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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
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PSPG 00595

APOLLO 14 CSM

13 CM BISTATIC RADAR LUNAR OBS.

71-008A-04A

This data set has been restored. There was originally one
9-track, 1600 BPI tape written in Binary. There is one restored tape.
The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.
The original tape was created on a 930 computer and the restored
tape was created on an IBM 9021 computer. The DR and DS numbers

along with the corresponding D number are as follows:

DR# Ds# D# FILES TIME SPAN

DR0O05628 DS005628 D011596 1 02/06/71 - 02/06/71


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=PSPG-00595

APOLLO 14 FPsPa - pos, o
116-CM BISTATIC RADAR LUNAR OBS.

71-008A~-04B

THIS DATA SET HAS BEEN RESTORED. IT ORIGINALLY CONTAINED ONE
9-TRACK, 800 BPI TAPE WRITTEN IN BINARY. THERE IS ONE RESTORED TAPE.
THE DR TAPE IS A 3480 CARTRIDGE AND THE DS TAPE IS 9-TRACK, 6250 BPI.
THE ORIGINAL TAPE WAS CREATED ON AN IBM 360 COMPUTER AND WAS RESTORED
ON THE MRS. THE DR AND DS NUMBER ALONG WITH THE CORRESPONDING D

NUMBER AND TIME SPAN IS AS FOLLOWS:

DR# DS# D# FILES TIME SPAN

DR0O03596 DS003596 D011595 1 02/06/71 - 02/06/71 (a)

(a) TWO READ ERRORS ON RECORDS 10 AND 7214


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=PSPG-00360

PSPs 00094

APOLLO 15 CS8M

13 CM BISTATIC RADAR LUNAR OBRS.

71-063A-14A

This data set has been restored. There were originally two
7-track, 800 BPI tapes written in Binary. There is one restored tape.
The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.
The original tapes were created on a 930 computer and the restored
tapes were created on an IBM 9021 computer. The DR and DS numbers

along with the corresponding D numbers are as follows:

DR# DS# D# FILES TIME SPAN
DRG0O5637 DS005637 D011591 1 08/01/71 - 08/01/71 (a)
D011592 2 08/01/71 - 08/01/71

(a) D011591: Read error occurred in record 3147 of file 1.


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=PSPG-00096
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APOLLO 15 CSM P5PG OS5 54

116-CM BISTATIC RADAR LUNAR OBS.

71-063A-14B

This data set has been restored. There was originally one

7-track, 800 BPI tape written in Binary. There is one restored tape.

The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.

The original tape was created on an IBM 930 computer and the restored

tape was created on an IBM 9021 computer. The DR and DS numbers along

with the corresponding D number are as follows:

FILES TIME SPAN

DR0O05894 DS005894 D011593 1 08/01/71 - 08/01/71


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=PSPG-00584

APOLLO 16 CSM PSFPG posyssg

13-CM BISTATIC RADAR LUNAR OBS.

72-031A-12A

This data set has been restored. There were originally two
7-track, 800 BPI tapes written in Binary. There is one restored tape.
The DR tape is a 3480 cartridge and the DS tape is 9-track, 6250 BPI.
The original tapes were created on a XDS computer and the restored
tapes were created on an IBM 9021 computer. The DR and DS numbers

along with the corresponding D numbers are as follows:

DR# DS# D# FILES TIME SPAN
DR0O05649 DS005649 D011589 1 04/23/72 - 04/23/72 (a)
D011588 2 04/23/72 - 04/23/72

(a) D011589: Read error occurred in record 309 of file 1.


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=PSPG-00568

REQ, AGENT RASH NO, ACQ, AGENT
WPP RBIZ719 COW

71.-008A+04A
‘ Apollo 14, 13 CM Bistatic Radar Lunar Obs,
The data is contained on one 800 BPI, 9 crack, binary XDS-sigma V tape
with one file, A 7track C copy was made,

D-11596 C~-09246 2/06/71 = 2/06/171

71-008A-04B
Apollo 14, 116 CM Bistatic Radar Lunmar Obs,
The data is contained on one 800 BPI, 9 track, Binary, XDS-sigma V tape
with one file, A 7 track C copy was made,

D-11595 C-09247 2/06/71 - 2/06/71

71-063A~-14A
Apollo 15, 13 CM Bistatic Radar Lunar Obs,
The data is contained on two 800 BPI, 9 track, Binary, XDS-sigma V tapes
with one file each, Two 7 track C copy's were made,
D-11i591 C-09248 1 of 2 8/01/71 - 8/01/71

D-11592 C~09249 2 o0of 2 8/01,71 - 8/01/71

71-063A-14B
Apello 15, 116 CM Bistati~ Radar Lunar Obs,
The data is contained on one 800 BPI, 9 track, Binary, XDS-sigma V tape
with one file, A 7 track C copy was made.

