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ABSTRACT

DIGITAL COMPUTER CONTROL OF RESISTIVITY AND
HALL, MEASUREMENTS OF SEMICONDUCTORS

by

‘Roman Krawczyniuk

A digital—computefJbased, real-time data acquisition, processing,
and control system has been developed for resistivity and Hall
measuremenfs of semiconductors and is described in detail. Systenm
components consist of a reed relay multiplexer, an integrating digital
voltmeter, a teletype, a magnetic tape unit; and = digital plotter.
Programmed system operations include: (1) monitoring of the tempsrature
and initiation of a measuring cycle at temperature intervals preselected
by the operator; (2) interactive commmication between the operator and
the computer; (3) acquisition of analog data voltages and printing of
these voltages on the teletype; (L) storage of the da£a voltages on
magnetic tape for further off-line data reduction; and (5) on-line
processing and display of Hall data on the digital plotter.‘ Computer
programs have also been developed for further off-line data processing.
The experimental results are presented by the system in the form of
conventional plots of Hall coefficient, electrical resistivity, and Hall

mobility as a function of absolute temperature.

Measurements on germanium were performed at low temperatures and
low magnetic field strength. The results for germanium agree with

published data and therefore confirm the proper operation of the system.
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ABSTRACT

A digital-computer-based, reél—time data acquisition, processing,
and control éystem has been developed for yesistivity and Hall -
measurements of semiconductors and is described in detail. System
components consist of a reed relay multiplexer, an integrating digital
voltmeter, a teletype, a magnetic tape unit, and a digital plotter.
Programmed system operations include: (1) monitoring of the temperature
and initiation of a measuring cyclé at temperature intervals preselected
by the operator; (2) interactive communication between the operator and
the computer; (3) acquisition of analog data voltages and printing of
these voltages on the teletype; (L) storage of the data voltages on
magnetic tape for further off-line data reduction; and (5) on-line
processing and display of Hall data on the digital plotter. Computer
programs have also been developed for further off-line data processing.
The experimentél results are presented by the system in the form of
conventional plots of Hall coefficient, electrical resistivity, and Hall

mobility as a function of absolute temperature.

Measurements on germanium were performed at low temperatures and
low magnetic field strength. The results for germanium agreec with

published data and therefore confirm the proper operation of the system.
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INTRODUCTION

This work is the first stage of a program of research on electrical
properties of various elemental and compound semiconductors. The most
important electrical properties are electrical resistivity, Hall
coefficient, and Hall mobility. These quantities are measured as a
function of temperature and magnetic field. The results are then
analysed to provide information concerning band structure; scattering
mechanisms, energy lefels, and concentration of donor ana acceptor
impuritiés. This work requires a large number of measurements on many
samples in oraer that theories may be developed and substantiated. The
conventional methods of measuring and evaluating the data are, however,

tedious and very time consuming.

This thesis reports the development of a digital-computer-based,
real-time data acquisition, processing, and control system for electrical
resistivity and Hall measurements of semiconductors. The system hardware
components consist of a reed relay muitiplexer, an integrating digital
voltmeter, a magnetic tape unit, a digital plotter, and a teletype.
Computer programs have been written to measure the data voltages, to
print the voltages and corresponding temperature on the teletype, to
store the raw data on magnetic tépe for further off-line analysis by the
system, and to plot on line the Hall coefficient as a function of the
absolute temperature. Other programs have been developed for further
off-line data reduction. Measurements were performed on a germanium

sample to verify the operation of the system.
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The components and programmed operation of the system are
discussed in Chapter I. The experimental apparatus and procedure are
described in Chapter IT. Chapter IIT contains é brief review of the
basic theory of electronic transport in semiconductor materials. In
Chapter IV the results of computer-controlled resistivity and Hall
measurements of germanium are reported and are discussed in the light
of existing theory. The merits, limitations, and recommendations for

the improvement of the system are presented in Chapter V.



CHAPTER I
THE DATA ACQUISITION AND PROCESSING SYSTEM
1.1 System Components

The digital-computer-controlled data acquisition and proceésing
system to be described below is a completely programmable general-purpose
dc voltage measuring, recording, and processing system. The system can
be used with any experimental arrangement provided, of course, the
Quantities to be measured are reducible to dc voltage determinations.

A block diagram of the system is shown in Fig. 1.

The system is built around the Digital Equipment Corporation
PDP-8/L computer which functions both as the control element in data
acquisition and as the data processing facility. The PDP-8/L is a
one-address, 12-bit fixed-word-length, parallel digital computer using
two's complement arithmetic. ¢ycle time of the L1096-word random-address
magnetic-core memory is 1.6 [,;seco Input-outi:aut is accomplished either

through the accumulator or through the data break facility.

The components between the experiment and the computer cé:nsist of
a guarded relay multiplexer and a digital voltmeter. The computer-
controlled multiplexer has eight Digital Equipmerﬂ: Corporation Type Alll
switch modules; each module contains two 3-pole reed-relay switches.
Up to 16 different analog dc voltage inputs (channels) can be multiplexed

under program control to the digital voltmeter. The system is prewired
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| for expansion to 6L channels. The digital voltmeter is a Hewlétt-
Packard Model 2LO2A integrating digital voltmeter (IDVM). The IDVM
measures dc voltage on any of five ranges: O.i, 1, 10, 100 and 1000 V
full scale. Autoranging is provided over all five ranges. The
resolution is 1 pV on the 0.1 V range. The voltage, including decimal
point, polarity, and unit, is indicatéd on a direct reading six-digit
nixie display. By means of active integration the voltmeter reads the
average value of the input voltage over a 1/60 sec time interval in
order to reject 60 Hz noise: The maximum rate of voltage measurement is
L3 measurements per second. The manufacturer's specifications give the
accuraéy of the voltmeter to be 0.01% of the reading + 0.003% of tﬂe
full scale for all ranges except the 0.1 V range where the accuracy is
slightly less. This accuracy has not been verified due to the lack of
suitable standards equipment. The input impedance of the voltmeter for
the .1, 1, and 10 V ranges is 10° @. The measured voltage appears in
binary-coded-decimal form on a comnector at the rear of the IDVM and is

available for transfer to the core memory of the computer.

The data-handling peripheral equipment consists of a teletype,
a magnetic tape unit, and a digital plotter. An ASR-33 teletype is used
as the basic information interchange device between the operator and the
computer. It consists of a printer; keyboard, paper-tape regder and
paper-tape punch. The ASR-33 teletype is a standard machine operating
with serial 8-level ASCII-code cﬁaracters at the rate of 10 characters
per second. It inputs information to the computer from the paper-tape
reader and by means of the keyboard, and outputs data in the-form of
punched paper tape and printed copy. A Peripheral Equipment Corporation

Model 3520~7 digital magnetic tape unit is used to store data for



further off-line processing. The transport reads and writes on seven
tracks at a speed of 25 inches per seéond and a density of 556 bytes
per inch. The maximum transfer rate is seven thousand 12-bit words per
second. A Houston Model DP-1-1 digital plotter provides a graphical
display of the processed data. The plotter operates at the rate of

3 inches per second in 0.0l inch steps.
1.2 System Programs

Two system program packages have been developed. The programs
were written in machine language to obtain maximum programming
flexibility and to minimize the amount of core memory required. The
first program package is divided into two parts. The first part enables:
(1) real-time acquisition of data voltages from electrical resistivity
and Hall effect measurements; (2) printing of the data voltages on the
teletype; (3) storage of this data on magnetic tape; and (L) on-line
plotting of the logarithm of the Hall coefficient as a function of the
reciprocal temperature. The second part of the first program package
has been written to measure the analog dc voltages appearing on
channels 0 to 6, to print the data voltages on the teletype, to store
them on magnetic tape, and to calculate and print the temperature at
which these measurements were taken. This part of the package. is not
used and therefore is not discussed below, but is included in Appendix A.
It will be used in future work to measure magnetoresistance. The
second package permits the reading of raw data from the magnetic tape
into the core memory of the computer, and plotting of either the
logarithm of the electrical resistivity as a function of the reciprocal

temperature or the logarithm of the Hall mobility versus the logarithm



of the temperature. Both system program packages are described below.

Real-Time Data Acquisition and Analysis

Execution of the Data Acquisition and Analysis Program begin;
with a "dialogue" between the operator and the computer. The dimensions
of the sample to be measured, the temperature interval between
measurements, and the scale factors requifed for plotting the processed
data are requested on the teletype printer. This information is typed
by the operator on the teletype keyboard and is entered into the core
memory of the computer. Upon termination of this "dialogue', the data

headings are printed. The program enters the acquisition stage.

To start data acquisition the operator types a command on the
keyboard. The a_tnalog dc voltages appearing on chamnels O to 6 (see
Fig. 3) are multiplexed under program control to the IDVM. Each voltage
is measured and digitized by the IDVM and then three 12-bit BCD words s
representing the channel number of the voltage measured and the digits,
polarity, and multiplier of this voltage; are transferred under program
control to the core memory of the computer. Input data voltages are
measured and stored in core memory at the rate of five channels per
second. This rate is set by a programmed delay. Once all the channels
have been measured, the voltages are printed out in fixed-point
notation. The operator then turns on the magnetic field and initiates
the next measurement cycle. The second set of data voltages is
measured, stored in core memory, and printed out on the teletype. The
voltages stored in core memory are converted to binary floating-point
notation to facilitate data processing. Both sets of data voltages

are then recorded onto magnetic tape through the 3-cycle data break



facility. The subroutines enabling data transfer between the computer
and the magnetic tape unit have been provided by Digital Systems
Associates. The execution of the program now enters the processing

stage.

The data in core memory is processed with the aid of the Digital
Equipment Corporation Floating-Point Packége (DEC-08-YQLA-PB) which
contains a variety of mathematical subroutines. The temperature at
which the measurement was performed is calculated from a polynomial
relating the resisfance of the temperature sensor and the corresponding
temperature. The calculated temperature is printed on the teletype.
The common logarithm of the absolute value of the Hall coefficient is
calculated, its value is scalea and then plotted as a function of the
reciprocal sbsolute temperature. The Digital 8-12-U subroutine used
for plotting was provided by Digital Fquipment Corporation. Execution

of the program enters the monitor stage.

Three courses of action are available to the operator. He may
decide to maintain the initial temperature interval between Hall
measurements, to input a different temperature interval into memory, or
to terminate execution of the program. If the decision to continue the
experiment has been made, the dc voltages from the temperature sensors
are measured and read into core memory. The temperature is calculated
to within 1% accuracy and monitored continuously. When the desired
temperature has been attained, program control is transferred to the
acquisition stage and the data acquisition and analysis précess is
repeated. The ab.ve program package enables computer-controlled
electrical resistivity and Hall measurements to be performed from 1.5 °K

to 300 °K.
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The Data Acquisition and Floating-Point Packages occupy
approximately L0OOO 12-bit words of core memory. System operating
instructions, flow charts, and program listings are provided in

Appendix A.

Off-Line Data Processing

° The Off-Line Data Processing Packaée when used in conjunction
with the Floating~Point Package enables raw data to be read from
magnetic tape into the core memory of the computer, to be processed,
and to be displayed by the digital plotter. The program is divided
into two main parts: (1) information transfer, and (2) data processing
and display. The execution time of the program is limited only by the

speed of the peripheral devices.

The operator begins program execution by entering the sample
dimensions and the scaling parameters, required for plotting the
processed data into core memory, through the teletype keyboard. One
record of data, containing the 1) measured voltages represented by
forty-two 12-fit words, is read from the magnetic tape into core memory.
' Thé data is processed, scaled, and a point is plotted. The next record
is read in and the process is repeated. An end-of-file character
appears after the last record and indicates to the program that all
available data has been processed. This character terminates program
execution. Subroutines have been written to calculate the common
logarithm of the electrical resistivity and of the Hall mobility and
to plot the former as a function of the reciprocal absolute temperature

and the latter as a function of the common logarithm of the absolute

temperature.



The Off-Line Data Processing Package and the Floating-Point
Package occupy approximately 3300 words of core memory. Operating
instructions, flow charts, and program listings. are provided in

Appendix B.

A9.



10.

L=025¢ DA
LINN HIVL
OLIANDVH

ysa
90BJI9qUT

adey,
0Tq0uley

young

JI99UTI

09S/a8U0 0T

Jspesy

paeoqhay

088/3BUD0 (0T

€€-4SY FJXITTAL

T~T~dQ@ Uogsnoy
¥HLIOTd
TYLIDIQ

¥sa

ndqnQ/qndur

90'JI0qUT le

J9930Td

S90BFI9qUT

(eT0£0-¢)
desad eqeq
§3Tq 2T
{yq3ueT paoy
spIoM 940N
s Laouwsyg

T/9~ddd oda
YAINIHOD

‘weqshs Bursseooad pue UoTyTS™Mbo® BYRp 8yg JO uexdetp yoorg .

vsa
e0BIIOUT

WAQT

o.H OME

Veolz dH
YITINLITOA

vsa
90BFI9qUT
xoTdTTaK

TYIIDIa
ONIILVHOEINT

TTITV oHa

S80BIIOqUT

YXTIITIINN
AVIN CIQVND

qnduy

T - B — T -

-

m <o <3 ~




1.

CHAPTER IT
EXPERIMENTAL APPARATUS AND PROCEDURE
2.1 The Cryogenic Temperature Control System

The design of the Andonian MHD-3L-30N cryostat used in performing
the electrical resistivity'ahd Hall effect measurements is shown in
Fig. 2. The totally metallic and modular construction of the cryostat
allows for larger sample assemblies without increase in magnet air gap

and subsequent loss of magnetic field intensity.

.The sample is mounted on the end of the support tube (Q), beneath
the sample heater (L), and lowered into the exchange gas chamber (N)
through an opening at the top of the dewar. All electrical leadsvare
brought up through a feedthrough flange located inside the support tube
and are terminated on multipin electrical commnectors. The electrical
connectors (4) are hermetically sealed and feature closed-entry socket

contacts.

The sample zone in -the exchange gas chamber is thermallyAshielded
by a radiation shield (K) cooled by thermal conduction to the liquid
nitrogen in the top container (G). The outer casing of the tail
section (J), Andonian 0-25-200, is hermetically secured to the main
body of the modular helium dewar. A common insulation space (I) between
the outer shell of the dewar and the excﬁange gas chamber forms part of

a high vacuum system that is connected to an oil diffusion pump through



the monel tubing (D). Since molecular thermal energy conduction
disappears at pressures only below 107° mm Hg, it is essential that the

insulation space be evacuated to this pressure or below.

To lower the temperature of the sample, liquid helium is admitted
from the main helium reservoir (H) to the sample zone through a throttle
valve (P) and vaporization heater (M). The exchange gas flows around
and in intimate contact with the sample and exits to a high speed rotary
vacuum pump via the off-gas line (B). The throttle valve controls the
flow rate of liquid helium into the sample zone and consequently the

rate of energy removal from it.

Temperature control from 1.5 °K tco 300 °K is obtained by
maintaining a constant exchange gas pressure of 5 mm Hg in the sample
region and adding just sufficient electrical power to the sample heater
to bring this regicn to the desired temperature. The variable power
supply of the Andonian A-8B manual temperature control system is capable
of controlling the temperature to withih 0.1 °K over the entire
temperature range. Since the sample is immersed in high~conductivity
helium gas, temperature gradients are extremely small. The temperature
is determined from twc calibrated resistance thermometers located in
the sample mounting platform. The Andonian CG-1AC germanium resistance
thermometer (GT) is used from 1.5 °K to 30 °K; the Andonian PR-1
platinum resistance thermometer (PT) is used for temperatures between

30 °K and 330 °X.
2.2 The Magnet Control System

A 12-inch Varian V~3900 electromagnet with pole faces 9 inches in

diameter and a pole gap of 3 inches is used. The maximum field intensity
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is 10 kG. The Varian VFR-2803 control unit permits direct magnetic
field selection with visual indication of field intensity in kilogauss.
The panel operating controls, in addition to the field set controls,
include a field reversing switch along with a test selection switch and
meter to monitor the magnet system operation. .A temperature~controlled
Hall-effect crystal probe mounted on one magnet pole cap maintains the
field to within 1% of the selected value during variations caused by
line voltage excursions, electronic system noise, and magnet system

fluctuations.
2.3 The Electrical Measuring Circuit

A schematic diagram of the electrical measuring circuit is shown
in Fig. 3. The temperature sensing circuit consists of two calibrated
resistance thermometers conneéted in series with a 10 k@ standard
resistor. The excitation power supply of the Andonian A-8B manual
temperature control system maintains a constant current through the
temperature sensing elements. This current is detérmined by measuring
the voltage across the standard resistor. The voltage across each
resistance thermometer is measured and then divided by the current to
obtain the resistance. Frbm calibration tables relating temperature
and resistance, the temperature is determined. The magnetic field
intensity is determined from a calibration curve relating field intensity,
measured using a Rawson Model 829 rotating coil gaussmeter, énd the
voltage across a 0.33 @ standard resistor which is connected in series
with the magnet windings in the magnetic field control unit. The sample
current, provided by a regulated current supply, is determined by

measuring the voltage drop across a 100 kg standard resistor conmected



in seric: with the sample. The electrode configuration for the
measurcment of the resistivity and Hall voltages is shown in Fig. 3.
The sevin dc voltages to be measured are terminated through coaxial
cables (n g 2)-pin Amphenol comnector located at the input to the data

acquisilion and processing system.
2.l Experimental Procedure

E1~ctrical.resistivity and Hall effect measurements were performed
on a germanium sample to demonstrate that correct experimental results
are obtiined with the system. The p-type germanium sample used was
obtained from RCA Victor, Montreal. The sample was 1.2 cm in length,
0.1 cm in width, and 0.1 cm in thickness. Strands of tinned copper wire
(0.005 inches in diameter) attached directly to the sample with solder
composed of 637 Pb - 35% Sn - 2 In, served as the current and voltage
leads. (jo0d Ohmic contacts were obtained by first rinsing the sample
with acclone and then applying solder using zinc chloride flux. The
solder rj.ots for the potential leads were kept as small as possible in
order to prevent electrical shorting of the sample. Excess flux was
removed ly rinsing the sample with trychloroethylene. The four voltage
leads and the two current leads were arranged as shown in Fig. 3. The
electricnl leads attached to the sample were terminated on pins of the

-

connector which supports the sample holder.

The: electrical resistivity‘of the sample was determined by
measuring; the voltage between two contacts, 0.9 cm apart, along the
length or the sample. The room-temperature resistivity of the sample
Was appivdmately 3 @ cm. No electric field dependence of the

resistivity was observed at any tempefature for electric fields between



107™® and 1071 V em™. A regulated sample current between lOd hA to

150 pA was used. At low temperatures, low current was used to avoid
electrical breakdown and excessive Joule heating; at higher temperatures
the current was increased in order to raise the measured voltages'to

detectable levels.

The Hall coefficient is determined by measuring the voitagé
between the Hall contacts with the magnetic field on and thén
subtracting the voltage appearing between these contacts with the fiéid
off. The zero field voltage comes from two sources. The first is dué
to the fact that the Hall contacts are not directly opposite each othérj
since there is a potential gradient due to the sample current, a part of
this gradient will be seen between the two contacts. The second is dud
to contact potential. The measurements of the Hall coefficient weré
performed with a magnetic field of 8 kG to make the Hall voitageé as
large as possible. The condition that the transverse Hall electric

field be small compared to the applied electric field was fulfilled:

15.
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CHAPTER III
ELEMENTS OF SEMICONDUCTOR THEORY
3.1 Charge Carrier Excitation

Semiconductors are characterized by an electrical conductivity
(associated with the motion of electrons or holes or both) which on the
one hand is considerably smaller than that of metals, and on the other
hand, is much larger than that of insulators. thermofe, the
conductivity increases with temperature in contrast with the behavior
of metals at normal temperatures. The forbidden energy gap between the
highest normally filled (valence) band and the ionization (conduction)
band is of the order of 1 eV . At absolute zero the ideally pure
semiconductor is an insulator. A semiconductor is referc.d to as
intrinsic when the number of electrons thermally excited into the
conduction band is equal to the number of holes in the valence band.
Below the intrinsic temperature range the electrical properties are
dependent on the concentrations and types of impurities present, and

here one speaks of an impurity or extrinsic semiconductor.

# Elements from Group IIT and Group V of the periodic table are used
for doping semiconductor elements such as germanium and silicon. A
pentavalent atom, having one valence electron left over after
establishing the four covalent bands with the tetrahedrally spaced
germanium atoms may donate an electron to the conduction band and is

thus called a donor. The behavior of a trivalent atom as an acceptor



19.

can be explained by similar considerations.

An estimate of the ionigation energy of the impﬁrity atom is made
by employing the Bohr model of the hydrogen atom modified by taking into
account both t.he dielectric constant of the medium and the eﬁ‘ecti\'re
mass of the conduction carrier in the periodic potential of the crystal.
According to this model, the ionization energy of the ground state of

the impurity atom is given by
e = m'e*/2nRy? (3.1)

where m° is the effective mass of the conduction carriez;, e is the
electronic charge, % is Planck's constant/2n, and ¥ is the dielectric
constant of the medium. Using a dielectric constant of 16 and the

value, given by cyclotron resonance, of the anisotropic effective mass
of the electron, Kittel and Mitchell (1954) obtained 0.009C5 eV for the
ionization energy of donor impurities in germanium. The calculation

for acceptor impurities is complicated by the fact that the top of the
valence band is threefold degenerate for orbital motion, or sixfold
degenerate if the two spin orientations are included. Taking this into
account, Fan (1955) estimated the ionization energy of the acceptors in

germanium to be approximately 0.02 evV.

The ionization energies can be determined experimentally by direct
optical absorption methods or by electrical conductivity and Hall effect
measuréments. In general, the experimental values are found to be in
good agreement with the values given above. Tables of the known
ionization energies of both donor and acceptor impurities in germanium
and silicon, along with references to the original works, have been

compiled by Burton (1954).



Since the energy gap between the donor band and the conduction
band (or the valence band and the acceptor band) is of the order of
102 eV for semiconductors such as germanium and silicon, free charge
carriers are made available in these materials at temperatures far.
lower than those required for intrinsic excitation. If donors are
present in considerably greater number than acceptors, the current is
due to the motion of electrons in the conduction band. The material is
called n-type. If acceptors are dominant, the conductivity is due to

the motion pi‘ holes in the valence band and the material is called

p-type.

Then a semiconductor is in a state of thermodynamic equilibrium
it is possible to express the occupancy of all electron states in terms
of a single normalizing parameter, the Fermi level. The probability at
temperature T for the energy state €q in the conduction band to be

occupied by an electron is, according to the Fermi-Dirac distribution

function,
£(eg) = {1 + expl(eg - aF)/kT]}‘JL C(3.2)

where ¢_. is the Fermi energy and k. is Boltzmann's constant. The

F
probability for the energy state ey in the valence band to be vacant

or occupied by a hole is given by

1- 2(ep) = {1+ expl(eg - e)/amI}™ (3.3)

For a slightly doped semiconductor Eqs. (3.2) and (3.3) reduce to -

the classical Maxwell-Boltzmann distribution function. The semiconductor

is said to be nondégenerate. The concentration of electrons in the

conduction band is given by

n= Ncexp[(sF - sc)/kT] (3.Lh)

20.
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and the concentration of holes in the valence band is given by
p = Nvexp[(eV - sF)/kT] . : (3.5)

Nc is the effective density of states in the conduction band and Nv

is the same for the valence band:

. 3
N, = 2(2nm;kT/ha) 2,

N, = 2(2nm§kT/h2)%é . (3.6)

- where mi and mi are the effective masses of the electron and hole
respectively. The product of the concentration of electrons and holes
is a function of the energy gap, e_ = &c ~ &y > and temperature, and

g
is given by

np = n? = NCNvexp(—sg/kT) (3.7)

where ni ‘is the intrinsic concentration of electrons and holes. In
an intrinsic semiconductor the concentration of electrons and holes is

the same, namely ni' given by Fq. (3.7).

Let us now consider the case of an n-type semiconductor containing

a donor impurity concentration N_, and an acceptor impurity

D
concentration NA . Assume that each donor atom and each acceptor atom

can furnish one charge carrier. From the condition of electrical neutrality,
n=p+ (Nb - NA) - Nbe + NAfA (3.6)

where fD is the probability that the donor atom is not ionized and fA

is the probability that the acceptor atom is not ionized, and

fb = {1 + é%-exp[(sD - sF)/kT]}-l . (3.9)

The probability fA is given by a similar expression. In the

equation above, £y is the ground state of the donor impurity



center and the factor gy is the degeneracy of the ground state. It
is usually assumed that gy = 2 1in consequence of the twofold choice
of spin for the bound electron. With n >p , by using Egs. (3.L) and

(3.9), and the fact that N.f_ > N,f Eq. (3.8) becomes

DD ATA ?

n(n +N,) N

AY _TC
W, -n 2 exp[-(e; - &p)/kT] (3.1C)

where (sC - _z—;D) is the ionization energy of the donors.

At sufficiently high temperatures the intrinsic concentration n,
becomes large compared to (ND - NA) ; Fa. (3.8) rédu:ces to n=p.
The semiconductor becomes intrinsic. As the temperature is lowered,

the electron concentration becomes a constant 3
n ~ ND - NA . (3011)
This is the temperature range of exhaustion where practically no

electrons are left in the donor levels. At very low temperatures when

n << ND s Fd. (3.10) reduces to

N, -N, N
A
n = DNA > expl-(e; = ep)/kT] (3.12)

The slope of £n n versus 1/T in this temperature range gives the

ionization energy of the donor impurity. A minor part of the temperature

dependence of the electron concentration in the conduction band is

3
contributed by the T %

dependence of NC . With a very small N, ,
there is a temperature range where n is much smaller than ND but

much larger than N, 5 EqQ. (3.10) reduces to

NN, Y%
n = (-%9 expl-(cy - e)/2KT] . (3.13)
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For_the analogous case of a p-type semiconductor, the concentration

of holes where p << NA is given by

N, =N, N
When ND < p << NA ’
N, N\ %
p= (AE)" exwl-(e, - ep)/2r] (3.15)

3.2 Mobility

Consider a nondegenerate extrinsic semiconductor in which the
conduction carriers, electrons or holes, behave as quasi-free electronic
charges having a scalar effective mass m" ; in this case the
constant-energy surfaces in momentum space are spheres. At thermodynamic
equilibrium the velocity distribution of the carriers is given by the

classical Maxwell-Boltzmann distribution function.

