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SHUTTLE SPACELAB SIMULATION USING A LEAR
JET AIRCRAFT — MISSION NO. 3
John O. Reller, Jr., Carr B. Neel, and Robert H. Mason

Ames Research Center

SUMMARY

The third ASSESS* simulation mission using a Lear Jet arrcraft was conducted by the Airborne
Scicnice Office, Ames Research Center, during the week of November 12, 1973, This mission con-
tinued the study of the operation of scientific experiments 1in a stmulated Spacelab environment. As
on the previous missions, the constrmned environment of Spacelab was simulated by locating mis-
sion operations it a remote, semi-isolated site, by confining the participants to this site for the dura-
tion of the mission, and by restricting outside communication to telephone contacts through the
ASO mussion manager

A particular feature of the mission was the careful observation of the experimenters’ activities
at the home laboratory as they readied their equipment for the mission. Premission activities also
ncluded a formal Fhght Readiness Review (FRR) of the expenimental equipment. The success of
this review, as measured by the experimenters’ adherence to the scheduled launch date and the lack
of problems with their equipment during the mission, suggests strongly that an analogous procedure
be used with Spacelab experiments.

Problems with the aircraft delayed the mission schedule for one week The schedule was then
foliowed as planned, mcluding onc week for installation, checkout, shakedown of the experimental
equipment, and refinement of operating procedures before the confined period of the mission Thus
preparatory week, which 1s somewhat analogous to the use of a simulator preceding an actual Space-
lab mission, also included four flights, one an engineering check fhight.

Ten flights were scheduled for the Spacelab flight simulation peniod. Nine were flown, the
second planned fhght was cancelled because of a combination of telescope problems and a minor
malfunction of experimenters’ equipment The first two days of the mission were marred by per-
sistent problems with the Ames 30-cm telescope. However, these problems. were overcome, and the
last three days and six fhights were quite routine. The experimenters’ own equipment gave very
httle trouble and no spare componentis were used dunng the entire period.

The major research objectives of the mission were accomplished. To augment these resulis,
four postmission fhghts were requested for further refinement of measurements 1n selected areas.
Analysss of data dunng the mission indicated the scientific results were very promising, and early
publication was n order.

*ASSESS Airborne Science/Shuttle Expertments System Simulation
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INTRODUCTION

The management and operations procedures that charactenze airborne research programs in
the Atrborne Science Office (ASO), Ames Research Center, are conducive to quahty of scientific
research, timely attainment of research objectives, and overall experiment economy. Beyond ques-
tion, the primary element in the success of the ASO approach 1s the direct involvement of the
research scientist in all aspects of the program, with his full responsibility for the development,
integratton, and operation of his own expeniment.

To the extent that the functional goals of the Shuttie Spacelab program resemble those of the
ASQ, the basic management conceriis are analogous, and the ASO experience suggests a potential
inodel for effective and economit operations in space. As a means of achieving the greatest benefit
from the ASO experience 1n Spacelab planning, the ASSESS study program has been evaluating
ASO management concepts and practices: their form and control 1n ohgoing airborne science mis-
sions, and their effectiveness under constraints that simulate Spacelab operations 1n selected
arrborne missions,

The ASSESS program is guided by a working group with representatives from NASA Head-
quarters and sevetal research centers. Additional ASSESS missions with enhanced simulation con-
straints are under consideration for both the Lear Jet and the CV-990 aircraft. These misstons will
address Spacelab concepts now being developed, and 1n the case of the CV-990, considerable atten-
tion will be devoted to the interactions between individual experimenters working in a group
situation in confined quarters aboard the aircraft.

The third ASSESS-simulation mission was similar to the previous two in physical arrange-
ment — that is, the primary support facilities consisted of the Lear Jet aircraft and the housing
trailers. However, the content of the mission differed sigmificantly in several ways. First, the exper-
imenters were an experienced flight team, having flown two normal Lear Jet.missions and one Shut-
tle simulation mission-(ASSESS #2). They were selected purposely to avoid the delays associated
with the development of a new experiment and to test new methods of monrtoring progress-during
experiment preparation and testing. To this end, the principal investigator agreed to utilize his
proven expenment and build only backup equipment as necessary {o ensure reliable operation. With
this understanding, a mutually'acceptable and firm “launch” date was set. In support of this agree-
ment, the ASO mission manager was to ensure that planned modifications to the Ames telescope
would be completed, flight tested, and approved in time for traiming exercises during the premis-
sion week. .

A major new element in the third ASSESS mission was the Flight Readiness Review (FRR),
scheduled one month prior to “launch.” At this time, the experimenters were asked to demonstrate
that their expeniment was ready for flight and to describe the precautions taken to assure reliable
operation. The FRR was viewed as the cutoff date beyond which no significant equipment changes
could be made or tests performed. A similar review was scheduled for the telescope systems that
were being modified by the Ames group responsible for their operation. Other changes in mission
format and content included those in ASSESS monitoring procedures, premission week activities,
and flight scheduling.

To date, the study of ASO ongoing missions (designated as ASSESS, Phase A) has been docu-
mented in references 1 to 3; simulation mission studies (designated as ASSESS, Phase B) in refer-
ences 4 and 5. The present report is the third in the Phase B series. It describes in detail the pro-
cedures set up for the conduct of the mission and its observation. The experiment and its operation
are discussed, together with the experimenters’ plans for fallback procedures in case of anticipated
problems. The FRRs are discussed to the level of tests performed on individual components of
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equipment. Time hnes are given both for the preparatory period at the experimenters’ home base
and in detail for the confined period.

Support activities and matenal, tool usage, normal maintenance procedures, and commumca-
tions facilities are listed. This fund of basic information is evaluated with respect to mission accorn-
plishments and compared with similar results from previous ASSESS simulations, Features having
particiilar meaning and application to planning for research management and operations in the
Shuttle Spacelab environment are 1dentified and discussed.



Section 1
1. MISSION PLAN
1.1 Guidelines

The Atrborne Science Office (ASO) established the following mission guidelines to satisfy

existing program obligations and to comply with selected Shuttle constraints

1. The mission period would be five consecutive 24-hr days, preceded by a normal work
week for installation and checkout and a two-day “hands-off” period. : ,

2. Experimenters would make authentic scientific measurements

3. The operations goal would be two flights: per night, to concentrate experiment-operation
time during the mission .

4, Expernimenters and copilot/observer would be confined to alrplane/traﬂer complex for
the duration of the mission.