D-1153%3 C-09250 8/01/71 - 8/01/3

72-031A~12A
Apollo 16, 13 CM Bistatic Radar Lunar Obs,
The data is contained on two 800 ﬁPI, 9 track, Binary, XDS-sigma V tapes
‘ with one file each., Two 9 track C copy's were made,
D-11589 C-09251 1 of 2 47237712 - 4/23/72

D-11588 C=-09252 2 of 2 4/23/712 - 4/23/72



22:031A-128
Apollo 16, 116 CM Bistatic Radar Obs,
The data is contained on one 800 BPI, 9 track, Binary, XDS-sigma V tape
with one file each, A 7 track C copy was made,

D=-11590 C=u5253 4/23/12 - 4/23/72

71-008A-04C
71-063A~14C
72-031A-12C
D-1a 32y
Apollo 14, 15, 16 Combined Bistatic Radar Obs, C~0958a
This data is contained on one 800 BPI, 9 track, Binary, XDS-sigma V tape

with 6 files, A 7 track C copy was made,

D# C#  FILE CONTENTS DATE DATA WAS TAKEN
D=1 1A324 ¢ © "881  Apolle 14, 116CM 2/06/71
D=~ C-. -\ 2 Apollo 14, 13 CM 2/06/71
D- - c- I 3 Apollo 15, 1'6CM 8/01/71
D- C- 4 Apollo 15, 13 CM 8/G1/71
D- . C- 5 Apollo 16, 116CM 4/23/12
D- REACE S 8 6  Apollo 16, 13 CM 4/23/72




July 24, 1973

Tos Data Repository
From: ADP Services

Subject: Apollo 14, 1%, 16 Combined Bistatic Radar tape,

Please release tape DD115%4 and the corresponding DC number and
returu tc G, R, Dow as per attached letter, A replacement tape
DD12324 has been received, processed and placed in the NSSDC

library.




July 24, 1973

Mr, G. R, Dow

Center for Rader Astronomy
Dept., of Electrical Engineering
Stanford University

Stanford, California 94305

Subject: Your letter and shipment of Jume 25, 1973, concorning
the Bistatic Radar dzta tape,

Dear Mr, Dow,

We are returning, wnder separate cover, the magnetic tape
containing Apollo i4, 15 and 16 Bistatic Radar data which

you sent to us earlier this year, The replacement tape has
been duplicated and placed ia the NSSDC library. If you
have any questions please call us,

Yours truly,

Joseph R, Johns
Manager, AD? Services

Under Separate Cover:
Magnetic tepe containing
Apollo 14, 15 and 16 data (1)




May 11, 1973

To: C. Wende
From: ADP Servi-es

Subject: Apollo 16 Bistatic Radar data tapes

There is a data word discrepancy in the header record of the
Apollo 16, Bistatic Radar data tapes, Words 43 and 44 indicate
day and year that the data were collected in integer format,
Word 45 and 46 also indicate Julian Ephemeris day at 00,00,00
GMT or day the data was collected in dcuble precision format,
Based on our conversion of words 43 and 44 the time the data
were collected is 4/23/72, When data for words 45 and 46 were
calculated on the ephemeris day program (Julian) we came up with
a time that data were collectud as 4/22/72, The tapes were
processed using the first date; 4/23/72, If there are any

objections piease contact ADP Services,
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Appendix 1V . - N
e 1L © P e

JM Doptrack Tape Formats

This appendix describes the tape formats for thcgg%on%g‘ﬁgﬁk Tapes
generated in Subtask O of the text, Tapes are 9 track, binary in XDS
Sigma % machine images, These tapes contain the output of the polari=-
meter in Subtusk L, the corrected fractional polarization obtained from
Subtask 5, MSC trajectory data, and certain ancillary quantities compu~-
ted at Stantord, All records within the given file are the same length,
There may be more than one tape per file, Files are identified by a
header record which contains a brief description of the tape contents,
This Appendix describes the tape crganization, the file organization,
and the record formats for the JM Doptrack tapes, Definitions of the

tape contents are either given here or described by reference,

A. "Tape Organization

File No. Tapes Contents Record Length

1 1 Apollo-14 116 cm 514

2 1 Apollo-14 13 cm 514

3 1 Apollo-15 116 cm 1026

4 2 Apollo-15 13 cm 514 ’
5 X Apollo-16 116 em 1026 v//
6 2 Apollo-16 13 cm S14

B. File Organization
1. Header Record !
2. Data Record #1

3. Data Record #2

Obscrvational Data
L, Data Rccord #3 Data Frame
%. Data Record g4
€. Data Record #5 »

7. Data Record #5 ephcmeris data

. -
.
.