The application of a weak electric field introduces a small but

systematic perturbation of the equilibrium velocity distribution
function. Solufion of the Boltzmann transport equation for the
steady-state condition gives a non-zero drift velocity for all conduction
carriers, and hence a finite electrical conductivity. The mobility
(drift velocity per unit electric field) is then given by

b -%‘-’;’5% (3.16)
where e is the electronic charge, v is the drift velocity, and < is
the relaxation time. The mean values are taken over the Maxwell~Boltzmann

distribution function. The relaxation time < is the fundamental



parameter in transport phenomena and is a function only of the energy
of the carriers. Expressions for < have been derived for various
scattering mechanisms. The major scattering processes are discussed

below.

Lattice Scattering

In a rather pure semiconductor crysfal elastic scattering of
charge carriers through the absorbtion or emission of acoustic phonons
may be important down to fairly low temperatures. Interactions of
electrons or holes with optical vibrations is usually significant at
room temperature and above. Bardeen and Shockley (1950), using
time-dependent perturbation methods, showed that the relaxation time
'for carrier-acoustic-phonon interactions is expressed in terms of the

deformation potential by

4 2 21
. enh*pVy c 4
T (o) ey KT

(3.17)

for the rather idealized situation in which the effective mass is

isotropic and energy-independent. In this equation V? denotes the
speed of the acoustic phonons, p is the mass density of the crystal,
g, is the deformation potential constant, and e is the energy of the

carrier. Since
A =TV (3.18)

. :
and vas’{2 for spherical energy surfaces, the mean free path N is
inversely proportional to the temperature and is independent of the
carrier energy. Substituting the expression for the relaxation time
into Ea. (3.16)

3/ 1

2 /ET[ /2h4pv 2

i~ i TR e (3.19)
1
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The important features of Eq. (3.19) are contained in the last
two terms. In the temperature region in which lattice scattering by
acoustic phonops plays the dominant role, the lattice mobility by,
should decrease with increasing temperature and the mobility should be
large if the effective mass of the carriers is small. Experimentally
observed deviations of the mobility from the T'-E)/"2 law arise from a
variety of competing effects, including the nonspherical shapes of
constant-energy surfaces in semiconductors such as germanium, and the
scattering ‘of the more energetic carriers at higher temperatures by

optical branch phonons.

Scatteﬁng by Ionized Impurities

| A quantum-mechanical treatment of electronic scattering by
ionized impurity atoms was developed by Brooks (1951). In his approach,
Brooks assumes the scattering process to be incoherent and perfectly
elastic. The potential due to each ion is taken as a screened Coulonb
potential in a medium of dielectric constant y . The differential
scattering cross section is obtained by perturbation methods and the
result used to calculate the relaxation time. For a nondegenerate

electron gas

21/2x2nf ‘1/2 55/2 1
TI = T[e4Ni FZbS (3' rzo)
where
= b .. _ 2ym'ekT
F(b) 8n(1 + b) - ¥ b [} b —n-;-é?m—-é— . (30 21)

In Eg. (3.20) N; denotes the concentration of ionized impurities;

n in Pg. (3.21) represents the carrier density. The above expression
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for 2 implies that the mean free path between collisions depends
implicitly on the temperature and is proportional to the square of the

carrier energy.

The mobility is obtained by substituting T into E. (3.165.
Since F(b) is a rather slowly varying function of the carrier energy,
a fairly reliable analytical expression for Hy is obtained by
replacing F(b) by a constant. The mobility expressed as a function of

the absolute temperature is then

7, <)
b - R ek x (3.22)
I 3 o o F(o) ° )
o g /zNi

For temperatures which are not too small, the term F(b) plays a
rather insignificant role in the temperature dependence of the mobility;
1 has essentially a Tz/2 dependence provided, of course, that the
nunber of ionized centers does not change with temperature. At rather
low temperatures, carriers begin to "freeze out" on donors (or acceptors)
and the number of ionized impurities decreases very rapidly; the mobility
increases with decreasing temperature. At these temperatures the
perturbation approach used by Brooks is no longer valid and therefore

EQ. (3.22) is incorrect. Tt is important to note, however, that by

has the inverse temperature dependence to by, and that B is expected
to become dominant when the phonon population is depleated by cooling.
Experimental observations made by .Debye and Conwell (1954) show that

with increasing impurity concentration the departure of the mobility
from a T-32 dependence appears at higher temperatures due to the

greater importance of ionized impurity scattering relative to lattice

scattering.
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Scattering by Neutral Impurities

With decreasing temperature the probability for ionization of
uncompensated impurities diminishes. At sufficiently low temperatures,
provided the number of minority impurity atoms is small, the
concentration of neutral impurities becomes quite significant. A
simple model for the scattering of low energy conduction carriers by
neutral impurities has been suggested by Erginsoy (1950). In his
treatment, Erginsoy assumes that the scattering mechanism involved is
similar to the scattering of electrons by a hydrogen atom. Allowance is
made for tﬂe effective mass of the carrier and for the high dielectric
constant of the medium. At carrier energies considerably smaller than
the ionization energy of the impufity atom, the relaxation time to a
good apprcximation is given by

e o2
- _In=e :
™ 20xB°N (3.23)

where Nn is the concentration of neutral impurity atoms. Since the
relaxation time is independent of the carrier energy, the mean free path
is directly proportional to the velocity of the carrier and the mobility

is simply

3¢
by = Eomx;’:——i:—Nn . (3.24)
Although by does not depend on the temperature explicitly, there
is, in fact, a very pronounced temperature dependence that has its
origin in Nn . As the temperature is lowered the number of neutral
impurities increases very rapidly causing the mobility to decrease. At
extremely low temperatures N_ becomes constant; the mobility is

n

independent of the temperature. In practice, neutral impurity scattering



is particularly effective at low temperatures for the faster moving
electrons in the thermal distribution since the ionized impurity

scattering process is weighted in favor of scattering by slow electrons.

Corbination of Mobilities
In general, lattice scattering, ionic scattering, and scattering
by neutral impurities must be treated simultaneously. The relaxation
time for a given velocity of the charge carriers may then be obtained
from
l/'reff = 1/1:L + 1/11 + 1/1:N (3.25)

because the probabilities for scattering are additive, each being
proportional to the reciprocal of the corresponding relaxation time.
The 1mobility is computed by inserting the effective relaxation time,

T pp » into EQ. (3.16). The combined effect of lattice scattering and
scattering by ionized impurities has been investigated in some detail

by Johnson and Lark-Horovitz (1951).

In addition to the major scattering processes discussed above,
carrier-carrier scattering, dislocations, and point defects such as
interstitials and vacancies also affect the carrier mobility. The
results of recent investigations of these scattering mechanisms have

been summarized by Blatt (1968).

3.3 Measurement of the Transport Properties

Electrical conductivity and Hall effect measurements provide the‘
most useful information about the electrical transport properties of
semiconductors. For these measurements it is assumed that isothermal

conditions exist and that the electrical conduction is isotropic.
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Electrical Resistivity
Providing Ohm's law is obeyed, the electrical resistivity

(the reciprocal of the electrical conductivity) of a sample is given by

v

_ ¢ tw
p T T (3.26)

where Vc= is the voltage between the sample contacts a distance 4
apart, I is the current passing through the sample, t is the thickness,
and w 1is the width of the sample. If I and Vc are meagsured in
amperes and volts respectively and the linear dimensions are measured in
centimeters, p is calculated from Eg. (3.26) and is expressed in ohm

centimeters.

Hall Coefficient

Upon application of a magnetic field B perpendicular to the
direction of current flow, current carriers of charge e travelling
with an average drift velocity vV experience a force ev x B . Due to
this force, the charge carriers accumulate on one side of the sample
leaving a deficiency of the same amount of charge on the other side and
thereby cause an electric field E’-H across the sample known as the
Hall electric field. The Hall field exerts a force eE; on the
carriers which is opposite in direction to the force | evx B. As
soon as elEH becomes equal in magnitude to ev x B , that is EH =vB ,

the charge carriers traverse the length of the sample without deviation.

The Hall coefficient is defined as

R = -JF% (3.27)

where J is the current density. It is inversely proportional to the
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concentration of conduction carriers and its sign coincides with the
sign of the carriers. The Hall coefficient is expressed in terms of

measured Quantities by assuming that EH and J are constant

V.
throughout the sample, in which case EH = -WE and | = '*EIﬁ e Vy is

the voltage across the w dimension of the sample. In terms of VH

and I , Eq. (3.27) becomes

VHt
R = ‘f"’ . (30 28)
Usually VH is measured in volts, I in amperes, t in centimeters and

B in gauss. If R is to be given in centimeter® coulomb ™ s the

right-hand side of EQ. (3.28) must be multiplied by 10® when the above

units are used.

The Hall coefficient defined by Eq. (3.27) reduces to

o1 VB> LvReRY
R~ V<v2<TV>2T _1_1% (3.29)

for a nondegenerate semiconductor in which the electrical conductivity
is assumed to be isotropic. The value of r depends on the way in
which the relaxation time < varies with the carrier energy e . If
7 is independent of & (as in neutral impurity scattering) r is
unity. For acoustic-phonon scattering ( t proportional to 5-1/2 )

a .
r is —387-1-. For ionic scattering ( 1 proportional to 5/2 ) r is 1.93.

The criteria for the determination of r is discussed by Putley (1960).

Hall Mobility
Having estimated n from HEQ. (3.29), the resistivity and Hall
data are combined to give Hall mobility, defined as R/p . The Hall

mobility in terms of the measured quantities is
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(3.30)

=l
i

by =

C <z"~13<

and is expressed in centimeter® volt™! second™l. For a Maxwell-Boltzmann
distribution of carriers the Hall mobility is related to the actual

drift mobility p by
EE; =r. (3.31)

The error involved in setting r equal to unity for the entire
temperature range under investigation is usually much smaller than other

uncertainties in the interpretation of the resultis.
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CHAPTER IV
DISCUSSION OF EXPERIMENTAI, RESULTS

Electrical resistivity and Hall meésurements were performed on a
p-type germanium sample from 25 °K to 300 °K and are reported herein.
Measurements below 25 °K were not recorded because the resistance of
the sample'at these temperatures exceeded 1% of the input resistance of
the voltmeter (10° ). A magnetic field strength of 8 kG was used
except as noted below. The constant current source provided a minimum
sample current of 100 nA. The maximum sample current was determined by
the 15 V maximum output of the constant current supply and the resistance
across the supply. Since a 10° 2 standard resistor was connected in
series with the sample, the maximum current was 150 pA when sample
resistance << 10° Q. The 10° @ resistor was chosen to give a voltage

drop of 10 mV when the current was 100 nA.

The fundamental experimental data obtained in this study are the
resistivity and Hall voltages as a function of temperature. From this
data the plots of Hall coefficient, resistivity,'and Hall mobility were
made. The curves are analysed to determine the variation of
concentration of current carriers and mobility with temperature. The
results are interpreted in terms of existing theory of electrical

conduction in semiconductors.

Hall Goefficient

The common logarithm of the Hall coefficient R is plotted as a



function of the inverse absolute temperature in Fig. L. From the Hall
curve one can identify three different regions of electrical behavior:

the exhaustion region, the extrinsic region, and the electrical

breakdown region.

The transition from ﬁhe extrinsic to the exhaustion region begins
at approximately 150 °K. The impurity concentration is estimated to be
of the order of 10*® cm™® from the value of the Hall coefficient in the
exhaustion region using n = 6.25 x 10'8/R , Eq. (3.29), when the Hall
factor equéls unity. This represents a doping ratio of one part in
ten ﬁillion. The magnetic field was increased from 8 kG to 10 kG for
the 3 points at the highest temperature (when the sample current was
the maximum value, 150 pA) to increase the Hall voltage. This accounts
for the discontinuity in the curve since R decreases with increasing

magnetic field strength.

The extrinsic region is the linear region from 4O °K to 100 °K.
The relation between hole concentration and temperature in this region
is given by Eg. (3.1h). From the slope of the linear region the
ionization energy of the impurity atoms is found to be 0.0h§ eV. This
suggests that the p-type sample contains gold impurities since the

ionization energy of gold atoms in germanium is reported by Sze and

Irvin (1968) to be 0.0 ev.

The beshavior of the sample below LO °K is caused by electrical
breskdown: the ilonization of both impurity and germanium atons by
impact of charge carriers. Due to the extra carriers, the Hali
coefficient is less than its value for extrinsic conduction only. The
electric field across the sample, with the magnetic field on, at 25 °K

was 1.2 V em™ using the lowest sample current available (100 na).



As the temperature was raised, the electric field approached 0.2V em™
at the temperature where the extrinsic region begins. These results are
in fair agreement with Fritzsche (1955) who states that electric fields

less than 0.5 V em™t do not cause electrical breakdown.

Resistivity

Figure 5 shows the common logarithm.of the electrical resistivity
as a function of the inverse absolute temperature. At room temperature
the sample has a resistivity of about 1.6 2 cm. The resistivity
decreases with temperature from 300 °K to 175 °K. This variation with
temperature is due to the fact that the carrier concentration is constant
in this region and hence the resistivity has the temperature dependence
of the Hall mobility, which is explained later. As the temperature is
lowered below 86 °Kk the resistivity increases exponentially to about
10° @ cm at LO °K. This linear region is the extrinsic temperature
range. The ionization energy obtained from the slope in the linear
region is found to be in agreement with the value obtained from the
Hall coefficient in Fig. l. With further decrease in temperature, at
minimum sample current, the electric field in the sample exceeds
0.5 V cm™t causing electrical breakdoﬁn. Electrical breakdown increases
the concentration of charge carriers and hence decreases the fesistivity.
This effect is observed below LO °K and extends to the lowest temperature

at which measurements were performed.

Hall Mobility

Resistivity and Hall data are combined to give Hall mobility,
My = R/ . The log-log plot of the Hall mobility versus the absolute
temperature is shown in Fig. 6. At room temperature the Hall mobility

of the holes was found to be about 1900 cm® V=1 sec™ in agreement with
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data collected by Blatt (1968). For purposes of discussion, the Hall
mobility curve can be broken down into the following regions: (1) the
electrical breakdown region; (2) the accoustic phonon scattering
region; and (3) the combined acoustic and optical phonon scattering

region.

Electrical breakdown extends from LO °K down to the lowest
temperatures. Ionized atom scattering dominates in this region. The
fluctuations in mobility in this region are due to the varying
concentrations of ionized atoms brought on by impact ionization of both
the impurity and the germanium atoms. The dependence of the mobility
on the ionized-atom concentration is predominant and therefore little

information can be obtained on its temperature dependence.

The acoustic phonon scattering region extends from 50 °K to
120 °K, the lower limit determined by the concentration of impurity
atoms. The temperature dependence of the mobility in this region was
calculated from the slope of log by Versus log T and was found to be
T1+6, This temperature dependence is in good agreement with the
results obtained by Brown and Bray (1962). The higher variation with
temperature tnén the T"a/2 law predicted by theory (see Ed. (3.19)) is due

to intervalley and/or optical mode scattering.

The transition from the acoustic phonon scattering region to the
combined acoustic and optical phonon scattering region occurs from
120 °K to 150 °K. 1In the region above 150 °K optical scattering is
responsible for the greater rate of decrease of Hall mobility with

temperature.
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CHAPTER V
CONCLUSIONS

A digital-computer-based real-time data acquisition, processing,
and control system was developed for electrical resistivity and Hall
‘coefficienﬁ measurements of semiconductors. System progréms were
written to enable real-time open-loop control of the experiment, to
collect the data voltages, to store these voltages on magnetic tape, to
process the data on-line, and to permit further off-line data processing.
Computer-controlled measurements were performed on a germanium sample
to verify the operation of the system; The measurements performed
illustrate the many advantages of computerized data acquisition and
processing compared to manual methods. The experiment and analysis of
results are completed erro. Tree in hours rather than days or weeks by
manual methods. Control of the temperature enables the operator to
concentrate data acquisition'on areas of greatest interest. The system
not only permits accurate and rapid measurements of the data voltages
but also offers an on-line display of the processed data on the plotter.
The results of off-line data processing are available within minutes

after the completion of the experiment.

The experimental results agree with published dats and- thus
confirm the proper operation of the system. These results indicate
that the only limitation of the system is due to the integrating digital
voltmeter. The lowest temperature at which the electrical properties of

a high resistance semiconductor can be measured is determined by the
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voltmeter's input impedance of 10° @, 1In addition to the system
limitation, it was found that the range of the sample~current supply is
inadequate for low temperature measurements on high resistance

semiconductors.

On the basis of this work two recommendations are made to improve
the system: the use of closed-loop contrél instead of open-loop control
and the use of the language FOCAL instead of assembly language. At
present the operator completes the open loop by controlling the sample
current, the temperature, and the magnetic field. To implement
closed-loop control, that is, control of the sbove quantities by the
program, additional equipment is required. A 12-bit digital to anaiog
converter has already been installed. All programs are written at
present in assembly language, the vocabulary of which is mnemonics for
machine language instructions. Specialized knowledge is required to
use assembly language. This limits the number of people who can use
the system. Secondly, it is very time consuming to make changes, no
matter how small, to assembly language programs. FOCAL is an
interpretive~level language which is basically a subroutine caller.

It is easy to learn and additions or éhanges to FOCAL programs are
easily made. FOCAL can be extended so that it can communicate with the
equipment in Fig. 1. The relatively slow execution of FOCAL programs
compared to machine language programs is not a limitation for this

system.
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APPENIIX A

1. IDENTIFICATION
1.1 Phys - 8L - YYYA - D

1.2 On-Line Data Acquisition Package

L2.



2. ABSTRACT

This software package, used in conjunction with the Floating-
Point Package (DEC-08-YQLA-PB), enables the "on-line! acquisition of

resistivity and Hall effect data on semiconductor crystals.

The package consists of two independent programs:

Program 1 inputs and records voltages on ﬁagnetic tape for varying
temperatures. The common logarithm of the absolute value of
the Hall coefficient versus the reciprocal of the absolute

temperature is plotted "on-linewn,

Program 2 inputs and records voltages on magnetic tape for varying

magnetic fields.

Upon acquisition of data, programs available in the
Processing and Display Package (Phys-8L-YYYB-PB) can be called upon to

plot other transport properties.

3. REQUIREMENTS

3.1 Equipment
Computer, DEC PLP-3/L with LK memory
Teletype, ASR-33
Plotter, Houston DP-1-1
Integrating Digital Voltmeter, HP 24024
Guarded Relay Multiplexer, DEC Alll

Magnetic Tape Unit, PEC 3520-7



L.

3.2 - Storage
Locations Registers
Data Acquisition Package (Phys-8L-YYYA-PB) 0-~4556 2415
Floating-Point Package (DEC-08-YQLA-PB) L557-7577 1553

A total of 3,968 registers are required.

L. USAGE

L.1 The Data Acquisition Package (Phys-8L-YYYA-PB) and the Floating-
Point Package (DEC-08-YQLA-PB) are loaded individually into the
compufer memory by means of the Binary Loader. For proper loéding

procedure refer to PDP-8/L User's Handbook.

4.2 Start Up and/or Entry
To execute Program 1 set the switch register on the computer
console to @2@@, depress LOAD ADD and then START. Program 2 starts

in location gLgd.
L.3 Errors in Usage and Recovery from Such Errors.

L.3.1 Program 1
4) An error committed while typing in a parameter may be
corrected b& the use of one special input character, "Rubout'.
If it is struck before the input delimeter, "Return®, the input
routine is restarted and the previous number deleted. The user
then re-types the parameter on the same line. For further

- information refer to Floating-Point System Programming Manual.

B) The program will halt after printing out the second set of

voltages, if the voltages have bsen incorrectly recorded on the



L.3.2

Ls.

magnetic tape. The error code will be displayed in the
accumulator.

Remedy: Correct the error, then depress the CONT key on the
computer console. The program will cause the magnetic tape’
unit to backspace one record, rewrite the dafa on the tape, and

continue execution.

N.B. A discussion of errors which may be committed while
recording data on magnetic tape and their correction is

given in DSA Operating Instructions Manual.

C) If the EOF (End of File) mark has been incorrectly written
on the magnetic tape, the program will halt with the error code
displayed in the accumulator.

Remedy: Same as in section lL.3.1B.

N.B. The computer halts with 21¢@ displayed in the accumulator
upon successful completion of the execution of the

program.

Program 2

A) The program will halt after printing out a set of voltages,
if the voltages have been incorrectly recorded on the magnetic
tape. The error code will be displayed in the accumlator.

Remedy: Same as in section }.3.1B.

B) If ‘the EOF (End of File) mark has been incorrectly written
on the magnetic tape the program will halt with the error code

displayed in the accumulator.



Remedy: Same as in section L.3.1B.

N.B. The computer halts with 21¢g@ displayed in the accumulator
upon successful completion of the execution of the

program.

5. RESTRICTIONS

5.1 Program 1

The plotting area is confined to six (6) inches along the abscissa
and eight (8) inches along the ordinate. A point having its
X and/or Y coordinate external to this periphery will not be

plotted; program control re-enters the acquisition phase.

Recalling that the plotter pen moves in increments of 0.01 inches
per step, it is imperative that the user provide the proper scale
factors. The scale factor in this context is defined as the

number of steps per logical unit.

5.1.1 Scaling of the Abscissa

5.1.2

Since values of 1000/T will be plotted along the abscissa,.the
scale factor is thus the number of stepé per unit in&erse
temperature. By typing in the appropriate scale factor, the
user may select the temperature range throughout which the

experimental results will be plotted.

Scaling of the Ordinate
The common logarithm of the absolute value of the Hall
coefficient is plotted along the crdinate. Here the scale

factor is defined as the number of steps per unit logarithmic

Lé.



cycle. An arbitrary number of cycles are made available
depending on the scale selected. The scale factor must be such
that the full scale (800 steps) divided by the scale factor is

equal to the number of cycles desired.

5.2 Program 2 (Not applicable)

6. DESCRIPTION

6.1 Program 1

This program consists of four stages:

1)
2)

3)

L)

6.1.1

Parameter Input
Data Acquisition and Storage
Data Processing and Display
Monitor

Parameter Input

The computer types out appropriate comments, and.when'it is
ready to receive a parameter it enters a waiting loop. This
loop is signalled by the computer typing an "=" ora ":".
The user then inputs the parameter in either the fixed or the
floating-point notation. Input is terminatéd by typing a
delimiting character. "Return" typed on the keyboard will
terminate the input and provide a CRLF (carriage return and

line feed).

This dialogue between computer and user permits the input of
sample dimensions, scale factors, and the desired increment in
temperature. Upon termination of the dialogue, the computer

types out the data headings and initvializes the plotting phase.



6.1.2

6.1.3

6.1.4

The program then enters the second stage.

Data Acquisition and Storage

. When the desired initial temperature has been attained, the

user depresses the letter "M" (Measure) on the keyboard to
start acquisition. Any other character typed will be
disregarded and the computer will remain in the waiting loop.
The command "™" is not echoed by the érinter. The computer
then inputs and prints out the first set of voltages (with the
magnetic field off) and re-enters the waiting loop. The user
next sets the magnetic field to the desired value and depresses
"M" on the keyboard. The second set of voltages is entered and
printed out. Both sets of voltages are thén‘converted to the
floating-point notation and recorded on magnetic type. The

program enters the third stage.

Data Processing and Display

The absolute temperature T is‘brinted. The computer then
calculates the common logarithm of.the absolute value of the
Hall coefficient and the value of 1000/T, scales these values
and plots the point (providing its coordinates fall within the
plotting area). Having plotted the point, the program enters

the Monitor stage.

Monitor
This fourth and final stage of the program is signalled by the
computer typing a CRLF (carriage return and line feed)

followed by a period. The computer is now ready to accept a

L8.
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command. Only three legal commands may be issued. An illegal

command will be disregarded and the program will remain in the

command mode. Only legal commands will be echoed by the
printer. The valid commands along with their functions are’
listed below:

1. "$" will cause an EOF (End of File) mark to be written on
the magnetic tape and will terminate execution of the
program.

2. "C" (Continue) causes the computer to continuously measure
the temperature until it equals the last temperature at
which measurements were made plus the temperature increment.
Program control is then transferred to stage 2 of the
program.

3. "p" (Delta) allows the user to input a new temperature
increment. The computer calculates the new temperature
desired, and when attained, transfers control to stage 2 of

the program.

6.2 Program 2
Data headings are typed out and the program enters a waiting loop.
The user depresses the letter RN (Measure) on the keyboard to
start acquisition of data. Any other character typed w111 be
disregarded and the program will remain in the waiting loop. The
command "M" is not echoed by the printer. The computer inputs and
prints out the set of voltages. The voltages are then converted

to the floating-point notation and written on magnetic tape.

The temperature is then calculated and printed out. Temperatures



Te

50.

are printed to assi.st the user in manually maintaining a
constant temperature. The program re-enters the waiting loop.
The magnetic field is then varied and when "M" is depressed, the
second set of voltages is entered and recorded on magnetic tape.
To terminate execution of the program and to write an HOF (End
of File) mark on the magnetic tape, the user depresses "$" on

the keyboard. This command is echoed by the printer.

EXECUTION TIME
The acquisition and plotting of data is limited by the speed of

peripheral devices.
PROGRAM LISTINGS AND FLOW CHARTS ARE PROVIDED.

REFERENCES

Digital Fguipment Corporation Manuals

1. Tntroduction to Programming (1969)

2. PDP-8/L User's Handbook

3. Floating-Point System Programming Manual
Digital Systems Associates Ltd. Manuals

1. Seven Track Magnetic Tape Unit for the PDP-8/L

2, Data and Control Word Formats



10, FLOW CHARTS : Program I,

( Start i

Initialize

3

Input
Sample
Dimensions

3

Input
Scale .
Pactors

/"‘ Voltage

Input —Y
Temperature /
Increment / Print

! out
/Voltages
L

7

Data
Headings
Printed

Initizlize
Plot




/ Set of
Voltages

Print
out -
Voltages

f —

\

l

Convert

Recorded
\OOK;

ES@ / Temp,

CON
Pressed

"Backspace
I Record

Calculate
the
Temperature

Y

Print
the

A%

N



Calculate
-Log R

3

Calculate
I000/T

Raise
Flag

Subtract I
fronm

Establish
Maximum
Cyele No,

Subtract
I from
Log R

53.