5. Experimenters would be permitted to modify their existing experiment to operate more
effectively and more reliably.

6. Arrcraft preparation, experiment integration and the flight program would be conducted
in accordance with standard ASO operation. (For example, the expenmenters would
have prime responsibility for most aspects of experiment integration.)

7. The expenmenters would be permatted to bring “on-board” any spare subassemblies or
components they considered necessary to ensure mission success, test-equipment and
tools would be limited to those that could be justified. ASO would supply and docu-
ment the use of any additional test equipment, tools, or parts that were required, and
maintain supporting GFE in working order.

8. During the mission, no direct personal contact between:the experzmenters and people
outside the ASSESS management and observation groups would be permitted, all out-
stde communication would be by telephone.

9. The ASO mission manager and ASSESS observers would be housed in a separate section
of the work trailer. The mission manager would be mission coordinator between the
“Shuttle” crew and Ames support personnel

1.2 Organization
1.2.1 Management

The scientific research for the third sirnulation misston was managed, for the most part, in the
same manner as the ASO’s ongoing Lear Jet astronomy program. The mission manager coordinated
installation and checkout of the expenmental apparatus, and handled aircraft logistics and mamnte-
nance. For the simulation period, a mission-coordination center was set up in a separate room of the
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“Shuttle” work trailer and manned 24 hr a day. All contacts with the “Shuttle” crew were
handled by telephone through the ASQ mission manager or his designate.

1.2.2 Experimenter/Flight Crew and Observers

The expertmenter team was chosen from the ongoing ASO astronomy program using
the Lear Jet arrplane. The principal 1nvestigator and his assistant had participated in the previous
ASSESS mussion (ref, 2). The copilot was the same scienfist/astronaut from the Johnson Space
Center who had flown in the previous ASSESS mission, He again acted as ASSESS observer during
the flights and on the ground to provide data on expenimenter and equipment performance perti-

nent to the program. .
An ASSESS observer was stationed in the mission-coordination center in the work trailer at ail

times. His function was to record all experimenter and copilot work activities 1n the trailer. Exper-
tence from the first simulation mission showed the need to supplement the observations of the
copilot/observer because of differing work/sleep schedules of the *“Shuttle” crew members (ref. 1).

The pilots were provided in normal rotating assignments by the Flight Operations Branch of
Ames Research Center.

1.2.3 Support Personnel

Support for the mission was provided by a number of groups at Ames Research Center.
Mechanical installation of the equipment racks and telescope hardware was done primarily by the
Metals Fabrication and Aircraft Services Branches. The work was monitored by the Inspection
Branch and the Airworthiness Engineering Group of the Flight Operations Branch. Supplies and
equipment were provided by ASO laboratory personnel. During the mission period, support also
was available from, the ASO flight planners, the Flight, Operations Branch, the Aircraft Services
Branch, and the Inspection Branch.

1.3 Schedule

In planning for the simulation mission, a 12-week penod for laboratory preparation and test-
ing of the experiment was chosen jointly by ASO personnel and the experimenters, Within thas
time frame was a two-week period previously scheduled for the expenimenters to parficipate in a
normal series of flights on the Lear Jet.

On-site activities related to the ASSESS mission were planned to extend over a two-week
period. The first five days were devoted to experiment integration and check flights, the next two
were a “hands-off” period, and the final five were the mission 1tself. One month prior to the start
of the mission, the experiment and the telescope, which was supplied by Ames Research Center
were subjected to FFRs at the experimenters’ laboratory and Ames, respectively.



1.4 Operations Plan

1.4.1 Facilities

The simulation complex consisted of the Lear Jet aircraft and two trailers (fig. 1-1). The com-
plex was located in a relatively isolated parking lot well removed from other flight operations activ-
ities. The site and adjacent roadways were blocked off from casual traffic. From the site, the air-
craft could either be towed to the hangar area for maintenance or taxied to the runway for flight.
Weather permitting, flights were to originate and terminate at the taxi position on the roadway, as
shown in figure 1-2, with most aircraft operations performed at the simulation site. The area was
illuminated with floodlights to permit aircraft servicing at night.

The mission aircraft was a Lear Jet Model 24 (figs. 1-1 and 1-3). At maximum gross weight,
the climb to a cruise altitude of 13.7 km takes about 30 min. Maximum cruise time at this altitude
is about 1-1/2 hr at a true airspeed of 430 knots. For flights in which the Ames telescope is used,
cabin altitude can vary up to 7.6 km, requiring that oxygen masks be donned prior to takeoff. The
experiment equipment weight is limited to about 270 kg. The main cabin of the aircraft has a vol-
ume of only about 4.25 m3 (150 ft3), and space is at a premium; it is difficult for two experimen-
ters using oxygen equipment to work in this confined space for the duration of a 2-hr flight (fig. 14).

As for previous ASSESS missions, the aircraft intercom system was modified to give the
copilot/observer the added options of a “hot-mike” loop with the experimenters and a private tape
recorder system, as well as to allow recording of all communications within and from outside the
aircraft on a common recorder.

Accommodations for the copilot/observer and experimenters consisted of living quarters and
a work area (fig. 1-2). The former was a standard air-conditioned vacation trailer with four separate
beds and the usual facilities. Windows were covered for daytime sleeping. The work area used by
the copilot/observer and the experimenters was a 3- by 7-meter space in a standard office trailer. A
partition separated the work area from a second room, which was used by the mission manager
and ASSESS observer.

1.4.2 Logistics

The logistics plan for the mission dealt primarily with “Shuttle” utilities and aircraft opera-
tions. All supplies for experiment maintenance were onboard at the start, as specified in the mission
guidelines. *““Shuttle™ utilities are electrical power and cryogenics. Electrical power at 60 Hz and
120 V, and 28 Vdc was available in the aircraft and in the work area. The work area also contained
120V, 400 Hz power. Use of power and energy for experiment maintenance was measured in the
mission coordination area. A protective structure was provided to permit filling of the experimen-
ters’ Dewar in the rain.

At the start of the mission, the living quarters were stocked with linens and paper supplies,
cleaning supplies, eating and cooking utensils, and supplemental food supplies. The plan was to
deliver one hot meal a day and store frozen food onboard for the other two meals. Meals would be
ordered by telephone through the mission coordination center. The schedule for eating was not
planned in advance, but was left to the simulation crew.
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Figure 1-1. — View of simulation site.




