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Health Care and Education:
On the Threshold of Space

Audio and video satellite communications are being used

experimentally for health care and education in Alaska.

It is not universally agreed that there
is an absolute shortage of physicians,
but it is so agreed that there exists a
maldistribution of medical services that
leaves many millions of Americans
with minimal or no primary health
care. The problem must be attacked
from two directions if the situation is
to be alleviated: physicians must be
trained so that their undergraduate and
postgraduate experiences will be rooted
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in rural America, and acceptable sub-
stitutes must be found for the physical
presence of highly qualified physicians
and teachers of medicine. The Depart-
ment of Health, Education, and Wel-
fare (HEW) has examined both ap-
proaches to the problem and recently,
at the Lister Hill National Center for
Biomedical Communications, a part of
the National Library of Medicine, sci-
entists have been exploring the possi-
bility of using advanced telecommuni-
cations techniques to deliver health
care and medical education to popula-
tions where these commodities are
scarce.
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The ATS-1 Medical Network

Since 1971, the Advanced Technol-
ogy Satellite (ATS-1) launched by the
National Aeronautics and Space Ad-
ministration (NASA) has been used
in a program for delivering health care
to rural populations in Alaska (/). The
Tanana Service Unit in central Alaska
an area about the size of Texas, was
chosen as the first experimental site
because of the nature of the terrain
and climate and because the Indian
Health Service, a sister organization
at HEW, has responsibility for the
well-being of all Alaskan Indians. The
majority of the native population is
scattered in some 200 villages over the
length and breadth of the state. Seven
health service units, each with a service
unit hospital, serve these villages. The
major hospital to which patients are
referred is located in Anchorage. Pri-
mary health care in the villages is ad-
ministered by a community health aide
who has received up to 16 weeks of
training by the Public Health Service
(PHS). The health aide’s tools are a
basic drug kit, a manual, and a high-
frequency (hf) radio that may be used
to contact a PHS physician on a daily
schedule and in times of emergency.
The hf radio is plagued by ionospheric
interference that causes periods of
“blackout” (no communications) which
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can last for days. This unreliability has
caused much stress among patients as
well as health aides and has resulted
in very infrequent use of the radio.

Earth stations for satellite communi-
cations have been installed in some 26
villages, most of them in the Tanana
District. The ATS-1 communication
satellite (Fig. 1) is used to relay voice
consultation between health aides and
the PHS physicians at Tanana. A sin-
gle simplex narrow-band channel is
used, which means that only one per-
son at a time may talk. The phased
antenna array, located at the bottom
of the satellite, coupled with its solid
state transmitter, provides about 200
watts of effective radiated power at
very high frequencies. The signals are
received on the ground by a helical
antenna located at the residence of the
community health aide.

When the satellite communication
system had been in operation for 1
year, results of the program were
analyzed (2). Villages with satellite
communication stations showed a 400
percent increase in radio contacts com-
pared to those same villages (and to
villages not included in the program)
prior to the installation of the earth
stations, a difference which is statisti-
cally significant despite the fact that
only 13 villages were involved in the
analysis. As would be expected, the
number of satellite-conducted discus-
sions with physicians increased corre-
spondingly. Although this increase does
not in itself guarantee that better health
care was provided, both health aides
and doctors were convinced that the
quality of care did improve.

In this same area of Alaska a num-
ber of experimental educational pro-
grams have also been initiated. A lec-
ture has been transmitted from the
medical school at the University of
Washington, Seattle, to medical stu-
dents in basic genetics at the University
of Alaska; approximately 22 nurses in
small clinics throughout Alaska regu-
larly “attended” a 3-month course on
coronary care; and the National Edu-
cation Association has sponsored a
three-credit course by the University
of Alaska for teachers in rural areas
of Alaska. )

The ATS-6 Satellite and Goals
of Current Experiments
Because the experiments with the

ATS-1 satellite have been so successful,
the Health Resources Administration
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Table 1. A comparison of the ATS-1 and ATS-6 satellites. In designing the earth stations for
these satellites, one of the primary objectives was to make the hardware simple and inexpensive.

