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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inventory information is now no longer maintained in the DSCs, but is now managed in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/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

ATS 1 ,f;;j/p7:5 C?C?;S”{/:S“

2.5 MIN AVG VECT MAG FLD TAPE

|66-110A-02C|

THIS DATA SET HAS BEEN RESTORED. ORIGINALLY IT CONTAINED
THREE 7-TRACK, 800 BPI TAPES WRITTEN IN BCD. THERE IS ONE RESTORED
TAPE WRITTEN IN ASCII. THE DR TAPE IS A 3480 CARTRIDGE AND THE DS
TAPE IS 9-TRACK, 6250 BPI. THE ORIGINAL TAPES WERE CREATED ON AN
IBM 360 COMPUTER AND THEY WERE RESTORED ON THE MODCOMP CLASSIC II
COMPUTER. THE DR AND DS NUMBERS ALONG WITH THE CORRESPONDING D

NUMBERS AND THE TIME SPANS ARE AS FOLLOWS:

DR# DS# D# FILES TIME SPAN
DR0O04080 DS004080 D008826 1 12/07/66 - 12/31/66
D008825 2 01/01/67 - 11/16/67

D008824 3 01/01/68 - 12/29/68


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPMS-00545

ATS 1

SPMS 0054y

15 SEC. VECTOR MAG. FIELD CORR. - TAPE

66-110A-02E

THIS DATA SET HAS BEEN RESTORED. ORIGINALLY IT CONTAINED 22

7-TRACK, 800 BPI TAPES WRITTEN IN BCD. THERE ARE THREE RESTORED TAPES

WRITTEN IN EBCDIC. DATA OFF OF TWO OF THE ORIGINAL TAPES WERE LOST,
THE TAPE NUMBERS ARE D010604 AND D0106C5. THE TAPES WERE NOT STACKED
IN TIME SEQUENTIAL ORDER. THE DR TAPES ARE 3480 CARTRIDGES AND THE

DS TAPES ARE 9-TRACK, 6250 BPI. THE ORIGINAL TAPES WERE CREATED ON AN

IBM 360 COMPUTER AND WERE RESTORED ON THE MODCOMP. THE DR AND DS

NUMBERS ALONG WITH THE CORRESPONDING D NUMBERS AND TIME SPANS ARE AS

FOLLOWS::
DR# DS# D# FILES TIME SPAN

DR0O03275 DS003275 D010587 1 01/01/67 02/09/67
D010588 2 02/10/67 03/20/67
D010589 3 12/27/66 12/31/66
D010590 4 12/07/66 12/26/66
D010591 5 05/01/67 06/09/67
D010592 6 06/10/67 07/19/67
D010593 7 01/01/68 02/09/68

DR0O03276 DS003276 D010594 1 12/27/67 12/27/67
D010595 2 11/17/67 12/23/67 (a)
D010596 3 10/08/67 11/16/67
D010597 4 07/20/67 08/28/67
D010598 5 08/29/67 10/07/67
D010599 6 03/22/67 04/30/67
D010600 7 03/21/68 04/29/68

DRO03277 DS003277 D010601 1 02/10/68 03/18/68
D010602 2 07/19/68 08/24/68
D010603 3 06/09/68 07/18/68
D010606 4 11/16/68 12/25/68
D010607 5 10/07/68 11/15/68
D010608 6 08/28/68 09/17/68

(a) D010595 - 1 error, record 331, File 1


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPMS-00544

ATS-1

OCTAL COMMANDS LOGS ON TAPE

66-110A-02G SPmS- 00543

THIS DATA SET HAS BEEN RESTORED. ORIGINALLY THERE WAS
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. THE DR AND DS NUMBER ALONG WITH THE

CORRESPONDING D NUMBER AND TIME SPAN ARE AS FOLLOWS:

DR# DS# D# FILES TIME SPAN

DR002903 DS002903 D010673 1-3 01/01/66 - 12/31/68 (a)

(a) D010673 - 23 errors, records 153, 159, 165, 168, File 2;
records 136, 178, 253, 342, 396, 456, 462, 466, 493, 497,
530, 582, 586, 587, 593, 599, 602, 615, 622, File 3


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPMS-00543

AGENT RASH My \CQ. AGENT
& RB3141 DJH

66~110A=02C
ATS-1

2.5 MINUTE MAGNETIC FIELD AVERAGES

.15 data set consists of 3, 800 BPI, BCD 7-track tapes, The 'D'
tapes were produced on the IBM/360 and the 'C' tapes on the 7094,

Each tape contains one data file,

Dk | cit START STOP
D-08824 ¢-08206 1/01/68 12/29/68
D-08825 C-08207 1/01/67 11/16/67

D-08826 €-08208 12/07/66 12/31./66



.0 ATS 1 DATA TAPES
W0 2 SERIES - 2.5 MINUTE AVERAGES
(TAPE DESCRIPTION)

1968 (2.5 minute averages).

The data were written by an IBM 360 model 91 on 7-track unlabeled
tapes at 556 bits per inch, even parity with translate feature turned
on. There is one file per tape containing 40 days of data. Each

record is in BCD format, 80 bytes long and blocked at 3200 bytes.

The time spans for the tapes are:

W26600 December 7, 1966 - December 31, 1966
. W26700 January 1, 1967 - December 31, 1967
W26800 January 1, 1968 - December 31, 1968
The format for the data records is:
Character Description Format
01-02 Last Two Digits of Year 12
03-05 Day of Year 13
07-) Hour 12
09-10 Minute 12
11-12 Second 12
13-19 V Component of Dipole VDH F7.1%
20-26 D Component of Dipole VDH RZe1i
27-33 H Component of Dipole VDH RZEE
34-40 Spacecraft State Indicator ' F7.1

@ *The data flag is 9999.9



,UNI{’ERSXTY OF CALIFORNIA, LOS ANGELES

SANTA BARBARA * SANTA CRUZ

’nmm.n + DAVIS + I0VINE * LOS ANGELES * RIVERSIDE * SAN DIEGO * SAN FRANCISCO

UCLA, INSTITUTE OF GEOPHYSICS AND PLANETARY PHYSICS
103 ANGELES, CALIFONNIA 90034

January 19, 1973

Mr. Donald J. Hei, Jr.

Data Acquisition and
Analysis Branch

National Aeronautics and
Space Administration

Goddard Space Flight Center

Greenbelt, Maryland 20771

Dear Don:

We are sending you two packages of Cal Comp plots of ATS-1
data. These plots are the 2 1/2 minute averages of the mag-
netic field in dipole V, D, H coordinates. The boxes contain
ab o pnlls of Gal Gowp oubpuk fon Gha dates fndicalad tn Lho

anclosed lists.
‘ I just discovered a serious error in the paper on "Coordinate

Transformations Used in Processing ATS-1 Magnetic Field Data".
I am rewriting several pages and will send you a medified

version.

We are stiil working on writeups, more plots of 15 second
averages, the altitude-orbit printout and rapid fluctuation

data.
Sincerely,
Rohept Lo Noltheitin
Assistant Professor
RLM: ko
encls.



ATS-1 2.5 Minute Plots - 1967

Roll No. Date

1 ! Dec, 7, Dec. 31, 1966
2 Jan. 1, Jan. 20, 1967
3 Jan. 21, Feb. 9, 1967

4 Feb. 10, Mar. 1, 1967
5 Mar. 2, Mar. 20, 1967
6 Mar. 21, April 10, 1967
7 April 11, April 30, 1967
8 May 1, May 20, 1967

9 May 21, June 9, 1967

10 June 10, June 29, 1967
11 June 30, July 19, 1967
12 July 20, Aug. 8, 1967
13 Aug. 9, Aug. 28, 1967
14 Aug. 29, Sept. 17, 1967
15 Sept. 18, Oct. 7, 1967
16 Oct. 8 , 0Oot. 26, 1967
17 Oct. 27, Nov. 16, 1967
18 Nov. 17, Dec. 6, 1967

Dec. 7, Dec. 27, 1967

—_
©



% ATS=1 2.5 Minute Plots - 1968

. Roll No. § Date
Jan. 1, Jan 20, 1968

| !

| 2 Jan. 21, Feb. 9, 1968

} 3 Feb. 10, Feb. 29, 1968

| 4 Mar. 1, Mar. 18, 1968
5 Mar. 19, April 9, 1968
6 April 10, April 29, 1968
7 April 30, May 18, 1968
8 . May 20, June 8, 1968
9 June 9, June 28, 1968
10 June 29, July 18, 1968
3] July 19, Aug. 7, 1968
12 Aug. 8, Aug. 24, 1968

. 13 Oct. 7, Oct. 26, 1968

14 Oct. 27, Nov. 15, 1968
15 Nov. 16, Dec. 5, 1968
16 Dec. 6, Dec. 29, 1968
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Abstract

A complete description is given of all coordinate transforma-

s used in processing the UCLA magnetometer data from ATS 1.
stem (MEAS) we progres-

tion
starting with the measurenent coordinate sy

sively consider the following coordinate systems: geocentric equa-

torial inertial (GEI), geocentri

geographic (GED), rotational VDH (ROT VDH),

¢ solar earth equatorial (GSEE),
dipoie VDH (DIP VDH).

We then discuss the ATS-1 ephemeris tapes and the manner in which

necessary transformation matrices are derived from its contents.

We then describe approximations made during routine data pro-

cessing which greatly reduced the complexity and data handling.

We then demonstrate that these approximations were jestified in

view of unknown errovs in the components of the spacecraft field.

Finally, we describe the printout made from the ephemeris tapes.

This printout is so organized that all necessary information is

available to either transtorm the original data without approxi-

mation or to correct files of processed data for the approximations

The ATS-1 ephemeris is available either as a BCD print tape

om the National Space

used,
or microfilm images of printer 1istings fr

Sscience Data Center.



Introduction

As discussed in a recent paper by Russell [1971], geophysical
coordinate transformations are extremely important for work in
solar-terrestrial physics. This is particularly true for'experi-

mental work in magnetic field measurements where the observations
taken in an instrument (or spacecraft) coordinate system must be
transformed to a meaningful geophysical system for comparison with
theory. Russell has carefully described most of the systems in

common use, so we will not repeat this discussion. However, in

the processing of ATS 1 magnetic field data we have used several

specific systems not described by Russell. Consequently our pur-
pose in this report is to provide a detailed description of these

and the coordinate transform procedures used in the data processing.

The following report is divided into five sections. These

include:

1) Coordinate systems with Z axis parallel to the

earth's axis,

2) Transformation from measurement (MEAS) to inertial (D) ceordinates.

3) Transformation from rotational VDH to dipole VDH

coordinates,

4) Actual transformations used,

5) Description of ATS 1 ephemeris tape print out.

Section 5 is particularly important since it describes the
approximations used in our transformation equations and justifies
their use.

The ATS 1 spacecraft was placed in a ;ynchronnus, equatorial

orbit wery near the intersection of the geographic and geomagnetic



e equatorial planes. Its spin axis was maintained almost
to the earth's rotation axis. More exactly, on January']. 1968,
its geographic coardinates were R = 6.6 Rei Ngo =-150.4° East

Tongitude, esc =-,2° latitude, and its spin axis made an angle

of .6° with respect to the earth's rotation axis.

BODY coordinates were defined by the satellite spin vector

(BODY Z) and the satellite sun sensor (BODY X). This coordinate system

was fixed in the spacecrafi and rotated with it., Magnetic field ob-
servations made in BODY coordinates were spin demodulated into a non-
rotating measurement (MEAS) coordinate system with its Z axis opposite
to the spacecraft spin axis, i.e., nearly parallel to the earth's
rotation axis. The X axis was defined by a sun pulse, such that the
sun vector always lies in the X-Z plane of the MEAS system as shown

@ i riguer MEAS Coordinates
n
Tw

(0}

Figure 1
Coordinate Systems with the Z Axis Parallel to the Earth's Rotation Axis

Since the earth's rotation axis is fixed in inertial space,

6 it is convenient to introduce an inertial coordinate system with



. its Z axis parallel to the rotation axis. This system is the
Geocentric Equatorial Inertial Coordinates (GEI) illustrated in

Figure 2.

GEI Coordinates
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N
Z parallel to earth's
A ,/ rofation axis
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1}
1
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\

March 21

Figure 2

The X axis of this system points to the sun at the vernal equinox
(March 21). We note the suh vector rotates once per year about
the Z axis at a non-uniform rate dependent on the exact trajectory
of the earth about the sun.

Another coordinate system which fixes the sun vector is ob-
tained by rotating about the Z axis of GEI coordinates, so that the

sun vector lies in the new X-Z plane. This coordinate system is

the Geocentric Solar Earth Equatorial (GSEE) system illustrated

in Figure 3. The GSEE system correspondes exactly to the GEI

‘, system at the vernal equinox.



GSEE Coordinates
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Any vector in GSEE coordinates can be
in GEI coordinates by a simple rotation, i.e..
V(GSEE) = (A)¥(GEI)
C0S% - SINp - O
where A = ~SINp C 0S¢ (1]
0 0 1
with ¢ = ATANZ (R ", R M)
and ﬁsun is expressed in GEI coordinates
Since the GSEE coordinate system is quasi-inertial on the
time scale of a day any quantity fixed with respect to the rotating
earth will appear to rotate with respect to the Z axis of GSEE

coordinates. Examples are the earth's magnetic field at the



o

spacecratt and the spacecraft position. The earth's field is

approximately fixed because of the relation between the sources
of the field and the rotation axis. The spacecraft position is
fixed because of the synchronous equatorial orbit.

The fundamentai coordinate system fixed in the rotating earth
The Z axis of

NP

is geographic coordinates (GEQ) shown in Figure 4.
this geocentric system is parallel to the earth's rotation axis
and the X axis passes through the geographic prime meridian

(Greenwich).
GEO Coordinates
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N \ A paraliel to earths
o rotation axis

2?" [ Earth
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e == el

March 21
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Y
Figure 4

By definition noon universal time occurs when the geographic

prime meridian centains the subsolar point, i.e., when the geograpnic
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X-% plane contains the sun yector. Thus, the GEO system is
coineident with the GSEE system at 1200 universal time, and differs

at later times only by a rotation through an angle y. By inspection

Y is given by:

W o=
¥

UT-12 w2g
24
Thus a vector in GEO coordinates can be obtained from its representa-
tion in GSEE coordinates by a simple rotation, {.e.,
!(GED) = (B)-!(GSEE) (2)
COSy SINy 0
where (B) =[-SINy cOoSy 0
0 0 1
with ¥ defined as above.
A more convenient geocentric rotating coordinate system is
one which has its X axis at the longitude of the satellite and
jts Z axis parallel to the earth's rotation axis. This system is

the rotational VDH system shown in Figure 5.
ROT VDH

A Y
/ N

5N
R et e
4 =X .
| ,,”’x ,Emm / N
o Jﬁl—‘ SC/ “~___H parallel fo eorth’s
arc 6/\ rofation oxis

Figure §



In Figure 5. Asc is the gecgraphic longitude of the ATS 1

spacecraft. Clearly, rotational VDH is obtained from the GEC

system by a rotation about the Z axis by an angle Asc, iifa.elety
V(ROT VDH) = (C)-V{GEO) @)

and A o geographic longitude of satellite.
1 -

£ the preceding cocrdinate systems have their Z

3 »

1 four
axés parallel to the earth's rotational axis. Each system is
derivable from the preceding system by a simple rotation about
the Z axis. Thus, given a vector in GEI, we have from Equations

1-3,

V(GSEE) = (A)+V(GEI).......... ¢
v(GEO) = (B)eV(GSEE)susvvend
V(ROT VDH) = (C)+V(GE0).euvvenns A

Here the angle associated with each rotation is shown at the end

of the formula. Normally we are not interested in the GEO re-

angles for sueccessive rotations about the same axis are addiative
Thus:
V(ROT VDH) = (D)-V(GSEE)
CO0Sz SINg 0
where D = |-SINg C0Sz 0

0 0 i/
with: = ¢ + N © UT=12 27 + iii S
24 360
or: G e TR0 5 (A ek
24

Physically ¢ is the angle of the ATS 1 spacecraft with respect to

(4)

(5)
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the noon meridian at which time rntational VDH and GSEE coordinates

are coincident. For the nominal location of ATS-1 at -150° east

Tongitude we have:
g = (UT-22)*27
24
Transformation from ATS 1 MEAS Coordinates to GEI
Since the ATS 1 spacecraft is spin stabilized, its spin axis

remains nearly fixed in inertial space apart from attitude control
"""""""" Thus, the GEI coordinates of the MEAS Z axis are al-

most always constant. The MEAS X axis is defined as being per-

pendicular to the Z axis such that the X-Z plane contains the sun

vector. In GEI coordinates the sun vector rotates once per year

about the Z axis. Consequently, in one day the GEI coordinates
of the MEAS X axis rotate by less than 4.0° about the MEAS Z
axis.

Information about the orientation of the MEAS Z axis in GEI

coordinates can be obtained from the ATS1 ephemeris tapes. A listing
of the contents of this tape is given in Appendix 1. To interpret
this 1isting we use the result of page 97, [Goldstein, 1965],

showing the relation between direction cosines and the transformation

matrix from an old (urprimed) to a new (primed) coordinate system.

In particular:

055 Xte¥ Xz
v (NEW) = VoK ooy ¥eZ |-y (0LD)
70.% 709 i) j

2olums of this matrix are clearly the unit vectors of the old



system expressed in terms of the new system.

If we identify the old system as ATS-1 MEAS coordinates and
the new system as GEI we see that the third column is the MEAS Z
axis in GEI coordinates. Referring back to the discussion of
Figure 1, we re;al] that the Z axis of the MEAS coordinate system
is anti paralle! to the Z axis of BODY coordinates. From Appendix 1

we Tind the GEI components in BODY coordinates of the Z% axis are
given by:

28 = (Wog» Wags Wpg)
where Nog references WORD (28) of the ephemeris tape record.

the GEI components of the MEAS Z axis are given by a vector of

Thus,

opposite sign, i.e.,
BT ZN(X)

ZH= [ -Wy, | = [ ZM(Y)

-Wyg M(Z)

The exact orientation of the MEAS Z axis in GEI coordinates is
most easfly defined by two angles in spherical coordinates.

8y = ARCCOS (W) ()

7y = ATANZ (-Wyq, -Wy3)

To obtain the two remaining unit vectors of the MEAS coordinate
system, we note that YM is perpendicular to the plane defined by

ZM and the sun vector Bsun_ Thus:

YM = ZM_x pSUP
Izi x gS4"



5
4 b= zi oy RSU

la
w8

from Appendix 1 the sun vector in GEI is:

REUM(GET) = (Nyq Wyge Wyg) :

Thus:
VisoWas = WygtWag Py
P = | Migehpz = MigWes Py
Wia-Wag = MigtWa3 Pz/

The magnitude of P {s easily determined:

2 2 2
|P|=a/ Py +Py Py

Thus:
{vn(x)
vh o= B o= {YM(Y)
Il \vn(z)
Having both Zﬁ and Yﬁ. we can easily determine the Xﬁ unit
vector from:
\ RNy
WogeYM (2) Wy e VI (Y) XM(x)\
XM o= YN xZM = | WogeVi(X) -wzs.vn(z) = XM(Y)
WZB'VM(V) -Nza-VM(X) XM{(Z)

Combining our results we have:
XM(Z) YM(X) ZN(X)
!(GEI) = XM(Y) YM(Y) ZM(Y) v!(MEAS)
xmiz)  YMizZ)  ZH(Z)



or:
!(GEI) L] (H)-!(MEAS) (7)

; summarize our analysis to this point by writing down

He=may

three transformation equations.
V(GEI) = (W)*V(MEAS)
V(GSEE) = (A)sV(GEI).......

V(ROT VDH) #'(D)*V(GSEE)......

Note that the transformation (W) is not a simple rotation, hence,
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no singie angie is specified. For the case of perfect alignment of
the satellite spin axis MEAS coordinates are identical t6 GSEE.
Thus, we may write:

V(GEI) = (W):V(GSEE)
!(GSEE) Cl (A)-!(GEI)

V(GSEE) = (A)e(W)+V(GSEE)

Clearly then, (A)s(W) = (I), or:
(W) = (A)"1 = (A)T since (A) is an orthogonal matrix.
In the typical case we have:
!(GSEE) = (AN)~!(MEA$)
where the product matrix (AW) is approximately the identity matrix.
Further as we have shown above both (A) and (W) change only slightly

(8)

during one day apart from attitude control manuevers.

Transformation from Rotational VDH to Dipole VDH

As discussed above, the earth's magnetic field is fixed in

rotaticnal VDH coordinates. However, this is not the most con-

vanient system, since geographic meridians do not correspond to

magnetic meridians. Another geocentric rotating coordinate system

is the DIPOLE VDH system illustrated in Figure 6. The QD axis is
chosen parallel to the earth's dipole axis and VD is taken perpen-
dicular to gD radially outward through thé satellite.

To obtain this coordinate system, we must express unit vectors
along the spacecraft pesition vector and along the dipole axis in

rotational VDH coordinates. Then we use the results of Goldstein
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discussed earlier to express the transformation matrix in terms
of these unit vectors. From the definition of rotational VDH

coordinates the unit spacecraft position vector is simply:

0, [vp)
Vp = Rgo (ROT VDH) = ( 0 = | v
SIND . vy (H)

where B¢ is the geographic latitude in geographic coordinates of
the spacecraft, and vD is the first unit vector oi DIP VDH.
The antidipole unit vector -u in ROT ViH may be obtained from

its representation in GEO coordinates by the GEO-ROT VDH transformation



=
L

matrix. Using the geographic coordinates of the north dipole axis
we obtain [Russell, 1971]:

-;(GEO) = (0,06859, =0.18602, 0.98015)
But according to equation (3):

V(ROT VDH) = (C)sV(GEOQ)
COSNEMERES ST AR
where € = | -SIM . COSAg. O

0 0 1

where Nya © geographic longitude of the spacecraft.
Thus:

0.06859*COSA -0,18602*SINA HD(V)

HD = -p(VDH) = -O.OGBSQ*SINAsc ~0.18602*COSA . |= HD(D)

0.98015 \HD(H)
To determine the second unit vector we calculate the cross
product
DD = HD x Vp
or:
DD = ~u(ROT VDH) x RSC(RGT VOH)

Working out the cross product we obtain:

ST S \ i
SING . * Hp(D) D,y (V)
Dy = | COSB. * Hp(H)-SINog . * Hy(V) | = Dp(D)
-€0Se . * Hy(D) . \Dp(H)

The full transformation matrix from rotational to dipole VDH



coordinates can now be written using the rule that rows of the

transformation matrix are the unit vectors of the new system (DIP)

expressed in the old (ROT), i.e.,
y(DIP VDH) = (M)-Y(RDT VDH) e (1112)

where:
Vpv) vpv) vp ()

(M) ={ 0p(v) 0p(d)  Dy(H)

Hp(V) Hp(D)  Hp(H)

and the quantities such as VD(H) have been defined by Equations

For a given geographic location of the spacecraft the
Using the geographic coordinates

s Ao -150.4)

matrix (M) is completely constant.

of ATS 1 on January 1, 1968, (esc
1.0000 .0000 -.0001
(M) = .0000 .9802 -.1278

,0323 1278 .9801 //

We note that this transformation is nearly a rotation about the v
axis of ROT VDH to line HD up with the dipole axis. This fact is

a consequence of the location of ATS 1 very near the intersection

of the geographic and geomagnetic equators.

