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Someday all terminals will be smart.......

@ 128 Functions—software controlled ® 82 x 16 or 92 x 22 format—plus graphics
€ 7 x 12 matrix, upper/lower case letters @ Printer output port
€ 50 to 38,400 baud—selectable € "CHERRY'" keyboard

CT-82 Intelligent Terminal, assembled and tested. . . . . . .$795.00 ppd in Cont. U.S.

SOUTHWEST TECHNICAL PRODUCTS CORPORATION
219 W. RHAPSODY
= SAN ANTONIO, TEXAS 78216
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Figure 2: The net convex-
ity receptor. As a fly’s
image crosses the retina,
it traverses many groups of
receptors. As the image
triggers the first peripheral
receptor of the net con-
vexity receptor, the asso-
ciated neuron begins to
fire. Each additional low
sensitivity  receptor en-
countered adds to the
cumulative voltage level.
In addition, any high sen-
Sitivity receptor encoun-
tered causes the neuron
to emit a transient voltage
spike, as shown in fig-
ures a, b and c. The
eccentric position of the
cluster of high sensitivity
detectors enables the brain
to deduce both the magni-
tude and direction of the
vector of travel by noting
the relative position of the
spike in the waveform
(compare figures 2a and
2b). Figure 2a shows the
path of a typical insect
image passing a section of
the frog’s retina. Compare
with figure 2b, in which
the angle of travel and the
resulting  waveform are
different. Figure 2c shows
the effect of reversing the
direction of travel shown
in figure 2b.
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described by the number and type of recep-
tors encountered by the moving image.
The number of steps in the waveform
(or the low sensitivity receptors encoun-
tered) describes the angle of the vector,
while the position of the spike (or the
location of the high sensitivity receptor)
identifies the direction of the vector. This
means that, as long as an image’s trajectory
crosses the high sensitivity cluster, the
associated neurons can describe the image's
vector of travel. For example, waveform A
describes a vector that encounters three low
sensitivity receptors and one high sensitivity
receptor followed by one low sensitivity
receptor in this retinal section. Decoded by
the nervous system, the signal would mean
that the insect was travelling diagonally left

to right. If the spike had occurred between
the second and third steps instead, the
nervous system would have decoded the
signal to mean that the insect was travelling
on the same vector in the opposite direction.

The associated neuron plays a significant
role in net convexity detection. The total
surface area of the frog’s retina is less than
one quarter the area of a postage stamp: the
actual net convexity detector is a micro-
scopic structure. This means that an image
moving across the retina could span a
single group of receptors in a matter of
microseconds. The associated neuron could
require up to 5 ps (or more) to complete
a firing cycle, meaning that several dozen
receptors can be crossed by an image before
the firing cycle (ie: transmission) of the
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value low-cost computer graphic input device
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the user innumerable methods of design and
analysis functions (4): The latest addition to
the most extensive, accurate and reliable line
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neuron is complete. This is why the wave-
form looks the way it does: the neuron
will fire with constant duration so that,
as the images travel at different velocities
across the receptors, the length of the
steps in the waveform will vary. The associ-
ated neuron does more than record the
pattern and speed at which receptors are
stimulated; it also has the ability to sort
sizes. An image that can stimulate more
than two receptors at a time will depress
(ie: inhibit) the neuron’s output. The
depressed output is ignored by the ner-
vous system. Therefore, the net convexity
detector is a structure concerned with the
angle, direction, and velocity of small, insect
sized objects.

Sustained Contrast

Sustained contrast data, too, depends
on receptor geometry as an aid in image
processing, but not to the same extent
as the net convexity detector. Instead,
the sustained contrast detector is composed
of a small group of homologous receptors
(see figure 1). Again, the receptors have
an associated neuron. This neuron’s response
to its receptor’s interpretation of an image
is either no signal, meaning more than
60 percent or more of the image is dark,
or a positive signal, meaning that 60 per-
cent or more of the image is light. The
neuron’s response is based on the number
of illuminated receptors and is called a
“majority response.”” When the majority
responses of thousands of sustained con-
trast detectors are combined and processed
by the optic nerve and lobe, the brain is
provided with a sustained contrast image.