Characteristic ATS-1 ATS-6
Frequency (Mhz) 140 2,500
Bandwidth (Mhz) 0.1 30
Power (watts) 200 200,000
Coverage Whole earth Restricted

Communication capability

Audio and data

Video, audio, and data

and the Health Services Administra-
tion are now cooperating with the
Lister Hill National Center for Bio-
medical Communications to sponsor
two advanced series of experiments
with the ATS-6 satellite (designated
ATS-F before it went into orbit) that
was launched at the end of May 1974
(3. 4). In these experiments the advan-
tages of wide-band communication ser-
vices such as video consultation are
being explored. The key characteristics
of the ATS-6 satellite (4) are compared
with those of ATS-1 (5) in Table 1. In
ATS-6, the available bandwidth has
been increased by more than two orders
of magnitude, while the effective iso-
tropic radiated power has been increased
by three orders of magnitude. Another
advantage of ATS-6 is its operating
frequency, which has been raised from
140 to 2500 megahertz, a frequency
considerably less susceptible to iono-
spheric disturbances. Figure 2 shows
the ATS-6 and gives an idea of its
large size.

Before I discuss the details of the
actual experiments now being con-

Fig. 1. The ATS-1 communication satel-
lite. Protruding from the bottom of the

satellite are antenna elements whose
radiations are phased so that the energy
is concentrated toward the earth as the
satellite spins about its axis.

ducted, it would be well to explain
briefly why these experiments are being
performed and the promise they hold
for alleviating some pressing health
problems.

The Indian Health Service operates
a number of programs designed to pro-
vide better health care to populations
living in the more remote areas of the
United States. Local health aides and
paramedical personnel are sent in to
these areas and, to compensate for their
somewhat limited training, they are
given the support of highly trained
physicians who are located in more
populated areas and who consult with
the paraprofessionals by radio. While
such voice consultation enhances the
paraprofessional’s abilities, in many in-
stances the physician does not receive
enough information to enable him to
provide complete instructions for the
care of a patient’s problems. Medical
decisions must often, therefore, be de-
layed until the status of the patient
changes, or the patient must be trans-
ported to a hospital or medical center.
Transportation to a medical facility is
not only costly, but it may also cause
trauma or family hardship; it might
frequently be avoided if the physician
had adequate information.

Telemedicine, under controlled con-
ditions, has been demonstrated to be
an effective tool for providing the addi-
tional information required by physi-
cians giving support to paramedical
personnel (6). The ATS-6 satellite will
provide the opportunity for testing the
new technologies in an environment
where remoteness and harsh climate
have a major effect on communication
and transportation, and it will there-
fore have a much greater impact on
the delivery of health care. Information
will be gathered on the effectiveness of
sophisticated technological support for
minimally trained paraprofessionals and
on the ability of these people to use
the technology effectively and with con-
fidence (7).

The effectiveness of several configu-
rations of health professionals and tech-
nology will be compared. At Fort
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Fig. 2. The ATS-F communication satellite before launching. After its successful
launching in May 1974, it became known as ATS-6 (4). At the top are the two solar
panels (at the ends of the metal booms) which supply energy to the electronics (15.7 m
tip to tip). Below the booms is the 9.1-m parabolic reflector antenna which receives
signals from earth stations and also retransmits signals to the earth. At the bottom
is the box which contains the antenna feeds (on top), electronics, and satellite
stabilizing gyros.

(" )

s b
Alaska/Northwest

. .

Fig. 3. Coverage provided by the ATS-1 and ATS-6 satellites. The ATS-1 satellite
can relay signals to or from anywhere on the North American continent; ATS-6
coverage is restricted to the shaded areas (footprints). The larger footprint represents
the S-band coverage and includes the panhandle and central regions of Alaska. The
smaller footprint represents the C-band coverage which includes Omak and Seattle,
Washington.
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Yukon a registered nurse will consult
with physicians at the Tanana Health
Service Unit Hospital by video and
audio communication. Telemetry—for
example, electrocardiograms—can be
sent at the physician’s request and cur-
rent patient medical records made
available at both sites to assist in diag-
nosis and formulation of the treatment
plan. At the clinic in Galena a health
aide, or other professional, will have
the same technological support as the
registered nurse at Fort Yukon. In still
another setting, a health aide will have
access only to audio consultation with
the physician and to medical record
information.

The Indian Health Service has stated
that the purpose of these experiments
will be to gather data to help test the
following hypotheses concerning the
improvement of patient care. Telemedi-
cine, when used in conjunction with a
good medical record system [in this in-
stance the Indian Health Service’s
Health Information System (HIS)],
will (i) affect patient movement in
such a way that only those patients
requiring physician services will be
transported to hospitals while those re-
tained in the villages will still receive
adequate treatment; (ii) enable treat-
ment of problems to begin at a lesser
degree of severity; (iii) reduce the
average time between detection and
treatment of a problem; (iv) reduce
the percentage of patients lost to diag-
nostic, therapeutic, or follow-up pro-
grams; (v) reduce the number of visits
by specialists to remote villages; (Vi)
provide, by means of educational pro-
gramming, a better understanding of
health, health care, and the health de-
livery system among the native popula-
tion; and (vii) enable patients to re-
ceive higher levels of consultation than
would otherwise be possible and will
in this way increase the sense of secu-
rity of the native population.

