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ABSTRACT

Y ^

A test was conducted by the Harvard College

Observatory to investigate the effect of orbital

plasma on the operation and performance of the HCO

Experiment for the NASA spacecraft CSO-D. Another

objective was to determine an optimum ion grim con-

figuration to reduce the plasma entering the outer

covers of the experiment. The test was conducted

by installing the experiment in a simulated space

environment and recording the effects of different

plasma environments on the system performance. The

tests showed that orbital plasma does not detract

from the performance of the HCO Experiment and does

not induce any high voltage discharge during its
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1.0 INTRODUCTION

This report discusses an orbital plasma test per-

formed on the Harvard College Observatory (HCO) Experi-

ment for the NASA spacecraft OSO-D. The test was con-

ducted at the NASA Goddard Space Flight Center (GSFC),

Greenbelt, Maryland, from November 21, 1966 3 to December

19, 1966.

Knowing how orbital plasma effects the operation

of the HCO Experiment is of vital importance because

inadequate immunity to plasma could cause high voltage

breakdowns and thereby unsatisfactory performance of the

instrument. Moreover, because the windowless photomul

tipliers used in the HCO Experiment are sensitive to

charged particles, the desired ultraviolet flux data

would be indistinguishable from the spurious data as-

sociated with the incident plasma flux.

The test had two objectives: a) to find how orbital

plasma affects the operation of the HCO spectrometer; b)

to determine an optimum ion grid configuration (including
the grid voltages) for various plasma environments.

t "p.
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2.0 HCO EXPERIMENT

The function of the HCO Experiment it the QSO-D is

to map the intensities of solar radiation in the wave-

length re(-ion 300E through 1300A of the extreme ultra-

violet.

2.1 OPTICAL ARRANGEMENT

The optical arrangement of the HCO Experiment is

illustrated in Figure 1. Parallel light rays from the sun

enter through the entrance aperture, travel the length of

the instrument and strike the telescope mirror. This is

a spherical platinum coated mirror 4 cm square with a 50

cm focal length (f/12.5) . The entrance slit S is 150pin
x 150 jim and is located at the primary focus of the col-
lecting mirror. This slit is the instrument field stop

and defines the system field of view (arc tan 150 pin/50 cm
w 1 arc min) .

0.5 m I
I	 ^I	 SOLAR IMAGE

(-5 mm DIAM.)	 TELESCOPE MIRROR--

ENTRANCE I
APERTURE,

I	
ENTRANCE SLIT S	 I	

J

I mo`--DIRECTION OF VIEW	 I

DRIVE MOTOR

o —
7XIT SLIT S'	 I

DIFFRACTION	 ZERO ORDER SLIT So

GRATING	 ZERO ORDER DETECTOR	 PHOTOMULTIPLIER
GRATING
PIVOT POINT

Fig. 1 - HARVARD OSO-G1 OPTIC;AL LAYOUT
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Light from a 1 x 1 arc minute element of the solar

disc passes through entrance slit S and strikes the dif-

fraction grating. This grating is a Bausch & Lomb ori-

ginal ruled 1800 lines/mm in gold. The ruled area

measures 4 cm x 4 cm, and has a radius of curvature of

50 cm (f/12.5) and an 850A first-order blaze. Exit slit

S' is 300 µm wide x 1000 µm.. This dimension broadens

the wavelength resolution to 3.6A without affecting the

field-stop properties of the entrance slit.

A Johnson Onaka mounting of near normal incidence

is used for the grating. Light from the entrance slit

.. is diffracted by the grating to form a series of dis-

persed images with positions that are a function of wave-

length. Successive images in the series are indexed

onto the exit slit by rotating the grating angle in dis-

crete^steps (Wavelength Scan Mode); or a particular

wavelength is selected for analysis by stopping the grating

at the appropriate angular position (Raster Mode).

As the grating angle changes, light from successive

spectral emission lines passes through the exit slit S',

and strikes the cathode of the photomultiplier. This

device is an open, crossed electric and magnetic field,

electron multiplier (Bendix Model 310) with a tungsten

photocathode and a distributed resistance dynode strip

which requires a potential of approximately 1800 volts.

