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ABSTRACT

An experiment program plan for the investigation of iono-
spheric plasma electron density and temperature and for the ion
sheath surrounding space vehicles has been developed. Subsequent
efforts have broadened the scope to include the investigation of
VLF radiation from spaceborne transmitting sources. The pro-
gram, although originally planned for inclusion in the Manned
Orbiting Laboratory program, has been made sufficiently flexible
to permit conduct of the experiments aboard a broad range of launch
vehicle-satellite configurations, either manned or unmanned.

PROBLEM STATUS

This is the final report onthis problem. This problem is now
closed.

AUTHORIZATION

NRL Problem R07-15
WEPTASK RT70450Z0/652l/F019-05-02

Manuscript submitted December 16, 1967.
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ELF-VLF Propagation/Electron Density-Temperature
Satellite-Borne Experiment

INTRODUCTION

The investigative program which forms the basis for this report was initiated
as a proposed experiment for the measurement of ionospheric (F-layer) plasma
parameters, such as charged particle densities and temperature (energy), and for
the investigation of interactions of space vehicles with the plasma medium.

The proposed experiment was submitted for consideration for inclusion in the
Manned Orbiting Laboratory (MOL), it being reasoned that the unique capabilities
of a large, well-instrumented orbital platform provided an ideal means for conduct
of a comprehensive "in-situ" data collection program. The on-board presence of
skilled astronaut test conductors provided the capability to optimize the collection
of the experiment data over the expected (and perhaps unexpected) temporal and
spatial variations encountered. It was expected that this would result in an en-
hanced accuracy and reliability of the experiment and its conduct.

Inclusion of the experiment in a laboratory platform of the size of the MOL
gives promise of supporting data from other experiments and vehicle subsystems
which may be used in the ground-based data analysis procedures. Plasma data
variations may be correlated with causative effects detected by other sensors (e.g.,
x-ray and -- ray monitors) or associated with vehicle orientations. These capa-
bilities also provide an opportunity for enhanced accuracy of the experiment results.

This report will present the chronology of the definition of the experiment pro-
gram, the technical development effort, and the support studies undertaken.

PROGRAM DEFINITION

The initial attempt at defining an experiment for the measurement of plasma
densities and temperature suitable for inclusion in the MOL was contained in an
experiment proposal submitted to the Navy MOL Experiment Selection Board (A.l).-
Favorable reaction at this level resulted in the submission of the proposed experi-
ment, in slightly more detail, to the MOL Managing Agency, Air Force Systems
Command, Space Systems Division (A.2, A.3) for further review and evaluation.

Approval by DOD of a Pre-Contract Definition Phase effort and selection of the
Electron Density and Temperature Experiment as a candidate experiment for the
MOL resulted in a formal program effort at the Laboratory. Technical approaches,
milestones and schedules, fiscal requirements, and manpower levels required were

"--References are to appendix items; with letters referring to an appendix, and fol-
lowing numerals referring to exhibits contained within that appendix.

I



documented in reports submitted to the Air Force via the Navy Field Office for
MOL (B.1-B.5). Periodic program reviews in the form of graphics and supporting
narrative material were presented to the Navy Field Office (C.1-C.23). These re-
views were instituted to provide the Air Force with a high degree of visibility on
the Navy Experiment program. As a result of such reviews, several modifications
to experiment configuration were effected during the Pre-PDP period, in keeping
with vehicle limitations (e.g., size, weight, power), which were defined to the ex-
periment sponsors during this period. These changes to the Electron Density and
Temperature Experiment are evident in the Program Review material prepared for
this period (C.1-C.3). Additional supporting information was presented through
memoranda prepared on specific areas of program effort, for example, the Memo-
randum For File dealing with the initial definition of data storage and data rate re-
quirements occasioned by operation of the Plasma Measurements Experiment (D.1).

With the conclusion of the Pre-PDP effort and in anticipation of a formal go-
ahead on the PDP itself, project effort was concentrated on the procurement plan-
ning for a laboratory model of the proposed plasma measurement instrumentation.
A draft copy of a Request for Proposal was prepared (D.8), with the intention of
updating it and releasing the final version to industry when program approval was
received. It shortly became apparent that obtaining such approval would be delayed.
With the intent to continue a meaningful program effort without the procurement of
significant amounts of equipment, an effort was initiated to develop data collection
and analysis techniques which could be used for the test and evaluation of system
components to be procured after program approval had been given. Similarly, con-
sideration was given to simulation tasks which could be employed to evaluate the
performance of the proposed experiment configuration (D.5).

At about this time, the objectives of the several candidate experiments were
re-examined and the experiment sponsors were asked to redefine their programs
to emphasize the support of an ultimate operational need and/or capability. Since
one of the original objectives of the plasma measurements experiment was to pro-
vide data of use to a VLF propagation experiment (also a candidate for inclusion in
the MOL program), it was determined that the two experiments be merged and re-
defined in terms of their ultimate operational capability. This redefinition was
performed and presented to the Navy Field Office for MOL in the form of program
reviews and progress reports (C.10-C.14). The Request for Proposal was redrafted
and held while awaiting the necessary funding (D.10).

It became increasingly evident that the Navy-sponsored MOL Military Tech-
nology Experiments (of which the consolidated VLF Propagation/Electron Density
Temperature Experiment was one) would not be funded as part of the MOL PDP
effort. With this in mind, a further redefinition of the experiment program was
conducted with the goal of achieving a -program which was sufficiently flexible to
be accommodated by a wide variety of launch vehicle-satellite configurations in
either a manned or unmanned environment (C.16). The overall performance objec-
tives were not significantly changed; they were limited in scope, however, by the
capabilities of the parent satellite and its instrumentation (e.g., attitude sensors,
data storage and telemetry, power sources).

This most recent approach has been incorporated in a document submitted to
the Naval Air Systems Command to aid them in the preparation of a Proposed Tech-
nical Approach for a submarine communication system using a spaceborne VLF
transmitter (D.11).
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A more detailed presentation of the work done under this program is given in
the July 1966 Progress Report (C.23) which is also the fiscal year 1966 final report.
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EXHIBIT A.1



ELECTRON DENSITY AND TEMPERATURE

I. Experiment Description

A satellite moves through plasma, a partially ionized medium composed of
neutral molecules, positive ions, and electrons. For comparable ion and electron
temperatures, i.e., thermal equilibrium,"' the electron velocity will be about a hun-
dred times the ion velocity. Specific calculations show that the ion velocity is one-
tenth that of the satellite, while the electron velocity is 10 times greater than the
satellite velocity. This means, in effect, that the satellite plows into a stationary
distribution of positive ions while it is bombarded from all directions by the much
faster electrons. Electrical equilibrium is achieved when the incoming ion current
is balanced by the electron current, and this occurs when the satellite reaches a
negative potential such that only electrons having energies greater than this poten-
tial can reach the satellite. Because of the negative charge around the satellite
electrons are repelled. Thus, near the satellite and extending outward for several
centimeters there is a charge sheath around the satellite wherein there are fewer
electrons than positive ions. As one moves away from the satellite it is observed
that the electric field due to the satellite is neutralized by the excess positive
charge near the vehicle so that at a few centimeters away from the surface the
satellite field drops to zero and the normal unperturbed plasma again exists.

Calculations made via the indicated route show that the satellite will normally
be charged to a negative 3 to 5 volts. Under certain conditions it is possible that the
satellite potential may go as low as -60 volts, although this has never been observed.
This condition would be expected to obtain when the electron energy distribution has
an appreciable high energy tail. It is interesting to note that at a height of 200 kin,
where the electron density now is about 2 x 105 /cm 3 , a satellite will accumulate a
charge of about 3.2 x 102 coulombs, for a satellite potential of about 3-5 volts.
There may thus be problems associated with moving equipment from or to the MOL
as well as rendezvous with other vehicles which may have different charges.

The plasma sheath formed about the satellite will markedly affect the propaga-
tion of VLF signal§ as well as the impedance of both VLF and UHF antennas. One
of the least understood problems at the present time is the effects of such sheaths
on VLF propagation and antenna characteristics.

In order to better understand the behavior of radiating devices on the MOL as
well as the environment in which the vehicle moves, it is desirable to study the
properties of the plasma and plasma sheath about the MOL. In particular the ex-
perimental program is:

""For a fairly complete set of references see R. E. Bourdeau, "The Temperature of
Charged Particles inthe Upper Atmosphere," presented at COSPAR, held May 8-20,
1964 in Florence, Italy; Goddard Space Flight Center Preprint.
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(1) To study the electron energy distribution in the plasma surrounding the
MOL.

(2) To determine the electron and ion densities in the plasma and plasma
sheath.

(3) To study the size and the formation of the plasma sheath around the MOL
and determine how such sheaths are affected by vehicle heading, etc.

(4) To correlate this information with the VLF experiments to determine how
VLF propagation and antenna impedance are affected.

Basically the experiment is carried out by the astronaut who extends several
retractable probes placed at five different positions from nose to tail of the craft.
Each probe will be of a modified Langmuir type designed to be extended from the
vehicle at will and (perhaps) the orientation varied slightly. The astronaut will
utilize a multichannel electrometer to record the plasma currents. The data can
be stored until the astronaut's return to earth or be telemetered down; the latter is
preferable. Analysis of the data will permit determination of ion density, electron
density, and electron energy distribution as a function of distance from the satellite.
This information should be sufficient to define the plasma and plasma sheath so that
its effects can be determined.

II. Work Plan

At the present time NRL is in phase zero of the program and the experimental
details are being defined as far as possible with available information. This in-
cludes specific tasks as described below:

1. An evaluation and determination of the charge and potential of the satellite
as well as the sheath thickness is being made in accordance with existing experi-
mental data. Estimates of the effects of photoelectric currents as well as (VXH)
voltages are also being included.

2. A preliminary design of the probe system is being made including estimates
of the probe current -- which may vary from 10-7 to 10-10- amp. The satellite po-
tential will probably be of the order of 5 volts negative.

3. Preliminary design of the recording system is also being made: this in-
cludes amplifier, summing amplifiers, compression amplifier, filters, demodulator
timing devices, and programmed logic and control.

III. Schedule

A preliminary design of the experimental package has been made. The present
schedule is such that as complete an experiment as possible will be designed and
documented by 15 August. In general the overall schedule for the program is some-
what as follows:
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C.Y. 66 C.Y. 67

Start plan- Initiate Complete and Fabricate Final installa-
ning: Phase laboratory test labora- final models tion and test
zero com- work and tory models and start in-
plete by 15 models stallation in
August vehicles

IV. Organization

The development program will be carried out within the existing organization
of the Naval Research Laboratory with Dr. W. C. Hall as coordinator. This specific
project is assigned to the Data Processing Branch of the Applications Research
Division of the Laboratory.

Personnel assigned to this project are: E. F. Kulikowski (project manager),
C. J. Kurner, F. T. Powles, and R. A. Beaulieu.

V. Fiscal

Fiscal estimates for phase zero amount to about $35K and will be completed
by 15 August as indicated above. The overall costing for the experiment is esti-
mated as follows:

FY 65 FY 66 FY 67 FY 68 FY 69 FY 70

Cost per year (millions) 0.2 0.2 0.6 0.4 0.1 0.1

VI. Problems and Accomplishments

The general techniques of this experiment are well understood and have been
fairly well documented in the literature. However, because of the size of the craft,
some problems may arise that normally could be neglected. Examples of the prob-
lems solved or under consideration are listed below:

1. Calculations have been made of the satellite potential and the thickness of
the plasma sheath.

2. Estimates of the probe currents (ion and electron) have been made in order
to design the electrometer system and recording devices.

3. A major problem remaining is design of the probes.

4. Miniaturization of the electrometer and recording equipment is also an es-
sential problem.

5. A schedule of experimental operation has been formulated. Each orbital
measurement will include, as far as practicable, two series of probe measurements
at each of four selected points in the orbit for a minimum of 40 data points per
orbit.

10
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Title of Experiment: The MOL -- Electron Density and Temperature Experiment

I. SCOPE

The purpose of this experiment is to study the plasma environment in the vi-
cinity of the MOL by means of manned observations of various kinds and to corre-
late these observations with physical laws. Specifically, this experiment is intended
to evaluate the properties of the plasma sheath and the extent to which it will inter-
fere with the propagation of electromagnetic energy through it.

2. BACKGROUND

These experiments are required so that a knowledge of the environment of the
MOL can be obtained which will provide information to be used in the design of
electromagnetic equipment aboard space vehicle s. Specifically, how the plasma
sheath around a space vehicle affects the design and operation of antennas (espe-
cially VLF) as well as the radar cross-section.

Such experiments can only be carried out in space where the proper plasma
conditions exist on a sufficiently large scale. A study of the plasma state near the
MOL is essential to provide a working knowledge of the conditions of the environ-
ment in which man must live and work.

3. GENERAL CRITERIA

3.1 Manned Laboratory Characteristics

3.1.1 MOL Vehicle:

The actual physical dimensions of the ultimate MOL design will be used insofar
as it is practical for the installation and utilization of the equipment and facilities
related to this experiment.

3.1.2 Mission Duration:

Since a complete understanding of the plasma sheath phenomena is desired, it
presently appears that a series of measurements should encompass a full earth-
sola'r cycle to provide an opportunity to measure possible effects related to latitude
and seasonal variations and unusual solar activity. If the scheduled duration is
limited to less than a calendar year, this experiment will be limited accordingly.

3.2 MOL Performance Criteria

A possible MOL orbit with the following characteristics has been suggested:

Altitude - 100-250 nautical miles
Inclination - 400
Pitch, Roll, and Yaw - Less than ± I'
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Insofar as it is practical, the rates of pitch, roll, and yaw should be held to a mini-
mum in order to preserve the uniformity of the accompanying plasma sheath volume
and to minimize the perturbing effects incident to solar photoelectric excitation of
the MOL and Langmuir probes.

3.3 Description of the Experiment

(a) To study the electron energy distribution in the plasma surrounding the
MOL.

(b) To determine the electron and ion densities in the plasma.

(c) To relate the above factors to the propagation and reception of electro-
magnetic waves.

(d) To study the formation and size of the plasma sheath around the MOL, and
to determine how this affects (if any) the currents flowing in the MOL as
well as in the medium and the ability of the astronauts to leave the MOL.

(e) To determine the potential of the satellite.

(f) To determine the across-the-plasma sheath potential distribution.

(g) To determine the plasma sheath thickness.

(h) To determine the concentration gradient of protons and electrons at plasma
sheath edge.

(i) To determine the directional properties and motion of the plasma sheath.

(j) Correlate the data with radar ground stations and NAVSPASUR to determine

the effective radar cross-section of MOL.

3.4 Configuration of Test Items

Retractable probes will be placed at the five corners of two equivalent abutting
tetrahedrons to provide essentially spherical coverage. Each probe will be generally
of the Langmuir type and designed so that its direction relative to the MOL can be
varied (20' - 1600) and extended to 100 meters from the craft. A programmed
multichannel recording electrometer will be required on board the MOL so that
essentially simultaneous recordings of the probe currents may be obtained. The
degree of perturbation introduced by the probes must be kept to a small value.

3.5 How Experiment Will Be Done

3.5.1 Measurements:

On either a preplanned program basis or subject to certain alert conditions,
the astronaut will manipulate the equipment to perform proton, electron, and cali-
bration experiments.
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3.5.2 Equipment Description:

As indicated by the accompanying functional chart, the equipment aboard the
MOL for this experiment will consist of the following:

3.5.2.1 Probes:

Five probes designed to interchangeably measure proton or electron currents
and calibration signals by means of applied programmed signals.

3.5.2.2 Amplifiers and Gates:

Amplifier/Gates associated with each probe will be programmed to either se-
quentially deliver an amplified probe current or to simultaneously deliver their
amplified probe outputs to a summing amplifier.

3.5.2.3 Summing Amplifier:

The summing amplifier will, on a programmed basis, accept and amplify se-
quentially the outputs of the individual amplifier/gates or their combined output.

3.5.2.4 Compression Amplifier:

The range of measured probe currents may extend over 10-7 to 10-13 amp.
The compression amplifier delivers a logarithmic output to maintain the six-decade
dynamic range to the demodulator.

3.5.2.5 Filter:

The filter is intended to prevent extraneous signals, due to the programmed
sweep and pulse signals, from entering the demodulator.

3.5.2.6 Demodulator:

The demodulator delivers the detected probe signal output for evaluation and
study.

3.5.2.7 Time Clock:

The time clock delivers a time signal for identifying the time of occurrence of
registered probe currents and other phenomena.

3.5.2.8 Programmed Logic and Control:

The programmed logic and control provides the means whereby the probes or
calibration signals are sampled on the basis of a prearranged semiautomatic pro-
gram of instructions, an alert signal to the astronaut as a result of some significant
change in space conditions, or specific instructions received from a ground com-
mand station.

The programmed logic and control operates in conjunction with a sweep/pulse
modulator, proton/electron selector sensing mechanism, amplifier/gates /summing
amplifier, level set control, time clock, encoder, store, monitor display, and data link.
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3.5.2.9 Calibration:

Calibration signals are provided to permit assessment of operating conditions
of this experiment either by the astronaut or on command from the ground.

3.5.2.10 Encoder:

The encoder translates the analog output of the demodulator into digital form
suitable for storage and the resultant display and processing by the astronaut.

3.5.2.11 Store:

The store holds the series of probe measurements and the following calibration
signal measurements included in one experimental run. The store also holds this
information for subsequent transmission to a ground station if it is deemed desirable
at the time.

3.5.2.12 Monitor Display:

The monitor display permits the astronaut to visually observe the resultant
measurement of current due to either protons or electrons specifying particle
energies, densities and temperature. Additionally, the monitor display will permit
the astronaut to inspect test points within the experimental system related to the
calibration signals, and relative to the programmed sweep and pulse signals. The
monitor display will include a "Level Set Control" by which the astronaut may set
an alert alarm when conditions relative to the plasma sheath (i.e., particle ener-
gies, densities, temperature) exceed some minimum value. It is hoped that once
the normal conditions for the plasma have been established, the astronaut may be
called upon to perform duties related to this condition, only when abnormal condi-
tions arise.

3.5.2.13 Data Link Interface:

The data link interface provides the mechanism for transmitting experiment
information, held in store, to the ground.

3.5.2.14 Ancillary Equipment:

Additional information to supplement that derived from the probes is needed:
magnetometer, temperature, and pressure. These may be made available as a
result of other experiments carried aboard MOL.

3.6 Test Support Equipment Required

None

4. TASKS

4.1 Test Procedure -General

When the MOL is in position to allow experiments to be performed, the probes
will be extended to a given distance and set at a prescribed angle. Recordings will
be made as a function of probe voltage. Observations will be repeated for different
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probe lengths at the same angle. All observations should be made as near to one
point in space as possible as the plasma conditions may change as a function of
position and time.

4.2 Astronaut Functions

The astronaut will operate and position the probes. He additionally will ob-
serve, record, and interpret the results of the experiment together with the exam-
ination of calibration and test signals sequentially following each set of experimen-
tal measurements.

The astronaut will conduct the experiment on the basis of prearranged pro-
grarmmed instructions, on command instructions from the ground, or on the basis
of alert signals related to space environmental conditions. Man is essential to a
proper functioning of the experiments as a judgment must be made as to when or
(determined by sampling) how much data must be taken.

The experiment will require the coordination and attention of two astronauts;
one astronaut essentially full time during the experiment for the measurement,
calibration, recording, and reporting of the experiment results, and one astronaut
part time for the manipulation of the probes.

4.3 Frequency and Duration of Experiments

For discussion purposes, it is assumed that the MOL orbital period will be of
the order of 100 minutes. It is desired that, for other than ground command in-
structions or alert signals, measurements be taken over two successive orbits once
each day. Each orbit measurement will include, insofar as practical, two series of
five probe measurements and one calibration measurement at each of four selected
points in the satellite's orbit, for a minimum of 48 measurements per orbit. It is
desired that measurements be relative to the earth's poles and equator on the first
orbit and at the corresponding intermediate points on the succeeding orbit. Since
measurements, based on the above 100 minute orbit, will occur in general every 20
minutes, suitable store and monitor displays are essential to help the astronaut in
his tasks of probe manipulation, monitoring, interpreting, and reporting.

4.4 Measurements

This experiment will measure particle energies extending over approximately
the range of 0-3 kev giving rise to probe currents of 10-7 amp. to 10-13 amp.

4.4.1 Protons:

Proton measurements will be made in accordance with programmed or manually
applied voltages to either each of the five probes, one at a time, or to all probes so
as to operate essentially in parallel.

4.4.2 Electrons:

Measurements similar to the proton measurement will be made on electrons.
The decision for one or the other measurement will be accomplished by a proton/
electron sensing mechanism. It is expected that in the "alert" operating condition
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UN CLASSIFIED

this mechanism will be set to electron measurement and the set level control will
be set by the astronaut.

4.4.3 Calibration:

It is planned that a monitor operation, involving the use of internally generated
signals after each set of five probe measurements, be initiated to establish and
verify normal operation of the experiment. The calibration will be established by
means of a programmed set of test signals and observations made at several test
points. The test observation will be recorded and sent to ground on command.

4.5 Program Planning

4.5.1 Phase I:

Phase I will include preliminary engineering design with a target date of mid-
August 1964.

4.5.2 Phase II:

Phase II will include a refinement of Phase I, the design, test, and evaluation
of certain critical elements such as probes, amplifier/gate, compression amplifier,
program logic and control, and demodulator. This should be completed during Fis-
cal Years 1965-66.

4.5.3 Instructions:

Suitable instructions on equipment operation and maintenance will be developed
for instructing the astronauts. Aids such as nomographs will be developed to assist
the astronauts in the recording, reduction, and interpretation of experimental data.

4.6 Manpower Requirements

4.6.1 Astronauts:

(a) Number required: Two

(1) Man's function: As technicians conducting tests.

(b) Crew skill requirements:

Some briefing will be required to acquaint the astronauts with the objectives
of the experiment. A brief training period should be all that is required to
provide sufficient information to the astronauts to operate the equipment.

(c) Manpower profile:

It is expected that approximately the full time of an astronaut for two com-
plete orbits, together with the part-time assistance of a second astronaut,
should be sufficient time to complete an experiment.

(d) Training requirements:

See (b) above.
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4.6.2 Ground Personnel:

(a) Number required: 2 - 3

(1) Man's function: To set up and test equipment.

(b) Crew skill requirements:

Crew must have intimate knowledge of equipment.

(c) Manpower profile:

It is expected that the crew will be required 6 weeks before shot time to
finish installation, and do checkout experiments.

(d) Training Requirements:

Technicians from the Laboratory will be sent to install and test apparatus.

5. REPORTS

5.1 Program Plan

The general program plan is reported in this document. Future plans will be
reported under Phases I and II, indicated above.

5.2 Program Progress Letter Report

Subsequent to the actual launching of MOL, tentative experimental data will be
issued in the form of letter reports as quickly as practical.

5.3 Final Report

The final report will describe the conditions of the actual experiment together
with the data. Data interpretation, deductions, conclusions, and relations to known
physical laws will be reported.

6. PROGRAM MANAGEMENT

6.1 Participating Government Agencies

Sponsor - NRL.

6.2 Category of Experiment

Category (b).

6.3 Cost

FY-65, $67K; FY-66, $100K; FY-67, $200K; FY-68, $50 K; FY-69, $50K.

6.4 Schedule

Not available as yet.

6.5 Security

No special security
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EXHIBIT A.3
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Title of Experiment: Electron Density and Effective Temperature

I. Test Objective: The purpose of this experiment is to study the plasma environ-
ment in the vicinity of the MOL. Information obtained here has a direct bearing on
the operation of all electromagnetic equipment on the MOL having to do with trans-
mission and reception of signals as well as the detectability of the MOL by radar.

I1. Importance of Test: These experiments are required so that a knowledge of the
environment of the MOL can be obtained which will provide information to be used
in the design of electromagnetic equipment aboard the vessel. Specifically, how the
plasma sheath around the craft affects the design and operation of antennas (espe-
cially VLF) as well as the radar cross-section.

Such experiments can only be carried out in space where the proper plasma
conditions exist on a sufficiently large scale. A study of the plasma state near the
MOL is essential to provide a working knowledge of the conditions of the environ-
ment in which man must live and work.

The observations to be determined and recorded in these experiments are re-
lated in a great degree to phenomena of extraterrestrial origin. Because of this
there is uncertainty in the nature of physical conditions attending planned observa-
tions. It is considered that the timeliness of personal observation, initiative, and
interpretation on the part of the astronaut will contribute significantly to the value
and success of the experiments. Since the astronaut in general will be moving at a
rate of approximately 300 miles a minute and traversing a changing magneto-ionic
medium, it is apparent that the judgment and skill of the astronaut would make a
contribution to the experiment that could not be achieved without his help.

The course of future similar and related experiments might be best determined
and accomplished by other means only as a result of the flexibility provided by the
astronaut in these initial MOL experiments.

III. Description of the Experiment

A. Detailed Experimental Program

1. To study the electron energy distribution in the plasma surrounding the
MOL.

2. To determine the electron and ion densities in the plasma.

3. To relate the above factors to the propagation and reception of electro-
magnetic waves.

4. To study the formation and size of the plasma sheath around the MOL
and determine how this affects (if at all) the currents flowing in the MOL, as well
as in the medium, and the ability of the astronauts to leave the MOL.
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5. Correlate the data with radar ground stations and NAVSPASUR to deter-
mine the effective radar cross-section of MOL.

B. Configuration of Test Items

Retractable probes will be placed at (5) different equispaced positions from
nose to tail of the craft. Each probe will be generally of the Langmuir type and de-
signed so that its direction relative to MOL can be varied (20-160°) and extended to
100 meters from the craft. A multichannel recording electrometer will be required
on board the MOL so that simultaneous recordings of the probe currents may be
obtained.

C. Test Support Equipment Required

None

D. Test Procedure

When the MOL is in position to allow experiments to be performed, the
probes will be extended a given distance and sit at a prescribed angle. Recordings
then will be made of probe currents as a function of probe voltage. Such observa-
tions will be repeated for different probe lengths at the same angle. After a com-
plete set of observations is made for one probe angle another may be chosen and
the experiments repeated. All observations should be done as near to one point in
space as possible as the plasma conditions may change as a function of position and
time.

(1) Man is essential to a proper functioning of the experiments as a judg-
ment must be made as to when or (determined by sampling) how much data should
be taken.

(2) Experiments will be essentially manual and require the complete atten-
tion of one astronaut at a time.

E. Category of Experiment

(1) Category (b).

F. Cost

FY 65 FY 66 FY 67 FY 68 FY69

1OOK Z00K 300K 150K 50K

G. Schedule

Not available as yet.

IV. Participating Government Agencies: Sponsor - NRL
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V. Additional Requirements

A. Security: No special security.

B. Manning Description

1. ASTRONAUTS

a. Number required: one

(1) Man's function: As technician conducting test.

b. Crew skill requirements

Some briefing will be required to acquaint the astronaut with the
objectives of the experiment. A brief training period of an hour should be all that
is required to provide sufficient information to the astronaut to operate the equip-
ment.

c. Manpower profile

It is expected that approximately the full time of an astronaut for two
complete orbits should be sufficient time to complete the experiments.

d. Training requirements

See (b) above.

2. GROUND PERSONNEL

a. Number required: 2 - 3

(1) Man's function: To set up and test equipment.

b. Crew skill requirements

Crew must have intimate knowledge of equipment.

c. Manpower profile

It is expected that the crew will be required 6 weeks before shot time
to finish installation and do checkout experiments.

d. Training Requirements

Technicians from Laboratory will be sent to install and test apparatus.
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ATTACHMENT A

DESIGN CHARACTERISTICS TEST EQUIPMENT

1. Langmuir probe equipment

2. 10 lbs.

3. Vol. 1 cu. ft.

4. Power: 25 watts continuous

5. Spares: None

6. Tools: Usual

7. Heat Output: 25 watts

8. Stability: Normal

9. Vibration Limits: Normal

10. Shock Limits: Normal

11. Hazards: Usual for electronic equipment.
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APPENDIX B

DOCUMENTATION SUBMITTED TO NAVMOL IN FULFILLMENT
OF REQUIREMENTS FOR PRE-PDP EFFORT

Contents

Exhibit B.I Specific Tasks - Experiment S-23

Exhibit B.2 Experiment S-23 Data Book of 8/13/64

Exhibit B.3 Experiment S-23 Data Book of 9/23/64

Exhibit B.4 Pre-Requisite Data Report (PDR) of 9/24/64

Exhibit B.5 Mission Analysis Report of 9/23/64

Exhibit B.6 PTDP Input Data Report

Exhibit B.7 Final Technical Documentary Report (FTDR)
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4* Specific Tasks

4.1 Definition of Experiment

4.1.1 This experiment is required so that a knowledge *' the

environment of the I.L can bc obtained. It v-ilS provide i'forr1ai.or.
to be used in the design of electromapnetic equiL.cnt to !>e used

aboard space vehl1ls Thc plasma sheath !foimed about th.ý sae'ellitc

will markedly affect the propagation of V.L.F. Sizn-CJ.s -- -'! +.Le

"!-,:dxncc of both V.L.F. and U.H.F. antenn Sw. _-ch .2::ments can

only 1u c~rriid ou- in spaca vhere the Nf~pur plarma c!vdi-,ons •xist

on a 3ua'ficiently large scale.

1..2 The ._-2.xrim-cnt rill involve the me suremont cf Jl~c-ti..l -!,'

nc: rents ovL th, ran.-%; 10" 0 to 1.0"12 ;Lmr.s, as a £ur•. ;.

I A c c thu :ange -'k 4to +hO volts, in o-'•r to :t,.:win;:

(a) TMac elect,.ron one-1r• distrilu'tion in "•"..- i.1-n s~aTOUnd-n'
•h. .MO.L.

(.) Th-e .. ctron and ioor. dnsttis in Th,. nlas_-Ma.

(2) TBh. 'o2.-atlon asnd size of the shcath arounc., thU PUL.

(1) The :&otunt.l of the satellite.

(a) MT across-the-shoath potential -distribution.

(f) Additior•a-.ly, the effects of VI<H MTh's Inducd. 'n the 1301.

struc ture and its relation to the plasma shealth will b2

studied.

"h., aroe quantities will lead to the determination of:

(g) The refractive index of the environment.

(h) The -ropagation constant; iie., the attenuation and phase

characteristics.

(i) The surface currents on the HOL.

Thc lonZ range plan is to determine seasonal, diurnal and spatial
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variations of the plasma under ordinary and extraordinary conditions.

For any particular MOL mission, the experiment will be directed insofar

as practical to determine diurnal and spatial variations of the plasma.

An implicit purpose of this experiment is to determine the range,

validity, and accuracy of the measured quantities to be used in cor-

relating and establishing physical principles for engineering appli-

cations.

4.1.3 Experimental testing will be conducted over two orbits to

satisfy the diurnal and spatial requirements with regard to latitude,

sunlight and darkness. Each orbital measurement will include, as a

minimum insofar as practical, two series of probe measurements at each

of four selected points in the orbit for a minimum of 40 data points

per orbit.

4.2 Preliminary Analysis

4.2.1 The astronaut

To initiate, control, maintain and monitor the experiment.

In- f:l ight equimiaent

To measure, calibrate, record, display, store and transmit experimental

data.

Ground support equipment

(a) To maintain communications bet•ween astronaut and ground support

facilities.

(b) To collect, record and store experimental data transmitted from

the MOL.

Ground! support personnel

(a) To maintain and operate ground support equipment.

(b) To monitor and process incoming data.

(c) To provide in-flight support.

)i.2.2 The astronaut, in general, will perform the following:

(a) Selects experiment program and initiates measurements.

(b) Inspect the resultant measurements.
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(c) If data appears satisfactory, will enable transmit to

ground on given command.

(d) Modify program as instructed on command.

(e) Repeat above at stated intervals.

(f) Control the attitude of the MOL.

Specifically, the experiment is carried out by an astronaut who extends

five probes and controls their orientation. The astronaut will utilize

a multi-channel electrometer in conjunction with the probes to record

plasma currents. The astronaut will be required to perform in-orbit

alignment and calibration by the use of check-off procedures and instruc-

tions, and by use of standard internal inputs and visual inspection of

outputs. One alignment procedure will be conducted per test sequence.

Four sets of measurements and associated calibrations will be made per

test sequence. The astronaut will be involved in on-board data pro-

cessing by monitoring experimental progress and reading and correlation

of outputs with pre-flight furnished nomographs. The astronaut will

evaluate on-board displays to determine existence of abnormal test

environmental conditions and report same to ground. The astronaut will

maintain log and complete check-out list.

4.2.3 In-Flight Equipment.

The in-flight equipment will consist of:

(a) Five externally mounted probes, controllable in length

and orientation on a semi-automatic programmed basis.

(b) A multi-channel electrometer amplifier and associated

selection gates (electrometer will be capable of l0-7

1012 ampere measurement in one range).

(c) :31ectronicsused for conditioning electrometer output prior

to encoding sand storage.

(d) The prograxmned logic and control circuitry which provides

the means whereby the probes or calibration signals are

sampled on the basis of a pre-arranged semi-automatic pro-

gram of instructions, an alert signal to the astronaut as
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a result of some significant change in space conditions

or specific instructions from a ground command station.

(e) The circuitry necessary to provide calibration signals

for the assessment of operating conditions of the experi-

ment, either by the astronaut or on command of the, ground.

(f) mncoding and storage devices for holding of experiment data

for subsequent transmission and utilization.

(H) Display and control panel suitable for effecting the pro-

gram instructions and modification thereto and for the

observation of results.

(C) Data link interface which provides the mechanism for

transmitting experiment information, held in store, to

the ground.

(i) Power conversion and regulation devices.

(j) Ancillary equilanent to provide additional information to

supplement that derived from the probes, such as magneto-

meter, 1V and X-ray radiometers. These may be made avail-

able as a result of other experiments carried aboard the

MOL.

The experiment has the following physical factors:

Weight Vol. Poweer

Probes 75 lbs. (external) 1 cu. ft.

Electronics 63 lbs. (internal) 2.5 cu. ft.

Power per test: Stand-by; 40 Watts

Average operating; 100 Watts

Peak operating; 150 Watts

Heat output: External; zero watts

Internal; Standby, 40 Watts

Average operating,75 Watts

Peak operating, 135 Watts

Reliability Goals: 1,000 hrs. MTBF.
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4.2.4 Ground Support Equipment.

This experiment will utilize planned ground-MOL-ground data links to:

(a) Maintain communications with the astronaut so as to provide

him with instructional control and command information.

(b) Collect, record and store the experimental data from the

MOL. Preference is expressed for this experiment for

standard IRIG telemetry techniques or for Gemini PCM data

links. Ultimate choice or choices is dependent upon trade-

off analysis of equipment simplicity aboard MOL vs. data

handling on MOL and data processing on the ground as well

as on the overall data link configuration chosen for MOL,

reflected as an interface problem.

A minimum of one ground support system will be required for the recep-

tion of data twice a day. For this experiment this frequency of re-

porting is adequate. Since the ground support equipment will be common

to other users, any increase in the frequency of data reporting will

result in decreased MOL storage requirements. Such a trade-off must be

examined in terms of the cost of additional ground support facilities

versus added weight due to the increased storage in the MOL.

4.2.5 Ground Support Personnel.

Personnel responsible for operation and maintenance of ground terminal

receiving and transmitting equipment. They must have intimate know-

ledge of the philosophy and operation of the on-board experiment. They

must be capable of relaying to the astronaut instructions and informa-

tion relative to the conduct of the experiment in a changing environment.

They will monitor and process the experimental data transmitted from MOL

in response to an appropriate command. The monitoring and processing

functions are limited to the extent of insuring the reception of trans-

mitted information. Specific analysis of this information will be accom-

plished at the Naval Research Laboratory.

4.3 Vehicle Requirements and Interfaces

Requirements and other interface considerations that will be imposed on the

MOL vehicle, the MOL sub-systems and experiments by the electron density and

temperature experiment will include in general the following:

34



(a) Commonality of Equipment:

Power supplies

Time standards

Data processing

Standards

Format

Word length

Data rate

Storage

Data links

Equipment

Simultaneity of use of astronaut

(b) Environmental Considerations:

Temperature, pressure, humidity, accommodations for space needs

and accessibility as affected by all on-board experiments.

Min~mization and elimination of interference; space, electrical,

magnetic, acoustic, optical.

(c) Common Data Requirements:

Magnetometer.

TJV Radiometer.

X-Ray Radiometer.

Vehicle attitude as a function of time.

Vehicle Requirements:

(a) Stabilization:

Attitude control ± 1.0 in each axis.

Rate stabilization + 0.10 per second.

Rate control in roll 3600 per minute

(b) Weight, volume, power, heat dissipation and reliability:

See paragraph 4.2.3(j).

Astronaut Accommodation Requirements:

Astronaut must be within viewing and working distance of display and

control panels while experiment is in process.
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4.4 Equipment Description

4.4.1 Design Synthesis:

(a) Sensors

Five sensors, each comprising a boom, probe and ancillary

servo-mechanism drive system, will b- cmployed. Th: boom-

probe combination will be extendible over a range from the

140L sur'-ace to a listance of ten feet. Additionally, the

boom-probe combination will be adjustable about three

axces to p.±rmit controlled orientation of the prob.. Th•

drive: system shoul,1 be capable of orientin6 the boom- -(-rob;

assembly in a specified direction and length within thirty

seconds, (,s-ubject to the requirements of wuight end size

and the exchange of wngular momentum vith the 140L). It is

estimated that a sunsor assembly, comprising boom, probe,

and drive will wu ifh approximately fifteen potulds and. occupy

approximately 0.2 cu. ft. Sensor assembli.es will be mounted'
one for ., one aft an-i three equally spaced amnid-sh'p tha

MOL structure.

(%b) "'ontrols

In gentra-l, the follow-ing controls ".:il! bu employed in the

conduct of the experiment:

(1.) On-off-standby for control of primalry power.

(2) :lectrometer calibration.

() Pr�obe voltage adjustment.

(0) Program selection for boom-probe urt.ction and

generation of sensory, logic and calibration voltages.-

(5) Display adjustments for controlling sceales, int--zity

and monitoring voltages.

(5) Data recording and readout for initiation and reporting.

(7) Interface switching for the selection of ancillary

equipments used. in other experiments.

(c) Displays
(I) Boom-probe status indicators.
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(2) Probe voltage monitor.

(3) Electrometer currents.

(4) Maintenance test.

The following displays, while not considered essential

to this experiment, would nevertheless provide useful

data for interpreting experimental results.

(5) Ancillary devices such as time, magnetometer, U.V.

and X-ray.

(6) Interface indicators.

(7) Vehicle attitude.

(d) Data Handling

The data handling system will provide the means for

selection, sample and hold, encode, store and transmit

of the following information:

(1) 13,xperiment identification.

(2) Boom-probe orientation.

(3) Probe voltage vs. current characteristic.

(4) Calibration data.

(5) Attitude of vehicle.

(6) Time code.
(7) vagnetometer.

(8) U.V. radiation.

(5) X-ray radiation.

(10) Parity bits.

The store should have a capacity for holding 50,000 bits

during two orbits, estimated here as totaling 200 minutes.

(e) Communications Equipment

Insofar as practical, consistent with other experiment re-

quirements, the IRIG telemetry standards will be used for

analog data and the Gemini PCM data system for digital data.