Telemedicine as a substitute for the
physical presence of a physician rep-
resents one aspect of alleviating the
problem of delivering good health care
to people in rural areas. However, it
is also desirable to train physicians in
the rural areas where they are needed,
because studies have shown that where
a physician receives his education has
a major influence on where he will
choose to set up practice (8). In the
northwestern United States, Wyoming,
Alaska, Montana, and Idaho do not
have a medical school within their
borders. For several years, in a pro-
gram sponsored by the Health Re-
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sources Administration at the Univer-
sity of Washington, Seattle, attempts
have been made to expand medical ed-
ucation into those states that have no
medical school. Known as WAMI, an
acronym obtained by taking the first
letters of the states of Washington, Alas-
ka, Montana, and Idaho, this program is
designed to test the feasibility of pro-
viding young, aspiring physicians in the
states without medical schools an op-
portunity to study medicine equal to
that of their peers in other states (9).

In the ATS-6 experiments, the teach-
ing staff at the University of Washing-
ton School of Medicine in Seattle will
be communicating with students and
teachers at the University of Alaska in
Fairbanks. Curriculum experiments will
be conducted, and studies will be made
of administrative conferencing (for
example, joint development of curric-
ulum via video and audio interaction,
interviewing applicants for admission
to the University of Washington School
of Medicine by faculty at both the
remote and on-campus sites), and of
computer-aided evaluation of student
performance.

In relation to basic science educa-
tion, attempts will be made to deter-
mine the following: (i) whether satel-
lite-mediated teaching is academically
effective, is acceptable to students and
local and peripheral faculties, evokes
meaningful student-faculty interactions,
is effective in reducing the sense of
isolation experienced by students and
peripheral faculty, and assists local and
peripheral faculty in clarifying educa-
tional objectives. (ii) In the computer-
aided evaluation of student perform-
ance, will the satellite communication
system facilitate the expansion and
standardization of selected areas of the
curriculum at the peripheral institu-
tions, and will the accessibility and re-
liability of the system be sufficient to
permit effective student interaction and
faculty evaluation of progress made in
specified areas of learning?

In studies of undergraduate clinical
education and of continuing medical
education, faculty at the University of
Washington and students in clerkships
under the tutelage of clinicians at
Omak, Washington, will participate.
Students will make case presentations,
and these will be followed by confer-
ences and critiques. Case presentations
concerning patients requiring specialist
intervention will also be made by
Omak clinicians. .

Attempts will be made to determine
whether the students will gain mean-
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ingful experience from preparing for-
mal cases and presenting them by way
of satellite communication for analysis
and critique; and whether such a sys-
tem will permit adequate evaluation of
the students’ knowledge and progress
in the care of patients. The experiments
will also indicate whether case pres-
entations via satellite are able to
enhance the practitioners’ ability to
provide service, and whether the com-
munication system can contribute
materially to the continuing education
of the participating faculty.

Technical Requirements for ATS-6
and Network Coordination

It was early in 1972 that the health
agencies of HEW joined with the Office
of Education to participate in the satel-
lite communication experiments. The
design of the experiments was in large

launched (4). To achieve the very high
power densities required for operation
with small earth stations, the power of
the satellite transmitters is concentrated
by means of a 9.1-meter antenna. This
results in the ground coverage being re-
stricted to a small area or “footprint.”
In fact, two elements of the satellite’s
S-band feed array are used to provide
two 1° footprints which, when the
satellite is pointed at the southwestern
United States, cover almost the entire
height of the country. NASA modified
the ATS-F repeater and installed two
15-watt solid state transmitters to pro-
vide coverage in two footprints simul-
taneously. This permits TASO I quality
television (no noise discernible in the
picture) to be received by earth sta-
tions with antennas as small as 2.1 m.
The operating center frequencies of the
two spot beams are 2566.7 and 2667.5
Mhz. The bandwidth provided is 30
Mhz at each frequency.