Store
Subtrahend

O=!

Down
Scale
Log R

O—

Convert
Ke Y Values
to Steps

|

Plot
the
Point

ly

Input
New Temp NO
Increment

Calculate
Desirea
Temperature

5L



Calculate
Current
Tempera tur

Add I
to
Log R

Scale
Log R

" Subtract
“2"

+ 55.



YES

END

Correct
Error

CONT'
Pressed

Backspace
I Record

56.



FLOW CHARTS : Program 2,

( START )

Initialize

Data
Headings
Printed

57.

Print
Voltages

4

Convert
Voltages
to F.Po

Command
?

Input
Voltages

Recorded
O.K.
?

Calculate
Temperature

Print
the
Temp.,




Correct
Error

CONT'
Pressed
?

Backepace
I Record

Correct
Error

COTM NO

Pressed

. Backepace
I Record




II. PROGRAM LISTING

(o6HS
72006
GOAT

D204
G205
G204
Gt
219
it
he12
G213
©214
5215
Bels
6217
P R=RY
221
npes
w223
eea
nz225

3
-

DR R0 WW NN

NNGIDN W - NS

DLW

o JOIRL
MDD 0D NN

DD

™

10 43
(24l
Gr e
Az sl
(i2as
Leas

L2 46

-
St

714006
7230
5609

7200
1131
3537
T36G6
4420
4421
4422
4421
4430
4421
H434
4421
4421
AAG6
4564
4512
1672
3a12
1967
L2466
10872
3012
4470
4512
1631
3612
10067
4466
1631
3n12
4470
1108
4473
4571
HeES2
3252
6131
SP87
5255

SEUARE=H6T1
LOG =5337
NEGATE=8019

%5

7456
7260

56%06

*200

PHASEls, CLA CLL
TAD
DCA
cLA
JMs
JMS
JMS
JmS
JmS
JMS
Jrs
JinsS
Ji.S
Js
JiS
Ji4S

C3177

e
YA

TAD
JrS
TAD
nCa
JS
S JMS
TAD
DCA
TAD
JMS
TAD
" DCA
JHS
TAD
5

JMS

ASDAT1s TAD

JDATE
/UTHE
/DATA
/PLOT

(oY olslo]

T L6554
CcCLL
CLEARP
CRLFP
DIMENP
CRLFP
SCALEP

-

Peod Sand jeust tewf bemd bemf beud Pl feet bl et

I INPUTP
C3224

12

1 DUTVPIE
“ib

I FLOATP
I WRITEP

ACLUISITION
TRANSPFORT PROPERTIES OF S
ACDOULSITTION
OF LOG (RH) VS 1EBI/T

/POINTER TO
/FPOINTER TO
/FOINTER TO

oN TTY

(552
3252
6731
P2

H AR .
it e 7

59.

AND ANALYSIS

FOR TEMPERATY

INPUT ROUTINE
OUTPFUT ROUTINE
INTERPRETER

OF THE

ZALLOYS £ USE
COMMAND

THE
ZINTERPRETIVF

/7 ‘NeecAaTE "

/CLEAR ALL FLAGS

ZINPUT SAMPLE DIMENSIONM

ZINPUT SCALE FACTORS

YR GUT HEADTNGS
/STRACE 015
AT DESIRED

FLOT AREA.

/5eColde
/P

ZRIZAD IST
TG MER

SPRIRNT OUT

1ST SEG
ZDEPTELS MY VHEN MAG.

/ FIELD ow.

/READ IN ZND. SET OF Vi

/PERINT OUT &NDe ST "
/CONVYERT RBCTH SETS OF W
/TD FePe s STOPE

JUBTITE Fefre VOLTAGES O
/N0 . OF WORDS (GOTALY
Z3.A¢ OF DATA TN CORE
ZODND PAFETTY (BINARY
FERSON RETHRN
FRORIAL RETURN

Cions




(247
G250
nas

G252
@253
254
255
(256
6257
269
261
(262
€263
G264
8265
5266
f267
a7
Neti
58272
“e73
2274
2275
B276
277
23606
%3061
6362
a3e3
Z304
3305
Qa6
7307
031nm
A311
g312
4313
%314
315
6316
6317
3206
. (321
0322
a323
B324
325
(326
0327
B336
0331
2332
0333
©B334

1452
1360
6714
6701
5252
5241
T30
1450 4
4505
4524
4527
4534
4545
7300
1156
7650
5275

7300.

1175
T640
5330
5334
1368
1153
3156
4365
4407
5552
4532
6573
alaadys
73060
4467
5543
GGG
7300

1345

7706
5317
5332
44067
5543
2573
conn
7368
1645
1716
5332
4566
4567
533%
7360
4576
4577

HLT

CLA CLL

6714

6701

JMFe =1
JMPe~13

CLA CcLL

JMS T CaLTtip
JMS I CALT2pP
JMS 1 MEANTP
JMS T PRINTP
JiS 1 LOGRHP
JMS T INVSTP
CLAa CLL

TAD Su

- SNA CLA

JMP.+6

cLa Ci.1.

TAD S0+

Szn L.
JMP+75
JMP . 40

CLA CLL

TAD ONE

DCA Su1

JMS 1T OQUTINP
'J f":' S I 7

FGET 1 MAXYPE
FDIV 1 ScapLyp
FFPUT I CYCLEP
FEXT

CLA CLL

JHS 1 7

FGET I YVALP
FEXT

"CLA CLL

TAD 45

SMA CLA
JMF . +2
JMP«e+14

JHS 1 7

FGET 1 YVALP
FSUB I cCYCLEP
FEXT

- CLA CLL

TAD 45
SF& CLA
JVP.+4

JMS 1 LOUINP
JMS 1 SETINP
JMP e+ 4

CLA CLL

JMS 1. UPINP
JiMS T SETUFRP

/CORRECT ERRGH: DRFErs-
/0N GCONSOLE
/BLCKSFACE 1 RECGED

/TRY WRITING AGAIN
ZCONTINUE WITH PROGRZ)

/CAL. TEMP. (FIELD Qre)

7CALe TEWNMP. (FIELD ON:
/7CALLe AVERAGE TEMP

/PRINT OUT AVERAGE TEMp

/CALCULATE LOGCRH)
/CALCULATE 1966/T

/FIRST PASS?
/YES

/N0

/DONUNs OR UP
/SCALING REQ'D?
/YN SCALE

/UP SCALE

/RAISE SOFTWARE FLAG
/CUTPUT TNDEY IN F4.2

AN

e - CYCLE
RMITTED .

/
/

U0
rx) )

._)"'
-§J>

/IS THE 1ST. VALUE
/0F LOGC(RH)Y *'-''?

/NO> IT 1S POSITIVE
/YES

/715 THE 1ST. VALUE

/0F LOG(RHY > OR = I4AX:

/NOs UP SCALE
/YES: DOWN SCALE
/RESCALE INDEXs STORE

/UP SCALE
/RESCALE INDEX; STORE



G335
.A326
6337
6340
G341
A3 42
2343
0344
B345
6346

BABG
G441
B an2
0493
Q454
fH4n5
B4G6
G407
410
2411
G412
G513
2414
G415
416
0417
3420
G421
g422
0423
b424
0425
G426
a2
G430
G431
" 0432
1433
@43

7435
(5436
G437
(449
D441
Aasz
D443
G444
%445

4551
4554
4560
4561
73720
1845
7710
5340
7300
5220

7300
1131
3530
7390
4420
4421
4421
4436
4512
5213
4572
7328
1872

agia

1067
4466
1972
3412
4470
1067
4473
4571
B025
3252
6731
5233
5241
T402
71360
6714
67061
5236
5225
7300
4564
4407
55462
6433

*400
PHASE?2,

AGDAT2,

JiS I STEPSF
JMS 1 PLOTPH
Ji4S 1 NEXTTE
JMS 1 EXalTe

CLA CLL

cCLA CLL

JMS I L

TAD 45
SPA CLA
JMP -4
CLA CLL
JiiP AGDATI

/DATA ACQUISITION

TAD C6000
DC& 1 L6554
CLA CLL

JMS I CLEARP
JMS I CRLFP
JMS T CRLFP
JMS 1 FORMPR
I SNPR
JIMP . +2
JMS I ENDP
CLA CLL

TAD C3177
DCA 12

TAD #7

JMS 1 INPUTP
TAD C3177
DCA 12

Jus
TAD M7

JMS 1 FLOATP
JMS I WRITEP
B825

" 3252

6731
JMP«+2
JMP«+7
HLT

" CLA CLL

6714

6791

JNSP--I
JMP.-13

CL~ CLL

J#S 1 CALTIP
J¥sS 1 7

FGET I TIF
FiPUT I AVTP

/LISTEN

I OUTVPR

/BACKSPACE 1

ZCOMVERT 2L,Y VAL. TO &7
/FLOT THE FOINT
SSELECT A TEMP. :
/1S THE TEMP. > OR = TH
/DESIRED TEWMP?

/NO> CHECK AGAIN
/YES, OETAIN NEXT SET
/0F DATA

FOR FIELD VAR

: |
ZENABLES USE OF COMMAND
/ "NEGATE"
/CLEAR ALL FLAGS

/TYPE OUT HEADINGS
FOR COMMAND
/COMMAND "'M"
/COMMAND "33

GlVEN> COM
VRITE EOF

/READ & SET OF Be<«Co+De V
/INTO CORE

/PRINT OUT VOLTAGES

/CONVERT R«CeDe« VOLTAGE
/TO F«P«. STORE .
/RECORD ON MAGNETIC TAPE
/N0« OF WORDS (CCTAL)D
/7S+A. OF DATA 1IN CQORE
/0DD PARITY (RINARY CORE
/ERROR RETURN
/NORMAL RETURN
/CORRECT ERROR,
/70N CONSOLE

DEPRESS
RECORD
/TRY WRITING AGAIN

ZCONTINUE ON WITH PROGH.
/CALCULATE TEMP. STORE &



G446 0253 FEXT

Baal 4527 J¥3 I PRINTP /PRINT OUT THE TEMFERAT.

K456 4421 JMS 1 CRLFP

G451 S210 JEP AGDATZ /RECORD NEXT SET OF DajA

/I SCELLANEOUS SUBROUTINES

#6063 :

G600 @398 QUTV., o /TYPE OYUT 7 VOLTAGES

G6%1 1067 TAD ™7

G682 3071 DCA MCH

0683 1111 TAD k2

0804 4510 _ JiMS I SXI1PPR

G645 1412 TAD I 12

G606 3076 DCA WORD /ENTER DATA “WORDI1

Q637 4275 JMS SIGN o

G610 1076 TAD WORD

€611 Bi1g2 AND MASKPY

6612 1167 TAD WMé

6613 7443 sza /POWER(=6)

G614 5241 ' JMP DECFOS

2515 1106 TAD PERIOD

B616 4432 JMS I TYPEPR

2617 1665 TAD M3

P20 3274 DCA COUNTS

0621 1412 ' TAD I 12 /DATA YORD2

G622 4210 JMS ROTATE

G623 2274 ISZ COUNTS

G624 5222 JMP.-2

0625 7300 CLA CLL

6626 1065 TAD M3

G627 3274 DCA CCUNTS

G631 1412 TAD I 12 /DATA YORD3

G631 43106 J¥S ROTATE :

(632 2274 : I1SZ COUNTS

M633 5231 JUP.-2 :

D634 1306 CLA CLL

635 2(71 I1SZ MCH “

0636 5263 ‘JMP OUTV+3

0637 4421 J¥S 1 CRLFP ,

0640 S56066 JP 1 OUTV ZEXIT SUBKOUTINE

-0641 3163 DECPOS, DCA CNTRDP

B642 1665 TAD 143

G643 3274 .DCA COUMNTS

G644 1432 . TAD I 12 /GORD2

B645 4310 : JMS ROTATE :

n646 2163 1SZ CNTRDP

0647 5254 JiiP.+5

B656 3076 DCA tORD

#651 1106 TAD PERIOD

0652 4432 %S 1 TYPEPR

%653 1676 TAD WORD

G654 2274 : 1SZ COUNTS



: 630

8655 5245 : © JMPe-18
G656 1366 CLA CLL
£657 1065 TAD M3
.6663 3274 DCA COUNTS
G661 1412 TAD 1 12
w662 4210 JMS EOTATE
6663 2163 1SZ CNTRDP
G664 5271 JMP.+5
0665 3076 DCA WORD
6666 1166 TAD PERIOD
G667 4432 JMS 1 TYPEPR
G673 1876 TAD YWORD
6571 2274 1SZ COUNTS
G672 5262 JNMP.=10
6673 5234 JiP DECPOS-5
8674 (G35 COUNTS, O
6575 ©208 SIGN» o
G676 1076 TAD WORD :
6677 9077 AND MASKSN '
6158 7640 SZA CLA /-VE. VOLTAGE
@761 5365 JMP e+ 4
6762 1114 TAD MINUS
G783 4432 JMS I TYPEPR
6764 5675 JMP I SIGN
6765 1115 TAD PLUS
(786 4432 JiS 1 TYPEPR
G187 5675 JMP 1 SIGN
6716 GO0GS ROTATEs 0
8711 7996 RTL
G712 70666 RTL
713 3323 DCA TEMP1
0714 1323 TAD TEMP1
6715 7024 RAL
6716 ©324 AND MASKSC
@717 1325 . TAD C260 '
G720 4432 JMS 1 TYPEPR
n721 1323 TAD TEMPI
G722 S571@ JUP T ROTATE
(723  GGGS TEMPL, o
G724 90817 MASKSC, G817
6725 0266 €260, 260 )
L .B726 #6309 EXAMT, e /CHECK TEMPERATURE CONTINUO!S.
6727 1672 TAD C3177 :
€732 230612 . DCA 12
6731 1065 o TAD M3 /READ INTO METMORY THE V
G732 4466 . JMS I INPUTP . /B.C.D. VOLTAGES RELATE
6733. 1965 TAD M3 /THE TEMPELATURE
G734 4473 JMS 1 FLOATP /FLOAT THESE VOLTAGES »
8735 4504 JNS 1 CALTIP /CALGULATE T» STORE IN
6736 4401 - JMS 1 7 |
2737 5562 , FGET I TI1P /SUBTRACT THE DESIRED T
0740 2343 F5UB NEWT /FROM THE CURRENT TEHPF
G741 BEEH FEXT JEX)IT WITH THE RESULT 7

0742 S726 JUF 1 EXANMT



07 43
BT 44
2745
.47 46
67 47
6150
0751
8752
@M753
0754
B755
B756
3757
760
6761
o762
2763
8764
8765
G766
6767
6770
6771
D172

1606
16631

1002
1603
1064
1665
1686
1667
1016
1011

1612
1613
1014
1615
1016
1617
1620

1621

1622
1623
1824
1025
1626
1627
1030
1031

AT
Zoeg
BLOG
G1a1e16]
6031
5347
63236
3G24
1224
1371
7640
5369
57 46
1624
1372
7640
5347
1024
6046
7299
2346
57 46
7463
71534

ARG0
1224
3310
1410
2024
1024
1825
7640
7410
5215
1624
4432
5263
1924
4432
4435
4407
6435
300
56066
4270
GEBo
1315
3016
10663
3023

NEWT

LI3N,

MM
MDOLLA,

*1630

DELTAT.,

C427G,
FORMATS

15/

B

0
6}

KSF

JiirPe =1

KRB

NDCA TEMP
TAD TEMP
TAD MM

SZA CLA
JtPe«+2

JMP I LISN
TAD TEWMP
TAD ¥DOLLA
SZA CLA
JMP LISN+1}
TAD TEMP
TLS

cLA

ISZ LISN
JMP T LISN

-315

244

4276

TAD

TAD C427¢
DCA 18

TAD 1 10
DCA TEWMP

TAD TEMP
MEQUAL
SZA CLA

SKP

JMPe+4

TAD TEMP

J¥S I TYPEPR
JMP DELTAT+3
TAD TEMP

JrsS 1 TYPEPR
JMS I 5

TJMS 1 7

FPUT I DTP
FEXT

JFMP I DELTAT

TAD C4361
DCA 102
TAD M4
BCA CNTRI

6l.

ZLISTEN FOR A COMMAND
/STORE THE COMMAND

ZVAS COMMAND ''M*' ISSUED

/NOs SEARCH FOR NEXT LE.
/YES, EXIT

/UAS COMMAND "S' ISSUED?

/NO> WAIT FCR LEGAL COM.
/YES» ECHO IT
/EXIT

/LETTER STORAGE

ZAUTO INDEX FOR

/TESTING FOR EQ

ZINPUT, TERMINA
JENTER THE FePe.

/LETTER STORAGE
/AUTO INDEX FOR



.1632
1933
1034
1635
1636
1637
10406
104}
142
1043
1044
1G45
10646
1047
1059
1651
1652
1253
1654
1055
1656
1657
1666
1061
1662
12563
10A4
1065
1666
. 1067
1379
1671
1072
1073
10674
1675
1076
L1671
11606
1161
1142
1103
1164
1165
1166
1107
1110
1111
1112
1113
1114
1115
1116
1117

1316
4267
1410
4432
2023
5234
4421

4421

4437
4277
1317
4267
42717
1317
4267
42717
4437
4271
1065
4267
4277
1665
4267
42717
1317
4267
4277
4421

5625
a6ma
3276
1726
4432
2276
5271

5667
G0
2260
1410
3624
1024
1664
71640
7419
S312
1024
4432
5370
1024
4432
56717
4331
7736
7773

CNTRSK» -

TAD 42

Ji W"IP
TAD I 18
JHS 1 TYPEPR
iSZ CNTRI
JMPe~-3

Ji4S 1 CRLFP
JiiS 1 CRLFP
Ji4S 1 TABPR
JiS HEAD
TAD #45

JiS SKIP
JiuS HEAD
TAD M5

JMS SKIP
J#3 HEAD
JuS I TABPR
JitS HEAD
TAD M3

JMS SKIP
JMS HEAD
TAD B3

J#S SKIP
JiiS HEAD
TAD M5

JKS SKIP
Ji“S HEAD
JMS 1 CRLFP
JMP 1 FORMAT

tn Ct

T

DCA CNTRSK
TAD SPACE
JHS I TYFPEPR
1SZ CNTRSK
JMPe~3

JMP I SKIP

TAD 1 10
DCA TEWP
TAD TEMP
TAD 1251
SZA CLA

- SKP

JriP«+ 4

TAD TEWP

JHMS 1 TYPEFPR
JiiP HEAD+1]
TAD TEMP

JMS I TYPEPR
JHiPr 1 HEAD

/TYPES

/TYPES

/TYPES

/TYPES

/TYPES

/TYPES

/TYPES

/TYPES

65.

(DATA)

(V(EXD)

(V(GE))

(VIPTY)

(V(MAG))

(vesamM 1))

(V(RES))

(UCHALLY)

/TESTING FOR CL



66.

1122 06EG INPUTVS 6 B .
1127 23979 DCA MG
1122 1343 ' TAD CW1 /STORE CONTROL ¥ORD 1
1123 3345 NDCa SAVE '
L1124 1344 NEXTV, TAD CcuWZ2
11e 4347 Juis DIGITZ . /DIGITIZE VOLTAGE
1126 6542 RDCF
1127 6544 Ra
113% 6542 EDC ZINPUT THE VOLTAGE FROM
1131 6544 Ba /CHANNEL (7)
1132 6542 RDCF . /D0 NOT STORE
1133 7340 : CL.a CLL :
1134 2345 . 18Z SAVE
1135 1345 ‘ Tah SAVE
1136 4347 JM5 DIGITZ /DIGITIZE THE VOLTAGE T
1137 4746 JM4S I VOLTP /READ 1IN THE VOLTAGE, S
1140 20671 "~ ISZ MCH /ALL VOLTAGES READ IN?
1141 5324 JMP NEXTV /NO |
1142 5720 - JMP I INPUTV /YES, EXIT
1143 ©677 CW1., B6T7 .
1144 4767 CcY2, 797 /C.%e FOR DUMMY VOLTAGE IN
1145 (GG&G SAVE: @
1146 1364 VOLTP., VOLTIN
1147 o6 DIGITZ, O /DIGITIZES A VOLTAGE AND PREPARE
1150 6531 CUYRD /IT FOR ENTRY INTO CORE
1151 6541 SDR
1152 5351 JMPe=~1
1153 7360 Ci.a CLL
113534 4362 JKS DELAY
1155 6541 SDR
1156 5355 JMPe-1
1157 7350 CLA CLL
1168 4362 JMS DELAY
1161 5747 JiP I DIGITZ
1162 G020 DELAY. a
1163 1372 - TAD CONST
1164 3373 RCA- COUNT
1165 2374 15Z COUNTI
1166 5365 . JMPe«=-1
1167 2373 1SZ COUNT
1176 5365 JiiPe-3
1171 5762 JUP 1 DELAY
1172 Y770 CONST» 1770 /PROVIDES 156 MEEC. DELAY
1173 0360 COUNT. 0]

1174 06GBOG  COUNTI, @

*1200
1268 GEH3 FLOATV, 0 ' :
1261 3923 NCA CNTRI /NC. OF VOLTAGES TO EBE
1262 1872 TAD C3177 /R:C.D. VOLTAGES IN LCC

126G2 3012 . LCA 12 ZAUTD-TNDEY FOR BeCeD-
1204 1271 TAD £3252 /F <P VOLTAGES IN LOC.



1265
L1266
1207
1216
1211
1212
1213
1214
1215
1216
1217
1220
1221
1222
1223
1224
1225
. 1226
1227
1230
1231
1232
1233
1234
1235
1236
1237
1248
1241
1242
1243
1244
1245
1246
1247
1250
1251
1252
1253
1254
1255
1256
1257
1268
1261
1262
1263
1264
1265
1266
1267
1276
. 1271
1272

30613
1412
3676
1076
077
7650
5216
1161
3272
1676
oi1e2
7241
3163
2fl12
1a12
3226
4474
GoGo
3045
1475
3046
1273
3644
44007
TR00
Boeo
4437
427 4
8500
2163
5237
7300
1272
7640
5254
4407
6413
daloty
5260
4467
Ge10
6413
algeld]
1277
3272
2012
2013
2613
2613
2023
52mé
5600
3252
7177

NEXT.»

HAD >

C3252,
Stls

TAD

3252

DCA 13

T 12

nCA WORD -
TAD WCORD
AND VASKSN
SNA CLA
JMP.+3

TAD ZERO
DCA SW

TAD UOR

- AND MASKPW

Cia

DCA CNTRDP
1S§Z 12

TAD 12

DCA HAD

JMS I DPBCDB

DCA 45

TAD I LOYWPR
DCA 46

TAD C27
DCA 44

JMS 17
FNOR

FEXT

JMS 1 7
FDIV TEN
FEXT

18Z CNTRDP
JMPe=4

CLA CLL
TAD SW

SzZA CLA

cJMPe+5

JMs 1.7
FPUT 1 13
FEXT
JMPe+5
J¥sS 1 7
NEGATE
FPUT T 13
FEXT

TAD C7777
DCA Su
ISZ 12
ISZ 13
152 13
ISZ 13
1SZ CNTR1
JMP NEXT
JMP I FLOATV

7777

67.

/STORE DATA WORD]
/SIGN TEST

/+VEe« VOLTAGE
/-VE. VOLTAGE

/POWER TEST
/ADDRESS GOF NEXT DATA W

/CONVERT “WORDS2,3 INTO
/STORE I H.0. MANTISSA
/STORE 1IN L0, MANTISSA

/3ET EXP=23C10)

ZENTER THE F+Ps PACKACE

/ACCOUNT # O THE DECIMA

/+\VE. VOLTAGE
/=-VE. VOLTAGE

/STORE FeP. YOLTAGE

/PREPARE FOR THE NEXT V



1272
1274
1275
1276
1277
L1360
1301
1362
1303
1304
1305
1366
1307
1310
1311
i312
1313
1314
1315
1316
1317
1320
1321
1322
1323
1324
1325
1325
1327
1330
. 1331
1332
1333
1334
1335
1336
1337
1340
1341
1342
1343
1344

C 1345

1246
1347
1350
. 1351
1352
1353
1354
1355
1356
1357
1360

ooz
034
2400
0351429
77717
GOan
4421
1106
4432
6631
S30 4
6036
3361
1361
1362
7649
5330
1361
6046
7200
4421
4434
4407
5433
1435
6563
o060
7320
5766
1361
1113
7640
5347
1361
6646
7260
4421
44871
5433
1435
6563
nene
7306
57606
1361
1363
7643
53034
1361
E046
7260
4421
4572
5766

c27,
TN,

C1777,»
NEXTT,

177
15}

2400

/PROVIDES FOR INCREMENTAL
FINALIZES THE ENTIR
S THE

JMS 1 CRLFP
TAD PERIOD
JMS 1 TYPEPR
KSF

JMP« -1

KRB

DCA BUFFER
TAD BUFFER
TAD ™D

‘SZA CLA

JMPe+15

TAD BUFFER
TLS

CLA

JMS 1 CRLFP
JMS 1 DELTP
JMS 1 7
FGET I AVTP
FADD I DTP
FPUT 1 NEWTP
FEXT

CLa CLL

JMP T NEXTT
TAD BUFFER
TAD MC

SZA CLA
JMP.+14

TAD BUFFER

TLS
CLA

JMS I CRLFP
JMS 1 7
FGET I AVTP
FnAbDh I DTP
FPUT I NEWTP
FEXT

CLA CLL

JMP T NEXTT
TAD BUFFER
TAD MDOLL
SZA CLA

JMP NEXTT+4
TAD BUFFER
TLS

CLA

J¥MS 1 CRLFP
JMS 1 ENDP
JUP T NEXTT

/0R

/() INDICATE
MODE

7 (COMMAND)

&8.

T'S

PROG.

