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inventory information is now no longer maintained in the DSCs, but is now managed in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

MARINER 2
FIELD COMPONENTS
ELECTROMETER NUMBERS
PLASMA PARAMTERS
HOUR AVERAGES OF VELOCITY

3 HOUR AVERAGE OF PLASMA PARAMETERS

| 62-041A-03A |

|62—O41A—06A—D|

THESE DATA SETS HAVE BEEN RESTORED. ORIGINALLY 1T CONTAINED

FIVE 7-TRACK, 556 BPI TAPES WRITTEN IN BINARY. THERE IS ONE
RESTORED TAPE. THE DR AND DS TAPES ARE 9-TRACK, 6250 BPI. THE
ORIGINAL TAPES WERE CREATED ON A 7094 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 ID

DRO1736  DS01736 D00982 1 08/29/62 - 11/15/62 03A
D00186 2 08/729/62 - 12/29/62 O06A
D00187 3 08/29/62 - 12/29/62 06B
D02887 4 08/29/62 - 12/30/62 06C
5

D04893 08/29/62 - 12/29/62 06D


http://nssdc.gsfc.nasa.gov/database/MasterCatalog?ds=PSFP-00143
http://nssdc.gsfc.nasa.gov/database/MasterCatalog?ds=PSFP-00026
http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=PSFP-00143
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T8 is toe lower iimit of the temperature, in 10° °

K. TB is seaningless
whes JG = 7, 9, or 30 and, otherwise, is equal to TA 1f JO < 30.

D is the protoen density in ptotmh:-). D is weaningless when JC = 7T ox
9 or when JG > 50.

& 1= the ratin of alpha-particle density to proton demslty, l.flP. R is
aeaciogleas vhen JG = 6, 7. or 9 or when JG > 30.

H is 10 h, vhere h is the high-energy-tail pavameter defined as
Iop.mfl-‘](-n-uted)fl‘ o S:alculludﬂ. See Refs. 1 and 2. H is
meaningless unless JG = 1, 11 or 21.

DX is the current 15-hour value of (lp**.b)ued in calculating the tempers-

ture .ower limits (Refs. 1 and 2). DX is meeningless when JGC < 30.

Samples of these reduced data are shown in Table 2. Table 2A

suve® @il the nuabers on the tape vhile in Teble 2B the meaningless numbers

a be-n hlacked out.
Tre last record on the tape has one frame of good data, amd the

s fin . irames contain dummy dats with JO = JT = = 1 and ail other

«met.r: = 0. This record is followed by an end-of-file.




Segpgetaser, M., and C. . Sapder, "arizer I Thesrveticas of the Solar
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Sevgsbaver, M., asd . . Sapdec, Awezage Tooguziles of the Sclar Wiad
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DATA SEI TDESTIFICATION
Marinme: 2 82-041A-06C
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Exnerimenrer -Marcia Meugebeuer

Acquisition Agest -Judith L. Devexsy
Electrostatic Amalyser "C'
Croe Sour Averages

1DENTIFICATION

Tape NSumder

D-0288T, C-CN94

Mode- 5CD, Deasizy - 556 BFL
Created on LBW TON-E

One File
Une Tape

The Tape Caz Be lead with the following Fertren Formmtled reec:

READ (5.i) (IECTY, WE1), BM1), I=1,6), 4
IFORMAT (6(13.F6.1,.13).18)
'S is the Segisming bour plus 2 (e.g.. if 1B=Z, the

¥ is the plasas wa'locity.

Whers upper sod lower limits of

velocicy Bad to be cosputed, the ugper Limit was used In the svecage.

% is the sumber of potmts in the sverage.

50 iz the day sesber, whers Jam. 1, 1962 #s day semdcr 1




Initial ldentification

A. DATA SET IDENTIFICATION
1. Marinmer 2 62-041A-06C
2. Experimenter -Marcia Neugebauer
3. Acquisition Agent ~Judith E. Devaney
4, Electrostatic Analyzer e
One Hour Averages

5, TAPE 1DENTIF1CATION
i. Tape Number D-02887, C-02094
2. Mode- BCD, Density - 556 BP1
3. Created on 1BM 7094-E
4. One File
5. One Tape
6. The Tape Can Be Read with the following Fortran Formatted read:
READ (5,1) (IE(1), VI(1), N(1), 1=1,6), ND
IFORMAT (6(13,F6.1,13),18)
IH is the beginning hour pl
. average is between 0000 and 0100 UT).

us 2 (e.g., if 1H=2, the

V is the plasma velocity. Where upper and lower 1imits of
velocity had to be computed, the upper limiz was used in the sverage.

N 4s the number of points in Tthe average.

ND is the day number, where Jan. 1, 1962 is day number 1.




& Instrument Specification Sheest rieer 3

SOLAR PLASM SPECTROMETER 2T Ao 1962

T CRCANIZATION

Jer Propulsioa jabcrarory (JFL)/N. Neugebaver, BT. C.¥. Synder, mc ER. Nerts

Measure the flux snd energy spectvm of the positively charged —mceent

of streams of solsr plasme which say be moving radislly cutsard T

the sSun
TNSTRUMENT CHARACTERISTICE AND JONY IGURATION

The instrument is 8 ehar ged-paxticle spectTometer wilh & logarithmic
TesPORSL covering the Tmge of enmergies as showw I3 cthe table e.iS

The plasms amalyzes consists of = paix of curved plates, eleckr .
chargad with respect to each other, that selects the chasped parc

aish

EicLio8

of desived emergys 2 Paraday cup which collects the charge of the
perticies Traversing the electrostatic field betuwesn the plates; a=m

electrometer circuil for measering the curvest due to this co

charge; and e higb-vcltage geaerating system which applies ve.T

1lected

scquence to The ssalyser plates. The plates bave == angzlzsr lemgth of

120 degree: with radil of curvetuve of 3.97 and &.50 inches.

The saalyzer has. afiectively, a 10-degree angulsr ressclet:ior and 2
. 12 percen emergy Tesclotios The Righ-voltage supply is progTemmes I9

spply 10 progreasively greates deflecting voliages to the places.

The

electroseter ciresit, geiliging logerichmie faafhark, TER EREFTITR

curvents from 10 smp.

DETAILS OF MEASTREMENT
Type of Particls or Fials
Positive ious and solar protons

Ener v Range
—
| Smgee— | B ot : —— —F
- e — i —— .

] ] |

. - t e \
'.I 2 3 - I i34 i
; : . = ' o !
Py - -~ @

i ™= T |
‘I . : 3T fas |
) 4 ! -2 i et

. ! = L -
' . . -ca : -t :
: = e =T !
| T |. -1 l - |
| % ] H -3 I T S——

! 1 o |
L 4 & __8
(¥ SPS 37-15)

|
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Inst. &
instrument Specification Sheet Mar iner 2
1962 Alpha-Rbho
SDLAR PLASMA SPECTROMETER 27 aug 1562
Pege 2 of 5
DETAILS OF MEASUREMENT {cont inved)
r
umugmm
ALTITUDE OR TRAJECTORY FOR MEASUREMENT
Throughout trajectory unti]l end of comsunications.
LIPETIME OF MEASUREMENT
~ 129 davs
TIME CORRELATION WiTd OTHER MEASUREMENTS
Solar activity; Inst. 3 and Inat. -
IMSTRUMENT POWER CONSUMPTION
1 watt
4.8 ibs
INSTRIMENT DATA FORMAT
Cog "3 88 &
= s U oy, AT
__‘_—'-; - — - | -f-—.' lwg1
—— 4 . o
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1. Emission stabllization by ue of a low-voltage

are replaced, in this application, by & current source of .
This l.mdmﬂnnd.w.ﬂﬂ

vietually infinite impedance. This amplifier configuration

uwmmwwmdw e-,-.-ivtlrn!.iunhlmnbpdnutﬂ
small input (wwﬂ'—pdﬁ)pmﬂduﬂmﬂm distinguishable logarithmic calibration segmenss,
fations thereof minimize cffects of input leakage resist- Le. one segment each for posttive: and negative-
ance. Similarly, effects of Input-to-groved capacitance polarity currents.

1. Unipolar Circult
The carrier-amplifier approach was becsuse
mwqumpﬂmdhww

namic voltage zange of the amplifi was forecast
be about 3 decades, limited at the high end by
mwlyvdla#ﬂﬂﬂthhcﬂwmm
and i accuracy of analosto-digital corversion.
nonetheless appeshing,
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of the outpet a3 obtaimed with infinile gain.
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wh-ze C, i the st capsciisnce. In the geaersl com
where

RBRC>> Ve
& toretent rharge

.qu‘e*ﬁ;&m*‘-—h
**mwpﬂdi”h

o _ Vi Co [1 + (adid) sin ut]

V= —
= -

=V, [1 + (ad/d) sim o] .

®
The cosversios efficiency o s the figore of meril de
de

serbing the cificency of de-toac comversioa end
Fened a2 {ollows:

fo=230cps

where C, is s high-quslity vacusm dislectric capaciior
built into the modulstor ancmbly. snd f, i the mechani-
ezl resonamt frequency st which the reed & driven.

An ac approzamaton to the dynamic capecitor circait,
shown in Fag. 16b, replaces the de source V., with the ac
generator o V... and replaces the nonlinesr C, with &
source capacitance C, The feedback resistor RI2 pro-
vides degenersiion in the preamplifier and ot the same
trme 1 suitably smail termmineiion to the trams-
former secomdary. The nominal of the travs-
former are 230 K and 1 K for the primary and secondary,

. The secondery impedence a1 showr by the
dier equivalent m Fig 15 and ¢ i indesd sbout 1 K

U noer sciusl condition vhes S o umpidie & oeded
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1f the time required for the capachior voltage i bulls up nefC S
is Jong compared with & carrier sigral period, Eq. (21)
may be written in the following differential form: ”_'LG_M.
+R,
. PR SO i
whers wn =48 x 10° X 10
2, @ capacitor voltage at ¢ sec after imtroduction of - 48 X 10 gec
a stne wave signal & peak voltage E,
n, - BB ' -
3R, + R, "..xm‘tﬂ’:ﬂ'
n'_l.ul&la
TR = 57 X 10 sec.
Rewriting Eq. (22) in operational form, The pot and rero comner frequencies ars them, respec:
o , L tively,
)+ e P " S TRT 1
fhmgr=i8cm
ad L
E, 1 i (23) -
® o
'&CP +_,.l_.. --—I—-u
4 m‘c fl 2"_' o
where p = Laplace operator. The mazimum phase shift, es caleulated 232 f, §, = 324

eps, is O deg lagging. Marimum-efficiency detectors of
The average demodulsted voltage may be similarly writ- this design (90%) will produce 1-octave pole-zero dou-
ten in operational form (see Eq. 17) as follows: blets with maximem associated phase lags of sbout 20
deg. As in other phase contributions, the modest amount
presented by this demoedulstor need not present a preb-
lem unless, of course, it occurs umexpectedly st gain
crossover, using up most of the margin.