part dictated by the coverage that the
ATS-F satellite would provide when

Both health care delivery and medi-
cal education experiments must take
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Fig. 4. Block diagram of the repeater configuration (signal flow) for the health ex-
periments. Dotted lines indicate the flow for WAMI-I (undergraduate and continuing
medical education); dots and dashes represent the flow for WAMI-II (basic science
instruction); and dashed lines show the signal path for the Indian Health Service
health care delivery experiment. The ATS-6 satellite will accept (left) both S-band
and C-band signals. The S-band signals are received on an element of the primary
focus feed (PFF) associated with the 9.1-m antenna. C-band signals can be received
either on a PFF element or in the earth coverage horn (ECH). The repeater con-
figuration can be commanded from the ground to route any input to any output or
any combination simultaneously. The exception is that the C-band (4 Ghz) transmitter
(right) cannot feed both C-band PFF and ECH simultaneously. In the Indian Health
Service health care delivery experiment the signals are received at S-band on an
element of the PFF, are amplified, mixed with the local oscillator (LO) and brought
down to an appropriate intermediate frequency (IF), translated up to 2566.7 Mhz,
and retransmitted into the same S-band footprint. The basic sciences portion of the
education experiments can be two-way interactive involving both C-band and S-band
paths (WAMI-II). Video, audio, and other signals originating from the students and
faculty at the University of Alaska are received on the narrow-beam PFF (S-band),
brought down to a suitable intermediate frequency, and switched to the C-band
transmitter where they are radiated at 4 Ghz via the 9.1-m antenna to faculty at the
University of Washington. Simultaneously, video, audio, and the other signals originat-
ing from Seattle are received on the narrow-beam PFF (C-band), brought down to
intermediate frequency, switched over to the S-band transmitter, and radiated at 2566.7
Mhz via the 9.1-m dish to students and faculty at Fairbanks. For undergraduate
clinical and continuing medical education, all interactions take place within the single
narrow-beam C-band footprint. Signal flow is simply into the satellite 6-Ghz PFF and
out the 4-Ghz PFF (WAMI-I).
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place in real time. Visual as well as
audio interactions are conducted be-
tween students and faculty and physi-
cians and other health professionals.
Video and audio signals are transmitted
from all participating sites (except the

medical center at Anchorage) from one
small earth station (3-m antenna) di-
rectly to the other small earth stations.
It was recommended by NASA that
the signals from the ground to the
satellite (uplink) be centered at 2247.5

( ATS - F
9.1 m dish

Sband: 1° bw ~ |
C-band: 0.6° bw

£z

2182

=|\"°

ol b4
Sle
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Receive-only Video origination

sites stations

(Washington)

() ; Earth coverage horn
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Video origination
stations
(Alaska)

Network coordination
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(Denver)

Fig. 5. The ATS-6 network for the health care delivery and education experiments;
bw, beamwidth; dbw, decibels relative to 1 watt; EIRP, effective isotropic radiated

power.
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Fig. 7. The receiving equipment for a “receive-only” station. The unit on the left is
mounted on the antenna, and the indoor unit is shown on the right. No operator
adjustments are permitted on the antenna-mounted electronics, and only an on-off
switch for power is provided on the indoor unit. A simple meter indicates to the
health personnel whether the unit is working or not.

Mhz, because the ATS-F satellite was
already equipped to receive at this fre-
quency for another experiment involv-
ing the relay of signals from low-orbit-
ing satellites. This frequency presented
problems because it is located in a band
assigned for military use. Through the
cooperation of the Office of Telecom-
munications Policy, the Executive Of-
fice of the President, the Department
of Defense, and other members of
the Intragovernmental Radio Advisory
Committee a compromise was worked
out. For the duration of the ATS-6
experiments, July 1974 through June
1975, the earth stations in Alaska will
be permitted to transmit at 2247.5 Mhz
on a noninterfering basis with the mili-
tary services, and the two earth stations
in Washington, Seattle and Omak, will
use the commercial bands at 6 and 4
gigahertz. This unusual arrangement re-
sulted in an unexpected dividend per-
mitting simultaneous two-way television
interactions between Seattle and Fair-
banks for the basic science portion of
the medical education experiment (Fig.
3).

The satellite S-band transmission fre-
quency is at 2566.7 Mhz, which is the
lower of the two available frequencies.
To prevent failure of a transmitter
from causing loss of critical coverage,
either transmitter can be switched to
either footprint. The resulting fre-
quency change can be accommodated
in the earth station receiving equip-
ment, The smaller footprint, which rep-
resents the 4-Ghz coverage, is also ob-
tained by using the 9.1-m parabola.
The ATS-1 provides full earth cover-
age and is used in conjunction with the
ATS-6. Figure 4 shows an abbreviated
block diagram of the repeater configu-
ration to be used for the health and
education experiments.

