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The LAB-K Controller






CHAPTER 1
INTRODUCTION

The LAB-K is designed to assist the research psychologist in precisely controlling time and events in experiments. The
LAB-K can be programmed for either subject or experimenter paced control. After the components of an experiment have
been programmed on the LAB-K patchboard and the experiment has commenced, program components are accommodated
and executed sequentially without any assistance from the researcher.

Basically, the LAB-K consists of a group of logic kits, each of which is designed to execute a specific logical operation. A
200-position, prewired plugboard integrates these logic operations and provides the control function for the LAB-K. The
plugboard is “patched up”, i.e., programmed by means of plug wires. Plugboard programming provides the researcher with
complete control of functional capabilities; as an added benefit, it is possible to maintain a permanent record of programs
for future use, or for conversion to computer software. Each logic kit consists of a group of functionally related modules.
Individual modules are combined to yield a general function or application (for example, a down counter).

Modules are interconnected by plugging them into the module mounting rack. Consequently, expanding the LAB-K is a
simple matter of plugging optional modules into the mounting rack.

There are two LAB-K logic configurations: basic and optional. Each kit is designated by application and identified by a
capital letter. The basic configuration consists of six kits, as follows:

Kit Application
Input Logic A
1-s, 10-s, 60-s Time Bases
0 — 9 Sequencer
Down Counter
Up Counter

MmO wg

Output Logic

These kits, which can be used without any additional logic, provide the researcher with a functional logic controller. If the
nature of the particular research requires additional controls, the basic configuration can be expanded by utilizing the
following optional kits:

Kit Application
.001-s, .01-s, .1-s Time Bases L
VI/VR Programmer M
Second VI/VR Programmer P
IRT Programmer Q
Session Timer N



In general, the LAB-K controls and counts empirical data. It can accommodate from 1 to 10 functional components or
steps, that is, operant schedules or discrete trials.

These functional components are programmed on the plugboard and sequentially implemented by a sequencer that has a
ten-step capability. The sequencer steps the components of a schedule according to the responses of an organism (subject
paced control), or according to a predetermined time interval that is not dependent on the responses of an organism
(experimenter paced control).

In subject paced control, the LAB-K is used to step schedule components, count intervals, and provide signals to external
equipment (lighting lamps, or providing reinforcement, etc.). Schedule components are *““chained” together on the patch-
board and sequentially stepped by the sequencer. If, for example, a schedule consists of a fixed ratio, a fixed interval, and

a DRL, then these components are chained together on the plugboard, and the sequencer steps the schedule from component
to component.

Individual components are programmed by implementing the appropriate LAB-K logic. To program a fixed interval, it is
necessary to select a time base, set a predetermined number into a down counter, and then connect these points to a step
on the sequencer.

If, for example, this component is going to be run on step 1, then the above mentioned points are connected to step 1. The
logic within the component is enabled (logically prepared) when the sequencer steps to step 1. A time base is enabled into
the down counter, the thumbwheel switch is enabled and, subsequently, the number to which it has been set is read into the
down counter.

Termination of the component depends on the component contingency, e.g., down counter on zero, down counter on zero
+ event, etc. This contingency is connected to the next step on the sequencer; thus, the sequencer is stepped only when a
contingency is true.

The following block diagram illustrates the manner in which the logic kits are controlled by the sequencer. Any logic within
a kit that is connected to a step on the sequencer (0—9) is enabled when a step is true.

The sequencer step (pulse) activates logic components such as counters, one shots, and so on; and it also enables gates by
putting them in an “if, then” state. For example, if event X occurs, it triggers only the gate that has been enabled by the
sequencer; then, this gate changes state and subsequently effects another result, as providing reinforcement, or energizing a
lamp.

In experimenter paced control, the plugboard is programmed in the same manner as subject paced control, but the imple-
mentation of the LAB-K logic is not contingent upon the response of an organism. In this type of experiment, the LAB-K
is used to enable sequentially preselected stimuli and count data within a timed interval.

In experimenter paced control, time and events (or a large number of intervals) can be recorded in relation to a stimulus.

For example, the research psychologist can, through programming the LAB-K, initiate a time period while a stimulus is in
progress, or start a time period while a tone period is in progress, etc. Thus, the researcher can count and record data over a
fixed period. For example: a researcher wants to collect heartbeats over a 30-minute period; the experiment is scheduled

to run for 2 hours, and three stimuli are going to be presented sequentially. The researcher wants to determine the heart rate
before the first stimulus, the heart rate after the first stimulus, and the heart rate 10 seconds before the second stimulus.
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This is achieved with the LAB-K enabling the stimuli with steps on the sequencer and recording responses on an IRT counter.
Thus, the researcher can evaluate his responses within a fixed time period.