3R ¥
o= AR (=) e

mum}n«m.&.wm
i reduced to the following form: €. DC Ampiifier. The de amplifier, which s the final
element in the electrometer and comprises transirors

EX - Q7. Q8, 08, and QI0, provides the following fuocticns:
..('}-——-——ﬂ' ")
vIp ) - L Sopplementary gain for required loop tightness,

- 2 Suitably wide cutput dynanic range,
4. Demodulation rpple filts:..g end

wirm = (2200)]  om ¢ Low ot impoienee

whess _ mndulator snd demodulator was designated o be 35
Q-‘ The section iollowing the demodulstor mst aiso pro-
= dc or steady-state demoduylation efficiency vids a de gain of 3% ¥ the arbitrary stendard of tightnes,

— — ——
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AVERAGE Of YOOULATLD OUTPUT, v G

’_v;-hhmdh&*m.
2. Variation of the demodulstor offsel.

Contsct potential drift in the modulator appears &-
rectly at the eloctrometer jnput. Changes in modulator
reference potentials are similarly reflected directly at the

m.\..pﬂhwmw
m&#hwu&ncnﬂ
wdd:nmwwm
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©. ;.oec sty

ﬂﬁmimwmllrdmww-
Muh&vannlysudlhcwucm
amplificr, The rquations for loop transmission (feed-
hckim)ﬂllbupwnfdm&u
and fleed seconda de
nant time

A = forward de amplifier gala
p-pmjnudutputnh-udwm;niﬂ
Z, = fredhack impedance.

@ ropisicr, 23 s implied in Eq. (39), Is depencent
mh&“hﬂ”hnﬁww-

acteristics as static acouracy, speed of response,
stability. Trying to satisfy conditions for loop stability

transmission as
given by
= AL+pn) an
5 p'(n,n.c.c.+¢,c.n.1+p{n,[c.+c.+c,1+c.n.)+1
and loop  where
n=RC

presents an wn in that R, one of the

principal paramcters ix the calculation of A8 (see Fig.

25.1}.ummncmof7deuda-

Since the feedback resistance varies as an inverse func-
tion of the feedb-ck current, the seeondary feedback, or
d:mphsg.nmluhohwdhur.mmdem&
feedback will satisfy mquimaufolhuth
and specd of respomse at all currents within the mea-
mhlcnng,cdllumw..imhurlmw
Mdm’.u.nn.m! zener diode CR1 provides
a two-point compensation characterized by »ero damping
ubvmmlndd-mpk:gﬂmﬁm-dn
transition ing o sbout one current decade.
mmofc.in:hdul:d-dmau-tml
WW coupling capacitor was suggested by

commercial spplicstion (Ref.

Cy= G+ (Cu CH/ICs+ Cd)
C. = collector-to-shield capacitance.

m-ﬂﬂ-ph—yhhuibd by the
Mﬂmwe—-ﬁhu&
s manner that
All+pn
e F YT ET T -
wheio
A, = de gain
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from the mominal flight-unit values or had changed
since those componenis were installed. Since there was
some variance between measured responses and nominal
curves, comparison was then made between messurcd
component values and values providing the best fit to

the experimen®ai curves (see Table 6).
Table & Cempanent valver
> =
Comopnvet
vt o ey Bovt M
]
Cupf L] 1% 1%
Copt no - 290
Cu ol ' - "
Ra K 1% 150 150
R K . LX] [ 1]
L " 4 4 M u
o K 23 ns ny
K ) () 0 [maa) #0 (mon )
A —ep * 2 2
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Fig. 34. Gain ond phose curvet with secondary
feadbeck out thyee = 10°* omp)

The best-lit component vslues agree reasonably weil
wﬂﬂnmmdnhumfwc..m the dis-
persion Is not fully understood at this ime. Most notable
departures from expected values were in the cases of the
filter capacitor C11 and the dynamic capacitor rest capaci-
tance, C,. The filter capacitor, a bipolsr tantalum unit,
may have deteriorated with age. The dynamic capaditor,
s non-flightworthy developmental model, had apparcatly
acquired & reduced reed-to-savil spacing.

Of the six bias conditions for which curves have been
drawn, minimum margin occurs with a bias current of
10" amp. (Fig 92). In this curve, the rollofl rate at
gain crosover (10 cps) is about 8 db/octave with a
—144-deg phase shift, uithough the phase shift in this
maximum of =153 deg
at 6 cps. Deviations in the capacitances C, and C, reduced
the comer frequency f, from a nominal 22 cps to less

. than half s standard value. This placed f, near gaio

crossover, thereby reducing margins in the lsboratory
instrument, though not to intolerably smail levels. The

Right instrumeats were generally adjusted for transilion
between seconcary feedback stales at about 5 X 10"

"

1. Closed Loop Performance

When the electrometer §s driven by a current source,
its transfer may be expressed in the following
mwolifked form of Eg. (29):

== =u b=l @
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ABSTRACT

Thas Report summarizes toe properties of the positive ion component
of the solar wind observed during the four months of the Mariner []
fight to and past Venus in 1962 The protons’ average velocity and
temperature were apptosimately 500 km/sec and 1.7 X 0¥ °K. re-
spectively. Several streams of hot, high-velccity plasms were observed
to recur at 27-day intervals, with peak velocity and temprrature valees
of ~ 530 km/sec and 9 X 10" K. One of these streams existed for
mhﬂyuhiam.mmm&enhdty&w
10 a low of 307 km/sec, while the temperature was ~ 3 X 10F K
Near 1 AU, the average density was approximately 5 protons/em”. The
density was usually highest at the leading or western edge of each
stream, with 2 moximum value o ~ 80 protons/cm”. Otherwise, the
density varied inversely with the plasma velocity The fons” velocity,
temperature, and density were calculated from — 35,000 energy/charge
spectra by fitting the data to isotropic Maswell-Boltzmann distri-
butions in a refesence frame moving away from the Sun at the solar-
wind velocity. A model in which the protors and alpha particies bave
wwmw.mmmmwmm
2 model having equal temperatures. The spectra wsmally had high-
energy tails, which became more proncunced at the higher plasma

velocities. The velocity, temperature, and high-energy ta! were not

Myhpmdmwﬁmhm&ehm&ehﬂy
varied approrimately 2s the mvene square of this distance.

L. INTRODUCTION

JPL. TECHMICAL REIPORT NO. 32-961

Thes Report o 1 -smmary of the sversge propesties of
the positive-ion cos.ponest of the solar wind as deter-
ﬁh&mw::-u-wrf?

Various plaams parsmet=rs such a5 velocity, demsity,
ard temperarare have beon caluisted from the measured
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The cectrmeter, which stioed 1 dynemicapactor
moduisor to aswre long-term stabdlity, was capsbie of
chm&mﬂ"hm'“qdhm
pat was an accurstely Enear function of the logarithm
of the input current over ofl but the lowes? 1/3 decade of
this 7-decade range (Ref J) The cuipet dc wvoltage
was corverted by the spacecrsft datsactomenon system
itc a digtal readiog with & quantizatics istexval of
/10 decade

tive current was always below 105 amp,
o ten tunes smailer than ths valoe
e Becsgee the pesk poitive-wn currests
waally m the rmage 107 to 107 amp, the
data have no? heen correcled for photocleciric effects
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with approximately the same bulk velocity as the jro-
tons. Equal bulk velocities for the two components
should be assured by the influence of the fairly trregular
interplanetary magnetic field.

A spectrum similer to that in Fig. 4 waes analyzed e

follows:

1. The currents in chanmels m—1, w (the “peak chan-
nel”), and m+1 were provisionally assumed to be
due to protons only. By fitting a Maxwell-Boltzmann
velocity distribution to these three measurements,
the widtk of this proton peak and its location rela-
tive to the center of chiannel m were determined
The width detenmined the parcneter

1, = BT /M,

where k is the Boltzmann constant, T, is the proton
temperature, M, is the proton mas, and o is the
plarma flow velocity.

This proton spectrum was then mathematically ex-
tended to channel m+2 The difference betyren
the measured cumrent in channel m+2 and this
predicted protom current was assumed to be due to
alpha particles.

3. The slpha-particle spectsum was determined from
the alpha-particle current in channel m+2, and
from the assumptions that the alpha particles
and prolons had equal flow velucities and uppro-
priately related thermal-velocity distributions as
discussed later.

4 An extension of the alpha-particle spectrum to
chanuel m+ ] pgave the expected alpha-particle
current in tiais Chunnel.

8. After comrection of the proton cwrrent in channel
m+1, the calculations of steps one through four
were repeated to obtain iterstions of the proton
spectrum until the Heration process either con-
verged, or the calculated alpha-particle current in

(1]

channel m+ | became greater than the total mea--

sused current in this channel. For this analysis, the
final answer was considered to be known when
the proton current in chanuel m+1 agreed with
its value in the previous iteration within a lactor
of 10r~ = 10715 which corresponded to 0.3 of
the instrument’s digitization levels.

. i « corsisteni set of proton and alphe-particle spec-
tra could le obtained, the following plasma prop-
erties could be determined:

a The plasma bulk velocity e, which depends on the
position of the proton pesk relative to the cenler
of chonmel m, on the value of ¢, (not & strong
dependence), and on the velocity at the center

of channel m (Table 2).

b The quantity T which s determined by the
valoes of #, and o, Although T, is merely a mea-
sure of the wvelocity dispersion, it is convenient
ts define the term as “proton temperature.”

r. The proton snd siphs-particle dens.ties, n, and
e, which are determined by appropriate inle-
grations over the final spectra.

d. The pammeter h, which is the logarithm of the
ratio of the measured current to the predicted cur-
rent in channel m+3, was calculated. The value
of It i & measure of how well the assumed model
fit the data.

Appendix A describes this spectral analysis proce.
dure in more detal, and includes some of the mathe-
matical shorteuts and approximations wsed in the
sctual apalysis. Appendix B is a discussion of the un-
certainties occurring in the calculated plasme parameters
o, Ty 0y ne/n,, nmo’, etc.

Of course, not all the measured spectra looked like
Fig. 4. In general, any varistion from this example could
be classified in one or more of the following four
categortes:

1. With no current in channel m+3, there were four
spectral points from which to calculate the four pa-
rameters o, T, n, and n, for an assumed relation-
ship between T, and T, Becaume the parameter A
conld not be calenlated, thetre was no way of telling
how well any assumed model fit the data.