Data links will be provided for ground-astronaut-ground

communications for purpose of in:struction, control and com-

mands. These latter links will be consistent with require-

ments imposed on the MOL by other experiments.
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(r) Equipment weight and size estimates

(1) Weights

a. Boom-probe assembly(s)

b. Electrometers (5)

c. Program logic, control and store

d. Function control and displays

e. Power conversion and regulation

f. Data link interface

g. Miscellaneous

TOTAL WEIGHT

(2) Size

a.

b.

c.

Boom-probe assemblies (5)

Zlectronics

Displays

TOTAL SIZE

75 lbs.
10 lbs.

25 lbs.

14 lbs.

2 lbs.

2 lbs.

10 lbs.

138 lbs.

1.0 cu.ft.

2.0 cu. ft.

0.-5 cu.ft.

3.5 cu.ft.

(3) Reliability

Design goal 1,000 hours MTBF.
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Data Required for the Experiments
Data Book and Experiments Integrated
Flight Test Plan

MaRMN S-23

I. Test Objective

Evaluate the properties of the plasma sheath in the vicinity of the MOL

and determine its relation to the propagation of electromagnetic energy.

II. Description of Experiment

a. Experiment description summary:

The experiment is carried out by an astronaut who extends five (5)

probes and controls their orientation. The astronaut will utilize

a multi-channel electrometer in conjunction with the probes to

record plasma currents. Analysis of the data will permit the

definition of the plasma and sheath so that their effects can be

determined.

b. Experiment equipment design characteristics and requirements:

1. Description:

Experiment consists of (a) five adjustable probes mounted

external to the MOL and requiring approximately 1 cu. ft.;

and (b) electronic measuring, control, display, and recording

equipment mounted in a pressurized cabin and requiring approxi-

mately 2.5 cu. ft.

2. Weight:

Probes - Total 75 lbs. (external)

Electronic - Total 63 lbs. (internal)

3. Power per test:

(a) Continuous - zero

(b) Stand-by - 40 Watts

Nc) Average operating - 100 Watts

(d) Peak - 150 Watts
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4. Heat output:

(a) External - zero

(b) Internal

(1) Continuous - zero

(2) Standby - 40 Watts

(3) Average operating - 95 Watts

(4) Peak - 135 Watts

5. Spares for In-orbit Maintenance:

Replacement items - spares

(a) Electrometer Tubes - 2

(b) Electrometer Amplifier - 1

Electrometer
Tube

12 cu. in.

2

0.5 lbs.

Electrometer
Amplifier

36 cu. in.
1

1.5 lbs.

6. Stability:

Attitude Stability + 1i in each axis

>Kate Stabilization d .10/second

Rate Control 360 /minute

7. Vibration Limits:

(NOT AVAILABLE)

8. Launch Environment Vibration and Shock Limit:

(NOT AVAILABLE)

9. Hazards Peculiar to Equipment:

(NOT AVAILABLE)

10. Temperature Limitations:

(NOT AVAI.ALE)
11. Special Environmental Requirements:

(NOT AVAILABLE)

12. Ephemeris Data:

(NOT APPLICABLE)
41
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13. Equipment Location Requirements:

Requirement exists for five probes to be mounted external to

the vehicle at the following general positions; fore, aft, and

equally spaced amid ships.

14. Special Mounting Requirements:

Five (5) external booms capable of being oriented in length

and angle.

15. Pressure Vessels:

(NOT APPLICABLE)

16 Electro-Magnetic Interference:

Magnetometer readings taken simultaneously with this experi-

ment are necessary, i.e., interference to magnetometer readings

by other devices and equipments should be eliminated.

c. Alignment & Calibration Equipment Design Characteristics:

Alignment and calibration equipment will be an integral part of

experiment equipment described under paragraph II(b).

d. In-Orbit Alignment and Calibration Procedures:

1. Description Alignment and Calibration of Function:

(a) Alignments:

Use of standard inputs and visual inspection of outputs

by astronaut.

2. Number of alignments and calibrations to be performed:

One alignment per test sequence.

Four sets of measurements per test sequence.

Automatic calibrations are made within each set of measurements.

3. Specific Times for Alignments and Calibration:

Alignment will be made prior to start of experiment. Measure-

ments and calibrations will be made so as to provide data in

the northern and southern latitudes, each during sunlight and

darknie ss.

4. Targets or source of calibration signals:

Built-in signal generators.
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5. Data Processing Requirements:

(a) Computations:

Nomographs.

(b) Displays:
Meters.

(c) Recorded or stored data:

Alignment and operating instruction.

e. Test and Evaluation Procedures:

1. Total number of Tests:

Tests will be conducted over two orbits to satisfy the

latitude and sunlight requirements. Each orbital measure-

ment will include, as a minimum insofar as practical, two

series of probe measurements at each of four selected points

in the orbit for a minimum of 40 data points per orbit.

2. Parameters to be varied:

Boom length and probe orientation.

Probe voltages.

3. Target types and description:

(NOT APPLICABLE)

4. Target locations:

(NOT APPLICABLE)

5. Test procedure:

(a) Spacecraft events:

See paragraph e.l.

(b) Ground events:

Command and control for initiation of tests and data

readout.

6. Evaluation Procedure:

(NOT AVAILABLE)
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7. Data to be Recorded:

(a) Description:

Boom-Probe-Attitude

Voltage vs. Current Characteristics

Calibrations

Attitude of vehicle

Time Code

Experiment identification

Parity bits

Magnetometer

U. V. Radiation

X-Ray Radiation

(b) Recording Media:

Either/both magnetic core and tape.

(c) Amount of data per test per medium:

Minimum of 12,000 bits per orbit (see par. e.l.)

8. On-board data processing:

(a) Description and purpose of processing:

Monitoring of experimental progress by astronaut.

(b) Computing requirements:

Reading and correlation with nomograph by astronaut.

(c) Readout and storage or recording requirements:

Data to be read out automatically and stored automa-

tically (see par. e.7.).

9. Communication data requirements to ground (during flight):

(a) Types and amount:
See paragraphs e.7 and e.8.

(b) Allowable delay time:

Flexible.

(c) Required security:

(NOT APPLICABLE)
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10. Physical Data Recovery Requirements:

(a) Description of data in terms of type and amount:

Data indicated in par. e.T(a) and e.7(c) will be

telemetered over an available MOL data link to a

ground recovery site. No physical recovery of

generated experimental data is anticipated at this

tirie, but see par. f.l(e).

(b) Frequency of Recovery:

(NOT APPLICABLE)

(c) Required security:

(NOT APPLICABLE)
11. Comnunication Requirements to Spacecraft:

(a) Types and amounts of data or comnands:

Instructional information to astronaut to initiate or

modify experiment program.

(b) "requency per test and allowable delay time:

One instruction and command per orbit. Delay time

up to one-orbit period may be expected.

(c) R~equired security:

(NOT APPLICABLE)
f. "nning Data (Astronauts):

. Task descriptions per man per test:

(a) Test Operation-:

Astronaut will follow a prc-arranged instruction or

modiy such an instruction on conumand to initiate an

exper mcnt sequence. Instructions will includc2 check-

o jf list and alignment proceures. Tim. required -

nint'num 5 minutes per test seque-nce.

(b) Calibration Operations:

Calibration to be done automatically, but will require

-isua-l nonitoriný; by the astronaut. Time requLeed -

estimated that four one-minute monitorin.'. interials durin-

one orbit.
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(c) Data Processing:

Covered under paragraph .f.l(b).

(d) Evaluation:

Astronaut will evaluate on board displays to determine

existence of abnormal test environmental conditions.

Time required - continually during course of k2xperiment,

but on a cursory basis.

(e) Communication and Reporting:

Ast'ronaut -rill maintain log and complete chuck-out

list. Astronaut will repcrt via data link existence

of unusual environmental conditions. Time.- r3Tui:ed -

five minutes per special report, and five minutes per

test sequence for experiment status report.

•. ,erk Positions relative to above tasks:

Astronaut must be within working and -.i6wing distance of

display and control panels.

3. Basic Ski)l Requirements:

(a) 10 ignment and Calibration:

Astronaut ieill be required to recognize misaEL i-L~ment,

as indicated by displays, and to take measures by

means of instructions to establish suitable experimental

conditions.

(b) Operat-i.ons:

Oce paragraph f.3(a).

(c) !i-aintenance:

See paragraph f.(e).

(d) Data Analysis:

S,-c paragraphk f..(d).

4. Training Requirements:

Sone briefin- will be required to acquaint the astronout with

the objectives of the experiment. A one-week training period

should be all that is required to provide sufficient informa-

tion for the operation and maintenance of the equipment and to

develop familiarity with the control and display devices.
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5. Other Selection Criteria:

(TTOT AVAILABLE)

6. ,aximum Work Periods:

Five minutes.

47





EXHIBIT B.3

49



Data Required for the Experiments
Data Book and Experiments Integrated
Flight Test Plan

'EXPRIMEN S-25

I. Test Objective

S'valuate the properties of the plasma sheath in the vicinity of the MOL

and determine its relation to the propagation of electromagnetic energy.

II. Description of Experiment

a. Experiment description summary:

The experiment is carried out by an astronaut who extends three (3)
probes and controls their orientation. The astronaut will utilize

a multi-channel electrometer in conjunction with the probes to record

plasma currents. Analysis of the data will permit the definition of

the plasma and sheath so that their effects can be determined.

b. Experiment equipment design characteristics and requirements:

1. Description:

Experiment consists of (a) three adjustable probes mounted

external to the MOL, requiring approximately .2 cu. ft. The

probe ank. current measuring assemblies may be placed in un-

pressurized compartments, and (b) control, display, and re-

cording equipment mounted in a pressurized cabin and requiring

approximately 2.5 cu. ft.

2_. 1Weight:
Probes - Total 40 lbs. (external)

.1ectronic - Total 10 lbs. (internal)

3. Power per test:

(a) Continuous - zero

(b) Stand-by - 10 Watts

(c) Averag-re operating - 75 Watts

(d) Peak - 2.00 Tatts
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4. Heat output:

(a) External - zero

(b) Internal

(1) Continuous - zero

(2) Standby - 10 Watts

(3) Average operating - 70 Watts

(4) Peak - 90 Watts

5. Spares for In-orbit Maintenance:

Replacement items - spares

(a) alectrometer Amplifier Module - 1

$fl ee�.�+.pter
Amplifier Module

Volume 36 cu. in.

Quantity 1

Weight 1.5 lbs.

6. Stability:

Attitude Stability: - 1 in each axis

Rate Stabilization: - .1/second

Rate Control: 3600/minute maximum

7. Vibration Limits:

Equipment will meet environmental conditions as stated in

Section 1-A MOL Experiments Environment of Aerospace Corp. Memo

.1784.0-00'( dated 19 June a964.

8. Launch Environment Vibration and Shock Limit:

Same as Par. IrO7

9. Hazards Peculiar to Equipment:

None
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10. Temperature Limitations:

Same as Par IIb7.

11. Special Environmental Requirements:

None

12. Ephemeris Data:

Will be used in post-flight analysis.

13. Equipment Location Requirements:

Requirement exists for three probes to be mounted external to

the vehicle at the following general positions; fore, aft, and

amid ships.

14. Special Mounting Requirements:

Three (3) external booms capable of being oriented in length

and angle.

15. Pressure Vessels:

Control and Display Equipment will be mounted within pressurized

compartment.

16. Electro-Magnetic Interference:

Magnetometer readings taken simultaneously with this experiment

are necessary, i.e., interference to magnetometer readings by

other devices and equipments should be eliminated.

c. Alignment & Calibration Equipment Design Characteristics:

Alignment and calibration equipment will be an integral part of

experiment equipment described under paragraph IIb.

d. In-Orbit Alignment and Calibration Procedures:

1. Description Alignment and Calibration of Function:

(a) Alignments:

Use of standard inputs and visual inspection of outputs

by astronaut.

2. Number of alignments and calibrations to be performed:

One alignment per test sequence.
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Four sets of measurements per test sequence.

Automatic calibrations are made within each set of measurements.

3- Specific Times for Alignments and Calibration:

Alignment will be made prior to start of experiment. Measure-

ments and calibrations Vill be made so as to provide data• in

the northern and southern latitudes, each during sunlight and

darkness.

4. Targets or source of calibration signals:

Built-in signal generators.

5. Data Processing Requirements:

(a) Computations:

Nomographs.

(b) Displays:

Meters.

(c) Recorded or stored data:

Operation and alignment instruction.

e. Test and Evaluation Procedures:

1. Total number of Tests:

Tests will be conducted over a minimum of two orbits to satisfy

the latitude and sunlight requirements. Each orbital measure-

ment will include, as a minimum insofar as practical, two series

of probe measurements at each of four selected points in the

orbit for a minimum of 24 data points per orbit.

2. Parameters to be varied:

Boom length and probe orientation.

Probe voltages.

Measurement range.

3. Target types and description:

(NOT APPLICABLE)
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4. Target locations:

(NOT APPLICABLE)

5. Test procedure:

6.

(a) Spacecraft events:

See paragraph e.l.

(b) Ground events:
Command and control for initiation of tests and data readout.

Evaluation Procedure:

Astronaut uses established procedures and initiative based on

instruction, training and experience to operate equipment during

standard and/or anomalistic conditions.

7 * Data to be Recorded:

(a) Description:

Boom-Probe-Attitude

Voltage vs. Current Characterisitcs

Calibrations

Attitude of vehicle

Time Code

Experiment identification

Parity bits

Magnetometer

U. V. Radiation

X-Ray Radiation

Temperature-Equipment and Ambient

(b) Recording Media:

Either/both magnetic core and tape

(c) Amount of data per test per medium:

Minimum of 12,000 bits per orbit (see par. e.l.)

8. On-board data processing:

(a) Description and purpose of processing:

1onitoring of experimental progress by astronaut.
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(b) Computing requirements:

Reading and correlation with nomograph by astronaut.

(c) Readout and storage or recording requirements:

Data to be read out and stored automatically (see par. e.7i.

9 * Cominunication data requirements to ground (during flight):

(a) Types and amount:

3ee pvoragraphs e.7 and e.8.

(b) 2Al1lowmablc delay time:

Flexible.

(c) Required security:

(NOT APPLIJABLE)

10. Fhysical Data ilecovery Hequirements:

(a) Description of data in terms of type and amount:

Data indicated in par. e.7(a) and e.7(c) will be telemetered

over an available 140L data link to a ground recovery site.

No physical recovery of generated experimental data is anti-

cipated at this time, but see par. f.l(e).

(b) Frequency of Recovery:

(NOT PAPPLICABLE)

(c) Required security:

(NOT AMPLICABLý)

11. Communication Requirements to Spacecraft:

(a) -i!'ypes and amounts of data or commands:

Instructional information to astronaut to initiat. or

modify experiment program.

(b) Frequency per test and allowable d elay time:

One instruction and command per orbit. Delay time up to

one-orbit period may be expected.

(c) Required security:

(NOT APPLICABLE1~)
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f. Meaning Data (Astronauts) :

1. Task descriptions per man per test:

(a) Test Operations:

Astronaut wrill follow a pre-arranged instruction, modify

such an instruction on command, or initiate an experiment

sequence. Instructions will include check-off list and

alignment procedures. Time required - minimum 5 minutes

per test sequence.

(b) OaJ ibration Operations:

Calibration will be done by visual monitoAinp of displaiys

by the astronaut. Time required - estinated thost four

one-minute monitoring interval.s during ori: orbit.

(c) r-.ta Procctssinr:

Covcred under paragraph f.l(b).

(d) Evaluation:

Astronaut uill evaluate on board displays to determinu

existence of abnormal test environmental conditions.

Time required - continually during course of experiment,

but on a cursory basis.

(e) Communication and Reporting:

Astronaut will maintain log and complete check-out list.

Astronaut will report via data link existence of unusua.l

environmcntal conditions. Time required - five minutes

per special report, and five minutes per test sequence for

experiment st:ctus report.

2. Work Positions relative to above tasks:

Astronaut must be within working and viewing distance of display

and control panels.

3. Basic Skill Requirements:

(a) Alignment and Calibration:

Astronaut wrill be required to recognize misalignment, as

indicated, by displays, and to take measures by means of

instructions to establish suitable experimental conditions.
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(b) Operations:

See paragraph f.3(a).

(c) Maintenance:

See paragraph f.3(a).

(d) Data Analysis:

See paragraph f.l(d).

4. Training Requirements:

Some briefing will be required to acquaint the astronaut with

the objectives of the experiment. A one-week training period

under simulated conditions using operational type equipment

should be all that is required to provide sufficient informa-

tion for the operation and maintenance of the equipment and to

develop familiarity with the control and display devices.

5- Other Selection Criteria:

None.

6. Maximum Work Periods:

Five minutes.
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PEREQUISITE DATA REPORT (PDR)

IIrRODUCTION

I. SCOP2:

This attachment is provided to answer the seven basic questions of

para•gr•aph V.C of Attachment 1 to AFR 375-5, dated 11 I-ay IS96:.

II. DISCRIPTIOU:

The purpose of this experiment is to study the p3 asma -n. iroranmnt of MOL

by means of manned observations of various kinds and to correlate thcs: obser-,-a-

tion- vrith physical laws. Specifically, this experimcnt is intended to va!luate

the properties of the plasma sheath and the extent to which it will interfere with

the propasation of elcctroma.gnetic energy through it.

No critical eauivýments are2 invrolved in the system experinents. *k _2 items

are currently available on an engineered basis.

III. ATTACID'lNTS:
No additional study surma!- reports as described in paragraph 3.3.L.2 of

Management Plan For M0L ±jxperiments, Revised, dated 22 July 1964, exi-.!t.
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SECTION I

ENGIME;R G STATUS

1. State-of-the-Art:

The measurement of plasma characteristics has a considerable background,

especially in the area of gaseous electronics and related devices, and theory

and techniques have been developed for these applications. With moving vehicles

in space, similar techniques can be employed, with modifications to adapt them to

the varying conditions encountered. No new break-throughs are required to obtain

desired results.

2. Experiment Requirements:

The requirements imposed by this experiment on the state-of-the-art deal

primarily with interpretation of experimental methods and the validity of measure-

ments made under conditions of motion which introduce variations and transitions

in the plasma surrounding the vehicle as opposed to equilibrium beyond the imned-

iate environs. A space charge sheath immediately surrounding the vehicle must be

considered, as well as currents flowing in the surface material from external mag-

netic and other phenomena. The particle flow around the moving vehicle causes

different concentrations and directions to exist at locations relative to the

vehicle having changing flow patterns. The difference in velocities of electrons

and ions relative to the vehicle velocity introduce problems in particle collection.

An adequate assessment of these effects on the experiment is necessary.

3- Summary:

This experiment requires no extension of the state-of-the-art for plasma

measurements. The design of measurement probes is well documented from past in-

vestigations, and the problem is a matter of selection of the most effective type

for the application. Electrometer amplifiers and associated signal conditioners

are available in different forms and the reduction of size and power requirements

constitutes the primary design requirement, as do other conventional components

for data conversion and storage, system programming, and monitor and control.

4. References:

(a) "Studies of Electric Discharges in Gases at Low Pressures", Dr. Irving

Langmuir, Harold Mott-Smith, Jr.:
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(1) General E]lectric Review, Vol. 27, No. 7, JuJly 3.924, pg. 41:49

(2) General wlectric Review, Part II, Vol. 27, No. 8, Aug 1924, pg. 538

(3) General electric Review, Part III, Vol. 27, No. S91, Sep 1524, pg- . •-

(4) General Electric Review, Part IV, Vol. 27, No. 1l, Nov 1924, pg.

(5) General Electric Review, Part V, Vol. 27, No. 12., Due 1924, pg. P,.0

(b) "Dynamic Probe Measurement in the Ionosphere", Gunnar Hok, I. W. Spcnc.•,

A. Reifman, W. G. Dow; Univ. Mich. Res. Inst. Scientific Report FS-3,

Nov 1958

(c) "Atmospheric Drag on the Satellite", R. Jastrow, C. A. Poarse;

Jour. Geophysical ies., Vol. 62, No. 3, Sp 1957, pg. 4]3

(d) "Measurement of Positive Ion Density in the Ionosphure" Torao Ichiiy,

Kazuo Takayama, Yuichir'o Aono; Report of Ionosphe1*, anl Spiac .,areh ir:

Japan, Vo0. 13, 1959

(e) "xploration of Upper Atmosphere with Third Soviet Sat'llitc",

V. I. Krassovski; Prox. Inst. Radio &ng., 47, No. 2, pg. 289, Fob 'I""

(f) "Interactions of Rapidly Moving Bodies in Terrestrial A!,mosphor,:"

K. P. Chopra; Rov. Modern Physics, 33, No. 2, pg. '.53, Apr 1961

(g) "Ionospheric Research from Space Vehicles", R. _. Bourdeau; Sracc

Science Review, ., pg. 683, 1962-3

(h) "Measurement and Interpretation of Ion Density Distributions in Daytime

F Region", R. C. Saga.yn, M. Smiddy, J. Wisnia; Jour. Guo. Res., Vol. .,

No. 1., pg. 199, Jan 1, 1963

(i) "Excplorer 8 Satellite Measurements in the Upper Ionosphere", R. *.

Bourdeau, J. L. Donley; NASA TN D-2150, Jun 1964

(j) "Explorer 10 Plasma Measurements", A. Bonetti, H. S. Briage, A. j.

Lazarus, B. Rossi, F. Scherb; Jour. Geo. Res. Vol. (58, I-. 13, PC. 4017,

July 1, 1963

(k) "Effects Produced by an Artificial Satellite Rapidly .Movi.ng in tho

Ionosphere or in an Interplanetary Medium", Ya. L. Al'pert, A. V. Gure-rich,

L. P. Pitaevski; Soviet Physics Uspekhi, Vol. !, No. 0 , pg. 13,

Jul-Aug 1963
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SECTION II

MJILDING BLOCK COC OSYU AND TECHNOLOGY

1. Critical Components:

With the exception of the probes and booms, vhich must be fabricated to fit

the installation, building block components of basic design are available for a

system of this type. Both probes and booms have been designed and built for other

projects and techniques are well established. Depending upon the location of the

installation, i.e., temperature and pressure ranges, mechanical conditions, volume

and weight limits, the design characteristics may have to be modified to meet space

and vehicle needs. However, design performance has been proven for similar experi-

ments, including the probes, and no development problems are anticipated. Compo-

nents include electrometer amplifier, signal conditioner, multiplexer, encoder,

magnetic memory, programmer, calibrator, monitor and display, and power convertor.

2. Technology:

Since conventional techniques exist for the complete system, no research

problems or break-throughs are required.

3. References:

(a) "An Instrument for the Investigation of Interplanetary Plasma", H. S.

Bridge, C. Dilworth, B. Rossi, F. Scherb; Jour. Geo. Res. Vol. 65, No. 10,

pg. 3053; Oct 1960

(b) "Two Instruments for Measuring Distributions of Low Energy Charged

Particles in Space", M. Bader, T. B. Fryer, F. C. Wittebom; NASA

TN D-1035

(c) "Mariner A Plasma Probe", H. S. Bridge, B. Rossi, F. Scherb, R. H. Baker,

R. S. Cuikay, E. F. Lyon; Lincoln Lab. Tech. Report 337; 5 Dec 1963

(d) "An Instrument for the Measurement of Interplanetary Solar Plasma",

C. Josias, J. Lawrence; Jet Propulsion Lab. TR 32-492; 1 May 1964

(e) "High Speed Electrometers for Rocket and Satellite Experiments",

J. Praglin, W. A. Nichols; Proc. IRE, Vol. 48, No. 4, pg. 771; Apr 1960

(f) Proc. IRE, Vol. 50, No. ; Sep 1962:

(1) "Negative Impedance Electrometer Amplifiers - Introduction",

E. F. vlacNichol, Jr., pg. 1909
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(2) "Cathode Follower and Negative Capacitance as High Impedance

Input Circuits", Christian Guld, pg. 1912

(3) "StAbilized Wide-Band Potentiometric Preamplifiers", J. W. Moore,

J. R. Gebhart, pg. 1928

(4) "Bandwidth Limits for Neutralized Input Capacity Amplifiers",

Re L. Schoenfeld, pg. 1942

(g) "Solid State Electrometers with Input-Capacitance Neutralization",

H. Fein; IE Transactions on Bio-Medical Engineering; Jan-Apr 1964

(h) "Put FETs to Work in Electrometers", Robert Munoz; Electronic Design;

May 11, 1964
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SECTION III

TRAEE-OFF ANALYSIS

1. Conducted Analysis:

From the standpoint of logistics, personnel, training, and operations, there

is very little in the way of trade-offs to be accomplished. The technical approach

is based on a considerable amount of background experience as discussed in other

sections of this PDR (Sections I, IV).

2. Directed Activity:

(NOT APPLICABLE)

3. Sumnary:

No further analysis is contemplated. A continuing review of the trade-off

analyses is not expected to provide a better man-machine configured experiment

than that proposed here.
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SECTION IV

TECHNICAL APPROACH SELECTION

1. Technical Approach:

The probe technique to be used here was selected on the following bases:

(a) It provides direct exploration and analysis of the plasma environment

of the 1OL.

(b) It leads directly to the determination of electron density and tempera-

ture which is essential for the derivation of the propagation constant (c, the

attenuation factor and 0., the phase velocity factor).

The technical approach selected involves a system by which an astronaut can

position several plasma probes on the vehicle to collect char-red particles of

different characteristics. By means of program selection, he can apply voltages

to the probes which result in currents being generated at the input to electromi-cr

amplifiers which seirve to transform the signals to levels suitable for recording.

Through control and monitoring of calibration and output conditions, he can adjust

the operation of the system in accordance with environmental plasma change. As

multiple channels of data become available, the astronaut sets up interface conli-

tions to record the data on magnetic tape which is tirie-shared by othe: experiments.

Also, he selects parameters from other measurement sources such as radiation moni-
tors, magnetometers, pressure and temperature devices, and connects then through

a multiplexer to the recorder. As each part of an experm.ent is completeC,., the

astronaut shifts probes to new positions and repeats the measurements for a new

set of conditions, selecting orbital and solar positions which enable limaits to be

determined. This approach allows the reasoning and visual monitoring powers of the

astronaut to be utilized, thus affording more complete experimental results than

could be obtained by other means of control.

2. Alternatives:

The choice of alternatives, with respect to man, does not change apprcciably

the basic functions but the degree that will be required of hirm in setting up

experiment conditions and monitoring and assessing the results. Other approaches

in general allow determination of particle density but not particle thermal energy.
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For examplej, other possibilities are rf impedance probes, plasa resonance at

electron gyrofrequancy, electrcmgtic trsanmission or reflection, ionization

gauges, the Bremsstralung experiment employing electron beam and X-ray detectors,

or diffusion, scattering, absorption in the plasma. The method selected is con-

sidered the most straightforward in technique, affords optimum use of man's obser-

vation and reasoning on results, provides the most characteristic data, and does

not introduce interference or hazardous operations.
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SECTION V

MISSION AND PERORMANCE

1. Description:

The experiment mission is to enable an astronaut to perform the tasks necessary
for measuring the properties of the plasma in the vicinity of the vehicle., The
variations caused by motion of vehicle and particles require multiple measurements

to be made by means of movable probes at different locations in a short time inter-

val. The astronaut must position the probes to explore conditions around antennas

and similar protuberances extending from the vehicle, and monitor results shown on
electronic displays. Calibration of system performance must also be included.

Each measurement for a fixed set of conditions should require no more than 5 min-

utes. Several of these may be necessary to define boundaries at any one time.

As general conditions change from day to night, or with latitude or altitude, or

solar activity, additional sets of measurements will be needed. The timing is not
critical and can be worked in with other experiments. Vehicle conditions such as

attitude need not meet a specific value at time of a set of measurements but must

be Imown to establish probe directions. Location of probe booms may need correlation
with other extensions.

It is anticipated that output of sensors for other purposes such as magneto-

meter, radiation indicators, time, can be shared with other experiments. Also

data recorders, data links, and ground facilities available can be used on a mutual

basis.

Space: External probes, I cu. ft.; internal electronics, 2.5 cu. ft.

Weight: External probes, W0 lbs.; internal electronics, 40 lbs.

Power: Average 75 volts, peak 100 watts; standby 10 iatts; intermittent.

2. Degradation:

The space limitations aboard the MOL on the positioning and number of probes

could limit an optimum experiment design. Additionally, the orbit selected for ML

wrill restrict measurements to given altitude and latitude conditions.

3. Reference:

It is understood that Space Systems Division will supply the required material

on MOL design and performance criteria.
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SECTION VI

COST TTIVM-E2ESS

1. Competitive Items:

This experiment has been designed to permit the extension of the probe-boom

assemblies in such a manner as to provide contours of the plasma environment sur-

rounding the MOL vehicle. Previous and current experiments designed to examine

the plasma make use of fixed probes generally at the surface of a rocket or satel-

lite vehicle. This provides restricted data which is not considered to be adequate

for the goals set for this experiment. Additionally, this experiment, by directly

supporting experiments S-1 and S-22, does so both in space and time, providing a

unique opportunity for correlating basic scientific information with measured

electromagnetic wave propagation properties.

2. Criteria for Comparison:

The cost effectiveness of this experiment is difficult to determine in a

quantitive mwnuer. This is so because:

(a) A unique method has been chosen for the determination of electron

density and temperature.

(b) The engineering accomplishment of the design is limited by the avail-

ability of a few unique and selectable components and subsystems, i.e., DeHaviland

booms, assemblies, and electrometer amplifier modules.

Man's impact on the experiment has been established on the basis of testing

man's skill in space. For instance, going to one extreme such as the complete

autcmation of the experiment, which would require a minimum participation on the

part of the man, would lead both to a fiscally expensive system and to one with a

low reliability factor. On the other hand, a completely manual system, with full

control by the man, would limit the results of the experiment by requiring an

inordinate amount of time for the collection of each datum point. This experiment

has been designed to make the best use of man and at the same time collect adequate

amounts of data in a given unit of time and space.

3. Comparison:

Since other techniques or experiment designs do not lead directly to the
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objectives of this experiment, i.e., electron density and temperature, it is diffi-
cult to provide cost-effectiveness comqarison with these other techniques.
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SECTION VII - COST SCHEDULE

Fiscal Year
1-965 1:66 1,068

Current Authorized 35 K

2xpend. to 3. Oct 1964 16 ic

.STIM-AT.'D FUTUR•E iEQUIR0, 3:

Procuremmnt 250 K 1250 K 1050 K

Salary 50 K 150 IC 150 1- ) 50 K
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Management Plan for MOL Experiments; AFSSD; 22 July 1964.

System Program Management in USAF; Booz-.A-lLcn Applied Research, Inc.;
1 Aug 1964.

Statement of Work for IMOL Experiment S-23 (Secret); Plasma Investigation by
Measurement of Electron Temperature and Density; 30 July 1964.

Preliminary Technical Development Plan for 1D.OL (Secret); A`'SSD-50A;
30 June 1964.
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MISSION ANALYSIS REPORT

1. Experiment Descri~tion

The purpose of this experiment is to study the plasma envirorment in the

vicinity of W)L by means of manmed observations of various kinds and to correlate

these observations with physical laws. Specifically, this experiment is intended

to evaluate the properties of the plasma sheath and the extent to which it will

interfere with the propagation of electromagnetic energy through it.

A satellite moves through plasma or partially ionized medium composed of
neutral molecules, positive ions and electrons. For comparable ion and electron

temperatures, i.e., thermal equilibrium, the electron velocity will be about a

hundred times the ion velocity. Specific calculations show that the ion -velocity

is one-tenth that of the satellite while the electron velocity is 10 times greatyr

than tha satellite. This means in effect that the satellite plows into a station-

ary distribution of positive ions while it is bombarded from all directions by th,

much faster electrons. Electrical equilibrium is achieved when the incoming ion

current is balanced by the electron current and this occurs w•hen the satellite

reaches a ne~at-vc potentiel such that only electrons haring enurgies graator than

this potential can reach the satellite. Bccause of the n2Zatirvt char8e arouni th.

satellite elctrons are rc.€leed. Thus near the satellite and extending outwn.a

for several. centimet-rs, there is a charge sheath around the satellite wherein

there are fe-ver e.l-ctrons than positive ions. As one moves away from the satellitu,

it is obsur-ed that thc electric field due to the satellite is nautral zed by thý.

xceass positivw char,- near the vehicle so that at a few centimeters ave-7 from t•he

sur-face th• satell ite field mrops to zero and the normal unperturbed plasma again

exists.

Calculations made -.Is the indicated routs show that the satellite will

normally be charged to a negative 3 to 5 volts. Under certain conditions, it is

possible that the satellite potential may go as low as -60 volts, although this

has never been observed: T21his condition would be expected to obtain when the

electron energy distribution. has an appreciable high energr tail. It is interest-

ing to nota that at a height of 200 km where the electron density now is about

2x1(f /c9, a satellite will accumulate a charge of about 3.2xlO"7 coulombs, for
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a satellite potential of about 3-5 volts. There may thus be problems associated

with moving equipment from or to the MOL as well as rendezvous with other vehicl'3s

which may have different charges.

In order to better understand the behavior of radiating devices on the MOL

as well as the environment in which the vehicle moves, it is desirable to study

the properties of the plasma and plasma sheath about the IAOL. In particular, the

experimental program is:

(1) To study the electron energy distribution in the plasma
surrounding the MOL.

(2) To determine the electron and ion densities in the plasma and

plasma sheath.

(3) To study the size of the formation of the plasma sheath around

MOL and determine how such sheaths are affected by vehicle heading, etc.

(4) To correlate this information with the V.L.F. experiments to

determine how V.L.F. propagation and antennae impedance are affected.

2. ManI s Role

Man's purpose in space in a military capacity is related to his ability to

achieve objectives accomplished through directed activities, perception and obser-

vation, monitoring and calibration, reasoning power and initiative. This experi-

ment provides an opportunity to evaluate these characteristics as related to man's

performance.

Based on his experience acquired through previous instruction and training

as related to this experiment, the man will use the above mentioned characteristics

in adapting the experiment to the environment.

His contributions wzill be measured and evaluated in terms of how the experi-

ment is enhanced by his participation and also by delays encountered while perform-

ing experimental tasks.

3. Man as Test Conductor

As a test conductor, man will initiate the experiment according to a pre-

arranged sequence. Unusual environmental conditions may require modification of
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the test sequence by the man based on his observation and preliminary evaluation ofdata. In connection with other on-board experiments, the test conductor may be re-

quired to manipulate the external sensors to positions dictated by operating condi-

tions of the other experiments.

During the test sequence, the test conductor monitors the experiment displays,

recognizes misalignments and takes the necessary corrective action. Experimental

procedures include the completion of alignment check-off lists and the preparation

of narrative log in which special conditions, observations, and results are noted.

4. Space Test Requirement

V.L.F. experiments will be conducted on the MOL. The electron density and

temperature experiment supports the V.L.F. experiments. It is desired that both

be performed simultaneously to achieve the maximum correlation of results. In

this co•mection the electron density and temperature experiment ?•uld:

(a) Determine basic information relative to formation of plasma sheabh

around large orbiting vehicles and study effects of supersonic fSo•r.

(b) Determine characteristics of unperturbed plasma as related to V.L.F.

propagation.

(c) Dete•nnine elect!-on density and potential distribution o.cr•ss the

plasma sheath in order to relate the sheath characteristics to Y.L.F. •nd U.H.F.

antenna impedance ch•-acteristics.

(.i) Study effects of VXH •mf's induced in th• "•ate.!!•te v•hic!• •'t.'u•-

t•re •.•,•d it z re• •t'T.ou 'o the pasna sheath.

The ,•loet•_'on :!•n=!"::" oad t•z•..perattu-c e,,•p..'•rim..ent •.r!l!•,,,•,,_^•"• ..... •..• ..... ,•+•- ".o th.e '-•o-•-

].edge of the en..Irol•nen± of space vehicles. •is •.rill be of pv'Lmc •l•ort•cc in

the de'0"el.Ol•unt of techniques and equilmuent for achieving reliable co•anunlce.tions

from manned space missions to cognizant command and control centersboth earth-based

or on other cehicl,•-s.

Dete•'•ination of the plasma state near MOL is essentiel to provide a •.•0rking

.•mow!edge of the conditions of the environment in •0•.ich •.an must work and live while

on a space mission.
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6. Technological Importance

Technologice.11y, the experiment will provide the engineering information for

launching or coupling electromagnetic energy from a transmitter/antcnna complex to

the magneto-ionic medium and, similarly, from the medium to an antenna/receiver

conplex. Engineering information related to these problems is scant or unavailabje.

Man will provide a mechanism for the determination of these engineering paramwttcrs

which would not be as directly available by other means.

This experiment supports directly the technological exploitation of Experi-

ments S-1 and S-22.

7. Scientific Importance

This -axperiment will provide for an increase in the fund of knowledge relatL:2

to the magneto-ionic environment. Specifically from the standpoint of determrininr,

electron and ion densities and temperatures over ranges of altitude, latitude, diur-

nal variations. Also the determination in the anisotropic characteristic of the

medium as influenced by the earth's magnetic field, solar flares, and other extra-

terrestial phenomena.

Man's contribution will be related to a determination and responsiveness, to

such items as boundary conditions, anomalies, and changing plasma conditions.

8. Techmical Feasibility

No major engineering or technical problems are envisioned in meeting the

objectives of this experiment. EXperiments of a similar character have been con-

ducteO on unmanned satellites, but have been limited in scope such that the scien-

tific data obtained was of meager proportions relative to that expected from the

conduct of this experiment aboard MOL.

Space-qualified techniques and components composed of solid state devices are

available to meet the engineering and contraction requirements of this experim-•nt.

The equipment is expected to have a maximum weight of 80 lbs., an average power

requirement of 110 Watts when in use, and occupying a volume of 3.5 cu. ft. Re-

"liability in terms of NTBF calls for a design goal of 1000 hours. Equipment, with

the exception of control and display devices, will be suitable for mounting in

unpressurized spaces.
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Engineering building blocks for this experiment are available with no long

lead-time developments necessary, thus insuring availability of the experiment on

a timely basis.

9. Cost Effectiveness

The cost estimates for the definition, development and documentation of the

experiment, up to but not including integration, is $3.1 million.

The cost effectiveness of this experiment relative to other DOD efforts is

not aplicable in this instance.
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EXHIBIT B.6

81



PTDP INPUTS

SECTION 6 - ACQUISITION:

1. Title of Experiment

Electron Density and Temperature

2. Objective

The purpose of this experiment is to study the plasma environment in the

vicinity of MDL by means of manned observations of various kinds and to correlate

these observations with physical laws. Specifically, this experiment is intended

to evaluate the properties of the plasma sheath and the extent to which it will

interfere with the propagation of electromagnetic energy through it.

3. Description

A satellite moves through plasma of partially ionized medium composed of

neutral molecules, positive ions and electrons. For comparable ion and electron

temperatures, i.e., thermal equilibrium*, the electron velocity iirll be about a

hundred times the ion velocity. Specific calculations show that the ion velocity

4s one-tenth that of the satellite whiile the electron velocity is 10 times greaater

than th; satellite. This means in effect that the satellite plows into a station-

ary distrP.u:ution of positive ions while it is bombarded from all directions by

the much faster electrons. 2lectrical equilibrium is achieved when the incori'nr"

ion current is balanced by the electron current and this occurs when the satel..lite..

reaches a negative potential such that only electrons having energies greater than

this potential can reach the satellite. Because of the negative charge arounc. the

satellite, electrons are repelled. Thus near the satellite and extending outward

for several centimeters, there is a charge sheath around the satellite wherein th,-er'.

are few-per electrons than positive ions. As one moves away from the satelli......, It

is observ.ed, that the electric field. due to the satellit*, is neutra3 ized by the ex-

cess positive char•-ge near the vehicle so that at a fcw centimeters away frorr thc

slurface the .ate..live field drop's to zero and the normal iunpertur'bed plasma a:a

exists.