8‘
EBOoF 4
9. #=of (End of rile Worl)
IFFiles may be continucd across the end of a tape,



Appeadix IV (cont,)

. C. Header Record Formats

¥Yord No, Contents

1 Alphanunmeric Tape Identifier

k2

43 Day of year on which data were
collected (January 1 = day 1)

Ly Year data were taken

45 Julian Ephemeris Day at 00:00:00 GMT

L6 on the day the data were taken

L7 Julian Ephemeris Day of reference

L8 epoch

49 Time increment between data frames

50 Number of data records following the
Header Records (Number of data frames =
Number of Data Records s+ by 6)

50 No meaningful data

end ’

Units Machine Typea

s A
I
I
(days) DPR
(days) DPR
(sec) R
- I
/



Appendix IV (cont,)
‘ I A - Alpha numeric
= Integer
R = Real
DPR - Double precicsion real

D. Data Frame Formats

1. Data Record Organization

Bgsord No. Contents
Jll(k)
20(K)

Real part of Jl2(k)
Imaginary part of le(k)
v(x) '

Spacecraft ephemeris and
ancillary data

AV FFw

2. Format Records

1-5 ( all wcedariag tope ReAc)

Note:

A116 cm data

(k) = Left circu-
Tar polariza-
tion

(k) - Right circu-
lar polariza—
tion

13 cm data
(k) - Right circu-
lar poliriza-
tion

(k) - Left circu-
Tar polari-
zation

v

ﬂg:d No,* Contents

] Date describeu under D,1 above
513/102%

514,/1026 Sequential Record No.

3. Format Record 6 (all machine type Real)

Word No, Contents

1 Frame No. (data record
no, mod 6)

2 ure

3 Differcnce of reflected

and dircct dopplers,
> 0 for reflected doppler
> dirccted doppler

Predicted bandwidth for

1 radian rms surlace slope
0 I

Units

(sec)

(nz)

(nz)



Appendix IV (cont.)

3. Format Record 6 (all machine type Real) (cont.)

word No, Contents Units
5 Angle of incidence (deg)
6 Spacecraft altitude (mean

lunar radis assumed 1736 km) (km)
T Spacecraft speed (m/sec)
8 Radar cross section predicted

for smooth conducting moon (dim)
9 Radar cross section)/ o

received power) (m“/w)
10 X Components of Seleno-
11 Y graphic unit position

vector of spacecraft
12 z location (dim)
13 X Components of Seleno-
1 graphic unit position
vector of specular

15 | point location (dim)
16 Latitude of sub-spacecraft

position . (deg)
by Longitude of sub-spacecraft

position ; (deg)
18 Component of doppler shift

due to earth roatation (Hz)
19 Total doppler shift of

reflected signal (nz)
20 Latitude of specular point (deg)
21 Longitude of specular point (deg)
22 Spced of the specular point

on the lunar surface (M/sec)
23 \\Vehicle look angles to earth (deg)
2l \ W

e

Pe

25 « {Euler angles of local

\\ orizon (deg)
26 0 .
~ coordinates

@

]




Appendix IV (cont,)

3. Format Record 6 (all machine type Real) (cont,)

Word No, Contents Units
28 X) Spacecraft sclenographic

29 Y’( unit velocity vector (dim)
30 Z‘

31 X ) Selenographic unit vector

32 to earth . (dim)
33 Z

The data frames are repeated each 6 records, The first data frame occu-

pies records 2-7, the next 8-13, etc,

Note: Data do not always progress uniformly in time, Occasionally,

data frames will reverse slightly in time for one frame, and
then continue forward, This effect is caused by the sampling
nrocedure in which a small deliberate overlap was inserted,
Time »s on data are correct, -

Yooy
Definition of Contents
1. Data - the data have been defined under Subtasks L4 and 5 of the
text.
2. Ephemeris and Ancillary Data - the formula; used 1n¢cfmputing
trajectory related parameters are given in Appendix/ﬂ.
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Integral Tape Format ') L3¢ « 14 a
A =02V h- Q2

The integral tape contains reduced data records gencrated i; Subtasks
T, 8 and 9 (ﬁf Block Diagram I). This appendix gives the detailed for-

mating oi that tapes and describes all ancillary computations.
0 ye

A, Tape Organization

The table below gives the file contewﬁﬁ and data record length for
the integral tape,
- -