ZONLY VALID COMMANDS W1

/0N THE TTY

/VAS COMMAND (D) GIVEN?

/NQCs

/YES> ECHO ON

SEARCH FOR OTHER L

TTY

/INPUT NEW DELTA T » ST

/NERNT=AVT+DTE

ZEXIT

MpP

/YAS COMMANDC(C) GIVEN?

/NOs
/YESSECHC ON

Z7EXIT

TTY

SEARCH FOR OTHER L

ZUAS COMMAND (S) GIVEN?

/NO. WAIT FOR A LEGAL C

/YES,ECKO ON

ZURITE "EOF™

TTY

ON

MAGNETI

/TERMINATE THE PROGRAN



1361
1362
1363
. 1364
1365
1366
1367
13706
1371
1372
1373
1374
1375

. 14060
14G1
14062
14083
1404
1405
14066
1407
1410
1411
1412
1413
1414
1415
1416
1417
1429
1421
1422
1423
1424
1425
1426
1427
1430
- 1431
1432
1433
1434
1435
1436
1437
1442
1441
1442
1443
1444
1445

4151630
6532
6046

6502

6594
457 4
1101
3156
11721
31735
5590
R0IGEY)
1221
4223
1222
4223
5613
G215
Ge12
oo
6341
5224
6846
7200
5623
e1A515]
1306
G110
1367
3mti
1065
3623
1410
3624
16024
1064
7649
7410

BUFFERS ol
MDD

“DOLL.»
VOLTIN, 0

%1400
CLEAR., (5]

CRLF., 5]

CR»
LF,»
TYPE» 7]

DIMEN, e

DIMENTS TAD

215
212

-394
~244

RDCF
DCA I 12

BA

RDCF

DCA 1 12

BA

RDCF

DCA I 12

JMP I VOLTIN

KCC

TLS

PLCF

PLPU

JMS I DOPR
TAD ZERO
DCA St

TAD ZERO
bDCA St2

JvP T CLEAR

TAD CR
JMS TYPE

" TAD LF

JMS TYPE
J¥P I CRLF

TSF

JMP«=-1

TLS

CLA

JMP I TYPE

TAD C4177

DCA 16

TAD C346G0
DCA 11
TAD M3
DCA CNTRI1
10

DCA TEMP
TAD TEWP
TAD 251
SZA CLA
SKP

69.

/STORE DATA. WORD 1
/STORE DATA WORD 2

/STORE DATA WORD 3

ZINITIALIZE HARD.
/FLAGS

ZINITIALIZE SOFT.
/FLAGS .

ZLETTERS IN LOC
/ZALUTO INDEX FGR
/CONSTANTS IN L

/TESTING FOR CL



1446
1447
1450
1451
1452
1453
1454
1455
. 1456
1457
1460
1461
1462
1463
14864
1465
1466
1467
1470
1471
1472
1473
1474
1475
1476
1477
15600
1521
1562
1503
1504
1545
. 15¢6
1567
1518
1511
1512
1513
1514
1515
1516
1517
1520
1521
1522
1523
1524
1525
1526
. 1527
1536
1531
1532
1532

5252
1024
4223
5240
1024
4223
4213
4310
1410
3024
1624
162S
7640
7410
5270
1024
4223
5256
1024
4223
4465
4407
6411
anEe
2423
T410
5305
2011
2611
2011
5255
5631
4177
3400
naes
1063
3In27
1926
4222
2627
5313
5710
0OBG
1375
3810
1376
3011
1111
3023
1410
3024
17224
1064
7640

DItMENZ2, TAD I

C4177, 4177
C34B0, 3489
TABS 0
SCALE. G

SCALEl, TAD 1

JMP e+ 4
TAD TEWMP
JMS TYPE
JMF DIMEN]
TAD TEMP
JMS TYPE
JMS CRLF
JMS TAB

10

NDCA TEMP
TAD TEMWMP
TAD MEQUAL
SZA CLA
SKP
JMPe+ 4

TAD TEWMP
JMS TYPE
JMP DIMEN2
TAD TEMP
JMS TYPE
JMS I S
Jus 1 7
FPUT I 11
FEXT

ISZ CNTRI
SKP
JMPe+S

18Z 11

I1SZ 11

152 1

JMP DIMENZ2-1
JMP I DIMEN

TAD M4

PCA CNTR2
TAD SPACE
JMS TYPE
ISZ CNTR2
JMP--3

JMP 1 TAB

. TAD C4230
DCA 10

TAD C3411
DCA 11
TAD W2
DCA CNTRI
10

PCA TEMP
TAD TEMNP
TAD M251
sSza CLA

70.

/TESTING FOR E@Q

/ZINPUTs TERMINAL
/ENTER THE F.P.

ZJLETTER STORAGE
/AUTO INDEX FOR
/CONSTANTS STORE

/TESTING FOR CL



1534
1535
1526
1537
1540
1541
1542
1543
1544
. 1545
1546
1547
1550
1551
1552
1553
1554
1555
1556

1557

1560
1561
1562
1563
1564
1565

1566

1547
1576
1571
1572
1573
1574
. 1575
1576
1577

. 1660
16031
1662
1663
1604
1665
1606
1667
1610
1611
1612
1613
1614
1615

7410
534!
1624
4223
5327

724
4283
4213
4316
1410

3824

1024
1377
7640
7410
5357
1624
4223
5345
1024
4223
4405
4407
6411
ceoe
2023
T410
5374
2011
2011
2611
5344
5720
4239
3411
7506

Been
44@37
5516
3540
4520
6270
2301
60
7320
1645
7710
5216
4304
5227

SCALE?2,

C423a.,

Cl411.,

MCOLON,

*1600
CALTI.,

TAD 1

4230
3411
-2172

4]

SKpP

JHP .+ 4
TAD TE¥P
JMS TYPr
JMr SCaLE1
TAD TEMP
JMS TYPE
JMS CRLF
JMS TAR
10

DCA TEWMP
TAD TEMP
TAD MCOLON
SZA CLA
SKP
JMPe+4
TAD TEFP
JM4S TYPE
JIMP SC&LE2
TAD TEWMF
JMS TYPE
JMS 1 S5
JMS 1 7
FPUT I 11
FEXT

I1SZ CNTR:
SKP

JiF .+5
ISZ 11
157 11
152 11

JMP SCaLe2-i

JVMP I SCALE

71,

/TESTING FOR CO

ZINPUT
ZENTER THE F.P.

/FIZLD OFF

JMS T 7
FGET I GE1P
FMPY 1 ER3P

"FDIV I EXIP

FPUT RES
FSY8 MINZGE
FEXT

CLA CLL

TAD 45

SPA CLA
JMP. +3

Ji45 GRAMNSE
JMP.+12

ZENTER THE F.P. PACKAGE
ZR(GEY=V(BEI/V(EX) /R2

/STOKE THE VALUE OF THE

- /SUSTRACT 21413 OHMS

/1S THE RESI1STANCE OF T.
/> OR =21.13 0KMS?

/1.E« IS T<3% OR =38 pre?
/M3, T>38> USE PT. THER,
/YES, USE GE« THERMOMET



1636
1617
1626
1621
1622
1623
1624
1625
1626
1627

163G .

1631
1632
1633
. 1634
1635
1636
1637
1640
1641
1642
1643
1644
1645
16456
15847
1650
1651
1652
1653
1654
1655
1656
1657
16460
1661
1662
1663
1664
1665

- 1666

1667
1679
1671
1672
1673
1674
1675
16756
1677
1790
1731
1772
17023

4457
5522
3546
4520
DoGe
7360
4576
03n6
2671

4407
6273
BOOO

"1300

S660
2006
4407
5523
35486
4524
6270
2301
Aoon
7300
1045
771 @
5252
436 4
5263
44457
5525
3540
452 4
2000
7309
4579
none
2671
4407
6276
oeen
17302
5634
co0o
B06o
BB
nEOG
NGOG
Reeo
12361010]
0oon
6oeo
GHas
2510
2437

CALT2,

RES»

Tl

T2,

MINRGE »

GanS5

JHS 1 7
FGET 1 PTIP
FMPY I R3P

-FDIV I EXIP

FEXT

CLA CLL

JMS I POLYP
0oB6

72.

/CALCYULATE RCPT)

ZOBTAIN T BY EVALUATING
/PTe« TEVF. POLY.
/DEGREE OF FOLY.

2671 /Se«As OF COEFFICIENTS 1
JMS 1 7
FPUT TIi /STORE T
FEXT
CLA CLL
JMP 1T CALTI Z7EXIT
/FIELD ON

JMS T 7
FGET I GE2P
FMPY I R3P
FDIV I EX2P
FPUT RES
FSUB MINRGE
FEXT

CLA CLL

TAD 45

SPA CLA
JMP.+3

JMS GRAMGE
JMP.+12

JMS 1 7
FGET I PT2P
FMPY I R3P
FDIV 1 EX2P
FEXT

"CLA CLL

J¥MS 1 POLYP
DOR6

2671

Jus 1 7
FPUT T2
FEXT

CLA CLL

JMP I CALT2

0
1]

Q@ (SR

@

ZENTER THE F«P. PACKAGE
/CALCULATE R(GE)

/STORE THE VALUE OF THE
/SUBTRACT 21+13 0OHMS

/715 THE RESISTANCE OF T
/> OR =21.13 QHMSI?

/1eE« IS T<3%, OR=3% DF
/NQs T>382,
/YES, USE GE.

THERMOMET

/CALCULATE R(PT)

70BTAIN T BY EVALUATING
/PT« TEMP. POLY.
/DEGREE OF POLY.
/Se<As GF 'COEFFICIENTS"

/STORE T

Z7EXIT

/72113 OHMS

2510
2437

t!ISE PTs THER



1764
1755
1756
1797
17106
1711
1712
1712
1714
1715
1716
1717
1726
1721
1722
1723
1724
1725
1726
1727
17306
1731
1732
.1733
1734
1735
1736
1737
1740
1741
1742
1743
1744
1745
17 46
1747
1750
1751
1752
1752
1754
1755
1756
1757
17698
1761
1762
1763
1764
.1765
1766
1767
1776
1771

cC3a0
L4457
5279
23565
oen3
7303
1045
7710
5325
4467
5270
H000
736092
4576
6004
26232
5704
4407

270
2376
Go60
7300
1845
7710
5345
4407
S270
OO0
7308
4573
666
2617
5704
L4407

5279 .

2301
6509
7300
1045
7710
7452
4407
5278
sl
7300
4570
006
2644
5704
ge12
2236
3147
no1e
2440

MINRR1>

MINRR2,

Bo12

nH1e

JMsS 1 7
FGET RES
FSUB MINRRI
FEXT

CLA CLL

TAD 45

SFPA Cla
JhP.+11

JMS 1 7
FGET RES
FEXT

cCLA CLL

JMS I POLYP
064

2690

JMP I GRANGE
Jvs 1 7
FGET RES
FSUB MINRR2
FEXT

CLA CLL

TAD 45

SPA CLA
JMPe+11

Jws 177
FGET RES
FEXT

CLA CLL

JMS 1 POLYP
PBB6

2617

JMP I GRANGE

/SUBTRACT 847.2 OHMS
/IS GE. RES. > Ox =847.
/1eEe IS T<2.75 OR =2.7
/N0, T DDES NOT FALL IN
/YESs, T IM RANGE]

/Z0BTAIN T BY EVALUATING
/GE. RANGE!l TEMP. POLY.
/DEGREE OF POLY.
/S.Ae. OF "COEFFICIENTS"™
ZEXIT WITH T IN F.P. AC
/CHECKING RANGEZ

/SUBTRACT 164.1 OHMS

/1S RESISTANCE > OR =14
/1.E. I8 T<«<i2 OR =12 DEG.
/1.E. IMN RANGE2?

/NQs CHECK RANGES3

/YESs T IM RANGEZ2

Z0BTAIN T RBRY EVALUATING
/GE. RANGEZ2 TE#P. POLY.

/DEGREF. OF POLY.
/SeAs OF "COEFF1CIENTS™
ZEXIT UITH T IN FeP« AC
/CHECKING RANGES3

/SUBTRACT 21.13 OHMS

/1S GE. RESISTOR> OR =2
/1.E« IS T< OR =33 LESR
/1+E« I{] RANGE3?

ZJERROR IN Sijge.

/YES, T IN RANGE3

ZO0BTAIN T BY EVALUATING
/GE. RANGE3 TEMF. POLY-.
/DEGREE OF POLY.

/S.A. OF COEFFICIENTS I
JEXIT WITH T IMN F.pP. AC

/8417.2 OHMS

/71641 OREMS

.JMS 1T 7
FGET RES
FSUB MINRGE
FEXT

CLA CLL

TAD 45

SPA CLA

HLT

JMS 1 7
FGET RES
FEXT

cCLA CLL

JrMS 1 POLYP
Aetel s

2644

JMP T GRANGE
322

3147

24406



31772

.2000
2001
2062
2063
2604
2095
2006
2007
2010
2611
2012
2613
2014
2015
2016
2017
2620
2621
2622

L2623
2024
2pr25
2026

L eeev

20305
2031
2032
2033
2034
2035
2636
2037
2040
2041
2042
2043
2044
2045
2046
20497
2650
2051
2852
2053
2054
2055
2056
2057
2060
20761

6315

GRGO
4497
5535
2536
6234
5537
4517
6237
beoe
4407
5544
GEeNC]
4570
BABS
2716
4407
6242
5234
3541
4237
4242
3645
1aIoN 4
3542
6543
GOBE
73600
5606
ARG
B06aG
G6oAe
5361614}
0151515}
beAs
RO
6040
D058
3452
G0AG
4437
5562
1657
4533
6260
o000
7360
S6 46
1676
Ge20
0630

*2000
LOGRR»

HALL.,

Cs

B>

CONVP,
MEANT»

T2P,
AVT-s

6]

conv

0]

Th.

./SUBROUTINE TO CALCULATE THE

JMS 1T 7

FGET I HaLL2P
FSUB 1 Hai.LIP
FPUT HALL
FGET 1 SAMIZ2P
FNIV 1 RIP
FPUT C
FEXT
JMS T 7
FGET I
FEXT
JMS 1 FOLYP
coas

2716

JMS 1 7

FPUT B

FGET HALL
FNPY I TPR
FDIV C

FDIV B

FI4PY I CONVP
LOG
Ft:PY
FPUT
FEXT
CLA CLL

JMP T LOGRH

maGop

} CONVEP
I YvaLp

7L0G. OF THE ARSOLIUTE vy
/THE HALL COEFFICIENT
/OBTAIN RALL VOLTAGK,

7]

/CALCULATE SAMPLE ClIRRE
/1 (SAMPLE)=V(SAM I)/R1

/ B=F{MAG. V)

ZEVALUATE THE FOLYNGOMIAL
/DEGREE CF POLY. (RBINARY)
/5«As OF COEFFICIENTS

/STORE
/CALCULATE TFE HALL COFE.
/RH=V(HLALILYT/CBE

/COWVERTS T0 CGSH UNTTS
/DBRTATN LOGCE)RH
ZOBTAIN LOGCIF)IRK
/3TORE THE VALUE OF LOG
/IN YVALUE

/HALL VOLTAGE

(G}
%)

/SAVPLE CURRENT

_/MAGNETIC FIELD

7105 g CONVERTS TO CGSM UMNITS

/70BTAIN AVERAGE
-dMsS 17

I TiP

I T2P

I TWOPR
AVT

FGET
FADD
FD1V
FFUT
FEXT
CLA CLL

JMP I WMEANT

G

TEMPPERATURE

/AVT=C(TI+T2)/s2

/STORE IN AVT



2662
2663
2064
2665
20666
2667
2070
2371
2072
L2673
2074
2075
2676
20717
21606
2161
2182
2163
2104
2165
2106
2167
2115
2111
2112
2113
2ii4
2115
2116
2117
2126
2121
2122
2123
2124
2125
2126
2127

Goen
RGZA
4497
5546
4260
6547
oo
7300
5663
Ccons
1323
4432
1626
4432
1324
4432
1826
4432
4467
5260
oeon
7306
1325

3062

1326
44066
1360
1026
4432
1327
4432
4421
5673
324
2275
ne6s
GHa2
P313

INVST., &

PRINTT, @

CT»
EQUALS 275
CFIVE» 5

K2» 2
CKs

%2200

324

e

JMS 1 7

FGET 1 KILOP
FDIV AVT
FPUT I XVALP
FEXT
CLA
JMP

CLL

I TNVST
/PRINT

TAD CT

JiMS I TYPEPR

TAD SPACE

JMS I TYPEPR

TAD EQUAL

JMS I TYPEPR

TAD SPACE

JMS 1 TYPEPR

JMS 1 7

FGET AVT

FEXT

CLAa CLL

TAD CFIVE

DCA 62

TAD K2

JiS 1 6

CLAa CLL

TAD SPACE

JM5 I TYPEPR

TAD CK

JMS 1 TYPEPR

JMS I CRLFP

JMP I PRINTT

313

/SUBROUTINE "PCLYEVY"

/DEGHREE

75.

/CALCULATION OF 12ag/T

/STORE IN ¥ VALUE THE v
/i086/T

OUT AVERAGE TEMPERATURE

ZENTER THE F.P-.
/PUT THE BVERAGE
ZIN THE F.Pe AC

PACKAGE
TEMPFER

/0UTPUT TEMPERATURE 1IN
/F5.2 ’

W“ILL EVALU

POLYNOMIAL: C STORAGE L

/ACCOMODATE UP TC A 15TH. DEGRE

/CALLING SEQUENCE: VALUE OF IND

/
/
/

/RETURN:

/

JMS PGLYEV
DEGREE OF POL.
S. A. QF COE

RETURN WITH
DEPENDANT VA



22606
o1
2242
2263
2204
2205
2206
22a7
2210
2211
2212
2213
2214
2215
2216
2217
2229
2221
2222
2223
2224
2225

. 2226
2227
2230
2231
2232
2232
2234
2235
2236
2237
2240
2241
2242
2243
2244
2245
2246
2247
2255
2251
2252
2253
2254
2255

. 2256
2257

2260
2261
2262
2263
L2554
2265

G5 H

N ke )
vr e

6305

Geae

71366
1660
3316
220%
1624
3616
1312
3011
44067
S419
6411
4352610]
7308
1310
7341
3023
1101
3311
2311
1211
7041
IN21
2316
2i1 e
2016
2511
2311
2G11
4407
S53A5
2620
2627
5246
5252
4407
3305
rulsds]
5243
4407
3410
5411
anaG
7306
2523
5226
71360
1212
3911
13159
7041

POLYEV.

0

s 1 7
FrPUT VAR
FEXT
CLA CLL

TAD 1 POLYEV

DCA DEGREE
152 FDLYEV

TAD 1 POLYEV

DCA 1)
TAD C2314
DCA 11
JMS 1 7
FGET 1 10
FPUT 1 11
FEXT

CLA CLL
TAD DEGREE
ciAa

DCA CNTRI
TAD ZERO
DCA INDEX
1SZ INDEX
TAD INDEX
CIA

DCA CNTR2
1SZ 1/
18Z 18
I1SZ 10
I1SZ 11
ISZ 11
ISZ 11
JMS T 7
FGET VAR
FEXT

I18Z CNTRZ .
JMPe+2
J.iP«+5

-JMS 1 7

FMPY VAR
FEXT
JMPe.-6
JMS T 7
FMPY T 10

"FPUT I 11

FEXT

Cl.a CLL
15Z CNTR1
J!’:‘P- ‘32
CLa CLL
TAD C2314
LCA 11
TAD. DEGREE
CIA

760

/5TORE VALUE OF INDP va,
/STORE DEGREE OF POLY.
7EVALUATED

/STORE S<A. OF "COEFFIC, -

/STORE S.A. OF TERMS

/STORE THE INTERCEPT

/GENERATE THE FOWERS C¥

ZINDEFENDENT VARIABLE

/STORE ‘THE TERMS



22646
2267
22706
2271
2272
2273
2274
2275
2276
277
2369
2381
2302
2303
2354
23435
2306
2307
2316
2311

.2312

2400
241
2402
2493
2404
2405
2476
2407
2410
2411
2412
2413
2414
2415
2416
2417
L2420
2421
2422
2423
2424
2425
2426
2427
2430
2431
2432
2433
2434

3223
4407
5411
0000
2011
2011
2611
44067
1411
2660
2023
5272
2260
7360
5690
14151015/
adala]
(5251 G0
aene
BB2H
2314

0660
4487
5550
3547
6341
2344
6623
7300
1045
7710
5215
2200
5600
4407
5341
Paoe
73060
1045
7768
5226
2200
5600
4272
3267
44n7
5532
3543
6341
2347

VAR> .

DEGREE.»
INDEXS
C2314,

%2400
STEPNO.,

(G

o

2
2314

77

RCA CRTRIE

SES T 7

FGET 1 11

FEXT

ISZ 11 :

ISZ 11 ZADD Ul THE TERMS
ISZ 11

J4S 1 7

FADD I 11

FEXT

I1SZ CHMNTR1

JME e =7 ZEXIT WITH VALUE OF DEpP
ISZ POLYEV /VARIAFLE IN F.Pe. AC
CLA CLL

JKF 1 POLYEV

B
0

/TERMS STORED IN LOCATION 221

/CONVERTS Y-Y VALUES TO STEP NoO.
JHS 1 7
FGET I ScaLxp /STEP NO.« =(STEPS/UNIT)
F¥rY 1 XvaLp
FPUT BUFF
FSUB MAXX
FEXT
CLA CLL /1S THE NO. QOF STEPS IN

. TAD 45 /DIRECTION >60607?

SPA CLA

JPe+3 /NO

ISZ STEPNO /YES> DO NOT PLOT POINT
JHP I STEPNO

J¥S 1 7

FGET BUFF

FEXT

CLA CLL /1S THE NO. OF STEPS IN
TAD 45 /DIRECTION NEGATIVE?
SKA CLA

JMP.+3 /NO

ISZ STEPNO . /YES, DO NOT PLOT THE F
JliP I STEPNO

Ji4S FIX

PCA XCORD

J¥S 1 7

FGET 1 SCaLYP

FEPY T YVALP

FrPUtT ZUFF

FSUp VAXEY



2435
n436
2437
2440
2441
L2442
2443
2444
2445
2446
2447
2450
2451
2452
2453
2454
2455
2456
2457
2466
2461
2462
2463
2464
2465
2466
2467
2470
2471
2472
2473
247 4
2475
2476
2477
2560
2501
2502
2593
2504
2565
2506
2567
S19
2511
2512
2513
2514
2515
2516
2517
2528
2521
2522

BIA6
7300
1245
7718
5244
2200
5660
a4407
5341
aXs]alyl
7306
1245
7700
5255
2200
5400
4272
3270
54600
1616162
4254
4557
54663
QOaG
7201
4555
0500
BOGO
5664
sXeXds]
7360
1244
T 440
53061
1153
5672
7500
S365
7360
SeT72
1326
1153
3044
7100
1045
7510
7020
215

3645
2044

5316
7420
5323
1153

PLOTP>

MOVE»

XCORD s

YCORD.

FIX»

GO.»

14

v}
@

FEXT

CLA CLL

TAD 45

SPA CLA
JMPe+3

I1S8Z STEPND
JMP T STEPNO
JMS 1 7

FGET BUFF
FEXT

CLA CLL

TAD 45

StiA CLA
JMP e+ 3

1SZ STEPNO
JMP I STERPNO
JMS FIX

DCA YCORD
JMP T STEPNO

JMS MOVE
JMS 1T MARKP
JMP I PLOTP

CLA IAC
JMS T PLOT
JMP 1 MOVE
CLA CLL

TAD 44
SZA -

"JMPe+3

TAD ONE
JMP I FIX
SmMA
JMP.+3
CLA CLL
JMP I FIX
TAD Ml14
TAD ONE

. DCA 44

TAD 45
SPA
CHL
RAR
DCA 45
ISZ 44
JMP GO
SNL
JitPe+2
TAD ONE

78.

/1S THE NO. OF 3TEPS 1N
/DIRECTION >8G6G?

/NO .
/YESs DO NOT PLGT POINT

/1S THE NG. OF STEPS InN
/DIRECTION NEGATIVE?

/NO
/YES, DO NOT PLOT POINT

/MOVE THE PEN TO CORRECT
/MARK THE PQINT

/7PLOT WITH PEN UP

/1S STEP NC. >1/2 AND<1?

/NO
/YES, ROUND OFF TO 1 ST

/15 STEP NQ. <1/72?

/NO
/YESs SET STEP NO. TO ZERD

/BINARIZE STEPNO.