Coordinate Transformaticn During ATS 1 Data Processing

According to the preceding discussion the sequence of trans-
formations performed on the'magnetic field data is summarized by

the following set of equations:



Boor(MEAS) = Byra(MERS) + C(HEAS)
where EMEA = measured magnetic field in MEAS coordinates

¢ = correction vector added to the measured field
to remove effects of spacecraft field

Boor = corrected magnetic field
§(GSEE) ='(ﬂw-§c0R(MEAS) (cf. Eq. 8)
B(ROT VDH) = (D)-B(GSEE) (cf. Eq. 4)
E(DIP VDH) = (M)-§(ROT VDH) ((CFEqR1i2)

Thus:

B(DIP VDH) = (MDAW)-By-, (MEA9) + C (MEAS) (13)

For a constant spin axis alignment, (AW) changes slowly on
the time scale of a day and is nearly an identity matrix. For a
fixed spacecraft location, (M) is constant and for ATS 1, close
to an identity matrix. The last matrix (D) is a simple rotation

about a Z axis and depends only on universal time UT and the geo-

geaph¥c longitude Ase of the spacecraft. Thus the entire trans-

formation (MDAW) is nearly a rotation about the MEAS V

axis.
In actual fact, we have made several assumptions to simplify

the data processing. The first assumption is that the satellite

spin axis was exactly parallel to the earth's rotation axis. This
assumption is equivalent to setting (AW) = (I). Second, we

assumed that the spacecraft longitude was exactly -150° ®ast.

This fixes the rotation angle ¢ (cf. Eq. 5) as:



Further, this angle defines the rotation matrix (D). Finally, we
assumed the spacecraft was located exactly in the equatorﬁal plane,

8,.70.0, fixing the transformation matrix (M) as:

.99943 -.00657 -.003296
(M) = 0 .98071 -.19550
.033609 .19539 .98015

Because of the foregoing assumptions the final corrected data

in DIP VDH coordinates are slightly in error. To correct this

error, we must make a time dependent transformation as derived

below.
The exact transformation is:
BE(DIP VDH) = (MDAW) *B(MEAS)
The actual transformation used was:
g“(uup VOH) = (M'D') *B(MEAS)
multiplying by (M'D')T gives:
(M'p*)T+8" (D2p VDH) = B(MEAS)
Then multiply by (MDAW)
(moAw)* (n*n*) T8RN (D1P VDH) = (MDAW)*B(MEAS)
but the right hand side is just EE(DIP VDH)

Thus:
E \ AT DG Tt ALy N
B (DIP VDH) = (MDAW)(M'D") *B (DIP VDH) (14)

The correction matrix is almost a similarity transformation of

(AW), 1.e.,
(c) = [(up)(Au)(n'0*)"]



Rewrite this as:
(c} = [(Mp)(AN)(MD)TI*[ (WD) (N'0*)T]
The second bracket becomes:
L) (H'0")"] = (Moo Tym: T
We note that (D')T is a left hand rotation about a Z axis using

the assumed -150° east longitude, 1In contrast (D) is a right

hand rotation about the same axis of the actual spacecraft

Tongitude A‘c. Since the angles associated with two right hand

rotations we hdve:
8% = Zysc * (509
.Here the minus sign corresponds to a left hand rotation.
But:
AL = UT-2 + Asc/!SO f2T - UT-12 + -150°/15° <2m
24 24

or: 82 = A+ 1509 w#2m
AR TR

360°
Since Asc Z-150° A% is a very small number
This;: C0SAT  SINAG o\
(00'") = [-siNaz  cosaz o
0 0 i /

But Az small implies:
cosaz = 1
SINAZ = Ag



1 Ag 0
(@0'T) =[-8 1 0 |= (1) + (a)
(1} 0 1

which is very nearly an identity matrix and is constant since

Az is independent of time.
The matrix (M') differs from H only as a consequence of 1-2°

errors in the spacecraft latitude and iongitude.

Consequently we write (M') = (M+e)
Similarly we showed (AW) is nearly the identity matrix, i.e.,

(AW) = (I + §)
Thus we write:
¢ = [MO(1+6) (D) I M (T+a) (#T4eT) ]

= to(mD)" + (mp)T)1*rm(anT+nT+1eT+ T)]

= [(MD) (MD) T+ (M) s (MD) T 1% MM  smanT +meT +Mpe ]

hence:
(c) = [1 + (MD)&(MD)TI*[1 + MAMT+MeT+HAET]

or: (C) = I + (MD)&(HD)T + MAMT + MeT + MAET

y L(MD)6(MD)T 1% MANT + MeT + Mae']

We drop all matrices which are seccnd or higher order in the smali
quantities, thus:
()= 1 + m(DeD"IMT + M A T+ M (15)

Then defining (AC) = (C) - (1),
(ac) = H[D&DT] MT + [MaHT + Me']
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The matrices (M),A,c depend only on position of the space-
craft so may be considered constamt over many days. Similarly
6 1is a result of changes in the sun vector in an inertial coordinate
systam fixed to the Sarth. so it is constant on the time scale of
hours. (D) is rapidly varying due to the earth's rotation. Thus,
to calculate the‘correction matrix, we must determine the time
varying matrix (D), carrynout four matrix multiplications and
one matrix addition. Then we have from thations 14 and 15:

8E(orp vony = [(1) + (ac)]-8A(pIP vOH)
or:

8 = 8% + (ac) 3R
Returning to the fundamental Equation 13, we see that it is simpler
to recalculate EE than it is to correct gA as just described.

Further, we note that the components of the correction
vector in Equation 13, i.e., E(MEAS) are not known to better than
10%. In addition, there is an unknown seasonal dependence imbedded
into the correction vector. Thus we write:

E(MEAS) = E' + § * y
where E' is the proper correction vector, § is the unknown seasonal
dependence and iy is a random error.

8A(DIP VDH) = (M'D') [B+ C' + S 2N]
where the vector on the right side is in MEAS:coordinates.

Let us define (M'D')-!(MEAS) = !A(D!P VDH)

Then:
st = (sl + c'P) + 5P WA a11 40 DI VDN

Thus, the true field (improperly transformed)is:
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(ga +c'A) = gh (sh + a0

To correct for the improper transformation we multiply by (I+aC)

and obtain the true field B in the proper coordinate system.

Thus:

B = (I+ac)- (Bt + c'A) (16)
B = (1+ac)-[BR = (shent)
8= 8%+ [(ac)h - (sh e W) - (ac)e(sRent))

We note that §A and EA are small compared to [EA]. Also, we

F AC<<1, Thus, the last term is of second

order and may be neglected. However, then:
8288 v [(ac)-8h - (shenh)s

The unknown seasonal dependence §A is of order 10-20% of §A.
The random noise y“ is of order 10% of gA. As can be seen from
Appendix 2 (AC)-EA will be of the same order as these unknowns.
In view of the smallness of the known correction (AC)~§A
compared to the unknown §A and EA, there appears to be no
Justification for correcting our actual dipole field data gA
(DIP VDH). Thus, we conclude that our original assumptions about

the location and orientation of ATS 1 were adequate for what can be

done with the data.

Printout of the ATS-1 Ephemeris Tape

In the preceding sections we have discussed the transformation

of coordinates used in the processing of ATS-1 magnetic field data.
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We concluded that our assumptions about the location and orientation
of ATS 1 were justified in view of the unknown errors in-the
spacecraft field correction vector., In the hope that future work
may veduce these correction vector errors to the point that ervrors
in the transformation equations are significant we have produced
a printout of the ephemeris tape. To limit the size of this
printout and also to eliminate the need for future use of the
original ephemeris tapes, we have appropriately formulated the
transformation equations. An example printout of the €phemeris
for one complete day is given in Appendix 2. This printout is
self-explanatory so we do not discuss it here. We note that
hourly values are for approximate work only, and should be re-
calculated according to the formulas given in the ephemeris
heading. The various matrices have been calculated using the
following formuias. The abbreviation N]7 refers to word 17 of the
ephemeris tape as described in Appendix 1.
{ €859  SINg O \‘
fA) = | =SINp  COS¢ 0
k 0 0 1 )

where ¢ = ATAN2 (”15' Hog)

XM(X) YM(X)  ZM(X)
(W) = [ XM(¥) YM(Y)  zZm(y)
XM(Z) YM(Z) ZM(Z)



. where:

IN(X) = Oy,
ZH(Y) = =y
N(Z) = =My
YM(X) = A* (HygeWpg =HygeWpy)
LR GOREERARR(Hy Gieha SRa ko)

YM(Z) = A% (M 4eHpy WygeWps)

with A = 1
"\/Px2+Py2+PZ2
Here Py refers to the quantity in parenthesis in the expression

. for YM(X), similarly for Pv and PZ.
XM(X) & (WyyYM(Z) =H,eoYM(Y))
XM(Y) = (Wyp =YM(X) -W,5°YH(Z))
XM(Z) = (WygeYM(Y) =W,y «YM(X))

VpV) Vp(d) V()|
M= Dp(V) Dp(D). Dy(H)

HD(V) HD(D) HD(H)

Where:
VD(V) = COS(SCLAT)

DD(V) = SIN(SCLAT * HD(D)

HD(V) = 0,06859 * COS{SCLONG) -0.18602* SIN(SCLONG)



Vy(D) = 0.0
Dp(D) = COS)SCLAT * Hy(H) = SIN(SCLAT) * Hp(V)

Hy(D) = 0.06852% SIN(SCLONG) -0.18602 * COS(SCLONG)
Vp(H) = SIN(SCLAT) :
Dy(H) =-COS(SCLAT) * Hp(D)

ND(H) = 0.98015

with SCLAT = HI‘

SCLONG = Hyp

C0Sg SINZ 0
D = | -SINC COSz O
9 0 1

where & = UT - 12,0 + (SCLONG/15.0) *2m
24,0

with UT = éniversal time in hours.
Note that hour, minute and second are given by words w4. Ns, and
”6' 7
(DELC) = (C) - (I)
where:

(c) = (WpAW) * ()T
(M') is obtained by setting SCLAT =0.0 and SCLONG =-150.0° in the

preceding formula for (M). Thus:

23



.99943 -.00657 -.003296
(M) = 0 .98071 -.1955
\ . 033802 . 19539 .98015

(D') is obtained by calculating D as above with

g = UT-22 %27

25
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Appendix 1

NESCRIPTION OF THE ATS

EPHEMERTS TAPF
TAPE PRODUCED 04/30/1968 PFM 64

THIS TAPE CONTAINS AN FPHEMERIS FOR ATS/B. THESE DATA SPAN A
PERIND FOR 0272171968 = 02/27/1968. QUESTIONS SHOULD BE REFERFD TO
R, Ge GHAPLICK OR Ge Do REPASS AT GSFC 301-982-4373,

MANFUVERS NDURING THIS PERIOD

NONE
UNITS OF THE MAGNETIC SHELL PARAMETER(L) ARE
THOSE USFD BY DRe Ce Eo MCILWAIN (1 UNIT = 6371.2 KM)

///7 THE FIFLD USED IS GSFC/65 AT EPOCH 1965.0, (HENDRICKS ANC
CAINy JoGEOPHYSe RFSer Tly 346-7) 1/1iirtel

THERE ARE MANY FILFS ON THIS TAPE. FILE 1 WILL ALWAYS BE
WRITTEN IN 0CD. THE OTHER FILFS WILL BE WRITTEN IN BINARY.

EXECUTED ON AN IBM 7094 COMPUTER. AT SOME TIME IN THE
FUTURE THE PROGRAM WILL BE REWRITTEN IN 360/FORTRAN AND
COMPILED AND FXECUTFED ON A 360 SYSTEM.

A JET PROPULSTON LARCRATORY PLANETARY SYSTEM EPHEMERIS TAPE
‘ WILL BE THE SOURCF OF THE LUNAR/SOLAR POSITIONS.

REFERENCFS

MAGNFTIC COORDINATES BY CoEoMCILWAIN, UNIVERSITY OF CALIFCRNIA AT
SAN DIFGO, UCSD-SP-&5-5, AUGUST 16, 1965

GEOMAGNETISM BY CHAPMAN AND BARTELS, PAGE 646

CAMPUTATION NF THE GFOMAGNETIC FIELD FROM SPHERICAIL
HARMONIC FXPANSTON BY CATN,HENDRICKS,DANIELS,JENSEN
GSFC-X-611-64-21¢, NCTOBER 1964

1ISEPS NESCRIPTION OF JPL FPHEMERIS TAPES BY PuR.PEABUDY(JeFeSCOTT,
AND EoG.0OR0ZCNy JPL TECHNICAL REPORT NO. 32-580, MARCH 2;1964

JGR 6951181,1964
JGR 7043017,1965

THE FIELD USED IS GSFC/65 AT EPOCH 1965.0, (HENDRICKS ANC
CAINy JoGEBPHYSe RESey 71y 346=347)

FILE 1le THIS ACD IDENTIFICATION FILEs

o FILF 2, FPHEMERTS CONSTANTS (EXAMPLES IN PARENTHESES)
WORND 01 = FIRST 2 DIGITS OF THE SATELLITE ID NUMBER
{611
WORD 02 = LAST 3 DIGITS OF THE SATELLITE ID NUMBER
(123)
WORD 2 = YFAR OF FIRST DAY ON TAPF (1966) 3



WORD & = DAY NUMBFR OF FIRST DAY ON TAPE {348}

WORD 5 = YEAR OF LAST DAY CN TAPE (1Sé6)

WORD & = DAY NUMRER OF LAST DAY ON TAPE (355)

WORD 7 = NUMRFR OF POSITIONS PER DAY (288)

WORD R = LONGITUDE OF DIPOLE, 69. DEGRFES wWEST

WORD 9 = LATITUDE OF DIPOLE, 7845 DEGREES NORTH

WORD 10 = CANONICAL UNIT OF LENGTH IN KILOMETERS
(627R,388)

WORN 11 = CANONTCAL UNIT OF VELOCITY IN KILOMETERS
PER SECOND (7.90547226)

WORD 12 = ASTRONOMICAL UNIT OF LENGTH IN KILCMETERS

149599C00,

WORD 13 = WORDS 13 AND 14 ARE USED TOCETHER TC
DEFINE THE GFOMAGNETIC “NDEL USED.

THE FIELD USED IS GSFC/65 AT EPDCH 1965.0

HWORD 164 = IGSFC /65)

WNORN 15 = SATELLITE SPIN RATE-RPM

NeRes WORNS 1 AND 2 ARE THE SPACFCRAFT IDENTIFICATICN NUNBER

WORDS 1 TO 7 ARE FIXFD PCINT NUMBERS
WORDS B TN 12 ARE FLOATING POINT NUMBERS
WORDS i3 AND 14 ARE ALPHAMERIC NUMBERS
WORD 15 IS A FLOATING POINT NUMBER

NNTE THAT WORDS 4 AND 6 DO NOT DEFINE THFE START AND ENC TINES
ON THOSE DAYS RESPECTIVELYse THE HOUR, MINUTE, SECOND GRCUP CN FIRST
DAY WILL 8F 00/00/00, DATA WILL CONTINUE THROUGH THE LAST DAY.

FILF 3 TO ENND. FACH FILF WILL CONTAIN DATA FOR CNF CALENCAR
DAY, EACH RFCORND WILL CANSIST OF B2 WORDS. THE TIME IN MINUTES
BETWEEN RFCORDS CAN BE COMPUTED BY 1440/(wORD 7) OF FILE 2.
THE LAST FILE WILL CONTAIN DATA FOR THE COMPLETF DAY DEFINED BY WORD 6

OF FILF 2.

COORDINATE SYSTEMS

INERTIAL CONRDINATE SYSTEM (X,Y,Z)
THE ORIGIN IS AT THE CENTER OF THE EARTH
+X=A¥[S POINTS TOWARD THE VERNAL EQUINOX
+7=AXIS IS CO-LINEAR WITH SPIN AXIS OF EARTH
+Y= 7-CROSS-X

GEODETIC COORDINATE SYSTEM (NyF,0}

THF NDRIGIN IS AT THE SUB~SATELLITE POINT

THE ORTIGIN LIES ON THE SURFACE OF THE FARTHs N AND E
LIE IN THE LOCAL HORIZONTAL PLANE RELATIVE TO THE
SURFACF NF THE EARTH.

N AYIS LIES IN THE PLANE OF THE LOCAL MERIDIAN AND
IS POSITIVFE NORTH.

AXIS IS NORMAL TO THF PLANE OF THE LCCAL MERIDIAN
AND IS POSITIVE EAST.

AXTS LIES ALONG THF LOCAL VERTICAL RELATIVE TC THE
SURFACF OF THE EARTH AND IS POSITIVE AS MEASURED
FROM THE ORIGIN INTO THE EARTHe

m

o

SPACECRAFT A0NY SYSTEM (XB,YByZB)

FNR SPIN STAAILI?FN SAYFLLTTFES



7R AVIS IS ONLINEAR WITH SPAGECRAFT SPIN AXIS

XA OAY[S TS NCRMAL TO THE 28 AXIS AND LIES IN THE
PLANFE 0OF 78 AND THE FMF SUN SENSOR

YR AXIS IS 7A=CROSS-Y8

FAR ATS=A GRAVITY GRANIENT STARILIZATION
4t DRIGIN TS AT THE SPACECRAFT CENTER OF
GRAVITY (HAG STA, 1A.5)
+XB AY[S T€ IN THE PLANF NORMAL TO THF AXIS CF THE
CYLTNDRICAL BODY AT HAC THETA = 180 DEGREFS
+YR AYIS IS AT HAC YHFTA = 9C DFGREFS
+28 AYIS GOMPLETES THF RIGHT HANDED COORDINATE SYSTEM
AND TS ALONG THF AXIS OF THF CYLINDRICAL ECOY
(2% = X3 GROSS YB)

WORNS A1l TN 72 ARF COMPCNENTS OF UNIT VECTORS IN THE
SPACFCRAFT ANDY COORDINATE SYSTEM

THE DIPOLFE SYSTEM IS THAT DEFINED BY CHAPMAN AND RARTELS.
DATA N THFE DIPOLF SYSTEM WILL BF GIVEN AS EAST LONGITUDE AND
COL AT [TUDF o

. PEGULAR 8 VECTOR IS THE MAGNETIC FIELD VECTOR ACCCRDING TO
THF DIPOLF MODEL NEFINFD RY WORNS 13 AND 14 OF FILE 2.

NISTORTED B VFCTOR IS THE MAGNETIC FIELD VECTOR ACCORDING
TN THE DISTORTED DIPOLE MODELe

PHASF ANGLE IS THF ANGLE BFTWEFN THE ATS-B POSITIVF XB-AXIS
AND THE VFGTOR FRNOM THE CENTER NF THE FARTH TO THE SPACFCRAFT.
PHASE ANGLE WILL NOT BF COMPUTED FOR ATS A-IT WILL BF WRITTEN

AS ALL SFVENS.

POLARIZATINDN ANGLE AS DFFINED BY MR. R. J. DARCEY IN MEMD
TO ALL EXPFRIMENT MANAGERS ON 28 JULY 1965.

QUOTE =--
MEASUREMENT OF POLARIZATION ANGLF

THE POLARIZATION ANGLF MFASURED AT ATS GROUND STATICAS SHALL
BE NFFINFD AS THE ANGLE RETWEEN THE INCIDENT ELECTRIC FIELD VECTOR
AND THE PLANF DETFRMINFD BY THF LOCAL VERTICAL AND THE LINE BETHEEN
THE GROUND STATION AND THE SATFLLITE. IT SHALL HAVE POSITIVE SENSE
WHFN MEASURED COUNTER-CLOCKWISE AT THE GROUND STATION AND VIEWED
TOWARD THE SPACECRAFT.

Re J» DARCEY
== END QUOTE

WORDS 1 TO 5 ARE FIXED POINT NUMBERS
WORDS 6 T0O 82 ARE FLOATING POINT NUMBFRS

ALL DISTANCES, VELNCITIES, ANGLFS WILL BE FYPRESSED
IN CANONICAL UNITS OF LENGTH, CANCNICAL UNITS NF
VFLOCITY. AND RADIANS, UNITS OF MAGNFTIC FIELD

VECTOR ARE GAMMA = 1.0E-5 GAUSS.

UNITS GF THE MAGNFYIC SHELL PARAMETER(L) ARE
THOSE USED BY DRe Co Eo MCILWAIN (1 UNIT = 6371.2 KM}

WORD 0] = YEAR (1966} )

WORD 02 = MONTH (12) ) EPOCH IN UNIVFRSAL
WORD 03 = DAY (23) ) TIME CF PGSITION 4ND
WORN 04 = HOUR (15) 3 VFELOCITY DATA OF THIS
WORD N5 = MINUTF (47) ) RECCROD



WORD Né& = SEGOND (484123) )

WARD 07 = ANGLF IN THE EQUATDRIAL PLANF FRCM THE 6
INERTTAL +X=AXIS TO THFE GRFFNWICH “ERIDIAN
(POSITIVE EAST)

WORD OR = SPACECRAFT INFRTIAL X CCMPCAERT ({€ut)

WORD 0§ = SPACECRAFT INERTIAL Y COMPCNEANT {CuL)

WORD 10 = SPACECRAFT INERTIAL Z COMPONFAT (CUL)

WORD 11 = SPACECRAFT INERTIAL X=-DNT COMPONFAT (CUV)

WORD 12 = SPACECRAFT INERTIAL Y-DOT COMPONFAT (CUV)

WORD 13 = SPACECRAFT TNERTIAL Z-00T CCMPCNENT (CUV)

WORD 14 = SUN TNERTIAL X CCMPONENT (CUL)

WORD 15 = SUN INERTIAL Y COMPONENT (CUL)

WORN 16 = SUN INERTIAL Z COMPONENT (CUL)

WORD 17 = COS(XB4X)

WORD 18 = COS(XA,Y)

WORD 19 = COS(XBy2)

WORD 20 = COS{YB,X)

WARD 21 = COSI{YBeYH

WORD 27 = COS(YBy2)

WORD 23 = COS(ZR,X)

WORD 24 = COS(ZByY)

WORD 25 = COS(ZByZ)

WORD 26 = X-INERTIAL CCMPONENT OF REGULAR B VECTOR

WORD 27 = Y-INERTIAL COMPONENT OF PEGULAR B VECTOR

WORD 28 = Z-INERTIAL COMPONENT OF REGULAR B VECTOR

WORD 29 = X—-INERTIAL CCOMPONENT OF DISTORTED R VECTOR

WORD 30 = Y-INERTIAL CCMPONENT OF DISTORTED B VECTOR

WORD 31 = Z-INERTIAL COMPONENT OF DISTORTEC B VECTOR

WORD 32 = MAGNITUDE OF REGULAR B VECTOR

WORD 33 = MAGNITUDE OF DISTORTED B VECTCR

WORD 34 = N-GEODETIC COMPONENT OF REGULAR B VECTOR

WORD 35 = E-GFODETIC COMPONENT OF REGULAR 8 VECTCR

WORD 36 = ND-GEODETIC COMPONENT OF REGULAR 8 VECTOR

WORD 27 = N-GENDETIC COMPONENT OF D{STCRTEC E VECTOR

WORN 28 = E~GEODETIC COMPONENT OF DISTORTEC B VECTOR

WORN 39 = D-GEODETIC COMPONENT OF DISTORTEC B VECTOR

WARD 4N = B-SUB-THETA OF REGULAR B VECTCR

WORD 41 = R-SUB=PHI OF REGULAR B VECTCR

WORD 42 = B-SUB-R OF REGULAR B VECTCR

WORD 43 = B-SUR-THETA OF DISTORTED B VFCTCR

WORD 44 = B-SURB-PHI OF DISTORTED B VECTCR

WORD 45 = B-SUB-R COF DISTORTED B VECTOR

WORD 46 = COLATITUDE SPACECRAFT IN DIPCLE SYSTEM

WORD 47 = LONGITUDE SPACECRAFT IN DIPCLE SYSTEM

WORD 48 = COLATITUDE SUN IN DIPOLE SYSTEM

WORD 49 = LONGITUDE SUN IN DIPOLE SYSTEM

WORD 50 = COLATITUDE XB IN DIPOLE SYSTEM i

WORD 51 = LONGITUDE XB IN DIPOLE SYSTEM

WORD 52 = COLATITUDE YB IN DIPCLE SYSTEN

WORD 53 = LONGITUDE YB IN DIPCLE SYSTEM

WORD 54 = COLATITUDE 7B IN DIPCLE SYSTEM

WORD 55 = LONGITUNE Z8B IN DIPOLE SYSTEM

WORD 56 = COLATITUDE REGULAR B IN DIPCLE SYSTEM

WORD 57 = LONGITUDE REGULAR B IN DIPOLE SYSTEM

WORD 58 = COLATITUDE DISTORTED B IN DIPOLE SYSTEM

WORD 59 = LONGITUDE DISTORTED B IN DIPOLE SYSTEM

HWORD 60 L = MAGNITUDE OF MAGNETTC SHELL PARAMETER
THF FOLLOWING ARE COMPONENTS OF UNIT VECTORS IN THE
SPACECRAFT BODY SYSTEM. THFSE VECTORS ARE DIRECTED
TOWARD THE OBJECTS GIVEN BELOW.

