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1IN TRUCTIONS FOR READINC AND INTERPRETING
REDUCED DATA TAPR

T e demnity = 556 bpi
tach gecord contains data from 21 spectra (or frames) and can be read with
the follwing FORTRAN 1V statements:

DIMENSION JD(21),JT(21),JrC(21),J6(21),VA(21),
vB(21),TA(21),T8(21),0(21),R(21) ,u(21),0R(21)

READ ( ) JD,JT,JPC,JG,VA,VE,TA,T5,D,R,0,0X

‘D .9 day number at start of frame. Day 1 s Jan. 1, 1962.

+T is time {n eeconds from the beginning of the day at the start of frams.

JFC is frame count. Am om-board coumter comtinuously cycled from 0 to 235.

Ju s & descriptive flag, which can be interpreted with the aid of Table 1
«nd kete. 1 or 2. 1In gemeral JG = 1, 2, or 3 for the equal-thermal-
velo 1y model, = § or 7 for proton-omly calculation, = 9 for a spectrwm
with ‘pparently bad date, = 11 to 22 for the equal-tempersture model,
and > 30 vhen only upper and lover limits for the temperature could be
calculated.

VA 18 the plasma velocity, in ka/sec, corresponding to the upper-limit
cempeirture, VA is wsaningless whea JG = 9 or 0.

‘z 18 the plasma velocity, in km/sec, corresponding to the lower-limit
temperature. VB 1is msaningless when JC = 9 or 30. (therwise, when
JG < 30, VA = V).

TA 10 the upper limit of the temperature, ia lo’ °Z. T 1o msaningless
when JC = 7, 9, or 30.



T8 o tac lower iimit of the temperature, in 10° °K. T3 s mesningless
when JG = 7, 9, or 30 and, otherwise, is equal to TA £if JC < 3.
D is the proton density in proeoule-’. D is weaningless when JG = 7 or
9 or when JG > 30.
R is the ratio of slpha-particle demsity to protom demsity, l.ll'. R fe
mssningless vhen JG = 6, 7, or 9 or when JG > 30,
H is 10 h, vhere h is the high-energy-tail paremeter defined ae
logw[ l.‘s(.nmd)ll. + seoleuhtcd)]. See Rafs. 1 and 2. N {o
meaningless unless JG = 1, 11 or 21.
DX is the current 15-hour value of (l’-i-:a)vud in calculating the tempera-
ture .ower limits (Refs. L and 2). DK {e meaningless vhen JG < 0.
Semples of these reduced data avre shown im Table 2. Table 2A
4ives atl the numbers on the tape while in Table 28 the msaningless aumbers
e+ been blacked out.
Tne last vecord om the tape has oms frams of good data, and the
candn ., - ivemes contain dummy dats with JD = JT = - 1 and all other
ocameter: ® 0. This record is followed by an end-of-file.



Neugebsuer, M., and C. W. Snyder, "Mariner 2 Observations of the Solar
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Neugebaver, M., and C. W. Sayder, "Average Properties of the Solar Wind

@s Determined by Mariner 2," Jet Propuleion lsd., Tech. Rest. TR 32-991,

1966.



TABLE 1

INTERPRETATION OF JG

1 Interpretation

1

Valid
Parameters

Mesaningless Number of
Parameters Occurrences

The equal-thermal-velocity (2V) calculstions
converged, there was a seasurably large
current in channel m + 3 so that h could be
calculated and |h(EV)| £ |n(ET)| where the
abbreviation ET represents equal-temperature
calculations. The listed paramesters are
based on the EV model.

VA =VB, TA = TB,
D,H,R

DX 13,203

The EV calculations converged but the curremt
in channel m + 3 was below threshold, so h
could not be calculated. The listed pera-
meters are based on the EV model.

VA=V, TA = T3,
b,k

0K 4,051

The EV calculations converged, but since
channel 8 was the peak channel, thers was no
! chennel = + 3 and h could not be calculated.
: The listed parameters are based on the BV
model.

VA=VE, TA = TB,
D,k

H,IX 97

Proton-only calculations, with the protos
peak above the center of channel m. Spectra
are in this category if either (1) meither
the EV nor the ET calculations converged or
(2) no measurable current in channel m + 2.

VA=VB, TA = TB,

R,H, DX 31

Same as JGC = 6, except that the proton peak
was below the center of ‘annel a.

. — S - .~y —— s -

Spectruma no good for some reason, such as
bad dsta.

e — i ——

3

fot the SV and BT ralculations coaverged =4
|h(ET)| < |h(EV)]. The iisted parameters +:c
based on the LT model.

' i
| CPRRES! [S=——
‘

VA = VB

TA,TB,D,R,H, DX 4,082

VA,VB,TA,TB,D, 207
R,H,DX

133 4

— aaee e i e e e




TABLE 1 (continued)

Interpretation

b

Vaiid
Parameters

Meaningless
Parameters

Kumber of
Occurrences

Both the EV and ET calculations converged,
but thers was no measurable current in
channel = + 3. Assuming 1y 4 3 (measured)
is just st the sensitivity thresbhold
(digital number = 155), |h(ET)| < [hGRV)|.
t:‘. {uud parameters are based on the ET

VA=VB, TA = T8,
D,k

21

The EV calculations did not converge, while
the ET calculstions did converge, and there
was a msasurable current in chanmel a + 3.
The listed parameters are based on the ET
model.

VA=VB, TA =TS,
D,R,H

Same as JG = 2], except there was mo

msasurable current in chennel m + 3.

listed parameters are based on the BT
model.

The

VA =VB, TA = TB,
D,R

B,x

200

No measurable current in either chammel
® - 1 or channel m + 1 and the spectrum
had such an unusual shape that the upper
and lower limits for temperature could
not be found.

VA,VB,TA,T3,D,R,

n

Nec measurable current in chennel m - 1, and
the limit calculations gave TA 2 TB > 0.

VA$VE, TA2TB >0,
e

D,R,H

10,¢/>

—

Yo .easurable current in channel a + 1, and
tne liamiz cal~ylati~ng gave TA 2 T8 > 0.

33

No measurable current in both chamnels m + 1
and @ - 1. Set B = O,
it was 1ot used i rhe caleculations.

e e St

{
i

Vi # VB, TA > T3>0,
D 4

D,R,B

Although DX is val 4,!

- i e o

VAYVE, TA>TB =0,
ny

]
]
i

D,R,H

321




TABLE 1 (continued)

calculations of TB, vhich turned out to be
slightly larger than TA. Set TB = TA.

‘ Valid Meaningless Number of
JG Interpretation | Parsmeters Paramesters Occurrences
3s ] No measurable current in channel m + 1 and t VA¥VB, TA>TB=0,|D,R,E 2
L1 log10(lg/ly - 1) > 3.8. Set TB = 0. DX DX
: valid, but not used.
-
37 : Same as 32, except for minor difference in VA¥\38, TA2TB>0,|D,R,B 10
i method of calculation of TB. x
(S I Same as 31, except that the calculated TB VA¥ VB, TA = TB, D,R,N 95
i was slightly larger than TA. Set TB = TA. DX
42 : Same as 32, except that the calculated TB VA ¢ VB, TA = TB, D,R,H 3
i was slightly larger than TA. Set TB = TA. DX
46 : Same as 31, except for minor difference in VA ¥VB, TA = TB, D,R,B 191
|
1




262
262

262
262

202

242

ot
242

262
2462
262
PL ¥
262
262
262

262

262
262

—_—
2637

243
263

z‘
1
28

- g ———

72731
133v?
73994
73421
Toxel

L]

T ¢
74923
T7-733
IR P2
({lwi
Ts6ls
16890

T 79162

7958%

79808

82029

89250

82695
391>
dall3u
81582
31803

32245

82464
82689
82911

T 3313}

83577
83793
84021

36262

345463
32636
34997
8512
32351

85573

857794
35015
562338

75

502
124
965
ilé9

1399

!

19a

201
282
2¢13

vy,

2l
238
T1g
bR
2¢%
225
2217
229
230
2131

232

234
2135
2136
238
239

261

242
263
244

245

247

248

249
250
241
252
233

~N
n
>

N
Vi

. po
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1
1
1
1
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T T 81e97 T 21.305
T 81.97 T T 21.305
3.07

T 12478 7 L21.395

TT15.26 7 21.051

13.20  21.051 " 7
T 17.57  11.174

sl 40l.l 415.5 0.779 J.183 5.254 0.0241  10.53
3l 408.2 415.6 0.973 0.180  4.613 0.0273 _6.94
31 405.2 4l3.6 0.973 Q.180 6,610 0.0273 6.9%
it 4l1C. 4 als, &6 10013 00193 5-113 000262 7.’00
1.3 ' 1.°13 3.193 S.113 0.0262 7.40
7 .191 &, :59 0.5317 EY s
i1 @lte o, J e22n 6.-51  0,0255 = 6.69
3l 409.3 6l5.6 0.896 0.244 7.35% 0.020S 8.49
o 199.1 S R 3 % 214 T. -5 0.0246  13.86
; 115,1 fhli . . Se2l4% 7. A 0e0266 13.86
t 43249 41 Wb de 35 Y-k e .4 J.0367 _9.15
T 429,71  az9.7 ) PR 1.191 Sen26 J.0387 9.15
T 443,717 443.7 l..91 Le191 5.054  N,0387 9,15
1 456.7 45647 1.315 1e315 3,152 0.0433 86.49
1 453.2 453,2 1.659 1.659 3.522 0.0439
T 463.7 _ 463.7  1.459 1.459 3.522  N.0489  81.97
7 "3502 ‘0}5-2 1."'59 1-459 30522 000"69 i
T 421.9 421.9 1.459 1.459 3.522 0.0689 81.97
31 415.1 415.6 1.214 JD.162 3.936 0.0517
31 408.3 ©l3.6 J.933 Je213 5.820 0.0334 8.21
3L _498.2 415.6 _ 0.7973____9J.l31 44610 0.0433 6.94
31 413.4 615.6 1.C56 0.194 5.687 0.0318 $.93
1l 4261 426.7 2.439 2.439 T7.633 0.0369 7.98
2 420.9 4299 2.864 2.36% 9.5C6 0.0360 5449
L 426.7 425.7 2.439 2.439  7.633 0.0369 7.98
T 6425.7  425.7 2.439 2.439 7.633  0.G369 “7.98
1 443.T  442.7 1.573_ 1.573 6.8764 0.0386 15.00
1 7 446.4  446.4  1.717 (eThTT 4.316 0.0426  11.10  1l.17%
1 445,3 445.3  1.629  1.629  5.265 0.0351 12.78
4 432.5 432.5 1.629 1.629 "5.265 0.0351
1 466.3 446.3  1.631  1.431 4,692 0.0368 16.11
T 227.2 427.2 le#31 1.631 4,692 0.0368  16.11
1 463.9 ¢43.9 l.514 1.514 C 5,062 0.0592
L 467.0 467.0  1.467  1.467 5.413  0.0794 7.05
1 T463.9  463.9 1.241 1.261 7 5,875 0.0693  12.30
{  442.2 4%2.2 ~ 1.637 1.637 8.036 0.0703 75.99
L 463.7 463.7 l1.343 1.343 9.955 0.0683 11.34%
1 Te81.7 481.7  0.871 G.371  10.836 0.0459
1 479.8 495.4 0.717 0.376 11.766 0.0239 19.20
T 464,77 4647  leil8 T 1.013 12.625 0.0179
©62.9 462.9 0.96 - 0969 12.149 0.0301 19.06
T eb%.6  464.% 0.9 T 09477 11939  0.02917  19.04
«53.1 463.1 0.912 0.912 11.6C6 _ 0.0305 21.01

21.308 -

T 21.30%

TTT21.308

T11.176

21,051

T 21.051
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72731 198 31 40l.1 415.5  0.779 V.188 Surww  Geirra v 21.30% E
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242 753 206 T 422.1 - 422.1 sttt JEER 2 Srve® ey Y
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242 74929 208 31 47,3 415.6 0.896  0.244 - S~ 21.305
242 7-733 216 31  iis.i  4l4.0 0.625  0.214 =300 Gy ggdsa» 21.051 ]
24 712925 217 31 399.1  41l4.0 0.695 0.21% =3 G P~ 1.051
242  TI1leT 218 31 __ 402.: 415.6 _ 0.:05  0.189 crtw- GBI @Guid  21.051 )
242 T3T6  2:& T 629.7  429.7 —r I SET  matal SailFr GelaeD
2642 Tet9 225 T 433.1  439.1 mamt @ e dsvtr GOUR 4 adF SN
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1. 1Initial ldentification

A. DATA SET IDENTIFICATION
1. Mariner 2 62-041A-06C
2. Experimenter -Marcia Neugebauer
3. Acquisition Agent -Judith E. Devaney
4. Electrostatic Analyser 'C*
One Hour Averages

B. TAPE 1IDENTIFICATION
1. 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) (1H(1), V(1), N(1), 1s=1,6), ND
IFORMAT (6(13,F6.1,13),18)
1H 1s the beginning hour plus 2 (e.g., if 1Hz2, the

a average is between 0000 and 0100 UT).

V is the plasma velocity. Where upper and lower limits of
. velocity had to be computed, the upper limit was used in the average.

N is the number of points in the average.
ND is the day number, where Jan. 1, 1962 is day number 1.



1.

Initial Identification

A.

B.

DATA
l.
2.
3.
4,

TAPE
1.

aWnmPwN

SET IDENTIFICATION

Mariner 2 62-041A-06C

Experimenter -Marcia Neugebauer
Acquisition Agent -Judith E. Devaney
Electrostatic Analyzer 'C’

One Hour Averages

IDENTIF1CATION

Tape Number D-02887, C-02094
Mode- BCD, Density - 556 BPL
Created on 1BM 7094-E

One File

One Tape
The Tape Can Be Read with the following Fortran Formatted read:

READ (5,1) (1IH(I), V(I), N(1), 1=1,6), ND
IH 18 the beginning hour plus 2 (e.g., if 1H=2, the

average is between 0000 and 0100 UT).

V is the plasma velocity. Where upper and lower limits of

velocity had to be computed, the upper limit was used in the average.

N is the number of points in the average.

ND is the day number, where Jan. 1, 1962 is day number 1.
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SOLAR PLASMA SPECTROMETER 27 Aug 1962

Page i of 3

COGNIZANT ORGANIZATION
Jet Propulsion Laboratory (JPL)/M. Neugebauer, Dr. C.W. Synder, anui H.R. Merts

PURPOSE
Measure the flux and energy spectrum of the positively charged . omponent
of streams of solar plasma which may be moving radially outward from

the sun.

INSTRUMENT CHARACTERISTICS AND CONFIGURATION
The instrument is a charged-particle spectrometer with a logarithmic
response covering the range of energies as shown in the table below.

The plasma analyzer consists of a pair of curved plates, electrically
charged with respect to each other, that selects the charged particles
of desired energy; a Faraday cup which collects the charge of the
particles traversing the electrostatic field between the plates; an
electrometer circuit for measuring the current due to this collected
charge; and a high-voltage generating system which applies vcitage in
sequence to the analyzer plates. The plates have an angular length of
120 degrees with radii of curvature of 3.97 and 4.50 inches.

The analyzer has, effectively, a 10-degree angular resolution and a

. 12 percent energy resolution. The high-voltage supply is progremmed to
apply 10 progressively greater deflecting voltages to the plates. The
electrometer cireuit, utilising logarithmic feedback, can measure
currents from 107%amp.

DETAILS OF MEASUREMENT
e of Particle or Field
Positive ions and solar protons

Energy Range
e | et | et
1 © 10 :
2 » ' 3%
3 " Y
P 196 )
s 0 1160
. - 1720
7 o2 2560
' o5 . 3008
) 2 S04
0 1100 0400
1” -2 Bleciromeler
eslibration
o (JPL SPS 37-15)
ELECTRO-OPFTICAL SYSTEMS, INGC. Pasadensa, California

18. --C-10C FOR OFFICIAL USE ONLY 1 Mey 1963




Instrument Specification Sheet
SOLAR PLASMA SPECTROMETER

DETAILS OF MEASUREMENT (continued)

Energy Resolytion
12%

snaulyg Rasolution

ALTITUDE OR TRAJECTORY FOR MEASUREMENT
Throughout trajectory until end of communications.

LIFETIME OF MEASUREMENT
~ 129 days

TIME CORRELATION WITH OTHER MEASUREMENTS
Solar activity; Inst. 3 and Inst. &

INSTRUMENT POWER CONSUMPTION
1 watt

WEIGHT
4.8 lbs

INSTRUMENT DATA FORMAT

L 2

Inst. 6
Mariner 2

1962 Alpha-Rho
27 Aug 1962

Page 2 of 3

— CATHODE
rgenn
(C=h e -—%“‘L‘M[m

‘f‘_'_'j"', _______ 1 - Lol 1, Iyw107®

< | = i —WA OFFSET
i vy —_— Fom A-l.ot-g.
1 .. cwv:
> ——-
—_- ~ -——
F A ' - ‘{9_ (‘: ) I 9 ELECTROMETER
-t =i ouTPUT

@—T—j . Iy * Ige "o/ Rpo OV/dls KT/aly = 1 /10,

SOLAR PLASMA ELECTROMETER

(JPL Diagram) (JPL Diagram)

ELECTROMETER BQUIVALENT CIRCUIT

ELECTRO-OPTICAL SYSTEMS, INOC. Pasadens, California

rTs' )-C-100

FOR OFFICIAL USE ONLY

1 May 1963




Instrument Specification
SOLAR PLASMA SPECTROMETER

COGNIZANT CALIBRATION ORGANIRATION
JPL
INSTRUMENT CALIBRATION PROCEDURE
Preflight
Laboratory proton accelerator
Inflight

Figure 1 is a typical calibration curve.
sponse over this dynamic range is excellent.

Sheet

Inst. 6
Mariner 2

1962 Alpha-Rho
27 Aug 1962

Page 3 of 3

The linearity of the re-
Provision is made for

a "zero current" measurement by holding both collecting plates at
zero voltage, as well as for a calibrating current of 107" amps fed
directly to the electrometer imput through a constant-current source.

DEPOSITORY FOR DATA
JPL

ELECTRO-OPFTICAL llN'l_!1llllI.llll’c Pasadena, Callfornia

1890-C-.00

FOR OFFICIAL USE ONLY

1 May 1963




JPL TECHNICAL REPORT NO. 3R-402

for unmanned lunar and planetary exploration of space.
Of particular interest in this area is the low-energy solar
corpuscular radiation sometimes called solar plasma or
the solar wind (Ref. 1, 2). The determination of the flux
of these particles as a function of (1) their energy and
direction of travel, (2) the magnctic field that ac-
companies them, and (8) time is an essential step in the
understanding of the physics of the solar corona, the
modulation of cosmic rays, the distortion of the ter-
restrial and lunar magnetic fields, and many solar-
terrestrial phenomena such as magnetic storms, auroras,
and time variation in the contents and extent of the Van
Allen belts. Various theories of the solar corona have pre-
dicted the direction of travel of the interplanetary plasma
to be isotropic (Ref. 3), radially away from the Sun (Ref.
4, 5), or perpendicular to the ecliptic along a field line
of a solar magnetic dipole (Ref. 6). The soler nlasma
was predicted to contain electrons, protons, and some
hcavier positive ions which have velocities near 300
km/sec. The energy of most of the electrons in
plasma streams would then be a few electron

with positive jon energies in the kilovolt range.

Measurement of this radiation by conventional
ods is made somewhat difficult by the fect that

b s

£

energies of these particles may be 50 low as to preclude
penetration of even the thinnest of the thin-walled count-
ers. For this rcason, the detector system about which the
instrumentation in this report Is designed was chosen
to provide an unobstructed collection path for those
charged particles of interest. This detector is the curved-
plate electrostatio analyser. The formulation of expert.
ments to be conducted with these plasma analyzers and
the design of the electrostatio deflection plates have been
the responsibilities of M. M. Neugebauer and C. W.
Snyder of the Jet Propulsion Laboratory (JPL).

The principal goals of these solar plasma experiments,
in summary, were to perform interplanetary measure-
ments to determine the extent of, and the variations in,
the solar corona. A correlated engineering requirement
was the development of an electronic system provid-
ing, within the minimal weight and power allocations
customary in these applications, stable and reliable per-
formance over periods of time required to traverse
planetary distances. An additional goal was to provide
instrumentation capable of being used in various low-
current applications.



JPL TECHNICAL REPORT NO. 35-492

il. FUNCTIONAL DESCRIPTION

" A. The Basic System

The basic electrostatic system s illustrated in Fig. 1.
Charged particles entering the instriimieht 818 Hefleeted
by an elcctric field approximately transverse to the par-
ticle velocity. Those particles with a particular charge
sign and within a ccrtain range of energy per unit
charge and a certain range of angle of incidence are de-
flected through the curved tunnel onto the charge
collector. Particles that enter the instrument with the
wrorg charge sign, energy per unit charge, or angle of
incidence strike the analyzer walis and are not col-
lected. The energy distributions of both positively and
negatively charged particles entering the device can be
determined by varying the sign and magnitude of the
deflection voltage. The charge collection rate is meas-
ured at each energy level by a wide-range electrometer.

DIGITAL
PROGRAMMER
o 3
ECTROSTATIC T “oenenaron
DEFLECT , O 3w
PLATES
SECONDARY-
ELECTRON
SUPPRESSOR [ ]
. ELECTROMETER
ouTPUT
CHARGE
COLLECTOR
LOGAMTHMIC
FEEOBACK
Fig. 1. Block diagram of basic solar plasme
instrumentation

B. Ranges 1, 2 Plasma instruments

The primary mission of the first two Ranger space-
craft was to test the performance of those functions and
parts of the spacecraft necessary for carrying out subse-
quent lunar and planctary missions using essentially the
same spacccraft design. The secondary mission was the
further determination of the nature of the particles and
fields in interplanetary space. The plasma instruments,
like most of the other Ranger 1, 3 instraments, were
directed toward the study of certain solar-terrestrial re-
.::):ships. such as the correlation between geomag-

storms and the solar wind.

One of the most important considerations in the Ranger-
type spacecraft (the Mariner configuration is similar),
In tint the vehicle is sttitudestabilized i aich & Kdnher
that the axis of symmetry (and thus the sensitive sur-
face of the solar panels) points toward the Sun, and the
plane that contains this axis and the high-g*in antenna
slso contains the Earth (Fig. 2).

Six plasma detectors, each with an acceptance angle of
approximately 15 deg, were situated on the spacecraft
s0 as to point in six orthogonal directions: toward and
away from the Sun, approximately forward and back-
ward in the ecliptic, and approximately north and south
of the ecliptic. The analyzers were asscmbled in pairs,
and as seen in Fig. 2, the pair of analyzers pointing
toward and away from the Sun was located on a boom
intended to place the analyzers beyond the plasma sheath
of the vehicle itself. The determination of the direction
of particle travel was expected to make it possible to .
choose among the principal theoretical models for the -
interplanetary plasma.

The bLasic Ranger assembly is outlined in the block
diagram of Fig. 3. The electrostatic drive for the de-
flection plates is supplied by s programmable high-volt-
age sweep amplifier. By having the ability to change the
polarity of the deflection plate voltages, this amplifier
enables the deflection system to focus either electrons or
positive ions onto the collector. The sweep program was
selected to provide discrimination at four electron energy
levels between and including 13.7 and 110 ev. Similarly,
eight positive-ion energy levels bcfwecn 13.7 and 5,490
ev were to be monitored.

1. Deflection Voltage System

The high-voltage amplifier is programmed by a 4 X 13
diode matrix which consecutively gates a reference volt-
age to one of the 12 input resistors of the amplifier. The

. matrix is driven by a four-stage binary counter which

accepts one pulse per 9 sec from the spacecraft Data
Automation System (DAS). A reset pulse from the DAS
every 120 sec recycles the counter for another measure-
ment sequence. The measurement cycle is shown in
Table 1.

The voltage drive for both pairs of deflection plates
consists of an operational amplifier having wide dy-
namic range, augmented by two subsidiary amplifiers
for generation of stable low-voltage steps. This system
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Fig. 3. Block diagram of the Renger solar plasma instrument

wven programmed voltages of +100 to -~1000 v d¢c  tion plates and the corresponding en=rgy levels are
—100 te +1,000 v dc to the inner and outer plates,  shown in Table 2.
respectively. The differential voltages across the deflec-

Table 2. Particle energyies corresponding to voltags
Table 1. Measurement cycle for Ranger solar @cross Ranger deflection plates

plasma instruments
Defloction plate vellage
Invervel Time, soe Opecation Step nomber {owter minvs luner), v Purtide energy, ov
1 ' TX) Defleciion voltages ore ret ot sep 1. ! ~&0 et
2 -20 Sa v
1 (KN X} Ovtpute of oll sin electrometers are .
simultonecusly converted te 0-bit dighel 3 -1 . 74
form and stered by the DAS. 4 -3 nr
5 L] "nr
2 Pwis Deflection voltages are set @t step 4, é " e
and data from Intervel | ore y 2 u»
commutated te the communicotiens o
system at @ stendard telemetry . s e
tronamission rete. d ] 121 aone
10 39 1.000°
] 10 consecwtive | Messurement procedures ere the seme " 0 2300
! ®t o the first interval. In eoch Intervel, ” 2,000 3,000
12 9000 Intorvele | dete of the previovs intervel ere .
SPositive lon.
’u 10600 190 | Deflection volages ovs oot of 1ha clog S Electrometer
1 lovel, byt the clectvarnetors oo not
sompied In this peried. The current-measuring part of the instrument consists
¢! a dual logarithmic current-to-voltage transducer and
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\\ i . ) \
a dynamic capacitor-modulated carrier-type dc ampli-
fier. The logarithmic device produces compression of
both clectron and positive-ion currents between 10-'*
and 10-* amp; for the deflection plate geometry being
. used, these currents correspond to particle fluxes ranging
between 8.6 X 10 and 8.8 X 10" ecm-* sec™! for cach en-

ergy interval, The compremed annlog output is converted
to 8-bit digital form for transmission accuracy.

The twin-analyzer assemblies were produced in two
forms. The two assemblies mounted on the superstruc-
ture above the main, hexagonally shaped body of the
spacecraft (Fig. 2) each contained deflection systems
whose apertures were 90 deg apart. The combined effect
of having these two similarly constructed units on
diagonal corners of the spacecraft was to produce four
unobstructed analyzing views orthogonal to the axis of
symmetry. The third assembly (illustrated in Fig. 4),
which was extended from the vehicle at the end of &
boom, contained apertures 180 deg apart for looking
toward and away from the Sun. A compartment con-
taining two electrometers, which is partially obscured in
Fig. 4, is shown in Fig. 5.

!
t
t
i
i
i

OEFLECTION PLAT™

-t o —— et

Fig. 4. 180-deg solar plasme analyzer vsed
on the Ronger

. Rangers 1 and 3 were (c be placed in “perking” or

satellite orbits by Atiss-Agens B launch vehicles. At the
end of the parking orbits, the spececraft were %0 be ao-

‘e —— b o -

Fig. 5. Dual electrometer compartment

celerated from orbitai velocity to nearly escape velocity
in a direction away from the Moon (Ref. 7). Ranger 1
was launched at 6:04 a.m. Eastern Daylight Time on
Augr-t 23, 1961. The velocity increment needed to accel-
erate the spacecraft into a highly eccentric orbit from
the parking phase did not occur, and as a result, Ranger 1
was placed in a low Earth orbit (Ref. 8). The solar
plasma experiment produced data of little scientific or
engineering value, owing to orientation problems and
ionospheric interactions.