Tactile and Kinesthetic Senses

The next sensory systems | decided to
examine were the frog’s kinesthetic (ie:
relative positioning of body parts) and tac-
tile sensing “mechanism.”” Tactile sensation
in the frog begins with specialized receptors
located in the skin (see figure 3). These
receptors are innervated capsules of tissue.
The nerve endings within these capsules
are the tips of large cutaneous nerves. All
of the receptors contained in a certain
tract of skin are merely branches of a single
nerve ascending to the spinal cord. This
means that a single nerve, as long as the
frog’s arm, can generate a signal that is
recognized by the brain as location and
pressure intensity data for literally hun-
dreds of receptors.

Appendage position detection is similar
to the tactile system. Again, a long nerve
branches from the spinal cord. These
branches terminate in special capsules called

neuromuscular spindles. The neuromuscular
spindles are special capsules of muscle tissue
that have nerve endings coiled around them.
As the muscle contracts, the spindle con-
tracts, stimulating the nerve ending. Each
skeletal muscle has many spindles within it
(see figure 3). The brain decodes the signal
to discover the number of spindles con-
tracted, which describes the length of the
muscle. The length of the muscle is indica-
tive of the position of a joint.

How the brain can decode location
and pressure data from a single nerve is
not thoroughly understood; however it
is thought that, during the frog’s embryo-
genesis, the innervation of tissue is some-
how recorded by the brain. This record
serves as a template for the brain to use
in the recognition of the origins of the
signal. This was demonstrated in an experi-
ment in which a young frog had a small
portion of its stomach skin grafted to its
back. The skin removed from its back was
then grafted to the spot where the stomach
skin had been removed. Some time after
the grafts had healed, the researchers irri-
tated the stomach skin on the frog's back.
The frog responded by scratching the
spot where the stomach skin had been
removed. In a second experiment, the
researchers irritated the back skin graft
located on the stomach. This time the
frog responded by scratching the graft
on its back. The conclusion of the experi-
ment was that the frog’s brain had iden-
tified the location of the tissue by its in-
nervation, and not by the path the signal
took to the brain.

Motor Circuit

The motor circuit performs the opposite
function of the appendage position and
tactile sensory systems. Instead of gather-
ing data about muscles, the job of the motor
circuit is to carry the signals that stimulate
the muscles. To stimulate its muscles, the
frog has a set of specific nerves descending
from its spinal cord and terminating in
specialized muscle fibers. At these fibers
(called neuromuscular junctions) signals
leave the nervous system and enter the
muscle tissue, stimulating muscular con-
traction.

For the signals to get to and from tactile,
motor, and kinesthetic systems and the
cerebellum (where motor patterns are
stored), they must travel along the spinal
cord. The primary function of the spinal
cord is to relay the billions of bits of data
to and from various neural pathways in the
frog’s body; it also performs various reg-
ulatory and control functions, ranging
from reflex (such as the knee-jerk reflex
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- DOUBLE DENSITY

Now you can put your S-100 system solidly into
a full-size, single/double density, 600K bytes/side
disk memory for just $1149 complete.

DISCUS/2D™ single/double density disk
memory from Thinker Toys™ is fully equipped, fully
assembled, and fully guaranteed to perform perfectly.

DISCUS/2D™ is a second generation disk
memory system that’s compatible with the new IBM
System 34 format. The disk drive is a full-size Shugart
B800R, the standard of reliability and performance in
disk drives. It's delivered in a handsome cabinet with
built-in power supply.

The S-100 controller utilizes the amazing Western
Digital 1791 dual-density controller chip . .. plus
power-on jump circuitry, 1K of RAM, 1K of ROM with
built-in monitor, and a hardware UART to make |/O
interfacing a snap.

The DISCUS/2D™ system is fully integrated with
innovations by designer/inventor George Morrow.
Software includes BASIC-V™ virtual disk BASIC,

MSCUs /20
SOOK BYTES Y

DOS, and DISK-ATE™ assembler/editor. Patches for
CP/M* are also included. CP/M* MicroSoft Disk
BASIC and FORTRAN are also available at extra cost.

DISCUS/2D™ is the really solid single/double
density disk system you've been waiting for. We can
deliver it now for just $1149. And for just $795 apiece,
you can add up to 3 additional Shugart drives to your
system. Both the hardware and software are ready
when you are.

Ask your local computer store to order the
DISCUS/2D™ for you. Or, if unavailable locally, write
Thinker ToysT™ 1201 10th St., Berkeley CA 94710.

Or call (415) 524-2101 weekdays, 10-5 Pacific Time.
(FOB Berkeley. Cal. res. add tax.)

“CPIM is a trademark of Digital Research.
Circle 255 on inquiry card.
Morrow makes disk memory for

Thinker Toys’
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