79

2523 145 TAD 45
2524 7149 CLL
2525 5672 ‘ JMP I FIX
2526 7764 WMilas -14
. 2527 £608 END (4]
2539 4521 JrS I EOFP ZURITE “EOF' MARK
2531 5332 JriPe+1 /EZRROR RETURN
2532 74p2 HLT /NORMAL RETURN, AC =216¢ . .
2533 7309 cLAa CLL
2534 6714 . 6714 /CORRECT ERROR SHOWN IN
2535. 6701 ' 6701 /PRESS CONT. ON CONSOLE
2536 5335 JMPe=1 /BACKSPACE 1" RECORD
2537 5339 : JMPe=7
2546 S727 JMP T END /REWRITE ""EOF' MARK.
2541 2806 BUFF S G /STORAGE LOCATION
2542 Q0060 0
2543 466D 0
2544 GH12 MAXXs n@12 /60608 STEPS
2545 2260 2260
546 o0 0oe0o
. 2547 0212 MAXYs 2012 /8060 STEPS
2554 3160 3120
2551 on6p 0220
. 2552 Z&0M CYCLE, a /NO« OF LOG. CYCLES
2553 GaAA0G G
2554 0066 7]
/POLYNOMIAL CQEFFICIENTS STORED
#2600 :
2636 (603 GG /GE- RANGE!1 PCLY. COEFF.
2601 2557 2557 ZA0= S5.43593217TE23
2602 4622 - 4622
2623 7771 7771 /Al= =5.34C246G1E-23
26084 5205 5285
2665 1732 7732
26066 7756 7756 /A2=3.36378859E-026
26M7 3415 3415
2610 7273 7273
- 2611 7743 7743 /A3=-1.0(3966165E~-09
2612 56106 5619
2613 178326 7026
2614 7726 7726 Z7A4=1.22283738E~13
2615 2115 2115
2616 3362 3362
*2617
2617 00610 6316 /GE.+ RANZEZ2 FOLY. COEFF.
2620 2663 or03 /Rh0=1.28462098E 02
2621 5442 5442 :
2622 (501 6% /Al =1.73994671E00
2€23 4412 4412
2624 2273 2272

2625 7171172 7172 A=} G2LEAARIPE 22



2626
2627
.2630
2631
2632
2633
2634
2635
2636
2637
2649
2641
2642
2643

2644
.2645
2646
2647
2650
2651
2652
2653
2654
2655

2656

2657
2660
2661
2662
2663
2664
2665
2666
2667
2670

2671
2672
2673
2674
.2675
2676
2677
2760
2701
2702
2703
2704
2765
2706
2707
2716
2711

2471
4376
7762
5735
4333
7759
3465
6107
7736
4563
7703
7723
2325
G516

8006
3525
5137
POD1
5065
3009
7773
3500
1667
7765

52546

772
7756
2126
5624
7745
4262
2435
7734
2317
2561

6eads
3371
7603
1776
3449
0360
1764
4673
B446
7753
2460
2062
17741
5715
2366
7725
3257

%2644

%2671

2471
4076
7762
5735
4333
77545
3465
6107
7736
4563
7703
1723
2325
6516

Bee6
3525
5137
001
S065
36006
7773
3560
1667
7765
5256
7772
7756
2126
5624
1745
4262

2435

7734
2317
2561

PBOS
3371
7663
7776
3440
G360
71764
4673
D446
7753
2460
2062
7741
S715
2356
7725
3257

‘80.

/A3=-3.154416G9E-05
/A4=5:37T 189 1R6E~GE
/AS5=-4.76352185E~11

7A6=]1+T16T79668E~14

/GE. RANGE3 POLY. COEFF.
/hC=5.86765111E01

/781= ~1.44787668E00
/7A2=2.§3238556E~02
/A3=~3.2448BOCKE~ 04
/A4= 2.06838465E-06

/A5=-6.%0186941E~-09

ZAG=BeT4920244E-12

/PT« POLY. COEFF.
/AG=2.T9G57TR2ED]
/A1=2.22663494E-061

/AR=-1.91322374E~04

/A3=3.09260185E-07

. /BA=~2.44356257E-10"

IA5=F «LA35RHLTE~14



2712
2713
2714
2715

2716
2717
272¢C
e721
2722
2723
2724
2725
2724
2727
2730
2731

2732

2733
2734
2735
2736
2737

cxedole]
3081
33M2
3063
3674
36135
. 3664
3067
30106
3G11
3012
3913
3014
3015

- 3016

3617
3020
3621
3Ge2
30623
3024
34625
3626
3627
36036
3m31
3732
36(33

7640
7711
5723
5671

ARGs
3675
@533
0016
2666
G115
CB14
37758
6325
pRl16
4023
h220
ee17
271717
0446
ne16
4614
5166

a000
7208
1153
3175
24037
2223
GOO6
2226
7360
17445
1766
5204
73600
1226
1227
3230
1141
3226
56608
6e1
2000
OGO
GACH
G1815D)]
GOGoH
0143
7366
1236

¥2716

*3000
LOWIND,

CONE »

GNES,»
Kl
STORE »
SETIND,

o

601

15480

7711 /

5723
5671

-BOD6 /F

3675
@533
Ba16
2666
@115
o1 4
3775
6325
Go16
4023
p220
2017
27717
0446
pa16
4614
5166

CLL
ONE

CLA
TAD
DCA Su2
JMS 1 7
FSUB CONE
FEXT

I1SZ DONES
CLA CLL
TAD 45
SMA CLA

'JMP0‘7

CLA CLL
TAD ONES
TAD K1
DCA STORE
TAD ZERO
DC4 ONES

81,

IZLD POLY. COEFF .
FAD=6. 19089893561
/7A1=1.16961558E04
/AR=4.0916D48RED3
/A3==1.62317284E034

FA4=24 4561 15G9E6G4

/AS5=-1.3218777T8EG4

/RAISE SOFTWAREZE
/FLAG

/SUBTRACT 1

/LOG(PH) stiAX. VAL ?

/NO
/YES

/STORE SUBTRAHEND

Ji4P I LOWIND

2200
Jeler] -

CLA CLL
TAD STORE

/1 IN FeP. FORMAT



3334
31335
3436
36537
304¢
3341
3342
3643
3844
3945
3346
3047
3256
3551
3352
.3653
3054
3655
36356
3257
3%606
3361
3652
3763
3064
3465
3266
3067
367H
30671
3672
3673
3774
3575
3676
G717
3103
3161
31mp2
3:063
3104
3165
3166
.31047
3112
3111
3112
3113
3114
3115
3116
3117
3120
3i21

7441

3023
4457
5543
0690
4467
2223
zann
2023
S241

4497
6543
BeeBon
73606
5631

G950
7300
4407
5543
6307
aa%0
4407
5307
1223
6377
slofoles
2226
4497
S357
2573
2009
7330
1245
7756
5328
5261

7320
1226
3220
1161
3226
1370
5653
5151410
A650
afe)a]e)
onne
7320
1239
7041
3023
4407
5543
2200

UPINDs

SAVEY.

SETUP»

2

7

ClAa

DCA CNTRI
JMS I 7

FGET 1 YVALP
FEXT

JMsS 1 7

FSUBR CONE
FEXT

ISZ CNTR]
JMP» -4

JMS T 7

FPUT I YVALP
FEXT

CLA CLL

JMP I SETIND

CcLA CLL

JMS 1 7
FGET I YVALP
FPUT SAVEY
FEXT

JMs 1 7
FGET SAVEY -
FADD CONE
FPUT SAVEY
FEXT

1SZ ONES
JMS I 7
FGET SAVEY
FSUB I CYCLEP
FEXT

CLA CLL

TAD 45

SHA CLA
JMPe+2
JMPe-16

CLA CLL

-TAD ONES

DCA STORE
TAD ZERO
DCA CNES
CLA CLL

. JMP I UPIND

(0]

.G

CLA CLL

TAR STORE
CIA

DCA CNTR1
JMs- 17

FGET I YVALP
FEXT

82.

/SUBTRACT | FROM
/LOGCREY THE
/CORRECT NG« OF
/TIMES

/STORE THE NEY
/VALUE OF LOG(RH)

/SAVE Y VALUE

/ADD 1

/15 LOGC(RH)Y > MAX.?

/YES
/NO» ADD 1 AGAIN

/STORE THE NO-».
/70F TIMES 1 !AS
/ADNDED



3ia2
3123
3124
3125

.3126

3127
3130
3131
3132
3133
3134
3135

3252
3253
3254
3255
3256
3257
3268
326!

3262
3263
3264
3265
3266
3267
3274
3271

3272
3273

. 3274

3275
3276
32717
33292
3331
3362
3323
3364
3325
3306
3307

.3312

3311
3312

4467
1223
a6oHG
2023
5222
4407
2223
2223
6543
06a6
7306
5712

0e6o
eOGo
vonn
G060
Hang
GOEO
¢ene
08020
6O00
PBAG
GOE®
G200
1 E6T0]
OGO
oYefs}s
GEO
Ceoo
POGH
GAGR
0360
0EOG
Ga0G
G0
PAAG
GaGa
2050
GODG
0253

6269

6an3
GeOAa
B350

aelord

%3252

EX1, 0
G;l: ¢] ,
PT1.» (4]
MAG 1 4]
SAHI 1, 4]
RES1, (4]
HALL1, 2]
EX2» 2
GE?25 0
PT2, 6
MAG2s 4]

J¥S T 7
FADD CONE
FEXT

ISZ CNTRI1
JMPc "4

JMS 1T 7
FSUB CONE
FSUB CONE
FPUT I YVALP
FEXT

CLA CLL

JMP I SETUP

83.

/7ADD 1 TO LOG(RHD
/THE CORRECT NO.
/0F TIMES

/STORE THE NEW
/VAL. OF LOG(RH)

/VOLTAGE STORAGE (FLOATING POINT)
/CORRESPONDING B«.C.D. VOLTAGES
/LOCATIONS, 320306-3251

o @ Q

;@ (SRS (SR (SR Q2 QO @Q

R <)

N



.3313
3314
3315
3315
3317
3320
3321
3322
3323

3324
3325
3326
3327
3330
3331
3332
3333
3334
333%
3336
3337
3349
3341
3342
3343
3344

. 3345
3346

.3347

3400
3401
3402
3403
3404
3405

Goaa
Gonn
Gegn
570
G600
6a00
“an00
neeo
Hnezo

Gean
7300
6704
0347
7650
5334
7120
5724
6722
6701
5335
7308a
6704
7604
7430
5345
2324
7118
5724

203

50060
RO HAY]
(aeo0n
o000
GOAG
Bo6GO

SAMTI2,
RES2,

HALLZ2,

#3324
EOF

Kg20a,

*3400

W

T>

0

0289 .

o)

]
'}

Bl.

g
G
(g]
2
14}
7]
/SUBROUTINE "EOF'™ WILL WRITE "F
/MAGNETIC TAPE«... DSA-S~3906-~4
/CALLING SERUENCE:
/ JMS EOF
/ZRETURN: ERROR RETURN: STATUS R
/ LINK SE
/RETURN: NORMAL RETURN: NO ERRCR
CLA CLL .
6704 /READ STATUS RECISTER I
AND K73200
SNA CLA /18 WRITE EMABLE RING CT
JMPe+3 /N0
STL /YES
JMP 1 EOF /ERROR RETURN
6722 /VRITE FILE GAP
6701
JMP-".
CLA CLL
6704 /READ STATUS REGISTER 1
RAL .
SZL /ANY OTKRER ERRORS?
JWiPe+2 /YES '
152 EOQOF /N0
CLL RAR /STATUS REGISTER IN AC
JMP I EOF : .
/CONSTANTS STORED IN F<.P. FORMAT
/7WIDTH
(4]
0}
STHICKNESS
G .



3406
3457
341G
.3411
3412
3413
3414
3415
3416
3417
3422
3421
3422
3423
3424
3425
3426
3427
.3436
3431
3432
3433
3434
3435
3436
3437
3440
3441
3442
3443
3444
3445
3446
3447
3450
3451
. 3452
3453
3454

800
OBno
ZH00
dofals)
amne
6EoO
6oa0
6151610]
oro0
6000
oo
bDBBO
CABD
ARG
BCGO
2oGo
2660
BLBO
2eO7
3106
GEO0

€016 -

2342
6Goo
1777
3362
6642
ann2
2209
“wene
poa3
2089
G630
6no12
3720
0239
#3133
2765
70206

D @
0
0
SCALEX> O
2]
o .
SCALEY> 0
2]
0
DTEMPs 7]
4]
o}
YVALUE, 0
0]
]
YVALUE, 0O
e
4]
Rl nea7
3100
0590
R3» ea16
2342
8039
CONVF » 7777
: 3352
6642
TVO, puo2.
20890
26O
FOUR, 0en3
’ 2600
0GBH
KILO, 0a12
3720
Jetuls]
CONV, 6633
2765
7620

#3455

85.

/DEPTH

/SAMPLE CURRENT RESISTOR «
/SENSOR CURRENT RESISTOR(]
/0. 43429) CONVERTS FROM NATUR,

/70 COMMON LOG.

72C12)
740100
/71865016)

/18%%%, CONVERTS TO CGSM UNI

/SUBROUTINE "WRITE"™ WILL “RITE-
70N THE FAGNETIC TAPE .« DSA-S

/7CALLING 3EGUENCE:
/ " JMS URITE
NO. OF YORDS TO BRE “RIT
STARTING ADDRESS OF DAT
INSTRUCTION WHICH SELEC

NN N

/RETURNIERPROR RETURN: STATUS RE
4 IF LINK SET, THE URITE
/FETURNSNIRMAL RETURN: NG ERROR



.3455
2456
3457
3460
3461
3462
3463
3464
3465
3466
3467
34709
3471
3472
3473
3474
3475
3476
3477
35C%
3531
35¢2
3543
35064
3565
3566
3567

.3516

3511

3512

3513

3514

-3515
3516
3517
3526
3521
3522
3523

IR RN

— -] D
N W&
(Ve

GO R

1641

3757
2255
1249
1655
3762
2255
1655
3341

2255
6704
5361

7650
5365
7123
5655
7209
6069
6721

6791

5363
6754
Tim4
7430
5313
2255
3655
7116
5655

oane6
7363
1715
7041
2757
2315
7240

WRITES

*3515
READ.

CLa CLL

TAD I WRITE
CIiA

DCA 1 PUCKT
1S7Z WRITE
CLA CMn

TAD 1 VWRITE
DCA 1 PADD
I18Z WRITE
TAD I WRITE
DCA.+11

I1SZ WRITE
6704

AND MG206
SNA CLA
JitiPe+3

STL

JMP I WRITE
CLA

o

6721

67731

JHP. - l

6704

CLL RAL

SZL

-.”':P."'S

ISZ URITE
JMP 1 WRITE
Cl.LL RAR

JMP I WRITE

84,

ZINPUT MO. OF WORDS

LOAR YIORD.COUNT

ZINPUT S.A.-1 INTO AC.
/LOAD STARTIMG ADDRESS-

/INPUT SELECTED PARITY
/LOAD SELECTED PARITY
/fDDRESS OF FERROR RETUFR
/READ STATUS REGISTER I

/PREPARE TO EXIT» WITH

/SET LINK
/IF WRITE ENABLE RING 1

/3SELECTED PARITY
/URITE DATA
/SKIP OGN JOB DONE

/READ STATUS REGISTER 1
ZRARDYM AL INCLUSIVE Ok:
/NO ERRORS

/NORMAL RETURN
/RETURN IF ERROR
/WITH STATUS IN AC

/SUBROUTINE '"RFEAD' WILL RE&D "0
/FROM THE MAGNETIC TAPE INTO CO

/DEA=-S-395-3
/CALLING SEQUENCE:
/ JMS$ READ
/ NCe OF WORDS TO BE READ
/ STARTING ADDRESS OF 1HE
/ INSTRUCTION WHICH SELEC
/RETURN: ERROR RETURNs, STATUS R
/RETURN: NORMAL RETURNs, NO ERRO
CLA CLL
TAD I READ /INPUT NO. OF WORDS
C1A

DCA 1 FUHCNT
15Z READ
Ci.A CHA

71.LCAD WORD COUNT



3524

_525
3526
3527
3530

.3531

3532
3533
3534
3535

"3536

353

3545
3541
3542
3543
3544
3545
3546
3547
3550
3551
3552
3553
3554
2554

LS IR,

3556
3557
3565
3561

3650
3601
36%2
3663
36014
3605

3646

3607
36106
3611
3612
3613
3614

3615

3616
3617
3620
3621
2622
3623

i715
376G
2315
1715
3342
2315
7300
6704
13036
1420
5342
7612
7120
5715
BG2o
6712
6701
5344
7208
6704
7104
T430
5355
2315
53718
7110
5715
1576
7577
@200

5101016
1260
6592
65604
4266
1227
4232
1227
4241
6524
4266
1230
4241
1231
4232
1230
4250
1231
4257
17249

PYICNT»
PADD.,
MA230,

%3600

TRACE»

7576
577
0209

2

TAL 1 READ
DCA I PADD
187 READ
TADY 1 READ
DCA«+12
1SZ READ
cLA CLL
57084
RTL
SNL
JUP«+ 4
RTR
STL
JiiP 1
o

6712
6151
JiMPe=1
CLA
6704
CLL RAL
SZL

JMPe+3

iS7Z READ
JtE T READ
CLL RAR
JMP I READ

READ

CLAa CLL
PLCF

PLPU

Ji4S no
TAD M316
JS PENL
TAD M316G
JMS DRUMD
PLPD

JS DO
TAD M1130
JME DRUMD
TAD M1440
JMS PENL
TAD 11130
JWS DRUMU
TAD 114406
JiE PENT
ClLA ChMA

87.

ZINPUT SA-1 INTU AC
/7LOAD STARTING APD ESS

ZINPUT SELECTED PARITY
7LOAD SFELECTED PARITY
/ANNDRESS OF ERROR RETUR

/READ STATUS REGISTER I

ZLINK SET, IF TN WRITE
ZEXIT WITH ERROR IN AC
/SELECTED PARITY

/READ FORWARD

/READ STA”HQ FEGISTER 1
ZHARDWARE INCLUSIVE GR,
/N0 ERROR

/NORMAL RETURN

/ERROR RETURN, B5TATUS T

/AUTO-INDEX REGISTER
/7HJTO-1NDEX

REGISTER

/TRACE OUT A STAMDARD PLOTTIN

INCHES
SUET0O

/7AREAs (H6X8)
ZINITIALIZE PLOT

/RAISE PEN
/MOVES THE PEN Z20GC16)

/VMOVES THE DRUM 2£3C1M
/LOYER PEN

/TRACE POSITIVE X AXIS
ZMOVES DRUM 600(1G6) STE
/TRACE POSITIVE Y AXIS
/7MOVES PEN 800 C10) STEP
/TRACE NEGATIVE X AXIS
/MOVES DRUM 666C16) STE

/TRACE NEGATIVE Y AXIS
/MOVES THE PEN &RGC103
/RAISES PEN> INITIALITZE



88.

3624 4555 JMS 1 PLOT /PLOT SUBROUTINE

3625 7360 ' CLA CLL .

3626 5699 JP 1 TRACE

3627 T47C NM318. -310 /-2000156)

3630 6656 M1130. -1130 /-655C10)

L3631 6340 M1440, -1446 /-3003C10)

3632 0590  PENLS 0 /UOVES THE PEN A SPECIFIED
3633 30423 DCA CNTRI /NO. OF STEPS TO THE LE
3634 6521 PLPL

3635 4266 JMS DO

3636 2023 I1SZ CNTR!

3637 5234 JMP.-3

3646 5632 JMP 1 PENL

3641 GG&B DRUMDS ] /VOVES THE DRUM A SPECIFIED
3642 3%23 DCA CNTR1 /NO. OF STEPS DOYN
3643 6514 PLDD

3644 4266 JMS DO

3645 2023 I1SZ CNTRI

3646 5243 JMPe-3

3647 S641 JMP 1 DRUMD

3650 GAXR  DRUMU, ] /MOVES THE DRUI4 A SPECIFIED
3651 3023 DCA CNTFR1 /NJ. OF STEPS, UP
3652 64522 PLUD

3653 4266 JMS DO

3654 2023 1SZ CNTRI

3655 5252 JMP.-3

3656 5650 JMP I DRUNMY

.3657 Q368 PENRS (0] /VOVES THE PEN A SPECIFIED
3668 3023 DCA CMTRI /NO. OF STEPS PRIGHT
3661 6511 PLPR

3662 4266 JHMS DO

3663 20823 1SZ CNTR1

3664 5261 JMP.-3

3665 5657 JMP 1 PENR

3666 BG20 DO» ]

3667 6551 PLSF /UAIT FOR DONE FLAG
3676 5267 : JMP ¢~ 1 /NOT YET

3671 A502 PLCF /CLEAR FL&G

3672 5666 JMP I DO /ZEXIT

. 3673 G830 MARK, 9 /NARK THE POINTs ENCIRCLE
3674 1306 cCLAa CLL

3675 6502 PLCF

3676 6524 " PLPD /MAFK POINT

3677 #4266 : JMS Do

3700 6504 PLPU . / RAISE THE PEN

3701 4266 JMS DO

3702 1663 TAD M4 /¥0OVE THE DRUM 4C18) ST
3763 4256 Jiv5 DRUMU

3764 1663 TAD M4

3745 4257 JMS PENR /I0VE THE PEN 4(13) STE
37116 6524 . PLPD /LOYMER PEN

3707 4266 J“S Dha '

371% 1334 TAD 10 /DRAL A SGUARE AROUND T

3711 n241 Ji1S DRLMD . /(6X8) STEPS



3712
3713
.3714
3715
3716
3717
3728
3721
3722
3723
3724
3725
37286
3727
3733
3731
3732
3733
3734

. 40T
24081
4632
4003
4604
4345
4006
AGCT

. 40619

4011
4012
4913
4614
4415
40316
4617
. A4G20

4421 .

4022
4023
L0624
4025
4026

1334
4232
1234
4253
1334
4257
65%4
4266
18A3
4232
1653
4241
€524
4266
€554
4266
13¢¢
5673
7779

afotol
7518
sz2g
1361
7112
7718
5227
7629
5214
3351
6504
5216
2361
6524
4316
5227
T205
6504
3351
3262
3263
2379
5602

M1G,
/PLOT

C(

/
/
7/ C(
/7
/7
7/

=40506
PLOTX>

FLOTA.

= Lo -
LRI D
DQNno Ny

Ji4S
PLP
J1S
TAD
Jts
TAD
Ji4

PLP
JuS
PLF
JtS
CLA
JMP

-10

SUBROUTINE
/7CALLING SEQUENCE

CACI)=-13;

ACI= @5
ALX= 13

INIT

Mie
PENML
r1G
DRUMY
416
PENR
U

DO

M4
PENL
M
DRUMD
D

RO
U

DO
CLL

I MAFRK

89.

/FEPOSITION PEN

/=-8C10)

DBIGITAL~&-12~U

IALTZE

FLOT ¥ITH PEN DOWN

PLOT

JMS PLOTX
¥ CO-GRNINATE
Y CO-ORDINATE

a

CLA

SPA
JP
TAD
CLL
. SPA
Jrp
SNL
JNP
DCA
PLP
JMP
1Sz
FLP

S

SHP

PLP
nCA
nCA
DCA
JS
Jrip

YITH PEN UP

C(IN STEPS)
C(IN STEPS)

PLOTA .
PLOTPN
RTR
cLA
PLOT1
CLA
o+ 4
FLOTPKN
u

«¥+3
PLOTPN
D
PLOTYT
PLOTI1

u
PLOTPN
PLOTNX
PLOTRNY
PLOTHT
I PLOTR

(RETURN IF A&C=-1)

/7MOVE THE PEN?
/NO: CONTINUE
/ALD PEMN STATUS

/ANY CHANGE?
/NO: CONTINUE

/LOYER THE PEN
/RAJSE THE PEN

./LOYER THE PEN

/VAIT FOR FLAG
/CONTINUE

/RAISE THE PEN

/76 TO X CO-ORDINATE
/7% TO Y CO-ORDINATE



- 4027
40306
4031
4032
4033
4034
40335
40336
40337
4040
4041
4(3 42
443
40844
40 45
4046
4047
4350
4051
4052
4053
405 4
4055
4056
4057
46610
4361
462
4063
496 4
4065
4066
40367
4070
4071
4072
4073
407 4
L4075
4076
4077
4100
4101
4102
41043
4104
4165
4126
4107
4110
4111

411z .

4113

1362
7141

1600
7420
T041

3364
TG04
3367

1600
3362
2200
1363
7141

1600
1420
7041

3365
1367
1604
3367
1608
3363
2200
13564
7141

1365
7620
5275
1364
3366
1365
3364
1366
3365
1061

[A367
1342
53606
1367
7110
1345
3366
1766
3340
1367
13506
3367
1767
3331
1364
7119
3366
1364

/PICK UP
PLOT1,

FLOT2,

ARGUIMENTS

TAD PLOTNX /FETCH

Cia
TAD
SNi.
CiaA
DCA
RAL
DCA
TAD
DCA
1SZ
TAD
Cla
TAD
SNL
Cla
DCA
TAD
RAL
DCA
TAD
DCA
18z
TAD
ClaA
TAD
SNL
JMP
TAD
DCA
TAD
- DCA
TAD
DCa
I1AC
AND
TAD
Jmp
TAD PLOTMV
CLL
TAD
DCA
TAD
DCA
TAD
TAD
BCaA
TAD
DCA
TAD
cLL
DC4
TAD

CLL
I PLOTX

PLOTDX

PLOTMV

I PLOTX
PLOTNX
FLOTX'

PLOTNY
CLL

I PLOTX

FLOTDY
PLOTMV

PLOTMY
I PLOTX
PLOTNY
PLOTX
PLOTDX
cLL
PLOTDY
CLA
PLOT2
PLOTDX
PLOTNA
PLOTDY
FLOTDX
PLOTNA
PLOTDY

PLOTMV
PLOTT1
o+ 4

RAR
PLOTT2
PLGCTNA

I PLOTNA
PLOT4
PLOTMV
PLOTT3
PLOTHEV

I BLOTHMV
PLOTDB
FLOTDX
RAR
PLOTHNA
PLOTDX

90.

FREVIOUS X CO-0RDINATE

Z7FORM NX-NPX
/L=0 NX<NPX

7ABSOLUTE VALUE OF DIFF

/SAVE SIGN BIT

/SET NEW :
/PREVIOUS X

ZINCREMENT POINTER
/FETCH PREVIOUS Y CG-0OR

/FORM NY-NPY
/<=1 NPY<NY

/ABSOLUTE VALUE OF DIFF
/SAVE SIGN BIT

ZBIT 10C1)Y= DRUM-DONMNCP
/BIT 11C1)Y=PEN-LEFT (PO
/SET NEW

/PREVIQUS Y

/INCREMENT POINTER

/L=0: DELTA Y <

/REVERSE NUNMBERS

/SET MAJOR MOTION
ZINSTRUCTION

/SET COMBINEDR MOTION



4114
4115
L4116
4117
4120
4121
4122
4123
4124
4125
4126
4127
4139
4131
4132
4133
4124
4135
4136
4137
4140
4141
41 42
4123
LY L

. 4145

4146
4147
4156
4151
4152
£153
4154
4155
4156
4157
4160
4161
4162

© 4163

4164
4165
4166
4167
L4170
4171
4172
4173
4174

4202

(8}

7849
33487
2347
7413
5659
1266
1365
3366
1366
7141

1364
7630
5340
GGGESY
1364
7041

1366
3356
4370
5316
Hoed
5336
4143
6511

AS21

4146
6512
6514
4151

6513
5523
6515
4355
2600
6514
6521

5755
GOAG
eEae
eyotate!
Bena
GE69
114193
X630,
o9
6501

5371
6552
ST70

9323

PLOT3.