€. Mariner 2 Plasma Instrument

During the time when Ranger 2 was being prepared
for launch at the Atlantic Missile Range (AMR), a new
passenger opportunity for a plasma instrument was pre-
sented. Work was proceeding at this time on the assembly
of an 1,100-Ib spacecraft called Mariner that was to be
launched toward Venus in the following year by the
Atlas-Centaur vehicle. However, after one of the two
years allotted between spacecraft inception and launch
had elapsed, it was established that Centaur would not
be available for the planetary launch opportunity. A
new Mariner spacecraft was being formulated, based
upon an abbreviated schedule and the lesser weight-
lifting capability of the Atlas-Agena. The new spacecraft
was patterned after the Ranger system in terms of com-
munication, guidance, control, and structure; however, the
weight allocations for the components on the new space-
craft werc more restrictive than those for the original
ll:‘ln': Scientifie hardware, for example, was limited
to
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Based upon allocations of 5 pounds and 1 watt, one Table 3. Selor plasma particle energies correspending
of the most important questions asked at this time was, te Mariner 2 defiaction plote voltages

"lHow comprchensive an experiment can be performed p—
with onc analyzer where six were required for the Progrommer | Veoge (nominel) asress v
Ronger 1 and 2 experiment?” Important observations Som bevet M"*‘".q pacidhes revshing S, 4+
made in March 1961 on Explorer X (Ref. 9, 10) sug- R © o " 200
gosted a radial flow of plasma from the Sun. With this * ” 360
valuable information, a single solar-oriented analyzer was o 0
proposed for Mariner. Subsequent approval required that 3
the instrument be delivered within three months. The ‘4 s it
accelerated delivery requirement was considered realistic s o 1160
primarily because the Mariner package was patterned . as 1,700
closely aiter the Ranger instrument. 7 0 2,520
3.000
The Mariner instrument did, however, provide a val- ' ::. .00
uable opportunity for improving and updating the ex- 4
isting design. The electrostatic deflection plates, for 10 2.0 e
instance, were extended from a 90-deg sector curve to a " -4 -—*
120-deg curve. The ground rails separating the high- ” -4 —
voltage plates were mechanically improved, and the :
collector-to-shield design was altered, thereby scducing émmﬁ )
collector-to-ground capacitance by 60%. The program-
ming scction of the instrument remained virtually un- i
altered, and deflection voltages were now supplied
xclusively by the main high-voltage Ranger sweep o
amplifier. The new instrument was limited to positive-ion C des
X measurements of such energy levels as to make it possible o
to discard both positive and negative subsidiary am- ’ /
« plifiers. lz A
0.8 v
The sweep program is shown in Tabie 3 and the / \X
\

theoretical energy resolution and directionality are shown

0.7
-4
A

1A

in Fig. 6, where the fraction of a beam of singly charged

e
z
[ 4
-
3
Bwn
B3
; <
particles with energy E, incident at various angles w< os
on an analyzer, that reaches the collector cup is plotted ES 1 \\
vs. E/E.. The energy E. is that required for a trajectory W ]\
with a constant radius of curvature for normally incident, &3
singly charged particles. The value of E, for the spacing w3 0e
and the 120-deg circular-sector geometry of the Mariner 58 '
plates is four times the deflection voltage (Ref. 11, 12). ;,‘fu" h
Cg 0.3
( The electrometer made compressed measurements of ; /
('only positive-ion current, thereby dispensing with a & o2 4
vacuum tube and its battery-operated filament-current /]
supply. Other modifications of the electrometer circuit o
were as follows: 4 ,’
1. Nonlirear secondary feedback was introduced, re- ol_
sulting in improved low-current transient response. 000 08 ‘”at:;:vt.:tn:”t/t,m e nee
‘ 2. A 10 amp in-flight calibration was added. Fig. 6. Celcuiated Meriner 2 solar plasmu experiment
: 3. A discriminator circuit was added to prevent ampli- responce as functions of perticle energy and
J fier saturation due to negative background current. incident angle
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4. An improved dynamic-capacitor modulator was The Mariner version of the plasma instrument is
used. shown in Fig. 7 on board the Mariner  spacecraft. It is
S. Modulator excitation was now supplied by a self-  shown once again i & somewhat less obscured view in
resonant electro-acoustical cecillator. Fig. 8
ROLL
AXIS
-l >

i g — - -

DEFLECYION PLATES FOR SOLAR
PLASMA INSTRUMENT
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Fig. 8. Meriner 2 selar plasme instrement ¥
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. THE ELECTROMETER SYSTEM

The basic form chosen for the electrometer system is
the conventional operational amplifier configuration. The

waal high-gain inverting amplifier is present but with
certain external differences. The feedback element, us

ually a single resistor, in this case contains a more
complex nonlinear circuit. The input resistor of the
opcrational amplifier and its associated voltage sour
are replaced, in this application, by a current source of
virtually infinite impedance. This amplifier configuration
is popular in electrometer measurements because the
small input (or summing-point) potential and small var-
iations thereof minimize effects of input leakage resist-
ance. Similarly, effects of input-to-ground capacitance
upon the speed of response are also minimized.

The carrier-amplifier approach was pursued because
input-modulating comparators of the dynamic capacitor
variety offered such attractive prospects as high resist-
ance, stability, and long life expectancy. Furthermore, if
the modulator parameters were properly chosen, the need
for a vacuum-tube input tc the carrier amplifier would
be eliminated. In addition, if the modulator frequency
were made sufficiently high, the electrometer speed of
response would not be severcly limited by amplifier band-
width, which would also be commensurately higher.

The choice of a nonilinear thermionic device for the
principal feedback element was influenced by such con-
siderations as dynamic range, simplicity, snd familiarity.
The dynamic current range requested by the experiment-
ers was 7 decades—between 10-** and 10-* amp. The dy-
namic voltage range of the amplifier was forecast to
be about 3 decades, limited at the high end by power
supply voltage and at the low end by amplifier stability
and ihc accuracy of analog-to-digital conversion. The
more complex, though nonetheless appealing, technique
of automatic switching of feedback resistors could not
be used in view of project exigencies.

The stability of the static characteristic of the
amplifier-compressor systein was then realized to be pri-
marily a function of the stability of the feedback tube.
Regardless of this masking effect, the development of
the capacitive modulator-stabilized amplifier was con-
sidered thoroughly worthwhile. The evailability of a
reliable modulator-amplifier combination would fulfill
that perennial requirement for a system capable of pro-

iding low-threshoid, fast, eccurate, and long-lived mes-
surements.

A. The Logarithmic Compressor

One of the simplest and most usable of nonlinear
vaouum:luha deviees in the logariithmio dinsde, This sees
tion of the Report describes two innovations to standard
applications of logarithmic diodes as follows:

1. Emission stabilization by use of s low-voltage
filament-current regulator.

2. Connection of two diodes and a battery, or its
eqiivalent, in such a manner a; to produce two
distinguishable logarithmic calibration segments,
i.e., one segment each for positive- and negative-
polarity currents.

1. Unipolar Circuit

One of the simplest and most usable of nonlinear
vacuum-tube devices is the logarithmic diode. If the
voltage V, on the diode shown in Fig. 9 were set at
zero by shorting the plate to the ground-referenced side
of the filamentary cathode, a current I, would flow.
This initial-velocity electron current decreases upon the
application of a negative plate voltage. For this reason
the second-quadrent portion of the characteristic shown
in Fig. 9 is sometimes called the retarding field region. A
number of subminiature electrometer tubes were inspect-
ed in this region, many of which displayed aimost flaw-
less exronential characteristics of the form I, = I, "™
belo (.. Many of the I,’s were in the range of 10~
to 10-* smp. The CK3836 subminiature pentode, a verit-
able work-horse of electrometer applications, was chosen,
and both screei: and control grids were tied to the plate

“
[ ]
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Ag. 9. Thermionls diode and sssecicted charattoristle
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12 me
DIODES ARE SILICON

Fig. 10. Filament current regulater

to produce a diode connection. Extensive tube evalua-
tions conducted under varying temperatures soon con-
firmed the desirability of having filament emission
controlled with a constant-current regulator. This circuit,
as shown in Fig. 10, affords low-voltage current regula-
tion usually not available with series voltage-dropping_
resistors. An important featurc of the regulator Is that
the emitter diode voltage of the germanium traunsistor
is small enough compured with the drop scross the
adjacent silicon diode to permit inclusion of an important
degeneration resistor in the transistor circuit. Probably
more important still is the temperature tracking of the
emitter diode and silicon diode voltages. The circuit has
a current regulation of approximately 2% over a =10 to
+75°C temperature range. Its regulation is such that
current variations are 8% of input voltage variations at
the nominal 4 v. Regulator performance is shown in
Table 4.

During preliminary tube evaluation it was observed
that drifts in plate voltage under conditions of constant
plate current, but varying filament current, were often
as much as three times smaller when measured with re-
spect to the negative side of the filament than when

measured with respect to the positive side. This effect, -

though not fully understood, is the principal reason for
referencing the nonstandard negative side of the filament.
Connecting the same vacuum tube in its triode configura-
tion makes it far less sensitive to cathode tempersture
changes (Ref. 13). The triode, howevers, is sensitive to
plete voltage variations. The sensitivity of plate current
to plate voltage variations for a CK5380 may be shown
to be approximately 0.1 decade/1% change f» V, when

Iy = lO"".up

Table 4. Perfermance of Hisment current regulater

by, me
Battery .
vehega, v N +25°C M -10°C M 475°C
40 fe.18 10.10 10.30
28 10w 10.03 10.90
Y 095 " 19.00
2.9 [ b, ] 2.0 2.0
20 .0 .0 048
and
Vom=52v.

Although the comparison is not exact, & similar tube,
the CK5888 connected a3 a diode, produces the following
filament-induced variation: 0.05 decade/1% change in
"'heﬂ

{ia = 10-*amp

and

" g l()mn.

The diode connection was selected because of its
2-terminal character and its consequent amenability to
being used in the feedback leg of a fast operational
amplifier. The filament current regulator, in addition,
reduced variations in the static characteristics of the
CK5886 tube to an acceptably low level.

2. Bipolar Circuit

If it is desirable to measure currents of both polarities
over similarly wide ranges, the notion of using two
logarithmic diodes in opposing directions becomes very
appealing. Consider what happens when two diodes are
connected back-to-back, f.e., plate 1 to filament 2; plate
2 to filament 1. To satisfy the loop voltage equation,
both plate voltages should be equal and of opposite po-
larity (V,, = =V, ). In the case of tubes having identical
characteristics, the plate voltages become zero. For closely
matched tubes, the circulating current will therefore be
close to I, a value large enough to mask the cffects of
smaller external input currents. When it becomes neces-
sary to reduce the circulating current, a biasing arrange-
ment such as that shown in Fig. 11 may be used. The
dc voltage V,; may then be made large enough to reduce
the circulating current {, %0 & value equal to or less than
the threshold input current. The resultant cheracteris-

8
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Fig. 11. Bipeler logorithm currentio-veltage
compresser

(e} ) (s)
(@) GROUND - REFERENCED OUTPUT
(b) FEEOBACK-REFERENCED OUTPUT
(¢) FEEOBACK-REFERENCED QUTPUT WITH OFFOLT

Fig. 12. Bipelar logarithmic characteristics

tic, as shown in Fig. 12a, would be produced with V, =
.75 where both tubes have representative semilog slopes

250 mv per curvent decade and I,’s of 10~ amp.

To adapt this circuit to the form used on the Renger,
the circuit of Fig. 11 was transposed so that the imput

node was connected to the summing point of the invert-
ing dc clectrometer amplifier, and the formerly grounded
connection was connected to the amplifier output. An
ideal amplifier having zero drift, infinitesimal erior po-
tential, and zero input leakage, among other qualities,
would force the input current through the feedback cir-
cuit and as & consequence produce an sutput characters
istic (Fig. 12b) that was a mirror image of the original
(Fig. 12a). To remain safely within the sampling range
of the analog-to-digital converter thut followed the am-
plifier, a small translational offset V, was inserted. The
electrometer system with the feedback arrangement as
used on the Ranger is shown in Fig. 13 and the cor-
responding translated curves are shown in Fig. 12¢c.

The filament supply was the most formidable problem
connected with the logarithmic electron-current measure-
ment. Although identical regulators were used, the trans-
former-rectifier supply used on the filament near the
amplifier output could not be used for the filament at
the input. For reasons of de and ac isolation, & con-
ventional insulated mercury-cell battery pack was used
for the input filament of each of the two adjacent elec-
trometers that appeared in each assembly. Each battery
pack, capable of delivering two separate 50-mw iocads
fue about 700 hr, weighed 8 Ib. The penalties paid for
the range and simplicity of this electron messurement
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were in the weight of the battery pack and in the
reduced prelaunch operational replacement flexibility.

* 3. Dynamic Equivalent Circuit

An important exercise for eircuit applications is the
exposition of an equivalent network representing an
accurate dynamic model of the logarithmic diode. This
network enters into calculations for electrometer
of response and into the formulation of feedback poly-
nomials used in the determination of closed-loop stability.

Agoodapprodmauontothedmnctuhﬂolund\ledby
thediodeusedhthelopﬂdmiemh(nd. 14)

(/R (VyeB4) (1)

I,=1e

where

1, = plate current

I = total emission current
V, = plate-to-filament voltage
E. = contact potential

q = electron charge

K = Boltzmann constant.

ME¢MImyhmMWMI.uh

plate current at zero plate voltage (since the relation does
hold for this tube):

I,=1 N 39)
or
KT |
V,= —q— In —'-:- (k)]

The resistance of the diode may be written

av, KT

f.--——--—.

da, ql, (4a)

msbpoddnmﬂqmucmbom

q In (1/1)
Mo —m -

\L

Is (I, /1,,)
v’l = v'o )

Most of the 5886 diodes opcrating at filament currents
of 10 ma displayed characteristics having about 230 mv
per current decade. Applying this information,

ingly, to the last equation,

u-},—'fé-w.

Using this approximation, the resistance may be written

-l
® 101,

(4b)
This expression is -valid so long as the input current is
static or varies slowly. If input current fluctuates rapidly,
the equivalent instantaneous plate current will be dif-
ferent owing to interelectrode capacitance effects as sug-
gested in Fig. 14. Lower-case terms are used here to
denote transient or dynamic values of current, in which

case {, and §,, are not y equz] on an instantane-
uhﬁnﬂmymmyboofoppamm.

— v, -.1
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Rx LEAKAGE RESISTANCE
7p DYNAMIC DIODE RESISTANCE
Co INTERELECTRODE CAPACITANCE

Fig. 14. Dynamic equivalent cirevit of @ logarithmie
diede

Effects of expected extremes in ambient or mounting
temperature (278 to 343°K) are attenuated to a good
degnebyampﬂnﬂvelymbkmdhldlﬂhm
temperature (1260°K as calculated from the expression
T = q/KM).

B. The Electrometer Amplifier

smeulnmnummnwnmuma
m.mﬁmdmwmm
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- w
‘ discussion in this Scction will bear mainly on the elec-
trometer amplifier used in the Mariner $ solar plasma
instrument (scc Fig. 15).

1. Detailed Description

If the main feedback loop is inspected in a counter-
clockwise dircction starting at the input, the first element
of interest is the dynamic capacitor assembly. This modu-
lator was developed for JPL through a series of con-
tracts with the Applicd Physics Corporation of Monrovia,
California. The device is mechanically resonant near
2.400 cps (Q. =< 200) and is driven at this resonance by a
tuned Class C amplificr (Ref. 15). The capacitor-drive
oscillator loop is complcted with a lead titanate vibration
transducer, which is affixed to the vibrating reed element.
Followir.g the modulator are a one-stage low-noise ac
preamplifier and a 3-stage ac postamplifier. The carrier
signal is then half-wave demodulated with a transistor
switch. Direct-coupled amplification and filtering are
performed by a 4-stage Miller-type filter amplifier. The

P TTm—

4

loop is then closed with & single logarithmic diode and
its associated 10-ma current regulator. An offset voltage
used in the flight instrument is not shown in the block
diagram of Fig. 15.

Since the dynamic resistance of the feedback element
may vary as many orders of magnitude as may the mea-
surable input current, it was decided to augment the main
loop with a secondary loop for purposes of nonlinear
damping. The notion of an efficient single linear net-
work correction for fast, stable operation in this system
over a T-decade current range still remains a pleasant
fantasy.

/ A comparator that is referenced at a pre-saturation
voltage has been provided to preclude saturation of the
amplifier, an event that could occur in the presence of
small negative background currents. When this refer-
ence level has been exceeded, an input current source,
which doubles as a calibration current, is activated,
thereby bringing the electrometer to a midrange voltage.

(
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Fig. 15. Mariner 2 electrometer block diagram
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2. Design Choices

A figure of 1,000 was selected as the requirement for
dc gain between the input and the output. If one neglects
the cifects of lcakage current and resistance, the figure
of 1,000 becomes the dc feedback factor. This standard
of amplificr tight..ess limits dynamic deviations to 0.1%
of the output as obtained with infinite gain.

The portion of this over-all gain incorporated into the
carrier section was determined principally by considera-
tions of noise and dc stability. The gain had to be made
large enough to adequately minimize the effects of drifts
in the demodulator baseline and the dc amplifier as seen
at the electrometer input, but not so large as to permit
input noise to drive the output stage of the ac amplifier
into nonlinear operation. A representative gain of 35
for G, (see Fig. 15) reduced drifts from the dc section
to the order of ! mv as observed at the electrometer
input. Noise at the output of the ac amplifier was about
100 mv rms within a linear dynamic capability of +2.5

and =6 v. >

Since the transformer-rectifier power supply for the
jnstrument was driven by a 50-v, 2,400-cps, square-wave
rce, it was certain that at least small amounts of
400-cps energy would be present in the carrier ampli-
fier. The Ranger modulator was driven at the spacecraft
power frequency, also 2,400 cps, and the ac amplifier,
which was designed accordingly, was retained for the
Mariner electrometer. The self-resonant dynamic capaci-
tors used for Mariner were, therefore, ordered with
mechanical resonances sufficiently displaced from 2,400
cps as to minimize internal beat-frequency signals.

The ac preamplifier presented one of the most likely
‘arcas for innovation. The question was whether the
parameters of the customary vacuum-tube preamplifier
could be replaced by those of a transistor. The number
of stages nceded for the carrier section tumed out to
be about the same both for a high-input impedance boot-
strapped amplifier and for conventional low-input imped.-
ance common-cmitter amplifiers. The low-impedance
connection, as embodied in the circuit of Q1 in Fig. 16,
was finally used. This circuit, as one might suspect,
predated the commercial availability of field-effect tran-
sistors. The current gain of the carricr amplifier was
significantly increased by a current step-up transformer
(n = 14:1) interposed between the preamplifier and the

mic capacitor. The primary impedance, which was
mes the amplifier input impedance, was still relatively
small compared with the capacitive source resctance of

the dynamic capacior. A phese-stable current gale of

14 could, therefore, be expected without increasing the
noise component at the output of the carrier amplifier.
Several germanium and silicon transistors were inspected
in unloaded models of the preamplifier. The 2,400-cps
gains of this highly degenerative circuit were experi-
mentally confirmed to be equal, and then the output
noise content was inspected. The germanium 2N417 was
selected for the application because of its superior noise
performance as observed through this empirical proce-
dure. The chief safeguard against high-temperature sat-
uration of the transistor caused by collector leakage is
the diode CR2, whose I., characteristic is matched to
that of the transistor to at least 70°C. The preamplifier
bias configuration presented an optimum thermal sta-
bility (S;, = 1) along with reduced gain to 1/f noise.

< All amplifier elements within the main loop contained
some local feedback. The oscillator that drove the dy-
namic capacitor, in fact, had a temperature-sensitive
amplitude variation designed to maintain a more con-
stant modulation cc../ersion efficiency than would ordi-
narily be obtained with a constant drive voltage.

3. Gain

a. Carrier Amplifier. The first element entering into
the gain equation for the carrier section is the dynamic
capacitance (C, in Fig. 17). Briefly reviewing the theory
of operation of this modulator (Ref. 16), consider the
elements V,,, R3, and the dynamic capacitor as shown in
Fig. 18a, with the output of C, open-circuited in this
example. Treating the capacitor as a perallel-plate device,
its value may be written

A

C.--d— (’)
where

A = grea
d = separation between plates
o = dielectric constant of free space.

'If one of the plates s sinusoidally driven at  frequency
f such that its separation from the other plate is

d = d, [1 + (ad/d,) sin ot] , ()
the varying capacitance may then be expressed
Cm A - Ce
G+ (ad/d)smet) T+ (ad/ds)sinet)
™
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where C, is the rest capacitance. In the general case
where

R|CO >> l,.

a constant charge

Q= V,,C, )
is built up across the capacitor, C,. The combined aver-
age, plus modulation voltage produced, is given by

Ve g._ Via Co [1 + (ad/d,) sin «t)

C' c.
= Via (1 + (ad/d,) sin ot] . (9)

The conversion efficiency . is the figure of merit de-
scribing the efficiency of dc-to-ac conversion and is de-
fined as follows:

i e
.Rmenhﬂve parameters and component values for the
3-type modulators are as follows:

Co = 50 pf

C.=70pf

¥ = 10%

and
fo = 2,350 cps

where C, is a high-quality vacuum dielectric capacitor
built into the modulator assembly, and f, is the mechani-
cal resonant frequency at which the reed is driven.

An ac approximation to the dynamic capacitor circuit,
shown in Fig. 18b, replaces the dc source V,, with the ac
generator y. V., and replaces the nonlinear C, with a
source capacitance C,. The feedback resistor R12 pro-
vides degeneration in the preamplifier and at the same
time presents a suitably small termination to the trans-
former secondary. The nominal impedances of the trans-
former are 200 K and 1 K for the primary and secondary,

“pecuvely The secondary impedance as shown by the

ller equivalent in Fig. 18b and c is indeed about 1 K.

Under actual conditions when the preamplifier & loaded

by the “Triplet” ac amplifier, the impedance may rise
from 1 K to about 25 K with a small amount of reactive
detuning present. Neglecting the effect of R,, the open-
circuit preamplifier output voltage E,.,, may now be
calculated from the circuit of Fig. 18c. In this circuft,
the source impedance in chis is given by

Xow Xo+ Xo+ X, =284 X 100

where
X, = 1.36 X 10°
X, =097 X 10°
X, =031 X10° (C, = 220 pf)
and the primary input impedance is given by
R, 03 X 10°.

The primary current, i,, is given approximately by

I = 'Ovl'
! - X, '
‘Therefore
o tnR, - Vi '_‘Ru
. (l - A|) -IX, 1 ] Al
and
woVien Ry A,
Eienr =X, irA" (11)
According to the equation
l Eiten ' nR,
Qt‘vll xn

the gain at 2,350 cps is calculated to be 0.25. In a test
performed on the circuit of Fig. 18, the dynamic capaci-
tor assembly was replaced by a 27-pf series capacitor, and
a generator simulating the signal e V.. was connected
to the input. The gain of this circuit vs. the frequency is
shown in Fig. 19. The output impedance of the pream-
plifier was measured to be § K at 2,350 cps.

The triplet amplifier is a 3-stage, direct-coupled,
feedback-bissed cascade. At the carrier frequency, a
substantial portion of the feedback used to bias the
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Fig. 17. Simplified diagram of carrier section
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Fig. 18. Reduction of medulater—preamplifier cascade
te Thevenin equivalent cirewit

amplifier at dc is disconnected by the shunt capecitor
. The resultant circuit is shown in Fir. 20, together
with its equivalent driving source.

S
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Fig. 19. Plet of preamplifier gain vs. frequency

The gain of an operational amplifier may be expressed
in the following general form:

k=K (=% M) (12)
where
B = portion of output returned to summing point

Ap = fesdbeck factor
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—K, = closed-loop gai:: with infinite fecdback factor. If A,f, contained no phase shift, the triplet gain, as de-

termined from Eq. (12), would be 6.14 X 10°. Compari-

In the circuit of Fig. 20a sons of measured and calculated values for carrier gains
at 2,350 cps are shown in the following table.

x‘-n.lan+a.‘:”+&a~‘ (‘.) Slomont "l".” Moe .“
z’l " Preompifier 028 0.20
Triplet omphifier 614 X 0 32 x 0
Using ctreuit values of Cosnde oo e
Ry =Ry =10'0 Response of the entire cascade with respect to fre-
: quency is shown in Fig. 21. The low-frequency slope of
R,, = 2200 12 di./octave is composed of two equal contributions:
one 6-db/octave rate from the capacitive source reac-
Z, = 5 X 10° at 2,350 cps tance to the transformer and another similar effect from
A = -25 X 10°
ond 7000
4000 GAIN OF ENTIRE CARRIER CASCADE
Z =15x10°0 @ MARINER 2 VALUES
@ ALTERED VALUES AS FOLLOWS
(both Z,, and Z,. are considered resistive), one obtahus 2000 ?7 233 pr—e :;;":,
K, = 9.1 X 10° Cy 100p! ——= REMOVED
1 po0
z
B = 825 X 10 . - o
s : adl
2 400
A= -2.08. g /
200
Z, £ / 4
Ao —{A. —>—qo
me e |- -
Eyon) - - 70|
I F l’n
¥ 0L _1 st
400 14000 10000
(@)MTDPAND EQUIVALENT CIRCWIT . ERERUEREY, S
n2s nze M ° Fig. 21. Carrier amplifier performance curves
£ e foy }’- the network coupling the preamplifier and the tripiet. If
} the preamplifier output impedance Z, were constant,
s one might expect a characteristic thst would still be
rising 6 db/octave at the carrier frequency. This imped-
. ance, becsuse it is affected by the preamplifier source
(B)A WETWORK FOR LOOP TRANSMISIION EOUATION Whmmﬁmm.'m¢
Mg. 20. Tripiet amplifier Mbhpﬁdplm.dlh"aﬂngumlnmn.

20
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b. Demodulator. The ac signal from the carrier ampli-
ficr is reconverted to dc by means of synchronous detec-
tion. The signal E,, in the equivalent circuit of Fig. 22
represents the open-circuit output voltage of the triplet
amplificr. The series element R, is a composite of R27

(sce Fig. 16) and the output resistance of the triplet am-
plifier. The synchrenous switching in this example W
performed by the transistor Q5 while R67, the input re-
sistor to the dc filter amplificr, is closely approximated in
the equivalent cirruit by the ground-connected R2. The
physical series resistor that is part of R, must be made
large enough to limit the maximum chopped currents in
the shunt switch (i, in Fig. 22c) and prevent the triplet
amplifier from cutting off on its positive swing. On the
other hand, this resistor must not be made so large as to
seriously attenuate the signal to the dc amplifier. Inter-
position of a voltage step-up transformer between the
triplet and the demodulator would have the effect of
multiplying the component of R, due to triplet output
resistance by the square of the turms ratio. To preserve
high detection efficiencies it then becomes necessary to

. ﬁtg- L) } ’
l 1

(@) EQUIVALENT CIRCUIT

Cwnrlytn of

a\E/a\

elevate the impedance levels in the amplifier following

the demodulator.

Maximum detection efficiency is produced at drive-to-
signal phasings of 0 and 180 deg. At intermediate phas-
ings, efficiencies are desctibed by the cosine of the
drive-signal phase angle. Twe important aspects of de-
modulator performance that will be discussed here are
the efficiency and the low-pass frequency response of
the idealized capacitor-coupled demodulator as charac-
terized by the circuit of Fig. 22a. In both cases a 180-deg
chopping duration, phased for maximum efficiency, will
be assumed.

The output developed across the synchronous switch
1s made up of two components, signal and pedestal, both
of which are attenuated by the factor R,/(R, + R,). The
pedestal is attributable to a dc voltage retained by the
coupling capacitor as though it were the output filter of
a rectifier system.

To determine the value of the output pedestal and
finally of the aggregate output, it is first necessasy to
determine the steady-state voltage developed across the
capacitor. The voltage across the capacitor, o, at the end
of one cycle of signal demodulation may be written

L] [ 14
1 [~ 1 [+
u.-ﬂ.."‘a‘[ W"‘Eﬁ u (l‘)

where .
©,, = capacitor voltage at start of cycle
i ™= capacitor current during switch closure
E,sinut - O,
. R,
& = capacitor current during switch opening
E,sinet ~ o,
R, +R,

‘The assumption made in writing the current equations
is that o, does not significantly change its valve during
the cycle. If the system has reached equilibrium, o, must
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equal o, at the end of the cycle, and Eq. (14) may be

rewritten
M..f’a.dnf.'m-o. (15)

Substituting & and 4 in Eq. (15) and integrating, the
steady-state capacitor voltage o, may be written

e, = [ e m].

The average full-cycle cutput voltage may then be deter-
mined by adding the average half-cycle pedestal aid
signal voltages, dividing by 2, and multiplying by the
resistive attenuation as follows:

wemi (i) 22 (liw) + 2]

l' = w 2n|+R..