WORD 61 = XB TO EARTH CENTER
Y¥B TO EARTH CENTER

WORN 62 =

WORD 63 = ZR TO FARTH CENTER
WORD 64 = XB TO SUN

WORD 65 = YA TO SUN

WNRD 66 = ZR TO SUN



R R M K ok & R A ok Kk W X

END

WORD €7
WORD &R
WNRD &9
WORD 70
WORD 71
WORD 77
WORD 73
WORD 74
WORN 78
WORD 76
WORD, 77
WORD TR
WORN 79
WORD RO
WORD 81
WORD 82

MANNER o

T T T T )

YR
Yi
R
XA
YR
43}

ALONG
ALONG
ALONG
ALDONG
ALONG
ALONG

GFONETIC
GENCENTRIC LATITUNDE OF SATELLITE

LONGI TUDE (+EAST) CF SATELLITE

NISTANCE OF SATELLITE FROPR CENTER OF EARTH
ALTITUDE OF SATFLLITF

PHASE ANGLF &
PALARYZATION ANGLE FOR ROSMAN

POLARIZATION ANGLE FOR MOJAVE

POLARIZATION ANGLE FOR TRCWCCMBA
PNLARTZATION ANGLE FCOR JAPAN

WARNT NG
IF FNR SOME REASON THE ATTITUDE CANNOT BE DETERMINEN; ANY VALUE
PERTAINING TO ATTITUDF WILL RF WRITTEN AS ALL SEVENS. WOROCS 17
TN 25, 50 TO 55, 61 T0 72,

78 TO

REGULAR 3 VECTOP NIRPECTION
REGULAR B8 VECTCR QIRECTION
REGULAR B8 VECTOR DIRECTICN
DISTORTED & VECTOR DIRECTION
DISTORTED B8 VECTOR NIRECTION
DISTORTFC 8 VECTOR DIRECTICN
LATITUDE OF SATELLITE

& % & % %k B X k¥ R B X B N KB

A2 COULD RE WRITTEN IN THIS

WORN 15 OF FILE 2 COULD AF ALL SEVENS AT SCMF TIME.
&R % & Rk K R K K K Ok KX

Kok X Kk ok kR K ok K F K X X K &k ¥ R X ¥ 3 X X



App ix 2
LISTING OF ATS=-1 EPHEMERIS TAP USE IN MAGNETIC FIELD DATA PROCESSING
.

NOTE »

401PYDH) CQORCINATES (MCPHERRONs 1972) IS GLYEN BY: BIDIPYDH)=(NDAWISBIMEAS) _ . .. .
E LOCATION AND ORIENTATION OF THE SPACECRAFT AND ARE PKINTFD BELOW FOR EVERY HOUR.
IT IS GIVEN BY A SIMPLE KIGHT HAND RLCTATION

THE TRANSFORMATION ESQH_(MEAS)_TQ.

MATRICES (M) (A) L CHANGE SLOWL Y WITH THI
THE MATRIX (D) CHANGES RAPIDLY SINCE 1T 1S A FUNCTION OF THE SAYELLITE HOUR ANGLE.
ASDUT THE 2 AXIS BY THE ANGLER As28P[#(UT=12 ,04SCLONG/1%.0)/24.0

MAGNETIC F1ELO DATA PFOCESSING WAS CARRIED QUT UNDER THE ASSUMPTIONS THAT ATS-1 WAS IN THE EQUATUR AT =150 DEGREES E£AST LONGITUDE
MITH ITS EFII:GAXIS PARALLEL TO THE EARTH'S ROTATION AXIS. MATRIX (DELC) IS A SMALL CORRECTICN MATRIX FNR THE ASSUMPTIONS AND 1S
USUALLY NE LE. . — N M 335 — = - —~ = "

) TInE GEOGRAPHIC |POLAR ANGLESIDEG) JF SATI MATRIX ELEMENTS 1
ISATELLITE LOC(DEG)] SPIN AXIS IN GEI COURD | i
PHI{ZN) | 1

IYEAR MON
98 1

DAY HOUR]SCLAT SCLONGI
3. 0 =0.2 3y

. BIGSEE)

EAST)IVHETALZM)
0.4 N3
| ={An)AU(NEAS)
BUDIPVDH) =(M)*BIROTVDH)
BIDIPVNH) ={ MDAW)*BLHEAS)
BE(DIPVOH)=( I¢DELC) *B(DIPVOH)

13541 (======COLUNN lmmm====}{=nn=c=COLUNN 2=======)(======COLUNN 3-=—s==-)
{_1.0000-0.0024 0200881 ( 0.0024 1.0000 0.00561(=0.0088-0.0056 099991
324)( 0.0  0.9803 0.1¢78)(-0.0042-0.1278 0.9801)

(MDAW)={ 0,8679-0.4885-0,0267;( 0.4966 0,849 0,1325)(-0.0147-0.1283 0.9797)
(UELC)=(=0.0046 0.0089 V.0662){ G.0056-0.0052-040379)(=0.0171 0.0660-0.014¢6)

1968 1 3 1 =0,3  -150.4 0.6 135.1 (==-===COLUMN 1- ~=COLUHN 2 ===COLUNN 3--=-=== )

e - BUGSEE) S e LEU 0-0. 0024 10,0024 1.0000 0.0056) 0086-0.0056 0.9999)

8 (O1PVOH [} () =( 1.0000-0.0006 0.0324)( 0.0  0.9505 0.1278)(-0,0047-0,1278 0.9801)

ACDIPVOH) = MDAW)*B ( NEAS) (MDAW) = 0,7097-0,6920-0.0584)( 047043 045947 041190)(~040150-0.1256 0.9600)

BE(D IPVOH)=(1+DELC ) #B(DIPVOH) (CELC)=(=040005 0.0089 0.0757)( 0.0056-0.0045-0,0215)(-0.0357 0.0611-0.0148)

1968 1 3 2 =0.3  -150.4 0.6 i ===) (======COLUNN 2-====-= )(======COLUNN 3===--=~-)

BIGSEE)  =(AW)*RIMEAS) (M) =0 1.0000-0.0024 0.0088) ( 0.00z4 1.0000 0.0056)(-040088-0,0056 0,99991

B(DIPVDH) =(M)#B(ROTVOH) (4)  =( 1.0000-0.0006 0.0324)( 0. 0,980 276)(~0.0049-0.1278 0.9601)

B(DIPVDH) =(MOAW)*3(MEAS) (MDAW)={ 0.5032-0.8485-0+0855)( 0+8640 0.4922 0.0576)(~040142-0,1231 0.9604)

BE(DIPVOH)=( 1+DELC)#BIDIPVEH) (DELC)=(-0.0120 0.207C 0.0805)( 0.0038-0.0013-0,0032)(~0,0521 0.0517-0.0149)

1968 1 3 3 =0.3  -150.4 0.6 13541 (======COLUMN 1-======) {~====| COLUNN 2-=====-= )(mmmme | COLUMN 3 =)

. _ _BUGSEE) _ =(AW)*R(MEAS) (AW) ={ 1.0000-0,0024 0.0088)( 0.0024 1.0000 0.0056(=0.0089-0,0056 0.9999).

BUDIPVGH) =(M)*B(RUTVOH) (M) =( 1.0000-0s0006 0.0324)( 0.0 049303 0,1276)(-0.0046-0,1278 0.9801)

BUDIPYOH) = (MDAW)#BIMEAS ) (MDAW) = ( 0.2625-0.9472-0.1061)( 0.9649 0.i561 0.07031(-0.0125-0.1209 C.9607)

BE(GIPVOH)=(T+CELC)*BIDIPYDH) (DELC)=(=0.0141 00037 C.0803)( 0.0004 0.0006 0.0157)(~0,0654 0,0387-0.0151)

1968 Y 3) 4 =0.2 =150.4 0.6 2351 {mamns ~=COLUMN 1~ ==COLUMN 2= ===} (======COLUMN 3====-==}
e =(AW)$BIMEAS ) (AW) =( 1.0000-0,0024 0.0088)1( 0.0024 140000 0.0056)(~0.0089-0,0056_ 0,99

(] ) =(H1#BLROTVOH) (M) =( 1.0000-0.0006 0.0324)( 0.0  0.9803 0.1276)(-0.0043-0. 801)

BUDIPYDH) = (MDAW)¥BIHEAS ) (MDAK) ={ 0.0039-0,9814-0.1150) { 0.9399 V.0026 0+0354)(~0.0100-0.1191 0,9810)

BE(DIPVDH)=(T#DELC) #AIDIPVDH) (DELC )= (~0.0143-0.0001 C.0752}(-040035 0.0007 0.0338)(-0,0749 4.0230-0.0151)

1968 1 3 5 =0.2  =150.4 0.6 13541 (======COLUNN 1=======) (=== COLUMN 2-=-==== ~=COLUNN 3-====-=)

_BIGSEE)  =(AW)*BIMEAS) (Ad) = 1.0000-0,0024 0.0089)( 0,0024 1.9000 0,0055)(=0,0089-0,0056 0,9959)

B(CIPVDH) =(P)#B(ROTVOH) (M) ={ 1.0000-0.0005 0.0324)( 0.0  0.9803 0.127b)(-0,0035-0.1278 0.9801}

B(DIPVOH) = (MDAW }3 BUNE AS ) (MDAW)=(~04 25500, 9488-0.1232) ( 0.9669-042511 0400¢2)(-040067=0,1100 0.9813)

BE(DIPVOH) = (1#DELC) ¥B(DIPVCH) (UELC)=({=0.0125-0.0035 0.0656) (~0.0070-0.00)3 0.0500)(-0.0803 0,0C57-0.0151)

1968 1 3 & -0,1  -150.4 0.6 135,1 (======COLUHN 1=======) (======COLUHN 2= i GLUNN 3==——===)

BAGSEE) = {AWISBUHEAS] _ (AN) . a{ 1.0000-0.002% 0,00893( 0.0024 1.0000 0,005¢}¢-0,0089-0,0056 0.993%)

01pV 8 (ROTVDH) (M) ={ 1.0000-0.0003 0+0323)( 0.0 0,330z 0.127¢)(=0.0025-0.1278 0,9501)

B(LIPVOH) =(HOAW)2B(HEAS ) {HDAM)= (- 00 4965-048516-01263)( 0.8680-0448T6-0,0299)(=040030-0,1176 09814}

EE(DIPVOH) =(1+DELC) ¥BIDIPVUH) (DELC)=(-040092-04005¢ 0.0522)(=0,0091-0,0047 0.0632)(=0.0812-040123-0,0151)

1968 1 3 7 0.1  -150.4 0.6 135,01 (=--=--COLUNN 1= ) (======COLUMN 2-====== ) (=mmm COLUNN 3-==--==1)

B(GSEE)  =(AWI*BIMEAS) (aw) =t ' ){ 0.0024 1.0000 U,005¢) (=0 L089-0,0056_049999)_

(M) =( 1.0000-0.0007 O 0.0 17 014-0.127 801)

B(CIPVCH) #(MI#B(ROTVDH)
B(OIPVDH) =(MDAW }#B(MEAS )
BE(DIPVDH) = (1¢DELCI*BIDIPVLH)

(4OAW)=(~0.7042-046969-0.1048) { 0.7100=0.6910-0,0t16)( 0,000 21178 0.9815)
(UELC)=(=0,0054-0.0056 0.0356)(-0.0093-0.0037 0.0174)(=0,0779-0,0293-0.0150)



|

THE TRANSFORMATION FROM_(MEA:
MATRICES (M)olA)oiN) ALL CHA
THE MATRIX (D) CHANGES RAPIDLY
ABOUT THE 7 AXIS BY THF ANGLE:
MAGNETIC FIELD DATA PROCESSING
WiTh ITS SPIN AXIS PARALLEL T0
USUALLY NEGLIGIBLE

LISTING OF AIS-1 EPHEMERIS TAPE Q
(3
$1 10 (CIPYON) COORDINATES (4CPHERKON.

NGF SLOWLY WITH THE LOCATION AND ORIENTAT

SINCE IT IS A FUNCYION OF THE SATEL
A=26E18(UT=12 JC+SCLONG/ 15400724

USE IN MAGNETIC FIELD DATA PROCESSING
TE sse

_1972) LS GIVEN BY: BIDIPYDH)={MUAH)SB(MEAS)

10N OF THE SPACECRAFT AND ARE PR
LITE HOUR ANGLE« IT IS GIVEN BY A

INTED BELOW FOR EVERY HOUR,

SIHPLE RIGHT HAND ROTATION

+0
WAS _CARRIED OUT UNDER THE ASSUMPT[ONS THAT ATS~

THE EARTH'S ROTATION AXISa

1 WAS IN THE FQUATOR AT =150 LEGREES £AST LENGITUDE
MATRIX (DELC) IS A SMALL CURRECTION MATRIX FOR THE ASSUMPYT IUNS AND IS

iT TN ) GEDGRAP|

\ ISATELUITE L

IYEAR MON DAY HOUR|

1968 1 3 8

_ __BIGSEE)
BICIPVOH) =

IPVOH) =

DIPVDH) =

SCLAT SCLONG(EAST) [THETA(ZN)
=0.0  -150.4 0.6
TAN)SBIMEAS)

HIC _ |POLAIl ANGLES(DFG) NF SAT|
OC(DEG)] SPIN AX1S IN GEI COORD |

{MISBIROTVDH)
(MOAW ) ¥BIHEAS )

(M (MDAW)
(T+DELC) #B(DIPVDH)

(133 0000 0.0323)( 0.0
={=0,6639-0.4548~

MATRIX ELENENTS

10024 0,0089) ( 0,0024 1.0000 000!

0.0836) { 0,5037-0
{UELTI® (~0.0019-0.0037 0.01761(=0.0075-0

== {ommeee COLUNN 3
561(~0,0089-0,0056 049999)
0.9802 0.1278)(~0.0001-0.1278 0.9601)
+8474-0.0887)( 0,0048-041267 098141
0122 0.0771)(-0,0703-0.0463-0.0148)

)

1968 1 (3§ 0.1 ' -150.4 0. [=====-COLUNN 2===m=mn ) (- COLUMN 3-----==)
oo —uio— BUGSEE) _ s(AW)®R(NEAS) | ~-{AL_={ 1,0000-0.0024 0,0039)( 00024 1.0000 0,005611~020085-0,0055 0,9999)

B(DIPVDH) = (M)*B(ROTVOH) M) +0000 0.0002 0.0323)( 0.0 049501 0.1279)( 0.0012-0.1275 0.9801)

IPYDH) =(MCAW )4 B(NEAS ) {MDAK )= (~0,9648-0,2590-0.0561)( 0.2630-0.94563-0.1094) ( 0.0083-044203 0.9813)

E(DIPVDH) = (1 +DELC)#B(DIPVOH) {DELCI=( 0.0001-0.0002-0.0012)(~0.0042-0.0142 0.0763){~0.0585-0,0605-040147)

198 1 3 10 0.1  -150.4 0.6 135,1 {~===-=COLUMN 1==--==- ) (=mmmme COLUMN 2=======) ( COLUMN 3-——-=m=)

=P AAH) 1 1,0000-0.0024 0.0039)( 0,0023 1.0000 0.005¢)(-0,0 0.0055 0,9999)

i =( 1.0000 0.0003 0.0323)( 0.0 09801 0.1279)( 0.0024-0.1279 0.9801)

BIDIPVDH) =(PDAW)*B (HEAS) (4DAH )= (=049999-0.0057-0.0241) { 0.0044-0,9808-0.1223) ( 040L13-U.1224 0498111

BE(DIPVDH)=( [+DELC)*B(DIPVDH)

DELC)=( 00002 0,0038-0.0193) (~0.0003-0.0142 0+G719)(=040442-00716=0.0145)

=) (======COLUMN 3==—b-=)

1968 1 3 11 0.2 =150.4 ==COLUNN 1===-=-. =) {======COLUMN 2--
A {AM) =( 1.0000-0.0024 0,0089)( 040023 10000 040056 )(~020089-0:0055 0,3999)__
M1 =( 1.0000 0.0004 0.0323)( 0.0 0,9800 0.1279)( 0.0034-0.1279 0.9801)
B(DIPVOH) =(MDAW)#B(ME AS ) {MDAN)=(=0,9670 0.2479 0.0100) (~0.2545-0.9486-0.12641( 040134=0,1248 0.9808)
BE(DIPVDH)=( I4DELC)*B(DIPVDH) (VELCI=(-0.0017 0.0072-0.0354) { 0.0030-0.0123 V0624 )(-0,0265-0.0768-0.0143)
19681 a2 0,2l sy 50 s 135,01 (=--mnn COLUNN 1===-= =) (~m=oen COLUMN 2~ =) (- ~COLUKN 3- -)
5 . i _B(GSEE) _ =( i (AH)  =( 1.0000-0.0024 0.0089)( 0,0023 1.0000 0.0055)(~0,0089-0,0055 0,9999
B (DIPVDH) (M) =( 1.0000 0,0005 0.0323)( 0.0  0.9800 0.1279)( 0.0043-0.1279 0.9801)
BUDIPVDH) =(MDAW)#BIHEAS) (HDAW)=(~0,8682 0.4846 040441)(=0.4761-0.8519-0,1516)( 0.0147-0,1275 0+5805)
BE(DIPVDH)=( 1+DELC ) #B(DIPVDH) (DELC)=(-0.0051 0.0091-0.048¢)( 0.0049-0.0088 0.0490)(=040080-040814-0+0141)
1968 1 3 13 0.3 ~150.4 o6 13541 (~=====CULUMN l==m=mm=](=====~ COLUMN & (-
RIGSEE) = (AW)*BIMFAS ) (aW) = 1.0000-0,0024 0.0089)( 0.0023 1.0000 0.00551) (= 0 9 _|
) = (M) *B(ROTVDH) ) ={ 1.0000 0.0006 0.0323)( 0.9 0.9800 2.12793( 0400 0.1279 0.9801)
BIDIPVDH) =(HDAW)*B(HEAS) (MDAW) =(-0.7102 0,6662 0407561 {~0,7039-046972-0.105L)( 040150-0.1301 V.9801)
BE(DIPVDH}=(1+DELC) #B{DIPVOH) (DELC)=(-0,0089 0.0090-0.0579)( 0.0048~0.0049 0.0327)( 0.0112-0.0790-040139]
1966 1 3 % 0.3 -150.4 0.6 ( COLUMN 2
BIGSEF) =(AWI*B(MEAS) ={ 1.0000-0.0024 0.0089)( 0,002 1.0000 0,0055) (-0.0089-0,0055 042999) _
E(DIPVOH) =(H)#B(ROTVDH] (Ml =0 1.0000 0.0006 040323)( 0.0  0,9800 0.1279)( 0.0050~0.1279 0.9601]
S{DIPVDHI ={HDAW 1¥BIMEAS) (MDAH} =(-0.5038 0,8450 0.1029) (~0.8637-0.4951-0.0665)1 0.0142-041327 0.9798)
BE(DIPVUHY=(T4DELCI*B(OI PV OH) (DELC)=(-0.0120 0.0070-0,0627)( 0.0026-0.0015 0.0145){ 040295~0,0714-0.0138)
1960511 I3 I s S0 sa W=y 0 0.6 == (======COLUNN 3 )
_BUGSEE) _ =(AW)*B(MEAS) =( 1.0000- 089)( 0,0023 1.0000 0. ) 005 999)
B(DIPVDH) =(HI#*B(ROTVOH) ={ 1.0000 0.0006 0,0323)( 0.0 0.9800 0.127%)1 G.00480.1279 801)
B(DIPVDH) =(MDAW )*B({HEAS) (MDAW)=(-0.2631 0.9441 0.1236){-0.9647-0+2592-0,05941) ( 0.0125-0,1349 0.9794)

IPVDHI=

T4DELLI®*BIOIPVDH)

(DELC)=(~0.0137 0.0036=0.0626) (-0, 0006 0.0004-0,0043)( Us0453-0,0591-0.013T)



®

— THE TRANSFORMATION FROM_(MEAS) TO_(DIPYDH) GOORDINAT

LISTING DF ATS=L ERHEMERIS TAPE. Fi SE IN MAGNETIC FIELD DATA PROCESSING —— .
48 NOTE $38

RR| GLYEN BY: _A(DIPVOH)=(MDAMISHINEAS)

TES_(MCPHERRON. 1972) 1S ¢ e
MATRICES 1M)2(A)o(x) ALL CHANGE SLOM.Y WITH THE LOCATION AND ORIENTATION OF THE SPACECRAFT AND ARE PRINTED BELOW FOR EVERY HOUR.