PLOTDBS

PLOT4»

PLOTT1>

PLOTTZ2,

PLOTT3-

FLOTPN,
PLOTNX,
PLOTNY.
FLOTDX»
PLOTDY»

PLOTNA,» -

PLOTMV
PLOTUT.,

*4250

QDI

cMA
DCA PLOTMV

ISZ PLOTMVY

9]

et 1

SKP

JMP T PiLOTX
TAD PLOTNA

TAD PLOTDY

DCA PLOTNA

TAD PLOTNA

CIA CLL

TAD PLOTDX

SZL CLA

J¥P PLOTA4

91,

/ALL DONE

/SINGLE MOTION

/COMELINED MOTION

TAD PLOTDX
cia :
TAD PLOTNA
DCA PLOTNA
JMS PLOTUT
JMP PLOT3

JMP +-3

PLFR
PLPL

PLDU
PLDD

PLDU PLFR
FLUD PLPL
PLDD PLPR
JMS o+1

0 .
PLDD
PLPL

“JMP 1 .-3

PLSF
MP o=l
FLCF
JMP I PLOTWT

323 /5

/PEN-RIGHT
/PEN-LERT

/DRUM*UP
ZDRUNM=-DOWN

/UP-RIGHT

/UP-LEFT

/NOWUN=-RIGHT
ZDOUN-LEFT

-

/7UATT FOR DONE FLAG
/NOT YET

/7CLEAR FLAG

7EXIT



4201
4202
4263
L2204
42065
. A206
42097
4210
4211
4212
4213
4214
4215
42186
4217
4220
4221
4222
4223
4224
4225
4226
4227
4236
AE231
£232
4233
4234
4235
4236
4237
L4240
4241
4242
4243
L2 44
4245
4246
A2 47
425G
4251
4252
4253
4254
4255
4256
4257
45260
4261
4262
4262
L4264
4265
4266

7361

. @315

pna2a
314
0365
0240

B304

B311
#315
8256
Z240
4250
@363
%315
G251
6327
G246
6275
B324
G240
a27S
D364
0240
fAe15
G323
23a3
€341
0314
n3065
G249
6259
N323
n324
n3M5
9832
323
p257
#3255
316
7311
@324
7251
73308
3240
63061
G338
G311
@323
Ge2re
231
6240
321
G330
¥311

361
315
320
314
365
240
304
311
315
256
248
2506
343
315
251
327
240
275
324
240
275
304
249
275
323
343
341
314
365
240
256

.323 -
324

365
320
323
257
325
316
311
324
251
338
240
301
336
311
323
272
331
240
3e1
33¢
311

92.

/4
/4

/P

/L

/E
/SPACE
/D

/1

/i
/PERIOD
/SPACE
/OPEN BRACKET
/C

/M
/CLOSED BRACKET
7t
/SPACE
/ECUAL
/T
/SPACE
/EGUAL
/D
/SPACE
/EQUAL
/5

/C

/A

/L

/E

/ SPACE
/OPEN BRACKET
/S

/T

/E

/P

/s .
/SLASH
2T

/N

/1

/T
/CLOSED EBRACKET
/X
/SPACE .
/8

/%

/1

/S
/COLON
/Y
/SPACE
/A

/¥

/1



4267
. 4276
4271
4272
42713
4274
4275
4276

4277

4300
4301
43p2
4363
4304
4365
4306
4307
4318
4311
4312
4313
4314
4315
4316
4317
4320
4321
4322
4323
4324
4325
L4326
4327
4330
4331
4332
4333
4334
4335
4336
4337
4349
4341
4342
4343
4344
4345
4346
4347
4358
4351
4352
4353
4354

6323
se7e
B304
6365
0314
A324
A301
B4t
n324
p240
6275
%304
A30G1
#9324
6301
(326
A250G
6305
9336
6251
P326
7250
0307
0355
G251
#3326
P250
6320
A324
Gesi
N326
6250
#2315
6301
p3087
G251
n326

a25a -

3323
£361
@315
B240
n311
a2s51
»326
2250
322
p3a5
(323
pest
326
n250
N310
8381

323
272
364
365
314
324
301

240
324
240
275
304
301

324
3n1

326
250
365
330
251

326
256
307
305
251

326
250
320
324
251

326

.250

315
361
307
251

326 -

250
323
3901
315
240
311
251
326
250
322
365
323
251
326
25¢
316
361

93.

/S

/COLON

/D

/E

/L

/T

/A

/SPACE

/T

/ SPACE

/EQUAL

/D

/h

/T

/8

/v

/0Pl BRACKET
/E

/X

/CLOSED BRACKET
7V

/OFPEN BRACKET
/G ‘

/E

/CLOSED BRACKET
/v

/0PEN BRACKET
/P

/T

/CLOSED BRACKET
/v

/0PEN BRACKET
/v

/A

/G

/CLOSED EBRACKET
/v

/OPEN BRACKET
/S

/8

/M

/ SPACE

/1

/CLOSED RKACKET
7V

/0PEN BRACKET

/R

/E

/S .
/CLOSED BRACKET
VaY;

/O0PEN BRACKET

/H

/A



~

4355
4356
4357

24032
4401
4462
44033
4474
44125
4406

4407

4419
4411
4412
4413
441 4
4415
4416
4417
4420
4421
4422

4423

442 4
4425
4426
4427
443%
4431
4432
4433
4434
4435

L4436

4437
L4440
a441
LB482

G314
314
Nast

GEEE
73990
1600
3271
22060
1671
4275
3272
2271
1671
4275
3271
1272
7112
7612
7010
3275
1275
m327
3274
1275
016
%325
3273
1272
71C4
1272
7141

1273

3273
7420
ToHa0
1274
3274
1274

314
314

251

/DOUBLE PRECISION BCD

/CALLING SEQUENCE:

/L
/L

9L.

/7CLOSED BRACKET |

TO BINARY CONVERSTOM-

DIGITAL-8~}

ARGUMENT

ORDER FART

/ JMS DOUBLE

/ ADDRESS OF HIGH ORDER

/ RETURN: CCAC)HY=HIGH ORDER PART
/ C(LGH)Y = LOW

/7ALSO CONTAINS SINGLE PRECISION

/CALLING
/ ccac)y =
/ JMS BCDBIN
/ RETURN:

SEQUENCE:

* 44060
DOUBLE, @
- CLA
TAD
DCA
1SZ
TAD
Jis
DCA
18z
TAD
JMS
DCa
TAD
cCLL

RTR

RAR
DCA
TAD
AND
DCA
TAD
RAR
AND
pCa
TAD
CLL
FTAD
ClA
TAD
NCA
SNL
CMA
TAD
ncAa
TAD

ANSVER

3 BCD CHARACTERS

CLL

I DOUBLE
LOW1
DOUBLE
I LowWl
BCDEIN
HIGHI
LO¥1

I LOwWI
ECDBIN
Lot
HIGH!I
RTR

BCDEIN
BCDEIN
K177
HIGH
BCDBIN

K76%3
Lo
HIGHI1
RAL
HIGH1
CLL
LQY
LOW

HIGH
HIGH
HIGH

BCD TO BINARY

IN CCAC)

/FETCH ADDRESS
/STORE
ZINCREMENT

/FETCH HIGH ORDER

/CONVERT IT
/STORE
/ZINCREMENT POINT

/FETCH LOW ORDER

/CONVERT IT
ASTORE 1T

RET

/MULTIPLY
/PART BY

HIGH ORDER
128

/VULTIPLY HIGH
/8Y THREE

/FGRM 128+HIGH-

/18055HIGH
/MO MULTIPLY B



4443
A444
4445
4446
L L5LT
4450
4451
4452
4453
4454
4455
4456

4457 .

4560
4461
4462
4463
4464
4465
44866
4467
4475
44871
4472
12473
[47 4

4475
4476
4477
4525
4501
45042
4503
4584
4585
4566
4567
4510
4511
4512
4513
4514
4515
4516
4517
4520
4521
4522
.4523
4524
4525
2526
4527

7106
7004
0326
3274
1273
7166
7106G4
3273
1273
10604
G324
1274
3274
1273
2326
71608
1271
3273
1274
7436
7001
5669
3606
OG0
slolols

5966

BEHO
3274
1274
@330
7112
3273
1273
7010
1273
7641
1274
3274
1274
n323
7112
3273
1273
7010
1273
7841
1274
5675
7766
GO6T
7650
7970
0177

CLL RTL
FAaL
AND
NCA
TAD
cLL
RAL
DCA LOW
TAD LOW
RAL
AND K7
TAD HIGH
DCA HIGH
TAD LOW
AND K777¢
CLL
TAD
DCA
TAD
SZL
IAC

JMP T DOUBLE

Kii7i7@
HIGH
Low
RTL

LOW1
LOW
HIGH

/SINGLE PRECISION CONVERSION

LOWi, o
RIGHt, 14}
LOu, 2
HIGH» )
BCDBIN, @
K7766» 7760
K7> 7
K76G03, 7600
K1779., 1776
K177, 177

" CLL

DCA HIGH
TAD HIGH
AND K7400
-CLL RTR

DCA.- LOYW

TAD LOW

RAR
TAD
cia
D
nca
TAD
AND

Lo

HIGH
MIGH
HIGH
K7760
RTR

DCA LOY

TAD LOW

RAR
TAD
CIA
TAD
JMP

LowW

HIGH
I BCDBIN

/73 ITS

95.

/MASK 9 BITS

/9 BITS

/ARD LOYW ORDER

/STORE LOW ORNER PART

/CARRY

/LEFT DIGIT



4525
4531
4532
4533
4534
4535
4536
4537
4540
4541
4542
4543
4544
4545
4546
4547
£550
4551
4552
4553

4554

RRZE
3621
Gree
5023
Ghza
goes
7E26
Gped
Ge36
6331
GBH32
fn33

- B234

3635
BE36
86337

G663
ne6a
ZU6S
- 0566
067
poTG
o271
no7e
(373
6rT4
6675

T 400
G20
4421
1352
4432
10126
4432
4407
5543
6oeAg
713006
1353
3062
1354
4456
71360
4421
5731
252
o4
Gaeg?

14006
1413
1431
iA61%

GRoo
1563
hzas
GLHGH
1526
3224
1423
2047
1666
3417
1G25
1510

7174
75217
7775
1120
7771
966G
OACE
3177
12046
H468
4473

KTA00,
QUTIND>

STARS
CFOUR.
CTHO,

*2
CLEARP,
CRLFP»
DIMERPS
CNTR1»
TEMEs
MEDUIAL
SPACE S
CNTR2,
SCELEPS
C3224,
TYPEPR»
AVTPs
DELTPs
DTP»
FORNMPRS>
TABFR.
*63

M4
<251
M3>
INPUTPS
7 s
QUTVPR»
viCEs
C3177»
FLOATP>
DPRCRE,

f i

LOY PR

7450
2]
Jii3
TAD
JS
TAD
Jiis
JMS
FGET
FEXT
CcLA
TAD
pCA
TaD
IS
cLA
JwS
JVP
252
4
2
CLEAR
CFLF
DIMEN
G
)
-275
2 4
)
SCALE
3224
TYFE
AVT
DELTAT
NDTEMP
FORMAT
TAB
-4
-251
-3
1RPUTV
-7
oOUTV
o
3177
FLOATV
NOUFLE
LO™

/OUTFUT INDEX IN
/FORMAT

I CRLFP

STAaR
I TYFEPR
SP4CE

1 TYPEPR
1 7
I YVALP

CLL
CFOUR
62

cT®O

1 6

cLL

I CRLFP
I OUTIND

/POINTER

/0UTPUT

ADDRES

[

F4.2

S

STORED

96.

ON



GO76
0677
BIOG
0101
5102
9103
G164
G105
G106
2107
9110
6111
g112
G113
G114
0115
Miié6
P117
126
gi121
nieg
8123
g124
2125
Or2s
pi127
06130

2131 -

m132
@133
5134
%135
0136
6137
niap
141
0142
%143
144
A1 45
8146
0147
A150
8151
@152
#8153
7154
0155
B155
m157
0160
.018]
G162
G163

Qeeo
L2
71762
GG
noe7
G06e
1608
1634
2Y)
1772
1567
7176
0746
7475
(255
253
3255
3430
3252
3324
3260
3362
3277
3335
2046
2073
6554
665650
3414
3441

20066
3321

3274
3213
3433
3463
3436
3425
3310
2063
3447
3422
3411
24070
2547
Boe1
2465
4003
GroR
3673
13010
0726
1673

3743 -

YORD,
MASKSEN,
M16,
ZERO s
MASKPU.,
CHNTRDP>
CALTIP,
CALTZ2P>
PERIOD
M6,
SKIPPRS
M2,
LISNPR>
MC»
MINUSS
PLUSS
GE1P»
R1P»
EXiP»
EOFPs
PTIP»
GE2P»
EX2Ps
Pra2rs
MENANTPS
PRINTPS
L6554,
C60332,
SCALYP,
THWOPRS
LOGRHPS
HALL2P,
HALL1PS
Saii12Ps
R3Ps
TPRS
CONVFPS
YVALP,
MAG2Ps
INVSTP,
KIL.LOP»
XVALP.,
SCALXP,
STEPSP»
MAXYPRS
ONE »
PLOTPRS
PLLOT -
S,
[ARKP
NEXTTPS
EXRevTPs
TiP»
NEVTP,

@
5a26
-16
a
6an7
7
CALT!
CALT2
256
-6
SKIP
-2
LISN

~303

255
253
GE1

R1
EX1
EOF
PT1
GE2
EX2
PT2

MEANT
PRINTT
6554
6500
SCALEY
TWO
LOGRH
HALLZ2 -
HALLI1
SAMI2
R3
T
CONVF
YVALUE
MAG2
INVST
KILO
XVALUE
SCALEX
STEPNO
MAXY
1
PLOTP
PLOTX

6]

MARK

NEXTT
EXAMT
T1

NEWT

97.



0164 3682
5165 4531
0166 30n0¢

81687 3831
L.B170 2203
P171 3455
3172 2527
G173 2552
B174 3666
2175 0665
176 3053
8177 3112

Tt Q225

T2 pain-
2066
6a33
2642
6544

—t
2

4475

254)

1)
-0

1361

2037

i

A Y e
U

1660
G104
1634
G165
2125
4553

2127
R 1466
RP 0620
P 2183

 TRACEP,

OQUTINP,
LOWINP,
SETINP,
POLYP,
WRITEP,
ENDP»
CYCLEP,
DOPR.,
S'.‘.'ea
UPINP,

SETUPP,

TRACE
OUTIND
L.OWIND
SETIND
POLYEV
WRITE
END
CYCLE
Do
0]
UPIND
SETUP

/UFINIS

/MNEMONICS USED

PLSF=6501
PLCF=65%2
PLPU=6504
PLPR=6511
rLDU=6S12
PLUD=6522
PLDD=6514
PLPL=6521
PLFD=6524
CWRN=6531
SNDR=6541
RDCF=6542
BEA=6544
ICD=6532

98,



APPENIIX B

1. IDENTIFICATION
1.1 Phys - 8L - YYYB - D

1.2 Off-Line Data Processing and Display Package

99.



100.

2. ABSTRACT
This software package, along with the Floating-Point Package

(DEC-08-YQLA-PB), will process the data cbtained from the experiment on
semiconductor crystals and will provide a graphical display of some of

their more important electrical characteristics.

The package consists of two independent programs:
Program 1 reads data from the magnetic tape into core memory, processes
this data, and plots the common logarithm of the resistivity

as a function of the reciprocal of the absolute temperatufe.

Program 2 reads data from the magnetic tape into core memory, processes
this data, and plots the common logarithm of the Hall

mobility versus the common logarithm of the absolute

temperature.

3. REQUIREMENTS

3.1 Hquipment
Computer, DEC PDP-8/L with LK memory
Teletype, ASR-33
Plotter, Houston DP-1-1

Magnetic Tape Unit, PEC 3520-7

3.2 Storage

Locations Registers

Data Processing and Display Package
(Phys-8L-YYYB-PB)  0-L4556 1718

Floating-Point Package (DEC-08-YQLA-PB) L557-7577 1553

A total of 3,271 registers are required.



L. USAGE

4.1 The Data Processing and Display Package (Phys-8L-YYYB-PB) and the
Floating-Point Package (DEC-08-YQLA-PB) are loaded individually
into the computer'core memory by means of the Binary Loader. !For

proper loading procedure refer to PDP-8/L User's Handbook.

k.2 Start Up and/or Entry
To execute Program 1 set the switch register on the computer
console to @207, depress LOAD ADD and then START. Program 2 starts

in location gL@d.
4.3 Errors in Usage and Recovery from Such Errors.

4.3.1 Program 1
4) An error committed while typing in a parameter may be
corrected by the use of one special input character, "Rubout".
If this character is struck before the input delimete£,
"Return', the input routine is restarted and the previous
number deleted. The user then re-types the parameter on the
same line. For further information refer to Floating-Point

System Programming Manual.

B) The program will halt if the data has been incorrectly read
from the magnetic tape into the computer core memory. The error
code will be displayed in the accumulator.

Remedy: Correct the error, then depress the CONT key on the
coriputer console. The program will cause the magnetic tape

unit to backspace one record, re-read the data into core memory

and continue execution.
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N.B. ‘A discussion of errors which may be committed while
reading data from magnetic tape into core memory and their

correction is given in DSA Operating Instructions Manual.

C) The error message, "INCREASE THE CYCLE RANGE", typed out on
the teletype printer indicates that the value of the -

y coordinate of the ?oint to be plotted is less than the minimum’
value allowed by the scale factor. The point is not plotted and
execution of the program is terminated. The user must
re-initiate program execution and provide for an adequate range

along the ordinate.

;.3.2 For errors in usage and recovery from such errors incurred in

Program 2 refer to section L.3.1

RESTRICTIONS

The plotting area is confined to six (6) inches along the abscissa
and eight (8) inches along the ordinate. Recalling that the
plotter pen moves one hundred (10C) steps per inch, it is
imperative that the user establish the proper scale factors. The
scale factor in this context is defined as the number of steps per

logical unit.

A point having its y-value (in steps) greater than the maximum
allowed value (800 steps) will not be plotted. The next data
record is then entered and processed. A point having a negative
number of steps in the y-direction will cause an error message -to
be printed. Execution of the program is terminated (as described

in section L.3.1C).



5.1 Program 1

5.1l.1 Scaling of the Abscissa
Values of 1000/T will be plotted along the abscissa. The user
inputs the maximum number of inverse temperature units expected

along with the number of divisions desired on this axis.

5.1.2 Scaling of the Ordinate
Since the common logarithm of the resistivity will be plotted
along the ordinate, the user inputs the number of logarithmic

cycles along with the number of divisions desired.

5.2 Program 2

5.2.1 Scaling of the Abscissa
Since the common logarithm of the absolute temperature will be
plotted along this axis, the user must input the number of

cycles and divisions required.

5.2.2 Scaling of the Ordinate
The common logarithm of the Hall mobility will be plotted along
the y~axis. The user inputs the number of logarithmic cycles

and divisions desired.

6. DESCRIPTION

6.1 Both programs consist of three stages:
1) Parameter Input
2) Data Transfer

3) Data Processing and Display

103.



6.1.1 Parameter Input

6.1.2

The computer types out appropriate comments, and when it is
ready to receive a parameter it enters a waiting loop. This
loop is signalled by the computer typing an "=" ora ":",
The user then inputs the parameter in either the fixed or the
floating-point notation. Input ié terminated by typing a
delimiting character. '"Return" typed on the keyboard will
terminate the input and provide a CRLF (carriage return and

line feed).

This dialogue between computer and user permits the input of
sample dimensions and scaling parameters. Upon termination of
the dialogue, the plotting phase is initialized and program

control enters the second stage.

N.B. As mentioned in section 5 two scaling parameters,
separafed by an arbitrary delimeter ( "; " most often
used), must be provided for each axis. Thé delimeter
"Return” must be used to terminate input of the second

parameter.

Data Transfer

One record of data is fead from magnetic tape into the core
memory of the computer. Each record consists of

forty-two (L2,,) 12-bit words. Program control is transferred

to stage 3.

N.B. A record containing an FEOF (End of File) mark indicates

that the last record has been read and results in the

10L.
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termination of the execution of the program.

6.1.3 Data Processing and Display

The computer calculates the x and y values, scales these values,
and plots the point (providing its coordinates fall within the
plotting area). Having plotted the point, program control

reverts to the second stage.

N.B. The y-value is printed only for the first pass. This
enables the user to assign the correct value to each

cycle.

EXECUTION TIME

The processing and display of data is limited by the speed of

peripheral devices.

PROGRAM LISTING AND FLOW CHARTS ARE PROVIDED.



9. FLOW CHARTS

Initialize

v

Input
Sample
Dimensions

Input
Scaling
Parameters

~

Initialize
Plot

Raised

Calcul:'e
the
X-Valu&

Flax

T
the ]
Tempera.’.. ..:|
.
Calcutiz
the
X=Val-
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C

(—]

Down
Scale
Y-Vaiue

Cohvert
X,Y Values
to Steps

Subtract
I from
Y~-Value

5

Y Error
Message
Subtract Plot
I rom the
Y-Value Point
. 1
3 ( Halt )
Store .
Subtrahend]




<+

Ada I
to
Y-Value

Y

Closing

e

Store
the
Sum

&—

Up
Scale
Y-Vaiue

y

Subtract
2 from
Y-Value

(= )

//'CON

Detected
?

NO

Message - |
( Halt

Y

Correct
the
Error

Pressed

Backspace
I Record
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I0. PROGRAM LISTING

BGES
BGG6
BoG7

- B26G3

p201
6202
6273
0254
7255
6266
6257
6219
8211
6212
6213
B214
0215
P23 6
2217
a20s
222i
G222
6223
@224
¢225
@226
62217
B23%
£231
6232
6233
G234
6235
(235
6237

. B24G

G241
G242
0243
244
5245
£c245

7400
72060
56060

7366
1620
3421

4422

4426
4427

73060
4426
4463
7309
4426

45426
4465
4511

z552
4209
€731

5223
5240
3112
1513
1114
7649
5231

4515
1112
7462
73%%
6714
6701

5235
5215
71300
4521

4407
5523
6525
GEGO
7360

SQUARE=0GE0

g1

=607

3

LOG

NEGATE=20610

*5

*209
PROG1>

DATAL,

PROC1 .

109.

/OATA PROCESSING AND DISPLAY pa
ZUTHE TRANSFPFORT, PROPERTIES

/OF

SEMICONDUCTORS™

SPLOT OF LOGCRES) VIS l@@@/T.

7450
7200
S690

cLA CLL

JimS 1

TAD C6G33
DCA 1 L6554
JMS I CLEARP
JMS I CRLFP
JMS T DIMEMP
cLa CLL

JiMS I CRLFP
JiiS I SCALEP
CLA CLL

JMS I CRLFP
JMS I CRLFP
JMS 1 TRACEPR
READP
0Bs52

4200

6731
JriPe+2
JMF PROC!
PCA EREOR
TAD I C24220
TAD M17

SZAa CLA

S JHMPe+2

JMS I ENDP
TAD ERROR
HLT

CLA CLL
6714

T 6T7R1

cil.a CL

JiP e -1

JMP DATAI

L .

JiMS 1 CALTIP
JMS T 7

FGET I T1P
FPUT 1 AVTP
FEXT

CLA CLL

ZREAD

/RE-READ

/POTNTER
/POINTER
/POINTER

TO INPUT
TC OUTPUT
TO INTERPRETER

/ALLOYS USE OF
/7COMMAND "NZIGATE"
/ZINITIALIZE ALL FLAGS

/INPUT SAMPLE
/DIMENSIONS

ZINPUT SCALING
/PARAMETERS

/CAL.+« SCALE FACTOKS:
JRCALE OFF ARES

IN DATL RECORD

/742 VWORDS LONG

/STORE TN 4200,UP

/READ IN BINARY NMODE
ZERROR RETURN: SR. IN AU
/NORMAL RETURN, FROCESS
/DATA

/ERROR DUE TO *"EOF*'?
/N0: ERROR TN READING
/YESs FINALIZE PROGRAWM

/ZERROR CODE IN AC
/PRESS "CONT"

/BACKSPACE 1 RECORD

RECORD

/CALCULATE TEMP.

/5

-}

ORE



GpRatl
G253
n2s51
232
B253
weS4
3255
G256
G257
G260
2ol
pe62
0263
He64
265
3266
G267
@270
pe7l
ae7e
73
G274
(275
6276
(271
oxjols!
2321
6362
G323
3304
n3e5
G366
367
@316
311
n312
313
(314
A315
316
6317
(5320
6321
7322
0N323
B324
#6325
L3286
6327
G326

4327
4531
7386
1524
1654
5262
1360
1325
7640
5306
5312
7300
1129
3824
4542
4487
5541
s1g301¢)
13060
1045
1760
8276
5310
4407
2472
6CuGo
7320
1845
7719
5319
4543
4544
5313
73062
4545
4546
4547
71360

1550

1151
7710
5322
5215
7360
1550
7700
5327
4552

4553
5215

= AGT

J19S 1 IRVSTP -

Jin3s 1 LOGRP
Ci.A CLL

TAD SHi

SNA CLA
JMPet+6

LA CLL

TAD Si2

S7A CLA
JUP «+26
JMP «+31
CLA CLL
TAD .ONE
DCA SYi
JiMS 1 CUTINP
Jms 11
FGET 1 YVALP
FEXT
cLA CLL
TAD 45
SMA CLA
JMP«+2
JHP-+13

- JdMsS 1 7
FSUB I FULLYP

FEXT

cLA CLL

TAD 45

SPA CLA
JWiP et 4

JMS I DNINP
JMS T SETONP
JMP-"’l#

cLAa CLL

Jis 1 UPINP
Jus 1 SETUPP
Js 1 STEPSP

. CLA CLL

TAD T YCORDP
TAD M1445
SPA CLA
JMP-"‘?.

JMP DATAL
CLA CLL

TAD 1 YCORDF
Sia CLA
JHP«+2

JMS 1 MESSP
JtS I PLOTPR
JMP DATAI

- e g v
/08 1060/75 Ri AR
2

4
-’C!‘-LCL‘LATS LO\_‘]}-‘ .

