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INTRODUCTION

This course is aimed at giving you a basic introduction
to solid state programming equipment, with special retference
to the line of units manufactured by BRS Electronics, Inc.

The course's objective is to give you a working knowledge ol
the various types of units used in building digital logic
control systems, and some idea of how they are interconnected
to perflorm the lunctions required by the experimenter. You
should not expcct to be able to design, build, and trouble-
shoot a sophisticated system at the end of this course -- this
will probably come only with practice. You should, however,
be able to understand the Junctions of each unit, how rela-
tively simple circuits operate, and develop a background which
will lucilitalte obtaining greater proficiency with logic
systems.,

No prerequisites are requirced lor this course, other than
an ability to rcad and a motivation to learn its contents.
It is especially designed for those who do not have backgrounds
in clectricity or clcctronics. A short digression on basic
concepts in electricity is included following this introduc-
tion -- you are not required to read it, but you may find it
helplul il you don't know a volt {rom an anp!

"he scll-teaching method used in this course requires
that you carefully read each "frame" in turn and, it it is
I'ollowed by @ question, answer it. These answers can be made
either mentally or, better yet, written down on a piece of
scratch paper. You should try to give your own answer to
each question belore looking at the provided answer. The pro-
vided answers arce separated from the questions by live aste-
risks, or "bullets.” A card placed horizontally on the page
can be used to cover the provided answers until after you
have responded on your owne

Most I'rames require only a single word lor an answer.
Those that require more than one word, or o statement to be
made in your own words, arc marked with three asterisks. Tor
example, the question, "What problems did you have with the
course dhk 9 " would requirce an answer in your
own words.

goveral short roview oxereisces are provided to be used
at the ond ol gpecil'ic sections ol the coursc. ese are con-
tained in the back ol this booklet and you will be direccted
to them ut appropriate points in the coursc. hey are all ol
the "open book" variety.
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This course is not easy, and you should expect to spend
around 14 hours in its completion. It is recommended that
you do not "let it go" for long periods of time. Rather some
regular schedule -- say, perhaps 2 hours each day -- would
insure you of the least difficulty with the course.

You can take "breaks" at any time in the program. Finish-
ing the section you are currently working on first would _
probably be best, however. ¢ ]

A notc should also be inserted concerning the "Trainer" --
that is, the standard set of units that should be available
to the student lor connecting his own circuits as instructed
in the program. Although it is probably possible to take the
program without the use of a trainer, this is not recommended.
The experiences obtained from hooking-up -- and, indeed, trouble-
shooting -- your own circuits will likely prove invaluable in
developing proficiency in logic circuitry. The set of units
used in this program are not the best possible choices for a
trainer -- they are, rather, what was available to this writer
at the time the program was being written. For those locations
interested in setting up their own trainer, the following BRS
units are recommended:

Quantity Unit Price
1 PS-1Zb Power Supply, 12VDC @ 1.4 amps $ 140.00
1 CF-001 Table Top Rack 17.00
1 CF-201 Card File 160.00
1 CK-200 Standard Timing Capacitor Assortment 15.00
1 T-202 Taper Pin Insertion Tool 35.00
1 W-200 Taper Pin Wire Assortment 2,00
2 AG-203 AND Gate 26.00
1 AG-20% AND Gate 16.00
1 CX-205 Input Converter 20.00
6 FF-206 Flip Flop 90.00
2 ID-201 Indicator Light 32.00
1 IN-201 Inverter 10.00
1 MV-207 Multivibrator 30.00
2 0G-202 OR Gate 26.00
2 0S-202 One Shot 6,00
1 RS-201 Reset 10.00
1 RS-202 Reset 7.00
1 RY-205 Relay 2,00

Total $ 701,00
It should be notoed that the above units, boyond being

appropriate for student training, arc also versatile cnough to
permit construction ol many rescorch control systems, c.g¢.,
various schedules ol” reinforcement, such as S.idman Avoidance,
Fixed Interval, Lscape, and so forth. As the BRS Company




provides a lifetime guarantee for their logic units, the invest-
ment, relative to unit life and potential use, is minimal.

Additionally, the BRS Company does provide a complete
trainer of 300 series units, the Model DA-8, which can be pur-
chased as a unit. The 300 series differs from the 200 series,
which is used in this program, in the means used in inter-
connecting the units. The 300 series, that is, uses front
panel plug wires, while the 200 series uses rear connected
taper pin wires. It is the opinion of this writer that the <200
series is the better ol the two -- and on this basis it is
suggested that the trainer be composed of 200 series units. 1In
any casc, the type of units should be compatible with those with
which the student will be working in the future.

And n¢ on to the program. Good luck!

RIS
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BASIC ELECTRICITY

Electricity, or more precisely electric current, has to
do with the movement of electrons in certain materials known
as conductors. A conductor, for example copper, is a material
which possesses large numbers of electrons, making it more
likely that they can be easily dislodged from their atomic
orbits -- that is, more easily moved.

A source of supply is essentially a combination of materi-
als which produces high concentrations of electrons in one
arca (the negative pole) and a scarcity of electrons in another
area (the positive pole). The battery is an example of a
source of supply in which electrons are forced from one place,
marked with a plus to denote the positive pole, to another,
marked with a minus to denote the negative pole.

A most important factor in understanding clectricity is
that the positive pole has a great affinity for electrons, and
that "free" electrons will be attracted to it. Likewise, the

negative pole, which possesses large concentrations of electrons,

repels other electrons. This can be summed up by saying that
"opposites attract and likes repel."

Whenever a source of supply is connected to the two ends
of" an cleetric circuit, as shown in Figure A on the next
page, the [rec electrons begin almost instantly to move along
the wirces (conductors). Their direction will be [rom the
negative pole, which has a high concentration of celectrons,
toward the positive pole, which has a scarcity ol electrons.
The source, in this case a battery, keeps shullling the elec-
trons that it collects on its positive pole over to the
negative pole. It will continue to do this until it becomes
"dead."

The amount ol current flow has, as its unit of measurement,
the Amp. The amp is defined as a given number of electrons
flowing past a given point in one second. More precisely,
if 6.28 million, million, million electrons {low past a given
point in one second, the current is one amp.

The amount o current 'low is highly dependent upon both
the lorce that is oxerted by the source ol supply and the
resistance thot thoe clectrons encounter within the cleetric

circuit. ‘I'he Lorce component is, ol coursc, dopendent upon
the dillerence in the number ol’ clectrons between the positive
and necgative poles.

vii.




The resistance component is a function of the load in an

clecetrie cirveuit. It is the quality of the load to resist the
movement ol eleetrons through it.

The lorce component is measured in volts, and the resis-
tance component in ohms. The relationship of volts, ohms, and
amps is as lollows:

One volt is that force which will produce one
amp of current in an electric circuit having a
total resistance of one ohm.

This relationship is the basis for Ohm's Law, which states
that voltage (E) is equal to the produce of current (I) times
resistance (R), or: I =TI x R.

In our electric circuit (Figure A, next page) the voltage
is the product ol 2 amps times 3!) chms,or 60 volts. Given
any two ol these values, it is possible to determine the third.
Notice too that as the resistance decreases, the current in-
creases in electric circuits. 1In fact, as the resistance
approaches zero the current approaches infinity -- hence the
arcs and sparks associated with the tamiliar "short-circuit.”

A convenient way to keep volts, ohms, and amps straight
is to use the water tank analogy. 1In Figure B two water tanks
are connected by a small pipe. There is, then, a force against
the valve in the pipe that is determined by the amount of
water in Tank A relative to Tank B. This force, measured in
pounds per square inch, is analogous to volts. If the valve
were opened, water would flow from Tank A to Tank B -- this
would, of course, be analogous to electric current. The rate
of Tlow, or amount of current, would be directly proportional
to the sive ol the valve opening -- hence the sive ol the open-
ing is unalogous to eclccetric resistance. Notice that il the

opening were made as large as the tank itsell’, i.c¢, a short
circuit, current 'low would be maximum.

ISt apchaye bl
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PART I. INTRODUCTION TO THE RESEARCH SYSTEM

Have you read the introduction?

ok fks

If you have, continue to the next frame. If not, please take the
time to read it before beginning.

1.

The combination of a subject, his environment, and control-
ling devices is defined here as a research system. (See
figure 1)

A rat, a Skinner box, and a means for the systematic delivery
of food pellets comprises a .

fedkkhk

research system

(Refer to figure 1.)
The research system is composed of two subsystems:
(1) The Organism-Environment (0-E) Subsystem and
(2) The Control Subsystem.
In the skinner box example, the rat and the Skinner box
together comprise the Subsystem.

fekdhk

0-E (organism-environment)

The behavior ol the organism is a function of that particular
organism in combination with his environment. If the envi-
ronment were changed, then one possible effect would be a
change in the organism's .

ek khk

behavior

The behavior of the organism always influences his environ-
ment in some way. Even minute movements influence the air
surrounding him. All behavior has some clfecct on the

heoketk kek

cnvironment




9.

In figure 1, several arrows are shown pointing away Irom O
(the organism). These denote the effect of the organism's
on his environment.

ke Rk hkk

behavior

It is necessary, in systems of this type, to select certain
specific responses that are easily measured and unequivocal
For study. Using the Skinner box as an example, a switch
clos -2 produced by a bar pressing response is used because
it is and .

kkkkd

easily measured
unequivocal

Points a, b, and ¢ in Figure 1 represent three aspects of
environmental change that are produced by the organism's
behavior and which are under study in this system. Points a,
b, and c are changes produced by the organism's

dkkhd

cnvironmental
behavior

Remember that the responses to be used in any system of this
type must produce easily measured and unequivocal environmental
effects. Points a, b, and c, then, represent environmental
changes that are both and .

kkkkk

easily measured
unequivocal

Moving on now to the Control Subsystem, which aceepts thesce
environmental, behavior-produced changes as its input (sec o,
h, and i in Uigurc 1.), the switch closurce in our Skinner box
example would be an event to thce control subsystem,

P L LS

input




10.

11.

12.

13.

]".

The function of the control subsystem is to actually alter
the organism's environment in a predetermined manner. The
output events (j, k, and 1 of Figure 1) of the control sub-
system the subject's environment.

hkkkk

alter (change)

The influences of the environment on the organism's behavior
are shown by the arrows pointed toward 0 and from E. Three
of these points (d, e, and f) are controlled by the control
subsystem. In other words, the events of the
control subsystem alter the environment at points d, e, and
f.

dkkhk

output

You may have realized by now that the control subsystem

output events are determined by the input events. In other

words, the subject's environment is in part determined by
his , which is the input to the control subsystem.

fkekkk

behavior

Altering a subject's environment as a function of his
behavior is one basic method in psychology. The common
aspect to all forms of this method is that the environment
is altcred on the basis ol the subject's , and
that the subjcet's behavior changes as a function of these
cnvironmental altcrations.

kkkdk

behavior

To review, what we have here is a closed loop. The
organism's behavior, which is a function of his environment,
is the input to the control subsystem. The control sub-
system, in turn, alters the organism's environment as a
function of this bchavior

Rescarch programs specil'y, in advance, the rclationships
between behavior and environmental changes. Such advance
specilication is termed dynamic pro .

dkddk

programming
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15.

16.

17.

18.

]> (.) L]

Dynamic programming refers to specified relationships
between organism behavior and environmental alterations,

in the special case where the environment is in part deter-
mined by behavior. If the environment were programmed, but

not free to vary, it would not be dy_ _ _ _ _ .
% ek dode
dynamic.

In summary, dynamic programming refers to alterations made
to the O0-E subsystem on the basis of the organism's behavior.
The environment, then, is in part a function of the
subject's .

% kR dk

bechavior

Referring to Figure 1, it could also be said that dynamic
programming is the advance structuring of relationships
between control subsystem events and
events.

dhdtd

input
output

The control subsystem accepts subject responses and, on
this basis, alters the subject's environment. It is this
subsystem that f[orms the subject matter of this program,
and it is the devices that compose this subsystem that are

Sk khk

programmed

In this l'irst scction we have used a rot, a Skinner box, und

o reinforcement control mechanism as an example ol a rescarch
system. Another cxample is the Wisconsin General Test Appa-
ratus (WGTA)* where the subject, the WGTA, and the cxperimenter
comprisc the .

*I( you are not lamiliar with the WGTA please omit frames 19
through 22.

fekkkd

research system

4y




20.

21.

23.

2,

In this case the subject and the WGTA taken together comprise
the subsystem.

BT

O-E

In the case of the WGTA, it is the experimenter that forms the
control subsystem, as it is the who determines what
stimuli are presented, the manner in which they are presented,
and the reinforcement characteristics of the situation.

L3 Uy

cxperimenter

Many WGTA programs are so devised that the behavior of the
subject determines future WGTA environments. For example, as
the subject solves one prollem he is normally given a new,
novel problem. Just as with the Skinner box, then, the sub-
ject's behavior in some measure determines his future .

sk kekek

environment

This example of the WGTA illustrates a very important fact:
The control subsystem does not have to be composed of wire and
metal and sophisticated looking electronic devices. The
control subsystem can indeed be human. Hunan and non-human
control subsystems each have their own advantages and dis-
advantages. This program, however, is concerned with non-
human rather than human systems, so the latter will be

omitted from future discussions.

(no answer required)

Most control subsystems can be broken down into three por-
tions: input, logic, and output.

Input Logic Output

The input portion accepts subjeet v _ , and the
output povrtion altees the subject’s ¢ _ _ _ . — - — .
Reekhkk

respounses
environment




Taken together, the input and output portions are termed
interface units. (See figure 1) The interface portions of
the control subsystem mediate between the organism-environ-
ment subsystem and the lo_ _ _ portion of the control
subsystem.

logic

26. Because they intervene between the faces of the logic portion
and the O-E subsystem, the input and output portions are

termed units.

dekkkd

interface

27. The input portion ol the control subsystem accepts subject
responses and modifies them into a l'orm acceptable to the
logic portion. From figure 1 you can see that converting
switch closures, for example, into a form acceptable to the
logic portion would be a lunction of the portion.

sekkkd

input

28. The translation of logic portion activity into actual envi-
ronmental changes is the function of the putput portion.
For example, il" the logic portion signals that a reinlorce-

ment is to be delivered, the actual delivery would be a
function of the portion.

deodoode ok
output

20. Converting input events into logic activity is a lunction of
the portion, and converting logic activity into
environmental change is a function of the portion.

kkkkdk




T '”=¢ 30. The portion of the control subsystem that could be best
\ ' described as the "brains" of the system is the
portion.

kkkkk

%, logic
31. Tayn together, the Input, Logic, and Output portions form
a '§§!s‘ ke . (Look at figure 1)

\‘.\
\ \\ kkkkk

; control subsystem

Perform Exercise 1 in the back of this booklet.




PART II. ANALOG AND DIGITAL CONCEPTS

32. It is apparent that most control subsystems require input
events that are essentially discrete in nature. Behavior,

in nature.

ke dhkdk

continuous

33. Information that is continuous in form is termed analog
information. A motion picture of a behaving organism yields
information (as perceived by the viewer).

kRhddd

analog

34, Analog information that has been sampled often and quantified
into discrete numbers is called digital information. Recording
the rate of a specified response while watching a motion

picture yields information.
deefedode e
digital
35. Analog is to continuous, as is to discrete.
T T
digital

36. A graphic representation of a subject's blood
' pressure is also an example of information.
It may look like this:

120
MM ok
MEScury
8o
fhhdR
analog




37.

uo.

ul,

42,

To meaningfully describe the above blood pressure record
requires, however, that it first be converted into some form
of information.

kekkkk

digital

We could, for example, record the number of times that the
pressure goes over a specific value, such as 120 mm. of
mercury. In so doing we have converted [rom
information (pressure) to information (frequency
count per unit time).

Kekekkk

analog
digital

But, more precision would lLe obtained, wouldn't it, if we
set two or more values, and recorded the number of times that
the pressure went over each?

kkkdk

Question is rhetorical, and requires no answer.

We could, for example, record the number of times that the
pressure exceceded 115 mm, 120 mm, and 125 mm of mercury. This
would more accurately describe the "true" state of aftairs
regarding the subject's blood pressure.

This illustrates a basic fact about analog to digital conver-
sion. In sampling analog information, discontinuity is
introduced as a l'unction of the rate at which the data are
sampled. II' the time interval between samples is reduced,
this discontinuity will also be .

& kkdok
reduced
I the sampling interval is reduced to zero,

information will be retained intact, as we would then record
continuous behavior intact.

kkkdkX

analog

Y)




43,

uy,

: 5,

ue.

u7.

To summarize, the organism, in the research system, con-
tinuously generates information.

kkkkk

analog

Whenever analog information is converted into digital form,
some information is necessarily lost. The researcher must
choose, then, between large amounts of unwieldly

information and, by necessity, incomplete information.
dekkdk

analog

digital

The experimenter can either record, to the best of his ability,

this analog data intact, or he can select out certain portions

of it, with reference to a time base, thereby obtaining
information.

*kk kK

digital

A rat in a Skinner box is continuously generating
information, as he is continuously behaving.

Sekk ke

analog

when we specily a given response to use as an input to the
control subsystem, for example a switch closure produced by
a physical force of specilied magnitude, we have sampled
this analog information in a manner.,

fxkhR

digital (discrete)
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PART III. THE BINARY NUMBER SYSTEM

us.

49,

50.

51.

Early number systems were unwieldly and awkward to use. One of
the simplest, a mark for each unit, cannot be used to express
large quantities. A later improvement, Roman Numerals, over-

came this disadvantage, but was not amenable the operations
of simple arith = .

ok ook ok
arithmetic

With the Arabic, or decimal, number system common arithmetic
operations can be easily defined and used. An advantage of
the decimal system, then, is the ease with which
operations can be performed.