400d J0

XIITvay
ST @DVd Tvagopy,

\
~
g
5
I
I
rad
e I
< A S !
| |
W |
T
I —
|.' =)
A\

TAX| GUIDELINE

9m ROAD

CURBING

N
&

MISSION

COORDINATION

AREA

ENERGY AND POWER
MEASURING STATION

COMMUNICATION
CENTER

|« WORK AREA __|

3.1 13m

DATA COPILOT WORK
CENTER

TABLE BENCH

TP
O e Bp

TELEPHONE CH
e 1 gt cns‘r OPEN

TELEPHONE i

DESK L L I

FILE VOLUME
STORAGE VOLUME

e i

WORKBENCH SPACE
DESK AND TABLE SPACE

3

1.6m?
2.6m?
0.2m?
0.8m?

CYROGENICS
STORAGE SHED

SRR LIVING

EXPERIMENT
MAINTENANCE
POSITION

4am

QUARTERS
24 79m

TABLE

FLOOR SPACE
WORK - 12.5m?
LIVING 6.8m?

18m

20m

Figure 1-2. — Arrangement of the simulation complex.




ALITVAD ¥00d J0
SI A9HVd TVNIDIMO

=1

e U T SR R S~ 1 T

e et

Figure 1-3. — Entry door and telescope port in Lear Jet aircraft.




=
-
£
3]
Q
C—
(5]
-
(-
3
—
=1
. —
(2]
=
o
=
o
—
w
e
e
o
B
=
-
4
L
=
(=}
(]
g
‘B
L]
j=s
»
84}
I
4
—
5]
-
=
o
(6

ORIGINAL PAGE IS




It was intended that all flights be based at the simulation complex. In fact, however, all but
the first flight originated from the Ames hangar area. There were two reasons for the change in
plan. First, the flight plan desired by the experimenters called for two flights separated in time by
about an hour and a quarter. This period was too short to permit towing the aircraft to the hangar
for servicing and returning it to the simulation complex for the second flight. In addition, weather
conditions necessitated that the aircraft be moved from the site to the hangar for the first flight of
the evening on all but the first day of the mission. Thus, aircraft operations planned for the simu-
lation site were mostly done in the hangar area, thereby simplifying the activities of the ground-
support crew. These operations included normal maintenance, preflight checks, and servicing of
the oxygen supply tanks. Much of the preflight checkout of the experiment similarly was done in
the hangar area, and the experimenters and their Dewar shuttled by car between the two locations.

1.4.3 Mission Operations

Mission-related operations were scheduled for the week prior to the starting date. Experiment
installation was to begin on Monday, October 29, with the first checkout flight early Wednesday
evening. On Thursday, a rehearsal on all preflight, flight and postflight experiment and aircraft
operations was scheduled at the simulation site, with a checkout flight in the early evening. Final
tune-up of the experiment and the aircraft on the ground was planned for Friday, with the weekend
free for rest and relaxation. The mission operations plan called for the simulation mission to begin
with a briefing session at 2 p.m. on the following Monday.

The experimenters started installation on schedule October 29 and were ready for a check
flight by Wednesday as planned. However, at just this time the aircraft had to be returned to the
manufacturer for emergency repair of avionic systems, and the schedule slipped a week. An engi-
neering check flight was flown on the following Wednesday morning, November 7, and three data
flights were flown on successive evenings that week during the preparation period. After a two-day
rest period the experimenters and the copilot/observer moved to the simulation complex on Mon-
day, November 12, and based there until the debriefing meeting scheduled at the end of the
mission.

The ASO mission manager for the Lear Jet astronomy program served in his normal capacity as
focal point and coordinator for any problems that occurred, in addition to the day-to-day arrange-
ments for overall operations. Daily flight planning was handled in the normal manner by the ASO
flight planner, using information on desired targets and sequence of observations furnished by the
principal investigator (PI) at the start of the mission, as well as daily update information. Com-
pleted flight plans were posted in the work area at the simulation complex.

The daily time schedule of mission operations was completely at the discretion of the simula-
tion crew, who keyed their activities to the flight schedule. Experiment maintenance time, eating
and sleeping time, etc., were entirely open at the start of the mission.

1.4.4 Support Operations

Insofar as possible, the support operations plan followed the procedures normally used in the
ongoing Lear Jet astronomy program. Overall coordination was provided by the ASO mission
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manager. He initiated the requests for aircraft services and flight crew support. For this simulation
mission, the special support activities related to the remote site, the life-support functions, and the
round-the-clock schedule were planned in cooperation with the ASSESS program manager and
representatives of the various support groups.

Support activities of the Ames Flight Operations Branch consisted of their normal functions,
adjusted to the mission time schedule. The Aircraft Operations Office was normally in radio con-
tact with the aircraft while in flight and within radio range. Aircraft commanders and backup pilots
were assigned by the Flight Operations Branch, at the written request of the ASO mission
manager. Normally, a different individual served as command pilot each night. He participated
actively in the operations planning, accepting responsibility for special taxiing arrangements
relative to other local flight operations and for a detailed aircraft activities schedule and air-
craft safety to be used before, during, and after flight. He also monitored the physical condition of
the experimenters and their fitness for flight, and verified that the aircraft life-support O2 system
was maintained in “top shape.”

Support for aircraft navigation and flight planning was provided by the ASO, using normal
channels. The decision for flight originated with the experimenter who submitted his request to
the ASO mission manager. When approved, it was passed to the ASO flight planner for implementa-
tion. Copies of the completed flight plan were returned to the experimenters and the command
pilot.

ASSESS personnel made the necessary arrangements for food supply during the mission, and
for other logistics related to ASSESS observations.

1.4.5 Safety

In all ASO missions, flight safety is of prime importance, and normal precautions for the pro-
tection of personnel and equipment are well established. Safety requirements applicable to experi-
ment design are given in the Lear Jet Experimenters’ Handbook.

Several individuals, as well as specific Ames organizations, interfaced with the Lear Jet experi-
ment to ensure a safe operation. The ASO mission manager was involved as coordinator of the
overall program, the experimenters as direct participants in every flight, and the pilots as the respon-
sible flight officers. The involved organizations were the Airworthiness Engineering Group of the
Flight Operations Branch, the Inspection Branch, and the Airworthiness and Flight Safety Review
Board (AFSRB); their duties and functions relative to the design and integration of airborne exper-
iments are described in reference 2.