2 When channel m+2 had no current, higher chan-
nels had no current either. This type of spectrum
might be expected when the composition. changed
to a state with relatively few alpha particles, when
the apparent plasma density was so jow that the
currents in all chennels were not as far above
the sensitivity threshold as usual, when the alpha-
pasticle peak fell madway between chanocks and,
simultaneously, the alpha-particle temperature was
relatively low, and when, if ever. the eifec-
tive mrrival direction of the alpha particles was at
an appreciably greater angle to the Sun-probe line
than were the protons. For these spectra the pro-
ton velocity was calculated as usual. If the proton

. — . ——— S g
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V. RESULTS AND DISCUSSION

A. Velocity

The 3hr averages of plasma velocity are shown io
Fig. 5. whero the time base was chosen to show
37-day recurrence features associated with
tion. It is apparent that during this 4-month period the
interplanetary plasma consisted of a series
hugh-velocity streams separated by slower plasma. The
27-day recurrence pattern, the amsociation of these streams
with M.region geomagnetic storms, and the corre-

While some of the high-velocity streams showed styv -
tures that were fairly symmetric, other observed velocity
profiles were steeper on the leading or western edge
than on the trailling edge (ie, the velocity increased
mare rapidly than it decreased). Good examples of this
behavior were observed in the streams with peak veloci-
ties observed on September 13, October 8, October 28,
and November 21. This sort of profile is not unexpected
for a reasomably symmetric source on the Sun (with the
higheﬁvelodlyatﬂweﬂﬂerd&em),bmam
the higher-velocity plasma tends to overtake the slower
plasma ahead of it. At distunces of 0.7 to 1.0 AU, bow-
ever, the structure had not yet steepened inlo a shock
front>. A high-velocity stream may eventually develop
a shock front or a series of shocks at distances from the
Sun appseciably greater than 1 AU.

The average daily-average velocity for the
August 29 through December 30, 1962, was 504 kamn/sec.
The 3-hr averages ranged from 319 to 771 km/sec. The
lowest and highest velocities sustained for at least
consccutive spectra occurred on November 18 w
the velocity was between 309 and 308 km/sec for five
spectra (18 min), and on Drecember 20 when the velocity
wes between 515 and 842 km/sec for three spectra
(11 min). From the velocity minima on Ncvember 13-14,
Novemher 18-20, November 28-29, December 7-8. and
December 9-10, it would seem that the quiet, between-
stream, solar-wind wolocity was in the range 320 to
~ 340 km/we. Subsequent observations of solar-wind

The velocity change scross the shock fromt observed on October 7
(Red ) was from —370 o ~450 bm/sec, which was only 3 sl
{racticon of the total velocity increase on Octobe: 7 and &

velocities as low as ~ 250 km/sec by IMP, OCO. and
Velo satellites’, however, seem to contradict this con-
clusion. Perhaps the difference in minimum wvelocity
reflects the difference in phase of the 11-yr solar cycle.

Scarf (Ref. 9) has caloulated 2 quiet solar-wind veloe-
ity of 290 km/sec frum a mode! in which there is wmin-
hibited thermal conduction and viscous flow between
2 and 17 solar radii, foll~wed by an adiabatic continuum
flow region between 17 and 75 solar radii, with collision-
less flow heyond 75 solar radii. Using a two-fluid model
of the solar wind, Sturrock and Hartle (Ref. 19) calen-
lated a velocity of 270 km/sec at 1 AU. These theoreti-
cally predicted velocitics are not very different from the
lowest observed velocities.

The averages of the plasma velocity over each solar-
rotation period were also caleulated in an attempt to
mnlclhedfaﬂoimiahﬁnhmll!aﬂmwhm
the effect of Mariner’s varying distance from the Sun.
No clear radial variation of plasma velocity between
0.7 and 1.0 AU emerges from the calculations, as shown
in Fig 6. This resuit is consistent with theoretical pre-
dictions (Hefs. 9, 11, 12, and 13). The basic inadequacy
of the Zi-day averaging method for determining the
radia! variations of plasma properties iz apparent from
Fig. 5: the high-velocity pesks were much less pro-
nounced in the last half of solar rotation 1770 than in
the four other rotations under consideration. The con-
clusion that plasma velocity & independert of radial
variation comes &s well from the constancy of the
between-stream  velocity minima noted above, which
occurred at Sun-spacecraft distances between 0824
and 0.732 AU.

B. Density

The number density of protons could be calculated
for only 18632 spectra, or 53% of the spectra for which
velocity could be coloulated. The resulting 3hr and
daily-average values of proton density snd thewr relation
hﬁm%nhhmsﬂtkmh
seen from Fig & that the density generally reached o
mazimusm on the leading edge of & high-velocity stream
before nsximum velocity was resched (September 12,
Perswsl commusication from 1. 5. Bridge, | M. Walfe, sad
I. Swong, 1908
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ofv, T, ugi,-ﬂbuimhﬂuiﬂ

September 30, October 7, November 10, and November 20
of Fig. & are good examples). The calculated density
wsuzlly was very low (uften less than 1 proton/cm’) in
the center of a high-velocity stream, as observed on
September 4, September 13, September 16, October 2,
October 28, October 28, and November 16.

The 3-hr average values of density ranged from
044 protons/cm® on September 11 to 54 protons/cm® on
December @. (In Fig 5, there are four 3-Ly intervals with
n, between 0.31 and 0.42 protons/cm’, but each of these
intervals contzined only two or three spectra fur which
denzty could be calculated; the average values, then,
were perthaps pot representalive.) The lowest density
maintaiined for at least thiee consecutive spectra was
ohserved ca September 11 when there were between
0081 and 0094 protons/cm® for four spectra. The high-
est dt -ity was observed between high-velocity streams
on Decrmber 8 when there were between 70 and
55 protons/cm® for three spectra

io

It is also apparent from Fig. 5 that the proton density
increased with time as Mariner 11 approached
Further anzlysis of this efirct is based on
Fig. 8, in which the 27-day averages of the daily aver-
ngtsolt!npomdzﬂltyn,drheprmmﬂuu.md
of the momentum fluz, or energy density associsted with
tho bulk metien ot (M, 5, + Me )R a0 shown @ &
function of solar distance. The siopes for an inverse-
square relation are also given in thiz figure. Despite the
large cffects of the varying nature of the high-velocity
streams from one solar rotation to the next, the depen-
dence of the plasma parameters on the inverse square
of the distance from the Sun can perhaps be detected

!

This inverse-square relation was used to normalize the
daily-average values of proton density to 1 AU (Fig. 7).
average of the normalized dadly averages for the
four months of these observations was 54 protonsfem’.
Fim?nhodm:nm@ammmw
between the logarithm of the normalized density and
the plasma velocity. Thus the density was much more

7

For comparison with pear-Earth observations, the
nmgzd-ﬂyw(mmuhnd}dmwh
rotation number 1767 when Mariner I was between
1.01 and 0.97 AU from the Sun were:

n, = 50 protons/cm®
n,o = 2.4 X 10" protons/cm® sec
oM, n, + M.n)/2 = L2 X 16 erge/em’

Both density and flux for the between-stream periods
were consistently grester by factors between £ and 6
thanlhenhu:pedidu!by&urﬁmd,mqwgohr-
wind model

As discussed in Appendix A, the shapes of the mes-
sured spectra and, therefore, the calculated values of
velocity and temperature were relatively insensitive to
the plasma’s angle of incidence. As seen in Fig. 3. how-
ever. the absolute values of the measured currents, and
thus the calculated proton density depended strongly on
ﬂnmﬂedm.mukvhi-mmm
were based oo the assumption of a radial velocity cur-
rected for aberration due to the spacecrait’s motion. The
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ey ‘o bmif 3 day before mmEmum velocily was
reached . cxampics are shown @ Fig O for Septesaber 12,
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The avrage duiy-iverage vaive of T, for the sntee
erperment s between |51 aned 185 7 WP K (lower
i Thus the tempersture of the wter
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s velse of — 3 X WP *K fee ool of the “etwess.
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3,2 = (RT /MM, 18]
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dnthr-average veiocity: the depemdence on the tume de-
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dependence on velomty = This L-hewies i probably -
dserrandable = terms of the metzixBies. “whmenos, ae
erhags el hecks Teaied ut the jeadieg cdge of
strenen when & high-velocity pissms overtaies the sower
pissr m it pudh

On Desember 17, the 3w eversges ~f W2 rescimd
: masicwsn o4 QUSY wiile the mammes eice e
tammed for st least theee comeerttve cpeetrn was hetwees
0Lidé amct OII5 The actusl memimes cives of 302
omid nor e deterresoed wath thn mtrmmrenotom

’thwdthm_ittn’:-—w
nd apper mits o 3/2 for the entur Tight were G313
and QOIT. m.ﬁﬂhmum-
wown ® < ig &

The mergy desmdy of EOIOR "IDdem motions wes
sever more than & mmad faction of ‘e coergy Sesmsty

ik mothen. Prelamomry compansess of e Marmer

e ——
T om————— 5




S TETMORCAL REFORT NO. 3299

—_——

| \T;" L My "*‘\

‘T‘? ‘TW‘F\.&-\‘\“‘? ‘u‘

s ,.;1.‘~+11]\.’ "W *'f{j
.\r\r" \\ \.a \\’é- L“:.__

f#fm '" -’iih"\vﬂ""" t'v rf ﬁnf

F\'\*ﬂ_ﬁ_—_

a1, e

-—

s m T ¥ L
. 4 f‘ ! ,' 1
- n )’ L N e o
e g D 3

S T Thmety Tewnge v o Gt T faget—" ah . S—
e iy e oy e e s T 0




@ = = =

" B -

SEL_IEITTT. e
‘IWW

et et o wmall abow seRiG. W - WEC e
NI T =TTty GSmmsdy T TN 0T
wap San 0

Ulmier e arETeetEss , ONE h SacTnmess | B 0

PrEmal G Tudm, TMITTT JE TUPENT  Jei SmTmemnOT
[ — g e A e R
me w aperDusiltoe T Wma, TOS: Seemas Tetem W
e Aoy DOTNMENE e it T adme meleeree
el ToTeC I TlaEme A8

I = oo Weersss T TER Or Ogpes def ax e
Lo Wl @ ST THIETDE R -

m-—-m'——-w*-—.-_

[ —— T T

e 3 . P TERmm Seaald Saegew 3R L @

ull femy e pEETERE O mes Ctwse ST WT TR
me @Y WRE JnpMit mEiGhs e Tal TTaTERR
Apema: e B GEEEee weer mt v Se omoe
et o Bl me o o wiereene e neseng Wi Ow
S wmsl TR ity sapesteagft T e = < Bur
spemmaere @ an T o ewgy w8 TR T
W amrws b oor commgee  tw secmasee T crmod
oresmwrer cifren srves momng TTOWET & LT TEE
__tvﬂ-ﬁ*"_--__r--"ﬂ—-ﬁh
—re il wre wmn Teee Ty W owmm Sw

B wmipe T B TEaaEeS @eeTER IIF W T
gt e el TR T ughee e G Oe T
Smrrve:  esassy. NN Sy h e SEEETETDE. &
e Twowyr Wis e W O T v weesite
e

T tipweres  pESMEE wres W T TIGOT  TEImETTUEE
ams e TSEpErTOmeT T DT TTRE & 9 L3 AT
D r S Oy ae-Emg e g & Tlheormass




from shock ooty moving throogh the plasma (Too-
feld interactions are expreied o plav an important
ldrh_&-*m—bw#
{Ref. I7) fior u plasme with T, = L85 X 10" “Kand

a = Slo’ s 27 AU

L Tie weloeity distsdroima wore dos b8 Fosh matiom
20 thowe und 1 Laasvene hydromagnete (Alfves)

waves. in which the protons and alpha particles
=onvd with 2 sagactc-fcdd Lo, and therefore had
the same vesociters