Normally, this type of scheduling requires 8 to 10 timers. The LAB-K, however, allows the researcher to reduce the number
of counters necessary. The number of counters available depends on the number of thumbwheel switches available to en-
code or decode the counters.

The LAB-K provides the researcher with the hardware and the logic necessary to control the functional components (FI, FR,
etc.) of most common experiments. The LAB-K contains most of the logic a researcher will need to design his own control
systems.

Before the introduction of the LAB-K Controller, the researcher could not design his own control system unless he possessed
a knowledge of an Electronics Engineer. Digital’s solution to the complex control problem is Module Level Design (MLD).
MLD is a program that allows the researcher to design his own control systems through the use of digital logic. To achieve
this end, the researcher must acquire a thorough knowledge of digital logic. This knowledge allows the researcher to analyze
and use electronic circuits, though he may not possess an extensive background in Flectronic Engineering.
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After the principles of digital logic have been mastered, the user can design a control system using the MLD system by simply
selecting the K Series modules needed for the implementation of specific logic functions; and arranging the modules into a
functional control system.

Logic functions, or modules, are interconnected to form a functional control system, using a 200-position plugboard. The
plugboard provides access to the input logic (event signals, etc.), application logic (counters, control gates and flip-flops, etc.),
and output logic (drivers, etc.). Plug wires are used to interconnect this logic.

Programming the LAB-K and implementing the MLD system requires an understanding of the LAB-K hardware, K Series
logic, and the control function of each kit. This information is contained in Chapters 2, 3, and 4.

Chapter 2 (Step-By-Step Assembly of LAB-K) is written in a step-by-step format and well supported by illustrations. If the
assembly procedures are followed carefully, LAB-K assembly is a relatively easy task.

By assembling the LAB-K, the researcher gains firsthand knowledge of the mechanical and electrical components that com-
prise the LAB-K. An understanding of how the LAB-K components are used ensures optimum use of the LAB-K logic; and,
after the principles of digital logic are mastered, it facilitates troubleshooting. The researcher also develops a knowledge of
soldering and wiring techniques by assembling the LAB-K. These skills are necessary if the researcher desires to modify the
LAB-K for a special control function.

Chapter 3 (Building Blocks of Digital Logic) provides an introduction to the principles of digital logic. The K Series logic
symbology (the positive logic used in the LAB-K), is used to demonstrate the various operators of digital logic. A thorough
understanding of this material enables the researcher to evaluate the LAB-K electronic circuits (schematically represented in
the symbology of digital logic). Circuit evaluation is an essential part of plugboard programming and Module Level Design.

Chapter 4 (Application Notes) outlines the various applications of LAB-K kits in the control of time and events. Chapter 4
also contains sample plugboard programs for the control of individual functional components and one multiple schedule
program. This information provides the researcher with the ability to control time and events in most life science
experiments.

Each sample program is presented in a format that enables the researcher to develop a facility for controlling the time and
events of experiments through the implementation of digital logic. The logic principles used in these sample programs can
be used as a guideline when the researcher desires to design his own control system.

Chapter 5 (Checkout Procedure) provides the necessary information for integrating each kit into the LAB-K system, and
then verifying that the kit is operational. By checking out the LAB-K logic, the researcher reinforces his knowledge of
digital logic and gains practical experience in analyzing electronic circuits on the logic level.



CHAPTER 2
STEP-BY-STEP ASSEMBLY OF LAB-K

Before assembling the LAB-K, perform the following procedure:

Step Procedure

1 Lay out, in a display, the major assembly units (see hardware list), as follows:

a.  Cabinet and hardware

b.  Power Supply

¢.  Modular mounting panels and hardware
d. Input/output connection hardware

e. Logic modules

2 Check the sub-assembly components of the above units against the parts list; and, if there
are any items missing, immediately notify Digital Equipment Corporation.

NOTE

Prefix the name of any assembly unit with the cabinet
serial number when ordering additions to LAB-K from
Digital Equipment Corporation.

3 Turn to the Appendix C and read the section on wire insulation stripping, solderless and
soldered connections.
CAUTION

Step-by-step instructions for assembling the LAB-K are
given in the following sections. The unit must be assembled
in essentially the same sequence as outlined in this manual.
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2.1 MODULAR MOUNTING PANEL

Assemble and mount the Modular Mounting Panel (see Figure 2-1), as follows:

Step

NOTE

If you have purchased the X602 automatic Wirewrap Frame
(Option R), perform steps 3a, 3b, and 3c, and turn to
Section 2.3.

Procedure

Mount the H800 and H808 Connector Blocks on the HO20 Mounting Frame, as shown
in Figure 2-2. Use the K943S mounting panel as a guide.