Calculati.'ons marLe via the indicated route show that the satel?..i.te wil.

normally be cha'cd to a negative 3 to 5 volts- Under c,,:rtain cond'Itions,

• For a fairl.y complete set of references see R. E. BourCL'eau, "The Terprratiu'e
of Charged Particles in the U!-per Atmosphere". Preprint Ma1y 1964., Goddard Space
Flight Cente-', presented at COSPAR2.
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it is possible that the satellite potential may go as low as -60 volts although

this has never been observed: This condition would be expected to obtain when

the electron energy distribution has an appreciable high energy tail. It is

interesting to note that at a height of 200 Rm where the electron density now is

about 2xlO /crd', a satellite will accumulate a charge of about 3.2xi0"7 coulombs,

for a satellite potential of about 3-5 volts. There may thus be problems associated

with moving equipment from or to the MDL as well as rendezvous with other vehicles

which may have different charges.

In order to better understand the behavior of radiating devices on the MOL

as well as the environment in which the vehicle moves, it is desirable to study

the properties of the plasma and plasma sheath about the MOL. In particular, the

experimental program is:

(1) To study the electron energy distribution in the plasma surrounding

the MDL.

(2) To determine the electron and ion densities in the plasma and

plasma sheath.

(3) To study the size of the formation of the plasma sheath around MOL

and determine how such sheaths are affected by vehicle heading, etc.

(4) To correlate this information with the V.L.F. experiments to deter-

mine how V.L.F. propagation and antennae impedance are affected.

4. Importance

The experiments are required so that a knowledge of the environment about the

M0L can be obtained and understood so as to provide information to be used in the

design of electromagnetic equipment to be used aboard satellites. Such experiments

can be carried out only in space where the proper plasma conditions exist on a

sufficiently large vessel such as the MOL which typifies future-generation vehicles.

V.L.F. experiments will be conducted on the NOL. The electron density and

temperature experiment supports the V.L.F. experiment. It is desired that both be

performed simultaneously to achieve the maximum correlation of results. In this

connection, the electron density and temperature experiment would:
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(a) Determine basic information relative to formation of plasma sheath

around large orbiting vehicles and study effects of supersonic flow.

(b) Determine characteristics of unperturbed plasma as related to V.L.F.

propagation.

(c) Determine electron density and potential distribution across the

plasma sheath in order to relate the sheath characteristics to V.L.F. and U.H.F.

antenna impedance characteristics.

(d) Study effects of V]G{ emf's induced in the satellite vehicle struc-

ture and its relation to the plasma sheath.

5. Vehicle Interfaces

a. Commonality Problems

(1) Power Supplies

(2) Time Standard

(3) Data Processing

Standards

Format

Word Length

Data Rate

Storage

(4) Data Link

(5) Equipment Interface

(6) Simultaneous use of astronaut for several experiments

b. Environmental Problems

(1) Accommodation for space needs and accessibility as affected by

all on-board experiments

(2) Minimization and elimination of interference problems: space,

electrical, magnetic, acoustic, optical

c. Common Data Requirements related to all or several experiments

(1) Pressure

(2) Magnetometer

(3) X-Ray
(4) Vehicle attitude and position as functions of time
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UNCLASSIFIED

6. Test Concepts

Basically the experiment is carried out by the astronaut who extends several

retractable probes placed at three different positions from nose to tail of the

craft. Each probe will be of a modified Langmuir type designed to be extended from

the vehicle at will and (perhaps) the orientation varied slightly. The astronaut

will utilize a multichannel electrometer to record the plasma currents stored

until the astronaut's return to earth or be telemetered down: The latter is

preferable. Analysis of the data will permit determination of ion density, elec-

tron density and electron energy distribution as a function of distance from the

satellite. This information should be sufficient to define the plasma and plasma

sheath so that its effects can be determined.

SECTION 7 - CIVIL ENGINEERING:

(NOT APPLICABLE)

SECTION 9 - MAnPOWER REQUIREMTS:

5 Man-years for Phase 1.

12 1/2 Man-years for Phase 2.

SECTION 10 - PERSONNEL TRAINING:

Some briefing will be required to acquaint the astronaut writh the objectives

of the experiment. A one-week training period should be all that is required to

provide sufficient information for the operation and maintenance of the equipment

and to develop familiarity with the control and display devices. A similar train-

ing period should be adequate for ground support personnel.

SECTION 11 - FI1IViC11AL:

7Y '965 - $250 K 1
Ij? 1966 - $1.250 Kr Procurement Items
PY 1967 - 4_200 k J

r ic65 - $4oi 1ý
vY i.S6 - $150 K Salary
FY 1.967 - $150 J
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SECTION 12 - REQUIFOIIENTS:

(NOT AVAIUBM3L)

SECTION 15 - SECURITY:

(SEE ATTACM.lT)

SECTION 16 - BIOIDICAL:

1. Task description per man per test

(a) Test Operations:

Astronaut will follow a pre-arranged instruction or modify such an

instruction on command to initiate an experiment sequence. Instructions will in-

clude check-off list and alignment procedures. Time required - minimum 5 minutes

per test sequence.

(b) Calibration Operations:

Calibration to be done automatically, but will require visual monitoring

by the astronaut. Time required - estimated that four one-minute monitoring

intervals during one orbit.

Astronaut will be required to recognize misalignment, as indicated by

displays, and to take measures by means of instructions to establish suitable

experimental conditions.

(c) Evaluation:

Astronaut will evaluate on board displays to determine existence of

abnormal test environmental conditions. Time required - continually during course

of experiment, but on a cursory basis.

(d) Communication and Reporting:

Astronaut will maintain log and complete check-out list. Astronaut will

report via data link existence of unusual environmental conditions. Time required-

five minutes per special report, and five minutes per test sequence for experiment

status report.

2. Work Positions relative to above tasks:

Astronaut must be within working and viewing distance of display and control

panels.
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3. Support Requirements:

None

4. Potential Problems:

None

5. Time-Line Considerations:

(NOT APPLICABLE)

SECTION 17 - PDP PLAN
(NOT AVAILABLE)
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SECURITY CLASSIFICATION FOR ELECTRON DENSITY ON TE24PERATURE EXPERIMENT (S-23)

AFR 205-2
INFORMATION REVEALING

1. Experiment titles

2. Experiment titles associated with
the M0L Program.

3. Complete lists or partial lists of
experiments associated with the NOL
Program.

IF. The experiments which will be conducted
on a particular MOL flight will be
classified.

5. Experiment objectives

6. Experiment equipments (itemized)

a. Flight equipments

b. Simulator equipments

7. Equipment specifications

8. Equipment drawings

9. Equipment performance, capability,
tolerances, accuracies, etc.

10. Experiment procedures

11. Test results and final reports

12. Interface documents

13. Experimental development and programs

14. Experiment budget estimates

2Ibcperiment System Security

Vulnerability and threat

Countermeasures

Physical Security

Contractor facilities

During movement

At launch site

CLASSIFICATION GROUP CODE

U

U

U

C

U

U

U

U

U

U

U

U

U

U

N.A.

N.A.

88



SECTION II -- SCHEDULE

FTDR
ELECTRON DENSITY AND TEMPERATURE EXPERIEINT (S-23)

SCHEDULE I

PHASE II (ACQUISITION)
Months from go-ahead

o 3 6 9 12 15 18 21 24 27 30
Procurement

Operation

Test

Training

Evaluation

Systems Integration

PHASE I (PROGRAM DEFINITION PHASE)
Months after go-ahead

0 1 2 3 4 2 6 7 8 9 10 11

Engineering Design
Conception

Definition

Specification

Procurement

Test

Evaluation

Selection

Operations

Training

Maintenance

Phase II Inputs
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EXHIBIT B.7
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ELECTRON DENSITY MND TEUMRATURE EXPERIMENT (S-23)

FINAL TECHNICAL DOCUMENTARY REPORT (FTDR)

I. Specific Tasks

A. Definition of Experiment:

1. This experiment is required so that a knowledge of the environ-

ment of the MOL can be obtained. It will provide information to be

used in the design of electromagnetic equipment to be used aboard space

vehicles. The plasma sheath formed about the satellite will markedly

affect the propagation of V.L.F. signals as well as the impedance of

both V.L.F. and U.H.F. antennas. Such experiments can only be carried

out in space where the proper plasma conditions exist on a sufficiently

large scale.

2. The experiment will involve the measurement of electron and ion

currents over the range 10-7 to 10-12 Amps. as a function of probe

voltage over the range -40 to +40 volts, in order to determine:

(a) The electron energy distribution in the plasma surrounding

the MOL.

(b) The electron and ion densities in the plasma.

(c) The formation and size of the sheath around the MOL.

(d) The potential of the satellite.

(e) The across-the-sheath potential distribution.

(f) Additionally, the effects of VXH EMF's induces in the MOL

structure and its relation to the plasma sheath will be

studied.

The above quantities will lead to the determination of:

(g) The refractive index of the environment.

(h) The propagation constant; i.e., the attenuation and phase

characteristics.

(i) The surface currents on the MOL.

The long range plan is to determine seasonal, diurnal and spatial

variations of the plasma under ordinary and extraordinary conditions.
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For any particular MOL mission, the experiment will be directed insofar

as practical to determine diurnal and spatial variations of the plasma.

An implicit purpose of this experiment is to determine the range,

validity, and accuracy of the measured quantities to be used in cor-

relating and establishing physical principles for engineering appli-

cations.

3- Experimental testing will be conducted over two orbits to

satisfy the diurnal and spatial requirements with regard to latitude,

sunlight and darkness. Each orbital measurement will include, as a

minimimi insofar as practical, two series of probe measurements at each

of four selected points in the orbit for a minimum of 24 data points

per orbit.

B. Preliminary Analysis:

1. The astronaut

To initiate, control, maintain and monitor the experiment.

In-flight equipment

To measure, calibrate, record, display, store and transmit experimental

data.

Ground support equipment

(a) To maintain communications between astronaut and ground support

facilitie0s.

(b) To collect, record and store experimental data transmitted from

the MOL.

Ground support personnel

(a) To maintain and operate ground support equipment.

(b) To monitor and process incoming data.

(c) To provide in-flight support.

2. The astronaut, in general, will perform the following:

(a) Selects experiment program and initiates measurements.

(b) Inspect the resultant measurements.

(c) If data appears satisfactory, will enable transmit to

ground on given command.
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(d) Modify program as instructed on command.

(e) aepeat above at stated intervals.

(f) Control the attitude of the 110L.

Specifics.ly, the experiment is carried out. by an astronaut who extenc"s

three probes and controls their orientation. The astronaut will utilize

a multi-channel electrometer in conjunction with the probes to record

plasma currents. The astronaut will be required to perform in-orbit

alignment and calibration by the use of check-off procedures and instruc-

tions, and by use of standard internal inputs and visual inspection of

outputs. One alignment procedure will be conducted per test sequence.

Four sets of measurements and associated calibrations will be made per

test sequence. The astronaut will be involved in on-board data pro-

cessing by monitoring experimental progress and reading and correlation

of outputs with pre-flight furnished nomographs. The astrohaut will

evaluate on-board displays to determine existence of abnormal test

environmental conditions and report same to ground. The astronaut will

maintain log and complete check-out list.

3. In-Flight .quipment

The in-flight equipment will consist of:

(a) Three externally mounted probes, controllable in length

and orientation on a semi-automatic programmed basis.

(b) A multi-channel electrometer amplifier and associated

selection gates (electrometer will be capable of 107 -

10-1 ampere measurement in one range).

(c) Electronics used for conditioning electrometer output prior

to encoding and storage.

(d) The programmed logic and control circuitry which provides

the means whereby the probes or calibration signals are

sampled on the basis of a pre-arranged semi-automatic pro-

gram of instructions, an alert signal to the astronaut as

a result of some significant change in space conditions

or specific instructions from a ground command station.
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(e) The circuitry necessary to provide calibration signals

for the assessment of operating conditions of the experi-

ment, either by the astronaut or on command of the ground.

(f) Encoding and storage devices for holding of experiment data

for subsequent transmission and utilization.

(g) Display and control panel suitable for effecting the pro-

gram instructions and modification thereto and for the

observation of results.

(h) Data link interface which provides the mechanism for

transmitting experiment information, held in store, to

the ground.

(i) Power conversion and regulation devices.

(j) Ancillary equipment to provide additional information to

supplement that derived from the probes, such as magneto-

meter, UV and X-ray radiometers. These may be made avail-

able as a result of other experiments carried aboard the

MOL.

The experiment has the following physical factors:

Weight Vol. Power

Probes 40 lbs. (external) 1 cu. ft.

Electronics 40 lbs. (internal) 2.5 cu. ft.

Power per test: Stand-by; 10 Watts

Average operating; 75 Watts

Peak operating; 100 Watts

Heat output: External; zero watts

Internal; Standby, 10 Watts

Average operating, 70 Watts

Peak operating, 90 Watts

Reliability Goals: 1,000 hrs. MTBF.

4. Ground Support Equipment

This experiment will utilize planned ground-MOL-ground data links to:

95



(a) Maintain communications with the astronaut so as to provide

him with instructional control and conmwd information.

(b) Collect, record and store the experimental data from the

MDL. Preference is expressed for this experiment for

standard IRIG telemetry techniques or for Gemini PCM data

links. Ultimate choice or choices is dependent upon trade-

off analysis of equipment simplicity aboard MOL vs. data

handling on MDL and data processing on the ground as well

as on the overall data link oonfiguration dhosen for MDL,

reflected as an interface problem.

A minimu= of one ground support system will be required for the recep-

tion of data twice a day. For this experiment this frequency of re-

porting is adequate. Since the ground support equipment will be common

to other users, any increase in the frequency of data reporting will

result in decreased M0L storage requirements. Such a trade-off must be

examined in terms of the cost of additional ground support facilities

versus added weight due to the increased storage in the MOL.

5. Ground Support Personnel

Personnel responsible for operation and maintenance of ground terminal

receiving and transmitting equipment. They must have intimate know-

ledge of the philosophy and operation of the on-board experiment. They

must be capable of relaying to the astronaut instructions and informa-

tion relative to the conduct of the experiment in a changing environment.

They will monitor and process the experimental data transmitted from MOL

in response to an appropriate command. The monitoring and processing

functions are limited to the extent of insuring the reception of trans-

mitted information. Specific analysis of this information will be accom-

plished at the Naval Research Laboratory.

C. Vehicle Requirements and Interfaces:

1. Requirements and other interface considerations that will be imposed

on the M0L vehicle, the MOL sub-systems and experiments by the electron

density and temperature experiment will include in general the following:
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(a) Commonality of Equipment:

Pover supplies

Time standards

Data processing

Standards

Format

Word length
Data rate

Storage

Data links

Equipment

Simultaneity of use of astronaut

(b) Environmental Considerations:

Temperature, pressure, humidity, accommodations for space

needs and accessibility as affected by all on-board experi-

ments.

Minimization and elimination of interference; space, electri-

cal, magnetic, acoustic, optical.

(c) Common Data Requirements:

Miagnetometer.

UV Radiometer.

X-aay Radiometer.

Vehicle attitude as a function of time.

2. Vehicle Requirements

(a) Stabilization:

Attitude control + 1.00 in each axis.

R ate stabilization k 0.10 per second.

Rate control in roll 3600 per minute.

(b) Weight, volume, power, heat dissipation and reliability:

See paragraph B3(j).

3. Astronaut Accommodation Requirements:

Astronaut must be within viewing and vorking distance of display and

control panels while experiment is in process.
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D. Equipment Description:

1. Design Synthesis

(a) Sensors

Three sensors, each comprising a boom., probe and ancillar-y

servo-mechsanism drive system, will be employed. The boom-

probe combination will be extendible over a range from the

IOL surface to a distance of ten feet. Additionally, the

boom-probe combination will be adjuztabla about three axes

to permit controlled orientation of the probe. The drive

system should be capable of orienting the boom-probe assem-

bly in a specified direction and length within thirty

seconds, (subject to the requirements of weight and size

and the exchange of angular momentum with the MOL). It is

estimated that a sensor assembly, comprisin.- boom, probe,

and drive will weigh approximately thirteen pounds and! occupy

approximately 0.2 cu. ft. Sensor assemnibl.ies will. be mounted

one fore, one aft, and one amid-ship the MOL structure.

(b) Controls

In general, the following controls will be employed, in the

conduct of the experiment:

(1) On-off-standby for control of primary power.

(N) I::lectrometer calibration.
(;) Probe voltage adjustment.
()L) Program selection for boom-probe erection and genera-

tion of sensory, logic and calibration oretaCoos.

(5) Display adjustments for controlling scales, intensity

and monitoring voltages.

(6) Data recording and readout for initiation and reporting.

(7) Interface switching for the selection of ancillanr

equipments used in other experiments.

(c) Dasplays

(1) Boom-probe status indicators.
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(2) Probe voltage monitor.

(3) 21ectrometer currentsi

(4) Maintenance test.

The following displays, while not consiaIered essential
to this experiment, would nevertheless provide useful

data, for interpreting experimental. results:

(5) Ancillary devices such as tirc, macnetomnctor, U.V.
and X-rayj,.

('0 Inte-rface indicators.
(7) V~hicle attitude.

(d) Data Hendling

The data handlir, system will provie th" neans for

selection, sample and hold, encode, store an:' transrit

of the following information:

(1) -%'xperiennt identification.

(a) Boom-probe orientation.

(3) Probe voltage vs. current characteristic.

(') �Calibration data.

(5) !ttitude of vehicle.

(5) TTie code.

(7) M Iagnetometer.
(8) U.V. radiation.
(C) X-ra•v radiation.
(10) Parity bits.

"The store shouJId have a capacity for holding 50,000 bits
&wing two orbits, estimated here as totaling 200 minutes.

(e) Corntmications Equipment

Insofahr as practicaJ, consistent with other experiment ra-
auL-cments, the IRIG telemetry standards ard l) be used for

an:rJo.- data and. the C'emini PCI! data systcrn- for dizita. data.

Data 'inks will be provided for grounrL-astronaut- ground
co-Lnunications for purpose of instruction, control and com-

mands. These latter links will be consistent with require-
e'ontos i-roeee on the 1,1L by other experiments.
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(f) 2cu~pnint woight and size estimatc.es

(1) Weights
a. Boom-probe assembly(s)

b). Electrometers (3)
c. Program logic, control and store
d. Function control and displays
c~. Power conversion and regulation

2. Data link interface

TOTAL TMI(;IHT

(2) Size

a.

b.

C.

Boom-probe assemblies (3)

Electronics

Displays

TOT'r.L SIM,

()Reliability

Design goal 1,000 hours MTBF.

E. Program Planning:

1. The Program Plan for the Electron Density and Temperature Experi-
ment (S-23) is expected to follow the general outline of Schedule I for

the conduct of the Project Definition Phase (Phase I) and the Acquisi-

tion Phase (Phase II).

2. More detailed scheduling for this experiment is presented in

Schedule II. As can be seen, the principal product of the Phase I
effort will be a laboratory model of the experiment equipment. This

model will reflect the information available on equipment form factor

as it is affected by the MOL vehicle configuration. The laboratory

model will be subjected to environmental and performance testing to

validate its suitability for the MOL environment.

Final specifications and layout drawings for experiment on-board

equipment will be set forth following the test and evaluation of the

100

40 lbs.

20 lbs.

'!..0 lbs.

2 lbs.

'-. lbs.

1.0 cu.fit.

2.0 cu.ft.

0.5 cu.ft.

3.5 cu.ft.



laboratory model. This documentation will reflect any necessary

design modification.

The laboratory model will be used to initiate the training pro-

gram for conduct of the experiment. Astronaut tasks relative to this

experiment will be studied and routines determined to permit the

rapid and efficient completion of test sequences.

Manpower and cost schedules for Phase I and Phase II are shown

in Schedule III.
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FTDR
ELECTRON DENSITY AND TEMPERATURE EXPERIMENT (S-23)

SC]E-DULE I

PHASE II (ACQUISITION)
Months from go-ahead

0 3 6 9 12 15 18 21 24 27 30
Procurement

Operation

Test

Training

Evaluation

Systems Integration

PHASE I (PROGRAM DEFIN'ITION PHASE)
Months after go-ahead

o 1 2 3 4 5 6 7 8 9_ 10 11
Engineering Design

Conception

Definition

Specification

Procurement

Test

Evaluation

Selection

Operations

Training

Maintenance

Phase II Inputs
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FTDR
ELECTRON DENSITY AND TE RATURE EXPERIMEIT (S-23)

SCHEDULE III

Phase I

5 man years

$660 K

Phase II

12.5 man years

2390 K
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PROGRAM REVIEW GRAPHICS AND/OR PROGRESS REPORTS
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Program Review Graphics for August 1964

Program Review Graphics for September 1964

Program Review Graphics for October 1964

Program Review Graphics for December 1964

Program Review Graphics for January 1965

Program Review Graphics and Supporting Narrative for February
1965

Program Review Graphics for March 1965

Program Review Graphics for April 1965

Program Review Graphics for May 1965

Program Review Graphics for June 1965

Progress Report for August 1965

Program Review Graphics for September 1965

Progress Report for September 1965

Progress Report for October 1965

Progress Report for November 1965

Progress Report for December 1965

Program Review Graphics and Supporting Narrative for January
1966

-Progress Report~for January 1966

Progress Report for February 1966
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Progress Report for May 1966

Progress Report for July 1966
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EXHIBIT C.1
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MMM 19635 •MGR M

Amplification of Bction 3.X. of FM?
Isneganent or IUnamenpation M for

1. Technical Des4n
a* Work leading to sqeailaaiUm :or each sub-system of cerlie
(e.g., probes boom zecbim,, pr'en control, displs, pier cov-ruiomq
dAtba nding. and telem3tx1p).
b, In-boase effort on elea•ter wyplifiers and provbe rvana.t

teobnique a o

2.v Contractor Effort (afaing Phase One)
a. St ,y# design and dveloyeant of suitable probe-boom cmd eraot•o•

mechanism.
be on~eetr electrometer developmmrto
e. Effort toward wiebht, st, power conservtionp relaibility a, vn vz'cn

mental constraints as per speoifioations,

3. rcr0n (during Phase One)
a. One complete experimental model of the probe-boom-electroneter •
system will be procured for laboratory test mnd evaluatici (both 1eectr!iad

and mechanical)o

he. •periment Interface Control
a. In-house management as liaison botvaen probe-boom contractor aud vehicle
contraetor.
b. Direct liaison with d&U bhidlig, recording and telemetry cozctora

for experiment data Interfaceis.

co Lialson to effect satiagctory diqsl eonfiguxations.
d. MLiason for efflcient pauar u .
e. Integation of mnillar7 dxa Into experimt.

5. 1!m11 nt Test and QU1aliication
a* eroxornee and envirawatl pee pert of contract.
be Laboratory evaluation of x9o e model to Insure empli4.ce clt

revise hard spec (Phase 33) vbae needed.
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E RIMMIT S•-23 5 FEB 1965
mm~AR 1965 PROGRAM REVIIW

le TWCENCAL nMIMsa
Effort in this area will lead to a specification for an experimental model

of the probe-boom-electremeter subsystem. This specification will suggest avenus

of appzoach and will delineate performance limits and tolerances under condition3

of temperature. vibration, and shock as specified for the ML environnt. Weight,

size, and power usage limits will similarly be defined.

Specifications will also be prepared for each of the other subsystems of

the experiments Par~neter values and performance limits will be assigned. These

su3bystems include the data conditioning pac~kage (scaling wtplifiers, A/D con-

verters, multiplexer wý necessary), the probe voltae pzo control, the displcy

configuration, and the pover conversion and regulation packageo

Continuing study of probe configurations and measurment techniques will lead

to a specification for data reduction and analysis. This will include the utiliza-

tion of ancillary information (X-ray radiometer data, magnetometer readings, etc.)

where it is determined that this information ma ba availableo

These specifications and studies will culminate in an RP.? for the Phase One

procurement of the previously mentioned experimental model probe!boam-electromter

configuration.

2• COYTRAMCHR FFT

The contract awarded for the Phase One effort will consist of the design,
development and fabrication of a probe-boom-electrameter subsyotcm in accordance

with the specification contained in the RFP. Contractor effmr-t il be revluad

periodical2y for com*liance with the specification. Modification of the sppci!i-

cation, if found necessary, will promptly be brought to the attention of the ceu-

tractor. The contractor will be required to denstra mpice iAt th

specification through test procedures which are deemed stisfactory to tho ezoýiner

mnnt sponsor.

3. PROCURM

The procurement of an experimental model of the probe-bcom-electromter sub-
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5 FEB 1965

system for laboratory test and evaluation under the contract described previously
is considered to be the only major procureent during the Phase One period. How-

ever, procurement of time, using established facilities, to perform environment

testing may be necessary.

4. m n ITERFAC COrOL
Management control of the experiment interfaces will be the responsibility

of the sponsor. Liaison will be maintained by the sponsor between the vehicle
contractor and the experfient probe-bom contractor* Direct liaison on data and
teleetry systems, displsy configurationsL power systems, and ancillary data will

be maintained.

Adequate lines of coamunication betwvw the systems contractors and experiment

sponsors must be maintained at all times. General interface data must be forth-
coming frcm the system managers in order that problem areas for each experiment

=Wy be isolated and more detailed information obtained for solution of the problems.

The experiment sponsor will provide the experiment interface requirements to the
system manager.

5. E TMM. = D QUALIFICATION
Laboratory test for achievement of performance goals and operation under

environmental constraints will be performod both as part of the contractor effort

and in the sponsors laboratory.

This test and evaluation procedure will be used to further dafine the data
collection, reduction and analysis procedures and to form a basis for the hard
specification to be used in procurement of the flight hardware during Phase Two.
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v vr U. S. NAVAL RESEARCH LABORATORY
, WASHINGTON 25, D. C. IN REPLY REFER TO

U~J~5110~-126: CJK: eam
11R Prob MD3-o6C

RC5I 
S'1

From: Director, U. S. Naval Research Laborn ory, Washington, D. C. 20390
To: Chief, Buweau of Naval Weapons (Code P23-35)

Via: Officer in C1brge, U. S. Navy Field Office for Manned Orbiting
I boratory

MBuJ: Revised Milestone Schedule for EIW-VLIF Propagation/Electron naity-
Temperstin-e Program

Ref: (a) ]ANES WEPTASK HTr -0*5020/652l/Y019-O5-W0 Ser 08935 dtd 1 J\L 1 965

Encl: (1) EU-VLF Propegation/Electron Density-Temperature Pmogran M1ilestone
Schedule

(2) Preliminary Cost Requiremnts for ZLFLF Propagation/Electron
isity-Temperature Program

1. Enclosures (1) and (2) are mibmitted in fulfillment of the requirenmnts
of paragrph 4 of the referenced WPITASK.

2. Schedule dates in the milestone charts represent current eatlnmaes of
program advunces which may be attained based on e. progrsm approvel date o?
1 September 1965.

3- Cost estimates of enclosure (2) reflect the funding level rerqulrvd to
achieve the milestone schedule dates.
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PRELIMINARY COST ANALYSIS OF
ELF-VLF PROPAGATION/ELECTRON DENSITY-TEPRATURE PROGRAM

COST ITEM

Study Contract (2)

COST

350 K

IfN-HOUSE
MANPOWER COST" FY TOTALS

185 K 535 K

1967 Lab Model Procurement 2000 K 210 K

Qual. & Tr. Model Procure. 1250 K

Qualification Testing & Facilities 200 K 3660 K

1968 Integration Model Procurement 750 K 210 K

Gnd. Systems Study & Test 100 K

Training Costs 125 K

Data Handling 200 K 1385 K

1969 Flight Models 1800 K 210 K

Gnd. System Implementation 1800 K 140 K*
9.

Training 125 K

Data Handling 300 K 4375 K

1970 Data Handling 500 K 210 K

14o K* 850 K

TOTAL 10805 K

* Indicates additional salary requirements for personnel for operation and maintenance
of ground station equipment preceding and during flights of program-equipped vehicles.

* In-House Manpower Cost as tabulated is predicated on the delivery of Flight Articles
in calendar year 1969. Acceleration of the program will require the assignment of
additional personnel to meet the accelerated delivery schedules.
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(2) One copy defint, on of objec:_i.ves of anad quj-.•ioac. conf-aur•-&

,kions for the 'V)rz-,eal PlaA Cbaracteris•.•-c (S-22)" proij~r"

A. enclosures (1) and (2) are auui, ý:.d ;- par, atl fulfillment of -he
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PRELIMINARY RETEFINITION OF OBJECTIVES AND CONFIGURATION1
FOR CWS3OLIDATED ELF-VLF PROPAGATION/ELECTRON IENWInY AND

TEMPERATtR EXPERIMENT

TASK I - ENITION OF OBJECTIVES

The YLF-VLF Communication Propacutf.on Expe.riment. (S-i) and the Electron Den-
sity and Temperatwue Experiment (S-23) hiav• been consolidated into a single under-
taking. In addition, the scope of the experiment has been broadened to include
the investigation of the generation, detection and charaLteristics of maeAnetobyhro-
dynamic wav'es in the E12-VI? spectrum. The decision to effect this consolidation
was based priwxrily on the cacplementLary nature of the two earlier ax.iarimwnts,
and the similarity oa the ancillary needs for both (e.g., magnetcmeter data,
vehicle attitude data.).

The camsolidutc. exjprriinr.t has been redefInedI to =m!hasize the military
technology aspects of the syste and to provide a basis for an operational com-
municu~tik-XV systeal.

The princiAtl objective in the conduiet of the experiment is to demonstrate
a world-vide EIT/'LF czriunications system employing an orbital vehicle as one
of the terminals. Long-range transmission at VIF has long been utilized by the
Navy for com~mications ewvnZ widely dispersed forces. The location of an ELF-VLF
transmitter in a space vehicle is expected to enhance this capability and afford
a world-wvide service from a relatively small mobile platform. The ELF -VLF trans-
missions should also provide a means for coumnaicating between widely separated
earth orbiting iehicles.

Couplinc of electromwne7tic waves from antennas to a ma&neto-ionic mediun at
EF-VLF is currently not well understood. The effects of the motion of siace
craft in this med'-iu are similarly only partially nlmown. For these and other
reasons, It is felt desirable that, concurrently with the conluct of the propaGa-
tion experiment, n=asuremeuts be made on the nature of the ionosphere, the plasma
sheath surrounding the vehicle and its outboard structures (antennas), and on thie
siatial and ttmr.oral variat• 1- of these quantities. In addition, the excitation
of the antennas at relatively high power levels may produce charnges in the near-
vehicle chart•ed particle concentration, ad] such jerturbations should be mdnitored
and measured for correlation with the propl.-gation characteristics.

The motion of the MOL in the ionosphere may result in the launch!ne. of
mnetohydxrdnmic (MHD) wave modes which are in the ELF-VLF spectrum. Excitation
of the tranamittino antenna may similarly launchi wave modes other than the eluctro-
margnetic waves at the excitation frequency. It is proposed that the on-board EIX"-
VLF receiver complex be utilized to detect such waves and thus to provide a Mnins
for observing the motion of vehicles in the ionosphere, (Detection of MDUI waxes
at other frequencies has similarly been proposed,. Theoretical and experlmental
investi41,ations related to the generation end prop•aoation of these VIE wave mrodes

ENCL (1) TO NFL Y1I" 511O-158:CJr,-jaM
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are still in their infamy and much remains to be learned. As part of the investi-
gation of the MED waves, the XIF-VLF noise spectrum present in the ionosphere needs
to be eamineds. The receivers in MOL az part of the consolidated experlmnt are
also expected to provide vaInmble information on the nature, origin sad spectral
density of the EIF-VLF noise trapped vithin the ionosphere.

The experiment program as currently defined is flexible in approach end con-
ficiwation. Additioral study is under way to determine vthetbr additional objec-
tives cm be established and vhether the current objectives are fully responsive
to the IPL Progrm oals e16

The consolidated exqeriment has evolved into five major areas. A brief
suwaxry of each of these areas is presented to provide a vord picture of the scope
of the experiment.

I. PROVIDE ELF-VLF TIRASMUSION1 CAPABILITY ON WOL

This ares has as its prmncipal effort the definition, d•siFA,
imluanetation, and operating concepts of the ELF-VLF signal trans-
mission capabilities from the MDL. This includes the generation
an r ,ý4ificetion C'of LF-VLF utin's at pvmt&Ih• mr T.vls, th:)
ratch:!in of th: signals to an antenna(z), and for-providing: effec-
tive monitorine and control of the ex•-ýwhment variables.

2e FURITME1iW AINP lMhCUliT MIC¶INA W MOT~.

This area Is concerned 'with providing a capability to observe
the ELF-VLF spectrum and to record both kinm ground--baas signal
sources end those observed but not necessarily axpected. Implicit
in this is the capability to receive, detect and record m .eotohy-
drocdbmic waves in the frequency spectrum of interest and to
receive and record samples of the ELV-VLF noise background of the
lonoophere which may be present.

3 *PMW~4 IASR24iZJS

This dcOxli with the 1wtr3cntat'1ion ren uir.d for the meamn-
ment of ionospheric charged alraiclc concent:oattlor, particl'.
tet,,axaturun, near-velidlctl sheath .ti'fectoi, v,•J•le potentiaxs an.

i.i'it~n .l aifliente * T1V: wyKtetenz 'J521J be• sen.,itlv '.V txo) changes in
the measured quantities caused by spatial and temporal effects,
the effacts i roduced by ZV-VIF trsa t.ttnr power laov'.! mad frk-
qucfnCy, imid bv' efMcts of vehicle motii aW" at-tituwe In the m'it'.

4. G'ROUWD =MONIO CEIE P ION OF MOID EUF-VL- T-RANSMI1rIO!

'This is associated with the instrumentation required at
suitab3y located Ground stations for the derterination of pro-
pagatio charateristics for M4L transmitted aigaIls. This

2Z24



instruentation will also reflect the possible existence of MOL-
excited M naves and will attempt their detection. The selection
of receiving sites vill consider the MOL orbit, surface conditions,
nd antipodal effects.

5. DE1RFACE OF EXPfRWE3 WIf MDL PROGRAM

Effort under this area vill ensure that the mecbhaical,
elactrical, human factor, and ground support elements which
contributte to the satisfactory conduct of the rperiment have
been considered. The interface of the consolidated experiment
with other on-board experiments, with signal conditioning and
recording facilities will be part of this area. Provision will
be made for recovery of the data from the telemetry receiving
sites in a format suitable for processing.

This brief tabulation of kprfiment areas provides a measure of the scope of
the consolidated experiment. &fTort is currently directed toward defining the
paremeters of interest in each area and in establishing the limit values for these
p-rmweters.

The conduct of the EU'-VF Propagation/Electron Dcnsity-Temperature ,xperi-
mnt vill yield a considerable amount of data recorded an the MOL vehicle and at
the :round receiving sites.* Data reduction, analysis Lnd interpretation are
expected to yield, for eample, the follcwing results:

1. %te propagation parameters of an 4I2-VLF space-to-iround link
winl be determined. If Iossible, space-to-space coimnuications at
these freqiuzc ies will also be investigated. Ground-to-space paths
il yield information on proleJation in reverse direction and will

reflect non-reciprocity of the path, if such is the case.

2. Olytimuw antenna configjratlos for conmnication in the 300 cps -
30,000 C03s frequency range will be dotermined, as will the dependence
of irrnpmaation efficiency on antenna orientation with respect to the
earth's inaisetic field. Antenna impedance will be monitored over the
range of variation of the frequency, power level, antenna configuara-
tion and orientation.

3. A compreheniive survey of the BW-VLF signal enviromnent at MOL
orbital altitudes will be conducted. This will include measurnt
of backgroud noise lervel.

4. Etectron and ion concentrations in the ionosphere will be deter-
mined as a function of vehicle position. This will provide da--niht,
seasonal, end to a limited degree, height variation of these concen-
trations.
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5. '1%Pe .npmma sheath m-rowv!1 mg the orbitin! vohicl- vrill b_ in-
vestigatod. Charfed p:--tlel.c conc.ntration5, shcath potcntials
a4 "(xcmtIa.! gr•-Aionto will be doterminad. The effects on the
sheath of antenna nd. boom deployment, vehicle attitud1 adl posl-
tion anA on-board .!Xct-Ysr.PVv-tic r-ndleation of various frequoncies
and vxnur levels vill be determined.

TASK II - i.DIIAITION O Q I#OP4T

The .prelMminary redi•,fnitinn of the eqn!,iv.ent cort.nuiir.aton for the consoli-
dated experiment haa.rcemited in two classns of ,cparvi...nt ,nr-nt: tLtose com-
pononto which must interface vith the w.hi.c.L.- ,!xto-rior an-i tho .racc enviroiriont
(e.s. antennus, boom., sensors); and those coY.r'-"rnts which form part of the
MOL electronics corp)lemunt.

Figure I is an artist's convio•ption of the MOL on orbit it r:"th .•c- 72-VLF
rwiennas end ..-Pama sensor bocto. Althouih rierxt c-ibinations of ant.r.-o.•m
con'iiuir ationas are possible, ultimate selection of a t:erticular set will reflect
trade-oEis of physical and economic factors agminst performance. Work is currontly
under W to determine the :crifor'iance of each ?armintton -nrl t ,7 tf. tQ2
weight, size ml xower reaulrements of the ,arious ri.An!ti'nn cone:i.,r

The block dise&rin of Figure P_ -pr,'snts a funetIonml analysis of the coantrol,'
display and data colloction Lortions of the axparimunt. Detail definition of each
of the functon0 outlined in the block rlivar-, ann. ter't'tion of., .r.ter
limit values !o being uiursuod. lhqv int.-face of the v.-rious blooces J."Krh w
systcnSn, OAta conditioning., r -.n?'and t,-Anetry will ba c n•:nqI.A' fs .as te1s
of the .DL system -. ur-'th,•r de'f-ined., Int,:rface %iffects reo suiti froxi cT.ox)n
usage of on-boaxd diswlay w.ind control. ýIco'.les mrt z A.il.ly be considered.

ICIL, Code 5115-A
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OPTIONAL FORM NO 10 5010-106
MAY 1962 EDITION
GSA GEN. REG. NO. 27

UNITED STATES GOV()\ERNMENTI

Memorandum
TO " 7 = DATE: 22 OcAtber 1965
ViA I Code 5100

FROM C 51W

SUBJECT: Octob~er 1965 )Monthly Pkore'os Report oM WZPUM~ RT 70hX90/6521/Pi)9.05.-O2;
fploitaJAto of Spsco 71s -fects for Satellite Caummic•tion, Cowaod
and Control and Anti-atactiotn Capabilities in a Satallte Surmillanmc
System (U)

1. The Primipel effort dm'ing the umth b boen tho c ,ntinuatlon of the redoWfnl-
tion of the consolidated RW-V! Propes tion/glectron retaitl'rzporet~we and amo
hyntro4nayi (RD) IWm ~pRcyaraut, 11Wticular wjpbuis Wnbe=a placed cc the

aof the operatiaal cpabilities of the vestem Thi roport presents a
saa of the factors consid•ertion tord ochling this e•hanced cap-ability.