L L

arithmetic

A basic featu e of the Arabic system is that the operations
correspond to true life operations. Just as the input
portion codes events into logic activity, so the Arabic

system real life operations into arithmetic
operations.

Rk Kook
codes

The decimal system uses ten symbols representing the quanti-
ties 0 through .

Kdbkd

9 Y

Other numbers are constructed by assigning diifTerent values

or weights to the postion of the symbol relative to the
decimal point. The value of a number, then, is dependent upon
its relative to the decimal point.

kekekkek

position




53.

The quantity represented by a decimal number, then depends
upon its relative to the decimal point.

fekekdk

pesition

For example, the number 008. represents the quantity eight
units, while the number 080. represents the quantity
eighty units. The quantity represented, therefore, depends

on the of the number relative to the decimal
point.

Sefededeoke
position

From this we can see that each position in a decimal number
has a value which is ten times that of the next position to

the right. Thus, the value of 080. is times that of
\ 008.
\\ kededdk
' 10
56. Moving a number one position closer to the decimal point is
the same as that number by 10. Thus 080. divided
by ten equals 008.
DT LY
dividing
57. In sum, each position relative to the decimal point has a
weight. This positional weight is determined by the number
of symbols used in the number system. Because the decimal
system uses 10 symbols, each position has a woedight that is
some multiple of .
Sekdedk
10
58. In the decimal system, the positional weights are determined

by the fact that ten are used in the system.

fkhi®

symbols

12




59.

60.

61.

be.

In the decimal system every positional weight is a multi-
ple of ten and can be expressed by ten raised to some
power,

The ones position is 10°

The tens position is 10

The hundreds position is 102
The thousands position is ____

kkkkd

103

The progression of increasing exponents can be continued
as far as desired to the left of the decimal point. Each
position to the left increases the value of the exponent

by , which increases the weights in multiples of .
R

1

10

The same progression can be extended to the right of the
decimal point, but here the exponents will be
instead of positive.

ook ook ok
negative
For example, the first position to the right of the

decimal point is the tenths position. _It has a weight,
on the basis of its , of 10~

kkkkk

position

13




63. The following diagram represents the general solution for
any decimal number:

powers of ten are used as positional weights because there
are symbols in the decimal system.

Skkkk

ten

6li. To review, the number of symbols in any number system
determines the value of the weights assigned to the
positions relative to the decimal point.

65. 'Two advantages accrue to number systems having a fixed num-
ber of symbols: (1) There is only one way that any given
number can be written, and (2) there is only one value
that can be assigned to any given number. For example,
given a quantity of XXXXXX units, with each X representing
one unit, the only way that this can be written in the

decimal system is with the symbol __.

Khhdk

66. Likewise, the only value in terms of units that can be
ascribed to the symbol "5" is XXXXX units. Given any

symbol, there is only one ___ that can be assigned
to it, and given a quantity of units, therc is only
one that can represcnt that quantity.

dookeod ko
vilue
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68.

69.

70.

71.

We have said that the weights assigned to the positions

are determined by the number of symbols in any given number

system. 1If the number of symbols were changed, then these
would also have to be changed.

khkrr

weights

A general rule of any number system that provides only one
way to write a number and only one value for any number

is that the weights of the positions are equal to powers
of the ol symbols in that system.

khkrr

nunber

The number of symbols used in any number system is called
the radix of that system. The decimal system has a
radix of .

kkhkk

ten

Ten is not a magical number; there is no reason why the
nunber ol symbols could not be more than or fewer than
ten. It is by convention that the system
uses 10 symbols.

kR kk

decimal (arabic)

The diagram below represents the skeleton of a general
number system with a radix of R.

‘7—————‘
|vZ‘|--Jv.’Ta.‘ z'lo."L 'l K I IYE

The value of R, the radix, corresponds to edk
in the system.

*kksk

the number ol symbols




72.

73.

74.

75.

76.

" The. binary number system is most often used in logic and

computer applications. Since it has only two symbols,

‘0 and 1, it has a radix of and the positional weights
are powers of .
kkdeodk
2
2

Following the skeleton of the general number system, the
positional weight of the first position to the left of
the decimal is equal to 2°, or one.* Therefore the quan-
tity represented by the binary number 001. is ___, Jjust
as it is in the decimal system.

*Any number raised to the zero power equals one.

kkkdhk

Taking the second position to the lelt ol the decimal is
anot&er case however. Here the positional weight would
be 2+ or ___. Therefore, the decimal equivalent of the
binary number 10. would be ___. In words, this could
be stated as "one 2 plus zero l's," reading the number
from left to right.

Rkkekd

As was statcd carlier, the binary number system has only
two symbols, O and 1. Each 1 in a binary number repre-
sents some value that has a decimal equivalent, the
valuc ol this decimal number being determined by the

o1 the 1 relative to the decimul.

koo
position
The third position to the left of the decimal has a

positional weight of 2¢, or 4. The symbol 1 in this
position has a decimal equivalent of .

kkkhk




77. Taking the binary number 111., then, we can see that the
decimal equivalent of the whole number would be equal to

the sum of R , and , or 7.

Feddokk
4
2
1

78. The Following skeleton facilitates determining the decimal
equivalent of binary numbers:

Yok iTien AL y P s & 3 2 | (]
Weewr 2 2 2 2 A A & i PN
DECI\MAL. 22 ¢ 32 26 8 4 2 2
EoUmaNT

The value of the binary 00100111% then, is .

khkkk

39

79. The easiest way to convert a binary number to its decimal
equivalent is to l'irst lay out a table using the binary

positional weights:

32 16 8 4 2 1

0 1 1 0 1
Then insert the binary number below the positional weights,
and simply add up those columns having a 1 in them. The
number above, then, has a decimal equivalent of 32 + 8 +

Il 4+ 1 = U5,

Convert the l'ollowiny binary numbers to their decimal

equivaloents: 1 0 1 0= —
10 11 1=

Reokdkkok




80.

81.

To convert from a decimal to a binary number, first
subtract the largest power of 2 which will go into the
nunber being converted. For example, to convert U5
to the binary system, we would first subtract from

45 the value 32 (or 29, leaving 13. Then lay out a
table:

64 32 16 8 4 2 1
0 1

and put a 1 in the 32 column. (A O can be placed in
all columns to the left of the 32 column, as it is
obvious that these will never be used for this parti-
cular number.)

Then subtract from the remainder (13), the largest power
of 2 that will go into that remainder, and again place

a 1 in the appropriate column. Fill zeros in to the
le!''t as required.

6u 32 16 8 4 2 1
0 1 0 1

The remainder now is 5, from which we obviously
subtract , as this is the largest power of 2
that will go into 5.

feskedek sk

t

We now have
64 32 16 8 4 2 1
0 1 0 1 1

with a remainder of 1. Obviously, a 0 should be
placed in the column and a in the 1 column,
completing our conversion.

RdkkR

g
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82.

83.

8u.

Convert the number 78 to binary form, showing your sub-
traction and tally columns.

kkkkd

6u 32 16

J=

o
=
L

Then: 78

tinally, rill in all zeros, giving 100110 = 78

In the same lushion the biniry number 10101. has a
decimal equivalent ol .

kkkhk

How about the numbers 111117 101117? 1100007
sk kdk
31

23
ug

As with the decimial system, simple arithmetic operations
cim be peelformed with binary numbers. "irst, we will
considoer binary addition.

the I'irst Rule ol binary addition is:

|+
oloc

Or, just as in the decimal system, zero added to zero
equals .

Rekhd
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86.

87.

88.

89.

Now, consider the addition of zero and one:

1.
+0.
1.

Again, this is equivalent to the decimal system,
where 1 plus 0 equals 1. This Rule holds for other
positions relative to the decimal as well., Solve:

101.

Auswer ______ (in binary form)

Sekedkk

111.

It is always possible to check computations of this
sort by converting the binary values into their
decimal equivalents. Write, in decimal numbers,
the Tollowing problem and its solution:

100011.
+010100.
oo ook o
35
+20
55

PEPT LY

0
1l

The next step is the case where we must add two 1's
together:

—

-

-3

(Continued on next page)
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90.

gl.

0ne.

To aid the solution, first convert these numbers into

decimal equivalents, where they both equal one. The
answer, then, must be equal to the decimal value of two,
which is the binary number .

kkkdkd

10.

We have found, then that

l .
"‘l ]
10.

The third Rule, then, is that 1. + 1. = 0 and one to carry.

Apply this rule to the following problem, giving the answer
in binary form:

lOl . -
+101.

Answer .

kkedkk

1010.

A more difficult problem is:

+111.

What do you get for an answer?

kkkdd

1100.

LI you didn't get 1100. as an answer you did something wrong.
Working it out:

Column a b
1 0 1.
$ 1 1.

Adding the two 1's in Column C gives 0 + 1 to carry to
colwmn b. We now have ???0. in the answer

Adding the two 1's that are now in column b also gives 0
0 + 1 to carry to column a.
answer.,

Adding, finally, the three 1's in column a yields 1 -+ 1
This gives the answer of 1100.

We now have ??700. in the

to carry.

21
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95.

90,

The fourth Rule of addition, then, is E
l1+1+1=141 to carry. ‘

This makes sense, as 14141 in the decimal system !
equals 3, which is written binarily as .

deddkk
il.

Try this one lor practice:

101101
+ 1010
wWhich equals the binary , having a decimal
equivalent of ___ .
ook ook
110111
55

We will now consider binary subtraction. The f{irst Rule
is 0 - 0 = 0, which again is the same as in the decimal

system. Therefore

0000. |
-OOOD [ i

equals .

Sk drk

0
Next consider the problem:

-,

Again, we are the same as the decimal system, where onc
minus zero equals one, so the answer here is .

Sekddk
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97.

09,

The second Rule of subtraction, then, is:
lo - 00 = lo
On this basis, solve:

110011.
~-000006.

Give binary and decimal equivalents again.,

hekRhk

110011
51

The next step is to look at 1 - 1 = 7

As you might expect, the answer is o. So our third rule is:

1-1=20
Solve, giving both binary and decimal equivalents:

11110.
-10100,

Rekddeoheod
01010.
10
Only one more rule for subtraction remains:
0 -1=1and 1 to borrow

In the problem
Column

a
1
~0
0

=~ ojo
ol aoln

subtracting in row b requires that we borrow the 1 [rom
column a, leaving a 0 in the answer of column a. Now
solve th&\following, again giving binary and decimal
equivalents:

101101.

-011001,

dkkvd

10100
20

23
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100. For more practice, solve the following, giving both
binary and decimal answers:

110101.
-011111.
Remembef\$he rules:
0 - 0% 0
1-0=1
1-1-= 0\
0 -1=15%1to borrow
\
. Stk ek
010110. N
22

101. Perform Exercise 2 in the back of this booklet.
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102.

103.

10nh.

105.

106.

107.

PART IV. THE LOGIC SIGNAL (

Within the control subsystem, electrical signals are ;
generated that correspond to input and output events.
The subject's responses, then, are first translated
into .

fhk ks

electrical signals

The Logic Signal, then, is elec_ _ _ _ _ _ in nature,

and is defined in terms of electrical values.

kekekhk

celeetrical

A Logic Signal consists of four possible conditions. Two
of these, ON and OFF, are termed continuous states. When
the Logic Signal is either ON or OFF, it is said to be

in a .

kekhkhd

continuous state

Refer to figure 2. The ON and OFF continuous states

are defined logically by a voltage differential. For

our purposes we will define the ON state as the

absence of voltage (zero volts, or ground potential).

Zero volts, then, indicates that the Logic Signal is .

L

on

It is very important to remember that ON is del'ined by

NO voltage (spell ON backwards and you have NO). ,
Admittedly, this is the reverse of common sense, but ;
that's just the way it is. '

The OFF state of a Logic Signal is defined here as the
presence of a negative twelve volts DC*, (-1 VDC).
When a -12VDC is present, the Logic Signal is .

*Direct Current
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108.

109.

110.

111.

112.

113.

The specific voltages used to define ON and OFF are re-
ferred to as Logic Levels% In our case, the Logic
Levels are volts for OFF and volts for ON.

*Logic levels vary with the manufacturer of
logic equipment

kkkkk

-12
ZCro

The logical ON is often referred to as the "1'" state.
The absence of voltage, or ground potential, indicates
that the Logic Signal is in the state.

kkkkk

"l"

Just as "1" refers to the logic function of ON, so "O"
pefers to the logic function of .

deckdekok

OFF

Ground, or zero volts, is to """ as -12 VDC is to .
Fekkkk

"0"

Referring to Figure 2, which graphically shows a logic
signal: The logic Ffunction of OFF is represented in
the figure by the letters ___ & __, as these points are
at a -12 VDC.

T
a, ©
In Figure ¢, the logic function of ON, or the "1" state,

is represented by the letter , as this point 1is at
zero VDC, or ground.

kkkkd
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114,

115.

116.

117.

118.

119.

The "O" and "1" states are, however, only two of the
four possible conditions of the Logic Signal. It is
apparent that if the Logic Signal is neither ON or
OFF, it must be somewhere in between. That is, it
must be either positive-going (OFF to ON), or

(ON to OFF).

kkkrk

negative going

The positive-going and negative-going states are termed
transition states. Whenever the Logic Signal is

neither ON or OFF, it is in a

Rkkhd

transition state

If the Logic Signal is going from ON (zero volts) to
OFF (-12vDC), it is said to be in a negative going
state.

kekkkk

transition

IT the Logic Signal is negative-going, it is moving
from the state to the state.

kekkkk

mi" (ON, ground)
mo" (OFF, -12 VDC)

The occurrence of a subject response will, generally
speaking, be represented by the logic function ol ON,
or VvDC, signal.

&eokedhk
710
whenever the Logic Signal is moving from the "O0" state

to the "1" state, it is said to be in a
transition.

Foshe ootk
positive going

27
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by the letter , while the negative-going transition

m 120. In Figure <, the positive-going transiton is indicated
|
is indicated by the letter .

| m o ke fek %

b

[ d

f o 121. To review: "O" state = OFF = -12 VDC

ﬁi 11" state = ON = 0 volts = Ground Potential

It is helpful if you keep these straight!

122. A second type of electrical signal used in digital logic
‘ control subsystems is the Special Reset Signal (see
ﬂi Figure 3). As can be seen, the Special Reset Signal
consists of instantaneous going transition
followed by a trailing off to the OFF voltage.

H Skkkk

| positive
123. The functions of the Special Reset Signal will be dis-
[; cussed later. Briefly, it is used to "clear" data from

logic units at appropriate points in time, e.g., when a
new subject enters the experimental environment. When-
E; ever a "clear line" is desired, a

would likely perform this function.

E Rkkdk

special reset signal

124. Perform Exercisc 3 in the back of this booklet.

28




125.

126.

127.

129.

PART V. DIGITAL LOGIC SUBSYSTEM -- INPUT PORTION

The basic function of the input portion is to convert
subject behavicr into logic level signals. The input

to the input portion is subject behavior, and the output
is in the form oY signals.

kkkkk

logic level

Usually a unit called an Input Modifier, Input Converter,
or CX Package perform: this conversion function¥ We
will use the term Input Converter, symbolized "CX", in
this program. The _ converts subject
behavior into ‘ signals.

*Terminology varies with manufacturer.

PR T

Input Converter
logic level

The function of converting subject behavior into logic
signals is performed by an unit.

dkkkk

Input Converter (CX)

The major function of the Input Converter, or CX, is to
convert, or code, input events iato signals,

i
s
dekdhk %
!

logic level

Refer to Figure !l, which shows a basic circuit using

a CX unit. The CX requircs a switch closurc at the
input jack to generate an output. In Figure !, this

is shown by the two wires {rom the telegraph key
connected to the input jack, labeled "External Contacts,
N.O." N.O. means "normally open," i.e., the contacts
of the telegraph key are until it is depressed.

R T




130. In Figure 4, then, the input to be coded is in the form
of a closure at the CX unit input jack. Notice
that this switch can be physically separate from the CX
unit, and connected to the unit through wires.

kkkkk

switch (telegraph key)

131. Whenever a "short" cipcuit is connected across the input
jack terminals of a CX unit, an output is present at
the output pin. If a switch connected to the input is
) closed, the output will go from OFF to ___. This is
L chown in the lower portion of Figure &.

‘ defedeok sk
|
i ON
. 132. See Figure 4. The CX unit also has two pushbuttons on
the lhuvat ol the unit. One ol these, labelcd "Manual
Operatc'y functions in parallel with the input jack.
lﬂ Thereloyre, pushing the "Manual Operate” pushbutton
results in a change from to ON at the output pin.
ﬁ kekhdk
HI OFF
133. The other pushbutton, labeled "Reset," provides for a
reset function, Depressing this button results in a
ml Special Signal at the Reset Output pin (see
Figure 4).
E feokkdR
| Reset
134. As can be scen in I'igure U, the closing ol the telograph
key (shaded portions ol the ¢raph) is coded into the logic

are represented logically by .

m {unction of ON, while the periods that the key 1is open |
M Sk keokok

OFF
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135.

136.

].37.

138.

139,

To review: "Q" state = OFF = QOPEN = -12 VDC.

When the key is Open, the output of the Input Converter
will be .

hehk kR

OFF (at - 12VDC) (in O state)

Whenever the telegraph key is depressed, however,
the output of the Input Converter will be at the
volt level,

dedkdhd

- 4CT0

Using the "0O" state - "1" state terminology, the

closing of the telegra-h key is coded into the

state, while the periods that it is open are represented
by the state.

fekeh ke

"1"
HO"

A switch closure, or more precisely a physical force
translated into a switch closure, is the most common
input event used in control subsystems. The telegraph
key is an example o[ the translation ol an organism's
behavior into a closure.

Feddek

switch

One ol the major problems cncountered in using switch
closures as input events is that most switches have

a characteristic known as "contact bounce." (Sec Figure
) Simply enough, this is because the switch contacts

b between the open and closed positions.

