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CHAPTER I
INTRODUCTION

A greenhouse design has been developed by Dr. C.
Whitcomb of the Oklahoma State University's Horticultural
Department which harvests excess solar heat. The excess
heat in the greenhouse is collected and stored as heated
water in a bed beneath the greenhouse. The Agricultural
Engineering Department at Oklahoma State University has been
cooperating with the Horticulture Department in experiments
with this type of a greenhouse system (Paine, 1978, 1979).
A slightly modified version of the greenhouse was built in
1980. A controller is required to control the harvesting of
the excess solar energy and to control air temperatures
within the greenhouse.

The greenhouse is a Quonset type pipe framework con-
struction, with two layers of plastic, sealed at the edges
and inflated by air pressure, as illustrated in Figure 1.
Below the inner layer of roofing plastic is a third layer of
plastic on a semi-circular pipe framework. An overhead
spray line is installed on either side the length of the
greenhouse between the middle and bottom layers of plastic.
Beneath the greenhouse is a pit approximately thirty centi-

meters deep and filled with gravel-water combination. A
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layer of plastic serves as a floor barrier between the in-
side of the greenhouse and the pit. Water is pumped from
the pit and sprayed into the space above the lower airspace.
The water then falls on the inner plastic cover and, in
running down the surface, extracts surplus heat from the
greenhouse by conduction through the 6 mil plastic. The
water then returns to the pit, transferring surplus heat
from the greenhouse and airspace to the water/gravel mass.
Harvesting of excess solar energy in this manner utilizes
two important factors. Firstly, most greenhouses receive
too much solar energy on sunny days and so must vent the
greenhouse to prevent excessive high temperatures. By har-
vesting excess solar energy with spray water, requirements
of venting are reduced. Secondly, stored solar energy may
be used at a later time reducing the need of fossil fuels.
This type of greenhouse, which stores solar energy in a
pit beneath the floor, is a warm floor greenhouse. The
large surface area of the floor becomes a good radiator for
the low temperature differentials characteristic of solar
collectors of this type. Plants are positioned directly on
the floor allowing heat frdm the pit to be conducted

directly to plant roots. Maintenance of warm plant roots

allows air temperatures surrounding the plant to fall much
lower than those allowed by most greenhouses. By allowing
temperature fluctuating from low temperatures at night to
high temperatures during the day, energy input to the green-

house by fossil fuels has been reduced markedly. Fall and



spring plants have produced good physical and aesthetic
characteristics.

A controller for this type of greenhouse has many
control decisions. The major requirement is to maintain
water in the pit at such a temperature that the floor will
conduct and radiate sufficient energy to the plants to main-
tain them at a suitable temperature. Paine (1979) was able
to develop a heat flow equation for this particular type of
greenhouse. He was then able to calculate the required pit
temperature to maintain greenhouse temperatures above a
specified minimum temperature if the expected outside
minimum temperature can be predicted. From Paine's
equation, a chart (Figure 2) was developed for this green-
house, allowing estimation of minimum required pit temper-
ature. The bottom axis is the expected low outside air
temperature, the vertical axis is the pit temperature and
the three sloping iines in the chart are for 3 minimum re-
quired air temperature in the greenhouse. If the expected
minimum outdoor temperature were too low to maintain the
desired temperature in the greenhouse, the pit temperature
could be increased to the level needed, as given by the
graph. Two methods are used to raise pit temperature.
Excess solar energy is used to raise the pit water tempera-
ture whenever possible otherwise, a backup water heating
source 1is required.

There are a number of circumstances which may eventuate

when the warm pit has insufficient energy transfer to the
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inside of the greenhouse. This could be due to the operator
not selecting the correct pit temperature, a malfunction in
the backup water heater, or excess ventilation from a door
being ajar. Whatever the reason, the controller must be
able to accommodate the‘ situation. An emergency auxiliary
heater is installed in. the greenhouse for this purpose.
Shouldv temperatures in the greenhouse still remain in a
state detrimental to the plants after the auxiliary heater
is activated, the controller may spray warm pit water
between the middle and bottom plastic sheets, raising house
temperatures and forming a heat loss source between the
house and outside cold air. This would be an emergency
situation, as energy would be rapidly lost from the pit. If
both methods fail to raise or maintain the temperature, an
alarm must be activated to indicate critical situation.

For all of these control functions, a 'smart'
controller is required.  In most situations, control auto-
mation in greenhouses has been achieved using solid state
relays. This type of hardware system has proven to be reli-
able for most situations. However, they are applicable only
to simple strategies of greenhouse operation.

With complex control algorithms required for the above-
mentioned greenhouse, microprocessors are more applicable.
Their price has reduced markedly over the past few years,
bringing them below the cost of an "equivalent capability"
solid state relay system. Accuracy of the control operation

depends upon the control strategy programmed into software



memory and the accuracy of the measurement transducers.
Control strategies are easily changed since they are soft-
ware programs. In addition to their control ability, micro-
processors have the ability to store and/or manipulate data
received. Willits (1979) explained his use of micro-

processors as:

ideally suited to greenhouse research. The
ability to precisely control multiple operation,
while at the same time collecting and processing
data, enable the research to conduct full-scale
tests under near-laboratory conditions (p. 688).

Mitchell (1980) found that "the microcomputer system

advantages far outweigh those of the conventional solid-

state controls"'(p. 9).



CHAPTER II
OBJECTIVES

This research is applicable to control of the green-
house developed by the Agricultural Engineering Department
of Oklahoma State University. The following requirements
were viewed as the specific objectives:

1. Define and flowchart the functional requirements of

the controller.

2. Design the control system hardware for the

experimental greenhouse based on a microprocessor.
3. Write the software required for the correct
operation of the controller.

4. Test the controller.

5. Determine the merits of extended capabilities for

the controller to acquire greenhouse and controller data.



CHAPTER III
LITERATURE REVIEW

When this project was initiated, it was determined that
a small, cost competitive control system was required for
solar heated greenhouses. We directed our efforts towards
using microprocessors as the control device, believing that
the majority of control applications in the future will use
these devices. To be cost competitive, the final device had
to be able to compete in performance and price with

hardware-type controllers.

The majority of research into control of greenhouses
was achieved using 8-bit microprocessors, with the memory
capabilities of the machine depending on the complexity of
control required. Willits (1979) used a control Logic
M-Series microcomputer which had separate memory
and input/output control. His system had a total program
memory of 6.5K of Erasable Programmable Read Only Memory and
a workspace of 3K of Random Access Memory. Although he
discussed the merits of the different programming languages
which can be used, he chose a BASIC language which could
interact with ASSEMBLY language. The M-series microcomputer
was also chosen by Bowers (1978), utilizing BASIC as the

control language and 6K of RAM memory. McClure (1977) in
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his work with tobacco curing used a M-series microcomputer,
but used ASSEMBLY language rather than BASIC. For large
control algorithms, he did advise the use of a higher 1level
language.

A microprocessor enjoying increased popularity is the
SYM-1 from Synertek. Mitchell (1980) chose the SYM-1 for
his comparison of microprocessor control to solid state
control. He decided to use the on-board 4K of RAM for his
BASIC program, rather than EPROM's or PROM's. Walker (1981)
also used the SYM-1, based on the 6502 language system, for
control of Alcohol Fuel Fumigation. As with most
researchers, he used BASIC language, which is slower to run
but easier for operator programming.

Advantages of using microprocessors for control
application are described in Mitchell's (1980) conclusions.

1. Microprocessor control strategy, although more
complex than the strategy required for solid state systems,
is implemented in considerably less time than with
conventional systems.

2. Control changes are easier to make using software
with microprocessors.

3. The hardware hookup for the microprocessor system
is usually simpler than for the conventional system.

4. Easier temperature set points using micro-
processors, rather than conventional systems.

5. If terminals are connected to the microprocessor,
monitoring of the microprocessor control activities can be

performed under program control.
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Environmental control is basically temperature
dependent, and the majority of temperature transducers used
are linearized thermistors or thermocouples. Willits (1979)
found that by using thermocouples with his M-series micro-
procéssor and using one thermocouple as a reference
temperature in an ice bath, he could achieve +0.25 degrees
centigrade accuracy. This type of accuracy is obtainable,
however only if the ice reference junction is maintaine'd
accurately. Bowers (1978) also used type T thermocouples
with an ice bath reference, but experienced thermal drift
.problems in their non-temperature compensated reed relays.

A different method of using thermocouples is to use a
reference junction with a floating temperature. This method
requires accurate temperature measurement of the reference
junction by some means other than thermocouples. It also
require the microprocessor be able to calculate equivalent
reference units compatible to thermocouples.

Mitchell (1980) used linearized-thermistors. Accuracy
of control to +1 degree centigrade was maintained. His
temperature measurement accuracy was limited by the
resolution of the analogue to digital converter. However,
measurements to +0.5 degrees centigrade were obtained.

Most research using controllers utilize several
temperature sensors. Individual temperature transducers
must be selected for temperature readings. Willits (1979)
used type T thermocouples connected to an analog to digital

converter through relays. Due to a thermocouple's low



12

voltage signals, three-wire, gqguarded, low thermal drift reed
relays, Coto-coil model CR-3350-5, were chosen. Switching
was achieved by decoding the upper four lines of thekaddress
buss to select 1 of 16 relay groups and the lower four lines
of the address buss to select 1 of 16 relays in a particular
group. Bowers (1978) also used a similar arrangement to
Willits (1979), a series of latches, 1 out of 16 decoders
and reed relays, feeding the output of the multiplexing
networth to an analog to digital converter. Later research
conducted by Mitchell (1980) used an analog to digital
converter which had a built in 8-channel multiplexof.

In earlier research, Willits (1979) used a DVM, Newport
Model 2003 converter, for ad\}antages of stability and lack
of need for amplification. This converter had a conversion
rate of 4 conversions per second with a resolution of
10puv or 0.3 degrees centigrade using type T thermocouples.
Due to a thermocouple's low signal output voltage, Bowers
(1978) required to amplify the analog signal to the 0-10
volt input required for an analog digital converter.
McClure (1977) also used a gain amplifier for the
thermocouple analog signal, before the 8—bit analog to
digital converter, model AD¢—85. This A/D unit had a
resolution of 208/256 or +0.81 degrees centigrade.

Mitchell (1980), as mentioned before, used an analog to
digital converter. He amplified analog signals before the
A/D converter, which had an 8 bit resolution, allowing an

accuracy of +0.5 degrees centigrade. For greater
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accuracy, an A/D converter with 12-bit resolution could be
used. The majority of A/D converters used are 8-bit.
Mitchell, (1981) in the description of analog to digital con-
verters, confirmed this view of what size of resolution
should be used. Higher resolution generally increases the
cost of the A/D. Conversion speeds depend on the speed of
data process required, and again, cost of conversion is
related to the conversion speed.

In some circumstances, analog to digital converters may
not be the only method of signal conversion. Walker (1981)
in his work with control systems for fuel fumigation
converted an analog signal to a frequency using a 9400
integrated circuit Voltage-to-Frequency Converter (VFC).
With the SYM-1 microprocessor, the frequency was an input to
a frequency counter on board the SYM-1. Although much
slower than A/D converters, V/F converters do have one
significant advantage for any microprocessor. The frequency
of two converters can be measured simultaneously. Cost of
the V/F converter is usually below that of the A/D
converter,

All low voltage signals are susceptible to inter-
ference from outside signals, commonly known as noise. Re-
moval of noise from a signal may be achieved using two
methods. Mitchell (1981) presents a paper with several
ideas to accomplish filtering for microprocessors, both hard-
ware and software. He presented a method of hardware

filtering for noise on the input signal to the analog to
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digital converter, by inserting a capacitor across the feed-
back resistor of a gain amplifier. 1If no amplification was
required, a simple resistance capacitance filter is useful.

Sampling rates varied according to researchers. Bowers
(1978) used two rates in his solar energy drying. One rate
of 15 minute scans was used for temperature and other data
measurements, and the second rate was a control rate of 2
minute scans. Willits (1980) used a time scan interval of
15 seconds, which he theorized would be a trade off between
a continuous sampling and control. He theorized continuous
sampling is more advantageous for control, but scan inter-
vals greater than 15 seconds are more beneficial for data ac-
gquisition. Mitchell (1980), using the SYM-1 microprocessor
chose a sampling rate of 10 minutes and in his later paper
(1981) gave a rule of thumb approach for estimating the
sampling rate.

Sample each channel at a frequency of at least

five times the frequency of the signal to be

measured if you want to accurately reproduce the
input wave shape. For averaging, a slower rate

would frequently be adequate (p. 6).

On the control side of the system, the microprocessor
needs a buffer between it and the mechanism which it is con-
trolling. Buffers are used to transfer microprocessor low
DC voltage signals to a suitable signal applicable for
controllers. Buffers serve a second purpose, that of
isolating the microprocessor from the controller in order
that no voltage spikes from the controller side can be

transmitted through to the microprocessor. Bowers (1978)
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transferred control commands through latches to optic
couplers. Optic couplers are ideal for purely resistive
loads, but for inductive loads such as electric motors, a
relay is required. Bowers (1978) had the output of the
optic couplers fed into relays for control of inductive
loads. As he mentioned, since optic couplers allow the
microprocessor complete isolation from controllers, noise
and feedback loops are eliminated. Willits (1979) and
Mitchell (1980) used solid state relays which provided

isolation for the microprocessor as well as being able to

handle inductive loads.



CHAPTER 1V
SYSTEM DESCRIPTION
Hardware Description

The operational requirements of the microprocessor
controller chosen for control of the greenhouse previously
mentioned can best be described in the block flowchart

shown in Figure 3.

Temperature

Transducers
Operator Inputs Microprocessor Control Pump
Via Switches > ' Relays “| Fan
Magnetic Tape Microprocessor
Recorder Display

Figure 3. System Flowchart.

Programs and subroutines for temperature sensing,
operation control and data transfer is described in
Chapter V.

Figure 4 is a photograph of the microprocessor in its

16
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weather proof case, the two auxiliary connections, a relay
case, and the magnetic tape recorder. Along the top of the
box (Figure 5) are three on-off switches. They are labeled,
power, night spray, and tape removal. There are two BCD
thumb switches on the bottom left corner for setting pit
water temperature in degrees C. On the center right hand
side is a plastic window to 6 seven segment displays on the
microprocessor, for displaying measured floor temperature,
wet bulb temperature and dry bulb temperature. Another
display is three} colored LED's on the top left corner of the
case. These are colored red, amber and green. They are
indicators of the state of the microprocessor program
operation. TIf the green LED is on, the microprocessor is
only displaying the three temperatures. 1In this state, the
operator can change the state of either of the two on/off
switches, or the pit water temperature setting, without fear
of the microprocessor reading them incorrectly. If the red
LED is on, it signifies the microprocessor is in a state of
calculations, control, or outputting the data to tape. 1In
this state if one of the switches states were changed
exactly when the microprocessor was looking at it,
extraneous results might occur due to switch bounce. To
overcome the problem of the operator not knowing the state
of program execution, the amber LED was installed. It is 1lit
simultaneously with the green, indicating to the operator

that the microprocessor program execution is less than five
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minutes before the calculation mode.

To the rear of the case, Figure 6, there are phone re-
ceptacle sockets for sixteen temperature transducers. The
transducers are individually numbered and must be inserted
into the appropriate receptacles.

Along the left hand side of the case, Figure 7, there
are two 5-pin dip sockets. The dip socket to the rear side
of the case 1is connected to a magnetic tape recorder, while
the second dip socket is connected to the relay box. This
lead carries five control signals and one common ground.

Inside the microprocessor case, Figure 8, is the SYM-1
microprocessor and a custom made interface for the tempera-
ture transducer and the three colored LED's. Each
temperature transducer has one input to the interface, the
second line being connected to a common ground. These lines
are connected to the inputs of a 16 to 1 multiplexor. The
multiplexor has four select lines and one inhibit line. The
output of the multiplexor is connected to a voltage to
fregquency converter, with output in turn, connected to an
input/output line of the microprocessor. Another circuit
on-board the interface is for a light detection transducer

interface to the microprocessor.

