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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inventory information is now no longer maintained in the DSCs, but is now managed in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/

VANGUARD 3

SCALAR MAGNETIC FIELD

59-007A-01A

THIS DATA SET HAS BEEN RESTORED. ORIGINALLY THERE WAS ONE 7-TRACK
556 BPI TAPE WRITTEN IN BCD. THERE 1S ONE RESTORED TAPE WRITTEN IN
EBCDIC, WHICH WAS PACKED DURING THE RESTORATION PROCESS. THE DR
TAPE IS A 3480 CARTRIDGE AND THE DS TAPE IS 9-TRACK 6250 BPI1. THE
ORIGINAL TAPE WAS CREATED ON AN IBM 7094 COMPUTER. THE DR AND DS
NUMBER ALONG WITH THE CORRESPONDING D NUMBER AND THE TIME SPAN 1S

AS FOLLOWS:

DR# DS# D# FILES TIME SPAN

DR0O02836 DS002836 DO00075 1 09/18/59 - 12/11/59


http://nssdc.gsfc.nasa.gov/database/MasterCatalog?ds=SPMS-00131
http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPMS-00131

DATA SET CATALOG

59-007A-0.4 Vanguard 3
Proton Processiona’ Magnetometer
This data set consists of a single magnetic tape (D-00075) in BCD.
Most of the data contained on the tape are listed in "Wanguard TIT, project
data summary" as Appendix D (p. 107 - 166). The magnetic tape does not contain
the N and K(P) fields and has the station as 8 two digit cnde. The tape does,
however, provide more significant digits than are generally iisted. The tape
also contains a set of valurs labeled "Field - Vanguard (or AFSWC coefficients)™.
The data are documented in a Data Users' Note. No uther documentation
on the tape 15 avallable at the NSSDC, The tape consists of BCD card images

recorded at 556 bpl on a 7 track tape. The data set coasists of:

1) BCD list of part of the tapes
2) DUN describing the tape %{)QC |
3) Appendix D of project data summary listing the

pactial cape contents,
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FOREWORD

This Data Users' Note is specifically designed 1o help potential
data users decide if they can make use of the data obtained in the
Vanguard 3 (1959 Eta 1) proton precessional magnetometer experi-
ment. Once a data user decides that he requires the data, it will
serve as the unifying element - the key - in the actual use of the
aata available at the National Space Science Data Center (NSSDC).
To achieve these goals, the Note hriefly describes the experiment,
including the instrumentation and measurements. the telemetry. and
the operational experience. All available details are then provided
on the actual reduction techniques and format of recorded data. For
those desiring more details, the name and address of the expert-
menter are provided to facilitate direct contact. As a further aid.
detailed references (and bihliography) are also included. When
available, NASA accession numbers* are given. The primary pur-
pose of these references is to idenlify the sources containing com~
plete information concerning the subject under discussion. Most of
these references are physicelly available at NSSDC - those that are
not cre readily obtainable.

Inquiries concerning the availability of data should be directed
to:

Nationa! Space Science Data Center
Goddard Space Flight Center
Greenbelt, Maryland 20771

Area Code 301 982-6695

*For cxample, N64-2243 is an accession aumber for an article reported in the
Scientific and Techmical Aerospace Repurts (STAR), and AG3-5921 cefers to
as enury in the Infermational Aerospace Abstraces (IAA)
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. VANGUARD 3 (1958 ETA 1)
PROTON PRECESSIONAL MAGNETOMETER

BACKGROUND

The proton precersional magnetometer was one of three experiments aboard
Vanguard 3. (See Figure 1.) The magnetometer was designed to mako abselute
measurements cf the geomagnetic field above the ionosphere in order to deduce
whether the electric ~urvents giving rise to the main phase of magnetic storms
were located in the ionosph.== or at greater altitudes. Secondary objectives in-

cluded the study of the equatorial electrojet and the mapping of the main field.