File No. Contents Record Length

1 Apollo-1l 116 cm 50 words

2 Apollo-1L 13 cm 50 words

3 Apollo-15 116 cm 50 words

L Apollo-15 13 cm = 50 words

5 Apollo-16 116 cm 50 words

6 Apollo-16 13 cm 50 words v

The tape is 9 track, 800 BPI, binary in XDS Sigma V machire images,

B. File Organization
1. Header Record

2. Data Record
3. .

L. }(EOF)\(End of File)

. Header Record

¢ J

9\\”

o
>
I

Alpha numeric

Integer

Real

=4
|
= =2
! 1

Double precision real




Appendix VI (cont,)

' C. Headr Record Format
Word No, Contents

1/ AlphaTnumeric Eiln

L2 Identifier
-

L3 Integer Day Nunber
(Jan. 1 =1)7

NN Integer Year (GREGORIAN)

-

L5 Double precision Julian

L6 emphermis day number at
00:00 GMT on day data were
taken

LT Double precision Julian

L8 ephermis day of reference
z e
epoch

L9 Time increment between
data records

50 Number of data records

D. Data Record Format

‘l' !gyd No.

1

following this header record

(a1l machine type real)
Contents

Data frame number From
JM Doptrack tape

Time data were taken:

X\ Components of selieno-
graphic unit position
vector of spacecraft
Z location

v

X\ Components of seleno-
graphic velocity unit
vector

Z

Speed: Magnitude of space-

Units Machine Type
- A
(day) I
(year) 1
(day) DPR
(day) DPR
(sec) R
I

Units

(dim)

craft velocity vector (m/scc)

X Components of seleno-
graphic unit vector from
center of the moon to

7 center of the earth

(dim)




Appendix VI (cont,)

. D. Data Record Format (all machine type real) (cont.)

Word Eg.
13
14
15
16

17
18 oo

19

21

¥ 3 % &

8

Contents Units

X Components of seleno-
graphic unit position
vector of specular
point location

(dim)

™~

0 Euler angles of space-
craft attitudq and
local horizon frame

Ran) = Len) L Lo ) [

(cw rotation looking in + axes direction)

o Vehicle look angles to
specular point (deg)

[} Angle between plane of
incidence and plane-
containing vehicle x
axis and direction
vector to specular

point (é"ﬁ\
e Vehicle look angles (deg)
B, to earth e
Selenographic latitude of
spaceeraft position (deg)
Selenographic longitude of
spacecraft position (deg)
Selenographic latitude of
specular point (deg)
Selenographic longitude of
specular point (deg)
Angle of incidence . (deg)

Instantancous speed of
specular point on lunar

surface (m/sec)
Predicted bandwidth for .1
radian rms surface slope (nz)

pifference between reflected
and direct doppler shifts (nz)

Total doppler shift reflected
signal (nz)




Appendix VI (cont,)

D. Data Record Format (all machine type real) (cont.)

Word No, Contents ’ Units
33 Component of doppler shift

due to earth's rotation (Hz)
34 Al: itude of spacecraft above

lynar surface: Radius of

center of the moun-1736 Km (Km)
35 Normalized bistatic-radar

cross-section (dim)

: 2

36 Sigfac (m“/w)
37 Polarized power (arv)
38 Normalized polarized power (°x)
39 Unpolarized power ~ (arb)
Lo Normalized unpolarized power (k)
n Equivalent area bandwidth (Hz)
L2 Normalized absolute moment

bandwidth (dim)
L3 Normalized second moment

bandwidth o (dim)
Ly Centroid of the echo spectrum (Hz)
L5 RMS slopes inferred from

equivalent area bandwidth (deg)
46 Spare if valu> equals zero,

otherwvise handscaled one-half

power echo bandwidths (nz) ,

of

u7 Data validity flag (=)
48 Spare if value = 0, other-

wise value of spacecraft .

antenna gain in a_, B_,

s

direction (cf word No, 19, 20) (dim)
L9 Spare (-)
50 Data record sequence number (-)
Note: Data do not always progress uniformly in time, Occasionally,

data records will reversc slightly in time for one record,
and then continue forward, This effect is caused by the
sampling procedure in which a small deliberate overlap was
inserted, Time tags on data are correct, Overlapping data
corrcspond to the same time interval but different sampling
passes, Slight differences arisc from ‘variation in exact
times averaged,




Appendix VI (cont,)