Since input modulation efficiency was described as the
ratio of rms voltage to dc input voltage (Eq. 10), it be-
! comes convenient in conipleting the gatn calculation for
| the carrier section to define the demodulation efficlency
w» in inverse terms, i.e.,

(16)

(17)

D..uvn

e
'. El. {rme)

2 R,
- Vr(zn. + Ry

09 R,
Ml s eme—— @
2R, + R,

(18)

In the circuit of Fig. 16
Ry, = R,, = 47K

Ry
1=Aps
86K

-“‘+—3F-“‘

R]ﬁﬂn"‘

"= NB4%.

The dc voltage gain of the entire carrier section may
then be written

Ci = 9o Cuc n0. (19)

The laboratory model on which many of these tests were
run, like the flight electrometers, had its carrier gain
adjusted with R,, to a nominal value of 33. Using the
measured value of G, (910) and the calculated value of
no for the sake of iilustration, the dynamic capacitor
conversion efficiency producing the requisite gain of 35
is calculated to be 12%.

It is interesting to note that when a signal suddenly
appears at the output of the triplet amplifier, only the
signal component is transmitted at first. The pedestal
companent, however, builds up in accordance with the
charging of the capacitor. The effect on the carrier en-
velope or on the average demodulated signal, liv & low-
pass sence, is that of a network producing a phase-lag
doublet. This variation of 5, vs. frequency and the
attendant low-pass phase shifts are discussed in the fol-
lowing paragraphs.

The general expression for incremental capacitor volt-
age in a system that has not reached equilibrium is given
in Eq. (15), except that Ao, is not zero. Substituting &
and & in Eq. (15), the incremental buildup across the
capecitor during one cycle may be written

“F[I 1 ]
doo e —=~ R *R+nr,

2E, | 1 |
*T[i'.”“'_n.+n.]wm @)

4o, =%, f 2R, + R,

at " 3C \R, (R, +R,)
i[..__"-__] second.
+% lRmam] ™™ &>
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1f the time required for the capacitor voltage to build up
is long compared with & carrier signal period, Eq. (81)
may be written in the following differential form

E,

d”g had M
—
'CR.

di SCR, 8

(a2)

where

©, = capacitor voltage at ¢ sec after introduction of
a sine wave signal having 2 peak voltage E,

H. (R' + ﬂ.!

R
*“ 73R, + R,

R, (R, + Ry)
Y
Rewriting Eq. (22) in operational form,

1 E,
rodp) + IR.C o(p) iy

and
®

where p = Laplace operator.

E, 1 1
o) =R, » . 1
2R, C

%)

The average demodulated voltage may be similarly writ-
ten in operational form (see Eq. 17) as follows:

1 R.
i) =3 Foam (0 o) -

Combining Eq. (23) and (24), the demodulated output

is reduced to the following form:
E,X
- 25
0s,(p) v »(p) (25)
or

Ou,(p) = -i';,-'f-'-'-[ ™, (—:—:—L’-)] (39)
where
'n. = dc or steady-state demodulation efficiency

"= R. C . o

!Cﬂ.(ﬂ. +R.)
w=iR,C -W .

In the domodulation circult of Fig. 16,
" =48 X 100 X 10-°

= 42 X 10~ gec

42(8.9) X 10°

X1 o

=57 X 10-* sec.

1
,n-""—'“q”

LA

and

1
fi = P = 3.8 cps.

4]

The maximum phase shift, as calculated at /4, f, = 3.24
cps, is 9 deg lagging. Maximum-efficiency detectors of
this design (90%) will produce 1-octave pole-zero dou-
blets with maximum associated phase lags of about 20
deg. As in other phase contributions, the modest amount
presented by this demodulator need not present a prob-
lem unless, of course, it occurs unexpectedly at gain
crossover, using up most of the margin.

¢. DC Amplifier. The dc amplifier, which is the Ffinal
element in the electrometer and comprises transistors
Q7, Q8, Q9, and QI10, provides the following functions:

- L. Supplementary gain for required loop tightness,
2. Suitably wide output dynamic range,
3. Demodulation ripple filte:ing, and
4. Low output impedance. .
Consider the gain requirement. The dc gain between
mndulator and demodulator was designated to be 35.

The section the demodulator must also pro-
vide a dc gain of 35 f the arbitrary standard of tightness,
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. the zcro-frequency feedback factor, is to be about
1.000. The filter capacitor, located across the amplifier
in this design, must be chosen so as to satisfy a variety
of conditions. It must reduce the ripple component at
the output of the electrometer to within tolerable limits
for external measuring equipment. This is most often &
level low enough to preclude problems due to ripple
feedback to the modulator. This capacitor should not,
however, be made so large as to produce a serious voltage
rate-limiting problem. Such a problem is often caused
by a combination of (1) limited dynamic range in the
carrier amplifier and (2) too large a filter capacitor.
Since this capacitance is an important term in one of the
comer frequencies for the low-pass loop transmission
characteristic, it must also be scrutinized from the view-

point of loop stability.

The filter-amplifier is depicted in a somewhat simpli- ,

fied form in Fig. 23a. The input E, is the average de-
modulated signal developed across the shunt switch (Q5)
when the switch is loaded by Ry. The resistive T feed-
back network performs, as its principal function, the
zero-signal level adjustment of the output, which must

-
Agr
L]
o 45 { NEGATIVE)
Pse .
»
= 1
(o) SIMPLIMED CIRCUTT
- - a & ) ‘.
—— 1=
l.-£ p.,i "0, I R e el L
—
O-A’ na‘ .
N

(5) EQUIVALENT CCINT

’o§ i'“—%"L a""v

Cy Hiy)

(€) MEOUCED EOUALENT au-'(l ‘l'n.—:a.—"')

Fig. 23. DC filter amplifier

v

be above zero to sccommodate the log diode charscter-
istic. Two successive approximations to the circuit shown
in Fig. 23s ara shown in Fig. 23b and 23c. The nominal
voltage gain of the filker-amplifier as calculated from
the diagram ia Fig. 23c may bo written

K= (S7a)

l+".

Res (&'—tﬁ'—) + R,
Ry

Gry = degain = Fer

. -[n,,(“_“ni“l".) + n..] Cu. ()

Characteristic feedback factors of 30 for this amplifier
make the equivalent circuit and the resulting gain cal-
culation accurate to within about 3%. Using values from
Fig. 16,

G, =315

and
L £ - 0.435 sec.

The rate limit of the electrometer is the slope of the
integrated output of the filter amplifier produced by
the maximum signal available from the carrier ampli-
fier. Maximum values for positive and negative demodu-
lated voltages will be somewhat different because of
asymmetrical current-handling capabilities in the output
stage of the tripiet amplifier on negative and positive
swings. In the actual transfer characteristic as shown in
Fig. 24, the maximum average positive demodulator volt-
age of 1.2 v establishes an amplifier charging rate limit of

dE, Ep
-—-—d‘ R.C. = - 100 v/sec.

This permits the amplifier to negotiate a negative S-v
step in 50 msec if no other factors are involved.

In most & tions, where the output of a sensitive
device such as this electrometer must be protected against
electrostatic coupling of external power and signal tran-
sients, it is imperative to fumish the amplifier with a
suitably low outpet impedance. Overall electrometer
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Fig. 24 Static transfer characteristic of carrier section

feedback does not necessarily ensure wide-band protec-
tion, because at Jow input-current levels the dynamic
feedback resistance is high, and unity-gain crossover for
the loop feedback factor occurs at low frequencies. The
result is a total absence of impedance degeneration above
a few cycles per second. For this reason, local feedback
in the filter-amplifier is required to provide low-output
impedance independent of the over-all loop. The emitter-
follower, Q10, for instance, may have an output imped-
ance of 300 ohms, further degenersted by the local
feedback to about 10 ohms. The dc impedance of 10
ohms is further reduced at frequencies where C,, pro-
duces increased local feedback. The static output im-
pedance, as previously suggested, is also enhanced by the
dc feedback factor of the entire loop, which reduces the
filter-amplifier impedance by 1,000 to a small fraction
of an ohm.

4. Offset Stability
There are three main contributions to drift at the
.Iecuminp\n.'l'benm

L Variation in dynamic capacitor contact potential,

. Variation in balance of the de amplifier comparator,
and

3. Variation of the demodulator offset.

Contact potential drift in the modulator appears di-
rectly at the electrometer input. Changes in modulator
reference potentials are similarly reflected directly at the
input. As s precaution against inverse-polarity leakage
currents, the modulator is referenced so that a nominal
negative potential appears st the summing point. Leakage
produced by input resistance will thercfore cause a small
error current, of the same polarity as positive-ion input
current, to flow in the feedback element.

The comparator siage of the dc filter-amplifier is a
relatively coarse device. The drift in the differential
stage composed of Q7 and Q8 is characteristically about
=50 mv between —20 and +70°C, yielding an average
temperature coefficient of —0.8 mv/°C. If the gain of
the carrier section between the modulator and demodu-
lator were assumed constant at ° ~ver this temperature
range, the drift at the sus.. _ _ -2t attributable to
the dc amplifier instability would be 1.4 mv.

The demodulator transistor (QS) is likewise coarse in
performance. A 2N320A PNP alloy transistor is used in
the normal configuration for its superior current gain,
thereby forsaking the stability of the inverted connec-
tion. In an application such as this, one may consider the
zero-signal closed-switch offset potential as the prin-
cipal source of instability. This offset is expressed as
follows (Ref. 17):

o.--x—r-]n-l- o (28)
q9 o

where
a; = inverse emitter-to-collector current gain

ve = collector-to-emitter voltage with zero collector
current.

It is estimated that drifts in o, attributable to tempera-
ture and alpha changes will not exceed 10 mv. The full-
cycle average drift, 5 mv, would correspondingly produce
8 0.14-mv shift at the electrometer input. The combined
demodulator-de amplifier drift reflected to the elec
trometer input would therefore be small compared with
the modulator contact poteatial drifts, which fall in the
8- to 10-mv range.
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.C. Feedback Stablility

This scction will first describe theoretical considers-
tions in the analysis of the clectrometer as a feedback
amplificr. The cquations for loop transmission (feed-
back factor) will be presented under conditions of zero

and fierd secondary damping feedback: A table of domi.
nant time constants versus input current will illustrate

the consequences of using a nonlinear or non-discrete
primary feedback element. Both theoretical and measured
curves of loop transmission are presented, after which
closed-loop frequency and transient responses are shown.

1. Open-Loop Frequency Response
The electrometer transfer characteristic may be written

E,m=l.2Z (T:AJA_’) {39)

where

A = forward dc amplifier gain
B = portion of output returned to summing point
Z, = fredback impedance.

.ae ampnfier, as is implied in Eq. (29), is dependent
upon the feedback factor A8 for such important char-

@
N 9 2, o
“To Ta
(8 EQUIVALENT CCUAT WITHOUT SECONOARY FEEDBACK
¢
— M 9 £0e i
G Co G 11 - 4851

’

(s) CONVALENT CIRCUIT WITH SECONDAARY FEEDPACK

Fig. 25. Equivelent circvits for determining loep
trensmirsien

a. Theoretical Considerations. At low currents where
secondary feedback is effectively disconnected, the loop
transmission as determined from the circuit of Fig. 85 is

given by

A(l“"l’ﬂ) m

F- p'(n, R|CoC. + t,C.R.) + p(ll, (C.+ C. "'C’] +C.ll.) + l

acteristics as static accuracy, speed of response, and loop
stability. Trying to satisfy conditions for loop stability
presents an unusual problem, in that R,, one of the

principal parameters in the calculation of A8 (see Fig.

25a ), varies in excess of 7 decades.

Since the feedback resistance varies as an inverse func-
tion of the feedback current, the secondary feedback, or
damping, must also be nonlinear. No single condition of
feedback will satisfy requirements for both loop stability
and speed of response at all currents within the mea-
surable range of the instrument. A nonlinear attenuator
composed of R7, R8, R11, and zener diode CR1 provides
a two-point compensation characterized by zero damping
at low currents, fixed damping at high currents, and a
transition corresponding 0 about one curreant decade.
The use of C, in the dual role of damping element and

-frequency coupling capacitor was suggested by
lier commercial application (Ref. 18).

where
" = R, Cy
Cs=C, + (C.C,)/(C. + Cy)
C, = collector-to-shield capacitance.
The amplifier gain may be described principally by the

filter-amplifier and demodulator time constants in such
a manner that

Al +pvn)

AFpniQ+pm @

Awm

As = de gain



JPL TECHNICAL REPORT NO. 32-402

= demodulator pole time constant (see Eq. 6)
7o = dewadulator zero tima comtant (sea Foq, 20)
v, = filter-amplifier time constant (see Eq, $7b),

The polynomial in the denominator of Eq. (30), when
written in the form

op*+ bp +ec
can be approximately factored into

Gror) (o)

4ac
.-b’— <<l

Over the range of input currents where secondary feed-
back is disconnected, this condition is satisfied in the

following form:

. R, { Cs(C, + C))

R, L [(Cs + C, + C)) + C, (R,/R))]?

The loop transmission F may therefore be written in the
following factored form:

[A(1+py,) (1+p14)]
(Q+pr)(1+pr)(l+pr)(l+pr)

}<<l.

(3)

n=rn=CH
'.-R’(c.+C.+c')+C.nl
and

. R,C,(C, + C))
" (CatC.+C) +Cs(R/R) "

As feedback current is raised to the order of 10-'
amp, upward migration of the corner frequency de-
termined by v, produces sufficient phase shift at gain

ver to result in oscillatory behavior. The addition

rondary feedback at lower current before this condi-
tion is reached produces & new set of domisant time
constants. ‘

Consider the effect of the limited amplifier bandwidth
on the gain-sensitive capacitance in Fig. 25c. If the ampli-
fier response is approximated exclusively by filter cutof!
90 that

A,
A~l+p7.
the loop transmission is then given by

p- A.(l"'"q) — ‘&)
(1+prn)(l +pr)(l +pr)

The expressions for + and +/ are identical with the r,
and v, terms of Eq. (32) except that C, is replaced by the
gain-sensitive capacitance

A By )

Co+ (-
e+ Caf1l i+prn

R,
Ps R.+R.,

and

Rc nu
R.+ R,

If C, is assumed to be infinite and if the pole in the 8,
network (produced by the lag network comprising R,
C..C..andC.)knegleded(r-amsec).ﬂnloopm
mission (Eq. 33) may then be reduced to _

A(l+pr)
T+pp+pr)(T+pry

R>>

34

where

()

+HFm) ()]
nern=ApCi(R+R)

+(A, +R)(C.+C))
+R(C,+C)

= ApCi(R, +R) (%9)

'"--
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and

R:R
v = s J

‘ R.+n'

The dominant pole in Eq. (34) is produced by v, The
principal effect of the amplifier ime constant, r,, is to
add directly to — A, 8, C4 (R, + R)). Corner frequen-
cies produced by . and r, occur sufficiently beyond gain
crossover as to produce gain margins no less than 15 db
over the range of currents for which this secondary feed-

bi.or ¢« effective.

37)

(C. + C)).

A coiseiuence of using ac coupling in the secondary
feedback that was overlooked in the initial design is the
peak that occurs in the loop transmission. While there ,
was no harmful effect in this case, it is evident that this
coupling time constant can provide large lagging phase
shifts as illustrated in some of the gain and phase
curves. Consider the effect of the ac counling in the
secondary loop as embodied in the dominant time con-
stant of Eq. (34). The loop transmission may theu be
written

A (38)

Fax
l1+ps,

= AR Cu (R 4 ) T

"+p'.l’.

1+pr

Ty = C.R..

Substituting for ¢/ in Eq. (38)

As(l +pr)

- . 30
8 I+pnntn)+pnn (%)

nebcatiohdﬂwpluqu.(Q)hdnpphm
.ufollmn:

,.,p.-(—"':—:’-[nx (1- z;t—'?;,.— '"]. (40)

For the condition where

doyn
"l + h)'

which s applicable in this case, Eq. (40) mey be
rewritten

>>1,

'('o + n) 1

Srn / ('c 'o)"' ) (‘l)

P Pr

The frequency at which F (Eq. 39) peaks is now deter-
mined by the imaginary compment of Eq. (4]}, ie.,
1

For bias currents of 10-'* and 10-* amp where r, = 2 sec,
the peaking frequencies are calculated to be 0.015 and

0.037 cps, respectively.

frx =

Table 5 presents a listing of all dominant time con-
stants and their variation with bias current. The asymp-
totic loop responses resulting from the tabulated corner
frequencies for the cases of secondary feedback out and
in are shown in Fig. 26 and 27, respectively.

b. Experimental Results. To correlate actual perfor-
mance with predicted behavior and to verify adequacy
of phase margins, a set of tests was performed on s
laboratory electrometer using the experimental arrange-
ment of Fig. 28. The signal generator was placed in the
feedback loop so that the feedback would still stabilize
the dc operating point and that output levels would be
determined by the equivalent series generator voltage,

le.,

evlly)

V,-E,—FE,.

The open-loop amplitude and phase responses were ob-
tained by taking oscilloscope pictures of the waveforms
on both sides of the floating signal generator, which also
supplied scope trigger pulses. The dc bias current in the
tube was determined by resistors connected between a
I-v battery and the electrometer input. This resulted in ¢
10% reduction in A, and in & small modification to the
responses of F vi. the frequency that would have besa
obtained with perfect current sources. A 50-pf capscitor
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Table 3. Nominal time constanis and corner frequencies
(a) Secondary feedbuck evt
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" 1 l 03 150 1 l l 0.32 0.0V J
11 2 1 30 15 0.032 0.001
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POLF- *CRO PATTERN FOR VARYING CURRENTS POLE-ZERO PATTERN FOR VARYING CURRENTS
LR AALLLS T v vvvrrnm v T ryrom T o - FNCY v LR AR 2 v LI B Y 71
[ ' ' ‘ - e ‘ 4
bl P i t ] e f i
Jo i i ! 1 3~ f ¢t 1L
o} H 1 i 1 4 o ] { {
.c_..‘..l_l_l.u.u 3l [ 4 2 A2 28 I 31 L4 1 1111"- JAZI
o~ N 100 had B 08 T 1TT 71
4, T KNIO‘“ ‘. 1089, o
- L “.K ' ‘o k\\ o —~—t—
" ' N\ ny \::\
" NI . Q . §\\\
= ) o ~ Y
w ot} N \“ LS o \ (ol . \L\ \..\\
! } \ \\ \L,‘\ \‘\,_‘ \\
-0 L 290 sl o ~ -
P
.40 1 l
oo o1 10 00 00 0. i
FREQUENCY, cps FREQUENCY, ope

Fig. 26. Asymptotic loop transmission responses
without secondary feedback

with a leakage resistance greater than 10" ohms simu-
lated the capacitance between the collector and its elec-
trostatic shicld- An R-C filter at the scope input reduced

60-cps signals generated in the loop by the large float-

generator; as a resuit, measurements above 20 cpe
were somewhat unreliable. For bias currents greater than
or equal to 10" amp, the secondary feedback was re-

Fig. 27. Asympiotic loop transmission respenses
with secondary feedback

moved by discornecting R10. Figures 29 to 34 show gain
and phase shift of the amplifier measured at frequencies
from 0.01 to 100 cps for bias currents between 10~ and

1C-** amp.

The lsboratory clectrometer used for thess tests con-
tained several components whose values were different
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Fig. 29. Gain and phase curves with secondary
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Fig. 30, Oeln and phase curves with sessndary
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Fig. 31. Gain and phase curves with secondery
feedback in (h., = 10-'* emp)
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Fig. 33. Gain and phase curves with sscondary
feedback out (I,\,, = 10-'* amp)

from the nominal flight-unit values or had changed
since those components were installed. Since there was
some variance between measured responses and nominal
curves, comparison was then made between measured
component values and values providing the best fit to
the experimental curves (see Table 8).

e

Table 6. Compenent valves

Velve
Compenend
Nominel Moasyred Sost M
Assomed
Co ot L 1% 1%
C,. pf 220 - 220
Co uf ] - '
Ra. K 130 150 130
R, K [ X ] 1Al LA
R K 24 24 24
R K ns ns ns
R, K 6 (maxn) 60 {mer.) 00 (men.)
Re. mog ? 2 ?
.0 1/10 fagee T1/10h e /10 heee
Colevioted
C.. o 0 o 154
Cu ot 70 &®0 »
Cou ot 2.9 0.9 9
Co ot E ! | 43
Ry, mog 200 10 208
‘o -~1000 - ~$008

I
{-
I I EE
# ("mast), e

LTSI

FREQUENCY, cpn

Fig. 34. Gain and phase curves with secondary
feedback out (Iy;.. = 10'* amp)

$ .
g[—r—

" The best-fit component values agree reasonably well
with the measured values except for C,, where the dis-
persion is not fully understood at this time. 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 bipolar tantalum unit,
may have deteriorated with age. The dynamic capacitor,
a non-flightworthy developmental model, had apparently
acquired a reduced reed-to-anvil spacing.

Of the six bias conditions for which curves have been
drawn, minimum margin occurs with a bias current of
10" amp. (Fig. 32). In this curve, the rolloff rate at
gain crossover (10 cps) is auvout 8 db/octave with a
=144-deg phase shift, although the phasc shift in this
case does reach a pre-crossover maximum of —153 deg
at  cps. Deviations in the capacitances C, and C, reduced
the corner frequency f, from a nominal 22 cps to less

. than half its standard value. This placed f, near gain

crossover, thereby reducing margins in the laboratory
instrument, though not to intolerably small levels. The
flight instruments were generally adjusted for transition
between secondary feedback states at about 5 X 10-'*

amp.

2. Closed-Loop Performance
When the electrometer is driven by a current source,

its transfer impedance may be expressed in the following
modified form of Eq. (29):
~E, 1
e
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1€ the loop transmission characteristic is lppndmntod
at gain crossover (f,) by a 6 db/octave rolloff rate, the

transfer impedance is then given by

R,
(1 +pr)(1+pry)

Z= ()

where
1

v foe

Table 7 lists the time constants of Eq. (44) and their
associated frequencies as a function of bias current.
The gain-crossover frequency with secondary feedback
(f;.) is also listed.

Toe

Families of closed-loop frequency responses are shown
in Fig. 35 and 36 for secondary feedback in and out,
respectively. Electrometer biasing was similar to that used
in Fig. 32, and a signal current was inserted into the
summing point by a function generator connected in
series with a suitably large resistor. The only parameter
significantly different from the ones used in the loop
transmission tests was the modulator rest capacitance
(C,). which was 59 pf for the dynamic capacitor used
in this case.

Peaking that occurs at lower currents in Fig. 35 is
directly attributable to phase shifts associatea with peaks
in loop transmission characteristics that are not suffi-
ciently removed from gain crossover. The overshoots as-
sociated with transient response to these characteristics
were not observed in flight instruments, since secondary
feedback transition occurred at about 5 X 10-'* amp.

. N
NI TN e
lih-l}-u Nh"""

- .
....la [ U 10 -
FREQUENCY, coo

Fig. 33. Clesed-leop frequency response with

secondary feedback
TNL N
2 &..-U"\-:N\ f R n"‘-\d
h st
ks | L

Fig. 36. Clesed-locp fraquency respense witheut

secandary feedback

Tabie 7. Deminant time constants and corner fraquencies for neminal closed-looe respense
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ABSTRACT

This Report summarizes the properties of the positive-ion component
of the solar wind observed during the four months of the Mariner I
flight to and past Venus in 1962. The protons’ average velocity and
temperature were approximately 500 km/sec and 1.7 X 10* °K, re-
spectively. Several streams of hot, high-velocity plasma were observed
to recur at 27-day intervals, with peak velocity and temperature values
of ~ 830 km/sec and 9 X 10° *K. One of these streams existed for
probably at least 18 months. Between streams, the velocity dropped
to a low of 307 km/sec, while the temperature was ~ 3 X 10* °*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 & +aximum value of ~ 80 protons/cm’. Otherwise, the

. density varied inversely with the plasma velocity. The ions’ velocity,
temperature, and density were calculated from ~ 35,000 energy/charge
spectra by fitting the data to isotropic Maxwell-Boltzmann distri-
butions in a reference frame moving away from the Sun at the solar-
wind velocity. A model in which the protons and aipha particles have
equal thermal velocities gives a better fit to the observed spectra than
a model having equal temperatures. The spectra usually had high-
energy tails, which became more pronounced at the higher plasma
velocities. The velocity, temperature, and high-energy tail were not
strongly dependent on distance from the Sun, whereas the density
varied approximately as the inverse square of this distance.

I. INTRODUCTION

This Report is a summary of the average properties of  spectra and averaged over periods of either 3 hr (up to
the positive-ion component of the solar wind as deter- 40 complete spectra) or 24 hr. In later reports, these
.nined by the electrostatic spectrometer on Mariner II.  parameters will be related to properties of the inter-
planetary magnetic field on both a 3-hr or daily-average
Various plasma parameters such as velocity, density,  basis, and, for selected intervals, on as fine a time scale

and temperature have been calculated from the measured  as the data allow.
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Il. TRAJECTORY OF MARINER II AND SOLAR CONDITIONS

Mariner Il was launched on August 27, 1962, on a
trajectory passing close to Venus. Usable data were ob-
tained from the positive-ion spectrometer on board the
spacecraft almost continuously from 1728 UT, August 29,
through December 16, 1962; between 2015 UT, Octo-
ber 31, and 2132 UT, November 8, the scientific instru-
ments on board were not operating. About 10 hr of data
were obtained per day from December 17 through
1728 UT, December 30, when a failure occurred in a
spacecraft reference-frequency circuit.

The Mariner II plasma data pertain to a period of
declining solar activity during which no solar flare
greater than class 2 was reported. The Zurich final
relative sunspot numbers ranged from 0 to 88 with wa
average daily value of 36.3. Much of the geomagnetic
activity for this period can be attributed to M-region
storms. The geomagnetic indices K, (3-hr) and A, (daily)

ranged from O to 7+ and 1 to 58, respectively, with the
average daily A, equal to 18 (Ref. 1).

Because the first plasma measurements were made
when the spacecraft was 781,000 km from the Earth and
the Sun-Earth-probe angle was 75.7 deg, no information
on the properties of the Earth’s magnetosphere or bow
shock was obtained. The near-Venus observations were
reported in an earlier paper (Ref. 2).

Table 1 summarizes the spacecraft trajectory. The ori-
entation of the spacecraft was controlled by an attitude-
«tabilization system, which kept the entrance aperture
of the spectrometer pointed to within 0.1 deg of the
center of the Sun. During the first six days, the space-
craft slowly rolled about the Sun-probe line; thereafter,
the Sun-probe-Earth plane remained fixed in the space-
craft.

lll. INSTRUMENTATION

The configuration of the positive-ion spectrometer is
shown in Fig. 1, and a block diagram is given in Fig, 2.
The principal components of the spectrometer were (1) a

Fig. 1. Mariner Il positive-ion spectremeter

cylindrical electrostatic analyzer, which separated posi-
tively charged ions according to their energy per unit
charge (E/Q), (2) a programmer and a high-voltage
sweep amplifier, which applied the proper balanced
potentials to the plates of the analyzer, and (3) an elec-
trometer, which measured the current from the charge
collector at the output of the analyzer, The spectrometer
was designed, built, and tested principally by C. Josias,
J. L. Lawrence, Jr.!, and H. R. Mertz at the Jet Propulsion
Laboratory; it is described in greater detail in the Report

by Josias and Lawrence (Ref. 3).