An open photomultiplier is used because no envelope or

OR
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window material will pass ultraviolet (UV) radiation below

the 1050 0A cutoff of lithium flouride. The tungsten photo-

cathode has a relatively high work function. This cha-

racteristic prevents the photomultiplier from detecting

longer wavelength radiation (visible and infra-red) and

thus degrading the signal-to-noise ratio. In the extreme

UV regions, the low intensities of solar radiation make

it necessary to employ measuring methods that depend upon

the count of individual photons rather than on conventional

photomultiplier averaging techniques.

Photons incident upon the photomultiplier yield out-

put pulses that are coupled to a detection circuit which

consists of a pre-amplifier, ;pulse amplifier, and a bi-
nary counter.

2.2 EXTERNAL APPEARANCE

The external appearance of the HCO Experiment is

shown in Figure 2. A view of the same experiment with its

dust covers removed is contained in Figure 3.

2 .3	 ION GRIDS

I'
	

Seven ion grids and a mirror ring are installed at
'f	

appropriate points in the HCO Experiment to reduce the

effect of charged particles on the performance of the in-

strument. The ion grids are silver-plated screens (0.0005

inch thick with 90 ,percent optical transmission) mounted

r
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on glass epoxy-board frames 1/8 inch thick. In the pre-
F

sent flight/test configurations, a +15 volt potential is

applied to each grid.

The ion grids are installed inside the dust cover

I /

	 in the position shown in Figure 4. In addition to single

screen grids installed inside the pumping ports (..e.,

grids #3, #5, and. #6) , a double screen grid (i.e., grids

#7 and #8) is positioned inside the entrance aperture. (Fig. 5)

This grid is fabricated from two screen assemblies sep-

arated by a spacer. An ion ring (i.e. mirror , ring #4)

is also installed in front-'of the mirror assembly to

suppress secondary electrons from the mirror. Grids #3,

#5, #6, #7, and #8, and ring #4 are installed in the pre-

sent flight/test configurations. The single-screen grid

(i.e. grid #9) at the snout entrance aperture was in-

stalled for test purposes only.
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3.0	 TEST FACILrITY

3.1 SIMULATED SPACE PLASMA ENVIRONMENT

The orbital plasma test was performed by installing

the HCO E:-periment in a simulated space environment and

investigating how the different environmental conditions

affect the behavior of the UV detection system. Simulated

space environments were produced in a GSFC vacuum chamber

equipped with both a hydrogen UV source and a plasma

source. The UV source provided a means for checking the

detection system after different environmental conditions

had been established. Plasma densities of 10 4 to 106

particles/cm' were generated by a system consisting of a

hot filament electron source, a set of accelerating plates

-nd a flow of nitrogen molecules (cf. Figure6 ).
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The simulated environment used in the test was pro-

vided by a GSFC (Goddard Space Flight Center) test facility

developed by D. R. Burrowbridge, Function Toast Branch, GSFC.

This facility consists of a thermal vacuum chamber equip-

ped with a UV source, a plasma source, and ion accelerator

and an adjustable support to hold the HCO Experiment. The

thermal vacuum chamber is a steel cylinder (7 feet in diam-

eter, 8 feet in length) with bell-shaped ends. One end is

welded to the cylindrical body, the other.: is removeable and

is fitted with a circular glass window (cf. Figures 6 and 7).

Plasma simulation is produced by a beam of high en-

ergy electrons emitted from a hot filament source and ac-

celerated between a set of circular and parallel grid plate

elements. These elements have a diameter of 48 inches and

are separated by a distance of 8 inches. Fittings are

provided to install the 12160 UV source in an appropriate

position for exciting the HCO Experiment. A normal tubular

ionization gauge is installed in the chamber wall to moni-

tor the chamber pressure, and an open ionization gauge at

the plasma source monitors the local pressure at the source.

The source pressure can be varied to control the ion flux.

For this purpose, gaseous N 2 is introduced through a varia-

ble leak valve with a minimum leak rate of approximately

1 x 10- e s tandard cc/sec.

 pads are installed on the chamber to pro-

vide for transfer of appropriate signals between the HCO

Experiment and the external test equipment. A block dia-

gram of this test equipment is shown in Figure 8.