To coordinate the variety of health
and education experiments, HEW
established an ATS-F User Policy
Committee which is chaired by the
director of the Office of Telecommu-
nications Policy of HEW, and includes
representatives from all the partici-
pating organizations. All the representa-
tives maintained that the technology
should support high-priority objectives
and that the health professionals in the
field should require no on-site assis-
tance to operate the system. None of
the “operators,” from health aides to
physicians and teachers, would have
had experience with this kind of tech-
nology. Therefore, at the request of
NASA, all experiments were to be co-
ordinated from “operational day 1” by
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a single entity that was also to be the
sole interface with NASA. The experi-
ments are now being coordinated (this
includes positive control of all trans-
mitters) at a Network Coordination
Center (NCC) located at Denver and
managed by the Federation of Rocky
Mountain States (the NASA interface)
under contract to HEW. Schedule
changes, preemption, individual station
performance monitoring, and reporting
are some of the functions assigned to
the NCC.

The network, which began opera-
tion in July of this year, consists of
the complement of capabilities and
associated hardware for ATS-6 opera-
tion depicted graphically in Fig. 5. All
the earth stations but one are “compre-
hensive stations,” that is, they are capa-
ble of receiving and originating video,
voice, and data via the ATS-6 and
ATS-1 satellites. The Alaska Native
Medical Center at Anchorage has al-
most all of the capabilities of the
others, but cannot initiate video trans-
missions; this we call an “intensive sta-
tion.” For education experiments other
than health education there are “inten-
sive stations” and a number of “re-
ceive-only stations” where video and
voice transmissions from the ATS-6
will be monitored. The NCC at Denver
receives and monitors transmissions of
all experiments, regardless of the di-
rection of the ATS-6 transmissions.
This is accomplished by using a large
ground-based antenna (9.8 m) and by
working through the satellite’s earth
coverage horn. The single exception,
noted previously, occurs when the
carth stations at Omak and Seattle are
in operation. There is a single C-band
transmitter aboard ATS-6 and when it
is operating in the narrow-beam mode,
no signals are transmitted from the
earth coverage horn.

Health Care Delivery Experiments

The individual experiments are being
conducted within the network context
and there is almost no intervention
from the NCC. The Indian Health Ser-
vice’s health care delivery experiment
is being conducted with five earth sta-
tions. The small clinics at Fort Yukon
(population 630) and Galena (popu-
lation 425) are comprehensive stations,
the examining rooms being outfitted
with television equipment and capable
of transmitting and receiving video and
audio signals as well as physiological
data. Health professionals (aides or
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Table 2. Characteristics of the video receivers that are used at receive-only, intensive, and

comprehensive stations; db, decibels; PK, peak.

Characteristic

Measurement

Antenna unit

<42 db (3.5 db is desired)

Noise figure

3-db bandwidth 2600 = 150 Mhz
Gain 56 db, nominal
Flatness

=+ 0.5 db at 2566.7 == 12.5 Mhz; = 0.5 db at 2667.5 = 12.5 Mhz

Indoor unit

Center frequency (selectable)

2566.7 or 2667.5 Mhz

3-db bandwidth 24.5 Mhz
Input power range —45 to —25 db
Video
Output 1 to 1.3 volts PK to PK =+ 0.75 db; 10 hertz to 4.2 Mhz

Difference gain and phase
Energy dispersal
Audio

Subcarriers

Output

Distortion

< 8 percent and 5°
30 hertz triangular; 1 Mhz PK to PK

4.66, 4.83, 5.06, 5.36 Mhz
0 =3 db, 30 hertz to 10 khz
< 5 percent at 1 khz

paramedical personnel) present patients
to the viewing physicans at the PHS
Hospital in Tanana. This station is also
a comprehensive one. Medical special-
ists in Fairbanks and at the Alaska
Native Medical Center in Anchorage
are available for consultation. Fair-
banks is a comprehensive medical sta-
tion, but the Alaska Native Medical
Center is an intensive station and is
not capable of originating video, al-
though patients can be “seen” there.
All sites can receive information about
medical records via the
ATS-1 satellite. Medical rec-
ords of patients are retrieved
from the Indian Health Ser-
vice’s data bank in Tucson,
Arizona.