L

bounce

31




This bouncing (rapid opening and closing of the switch

contacts) may repeat several times in rapid succession.

Il the CX is fast enough, it can be expected that each

switch closure during the bounce period will result in an
from the CX unit.

kkkkk

output

Most Input Converters eliminate the bounce by rejecting
signals faster than 40 per second. Contact bounce, as
might be expected, is at a higher rate than *H% .

kRdddk

Ny per second

A second function of the CX unit, then, is to eliminate
from the input events to be coded.

khdkdd

contact bounce




PART VI. DIGITAL LOGIC SUBSYSTEM - OUTPUT PORTION

143. Just as coding refers to the translation of external

electrical impulses acceptable to associated external
devices.

kkkkk

decoding

1. The decoding ltunction is performed by the output
portion ol’ the Control subsystem. In the output
portion, logic level signals are into
signals used to control other, external devices.

kK kK

decoded

145. Three broad classes of output devices can be
identified:

(1) Those which indicate the current status of the
research system, or Indicators.

(2) Those which record the events occurring within the
research system, or Recorders.

(3) Those which actually effect the environmental
changes associated with the output ol the control
subsystem, or Converters.

146. Conditions currently in effect within the research
system are indicated by Ind output devices.

Indicator (Indicating)

117. An indicator light, indicating to the experimenter that
| " a signal light (SD) is being presented to the subjcct,
3 at that moment, is an example of an output

! device.

indicating




Dveramwn|

Indicator lights, symbolized ID, are very useful aids
to the experimenter. Generally they are used to
indicate the of the research system.
Schematically, they are represented by the diagram:

dhkhr

current status

Indicator lights respond tu logic level signals. If a
logic ON (ground) is applied to the input pin of an
indicator light, the light will also be .

dekfdk

ON

In terms of voltages, a -12 VDC signal applicd to the
input of an ID mecans that the light will be .

L s

OFF

Another type of output device records occurrences within
the O-E subsystem, preserving them for later analysis.

A cumulative recorder, which records subject responses
over time, is an example of a output device.

khkedek

recording

Another type ol vecording output device is the digitul
counter. Like the ID, these counters also respond
to level signals.

dededeskok

logic

3N




153.

151,

e e— e =

155.

156.

-

157.

“

Lach positive going transition applied to the input

pin of a digital counter results in the stepping of

the counter to the next highest digit. 1If six positive
going transitions have been received, the counter

will read ___ .

KRR REX

I'inally, some output devices are associated with
changing the organism's environment in accordance
with the predetermined program. Included in this
category arc reinforcement dispensers, stimulus
presentation devices, and all other programmed envi-
ronmental events. All of these units have the common
leature ol the organism's environment.

kR dd

changing

The output devices which actually change the subject's
environment are called converters, beccuse they
logic level signals into conditions

suitable for external equipment.

Various types of output interlace units are used
in conjunction with each of these three basic
categories ol output devices. They will be
discussed in more detail following an introduction
to the logic portion ol the control subsystem. |

Perlorm Lxercise 4 in the back of this booklet.




PART VII. DIGITAL LOGIC SYSTEM: LOGIC PORTION

158.

159 ]

160.

161.

162.

163.

le4.

Section 7.1--Physical Characteristics and Interconnections.

Before proceeding, it is necessary to discuss the physical
makeup of the control subsystem, and the means used in
interconnecting the individual units of the control sub-
system together. First, inspect the equipment included

in the "trainer."

It can be seen that a frame, or "card file," containing
40 receptacles, is used to hold the individual units.
Each logic unit plugs into one of the receptacles.

Using the card extractor (attached to the right zide of
the file) remove one of the units, remembering which slot
you took it from.

Each unit, as you can see, consists of a front panel,
which contains any pushbuttons, jacks, etc., used in
the unit, a card made of fiberboard on which the cir-
cuitry is mounted, and a series of metal contacts which
mate with similar contacts inside the rcceptacle.

The rear of each receptacle (on the back ol" the card file)
consists of 15 pairs of small holes, which are made to
accept taper pin wires. The taper pin wires are used

to interconnect the individual units.

Replace the unit you have removed.

The holes on the back of the receptacles are lettered

a through s, skipping, g, i, 0, and q. Each letter is
associated with two holes, which are electrically

common. That is, connecting a wire to the left hole

ol' a pair is the same as connecting it to the right

hole. (This is a versatility leature, allowing the
rescarcher to casily counect two wires to the same point.)

Refer to Figure 30. TFigure 30 contains schematic diagrams
of all of the units in the BRS 200 serics. Generally,
each unit has at least one input and one output. The
letters that identify connection points in Figurc 30
correspond to the letters on the back of the receptacles
on the card File. Note also that many ol the units

are composed of more than one sub-unit. Locate the

AG-203 unit. As you can see, there are actually two
separate AG units mounted on a single card.




165.

160.
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169.

170.

171.

Locate the CX-205 unit in Figure 30 and the actual

unit in the card file. You can see that the face

of the unit has a jack for the input and two push-
buttons -- Manual Operate and Reset. The normal output
will be at pins F and H, which means that the output
will be prescnt simultaneously at 4 pins -- the two
qusociated with T and the two associated with H.

As noted earlier, the CX unit also perlorms a reset
function. The resct output is at pins J and K,

and will be present at these points whenever the
reset button is depressed.

Pin S is connected to ground and pin A to a -12 vDC
power supply. Verify this by tracing thc output of

the power supply to its points of connection on
{the card 'ilce.

Now locate the Indicator, or ID-201, unit on Figure

30 und in the card U'ile. Notice that the unit contains
lour separatc units, which are associated with the

Four input pins, C, T, J, and M. Applying a logic ON
to any one ol these four pins will light the ID

lamp associated with that pin.

Reler to Figure 31, which represents the rear view ol
the card [ile. The 40 boxes represent the 40
receptacles, each ol which accepts one logic unit.

In Figure 31, two units are shown plugged into the
card Tile -- a CX-205 and an ID-201. Pins A and S
arce shown connccted to the power supply. A telegraph
key (we will use a micro switch) is shown connectad
to the N.0. jack on the CX. At this point, perlorm
the l'ollowing operations: (Refer to Ficurce 31, which
shows thesc interconncctions.)

(1) Plug the micro switch into the CX unit, N.O.
input jack (plug is already attached) .

() Connect a taper-pin wire from the output ol the
cX unit (Pin F) to the input of the top ID light
(Pin C). (A tool is provided for inserting and
removing taper pin wires -- if you don't know how
to use it, just push the wires in with your hands
and ask later how the tool works.)

(3) Turn the power supply switch to ON.
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closure input to the CX unit, and the output of the CX
unit connected to an ID unit. When the switch is closed,
the output of the CX will be ON at Pins and .

m (See Figure 30)

kkEkk®

E 172. You now have a working circuit, consisting of a switch-
1

H
Eﬂi 173. Pin I' of the CX is connected to Pin C of the ID. When
2 the CX output is ON, the top ID will be . (Depress

m the switch to see what happens.)

|
ﬂ ON

i] 174. Therefore, whenever the telegraph key is depressed, the
' top 1D will be .

H kkkRE

ON

Rk Rk

l
175. We also know that the output ol the CX will be ON il
’ the "Manual Operate" pushbutton is deprcsscd. Therefore,
the 1D can be turned ON by either depressing the tele-
graph key or by wRE . Depress
the Manual Operate button to check your answer.

I dekedkok

pressing "manual operate”
176. Turn power supply OFF and remove the wire connccted carlier.

m 177. At this point it is necessary to introducc threce simple
x rules lor properly wiring logic equipment:
E 1. Xeep the wires as short as possible.#
2.  Never wire with the power ON.
3. Never connecet two logie unit "oubpubs” tovether.
m we will have veason to review these rvules later in the

‘% progranm,

g

¥ *his is oltoen done by proper placement ol units in the
i . y proj .

L1 card File -- which will be impossible herc as unit

positions are "I'ixed" lor this program.

- — e
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178.

179.

180.

181.

Section 7.2 - The Flip Flop

The logic signal, as noted earlier, is delined as a
voltage dif ferential between the "O0" and "1" states.
The "O" state is defined as VDC and the "1" state
as VDC.

kkdkk

-1

Q1o

There are I possible conditions ol the logic signal:
ON, OFI', Positive-going, and Negative-going. A

positive-going signal is one that is in the process of

changing Irom a -1< VDC to VDC, while a negative-
going signal is onc that is changing from O VDC to

heokeok ok

0
-12 vbC

Ihere are, generally speaking, two broad classes ol
logiec units that are used in the control subsystem:
(1) Units responding to continuous states and (&)
Units responding to trans states.

Fkkkk

transition

The class ol units that respond to transition states
respond only to positive going, or to
, transitions. 7These are:
(1) lip flop
(2) Once Shot
(3) Rescet
(') Inverter

R LY

negative to positive
or

(-12V to 0V)

("0" -to "l")




182.

18‘;.

184.
|
|

I 185.

186.

]-87 L ]

The flip flop (FF), or bistable multivibrator, is basi-

cally a storage unit. Input events can be with
the use of a flip flop.

kkkdkd

stored

Reler to Tigure 5. Basically, the [lip I'lop responds to
input signals by changing its state from "0" to "1" or
vice-versa. Il the flip flop is in the "0" state, an
input signal can be used to change it to the state.
Sk hokk

"] "

Conversely, if the flip [liop is in the "1" state, an
input signal can change it to the state.

RkRhd

"O"

Relerring to Figure 5, changing the state oi” the Flip llop
is accomplished by applying a pos_ _ _ _ _ goning transition

signal to the appropriate data input pin.

deokhokk

positive going

The positive-going transition signal must be applied to
the pin associated with the state that the I'lip flop is
currently in to accomplish the change ol statce. T'rom
Tigure 5 it can be seen that if the Tlip [lop is in the
"O" state, a positive-going signal must be applicd to
the sct input pin.

II' the 11ip I'fop is in the "O" state, a positive-going
transition applicd to the set input pin will change it
to the state.




188.

189.

190.

191.

N 192.

Conversely, a positive-going signal applied to the reset
input pin will, if the flip flop is in the "1" state,
change it to the state.

kkkkk

"O"

In order lor a positive-going transition applied to the
reset input pin to change the state of a Flip llop, it
is necessary that the flip flop be in the state.

kkkkk

"l"

*he data input set and reset pins respond to positive-
going transitions. They respond to which portion(s) of
the following logic signal? '

=12 ¥be.

Kekkdk

b

The output of a flip flop is a continuous signal. TV
the flip Ilop is in the "1" state, the "1" output pin
will be at a continuous volt level, or ON.

hdrlekdk

2000

I the Mlip INop is in the "O" state, the "O" output
pin will be at a continuous volt level.

SR LY
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11" the "1" output is ON, then the "0" output will be OFF,
or at a volt level.

kkkkk

-12vDC

A flip Flop is always in_either the "0" or the "1" state.

I one of the output pins is ON, then the other must
be .

Fhkkk

OrF

Reler to Tigure 5. The selectable output pin is used to
select, by means of a switch, either output "O" or
output "1" for use in the circuit. If the switch is in
the "1" position, the sele. table output pin will be ON
only if the flip flop is in the state.

kkkk¥

"l"

The "Diode Reset," "Direct Reset," and "Direct Scet" pins
all require the Special Reset Signal to operate.

A Special Resct Signal applied to the "Diodce Reset" pin
always results in a "clear line." That is, il the f{lip
I'lop is in the "1" state, a reset signal will always change
it to the state.

e kedkok

0

Il the lip [lop is already in the "0" statc, the Special

Reset Signal applied to the '"Diode Reset" pin will
fekeok

fekeodhok

do nothing (or some such)
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200,

201.

202.

The Direct Reset and Direct Set pins perform the

same Cunction as do the reset and set input pins, ex-
cept that they require the Special Reset Signal
instead of a wekk .

kkkkk

positive going transition

Il the flip flop is in the "O" state, a Special Reset
Signal applied to the Direct Set pin will put the
{1lip flop into the state.

khhrk

"l"

'he Indicator Light (which is usually optional, depending
upon the manulacturer) connected to the "1" output pin
indicates the current status of the flip llop. If the
rlip Flop is ON, the lamp will also be .

kkkkk

ON

In "T" operation a jumper wire is connected between

the set and reset input pins. This causes the flip
flop to change states on gvery positive going transi-
tion, irrespective of its current state. In "T" opera-
tion a jumper is connected between the and

input pins.

dokokokk

sot
resct

If a llip {lop is connected for npr gperation, and il

it is in the "O" state, a single positive-going transi-
tion applied to the"T" will change the flip llop to
the state.

dekdekk

1" 'L"

"3
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20" ]

205.

200,

207.

208.

<09.

Section 7.3 - Sturage, Or Memory

One of the basic uses of the flip flop is for storage, or
memory. Figure 6 shows a single flip flop and two ID
lights connected in a memory circuit.

Figure 32 shows the way in which the Figure 6 circuit

is interconnected at the rear of the card lile. The actual
pins used can be determined by reference to Figures 30

and 6.

Referring to Figures 6 and 32, the wire connecting Pin F
of the CX-205 to Pin F of the FF-206 is used to connect
the CX Output to the input pin of the flip flop.

fkkkd

sot

confirm that reset output of the CX is connected to the
Diode Reset of the flip flop on Figure 32. Il the
Reset pushbutton on the CX is pressed, the FF will
always wind up in the state.

kkkkk

0, or OFF

The FF "1" output pin is connected to the top ID-201
light at Pin . (See Figures 6 and 32).

deoke ko ok

*he top ID unit will be ON whenever the T is in the
statc.

ook defeok
"l"

The FF "O" output is connected to the sccond ID light.
This ID will be ON only when the FF is in the state.

dedek ok

1A (’)"




Now return to Figure 6:

A signal from the CX takes the form of a positive going
transition at the set input pin of the FF, changing the
FF from the "O" state to the state.

hkkkd

"l"

As the {lip Tlop changes from "O" to "1", the "o"
indicator light will ol and the "1" indicator
light will _ *¥** |

*kddk

co out
come on

Any further output signals from the Input Converter
will not afllect the flip flop. That is, the flip
flop will "remember" this first event until it is
instructed to "forget." As might be expected, the
"[orget" signal here is the Special Reset Signal
applied to the "Diode " pin of the (lip flop.

ke kdR

reset

Using Figure 32 as a guide, connect the memory circuit
shown in Figure 6. Remember to first turn the power
supply to , il' it is ON.

dkhhd

OFF

when you have the circuit connected, turn the power
supply to ON, and momentarily depress the CX-205
"Reset" button. This insurcs that the flip flop will
begin in the "O" state, as indicated by the lower ID
light being ON.

If the micro switch is not already plugged into the
CX-205 unit, connect it now. Then momentarily depress
the micro switch button. This puts the [lip llop into
the stute, as ID-1 (top light) is now ON and ID-2
(second light I'rom top) is now OFF.

Fedokokok
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217.

¢18.

219.

2.0,

A note on terminology should be inserted here. Reference
to unit types will always be made using the full name of
the unit, e.g., CX-205, FF-206. If a circuit contains

more than one of one type of unit, these will be dis-
tinguished by a single digit, €.g., ip-1, ID-Z2.

Now operate the micro switch again. ID-1 is still

and ID-2 .
Hek kR
ON
OFF
Now operate the CX's reset again. ID-1 is now and
ID"Z L]

Repeat this procedure until you are familiar with the
sequence of events.

dkhhk

OvF
ON

rhe Iunction of this simple circuit is to demonstrate that
the Tlip [lop can "ypemember" events. when it began in
the "O" state, onc input pulse was sullicient to change

it to the "1" state, an event that it until
you reset it back to "OV

khhkd

"pemembered"

Turn power OI'T and remove all connecting wirces.

"o
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Section 7.4 - Division

A second basic function of the flip flop is that of
division by two. Here the flip flop is connected for
T operation. As was noted earlier§y a T is formed by
connecting the set and reset input pins together. (See
Figure 5) When the set and reset input pins are tied
together, the flip flop is connected for ___ operation.

#*Refer to Frames 201 and 202, if required

dok ook
T
In T operation the flip [lop will change states on

every input pulse. If the [lip [lop begins in the
0" state, a positive going transition applied to

“+he T will leave it in the state.

e

"l"

Reter to Figure 7, which shows a flip [lop connected
for division by two, i.e., it is connected for T
operation. ELach time the key is depressed a positive
coing transition will be present at the output of

the .

dddid

Input Converter (CX)

If the flip Tlop begins in the "1" state, momentarily

depressing the key will deliver a positive transition

to the T of the flip flop, causing it to go to the
state.

dhdkk

"O"

e next time the key is depressed, the lip 1lop will
co to the state.

Fkkodk

17" 'L"

47
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In Figure 7 indicator lights are connected to the "1" and
n"o" output pins. The top light, the "1" indicator will
be ON whenever the flip flop is in the state.

kkkkd

"l"

The flip flop will be in the "1" state once for every

two key closures, that is, it "flip-flops" back and forth
between the "O" and the "1" states each time the key 1is
closed. If the Flip flop starts in the "O" state, and

il 6 input pulses are received, then the indicator light
associated with the "1" output will be lit ___ times.

FekkR®

L2

Figure 33 shows the interconnection for the "division by
two" circuit of Figure 7. Do the following:

(1) Make sure power is OFF.

(2) Connect the circuit as shown in Figure 33.
Notice the short jumper wire between Pins
F and J of the flip flop - this is the T
interconnection.

(3) Turn power ON.

(W) Reset the circuit by depressing the "peset"
button on the CX-205. This insures that
you are starting in the "O" state, with
the top ID OFF and the bottom ID ON.

