr1a1 organlzatlons were s011c1ted, RCA—Camden

, and Raytheon.. A bldders conference, supported by CSDL,‘CSR, and
Llncoln Laboratory personnel was held 6 January, 1971 at M I T.
Subsequently in response to CSR s 1nv1tatlon, each bldder made |
an 1nd1v1dua1 1nter1m presentatlon prlor to the proposal deadllne.

The CSR techn1ca1 proposal 1n response to MSC RFP JC931 88-

165P was completed in early January and coples were forwarded

- to MSC prlor to an M I T. technlcal proposal and prellmlnary

budget presentatlon made at MSC ‘on January 20, 1971.‘ A copy of

~ the technlcal proposal is contained in Appendlx 7.2,
‘In the iatter part of January, a PropoSai:Reyiew-Committee
comprised of personnei from CSR, Lsﬁ, the;projected PMO,JCSDL )

and Lincoln Laboratory, was formed to review the subcontract
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-proposals from RCA and Raytheon., The team worked 1nten51yely in
,the perlod from January 18 to January 28 to review the de51gns
" as proposed . by the two bldders and summarlzed in Tables 1° and
2, as well as to assess the cost and other factors on whlch to d

”nbase an award de0151on. On the latter date, the Commrtteev<

Vi,jpresented the results of thelr rev1ew to members of M I. T.'y

"1}Adm1nlstratlon who concurred 1n the dec151on to .award the SEP
’tsubcontract to Raytheon..r

The flnal efforts under the extended Phase I SEP study

| entalled support of MIT-MSC negotlatlons for Contract NAS 9 11540

R and preparatlon for 1mmed1ate addltlonal EMI tests.
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8.0 SCIENCE - PRINCIPAL INVESTIGATOR

The efforts of the science team Were focused onfkeeping o

',the evolutlon of the experlment hardware con81stent w1th the

’pobjectlve of der1v1ng the most sc1ent1f1c 1nformatlon from

"-the experlment when performed on the moon. Inev1tably the

':_,nece531ty of compromlsearlses as the. factors of manned space}'

1.ff11ght come to bear on the hardware in addltlon to the
hrequlrements 1mposed by science. The sc1ence team con51sted
of a mix of sc1entlsts and englneers who worked to keep |
_requlrements current and con31stent and to develop the _,7
Vratlonale necessary to the ch01ce from among the alternatlves

of compromise.

4{8 1 THEORY

The theoret1ca1 treatment of a. dlpole antenna lylng on.
the 1nterface between'two,dlelectrrc medla,ione_of-whlchj;
fmay'bf may not be further_stratified‘as-applied:to our"
‘5experiment-i5'very complex. Ordinary radiation and propaéation
theory is nelther accustomed-.to treatment of the boundary
~»cond1tlons ar1s1ng out of the experlment conFlguratlon or to
the detalled treatment of electromagnetlc wave components.

in the near and lntermedlate zones. Yet, experlmental data

-_;1s to be taken beglnnlng and hopefully endlng w1th1n the space

'occupled by the transmlttlng d1pole 1tse1f “Therefore in-a’
~glven traverse the receiver would pass from the near through

,the-lntermedlate 1nto,the'far.zones of the dlpole with the_
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”lreceivlno.plbkup loobsxa finlte.distahce‘(probably nOt;ah;t
R inslgnificaut.fraotiohlof'the shortest*waveleugthl abowe'do
'7dthe 1nterface. | B | L | | |

| | Because of the dlfflcult nature ‘of the problem several

‘"dlfferent approaches to 1ts solutlon were belleved de51rable

;andvhence were undertaken.

8.2 RELATED EXPERIMENTAL DATA

It was also necessary to assay related experlmental data

”'VZﬁrsuch as that obtalned on glac1ers and the dlelectrlc propertles

. of samples-returned from the-moon tO‘make sure that transmltter

'power, for . example, would. be’ adequate for the. experlment but
znot excesslve Whlch would 1ncrease experlment welght._.A'-l
=51gn1f1cant amount of the science team effort was in the
plannlng, executlon, and analysxs of experlmental ‘tests’ carrled
'out on g1ac1er field trips. Experlence w1th these. tests
‘1nd1cated the need of a fleld evaluatlon model of the experle
ment hardware in the electrlcal conflguratlon of the fllght _
":model but spec1a11y adapted to meet the requlrements of

field testlng on glac1ers,

‘8.3 - TECHNICAL. MEMORANDA

Selected technical memoranda'written during this phase
- of ‘the program are-included in-full- text in.Appendix 8.1

" attached to principal copies of this report.



9.0 A Brief Summary of Task ‘Evolution .
| of the |
SEP Study Contracﬁ
 NAS 9-10748
1970 $49,989

Phase. I

el
—
1

‘Provide SEP performance specs.

~. Provide SEP preliminary dpérational criteria & prq¢edures

' - Determine SEP additional studies & spec. Equip.  °

- Determine SEP format and processing of the returned

data and eipécted analysis'effort}

© ' Instr. Contractor:

- f_ Prpviée conceptual design for SEP equipment iﬁélﬁding
| weight, volumé and power requirements. | o
= Provide”integratioﬁ-requirements for spacecraft aﬁd
handiing | :
-. Provideathedules and Cost’Es@imétes forVSEP-quipﬁéht.
- .PrOVidelsEP technical specs. o o L
C - ~Providé SEP design feasibility-plaﬁ

"~ Amend 1 § extended to February 6, 1971 and added” $300,000 -

. Tasks: - Preliminary design analysis

- Preliminary design layout
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- Functional Verification of deSign'anaiYsis’andiiayouti '

in'eleCQ,'thermal, structural human factors, and
'conceptual feasablllty | .
'f"Preparatlon of prellm;nary R'aLQC_Plan_and Prooednreé
o for Qual. Tests. | | o B
- Determlne requlrements for GSE and Generate Prellmlnaryi_
-'Des1gn | |
- -Prellmlnary analy51s and deflne SEP 1nterface to
dfspacecraft anduRover ‘ o
- 'Conduct FMEA of SEP Equlpment d ’
“.'d:, "o de81gn analysms of f1nal engr. layout forQSEP

1
' equipment ‘

Lf Amend 4 S added $98,000

'&egaggg:d Des1gn & analySLS of data format and tape recorder lnterface
| '> - De81gn and analy91s of transmltter antenna conflg. and
1nterface w1th range determlnatlon technlque o
- De51gn and analy31s of the recelver antenna and 1nterface
V‘Wlth Rover : |

-'A_third field evaluation (Newaea;andvoanoelled)"

 Amend 6 C - -added $87,000
.. .. overrun_-costs with no ohange‘in<ta8karl_i*f S .

Total $534,989

Amend 8 C  extended period to April 30, 1971
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- - 'GLACIER TRIPS

\ZN¢. 1  A£habasca - August & September 1970
aAlﬁQ.tz'-Athabasca‘ - November- December 1970

New Zealand - Jan-Feb. 1971
- (Authorized, but cancelled by M.I.T.) - .-
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.10.01 CONCLUSION

In summary, the work accompllshed under the Study Contract L

. put M I. T. in a pos1tlon to proceed w1th confldence w1th the

Afabrlcatlon Of'fllght hardware. A conceptual de51gn was
"_evolved, mechanical and thermal'conflguratlon studles were

carried out, field tests were conducted, radio noise environment

. was studied, theoretical studies were initiated,fand key problem . .

. areas were identified; W1th thls experlence M. I T. was able to

. more accurately deflne for prospectlve bldders, performance

Lcrlterla for the experlment equlpment, and to- evaluate crltlcally'”

,the responses to the request for proposals.

Key problems that emerged from this study 1nc1ude-

(l) ‘Efficlent transmitteriantenna design for multiple
'frequency operation/with constraints'On length
and - welght while deployed dlrectly on the lunar
surface.
- (2) 'Trl-loop receiver antenna deSign with.emphaSis on
| ,symmetry of pattern and loop-to-loop 1solatlon.l
(3) The increase of transmitter radlated power within
elght and prlme power constraints. -
" (4) The achlevement of wide dynamic ranoe in the receiver.
3(5) The des1gn of an. effectlve 1nterface w1th the Data
Storage Electronlcs Assembly (DSEA) for purposes of
recordlng and returnlng to- Earth*all experlment data.
(6) The development of a thermal control system for both
the transmltter and the recelver that keeps the equlp—

ment within the design limits under,afvarlety of lunar
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ﬂenv1ronmenta1 condltlons.
’(7)-;The derlvatlon from theoret1cal studles of a mathe-'
| matlcal formallsmps;mple enough‘to permlt_solutlon'p
yet,representingvthe physicalvsitnationtadequatéiy\for
4correlatlon w1th field results.v-' o | |
(8) The de51gn of field tests ‘on Earth to prov1de cr1t1ca1
”“evaluatlon of englneerlng approaches, data for compar-;u'
1son w1th theory, and data to a1d 1n the 1nterpretat10n"

‘of that returned from the moon.

The resolution of these problems make up a-major'share of

sthe effort~necessary to conductvthe experiment on the moon along

.w1th the resolutlon of the problems that 1nev1tably arlse 1n

connectlon w1th the de51gn, development, and manufacture of ,'

. man—rated space hardware.
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. IfS;_ Prlncipal Investigator s Role in Relatlon to thls_ o
' Experiment - o , e

4'This experlment is expected to be truly a team effort.7l
‘iLAccordlngly, the pr1nc1pa1 1nvest1gat01 w1ll part1c1pate in g
:tall of ‘the phases—-eq01pment des1gn and manufacture, :
.éupreparatlon of analoq models for data reductlon,lcollectlon
Jpﬂof data on the lunar surface, reductlon of data, nd flnalIYr__.

';'the 1nterpretatlon of data. It is ant1c1pated that each of

’U;the ‘other team members w1ll carry their share of the work on

}’vthls eXperlment thelr respon51b111t1es are detalled below
;alln Sectlon I-6. Although ‘the pr1nc1pal 1nvest1gator w111 ber

Q_responslble for both ‘the englneerlng and. the sc1ent1f1c-

Llfaspects of thlS experlment, most of the actual englneerlng

1df"-‘work w111 be done by the englneers, or contractors worklng
lffor them, at the MIT Center for-Space Research : The;_f?
?f,sc1ent1f1c a5pects of the work’ will be done by the prlnclpalj.
‘{ investlgator and by Dav1d Strangway, Tony England, and thelr_ﬂ-
f'gs$°c1ates. | -_ |
The principal investigator expects to spend an avérage'f
_of lO percent of hlS worklng time on this experlment 1n the

early phases Durlng the executlon of the experlment on the o

3.moon and the earlv data reductlon, full time w1ll be devoted

'~F1nally, in the: 1nterpretat10n phases, about half t1me w111
- be- spent on this expcrlment It should be p0551ble to phase
_the periods of heavy load with those of other work that are.

currently expectcd to be in progress during the next few_years,

-bage.l§4




gfnamely the contlnuatlon of the lunar samples program and the
*}lunar surfacc heat flow exper1ment. |

LTI 6. ResponSlbllltleS of other key personnel

-ﬂ»Dr° Dav1d W. Strangway, a co—1nvestlgator, is an

) assoclate professor of Phy51cs at the Unlver51ty of Toronto,-
" and will become Chlef of the GeOphy51cs Branch of the MS“

eyin the fall of 1970 He will a551st in the general de51gn

of the experlment, and- will superv1se analog scalefmodel,

- Studies, field experiments to.test'prototype.apparatus;:and
l;data 1nterpretatlon. He will devote'an average-ofvgo '

;.percent of hls tlme to this pr03ect.

-vAnthony W. Lngland - an. astronaut at HSC, also 1s a .

co-investigator. He will a551st w1th the fleld tests of the -

7Tenglneer1ng models and will help w1th the de81gn of the;f

-experlment He w111 be partlcularly valuable 1n coordlnating‘

_the 1nterfaces of the experlment w1th MSC- and w1th the
_fastronaut offlce, He w111 part1c1pate in - the 1nterpretat10ne
”fof the data from the moon. It is expected that he will ,ﬂi

..devote from 5 to 10 percent of his t1me to thls experlment. :‘

;Lgbr. John V. Harrlngton, Dlrector, MIT Center for Space j

' Research w111 be respon51blc for admlnlstratlon of thosc

.portlons of the program concerncd w1th 1mplcmcntatlon of thls

lunar surface exptrlment, and w111 devote 5 percent of hlsﬁ‘

time to thls progcct.
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‘Richard H Baker, Head, Laboratory for Space Experlments
?thhin the Center for. Space Research, w111 spend 25 percent
§nof his t1me on admlnlstratlve functlons and technlcal |
ffc0n51deratlons 1nvolved in the de51gn and . fabrlcatlon of the'
"lunar surface prOpertles experlment. |

Lawrcnce H. Bannlcter, Staff Member, Center for Space

‘Research will be Progect Leader for the Experlment De51gn, e

and will devote 50 percent of his tlme to. thls progect._aﬁe,

x and Mr. Baker w1ll lead the englneerlng group that designs,
::constructs, and tests various models through the englneerlng
_'hardware stage..rp o vl _-

- Dr. Ajlt K. Slnha, a postdoctoral fellow at the

;fUnlver81ty of Toronto, is computlng theoretlcal mastercharts

" to demonstrate the effects of various phy51cal parameters |
expected ‘on the moon. These w111 be used w1th scale—model

‘and fielg results to develop methods of 1nterpret1ng lunar

‘"data. He will devote 100 percent of hls tlme to thlS progect,

Raymond D. Watts is comoletlng hls Ph D. requrrements.at )
.the University of~Toronto-and will be a researchlassociate’at'd

'~the Lunar Science Institute*in thetfall of‘l970f ﬁe wiil'?f_ ST
:developbcomputeri;ed techniques;to interpret.thefdata ' |

returned from the moon; AHe willudevote.sb percent.of his

gtlme to this pro;ect -“, t,tw 7“‘ o | . g) | _L“

Gerald A. LaTorraca is a. graduate student at MIT. He will

work closely w1thlthe CSR in developlng engineering models
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rand wiilrasaist‘indteSting these modeis'in'theffield: He
‘:will devote 75 oercent‘of his’trﬁe to tﬁe'project. |
James R. R0351ter 1s a graduate student at the
Un1versrty of Toronto and will be a graduate fellow of the
},Lunar Science Instltute'ln the fall of 1970.  He 154'
.1.condueting‘anaiog scaie-model studies and will assist in
- field tests of'apparatas and iﬁ'déta:ihtefpretatidn; He will ~
. devote 75 percent of hlS tlme to this progect.' - g
The Charlcs Stark Drapcr Laboratory of MIT w111 be.
'Princ1pal Contractor respon51ble for detalled des1gn.and
:'fabrlcatlon of quallfled fllght hardware John V McKenna;:
:of the Draper Laboratory, will be Program Manager and w111 -

devote '100% of his time to this project.
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II-1. OBJECTIVES

. SECTION II - TECHNICAL INFORMATION ..~

The chief" objectlves of this experlment are to-'e‘

determlne layerlng in the lunar subsurface, and to search

'for the presence of water at depth In addltlon, the

electrlcal propertles of the lunar materlal w1ll be ;

'measured 1n 51tu _ Under favorable condltlons, 1t may be -

p0551b1e to obtaln an independent estlmate of the lunar

‘thermal flux and an 1nd1cat10n of the number and size of

subsurface scatterlng bodies.

CoIr -1




- of. H;0

- I1I-2. SIGNIFICANCE

It iS'difficnlt.to overctatefthe significance of a

‘ﬂﬁfclear demonstratlon of the presence or absence of water

in the lunar 1nter10r. Many of the surface features haveﬁ

'been attrlbuted to past eros1on by water or 1ce.. Igneous'

processes, as we know them on . earth depend on the

'presence of water to reduce the meltlng p01nts of 8111cates.'»

‘-l

'rfBut the absence of water in the moon would demonstrate
rthat 1gncous processes do not operate on the moon in an
Aanalogous fashlon to those on therearth 'This would 1mply
'.greatly dlfferent thermal models for the two bodles. _Thus -
bthe search for water in the»lunar 1nter;or-;s sc;ent;fically :

‘very 1mportant.,

Examlnatlon of the samples returned on- Apollo 11 “and

'Apollo 12 1nd1cated.an unusual. absence of water,preWL_:_f"
:'thdrous mineralsfwere found. The assemblage of

1ron—tr0111te 1lmen1te suggests a very low partlal pressure*

2"

_on.the~surface, .This finding is- 1n agreement w1th radar;jh

. measurements. madc'from Earth and from Lunar Orblters,,

" which 1nd1catc a very low elcctrlcal conduct1v1ty of the

A"materlal at the surface of the moon. Therefore, ‘the -amount

of water, elther free or bound in. crystal lattlces, at the 4

_ surface of the moon is known to be extremely low. However,.

i1 - 2
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,the available data leave completely unanswered the criticait

’!;question of whether or not water exists at depth in the moon.

It is the'purpose of -this experiment to measure the
: electrical propertles of the 1unar subsurface as a functlon

'_of depth.. Slnce the presence of even mlnute amounts of

:1fwater in rocks changes the electrlcal conduct1v1ty by

4;fsevera1 orders of magnltude,vany m01sture present would.h
.'Vbe ea51ly detected by this experlment. Thus upper bounds

.can be set on the amount of water 1n'the lunar‘subsurface
':to depths of a few Kilometers, | | |

The'frequency range of the. experinent'has-been selected

7'to -allow determlnatlon of layerlng over . a range of depths

-3from a few meters to a few Kllomcters.v Accordlngly 1t may
be p0551b1e to determlne the thlckness of the outer layer,
"commonly referred to as the regollth or the gardened
layer'} in the v101n1ty of the landlng 51te.A Such layerlng
r?could be detected by the expected change in dlelectrlc Qf
properties and~conduct1v1ty. This subsurface topographlc
1nformatlon holds con51derable 1mp11catlons for the hlstory
;-of the outer few Kilometers of fhe moon. |
Moreover, the presence of water in the moon Qould allow
| a detcrmlnatlon of;the amount of heat flow1ngrfrop_the_
-interior of—thc—moon-tO»thewsurfacef» TheﬁelectiiCal
propertles expcrlment, under favorable condltlons, could

prov1de a determlnatlon of the. depth at whlch any moisture
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present changed from the’ SOlld to lquld form. VThus’the”

': 4approx1mate dnpth to the zero-degree 1sotherm could be

_found. Thls depth together w1th the know]edge of thermal
*fConductlvlty estlmatcd,from 1unar.samp1es, could glve an

- estimate of theﬁiunar ‘thermal flux.f This, in turn, would

1iiprov1de 1mportant clues to the nature of the moon s core.

.. Recent selsmlc experlments have 1nd1cated that a large-'

i':Il‘amount: of scatterlng materlal may be presemt 1n the lunar

:ﬂﬁsubsurface.' Slnce electromagnetlc propagatmon in thlS

"*{jexperlment w111 be sen51t1ve to these scattmrlng bodles,:ij

:ﬁfpand since a number of dlfferent wavelengthr are belng used,le

.53a measure . of the 5140 and number of scatterung bodles also;f"
3'mlght be p0551b1e. ThlS would glve addltlmmal valuable

;}lnformatlon on the nature of. the outer few Kllometers of - f

ot Athe,moonf

*

Therefore, the experiment will provide a wealth of
-informatioh‘on:the prdperties.of the iunar'subsurface}ﬁ'itb
1s a valuable experlment Whlch will help to determlne the'
. lunar hlstory better than prev10usly p0551ble, and whlch
7re1ates to, . and complements, other sc1ent1fnc studles of

'¢“the-moon already-ln.progressu

o II - 4.




