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1.0 INTRODUCTION

All the flow charts and diségwy formats for the simulation of the fol-

lowing five experiments are given in this appendix:

1. Electromagnetic Wave Transmission Experiment
2. Passive Observations of Ambient Plasma

3. lonospheric Measurements with Subsatellite

L Electron Accelerator Beam Measurements

5. Lidar Trace of Acoustical Gravity Waves in the Sodium Layer

A detailed explanation of the simulation procedure, definition of
variables, and an explanation of how the experimenter makes display choices
is also presented. A functional description is included on each flow chart
and the assumptions and definitions of terms and scope of the flow charts

and displays are presented in the following sections.

Part 3.0 of the AMPS DMRS Final Report contains the theory and summary
description of each experiment. All the equations required for the simulation
of each experiment along with the required angular transformation for boom
control simulation and the equations for the simulation of associated instru-
ment displays are also given. The capability to control and display the
associated instrument outputs is described and the special purpose equipment

needed to perform these functions is listed.

~2.Q GENERAL ASSUMPTIONS

The following general assumptions have been made in approaching the

construction of these flowcharts and the associated display layouts.
2.1 HARDWARE SYSTEM

The system on which the flowcharts will be implemented is as diagrammed
in Figure 2.1.1. 'The flowcharts are functional and do not necessarily include

or exclude the use of the XDS 930 computer.
2.2 FLOWCHARTING STANDARDS

Flowcharting standards are as specified i{n MSFC computer program docu-

mentation standards, Part 5.3 of the MSFC Programmer Procedures Manual, dated
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November 1972. A top-down structured programming approach has been main-

tained in addition to the above standards.
2.3 EXPERIMENTER FLEXIBILITY

The experimenter shall be -able to start, stop, enter, change and
delete instrument or boom settings in any order without restriction, except

where equipment damage would result and safeguards are practical.

2.4 EXPERIMENTER TRAINING

Experimenter training needed to run a CVT experiment should be mini-
mized by making CVT simulation operation self-explanatory to a maximum

practicable extent.

2.5  FLEXIBILITY TO ACCOMMODATE CHANGES

The flowcharts and displays need provisions to accommodate new display

options and new data processing routines, insofar as practicable.

2.6  DISPLAY STANDARDS

Display standards shall be as specified in CVT Spaceiab Simulator and
CeD Subsystem Performance and Design Requirements Specification', 40M35719,
MSFC, dated May 28, 1974.

3.0 FUNCTIONAL DESCRIPTION

Functional descriptions are included on each flowchart. To prevent
needless repetition, the following description describes elements that are

common to all or at least several flowcharts and displays.

3.1  HIERARCHICAL ORGANIZATION OF SOFTWARE

The flowcharts and displays are organized in a hierarchy with one root
at the top and the branches extending downward. The points where branches
are joined together are called nodes. These are places where the experi-
menter can choose the branch (the part of the experiment) that he wishes to
be doing. Additional branches can be grafted on, or pruned from, each node

should this become necessary or desirable.



The root of the tree for all AMPS experiments is '""Plasma Physics''.
At this root (node) the experimenter can choose which experiment he wishes
to perform. The root of the current set of flowcharts is an individual
experiment, which assumes that the experimenter has already decided to
choose this experiment at the Plasma Physics node. The second level is
the setup of the individual booms, platforms and instruments, considered

as individual building blocks.

Where convenient to the experimenter, this second level may also
contain special-purpose combinations of instruments that interact in a

special way to serve the experiment.

The third level contains the processing needed to process the logic

and data of the instruments or special-purpose combinations.

Logically, there can be defined as many nodes and branches and their

levels as the experiment requires.

3.2 DISPLAY HIERARCHY

All major experiment choices are at the discretion of the experimenter
and therefore involve a display. This display presents to him the choices
that are open at that particular node including his choices of moving from
one node to the next. |f the experimenter chooses to move from one node to
the next, the current display will disappear from his MFDS CRT, ‘and the dis-
play appropriate to the next node chosen will be displayed instead. Thus
the displays form a display tree that parallels the major nodes in the soft-

ware.

Each experiment is introduced by a set of flowcharts numbered from
10 to 14 that show the breakdown of the experiment into its basic opera-
tions. A display tree is provided that can serve as a roadmap to the ex-
perimenter's display interfaces with the experiment. (See Figures 3.2-1,
3.2-2, 3.2-3, 3.2-4, 3.2-5.)

3.3 EXPERIMENTER .DISPLAY CHOICES

The following discussion outlines a specific method by which the
experimenter will exercise his choices. This method is fundamental to the

operation of the experiments to be flowcharted, HOWEVER, THE SPECIFIC



SYMBOLS USED IN WHAT FOLLOWS DO NOT CONSTITUTE A COMPUTER LANGUAGE CHOICE
BY TRW. These symbols are used merely for convenience in flowcharting and

exposition only and should be interpreted as such.

The following is the meaning of the symbols used on the flowcharts
and display formats. The general form of each experimenter entry is:

XX:Value. Each part of this entry is described below:

XX H VALUE
The "Entry Number', an A symbol used as The ''Entry Value', the
integer from zero to 99, separation between logical (YES, NO, etc.) or’
listed on the left hand Entry No. and Entry numerical value of the en-

margin of the display. Value. try made by the experimenter.
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3.3.1 Example

A specific exampie will be used to illustrate the operation of the
system. -In the Wave Transmission Experiment, Display No; 20, the experi-
menter has 15 choices. Let us assume he wishes to turn the Wave Transmis-
sion (W.T.) Instruments ON. He will key in the following symbols on the

keyboard:
1:0N

The word ON will appear in the glank provided on line 1: of the display.
This entry on the keyboard will turn on and warm up the electronics and
controls of all instruments necessary for performance of the Wave Trans-
mission Experiment. After all instruments are warmed up, READY will appear
in the box immediately below entry line 1:. |If the experimenter wishes to

turn the instruments off he will enter:
1:0FF
which will turn the instruments off and cause READY to disappear.

If the experimenter wishes to set up Boom B into position, he will

enter:
5:1.

This will cause Display 20 to be replaced by Display 600, from where the

experimenter can proceed to specify the particular Boom B position he wants.
3.3.2 Meaning of Entry Values used by Experimenter
There are five entry values that are widely used by the experimenter:

® UP -- This entry value will return the experiment to the next higher node
on the tree, and show the display appropriate to that node.

@ I -- This entry value will take the experiment down to the next lower
node on the tree, along the branch indicated by the specific entry
number. Where a specific numerical value choice or logical choice
is available on a display, the choice of I instead will cause the
default values for that choice to be displayed.

@ D -- This entry value will delete all previous experimenter entries for
the nodes below the node in which the experimenter currently finds
himself. |If D is entered for the entire Wave Transmission Experi-
ment (0:D on Display 20) this destroys all previous experimenter
entries.



® SPARE -- This is a location on the display where the programmer can
insert a new option. This is simplist to accomplish if the
new option is based on subroutines or instrument models al-
ready available in the existing library. |f not, the sub-
routines supporting the new option must be designed, coded
and integrated into the software system.

® I/NO -- These entry values have a fairly complex meaning. |If :I is
chosen, from this combination of values computer program will
show the display appropriate to that choice, and assume that
the experimenter values or default values appropriate to that
branch are to be chosen in computing subsequent portions of
the experiment. :NO chosen from the I/NO combination reminds
the experimenter (later in the performance of the experiment)
that he did not wish to use this branch or its default. An
error message will appear if the experimenter fails to enter
a useable alternative choice for the prohibited :NO branch.
If the meaning of the choices available to the experimenter is not
obvious to him he can refresh his memory as to their meaning by entering
0:1 on his display. This will cause to appear on his CRT display either
an instructional display or a page number reference to his instruction man-
ual, containing definition of instrument settings or other items he might
need. TRW is not necessarily suggesting that complete instructional text

be a part of the CVT computerized system.

The need for this is not clear. The practicality of this will depend

on the size, cost and convenience of mass storage'use.

3.3.3 Values Displayed to the Experimenter by the Computer

All constants and logical program entries are under the control of the
experimenter. However, some quantities are computed by the computer based
on these entries and are thus only indirectly under experimenter control.
Quantities computed by the computer that are in this sense indirectly under
experimenter control are enclosed in rectangular boxes on the display. An

example is actual Boom A position length and angles (Display No. 700).

3.3.4 Values Jointly Under the Control of the Experimenter and Computer

It is clear that setting up an experiment may involve making numerous
adjustments to several instruments. The flowcharts assume the following pro-
tocol to assist the experimenter in keeping track of where he is in setting

up his experiments (See Flowchart No. 21).
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1. If he enters a D entry value the experimenter's entries at lower
levels will be destroyed and their display will show a '"7'" (ques-
tion mark). |f the experimenter enters 0:D all experimenter en-

~ tries on the display he is looking at and the subordinate modes
will be so destroyed. Default values, however, will not be de-
stroyed by this procedure.

2. If the experimenter fails to enter any choice where a question
is displayed, the computer will assume default values for ‘this
choice.

3. The entire set of experimenter entries can be destroyed by enter-
ing 0:D on Display 20. The experiment can then proceed to the
maximum extent based on default values.

k. Whenever the experimenter makes a choice of an entry value, this
value is displayed to him on the display where it is made, and
remains there until replaced by a question mark. Thus the experi-
menter can determine by looking at his display, what part of the
instrument (non-default) settings he has made.

5. The experimenter may choose to delete a specific entry he made.
He does this by entering a '"'?" in the appropriate location. This
entry specifically changes only the value previously entered.

4.0 DISPLAY FORMATS

As in common industrial practice, display formats are here specified
in terms of how the display would actually look to the user. The display
.area shown on each of the suggested displays has been printed on millimeter
- paper for ease in interpreting the display in terms of X, Y cathode ray tube
coordinates. The area used is approximately equal to the undistorted part

of the MFDS cathode ray tubes.

5.0 OPERATING SYSTEM INTERFACES

This section describes the capabilities, at a functional level, that
the experiments flowcharted will require of the computer operating system.
No distinction is made, in what follows between the SUMC and the XDS 930.
Either the SUMC above, or the SUMC plus the XDS 930 can be used. |f both
comphters are used, an important computer-to-computer communication func-
tion is added to the functions performed by the system. However, in what
follows.continual reference will not be made to the alternatives raised by

these two system configurations.
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5.1 EXPERIMENT SIMULATION SUPPORT

Each of the five experiments will be run on a separate (non-concur-

rent) basis.

5.2  PERIPHERAL USAGE, 1/0 SUPPORT

It is believed that the SUMC computer or the SUMC/XDS 930 combination
can contain in core all the programs specified herein for any one experiment,
including the required data and working storage areas and the required oper-
ating system(s). Peripheral support is required for loading, aséembly, com=
pilation, diagnostic and other maintenance functions but probably not re-
quired during simulation of the experiments themselves—with two potential

exceptions:
5.2.1

If the (now stubbed) magnetic tape recording of experiment data is im-

plemented—this obviously requires the tape recorder itself as a peripheral.