. E. Data Parameter Definitions
The »emainder of this section defines the contents of the data
records just described above, The individual subscction numbers corrc-
spond to the word numbers in Section D /Data Record Format), I a
particular quantity has been described at length elsewhere a reference

will be given, Otherwise, the quantity is derined here,

1. Frame Number - identifies the JM Doptrack tape frame number corre-

sponding to the Integral tape record number,

2. Time - gives the UT2 at which the data were taken, This time corre-

sponds to the mid-point of the averaging interval, as described under
Subtask 4. All trajectory parameters have been interpolated to this
tine, so that geometrical quantities corresponds to the location of
the specular point on the mean lunar;surface at the middle of the

averaging interval,

3, 4, 5. Selenographic Unit Position Vector - is defined with respect

‘ to the lunar surface, This vector is a unit vector directed from
the center of the moon for the instantaneous location of the space-

craft, The X, Y, Z directions are defined as follows:

X z Mean Earth direction

Y = Mean direction of the following 1limb

Z = North polar direction
The selenographic coordinants are obtained'by rotation from the
selcnocentric geoequaltorial units of the }boch given in the

Header Record, Procedures are described elsewhere (Tyler, 19G63).

6, 7, B. Selenographic Unit Velocity Vector is a unit vector in the

direction of the spacecraft velocity., The coordinant system is the

same as that given in items 3, L4, 5 above.

9. Speed - is the magnitude of the spacecraft velocity vector,.

10, 11, 12. Selenographic Unit Vector to Farth - is a unit vector giving

the dircction from the lunar center of mass to the center of mass to

. the earth in the seclenographic coordinant system described in the

3, 4, 5 above,



Appendix VI (rnnt.) '

13,

16,

19,

el.

22,

2k.

26.

7.

lh, 15. Sclenographic Unit Position Veeror of Specular Paint =

is a unit vector from the center of mass of the moon to the loca-
tion of the specular point on the mean spherical lunar curface,
For this computation the lunar radius i3 taken as 1736 km. The
specular point is the location on the mean lunar surface wherc the

angles of incidence and reflection are equal (cf Tyler, [1965]).

17, 18. Euler Angles of Spacccraft Attitude - connect the space-

craft altitude with a local horizon reference frame. DBoth the local

horizon and the Euler angles are defined in Appendix IX,

20. Look Angles to Specular Point - are the vehicle polar coordinance

These quantities are defined in Appendix IX.

Plane of the Vehicle - orientation with respect to the plane of

incidence is given by the angle §. This quantity is necessary o
define the vehicle attitude with respect to the plane incidence,

The angle § is defined in Appendix IX.

23. Look Angles to Earth = are the.vehicle polar coordinance of a

unit vector in the earth center of mars direction, These quantities
are computed in the same manner as item 1§, 20 above using the unit

vector to earth,

Sclenographic Latitude of Spacecraft Position - is the selenographic

latitude of the sub-spacecraft point computed from the 7Z component

unit vector given in items 3, L4, 5.

Sclenographic Longitude of Spacecraft Position-'- is the selenographic

longituue of the spacecraft of the sub-spacecraft position computed
from item 3, 4, 5 according to astrometric convention, western limb

of the moon lecading.

Sclenographic Latitude of Specular Point - is the seclenographic

latitude of the¢ spccular point on a mean spherical lunar surface

computed from item 15.

Sclenographic Lonpitude of Specular Point - is the seclenographic

longitude of the spccular point on the meah spherical Junar surface

computer from items 13, 1li, 15.




Appendix VI (Cnnt )

o 20. Angle of Inciderco = AS the angle of incidence on mean spherica! lunar

surfarc at the specular point {cf Tyler, 1008,

29. Speed of tn~ Specular Point - is the speed with which the instan-

tancous specular point moves across the mean lunar surface (Tv!«‘r,

1968).

30. Predicted Bandwidth - is ths one half spectral width predicted for

a 0.1 radian rme surface slope, bascd on the instantancous angle of
incidence and specular peint velocity, Computation is after Fjeldbo
(1964), also described in Tyler (1968). Fjeldbo gives a theorectical

expression for the 1/2 power echo bandwidth

N = h(21n2)l/2 vs 22 cos ¢
Aody

- where ¢s = velocity of the specular point on the mean lunar surface,
A = wavelength of the radiation (either 116 em or 13 cm), ¢ = angle
of incidence at the specular point, and the quantity 22 = the mean
 J ‘
lunar rms slope, o
The quantity Af is the 1/2 power bandwid:ih predicted for guassian
spectrum, Such a spectrum would result from a gently undulating sur-

face with gaussian autocorrelation function,

31, Difference Between Reflected and Direct Doppler Shifts - is the pre-

dicted frequency differencec between a wave reflected from the specu-
lQr point and the signal traveling directly from the spacecraft to
earth, Sign convention is such that the difference is positive for
a reflected doppler shift greater than that of the direcct doppler
shift,