On the interface board, there are two different power
supplies for various functions. An 8V supply is regqulated
from the 12V incoming power supply for the multiplexor, volt-
age to frequency converter, and the light transducer inter-

face circuit. The 5V regulated power for the microprocessor
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Figure 7.

Control Case Rear View

Control Case Side View
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Figure 8.

Control Interior
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is also connected to the interface board to provide power to
the BCD switches, colored LED's and frequency reference
voltage.

Adjoining the microprocessor case is the box housing
the switching relays. Distance from the relay case to the
microprocessor case reduces noise from A.C. switching. Con-
nection is by a five wire cable. (Figure 9). The micro-
processor has five different units to control. A solenoid
valve is used £o circulate pit water from a pressure pump
through the gas water heater. Another solenoid valve is
used to direct the pumped water through sprays in the space
between the two plastic skins which serve as the roof. Move-
ment of air into the greehhouse for purposes of cooling is
accomplished by the use of an electric fan. The two
controlled devices remaining are an electric heater and an
alarm. The controller sockets are arranged for convenience,
connected the side of the control case by using standard

three pin power sockets.
Operation Description

The operator selects the starting address of the pro-
gram and presses the GO button. The program enters a five
minute display subroutine, displaying the digit 2 on the 6
seven segment displays. This number was selected purely
arbitrarily, to display something before the first tempera-
ture measurements. ‘After 5 minutes, a software interrupt

occurs, which updates a software clock calendar. After the
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first interrupt, the program jumps to temperature measure-
ment subroutine, then to a control routine to set the con-
trollers, based on the gathered temperature data. If in the
control routine the air temperature within the greenhouse is
below 4 degrees centigrade, the processor checks to see if
the operator has selected the spray switch reflecting the
desire to spray water between the plastic sheets to prevent
the interior temperatures from falling below freezing. If
so, the spray solenoid is switched on and the control
routine jumps to a routine to dump the gathered data to
tape. If the spray switch is off, the control routine must
switch on an electric heater, then jump to a routine to dump
data to tape.

The data dump to tape routine is also designed for
operator input. If the tape is to be removed, the operator
must switch on the "tape" switch and wait for the next inter-
fupt. The microprocessor, therefore, checks the status of
the switch to see if it is set after the data is put onto
tape and if so, dumps to tape some extra information
indicating the end of the tape data.

After the data dump réutine, the microprocessor program
Waits for 5 minutes before again executing the temperature
measurement subroutine. While waiting for the next software
interrupt, the average pit temperature, the wet bulb and dry

bulb temperatures are displayed on the microprocessor.



CHAPTER V
METHODS AND MATERIALS

A 6502 CPU microprocessor, the SYM-1 from SYNERTEK was
chosen. The four major microprocessors that use the 6502
are the KIM-1, the SYM-1, the AIM-65 and the APPLE.

The SYM-1 is a 8 bit microprocessor which comes with 1K
RAM which was expanded to 4K. Address and data lines have
pinouts for an expansion memory of up to 64K bytes. The pro-
cessor has a 4K monitor (SUPERMON), a 28 key dual function
keyboard with a 6 digit LED display. The system has the
capability to be connected to a teletype terminal via an
RS232 connection, with the required software in SUPERMON.
BASIC ldnguage has plug-in positions on board and/or an
Editor with an Assembler. Jumper selection determines which
chips are active on power up and if any are write-protected.

Connection to external devices is accomplished through
51 active Input/Output (I/0) lines which, by the addition of
an extra ROM chip can be expanded to 71 I/0 lines. The
extra ROM chip brought the total number of timers to six,
four of which are available for immediate use. Magnetic
tape interface with full remote control was also available.

The large number of Input/Output lines and the avail-

ability of additional lines made the SYM-1 a more attractive

25
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microcomputer than the AIM-65 or the KIM-1 for this
application.

For BASIC programming, a terminal with full-ASCII
keyboard had to be connected to the SYM-1l. Programs written
for the SYM-1 are permanently stored in an EPROM. They can
be comprised of BASIC programs, ASSEMBLY language programs,
or a combination of the two. There is only one plug-in
socket remaining for an EPROM if the BASIC chips are
installed. SYNERTEK also produces a single board controller
called the Super Jolt which incorporates the 6502 processor,
é ROM, some RAM and eight Input/Output lines, plus a plug-in
position for an EPROM. If programs could be designed on the
SYM-1 and then placed on the Super Jolt, a good controller
system could be developed. Also, with the versatility of
EPROM's, the programs could be customized for a particular

application.
Temperature Transducers

Thermistors, although non-linear, were chosen as the
temperature transducers. The thermistors are model GA52P2
from Fenwall.

These thermistors were not interchangeable since they
require individual calibration. Calibration was achieved by
measuring the resistance of each thermistor at various
temperatures over the range expected in reality. Water was

used as the medium for calibration where temperatures were
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above freezing and alcohol was substituted:&ﬁ'water for
below zero temperatures. Temperature measurements of the
medium were conducted using a Hewlett Packard 85 micro-
computer connected to a 3497A Data Logger unit.

Experimental resistance temperature response of the
thermistors are linearized to a higher accuracy if the
temperature range is reduced from the large range expected
at the greenhouse. Each thermistor is chosen for a parti-
cular location in the greenhouse and calibrated for the
expected temperature range in that reghnl(Table I). For
positions where a large temperature range exists, two
thermistors are used. One measures a high temperature range
and the other thermistor measures the low temperature range.

Log of the resistance with respect to temperature
yielded better linearization than a polonynomial curve fit-
ting routine. The equation of the algorithm is then:

In R = C1 + C2*T (1)

where

R = Resistance of a thermistor

Cl & C2 = Constants of linerization

T = Temperature of a thermistor.
Multiplexor

Selection of each of the sixteen thermistors in turn
requires an efficient and reliable switch. Reed relays

have been common in the past. However, selection is
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simplified by the use of a multiplexor.

TABLE I
AN EXAMPLE THERMISTOR TEMPERATURE

RESISTANCE RESPONSE

Temperature Resistance
°C OHMS
16.4 305080
22.9 222480
26.5 187450
27.7 177580
29.1 165710
31.5 148600
33.3 136820
35.1 126090
38.1 110580

The multiplexor chosen was a 4067B from Motorola. This

chip requires between plus 5V DC and 36V DC ground, sixteen
analog inputs, four select lines, and an enable line. For
thermistor selection, the four select line voltages are set

to correspond to the input line desired by putting some
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high, i.e. plus 5 volts and other low i.e. ground.
Selection was on hexadecimal notation basis. Enabling the
chip was achieved by pulling the chip enable line low and
holding it low throughout the sixteen selections. After the

thermistors were selected, the chip enable line was pulled

high to switch it off.

Analog to Digital Converter

The two main converters available convert either a
voltage to a binary number, or convert a voltage to
a frequency.

The voltage to frequency converter used in this
research was an AD 537. 1Instead of using this chip to con-
vert a voltage to frequency, it was adjusted to convert a
current to frequency. The log resistance of the thermistors
is inversely proportional to the temperature, and for a con-
stant voltage across the thermistor, the current through the
thermistor is inversely proportional to the resistance.
Thus by measuring the current for a constant voltage, the
current is proportional to the temperature.

The current to frequency converter used is shown in
Figure 10. Input is through pin one and output is through
pin nine. A pull up resistor to five volts on pin nine
provides a zero to five volt frequency. The pull-up resist-
ance is to give 5 volt frequency to the input/output pin at

the microprocessor. Pin eight is the power supply to the

chip. Between pins six and seven is the full scale
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frequency adjustment. The frequency range output of the
voltage to frequency converter can be adjusted using suit-
able equations, which select a capacitor to be positioned
between pins 6 and 7. A 200 pF capacitor was chosen, giv-
ing an approximate full scale frequency of 20,000 Hz.

The reference voltage required for the thermistors is
pin four, which is then joined to pin two of the input to
the current to frequency converter (C/F).

With all low voltage signals noise is one of the major
pitfalls. Signals of 1 volt or less are susceptible to
noise, and suitable signal conditioning is provided.
Thermistor and multiplexor grounding was isolated from the
microprocessor. This was accomplished by channelling all of
the grounds of the thermistors to pin five of the current to
frequency converter. A heavy ground lead was provided from
pin five to the ground terminal of the microprocessor. Two
capacitors were bridged across the C/F converter input and
ground (0.02uF and 1luF).

Calibration of the current to frequency converter was
achieved by using a circuit in which the thermistor was re-
placed by a variable resistor. At each resistof setting,
resistance was measured accurately on a digital multimeter
and output frequency from the C/F converter was read on a
digital oscilloscope as well as a frequency counter.
Resistance to frequency values measured are shown in Table
ITI. Resistance was related to the inverse of the frequency.

Constants in equation 1 were determined from a regression
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analysis on the thermistor calibration data. Constants in
equation 2 was determined by regression analysis from
voltage to frequency converter calibration data:
= * ' ‘
Ln R Cl + C, T _ (1)

(2)

where C,, c,, C3, and C, are constants
F = frequency from converter.

Combining equations 1 and 2.

T = Ln F-C - C (3)

An overall circuit of the thermistors connected to the
multiplexor which in turn is connected to the voltage to

frequency converter is shown in Figure 11.
Light Transducer

Controllers often have different control algorithm for
night and day. A light transducer was required for this dis-
tinction. Willets (1979) used a pyranometer as his light
transducer. A device known as a photocell or photo resistor
was chosen for this application. The photocell is a light

variable resistor and the model used is a cadmium sulphide



+5V

Figure 11. Multiplexor

- 5.11kN
Output Frequency
L_ {10 g o
+
z Vee 2 AD537 ;’ Polystyrene
® Y7 Y8l—e o Tamlin 3, 5 6 200 . F
Y6 Y9 o | uF = L 3
T = 3
o o—Y5 YIO|—e o K i FO'OZ’M.F
| . Y4 Yil ol Ceramic
o —1Y3 "E YI2}|—e o— Vg N, N P
e &—1Y2 & YII—e o
e o— Y| ; Y14—e o
e &—Y0 Q YI5—=e o
—]A0 E0—
—Al A2f—
Vss Ad—
. .

and Current to Frequency Converter Circuit

€e



34

photocell 276-116.

The photocell was connected in a circuit as shown in
Figure 12. An LM339 inverting comparator was used to
compare the two inputs. By connecting the negative input of
the comparator to a voltage divider which has a fixed and
variable resistor and the positive input to another voltage
divider which has a fixed resistor and the photocell, the
output of the LM 339 remains high until the positive input
voltage rises higher than the negative input voltage.
Calibration was achieved by adjustment of the variable
resistor until the comparator output fell low for the

required light intensity.

TABLE II
CURRENT TO FREQUENCY, FREQUENCY

RESISTANCE RESPONSE

Frequency (Hz)" Resistance (Ohms)
564 831530
684 690550
788 600780
958 497730

1192 400270
1598 300850
2384 202250
4694 103260
9824 49280
17486 27570

27998 17190
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The output of the comparator was fed directly into one

of the input lines of the microprocessor where its status

was monitored by the SYM-1 BASIC program.
Floor Water Set Temperature Switches

The operator must be able to enter the pit water to the
microprocessor temperature that is required to maintain in-
side air temperature above 4 degrees centigrade. The
minimum water temperature was entered by two BCD thumb
switches, each having an output range from 0-9. With two
switches combined a total range of 0-99 degrees centigrade
is obtainable.

The switches have four active lines, each switch being
connected to half of an 8 line Input/Output port of the
microprocessor. As the temperature was selected, the active
low lines of the switches was monitored in the BASIC

program.

LED's

Program execution state was indicated by three LED's,
red, amber and green. Figure 13 illustrates the LED's
circuitry. LED's were selected due to their low current
requirements and relative ease of connection. A pnp

transistor was used as the switch.
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Controller Relays

One of the primary requirements of relays connected to
microprocessors is to isolate the driven load from the micro-
processor. This reduces problems of voltage spikes and of
noise filtering back to the microprocessor. Relays must be
correctly matched to the microprocessor. Without output
buffering, an input/output line can usually drive a single
TTL load of approximately 2.35 mA. Many control relays
require a higher coil current than the I/0 lines can
produce, limiting the relays suitable to microprocessors to
solid state relays or optical relays.

Optical relays were initially chosen for all control re-
lays. The AC current to the controllers through these
relays were suitable for all of the controllers except for
the electric heater. To obtain the current required for the
electric heater from the relay, the output from the optical
relay was passed to the base of a TRIAC. A separate AC
power line was used for the electric heater. All of the
other relays received power from one AC power line (Figure
14).

All control lines from the microprocessor were

connected directly to the relays, with all having a common

ground line which was grounded at the microprocessor. AC
grounds were common to all controllers except for the
electric heater which had a separate ground.

The relay type chosen was the optical relay, which
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worked well for purely resistive loads. However, when

connected to an inductive load the relay burned out. A
solid state Struthers-Dunn relay, was used in place of the

Hamlin 7564 optical relay.
Memory

The AIM-65 development system was used to program the
EPROM for the SYM-1. The memory page B000 was found to be
the only compatible 4K block which did not interfere with
either the SYM-1 or AIM-65 monitors.

To achieve the selection ofkmemory, the memory is
div&xﬂed into four 1K blocks. The top three address lines of
the microprocessor address 16 4K blocks of memory. Address
lines 10, 11, 12 can be used to select eight 1K blocks of
memory. By passing the two groups of three address lines
through two 3 to 8 line active low output decoders 74LS138,
the desired 4K of memory may be selected. An OR gate
74LS32N was used to correctly select the 1K block of memory
required (Figure 15).

Address lines are buffered by 74LS241's and the data
1ines are buffered by a bidirectional buffer, a 74LS245.
The 74LS245 was only activated when the memory board was
selected, preventing unwanted data from being on the data
bus.

The memory board was connected directly to the expan-
sion connector of the SYM-1. A 4-K memory board had to be

designed and built for the SYM-1. The memory chips used



*GgT 2anbtdg

AI3TNoaT) pieog AIOWORW

Gnd Vee Gad Vee -
ﬁg»w—?Lﬂ «:: /011 A9 1/01
s —{ia - e [ Yop— ‘Z 1/02 1/02}—
A -
Al4--—iA2 WY 2o e - B Yip— :2 5 Vo I /03—
AI3—iA3 13-~ — A v2p— Bl 5 /o4 o —
Py (7 LI N 1 7| S — v3p— ® T
B 7415138 Date M & ¢
A——[2A1 22X ) - Y4p— Bus AO [13 = (13
amo—iaaz T 2v2 Ys 09-03 God  Vee L 6nd Ve |
. - 6od Vee Address Gnd
A9-— {23 213 } Yep— T |—<¢ e me Yee
A8 -——2A4 2v4p— Y7b— Bus (L ——
Gnd gcq G2A G28 6! 6nd Ve Gnd  Vee
— AS 101 A9 1/01
Gnd Yee Gnd il
1/02 1/02}--
-
- _— [ e - - b
5 26 GA 628 6l s e z v
AT 1Al 11— —1¢ Yop— E 1/04 g 1/04
As —{ia2 1v2f— 8 Yip— i &3
AS—{1A3 13— A Y2p— A0 WE A0 wE
Ad-—IA4 5 YA Y3p— b e
o~
A—fem & ayif— Addrass Bus 74105138 e 04-07
- Date .
Az -—2a2 = 2vel— Y5 Bus "]
AL —]2R3 2Y3 ——1 Yep— A9 1/01 A9 7]
_ —
A2 204 214 Y7p 102 1/02
Gnd Vg Gnd Ve p4 1/03 b4 1/03
Gnd | __vee s <
= 1/04 104
— — © v
6nd Yee Gnd Vee Gf— s
D7 Al BI ~—»D | L) 48—t A0 [T A0 Wt ——
D6~ a2 82} —1{ puy. —f-{ie " Gnd  Vee L frd Veo |
—_ - S A = 6nd Vi Address Gnd v
(1] A3 83 r 1) B w4 : q |_Vee Bu’t ind l _Yee
04 ——1ad - ] daa « 1 ddress N
: B4 - 2 2 38 Bus .
pd
D3—— A5 @ opst--- -1 ——28 3 A9 1/01 A9
p2—h6 ~ 86/ -1~y —
D1 —-{A7 Bl - sl
&
b "”Dm t"h?s - - o
L _DIR _ tnrably
i B e
_ EEEIETIE B R - . —— -1A0 WE—
WE L e _ ] B
1404 7404 W = - -

v



42

were 2114's, which are a 4096 bit static random access

memory. Memory of the 2114 is arranged as 1024 words of

4-bits, thus for an 8-bit word of 1024 words, two 2114's are

required.