THE KATRIX (D) CHANGES RAPIDLY SINCE
ABOUT THE 2 AXIS BY THE ANGLE:
MAGNETIC FIELD CAT' PROCESSING WAS CARRIED QUT
WMITH ITS S2IN AXIS PARALLEL TO THE EARTH'S ROTA
~ USUALLY MECLIGIBLE,

17 1S A FUNCTION OF THE SATELLITE HOUR ANGLE.
A=22P [=(UT~12,04SCLONG/1540) /240

UNDER THE ASSUMPTIONS THAT ATS-1 WAS IN THE EQUATOR AT -150 DEGREES EAST _LONGITUDE
TION AX1S. ASSURPTION

IT IS GIVEN BY A SIMPLE RIGHT HAND ROTATION.

MATRIX (DELC) IS A SMALL CORRECTION MATRIX FUR T D IS

] TIME

GEQGRAPH] C

I YEAR MON DAY HCUF ISCLAT SCLONG(EAST) ITHETA(EH)
1988 1 3 18 0.4 0.

1968 1
1968 1
1968 1
1568 lA
1968 1
1968 1
1968 1

.2 -15
BUGSEE) _ m[AW)RB(MEAS)
B(DIPVDHY =(H)#B(ROYVDHY
B(DIPVOH) =(HDAN |3B(NEAS)
BE(DIPVDH)=(1+GELC) #B(DIPVOH)

3 17 0.2 =150.4 0.6

BIGSEE) =LA

3 a8 ~150.4 0.6
"7 BUDIPVDH) = (M) ¥B(ROTVOH)
B(DIPVDH) =(MDAN)¥BIMEAS )
BE(DIPVDH)=(T+DELC)*BIDIPVDH)
3 ~150.4

0.6
B(MFAS)
(ROTVOH)
B(DIPVDH) =(MDAW)%B (MEAS }
RE(DIPVOH) = (1+DFLC)*B(DIPVDH)

3
1 AH)3B(MEAS )
F)#B (ROTVDH)
MOAW) B NEAS)
BE(DIPVEH)=(T+DELC)*B(0IPVOH)
3 21 =0,1  -150.4 006
BIGSEE) = (AW)®B(MEAS)
E(UTPVCH! FI*B(KOTVDH)
B(DIPVOHD =(MDAW)¥B(KEAS)
BE(DIPVLH)=(1CELC)#B(DIPYLH)
3020 =0,10 10 =150. 4 0.6
E(GSEE) _ =(AM)$BIMEAS)
BICTPVDH) =(H)3B(ROTVDH)
B{DIPVDH) =(HDAW )35s (MEAS )
BE(DIPYOH)=(19DELC)*BIDIPY CH)
3 2

=0,2  -150, 0.6
BUGSEED  =(AW)#BMEAS ) -
B(CIPVDH) = (M) #B(FOTVOH)
BUDIPVDH) =(MDAW )*D{MEAS }
BE(CIPVOHI=(140FLC 198101V OH)

| G )POLAR ANGLES(DEG) OF SAT)
ISATELLITE LOCIDEG)| SPIN AXIS IN GEI COORD ]

— {4} = 1,0000-0,0024 0.0089)¢ 0.0023 !,000¢ 0200551 {=0.006%

MATRIX ELEHENTS

PHI(ZM)E
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1% INTRODUCTION

Values of ATS 1 Data. The ATS 1 satellite was placed in
synchronous orbit in December 1966. Since its launch, it has
operated almost continuously, measuring the vector magnetic field.
At the time of launch this instrument was the most sensitive flux-
gate magnetometer in space and, in addition, had the highest sample
rate of any satellite magnetometer. The fact that it is located in
the equatorial plane and its orbital period is locked to the ro-
tation period of the earth has made possible a number of unique
studies. A1l of these depend on the fact that the satellite sweeps
out one complete revolution of the magnetosphere every day at a
fixed point in the earth's magnetic field. This makes possible
statistical studies of the occurrence of various phenomena which
take place at the synchronous orbit. Any eccentric satellite
requires a full year to make such a circuit and requires many
years to acquire comparable statistics.

The value of such studies is enhanced by the fact that mag-
netic field lines intersecting the aurcral zone pass near or

through the synchronous orbit. This fact has made the ATS 1 data

extremely useful in studies of the magnetospheric substorm, mag-
netic storms and auroral zone micropulsations.

Problems of Spacecraft Field. Despite the fact that the mag-

netometer has worked properly enabling us to complete a number of
important studies, we have encountered major problems in the analysis
of the data. These problems arise from the facts that the space-
craft was not originally designed to carny a magnetometer and that

no boom was provided to separate the instrument from the spacecraft.




As a consequence, the spacecraft field at the magnetometer is
comparable to the ambient field., This problem would not be serious
if the field were known or constant. Unfortunately, this field is
dependent on the spacecraft state, which changes as often‘as 100
times per day. Uniess this field is determined for each state, no
absolute measurements of the field are possible.

in addition to the problem just discussed. the absence of a
boom has made it difficult to study fluctuations of the field.
Here the problem arises from field transients caused by the changing
spacecraft state. These transients introduce noise spikes and gaps
into the magnetometer data. Similarly, other environmental experi-
ments produce periodic disturbances at the spacecraft.

During the past year we have developed methods for handling
the preceding difficulties. Use of these methods has enabled us
to begin a number of interesting projects otherwise not possible.
In the following sections we describe these methads'and/summarize

the-resutts—of ourTanalysis.




I1. ATS 1 CHRONOLOGY r

The UCLA ﬁi:netometer on ATS 1 has oﬁerated continuously now
for almost 5 yeaks. During this time ;He percent data recovered
from the satellite\ has typically been/%bout 80%. A month-by-month
plot of this data racovery is 1nc]udéd as Figure 1. During this
time there have been \two majc: c@anges in the satellite which, in
order to compensate fok, our exjéting data processing programs must
be modified. The first of thgé% occurred on November 2, 1969, when
the satellite sun sensor L{;d. The signal from such a sensor is
required to resolve the ouf/ut of the magnetometer transverse to
the spin axis into two oythoggnal components fixed in inertial
space. /

/

The second event/occurrad op June 30, 1970, when Goddard Space

Flight Center ceased recording the output of the EME package on

ATS 1. Special arrangements made ith NOAA at Boulder, Colorado,

supported by th

0ffice of Naval Resqirch, have made it possible
to continue recording the telemetered data. However, the format

of the data fapes is quite different from those originally supplied

to UCLA. hese events and several others\of lesser importance are

summariz in the chronology of Table 1.

’)yll. CORRECTION OF ATS-1 MAGNETIC FIELD OBSERVATIONS

Absolute Corrvection for Eclipse State

Sources of DC Interference. As viewed by our data pro-

cessing program, the ATS 1 magnetometer consists of two sensors,
one parallel and one perpendicular to the 'satellite spin axis.
The parallel sensor is effectively fixed in relation to all elec-

trical currents flowing in the rotating spacecraft and measures
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the magnetic field of these cuprents. This spacecraft field is
superimposed on the natural field paraliel to the spin axis and

must be subtracted from the measurements to obtain the natural

field.

The perpendicular sensor rotates at the satellite spin fre-
quency and records the projection of the transverse component of
the field on the instantaneous position of the sensor. This pro-
jection is a maximum when the sensor and transverse field are parallel,

and a minimum when they are antiparallel. By noting the phase of this

signal relative to a signal from the sun sensor, it is possible to

resolve the sensor signal into two orthogonal components.
Interference with the perpendicular sensor is caused by any

magnetic field which is periodic at the spin frequency. Such a sig-

nal arises from the solar panels in two different ways. First, the

magnetometer is located on the rim of a cylindrical spacecraft and
during one rotation moves first toward the subsolar point and then

away. Since the currents flow only in the cells near the subsolar

point, the magnetometer is moving first toward the currents and

then away. The magnetic field at the magnetometer due to these

currents will thus increase and decrease periodically at the spin

frequency. We note at a fixed point in space, there would be no

variation in the magnetic field due to this effect.

There is a second way, however, in which the field varies
periodically at both the magnetometer and also at a fixed point
in space. This results from the asymmetrigc disgribution of solar

cells due to openings in the side of the spacecraft. Since there



are no cells, there is no current. Thus, the magnitude of the
currents at the subsolar point, and hence magnetic fields at the
magnetometer, are modulated periodically at the spin rate.

The above periodic variations in the magnetic field at the
spin frequency are superimposed on the variation due to rotation
of the perpendicular sensor in the transverse natural field. The
output of this sensor is the sum of these twe signals. We note also
that the solar cell currents remain constant in amplitude and phase
for a given state of the spacecraft. Thus, when the sensor signal
is resolved into two orthogonal components, the periodic inter-
ference signal appears as constant offsets in the two orthogonal
components of the transveise field. As with the parallel sensor
discussed previously, these two offsets must be subtracted from the
measured field to obtain the actual field.

It should be mentioned that the parallel sensor also records
a signal at the spin frequency due to the above sources. Since
the desired information about the natural field is at frequencies
less than the spin frequency, this interference can be eliminated
by low-pass filtering the output of the parallel sensor. We note,
however, that for a given state of a spacecraft the phase of this "
interference signal depends on the relative position of the sun
and the magnetometer, i.e., this error signal acts as a sun sensor.

Determination of Perpendicular Offset in the Eclipse

State. For the sake of argument, Tet us assume that the spacecraft

state remains constant. Then the offsets ,in the two components of

the transverse field are dotermined as follews. Near the equinoxes

a satellite in equatorial orbit is eclipsed by the earth near



A-6
local midnight. When the satellite enters the earth's shadow, the
currents in the solar cells vanish along with their magnetic ef-
fects. At this time, the measured field becomes equal to the
natural field, The offsets which occur in the two orthogonal
components of the transverse field at this time are just the cor-
rections which must be applied for this spacecraft state.

The actual determination of these two offsets is complicated
by two factors. First, as soon as the spacecraft enters the earth's
shadow the signal from the sun sensor disappears. This means that
resolution of the signal from the transverse magnetometer into two
orthogonal components fixed in inertial space depends upon extrapo-
lation of the phase angle of the spacecraft's spin. This extrapo-
lation can be made by assuming the spin rate is constant with a
value equal to that at the beginning of eclipse. This assumption
is valid only for a short interval of time.

The second factor is that the spacecraft begins to cool in the
shadow and shrinks. This, in turn, causes it to spin faster. As
a consequence, the phase angle of the spinning spacecraft differs
from the predicted, and inertial reference is lost. At this point,
large sinusoids appear in the X and Y components until a sun
sensor siynal is again available. The offsets must be measured
as soon after the spacecraft enters the complete shadow as possible.

An example of these effects is shown in Figure 2. Eclipse
entry begins at 0934:30 UT. Transient effects of this entry are
over by 0938. The X and Y offsets between these two times are
approximately 12 and 18 gamma, respectively. Since no solar

cell currents are flowing at this later time, we ascume the measured
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field is exactly equal to the natural field. Thus, the correction
vector (CX’ Cy» CZ) to be added to the data for the particular
state of the spacecraft on entry to this eclipse has X and Y com-
ponents of 12 and 18 gamma.

The effects of losing the signal from the sun sensor and cool-
ing of the spacecraft are also apparent in this figure. Large
ampiitude sinusoids in X and Y gradually increase in frequency as
the assumed spin frequency departs from the actual frequency. At
about 1045 the satellite emerges from eclipse and the measured
field is again ccmparable to the field before eclipse.

Determination of Parallel Offsets in the Eclipse State.

in contrast to the situation for the transverse sensor, there is

no equally satisfactovy method of determining the offset in the
parallel sensor. The method we use is based upon the assumption
that the natural field will be the same at a fixed point in the
magnetosphere provided the solar wind parameters remain fixed.

The local time for which the effects of changes in these parameters
will be the least in the synchronous orbit is at local noon. Thus,
we take the average of the field measurements in the parallel sen-
sor at local noon on quiet days for a given state of the space-
craft. On the basis of previous reports, Sugiura et al. (1970),
Fairfield (1968) and Russell (1970), we take the field at this

point to be about 120 gamma. The difference between this value

and our Jbservations is the correction to be applied tc the parallel
component for this spacecraft state.

Absolute Correction for Three Equinoxes. The rvesults of




our determination of absolute corrections for three successive
equinoxes after launch ave shown in Table 2. This correction
vector differs from the example above because of a difference in
spacecraft state, The standard deviations shown for each. com-
ponent of the correction vector represent the variation in the
offset for about 10 separate measuvements. The large absolute
variatian in the Z component of the correcticn vecio
effects of differing solar wind parameters un supposedly similar
quiet days. It should be noted that the percent error in all

three corrections are comparable, Also, we note that the ambient
field at ATS 1 typically has perpendicular and parallel components
of 25 and 100 gamma. Consequently, the percent errors in the
corrected field components are not significantly different.

It is also important to note that the three successive deter-
minations of offsets are the same within the indicated experimental
error. As a consequence, we have considerable confidence in the
values obtained.

Spacecraft States and Associated Correction Vectors

Determination of Spacecraft State. As mentioned pre-

viously, the state of the spacecraft changes frequently as commands

are sent curning the various subsystems on and off. The currents
flowing either in the circuits of the spinning spacecraft or in
the inertially fixed solar cells change due to different power re-

quirements. Thus, for each new state of the spacecraft a new

correction vector is required.

An example of the effects of these changes is shown in the right

panel of Fig. 3. The rate at which these changes occur as well as the
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magnitude of their effects creates a serious problem. In our
initial attempts to find consistent correction vectors for various
states, we discovered that almost all of the communications sub-
as well as the cloud camera affect the spacecraft field.

In addition, we have found that in some cases the order, i.e.,

¥ these observations, we fTound it necessary to
create a complete time history of the spacecraft state. Since a
compiete log of all commands sent to the spacecraft is kept by the
ATS operations office of Goddard Space Flight Center, it was
possible to create such a history. Our initial attempts to do this
failed, however. We found that our final keypunched version of the
command log had innumerable errors. These errors were consequences
of human mistakes in every step of the process of producing the
log. The first two steps were relatively simple. We checked for
valid command number§ and time sequence. After this step we

developed a spacecraft state simulation program.
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The purpose of this program was to detect inconsistencies in the
sequence of commands. For example, a command to chanée the
mode of a subsystem which was supposedly off is inconsistent.

In order to remove inconsistencies such as the one in the
preceding example, we found it necessary to scan both the later
log and the uncorrected magnetometer data. When a number of
other commands man%pu]ating the same subsystem were found, it
was assumed that a command was missing from the log. If the
command was one which was known to affect the magnetometer, the
-uncerrected data were scanned to locate the time the command
must have been sent.

In many cases, commands were added or deleted in order
to preduce a consistent command 1og. In a number of cases the
decision of how to remove the inconsistency or where to place
the pseudo-command was arbitrary.

The above procedure, while creating a consistent log, can=-
not guarantee a completely accurate one. Fortunately, most of
these problems involve subsystems whose states were changed a
number of times per day so that any errors in the state do not
persist. In addition; such errors, if they affect the mag-
netometer, become evident in the final, corrected data and
appropriate correctfons can be made to the spacecraft state.

Several pages from our current listing of the spacecrart
state log are shown in Table 3. Note these pages include the
time interval of the eclipse of Figure 2. In the box at the

top left of the page is a textual description of the
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spacecraft state at the time of the first command listed. At
the top right of the box is an interpretation of the fisting.
Successive times down the page are times the commands in the
second column were sent. The third column interprets the
command number. The next four columns give a textual descrip-
tion of the state of the major subsystems, The next column,
containing three groups of eight characters, is a hexadecimal
listing of the spactecraft state vector. When this vector is
expanded into a binary number, the successive bits represent
on-off states of the various subsystems as well as the order
in which some of these were turned on. The next column is a
flag presently not used. The final three columns are the three
components of the correction vector which must be addea to the
measured field to obtain the actual field for the state. The
flag 3333.3 indicates the correction is not presently known.

Additional information about this listing is contained in
Tables 4 and 5. In Table 4 all possible commands sent to the
spacecraft are listed in increasing order (note their octal base).
In Table 5 we give a complete description of the spacecraft state
vector and its interpretation.

As a measure of the magnitude of the task discussed above,
it should be noted ;hat during the first two years of operations
there were 60,000 commands sent to the spacecraft.

Determination of Relative Offsets. Once the state vector

was known it became possible to determine the changes in the

field as transitions between states occurred. Conceptually,
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the procedure is simple. Referring to Figure 3. all that is
necessary is to measure the changes in each componenf of the
field during the transition. In practice, the large number of
states and errors in the measurements make this an almost impos-
sible task without computer assistance.

The automated procedure which we developed is the follow-
ing. Using a data set (in this case disk sterage) containing
the state vector, we read through the uncorrected magnetic field
data tapes. At each point where a transition occurred the data
were read into core memory. Since the accuracy of the command
lag is only +5 seconds and the magnetometer time resolution is
0.16 seconds, it was necessary to locate the exact time of the
offset. If this time was located, averages of the measured field
vector before and after the offset were made and subtracted. This
change ia the correction vector was recorded on an output data
set along with the siate vector before and after the offset, If
no clear indication of the offset was found, the event was discarded.
Similarly, if two transitions occurred less than 5 seconds apart,
the event was also discarded.

‘The preceding data set was then sorted, first according to
initial state and then according to final state, and finally by
the magnitude of the offset in the Z component. This data set
was then scanned using the UCLA interactive console system.

Events for which the magnitude of the offset in any of the three
components was radically different from.the typical values for the
group were deleled manually. The edited data set was then processed

by computer, creating averages and standard deviations for each
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group containing the same initial and final states. The standard
deviatien for each group was then used to reject any Qalues more

than 1 standard deviaticn away firom the mean for the group.

ed for

Finally, averages and standard deviations were deter
each group in the final version of the data set.

The justification for the above procedure is based on
the observation that many of the calculated offsets were clearly
in error. These errors were due to difficulties in locating tne
exact time of offset, transient fields during the change in
state, and natural fluctuations in the field.

Determination of Most Frequent States. An examination

of the data set of average offset vectors between vector states
revealed that there were many state transitions that did not
change the spacecraft field. On the basis of these, we were
able to determine which subsystems were unimportant. This, in
turn, allowed us to ;mask" certain bits in the spacecraft state
vector as unimportant (refer to Table 3 for explanation of vector).
The next step in the procedure was to read through the
state vector tape, determining the total length of time the
spacecfaft existed in each state. In this process we used the
"equivalenced" state vectors, i.e., state vectors in which the
unimportant subsystems were masked in the sorting procedure.
A listing of these states is given in Table 6. These states
are listed according to decreasing total time the spacecraft was
in the indicated state. The final column of this tabls indicates
the percent of the total data that can be corrected if all the

correction vectors to thiﬁ point in the table are known.



It is evident from examination of Table 6 that 95% of the
data can be corrected with only 45 of the state vectors known.
Clearly, there is a point of diminishing return in which the
labor involved in determining the correction is more lengthy
than the amount of data gained. The heavy line across the
table represents our arbitrary cutoff point

Determination of Absolute Correction Vectors for Most

Frequent States. Using Table 6, we have been systematically
determining the correction vectors for states of decreasing
total duration. Our method is a manual one and proceads as
follows. We begin with the correction vector for the eclipse
mode determined as discussed previously. We then use the
Tisting of state transitions and associated changes in the
correction vector to determine the correction vector for nearly
identical states. Proceeding in this way, we establish a tree
of related states and their absolute correction vectors.
Clearly, as states become progressively more distant from
the eclipse state, the errors in the absolute correction vector
become larger. However, the fact that single commands turn off

a number of subsystems simultaneously guarantees that no state

is too distant.
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Automatic Correction of Magnetometer Data

Correction Procedure. The data set containing the state
vector and associated correction vectors is sufficient informa-
tion to correct the data at 15 second time resolution. .A data
tape containing uncorrected magnetic field data at 0.16 time
resolution is read into the computer memrory. Fifteen second
averages of each measured field component are created. A
comparison of the time of this average to the state vector
listing determines the appropriate correction vector to be
added to the calculated averages. Tne particular nverage in-
cluding the time of transition between states is flagged.

The corrected fields are obtained in spacecraft coordinates
in which the Z axis is parallel to the satellite spin axis, the
sun vector lies in the XZ plane, and the Y axis completes the
right-handed systeﬁ. Note the spacecraft is located in the
earth's equatorial plane with its spin axis as close to parallel
to the earth's rotation axis as possible. Consequently, the

XYZ coordinate system of spacecraft coordinates is equivalent

to geocentric solar earth equatorial coordinates (Russell, 1971).
In ihe XYZ system the coondinate axes rotate once every 24 hours
with respect to a magnetic meridian plane. Consequently, the
data are transformed to the rotational VDH coordinate system.

In this system H is still parallel to the satellite spin axis

as was the Z axis of the XYZ system. The V axis is radially
outward and D is azimuthally eastward in the equatorial plane.

In this rotational VDH system the dipoie Tield at ATS 1 nas
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constant components of (-7, 22, 107). These constant offsets are

somewhat inconvenient so another transformation is made ‘to pro-
duce the dipole VDH system (Russell, 1971). In this system H
is antiparallel to the earth's magnetic dipole axis and V:radially
outward in the magnetic equatorial plane. Since the location of
ATS 1 at 150° W longitude is almost exactly at the intersection of
the rotational and magnetic equatorial planes this transformation
is nearly an 11° rotation about the V axis. In additicn to the
above, another transformation is made when the spacecraft spin
axis is not parallel to the earth's rotation axis. This trans-
formation is applied immediately after corrected field values are
obtained in spacecraft coordinates and converts the field to GSEE
coordinates. The format of the final corrected data tapes is
shown in Table 7. o

An example of data corrected by the above procedures fs
shown in Figure 3. The right-hand panel shows the uncorrected
data and the left-hand panel the corrected field in dipole VDH
coordinates. The V component is approximately -7 gamma, the D
component nearly 0, and the H component about 115 gamma. The
missing data after 0330 are due to unknown correction vectors
associated with several transition states of short duration. The
pulses apparent in all three components are due to the spin scan
cloud camera. As discussed in the next section, we are presently

unable to correct these pulses. We also note that the correction

at 0344 1is not quite right. :
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Another example of automatically corrected data is shown
in Figure 4. Here 2-1/2 minute averages for the entire day have
been plotted. Spikes in all three components are the effects of
the spin scan cloud camera pulses shown in Figure 3 at higher
time resolution. Infrequent small offsets in the three com-
ponents are consequences of turning the camera on or off.
Finally, the large offsets in the H component are due to in-
correct correction vectors associated with the VHF transmitters.
Despite the remaining difficulties the data plotted in Figure 4
represent a considerable achievement. To obtain similar but
less accurate results by our previous hand corrections would in-
volve more than a week of labor. The following section discusses

the remaining problems to be solved.
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Remaining Problems

Several problems in the automatic correction of data remained
to be solved. The most serious of these is the effects due to
thel spin cloud camera. The camera takes approximately 22 minutes
for another

jtestit ressts

to complete a scan. Then durinag 2-1/2 minu
scan. Fairly large offsets are associated with the reset mode.
Somewhat smaller offsets are associated with turning the cimera
on and off. The magnetic effects of the reset mode have been
found to be functions of universal time. This apparently results
from the fact that the camera operation is synchronized in such
a way as to obtain the picture of the earth at any local time.
In other words, the magnetic effects are organized in the ro-
tational VDH system rather than the XYZ system based on the sun
vector., However, our correction procedures must be carried out
on data in the XYZ system.