Momentarily depress the micro switch. The top ID is

now and the bottom one is .
oo Foke e

ON

OFF

Again depress and release the micro switch. ID-1 is
now and ID-¢ is .

dedekedek

OrF
ON

u8
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234,

235.

As you can see, ID-1 will be ON once every
input pulses, hence this is a division by
circuit.

Repeat depressing the micro switch until you are
familiar with the sequence of events.

kekkkk

two
two

Turn power OFF and remove all connecting wires.

Section 7.5 - Binary Counter

This divison by two Ffunction permits counting with
logic units. For this we must use the base 2, or
binary, number system. Figure 8 shows a counter
using 5 flip [lops, which can therefore count to a
maximum of 31 (1 plus 2 plus 4 plus 8 plus 16) .
Before beginning our analysis of the circuit assume
that the "Reset" button has just been depressed --
this would insure that all Flip Flops would start in
the state.

deckkokd
"O"
The first positive-going pulse [rom the Input

Converter is received at the "T" of the tirst flip
flop. This changes the state of the first flip

flop From "O" to .

dekkdkk
"l"
At this point we have a count ol 1-0-0-0-0, o 1,
indicating that we have received input pulsc.
The second incoming pulsce will change the first 'lip
I'lop From "I back to .

kkdkk
1

"O"
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236.

237.

238.

239.

240.

But notice what happens as FF-1 goes from "1" to "O"
in terms of the connecting wire from the "O" output to
the "T" of the second flip flop: As might be expected,
a transition signal is applied to the
"T" of FF-2. This changes the state of FF-2 from "O"
to "1", giving us a total count of 0-1-0-0-0, or two.

L

positive going

The third input pulse is then received. Quite obviously,
it immediately changes the state of FF-1 from ____ to .
It cannot alter the state of FF-2, however, because no
positive-going transition is applied to FF-2's "T",

This leave us, then with a count of or three.

fekkk
non
nyn
11000

Additional flip flops can be added to the basic binary
counter as are necessary for any application. Adding
two more flip flops would yield a capability of counting
up to input events.

hkkRh

127

Figure 34 shows the interconnections for the binary
counter shown in Figure 8. Connect the circuit as shown.
Then turn the power ON and depress the CX's "Reset" button.
All flip flops are now .

*kkkk

OFF ("O" state)

Now depress the micro switch momentarily. Looking at the
indicator lights built into the flip flop units, which
flip flop(s) are ON now? .

hekkkd

FF#1

50
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U,

23,

215,

Depress the micro switch 7 more times. Now which flip
flops are ON?

kdkk®

FF#U

Depress the micro switch 7 more times. Now which flip
flops are ON?

*kddd

Fr&l, 2, 3, 4

Notice how we count here:

Noedimal FF-1 FF-2 FF-3 FF-4  FF-5
1 1 0 0 0 0
2 0 L 0 0 0
3 1 1 0 0 0
4 0 0 1 0 0
5 1 0 1 0 0
6 0 1 1 0 0
7 1 1 1 0 0
8 0 0 0 1 0
9 1 0 0 1 0
10 0 1 0 1 0
How about 157 .
dekekkd
FF1 2 3 U 5
11110

Depress the reset button on the CX-205 and repeat
counting with the counter until you are [amiliar
with its operation.

Turn the power OFF and remove all connecting wires.

51
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Section 7.6 - AND Gate

Unlike the flip flop, which responds to positive-going
transition states, the AND Gate responds to cont- - - -
states. (See Figure 9)

L

continuous

The AND Gate permits specifying which input events are

necessary for the generation of an output event. 1In a

a-]egged AND Cate (Figure 9a), output event C will occur
only il both input A and 1nput B are simultaneously

present. If either A or B is not present, output event
C will occur.

hkkkk

not

On Figure 9YA:
Let A be the presence of a green sD light in a
Skinner Dbox.
Let B be a bar pressing rcsponse.
Let C be the delivery ol a lood pellet.

Then C will occur ONLY IF a bar pressing response
() is made in the presence of Fedk

dedeskeokeok

a green SD light

The function of the AND Gate can be illustrated by two
switches connected in series. In the following diagram,
in which a light and two switches are connected in
series, it can readily be seen that the light will be
ON, only if both switches are closed.




250.

251.

253.

255.

In the same manner, an output will not occur from the
AND Gate unless all of its used inputs are .

*kkkk

ON

The AND Gate is ON at its output when all used inputs
are . it is OFF at its output when any used input

is .

S————

dekkkk

ON
OFF

Nut ioe the use of the word "used" in the preceeding
frames. Rcmembering that ON is defined by O volts,

if an input is not usc’ (nothing connected to it),

this will be the same as having an ON signal applied to
it (no voltage will be present).

Therefore, if an input is not used, it will always be
ON - this way a 5-legged AND Gate can be used as a

2, 3, or ll-legged Gate with no problems. (Do you see
now why they use the presence of voltage to define
OFF, and no voltage to define ON?)

Figure Yb shows the construction of a 5-legged AND
Gate using two 3-legged AND Gates. In this case an
output will be present at h, only if inputs__,
__, and ___ are also present.

S——

——

ek kkk

a, b, ¢, I, g

Section 7.7 - Logic Determination of a Predetermined

Count

Pdding an AND Gate to our Binary Counter permits the
"Logic Determination of a Pre-determined Count.”

That is, we can operate other logic or interfacc units
on the basis ol a predetermined number ol input cvents.
For cxample: "Deliver a reinforcement alter cvery 15
bar-press responses.” Here a predetermined numbev

ol (15) will result in the delivery of

a reinflorcement.

L

input events (bar presses)

53
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257.

258.

<60.

201,

Tigure 10 shows the construction of a predetermining
counter. It can be seen that an output will be
cencrated by the AND Cate only when ok

{flip Tlops are in the "1" state.

Kk kdek

the first four

Figure 10 is, of course, a binary counter exactly like
Figure 8. After the first input from the CX, the count
will be 1-0-0-0-0, indicating that only FF-1 is in the
"]1" state. After the second count we will have 0-1-0-0-0,
with FF-2 in the "1" state. After the third input, which
Fr(s) will be in the "1" state?

dekdedek

T'F#l & TrFsd

When the AND Gate output is ON, the ID will also be ON.

This will occur only if input events have already
occurred.

ook koo ok
15

Figurc 35 shows the interconnections required for the
predetermining counter shown in Figure 10. Connect the
circuit. Then turn the power ON and depress the CX's
"Resct" button. All flip Flops are now in the

state.

dkkdkd
nQon

After one response (press the micro switch momentarily)
only FF #__ is ON.

Rk ook

]

Alter Uive pesponses lip Mlops and are ON.
Kdkdd

1 and 3
Sy
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£63.

264,

S

200,

267.

The first four'flip flops are ON after responses.

wkkdk

15
Turn power OFF and remove all connecting wires.

By using the selectable outputs of the flip flops,
as is shown in Figure 11, it is possible to instruct
the counter to deliver an output event after from 1
to 31 input events. That is, we can select any number
between 1 and 31. Does this sound like something
familiar? Like maybe an FR schedule? 1In Figure 11
all switches are shown :in the "1" position except for
FF-1 and FF-5, which are in the "O" position. Here an

output event will occur after 14 input events.

Using a blank layout sheet* (By this time you should be
Ffamiliar with laying out and connecting circuits), show
how you would connect the circuit shown in Figure 11.
Label this sheet "Selectable Predetermining Counter"
and save it. Wire the equipment, turn the power ON,
and depress the "reset" button. Set the Flip flop
selectable output switches as follows: FF-1 and FF-5
to "0" and FF-2 thru FF-4 to "1". Then depress the
micro switch until the ID light comes ON, counting the
responses as you do so. How many input events were re-
quired?

*Blank sheets are provided in the back of the illustrations
booklet.

*hvrR

AR

Which Idip flop switches would be in the "1" position
to deliver an output event alter 12 input cvents? *%%

(Check your answer by trying it on the trainer)

ARk hdkRk

3 and U

Turn the power OFF and remove all interconnecting wires.




Section 7.8 - One Shot

single input and output. When a positive-going transi-
tion is applied to the input, the One Shot is triggered

l I' 268, Recfer to Figure 12. The basic One Shot consists of a
I into operation at its output. Like the flip flop, the

; One Shot operates on a positive-going signa’.
s J
?ﬁ LT T
g 1
i l transition
l 269. When a positive-going transition triggers a One Shot, the
| (& output will be ON for a fixed length of time ("t"). A
| momentary input pulse gives an output pulse of duration
|
| kkddk
E ".t"
, e
Ii 270. When the One Shot output is , further input signals

will HAVE NO EFTECT. Loo

giig at Figure 12, the telegrapk
key closure occurring beww

een 3 and U seconds does not

effect the One Shot output because el -7

oy

kkkhk

271. Morc sophisticatcd One Shots provide for adjustable ON
times, "t." Coarsc timing adjustments are accomplished
by changing the value of the External Capacitor (see

Figure 12). As might be expected, increasing the value
ol" the capacitor also "t.,"

II it is already ON
|

o oo ke ' 3

inecreases

’
]

272. Locate the 0S-202 unit in Figure 30. As youcam/see,
the capacitor is connected between pins __ and/__.

- ———— et
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The symbol for a capacitor, or condenser, is:

——

If the capacitor is polarized, it will be shown as:

=

1 273. A digression on capacitors:

¢
x Most of the capacitors used with BRS equipment are 4
polarized, and you must observe their polarity when .
connecting them in the equipment. Notice in Figure 30
‘ that the 0S-202 unit requires that the positive end of
JJ the capacitor be inserted into the E pin, and the
ne_ative end into the L pin.

574, You can determine the polarity of capacitors in
several ways:

(1) Some have a black band encircling the
positive end. :

(2) Some have a plus sign at or near the
position end.

(3) On tubular metal capacitors, one of the
wires is connected to the tube, or metal
case, itself. This is the negative end.

2 LN

275 .  I{ there is no marking, you do not have to observe
polarity.
Inspect the capacitors provided with the trainer td’
se¢ the ways in which polarity is indicated.

2706, Capacitance is measured in farads, or more
usually in microfarads (MF, MFD) or micromicrofarads
(MMF,MMFD) . Values are usually written on capacitors
in terms of MFD units. With BRS equipment we use
capacitors for timing purposes that range from .0u7
MFD to 150 MFD.

277. A band on one end of a capacitor indicates that this
is the end.

1
ﬁ feokeokedook
t

positive




278.

279.

280.

Fine timing adjustments are accomplished with the potenti-
ometer (variable resistor) marked "t" in Figure 12,
Changing the value of "t" (usually a screwdriver adjust-
ment) changes the time that the output will be ___.

et

ON

The external capacitor provides coarse time adjustment
of the One Shot unit's ON time ("t"), while the
potentiometer on the front of the unit provides

time adjustment.

RehdRR

T'ine

The following table lists rhe output ranges ol the 0§8-20¢
unit for various values of the external capacitor:

Cap. (MFD) Range
None 30-800 microseconds
ou7 3-8 milliseconds
cH7 3-80 milliseconds
.7 30-800 milliseconds
7. .15-10 seconds
150. .5-30 seconds

I'rom the preceeding table you can see that with an
external capacitor of uU7.MrD, it would be possible to
adjust the potentiometer for ON times ranging from
____to seconds

e

.15, 10
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283.

28,

285.

286.

Figure 36 shows the connections for Figure 1¢.

(1) Connect the circuit

(2) Insert a 20 MF capacitor as shown, making
sure that you observe polarity.

(3) Turn the front panel "t" potentiometer on
the 0S-2 unit fully clockwise.

(1) Turn power ON

(5) Momentarily depress the micro switch,
watching the ID light as you do so.

The ID light stays ON for approximately second (s)*.

+11" the light does not go out, turn power OFF and
reverse capacitor leads. You may have it in
backwards.

fekkkd

Now turn "t" fully counterclockwise and depress the
micro switch momentarily, observing the ID light as
you do so. Now the ID light stays ON for approxi-

mately seconds.

Rk

.01 (approximate) (Very short!)

As you can see, increasing the time of the 0S unit
is accomplished by turning "t" in a
direction.

Fkkkk

clockwise

Turn power OFF and replace the 20 MID capacitor
with a 50 MFD capacitor. Turn "t" [ully clockwise,
turn power ON, and initiate a response. The ID
stays ON lor approximately seconds.

Rk dedok

10

Now turn "t" Jully counterclockwisc and initiate
another response. This time the output ecvent is
ol approximately seconds duration.

E L

.15 sec. (approximate)




287 L]

288.

289.

290.

29]— L]

292.

In other words, increasing the value of the capacitor
(from 20 to 50 MFD) results in a(n) 0S output
time. -

kkkkd

longer (increased)

Turn the power OFF and clear all connecting wires.

Section 7.9 - Reset

Reset is accomplished either manually (reset button on
Input Converter) or electronically with a Reset unit.
A Reset unit delivers a Special Reset Signal whenever
a positlive-going trans is applied to its input

(See lower portion of Figure 13.)

drdeskekok

transition

The output of a Reset unit is a S_ _ _ _ _ R _ _ _
S . Its shape and duration are independent

deodeofe ke ok
Special Reset Signal
Applying a positive-going transition to the input of

a Reset unit results in a at its
output.

RkkkE

Speciul Reset Signal

A Spceial Reset Signal can also be obtained I'rom the
reset output on the CX unit. Locate the CX-205 unit
on Figure 30. Depressing the Reset pushbutton on

the front panel of the unit results in a Special Reset
Signal at pins __ and __.

Kk kkd




293.

29U,

295,

296.

297 .

Section 7.10 - Inverter

The Inverter unit has one input and one output.
when the input is ON, the output is OFF; and when
the input is OFT, the output is

kkkkk

ON

I{ the input to an inverter is at zero volt potential,
the output will be at volt potential.

®kddd

-12V

IV the input to an inverter is at -12VDC, then the
output will be at _ VDC.

kxidkk

Zero

Section 7.11 - Selectable Predetermining Counter
with Automatic Reset and One Shot

Output

In Figure 13 a One Shot, an Inverter, and a Reset
unit have been added to the Selectable Predetermining
Counter. The flip flop selectable output switches
have been set for a predetermining count of .

Kkdhk

21

when 21 input events have been received, the output
o’ the AND gate will be turned .

(Sce lower portion of Figure 13.)

kkkkk

ON

61




298. Il the output of the AND Gate is at zero volts, or ON,

5 | | then the input of the One Shot is likewise .
; Fkdkd
H ON
? iﬁ 299, Assuming that the One Shot "t" has been set 'or one
| second, then the Indicator Light will be 1lit for a
period of when the AND Gate output is ON.
| m gk doskek
i one second

300. During the period of time "t" that the One Shot is
ON, the input of the Inverter will also be .

Rekddk

ON

o}

301. If the input of the Inverter is ON for one second,
then during that second its output will be .

L4

OFF

! 302. Because the Reset unit responds only to positive-going
] transitions, no output will be generated Irom it until
! ] the Inverter output is also positive going. This will
| not occur until the ___ of time "t".

dek heoked

ond

303. The Inverter output will be positive-going only when
its input is . This will occur only at
the end of time "t".

(See lower portion of Figure 13.)

Fekkeokk

l negative goinyg,




30u.

305.

300.

308.

At the end of time "t", then, a Special Reset Signal
will be generated by the unit.

fekkdk

Reset

This Special Reset Signal will be applied to the
D __ _R _ pins of the flip flops, and will

give them a "clear line," i.e., will return any
that are in the "1" state to the "O" state.

fekefrd

Diode reset

'irure 37 shows the interconnections for Figure 13.
Connect the circuit as shown, using a 50 MFD capacitor
in the One Shot and turning "t" to near its middle
range.

Set the counter for 21 -- to do this [lip flops s
, and should be in the "1" position and

all others in the "O" position. (Check your answer

by giving 21 input events and checking for an output
from the ID light.)

fekkkd

1, 3, and 5

Set the counter for 10 -- which flip flops are now
in the "1" position?

(Check your answer by trying it.)

R TP

As you can sec the One Shot unit has allowed us to:

(1) Obtain an output pulse of variable, and
precise, duration.

(2) Automatically reset our counter to vero at
the end of a predetermined number ol input
cvents.

You will sce later in the program how these lunctions
gprcatly l'acilitate certain types ol rescarch.




309. Turn the power OFF and remove all connecting wires.

it 310. Perform Exercise 5 in the back of this booklet.

Section 7.12 - OR Gate

311. Refer to Figure 1H.

The next unit we will deal with is the OR Gate. Figure
14a shows a 2-legged OR Gate, with inputs a and b, and
output c. As its name implies, the output of an OR
Gate will be on if either a __ b is ON.

e ook
OR

312. Remember that we illustrated the function of the AND
Gate with two switches connected in series. The OR

Gate can be illustrated by the same two switches
connected in parallel:

SwITeW L
varrhe
! S:Jﬂcl‘ Swiven 2

313. Trom this diagram it is easily seen that the lamp will

be 1lit il either S-1 or S-2 is closed. Will the light
be 1lit il" both S-1 and S-2 are closed?

& Redekk

Yes




314,

315.

316.

317.

318.

319.

An OR Gate will also be ON if both a and b are ON.
The only time that an OR Gate will be OFF is when
used inputs are OFF.

fkkkk

All

Figure 1lu4b shows that OR Gates can be combined to
gain as many input positions as are desired. There
will be an output at k if there is an output from
either 0G-1 ____ 0G-2.

fkkkd

OR

In Figure 1lllc, an OR Cate has been used in one of

its basic Functions: combining 2 or more independent
inputs when they are desired to produce an equivalent
event. ID-2 will be ON if either AG-1 or AG-2 is ___.

dekddok
ON

AG-1 will be ON if FF-1 is in the "1" state AND FF-2
is in the __ state AND FF-3 is in the __ state.

kkkkk

"0"
"0"

Therelore AG-1 will be ON after input pulse(s)
has (have) been received I'rom the CX.

dkkdod

one

By the same reasoning, AG-2 will be ON alter
pulses from the CX.

fhkkk




320.