Prior to the ASSESS mission, the AFSRB was given a detailed review of the safety aspects of
all new designs, operational plans, and contingency considerations. The presentation was made by
the ASO mission manager with the backing of representatives from the Ames organizations sup-
porting the mission. For this particular mission, the telescope installation had been approved earlier
by the AFSRB, so that the review concentrated on the unique features of the experimenters’ sens-
ing equipment, the mode of flight operation, the considerations for personnel constraints, and the
aircraft operations from the simulation site.

The Lear Jet experimenters had previously attended the required one-day high-altitude train-
ing course at a nearby military installation, and a local training session on Lear Jet life-support
systems and emergency procedures. Both men satisfied the requirements for a current FAA Class
II flight physical certificate, and were examined by an Ames-approved physician immediately prior

1-9



to the start of the mission. An Ames flight surgeon was assigned to monitor the experimenters’
physical condition during the mission.

1.4.6 Contingency Procedures

Procedures for handling contengency situations were established for ASSESS Mission #3.
Weather contingencies were of foremost concern, since the aircraft was to be parked outside at the
simulation site for normal operation. Fatigue or illness of the crew was considered, since either
could jeopardize mission performance. Provisions were made for landing at alternate airfields,
which would have interrupted the simulation aspects of the mission, and for major aircraft or

experiment maintenance problems.
The following contingency procedures were adopted for the constrained period of operation:

1. In the event of a major maintenance problem (or rain), the aircraft was to be stationed in
and depart from the hangar. The “Shuttle” crew was to be taxied from the simulation
site to the hangar by car for each flight.

2. If a problem with the experiment required some part or item of test equipment that was
not available “on board,” the item was to be supplied if considered necessary for mission
success.

3. The Aircraft Commander could elect to:

a. Recover to the Ames hangar in case of bad weather or a safety problem.
b. Cancel the upcoming flight in case of overfatigue of pilots or experimenters.

4. If either pilot became ill, he would be replaced by the assigned backup pilot. If one or
both of the experimenters became ill, the upcoming flight would be canceled and
rescheduled.

5. Any decision to cancel the mission would be made by the ASO mission manager in
conjunction with appropriate personnel.

6. Alternate landing fields would be used in emergencies. If an emergency landing occurred
at a nearby airport, the ASSESS duty officer would retrieve the “Shuttle” crew, and
other Ames pilots would recover the aircraft; if at a remote airport, a decision would
then be made as to the effect on the simulation mission and plans for subsequent

operation.

1.4.7 Documentation

Normal ASO documentation procedures were used for the ASSESS mission. An aircraft work
order called for installation of the telescope and experiment equipment was issued by the ASO
mission manager. This order served three functions: it requested the Airworthiness Engineering
Group to review and approve the safety and airworthiness of the experiment; it authorized fabrica-
tion of the attachment hardware; and it requested the Inspection Branch to inspect and approve the
final installation.

Just prior to the flight period, the ASO mission manager initiated a Flight Request Record for
the entire flight series. This authorizing document was circulated to those groups concerned with
flight operations. All other coordination and decision-making activities were accomplished by the
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ASO mission manager and the experimenters in informal discussions with representatives of the
cognizant support groups.

The unique operations associated with a Shuttle simulation mission required some documenta-
tion in addition to that normally used. A mission operations plan for the detailed activities of the
simulation mission was formulated by the ASO mission manager and the ASSESS program manager.
This plan was submitted to the Airworthiness Engineering Group of the Flight Operations Branch
for early concurrence and was approved at a full meeting of the Airworthiness and Flight Safety
Review Board.

1.5 Experiment Installation

The basic research equipment for the mission consisted of the Ames 30-cm IR Cassegrain tele-
scope and the experimenters’ liquid-helium-cooled, dual-detector, grating spectrometer. The tele-
scope system, including gyro-stabilization electronics, was the responsibility of the Ames Space
Science Division and was modularized to facilitate rapid trouble-shooting and replacement of
printed-circuit boards with a minimum of technical background knowledge. Replacement parts and
the modular boards were readily available.

The telescope was mounted in the port-side passenger window of the main cabin and the gyro-
stabilization electronics on a pallet located just aft of the door (fig. 1-5). Signal-processing electron-
ics for the spectrometer were mounted in a standard Lear Jet rack located forward in the cabin on
the starboard side. Power for this system was furnished by a dual 60-Hz, 115-V solid-state inverter
mounted in the baggage compartment (fig. 1-6).

Installation of the equipment was accomplished by standard ASO procedures. To minimize
on-site fitting of components, the experimenters were shipped a Lear Jet electronics rack for pre-
installation of the majority of their electronics equipment in their own laboratory. On arrival at
Ames, they participated in the installation of the experiment on the Lear Jet by the aircraft ground
crew and other cognizant personnel.

Prior to installation, the cabin layout and the electronics rack assembly were reviewed and
approved by the Airworthiness Engineering Group and the Inspection Branch. The completed
installation was again inspected and approved for flight by the same two groups. These inspections
were for flight safety and airworthiness only. Performance and reliability of the experiment was
the responsibility of the principal investigator.

Initial contacts between the experimenters and Ames personnel were handled through the ASO
mission manager for Lear Jet operations. During installation of the equipment, however, the exper-
imenters worked directly with the support groups. The mission manager was advised of progress
and assisted in resolving any problems. Personnel from the Space Science Division assisted the
experimenters in the installation, operation, and trouble-shooting of the telescope systems during
the premission week.

1.6 ASSESS Observation Procedures

In accordance with the mission operations plan, observational data were collected at several
locations during the preparation for, and operation of, ASSESS Mission #3. Initially, interest
centered on the activities associated with the development, testing, and preparation of the
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experiment at the experimenters’ laboratory. The highlight of this period was the FRR, in which
the experimenters reported on their development and testing effort to demonstrate that their equip-
ment was in fact completed and operating reliably. Subsequently, interest focused at Ames for the
checkout and flight phases of the mission.

ASSESS information was collected by (1) direct observation of trained personnel, (2) tape
recording conversations of the experimenters during flight, and (3) direct interview with the experi-
menters. The last method was kept to a minimum during the simulation period to avoid influencing
the conduct of the mission.

Two tape recorders were used to aid and complement the inflight observations of the copilot/
ASSESS observer. The first was mounted in the baggage compartment and connected to the aircraft
intercom system; it operated continuously so that all conversations occurring in the aircraft were
recorded. The second was a hand-operated cassette recorder connected to the oxygen-mask micro-
phone of the copilot so that his observations of the inflight activities could be recorded without
interfering with the experimenters or the pilot.