/FIRST PASS?

/YES

/N0

/FIRST VALUE OF LOCGR
/> QR=MAX.. VAL

/YES», DOWH SCALE LOGR
/NOs> UP SCALE LOCGR

/RATSE SGFTWARE FLAG

/0UTPUT L3GR IN
/F4&.2 FORMAT

/VALUE OF LOGR
/NEGATIVE?

/NC

/YESs UP SCALE

£1.0GR > OR =MAX.
/HLLOVED VALUE?

/N0D: UP SCALE
/YESsDOWN SCALE
/RESCALE INDEX, STORYW

/UP SCALE .
/RE-SCALE INDEX
/STORE

/COWVERT X»Y VALUES
/TO STEPS

/DOES Y CORD. EXCEED
/PLOTTING LIMITS?
/NO

/YESs DO YNOT™ FLOT
/7POIRT

/1S Y CO-ORD.
/HNEGATIVE?

/N0 PLOT POINT
/YESs END EXECUTION
/7PLOT THE PCINT
/7READ TN NEXT RECORD

/i.0G-L06G 2L0T OF “HALL MOBILIT



Rans
G4G1L
(402
G433
D404
N445
6406
G467
F410
G411
G412
7413
Gal 4
0415
0416
G417
042¢
1421
Zaz22
6423
0424
04295
426
(B 427
H430%
2431
Ga22
0433
3434
P435
0436
6437
6443
G441
B442
G443
D444
G445
G446
441
0456
@451
B452
6453
0454
B 455
(B456
8457
460
G461
P4a62
G463
n464
G465

TR05
1329
3421
4422
4426
4427
7368
4426
4463
7300
4426
4426
4465
4511
6r52
4200
6731
5223
5246
3112
1513
1114
T648
5231
4515
1112
7402
7390
6714
6761
5235
5215
13282
4521
4554
4555
4556
4557
7360
1024
76508
5257
7360
1925
7640
5303
53067
7300
1120
3024
4542
1467
5541
GEGo

PROG2»

DATAZ.

PROC2,

CLA CLL

JMS I

TAD CEOGG
DCA I L6554
JiiS 1 CLEARP
JKMS 1 CRLFP
JMS I DIHMENP
CLA CLL

JMS 1 CRLFP
JiS 1 SCALEP
CLA CLL

JMS 1 CRLFP
JMS I CRLFP
JMS 1 TRACEP
READF
GEs52

4200

6731
JMP«+2
JMP PROCZ2
DCA ERROR
TAD 1 C42006
TAD M17

SZA CLaA
JMPe+2

JMS I ENDP
TAD ERROR
HLT

cLa CLL
6714

6731

JMP. -l

JMP DATAZ2

CLA CLL

JmMS 1

JMS I CALTIP
JMS 1
JMs 1

JMS I

MEANTP
LOGTP
LOGMUP
CLA CLL

TAD S¥1

SNA CLA
JMPe+6

CLAa CLL

TAD Sw2

SZA CLA

JMP e +26
JMP«+31

CLa CLL

TAD ONE

DCA Sili

J¥MS 1 OUTINP
JMS 1 7

FGET 1 YVALP

FEXT

/READ

CALT2P.

111.

/ALLOYWS USE OF
/COMMAND "NEGATE"
/INITIALIZE ALL
/FLAGS

ZIMPUT SAMPLE
/DIMENSIONS

/INPUT SCALING
/PARAMETERS

/CeL. SCALE FACTORS:
/SCALE OFF AXES

IN DATA RECORD

/742 IORDS LONG

/STORE IN 42864, UP
/READ IM BINARY MODE
/ERROR RETURNs S<IN AC.
/NORMAL RETURN
/PROCESS DATA

/ERROR DUE TO "EOF"?
/NO» ERROR IN READING
/YESs FINALIZE PROGRAN
/ERROR CODE IN AC
/PRESS “CONT'

/RACKSPACE 1 RECORD

/RE~-READ RECORD

TEMPe (FIELD OFF)
TEMP. (FIELD ON)
AVERAGE TENP.
LOG(TYs STORE
LOG(MUYS STORE

/CA’_.
7/CAL.
/CAL.
/CAL.
/CAL.

/FIRST PASS?

/YES

/NO

/18T« VALUE OF LOG(MU)D
/7> OF = MAX<« VAL.?
/YES, DOWN SCALE

/N0, UP SCALE

/RAISE SOFTVARE FLAG

/0UTPUT LOGMU) 1IN
/F4.2 FORMAT



G466
NA6T
470
@041
0472
6473
04T 4
475
0476
0477
0593
©501
6502
2593
6524
BpsSa5
7566
0557
B5103
@511
nsi12
@513
514
?515
U516
nsS17
0523
G521
pse?
5523
2524
%525

0620
B6nt
B6e2
G6M3
G664
P6aS
Qaens6
IO
G610
pe11
w612
B613
G614
P615
0616
N617
B626

1360
1245
170660
5273
3365
4497
2472
6eeo
1360
1845
7710
S3m5
4543

4544

5310
713006
4545
4546
4547
71300
1558
1151
7710
5317
5215
7322
1550
7760
5324
4552
4553
5215

oo6a
6032
6046
6502
6504
4510
1023
3024
1023
3625
5600
0Goo
i221
4223
1222
41223
5613

*600
CLEARS

CRLF»

4]

L& CLL
TAD 45

StiA CLA
\JMPO'!'E
JMPe+13
M5 107
FSUE T FULLYP
FEXT
cLA CLL

TAD 45
SPA CLA
JMP e+ 4
JMS 1 DNINP
JMS I SETDNP
JHP e+ 4
CLA CLL
JMS I UPINP
JMS I SETUPP
JMS 1 STEPSP
CLA CLL
TaD I YCORDP
TAD t1440
SPA CLA
JMPo+2
JivP DATAZ2
CLAa CLL
TAD 1 YCORDP
SMa CLA
JMP."‘Z
JiMS I MESSP
JMS I PLOTPR
JMP DATAZ

112.

ZVALUE OF LOG MWD
/NEGATIVE?

/N0

/YESs> UP SCALE

ZIL0GIMUND > OR = MAX.
/ALLOYWED VALUE?
/N0, UP SCALE

/YES, DOWN SCALE

/RE-SCALE INDEX3; STORE

/UP SCALE

/RE~SCALE INDEX
/STORE

/CONVERT X»Y VALUES
/TO STEPS

/DOES THE Y CO-ORD.
ZEXCEED THE LIMIT?

/NO
/YESs DO "NOT" PLOT

/15 Y CO~-QRD.
/NEGATIVE?

/N3, PLCT THE POINT
/YES, END EXECUTION
/PLOT THE POINT
/READ IN NEXT RECORD

/MISCELLANEQUS SUBROUTINES

KCC

TLS

PLCF

PLPU

JMS I DOPR

. TAD ZERO

DCA SW1

TAD ZERO
DCA Su2

JMP I CLEAR

TAD CR

JMS TYPE
TAD LF

JMS TYPE
J#ipP 1T CRLF

ZINITIALIZE HAFRDUWARE
/FLAGS

/INITIALIZE SOFTWARE
/FLAGS



G621
5'5)22
0623
G624
G525
6626
6627
6630
7631
8632
G632
5434
0635
G536
8637
B6 40
G541
G642
6643
B544
G645
(646
G647
0650
631
B552
GEER
65654
G655
G656
£657
6606
661
G662
6663
G664
0665
2666
6657
0670
0271

T G6T2
8673
66T 4
8675
0676
P67
0760
R761
e76e2
@763
6704
67105
G706

6411
G366
20831
7410
5305
2011
20i1
2611
5255
5631
4377

DIMENS

DIMEN1,

DIMENZ2,

C4377,

215

212

@

TAD I

TAD 1

4377

TSF

JMP."]

TLS

CcLA

JMP I TYPE

TAD C4377
bCa 10
TAD C4340
DCA 11
TAD M3
"DCA CNTRI1
10

DCA TEWP
TAD TEMP
TAD 14251
SZA CLA
SKP

JMP e+ 4
TAD TEMP
JMS TYFE
JiMP DIMENT
TAD TEMP
JMS TYPE
JMS CRLF
JMS TAB
10

DCA TEMP
TAD TEMP
TAD MEQUAL
SZA cLA

" SKP

JIMP o+ 4

TAD TEMP
JMS TYPE
JiMP DIMEN2
TAD TEMP
JMS TYPE
JMS I 5
JMS 1 7
FPUT I 11

"FEXT

15Z CNTRi
SKP
JMFe+5
IS5Z 11
ISZ 11
ISZ 11

JMP DIMEN2-~1

JMP 1 DIMEN

/LETTERS STORED

/7LOC. 44030,

113.

iN

/CONSTANTS STORED IN

432

/L0C-

ZINFUT SAMPLE

/DIMENSIONSS

/TERMINATE INPUT

/WITH *'CR*



G767
718
6711
g712

6713
. D714
P715
0716
D717
6725
B721
p722
6123
R724
B729
B726
0727
B730
P731
0732
0733
R134
2735
8736
B737
G748
2741
DT 42
3743
07 44
6745
@146
G747
6750
B751
B7152
@753
N754
8755
G756
@757
G760
0761
6762
6763
376 4
g765
8766
g767
G770
L0771
07712
773
Q77 4

4306
AN
1335
31336
1637
4223
2636
5313
5710
6167036
1106
32106
1107
30@11
1664
3631
1413
3032
1e32
1377
71649
7410
5341
1632
4223
5327
1(?\’!0

4223
4213
4310
1410
3032
1332
1377
7640
7410
5357
1@32
4223
5345
1332
4223
1264
3036
4405
4407
6411
cooo
2e11
2011
2911
2036
5363
2031

C4300,
TABS

SCALE.,

SCALE1»

SCALEZ2,

4300

0

TAD 1

TAD 1

TAD M4
DCA CNTR2

TAD SPACE
JMS TYPE
ISZ CNTR2
JMP.-3

JuMP I TAB

TAD C4430
DCA 10
TAD C<4311
DCA 11
TAD M2
DCA CNTRI1
10

DCA TEMP
TAD TEWMP
TAD M272
SZA CLA
SKP
JMPe+ 4
TAD TEMP
JMS TYPE
JMP SCALEt
TAD TIMP
JMS TYPE
JMS CRLF
JMS TAB
10

DCA TEMP
TAD TEMP
"TAD M272
SZA CLA
SKP

JMP e+ 4
TAD TEMP
JMS TYPE
JMP SCALE?2
TAD TEMP
JMS TYPE
TAD M2
_DCA CNTR2
JMS T 5
JMS T 7
FPUT I 11
FEXT

ISZ 11
1Sz 11
1SZ 11
1SZ CNTR2
JMP.=10
187 CNTRI

11lk.

ZLETTERS STORED IN
/7LOC. 4431, UP
/CONSTANTS STORED IN
/L0C. 4311, UP

ZINPUT THE FULL SCALE
/AND THF NO. OF '
/DIVISIONS ON THE
/%sY AXIS



B7735
N176
0777

1069
1641

1662
1003
1004
1005
1276
1007
1010
1011
1012
1613
1014
1615
iflé
1017
106202
1621

1a22
1023
1824
1625
10256
1627
16305
1031
1632
1033
1034
1935
1036
1037
1640
1941

1042
1043
1044
1045
1046
1047
1050
1351

1452
1653
1054
1655
1856
16357

e
v =3 W
[« AV EN:N
&N

Le60
4467
S466
4467
647106

. 5471

4472
6473
S466
447 4
Go00
73060
4475
3172
4407
5474
6e00
1363
4415
3163
H47T
5471
4476
GH60
7360
4475
3104
4407
5476
NHe0
7360
4475
3105
6504
4372
1101
4336
11081
4345

6524
4372

7360
1163
1041
3031
11682
1641
4345

Mete.,

#1800
TRACE.»

-272

2

JMP SCaLw2-1
JMP 1 SCALE

JMS I 7

FGET I MAXXPR
FDIV 1 FULLXP
FPUT I SCALXP
FGET I MAXYPR
FDIV I FULLYP
FPUT 1 SCALYP
"FGET I MAXXPR
FDIV T XDIVSP
FEXT

CLA CLL

JMS 1 FIXPR
DCA XINTST
JMS I 7

FGET 1 XDIVSP
FEXT

CLA CLL

JMS I FIXPR
DCA XTICKS
JMS I 7

FGET I MAXYPR
FD1V I ¥YDIVSP
FEXT

CLA CLL

JMS I F1XPR
DCA YINTST

.JdMS 107

FGET I YDIVSP
FEXT

CLA CLL

JMS 1T FIXPR
DCA YTICKS
PLPU

JMS DO :

TAD M3106

JMS PENL

. TAD M310

JviS DRUMD
PLPD

JmS DO

CLA CLL
TAD XTICKS
CIA

DCA CNTR1
TAD XINTST
Cia

JMS DRUMD

115;

ZENTER INTERPRETER

/CALCULATE STEPS/UNIT
/0N THE X AXIS

/CALCULATE STEPS/UNIT
/ON THE Y AXiS

/CALCULATE
/STEPS/DIVISION
/0N THE X AXIS

/STORE THE NOe. OF
/DIVISIONS 1IN
/FIXED PCINT FORMAT

/CALCULATE
/STEPS/DIVISION
/0N THE Y AXIS

/STORE THE NO. OF
/DIVISIONS IN FIXED
/POINT FORMAT
/RAISE PEN

/POSITION, PEN
/LOWER PEN

/SCALE OFF THE
7POS1TIVE X AXIS



. 1769
1661
1862
1263
1064
1065
1066
1067
1070
1671
1072
1073
1674
1075
1876
1077
1100
1101
1102
1183
1164
1105
1106
1107
1110
1111
1112
1113
1114
1115
1116
1117
1129
1121
1122
1123
1124
1125

1i26.

1127

11309

1131
1132
1133
1134
1135
1136
1137
1140
{141
1142
1143
1144
1145

1120
4335
1100
4363
2331
5255
1165
7941
3631

1104
7641

4336
1160
4354
1120
4345
2631

5271

1123
7041

39031

1162
7041

4354
1190
4363
1157

4336
2031

5305
1105
7041
3631

1164
7041

4363
1120
4345
1160
4354
2631

5321
7240
4477
7300
5600
0aGH
3636
6521
4372
2036
5340
5736
BOOG

PENL»

DRUNMDS

TAD 11 4
JMS5 PENL
TAD 1414
JMS PENR
1SZ CNTRI
JVIPO - 1 0
TAD YTICKS
CIA

DCA CNTR1
TAD YINTST:
CIA

JMS PENL
TAD M1 4
JMS DRUMU
TAD M1 4
JiS DRUMD
1SZ CNTRI

JtiPe=19
TAD XTICKS
CIA

DCA CNTRI
TAD XINTST
CIA

JIvS DRUMU
TAD Mi4
JMS PENR
TAD Ml14
JMS PENL
I1SZ CNTRI1
JMP-"!@
TAD YTICKS
CIA

DCA CNTR1

‘TAD YINTST

CiA

JMS FENR
TAD M14
JMS DRUNMD
TAD Ml14
JMS DRUMY
ISZ CNTR1
JMP L B 1 @
CLA CMA

"JMS 1 PLOT

CLA CLL
JMP I TRACE

NCA CNTRZ
PLPL

JMS DO

I13Z CNTR2
JrPe=3

JMP 1 PEdL

116.

/SCALE OFF THE
/POSITIVE Y AXIS

/SCALE OFF THE
/NEGATIVE X AXIS

/SCALE OFF THE
/NEGATIVE Y AXIS

/RAISE PENs INITIALIZE
/PPLOT SUBROUTINE

T /EXRIT

/MOVES THE PEN
/A SFECIFIED NC-.
/0F STEPS LEFT



117.

11446 3036 DCA CNTR2 /HMOVES THE DRUM

1147 6S14 PLDD ' /A SPECIFIED NO.
1156 4372 JMS DO /70F STEPS DOUN
1151 2036 I1SZ CNTR2

1152 5347 JMP -3

1153 5745 JMP I DRUMD
L1154 0668 DRUMUS a2

1155 3836 DCA CKHTk2 /¢OVES THE DRUM
1156 6522 PLUD /8 SPECIFIED NO.
1157 4372 JMS DO /0F STEPS UP
1160 2036 1SZ CNTR2

1161 5356 JiMP«.=-3

1162 5754 JMP I DRUMU

1163 6GB06 PENRs o

1164 3036 DCA CNTR2 /MOVES THE PEN
1165 6511 PLPR /A SPECIFIED NO.
1166 4372 JvS DO /0F "STEPS RIGHT
1167 20636 ISZ CNTR2

1176 5365 JMPe~3

1171 5763 JMP I PENR

1172 0600 DOs 6} .

1173 65@} PLSF /SKIP ON "DONE'
1174 5373 JMPe=1 /FLAG

1175 6502 PLCF /CLEAR FLAG

1176 57782 JMP I DO :

/SUBROUTINE “READ'"™ WJLL READ
/"ONE" RECORD FROW#4 THE MAGNETIC
/TAFE INTO CORE MEMORY
/DSA-S-390~3

/CALLING SEQUENCE:

/JMS READ

/R0. OF WORDS TO RBRE READ(BINARY)
/S<A. OF THE BUFFER IN CORE
ZINSTRUCTION WHICH SELECTS PARITY

/RETURN: ERROF RETURN, SR IN AC
/RETURN: NORMAL RETURN> NO ERROR

. *12006
. 120@ 0666% READ» %)
1201 73070 _CLA CLL
1262 1600 ~ TAD 1 READ /INPUT NO. OF WORDS
1263 7041 ’ ClA
1204 3642 NCA I PUHICNT - /LCAD YWORD COUNT
1265 2260 187 READ
12606 7246 CLA ChA
1207 160§ TAL I READ /INPUT SA-1 INTC AC
1216 3643 DCA I PADD /LOAD SA-1
1211 2200 ISZ READ
1212 1660 . TAD 1 READ /1NPUT SELECTED PARITY
1213 3225 DCA.+12 /LCAD SELECTFER PARITY

1214 2200 15Z READ /ADDRESS OF ERROR



1215
1216
1217
1220
- 1221
1222
1223
1224
1225

1226

1227
1230
1231
1232
1233
1234
1235
1236
1237
12406
1241
1242
1243
1244
1245
1246
1247
1254
1251
1252
1253
1254
1255
1256
1257
1260
1261
1262
12463
1264
- 1265
1266
1267
1270
1271
1272
1273
1274
1275
1276
1277
1269
1361
1302

7363
670G 4
7086
7420
5225
7012
7120
5680
51051
6712
6701
5227
7200
6704
7104
7430
5240
2200
5600
7119
56008
7576
75717
2050
1266
3010
1410
3632
1032
1116
7640
7410
5261
1032
4517
5247
1632
4517
4426
7402
5644
4471
anneg
73002
1044
7440
5276
1120
5667
7500
5302
71306
5667
11040

PUWCNT
PADDS
END>

C4471s
FIX»

7576
7577

4471

CLA CLL
6704
RTL

SNL
JMiP e+ 4
RTR

STL

JMP I READ
2

6712
6701
JMP.~1
CLA

6704

CLL RAL
SZL

JMP«+3

ISZ READ
JMP I READ
CLL RAR
JMP I READ

118,

/RETURN
/READ SR INTO AC

ZLINK SET., IF IN WRITE

 /MODE. EXIT

/SELECTED PARITY
/READ FORWARD

/READ SR INTO AC
/HARDVARE ORs BITS 6-11
/NO ERRORS

/NORMAL RETURN

/ERROR RETURN, SR IN AC

/AUTO INDEX REGFSTER

TAD C4471
DCA 10
TAD I 1@
DCA TEMP
TAD TEMP
TAD M256
SZA CLA
SKP

JMP e+ 4

"TAD TEMP
JMS. 1 TYPEPR

JMP END+3
TAD TEMP

J¥S I TYPEPR

JMS I CRLFP
HLT
JMP I END

CLA CLL
TAD 44
SZA
J""’Po"‘s
TAD ONE
JMP 1 FIX
SMA
JMP.+3
CLA CLL
JMP T FIX
TAD M1 4

/AUTO INDEX REGISTER

ZLETTERS STORED IN LOC.
7441725 |iP

/IS IT A PERIOD?
/NQ
/7YES

/END OF PROGRAM
7AC=0

/IS NO. >0R=1/2 AND
/<1?

/N0

/YESs ROUND OFF TO

/UONE™, EXIT

/IS NO. <1/22?

/N0

/YESs SET NO. TO 0O

JEXIT



1363
1384
1385
13466
1367
-1318
1311
1312
1313
1314
1315
1316
1317
1320
1321
1322
1323
1324
1325
1326
1327
1333
1231
132

1233

12234

1335
1336
1337
1342
1341
1342
1343
1344
1345
1346
1347
1352
1351
1352

11353

1354
1355
1356
1357
136%
1361
1362
1363
1364
13455
1366
1367
1276

1120
3844
7108
16345
7510
792
76010
3845
2G44
5365
7429
5325
1126
1045
71006
5667
a6
44067
5334
1337
4526
6525
€60
7389
5723

G

6256
Ga6o
BGH
653
G502
(662
4427
5352
4525
6537
26392
73030
5742
6012
3720
D500
2625
4467
5532
4533
6375
5534
3535
3536
4375
4537
GHG7
3545

GO,

MEANT

T2,

INVST,

KILO.,

LOGR»

0]

(5]

CLL

Bo12

119.

TAD ONE
DCA 44 /BINARIZE THE NOQ.

TAD 45

SPA

chML

RAR

DCA 45

1SZ 44

JMP GO

SNL

JMP 2

TAD ONE

TAD 45

CLL

JMP I FIX
/0BTAIN AVERAGE TEMP.

JMS T 7

FGET TI1

FADD T2

FDIV 1 THWOPR /ZAVT= (T1+T2)/2

FPUT I AVTP

FEXT

CLA CLL

JMP I MEANT

(5]
7

0
e

JMS T 7

FGET KILO . + /CALCULATE 10GG/T
FDIV I AVTP

FPUT I XVALP /STORE IN XVALUE
FEXT .

‘CLA CLL

JMP T INVST

/7100A
3720
apno

/7SUB. CALCULATES THE
JMS T 7 /COM{*ON LOG OF THE
FGET SAMITP /ABS. VALUE OF RES.
FDIV R1P
FPUT
FGET
FMPY
FMPY
FDIV
FDIV DPR
LOG /TAKE THE NATHRAL LOG
FMPY CONVFP /CONVERT TO COmMMON LOS

RESIP
TPR /RES=V(RES)ITY/CD
WPR

ot )t bt et O

Ll



1371
.1372
1373
1374
1375
1376
1377

14060
1451
1462
1403
1404
14065
1406
14897
1410
1411
1412
1413
1414
1415
1416
1417
1423
i421
1422
1423
1424
1425
1426
1427
1439
1431
1432
1433
1434
1435
.1436
1437
1445
1441
1442
1443
1444
1445
1446
1447
1450
1451
1452
1453
1454

6541
6296
7360
5755
BAGO
Gaen
aoba

1d5194]
4407
5751

3752
4753
6371

2360
153015
7300
1845
7710
5216
4276
S22
4407
5754
3752
4753
oladol]
7360
4522
p0%6
4071

4407
6523
0060
7320
5600
gano
4407
5755
3752
4756
6371

2360
61510]%)
7350
1345
7710
5252
4270
5263
L4407
5757
3752

C»

#1400
CALT1,

caLT2,

FiPUT 1 YVALP
FEXT

CLA CLL

JMP I LOGR

0

2

JMS 1T 7
FGET I GEI1P
FMPY I R3P
FDIV I EX1P
FPUT RES
FSUB MINRGE
FEXT

CLA CLL

TAD 45

SPA CLA
JMP«+3

JMS GRANGE
JMP.+12

JMs 1 7
FGET I PTIP
FMPY 1 R3P
FDIV I EXIP

© FEXT

CLA CLL

JMS I POLYP
0a0G6

4071

JMs 1 7
FPUT I TI1P-
FEXT

cLa CLL

JMP I CALTI1

JMS I 7
FGET 1 GE2P
FvMPY 1 R3P
FDIV I EX2P
FPUT RES
FSUB MINRGE

‘FEXT

CLa CLL

TAD 45

SPA CLA
JMP++3

JMS GRANGE
SMPe+12

JMS T 7
FGET I PT2P
FMPY 1 R3P

120.

/STORE

/CURRENT

/RCGE)Y=V(GE?/V(EX)/R3

/STORE .
/SUBTRACT 21«13 OHMS

/RES. OF GE. SENSCR

/> OR = 21+13 OHMS?
/1.E« T <3% OR =3% DEG.
/NOs USE PTe. SENSOR
/YESs USE GE. SENSOR

/CALCULATE ROPT)

/0BTAIN T BY EVAL-
ZUATING PTe. TEMP.
/POLY.

/STORE T

7EXIT

/CALCULATE R(GE)
/STORE :

/SUBTRACT 21.13 OHliSe.

/RES. OF GE-

/7> OR = 21.13 OHME?

/NCs> USE PT. SENGOR

/YES, USE GE. SENSOR

/CALCULATE R(PT)



1455
1456
1457
1460
1461
1462
14623
1464
1465
1466
1467
1470
1471
1472
1473
1474
1475
1476
1477
1500
1501
1582
1503
1564
15685
1506
L1507
1516
1511
1512
1513
1514
1515
1516
1517
1528
1521
1522
1523
1524
1525
1526
1527
.15306
1531
1532
1533
1534
1535
1536
‘1537
15406
1541
1542

4755
CeHo
7300
4522
GeE0s6
4071
4457
6524
BGuY
T300
5634
ceed
4407
5371
2363
0000
7300
1045
77106
5311
4401
5371
o062
7300
4522
QoA 4
H4ABH
5670
4407
5371
2366
0904
7300
10345
7710
5331
A407
5371
N30
7320
4522
0005
46117
S676
4407
5371
2360
REOO
73060
1345
7716
7402
4407
5371

- GRANGE.»

0.