CHAPTER VI
PROGRAMS

Programs used for this study were broken into four
groups. Those associated with the SYM-1 microprocessor, a
program for the AIM-65, a program for a Tektronix micro-

computer and a program for an IBM 370 main frame.
SYM-1 BASIC Language Program

The SYM-1 BASIC program is structured to interact with
ASSEMBLY language subroutines for information gathering to
and distributed from the SYM-1l. Data manipulation and con-
trol is accomplished using BASIC.

A flowchart of the program is shown in Appendix A and
the program in Appendix B. Organization of the program was
centered around a repetitive 5 minute software interrupt
caused by the timing-out of one of the on-board timers.
After the BASIC program is started, two ASSEMBLY language
subroutines is accesséd before control status is changed.

One is for memory initialization and starting timers.
The second subroutine accessed is a routine to convert

hexadecimal temperatures to decimal temperatures and display

these temperatures while waiting for the software interrupt.
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Hexadecimal data gathered by the ASSEMBLY language
subroutine is transferred by BASIC to an array by PEEKing to
a memory location. The PEEKing step automatically converts
the hexadecimal number to decimal. From the data in the
array, average floor temperature and the average inside air
temperature were computed.

There were three control algorithms used in the BASIC
program. One algorithm was used when the inside air tempera-
ture at plant level fell less than 4 degrees centigrade.
Two control subalgorithms may be used. Warm floor water may
be sprayed between the plastic sheets, or an auxiliary
electric heater may be used to supply extra energy to pre-
vent freezing. The second control algorithm is a night mode
control of repetitively comparing the averaged pit water
temperature to the operator set point temperature and ad-
justing by use of a gas water heater. The final algorithm
for control is for daylight conditions. Solar energy har-
vesting is initiated if the temperature between the plastic
skins is 6 degrees centigrade above the average pit tempera-
ture. A pump sprays water between the plastic sheets to
collect excess energy. It is stopped whenever the return
water form the sprays is less than the average pit water
temperature.

After a control algorithm has been run, the tempe
atures of the greenhouse and operation of the controllers is
dumped to a magnetic tape recorder by use of an ASSEMBLY

language subroutine. Inside high temperatures
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that may cause reduced plant growth are then controlled on a
5 minute time interval by the switching of a fan. Once two
of these software interrupts have occurred, the programs
returns to the second ASSEMBLY language subroutine

encountered when the program was first run.
SYM-1 ASSEMBLY Language Subroutines

There are three subroutines accessed by the SYM-1 BASIC
program, some containing more than one individual routine
(Appendix C). The initialization subroutine brings the
output lines connected to the controller and other devices
to a known state and determines which input/output lines are
to be for data input and which for data output. Two timers
on-board are set for a 5 minute interrupt and the interrupt
routine vectors are set. The last step of the Initiali-
zation routine is to switch on the green LED before
returning to the SYM-1 BASIC program.

The purpose of the interrupt routine is to reset the
timers used to cause the software interrupt, update a clock
calendar and switch off the green LED and switch on the red
LED. The clock calendar is based on months, days (30 per
month), hours and minutes, updated by 5 minutes every soft-
ware interrupt. An interrupt flag is also set to indicate
that an interrupt has occurred.

The second subroutine accessed by the SYM-1 BASIC
program is comprised of three routines. Three bytes of data

in three specific memory locations are converted from
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hexadecimal to decimal, and stored in a new memory location
(DeJong, 1980). The second routine displays the three
numbers just converted to decimal (DeJong, 1980).
Displaying of the three temperatures is in a loop, escaped
only if an interrupt has occurred. If the interrupt flag
is set the third routine of this subroutine is run. This is
the counting of all of the frequencies associated with the
thermistor outputs. Counting is based on half-second time
spans for each thermistor. Frequencies counted by this
routine are stored in two data banks, one bank for the low
byte of data and second bank for the high byte.

The third ASSEMBLY language subroutine accessed by the
SYM-1 BASIC program, is a routine to put the various
temperatures and controller operation data onto magnetic
tape. Reading of the data from off the magnetic tape 1is
achieved by use of the AIM-65 in the laboratory. The AIM-65
and the SYM-1 each have two rates of sending data to the
magnetic tape, of which the KIM-1l speed is compatible to
both. The SYM-1 monitor has the actual routine for putting
the data onto tape but requires the starting and ending
address of the memory block, the tape dump rate (i.e. KIM-1)
and the data block identification. After the data is dumped
to magnetic tape, a check is made to see if the 'end of
tape' switch is on. If on, a specified number is put into a
memory location and the data re-dumped to indicate the end

of the data block.
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An ASSEMBLY language routine which‘is not accessed by
SYM-1 BASIC is the BASIC driver program (Appendix D).
This is the very first program run in the EPROM. This
program sets up zero page which had previously been stored
in a high portion of the EPROM using the Zero Page Locator
program using BASIC (Appendix E). After zero page is
initialized for the SYM-1 BASIC program, the BASIC program

automatically starts.
AIM-65 to Tektronix Communication Program

Communication between the AIM-65 development system
and the Tektronix is achieved by use of the program in
Appendix F. The program works in the following manner.
Data existing in memory in the AIM-65 is sent across on an
R$SS 232 calbe to the Tektronix in a hexadecimal format.
The Tektronix receives the data and converts it to
decimal.

Each byte of data is separated by a carriage return.
On completion of sending the data the AIM-65 switches on
the tape recorder and loads a new block of data.

Hexadecimal numbers can be sent from the AIM-65 to
the Tektronix, however the Tektronix can only convert

ASCII to decimal, not hexadecimal. To ensure problems do

not occur when the Tektronix tries to convert the hexadeci-
mal data to decimal, the decimal 33 is added to each num-
ber sent from the AIM-65. Data was put in the RS 232 port

to the Tektronix using a routine in the AIM-65 monitor.
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To get data from the tape by AIM-65, bytes of data
had to be put into the AIM's memory locations for
initialization of the tape load routine. Such data as the
tape data format, input data device, and data
identification had to be stored into memory. A subroutine
in the monitor was accessed, setting up the data load
routine based on data previously put into memory. A
second subroutine is accessed to reset input/output
devices which were changed in the dump subroutine.

The last step in the program is to switch off the
tape recorder. When the subroutine to load data from
magnetic tape is accessed, the tape recorder is switched

on, but not switched off after the data is loaded.
Tektronix BASIC Program

The purpose of the Tektronix is to provide suf-
ficient memory and capabilities to manipulate and store
the data coming from the AIM-65 development system, print
the data in column form and transfer the data to the
University's main computer (Appendix G).

The AIM-65 development systerﬁ and the Tektronix are
connected via a cable on input/output Port 40 of the
Tektronix. This port has a memory buffer to hold up to
255 bytes of data plus software capabilities to clear this
buffer for input.

The Tektronix has software routines to establish the

communications between other computers using baud rates
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accessed by a "call" statement with the various parameters
included. For Tektronix controlled communication between
the two computers, a baud rate of 1200 operates satisfacto-
rily. This only requires the Tektronix program to send to
the AIM-65 the Rubout character (decimal 127) before the
two computers are communicating. A data file on the Tek-
tronix has the ASSEMBLY language (Appendix F) program
which 1is sent across the RS 232 cable to the AIM-65. Each
mnemonic program instruction is broken into single charac-
ters to be sent out. A delay has to be incorporated on
the Tektronix to allow the AIM-65 to accept instructions.

Thirteen columns of data will be printed out by the
Tektronix only after all the data has been received from
the AIM-65.

After printing the headings for the column and estab-
lishing communication between the two computers, the Tek-
tronix begins sending instructions to the AIM-65 on where
to run the ASSEMBLY language routine it has stored in
memory.

As each block of data is sent from the AIM-65 to the
Tektronix, the constant 33 decimal is subtracted before
the data is manipulated and stored in an array. Manipu-
lation involves updating a real time clock calendar, de-
termining if temperatures are positive or negative and
setting an indicator in the array for the operation of the
controllers. If the controller was ON, a 1 is put in the
array. If the controller was OFF, a 0 is put in the

array.
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After a data tape has been processed, the operator
can elect to have additional data tapes processed before

the data is printed.

The relative humidity is now calculated from an
algorithm, in chapter 5 of ASHRAE Handbook of
Fundamentals, 1977, which requires the wet bulb
temperature, dry bulb temperature and total atmospheric
pressure. Atmospheric pressure in atmospheres was chosen
according to the height of Stillwater above sea level.

The method by which this algorithm operates, is that
the saturation water vapor pressure over a free water is
calculated using a method developed by Keenan, Keyes, Hill
and Moore. The humidity ratio of moist air is then
calculated knowing the saturation water vapor pressure and
the total atmospheric pressure. Calculation of the humi-
dity ratio is accomplished knowing the wet bulb tempera-
ture. The degree of saturation is then calculated knowing
the two humidity ratios calculated, which then allows the
calculation of the relative humidity.

After computation of the relative humidity, the
Tektronix may be connected to the University's main frame

by telephone and the data transferred.

Statistical Analysis System

The program on the University's main frame computer

(IBM 370) is used as an indication of the ability of
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being able to manipulate and present in various ways, the
data received from the Tektronix microprocessor. The data
rteceived from the Tektronix is stored in a cumulative array

which can be analyzed at a later data (Appendix G).



CHAPTER VII
RESULTS AND DISCUSSION

Some problems arose when the controller was first
operated. As each was detected it was solved, however it
was difficult to obtain continuous operation of some time
length with these problems. The period concided with the
cold January weather and for this short time, the SYM-1
was able to perform the control functions within the
greenhouse acceptably. Data was collected about the
temperatures within the greenhouse and on the operation of
various controllers. The ability of the SYM-1 to put the
data onto magnetic tape for further evaluation by other
computers allows the performance of the control systems to
be monitored.

Two day's data is shown in Table III (Appendix I) and
Table IV (Appendix J). The first day's data is shown in
Table III (Appendix I). Operation of the gas and electric
heater and the sprays are indicated as either ON or OFF.
The greenhouse pit has a leak which requires water to be
added. This refilling is usually done in late afternoon.
Refill water is usually about 10 degrees centigrade lower

in temperature than the pit water temperature. Refilling,
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then, usually requires the SYM-1 to switch on the gas
heater to raise the water temperature to that set by the
operator. Setting of the desired floor water temperature
is usually done in late afternoon as well.

For the data in Table III (Appendix I) for the first
day, the expected overnight low temperature allowed the
operator to set the pit water temperature at 15 degrees
centigrade. The gas heater was not required to be
switched on since the average pit water temperature after
refill remained higher than that 15 degrees. Because the
pit water temperature was so high, the inside air
temperature did not fall below 4 degrees centigrade which
would cause the SYM-1 BASIC to go into the critical mode.
Overall, the SYM-1 did no controlling as none was
required.

Twice the sprays were switched on during the day
routine. However, for both times, they were operated for
only 15 minutes. This was due to the fact that the return
water temperature was being compared to the average pit
water temperature. In fact it should be compared to the
temperature of water entering the pump the coldest water
in the reservior. A slight programming change would
overcome this situation.

The wet bulb and dry bulb temperatures are tabulated
as integer values and are truncated by the SYM-1 when
BASIC POKE's the data into memory. This situation has
been rectified by breaking the wet bulb and dry bulb

temperatures into integer and decimal values.
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Data from the following day, is shown in Table IV
(Appendix J). The set temperatures had been raised from
the previous setting of 15 to 18 degrees centigrade, re-
~sulting in the gas heater being operated from 1720 hours
to 1835 hours. Night spraying to warm the greenhouse was
allowed. Between the hours of 2250 and 2320 the tempera-
ture within the greehouse had fallen below 4 degrees centi-
grade, so the sprays were activated. Use of the sprays at
night not only prevented excessively low temperatures, but
raised the air temperature in the greenhouse.

Three times during the day the sprays were activated
to collect solar heat but on all three occasions the
spraying did not last for more than 15 minutes.

There were four problem areas experienced in the
initial testing of the SYM-1 controller. Firstly, there
were SYM-1 software BASIC problems. One of these was when
the inside air temperature thermistor near the top of the
greenhouse experienced temperatures below zero. The BASIC
program cannot POKE into memory a negative number, so went
into an error state. The other software problem was that
of the spray return water temperature being compared to
the average pit water temperature. The pit water
temperature may average higher then the temperature of the
water going to the sprays so solar energy may have been
harvested.

Secondly, a bad choice of one particular relay led to

one of the optical relays burning out. This was for the
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control of the fan where the inductive load had not been
previously considered. The solution was to use solid
state relays.

Thirdly, the AIM-65 development system used to burn
and reburn EPROM's failed repeatedly. This prevented the
program modification from being done.

Fourthly, data transfer from the magnetic tape to the
AIM-65 development system had problems. The non-linear
response of the tape recorder prevented the operator from
estimating the end of the data for the particular run.
Blank tapes had been used, but proved time consuming to
earase the data before reuse. A switch was installed on
the control box so that the operator could indicate to the
SYM-1 when he was ready to remove the tape from the
recorder. If the "tape" switch is on, the SYM-1 dumps an

end of block indicator which the Tektronix can recognize.



CHAPTER VIII
CONCLUSIONS AND RECOMMENDATIONS

The control system was designed according to the

original objectives.

1. The requirements of the controller were to
control the temperatures, harvest excess solar energy and
collect data within the greenhouse built by the
Agricultural Engineering Department at Oklahoma State
University.

2. A SYM-1 microprocessor was chosen as the

controller.

3. BASIC language was chosen with ASSEMBLY language
subroutines, for the control software.

4. The controller performed to the design
requirements for the limited time span of the test.

5. Data acquisition proved to be very helpful and
efficient, allowing rapid data transfer from magnetic tape
to the University's computer.

The system is relatively low in total cost and the

data acquisition could be expanded easily for more data

collection for research.

56



57

Recommendations for Future Work

1. Replace the present thermistors with an
interchangeable type which does not require individual
calibration. Make frequent checks on the operation of the
controllers.

2. For research applications, increase the number of
temperature transducers to use the data acquisition
capabilities and increase the variety of operations to
control.