2.11%3,. DISCIPLINARY RPIATIONSHIP

‘ﬁa{f Brlef hlstory of related work

Most geologlcal envxronments on’ ‘earth are too conductlve '

due to the presence of m01sture, to allow penetratlon of
hlgh frequency electromagnetlc radlatlon. Therefore, radlo'
frequency 1nterferometry has had llttle development as a’
-geophy31cal tool-g However, the: 1dea is not new. fIt was
,suggested by Stern (reported by Evans, 1963) as early as -
..1927 but- was not developed as a field technlque.p Although
the lnterpretatlon»of his fleld results is open to-some.
: questlon, El- Sald (1956) attempted to use the method to.
determlne the depth to the water table in the Sahara Desert
: For thls technlque of sounding to be effectlve, the
medlum belng probed must have low electromagnetlc losses.i,

Ice prov1des one of the few earth env1ronments wh1ch meets L

thls condltlon.: It is highly re51st1ve (Evans,v1965) and }f”

the bottom offers a good contrast. For this reason, radar

pulses have recently been used to sound large 1ce sheets and'

gla01ers (Evans, 1963 Rlnker et al,A1964, Balley et al
- 1964r Walford 1964 Jlracek 1967), and—glac1er3-have
prOV1ded sultable 51tes to test the 1nterferometry technlque.

(Annan, 1970) a :'_ , _ | s 4 o ;d",.ﬂ_ =

There are many 1nd1cat10ns that the lunar surface 1s e

jalso very re51st1ve. Radar measurements havevrndrcated that-

lunar surface material has electrical properties.similar to

II - 5



*lthose of dry, powdered terrestrlal rocks and: is, therefore,‘

Q'tranSparent to radlo waves (England et al 1968 Campbell 4

fﬁ5and Ulrlchs, 1969 Strangway, 1969 St Amant and Strangway,.

ill970) In1t1a1 experlments on lunar samples 1nd1cate that |

}i{the dlelectrlc constant and loss tangent of lunar rocks are,al

‘ﬁiln fact, 51m11ar to those of drled terrestr1a1 rocks (Chung

et al, 1970; Gold et al, 1970)~ : | |

iib. State of present development in the f1eld

- The present state of development of the experlment 1s

'based largely on thc research conducted by the " group of

;1nvest1gators who-are;submlttlng-the proposal,gand“thelr

'?féa-wdrkersi- Thls_research fallstinto,four,main‘areas: |

(i) Nelectrical.properties of}both.terrestrial”andrlunar_'
rocks; Ch , S ‘ L

'T_(ii)p theoretlcaldsolutlons of the various fleld components !:d

| 'assoc1ated w1th magnetic and electric. dlpoles above a‘

'“dlelectrlc laycr, 1nclud1ng computed results, :

“f(lil) scale modcl studles of a dlpole over a dlelectrlc

| layer; and- | |

(iv) "field: resultsiu51ng prototype aoparatus on: glac1ers.l

‘.'The state of development of each of these areas w1ll

be summarlzed here.

(i)wr;Electrlcalipropertlesfof,rocks d
;4Severa1 workers have now completed initial studies of

the electrical properties of the;returned lunar- samples.
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The rcsults of these studles, summarlzed 1n Table II- l,
indlcate that the electrlc propertles of lunar rocks are
ﬁ’not much dlfferent from tbose of drled terrestrlal rocks.lﬂn
The losses for ‘a varlety of drled terrestrlal rocks in. a15"nn
) vacuum are very low, the loss tangent, tan 6, typlcally 1s': -
less than 0. 01 at l Megahertz. The dlelectrlc constant K,
depends largely on the densxty and ranges from about 3 for
? the powders, up to about 10 for the SOlld rocks.'u - b
| | ' Gold et al (1970) measured the attenuatlon dlstance of ﬂ
-some Apollo 11 flnes to be about 10 wavelengths at 450 MHz.,'“
:ﬁwhlch lS in agreement w1th many prev1ous radar studles.p
;Thls glves a loss tangent of about 0. 02 -~ the dlelectrle.iirﬁ
‘constant of . these flnes was about 2, 4 : wOrh:on uarious'*
gsolld samplcs from Apollo 11 has been completed by Chung
Aet al'(1970). fThelr_lunar brecc;a has a dlelectrlclconstanth'
,ibetween'lS and stfor the freguency range.around;l'MHz;;pand
;the lgneous sample has a K between ll and 14 'At 25°C. these-'"
‘fsamples show a loss tangent of about 0.05 and 0. 16 |
: respectlvely. These losses are somewhat hlgher than those
.of the terrestrlal rocks, poss1b1y due to re51dual m01sture i'
‘éin the sample Thlskls partly conflrmed by work . done on-eb
‘wﬁpollo 12 sample 12002 (Chung, 1970) under very dry

Tcondltlons, for wthh k = 10, ‘and ‘tan - 6 ‘ 0. 055 at 1 MHz.

at 25°C.
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A'JThe lunar_Samples of .Chung et‘al'have.losses7WhiCh'show '
- a fairly strongjincrcase with temperature. This;effect also
';istseen at lower;frequenCiesvin terrestrlal rocks.

Some work has been done on. the magnetlc losses of the
.'lunar samples. uslng pulses (Olhoeft and Strangway,A1970)

There appears to ‘'be some magnetic' induction effects, but

these are not llkely to be pronounced at. frequenc1es around e e

21 MHzZ.
A summary offthe'attenuation distance of electromagnetic
,"wayes,testimatedffromﬂvarious lunar‘measurements,ﬂis,shoWn |
" in Figure II-1 o F | | |
| It is concluded from these studies that the1~3 o
electromagnetlc losses to be expected on the moon may bet
:lgreater than those for very dry terrestr1a1 rocks, but .are
‘still very 10wgi ‘Typical penetration depths are in the range
‘of Kilometerssforifrequencies around 1 MHz, |
(i4) Theoretical'solutions |

 Several theoretical'results of interest have"heen;derived

by the group of 1nvest1gators and their co-workers. The

eas1est solutlons .are for the conflguratlon of a vertical Lol

magnetlc d;pole,_over a dielectric layer, over a horizontal
reflector, as shown in Figure I1-2. ~ The field component of

Jlnterest 1s E¢, the electrlc fleld measured tangentlal to an

imaglnary cylinder whlch encloses the dipole and has the

same axis., These results are covered by Annan - (1970) Suites
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iuof.curvcs have been computed, and samples of these are shown
i*in Flgures I1-3 to II 5. These curves show how sen51t1ve .
i'the technlque 1s to the depth of the reflector, d, the =
“idielectric constantl K, and the loss tangent, tanpd.x
‘:Solutions forha horiaOntal'electric dipole'over'avk'ﬁﬁﬁh
‘;dielectrlc layer, Wthh is the system we propose “to use, are:.
ffmore complex. To 1llustrate ‘the components of 1nterest,._;55?
i;Flgure II-6 showsithe orlentatlon.. Results have been |
-‘;computed for the vertlcal magnetlc fleld Hz,_and the radlal
1magnet1c componcnt Hp.; The Hz component should be 51mply .
lfrelated to the. tangentlal electrlc fleld of the vertlcal ffh
';magnetlc dlpole, E¢, and this has been verlfled in the fleld
fvﬂo,ﬁthe tangential’ magnetlc fleld,, theoretlcally should pa,;
déqual zero for. afhomogeneous layer-over a horlental |

5freflector. Slnce in the fleld 1t has been found that thls

o component does not always vanlsh 1t can. be used as a measure..f"

i.of 1nhomogene1ty and scatterlng.p A typical-sultejof cu;ves_i"-
_;for Hp. 1s shown 1n Flgure II- 7 | o o "“;;1
.g(ill) Scale- model experlment

The theoretlcal results have been backed up by scale—J}Fii-“
'5mode1 studles.f 051ng a vertical magnetlc dlpole over a 1ayer
:;of sand coverlng an aluminum reflectlng sheet, Annan got good :
rjagrcemcnt w1th thc thcory.v Typlcal mOde1“£959l5§ are Shqwnf:d

'in Figurc II-8 along Wth their theoretlcal counterparts in

 Figure II-9. Although “the agreement is not perfect most of

II - 12
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the dlscrepanc1cs can be explalned by the 11m1tat10ns of the

'experlmental model WOrk is now 1n progress to construct a'

'fmore sophlstlcated model wh1ch w111 hopefully overcome most
l-of the observed dlfflcultles and will have the capablllty of
modellng a larger varlety of cases.
:f(;v) Glacier tests |

- The ultimateftest of a new method.is in“the“field.'pln'
order to evaluate:the interferometry technique;VtWO.major
‘-fleld tests. have been conducted. . The flrst, over the 450»

meter deep Gorner Glac1er, gave conclu51ve proof that the

method.lsvable togdetermlne the electrical prOpertles of aVAH

dielectric méa;pﬁ-in situ. This is shown by Figure,II-lo,

~where it can bejSeen‘that the dielectric constant of ice is -

}iabout 3.2 as expected'

051ng an englneerlng breadboard of the transmltter

. descrlbed in the hardware section of this’ proposal a ser;és;

of_fleld trlals_were.made on the shallower, 150.meter deép,;

_ Athabasca Glacier:' Although a complete interpretation of’
fthe results is not yet avallable, the. experrment 1nd1cated
; that the technlque w111 glve the deoth to a reflector in a
’geologlcal env1ronment which has low electromagnetlc losses.
| The transmltter performed flawlessly and the proposed |

.fmultlple frequency antenna was ea511y tunable for each e

frequency used. The data gave reasonable agreement w1th the

' theoretical results produced so far, in splte_of_thelr.

S ITo-20
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ﬁiinhorent i{mitatione. A few typlcal comparlsons are shown h
1Hin Flgures II 11 to II 14 V o |
:f(v), Summary of prescnt developments
_ih” Studles of the electr1ca1 propertles of lunar materlal }g
f}lndlcate that the electromagnetlc losses are adequately S
Q?small in the chosen frequency range.- ‘The 1nterferometry
iﬁtechnlque has been studled theoretlcally w1th scale modelsngf

7iand in the fleld Although work is contlnulng, the presentf;»

hiresults agree suff1c1ently well to show that the technlque fﬂ :

fw1ll glve in- 51tu electrlc propertles and the depth to a.

“?subsurface reflector.



8l o . w2 o 8

OVdS 33¥4 NI 308N0S WO¥4 IONVLS!

(°X) SHLONITIAVM 3

d

)

. 20’'0=QUud;
R ol
| | e WOILIYOZHL ——

. ZHAY = § o
¥310V19 VOSVEVHLY --===

(R TR

—— wace e o e

. - oaw
arm— - ————
— -

g

.Figure I1-11

11 - 23

]
ot}

l

-
]

LS 07F

HLON




onv mi._.wszL><>) uo<om uwmn_ NI uowzom _Eomu wozs.v_o

Ol

1428

S | ov. s 9 v 2

.mu_&j@ <oo<m_<1._.< ————

T

mo 0=QuD}

‘S= 1Y
Xe=a |
IVOIL3YOTIHL e

>¢| 3

vFiguréZII412'

HLON

CII - 24

SHARSRETE

Qa



e e e : o
. (°X) SHLONITZAVM 30V4S 3344 NI 308N0S WONHZ IINVLSIG
8l S v g o 8 g . H 2 0

~ , T — P

"
- «
Lot A o
b IR T
. - "
. ~.w“, E =4
i -
K {
. e
AT -
““ . ,.” 1
. 4 : A R
. ~ a ..v. v" “\.-m
A S dJio a0 fea
[ | -— ,C— ..m— u..~ ~...w -
S PR IR LR ~
RN R B U IR R T g
I T ._,\._.,.....”.._Hu__w, o
o) ' wl ey it , C
S v iy a4
. Y IO | Joehig ot .
: . . 4 T ! at" T I o
e oo W SRR
: =QuD . | =0
S oS SR ST A
I | . Xb= Qg _ Vi v =S
o . . _. : vl o 1 1 B S B
: - ; ! N |-
WOIL2HOIHL —— ; Yo =
, v/ ;

- ZHANB = 4
S U3IOVIO  VOSVEVHLY. =-~-




me

ol

v

(°¥) SHLONITZAVM 30vdS 33¥d NI Z0HNOS WOY:

8

30NVLS
e} : ,

v

Y

2l oL

D}

C

20’
2

0=¢
o= |

X

- Yog=a |
© YOIL3YOAHL ——

L .E@WWOA,.
- ZHWNg= 3§

W

 H2IVID VOSVEVHLY ----

e e e e et b e e et e et o o e ol -
- —~ e we .

Figﬁre I11-14

1)

II— 26 .

a1

HLONTULS



{ﬁeferencos for Section II-3.

CAnnan, A. P., "Radlo Interferometry Depth Soundlng," M. Sc.“gn”“-a'
The51s, Dept of Phy51cs, u. of Toronto, 1970
tBalley, J Y., Evans, S., and Robin, G"de Q., "Radlo Echo
. Soundlng of Polar Ice. Sheets,ﬁ Nature,vv. 204 PP-;,-

420- 421,‘1964

3fCampbe11 J. J., and Ulrlchs, J., "Electrlcal Propertles of

Rocks and Thelr Slgnlflcance for Lunar Radar

Observatlons," J. Geophys. Res., V. 74,”pp._
5876—588l,_1969. | B
;Chung, D.H., Westphal W.B., and Simmons, Gehé,-"oiéleéériqf;

Propertles of Apollo ll Lunar Samples and Thelr L"

Comparlson w1th Earth Materlals," J. Geophys.;Res

"in press, 1970

-El Sa1d M.A. H., "Geophy51cal Prospectlon of Underground
Water 1n the Desert by Means of Electromagnetlc

Interference Frlnges," Proc. I.R.E., v. 44 lri,;,; -

- 24-30 s 940, 1956.

England A W.,751mm0n9, Gene, and Strangway, D., "Electrlcal

Conduct1v1ty of the Moon," J. Geophjs. Res., v. 73**

?P- 3219- 3226. 1968.

‘-:iiI - 27



j'Evans, S., "Radlo chhnlques for the Measurement of Ice o

Thlckness," Polar Record v. 11, pP- 406 410 &

795, 1963 'j,

U-Evans, S., "Dlelectrlc Propertles of. Ice and Snow - A-q]f

‘Rev1ew," g. Gla01ol., v._5, pP. 773-792 1965

rfGold T., Campbell M J., and o' Leary, B T.,,"Optlcal and
. High- Frequency Electrlcal Propertles of the Lunar

‘Sample,"_Sc1ence, V. 167, PP. 707-709 1970

leracek G R '"Radlo Sounding- of Antarctlc Ice," Research
Report Number 67- l Geophy51cal and Polar Rﬁsearch

Centcr, U of W1scon51n, 1967.
t'l’i_Rnin_»ker,J N.,'Evans, S., and Robin,»G”vde Q., "Radlo Ice-fff"'
Soundlng Technlques," Proceedlngs of the Fourth

, Symp051um .on Remote Sen51ng of Env1ronment U of '

Mlchlgan, 1966

St Amant, M., andQStrangway, David'w., "Dieiectric

Propertles of Dry, Geologlc Materlals," Geophy51cs,ﬁ_

in press, '1970.

Strangway, D. w;,*“Moon- :Electrical Properties”of'the'Upper??,

" Walford, M.E. R.,.“Radlo Echo Soundlng through an’ Ice Shelf "

Naturc,.ug_204, pp. 317-319, 1964.

-II-_’ZBV :

T “most. Layers;" Science, . v. 165 rpp,_lolz 1013 1969.4rﬁsz o



- II-4. EXPERIMENTVAPPROACH;-
‘a. Experlment concept
The basic: conceot of the expcrlment is very 51mple.” Afffﬂ

i{transmlttlng antenna is set up on the surface that is- to be o

.fprobed and a recelver is moved over the surface at some

i;dlstance from the transmltter. As shown in Flgure II- 15,;

;athere ‘are at least two waves whlch reach the recelver'fjaﬂfﬁﬁf
}fdlrect wave along the surface and a reflected wave from.the
;isubsurface. | | | | Y
v'ﬂf In general, these two. waves travel dlfferent dlstances
;rat dlfferent velocmtlcs and therefore 1nterfere w1th each
;Other. In some cases, the. 1ntcrference is destructlve, 1ncf3
:ﬁothers, constructlvc. ‘The result 1s a serles of peaks and
\bnulls in the- recelved.fleld strength ‘as. the separatlon |

fbetween the recelver and the transmltter 1s changed._ It'ls

;1thls 1nterference pattern of peaks and nulls whlch is
'.1nd1cat1ve of the electrlcal properties of the medlum and of A
:Tthe depth to the reflector. S | : dfff'i'f;;fff

In practlce4the 51tuatlon:is not.quite so slmpie. Thereli
'jare;lln fact, a number of different waves gcncrated VisiA;wd,

fshown by Flgure II 16, there are twO spher1ca1 waves, A and C,

travelllng dlrcctly between the transmltter and the recelver._

*Wavc c travels 1n the Uppcr medlum and wave A 1n~the earth«:>f¥'i~~~>f

Slnce thesc two wavcs ‘have dlfferent veloc1t1e , they w1ll

1ntcrfcre with each,other.: It is thlS 1nterference whlch

I -29




TRANSMITTER

‘Figure II-15: 3asic Exp&rimant-Conceptq}
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. earth
. S
A - spherical wave in earth .
B - flank or head wave in earth
jC~4 spherical wave 'in éit_qr Yé@uﬁm K
G'D — inhomogenéous-wave.in air Orivacuum‘
© Figure II-16: - SKETCH OF VAVEFRONTS AT THE AIR-EARTH INTERFACE -
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gives a measure of the dlelectrlc constant of the lower.
?medlum,‘s1nce the greatcr the dlfference in the veloc1t1es
. of these two waves, the greater w1ll be thelr rate of |

: interference.
Another'wavefof some importance is'the flank,aor “head“
’wave,-B.‘ ThlS wave is respon51ble for the dlrectlonallty of

‘the antenna pattern below the surface. It develOps in: orderv

to satlsfy the boundary condltlons of wave c at the 1nterface, g

__51nce the phase veloc1ty of some wave 1n the earth must be

' the same as the phase velocity of wave C, in the upper medlumr

_ThlS condltlon 1s satlsfled 1f plane wave B propagates
j_downward to some extent.‘ The. t11t is glven as B, the angle of

:ytotal 1nternal reflectlon between the two medla. Hence,

*331n,8 Bo' where B is the angle between the z ax1s and the

S 1 E

'vdirebtion of. the‘wave, and E— is the ratio of.refractlve"
1 , _ )

'1nd1ces across the boundary. The importance .of this’wavé is

V'that it’ effectlvely glves the antenna radlatlon pattern a -
ylobe at angle B.m,ig ' R o g‘_if.fj_ _, , | -

The spherlcal wave A travelllng in the lower medlum,

‘ also matches. the boundary condltlons, but 1n .a dlfferent way. .