To provide an accurate time base for recording experimenter activities in flight, a time-code
generator was installed in the electronics rack. This device generated a signal that was input to the
ASSESS tape recorder and also provided an illuminated display of time for convenient reference by
the experimenters.

The copilot/observer was provided an ASSESS checklist of the major events and activities for
observation and comment. Emphasis was on aircraft and experiment problems — their disposition,
corrective action taken, time to resolve problems, impact on the mission, and proposed action to
prevent recurrence. The experimenters also were provided a checklist of inflight events on which
narrative comment was requested to aid the correlation of ASSESS information. Science objectives, 4
changes to experimental equipment, the timing of research procedures and major flight activities,
and the occurrence and disposition of equipment problems were the principal topics of interest.

Immediately following a flight, the ground-based ASSESS observer interviewed the experimen-
ters and copilot to obtain a first-hand account of the scientific accomplishments and the experiment
problems (if any). Although brief and informal, this session provided an information base to which
subsequent actions could be related.
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Section 2

2. RESEARCH EXPERIMENT

2.1 Experiment History

The experiment selected for the third ASSESS mission was developed in the laboratories of
the astronomy department of a major university. The basic instrument was a dual-detector infrared
spectrometer for scanning in the 16- to 40-micrometer (um) region. The initial proposal to use this
experiment for an ASO airborne research mission on the Lear Jet aircraft was prepared in May
1972; an existing spectrometer, developed for another NASA-sponsored program, was to be adapted
for the study of infrared radiation from the planet Jupiter. The basic objective of the ASO mission
was to obtain data to permit a determination of the hydrogen/helium (H2/He) ratio in the Jovian
atmosphere. Following approval of the project, the necessary electronic equipment was constructed
and assembled at the university of the experimenters in the summer of 1972, leading to the first
ASO flight series in November 1972.

The first flight series gave promising research results. The team was then asked to participate
in an ASSESS simulation mission in April 1973 (ASSESS #2). For the ASSESS mission, a com-
pletely new spectrometer and associated electronics were constructed, with the equipment used on
the previous airborne research mission relegated to backup status. Difficulties with the detectors
in the new spectrometer forced a change to the backup equipment before the confined portion of
the ASSESS #2 mission (ref. 5).

A third flight series took place in August 1973 utilizing essentially the same equipment as the
ASSESS #2 backup equipment. Results of this mission were only partially satisfactory. The equip-
ment flown in August represents the prime equipment for the ASSESS #3 mission.

2.2 Scientific Objectives

There were two major scientific objectives for this mission; both were extensions of previous
airborne research in the 16- to 40-um region of the far infrared spectrum. The first was to deter-
mine the thermal structure — temperature, pressure, height — and composition (specifically, the
H2/He ratio) of the atmospheres of two of the outer planets, Jupiter and Saturn. Such informa-
tion is valuable to astrophysicists in substantiating theories of planetary formation and planetary
atmospheres. In part, this objective had been pursued in the three previous airborne missions
flown by this experimenter, but selective verification of the earlier results was still a priority item.
During the ASSESS #3 mission period, however, Saturn was not suitably positioned for viewing,
so its observation was deferred to a later mission and Jupiter was used exciusively.

The second objective was to study the thermal structure and composition of the Orion Nebula
(M42), one of many H Il emission regions of interest to astrophysicists. The instrument was used
to map the spectral contours of this diffuse IR source. This kind of data can yield information
about the constitution of such a source of radiation, both its thermal properties and the relative
abundance of molecular hydrogen (and other gases) and silicate dusts. This objective had been
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pursued in the two previous missions with positive results; in ASSESS #3, however, far more
detailed measurements were possible with the highly sensitive detector now available.

2.3 Equipment Description

For the ASSESS #3 mission, the experimenters provided a complete spectrometer system
backed up with spare components to cover possible failures. An alternate spectrometer (of slightly
different design than that designated as the prime unit) was provided for backup. Spares were pro-
vided for all electronic components but not in sufficient number for assembly of a completely

separate backup system.

2.3.1 The Experiment

The dual IR spectrometer experiment utilizes the Ames 30-cm infrared telescope with its
associated stabilization system (fig. 2-1). The spectrometer attaches to the telescope backplate and
supports the Dewar, which cools the detectors (fig. 2-2). As it leaves the telescope, the infrared
radiation is intercepted by a beam splitter, which reflects substantially all of the radiation to the
spectrometer. A small amount of visual energy is transmitted to an eyepiece to permit guiding
through the main telescope. The coaxial guide telescope (fig. 2-2) is used only for finding, but not
for guiding. Figure 2-3 is a sketch of the optical paths involved.

The spectrometers utilize doped germanium photoconductors for detectors. The incident
radiation excites current carriers, thus changing the resistance of the detector. (The action is
physically different from that of the bolometer used by some other experimenters in which the
resistance change is due to slight changes in temperature caused by the incident radiation.) Cur-
rent is passed through the detector from a constant current source and the minute change in volt-
age across the detector resulting from changes in incident radiation provides the basic data signal.

The photoconductors need not be cooled to the minimum possible liquid helium temperatures.
Actually, the temperature of the detectors under measurement conditions is not known exactly,
but is estimated to be between 6° and 10° K. Such a temperature is sufficiently low to permit a
good signal-to-noise ratio. The temperature of the liquid helium in the Dewar is maintained at a
nominal 4.2° K by a throttle valve to control the internal pressure to approximately one atmosphere.
The detector mounts are soldered directly to the base of the liquid helium container and so approach
the 4.2° K temperature of the liquid helium.

2.3.2 Prime Equipment

Figure 2-4 is a block diagram of the system; figure 2-5 shows the experiment equipment
mounted in the standard Lear Jet rack.