The electrostatic analyzer was constructed of gold-
plated magnesium; the interior was coated with gold
black to minimize the amount of ultraviolet light that
could enter the charge-collector region. The deflecting
plates were 120 deg in length, and were separated by
L3 cm. The cntrance aperture was 5.0 cm? in area and
rectangular in shape to provide approximately equal
'C. Josias is now President and J. L. Lawrence, Jr., Vice President
of Analog Technology Corporation, Pasndena, California.
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Fig. 2. Block diagram of Mariner il pesitive-ion spectremeter

Table 1. Summary of Mariner Il trajectery

l Distence Saler IM-M*-] Son-Gorth- | ¢, rell Tongentiel Rodéinl Dirtence
Dete Evem from Sun, | lothude, {prebe probe engle, | ongle, volochy, | velechy, | from Surth,
! X 10°hm* | dog’ dog® dog dog* km/soc® | km/soc® | X 10" k'
Avgust 29 First deta 1909 . 03 757 Relling 266 -12 07
September 3 | Atitude stebllized 150.3 74 oy 724 .4 28 -1 19
September 23'  Start of soler rotation 1768 1460 70 22 s26 203 ”e ~34 .
? October 7 I Maximum Eorth-Sun—probe angle | 141.2 27 25 %3 209 e —43 105
| Ocrober 20 Stort of selar roetion 1769 1356 70 I X 204 Yy w7 -33 144
October 31 Earth overtohen 1300 Y] 1} ne 9.0 no -60 e
,’ November 10 ' Stert of saler retetion 1770 116 4 4 13 204 N2 ~-63 0
l Decomber n Start of seler retetion 1771 100.0 -4 103 74 48 78 -40 834
| Oecomber 28 | | Periheiion 108.4 -40 22 a4 T Y 00 7
| December 30 Lo dote 1035 -44 3.4 “3 20 ©0 +07 "y

.!mnnd grephicelly by Coloman, Ref. 4.
‘mm’hmhm"l;.m*h“m&m.’.‘.
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angular acceptance for charged particles in two perpen-
dicular planes. The theoretical angular and E/Q trans-
mission functions in the plane of analysis (i.e., the fraction
of a uniform beam of ions that reaches the collector as a
function of energy and angle of incidence) are shown in
Fig. 3. .

The spectrometer was mounted on the spacecraft with
the axis of the cylmdricll deflecting plates parallel to the
probe-Earth vector Ry (Fig. A-3, Appendix A). The
_ angle ¢, given in Table 1, is the angle between the vec-

toreR, X v, and R, X R;, where R, is the probe-Sun
vector, and v, is the spacecraft velocity. This angle was
very nearly equal to the angle between the Sun-probe-
Earth plane and the ecliptic.

To obtain an E/Q spectrum of the solar-plasma ions,
the deflecting voltage on the analyzer plates was changed
by the programmer at intervals of about 18 sec in a
sequence of ten ascending values. The voltages assumed
for this analysis are given in Table 2. Laboratory mea-
surements showed that the variation of these voltages
with variations in instrument temperature amounted to
+ 0.7% or less over the range — 9 to + 68°C, Because
a sensor in the instrument indicated temperatures be-
tween 29 and 77°C during the mission, no temperature
corrections to the voltages were made.

Table 2. £/Q, preten velocity, and alpho-particle velecity
corresponding to the center of each specirometer channel

. A

AN L

u'/\)\\
oe
i\
/l
os}—— —| .

Chonnel e, | PR redy, | A
| o no 149
2 s 23 192
3 neé 34 m2
4 751. 379 268
s nu 464 32
6 1664 58 n
7 2476 690 488
) ¥ 040 L2
14 3508 1026 T26
10 224 1230 84

After 10 spectral measurements, a zero reading and
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\
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\
'S

'\

o 4 , ’. - “
71 AN\
Q! 100 109 o

RELATIVE ENERQY £/£o
Fig. 3. Mariner || slectrastatic-analyzer trensmission
functiens

a calibration reading (using a standard cuwrent of
10-* amp) were taken with the plates connected to-
gether. The calibration permitted correction of the data
for temperature variations in the electrometer, and for
shifts in the analog-to-digital converter. The complete
sequence of twelve measurements was repeated every
3.608 min.

Table 3. Time intervals for the Mariner

plasma spectrometer

Fengtion Time, s0e
Time from stert of one spoctrum 1o stort of the newt m
Aversge fime to obtsin a five-point spectrvm n
Aversge time between mestwromonts In odjecont chonnols 1]
Aversge Hme 1o ohisin o single corront mossuroment (posk) | ~01
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The electrometer, which utilized a dynamic-capacitor
maodulator to assure long-term stability, was capable of
“measuring currents from 10 to 10-** amp, and its out-
put was an accurately linear function of the logarithm
of the input current over all but the lowest 1/2 decade of
this 7-decade range (Ref. 3). The output dc voltage
was converted by the spacecraft data-automation system
into a digital reading with a quantization .interval of
1/10 decade.

The electrometer time constant was a function of the
magnitude of the measured current. At the 10-* or
10-'' amp levels usually observed at the peak of a plasma
spectrum, the relevant time constant was ~0.1 sec.
The analog-to-digital conversion process, which occured
about 18 sec after the change in plate voltage, re-
quired only about 1 msec (Ref. 3). Table 3 summarizes
the several time intervals that were involved in this

experiment.

IV. METHOD OF SPECTRAL ANALYSIS

Of the approximately 40,000 spectra telemetered to
Earth from Mariner, 35,189 have been included in this
‘nalysis. All spectra for which any one of the 12 cur-

ent readings was either missing or failed to pass a parity
check have been omitted. Those spectra for which the
current in any channel was several orders of magnitude
different from both the preceding and the following sev-
eral current measurements in that channel have also
been omitted. Even if such an anomalous current mea-
surement were correct, the calculated plasma properties
probably would be incorrect because of the assumed
time-independence of the spectrum. In general, the plas-
ma spectra changed very slowly relative to the 3.7 min
between successive spectra, for only about 10% of
the current readings for a given channel changed by
more than two digital steps from one spectrum to the
aext.

Many of the spectra were similar to that shown in
Fig. 4, where the logarithm of the measured current is
plotted against the channel number, or against the ap-
proximate logarithm of E/Q. The currents in the five
other E/Q channels were very small and usually of
negative polarity, the result, presumably, of electrons
relcased from the suppressor electrode by the action of
sunlight reflected down the deflection plates. This nega-
tive current was always below 10-** amp, and frequently
‘il‘: to ten times smaller than this value for all energy

nnels. Because the peak positive-ion currents were
usually in the range 10-'* to 10-"* amp, the positive-ion
data have not been corrected for photoelectric effects.

If it is assumed that the positive-ion component of the
solar plasma consisted of protons and alpha particles
with isotropic Maxwell-Boltzmann distributions in a ref-
erence frame mov..g radially away from the Sun, then
the peak of the alpha-particle distribution function
would be at a value of E/Q equal to twice the value of
E/Q at the proton peak, or approximately 1.74 spectrom-
eter channels above the proton peak. Thus the left peak
in each spectrum has been interprcted as a proton flux,
and the right peak as a flux of alpha particles moving

CHANNEL NUMBER:m~t  m _m¥_m+2  m+3

Rg. 4. Sample specirum obiuined by the Meriner if
positive-ien spectrometer

/
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with approximately the same bulk velocity as the pro-
tons. Equal bulk velocities for the two components
should be assured by the influence of the fairly irregular
interplanetary magnetic field.

A spectrum similar to that in Fig. 4 was analyzed as
follows:

1. The currents in channels m=—1, m (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 width of this proton peak and its location rela-
tive to the center of channel m were determined.
The width determined the parameter

0, == 2kT,/M,0*

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

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

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

4. An extension of the alpha-particle spectrum to
channel m+1 gave the expected alpha-particle
current in this channel.

S. After correction of the proton current in channel
m+1, the calculations of steps one through four
were repeated to obtain iterations of the proton

spectrum until the iteration process either con- .

verged, or the calculated alpha-particle current in

channel m+1 became greater than the total mea- -

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

. 6. If a consistent set of proton and alpha-particle spec-

tra could be obtained, the following plasma prop-
erties could be determined:

a. The plasma bulk velocity v, which depends on the
position of the proton peak relative to the center
of channel m, on the value of ¢, (not a strong
dependence), and on the velocity at the center

of channel m (Table 2).

b. The T, which is determined by the
values of #, and 0. Although T, is merely a mea-
sure of the velocity dispersion, it is convenient
to define the term as “proton temperature.”

¢. The proton and alpha-particle densities, n, and
ne, which are determined by appropriate inte-
grations over the final spectra.

d. The parameter 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 h is a measure of how well the assumed model
fit the data.

Appendix A describes this spectral analysis proce.
dure in more detail, and includes some of the mathe-
matical shortcuts and approximations used in the
actual analysis. Appendix B is a discussion of the un-
certainties occurring in the calculated plasma parameters
v, T, n,, ne/n,, n,mo?, ete.

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

categories:

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,. Because the parameter h
could not be calculated, there 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 low that the
currents in all channels were not as far above
the sensitivity threshold as usual, when the alpha-
particle peak fell midway between channels and,
simultaneously, the alpha-particle temperature was
relatively low, and when, if ever, the effec-
tive arrival 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
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peak was above the center of channel m, the
proton temperature and density were then calcu-
lated. If, however, the proton peak was below the
center of channcl m, there may have been an ap-
preciable alpha-particle contribution to the current
in channel m+ 1; the values of n, and T,, therefore,
were not calculated for that spectrum. Obviously,
values could not be obtained for the parameters n,
and h.

3. If currents were observed in channel m=2 or in
channel m+4, the extra values were not used in the
analysis. Fewer than 1% of the observed spectra
were of this type.

4. No current was observed in channel m—1, or no
current was observed in channel m+1, if either n,
or 6, was unusually low, or if the proton peak was
quite far above the center of channel m so that
channels m and m+1 had almost equal currents, In
such cases, the upper limits of 0, and T, were
obtained by assuming an actual current in the
“missing” channel (m—1 or m+1) just at the elec-
trometer's threshold of sensitivity; the spectral
analysis then proceeded as outlined above. Lower
limits for 6, and T, were obtained by assuming that
n, for this spectrum could not have been more than
3 standard deviations greater than the average n,
for a 15-hr period centered on the 3-hr period con-
taining the spectrum in question. All spectra of this
type were, of course, omitted from the calculation
of the average n, and its standard deviation. In
addition to n,, neither ne nor A could be calculated
for these spectra. The two values of v correspond-
ing to the upper and lower limits of ¢, seldom dif-
fered by more than 2%. If there was no measurable
current in either channel m=1 or channel m+1,
the lower limits of 6, and T, were set equal to zero,
and the velocity was assumed to equal the velocity
at the center of channel m.

The spectral-analysis procedure described above and
in Appendix A was applied to each of two models of the
solar wind: (i) the equal-temperature model assumed
that the protons and alpha particles were in thermody-
namic equilibrium with each other (in the
reference frame) at a temperature T; (2) the equal-
thermal-velocity model assumed that the protons and
alpha particles were separately in thermodynamic equi-
mm. with the alpha-particle temperature T, four

greater than the proton temperature T, giving the

two types of ions identical, isotropic velocity distribu-
tions in the moving reference frame.

The analyses of the 35,180 spectra can be grouped as
follows:

1. 12,473 spectra had unmeasurably small currents in
either channel m—1, channel m+1, or both; there-
fore, only upper and lower limits were found for
¢, and T,, while n,, n,, and A could not be calcu-
lated at all.

2. 13,263 spectra were successfully analyzed with the
equal-thermal-velocity model of the solar wind to
obtain v, §, (and therefore T,), n,, and n,; there was
also a measurable current in channel m+3 allowing
the calculation of h. The equal-temperature model
calculations converged for almost all of these spec-
tra, but for only seven spectra did the equal-
temperature model give a smaller absolute value
of h than did the equal-thermal-velocity model. Ap-
parently, then, the equal-thermal-velocity model
better represents the state of the plasma than does
the equal-temperature model.

3. 4,228 spectra were successfully analyzed with the
equal-thermal-velocity model to obtain o, 8, (and
T,), n,, and ne, but they did not have a current in
channel m+3 large enough to permit the calcula-
tion of h. The results of the equal-thermal-velocity
model for this group have been used for the dats
presentations in the rest of this paper.

4. 1,089 spectra were such that the analytical proce-
dure did not converge for the equal-thermal-velocity
model, and the results of the equal-temperature
calculations are used in the data presentations that
follow. Of these spectra, 884 had a mcasurable cur-
rent in channel m+3, and h was calculated.

5. 4,138 spectra were such that neither model of the
solar wind could be successfully applied, either be-
cause the calculations did not converge, or because
there was no measurable current in channel m+2.
If the proton peak for one of these spectra was
above the center of channel m, the “proton-only”
approximations for o, §,, T,, and n, were used.
However, if the proton peak was below the center
of channel m, the proton-only approximation for o
was used, but this spectrum was not included in
the average values of ¢,, T, and n,.

It is important to note in connection with groups 3
and 4 that the calculated values of v, #,, T, and n, are
relatively insensitive 10 the choice of model. However, the
width of the alphe-particle spectrum, and, therefore,
the values of n, and A, are strongly model-dependent.
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V. RESULTS AND DISCUSSION

A. Velocity

The 3-hr averages of plasma velocity are shown
Fig. 5, where the time base was chosen to show

27.day recurrence features associated with solar
tion. It is apparent that during this 4-month period t
interplanetary plasma consisted of a series of long-lived,
high-velocity streams separated by slower plasma. The
27-day recurrence pattern, the association of thuse streams
with M-region geomagnetic storms, and the high corre-
lation of the bulk velocity with the vity
indices K, or A, hive been discussed in earlier papers
(Refs. 5, 6, and 7). These conclusions still follow from
the velocity profiles based on the more sophisticated
calculations presented here.

é?s‘

4

While some of the high-velocity streams showed struc-
tures that were fairly symmetric, other observed velocity
profiles were steeper on the leading or western edge
than on the trailing edge (i.e, the velocity increased
more rapidly than it decrcased). Good examples of this
behavior were observed in the streams with peak veloci-
ties observed on September 13, October 8, October 26,
and November 21. This sort of profile is not unexpected
for a reasonably symmetiic source on the Sun (with the
highest velocity at the center of the source), because
the higher-velocity plasma tends to overtake the slower
plasma ahead of it. At distances of 0.7 to 1.0 AU, how-
ever, the structure had not yet steepened into a shock
front>. A high-velocity stream may eventually develop
a shock front or a series of shocks at distances from the
Sun appreciably greater than 1 AU.

The average daily-average velocity for the period
August 29 through December 30, 1962, was 504 km/sec.
The 3-hr averages ranged from 319 to 771 km/sec. The
lowest and highest velocities sustained for at least three
consecutive spectra occurred on November 18 when
the velocity was between 306 and 308 km/sec for five
spectra (18 min), and on December 20 when the velocity
was between 815 and 842 km/sec for three spectra
(11 min). From the velocity minima on November 13-14,
November 18-20, November 28-29, December 7-8, and
December 9-10, it would seem that the quiet, between-
strcam, solar-wind veiocity was in the range 320 to
~ 340 km/sec. Subsequent observations of solar-wind

"The velocity change across the shack front observed on October 7
(Ref. 8) was from ~370 to ~450 km/sec, which was only a smell
fraction of the total velocity increase on October 7 and 8.

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

Scarf (Ref. 8) has calculated a quiet solar-wind veloc-
ity of 290 km/sec from a model in which there is unin-
hibited thermal conduction and viscous flow between
2 and 17 solar radii, followed by an adiabatic continuum
flow region between 17 and 75 solar radii, with collision-
less flow beyond 75 solar radii. Using a two-fluid model
of the solar wind, Sturrock and Hartle (Ref. 13) calcu-
lated a velocity of 270 km/sec at 1 AU. These theoreti-
cally predicted velocities are not very different from the
lowest observed velocities.

The averages of the plasma velocity over each solar-
rotation period were also calculated in an attempt to
separate the effect of variations in solar activity from
ithe 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 result is consistent with theoretical pre-
dictions (Refs. 9, 11, 12, and 13). The basic inadequacy
of the 27-day averaging method for determining the
radial variations of plasma properties is apparent from
Fig. 5; the high-velocity peaks 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 is independent of radial
variation comes as well from the constancy of the
between-stream velocity minima noted above, which
occurred at Sun-spacecraft distances between 0.824
and 0.732 AU.

B. Density

The number density of protons could be calculated
for only 18,632 spectra, or 53% of the spectra for which
velocity could be calculated. The resulting 3-hr and
daily-average values of proton density and their relation
to plasma velocity are shown in Figs. 5 and 7. It can be
seen from Fig. 5 that the density generally reached a
maximum on the leading edge of e high-velocity stream
before maximum velocity was reached (September 12,

"Personal communication from H. S. Bridge, J. H. Wolfe, and
1. Strong, 1008.
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Fig. 6. Twenty-seven-day averages of the daily averages
of v, T,, 30,/2, and b vs. distance from the Sun

September 30, October 7, November 10, and November 29
of Fig. 5 are good examples). The calculated density
usually was very low (often less than 1 proton/cm?®) in
the center of a high-velocity stream, as observed on
September 4, September 13, September 19, October 2,
October 26, October 28, and November 186.

The 3-hr average values of density ranged from
0.44 protons/cm*® on September 11 to 54 protons/cm* on
December 9. (In Fig. 5, there are four 3-hr intervals with
n, between 0.31 and 0.42 protons/cm?, but each of these
intervals contained only two or three spectra for which
density could be calculated; the average values, then,
were perhaps not representative.) The lowest density
maintained for at least three consecutive spectra was
obscrved on September 11 when there were between
0.081 and 0.094 protons/cm* for four spectra. The high-
est density was observed between high-velocity streams
on December 9 when there were between 70 and
85 protons/cm? for three spectra.

10

It is also apparent from Fig. 5 that the proton density
generally increased with time as Mariner 11 approached
perihelion. Further analysis of this effect is based on
Fig. 8, in which the 27-day averages of the daily aver-
ages of the proton density n,, of the proton flux n,0, and
of the momentum flux, or energy density associated with
the bultkk motien vt (M, ng * Ma ne)/8 are shown s &
function of solar distance. The slopes for an inverse-
square relation are also given in this figure. Despite the
large effects 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 deunsity to 1 AU (Fig. 7).
The average of the normalized daily averages for the
four months of these observations was 5.4 protons/cm®.
Figure 7 also shows a rough inverse proportionality
between the logarithm of the normalized density and
the plasma velocity. Thus the density was much more
variable than the velocity, and such parameters as mass
flux, momentum flux, and energy flux were roughly cor-
related with density and showed little correlation with
velocity or the K, index.

For comparison with near-Earth observations, the
average daily averages (not normalized) during solar
rotation number 1767 when Mariner Il was between
1.01 and 097 AU from the Sun were:

n, =50 protons/cm?
n,o = 2.4 X 10" protons/cm® sec
vi(M, n, + M. n.)/2 = 1.2 X 10-* ergs/cm’

Both density and flux for the between-stream periods
were consistently greater by factors between £ and 6
than the values predicted by Scarf's (Ref. 9) quiet solar-
wind model.

As discussed in Appendix A, the shapes of the mea-
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
the angle of incidence. The calculations presented here
were based on the assumption of a radial velocity cor-
rected for aberration due to the spacecraft’s motion. The



JPL TECHNICAL REPORT NO. 32-991

20 [ .
| L] ... i ¢ R B .
0 ,LT 5 r 3
(] L s Y A
v v
L] « .l X o oo, o
- g ™Y [ A '
AVERAGE t X : X " 4
M e * X - DA LY *
- x L] [ ] 4 . . L]
. 1 .
¥ X ‘ . . .
2 2 X *la . MY
':E’ | X ° a- .
\ L]
'§ .
o 10 % =
[ SRR
& ~
os :— —
o4 p——
& INDICATES DAYS OF DAILY-AVERAGE VELOCITY INCREASE >10% PER DAY
X INDICATES DAYS OF DAILY-AVERAGE VELOCITY DECREASE >10% PER DAY
02—
300 400 500 800 700 800

® .

DAILY-AVERAGE VELOCITY, km/sec
Fg. 7. Dally average of a,R* vs. the daily average of v

velocity could never have been very different from
radial, because no currents would have been observed
at all for a net velocity (solar wind plus spacecraft) more
than ~ 10 deg from the solar direction. However, smaller
transverse velocity components that would significantly
affect the density calculations cannot be ruled out. The
present calculations, for example, would underestimate
the true proton density on the leading edge of a high-
velocity stream if the type of refraction discussed by
Davis (Ref. 14) were significant. Furthermore, any tan-
gential velocity component deriving from the probable
corotation of the plasma close to the Sun would tend to
cancel out the effect of the spacecraft motion, and the
densities presented here would be higher than the true
densities.

According to E. F. Lyon*, the direction of the velocity
vector (determined to an accuracy of a few ) was
consistent with a radial flow for about 80% of IMP-I's
.msodofoum.emmhemmmun

‘Uny.ublishcd communication at European Space Research Institute
Conference, May 1960.

calculations of long-time averages of proton density and
the general trends of the density’s temporal variations
are probably reliable, although undetectable errors may
have been present about 10% of the time.

The calculated values of proton density were also
based on the assumption of an isotropic velocity distri-
bution in the reference frame that moved with the
plasma. If, for an extreme example, there were no ther-
mal motion at all in the transverse directions, the calcu-
lated densities presented here should be decreased by

, afactorof1.5¢t0 8.

C. Temperature

The upper and lower limits of the 3-hr averages of the
proton temperature are shown in Fig. 8 where the time
base was chosen to show the £7-day recurrence features
associated with solar rotation. This plot of temperature
vs. time generally follows the plot of bulk velocity vs.
time (i.e., the high-velocity streams were hotter than the

surrounding plasma).
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As a high-velocity stream overtook the spacecraft, the
temperature usually increased more rapidly than did
the velocity, and reached its maximum value several
hours to half a day before maximum wvelocity was
reached (examples are shown in Fig. 9 for September 12,
September 19, October 7 and November 29).

The 3-hr averages of proton temperature ranged up to
80 X 10* °K on October 26. The highest temperature
observed for at least three consecutive spectra was be-
tween 9.0 and 9.1 X 10* *K maintained for three spectra
on December 17.

The average daily-average value of T, for the entire
experiment was between 1.51 and 1.85 X 10* °K (lower
and upper limits). Thus the temperature of the inter-
planetary protons was, on the average, about a factor of
10 lower than the temperature at the base of the corona,
and, occasionally, between the high-velocity streams,
was cooler than the corona by a factor of about 50.

The 27-day averages of the daily averages of the upper

and lower limits of T, are plotted vs. distance from the
Sun in Fig. 6. There was no obvious radial dependence.

This conclusion is further verified by noting that the
3-hr temperature averages reached about the same mini-
mum values of ~ 3 X 10* °K for each of the
stream periods found on the basis of bulk velocity.

Scarf's calculations of a model quiet solar wind based
on assumptions of thermal eonduction and viseous flow
followed by adiabatic expans
of 22 X 10* °K at 1 AU, while Sturrock and Hartles
two-fluid modei of the solar wind (Ref. 10) predicts a
positive-ion temperature of 2800 °K at 1 AU. These
minimum temperatures correspond to the absence of
any plasma heating by interactions with magnetic or
electric-field fluctuations. Hence the observations of
temperature by Mariner II may be evidence for appre-
ciable heating of positive ions in the solar wind by field-
particle interactions.

i

The ratio of proton thermal-energy to flow-energy
densities,

30,/2 = (3KT,/2)/(M,0*/2)

has also been studied. Figure 10 is a plot of the daily
averages of the upper and lower limits of 3¢,/2 vs. the
daily-average velocity; the dependence on the time de-
rivative of v is apparently more important than any
dependence on velocity v. This bohavior is probably un-
derstandable in terms of the instabilities, turbulence, and
perhaps small shocks created at the leading edge of a
stream when a high-velocity plasma overtakes the slower

plasma in its path.

On December 17, the 3-hr averages of 34,/3 reached
a maximum of 0.053, while the maximum value main-
tained for at least three consecutive spectra was between
0.104 and 0.115. The actual minimum values of 34,/8
could not be determined with this instrumentation.

The averages of the daily-average values of the lower
and upper limits of 34,/2 for the entire flight were 0.013
and 0.017, respectively. The £7-day averages of 3¢,/2 are
shown in Fig. 6.

The energy density of proton random motions was
never more than a small fraction of the energy density of
bulk motion. Preliminary comparisons of the Meriner II
plasma and magnetic-field data indicate that the energy

*Personal communication, 1088,
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density of the interplanetary magnetic field was gener-
ally comparable to the thermal-motion energy density
(Ref. 15). Thus, for problems involving only the momen-
tum flux or energy density of the solar wind, use of the
bulk-motion energy density alone would be & fair ap-
proximation; the electron energy density is probably not
large (Ref. 16).

D. The Definition of T,

Whether the parameters T, and 8, calculated from the
spread in radial velocity are properly called temperature
and a measure of thermal motions is questionable. The
possibility that the observed velocity spread was really
due to superposition of small, true, thermal motions on
quite large, turbulent wave motion or other collective
motions cannot be ruled out.

It is possible, however, to put an upper limit on the
avelength or scale size of any collective motions pres-
t. Because the electrometer time constant at the spec-
tral peak was approximately 0.1 scc, and because the
current in a given channel usually changed little, if at
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all, from one spectrum to the next, there could not have
been any large amplitude motions present that changed
appreciably over the distance swept out by the space-
craft in 0.1 sec in a reference frame moving with the
solar wind. The limiting wavelength or ‘scale size is thus
approximately 50 km for an average solar wind of
500 km/sec. If, for example, the calculated T, actually
represented Alfvén waves moving through a fairly cold
plasma at a velocity of V,, the frequency of these Alfvén
waves would have been greater than V,/50 km. For
n, = 5/cm' and an interplanetary field strength of

-8 X 10-* gauss, V, is about 50 km/sec; the wave fre-

quency, then, must have been greater than ~ 1 cps.

A better fit to the measured spectra can be ob-
tained by assuming that the alpha particles had the same
thermal velocity, rather than the same temperature, as
the protons; this fact has at least two possible inter-
pretations:

1. Collective motions were not of major importance,
and the temperature of each type of ion was deter-
mined by such an ion-field interaction as reflections
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from shock ironts moving through the plasma. (Ion-
field interactions are expected to play an important
role because the proton self-collision mean free path
(Ref. 17) for a plasma with T, = 1.85 X 10* °K and
n, = 5/cm? is 8.7 AU.)

L. 'The velosity distributions were dus to such metions
as those found in transverse hydromagnetic (Alfvwén)
waves, in which the protons and alpha particles
moved with a magnetic-field line, and therefore had
the same velocities.

From a study of the correlations of plasma velocity and
magnetic field observed by Mariner II, P. ). Coleman, Jr.,*
found that the ratio of the power in velocity fluctuations
to the power in magnetic-field fluctuations was indepen-
dent of frequency in the range 1 to 118 cycles/day. On
the basis of observations by Mariner IV and OGO,
Coleman then extrapolated the magnetic-fluctuation
spectrum to higher frequencies, and assumed that this
ratio of powers remained constant at these higher fre-
quencies; he found that the rms velocity for all oscilla-
tions with a frequency greater than 116 cycles/day was

km/sec. Because the thermal velocity was an order of

‘agnitude greater thai 4 km/sec, a temperature due to

collective motions must have been the result of motions
in which the magnetic field did not participate.

There are several possible sources of collective mo-
tions in the interplanetary medium:

1. Turbulent flow might be expected on the basis of
the Reynolds number nM,0D/u, (where D = scale
size = 10" cm, and pu = viscosity =~ 1.2 X 10-1*T*/*
gm/cm sec), the value of which is about 10° in the
relatively cool, dense plasma between streams.
However, because the upper limit of the eddy sizes
under consideration (~ 50 km) is 10" times less
than the mean free path, and is approximately equal
to the proton gyro radius for a thermal proton in
the moving reference frame, it is not clear that the
ordinary Reynolds number is a useful parameter.

2. Because the mean frce path at 1 AU is so very
large, because only the two degrees of thermal mo-
tion perpendicular to the radial direction are cooled
by adiabatic expansion, and because collisions are
too infrequent to restore isotropy, an anisotropic
thermal velocity distribution might be expected.
This anisotropic pressure could lead to either the

*Personal communication, 1968,

hose or the mirror instability, depending upon
the direction and strength of the interplanctary
magnetic field (Ref. 18).

3. Both the two-stream and Kelvin-Helmholtz instabil-
fties (Ref. 19), and collision-free shocks might be
gonerated on the leading (western) edge of the
high velocity sireams where hot, high-velocity plas-
ma overtakes cooler, slower gas. At least one exam-
ple of such a shock was observed by Mariner IT
(Ref. 8); the observable (low frequency) fluctua-
tions in both the magnetic field and plasma were
greatly enhanced behind this shock. The Mariner 11
data have also shown that these lower-frequency
fluctuations, as exhibited by the standard devia-
tions in velocity and the magnetic field (Ref. 20),
were generally increased at the leading edges of the
high-velocity streams.