5.2.2

If there is added a printout or other log of the experimenter's activ-
ities for post-simulation analysis of how quickly or how well the experiment

was performed.

Obviously, if the scope of the experiment simulation is expanded, or
extremely inefficient operations are called for, additional peripheral sup-

port may be required,.
5.3 MEMORY MANGEMENT SUPPORT
Each experiment consists of individual (building block) tasks. The

experimenter has the following options that memory management must support.

5.3.1

During simulation runs, the experimenter may activate various preplanned

instruments and displays in sequences and at times of his own choosing.
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5.3.2

Between simulation runs, the experimenter may decide to add an addi-
tional instrument to the list participating in the previous simulation run,
and this may lead to a requirement for additional physical models to sup-

port this requirement.

5.3.3

Between simulation runs, the experimenter may decide to change scales
on his display, leading (perhaps) to increased size in data regions sup-

porting this display.

5.3.4

Data may be either specific to a single functional area or may be

accessed/changed by more than one functional area.

5.3.5

In spite of 5.3.1, 5.3.2, 5.3.3 and 5.3.4 above, the amount of data
used and produced by each task within an experiment should be quite accurately

predictable.

5.3.6

The plasma physics experiments do not require extreme accuracy. It
is believed that all data can adequately be repreéented by single-precision
numbers. For experimental data, floating poiﬁt representation may be pre-
ferable, because of the possibility'that large changes in the magnitude of

the numbers will be required as the experiment is refined.

5.4  EXPERIMENTER COMMUNICATIONS

All experimenter communications entering the computer via these flow-
charts are initiated via the MFDS console keyboard. Some equipment settings
(e.g., in the Wave Transmission Experiment) are also initiated from this key-
board. Almost all displays are via the MFDS experimenter CRT. Rapid response
of the computer system (e.g., within 4 seconds), to a keyboard command is
psychologically desirable but not required for the success of the experiments

flowcharted.
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5.5 TIMING AND SEQUENCING SUPPORT

This is the area of greatest potential complexity in interfacing with
the operating system, because of the multiplicity of demands that may arise.

The application programs will need the following types of support:

5.5.1

Tasks that need to be recomputed on a periodic basis (e.g., the cur-
rent values of astronomy/orbit mechanics quantities need to be recomputed

every 2 seconds).

5.5.2

Tasks that need to be recomputed on a periodic basis until a specific
end-condition is reached (e.g., boom positioning, platform positioning), and

stop thereafter.

5.5.3

Tasks that compute future availability of an experiment resource (e.g.,

simulate warmup or settling time of a piece of equipment) on a one-time basis.

5.5.4

Tasks that need to be recomputed on a pre-specified basis (e.g., using
a display specification to determine when to recompute the data points to be
displayed on a two-axis (XY) graphical CRT display, with one of the axes

being a time axis).

5.5.5

Tasks that need to be computed only once, as in setting a gain constant

in an instrument computation.

5.5.6

Tasks that have been requested, but where no specific need-to-see time

is specified (e.g., display of a simulated instrument calibration curve).
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5.5.7

Tasks that simulate high-data rate acquisition from a sensor source,
but where the processing of this data for display must proceed at a slower

rate. This will probably involve buffer allocation and use.

5.5.8

Tasks that have been interrupted and need completion.

5.5.9

Tasks that have not been executed within the timing cycle allocated
because of their low priority, but which need to be executed at a later

time (possibly involving priority level manipulations).

S.S.iO

All tasks need to have the support of a time-out routine. Since the
experimenter has the power to alter the constants and the instruments that
participate in an experiment, unforeseen situations may arise which can
bring the system to a halt. Provision of time-outs will permit the system
to continue to simulate the experiment even though some deficiency may

temporarily exist.
6.0 FLOWCHARTS AND DISPLAY FORMATS

The flowchart and display format data is presented in three sections.
The first two sections define the variables and specify the range of values
for specific sets of variables. The flowcharts and display formats are pre-
sented in the third section. Each flowchart includes a functional descrip-
tion and is associated with a specific display format simulating the display
of the MFDS CRT.

The procedure, sequencing and parametric definition of default values
has been carried out in great detail for the Wave Transmission Experiment
in order to present an illustrative sample of how the flowcharts can be
used. There are, of course, a large number of other options available in
the sequencing of the Wave Transmission Experiment, and the four subsequent

experiments. Similarily, the selection of typical default values was included
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in the Wave Transmission Experiment only in order to strengthen the con-
cept of the experiment flowcharted—particularly the orientation of the
orbiter and spacecraft while the measurements are being taken. In general,
we believe that the selection of the default values should be left to the

experimenter.

6.1 WAVE TRANSMISSION EXPERIMENT

(The experiment procedure for this experiment is given in Section

3.1.2 of the Final Report.)

The key to the understanding of the Wave Transmission Experiment
flowchart and displays in Display No. 20. The effect of making entries
under Entry Numbers 0: and 1: have already been discussed in Sections 3.3.1

and 3.3.2.

A fixed and unvarying equatorial orbit is assumed for this experiment
as orbital variations do not impact the essential concepts of this simula-
tion (Entry No's. 3: and k:), Astronomy/Orbit Mechanics computations are

stubbed for this experiment.

Entries No's. 5: through 12: permit the experimenter to set up his
individual experimental instruments. He can do this in any order he pleases,

(althqugh he would be wise to set up Boom A before setting up the platform).

Finally, Entry No's. 13: and 14: permit him to investigate the electric

and magnetic plasma fields independently and sequentially.

Both a manual and an automatic method of stepping through the range of
frequencies of interest is provided as explained below. The choice between
these two methods is on Displays 1510 Entry Value i12: for the electric, and
on 1616 Entry Value 12: for the magnetic field measurements. |f the experi-
menter does nothing, the automatic sequence will be chosen (see Displays

1511 and 1611).

The Wave Transmission Experiment illustrates graphically the tradeoffs

involved in maintaining the instrument-by-instrument building block concept,

as against inventing a special purpose experiment concept where the setting
of two or more sets of instruments are effected using a single computer-

driven display.



19

For example, Display 1610 gives the opportunity to set both the
transmitter center frequency and the receiver frequency band for the mag-
netic field transmission experiment. By the building block concept, these
same setfings can be accomplished for the transmitter via Display 1410 and
for the receiver in Display 1310. Care must be taken in the software im-
plementation to assure that the convenience to the operator given by 1610
(not having to switch between 1310 and 1410 for every manually controlled
experimental frequency setting) is not overbalanced by the time spent im-
plementing and checking out the additional software involved, which is

primarily display software.

6.1.1 Performance of the Wave Transmission Experiment

Below is an example of a typical sequence in performing the Wave
Transmission Experiment. This typical sequence is included for illustar-

tive purposes only and is not repeated for each experiment.

The job of setting up the instruments and running the experiment can
be performed by the experimenter in any sequence that he pleases. It is
expected that the experimenter will normally avail himself of the conven-
ience of the automatic frequency sequencing provided. This sequencing auto-
matically adjusts the frequency of both the transmitter and receiver to step
through a sequence of frequencies covering the frequency neighborhood that
is close to the plasma frequency being investigated here. The experimenter
will then go through the following steps (assuming that he does not wish to

deviate from the default values provided). Starting with Display No. 20

1. Experimenter enters 0:D on Display 20. This will remove all pre-
vious entries, and secure the use of default values for boom,
platform and instrument settings. 1:ON turns all instruments ON.

"2. Experimenter enters 13:I, this will give him Display 1560 which

applies to measuring the mean square electric field EQ.

3. The experimenter notes whether the instruments are ready.

4. The experimenter notes the noise level on his special-purpose

receiver display.
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The experimenter turns the transmitter on (5:60) on 1560.

The experimenter adjusts the transmitter attenuator, (4:) on 1560,

- until the received signal level is 100 times the previously ob-

served noise level (Step 4).

If Display 1560 shows a satisfactory Ez level, the experimenter
may wish to record this data and associated instrument settlngs
(6:60). This will record instrument settings (once) and the E
data and time for as long as the recorder is on (once per second,

for example).

When the experimenter believes he has recorded a sufficient amount

of Ez data he will-stop-the recorder (6:STOP).

The experimenter will now go to the next frequency by entering
(2:YES).

The experimenter will now stop the transmission by the transmitter
(5:STOP). He is now ready to repeat Steps 4 through 10 above for

the next frequency on the automatic frequency list.

The experlmenter repeats Steps 4 through 10 untll he has enough

data.

The same sequence as above applies to the measurement of the mean
square magnetic field EQ. The exception is that in Step 2 the
experimenter will enter 14:I, which will give him Display 1660,

which applies to measuring the mean square magnetic field 32.

If the experimenter wishes to deviate from the automatic frequency
sequence, he can negate it by entering 12:NO on Display 1510 for
the EZ measurement or entering 12:NO on Display 1610 for the 32
measurement. He is then in the manual mode and can set his own
transmitter and receiver frequencies. (Display 1510 or 1610,

h:,.5:, 6:, for example.).. . .

At the end of the experiment, the experimenter can preserve his
last choices of values by baeking up to 20 Wave Transmission Ex-
periment Display by (repeatedly) commanding 0:UP. If he wishes

to destroy his entries he can enter 0:D from Display 20.
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6.1.2 Default Value Displays

The Wave Transmission Experiment is unique among the experiments flow-
charted in that two sets of displays are presented—one which permits the
experimenter step by-step control, and one which permlts rapld experiment

performance via a (partlally) automated sequence

Which path is followed by the experimenter is up to him. By the simple
method of not providing his own on-the-spot instrument settings, boom and
platform angles, etc., the experimenter in effect forces the computer program
to use a set of pre-assigned parameters called default values. There are so
many parameters in the plasma physics experiment, that it would be hazardous
for the experimenter to rely on his memory for the values of each of these
parameters. Yet the experimenter must know these default values in order to
control his experiment intelligently. The default values fit into the display
background of the experimenter-selected values with regard to number, type,
range, and precision. These displays consume negligible additional computer

capacity or speed.

It is believed that the AMPS experimenters should seriousfy consider
having default values for each and every parameter where this is plausible.
However, in the Wave Transmission Experiment we have presented a set of .de-
fault value displays in order to illustrate the concept.

6.1.3 Definition of Variables

The following definitions define variables not defined in Section 3.3

of the general Flowcharts and Display Formats discussion.

READY FLAG A flag indicating whether or not the
equipment(s) participating in a
particular operation are warmed up

. or_in place. Calculating a ready
flag when more than one equipment
is involved means calculating when the
last equipment necessary to the oper-
ation is ready.

m|

Mean square va]ue of electric field
vector, (Volts/M)2 Range 0 to 107,
least count 0.1% of full scale dis-
played value.



|

PROBE AXIS

ELECTRON TEMPERATURE

ELECTRON VOLTS

ELECTRON DENSITY

ANGLE BETWEEN PROBE AXIS
AND ORBITER VELOCITY

Br

BX, BY, BZ

CYCLE
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Mean square value of magnetic field
vector, (Tesla)? Range 0 to 10-17,
least count 0.1%4 of full scale dis-
played value.