The location of each component of the system, and its dimensions, electrical parameters,
weight, and costs are given in Table 2-1. The GFE portions of the system are also listed for com-
pleteness. The spectrometer and the electronics are discussed below. Spare equipment and the
various displays used in the experiment are discussed in later sections.
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TABLE 2-1. — PRIME EQUIPMENT CHARACTERISTICS

: Dimensions (cm) Power ;
Com;;:n;:::ﬁ:;mnon Type of construction A w&':;“ (‘Eg;‘ Comments
H w D Type VA
ELECTRONICS RACK Total installed weight
(fig. 2-5) of rack = 68 kg.
Empty rack =8.2kg.
Tape recorder, 4 Channels Modified commercial 115 46 27 115V 32 »  300(1)  Chopperelect. =8.2 kg.
(mounted on top of rack) 60 Hz 70(2)  Time code = 1.8 kg.
#1—Detector #1 signal out-
put in frequency GFE =18.2 kg.
#2_[)“?“;” #2 signal out- *Net weight of experiment
Jut I8 Lesency electronics in rack =~ 50kg.
#3—Grating position
#4—Experimenter com- No individual component
ments (voice) weights available.
Grating control panel Experimenter built 135 48 15 P15V eh7 * 600(1)
(top) 60 Hz 50(2)
Inputs set on digital
switches
Indicators for displaying
feedback of settings
VCO panel (second from top) Experimenter built 9 48 .. .41 - HEV 24 «  so)
Converts analog voltage 60Hz both 30(2)
signal to frequency; two
units
Amplifier-demodulator panel 18 48 13 *
(third from top)
Amplifier (2) Off-the-shelf 6 13 13- {15V 02 600(1)
60Hz both 40(2)
Synchronous demodulator (2)  Off-the-shelf 6 13 TR sy A 600(1)
60Hz both
Power supply behind panel 13 14 13 »

Off-the-shelf
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TABLE 2-1. — PRIME EQUIPMENT CHARACTERISTICS - Continued

Component--location
& function

Type of construction

Dimensions {cm)

Power

H

w

D

Type

VA

Weight Cost

Comments

ke) (9

Digital data system panel
(fourth from top)

Dagital counter

Digital pnnter
Provided redundant data
record (except voice)

Off-the-shelf

Off-the-shelf .

13

10

i0

48

19

19

20

20

20

115V
60 Hz

115V
60 H:

20

16

2000(1)
550(2)

Spectrometer with coohng
Dewar (fig 2-2)
Attached to backplate of
‘telescope. Dewar filled with
hquid helum cools detec-
tors

Reflex viewing eyepiece
Coupled to main telescope
through beam-sphtter. Per-
muts tracking through mam
telescope. Includes reticle
(fig 2-2).

Btas boxes (2)

Provides bias current
through detectors and pre-
amplifies signals, .

Placed on bracket under
telescope (fig. 2-2)

Pressure gauge and valve

Expenmenter bualt

Experimenter built

Expenimenter bualt

Off-the-shelf

90 Vde
Battery

None

None

020

None

123 2800(1)
1100(2)

14 600

2.0 630(1) Bias boxes completely
each 860 rebuilt

- 260(1)

TOTALS

173(3)

67.7  7840(1)
3300(2)

11,140
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TABLE 2-1. — PRIME EQUIPMENT CHARACTERISTICS — Concluded

Component — location

& function Type of construction

Dimensions (cm)

Power

H

w

D

_ Weight
Type VA kg)

Comments

TELESCOPE SYSTEM

Main telescope with guide telescope, Custom — Ames
stabilization system and oscillating
secondary murror (48Hz)
Mounted 1n port passenger T
wmdow (fig 2-1)
Telescope stabilization electronics

Mounted forward of telescope
on port side of arcraft

Custom — commercial

Joystick control
Used by expenimenter to con-
trol telescope tracking Mounted
on stabilization electromes box.

Chopper control
Mounted 1n electronics rack
Controls frequency and ampli-
tude of secondary murror ’ '
motton (fig 2-5)

3

Custom — Ames

Custom — Ames

102

21

13

86

48

15

48

71

43

23

- - 85

28Vde 200t0 21
1120

115v 60 g2
60 Hz

TOTAL 1196

*Initial cost. of telescope
system was $86,000. Up-
gradmg of components

+ 15 a continuIng process
Estimated $3400 cost
for thus mission

(DHardware cost wcurred for a previous Lear Jet mission

@estmated cost of refurbishment and testing for this mission, including backup units.
(B)To this must be added about 75 VA loss n 28 Vde to 115 V, 60 Hz inverters.

(4)Add about 25 VA for inverter losses.



Spectrometer. — Two separate detectors, each with a different dopant, are used in the spec-
trometer to provide overlapping spectral coverage in the 16- to 40-um range One detector covers
half of the spectral range utilizing the second-order spectrum whale the other covers 3/4 of the
range with the first order. Thus, failure of either detector cannot result in a complete loss of
information.

The dispersive element 15 a ruled grating. Rotation of this grating causes the spectrum to be
scanned across the detectors. Motion of the grating is controlled by electronic circuitry driving a
small electric motor Predetermined operating conditions may be set into the grating control cir-
cutry. In addition, control conditions may be changed if required by observing conditions.

The specirometer was built at the university by the experimenters with the aid of a local
machine shop. The detectors and some of the optical components were constructed by the experi-
menters, who handled the entire assembly.

The construction of detectors 1s still somewhat of an art rather than an exact production job.
The expenimenters have developed technigques that result in better quality and less costly detectors
than are available commercially. The process starts with slicing thin wafers from a commercrally
procured boule of purified germanium. The proper minute amount of doping material 1s added n
a vacuum furnace. The art lies largely in the process of soldenng leads to these small devices, which
measure approximately 3 mim square. It has been found that the signal-to-noise ratio may vary by a
factor of a hundred among a batch of detectois constructed at the same trme. The vanation 15
attnbuted to the soldenng process.

Electronics. — The block diagram of figure 2-4 emphasizes the electronics portion of the
equipment, which accounts for the majonty of the system components. As already described, the
basic data signal 1s a minute voltage change across the photodetector. The detectors have a cold
resistance of the order of 50 to 300 megohms. The current source in the bias control unit (bias
box) 15 2 90 V battery with an adjustable series resistor. The current through the detector 1s
adjusted to give a useful signal with a satisfactory signal-to-noise ratio. With the value of detector
resistance indicated, the current 1s of the order of a microampere and the voltage change is several
microvoits. The signal from the detector 18 ac, approximating a square wave at the chopper (oscil-
lating secondary mirror) frequency under 1deal operating conditions. Leads from the bias box to
the detector are carefully shielded to reduce extraneous pickup,.