From a study o the correlations of plasma veiocty and
magnetic fiekd observed by Mermer 11 P j. Coleman, Jr.*
found (hat the ratio of the poeer m veloney uctuations
nhw-wﬂm“w
dent of firequency @ the mange 1 to 116 cydles/day. Ou
the basis of observations by Mersiner IV and OCO,

Mhi“-whn
collective motions must have bern the resslt of motwes

= which the magnetic field did not participeds

There are several powsible sowrces of coliective mo-
toes = the interplmectary sedems-
1T-Huﬂu-iﬂﬂhfwdnhhﬁd
the Revnoids number aM oD/, (wheve D = seale
e = 10 e, el 5 = wisceslty = 12 X T
pm/fom sec), the valve of which & abogt I0F in the
peiatively cocl desse pinema betwwen stroamd.
However, because the wpper lanit of the eddy siaes
ende: consideration {~ 30 km) & W times lew
tham the —ean tree poth. and 3 spprommalely ogoal
to the protes gvro radas for & thermal proton =
the moving reference frame, @ & ore cear that the
#}m-ﬂrh-w‘ﬂm

1 Becawse the meas froc path ot 1 AU 5 50 very
large. rcauie ouly G teo degves of Shermal mo-
tioe. perpencicclar 1o the radini derectics arc coowd
by adinhate expasncs aad becs.ox cofiswoms are
wo mfreqgueat 1o restore Sobropy. == anBelropic
thermal ooty detnbuton maght be espected

. This snatr—k preruze cockd lead 9 esther the

s e atom, W

wmh“hdﬁnpﬁh are wored
k caa be comdered a measure of axy bughenergy tad
mbpﬂﬂ-ﬂmmm
ll--i-yawmdlﬂtu!,hu—-
aver. bresse the mtic of measwred o calou’sled cor
resits was taken not ot a faed valoe of E/Q relative =
e pesh of the dusribetion it [
E/Q equal 15 330 times the value of E/Q ot the conter
dh&-‘ﬂhh—-"m ”
mmpﬁkbwhmmd
mﬁ*muhwﬂ
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sponding %o about 300 times the expecied cevnent
solar wind by IMP-2 sod Ve 24 (Ref 1)

was almost always present. The observation of o

accavionallhy reached fairly high postive

was high rather than low. Figee 11 siso
channel m+3 The o




-" 1
q !
TReE £
SRR T dTT Y
— . '..."— T = —_
» L
4 A\
—— . —
bl -
- r L
iz
F & AR "
- — . —
v b= d
d N
| » i & )
— — = | —_—
] ri
L2 2 &
. - Ll . v L] . -
- T
B T X
’Q\ e LTt
: - = el. -
E] 4 ‘
- ¥y
: _ -
-~ - \ —
ok
; - - -
2 N N
<l 2 « \ -
= i L}
s N - \
| y i LT
e g o = - 2
. v § ] .
; i i i
x - ® a . - - -
- T
a2
~ G, mMEDID T T Y
— '-.' LY ';":..,.-‘-. —_—
r LY
& !
- LY
— — ?- L 1 o z\ —-
. o \
o &
— — F N L —_—
F i b
1 —
. P &=
~a s ' |
-— 3 "
g »
- - 1 .
iy B i i
s - s - L . . =

F mennl Tenmmssk T Thes ome AR g wlees
o & o e Teieg ofipr o 2 st oty seTweTr ©

- & v TPTTRE TOTTOWRIIOTT LN e umines ef

‘omicnistedl; Talter Dar @ ovpews o Do
et wmlas T D emsuoed oimiss T Thad shown @
Fg i

JPL TECGOCAL REPOET™ MO, 323510

I Fr 11 e gmeperadc crurtie = piase <5
She macmg o De erTEeeT ek ittt wmer
i

I 4 dhe tereny pest temeeed g histe i
Enl wiptrr w Se coutes of Cawrme? w e e
spomeal of b e i o walnes of EA7 ::x:.-r
= rhtmﬂ sty By Sutious

b B R T T TS Aa S—"

s srlee
!Anﬁ:m'mw-*m.:;*-‘m mtm~ 17

A0 wwhvees 3 U et of chuoomel W the o
mnﬂq-e.;-:rmhu& i e e
mmnhw Il = T’ b oonard mee Y caimniiters

3 I S yevtem peak v fur abowr (@ Tuw e e
Teter of unres ™ I wmvesrTis smel o
vt o ol -1 iy me ! was et oo
g She sicoiatuw of &

Juanag T mmﬁrﬁn-'ﬁ;f The 4
s wery mmack e v copoemied wersem o e
T pare. rseTn Sar 3 gl movesse of @ with mowsoag
fmnce an fe s mge e moewed Fothe s s
= reul £ TR e saiipeeesd o fhr toms OF wr Mo @
The OCITTENGT O ACTORWTIONE TRRCHANOTRE G ShOCET &N
el shewds s the weinedy pwolies of T wowpms
STerner

F. AphoProiar Bove

Tir micuhers oo o sipre prtce dsin Yoo
I dewmine. TL7T, = et certmmin m s a3 e
T witt & oy Juph-enemy sul. Therrioce om fhoar
mectrz Sor owihich b < B3 Ga. o wied S ok
=Twre georanr M Th aSumec mnon. it & Shhetas
e G b heoy mcindes @ T Suth ol e new
i, OF $ie M gean for which 3 wiee of &
comif e cmicvhaed owie LI03 AF%) f B il ©
Shis ettt Fipooe ID & & pim of G dufy wahe o
XN, v e dafegemmpr wwhaoky %, 5 S murbes
of sproma with & < O3 and K, = fhe numiber of owe
T Ew wiadh a valloe of b ooonitd b emmed 2
cudent thet oot of Be “pal S gesn wrer o
mrwed S pomach X e paene eniactr T e
MR & commstont witt B Sresaewy of B oor oot
dermzeer e Trewssm moSan

Figae H swws fin daivovengr wies o w,
Mw Guitcgermnge wioci™ lor fhow o ar

Dirftend




al} .! i l |
| : J ' l
ndi.— I :‘. i
. i | ' |

o8 : . | = =) | | ,
T T NERE el 3 s

TERMS e aE AR ER R
I 1 1 = | \

| ‘ . ] i { j

- 'l. e . -® ' | !

g.{ ‘ ! LWl e == { i l

T Ty e e i e S
| e Pre . T :

R A N S AR
- [ 2= -] oo

VELOCITY , hm/aac

Rg 13 Three-hr voius of N, /N, vi. the 3-hr overoge selor-wind veledty

which No/N, > 0.10. There was no cbvious depeadence
du’n,mcﬁet&evﬂnﬂyuhﬁuduhm

mn«*tﬂuuﬂﬂdﬂd&vﬁ-dﬂqh
all the 1.213 spectra with (h] < 0.3 were Q048 + 0008

From a combination of spestrosoopic and solas-cosmic-
ray chmervations, Biswas and Fichtes {Ref. 22} deler-
mined the solar photospheric ratio of n./s, to be ~ 0.08.
The between a solar ratio of 6.09 and the
ratic observed b, iforiacr 11 may be due 1o the fact that
the Mariner il valves of n./n, were heavily biased by
low velocity conditions A steady-state composition on
thdd&uﬂmddmmndlﬂm
were carried away from the Sun either in high-velocity
streams, or i the plasma ejected from solar Plares, or as
solar cosmic rays.

The calculated values of no/n, sre strongly
m&Mmmhq&d
incidence [sssumed madial velocity), the reiative sipha-
pacticle and proton temperatures {assumed T, = 4T,).
and the relative alpha-partice and proton wvelocities
(assomed 0, = ©,). If & set of essumptions better than
teotr wsed for this snalysis result from future experi-
mdh@umnmaﬁg-.m—
the Moriner 11 dats using this set could give results quite

Figure 15 & a plot of the mesn valee of ne/s, for each
solar rotation vs. the logarithm of distance from the Sun.
Because of the very lurge scatter about the mean valves,
ihﬂpﬂﬁtblﬂdnﬂymmw
the radial variation of the ratio a./n,. However, since the
general appearance of the speetra did not chamge be
tween 1.0 and 0.7 AU, the ratio cu/c, (assumed = LOD)
could not have changed by as much s 20 or W0%.
Becamse the quamtity (m.t.)/{n,0,) cannot be 3 function
of distance from the Sun [amuming the same, ot any.
mm-wym%mmw
kinds of jon), it & uslikcly that a./s, changed by as
much a5 20 or 30% between 0.7 and 10 AU.

G. Persistence of High-Velocity Streoms

The recurrent high-velocity streams discussed i ths
p,wﬂpnhhwﬁnmmﬂrhe'qnn-
m-mm‘-ﬁ'ﬁundﬁu‘s
analysis (Ref. 23) of IMP-1 data Besides magnetic-field
M.Wh-dhnbpﬂdhnbmd
uwr-mwmwumn
Lyon and Bridge. The Marvincr i and IMP-1 plassa ==-
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Fig. A-1. Contours of constont » ond constent # as @ function of the currents in chennels
m—1, m, and m+ far o single rype of jon

Eqs (A-l) and (A-2); R and Q wese used in Egs. (A-3) If » > 0847, and if the alphs particles had the same
and (A-4) to obtain first approximations to v and #; P was Ik velocity as the protons, then the alpha-particl peak
determined from Eq. (A-6). Then, sccording to Eq. (A-5). would have been nearest channel m+2; if the siphs-
the paoton contribution to the current in channel m+2 particles had the same thermal velocity as the protons,
was . X 10" the remaindx of the current in chan- inen the “alue of # would have been the same for

nel m+2 was assumed due to alpha pasticles. the two kinds of jons, If r = log. (a../Ta) and




JPL TECHNICAL REPORT NO. 32-991

250 S O

b

{
L
Q0 (-1 ] 100
errs

Fig. A-2. The functien giv) ve. v

g = log. (In../I5.s), where the superscript o refers to
the alpha-particle contribution, then, from Eq. (A-3), the
assumption that #, = #, cap be written in the form:

. r 4+ 0608 = R + 06080, (A-T)
while Eq. \A-3) gives
g(0.850s) = (r — 05)/(q + 03) (A-8)

The factor 0950 in Eq. (A-8) is the ratio of the peoton ve-
locity at the center of channe! m to the alpha-particle
velocity ac the center of channel m+2. Elimination of ¢
from Eqs (A-7) and (A-8) gives

_ 8(0550y) (R + 05960 + 0.1524) + 0.18%4
0,608 + gl0.950y)

(A-9)

‘The alpha-particle contribution to the current in chan-
nel m+1 is then given by

A

X 10" = 10l — 1 X 10)
(A-10)

A correction can now be made to the assumption that
., protons contributed to the current in channel m+1,

and the whole calculation i repeated with a new wvalue
of O

Q= o (fun/lla = Inu)]

The iteration is considered to be sufficiently converged
when successive values of Q agree within a factor of
10" (j.e., within 0.3 Jigitization levels). For some of the
Mariner 11 spectra, the iteration does not converge before
I.., becomes greater than I,,.,. For many of thse spec-
tra. however, convergence can be obtained if one as-

sumes that the protons and alpha particles had equal
temperatures rather than egual thermal velocities In

this case, #. = 0,/4 and the proceduwre for finding »
and # is similar to that outiined above.

lfv<0.9-ﬂ the equations used must be modified

equal-thermal-
Eq. (A-T) and an equation similar to Eq. {A-8) to obtain

q == h‘n ":m”:-i}

B + 06050 — 0.3 — 0.3g(1.150)
0.608 + g(1.150v)

g= (A-11)

'M! in ﬁlii case, l<l$ is ﬂ* n..'b C-._Jcn-nl- Thfﬂ
the comrection to be subtracted from I..., is

Tas = las % 100 = (lauy = Lo X 10-)20¢
(A-12)
The velocity must be corrected for the radial compo-
nent (v,) of the spacecraft’s velocity to obtain the plasma
velocity relative to the sun, o,
(A-13)

0, = vtg+ 0

During the course of the Mariner Il mission, v, changed
from — 1210 — 63 to + 0.7 kan/sec.