Thus, because it seems likely that turbulent or wave
motions would be generated in the interplanetary plas-
ma, the answer to the question of whether T, was pri-
marily a measure of thermal or of collective motions
depends on both the rate of creation of these distur-
bances, and on the rate of their dissipation into thermal
energy through field-particle interactions. In either case,
it is probably true that the values of T, observed be-
tween 0.7 and 1.0 AU often depended in large part on
disturbances generated in or propagating through the
interplanetary mediun., rather than on thermal conduc-
tion from the inner corona alone.

£. Nonthermol lons

The parameter h was defined as log.o [In.; (measured)/
Ia.; (calculated)]. A positive value of h therefore implies
the presence of more jons with a large value of E/Q than
predicted by a fit of Maxwell-Boltzmann distributions of
protons and alpha particles (where T, = 4T,) to the
currents measured in channels m—1, m, m+1, and m+2.
If the possible contributions of any jons with mass/charge
ratios greater than that for alpha particles are ignored,
h can be considered a measure of any high-energy tail
on the proton and alpha-particle distribution functions.
It is only a semiquantitative measure of such a tail, how-
ever, because the ratio of measured to calculated cur-
rents was taken not at a fixed value of E/Q relative to
the peak of the distribution function, but at a value of
E/Q equal to 3.30 times the value of E/Q at the center
of the channel with the largest current. Furthermore, it
was not possible to separate the relative contributions of

protons and alpha particles to the apparent tail.
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Figure 11 shows the distribution of 3-hr- averages of
h with the 3-hr averages of plasma velocity. The values
of h showed some velocity dependence; in general, the
high-energy tail was more pronounced when the velocity
was high rather than low. Figure 11 also shows that A
occasionally reached fairly high positive values, corre-
sponding to about 300 times the expected current in
channel m+3. The fact that i was seldom negative (ex-
cept at velocities less than ~ 360 km/sec) can be inter-
preted as evidence that an excess of high-energy ions
was almost always present. The observation of a high-
energy tail is in agrecment with observations of the
solar wind by IMP-2 and Vela 2A (Ref. 21).

A significant high-energy tail often developed suddenly
during the rising-velocit; phase of a stream and then
disappeared very slowly. For example, three consecutive
spectra observed about 3 hr after the shock front seen

on October 7 (Ref. 8) are shown in Fig. 12, where the
dashed curves represent a rough fit of the proton and
alpha-particle spectra to the cwirents in channels 4
through 7. There had been no current observed in
channel m+3 for about 81 hr preceding this time, and,
after this time, large values of h were observed almost
continuously for about a week. (Frame 63:115 shows
vne of the very few 7-point spectra obtained.) The sud-
den increase in A shown in Fig. 12 coincided with a
change in direction of the interplanetary magnetic field
of close to 180 deg. Some details of such correlations
will be discussed in a later paper.

According to Fig. 11, A was generally greater on the
trailing edge (negative do/dt) than on the leading edge
(positive do/dt) of a high-velocity stream. The sudden

appearance of a high-energy tail on the leading edge
followed by the tail's slow decay (often over many days)
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is partially responsible for this effect. Also, larger values
of h on the trailing edge of a stream often occurred in
n of low proton temperature and low values of
q‘;leulned), rather than in regions of unusually
high values of I..., (measured) similar to that shown in
Fig. 11

In Fig. 11, the quasi-periodic structure in phase with
the spacing of the spectrometer channels probably arose
from a combination of three effects:

1. As the proton peak occurred at higher values of
E/Q relative to the center of channel m, the mea-
surement of h was made at values of E/Q closer
to the alpha-particle peak, where the fractional
deviation from a Maxwell-Boltzmann distribution
was smaller.

2. As the proton peak occurred at lower values of
E/Q relative to the center of channel m, the cur-
rent in channel m+3 was more likely to be unmea-
surably small so that & could not be calculated.

3. If the proton peak was far above (or far below) the
center of channel m, an unmeasurably small cur-
rent in channel m—1 (or m+1) was likely, prevent-
ing the calculation of h.

The 27-day averages of the daily averages of h are
plotted vs. distance from the Sun in Fig. 6. The h plot
looks very much like an exaggerated version of the
v plot, except that a slight increase of h with increasing
distance from the sun might be inferred. If this increase
is real, it may be explained on the basis of an increase in
the occurrence of acceleration mechanisms in shocks and
neutral sheets as the velocity profiles of the streams

steepen.

F. Alpha-Proton Ratio

The calculated ratio of alpha-particle density to pro-
ton density, n./n,, is almost certainly in error for a spec-
trum with a large high-energy tail. Therefore, only those
spectra for which |h| < 03 (i.e, for which the ob-
served spectrum fit the assumed model within 3 digitiza-
tion levels) have been included in this study of the ratio
ne/n,. Of the 14,147 spectra for which a value of h
could be calculated, only 1,213 (8.6%) fit the model to
this extent. Figure 13 is a plot of the daily value of
NJ/N, vs. the daily-average velocity; N, is the number
of spectra with |h] < 0.3, and N, is the number of spec-
tra for which a value of A could be calculated. It is
evident that most of the “good-fit” spectra were ob-
served during periods of low plasma velocity. This rela-
tion is consistent with the dependence of A on velocity
discussed in the previous section.

Figure 14 shows the daily-average values of n./n,
plotted vs. the daily-average velocity for those days on

17
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which Ne/N, > 0.10. There was no obvious dependence
of ne/n, on either the velocity or its time derivative.

The average value and standard deviation of ne/n, for
all the 1,213 spectra with [h| < 0.3 were 0.046 = 0.038.

From a combination of spectroscopic and solar-cosmic-
ray observations, Biswas and Fichtel (Ref. 22) deter-
mined the solar photospheric ratio of n./n, to be ~ 0.00.
The discrepancy between a solar ratio of 0.00 and the
ratio observed by Mariner II may be due to the fact that
the Mariner II values of ne/n, were heavily biased by
low velocity conditions. A steady-state composition on
the Sun could be maintained if greater amounts of helium
were carried away from the Sun either in high-velocity
streams, or in the plasma ejected from solar flares, or as
solar cosmic rays.

The calculated values of ne/n, are strongly dependent
on the underlying assumptions concerning the angle of
incidence (assumed radial velocity), the relative alpha-
particle and proton temperatures (assumed T, = 4T,),
and the relative alpha-particle and proton velocities
(assumed vs = 0,). If a set of assumptions better than
those used for this analysis result from future experi-
ments of higher resolution, a recalculation of n./n, from
the Mariner I{ data using this set could give results quite
different from those presented here.

Figure 15 is a plot of the mean value of n./n, for each
solar rotation vs. the logarithm of distance from the Sun.
Because of the very large scatter about the mean values,
it is not possible to reach any definite conclusions about
the radial variation of the ratio n./n,. However, since the
general a of the spectra did not change be-
tween 1.0 and 0.7 AU, the ratio v./v, (assumed = 1.00)
could not have changed by as much as 20 or 30%.
Because the quantity (n.v,)/(n,v,) cannot be a function
of distance from the Sun (assuming the same, if any,
departure from a spherically symmetric flow for the two
kinds of jon), it is unlikely that n./n, changed by as
much as 20 or 0% between 0.7 and 1.0 AU.

G. Persistence of High-Velocity Streams

The recurrent high-velocity streams discussed in this
paper are probably earlier observations of the “quasi-
stationary corotating structures” in Wilcox and Ness's
analysis (Ref. 23) of IMP-1 data. Besides magnetic-field
data, Wilcox and Ness also presented their analysis of
the solar-wind plasma data communicated to them by
Lyon and Bridge. The Mariner Il and IMP-1 plasma ex-
periments revealed similar relations between plasma
velocity and the geomagnetic index K, and between
plasma velocity and density; the density was a maximum
about one day before the velocity peak, a minimum about
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two days after the velocity peak, and then increased
while the velocity continued to decrease.

In particular, geomagnetic data indicate that the very
long-lived M-region stream occurring roughly from the
sixth through the twelfth days of each solar-rotation cycle
was probably observed by both Mariner Il (August-
December, 1962) and i3 -! (November, 1963-February,
1964). Comparison of Wilcox and Ness's report (Ref. 23)
with those of Davis, Smith, Coleman and Sonett
(Ref. 20) and Coleman (Rel. 4) indieates that the inter.
planetary magnetic-field lines in this stream were point-
ing outward from the Sun during both the Mariner
and IMP observations. Furthermore, Wilcox and Ness
(Ref. 23) reported that Fan, Gloeckler, and Simpson’s
detector on IMP-1 observed a recurrent counting-rate
increase of protons with a few Mev of energy associated
with this recurrent structure; Van Allen, Frank and
Venkatesan (Ref. 24) reported particle fluxes above the
galactic cosmic-ray background within a day of the peak
velocity for each of the five appearances of this stream
during the Mariner II experiment. Some of the particles
observed by Van Allen, Frank, and Venkatesan could
have been either protons with energy greater than
0.5 Mev, or electrons with energy greater than 40 kev;
at other times, the particles could be identified as protons.
Thus, although there were obvious changes in the detailed
structure of this stream from one solar rotation to the
next, many of its basic features were perhaps unchanged
over a period of at least 18 months.

The other streams observed by Maeriner 11 are prob-
ably the same kind of as, but not the direct
ancestors of the other quasi-stationary structures dis-
cussed by Wilcox and Ness (Ref. 23).
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APPENDIX A

Method of Calculation of Plasma Parameters from Measured Spectra
I. VELOCITY AND TEMPERATURE

For a given spectrum, the peak channel, m, was usu-
ally the channel in which the largest current was ob-
served. However, there were two exceptions to this
general rule: (1) Because of the relatively wide spacing
of the non-overlapping E/Q windows, the channel near-
est the alpha-particle peak occasionally had a larger
measured current than did any of the proton channels.
Such occurrences were fairly obvious, and the appro-
priate proton channel could be easily selected as the
peak channel. (2) If the actual proton peak was approxi-
mately midway between two adjacent spectrometer
channels, these two channels had almost equal currents.
When the currents in the two channels were within one
digitization level (i.e.,, within a factor of 10°*') of being
equal, the channel at the lower value of E/Q was chosen
to be the peak channel.

. Let I, denote the current in the peak channel, while

I.-, is the current in the adjacent channel at a lower
value of E/Q. Similarly, I.., is the current in the channel
just above the peak channel. The quantities R and Q are
defined as follows:

R = loguo (In/In-1) (A-1)

Q = logie (In/lw.1) (A-2)
Figure A-1 shows the relation between R, Q, v, and ¢
for an isotropic Maxwell-Boltzmann distribution (in a
reference frame moving radially away from the Sun with
velocity v) for a single type of ion, where v = v/,
= plasma bulk velocity relative to the velocity at the
center of the peak channel, and ¢ = 2kT/M,uv*. The dot-
ted and lined areas in Fig. A-1 show the range of values
of R and Q that correspond to selected values of v and ¢,
respectively, for a large range of values of angle of
incidence.

The straight lines of constant v and constant ¢ in
Fig. A-1 represent the following convenient set of
approximations:

.'.. The average logarithmic value of the spacing of the
channels was selected to make Fig. A-1 independent
of the value of m.

2. The lines of constant v and constant ¢ were assumed
to be independent of the angle between the nor-
mal to the detector aperture and the velocity vector
of the plasma bulk motion.

3. The lines of constant # can be represented by the
equation:

¢ = 0.03026 (R + 0.608Q)-'-**,

4. The lines of constant v can be represented by the
equation:

(A9)

g(v) = (R — 03)/(Q + 03),
where the function g(v) is shown in Fig. A-2.

The size of the errors in v and ¢ resulting from the use
of the approximations given in listings 2, 3, and 4 above
be estimated from the differences between the
straight lines and the shaded areas in Fig. A-1. Each of
these four approximations can be justified on the basis
that errors arising from their use are usually less than,
or of the same order as the uncertainties arising from
the digitization of the current measurements. The effects
of these quantization uncertainties are discussed in more
detail in Appendix B.

(A4)

The parameter P is defined by
P = loge (In/ln.s) (AS)

and a set of relations similar to Eqs. (A-3) and (A4) can
be found for ¢(R,P) and v(R,P). By elimination of ¢ be-
tween #(R,0) and #(R,P), the following equation is ob-
tained for the expected relation between R, Q, and P for
a Maxwell-Boltzmann distribution of a single type of ion:
P = 644 (R + 0.608Q)°* — 47T62R  (A-8)

The calculation of v and ¢ for a given spectrum pro-
ceeded as follows: for the first iteration, it was assumed
that only protons contributed to the currents in chan-
nels m=1, m, and m+1; the measured values of I..,,
la, and I,,, were used to calculate R and Q from
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Eqs. (A-1) and (A-2); R and Q were used in Egs. (A-3)
and (A-4) to obtain first approximations to v and ¢; P was
determined from Eq. (A-8). Then, according to Eq. (A-5),
the proton contribution to the current in channel m+2
was I,, X 10-?; the remainder of the current in chan-
nel m+2 was assumed due to alpha particles.

24

If v > 0.947, and if the alpha particles had the same
bulk velocity as the protons, then the alpha-particle peak
would have been nearest channel m+2; if the alpha-
particles had the same thermal velocity as the protons,
then the value of ¢ would have been the same for

the two kinds of ions. If r = log,. (I5../I5.,) and
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q = log.e (In.:/Ia.s), where the superscript ¢ refers to
the alpha-particle contribution, then, from Eq. (A-3), the
assumption that §, = , can be written in the form:

r + 0.608¢ = R + 0.608Q, (A-T)
while Eq. \A-4) gives
&(0.850v) = (r — 0.3)/(q + 0.3) (A-8)

The factor 0.950 in Eq. (A-8) is the ratio of the proton ve-
locity at the center of channcl m to the alpha-
velocity at the center of channel m+2. Elimination of ¢
from Egs. (A-7) and (A-8) gives

8(0.850+) (R + 0.808Q + 0.1824) + 0.1824
r= 0.608 + g(0.950v)

(A-9)

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

I, = 10, X 107 = 10-*(In., = I X 107)
(A-10)

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

and the whole calculation is repeated with a new value
of Q:

Q' = logie [la/(Ims = Inn))

The iteration is considered to be sufficiently converged
when successive values of Q agree within a factor of
10°* (i.e., within 0.3 digitization levels). For some of the
Mariner 11 spectra, the iteration does not converge before
I.., becomes greater than I.... For many of these spec-
tra, however, convergence can be obtained if one as-
sumes that the protons and alpha particles had equal
temperatures rather than equal thermal velocities. In
this case, 4, = 0,/4, and the procedure for finding »
and ¢ is similar to that outlined above.

If v < 0.947, the equations used must be modified
slightly because the alpha-particle peak is nearer chan-
nel m+1 than channel m+2. Specifically, for the
equal-thermal-velocity model, r is eliminated between
Eq. (A-7) and an equation similar to Eq. (A-8) to obtain

q == 10810 (':m/ ':m)

R + 0.808Q — 0.3 — 0.3¢(1.158)
0.008 + g(1.1507)

where, in this case, 1.150 is the ratio 04.,/0n.se. Then
the correction to be subtracted from ..., is

(A-11)

Iovi = Iniy X 100 = (ln,y — I X 10-)10¢

(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, v,:

Uy =y, + 0,

(A-13)

During the course of the Mariner I mission, o, changed
from — 1.2 to — 6.3 to + 0.7 km/sec.

The proton temperature is given by:
T,(°K) = 60.57 »" 030, (A-14)

for 0, in units of km/sec.
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il. PROTON DENSITY

Although the shape of the observed spectrum, and
therefore the calculated values of the plasma’s velocity
and temperature, is relatively inscnsitive to the angle of
incidence of the plasma flow, the absolute values of the
measured currents, and therefore of both the plasma
density and flux, are very sensitive to direction. If we
assume that the plasma flows radially away from the
Sun, then the angle of incidence on the spectrometer
aperture is a known function of the spacecraft’s velocity,
of the spacecraft’s orientation in space, and of the plasma
velocity calculated in the previous section.

Since the spectrometer’s aperture always faced the
Sun, a coordinate system is defined in which the s axis

is radially away from the Sun and llel to the aper-
ture's normal. The £ and y axes lnp.é.men %0 tbntpl:o

zz plane is the analysis plane (Fig. A-3). Then, accord-
ing to the model chosen (i.e., an isotropic Maxwell-
Boltzmann distribution at temperature T in a coordinate
system moving radially away from the Sun with veloc-
ity v), the current measured in channel j is related to the
properties of the plasma, to the spacecraft’s trajectory,
and to the spectrometer’s transmission function by the
equation:

I = QA 118w w) om0+ 0) n(gagr)  espl-M(ul + u} + wi/UT) doduwdw,  (A15)

wmehtﬁoehuponeadﬂon(mﬂah&m,mlyamgletypeoﬂon).Abtlnlmmam(5.0an’).
8 is the transmission function (or transparency factor) in the yz plane, and ¢ is the transmission function in the

2z plane.

The transverse transmission function 3 can be written as:

$=0
5.69 (v,y + wy)
sl —ro
5.00 (0,y + wy)
$=1- o+ w,
d=0

where v,, is the y component of the spacecraft’s velocity, o,.

ReRey
Rge~Rgs

T

N

NN

‘““"5"’"'0;&%
for = o = 2 < 0, S = 0w
for—o.,gw,s-o..-c»";:'
for—o.,-l--?'%“&swr

Fig. A3 Cooerdinate systom veed in date anslysis
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The variation of ¢ with energy and angle of incidence
in the analysis plane is shown in Fig. 3. The w, integra-
tion in Eq. (A-15) can be done analytically, and the other
two integrations have been done numerically to obtain a
simplified form for Eq. (A-15):

I, = QAnvuf (¢,8,0,v) (A-16)
where ¢ is the roll angle, given in Table 1, and
§ = C./t;, the component of the spacecraft's velocity
in the xy plane relative to the ion velocity at the center
of channel j.

The function f(¢, s, 8, v) is illustrated in Fig. A-4 for
the case ¢ = 30°, s = 0.0755, and in Fig. A-5 for the
case ¢ = 30°, & = 0008. Since the dimensions of
the analyzer were chosen so that the angular apertures
in the xz and the yz planes were approximately equal,

f(#, 3, 8, v) is not very sensitive to variations in ¢. In fact,
no correlation has been found between the calculated
plasma properties and the angle ¢ during the six days
that the spacecraft rolled about the probe-Sun vector.
Figure A-1 and Eqgs. (A-3) and (A-4) were derived by
using sets of figures such as Figs. A-4 and A-S.

The proton density n, is found from the measured
spectra by rewriting Eq. (A-16) in the form:

- In X 10
i 8v ”'f(*- s 0, ')

for I., the current in the peak channel, in amp, and v,
in km/sec. The value of f(¢, 4, 0, v) was computed by
first rounding off the actual value of ¢ to the nearest 15°
and then a three-dimensional, logarithmic
interpolation for the dependent variables s, ¢, and ».

(A-1T)

(em™?)
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ill. ALPHA-PROTON DENSITY RATIO

Equation (A-16) can be written for the alpha-particle
current in channel m+2, the proton current in chan-
nel m+3, and tho proton current (2 the total current)
in channel m, respectively, as:

In.; = 20Aon.f (¢, 0.950s, 6, 0.950v)
I5.: = QAuvnf (¢, 0.674s, 8, 0.674v) = I,y = Im.s

I = QAvn,f (¢,8,0,v)

These equations can be combined to yield:

- f(‘v 50, '») ('-u/’-) — f(’. 0.674s, 0, 081‘7)
2f(¢, 0.950s, 4, 0.950v)

n./n,
(A-18)

Equation (A-18) is for the equal-thermal-velocity model
in which the value of ¢ is the same for the protons and
alpha particles. If a spectrum fits an equal-temperature
model better, then equation Eq. (A-18) should be modi-
fied to give:

_ 1($,8.0,v.) (In.s/1) = [($, 06743, 6, 0674)

ey 2f(¢. 0.950s, 9/4, 0.950v)

(A-19)
where ¢ refers to the value for protons.

IV. SUPERTHERMAL-PARTICLE PARAMETER

The parameter h was defined as:

-] Im.s (measured)
o810 I s (calculated)
It can be assumed that the proton contribution to the

current in channel m+3 is negligible compared to
the alpha-particle contribution.

h

If v > 0.947,
Ia.s (calculated) = I, 10 = (I,., ~ [.10"7) 10~
where, for the equal-thermal-velocity model,

_ (R +06080) - 0.35(0950-) ~ 0.3
9 2(0.9507) + 0.608

whereas, for the equal-temperature model,

_ 318%R + 0.6080) — 0.3g(0.950y) — 0.3
v 2(0.950v) + 0,608

1f v < 0.947,
’ﬂtl (ﬂlcllhted) = ('-.. - I.lO”)lO’"

where, for the equal-thermal-velocity model,

R + 0.808Q - 0.3g(1.158) — 0.3
g(1.150v) + 0,008

p = 6.44(R + 0.608Q)*** — 4.762(R + 0.608Q) + 2.885¢
whereas, for the equal-thermal-velocity model,

_ 3103(R + 00080) — 03(1.15%:) — 03
. 2(1.1507) + 0.608

p = 19.73(R + 0.608Q)***— 15.21(R + 0.608Q) + 2.885¢

The final, iterated values of v and Q are used to calcu-
late g and p from these equations.
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APPENDIX B
Accuracy of Calculated Parameters

The principal approsimations used in fitting the
Mariner Il plasma data to the chosen models were:

1

Digitization of current measurements: this is prob-
ably the most important source of uncertainty in
the calculated parameters. The velocity depends
on the ratio (R = 0.3)/(Q + 0.3); R and Q are de-
fined in Appendix A. For all the observed combi-
nations of R and Q, the largest possible uncertainty
in 0 is av/v = 0.02. For a typical spectrum with
9, = 001, Av/vo < 0.007. The digitization errors in
the parameters #,, n,, and ne/n, are shown as func-
tions of 8, in Fig. B-1. The curves in this figure
correspond to the largest possibie fractional uncer-
tainty for most of the observed spectra for the
equal-thermal-velocity model; it is possible, how-
ever, to find spectra for which certain combina-
tions ot one-half-step perturbations make the
difference, especially at large valu-s of 8,, between
convergence or lack of convergence of the iterative
calculation. Because the fractional error in velocity
is small, ATY/T, = 46,/8,, A(n,m,0*)/(n,mv*) =
an,/n,, etc.

nsr" ~ 3
e
A (ne /1) j/
" /%
02 /
: /
Y] o ; 'b/'b L ,/
gM:/'o ""’H/
[ ‘ L1
03 2 a & ot 2 a
a’

.ﬂg. B-1. The largest possible fractional uncertainties in

8, n,, and n./n, arising from the 0.1-decade
digitization of the current measurements

8. Spacing of £/Q channels: the ratio vu.i/va ranged

from 1.207 to 1.228. A value of 1.220 was assumed
for this analysis, resulting in velocity errors of 1%
or less. The resultant percentage errors in 0,, n,
ne/n,, etc., are much smaller than the percentage
uncertainties due to the digitization of the current
measurements.

3. Edge effects, scattering of ijons, etc., neglected in

calculation of the transmission function: the theo-
retical transmission function used for this analysis
(Fig. 3) was based on the assumption of a purely
radial electric field with absorption or neutraliza-
tion of all ions that hit the analyzer electrodes.
Figure B-2 compares the curves of constant v and
constant @ of this assumed t-nsmission function
with similar curves for the extreme case of a square
transmission function for which:

s=1if -0.1557""—5 +0.15; otherwise, 3 = 0
e=¢p,whe|'e

a=1if ~0.15 < — < + 0.15; otherwise, a = 0

o+ w;

8= 1if0985 < < 1.05; otherwise, 8 = 0

For an average spectrum with ¢, = 0.01, the error
in the calculated values of v and 8, arising from the
lack of a precise knowledge of the resolution func-
tion is probably no greater than the uncertainty
arising from the digitization of the current mea-
surements.

. Spacecraft potential: in interplanetary space, the

spacecraft potential is probably between zero and
a few volts negative. A 10-volt potential would
amount to a 5% shift in the effective velocity of
channel 1, and a 0.08% shift in the velocity of chan-
nel 10. If the spacecraft had had a very large po-
tential of either sign, the alpha-particle peak would
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not have been observed at a value of E/Q approxi- b. v and ¢ in simple relation to R, Q, and P.

mately twice that of the proton peak; spacecraft
potential, therefore, was neglected. ©. Quantization, rather than interpolation of ¢, in

8. Other approximations used, all of which gave errors oaloulation of ,.
less than the digitization uncertainties: ) d.C of iterath idered satisfiod
a. v and ¢ assumed independent of ¢ and ». when sucosssive values of Q change by < 0.03.
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The peaks are removable, however, by direct coupling of
the secondary feedback. This is considered a genenally
advisable procedure for this configuration providing that
capacitor C, has a sufficiently large leakage resistance.

Closed-loop transient responses ( Fig. 37) were recorded
by changing the sine-wave signal used in the previous
jed-loop tests to & square wave. Care was taken to
vep the signal amplitude down to swings of not more
than a quarter of a decade from quiescent levels, lest
nonlinearities in the feedback tube mask the true small-
signal performance.

Although this electrometer is fast enough for Mariner 8
sampling rates (one sample per 17 sec), the interelectrode
capacitance of the feedback element may make this system
too sluggish for other applications requiring faster low-
current response. Speed-of-response capabilities for this
amplifier may be put in a better perspective, however,
by inspecting its performance with a more universally
used feedback component such as a carbon resistor. A
current threshold of 10-'* amp, for example, may be ob-
tained with a feedback resistor of 10" ohms. If gain
crossover for this new system were comparable to the
values in Table 7 (v, = 0.018 sec), the closed-loop speed
of response would reflect the Jower time constant of
the new feedback element. Assuming a distributed capaci-
tance of 0.5 pf across the resistor, the feedback time
constant v, becoirics 0.05 sec. This value of v,, indeed, be-
comes the ¢ ! response time for the electrometer, because
7ye is small enough to not affect the composite response.

he filter-induced rate limit for the electrometer de-

( in this Report (100 v/sec) were applied to this
ical case, rate kimiting would occur for fmput

step currents above § X 10~ amp. A mazimum-range

#

signal of about 10 v (I,, = 10-'* amp) would therefore
require about 100 msec to reach 80% of full amplitude.

For the case of a particular feedback resistor, electrom-
eter transient responses to signal currents below rate-limit
level may be considered uniformly linear. What makes
quantitative comparison of the log diode system difficult
is that dominant time constants for log feedback are
based upon bias currents and not necessarily on absolute
values of transient current. It is also very possible in
actual spectrometer applications thut the log diode sys-
tem will come to rest somewhere between the lower end
of the useful diode characteristic and the discriminator
threshold. Tube capacitance must then be charged before
the tube becomes conductive, whereas resistive feedback
provides a constant conductance and a fixed starting

point.

In applications requiring the speed of response and
zero stability afforded by a feedback resistor, one may
then tailor the loop transmission characteristic to the
specific requirements of the resistor. The technique of
secondary damping feedback described in this Report
may then be applied, when needed, in a more efficient
manner by the inclusion of a fixed damping factor
(8:). In a similar fashion, commutated feedback resistors
may also be efficiently used with synchronous switching
of discrete optimized feedback networks.

D. Dynamic Reed Capacitor Development

Dynamic capacitars of the type used in the Ranger and
Meriner solar plasma instruments ( Fig. 38 and 39) origi-
nated over 15 years ago (Ref. 16), and have been em-
ployed in various commercial electrometers. Since the
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Fig. 39. Uncased dynamic capaciter

instrument demanded a lightweight, low-power device
.lhat could withstand the rigorous vibrational and thermal
environment imposed by the spacecraft, a speciel design
was required. In January 1060, a development contract

for the vibrating reed capacitor was let to the Applied
Physics Corporation of Monrovia, California.