3. If recommendation 2 is to be used, reprogramming
for more temperature transducers and additional control

algorithms are recommended.
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BASIC PROGRAM FLOWCHART FOR THE SYM-1
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( START )

Y

Initialization
Subroutine

Y

Get
Calibration
Constants

4

Initialize
Indicators

i

Prnd -

[

Display Temps
In Subroutine
Wait For Interrupt
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Resume Trom - e
»I_n‘ferruplw) <.F”_“c_0' Mode)

R S - U
Calcuiate Temps { }
N

Calc. Floor Temp.

e
Calc. inside Temp. Yes /Spray Be \ No _
s S =
Gas Heater Off Gas Heater O1f
Sprays On Indicglor $=0
Indicator §¢1,6:0 e

. Yes

Elec Heoter On]
Indicalor € =1

B0

| Elec Heater Off
l Indicator £E:0

; Doy Mode )

Gas Heater Off
indicator 6=0

Night Mode

Sproys Of f

Indicator S= 0 WS_pmy; ot
Indicater S=0 Sprays On

— Indicator S=1
—"21 [ooR 1

DDR

s [égmazﬁq
0s . ; «
No Heater Indicator G=|
5
——= ?
Gas Heater Off ]
Indicater G=0 DDR

S T ooR

[oon |

€9



Data Dump Routine)
—

r
—“—‘5‘
' Poke Qutside Temo. into]
' Memary. ake Indicator
{Out=Q nto Memory

1 Poke Outside Temp. into !
{Memory. Poke Indicatar |

iOut =0 Into Memory ;
S

\
! Tout = Tout +100

{ Pake Qutside(Tour) into

. Memory. Pake Indicator *
|

Cut=I Into Memory |

Y

Is
Ins/N
d Temp Y8

Poke inside Temp. into 0% ?
Memary. Poke Indicator No
inCzQ Into Memory

Poke Inside Temp. avg.
Into Memory. Poke Indicator

Y
Tins = Tins +100. Poke
Inside (Tins) Info Memory.
Poke Indicator inC =1 Into
Memory

inC =0 Into Memory

1

Poke wet & dry bulb Integer
and Oecimal Temps. Into
Memory

Poke 0 Into Memory
i Locations for wet &
dry bulb Mmteqer and

Oecimal Temps.

=

[
]
Wait IS min. Every S5min. Service
Interrupt, Otherwise Display
Temperatures
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P N S S R T R R R A I T ET TR X
REM RASIC PROGRA&M TN CONTROL THE QPSRATIOM 2F A SREEMHOUS
CEM BATSPEHEIERIITHRRRIREREREIFHFRAPDERRE AR R E RSB LRI RS

oM ZIYTEEN. THERMISTORES ARE POSITIONED

PEM IN THE REEMHOUSE T MONITOR TEMPERATURES.
BC™ THE THSRMISTORE RESISTANCE IS RELATED

&TM T TIMEERATURE.

BEM THIZ FOLLOWING THERMISTORES ARE INMNSTALLED.

~EM T THE DUTEIDE HIGH TEMPERATURE 15,45 C
GEM TZ TuS ETTWEEN TKIN TEMFERATURE 10,50 o,
2EM TI IS THT SFRAY RETURN TEMPERATURE 10,50 £,
REM T4 1T £ FLOOR TEMPERATURE 10,21 C.
M TS & FLOD® TEMPERATURE 10,21 C.

EcM Tr FLOCGS TEMFERATURE 10,21 C
meM T7 ELO0S TEMESRATURE 10,21 C.
cem

ccM T2 DESP FLOCOR TEMPERATURE 10,21 C.

REM T9 FLOY TEMEZRATURE 10,21 C.

scM T1Q INSIDE LOW TEMPERATURE 1: 1,7 C.

oEM T INSIDE LW TEMPERATURE 2: 1,7 L.

QoM T [NTIDE WIGH TEMPERATURE 15,50 C.

SEMOTLT WET TAE TIMREERATIIRE 15,33 C.

SEIm T4 TN g TEMEERATIIRE 135,35 C.

=EMOTLT ATER RETUSM WATER TEMPERATURE 10,32 C.
sEM T 0T LOW TEMPERATIURE -10,20 C.

R}
£

AR
SR RGENRUES]
Dbl

4

3

g TeMeEZATURST ARE IN DEGREES C.

PR E DT IIEST LI TEBILIFHERRT RIS IHEF SRS
c2T Il SROGRAM

ERAAFBDILISILGIBLLIIRIRILFGFGRHL TSR R RSN

J

<

K4

ST- INITIALIZE INPUT AND OUTFUT PORTS.
=T ALL DRERATIONS.

A TIME CLOCK

mIm DLY LANSUASS SUBROUTIME.
<0k ", 0)

TMET THE START TIME OF OPERATION.
TIPT 10T9,0
3 OFOVE 1040,0
nOTINT 1041,
a0 COKE 10482,0

v =1 '3'|'| 1

REM :

SOM DIMENMIION THEREEZ ARRAYZ FOR VARIARLES.

o DIMID{LAY RIS, T(LS)

£

TIM SELT FEOM MIMODY THE FRECUENCY CONVERTION SORGMETERE,
i =

TEINSR(D)

s N i
s m it
I

!

1407
Ll
fEm

SOUTINE TO DISFLAY FLIIOR TEMOPERATURE, WETRULE TEM, DRYEPULE



30 TN ASZEMELY LANGUAGE SUBROUTINE,
X=ZR(%"BCC1",0)

WAIT IN ASTEMBLY LANGUAGE SUBROUTINE.FGR SOFTWARE
INTERRUFT.

' 3ET FREMIENCIES AND PUT INTO ARRAY.

CTOMYERT FREGIJEMCIES TO TEMPERATURES.

EoR I=1 TD 14

A=PZEK(1042+1) :B=PEEK(1052+1)
TCI)=(D(I)-LOG(SL /(2 (B#*1£%146+0)+T1)))I/R(T)
MZXT I

CALCILATE AVERAGE FLOOR TEMPERATURE.
A=(TIPI+T(S)I+T(AI+T(7Y+T(3)+T(?) ) /6:B=4A+6

CALCIMATE MINIMUM INSIDE TEMPERATURE.
C=(T(10)+T(11))/2

' HAVE 2ET THE MINIMUM INSIDE TEMPERATURE TO 4 DEG C.

IF 274 THEN S50

CHECK TO SES IF ALARM ON.

[T ON SWITCH GFF GLARM AND ELECTRIC HEATER.
IF NOT FECH(24022)AND 14 THEN 200

¥=PEEV (240:22)AND 231

EOME 44032, X:E=0

GET MINIMUM TEMOERATIIRE SET BY SWITCH.
n=(15

1S GMND MOT PEZK(4Z007))#10+(15 AND NOT PEZK(43003))

JSBLEBHBBITEIFLTELARTHLER

t MIGSHT MODE OF DPERATION.

1 BANZRBELREILHIFTERBY

[=gad

-

3

RO

g &)

NN D
inin i
ISR

3
4
G

0
mEM
re™
=Ty

an

B}

[ ]
I
> W

FLOOR TEMPERATURE GREATER THAN SET?.
@ THEN 420

T IT THE DAY MODE?,
IF MOT PEEV(40940) AND 2 THEN 420

MO 20 SWITCH OEF SPRAYE.
X==ZE (2402 )AND 127
E'-'-LE 51\“_ "

T THD YEATER N?.
5 OREEMA(AA0O22YAND 22 THEN 370

¢ MO IO SWITCH ON,
CX=TESR(A3022)0R 22

SopE AAN2T, XK=

GOTO RIUTING TO DUMP [ATA.
D TR 700

TS TUD UEQTER LCSKING?
IFITILIT)-T(2))<2 THEN =70

HESTER WNORVING <C DUMP DATA

0 T 700

LEATES NOT WORMING S0 TWITCH OFF,
X=EETV(L40T2)AND 223

crneE

EAQZTT, XTH=O
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REM
KREM GO TN DIIMP DATA.
110 G2 T3 700
REM
CEMAS SRS RFERTRTERARG SR AR SR AT SRS FTNDII 2255 %%
vEM nay mOoR=
AEMBLRIEIRR AR RREIFRIERRRBR B SERB RN 505039 %
el o] .
REM SWITCH OFF HEATER .
420 X=PZZK(44022)AND 222
azn FIOVE 44022, X:H=0
REM
REM ARE THC ZPRAYZ ONT,
440 IF NOT PEZK(44022)AND 123 THEN 490
nEM .
CEM SPRAYZ ON, 30 IS THE RETURN WATER TQ THE
cEM = OOR O CREATER THAN THE FLONR AVERAGE?.
40 IF T(Z¥+2>A THEN 700
[EM
REM KRETURN TEMPERATURE LEZS THAN FLOOR
REM 20 TWITCH OFF SFRAYS.
LD X=TCCR(A44032)AMD 127
a7vo PO 340322 S=

2 .
S Aa 5=

mEM GO TO DUMP DATA.
420 30 TO 700

fEZM IERAYS NOT ON, IT ZHIN TEMPERATURE
SEM GREATER TUAN AVERAGE FLOOR TEMRERATURE?.
a=o IF T(Z2)YMB THEN S20

=™

SEM ONTD, IO It FLOGOR TEMFERATIIRE LESS THAN MINIMUM?.
SEMOIFE IO SZTINEN T NIGHT MODE.

00 I AP THEN 210

TEM

TLOOST TO 700

=ZM

SN TEMREEATIUURE IS GREQTER THAN FLOOR
TEMOCRATIIRE, <0 SWITCH ON SPRAYS.

2.0
[EAGEH)
F G ¢

TI0 X-FECH(44032)0R 128
SI0 SOGME 44032, X:5=
oM

TEM GO TO_[emMe LATA,
TaD G T 700
REm

CEMAS BB ARG ILHBBAERAAIIFIHED LB RIS S ARSI EIFRFEEFC RSN TSRS
TEM O IRITICAL TEMPTIRATURE OPSRATION.

COMRE LA R R ELIRIRRFI BRI FEFBISNASI RS SRR I RS FHB RS REER G IR 5%
~cw

s E 0zeD
i IN THE HOIZE?,
-]

T 0T PESHIAGALDNEND 1& THUEN £20

e
SEM TITOV AEF SAT UEATER.
Tio T TSIV (4A022)AND 10% THEN 430
S7h X=CEEV/44022)AND 203
S0 LT 41032, X14=0
byl =g
SIM INITOU oM ZPEAYS,
S0 (=RIZV(84022)0R 122
W BRVE 28072, XrT=t

A RY
"
X
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FEM GO TO DUMP DATA.
410 GO T2 700
REM

REM IN CASE SPRAYS ARE ON. SWITCH OFF
= SCSCIFIED BY OPERATOR.

£70 X=PESK (AA0ZT)AND 127

430 OOKE 44032, X:3=0

SEM I THE ELECTRIC HEATER ON?2.
440 IF FEZN(44032)YAND 145 THEN 630
REM NO 20 SWITCH ON.

2SO X=FPEEXK(44022)0R 16

AL£0 FOKE 44022, X:E=1

REM GD TO DUMP DATA.
£70 130 T2 700

CEM CRITICAL COMDITIONES SO SWITCH ON ALARM.
AZ0 X=FEZK(AA022)0R 3
L£90 POKE 34022,X

"

C PUTZ NUMBERS INTQ MEMORY FOR
SUERQUTINES, IT DOES 50 IN HEX
INVE MUMBEZRD MUST EE INDICATED.
DRE T MEMORY AN ARRAY OF TEMPERATURES
WELL AT THE OFERATIONAL INDICATORS,.E.H.S
I= TUTIIDE TEMPERATURE 5SREATER THAN 12 DEGREES C.
YL THEN 770
IF THZ CUTIIDE TEMFERATURE LESS THAN ZERO.
14)20 THEN 300

EM eUT FOTITIVE OUTSIDE TEMFERATURES INTO MEMORY. T
10 POKT 1033,0:P00E 1044, T(14)

DOED TO 7AQ

CUTIINE TEMREPATUSE THAT IS GREATER THAN 1& C INTOQ MSMOR
TEO ST 103,000 1034, T(1) '

FEM OCHECK TS INIIDE TEMPERATURES ABOVE ZERO.

TIO0 IR 10 THEN 240

REM CHMECH IF IMSIDE HIGH TEMPERATURE THERMISTOR IS RELOW O.
TET I T(12)0 THEN 240

REM CUT INTO MEMORY FOSITIVE INSIDE HIGH TEMPSRATIURES.
TSSO OFOMT 104 01508 1044, T(12)
GEM QUECY IF MET DB TEMPERATURE IS BELOW O.
10OIF T(13)70 THEN 920
SEM EFEAM THE WET AMD DRY ELULR TEMEERATURES INTO LDOUEBLE EYTE
T7O S1=INT(T(L2))
771 EI=(T(12)-A1)3100
TTIZ O0FT 1047,81
7T EOVE 104ag, Py
TEO AL=INTIT(1))
T ORI=(T1A)=810 2100

[}

: TUTo0aT. Ay
TII COVE 10S0,E
T30 T a0

a

A00 & COMITAMT TO MGHE OUTSIDE TEMEERATIVRE FOSITIVE.
T(LEY=TLA) 4100

EOLE 10aT,

SOVE 1024, T(14)

T 7480

IM CHZCV 15 INIIDE MINIMUM TEMEESATURE BELCW 0.

IO THEN 220

IF
FUT INTD ™IMIRY POZITIVE INSIDE MIMIMIM TEMFSRATIIRES.
POKE 104T,0
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PONE 1044,0C
30 T2 740

C=2+100

POKE 1045, 1

POEE 1044,C

GO TQ 740

SINCE WET EBULE BELOW O PUT ZERO INTO MEMORIES
PRKE 1047,0

SQFE 1043,0

e 1047,0

eOVE 10%0,0

EM PUT CONTROLLER QPERATIONS INTO MEMORY.

D oEOve 1051, H

FOFE 10S2,8

FEO POKE 1053,E -

270 POME 10S4,P

RCM FUT INTD MEMORY THE AVERAGE FLOOR TEMPERATURE.
975 POKE 1055, 4

REM

FCM 20 TO DUMFE TR TAPE ROUTINE.
220 X=IMER(X"BDCR2",0)

REM
S5

TL

1T THE INTIDE TEMPERATURE TOO MIGH?.
=90 [E T(12)>2% THEN 1020
Fem
EEM INITOH OFF THE FAN IS ON
100 X=FSTY (3A0IT)AND 251
1010 POVE 44032, X
1073 33 TR 1050

‘l"Tl i Oﬁd TL: EON
MI2)0R 4

e 243072, X
[=<log ]
€Iw SUERY FIVE MINUTEZ CHECK THE TEMPERATURE
=TM IMIINE AND THE OFSSATION OF THE FAN.
(0S9 B0 v=1 TO 2
-reMm
“Em nITelay ©Lans TEMPERATURE.
STM MTSSLAV METEULD TEMPTRATLURE.
ZSv nrTISO oy DRV DILD TEMEERATLURE.
than YSUIR(LMECCLY, 0)
czm
T Cj;‘l_:l u p?:: —pr: rmf‘ﬂ',: PIGH TEMCERATLIRS.
1070 a=tEIv =PEEL (1052+12)
Laz0 T':?;=(D('“‘—'“f(’l/(’*(°¢1£414+A)+I1)))/G('°)
=em
=zm
=M
sha
"'r-.",
TCw INITIUL CEE Fan
IO (=TS LALOTT) AND DT
11in enwE azoRz, X
TiZ0 G0 TR 1190

'.'_;U "l"_;"‘_l f‘\! C'D\'.

110 Y=RIEN(33072)07 4

1160 TOVE 08032

""_—':‘! |rl T'U: -:_l:{‘-hr'\ TFITT:fI'QT

::.'0' "!I'W'q“.' fl’l T.}C (‘rﬂCC: l_Il:PT.