The proton temperature is given by:
T°K) = 80.57 »" et (A-14)

for v, in units of km/sec.
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The ~arstuom of « with encrgy and angle of mexdenes
o the codyns plane s shown » Fig 3. The w, ssegra-
. Eq.%-ﬁmhrhw"dhdﬁ
mmhwherhm=
umpiifive oo for Eg (A5}

I, = QAnwny (9.0 8. v AR
where & = the voll angle wiven @ Taule 1 and
y = v v, the compenent of the spacecraft’s velncity
m the 1y piake relative tO e oo veincity at the cmter
o cuaune] f

The hmction K¢, 5. &
the s ¢ = 30°, 3 = TS5, ana

e l.-i--tm.ndiwmmm..hhct,
pmﬁmndhuﬁe.“h-hﬂ
Figure A.] and Equ A3) and (AL were denv=d by
mgndig-an:an#..NAmd.\:_

ﬁmm-.sb-x?huh_d
pect by reweiting Eg (A1) @ the form

L, X i~ =
{om ) (A-E7

L e -
b il f, v

for i the cumvent i the peck channel, i amp. and s
-“Ih-hi“&l.v_mqmdh
huﬁ;ﬂ&ﬂ*dom&mﬁ'
and then mertorming ¢ taree-dmersonal  iogarEme
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APPENDIX B
Accyrocy of Calculoted Parometens

The principal spprosimations wsed in fitting the
Mariner i plasza data ‘o the chosen models were:

L

Digituation of carrent measurements: this i prob-
abiv the most impoctant sousce of ancertamty m
the caloulated parameters. The velocity depends
url}-nm{R—-o‘S‘u':,Q+0?I:,Bnde-rdt~
fined in Appendix A. For all the observed combi-
nations of R and Q, the largest pessible uncertainty
n ¢ i axfp = 002 For a typwal spectrum with
3, = O01, As/o < 0.007. The digitization errors in
!hep-mc,.-.miln.h.m:ho-'lnfnt-
tions of #, in Fig B-1. The curves in this figure
taﬂrfctmld’l*‘cuhﬂ'rﬂdquﬂﬁl
eqnl-:hrmlwh:iyu&&;iilpﬁh.h
eve:. o find spectra for which certain combina-
tions of onehali perturbation: make the
dcrewce. especially at large values of 4, between
convergence or fack of comvergence of the Rerative
calruiation Because the Ezactional error in velocsty
& small, aT /T, = a4/, alnmoVinme) <

oy ——— T — I— — T
we — -— e e~ e ——

hzﬁﬁ}' | ,.-r" 1
oSS £ 4 i

o’ z .« & ot 2 a &

.l'-..l-!. Tha lorgeat po-1ibls frochenal varedmniies m

i,.-..od-.h.uh‘-qhnhlm
m.gtizolen of the currem! mearirea.aniy

§ Spacing of B/Q chanceis: the et Bu../ve renged

from 1.307 to 1228 A valos of 1230 was

for this analysis, resultiog in velocity emrers of 1%
or less. The resultant percentage errors in 6, =,
n/n, otc, are moch smaller than the percentage
uncertainties due to the digitization of the current
meARETIments.

Edge cffects, scattering of joms, etc, peglected i
calculstion of the bansmission [unction: the theo-

{

auu-msg-z—g +0.15: otherwise, § = 0
¢ = off, where
_ oy
nt].ul—ﬁ.i.s:::-;—ﬂ + 0.15. otherwise, » = D
-

o+ o 2
8= 1055 < " < L0S: otherwise. § = 0

smount to a 255 shift in the effective velocity of
Mll.—daMﬂhthM
pel 10 M the spececraft bad had & very Luge po-
tentin] of cither sign, the alphs-particie peak would

EL
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Fig. 17. Closed-lsop Fomsient respenne

The poaks are semovabie, however, by direct coupling of
the secondary jeedbacx This is comsidernd & generally
capacitor C, has & sufficiently large jeakage resistance.

muhinenrities in the feedback tube mask the troe small-
gl performance.

Although thi: clectyometer is fast enough for Mariner £
samphing rzte (one semple per 17 sec), the mierelectrode
wmdlhh“dmﬂuy-;ﬂr&im

current threshald of 10" amp, for example, may be ob-
tained with a foedback resitor of 10" ohms. W guia
omover for this new system wooe comparsble to the
values in Table 7 (v,. = D08 sec ), the dosed-loop spend
of respomse would reflect the iower time constant of

Wd““"}" = wwguﬂd&mm
reguire sbout 300 meee to reach 80% of full amplitvde

For the case of & particulsr feedback ressior, electrom-
mmmh“mﬂu&n&hﬂ

threshold Tube capacimnce must then be charged before
provides & cong'ant conductance snt o fared vartng

D. Dynomic Peed Capecitar Develorment
H“d&tm-lhh&w-ﬂ
Mariner wminr plesme tmetruments (Frg 8 and 38 ) omp-
neted ov=r IS5 yeey age (Bl 16) sod heve be=s e
plored i verioms comwmercisl slecTrometems S U




o —

e

1 Roed rescnsnce at $5°C: 1908 = § oo

cps maz.
4 Conversion efficiency at 2400 cps and 35°C: § &
10%. '

4 Rescosnt Q: 150 max.

S Deive voltage st 2400 cps: 88 v rms.

@& Drive coil power: T5 mw max.
1,%“#:&'”’-"
8 Coupling capacitance: 50 = 8 pf

9. Contact potestisl: 0 = 50 mv do maz.

mTwm*MM"
w/*C max.

11. Weight: 08 b max.
12 Unit evasustion pressare: < 10 Teex.
11 Input ressstance > 10" ohomt.

Thchdududm—nudM’-“

mﬂbﬂulllﬁmﬂmu‘-‘m
from the 3400-cps spacecraft supply and (2) the small
size the reed, which resulted in an over-all structure

h(ﬂhwmlhhmdw.lﬂlﬁ“
wu#-w&-lpbtﬂ

woult catastruphically alter the reed chasscteristics. the -
evacuated can sppeared doubly attractive. '

However, s develogaent progressed. the cffect of the
evacusted tan on G contact potentisl specification
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Q1 throngh Q13 (Q1 thromgh 10 on Mariner 2) switched
u regulated reference voltage t net-
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given positive deflection voltage. Accordingly, the nega-
tive output of the static inverter increases and, since its
offset voltage will remain constant, a nonsymmetrical
system outgat will result. Zener dipdes CR39 and 40,
whare total threshold s slightly above the normal offset
potential, limit voltage buildup on R4 to the zemer
hrcakdown voltage and so tend to keep the wifset voltage
symmetrical. At the +30-v output, either side of the sys-
uumldmuhuhjumlhﬁmwdm,n
with less than a 1-v unbalance.

Positive-fon current on the pesitive plate has a similar,
though inversc, cffect. In this case, the idling cusrent of
huﬂuthddlvuedwhﬂbymemudﬂ
oscillator and is a variable given by

E, = Evainies E,

*o—,
R47 A,

Imerse current in excess of this value will develop a
voltage across R47 that will reverse-bias diodes CRI18
and CRIS. At the +30-v oulput, the cuter plate could
sustain an foverse o7 unloading current of 25 pa before
Jisconnecting rectifier diodes CR18 and CR18.

.)iodcs CR24 snd 42 (CR43 and 25 on the negative
side ) clamp the output of the system to & small
during the instrament reset and calibration periods. Dur-
ing Steps 11 and 12 in the Mariner scan cycle, all negative
signal currents to the sweep amplifter are disconnected,
and a fixed positive-input reference (which will be
discussed below) forces the system outputs to the oppo-
site polarity. The diodes then become forward biased,
clamping the output, and the error signal increases and
forces the static inverler to cut off. The offset supply
Ihnkuplthtdioduinthumdimu.-ﬂm&-
particle loading of the deflection plates can alter the
resultant voltages only within the limitations of the
conduction characteristics of the diodes. The resultant de-
flection voltage (=14 v de) corresponds to electron en-
ﬂgiaofs.Oavnndﬁnnmncsligihhmdm
with calibration current injected into the electrometer
during the twelfth step.

Capacitor CI, which is hootstrapped about transisior”
Q3 and Q4, in combination with the Thevenin imped-
ance looking from the junction of the capacitor with
thchurof(ﬂ.pnﬂdﬂthedwﬁnnmpdoﬂﬂlﬂl
u!fdwoprn-h‘pwnisdbmm'ﬂhpﬂo

re at approximatcly 0.04 cps as fustrated in & mea-
t:.lmp-lrammhim characteristic (Fig. 48). The sero
!mmnhguhdum.“h“u

adequate for 1% transfer function accuracy. This curve
was obtained by sn isolated de or sinusoidal
source in serics with the positive output and the feed-
himimint}nnummuhaihdin the
electrometes evaluation. Care was exercised during the
fest to ensure that the output signal was a symmetrical
slnusold throughout the meossrement. This wavesha
s essential since a signal that tends to rapidly drive

output to a less positive value will be rate-llinited
by the output filter networks. The feedback loop will
npidlylwc-unmlkhmw{ocsmdkfulue.the
charge retained on the filter capacitor C5 will revirses
bias diodes CRI8 and 19, and the loop will intermi-
tently open; the resultant output will then be distorted
owing to rate lmiting. Siace the deflection voltages
consistently increased in magnitude during the mea-
surement cycle and the system was always in 2 linear
mode. this distortion did not occur. “The rise Hime for s
step-functica input that drives the output from +5 to
450 v is 70 msec. Since the electrometer was allowed to
settle out for one interval between the 1,050-v step and
the calibration interval, the decay time of approximately
400 msec offered no problem.