^a

W W
a cr
H

In
a
V

a
cr

FQ- W

v) W °
c 2 W J O

Q J

O U (DcrO Q

I

Q i
F—
Q
°
O,,
CU ^

r
^O
^- Q w vi =,Q

aa°'
z cc^
W JHO

cr
Q ~vim W} W OJ

U W W F
Z

— U) Q ^-Z WZ —J
N N O=

O
p ° Q

W Z u p U
w O ~ O
(r V U = Q
LA-

J

o c:

c W
O cr

crO (D
U-

H
z
W

CL_ p

a.

o mu ^a a a
W J

a 
w

a' U ^ v v W {'
w ^- ° O

z
a

H0 V Z



J,

3.2 AVAILABLE ENVIRONMENTAL CONDITIONS

The environmental conditions available in the above

GSFC Test Facility are as follows:

i	 ,
A .	 Dens ity

(Electrons and/or positive
ions)

B. Flux (Flux = density x
orbital velocity)

C. Flux range

D. UV Source

E. Temperature

2 X 104 to 2 x 106
particles/cm3

>2 x 10 5 particles/cm'
x 7 x 10 5 cm/sec
>1.4 x 1011 particles/
cm  /sec

1.4 x 1010 to 1.4 x 1012
particle s/cm2/sec

1216A

Room ambient (25°C)

3.3 TEST CONFIGURATION

To simulate the plasma conditions encountered dur-

ing flight, the HCO Experiment was oriented in the vacuum

chamber in two different directions with respect to the
plasma flow.

One set of plasma conditions simulated those encoun-

tered when the HCO Experiment is pointing at the sun. For
this simulation the HCO Experiment was installed in the
vacuum chamber with its optical axis pointed parallel to

the plasma flow vector (cf. Figure 6) and with the UV source

1
g



mounted behind the flat plate of the ion accelerator.

Another set of plasma conditions simulated those

encountered when the HCO Experiment is pointing approxi-

mately perpendicular to the direction of flight. For

this simulation the HCO Experiment was rotated through

90 degrees so that its optical axis was pointed towards

a UV source near the left wall of the chamber (cf Fig-

ure 7). Because orientation of the, ion accelerator re-

mained the same, the optical axis was perpendicluar to

the plasma flow vector.

3.4 DENSITY AND FLUX MEASUREMENTS

Plasma density was measured during the tests by

two probes attached to the inside cf the dust cover

(cf.Figure 5 ). Ion flux measurements outside of the dust

coves were made with two Faraday cups suspended from the

ion accelerator. These cups were placed about 20 inches

apart in the plane of the optical axis and in the loca-

tions shown in Figures 6 and 7. In one phase of the test,

a Faraday cup and a probe were installed at a position

inside of grids #7 and #8 to measure the ion and electron
r

flux energies at the entrance aperture (cf. Figure 5).

13
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4.0 TEST PHASES

This section discusses the test methods and the re-

sults for each of the four phases of the orbital plasma

test.

4.1 PHASE I - EFFECT OF PLASMA, ON FLIGHT CONFIGURATION

The object of Phase I was to determine how orbital

plasma affects the performance of the flight configuration

of the HCO Experiment (hereafter called the "instrument").

The test method consisted-of recording the output count

of the instrument under different plasma conditions, and

of simultaneously observing the output waveform on an os-

cilloscope. Readings were taken with the high voltage

supply of the detection system turned on and the U1' source

turned on and off.

The instrument performance when no plasma was applied

was checked before and after each test sequence. Hence

the variation in the output count from test to test was

an indication of the effect of plasma degraded or enhanced

on the performance of the detection system.

A sequence of tests was conducted for each test con-

figuration described in Section 3.3. Different plasma

densities were used for each test so that every sequence

covered a specific range of plasma densities.

14
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4.1.1 INSTRUMENT ORIENTED PARALLEL TO PLASMA FLOW VECTOR

Table I summarizes the results obtained for the

test sequence conducted when the optical axis of the in-

strument was oriented parallel to the plasma flow vector.

Runs were made with the plasma switched from the lowest

possible value to the highest possible intensity (cf.

Table I) .

4.1.2 INSTRUMENT ORIENTED NORMAL TO PLASMA FLOW VECTOR

Table II summarizes . the results obtained when the
instrument was directed normal to the plasma flow. The

other conditions were the same as those used in the test

sequence of Section 4.1.1.