-The axis of the cylindrical electron

probe, mounted so that the probe axis
points in the +Y orbiter direction
when X =¥ = Q = 0A= ¢A= 0 degrees.

A measure of the average energy of
the electrons in degrees Kelvin.
Range 102 to 107. Least count 0.1%
of value.

. A measure of the energy of a specific

electron or group of electrons, in electron
Volts. Range 0 to 1000 Teast count
0.1% of value at full scale.

The number of free electrons in a
cubic meter of plasma.

Measured in the Wave Transmission
experiment between the -X orbiter
axis and the probe axis.

- The earth's total magnetic field

vector at the orbiter, in gamma.
Range O to 10°, least count one
gamma.

Components of BT through the magneto-
meter X, Y, Z coils. Range and least
count same as BT. Magnetometer is

~oriented so that X, Y, Z cecil axes are

parallel to shuttle X, Y, Z axes when

Q=X =y = 6, = éA= 0 degrees.

A computer cycle, the time of a major

computer update cycle (approximately
one or two seconds).
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RECEIVER GAIN The amount of gain in the receiver -
(pre) amplifier relative to the
input signal power in db. Range 0
to 80 db. Least count 1 db. Gain
is flat between upper and lower
frequency Timits.

ROLL OFF The characteristic way in which
response decreases beyond the set
frequency limit.

SQU Square - No signal beyond the frequency
Timit.
EXP Exponential decrease in signal level

beyond the frequency limit.

IN Linear decrease in signal level beyond
- the frequency limit.

SPECIAL Special form of decrease in signal
Tevel beyond the frequency Timit.

|U)

2 : Signal level ratio SZ. The proportion

: by which Ppax is reduced for the Wave
Transmission experiment:. Range 0 to 1.000
Least count 0.1% of its value.

TRANSMITTER ATTENUATOR The attenuation inserted between the
transmitter and the transmitting
antenna, in db. Attenuation in power
ranges from 0 to -80 db. Least count
1 db.

(TRANSMITTING) ANTENNA The tip-to-tip length of the trans-
LENGTH d mitting antenna. Range 0.0 to 33.0
meters. Least count 0.1 meters.

AUTOMATIC FREQUENCY An equal tolerance about the center
BANDWIDTH transmitter frequency. Applied to the
upper and lower receiver frequencies,
respectively. Range 0 to 9.99 MHz.
Least count 0.01 MHz.
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AUTOMATIC FREQUENCY A sequence of frequencies preplanned
SEQUENCE for the Wave Transmission experiment.
NEXT VALUE OF FREQUENCY Next value in the automatic sequence.
PREVIOUS VALUE OF Previous value in the automatic sequence.
FREQUENCY Used to redo a measurement if necessary.
RECORD INSTRUMENT SETTINGS Record all values set by the experi-
menter for the instruments that are
ON.
r Effective distance between transmitter

and receiver. Range 2 to 100 meters.
Least count 0.1 meters.

m The mass of the electron (Kilograms).

Pmax The maximum power of the transmitter

—_— that can be used for this experiment
'(1000 Watts).

e The charge of the electron (coulombs}).

k The wave number of the transmitted
wave (seconds/meter).

c The velocity of light (meters/second).

w The frequency of the transmitted signal

in radians/second. w = 2nf,
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XYz Cartesian coordinate system (right handed) fixed in
Orbiter.
X-axis = longitudinal axis of vehicle positive
rearward
Y-axis = positive out right "wing"

7-axis = positive upward

LB’ Og o8 Boom "B" tip spherical coordinate system where
LB = Boom "B" length
op = Boom "B" elevation-measured from Orbiter +
Z-axis
¢g = Boom "B" azimuth-measured from Orbiter +
X-axis positive about 7
LA, Ops 9p Boom "A" spherical coordinate system where
LA = Boom "A" length
0y = Boom "A" elevation measured from Orbiter +
Z-axis '
éA = Boom “"A" azimuth measured from Orbiter +
X-axis positive about Z.
X, ¥, 2 Cartesian coordinate system fixed in Boom "B" with

origin at boom tip where;

z-axis is positive outward along Boom "B".

X % y axes are normal to z forming a rectangular
right-handed system.

xyz coincides with Orbiter XYZ when LB = 0g = ¢g = n
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Eulerian angles specifying platform orientation;

@ = Inclination angle positive about an axis in the
platform plane coinciding with the Tine of nodes.

x = Angle between line of nodes and a fixed axis in
the plane normal to the Boom "A". Positive about
outward boom axis.

¥ = Angle between line-of-nodes and a fixed axis in

the platform plane.



6.1.4 FLOWCHARTS AND DISPLAY FORMATS FOR THE

WAVE TRANSMISSION EXPERIMENT
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21 FUNCTIONAL DESCRIPTION

This flowchart shows the pre-
liminary processing performed
to determine whether the
commands entered via the MFDS
Keyboard are legal or not.

it also shows the processing
of two commonly used commands.
In the Symbol XX:D, the XX
stands for any entry number
used by the operator.
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30 FUNCTIONAL DESCRIPTION

This flowchart shows the pro-
cessing to simulate the warm-
up time due to switching the
electronic equipment associated
with this experiment on or
off. The interrupt due to
warmup complete can have a
low priority, since a few
seconds more warmup time

will not affect the results
of the experiment signifi-
cantly.
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60 FUNCTIONAL
DESCRIPTION

This chart shows the
functions required to
activate and display
the set-up of Boom ''B"
for the WT experiment.
The desired Boom ''B'"
tip coordinates are
entered by 3:, 4:,

and 5: and boom motion
initiated by entry in
7:. Current coord-
inates can be mon-
itored on the display,
however, changing the
display does not. halt
the computation. Upon
close-out of the
""desired minus actual"
errors, the READY
display is activated.
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630 FUNCTIONAL DESCRIPTION

This chart is an expansion of
the functions required, under
the "Boom B Set-Up" routine,
to orient Boom "B" to the de-
sired length, azimuth and ele-
vation. Current values of
these parameters are checked
each cycle until all three
are at the desired value,
within a specified tolerance.
The boom motion is then
stopped and a “READY" flag

is set.

Note that an anti-collision
or “"safety" computation, as
yet undefined, is performed
with each change in boom
coordinates.
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70 FUNCTIONAL
DESCRIPTION

This chart shows the
functions required

to activate and dis-
play the setup of
Boom A for the WT
experiment. The de-
sired Boom A tip co-
ordinates are en-
tered by 3:, 4:, and
5: and boom motion
initiated by entry in
7:. Current coordi-
nates can be monitored
on the display, how-
ever, changing the
display does not halt
the computation. Upon
close-out of the ‘'de-
sired minus actual'
errors, the READY
display is activated.
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730 FUNCTIONAL DESCRIPTION:

This chart is an expansion of
the functions required, under
the "Boom A Set-Up" routine,
to orient Boom "A" to the de-
sired length, azimuth and ele-
vation. Current values of
these parameters are checked
geach cycle until all three
are at the desired value,
within a specified tolerance.
The boom motion is then stop-
ped and a "READY" flag is
set.

Note that an anti-collision
or "safety" computation, as
yet undefined, is performed
with each change in boom
coordinates.
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80 FUNCTIONAL
DESCRIPTION:

This chart shows the °
functions required to
activate and display
the set-up of the
gimbaled piatform on
the tip of Boom "A".
The desired platform
orientation (Inclina-
tion Q, Right Ascension
¥, and Line of Nodes X)
is entered by 3:, 4:,
and 5: and platform
motion initiated by 7:.
Current values of these
parameters can be
monitored on the
display, however,
changing the display
does not halt the
ancle computations.
Upon c¢lose-out of the
"desired minus actual”
errors, the READY
display is activated.
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820 FUNCTIONAL DESCRIPTION

This chart is an expansion of
the functions required, under
the ""Platform Setup'' routine,
to orient the platform to the
desired angular orientation
with regard to the Line of
Nodes and Inclination. The
Euler angles 8, X, Y, are
checked each cycle until all
three are at the pre-set de-
sired value, within a speci-
fied tolerance. Platform mo-
tion is then stopped and the
"platform Ready' flag is set.

Note that a ''Platform Safe -
Orientation' computation, as
yet unidentified, is performed
each cycle after changing the
platform angles.
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90 FUNCTIONAL DESCRIPTION

See Flowchart 10.
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100 FUNCTIONAL
DESCRIPTION

This flowchart shows
the processing ¢f the
set up of the cylin-
drical electron probe
instrument, including
checks on probe sweep
and current vs. voltage
relationship. This
flow also shows checks
made preliminary to
processing the
electron density
background measurements
and recording of these
measurements. These
latter two functions
are stubbed. However,
a default value is
provided in the out-
put displays where
electron density is
used.

GYL £, PROBE SE

{00

74P >

Srop

RECORD
TNSTAUMENT
SeyveS ¢

BACKGROMO

ﬁwbzgrue)

A 4

ERROR
MSG.

v
Sro~

WEcorRp /NG
Grvs)

CONVERT ORTH
COoMPUTE BRCK
GAOUND LRSS~
METERS

(Srwy

ERROR

ERROK
MS G "MAG

[ 1

l/O/O |
CYL ELECTRON ““\
- PROBE .
1 . SeTVP puwzpr'gJ/
21 18:YBLYE
. oup ;
AUE R
" BORRO RNTRY
f NEY I VR LUE
fiyeLog
——1 (24 l 9z B! VALUE
30 | ,
NEW FERFo ~M DuSrLrY OIS/ LRY
. R/ SwEER CURRENT
OCESS/N G CHLCULFTIONS YolTR v
GE s
. REROY \"A) VOLTRGE
Cs,m y Ser
FLRG TIME
CRLCULOTE
ANGLE BErween
FrRoBE Pxis
PO ORB/7TER V-
6‘57’ ERROLE -
FiR8rF Q< /0
4 5 <
E~VD A%w;ve wvmsw.rr,o,y\/