32. Doppler Shift - is the total doppler shift expected fro the reflected

signal, Computation of this doppler shift includes spacecraf{ motion
and the earth's rotation, but does not include the rate of change

of distance between the earth and the moon,

33. Deppler due to Earth's Rotation - is the component of the doppler
. shift for a signal avriving Irom the dircction of the moon duce to the

earth's rotation,




Appendix VI (cont,)

3h. Altitude = of the spucccraft above the lunar surface has been conpu-

ted “ssuming a lunar radius cqual to 1736 km, The magnitude of the
spacecraft radius vector from the lunar center of mass is obtaincd

by adding the contents of word no. 2y to 1736 km,

35. Normalized Bistatic-Radar Cross-Scction - is the bistatic-radar

cross-section of a smooth conduccing é;horo of the same radius
and relative geometry as the moon, Following Fjeldbo (lQCh) this

cross-scccion is given by

Ly Rf cos ¢

¢ ad
‘cosé + or) (l “+
\ R

=

(o
B 2d0r cosé

R

where

R, = distance from trensmitter to the center of the moon
R = lunar radius (1.736 x 196 m)
¢ = angle of incidence (cf item 28)

dor = distance from the transmitter to the specular
point on the mean lunar surface,

36, Sigfac - is a multiplicative constant relating instantancous gcometry

and received power to surface reflectivity,

(ux)? 82 RS

SIGFAC = =
A PT GT Og
vhere
R, = distance from transmitter to center of the moon
R2 = distance from receiving site to center of the moon
A = cffective aperture of receiving antenna
PT = transmitted power
GT = transmitting antenna gain in specular point ’
direction

O3 = bistatic-radar cross-scction for a perfectly

conducting moon

For convenicnce, this cexpression is evaluated with the following

numerical values for the guantitics above:
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37.

] = instantanecoue value from MSC trajectory
= {nstantaneous value from item 3% above
=4 x 10" m

2
0.5 (22.9)“x
= 1

2.5 w

o > =™ q
= e
[}

HF -3
n

.
Thesec values give only order of magnitude results for this experi=-

ment,

Polarized Power - is the experimenter's best estimate of the polari-

zed component of the received echo total power, Extraction of the
polarized power is discussed elsewhere (cf Subtask 3).
Denote the polarized power spectrum Pp(k). Consider the figure

below, Polarized power is determined from

B?

P =§ (Pp(k) -n)
K= Bll

The Pp(k) is a polarized power spectrum, In the determination of

P, the signal limits 81, B, and n arée selected by the experimenter,

. 2
The quantity n is chosen on the basis of

'

82
Z(Pp(k) -a) ~ 0

B)
'
B 2
and n represents a sequence of trials of n, The limits Bl’ B

] |}
B,, B

]
where Bl’ B_ represent spectral limits containing no echo signal,

2,
0 are varied as is necessary to follow the changing echo sig-

nal,
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. 38. Normalized Polarized Power - the quantity contained in item 37

divided by the average power spectral density of the system noise
lJevel, This quantity has been discussed in detail elsewhcre
(ctf Subtask 3).

Using the notation intreduced under item 37,

Normalized Polarized Power = P/n
where P and n have the same meaning as above,

Note: P/n is extremely sensitive to the choice of n, ‘Thus, polarized
power is considered the best overall measure of received polari-
zed echo power, But, P/n provides the only method, through the
measurc of system temperature, of obtaining an absolutc power
calibration. Similarly, the value of n may be determined from
the ratio of polarized power to P/n, so that the variations and
system temperature and/or gain may be estimated,

39. Unpolarized Power - is the analogous quantity to item 37, for the

unpolarized power spectrum, The unpolarized power is obtained in

. a manner similar to that used to computce polarized power, Letting
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Pu(k) represent the unpolarized power spectra, and refering to the
figure below, the unpolarized power is given by

‘)
Bo

u =Z (p,(x) -n)
Bl‘

where the tilda's refer to the values of B and n used in the unpola-
rized power spectrum., In gencral, thb limits for the polarizcd and
unpolarized echoes will be different, as will the value of the
system noise level, The difference in frequency limits ariscs from
the differcnce in the spectral distribution of the unpclarized power;
the difference in system noise temperature arises from the signal
processing used to separate these quantities (cf Subtask L, 5).
The value of ; is chosen in a manner similar to that of n in item
37. In some cases, it is not clear that all the unpolarized power
is contained in the receiver passband. In this event, B, or B_ is

1 2
set equal to the upper or lower frcquency limit as appropriate,

—
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. LO. Normalized Unpolarized Power = 1s the analogous quantiiy to item 30

for tre unpolariznd power spectrum, The normalized unpolarized

power is defined as

Normalized Unpolarized Power = U/n

Al
where the symbols have the same meaning as in item 39, Comments

given under item 38 are also germaine to normalized unpolarized

power,

*,
41. Equivalent Area Bandwidth - the spectrum of a bistatic-radar ccho
from a well behaved surface may be written as (Fjeldbo, 1964 .