4.1.3 DISCUSSION OF PHASE I RESULTS

The results summarized in Tables I and II indicate

that orbital plasma would not seriously degrade the per-

formance of the flight configuration of the HCO Experi-

ment. This deduction does not imply that the flight

configuration is completely immune to the effects of

plasma. However, even with the highest possible flux,

the output noise level was below any level that would de-

tract from the instrument's ability to acquire data. The

only noticeable effect of plasma was  burst of pulses

that occurred at the Turn-on of the instrument in a plasma

environment. These turn-on transients however were of

short duration (i.e., less than two seconds) and their

^ ^F rx	 j.	 ^^	 1	 ;. fi ,f >	 ^	 t^^ =̂rf+	 _	 .0 '!!.. N ^L	
'-.	 ,. ^.	 R	 ¢m!y,.^A
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Test Conditions

a.	 Plasma switched from lowest possible level to highest possible intensity

b.	 Ion grid voltages of +15V supplied from internal source

c.	 HV on

Test No. Vacuum Plasma flux UV Comment
Pressure (particles/ Source
(mm/Hg) cm2/second)

1 3.0 x 10-6 None Noise check, HV primary current
8 ma. No, significant counts.
System reasonably quiet.

2 9.0 x .10-6 None ON Counl.s lower by a factor of 4
than previous test.

3 9.0 x 10-6 6.0 x 10 9 OFF No appreciable counts when HV
turned on.	 Instrument at MECH-
ANICAL REFERENCE plasma at lowest
possible intensity, i.e. 50% >9ev.

4 9.8 x 10
-6

6.0 x 109 ON Counts recorded.

5, 3.3 x 10-5 6.0 x 1010 ON" how counts.

6 3.2 x 10-5 6.0 x 1016^ ON

7 4.5 x 10-5 1.8 x 1011 OFF
F

50% below 3 ev. .

8 4.5 x 10- 5 1.8 x 10 11 ON Very high counts.

9 4.5 x 10-5 1.8 x 101 1 ON HV primary current slightly high-
er than test #8,	 i.e.,	 8.2 ma.
Increased to 8.9 ma::as test con-
tinues.

OFF

10 5.0 x 10'5 1.8 x 1011 OFF HV primary current 8.8 ma.

11 5.0 x 10-5 OFF Electron flux at start was
40 ^iA/cm2 HV primary current
8.4 ma.

12 4.2 x 10- 5 1.8 x 101 1 OFF Maximum plasma density, i.e.
50% <4.5 ev.. HV primary cur-
rent 8.2 ma.

13 4.6'x 10- 5 3.0 x 10 11 OFF Absolute maximum possible + ions
i.e., 500% below 2 ev. HV primary
current 8. 2 ma, cycled HV on and
off 3 times.

14 5.0 x 10- 5 3.0 x 1011 ON

i

y ,

TABLE Y

TEST DATA - PHASE I WITH OPTICAL AXIS OF INSTRUMENT
ORIENTED PARALLEL TO ,PLASMA FLAW VECTOR
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TABLE II

TEST DATA - PHASE I WITH OPTICAL AXIS

OF INSTRUMENT ORIENTED NORMAL TO PLASMA FLOW VECTOR

TEST CONDITIONS

a. Plasma at different densities switched on and off.

b. Ion grid voltages of +15V supplied by internal source.

c. HV on.

Test Vacuum Pressure Plasma Density UV Comment
No. (mm/Hg) I+ - part/cm' Source

I- - amp/cm'

1 1 x 10-6 2 x 10-9 amp/cm' OFF
No significant

noise count.
2 3 x 10-5 5 x lOs part/cm3 OFF

3 3.6 x 10-5 5 x 10 5 part/cm3 ON System operates
properly.

4 4.3 x 10-.5 1 x 106 part/cm3 OFF
No significant
noise count.5 4.4 x 10' 5 1 x 10 6 part/cm3 OFF

6 4.3 x 10' 5 1 x 106 part/cm3 ON System operates
2 x 10- 5 amp/cm2 properly.

7 4.9 x 10' 5 5 x 10-5 amp/cm2 OFF No significant
noise count.

8 I	 4.3 x 10-E5 x 10-E5
	 1 ON Svstem operates
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maximum output count was usually lower than 100. Tran-

sients having these characteristics were observed through-

out all test phases but were considered acceptable be-

cause they disappeared after a very short period of time.

4.2 PHASE II - EFFECT OF DIFFERENT GRID VOLTAGES ON
PLASMA REDUCTION

The objective of Phase II was to determine the op-

timum grid voltages for the ion grids and the mirror rings

of the instrument.