Another problem is that the actual time between scans is
not constant interval but a constant number of spacecraft
rotations. Consequently, the repetition period varies with
the spin rate.

Still another problem is the fact that the camera starts

an on or off command

or stops wherever it is in its cycle when
is received. This hakes it particularly difficult to predict
when the first reset mode will occur.

The VHF transmitters on the spacecraft also cause con-
siderable difficulty. As power to these'is turned on, large

offsets occur which decay asymptotically in about 15 minutes
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. to a smaller offset., In addition, transitions between states ap-

pear to be considerably more variable when the VHF transmitters

are on. .

IV. CGALCULATION OF POWER SPECTRA USING DATA WITH VARIOUS TYPES
QF INTERFERENCE

Iypes of \Interference. As discussed in the introduction,

there are a nuﬁber of forms of spacecraft interference which ap-
pear in the nutght of the magnetometer. These include the DC
offsets discussed \in the previous section, data gaps, noise spikes
and periodic signals: Each of them introduces difficulties when

an attempt is made to calculate power spectra. We have found, how-
ever, that a relatively simple procedure enables us to derive most
of the spectral informafion without the necessity of initial cor-

' rections. The nature of these difficulties and our procedures

are discussed below. \
Figure 5 displays magnbtometer data at the highest meaningful
time resolution 0.32 seconds. \In this Tigure the vertical scale is
5 gammas per division and the h.\nrizonta’u scale is 5.12 seconds per
division. This choice of homzonta'l scale is determined by the
satellite telemetry rate wh'lch comp'letes one sequence per 5.12

seconds. In each sequence there are sixteen 0.32-second averages.
At the botto=m of the f1gure, textual\matex1a1 presents time and
1.28 second averages of each component\of the measured field. The
cootdinate system is/ essentially geocentric solar earth equatorial
coordinates as descéibed in the previous\section

One type of /nterference occurs at 03?5 :00.8 where there is

g a DC offset in a'H three components of the f1e1d. This offset
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should be compared to the same offset plotted at 15 second time
resolution in Figure 3. Spectral analysis of raw data cdntaining
such offsets results in spectra which show little besides the
Fourier resolution of a sequence of random step functions.

Another type of interference appears at 0335:31.5 where a
gap in the data is flagged by a large number. Spectral analysis
of the raw data would simply give the Fourier resolution of a
large pulse. A similar, though less important problem occurs at
0333:51.6 where a small noise spike in the Y component appears.
Still another problem is a high frequency interference signal
of several gamma amplitude present throughout the data. The signal
is most obvious in the Y component as a ramp function of 5.12
seconds duration. The ramp‘is clearly correlated with the boundaries
Since a ramp function has a Fourier
the

between telemetry sequences.
spectrum containing all harmonics of the repetition period,
power spectrum of these data contains a sequence of harmonic spec-
tral lines with the fundamental at (1/5.12 Hz).

A similar interference signal at lower frequency accurs only
in the paraliel (Z) component. At 0335:16.2 a two gamma jump in
Z is the beginning of a 16 sequence (81.2 sec) ramp. Spectral
analysis of decimated data, i.e., 10 second averages, also pro-
duces harmonically related spectral lines due to this ramp.

As discussed in the introduction, the source of these inter-
ference signals is the spacecraft. The problem is compounded by
the lack of a boom for the magnetometer. The origin of the offsets

parallel and transverse to the spin axis was discussed in the
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previous section. The origin of noise spikes and data gaps is
usually transient fie ds which the basic magnetometer résponds
to but which are mostly filtered out of the final signal by
sampling filters. As discussed in a report by Barry and Snare
(1966) the high sensitivity and wide dynamic range of the mag-
netometer is achieved through a coil system which adds constant
increments of field to the sensor to keep it in center range. If
a transient field forces the magnetometer to change levels, i.e.,
add field for more than the time between successive readouts of
the level, then a gap is introduced in the data with the basic
data processing program. This is necessary because levels are
read out only one-fourth as often as the basic magnetometer. When
two successive readouts of the level are different, it is not
known where in the intervening four data points the level change
occurred. If the transient causes the level to change twice
between readouts returning to its original value, only the sampling
filters recognize this change and a noise spike results.

The exact origin of the periodic interference signals has not
been investigated. They are almost certainly the result of other
environmental measurement experiments whose operations are
synchronized by the satellite telemetry rate. For example,
particle detectors scan energy with a repetition period which is

a fixed number of telemetry sequences.




Techniques of Spectral Analysis

The problems discussed in the previous section make it
impossible to perform spectral analysis on the raw data. As a
consequence, we have developed several strategies which @llow us
to avoid these problems. The most straightforward of these is
to hand correct the data. This process is laborious and as a
consequence limited to decimated data, for exampie, 15 second
averages, where there are fewer points needing correction. This
process is carried out by making a printer plot similar to that
shown 4in Figure 5 for the decimated data. Times of bad points
are then identified, gaps interpolated, and offsets measured.
This information is kcypqnched and fed to a control program which
carries out the appropriate operations at the times determined
by the scanning process. The time series resulting from this is
free of errors so spectral analysis is carried out in the normal
way.

The second procedure is more subtle and justified by mathe-
matical theory developed by Parzen (1962). Intuitively, it seems
that it should be possible to use the available data in time
series containing gaps to determine a spectrum. The standard
technique of spectral analysis discussed by Blackman and Tukey .

(1958) begins with the determination of the correlation functions.

For example,
il N-k
Cix(k) = o L X5 Kgak
I 1
Here X . represents the Jth sample of some variable in the
time series X. For a given lag k the corvelation function is

a single number determined by a sum of cross products over the
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entire time series. If a few points are missing in the time series.
it will not change the correlation function by much if the normali-

zation constant 1/(N-k) is adjusted to be the total number of

I1f the correlation function is calculated in the preceding
manner we can Fourier transform it without further problems and
obtain the power spectrum. It can be shown that this procedure
is entirely equivalent to that described in the paper by Parzen
(1962) and is mathematically justified.

It should be recognized that although this process handles
gaps, spikes and offsets remain serious problems. To deal with
these we have introduced an additional step in the determination
of spectra. We begin by calculating the first difference time
series, subtracting the jth point from the j+lth point and
dividing by the time separation. This process approximates the
derivative operation at low frequencies. The first difference time
series has zero mean, offsets appear as spikes, and spikes appear
as a pair of oppositely directed spikes. Gaps widen and the flags
are set to 0 (the mean of the first difference time series). In
the next step we pass through the series setting all spikes
larger than a specified value to 0. This new series has no re-
maining problems except gaps and may then be analyzed by the
technique described above. The resulting spectrum must be cor-
rected, however, for the eifects of the first diffrcenct operation,
This is done by dividing each power spos=in! Cstimate by the

necipnocall of the squane af—< tiansfer function of the first
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difference operator, This process is called recoloring and pro-
duces the spectrum of the original undifferenced data.

It should be pointed out that in addition to eliminating the
problems of spikes and offsets there are other advantages'as well.
For example, geophysical spectra typica]Ty have steep power law
decreases in power with increasing frequency. The usual Blackman-
Tukey technique of spectral analysis is particularly sensitive to
distortion of higher frequency estizates by power at low ire-
quencies. The first difference operalion effectively decreases
the slope of the spectrum. For example, a 'I/f2 spectrum of the
original data becomes a flat spectrum.

There is one remaining limitation on the above procedure. The
Blackman-Tukey technique is exceedingly slow and expensive to use
on a computer. An alternative procedure uses the fast Fourier
transform (FFT) algorithm developed recently by Codey and Tukey
(1965). In this procedure the first difference time series is
Fourier transformed by the FFT algorithm and spectra determined
directly from the Fourier coefficients. The disadvantage of this
process is that data gaps appear as modulation of the original time
series. This modulation may be thought of as multiplication of the
original time series by a function whose value is either 1 or 0 de-
pending upon whether data are available or not. By a fundamental
theorem in Fourier analysis, multiplication in the time domain
becomes convolution in the frequency domain. In other words, the
power spectra obtained using the FFT are distorted by the convo-

lution of the spectrum of the modulation with the spectrum of the

undistorted time series.
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Empirically we find that for most of our work to date this
distortion is.not significant. This fact can be shown by comparing
the spectra obtained using the FFT and the modified B]ackman-Tukey
technique described above. It can be understood
theoretically by recognizing that the Fourier spectrum of 'a modu-
lation function consisting of a sequence of 1's interspersed with
a short sequence of 0's randomly spaced is sharply peaked at zero
frequency. Convolution of this spectrum with any arbitrary spec-
trum does not produce significant changes.

Example Spectra. An example of cross spectral analysis of
first difference time series with the FFT technique just described
is shown in Figure 6. The original data are taken from a quiet
day and are essentially the same as that shown in Figure 5. In
calculating these spectra we have used data at highest meaningful
time resolution, 0.32 seconds, to emphasize the high frequency
portion of the spectrum. Also, the spectra in this figure have
not been recolored.

Examining the top left panel, we note a peak in the spectrum
at 0.4 Hz. This peak is a consequence of two factors. The steep
fall off above this frequency results from numerical filters ap-
plied in the basic demodulation program to reject the approximately
1.6 iiz spin frequency of the satellite. The slower fall off at
low frequencies is the result of the first difference operator
discussed above.

In the top right panel the same spectra are plotted with a
linear frequency scale. At approximately 0.2 Hz a very sharp

spectral line appears at the frequency corresponding to the



satellite telemetry sequence. Also apparent are a number of
harmonics of this Tine at higher frequency.

The bottom right panel shows the coherency between the in-
dicated pairs of components. The harmonic lines are particularly
apparent in this display.

Another example of spectra is shown in Figure 7. The original
data include large amplitude, irrvegular pulsations at ATS 1. These
spectra differ from the previous example in that they have been
recolored for the first difference operator. Also, eigenanalysis
has been carried out on the spectral matrix obtaining principal
axis coordinates at each frequency. In the top left panel the
dashed line labeled "quiet" is the trace of the spectral matrix
on a quiet day. Note the steep decrease above 0.4 Hz is still
apparent.

At the top right it is quite apparent that the spectré Tines
are distinct from the remainder of the spectrum. Their narrow
width and high polarization (bottom right panel) distinguishes
them from typical geophysical phenomena. A final example of
spectra is shown in Figure 8, In this case the original first
difference time series was decimated creating six second averages
in order to study lower frequency waves. The sharp spectra line
at 0.01 Hz is a natural signal of unusually narrow bandwidth.

On the flank of this peak at 0.0122 Hz is the fundamental of a

16 telemetry sequence ramp in the Z component of the original

data.



. V. SCIENTIFIC RESULTS

1. Storm Time Meridional Oscillations

Quasi-sinusoidal magnetic field oscillations (micropulsations)
are regularly observed at ATS-1 during geomagnetic storms. The
wave events typically occur during the main phase and tend to be
confined to the afternocon sector, Detailed analysis of 3 such
storm time events was discussed by Barfield et al. (1971). Pre-
liminary results of a statistical survey of all the storm time
events observed during 1967 have corroborated the earlier con-
clusions of Barfield et al.,, and are presented here.

The statistical survey included some 21 events which were well
enough defined to be recognizable from a visual scan of the mag-
netometer data. An "event" was defined as any period of time in
which at least 5 cycles of a wave were present. During some events,
the oscillatijons actually subsided for a time equivalent to Qevera]
cycles, but in each case they began again with no significant change
in the oscillation characteristics.

The occurrence statistics of the observed events show that the
oscillations occur most often during the main phase, usually near
the main phase minimum, In addition the local time distribution
of the events is such that the oscillations have a maximum pro-
bability of occurring just prior to local dusk with a sharp cutoff
at dusk.

The observed events typically began abruptly, lasted approxi-
mately one hour and e;ded suddenly. A c)oselcorrelation with sub-
storm expansions was observed for the bulk of the observations and

in addition, the majority of the event onsets were briefly preceded
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. by a rapid decline of the field strength at the satellite. Those
events which did not exhibit substorm correlation typically followed
an enhancement of the main phase decrease at the satellite.

Spectral analysis of the observed events indicate that, the
frequency of the waves may range from .003-.007 Hz, and the most
probable frequency is ~.005 Hz. The waves tend to be linearly
polarized with the axis of polarization lying in a plane roughly
defined by the magnetic meridian plane.

The preliminary results of the study suggest that the ob-
served stormtime oscillations may be generated by an instability of
the enhanced stormtime ring current, and the associated hot (851)
plasma. It has been observed that the ring current is strongest
during the main phase of the geomagnetic storm reaching a maximum

. intensity at the main phase minimum (Frank, 1967). Further, it is
thought that the partial ring current attains its maximum sérength
during the main phase, with a longitudinal extent from midnight
westward to the afternoon sector. The fact that the observed waves
occur only during storms, primarily during the main phase, and in
the afternoon sector lends strong support to the possibility that
they are assaciated with a ring current instability.

Recent work by Crooker and Siscoe. (1971) using magnetometer
data from a chain of low latitude ground stations, has shown evidence

that during disturbed times the maximum depression due t6 the partial

ring current is near 1800 LT. They conclude that the position of

this maximum depression, presumably indicative of the azimuthal

locdtion of the maximum of the partial ring current, may vary as

much at 45° from 1800 LT. The local time probability distribution
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derived from the work of Crooker and Siscoe agrees well with the

ons

lTocal time occurrence distribution of our observaticns, that is
the percentage of events observed at a given local time (in the
afternoon sector) corFesponds roughly to the probabi(ity that the
maximum ring curraent effect fs at that local time. This is true
for the afternoon sector only; the results of Crooker and Siscoe
shown the distribution of the maximum ring current nearly symmetric
about 1800 LT, while the observed ATS-1 events have a sharp cut-
off at dusk.

The source of the assymetry of our observations about dusk
is open to question., However, with the assumption that some other
physical mechanism (e.g., change in effective L shell) prevents
occurrence of the waves after dusk, the work of Crooker and Siscoe
lends strong support to the suggestion that the stormtime oscillations
are due to a characteristic instability of the partial ring.currenn

If the observed wave events are associated with the peak in
the partial ring current, as suggested, then the characteristic
dip in field strength prior to the events may be viewed as
evidence of newly injected plasma brought in by the substorm pro-
cess. Thus, the responsible instability could be generated by one
or both of the concomitant effects of the injection process. First,
a fluid instability such as the drift mirror instability (Hasegawa,
1969; Barfield et al., 1971), or alternatively the steep gradients
induced by the rapid injection could trigger a gradient associated
instability such as the compressional A]fvep wave instability

(Coton Blacica=dE Ny
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The long duration of the wave events coupled with their re-
resonance of the magnetospheric cayity., Whether the duration of
an event is temporally or spatially limited is still unclear.

Several suggestions have been made regarding the origin of
oscillations similar to those described here, (Sonnerup et al., 19693
Hasegawa, 1969; Lanzerotti et al., 19693 Cladis, 1971). Cladis
(1971) suggested that meridional oscillations of the magnetic field
could be generated by injection of high energy plasma into the
ring current. Such injections would be likely during geomagnetic
substorms, as mentioned before (Davis and Parthasarathy, 1967).
Sonnerup et al. (1969) suggested that such oscillations could be
due to "the particle population sloshing back and forth along
the field lines." Hasegawa (1969) suggested the drift mirror
instability of the ring current. As pointed out by Barfie?ﬁ et al.
(1971), it is not possible to support or deny the plausibility of
any of these theoretical proposals solely on the basis of the
satellite magnetic field observations.

In summary, the stormtime miéropu]sations observed at ATS-1
suggest the following model. The spatial gradients of the storm-
time ring current are enhanced by newly injected plasma during a
magnetospheric substorm. Broad band oscillations produced by an
instability of this current are then filtered by the resonant pro-
perties of the magnetosphere to prcduce the observed oscillations.
Such a proposed model is attractive and we ?eTieve, premature.

several critical question remain to be answered.
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Concerning the cause of the instability, all the models pro-
posed predict a well defined correlation between the magnetic
field oscillations and the hinh energy particle population. We
have not yet investigated such relationships in detail, although
Barfield and Coleman (1970) did note that the energetic protons and
electrons fluctuated coherently with the magnetic field for one
event of the type discussed here. It is suggested that further
investigations are required before a definitive statement can be
made concerning the particle behavior during the observed events.

It has also been noted that during many of the oscillation
events mentioned, Pc 1 oscillations were observed at ATS-1 (e.g.,
Barfield and Coleman, 1970). Such high frequency oscillations could
be a damping mechanism for the Pc 4-5 oscillations and possible
correlations between the two wave classes should be investigated.

The question of the significance of the characteristic dip in
field strength prior to the oscillations has yet to be resolved.
As previously discussed by Barfield et al. (1971), such a dip
would be predicted by the two models considered most likely. If
the field decrease doec imply a severe field distortion at ATS-1,
then the background field geometry prior to and after the dip
requires careful study in order to comment on the plausibility of
the proposed mechanisms,

Although the observed characteristics of the stormtime oscil-
lations point strongly to the ring current as an energy source for
the waves, the point is far from resolved. Two other sources

exist at the ATS-1 orbit which would produce a similar field-
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OUTPUT UNIT FILE AND RECORD HIST ORY

UNIT 18 FILE 1 CONTAINS 5760 RECORDS

OUTPUT UNIT 15 CONTAINS 2282.65 FEET OF DATA

TAPE ON INPUT UNIT & SUCCESSFULLY DUPED

D-10567



66=110A-028
ATS=1

15 SECOND MAGNETIC FIELD AVERAGES

‘his data set consists of 22, 80O BPI, BCD, 7-track tapes, The D'
tapes were produced on the IBM/36C and the 'C' tapes on the 7094.

Fach tape contains one data file,

Dé ot START STOP
D-10587 ¢-08236 1/01/67 2/09/67
D-10584 C-08237 2/10/67 3/20/67
D-10589 ¢-08238 12/a7/66 12/31/66
D-10590 ¢-08239 11/17/66 12/26/66
D-10591 C-08240 5/01/67 _ 6/09/67
D-10592 C-08241 6/10/67 7/19/67
D-10593 C-08242 1/01/68 2/09/68

4394 ¢-08243 12/27/67 12/21/61
D-10595 C-08244 11/17/67 12/23/61
D-10596 C-08245 10/08/67 11/16/67
D-10597 C-08246 7/20/67 8/28/67
D-10598 €-08247 8/29/67 10/07/67
D-10599 C-08248 3/22/67 4/30/67
D-10600 C-08249 3/21/68 4/29/68
D-10601 €-08250 2/10/68 3/19/68 —
D-10602 €-08251 7/19/68 8/24/68
n-10603 C-08252 6/09/68 7/18/68
D-10604 ¢-08253 4/30/68 6/08/68
D-10605 €~08254 12/26/68 12/29/68
D-10606 €-08255 11/16/68 12/25/68
D-10: / €-08256 10/07 /68 11/15/68

D-101 3 ©-08257 B/28/68 9/17/68




ATS 1 DATA TAPES
W) SERIES - 15 SECOND AVERAGES
(TAPE DESCRIPTION)

These 22 tapes contain data from December 7, 1966 to December 31,

1968. (15 second averages).

The data were written by an IBM 360 model 91 on 7-track unlabeled
tapes at 33& bits per inch, even parity with translate feature turned
on. There is one file per tape containing 40 days of data. Each

record is in BCD format, 80 bytes long and blocked at 3200 bytes.

The time spans for the tapes are:

W16632 December 7, 1966 - December 25, 1966
W16636 December 26, 1966 - December 31, 1966
H16700 January 1, 1967 - Februery 9, 1967
¥16704 February 10, 1967 - March 21, 1967
W16708 March 22, 1967 - April 30, 1967
W16712 May 1, 1967 - June 9, 1967
W16716 June 10, 1967 - July 19, 1967
W16720 July 20, 1967 - August 28, 1967
H16724 - * August 29, 1967 - October 7, 1967
W16728 October 8, 1967 - November 16, 1967
W16732 November 17, 1967 - December 26, 1967
" W16736 December 27, 1967 - Decamber 31, 1967
W16800 January 1, 1968 - February 9, 1965
W16804 February 10, 1968 - March 20, 1968
W16808 March 21, 1968 - April 29, 1968

Wi6glz April 30, 1968 - June 8, 1968



June 9, 1968 - July 18, 1968

e W16816

16820 July 19, 1968 - August 7, 1968

W16824 August 28, 1968 - October 6, 1968

Wieg2d Octoher 7, 1968 - November 15, 1968

W16832 November 16, 1968 - December 25, 1968 :

N16836 *  December 26, 1968 - December 31, 1968

The format for the data records is:

Character . Description Forr:zz

01-02 Last Two Digits of Year 12

03-05 Day of Year 13

07-08 : Hour 12

09-10 Minute 12

11-12 Second 12
. 13-19 V Component of Dipoie VDH E750S

20-26 D Component of Dipole VDH P71

27-33 H Component of Dipole VOH EZa 1=

34-40 _X Component of Uncorrected XYZ RS

41-47 Y Component of Uncorrected XYZ R7E

48-54 Z Component of Uncorrected XYZ (Fial

55-61 Spacecraft State Indicator F7aids

*The data flag is 9999.9



66-110A-026
ATS-1 TAPE LOGS

This data set consists of 1, 800 BPI, Bin data tape. There axe 3
data files each containing one year of data with a header and trailer
file. The 'D' tape is 9-track and the 'C' tape 7-track, both were

produced on the 360,

Dt cit START STOP
*D-10673 C-08216 1/01/66 12/31/68

+ Good data starts on 12/07/66



ATS 1 State Vector Tapes
(Description of Tape Logs)

The tape LOGS contain: f11253 holding the octal commands sent to

the ATS 1 satellite from December 7, 1966 to December 31, 1968.

The data is standard IBM sysout output routed to a 9-track labeled

tape at 800 bits per inch, odd parity with translate feature turned
on. There are 3 files, each containing one year of data. Each

record is in ebcdic format, 133 bytes long, and blocked at 7182 bytes.

The time span and data set name for each file is:

File # DS Name Time
1 : LOGS66 December 7, 1966 - December 31, 1363
LOGS67 January 1, 1967 - December 31, 1967
96€

2
3 LOGS66 January 1, 1968 - December 31, 196
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. particle configuration to that described here. Vasyliunas £1968)
has shown that the inner edge of the plasma sheet moves well within

the ATS-1 during substorms. Cummings et al. (1969) concluded from

a study of quiet time oscillations at ATS-1 that the plasmapause

often crosses the ATS-=1 orbit., Either of these spatial boundaries

could produce the field disteortion and steep gradients throught
to exist during the stormtime wave events. The importance of
each of those possibilities remains to be resolved,

Those ovents for which no rapid substorm associates ...
daecrease is displayed may be important in that for those caseas
the enhancement of the main phase decrease might imply entry by
the satellite into a region where the distortion exists, ratner
than a temporal change in the field. The two types of onsets re-
. quire additional investigation as to the possible implications of

temporal varsus spatial extent of the resonance, although adequate

statistics are not available from the present study.