321.

322.

323.

324.

325.

Therefore ID-2 will be ON after either or
pulses from the CX.

dekkkk

1, 6

Remove a blank layout sheet and show how you would connect
the circuit shown in Figure llc, referring to Figure 30 as
necessary. Label your sheet "OR Gate" and save it.

Connect the circuit. Turn power ON and Reset the system.

Initiate responses until ID-1 comes ON. How many did it
take?

kkkkd

one

Reset the system and initiate responses until ID-3 comes
ON. How many did it take?

Rededdok

6

Alter how many responses was ID-2 ON? Fkk
ek

after 1 and aftcer 6

Turn power OFF and remove all interconnecting wires.

Section 7.13 - Multivibrator

The Multivibrator (MV), or Clock, is a source of accurate
pulsecs [or use in the control and timing of digital
circuits. IF we wanted to control an intertrial interval,

l'or example, we would use a(n). unit.
ook

MV
66




i
!
!
|
1
+

3206.

3728.

329.

330.

331.

Busically, the MV generates a continuous series of

pulses equally spaced in time. Whenever the MV is
ON, a are generated at its output.

keiekkk

series of pulses

The basic MV can be easily understood by reference to
Tigures 15a and b. Here two One Shot (0S) units

and two Inverters are connected to form an MV. It
can be seen that the output of 0S-1 (Fig. 15b) is a
series ol .

dkdhd

pulses

At time "a" in Figurc 15 both OS units are OFF.
0S-1 is triggered into operation at time "b".
While 0S-1 is ON, the output of IN-1 is .

kdkRhd

OFF

At the end of the 0S-1 pulse (time "c"), the IN-1
output is a - transition. Because

0S units opcrate on transitions, this triggers 0S-2
into operation.

dk Rk
positive-going
As 0S-2 tires, the output of IN-2 goes to .
doskeode ok

OFF (-12 VDC)

At the end ol the 0S-2 pulse, the output of IN-{
baecomes o - , which triggers
into operation.

SEP LY

Positive-going transition
0S-1

67




332.

335.

336.

This cycle is repeated over
a continuous train of pulses
by the 0S pulse lengths. To
spaced in time, it is obviou
of the two 0S units must be

and over, the result being
at a frequency determined
obtain pulses equally

s that the pulse lengths

*

equal.

kkkk

Figure 1l6a shows a basic MV unit, .ne MV-207. It has

an "enable" input which may

also be called "allow" or

"sync". As might be expected, the pulses will be present
at the MV output only when the "enable" input is .

kkkkk

ON

Most MV units have an adjust

able frequency. Coarse

adjustment is accomplished by connecting an external

capacitor to the appropriate

MV pins, just as was done

with the 0S unit. Increasing the size ol the capacitor

ilso the length o

*

increases

f the MV pulses.

ddfek

Figurc 1l6a shows an MV-207, which provides for a choice

of two ranges of repetition
front panel switch. The swi
two dilferent capacitor-pote
allowing the experimenter to

*

As the MV pulsc length is in

rates, selected by the
tch actually selects between

ntiometer combinations,
easily change frequencies.

kkkd

creased, lower pulses will

occur per unit time. Tn terms of frequency, then,

incrcasing the size ol the e
'requasncy.

zk

decreases

xternal capacitor

khkk




337.

340,

For finer frequency control most MV units provide

a potentiometer, marked "t" in figure l1l6a. Notice
that separate "t's" are provided for the A and B
positions. By adjusting this potentiometer (usually
with a front panel knob or screwdriver adjustment)
the MV can be changed in small increments.

Rkhhk

{requency

Il the MV "enable" input were connected directly to
¢ground, its output would be .

dkddX

continuous

Figure 16b shows an MV-207 connected to an ID light.
A CX is connected to the MV input. The MV will
deliver a train of pulses to the ID whenever the CX
output is ___

ey

ON

The following chart gives the output ranges in
pulses per second (pps) or pulses per minute (ppm)
that can be obtained with various external capacitor

values:

Ext. Cap. (MF) Range
None 2000 - 40,000 pps
< OL7 125 - 3,000 pps
L7 12 - 300 pps
1.7 2 - 30 pps
b7. 6 - 300 ppm

150. 2 - 120 ppm




311. Roemove a blank layout sheet, label it MV, and show how
you would connect Figure 16b. Then:

(1) Connect the circuit, putting a 20 MF capacitor
in for the "A" capacitor, and a 150 MF capaci-
tor in for the "B" capacitor _ _

(2) Turn the front panel "t" for the "A" position
(upper "t") fully clockwise, and the "B"
position "t" fully counterclockwise.

(3) Put the front panel switch into the "A" position.

(1) Turn the power ON

(5) Depress and hold the micro switch. The ID light
should indicate that the MV is delivering approxi-
mately 10 pulses per minute.

312, Depress and hold the micro switch again, and then slowly
turn the "A" position "t" in a counterclockwise
dirc.tion. This the number of pulses per
minute delivered.

LRk RX

increases

343. Now turn the "A" position mt" fully counterclockwise, and
again hold the micro switch closed. Then flip the MV
front panel switch from "A" to "B". This
the number of pulses per minute delivered.

RdddR
decreases (reduces)

341}, Thus you can see that the larger the capacitor connected
to an MV unit, the the rate of pulses delivered.

kRERE

slower

345. Turn Power OFF and remove all connecting wires

346. Perlform Exercisc 6 in the back of the booklet.

gection 7.1 = Time Determination by Predetermined Count

7. The addition ol an MV to our basic binary counter allows

us to build a "time determination by predetermined count"
circuit, as shown in Figure 17. The input pulses to the
binary counter are from the , instead of an Input

Converter as before.

EU




3 "l () .

350.

351.

352.

Notice that the 0S used in Figure 17 has both normal
and inverted outputs. Most 0S units are equipped
with both, which allows use of the inverted output
without a separate IN unit.

Assume that the 0S has just finished firing, which
has triggered the RS unit and reset all FF's to the
state.

dkkkk

"O"

When the OS normal output is OFF, its inverted output
will be |

dkkkk

ON

Whenever the inverted output of the 0S is ON, the
"enable™ input of the MV will be . (Trace it
out on Figure 17.)

*kdkd

ON

The output ol the MV is connected to the T input of
FF-1. When the "enable" input of the MV is ON,

a series of positive going transitions will be
applied to the iy

*dRkdd

T of FF-1

On the second output pulse of the MV, FF-1 will go
to and FF-2 will go to s giving a count of
01000, or 2.

Resdedoshe ok
OIF, ON
AG-1 and AG-2 are connccted to [orm a 5-legged AND

Gate. The output of AG-2 will be ON aflter
pulses have been delivered from the MV.

ok ok
25
71
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354.

357.

358.

459,

As the output of AG-2 goes to ON, a positive-going
transition will be applied to

kkdrd

The 0S input

This will give a pulse at the normal output of the
0S for duration "t". The ID light will be during
this time interval.

dekdkk
ON
thorelre the ID will be ON for a duration of time
("t") uiker every M pulses.
fekdedk
25

During time "t" the inverted output of the 0S will
be .

o ———

dekdkk

OFF

The ID light will be during time "t".
Fekk kK

ON

when the inverted output of the 0S is OIF, the enable

input ol the MV will be , which results in no output
pulses trom the MWV

kkhkd

OFT




360.

362.

363.

364,

At the end of time "t" the inverted output of the 03

will be in a i transition state. This
will be applied to the RS unit, which will give a
wokk at its output.
hekkkk

positive-going
special reset signal

This special reset signal will reset all FF units to
the state, preparing them for the next series
ol' MV pulses.

Fokkkk

"0"

Assuming that the MV pulse frequency has been set for
1/second, this cycle will be repeated every
seconds.

® kR R

25

I the selectable output switch on FF-3 were changed
From "O" to "1", the cycle would be repeated every
sceconds.

———

Sk dedook
29
By increasing the size of the MV external capacitor,

the length of time for each cycle would be .
This is the same as its frequency.

ook ook

increased
decreasing




365.

366.

367.

368.

369.

1. Using a blank layout sheet, label it "Time Determi-
nation,"

2. Show how you would connect the circuit shown in
Figure 17.

3., Connect the circuit, using a 50 MF capacitor with
the MV unit's "A" position (set front switch to "AY
as well) and a 150 MF capacitor with the 0S unit.

j. Set the 0S8 "t" to full counterclockwise position.

5. Set the MV "t" to approximately mid-range.

6. Set the flip flops for a count of 10. This is done

by putting the switches on FF __ and FF __ into the

"1" position.

Turn the power ON and wait for the ID to come ON.

Adjust the "t" of the OS to obtain a relatively

short but easily seen flash on the ID. This will

occur after every ____ pulses from the MV.

9, Adjust the "t" of the MV unit so that the ID
unit flashes occur at 10 second intervals. If
Lnis is so, how many pulses per second is the MV
unit delivering?

(9 s B

hhdkkdk
d, U
10
one
Set dillerent combinations of FF switches and 0OS and
MV "t" settings until you are familiar with the
operation of this circuit.
Tfurn of f the power and remove all connecting wires.

Perf{orm Exercise 7 in the back of this booklet.

Section 7.15 - Ring Counter

A Ring Counter, constructed with 3 FF's and a CX, is
shown in Figure 18. To understand how it works, assume
that FF-1 is in the "1" state and FF-2 and FF-3 are
both in the "O" state.

The I'irst output pulse from the CX will be delivered to
the "1" input pins ol all 3 FF's simultaneously. The
eflect of this lirst output will be to put FF-1 into
the state.

kekkkk

" O"

74




370.

371.

372.

373.

FF-Z and FF-3 will not initially be affected by this
first pulse, as il .

fekekk K

they are already in the "0" state.

But, as FF-1 goes from 1 to O, a positive transition
will be present at its output pin.

fehh Rk

"O"

The positive transition at the "O0" output of FF-1
will be delivered to the set input of .

kkk kR

Fr-2

Remember that FF's change state very tast*. The
conditions ot TF-2's input pins, then, are positive
transitions at both the 1 and0 input pins. The O
pin gets its input from FF-1, and the 1 pin gets
its input from *kk

*They can switch back and forth at any speed up to
10,000 times per second!

fekkkd

the CX (Input Converter)

We are now dealing with something familiar. Applying

a positive transition to both input pins simultaneously
is exactly the same as "T" operation. If a positive
transition is applied to the "T" of a FF, the FF will
always Fkd .

Rk kod

change its stuate

75




375.

376.

377.

378.

379.

The effect of the first input pulse, then, is to put
FF-1 into the __ state and FF-2 into the __ state.

kkkkd

0o, 1
At the end of the first input pulse, then what states
are the FF's in?

FF-1 is in the state

FF-2 is in the state

FF-3 is in the state

*khhk

G, «, 0

A second input pulse is now delivered to the 3 set input
pins. FF-2 immediately changes to the state.

kekdkk

As FF-2 goes from "1" to "0", a positive transition
will be coupled to the input pin of FF-3.

dock ook
set
Again, simultaneous transitions will be present at
FF-3's and input pins. This changes
I'F-3 to the state.

kkkkd

set, reset, "1"




380.

381.

38<.

383.

381,

Therefore, at the end of the second input pulse, the
FF's will be in the following states:

Fr-1 is in the state
FF-2 is in the state
FF-3 is in the state

fekkkk

0, 0, 1

It should now be apparent why this circuit is called
a Ring Counter. At any given point in time only
FF is ON, and each FF is ON in sequence following

a train of input pulses.

deokeskeod ok
one
The wire connected from the "0O" output of FF-3 to

the set input of FF-1 insures that will come
on after the 3rd input, as FF-3 goes OFF.

% kkRhk

FF-1

If a third input pulse were delivered from the CX,
the following conditions would result:

FF-1 in the state
FF-2 in the state
FI'-3 in the state
Roodofe ek
"l", "()", "()"

Notice however that here we must insure that one,
and only one, FF in the "1" state. If all FF's were
(HT;£$ the beginning, the first input pulse would

L

do nothing

77




385.

387.

388.

3

89.

Figure 19 shows a 6 stage Ring Counter connected to
insure that FF-1 will always start in the "1" state
and that all other FF's will start in the "0" state.
Depressing the Reset (RS) button on the Input
Connector resets FF-2 thru FF-6 to the state,
irrespective of their current status.

khhkd

"0"

The RS signal is also connected to the input of an
additional reset unit, the output of which is con-
nected to the "Direct Set" of FF-1. This arrangement
insures that FF-1 will go to the state when the
RS is depressed.

ks

Alter the RS button has been pressed, then the FF
states will be:

Ft-1 in the state

FF-2 in the state

FF-3 in the ____ state

FF-4 in the state

FF-5 in the state

FF-6 in the state
ek ohe ok ohe

"] H, "011’ "0", HOH, "O"’ "O"

Arfter the first input pulse from the CX, FF-1 will be

in the state and FF-2 in the state, and
I'I''s 3-0 in the state.

deodeshedeoh
"0" R "l ", "O"

After the sccond input pulse, only FF-__ will be ON.

Rkdhk

78




390.

391.

392,

393.

394,

The line from the "O" output of FF-6 to the "O"
input of FF-1 is necessary to have FF-1 come ON when
FF-6 goes . If this line were not added, all
FF's would be after the 6th input pulse.

kekkkk

OFF, OFF

Now look at the line going to the reset input of

FF-6. Assume that only FF-5 is ON, and that an

input pulse is being received. This pulse would

immediately change FF-5 from the "1" state to the
state.

fkhkd

"\)"

As FF-5 goes from "1" to "O", a positive transition,
is coupled to the pin of FF-6. %\

fekhkd

set

This positive transition at the set input of FF-6
puts FF-6 into the state.

hehdhd

"lﬂ

We now have only FF-6 ON. If the line to the reset
input of FF-6 were removed, the next incoming pulse
would not change the state of FF-6. In other words,
if this line were removed, FF-6 would always stay

, irrespective of future inputs.

kkktR

ON

79




396,

397.

398.

399,

noo.

1. Remove a blank layout sheet and label it "Ring
Counter."

<. Show how you would connect the circuit in
Figurce 1Y.

3. Counnect the circuit.

4. Turn the power ON and reset the system.

Begi.. pressing the micro switch. How many input

events are required before FF-6 comes ON?

*kdhd

five

The 6th input pulse leaves which FF ON?
e LT

-1

Practice with the circuit until you are familiar
with its operation.

Turn power OFF and remove all connecting wires.

Section 7.16 - Decade Counter

The most efficient way of counting with flip Flops is
in the Base <, or Binary, system. Often, however, the
experimenter requires counting in the more familiar
decimal mode. We will now consider a way in which
Mlip flops can be used to count decimally.

Figure 20 shows o Decade Counter (DC)*. It delivers

an output alter 10 input pulses have been received.

I the monitor 08 and ID have been connected, the ID

will be ON lPor a period ol time ('t") following the
fnput pulsc,

*The DC is available as a self-contained unit, although
it ecom be constructed as shown in Figure <. See
DC-201 in Figure 30.

fkdhk

10th

80




401. To understand how it works, begin with all FF's in the
"O" state. The First input pulse from the CX will put
IFr-1 into the state. This gives a count of 1000,
or 1,

‘| dekedkok

"l"

. K

402. The second input pulse delivered to the "T" of FF-1
puts FF-1 back into the state. At the same
time a positive transition is applied to the "T" of

eqhkd
0, Fre
403. 1'F-2 now goes to the "1" state, giving a count of

0100, or 2. The next input pulse will bl
giving a total count of 1100, or 3.

\e

e LS ]

turn FF-1 ON

4ol. Consider that we have now received 8 input pulses.
Which FF's are ON now?

Keekkdk

' only FF-1U

N0s. I Fr-t is the only FF ON after 8 inputs, the ninth
pulse will simply turn ON.

‘ kkkkd

Fr-1

406. The next, or tenth, pulse will turn FF-1 and
Fr-2 .

Rk Rk

ore, ON

81




407. As FF-2 goes to ON, a positive going transition is coupled
from its "1" output to the input of FF-U.

kkkkd

reset

108. Remember that FF-U has been ON ever since the 8th input
pulse, and that this is the first time since we started
that we are turning it OFF. As FF-U goes to OFF, a
positive transition is coupled to the input of the RS
unit and to the "10 transfer" line. The output of the

RS unit is applied to all FF's, and it Fkk .

kkkrd

reset= all FF's to O

H09. The positive transition is also applied to the 0S, which
is connected to the ID. Therefore, after the input
pulse the ID will be ON for a period of time "t".

E Y

10th

410. The decade counter, then, gives a logic level output for
every input pulses.

L

10

111 Section 7.17 - 0.99 Predetermining Counter

"1l. Figurce 21 shows a 0 to 99 count predeterming counter
composced ol two Decade Counter (NC-201) units, two
Binavy to Decimal Decoder (BD-201) units, and ! AND
Gates.*  The DC units arce both the same as the DC unit
we just dealt with in Figure £0, consisting of [our
FFF units and an RS unit connccted internally. After 10
input pulscs, a logic level output will be proesent at
the output pin. (Sec Figure Z21)

*#Sec DC-201 and BD-201 in Figure 30.

KdkdR

 TEN ‘'RANSFLR




4l2.u4l1c.

n13.