The health care system is
operated as follows: Tanana
physicians contact villages
and clinics via ATS-1 to dis-
cuss medical problems with
the health professionals in the
same way that they had been
doing for the past 2 years.
Patients in the clinics who
might benefit from visual
consultation are scheduled
for video time with the ATS-
6 satellite. Emergencies may
preempt scheduled video con-
sultations. Patients are visu-
ally presented at comprehen-
sive medical stations and
appropriate management is
recommended by the Tanana
physician. Specialists in Fair-
banks and Anchorage are
consulted if necessary. Dur-
ing the presentation of a pa-
tient, physiological informa-
tion, such as that obtained
by an electrocardiograph,
may be sent simultaneously

via any or all of the four aural
channels associated with the television
picture. Talk-back from the Tanana
physician or other specialists to the
presenting clinics is accomplished via
ATS-1 since simultaneous two-way
transmission through ATS-6 is not pos-
sible in- this mode. If the physician at
Tanana deems it appropriate, he can
terminate video transmission from the
clinic and assign the ATS-6 channel to
Fairbanks or use it himself to demon-
strate some technique that would help

Fig. 8. Antenna for receiving signals transmitted by
the ATS-16 satellite. [Courtesy of Westinghouse Elec-
tric Corporation]
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the health professionals at the clinics
to better manage their patients. During
this period, the clinic talk-back mode
is via the ATS-1. Upon termination of
a consultation, the attending health
professionals prepare a report to be
mailed to Tucson where it is used to
update the stored medical records. In
the interest of privacy, the video and
‘audio signals associated with all con-
sultations are scrambled. Only the pre-
senting clinic and consulting staffs are
able to unscramble the information.
The signal path through the ATS-6
repeater is shown as a dashed line in
Fig. 4. All interactions for this experi-
ment take place in Alaska. Three hours
per week of video (ATS-6) communi-
cations and 3 to 4 hours per day of
audio and data communications (ATS-
1) are available.

Medical Education Experiments

Two aspects of medical education
are being investigated: basic science
instruction, and undergraduate clinical
education and continuing medical edu-
cation. Students and peripheral faculty
at Fairbanks, Alaska, and local faculty
at the University of Washington, Seat-
tle, are participating in the basic sci-
ence program. Because both S-band

and C-band portions of the satellite
repeater can be activated simultane-
ously, it will be possible to compare
the advantages of using one-way tele-
vision and voice talk-back interaction
with those of using simultaneous two-
way television interaction.

For the studies of undergraduate
clinical education, third and fourth year
medical students at remote sites receive
local instruction from clinicians at
Omak and television instruction from
the medical faculty at Seattle. Students
are required to give both formal, pre-
pared presentations of patients and
spontaneous presentations of new pa-
tients. The former presentations are of
complex cases prepared in detail over
a period of time. The latter presenta-
tions are followed by verbal discussions
of the history and physical condition
of the patients, the results obtained by
laboratory analyses, and diagnostic im-
pressions and tentative treatment plans.
In addition to student presentations, the
clinical faculty at Omak can make
presentations of selected patients from
Omak. Difficult cases can be discussed
with specialists in Seattle who can con-
fer with them by video and audio com-
munication. Both clinicians and stu-
dents then make decisions on patient
care based on the consultative input.
If desired, the patient can also interact.
Signal flows to and from the ATS-6
satellite are shown for both the medical

Satellite Earth Stations

The ATS-6 earth stations were spe-
cifically designed to meet the needs of
both the health and education pro-
grams. The ATS-6 User Policy Com-
mittee established the types of charac-
teristics of terminals to be developed
and detailed specifications were written
jointly by the Lister Hill National Cen-
ter for Biomedical Communications,
NASA, and the Federation of Rocky
Mountain States. It was realized from
the outset that the stations should be
designed so that they could be operated
solely by the health professionals and
teachers without the help of on-site
technicians. The system would be far
too costly if each earth station had to
have a full-time technician. A building-
block approach was used so the receive-
only, intensive, and comprehensive sta-
tions could be assembled from a rela-
tively few low-cost components. The
hardware is (i) solid state throughout;
(ii) has no high voltages; (iii) has rel-
atively few circuit boards, so that first-
level maintenance will consist of plug-
ging in boards until the defective one
is found; (iv) has very few switches
and adjustments; and (v) has simple
go, no-go indicators for critical volt-
ages and signal levels, for example.