REM TUIZ OINDICATEIZ T MIMITES BEFCRE

1 ADD A CONSTANT TO MAKE THE INSIDE MINIMUM POSITIVE.
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REM CALCULATIONS BEGIN,
1150 IF K=1 THEN 1120

1140 X=PSEV(40940) AND 249
170 KT 20940, X

1120 NWX* K

L1920 50 TI 170

REM

FEM RATA OF TPr CALIERATION OF THE THERMISTORS.
1200 DATA 3,0.0485631207

1210 DATA 1Z. 4122?7'0.04500793

1229 PATA J

374421, 0, 04700407
1220 DATA 12.S¢7614,0,05025123
1220 DATA 17 £8%,0.05012332
1259 raTe 4, 0, 04995054
17e0 DATA 1, 0. 08936294
1270 DATE ££,0.08978919
1730 DATA 12.402475,0.05025371

70 [ATA 13.333542,0.05291910
DATA 13.402437, 0 05392377

CATA 13 a72727.0.04484L48257
DATA 12, BC'OJA'O 04443342
DATS 12.T122£7,0.04846893527
DATS 12.445212,0.04732307
0aTa 13572324, 005060957

=N
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]
D
]
)
-

P&s3 2

ASTEMBLY LANGUAGE PROGRAMS FOR BRESNHOUSE OFERATION.
Q000 © 3PROGRAMS WRITTEN BY 3IMON MURRAY
Q000 $OF THE QKLAHOMA STATE UNIVERSITY
QOO0 3 SUPERMON SUBROUTINES AND LOCATIONS.
Q000 TaB =$3C27 $3EVEN SEGMENT CODRE
0000 DISKUF =$A&40 tDISFPLAY SIIFFER
A0 SCAND  =$3906 tROUTINE TO DISPLAY BUFFER
2000 ACCESS =$2B25% tROUTINE TO ACCESS RAM
A0 MACT  =32B?C ) TWRITE PROTECT 3YM SAM.
aa00 DUMPT  =¢3537 . tROUTINE TO DUMP DATA T TAPE
0020 IRAL  =3$FFFE : INTSERRUPT LOW EYTE VECTOR
QNGO IRCH  =3FFFF : INTERRUPT HIGH EYTE VECTOR
QOO0 ISYSTEM LOCATIONS
000G IOATADL AND DATADH ARE THE STARTING AND
Q00 SENDIMG ADDRESS 0OF DATA TO TAFE.
AL $CHANIGE DATADL &MD DATADH DEFSNDING
2000 IPON YOUR PARTICULAR APPLICATION.
ANOO DATADL =$040F LW MEMORY DATA FOR TEPE.
SOOQ : DATADH =%$041F tHIGH MEMORY DATA TO TAFE.
9000 - FBD =$£000 :PORT B DATA
CO00 POD =40001 tFCRT A DATA
0ONOD PEOD  =$A002 tFORT B DATA DIRECTINN
0000 PEDD =$A002 :PORT A DATA DIRECTION
00O TEIYT  =$A402 1 TAPE DISECTION OUT
GO0 TAFDEL =3$A&20 tHS TAFE DELAY
DD EAL =$A418 tEMDIMG ADDEEIDS LOW FR& TAPS
3000 EfH =8/ 448 $EMDING AODEEIS HICH FOR TAFE
SO ) =5AL 41T :ITARTIMG &DDRETS LW TI& Tapc
S <aH =€/44D :STAETING ADLDESIS HINW €I] TAFg
ANan ID =€ALAE tTAPE IDEMTIFICATION
noen EEADD  =30202 TAUXILIARY S0RT B DOTA DISSOTION
NN PAADD  =323073 TSUXILIGRY PORT 3 DATA DISSCTION
ANOO RT:CH =$AT0S tREAL TIME® ONE HIGH COUNTER
D) RTLICL  =4430%6 tREQL TIMER OME Ly COUNTER
OO0 RTZCL  =<£Z0% tRTAL TIMER THNO LOW COLUNTER
MO0 FTICH =4A207 TREAL TIMER TW) HICH CHUNTER
AOGO RACR  =¢AZ0B tRELL TIME SUXILIARY CONTROL REG,
QN0 RIEI =¢4INE

$RTAL TIME INTERRUST EMABLE S35
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0000 AFPED =$ACO0 tAUXILIARY FPORT B DATA

0000 AFEDD =3QC02 - SAUXILIARY PAORT B DATA

0000 sDIRECTION

0000 FTiL =+AC04 $FREGUENCY TIMER LATCH LOW

0000 FTICH =3AC0S SFREQUENCY TIMER HIGH COUNTER
0000 FTICL =%AC04 SFREQUENCY TIMER ONE LOW COUNTER
0000 FTZCL =%4C08 SFREQUENCY TIMER LOW CDUNTER
0000 FTZCH =¢ACO? SFREQUENCY TIMER TWC HIGH COUNTER
0000 FACR =$ACOB $AUXILIARY CONTROL

DOON SREGISTER

Q000 PCR =€ACOC tTAPS CONTROL SWITCH

INON FIFR =$A/C0D tFREQUENCY IMTERRIUPT FLAG REG.
falalala} FIER =¢AC0E :FREGUENCTY ENAELE REGISTER

0000 MIDE =300FD :TAPE DATA MODE. SYM OR KIM.
Q000 iSYSTEM VARIABLES .
0000 *=%£0400 -

0400 M3 *=a4+1 SMULTIPLEXER SELECTION.

0401 FLAG =~ #=3a+} P INTERRUFPT CCCURANCE INDICATION.
0102 COUNTL *=%+1 . $FREAUENCY COUNT LOW.

NAaos3 COUNTH »=%+1 tFREQUENCY COUNT HIGH,

BLDHES SECONT #=%+1 0.5 TECONDS FREQUENTY COUNTING.
Y. Ykt TEMET #=#+1 tTEMFCRARY MEMORY FOR HEX/DEC.
OaAnNA FLORAV #=2+3 :TEMPERATURES DIZPLAYED.

Daga DEC1 =243 T, tDECIMAL MEMORY FOR CISPLAY.
Dan: TOES *=8+3 fTEMFORARY MEMOIRY DEC. DISPLAY.
NanE MIN *=#+1 FMINUTES OF OFERATION.

[aY-545) HRS =4l THOURS OF OPERATINON.

0411 DAY 2=%+1 tDAYS OF COPERATION.

nato Mo *=5+1 SMONTHS 0F DPERATION.

nalz TEMPL  #=sx+16 ILOW FREQUENCY COUNTS.

Naz2 TEMPH #=%+15 SHIGH FREQUENCY COUNTS.

04zT - *=8$3200

B0 3THE FIRST PROGRAM INITIALIZES
BCAG TTUS INFUT GUTPUT POSTS AND STARTS THE TIMERS

T $LEDCT ARE CONNECTED T FCRT B

FC00 TMIN TIELEXER IS COMMECTED TO FORT A

DD FRMINMIMUM TIMECRATURE SWITCHET ARE CONMZCTED TO

=Inteln) TAYXILIARY PORTES A AND B

00 &% PF D4 #spC

Ay =00 AC TS &PEDD SININIALIZE CONTROL PORTS

RI0T STO0Z 80 2TA PADD SIMITIALIZE MULTIPLEXER TELECT
BT =001 A STA FAaD

o0 A7 00 L0y 4<00 .

aCop oA A T Sl 2Te AFPD SSWITCH 2FF THE CONTROLLERZ.
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BC10 3D 02 A3 3TA PRADD : TEMPERATURE SWITCH LOW DECIMAL.
BC12? 2D 0% A2 STA PAADD : TEMPERATURE SWITCH HIGH DECIMAL.
BC1s =D 00 AD 3TA PBD :INITIALIZE THE DATA T THE LED’S
BEC1%7 2D 01 04 STA FLAG : INDICATE NO INTERRUPTS
atic AR 07 LDA #307
EC1E 2D 02 A0 STA FBDD tHALF OF PORT B IS FOR LED’S.
B2 $FOR THE FIRZT DISPLAY, DISPLAY THESE VALUES
PC21 IFOR FLOOR WETBULE AND DRYBULR TEMPERATLIRES
a? 15 LDA #3154 $FOR THE FIRTT S MIMUTES DITPLAY
=D 04 04 ST& FLORAV : AVERACGE FLOOR TEMFERATURE.
20 07 04 STA FLORAY+IL TWET BULB TEMPERATURE.
20 0% 04 STA FLORAV+2 :DRY BULR TEMFERATURE.
BIZC $3ET WP TIMER FOR INTERRUPT EVERY FIVE MINUTES
j=impan sTIMER T2 IS DECRIMENTED EVERY SECOND TIME OUT
B2 $NF TIMER Tt
&% EO " LDA #¢EO :TIMER #1 PRODUCE SQUARE WAVE,
3D OB A3 STA RACR !TIMER #2 DECRIMENTED BY TIMER #1
AT R0 LDA #$A0 IONLY TIMER #2 TO CALISE INTERRUPT
20 0E A2 3TA RIER t INTERRUPT QCCURS IF T2 DUT.
AY CAa LA #sC4 :SET TIMER #2.
20 03 A3 3TA RTZ2CL tLOW BYTE HAS 195 DECIMAL.
AT 0P LDA #$09
2D 0% A3 3TA RT2CH tHIGH BYTE HAS 9 DECIMAL.
Toe0 AT AR LDA #e4p :INITIALIZE TIMER #1,
@01 20 06 A STA RTLCL 1LOW BYTE HAS 106 DECIMAL.
ot N LDA #%EA
=ra7 2D 0T as 3TA RTICH tHIGH BYTE HAS 234 DECIMAL.
eTan V $SET UP INTERRUPT VECTCRS
wo1ae 20 24 38 JSR ACLESS tACCES3 SYM RAM.
orAT AT K LDA #<IRG .
Inas =0 FE FF 3TA IRGL :SET INTERRUPT VECTOR LOW.
=0 Se S D T LDA #3IRG
el 20 FF FF STA IRCH $ZET- INTERRUPT VECTOR HIGH.
TCS7 0 9T 2R JER NACC :WRITE FROTECT RAM,
oS3 CLI :TLEAR INTERRIUPT FLAG IF SET.
BISE TEINISHED IMITIALIZATION SO SWITCH ON
nCSE 3SREEN LED AND 30 TO BASIC ROUTINE
BCTE AP 02 LDA #$02 tLIGHTS ON, PULL 1790 LINE LOW.
TCEn 20 00 A0 3TA& FBD
|JahXe] FXs) RTS TRETIUURN TCO BASIC,
T T INTERRRT ROUTINE T
$IAVE THE REGISTERS OMTQ THE STACK.
4:3 IR oHA TTAVE THE ACCUMUILATOR.
248 TXA ! TAVE X FEGISTER.
12 zHA . :
2 YA . :SAVE THE Y FEGISTER.
az PHA
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BCAS FSWITCH ON THE RED LED TO INDICATE CALCLILATIONS IN
BCSS $OPERATION
BC4&E  AD 04 LDA #%06
BCas 2D 00 AD 3TA PBD
BCLP $RESET TIMER 2 SINCE TIMER 1 IS IN CONTINUOUS MODE.
BCA% A9 C4 LDA #$C4
sC:D 2D 02 AR STA RTZCL tREZET TIMER TWO
ITTO AT 0P LDA #3072
ECLT2 ZD 09 A STA RTZ2CH » .
an7s 13 cLe :CLEAR CARRY FLAG.
P75 D2 CLD tHEXADECIMAL MODE ONLY.
377 sUPDATE THE REAL TIME CLOZK
BC77  AD OF 04 LDA MIN :LOAD MINUTES.
an7a 5% 0OS ADC #3005 SADD S MINUTES.
BC7C ED OF 04 STA MIN - :STORE IN MINUTES.
2C7F £ 30 TMP #3231 ' 13 HOUR LIP?
ey po 2 BNE TIMET :IF NOT GO AROLND.
42 00 LDA #300 tRE3ET MINUTES TO ZERD.
200 OF 04 STA MIN ,
12 . cLe
AD 10 04 LDA HRS :LOAD HYOURS.
£ 04 ADIC #3001 . 1ADD ONE HOLR.
Zh10 04 2TA 4RSS :STORE HOURS.
IR R CMFP #$13 I3 DAY UP?
0o o0 BNE TIMET $IF NOT GO AROUND.
43 00 LDA #00 tREZET DAYS.
010 04 STA HRS
13 cLC .
&f 11 04 LDA DAY :LOAD DAYS.
52 01 ADT #301 :tADD ONE DAY TO TOTAL.
S011 04 2TA DAY tSTORE IN DAYS.
0w o1E CMP #4%1E 113 MONTH OF 30 DAYS UP?
no o BNE TIMET - tIF NOT 130 AROLND.
A% 00 LDA #300 tREZET DAYS.
20 11 04 STA DAY .
132 CLC
AD 12 04 LDA MON TLOAD MONTHS.
£9 01 . ADC #301 :ADD ONS MONTH.
01T 04 STA MON $STORE IN MOMTH,
=3 ' TIMET oCLT SCLEAR INTERRUPT FLAG,
a2 TCET UP 2 SOFTWARE FLAG TO INDICATE INTERRUET OOCLURANCE,
R3] LDa #4001
= AR IIEAY: STA SLAG PIET THE USER INMTSRRUFT FLAG,
TR IRESTOFE ALL FESISTERS.
ECE L2 PLA tRETTORE THE Y REGISTER,
oo AR TayY .
Zonn 43 LA tFEZTORE THE X REGIZTER.
2TES AA TaX
DCRE 432 PLA TRESTOEE ACCUMIM_ATOR.
Qi an RTI IRETIURM FRIOM INTEXSUPT.
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HEXADECIMAL T0O DECIMAL COMVERSIONM

BCCt $SUBPROGRAM T0O CONVERT THE AVERAGE FLOOR TEMPERATURE
BCCL sTHE WET AND DRY BULB TEMFPERATURES TD DECIMAL TOD DISPLAY
=In(op} &2 00 HEXDEC LDA #300 SINITIALIZE COUNTER.
e Az MCRE TAY
gcita 29 0A 04 LDA FLORAV,Y sLOAD VALUES TOQ BE CONVERTED.
BCC7 2D 05 04 3TA TEMFT tSTORE INTEMPORARY 3STORAGE.
BICh AR 00 LDA #$00
0T ¥ 07 04 STA DEC1l,Y " :CLEAR DECIMAL LOCATION.
PCCF AD 0S 04 " LDA TEMFT :GET HEXIDECIMAL VALUE.
302 29 OF AMND #SOF tMASK HIGH NIBBLE LEAVING LOW.
g-ha . FO CE BER OVER $BRANCH TQ 147S IF ZERO.
SCDA AA TAX :TRANSFER LOW NIBBLE TO COUNTER.
|CD7 12 cLc .
IR F3 SED :3ET DECIMAL MODE.
[zl v 07 04 RPT1 LDA DEC1.,Y tGET DECIMAL CONTENTS.
=D £7 01 ADZ #01 tADD ONE.

23 09 04 STA LEC1,.Y fRESULT IN DECIMAL,

o4 DEX

nn F< ENE RPT1

T AR 0OS 04 WER LDA TEMFT

$GET HEXIDECIMAL VALUE.
20e? an LER A $SHIFT RIGHT FOUR TIMES
Qo2 13 LSRR A 2T SET HIGH NIBBLE IN
zIZ® a0 LSR A :LOW ORDER NIEBBLE.
2TIA an LER A
ETER Fooop BEO FINISH s STOP CONVERZION IF ZERO.
ZCED 72} T&X
BlES 1 cLC
gler EZ Q07 04 RPTZ LDA DECI,Y SGET DECIMAL VALLE &ND ADD 16
SCET SR ) ADC 43814 :ADD 14 TO THE MEMORY.
BLE2 w02 04 ) STA DECL,Y $STORE THE DECIMAL RESULT.
ZIET za DEX
BLFZ 0o Fs - ENE RPT2
peimcy 12 FINISH CLC SFINISHED CONVERSION.
SCFE o . TYA
ecFoT £% 01, ADC 201 SCOMPLETE THREE COMVERIIONT,
oEs e 07 ZMe 4073 TOF FLODR TEMPERATURE.WETBULB
000 ol np ENE MORE TAND DRYSBULE TEMFERATUSE.
TR02 jat] ZLn
Oz £ 0T LA #30% SSWITCH ONM THE CGREEN LIGHT.
00T 2D 20 20 STA PBD

DIseLAY ROUTINE

pne

SROUTINE TO DISPLAY THE DECIMAL YALUES JIST CALCULATED



BOOS
apoR
PLoE
a2pi1
ED14
BOL7
EDiLA

BRD1D
ELE
020
ED2Z

EO2S

ELCL
2pz2
50IC

m it o

33
S OO0 N X
M horn

[T RAARR RS I
(= N R R Bn R
R L X
(IS} I T B

Gy
]
o~
\)

BT
L L
£OLd

A

Lo DD

D13 030

O

Ll
>

o
93l

Do

0%
oc
oA
oD
OB
0

36 7

oS
o
OF

a0
04

0E
oD
oc
Fa

E2
FF

o

[0
Q0

04

ne

oIs LDA
5TA
LoA
37TA
LDA
3TA
SEI

JSR
Lox
PRR .LDA
AND
TAY

LDA
STA
LDy

oGL LER
ROR
ROR
DEY
BNE
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DECYL :TEMFCRARY STORE DECIMAL.
TDEC

DEC1+1}

TOEZ+1

DEC1+2

TDEC+2

:PREVENT.INTERRU?T FROM HAPFENING

DEX

BPL
LDX

JaT TXA

PHA
JER
FLA
TAX
DEX
BNE
cLr

LDA
BEQ
LDa
STA

ACCESS IACCESS RAM.