Vanguard 3 was launched on September 18, 1959, into an orbit with an in-

clination of 33.5 deg and an initial height range from 510 to 3753 km above the
1
. earth's surface. The initial period of Vanguard 3 was approximately 130 min. *
FIGURE 1!
VANGUARD 3 EXPERIMENTS

f e A 1
i No. Experiment Investigator(s) Affiliation !
\ - = = - -4
| 1
[ 01 . Proton Precessivaal | J. P. Heppner GSFC* :
Magaetometer | L
| el i = = = + =

02 | X-Ray Experiment |  H. Friedman { NRL**

L e N PR M TR,
03 i Micrometeorite [ il. F. LaGow 4 GSIC*
L. Secretan ‘ GSFC*

*Goddars Space Flight Center
**Naval Research Laboratory
EXPERIMENTER
J. P. Heppner - Goddard Space Flight Center
EXPERIMENT

Instrumentation and Measurements

The proton precessional magnetometer was designed to measure lotal
. scalar intensity of the magnetic field independent cf satellite orientation by




measuring the proton precession ireguency

i =4257.6 XF,

where F i~ the fi«ld intensity in gauss and the constant 4257.6 comes irom the
gyromagnetic ratio of the proton.

To obtain a precession signal of suflicient amplitude for measuring this
frequency accurately, the proton sample is first polarized by passing a strong
current through a coil surrounding the sample. When this current is cut off, a
small but significan. fraction o1 the protons are in phase in their precession and
thus induce a detectable vollage at frequency { in the surrounding ceil. Maxi-
mum amplitude of the precession signal is obtained by orienting the polarizing
coil perpendicular to the magnetic field. However, the frequency of the induced
signal is not a function of the orientation angle, and a nor-perpendicular orien-
tation will cause only a reduction in amplitude. Ii#is the angle between the coil
axis and the magnetic field vector, then the amplitude varies as sin? 8. The
signal amplitude decays exponentially with a time constant that is a function of
the proton sample. <

The instrument consisted of a sensing head. a high-gain, wide-bandpass
amplifier, an 30-mw, 108.03 Mc/s telemetry transmitier, and a command re-
ceiver. The magnetometer sensing head was a 600-turn, 6-mh, 4-in. solenoil
wound on a 1-in. diameter cylinder f{illed with normal hexane. The polariza-
tion current was 6 amperes. 3.4 A typical amplifier response curve is shown
in Figure 2.7

Telemetry

During operation. a command signal from the ground was received by a
tuned receivei in the satellite. A relay closure at the output of the receiver
then actuated a multivibrator programming circuit in the magnetometer. The
programming circuit then performed the ‘ollowing functions:

1. Turned on the 108. 03-Mc transmit*er and the magnetometer
amplifier

[+

Connected the sensing-head coil to a 12-voit battery pack for about
2 sec, causing phase coherence of the protons in the sample by the
resulting polarizing field

3. Switched the coil to the amplifier followirg polarization




FIGURE 2 :
TYPICAL RESPONSE CURVE FOR VANGUARD 3 AMPLIFIER <
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4. Switched off the 108. 05-Mc¢ transmitter and magnetometer ampli-
fier after about 4 sec. The signai iransmitted to the tracking sta-
tions was amplitude-modulated by the magnetometer signal."

LR

The Vanguard 3 tracking stations simultaneously recorded on magnetic tap:
the unfiltered moduiation from the 108.03-Mc signal, a standard 100-kc signal,
and the coded universal time. The precession siguals of about 2-3ec duration
for each ground command ranged in frequency from about 300 to 2000 cps. The
tape-recorded signals were subsequently digitized and recorded graphically and
on magnetic tape.”

Operational Experience

The total number of obsexrvations considered suitable for analysis was 279
The data were collected from September 18 to December 11, 1959, a period of
85 days. Perigee remained on the nightside throughout this interval although i
osciliated twice past all latitudes up to the 33.5-deg limit.3

¥

A gualitative survey of the magnetic activity during the per.od of satellite
measurement. based on the observatory reports, is listed as follows:

L.

]
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September 18-27. Several moderate to severe disturbances spa~ed
irregularly throughout the interval reported at less than five ohser-
vatories at once. Most of the zotivity begen abou! 1157 hr on Sep-
tember 20 when a sudden commencement (sc) was reported at five
observatories with a storm ending at 2100 hr on September 22.

September 27-October 1. No reported disturbance.

October 1-8. A series of mnderats to moderately severe distur-
bances, each of about a day's duration, only one weak sc being re-
ported by one stution.

October $-17. No reported disturbance.

October 17-19. A moderate disturbance reported at six observa-
tories, no clear sc.

October 19-29. Two short moderately severe disturbances re-
ported at oanly two observatories.

October 29-November 7. A racderately severe disturbance begin-
ning with a sc reported by 11 observatories at about 2348 hr on
October 29. This disturbance continued at some stations through
most of this interval or was followed by newly reported distur-
bances having no recognizable sc's.

November 7-21. Quiet except for a short disturbance November 14
reported at only three observatories.