Another yet unsolved puzzle concerns whether or not the
oscillations observed at the satellite are propagated to the ground,
For the events studied. thus far, auroral zone ground magnetograms

were inspected for correlated activity. The results were incon-

clusive, as in each case there was irregular activity at the ground

over a wide frequency range. There vere no obvious changes in the

ground data correlated with the wave activity at the satellite. Lack
of digital data at the ground precludad a comparison of wave spectra.

digital ground magnetometer data are now av ilable

from the conjugate point of ATS-1, at Tungsten, N.W.T., Canada,
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. beginning in June, 1969. Spectral comparison of the satellite

and conjugate point magnetometer data would be valuable in
answering the question of propogation to the ground.

If the obscrved wave events are in fact standing waves,
then a scasonal vartation in the orientation of the ecscillations
would be expected (Barfield and Coleman, 1970). However, tor the
events studied so far, the bulk of the events were near the

equinoxes, preventing any conclusion as to seasonal variations.

In summary, it appears that the stormtime meridi
tions observed at ATS-1 are a regular ieature of the geomagnetic

storm, and may provide an effective monitor on the substorm in-

to be done; a partial

Jection process. However, much work rem

1ist of the necessary 'tasks is presented in the following section.
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2, Ground-Satellite Correlations

For several years the National Science Foundation has suppo:'ted
a magnetic observatory at the conjugate point of ATS-1. This
support includes the operation, data processing and analysis of the

round data. Similar support for the satellite data is derived

from our NASA grant. During the last year we have carried out

preliminary analysis for several distinct wave phenomena obsenved

simultaneously at the ground and the satellite during magneto-

spheric 5 bstonms. The finst results were presented by wuc: van

and Coleman (1971) at the spring meeting of the American Geophysical

Union in Washington, D.C. More complete results were presented by
McPherron (1971b) at the Fifteenth General Assembly of I.U.G.G.
in Moscow. A brief summary of these results is given below.

2A. Transfer Function of t.. field lLine for Pc 1. A

pc 1 wave event was recorded at the ground station during the ex-

pansion phase of a magnetospheric substorm. The local time of this

station was near 1800 (dusk). These facts suggest the event was of

the IPDP type although a digital dynamic spectrum of the ground
signal did not neveal the characteristic upward sweep. Dynamic
spectra for simultaneous data recorded at the satellite were also

prepared and compared to the ground data. This comparison showed

the ground signal was considerably more complex than the satellite

This difference was attributed to horizontal propagat

signail, ion

of‘the Pc 1 waves from a number of field lines to the ground station.

wo time intervals when the dynamic spectra showed similar

-

the ground and satellite were chosen for more careful
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study. In one case, the ratio of power at the satellite to the
ground was 2.6; in another case, the ratio was 8.6. A possible
interpretation of this follows from the fact that Pc 1 waves are
presumed to be collimated to a flux tube, If this is true, the
signa) amplitude must change significantly as a function of position
relative to the center of this tube Thus, & very slight change in
the relative conjugacy of ATS-1 and Tungsten could cause a large
change at the satellite and almost none at the ground. The im-
plication of this interpretation is that a correct determination
of the absolute transfer function will be quite elusive. At best,
it secems likely that it can only be determined statistically under
the assumption that the largest observed attenuation between satellite
and ground occurs when the satellite is centered in the collimated
wave.

There exists the possibility of determining the relative
transfer function if it can be assumed that the amplitude distri-
bution of various frequency components within the flux tube is the
same. Again, this seems unlikely because of the cyclotron in-
stability thought to be responsible for the generation of Pc 1
depends on the equatorial gyrofrequency of the given line, i.e.,
the lower frequencies are generated at larger L values. Finally,
with a single station it is difficult to separate the components

of the signal at the ground which are incident above the station
and those propagating horizontally.

B. Polarization of P. 1 in Space. For a number of years

the body of theoretical speculation about the origin of Pec 1 has been
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‘ based on the assumption that Pc 1 are generated by a cyclotran .
instability of 1-100 kev protons at about 6 R, in the equatorial
plane. This speculation was justified on a basis of dynamic spectra
d at the ground showing the repetition period
This

of the signa) obtaine
for pearl-type Pc ) activity is longer at higher frequencies.
is what is expected for the dispersion relation satistied by the
left-hand elliptically polarized Alfven wave propagating along the
field. Ground observations have not been able to establish the
validity of this assumption because the ionosphere can reverse

the pojarization of the pc 1 signal as it passes through. The ob-
servations show both polarizations at the surface. For IPDP events

of the same frequency as pearls, it has been generally assumed that

2 similar source mechanism exists as for pearl pulsations.

’ We have examined four IPDP events to date and find that all

are left-handed elliptically polarized in the equatorial piéne
at synchronous orbit. :Three of these events are positively iden-
tified from ground dynamic spectra as IPDP events. While it is

recognized that four events are insufficient to decide the question

completely, we feel these observations are sufficient to justify

the basic assumption of the cyclotron instability of protons gyrating

in a left-hand sense, as has been commonly assumed.

C. Pi 2 Noise Bursts on the Ground and in Space. Pi 2

noise bursts are known to be associated with the onset of substorm

expansion and have been studied in some detail, but their role in

substorm process is not known. From the one event we have examined

. it appears these bursts may be related to field aligned currents
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feeding the westward electrojet.

In an event comprising two bursis recorded shortly before local
midnight, we find that sudden decreasesin the north-south component
of the surface field were closely associated with sudde- increases
in the east-west component at the satellite. At the ground, a de-
crease in the north-south field is normally attributed to the west-
ward electrojet while at the satellite the D component variations
are usually associated with field aligned currents.

A comparison of power spectra for the ground and satellite
data of this event shows comparable spectral density at 0.01 Hz.
The sunface spectrum falls off rapidly toward higher frequency,
roughly as 1/f3. In contrast, the satellite spectrum decreases
more slowly as 1/f2.

A frequently reported feature of Pi 2 bursts is an enhancement
of fluctuations at about 0.3 Hz. This enhancement was observed

during the two Pi 2 bursts in our event. In both bursts the signals

in the horizontal plane were approximately 70% polarized. The po-
larization was right-hand elliptical with respect to the ambient
magnetic field {in the sense of electron gyration). The two

bursts differed only slightly in their frequency (0.28 and 0.32 Hz)
but had quite differentvellipticities (0.2 and 0.5) and orientation
(east-west and north-south).

From this very preliminary study we have tentatively concluded
that Pi 2 bursts are caused by sudden, perhaps quasi-sinusoidal
changes in the field aligned currents drivivg the westward electro-
jet. Furthermore, it appeanrs from the distinct poclairizalion

charccteristics of the 3-second enhancement that this portion of
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0 the burst is of magnetospheric origin rather than an ionospheric

cavity resonance as has previously been suggested.

D. Band-Limited Pi 1 Micropulsations., Band limited Pi 1

micropulsations, sometimes called Pi(c), are a regular feature of

the recovery phase of substorms in the morning sector. To date,

we have examined four events of this type. Two of these were
selected from ground data and two from satellite data. For the
two events selected from the ground data there was no wave ac-
tivity at tie satellite. In contrast, the two events selected
from satellite data did show evidence of corresponding activity
at the ground. Unfortunately, for neither of these was digital
ground data available. A summary of the results for each of these

events is given below.

. The first event occurred at ATS-1 on August 17, 1967. The
particle data for this event have been examined in some detail by
Parks and Winckler (1969). They showed that the fluxes of trapped
electrons at ATS-1, as well as precipitated electrons at College,
Alaska (650 km west’of ATS-1 conjugate point) were periodically
modulated at several frequencies. Spectral peaks were seen at
frequencies corresponding to periods of 25, 1185135095531, aln d 61Tl
seconds. Dynamic spectral analysis showed that the maximum modu-

lation was 11.3 second period. These observations were made near

the dawn meridian during the recovery phase of the magnetospheric
substorm,

Using these results as a guide, we have performed spectral
analysis over the time interval of the maximum modulation of

particle fluxes. We find a pronounced spectral peak at 26



secondswith the rms signal power nver the band approximately

0.4 gamma. Doing eigen and coherency analysis on the spectral
matrix, we find that the signal was linearly polarized with the
major axis orientated 60° from the dipole V axis toward the D axis.
The major axis also made an angle of 60° with respect to the H
axis. (The dipole VDH coordinate system has H antiparallel to the
earth's dipole axis and V radially outward in the magnetic equa-
torial plane.)

The socond event, June 8, iuvuu, was observed by the 0G0-5
satellite as it was inbound across the dawn meridian near the
magnetic equatorial plane. The original motivation for studying
this event was the fact that 0G0-5 passed extremely close to the
ATS-1 satellite and magnetic field data were available from it as
well. Results of this analysis have been published by McPherron
and Coleman (1971) and are only briefly summarized here.

The pulsations were quasi-sinusoidal with period 22 seconds
and rms amplitude 0.3 gamma. Their average polarization was trans-
verse to the main magnetic field with the major axis azimuthal in
the equatorial plane. The average ellipticity was 0.3 and the
predominant sense of rotation right-handed with respect to the main
magnetic field (in the sense of electron gyration).
these parameters vere quite variable with the pulsations occurring
in bursts propagating at various angles with respect to the field.
The waves were observed in a region of essentially dipolar field;

however, the waves were first observed just inside a sharp transi-

tion from a region of continuous field to rapidly increasiry field.

Instantaneously,
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. No modulation of trapped electrons (E » than 50 kev) by the pul-
sations greater than 4% was observed on the same satellite; however,
whistler chorus did appear to consist of quasi-periodic burst.
Simultaneous magnetic field observations at the ATS-1 conjugate
point and also at College, Alaska, showed the pulsations were
present on the ground with the same frequency and comparable am-
plitude. Field observations at ATS-1 did not indicate any wave
activity despite the fact that it was clearly present near its
conjugate point. It was noted however, that the first 0G0-5 ob-
servations of these waves were made just inside the ATS-1 orbit.
Consequently, it seems quite likely that these waves are radially
localized in the equatorial plane and spread somewhat in the
ionosphere at the foot of their favored field line. This event
. also occurred during the recovery phase of a magnetospheric sub-
storm near the dawn meridian.
Two additional events were chosen from digital ground data at
the ATS-1 conjugate point, Tungsten, N.W.T., Canada. These events
were selected from microfilm plots of micropulsation and bay ac-
tivity at the ground station. Both events were chosen near the
dawn meridian during the recovery phase of substorms. Both events
had rms amplitudes of about 1-2 gamma. Also, both events were
polarized transverse to the main magnetic field and oriented with
the major axis east-west, In contrast to these properties, the
two events were quite distinct in their frequency and sense of
rotation. One event had a 40 second period‘and was right ellip-

tically polarized, the other 20 second period and left elliptically

poiarized. Spectral analysis of the sateilite data for both events



showed a completely quiet field.
From the preceding discussion, it is clear that any definite

conclyusions are premature, However, it seems likely that the waves

are spatially limited and that close conjugacy between the' ground
and the satellite are required before simultaneous observations
are possible.

3., Support of Other Projects

A. Field Aligned Currents. During the past year we have

continued our study of field aligned currents using the ATS-1 data
in conjunction with g}ound data. Major support for personnel on
this aspect of our work is derived from an ONR contract, however,
corrected data used in this project are a result of work performed
on the NASA grant described herein.

Initial results were presented at the April, 1971 meeping of
the American Geophysical Union in Washington, D.C., by Horning et
al. (1971). Further work is described in a manuscript under
preparation. Briefly, this work studies the simultaneous changes
in the H component at ATS-1 and its subsatellite point, Honolulu,
during substorm expansions. MWe find that Honolulu and ATS both
observed the same variations in H, an increase near midnight and
a decrease during dusk. The simultaneous variations can only be
understood in terms of two distinct field aligned current systems
flowing on field Tines outside ATS-1. The first system, centered
in the predawn sector, may be viewed as a collaspe of the near-tail
current system by diverting this current through the auroral iono-

sphere as the westward auroral electrojet. The cecond system is



centered near dusk and appears to be a similar closure of the
partial ring current via field aligned currents through the iono-
sphere as an eastward auroral electrojet.

B. Multi-Satellite Correlations. Corrected ATS-1

magnetometer data have been used in a multi-faceted study of the
substorm sequence. This study shows that the sequence of events
thought to occur on a basis of disparate observations of different
events by different investigators actually holds for a single sub-
storm event. These results are in agreement with current specula-
tion about the cause of magnetospheric substorms. This speculation
suggests that southward interplanetary magnetic fields cause merging
of field lines on the dayside of the magnetopause and consequent
erosion of flux from the dayside. This flux is transported by the
solar wind and added to the geomagnetic tail. The reduced cross
section of the dayside increases the angle of attack of the'solar
wind on the magnetopause boundary. The resulting increase in

normal stress reduces the cross section of the near tail despite the
fact that it contains greater magnetic flux. As a consequence, there
is a large increase in the magnitude of the near tail field. Simul-

taneously, the plasma sheet near the earth thins and its inner edge

approaches the earth,
This sequence of events constitutes what we have called the

growth phase of magnetospheric substorms. A detailed presentation

of these results is given in a sequence of nine papers submitted

for publication in the Journal of Geophysical Research (see nine

references under McPherron et al., 1972 , general title: Satellite

Studies of Magnetospheric Substorms on August 15, 1968). These
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. experimental observations in conjunction with numerous other re-
ports in the recent literature form the basis of a quantitative
theory of the substorm growth phase worked out recently by Coroniti

and Kennel (1971).
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Figure Captions

1., Percent data recovered from UCLA magnetometer on ATS-1
since launch in December, 1966. (Refer to Table 1)

2, Example showing measured magnetic field during eclipse
of ATS-1. The Z axis is parallel to the satellite spin axis,
the sun vector iies in the X-Z plane and Y completes the orthogonal
system.

3. Right panel shows uncorrected magnetic field measurements
in X, Y, Z coordinate system, defined for Figure 2. Left panel
shows the same data after automatic correction and transformation
to the dipole VDH coordinate system. In the VDH system H is anti-
parallel to the earth's magnetic dipole axis. V is radially out-
ward in the magnetic equatorial plane and D azimuthal eastwards.

4, Plot of 2-1/2 minute averages of ATS-1 magnetic field
produced by automatic correction procedure.

5. High time resolution plot of ATS-1 magnetic field measure-
ments. The amplitude scale is 5y/division and the time scale
5.12 seconds/division. Successive plotted points are 0.32 second
averages. Textual material at the left includes time in the
form HHMMSS.S and 1.28 second averages of the measured field
components in gamma.

6. Results of cross spectral analysis of 0.32 time resolu-
tion magnetic field data. The original time series has been
differenced and all gaps and spikes set to zero. Spectral lines
are due to & ramp function interference signal containing all

harmonics of the 5.12 second telemetry rate.

7. Results of eigen and coherency analysis of spectral



matrix. Spectra have been recclored for the effects of the
first difference operator. Note narrow band width and high
polarization of spectral 1ines due to interference signal.

8. Eigen and céherency analysis of unusually narrow.band
width signal at low frequencies. A sequence of harmonic spectral

Tines is due to a l6telemetry sequence ramp function (.0122 iiz).
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List of Tables

1. Table listing data recovered from UCLA magnetometer on

ATS-1 since time of launch. Major events in the history of the

spacecraft are indicated under remavks.

2. Correction vector for spacecraft field in eclipse zero
modes at three successive equinoxes. An eclipse mode is defined
as the state of the spacecraft at the time of eclipse. A zero
mode is defined as a state in which a minimum number of sub-
systems is operating.

3. Segment of the listing of the ATS-1 spacecraft state
vector including the interval of time displayed in Figure 2.

The three right most columns are the components of the correction
vector for the indicated state. The symbols 3333.3 indicate an
unknown correction.

4. List of octai commands sent to ATS-1 during ]957 and 1968.
A hrief interpretation of this command is given in second columns.

5. Interpretation of ATS-1 state vector. The state vector
is broken into three words of eight characters each. Each char-
acter is in hexadecimal.

6. Listing of ATS-1 states during 1967 and then 1968. During
each year the states are ordered by decreasing total duration.

7. Format of corrected data tapes.



1968

1969

1970

Table 1

ATS-1 Received Data Coverage, Monthly
(Estimates)

o & Remarks

Dec. 30 Data starts Dec. 9, sporadic until 24th.

Jan. 95 0

Feb. 90

Mar. 60

ApT. 70

May 75

Jun. 80

Jul., 90

Aug. 95

Sept. 95

Oct. 95

Nov. 75

Dec. 100

Jan. 98

Feb. 100

Mar. 75

Apr. 100

May 95

Jun., 95

Jul. 85

Aug. 70 UCLA OFF starging August 23

Sept. 0 UCLA OFF all month

Oct. 70 UCLA OFF until Oct. 8

Nov. 85

Dec. 65 No data Dec. 19 thru 27, and 30, 31

Jan. 50 Usually OFF 1400-2200, RSST OFF starting 24

Feb. 50 Usually OFF 1400-2200, RSST OFF all month

Mar. 40 RSST OFF to 9th, ON 10th to 21st; UCLA OFF 21

Apr. 0 UCLA OFF all month

May 15 UCLA OFF to 10th; ON 11 to 25, OFF from 26
. Jun. 25 No data 1400 - 2400 every day; RSST & UCLA OoN
“Jul. . 50 _No data from 15th to 28th

Aug. 80

Sept. 90

Oct. 45 No data from 14th to 28th

Nov. 80 RSST OFF Nov. 2; processing halted

Dec.)

Jan.

Feb. |

Mar. e 80 Unprocessed; can only estimate coverage
< Apr. by looking at DECOM 1istings; Goddard

May still sending tapes far this pericd.

Jun.

Jul. Goddard may have data; status unclear.
LAug.

Sept. il

Oct. 75 NOAA Boulder Coverage

Nov. 90

Dec. .80



Yro

1971

Mo

Jan.

" Feb.
Mar,

Apr.
May
Jun.

Remarks



Correction Vector for Spacecraft Field
Comparison of Eclipse Zero Modes

Table 2

Spring 1967 Fall 1967 Spring 1968
X T T 9.6%1 9.4:1
cY 22.811 22.3%1 2]
(W4 8217 89:8 9026
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164 92 BICRC rhr 3 FIL ON OFF 183 |OFF|OFF 10000000 | 4444C00C|50094L7F FEFFFEEF 3333,3 1333.2 1313.3

270 82 RIZRO F7 HODE ON OPF |E3oR |OFF | OFF 100C0CCO|CL4LC0CC|5C098E7F FEERFFFF 3333.3 3333.3 1333.3

126 42 NICRC TNT HV CN QPP |R30NHY  JOFF|OFF 10CCCC00|C54400C5)5CC98DTF 0CCCC00T 11,5 18,1 114.6

232 42 KICHC TVT 4 FIL ON OFF |EJORNVEG |OFE | OFF 1000CCCO|C744CTC5150094D7F FFEFFFER 3333.3 3331.3 3333.3

374 42 NICRC CFF OFP |0FF JORF{OFF 100CC000|400000C0|5CCI4D7F 00000001 9.4 22,7 90,0

232 12 BICRC TWT 4 FIL ON OFF |F4 1OFF|OFF 100C000014200420015C094D7F FFFFFFFF 1333.3 3333.3 3333.3

270 #2 RICRC FT NOLE CN OFF \FuoON |OFF | OFF 100C0600]C2004285;5C095C07F FEFFFEEE 131343 133303 3333.3

126 ¥2 MICRC TVT HV CN OFF JFSCKUY  |OFFIOFF 10C000001C30042C3)5009807F FFEYFEPF 1333, 1333.3 3333.3

164 ®2 BICKC TAT 3 FIL ON OFF |FUCKHVF3|QEF| OFF 10000000|C7C742C3|5C09407F FFFFEFPP 3333.3 3333.3 3333.3

374 42 MICKC CFF oPP |0FF {OFE [OFF 100C0CCC12000000C|5009407F 00000001 958225 MG 07(0)

164 42 HICRC T&T 3 FIL ON oFF 1F3 1OFF| OFF 1C000C001444400001500947F FFEFFFFR 1333.3 3333.3 3331.3

232 "12 RICRC T«T 4 FIL ON OFF 1FIF4 |OFF | OFF 100CCC00)5654ECCISCOIUTTF FEFEFFFP 3333, 3333.3 3133.3

270 #2 SICRC Fr NODE CH OPF \F3FU0R  |OEE|OFF 100C0C00|Co44L6CC|5CO9UDTF FFEFFEFE 3333.3 1333.1 3333.3

126 #2 MICRO TWT HV ON OFF |F3FUONHY [OFE{OFF 10000CCO1C74446C7[5CCo4D7F 00C0CC0T 12,6 15.7 125.4

0bb AEME SOLAR CELL UALT/RESET  OFF |FIFUCKNY |OFF | CFF 10000C00|C74446C7|50094D7F 00€00001 12,6  15.7 125.4

336 2 NICRC A NOCE ON OFP JE3FUORNY |OFF | OFF 1000CCCOJA74446C7)5C094D7F 00C0OC00T 12,6 15,7 125.4

374 #2 NICRC OFF OFF I1DFF |OFF|OFF 10CC0000}20000000}50094C7F 00C0C001 9.4 22.1 90,0

336 #2 HICRC EA KOCE ON QPP 108 [QEF| OFF 10CCC000|AUCCO0CO|50094D7F FEEFFFFF 33333 3333.3 3333.3

ol #2 HICRO TWT 3 FLL ON OFF 10NF3 |QFF|CFF 1000CC00JA4A40000] 5C094D7F COCLO00T  10.0  21.5 102.4

126 #2 KICRO TWT UV ON OFF |ONF3IHY |OFF|OFP 1000C0CC|ASA400A5)5CCOLDTF 0CCCC001  11.7  18.1 116.3

232 #2 HICRO TKT 4 PIL CR OFF JONE3IHVEL |OFF|CPF 100CCC00]A7A4AZAS|50094C7F EEFREFFE 3333.) 3333,3 3333.3

374 #2 BICRC OFF OFF 10FF |OFF|OFF 10€C0C0C|2000000015C094C7F 00C00001 9.4 . 22.7 90.0

316 92 NICRO MA KODE CH OFP on |CFF | OFF 1€0C0C001AL0000C0|50094L7F FFEFFEFE 3333.3 3331.3 1333, 3

2312 #2 nICHC TINT 4 FIL ON CFP |ONFE IOFF|OFF 10000000 JA200A20C)50C94D7F FFFFEFEF 3331.1 3331.3 31331.3

126 12 KICHC TWT WV ON OFF {ORFUHY |OFF|SFF 10000C00}A300A2A315C095L7F FEFREFEF 3331.1 3333.3 3333.3

164 #2 RICRC THT 3 PIL OX OFF JOREUNVEI|OFF|OFF 100CCCO0|A7ATA2A315009407F FEEEFREE 3333,3 3333.3 31013

374 42 KICRO OFF OFF |0FF |QFE|OFF 1006C0C0§2000C000|5C094T7F 00000001 9.4 22,7 0.0

270 §2 KICKC PT MODE CM OFF (oN |OEE |OFF 100C00001C0OCOCO0C|SCO9LLTE FEFFEEEE 3113.3 3133.3 3333.3

164 €2 PICAC TVT 3 FIL ON CPP 108E3 |OFE|OFF 10000000§€4CL000C|5CO94LTF 0000001 10,0 21.5 102.4

126 42 HICKO TwT Y OR OFF |ONF3HV  |CEF|OFF 10CCCOCOJCSCUCOCS|5CCIUDTF €OCOCO0T  11.7 1841 116.3

06:08:10 060 #2 KICEC WOD HODE ON OFF |CNE3HV  |OFF|OFF 10000000195C400C515C09407F 00060001  11.7  18.1 116,32
0H:0:55 004 $SSCC REGULATOR ON orr |ONEINY {OFF{RORN  10€C0000]95C400C5]50294D7F 000C0001  13.3 16,7 120.9