Mount the Ground Lugs (see Figure 2-1) on the HO20 Mounting Bar of racks 2 and 3
at slot positions 4, 12, 20 and 28 (see Figure 2-3).

Make the power supply connections on the K943S (rack 1).

d.

Prepare the following hook-up wire (Strip 1/4 in. from both ends of
each wire.):

(1) 35 in. orange (+5)
(1) 35 in. black (ground)
(1) 6-1/4 in. orange

NOTE

All wire used in this kit, unless specified otherwise, is 18
gauge.

Make the following connections, and solder in place (Use Figure 2-3 as a guide.):

( ) 35in. black to pin C, slot 32, row A
( ) 6-1/4 in. orange from pin A, slot 32, row A, to pin A, slot 32, row B.
() 35 in. orange to pin A, slot 32, row B.

Make a twisted-pair out of the 32 in. orange and black wires. (Leave about
2-1/2 in. untwisted at the unconnected end.) Wrap the twisted portion of
the wire in spaghetti, and slip it between the connector block and the mount-
ing bar.

NOTE

If you have the X602 option, repeat steps 3a, 3b, and 3¢
for rows C and D (mounting rack 2) and rows E and F
(mounting rack 3).




Step Procedure

4 On rack 2, rows C and D, mount the 932 Bus Strips (Figure 2-1), and make the power supply
connections.

a. Insert a 932 Bus Strip on the A pins of row C from slot 5 to slot 16 (12 pins) and
froimn slot 21 to slot 32 (12 pins). (The 932 Bus Strip must be cut to size.) In
the same slot positions, insert the 932 Bus Strips on the C pins of row C.

b. Insert the 932 Bus Strips in row D at the slot positions designated in step 4a.

c.  Solder, at each pin, the 932 Bus Strips in rows C and D. (Use the K943S as a
guide.)

d. Prepare the following lengths of hook-up wire. (Strip 1/4 in. from both ends of
each wire,)

(2) 6-1/4in. orange (4) 7/8 in. black (4) 1-1/2 in. black
(6) 1-3/8 in. orange (1) 29 in. black (13 23 in. black
(6) 1-3/8 in. black (1) 29 in. orange (1) 23 in. orange
(4) 7/8 in. orange (4) 2-1/2 in. black

e. Inrow C, make the following connections, and solder in place (see Figure 2-3).
( ) 1-3/8 in. orange from pin A, slot 16, to pin A2, slot 18.
( )} 1-3/8 in, orange from pin A2, slot 18, to pin A2, slot 20.
( ) 7/8in. orange from pin A2, slot 20, to pin A, slot 21.
( ) 1-3/8 in. black from pin C, slot 16, to pin C2, slot 18.
( ) 1-3/8 in. black from pin C2, slot 18, to pin C2, slot 20,
( ) 7/8 in. black from pin C2, slot 20, to pin C, slot 21.

f.  Make the above connections (step 4¢) in row D.

g. Make the following connections, and solder in place (see Figure 2-3 and use
the K943S, rack 1, as a guide).

( ) 2-1/2 in. black from pin C, slot 5, row C, to the Ground Lug.
( ) 1-1/2 in. black from the Ground Lug to pin C, slot 5, row D.

“ () 2-1/2in. black from pin C, slot 27, row C, to the Ground Lug.
( ) 1-1/2in. black from Ground Lug to pin C, slot 27, row D.

h. Refer to steps 3b and 3¢, and make power supply connections using the 29 in.
black and 29 in. orange wires.

5 On Rack 3, rows E and F, mount the 932 Bus Strips, and make the power supply connections.

a. Insert a 932 Bus Strip on the A pins of row E from slot 5 to slot 32 (28 pins).
In the same slot positions, insert a 932 Bus Strip on the C pins of row E.

b. Insert the 932 Bus Strips in row F at the slot positions designated in step 5a.



Step Procedure

5 (cont) c.  Solder, at each pin, the 932 Bus Strips in rows E and F.

d. Inrow E, make the following connections, and solder in place.
( ) 1-3/8 in. orange from pin A2, slot 2, to pin A2, slot 4.
( ) 7/8in. orange from pin A2, slot 4, to pin A, slot 3.
( ) 1-3/8 in. black from pin C2, slot 2, to pin C2, slot 4,
( ) 7/8 in. black from pin C2, slot 4, to pin C, slot 5.

e. Make the above connections (step 5d) in Row F.

f.  Refer to Steps 3b and 3¢, and make the power supply connections using the
23 in. black and 23 in. orange wires.

6 Mount the three modular mounting racks on the H953A Cabinet at the locations shown in
Figure 24.

CAUTION

Ensure that the racks are mounted in the proper locations.
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Figure 2-1 Modular Mounting Panel





























































































































































































































































































































































































































































































































































