EXPER/MENT -DISFLBY

2



46

T
1
T
1
a
i
} T
T T 1
! ? e -
1 : h - o
- 1 a0 1 1 t vhe. V13 o | NPy S 1116 ) 1S
! 1 " Tint " t : s "ot T3t trvot oo ¥
pitfr i1 $ ! " " t 1 168 R $
us i ke puges iaaggfnaanfite
+ §
1 i t T
il i 1
wH R 1 >
uy i = . a m:
! T s 1 1 m.x sE¥ia 113
1t : - $ = - ! maes
Tt 1 Ny T i k) 31
T " t 5
+ 1 + -
t T "
L0003 t T }
1 1
T
t 1 1 $
r T n Y
! 1 1 ]
ot s i e 1 . 21san
8 t 1 T
£ T T
3 !
gn i
t s
T
! 89
i : t
Hdt i 1y T 3
1 I InaNRaES] " H
P R AR i = I H H
I ; | 533 1
V3 1 bt 1 13 !
3 i ot " ressean: "
” T
" S T e T g ¢
¥ T ey &8P Funnt
anuaw + " ;
" "
1 . t T t "
1 b 1 L
! T i { 3 1 b
_ 1 | IBE S
T I ! T s aua:
- 1 nen} sy ua; rH t t R A
11 s Wt 1 T 1
e " 1 t 1 1 t 1 % Buu
T T 1 T
T it 1
tnuniy 18 B8]
" ;222853338 L H
+ :
= griwa ' exs + H
ana 1
15 SN T
t T
T
T
"
T
I
I ;
an 1 ! ga .
== 11Ty 2
1
: 3 T
1+
RWN T 13
t T
t t
I : t
uuv#uwnu 1 T 11
mEmw, SEEn £t o | T
+ T 1
) i imi 1
1 I t
t
3 T
" -t T
T 1 T
T . 1 ¥ t + *
" 18 ' T m T
1 R N2 1
3 1 1
" r +
HH - 3t 1+ " " T
- . (] t " + T
$ ] ) ! " + T
t S 1 t
1
T
1 T
1 3 1
1 L
121 1
T
FEE
" 3
'
T
1 "
I : 1
* . HUY o 90 B0
L L
» 1 1 H ann
3 re X "
$ ’ & w I
T T IR 5!
In u t 1
I 1
’ "
1 e + 1
T
1 T
T
i "
"
i g T
TiT] 1
T
&
1) 1Y
SRuaws
@
e Smnns nuan Tt EEEeE S u e




=1

11
14
H ¥
P 3
'
- =
b
HHE o i§
: aysan S5 1auug b1 Symni
H R3aen s mam maged ki ngn ¢
magena = 2
T
o s mn
s¥ugudpayaningif o uivenlan : Fiise snasrgngs
S 2§83 REpda Rgsasluy % = F yiys siugats
43 -+ SEENNEE e HHTH e w BESSEEREREEN
sabynafianuanidfany e . . I 1 : nn S iy Mhanh »

i
omy
0
3
T

< ISR EEE x% SERES 8Nt
T 1 {3 ! » ] Euess 8 gedrilisagns g s
SN = = ot 4 § AN ERUSE EEEER
R ERREN SER 1 RSERRRRA 3 o oo 1
8 KRR S 13-4 3 Sug NS 29 = r1444 § tse
— a4 r H 4+ 4 g H lf j T
W‘ b1 = M 3
1 : =s Syl pagus sgjjaipspnn
o3g TURES H - 1 Sgasndfuns: SR SERYEE i
REANSS PP NS 1+
fTE : Efagnat sratpanic=<xibdshinusismiin £ e s
By E ; T T :
. i L s P igaliestuisistanasles gasEE
i A askgay s =gRgeRss ren: g ! 28 Sheug saass
28! i i it K » I i
‘ il i jiH
Tages 857 }
+ - -
sn SEESESRNAS: 23 gAY T ouw
& 1 + : SNRsgeRuEs gu :
seegs T ¥ jad bhgag fnais ARSI RAGAS NETE 1
RS ;¢ =1 128 sERad fuund i
cns 83 tn agae
1] 4 i 4 ¢+ 114 8
$
1 1
RARRRE SREERSEREE i T H ] H i
o5 Q L
8 T T
T
1 ni
1
e 3 It C e L T
15 B8 BE S
I3 i S R b4 H4 uw.n
a g 8! B Sul
Tt 8 = ! ] TéH ]
H Py
11 1
na s 13 EREEE
f
eidieqiiaall i 1
i . i
EEBS FRERY SERb! S & [l = T 1
HHL : 3 ke
i i it 1
: i
i 3 ke b (w3 % 18 g AN
s be el
8 e
]
T T 8] h
T 2 bud *
P ET i e s
i ! [ A
Nt us
{
) . .nwm
= |
i g
L war et al
1 4 »
: i -
v
¥ wn e
H R -
& i g 3 +
H 8| RS Iu}
H i ik
H 1
3 1] >3 St <
33
ENTuRE &
s m
.2 == 34
[ 1T
ani SSnagess
it it : !
Tt :
=1 —s-3 T
e 5 i 3
an » =8 T
1
IR 3 e -
t A
H b1 18 i3 3
[ it = - 3 T
I RS T
s 4 el k 2
s 4”4 iw I G
I ] ¥ + s rus ra Nt
H H T =g I F 1 3
¥ ai
.
1y I T I8
1ne iT T TIT T Tt s i
11 T 1 T ITL T 11 T
11 1T T IEN| i1 T 11 1+ AR
11 LT 1 Il 1S 1T ) 1 12T




r TTT T
[ IS8
- I
-H . 1
azs spuEs ST .
i Fid ! H
T 11 sEEs 3
3 Saus: »
8 g ]
H 1 I =2 4 ZNE b il
4 : ¥
1 b 1 : ranas
1 SWE! ]
T 3
a i p i L n
£l i o H
=t = 13
R HH any 8w } H
413 as
1 3 i
ARE HH HH + "
P e 1 +
1 H
3 H
sasa + 11
- :
. i - 1
33T w ﬂw
4 1t ris »S; i s
3 i i »
s EShss 33 i
aguSk 8 BESsgiphn N
I
age M
333 $ae. n3sugde sakgn skspats gagts :
v 4 - 3 e :
sEauENey SR .

"
I
4 i b

i HHA Y el ]
4 § 4t b o 2
't S EBARE RS HERSERN SURR R nES S by 81
! HNE Hiigy :

£ A
t

T
’
1

fuags

HH RS i HHN i &
sis THEH T : 3
igguknouss inasi i st pAkakpuons é \u8! Seed
%S SEHFERE SR f3r + 3
11 1 i
Easey ses 2
agns ESRSURERY & 3
29%: EH e
T Buw H
1 T o
sesas ; 3 REats H
sanu: s aShuia: :
samw R " T
gaged T i
ﬁxlp T 1
T H jistsiingetgest




ESRRERESAANRARRT SR A

64

3
t
i’
Fror 1
petieg ¢ {4 wwe
augge
¥
jen
T
—gace 1
[SagR -
Lt
T
1 i’
1.
I
1 +
: }
t
" T
: T
i
: T
1
T T
e }
T "
i
-
1
n?
3 1
1
1 :
. 13-
T
1
i
T
s
1
i
1
e
M +
t
+1
T 1
T
1 1 pe
T
_ , na (T
t sseeygieRiosnogs
T T ¥
I
1
1] T
1 '
)
7
3
1 1
T 3
e 3
t




1060 FUNCTIONAL DESCRIPTION

This flowchart shows the probe
angle calculation. In the
Wave Transmission experiment
the normal probe orientation
would be at 90° to the
velocity vector. If cos

is greater than .985 (10°

a very large error (80°) has
been made. '
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110 FUNCTIONAL DESCRIPTION

This flowchart shows the pro-

cessing of the setup of the
triaxial fluxgate magneto-
meter, including its
jnitialization constants.
This flow also shows the
processing necessary for
making background measure-
ments and recording of the
background data. Default
values assume that the
magnetometer is- perfectly
lined up with the Y coil
perpendicular to the
earth's magnetic field.
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1160 FUNCTIONAL DESCRIPTION

This flowchart shows the pro-
cessing involved in calculating
field measurements in the X,
Y and Z coils of the magneto-
meter, if the BT vector makes
an arbitrary angle to the
platform. When Boom A or
platform is moved angularly
the effect of this rotation
-Wwill show in the magneto-
meter components measure-
ments By, By, BZ via the
processing defined here.
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120 FUNCTIONAL
DESCRIPTION

This flowchart shows
the processing of the
setup of the electric
field receiver. Radio-
frequency signals are
processed in special
purpose equipment out-
side of the computer.
The computer, however
turns this equipment

on and off and protects
the receiver against
inadvertent damage by
setting the gain to a
minimum value when it
is turned on, connected
to the antenna or the
receiver frequency is
changed. However, this
protection is not pres-
ent when the amplifier
gain control is reset
by the experimenter.
The computer can only
record the instrument
settings. The computer
also can process a
derived quantity E2.
However, this quantity
is processed on other
flowcharts.
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130 FUNCTIONAL
DESCRIPTION

This flowchart shows
the processing of the
setup of the magnetic
field receiver. Radio-
frequency signals are
processed in special
purpose equipment out-
side of the computer.
The computer, however
turns this equipment

on and off and protects
the receiver against
inadvertent damage by
setting the gain to a
minimum value when it
is turned on, connected
to the antenna,or the.
receiver frequency is:
changed. However, this
protection is not pres-
ent when the amplifier
gain control is reset
by the experimenter.
The computer can only
record the instrument
settings. The computer
also can process a
derived quantity B2.
However, this quantity
is processed on other -
flowcharts.
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140 FUNCTIONAL
DESCRIPTION

This flowchart shows
the processing in
setting up the trans-
‘mitter. Whenever a
transmitter setting
change is made, the
attenuator is set to
its maximum value to

protect other equipment..ﬁ

However, the experi-
menter can reset the
attenuator to a lower
attenuation and this
reset is not protected.
This flowchart also
incorporates the
adjustment of the (33
meters max.) antenna
Tength which may be
connected to the
transmitter. In
addition to the at-
tenuator, the '
experimenter can set
a signal level ratio
(s2<1) which affects
the maximum power
that the transmitter
js allowed to radiate
for this experiment.
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1460 FUNCTIONAL DESCRIPTION

This flowchart shows the pro-
cessing to adjust the antenna
length to a new value. The
interrupt when the antenna

is ready can have a low
priority, since a few seconds
more on antenna length readi-
ness will not significantly
influence the experiment
operation. .
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150 FUNCTIONAL DESCRIPTION

This flowchart shows the pro-
cessing especially adapted
to rapid performance of the
Wave Transmissfion experiment.

Instead of separately setting

up transmitter and recefver,
they are adjusted here with
reference to a single display
either manvally, or via an

automatic sequence depending -

on 12:YES or 12:N0. The
processing on this flowchart
is experiment specific and
is partfially redundant with

that of previous Transmitter

and Recelver setup charts.