0H#:09:20 Oub ERE SOLAR CELL HALT/RESET OFFP IONE3HY |OFF|HORN 100CC000]95CH00C5]5C294D1F 0CCRCA0T 133 16,7 120.9
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JRICRO VY SYSTENIY 1OXFINY | 87 €78 FAR 19 0 ‘. [
[ATCRONAYE PORER |PSDS PEEY PDE2 ] COM <--CORMAND INTERPRETATICN-=D
IVHE BEGULATORS 10FP | 066 3EXE SOLAR CELL HALT/APSET
[SPIN SCA¥ CLOUD CLOUEG CANERA|NORHM | SRICKC1H| ERICRO20 | AYS’ |
| TELERLTRY CTROY Thed THER THIU BNE ENC2 €04-5€02-| ' 10060000 {95C400C5 502480 7F
IFAE PONER SUPPLY JEREG RLY1 RE¥2 PSUP | <-FLAG=> XXXX.X YYYY.Y 232%.2
|ENE EXPERIRENTS _JUCLA RICE AERO S0LA HINN RNAG BTLD | 00000001  13.3  16.7 120.9
. PR Teok =% mremqsemesmant
S CON <o-CORRAND INTERPRETATION==> SHICRO1S|#NICRO2S|VHF|SSCC  MICKC1®|SRICRO2#|EVSTTEEE C-FLAG=> XXUX.X TXXV.Y 2220.7
0 020 =RISC ACCURULATOR .SELECT A ¥ |OKE3HY  |OFF|RORY  10000C00;{95C¥00C5|50294DTF 00CCOCOT 13,3 16,7 120.9
0 25u $SSCC SOUTH FRAKE .QVERRIDE  CEY JONE3HY  [OFF[NOKM  160COCCO|95CH00CS5|SC294DTF £COCCO0T 13,3 16,7 120.9
0 133 $55CC REGULATOR OFP- OFF JONP3HY  |OPF|OFF 100CCGC0195CU00C5 150694 DIF CCOCCCOT 1147
0. 271 8Th_SCO_1_ON_ {u/E_ON) OFP. 10NFIBV__JOFFJOFE 515003ub1F_00C8C001 11,7
57131 82 RICRC WBD RODE SELECT OFF JONEIRV ™ |OFF|CFF 1006CLCO} S 5150095067F 00000001 11.7
0 103 JERE ECLIPSE KCDE (OH OFF |ONF2UtV  |OFF|OFF 10€CCCC0|95C400C5150096D7F 0CCLO00T 1147
10308330 224 2ENE ECLIPSE KODE OFF OFF |CNF3HY  |CEF|OFF 10000C0095C400C5}5CC96D7F CoCLCCOl 1.7
20;52;00_316_2T%_SCU_1_OFt,2 CEF OFF. 1006CC0013. 0515009 00000001 ___ 31,7,
10156310 374 82 RICRC OFF OFF 100000C01100C0000150094D7F 0C000001 9.4°7722
1015 AVHF REGULATOR 1 ON QOFF 100C0C00 | 10000000 152094C7F FREFFEFF 3333.3 3333.3 133133.2
10:5 AV4P BEGULATOR 2 ON OFF 1C0CCCEO|100CCCC0]SI09SDIF 00CCOCOT 14,3 10,8 138.3
10:5 AVHF W/F GENERATOR 2 CN/OPP OFF |OFF 100C0000}100CCCCC)530940TF 0CC0CCOT 14,3 10.6 138,3
11:59:85 270 02 RICRO FT HODE ON OFF 108 16CC0C00}CCC00000153094D7p PREFFEEF 3333.3 3313.3 3331,
92 MICRC TWT 3 FIL ON OFF 1ONE3 1C0CUCOC|CUCHCOGCISICIDTE FEFFFFRF 3313.7 3333.3 1333.3
XVHP REGULATOR 1 OPP OPF |ONE3 | 2|10FF 100C0C00|CHCUC00C[51095C7F FEFEFFFF 2333.3 2133.) 333,13
XVHF REGULATOR 2 OFF OFF jone3 JOFF|OFF 1CC0000|CHCUC000150095D7F 00C0C00T  10.0 21,5 102.4
AVHF &/F GENERATOR 2 CN/OFP OFP JOXE3 JOFF|OFF 100C0C0G6|CACH0000|SCCOSCTE 00C0C0O0T 10,0 21.5 102.4
2EME SCLAR CELL HALT/HESET  OFF JONF3 |QEF|OFF 100€0000 | C4CHO0CC|5C09ULTE 0CCOOCOT  1€.0  21.5 102.4
#2 MICRC TwT NV CN QFF {ONFIHV  |OFF|OFE 10CCOCO0|C5C400C515CC94D7F 0000CCOT 11,7 18,1 116.3
82 WICRC CEF OFP |OFF |OFE | OFF 10000000{40000000150094E£7F 0000C001 9,4 22.7  90.0
AVHF BEGULATOR 1 ON OFF 10FF |1 IOFF 10CCCC014000C000152094D7F FFEFESFF 3333,3 3133.3 3333.3
AVHP REGULATOR 2 ON OFF |OFF 1182]0F 10CCCCC0|4CC00C00|53CIUDTE CCOCCOeT 14,3 10,8 136.3
AVNF %/F GENERATOR 2 CH/OFF OFRF |OFF 1162 | OFF 10€00C00{40CCC0C0(53094C7F 00CCCC0T 14,3 10,8 138.3
AVHF W/F GENERATOR 2 CN/OFF CFF |0FF | 162|0FF 1C0C0C00|4CCECCCO|SICSUDTE £OCCCCOT 14,3 10,8 138.3
XVHE HEGULATOR 1 CFF OFF |0FF | 2]10FF 100€CCC014000CC0015109407F FPFFEEFF 3333, 3333.1 1333.3
AVIIP REGULATOR 2 OFF OFF |OFF JOFE|OFE 10£C00001400000CC|50094TTF 00C00001 9.4 22,7 90.0
$2 HICRO TWT ) FIL ON OFF 1F3 JOEE|OFF 100€CC0C| 44440000 (5CC94DTF PEEFEFFF 3333.3 3333.3 3333.1
12 MICRO THT 4 FIL ON QFF (EIF4 |OFE |OFF 100000001 46444600 5CC94D7E FREEEREF 3372.3 3333.3 3313.3
#2 HICRC FT KODE ON OFF |FIF4ON |OFF|OFF 1000CC00|CLLLL600)50094D7F FEFFFFFF 1333,3 3333.3 3333.3
92 MICRC THT HV ON OFP |PIFUORHYV | OFF |OFF 100CCCCC|CT4L46CT|5CCIUDTE COCCCO0T 12,6 15,7 125.,4
#2 NICRC OFF OFF 10PF JOFF|OFF 1€£CCC00}400C0000(50094D7E 00CLCV0T 9.4 2247 30,0
¥2 HICKC TWT 3 FIL ON OFF 1F3 |OFF|OFF 10CCCCC0|4444C000(5C094D7F FFEFFFER 3313.7 3331.3 3333.3
42 BICRC FT HODE ON OFF 1E30N 10FF|OFF 1C0CCC00|CY4400C0|SCCI4DTE FFEFFEFF 3333.3 3333.3 1333,
82 MICRC TWT HV ON OFF J¥JOKHY | OFF|OFF 100C0C00C54400C5|5C094DTF 0006001  11.5  1E.1 11d.b
€2 HICRO TKT 4 FIL ON OFF JEIONHVEFU)OFF |OFF 10CCCC00|CTUUCTCS)SCCI4DTE FEFFFFEE 3333.3 3333.3 1333.3
42 HICRO CEFF OFF JOEF {OEF{OFF 10000000(4002000¢{50094D7E 00€0C001 9.4 22.7 90.0
€2 HICRO THT 4 FIL ON OFF (i |OFF | OFF 1000C000(420052C0|50094D7F FPEEFFEF 3333.3 3333,3 3333.3
€2 HICRC FT HODE CH OFF | Fuon |OFF|OFF 106C0000|C2004200]5CC94DTF FFPFFFFE 3333,3 1333,3 1133.3
12 MICRC TWT HY GH OFF |FUONHY |OFF|OFF 10000C00|C30042C3 (50094 b7F FEFFEFEF 1311, 3333,1 1331.3
42 HICRO THT 3 FIL ON OFF JFUONUVE3|QFF|OFF 10060C00|C7C742C3{50094D7F FFEFEFFE 331147 3333.1 3331.3
02 WICRC OFF OFF |OFF |0FF |OFF 100C0C0014CCCCOCC|5C094DTE 0CREC00T 3.4 22,7 30,0
12 MICHO TWT 3 PIL CN OFP 1F3 |OFF | OFF 10000000 44440000 5C09UDTF FFFEEFFF 3333.3 111103 333133
22 KICRO WUD HODE OM OFF |P3oN |OFF|OFF 10CC0CCC|94LL00C0|5CO94DTE FFEEFFEE 333,73 2333.3 3313,
#2 HICRC TWT WV ON OFF JFIONHY  JOEF|CFE 100£0000195450095]50C94D7F 0CCCC00T 11,5 a1 14,6
32 HICHO PT HOLE O OFF JFIONHY  |OFF|OFE 10000C00|C5440095(5C094E7F 00000001  11.5  1h.1 114.8
02 HICRO TNT 4 FLL ON oFF | FIONHVEY |OFF| OFF 10000C00C744C79515CC4DTF FEEFFFEF 1333.3 3133.3 3333.3
42 HICRC CFF OFF |OFF |OFF|CEE 10000€00}40000CCC|50094L7F 000000V 9.4 22,1 90,0
#2 NICRC TST 4 FIL ON CFF |4 JOFF|OFF 100C0COC|42004200150094D7F FE¥EFEEE 3313, 3171.3 33333
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~AICROYAVE PONER |I"SDS PEEY PDE2 1 COH <--CCFEAND INTERPRETATICN-->

IYHF REGULATORS 1 232 12 EICRC TWHT b FIL ON

ISPIN SCAN CLOUD CLOUD CAHERHDFI 1 enICROT# | ENICRO2ZEJAVSTIEER

I TELENETRY JTHEY §H23 PHOZ THEW ENEF ENC2 €04-5€82-| 10000000(42004200(5009UD7¢¥

JENE POMER SUPDLY |PREG BLY1 RB¥2 PSUP [} <-FLAG=> XXXX.X YYYI.Y 2Z2%2.2

|ENE EBXPERINENTS |UC|.A RXCE AERO SOLA MINN HMAG BTLB | FEPPFPEF 3333.3 3333.3 3333.3

Y :AN:SS COM <=-CORMARD xn:nvue’ruxun——) IMCROHlI11CFOZI|VNF|S$CC INICRCTI]INICRO2Y |HVSTIEEE <-FLAG=> XXXX.X YY¥Y,Y 222Z,

14:59:30 270 #2 MICRO FT MODE ON | E4ON |OFF | OFF 100C0C00C2004200]50094C7F FEFFFEFP 3333.3 3333.3 3333,

15:03:05 126 #3 RICRO THT HV ON qn’ |F4ONEV  |QFE|CFE 10000000{C30042C3|50094D7F FERPEFEFP 1333.3 3333.3 3333,

15:03:30 164 42 MICRC THT 3 FIL ON oFF |F4ONHVF3|OFF|OFF 10060C001C7C742C1|50094D7F FFEFFFFF 3333.3 3333.3 3333,

15:07:15 37¢ $2 MICRC OFF OFF |0PF |OFF|OFF 100C0000)400000CC)50034D7F 00000001 9.4 22.17 90,

15:07:45 164 B2 MICRO THT 3 PIL OW OFF 1E3 |OFE|OFF 100C0C00|444L00C0]50094D7F PREFFFFP 3333.3 3333.3 3333,

15:08:15 050 #2 HICRC WBD HODE ON OFF |F30N |OFF|OFF 100C0CC0|9444C000|SCCIUDTE FFEFREFF 3331.3 3333.3 3333,

15:11:45 126 #2 MICRC TWT HY OM OFF |F30NNV  |OFF|OFF 10000000195440095]5C094C7F 00000001  11.5  18.1 114,

15:12:15 006 $5SCC REGULATOR ON OFF |F308HY JOFF|NORM  10000000]95440095156294D7F 00000001  11.6  15.8 118.9]
16:04325 254 35SCC SCUTH FRAME OVERRIDE  OFF |F30NHY (OFF|NORM  10CCOCCO}9544009515C294D7F 00000001  11.6 15,8 118.9
16314:00 254 3SSCC SOUTH FRAME OVERRIDE  OFF |E308HY |OFE|NORY  100C0000{25440095|50294D7F 00000001  11.6  15.8 110.9]
16:18:00 254 $§SCC SQUTH FRANE OVERRIDE  OFF JE30NHV |OFF|NORM  100C0C00|95440095|5629407¢ 0CCCCCOT  11.6  15.8 118,91
16335120 254 §SSCC SCUTH FRAME OVERRIDE OFF |E30NHY  |OFF|KORN 100CCC00[95440095150294D7F 00C0C001 11.6 15.8 118.9
17:16:50 020 -KISC ACCUNULATOR SELECT A  OFF |F30XHY |OFF|NORY  10000000]95440095150294D7F 00000001  11.6 15,8 118.9
17:37:00 254 $55CC SCUTH ERAKE OVERRIDE  CFF |F3CKHY [OFFINORE  100C0C00}95440095150294D7F 00CCCCOT  11.6  15.8 118.9 |
17:43:00 254 $S5CC SCUTH FRAME OVERRIDE  OFF |F30NHY |OFE|NORM  10000000]95440095]5C294D7F 00000001 11,6  15.8 118.9
19:07:10 066 2:ME SOLAR CELL HALT/RESET OFF |FIONHY | OEF|KORH 100000001 95440095]5C294D7F 00000001 11.6 15.8 118.9
19:19:50 254 $SSCC SCUTH FRAHE OVERRIGE  OFF |E30MZV  |OFF|XORK  100C0C0C|95440095(5C294D7F 0600C001  11.6  15.8 118.9
19:50:00 254 $SSCC SCUTH FRAME OVERRIDE  OFF |P30KHY |OFF|NORM  10C0CC00{95440095]50294D7F 00000001  11.6 15,8 118.9
20:07:50 254 $SSCC SCUTH FRAME OVERRIDE  OFF |F30NHY |OFF|NORM  1000000C|95440095]50294D7F 000CC2CT  11.6  15.8 118.9
21:15:10 254 $SSCC SCUTH FRAME OVERRIDE  OFF |E30NHY |CYF|NORM  10000CC0)95440095]5C294D7F 0CCCC00T  11.6  15.8 118.9
21:16:05 254 $55CC SOUTH FRAME OVERRIDE OFF |F3CNHV  JCEE|NORNM 100C00C0)95440095)5C294D7F 00000001 11.6 15.8 118.9
21:52:20 133 355CC REGULATOR OFF OFF |F30NHV  |OFF|OFF 10060CC0|95440095|5CCIUDTF 0CCCCCOY 11.5 18.1 114,6
21:59:30 374 $2 NICRC CFF OFF |OFE {0FF|OFF 100C0CC0[10000000]5009407F 0€CCCO01 9.4 22.7 90.0
21:59:50 376 AVHF REGULATOR 1 ON OFF |OFF i1 |IOFF 10€C0C00( 10000000 520940 7F FFFEEFFF 3333.3 3333.3 3333.3
22:00:10 251 XVHF REGULATOR 2 CN OFFP 10FF 1162 OFF 1€060CC0)100CCCC0)53094D7P 0NCCO00T 1.3 10,8 138.3
22:00:45 275 XVHF ¥/F GENERATOR 2 CH/OFF OFF |OFF 1162 | OFF 10CC0C00110000000)53094D7F 00CC0001 14.3 10.8 138.,3
22:27:20 302 IVHP REGULATOE 1 OPF OFF JCFF | 2|0FF 160C0CC0(1C00CCCC[51CI4D7F FREFFEEF 3331.3 3333.3 3333.3
22:27:50 027 XVHP REGULATOR 2 OFF QOFF IOFF I0FF | OFF 100CC060(1008CCCC|5CCILTTE NCCOO00T 9.4 22.7 90.0
22:28:20 275 SVHP W/F GENERATOR 2 CN/OFF OFFP |OFF |OFF|OFF 10000000(10000000]5C094D7F 00000001 9.4 22.1 90.0
22:29:00 060 €2 HMICRO WBD HCDE OR OFF 1CN |OFF|OFF 10000C00190CCCCCO]50C34DTR FEFFFFEF 3333.3 3333.3 3333.3
22:29:25 164 82 HICRC THT 3 FIL ON OFFP JOKE3 |OFF | OFF 100CCC0013434000015C094D7F 00000001 10.0 21,5 102.4
22:30:45 270 82 KICRC FT MODE CH OFF JORF3 IQFF | OFF 10000000}C434000C]50094D7F 00C0C001 10.0 21.5 102.4
22:33:40 126 $2 HICRO TRT IV ON OFF |ONF3HY |OFF|OFF 100C00001C59400C5|5CC94D7F 00000001 11.7 18,1 116.3
22:43:35 060 $2 MICRC WBD HODE ON OFF {ONF3HV |OFF|OFF 100C0000]959400C515CC94D7F 00CC0001 1.7 18.1 116,3
22:44:05 006 555CC REGULATOR O OFF |ONF3HY |OFF|NORN 10000000{959400C515029487F 0000C001 13.3 16.7 120.9
22:46:00 340 4S5CC NORMAL SCAN OFF JCNF3HY |OFF|NOINM 10C000060]959400CE | 50294D7F 0CLCCOOT 13.3 16,7 120.9
22:57:55 254 35SCC S5CUTH FRAME OVERRIDE OFF JONF3HY |OFFJNORE 10000C501959400C5|5029407F 00C00001 13.3 16,7 120.9
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001
002
003
004
006
00
013
016
017
020
022
023
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LISTING OF INTERPRETATION OF ATS OCTAL CONHMANDS

ONMAND INTERPRETATION

#1 NICRO TWT HV ON

®T¥ PCN ENCODER 1 ON

TN TRANSMITTER 4 ON,2 CFF
#1 NICRO WBD NMODE SELECT
$55CC REGULATOR ON

DENE UCLA OFF

+QRIENT THRUST 2 OFF

«TH PCM ENCODER SELECT WRD63
~NISC ANGLE CENTER MNORE SLCT
~NISC ACCUNULATOR SELECT A
#1 MICRO T&T 1 FIL CN

#TM TRANSMITLER 2 OFF,4 GCFF
DEME REXP BCHER SUPPLY ON X
AEME BTL BIAS OFF

%VHF REGULATOR 2 OFF

%VHE W/F SWITCH 1 ON/OFF
*TM SCO 1 OXN

®ENE RICE CN

+QRLENT THRUST 1 OFF

#2 NICRC WED NODE ON

*Td% PCN ENCODER 2 SELECT
$SSCC BACK-TO-BACK SCAN
QEME SOLAR CELL HALT/RESET
# MICRC BACE 1 ON,2 OFF
*TY PCY ENCODER 2 OFF
+QRIENT FIRE APOGEE MOTOR
QEME ECLIPSE MODE ON

*74 PC¥ ENCODER SELECT WRD_
~MISC SOLAR ARRAY UNPARALLEL
SENE RICE CFF

DENE UNIV CF MINN ON

# MICRO ANTENNA POSITIVE
+ORIENT NUTATION REG OU
@ENE REGULATOR OFF

42 MICRO TKT HV ON

#TH PCY ENCODER 2 ON

ZENE EXP BUS POWER ON ALTI
42 MICRO WBD MODE SELECT
$58CC REGULATCR OFF

# MNICRC BS5D ON

7% TRANSHITTER 3 ON,1 CFF
#1 MICRC FT MODE ON

#VHF W/F GENERATOR 1 ON/OFF
DLME EXP BCHER SUPPLY OFF X
HEME BTL BLAS ON

#2 KICRO THKT 3 FIL ON

*TH TRNSNTTR 1 ENCDR SELECT
@ENE UNIV CF MINN HAG OFF
RENE AEROSPACE OFF

ZVHF REGULATOR 1'CN

con
176
203
207
210
211
212
217
224
230
232
233
234
235
245
250
251
253
254
255
256
270
271
273
275
276
277
300
302
303
313
315
316
324

CONMAND INTERPRETATION
+ORIENT THRUST 1 CX

+ORIENT RESISTO JET REG CH
# MICRO PSD OFF .