An 1nhomogeneous wave, D, is produced at the surface, thls'
.‘wave is dlrected upwards and decays exponentlally Wlth helght

'7above the surface. Thls wave is- not as. 51gn1f1cant as. the

R e T T — — —_ = e el T

others dlscusscd-above.
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vadcntly, the pract1ca1 usefulness of thls method for
’5depth soundlng depends upon two major 1mpllclt assumptlons.‘
| Flrst, the medlum being probed must'not be too lossy, or theh“
lamplltude of the reflected.wave w1ll be too low to 1nterfere
dwell with the derCt waves. And, second, there must exist |
some strong electrlc contrast below the subsurface, or there
;ﬁw1ll be very llttle energy reflected | | L
It has been: shown preV1ously that the lunar surface
should be very tranSparent to radio waves. The:contrast
.neCGssaryrfor reflecting energysfrom depth couldhcome‘from
“a_change in dielectric-properties,Aelectrlcalfconductivity,
bor density A range of frequen01es, with wavelengths from
‘10 meters to 600 meters is planned, since these wavelengths
’correspond to the range.of depths under con51deratlon; vHence
ithere is littleafear that these eonditions~will_not be met.on_
'fthenmoonk ._" | | |
Interpretatlon of the data ev1dent1y reqU1res a knowledge
'of the locatlon of the recelver relatlve to the transmlttlng
antenna. P051t10n determlnatlon w1ll be done in. thlS
vexperlment by determlnlng an azrmuth and a dlstance.'
Two crossed. transmlttlng antennas will be drlven w1th

.dlfferlng modulatlons in such a way that flrst one antenna

w1ll be- powered and then the other.' ThlS wlll have the effect

of maklng the radlatlon pattcrn rotate. The a21muth w1ll be

determined by‘measuring the time of occurence of,the'maximum

CII - 33



”receiyed signall The transmltter w111 radlate a sequence of
yelght dlscrete frequenc1es used in the experlment, sw1tch1ng
between thesc frequenc1es w111 be synchronlzed to occur at a.
'.tlme c01ncxdent w1th the aero azimuth aiming of the radlatlon
pattern.- Thls wlll.prov1de_the time base for the;azlmuth
“5measurement anint is not necessary for the receiver to
'QCOntaln a clock'J Slnce azimuth determlnatlon can be done at -
'all elght frequenc1es, the problems of’ multlpath and beam
lﬁdlstortlon can be sorted out. It is expected that accurate'
':dlrectlons can be determlned in this way.
| The second part of the system Wlll con51st of ana1y51s;-l
;:of the fleld strengths to give dlstance from the source.:ﬁlnl
figeneral the recelved field strength w1ll be 1nversely |
;fproportlonal to the dlstance from the source. and SO’ can‘be
;used ‘to determlne the dlstance., Although any 1nd1v1dual |
d:observatlon may be dlsturbed 51gn1f1cantly by 1nterference;:t
_3the-data can be’ averaged readlly to glve smooth curves.'
gMoreover, this can be done u51ng many frequenc1es so that
there is 1nherent redundancy in the system.l
| It is planned that .as part of the traverse, the astronaut B
‘will walk along one arm of the transmltter antenna, locatlng
dhlmself prec1sely.by means of markers»along the=antenna._f

Thls w111 glVO locatlon data for ‘the hlgh frequenc1es where :

prec151on is requ1red and also will serve to callbrate the

ranglng system

1T <34




The usc of these ‘two approaches 1s expected to locate the

1'rece1ver system at all tlmes with the requlred accuracy. At‘_-

‘greater dlstances along the traverse, the low frequenc1es

-eare of most 1nterest,.so that the accuracy requlred in

p051t10n decreases as- the astronaut moves awvay from the

'transmlttcr. Internal checks u51ng several frequenc1es w111'

be available.and.the use of-smoothlngfalong the:path-w1llsbe~

most helpful.

'b. Experiment pr0cedure' -

A schematlc dlagram of the procedure is shown in Flgure
II 17. The source w111 be a center ~fed half—wave dlpole'

antecnna laid on'the surface'ncar‘the LM. -It w1ll.be'powered

by a small transmltter producing contlnuous waves at dlscrete

frequenc1es of 0 5 1 2, 4, 8, 16, 24, and 32 Megahertz

"succe551vely. Th;s_sequence will be repeated:once per_second.

'As described preuiously; another identical antennahwillxbe

1a1d out at rlght angles to the source antenna so. that a

_ rotatlng radlatlon pattern can be created for the purpose of

Aa21muth determlnatlon.~‘

—

The recclv1ng antenna will ConSlSt of three orthogonal
coils about one. foot in dlameter. These will detect the
three orthogonal components of the recelved fleld at each

successive frequency. The strength-of'the threesfield

components will. be recorded separately on a small tape

recorder. The recorded information will be returned-to earth

II - 35
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Vfor data analYSLS;dd'f _

| It is ant1c1pated that thc recc1v1ng coils w1ll be f1Xed'
to the MET or to the Lunar Rover. Inltlally, the astronaut:ﬁ
.w1ll have to doploy the transmltter and the two assoc1ated
| dlpOlC antennas._ The astronaut then w111 move away from the}
transmltter in a dlroction that is roughly perpendlcular to f'
"oncfof the,-ldentlcal. dlpOleS but w111 not be constralned;.;
to walk in a stra1ght line. A travérse»to.a distance.of.ﬂ7’
thrcc Kllometers or more 1s de51rab1e, but shorter dlstances?,
also can yleld uscful data- at the higher- frequenc1es. |

Durlng the flrst stages of - the traverse, the most useful |

data will be that derlved from the hlghest frequenc1es and i
51nce the p051t10n of the recelver must be. known W1th1n vht;
about one-flfth*of a wavelength an 1n1t1a1 accuracy 1n‘
p051tlon of about two meters is necessary.. ThlS w1ll'be
achleved by hav1ng the astronaut walk along any one arm of o
h'the antenna,'whlch w1ll be markcd w1th fixed dlstance p01nts,
| elther pau51ng for about one second at each marked p01nt or R
hvreadlng h1s p051tlon into the v01ce record. ThlS procedure .
halso wx11~ca11brate the-ranglng*System. : ~~:_;¥f5»—h o
Durlng the remalnder of the. traverse, although 1t 1s

de51rable that the astronaut travels approxrmately

perpendlcular to one of the transmlttlng dlpoles,‘thls }§-fo”; L

not crltlcal.‘ He w1ll be free to roam anywhere 1n a sector

of about 2Q'degrcesl and entlrely_free‘to conduct.other



;etddlcs and act1v1tles. The range 1nformatlon also 1s.not 154
eso cr1t1cal at greater dlstances so, after the 1n1t1al stages,
;the eXperlment Wlll requlre Only a minimal amount of '
fastrOnaut attentlon. - .

| Three rece1V1ng c01ls are necessary to record 1nformat10n
ton both the vert1ca1 and horlzontal magnetic flelds at each
”901nt; §1nce these two-flelds*create.1ndependent“1nterference'
tpatterns,'interoretation ambiguities will be_reduced.by rA A
JhaQing both fieidS”recorded separately. Since:the'horiiontal
;fleld prOpagatcs 1n a radlal dlrectlon from the transmltter
Eit is not nccessary to orlent the three c011s prec1sely w1th
irespect to the transmltter, 1t is only necessary,that the."V'
fplane of one 0011 be approx1mately horlzontal.‘ However, 1f
{the c01ls could: be -aimed roughly (say w1th1n +5 degrees)
occa51ona11y durlng the traverse, and SO noted by the
iastronaut on the- v01ce record ‘a useful est;mate ofvthe}‘A
amount of lateral-lnhomogenelty could‘be made. ’

'fThe above oberating'brocedure~hasubeen deterﬁtned r-_j-”
largely on.the-basis oflfield triais made on glaciers. ;Aione
watt’ englneerlng breadboard of the _proposed transmltter,l |
Aconstructed by the MIT Center for Space Research was used to

feed'a tuned r1bbon—w1re half-wave dlpole antenna.x Recelver'

‘c01ls of one : and three feet dlameter were used Wlth a

‘commercial Galaxy-RSBO communications receiver. -
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- Tests on thc Athabasca Gla01er, Alberta, gave rosults

7typ1ficd by Flgures II- 18 to II 20 .Agreement;between.
;theory and data is not perfect for several reasons. . Flrst,

-:the theoretlcal solutlons are approx1mate, due to the

Qmathematlcal complexltles. Second, they are for an lnflnlte,

7plane, horlzontal layer, whlch the glacier is. not because 1t

has sloping 1ntcrfaces. And, thlrd,'some scatterlng is

‘probably present in the fleld data. Nevertheless, the general

{shape of the curves-ls reasonably good, giving a depth to the

bottom of the glac1er of about 150 meters. ThlS agrees o

fcompletely w1th prcv1ously publlshed seismic and grav1ty

,results of several workers.

Frequenc1es of 2, 4, 8, 16, 'and 24 MHz. Were used.:fff

;Although the. results for the lower frequen01es were

gtolerably noise free, those for the hlgher frequenc1es showed

fa large-amount of-scattered energy ThlS 1s probably because

‘1rregu1ar1t1es are approx1mately the same size as the

'wavelengths of the-hlgher-frequen01es. The rapld changes of

the field strcngth w1th p051tlon make it necessary to sample h
:the fleld at 1east every one-fifth of a wavelength

-,hStudles were;also:made with the one-foot antenna straoped.
»on a.person's back { Although the lnterference of the humanV'

body ‘was greatest at thc hlgher frequenc1es, the-results of

thls.test are not d1551m11ar to the others (compare-FlgureS-,'

II-19 and II-20).
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. Figure II - 19
. Field results
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Figuré'II - 20 .
Field results with receiving
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- fAlthough'thls;trip gave satisfactory results;.muchfv
7fremains‘to'be done; Only by field trips can the optlmum
laprocedure for taklng measurements be determlned. Moreover;hi-'
idthe problem of scatterlng requlres more study. As prototype
:flnstruments are. devcloped, they must be tested in the fleld -
éiw1thout any 51gn1f1cant delay. . o

l Quantltatlve range of the measurements

"h Durlng the Lraverse, varlous measurements w1ll be made_f
:1cont1nuou°1y and recorded automatlcally on tape. The bas1c-f
;data are the. strengths of Lwo 1ndependent components of the.
5fhorlzonta1 magnetlc field, and the vertlcal fleld ' Elght
Zfrequcnc1e° between 0.5 and 32 MHz w1ll be monltored for the
,lduratlon of the travcrse,uw1th-a complete sequence'of the_ﬁef
‘]elght dlscrete frequenc1es repeatlng once per second _ Timet"'
'also w111 be recorded on the’ magnetlc tape. | |
"The dynamlc range of possible values for the fleld
hstrengths 1s qulte large, due to the large osc1llatlons
1mposed by - the 1nterference technlque. Moreover, some_of;h
the most useful 1nformat10n-can be obtained whenfthe received
,Vsignal,is.relatively small, and‘the,valueS-dependfon they;;
elecctrical propertles of the lunar subsurface. field ;;
 Mmeasurements made over glac1ers 1nd1cate that the probable

frange of values of 1nterest at the rece1v1ng antenna 1s from

10 to 0.01 mlcrovolts/meter, This. should be measured w1th
‘an’ accuracy of about 13. |

y 7
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The dxstance bctween the recelver and the transmltter
xwill range from zero to-about 3000 meters, or more if the
H9Rover vehlcle is used For all signal frequencxes, it Is"

'fnecessary to- know the position to . approxlmately one flfth of

fa.wavelength : However, the higher frequenc1es are only

juseful nearer the transmltter whlle the 1ower frequen01es ﬁ'

fare of prlnc1pal 1nterest further awvay. - Therefore the;V-'l”'
_ranglng measurement w111 have to be more accurate near the

transmltter than 1t w111 at a. large distance. A good

‘estlmate of the accuracy nceded is about 1% of the actual,/’/’f

fdistance. B .
| .For~ example, the 32 MHz; s1gnal has a wavelength of
fapprox1mately 10 meters. It w111 yleld useful 1nformatlon;
vto about 20 wavelengths from the source, or . 200 meters.‘fAﬁ
:p051t10n accuracy of one-fifth of a wavelength 1s 2 meters,f
Jor'about_l% of the.max1mum useful range at thls-frequency.f-
:The same relative‘SCale applies to the other frequencies;vl

| Therefore, although precise p051tlon 1nformat10n is
necessary for the flrst few hundred meters, this requlrement
relaxes w;th dlstance. Near. the source, the astronaut can-
use the.distance indicators marked on the antenna:arms and',
read his distancehinto‘the voice record. For the remainder;

'of‘theftraverse, a21muth and dlstance 1nformat10n w1ll be . -

prov1ded by the data 1tse1f
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fdfv'Method for analy51s and 1nterpretat10n of'data
: . ‘Analysis. of the data w1ll take several steps., Flrst,ii,t
;ithe‘recelver locatlon data must be translated from a bearlngl“
‘?measurement and range to po51tlon versus tlme 1nformatlontltf
;It is ant1c1pated that thls will requlre comblnlng data from*
;the ‘voice record and photographs, as well as from the,;- .
;experlment 1tse1f ] The fleld strengths whlch w111 already
?be 1n a measurement versus tlme format then can be converted;~
jto fleld strength versus ‘position. The vertlcal component
gw1ll be completc,vand the radlal component will be the _df
{vector sum of the two horlzontal components. . F

» Once the 1nformat10n is in th1s form, 1t .can be compared
hto standard curves computed for a large number of eXpected‘A
fcondltlons._ The problem of a horlzontal electrlc dlpole on
ithe surface of a dlelectrlc layer has ‘been tackled
?theoretlcally for‘several cases of 1nterest_ The half spacehf
dcase (i.e. v1rtually no reflected energy fromldepth) Stlll
glves an 1nterference pattern, and thlS has been worked out
;rlgorously for both the H and-Hb components-p The layered
icase is not so Smele.- Approxlmate solutlons have been"
:obtalned for both components, for the case @f a dlelectrlc é

layer underlaln by a horlzontal reflectlng Iayer. FamllleS"/

Tof solutlon ,are belng computed for arbltrary'losses, *f,;;;?;

dlelectrlc constant, and depth of the flrst layer. A femh
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:examplcs of thcse curves have becn shown prcvxously ln_l'lf»:
Flgurcs II-3 to II 10 . | | o
'A Many 1mportant cases remain unsolved, they must be
studled before satlsfactory lnterpretatlon of the data from ;
the moon can be assured Examples are ‘the cases of sloplng’
v1nterfaces, arbltrary changes 1n dlelectrlc propertles, more
than two layers, etc. The effect of curvature of the moon s’
surface also. 1s 1mportant for the longer wavelengths and o
.distances. Some of these problems are presemtly belng
tackled theoretlcally. ._.

| However, it 1s llkely that few of these problems w1lll
‘iteld even approxrmate theoretlcal solutlons._ For thls
':éagpn scale—modelistudies.must_be'anseSSential part_of the
iiﬁterpretationeproéram.L.A_model already,has'been‘usedf;7&'
'succeSSfully'to'confirm theoretical'studies,.and;tO»aidﬂ;
1nterpretatlon of fleld results. A new model 1s belng
constructed which w1ll overcome some of the llmltatlons of
the prev1ous one..;'-
o The new model wlll con51st of a large bath of transformer
011 of carefully controlled dlelectrlc propertles, and a 5 cm.A
wavelength electrlc dipole source. The tank-w;lltbe anech01c_
for microwave frequenc1es, and w111 allow eas yvmeasurement;ofv

many dlfferent subsurface conflguratlonsfi Im‘addition,ethe~~!

‘radiation pattcrn of ‘the antenna can be measmred in the

dlelectrlc med1Um,_wh1ch will’ a;d*ln-theorettcal studles.'
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g One of the most.lnterestlng problems to be modelled ‘in
nthe tank will be the effect of scatterlng bodles 1n thebb.
'subsurface. Scatterlng effects have been scen. in fleld data,~
mand:lunar selsmlc data 1nd1cate that: they could be very |
flmportant on thevmoon.. Therefore, any 1nformatlon on.
;p051t10n, surface tOpography, and c01l orlentatlon that the
?astronaut can supply w1ll be useful in 1nterpret1ng these
reffects. | |

Another aspect of 1nterpretatlon is the p0551b111ty of
fcomputerlzlng the procedure.» ThlS may be accompllshed by
:?evaluatlng several cr1t1ca1 parameters, such as the dlelectrlc
dconstant, from. a set of data, and then allow1ng the computer
'}to search for the best fit from many theoretlcal models.r"fo:h
;Another approach W1ll be to harmonlcally analyze, then to'fv
:dlgltally fllter the data looklng for characterlstlc ‘
[frequenc1es._ Thls mlght.be essentlal if a. large amount of
fscattered energy ls present. | o

Further studles of the dlelectrlc prOperties:of 1ﬁﬁér;7*~
_samples also should ‘be made. ThlS is 1mportant to'determined'
}theerange of l;ke}y cases‘that.mayfbe encountered ‘on. the moon.,

Above all,lthefvarious methods of 1nterpretatlon must be
.'evaluated»on reai‘data. This can come only from fleld o

measurements u51ng the typcs of apparatus that~W111 be used

on_the moon . As:prototypes become available, they_must be -

evaluatedZWithout,dbiay. -Field work must-prpcéea in
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v'conjunctlon w1th all other aspects of the progcct. :

?e'ffPrime obstacles or uncertalntles ‘which: ‘can be ant1c1pated

T'The experlmcnt 1s conceptually 51mple and uses electronlc
v\equlpment that 1s scarcely more compllcated than a B
conventlonal FM transmltter and recelver.v The chlef

j uncertalntles are a55001ated w1th .an adequate determlnatlon 11
of the astronaut s p051tlon durlng the traverse, and .
'lntcrpretatlon of the effects of subsurface 1nhomogene1t1es._f
;hﬁi Most ranglng systems on earth use’ electromagnetlc ﬁf:”

radlatlon of some nature to monltor locatlon. However, there

are drawbacys to thls type of system on. the moon.v If hlghi”};---

frequency radlatlon such as a laser beam is used, the H"”*;V
astronaut will soon get out of llne of 51ght, due to the .
curvature of the lunar surface, or due to surface obstacles
such as craters.' On the other hand, lower frequenc1es, whlch
w111 prOpagate along the surface, also w1ll propagate R
downward and suffer reflectlon'from the subsurface.v-Thusci :
the trad1t10na1 problem of multlpath is 1nherent 1n the |
lunar surface. L | e |