"'lS L]

The BD unit provides a 0 to 9_decimal output on

the basis of a 1-1-2-2-4-U-8-8 binary input. If no
input pulses have been received by the DC, the 1, 2,
4, and __ input pins to the BD will be ON.

deokhekk

8

If all of the "not" pins, i.e., I, 2, %, and 8, are
ON, and none of the other pins are ON, i.e, 1, 2, W,
and 8, then the 0 output pin of the BD will also be

kddhdk

ON

Beginning, then, with 'he BD 1, 2, 4, and 8 pins
OFF, and all of the "not” pins ON, we receive our
first pulse into DC-1. This simply turns the 1

pin to OFF, and the 1 pin to ON. As might be
expected, the 0 output ol BD-1l then goes to OFF, and
the 1 output ol the BD goes to .

®dRedd

ON

Notice that the DC is simply a binary counter of four
FF stages, with the "1" and "O" pins of each FF brought
out as a separate output. The BD accepts these FF out-
puts as its inputs and, on this basis delivers a 0 to
9 decimal output. After 6 input pulses, for example,

the only DC output pins at ON* would be pins and

and the only BD output pin at ON would be pin .

*Tenore, |'rom here on, the "not" pins. As they are
simple complements of the 1-2-U4-8 pins, we do not have
to specily their state for any count determination.
wWhenever one ol the 1-2-1-8 pins is ON, its comple-
mentary "not" pin will be OFF, and vice versa.

Rkkkk

2, Ny, 0
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16.

Hl17.

n18.

419.

120,

When the 10th input is received by the DC-1 unit, it
will reset automatically to O, and send a pulse on
the "divide by 10 transfer™ line to the input of DC-2.
This will turn the 10 output pin of DC-2 to ON, and
likewise the 10 output pin of BD-2 to

% deokedok
ON
After 30 input pulses to DC-1, the and output
pins of DC-2 will be ON, and the output pin of
BD-¢ will also be ON.

Sk keodok
10, 20, 30
After U6 input pulses to NC-1, the output pin
of DC-2 will be ON, the __output pin of BD-2 will
be ON, and the and output pins of DC-1
will Dbe ON.

deokkokk

4o, uo, 2, !

The predetermining count function of this circuit

is determined by the connections at the output of

the BD unit. The output of AG-1 will be ON if
input pulscs have been recceived.

dek kR
25
Likewise, il" 9l input pulses have been received,
the output ol AG-___ will be ON.
ook hookeok

AG-U




Section 7.18 - Comparator

421. We now turn to the Comparator function. The Comparator
is a logic network which receives inputs from 2 sources
and delivers an output only when both inputs are in
identical states. In Figure 22a, output C will be ON
only if inputs A and B are either both or both

*
———

fkkrk

ON, OFF

422. In Figure 22a, if input A is ON and input B is OFF,
then output C will be .

dkkrd

OFT

23. Considering Figure 2Z: in more detail: If input A
is ON, the top input to 0G-1 will be and the
top input to 0G-2 (the output of IN-2) will be

——

Foskeodeoke ok
ON, OFF
y2ti, Therefore, if A is ON, 0G-1's output will be ____,
and the top input to AG-1 will be ___ .
Kok
ON, ON

125. To allow AG-1's output to be ON requires that the
other, lower, AG-1 input must also be ON. This can
happen only il the output of 0G-2 is .

e S 0

ON

426. We already know that the top input to O0G-c is OFT
because A is ON, as the top input to 0G-2 is simply
an inversion of A through IN-2. Therefore, the
output of 0G-2 will be ON only if input B is .

LT

ON




H27. Reversing the procedure, we can show that it is not
possible to get an output at C if A is OFF and B is
ON. Solve this problem by writing in "ON" or "OFF"
for the following points, given that A is OFF and B
is ON:
IN-1 input
IN-1 output
0G-1 output

Fedededotk
ON, OFF, OFF
428. This is cnough to show that C cannot be ON if A is

OFF and B is ON, as 0G-1 must be as a prere-
quisite to an output from AG-1.

fekekRk

ON

429. The comparators in Figures 22a, 22b, and 22d are all
very similar, and illustrate different ways to
accomplish the same logic function. The comparator
| in 22c is somewhat different, however. In 22c¢, if
1 . A is ON and B is OFF:

(a) 0G-1 output will be .
(b) 0G-2 output will be .
(¢) Therefore C will be .

Sekfekkk

N30, ‘The comparator in Figure 2¢c, then demands that the
two inputs A and B be before an output
can be generated at C.

fkdked

[

[
1 [ N, ON, ON
e

|

different
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132,

'I35.

Section 7.19 - Comparator Control

Figure 23 shows a Comparator Control circuit, which
delivers an output if and only if identical conditions
exist in two binary counters.

In Figure 23, the top three FF units form a
"Control Binary Counter," which serves as a "model" foir
the lower, or "Count Binary Counter" FF's. If the
Control BC is preset for 6, then an output will be

delivered il input events are received by the
Count BC.

Rk kokk
6

The top three FF's are connected in a 3-bit binary

cow ter (Control BC) with one modification: FF-1 is
connected to reset to the "1" state instead of the "O"
state. I{ the "Contro " BC has just been reset, the
first incoming pulse will change FF-1 to ____ and

FF-2 to , giving a count of 010.

L L

() , -]0

The second input pulse from the CX will change FF-1
to "1", giving a total count of .

kkkkk

110 (3)

I we started with the three FF's in 1-0-0 states,
we would have a 1-1-1 condition after input
pulses from the CX.

Rk ek

§)

So six input pulses will put FF's 1, 2, and 3 all in
the "1" state. 1In terms of AG's 1, 3, and 5, the top
inputs to these AND Gates will all be .

(Trace it out on Figure 23)

Skhdd

OFF
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l' 436. At the same time the top inputs of AND Gates 2, U,
and 6 will all be .
I Sk Kok
|
ON
f u! 137. Now look at FF's U through 6: On the first positive

transition from the MV, FF-4 will go from "0" to _
(Assume FF-U, FF=5, and FF-6 begin in the "0" state)

g
g

PN .= SR

dedekdok

s II 1

f Ii 138. When FF-U is in the "1" state, the bottom input of
; AG-1 will be , and the bottom input of AG-2 will
1 be . (Trace it out.)

| -

OFF, ON

439. This means that the two inputs to AG-1 will be
both OFF, and the two inputs to AG-2 will be both
ON. Therefore the output of 0G-1 will be .

|
IR
| [
|

|

ON

440. We have seen that if FF-1 thru FF-3 are ON, and
i’ FF-I is ON, then the output of Comparator One
will also be . In the same way the output of

Comparator Two will be ON when FF-5 matches with
Fr-z L]

L

ON

44l, The output of FF-3 is compared to the output of
I'r-6 in Comparator Three. An output will be

| present [rom Comparator Three when FF-3 and

L arc in identical states.

L g

-0




Therefore, if the Control BC is preset for 6, there will
be outputs from all three comparators after input
pulses have been received by the Count BC.

Rhfedd

Thereflore, an output, as indicated by the ID, will be
generated from the entire circuit only when the two

BC's have received an equal number of input events, with
the BC serving as the "model" for the BC.

kokkkd

control, count

nult,  Note also that the enable input of the MV is connected to
the inverted output of th¢ 0S. Therefore the MV will be
whenever the 0S is ON, i.e., during the time that an
output is being delivered.

OrF

The diode (D-1) connected to the output of RS-2 should
be explained. A diode is specially constructed so that
current can flow in only one-direction, i.e, with the
arrow in the symbol.

In Figure 23, the diode gllows us to reset all 6 FI's
with the Input Converter reset output. It allows us to
resct only the lower 3 FF's automatically after an output
is delivered l'vom 08-1, meanwhile leaving the top 3 FF's in
their preset condition. 1In Figure 23 the reset current can
low "downward" From the CX to the Count BC, but cannot
Tow "upward" I'rom RS-2 to the Control BC.

Scetion 7.20 - Comparator and Exclusive OR Gate

446, Providing an output only when two input events are the samc
is the function of the .

Comparator




447. We will deal next with the Comparator and its complement,
the Exclusive OR-Gate.

As noted earlier, the Comparator delivers an output only
if its inputs are identical. In Figure 2Ha, an output
will be delivered from the OG only if FF-1 and FF-2 are
both or if they are both .

*hkdk

ON, OFF

48, The Exclusive OR Gate, on the other hand, delivers an
output only il the two inputs are in different states.
In Figure Zu4b, there will be an output from the AG
only il FF-1 or FF-2 is ON. If both FF's are in the
SAME state, the output of the AG will be .

dhkhk

OrFr

449, The Comparator function can be represented symbolically
as: C= (A.B) + (A . B)

That is, an output will be present if A and B are both
ON, or if A and B are both OFF. (In this notation system
the . refers to "and" and the plus sign to OR.)

IF we have either (A.B) or (A.B) the output of the
comparator will be .

e L

orr

50, The Exclusive OR function can be symbolized as:
C = (A.B) + (A.B)
''hat is, an output will be generated only il condi-

L tions A and B are different, and no output will be
present if A and B are the same. Il we have either
or the output of the Exclusive OR
| will be OFF. (Use symbols as above in answer to
L this frame.)
& KA RR
L o
(AB), (A1)




451,

Ll52.

h53.

L5,

55,

It can now be seen that inverting the Comparator output
gives an Exclusive OR function, and inverting the Exclu-
sive OR output gives the Comparator function.
In the case ol the inverted Comparator output, the output
ol IN-1 will be ON if FF-1 and FF-2 are Ak .
Rk dook
in different states
By the same reasoning, the inverted output of the
Exclusive OR will be ON when FF-1 and FF-2 are *** |
Reokeddook
in the same state
To review: Providing an output only when two inputs are
dilferent is the [unction of the bl , while
providing an output when two inputs are the same is the
function of the .
ko dook
Exclusive OR-Gate
Comparator
Section 7.2] - Random Generation
We now turn to the random generation ol events using
logic apparntus. TMigure <Z5a shows an electronic
"eoin," which wvandomly choosces between two events, i.e.,
"hends" and "tails."
In Figure <5a, when the CX is operated, the MV will be
gk deok
ON
Lach time the MV delivers a pulse, the TTU will -

Rekdedo

chinge states

921
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456.

457.

158,

459.

when the CX is no longer operated, the MV will stop
delivering pulses and the FF will stop changing states.
The T will end up in either the or the state.

dekkkd

1" l 1" 1" ()"
- s

Now, adjust the MV to a very fast frequency, i.e.,
o KC (40,000 pulses per second). Can you predict
which state the FF will end up in, if the CX is
operated for variable periods of time? .

&k kekdek

No. At least you shouldn't be able to!

Il you answered "no" to the preceding frame, you
arc entirely correct. In fact, the operate time of
the CX would have to be precise to 1/10,000 of a
sccond for the FF to syvstematically change states.
This is, then generation.

kkdkk

random

Figure 25b contains a highly similar circuit in the
construction of an electronic "die," having random
probabilities of 6 events (sides of die). Fdigure 25b
consists of a G-stage ring counter connected in "looped”
Fashion. Remember that in a ring counter only ___ FF

is on at any given time, and that each FF comes on in
sequence.

(NOTL: Don't let the abbreviated diagram of’ the ring
counter throw you. This is just a short-hand
diagram of the complete counter.)

dekeokdk

onc

Y2
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u60. Again, if the MV is set for an extremely fast frequency,
and if the CX operate time is not extremely accurate,
the single FF that is ON when the CX goes to OFF will
be determined ran .

— guan Gt s ot

®kiR

randomly

46l. Figure 25c shows a random probability gate. Depressing
the RS button on the CX will start the two lower One
Shot units (0S-Y and 0S-3). These two 0S units function
as a single MV unit, and deliver a train of
as their output.

L

pulscs

462. Notice that when 0S-3 is ON, 0S-4 is OFF, and when 0S-3
is OrF, 0S-4 is __ .

e

ON

163, Notice too that the ON duration times of the two 0S
units are independently variable. This allows us to
determine the ON and OFF portions of the pulse train
independently. Two examplesof possible pulse trains are:

ol

Os- 4
OTPUT
OFF

E———————— A —

on

OS-4
ouTeuY

OFF

In other words, we can have unequal ON and OFF times at
the output of .

e

05-1

93




The output of 0S-U is one of the inputs to the AG
unit. The other input is from the CX unit normal
output. Operating the CX delivers a brief, and
adjustable by means of 0S-1, pulse to the AG. The
probability of this pulse producing an output is
equal to the proportion of time that the second
AG leg is ON. Therefore, the probability of an
output is determined by the proportion of time that
is ON.

Rk dkk
0S-4
As the proportion of time that 0S-U4 is ON is

increased, the probability of an output occurring
when the CX is operated .

Reokk ok
increases
IF the duration of the output pulse of 0S-U is

shortened, then the probability of an output when
the CX is operated is .

FTkdkdk
decreased.
Increasing the time that 0S-3 is ON is the same as

the probability that an output will be
produced by depressing the CX operate button.

khRdk

”

decreasing,

oy
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PART VIII. PROGRAMMING STRATAGEMS

l"68 L]

469.

u7o0.

u7.1.

This section will deal with the instrumentation of
six stratagems:

l. Fixed ratio

2. Fixed interval

3. Differential reinforcement for low rates

.  Sidman avoidance

5. Escape

6. Escape avoidance

Scecetion 8.1 - Fixed Ratio

The T'ixed Ratio schedule of reinforcement has as
its lunction the delivery of reinforcement on the
basis of a lfixed (but selcctable) number of input

events (responses). Delivering a reinforcement aflter
every 10 responses would be a function of a
schedule.
ok ook

fixed ratio

I'igure 26 shows a fixed ratio circuit. Little need
be said about it as it is, simply enough, a binary
counter using lTour flip llops. With this circuit
it would be possible to have schedules ranging from
a l:1 to a : 1.

ddeddr

15

The unit marked "RY-1" in Figure 26 necds explanation,
however. The RELAY (RY) is an output converter that
accepts a logic level signal as an input, and has a
contact closure as its .

fkhhk

output
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Lu7e.

l'73 L

7Y,

Whenever a logic ON is applied at the relay's input,
the moveable contact moves from the upper contact
(point "a" below) to the lower contact (point "b"
below). This gives a short circuit between output
pins d and __.

[
~eoa—>LJd
e

Fhkkk

The relay, then, is much like a switch, the difference
being that it opcns and closes on the basis of electrical
rather than manual inputs. Whenever a logic ON is
applicd at the input, the "normally open" circuit will

be .

e

closed

The relay can be used to convert logic level signals into
electrical signals appropriate for driving other external
devices, e.g., dispensers. The following diagram illus-
trates how this can be accomplished:

Z8 vVoLv
s '
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u7s.

u7e6.

W77.

I’l78 .

u79.

L8,

Whenever a logic ON is applied to the RY input,
a switch closure will result between pins and

*kkdkd

d, e

The positive side of the external power supply is
connected to Pin e of the relay. Whenever the relay
is operated, the positive 28 volts will be applied
to the ____ side of the dispenser as well.

kkkkk

positive

Locate the RY-204 and RY-205 units in Figure 30.

As you can see, the RY-205 units have both normally-
open and normally-closed contacts, whilc the RY-<Z0U
has only normally contacts.

kkkdk

open

You can also see that there are two separate relays
mounted on each of the RY-204 and RY-205 packages.

dedekkk
The only other dilference between the RY-<04 and
RY-205 is that of current rating. The RY-20U is
capable of passing only low currents through its
contacts, while the RY-205 has a higher

rating.

current

In Figure 26, then a given number ol responses will
light the ID-1 indicator, and will operatc the

Fekk Ak

relay

97




18l. ‘The relay will remain operated for a period determined by
the unit.

dekfedok

0s-1

482. The function of connecting the 0S-1 output into the actual
dispensing of reinforcement is performed by the unit.

dekkdok
relay (RY-1)

y82a. Perform Exercise 8 in the back of this booklet.
Scction 8.2 - Fixed Interval

N83. We will now turn to the Fixed Interval schedule, as shown
in Figure 27. The Fixed Interval Schedule is one in
which the lst response aller a predetermined period of
time will decliver a .

Skkkk

reinforcement

4gy. Delivering a reinforcement after the 1st response follow-
ing set 10 second intervals is a function ol the

schedule.
Rk
ixed interval
n85. 'The Collowing lrames reler to Figure 27:

A response is converted by the Input Converter into a
logic level signal. Responses are then connected to the
top input ol

gk Rk

AG-¢

486. For AG-2 to give an output, the output of must
{'irst be ON.

&eohhokok

AG-1

98
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u8s.

8",

490.

nal.

92,

AG-1 will be ON only when the binary counter has

completed its count. In Figure 27, assuming that
MV-1 is set lor 1 PPS, this will occur after __

seconds. (Assume all FF's start in "O" state)

®kR kR

27

At the end of 27 seconds, then, AG-1 will be ON.
This ON signal is inverted by IN-1 and coupled to
MvV-1, which turns MV-1 .

dk ok
OFT
with AG-1 ON and MV-1 OFF, assume that a response

is made. This turns AG-2 ON at it's output, which
in turn, triggers into operation.

L3 A 0

0S-¢

0S-¢'s function is to deliver reinfrocement through

Reskek kol
RY-1
The delivery ol reinlorcement is signaled by the
lighting ol .

Fokodeok ok
ID-1

The output ol AG-2 is inverted by IN-Z, and operates
RS-2, RS-2, then kol .

ke kk

rescots all I'lip tlops to "O"
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4oy,

H95.

1H96.

na97.

498.

n99.

500.

when the counter resets to "0," the output of AG-1 goes
to .

dekdkek

OFF

When AG-1 is OFF, MV-1 goes to .

Fkkdk

ON

Make Certain that you understand the operation of the
Fixed Interval Circuit before proceeding to the
next frame.

Section 8.3 - Differential Reinforcement for Low Rates

The oddition of the circuitry drawn in heavy lines
easily turns the FI schedule into a DRL schedule or
"pifferential Reinforcement for Low Rates of Responding."

''he contingency in DRL is, again, time -- but here
responses made prior to the passage of some preset mini-
mum time will reset the accumulated time to zero.