2. The limationso of W mad nicrmuws t r-mmiseons to l.ne-of-eight distme.s 3r
to lcxZer z mwss- at thae xpan Of largo, carefully- oriented enem precludes t;.*
se of this portion or the .ypoctr, m a aoarld-vit icatioe link to
widely dispersed nwial, fowcaesoTh HF rftion,, tbonub vi144y umads requires frequenut
changes in oysrat1325 froqui%=Moy, is sW&ject to rapid and sewwe fadiwnar'md,ý at tirzat
of solar distu'banee, is alvost ccwlat&4 umasble. Furthermore, atmspharic
zuxlear bursts can povut V oommmlosntlo fbr ma hos followi the burst.

3. Me awd for a reliable lo-ngm=r eamoina•tiol cap•bii.ty for the awfal servica
ha. led to the deveoymmt of a stn ltilzJin the VIP portion of the radio apctrua
To achidwo this long range capbility and the ability to co kg~t with .mamacaed
vessels, extraly high �ow trimtters axe cqploed,, togatber with large =tame
arrie installati••. The mjor part of this e npit is to d that thin
l'W rs~a cap~ilit~y my be achieved utilizing syme vehictles carrying rmlativ'ely
low pw tranmaitters and resaonble utuzaa stct s.

•. a rocket yrote d stMellitest instru ted vith VTI rwcLvere and matm-me-
(e.g., I I, un Il-A, AluTZ, 000)) hewms ii that y prapasstion f•
ground to sp can be affected. 1Pi-oi•son in t11 reveres diretica, frm ey to

gr~ihaw also b a a abown to exIstv va tbou& n )=man f~lah~te of tIZP ~
ant~otd space vehicles have been n~o Obevations at 'ubistler" sml~rl m-

other •IP antropbric - b-ave been aMe. W awe nm to hmv bcaa proipat-ed
within the gamtmerhav prior to arrival at ground •reedying sites. Too Ti a•ceytion
abord spute vebicles indces that the Arq I or f mWU0o h 91=3
within tbA tanspisre is at least an order o wagrdti f greater th that dwrw
at groun level. fkU1 invastigation of the ZTJ'.VI siaal and nolm anvfrosmtct withtri
the anosesd the coupling= =a~ b i~ida this anryraw the free-
space c itios of the fw a mmjo part of the 1rapagaticn ex
IncludM in tbis investigation will be the offets of f*, polarltion
an directiom of propa ion relftive to the orientation of the earth.m eic rield.
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5. In addition to its role as a *oiasmication tezinal, the utilisation or the
experiment U/-LTY recelver complex as a mens for the detection oc rEW waves wl
be studied. It has been postulated that the mnw'mt of spacecraft at owbital
velocity through a mageto-lonic ned' mW a mmite and lmb such W ave modes.
Interaction of electric fields,, sch a are produced by satollte radio tranwissionst
with the ionosperic plain = similarly excite msuh .aves. Althomh these ooncepts
are currently untested, their potential application as satel1ite daetetion techniques
should not be overlooked.

6. In sWprt of the proMagation asp&ct of the experimi t, a mber of complamentary
investigations are required*. Tha I±nude antenna maeaeravrnts and a
diagnostic probing of the plams anvtro=nt of the vehicle.

7. Theoretical studies have been conducted which hav that the effective length of
an antem in a imawto-ionic medim sch as the ioosphee my be sevaral orders of
mzanitud greater thon that of the same ontnna in free spe. Thus, highly efficient
VLF ante-m" of reaoable size mw be possible in the itoepbree. Ipedance mraure-
Ments Mad roeeiver-equippAe spae. probes have been somewhat conf'lictin and
further inveastpitin, both thooretifal and isperiits3, is necessary. The effects
of antena orimtation with respect to the magnetie field lines also nreds further
study. The behavior of witarma i Mpedn- as frequen~cy and emitation ixnr levels
are varied is cmlots3,y unm for an $L- phi•, nvira t. IMpeda& e variation
may be experianced due to alteration in the boding plain madium (e.og., breakdown,
fiold-infted Ionization) as the frequenc end a~citation levels are varied.

8. The coaelentary investigation of the plamms environment of the vehicle sad its
attendant antennm etructures wil jarvide n•eded data for affecting optitmm matching
of antenna* to the propagting madlua and vill proviAe the data for correlation of
path loss calculationt vith the nature of path along &hlo the =oerg is propagated.
Infozattion is neodd on the maenitude and variation of the abient plain densities
in vhich the anteman ar" iatb ., the rattwe of the plan heat~h dI t-
sUrroUNSing the vehi*le, the pot• tials SM potential greAdintst whih exist on the
vehicla and their variation with changes in transaitter frequency, poer level and
anterma lengths.

9. Studies designed to provide insight into som of the aforemetioned problm areas
are mder veT. A athmatical analysis of the *o•zling of eonr f an antema to
an wdsotroyie plas ma dim to being condiuted. From this analysis It io hoped that
an optima atema onfigurtion and orientatlon can be debwed and incorporated into
the experimnwt pien for in situ verification dw'ixg the fligtit prograimI This is a
contimat ion of waft originally reported =Aaer ref e~rmens (a) an (~

10. A co-, rehansive sarvW of plain diagnstic probe tochaniquss in being conducted
to enate that the experiment Inwtryom tation is best suited for the d+termination of
those parmwters which affect the lAscing an propagation of the VL? tranm.issions.
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11. Tho resilts obtainad from these and ubseoqwunt efforts 'itich arm dohiewnd to
provide an enhanced capability for the mperlmcmt will be reported as they become
available.

12. In addition to the "in-house" efforts toward providing, a meaningful investigation
in tho several arcas discutssod, it i. planned to contract for a desi&m study conducted
by an independ•mt source. Tbo Request for P-r.ojxa1 for this design study is nearly
conpleto.

References:
in) Slectcomagnatic Research Coryoration Report No. MM-4250-1 of 30 April 1965,
Satellite Antona Rfaiation Properties at VLF in the Ionosphere".

(b) Amemt, W. S.; Katzin, J. C.; latzin, M.; and boo, B. Y. C.; "Impedance Of a
Cylindrical Dipole havir;s a rimtwoidal Current Distribution in a Homogeneous
Aninotrpic Ionosphcre"; Radio Science Journal of Rescarch, A/USEC-UnsI, Vol. 63D,

o*. 4; April iw-.

C. J 1 a KEWR
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OPTIONAL. FORM .40. i0
MAY 1962 EDITIOI"
GSA GEN. REG. N'). 27

UNITED STATES GOVERNMENT

Memorandum
DATE: 2 f 1965

SUBJECT: m f for - l], - S-/231 Aw'im an Of

Ref (a) inawEcea 0898 at 1 Ija 2965

Rm1 I ýi um im ft 112. S -miam or 214 jv 1965
21 x~lsv flepmr fbi' Mbu of Abvobu 19651 5ln)-l2:cJX m
of 24 Nwi 1965

I. In s with p 5 of refeei (a),v (1) and (2) we
f tWrim-od.

20 . UM. IK

-1inifled vb 0l.() in ow.o
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5110-187: CJK: earn
NRL Prob R07-15
24 November 1965

PROGRESS REPORT FOR THE MONJ OF NOVEMiBER 165
11OL M IMEMmS Sl/S23

WEPTASK RT 704502O/6521/FOl9-05-O2 (U)

1. The redefinition of the experimental tasks which have evolved as a result
of the consolidation of the ELF/VLF Propagation Experiment, the Liectron Density
and Temperature M-•periment and the Magnetohydrodynamic Wave Investigation continues.
WJork has continued on the analysis of probe techniques for plasma diagnostics, and
on the mathematical treatment for describing the couplinr of enery from an antenna
to a surrounding magneto-ionic medium. Work initiated during this reporting per-
iod has been directed toward the determination of the data requirements of the
experiment, and on the investigation of the ELF-VLF signal and noise environment
which may be expected at a ground receiving station.

2. The investigation of probe techniques suitable for conductirng "in-situ"
measurements of the ionospheric plasma and of the plasma sheath in the immediate
vicinity of space craft and its attending outboard structures (antennas, etc.) has
resulted in the preparation of a memorandum for file 510-186:RIGD:eam, which
provides a summary description of several of the currently used probe techniques,
together with a brief description of the operating principles involved for each
type. The memorandum is not to be considered as an all-inclusive listing of
probe types, but merely as an indication of those types which have enjoyed con-
siderable usage in rocket ansd satellite ionospheric plasma investigations. In
the continuin- study of this aspect of the experiment, other p'robe techniques will
be examined and the merits and disadvantages of each considered in achieving, the
aims of the experiment.

3. 'Tle theoretical analysi- of the coupling (radiation) of energy from an antenna
to the surrounding magneto-ionic medium is progressing slowly. Uncertainty in
the form of suitable antenna source energy distributions, the effect of the plasma
sheath on these distributions and the complexity of integrations required, suggest

that any solutions that may be obtained may be only partially representative of
the physical nature of the problem. Any additional knowledge of these effects
will, so far as is mathematically tractable, be incorporated in this analysis as
they become available in the literature.

1-. During the past month a review of the data requirements for the consolidated
ex-periment has been initiated. As a first step the data associated ewith the pro-
pagation portion of the experiment will be assessed. Consideration is being given
to all parameters of the experiment which require measurement. Among the items
considered will be amplitude and frequency content of the parameters, sampling
rates required to provide adequate digital codir4, of the data anC. constraints
which may be imposed by the central on-board data collection facility.
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5* Analysis of the data requirements is also expected to indicate the umount,
Lf any, of permanent analog data storage which must be provided on board the
vehicle to achieve experiment goals. It is conceivable that sampling rates
available from the central processor for digitizing of the experiment data may
be inadequate (or perhaps marginal) for reconstruction of the original sensory
data after receipt at Lground stations via telemetry. If this proves to be the
case, a requiremant would extst for rccording this experiment data on board the
-.uhicle, in analog fashion on wmnetic tane, for eventual physical recovery.
s;uch data may be requiredi to complete and/or validate that obtained via telematzy.

. The data analysis conducted on the propaation subsystem will be incorporate6
)art of the overall _•l"-VU. Propeagtion/filectron Density-TemperaturetAvll .Ta'te

,bqmriment Data Plani. IMe Data Usage Profile generated for the original. Electron
Dansit:, ad. Temne.rature Er.eriment establishes the format planne(, for use end is
:,.ect.'. to Euidc in the .nr..mration of the usage profile for the consolidated

7. ;l,=.nts of a -Y-mrud receiving systum for use at '"LF' have been Installe-d
in th. laboratory. 'h21ijse provide tha basis for conduct of prellmina-y inxpcxri-
mcento1. rnvestior.-'t;In of th%- signal an,. noise environment w.hich may be ancountere-
:. ~-11 r!.l2 situ in this frequ4ncy rankre. lThe instrumentation curruntly 1notal47

I-. IP'"LF 2 •.Wu-X .station terminal) consists of a broaffbaand rec,.-ivur front anL,
lT3c,-e o3cillatorz a nd%. -e ameplifiers to provide narrow band rec.rt!on at
!0." ,/s-c and 18.0 :X/cac. This equipwent wirll be used to conduct a spz-ctrum
.nc.1ysic of thQ ban, an.-1 to identify additional instrumentation requiram.2nts for
thŽ ,,round receivi-i." sites to be operater,. as .par of the ezo.r~mcnt.

P. I' aszign stm:•-, to be cinducted on am-ard of a contract is -lanne to nr:.V- :u
"mn Independent a.-mroach to,. achievement of the axperiment ,oa0.80 A .1agyu. ,-.

S."- r'•o,"•I_ .. _o-' -uch a cont:r.ct has been -e.nared in rou7.h dr-aft f1-m. r'upr '-a
raion - a .o-3otth !LT an-'. its issuance irill be deferred ponding 1!urther .. '-ctlon
"r,',----cading a=,rimmnt ctatus an,-. the necessary fundingt has been received.

.J /
C. J.K1!E
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5ll0-186: .L'rD: e am
IRL Prob RO7-15
24 ITovember 1965

I•.ORAMiDUI 2OR FILE

I•TRODUCTION TO PLAS1vA PROMI FUNDAMEIBTAIS

2lT,11RODUCTIO:

This paper is an introduction to t+,e opc-mation of some of the standard robý.hs

uz•2d in dc-termininr- the chaa-acterietics of plasmas. The literatur'e %-xstin-, on

;ach probe is both volurinous and complex. As an introCu;Itory surrvey, this paper

avoids the mathematics and electronics and tries to concentrate on the fun"amental

principnles of operation of the probes. Thus many thin's will b• state' writhout

mathemr.tical justification, with tl-e aim being7 to ve the re,-C.cer a -'e1ins for

the phyzs c e -o'ocesses invoIlvef in thz -nr'obe oreratlon.

The fih r -r-os di.3cu,seod are:

1. Electrostatic (Lanpmuir) Probe

P. Double PrLobe

3. Modified Double Prob7

4. iaasonance ProbU

5. Then.mal :qualization Prbobe

Dcf'oru discus.in7 each probe, a general introduction to the irnt. icaction of con-

Cuctin', bod, with n, plasma is riven.

uoa i ler an inarina,-' cu'ze in a nuutral "lasrma, _.1& 1. £ r :anCom notiOV..

of the chax",.-J -prticles .a--s t1,e net current flow accross ary Lr- .'ace of th:e

cubý zero. :hat is, th.• random current 1•cnsity J of particl!s -,':ss"•.- fron. on,.

siloe of a surfac2 to th,', oth':- is

where n is the particle density and u is the: average nxrticla velocity.
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But since this is an imaginary surface, :P equal current density exists for

part.iesle crossing in the ojposite direction. This is true regardless of the

Char-ge of the particles. Since the mass of the ions are greater than the electrons,

th -n in thermal equili. ,ri-'m the ..v-.a:- velocity of the electrons is higher than

the average velocity of the ions.

Now cL1 ot a sudr-n).zt the walls of this imaginary cube become conductors,

see Figure 2. IC)
ý W+

I )

(-)'
(4')

i+) Figure 2
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Then each wall sees only particles arriving from the outside, so that there is a

n~t flow to each wall of electrons and ions. But since the average velocity of

the electrons is higher than the ions, shown in Figure 3 by longer vectors, the

tralls receive a net flow of electrons and begin to become negatively charged, see

-/

T1h potential of the walls now begins to repel the low energy electrons but
•llows some of the hijh energy electrons to collect on the wall. Eventually, an

cauLlibritun condition will develop in which the small electron current to the

Us will just cancel the ion current, resulting in a zero net current flow to

thie w-ralls, see Figure 4. 1

le &Ma - t

f

/
I
I

\ \ ýýýL-)
(+)

I

1
I

I
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L:i this equilibrium state a sheath has developed around the cube which consists

rncainly of ions which shield the plasma from the negative potential of the wa.1ls.

L-,Z'JT1ROSTATIC PROBE:

The circuitry of thi ;. probe is shown in Figure 5.

A

IV

Fiur J

Th. O.J.:, of the ,rol-a is vroied w1ile the current to the probe is measured..

Th. .. om.try of the probe may be planar, cy:L'ndrlc;, or spherical. In gun-..'aL,
i;W. nri-ob, chsaacetter sttc w.ill aPear as shown in Figure a.

elecro "

, I/
I

-MV . t+V

it I

ýo0 c%*we¢t

Figyure 6
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This current-voltage curve can be explained in the following way. Starting

in region I, the probe is at some negative potential VF (floating potential) with

the net current to the probe being zero, as discussed in the introduction. As the

potential of the probe is made more negative (region II), more electrons are

repelled allowing a net ion current to flow to the probe. Increasing the negative

potential increases the ion current. In this region the probe is said to be in

ion-sheath operation; that is, the probe is operating with a sheath consisting

mainly of ions (see Figure 4). In region III the negative potential becomes so

great that the accelerated ions begin to knock electrons out of the wall which arc

naturally repelled from the wall, so that the added electron flow away from the

wall appears as a positive flow to the wall, or tends to cancel the small electron

current to the wall and the curve dips down sharply.

Again starting at VF in region I, when the probe potential is made less nega-

tive, more electrons are allowed to be collected by the wall. lTen the probe

potential becomes equal to the plasma potential Vp, there is no sheath and conse-

quently no electrical forces on the particles. Then the higher random velocity

of the electrons results in a net electron current to the probe. This current

has to bu continuously conducted away by the circuit for the wall potential to

remain zero with respect to the plasma. As the probe potential is made positive

(region IV), the positive charges are repelled and an electron sheath is formed

preserving the neutrality of the plasma. In this region the probe is said to be

in electron-sheath operation; that is, the probu is operating with a sheath con-

sistinG mainly of electrons (Figure 4 with signs of cha-es revers.-d).

If the probe iz operatiig at a potential which is slightly negative• with

respect to the plasma potential, some of the electrons will hay-e sufficient ener-

gies to penetrate the sheath and be collected by the probe. If the electron dis-
tribution is assumed to be Msxwellian, then analysis shows

d- (l11 Ij1) e - - (2)
e

where J is the electron current density, so that a linear dependence of ln 1J

on voltaGe indicates a Maxwellian distribution and the sloape of this straight line

gives the electron temperature while the bend in the CUL . gives the density.
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DOUBLE PROBE:

It was assumed that with the single electrostatic probe a convenient refer-

ence potential was available. In some cases this is not so, and a double probe

may be used. The circuitry for this probe is shown in Figure 7.

SPv,.• I Ro,,,e z

V-

Figura 7

It is irst assuned that the two probes are idenLical and the sepa'ratien of

tii 3rcb s is such that theaie will be no mutual interf1,enceo *.W-hon the pot.ential

difference V is varicdd, a characteristic cur-ve results as shown in Pigurj 3.

I

Rvei Z satu wa ej
t'" feCS t +e COAv P

.. .S.......

0-0~

0-0

-I
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When the potential difference V between the two probes is zero, each probe

will assume the same floating potential and the net current will be zero, see

Figure 9.

Figur~e 9

When the potential of probe 2 is made more negative, Figure 10, probe 1

moves closer to the plasma potential and allows more electrons to be collected

while probe 2 repels more electrons.

II
I
!

z

Figure 10

Thus the surplus electrons in probe 1 flow to probe 2 resulting in a current flow

shown as some point "a" in Figure 8.

When probe 2 is driven very negative, Figure 11, the sheath around probe 1

is collapsed even more allowing more electrons of the plasma to be collected.

Likewise probe 2 will receive practically no electrons and a high current flow

from probe 1 to probe 2 will result.
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A 2wrther increase in the potential difference of tha probes wrill have !itt2'

eJ."cc t on the current flow butvu.en them, for no more vlectrons can b.- collete-

b, .robe 2; therefore no more elActron.. need flow from -roba 1. Thus, in this
:-acturat-d condition, thu-. curr..,n!' chaxines vey little .rhil: the potential of

,Irobeu I remains constant with respect to the plasma and the .-o•cntia! of 2 -;oes

.,c-:.. negative aong with V. Under these conditions p-o'e 2 is consi"-re !:'.:.:u-

oca .Aith resecct to positive ions, see Figure 8.

13,cause the two probcs are identical,. the curve iz; sy"mietric about the

ori'in. the otential of he .1l-11 . dlffers at thu two prubes) the 1 0 .o-

:l. beW displacud alonr, the V axis. JAai.ysis of this --robe gives

1n - 1 " - (3)
L J C

where Ib is the probe current at thu bruah, point and Ie is the clectron current.

Since only electron currint at potentials cloac to V can be acce.-ted, tbh main

contribution to the measured electron current vill bc from the hig.h energy, tall

o." th. distribution. If the distribution function f(E) appears as shoun in .Figure

' -, t.en the potential VF of the i..-ob. -pels the particles with exnCr y below

but aecc.ts those wfith (ecLter ene.,y.
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Figure 12
IL43' EyteP3 Ta.d

Thus from equation (3) the electron temperature can be determined while the bend.

in the curve at saturation levels gives the density.

MODIFIED DOUBLE PROBE:

As stated for the double probe, most of the electrons collected by the double

probe will come from the high energy tail of the distribution. If the distribution

is nearly Maxwellian, this type of probe is undesirable. This difficulty can be

overcome by use of a double probe with the dimensions of one probe (collecting

area) much greater than the other probe, see Figure 13.

-VA I

I

I00C

Figure 13
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If the dimensions of the sheath with respect to the probe area are large

(probe 1), the ion current collected by the probe will depend on the orbital

notion of the ion. "For exampJ.e, if the velocity of the ions is very high when

they enter the sheath region, many will merely be deflected and not collectud.

Under these conditions, the current is referred to as orbital-motion-limited. If,

on the other hand, the sheath dimensions with respect to the probe area is small

(p.robe 2), then practically a-l ions will be collected regardless of their orbital

rnot Lon. Under this condition the current is referred to as sheath-area-limited.

Through expressions for these t-.wo currents the characteristic curve for this

- robe systmrn can be obtained ,.hich results in a curve very similax to the sing l.

:;.,ctrostatic probe characteristic. Thus the problem of collecting only high

en-"';'y ;:Ucron. is greatly reduced, anid the electron tempcrature and density cCn

bu datuminied as vith Lhe aJ!ctrostatic orobe.

2(LUC2 RI0BL7:

Tihe r_-sonance probe consists of a snall r.f. volta&-e superimposed upon the

c,;,tant -?oentiaJ of the probc. The circuitry is sho*i.2 in Figure 14.

ilj

.hcn the fri'equency of tht. '•o•olation is swv2i-t throuigb -the p, lasma frequency, a

,,kairactersztic curve :6csults as shoim in Fi.jurc 15.
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Figure 15

The peak of the curve a~mears at the plasma frequency co while the half-width

of the peak depends on the collision Crequency. The distance 8V of the curve

from the reference line is proportional to the amplitude of the r.f. modulation.

The curve can be explained in the following 'ay, going from left to right in

FigEure 15.

In addition to the plasma parameters the radius of the sheath around the

probe is "-rimarily detezmineJ. by the static potential a;-plied to te probe, while

the penet'z-ation depth of the r.f. modulation into the plasma depends on the

frequency. Consiclerin tile dielectric constant of the sheiath to be nearly the

same as free space, then at frequencies belor the plas&na frequency the penetration
deith of the r.f. modulation is less Ithan the sheath radius resulting. in the

electric field of the modulation being shielded out within the sheath. Thus the

incident current to the sheath wIll be unaffected by the modulation, and only

ihen the particles get near the surface of the probe are they affected by the

electric field of the modulation. This leaves the current practically independent
of frequency. As the frequency approaches the plasma frequency, the penetration

derth increases allowing the electric field of the modulation to enter the plasma

anc. disturb the motion of the incoming particles. This fluctuating current will

be superimposed on the steady current and its time average thereby increasing the

current through the circuit.
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, -•n.nt with anyr resonmincc -.henomenon, this effect will have a maximum at

-- '•'a frequency,. tsLI. fruquency iL further increased, the effect of th...

.o;ciltx.ýnr) electric fie2. .' tile riodulation on the incomingh electrons will
. ni...'sh and eventually h-ve no effect at all. That is, the frequency .ill be

-i that the electrons -.ill not see ana fluctuations and bAhave as if tha<,

:evooriginrd static fie3d. with no r.f. modulation.

.- orn the characteristic curve the temperature of the electrons can be de-

' •.l•neQ from the first - art of the curve whfile the peak irill give the plasma

iZeiquency. From the p-lasr-a ir,:quency the density can bC d.etermined and. the
Co(!'siof frequency -..aszured by, the half-width of the -,eak.

"L ;."IL$L IPZUALIZATIOX PiOB2 :

This probe is desi-ned to rneasure the potential byquired by a conductor

::32I in a )lasma. .. s discussed in The introduction, a conductin, body j2.6Lcec

i.n a w'.-.ma will assuxie a floating potentia! such that the flux of the incornZi

.•ctron. and ions will equate resulting in a zero net cur:'crt Lo th.e vialls. Tihs

.. (;3 a sh'eath around. the body causin6 a. potential differ'nce tu exist btxe-ern

,al nzs `a,.the -.. a"....a.

The Th,_,rmal :T].ualizat.on Probe (T.2.P.) is attachud t-, but clectrically

h.ulateJ fr'om, the bod.y vouse -otential .1..;ith rv2s-:ect to the ..as. .a i" to be
Žc• •-r. in,, see Fid~urc L}..

Figu,'e i.

Thc T.ý].P. consists of a hollow conductor in i.rhicl, Is a heater. Initi...ly,

_ ,..' :Lz at the float inj- potential vith zero net cua.rrcnt to the DrGe (.quaa
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vector lengths in Figure 17a). When the heater is turned on, the temperature of

the T.E.P. rises and begins to emit electrons like the cathode of a vacuum tube.

This out-flowing electron current tends to cancel the incoming electron current

allowing the incoming ion current to make the probe potential less negative, see

Figure 17b.

.0 - "

I f J _

Figure 17a Figure 1TO

As the temperature of the probe is increased, the probe potential and

sheath thickness decrease. Constantly increasirt; the temperature vwill cause

the probe potential to approach the plasma potential. 'Men this happens, a fur-

ther increase in terqperature will force the probe positive with respect to the

plasma, at which point the potential versus tmiperature cur-v (Figure 18) makes

a sharp bend, after wfhich it slowly rises czs the temp•ro atuca. ncreases.

V
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If the ,potential betwreen the probe and the body is monitored, then a probe

•ios tcmplrature is set to ol-crate slightly above the bend of the curve will pro-

ide a continuous measure of the body to plasma potential. Analysis of the depen-

"Ience of the voltage-temperature curve on the plasma parameters results in the

'ollowing concluslons:

1 The T.E.P. voltage emission characteristics are nearly inderendunt

of a3.l parameters ex'cept the plasma density.

2. Thc slore of the curve above the bend is uniform and proportional

.o 1robe temperature.

. Tho el'ctron aensity determines wrhcre the .roltage-temaerature curv-

crosses the plasma potential axis.

PROIR D=FFICULIE S:
1'a-h probe has -Lbs b•m o-erational problems, but there are also many diffi-

culties that are corinon to all types. The probe characteristic cu1rves are ex-

lainud t1'rouCgi theoretical az s2,yses of the probQ-ir.asma interactions. This

necessftaIcý the postulation of parameters an.J processes that govern the probe

a~er•.on and then fo:'mLLatir,,, these math:riatiLcally. H1opefully, th1L leads to

solutton iWhich co&,responC to the measured characteristics. If these probes Car

,iI'.rate in the ionosphere .,here the Plasma parmaeters and process -s not only

differ ;reat.y from the laboratory plasmas, but are also naturally occurrin, and
T'us uncuntzolable, ';hen the formulation of the analyses of the probe oltrat'ons

'•u'4 : be rev,!j=rQ cCaefully. ,ie effects of such things as ultra-violet radiation

cE.*u Uig, T h-toclectric efiectL, hgh probe velocities (since the;" .ri1r be attacie.1
to satellites), Jisturbances ',y other experiments near by, the earth's marnctic

fi el, etc., mrut be looked I nto.

As stated before, the main difficulty of the electrostat Ic probe is the

unavailabilUty of a reference p-otential. For a satellitu-mounted probe, this

•-l) usuolly mean the sate-llte potential itself will act as the -;round. This

imrlies that not ornl 41-- potential should be knowm, 1ut also : 0otential cho-nges

with environmental chan:es (-cr-ni ;ht lighting, ion3spheric changes with height,

etc.). This problem ccn be reduced by us f.rin the nodtfied double probe; howceer,

the ,2nniis of t'e charaacteristic curve 1.- much harader s .nce the probe combination
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is operating between two extremes (sheath-orbital-limited and sheath-area-limited).

In a low density plasma, the determination of the bend in the characteristic

curve becomes very difficult.

The resonance probe seems promising for ionospheric studies, but recent

literature raises the question of whether the peak really occurs at the plasma

frequency. Rocket flights with the T.E.P. have been successful; however, none

have as yet been employed on satellites. This would imply that the effects of

additional environmental characteristics associated with satellite operation

would have to be incorporated into the theory and design. This would include

such things as high probe velocities and wraes, long operation times, secondar•y

emission of electrons by bombarding electrons, ions and photons (photoelectric

effect), and the earth's magnetic field. For example, if the point of operation

were set, but some unforeseen condition forced the satellite potential positive,

then the resultant data would be useless.

Regardless of the probe or probes used, there will always be the structural,

electronic and telemetry problems as well as the effects of other experiments on

the probe and vehicle environments.
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5110-207:CJK: eam
NRL Prob R07-15
21 December 1965

PROGRESS REPORT FOR THE MONTH OF DECEMBR 1965
MOL EXPERI TS S1/S23

WETSK RT 7045020/6521/FO19-05-02 (U)

1. Previous reports on this WEPTASK have discussed the redefinition of tasks
associated with the consolidation ELF-VLF Propagation Experiment, the Electron
Density and Temperature Experiment, and the Magnetohydrodynamic Wave Investiga-
tion. Such redefinition has been directed primarily to the technological and
operational aspects of the program. In contrast, the effort during this report-
ing period has been directed toward an examination of the milestone/schedule
planning for the experiment.

2o The delays in approval and funding of the experiment has resulted in a
situation in which adherence to the previously prepared schedules (Sept. 1965)
mould require that the experiment be conducted on the latter phases of the

launch schedule. However, guidelines received from NAVMDL indicate that the
military technology experiments must be planned for inclusion in the first man-
ned flights in order to enhance their consideration for the program. It is with
this constraint in mind that the consolidated experiment has been rescheduled,
wihile still encompassing the scope considered necessary to achieve all of the
previously described goals. It is considered that this schedule represents the
minimum time in which the experiment can be planned in detail, and equipment pro-
duced and delivered to the vehicle contractor for integration with the orbital
laboratory, consistent with the current moderate funding and staffing plans.
Additional delays in rogram go-ahead must result in the utilization of addi-
tional resources and/or the curtailment of some of the experiment objectives.

3. A preliminary investigation into the data requirements of the consolidated
MLF-VLF Propagation/Electron Density-Temperature Experiment has been completed.
A memorandum, "Experiment Data Considerations; Exploitation of Space Plasma
Effects - WEPTASK RT 7045020/6521/FO19-05-02", ML 5110-206:FTP:eam of 20 Dec-
ember 1965, has been prepared in which the parameters of the experiment and
those of other on-board systems germane to the conduct of this experiment are
identified. A first estimate of sensor sampling and encoding rates and accuracies
are presented. Similar first estimates of total data quantities and rates are
obtained, based on a previous and now somewhat obsolete Data Usage Profile.

4. A revised Data Usage Profile and Power Budget Plan for the experiment is
in preparation, and will reflect the results contained in 5110-206:FTP:eam
Mmemorandum.

5. The draft copy of the Request For Proposal for an Engineering Design Study
contract has been updated to be in accordance with the newly generated milestone/
schedule plan. Final modifications and submission await formal approval of the
experiment program*

ENOL (1) TO NRL MEMO 51O-2O8:EFK:eava
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6. The investigation of probe techniques, analyses of ELF-VLF Propagation,
and the theoretical treatment of energy coupling from an antenna to the iono-
spheric medium has been pursued sporadically during this period and no results
of significance can be reported at this time. Effort on these tasks will con-
t-inue.

7. The ground station instrumentation has been augmented by the acquisition
of a one meter square loop antenna which will be used to further define the
signal environment of a VLF receiving site. Additionally, instrumentation is
planned for the near future and spectral analysis of the VLP region will be
conducted.

C. J. KURNER
NRL, Code 5112
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5110-206 :FTP:eam
20 December 1965

ME40RANDUM FOR FILE

Subj: Experiment Data Considerations; Exploitation of Space Plasma Effects
BWPS WEPTAYSK RT 7045020/6521/FO19-05-02 Ser 08985 of 1 July 1965 (U)

1. The stable phase characteristics of VLF waves and their long range propagation
capability in the earth-ionosphere cavity provide reliable communication and pre-
cise frequency comparison between ground-based stations and to a lesser degree to
subsurface receiving stations. An extension of this capability to space stations
in the ionosphere would provide operational advantages not presently existent.
Toward this end, an investigation of space conditions in the environment of a
manned orbiting vehicle as related to electrcmagnetic wave transmission is being
planned. The tasks to be included in the experimental investigation would include
measurement of VLF/ELF transmissions from space-to-ground and from ground-to-space,
characteristics of space plasma around the vehicle and its effect on electromag-
netic wave coupling, magnetohydrodynamic (hID) wave effects, and an assessment of
interface relations and astronaut performance and influence in conducting the
experimental operations. Various types of sensing devices are needed to measure
the desired parameters, and their outputs must be recorded with suitable accuracy
and correlation in time and position to provide data completeness without super-
fluity.

2. In any experiment involving the collection of quantities of data, a primary
problem is created in the processing and interpretation of the data to obtain
usable results in a reasonable period of time. Some experiments provide measured
parameters which are readily reduced by automatic techniques to a form suitable
for entering in a computer to obtain desired functions. In other experiments,
the measurement conditions are so highly variable that the data does not respond
readily to means for extracting automatically the parameters to be processed.
Measurement of electromagnetic wave propagation is an example of the latter. In
many cases, to derive meaningful results, it has been necessary to make continuous
records, over long periods of time, of received waveforms from sources of interest,
and then to scan these records visually to locate conditions which could be re-
lated to other parameters. This procedure involves much manual effort and time.

3. In the experiment on space plasma and propagation conditions to be conducted
aboard the KOL, an attempt is being made to condition the experimental data in
different ways so as to permit the desired parameters to be evaluated in the most
effective manner through the elimination of undesired effects. A sampling pro-
cess over pertinent time intervals is employed in conjunction with encoding to
provide an output in digital form for high speed tape recording* An analysis
was made earlier of data handling to be employed for plasma measurement, so
emphasis here is on propagation. In digitizing the data, one approach would be

ENOL (2) TO NRL MEMO 5l10-•08 :'-P'-.6a.
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to reconstruct complete waveforms. As will be shown, this procedure entails a
tremendous encoding capability, both from the standpoint of digital rates as
well as total quantities of data, even for the low frequencies and narrow band-
widths of this experiment. Thus it becomes more advantageous to select portions
of filtered waveforms and take discrete samples no more frequently than necessary
to include the desired information. As a backup provision for special monitor-
ing, an analog tape recording of selected waveforms would be desirable. For
the frequencies and conditions involved, the required recording bandwidths would
be narrow. The tape recordings could be returned to earth upon completion of
the mission.

4. In reproducing a signal by a sampling process, either in conjunction with
encoding or not, it is necessary, for continuous quantizing with a desired degree
of accuracy, to consider the highest frequency components in the wave in deter-
mining the sampling rate and the number of samples. By Nyquist theory, it is
possible to reproduce a waveform by sampling at only twice the highest frequency
component present. However, it is necessary to apply mathematical procedures
to reconstruct the waveform and this method is not too satisfactory for convenient
and rapid processing. The more straight-forward continuous sampling method can
be applied to a waveform in accordance with the maximnm frequency required, and
the rate and number of samples determined. For a given reading accuracy, 1/N,
the number of sampled levels is the inverse or N. During the interval in which
a level is sampled, a range of values is covered by the variable, and in order
to remain within the desired accuracy, the sampling interval must be no greater
than the time for the variable to change through one level of quantization. The
uncertainty of the precise time of sampling is introduced by variations in
switching and circuit parameters during the gating period, particularly for high
speed sampling devices.

5. An example of sampling conditions for reconstruction of a waveform can be
provided by a sine wave which can be the equivalent of the highest frequency
included in a waveform to be analyzed.

1

A 21...rf
A- ~T

N levels

A/N -T 1
O - s 

t
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The sampling rate is determined by the most rapid change of value, which occurs
at the zero crossing. By differentiating with t-0, the maximum slope is ob-
tained and is given by

S - A x 2%f

If N levels are desired, where 1/N is the accuracy of measurement, then for
element A/N sampled in time ts, slope S holds and

2nfA Nt

Having assumed that the sampling time is equal to the quantization interval,
the sampling rate is given by

R=L =21fNt

6. Employing this formula, for an accuracy of 1%, or N 1 100, and f = 1 cps,
the sampling rate becomes 628 values per second, or per cycle, since f = 1. The
VLF waveforms from a LOFTI receiver have a maximum frequency of 35 cps, requir-
ing a sampling rate of 21980 per second for reconstruction of the entire wave-
form. For a few minutes of reception, the number of values runs into the millions,
and when encoded, the required digital recording capacity of about 175,000 bits
per second is many times the permissible limit. However, by selecting portions
of the received signals which will yield data on the desired parameters, it
should be possible to reduce the data load considerably without losing pertinent
information.

7. Typical of the VLF signals to be processed at the orbiting vehicle are pulses
of continuous wave 300 milliseconds in duration repeated at 1 second intervals.
The transmitted radio frequency can be any value from 300 kc to possibly 0.3 kc
with the majority falling between 10 and 20 kc. Doppler shift variations of up
to several cycles per second per second cause changes in the base frequency.
Pulse phase delays of an appreciable fraction of a second can occur in signal
arrival. Received signal amplitudes can vary up to a few decibels in times up
to one minute, and up to a maximum of hO db with changing conditions over longer
periods of time. Noise background levels also fluctuate from minimum quiet con-
ditions to values greater than signal levels during disturbances. The signals
available from LOFTI receivers are at IF frequencies of about 1000 cps with a
bandwidth of 28 cps, and 25 cps with bandwidth of 20 cps, or as detected envelopes.
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The output amplitude varies from 0 to 5 volts. These receiver characteristics
.rve rCnly as an example, aý. it will be pcsaible in other .eceivers to choose
values which will afford tb,- best signal conditioning.

8. In sampling the waveform values to obtain the desired parameters, different
sections can be selected and processed so as to present the best condition for
the particular measurement. The frequency of sampling and the required accuracy
are established on the basis of anticipated variations in the values and the de-
sired limits, such as whether average, peak, maximum or minimum, and the associated
periods during which they occur.

9. A parameter of primary concern is the amplitude of the received signal. An
example of this signal can be a CW pulse of 300 ms duration repeated each second.
It is available from a LOFTI receiver as a 25 cps IF or as a detected envelope.
For strong signals with little fading, a single sampling of the envelope would
provide a value typical of the full duration. However, as the signal-to-noise
ratio decreases and multi-path effects enter in, the amplitude varies during the
pulse which must then be sampled several times, say every 50 ms for a reasonable
average. Low pass filtering can provide some improvement of signal. In addition
to the main pulse, echo and delayed transmission signals occur during the inter-
val between pulses, and sampling must be frequent enough to distinguish these
forms from bursts of noise. The same rate of one sample each 50 ms or 20 samples
for each keying cycle of 1 second should be adequate.

10. In order to determine the received signal-to-noise ratio (SNR), measurements
must be made of the noise levels in frequency bands of interest. Noise of a ran-
dam nature is made up of peaks of many amplitudes which can be integrated over a
period of time to obtain an average value. A quasipeak value can also be obtained
by sampling the higher levels. At times, bursts of noise from discrete sources
are added to the normal level. These bursts, e.g., from lightning discharges,
occur at random times and are of various durations. Although the noise level can
be measured intermittently with signal reception, employing the same receiver,
the narrow bandwilt' discriminates a 4a-t most of the noise frequencies. Thus
a spec ial wide-beaid receiver provides a more representative measure of noise
conditions. Sampling of noise waveforms will depend upon the degree of detail
desired. Integrated outputs from detection of a wideband channel will provide
average or quasi-peak values from a waveform of normal distribution sampled, say,
20 times per second. Bursts of shorter duration than the sampling period of
50 milliseconds will probably be missed, and the number of samples must be in-
creased to the desired rate if this information is needed.