:To- compensate for these problems, posrtlon determlnatlon
w1ll be done u51ng all elght transmltted frequen01es to glve"

an a21muthal bearlng and a range. The lower frequenc1es

should glve satlsfactory operatlon beyond the*llne of 51ght,jfif"¥

and the use of many W1dely Spaced frequenc1es should permlt -

an evaluatlon of the multlpath problems.
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“"Not only the ranglng system is affected by
finhomogencltles. The experlment itself like v1rtually all'_
ffgeOphys1cal technlques, is~ 1nherently amblguous. Although -
§ggood 1nterpretatlon of the data 1s of course possxble, the -
tlarge number of unknown paramctcrs may lead to several
itp0551ble solutlons for a glven set of data.: Thls problem ;.
?hW111 be compllcated by random scatterlng from surface,
t.1nterface, or subsurface 1rregular1tles. Because of thls,;:l
F'any 1nformat10n thaL the astronalt can glve on: surface
H‘features or'recelylng coil orlentatlon_wlll be useful.
| wffTheffact‘that the experiment'uses;a large range of
discrete.frequencies is a beneficial‘factor; 3lt*is.not’-
'_éxpéetéa that scattering bodies very much larger,»or yery.l
’Cmuch smaller, than a particular wavelength w1ll affect thati-
ijfrequency unpredlctably. Therefore, although a few |
iffrequenc1es may be adversely affected by random scatter, lt,
’fls unllkely that they w1ll ‘all be affected 31multaneously.:f-
_And the very fact that a certaln wavelength is prone to ‘;
scatter 1tself g;ves useful’lnformatlon on the nature of the
suhsurfacef c |
| Neither of}these problems%is:trivialf both'aréfbeing
studied intensiyely'at the present time; These studles must

contlnue in conjunctlon w1th the constructlon of apparatus.;f

Prototype apparatus must be tested in the fleld to obtain

addrtlonal data, _Scale—model.studles, in whlch condltlons
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Scan be carcfully controlled -w111 y1e1d 1mportant clues to {f

the effects of scatterlng.
= Signxflcance of the astronaut
o The astronaut has several 1mportant dutleslln thls
‘JeXperlment. He must choose the optlmum 51te for deployment
mof the transmltter and transmlttlng antennas, av01d1ng large-
ﬁobstaclcs such as’ rocks or craters.i He must transport the N
frecelver and tapc recorder along one  arm: \ of the antenna to
:Iglve accurate p051t10n 1nformat10n at the beglnnlng of - the :
v;traverse. He must then mount the receiver on the MET or
.bRover before startlng on - the long traverse.. |

It would be very de51rable to deploy the transmlttlng o
:antennas 50 that the long traverse is constralned to a. N
lsector of about 20 degrees normal to elther one. of the crossed:’
Adlpoles._ Also, 1f the astronaut occa51onally could orlent |
Jthe rece1v1ng 00115 with: reSpect to the transmlttlng antenna,
?and record that he 1s d01ng so,_addltlonal useful 1nformatlon
}on the subsurface 1nhomogene1t1es would be obtalned A'Of',
:course any 1nformatlon on surface topography would aid 1niA.*
,1nterpret1ng scatter and in chccklng the recelver locatlon._

Apart from thcse con51derat10ns,‘the experlment requlresv

-m1n1mal attentlon ‘from the astronaut and w1ll leave hlm free,

,to perform any other duties. - . ,Q,tpiggis;f.; "

' II - 50 -



11-5 'BASELIN'E",O‘R CoNTROL DA'l’A

E The major support that w1ll be needed durlng the
Post-fllght data anaIYSls is. all avallable data on the"f’i?.
p051t10n of the recelver durlng the traverse.u ThlS -
1nformatlonvmay come | from a varlety of- sources.h Although
the experlment 1nherent1y 1ncludes a p051tlon determlnlng
capablllty, thlS 1nformatlon may be 1ncomplete or amblguous.
due to the nature of the lunar surface. Therefore, any -

| 1nformat10n the astronaut can put on the v01ce record w1ll

‘be useful. Thls 1s partlcularly true durlng the 1n1t1al
stages of the traverse. It is expected that surface‘f‘h
photographs also w1ll yleld helpful p051t10n 1nformatlon.i_l'

A knowledge of the surface topography along the: ,fz.fpﬁu

traverse also would be useful ThlS 1nformat10n w1ll'come~f -

from surface photographs that can be t1ed 1n w1th orbltal
photographlc work._ Agaln, any 1nformatlon .on the v01ce_}fr"
record w1ll be helpful Once the p051t10n and surface

informatlon durlng the EVA have been calculated, they Wlll

~be avallable to all other experlmenters, of course.
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SECTION.III-—.ENGINEERiNGjiannMATICnJ'

III - 1. EQUIPMENT DESCRIPTION |

a. Summary descrlptlon '

A schematlc dlagram of the experlment is. shown 1n ‘

v'ﬁFlgure III- l A small low power, transmltter radlates _ .

:through a crossed dlpole antenna la1d on the lunar surface.‘

A small recelvnng unlt consrstlng of three orthogonal loop

“p:antennas,bsome electronlcs for amplifying and tlmlng the-
's1gnals,'and a magnetlc tape recorder, lS transported by

the astronaut, elther on the Moblle Equlpment Transport'

(MET) or on the Lunar Rov1ng Vehlcle (LRV)._ The experlmentalh-

"data is the complex 1nterference pattern between the surface
f'wave and the subsurface and reflected waves, thls ) |
;nterference pattern causes a variation 1n the recelved
' ~field strength aSya:functrongof,range and‘frequency,__The.'
’magnitude of the:field components.received by each of the.
‘three orthogonal loops 1s detected separately by ‘the o
' recelver and recorded on the tape recorder. The‘magnetlc
.tape-ls to be returned~to Earth'for data analyslsﬁandfi
interpretation,d | : |

. Both the transmitter and receiver are relatively.simple,
'Thls 51mp11c1ty 1s 1nherent for several reasons.

First, the 51gnal path loss is. small becauce the

‘maximum distance between_transmltter andlrecelver~ls

111 -1




"Orthogbnal

Transmitter )
S e loop

" Crossed
. dipole antenna
-laid on surface

o Refleétédlwavej.f

Figure III -1 Schematic Diagram of Experiment
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a{*limlted by the astronaut s trayersevto a few Kllometers.glyﬁ
TZ;With thls 1ow path loss, ) _ransmltted pOWer of one to
f54two watts is sufflclent to create a hlgh fleld strength
pfiat the recelver.f_" | | | |

| Second, the relatlvely low frequenc1es requlred by the

h7]exper1ment, 1n the range from 0. 5 to 32 Megahertz, can be .

.'generated and manlpulated ea51ly in h1gh eff1c1ency c1rcu1ts.l~7

o Thlrd the amount of auxlllary electronlcs requlred
itffor tlmlng, formattlng,"and the llke 1s mlnlmal because the
hbdata is recorded on magnetlc tape in analog form | | |

Fourth the duratlon of the experlment is: llmlted to:
5{the few hours 1n Wthh the astronaut W111 operate on the;dm

-ﬁlunar surface._ ThlS means that the thermal deSLgn does

5}inot have. to accomodate the temperature.extremesvof_both;@;¢{v

.;;1unar day and nlght, and. also means. that both the’

-.ftransmltter and recelver can use 1nterna1 power supplles.fwg o

The radlo flcquenC1es employed range from 0 5 to 32

Megahertz, w1th correSpondlng free space wavelengths
franglng from 600 to 9.4 meters : Elght dlscrete frequencres

are used, w1th sequentlal one- tenth second bursts at 0. 5,

-1, 2 . 4, 8, 16< 24, 32 MHz, thls tlmlng is- 1ll“strated by

two- 100 mllllsecqnd ~lnterva,l's._ _-reserved “foF T ‘ﬂ l\{er-. -

' ca11bratlon.

The transmltted signal is: amplltude modulated so. that ff,'

: Flgure III 2 A complete cycle lasts for one second, W1th ._.:"
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:ithe radlatlon pattern of the transmlttlng antenna rotates atf

Efat rate of 15 revolutlons per second The mechanlsm by

-

gfwhlch the rotatlng beam is achleved is dlscussed in deta11

izn the antenna sectlon of thls report. Fundamentaler the

ﬁftechnlque, whlch is xllustrated here by Flgure TII 3, uses

.}dlpole, arbltrarlly de51gnated as a North South antenna,:

;;ls used to radlate a 51gnal whlch lS amplltude modulated

”:w1th a c051ne functlon, whlle an orthogonal East-West,};,fjf

'iantenna radlates a- 51gnal at the same carrler frequency
hiwhlch is. amplltude modulated w1th a 51ne functlon._,
17$uperpos;tlon_ofﬂthe radlatlonrpatterns of_these twor
L{antennassthen creates a:composite radiation>Pattern:z'
"fwhlch rotates 1n sympathy w1th the varlatlons of the '
f»modulatlng functzon. . |

Because the radlatlon pattern from a 51ngle dlpole 1s

‘ia symmetrlcal flgure of elght the chosen pattern 77,1j‘rﬁ,

.:rotat;on rate causes the_fleld_strength_seen byfanx-;.i
'iobserver to fluctuate at a 30‘Hertz rate: that is, the,:
1rece1ver will. record three peaks in each 100 mllllsecond

iinterval devoted to a spec1f1c radio. frequency.t Thls rate

,/.-,,rrwﬁ,,r,,,r,,, e e N L-

procedure in. the recelver.‘ In each 0 1 second 1nterval

l,the rece;ver'sequentlally records,the,recelvedpileld';"si~.‘

?two crossed dlpoles as the transmlttlng source. One ;dj§«53a5”¢55~




igure IIT-3 ROTATING BEAM CONCEPT
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‘ﬁ;looos so each loop 1n turn will observe one’ fu]l cycle ofliif
Uvarlatlon 1n ‘the recelved fleld strength. ThlS txmlng - ~€,”"
”,Lrelatxon is lllustrated by Flgure III 4 | |

Thls rotatlng beam system represents a change from the'3-

“whlch lncluded some system components not’ requlred for
"}the maln experlment but desrgned solely to prov1de the

ihlrange and a21muth 1nformatlon needed for proper

_a:interpretatlon of the exper1menta1 data., The prlor system ?
~included three transmltters: a maln transmltter radlatlng B

'-?through a szngle d1pole-la1d on the lunar surfacer and tw0‘“

effsubs1d1ary trancnltters located at the ends of the dlpole
rlto prov1de posxtion determlnlng 1nformatlon by falrly |
'Ehconventlonal range dlfference, or hyperbolic, nav1gatlon ;f;.
‘fftechniques.;' | | | A
| : The revxsed system descrlbed here has three notable
tadvantages. Flrst, because the crossed~d1poles used forfi
" the main transmltter prov1de an essentlally omnl—dlrectlonal
n‘radiatlon pattern, ‘the experlment 1s even less sensitive '
.to the«exact pathAfollowed by the:astronaut.dur;ng aAlunar:t‘
'-'surface traverse. Second, additional'scientirlchdata j
"becomes avallable because with- the new- system it 1s p0551b1e

to obtain a measure .of the apparent lateral dlstortlon of .

the radio beam due to multlpath'reflectlons-assoc1ated

- Irr -7

7ffstrength'as'seenvby each of the three orthdgonalfreceivingji.h.;h

'eforlglnal hardware proposal formulated in September 1969, n;,,_,f
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- power '
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'Figure III-4 ROTATING BEAM TIMING DIAGRAM-
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,f,with 1nhomogenc1t1es close to the 1unar surface., And,

'ifthlrd the total welght of the system is reduced by the ' ”jfd
"f,ellmlnatlon of the sub51d1ary transmltters._.st"" o
B The ratlonale for the new p051tlon—determ1n1ng scheme

71fis dlscussed below.

Con51der, flrst, the derlvatlon of ranglng 1nformatlon.; I__

TﬂiAs dlscussed elsewhere, the experlmental data shows theih
f;feffect of lnterference frlnges as typlfled by the SOlld
'?fcurve of Flgure III 5. Examlnatlon of actual- data obtalned
'jydurlng fleld trlals on the Athabasca Glac1er 1n Apr11 1970
"%has conflrmed that when thls data 1s smoothed by a 51mple '
f7}integratlon, the mean recelved f1e1d strength, in 1tse1f,.c4
h;prov1des a range measure whlch 1s compatlble w1th the.'
I5Hpurpose of the experlment prov1ded that at least one o
- fcallbratlon p01nt is avallable to determlne the range-
fscale, ‘that is, to determlne the attenuatlon constant of“
f};the transmission’ medlum.ﬁ | o
o It is proposed to obtaln many such callbratlon p01nts
'€81mply by marklng one: of the main dlpoles at 1ntervals of. .
'Ljsay, 5 meters. The astronaut then will be asked to make;h”
l one short. traverse along one limb of the marked dlpole,‘*i‘;

”Vpaus1ng for approxlmately two seconds at each mark, so

-I.thatmthe magnitude of. the. flEld recelved from the othertgt;f:”"'

- dipole w1ll be known accurately at each of the marked

--dlstances. These poxnts alone wxll prov1de the needed .

CIIT -9
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measure of the attenuatlon constant of the transm1351on ‘
medlum. As a backup, of course, the data also can be

fltted to other, longer range, callbratlon p01nts 1f the

precrse dlstance between the astronaut and the main

transmltter happens to be known from- other sources such

»Las_photographlc correlatlons._

Azxmuth, or dlrectlon, data, by contrast, could noty

be derlved solely from the central transmltter ln the

;system proposed prevrously | Although the recelved f1e1d”

fstrength W1ll vary in sympathy W1th the radlatlon pattern'

;gas_the observer departs from a llne that is normal to alﬁd‘x

;gdlpole, the rate of change of fleld strength as a functlon
1;of angular dlsplacement is too small to provxde a meanlngful
;nmeasure of the relatlve dlrectlon of the observer and,vln
;Eany case, could not be dlstlngulshed eaSLly from a change
Afin rece;ved fleld strength caused by a change in. range._ For ?
;{thls reason, two subsrdlary transmltters were used d}f:l;;' |

'1prev1ously to provrde intersecting sets of hyperbollc llnes

'fso that a. palr of range dlfference measurements could be ;

-'respect to ‘the main transmltter.

~The need- for the sub51d1ary transmltters As ellmlnated o

-nby»the use o£~a~ma1n antenna»feed—systemfwhlch~causes~the~*45““”%4-

A:antenna,beam to rotate slowly. vConceptually,-the L
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~f:arrangement may . be thought of as being analogous to a.
‘ﬂfllghthouse, or a rotatlng beacon., leen a. knowlodge of 3
fothe rotatlon rate of the beam, and a tlme reference |
_ﬂ;marker whlch is synchronous w;th the t1me at whlch the.hﬁ
*{fbeam is poxntlng in an arbltrarlly de51gnated dlrectlon ;T:
”ﬁé(say, North), the dlrectlon ‘of an observer w1th respect
iyto the transmltter can be determlned 51mply by notlng ‘the "
t-"t:l.me at wh1ch the beam 1s p01nt1ng toward the observer,:fs?i
ti?that 1s, the time durlng the rotatlon when the maxlmum fleld

ffistrength is observed by the recelver..

~§;¥ The necessary reference tlme marker is: derlved through

-2;a 81mp1e stratagem. The low»frequency‘51gna15'used to 7
:;;amplltude modulate the transm1551ons from the crossed dipoles T
'f{are derlved from the same - bas;c t1m1ng 01rcu1ts that are :
siusedvto determxne the 0.1 second;;ntervalsito:be,devoted;,lfiﬂ-'
f;tojeachgsuccessiye radio‘frequenCy.: Thus,_at'the'startﬁd?:f;
:;Ofleach O;lssecond.interyal the phaseeofﬂthe modulatlng L
functions. is knoﬁn and; further,.is,controlledlso'that;f,’
'ithg‘transmittedhbeam is:pointed in aﬂknown:directlon.
(due Nor th) at that instant;.:Since the receiver:already'1
' ls required to»maintain synchronization in'orderfto tune -

;fsucce551ve1y to the. dlfferent radlo frequenc1es employed

. in the main exporlment, 1t is. a 51mple matter to utlllze
'thlS known receiver reference time to permlt,a-measure -

of the relative time of oCcurence.of'the peakfréceiyed

CIII 4.12



' signal w1th respect to the tlmevwhen the radlo frequency
';last changed., ThlS,VOf course,'ls the desrred measure of
the dlrectlon of the observer m1th respect to the _
transmltter.‘.‘w': | | o

As w1th any radlo nav1gatlon scheme subject to multlpath

"interference,.any 1nd1v1dual measurement of dlrectlon may
be in error due to apparent lateral bendlng of the radlo';
beam. Fortultously, however, thls turns out to be an
',advantage in the present experlment rather than ap"-fv
_vdlsadvantage as in most nav1gat10n systems.];i' ‘
o A dlfferent set of multlpath effects w1ll be:
frassoc1ated with each of .the dlfferent radlo frequenc1es'

Gused in the expellment. ‘As 1n some other radlo nav1gatlon
'_schemes, the 1nd1cated dlrectlons may be averaged to |
compensate for the multlpath problem and allow the true
' directlon to be ascertalned But, more: 1mportantly 1n thls
appllcatlon, the multlpath effect w1ll be dependent upon :
the relation between the wavelength of the 51gna1 and the

4scale size of the lnhomogeneltles cau51ng reflectlons.

. Thus the observed apparent’ deflectlons of the rotatlng radlo

beam’ w1ll be dlfferent at each of the experlment frequenc1es
jand the recorded data therefore will permit: some addltlonal
3§1nferences to be made concernlng the scale 51ze of ther.v

lunar 1nhomogenert1es._
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b. Transmitter
Flgure III 6 shows ‘a functlonal dlagram of the
transmltter.; A 32 Megahertz crystal controlled osc111ator

:prov1des a stable reference frequency from whlch a11 other o

fh frequenc1es and tlmlng SIgnals are derlved Output of the

'wtosc111ator is counted down through a chaln of lntegrated
”c1rcu1t fllp-flops to deflne the elght 51gnal frequenCIes,.
‘used in the experlment. Count down is contlnued through o

iffanother chaln of 1ntegrated c1rcu1t flip- flops to prov1deh;,
ftlmlng 51gnals T1 through T8 whlch actuate gates G1

hdthrough G sequentlally so that the 1nput to the power

8
"ﬂd1v1der is. composed of successive: 100 mllllsecond burstsv
h:of each of the eight RF. 51gnals. Output of the'power.-f‘
"d1v1der prov1des a carrler frequency 1nput to each of two |
balanced modulators.[ Slne and c051ne components of a':
15 Hertz SIgnal derlved from the count down chaln also
provzde an 1nput to these modulators. The modulated
v::signals are ampllfled by separate llnear ampllflers and

_connected through 1mpedance ‘matching baluns.to.the two’ |
;'elements of the crossed dipole. transmlttlng antenna. |

, Detall of the transmltter‘c1rcu1ts is. dlscussed in the;
follow1ng paragraphs. o | |
'~(i5srReferencewoscillator:p,;;:T;j R e
“Ihis is a transistor implemented;.crystalvcontrolled‘

‘oscillator which provides one milliwatt output power at a .
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- Count down chain : " .}l Count down chain
T T
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Gl = .
G2 é{ T 2z
N i
. G3 ®/~ "
G _-— ] - —- '
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i .
- Power . =
'divider l’
. - cose(f) . sin@ {t)
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modulator [ +90° — ™ modulator
Lineax | | | Linear
amplifier amplifier
l__ Balun __l - - - 1__ Balun _1
_ To N-S Dipole . = - T * 7o E-W .Dipole.
Fiédfe III - 6 Transmitter Functional Dia@ram .
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-~ between the output ports is bette:‘than;BQ_dB;:ghe

frequency of 32 Megéhertz. The crystal is chosen to\haVe‘

- a low temperature coefficient so that thermostatic control

is not required. . The frequency stability is in‘the order

of three parts in 109 over a perigd of one day, and better

10

than one part in 10 over a period of one second.