Infrequently changed settings .

such as roll-off character-
istics must be reset using
those setup charts.
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1550 FUNCTIONAL
' DESCRIPTION

This flowchart shows
the processing of the
mean square electric
field values received
by the computer., If
the computer 1s in the
automatic (frequency
sequencing) mode the
planned Wave Trans-
mission experiment
sequence can be .
completed using this
flowchart only. If
the manual mode is
selected, the experi-
menter must back up

to the previous (1510) |

display to set each’
new frequency.
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1580 FUNCTIONAL DESCRIPTION

This flowchart presents the
arithmetic operations _
involved in calculating E2,
r, wp and Cyclotron Frequency
(stub) that are displayed

on 1560. ’
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160 FUNCTIONAL DESCRIPTION

This flowchart shows the pro-
cessing especially adapted

to rapid performance of the
llave Transmission experiment.
Instead of separately setting
up ‘transmitter and receiver,
they are adjusted here with
reference to a single display
either manually, or via an
automatic sequence depending
on 12:YES or 12:NO. The
processing on this flowchart
is experiment specific and
is partially redundant with
that of previous Transmitter
and Receiver setup charts.
Infrequently changed settings
such as roll-off character-
istics must be reset using
those setup charts.
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1650 FUNCTIONAL
DESCRIPTION

This flowchart shows
‘the processing of the
mean square magnetic
field values received
by the computer. If
the computer is in the
automatic (fregquency
sequencing) mode the
planned Wave Trans-
mission experiment
sequence can be com-
pleted using this
flowchart only. If
the manual mode is
selected, the experi-
menter must back up

to the previous (1630)
display to set each
new frequency.
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1680 FUNCTIONAL DESCRIPTION

This flowchart presents the
arithmetic operations _
involved in calculating B2,
r, wp and Cyclctron Frequency

(stub) that are displayed on

1660.
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6.2 PASSIVE OBSERVATIONS OF AMBIENT PLASMA EXPERIMENT

(The experiment procedure for this experiment is given in Section

3.2.2 of the Final Report.)

The key dispaly of this experiment is Display No. 200, where the ex-
perimenter chooses the instruments he wishes to use in order to observe the
plasma. Via Entry No. 3: he can initialize his orbit, which for this set of
experiments is always circular. Once started, the orbit computation con-

. tinues to compute needed orbital quantities every two seconds whether these

are used by the experiments or not. |f the experimenter wishes to see where
the orbiter is, he will enter 4:1 which will bring Display 500 with complete
information on the latest orbit update. Time is assumed displayed separately

on a non-CRT (TDU) display.

The capability to activate all instruments is given to the experimenter
by Entry No. 1:. He can manipulate the individual instrument settings via
Entry No's. 8 and 9 for the cylindrical electron probe and fluxgate magnetom-
eter, and via Entry No's. 13: through 18: for the other instruments. Entry
No. 19:gives him .the capability to selectively record the outputs of only
those instruments data that are worth preserving. The mere fact that an in-
strument is on does not force the experimenter to record the data produced.

The experimenter can also limit the time duration of recordings produced.

Entry No's. 10: and 11: show summary displays to the experimenter.
Display 280 (Entry 10:1) shows both orbital and boom/platform summary data.
Display 290 (Entry 11:1) shows summary data on the outputs of several in-
struments participating in this experiment and may be considered experiment
specific. Note that there is physical area on this display to accomodate
additional instrument outputs should this be needed, without requiring sub-
stantial additional software, since the quantities themselves that are dis-
played are easily available from the available individual instrument compu-

tational routines.

6.2.1 Definition of Variables

The following definitions define variables used in the flowcharting
that follows. For a more comprehensive understanding of the equations in-

volved see the main body of the Final Report.



LTo

GmTo

MET

LToH
UToH
0TS

UToS
uTsS

LON

LAT

LT

*
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Local time at the first descending node. 0<LTo<24 HRS., keyed
in HRS:MINS:SECS. on the keyboard (or initialized in the TDU)
Days are not considered in this simulation.

Greenwich Mean Time at the instant of descending node crossing
of the Orbiter. Keyed in HRS:MINS:SEC. on the keyboard (or
initialized in the TDU) 0<GmTo<24 HRS.

Mission Elapsed Time. Time since passage of the first descending
node at the start of the simulation run keyed in HRS:MINS:SECS. on
the keyboard (or initialized in the TDU).

Time incrementing variable in seconds.

LTo expressed in decimal hours.

GmTo expressed in decimal hours.

METi expressed in seconds.

Time in seconds = OTSi + duration of simulation run.

Initial value of GMTo expressed in seconds.

Current value of GMT in seconds.

Geocentric radius of the Orbiter, in meters. R=(Re+H) x 1000.
Radius of the spherical earth, 6371 KM

Altitude of Orbiter above spherical earth, KM. Typical values:
120<H<400.

East Tongitude of the Orbiter with respect to Greenwich Meridian,
degrees.

South latitude of Orbiter, degrees.

Loca1'T1me of the Orbiter (or any other object referred to),
as given by the position of the sun at that location (LT in
decimal HRS for computation, HRS:MINS for display). Local
time is 12:00 (noon) if the sun is in the half-plane con-
taining the earth polar axis as boundary and the Orbiter geo-

centric radius.
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A Euler angle between the local vertical + 7' axis and the Or-
’ biter + Z axis O°5A§J80°, degrees measured positive from + .

r Euler angle between the vector pointing south in the horizon-
tal plane at the Orbiter and the positive 1ine of nodes of the
Orbiter A T A system. 0°§y<360°, degrees measured positive
from + X rotating to + Y. See part III diagram of axis.

A Euler angle between line of nodes and Orbiter + X axis O°§A<
360°.
T Orbit Orbiter orbital period, seconds.

i Inclination angle of orbit plane to earths equatorial plane,
degrees 0§j§900. For a polar orbit i = 90°.

W Rate of rotation of Orbiter geocentric vector relative to an
inertial coordinate frame in the plane of the orbit, in radians/
sec.

A Angle between earth's north polar axis and orbiter geocentric
radius vector measured sourthward from north polar axis.
005}5]800.

Magnetic  Angle between local geocentric radius vector and local earth mag-

Dip Angle nectic field vector, radians (displayed in degrees).

IBT| Magnitude of earth's magnetic field vector, gammas. Range 0 to
]05 gammas, least count one gamma.
T Neutral atmosphere temperature, degrees Kelvin Range 102 to 104.

Least count 0.1% of value.

N(O,+), The number of free ions per cubic meter Range: 106 to 10]2.

N(NO+), Least ‘count 1% of value.
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n(LT) The number of free electrons per cubic meter, expressed as a
function of local time. n(LT) is also a function of other
variables. Range 106 to 10]4 least count 1% of value. Also

used for total ion density in neutral atmosphere.

P Probe voltage in volts. Range -104 to +104 volts. Least count
0.1% of value.

Ie+(or Current due to electrons flowing into probe when probe voltage

Ie”) positive (or negative).

Ii (or Current due to ions flowing into probe when probe voltage is

Ii+) negative (or positive).

V, Vs Orbiter velocity vector, meters/secs, Orbiter velocity = wR
meters/sec.

Ccsv Angle between the probe axis of the cylindrical Electron Probe
and the Orbiter velocity vector.

Mi The mass of a particular ion species, i, measured in kilograms.
Range 100% t0 1072° kg. Least count 0.1% of value.

Ve The velocity of a particle involved in probe measurement, rela-

tive to a quasi-inertial Orbiter coordinate system in which V;
is also measured. Range 1_104 meters/sec. Least count one M/sec.
Lower to One to forty Atomic Mass Units (AMU).
Upper Mass
Limits
Xtyrzt Quasi-inertial orbiter-centered cartesian coordinate system. Z'

outward along geocentric radius, +X' points South, +Y' points East.
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6.2.2 Typical Values for Passive Observations of Ambient
Plasma Experiment Parameters

The following parameter values may be considered as typical. They
could, for example, be used as default values. Additional values have been

inserted on several graphical displays for illustrative purposes.

Orbiter attitude

A = 0 Degrees

r = 0 Degrees

Ao = 0 Degrees
Boom A

6 = 0 Degrees

¢ = 0 Degrees
LA 0 Degrees

Platform
© = 0 Degrees
x = 0 Degrees

v = 0 Degrees

Angle platform X, to Orbiter V = 0 Degrees

Inclination of Orbit Plane = 57 Degrees

300 KM
27183 GAMMA.

Altitude H
|B

|

Densities of Ions

N(O+) = 4.6 EN
N(02+) = 2.9 E 10
N(NO+) = 1.1 ET0



Density of Electrons

n(LT) = 5.0E N

Density of Neutral Particles

N(O) = 7.6 E 16
N(Oz) = 7.5E16
N(NZ) = 4.0E 17
N(HE) = 3.4 E 13
Upper Mass Limit 40 AM U
Lower Mass Limit 1 AM U
Resolution 1 AM U

Planar Electron Trap
Lower Energy Limit 1 eV
Upper Energy Limit 1000 eV
Ion Temperature 1000 Deg. Kelvin

8y



6.2.3 FLOWCHARTS AND DiSPLAY FORMATS FOR THE

PASSIVE OBSERVATION AMBIENT PLASMA EXPERIMENT
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11 Fdﬁcfiona] Descripffbn
This flowchart, together with 91,
shows the principal functional blocks
into which the Passive Observation of

Ambient Plasma Experiment has been
broken down.
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91 Functional Description
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40 Fuﬁctidna1 Description

o

INITIRL s ZRTIEN F

This flowchart shows the functions required stjgzgjizfjjif’
to activate and display the Astronomy/Orbit -
computations. Orbit computations must be [—<51
stopped to re-initialize.The orbit computa- F2l
tions can be started or stopped from this ENTIBL/ZE
chart, without.necessarily going to No. 50 4?’/”f4””44f,¢
(Alternative to initializing GMT and MET CRA, T HECHPnrCs
using the MFDS Keyboard, the MFDS special- OS5 2LB Y
purpose time display units (TDU) might .
be used).
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420 Functional Description

This flowchart shows con-

~ version of time quantities

to decimal hours and to seconds
also calculation of the East
longitude of the initial
descending mode.
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50 Functional Description '
Ijbol

This flowchart shows functions
needed to keep the orbit/astronomy

CURRENT VRLUES
OF gsrRovomy &

parameters up to date. Orbit
computations can be started/stopped
from this chart, the experimenter
can determine where he is from dis-

play 500 and how long he has until J'
sunrise/sunset. Recording of Orbital ZI/
positions and attitudes is done at =
start/stop of the orbit computations.

(Other recording of this data is auxiliary to data
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510 Functional Descrition

This flowchart shows how the
astronomy/orbit parameters are
updated. This computation, once
started, continues regardless of
what other action the experimenter
takes, except specifically stopping

‘the orbit computation itself.
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102 Functional Description : PROCE
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1052 Functional Description

This flowchart shows the
relationship of the probe
current, voltage and angle
computations and the prox-
imate displays involved.
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1055 Functional Description

This flowchart shows the computa-
tion of the Probe current depending
on whether the Probe potential P is

positive or negative.

An error

message will result if the probe
axis points to within 10° of the
velocity vector of the Orbiter.
The repeated (with 1062) computation
serves as a continuous check on

probe angles.
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1062 Functional Description

This flowchart shows a computation

of the probe angle (normally oriented
near 90° to vel. vector V) as a sub-
~routine. . In addition a check is made
to make sure that the probe axis is
not pointing within 10° of parallel
to VS - which will yield erroneous
data’ ‘
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112 FUNCTIONAL DESCRIPTION

This flowchart shows the pro-
cessing of the setup of the
triaxial fluxgate magneto-
meter, including its
initialization constants.
This flow also shows the
processing necessary for
making background measure-
ments and recording of the
background data.
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190 Functional Description

This flowchart shows a sub-
routine for the computations

of the Absolute Temperature T

in the neutral atmosphere model.
Auxiliary quantities computed are
solar hour angle (SHA) and an
angle Tt which represents a lag

in density relative to local

time at any point in the atmos-

phere.
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Functional Description

This flowchart shows a subroutine

for the computation of the X' and

Y' components of the earth’s magnetic
field. Since the axis of symmetry of
the magnetic field is along the geo-
graphical earth polar axis, BY'=0.