The ultimate null stability of the sweep amplifier
depends on the tracking characteristic of the balanced
differential input stage. Changes in differential input
currents and imperfect tracking of the base-emilter diode
vdugﬁdlhwmm:nthe most sig-
rficant factors in the cause of output voltage drift.
Current drift effects in the iaput stage are minimized
by making the Thevenin equivalent resistance of the ioput
petworks (R1 through R33, Fig. 47) and feedba X re-
sistors (45, 46) equal to the panaliel comb .ation of
the reference base resistors (R37, 38). Assufning balanced
collector currents and f-tracking of the’comparator tran-
sistors, Iinput current changes due to g variation cause
common-mode signals and are not a significant factor in
output drift. To ensure common-mode stability, a ther-
mally compensated constant-current source consisting of
Q2, CRi2, CRA3, and R30 and 40 is used. This thermal

qunuuu-g-mdvﬂlldtummpﬂdﬂ{tm-
rents, since the output or referenced side bas a regulated
collector load, Diode CRI2 is 8 low-temperature coef.
ficient reference zener, and diode CRI2 is used to com-
mlhwﬂeﬁnmdﬁmm;
muh-ﬂhhomdhprMam}
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Veo=l-h)% rm&nxmumumemhm:m
mnnmemmhmﬂh*
acd ﬂhﬂﬂhmﬂlﬂhmdﬁ-
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for 3 ymwcal Meriner swerp aspli‘ier is shown in Fig.
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the J07°C tregeoratore range was mowced by @ 881X
resstor. Tha crrresnonds 5 18 average eguivaient iput
drift of 20 xv/*C. Since this adisstment vessiled in 2
suble cotput offset, 3 refeence bese scmister of the
proper valoe was mstalled. the preose anaiog carrent
was gated in on the fist s%ep (comespoading o 3 v

renwormaenta] ety were
5 and Mard 5. 1962, daving which Gme temperstyre,
vibrativn, and sacusm—icmperature performancey
monitoged. Between March 5 and May 8 1982 the
fight sty ament w3 actorrated with other plasma wmits
for spacecraft syxtrone tests. Whien =t on the spacecraft,
cach wmit was retwmed to the hhboratory for 3
cairastions and performusce checks The history of
e3ch whit a1 recorded in its Jog bock provided am
abbrevizted vet effective imvoument life et and
bur-m record
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PROGRAMMER STEP LEVEL, 20 wee/oep
Fig. 53. Electromater transient responia

nnuduudm-ppuwﬂymdhmmﬁk
In this condition, the minimum current required to
Mm&mmnmmuhh
ddumm&&dh&thhhuﬂ-
mum state, is six times the cruise threshold
or 3 X 0% amp. However, worst-case conditions did
mtgp:.cuny;pplymmndghmmnd
mﬂmhmm&wyuﬂe-ﬂ
mmmﬁhlmmm
§rom craise-mode readings owing to the switch coil tran-
sut.bwmthaihuwlbmmpzﬁcu&.

3. Scien fic Results =
The .. plasma experiment 37 min to
_-.,uire..comﬂctcmcrgysp:dwmdlhephmud
Juring the flight of Aariner 2, approximately 40,000
such spoctra were obtained. Perhaps the most interesting
new information to arise from the very large volume of
data on interplanctary fields and particles s the demon-

stration that solar plasma flowing radially out from the |
Sun was Getectable in every one of the 40,000 spectra;

ohtzined in the 4-month mission and is therefore presum-
ahly always present.

The swar wind has been explained theoretically as a\_

cotinesoos expansion of the solar corona. Meriner 2
results show Ut the velocity of this cxpansicn (if such
is the mechanssn) undergoes froquent fluctustions. Ap-
(. -imatc'c 30 occasions were seen when the velocity
increased withia 2 day or two by amounts of 20 to 100
percent (Ref. 22, 53, 34). Indeed, soler wind veloc tes
Bacrved during the flight varied from 200 to 500 mi/sec.
T Ductu=ticos correlate very well with the smount
o namne ~ disturbamce observed on the Easth, and In
several cass sudden and sharp increases in the density,

’w.mwdwﬁmpﬂ‘

mdaﬂ&nmﬁcMHmlh&nhﬂum

d!hymlmhhhktothafm&lmm_d- r

ﬁﬂhﬁdeﬁwhnh'laﬁt.w&llthem
dwdwoddgumﬂymd\&ewhﬁnf.

plasma front was advancing with spherical symmam
and comstant velocity from the center of the Son
[uhs!lwﬂwrtgimnimo-ulh;ngr&
sp:mftafdlhchﬂhl.ﬂnﬂlhewhc&yd&a
front was 504 km/sec. Thiz velocity comresponds
in which more current wss measured at 484 km/sec
than at 779 or 563 km/sec.

“The discontinuity, or plasma front. passed the

spamcnftmqﬂcﬂythat&nmmm\mhm
(3.7 min time resolution could not resolve its struc-
ture, which must therefore be less than 112000 km
thick. The Mariner magnetometer data for this
period conld be interpreted as showing 2 frond
thickness of the order of 50,000 km.”

During the flight, scientiic data beeame available (n
several forms such as quick-look telemetry dats. decom-
mutated telemetry data, hand-tabulated copies of the
decommutated data, and computer-plotted spectra. Table
14 shows a page of hand-collated data. On this occasion,
currents shove + 10-** amp were observed only in energy

7

-
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.&(l-llrd“nﬁﬁ-l-
nng m bewel & with & parboie flus corrependmg ©
suvent of about 5 X 10 amp. Ower the coune of the
qﬁ“ﬂmm—-whﬂ
3 to 10 with pesks ocourring in steps § 0 & The jungest

A
A
AF
c
(o
L* |
G
Cs
Ce
C, tecdback capacitance
c.
-
&
2

P

E.

2 bPpp

i p 9

' o™

{1) contact potential

|2} cnergy required for a trapectory with 8
constant radnes of curvature for normadly
mcident, smgiv charpsd particies

evrrape demodulates signa

opep-cirTult cutput voltagr of the tiphet
= deirer, or eguivebent input voRtage
to demnd iator
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srnasistor base current S

umm“-ﬁﬂ Ree of

. R, resistance seen al primary ptﬂﬂ“'

circulating curmeat M——— )

collector cutall current R sesistance in reference base of sweep amplifier

foedhack current differental comparaic? !

filament curzent Re Mwmdmmnﬂ

mmu-th&ﬁcpﬂwﬁ"'ﬁ'- bias netwoxks in rwcep amplifer '
. S,, transistor collector stability factor. S "5 ;

where Ie = collector curvent and I, = collector i

dc?:'”w cmﬂ'r:-:-t

v temperature degrees Kelvin

(1) .~ltzmann constant . 3

{’;ﬁ l!ﬂllibﬂpl [

closed-Joop gain with infinite feedback fector Vy (1) do biss voltage

V. tansistor collector-to-emitter voltage
m mmm("""m %, coupling capacitor voltage st stst of cycle

3-db bendwidth odp) Mwl’mh“—i‘h@} ‘
(@ charge o~ |
clectron charge V. tassistions} offset voltage |
mechanical V, serics geaerator vollage in feedback loop
input resistor to dymamic capacitor Vie *wwuwwmﬁb
WHWMJ—&H— S m:luuh'dc-luunlh-bdaphl
switch ciosure converier step
ccquivalent resistance dusing Cemodulation V, plate volage
swinch qpening on, average demoduluted cutput voltage
Wmmdmm.""ﬂ o mﬂhpaﬂ-nmﬁl')'dvﬂwwﬂ-ﬂ

e e —— —— T T
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s

{1) short-circuit base-tocollector Curent gam
(2) portion of cutput returned to mumaag point - sagulss resonsnt frequenc;

X, equivalent series reactance
Z, feedback impedance
z _ s dislectric constant of free space
. rereeryion ellicenoy
™ e v, dcor steady-state demodulation efficiency
o inverse short-gircuit emitter-to-collector carrent
v e constant
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This program lists Mariner II data off line and also on the 8-4020 plotter.

II. IDENTIFICATION
A. Source Language
Fortran IV K mamuz! references 028:6352.
B. Required Peripheral Equipment
1, One taye unit (A2) for on-line card resder
2, One tape unit (A3) for off-Hne printer
3. Ome tape unil (A8) for program input tape
4. One tape unit (A7) for 4020 output
C. Computer
IBM 7084/10
D. Operating System
February 14, 1968, Goddard Space Flight Center System Tape.
E. Snbroutines required
1. Syago (24)
a. labeled common SYSEOF
2. bysgo (35)
a. lsbeled common AWAERR
F. Storage requirements
see figure #1
[, DESCRIPTION

This program reads the Mariner 11, Plasma Spectrometer data tape and

outputs & Heting of the dala. A print cut is generated om the 4020 for microfilm or hard-

copy cutput. Asterisks (*) are prioted to flag invalid parameters.
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SYSTEm

MEMCRY

FILE B OCK DRIGIN

MUNBER oF FILES = s

1.
2«
3.
L
Se

unITO3
ULITOS
uUNiITO?
LAIT3E
&020 OUTRUTY FILE

FILE LIST cRIGIN

cRE-EXECUTION INTTIALIZAT 1o

CALL CN ceJECT PRCGRAM

08JECT EROCEAM

1«
2.
3.
4

® -
BHa

T=
Be
S
10.
1.

PECK
CECK
DECK
CECK
DELR
CECK
DECK
CECK
DECK
DECK
suaR

'“ﬂ 2 L]
FSE
*5SYS60
s SyY SNO
SFCNV
*F 1038
"F10S
'FSLBI
*FsSLO1
s FXER
« _1B5YS"

"
.

a.-‘-.-'

CERE L
1557TS
oE07T2
o132
oé211
107086
L1277
101637
11702
11TS2
ocooD

co000 THRU 03765

o3ITed

De 062

oa0TaA

oa133

o4& 180 THRU

2a000




z

rigure { |

Page 1  of 1

BINARY TAPE FORMAT FOR ONE RECORD

! Word
Number Cascription
A@,1)to | 1=21 Daymmber:tstxrtoftnmo
Aﬁlll} i
A2 to | 22-42 Time in seconds from the beginping of the day F
A(21,2)
A1,3) to 43 - 83 Frame count
A{21,3)
A(l,4) to 64 - B4 Descriptive flag
A@21,4)
|AQL,5) to 85 - 105 Pl .sma velocity in Km/Sec corresponding to the upper
| A(21,5) limit temperaiure
[ ] -
A(1,6) to 106 - 126 Plasma velocity in Km/Sec corresponding to the lower
A21,6Y limit temperature
AQ1,7) to 127 - 147 Upper limit of the temperature 1n105¢ k.
ARLT)
A(L,8)to | 148-1868 Lower" " - " "
A(21,8)
lA(L,9) to 169 - 189 Proton density in prowm_/cms,
A21,9) |
AQ,10)to | 190~ 210 Rates of alpha-particle density to proton density,
A(21,10) Na/Np
A(l,11)to | 211 -231 10h
A(21,11)
A(1,12) to 232 - 252 15-hour value of (np + 30)

I A(Z1,12;

I
|

—————————————




SYSTE=m

1aLo=

FILE &L OCK ORIGIN

MUNEES OF FILES =

2a
3.
‘-
Se

UNITOd
uhITOS
uUNITOT
LALT3E
4020 CUTPUT FILE

FILE LISY CRIGIN

RORY

ORE-EXECUTION INITIAL IZATION

CALL TN CEJECT PROGRAM

OBJECT PROGRANM

1.
2.
3.
LS
S.
6.
Te
8.
S
10.
l‘-
12.
13.
14,
1S.
1o,
i7.
18,
195.
F4-
21
13.
23,
24,
2.
26,
27s
28,
25.
30.