"(ii) Count down chain : N ' .3. o L

This is implemented with conventional monolithic

integrated circuit flip-flops and gates. The total chain

accepts an input signal with a frequency of 32‘Mégahertz~
from the basic oscillator and provides éll necesséry lower
frequencies ranging down to the lOO-millisecond_timing
signals used to define ﬁhe transmission intervals.
(iii) Power divider |

RF power at frequencies of 0.5, 1, 2, 4, 8, 16, .24,
and 32 MHz is fed‘into the power divider which performs an
equal phase,_BGB, power split to provide inputs.to the

bélanced modulators. .The power divider is a passive,

' lumped element, network with broad band frequenéy.
__characteristics. The divider maintains a phase balance

- within 1° and an amplitude balance better than 2 dB.over

the full frequency range of the experiment. . Isolation

insertion loss iérléssrfhah‘6.3 aB
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(iﬁ) Balanced modulators
The output signal of an amplitude modulator can be -
- described as a ;ummation-of various terms such as:

(S

i(t) = kl sinwct + k2 sin (wc~wm)t f-kz §in (@c+mm) + fn(t)

where
i(t) is th2 output signal current
kl' k2 are c¢onstants
w_ is the carrier frequency

c

(dc+wm) ié_:ﬁefuppcr side band (wu)

(wc-wh)'is the lower side band {wly
. fn(t) are small amplitude higher order products caused

by nonlinearity of the modulating device. |

Two frequency components, the upper sideband wu,'and"'
.théAiower sidebard wi, are needed to drive the crossed
dipole transmitting antenna so ;s to generate a rotating
radiation pattern. Accordingly, a 1ineaf balanced modulator
' is used to. suppress the carrier frequency and other | A
—harmonic~cgmpohents. -

SeQeral options for balanéed modulator circuits are

available. A‘simpie diode bridge, illustrated by Figﬁre

;%f?If-7;*haéfﬁegniaémohsEféféd»td prdvide>a8¢Qdétéibérfdfmahéé¥W~ﬁ:—li‘i

- for this system. It has good isolation betweéﬁ'the4ports,

wide dynamic range, and low distortion. The output
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Figure III - -7 Balanced Modulator
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carrier suppression exceeds 40 dB. The experimehtal
‘eircuit uses a matched pair of ultrafast switching hotlt
 carrier diodes heving a forward resistance of less than
5 ohms and a reverse-bias. resxstance greater thdn 109 ohms;'
This large re51stance ratio is responsible for the |
relatively good performance quoted above. |
‘(v) Linear ampiifiers | |
For this experiment, the linear amplifiers must be
caéable of.prdviding an output power of the erder of 2 watts
in the frequency range from 0.5 to 32 Megahertzf"Other
important design characteristics include a differential
. phase error ofrless than + 5° and a gain error of less tﬁan
4'1 dB over the-frequency and temperature range of interest.
Experlmental c1rcu1ts have substantlally exceeded
these requlrements, prov;dlng a differential phase error'
of,lessrthap 2° and a dlfferentlal galn error ofAless,than -
‘0.2 dB.
{(vi) Baluns
These are broadband, 180° phaee shift, luhped.circuit
. ~hybrids which connect the coaxial output.of.the linear
amplifiers to tﬂe feeder lines of the,dipole,antennae.
Coﬁmercial elements used in ‘an engineering ﬁodei provide .
;;:an amplltude balance better than 0. 2 dB, a phase balance:fﬁl
better than 19, an insertion: loss of less than 0.5 dB,.

and isolation exceeding 30 dB. These cdmmercial'units,
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which have a power handlinglcapability of 5 watts, weigh

1.4 ounces each.
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c. Transmitting antenna
.. The configuration of this antenna is shown by Figure
III-8. The identical and orthogonal 'North-South' and
'East-West' dipoles are each composed of eight separate
elements. Seven of these are used as standard half-wave
‘dipoles at the experiment frequencies ranging from 1 to 32
Megéhertz. 'A loaded éuarter—wave diéole is used for fhe
lowest, 0.5 MHz, experiment frequency in order to keeb the
antenna weight and deployment time within reasonable limits.
With the exception of the 24 MHz signal, which will be
discussed separately, tﬁe wavelengths of the RF signals
used in the experiment are related by successive factors
- of two. So, when the shortest dipole elememt is fed at
32 MHz, the 16 MHz dipole antenna énd all smccessively.
_longer elements are even multiples of the wavelength ?f
the transmitted signal. These "parasitic dipoles"
therefore appear as large value inductors across their
: reséective feed lines. This is true as each sﬁcqessiveli
longer dipole is fed with its resonant frequency.
~Cohvérsely, when the longest antenna is fed at its resonant
frequency, each of the shorter antennés appears as a small
lcapacitor'acrqss”its_respective feed lines.T In é;the: case}
;there;is.ailarée—feacﬁanée in serieé with EmeUantenna'and,
conseguently, a very poor impedance match (with a VSWR of

the order of 40f so that essentially no sigmal current flows
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Figure III - 8 Transmitting Aﬁtenha Configuration
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" in. any dipoie except the one that is'resonant to the signal.
:In:other words, cach antenna functions aé a simple dipole ' - -
and the signal free elements can be placed very close to -
.the active element with negligible effect on eithef the
- feed line impedance or the radiation ﬁattern. For ease
_of deployment, therefore, each of ghé four limbs of the
antenna can be formed with a multiple conductor flat °
ribbon wire.

Thexre is one exception to the above condition. When
‘the 24 MHz antenna is excited at its resonant frequency,
the 8 MHz antenna becomes a 3*/2 dipole.. Current will
flow in this antenna and the 8 MHz antenna will radiate
 with the pattern of a 3X/2 dipole in addition to the 24 MHz
antenna radiating as a A/2 dipole. The result is a six-iobed
pattern with nullé existing between about 10° and 30° .
"from theé axis ﬁerpendicular to. the dipoles. This,coﬁdition
might cause the 24 MHz signal data to be marginal at méximum
'.rahge. However, inasmuch as the higher frequencies are for
short rangeé anyway, this problem_is not considgred to be ﬂ

. serious.
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'd. . Signal/noise Analysis ‘and Receiver .
T [ N

(i) Introduction’

The basic iééa'of the SEP experiment receiQeé is to
record the local maénetié field stréngth‘ét'éaéﬁ fréquency ‘ R
“radiated by the transmitter as a function of tﬂe receiver '
position on the lunar surface.

If the signai;were strong enough, then in principle
. all that Qould‘be required for the receiver would be an
:anténna, a diodé-resistor-capacitor combinatioh,idetedgqr),
p;us a recorder as indicated by Figure III-9. ’Bécauséffhis
_ékperiment derives data from interference pétterns, ho@g&ér;
'tﬁe;signals streﬁgth are necessarily faint at certain .
fiﬁtérvals and stfcng‘at others. This.along with assumbfiénér.
reléted to the prbéerties of the lunar subsurface and the:‘A
 uhkﬁown noise environment of the lunar rover vehiclé dictéﬁeu

receiver design concepts that will not only acconmodate wide

signal excursions (large .dynamic range). and handle very-low .

\

. ) ) : - ] : N T . III-24




B R e R

- g "Ea SINWT .
DETECTOR - .

———-==-

.rtig‘fhl RECORDER

| ‘ER'(X'Z"))"' -

Figure III-9 Receiver
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signals levels (low noise deSLgn) but Wlll as, well,remalnf"i
:ttime synchronlzec with the transmltter in the event of complete
“1055'of 51gnals for extended time intervals. 1In addltlon,
:the SEP receiver must be de51gned to meet the followxng
fconstralnts:_ (1) three orthogonal electrostatlcarly shlelded
Jcircular loop antennas are requlred to eliminate receaver |
ydirectionality{ (2) because the receiver is\to'be mobile,b
the three antennas must bhe phy51ca11y small (approxlmately
/1 ft. dlameter), and therefore, only a small fractlon of a-
‘wavelength in dlaneter and, - consequently, are very: 1neff1c1ent,
(3) in order to minimize the required storage capac1ty,'the |
:three orthogonal 31gnal components are time multtplexed
'onto one tape track, ‘and (4) 1nterpretatlon of - the experlment
data requlres an dpprox1mate knowledge of the relatlve range
and a21muth between the transmitter and recelver.' A
~'jtFron an electrlcal viewpoint, the recelver functional'
requirenents are fairly standard. The signal,seéuence
Vfollowing thelloop antennas is: (1) wideband,jiow noise";
'gain, followed by, (2)  pre-detection narrowband“filtering,ut

«3) detection, (4) signal compression, and flnally {5)

i
‘
s

storage on magnet;e tape.

'There are,‘o%fcourse, several different deta*led‘deeign.
Lconflguratlons that would~meet the SEP requlrements.:_For,f:t~
‘example, we have studied two alternatlve methods -to accomoireh
the'pre—detectlonﬂfiltering, namely using individual crystal '

filters or a phase locked loop to accomplish the narrowband

‘ . U o . - o
filtering. ‘e 2lso have considered different compression

e S e . III-26



teppniques. (l)_ Low freduency (base band) compreesion
recﬁniques have been successfully used fo obtain wide

‘dygamic range (>108) at a carrier frequency of l_KHz in
several plasma probesl (Pioneer 6 and 7; Mariners 4 and'S}i
lﬁ?’A, B, C, b, E, H and J). ' These techniques are directly :“
,appllcable and flrght proven and can be utlllzed in a post-:'
detectlon compression configurations. (2) The compressron:f
'functlon can also be accomplished in a pre- detectlon conflguratlon
at hrgh carrier f:equencres. The standard 1mplenentatlons

of this is to use ‘an intermediate frequency logarlthmlq_“

amplifier as described in a recent discussion with RCA.

(3)"The post-detebtioh compression may also be‘aocOmpliehed.A
,at direct current utilizing operational amplrfler in a |
plece wise llnear configuration as descrlbed in our orrglnal
proposal )

‘ ..The 'low noise: w1deband-front endAampllflers are readlly‘“

available in 1ntearated circuits form. The noise figure.

should be less than 6 db, and the gain should be oonstant (i—db)

over a (.3 to 35) MHz band.

- Some of the recelver de81gn details and relevant
performance flgures depend on the 1nput 51gna1 characteristlcS'
'and noise envrronment as. well as the. output tape recorder.

_performance., The tape unit. as you. know is a spec1al problem o

1 "Mariner A Plasma Probe," Lincoln Laboratory,fTechnical
Report No. 337, 5 December 1963, Pg. lZ,'Figures 13, 14,
) 15’ and 16l - ‘ ’ .

2 “surface Electrrcal Properties Proposal", Octoner 23, 1969,
Pages 18- 20 Flgure III- 9L
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Larea that .has been much discussed (L.H. Bannlster 's memorandum
fAugust 28, 1970);1and therefore, will not be covered here» -
. except in as muph as its performance limits the ;ecelver

‘design. The input signal discussiqn follows;
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ﬁ111)~ Signal/noise Analysis

fin this experlment -

and-will be received over the line of sight, thar is to a_

‘range of the order of 1.5 Kilometers. =~

. - -

'lunar subsurface nt a velocity different from that of the

_free Space wave. -4t is the interference between the ﬁ“.

Asubsurface and free space waves which provides . a measure -

wave will suffer additional attenuation due to fhe finite

this:point the idterference will be too weak to yield

meaningful data.
. Third, a wave propagating obliquely through the

regolith will be veflected to the receiver. It is the

‘Second, a colllnear wave will propagate through the -

of the dielectric constant of the medium. The,subsurfaceh7

hecessarily will be restricted to those distances’ at which -

’thg{excess attenuation is less than about 15 db: beyond >;"

"f? Three different received signal powers are of interest "

Flrst, p‘ane wave w111 propagate through free space o

;osses~of the med1um., The range of interest of“the'experiﬁeht

interference between thlS wave and the surface and subsurface

_waves whlch prov1des a measure of the depth of the reflectlng

1nterface Agaln, this wave w1ll suffer addltlonal attenuatlon,

Lw

—and the range of interest . of the experlment necessarlly w1ll

be restrlcted to those situations in which the excess attenuatlon

of the reflected dave is less than about 15 db w1th respect to
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the wave with whlch it 1nterferes within the liﬂe of sight
this will be the free space wave, "while beyond the line of'
51gn this will be the colllnear subsurface wave.. -

To define tho design limitations for the recelver,

‘tﬁeée three components of the received signal will be

‘evaluated.

. Consider, first, the line of sight, or free space,
.signal. For a COnvcntional radio communication system’
operatlng in a lossless mcdium, available signal power

at a. receiving antcnna is given by

1

PG A

oo ‘ - : : ' - ‘ -
p =t e . )y
& 41 R? ' : |
where:

\;Pa'is the available power, in watts

‘P, is the power radiated by the transmittiig antenna,

Tt ‘
in watts .
ﬁGt is the 4directional gain of the transmitting antenha
A, is the effective capture area of the receiving

“antenna, in meters2
R is the fange, or distance, from the transmitter

-to the rezeiver, in meters. = . .«
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“The effcctive capturc area of a regeiving antenna is

-

§iven by:

S - h (2)

where G, is the directional’gain of the antenna -
A is thc 51gna1 wavclcngth, in meters

Sb, substltutlng (2) in (l)

2 . -
P_G,_G_ 12 -
-— t t N r ’ ‘ . f‘.‘ » (3)

2 4aK?

waer delivered to a load, that is to the input
texrminals of a‘iééeiver; is given by:- ,-—:
where P is the fower in:.the load, in watts R E
'n is the efficiency of the receiving antenna
So,'substitutingifﬁ) in (4):
2

- Pt G G A n

(4 n}B)

Pr =

or, setting G = G =32 whlch is approprlate for both the

2
transmlttlng dlpole and the rece1v1ng 1oop'

“p_=0.242°1070 E—— . e (5)

This result will be used later..
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.
-

be cvaluated USJna the following cqulvalent c1rcu1t

where e is thé opon circuit voltage at the antenna terminals

r thevradlatlon resistance of the antcnna

the loss resistance of the antgnna;~

b
(VR
0

o)
[l

e

w

the reactive impedance of the antenna

0
[l

e
[44]

is the resistive component of the receiver input
impedance.
The small magnetic loop receiving antenna to be used

in this experiment is formed with one turn of wire with a

—

loop diamecter of about 0.3 meters which is' much smaller

AR The eff:c1cncy of an untuncd receiving- antenna may

than any signal wavclcngth used in this systeml«‘For this- -

conflguratlon, the loss resistance is prlmarlly the w1re

re51stance, COrrected for skin effect, and is glven by:

RL,= T Dp S

where R, is the loss resistance, in_ohms

D is the loop diameter, in meters

p is the wire resistance, in ohms per meter

S is a skin.effect correction factor
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i

Using AWG #10 wire at the lowést'freguency of‘$00 KHz,

the loss resistance is: ‘ s

2 S / e
PL =% 0.3 3.3 10 7 = 0.02 ohms

‘The inductance of thc'receiving Ibap is giﬁen by:

- o v4 D‘ . _-. ". - v
o 8D _
Lo 2 ‘[i°ge d ]

where L is the Inductance, in Henrys

D is the lcop diameter, in meters
d is the wire diameter, in meters

;Again using ‘AWG #10 wiré, this yields:

106 . )
L = 1.257°10 ° 0.3 [?°9e [ 8 0.33] _ ?]
o f o 2,59 10°

' ) . ..6,'

So, at the lowest system frequency of 500 KHz, the reactive

impedance is:

X, = 2m.f Ly :
5 9.9 10°°

=215 10

.= 2.8 ohms




. {
i .

It may be né&cd that, at the lowest system frequency:

X1 2,
_.RL o. <

= 140

N

4thét is, the léss.resistance‘is much smaller than the
reaptivc,impcdaﬁﬁg’and can be neglected. This will also
“be true at the‘ﬁiéhgr system frequencies because the
reactivélimpcdaﬁ;e is proportionai to £ while tﬁe skin
correction factor, in the rangé of interest, ié propbrtional
to vT. L

With this,éimplification, the equivalent Eircuit of

‘ .

“interest is: . ' : . .
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Now, tﬁc}radiation resistance for the small loop

receiving antenna is given by:

‘which yiclds:.

6l g L T
- 20 50&3) % ohms [f = 500 :KHz]
(600)."

n

1.2 10

-and

| 6 4 -
R =200 _(0:3) . 504 1072 ohms [£ = 32-Hz]
(9.375) : -

Lo
So, at all system;ffequencies, the radiation rés;stance‘
'is much smallerlﬁhhn the reactive impedance of the antenna,
and‘this, also, can-be necglected when computing the power
delivered to the load. o

" The efficiency of the receiving antenna is defined by:

-~ Power delivered to load -
n Available power s
and with the foregoing restric;ions and'simplificatibns’
is given, approxiﬁately,‘by:’- -
2 . o
. |e4l . R,’ .- R S8l ‘_.7
w2, 2] e . o - ’
/Ri I S 4 R; R o

ne - = S (3
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The resistive component of the recciver input impedance
will be sct egual to the magnitude of the antenha reactance
a£ the lowest system frequency of 500 Khz. That is:

Using this value and substituting (6) in (5) yi¢1ds the
values shown in Table 1, vwhich defines the pover received
over the freec space path in terms of carrier frequency,

transmitter power, and range.

Mgz) (meters) (Oh;S) (ohms) n . (watts)

0.5 | 600 | o0.121078 2.8 | b.85 207°] 0:43 1075 (Pt/n%)
1 300 | 0:19 1077 s.6 [ 0.54 2078 0.69. 207> _

2 150 | 0.21207°| 11,2 | 0.25 2077] 0.79 207> =

¢ 1 a5 lo.50107% 22.4 | 0.11 307¢) o.88 2075

8 37.5 0.80 107%| 44.8 | 0.45 1075 0.00 2075 * »

16 18.75 | 0.13 1072] 89.6 | 0.18 1075] v.90 2075  ®

24 | 12.5 | 0.65 1072| 134.4 | 0.40 10”5 0.90 1075 v
32 9.375 | 0:20 1071 179.2 | 0.70 2075} 0.80 10°5  »

i. . rable 1 T

Frequency Dependence of Receiver
Signal Input Power for Free Space Patl
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Weumust also consider the relative magnitudes of
fhé collinear and reflected subsurface waves. It is these
ﬁwq signal components-thaf yield data regarding the
lunar subsurface through the nature of the dielectric
jiosses and dissipative attenuation of RF waves in the

‘lossy medium.

‘NATURE OF DIELECTRIC LOSSES

When an electric field is incident on a dielectric
medium, it can cause three types of §b1arizations, i.e.,
(i)’ Electronic polarization due to displacement
of orbital electrons
(ii) Atomic polariéation
(iii) Molecular polarization
Tﬁe end result is that electric flux density D (also called
'displacément) in the dielectric medium is different from
the incident electric field. For the static electric case,
it is known that .
Ds = Eg + 4np =AkeEs ) (7)
whgre: . |
- D_ is the displacement or electric flux density in

S
~-- --the medium - . S B

.. 15 the static electric ‘field

Es
Ke is a constant (characteristic of the medium)
P is the total polarization of medium, i.e. electric

dipole moment/unit volume
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When an RF ‘time harmonic field E is incidenfﬁon aﬁJ

dlelectrlc medlum, the polarization P also varlgs with t1me

%, K

and so does the,q;splacement D. However, at hlgher
C'fréquencies P 3nd‘Q may lag behind in phase reldtive to
}E ahdvthis hysteresis factor accounts for'losses;in a-

~ dielectric medium as shown below.. ... ._. ... ..