11. The frequency of the received signals is another parameter of interest. Al-
though the frequency at the VLF ground transmitter is held to a high degree of
precision by comparison with observatory standards, the received signals can vary
by several cycles from changes in the propagation medi•u between ground and the
space vehicle. A direct method of determining frequency is to measure the time
between zero crossings of the radio-frequency wave by means of a precision counter.
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For measurement of time between zero crossings, the base frequency to be used,
and 'the counter rate can be selected on the basis of desired time intervals and
accuracy. Either intermittent or continuous sampling can be used, dependent

sisa m detail desired. Perhaps 5 consecutive crossings to provide an average
v~lte.9 repeated every 50 mas would be adequate for representative conditions.
A second athed employs phase comparison between a precision standard in the
vrihcla and the incoing signal in a phase locked circuit. The rate of change
og ph , or slope of the comparator output is a measure of the frequency and
cn be sampled for Doppler shifts and related changes. In many cases, the change
dxwing a 300 ms pulse will be less than a single phase-cycle, and 10 samples
should provide an average slope value. During occasional extreme variations in
the medium. the value of slope may increase by a factor of three, giving up to
three phase-cycles per pulse.

12o In n.alking phase delay measurements of VLF signals, it is possible to obtain
relcdive values of phase change mploying a precision frequency standard for
cm-sarisom, but difficult to measure absolute values unless some means exists of
aot~b-ishing a satellite reference time corresponding to the time of radiation
o0 a signal from the transmitter. Short duration pulses are used in systems for
timing yA-poses, but the narrow bandwidth, or high Q, of a VLF antenna does not
zmwit fast-rising signal transmission. In fact the slow rise time may pose a

que-otion as to the actual time of radiation of a signal. Perhaps a frequency at
VAF or U[F might be synchronized to serve this purpose but the range is then
limited to line-of-sight and not suitable for long distance VLF transmissions.
Au alternative is to use zero crossings of the continuous wave as a reference.
Tihe particular crossing must be identified, and one way of doing this is to trans-
mit a second wave displaced slightly in frequency from the first one. The times
at •ihich the positive crossings are in phase can be used as reference points,
vith a differential phase comparator employing phase-locked signal techniques in
a receiver, providing the relation between the two carriers. For locating
i•ps~ic crossings with common phase, a clock standard would be needed as a
gross time indicator. Where real time telemetering of data is employed as in
LO:1, a comparison of time-of-arrival of VLF signals from the satellite and
fram the ground VLF transmitter at a ground receiving station gives a measure of
delay. Here the transmission delay between ground stations is assumed to be
dstjal relative to that in space.

13o It is found in measuring phase variations of VLF signals between ground
stations that the maximum change is normally less than the time of a single cycle,
for e=mple, 50 microseconds at a frequency of 20 kc. This value is a relative
phas change obtained by comparing an incoming VLF signal with a local standard
frequency. Transmissions within a daytime area or a night-time area show small
*phaa variations, but a transition from day to night or vice versa gives a change
of tans of microsecondso Sudden ionospheric disturbances also cause considerable
chU~gea, but of a random nature. Thus most VLF phase comparators available on the
Darket have a full scale range of 50 microseconds for signals near 20 kc and
mie-third of this value for transmissions such as WWVB on 60 kc.
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14. For VLF transmissions between space vehicles and ground stations, a much
greater range of values is encountered, since the signals must pass through an
ionized medium whose characteristics vary with altitude and solar radiation,
among other effects. Short term phase changes of up to 400 microseconds per
second have been observed equivalent to a Doppler shift of 8 cps/s. In compari-
son, maximum Doppler shift for vehicle forward motion is a few tenths of a cycle
per second, depending upon transmission frequency. Time delays of VIF signals
from 10 to 200 milliseconds have been observed in the LOFMI project, also signal
echoes occurring 2/3 and 4/3 of a second after transmission.

15. It is noted in WPFMI recordings of some of the VLF signal characteristics
that limitations in the operation of the receivers cause a decrease in the
quantity of usable data that could be obtained. In determining signal amplitude,
especially at medium ranges, saturation of the receiver prevents a measure of
the received signal level. The receiver has a dynamic range of 40 db and it
appears that a higher value, possibly twice the present one, would be advisable.
The phase delay of the received signal, from radiation at the transmitter to re-
ception in the satellite, is subject to some uncertainties. The bandwidth of the
second IF amplifier is 20 cps to allow passage of signals shifted by expected
Doppler effects. The phase variations in the receiver can change up to the order
of 10 milliseconds, and thus measurements are limited to this order of accuracy.
A possible solution where more precise values are desired might be use of a
phase locked receiver for this kind of measurement. Problems which would be
encountered would be first, a capability for locking-on to a varying signal, and
second, a response time suitable for following these variations. The control of
bandwidth to obtain optimum tracking would be required.

16. In planning the plasma measurement experiment, four measurement periods,
each of 15 minute duration, were scheduled for one orbit. Within each interval
of 15 minutes, about 6 minutes were devoted to monitoring or recording experi-
mental data, with the remainder of 9 minutes given to changing experiment condi-
tions by repositioning the booms and probes. A limit of 500 bits per second was
set on the data rate by recording requirements given at that time. The maximum
data possible in 6 minutes under this restriction is 180 kilobits. With the con-
solidation of the propagation and plasma experiments, an opportunity is afforded
for utilizing the remaining 9 minutes for receiving and transmitting measurements.
The time would be divided up into intermittent intervals of several seconds de-
pending upon the repositioning time requirements of the booms and probes. In
List A, typical data which might be included in one of three sequences making up
the 15 minute period is shown. Assuming the same data rate as before, the total
quantity of data in 15 minutes becomes 450 kilobits, and for four positions in
orbit a total of 1.8 megabits. Since a much higher capability for data handling
now appears in the system plan, it may become possible to increase the data rate
to enable both experiments to be conducted in the same available time, and also
to provide other advantages. If the data rate could be increased several times,
say to 5000 bits per second, measurements of various receiver outputs could be.
made simultaneously with the charged particle measurements, thus allowing correla-
tion between more related parameters, as well as making more effective use of
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the time available. Transmitter operation would be conducted during sequential
intervals intermittently with other measurements, and at times when sensors
would be desensitized to avoid dmage. Transmission data would be essentially
of status type for discrete fixed conditions, except insofar as loading effects
on the antenna from changing plasma conditions would cause impedance variations
and changes in excitation power from the transmitter. It would be necessary to
saple such parameters as transmitter input power, loading coil setting, antenna
feed current, and antenna impedance. For special tests, transmitter and receiver
would be operated as a pair to detect signal returns iJmediately following a
transmitted pulse, employing a T-R device similar to radar. Several receivers
or channels could be made available to share functions for monitoring and measur-
ing purposes.

17. In order to correlate the various measurements in time, and to establish
accurate reference times for required intervals, standards of adequate precision
must be available for recording with the data. It is understood that elapsed
time in the MOL system will be recorded in 0.1 second intervals, with provision
for short term event timing of 1 millisecond where necessary. A complete time
indication may be of the order of 28 or 32 bits, but for a given experiment
where repeated recordings are required, the values can be expressed as partial
codes defining short intervals of a sequence, with the full time code only at the
begim and end. As has been mentioned, high precision standards of time or
frequency are available in the vehicle, and measurements relative to them are
no problem. However if absolute measurements relative to signals in other loca-
tions are made, a method of synchronizing and identifying the times at which
certain outside events occur, e.g., the initiation of a signal, must be employed
and made part of the data recording. The frequency with which values must be
recorded is dependent upon desired measurement accuracy. If intervals of the
order of a cycle or less of a VLF wave are being considered, special provision
may have to be made to record the tens of microseconds included in these inter-
vals.

F. T. POWLES
NRL, Code 5113
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LIST A

TYPICAL DATA FOR PIASMA/PROPAGATION EXPERIMENT

The following tentative list gives an estimate of digital data recorded in
a five minute sequence.

Sequence Status Frame once each five minutes to define general experiment
conditions.

Experiment Identification 4 bits
Block Identification 2 bits
Attitude Control Mode 2 bits
Vehicle Attitude (3 axes) 15 bits
Equilment Temperature 5 bits
Magnetometer 3 bits
Ultraviolet Radiation 3 bits
X-Ray Radiation 3 bits
Concurrent Experiments ( )

Sub-sequence Calibrate Frame once each 50 seconds to define measurement
reference conditions.

Experiment Identification 4 bits
Block Identification 2 bits
Probe Attitude 2 bits
Voltage Scan Range 2 bits
Electrometer Voltage (3 points) 24 bits
Electrometer Currents (3 points) 72 bits
Data Channel Identification 3 bits
Receiver Calibrate (4 channels) 320 bits
Antenna Impedance Reference

(5 points) 80 bits
Other data C )

Data Set Status Frame repeated eight times in each 50 second interval to
define specific measurement conditions.

Experiment Identification 14 bits
Block Identification 2 bits
Boom Length Mode 1 bit
Boom Length 8 bits
Collection Mode 1 bit
Probe Bias Voltage 8 bits
."-Vehicle Voltage 24 bits
Recqiver Type 2 bits
Receiver Bandwidth Mode 2 bits
Receiver Antenna Type 2 bits
Receiver Antenna Orientation 4 bits
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Transmitter Frequency
Transmitter Du=mm Load Input
Transmitter Modulation
Transmitter Antenna Type
Transmitter Antenna Length
Transmitter Antenna Orientation
Other Data

4 bits
4 bits
2 bits
2 bits
4 bits
4 bits( )

Experiment Data Frame repeated eight times in each 50 second interval to
measure experimental parameters for each preceding data set status frame.

Probe Voltage
Probe Currents (3)
Signal Amplitude
Signal Frequency
Signal Phase
Noise Amplitude
Receiver Antenna Impedance
Reference Time

Paralleled Data

Transmitter Input Power
Loading Coil Setting
Antenna Current
Antenna Impedance
Output Signal Monitor
Reference Time

Sequential Data

120 bits/sec
360 bits/sec
320 bits/sec

1600 bits/sec
160 bits/sec
160 bits/sec
160 bits/sec
800 bits/sec

160 bits/sec
160 bits/sec
160 bits/sec
160 bits/sec
160 bits/sec
800 bits/sec

3680 bits/sec total

1600 bits/sec total
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A MINIMAL VLF PROPAGATION EXPERIMENT FOR AN IONOSPHERIC SATELLITE

Previous program planning has been directed toward the design of a compre-
hensive experimental effort suitable for investigation of the parameters which
effect propagation of ELF/VLF energy in the ionosphere. These investigations
include radiation of ELF/VLF energy from an antenna imbedded in a magneto-ionic
medium; spectral analysis of the noise environment in this frequency domain; the
launching and detection of magnetohydrodynamic wave modes which may accompany the
mot.i.on of an orbiting vehicle in the ionosphere; the determination of charged
narticle densities and temperatures in the near-vicinity of the vehicle and the
interactions between these particles and the ELF/VLF power radiated from the
teL idle antennas.

Achievement of the primary objectiie of this investigation, i.e., thi pro-
lagation of VLF energy from a space vehicle to ground, can be accomplished with

a considerable reduction in the scope of the experiment design. Such a reduction
cmi result in a number of short term advantages. The mechanical interfacing of
ecxperiment instrumentation with the parent vehicle is minimized. The electrical
_interfaces can be similarly reduced. Weight, volume and power savings can be
effected from the estimates presented for the comprehensive experiment. In addi-
tion, the flight instrumentation units for such a reduced experiment should be
ava:ilable for an earlier flight date as a result of the reduction in the interface
tasks, the number of devices involved, and the fabrication and testing time re-
auiremcnt s.

:.n uxperiment for the sole purpose of demonstrating space-to-ground VLF
transmission would consist of, as a minimum; a VLF source of adequate power, a
c-upling mechanism to match the source to an antenna, a simple transmitter program-
nier, and the antenna element(s) and the deployment mechanism. In addition, it is
likely that power system buffering to isolate the experiment from the prime Vehicle
power will be required. Signal conditioning (data sampling, hold, multiplex and
encode) to ensure compatibility with the vehicle telemetry system must be supplier).
"t., block iiagram shown '.n Fig. I depicts the elements of such a minimal Syst.:i.
Ar a result of the reduction in the scope of the flight equipment, considerable
simplification of the supporting instrumentation will be effected. The environ-
mental qualification procedures, the pre-launch check-out and monitoring equipment
all reflect the effects of experiment simplification. Only the ground VLF re-
ceiving sites remain relatively unchanged from the configuration proposed for the
comprehensive experiment.

It should be nointed out, however, that a minimal VLF propagation experiment
cannot be purchased w-ithout incurring penalties in performance. A minimal experi-
ment provides no data which will give an insight into the conditions which prevail
during the conduct of the experiment. In particular, data relative to ionospheric
charged particle densities, magnetic field strength and directions (relative to
the transmitting antenna elements), reciprocity of the propagation medium, effects
of transmitted power level and transmitter frequency variation are not obtained.
The results obtained from a minimal experiment thus must stand by themselves.
Interpretation of results with respect to the aforementioned effects can at best
only be inferred.
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The limitations imposed by a minimal experiment has resulted in a stepwise
improvement program for the experiment. A series of modifications and additions
have been considered. They are depicted, in Figures 2 through , in order of
increasing complexity and in decreasing order of importance of the ensuing data
(in support of the VLF propagation task). Figure 2 adds to the experiment the
capability for measurement of antenna impedance, a quality which is related to
the transmitted frequency, antenna dimensions, the local plasma density and the
antenna orientation relative to the earth's magnetic field. To provide for the
correlation of the impedance data, a plasma probe for determination of charged
particle densities has been included and a magnetometer added (if it is not
already included in the vehicle instrumentation for attitude determination). The
inclusion of these elements of the flight instrumentation make possible the
correlation of ground received signal strengths with the nature of the environ-
ment at the transmitting satellite. Figure 3 shows the addition of a command
receiving unit which controls the degree of antenna deployment. This will pro-
vide a capability to match the antenna impedance for optimum radiation at the
VLF frequency employed in the ionospheric medium. The inclusion of the command
receiver also can provide for the variation of transmitter power level and/or
frequency. These quantities provide additional data on the effects of the
medium on propagation.

The experiment as planned to this point provides for the essentially contin-
uous transmission of signals throughout the orbit. However, the determination
of the vehicle derived quantities such as antenna impedance, plasma densities and
magnetometer data are obtainable only when the satellite is in range of a telemetry
receiving station. To provide a full measurement capability, the inclusion of a
record/playback tape recorder, as shown in Figure 4, is recommended. Environment-
al conditions can then be correlated with received VLF signal strengths at all
points in the orbit.

The final planned addition to the satellite instrumentation consists of the
addition of a receiving facility on the vehicle. This facility, shown in Figure 5,
would provide a means for conducting a spectral investigation of the background
noise in the ELF/VLF region. The same receiving equipment would be utilized to
detect the existence of locally or remotely generated magnetohydrodynamic waves
vhich may be intercepted by the satellite antenna.

The program of additions and/or modifications as outlined in this memorandum
need not proceed in the order given, nor must each such addition consist of those
elements outlined for a given step. The equipment configuration for any given
flight may depend on the priority of information required, the time scale on
which the equipment must be obtained, the financial limitations imposed, and the
result of previous flights conducted under this or other programs.

C. J. KURNER
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STANDARD FORM NO. 64

Office Memorandum *UNITED STATES GOVERNMENT

TO 0 7 =0 DATE:

via
FROM

Code 51W

Code. 5110

SUBJEcT: Progrs... Report for Jamar7 1966 - MDL 81rmmea/823i

wle i (m) Bw comf sr 08985 ot .jui1y 1965

Baa I (W an~~ Report for Month of~ Jamvu7r 1965; 5fl0-9M Aim

or 2 i7.bininy 1966

I$ in ~r ~ with varagoq 5 of ra w" (a).. eixlosue (3.) 13
Pw-
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5110-9A: EFK: earn
NRL Prob R07-15
2 February 1966

PROGRESS REPORT FOR THE MONTH OF JANUARY 1966
MOL EXPERIEDNTS Sl/S23

WEPTASK RT 7045020/6521/F019-05-02 (U)

ThCI: (1) Milestone/Schedule, Manpower and Funding Charts for Reduced Scope
VLF Experiment

Encl: (2) VLF Propagation Experiment Options

Encl: (3) VLF Propagation/Electron Density and Temperature Comprehensive
Experiment (U)

1. The principal effort during the month was the preliminary design of an experi-
ment which is considerably reduced in scope from that of the comprehensive experi-
ment. The sole objective of the reduced scope effort is to demonstrate the pro-
pagation of VLF energy from satellite-borne antennas to the ground. A milestone/-
schedule plan was devised, and manpower and fiscal requirements for a reduced
scope experiment outlined. These form enclosure (1) to this report.

2. A series of options and/or additions to the reduced scope experiment were
considered and the benefits accruing as a result of these additions described.
The effort resulted in a set of five configurations which might be employed in
an experiment complex. These configurations outline the various program ele-
ments required to conduct investigations ranging from the sole objective of
demonstration of VLF propagation from a satellite to the total effort of the
previously detailed comprehensive experiment program. The block diagrams and
descriptive material for the various optional experiment configurations are
presented as enclosure (2). The data on the Comprehensive Experiment is included
as enclosure (3) and is classified SECRET.

3. For the investigation of the VLF ground environment a narrow-band (50 cps)
VLF receiver was borrowed to permit a detailed study of the VLF signal popula-
tion being received by the broad-band (5 cps - 200 Kcps) receiver. The narrow-
band receiver data is expected to aid in the interpretation of spectrum analysis
data obtained from the broad-band data. The broad-band receiver in conjunction
with an external local oscillator has been used to receive signals of 17.8 KC (NAA),
21.4 Kc (Nss), 64 KC, 87 KC., and 10.2 KC. These signals were received using a
yagi antenna on the roof. A small loop antenna is available and will be in-
stalled on the roof with a rotor in the near future. The broad-band output of
the receiver was filtered to pass frequencies from 600 - 6000 cps in an attempt
to receive whistlers, but as yet none have been received.

4. Material was prepared and presented at NRL to the program sponsors (Bureau
of Naval Weapons, Code RT) on 2b January 1966. This presentation outlined the
experiment programs proposed b: the Laboratory and summarized the accomplishments
to date.
Confidential upon removal of enclosure (3).
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51,O-9A:EFK: eaam
HR Prob R07-15
2 February 1966

5. Some thought has been given to the possibility of measuring characteristics
of a transmitting antenna for space applications, in a simulated environment.
Initial considerations toward a scaling technique, point up a situation in which
the factors involved in antenna performance in the VLF band below plasma and
cyclotron frequencies are so interdependent that a straightforward analysis be-
comes very difficult. Wide variations in the electromagnetic wave radiation for
a given applied frequency occur in different directions from the antenna with
changes in electron density and magnetic field direction. Further study of
some of these effects is being continued.

C. J. KURNER
NRL, Code 5112
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REDUC7ED SCOPE EXPEVRDTh~
(VLF PROPAGATION)

PRELIMINARY FUNDING PLAN

Cost Item

Design Study

Procurement of prototype and
flight equipment (1st pay)

Ground Systems Procurement

Pre-launch Checkout Rack

Procurement of prototype and

flight equip. (completion)

Ground Systems Procurement

Qualification Testing

Data Analysis

Qualification Testing

Data Analysis

Data Collection, Reduction,

Analysis, Interpretation

and Reporting

3 Month
Intervals

1

In-House
Manpower

60K

60K

80K

80K

Cost

200 K

125 K

100 K

30 K

125 K

100 K

25 K

50 K

25 K

50 K

50 K

100 K

100 K

100 K

100 K

100 K

100 K

Period Cost
Total

260 K

60 K

335 K

380 K

175 K

130 K
idO K

180 K

180 K

180 K
180 K
180 K

TOTAL 2.42o M

* Indicates cost of field personnel included.
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*100 K

*80K

*80K

*80K

*80K

*80K
*80K
*80K

2

3

4~

5

6
7
8
9
10

31
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COME'REHENSIVE S-l/S-23 FXRIRI1T
ESTI1M.TED FUNDING PLWN

5Month
Intervals Cost Item Cost

i Engineering Design Study Contr.

2 Prototype Equipment and
Integration Mock-up

Ground Systems Support Study

In-House
Manpove:

350 K

2000 K

100 K

Qualification an,- Training Modecl 1800 K
(Includes Pre-L.unch Monitor
and Checkout Equipment)

120 K

150 K

1-65 K

P~rio 1 Cost
Total

22`0 K

2865 1K

VIY. Ground Station.; Instrum.

Flight Qualified Lauiments(3)

Refurbish Qualification Model

Qualification Testing

Training Costs

Data Collcction, Processing,
Analysis

Ground Station
Installation &

Training

Data Handling

6 Training

Data Handling

Data Handling

Instr•m.,
Checkout

900 K

1800 K

250 K
200 K

50 K

100 K

900 K

100 K

200 K

i65 K 25•5 iC

1305 K105 K

100 K *175 K

200 K

250 K ".75 K

250 K

475 K

42_-5 Y

355 K105 K

TOTAL, 10710 K

* Indicates cost of field personnel included.
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PROGRESS REPORT FOR THE MONTLH OF FEBRUARY 1966

MOL EXPERIMENTS Sl/S23
WEPTASK RT 7045020/6521/FO19-05-02

ERLF/VL Propagation/Electron Density-Temperature Experiment

Copies of the program presentation made to the task sponsors (BUWEPS,
Code RT) were submitted as part of the monthly progress report.

The activity during the month consisted primarily of investigation of
techniques and facilities suitable for laboratory simulation of space plasma
phenomena. It has long been recognized that such simulation can provide a valu-
able tool for the evaluation of satellite-borne experiment components and for the
development of improved diagnostic techniques suitable for future space applica-
tion.

A discussion was held with personnel from NASA with respect to simulation
facilities currently being used or planned. NRL groups utilizing space simula-
tion chambers have also been contacted. Further discussions are planned to insure
a thorough familiarity with what is available, limitations of such facilities, and
improvements which would be desirable for future systems.

If simulation of space conditions were to be attempted for the minimum alti-
tude specified for an orbiting vehicle, the necessary dimensions of a chamber,
which approximate the length of the mean free path of the space particles between
collisions, is in the order of a hundred meters. A chamber of this size would be
too expensive to be feasible. However, simulation can be accomplished by operating
at a higher pressure than that of space, thus achieving a shorter mean free path.

A study has been initiated on the scaling methods applicable to magneto-
ionic plasma parameters suitable for model studies in limited size chambers.
Parameters such as plasma density, pressure, temperature, magnetic field inten-
sity, and frequency must be considered in the scaling process. Simultaneous scaling
of all relevant parameters does not at present seem feasible; therefore the studies
are expected to result in a series of scaled experiments, each of which will pro-
vide data on one or more of the significant parameters.

A loop antenna and rotor were installed at NRL so that continued investiga-
tion of the VLF ground environment may be carried out.

The specification of the plasma source and simulation chamber requirements,
which if met, will satisfy the testing needs of the comprehensive experiment
program.

C. J. KURNER
NRL, Code 5112

ENCL (1) TO NRL MEMO 5110-39:EFK:eam
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PROGRESS REPORT FOR THE MONTH OF MARCH 1966
MOL EXPERIMENTS SI/S23

WEPTASK RT 7045020/65Ql/FO19-O5-O2

ELF/VIF Propagation/EIlectron Density-Temperature Experiment

The study of plasma sources and space simulation chambers suitable for the
test and evaluation of experiment components and subsystems has continued. Also
considered in the study is the capability for evaluation of models of antennas in
suitably scaled plasmas and operating frequency regions.

Work continues on the study of magnetohydrodynamic (MHD) wave modes which
may be stimulated by the satellite-ionosphere interaction. The relationship of
vehicle size and velocity parameters, together with the physics of the medium
is being studied to establish the conditions necessary for the generation of
these MMD waves. A general review of MMD waves is being prepared for presenta-
tion to Laboratory personnel and to a group of Reserve Officers who will be
visiting NRL.

The studies related to the behavior of a radiating antenna in a magneto-
ionic medium have progressed to a point where the results can be reported. The
report is currently in preparation.

During this period, it was learned that the problem in its present form is
planned for termination at the end of the current fiscal year. The task sponsor
has requested that we examine the program to identify those elements which can
satisfy an operational need and to supply material for Justification of this
need. To this end, the Navy VUP Communications System is being reviewed and past
efforts in satellite and rocket instrumentation for VLF studies is being examined.
A memorandum summnarizing these reviews and outlining the areas deserving of addi-
tional effort is being prepared.

/ •4

C. J. KURNER
NRL, Code 5112

ENCL (1) TO NRL %MPO 51lO-65:LFK:eam
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8 march 1966

MEMORANDUM FOR FILE

Antenna Impedances in the Ionosphere

Purpose: The aims of this program are to develop mathematical methods for
calculating impedances of antennas in the magnetosphere; to predict impedances
for practical antennas as far as possible; to provide physical interpretations
of unusual behaviors of these impedances. This investigation is intended to
provide a background of physical understanding and of mathematical method to
serve as basis both for the interpretation of experimental results and for more
realistic antenna calculations, taking account of the yet-to-be-specified nature
of the plasma sheath and the satellite wake.

Background: Present NRL personnel had earlier developed a complex power formula-
tion expressing the impedance Z of an antenna in a homogeneous (i.e., sheath-
and wake-free) incompressible magnetosphere. The method entailed assuming a
parametrized antenna current, and calculating antenna impedance as a double
integral, over the antenna surface, of an expression involving the antenna cur-
rent and the dyadic Green's function for the surrounding medium. The formulation
was of the variational type, permitting accurate determination of the current's
parameters and from this, a best estimate of Z. The impedance Z was then cal-
culated for thin dipole and loop antennas arbitrarily oriented in the magneto-
sphere. The radiation resistance of these antennas came out after evaluation of
a numerical integral. The term that expressed the reactance of the dipole, for
free-space conditions, turned out to change from capacitative to resistive to
inductive, depending on ionospheric parameters and dipole orientation. The
"resistive" reactance occurred when the dipole was oriented normal to directions
in the collisionless ionosphere for which plane-wave phase velocity fell to zero.
The numerical integrations failed to converge for practical VLF antennas of
practical lengths in some regions of the ionosphere. This work had been done
with the support of NASA and of NRL under the LOFTI program.

Progress: The problems recently considered have included: (a) Find the impedance
for an infinitely long, thin dipole. The immediate aim here was to provide a
limiting case of the finite dipole so that one would have some basis of estimate
in case one could not solve. (b) Find an asymptotic or other numerical procedure
for evaluating impedances in cases where the existing numerical integration pro-
gram fails to converge. (c) Explain physically, in terms of ionospheric processes,
the appearance of the resistive and inductive reactances* (d) Extend prediction
capability for antennas in the ionosphere in general.

Problem (a) was readily solved by existing methods, but no progress was
made with (b).

Under (c) the geometric explanation of the occurrence of the resistive reac-
tance was extended slightly, and a physical explanation was found as follows:

ENCL (2) TO NRL MEMO 5110-39:EFK:eam
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One assumes finite collision frequency (finite ohmic losses in the medium) and
considers electron motions along the cone of low-phase-velocity directions.
Here the electrons have large-amplitude "resonant" motions, and therefore this
cone is a region of large relative losses. The losses increase in magnitude
over a narrowing region as one lets collision frequency decrease, until, in the
collisionless limit, one has infinite loss in an infinitely narrow region, the
net loss being finite in any unit area on the cone. From this "resonance" inter-
pretation one concludes that the appearance of a corresponding "resistive reactance"
does not correspond to a condition useful for signalling purposes.

Under (d) we have examined predictions from other sources and found that
the present methods clarify or improve on other results examined. For instance,
the Weil-Walsh calculations of radiation resistance for e and o waves can be
extended to lower frequencies where their methods are inapplicable. The loop
antenna has a more stable reactance, as function of orientation, than the dipole
because it is affected primarily by the constant permeability of the medium
rather than by the varying tensor dielectric properties. Some plausible reasons
were also advanced that the loop would also be electrically quieter in the
satellite wake and ion-impact environment; this effect was suggested in the LOFTI
data.

Future Plans: The positive aspects of the foregoing developments have been
assembled in rough order for a journal writeup which would have to open with
a summary of the analytic method. Some machine calculations should be undertaken
to examine to what extent the infinitely long dipole approximates the electri-
cally long ones where calculations now fail to converge. The one untried ex-
tension of the present impedance formulation appears to be to the case of
simple antennas in a homogeneous compressible ionosphere capable of supporting
electroacoustic waves. Available physics does not permit guesses as to whether
this would give more realistic predictions, however.

// j/ ,:J/

W. S. AMENT
NRL, Code 5104
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PROGRESS REPORT FOR THE MONTH OF APRIL 1966
MOL EXPERIMENTS Sl/$23

WEPTASK RT 7045020/6521/FO19-05-02

ELF/VLF Propagation/Electron Density-Temperature Experiment

The effort during the month was directed primarily toward obtaining a
more complete understanding of the Navy's VLF communications system. Current
capabilities of the system, its limitations, and future plans are being reviewed
in order to obtaini a proper perspective for the determination of the ultimate
operational capabilities of the proposed experiment program.

An outline of the historical development of the experiment approach, simi-
lar or related efforts by other investigators, trade-off analyses to be conducted,
and proposed techniques for conduct of the program has been prepared. This out-
line will be employed in the preparation of a Proposed Technical Approach docu-
ment, prepared in conjunction with the Bureau of Naval Weapons task sponsor. A
meeting of those responsible for generating the PTA was held and the outline
material reviewed to assure compliance with the requirements for its preparation.

The theoretical studies being conducted under the task, i.e., the magneto-
hydrodynamic wave stimulation and propagation study, and the study relative to
the radiation from a VLF antenna in a magneto-ionic medium are continuing.
Technical papers relevant to these areas at URSI and the American Physical
Society meetings held during the month were attended by personnel working on
the task.

C. J. KURNER
NRL, Code 5112

ENCL (I) TO NRL MEMC 5110-81:EFK: -ar
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PRoGREss REPoRT FoR u mTDfm oF MAY 1966
WPSK RT 7r4502o/6521/2o19-o5-02

ELF/VLF Propagation/Electron Density-Temverature J3xPeriment

The effort during the month continued along the lines outlined in the
p.revious progress report. A more specific determination of the operational re-
quirements which are not fully met with existing techniques or systems is be-n;.
pursued. Similarly, potential future comunuications requirements are beirur in-
vestigated t: assess the capabilities of the satellite-borne V'L instrumentation
In meeting such requirements.

In examining the operational capabilities of the VLF satellite program in~ comunications-to-sulbarine envirornent, it was found that the HF satellite

.Orogram (S-22) was also being oriented to a submarine communications system.
Since the two programs are complementary to one another, it appears advantm:eous
to determine system elementc common to both approaches. As a result of vrelitinary
discussions with the HF proGrar, sponsors, further study in this 1-irection is insi-
cated.

The -Ghoretical stud-ies of the magnetohydrodynamic (MHD) wrave mor;c :'nera-
tion as a result of hiph ownwer antenna excitation, or of interaction nf i.
vahicle and plasma med'um., are continuing. It is expected that ar;a'lra .:T.l.t1..-
vmlues relating to the mcd:um, and the vehicle can b:. u td to y:rovi-.L "qu~ c.-lo'"
numerical estimates of ,NM wave rower levels which ray ':- ginerated u.Ln.r thc::
assumed conditions.

The study of thu rad-'ation from VLF antennas in a magneto-'onL o I
(the ionosphere) is continui.ng, A report on the results of the stu-!Ly to dat. .-
in prelmration.

C. J. KVILIWR
IIRL, Code 5112

ENCL (1) TO NRL M.EO 51O--"I:JJK:' "X.:
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FINAL REPORT: MOL EXPERIMENT PROGRAM S-I/S-23 (U)
(Progress Report for the Month of July 1966)

Background

The investigative program which is the subject of this final report had its in-
ception early in 1964 with the call for proposals of experiments which could exploit
the unique capabilities of the Manned Orbiting Laboratory concept. The responses
of the several naval laboratories and activities were evaluated by the Navy MOL
Experiment Selection Panel and those considered of the greatest value from a sci-
entific or military operational point of view were submitted to the Air Force Sys-
tems Command, Space Systems Division, for further consideration. As a result of
the selection processes, several of the experiment sponsors were directed to docu-
ment their programs more fully in order to provide the Air Force contractor with
the necessary preliminary technical and logistics program planning data relevant
to the particular experiment. The "Plasma Investigation by Electron Density and
Temperature Measurement" candidate experiment was one of several sponsored by
the Naval Research Laboratory (1) which were selected for further definition as
part of the Pre-Phase One PDP effort under which the MOL Program was to be
conducted.

The Electron Density and Temperature Experiment, designated as MOL Mili-
tary Technology Experiment S-23 (2,3), underwent a preliminary technical and op-
erational definition in accordance with the documentation requirement of the Air
Force Space Systems Division, as coordinated for the Navy experiments by the
Navy Field Office for Manned Orbiting Laboratory (NAVMOL). This documenta-
tion, together with supporting and amplifying data supplied to NAVMOL as program
review material and technical memoranda during the Pre-Phase One program ef-
fort, are summarized in the preliminary portion of this report. The results of
subsequent efforts, occasioned by the redirection of experiment objectives and con-
solidation of several NRL-sponsored experiments, will also be presented.

Introduction

The investigation of the nature and behavior of the ionospheric plasma which
surrounds the earth has been pursued utilizing a number of techniques with varying
degrees of success. The determination of electron density vs height profile up to
the region of the F 2 -layer peak electron density value using vertical-incidence
ionosound recordings is routinely done at many points throughout the world. Rela-
tively recently developed oblique-incidence sounding techniques provide additional
data on lateral and vertical distributions of localized concentration of electrons
(such as are often associated with Sporadic-E and Spread-F wave propagation
phenomena).

The advent of rocket and satellite technology has provided the first opportunity
for "in-situ" investigations of the ionosphere. Numerous rocket vehicles instru-
mented for the determinationof ionospheric charged particle density and temperature

304



(energy) levels of the several radio wave reflecting layers of the ionosphere have
been launched. Satellites using similar instrumentation are regularly placed in
orbits which sample the F layer. Much useful data on the variation of ionospheric
parameters as a function of local solar time, latitude, season and solar activity
level has been obtained.

The "in-situ" plasma diagnostic techniques which have been employed are quite
varied. The predominant technique employs an electrostatic "Langmuir" probe
concept in which the current flow to the probe is measured as a function of the
probe voltage. Many probe geometries such as planar, cylindrical, and spherical
have been employed. Guard electrodes are frequently used to minimize "end-
effect" due to the boundary of the probe, and gridded structures have been utilized
to eliminate photoelectric or secondary emission phenomena from contaminating
the desired probe data. In addition to the Langmuir probe efforts, resonance recti-
fication probes and capacitance probes have been employed for ionospheric meas-
urements. The resonance rectification technique utilizes the phenomena that the
d.c. current collected by the probe reaches a well defined maximum as the fre-
quency of a superimposed radio frequency is varied through the region containing
the local plasma frequency. The d.c. current peak level and the associated radio
frequency at which the peak occurs can be interpreted in terms of the electron num-
ber density. The capacitance probe technique enables the determination of densities
in terms of the variation in reactance of a capacitor for which the plasma medium
forms the dielectric material.

Though the agreement between results obtained from the various probe methods
has frequently been quite acceptable, it has been noted by most experimenters that
perturbing influences often make the data of questionable value. These perturba-
tions, considered to be associated with the motion of the vehicle in the medium, are
quite variable both in extent and character. The shape and size parameters of the
vehicle, its attitude along the orbit track, and its location in the orbit seem to be
the predominant factors in the generation of the data perturbations. The ion sheath
which normally surrounds the vehicle is modified by the process of "sweeping-out"
of additional essentially stationary (with respect to vehicle motion) ion species in
the path of the spacecraft. An attendant wake of rather large dimensions, compared
to those of the space vehicle, make the probe collection process attitude sensitive.
Similar ion sheath modification effects may be attributed to induced vehicle poten-
tials resulting from the motion of conducting surfaces through the earth's static
magnetic field. Photoelectric current yield from the sunlit portion of the satellite
may cause circulating currents on the vehicle surface and may be a factor in sheath
distortion. The effects due to these and perhaps other effects are likely to be mag-
nified with increased satellite size. The effects resulting from the use of large
antennas, long instrument booms, and large manned spacecraft capable of support-
ing long duration missions are currently unknown and need careful investigation.

The effects discussed have been credited with causing much of the variability
and disagreement in the data collected by "in-situ" ionospheric plasma probes.
However, a full understanding of these and possibly other as yet unidentified phe-
nomena is currently lacking, and only fragmentary experimental evidence is avail-
able for validating existing analytical treatment or postulating new approaches.

One of the primary objectives defined for the S-23 Electron Density and Tem-
perature Experiment was to obtain a comprehensive set of data on the hear-vehicle
ion sheath and disturbed plasma environment of a large satellite oribiting at
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ionospheric altitude. The results of this program are to be used in improving the
accuracy with which probe measurements of the undisturbed plasma can be made.
Additionally, it is planned to use the near-vehicle data to improve satellite com-
munication technology by providing a better understanding of antenna-to-medium
electromagnetic wave coupling parameters. The general level of knowledge of the
processes which accompany the passage of a vehicle through a magneto-plasma
will be raised by the successful conduct of this experiment program.

Technical Definition

The preliminary technical definition of the experiment program was done
principally from a performance point of view. That is, the size, weight, and power
limitations imposed by a satellite environment was considered only secondary to
the achievement of the experiment objectives. It was recognized that in subsequent
iterations of the technical effort compromises in performance might have to be
effected in order to satisfy other constraints.

An artist's concept of the external vehicle instrumentation for the preliminary
program is shown in Figure 1. The five probe-boom assemblies are deployed
about the surface of the vehicle to permit essentially simultaneous observations
from all portions of the near environment. This will enable a mapping of the
charged particle concentrations through observations along the velocity vector of
the satellite, in the wake region, and at several circumferential points. The con-
trol of probe attitude provides particle velocity directional data. Variation of boom
lengths enables a programmed sampling of the ion sheath surrounding the satellite
from close to the external skin of the vehicle to distances as great as 10 feet, which
should, for the circumferentially located probes, then be sampling the plasma me-
dium undisturbed by the passage of the satellite.

The probe-boom sensors are controlled from a common programmer assembly.
This unit supplies the probe electrode potentials which determine the operating
mode (i.e., electron or positive ion collection), direct the probe attitudes and boom
extension lengths, and provide the necessary timing and calibration signals for
collection of data in a useful form. In addition to the programmed functions, it is
possible for the astronaut/test conductor to provide manual control of the probe
voltages, probe attitudes, and boom lengths for the purpose of providing additional
information on particular situations of interest as determined from interpretation
of the data display on board the vehicle or from "quick-look" analysis of the te-
lemetered data on the ground.

Weight, size, and power requirements estimated for the equipment configura-
tion arrived at in this preliminary technical definition are: weight, 140 pounds;
size; 3.5 cubic feet; power, 150 watts peak, 100 watts average. The estimates are
exclusive of the prime power source needed for the experiment; the data encoding,
storage, and telemetry equipment; and the ancillary housekeeping data (e.g., time,
vehicle attitude) which are necessary to the experiment but are assumed to be
available from other spacecraft systems.