Evaluation of the first six prototypes and communica-
tion with Applied Physics resultrd in the following target
specifications: - n,,

1. Reed resonance at 83°C: 8,305 =+ 5 cps.

2. Resonant frequency shift between 0 and 70°C: 15
cps max.

s ?:;vanlondﬁehneylt!.“epmdﬁ'(!z 8t

4. Resonant Q: 150 max.

5. Drive voltage at 2,400 cps: 6.8 v rms.

8. Drive coil power: 75 mw max.

7. Reed-to-anvil rest capacitance: C, = 70 pf max.

8. Coupling capacitance: 50 + 3 pf.

9. Contact potential: 0 = 50 mv dc max.

10. Temperature coefficient of contact potential: 70
av/*C max,

11. Weight: 0.6 Ib max.
12. Unit evacuation pressure: < 10-* Torr.
13. Input resistance: > 10'* ohms.

The choice of reed resonance at approximately 2,400
cps was based on (1) the ability to drive the reed directly
from the 2,400-cps spacecraft supply and (2) the small
size of the reed, which resulted in an over-all structure
of minimum dimensions. The values of rest and coupling
capacitance were influenced by such factors as conver-
sion efficiency, loop transient response, and the source
impedance presented to the subsequent trarsistor
electronics.

The over-all structure of the reed capacitor suggested
a cylindrical or can-type enclosure. The can was evacu-
ated in order to obtain high compliance of the reed with
a minimum expenditure of drive power for a given con-
version efficiency. In addition, since anticipated uses of
the converter would require extended periods of opera-
tion (one to two years) in the vacuum of space, and since
gradual loss of an atmosphere of inert gas in a modulator
would catastrophically alter the reed characteristics, the
evacuated can appeared doubly attractive.

However, as development progressed, the effect of the
evacuated can on the contact potential specification
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became painfully obvious. Temperature cycling of the
evacuated modulator caused outgassing of most of the
materials inside the device and resulted in contamina-
tion of the reed and anvil, with an accompanying increase
in contact potential and its thermal coefficient. This
problem was ultimately solved by high-temperature
vacium annealing of most components internal to the
can and by elimination of all internal organic materials
and internal solder connections.

Early in the program, the need for a reed-tracking
oscillator was considered; that is, a device that would
sense the drift i reed resonant frequency due to age
and temperature change and would synchronously drive
the phase-sensitive demodulator in the electrometer
amplifier. The behavior of the capacitor resonant char-
acteristic vs. temperature for the early prototypes (Fig.
40) was monitored, and several units were installed in a
breadboard electrometer. Loop-gain and phase-margin
tests were performed vs, temperature in this test fixture,
with both the reed and the demodulator driven from a
fixed 2.4-kc signal (see th: discussion on the demodula-
tor). Analysis of these data indicated that the change
g mplifier loop gain, owing to changes in demodulator

iency (caused by phase shift between the reed out-
put signal and the demodulator drive signal), would
not seriously degrade the amplifier performance.
Because of this fact and the limited period for develop-
ment of the instrument, it was decided in September

i .
0 2%
] 0 70°C
a4 0°C

-

el

CONVERSION EFFICIENCY, %
»

L

|

2400
FREQUENCY, cps

Fig. 40. Resenant characteristic of sarly pretetype
dynamic capaciter ve temperature

e

1960 to drop the tracking oscillator approach and start
preduction on units to be driven at 2.4 ke, a point slightly
above the natural resonant frequency. By operating the
reed in this manner with the specified Q and the allow-
able resonant frequency drift, it appeared that the ampli-
fier loop-gain stability requirements would be reasonably
oy o saiinfy, Trowhie developed shortly therealter
when attempts at simultaneous control of parameters
such as resonant frequency, frequency driit, mechanical
Q, and conversion efficiency led to a poor yield of pro-
duction modulators. To meet the demands of the Ranger
1 and 2 system schedules, it then became a necessary
part of the reed acceptance procedure to run each modu-
lator in an electrometer breadboard and select the opti-
mum phase compensation network for the demodulator
for that particular assembly. Since the production reed
characteristics were not uniform, this optimum phase
shift network had to be selected by examining the gain
and carrier phase characteristics of the electrometer over
the opcrating tempr.. . ure range (—10 to +80°C) and
selecting a compromise velue which would ensure olece
trometer stability at all temperatures.

This complicated evaluation procedure subsequently
led to a new contract with the Applied Physics Corpora-
tion in April 1961, which resulted in a capacitor with a
piezoelectric rrystal mounted on the reed. Since the crys-
tal, which was made of lead titanate, gave maximum
output at reed resonance, it provided a stimulus signal
for a regenerative coil drive system, which could also
synchronously drive the demodulator. The frequency
stability of mechanical resonance in this capacitor was
also markedly improved by changing the reed material
from stainless steel 303 to a constant-modulus alloy,
Ni-SPAN-C. The mechanical assembly drawing (Fig. 41)
Hllustrates the rugged construction of the unit, which
passed vibrational tests far surpassing the actual launch
vibration envircnment.

\/I{e center post forms one clement of the coupling
capacitor with respect to the stator assembly and also
acts as an input terminal to the stationary element of
the variable capacitor, the anvil. The construction design
ensures that both the variable and coupling capacitors are
guarded, in order to provide capacitor stability and mini-
mize leakage current paths. Although the center post was
initially designed to house an input resistor that provided
isolation of the source end input terminal capacitance
from the reed-anvil capacitance, it wus decided to accept
& small decreass in open-circuit conversion cfficiency
(owing to additional shunt capacitance) and to place the
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resistor outside the assembly in order to reduce possibie
sources of contamination. The Mariner 2 unit (with an
end shicld to reduce the effects of magnetic fields from
the rced assembly) was 3.25 in. long by 208 in. in
diameter and weighed 0.6 Ib.

Since the absolute value of the coupling capacitor is
not critical in an electrometer of ihis type, an improved
version of the unit was later developed which utilized

IV. THE DEFLECTION

4

' .’electrostatic deflection system for the Ranger and
Mariner plasma instruments consisted of three elements:
a digital programmer, a high-voltage sweep amplifier,
and the electrostatic deflection plates. The programmer
received timing pulses from the spacecraft DAS and sup-
plied precise analog currents to the high-voltage sweep
amplifier. The output voitage of the sweep amplifier
was then impressed across the electrostatic deflection
plates so that particles of a particular charge sign and
energy proportional to that deflection voltage were fo-
cused through the deflection plate assembly onto the
Faraday charge collection cup. Mechanization of the
Ranger and Mariner deflection systems was practicaily
identical except that the Mariner sweep amplifier was
somewhat simpler since only positive ions were to be
measured.

A. Flectrostatic Deflection Plates

The Ranger and Mariner deflection plate systems (Fig.
4 and 8 respectively) were designed according to dimen-
sions supplicd by the JPL experimenters, M. M. Neuge-
bauer and C. W. Snyder. Each unit consisted of a set of
curved parallel plates separated by ground rails to con-
tr fringing cffects between the plates. A rectangu-
lar at ground potential was located at both the
entrance and exit of the deflection plates for the same

lmangJren. closcly spaced, parallel plates for the coupling
capacitor and afforded a 3/4-in. reduction in length and

a resultant weight saving. A sapphire input terminal
increased the input resistance to more than 10" ohms.
The superior short time constant of strain currents ex-
hibited by this material has made practicable the design
of electrometers for long-term space use with a nul!
stability of 10 amp nver the temperature range of
-50 to +980°C.

VOLTAGE SYSTEM

reason. Inside the entrance to the Faraday cup, but
shiclded from the particle beam by the rectangular
ground plane, was a suppressor electrode which pre-
vented secondary emission of electrons from the Faraday
cup due to collisions of incident particles. All metal parts
were gold-plated magnesium with the exception of the
entrance ground plane, which for reasons of epacecraft
passive temperature control was made of polished alu-
minum.

The energy E. required for a constant radius of curva-
ture for normally incident particles was equal to 2.74
times the deflection voltage on Ranger and 4.0 times the
deflection voltage on Mariner. Differential deflection
voltage (outer tu inner plate) vs. energy level is shown
in Tables 2 and 3 for the Ranger and Mariner systems,
respectively.

Evaluation of a prototype instrument in a particle ac-
celerator revealed a troublesome phenomenon. Ultraviolet
photons in the Lyman-Alpha region emitted by the parti-
cle source reflected down the bright gold walls of the
deflection plates and then reflected off the charge col-
lection cup. This indirectly illuminated the negatively
biased suppressor electrode and caused a release of photo-
electrons. The photoelectron current collected at the Fara-
day cup and measured by the electrometer was on the

37
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order of 10-'* amp or three orders of magnitude above
the electrometer threshold.

The problem of darkening the gold-plated parts to
reduce the reflected light was complicated by the fact
that any material utilized had to be x good electrical
conductor. Following a method described for increasing
the efficiency of infrared detectors (Ref. 19), it was
decided to coat the deflection plates and Faraday cup
with gold-black. Gold was evaporated off a tungsten
filament onto the gold-plated magnesium surfaces in a
low-pressure atmosphere of hydrogen. The hydrogen de-
creased the mean free path and the temperature of the
gold molecules emanating from the filament so that
they accumulated on the surfaces of interest in a locse
molecular structure. The resultant surface was extremely
black to ultraviolet as well as visible wavelengths. Al-
though the black surface could be easily rubbed off,
evaluation over a temperature range of —50 to +150°C
and exposure to a vibrational energy spectrum much
greater than that anticipated on the spacecraft failed to
indicate any changes in the surface absorbtivity.

Subsequent evaluation of the gold-blacked system with
an ultraviolet source whose estimated intensity was equal
to three times that emitted by the Sun revealed that the
resultant background current was on the order of 10-*¢
amp (measured with a commercial electrometer) and
weil below the flight electrometer threshold. Gold-black
was applied on later instruments using nitrogen iu lieu
of hydrogen, but in cither case the process was an ex-
tremely laborious one, owing to the difficulty in obtain-
ing a uniform, nonspecular coating over the large surface
arca. Platinum-black, which is a commercial plating proc-
ess, was cvaluated late in the Mariner program and
proved to be as effective as the gold-black. The platinum-
black method was dropped, however, owing to the limited
development time, when it was discovered that there was
a corrosive action between the platinum-black plating
sol_tion and the magnesium plates as a result of the
porosity of the gold plate.

In a redesign of the deflection plates for the Mariner
system, the sector angle of the deflection plates was in-
crcased from 90 to 120 deg to increase the number of
reflections necessary for a beam of photons to reach the
suppressor grid, and the resultant background electron
current dropped to less than 10-'* amp. Experience with
the Ranger instrument at AMR, where the humidity
was very high, dictated the use of insulators such as
Teflon and Diall FS4, a glass-filled diallyl phthalate, in
licu of materials such as nylon that were hygroscopic

and absorbed water in thc humid cnvironment, and thus
drastically lowered important insulation resistances. Other
engineering improvements in the Ranger design were the
use of improved ground rails to reduce the number of
critical high-voltage insulators, reduction of the over-all
number of parts to simplify mechanical construction,
and redesign of the collector cup, whicli reduced the
number of insulator leakage paths and provided a sub-
stantial decrease (80% ) in collector cup capacitance.

‘ B. Digital Progioinmer

The digital programmer receives a timing pulse from
the DAS at fixed intervals, and at each interval gates a
precise analog current into the high-vol.age sweep ampli-
fier to generate a discrete deflection voitage. At the
end of every measurement interval, a reset pulse, which
resets the binary counters to the zero state, is received
from the DAS. This procedure irsured synchronism of
the measurement interval with the frame coding of the
DAS data format and was used in lieu of an energy
level identification signal which would have required
more information bits.

P4

. The Ranger and Mariner programmers were essentially
identical except for the number of energy levels and the
{dah interval time. The Ranger system provided twelve

iscrete outputs and also a thirteenth step, which was
identical with Step 1. This provision was to ensure that
the entire system would stabilize before DAS readout if
the electrometer input went from a large positive-ion
current in Step 12 (2,000 v) to an electron current in
Step 1 (—40 v). The measurement sequence for the
Ranger system is shown in Table 1. The Mariner
quence was similar except that the, time interval was ap-
proximately 17 sec and there were 10 energy levels plus

a reset and calibration interval (Table 3).

A block diagram of the Ranger programmer (Fig. 42)
can be corrclated with the Afariner programmer sche-
matic (Fig. 43). Reset gate circuitry (transistors Q28
through Q30) was incorporated into one of the Ranger
programmers te allow synchronization of all the sweep
voltages in the absence of the DAS in a systems test
operation. Transistors Q16 through Q23 formed a four-
stage counter which was triggered by the DAS timing
pulsc through pulse amplificrs and shapers Q24 and Q25.
The flip-flops used were flown on Pioncer Il and IV
(Ref. 20) and were used here because of the proven de-
sign reliability. The outputs of the counter were examined
Ly a multiple AND gate diode matrix using the standard
binary-to-decimal conversion technique. Transistor gates
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Qi through Q13 (Q1 through 10 on Mariner 3) switched
a regulated reference voltage to resistive weighting net-
works to form the sweep amplifier analog input cur-
rents. On 2ariner, no input voltage was gated to the
sweep amplificr in Step 11 (Q11), as will be explained,
and Step 12 (Q18) provided gating for the slectrometer
calibration reed-switch coil.

Since the programmer output circuitry is direct-coupled
and since it was desired to keep the sweep analog input
currents stable within a few percent over the specified
operating temperature range (—20 to +80°C), an effort
was made to compensate for the temperature variations of
diodes in the signal path. Figure 44 shows the compensa-
tion technique used to stabilize the sweep analog input
currents. The compensated zener diode (CR110) is a
selected precision reference with temperature coefficient
of better than 0.004%/°C at a bias current of slightly less
than 1 ma. Diodes CR111 and CR112 buck out the offset
and temperature variation of the base emitter diode of
Q1S and the blocking diode (CR1) associated with the
gate transistor (Q1). A resistive divider (R8S, R88, and
R85) is used to adjust the absolute value of the input
voltage, and after a series of temperature runs, & silicon
resistor (R88) is selected to compensate for the attenua-
tion of the divider on the temperature coefficients of
diodes CR111 and 112 and for the general temperature
coefficient mismatch of all components involved. The
diodes (CR2) connected from the gating transistor col-
lector to ground clamp the cutoff voltage of the OFF
gates, limiting the back voltage on the blocking diodes
and thus minimizing the total leakage current errors
from those gates that are off. Resistors R,, R, and R,
are designed for the proper transfer impedance for a par-
ticular sweep amplifier input current, and in addition
are constrained so that the resistance seen by the indi-
vidual blocking diodes is identical. As a result, the cur-
rent through the individual blocking diodes is almost
independent of signal current, the voltage rise across all
diodes is the same and, therefore, the voltage appearing
at the input resistor on any step will be approxirately the
same (about 7.0 v).

Another advantage of the resistive T networks is that
although the transfer impedance varies greatly (almost
two decades) through a cycle, the effective # network
of the sweep amplifier feedback loop remains a con-
stant, and consequently the loop gain (AB) of the sweep
amplifier remains constant. The following figures illus-
trate the change in voltage at the input of the resistor
network on Step 1 at the initial setting and at tempere-
ture extremes on & typical flight programmer:
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"":r. forepn @ Auec, W0
+80 -48.963
+N
+33 -4.906
+19
-20 -0.987

Since these deviations are only 8 —0.3% and a —0.27%
change from the 25°C value, they arc considcred satisfac-
tory, as the allowable deviation of any deflection voltage
about the 25° value was +5%. In more recent pro-
gnmmerdulm,uuofauferemzmdlodewitha
tightly controlled absolute value has eliminated the need
for the resistive divider and the resuitant thermal track-
ing problems.

C. High-Voliage Sweep Amplifier

The high-voltage sweep amplifiers used on Mariner
and Ranger were identical except that the Ranger system
used two subsidiary amplifiers for stable generation of
the low-voltage steps. (For comparison of ranges, see
Tables 2 and 3.) Figure 45 illustrates the logic arrange-
ment of the Ranger sweep system. The main sweep ampli-
fier portion of the block diagram is identical for both
systems. The large dynamic range required by the Ranger
system (—20 to +1,000 v, one side to ground) sug-
gested the use of a transformable ac system. In order to
avoid the effects of various drifts arising in dc input
stages and thus achieve reasonable thermal gain stability
(<10%) in the low-voltage steps, a carrier-type opera-
tiona! amplifier was considered. Subsequent investigation
of the carrier approach revealed that the most critical part
of this design would be the chopper itself. Althcugh much
had been written about the static offset parameters of
chopper transistors, very little was known or had been
published about the mechanics of dynamic offset parame-
ters such as switching spikes. In aJdition, thermal and
long-term stability of leakage currents in the choppers
then available was poor, owing to the lack of surface
treatment found in present-day choppers. Although this
design approach was recently achieved through the ad-
vances in (1) chopper transistor technology, (2) use of
wide-band amplifiers with low hangover and blocking
characteristics, and (3) duty-cycle action between modu-
lator and demodulator to cancel the switching spikes,
it was not a feasible approach at the time of the Renger
development. Instead, a direct-coupled operational am-
plifier, with a balanced differential output, was used for
generation of voltage steps of +32 to +1,000 and —32 to
~=1,000 v, end & pair of three-stage, direct-coupled,
feedback-biased operational amplifiers generated voltage
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Fig. 44. Partial schematic diagram of programmer
reference and sweep amplifier input

steps of —20 to +10 and +20 to —10 v (Fig. 46). A
temperaturc-compensated diode isolation circuit was uti-
lized <o that the deflection plates were clamped to the

subsidiary amplifiers for the low-voltage steps and to the
.m;u':. sweep amplifier for the high-voltage steps. Use of
forward biased diodes (CR6 and CR7) in series with the
outputs of the subsidiary amplifiers provided adequate
temperature compensation for the voltage variation of the
blocking diodes (CR7 and 8, CR12 and 16). During the
subsidiary amplifier portion of the sweep cycle, the nor-
mally positive output of the main sweep amplifier was al-
lowed to cut off, leaving the junction of R33 and R34 at
approximately —30 v, thus clamping the positive or outer
deflection plate to the subsidiary amplifier. With the
exception of the polarities involved, the inner deflection
plate sweep circuit worked in a similar manner.

The main sweep amplifier used on Ranger and Mariner
(Fig. 47) was a direct-coupled operational amplifier
which relied on a balanced differential input stage for
null stability. The input stage (Ql and Q2) is followed
by a stage of voltage gain (Q3) succeeded by two stages
of power gain (Q4 and Q5) which drive a transistor-
saturable-core oscillator. The oscillator drives a balanced
voltage-doubler network (CR16, 17, 18, 19, and C4, C5
on the positive side) such that output voltages of equal
magnitude and opposite polarity, which are proportional
to the oscillator input drive voltage, are obtained. An

~QPposite-polarity bucking voltage is placed in the charg-
paths of both sides of the balanced voitage in such a
way that each single-ended output voltage of the sweep

amplifier is equal to the algebraic sum of the bucking
voltage and the cutput voltage doubler. For a given
deflection voltage, the closed-loop system then forces the
static inverter output to a value equal to the given voltage
plus the bucking vpltage magnitude. This allows the

saturable-core oscillator to operate with reasonable effi-
clency at the lower deflection vonltages, Increases the
frequency of oscillation at the lower deflection voltages
so that fairly small capacitors can be used for high-
voltage ripple filtcring, and conveniently allows the high-
voltage amplifier to operate with a null output without
danger that the loop wiil open because of static inverter
cutoff.

The balanced, half-wave rectifier that was used for the
offset voltage on Ranger had a 26-v rms, 2,400-cps, sinus-
oidal, spacecraft power supply. Some difficulty was
experienced in designing an efficient voltage step-up
transformer at this frequency because of the large excita-
tion losses and the small secondary current demand. It was
determined that Mariner 2 would use a 10N-v peak-to-peak,
2,400-cps, 5-us rise time, square-wave power supply in
order to provide greater spacecraft conversion efficiency.
To ease the complexity of the step-up transformer design
problem, a balanced half-wave voltage doubler was-
adopted. On the Mariner system, the negative bucking
voltage in the positive output side was generated by C2
and C6 and by CR46 and CR14.

Inspection of Fig. 47 reveals that the amplifier feed-
back loop is single-ended so that the system error signal
is provided by the positive output side alone. This design
approach assumes reasonable thermal tracking of both
sides of the static-inverter voltage doubler and demands
that the outputs of the bucking supply be of equal mag-
nitude in order to obtain a symmetrical output of the
over-all sweep amplifier. This is reasonable since the
negative-output side is a mirror image of the positive
output about the ground center line. During operation
of the system in the space environment, all charged
particles that enter the deflection system and are not
focused onto the collection cup impinge on the deflec-

° tion plates and form a current that must be absorbed by

the power supply. An electron current that is absorbed
on the positive plate and that is larger than the idling
current through R49 minus the feedback current will
devciop a voitage across R49 sufficiently large to keep
diode CR46 reverse-biased during its normal charging
cycle. As the current increases, the bucking voltage across
R49 increases. Since the negative bucking voltage is
inside the amplifier feedback loop, the system would
force the static inverter output upward to maintain the
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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 output will result. Zener diodes CR39 and 40,
whose total threshold is slightly above the normal offset
potential, limit voltage buildup on R49 to the zener
breakdown voltage and so tend to keep the offset voltage
symmetrical. At the +30-v output, either side of the sys-
tem could sustain an injected loading current of 100 xa
with less than a 1-v unbalance.

Positive-ion current on the positive plate has a similar,
though inverse, cffect. In this case, the idling current of
interest is delivered to R47 by the voltage-controlled
oscillator and is a variable given by

Eo - Eumu + ..EL
R47 R’

Inverse current in excess of this value will develop a
voltage across R47 that will reverse-bias diodes CRI18
and CRI19. At the +30-v output, the outer plate could
sustain an inverse or unloading current of 2.5 pa before
Jisconnecting rectifier diodes CR18 and CRI19.

@ )iodcs CR24 and 42 (CR43 and 25 on the negative
side) clamp the output of the system to a small potential
during the instrument reset and calibration periods. Dur-
ing Steps 11 and 12 in the Mariner scan cycle, all negative
signal currents to the sweep amplifier are disconnected,
and a fixed pasitive-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 inverter to cut off. The offset supply
then keeps the diodes in this condition, and charged-
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 ( —1.4 v dc) corresponds to electron en-
crgies of 5.6 ev and thus assures negligible interference
with calibration current injected into the electrometer
during the twelfth step.

Capacitor Cl, which is bootstrapped about transistors
Q3 and Q4, in combination with the Thevenin imped-
ance looking from the junction of the capacitor with
the base of Q3, provides the dominant pole that rolls
off the open-loop response at 6 db per octave. This pole

rs at approximately v.04 cps as illustrated in & mea-
s loop-transmission charactcristic (Fig. 48). The zero
frequency A is greater than 200, which is more than

adequate for 1% transfer function accuracy. This curve
was obtained by placing an isolated dc or sinusoidal
source in scrics with the positive output and the feed-
back resistor in the same manner as described in the
electrometer cvaluation. Care was exercised during the
test to cnsure that the output signal was a symmetrical
sinusold throughout the measurement. This wavesha
is essential since a signal that tends to rapidly drive
positive output to a less positive value will be rate-limited
by the output filter nctworks. The fecdback loop will
rapidly force the static inverter to a smaller value, the
charge retained on the filter capacitor C5 will reverse-
bias diodes CRI8 and 19, and the loop will intermit-
tently open; the resultant output will then be distorted
owing to rate limiting. Since the deflection voltages
consistently incrcased in magnitude during the mea-
surement cycle and the system was always in a linear
mode, this distortion did not occur. The rise time for a
step-function input that drives the output from +5 to
+50 v is 70 msec. Since the electrometer was allowed to
settle ov* for one interval between the 1,050-v step and
the calibration interval, the gecay time of approximately
400 msec offered no problem.

The ultimate null stability of the sweep amplifier
depends on the tracking characteristic of the balanced
diffcrential input stage. Changes in differential input
currents and imperfect tracking of the base-emitter diode
voltages of the comparator transistors are the most sig-
nificant factors in the cause of output voltage drift.
Current drift effects in the input stage are minimized
by making the Thevenin equivalent resistance of the input
networks (R1 through R33, Fig. 47) and feedback re-
sistors (R4S, 46) equal to the parallel combination of
the reference base resistors (R37, 38). Assurning balanced
collector currents and S-tracking of the'comparator tran-
sistors, input current changes due to # 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, CR12, CR13, and R39 and 40 is used. This thermal
stabilization is essential, as any change in the current

- source must be absorbed by the input transistor of the

comparator stage and will then cause input drift cur-
rents, since the output or referenced side has a regulated
collector load. Diode CR12 is a low-temperature coef-
ficient rcference zener, and diode CR12 is used to com-
pensate the base-emitter diode variation of Q2 in such a
way as to maintain a constant voltage across R39 and
R40, and hence a constant current. The current source
proved to be stable to within 3% at a collector cur-
rent of 30 ua over a 100°C temperature range. In the
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Fig. 48. Mariner sweep amplifier loop transmission respense

initia! adjustment procedure, the parallel combination of
resisiors R39 and 40 was selected for balanced compara-
tor collector currents of approximately 15 ua. In order
to avoid variations in the collector current of the com-
parator output stage owing to base-emitter voltage varia-
tion of the subsequent PNP transistor (Q3) across the
collector load resistor, a semi-stable current source was
formed by R35, zener diode CR11, and collector load re-
sistor R36. Resistors R54 and R55 were added to the
Mariner design to equalize the collector operating volt-
ages and thus achieve balance of the collector leakage

currents.

The comparator transistors used in the early Ranger
designs were 2N336 transistors and were carefully se-
lected for matching characteristics; that is, the various
values of Vy; and the current gains were matched at
collector currents of 15 ua. In addition, collector leakage
currcnts were matched at a Vg value of 12 v. Although
this procedure was successful, the long-term results were
not alwuys so, since individual units tended to degrade
with time. The advent of the passivated planar transistor
’in the fall of 1980 provided a solution to this problem.

48

A special unit was obtained which contained two 2N 1613
transistors in a single TO-5 case (Fairchild FSP-2). This
unit had a higher g and a leakage current lower by an
order of magnitude than that of the available 2N336's.
The common heat sink also contributed markedly to im-
proved thermal tracking of the comparator stage. By the
completion of the Mariner development, the superior
2N2060 was available as a standard (and cheaper) com-
ponent. The irony of electronic design is that when a
project reaches the production phase, having taken up to
a year in development depending on the complexity of
the task and the available manpower, components in-
evitably become available which make the present design
obsolete since they permit vast simplification or increased
performance.

Because of the small available input voltages, the large
dynamic output rangs, and the necessity to avoid ex-
cessive power dissipation in the feedback resistor, the

feedbeck attenuation

R,
R+ R,
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where

R, = Thevenin equivalent resistance of all input and

bias networks

R, = sweep amplifier feedback resistance

became very small and thus magnified the effects of
drift in the input stage. The effects of comparator cur-

t and base-emitter voltage drifts on the output may be
studicd with the aid of Fig. 49. In this equivalent circuit,
the input networks have been replaced by their equivalent

resistance R,. It may be shown that
V-, = (I, - ’a,) R,

and
Va, = Vog, = Ve, = In,Rrat
so that
I.. R. = I..R,.. + IV.,
lp bl
R,
where
IV.. = V.,' - v”. .
The output voltage is given by
'E. =R, + V,,.
Assuming

. Vs, << IR,

then

E. = (Is,Re = Ip,Rrer + 8V52) %
and
g, [ s, o, AVee)\ A,
i -57'&- ?"m"’ T )R, 49
assuming

Since Ry = 111 K and R, = 125 meg, it is seen that
the algebraic sum of the voltages around thc compara-
tbr base-cmitter loop that are due to input drift current

,and improper diode voltage tracking is reflected to the

output by a factor of about 1,000. It is realized that the
incremental variation of base currents and base-emitter
voltages is not a linear function over a wide tempera-
ture range. Equation (45) is generalized, therefore, in
terms of the total change of these parameters over a

large temperature excursion.