That is, in DRL, the reinforced response must be made
after a minimum period of time in which __ responses
were made.

wdhdkdk
No
[n Figure 27, il" AG-1 is OFY, the lower input to AG-3
will be __.

Rkkdk
ON

when AG-1 is OFIl', then, a response will, through the
Input Converter, trigger the unit.

Rkl

RS-1

100




501,

502.

503.

505.

506 °

507.

508.

509,

RS-1, as you can see, resets the counter to .

dokkkk
7ero
Thus, the addition of the solid lines makes this a
DRL circuit - any response occurring before the

binary counter has completed its count will reset
the counter -

Maximum reinforcement, then, is obtained by
rates of responding.

Kok kR

Jow (slow)

Using a blank layout sheet, show how you would inter-
connect the FI circuit. Hook it up, turn the power
ON, and test it for proper operation. (Don't

forget the timing capacitors in MV and OS units)

Do not remove your interconnecting wires

Add the DRL portion of the circuit, and test it for
proper operation.

Remove all interconnecting wires

Section 8.4 - Sidman Avoidance

Figure <8 shows a Sidman Avoidance Circuit. Its
definition is that negative reinforcement, e.g.,
shock will be applied if a given behavior does not
occur during a specified period of time.

101
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) 510. For example, if Johnny's father tells him to "mow
m the lawn by 5 p.m. or be grounded for a week," he
has set up a schedule.

fekkkk

Sidman Avoidance

.
' i: 511. Looking at Figure 28, negative reinforcement will
} ‘ )
1 be delivered by RY-1, which is, in turn, operated
it I by the unit.
IR
bt Sedook Kok
1 || 0S-2
\ 512. 0S-2 can be triggered by either input to the
unit.
'1 Ftdkk
0G-1
- 513. The two inputs to 0G-1 are from AG-1 and AG-<.
, Thus, negative rcinforcement will be delivered
l whenever all inputs to either of these AND Gates
‘ QI‘C‘ .
;; fkdhd
L
ON
b 51", AG-., the S-S AND Gutec, will be ON after each
second interval (assuming MV-1 is set for 1 pps
and the counter is never reset).
ook ke ook
§ is
} 515. 7The SS interval, then, is the interval betwceen
; L negative reinlforcements, given that the counter
! is noever .
: ! Rekkkk
| , reset
102 j
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5160,

517.

Sls L]

519,

520,

Notice, too, that the S-S AND Gate will not fire
unless FF-5, the CONTROL Flip Flop is in the
state.

ki k

"O"

The responses are connected via the 0S-1 unit to
the input pin of the CONTROL Flip TI'lop.

Redeodeskod

soet

Responses arce also connected, via 0G-2 and IN-2
to the RS-1 unit. The RS-1, in turn, el .

LR

resets the counter to zero

Thus, by responding, the subject can put FF-5 to "1"
and reset the counter, and by so doing can avoid
all negative reinforcements [rom the AND Cate.

dekriok ok

S-5

A second time, the R-S interval, is included in the
circuit. This is the time between the last
responsc and the [irst reinforcement, alter which
the reinforcement will be delivered at the
interval.

fekde ok

S-5

In Figure 28, il the CONTROL Flip Tlop is in the
"1" state, o reinlorcement will be delivered
seconds al'ter the last responsce.

Kk kokd

t
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522.

52U,

525.

526.

547,

|

!

t

13

R

{

)
B

If this has happened, e.g., a reinforcement was delivered
alter 5 seconds of non-response time, the output of

0G-1 would, through IN-1, put the CONTROL Flip Flop

into the state.

skkkkk

"O"

The next reinforcement, then, will be delivered after
15 additional seconds, provided that kkk

fekkdk

no responses are made

Notice that there are 3 ways that the counter can

be resct. These are i ,
i | . and e T T3 )
dededeokek

delivery of reintorcement
occurrence of a response
depressing reset on Input Converter

The diode, D-1, prevents two of these resct commands

{rom resetting the CONTROL Flip Flop. These are
Rodok and wekk .

& deoke koo

delivery ol reinforcement
occurrence ol a response

rinally, note that MV-1 is OFF during the ON time ol

ek ko

0s5-2

s insures that the R-8 and $-8 times ocour ot
Ehe termination ol the reinlorcement, vather thun ut
Its .

RekAhR

onsel  (staret)

lou
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528. Be sure that you are Tamiliar with this circuit
belore continuing.

529. Using a blank layout sheet show how you would connect
the Sidman Avoidance Circuit. Connect it and test
it for proper operation.

530. Remove all interconnecting wires.

Section 8.5 - Escape

i 531. The next circuit we will consider is the Escape strata-
| cem. FEscape is defined as the termination of negative
reinlorcement, which was started after a predetermined
period ol time, on the basis of a response.

| 532. In the Escape paradigm, the subject (can/cannot)
get by with no negatiic reinforcement.

kekkdk

cannot

533. 1In other words, negative reinforcement is always
delivered alter a set period of time, and it can be
terminated only by a .

KhddR

response

; 534. Figure 29 shows the interconnections for the Escape
[ circuit. In Figure 29, ID-1 signals the presenta-
| tion of "unlimited reinforcement,” i.e., it will

1 o .
: be ON until a is made.
Fhhkk
!
i response
]
;I
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535.

536.

537.

538.

539.

540,

The portion of the circuit enclosed by dotted lines
can be added to limit the ON times of the reinforcement.
Il this is used, the length of the reinforcement will

be determined by the unit.
dedehk
0S-1

Reinforcement will be delivered whenever is
in the "1" state. :

ook keok ok

FF-6

I'F-6 is turned ON by the output of AG-1. AG-1 will
be ON, il MV-1 is set for 1 pps, after seconds.

EE

When AG-1 is ON, MV-1 will be OFF through the
unit.

kkkk®

IN-1

Assuming that the counter has counted 25 seconds,
putting FF-6 into the "1" state, and stopping MV-1,

ID-1 will be ON until Ak , which
returns FF-0 to the state.
Fhfhk

the next responsc
170"

The output of the ‘aput convérter is also connected
to the reset input of 0S-1. As might be expected,
an ON signal at this point will b

dkhRk

turn the output ol 0S-1 to OIT.
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S542.

543,

545,

5U6.

Thus, if the limited reinforcement option is used,
reinforcement can be terminated by either * &k

or & kk

ddkkd

the occurrence of a response
0S-1 reaching the end of its time

The counter is reset by either RS-1 or RS-2. RS-1
is triggered when FF-6 goes to the "O" state, which
occurs on any response after has been
initiated.

dkkdk

reinlorcement

Use a blank layout sheet and show how you would connect
the circuit. Hook it up and test it.

Do not remove your interconnecting wires.

Section 8.6 - Lscape Avoidance

The addition of RS-3 in Figure 29 makes this into an
Escape-Avoidance circuit. That is, the subject can

negative reinforcement by making a response
during the inter-reinforcement periods.

ddlkd

avoid

As you can see, RS-3 simply resets the binary counter
on response,

cvery

As veinforcement will not be delivered until the
counter has reached the end of its count, the subject
can, by responding, all reinforcement. '

dkkdk

avoid




548, Add RS-3 to your circuit, and test it for Escape-
Avoidance Operation.

519. Remove all interconnecting wires.




PART IX. OTHER LOGIC UNITS

550, This section deals with various logic units not
previously discussed in preceeding [rames. We will
take each in turn, point out functions, inputs,
and outputs. Turn to Figure 30, which shows unit
interconnections. ..uditional information concerning
these units can be obtained by reference to the BRS
Catalog.

Scction 9.1 - Reset Units (RS)

551. Reset units have already been discussed, bhut a few
points should be made concerning differences in
the various types of RS units. The RS-201 (Figure
30) has two inputs [or each of the four separate
RS scections. The lower inputs (pins C, H, K, and
P) are l'or use with high-frequency circuits
(LOKC-40KC), and can rceset up to 5 flip flops per

output.

The lower inputs are for ___ frequency applications.
dokeokth

high

552. The upper inputs (pins B, F, L, and R) are for
I'requencies up to 10KC, and can reset up to 20
f1ip flops. By comparison, then, the upper
inputs are for use with (higher/lower)
I'requencies, and can reset (more/fewer)
1ip Mlops.

RkddR

lower
more

553, The RS-202 unit has two Reset Circuits. You must
connect pins D and N to ground for proper operation.
The inputs are at pins __ and __.

dkkdok




554,

555.

556.

557.

pins F and H and L and K allow the use of the diodes
alone. Earlier in this program, if you remember,

we had reason to use diodes to allow reset pulses to
operate in one direction only. The RS-202 diodes
can be used for these purposes.

kkkk

The RS-203 unit can reset up to 20 flip flops, on
either logic signal command or by depressing a "Reset"
button on the front of the unit. Closing the push-
button or a ground level on pin F will result in a
reset signal at pin ___.

fekkkk

The RS-.03 also contains an auxiliary pushbutton.
Pushbuttons will be discussed later in this section,
so no explanation is given here.

The RS-204,is just like the RS-202, except that it
has , rather than 2, separate reset circuits.

kkkkX

558. Scction 9.2 - One Shot Units (0S)

558.

55() L )

The One Shot has also been discussed previously. Here
it should be pointed out, however, that there are

two types of 0S units. The 0S-202 (current versions
of this unit are labeled 0S-204) provides for both

coarsc and time adjustments.
Sk dedok
Fine
The 08-203, on the other hand, allows only time
adjustment, by way ol cexternal capacitors (Sce Figure 30).
dekeokeked

coarse




560. Note also that the 05-202 is a single unit, while

the 0S-203 has ___ separate circuits in the same
package.

Fdkkk
2

Section 9.3 - AC Switch (AS)

561. The AS-201 is a solid state AC switch that can be
used to operate external AC equipment, such as
tape recordurs, carousel projectors, and so 1’orth,

562, Applying a logic ON at pin __results in a 115 volt
AC output at the AC output socket {not shown in
Figure 30).

khkdd

563. Note also that the AS-201 takes up two card [ile
spaces.

Section 9.4 - Binary Counter (BC)

560 . ‘the BC-201 is highly similar to the DC-201, which we
have deult with earlicr. The BC, however, does not
automatically reset and deliver an output alter

‘“ ___ input pulses, as does the DC.

Fh g

10

565. A reset signal applied to pin N will reset the
BC to .

Fdokkok

Section 9.5 - Conmparator (CP)

o 50L. ‘The CpP-20¢ is a comparator circuit wmuch like we dealt
' with caplier, mounted on a single card. As you
can sec, it is composed of ¢ AND Gates and one

amtm—

dkkkd

i OR Gate 7
111 ﬁ




567. The comparator function is to compare two inputs and
deliver an output when they are d

hkkkk

both the same, or identical

568. Section 9.6 - Decimal Counters (CT)

568. The CT-202 is a decimal counter, which counts one digit
for every logic input pulse. As you can see, there are
two separate counters mounted on the same card.

hkkkk

569. The upper counter is activated by input pulses at
either pin C or D. The lower counter's input is at

pin

hekkkk

P

570. Note also that the CT-20Z requires an external 28 VDC
to operate, the pusitive side of which is connected

to pin __, or .

—

e

i, J, K

Section 9.7 - Flip Flop (FF)

571. There are several different {lip flop units, as shown
in Figure 30. To begin with, the FF-207, FF-208, and
all contain two separate FF circuits on the

same card.

sededodeod

I'r-209

57.. ‘The PE-208 and 1I'U-209 units arce identical, cxcept that
the I'I'-209 has a "1" state indicator, while the
does not.




573, Some FF units have "1" indicator lights, while some
do not. Those with indicator lights are FF-209, FF-206,

and .

Rkkdk

FF-20U

571y, Another dif'l'erence in [lip [lops is the presence or
absence of a selectable output pin. The only units
with selectable outputs are the and
units.

dkkkR

FF-206, FF-210

Section 9.8 - Amplifier (HA)

575. The HA units are amplifticers which allow the researcher
to "boost" a logic signal to a level wherc it can
drive many more units than could otherwise be
driven. It will be discussed more fully in Part X
ol this program,

Section 9.9 - Lamp Driver (LD)

576, The LD, or Lamp Driver, units are constructed to
drive external 12 VDC or 28 VDC lamps. The external
lamp will be ON when a logic ON is applied to the
input pins of the LD unit.

577. The LD-201 and LD-202 are for 12 VDC lamps, while
the LD-203 is for use with lamps.

dedokkk

d8 vbe

seetion 9.10 - Pushbutton (PB)

578. The PB-201 consists ol two normally open pushbutton
switches, mounted on a single card. Depressing
the top PB results in & switch closure (short circuit
between pins _ and __ .

DR
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Section 9.11 - Relay Driver (RD)

579. RD units are specially constructed solid state switches
which are used to operate external 28 VDC relays,
solFrnoids, etc.

580. The RD unit requires care in its interconnections - hence
the "consult catalog" note on Figure 30. You can see,
however, that a logic ON at pin C of the RD-202 will
result in an output at pin __.

kkdkhd

581. One of the advantages to the RD unit is that it has no
moviiveintacts, as does the RY unit. That is, it is a
state switch.
dekedodkeok

solid

Scetion Y.12 - Divide by Ten Counter (SD)

582. The Divide by Ten Counter, or SD-201, could better be

termed a Divide by X Counter, with X a variable from
one to ten.

ek edeod

583. The SD-201 delivers an output for X number of inputs,
with X selectable from one to ten by means of a front-
panel,ten-position switch. If the switch were set to

5, an output would be delivered on the input
event,

ook ofeok
Fil'th

Sceetion 9,13 - Up-bown Counter (D)

584, The UD is a uselul device in applications rcequiring a
bi-directional binary counter. That is, the UD unit
can both add and .
hedskdod

subtract
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585. The following diagram shows two UD units connected in
an add-subtract binary counter.

' nl

oo | canay |
uD-1 UD-2. |Swea
-

pasev | ]

Note that there are two input lines here - one for adding
and onc for subtracting. Assume that both UD's are in
the "O" state, i.c., their "not" pins are ON. The

first input pulse on the "add" input will change UD-1
I'rom "not one" to

dehRkR

"one"

586. The sccond input will change UD-2 from "not two" to
"two," and UD-1 from "one" to " one."

dhddk

"not one"

587. After the third "add" input, both Ubh's will be in
the state,

he ke ofooke ok

"1, or on
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588

589,

590.

501.

. As you can see, the add function here is the saine as
in any binary counter. An input to the "subtract”
pin, however, will one from the total count.

kekkkk

subtract

Thus, if we siarted with both UD's in the "1" state,

one "subtract" input would leave them in which
staute?

UD-1
Ub-<
Fook ek

]
"O" s "l" !

Section 9.1li - Switch (SW)

There are two basic kinds of switches, both of which
are shown in Figure 30. The SW-201 is a slide switch,
just as is used on the FF-200 units. When the button
is pushed up, a switch closure is obtained between

pins D or E uand . ‘
doddedhodosk

Figure 30A contains diagrams ol six recent additions
to the BRS line. We will now consider each in turn.

Section 9.15 - Pulse OR Gate (0G-206)

592.

593.

The 0G-206, the Pulse OR Gate, provides [or either
pulsc or indel'inite ON outputs. An input at the pins
marked with u dot in Figure 30A result in pulse outputs.

Phis, any Jogic ON at pin € ol the 06-200 will result

in a short at pin [' or I, irrcspective ol
the condition at pins D or L.

Rk

pulse output
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59”0

595,

5(.)7 .

598.

599,

Pins D and E function in normal OR Gate fashion,
i.e., a logic ON at either will produce an output
ON at pin .

FookFokek

F or H

The lower OR Gate is the same as the upper, except
that it has an additional pulse input pin.

Section Y9.16 - Selectable AND Gate (AG-208)

The AG-208 is a normal AND Gate, except that each input

is selectable between two independent pins. Thus
the top input can be obtained from either pin or

fRddd

C, D

The AG-208 also provides an inverted output at pin

fhk Rt

Section 9.17 - CX with One Shot Output (CX-207)

The CX-207 is an Input Converter highly similar to
the familiar CX-205, The major difference is the
addition of a One Shot output, available at pin

kRh Rk

Depressing the pushbutton, or a short across the
"Input N.0." pair results in a One Shot output pulsc

at pin E, and an indefinite, or normal, output at
pin or .

e




600. Notice that the One Shot duration time is only coarsely
adjustable with an external capacitor between pins

—_—
i } and R .
N 1 - - =
A TP
s o J, K: L, M
;
é ? Section 9.18 - Sonalert (SA)
) % L I 4
. 601. The SA-201 Sonalert is an Audio-Visual Indicator unit. It
b delivers a visual lamp ON whenever a logic ON is applied
e to input pin ___.
i - kkkkk
%
% E, F
i; 602. It also delivers a 2.5 KC tone from the front speaker
e whenever pin L or M is .
| T
I ON
. 603. The front panel "Enable" switch is used to disable the
- tone circuit when its function is not required.
Fekdokk
{ Section 9.19 - Exclusive OR Gate (0G-207)
i
| 604. The 0G-207 is an Exclusive OR-Gate. That is, it delivers
E : an output when one and only one of the is ON.
§ i
| - kkkkk
| s .
| ! inputs
N
E 605, LI pin D is ON and pin C is OF'F, pins 1" and 11 will
. b .
{
. dekkkok
P
' !
! — ON
L; 606. Il pin D is ON and pin C is ON, pins F and H will be .
dekdedR




Section 9.20 - Switch (SW-£03)

007. The SW-203 is a two-pole, five-position rotary switch.
The common contact on the upper pole is connected to
pin .

fokkkR

H

608. Both Common Contacts "sweep" around the rotary :
contacts simultaneously. If the switch were set for ;
"3," short circuits would be obtainable between pins ]
H and __, and between pins P and __. ‘

J dokdedek [

b, 1

60Y9. Perlorm Lxercise 9 in the back of the book. ﬁ




PART X. DESIGN AND THE SOLUTION OF DESIGN PROBLLMS

The final part of this program deals with several aspects
of logic circuitry that are important to the researcher inter-
ested in designing and constructing his own logic circuits.
The programmed format will be foregone here, as the material

is more amcnable to prosc explanation.