DECK
cECx
DECK
CECK
DECK
CECL
DECK
CEX
DECK
CECK
SLBR
Sy SR
sus=
SUB-
SusR
Sude
suaR
suak
SUSR

sus=a
sSuB9
SLaR
suseR
Sues

sSuBR
SUBR

“mAR 2 *
“FSaL

*5Y560
* SY Sni
*tFONY

*Fios

*FIOS

sFSLBl
sFSLDL ¢
"ELEM .
* I8S /5"
s_.iaex *°
*  JBCON
.'L‘-Cm‘.
¢ .} CDEF"
" L IOCSFES
* LXESL *
¢ JFPTRP®
' xI T L]
CFOUT
‘FLON
*FER0
*FRDS
*uND3
*uNdoe
TUNDT
fuNIdS
CFEFY
"ERwT
*FSL1

& o % g ® 3 & g " @

calra0
assSTs
cear2
o&e132
el
1CT0s
113?727
11837
11702
14753
oCCaT
aaTo2
oxT20
12812
1206%
13327
1e€1S
L7a73
17203
LT304
1 TEeal
20797
2073¢
20770
2CTTH
2077S
2077€
207TT
2107%
21212

Pigare #1 .

p2r14a768

e000¢ THRU 0378S

937¢e8

cacsc

0a0Ta

oal33

oAla0 THRU 24000




G w

i8LDR

syBa *PLO0Te." * 21401
3s, SUBR *RITEZ2Q" 2z24TA
36, SuUBR *ScOuTQ* 22752
37, SUBR * scPOOL" 22151
38, SuBR ‘unel * 23211
3G, SUBR * YCHARWV® 23212
40. SUBR ¢TABL1G* 23460

(= = IASERTIONS OR DELETICAS MADE In THIS DECK)

INPUT - CLIPUT BUFFERS 2400) THRU TT77TS

UNUSEC CORE TTTTT THRU TTITIT




Figeme 2 )

Page

TAPE FORMAT FOR ONE RECTSED
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A e 1=-1 'tiu-_r-ﬂmnshrtdm
Ag 1) '
ARD R z=- 2 Tim= & seocmds o2 s begizpiag o the ST
la@in
b'.&(l.!]ta ! §-8 { Fraime o=k
agLy | :
AR S0 | -8 | Descrigtive Jag
lag.® | :
i ! )
-..ﬂ..(l,hh | 85-15 t mﬂﬂ-m.ﬁmmmﬁuh#
iam.» | \ Hemit temOSTEISTS
' :
lan Gt | 16-128 - mmmnmmmuum
Al . Hyeit pEmpeE TS
AR M 137 - 147 ?pperm:f#wrmuw%x.
AL T)
Al e 148 - 188 Lowes - -
AL H
AGLBH | 16918 Proton demsty &= predms/om
A@RLS)
AR 1% 190 - It mﬁWMumM:_
A 1% ' a/Sp
 AQ 1) % 211 - 51 18s
A i1)
AR N ™ =-S5 15-hogr valee of p - 39
A, 13




JC
2a1

2413
LR
2a1
241
2e1
241
241
241
241
241
241
24
241
201
281
241
241
241
241
zZ4)
2a i
241
241
241
281
a1
241
241
2a1
2481
241
241
241
241
241
242
2472
242
242

47

62317
6332¢T
63542
43783
53985
64206
Saa28
aaes0
63871
aS0s
65315
£5538
BS5TS9
65981
65203
67754
sT976
68198
69307
&9528
TOLDS
TOALS
TO637
78398
Tasaz2
79507
ToTZ29
Bs164
Ss 38S
Baoto
SaE28
85351
asa2v2
B5660
asles

142

ise

586

863

JFC

RUSERLBUBNRURER

43

L] - L™
N e e e oy af e e e e T = S N

[M]

e N oa N NN AN NN
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va
aja,l
&08 .9
394,.5
409 .9
425,.8
4%0.7
452.4
419.5
426.3
aza .l
422.5
4157
4al14,5
&10.,9
a0a,.5
01,5
4241.0
415.6
424, 1
az22.2
444 8
ak2. 7T
4317
43&.4
40E. &
414.8
‘o‘. 3
397 .4
a2a,1l
42¢€,0
azae.l
427.8
425.8
42¢.0
42S5.8
425.4
a22.3
405 .0
a3T. 7T
451,2

va
414,12
465,9
INa.5
405,59
AAs .8
AS0,.T
452.4
#15.7
25,2
424 .1
a22.5
41S5,.7
810.%9
434,86
401 .6
421.0
15,7
22 .2
4es .8
sAZ.7
4317
826 .4
408.4
AlS.T
409.8
397 .4
a2a.1
426 ,0
a24.1
42T .8
a2s.8
426 .,0
425.8
429 .4
a22.3
al1Ss,.6
43T.T
451 .2

TA
1.527
2,033
2.058
2:3357
2,032
1 .749
1.612
1.998
2. 201
22010
2.201#
1.000
L. 438
2.19%
2.2006
i1 .6%Z
2.864
1.087
Z-8564"
2,864
1.939
2,235
2.200
2,101
5.822
1.355
S.142
i.,075
1.07Ss
1.,075se
1.075%
L «0O7Se
1.0?5-
i1.075s
1L.07Ss
1.075=
1.07Se
0,935
L.0TS»
I .S45

INVAL 1D PARAMETER

e
1 .,527
2,033
2.958
2.397
2.032
1. 749
1.812
2.239
2,201
2.221%»
2.201%
0.365
L.436
2. 196
2,206
1.892
£.8564
0.295
Z.864s
2,240
i 939
2+235
2.200
2.101
E.822
0.14%9
2. 142
1.075
1.07S+
1.075=
1.07Se
i.,075»
1.07Se
1-075%
L0758
1,07S=
1L OTSe
0.223
L0075
1.545




va
[ S )
Vo5, 9
96,5
9.9
Mas,.a
50,7
1S2.4
’MSs,7
025,32
2e .1
822.5
MS.?
Lla.5
810,9
L04. 8
A0l .6
A21.0
15,7
a24,1
22 .2
sa4 .8
442 .7
a31.7T
436 .4
40B.&8
415.7
409 .8
397 .4
4241
426 .0
424,1
427 .8
425,.8
420 ,0
425.8
429 .4
422,.3
415.6
a37.7
Sk .2

VAL ID PARAMETER

TA
1.527
2,033
2,058
2.397
2.032
1.7A9
1512
1.098
2. 201
2.2012
2.201»
1.000
1.438
2.1956
2.206
1.892
2.864
1.087
2.8564%
2,864
1.939
2.235
2.200
2,101
S.822
1.355
S.laz2
1.075
1.07S5=
1.075#
1.075%
L1 07Se
L.07TSe
1 LC7Se
1.075»
1 ,0TS*
1.07Se
0.935
1,075
I 4545

T8
1527
2,033
2,058
2,397
2,032
1. 749
1.612
0.239
2,201
2.201»
24,2019
0,388
1.436
2:198
2.206
1,892
Z.20%
0.295
2,864
2,864
1.939
2235
2.20C
2,101
S.822
O.14%
s.142
1.975
1.075%
1,075
1,075+
1.075%
1075
1.075s
i1.075+
1.07S»
1.07%s
0,223
L.C7Se
i.545

2
10,748
11,180

9,845
10.908
s5.047
&, 214
4,868
6, 196
14,291
12,2919
14 .291"
Q. ETTE
10.504
12,947
9.372
7.824
11,967
T7.T38=
T.738%
7. 738
6.156
T.148
s.192
T 337
a.lio
2.589s
9.150
9.2!0
9,210
2.,210%
S.210%
9. 21C*
9.210%
S.210%
S«240%
9,210
S.210%
4, 190%
4.190%
£. 957

R
o0.0281
0,032
2.0284
0.0616
0.0318
0.C31a
0.0250
G,0309=
0.0312
0.,031i2=
0.0312%
0. 01 868
0.0276
0.0213
C.0196
0.04843
0.0360
0.0150%
0.0190%
0,GC190®
0.04132
0.0401
56,0463
0.0354
c.0571
Cel3T00
0.04Ta
0.0281
0D.0281%
0,0231s
2.0281s
0,.0281L =
0.0281%
o, c201%
0.0281%
0., 0281
0.0201%
0.,0226%
0,0226%
0.0205

"
.83
1.03
2.97

=1 +66
12. 3%
14,45
15.87
4 ,80%
11.35
11 .35%
11.35+
B,5T»
212
2.01
3.07
1.32
G.40
6.19%
6. 19%
&.19s
8,62
5.97
8,69
T.,39
-2. 888
-0,63s
=1l.%0%
8.60
8.60%
8,60*
B.60%
B.,50%
B.G60=
8,608
B.60%
8,60
B, 60"
12,55%
L2e 55
13,32

ox

-O- 000'
-0, GO0=
=0 ,000%
=C. 000%
-0 .000%
=-0.000=
1T 088

"0.000.
-0 .,000%
‘Q.an.
16,609

-0 CODe
-0,000%
-0, 00"
-0,000%
-0, 020%
16,609

-0s 000"
-0 .,000®
-0s 000*
-0.,000¢
-0, 000%
17 .,086»
-0, Q00"
15,731

_Q-l- 000.
16 ,S5H09%
-0. 000®
-0.000%
-0.0G0%
-0 .000s
=~0. 000"
6 509
-0. 000"
-G ,000
-0. 000#
14,095

- 0. 000
17 ;086



] SOURCE DECK

7/8 EOF
BINARY DECK SYSGO (35)
BINARY DECK SYSGO (34)
$TBFTC

SOURCE DECK MAR 2

JOB CONTROL CARDS
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Description:
The cylindrical cmtm:mmﬂmimlymdlm
Mnum-mwﬂzehﬂt- Tt consisted of u palr of carved

c=p- mm-u-:mmmuu—-muuﬂ -r-uﬂivrc
distance of 1.5 cu, with r(2M=(l) = 1.134. The entrsace sperture was 5.9
quﬂmﬂdu.-ﬁmmmcqlum’nm‘ahm
M;lﬂmwmhml bnabupd.—!dduchd:h
ﬂtml-pht-lwpnd-mu—-duu-ﬁ-ﬂimum
pmd—nﬂ-md-wm&-m.
mhnuﬂ-ﬂ“-nwwp—-lulhumltuu
mm“mm. hgt-'-htplnlldwdm:!un
mdmmm-ﬂnﬁtd&-m&&_n—_. A
ww,wwmmummmmmm
mmmh“w&umwﬂu—lpm.mm
mtdmdelﬂtmtm&rtdﬂthmtheﬂmofm
pacticles.
nlmlp-m-rcnu-pludﬂ:umd&&-mafﬂu
a&mmﬂplmd!&hwef“mﬂmdwm
costrol, was made of polished alomizcm. mhe isterior of the ssalyser was
eﬂ‘d&pl‘blﬂumm“tdmmﬁmwmnﬂm
charge collector reglom.
Au*-el:qc-q.-m:‘lullwpc-tlﬂw&-mlw
plates. m:pw-dﬂwww-wmw—udm“
-mmetn-nhu. Afver the tar spectral msasuresests, &
m“mﬂhnwmm{ﬂunmﬁ;;nm:
-tl.c:uﬂ*wmmtﬂndﬂﬂ-pluumﬁw. ™
e-luamdmm-wms.iﬂﬂ{m

2.016 =i= sesr Vemus).