The instrument tested in Phase II had the same con-

figuration as the one described in Phase I, except that

two internal probes and the snout grid, #9, were added.

Also, external DC voltages were applied through ion grid

connections #1 and 4f2 (cf.-Figure 4). These external

voltages were distributed inside the instrument to the ion

grids used during each run. In subsequent paragraphs and tables

the ion grids and the mirror ring are designated by the

numerals in Figure 4 .

4.2.1 TEST SEQUENCES WITH OPTICAL AXIS OF THE INSTRUMENT
PARALLEL TO THE PLASMA FLOW VECTORS

In two test sequences the optical axis of the in-

strument was directed parallel to the plasma flow vector.

I,n one sequence the grids (including snout grid #9) were

connected internally so that the voltage listed in Table III

1 ^3
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could be applied, as appropriate for each run.

made under different conditions of plasma, UV,

grid voltage levels, and the overall operation

run was monitored by noting the output count of

strument. A summary of the test data for this

given in Table III.

The second test sequence consisted of ru

Runs were

HV, and

of each

the in-

sequence is

ns made with

snout grid #9 grounded to the snout, and grid #7 held at

a fixed voltage (e.g. +40, +30 5 +20, +10, 0, -10, -20, -30,

-40V) and the inner entrance grid, #8, was varied in 10

volt steps from +40 to -50 volts. The internal ion flux

densities (I+) and electron current densities (I-) for

each run were measured by a probe located just inside the

inner entrance grid #8. A summary of the test data for

this sequence is given in Table IV.

Plots of the ion flux and electron current densities

versus grid voltages for each run are contained in Appen-

dix A.

Although the graphs in Appendix A permit some deduc-

tions to be made, they do not help determine the optimum

grid voltages for the instrument. The curves were drawn 	 u
from data obtained from fixed probe measurements and

	 s'

therefore represent local conditions rather than the total

fluxes required for a conclusive determination. Addition-ve de ert m

al graphs of the potential fields established by the ion

F

v

20	 3
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grids are found in Appendix B and the tendency of these

fields is to focus the flux on or off a particular probe.

one conclusion to be drawn from the graphs in Ap-

pendix A is that the ion grids have little effect upon

the number of ions or electrons that enter the instrument.

The probe nearest the photomultiplier shows that the

electron current varies by no more than a factor of two

over a range of grid voltage varying from +50 to -50

volts.

4.2.2 TEST SEQUENCE WITH OPTICAL AXIS OF INSTRUMENT
NORMAL TO THE PLASMA FLOW VECTOR

This test sequence is sometimes referred to as the

Grid Current Absorption Tests because the total current

drawn by the entrance grids (grids #7 and #8) was moni-

tored and recorded as a function of the grid voltage.

For test purposes grids #7 and #8 were connected to in-

dependent external DC voltages. Runs were made in which

inner entrance grid #8 was held at a fixed voltage in

the range from -50 volts to +50 volts, while the outer

entrance grid, #7, was varied in 10 volt steps from +50

to -50 volts. The conditions of plasma, ultraviolet

excitation, and HV, were varied on different runs. Probe

measurements were made on each run by use of internal

probes #1 and #2 in Figure 5 .

The test sequence used the following procedure:

1) After 5 hours at a pressure of 5 x 10' s mm Hg, turn

on the UV source and check the output count of the in

22



y ,

strument to ensure that the system is functioning properly.

2) Turn the W source off and the plasma source on.

3) Make a run with the plasma energy distribution peak

at the maximum available level and plot a graph of the

run.

4) Make runs by holding the inner entrance grid at a

fixed voltage (e.g. +50V, +40 3 +30, +20, +10, 0, -10, -20,
-30, -40, -50V)while the outer entrance grid #8 is varied

in 10 volt steps from +50 to -50 volts. (Note: The mir-

ror ring is disconnected for these runs.)

5) Record the ion flux density and the electron current
it

density measured by probes #1 and #2.
^i

6) Record the total currents of grids #7 and #8 com-

bined.	 i

7) After completing the runs in step #4 determine the

optimum positive grid potential (i.e., the potential which

produces the minimum total current in grids #7 and #8). 	 h`

8) Connect all grids and mirror ring, #4, to the optimum

positive grid potential determined in step #7.

9) Make runs with grids at optimum positive grid poten-

tial and with the ion and electron plasma densities the

same as those recorded in step #5.