The preliminary technical definition was transmitted to the MOL managing
agency for review by them and by their technical advisory staff. As a result of the
review, it was learned that the experiment program submitted was excessively
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heavy and power consuming for an experiment in the military technology
(S-experiment) group. Some guidelines were- made available as to the availability
of space, both internal and on the vehicle surface; data multiplex, encoding, and
storage capabilities; ancillary (to this experiment) data availability and accuracies;
and tentative schedules of major MOL program milestones.

Armed with this additional information and cognizant of the relatively tight
scheduling for the program, it was decided to redefine the S-23 Electron Density
and Temperature Experiment in an effort to be more responsive to the guidelines
suggested. It was also learned at about this time that the results obtained from the
S-23 program were highly complementary to Experiments S-1, a very low frequency
propagation program, and S-22, a high frequency plasma investigation program. The
redefinition of Experiment S-23 was conducted with the further goal of enhancing the
data utilization of this program by the complementary ones. The experiment concept
thus evolved consisted of a three probe-boom complex situated along the length of
the vehicle with uniform angular separation about the periphery. Physical con-
straints eliminated the availability of the nose region of the vehicle, and direct
placement of a probe in the rear-facing structure was considered undesirable due
to exposure to propulsion system exhaust products. Probe attitude and boom length
positioning is adequate to retain the capability for resolving the directional proper-
ties of the collected particles and for probing the wake region created by vehicle
motion. Additionally, it was planned to permit location of a probe in the near vicin-
ity of the VLF transmitting dipole of Experiment S-1 to monitor the change, if any,
in plasma parameters under the influence of strong VLF electromagnetic field in-
t-nsities. The on-board display and control facility remains essentially the same.
Figure 2 shows the conceptual view of the deployed probe-boom installation on the
external surface of the vehicle, and Figure 3 is a tentative block diagram of the
experiment vehicle instrumentation. As a result of the redefinition of the experi-
ment a significant reduction of weight and power requirements was achieved. Esti-
mates of these quantities for this configuration are: weight, 80 pounds; power, 75
watts average operating, 100 watts peak.

An on-orbit operating procedure for the conduct of the experiment has been
devised. The procedure takes into account the limited time available for the con-
duct of the military technology (S) experiments and the restricted availability of
data storage and telemetry for this program. Operation of the S-23 instrumentation
is planned as a semiautomatic function which is initiated by the astronaut/test
conductor and monitored by him for correct operation. The probe attitude, boom
length, and data sampling process is normally under the control ofapreprogrammed
controller. In addition to the semiautomatic mode provision for manual control of
the experiment is planned to enable the astronaut to investigate unusual or special
interest conditions (e.g., occurrence of high levels of solar radiation, detailed
probing in the vicinity of a radiating antenna).

It is planned that the minimal set of semiautomatic plasma data encompassing
the conditions of day-night, latitude, and altitude variation occasioned by the ve-
hicle orbit can be collected over eight ten-minute data intervals spaced over two
consecutive orbit periods of the satellite. An additional 80 minutes of operating
time is planned for the manual data collection mode in support of the VLF wave
propagation experiment and for the on-board investigation of anomalous conditions.
Additional operating time, if available, can supply useful validating information.
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Data multiplexing, encoding, storage, and telemetry requirements for the ex-
periment have been kept within the guidelines which were (informally) established
for the S-series of experiments. The sensory data and "housekeeping" data gen-
erated by the S-23 experiment can be represented as a binary digital bit stream at
a rate of less than 500 bits/second during operation. This data rate, however, does
not include the ancillary data requirements which have been previously mentioned.

In anticipation of approval of the Phase-One MOL Program effort in general,
and of the Electron Density and Temperature (S-23) Experiment in particular, a
specification for an engineering design and procurement was drafted. A synopsis
of the planned program objectives was published in the Department of Commerce
Business Daily and a determination and finding procedure initiated. A draft copy
of a Request for Proposal was prepared and held for final modification until the
experiment program was approved and funded for participation in the Definition
Phase (Phase-One) of the MOL Program.

It had been expected that with the generation of the several reports required
by the MOL Program Management Office and the RFP, the Pre-Phase One effort
would be complete. However, a program stretch-out, coupled with a redirection of
experiment objectives to support an ultimate operational need and capability, re-
sulted in further experiment definition. The principal operationally oriented func-
tion exhibited by the S-23 experiment program was in the support of the S-1 VLF
Propagation Experiment. It was decided at this time that experiments S-1 and S-23
should be consolidated into a single program, with the S-23 objectives modified to
emphasize the role of providing environmental plasma parameter data which could
be used to determine optimum VLF radiation from a space vehicle. The S-1 pro-
gram, independently documented in the Pre-Phase One period through the same
report format prepared for the Electron Density and Temperature Experiment, is
basically a program for quantitatively defining the conditions for which VLF radia-
tion from an ionospheric -imbedded antenna can be effected and for the measure-
ment of the magnitude of the propagated signals at ground receiving sites. The
details of the S-1 program may be obtained from the referenced documents. The
material presented here will be limited to the details of the combined S-1/S-23
program approach.

At about the same time as the consolidation of the two approaches was begun,
it was learned that funding of the Navy S-experiment for the MOL program might
not be available. As a result, the definition of the merged experiment was under-
taken to provide an instrumentation concept which was sufficiently flexible to per-
mit its inclusion in a wide variety of launch vehicle-satellite configurations. Oper-
ation in an unmanned satellite was considered as well as in the MOL.

The primary objective of the merged program is a feasibility demonstration of
VLF propagation from a space-borne transmitter to widely separated ground re-
ceiving sites. A minimal configuration suitable for achieving this goal has been
defined and is shown in Figure 4. Additional "building blocks" have also been de-
fined which are desirable for purposes of providing the type of support information
which may be used for enhancing and optimizing the performance of the basic sys-
tem. Examples of the supporting instrumentation include plasma probe facilities
and magnetometer installations. A typical set of add-on configurations to the sys -
tem of Figure 4 is shown in Figures 5 through 8. Combinations other than those
shown are possible, depending on vehicle capabilities and overall objectives of the
mission.
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A draft copy of a Request for Proposal containing the specifications for the
engineering design, fabrication, environmental testing, and space qualification of
an integrated system of the type shown in Figure 4 has been prepared. No further
work on this aspect of the program is planned until approval and funding for equip-
ment procurement is received.

Support Studies

Adequate technical definition of the experiment program has required that
supporting studies on several of the aspects of the program be conducted. These
have been carried out to ensure that state-of-the-art in techniques for data collec-
tion, processing, and interpretation is considered in the determination of the ex-
periment performance requirements and specifications.

A review of probe techniques suitable for ionospheric plasma investigations
was conducted, and the merits and limitations of the several methods were com-
pared. The results of this review will be used in assessing the expected perform-
ance of any one or combination of the probe types in support of a particular mis-
sion. In anticipation of a considerable laboratory testing program for evaluation of
representative probes, a facility for displaying and recording the characteristics
of probe-electrometer amplifier combinations was devised. A small glow discharge
tube, with several simple probes in the glow space, was used as a plasma source to
successfully demonstrate the concept of the test instrumentation.

A part of the VLF space-to-ground propagation program is the reception of the
signals transmitted from the satellite. Since the detection of these signals must be
effected amid the competing VLF interference sources frequently observed at re-
ceiving sites, it was felt that an investigation of the received VLF spectrum should
be conducted to locate a frequency or frequencies most immune to other signals or
noise sources. A receiving system originally used in the LOFTI I program was ob-
tained and installed. Operation was verified but no data for analysis purposes has
been recorded.

A theoretical study of the radiation behavior of VLF antennas in a magneto-
ionic medium is currently nearing completion. This study is of prime importance
to the VLF Propagation program. Since there has been no known prior experimen-
tal program dedicated to the demonstration of radiation from a space vehicle in this
frequency range, theoretical studies provide the only guide to selection of engineer-
ing design parameters. Although a number of studies of radiation from antennas in
plasma have previously been conducted by others, the differing analytical models of
the plasma environment used and the assumptions made for purposes of mathemat-
ical tractability have made the results inconclusive and, on occasion, contradictory.
It is hoped that the present study will provide a firm basis for the prediction of
performance of the satellite-borne transmitting system.

Future Plans and Recommendations

This is the final report to be issued on the MOL S-I/S-23 Experiment Program.
Based on the understanding that no further funding will be made available for this
program, it is planned to discontinue further effort upon completion of the report
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relating to the study of antenna radiation properties in an ionospheric plasma. It is
recommended, however, that in light of the s-erious lack of knowledge of an experi-
mental nature on the effects of high power VLF transmitters in space, this or a
similar program be pursued at an early date.

C. J. KURNER
NRL, Code 51Z

References:

1. Hall, W. C. and Faust, W. R.; "Possible Experiments for Manned Orbiting
Laboratory," IEEE Trans. Vol AES-l, No. 2; Oct. 1965
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Manned Orbiting Laboratory (Unclassified title); Navy Field Office for MOL Report
TR-65-Z, Vol 1 (S-1), Vol 3 (S-23), 8 Jan 1965 (Conf.)

3. Glasser, R. L., "Data Addendum for MOL Technology Experiments" (U), Aero-
space Corp. Report TOR-469 (5107-32)-Z, 20 Oct 1964 (Secret)
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APPENDIX D

ADDITIONAL SUPPORTING DOCUMENTATION OF EXPERIMENT PROGRAM

Contents

Exhibit D.l

Exhibit D.2

Exhibit D.3

Exhibit D.4

Exhibit D.5

Exhibit D.6

Exhibit D.7

Exhibit D.8

Exhibit D.9

Exhibit D.lO

Exhibit D.11

Memorandum for File - Project MOL Experimental
Procedure for Plasma Measurements S-23

Utilization of Magnetohydrodynamic Waves

Interactions of Space Vehicles with Plasma

Transmittal of Preliminary Data Rate and Data
Storage Requirements for Experiment S-23 to NAVMOL

Simulation Tasks for Experiment S-23

Electron Density and Temperature Experiment (S-23)
Justification for Inclusion in MOL

Synopsis of Experiment Progran as published in
Dept. of Comm. Business Daily of 3/19/65
Memorandum - Draft Copies of "General Procurement
Plan for the Electron Density and Temperature Ex-
periment" and "Request for Proposal for Electron
Density and Temperature Experiment (S-23)"
Memorandum - "A Look at the Solar Heating of the
Thermal Equalization Probe"

Draft copy of "Request for Proposal - Exploitation
of Space Plasma Effects MOL/Sl/523 and M"
Rough Draft of Material Prepared for Use by BUWEPS
Code RTOS-3 in Their Preparation of a Related PTA

* Additional supporting material has been supplied as attachments to several
of the progress reports of Appendix C.
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5110-102: FTP: earn
NRL Prob K03-O6A
lo August 1964

MEMORANDUM FOR FILE

Subj: Project MOL - Experimental Procedure for Plasma Measurements S23

In obtaining experimental data from the plasma probes in the MOL project,
the following sequence of operation is anticipated.

A series of step voltages are applied to differently positioned probes simul-
taneously, to collect ions and electrons of different energy levels for current
measurement. It is believed that 8 steps, plus zero, of positive and negative
voltages up to 40 volts maximum should cover the majority of particles found be-
tween altitudes of 100 and 250 miles. The sequence of voltages are obtained from
a programmed power supply or amplifier fed from a gated matrix driven by 4 stage
counter circuit which is triggered by a clock pulse from the time standard. As
each voltage is applied, currents between l0" and 10- amperes are obtained
from the probes and are amplified logarithmically to produce output voltages from
each of 5 amplifiers. The 5 values are applied to sample-and-hold circuits of a
multiplexer unit which maintain the levels during commutation. The length of
time for measurement will be at least 1 millisecond and sometimes more depending
on the current value, so there is no problem of settling time of the sample-and-
hold. The multiplexer cycle time is set by the longest time for any current
measurement, which for the smallest value of lO12 amperes may be 1 second, the
time constant of the electrometer amplifier. Thus the multiplexer is triggered
not more than once a second, although the sampling rate can be much faster, say
1,000 cycles per second, to afford essentially simultaneous values on all probes.

An alternate means of applying variable voltage to the probes is the use of
a linear ramp by which a continuous range change can be obtained. The time dura-
tion of the ramp would be equivalent to the total of the step voltages or about
10 seconds. Because of the time constant involved, some delay occurs in readings
of the amplifier output, giving an offset to the resulting curve. However, this
could be compensated and the result of this approach would be a greater number
of points for plotting a curve. Here the sampling rate could be selected to pro-
vide an optimum distribution of values. If certain parts of a range are more
critical, a non-linear voltage might be used to put more points into regions of
greatest change. Simultaneous readings of the applied voltage to the probe, and
of the resultant current, would be fed to sample-and-hold circuits of a multi-
plexer which would then transfer all readings sequentially to a recording medium
in analog or digital form as desired. The sampling rate can be high, Yhile the
cycle time corresponds to the interval required to obtain a reading of the lowest
current value. For best results from the ramp sweep, analog recording is desirable
since a continuous function of E-I is possible without the quanta introduced by
digitizing.
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These estimates of measurement times and cycling rates are based on the
premise that the major elements are the time constants of the electrometer ampli-
fier. For the values of currents mentioned, it has been determined that the esti-
mated times are valid. However, if smaller levels of current are to be measured,
the time constants increase into the range of seconds. An unknowm factor at the
present time, and one which may require environmental simulation during design, is
the effect of input parameters absociated iith the probe and its configuration in
relation to the satellite. There may exist capacity conditions ahead of the ampli-
fier which require charging times which must be added to the other values. Also
with some particle types such as electrons having random velocities greater than
that of the satellite, and also in cases iwhere particle density is low, an inte-
gration time may be involved in collecting enough particles to insure accurate
reading of the currents produced by them. These are some of the factors wrhich
must be considered in making measurements of this type, and will renuire some
experimental confirmation prior to a final design.

The voltages from the multiplexer are fed into an analog-to-digital converter,
when digital storage is desired. Each value is encoded into 8 bits, giving 256
increments. In addition to each voltage value, other words must be recorded to
provide probe identity, position, and angle, calibration levels, and time of
measurement. The total number of bits given is a possible minimum. Other addi-
tions may be desired.

For each probe, per measurement,

9 current steps of 8 bits each 72 bits

3 calibration steps 24

Probe identity 3

Probe position 3

Probe angle -

105

For 5 probes 525

9 voltage steps at 8 bits 72

Attitude of vehicle 224

Time code 48

One second steps, 2 minute period 7
- 676 bits stored each set

-4
Four sets of measurements per orbit 2704 bits per orbit

2

Two orbits 5408

Parity bits, misc. parameters (est.) 1220

6628 bits total
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The input data rate required is relatively slow, corresponding to the multi-
plexer and encoder. For example, the 105 bits for a measurement can be stored
in groups at 1000 bits per second, but requiring several seconds total to accom-
modate the multiplexer cycle time and number of groups. The readout rate for
transmission is determined by the normal clock rate on the telemetry link.

For the method employing a ramp voltage on the probes, the number of bits
required is as follows:

For each probe, one position

20 current values of 8 bits each 160 bits

3 calibration values 24

Probe identity, position, angle 9

193

For 5 probes 965

Time code, begin and end 48

Time marks, 1 second intervals 7

20 voltage values 160

Attitude of vehicle 24

Measurement set 1204
4

Four sets of measurement per orbit 4816
2

Two orbits 9632

Parity, miscellaneous parameters (est.) 2400

12032 bits total

The total bit values are for one probe position, and must be multiplied by
the number of different settings required during a selected time interxal. For
storage purposes, the frequency with which stored data is dumped, determines "he
total accumulation from a series of measurements.

The data may also be recorded in analog form on magnetic tape if a trans•o-t
is made available. This approach would permit a saving in equijxrn..t requiredL f•;r
multiplexing, encoding, and digital storage. Using standard 7-track half-incl.
tape common to telemetry links, the five probe voltages could be FM-recorded in
parallel on five tracks along with calibration levels and identity marks for each
channel. Time code marks would appear simultaneously with the measurements on
one of the extra tracks. A considerable simplification of circuitry is believc4
possible in this case since the digital timing and synchronization to insure the
correspondence of all measurements in time during storage and readout can be
eliminated. Necessary changes in system operating parameters coul.d. be better
accommodated when required.
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In setting up desired conditions, monitoring of successive steps of the
experiment is required of the astronea. For this purpose a display unit is
to be provided shoving such factors as positions of the various probes, voltage
conditions on the probes for the successive measurement steps, corresponding
current output values in analog form from the amplifiers, and a comparison, dur-
ing recording for transmission in either digital or analog form, of recorded
values with known standards. Manual selection of certain conditions and scale
factors in addition to the automatic sequencing of other functions should enable
optimum experimental results to be obtained.

In conducting the experiment, the astronaut must follow a prescribed
sequence for establishing desired conditions and monitoring results. A set of
instructions describing the functions to be performed and providing tables of
control settings and readings to be expected will be provided, and with which
personnel must be familiar.

At the start, the particle collecting probes must be positioned in distance
from the vehicle and in pointing angle. The attitude of the satellite will affect
this last factor and so must be recorded for each experiment. If attitude varies
at times by astronaut control during associated experiments, the rate of variation
and the axes of motion should be recorded since the resultant probe modulation can
introduce additional measurement data. The controls for setting probe position
may have several discrete detents to establish a limited number of known condi-
tions. In angle, a capability should exist for complete spherical coverage by
different probes. In distance from the shell, short steps when near the vehicle
can provide a measure of the plasma sheath imnediately surrounding it, with longer
steps beyond.

With the probes positioned, the sequence of voltages which permit the selec-
tion of either positive or negative particles of different energy levels, can be
applied. This is an automatic process in which a clock pulse triggers a driving
circuit which introduces a series of fixed elements into the control circuit of
a power supply, producing voltage steps of desired level and duration at the out-
put* A sequence number for each step appears on a monitor display, along with
the voltage value. The duration of each reading is 1 second, and enables the
astronaut to observe the successive values being used for a set of measurements.
As each voltage is applied, a corresponding current reading appears on the indi-
cator. Calibration voltages on some steps enable necessary adjustments to be made.
Since 5 decades are covered in these readings, separate scales are desirable for
accuracy, and selection of the best range should be an objective if changes are
not too rapid. A single range scale requiring no switching can be accepted for
overall monitoring, and an indicator is provided on the control unit for each
probe channel. The simultaneous readings on different probes will depend on the
look angle, the position on the satellite, and other factors, and may vary con-
siderably from each other.

If a ramp voltage is applied to the probes, it may be desirable to employ a
different type of monitor device, for example a cathode ray tube with a high
persistence screen. The voltage sweep can be applied to the horizontal axis while
the current levels appear as vertical deflections, resulting in a plot of the F-I
function. Calibration voltages are applied as required to the inputs and are used
to establish the zero and scale conditions.
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Recording of the various parameters starts after the application of voltages
to the probes has allowed necessary adjustments. If the recorder is coa n to
other experiments, for example a shared magnetic tape unit, proper time sequences
must be established to avoid conflict. Other interface relations for common use
of system elements must also be arranged in advance.

The time duration for a set of measurements as outlined should not exceed
some tens of seconds at the most, so that a couple of minutes of an astronaut's
time should suffice for setting up and running the experiment.

In brief, the following listed functions are to be performed by the astronaut:

1. Review instructions on experiment procedure.
2. Adjust probe positions and angles using tables in instructions for desired

measurement conditions and attitude of satellite.
3. Turn on switch for sweep voltages to probes and monitor level and timing.

Adjust range to conditions.
4. Check calibration levels on electrometer amplifiers and set zero adjustment

and scales as necessary.
5. Set up interface connections for requirements coon to other experiments.
6. At start of measurement sequence, turn on recording equipment and allow to

run until cycle is completed, as indicated on monitor panel.
7. Log time of experiment and any special conditions observed.

Since many experiments are to be conducted by the astronauts either
sequentially or concurrently, the sharing of time and effort among them to obtain

the optimum quantities of data from each experiment is a matter subject to mutual
agreements. This and other factors relating to integrated operation of system

elements must be established early in system development to insure success of the
various projects.

F. T. POWLES
Code 5113
U.S. Naval Research Laboratory
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5100:WIF:wdw
25 Sept 1964

"UTILIZATION4 OF MAGNETO-HYDRODYNAMIC WAVE.S"

Magneto-hydrodynamic waves occur in a conducting medium containing
a Static magnetic field such that wave propagation takes place when the
positions of the static field lines are perturbed. A disturbance in the
medium displaces the magnetic lines from their equilibrium position and
a wave will .be created which travels along the line of force. Such
propagation can be visualized as waves traveling along a stretched
rubber band. At the Same time that the displacement in the magnetic
field takes place, a corresponding change in the density of the medium
also occurs because the field is "frozen in" the conducting medium,
i.e., the magnetic field pulls the conducting medium along with it
because forces are set up that tend to resist the movement of the
field line through the conductor.

It is proposed to study different methods of producing hydromagnetic
waves from a space craft and evaluate their usefulness as a communication
and detection mechanism. It should be noted that transmission of such
waves are not general In nature but are limited to directions near the
magnetic field lines, so that the possibility of a secure communication
system exists.

Specifically the following points will be studied:

(a) Methods of generating magneto-hydrodynamic waves:

One possibility is to extend a conducting sphere a few
moters from the space craft and apply an oscillating voltage between
the vessel and sphere. Oscillation of the plasma between the sphere
and craft will set up plasma waves, the precise type of which will depend
upon orientation relative to magnetic field, ambient density, ionization;
in which case a certain portion of energy will go into the current mode.

(b) Methods of detecting magneto-hydromagnetic waves:

Variation of density, magnetic field strength and local
chat&ge variations will be considered. Detection devices should be
aboard a space craft as well as on earth.

(c) Interaction of hydromagnetic waves with space craft:

The interaction of hydromagnetic waves with spacecraft
will be studied todtermine the effect of such waves on the "supersonic
flow" about the vehicle, and as to whether drag on the device may be
changed.
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(d) Astronaut functions in experiment:

Current theoretical estimates indicate that a large
craft is desirable to produce a sufficiently large disturbance (in
conjunction with the sphere, above) in the ionosphere so that wave
propagation can be initiated. Man is essential to experiment in
order to carry out the complicated experimental details and to operate,
obseeve and record.

It is proposed to assign the design of this experiment to a group
involving about two people for development. Any theoretical aid will
be obtained from the consultants to the Laboratory. It is anticipated
that funds of $50K will be required for support of the group (neglecting
aylarge equipment purchases).
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INTERACTION OF SPACE VEHICLES WITH PLASMA

The development of satellites and utilization of space has stimulated interest
in the interaction of a space vehicle with its plasma environment, e.g., plasma
wakes and waves produced by passage of a satellite may affect the viscous and
electrodynamic forces acting as well as the response to electromagnetic waves.
There appear to be many interesting and important effects that take place when a
high speed object, such as a satellite, moves through the ionosphere, some of which
may be of military significance in the future. An example of such an effect is the
disturbance that appears before and after a space craft and has been detected by
scattering of electromagnetic signals; such phenomena may provide information
for possible long range detection of space craft and missiles (e.g., Experiment
S-22 proposed for MOL).

Some of the phenomena that take place can be described briefly as follows:

Neutral particles (molecules, etc.) are reflected elastically from the surface
of the vehicle and create a "condensation region" in front of the craft where an ex-
cess of such particles exists, while behind the craft a rarefaction region exists
where there is a deficiency of such particles. In addition to the elastic interaction
of the neutral particles with the craft, inelastic collisions may also occur, so that
excited and possibly ionized particles may also rebound from the front surface of
the space craft. This effect will lead to the emission of radiation which can possi-
bly be detected.

Charged particles interact not only with the surface of the space craft but with
the electric field (due to satellites) and the magnetic field (earth's) so that the dis-
tribution and effect of the electrons is profoundly different from the neutrals. Be-
cause the electron velocity is greater than both the ion and satellite velocities, the
satellite will accumulate a negative charge which gives rise to an ion sheath about
the vessel and affects the behavior of electromagnetic equipment.

Particles reflected from the vehicle can ionize the gas further in front of the
vehicle and produce a large disturbance in the ionosphere. Somewhat related to
this disturbance is the production of hydromagnetic and magnetoacoustic waves,
which may account for the effects that appear before and after the space vehicle.

Phenomena mentioned above are thought to occur near a space craft; there arc
other related phenomena that have not been studied. All the effects mentioned
above are postulated effects, and very few experiments (if any) have been performed
to observe the details of the various interactions.

It is proposed that a small theoretical study and survey be initiated so that the
various phenomena associated with the operation of space craft be defined and those
of operational or military significance evaluated for a possible experimental pro -
gram in a satellite. It is anticipated that the study will involve one theoretical
physicist full-time at NRL and will be carried out over a period of two to three
years. The money involved is about $25,000 per man year.
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Specifically, the following areas relative to satellite motion will be studied:

(a) Reflection of particles from the surface of the space craft and the radiation
emitted. By a study of the radiation it may be possible to deduce the speed and the
altitude of the space craft.

(b) Plasma Sheath Formation: Studies should be devoted to the effects of
sheaths on satellite antennas (impedance, propagation, directional pattern) as well
as upon the modification of the radar cross-section (if any). Apparently there
should be little effect on transmission at the usual radar frequencies for normal
sheaths; however, it may be possible to disguise a satellite from radar by produc-
ing a shielding or absorbing plasma about the satellite by charging the satellite
positively.

(c) Wave Propagation: The general features of wave propagation in the iono-
sphere at VLF and UHF seem to be understood in a general way but a great deal of
detail remains to be filled in. However, the propagation of general magnetohydro-
dynamic waves in the ionosphere has not been examined in any detail. at all. Some
problems of interest are: (1) penetration of VLF signals into the ionosphere and
subsequent propagation in Whistler mode, (2) propagation of waves from antennas,
(3) excitation of modes of propagation other than electromagnetic such as hydro-
magnetic waves, (4) excitation of electromagnetic waves by plasma waves and vice
versa, (5) interaction of the solar wind with the ionosphere so as to affect electro-
magnetic propagation and production of magnetic storms, (6) production of magneto-
hydrodynamic waves by satellites and their possible use as a mechanism for detec-
tion and tracking.

(d) Interaction with Magnetic Field: Relative motion of an object with respect
to a magnetic field induces eraf's in the object. This will result in additional drag
on the satellite as well as a distortion of the electric field distribution. The latter
effect will change the characteristics of the plasma sheath, and affect operation of
electromagnetic equipment aboard the satellite.

(e) Supersonic Flow: A study of the effects produced by supersonic flow about
the space craft will be made. This study will be related to some items mentioned
above but carried out from a somewhat different viewpoint.
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5110-158:CJK:wdw
Code 7000 17 Nov 1964

Code 5110

Via: Code 5100
Transmittal of Preliminary Data Rate and Data Storage Requirements
for Experiment S-23 to NAVMOL

Encl: (1) CSR 5110-157:CJK:wdw (4 copies)
(2) Data Usage Profile Diagram and Tables (4 copies)

1. The phone conversation reported in enclosure (1) indicates the
Aerospace Corporation has need of additional information concerning
the data rate and data storage requirements for Experiment S-23. In
response to a request from Hr. Frank Yates of Aerospace Corporation,
copies of a rough draft (working paper) of a planned addition to the
Experiment Data Book (enclosure (2)) are forwarded. It is requested
that a copy of enclosure (2) be provided Mr. Yates at the earliest
possible date.

2. The material contained in enclosure (2) must be considered as
preliminary and is forwarded in its present form only because of the
pressing need for additional information on Experiment 5-23 data
requirements by Aerospace Corporation. Formal updating of the S-23
Experiment Data Book will be effected when the data requirements are
further refined.

S. F. Kulikowski
Head, Data ProcesainA Branch
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CONSULTATIVE SERVICES RECORD
ORNC-NRL-iO-631 (Now. a-S5)

DATE SERIAL 'UMB1ER I ILE INuMDER

November 1964 511 -LRS7:CJK:wdw I N

I. INSTRUCTIONS - This form is to be prepared in duplicate and signed by the conferee after each conference
between Laboratory personnel and outside persons. Route both copies to Division Head, cognizant Associate
Director of Research and Codes 1505 (retaios one copy). 4010. 102.1, 153'). arid to 1523 for file.

2. CONFERENCE [A'A

(61 DATE OF CONFERENCE =i.) PLACE

12 Nov. 1964 Phone conversation
(c) NAME(S) OF LABORATORY PERSONNEL (d) DIVISICi AND CODE NUMBER

F. T. Fowles ARD, Code 5113

C. J. Kurner ARD, Code 5113A

(e) NAME(S) OF OUTSIDE PERSONS (f) ACTIVITY REPRESENTED

Frank Yates Aerospace Corp.

Phone 213-648-6170

(9) PURPOSE OF CONFERENCE

Discuss experiment data rates and data handling

(h) TIME CONSUMED IN CONFERENCE

10 minutes
(1) HIGHEST CLASSIFICATION OF MATERIAL D15CUSSED OR SHOWNi ( j) ORL PROBLEM NlUMBER

Unclas sifiedI 51K03 -06A
BRIEF OF RESULTS

A call was placed to Aerospace Corporation as a result of a request by Mr. Yates for
additional information concerning the data requirements for Experiment S-23. During
the conversation Mr. Yates indicated a need for data rate requirements for the
experiment and a usage plan for the on-board recording media. He also asked for
information detailing which experiment parameters were digital and which were analog.
The precision to which analog voltages are to be encoded was also requested.

Mr. Yates was informed that a first model of a usage profile has been completed.
This profile describes the experiment parameters, the ancillary information desired
and the data rates associated with each of the data intervals associated with Experi-
ment S-23. A copy of the usage profile and data rate considerations is attached.

According to Mr. Yates, current thinking at Aerospace indicates vehicle attitude will
be available with 10-12 bit precision in each axis. Time will be coded in approxi-
mately I msec intervals. Analog voltage encoding will be available to 8 bit precision
(for 0-5 v level). It is expected that experiment data. (both analog & digital) will be
routed to a central encoding and multiplying facility common to all experiments. The
data format will likely take the form of interspaced data from the several experiments
with sorting done at the ground stations after telemetry.

SIG UATuPE
Choms'lpa X. Knrner

NAVD-OPP" PARV, %SANE. D-1.
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13 November 1964

EXPERIMENT S-23 DATA REQUIREMENTS

SEQUENCE STATUS
FRAME

SUB-SEQUENCE CAL.
FRAME

DATA SET STATUS
FRAME

EXPERIENT DATA
FRAME

Experiment Identification
Block Identification
Attitude Control Mode
X-ray
Ultra Violet
Magnetometer
Equip. Temp.
Vehicle Attitude (5 bits/axis)
Concurrent Experiments

Experiment Identification
Block Identification
Probe Attitude
Voltage Scan Range
Electrometer cal. volt. (3 points)
Electrometer cal. currents (3 points)
Other, currently undefined

Experiment Identification
Block Identification
Time Code
Boom Length Mode
Boom Length
Collection Mode
Bias Voltage
Boom Vehicle Voltage
Other, currently undefined

Voltage
Current (3 probes)

No. of
Bits

4

2
*3
*3
*3
*5
"*15( )

14.
2
2

*24
*72
( )

4

28
1*8
1

( )

*8

one frame peIr
test sequence
(4 boom p]sti.tion"
at each o." >
probe att-itu ti' )

one frame
for each
probe atiY ,

prd c .2.fi:, .

(15. st. p.F .. •.

* Require analog-to-digital encoding; others are digital quantities.
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13 November 1964

EXPERDMENT S-23 DATA RATE REQUIREMENTS

STATUS 37+ bits of data read out within one sec. (37+/sec)
readout required once each 5 minutes.

SUB SEQUENCE CAL. 106+ bits of data read out within 1 sec. (l06+b/sec)
readout required once each 50 seconds.

DATA SET STATUS 76+ bits of data read out within one second (76+b/sec)
readout required twice in each 10 second interval.

EXPERIMENT DATA 15 samples of 32 bits each readout within one second
(480 b/sec)

2 seconds of data readout each 10 seconds.

In addition to the prescribed experimental tasks outlined in the profile

diagram, it is expected that an equivalent time period (eight ten-minute intervals)

will subsequently be available for special experiments conducted directly under

astronaut control. These could include, but not be limited to, the detailed probing

of the environment within one foot of the vehicle surface; the conduct of experi-

ments during conditions of abnormal solar or magnetic activity, and experiments

resulting from ground based data reduction which indicates additional effort be

directed toward gathering data at specific probe locations and/or times.

Although an experiment usage profile has not yet been defined for these

special tasks, the data handling requirements for these tasks has been considered

and is included, as is practical at this time, in the data requirements outlined

for the experiment in general.
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SDIULATION TASKS FOR EXPERIMENT S-23

Insofar as it is practical, it is desired that Experiment S-23 be considered
for inclusion in the simulation program being developed by IADC for Experiment P-13'

Availability of a simulated laboratory vehicle is considered beneficial to

the developnent of the Electron Density and Temperature experiment. Advantages of

such a simulation include:

(a) Resolution of MOL vehicle structure and 8-23 Experiment interface

problems by consideration of such things as aiding in the location

of the probe-boom assemblies on the vehicle surface attitude con-

trol jet exhaust streams, astronaut escape routes, and shadowing

by other vehicular projections;

(b) Resolution of the general inter-experiment interface problems such

as the determination of the comonalities of operation with other

on-board experiments, such as P-13, S-1 and S-22;

(c) The determination of the extent to which data from ancillary on-

board devices such as magnetometer and ultra-violet or X-ray

radiometers may be used in conjunction with the conduct of the
electron density and temperature experiment.

A simulated laboratory cabin would be desirable to assess and optimize the

plan for conduct of the experiment. Operation and calibration controls and sub-
sequent display of simulated results of these operations can establish the task

sequence for the astronaut for obtaining a maximum of data in a minimum of time.

Experimental realism can be achieved through the control of displayed re-
sults as a function of simulated external conditions (e.g., day-night, solar
flare conditions) and as a function of the boom-probe attitude as controlled by

the astronaut-test conductor.

Although the display devices currently being considered for use by Experiment

S-23 are meters, the simulation task may indicate the availability and/or desir-
ability of other displays such as cathode ray oscilloscopes for monitoring of

data from this experiment.
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5 January 1965

ELECTRON TNIITY AND 1RATUE n (s-23)
JUSTIFICATION FOR INCLUSION IN MWL

The electron density and temperature experiment has been designed to provide
a knowledge of the near environment of the MOL as well as to further the defini-
tion of the ionospheric medium through which the satellite travels. Among the
quantities to be determined from the experiment are the electron and ion den-
sities in.the ionosphere, electron temperature, the charged particle densities
in the plasma sheath surrounding the vehicle, the energy distribution of the
charged particles, the vehicle potential and sheath potential gradient.

The inclusion of the experiment on a .manned vehicle enhances the probability
o obtaining high quality data under both normal and anomalous (e.g., solar fl.ard

o) - mag•etic storm) environmental conditions. Man' s capability for evaluating a
:itu~a'tion and establishing the appropriate experiment parameters can make avai!-
able data which could otherwise be lost.

considerable -. _,k 1"ounc of rocket and satellite me aSUement of plasma

chLuract L.-ristics e~xists3I. Nume."ous experiments designed to measure ionospheric
-ect-on density and t.ip*_:-ature have been conducted. However, these- experi••i.:
"etizra ly utilize fixed .robes at or near the surface of a sm 4ll sat-llite vol-L
L&id are d.-.signed for the measurement of the properties of the undisturbod iono-
c..ph.-r-, i.e., the effect of the vehicle passing through the medium is considered
to be an undesired perturbation of the medium. Furthermore, the small si.ze of
past satellites means that near-vehicle effects, when determined, cannot rearlily
be m.-aningful.ly associeate with a vehicle the size of the MOL.

Th..- electron density and temperature experiment proposed for MOL is intende;
to :.xploit the large vehicle size in the determination of the near-vehicle plasma
* nn__Ironment. The maneuverable probe-boom assemblies provide a capability for
"o-p.pinr" the charged partic1e density profiJle. Mu.tiple sensors ot.ains essen-
t!'lly iLmultaneously, data relating to the directional properties oil' the plasma
and sheath, the effect of photo-ionization yield and temperature var.rition on
thu sunlit an4 shadowed portions or zhe vehle.e, and the effect of marznetic fiicld
interactions (VXB) with various portions of the vehicle structure.

The complementary nature of this experiment to the several electromagnetic
wave propagation experiments (S-i, S-22) for the MOL (which it supports) should
be stressed. The simultaneity of measurements of experiments 8-1 and S-23, and
3-29 and S-23, will provide improved correlation of experimental data and con-
clusions, particularly with reference to wave propagation characteristics and
antenna impedance. The behavior of the ionosphere in the presence of strong
fi• elds is not known completely. Similar uncertainty surrounds tha sheath struc-
ture. The probes of Experiment S-23 may be positioned to "map" the vicinity of
antennas during both "on" and "off" periods of a transmitter. The information

(1) See list of references for Experiment S-23 Prerequisite Data Report (PDR),
Section I, 9/24/640.
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obtained during this time may be used to improve design techniques for space-
vehicle antennas and for improving the understanding of ionospheric physics.

In summary, the Electron Density and Temperature Experiment (S-23) is de-
signed to provide previously unavailable data on the size and structure of the
ion sheath attached to a vehicle moving through the ionosphere at orbital ve2-
ocity, provide additional data on the spatial and temporal variation of charged
particle characterisitcs of the ionosphere, and prorvidke experimental data rel2a-
tive to the design of radiating antenna strlet5res on man-carrying satellites.
Determination of these qualities can be enhanced in a space environment by using
the knowledgeable efforts of an astronaut/test conductor.
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Drafted and submitted

for Comm. Bus. Daily

3/19/65

CAPABILITIES TO DESIGN, FABRICATE AND INSTRUMENT AN EXTENDABLE

AND RETRACTABIE PROBE MECHANISM FOR THE MEASUREMENT OF CHARGE

DENSITIES AND PARTICLE TEMRATURE FROM SPACE VEHICLES

Factors to be included in consideration of source selection for which

respondants should elaborate are (a) prior pertinent design and construction

experience that demonstrates potential skill for providing equipment of this

kind and any other devices whose mechanical design operation and construction

are considered potentially applicable to this requirement; (b) experience in

designing any of the following probes e.g., Langmuir type, Faraday cage,

Resonance probe, and their signal processing and recording techniques; (c)

facilities for testing such devices under simulated space conditions, and

for checking ability to withstand shoc±, and vibration, (d) indicate methods

employed to assure quality control; (e) level and experiences of project de-

sign engineers (include resume) that would be assigned to such a project. A

security clearance may be required.
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OPTIONAL FOPM NO t0 5000-)0o
MAY 1962 EDITION
GSA GEN REG. NO. 27

UNITED STATES GOVERNMENT

Memorandum
53l0-92: CJK: ewmi

TO Code 1910 (Mrs. Bivina) DATE: 18 June 1965

FROM : Code 5110

SUBJECT: Electron Density and Temperature Experiment

Encl (1) Memorandum draft copy, "General Procurement Plan for Electron
Density and Temperature Experiment"

(2) Draft copy of Request for Proposal for Electron Density and
Temperature Experiment

1. E'nclosures (1) and (2) are forwarded as working papers for review and comment
by Code 1910 prior to providing smooth copy when program approval is received.