The simplest stations, those for re-
ceive-only, are equipped with an an-
tenna, a simple mount with restricted

1v PK-PK and education experiments in Fig. 4. motion in two planes, a dish-mounted,
750)
+ 9 dbm
60082
]l]l l l—‘———lmmax. RG214-——-—l
Composite ‘
B
a§eba|nd baseband + 10 s + 433 )
signa Modulator db Power amplifier db Harmonic
processor 30.3 m RG 59l ~ \ _ m 190 = 23 w m R and
1 video input ] 1v PK-PK|FO = 2247.5 Mhz 16 = 33 db spurious
4 audio inputs 75 BW > 33 filter
Mhz(—l db) Il = 0.3 db
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[
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Fig. 9. Block diagram of a transmit-only station for use at comprehensive stations. The indoor unit accepts a television baseband
signal and up to four audio-channel bandwidth signals, provides four subcarriers to be frequency modulated by the four aural
bandwidth channels, and sums them with the video signal to provide a composite baseband signal. The composite baseband signal
is fed to the antenna-mounted unit where it is modulated onto the radio-frequency carrier and amplified in a transistor power ampli-
fier. The amplified signal is filtered and goes to the antenna feed for transmission to ATS-6; PK-PK, peak to peak; dbm, decibels
relative to 1 milliwatt: vdc, volts direct current; vac, volts alternating current; @, ohms; FO, frequency output; PO, power output;
BW, bandwidth; RHCP, right-hand circular polarization.
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Fig. 10. The indoor electronics unit (left) and the outdoor antenna-mounted unit (right) for transmitting signals to the ATS-6 satellite.

low-noise radio-frequency amplifier, and
an indoor unit containing the demodu-
lator. The receiver output consists of
one video plus four audio channels
(Fig. 6). The four audio channels are
used for voice, physiological informa-
tion, or data such as that for the com-
puter-aided evaluation program. The
antenna and mount are produced by
Prodelein, the solid state electronics by
Hewlett-Packard, and the system inte-
grator is the Westinghouse Electric
Corporation (10). Some 150 such re-
ceive-only stations have been produced
by Westinghouse. The receiving equip-
ment is shown in Fig. 7 and other data
are given in Table 2.

The antenna (Fig. 8) is a fiber glass
dish which comes in four large seg-
ments and a central hub. The primary
focus feed (secn at the left of the dish)
receives the cnergy which has been
transmitted from ATS-6 and concen-
trated by the dish. It is a helix mounted
at the end of a transmission line guyed
to the parabola at four points. The
mount consists basically of simple-
angle and tubular metal structures. To
allow for coarse changes that may have
to be made in the angle of elevation,
depending on the orientation of the
satellitc’s antennas, the top of the
antenna can be bolted to any of the
holes in the vertical tube. Each hole
shown represents a change of 10°.
Fine adjustments over 15° range are
made by the hand crank which
screws the central portion of the ver-
tical tube along a threaded portion
of the lowest section which is bolted
at its base. Adjustment in the x-axis
(azimuth), required only at installa-
tion, is accomplished by rotating the
entire structure about a bolt through
the center of the base between the two
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forward uprights supporting the dish.
Mounts to be used in Alaska for health
experiments will be motorized because
it is not deemed practical, or desirable,
to have health personnel going out in
the bitter cold of winter. Although
during an experimental interaction the
antenna does not have to be moved,
during the course of a year the direc-
tion of the antenna will have to be
changed to compensate for the position
of the satellite in its figure eight (mo-
tion viewed from a fixed location on
the earth) as defined by the inclination
of the orbit.

The intensive stations have the equip-
ment for receive-only plus that for
the VHF (very high frequency) trans-
mit-receive station (//) now being
used with the ATS-1 satellite. This
enables the users to receive video and
associated audio and data channels and
to talk back using the audio and data
channels of the VHF station.

The comprehensive stations have the
same equipment as the intensive sta-
tions plus that for a transmit-only sta-
tion; thus, the user can send as well as
receive video, audio, and other signals.
The comprehensive stations provide
energy dispersal of the transmitted radio-
frequency carrier in order to ensure that
the satellite effective isotropic radiated
power does not exceed the maximum
power densities on the earth permitted
by international agreement. The trans-
mit-only station (Fig. 9) uses the same
dish and mount as described previously.
The electronics are manufactured by
the Hughes Aircraft Company which is
also the system integrator (/2). The
equipment includes an indoor and an
outdoor unit. Key characteristics of this
terminal are shown in Table 3. The in-
door electronics unit is shown in Fig.
10 (left). Inputs for the video and
four aural channels are provided on
the front of the unit with associated

Table 3. Characteristics of a transmit-only station used at comprehensive stations; EIRP, effec-
tive isotropic radiated power; dbw, decibels relative to 1 watt; vac, volts alternating current;

mph, miles per hour.