By is also computed.

Finally, BX, BY and BZ are computed
based on orbiter, boom and platform
orientations via a very general
transformation 223 and 223.5.
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Functional Description

This flowchart shows the computations

of the electron density subroutine. Values
of n(LT) are based on several empirical
equations each valid in its own range of
latitude, altitude and local time.
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Functional Description

This flowchart shows a subroutine
to compute values of F, the ion

[2c3]

SOl DEASST)
( MOLEL j

density. Values of F are based
on empirical equations, each
valid within a specific alt{tude

£le2d = £pu A4€. 1

F(wor) = £qu 146.2

range. Ion densities are YE
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tocal electron density
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210 Functional Description

This flowchart shows both the
setup of and data processing
by the Rubidium Magnetometer.
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220 Functional Description

This flowchart shows the processing

of the setup of the spherical ion
probe instrument. To measure Ions

it always operates in the Electron
rejection mode. In addition to check-
ing Probe Voltage sweep vs. time, two
operating displays are planned for -
(1) Probe current vs. voltage is
stubbed, {2) Log Probe current vs.
voltage is computed (2230).
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2210 Functional Description

This flowchart shows the
‘relationship of the Probe
Voltage vs. Time computation
to the proximate displays
involved.
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2230 Functional Description

This flowchart shows the
relationship oi the log
current vs. Voltage comput-
ation to the proximate dis-
plays involved. :
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2237 Functional Description

This flowchart shows the
computation of lon current,
versus Voltage based on

—
JAR37
COMPCTE CeRAENT
VS, VoLTRGE

k

7o v

calculated temperatures
190, electron densities
199, and average ion
densities 203. This
calculation requires
availability of the
error function integral

2
p(x) =\/~ﬁ%/:'t dt as a

subroutine.
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230 Functional Description % £z
This flowchart shows the computations 232 -
involved in setting up the Ion Mass ZoN MASS
Spectrometer and computing the response SPECTR METER

of this instrument 2330, 2350 on a
simulated basis to the jon densities
encountered.
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2330
Functional Description

This flowchart shows the
relationship of the Ion
Current vs. Mass computation
to the proximate displays
involved.

o:oP

2330
( Ton CORRENT
\ W. 155> -/

[aa35] -

ZoN CoRARENT A\
V.S
MPSS LS/ RY

~

T
2/ ‘L

A EyBesRD
ENTRY

$ LveLve

NYEW
FROCESS/NE

[ 574 B)

RIVRLLE
¢ ”

COMPOTE Zo
CORRE AT yS-
MASS '

Asco l .

2zl

TN MPSS SFECTAo -
YN\ me7Er SE7CA O13AZY



123

TIT T
i 1t T
1t "
H i N0} 1
H + ' 1
H !
T el g
i )
I e
18
HH
I
t "
s T
I o
1
s
T
T
s
iy )
T
14 ¥
o Bt
T 1
t
R o
B3 an
1t a8 sem,
f 1
1T
’ o
) e
3 133 &
THT T
T t s "
T + T e S
" s : :
' 1 " 'n e i ' T t T i,y
a T T el } "y ! e
1t e t [Ru RS Sui 1 T 8 NN ) 1 ¥
tit - puL .\ h e
mam ¥ - T
f 14 buel i bl o 0 I s 4 +. 1 ¥
1 RN HEPRY A NNt )¢ {
+- + 3 7 Tt
T snu e 3 it
imna: Inwe T T T t Ny ot
june; 1T T o
nae: mus T 3
i . 4 g 1 :
oy ++ "
san 1+ 1t
s i . ) T
puug 1
+ T
T I T T
1 T I
1 T + 1 1
suw . _
T T
" t e
1 ? T 1 Tt
T T 1 T 1 T
$ " + , "
$ t t 1 =y
11 1 Tk " 1 1
1T T Tt 1 T t 1
1 ARRNR RS T $ 1 Il
s H 1 : L
T e
£52 1o : L _ :
11+ H+ t YeRgs EanGy ey Hw. : + it :
e Tt + 4+ g T t
Tt T 14 ROWR A 3 A ek 1 b L oyoh A ! 2
11T -t T o 29 e RhARa h 1 T T iuains
tmaw: 11 enged 1 3 a8k !
ndu 1] $
A < gs - -
Aun 8By s .
] + _.*v .*.x bt 3 od ot
4 T T T
' 3 -4 44 3] Jobes -
1 .8 ! B8 8 bk
T RN T ol asiihy
! 1
1
ssumy wa ReRe b ]
ssnss E R Rk KRR!
T t 1117 ndwaigna 13 s
9! IAxxwxi
- 1
1 13 L TH & ] T B ¥
: 53 BT fedfiscigs
1 o - ot
! " o : HM
T
1 t e ey T
au gy 1
1
t
! T4
T .
1 ™ >
. T Tt
LS FaYawns
3 15551
T m o Ty Ty
Lt Tt Tt

8lZ °ND3 A9 N3AID A OL




2335 Functional Description

This flowchart shows the
computation of Ion Current

. versus Mass. Ion Currents
depend on quantities of
density and temperature

which are calculated from
previously defined subroutines.
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2350
Flowchart Description

This flowchart shows the
relationship of the Ion
Density vs. Moss computation
to the proximite Displays
involved.
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2357 Functional Description

This flowchart shows the com-
putation of Ion Densities of
three species of ions. These
densities are based on total
electron density and temper-
ature computations done by
previously defined subroutines.

L)

Lomvire Zow 1245/
VS, P88 - ==

i

VA 4

v

AT s msae Topernrick|

| A Jr

( é/}/f/ff e ?/(’/A’é.o' Z)‘/A’//ﬁ/
N //7')-‘7;/;11 Zaw
S5 s

il ——
Cenvere [ o LA s

ez ), eltur) ther)

Co mp fe 'po/‘

- T T f/rae, Z//a./ué»S

&;p /7/44'

_"__'4L/cz.4/c'. &, fent

SINSIES 1), e Cowont
Ly The SAM ) LGS

Lsav g Sl ArSES,

Ton Lwsisy v
SN ss  LdispdeS

Lzl



Functional Description

This flowchart shows the
setup of the neutral mass

G/A‘aoi«’ﬁz M RBSS

spectrometer and the compu-
tation of the output of this

instrument 2430 and 2450.
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Functional Description

This flowchart shows the
relationship of the neutral
mass spectrometer current vs.
mass computation to the proxi-
mate displays involved.
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Functional Description

This flowchart shows the computation of
spectrometer current, which depends on
subroutine 195 outputs of neutral part-
icle density computations.
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Functional Description

This flowchart shows the computation
of the logarithm of the Densities of
the neutral particles, based on the
outputs of the subroutine density 195
calculations
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Functional Description

This functional description shows both
the setup and the processing (2530,

2550) of the Planar Electron Trap

“data. The linear sweep display 2510

is a check on the instrument's operation.
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Functional Description
"This flowchart shows the relationship
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Functional Description

This flowchart shows the relationship
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Functional Description

This flowchart shows the computation

of Electron current based on the
temperatures computed by subroutine 190
?nd the densities computed by subroutine
99.
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Functional Description

This flowchart shows the relationship
between the Density vs. Energy com-
putation and the proximate displays
involved.
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Functional Descripti'on
This flowchart shows the computation of

electron density, as a function of energy

based on the temperature computed from
subroutine 190 and the total density
of electrons computed from subroutine
199.
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. onal L Lok, SECEWTED
unctional Description e Serip
This flowchart shows the ,
setup of the Planar Segmented [e¢ac]
Probe and the Processing of
Probe current which is its
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Functional Description

This flowchart shows the relationship
of the Probe Current vs. Time computat-
ion to the proximate displays involved.
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Functional Description

This flowchart shows the
sequence of computations
that model the segmented
probe current output, based
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on subroutines 190 and 199.
The probe will not make
measurements beyond y=arc
tan2 and its use at this
angle will generate an
error message.

o

h

I

!

ERROR MESSKHGE

SECMENTE DL RO

0/ISPLRY

S
CCRCENT VS, T/WE

IQC’I

COMPITE NVEUTRRL
P77NOS P ERE
TEMSTERR TERE

Ty

CCMPETE ELECTARIN
LDENS/TY n (L 7j =
TCTHL S LCEVSIT Y

I

COMPUTE CERLENT
T From ERQU. RET

Lo L

AN CAMPS = §+ LEE

0sl




This flowchart shows the processing of record-
ing. A1l instrument data are recorded for the
same time interval for a single recording run.
Between runs, the experimenter may choose, via
his keyboard, which instrument's settings and
data he wishes .to record and a new time
interval. Recording can proceed whether or not
the XXX recording display is ON. Instrument
settings are re-recorded only 'if they are
changed, as is orbit mechanics initialization.
Time is,of course, recorded alsong with all
other data. The specific experiment involved
will determine which instruments are presented
on thg X)((}Xe Record Settings and Data.
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IF INSTRUMENTS/BOOMS/COMPUTATIONS COLLECTING THIS DATA ARE NOT READY, AN ERROR MESSAGE WILL BE SHOWN rLUS AN

INDICATION IN THE READY BLOCK CONCERNED.

NOTE
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| 6.3 IONOSPHERIC MEASUREMENTS WITH THE SUBSATELLITE EXPERIMENT

(The experiment procedure for this experiment is given in Section 3.3.2

of the Final Report.)

The present experiment is quite similar to the Passive Observations of
the Ambient Plasma Experiment. As might be expected, the experiment data
handling simulation of passive observations, functionally does not change
appreciably whether the experiment sensors are mounted on a subsatellite or

on the orbiter.

The only differences due to the subsatellite, that are built into the
present simulation, are time delays to get the subsatellite ejected and into
position, and power on, datalink activation and attitude control delays.
Section 3.3.3 of the Final Report contains equations for rotating the sub-
satellite at a rate wsp that is different from the orbit rate w. However,
this experiment is designed to operate at wsp = w, and Equation 314 is

actually used in the form 314.5.

The transformation matrices TA+p and TS of the previous experiments

A
are present in this subsatellite experiment, but have no effect on the com-
putations since each is set equal to the unitary 3 x 3 matrix. Use is made
of these previously derived matrices as a matter of convenience in not having

to write changes to existing flowcharts.

6.3.1 Definition of Variables for lonospheric Measurements with
the Subsatellite Experiment -

The following definitions define variables used in the flowcharting
that follows. For a more comprehensive understanding of the equations in-
volved see the main body of the Final Report.