2. The RFP has been prepared in accordance with instructions contained in Air Force
Manual AFSC-PHI-l-9. Our understanding is that this is the preferred format for
RFP's issued in connection with Air Force Program 632A.

3. Paragraph heading numbers are those used in AFSC-PHI-l-9. It is expected that
the applicable information required in Part I (par. 1-28) will be prepared by the
Supply Division as needed when the smooth copy of the RFP is submitted.

4. Those items in the RFP headed by OMIT represent paragraphs in PMI-1-9 which are
considered not applicable to this proposed contract.

5. It is hoped that sub mission of this draft copy for review and comment will result
in a formal RFI which can be issued expeditiously when program approval is received.

E. F. KULIKOOWSKI
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GENERAL PROCUREMENT PLAN FOR THE EIECTRON DENSITY
AND TEMRATURE EXPERIMN (S-23)

This RFP is being issued as part of the task of providing space qualified

experiment equipment for use in the MOL Program (Space Project 632A).

The general requirements of the experiment have been advertised as Synopsis

No. 26 in the Department of Commerce Business Daily of 25 March 1965. A determin-

ation and finding has been done and a source list prepared.

It is expected that the end item of the contract will consist of a set of

four flight qualified instrument systems suitable for conduct of the subject

experiment.

The current program plan calls for the contract to be conducted in three

phases. The first phase, which is covered by the current work statement, is

intended to produce a firm set of specifications for a system suitable for the

conduct of the experiment. Estimates of delivery time and cost for laboratory

and flight qualified systems will also be produced under this phase of the con-

tract.

It is conceivable that, based on the proposals received under this RFP,

several contractors may be selected for the concurrent conduct of this phase of

the contract. Parallel design studies may be indicated on the basis of different,

yet appealing, technical approaches as presented in the proposals. Alternatively,

if among the proposals received, it appears that individual offerors have superior

capabilities in the field of only part of the experiment system, contracts will

be awarded in the several areas required to develop an optimum system.

The design stud, phase of the contract(s) is expected to be completed in a

ninety day period, culminating in a report covering the contract objectives.

Based on the results of this first stage of the contract, an extension is

expected to be negotiated with one of the offerors for the procurement of a

laboratory model of the experiment system. This model will be utilized to insure

performance at or exceeding specification level, and for initial evaluation of

the experiment data collection and reduction plan. In addition, this model can

be used to verify the man-machine interactions associated with the various manual

and semi-automatic experiment procedures.

Information gained from testing of the laboratory model will be used to

ENCL (1) TO NRL 10110 5110-92:CJK:eam
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modify and update the system specification provided the vehicle contractor for

use by him in the integration of the experiment into the orbiting vehicle. It

is expected that final decisions regarding weight, volume, power demands and

equipment form factor will be made as a result of the evaluation of the laboratory

model of the experiment system.

The contract will then be further extended to provide for the procurement

of six models of the experiment in its essentially final form. The first of these

will be used for environmental test purposes for qualification of the system for

the space mission. This qualification model will be subjected to the necessary

shock and vibration testing, operated in a simulated space environment and sub-

Jected to the thermal stresses which can be expected during the actual mission.

Th's model will be tested sufficiently in advance of the flight articles that

minor changes can be effected in the flight models if necessary.

The second model of the flight-configured hardware is scheduled for use, as

a training aid. It will be installed in the simulation of the laboratory vehicle

and used in the astronaut/test conductor training program. It is expected that

sensor stimuli of the type encountered in a space environment will be simulated

and used to condition the test conductor to the displays which he will ancount r

and the control capability which he must exercise to conduct a valid and -aniri.n-

ful .xperiment.

1he third model wrill be delivered to the vehicle contractor for use in tha

mechanical and electrical integration into the laboratory vehicle. Delivery of

IOis moe,ý.l will be effected in time to insure that late modificationus to thi 'v'--r-

all vehicle systems properly reflect the requirements of this experiment form

factor and interface effects.

The remaining three models are designed for use on two of the early manned

flights with one model as a back-up for both flights.

The scheduling proposed for the conduct of the e-:'periment program is one

which provides an acceptable balance between development of optimum experiment

components and delivery of flight qualified systems to the vehicle contractor for

final installation into the laboratory complex.

Current cost estimates for the experiment contract are summarized briefly

as follows:
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Design study phase, two 90-day contracts at $100K

per contract $ 200 K

Laboratory model procurement, 1 system 400 K

Flight form-factored models, 6 at $300K/model

(includes qualification testing of environ-

mental model) 1800 K
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Form AFSC PMI-1-9

REQUEST FOR PROPOSAL

Electron Density and Temperature Experiment (S-23)
Part I - Administrative and General Information

1. Number

2. Issuing Office

3. Date

4. Closing Date: (Proposal submission 60 days)

5. Table of Contents

I. Accounting Data

7. Late Proposals

8. Priority

9. Payments

10. Shipping, marking, FOB point

11. Inspection and Acceptance

12. Availability of records and cost data

13. Certification

14. Incurring costs

15. Specifications

16. Base Support

17. Economy of preparation

18. Preproposal briefing and information

19. Acceptance Time: (30 day proposal review time)

20. System Source Selection Board

21. Facility Survey

22. Security

23. Classified or restricted information: No disclosures

24. News release: None

I5. Rejection of proposals

26. Disposition of documents

27. Contract clauses

28. Type of contract

ENCL (2) TO NRL MEMO 5110-92:CJK:eam
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Part II - Technical Proposal

29. Technical Plan

(a) Delineate your overall concepts of the project, provide a program plan,

and present a clear explanation of how you plan specifically to accomplish the

objectives and tasks set forth in the work statement. Provide graphics as appro-

priate.

(b) Isolate the technical problems which you expect to encounter, and indi-

cate the methods by which you propose to solve them. Identify areas of technical

risk. Suggest where simplification of requirements could reduce costs or time

without detracting from system/equipment effectiveness. Suggest alternate tech-

nical proposals.

[(c) Inter-related efforts schedule

OMIT d Summary Program Plan
e Simplicity of design and value analysis
(f Control over sub-contractors and managers

(g) Within the Technical Plan, furnish the following:

(1) Reliability Program Plan, outlining scope, requirements,

management, testing, demonstration, reviews, and reporting,.

(2) Quality Assurance Program Plan, outlining scope, requiret-

ments, management, controls, inspection, testing, calibration,

and vendor quality assurance.
OMIT [ 3) Maintainability Program

L (4) Materiel Support Plan

(5) Technical Data Plan, which outlines proposed plan and require-

ments for technical data, engineering drawvings, system specifi-

cations, check lists, utility manuals and handbooks.

[(6 System Safety Engineering Plan
7 Configuration Management Plan

OMIT 8 Aerospace Ground Equipment Plan
9 Transportability Program Plan

(10) Personnel Subsystem Program Plan

OIT [ (h) Cost Breakdown

30. Work Statement

(a) Purpose
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(i) The objective is to devise a system by which measurements of the

plasma environment can be made from a manned space vehicle. Al-

though suggestions toward a tentative system are included in this

RFP, it is desired that the proposal not be limited by these pre-

liminary considerations, but should present approaches and tech-

niques which take into account trade-offs between various means

of accomplishing the objectives. Particularly the type of plasma

probes, their location, and the means of positioning them are of

major importance to the success of the project. A thorough dis-

cussion of the factors affecting the performance of different

configurations should be given. Likewise, other comparative

analyses involving technical results, convenience, costs, time,

or other factors are necessary.

(2) Proposals are to be submitted within 60 days. Following review

of proposals, a contract may be negotiated for an engineering

design study to establish a Proposed System Package Plan (PSPP).

An extension of contract or separate contract utilizing the find-

ings of the design studies toward completion of a laboratory model

may follow. This model serves to prove performance and establish

specifications for final designs. Subsequently, a prototype suit-

able for final evaluation and training purposes may be procured,

with up to 4 flight systems. The estimated time periods for these

anticipated stages are as follows:

Submission of Proposal - 60 days

Submission of PSPP Final Report - 90 days after contract

Completion of Laboratory Model - 6 months after go-ahead

Completion of Evaluation and
Training Model - 5 months additional

Completion of first flight qualified
system - 9 months additional with additional systems at
3 month intervals.

(3) The object of the design study is to define the capabilities and

limitations of a system that can be built at the present state of
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the art. The specifications governing a proposed system in this

category shall be defined. Estimates of weight, space required,

power consumption, and cost are to be provided. The study is to

include a complete system which will enable the various functions

listed in succeeding paragraphs to be accomplished.

(4) A report is to be furnished which will include the following

material, with the addition of any other that the contractor

considers desirable:

a. Description of the proposed system and all component units,

including types of circuits. Consideration of standard

module packaging and also miniaturization should be given.

b. Specify ranges of environmental conditions (temperature,

vibration, shock, humidity, atmospheric pressure) for guar-

anteed satisfactory operation without need for recalibration

or adjustment. Also non-operating limits without damage.

c. Describe procedures for setting up the system, and making

routine adjustments and performance checks, including how

often required and estimated time to accomplish.

d. Estimate system reliability as mean time between failure of

any major unit.

e. Discuss advisability of critical module spares for replacement.

(5) The function of the subject measurement system is to afford a means

by which an astronaut can determine the characteristics of the

space plasma and related factors such as magnetic field and solar

radiation immediately surrounding his vehicle while orbiting the

earth. The characteristics to be measured include the electron

energy distribution (temperature), the electron and ion densities,

the vehicle-to-plasma voltage, the shape and size of the sheath

around the vehicle, the potential distribution across the sheath,

and the VxH EMF induced effects in the vehicle structure. Simul-

taneous measurements are to be made fore, aft, and amidship of the

vehicle, and sequentially at selected distances from it, which will

encompass the sheath limits as well as turbulent conditions in the
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immediate environment of the vehicle and out to plasma equilibrium.

At a selected position in orbit, this group of measurements at pre-

determined locations around the vehicle will be completed as rapidly

as possible. Groups will be repeated several times in one orbit

to include light and dark conditions in north and south latitudes.

The intent is to define diurnal, seasonal, and spatial variations

in plasma conditions under ordinary and extraordinary circumstances.

Observations are also required of the magnetic field strength, and

of UV and X-ray radiation, and equipment temperature.

(6) In order to accomplish these objectives, it is anticipated that

the measurement system may include typical components as listed

here:

a. A set of plasma sensing probes mounted on extended booms.

be. lectrometer amplifiers and associated conditioning devices

for probe currents.

c. A system programmuer to provide, in timed sequence, the vari-

ous operating conditions in accordance with selectable modes.

d. A control and monitor panel for selecting desired program

modes and observing measurement results.

e. Interface equipment to accomaodate a separate data handlirni

and recording system shared with other experiments.

f. Power conversion and regulation devices betveen the vehicle

common source and the measurement system.

p. Ancillary equipment such as magnetometer, UV and X-ray radi-

ometers, and equipment temperature indicators.

h. Interconnecting and matching units to adapt to positioning

requirements of different parts of the experiment system as

necessary in the vehicle.

This is a tentative listing based on a preliminary analysis of requirements

but is subject to modification by the offeror in accordance with his study of the

problem.
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(b) Background.
This experiment is to be one of several to be conducted aboard a manned

orbiting vehicle. In order to evaluate the effectiveness of a man in performing

various functions in space, it is planned to utilize his capabilities of observa-

tion, control, reasoning, and decision-making, in critical phases, while provid-

ing automatic means of accomplishing routine tasks in short time intervals to

expedite the measurement procedures. In order to conserve space, weight, and

power, the maximum common usage must be made of equipment and instrumentation of

general type aboard on a time-sharing basis. It is anticipated that sub-systems

in this category could include data handling and recording, timing standards,

display and indicating devices, power supplies, and ancillary sensors such as

magnetometer, UV and X-ray radLometers. Consideration must be given to problems

relating to mutual operation of such sub-systems and the avoidance of interference

between experiments. Likewise, the location of experiment equipment, within the

vehicle for accessibility needed by the astronaut, and outside the vehicle on

available desired areas avoiding conflict with other external devices, must be

determined by mutual agreement of users. Since the final configuration of vehicle

and equipment is subject to modification as development plans progress, the experi-

ment design in areas relating to interface conditions may also require change,

and adaptability to these requirements should be given consideration.

(c) Requirements and Objectives

(1) The plasma characteristics listed in paragraph 30(a) as requiring

measurement can be determined from plasma probes extending out from

the vehicle. These probes are mounted on booms to allow the

orientation and the position relative to the vehicle to be control-

led. The number of positions to afford adequate definition of

plasma conditions must be determined. The orientation is to be

adjustable around any axis, and the position, frcm flush with the

vehicle surface out to a snecified limit. The positioning should

be accomplished in the shortest time commensurate with other de-

sign limits.
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(2) The probes which may be of the Langmuir type, Faraday cup, or

similar, consist of one or more electrodes by means of which the

flow of either electrons or ions to a collector electrode can be

controlled and measured. A constant voltage adequate to attract

the charged particles of a given typc, is appliud to the collector,

while a sweep voltage sufficient to swirng the particle currents

from maximum negative to maximum positive, is applied to a grid

adjacent to the collector, and can control the flow of current Lo

it. By employing positive and negativa potentials successively,

a curve of current versus sweep voltage is obtained over a raxlue

of values which allow various parameters describing the space

plasma conditions to be derived. An additional type, called a

thermal equalization probe, w'hich operates or a different princi::le

to provide an independent measure of plasme-to-vehicle potential,

should also be included. This TEP contains a heated emitter which

discharges electrons into the surrounding plasma until its poten-

tial equals thet of the surroundings. This condition is deter-

mined from the change of slope of the curve of probe voltage vs.

amitter temperature. A direct voltage measurement between probe

and vehicle can then be made. In the design of probes, various

factors must be considered toward reducing errors in measurement

caused bsy sheath effects, motion of vehicle, time constants of

system, solar radiation, and others. For completeness, recommenda-

tions should be made for a magnetometer to measure field strength

frequently, and for a solar radiation sensor.

(3) Electrometer amplifiers are needed for amplifying currents from

the probe collectors, and providing a standard range of output

voltages to be processed by a separate data system. Several

decades of input currents, corresponding to the particle densities

encountered by the space vehicle, require an amplifier of adequate

dynamic range. Precautions are necessary to minimize input capa-

city and leakage, such as feedback between stages, and high quality

components affording a high input impedance. Uniform characteris-

tics of performance over the range of environmental conditions are

obtained by adequate circuit compensation, e.g., temperature varia-

tions.
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(i) The system progrm r serves the purpose of relieving the astro-

naut of routine tasks by automatizing the accomplishment of desired

functions, while enabling him to make best use of his abilities in

controlling the experiment and monitoring the performance of the

system and the measurement results for selected conditions. Timed

from a source common to other parts of the system, the programmer

establishes the sequence and time intervals of operating functions

in accordance with settings of controls by the astronaut. These

functions include movement of booms and probes, fixed and sweep

voltages applied to the probes, switching of calibrating and oper-

ating inputs, generation of gates for data readout and data samp-

ling times, and status codes to be recorded for indicating the

conditions during measurements. Programming modes should be

selectable to permit either an automatic sequence independent of

control settings or a manual type corresponding to the panel con-

trols set by the astronaut for special conditions. Other desirable

operating modes can also be recommended.

(5) A control and monitor unit is to be provided by means of which thu

astronaut can set up the desired experiment conditions and observe

the results as the selected program sequences the various operations.

Controls are required for primary power, progran selection, boom-

probe positions, probe bias and sweep voltages, system alignment

adjustments, display and monitoring scales and intensity, data read-

out and recording initiation, and interface conditions foji equip-

ment common to other experiments. For monitoring experiment con-

ditions, indicators are required for the various parameters subject

to control listed above. In addition, consideration should be

given to the usefulness of display of relative conditions such as

time, vehicle attitude, magnetic fields, solar radiation, and

temperature. Where conventional indicators are employed, consider-

ation may be given to joint usage with other experiments of a

common display.
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(6) It is anticipated that a central power source will be available

to all systems on the vehicle. To adapt the output to the specific

requirements of this experiment, provision should be made for nec-

essary converters, regulators, and filters.

(7) It is anticipated that the data processing system will not be a

part of this experiment equipment. As part of the vehicle auxil-

iary subsystems, it will provide digital recording on magnetic

tape, and it can be employed by all experiments on a time selectable

basis. Interface devices must be provided by which this experiment

can be connected and coordinated with the data conversion and re-

cording system as required. The timing of data units such as

signal sampling, multiplexing, encoding, formating, sequencing,

and recording, must be correlated with the experiment programmer

time gates and control lugic to enable the experiment data to be

processed in accordance with the requirements of the overall systems.

Data from the experiment to be recorded includes experiment and

group identity, boom-probe positions, probe voltages and currents,

6alibration data, vehicle-boom potential, vehicle attitude, time

code, magnetometer, UV radiation, X-ray radiation, and equipment

temperature.

(8) In deriving the quantities and rates of data to be handled, pri-

mary considerations are the number of output samples to be taken

in a given time, and the number of pr.robe poritions at which measure-

ments are made. The first is governed by the number of points for

a satisfactory E-I characteristic, and the probe voltage sweep

rate Ahich must be a function of system response time factors.

The second is determined by the degree of assessment of the range

of plasma conditions surrounding the vehicle. Values for these

variables are to be recommended, based on a minimum time interval

for completing a set of measurements at a given position of the

vehicle in orbit and on a reasonable limit for data requirements.
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(9) In order to insure a complete experiment system, it is desired

that a data processing package that would match the interface

devices included in the system, be planned as part of the system

study, should need arise for developmnent of such a unit at a

later time. The data unit must accept experiment analog values

from several probe amplifiers and auxiliary sensors such as

magnetometer, solar radiation, equipment temperature, and other

sources. Also digital words defining operating categories, data

identities, time, and similar factors must be accepted. For

analog forms, a sample-and-hold multiplexer having flexibility

in scanning rates and channel selection can feed an analog-to-

digital converter. Its output can be combined with the direct

digital input into a formatter which sorts the data and sets up

the word sequencing and timing to the magnetic tape recorder. The

recorded data is transmitted to ground stations at periodic inter-

vals over a standard telemetry link.

NOM: All material on a data processing sub-system should

be complete and self-contained so as to be separable from

remainder of proposal.
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(10) Suggested Preliminary Operating Factors
(Perfirmance Specifications to be determined by design study.)

Probe

Number: 3 mounted fore, aft, amidship, of vehicle; .TUP

Orientation: adjustable around 3 axes

Voltages: bias up to 300 volts; sweep up to - 40 volts

Boom

Extension: flush with vehicle surface to 10 feet maximum

Position: discrete steps or continuous

Rate of Extension: High as commensurate with other factors

Electrometer

Current rangle: 3.0"' to 10-l 2 amperes

Output: 0 to 5 volts de

Feedback compensation temperature range: Dependent on

location

Drift: Adjustment if necessary

"Progrmwmir: To be specified on basis of design study

Control and Monitor Unit: To be specified by design study

Power Supply

Governed by on-board source

Tckal power: Objective loss than 75 uatts awrrau~e durinE:
ex-periment run

Reliability MTBF to be based on missions of considerable duration

with little opportunity for rectifying malfunctions.

Vehicle environment (Aerospace Corp 1784.0-007, 6/19/614.)
Vehicle orbital altitude range: 100 to 250 miles

(d) Reporting Requirements

DD Form 11423

(e) Program specifications, drawings, exh-Mbits, etc.

List standard specs.
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(f) Progream schedules

Attachment from Program Plan

OMIT [ (g) Program documentation and control of schedules and allotments

(h) Exhibits, annexes, etc.

(i) Other

Program funding objectives and proceduresrDeployment plans
OIT Production Plan

Documentation and control of configuration end status accounting.
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Part III - Mlanagement Proposal

31. Personnel, organization, and management

(a) Indicate names of key management, scientific, and. engineering; perzonnr.,

i-hto vould bc assignmtd to this program. Give perentage of time each woujA. spend.

Provide personnel qualification and experience resurmS.

(b) Indicatu organization of assigned groop an(. relation to pr-s-nt

or-an z at ion.

UNIT E (c) Plan of comrany op-ration.

(C.) Id!ntify potential confli.cts with other wrork in ar.'as of' -nvs'mn:1

carpabl lity.

32. Helated ie;Mcrience

Indicate experience of company in similar or r'2lated ifoz. "tate ,h&-P

you are nov pcrfonrming or n-agotiating for similar or related work with. oth-r

moro.-n,•Fntorganizations or contractors. Show industricj. and th'- ,r.tcca--..

grc~nds of your firm, and give evidence of quality of your cornrrciej nd

ta.ry i-roducts.

ONIT' F23. 3ubcointractinL

1f. Uurrent Governm.nt contracts

List contracts vith &.l1 agencies of governmf.-nt. Givc procram ,. .... ½•-

tion, dollar amount, manpower, scope, and time pcriod of perfoanx; for e,-cb.

Also, rr';pl current cnC, prn j-ct.d workloPds.

[ 5. -rogram Organization mid Management (Contract ,rs)

OUTT 35. Scope of Work (Cont.-actors)

[ 37. Disast-r or Labor Surplus Area

•C) P7rformsncc Time

Indicate a startIng date, after receipt of award, anc. timr s,'hcJul

acc.m4ir-hmcnt of Milestones or Tasks.

M,!T [ . Govemnment furnished Property (GYP)

4 110. Liability for damage to GFP
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41. Facilities provided
42. Production advanced planning

OMIT 43. General logistics considerations

44. Program Evaluation and Review Techniques (PERT)
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Part IV - Cost Proposal

15. Cost estimate breakdown

(a) Submit cost estimates for program outlined, including snummary cost

breakdoim on form attached. Include detailed estimate of each of tasks in work

statement. Include costs for all equipment, deliverable or non-deliverable, re-

quired to perform the program, whether or not equipments are listed in RFP.

OMIT C (b) Other costs

(c) Indicate in cost proposal any work to be done at other locations of

company divisions, describing work and related cost.

(d) An attachment to this RFP is included, entitled "Instructions and

Definitions for Preparation of Cost Proposals." Deviations should be cleared

with contracting officer.

(o) Cost breakdoin must be in separate detachable form from rest of proposal.

(r) Failure to furnish cost estimates and supporting information may render

your proposal nonresponsive.

(g) Breakdown of direct engineering effort by job classification (and

corresponding rates and by task will be furnished.

O,,:IT C (h) Multiple contract effort and related costs

46. Financial statements (Part I, Par. 21)

11.-7 Other financioa infolmation

(a) Budget ani financial capability.

(b) Funding requirements to completo program.
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EXHIBIT D.9
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A LOOK AT THE SOLAR HEATING OF THE
THERMAL EQUALIZATION PROBE

Bettinger's Thermal Equalization Probe (TEP) is being considered as a probe
device for the measurement of the satellite potential with respect to the ionospheric
plasma. The TEP is an electron emitter mounted away from the satellite, shown
schematically in the figure.

SATELITETEP
-CD

'INSULATING ROD

The emitting of electrons produces an outward electron current which tends to
cancel the inward plasma electron current leaving the inward plasma ion current to
lower the original negative TEP potential acquired when it was placed in the plasma.
The potential difference between the satellite and the TEP is monitored, and when
the TEP potential is iowered to zero with respect to the plasma, the satellite poten-
tial with respect to the plasma is then known.

The TEP emits electrons by heating a cathode; then the current emitted is
governed by Richardson's equation

i = AT 2 e-e¢k/kT (1)

where

i = emitted current [amps/cm 2]

T = cathode temp. [OK]

eP = work function of the cathode

A = constant for the cathode material

This is a rapidly increasing function of temperature, changing about twelve
orders in magnitude as the temperature increases from 103 °K to 2 x 103 K.
Because of the sensitivity to temperature and the fact that, as a satellite probe, it
will spend long periods of time in sunlight and darkness, it seems important to take
a close look at the effect of solar heating on the TEP.
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For small changes in temperature Eq. (1) will give

Si = AT2 e-eO/kT {2 } e T (2)

or

2 = 2 (3)
i f kTfT

Thus, for example, a 1% change in temperature of a tungsten cathode at 1.5 x 103 *K
give about a 37% change in emitted current.

Let

H = radiant energy/unit area/unit time received at the surface of the TEP,

a = absorptivity = fraction of received energy that is absorbed,

R = radiant emittance = radiant energy/unit area/unit time emitted by the
TEP, and

P = internal power supplied to the TEP.

Then the net heat dQ transfered to the TEP in time dt is

dQ
-- = a aH+ P- a sR (4)
dt

where as is the total surface area and aS is the area of the TEP projected on to a
plane perpendicular to the direction from which the radiant energy flux H is re-
ceived. Using the Stefan-Boltzmann (S-B) law

R = E 0- T4  (5)

where e is the emittivity and o- the S-B constant. Thus Eq. (4) for the temperature
T becomes

dT
Cp - = a pH + P - as E0T 4  (6)

d ct p S

where Cp is the heat capacity of the TEP. The desire to solve and apply this equa-
tion to the TEP poses a few problems.

In applying this equation to the TEP, the parameters a must be evaluated. This
is not only a function of the metal used, but also of the finish of the surface (polished,
rough, etc.), and it should be evaluated for the case where the incident energy flux
is solar radiation.
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The parameter E depends on the metal used and is a weak function of tempera-
ture. Because of the weak dependence on temperature, its evaluation should not
pose much of a problem.

The projected area is a function of time since it depends upon the orientation
of the TEP with respect to the incident radiation. Its evaluation will require
averaging with respect to orientation.

The parameter H can be split into a number of terms; for example

H = He + HRE + HrE + HRS + Hrs (7)

where

He = solar energy flux

HRE = energy flux reflected by earth

HrE = radiant energy flux from the earth

HRs = energy flux reflected by the satellite

Hrs = radiant energy flux from the satellite

It will be assumed that HRE and HrE can be neglected with respect to the other
terms. The Ho is just the solar constant while the HRS is the solar constant adjusted
by a reflection coefficient for the satellite and the geometry of the reflection from
the satellite to the TEP. The term Hrs is a function of the temperature of the sat-
ellite which is again a function of time and obeying an equation similar to (6). Also,
for this term, the parameter a must be adjusted since the energy absorbed will be
in a different part of the spectrum.

Thus Eq. (6) can be written as

dT a
Cp - = a aH + a' a H + a" /'Hrs + P - asEcTT 4  (7)

Sdt P1 a.H + RS a1  r

where the primes denote the parameters are adjusted to correspond to the type of
radiant energy.

Assuming that some sort of averaging is done leaving the first three terms of
the R.H.S. independent of both T and t, Eq. (7) could be written as

dT F4 - (GT)4 (8)

Pcit

where

F4 
= a1, aHe + ap -HRs + a~a.'Hrs + P

G 4 = as EO-.
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Integrating (8) gives

T
C r GT- F I GT I

t ' __ log _2 tan- - ~.(9)4GF l GT+F F T

which is a closed form solution, but awkward to use.

The best approach is probably in studying numerical solutions of (7) where
each solution is for a set of parameters. Certain cases allowing rough calculation
of the parameters could be run which would provide guides to varying the param-
eters. For example, the case where the orbit plane is always perpendicular to the
direction to the sun and the TEP always broadside to the solar rays would serve as
an upper limit for the solar heating effect. Then the case could be run for the orbit
plane parallel to the direction of the sun which, for a circular orbit, would give the
maximum duration of the satellite in the shadow, thus representing the case of
maximum temperature fluctuation.

It seems that if the satellite to which the TEP is attached is both large and
manned, the HRs and Hrs terms may not be negligible and definitely not straight
forward to evaluate for the size would imply significant reflected and radiated
energy and being manned would imply the satellite surface designed to control the
inside temperature. Also, there would be times when the satellite would be in sun-
light but, shadowing the TEP.
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* ý 2 s It ic4. Or *etitc routo: No rhiSc'1o:sur:%S

.C. • on of" P..;•

Contr.acL
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PART II - TECHNICAL PROPOSAL

29. TECHNICAL PLAN

a. Delineate your overall conceits of the project, ,;rovide a 1;rograLi "lan,

and present a clear explanation of how you plan siec~lically to accomplish Uhe

objectives and tasks set forth in the work statement. Provide graphics a; ea .ro-

,riate.

b. Isolate the technical xroblems which you exvect to encounter, and

indicate the iaetnods by whIch you propose to solve tiheia. Identify areas of tech-

nical risk. Suggest where= sii-.iplification of requLr1,'TeChs coul ' reduceouz or

tir~n without dct,.actin;- fr s e nef...•- •veresse . u,1gest alternatG•+

technical proposals.

c. Interrelated eifforts schedule

Summary lvo•ranj Plan

S3imlicity of ý.,sign anI value analysis

f. Control o,'eor subcontractors and mana'-r,.

p;. Within the Technical Plen, -urnish t fo; o, in•:

(1) 11>ýliahili tý Progre4:- Plr'.n, iu In - +iu

nanc::•ra+it, tcstin-,, d.hntraton, .)a.nsr at .... n.:

(2) 'uali ty As surance Program Plan, out.'n.•n . , 17uirtmr-tr+t,

manwzenment, controls, inspection, testiri, calibration, an

vendor quall ty assurance.
(•) Maintainability Pro1;razi

(4) M4ateriel ;upport Plan

(5) Technical Data Plan, wt,1ich outlines roQos03 pla and requLrc-

ients for technical data, rnsn-rL drawirL-s, system

cations, check lists, utility manuals anl h°l books.

(•) System ;retty .n.ineering Plan

(y) Confi {ruration Management Plan

(') Aerospact: Groundt upirient Plan

(y) Transportabil ity vPrograrm Plan

(10) Personnel. Subsystem Progrea Plan

(Omit)
(ornlt)

(Omit)

(Omit)
(Omit !;

(omit;

(o'! U
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ý0. WORK STATMMT

a. Purpose

(1) An experimental system is required which will enable measurements

1so be made of wave transmission effectiveness in the VLF/ULF/TLF bands between a

-:manned orbiting space vehicle and other stations on the ground or in other s.ate

".f:h•tes. An associated system is also required to measure the plasma environ-

me.nt arounrd the vehicle in order to correlate its characteristics with the per-

t'ormance of the transmission system, particularly its cffects cn antenna radiation

'.ff'i.eiJ!nuy and dinensions, and the sheath effects on voltare ex itation. Althourh

the two nystems serve a mutual objectivu, and must be integratez] for a comon

ion, there is considerable difference in the design technique and knov-

*,.•e reauired in formulating an end-product. For clarity anc4 readability, the
'uemitter-receiver-artuina complex is in separate l-artw-rphs in this iescrijption

-I th, eleectron robe-boom assembly. The end result must be a packae in wti'|

ti,.- v•arius requirements ar! coordinated, and joint usakte must be made to the
* ' lsmt 2xtent of component units which can be made comuon to both sub syst-ms

im(,vrkl saving space and weight. Certain suggestions toward a tentative system

-re included in this RFP, but it is desired that proposals not be limited by

"these preliminary considerations, and should present aylironcLies and techniquee

"*Ai.•' take into account trade-offs among various means of aecomplishing ti.: olJ'.c-

tivas. A thorough discussion of factors affecting the performance of difftrent

-onfirui'-tions shouc1O be given. Likewiso, other eornparatlve analyses inwo`vin,-

T-ckinr'a1 rýsults, convenienc-., time, cost, and othor fact.•,i"r Fr .esr1r."

(C) Proposals are to be submitted within 60 days. Followi!f revi-w of

pro;osaa s, a contract may be negotiated for an engineering design study to es~a'-

*"h a Proposed System'i Package Plan (Ps,"). An extension of contrac• or separat"

•z:tc' utilizi.ng the findings of the design studies toward completion of a

--!oratory model may tfl]ow. This model serves to prove performancz and estab-

l i'i- sp-ec.fications for final designs. Subsequently, a prototype suitable for

final evaluation and training, ;.urposes may be procured, with up to h flight

ten'ems. The ,estimat.Ad time periods for these anti!ipated stages are as follows:
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Submission of proposal 60 days

Submission of PSPP final report 6 months after contract

Completion of laboratory model 6 months after go-ahead

Completion of evaluation and training model (6 months additional)

Completion of integration model 12 months additional

Completion of first flight qualified system (6 months additional)

with additional systems at 3 month intervals.

(3) The object of the design study is to define the capabilities and

limitations of a system that can be built at the present state of the art. The

specifications governing a proposed system in this category shall be defined.

Estimates of weight, space required, power consumption, and cost are to be pro-

vided. The study is to include1 a complete system which will enable the various

functions listed in succeeding paragraphs to be accomplished.

(4) A report is to be furnished which will include the following

material, with the addition of any other that the contractor considers desirable.

(a) Description of the proposed system ani all component units,

including types of circuits. Consideration of standard module

packaging and also miniaturization should be given.

(b) Specify ranges of environmental conditions (temperature,

vibration, shock, humidity, atmospheric pressure) for

guaranteed satisfactory operation without need for recalibra-

tion or adjustment. Also non-operatinr, limits without damage.

(c) Describe procedures for setting up the system, and making

routine adjustments and performance checks, including how

often required and estimated time to accomplish.

(d) Estimate system reliability as mean time between failure of

any major unit.

(e) Discuss advisability of critical module spares for replacement.
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Paragraphs 30a(5) and 30a(6)

SECTION I (WAVE PROPAGATION PHASE)

(5) The propagation measuring subsystem affords a means by which an

astronaut, in coordination with other stations, can set up conditions under which

signal propagation at various frequencies in the VLF/ULF/ELF bands can be deter-

mined. In the transmission condition, signals of known characteristics are radia-

ted from the space vehicle and received at stations on the ground where the sir-

nals are recorded for measurements of frequency, field strength, phase, Doppl;.r

shift, and multipath effects. Also, for determination of specific MHD effects,

signals of short duration are radiated, and the radiated frequency irimediately

monitored. In the reception condition, signals in relat&ýd bands from ground

sl-,ati~ns are monitored and. recorded in the space vehic.,- by the astronaut to pro-

viLde, in the reverse direction of transmission, the same signal characteristles

as on the ground. Also wide band receptions for nois,. l'vel determination are

nlade. Transmissions from the vehicle are made intermittently fý,r short intz; ..als

at s.2lected positions in an orbit to provide day and nisrht conditions in north

a=d south latitudes. Signal reception can be made both alternately with trans-

missions, and on a scheduled basis when the transmitter is off , by the astronaut

as time permits. In support of these propagation tests, measurements are made of

the impedances of the transmitting and receiving antennas related to their orien-

tation in the earth magnetic field, and to the plasma con.'3itions. These m(-.asur.-

cents can be made at low excitation levels for all antennas, and frjr the.! tran.r,-

1i.4ti-ng element additional, measurements at higher power levels are desirt.t.te. ]i.

order to obta.n opttimun results in all related phases oi' tie experinent, tir•,

inte•rvals for the various tasks must be specified, as wol•l as the positions in

orblt. to afford the desired range of conditions in latitude, 1ight-dark, diur nl

or seasonal, and plasma environment related to solar activity and. magneLie fiel:is.

In ,.ll phases, consid.Lration must be given to the control or radio frequvuncy ints r-

Czrence (nF1) effects, both those gene:wated by the txperimrncntal ,system and JIlue-

ferl.n with other sensor's, and those from outside sources capable of affectin,

sensir.i¢re local devices.
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(6) In order to accomplish these objectives, it is anticipated that the

propagation measurement system may include, but not be limited to, typical compo-

nents as listed here:

(a) A transmitter having variable frequency and power level

capability.

(b) Transmitting antennas of crossed loops or dipoles of

adjustable length.

(c) Matching unit to couple transmitter to antenna.

(d) Dummy load for transmitter tune-up.

(e) tunable receiver having narrow bandwidth for signal.

reception.
(f) Tunable receiver having wide bandwidth for noise measure-

ment.

(g) Receiving antennas.

(h) Antenna impedance measuring equilment.

(i) Power conversion and regulating device.- be;,'en th vehic2t.

comaon source and the measurement syster.•.

(J) Interconnecting and matching units to adapt to position.n,•

requirements of different parts of the ex, riment systeý. as

necessary in the vehicle

The following items may be designed to serve functions of both propagation and

1.lasrina experiments as a comnon unit:

(k) A system :Programier to provide, in tt.ied sequence, the vari-

ous operating conditions in accordance with selectable modes.

(1) A control and monitor panel for selectin"r desired program

modes and observing measurement results.

(m) Interface equipment to accommodate a separate data handling

and recording system shared with other experiments.

(n) Ancillary equipmient such as magnetometer, UV and X-ray
radiometers, and equipment temperature indicators.

In addition to the space vehicle equipment, provision is to be made for
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receiving equipuent at the ground stations. The number of ground stations

necessary, and their location based on present tracking stations should be

considered.

This is a tentative listing based on a preliminary analysis of requirements

and is subject to modification by the offerer in accordance with his study of the

problem.

There are a number of constraints which are placed on transmitter-antenna

characteristics in space vehicles and these must be weighed and compared in de-

signing a system. Since space operations involve unknown conditions in various

areas, the extent of the constraints must be estimated to serve as a guide in

establishing performance characteristics. Thus a feasibility study is to be in-

clu-led under the contract to set the limits which must be placed on desired opera-

tIng factors.

A prime e2xample is the transmitting system. Both variable output power, ane

-rariable frequency coVeraCe is required in determinini., thi capability for radia-

t in;- 7',/2Lr energy into space and for propagating through that space* Power

lev;Is from watts to kilowatts would be desirable for measurina ant2nna excitatitan

:,fl"ets, either on a continuous or pulsed basis. Howenrer, size and weight restric-

tionsi on the power supply, transmitter, antenna tuninri unuit, dmmry load, an(!

anL.:nna must be consirV-red in attaining these levels. Pk osnrticularly critical

faector is the antenna load.ing condition. Antenna lengths at these freou2ncies are

n sjs,-2.l fract,.on of a wavelength, resultinr in radiation r'sistances of a fraction

M, an olhn an. capacitive reactenees of thousands of ohms. T1hus antenna currm-nts

uj; to tons of amperes flow through a high tuning inductance to produce tens of

kilovoltas of radio-frequency potential, creating a considerable hazard in a con-

fined spac.- * Also generated fields capable of affecting sensors and instruments

In the vehicle, and currents flowing in the vehicle structure constitute inter-

ference sources. As the transmitted frequency is decreased, these conditions be-

come worse. Longer antennas are a help but the length is limited by various factors.

Thus a feasibility limit, based on an investigation of conditions of operation,

is needcl for maxinmu allowable transmitter power, and for minimum frequency of

t••ansmission in the ELF band. Related factors affecting the system and its per-

formance objectives, must also be considered in specifying the values which will

Frovide the best balanc.- in overall experimental results.
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Paragraphs 30a(5) and.30a(6)

SECTION II (PIASk4A IWAOLREMNT PHAS)

(5) The function of the plasma measurement system is to afford a means

by which an astronaut can determine the characteristics of the space plasma and

related factors such as magnetic field and solar radiation immediately surroundin,

his vehicle while orbiting the earth. The characteristics to be measured include

the electron energy distribution (temperature), the electron and ion densities,

the vehicle-to-plasma voltage, the shape and size of the sheath around the vehicle,

the potential distribution across the sheath, and the V x H FW induced effects

in the vehicle structure. Simultaneous measurements are to be made fore, aft,
and amidship of the vehicle, and sequentially at selected distances from it,

which will encompass the sheath limits as well as turbulent conditions in the

immediate environment of the vehicle and out to plasma equilibrium. At a selected

position in orbit, this group of measurements at predetermined locations around

the vehicle will be completed as rapidly as possible. Groups will be repeated

several times in one orbit to include light and dark conditions in north and south

latitudes. The intent is to define diurnal, seasonal, anti spatial variations in

plasma conditions under ordinary and extraordinary circumstances. Observations

are also required of the magnetic field strength, and of UV" and X-ray radiation,

and equipment temperature.