Characteristic

Measurement or particular

Transmission frequency
Instantaneous bandwidth
Antenna diameter
EIRP
Primary power
Antenna adjustment and accuracy
Elevation
Azimuth
Static pointing accuracy

10 feet

2247.5 Mhz
30 Mhz between 1-db points

= 46.5 dbw
115 = 10 vac, 50 to 60 hertz, or 28 = 2 volts, battery

0° to 70° = 0.5° accuracy
+ 20°, * 0.5° accuracy
=:0.1°, winds to 20 mph; = 0.5°, winds to 60 mph; survive

winds to 120 mph

Composite baseband
Frequency stability (long term)
Signals

Video

Audio
Audio subcarrier frequencies
Energy dispersal
Transportability
Installation

Small van

Video plus four audio subcarriers
= 1 part in 10® per year

30 hertz to 4.2 Mhz

Four each 30 hertz to 10 khz

4.66, 4.83, 5.06, 5.36 Mhz

30 hertz triangular, synchronous with frame frequency

Two men, one work day
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gain controls. A multiposition switch
and easy-to-read meter constitute the
means by which proper performance
is ascertained. The antenna-mounted
unit is shown in Fig. 10 (right). The
transmitter consists of four power
transistors in parallel. The largest ele-
ment in the box is the filter for sup-
pression of spurious and harmonic sig-
nals, Anything that is wrong with the
transmitted signal can be detected by
the NCC at Denver and the sender
notified or, in extreme cases, the trans-
mitter turned off by the NCC.

Conclusion
The studies described herein repre-
sent some of the most sophisticated

social and technical experiments ever
attempted in education and health care

NEWS AND COMMENT

delivery. It is hoped that the lessons
learned from them will bring us much
closer to the goal of providing good
quality health care and education in
areas that are away from metropolitan
centers.
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Green Revolution (II): Problems
of Adapting a Western Technology

The Green Revolution was conceived
by its creators as a primarily technical
intervention for increasing food pro-
duction. Most critiques have focused
on the economic impact of the Green
Revolution practices (Science, 20 De-
cember, p. 1093), but the technical
nature of the process has also come
under strong, if less vociferous, ques-
tioning. The package of agricultural
practices that constitute the Green
Revolution is essentially a Western
technology, and its problems—such as
dependence on high energy inputs—
are if anything more formidable in a
Third World setting.

Probably the most serious aspect of
the high yielding varieties (HYV’s) is
that they are genetically more uniform
than the native strains they replace,
and hence more vulnerable to epidem-
ics. The semidwarf wheats developed at
CIMMYT (the International Maize and
Wheat Improvement Center in Mexico)
are among the varieties that represent
“extreme potential genetic vulnerabil-
ity,” says a committee of the National
Academy of Sciences (NAS). In the
first few years of the Green Revolu-
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tion, large areas of cropland in India
and Pakistan were sown to a few vari-
eties of CIMMYT wheat. What was
probably a quite serious risk at that
time has been considerably diminished
by the introduction of many new vari-
eties of wheat. It is quite unlikely that
a single strain of glume blotch, root
rot, Karnal smut, or other disease that
wheat is heir to would strike down all
varieties simultaneously. The only way
this could happen is if the dwarfing
gene that all the HYV wheats have in
common should have linked with it a
gene conferring susceptibility to some
pathogen. That this should be so is
fairly improbable, except that it has
already happened once. The epidemic
of southern corn blight that destroyed
a fifth of the U.S. crop in 1970 was
caused by a genetic linkage of this
nature. Damage from the southern
corn blight was as limited as it was
because of the skill and number of
American plant breeders.

“If a thing like that should happen
in places like India or Nigeria, it
would really be a disaster,” says J. M.
de Wet of the Crops Evolution Labora-
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tory at the University of Illinois. A
serious responsibility devolves upon
aid givers and promoters of the Green
Revolution to see that local research
institutions can cope with such a
threat: “The outbreak of any major
disease which wipes out the harvest of
thousands of farmers is far more likely
to be blamed on the producers and
spreaders of the miracle seed than on
Fate,” observes Clifton R. Wharton,
president of Michigan State University.

The Green Revolution strains are
generally more vulnerable to pests than
are traditional varieties. This is partly
because of the practice—now largely
abandoned—of transplanting HYV’s
developed in one area of the world to
another, without first adapting them to
local conditions. “It is futile to think
that we in America or Mexico can sit
down and put together a strain of
cultivated crop that will be equally
suitable all over the world,” says
de Wet: “Local farmers may have
good results with it for one or two
seasons, but then the introduced vari-
ety may become susceptible to disease
or insect attack and people are no
better off than they were before. The
native varieties that have been success-
ful for millennia have survived for very
good reason.”

The HYV’s are also made more sus-
ceptible to pests by the recommended
growing practices. Close planting, lux-
uriant foliage, and multiple cropping
are all conducive to the buildup of
insect pests. According to the NAS

SCIENCE, VOL. 186