#$05 :INITIALIZE X INDEX.

TDEC $GET FIRST VALUE.

#EOF $MASK HIGH NIEELE.

TAR, Y :GET SEVEN TEGMENT DISPLAY.

DISBLF, X :STORE IN DISPLAY BUFFER.

#$04

TDEC+2  :SHIFT LAST VALUE INTO CARRY.

TDEC+1 ICARRY INTO SECOND VALUE

TDEC :CARRY INTO FIRST VALLE.
$SHIFT UNTIL ONE NIBBLE SHIFTED.

DGL

FRR ,

#$FF fINITIALIZE X FOR TIMING LCOOP.
ISAVE X

SCAND :JUMP TO SCAN SUBROUTINE COF SYM
:GET X BACK.
:DECRIMENT X FOR TIMING

JAT
:CLEAR THE INTERRUPT FLAG.

FL&S ":BRANCH DMLY IF FLAG CLEAR.

D13

#3500

FLAG :CLEAR THE INTERRUFT FLAG.

STWITCH ON

Lea
STA
L0Aa
TTA
Lox
oELAY  DEX
aNE

THE MULTIFLEXER.

#1E

PADD

#2000 tIMITIALIZE THE MULTTS_IXER,

™M

4240 $SET UP A DELAY TO &LLOW THE
tMULTIPLEXER TO STAPILIZS.

DELAY

$TELECT OME THERMISTOR AT & TIME UMTIL ALl DOME,

NEXT LDA

3TA

Loe

M 13ILE
FAD
#E40 *TIMER #2 DECRIMENT ER0OM FEFET,

T THE THERMIZTORE
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B0:B 2D OB AC 3TA FACR

EBD4E AP OA LDA #s0A :TIMER #1 RIUNS FOR 0.0S5 TECONDS.
BO70 3D 04 04 STA SECONT

ED73 a? 20 - LDA #s20

ED7S 3D OE Aar 3TA FIER tCLEAR THE INMTERRUPT ENABLE
sn7e A? 52 LDA #$52

ED7A 2D 04 AC STA FTICL TINITIALIZE T1 TIMER LOW COUNTER
507D 42 FF LDA #$FF

EO7F 20 02 AC STA FT2CL tINITIALIZE THE T2 TIMER

BDE2 2D 0° AC STA FT2CH

AD 2 . LDA #$C3 tLOAD HIGH BYTE OF TIMER #1.

=D 0S5 A 3TA FTICH :

as 40 DOWN LDA #$40 :

2T 0D AL WAIT BIT FIFR TWAIT UNTIL T1 TIMED DUT.

FQ FB EER WAIT tWAIT FOR INTERRUPT FLAG SET.
gn9at AD 04 aC LDA FTIL :CLEAR INTERRUPT FLAG RESET Ti.
sooa CE 04 04 DEC SECONT tDECRIMENT TIME COUNTER
ED7 0o Fi ~ BNE DOWN tWAIT FOR 0.5 SECONDS.

BL9D AD (02 AC LDA FT2CL :GET THE DECRIMENTED VALUES AND
el as FE EOR #3FF TCONVERT T COUNT
ooog =0 02 04 STA COUNTL :STORE IN MEMCORY.
DOAL AD 0 ac LDA FT2CH fREPEAT FOR HIGH BYTE.
EL2 a9 FF EOR #s$FF
ras 2D O3 04 ’ 3TA COUNTH
BRAD AD 00 0a LDA M3 * $INTITIALIZE TABLE INDEX.
el 0n AX : TAX
EOAD tROUTINE TO STORE INDIVIDUAL FREQUENCIES IN
=0AD $A MEMIRY ZTACK FOR FURTHER ANALYSIS
AT aD 02 0a LDA COUNTL :STORE LOW FREQUENCIEZ IN MEMORY.
O 0 13 04 3TA TEMPL, X
BT aD 0z 04 LDA COUNTH :STORE HIGH FREMUENCIES IN MEMORY
R4 20 23 04 STA TEMPH, X
gnED E2 Q0 04 INC M3 : INCRIMENT THERMISTOR SELECTION.
j=Ial=Tn AD 0D 04 LA M3 :LOAD THE THERMISTOR SSLECTION.
SoEFs ce 10 CME #2110 ICOMPARE TO 14 IN DECIMAL.
jcislug] DN Ao BN NEXT :3ET NEXT IF NOT ALl DONE,
-lalnic] SEWITCH OFF MULTIPLEXER AFTER USE
calasd a7 10 LDA 4510
LT <0 01 A0 ITa PAD
iclad o] ] RT3 TRETIVAN T Z4SIC,
"""""""""""" ROUTINE T CUMP DATA TO TARS °
2009 $ROUTING T3 DUMP DATA TO TAPS
ELC® SUSING KIM SFEED COMEATARLE TO SYM AND AIM
axinc) o B TAFED ISR ACCESS
i=ialaln &3 20 LA #%20
zialcy 35S 7D 3TA MOCE tSET KIM ZPCSED



BODC
3n02
PODS
POD7
TOnG
=ppe

BODF
BRE1
©pza
EDES
EDED

)3
m
>
L)

w1
M

5z
13N o

o
in
1- e
P

o
mnn
Vo b
e

[ERERENE
- 0

B RRLER]
M EHEL R

REZZ

a0
&2
=0

AT
3D

Al
20
Al
zD
A
=D

4R
2c

FO

oa
=)
42
0z
01
ag

OF
ac
04
ap
29
24
04
ag

27 32
cc
0C AC

06
1%
07
1€ 04

03

20
o0
oD

A0

sTAFE TO BE REMOVED SO

FOUND

(Mal}
3TA
LDA
STA
LDA
STA

LDA
STA
LDA
sTA
LDA
STA
LDA
TA

JER
LA
5TA

LDA
3TA
LA
3TA
Loa
STA

#s04
TAPDEL
49
TPOUT
#3501
1D

#CDATADL
SAL
#>DATADL
SAH
#CDATADH+1
EAL
F>DATADH
EAH

DUMPT
#s3CC
PCR

DATADL+3
FLORAY
DATATIL+10
FLORAV+L
DATADL+1S
FLORAV+2
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:3ET THE TAPE AP
:DIRECT THE DATA TD TAPE
fIDENTIFICATION IS SET TO ONE

:LOAD LOW BYTE OF DATA

:TO BE PUT ON TAPE.

:L2AD THE HIGH BYTE OF DATA
:TO PE PUT ON TAFPE.

tLOAD BYTZ 0OF TOP OF DATA.

1LOAD
:DATA

HIGH BYTE OF TOP
TO BE DUMFED.
sJUMP TO THE DUMP ROUTINE

TOP

(D]

THE TAPE RECORDER.

LOAD WET BIILB TEMFERATURE.
$STORE IM DIZPLAY MEMORY.
:LOAD DRY BULB TEMPERATURE.

:LOAD AVERAGE FLOOR TEMPERATURE.

IF TAPE TO BE REMOVED.

LDA
BIT
ZER

LD#A
STA

JER
Loe
T4
RTS

#3290
PED
ROUND

#s11
DATADL

ouMeT
#s$CC

PiZR

SCHECK TO SEE IF PIN NO S.

SON PORT B IS ACTIVE.

$IF NOT BRAMCH S&ROIUND.
/

PUT INDICATION ON ENMD OF TEPE.

tLIJAD THE

SSTORE IN

DECIMAL 17.
START OF DUMP MEMORY.
:DUMP TO TAPE AGAIN.

:S3TDP TAPE RECORDER.
:RETURN TO BASIC.

.END
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BASIC DRIVER PROGRAM
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0]
[D)
re
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Pass 2
T BASIC CRIVER FROGRAM FOR THE SYM-1
00 IWRITTEN BY 3IMON MURRAY FOR THE SYM-1
nOOn $FOR THE OKLAHOMA STATE UNIVERSITY.
an0n $SYSTEM LOCATIONS
OO0 MEMORY =€EF00 :POSITION WHERE ZERO PAGE RESIDES
N0 STCRE  =30000 $STORAGE TPACE.
AN ATIEME =$0Sp0 :LOCATION IN BASIC.
2000 RN =$C36D IRUN THE BASIC PRONREM.
A IRELACATINN PROGRAM.
RO «=$EO0N0
Co0n aT oo LOX #$00 :CLEAR COLNTER.
267 An on IF NEXT DA MEMORY. X $LOGD MEMCRY LOCATION.
pAnE @ o0 STA STORE, X :STORE INM ZERO FAGE.
N7 Z3 INX LINCREMEMT COUMTES.
©AnE  EQ E6 CPY #¢F0 THAT BLOCY SEEN wOUZDT
Gaas O E4 BMZ MEXT TWATT UMTIL ALL YAT BETN MOVED,
T A LDA #SASSEME $GET HIGH EYTS 0F ATice,
2 a2 £1HA tPIITH ONTD 3TACK.
saaT A% an LDA #ZASZEME IGET Lol OYTE F ATIEME,
sat: az PHA $PIISH ONTD STACK.
TO1S ac 4D oA JME RUNG :START RUMNING BAZIC.
o LEND

IRrants o0
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ZERO PAGE RELOCATOR FOR RUNNING BASIC
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eAss 1
Pass 2 .
T SROGRAM TD PLACE ZERO PAGE INTD MEMORY FOR BASIC.
00no sWRITTEN BY SIMON MURRAY
PP {FOR THE NDKLAHOMA 3TATE UNIVERSITY.
) {ZYSTEM LOCATIONS '
Aoan MEMCRY =4BFO0 :MEMORY FOR ZERD FAGE.
D00 START =$0000 :STARTING ADDRESS OF ZERD PAGE.
OO0 MONIT =$2002 :5YM MONITOR ROUTINE.
Q000 »=%0200
&2 00 LDX #00 tINITIALIZE COUNTER.
2% 09 NEXT  LDA 3TART.X :LOAD INDIVIDLAL DATA.
“0 QO EF STA MEMORY. X TSTORE IN MEMORY.
EZ INYX T INCEEMENT COUNTER.
£n Fa CPX #EFO :DATA ALL MOVED?
0o Fe EMNE NEXT tIF NOT 0 AROUND.
as 07 20 JME MONIT T JUMF TO MONITOR ROUTINE,
amee .END



APPENDIX F

AIM-65 TO TEKTRONIX DATA

TRANSFER PROGRAM
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saze 1
PASS 2 :
- TRAMILOCATION PROGRAM.
aneo $WRITTEN BY SIMON MURRAY
AO0 $3YSTEM LOCATIONS
) MEMORY =$0400 :DATA STORAGE LOCATION.
AOAO TIPEED =3A403 :TAPE SPEED (C7,S5E,SA)
0O0no INFLG =$A/412 t INPUT DEVICE.
D) NAME  =$A432 IFILE NAME.
A0 TAFIN =3A024 :IN FLAG (TAFE 1 OR 2)
0000 DRE =44:300 :DATA RES. B
nono $MOMITOR ROUTINES.
[sTalaln] LnaDK 1L =sEZA4 TLOARD ROUTINE WITH WIM FIORMAT.
Q000 LL =$E3FE $2ET 1,0 TO TEFMINAL (KR.D.S,T)
T DUTPUT =$€974 $OUTPUTS CHARACTER T TTY.
QN TAISET =<EDEA :SET TAPE (1 0OR 2) FOR INFUT.
Ann IFROGRAM RESIDES ON THE TEVTRONIX TAFE.
AT $IT IS OPSRATED UNDER TEKTRONIX CONTROL.
AT *+=30200
————————————————— TUTPUT DATA FROM &IM TO TTY.
ez START  CLD tHEXIDECIMAL MODE.
v cLe ICLEAR CARRY FLAG.
42 an LOY 4400
oroan e TETT  LDA SEMORY, X TLOAD DATA FROM MOMORY,
i 2 0 4821
THAVE TO ADO A CONSTANT T ALL VELUES
$30 THAT THE TEMTRONIX DOESN-T EECOMS TIED UP
$WITH COMTROL CHARACTERE.
20 Ta TS IR OUTEUT $AUTSUT THE CHARGCTIRTA TTY.
22 op LA peon $LOAD A CAREIASE FETURN.
X A I ISR OUTRPUT TOOTEUT THE TeERIAGS SETUEN.
ORI Lo | IRECLEAR THE CARRY FLAG.
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0212 =3 ) INX T INCREMENT THE COUNTER.
o2 0 11 CPX #e11 THAVE 17 CHARACTERS.
0213 DO €D ENE REST I0OMPLETE THE TRANSFER.
DATA FROM T&FS IN KIM FOrRMAT.  ~

0217 A% 02 LDA #>BACK tHIGH BYTE OF RETURN.
N9 a2 PHA $ONTD STACK.
0zLa AR 32 LDA #<BACK :LOW BYTE 0OF RETURN.
coiC ag PHA 1ONTD STACK.

a? Be LDA #$BC $3TGRT THE TAFE RECORDER.

N 00 A% STA DRB

&2 SA LDA #3354 :LOAD THE LETTER “K~“

D 0S A4 STA TSPEED :STORE IN TAFE SPEED.
227 a? No LDA #3500 ¢ INPUT DEVICE.
022 20 34 A4 STA TAPIN :TAFE 13 THE DEVICE.
[pJmpud g A? 4B LDS #3$4B :DEVICE 1,0 DIRECTION.
nZTE 3D 12 A4 STA INFLG :SET FLAG FOR INPUT.

20 =A =D JER TAISET $SET UP FOR INPUT.

AT 01 LDA #8501 :01 IS THE FILE ID.

2D 22 A4 STA NAME

o0 A4 EZ BACK JEROLOADKL tGET A BLOCK OF DATA.

20 FE ES J2R LL tRE3ET 1.0 DEVICE.
adcies e AC LA #EAC TSWITCH OFF THE TAFE.
azey 3D 00 &% <TA DRB
nzaa o1} BRI 1STOF THE FROGRAM
nzas .PAGE
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TEKTRONIX BASIC PROGRAM
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100 PEGE

110 PRI f a3 sanas sttt i i e R RN B AP RIS NN BN EN DT TN NE 5
120 FRINT »____ "

120 PRINT © PROGRAM WRITTEN BY "
130 BRINT "__¢ )

tE0 PR » SIMON MURRAY "
1ED) POINT »__»

170 L FOR THE AGRICULTURAL ENGINEERING DEPT."

1 '_:') » - L]

190 " OHLAROMA STATE UNIVERSITY"

200 L "

ecr o 5&4&6&“&#*#4»}4&“*&*!*4_‘_4#5&*‘#5*%*-}4‘5“4**544*§§4¥§'5Q‘4“§§*“
CALL "WAITU. @
REMIA ISR 4L SEBI2BRBBRBRRRIBBINIFFIBSIPBIIFINBELHISE BB BFBRFIR BRI

TEM THIS SROGREM TRANSFERS DATA FROM THE AIM TO THE TEKTROMIX.