For
AE,

—_— 0

AT
A’.. R, - A'.,Rnl = - A(‘VM) (46)
From this result, it can be shown that the small base-
emitter tracking errors can be compensated by the
differential base current drift by variation of resistor
R, with respect to R,. For a representative 2N2060 at
Io=15 ua, variations of these parameters from —25 to
+75°C are as follows:

A’.I L O.IOpn

aly, = 0.14 pa

A(lV..) = 26 mv.

Substituting these parameters in Eq. (46),

0.10 X 10 X 111 X 10° - 0.14 X 10-* X R,
=26 X10°

and
Ru=07K
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Table 8. Output voltage vs. temperature for Ranger sweep system

Fig. 50. . Thermal drift characteristics vs. reforence base resister for typical Mariner sweep amplifier
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,or the comparator collector currents are balanced in
the sweep amplifier alignment procedure, the output
voltage it recorded vs. temperature for different values
of R,,.. A family of curves that depicts the test result
for a typical Marincr sweep amplificr is shown in Fig.
50. It is seen that the flattest output characteristic over
the 100°C temperature range was provided by a 68.1-K
resistor. This corresponds to an average equivalent input
drift of 20 uv/°C. Since this adjustment resulted in a
stable output offset, a reference base resistor of the
proper value was installed, the precise analog current
was gated in on the first step (corresponding to 30 v

output), and a regulated input bias current was adjusted
to give the correct output voltage. The regulated bias
voltage is supplicd by reference zener diode CR38 with
an adjustable voltage divider R30 through R32, and the
bias current is produced by R33. The temperature test
is then rerun to prove the validity of the adjustment.

For a typical Ranger sweep amplifier (the Mariner
design was similar) the output voltage is given vs. tem-
perature and energy-level step in Table 8. The Mariner 2
sweep amplifier calibration is presented in the next sec-

tion, which describes preflight performance.

V. THE MARINER 2 FLIGHT INSTRUMENT

A. Pre.light Calibrations

Four solar plasma instruments were built in prepara-
tion for the two 1962 launchings to Venus. Construction
on the third unit, which was to fly aboard Mariner 2,
was completed on February 9, 1962. Flight acceptance
cnvironmental tests were conducted between February
25 and March 5, 1962, during which time temperature,
vibration, and vacuum-temperature performances were
monitored. Between March 5 and May 8, 1962, the
flight instrament was alternated with other plasma units
for spacecraft systems tests. When not on the spacecraft,
cach unit was returned to the laboratory for routine
calibrations and performance checks. The history of
each unit as recorded in its log book provided an
abbreviated yet effective instrument life test and
burn-in record.

Vacuum-temperature tests were once again performed
on May S, 1962, and shortly afterward unit No. 3 was
shipped with other spacecraft elements to AMR. Final
laboratory calibration was performed on August S,
1962, followed ou the next two days by the last space-
craft systems test. The lJast useful data observed were
c ter calibrations taken in the explosive-safe area

on AUgust 14, 1962, prior to the move to the launching

pad. The next message from the instrument did not
occur until August 29, 1962, about 2% days after launch,
when Mariner 2 scientific instruments were turned on.

The curves and tables presented here describe the
preflight performance of various parts of the AMarincr 2
solar plasma instrument. Figure 51, foi instance, shows
the result of final adjustment to the electrometer secon-
dary fecdback. Part of the logging operation, which

" started after completed construction of each unit, con-

sisted of monitoring important instrument performance
parameters and power supply levels in addition to the
customary calibrations. Table 9 presents results of
characteristic measurements taken in the 4-month period
prior to launching. The mechanical resonance of the
dynamic capacitor is measured by the frequency of its
feedback-driven cscillator. The importance of this mca-
surement is that large increases in frequency with time
are indicative of leaks in the modulator vacuum seal,
which suggest damping effects such as reduction in con-
version cfficiency and alteration in mechanical Q. Ac-
ceptance standards for frequency stubility were based
upon statistical data obtained from Ranger instrument
modulators. During this period of time, loop gain var-
fations were within +1.8 and =3.7 db of the nominal
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65 .. ..put error signal potentials were, therefore,
about +2 mv for the tabulated values at input currents
oi 16 zmp. As a result, if ~2-mv corrections are made
to tabulated values of V., one has a thermal and tem-
poral history of modulator contact potential. In most of
the formal thermal tests of each flight unit, the instru-
ment’s temperature stabilized near that of the chamber
wall or near the ambient temperature, depending upon
which was controlled. Wherever possible, chassis tem-

4

peratures were recorded. Where results are listed for
tests at atmospheric pressure with no chassis tempera-
tures recorded (e.g., spacccraft systems tests), it is safe
to assume a chassis temperaturc within a few degrees
centigrade of the recorded ambient temperature. The
final temperature listed in Table 9 (these values also
appear in Tables 10 and 11) were somewhat different
from the previous test values, hecause the instrument
and its handling fixture werc attached to a Plexiglas
wall of a rollable vacuum chamber t AMR, and no in-
ternal thermal control was provided.

The curves of Fig. 52 provide the basic temperature
calibration for the electrometer system, but for final
adjustment they must be normalized to the last tempera-
ture calibration (columns 2 and 3 of Table 10). The
effective translational drift of calibrations between May
8 and August 5, 1062, was about 8 mv.

During each spacecraft systems test a fixture attached
to the plasma instrument permitted remote sequencing
of clectrometer calibration currents. During these tests,
outputs from both the electrometer and the analog-to-
digital converter of the spacecraft science Data Condi-
tioning System (DCS) were monitored. The resuits of
these measurements on the last systems test (August 7,
1962) are listed in columns 4 to 7 of Table 10. Differ-
ences between readings taken on ground support equip-

Table 9. Preflight electrometer performance

i Modulater froquency Loop goin Viest e = 16° omp Tomperature® Prosswre
' o cps [ -y € Torr
s/8/62 2,259.7 1,150 -26.3 +24 1 otm
un) 22994 1,150 -26.1 +26 10
. 22593 430 -29.4 -9 2 %10
2,261.1 1,110 -25.9 +60 2 x 10
2,2508 1,020 -20.4 +24 w0’
2,259.1 10 -297 +23 1atm
6/28/62 2,260.5 1,000 . -2539 A+28* 1eom
(AMR) 2,.260.9 730 -21.6 A—-20
| 2,2020 ”0 -28.9 A+70
‘ 2,2600 199 =230 A+2S
8/5/62 23,2608 1,10 -200 +20 1 om
(Final ot AMR) 2,260.2 1.200 -22.?7 +8 13X 10"
.-mm.mw,dmnmunwm
l' A denoton ambiont lampereture.
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Table 10. Final preflight elecirometer calibrations

Fine! spacecraft tont®
! Finn! bnstruseent calibration’ h e Equivalent spocecrals
fnv DCS readeut, steps calibration,’ referenced te:
hie omp 088 readows, Corvorponding
Dighel svipn | Digital eutpwt ep conter
~ m.pb:'h i o v ta octel o decimet g 03 grovnd Sote .
pretsvre rumbars momisore it
10 L. 1.833 .02 ns n” 1.0V0 1812 1078
o' 2120 2128 2.108 132 ) ”? tALL) 2.102 2.108
10 2373 2380 2392 4“4 l 100 » 2.3% 2357 2.343
0 2.618 2.624 2.9%4 1% | no 2.5% 2.600 2.407
10 2854 2.8 2.0 n 1)) 2048 2030 2044
" 3.073 3.003 .00 202 Vv 130 3.088 .072 3070
0" 2219 3.324 — — — — 3.0 3.307
10" 3.2V 3.548 — — — R — 35352 359
0" 2.088 2.060 2092 m n 2044 209 200
o At AMR laberatery, §/3/62.
S At AMR, 0/7/62. Ambient temperature, 23°C; presswre, ' o
¢ Tromslerec calibration of 0/3/62. Ambient temperetwre, 23°C; presewre, 1.3 X 10-¢ Torr. This calibretion cheossls » oguel o
b ture during oy ot
4 lnstrument temperature, 20°C.
® Instrument e, 40°C; pr e .3 X 10-¢ Torr.
! Calibrati on the hwmmdlymnuwIﬂ-”mmdmmﬂuoﬁcwonﬁmlhﬂn.

II' aterngl calibration,

ment (GSE) and those taken in the laboratory are
attributable principally to ground reference differentials
between measurements. Verification of these grounding

differentials was obtained by comparison of GSE-based
readings with direct measurcments at the output of the
instrument compartment (case 1 of the 6-case Marincr
hexagonal structure). The calibration in column 8 was
produced by a —9-mv translation of column3 data,
normalizing it to +23°C, and another =14-mv transla-
tion of the same data to account for ground-reference
differentials, a total of —23 mv dispiacement.

The nominal scale-factor and linearity of the analog-
to-digital converter in the DCS were verified by mea-
surement of step-crossings in subsystems tests prior to
the final tests on August 7, 1862. The nominal voltage (::"
at step center was given by ; SRR

~ 7

gl gt

Veen = 0.0235 N (47)
hg -3 6 TR . LS

where N represents the number of quantizing steps.

Assuming nominal scale factor and lincarity for this

CURVE TEMPERATURE PRESSURE
. < 'l'wov_’
i . | -9 t {1
- ”..—F::::'—‘_ 2 24 10¢
s r -y 3 (1) 2ui08
. ——— g ———— \
x NN =
3 o= = N —
T+ 2] CUuRVE |
g Lo ] CURVE 2
o CURVE 3~
e ——
P ——— s
—
o8|
[V} 20 22 1 [ 7] ] ] 20 2 » 3
V.,. R

. Fig. 52. Vacuum=temperature slecirometer
calibrations, Mey 8, 1962

part of the data system, a crude 7-point statistical average
was taken of the differences between the GSE voltages
and the center values of the recorded DCS steps. Al-
though offsets also exist between GSE-based voltages
and those appearing at the input to the DCS, s single



Table 11. Preflight deflsction voltage calibration®

Befloction plate veltege, v, for indicated conditions
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composite calibration characteristic can now be listed,
based upon the nominal characteristic of the analog-to-
digital converter (Eq. 47). This is accomplished in col-
umn 9 of Table 9 by a +6-mv translation of GSE-based

calib-ation.

Table 11 conuins preflight calibrations of deflection
voltages. Scale-factor differences between readings taken
on May 8 and those taken on August 5, 1862 (2%),
arc very likely produced by the different measurement
cquipment used at JPL and at AMR. Probes having nomi-
nal attenuations of 100 to 1 were used with electrometer-
type voltmeters, whose analog outputs were recorded on
a digital voltmeter. The offset shift can be accounted for

in probe calibration.

8. Flight Performance

Mariner 2, the second of a series of spacecraft de-
signed and developed by JPL, was launched on August
97, 1962, at 1:53:14 Eastern Stzndard Time (EST) from
AMR by the National Aeronautics and Space Adminis-
tration. (Mariner 1, launched on July 22 from AMR,
had been destroyed after approximately 290 sec of flight
because of a deviation from the planned flight path.) The
Mariner 2 spacecraft (Fig. 7) was identical with Mariner

.I and had the same mission.

1. General Flight Data

Of six scientific instruments carried by the spacecraft,
two were used in close-range infrared and microwave
mecasurcments of the planet Venus and four performed
expcriments -during the flight and in the vicinity of
Venus and collected and transmitted information on
interplanctary phenomena.

The flight to Venus lasted approximately 100 days,
during which time an over-all flight distance of about
180 million miles was traversed. At Venus encounter,
the spacecraft communicated its scientific data to Earth
over an interplanetary distance of 36 million miles.

Radio signals from the Mariner spacecraft were heard
for the last time by the JPL Deep Space Instrumentation
Facility station in Johannesburg, South Africa, at the
conclusion of its acquisition period at 2:00 a.m. EST on
January 3, 1963. At that time the spacccraft was 539
million miles from the Earth and 5.6 million miles beyond
Venus, and had traveled 223.7 million miles since launch
on August 27, 19082, During the 120 days between

unching and the final loss of radio contact with the
ft, intesplanetary or cruise science instruments

operated for a total of 118.2 days, and data produced
by these instruments were actually recorded by the track-
ing stations for approximately 104.1 days. Information
on cruise science experiments was recorded without in-
terruption for one period of 38.3 days and for three
other periods of more than 9 days. ( - ¢ L)

8. Instrument Performance

The Mariner 2 solar plasma instrument operated suc-
cessfully throughout the entire flight, in both the cruise
and encounter modes.

“ The digital programmer that commutated different

inputs to the high-voltage sweep amplifier operated nor-
mally. There was no measurement of deflection plate
voltage, although plasma energy spectra do indirectly

. corroborate the presence of appropriate voltages. Future

instrumentation should unquestionably provide at least
a coarse direct monitor of deflection plate voltage.

Electrometer performance is probably best summarized
by calibration history and by signal range and fluctua-
tion patterns. Cruise science was turned on by an Earth-
transmitted command on August 29, 1962 (day 241), at
16:13 GMT, about 2'% days after liftoff. The spacecraft
was then Sun-oriented, rotating approximately once
every 120 min about its roll axis. Earth acquisition took
place on day 246, at which time the steerable directional
antenna was optically pointed towards the Earth and the
spacecraft roll motion stopped. (A chronology of im-
portant spacecraft events such as this is shown in Table
12; see also Ref. 21.) The first calibration change took
place 8 hr after the Earth-reacquisition sequence that fol-
lowed a midcourse correction. The calibration output
(programmer step 12) dropped one DCS step (23.5 mv/
step) in an unexplained fashion (see Table 13). On day
281, another downward shift of two DCS steps occurred.
On day 315, the calibration value began increasing, and
by planet encounter it had returned to 120. The expected
shift for the entire flight was between two and three steps
increase. Therefore, at least part of the increase in cali-
bration value after day 315 can be explained by expected
changes due to temperature. The three-step increase after
day 315 denotes a shift of between 47 and 94 mv, and
vacuum-temperature histories account for 36 mv.

In comparing these shifts with other spacecraft events,
it was noted that the science temperature measurement
for tho magnetometer shifted about 1.2 DCS steps on
day 281. The engineering temperature mcasurements
did not record a similar shift. Since the magnetometer
temperature is measured on a seven-bit channel, this

v

v
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Table 12. Spacecraft events affecting eruise scionce®

Crolos-sclonce
Ne. Svent Bey OF tme®
doye e min
] (V[ 130 [ ] L ] |
2 Cruise sclonce on a0
3 Carth.acqubsition 4 0
sequents
4 Midcourse mansyver 247-248 1 ] 4“4
sequence
s Earth-recequisition 248 2
requente
' Reacquisitien seq tL1) %"
lon of erientation
7 | Reacquisitien sequence m 0
loss of erientation
8 | Pewer failure 4 [ ¢ N0
’ Power fellure ne —
1] Plenet sncounter mede 249
1] Spacer s last 003
signal
o Ref. 2V.
» Totel slepied Hme wes 129 days, 17 min; arvise-sdense ON tme was 118
deys, 4 W, 13 min.
¢ Estimated,

Table 13. Elecirometer calibration histery

Tomperetvre Colibration Dwration of
il renge, °F | .., wep eolibration, deys
e 4
242-240 5-89 120 )
248-291 99-100 1" N
2n-28 100 "ne 1M e
281-318 100-122 " £ 7]
315-328 122-133 ne 10
73-337 133-148 1ne 2
337-001 144-170"* 120 n
o Temperstures sre listed in degrees Fohronheit, the same walts veed In Insire-
ment tempereture onsducer calibrations.
® Moni ! ) g wos 153°0, Menimwm reodings during
this pevied were estimeied.
¢ Merimum hooting ocowrred neor perihelion, Decomber 27, 1982 (doy I41).

shift, if attributable to translational effects in common
data elements such as a ground reference, would cor-
respond to a 2.4-step decrease on the eight-bit plasma
channel. During this time, the threshold of the discrim-

« inator in the electrometer assembly was being regularly

exceeded by effects of negative background current. A
table of discriminator thresholds obtained from electrom-

. eter data maxima revealed a two-step downward shift

concurrent with the change in clectrometer calibration.
The simultancous downward shifts of plasma calibra-
tion, discriminator threshold, and magnetometer tempera-
ture measurements suggest translational or offsct effects
between at least these two instruments and the staircase
generator of the analog-to-digital converter In the DCS.
If nominal calibration eurrent s assumed during the
flight (actual intcmal test-current variations about the
adjusted value at 23°C are 8% at temperatures of —10
and +70°C, respectively), preflight temperature-vacuum
calibrations can then be normalized to the equivalent
step center value of the flight calibration with an un-
certainty of ==11.75 mv. The uncertainty may be appre-
ciably reduced by interpolation between points on a plot
of step-crossings vs. time, especially where the resultant
curve is a monotonic function of time.

To extract meaningful data from the instrument with
negative or very-low-value positive input currents, one
shouid consider the electrometer operation between the
tdiscriminator threshold and the low-current end of the
static characteristic. Negative background current may
be caused by sunlight reflecting down the blackened,
curved deflection plates and liberating electrons from
the suppressor electrode. It may also be caused by ener-
getic electrons reaching the collector cup after having
been scattered from the walls of the analyzer deflection
plates at least twice. This background current fluctuated

throughout the flight and on occasion was observed to  °
be as high as —~10-** amp. The minimum net positive . .

current needed to charge the capacitance of the electrom-
eter feedback compressor from the discriminator thresh-
old to the proper point on the static characteristic is
calculated to be § X 10-** amp when the voltage ex-

cursion is 2 v, the time interval is 20 sec, and the

diode capacitance is 5 pf. All net positive currents above
5 X 10-'* amp may be taken diréctly from the static

characteristic. An_integration calculation may be used‘f';,

for average positive currents of less than 5 X 10-'* amp
when the electrometer feedback capacitance is in a highly

discharged state. The integration scale factor for this: ™

condition is 6 X 10-'* amp per DCS step per measurement
time interval. An electrostatic transient caused by the
recd switch coil in sequencing from calibration to energy
level No. 1 usually leaves the electromcter output near
the discriminator threshold at the end of Step 1.(The'

ability of a 3 X 10-'* amp current to restore the output’

to its steady-state value within 20 sec is illustrated in the ’.'
transient record of Fig. 53. Transicnts occurring in higher
steps are produced by the coupling of minute amounts'
of energy from the deflection system to the electrometer
(sometimes by test cables).

1
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Fig. 33. Electrometer transient response

In the encounter mode, odd-step sampling intervals
are reduced to approximatcly 1/8 of the cruise intervals.
In this condition, the minimum current required to
charge the electrometer to its correct steady-state value in
odd steps, when the feedback capacitance is in the maxi-
mum discharged state, is six times the cruise threshold
or 3 X .0** amp. However, worst-case conditions did
not gencrally apply during actual planet encounter, and
most odd-step data were therefore directly usable with
no corrections required. Step-1 readings were different
from cruise-mode readings owing to the switch coil tran-
sient, but even there the results were very predictable.

o —

- -~

3. Sciec fic Results

The su.ar plasma experiment required\3.7 min to
a:quire o complete energy spectrum of the plasma and
during the flight of Mariner 3, approximately 40,000
such spectra were obtained. Perhaps the most interesting
new information to arise from the very large volume of
data on interplanetary fields and particles is the demon-
stration that solar plasma flowing radially out from the
Sun was detectable in every one of the 40,000 spectra/
obtained in the 4-month mission and is therefore presum-’
ably always present. :

The swar wind has been explained theoretically as AL

continuous expansion of the solar corona. Mariner 2
results show tliat the velocity of this expansion (if such
is the mechanisin) undergoes frequent fluctuations. Ap-
o+ “imately 20 occasions were seen when the velocity
increased within a day or two by amounts of 20 to 100
percent (Ref. 22, 23, 24). Indeed, solar wind velocities
chserved during the flight varied from 200 to 500 mi/sec.
T:e iluctuctions correlate very well with the amount
of magnetic disturbance observed on the Earth, and in
scveral cases sudden and sharp increases in the density,
\.;ty. and temperature of the plasma preceded the

onset of sudden magnetic storms on the Earth. The time
delay was attributable to the fact that Mariner was al-
ways inside the Earth’s orbit, so that the outward-moving
Plasma cloud would generally reach the spacecraft first.
The following interesting account of one such magnetic
disturbance was published on December 7, 1962, before
Venus encounter (Rcf. 25):

“There were six geomagnetic storms during the
period August 20 through October 18. Figure 2
[not included) shows the plasma flux for the period
of the geomagnetic storm which started at 2025 UT,
October 7. One could see a sudden increase in plasma
flux and encrgy at about 1547 UT, October 7, when
the spacecralt was 8.55 X 10* km closer to the Sun
than was the Earth. If it is assumed that this
plasma front was advancing with spherical symmetry
and constant velocity from the center of the Sun
(at least for the region of space containing the
spacecraft and the Earth), then the velocity of the
front was 504 km/sec. This velocity corresponds
fairly well to the measured plasma velocity spectrum
in which more current was measured at 464 km/sec
than at 176 or 563 km/sec.

“The discontinuity, or plasma front, passed the
spacecraft so quickly that the instrument with its
(3.7 min time resolution could not resolve its struc-
- ture, which must therefore be less than 112,000 km
thick. The Mariner magnetometer data for this
period could be interpreted as showing a front
thickness of the order of 50,000 km.”

During the flight, scientific data became available in
scveral forms such as quick-look telemetry data, 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 above +10-** amp were observed only in energy

14



Table 14. Manually collated plasme daty beginning Sept. 24, 1962 (Lbuy 267), 23:55 GMT-
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02 2 - ) 134 124 138 137 134 »° 162 164 1» ne
Q02 3 29 1358 123 137 1 154 19 162 18 15 ne
4303 ns 240 Q0 122 138 137 153 (L] 162 18 1 11
43024 e 240 243 123 137 37 152 15 162 13 1» 19
0023 p -] b7 Q 122 130 1 1 1% ()] 163 158 ne
- 38 20 2a 3 1 137 19 1% "2 163 1% ne
&027 28 242 242 122 138 1 3 18 142 163 19 1ne
4028 - ) 20 242 123 136 138 154 1 162 19 . % ne
402y s 12 242 122 1 17 153 9» 162 164 15 1e
o Appr ealibe *Outn were sbtained with an internel aslibration source of i0-* mup.
& w Sl ot 'y - )

ne »e B 2 r

e K- i

» e c

. "0 : ’

S6P-Z€ ‘ON LY¥OdIAY TVYIINHOIL drr




JPL TECHNICAL REPORT NO. 32-492

.els 4, 5, and 6. Pcak currents at that time were occur-
ring in level 4 with a particle flux corresponding to a
current of about 5 X 10~ amp. Over the course of the
experiment, net positive currents were observed in steps
8 to 10 with peaks occurring in steps 4 to 8. The largest

current obscrved during the flight was about 4 X 10-'*
amp. During these periods of intense solar activity, elec-
trometer outputs at supposedly quiet adjacent energy
levels gave evidence of an integrating-type discharge cor-
responding to currents of up to =10-** amp.

NOMENCLATURE

Abbreviations
AMR Atlantic Missile Range

DAS Data Automation System
. DCS Data Conditioning System

GSE Ground Support Equipment

.bols
A

(1) area
(2) amplifier gain

A, Icvoltage gain of entire electrometer
A =G, G.

AB feedback factor, loop gain, or loop
transmission (F)

C coupling capacitance

C. source capacitance (rest capacitance)

C2 coupling capacitor

Ca vacuum diclectric coupling capacitor

Cs equivalent capacitance

Cp interclectrode capacitance

C; feedback capacitance

C, collector-to-shield capacitance

C, instantaneous value of dynamic capacitance
d scparatio;l between plates

" Yoe

E.i.y open-circuit preamplifier output voltagy

"B, (1) contact potential
(2) energy required for a trajectory with a

constant radius of curvature for normally
incident, singly charged particles

E, average demodulated signal

E,. open-circuit output voltage of the triplet
amplifier, or equivalent input voltage
to demodulator

E, output voltage
E, peak voltage
Ey test voltage
F loop transmission (AS)
F, dcloop transmission
f. resonant frequency
fee gain crossover frequency

f,. sain crossover frequency with secondary
feedback

G, dc voltage gain of carrier section (modulator
to demodulator)

.Gy gain of dc filter-amplifier
G.o 8c voltage gain of carrier amplifier

H transfer impedance normalized to feedback
resistance R,

I total emission current
I, initial-velocity electron current

#, primary current in preamplifier input -
transformer
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I

I
I,
I,
I
,|I
ba

Qn

R,

R,

L7

R,
R,

NOMENCLATURE (Cont'd)

capacitor current during switch closure R,
transistor base current
capacitor current during switch opening Rue
circulating current R,
collector cutoff current
Reor

feedback current
filament current R,
input current to diode grid or diode plate
transient or instantaneous value of input .
current Siq
dc plate current
v-1
(1) .,»itzmann constant T
(2) closed-loop gain ¢
closed-loop gain with infinite feedback factor Vs
slope of the semilog diode characteristic
number of quantizing steps in analog-to-digital Ves
converter on
Laplace operator Ve
(1) resonant selectivity (resomnt frequency ) ey

3-db bandwidth 0e(p)
(2) charge
electron charge v,
mechanical Q v,
input resistor to dynamic capacitos Vi
equivalent resistance during demodulation Viem
switch closure
equivalent resistance during demodulation v,
switch opening

)

dynamic resistance of diode CR1 in parallel with .
R7 and R8 s
dynamic resistance of a diode in its retarded field
region X,
sweep amplifier feedback resistance X4
electrometer feedback resistance X,

current-forming resistor connected to
electrometer input

lcakage rosistance

resistance seen at primary of preamplifier
transformer

resistance in reference base of sweep amplifier
differentia; comparator

Thevenin equivalent resistance of all input and
bias networks in sweep amplifier

ol
transistor collector stability factor. 7, = ==

where I, = collector current and I, = collector
cutoff current

temperature in degrees Kelvin

time

(1) dc bias voltage

(2) transistor base voltage

transistor base-to-emitter voltage
transistor collector-to-emitter voltage
voltage across coupling capacitor
coupling capacitor voltage at start of cycle

capacitor voltage as represented in complex (p)
plane

translational offset voltage
scries generator voltage in feedback loop
dc input voltage to dynamic capacitor assembly

nominal voltage at center of analog-to-digital
converter step

plate voltage
average demodulated output voltage

voltage across secondary of preamplifier input
transformer

source reactance of modulator capacitance
reactance of vacuum dielectric capacitor (C,)
reactance of coupling capacitor C2



X,
Z,
Z.

Zr

NOMENCLATURE (Cont'd)

equivalcnt series reactance B
feedback impedance
input impedance ke
preamplifier open-cireuit output impedance W
transfer impedance ::
inverse short-circuit emitter-to-collector current *
gain '
(1) short-circuit base-to-collector current gain d
(2) portion of output returned to summing point -
REFERENCES

portion of output returned to secondary
damping capacitor

dielectric constant of free space
conversion efficiency

demodulation efficiency

dc or steady-state demodulation efficlency
time constant

angular frequency

angular resonant frequency

1. Scientific Experimenis for Ranger A-1 and A-2, Technical Memorandum Ne. 33-4,
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INSTRUCTIONS FOR READING AND INTERPRETING THE RAW DATA TAFE

Tape density - 8C0 bpi.

DCOS blocked format.

Each record contains data from lsubframe (6 subframes = 1 frame) and
can be read with the following FORTRAN IV statement:

READ ( ) TIME, DAY, FC, PLl, PL2

wnere.

TIVE is the time at the start of the subframe and is coded hhmmss, (i.c.,
nours, minutes, seconds)

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

FC is frame count. Except in cases of missing deta, FC should remain
unchanged for 6 consecutive subframes (=1 frame). FC is generated
by an cn-board counter continuously cycled from O to 255.

PLl is the first plasma data word in the subframe.

PI2 is the second plasma data word in the suoframe.

A complete l2-point plasma spectrum is constructed by taking the 12 read-
ings per frame consecutively. For example, the readout for the first
energy channel is PLl in the first subframe (first record with a given
vaiue of FC), the second energy channel is PI2 in the first subframe,
the third energy channel is PLL in the second subframe, etc.

Following the last subframe of good data, an "END" is written on the tape
in BCD in the position of the word TIME. There is also an eof after
the "END."