(6) In order to accomplish these objectives, it is anticipated that the

measurement system may include typical components as listed here:
(a) A set of plasma sensing probes mounted on ceended booms.

(b) 1lectrometer amplifiers and associate-I condILtionir.- devices
for probe currents.

(c) Power conversion and regulation devices between thiv vehicle

common source and the measurement system.

(d) Interconne.-cting and matching units to Wapat to positioninr,

requirements of different parts of the experiment system as

necessary in the vehicle.
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The following items may be designed to serve functions of both propagation and

plasma experiments as a common unit:

(e) A system programmer to provide, in timed sequence, the

various operating conditions in accordance with selectable

modes.,

(f) A control and monitor panel for selecting desired program

mo'les and observing measurement resul.ts.

(g) Interface equipment to accommodate a separate data handling

and recording system shared with other experiments.

(h) Ancillary equipment such as magnetometer, UV and X-ray

radiometers, and equipmaent temperature indicators.

Thi; is a tentative listing based on a preliminary analysis of requirements but

is subject to modification by the offeror in accordance with his study of the

SJ'blem.

b. Background
This experiment is to be one of several to be conducted aboard a manned

orbi'Lin,, vehicle. In order to aval.uate the effectiveness of a man in performing

various functions in space, it is planned to utilize his ca-vabilit.11es of observa-

tion, control, reasoning., and decision-making, in critical phases, while provid-

'.nr automatic means of accomplishing routine tasks in short time intervals to

expedite the measurement procedure:ýs. In order to conserve space, weight, and

ower, the r=.riuum common usape ncius be made of equimnent and instrumentat ion of

gen ,ral type aboard on a time-sharing basis. It is anticipat:Y-. that sub-syste;,ls

in this category could include data handling and recordirw, timing standards, dis-

Olay and indicating devices, power supplies, and ancillary sensors such as magneto-

meter, UV and X-ray radiometers. Consideration must be given to problems relatingz

t- mutual operation of such sub-systems and the avoidance of interference between

--xjp:riments. Likewise, the location of experiment equipment, within the vehicle

for accessibility needed by the astronaut, and outside the vehicle on available

e.sired areas avoiding conflict with other external devices, must be determined

byL mutual agreement of users. Since the final configuration of vehicle and equip-

sent is subject to modification as Oeve3 opment plans progress, the experiment desirn

in ar,-as relating to inte-rface conditions may also require chan.'e, and adaptibility

to these reauirements should be given consideration.
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Paragraphs 30c(l). e(2), c(3)

SECTION I (WAVE PROPAGATION PHASE)

c. Requirements and Objectives

(1) In accomplishing the objectives listed in paragraph 30a, the astro-

naut must follow a sequence of tasks established on a prearranged schedule coor-

dinated with ground transmitting and receiving stations. Under certain circum-

stances, special observations may be required to meet unusual conditions which

havwe arisen, and the astronaut can arrange with the stations for short-term

schedules during which the experimental procedures will be governed by the condi-

tions. During the regular schedules, the astronaut will operate alternately for

short intervals, the transmitter phase and the plasma-receiver phase of the experi-

ment. The transmitter is initially tuned to the desired frequency and the power

level adjusted using the dummy load. The antenna is extended and connected in

place of the dummy load, and the matching unit is adjusted, using reduced power

when necessary. The power is then increased to the desired level. The trans-

mitter can be left in standby mode until ready for the radiation interval. The

receiver can be pretuned to the scheduled frequency and tle j.-asma measurement run

prepared for operation. With the transmitter energized, 1rovlion should be ,made

for protecting various components of experiments which Liiggit be damaged by stray

radiation. The successive test sequences for any one gr,:-u of rieasurements should

occur as close together as possible to avoid changes in en in.ienIal conditions

during different parts of a gr-rup. A plan should be prooposed ',. r the range of

measurod parameters to be included. and for the divisicn oV ihese conditions w'ionk,

desired orbit positions in order to obtain the optimum fte f.or the anticipated

envirornental ranges in a minimum. of time.

(2) In tran:m.mittLing from the vehicle, the antenna is the inost critical

"Itir.1. If satisfactory characteristics can be obtained, tbe iransm.iitter and tuniru-

coil present little problem, iuainly shielding and heat dissipation. T1:us a major

effort is needed to provide antennas of long effective length, affording low re-

actance and high radiation resistance for efficient coupling.

(3) The receiving system can be of conventional iiesi.n, with components

to ::.inimize size. A three decade tuning range as listed u;nder sujested operating.,

conditions is desired.
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Paragraphs 30c(l) .(2), WA)

SECTION II (PLASMA MEASURET PHASE)

c. Requirements and Objectives

(1) The plasma characteristics listed in paragraph 30a as requirin.,

measurement can be determined from --lasza probes extending out from the vehicle.

These probes are mounted on booms to allow the orientation and the position

relative to the vehicle to be controlled. The number of positions to afford

adtouate definition of plasma conditions must be deterrinei. Tpe oriLentation is

to be adjustable around any axis, and the position, from flush with the vehicle

surface out to a specified limit. The positioning shouldi be accomplished in th,;

short.est time comensurate with other design limits.

(0) The probes which may be of the Langmur ty-1 e, Faraday cup, or

similar, consist of one or more electrodels by means of whnch the flow of either

electrons or ions to a collector electrode can be controlled and measured. A

c..xn3tant voltage adequate to attract the charged particles of a given typ e, is

alzid to the collector, while a sweeý'p voltage sufi'icient to swing the ,art1-C'.ý!
current's from maximum pegative to raximr.u positive, is ar i.`i'6 to a grid adjo~ent

ýo the collector, sad can control the flow of current* to it. lVy (3ploying positiv,-

and negative potentials successively, a curve of current versus sweep voltaer is

obtained over a range of va¢u,.s which allow various j.'zm:et0 'sescr.bY.ng tI,>

.,'....zsma conditions to bA d.'iv-d. ,n additiour' C.t.. e.. ... .
"*!rUIIlZftio probea, which ou::rattes on et different :-inci;le t- a;rn !i,'•.•v. "t,-

,i:-nt measure of plasma-to-vehicle potential, should kLso be included *¶Thii TPP

contalns a heated 3emitter whih 6discharaes electrons into the surroundia: lai:e.

until its potential equals that of the surroundings. ThIs condition is deteniIneo,,

Ai-'m th,! change of sloie of the curve of probe voltan:e vs. mitt.r tenrperp.turc.

direct voq age measurement between p.robe and vehicle catu Lhen be na•.-.In the:
.-r; i'7n of Lrobes, varLrus 'acto.-s wu.st v, consider?.1 w'F r"duci-n- errors In

• euasur ::nreb caused by sheath ea'fects, v.otion of vib!.'l-, tiae constants o0" syse ,

solar radiation, and othe'rs. For comp'leteness, recameneatioixs should be me. ' for

a r-ajnetorleter to measure field strength frequently, and for a solar radi-etion
\~sr
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(3) Electrcmeter amplifiers are needed for amplifying, currents from
the probe collectors, and providing a standard range of output voltages to be

processed by a separate data system. Several decades of input currents, corres-

ponding to the particle densities encountered by the space vehicle, require an

amplifier of adequate dynamic range. Precautions are necessary to minimize input

capacity and leakage, such as feedback between stages, and high quality components

affording a high input impedance. Uniform characteristics of performance over

the range of environmental conditions are obtained by adequate circuit, compensa-

tion, e.g., temperature variations.
(4) The system programmer serves the purpose of relie-ving the astronaut

of routine tasks by automatizing the accomplishment of desired functions, while

enabling him to make best use of his abilities in controlling the experiment and.

monitoring the performance of the system and the measurement results for selected

conditions. Timed from a source common to other parts of the system, the program-

mer establishes the sequence and time intervals of operating functions in accordance
with settings of controls by the astronaut. For plasma measurement, these functions

include movement of booms and probes, fixed and sweep volta(,es applied to the

probes, and switching of calibrating and operatingr inputs. o- ,;a!ation measur-

mint, the functions include extension of antennas, tuning end switching of trans-

mitter, tuning and switching of receivers, and connection and adjustment of

impedance measuring equipment. Generation of gates for data 2-2adout aid dC.ta

sar.l;1ing tmes, and generation of status codes for indicatin: the conditions durinf!

measurements enable data to be recorded and identified. Programeing modes should

be selectable to permit either an automatic sequence independent of control s1tt.ng

or a manual type corresponcrtinr to the panel controls set by th.: astronaut- ofor

special conditions. Other desirable operating modes can el•o be recommended.

(5) A control and monitor unit is to be provided by means of which thq

astronaut can set up the desired experiment conditions and. obsr-.e the results,

as the selected program sequences the various operations.,: Controls are reouired

for primary po1wr, program selection, boom-probe positions, probe bias and sweep

voltages, antenna extension, transmitter standby-operate, transmitter tuning, )re-

ceiver tunin7, impedance assembly switching and adjustment, system alignment asd-

justments, display and monitoring scales and intensity, data readout and recording
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initiation, and interface conditions for equipment common to other experiments.

For monitoring experiment conditions, indicators are required for the various

paraineters subject to control listed above. In addition, consideration shoull Le

given to the usefulness of display of related conditions such as time, vehicle

attitude, magnetic fields, solar radiation, and temperature. Where conventional

indicators are employed, consideration may be given to joint usable with other

experiments of a common display.
(6) It is anticipated that a central power souz"ce will be available to

all systems on the vehicle. To adapt the output to the specific requiremrnts of

this experiment, provision should be made for necessary r'onvcrters, reEylators,

and filters.

(7) It is anticipated that the data processin,, system will not be a

part of this experb'ent eauipment. As part of the vehicl:e auxiliary subsysteras,

it will provide digital record.inrr on ma;.netic tape and ft can bu- employed by all

• ..:.-..'..eriments on a time selectable basis. Interface devices must be provided. by

which this exMveriment can be connected and coordinated with- '-he data convetsc.son

ýr... -_co-dCIV. system as required. 'The timin- of data units such as si'nal seam.pUin,..,

mult..l-XinA, r:ncodirn,, formattinr, sequencing, and recordinr, ust he corT.t.

with zhe exxperiment programmer time gates and control logic to enable tahe expe-'i-

ment ,.ata to be processed in accordance with the requirements of the overall systelas.

Data .frxm the experiment to be recorded includes experiment and group identir.y,

uoom-urobe positions, robe voltages and currents, calibration data, vehicle-boom

t -tntial, transmitter antenna length and orii-ntation, n-:c.v!'er antenV. .e ,

nr L'tation, transmitter freauency and input power, type o-.f iuodiation, eint. run

.c..ancs, .?ceiver bandwidth, signal characteristics, v.-hinle attitude, tL.

o,.ae, .. agneto..eter, 911 radiation, X-ray ra.niation, equi-nment t.c-riperatu re.

(8) In deriving tile quawitities anti rates of data t-' bfo hrndlA. Tot the

,..lasma i•ieasurements, .pri.marxy considerations are tue number of ou`Iut sampz.n-s t5.--

be taken in a given time, and the number oP' probe -posi tions at which meosurei:xn r.s
•re made. Phe, first is overaed by the nimzber of )oints for a satisfacto±-y E-T

chrracteristic, and the p k:' r(, ,.lsage sweep rate .i.ich musi, be a •u3ctio f

system response time factors. Tihe second is eleterniined by ther. degr.. of assess.•C•enr
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of the range of ple•ma conditions stt•rotmding the vehicle. Values for thesevariables are to be recomm, ended, based on a minlmum time interval for completing

a set of measurements at a given position of the vehicle in orbit and on a

reasonable limit for data requirements. For propagation measurements, the degree
of detail to be analyzed in the VLF/ELF si•1•l chsrsateristics %•I1 be a govern-

Ir45, factor. Comparison of 8aalog as 84•ainst diglt•l recordi• should be made to

determine adveamtages to be gained from am overall system viewpoint.

(9) In or aer to insure a complete experiment system, it is desired that

a data processing package that would match the Interf•cu de•Ices included in tl:e

system, be ;lammed as peu•t of the system study, should need arise for deve-lota',ent

of such a unit at a later time. The data unit must accept expe:'•aent analog values

fram several probe amplifiers m•d auxiliary sensors such as mag net•eter, solar

radiation, equipment tm•iperature, and other sources. •,lso di•i•a! words defining

operatiz•-W categories, data identities, time, and similar factors .•t be accepted.

For analog forms, a s•ple-and-hold multiplexer havi•< flexibility in scanmi•g

rates and channel selection can feed an analog-to-digital converter. Its output

can be c,•0•ined with the direct digital iniJut into a formatter •,•ich sorts the

data and. sets up the word sequencing and tir• to the ma•?netic tapc recorder.

The recorded data is transmitted to ground stations at periodic inter•Is over a

stsuldard telemetry lir•.

Not•: All material on a data proc:essing sub-system should be co•lete and self-

containe,• so as to be sei•rable from re•in•er of pro•)sa].
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(10) Suggested tentative operating factors (performance specifications

to be determined by design study.

Transmitter frequency range:

Tunable from 30 kc to 0.3 kc - feasibility of low end of band

to be determined; crystal-controlled fixed frequencies of 30, 10, 3,

1, 0.3 kc.

Transmitter power output:

Peak power of 1 KW if feasible; duty cycle such as to hold

average power below 100 watts.

Transmitting antenna:

As long as feasible to increase radiation resistance and

reduce reactance.

Transmitter loading coil:

Adjustable for predicted antenna reactance variations induced

by plasma environment. Shielded to reduce radiated fielVs an(

insulated for high voltage protection.

Teceyivers:

Tunable from 300 kc to 0.3 kc.

Signal reception bandwidth up to 25 cps.

Noise measur'-ment bandwidth u!) to 5 kops.

Amtenna impedance measurir. equipment

Plasma Probe:
Ntmiber: 3 mounted, fore, aft, amidship, of vehicle; 1 T7P.

Orientation: Adjurtable around 3 axes.

Voltages: Pias up to 300 volts; sweep up to + 40 volts.

Boom:

:cxtension: Flush with v-hicle surface t-o 10 f•' ixA1ia.

Position: Discrete steps or continuous.

Rate of extension: High as commensurate with other factors.
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Electrometer:

Current range: 10- to 10" amperes

Output: 0 to 5 volts de

Feedback eociensation temperature rang•t: Dependent on location

Drift: Adjustmtent if necessary

Progranier: .'o be specified on basis of desilr,, striuy.

Control and Monitor Unit: To be specified by esign study.

Power supply:

Governed by on-board source.

Total =poar: Objective less than 75 watts average during

eXperii-int run.
Reliability MTtF: To be based on missions o" considerable duracion

with littl:•. opportunity f-.'r ne' .fnialfunctions.
Vehicle environment: (Aeros,:ace CorT 1734., - X7 /1u4.)
Vehicle orbital altitude range: 100 to m5in.'.: *.S

c.. Reportiw, Requirements
!Tf) Form 14k3

'I Program spcification.,, drawings, exhibits, !tc.

List standArd s].Acs.

f. Program. schedules
Attachment fr-mx Program Plan

(Or'.'.) E; Program documuntatLon and control of schedules san rlotments

h. Exhibits, annexes, etc

i. Other

Program funding obj.cctives and procedurcs

(Omi) Deployment ylans
(Om it) Productiun plan

(Omit) Documentation and control of confilgurations- and status accowitinw
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PART III - MANAGEMENT PROPOSAL

31. PERSONNEL, ORGANIZATION, AND MANAGEMENT

a. Indicate names of key inanagemnt, scientific, and engineering persunne..

who would be assigned to this program. Give percentage of time each would srxlen'.

Provide personnel qualification and experience resume.

b. Indicate organization of assigned group and relation to present

organization.

(Omit) c. Plan of company operation

d. Identify potential conflicts with other work in areas of personnel

capability

32. RELATED EXPERIENCE

Indicate experience of company in similar or related efforts. 2tate whethe.r

you are now performing or negotiating for similar or related work. with other •oi ri-

ment or7anizations or contractors. Show industrial and theoretical bac.krrounds

of your firn, and -ive evidence of quality of your coiercia1 and militery proxiur'.

()[.ait) 3, SUBCOTaAcrTIcN

34g. CITt GOVERNMENT CONTRACTS

List contracts with all agencies of government. Give program identifilatIon,

dollar amount, manpower, scopme, and time period of perfonranc'- for -:ach. *'.,

r'a.-h current and projected workloads.

(omit) 35. PROGRAM O6GANI7ATION AND MANAGEMENT (CONTRACTOR-))

(omit) 36. ScOPE OF wORK (CO1mATORS)

(omit) 37. DISASTER OR LABOR SURPLUS AREA

36. PETFORMANCE TIMdE
Indicate a starting date, after receipt of award, and time schedu2 e for

accomplishment of milestones or tasks.

(Omit) 39. GOVERHMMT FURNISMNe PROPERTY (GFP)
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LIABILITY FOR TAMAGE TO GFP

FACILITIES PROVIDED

PRODXJCTION AWVNCED PLANNING

GENERAL LOGISTICS CON'SIDERATIONS

PROGRAM EVALUATION AN : 'IEVIEW TECHNIQUEF (PERT)

393

(omit) 4o.

(Omit) 41.

(Omit) 42.

(Omit) 433.

(omit) 44.



PART IV - COST PROPOSAL

45. COST ESTIMATE BREAKDOWN

a. Submit cost estimates for program outl'noflp, including summary lt

breakdown on Form attached. Include detailed estimate of each of tasx.s

in work statement. Include costs for all equipmen rlt, , .iverable or non-,t&.!!-',, ` ,,I
required to perform the program, whether or not eour -,-1 are Ii sted in '2P.

b. Other costs

c. Indicate in cost proposal any work to be don. n t other locations ,fr

company divisions, describing work and relateo' cost.

d. An attachment to this RFP is included, entlt'.. "Instru:t~vv n

Definitions for Preparation of Cost Proposals'g. Deviations shoul-' I,; ck1:;ar.°•
with contracting officer.

e. Cost breakdown must be in separate detachabl- *on.: frr rest 1-1!' -

f. Failure to furnish cost estimates and support'n Infoninat ion ," :ni ýr

you: -;roposal nonresponsive.

1. Breakdown of direct engineering effort by jot classificr.t.ni c ai" .:c.-':rM-
ponding rates and by task will be furnished.

h. Multiple contract effort and related costs.

14u. FINANCIAL STATEMENTS (Part I, Par. 21)

417. Oum FINANCIAL INFORMATION

a. BudgAt and financial capability.

b. Funding requiremonts to complete pror.Mai,.
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MEMORANDUM

To: Code 7000

Via: Code 5100

From: Code 5110

Subj: Rough draft of material prepared for use by BUWEPS Code RTOS-3 in their
preparation of a related PTA (U)

FOREWORD:

This proposed technical approach presents one means for attacking the prob-

lem of communicating with a submerged submarine via the VLF (ELF) receiving

facilities currently used for receipt of Navy Communications System traffic. The

proposed approach employs a near-earth orbiting vehicle containing a VLF trans-

mitting facility at relatively low power level to demonstrate the feasibility of

generating, launching, and propagating VLF (ELF) signals from the space environ-

ment to a submerged submarine. A subsidiary goal is to demonstrate a communica-

tion capability via VIF between widely separated (beyond line-of-sight) satellite

vehicles.

A brief summary of the current VLF system capabilities and limitations may

-prove advantageous in identifying the nature and extent of the operational prob-

lem which full exploitation of the proposed approach may alleviate.

The need for rapid and reliable communications from - 4-4--91 r-. r%,nd and

control center to the world-wide deployment of naval forces afloat is obvious.

Througrh the implementation of several high power VLF tr'norni s.on fac !i. 1 taiis nra

world-wide communication can be affected for much of the tr,,. How'zver, there

remain selected areas with which communications at VLF are not reliable at any

time, due to the limited number of transmitting installations currently available

and the coverage patterns of the transmitting antenna systems. Additionally,

local climatic effects such as thunderstorm activity can negate co-;mmunications

for prolonged periods of time.

The development of the nuclear submarine, with its capability for long, periods

of submerged operation, has imposed further demands on the VLF system. For con-

ventional submarines, which are forced to operate at or near the surface for

significant periods of time, the transmitted VLF signal penetration depths were
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adequate for use by these vessels. The increased attenuation of radio waves in

sea water over that in air restricts the operating depth of the submarine at

those times when VLF message reception is being attempted.

Since only that portion of the radio frequency spectrum below about 30 kcs

is available for coimmnication with submerged submarines, and the need for

reliable communications with these vessels is high, it is imperative that alter-

nate transmission paths be available at all times to allow for conditions of mal-

function or destruction of the primary transmission facilities. These facilities

may take the form of additional high power facilities paralleling the coverage of

present installations, or may be in the form of smaller, more numerous reduced

coverage facilities strategically located to satisfy the communications need.

Trade-off analyses of the costs, effectiveness, and vulnerability elements of

alternatives available can be used to indicate desired approaches for specific

tactical considerations.

For the specific problem of improved communications with submarines at in-

creased operating depths, several approaches appear immediately evident. One is

to increase the transmitter power level. This approach, however, cannot signifi-

cantly improve the existing situation. The antenna system voltages currently in

use are at or near the corona breakdown levels and further increases in trans-

mitter effective radiated power would prove difficult to accomplish. Another

approach to increase in submerged receiving capability would be the reduction in

transmitter frequency since the attenuation rate of electromagnetic waves in sea

water is an inverse function of the wave frequency. This approach, however, is

not directly applicable to existing transmitting antenna facilities since a re-

duction in frequency would have to be accompanied by a reduction of the allowable

maximum potential at the antenna terminals. This is necessary since the corona

breakdown voltage is reduced as the frequency is reduced. The reduction in input

power to the antenna together with the reduced antenna efficiency at the lower

frequency would have a net effect of a reduction in the signal strength at the

range of the receiving vessel.

Simply stated, the problem consists of improving the reliability of VLF

communications to submarines at ever increasing depths of operation. Improved
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reliability can be effected through an increase in signal level at the received

location, while for increased depth receiving capability it may be necessary to

au-mnent the increased signal strength at the surface with operation at lower

frequencies. As has been noted, little improvement in communications through

either of these approaches can be effected by modification to existing facilities.

The approach proposed herein will serve to demonstrate that a low altitude

ionospheric satellite may be employed to effect an improvement in the received

signal levels and may perhaps provide data which indicates still lower frequency

transmissions (ELF) may be efficiently radiated and propagated from a satellite.

R&D IN SUPPORT OF PROGRAM:

A considerable amount of supporting research and exploratory development

effort has been conducted in the field of VLF propagation using satellite instru-

mentation. All of the previous work, sofar as is known, has been restricted to

reception in the satellite of ground transmitted VLF signals. Examples of efforts

of this type are to be found in the LOFTI I, LOFTI II-A, Alouette I, Injun III

satellite instrumentation programs. Of these, the LOTI I series were designed

primarily for the investigation of VLF communication phenomena; i.e., received

signal strengths as a function of distance, location, antenna attitude, etc.

The constraint of the orbit of these satellites limited the data collection to

regions within 30 latitude from the equator. The other satellite programs men-

tioned provide a greater geographical coverage, but the instrumentation employed

was primarily designed to investigate the "whistler-type" VLF signal; a naturally

occurring atmospheric and ionospheric signal. Much of the current knowledge of

propagation characteristics of VLF signals has been derived from analysis of these

whistler mode signals. Although no known experiment program for transmission of

VLF energy from a satellite has been conducted, several studies of this approach

have been performed. A very simple satellite experiment designed to excite a VLF

wave by application of direct current pulses to an antenna in the ionosphere is

planned for the ISIS-A space craft program. Transmission from aerial platforms

to submerged submarines at VLF has been demonstrated from aircraft utilizing

trailing wire antenna techniques.

The instrumentation developed for use in the previously mentioned programs

form a sound basis for the satellite hardware which would be employed in the
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conduct of the proposed effort. Several areas of uncertainty which appear to be

resolvable only by actual experiment, must be considered as risk items of the

program. These have to do with coupling of the transmitter to the antenna, the

coupling of the antenna to the medim (radiation), and the directional properties

of the radiated energy. These elements will be considered further in subsequent

section of this proposal.

OPERATIONAL BRIEF:

In considering the scope of the proposed program effort several levels of

system complexity and resultant data collection and analysis tasks are uncovered.

The simplest satellite instrumentation package would consist of a transmitter

coupler-antenna configuration which would be operated at a single frequency and

power level and would be internally programed to operate in an on-off modulated

fashion for short periods of time over several portions of each orbit. Existing

ground-based VLF receiving facilities would be requested to monitor and record

the received signal for subsequent analysis to determine the level and reliability

of coverage of the radiation from the satellite. A minimal amount of telemetry

data (real-time) would be employed to sense the status of the on-board VLF system

for correlation with the received signal levels. The block diagram of Figure 1

is representative of such a minimal system.

The system of Fig. 1, though capable of demonstrating the primary objective

of the proposed effort provides little opportunity for determination of those

system parameters which optimize the communications capability. In order to ob-

tain the supporting data necessary for such an optimization, the satellite VLF

systems shown in Figures 2 through 5 should be considered. Each of these systems,

shown in order of increasing complexity and data sophistication, adds a measurement

and/or analysis capability not included in the ones preceding it. The system of

Fig. 2 adds to the basic transmitter system an ionospheric plasma diagnostic-

technique to enable measurement on the characteristics of the medium into which

the antenna is attempting to radiate. The impedance measuring system, shown in

the same figure, provides information on the radiation behavior of the antenna.

The further capability added by the system of Fig. 3 is the inclusion of a

command receiver aboard the satellite. This will provide for a ground controlled
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OPERATIONAL BLOCK DIAGRAM
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Fig. 1 - Satellite VLF system -- minimal configuration
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Fig. Z - Satellite VLF system -- add-on configuration
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Fig. 3 - Satellite VLF system -- add-on configuration
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Fig. 4 - Satellite VLF system--add-on configuration
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Fig. 5 - Satellite VLF system -- add-on configuration
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programming of the VLF transmitting frequency, power level and period of opera-

tion and can be used to modify these parameters in accordance with recommendations

based on analysis of previously received data. The tape record/playback mechanism,

as added in Fig. 4, provides a means for recording the conditions of the transmitter

and environment at all points in the orbit and for subsequent telemetry of the

stored data when the satellite is within range of a suitable tracking station.

The previous system was capable of providing such environmental data only for

that period of time for which telemetry capability existed. This record/playback

facility will enable the correlation of received signals with the local conditions

of the ionosphere at the time the signais were received.

The final block diagram, Fig. 5, depicts the inclusion of a VLF receiving

facility on the satellite. This facility adds an ability to examine the VLF

signal environment at orbital altitudes. This includes a background noise in-

vestigation as well as a capability to measure the received signal strengths of

earth-based transmitters. The reciprocal properties of ground-to-satellite propa-

gation paths may be investigated by near simultaneous reception and transmission

at the satellite and at a receiving terminal located at a ground-based VLF trans-

mitter. The on-board rL°eceiving facility would also be employed to search for the

cxistance of magnetohjdrodynamic wave mode which might be excited by the motion

of the space craft through the ionosphere or by nonlinear interaction of the VLF

transmitted energy with the ionospheric medium.

In summnary, it may be stated that demon:;tration of the feasibility of the

proposed technique can be accomplished with relatively simple satellite instrumen-

tation. It would be desirable, however, in an attempt to optimize the ultimate

operational capability, to include a degree of sophistication which would enable

the measurement of performance as a function of frequency, time, satellite location,

and ionospheric condiition. The following table provides a summary listingc of the

operational tasks which a satellite-borne VLF transmission facility might perform

and the primary reasoning by which it is felt it could augment the existing VLF

Navy Communication System.
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OPERATIONAL TASKS

PROBLEM

1. Lack of full worldwide
tactical coverage

2. Improved reliability of
coverage

3. Increase in operating
depth requirements

4. Long range communication
to other satellites

PROPOSED SYSTEM APPROACH

1. Selection of orbit to provide
coverage. Additional satellites
reduces waiting time.

2. Reduction in propagation path ranges
(from satellite to submarine) could
increase S/N ratio of received signal.

3. Combination of 2 (above) and possible
use of lower frequency.

4. Use of intra-ionospheric whistler-
mode propagation.
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COST, TIME AND PERFORMANCE ENVEILPES:

For the purposes of discussion in this section, the minimal proposed approach

as shown in Fig. 1 will be considered as the base line system. The basic cost

estimates and milestone/schedule charts presented are applicable to the base line

system. It should be emphasized that these estimates consider only that portion

of the satellite instrmentation which apply directly to the proposed VLF program

effort. The cost and schedule elements which are attributable to the launch

vehicle, prime power source, and general satellite "housekeeping" instrumentation

are explicitly excluded from these estimates. This approach has been taken to

allow the most general development of the VIF transmission program, so that the

inherent flexibility may permit adaptation to a wide class of launch vehicles.

Power, weight and size requirements of the various system configurations can be

qualitatively obtained from the parametric trade-offs which are presented.

The basic milestone/schedule chart for the minimal program approach is given

in Fig. 6. As is shown in the schedule the end items of the program are a primary
.rlight-qualified satellite VLF transmitting system and a prototype which after

'h2 necessary qualification testing has been refurbished to provide a back-up

-;y.. tem.

Cost estimates for the base-line effort are shown in Fig. 7. These estimates

reflect the costs associated with the engineering design and acquisition of the

flight equipment, the integration and test of the equipmcnt with the space craft,

'.he acquisition of specialized ground instrumentation, and the costs associated

wV: data collection, rleduction and analysis. A cumulative fundin. chart is

shown in Fig. 8. Estimates of inhouse manpower requirements are shown in Fig. 9.

The qualitative curves shown in Fig. J0 are representative trade-off behavior

of several of the significant parameters associated with the proposed program.

In each case a triangle is used to identify the base-line system level and the

comparative cost of added performance can be determined.

In the frequency vs. weight trade-off shown in Fig. lOa, the rapid increasc

"7n weight associated with progressively lower frequencies is caused by the increase

in antenna size and antenna matching network weight incurred at the &TY end of

the spectrum. In Fig. lOb, the weight penalty for increasing system complexity,

I.e., system Performance capability, is shown. Weight increases result directly

from the inclusion of the additional functional black boxes as outlined in

406



Figures 1 through 5. Careful management of the power-time usage plan can mini-

mize the impact of these additional functions on the vehicle prime power source.

Figure lOc and 1Od illustrate the expected cost and delivery time dependance

for inclusion of the increased performance functions of the more complex instru-

mentation.

The preliminary estimates of weight, size, and power requirements for the

base-line system are shown in Fig. 11. These estimates are based on state-of-the-

art components and techniques which have previously been used in a spacecraft or

which are planned for near future application.
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Fig. 7 - Reduced scope experiment (VLF propagation)
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PRELIMINAY FUNDING PIAN

3 month
intervals

1

2

3

Period Cost
Total

$260 K

$ 60 K

$335 K

Inhouse
Manpower

$ 60 K

$ 60 K

$ 80 K

Cost Item

Design Study

Procurement of prototype
and flight equip. (lst pay)

Ground Systems Proc.

Pre-launch checkout rack

Procurement of prototype
and flight equip. (compl.)

Ground Systems Proc.

Qualification Testing

Data Analysis

Q~ua'lificati;on Testing

Data Analysi s

Data collection,

reduction., ans•!ysis.,

interpretation and

report ing

Cost

$200 K

$125 K

$100 K

$ 30 K

$125 K

$100 K

$ 25 K

$ 50 K

$ 25 K

$ 50 K

$50oK

$100 K

$100 K

$100 K

$100 K

$100 K

$100 K

$ 80 K $380 K

&::]_00 K
$175 K5

6

7

8

9

10

11

IP

Y

e6

-•30 K

W1o K

$180 K

$180 K

$180 K

$180 K

$180 K

$2.42o m

30OK

C K

80 K*

80 K*

TOTAL

* Indicates cost of field personnel included,
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weight

Transmitter Frequency

(a)
System Capability

(b)

Time to

delivery

of flight-

qual ified

systems

/

A

System Capability

(c)
Systcm Complexity

(M)

Indicates status of Base-Line System

10 - Qualitative trade-offs of base-line approach against alternatives

Fig. 11 - Base-line configuration
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Antennas 10 lbs. 3xl2xl2 (432 cu. in.)
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D•GREE OF RISK:

The elements of the proposed system approach have been examined for the pur-

pose of identifying those components and/or techniques which exhibit an element

of risk associated with the successful conduct of the program.

In examining the building block components of the satellite VLF transmitting

baseline configuration, several questionable areas of operation are apparent. One

of these is the matching network which delivers the transmitter power to the

antenna. Since the properties of this network are dependent upon the impedance

of the antenna, it is important that the properties of an antenna in the iono-

spheric plasma be known. The results obtained from the LOP]I I program, among

others, have provided some quantitative results, but it is not known definitely

that a transmitting antenna will exhibit the same properties. There is, for

instance, considerable uncertainty about the effect of the relatively high VLF

field intensity in the vicinity of the antenna on the surrounding ion sheath and

the undisturbed plasma. The effects of such sheath and plasma disturbances on

the antenna impedance is currently unknown. Theoretical approaches to the prob-

lems of antenna radiation in a plasma have been pursued, but none, sofar as is

known, have considered the presence of the ion sheath or the disturbing influence

of the electric field intensities generated. The final determination of the

applicability of the theory and receiving antenna results must await the conduct

of a VLF ionospheric transmission program.

Other components to be employed in the system are essentially off-the-shelf

items. Transmitters and antennas suitable for use in space craft are available,

and the additional components or sub-systems which might be added for the more

complex program which have been described are all within the state-of-the-art.

The proposed program has been devised to enhance the visibility of a number

of decision end-points. These include a flexible approach to systems complexity,

which broadens the range of suitable launch vehicles which can be employed.

Similarly, the successively more comprehensive program options permit the conduct

of a basic program with the configuration of subsequent systems determined in

part by previous results. The proposed system can provide an early answer to

the operational capability of the concept and provide timely guidance in the

determination of future effort to improve the VLF/ELF communication structure.
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C014PATIBILITY:

The proposed satellite VLF transmission program impo3es no unique compat-
ibility requirements on the parent satellite or on other systems carried aboard.

The ever-attendant problems of mechanical and electrical interfaces between all

affected subsystems do not appear severe.

The mechanical interfaces of primary interest are the mating of the trans-

mitting antenna with the exterior of the space craft and the availability of
adequate size and weight allocations. Physical location and distribution of the

intcrnal electronics package is flexible, in keeping with overall aim of the

system.

Electrical interfaces with the vehicle prime power source are not expected
to create any problems, provided only that the 100 W average power level can be
ser•ved while the transmissions take place. Interfacing with telemetry and jro-

grasmer subsystems should not pose any problems.

It would be desirable to utilize data available from other on-board systems

charged with housekeeping functions. Spacecraft attitude, power systems checks

and other ancillary data which may be available may prove extremely useful in

analysis and interpretation of data collected from the satellite VLF transmission

'•rograsn.

Electromagnetic interferences can be minimized through a thorough ground

cieck-out of spurious radiations and by a careful selection of frequencies which

.o use-. This reJbuires that the Tossible effects of all on-board systlcmn be

::j .nsi(2j in the se!'.-ction of the final design parameters. 'hThe effects thrnt tl,:

MF transmission equipment may have on other satellite systems must similarly be

considered.

No consideration is currently being given to use of specific techniques to

reduce the vulnerability of the proposed system to intelligent applicat'on of ECO,

nor to any ECCM which might be used. In fact, it is considered that the rulner-

elbil'ty to such interference be tested during the active life of the sateli-1te

VLF L.rogram.ed orbit time. Data obtained in this manner, can be applied to o-tirii1

the inrulnerability of the ultimate operational system.

The satellite VLF system is expected to be fully compatible with existing,

ground receiving facilities. No unique modulation or signal processing facility
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would be required at the normal receiving sites, although special-purpose, mobile,

receiving installations would be assembled and manned, as necessary, in support

of the proposed program.

SPECIAL MA2NPOWER REOUIREMENTS:

The proposed base-line configuration is expected to be operable in con-

junction with regular Navy VLF Communications System operations, but to have a

minimum impact on such operations. The satellite transmissio)n programming would

be scheduled in a manner which would not affect the current usage of the VLF

system. Existing ship and shore receiving facilities would be requested to moni-

tor the satellite transmission frequency at selected times on a not-to-interfere

basis with their regular duties.

Personnel training requirements would consist of a simle statement of trans-

mission frequency(s), monitor times, and a statement of the modulation character-

istics of the transmissions.

C. J. KI•IlR
NRL, Code 5112
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APPENDIX I

VLF PROGRAM AS RELATED TO BROADER SCOPE OF OVERALL
PROPOSED TECHNICAL APPROACH-

The material presented in the accompanying report has been prepared

to assist the Bureau of Naval Weapons (Code RTOS-3) in their preparation

of a Proposed Technical Approach (PTA) document. The VLF program proposal

outlined herein constitutes only part of the overall program to be presented

by the PTA document.

It is the intent of this Appendix to underscore the coamuonality of

approach and the compatibility of equipment consideration for the VLF

system and for the HF communications system (described in a separate report)

which will also be presented in the PTA.

Although the programs have evolved essentially independently, they

each address themselves to the same primary objective; that of providing a

reliable communications circuit between a command and control terminal and

the tactical naval forces deployed throughout the oceans of the world.

The use of the VLF system for transmission of traffic to submerged

submarines with subsequent relay of the reply via the HF circuit illustrates

the complementary nature of the proposed approaches. The reductions of path

lengths which can be effected through the use of a satellite terminal gives

promise of increased communication reliability and with careful transmitted

power management, particularly for the HF links, may provide additional

communication security through reduced probability of signal interception.

Since it is intended that the two proposed approaches be integrated

for use on a single satellite vehicle, it is important that the systems

maxirmize the common usage of on-board equipment. Comparison of the two

approaches reveals that power, telemetry and "housekeeping" data require-

ments are Kimilar. Thus much of the on-board equipment serves both systems

and eliminates the need for duplication of similar devices. It appears that

the satellite operations of the systems can readily be time-shared, thus

insuring that data for all temporal and spatial conditions will be available
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for both approaches. Since it is not planned to operate the VLF and HF

systems simultaneously, the electrical interface problem should be

minimized as will be the effects of electromagnetic interference of one

system on the other.

Mechanical interfacing will consist primarily of allocating space

on the vehicle structure for the antenna assemblies for the two systems.

Since both are reasonably large in the deployed position (though compactly

packaged prior to attaining orbit), thorough study will be needed to allow

unobstructed deployment sequences to be initiated when the on-orbit operating

conditions are achieved. State-of-the-art techniques appear capable of pro-

viding the antenna configuration planned for the program.

Ground systems integration of the two approaches poses no problem in

equipment, and manning requirements for monitoring of the two systems

performance are such that with suitable training both approaches can be

served by the same personnel.

Thus it is seen that the two proposed systems provide complementary

approaches to a comiaon operational objective; can employ a considerable

fraction of equipment in common; have a minimum interface impact on each

other and can be operated with common support, both in terms of satellite

data management and in terms of ground station monitoring operations.
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