E, , E

X E Components of the electric field vector ETOT in the

Y’z
' X'Y'Z' (Southward, Eastward, Upward along geocentric
radius vector. Range: Plus or minus 10“ millivolts

per meter. Least count: .0l mV/meter.
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6.3.2 Typical Values for lonospheric Measurements with the Subsatellite
Experiment

wps Satellite spin rate = Satellite orbit rate w.

H Satellite altitude, 300Km above spherical
earth.

i | 10 degrees.

LT, 00:00:00 Hrs:Mins:Secs.

GMT, 00:00:01 Hrs:Mins:Secs.

Satellite Attitude

A 80 Degrees

r 270 Degrees

A 0 Degrees

Matrix Transformations (Egqn. 218)

Axp

Q 0 Degrees
w 0 "

X 0 1]

Ts + A

eA 0 "

q)A O 1}

Note: Angle Platform X] to orbiter V = O degrees in this experiment. Plat-
form X] is assumed identical with the subsatellite S] axis. This assumption
permits us to use previously defined transformations
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6.3.3  FLOWCHARTS AND DISPLAY FORMATS FOR

IONOSPHERIC MEASUREMENTS WITH THE SUBSATELLITE EXPERIMENT
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This flowchart shows the processes .
involved in setting up the electric [ero]
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Functional Description

The Electric Field is assumed
generated by the motion of the
Orbiter/Spacelab through the
Earth's magnetic field. This
flowchart shows the computa-
tion of the magnetic field
components By', B7' along the
local X, Y, Z axes. It
uses these for the computation
of the X', Y', Z' axis compo-
nents measured by the electric
field meter, which are assumed
to be aligned with the
satellite axes.
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| 6.4 ELECTRON ACCELERATOR BEAM MEASUREMENTS EXPERIMENT

(The experiment procedure for this experiment is given in Section

3.4.2 of the Final Report.)

The key display in this experiment is Display No. 23 showing the two
elements over which the experimenter has direct control: the accelerator
setup, and the setup of the Faraday cup which measures the electron beam
plasma interaction. As before, the orbit parameters, initially chosen for
the experiment are automatically updated once the experiment simulation has
begun. In this experiment, although the accelerator setup and Faraday cup
setup are done on a building block basis, the actual firing of the accelerator

and the associated Faraday cup data collection is done on a combined instru-
ment basis.

In Display 4125, the experiment having been set up, the experimenter
can now perform this experiment, while using just this display. Here he
can repeatedly fire the accelerator, manipulate the controls that most fre-
quently need adjustment between firings and observe the results. Should
the experimenter wish to adjust one of the less frequently adjusted param-

eters, e.g., photoelectron suppress voltage, then he must back up to the

appropriate setup display.

6.4.1 Definifion of Variables for Electron Accelerator Beam
Measurements Experiment

The following definitions define variables used in the flowcharting
that follows. For a more comprehensive understanding of the equations in-

volved see the main body of the Final Report.

Va Diverging Tens voltage in volts. Range 0 to 1000 volts.
Least count 1 volt,

VC Converging lens voltage in volts. Range 0 to 1000 volts.
Least count 1 volt,

BPHI = ¢0 Beam azimuth of accelerator electron beam, when leaving
the accelerator at beginning of firing, relative to or-
biter - fixed XYZ coordinates BPHI is measured positive
from orbiter +X to the +Y direction in the XY plane. 0«<
BPHI<360°. Least count 0.1 degrees. -
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BOMEGA = @ Beam deflection of accelerator electron beam, when leaving
the accelerator at beginning of firing, relative to orbi-
ter - fixed XYZ coordinates. BOMEGA is measured positive
from orbiter +Z in the BPHI azimuthal plane. 0<BOMEGA<60°.
Least count 0.1 degrees.

¢] Beam azimuth of accelerator electron beam when leaving the
accelerator relative to local magnetic field coordinates,
X] Y] Z], with Z] axis along B vector, X] axis in orbiter
XY plane and Y] axis to form a right-handed Cartesian
coordinate system.. ¢] is measured positive from X] to Y]
in the X; Y, plane. 0<¢<360°. Least count 0.1 degrees.

1 Beam deflection of accelerator electron beam when leaving
the accelerator, relative to local magnetic field coordi-
nates X] Y1 Z1 with Z] axis along B vector, X] axis in
orbiter XY plane and Y, to form a right-handed Cartesian

. system. -Q] is measured positive from the Z] axis in the

¢1 Plane 059]§J80°. Least count 0.1 degrees.

The energy remaining in the storage bank after a time T
seconds of beam firing, in Joules. Range 0 to 100,000
Joules. Least count 1 Joule.

E The maximum energy in the storage bank, Joules. Range
5,000 to 500,000 Joules. Least count 1 Joule.

E(tb) . The energy stored in the storage bank after tb seconds of
charging the bank. Range 5,000 to 500,000 Joules. Least

count 1 Joule.
t A time variable used to calculate D(t), the approximate

time-to-go until full charge is reached. Range, O to
1000 seconds, Least count 1 second.

W The rate of scan of the accelerator beam in the BPHI ra-
dians per second. Range 0 to 200N. Least count .01 rad/

‘l’ sec.
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The frequency of the scan of the accelerator beam in the
BOMEGA direction, radians per second. Range 0 to 2000m.
Least count .01 seconds.

Duration planned for beam firing, seconds. Range O to
1000. Least count .01 seconds.

Approximate time-to-go to reach full charge in the energy
storage bank in seconds. Range 0 to 1000 seconds. Least
count 1 second.

Cathode Heater Current, amps. Range 0 to 10 amps. Least
count 0.1 amps.

Accelerator beam current, amps. Range O to 100 amps.
Least count .1 amps.

Control grid voltage, volts. Range 0 to -100 volts.
Least count 0.1 volts.

Control grid current, milliamps. Range O to + 100 milli-
amps. Least count 0.1 milliamps.

Fariday cup current, amps. Range O to 100 milliamps.
Least count 0.1 milliamps.

Time variable used to compute accelerator beam azimuth and
deflection, seconds. Range 0 to Ty Least count .01
seconds.

Accelerator potential in volts.
Time-to-go until beam is fired, in seconds. Range 0 to 240

seconds. Least count 1 second.

Time period required to drain energy storage bank, seconds.
Range 0 to 1000 seconds. Least count 0.01 seconds.
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6.4.2 Typical Values for Electron Accelerator Beam Measurements

Experiment

The following values of parameters are considered typical, and may,

for example, be used as default values.

Vg

Ve

BPHI
BOMEGA
Eg
D(t)

100 Volts
100 Volts
0 Degrees
10 Degrees
100,000 Joules

Counts down from about 48 seconds to zero, if storage
bank initially empty.

21
201
4.0 Amps.

0.0 Voits in test mode
-100 Volts during pre-firing mode
-5 Volts during firing

10,000 Volts

ORBITER ATTITUDE, ALTITUDE, INCLINATION

270 Degrees

90 Degrees

0 Degrees
400 Kilometers

0 Degrees, Equatorial Orbit
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6.4.3  FLOWCHARTS AND DISPLAY FORMATS FOR

ELECTRON ACCELERATOR BEAM MEASUREMENTS EXPERIMENT
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Functional Description

This flowchart shows the functions

performed in setting up the Faraday

S5 '(L
cup collector, and the proximate
displays involved.
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Functional Description [srr¢] ¢
Thls f]owi?arthshowz the setup of the 4O ERAT T
infrequently changed parameters and the e FIPl)
entry to the Test and measurement SUTLF DILSHALSY
functions.
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Functional Description

This flowchart shows the functions e ¢
and displays needed to check the
Accelerator prior to Beam Firing.
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Functional Description

This flowchart shows the
computation of

Beam azimuth ¢1,
Beam Deflection Q1,
Beam Current I, and
Grid Current Ig

that are needed for

Acceleration Test Purposes.
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Functional Description
This flowchart shows the adjust-

ment of the mére frequently varied
parameters of the accelerator and
the principal functions in obtain-

ing data.
charged fully before firing the
beam. The operator always sets
beam firing Tf into the future,
rather than an instantaneous
beam trigger.

The storage bank is always
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Functional Description

This flowchart shows the countdown
of Tf to zero, when the beam fires.
tb Is set to zero to support the -
computation of recharging the
energy storage. (See 4129)
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Functional Description

This flowchart shows the
computations of the cup
current Ic and of the par-
ameters supporting this
computation;during the
firing time b, 100 samples
of the cup current are ob-
tained. The computation of
the loss of energy from the
storage bank for this firing
is done on a sinqgle point
only.
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Functional Description

This flowchart shows the computa-
tion of the td time required to
drain the energy storage bank at
a certain current I and voltage
level P. |f the planned firing
time Tb exceeds Td an error mes-
sage is shown.
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Functional Description

This flowchart shows the
computation of the time-to-

go at which the full charge
will be reached. Because '

of non-linearity of the eaqua-
tions, the time-to-go functions
D(t) is an approximaté measure
of the time required to

charge the storage Bank.
Charging is continued until
Etp is within 500 Joules of
full charge. The flow is
idealized in that it assumes
no leakage from the storage
bank. This computation 4129
is reactivated after each
firing unless charging current
is turned OFF. Charging com-
putations are continued
whether or not display 4125

is activated, until storage
bank is full or charging
current turned off,

YES iF RBRRNE .
WAS L/SCHRRGED

TO TLERO ENERGY

cCoMpPNTE

[%27]
PCCELERRTTA ‘
( RZERDY

g

g/wt'/-r/

N

COMPUTE ENERGY
E(44) Frem gqu (&
Y42

I
A4

compPITE (%),
THE PrilcXIMpTE

TIME -TO-Go 70 RERCH| _ __ . _]

FoLl CHARARGE FRorn
EQu 4737

-

'd

CoMPUTE Cwir 6/4/&
CORRENT /oM
EQU. 438

L eTE
£ ("7;) Freom

£ ou 439

YES

C U/VIIOUI'E D (‘Lj)
ERCH SEconD

?

gﬂ"\

SET D@b) = o
D/ISPLRY
Poecps ER RTOR

w /(E/pr ©v

LERM MERS UREMENTS »
ORTR OSFALRY ~

3

TUCRN CHBREING
SOURLENT OFF,
s7rop rrrs (#33)
CCMpPCTRTIEN

8t



183

| 6.5 LIDAR TRACE OF ACOUSTICAL GRAVITY WAVES IN THE SODIUM LAYER

(The procedure for this experiment is given in Section 3.5.2 of the
Final Report.)

The key display for this experiment is DiSplay No. 14, which initial-

* izes and maintains the orbit, as well as permitting the experimenter to set
up the lidar transmitter, receiver and to make his measurements and record-
ings. In this experiment it is assumed that the lidar is pointing toward

the geocenterl Once again the instrument setups are flowcharted on a build-
ing block basis but this time the building blocks have been even more finely
divided in that the lidar transmitter (915) and receiver (925) setup displays

have been placed in separate blocks.