CEIMT @I2, 3412
AT

ERINT "n

RRINT n___®
CETYIIT B n
CRINT

ceY wguAT

T WAZ THE PROCEZZOR STARTING TIME IN MINUTES, HQLR, DAY, MONTH®
4, 0, M1

T NIy I‘r

OCTANT on

F"—t_"'J*SQ-‘*’*“'&’**##‘ﬁ‘54§¥0§6§*-}§**§*#'9:5'-*9#-‘*‘i*‘.l"i-’i*&*%%#&;‘&*&-'i’b‘*f
FEM TITILEI FOR THE GRRAYS

GE=MONTLS

aE=rTave

Pk R SO <A

T mMINMTE

e CHATZYnE Y

GRNTNRSTTIC

¢="LITT Pl o

TLETTRIC HEAQTERY
TRz TIIMO

Ce=1 (TR

Ol RN~ =]

T T, T T TA TS T, T, TS, 79, 01, 00, 02, R1.F2
TR, TN T2ZOMY) L, TZOND W TA(M) W TSN TAIN) , TZ(N) » T2(M) » TF(N)
DIM QLN QMY , OZ(M) L, RIINY, F2(2)

MOINMITIALIZE 2RINTER AMD PRINT COLUMM HCADINGS,
INT 2at. 112

ETNT @41 G SO0 A, PR, C%,0%,F¢,02,F¢, T2, He

O TT H S00:1%,.05,L%,N3

Im2ce o 8 2y TR D TR D B Dy Fh o JOR, T A, ),
T ) 2Q, X, 1SA

SRt H AIGTR, 0, Tie

Pay} »42.4Y, 44, 27X, 45, 4, 44)

o

IMETRINCTION SET FIR CONMECTION OF GIM-45 TN THE TSHTRONIY.
" ’
UTUSN DN THE AIM GNDY INZERT THE DATA TASE INTO THE RECOSDCR®

T
7o

T

Y XD

ESTET N TRE AImMe ’

SWITOY THE TTY VEY OM THE AIM TO TTY™



7270 FRINT “°

Tao ERINT “AGAIM FRE

750 FRIMT ¢

7en PRINT "SRETS RETURM ON TEKTROMIX WHEN COMELETE™

770 INEUT WS

7E0 Bent

700 ERINT UTRANSFERRING PROGRAM TO THE-AIM TO GET THE DATA FROM TAFE®
R(127) I3 THS SUBOUT KEY TO ESTAZLISH BAUD RATE.

uR(12) IS RETUEN

LE 7 ON THE TEKTRONIX HAS THE

2 RESET ON THE AIM"

EMBLY FROGRAM

R L2)

“RATE", 1200,2,2
T 240:4%

L PWAITT, 0.5

*

oM+ F ISR FRE LS IRPIHDIR IR AR IIR S FIBLEFRERFERSTRBEFIRFRFFAEREFEREIRR
ecM STARTING POSITION FOR AIM PROGRAM
M2 =" O200"
SRINT Q401 "e"
CALL "WAIT",0.2
% T=t T LEN(MS)

EINT @40:Te
SALL "WAITH, 0.9

C M SR AGE Al TSI RBLISIIALEALIEIIIICHISHIRLISITHISIAERIALLFINEEFE
mEM TTART TR i)

MIEIRRING THE SROGREM ACRITS.,

COYINMT @40z 0Te

(e TREN 1700
TO LEN(Me)

[y Ly Is )

TE I=a THEN 1110

SETMT 240Q:K% -7

TALL "WeITv, 0.4

NEXT T '

CEMass 3t BBAIIFIIAINJLEIBISLLREFSRIIIIFRLAIZISREIIBASISIFHESSSLLEHEIZLS
M SOR AUTIMATIC DIMMANDS SUCH 33 IMCSEMEMT X COUNTER, INX
e - THEN L0T0

X E 2)

=S SERCE 3

TALL "WATTM,0.9

0OTO 1050 ) .

SR=CHY(DTY
FEINT ARao:eEx

) CAlL, myaTTe LN A4

TN 3G A ASIIAIINAIANIIAIL LI I IIBLELGTIIABILATLIILELAIIIISLIISIISRIIT TS

3
T ZLITK OF OATS TR TARS.

-
WEREST PLAY ON THE TAFE FECCEDER"
"nn

“RECIT EZTUCN ON THE TEVTROMIX®
WP

RO "
HLIAT TN
BRI ARBREBBENIIEBPIRFIBINAZTIENIAIIGRA I3 IBL] ‘*.}**5-}.‘.‘4-}-}&6

= M TO GET DATA OFT TARE

e i e as g h te S b a4
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1340
1270
1720
1290
1800
1a19
1azo
1220
canQ
1470
1220
117A
1

!

Z

M

!
1920
!

*

X

!

!

M

1
1
1
1
1
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ME="O2LT"

0% I=1 TO LEN(MS)
KE=TES(ME, 1,1)

PRI IT R3NIKS

CALL “WAIT".0

)

ERINT @40:5$

CALL "WAIT",0.2 '
GQINT @40:"nG"

RQINT
TALL

FRINT @40:3%

Ea=tel B L R b il Rl LIt LT L PRI EETE Y EEFEEEERITEY S LY T gy
SEM O WATT IUNTIL BLOCK H&S BEEN PUT INTO MEMORY.

FOR Iy TO O3

INFUIT 240:M3

FRINT Mm%

MEXT I .

(= M&{-&&#4{»#*{--}6*4*{-6%#'}##**&**ii##*#&*#**#*-‘-&‘%**6**4‘****4#***}-}***
QoM THE cTF’"T ELOLH OF DATA HAS BEEN TRGNTFERRED FROM TAPE TO AIM.

CALL “WAIT",

TO(1)Y=M

Ti(1)=H

T2(1)=D

Tz )y=ML .
"AGE

R R R R D L e e R e L 2 e e AL T T T F RN SR T A SRR vy
SEM THIZ IT THT ZEGIMMING G3F THE TRANSFERREL AMD PROCESSIING.

! O TO 200 AT SFECIAL INDICATORS ON THE TAFS WILL
THZ DATA TRAMNEEER

ST

TG LEM(MS)
SOMS. T, 1)
200:KS

L. UMALT, 0.2
XTI

THT 2402y
LomuarTe, o,z
MT 2407 3"
'm'r {2[_(‘\ "e):
t

g
L BCA N B

n

THATTM .0, 2

MT 2A0:TE
BBIILAZARIISIIIISIRL RS LS SAITIF S I R IR AL BABL P I IIILSIBIAIBC L IEDD

MEUT THE DATA SRIM THE INPUT QUTPUT PORT
1=: Ta

oL T AT
,

n

TMOIT QA0 vy

T T T4 TLew
- T S TSN

1
.

s

Time,

ook ]

.

=

A=

A=

e I 0T P ZRLQ, TR00, T
pr A .

F s - T' =2

T - ‘Ll’:l\l

b e =

e a TwITN TTT
:C = u:_'h! ST Oy
= & THTIN TTT0



17ed I I=17 THEN 2570
2090 17 1=12 THEN 3910
2080 NEXT I

2020 REY

MUR RSP HFEBAIEFRSHFRFRENTTILRERRIBISIRERFRFTFERFTHEEEFEERFERFRXRREETHERS

: T™ WAIT UNTIL THE AIM HAS ACGUIRED ANDTHER BLOCK OF DATA
Shed FOR 121 TO 2

IOTH INPUT 240:MS

20400 CALL "WAIT",O0

ZNTO MEXT I

020 FPRINT 240,303

I MNEXT

TIN0 CCMINISRIERIRSBLIFTRABAFIRIRLIIIIHIRIIFRIIRSIIR LSRRI HINERRLREFEF RS
210 B7=BT7+4

S INT U0 YO BAVE ANOTHER DATA TAPS TO FROQCESS (1=YEZS O=NO)"
INSUT B&

IF Pi=1 THEN 2170

g5S=200

G0 T 1420

N=R7

Fl"‘&-‘l.aq--&&&&&%a‘b&-\?Q**‘i‘?*#*#**5**#*{G*%{******4**%%#**4*#***'#*{*4***
FEM PRINT OUT THE DATA IN COLUMNS

J=1 TO N

TE 3940

ERIMT @a1: USIMG Z240:T2(0H,T20NH,T1(JI)HTO(I)»T4(I TSI, TB(J)
TRIMT 241 UTING ZEE0:TR0N LT ,,T7(H,Us, VS, 73

IMASTOZX, 2D, 4%, 20, 4%, 20, 7X, 20, 5X, 4D, 5X, 2D, 5X. SD) .S

ITMEZZI7X 30, 2X, 300 2D, AXS Z0. 20, 6 X5 3R 13X 260 9% 3A)

MEXYT
LR

[

FEED ON THE PRINTER"™
TEETRONIX WHEN COMPLETE"

CYOLRSE NOW ARCOUT TO TRANSFER DATA FROM THE TEXTRONIX™
“TO THE TEMS

CTHIT WILL NEARLY ALLLYT BE RETGUIRED TO BE DOME IN THE®
"LATIZ WTERNOON WHEN THE COMPIITER UZE I3 LES3"

LE FROM THE AIM AND CONMECT IT TO THE™
(ZTURM ON THE TEMTRIONIX WHEN FINISHED"

ap
“E_OTTER SACK, %
INEUT s

CEIMT “SUITCH ON THE FOWZR AT THE BACH OF THE mMODEM  SATAL-VADIC®

TRIMT M0QETE RETURM ON THE TEKTRONIX WHEN COMPLETE”
IMNSUT WS

=T X5

coIMT w__ S

AL SRIMT MuLEN TRE T/0 pUTY LIGHTT STOP FLATHING, TYFE IN LOCONY

”nJ-nutltu}lJuwjln

170 SIMT A1 UTIAL TA00 OM TUE TELSPHANE AND IMSTALL IN MODEM % WHEM"S
SE0 TCITMT RN YOI WEAR TRE CZED"
TINTST 3AUIUTYRE IN LIGONM AND THE IZM WILL STOMET Vi WITH JUCITIONS:
T T OTTMOUF 2 DATS FILE CALLED RSN, DATAY
T . LENLETM THE TaM TMET BAIY WITH 0010 PETIE TRE FOLLOWIMNG T
eI oesIn LPUTETUEN TO BAIICS
IT IO RRIMT te THEN RUN 2020
iy STINMT @ayiv__ "
z TALL tReTEM, 1200,2,2
- TEMISITIZRBIR BB A BRI ZEH LR LS IREERPRIAELIEHESSLRRASLRIES RSB RG LSRN
z TEM OROATT THE SISET OCCURANCT OF MIMUTES FRIOM DATA.
o TR TERMIMY
TESTY CCMAESIIARASIRBRAAILGRABEBEABAIILRIIBICHELGAIERILEIALREILDDIESLELETERERLCR TS
A IEM TA.TLOT2, T ANE THE MINUTEZ, HOURZ, DAY, MIMTH REIFZSTIVELY

210 REM TUID SECTION UEDATES A TLOTH BATED 0N 1T VINU*: INTERFRIFTS
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4
s N I I

pEATARS]

l)l-‘lljl‘:ll
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SEM FOR J>1 THEN UFDATE DEPEINDS UPON THE 1S MIMUTES.

IF .21 THEN 2010
CEMESIRFIHRRRZEABRIRRRATARFRRLRILSESRRNIIIRAIRSBERILRAFEIRIIRIBLLRESS
REM UPDATE THE FIRST OCCURANCE OF HOURS FROM DATA.

c="

TO{1)=M+A

IF TO(1)440 THEN 2010

TO(1)=TO(1)=40

g=1

G0 TO 2010

IF J>1 THEM 2010

I =t T4UEN 2720

T1(1)=0+H

caT0 2200

CEMAg 224343 FBFIREIXXAFISRRITIEIRFHIREAFEIAIREARRARIRIFEAARLIREREL R FERFTR
REM URPDATE THE FIRTT OCCURGNCE OF DAY FROM DATA.

T1(1Y=H+E+E

£=0

IF T1(1)<24 THEN 2010

Ti1)=TL(1)-24

E=t
G OTO 2010
IT T3 THEN 2010

T

T E=1 THEN 2900

To(1)=Dep

50 TY 2920

[ R N T T Ty R LT T T T T T T SO GO N R A R PR RV gV S g g )
AEM USTATE THE FIRST OCCURANCE OF MONTH FROM DATA.

IF THEN 2010
T 0

E=

D]

I 2070

= 2020

)=84M1

NEFILILESRS BRI FIEIFIRJEIBSIXR LRSS FIFTESFS RSN ZINIERSTIES RIS
COMZZOUTATIVELY UPDATE THE SOFTWARS CLOCK ON THE TSWTRONIX.
ST 2040

TI1 ) =aeMeE

C=0

B B B

2120

FEEEN
)

44N
]

IF TZohazr THEN 2200

CEMIBI AL SLEAIS AR BN R IEAALIY I BEIISHFIIREREIIRIIBIFIAIIBBELTI IS ST ELI RS
TILA)=TZON =20

y+E
TUEN 2010



T20N=T2(J)-12
3] T2 29010

Bt e R s L R N Ry ey
SEM INDICATOR SOR QUTSIDE TEMFERATURES EITHER ZEING FPOISITIVE 0OR NOT
REM IF A=17 THEN THE END QF THE DATA TAPE HAS FEEN REACHED.

I A=17 THEN 2120 .

IF A=! THEN 2240 '

3 T2 2010
FEMI It s I+ IR BB A IRGT R IR IEF IR AR I I I FIIIAFCIBISAIFER TSNS
SEM CUTIIDE TEMSFERATURE

IF =0 THEN 2410

Ta{.J)=A-100

-0 T3 2010

T 2010 : i
F\'E.’"*~"r~"-:r*’-‘hﬂ'ﬁiﬁ'?%l-*#***}&**&%‘*#i**§§*§**&#44§§-§§§44§§§**-}4§*4§§ FIFLIR
SEM IMSIDE TEMPZRATIRE

=

-

TAOO 30 T 2010

a0 Ta(=4a

TATO G TJ 2010

TaTn qEﬁ%&6*45556&566‘64#6%#*4*4##‘4#§**&§§§¥4§**4§§$6§§*#§#454§*Q§44#§§
Itan IMDICATOR FOR INSIDE TEMPSRATURES BEING SITHER POSITIVE IR NOT
I8S0 =1 THEM 2420

TAA0

_?:‘ v

0 THEN 2550
TS =100-4
S0OTO 2010
TS(Jr=A

GO 2010

CEMI3IAn A 1B AR IFIIIIRBEGRIEIHREFILIFIFRNP LI I LIS IR IS T AERTF ST

~T™ T TULE TEMRPERATURE

Tre) =4

T 200

POV 343 E RIS R BB IR IR LI I DI R IR T BT IIF IR I SR BF ISR FRBEERFILSFH ST FHS R
"ETM TRACTION PART OF WET BUL3 TEMPSRATURE.