November 21-27. One or more short disturbances reporied by
five observalories and ending by November 24.

November 27-29. A short moderately severe to severe storm with
a sc reported at 17 observatories about 2351 hr on November 27
and ending by 0200 hr on November 22 at most stations.

November 29-December 5. Moderate to severe disturbanves
throughout most of the inlerval first reported on November 1 and
ending at almost all stations b December 4.

December 5-11. A moderately severe to severe storm having a sc
reported at 16 observatories at about 0659 hr on December 5 aud
ending at almost all stations on December 6. No disturbance was
reported after December 7.

4
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Analysis of the data clearly established that the principal source of Dy, (ring
current) variations was at altitudes greater than the Vanguard 2 apogee and not
at ionospheric levels. Howevor. the distribution of data with loeal time and
altitude prevented conclusiens from being drawn about the location of the sonwces
of the DS or SD and Sq magnetic variations, including the eguatorial eiet‘lru;et.:
One feature of the magnetometer data, not anticipated prior to the flight, was
the detection of audio-frequency whistler signals.®

DATA

Reduction Techniques

A total of 2445 analog tapes was reduced to one BCD tape. The reduction
techniques included a determination of frequency and time information. Due to
the possibility of human error and error produced by electronic malfunction,
the tapes were verified as much as practicable. The data given special atten-
tion were those which appeared more anomalous than others and those which
deviated greatly from neighboring points.

Two further methods were used to check the data. A reference field was
generated directly from the measured total field data. By using this reference
field it was possible to further investigate those few data with residual of 50.
Another method of checking was to compute the gradients in A F with time for
a given satellite pass. Cases involving larger changes of gradient were further
checked. 3,9

The accuracy of the data which appear on the tape is limited by the following
minor cifects:

1. Residual magnetism in the satellite package. On the basis of pre-
flight tests. this is thought to have been no more than 1 gamma.

2. Shifts in frequency due to the angular motions of the satellie.
Evidence indicates that the satellite was spin stabilized at 3 rps at
injection. Within hours a precession began to develop as the angu-
lar momentum transferred to the larger moment of inertia about an
axis perpendicular to the longitudinal axis. After 24 hr, the cone
of precession was about 45 deg; by the second day a rotation with a
12-sec period was obtained. The effect of this type of rotation has
been investigated by Bloom.’ and discussed by Heppner, Stolarik.
and Meredith. %

(<]

Estimated presence of noise in the signal. The noise was estimated
by the differences in readings of the magnetic field as determ ined

]




by two or more recordings st separate receivers of the same mag-
netoineter transmission. The statistics of the differences between
the pairs of observatiors give a roughly Gaussian distribution with

a standard deviation of 3. Sirce these signals may have been aver-
aged over slightly different interva's during which the geomagnetic
field gradients might normally lead to these differences, similar
statistics were derived from A F field differences. Here, however,
the standard deviation came 1o 4y. This was due to the inclusion

of 11 values where the differences lay in the 14~ to il ;»mma range
be~ause of suspected time errors.

4. Difficully in assessing absolute time errors. The time averages
wers taken over different intervals depending on the counter "pre-
set" and the trigger level. In general the precision of a time mea-
surement is better than 0.03 sec. However, through either human
error or faulty electronics, there are numerous instances where
the coded time is incorrect by 1, 2, 10, or more sec. Since the
accuracy of the time of an observation Is as important as the meg-
netic field measurement in makiug 2 useful mterpretation of that
measurement, the reduction of the coded-time data was done with
as much care as the frequency determination. When seeking physi-
cal interpretations foc magnetic field measurements that seem
anomalous. it is possible that the apparent anomaly is due to some
undetected error in the recorded time of the observation.”

Timespan of Data

The BCD magnetic tape on hand at NSSDC covers the period of September
i8 to December 11, 1959,

Format of Available Data

The data record description of the final BCD data tape is given in Figure 4.
The tape has a density of 556 bpi and is written as foliows:

Format (12, 13, 412, F4.2, 11, 12, F2.1, F6.1, F6.3, F7.3, F6.2, 3F> 1, 22X)

A typical printout is shown in Figure 5.