A FORTRAN IV program which reads the tape, combines the subframes into
frames, and prints out all complete frames {one line per frame) is

attached together with a copy of the first page of this printout.



c

) FSU,FC42000,28012~-0,54198,A IC
JL - EFN SOURCE STATEMENT - [FNLS) -

DIME.LSION Al5), B(15)

DATA END/IHEND/

OAFA 1/17,PREFC/-9.9/

PRIY TITLE AND HEADING.
1 WRITE(6,1000)

1000 FURMAT (1K1, 8X, 2HFC,8X, 3HOAY, 8X, SHTIME,

a a6 66

& WRITE(6,1001)

1 61 &X, 3HPLL, 3X, 3HPLZ ) /7))
LINE = 5
INPUT A FIVE WORD RECORD FROM TAPE.

2 READ (13) &

CHECK FOR ENC-OF-FILE.

IF1a(1).EQ.ENC) GO TO 7 ;
CHECK CHANGE IN FRAME NO. YES, START NEW LINE. -
§F (A(3).NE.PREFC) GO 1O 3

CHECK FOR MCRE THAN SIX SUB-FRAMES. YESs START NEW LINE.
IF (1.GE.15) GO TO & ;
FItL OUTPUT BUFFER WITH DATA. (PLL ¢ PL2}

8ll) = Al&) -, <

Blil¢l) = A(S)

I = Je2

G0 Tc 2

CHECK FOR FIRST TIME THROUGH PROGRAM.

PRINT LINE.
(8LJ3),0=1,15)

1001 FORMAT( TX, F6.0p SXg Aby 5Xy A6y 61 5X, F6.0s 2X, FA0))

6 8i(K) = -0.0

LINE = LINE ¢ ]
SAVE DATA FAROM NEW FRAME.

5 B{l1) = Al3}

8(2) = AL2)
83} = Atl)
Ble) = A(4)
8L(S) = A(S)
FILL THE REST OF ARRAY B WITH MINUS IEROS.
DU 6 K=6,15

PREFC = Al(3)

=6

CHECK FOR FULL PAGE.
IFILINE.GE.58) GO TO 1
GO0 10 2

TERMINATE REPCRT.

T WRITE(6,1002)

1002 FORMAT( 14H RUN Hulsnso. ]

RETURN
END

18J08 VLI3Mle

PLPRCOOO
PLPROOOS
PLPROOI1O
PLPROO20
PLPR0O02S
PLPRO0O30
PLPROODIS
PLPROO4O
PLPROO4S
PLPROOSO
PLPROOSS
PLPROOGO
PLPRO0OG6S
PLPROOT0
PLPROOTS
PLPROOSO
PLPROOYS
PLPROO90O
PLPROOSS
PLPROL100

PLPROLOS"

PLPRO110
PLPROLLS
PLPRO120
PLPROL2S
PLPRO130
PLPRO13S
PLPRO14O
PLPROL4S
PLPROLS50
PLPROLSS
PLPRO160
PLPROLGS
PLPRO170
PLPROLT?S
PLPRO18O
PLPROLSS
PLPRO190
PLPRO19S
PLPRO200O
PLPRO205
PLPRO210
PLPROZ1S
PLPRO220
PLPRO22S

PLPRO230

7094 A

06/7184/67

B —

PAGE

1

Figure 1,0-d ‘
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PROGRAM DOCUMENTATION
MAR 2

MARINER 2 DATA SET

Programmer: Jewell Chase

Date: 3 March 1968

Prepared by:

Wolf Research & Development Corporation
Bladensburg, Maryland

Prepared for:

National Space Science Data Center
Space Sciences Directorate

GSFC

NASA

Under Contract NAS 5-8060



Provd end
I. ABSTRACT - P 62'09/41'06&

[ i

This program lists Mariner II data off line and also on the 5:4020 plotter.
1. IDENTIFICATION
A. Source Language
Fortran IV : manmual references 028:3392.
B. Required Peripheral Equipment
1, One tape unit (A2) for on:hne card reader
"2, One tape unit (A3) for off-line printer
3. One tape unit (A6) for program input tape
4, One tape unit (A7) for 4020 output
C. Computer
IBM 7094/1
D. Operating System
‘ February 14, 1966, Goddard Space Flight Center System Tape.
E. Snbroutines required
1. Sysgo (34)
a. labeled common SYSEOF
2. Sysgo (35)
a. labeled common AWAERR
F. Storage requirements
see figure #1
II. DESCRIPTION
This program reads the Mariner II, Plasma Spectrometer data tape and
outputs a listing of the data. A print out is generated on the 4020 for microfilm or hard-

copy output. Asterisks (*) are printed to flag invalid parameters.



IV. PROGRAM SETUP
A. Input requirements
1. Cards - none
2. Tapes
a. tape unit A-6
10 mlty "‘dd
2, density - 556 BPI
3. label - none
4, format - see figure #2
5. disposition - retain & file
B. Output description
1, Printer ocutput o
see figure #3
2. Tape
a. tape unit A-7, S8C-4020 output tape
1. pﬂl’ity - w
2. dersity - 556 BPI
3. l&“l - none
4, format - same as computer printout. Figure #3
5. disposition - submit for microfilm or hard copy.
C. Control Cards - see standard set-up for NSSDC, see deck setup, figure #4.
D. Run time estimate
5 minutes
E. Restrictions - none
V. PROGRAM MAINTENANCE
A. Flow chart

see figure #5



-3-

B. Operating system used at GSFC is IBJOB version 4 ~IB8YB version 2.
. Version 12 manuals are not avatlable from IBM, therefore all manual
references are to version 13 manuals. There are significant differences
between versions.

C. Symbol List and Description

SYMBOL DESCRIPTION
A name of input arrey
IA same as A (equivalenced)
D1 | programmers name (alphanumeric)
D2 # | . contract code number (alpharumeric)
ID3 | building code (alphanumeric)
D4 | telephone extension (alphanumeric)
' i ILINE line counter
| JC1 symbol to flog the data (blank)
Jc2 symbol to flog the data (*)
JDO counter for dsta point occurences
JFL array to hold data flogs (*or blanks)



SYSTEM

IBLODOR

M EMIORY

FILE 8.0CK ORIGIN

NUNMBER OF FILES - S

1.
2e
3.

ae

Se

UNITO3
UNITO6
UNITO?
UNIT36
4020 OUTAUT FILE

FILE LIST CRIGIN

PRE-EXECUTION

CALL CN CBRJECT

OBJECT PROGRAM

1,
2.
3.
4,
Se
- 19
Te
8.
9.
10,
11.

DECK
BECK
DECK
DECK
DECK
CECK
DECK
CECK
DECK
OECK
SUBR

INITIALIZATION

PRCGRAM

¢ MAR 2
*FSEL
*SYSGO
* SY SNO
*FCNV
‘*FluB
*FIOS
*FSLBI
*FSLODI
*FXEM
. IBSYS*

M A

04140
05875
0€072
06132
oe211
10706
11377
11637
11702
11751
00000

Figure #1
02714766

00000 THRU 03768
03766

04 062
0407a
04133

04140 THRU 24000
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BINARY TAPE FORMAT FOR ONE RECORD

A21,12)

Word .

mbol Number Description
AQ1,1) to 1=-21 Day number at start of frame
A(21,1)
A(1,2) to 22- 42 Time in seconds from the beginning of the day
A(21,2)
A(1,3) to 43 - 63 Frame count
A(21,3)
A(1,4) to 64 - 84 Descriptive flag
A(21,4) '
A(1,5) to 85 - 105 Plasma velocity in Km/Sec corresponding to the upper
A(21,5) limit temperature
A(1,68) to 106 - 126 Plasma velocity in Km/Sec corresponding to the lower
A(21,6) iimit temperature
AQ,T)to | 127-147 Upper limit of the temperature in 10 k.
A@21,7)
A(1,8) to 148 - 168 Lower " " " " "
A(21,8)
A(1,9) to 169 - 189 Proton density in protons /em®,
A(21,9)
A(1,10) 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)



SYSTEM

IBLDOR

FILE BLOCK ORIGIN

NUMBER OF FILES -

1,
2,
3.
Q.
S.

UNITO3
UNITOG
UNITO?
ULNIT36

4020

FILE LIST CRIGIN

MEMORY

S

CUTPUT FILE

PRE-EXECUTION INITIALIZATION

CALL CN CEBJECT PROGRAM

OBJECT PROGRAM

1.
2.
3.
4.
Se
(- 19
Te
8.
Se
11,
12,
13.
14,
1S,
16,
17.
18,
20,
21,
22,
23,
28,
26,
27,
29.
30.
31,
3a.
33,

DECK
CECK
DECK
DECK
DECK
CECK
DECK
CECK
DECK
CECK
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR
SUBR

*MAR 2 ¢
‘FSEL. ¢
*SYSGO ¢
"SYSNO *
*FCNVY ¢
*FioB °
‘FIGS ¢
'FSLBIL *
*FSLOI
"FXEM ¢
* JABSYS*
*.10EX *
¢ +JBCON®
* LXCON?®
¢+ I0CSF?
*JLXSL ¢
* FPTRP?
*XIT ¢
‘FOUT
‘FIOH
*FWRD
*FRDB
*UNO3
C UNOS
'UNO7
*UN36
*FEFT
'FRWT
*FSLI
¢ CAMRA v*
*FRAMEV ¢
*HOLLYV ¢

]

M A

04140
a557S
0€o072
06132
o€zt
10706
11377
11637
11702
11751
00000
00702
02720
12412
12068
13307
1€61S
17073
17303
17304
17646
20707
20736
20770
20774
20775
20776
20777
21078
21212
21256
21311
21354

Figure #1
02/14/66

00000 THRU 03765

03766

04062
04074
04133

04140 THRU 24000




34,
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BINARY TAPE FORMAT FOR ONE RECORD

A(21,12)

Word .
Symbol Number Description
A@1,1) to 1=-21 Day number at start of frame
A21,1)
A(1,2) to 22~ 42 Time in seconds from the beginning of the day
A(21,2)
A(1,3) to 43 - 63 Frame count
A(21,3)
A(1,4) to 64 - 84 Descriptive flag
A(21,4) '
A(1,5) to 85 - 106 Plasma velocity in Km/Sec corresponding to the upper
A(21,5) limit temperature
A(1,8) to 106 - 126 Plasma veloocity in Km/Sec corresponding to the lower
A(21,86) 1imit temperature
AL, to | 127 -147 Upper limit of the temperature in 10°0 k.
A@21,7)
A(1,8) to 148 - 168 Lower " " " " "
A(21,8)
A(1,9) to 169 - 189 Proton density in protous/cm>,
A(21,9)
A(1,10) to 190 - 210 Rates of alpha-particle density to proton deasity,
A(21,10) Na/Np
A(1,11) to 211 - 231 10h
A(21,11)
A(1,12) to 232 - 252 15=hour value of (np + 30)
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241
241
241
241
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242
242
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62876
63117
63320
63542
63763
63985
64206
64428
646S0
64871
65094
63315
€5538
65759
65981
66203
67754
67976
68198
69307
69528
70194
70418
70637
78398
78842
79507
79729
84164
8438S
84606
84828
850S1
a8s27v2
85660
86168
142
364
586
868
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va
alas,l
40S8,9
409,.9
445,8
450.7
452,46
418,83
426,3
424,1
422,98
as,?
414,5
410,9
404,6
401,.6
421,0
415,6
424,1
422,2
444,8
482,7
431,7
436,.4
408.4
414,8
397 .4
24,1
42¢,0
24,1
427.8
425,.8
42¢€.0
42S.8
426,.4
22,3
408,.8
437.7
A51,2

ve
als.1
40%,9
394,58
409.9
443,8
450,7
452,46
418,7
426,3
424,18
422,5
418,7
414,38
410,.9
404,6
401 ,6
421,0
415,.7
424,1
422.2
444,.8
482,7
431,.7
436 .4
408.4
415,7
409.8
397 .4
424,11
426,0
424,1
427 .8
425.8
426,0
425,.8
429 .4
422,3
415,6
437.7
451 ,2

TA
1.527
2,033
2,058
2.397
2,032
1,749
1.612
1,098
2,201
2.201%
2.201%
1,000
1.436
2.196
2.206
1,892
2.864
1,087
2.864%
2,864
1.939
2,235
2.200
2,101
5,822
1,358
S.142
1,075
1.07S®
1.075%
1.,075%
1.075%
1L.07S5%
1,075%
1.075%
1,075
1.075%*
0,935
1.075%
1 .545

INVAL ID PARAMETER

T8
1 .527
2,033
2,088
2,397
2,032
1,749
1.612
0,239
2.201
2.201¢
2.201%
0.368
1.436
2.196
2.206
1.892
2.864
0.295
2,864%
2,864¢
1.939
2,238
2.200
2,101
5,822
0,149
S.142
1,075
1.075%
1.075%
1.075¢
1,075%
1.075%
1,075%
1,075
1,075%
1.075¢
0,223
1.075%
1,545

D
10.746
11,180

9.848
10,908
5,047
4,214
4,868
6,196%
14,291
14,291+
14,291
S.677*
10,504
12,947
9,373
T.824
11,967
7.738+»
T.738%
7. 738%
6.156
7.148
8,192
7.337
8.310
2.589%*
9.150
9,210
9.210%
9.210%
9.210%
9,210
9,210%
9,210+
S.210%
9.210%
9.210%
4,190
4,190
5,987

R
0.0281
00,0328
0.0384
00,0616
0.,0318
0.0314
0.0250
0.,0309%
0.0312
0,0512%
0.,0312%
0,01086%
0.,0276
0.,0218
00,0196
0.0443
0.,028¢
0.21902
0.0190%
0,01908s
0.,0413
0.0401
0.0463
00,0384
0.0571
0.,1370%
0.0478
0.,0281
0.0281%
0, 0221 %
0.0281%
0,0281 %
0.0281%
0,0281%
0.0281%
0.0281%
0.0281%
0.0226%
0,0226%
0, 020%

H
0.83
1.03
2.97

-1,.,66
12,34
14,49
1S.87
4,80
11,35
11,35
11.35*
6,37
2.12
2,01
3,07
1,32
6,40
6.,19%
6, 19%
6.,19%
8,63
5,97
8.69
7.39
-2, 80%
~0,63%
=1.40%
8,60
8.60%
8,60%
8,60%
8,60
8.60%
8,60%
8,60%
8,60¢
8,60%
12,55
12,55%*
13,32

oXx

-0, 000®
-0.000¢
-0, 000+
-0.000¢
-C., 000%
-0,000%
-0.000%
17.086

=0, 0009
-0,000%
=0, 000%
16 ,609

-0, 000*
-0,000%
-0,000%
-0.000%
-0, 000#
16.609

-0. 000*
-0.,000%
-0, 000%
-0,000%
-0.000#
17.086*
=0, 000%
15,731

~0.000#
16 ,609%
-0, 000»
=0,000%
=0.000%
-0.,000%
-0, 000%
16 ,609%
-0. 000*
-0,000%
-0. 000%
14,095

-0. 000%*
17 ,086%
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52-041A-06
Description:

The cylindrical electrostatic analyser separated positively charged ions
according to their emcrgy per unit charge. It consisted of a pair of curved
concentric electrostatic deflection plates terminated by an tool..tgcd_ rﬁraday
W e
distance of 1.3 cm, with r(2)/r(1) = 1.134. The entrance aperture was 5.0

cup. The deflection platas were 120 deg in angular length, upnﬁnd

sq cm and retangular, such that the acceptance angles for particles in two
perpendicular planes were approximately equal. Rough experimental checks vith
the theoretical angular and energy per charge transmission functions in the
plane of analysis indicated no gross deviations from theory.

The deflection plates were ssparated by ground rails to control field
fringing effects between the plates. Rectangular plates at ground potential were
located at both the entrance and exit of the analyser for the same reason. A
suppressor electrode, located inside the entrance to the Faraday cup but shielded
from the particle beam by the rectangular ground plane, prevented secondary
emission of electrons from the Faraday cup due to the collision of incident
particles.

All metal parts were gold-plated magnesium with the exception of the
ent.rance ground plane which for purposes of spacecraft passive temperature
control, was made of polished aluminum. The interior of the mlyu'r vas
coated with gold black to minimize the smount of ultraviolet light entering the
charge collector region.

A high-voltage sweep generator applied a balanced potential to the analyzer
plates. This potential was changed by a digital prograsmer at intervals in
an ascending sequence of ten values. After the ten spectral measurements, &
gero current reading and thenm a calibration reading (using a standard cuitent
of 1.0 x 10 w* -10 m were taken with the plates comnected together. The
complete sequence of twelve measurements was repeated every 3.696 min (every
2.016 min near Venus).

BT AN U R



«2 e
T™he cl.arge measuring portion of the eiectronic system used an =2lectrometer
amplifier, a logarithmic compressor, and a discriminator circuit. The
logarithmic compreseor, located in the anplifier feedback loop. was a
thermionic diode (Raytheon CX 5886) operated in the retarded field region.

The eompressor provided the electrometes with an input positive ﬁu.rroncl‘ range

of 10 ** -13 to 10 ** -6 amperes. The electrometer d.c. output voltage was
converted by the spacecraft's Data Conditioning System (DCS), into a digital number
with a quantization interval of 0.1 decade.

The discriminator circuit acted to prevent saturation of the amplifier, an
event that could occur in the presence of small negative bnclt_ /ground currents.
The discriminator was referenced at a pre-saturation voltage which varied
throughout tle flight. When this reference level was exceeded, an input current
gource was activated to return the amplifier to midrange voltage. The input
current source also acted as a calibration current.

A complete description of the instrument is given by C. Josias and

J. Lawrence, Jr. in JPL technical report ne, 32-492.



DATA USE2S' NOTE

MARINER II (1962 A-Rho 1)

SOILAR-WIND SPECTROMETER

BACKCI.OUND
The Mariner-I1I solar-wind spectrometer was designed by scientists
ac the Jet Propulsion Laboratory ot the California Institute of Technology
to investigcte the positive-ion component of the solar wind in interplanetary
space and near Venus.

Mariner 2 was launched on August 27, 1962, on a trajectory passing
within 41,000 km of the center of Venus (at 2000 UT, Dec. 14, 1962) and then
rcaching a perikelion distance of 1.054 X 108 km on Dec. 28, 1962. No
-.:asurements were made closer to the Earth chan 721,000 km. Besides the
solar-wind spectrometer, Mariner II carried several complementary experi-
ments which are listed in Table 1.

The spacecraft's orientation was controlled by an attitude
stabilizacion system, which kept the entrance apercure of the solar-wind
spectrometer pointed to within 0.1° of the cenzer of the Sun. Until
Sept. 3, the spacecraft slowly rolled about the Sun-probe line; there-

after, the Sun-probe-Earth plane remained fixed in the spacecraft.

EXPERIMENTERS
. Neugebauer - Jet Propulsion laboratory

C. W. Snyder - Jet Propulsion Laboratory



EXPERIMENT

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

(1) A cylindrical elebtrostatic analyzer, which separated
positively charged ions according to their energy per unit charge (E/Q).
The deflection plates were 120° in length, separated by 1.3 cm, with
rzlr1 = 1.134, and had an entrance aperture of 5.0 cmz, which was rectangular
in shape, such that the angular acceptance for charged particles in two
perpendicular planes was approximately equal. The theoretical angular and
E/Q transmission functions in the plane of analysis are shown in Figure 2;
rough experimental checks showed no gross deviations from theory.

(2) A programmer and a high-voltage sweep amplifier, which
applied the proper balanced potential to the plates of the analyzer. This
voltage was varied in an ascending sequence of 10 values. The values
assumaed in JPL's data reduction are given in Table 2, together with the
relevant timing information. Further informz2tion on the stability and
temperature variations of these voltage settings can be found in Refs. 1
and 2. After 10 spectral measurements, a zero reading and a calibration

10 amp) were taken with the

reading (using a standard current of 1.0 X 10
plates connected together. The complete sequence of twelve measurements
was repeated every 3.690 minutes (every 2.016 minutes near Venus).

(3) An electrometer, which measured the current from the charge
collector at the output of the analyzer. At currents above 5 X 10'13 amp,

the electrometer vutput was an accurately linear function of the logarithm

:



of the input current. The output dc voltage was converted by the space-
crafc data-automation system into a digital reading with a quantization

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

D is

log,y I == 10 + 0.1 (D;, = D) Q)

where D12 is the digital number corresponding to voltage-step 12. For

1 amp, the electrometer response time must be con-

currents below 5 X 10~
sidered. The method of estimating these low currents is described in
Section V.B.2 of Ref. 2.
DATA
Timespnan
See Table 3.
Formzt of Available Data
Two types of data are available: raw and reduced. Either type
can be obtained as either microfilmed computer printout (tabular form) or
in binary on a single 1/2-inch magnetic tape. Since only complete spectra
without any parity errors are included, there are time gaps in the listings.
(1) Raw Data
The following information is given for each data frame
(3.696 or 2.016 min):
Frame count (Cycles from O to 255)
Day number (Jan. 1 is day 1)

12 electrometer output numbers, one for each channel



(2) Reduced Data

The data have becen reduced on the basis of a simple model of
the solar wind in which both the protons and alphas flow radially away from
the Sun with velocity v, and with densities Np and N‘. and temperatures, Tp
and Ta’ respectively. The apparent aberration of the radial flow due to the
spacecraft's motion has been taken into account. By temperature is meant a
measure of the spread in radial velocity. It was further assumed that either
Ta - Tp or Ta =4 TP, whichever equality better fit the observations for the
spectrum (data frame) under consideration. A parameter h which determines
how well the observations fit the model was also calculated whenever possi-
ble. See Reference 1 for a much more detailed discussion.

The following data and calculated parameters are given for each
data frame (3.696 or 2.016 min):

Frame count (Cycles from O to 255)

Day number (Jan. 1 is day 1)

Time (at start of frame, in sec from start of day)

v (km/sec)

T, (105;&)

l\'P (em )

mﬂmp

h

Flag

The flag is an indicator of the type of spectrum. It indicates

whether Ta - Tp or &4 Tp and to which of the four categories of spectra



(described on page 4474, Ref. 1) the spectrum balongs. For spectra in
category 4, both upper and lower limits of TP' the two values of v corre-
sponding to these limits of TP. and the density extreme used in the
calculation of these limits are also given.

Only cho‘o currents corresponding to D (Eq. 1) less than 155
were used in this analysis; i.e., low currents, for which the time constant
of the electrometer should be taken into account, were considered unknown.

Since the spacecraft's position and velocity changed very slowly
compared to the 3.696 minutes per spectrum, none of these data tabulations

or tapes include trajectory information. This information is available and

should be requested from NSSDC separately.
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TABLIE 1

MARINER-II EXPERIMENTS

Ex n es 2 a a
Magnetometer P. J. Coleman, Jr., NASA Interplanctary,
L. Davis, Jr., Calif. Inst. of near Venus
Technology
E. J. Smith, Jet Propulsion lab.
C. P. Sonett, NASA
Solar-wind M. Neugebauer, Jet Propulsion Lab. Ianterplanetary,
Spactrometer C. W. Snyder, Jet Propulsion lab. near Venus
Ion=chamber H. R. Anderson, Jet Propulsion lab. Interplanetary,
with matching H. V. Neher, Calif. Inst. of near Venus
Geiger counters Technology
Thin-window L. Prank, State Univ. of Iowa Interplanetary,
Geiger counter J. A. Van Allen, State Univ. near Venus
of Iowa
Dust Detector W. M. Alexander, Goddard Space Interplanetary,
Flight Center near Venus
Infrared L. D. Kaplan, Jet Propulsion lLab. Near Venus
Radiometer G. Neugebauer, Jat Propulsion lab.
C. Sagan, Univ. of Calif., Berkeley
and Harvard College Observatory
A. H. Barrett, MIT Near Venus
Microwave J. Copeland, Army Ordnance Missile
Radiomster Command and Ewen-Knight Corp.

D.
A.

E. Jones, Jet Propulsion Lab.
E. Lilley, Harvard College
Observatory
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TABLE 2

E/Q CORRESPONDING TO CENTER OF EACH

CHANNEL AND TIMING OF MEASUREMENTS

Channel E/Q Time after start of frame
Volts Interplanetary Near Venus
1 231 1.92 1.92
2 346 19.20 19.20
3 516 38.88 22.08
b 751 56.16 39.36
S 1124 75.84 42.24
6 1664 93.12 59.52
7 2476 112.80 62.40
8 3688 aov.08 79.68
9 5508 149.76 82.56
10 8824 167.04 99.84
11 0 186.72 102.72
12 o™ 204.00 120.00

*?ramcs with time labels of 49674 through 73751 sec on Dec. 14 (Day 348).

0-10

ok
Current calibration: 1.0 x 1 amp input to electrometer
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TABIE 3

TIMESPAN OF DATA

Minutes per

Time and Date Data Coverage Spectrum
1728 UT, Aug. 29=—2015 UT, Oct. 31 Almost Continuous 3.7
2015 UT, Oct. 31—2132 UT, Nov. 8 None -
2132 UT, Nov. 8 —1340 UT, Dec. 14 Almost Continuous 3.7
1340 UT, Dec. 14=—2040 UT, Dec. 14 Almost Continuous 2.0
2040 UT, Dec. 14—2400 UT, Dec. 16 Almost Continuous 3.7
0000 UT, Dec. 171728 UT, Dec. 30 ~ 10 hrs/day, except 3.7

no data on Dec. 25
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2F0 Cs0g=-12C0 a7, 4ac7,” 47 0630 076 a7 Helt 1 04029 1 12, €0 REC 1R85, LENGTH 108
3
260 120C-1500 43146 A€G, A 42 111 NeT% 47 _ QOe. ... .0 Qe [} Qe REC 1875 LENGTH 108
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2€0 100-12C2 2349 57447 47 177 1645 20 3.7 14 0024 14 24,00 REC 188, LENGTH 108
14
—RE0 _1800=2100 0 E0A4,9  SCEa9 ...23. 188 052 . 30 .. 2,81 % 04050 1 2.50 RFC 189, LFENGTH 108
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260 T1y0-4ac0C 450e2 £€G, O an 1.07 0462 a4 4,46 1 0.031! 1 10.90 REC 130+ LENGTH 108
1
Z£1 0000=-0700_ A2744 4E5042 47 0699 0aB8 47 5401 35  0.036 35 14440 REC 191y LENGTH 108
s
2€1 070C=-06C0 QED, T 4€le3 ag 1e19 119 4n 4,70 48 0.045 a8 14,30 REC 192+ LENGTH 108
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221 NEQN=-0000 485,0 4c8, 0 %43 1.23 1423 A8 ~6e10 48 0036 an 1750 REC 193y LENGTH 108
a8
< &Y 0%00=-12C0O 6784 49 L2542 a9 240 227 a4 Be52 35 04039 3 4,00 REC 184, LENGTH 108
=
DFY 120Q=15C0 41Q0e€ 41709 7 100 0422 7 0. "] O [} Oe PEC 195, LENGTH 108
0
261 1500~ 1900 A1Ee? alLa.4 4z 1.04 0e75 a2 7e13 13 04023 13 13.%0 REC 1954 LENGTH 108
13
2 180Q=-21C0 AAS,1 K44 A7 1482 1439 aS 10,93 41 04070 a1 10.50 REC 197, LENGTH 108
a1
2€1 2100-7400 £ 2n473 %3 a8 Rl 2695 a5 7 446 45 0029 45 Ge4d0 REC 198, LENGTH 108
45
262  CCOQ-0200 = E7%449  E73a3 0 48 3472 2 3.85 48 HeA7 a? 0.032 a3 710 REC 199¢ LENGTH 108
’.’
262 0700=-0~C0 AdRe? £3:e 8 49 .77 359 19 31.896 17 04053 17 8450 REC 200¢ LENGTH 108
17
262 QAC0-29Q0 €62, c£Za1 89 4e12 8,432 22 2842 22  0.086& 22 2200  REC 201, LENGTH 108
22
282 CC00-100 LT EFRhe R e 4 4A0 4Let0 32 24313 32 0.072 32 7.70 REC 202¢ LENGTH 108
¥a
1200-10Q £G 245 £€3e5 1 2e30 330 1. . 278 . 1. 04086 1 12.30 REC 203, LENGTH 108
1
1E€00=1°09 EAETS 72%e8 4a 3e12 2.56 aa 212 31 0.0%6 31 11.00 REC 204, LENGTH 108
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