TL ) =TA(ND+R/100

ST 2010
P EMI I AR I I BRI S E A LB IIREA BRI AR RS RSB AI TR I I L ORISR ISR IR THTHST TS
SIM DRV ZUL3 TEMRCRATURE
TT =2
SOTE 2010
P EMAAALS IR BRI I IR SRR I DA G B EI IR AIREREA SRS SIATFCRIEH B C AN TEAS T8
TEM TRECTICM PART OF DRY BULR TEMPTRATURE.
TTON=TTO)+48/7100
a2 O'O

HZLATER UPE?QTION

NN

ELE:T‘:C ATATIR GFERATION

=2

TN

NAIAZAACRGAZAR LAARIASISU LI BB LSS Y BB L ANRE I LS BAN LR AP AGBERDLBs $8 333
MOTET IPTNT TOMETRATURS
2 ( 1)=38
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i3 TN 2010
CEMEIBLHREREFTEFIRBLE SR I I HREXERAERF R F RIS E RS IERFSE ST XL FIBERFRIBSR
TEM AVERAGE FLOOR TEMPERATURE

To)=A

30 TO 2010

Ta(d)=4 )

T NL(J)=1 THEN 3970

=% :

ST Z2R20 i
e=P¢

IF OZ2(J)=1 THEN 2020

Vs=0%

G TO 2030
CoMERIFEERLIIIFIFF ISR RS IR B RS RRER NSRS HIFET IR D TR FLEFRSD AR
UE=P3

IE 0TS =L THEN 4040

IE=03%

50 TO 470

ZR=00%

CETURN . )
SEMRAISAB LIRSS PRI IIRIII LSS LSPIFIFLIEIRBEFFIIFFRFFFE TN SN %S HHREHE
STM TRAMIFTR THE DATA TO THE IBM MAINFRAME

ECR I=t TO M

M O USIMG L4120 TTS(IN, T2(D)LTIC(I)-TO(IN,TA(I),TS(ID)-RI(I)
ALIG TRINT A0 UTIMG 4140:T2(I), TR(IY,DL(I),02(1),23(1)
0T 3 oY, 2n

4 Y, 20, 2X, 20, 2X, 2D, 2X, 40, 2X, 4D, 2X, 30 1), 2
AT (Z2Y, 20, 2 20, 22X, 10, 2X, 1D, 2X, 1D)

e

QLT WAIT",0.2

a1
"LETER THIS AGE PLEATE PREZS . FETURN TD GET ZACk TO IEM"
"TEEMINY

o !

i)
SRV e i ba s e ey

646&%-1-45466-}6&‘#Q*Q*Q*%&*#'-‘M‘**‘*#*‘}&%l&‘#‘?i*#‘#@**"#‘%“%-‘**4*

ATION 27 SSLATIVE HUMIDITY
2

=TAaL GTLT, =2 7Y, 11 TE2T4, -0 24

DLITI0ETR,0.0T2124824

IR FIIZLABLASIFIRIIIRNEEIFILESISLR G IR F SRS ISR IR IR I FIESIISFISIR IS BN EE
THE ATMOITUIRIC FRESSURE

T

Y AT G, 2 e (TT N =TA(N)
28T7(IN=TEH(D))

DOm0 A (FL/PT) Y5100
TaTO T g

22A0 CELETE T4, TY
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TABLE TII

GREENHOUSFE, DATA

MONT1I DAY HOUR  MINUIES OUTSIDE  INSIDE  SET FIDOR WET BULB  DRY BULB GAS SPRAYS ELFACTRIC
TEMP TEMP TFMP TTMP TEMP TEMP HEATER HEATER
1 22 17 20 8 18 15 L9 11 14 OFF OFF OFF
1 22 17 35 10 13 15 20 9 12 OFF OFF OFF
1 22 17 50 9 11 15 20 9 11 OFF OFF OFF
1 22 18 5 10 10 15 20 8 11 OFF OFF OFF
1 22 18 20 9 10 15 20 8 10 OFF OFF OFF
1 22 18 35 9 9 15 20 8 10 OFF OFF OFF
1 22 18 50 9 9 15 20 8 10 OFF OI'F OFF
1 22 19 5 9 9 15 20 7 9 OFF OF T OFF
1 22 19 20 7 9 15 20 6 8 OFF OFF OFF
1 22 19 35 7 9 15 20 6 8 OFF OFF OFF
1 22 19 50 7 9 15 20 6 8 OFF OFF OFT
1 22 20 5 7 8 15 20 6 8 OFF OFF OFF
1 22 20 20 7 8 15 20 6 8 OFF OFF OFF
1 22 20 35 7 9 15 19 6 8 OFF OFF OrF
1 22 20 50 6 8 15 19 6 7 OFF OFF OFF
1 22 21 5 5 8 15 19 5 7 OFF OrF OFF
1 22 21 20 5 8 15 19 5 7 OFF OF'F OFF
1 22 21 35 6 8 15 19 5 7 OFF OFF OFF
1 22 21 50 5 7 15 19 4 5 OFF OFF OFF
1 22 22 5 4 7 15 19 4 5 OFF OFF OFF
1 22 22 20 4 7 15 19 4 5 OFF OFF OFF
1 22 22 35 4 7 15 19 4 6 OFF OFF OFF
1 22 22 50) 4 7 15 18 4 6 OFF OFF OFF
1 22 23 5 2 6 15 18 3 4 OFF OFF OFF
1 22 23 20 3 6 15 18 3 5 OFF OFF OFF
1 22 23 35 2 6 15 18 2 4 OFF OF OFF
1 22 23 50 2 6 15 18 2 4 OFF OFF OFF
1 23 0 5 3 6 15 18 3 4 OIF OFTF OFTF
1 23 0 20 3 6 15 18 3 4 OFF OFF OFF
1 23 0 35 2 6 15 18 2 4 OFF OFF OFF
1 23 0 50 2 5 15 18 2 3 OFF OFF OFF
1 23 1 5 2 5 15 18 2 4 OFF OFF OFF
1 23 1 20 2 5 15 17 2 3 OFF OFF OFF
1 23 1 35 2 5 15 17 2 3 OFF OrrF OFF
1 23 1 50 1 5 15 17 2 4 OFF OFT OFF
1 23 2 5 2 5 15 17 3 4 OFF OFF OF

00T



TABRLE III (Continued)

MONTH DAY HOUR MINUTES OUTSIDE INSIDE  SET FILOOR Wil BULB DRY BULB GAS SPRAYS ELFCTRIC
TEMP TEMP TEMP TEMP TFMP TFMP HEATER HBENTER
1 23 2 20 2 5 15 17 2 4 OFF OFF OFF
1 23 2 35 1 5 15 17 2 3 OFF OFT OFF
1 23 2 50 1 5 15 17 2 3 OFF OFF OFF
1 23 3 5 1 5 15 17 2 3 OFF OFF OfF
1 23 3 20 0 5 15 17 2 4 OFF OFF OFF
1 23 3 35 1 5 15 17 2 4 OFF OFF OFF
1 23 3 50 1 5 15 16 2 4 OFF OoFfF orr
1 23 4 5 1 5 15 16 3 4 OFF OFF OFF
1 23 4 20 1 5 15 16 3 5 OFF Orf' OFF
1 23 4 35 1 5 15 16 3 4 OFF OFF OFF
1 23 4 50 1 4 15 16 2 4 OFF oFF OFF
1 23 5 " 1 4 15 16 2 3 OFF e.50 OFF
1 23 5 20 1 4 15 16 1 1 OFF OFF OFF
1 23 5 35 0 4 15 16 1 3 OFF OFF OFF
1 23 5 50 0 4 15 16 2 4 OFF OFF OFF
1 23 6 5 0 4 15 16 1 3 OFF OFF OFF
1 23 6 20 1 4 15 16 2 4 OFF OFt OFF
1 23 6 35 1 4 15 15 2 3 OFF OFF OFF
1 23 6 50 1 4 15 15 2 3 OFF OFF OFF
1 23 7 5 2 4 15 15 2 4 OFF OFF OFT
1 23 7 20 2 4 15 15 2 4 OFF OFF OFF
1 23 7 35 2 5 15 15 2 4 OFF OFF OFF
1 23 7 50 2 5 15 15 3 4 OFF OFF OFF
1 23 8 5 2 6 15 15 3 4 OFF OFF OFF
1 23 8 20 1 6 15 15 2 4 OFF orf OFF
1 23 8 35 1 9 15 15 4 6 OFF orF OFF
1 23 8 50 2 9 15 15 6 7 OFF OFF OFF
1 23 9 5 3 11 15 15 7 10 OFF OFF OFF
1 23 9 20 4 12 15 15 8 10 OFF OFF OFF
1 23 9 35 4 14 15 15 9 13 OFF OFF OFF
1 23 9 50 6 15 15 15 10 14 OFF OFF OFF
1 23 10 5 6 17 15 15 11 15 OFF OFF OFF
1 23 10 20 4 17 15 15 11 14 OFF OFF OFF
1 23 10 35 6 19 15 15 12 17 OFF ory OFF
1 23 10 50 5 20 15 15 12 17 OFF OFF OFF
1 23 11 5 6 21 15 15 13 18 OFF OFF OFF
1 23 11 20 6 21 15 15 13 18 OFF OFF OFF

T0T



TABLE III (Continued)

MONTH DAY HOUR MINUIES OUTSIDE  INSIDE SET FLOOR WET BULB  DRY BULB GAS SPRAYS ELECTRIC
TEMP TEMP TEMP TFMP TEMP 'IEMP HEATER HEATER
1 23 11 35 7 22 15 15 14 18 OFF OFF OFF
1 23 11 50 8 22 15 15 15 19 OFF ON OFF
1 23 12 5 9 20 15 15 15 20 OFF OFF OFF
1 23 12 20 10 21 15 16 16 20 OFF OFF OFF
1 23 12 35 11 22 15 16 16 21 OFF OFF OFTF
1 23 12 50 12 22 15 16 16 21 . OFF OF'F OFF
1 23 13 5 13 22 15 16 16 21 OFF OFF OFF
1 23 20 13 23 15 15 16 17 22 OFF OFF OFF
1 23 13 35 14 24 15 16 18 22 OFF OFF OFF
1 23 13 50 12 24 15 16 18 23 OFF OFF OFF
1, 23 14 5 14 24 15 16 18 23 OFF ON OFF
1 23 U4 20 14 23 15 16 18 22 OFF OFF OFF
1 23 14 35 12 24 15 16 17 23 OFF OFF OFF
1 23 14 50 14 24 15 16 18 23 OFF OIF OFF
1 23 15 5 14 24 15 16 19 24 OFF OFF OFF
1 23 15 20 13 24 15 16 19 24 OFF OFF OFF
1 23 15 35 15 24 15 16 19 23 OFF OFF OFF
1 23 15 50 16 24 15 17 19 23 OFF OFF OFF
1 23 16 5 16 23 15 17 18 22 OFF OFF OFF
1 23 16 20 16 21 15 17 17 21 OFF OFF OFF

0T
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TABLE IV

GREENHOUSE DATA

MONTH DAY HOUR MINUTES OUTSIDE INSIDE SET FIOOR  WET BUIB  DRY BULB GAS SI'RAYS FLBECTRIC
TEMDP TEMP TEMP TEMP TFMP TEMP HEATER HFATER
1 23 17 20 17 12 18 16 12 13 ON OFF OFTF
1 23 17 35 16 12 18 16 12 12 ON OFF OI'F
1 23 17 50 16 10 18 17 11 11 ON OFF* OFF
1 23 18 5 16 11 18 17 11 11 OoN OFF OFF
1 23 18 20 15 10 18 17 10 10 0.} : OFF OFF
1 23 18 35 14 9 18 18 10 9 OFF OFF OFF
1 23 18 50 14 9 18 18 9 9 OFF OFF OFF
1 23 19 5 13 8 18 18 8 8 OFF OF'F' OFF
1 23 19 20 13 7 18 18 8 8 OFF OFF OFF
1 23 19 35 13 7 18 18 7 7 OFF OFF oFF
1 23 19 50 12 6 18 18 7 7 OFF OFF OFF
1 23 20 5 12 6 18 18 6 6 OrF OFF OFF
1 23 20 20 12 6 18 18 6 6 OFT” OFF OFF
1 23 20 35 11 5 18 18 6 6 OFF OFF OFF
1 23 20 50 11 5 18 18 5 5 OFF OFF OFF
1 23 21 5 10 5 18 18 5 5 OrF OFF OFF
1 23 21 20 10 5 18 18 5 5 OFF OFF OFF
1 23 21 35 9 4 18 18 4 4 OFF OFF OFF
1 23 21 50 9 4 18 18 4 4 OrF OFF OFF
1 23 22 5 9 4 18 18 4 4 OFF OFT OFF
1 23 22 20 8 4 18 18 4 3 OFF OFF OFF
1 23 22 35 8 4 18 18 4 4 OFF OFF OFF
1 23 22 50 7 3 18 18 4 3 OrF ON OFF
1 23 23 5 7 3 18 18 3 3 OFF ON OFF
1 23 23 20 7 5 18 18 5 5 OFF OFF OFF
1 23 23 35 7 5 18 18 5 5 OFF OFTF OFF
1 23 23 50 7 5 18 18 5 5 OrrF OFF OFF
1 24 0 5 6 5 18 18 5 5 OFF OFF OFF
1 24 0 20 6 5 18 18 4 5 OFF OFF OFF
1 24 0 35 6 5 18 18 4 5 OFF OI'F OFF
1 24 0 50 6 5 18 18 4 5 OFF OFF OFF
1 24 1 5 6 5 18 18 4 4 OFF OFf* OFF
1 24 1 20 6 5 18 18 4 4 OFF OFF OFF
1 24 1 35 6 5 18 18 4 4 OFF OFF OFF
1 24 1 50 6 5 18 18 4 4 OFT OFF OFF
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TABLE IV (Continued)

MONTH DAY HOUR MINUIES OQUTSIDE INSIDE SET FLOOR WET BULB DRY BULB GAS SPRAYS ELECTRIC
TEMP TEMP TEMP TFMP  TEMP TEMP HFATER HEATER
1 24 2 5 6 4 18 18 4 4 OFF OFF OFF
1 24 2 20 6 4 18 18 4 4 OFF OFF OFF
1 24 2 35 6 4 18 18 4 4 OFF OFF OFF
1 24 2 50 5 4 18 18 4 4 OFF OFF OFF
1 24 3 5 4 4 18 18 4 4 OFF OFF OFF
1 24 3 20 5 4 18 18 4 4 OFF OFF OFF
1 24 3 35 5 4 18 18 3 4 OFF OFF OFF
1 24 3 50 5 4 18 18 3 3 OFF OFF OFF
1 24 4 5 5 4 18 18 3 3 OFF OFF OFF
1 24 4 20 4 4 18 18 3 4 OFF OFF OFF
1 24 4 35 4 4 18 18 3 3 OFF OFF OFF
1 24 4 50 5 4 18 18 3 3 OFF OFF OFF
1 24 5 5 5 4 18 18 3 3 OFF OFF OFF
1 24 5 20 5 4 18 18 3 3 OFF OFF OFF
1 24 5 35 5 4 18 18 3 3 OFF OFF OFF
1 24 5 50 5 4 18 18 3 3 OFF OFF OFF
1 24 6 5 5 4 18 18 3 3 OFF OFF OFF
1 24 6 20 5 4 18 18 3 3 OFF OFF OFF
1 24 6 35 5 3 18 18 3 3 OFF oN OFF
1 24 6 50 4 5 18 18 3 3 OFF OFF OFF
1 24 7 5 4 4 18 18 3 3 OFF OFF OFF
1 24 7 20 4 4 18 18 3 3 OFF OFF OFF
1 24 7 35 4 4 18 18 3 3 OFF orF OFF
1 24 7 50 4 4 18 18 3 3 OFF OFF OFF
1 24 8 5 5 4 18 18 4 4 OFF OFF OrF
1 24 8 20 4 6 18 18 4 4 OFF OFF OFF
1 24 8 35 4 8 18 18 5 6 OFF OFF OFF
1 24 8 50 4 10 18 18 8 8 OFF OFF OFF
1 249 5 5 13 18 18 10 11 ON OFF OFF
1 24 9 20 6 16 18 18 13 14 OFF OFF OFF
1 249 35 8 19 18 18 15 17 OFF OFF OFF
1 24 9 50 9 20 18 18 16 18 OFF OFF OFF
1 24 10 5 11 22 18 18 17 19 OFF OFF OFF
1 24 10 20 12 22 18 18 18 20 OFF OFF OFF
1 24 10 35 14 25 18 18 19 22 OFF OFF OFF
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TABLE IV

(Continued)

MONTH

b et b b e e e b et el et fed o bt b b o et
e

DAY

HOUIR

MINITIRS

50

20

TS TOE
TEMI

TNSTDE
TE

il

T

FI OR
T

19

IR

Wt BULD
TEMP

DRY BUTH
TIMP

GAS SPRAYS

HEATER

OFF OFF
OFF ON
OFF - OFF
OFF OFF
OFF' OFF
OFF OFF
OFF OFF
OLF OF T’
OFT' OFF
OFF orY
OFF B3
OFY OFF
OFF OFF
OFF OFF
OFF - OFF
OFF OFF
OFF OFF
OFF ON
OFT OFF
OFF OFF
OFF ON
OFF OFF

FLICIRIC
HEATER

OFF
OFF
OrF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
OFF
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