The detector signal is first processed by a preamplifier of adjustable gain and then synchron-
ously demodulated by a phase-lock amphifier. The reference mput is chopper-control voltage,
suitably phased by an adjustable control on the synchronous demodulator panel. The dc signal
from the output of the phase-lock amplifier goes to a VCO (voltage controlled oscillator, some-
times referred to as a V to f converter). The output of the VCO 1s a constant voltage signal with
a frequency linearly proportional to the input voltage. This ac signal is recorded as an audio tone
on the tape recorder, two channeis of the tape recorder are used for the two separate channels of
the detector signal. An earphone attached to the output of one channel permits the tone to be
heard by the expenimenter, who thereby can evaluate the detector signal and guide the telescope
accordingly. This audio signal may also be placed on an oscilloscope for a further visual check
durning data acquusition.

The grating control unit is separate from the other electronic components in that it does not
handle any s:gna! data. It sends step-pulses to the motor, which positions the grating in the spec-
trometer. The desired step size and duration are preset on the control panel by digttal switches.
Associated with each of these digital switches 1s a neon digital readout showing the actual operation
of the function desired. These readouts give the electronics operator a good picture of the adequacy
of equipment performance. The grating shaft also drives a mechamcal counter so that the telescope
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operator may have a direct readout of grating position available to hum. In an emergency, the
grating may be rotated by hand.

2.3.3 Spare Equipment

Alternate Spectrometer. A sccond spectrometer was provided by the experimenters in case
of farlure of the prime cquipment. This sccond device is indicated as an alternate rather than a
spare because 1t does not have exactly the same wavelengpth capability as the pnme equipment. The
alternate spectrometer has been designed for the ultimate installation of a multiple-detector amray.
At the present time it has four similar detectors, of which only two can be used with the two-
channel clectronic cquipment. [ts performance s linnted to the 16- to 30-gm range. The optical
paths of the alternate spectrometer differ somewhat from those of the prime instrument, although
the two units are physically interchangeable.

Electronic Equipment. - The expenmenters provided spare electronic equipment for all ele-
ments of their system (table 2-2). Howevier, some units were not provided in sufficient quantity to
assemble a complete backup system. Anadentical second tape recorder was provided. The spare
grating control umit was essentially the same as the prime unit, but with only one signal strength
indicator rather than two. A single spare preamplificr and synchronous demodulator were pro-
vided, a fully operating system requires two of these units. Once spare bias box was supplied, two
are needed for a completc system

2.3.4 Displays

Displays connected with the dual IR spectrometer expeniment are listed in table 2-3. Most
are associated directly wath the expenmental gear. Some, however, are asscaated with the GEFE.
One of these, the telescope elevation angle indicator, was added by the expenmenters who found
it desirable 1n sctting up the vanable angle mount,

Ncarly all the displays associated with the experimental gear are integral parts of the various
components. The exceptions are a small osailloscope carmed forinspection of the data signal chan-
nels; the hehum pressure gage, which is attached to tie back comer of the clectromes rack; and a
small carphone uscd to aid in tracking.

In fhght, the displays of primary interest to the electromes rack operator are the two VCO
pancl microammelers giving data signal strength, and the helium pressure gage. The operator must
also momitar the grating position. The other two digital readouts on the grating control panel arc
usually preset and require no attention in fight. Other indicators serve pnmarily monmitonng
functions

The digital counter and panter imitially were intended as a redundant data system. However,
this system eventually tumed out to be a pnme source of inflight feedback mformation. The
counter readings were pnnted out and examined 1n Might for data adequacy and quality. The
counter reading itself was not referred to. .

Indicators on the GFE included the iluminated pushbuttons on the stabihization electronics,
the roll and yaw melers on thss same panel and those used by the pilot, and an elevation-angle
mdicator on the tefescope. The indicators generally were not monitored by the experimental
cquipment opcrator. The roll and yaw meters were very useful to the pilot in maintaining



Component

Tape ecoide:

Grating contsol

Ampufic:
Syncirencus demedalator

Specirometer
Bus hox
Vacuun gauge

Dhgtal counter

Drg:tal printer

TABLE 2.2, — SPARE EQUIPMENT CHARACTERISTICS

Dimensions (¢m) Power Weight Cost(1)
Type of construction H W b Type VA g) (s) Comments

Modifed commeina See hsnngs of prime viuts

Expenmenter Sult

Qfi.theshelf
OfY-the -sheelf

Expenmente: bult ~12
Expenmenter hult 20
Offthe-shelf

Qff.theshels

Off the-shel

TOTAL

300  Same as pame anet
€30 Surnila: 1o prime ldendsal
fancizon
300 Same as pnme cmit
300 Samwe as pame unat
200¢  Swundarto peme it See
text for diffesences (Sec.
tien 3 3)
430 Same as prime unit, spare
s osdest urst
250 Simvlar o prume unit
. Same as prune unt
2000
Samie 33 prume unt

6180

Telescope secondany murror
(chopper) '

GFE

1200 Sicular to paame et

(Daeware costinzurred in Frevicus Lear Jet mission



TABLE 2-3.  SYSTEM DISPLAYS
D = dedicated M = multipurposc
Experimenters’ Equipment
Tapc Recorder (all D)
One VU meter for cach of four channcls
[Huminated channel designators 14 (green)
End of tape indicator light (red)

Grating Control Panel (all 1))

Neon Numencal Indicators

Tine function 2 dipits
Control function 2 dipits
Grating position 3 dipats (same reading as counter on Spectrometer)

Desired values are sct in to the ¢ontrol panel by digital plots for cach function.
Neon indicators show actual valuces.

VCO Pancl (all 1))
Two miniature 0 100 gA panei meters to show signal strength on cach data channel.
Two pilot hights  (amber) over range indicators - one each channel.
One pilot hght - (ambcer) Power on,

Spectromeler
Cyclometer counter (3 digits) geared to grating shaft. Indicates angular position of the
grating shaft. Convertible to wavelength from calibration chart attached to clectronics
rack. (1))

Amplifier Pancl
Once pilot hight - (sed) Power on. (D)

Pressure Gage
Measures hehium pressure in Dewar (0 760 mmbg absolute) and 1s indicator for

manual adjustment of thus pressure with throttle valve. Normally sct for 700 mm
in flight. (I



TABLE 2-3.  SYSTEM DISPLAYS - Concluded

Experimenters’ Equipment — Continued
Oscilloscape

Battery operated. May be connected m Might to test points in ¢ither data channel
for inspection of signal (M)

Digital Counter
Neon Numencal Readoul (6 digits). Inflight signal processing. (D)
Digatal Printer
Paper printout of all datis except voice channcl. Primary check on data in flight. (M)
Mimature Earphone
Used by telescope operator to histen to one channel of data signal. Used pnmanly to
direct telescope to peak signal. (1)
GFE
Telescope Stabihizalion Electronics
10 iluminated pushbutton switches. (D)
Roll and yaw meters (£3%); telescope position relative to aircraft axes. (D)
Roll and Yaw Meters
One pairinstalied for use of pilot. (D)
Time Code Generator
Digital time readout (h, min, s days set to 000). (D)
Telescope

Elevation angle indicator (1))

)
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aircraft-to-telescope alignment and thus minimizing the amount of extra tracking required by the
telescope operator.