+ORIENT FIRE RADIAL JET 1
#1 NICRO MA MODE ON

*TH TRANSMITTER 2 ON,4 OFF
*TH SCO 2 ON

ARNE ECLIPSE HODE OFF
+ORTENT NUTATION REG OFF

#2 MICRO TRT 4 FIL OX

*TM TRNSNTTR 2 ENCDR SELECT
SEME SCLAR CELL OXN

PEME EXP BUS POWER ON ALT2
# MICRC PACE 2 ON,1 OFF
*T¥ PClH ENCODER 1 OFF

%VHF REGULATOR 2 ON

#1 MICRO OFF

$SSCC SCUTH FRAME OVERRILE
@EME UNIV OF NINN MAG OXN
QEME AFROSPACE
#2 MICRO FT MODE OX

*TM SCC 1 CN (W/F OX)
+ORIENT FIRE AXIAL JET 1
%VHF W/F GEMERATOR 2 ON/OFF
REME EXP POWER SUPPLY OFF
ZEHE BTL BIAS ON X

2EME BTL BIAS-OFF ENABLE
#VHF REGULATOR 1 OFF

@EME EXP POWER SUPPLY O

4 MICRO PACE 1 OFF,2 OIF
#1 NICRO TWT 2 FIL ON

*TH SCC 1 OFF,2 OFF

+ORIENT RESISTO JET REG OFF
%VHF W/F SWITCH 2 ON/OFF
~MISC SCLAR ARRAY PARALLEL
+ORTEYT FIRE AXIAL JET 2

$2 MICRO MA NODE ON

*T¥ PCH ENCODER 1 SELECT
5SSCC NORMAL SCAN

AENE UCLA ON

+CRIENT THRUST 2 CN

#T¥ TRANSHITTER 1 OFF,3 OFF:
DEME REGULATOR ON

4+ORIENT FIRE RADIAL JET 2

#1 MICRO WBD MNODE ON

$SSCC HORTH FRANE OVERRIDE
@EME SOLAR CELL OFF

#2 MICRO OFF

*TM TRANSMITTER 1 ON,3 OFF




Table 5

State Descriptor Words

Word 1 Word 2 Word 3

(T2345678/ 12345678 (12345678

Word 1 = Micro 1 Subsystem

1) 1 WB MODE, MICRO 1 OFF
2 MA MODE, MICRO 1 OFF
4) 4 FT MODE, MICKO 1 OFF
9 WB MODE, MICRO 1 ON
A MA MODE, MIGRO 1 ON
C) C FT MODE, MICRO 1 ON
2) G ALL OFF
1 HIGH VOLTAGE ON
2 FILAMENT 2 ON
3 F2 & HV ON
4 FILAMENT 1 ON
5 F1 & HV N
6 F1 & F2 N
7 F1, F2, & HV ON
3)  MICRO 1 MODE AFTER F1 TURNED ON
4)  MICRO 1 SUBSYSTEMS AFTER F1 TURNED ON

5) MICRO 1 MODE AFTER F2 TURNED ON
6) MICRO 1 SUBSYSTEMS AFTER F2 TURNED ON

7) MICRO 1 MODE AFTER HV TURNED ON
8) MICRO 1 SUBSYSTEMS AFTER H TURNED ON

WORD 2 = MICRO 2 SUBSYSTEM

“ALL OFF

PACE 2 ON

PACE 1 ON

PACE 1, PACE 2 ON

PSDS ON

PSDS & PACE 2 ON

PSDS & PACE 1 ON

PSDS, PACE 1 & PACE 2 ON

MICRO SUPPLY

NG AW =S

ALL OFF
VHE 2 ON

VHESTSS 0N VHF REGULATORS
VHF 1 & VHF 2 ON

2)

(RIS



3)

4)

5)

6)

7)

s
MTMOOEITVENONAWN .S ODIPVLEOUARN—E >VOEOUIAN—T WS

=

Nt N —

OFF, NORMAL SCAN
0FF, BACK-T0-BAC
ON, NORMAL SCAN

ON, BACK-TO-BACK
ALL OFF

TH 4 ON

M 2 ON

TM 3 ON

TM 3 & TM 4 ON
TM 2 & TM 3 ON
TM 1 ON

TM 1 & TM 4 ON
TM 1 & TM 2 ON
ALL OFF

SCO 2 ON

SCO 1 ON

ENC 2 ON

ENC 2 & SCO 2 ON
ENC 2 & SCO 1 ON
ENC 1 ON

SC0 2 & ENC] ON
SCO 1 & ENC1 ON

ALL OFF
PSUP
RLY2
RLYZ2,
RLY]

PSUP

RLY2, PSUP

PSUP
RLY2
RLY2, PSUP
RLY1

. RLY1 PSUP
oLY], RLY2
RLY1, RLY2

4+

nouon
ES
+
~

4+2+1

Table 5§, Continued

K SCAN
SCAN

SPSUP.

sscc

TELEMETRY

.ENCODERS
&
.SCO

EME POWER

EME EXPERIMENTS

UCLA
RICE
AEROJET



8)

BNOUI B WD —S

MnMMmMooO o3>0

Table 5, Continued

8+1

8+2
8+2+1
8+4
8+4+1
8+4+2
8+ 4+2+1

wnsnuum

SOLAR EXPERIMENT
MINNESOTA
MINNESOTA MAGN
BTLB
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Table 7
Format of ATS Leveled Data

This data will be printed on 7-track, BCD, 556 BPI tracks

with record length of 132 characters, 20 records to the block.

Columns Example Explanation

02-03 Year- 67 Time of Mid point of
average

04-06 Day. 014

08-09 Hour 11

10-11 Minute 38

12-15 Second 07,5

17-22 v -6,8! VDH Rotational System

23-28 D 10.2

29-34 H 7951

35-40 v SN VDH Dipole System

41-46 D -5.4

47-52 H 79313

53-58 X =i Uncorrected XYZ System

59-64 Y -24.6

65-70 L -35.5

71-76 Xcv 1553 Levels in XYZ System

77-82 ycv 18,1

83-88 AR 114.6

90-97 FLAG 000000012 Level Flag

99-106 WORD 1 400000007 State Vector

108-115 WORD 2 A51400A5

117-124 WORD 3 50064D7F

lyalues greater than 2000.0 are flags.
2nknown levels have a flag of 'FFFFFFFF' or YEEEEEEEE'.

3Unknown states are set to zero.



67001 0000009999.999559,9995954699999.999999.999999.99 0.0 67001 000015 =26.72 |REC 1% LENGTH 3204
17401 R2eT2 =33.63 5017 19.84 0,0 57001 000030 -26.64 17.81 23.48 =34.02 IS,
5.58 20,43 0.0 00T 00004S =27 &% T8s207 2342 =34.01 18586 (205921 10a0 |
67001 000100 m26s74 17+00 24,38 =33.82 | S.32 21.48 0.0 (D)= S RT)

57001 000130 -26.88

ST 000TTE =27+19] 17.73 23+.€8 - 34450 5456  20¢65
1705 24403 =33464 S. 16 2113 0.0 67001 000145 1765 26477 —34.02
5.93 21,72 0.0 67001 000200 =27.25 17.63 25.29 =3 I 22260 050
67001 000215 —27.18 16485 26480 =34 .39 5420 23.89 0.0 ! i I
67001 000230 -26.94 13.25 24478 ~34.68 Hel2 21.63 0.0 R A7001 000245 =26.84 . STF\QT Gﬁ“' l ) \qc 7
17.03 RSel5 = 34.03 + 16 22423 0+ 0 67001 000300 =27.08 1t 0 24405 -34.91

6415 20485 0.0 S ] ~57001 000315 =27« 17.68 W68 =34.52 5229 20,57 0.0 [~ i T R
67001 000330 ~27.54 16041 24e51 —34,28 4,07 21,75 040 I ST’OF- FE.ﬁ. i) lf“l(g?
5415 15.85 0.0 £7001 000400 =-27.51
£7001 000415 =27e19 1760 23+34 =34.48
59 -35,22  5.02 19.8f° 0.0

&.

67001 000345 =26e93 1770 22.E6 =34.24

17,20 2263 -34.82 4,15 19476 0.0
4.94 | 20.35  0s0 67001 000430 -27.77 18246 22,

67001 000445 ~27+34 17,32 34 240 4443 19.73 0.0

'5?031"cobﬁo'oé-sqb’.yéq@99’.&56655’.‘9%%’9.ééi’qqé;tféa B Ore OBt L e % 57001 000515 = 27.84 3 7

17438 23,24 =34.93 4.25 20,32 0..0 57001 0006530 =2678 18421 < 23.67 =34049
5,53 20454 0.0 57001 000545 =28,20 18,25 24.30 =35.80 4,91 20.200 0.0

001 000600l ~P s B 6110351123/ 90H=35]s 53505120 BT N0I0

000630 =28
8 3.14
z2. A1

1727 37.‘)4 21431 0 67001 000645 =28423

3,55 2030 0.0 57001 000700 =28+55 1786 25.44
£7.C01 000715 =28.53 17. 854 23,18 =35.78 335 20.19 0.0
67001 000730 ~28.18 18426 2 87 —35.77 4.57 2077 0.0 67001 000745 -2 11
17.16 P5e34 =3530 3.90 22443 0.0 47001 000800 —27.91 18,03 23.40 ~35.40
18,09 24,04 =30.14 4,08 21.00 0.0

4437 20435 0.0

27 0.0

337 19
T F7001 000900 =25 24

£7001 000830 =29.24

60 —36e40

£7001 0D00B45 ~28.68 18,83 2
57001 0009/15 =28.39 18.05 22.70 =35,76

()
@
()
@
@ 67001 00081E -Z8.06 18,45 23,08 -35.75 5.0 20,84 00
®
®
@

@
®
@
O
[
17.88 214560 -36.28 3,08 18466 0.0 @
. 3.82 19.68 0.0 7001 0009309959 +995599 999559 +999999.999599:359999.89 " 0s0
67001 000945 =28.75 17.92 21407 =~35.84 3.16 18e12 0.0
@® 0000 @
67001| 001000 -27.52 18,07 21.13 =34,80  3.92 18,10 0.0 < —57001 D005 =3 IERET 2% LENGTH 3204
@ 20.24 23.85 -641.62 2..79 20456 0.0 67001 001030 =28 17,19 21457 = 38,09 @
2.80 18,73 0.0 67001 001045 =23.51 19.11 2171 4.23 18.50 0.0
18463 2168 —36.81 234 18,50
@ 7001 001115 -27.55 1 4438 20423 0.0 A7001 0013130 ~28 (
19,35 22.00 ~36469 4025 18.74 0.0 £7001 001145 ieonizias sAls
3,83 2007 0.0 67001 001200 —~27+77 19+13 21.64 & 44 18441 0.0
@ R R L e PR rA e s Ao I S CIo0) ®
67001 001230 ~27+82 19608 21s71 =35.76 4.28 18.49 0.0 57001 0012456995939
999,999999.599959G96999.999995, 99 040 47001 001300 =25¢35 2259 15.74 =34.96
@ 7.46 11,86 040 e P01 00 B 16726 155 2BL0 1N 152 =2E Ao Bl DTN 1 000 @
€7001 001330 ~29.33 20 16.23 =37 3.97 12.79 0.0
67001 001345 =26.22 2215 16433 =34.60 6099 11.54 i 7 67001 001400 -26426
() 22.66 15449 ~35.93 T107 ST 0.0 57001 DOL415 =27.34 20474 16458 =35.76 @
CIAERE ST 0.0 67001 001430 =25.82 21435 17.47 =34.92 6,25 13.82 040
£7001 001448 259 17.32 =35.34 7036 13.42° 040
@ 57001 001500 =26.72 13.94 19,63 16424 0.0 67001 001615 =27,80 @
17479 25.19 =35,48 3,40 22415 | 0.0 57001 001530 =29419 18.18 22,22 =
~ 2.43 19.21 0.0 67001 001545 =29.60 18426 342 =36.22  2.98 20.35
) £7.001 001600 =29+39/( 1 Hs84 23405 =37,16 291 19, 0.0 @
67001 001615 ~28.69 18,71 22,34 =35.43 3.06 19,20 0.0 57001 001630 =28.73
19429 23.12 -36487 3458 19486 0.0 57001 0016459999.99999949995994959955.99
7669599,99 040 57001 0017005559+ 999999:999999 +999999 999999 9EGHGT .« 89 040 @
€7001 001715 25204 18.50 22 ~36.72 265 18608 0.0
67001 001730 -29.10 18,67 20.46 2.19 Wt T s i 67001 0017455955.999 i =
@ 066 ,599999.999959,.626599,996599.99 67001 001800 =28.64 18,92 ‘21,03 =06.39 @
2l 7AN LT B 7 0 e0) 57001 001815 =27.65 19400 20,19 =35,53 3,19 17.01 0.0
0o B N e aE B il P24l Bl a0 N =35 B + 05 S1E -0 80,0
@ o700l o01ads “20.40 18,57 21,05 =360l 2,48 17.96 0.0 £7001 001900 ~28.54 [
A S PP S e e —— ==




67040 23260C =9.19 =0,28 12207 =29.11 1.15 4013 2.00

67040 .132615‘3999.‘;99%9‘;-‘799999.959999.999099.999999-9; 2.00 67040 232€309955.599
' G952 0G095949G5555.555555% 59555599 2.00 57040 232645 =11.73 =4.81 118.28 =2G.66
% —4466 1e34 2.00 67040 232700 =10.79 =554 118.87 -28,556 =-4.,93 14E7 240

0 & €7040 232715 =10.87 =2.93 121427 =29.77 =2.,08  4.086 2 ODES = 1 q

7040 232730 =C.56 =126 122.46 =29.24 009 Se7l 2.00 67040 232745 =998
0e¢45 121.84 —-30.23 1., 36 5. 78 2.00 67040 232800 -11.16 Te03 12:1B3T=3
143 5470 2.00 57040 232815 =10.85 —1a71 11751 =30+00 =1+76 1a6d
2 117.28 —25.23 =—4.08 2,23 2400

2

® O €7040 23283¢C —11.02 -4
67040 232845 ~10.80 =5.60 117.65 28,58 =5.30 ~88 2.00 67040 232900 - 10474
T=p.71 122.32 ~29.92 =1,80 6.8 2400 S 57040 232915 =10.16 =l.20 121.85 =23.51
B =033 6e12 2.00 67040 232930 —10.11 0453 121.81 =30.52 {lar A ST AT 210
0 67040 232645 11,32  0.34 121,58 =31:58 055  5.59 2400
° 0000
67040 233000 =12.53 0426 121.16 =32.656 =0,08 5 2400 57040 233015 -11.74
=3.95 11739 —30s12 ~—4.31 2,34 2.00 % 57040 233030 =10.83 -5.06 116,50 =2&,89
® =5.10 2.04 2,00 57040 233045 ~389 —3e61 117410 —23,04 =4,22 8.62 0.0
£7040 233100 =9.90 =0.46 122.25 —27.12 =4.561 30.356 0.0
67040 233115 -10.06 1432 122,18 -27. 94 =3.10 24 0.0 57040 233130 -11.49
7} 0.95 12289 ~29.20 =3.56 30476 040 57040 233145 —12.85 018 122,76 =30.17
~5.13  30.83 0.0 57.040 233200 =13+43 =137 122037 -30.12 76.85 30477 0.0
27040 243215 =12407 =2.46 122,12 —28.45 =BT h A NDTZ s 5O S OION 5
® 67040 233230 10,77 2,11 122.24 =27.40 =5.56 24,70 2.00 57040 233245 =9.62
0,26 122.23 =27.25 =—3.54 24.29 2,00 57040 233300 —10.24  1.8B8 122.01 =28,46
~1.83 24,17 2.0C 67040 233315 —11.58  2.64 121.84 =29.,99 =1.72 24,40 | 2.0
®» © 70407 233330 =13.39 1.54 121,96 —31.27 -3.42 24.80° 2.00
67.040 233345/1-1'3.96 - 0,07 1215651 = 310231 | =504 2473 2.00 57040 233400 ~12.79
LTI 122,07 =251 T eal425.52 = 200 s 57040 233415 =1T+36" =225 122+21 —2E+02
i) ~6.06 25471 2.00 67040 233430 ~3.73 =0. 12275 —27,.18" =3.95" 25,802
Q, 7040 233445 =9.76 088 122:66 —27,83 ] —2.57 254971 2:00
L7040 223500 =11e13  3.01 122.26 —29090 =129 24473 2.00 67040 233515 - 12,68
D 2,51 122,20 -31.15 =-2.39 24,82 2,00 £7040 233530 =12.92  0.50 122.07 -30.00
-4.33 25,09 2400 57060 233545 =12+98  =1.25 122,43 ~30,02 -5.90/ 25579 .0
0 €7040 233600 ~11.68 1,22 121,88 =28.57 =6.01 29 200
Yo e A SHRRAET Faliad) ol st —4,28 25 2.00 £7040 233630 =9.70
0.7B 122.56 —27.87 =2.79 285.41 2.00 57040 233645 =10.86  2.14 122 a7
W14 24,80 2.0C 67040 233700 —11.24 2.24 123 —29.98 =1.97 26.14 2.0
® © €7040 233715 =12.04 0009 123.06 =29.33 =4,33 26.12 2,00
67040 233730 =1 5 ~30.58 =5.90 25.96 2.00 57040 233745 -~ 12411
T=Ge32 124447 —31.28 2.00 —57040 233800 =I1+05 —3e33 124.057=3C.70
7] SEAT e ) E7080l 25 BB1S =954l —2408 a5k la =29.94 in0hse NliZyar 0 2e0
0 £7040 233830 -8.69 ~1.18 125,09 -29.52 0,16 12.25 ~2.00
67040 233345 ~10.71 =—0e26 124467 =31,74 R SO 2400 67040 233900 =11.05
P 1.8 124,32 31,700 -0.90 " 12.06 2,00 57040 233915 —11.79 =-2,82 124080 =31.71
27012 SEREN2L 00 67,040 233930 +35 =341 124460 -31.¢ -3.51 12,32 2.0
0 €7040 233545 11468 -3.42 124.92 —31,40 =3.00712.561 o 7
® 0000
67040 234000 =10+46 =218 124455 =30.80 ~—1.63 10,97 2.00 67040 234015 =H8.67
) 050 124.38 -30.28 0.41 7h22l 2500 570400 234030 -7.75 =—0¢33 122.14 -28.94
-0.37 5. 2.00 67040 234045 7,82 =1.19 120 —~28.55 =—1.44 1,61 2.0
0 = €7040 234100 =9.56 -2 120.99 —29+75 =3:06 2. TEantE e
Pl ozoao2odtioesl0e Lo SR Bea L1200 ~29.84 =4.35  4.40 2400 67040 234130 -10415
~3.70 120.02 —-29.€3 =—4,83 3.82  2.00 57040 234145 =-9.00 ~2.64 120,09 =25,12
=345 Be63 200 67040 234200 =T+81 =1.60 120 TR U Te)  CEE )
‘) E7040 234215 =Be36 ~la52 120047 —29,00  =2.11 2,00
67040 234220 =-9.00 =1.39 121,02 —2.18 4431 .00 67040234245 —8480
3% 12057 m25e13 =2.57 %.43, 2,000 | 3 ~ 67040 234300 =9:01 = 120,91 = o
D 4243 | 2,00 67040 234315 =10e15  —1605) 124472 =31.22 =1.81 [ 7.91 240
0 €7040 234330 =-5.82 =0.61 124,62 —31.13 ~=1.28 7.71 2400
67040 234345 =802/ =192 12126 ~28,70 =228 | 4461 2.00 67040 234400 =7.89
Zi.77 120.67 =2B.61 =2.22  3.55 @ 2.00 67040 234415 =B8.46 =1.60 120423 ~25.65

7

EX)

LENGTH

LLENGTH

32064

3204

1




(Erp e vt I R

® —5.80 24460 0.0 EPOR0 I NAS 0T SO [ =Ty B2 19T =2 (10— 2023 040
€7040230645 =1 0,31 =0s54 123483 ~28.63 =5.68 31.94 0.0
@ 67040 234500 =10.82 =073 123.44 -28.99 6416 31.63 0.0 5 57040 234515 =9.92
= 124,23 -28,18 ~—S.Al 32439 040 57040 234530 =9.32 =0e35 123475 =2787
Y160 SR 76100 s LI, 57040 234545 —Be76 77 124 .07 =27.90 =3.88 31.E7 00
oD lle a4 600 =B A s e 1288 0l=2 e 83 T=3 CEON 2 101l 040
67040 234616 =-9.17 1.01 123.84 -28.36 -3.99 31.31 0.0 67040 234630 =9.92
~0.67 12402 =28,42 =5.65 32.12 040 57060 234645 =10442 =104 123,62 ~28.64 |
® —6.27 3184 0.0 57040 234700 —10458 123,58 —29.20 =5,90 2l.66 0.0
€7040 234715 =966  0.26 40 =285 31.34 0,0
67040 234730 =—8439 0,29 123.27 —27.597 TSR0 s 0 N i o ) R ET A
@ -0.21 123,68 -28,03 ~5.19 31.09 0.0 67040 234800 =9.72 =1.15 124,36 -28.12
=6.13 32,56 0.0 A0l AR EYE OB 1 -1 1810123580 =27 S0N =6 SLoES £l 0e 0
£7040 234830 =9.32 =045 124409 ~28.09 =5.42 14 0.0
@ | 67040 234B45 =9.ES 10,90 123.72 26,15 =4.57 31453 040 67040 234900 -5.89
1469 123.51 =£9+53 =365 31.17 040 67040 234915 57 -0.01 123.92 =28.55
B e e e EDIEO SO I B7 ¢ 394930 =948 =—1.80 124.02 —27.69 ea7s 32-35 0s0
@] S 0AOI R30S nGs s Bl =1tz 2 3% 86 A TN il TEl ISl 1i0)e0
0000
@ 57040 235000 -10.25 =0.25 123,68 ~29.08 =585 32404 040 67040 235015 = [FEC o, LENGTH 3204
0ob0 123474 =25.31 ~—4.82 31458 000 67040 235030 —10.08 1o11 123,32 -29.51 |
=4.70 31,10 0.0 5 67040 235045 —3.66 057 123.04 —28.91 5,08 31.64 0.0 I
5] £7040 235100 =9.16 =0 123.81 —28.05 =~5.73 3135 @ 0.0
67040 235115 =933 =1.24 123,63 =27S2 35 3204 0.0 57040 235130 I
—1.62 124408 =27.29 =6.43 32.34 0.0 67040 235145 =BeS8 =1.18 123.48
@ —6.09 31.66 0.0 &7040  B35200° ~9.76 & 0s13 1237591 —2B.08 T=5e45 31,54
OOl asbE e s gsBSNE0 nT(28 57 mAd s Eiu mois0HE A e 040
OSBRI —09.04 =4.93 31.40 0.0 =5 B7040 235245
() 31.59 040 57040 235300 =9.30 -0.35 123.
RO 2IBAEE S lE =126 12368 ma B =G DT R0 0.0
e 0Ha 5 6aB 0t Bell o 1504 124,37 mRT=B0 1 56+08 32 0.0
@ 67040 235345 -C.04 -0.26 124432 -28,33 -5.52 32.32 0.0 57040 235400 =9.41
0447 124425 -29.01 =5.10 32413 040 57040 235415 =9.83 0445 12287 m25«36
—6.40 31,75 0.0 ST040 235430 =10.20°  0-02 12339 ~29+46" ~6706 3139 0.0
() DU 2B AS 0 opk = 056aI1 2385 =2Bl.95 | =6 4T 1310 0.0
67040 235500 ~0.567 123.€1 —28,43 =5.20 31.91 0.0 67040 235515 =-3.86
~0.80 123,89 00 0.0 67040 235530 =8.90 =0.22 123.76 =28.42
[} =5.66 31476 0,0 A0 BEREET =i 22 0«0l 12343 =28, 0T =ohI1E 21.28 0.0
£7040 800 —ShB7il 0450112 3l50M=29»25) (=587 31H00 N0
A N e A AN R SRR 0.0 57040 235636 -10.02
@ -0.15 123.49 =29.37 27 31452 0.0 657040 2356 ~9.48 =0.28 123,26 =2E,84
—6.18 |(3le30 100 oDl o500 mELa i 0ROl 22 EoR=2E S5m0 00 31.65 040
£7040 235715 0.42 123,45 =29.03 49 31.35 0.0
@ 7040 2 - 0sll" 123551 —5.84 31.86 040 67040 235745 =10.12
—0.08 123450 =25.58 =—€.37 31.52 57040 235800 =10.40 =0s14 123.11 22578
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