() = e -ﬁe[lw.(xll) cos ¢ (-:-:-.)] o i _f2/2;2

where

f = frequency measured from the centroid of the echo spectrum
‘ v_ = specd of the specular point across the mean lunar surface
A = wavelength

¢

angle of ircidence, and

holdo f rms slope

*Jhe three machine calculated bandwidths, i.e., the equivalent area
bandwidth, the absolute moment bandwidth, and the second moment band-
width, provide three quasi-independent methods of determining the
spectral width of the received echoes, The equivalent area bandwidth
provides a standard result that is not particularly sensitive to the
gaussian, or non-gaussian nature of the echo spectrum, The absolute
moment bardwidth and the second moment bandwidth so emphasize depar-
tures from gaussian because of the increasing importance given to the
wings of the spectrum,

Equivalent area bandwidths have been used to determine lunar rms
glopes, The absolute mement bandwidths and the sccond moment bandwidths,
when normalized by the equivalent area bandwidth, give a sensitive
measure of the departures of the echo spectra from the gaussian conditions,
RMS slopes derived from these measurcs are termed "gaussian cquivalent
slopes" in that they would correspond to truc surface conditions for a
surface with gaussian statistics and a gaussian autocorrclation function

‘ " with the same equivalent widths, .\ wmore complete description of the
lunar slopes requires additional analysis (¢.g., sco Parker and Tyler, 1073).
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Lo,

Solving for rms slope in terms of measurcd values ol standard

deviation, §, of an experimental spectrum yie.ds

Thus, the rms slope may be readily determined from a experimental
curve in terms of the v-l width of that curve, The equivalent

area bandwidth is a mecasurc of 6 based on an equivalent rectangular
spectrum of the same area as the experimental spectrum, This wicdth

is computed as

c?
F (k
z pik)
C
8on = . (2n) M2
max P (k)
P
Cl <k<< 02

-

Referring to tgé figure which follows, the quantity aen =g if the

observed curve is gaussian and noiseless, For non-gaussian data

Gea is still a measurc of the bandwidtn, albeit the interprctation

must be modified., rms slopes determined from Tea and expression
above will be referred to as equivalent area slopes. The

~
quantity - is the equivalent area bandwidth,

Normalized Absolute Moment Bandwidths - are based on an equivalent

value of 5 computed from the absolute moment of the data. That is,

c C

2 _ 2
2 P (¥) | k-k| zl’p(k) K
8 ) k=Cl X.or k:.-C1
~ 4 N — =
am L2 2 C2
‘-‘
\ h)
_‘L Pp(kl /, Pp(k,
hcl k_1
. -
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Cw. -
)
]
——

for a gaussian spectrum the.equivaleﬂt area moments and the absolute

moments will be equal

~
Oam = %a = C

where the symbols have the same mecaning as in item L1,

The normalized absolute moment bandwidth is

Q>
Q

am ea

For a grussian echo spectrum this ratio will be unity.

43. Normalized Second Moment Bandwidth - the sccond moment bandwidth is

also based on gaussian equivalence. This bandwidth is defined as
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C2 C?
v » \ =t 2 Y ot
L}p(k, (k-k) L l’p(k) K
~ '(r‘(:l B k(]
Om ~ p ko= e
C C
2 . 2
P (k 2 k
Y P (x) P, ()
k=C, k=C1

Again, for a gaussian echo spectrum

~
= T =
c'sm oam - oca o

where the symbols have the same meaning under items L2 and U1,

The normalized second moment bandwidth is given by
~
osm/aea

Again, departures of this ratio from unity are indicative of a

non-gaussian received echo spectrum

LY. Centroid of the Echo Spectrum - the centroid of the echo spectra are

defined in the standard way

2

P (k)*k
PEXC
c k:Cl

il

2
\
L Pp(k)

k:Cl

where the synbols have the same meaniug as in b1, k2 and L3. The

y» €, are held constant throughout items h1, L2, L3 and
h4. The echo spectrum centroid is used in the computations of the

values of C

absolute moment bandwidths and the sccond moment bandwidths, It is

also usceful for estimation of the observed doppler difference

(cf item 31). However, the centroid has no direct meaning in an
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us.