The areas covered by Vanguard 3 data are mainly concentrated over ap-
proximately 3 percent of the carth’s surface near the receiving stations. Very
few successful signal transmissions were recorded at ranges in excess of 4000
km, and the majority of good data are within a 3000-km range. The distribution




"IGURE 3
FORMAT OF FINAL TAPE

anvin«lous characlelistics of the

; \
W!::.i GQuantity ;:::nT\::‘ Cults Remarks I
1 | Station No.| I2 The Minitrack station code name !
B e o |
2 | Analog 13 Tape aumber as designaied by each sta-
Tape No. tion. Generally each satellite pass is |
recorded on 2 separate tape. In the iew
instancus where more than one pass is
on ¢ given tape, il is given a consecutive |
| number {ollowing a slash (/). J
3 | Month 12 . |
ool B > Time (UT) of the middle of the signal to
S = the nearest 0.1 second
6 | Minute [ I2 i
7 | Second ! F4.2 1
> N
A qualitative figure attached toc each ob-
! ' servation as follows:
| 0 - best data
J‘ | 5 - duplicate data recorded simuitane- |
1 i ously at another receiving siation. I
| These data are considered less re- :
| liable than corresponding L~O data. [
! Duplicate data can be identified by |
| ' lsing tune which is nearly always |
in agreement to a fraction of a |
second 1
8 L Il 6 - duplicate frequency determinations |
of the same signal, with the ~ore |
| reliable signal having a smailer L ’
| { number _
: | 7 - data that are considered sufficient- l
| ly dubious to be rejected from an- |
alysis. The data could not be I
verified by a later frequency de-
termination, the exact time was |
| ambiguous, or there were other 1
i




FIGURE 3 (Continued)
FORMAT OF FINAL TAPE

Remarks

(contimued from previous page)

signal, as explained by the [octnote,
that cast doubl on the reliability of

the measurement.

LT .-

o

-3

N - Notes as follows:
0 - no comment
1 - whistlers recorded during magne-
tometer readoul, but not crossing
magnetometer signal during

measurement

- magnetometer signal quality poor

- irregular signal rise time

- possible errors due to erratic
coded time. Time listed is based
on reascnable assumptions and is
very likely to be correct.

- magnetometer signal "pinched"

- 100=ke frequency standard poor.
Data may have been determined by
use of tracking filter.

- a combination of above comments
or other peculiarities of such a na-
ture that a detailed comment is
available only in the original data

logs

- whistler crossing of magnetometer
signal during interval of measure-
ment. I whistler strength was
sufficient to affect apparent fre-
quency, data were deleted.

S

|

T

Standard deviation of observations in
gammas

Average scalar magnetic field in gam-
mas (one gammna = 10"5
webers/meter?)

gauss =




FIGURE 3 (Continued)

FOSMAT OF FINAL TAPE

of data with altitude is given in Figure 6.

an

. |
“\,?)rd Quantity :13;:?:; Units Remarks :
12 Latitude F6.3 |deg Position of the satellite in geodelic co- I
13 | Longitude F7.3 |deg ordinates (east longitude and north lati- !
14 | Altitude F6.2 |km tude in positive degrees, height above
15 | Field- F5.1 |gamma|the spheroid in kilometers)—based on
Finch the time given. Differences in absolute
16 | Field- F5.1 |gamma |secalar field between measured valge ans
AFSWC that computed using the Finch and Leaton
17 Field- F5.1 |garema|or AFSWC coefficients, respectively. A ;
Vanguard minus sign means that the computed field|
was greater than the measured field. i
22X This is necessary (o skip the 18 blank

and the 4 zero characters that occur at
the end of each logical record. !

As was expected from considerations

of signal strength, Lherc_ is a preponderance of data near perigee with a slow
tailing off up to apogee.?

The distribution of data with yespect to dip angle is given in Figure 7. Thus
dip distribution was computed for each datum by using the Finch and Leaton co
efficients. ? Although the geographic latitude was small (£33.5 deg), the geo-

magnetic latitude limits reached 45 deg.”




FIGURE 4
SAMPLE OF DATA PRINTOUT

(See Figure 3 for Key to Column leadings)
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1 I8 s
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rIGURE &

Distribution of Vanguard Data

with Aidtude

FIGURE 6
Distribution of Vanguard Dala
with Dip Angle

Altitude Range (km) No. of Mta Angle Range No. of Data
ST 1 (degrees)
(Perigee) 510-799 565 !
800-1099 l 273 I 0-9 153
1100-1399 352
0= 204
1400-1699 239 - i
17001999 256 20-29 254
2000-2299 234 _ I =
2200-2599 182 o | i
2600-2899 198 40~-49 i oo5
2900-3199 163 |
50-5 874
3200-3499 137 Lo A
(Apogee) 3500-3753 i 198 L 80-67 763
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