Let E = E, eJut R (8)

" such that dlsplacqment D is given by

D=¢E e-?§47-‘ ‘ A B (9)

where:

6 is the lag .angle between the incident field and

3

displacementip.
€ is the peramitivity of the medium.

. 'BE .is the maiimum anplitude of the inciden;”RF_wave

o
"From (9,
D = (e cos 6 -3 e51n6) E‘
"D = (¢'- je") E - | o 3?(10)
'such that i;n § = %; B “:;- . kl;)’P

The energy dissipafed'per unit volume per Second in the

' medium in form orf ‘neat is- - - - . e S

W A
‘JV , ~o j* - T t,, ,ff T vﬁf";_fA

P3|

§T~Re(§if.dt : _ | ” S an -

dlstance = !. R (E) dx ='B cos wt T ' 3)

T = 95'15 the time perlod of the 1nc1dent wave

Re(I) is the ‘real part of the dlsplacement currenf

111-38



= 52— .= = — (e"coswt - e'sinwt) . ... = "(14)

From (12), (13), and (14), the energy d1551pae10n

in the dielectric media is glven by:

_ T ¢ 2 .
1 - WE, L .
W =5 5T (e" coswt-e'sinwt) coswt 4t

w - ellr . . . . . R '/.‘. - (15)

Thus losses in the dielectric medium are dependent

‘on €", the 1maglrary part of the dlelectrlc conatant

The loss tangent .‘tan3) is a measure of the energy dlsslpated

to the energy stored in the medium. Furthermore, it can

_be said that both ¢' (w,8) and e" (w,0) are frequency and

temperature deéendcnt. Physical explanation ;é that frequency

and temperature variations create disalignmentzéhd lag of
_polarized dippleé, For a non-polar medium €' (w) remains
‘.practically cons;;nt over a Qide frequency range and |
e" (w) is of reiatively small magnitude. 'The losses in
:tﬁe d%électricimedium are ohmic in naturé and can be

- ’ o N . - i '] k3 o ci
associated with the conductivity, o, of the medium.-

DISSIPATIVE‘ATTENUATION OF RF WAVES IN A LOSSY MEDIUM

A plahe R.F wave propagatlng in a lossy medlum

in the positive z dlrectlon is represented as- ,:

B s R g
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" where:

‘;on is the eléqtric field amplitude at z = 0 ..
K is the propagation»constant; a complex number
" For a éimplé case, it can be assumed that-éhe
medium is homogeneous, isotropic, lineér,and nén:magnétiQ{'d

- The propagation constant K is given by

x & w/pe ] T - Qan
" where: \ o
‘w = yu' - ju* = po for a lossless, non—magnétic medium’

€ =¢' - je":is the complex permitivity of~the lossy

: wdielectric mediuﬁ ‘ ‘(185
“ From (17) and (13), | 1
. ' ’ " —
K = mfuo(ej—je") = wypoe’ ll'-j-z—-.-lz
= w/poe’ .- juw H; tané '?_} e (19)

where:
o T ) . A e"
tan 6 = loss tangent of medium = T
and e"<<z'

. Subsﬁituting‘/e'"=t/keeo in (19),

K=g3 ke, J 3 ke tan 6.. St (20)
':Qhere: - S e R
’*ké is the Gielectric constant of ﬁedium'

A is the free.space wavelendth

X—/Ee is the phase constant of the medium °

%{Ee tan 6 is the attenuation constant of the. medium
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From (20) aﬂd (16), the propagating electric field
E(z) at distance z is given by "

. f%/E; tan 8 z j %1 ké z } |
E(z) = E_ e “ e | " 21y

At distances z. = 0 and zq from (21)

|E(0)] = E, | | '_f; ' (22)
LY 4
-=vk_tan 6z Co
. A e 1
1E‘zl)l =E e , (23)
. Therefore, the dissipative attenuation an in db at
distance zl})from (22) and (23) is,
vk tané- R
A E(0)] . e ' :
aD(zl? 20 log E(zl)l_ 27.?6.f__—x—-?f zy db (24)

‘ Eqﬁgtion (24) is the basic equation used té*compute
_diésipa;ive-attenuation (aD) for varying pangmete:s.
. Itfa1so indicates‘that a linear relationship exists
between the loss tangent and the dissipative attenuatién'.
..for the considered medium. |

.. For ready reference attenuation célculatibns for

various cases are listed below.

_Case:(IJ; 'For‘zl = X; tan 6 =.°'°1?-kév7 9, A
ey =0.818 ab/A (25)
Case (2):-'for z, = A; tan 6 = 0.05,; ke~= 9,

ap(d) = 4.09 db/) : ' ' (26)
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L case (3):

"for 0.5 MHz £

< 32 Mﬂé; 0.01: ¢ tan$

€ 0.05 zy 1 Kilometer; ke =9
. _ : i
" FREQUENCY ATTENUATION
: {MHz)
Tan§ = 0.01 Tan & = 0.05.
A, (A)=.818db/X ap, (A)=4.09G5/)
© 0.5 MHz | 1.35 db/kilometer 6.82 db/kilometer’
1 2.73. " 13.63 " |
S o | |
L2 5.45" " 27.26 -
4" 10.9 - " 54.52 "
g 21.81 " 109.04 "
IRV 43.62 " 218.08 -
24 65.42 - " 327.12 "
o 32 " 87.23 " 436.16 . "

~wave propagating in a lossy medium is giveﬁ by: -

. To conclude, the excess- attenuation suffered by a

tan §

Le
81.8 3t tané

I
!

is the excess attenuatlon, in dec1bels

is the length of the transmission path, 1n meters

8

medium

~1S the Lree space - 31gnal wavelength,rln meters

(27) .
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It is expected thut the loss tangent for the lunar materlal,

l1n sxtu, will range from 0 01 to 0.05; accordlngly, the f.

‘strength WhiCh is the complex interference pattern of the

‘kexcess attenuatlon will be: o

0.818 ¢ o ¢ 4.09 db/wavelength (28)

| . From Figure I.I-~10 one can guess that the received field .

surface, subsurface and reflected waves will vary as a

:Vfunctlon of frequency, range, depth dielectric: propertles

!

'fof ‘the lunar materlal (both electrical and mechanlcal),

7etc. Even the surface wave (air wave component‘of the

~f1e1d will most llkely be dependent upon the surface

,5terra1n. Accordingly, the signal levels shown 1n Flgures

, III-ll through III-19 are only typlcal of what m-ght be expected.

‘:It is on these calculated results, however,- that the .

. : . i
experiment configuration is based. We are currently

 wofking to verify these theoretical results with’quantitdtibe

,,expe;imental data from glacier trials.
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SUMARRY OF INDUT SIGNALS

Figure III- 10 gives some pertinent experiments 1 -geometry and

givcs an 1deallzed view of the signal paths.,

R
o o Surface wave 3y D -
/’/1 » ) 2as
\ T 7
\ ‘~| Subsurface wave
\ |
\ :
\ l
\ |
\ P /
\ . /
\ l L/
A | X,
A | /
’ . ?\, \ /
\ l /
! » \ l y?'
) \ /- :
| \ I
. |
|_
|
|
v
. Reflecting surface
P . K : . B - . .
.surface k4ﬂq2. Preflected =, K{ 1 2] -aL
Peubsurface © K[4 2] - oR

. L . Figure III-10 ..~ . 7III-44
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(iii) Receiver

" The basic electrical.functions that the SEP receiver
must accomplish (see Figure IiI-ZO)are*~gain, timing, loop
.selectlon (to obtain the 1nd1V1dua1 components of the 1oca1:
field), signal filtering to surpress the effect of n01se,4
detection, and because of the wide amplitude renge of the
"input signal, sigral amplitude compression.

The wideband (.3 MHz to 35 MHz) low noise (NF___ = 6 db)

amplifiers performance is nominal and, therefore, designs
ate readily available. The timing function which is discussed
later can be accomplished in a variety of ways and is non- |
~critical. The loop selection or RF switch is also a standard
item and a number of good designs exist. (For example} a
. four diode—bridée with both plus and minus voltéées baeest)
With the loop selection switches placed as showgain Figure III-20
the sumnlation functlon is just a node. The last three

functions of Flgure III-20, namely the fllterlng, compre551on/

detection and tape unit are judged to be the more dlfflcult

and, therefore; crltical. Indeed, the tape unit is so

critical that to dete only one hethod (unit) hae?oeen identified
that appears to be applicable to the SEP receinéf. ' Both the
filtering and compression functions are now diecnssed_in

ﬁore’detail.
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FILTERING:

It is prudent, in view of the lack of defiqitrve
information regarding the-LRV noise spectrum te limit as
‘mucﬁ as practicable the in-band noise. Fortunateiy, the
Vexperiment signals are discrete freqﬁencies transmitted in
eime sequence,'aad‘the experimental configuration has beed
. defined‘such tﬂat the various medulating (amplitude and
frequency) phcnomena are shown varying so that *he recelver
’ 51gnals may be processed through very narrowband fllters
]( 300 Hz). ’ |
‘There are twef(known to me) ways of obtainihg‘very
.narrowband pass rllterlng with low 1nsertlon loss: elther
use ‘crystal fllters or a phase lock loop. 1In oug orlglnal
.fproposal, we chose the crystal filters because phase locked
loop tend to become rather complex when deallng (as we are)

'

‘w;th a nMulti-frequency signal that is widely varying in

amplitude. We.haQe, oy now, studied both systems in some
detail and conclﬁ&e that the crystal filter is tae_best )

solution consiaering the tight time schedule with wﬁich

we are now conSErained. A | ”‘:

A Figure III—2; shows three methods of conneering the cryeta;
» filters. The conpection of 1II-2la represents the.simpiest_.
hence more reliable. The connection of III-21b Has sdéerior
noise performaﬁée because the signal of the coanected filter

is not degraded by the noise content in the pasé'bands of

the other seven. At higher signal levels the connection of

- - : — L III-S¢
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III-21c has'equai performance to III-21b hbecause the filter with
xthe largest 51gna;,automatlca11y back biases the dlodes |

.to the companicn fllters giving noise (small 51gna1) supre551on.
' This connection which gives better performance tban .IIIfZIe

was selected in the originql proposel because he diode

‘can also serve és ﬁhe detector and the configﬁrafion

tends to minimizeithe inherent intermodulation &istortion«‘
'1wheh using only oﬁe detector.

AlResults of subsequent studies, however, indiéa@e that

the system signal to noise ratio may not be as ﬂigh as

originally hoped and, therefore, the connector -cf Figure ITI-21b

'is recommended.

Typical crysédl filter pass band characteriseics efe

) shown in Figure.Iﬁ&-Zz. It is desirable to hold the in-band
‘ripple to 1ess'£han % db/wiﬁh the 3 db filter width of -

. 450 ﬁz and the 30 db skirts width equal to about 1500 Hz.f

HoweVer, the skirt width can be increased if necessary.

~ In-band ripple '

,
don

3db Bandwidth

«~— 30db Skirts —-

. Figure 111-22 o
CrystélfFilter Pass Band Characteristics-
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COMPRESSION TECHNIQUES:

Basically wh;ﬁ is to be‘aécomplished in a compression
amplifier is to“éesign,a transfer function'thatLWill
compress the input signal range of about 108 to‘%ome small
range say -1 to 5 volts or for the SEP reéeiVér;éause the
VCO in the tape\unit to vary from approximate1; 300 Hzﬁto
3000 HZ;"FiguréiIIi-é3 éives the.méthématical'reiationship.
Incidentally, thé?results of Figure III-23 show that a one
percent readiné”iﬁ a 108 range requires the reSuifs from
the tape recorder to be read to a precision of 1}458_Hz
which would seem to be incompatible with the.p?éSently
contemplated tape unit. However, this,difficulty can
be pvercohe somewrat by coding the information iqto
‘several 30b Hz toEBOOO.Hz bands where each band is
_recorded at a different amplitude.

In general,. the three methods (§ystems) foriaécémplishing
logarithmic compression are: (1) a DC or bééé band

system using opérational amplifiers; (2) a low'ffequency ’

carrier system, éﬁd (3) a high frequency carrier*éystem._

- For the SEP receiver application, each' system hés‘sqme'~

merit so each are now briefly discussed.

_"DIRECT COUPLED SYSTEM:

This system was used in the original proposal-in the

. . B L. . - . . )
form of a low frequency amplifier (DC to 3000 Hz) system
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using operational amplifier and resistor feedback in a-
piece-wise linear.approach.* This technique is standard
~when a non—linear‘transfer function is needed w?rh
\bperational amplifier.= D;odes are required, however, and,'
therefore, the‘break'peints are difficult te'te@perature
compensate. One way of getting around this difficulty

is to make the eutput swing so large that the“aiede'
threshold is negligibie by comparison. However,fﬁor this
application whereythe required compression range (108) is
larger than we. had originally thought necessary and low

power drain is more important due to the 1onger ‘EVA. duration,

we now recommend that the carrier scheme be used.

LOW FREQUENCY CARRIER SYSTEM:

| Figure III”24'shows one method of implemen;iqg_a low
. frequendy AC (carrier) compression amplifier. If the
‘1input‘signal is very small, only the last amplifier in
the chain is saturated. As the signal increasesuiﬁ
amplitude successrvely earlier state'saturate (limit) and
tﬁe eurpat is"géiﬁéd from each stage properly "weighted5*.
zwith a ladder network to giQe a logarthmic respehse. This

concept is va11d over a range of frequenc1es llmlted by

" the value of the coupllng capac;tor at the - low end

* "Electrlcal Surface Properties Proposal," October 23, 1969,
Figure I1I-9.
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AC Logarithmic Amplifier
_‘-Figuré'iII—24
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Ty

of the band and b} the phase delay (shift) at hlgh

frequenc1es.

As previously mentioned, this'system has begh
extensively used in several scientific probesff?-One‘
.general diffiéulﬁy is that this implementa£ibn ténds to
be unstable and requlres not only hlgh frequenpy components
to minimize phase Shlft but also a great deal of: decoupllng,
stiff biases, etc., which increases both the complexlty

e

and power drain.

LOGARITHMIC AMPLIFIERS:

An émplifier;éircuit'in which an incremental gain is
inversely propdrtibnal to the input‘signal voltagé has the“
-chAracteristics of logarithmic'mode of operation. With
‘reference to Figure III-25a, the incremental gain AG is

related.to the input signal Vi as - Ql

AZ0 _m . .
86 2 2 =B . (29)

S Amplifiérﬁ%
Yi _ Circuit .y "o

Figure »III;éSa

3 ibid foofnote‘#l.
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fal

where ¢ = constant of integration
‘ vy and V = are input and outégt vdltaééé?iespectivély
m = slépe'éf the curve | |
Three main p;rcuit design aéproaches'are available to
‘ddrrelatevthe input ana output voltages logérithmically'ih
order to achieQe'ﬁigh’dynaﬁic range capability.;These apprbaches'

;?rer, P ; ) 1 . o o
(1) Non-linéar feedback circuits (piece-wise 1inea£).\
(2) Circuité using non-linear loads (Reference #i)

(3) Successive detection circuits o

The first th which have been discussed ané?the

successive detection. method is commonly used forxhigh

frequency logarithmic compression amplifiers. .

DESCRIPTION .OF YS'JI{‘_;’ICESSIVE DETECTION METHOL -«

Figurg I1I-25b describes the typical funqtionai diagram of

'a logarithmic amplifier circuit using a sucgesgi;evdeteétion
approach wherein A?s are the amplifier stagés{ b;s are thé
detector étages fqéding the delay 1line. |

-"Thé'indi9§au£i output of each detector stage is shown °

iiﬁ the lower.poréion of Figure 111—254. -Since t?e time.dgiays

;iﬂ_ea§h delay section are the same ‘as those of amplifier -
-stage, the output sun-is as-shown in upper- portion.of. . - . . .
Figure III-25c, Wvhereby the input and output'quéége bear a -

logarithmic relationship.
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Logarithmic IF amplifiers using this techhique are

available at various frequencies and, therefore, can be

(R

considered.

PO TN

THE RECEIVER BLOCK DIAGRAM:

Based on techn1ca1 con51deratlons that were outllned

l

in the prevxous sectlons, the receiver conflguraflons shown

in Figure III—26 is recommended. This system which is very
similar to the Orgginal proposal may be implemented using
standard eieét%bnic designs.

The front.end émplifiers should have a maximum noise
figuréxof 6 db'with a gain of 20 db +; db per scage over the
expected temperature range in a frequency bandﬂfrom .3 MHz to
35 MHz. | )

The preamp i3 made up from the same stages as the front
end amp.. . ‘

The RF switches are‘4 diode quads made with.HP hot
carrier diodes. ‘ | .