10) Connect all grids and mirror ring #4 to +15V (i.e.,

voltage normally used in flight configuration) and repeat

runs in step #9.

11) Turn all power off. Wait fora few minutes and then



energize grids and HV suddenly with all grids at both op-

timum grid potential and at +15 volts.

A summary of the data for this test sequence steps

1-7 is given in Table V.

A typical plot of the graph obtained from step #3

is shown as the first sheet of Appendix C. This graph

was plotted by D. R. Burrowbridge of Goddard Space Flight

Center using currents measured with a Langmuir probe

during the tests. Data obtained from the runs in step

#4 plotted on the remaining sheets of Appendix C.

A comparison between the curves obtained in steps

#4 and #5 show that the total grid current flow in the

entrance grids follows the trend of the current measured

with the Langmuir probe. The total grid current decreased

significantly only when the inner entrance grid #8 was

biased at the highest positive potential (i.e., +50 volts).

This decrease in total grid current depended more on the

value of the outer entrance grid voltage than the inner

entrance grid bias.

The plasma densities measured by probe #1 and probe
7

#2 in step #5 varied only slightly throughout the sequence

The ion flux densities measured by each probe were approx-

imately 13 x 10-10 amp/cm2
j

l
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i
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4.3 PHASE III - INFLUENCE OF SNOUT GRID #9 ON PLASMA
REDUCTION

The objective of Phase III was to investigate how

the snout grid (cf. Figure 4 ) effected the reduction of

plasma inside the instrument. The instrument used in

this phase differed from the flight configuration tested

in Phase I by the addition of the snout grid and the Fara-

day cup inside the entrance aperture. Probe #1 was also

shifted from the position shown in Figure 5 to a loca-

tion near the entrance aperture. The Faraday cup and

probe #1 were used to measure the ion flux and electron

current densities just inside the entrance aperture.

Since the Faraday cup blocked off the entrance aperture,

no UV radiation input was applied. Another difference

from the flight configuration was that all grids except

grids #7, #8, and #9 were disconnected from their voltage

supplies. In one test sequence, grid #7 and grid #8 were

each connected to separate external voltage supplies and

grid #9 was grounded. In a second sequence, grids #7 and

#8 were connected to the same external voltage supply

and grid #9 to another. Ion grid connectors #1 and #2

in Figure 4a were used to furnish the external voltages

to the instrument. All tests in Phase III were conducted

with the optical axis of the instrument pointed parallel

to the plasma flow vector (cf. Figure 6).

Phase III consisted of test runs made with grids
#7, #8, ar' #9 connected in the different voltage con-
figurations listed in Table VI.. In all runs, the vacuum



TABLE VI

PHASE III - TYPICAL EXTERNAL ION FLUX AND ELECTRON CURRENT DENSITIES FOR VARIOUS

PLASMA SOURCE SETTINGS

Test Conditions:	 Pressure 2.6 x 10-5

FIRST SEQUENCE

Grids #7 1	 #8 #9 #7 #8 #9
Voltages I+ I- I+ I- I+ I_

+20V +20V OV 7.4 x 10-8 6.2 x 10-8 0
+15V 0 9.0 x 10-8 5.2 x 10-8 0

0 0 9.0 x 10-8 3.5 x 10-8 0
-15 0 8.5 x 10-8 3.0 x 10-8 0

+15 +20 0 6.2 x 10-8 7.8 x 10-8 0
+15 0 7.8 x 10- 8 6.0 x 10-8 0

0 0 8.6 x 10-8 3.6 x 10-8 0
-15 0 8.0 x 10-8 3.0 x 10-8 0

0 +20 0 4.0 x 10-8 8.0 x 10-8 0
+15 0 4.6 x 10-8 7.2 x 10-8 0

0 0 6.0 x 10-8 4.8 x 10-8 0
-15 0 6.0 x 10-8 3.0 x 10-8 0

-15 +20 0 3.0 x	 c-8 7.0 x 10-8 0
+15 0 2.8 x 10-8 6.0 x 10-8 0

0 0 3.5 x 10-8 5.0 x 10-8 0
-15 0 3.0 x 10-8 5.0 x 10-8 0

SECOND SEQUENCE

Grids #7 & #8 1	 #9 7& 8 9 7& 8 9
Volta es I+ I- I+ I-
+20V +20V 1.0 x 10-7 2.4 x 10--" 8.0 x 10-8 2.7 x 10-