46.

W7,

\

absolute sense in that the transmitier frequencies from the space-

craft are rot known preciscly,

rms Slopes - are obtained from the equivalent area bandwidths accord-
ing to

~
h '
0(‘11

0
d, élvs/x) cos ¢

and
-1
ms slope = tan (ho/do)

wh 're the results are expressed in degrees for convenicnce, The

quantities vﬁ, A, ¢ and Scn have been defined in item L1,

Handscaled 1,/2 Power Echo Bandwidths = handscaling of polarized

echo bandwidths has been discussed previously under Subtask 10,

A 1/2 power echo bandwidth is defined by the quantity 'B" in the
figure which follows. In practice. this value is obtained by
handscaling data from plots. The handscale bandwidths provide a
rapid, simple technique for the evaluation of lunar rms surface
slopes. The handscaled bandwidths were rlso used as a controlling
parameter in development of automated technigues for obtaining
echo bandwidths, rmc slopes may e obtained from the handscaled

bandwidths by

rms slope = 5.70 x B/(predictcd 1/2 power bandwidth for 0.1

rms slopes)

As before, in item L%, the result is given in degrees for convenience,
Predicted 1/2 power bandwidths for 0,1 rms slopes are given in Word

No. 30 of the integral tape data records (cf jtem 30).

Flag - the flag word contains a scven level binary code that indi-

cates data quality, A bit in the "1" condition indicates the exis-
tance of a special condition in the data, A bit position in the

"O" state carries no meaning other than that the data are normal,
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The interpretation of the bit positions is as given below,

Bit in "1" Condition Implication

1 Polarized power data questionable or
no good

2 Unpclarized power data questionable
or no good

3 Polarized noise level, n, (cf item
37) changed this data record

h Polarized integration bounds B ., B _,
(cf item 37) changed this data record

5 Unpolarized noise level, n, (cf item
39) changed this data record

6 ynpo]arizcd integration bounds, ﬁ ’
B,, (cf item 39) changed this data
récord

T System gain changed this data record
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Explnnntiun
‘ Bit Position "1"

Polarizced data may be flagged for any one of a number of reasons,
The presence of interference, an error in setting the integration
bounds, or a tape drive error in the data processing are examples
of difficulties that would result in such a flag., In case of gross
errors the flag represcnts an objectively rnoan bad data point,
In the case of more subtle phenomena such as interference, the flag
represents an experimenters subjective opinion., For the 116 cm data
interference is the predominant cause of a data bad flags, Data
users who wish to examine this question for themselves may do so by
reprocessing the data from the JM Doptrack tapes, however, it is
very strongly recommended that no flagged data be used without taking

this precaution,

Bit Position '"2"

Unpolarized data may be flagged for the same rcasons as those
given for the polarized data under bit position "1" above. However,
‘ because gross errors for polarized and unpolarized data may be inde-
pendent, and because the unpolarized data possess a certain immunity
to interference, which tends to be polarized, the flags in bit
position "1" and “2" are not necessarily coincident., As before,

in the case of interference, the investigator's judgment is involved,

Bit Position "3"

This flag is set when the noise level, i.e,, n in item 37 is
changed during the data reduction process, This flag serves to
alert the user that such a change has been made, Any discontinuity
that occurs when this bit is set is likely to result from this cause,
In the case of the polarized power such discontinuities are gencrally
quite small, on the order of 1%, Howecver, in the case of the
normalized polarized power such discontinuities may be large, on the
order of two, Obviously, no physical sigaificance should be attached

to such discontinuitics,
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Bit Position "I}"

Changes in the intcgration bounds arc flagged for reasons simi-
lar to those given under bit position "3", The bounds , “l’ n,), vary
with the changing width and location of the polarized ccho, {vall.l]l)’,
such changes are very small and their effecct i1s not noticable in the

dnta.

Bit Position '"5"

Changes in the unpolarized noisc level, n, are made for the
same reasons as those described under bit position "3", As bhefore,
changes in the unpolarized power, and especially the normalized
unpolarized power, that occur with these changes in n are non-physi-

cal,

Bit Position "6"

The comments that apply to the polarized integration bounds
given under bit position "L4" also apply here,

.

Bit Position '7"

System gain changes may occur during data reception in the
receiving systems or during data playback in the record reproduc-
tion system, Such changes are flagged since they will appear as a
change iu the polarized and unpolarized signal levels. Gain changes

do not affect measures of echo bandwidths,

Antenna Gain - is the gain of the spacecraft antenna in the o B

direction determined from ‘[A;J ,L:c((..: Qca.ya.(rtzc R
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