Section 10.1 - Loading

Loading rcfcrs, as you might expeet, to the attachment of
units or devices that draw clectrical power to a voltage source.
The "load" of an electric circuit refers, then, to the amount
of power that all of the attached units or devices must have
in order to function properly.

In the case of logic units, the load of any unit consists
in the totul muber of other units connccted to its output.
Thus, the load of the Flip Flop "1" output below consists of

five AND Gate inputs:

D
L

w 4D
| .




The BRS line of units uses the term "standard load" to

refer to the amount of power required to drive any logic

unit. All BRS units, that is, place one standard load upon

the output of the unit to which they are connected.

Thus,

in the drawing above, five standard loads are connected to

the Flip Flop's "1" output.

Most of the logic units manufactured by BRS are capa-

ble of driving from four to five standard loads.®* As the

Flip Flop can dvive only five standard loads, adding an

additional AND Cate -- or any othcr unit for that matter --

to the "1" output in the drawing above would overload the

circwit. In this casc there would be a good chonce of

either non-operation or inconsistent operation.

At Limes it is nccessary to drive morce than five inputs

with the output of a single unit.

in the following manner:

©

[ L adiad LM.‘ A as @ rTIE ERENTAY

Sl

This can be accomplished

D
2

*Consult the BRS Catulog Ffor the driving capabilities of

cach unit.

12]




In the circuit above, the Flip Flop output is directly
connected to Tive standard loads, one of these being the
I1 Amplifier, or HA, unit, which likewise requires only one
standard load for its input. The output of the HA is capable
N? of driving up to ten other units -- i.e., it has an output
capacity ol ten stundard loads. We have, then increased the
i driving capacity ol the flip flop "1" output by nine, and we

can now drive 1u standard loads (5-1+10 = 1), excluding
the HA unit.
Loading must be taken into account in any circuit design.

Some practice will Familiarize you with the drive capabilities

of the various units.

Section 10.2 - Noise Suppression

The term "noisc rejection" refers to the capability of

logic units to reject, i.e. preomain uninflucnced b external
¢ . 3 3 3

sources ol eleetrical power. goveral of the units, remember,

operate on the positive-going transitions and/or special resct

signals. These units are cspecially susceptible to influencc

From external clectrical noise.
gources olf noise in the immediate environment, C.ge,

clectric motors, electric fans, Fluorescent lights, etc., are

rarely a problem, as logic units usually reject this type ol

noisc. ‘the major problam, rather, lies within the cquipment

points in the circuit where

jtsell, pavticularly at thosc




ignals are converted to other lcvels to drive external

logic
devices.

In the diagram below a Relay (RY) is comnected to drive

an external 28 Volt M&M dispenser:

oy

o
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The noisc of concern herc is generated within the Relay.
The aispenser is a fairly high current device, with the result
that: arcing and sparking occurs at its contacts each time the
Relay is opevated or released.  This noisc, if coupled to the

inputs ol other units, can substitute for positive transitions

| and/or rescel signals, cousing them to operato spuriously.




The nost elficient way of eliminating this source of

trouble is through the use of spark suppressors connectod

across the relay contacts. The drawing below shows the

same circuit with a spark suppressor added:

Al
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The spark suppressor, as you can sec, is simply a
capacitor (.17 MF, 100 WVDC) and a resiston (2 ohlm, 1/2 watt)
connecetoed in serics.  The suppressor can be casily connccted
to taper pins, and inserted at the rcar of the card Tile.

The clFeels ol noisce can also be minimized by following
the rule of always keeping intevconnccting wires as short
as possible. This rcquires, of coursec, proper placement
of wnits in the curd file, as you construct the circuit.

Additionally, muking surc that the rack holding the

card Tile and power supply is well grounded will also serve

to roduce noise poobloms.




Finally, if the external device is of an inductive type,

i.e., it has a coil, such as a rclay or solenoid, the usc of a

diode connccled across the load will reduce noise generation.

In the diagram below a Relay is shown driving an external

solcnoid, and a diode is shown connected across the solenoid

coil:
SOLDYD
o e :
Dot 3
Tl“ RS @ - T y Y M} )
e &
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You must remenber, however, to connect the diode in the

manncr shown,

I its polarity is roeversed, a high current

will {low Lthrough it all of the time, shorting oul the external

devicco,

[usc.

The result will usually be o burned diode or hlown
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Section 10.3 - Power Distribution

As you will remember, a 12 VDC power supply must be
éonnectcd to each row of units in the card file. If several
rows are used, it becomes important to connect the rows in
parallel, rather than series, fashion. The drawing below

schematically represents these alternative methods:

O Sismrs’ .:i?-":? !:lgmsv:.u- APV S A AJ em r) b
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The problen hoee is one of voltage drop. If the serices
method is used, the source voltage must puss through all of
the wires that interconncet cach unit in each row, in order
to rcach the uppermost row. When this is the case, and il
scveral rows are used, the voltage will be significantly lower
than 12 volts at the top row, which will likcly wesult in
improper operation of the top row units. The parallel method
of intercommecetion is Facilitated by the Tact that both the
R and 8§ Pins ol most units arce copneetad to ground, and botl

the A and B pins are zonnectoed to =12 VU,

e e e AT it e R g




Section 10.U - Troubleshooting

The problensassociated with troubleshooting in logic appa-
ratus are complicated by the speed with which the units operate.
After all, it is pretty diffTicult to run down the absence of
a signal that should have been present for only 1/00,000 of a
sccond !

A helpful device that you can construcl is, simply, a Onc
Shot unit, with its output connected to the input of the audio
portion of the Audiovisual Indicator. Using a wire connected to
the One Shot inpul as a probe, then, will permit you to detect
the presence of a logic signal, irrespective of its duration
(or lack of it).

Consider the following simple circuit, for example:
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IT the dispenser were supposced to operate when event A and
event B owere sinulloncously present, and il it did not, the

troublce could be (a) an abscence of event: A, (b) an absence ol
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event B, (e¢) a faulty One Shot unit, or (d) a faulty Relay
unit. Connecting the input of the One Shot-Audiovisual
Indicator combination to each of these points in turn should

quickly determine which of these possibilities is indeed true.

a Section 10.5 - Timing
The problem of timing is often one of the hardest to
surmount in designing logic circuits. The problem here is

generatcd by the speed with which logic units operate --

sometimes their speed seems to work against the researcher.

Consider, for example, the following problem. An

experimenter wants a circuit that will give an output of A
at the beginning of a subject session, shift to an output B
at the end of the first five responses, and finally to output

C at the end of the next five responses.

&£ ReaPoNLES
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The initial step is, of course, to build a counter that
will count five responses, and then automatically reset. We E
can then define our three conditions in terms of the states of
two Flip I'lops. 1In the diagram below, A is defined as both %
Flip I'lops in the "O" state, B as FF-4 in "1" and FF-5 in "0," Z

and C as both rFr-4 and I'r-5 in "1."
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B Assume lhat the response counter begins with all Flip Flops

in the "0" state, and that both 11V-% and FI'-5 arc in the "O0" statc

as well, This means that the A output is ON.

Atoer Five responses 08-1 will trigger which, il” P1P-1 is in

[V T




the "O" state will, by way of AG-2, change FF-4 to the "
state. This turns output A to OFF, and output B to ON.

The next series of five responses will, by way of AG-3,
put FF-5 into the "1" state, giving us output C in place of
B. A reset signal via RS-2 would return the circuit to the
A condition.

The only problem with the above circuit is that it
won't work. The symptom, to the trouble-shooter, is that
it will never go to the B condition -- it jumps, rather,
directly from A to C. The reason for this should be clear --
as FF-U goes to "1," the output of 0S-1 is still ON -- and
this output, via AG-3, quickly shifts FF-5 to "L

Although there are several ways in which this problem
could be solved, one of the simplést is the insertion of a
One Shot between the output of AG-2 and the set input of
FF-U, with the inverted output of the 0S going to the FTF
input. 1In this case FF-U will not go to "1" until 0S-1
has finished 1'iring, providing that the duration of the added
0S unit is longer than the duration of 0S-1. Thercfore, the
0S-1 input to AG-3 will not be ON when FF-!I changes to "1,"
and FF-5 will not change states until 08-1 refires -- which

will not occur until after the next series ol five responscs.
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The use of One Shot inverted pulses is onc of the casicest

ways Lo povlovm timing Mmctions ol this type. Consider the

following circuit:

I | On-.

: ~ conPuT I
0‘_' ©» 2.

—d

Here it is possiblc.to generate an output (B) of adjustable
duration beginning at the precise end of another output (A)
of adjustable duration. The rcason for this is, of course, that
0S-2 will not fire until it reccives a positive trausition --
an event that will not occur until 0S-1 has {inished its ON
time.

The use ol the above circuit is straightlorward. For
example, consider the case where the rescarcher was using a
print oul: counter, such as the Datatrol supplied by BRS, or
the Presin Moduprint. In this casc, the scrics One Shots could
be uscd to provide lor print-reset operotion. 7That is, output

A could scrve Lo operate a Relay, causing the counter to print,

Output B could then operate a sccond Relay, causing the printer

data wheels to reset to zero. By using serics One Shots like

P

this, the two Punclions can be kept scquentiol, wilth a mindnum

ol Time dulervening hetween the Lvo events.,
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Concluding Comment

This concludes the program. The writer sincerely
hopes that it will be of some value to you in your research
endeavors. Remember, too, that in case of problems the
BRS-Foringer Company, of 5451 Holland Drive, Beltsville,
Maryland, 20705, is always ready -- and, more importantly,

able -- to aid you in their solution.

Completing the "reader comment form" on the next page
would be helpful in any decisions regarding future revisions

of this program. Please complete it and mail it to the

address given.




COMMENT FORM

Now that you have completed the program, your critical
comments on its method and content would be appreciated by

the author. If your answer is ""No" to any of the below questions,

or if any of your answers require qualifieation, please comment
in the space provided below, continuing on the reverse side

of the page, if necessary.

Yes No

—

pid this program meet your needs?
was it easy to read and understand?
was it well organized?
Wiae it complete?
was it in kecping with your
technical abilities?
Did you have any major
difficulties in its completion?

COMMENTS

(Pleasc give specific page or frame reference when appropriate.)

Think you For your help.  You ¢an muil this Vorm to:

Larmey Lapseh
Peabody College, Box 1906
Nashville, ‘lennessee 37203
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EXERCISES

Although the following exercises are "open book," you are urged
to complete as much of them as possible without referring to
the program. The answers to the exercises can be found in the
rear of this booklet.

Exercise 1.

1.1 Definc dynamic programming.

| -
L ]
ro

Define interface unit, differentiating between input
and output interface units.

Exercise 2.

2.1 Convert the following numbers from binary to decimal
notation:
2.1la 11011.
2.1b 1000110.
2.lc 1110101.

2.2 Convert the following numbers from decimal to binary

notation:
2.2a 03.
Z.2b 39.
2.2c 1127.

2.3 The weights assigned to the symbol positions (with
reference to the decimal point) in both the decimal
and binary number systems are determined by

2.l We have dealt with both the binary and decimal number
systoms. The octal system, on the other hand, has u
radix ol 8. Can you convert thce octuol number 1372U,
to its decimal ecuivalent? (Hint: lay out a tablce
as shown in Trume 79, making the necessary corrcctions
For basc 8. And remcmber -- the octnl system has
¢ight symbols.)




Exercise 3.

3.1 Given thce following logic signal, place the letters
a through 3 in the appropriate spaces. You may usc
more than onc letlter poer spacce.

(4

ON

"1" State

Zero Volts

Trans:ition

Ground

Positive-going transition
OFF

Negative-going transition
"o" State

-12 viC

R -t
O g————
E——————
S————
———
S —————
—————
—————
e ——
S e——




Exercise U,

4.1 The following illustration shows, in block diagram
form, a research system consisting of a Skinner
box, input and output interface sections, and a
logic section.
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Using the above illusteation as a guide, what
arc the functions of the following:

4.la Input Converter

4.)Jb J.ogic Section

i,le Output Converter

4,ld  Recorder

h,1¢e  Indicator
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Exercise 5.

5.1 Given the following units, draw in the interconnecting
wires that will form a three-stage binary counter,
with a CX unit input, a One Shot output, and
automatic reset.

P b
/ .J“)o
! K W
i 10 J]0O 110
)

0
P
o &
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Lxcreisce 0.

6.1 Briclly describe the function ol thc Tollowing,
logic units, with particular recference to inputs

and outputs.,.

6.1la Flip Flop

b.1b Multivibrator
6.1c Rescet

6.1d Inverter

6.1le AND Gate

6.1 OR Gate L
0.le Once Shot
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Exercise 7.

7.1 Given the following units, and that you have addition-
ally, U Flip Flops, 1 Multivibrator, 1 3-legged AND
Gate, 1 One Shot, and one Reset unit to work with,
show how you would construct an intertrial timer with
which it is possible to adjust the length of time '
intervening between the last response of the subject
and the onset of the next stimulus presentation. Note
that the One Shot below fires on each response and
that the stimulus will be presented whenever the Relay
is operated. Hint -- use 3 FF's as a binary counter,
and the other as a control FF.
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Exercise 8.

8.1 Given that you have a Skinner box equipped with a

gDE

resEonse lever and two lights (one SD and one
TA), construct a circuit that will perform

the following functions:

a.

d.

Present, in alternate periods, the SP and
gDELTA Jjohts, with the time that each is
ON independently adjustable, i.e., sD on
for 30 sec., followed by 15 sec. of
gDELTA | followed by 30 sec. of SD and so
forth.

Allow the subject to obtain reinforcement
on a selectable FR schedule only during
sD time.

Reset, and thereby prolong the SDELTA
time for any respgnse occurring in the
presence of the gDELTA 1ight,

Count SP and SDELTA responses on a
digital counter (see CT-202 on Figure 30).

Hint -- use two binary counters, of 5 stages each.
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Exercisc 9. ‘ ,
!

9.1 Given the following units, and that you have, addition-
ally, onc BC-201, onc RS-203, onc 0G-203, and one
AG-208, devise a circuit that will deliver rcinforce-
ment on a selectable (from 1:1 to 1:15) Fixed Ratio
schedule for consecutive correct responses, automati.- {
cally resetting after each reinforcement. :

OS. 20
'n'<’.u..c.c'-'ns o
o cerereT
RESMNLES

GGEES Pewr.

ou Ef2aR O ReEwaY




EXERCISE ANSWERS

Exercise 1.

1.1

1.2

Dynamic programming is the advance structuring of
relationships between input events (subject behavior)
and output events (environmental changes) in the
research system.

Interlace units mediate between the O-E subsystem

and the logic portion of the control subsystem,

Input interface units convert subject behavior

into logic level signals, while output interface
units convert logic level signals into signals
appropriate for controlling, recording, or indicating
rescarch system events.

Exercise 2.

2.1a
2.1b
2.1c

2.2a
2.2b

24,20

27
70
117

111111.
100111.
10001100111.

the number of symbols in the system.

6090

T™Te solution is:

L} g :
Weight g! g3 g2 gl gY
Octal Digits 1 3 7 2 L}
Decimal Equivalent 1x8" + 3x83 + 7x82 + 2x8L+ ux80 = 0090

Excrcise 3.

3.1a
3.1b
3.1c¢
3.1d
3.1c

c 3.1F b

C 3.1lg a,c

C 3.1h d

b, d 3.11 a,e

c 3.13 aq,c
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Exercise 4.

t,la
4.1b
. lc

|

y.ha

4.le

Converts behavior (bar presses) into logic level
signals.

Determines the times for reinforcement delivery on
the basis of organism behavior.

Converts logic level signals into events appropriate
for delivering reinforcement.

Records subject behavior.

Indicates to the researcher when the SP light is
being prescnted. :

Excrcise 5.

5.1 Your iunterconncctions should look like this:

X

Nt

zlo| f2 c’;t 2|0
S s g L._'t:r‘
7S M
X oor fommd

om

Excrcisce 6.

6.1

6.2

6.3

applicd at its input.

Bistable multivibrator that changes states on the
basis of appropriate logic level input signals.
is always either ON or OrF.

It

Delivers a train of logic level ON-OFF signals, when
its enable input is ON.

Delivers a special reset signal when a logic ON is




: 6.4 Inverts logic level signals, i.e., when it is ON
[ at its input, it is OFF at its output, and vice
| versa.

6.5 A logic ON is present at its output, when all
| used inputs are simultaneously ON.

, 6.6 A logic ON is present at its output, when any of
| its inputs are ON.

6.7 Delivers a logic ON pulse of adjustable duration,
beginning at that point in time when a logic ON
N is reccived at its input.

|
b Exercisc 7.

§|l 7.1 Your circuit shou’d look something like this:
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Exercise 8.

8.1 A circuit similar to this one would perform the
required functions. (Note that the binary counters
are drawn in abbreviated form for reasons of space
limitations):
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Exercise 9.

l 9.1 One way to accomplish this function is as follows:

[ 0s-202 AG-20R
- recces fo— 2 05-202
( oM coliie¥| 2.-'
m RISTNSES W =
i ge2ol |4
i '.—.'A‘_
i 1A —
[ﬂ 0s-202 RS i ::&._J'—_ o
% igrrice - 5 %‘fm s
I of L2 L8 , s (]
[ RESPoNeES Oy e 08 , | RY-204
- 9
- i F
[
; 56 ~2.0 2
e
I
|
_}
|
|
-
|
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.
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