+15 1.2 x 10-7 1.5 x 10-5 9.0 x 10-8 2.1 x 10-6
0 3.0 x 10-7 2.7 x 10-5 8.0 x 10-8 6.0 x 10-6

-15 4.0 x 10-7 2 x 10-7 1.0 x 10-7 4.5 x 10-7

0 +20 6.8 x 10-8 1.6 x 1.0-5 5.4 x 10-8 2.4 x 10-5
+15 7.0 x 10-8 2.7 x 10-6 5.0 x 10-8 1.9 x 10-5

0 1.9 x 10-7 6.0 x 10-8 5.0 x 10-6
-15 1.9 x 10-7 1.2 x 10-7 6.0 x 10-8 5.0 x 10-7

-15 +20 3.4 x 10-8 2.2 x 10-5 3.5 x 10-8 2.6 x 10-6
+15 4.0 x 10- 8 6.0 x 10`° 8 3.0 x.10-8 1.8 x 10-6

0 3.0 x 10-8 2.8 x 10-6 3.2 x 10-8 5.0 x 10-6
-15 3.0 x 10-8 2.0 x 10-8 3.0 x 10-8 5.0 x 10-7

t
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chamber pressure was maintained at 2.6 x 10 -5 mm Hg. A

run was made for each voltage configuration by varying

the plasma energy distribution peak in steps throughout

its available range. Typical densities of flux and

electron current densities produced for each voltage

setting are listed in Table VI. The two sequences of

runs made during Phase III are described in Sections

4.3.1 and 4.3.2.

4.3.1 TEST SEQUENCE WITH SNOUT GRID #9 GROUNDED

Runs were made for each of the voltage configura-

tions listed in Table V. Graphs showing the variation

of ion flux densities and electron current densities

for each voltage configuration are contained in Appen-

dices D and E respectively.

The upper graph in Appendix D represents the number

of ions injected towards the instrument as a function of

the plasma source settings, i.e., the external ion flux

densities (I ion) in Table VI;. All other graphs in Ap-

pendix D show the trends of the ion flux densities meas-

ured inside the dust cover for. various voltage configura-

tions. In all except two cases, the ion density inside 	 {

the dust cover is essentially constant for allplasma

levels and depends upon the voltage on outer entrance
i

grid #7. When both grids were negative and when one grid

was zero,and the other negative. The ion density inside
1

the dust cover became approximately one order of magnitude

_f
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less than the injected ion density at all source settings.

The format for presenting the electron density

curves in Appendix E is the sane as that used above for

Appendix D. Note that the trend of all distribution
curves of electron density is the same for all internal

grid #8 voltages and is not appreciably affected by dif-

ferent outer grid #7 voltages. Note also that the elec-

tron energy distribution inside the dust cover is approxi-

mately three orders of magnitude less than the energy

distribution of the injected electrons.

4.3.2 TEST SEQUENCE WITH GRID #9 SUPPLIED WITH DIFFERENT
VOLTAGES i

3

For this test sequence runs were made at each of
i

the voltage configurations listed in Table V. Graphs

showing the variation of ion flux densities and electron

current densities for each voltage configuration are con-

tained in Appendices F and G. The format for presenting

the curves in these appendices is the same as that used

in Section 4.3.1. Note that all curves show approximately

the same trend as the corresponding curves in Appendixes

D and E. A point of interest in Appendix F is that posi-

tive snout grid #9 potentials (i.e., +20 and +15 volts)

cause the levels of ion density inside the dust cover to

be approximately two orders of magnitude less than the
level of injected ion density. This reduction is approxi-

29
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mately one order of magnitude more than the corresponding

decrease attained in Appendix E with the snout grid

grounded.

4.3.3 DISCUSSION OF PHASE II RESULTS

The Phase III tests showed that snout grid #9 was

capable of varying the ion flux that entered the instrum-

ent. When positive voltages were applied to this grid,
r

the ion densities inside the instrument became less by

one order of magnitude than when negative voltages were 	
k

applied (cf. Appendix F). However, a snout grid would

reduce the UV input level and thus would lessen the ab-

ility to collect data. Moreover, because other tests 	
k

Y

showed that an orbital plasma environment: did not induce 	 ;.

any appreciable deterioration, the addition of a snout

grid for plasma reduction is not considered necessary.	
k

x

The results of Phase III tests also showed that the

grid voltages that provided the best electron rejection

did not provide the best ion rejection and vice versa.