To set up the transmitter there has been added special tests of absorp-
tion cell readiness (Display No. 9195), transmitter output spectrum calcula-
tion (Display No. 9175), and other checks (photon count, etc.). However
the sodium layer measurements themselves are again combination displays where
. the experimenter can make repeated firings and decide whether or not to record
the results, or else change the altitude limits, and altitude resolution
(Display No. 945). This experiment gives the experimenter considerable lati-
tude in his choice of output measurement displays, there being four different
choices given (Display No's. 9435, 9445, 9455, and 9L65).

6.5.1 Definition of Variables for Lidar Trace of Acoustlcal Gravity
Waves in the Sodium Layer

The following definitions define variables used in the flowcharting
that follows. For a more comprehensive understanding of the equations in-

volved see the main body of the Final Report.

PL Power Level of flashlamp in Watts. Range 0 to 1000
Watts. Least Count 1 Watt.

PE Energy in a Single Pulse in Joules. Range 0.1 to
10.0 Joules. Least Count 0.1 Joule.

TR Time Interval between start of successive laser fir-

ings in seconds. Range 0.1 to 100 seconds. Least
Count 0.1 second.

FS Field Stop Value. Range 0.01 to 100.00 milliradians.
Least Count .01 milliradian.
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Transmitted Beam Divergence. Range 0.01 to 10.00
milliradians. Least Count 0.01 milliradian.

Range of Wavelength of Spectrometer. Range 300 to
800 nM. Least Count 0.1 nM,

Tine Tune Capability of Fabry-Perot. Range
Least Count 0.01 nM,

Resolution achievable by Spectrometer. Range 10,000
to 0.001 nM. Least Count 0.001 nM.

Absorption Cell Operating Temperature. Range 100 to
10000C. Least Count 1°C.

Altitude of atmosphere observed as measured from earth
surface. Range 0 to 500 KM. Least Count 0.01 KM.

Altitude Resolution element being observed. Range
10% to 10° meters. Least Count 10 meters.

Value of X at N (number of firings) = 0.

Distance measured along orbiter circle of altitude at
orbiter altitude between Greenwich Meridian Plane and
current orbiter position. Measured Eastward from
Greenwich Meridian Plane.

Greenwich Mean Time in Decimal Hours.
Center wavelength of wavelength spectrum transmitted.

Receiver Resolution Element. Range 100.000 nm to 0.001 nm
Least Count 0.001 nm.

Receiver Aperture Setting. Range 0 to 100
Least Count 1.

Minimum and maximum wavelengths of the transmitter
pulse.

Angle between altitude and distance axes, degrees
Range 30° to 80°. Least Count 1°,
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Number of laser firings contributing to an output
display.

Scale value at which tic mark will be displayed on
~graphic display axis.

for example, be used as default values.

BD

FS
BT

ORBITER ATTITUDE, ALTITUDE, INCLINATION

180 Degrees
180 Degrees

0 Degrees

180 Kilometers

27 Degrees

LASER PARAMETERS

1000 Watts

10.0 Joules

1.00 Hz

1.00 Miliiradians

100 Milliradians

589.0 Nanometers
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X, y coordinates of origin on MFDS CRT display screen
for N = 0.

6.5.2 Typical Values of Lidar Trace of Acoustical Gravity Waves in
the Sodium Layer

The following values of parameters are considered typical, and may,
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FT
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% Absorption Cell
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Z Maximum Value
Amin
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Angle +Z Axis to
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Top
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10 Nanometers

0.01 Nanometers

50

590 Nanometers (Power Meter Upper Limit)
580 Nanometers (Power Meter Lower Limit)
588.99 Nanometers

80%

0.00 Degrees Transmitter Azimuth Alignment
0.00 Degrees Transmitter Elevation Alignment

0.1 KM
80 KM

100 KM
300 Nanometers Lower Limit of Laser Transmission
800 Nanometers Upper Limit of Laser Transmission

0 Degrees

800 Degrees Celsius
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6.5.3 FLOWCHARTS AND DISPLAY FORMATS FOR

LIDAR TRACE OF ACOUSTICAL GRAVITY WAVES IN THE SODIUM LAYER



Functional

runciiona’
Description

This flowchart shows
the processes in
changing the scale of
the Ab¢issa Axis.

A similar flowchart
could be drawn for
the Ordinate Axis
of a 2-axis display.
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Functional Description

This simple computation is
carried out to assure the
experimenter that the laser
beam which is aligned to the
Orbiter +Z axis will be
pointing always to the
Earth's center.
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Functional Description

 JTBANSMITTER

This flowchart shows the breakdown

of the transmitter set
component parts.

Oo:upP
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Functional Description

This flowchart shows on/off settings
required to be met to tune the Laser

Transmitters.

The output spectrum

can be checked via 9170.
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Functional Description

"This flowchart shows the more
detailed settings required to
- activate the Laser output
.calculations.
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Functional
Description

This flowchart shows
the detailed
computations of the
output spectrum
produced by the
transmitter, whether
the Fabry-Pero t is
in the beam or out
of the beam. The
computation is
started at Ay and
proceeds until the
computation either
passes the imax,
amin 1imits or the
.01 I(xg) limit, to
avoid computing an
excessive number of
points.
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Functional

Gescription

- This flowchart shows
the parameter settings
required to make the
receiver ready to
take measurements.
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Functional Deécription

This flowchart shows the functions
required to set up the Lidar Trans-
It also contains the func-
tions required to test fire the
laser at a low power level before

mitter.

turning on full power.
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Functional Description

This flowchart checks the
limitations on individual
laser pulse energy against
total (flask lamp) wattage.
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Functional Description

This flowchart shows the simu-
lation of the heating of the
absorption cell as a function
of time. When the absorption
cell has reached the operating
temperature, TOP, this is main-
tained until the cell is turned
of f.

. (919
. /TALCULATE .

ABRSCRPTIeN  CELL
. EADINESS

e’

£

——— e vem wevm  daame

compure  Cern
TEMPERATURE FROM

EEcauui"‘:ilff3

DISPLAY CELL

C e o
"READNY, SET T = T0P

r

£

WER MEASUREMENT {
ConTRoL DISPLAY

CompPure
Reabivess
ONCE PER SECOND

90¢



Functional Description

"This flowchart ‘'shows the items
that are checked prior to fir-
ing the transmitter and the
countdown glives the operator

"a chance to ''get set' to ob-
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Functional Description

This flowchart gathers in
one place all the operations
that should be performed to

assure transmitter readiness.
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Functional
Description

This flowchart shows
the computation of.

the percent of trans-

mitter energy that is
transmitted through
the absorption cell, -
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. Functional Description-

Thjs flowchart shows the calcula-
tion of the number of photons

Nph output in a single laser pulse,

based on the pulse .energy E} keyed
in and the.center wavelength A

‘selected.
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Functional Description

This flowchart .shows five options
that the experimenter has for ob-
taining the various displays that i
present the data. The altitude '
quantities (that are fairly fre-

- quently adjusted) are adjustable
via this flowchart also.
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Functjonal
Description

This flowchart shows

the Night versus day -

computation that
supports the
computation of which
are forbidden (day)
times to gather the
data of this
experiment,
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Functional
5escrigt1on

This flowchart shows

the functions required

for computing photon

counts received in
making simulated
LIDAR measurement.
Transmitter and
receiver readiness
is checked and a
recording option
is provided.
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Functional
Description

This flowchart shows
the detailed
computations that
are involved in
computing the. Photon
count. This count
depends on numerous
instrument settings
made previously. The
Count is presented
due to a single
Laser firing and
presents all
resolution elements
AZ from the minimum
up to the maximum
altitude as data
points.
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Functional

S Y per sy ad
Description

This flowchart is
identical to 9420
except that the
computation is
carried one step
further to compute

Na density directly
instead of stopping

at Photon Counts.
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Functional

R T T
Description

The flowchart shows

the detailed

computations that are \
involved in computing

Na Density. The

output profile of
this computations
resembles that of
9427, however, only
geometric factors
enter into the
computation. The
instrument settings
are not involved as
they are in 9427.
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Functiohal Description N4 Dc%'./l//y/ﬂc(y ﬂ
This flowchart shows the functions Ay Dews, 7y
required for computing the Na — - o
density minus average density re- Gopps %%
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Functional Description

For each altitude increment
AZ, this flowchart computes
p(na) - p(Na).
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: Exsiry vs, Disramvee

Functional Description

This Flowchart shows the overall

functions for computing Na density . 45

minus average Na density for a con- -

stant altitude Z). Abcissa scale DENSITY MINUS AV6 .
and tic marks adjustment are pro-’ ‘

vided to permit adjustment of . DENSITY vs. DisTaneE
horizontal distance scale for . D‘SP\“‘:}

various orbital situations. ) .
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Functional
Description

This flowchart
computes f(Na) - f(Na)

In order to start
the abcissa xq of
9455 at zero
kilometers distance,
all subsequent
iterations are
displayed relative
to Xge
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Functional Description /N'\ DENS;TY Mirnus AT@J %%
This flowchart shows the functions required . Qﬁ"sﬁ__ffﬂmgtmg— / an
for computing a 3-dimensional display. %Q«
These include Na density vs avg. density, ,rq'.]:;:{ ' ¢%
"distance and altitude. On the display 9465, 's ; 'A\ v
each firing generates a separate density e 05“5'*':] Minus U9y %.7
altitude curve. : (f)exsm( vs. Distance £ %
The experimenter can adjust distance scale, \4 Atrirude Dispuny | ﬁ
firing rate and 3rd axis angle to obtain - v
maximum information from the presentation
of the data. e
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S . Q467 ComPutE ONE OF S(wA) -
i 5 - compuie “Hes (N®) POINTS FOR EACH AZ
Mﬂ o . DISPLAY PARAMETERS — o= 5E ) o=
Description : RESOLUTION ELEMENT, REPEA

THIS FOR EACH OF Nmax /ASER
FRiNgS, Spaced TR SEcoNds APAR)'J

This flowchart shows
the computation of
the "3-dimensional"
display parameters

of 9465. The logic
flow is a combination
of the flows used
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6.6 ADDITIONAL FLOWCHARTS: CONVERSION OF UNITS AND CALIBRATION DATA

In the current conception of the CVT simulation, the simulation of
the physical environment takes place directly in scientific units. These

same scientific units are (in most cases) used for display and recording.

The attached flow charts supplement the above concept should the CVT
simulation be extended to include hardware elements and special display

and data recording format requirements.

Flowchart 207 unpacks data words, converts or calibrates data to
scientific units and 1imit checks these. Flowcharts 208 and 209 convert
the scientific data for display and for recording output formats, respect-
ively, and limit checks these again to be sure that they will fit the out-

put equipment.



207 FUNCTIONAL DESCRIPTION
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208 Functional Description

This flowchart shows the
conversion of instrument data

from scientific units

to units

specified by the display formats,
and the limit checking of the data
to be displayed to ensure display

compatibility.
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209  Functional Description

This flowchart shows the
conversion of instrument
data in scientific units to
a format suitable for data

recording.

A1l data are limit

checked to ensure that each data
value is flagged as being in/out
of tolerance.
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