The band pass filters are standard crystéi‘filters with
450 Hz BW (3db) and about 1500 Hz 30 db skirts. The in-band ..
;ipple should bé'ioss than % db peak to peak. The insertion! ‘
loss is not cr1t1ca1 ‘but should be specified less than 6d4db. [U; 2
' ' The mixer preamp ‘1s a one stage ampllfler and serves to R

N

isolate the mixer from the crystal filters.
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Tne opcrat@ng frequency of the.logarithmiéiamplifrer
:‘and its companien local oscillator is not critical and’thezt.
'ch01ce should be’ governed by performance and delivery of
"quallfled commerlcal desxgns. | v
The. recelver tlmlng may be accompllshed in a number of
f~ways the exact system choice should be based on almp11c1ty
lfof components. The RCS proposed timing system would appear
:to be overly comp’ex, but it would certainly sufrlce.’ I
"believe the syste1 indicated in Figure -III-26 is 51mpler.
”Functlonally,’the timing section must generate the necessary
. control signals to sequencially.switch the three’loop '
antennas, the band pass filters and the propergleeal
oseillator synchronously with the transmitteri:‘%nalysis i
.of the timing error analysis indicated that w1thout
\resynchronlzatlonlln the required stability .of the local
”osc1llator (LO”l) would Le one part in 106Vper @ay with

a frequency offset of one part in 107

We beliéve that
to obtain this offset would requlre a crystal oven and
‘should be, therefore, avoided. The feedback loop shown
:ailows direc£ freéueney comparison w1th the transmltter

-one per second and should suffice.
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‘é. fape Recorder
A typical late Apollo mission could ianive three
EVA‘s} each of. six-hour "“duration, ‘with traverses lasting;'f
four or five hovrs. A minimum of ten hours of recording. -
time is desiregito allowtéhe receiver to operate withoutlw'
_ attention duﬁiﬁg two‘traverses.. R B
' For this application, power consumption .and opé}atihg"
. time directly affedt battery weight. Sincé:g;relativelf%k
long operatiné”time is desired, power consumﬁfﬁon shouldt;
‘be small. Additionally the recorder should be small and'
slight—weightl'if should contain enough tape so that tapés':
need not be changed, and. it should be sealed ts maintaiq‘
# proper environment for the mechanical parfs?énd lubricanﬁs.
Provisioqally, the tape recorder selectgéfto meet
these requirements is the Leach 11-14000 Data Storage -
Electfbnics,Assémbly (DSEA). This unit was designed as
a voice recorder for use aboard the LM, and hdéubeehz
qualified for use in the LM and for return toféarth.in ‘
the CM cabin environment. The unit is'usedriﬁfthe_pﬁngg»ﬂ-
: ModuleAto record voice-keyed audié with supefﬁﬁpoéed. '
- time infofmatioq. A reference ffequency is feéorded for
_Qpeiatihg the‘sﬁeea—contro;‘séryo in the reproduce
transport.
(i) Specifications
Specifications, for the existing,.qualifiga; tape

<
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‘¥ recorder aréfliéted below:
size: 6.22 x 2.05 x 4.0 inches . li' | o
Weight{‘2.3 pounds ° | o |

" Power: éi4 watts : e
Channels: 1One. (The DSEA uses 4 tracké\ﬁith tracffﬁf

}{switching to realize the recording time) -
Recordiﬁé?Time: 10 hours o
Tape Speed: 0.6 inches per second sy
Tape: 450 ft. of 1/4 inch, 1/2 mil tape. 
Frequency Response: 300Hz to 5.2KHz, w1th audlo
compressed into 300Hz to 3KHz,'a’
time-code modulated FM. carrier éé,
4.4KHz + 5%, and a réference:atl‘
. 5.2KHz. . |
Signal -to Noise Ratio: 35dB. .
Operational Environment: Temperature:cobgto lébbF.
Pressure: Atmospherié~to )
hafdAGacuum |
Acceleratiaﬁ:-lgg

" Random Vibration: 9g mms for

» | . 3% p-é o

’;i;;iz!_’,v S L h;, - . flutter

"Shock 52g” for llms, 1/2 :sine - —

- shock (survival qnly)
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Non-Operatlonal Temperature: ~20°F to 160°F
Start Tlme. 50 milliseconds '
-Track 5w1tch1ng and Reversal Time: 100 mllllseconds
Life: 5900 hours. .i
Storage: 5 years,Aprovided recorder'ieleberated'atﬁi;
llleast once every 120 days for\afminimum
tqu one minute; o
Surviva; Pfobability for 10-hr. mission:X0:9998
(ii) Operation

| Once loaded and initialized for operatioh; the DSEA -
A‘oéepates automatically for up to 10 hours, yith track = H
ewitching and’tape motion reversal accompligheélby logie‘;
e'dircuitry usiﬁétlatching relays. Track switching at the ;
end of each of the 2.5 hour passes occurs in less than;

B 100 mllllseconds. The latching relays prov1de a memory .
.functlon and ensure that recording will resume on the ‘

- same track in the same direction after a powerhlptetruption
B eo that no special attention need be given theetape.uait
before or aftef:the shut-dowvn between travereesl..

B An iﬁdieat;en of ieéorder‘operation‘is.given by a -
tape motion amplifier whlch prov1des a relay closure when-

;,51gnals are sensed on the tape 1n the range of 300Hz to,a7

"3KHz ;" thls szgnal may be used to drive a go/nc go 1ndlcator,f'
since the VCO- w111 continuously supply a 519na1 to the

recorder regardless of the received signal'strength;~
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(111)’ bata ﬁetrieval
Follow1nq the final traverse, the recdrdErLis'renoﬁedé .
-{from the recelver package and returned to earth. No o
“attempt at handllng the tape magazine need be made and ;?1; -
’the seal need not be opened, allev1atlng the p“oblems of" ‘
"dnst and mishandling. The weight of the recorder is small;-
n(2.3 lb.)‘and,the recorder itself serves as ajprotectlve o -
tcarrying case "for the return trip. This procedhre isb |
- essentially the same as that used to return the IM's
DSEA, and exoerlence has 1nd1cated that the tape is
. suitably protected by the recorder.
(iv) Preflight and Postflight
- The DSEA is intended for use as a recorder only,
although a monntorlng signal is available for each tape AQ
track Playback after recordlng is done with 2 reproduce;f
transpbrt in a +est set provided by the manufacturer,~ )
cheach, NASA/MSC and KSC have playback equ1pment for the f
:ﬁbSEA as configured for the LM, so it is obvioﬁslf o
' desirable to maintain'interface compatibilit;;:
“ffﬂ" ‘The DSEA Is tested by recording -a test - tape maga21ne+«'Va s
b for playback in *he reproduce transport. Follow1ng test,k

a clean tape maga21ne is 1nstalled, the head shleld

llreallgned and the ‘DSEA 1s_sea1ed using a- fresh O—rlng;jf““%1f~'~-“~r

and a coat of sealant A 'reset' pulse is apolled to setp‘

the control logic to track 1 forward (this need be done

~
B
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“‘modlflcatlon[
‘nojmodification

be desirable.

{Ioﬁiy on'the ground) to prepare the recorder rorIoperationuﬁ‘
“JAfter the fourth pass is completed the DSEA wrll stop untll
or;another reset ‘is applied; thus preventing overwrltlng of '
‘ﬁdata.

(v)

Modlflcatlons'

The DSEA W1ll work in this appllcatlon Wlth minimal .
indeed it will operate satisfactorily w1th.‘-
at all, although a few simpielchanges may: ’

© - =

Since. the voice operated keying. feature of .the DSEA is

" . not required in:this application, it may be desirable»toffﬁ

*:operate the drive motor..

‘consumption.

,115 volts,

’-Hertz dlrectly , o Qh-

' eliminate this feature to save some.weight and:power

AR
o

The input power level required for the exlstlng DSEA is
400 Hertz; this is transformed down to 26 volts to

Since this input power must be

‘provided by a battery driven inverter in the'experiment;.it

may be desirable to modify the DSEA to accept 26 volts, 400

stcuSSLOns w1th the manufacturer of the DSFA are

“contlnulng to deflne the desirability of these and other‘.:

mlnor modlflcatlons whlch can be accompllshed w1thout

requlrlng exten51ve requallflcatlon. ST e =¥;

<
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I11-2. Enveloﬁééoéscription

The experim¢nt péckage consists of two asscmblieé,

a transmitter iéésemﬁiy I) and a receiver (assembly II).
Before deployment the transmitter assémbly céntéins the
transmitting.antenﬁas on fdur reels, and thejréééiver
assembly cqnt&%ns the receiving loops foldedfin a flat
configuration. . The transmitter is.to be deployed a short
distance fromntbé LM and the receiver may be mounted on
the Mobile Equipment Transport, on the Lunar‘vaing
Vehicle, or méy be hand carried for a walking”traverse.
a. Transmitter Mechanical ’;;

The transmitter assembly céntains the tréhsﬁitter
electronics,wtﬁe“antennas<reels, and a solar ﬁénel for a
power source.‘lTﬁe transmitter case is a cylinder of
.Gfinch,diameﬁeg‘moqn;ed on a 9x9»%nch base wﬂich serves
as a protective cover for the solar panel béfgie.deploymeﬁﬁ,
and as a foot for the assembly after deplqymgﬂﬁ. ‘

The fopr'élements of the transmitting aﬁ%éqnas mount
on four reels §€§wed around the transmitter. ;Eéch reel
.;meésﬁres §.25 £§ Ib}'8.5 in OD, and 1 inch thick,‘and;
.weighs less £han.l/3—lb without wire. Hamdlﬁdi of the'

-“reels may be done u51ng a un1versa1 handlmng tool or a

‘spec.tal t°°l '“aY be Supplled to 1nterface (convpnlent]_y wlth“" - ;.

the reel hubs.
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Antenna Rcelé

Solar Panel Release

6 52 ::;/Pin
. Handle:
/
o \Solar Panel Stowed
.+ Velcro Pad '
on last turn
Solar Panel
Release
9'0
- o 90 — - o IR ’ - —
. Figure I¥§-27' T:anSmit;ef Stcwed
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~--ﬁSideView

Figurc {III-28  Transmitter, Deployed
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The solar pancl provides continuous’poker to the
transmitter and also serves as a sun screen for the
transmitter's]rgdiating_(top) surface. The panel measures
9x9 inches andlweighs approximately 1 1b with"its fixtures.

Essentially all the volume in the.transm£tter case is
allotted for the transmitter electronics. The‘interior
dimensions, after thermei blanketing, are S.B”aia 2 4;51
inches high cr 107 in, |
b. ReeeivervMeéhanical

The major features of the receiver assembly,are the

case (a), containing the electronics, tape reccrder, and

Abatteries, the antenna assembly (b), and an extendable
mast (c) for Rover use. The antennas and maetthill be
sufficiently stfbng to permit handling ofﬂthe:éaekage by
the antennas. - B a
The space,remaining*in the receiver caée:EEte: the
thermal blanketing is 4.5 x 8 x 8 in.’ (256 in ) The
allocation of this volume is as follows. S

{

Recorder'with interconnect block: 2.1x5x7 (73.5 in?)

Energy. souxce - . - e . 3.
(Silver-2inc battery) 2x4x7 (56 in”)
Receivef Electronics: , \ 2x527'j (70 inBY

'-V_W1th1n the case, a central web serves. as "the medlum _;

switch. The tape recorder is mounted by meane of slide
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fasteners, aad is released after the»last traéefse by
: opening a door and pulling a lanyard. |

A three-position lever-type control anélaniiﬂdicater
are located on the side of:the receiver case (mounting on
the top of thejcase wouié'increaseAthe possibility of
contaminating tﬁe radiator with dust). éositéon 1l of
the controlvturns the receiver off; positiongé'biaces the
receiver in the semi-active thermal control @aae between
traverses, and“position 3 turns the receiveryoﬁ. When the
receiver is on; ehe indicator is illuminated when there
is satisfactoryibutput from the tape motion sensor. When
the feceiver is placed in the semi-active ther&al control
.mode, the 1ndlcator remains lit for several seconds after
‘the switch is ‘thrown, and then'is extlngulshed and-when \
the receiver }a(shut off, the 1nd;cator-goe§ eff
--immediately. | '
_c.. Stowed Confiéu;ation

In the stowed eonfiguration . the completéﬁpackage
occupies a volume of less than one cublc foot.‘{The
3transm1tt1ng antennas occupy four reels, the~ rece1v1ag

loops are folded flat,~and the solar panel for the‘

transmltter lS seowed beneath the transmltter foot. To

,fprevent dustzcontamlnatlon, the sola:-panel,and,the‘:‘
radiating surfaces for both the transmitter anﬁgreceiver
are covered by protective sheets until deploymeat;is4qomplete,-
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t L ELECTRONICS

TAPE
RECORDER

" Figure III-31 - Receiver Eleciﬁ'roﬁ‘i_c’: Subassemblies
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- I1I-3. Thermal de51gn - ‘ ' - L
In wrltlng a heat balance equatlon for an object on fﬁég
lunar surface it is necessary to consider: N |
1. Heat generated in the equipment; _
2. Heat absorbed by direct radiation from the Suh;::f7'
3. Heat apecrbed(from reflected radiatioe.fromiihe‘
iuhef éﬁrface; - o
4. Heat absorbed from IR radiation from theé lunar = °
surface; |
5. Heat conducted to or from the lunar sufface;
6. Heat. transferred to or from man-placed cbjects on B
the lunar surface; ‘
7. Heat‘ioes from the object by radiatiodl
The surface temperéture of the moon varieéibetween:90°
"and 310° K for a sun engle variation from OAte 259 . Since -
. the amount cf heat transferred eo an objecf’byéiR from tﬁet
. moon's surface can be quite high, and is obvioﬁsly a large .
vaiiable, the:éhefmal control probiem can be re@uced if the
"equipment is insulated from this effect. This Qi;l be done
- by applying insulation to the bottom and sidef's?"c:‘f‘the"--"'-:f-~
eéuipment., With adequate 1nsu1at10n, the heat flow through
these surfaces can be neglected by comparlson w1th the heatA.

flow through the top~ surface and’ 1t 1is only necessary to examlne “*

- in detall_thevtop surface of_theAequlpment, _ g“ e s nTTIET
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" a. Transmltter
The heat balance equation is:
4
Ar T = Q +‘a Ai § sin¢

or:

v = \j/o ¥ a Ay S sing
€ ,Ao e ‘ o )
where:

€ is the emissivity of the radiating surface

Ar is the afea of the radiating surface, idfmetersz

o is the Stefan-Boltzmann constant

= 5.669 10~ watts meter™? (deg xy 4

T is the surface temperature in degrees'Kelvin

o .

is the internal power dissipation, in watts
o is the absorbtivity of the surface

i

A, is the area of the absorbing surface, in ineters2
-8 1is the solar constant = 1375 watts/meter
¢

2 .

oA
[

is the angle of the sun with respect to the‘radiatihg
surface | | ..'b
The solar panel actually will serve as a sun shield.
‘rbut for a prelxmznary desxgn, the benef1c1a1 effect of thls
-shield- will be neglected, and .the temperature w111 be
:calculated for the two extreme conditions. marned by a sun.; 
:_angle of 0 and 25 degrees._ The transmltter power dissipation. =
is 5. watts, and the top surface 1s assumed to be palntea-&;th

an 8-mil thlckhess of $13-G paint whlch has an absorptlon, Oy

of .20 for.sunligﬁt-and an emissiyity, e,'e§ L§7.for IR. HThe
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lsurface area is .01825 metersz. The temperature then”iéi,;

b

o - [5F (0.27(0.01825)(1375) (0.4268)
7(0.87) (0.01825) (5.669) 10~°

= 298% = 25% [; = 25‘5'
‘or: ‘
T = S Lo
U (0.87) (0.01825) (5.669) 1078 =

= 273°%k =0°c Ep=o°]
' If « increases to .50 because of dust contaminating the heat

. transfer surface, then:

o= [B5 % (0.5)(0.1825)(1375) (0.4226)
| (0.87) (0.01825) (5.669) 10™°

= 3279k 5:54°% [? =25% a-= o.{}

This range of temperatures is reasonable»fqr the heat -
sink surface. However, some important effects have not yet:

__been taken into account.

1. At what temperature will thé elecfronics sfggiliée
duringidéplgyment before the solar éellé,cah suéﬁly

‘ pgwerjtééfheAgransmittgr?J_ o R
2. Is there any problem during stowage qﬁﬁfhé*ﬁéy to

the moon if the top surface sees mps£l§ space?
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3. What thcrmal effect can be expectedldne to thermax
paths“cnrough the antenna wires? Alsc,what effecff
will conductive paths between the radiaﬁinq ;uf:écé(
and the rest of the case have? -

The first two problems above may be solved?by projiding
aifemporary thermal blanket and dust shield over the‘éop
,:surface which can be removed at the time the transmitter is.
:;turncd on.

At the 25° sun angle the antennas and othér‘wires will;
Ebe cooler than the 50°C calculated for a dlrty radlatlng
;surface and therefore tend to lower the temperature of . the

.1transm1tter as desired. At the 0° sun angle these w;res may
0 ,

r.be as cold as 100 K. Assuming 30 number 25 gage copper wires
,;conductlng heat to the out51de with-a %% of 20 C per cm.,:the

-thermal balance is then: ‘ .
o 4 AT -
N Ar,q' T =+ KAC X =5 ot <

(.87)'(.01825) (5.669 x 10~°)1? + 3.8 (.@39)(20) =5 -
.and the temperatpre then is: - ’ '

T = ‘4’22 5 108 = 218% = -55°¢

It is apparent that these losses are very slgnlflcant

and w1ll have to be reduced by thermally 1nsulat1ng the cable

: for some dlstance ( 1 foot) =

" The conductlve paths between the rad1at1ng surface and
the rest of the.case can be minimized by proper 1nsu1at10n.

and materials selection.
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\:.

b. Receiver
The receiver poscs a different problem in that its

.orientation is not fixed; it may or may not be shaded;’

‘,1t will be turned off for periods of tlme, and since 1t lS:
' battery powered a hlgh—powered heater cannot be used for

" thermal control. Also, the tape recorder and batterles .

impose a more limited temperature range than that required'l

by the transmitter: ideally, these elements should be

. maintained between +20 and +150°F (-7 to +65°C),“ The

~number of wires emanating from the receiver is less but the

thermal leakage paths provided by them still is ‘signigicant.
. Assuming 6 wires of 8-mil diameter with a 20°C”pér centimeter:
gradlent, the loss will be 0.15 watt.

Obv1ously, the heat transfer surface cannot be allowed to

radlate contlnuously because if .the receiver were turned off

and then shaded by-a part of the -transport structure, the

f battery might become too cold for proper operatlon. . This

means that the radiation heat transfer surface,must be
thermally-isolated except for .a "thermal switch" which allows

heat to flow when the recelver heats up durlng operatlon._;

Elther an 1nsulat1ng shutter or a contacting type swrtch

-might be used. A preliminary design indicates that a contactlng,'

type sw1tch w1ll offer the lowest leakage. .;""fii_ RS

For design purposes it appears that something on the i
order of 1/4 watt will be required to maintain the receiver

thermal environment when it is turned off."
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The thermal configuration proposed for thélreceiver
:‘therefofe is a semi-active system. The electfbﬁics,'tapegfj
:;ﬁpit, and battery are mounted in a container thérmall§: ¥
ﬁiinéulated on all sides and insulated from the :c"afd:i.at:o,":;.;-'-,.'!.')~
Z}Tﬁé radiator'surface is designed so that its feﬁperatufebjé;
~f§iil never exceed 80°F. A thermal switch is used to ﬁfﬁviéé
LAa heat path. from the internal heat sink. to the radlator when-
 _ever the 1nternal temperature approaches 80° F. A prellmlnary
;;de51gn 1nd1cates that it should be possible to bu11d a hea;
switch with thermal resistance in the "on" staté of iess,tﬁén
431 mw/ F. ‘ |
| In the 0perat10nal state the receiver’s thermal system
must ellmlnate approximately 5 watts plus the heat evolved
;from the batteries; -assuming 7 watts total f;r;now, the
" temperature drop.acroSs the closed thermal,swi%ch will be
‘ﬁ709F (21°C) for a'maximum internal temperatu;e Qf 1509F ,$F
'Ek55°C).f In thelétandby'state, the internal powef is.small;3

.and the thermal switch usually will be open.
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III-4.

"Weight Estimates

4 1b . .