Phase III tests also showed that the magnitude of 	 s

therid voltages had little effect upon the electrong	 9	 P	 i

current densities inside the dust cover 	 that an

electron energy distribution inside the dust: cover ap-

proximated that outside the instrument (cf. Appendices

E and -G)

30
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Nevertheless, not all the results obtained from

Phase III supported the conclusion that positive ion grid

voltages (such as those used in the OSO-D) tend to re-

ject positive ions and accelerate electrons. A possible

explanation is that the Phase III results depended upon

plasma level measurements and that the devices used for

these measurements were limited to local flux phenomena
and did not include total fluxes (cf. section 4.2.1),

which were not measured.

4.4 PHASE IV - EFFECT OF INCIDENT PLASMA ON RESPONSE
OF DETECTION SYSTEM WITH NO DUST COVERS
INSTALLED

Phase IV studied how incident plasma affected the

response of a detection system when operating without

the immunity normally offered by the dust covers and the

ion grids. Tests were conducted with the optical axis of

the instrument directed normal to the plasma flow vector

with the dust covers removed and with no voltage on the

ion grids. Obviously these conditions are worse than any
that would be encountered in the actual operation of the

instrument.

Test runs were made at different plasma levels and
the output count of the detection system was recorded for

each run. The plasma level was increased for successive
runs until it reached the maximum.

F

x
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Test data for each run are listed in Table VII. Note

that output corresponding to approximately 10 4 pulses per

second was obtained and that no HV discharge was observed

even when the run was continued for one half hour at the

maximum level of available plasma.

'

	

	 When the above test sequence was completed, the dust

covers were replaced and the instrument was reoriented in

the test chamber so that its optical axis was parallel to

the plasma flow vector and pointed at the UV source. In

this configuration the instrument performed satisfactorily.

{

4.4.1 DISCUSSION OF PHASE IV RESULTS

The results summarized in Table VII show that no

HV discharge was produced when maximum plasma energy and

number of particles were applied to an instrument without

dust covers but that the output of the instrument con-

tained an unacceptably high noise count. The results also

indicated that an approximately linear relationship exis-

ted between the output count of the detection system and

the applied plasma density. This relationship was demon-

strated by increasing the plasma density by a fixed amount

and noting that the output counts increased proportionately.

As expected, the detection system is not immune to directly
impinging plasma, but it is well protected by the dust cov -

ers and ion grids in the present flight configuration of

the instrument.

5
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5.0 CONCLUSIONS

The following conclusions were derived from a study

of the results obtained in the orbital plasma tests:

1) Orbital plasma does not introduce any high-voltage

discharge during the operation of the 1-700 experi«ent of

the OSO-D .
k

2) The performance of the flight configuration (i.e.,

with dust covers on grid +15 volts applied to all ion 	 J

grids) of the HCO experiment is essentially unaffected by

the orbital plasma. Although the detection system out-

put included a spurious short lived transient at the

turn-on of the instrument, this transient was short

(less than two seconds) enough to be acceptable.
r

3) The ion grids do-not greatly affect the number of 	 x

ions or electrons that enter the instrument but the dust

covers provide ample protection from the effects of or-

bital plasma.

4) Efforts to determine an optimum grid voltage config-
uration gave inconclusive results and further tests are

recommended. The present tests, however, confirm the ex- 	 F

pectati.ons that an optimum grid voltage configuration

would be one that produced a compromise between electron

and ion rejection.
5) The ability of the flight configuration to reject

F

plasma could be improved by installing a grounded grid
outside of the snout entrance aperture. This modification
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however, is not recommended because it reduces the optical

efficiency of the instrument.

6.0 FUTURE' EXPERIMENTS

Future experiments will be conducted to furnish

more conclusive results than those obtained in some parts

of these tests (cf. Sections 4.2.1 and 4.3.3). For this

purpose, a test station will be established at the Har-

vard College Observatory for testing different designs

in probable plasma environments. This station will in-

clude a plasma source modeled after the one used at

GSFC for these tests. In addition, a simple model of

an instrument for use as a test bed in the determination

of an optimum grid configuration is being prepared.

j
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