-3 =
mmmmumcmwmt-udnduu_m

nuﬂu.llqu!ﬂ-u W,dalmmcimit. The

mmmm.lmum-punumntm was @

thermionic diode (Raytheo CK 5886) operated in the retarded field regiom.

ﬁmm.«ﬁ“ﬁoimtu-tu with as input positive li.]'l‘ﬂtrw

of 10 ** -13 to 10 ** -5 s=peres. m.la:mrd.e.outrctw!.tqtm

converted by the spacecraft’s Data Conditioning Systes (DCS), imto a digital sumber

with & quanstization intervsl of 0.1 decade.

The discrisinstor circuit acted to prevent saturative of the applifier, an
m&ﬁcﬂlﬂmhmmdnllnquinmf}wuﬂcuuﬂs.
mu-ctwutormnfu-edunpwmm voltage vhich varied
throughout the flight. ¥hen this reference level was exceeded, s input current
smm:ﬂmdmmmﬂnﬂubnm“lup. The input
w.mttnuutdunumnﬂum.

leﬂh“huﬂadﬂofdniuu-uhﬂﬂhc.mm-ﬂ

J. Lawrence, Jr. ia JPL technical Teport ne,32-492.
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SCEAR-WDND STECTESOMETSR

The Murispr-1l solair-wisd speciTooefer UGS 4XSigoac DF SCisEmlists

Jar P-opelsics Laboratesy of th: Qaliformiz Isstitsse of Techaalogy

-l

L4

o imwestiz Te the pesitive~-ice compomest of the solar wim

gs2o® a=s AT VeocS.
Excizer 2 vas lamached oz Asgesc 17, 1962, oo & trajectory passiag

sissia 3. 000 kn of the cester of Weass (ax 2000 &, Dec. 14, I362) am= thec

reaching a peritelios distascs of 1.054 X 10" k= oo Dec. 28, 1982. So
—csuTprsars ware Dade closer te the Earth aa= 21,000 = Besides the

slar-wizd spectrometer, Mavricer II carrisd seweral copplemm=Cary experi-

’ .

The spacecraft's oriestatien was comtrolled by am aztl

e iw 4

-t
z=_ico systen, shich lept the eatriace aparrurte of the sclar-wize

ssectromster soiscdd oo witkis 0.1 of che cescer of the S Goiil

Sa=c. 3 zhe soacecra®t slcely rolled alest the Ssa-prode lize: Saze-

afras, the Syo-probe~fartk plaze -emised Iimed 1o Coe sgacscTafs.




EXPEIRIMENT

The solar-wind spectrometer is shown schematically f{n Figure 1.
Its principal components were:

(1) A cyltndrical eleﬁ::os:acic acalyzer, which separated
positively charged ions aceording to their energy per upic charge (E/Q).
The deflection plates were 120° in lemgth, separated by 1.3 c=, with
rzfrl = 1,134, ana had an entrance aperture of 5.0 cnz. which was rectangular
in shape, such that the angular acceptancs for charged par:iclea ip two
perpendicular planes was spproximately equal. The theoretical angular and
£/Q transmission fumctions fn the plane of analysis are shown in Figuze 2;
rough experimental checks showed no gross deviations from theory.

(2) A programmer 3nd 2 high-voltage sweep amplifier, which
applied the proper balanced potentisl to the plates of the analyzer. This
voltage was varied in an ascending sequence of 10 values. The valugs
a2ssu=ad in J2L's dsta reduction are given La Table 2, together wich the
relevant timing information. Further Inforsacion on the stability and
temverature variations of these voltage secctings can be found in Refs. 1
and 2. After 10 spectral measure=enis, a zero reading and a calibration
reading (using a standard corrent of 1.0 X 1u-13 amp) were taken with the
plates conne-ted togethsr. The cozplete sequence of twelve measurements
was repeaated every 3.69 minutes (every 2.016 minutes near Venus).

(3) An eleccroceter, which scasured the curreat from the charge

collector at the output of the analyzar. AL currents above 5 X 10-1‘ azp,

the electrometar cutpul Was an sccurately linear functioa of the logaricha




of the input current. The outpul &c voltage was converted by the space-

crafc data-automation system into a digical reading with a quantization

interval of 0.1 decade. The relation between current I and digital number

D is

10510 I == 10 + 0.1 (512 - D) (1)

wheze D.. is the digital aumber corresponding to voltage-step 1li. For

12
currepts balow 5 X 10'13 amp, the electrometer response Cime must be con-
sidered. The method of estimating these low currents is described in
Section V.B.2 of Ref. 2.

BATA

Timesnan

. Sce Table 3.

Form=zt of Available Data

Two types of data are gvailable: raw and reduced. Either type
can -2 obtained as either microfilmed computer printout (tabular form) or
in binary on 3 single 1/2-inch magnetic tape. Since only complete spectra
without any parity errors are {acluded, there are time gaps in the listings.

(1) Raw Data

The following information is given for each data frame
(3.696 or 2.616 min):
Frame count (Cycles from 0O to 255)

Day number (Jan. 1 is day 1)

12 eleccrometer output musbers, one for each chanmel




(2) BRaduced Dcta
The data bhave bzea redyced on the basis of a sizpia model of

tho solar wind in which both the protons and zlphas flow radially avay fro=m
the Sua with velecity v. and with densities R? and N_, and TempeTatures, T?
aad Ta' respectively- The apparent aberratiom of ghe radial zlow Jdue Co the
spacecraft's motion Bas bean caken infto sccount. By temperaturs is meant a
seasure of the spread ism radial wvelocity. 1t was further assu=ed that eitles
Ta = TP or Ta =& Tp. wphichevar equality begzer fic the observations for The
spectrua (data frsme) umder consideratiom. A pagamster h which determines
how well the observations i+ che oodsl was also calculatsd whenever possi-
ble. See Refereace 1 for a zuch more detailed discussion.

Tie following cata ana calculated paramelels are given for each
data frame (3.696 or 2.01% aia):

Fraze couct (Cycles from 0 to 255)

Day nu=ber (Jao. 1 is day 1)

Tice (ar start of fra=s, {n sec from start of day)

v (kalsec)

r {1.:5_“-;}
X, (ca ™)
N

A

Flag

Tte flag is an isdicator of the type of spectrum. It ipdicates

whecther T_ ~ tP or 4 T_ and to which of the four categories of spectza
r




(described on page 4474, Ref. 1) tha spectrum belongs. For speciza im

category &, both upper and lowez limits of T?. the two values of v corve-
sponding to these limits of TP' and the depsity estrema used in the
calculation of these limits ave also given.

Caly those curr2als correspoading to D (E5. 1) less than 155
wvors used in this analysis; i.e., low currents, for which the ti=e constant

4 ba taken into account, wWer:s considered unkaoun.

hou

"

of the electromeier
Since the spacecraft's posicion and velocity changed very slowly
cospared to the 3.696 miautes per spectrua, RoAe of these data tabulations

r tapes include trajectory {nformation. This infor=ation is available am

should be reguasted from NSSDC separately-
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TABIE 1

MARINER-II EXPSRIMENTS

Fxperi=en:

Javescigators apd Affiliations

Overatjon

-y

Magnetometer

?. J. Coleman, Jr.
L. Davis, Jr., Calif.

Technolcgy

, KASA
Inac. of

g£. J. Snich, Jec Propulsiom Lzb.

C. P. Somett,

¥ASA

Iaterzlanscacy,

aear Venus

Solar-wind
Spectromater

M. Neugebauer, Jat Propulsion Lab.
C. W. Sayder, Jet Propulsion lLab.

Interplanatary,
near Venus

lon-chambay
wich matchiag
Gaiger counters

E. R. Andlerson, Jet Propulsion lab.

E. V. Eeher, Calitf.

Techmology

lost. of

Interplanecary,
asar Venus

Thin-wicd

ceiger counterl
&

L. Frank,

Je k.
of Icwva

Szate Univ.
Van Allen, State Uaiw.

of Iowa

Interplanezary,
near Venus

Dust Detector

¥. M. Alexander, Goddard Space

Flight Center

&

Interplanatary,

ngar Venus

Infrared
Raliometer

L, D. XKaplaa, Jer Propulsiom Lab.
G. Neugabauar, Jet Propulsioa lab.

C. Sagan, Univ.

of Calif., Berkeley

and Harvaré Collegz Observatory

Near Venus

Microwave
Badiomecer

Barrett,

A. H,

MIT

J. Copelaad, Army Cscmance Missile
Command and Ewen-Xnight Corp.
D. E. Joses, Jet Propulsion Lab.

A. E.
Cbservatory

Lilley, Harvard Collage

Near Venus




NTER OF BACH

E/Q CCIRESPONDING TO &

CHANSEL AND TIKING (@ MEASUREMENDS

Time after start of frame

Incerplanecary

w

h tica labals of 49674

1.0 x 10710 gop input to electrometer

Current calibratiom:

Near Venus

1.92

C

p
e
.

(W7

b 73751 tec on Dee. 14 (Day 3%8).




TABLIE 3

Miautes par

Tize and Date Daca Coverage SpactrTun
1728 UT, Aug. 29—2015 UT, Oct. 31 Almost Continuous 3.7
2015 ©T, Oct. 312132 (T, Nov. 8 Nong -
2132 UT, Nov. 8 —1340 UT, Dec. 14 Almost Continuous 3.7
1340 UT, Dec. 14—2040 UT, Dec. 14 Almost Contiauous 2.0
2040 UT, Dac. 142400 UT, Dec. 16 Al=ost Continuous 3.7
0CO0 UT, Dec. 17=—1728 UT, Dec. 30 ~ 10 hrs/éay, except 3.7

no data on Dec. 25
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