2.4 Experiment Operation

2.4.1 Normal Operation

Two experimenters are needed to operate the experiment: one operates the telescope, and the
other operates the electronics. On the ground or 1n the flight pertod before observation starts, the
telescope operator adjusts the.variable angle mounting fo the proper elevation angle to permit the
telescope angle of view to contain the target. Upon starting along the observation course, the tele-
scope operator sights first through the finder telescope to acquire the target. Then, using the joy-
stick control, he centers the target on the crosshairs; switches his viewing to the adjacent reflex
viewing eyepiece; and performs further tracking through the main telescope. The telescope observer
1s also aided 1n his tracking by the audio signal developed from the data channels by the VCO. He
uses this audio tone to maximize the signal. The audio tone is a help since the maximum infrared
signal may not correlate with a readily visible optical target. 3

The electronics operator-turns on-all the apparatus and: monitors it for satisfactory operation
during the flight. He must start the scanning process when called for by the telescope operator and
must interrupt the scan whenever the target 1s lost due to aircraft motion. He also adjusts the
throttle valve on the helium vent line to maintamn the pressure i the Dewar at the desired value.
He has a visual display of grating position and can inform the telescope observer at any tume as to
the status of the grating position and the scanning operation. He also inspects the printed data on
the digital printer for quality and interpretation. An addifional responsibility 1s to-change tape
recorder cartridgés when necessary during the flight. The recorder was operated only during the
observation period.

A spectral scan consists of some 10 to 15 steps over the waveband of mterest usually starting
at the low end. Two digital-counts are made 1n each step for both positive and negative chopper
beams, cach count for an exact, preset time interval depending on,the source strength and selected
gain settings. Integration tumes normally range from 10 to 20 sec, with one beam mputting a source
plus background signal and the other a background signal only. Either chopper beam can be select-
ed as the signal carrier for a given scan. Both detectors are positioned for ssmultaneous readings at
wavelengths in their range of sensitivity.

When observations at one step have been completed, the spectrometer grating is rotated a pre-
set amount by actuating the stepping motor drive A complete scan takes from 8 to 20 min, de-
pending on guiding accuracy, air turbulence, etc. Successive scans on the same target are *‘inter-
laced” in wavelength to provide finer detail over the entire spectrum; alternately, the mterval
between steps 1s adjustable for fine detail in one portion of the spectrum.

2.4.2 Fallback Provisions

If ground testing showed deficiencies 1n any electronic component, the corresponding spare
unit could be-substituted with no change in recorded data and, in general, no change in operation.
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If the pnime system spectrometer were replaced with the alternate unit, spectral data between 30
and 40 um would be lost as the alternate spectrometer has different detectors.

The expenment also contained provisions for fallback procedures n case of difficulties in
flight. Procedures were developed for a number of contengencies, but only one was necessary dui-
ing the confined portion of the mssion. These special inflight procedures are outlined below.

Tape Recorder Failure. — In the event of recorder failures, voice channel information would be
lost However, all the other scientific data recorded on the three remaining tape channels was also
recorded 1n flight on the digital printer:

First-Order Detector Failure. — The grating could be rotated 1n flight to a predetermined loca-
tion to put the first-order spectrum on the other detector and normal observations resumed. Data
would be lost between 30 and 40 gm.

Second-Order Detector Failure. — No special action would be taken except that the data scan
would be restricted to the area beyond 23 ym. Data from 16 to 23 um would be lost. On the
ASSESS #3 mussion, this channel failed to give data for two flights, and this action was taken. (The
problem was later found to be due simply to moisture in a connector.)

Grating Control Malfunction. — The grating may be moved manually by the telescope opera-
tor. A mechanical counter attached to the grating motion mechanism showed 1ts position in the
same arbitrary numencal units as shown on the grating control panel.

2.5 Data Handling

Two separate data-recording systems were provided for this expertment, an analog system and
a digital system. To assist in the data reduction on the ground between flights, the expenimenters
also had a small electronic calculator, a slide rule, and a special radiation calculator.

2.5.1 Analog System

The analog system was a four-channel cartridge recorder The frequency outputs of the VCOs
were recorded on two channels as the basic signal data A third channel was used to record the
intercom comments between the expenmenters. The fourth channel recorded pulses from the
grating control unit so that grating position could be determined. Also multiplexed on this channel
were indications of direction of grating motion, and which beam of the chopper (right or left) was
being used as the signal source (the other gave a sky background reading).

As a low-cost consumer-type instrument, this tape recorder (as purchased) was not entirely
satisfactory for scientific data recording. Previous flight expenience indicated necessary changes.
Pushbuttons to select mputs were unreliable and were replaced with hard wining The operation of
the tape cartridges also proved unreliable, and special cartridges with transparent cases were pro-
cured so that actual tape motion could be seen. An end-of-tape pilot light was added-as a reminder
to change cartndges. These modifications (made prior to the previous normal ASO mission) elimi-
nated most recorder problems during this misston.



2.5.2 Digital System

Earher in the history of this expeniment some digital data-processing equipment was provided
for preliminary data processing between flights. Because of past difficulties with the.analog tape
recorder, for this mission it was decided to fly the digital data equipment as well. The digital sys-
tem provides a redundant record of all.data except the voice channel.

The frequency signal from the VCO outputs also is passed to a digital counter, which counts
the cycles for a predetermined time and causes the digital printer to print out the frequency read-
ing for both detector channels (fig. 2-4). Auxiliary circuitry permits printouts of coded symbols
giving direction of grating motion, grating position, and the beam used on the chopper.

The digttal system, unlike the magnetic tape recorder, provides an immediately available print-
out of the recorded data (fig. 2-6), with an accurately-timed count of a linear function of detector
signai mtensity, and a gr