Transmitter
Antennas: a.) Réels, 4 at"0.3 1.2 1b
| b.) Ribbon wirev » | 5.6 1b
Solar Panel with Fixtures - o 1.0 1b
_ Case and Thermal - . T ?m,~ R
. Electronics ' o , 1,9‘lb
11.1 1b
Receiver
Loopé , | : A‘,( 0.9 1b
Mast " | ' ‘ 1.0 1b
Recorder | ‘ . 2.3 iﬁ
Case and Insulatioh | | y 2.4 1b
Batteries (Silver Zinc, 60 wH @ 40wH/1b) 1.5 1b
Electroﬂics‘ ' . 2.5 1b
‘ 10.8 ib
Totals ~ )
Launchiand Lunar Descent weight: . 21.9 1b
‘Receiver Weight>for LRV, MET,‘dr‘Carry;pg: 10.8 1b "
Tape ﬁecorder Weight for Data Retrigv;i: 2.3 1b
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I1I-5. Power Requircments
The SEP equipment cbntqins its own power sources and

requires no external powver. | : |
a. Transmitter Power i

The transmitter power source is a solar panel meaégring
bapproximately 9x9'inch053 Using a derated (for dust) density
of 5.5 watts/ftg; the power available .to the transmitter
electronics is 3.66”wét£s, continuous. - ‘ R

The average power radiated by the transmigﬁér is 0.325
watts so, assuming an efficiency of 50%, the power input
to the RF amplifier is 0.65 watts. Additional eiectronics
might require 1.0 watt, and the logic is expectea to consume
less than 0.5 watt, for a total power dissipatioh‘of less
than 2,15 watte. There is then 1.5 watts availaﬁle for
operation of a thermostatically-controlled heatéf if needed

for temperature control.
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b. Receiver Power

The receiver power source i§ a silver-zinc battery of
the secondary éype. SilQer-zinc batteries.exhibit energy
densities from 15 to 60 watt-hours/lb. These batteries are ..
rechargeable and have a cycle life of a few hundred cycles.

The receiver}s power budget is as follows¥

Operational (10 hours total): |

Tape Récorﬁer: - 2.4 Qatts fmax)

Tape Recorder Power Supply: 1.2 watts

Receiver Electronics: , 1.0 watt
Receiver Logic: : 0.4 watts

5.0 watts, or 50'
watt-hours
Non-Operational (heater mode):
Assuming ghat 0.25 watts average is required to
maintain the electronics temperature satisfactorily,
and permitting 40 hours of operation in this mode,
an additional 10 watt-hours will be fequired.
Using a typical energy deﬁsity of 40 watt-hoﬁfé/lb. and
2.8 watt*hours/in.3, prédicted battery weight is 1.5 1b.

and predicted volume is 21.5 cubic inches.
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A number of available cells fit this application
closecly. The Eagle-Picher SZLR 20.0 cell is a 20A-hour
device at the 10-hour discharge rate with initial energy
densities of 60 watt-hours/1lt. and 4.65 wH/in?; -Each ceii .
measures 0.89 x 2.20 x 3.75 inches and weighs 8.1 oz. The cell
voltage, at a low discharge rate, is fairly cdnstant at 1.5:
Volés SO one sﬁch cell will supply.30 wétt-ﬁoufs;' Three
cells, then, will give a batfery with an.initial{availéblg‘
energy of 90 watt héurs, 50% more than reqﬁire&.t The

additional capacity covers the effects of seldeiécharge

during wet stand, ‘and low temperature.
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I1I-6. Required Eqnipment
A. Breadboards:
To assist in early design effotts and preliminary concept
evaluation; )
B. Engineering Unit
A non-production electrical equivalent of tne SEP apparatus
to be used for design verification and evaluation changes.
C. Structural/Thermal Mockups
As required for proof of the mechanical and thermal design;
' The primery thermal mockup unit is to be used for thermal/ -
vacuum testing, and requires internal heat sources (in lieu
of electronics and tape recorder) and su%ficient
. instrumentation (i.e., temperature sensofs) to proveithe
‘soundness of the thermal design.
D. System Interface Mockups
For simulation and demonstration of'S/C'and~lunar vehicle
interfacing. The following are contem?iated:

a. A stowed configuration mockup fer,the M.

b. Aireceiver mockup for the LRV or MET.

‘ic,,A,mockup of the tape recorder.

- E. ' Astronaut Training Mockup
Since the operatlon of the SEP equlpment requlres

'ﬁmlnlmal attentxon and there are no real tlme dlsplay or”

operat10na1 requlrements, the tralnlng equlpment may be

.functlonallyV51mple and may be~made-one-51xth the welght
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;'of the flzght hardware to simulate lunar grav;ty. To

demonstrate the transmlttlng antenna deployment, this unit’
will require reels and ribbons identical to those de51gned
- for the flight equ1pment. The form factor and handling
will be exactly that of the flight equipment, although
this unit will contain no actual electronics or tape
recorder. o ‘
F. Prototype Unit

This unit is;a non-production prototype fabricated
insofar as possible to the fligﬁt hardware design. The
unit is intended for a glacier test of the gxpe;iment
conceét and design in March, 1971, and will require a
tape recorder and full electronics, although not
necessarily flyable hardware.: The equipment will be
‘identical to the flight equipment as defined by October,
1970. o | |
;G; System Compatibility Model

This is the first producéion equipment; following °
evaluation it will be delivered for compatibiii%y teStiné
as directed by the‘Contxacting.O£ficer. ¥- |
"H. Qualification Unit
The seconé.production unit is inﬁended for qualification

testing, folldwing acceptance, testing; this is the first

unit requiring all flight—qualified-componenté;’,




J. Flight unit
K. Flight Spare
L. Flight Unit
M. Flight Spcre

a.. Ground Support Equipment
The équipment.required to evaluate. the transmitter and
" receiver must' perform the following:
a. For the transmitter
1. Provide adjustable metered power tc the
transmitter electronics.
2. Provide adjustable or switchable dummy 1oads.
3. Measure and display power output at each
frequency as a function of time.
4. Measire cransmitter clock frequency.
b. For the receiver
1. Provide adjustable.métered power.
2. Measure battery voltage for deterﬁication of.
stéte of charge. - . ©
3. Provide to the antenna termihals adjustable
signglscsimulating thoséﬂtransmiftgﬁ,fo;rv‘
evaluation of sensitivity, noise figure, and

frequency characteristics. SuffiCient'adjustmeht

R rshould exist to permlt receiver. callbratlon.

4. Provxde a battery- charglng capablllty.

5.. Dlsplgy recorder VCO output and input..
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6ﬂ Provide facilitics for evaluating the tape
recorder and for reproducin§ taﬁes.

The GSE will consist_largely of rack-mounted commercial
instrumcnts;A'Specialized hardvare will be rgquired for
commutating andldeccmmutating signals, simuiafing loads,
and switching among the various functions.

Thé-transmifter aﬁd feﬁeiver will ha?e test connectdrs'

for interfacing with the GSE.

Three sets of GSE are proposed; two for delivery (to .|

- MSC and KsC) and ‘one to be used at MIT for acceptance,

qualification, and production final testing.
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SECTION IV - OPERATIONAL REQUIREMENTS

119%1 Mission requirements
a. ySpacecraft'orientation requirements

There are no requirements for special landing sites or :
_'eoacecraft maneuvers. |
- b. Astronaut participation

" The astronaut is required to deploy'tne transmitter and
transmitting antenna, perform a calibration walk, mount the
‘receiver in the MET or LRV before starting a‘fraverse, turn
the receiver on or off at the beginning or end of a traverse,
~and recover the tape unit at the conclusion of tne'experiment.
Detail of these tasks is discussed belowv.
‘(i) Deployment |

The stowed asembly is taken from the LM descent stage
and carried approx1mately 200 meters from the LM. The
litranSmitter is releasecd from the package by a lanyard pull, --
the covered solar panel 1s unfolded and the transmitter |
:assembly placed so that the solar panel is facing in the
general direction of the sun (ilso). The topmost antenna
 ;eel ievliﬁtedﬁfrom_the cgansmitfer by the handling tool and
‘the antenna limb is extended .in a stralght line. The ancenne

wire will be color coded near the end to prewvent overstress

f,when the reel is fully unwound The reel is placed hub down '

on the surface and may-be anchored by_steppimg on it. This

procedure is repeated for the other three antenna sections.

IV =1




ﬁThc astronaut then returns to the transmlttex, and removes:
thc protective covering on the transmitter radlator surfacei
,.and solar panel. |

’ Attention then is directed to the receiver. The.
'receiving loops are unfolded, the mast is extended, and'the3

4

;ﬂprotective cover removed from the radiator. The receiver
‘.then is turned on”and its qperatioﬁ verified by observingff.
the.indieator. The astronaut should indicete when the _ s
rreceiver is turned on over the veiee link.
(ii) calibration
The receiver then is carried along one limb of the
" antenna, and pauses are made at several points indicated by

-markings on the antenna. The receiver then is placed in

~ the. thermal-control mode until the first traverse.

(iii) Operation
Followlng the callbratlon, the receiver is mounted in:
the MET or on the LRV. When the flrst~traverse is to be
'_made, the receiver is turned on and }eft on until the frayerse '
'>is complete. Again, for data correlation purposes, the ' |
astronaut should indicate, by voice; the time at which the
receiver'isAturned.on. Followiné the rraverse, £hé3réée1§ef;
is returned to the thermal-control mode. .

- The above procedure is repeated for each- traverse but _i1

the last. Follow1ng the flnal traversc, the receiver - is
turned off and the tape recorder isiremqved for return'to'

earth.




C(iv)

Time Estimate for Deployment by One Astronaut
Remove equipment from Descent Stage " 60 sec
'Carry to deployment site (200m € 0.8/sec) 250 sec
Separate package and set up transmitter ' '120 seé"
Deploy antennas (see Flgure Iv-1)
560m @ o. 8m/sec ‘ o j~"-—~—m¥g~4f-—; 700 séq
Remove transmitter dust covers ' 60 sé¢
Extend receiver mast, remove dust cover, 60 sec-
.and turn on. Indicate over voice link
Verify receiver operation | 60 sec
" Carry receiver for calibration . ‘ 160 sec
(70m @ 0.5m/sec + 10 stops @ 2 sec)
Set receiver to sténdby mode 30 sec
Return receiver to vicinity of LM, LRV
or MET . 250 sec
Install receiver on LRV or MET ) 120 sec
1870 sec
31 min.

(v)'.

Tlme estimate for other act1v1t1es

“Turn recelver on or off at beglnnlng - .30

or end of traverse

Remove tape récorder at the end of last 180

traverse

_sec

sec..
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Figure 1IV-1. ‘ Deployment -
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c. . Flight Operational Requirements

With the single exception of voice-link notification
whén the receiver is turngd on, there are no special -
,communication,.tracking, or control requiremenfs. -There isl
‘no requirement for real-time operational support. | .
a. Possible Interference

" The SEP apparétus wiil radiéﬁé RFfénérgy‘at.the foliéwiﬁé -

frequencies and levels during the experiment:

,VFfeguencz , Power
0.5 MHz o ' 2w
1 MHz ' 1/2w

2 MHz 1/8w
4 MHz - "~ 1/8w
8 . MHz . 1/8w
16  MHz | : 1/8w
24 Mz . 1/8w
-32  MHz | i/8w

Interference generated by the low—leveltcircuitry (logic
and switching functions) will be minimal. .
- The susceptibility of thelreceiver to noise generated
by nearby man-made equipment will be assessed usiﬁg é'curve

of overall receiver sensitivity vs. frequency as the

| (3 ) - (] -. - o-. 3 ." » 4 - T - ° N -
__engineering information becomes- available. - --- - . ..
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V-2 Suppoft requirements

é. Prelaunch
j(i{ Astronaut training )
A moderate amount of crew training will be required fb}

éuccéssfully perform the SEP operational tasks described ;
‘above. Crew training will be accomplished through use.of a
;éfew tiaihing manual and a training mockup. -

| The training manual will provide a description of all
ﬁandling and control interfaces with the crew. It will .
p#ovide step by step details of SEP ﬁandling, deployment,

_abtivation, calibration, etc. The external features of the

tfaining mockup will be sufficiently complete to train the
éréQ in SEP handling and operation.
7}11) Tape recorder storage

‘:To maintain a proper distribution of lubricant in the
.fgpe recorder it is necessary that this unit be exercised
_forla(minimum of one minute at least once every 120 daYs;
b. Data recovery _ - o : .

Following the‘expgrimenﬁ, the collected data is stored on

-ﬁagnetic~tape~in the tape recorder. The. tape recorder,igf;~
fémbved from the receiver assembly as discussed previously,

and brought aboard the LM, Preliminary calculations indicéte

‘that the recorder may be exposed on the lunar surface.
Spécial handling or stowage for the return trip shduld'not:'

bé required.

.- 6

that no special -handling will be required during.the period =




‘c. Data processing and analysis

For safety reasoné,‘it will be desirable to ﬁake copies$ .
 ;f«the returned magnetic tape as soon as possible, These{f'
éopies then will be converted in special purpose data
”b;obessing equipment to conventional digital computer
.m§gnetic tape format.
Lf”j‘Subsequent analysis will require a good deal of coﬁpuféig
fexamination of the converted data tapes, along with qupariéon
,6ﬁ'£heoretica1 and analog scale models as described in

 Section II of this report.

I-_V‘T7




APPENDIX A

ROTATING FIGURE-OF-EIGHT RADIATION PATTERN

A rotating figure-of-eight pattern can be génerated
‘by modulating the excitation currents of two orthogonal
dipole antennas. Let~ia, ib pe the excitation currents
of such a set Qf dipole_antenpas aa and bb, shown in

Figure 1, such that,

ia = cos « eJut : (1)
i = sinaq A = (2)
where

w is the carrier frequency
A is the relative phase shift at the carrier frequency

o is the modulating angie;[d(t)<<w£f

The corresponding normalized far electric-field components

Ea and E,_ will be,

b
»lga(t,é) = cos,a,sin_e’ejwt S B

Eb(t,e) =-~sin g COs § e

where: 6 is the azimuthal -angle defined in Figure 1.
From (3) and (4), the respitant field'patfern ET is,

?T = Ea + Eb = [%QS a sine-sina ;os'e‘ejé] eJ“’t




where ej“’t is a common time dependence factor which can

be dropped for analysis purposes, resulting in:

Ep = [cosa sinf-sina cos® coslf]~j sina cos® sinA= X-jY

(5)

whére X; Y are the real and imaginary terms of ETT
The maxima (or minima) of the pattern can be
determined by taking a derivative of the radiated power
with respect to the azimuthal angle (6) and solving it for 6.
The roots of 6 determined thereby define the maximum and

minimum of the pattern as described below.

2 L] * .
3|Eq| _ 3 [Ep-Ep*] . AEL* . E, . ©
36 36 T 90 T ) A
where:

2 PR .
|Eq | Ep-Ep* is the radiated power

. >

Ep* = X+jY = [cosa sin6-sina cosé cos4] + jsina cosé sina
' . (7)

is the conjugate of Ep-

- From (5),

3, | .
ag = [cosa cosB+sina sinB cosA] + jsina sin sind = M+jN

(8

-~ ©  3E

| wheré M, N are. the real and imaginary parts of —k - '
" From (7),
3ET*
o = [cosa cosB+sina sind cosd] -jsina.sinf sindA = M-jN (9)
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From Equations (5) thru (9),

aIElev o o
—a0 [x-3Y] [M-3N] + [X+3Y][M+iN] =0

XM - YN = 0 | Qo)

‘Substituting values of X, M, Y, N in (10),

[cosa sinB-sina cos® cosA][cosa cosB+sina sinB cosA]

-[sina cos® ’sinA]X [sino sin® sinA] =0 (11)
which can be simplified to yield:

' _ sin2a _

tan 286 = cosA cosoa cosld tan2a (12)
~The roots of 6 from (12) are given as,

6 = 2 tan"! [cosA tan2a] + LS ‘ (13$«

n 2 ) i 2 .

- _ 1. -1 ‘ 5 .
_?or n=0, 6, = 5 tan [cosA tan2a] | (14)
For n=1, 8, = = tan ! [cosA tan2a] + % = o _+1 © (15)

RS S A o e 2 Y02

Field values at the two roots B el'from (5), (14) and (15) are,

Ep(8,) = [@osa.sineo-sina ¢osé  cost] - jsina cose  sind  (16)

Ep(8;) = [cosa cose +sina Sineo coséj‘+ jsina sinb  sind (17)




From (16) and (17)

2 2 2 2

| 2 _ : : S : |
|ET(GO)|. = cos“a Sln.60+51n a cos eo 2sina cosoa s1n6° coseo cosd .

(18)

2 _ .2 2 .2 . 2, . .
|ET(61)| = cos”a cos“f +sin"a sin”8 +2sina ?osa 51n60 cgseo cosA
| ‘ (19) .
From (18) and (19), |Eg(8,)|2>|Eo(8,)]? which indicates that
ET(el) is the maximum field and is separated from the minimum
field ET(BO) by 90° as shown in Figure 2. Replacing the
. dummy variable eo =6, the maximum and minimum field exp:essions
from (10) and (17) can be rewritten as,
Eax(8) = Ep(8;) = (cosa cosb+sina sin@ cossd)tjsina sind sxn%zo)
Emin(e) = ET(eo) = (cosa sinf-sina cos® cosA)~jsina cose’51n%21)
Now let the ratio of minimum’and maximum field amplitudes
be defined as: |
A Emin(e)
i (21)
o “max
such that: _
: '|Emax| —|Emin' _ 1-r2 .
.2 2 2 : - (22)
lEmax| +IEminI 14r
- Substituting yélues of E . and E . from (18) and (19) in
(22),'resultspafter some manipulation, in:
4 . 1-r2 ‘ B _
cos28. cos2a+sin28 sin2a cosh = ' - - (23)
: 1

+r2




Substituting cosA from (12), in (23) then yields:

2

cos2a = X cos28 ‘ O (24)

1+r2 -

Equations (12) and (24) relate the four variables r,

6, o and A controlling the behavior of the rotating radiation

pattern. The plots of these-equations are periodic in
nature and possesé symmetry about A = % and a = % axes as
shown in Figure 3.' Because of symmetry, all pertinent
information is contained in the range 0<a<% and 0<A<%.
Furthermore, it can be seen that for any two prescribed
parameters of the required rotating pattern, thé remaining
variables can be determined from Figure 3.

For example, suppose it is required to generate a
rotating pattern with a rotation rate of 15 revolutions
per second and with 80% modulation (r=0.2).In such a
case, the azimuth angle 6(t)=2w is scanned in 6.66x10—20
seconds. For graphical convenience, let this time interval
be divided into 32 intervals each of duration t=2.062 x 10
seconds corresponding to an angular change of %E' Usiqg
the plots of Figure 3, the corresponding values of A and a
can be determined and are drawn. in Figure 4. An elect;onic
Limplementafion,of;these values willﬁgen§r§;e the desired
15 rerlufiénsrbeilsecond roiétion rate. ) i |

Two special cases of interest can be inferred directly

from Figures 2 and 3, .
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(a) For 100% modulation (r=0) the contour lies on the
abcissa which means A=0 and a=6. This implies that to
realize a rotating beam ig case ¢ in Figure 2, no relative
phase shift in the carrier frequency is required or allowed.
The antenna excitation current angle a will be synchronous'
with the azimuthal angle 6 of the rotating beam. The ‘
éléctronic hardware iﬁ the traﬁShittef Aesigned fqr the
Surface Electrical Properties experiment has been designed
to operate in this 100% modulation mode.

(b) For the zero percent modulation case (r=1),1A=%

and a=%. This is the special case represented by the

conventional turnstile antenna.
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Figure 1. Set of Two Orthogonal Dipoles Antennas

s ArEmin|
~Case (a). r=7g =0.6
, max

(40% modulation)

Case (b). r=0.2 %
(80% modulati ?

4L

Ot’!

Case (¢c). r=0
(100% modulatlon)

Figure 2. Maximum and Minimum of Electric Field for
Rotating Radiation Pattern
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