FDIV .1 EX2P

FEXT

CLA CLL

JiiS I POLYF
BO06

40671

JMSs 1T 7
FPUT T T&pP
FEXT

CLA CLL

JMP I CALTZ2

JMS 1 7
FGET RES
FSUB MINRRI
FEXT

CcLA CLL

TAD 45

SPA CLA
JMPe+11

JMS 107
FGET RES
FEXT

CLAa CLL

JMS I POLYP
G664

4000

J¥MP I GRANGE
JMS 1 7
FGET KES
FSuUB MINRRZ
FEXT

CLA CLL

TAD 45

SPA CLA
JMPe+11

Jms 1 7
FGET RES
FEXT

CLA CLL

JMS I POLYP
nad6

4017

JtiP I GRANMNGE
JMs 1 7
FGET RES
FSUB MINRGE
FEXT

cLA CLL

TAD 45

SPA CLA

HLT

JMS 1 7
FGET KRES

I21.

ZO0BRTAIN T BY EVAL-
ZUATING PTe TEMF.
/POLY

/STORE T

ZEXIT

“/SUBTRACT 847 2 OHMS

/IS T < OR = 275 DEG.?

/1.E« IN RANGEI1?
/NO
/YES

/Z0BTAIN T BRY EVAL-
/RANGE1l POLY.

ZEXIT> T IN FPe. AC.

/SUBTRACT 164.1 QHMS

715 T < OR =12 DEG.?
/1+E« IN RANGE2?

/NO
/YESs T IN RANGE2

/0BTAIN T BY EVAL-
/UATING RANGEZ2 POLY.

ZEXIT, T IN FP. AC.

-/SUBTRACT 21.13 OHMS

/15 T < GR = 38 DEG.?
/1.E« IN RANGE3?

/N0, ERROR IN SUB-s
/YES



1543
1544
. 1545
1546
1547
155@
1551
1552
1553
1554
1555
1556
1557
1560
1561
1562
1563
1564
1565
1556
1567
1570
1571
1572
1573

1600
1601
1602
1603
1604
1685
1606
16067
1610
1611
1612
1613

oleteld)
7369
4522
Han6
AG 44
5670
4203
4341
4200
4206
4230
4225
4233
GnGES
2510
2437
8612
3236
3147
ne1oe
2440
6315
GO
GhHAG
16101616)

o600
A48T
6385
OB
73¢0
1606
3319
22060
1600
3210
1312
3811

GE1P»
R3P»
EX1Ps
PT1Ps
GE2P»
EX2Ps -
PT2P>
MINRGE»

MINRR1,

MINRR2,

RES»

*1600
POLYEV,»

0]

GE1

R3
EX1
PT1
GEZ2
EX2
PT2

e66sS

nB12

o010

FEXT

CLA CLL
JMS I POLYP

BAG6
4044

JMP I GRANGE

251a
2437

3236
3147

2440
6315

JuMs 1 7
FPUT VAR

FEXT
CLA
TAD
DCA
1527
TAD
nca
TAD
DCA

122.

/0BTAIN T BY EVAL-
ZUATING RANGE3 POLY.

JEXIT> T IN FP. AC-

/721.13 OHMS
/847 «2 OHMS
/164.1 OHMS

/SENSOR RESISTANCE

/SUBROUTINE "POLYEV'" WILL EVALU
/AN "NTH" DEGREE POLYNOMIAL

/ (STORAGE LOCATIONS ACCOMODATE
/UP TO A 15TH. DEGREE POLYNOMIAL
/CALLING SEQUENCE: .

/ VARe IN FoPo
/ JMS POLYEV

/ DEGREE OF POL.
/ S.A. OF COEF
/RETURN: RETURN WITH

/7 OF DEPENDENT
/ IN F-Po AC'

/STORE VALUE COF INDP.

POLYEV

/VARIAELE
1 POLYEV . /STORE DEGREE OF POLY.
NEGREE /TO BE EVALUATED
I POLYEV /STORE S+«A. OF
/UCCEFFICIENTSY
Cl714 /STORE SA OF TERMS



L1614
1615
1616
1617
1620
1621
1622
1623
1624
1625
1626
1627
1630
1631
1632
1633
1634
1635
1636
1637
1640
1641
1642
1643
1644
1645
1646
1647
1650
1651
1652
1653
1654
1655
. 1656
1657
1660
1661
1662
1663
1664
1665
1666
1667
1676
1671
1672
1673
1674
1675
1676
1677
1709
1701

4407
S4106
6411
GHa0e
7302
1310
TO41
3631
1023
3311
2311
1311
7041
3736
2010
2010
2010
2011
2011
2011
4407
5305
eeno
20136
5246
5252
£407
3385
Racd
5243
4407
3410
6411
naGo
7300
2231
5226
7300
1312
3811
1310
7041

- 3031

4407
5411
Aelay)
2811
211
2011
L4407
1411
o6R0
2031
s272

Jus 1 7
FGET 1 18
FPUT I 11
FEXT

cLA CLL-

TAD DEGREE

CIA

DCA CNWNTRI
TAD ZERO
DCA INDEX
ISZ INDEX
TAD INDEX
CIA

DCA CNTR2
ISZ 16
1SZ 10
ISZ 16
ISz 11

1SZ 11

1SZ 11
JMS 1 7
FGET VAR
FEXT

1SZ CNTR2
JMP.+2
JUiPe+5
JMS 1 7
FMiFY VAR
FEXT

JMP- -6
Jus 1 7
FMPY I 108
FPUT 1 11

‘FEXT

CLA CLL
ISZ CNTR1
CLA CLL
TAD C1714
NCA 11

TAD DEGREE

ciAa

DCA CNTRI1
JMs 1 7
FGET I 11
FEXT

ISZ 11
ISZ 11
1SZ 11
JMs 1 7
FADD 1 11
FEXT

I1SZ CRTR!
JMP =7

/STORE THE INTEKRCEPT

/GENERNTE POWERS
/0F INDPe. VAR.

/STGRE THE TERMS

/ADD UP THE TERMS

ZEXIT WITH VALUE



1702
1753
1704
~ 1765

1766

1707
1710
1711
1712

2000
2001

2002
2003
26024
e2nas
2006
2097
2010
2011

2a12
2613
2014
2215
2016
2017
2226
2p21

2622
2023
2024
2525
C2be6
2627
2030
2031

2632
2033
2034
20335
2036
2037
20040
2041
2042
2043
2044
2p45s
2946
2047

2656

2651

2200
73608
5600
0eoG
2000
el
Gaao
£o00
1714

2600
4426
1221
4517
1837
4517
4407
5541
oene
7300
1222
3062
1223
4406
73006
4426
S60606
#6252
1224
0202
ololal)
7300
1120
3625
4407
2250
ooo0
2253
7300
1045
17008
5230
7300
1253
1255
3254
16423
3253
73006
5624
63910D!
2000

VAR

DEGREES
INDEX,»
Cl714,

*2200
OUTIND,

STAR»
CFOURS
CTWO,
DNIND»

CONE»

a

7]

o
1

4

114

252

nool

ISZ POLYEV
CLA CLL
JMP 1 POLYEV

5]
0]

12k.

/70F DEPe. VARe IN FF AC.

/TERMS IN LOC. 1714, UP

Z0UTPUT INDEX IN

JvS I CRLFP
TAD STAR

JMS T TYPEPR
TAD SPACE
JMS I TYPEPR
JMS T 7

FGET I YVALP
FEXT

CLA CLL

TAD CFOUR
DCA 62

TAD CTWO

JMS T 6

CLA CLL

JMS I CRLFP
JMP 1 OUTIND

CLA CLL
TAD -ORE
DCA Sw2
JMS I 7

"FSUB CONE

FEXT

I5Z ONES

CLA CLL

TAD 45

SMA CLA

JMP-"?

CLA CLL

TAD ONES

TAD Kl

DCA STORE

TAD ZERO

DCA ONES

CLA CLL

JMP I DNIND
/1

2004 '

/F 4.2 FORMAT

/SCALE DOWN THE INDEX:

/RAISE SOFTWARE FLAG

/SUBTRACT 1

/Y VALe. < MAX. VAL.?

/NO ,

/YES

/STORE SUBTRAHEND

JEXIT



2052
2653
2054
2455
2656
2657
2060
2061
2062
2063
2064
2065
2066
2067
2070
2071
2872
20673
20674
2075
20746
20677
.2166
2101
2162
2193
2104
2105
2106
2107
2110
2111
2112
2113
2114
2115
2116
2117
2120
2121
2122
2123
2124
2125
2126
2127
2130
2131
2132
2133
2134
2135
2136
2137

£e00
PN
G200
€061

- 8BGO

7320
1254
71541

3031

4407
5541

aee9
4407

2250
8020
2631

5266
4407
6541

NEGO
713606
5656
Gong
7360
4467
5541

6334
o361010]
44@7
5334
1250
6334
6361617
2253
4407

5334
2472
7060
7300
1645
77600
5325
5306
7300
1253
3254
1023
3253
7302
ST0%
1A4Y
a060
delels
¢cang

ONES>
STORE»
Kl
SETDN»

UPIND»

SAVEYs

SETUP,

4]

2

0

80060

cLAa CLL

TAD STORE
CIA

DCA CNTR1
JMS 1 7

FGET I YVALP
FEXT

JMS 1 7

FSUB CONE
FEXT

I1SZ CNTRI
JMPe-4

JMS 1 7

FPUT 1 YVALP
FEXT

CLA CLL

JMP 1 SETDN

cLA CLL

JHus 1 7

FGET I YVALP
FPUT SAVEY
FEXT

JMS 1 7

FGET SAVEY
FADD CONE

FPUT SAVEY

FEXT

15Z CNES
JmMs 1 7
FGET SAVEY
FSUB 1 FULLYP
FEXT

CLA CLL

TAD 45

SMA CLA
JMPe+2
JV¥MP.-16

CcLA CLL

TAD ONES
DCA STORE
TAD ZERD
DCA ONES
CL2 CLL
JMP T UPIND

B
14

125,

/SUBTRACT 1 FROM
/7Y VAL THE CORRECT
/NO. OF TIMES

/STORE THE NEW
/Y VALUE

/S5AVE Y VALUE

/7ADD 1

/1S Y VAL« > MAX«?

/YES
/NG, ADD 1 AGAIN

/STORE THE NOa
/0F TIMES 1 UAS
/ADDED



2140
2141
2142
‘2143
2144
2145
2146
2147
2150
2151
2152
2153
2154
2155
2156
2157
2160
2161
2162

.22pa
2281
2202
2223
2204
2265
22066
2201
2z10
c€z11
2212
2213

e2l4
2215
2216
22117
2223
2221
2222
2223
2224
2225
2226
22217
2230
2231

2232
2233
2234
2235
2236
22317

7309
1254
7041
3631

4407
5541

ooeo
4467
1250
0600
2031

5347
4407
2250
2250
6541

121ed54)
73060
57317

1a}53610]
1300
6502
6524

4510 -

6584
4510
1241
46 42
1241
4643
6524
4510
1244
4645
1244
46 46
1244
4642
1244
4643
6504
4510
1241
46 46
1241
4645
6524
4510
65C4
4510
7309

%2200
MARK »

cLe CLL
TAD STORE
cIA

DCA CNTR1
JMs 1 7

FGET I YVALP
FEXT

JMs 1 7

FADD CONE
FEXT

1SZ CNTRI
JMPe-4

JMS ‘1 7

FSUB CONE
FSUB CONE
FPUT 1 YVALP
FEXT

CLA CLL

JMP 1 SETUP

CLA CLL

PLCF

PLPD

JMS 1 DCPR
PLPU

JMS 1 DOPR
TAD MIN4

JMS I DRUMUP
TAD MIN4

JMS 1 PENRP

'PLPD

JMS I DOPR.
TAD Mi0

JMS I DRUMDP
TAD M10

JMS I PENLP
TAD M1Q

JMS 1 DRUMUP
TAD M12

JMS I PENRP
PLPU

JMS I DOPR
TAD MINa

JMS I PENLP
TAD MIN4

JMS I DRUMDP
PLPD

J®S 1 DOPR
PLFU

JS T DOPR
CLA CLL

12¢6.

/ZADD 1 TO Y VAL.THE
/CORRECT NCO. CF TIMES

/STORE THE NEW VALUE

/MARK POINT

/RAISE PEN

/DRAY A SQUARE AROUND
/POINT» (8XE) STEPS

/REPOSITION PEN



2240
2241
2242
2243
2244
2245
2245
2247
2250
2251
2252
2253
2254
2255
2256
2257
22606
2261
2262
2263
2264
2265
2266
2267
2270
c271
2272
.2273
2274
2275
2276
2277
2308
2361
2382
2363
2304
2305
2346
2367
2310
2311
2312
2313
2314
2315
2316
2317
2320
2321
2322
2323
2324
2325

5699
7774
1154
1163
7770
1145
1136
6171616
71300
1272
3010
1410
3232
1032
1116
7640
74108
5265
1832
4517
5253
132
4517
4426
7402
5647
4511
oGO
4487
5470
3530
slalale
4475
3328
4407
5473
3541
0060
4475
3321
5673
0con
4315
42040
5711
6GOBY
7201
4477
06G0O
BEHO
5715
GHOG
44077
5525

MINZ» -4
DRUMUPs  DRUMU
PENRP PENR
M10, -10
DRUMDP, DRUMD
PENLP» PENL
MESS» ' (0]
C4511., 4511
STEPNO, &
PLOTP» 2
MOVE » %
XCORD » G
YCORD» o
LOGT» 2

JMP I MARK

CLA CLL

TAD C4511
DCA 19

TAD I 10

DCA TEMP

TAD TEMP

TAD WM256

SZA CLA

SKP

JMPO""I

TAD TEMP

JMS T TYPEPR
JMP MESS+4
TAD TEMP

JMS I TYPEPR
JMS I CRLFP
HLT

JMP 1 MESS

JMS T 7
FGET 1 SCALYP

FMPY I XVALP

FEXT.

JMS I FIXPR
DCA XCORD

JMS I 7

FGET I SCALYP

‘FMPY I YVALP

FEXT
JMS
DCA
JMP

I FIXPR
YCORD
I STEPNO

JMS MOVE
JMS MARK
JMP 1 PLOTP

IAC
I PLOT

CLA
JMS
JMP 1 MOVE

Jus 107
FGET I AVTP

127.

/LETTERS STORED IN
/LOC. 4512, UP

/TESTING FOR PERIOD

ZEXECUTION OF PROGRAM
/AEQRTED.

/STEP NO« =
ZCSTEPS/UNITY CUNITS)

/CCNVERT STEP NO. TO
/FIXED POINT NOTATION

/7POSITIGN PEN

/MARK THE POINT

/PLOT WITH FEN UP

/CELCULATE THE



2326
2327
2336
2331
2332
2333
2334
2335
2336
2337
2340
234i
2342
2343
2344
2345
2346
2347
2350
2351
£352
2353
2354
2355
0'3‘:6

L)

2357 .

2360
2361
2362
2363
236 4
2365
2366
2367
2370
.2371
2372
2373

24060
2461
2402
2403

6e07
3540
6530
0ne6e
7389
5723
noa0
4497
5560
GO0o
4522
0e0s
4116
4491
6366
5561
2562
6371
pooa
4407
5371
3537
4534
4366
4536
3563
6BB7
3549
6541
BEeo
1320
5734
eene
2609
BELO
6200
6060
heoo

aeo6
7510
5220
1361

128,

/COMMON LOG.
/70F THE TEMP.
/STORE THIS VAL.

/0BRTAIN THE
/VALLUE OF THE
/MAG. FIELD

/CALCULATE THE
/7HALL VOLTAGE

/CALCULATE MU
/MU=V(HALLID/VC(RES) BY

/CONVERT TO
/CGSM UNITS
/TAKE LOG. MU

/STORE THIS VALUE

- /STCRAGE FOR MAG.
/FIELD

/STORAGE FOR HALL

LOG
FMPY I CONVFP
FPUT I XVALP
FEXT
CLA CLL
JMP 1 LOGT
LOGMU, o
JMS T 7
FGET I MAG2P
FEXT
JMS T POLYP
6205
4116
JMs 1 7
FPUT B
FGET I HALL2P
FSUB I HALLI1P
FPUT HALL
FEXT
JMS 17
FGET HALL
FMPY 1 DPR
FDIV I RESIP
FDIV B
FDIV I WPR
MPY 1 CONVP
LOG
FMPY 1 CONVFP
FPUT 1 YVALP
FEXT
CLA CLL
JMP I LOGMU
Bs B
0
o
HALL, @
0
o

/7PLOT SURROUTINE

/CALLING SEQUENCE

/VOLTAGE

DIGITAL-&-12-U

/  C(ACY>=-~13; INITIALIZE
CCACY= 63 PLOT WITH PEN
CCACY>= 13 PLOT WITH PEN UP

DOWN

X CO-ORDINATE (IN STEPS) (RETURN IF AC=-1)

/

/

/ JMS PLOTX

/

/ Y CO-ORDINATE

*2400

PLOTX., G )
SPA
JMP
TAD

C(IN STEPS)

/7MOVE THE FEN?
PLOTA /NC: CONTINUE
PLOTPN /AN PEN STATUS



2404
2405
2406
24067
24106
2411
2412
2413
2414
2415
2416
2417

L2420
2421
2422
2423
2424
2425
2426

L2427
2430
2431
2432
2433
2434
2435
2436
2437
2440
2441
2442
2443
2444
2445
2446
2447
2450
2451

2452
2453
2454
2455
2456
2457
2460
2461
2462
2463
2464
2465
2466
2487
2479

7112
7710
5227
1620
5214
3361
6504
5216
2361
6524

4378

3227
7200

S84
3361
3362
3363
4370
5600

1362
1141
1690
7420

1041

3364
16004
3367
1600
3362
2260
1363
7141
1600
7420
1041
3365
1367
1004
3367
1600
3363
2260
1364
7141
1365
7620
5275
1364
3366
1365
3364
1366
3365

CLL RTR

SFA CLA

JMP PLOTI

SNL CLA

JMP«+ 4

DCA PLOTPN

PLPU

JMP «+3

1SZ PLOTPN

PLPD

JMS PLOTHT

JMP PLOTI
PLOTA, CLA

PLPU

DCA PLOTPN

DCA PLOTNX

DCA PLOTNY

JMS PLOTWT

JMP I PLOTX
/PICK UP ARGUMENTS

129.

/ANY CHANGE?
/NO: CONTINUE

/LOVYER THE PEN
/RAISE THE PEN
/LOYWER THE PEN

/YAIT FOR FLAG
/CONTIRNUE

/RAISE THE PEN

/6 TO X CO-ORDINATE
/76 TO Y CO-ORDINATE

PLOT1!,» TAD PLOTNX /GET PREVIOUS X CO-~-0ORD.
ClA CLL
TAD I PLOTX ZFORM RNX-NPX
SNL /L= NX<NPX
c1A
DCA PLOTDX /ABS+ VALUE OF DIFF.
RAL
DCA PLOTHMV /SAVE SIGKN RIT
TAD I PLGOGTX /SET NEW
DCA PLOTNX /PREVIOUS X
ISZ PLOTX ZINCREVENT POINTER
TAD PLOTNY /GET PREVICUS Y CO-0ORD.»
CIA CLL
TAD 1 PLOTX /FORM NY-NPY
SNL _ /<=0: NPY<NY
cia
DCA PLOTDY /ABS. VALUE OF DIFF.
TAD PLOTMV /SAVE SIGN BIT
RAL
DCA PLOTMV
TAD I PLOTX /SET NEW
DCA PLOTNY /PREVIOUS Y
ISZ PLOTX ZINCREMENT POINTER
TAD PLOTDX
CIA CLL
TAD PLOTDY
SNL CLA
JMF PLOT?2
TAD PLCTDX /REVERSE WUMBERS
DCA PLOTRA

TAD PLOTDY
pCA PLOTDX
Tan PLOTNA
DCA PLOTDY



2471
2472
2473
2474
.2415
2476
2417
2500
2501
2502
2503
2504
2505
2566
2537
2510
2511
2512
2513
2514
2515
.2516
2517
2529
2521
2522
2523
2524
2525
2526
2527
253%
2531
" 2532
2533
2534
2535
2536
2537
2540
2541
2542
2543
2544
2545
2546
2547
2550
#551
2552
2553
2554
2555
2556

1291

8367
1342
5366
13567
7119
1345
3366
1766
3340
1367
1350
3367
1767
3331

1364
7110
3366
1364
710408
3367
2367
1410
5608
1366
1365
3366
1366
7141

1364
7630
5340
o003
1364
7041

1366
3366
4370
5316
eRea
5336
2543
6511

6521

2546
6512
6514
2551

6513
6523
6515
4355
0ce6o
6514

PLOT2,

PLOT3.,

PLOTDB.»

PLOT4.»

PLOTT1.,
PLOTT2,

PLOTT3,

1AC
£ND
TAD
JHP

TAD PLOTMV

CLL
TAD
DCA
TAD
BCA
TAD
TAD
DCA
TAD
DCA
TAD
CLL
DCA
TAD
CtiA
DCA

I15Z PLOT™MV

o

o+ 1

o+

SKP
JpP
TAD
TAD
DCA
TAD
Cla
TAD
SZL
JNMP
TAD
ciAa
TAD
DCA
JMS
JMP

JHP

PLPR
PLPL

PLDU
PLDD

PLDU
PLUD
PLDD
JiS
0]
FPLDD

130,

/7SET MAJOR MOTION
PLOTH ZINSTRUCTION
FLOTT!
«at g

RAR
PLOTT2
PLOTNA

1 PLOTNA
PLOT4
PLOTMV /SET COMBINED MOTION
rLOTT3
PLOTMV

I PLOTMV N
PLOTDB
PLOTDX

RAR

PLOTNA
PLOTDX

PLOTMV

I PLOTX /ALL DONRNE

PLOTNA

PLOTDY

PLOTNA

PLOTNA

CLL

PLOTDX

CLA

PLOT4 /SINGLE MOTION
/COMBINED MOTION

PLOTDX

PLOTNA
PLOTNA
PLOTUT
FLOT3

«~3

/PEN-RIGHT
/PEN-LEFT

/DRUM-UP
/DRUM-DOVN

PLPR /7UP-RIGHT

PLPL /UP-LEFT

PLPR /NO¥N-RIGHT

o+ 1 /DOUN-LEFT



2557
2569
2561

2562

.2563
2564
2565
2566
2567
2570
2571
2572
2573
2574

4000
4001
40062
406043
49004
40305
4006
4007
401G
4211
4012
4013
4014
4915
C 4016

4817
4020
4p21
4022
TA723
4024
4025
4026
40427
4030
4631
4032
4033
4234
4235
4036
4037
4040
4641

6521
5755
6RO
Gane
Gaoan
Ge00
neHe
Ha30
20160
GAGo
6501
5371
6502
5776

2063
2557
4622
7771
5205
7732
7756
3415
7273
77 43
5610
1426
7726
2115
3362

o110
2633
S442
Poo1
4412
2273
7772
2471
4076
7762
5735
4333
7750
3465
6167
7736
4563
7703

7723

PLOTPN.,
PLOTNX»
PLOTNY
PLOTDX.
PLOTDY.
PLOTNAS
PLOTMV.,
PLOTWT,

*4000

*4017

VA

131.

PLPL

JMP I «-3

PLSF ZHMAIT FOR DONE FLAG

JMP -1 /NOT YET

PLCF /CLEAR FLAG

JMP I PLCTUWT ZEXIT
/POLYNOMIAL COEFFICIENTS STORED
ZIN FePe FORMAT

7003 /GE. RANGE! POLY. COEFF.

2557 /A= 5.43593917TEGQQ

4622

1771 FAl= ~5.34B54€6C1E~03

52a5

7732

7756 /A2=3.3637T8Y52E~-0(6

3415

7273

7743 /A3=-1.03966165E-29

5610

7026

1726 /A4=1.222R373RE~13

2115

3362

o016 /GE. RANGEZ POLY. COEFF.

2003 /AG=1.2846209KER2

S442

031 /Al= -1.7399467T1E85

4412

2273

7772 7A2=1.B2044332E-022

2471

4976 oo

7762 F7A3=-3.15441689E-0S

5735

4333

1750 Z7A4=5.37T1891%6E~-08

3465

6107

7736 /AS=~/4.TGE3521%5E~11

4563

7703

7723 ZR6=1TiATOGCELE-14



4042
4343

4044
4945
4046
4047
4650
40351
4052
4253
4P5 4
4255
4056
4957
4060
4061
4062
4063
4064
4065
4666
4667
40370

L ABT S

4072
4373
4074
4375
40G376
4077
4149
4101
4162
4103
4104
4105
4106
4107
4110
4111
4512
4112
4114
4115

4116
4117
4120
4121
4122
4123
4124

2325
06516

0666
3525
5137
aagl
5085
303G
7773
3509
1667
7765
5256
7772
7756
2126
5624
7745
4262
2435
7734
2317
2561

7065
3371
7663
17176
3447
D369
71764
4673
Bag6
7753
2460
20@62
7741
5715
2366
7725
3257
1640
7711
5723
S671

2Bo6
3675
5533
G%16
R666

‘B11S

2014

*4044

* 4071

*¥4116

2325
516

Coe6
3525
5137
2001
SN6S
3010
7773
3560
1667
7765
5256
7772
7756
2126
5624
7745
4262
2435
1734
2317
2561

GBas
3371
76A3
1776
3440
6369
1764
4673
0446
7753
2460

2062

7741
5715
2366
7725
3257
1640
7711
5723
5671

aGne
3675
B533
5no16
2666
115
614

132.

/GE+ RANGE3 POLY. COEFF.
F7AR=5.86765111E¢1

7Al= -1.4478766¢E00
/A2=2.8323&556E-62
FA3=-3 .2 44%88AGEE-04

/A4= 2.068E8465E-R6

/AS5=-6.801%6941E-09

IAG=8.T 4920244812

/PT. POLY. COEFF.
/AG=2.T9857TT&2FG]
/A1=2.22663494E-01
/A2=-1.91322374E~G4
/A3=3.092601&5E-G7
/B4=-24.4435625TE~10

/A5=9.5(33&M6TE-14

FA6=-1.447T7235E-17

7FTELD POLY. COEFF.
/AG=6+.19032R93E0N]

7A1=1.16961558E04

FR2=4.039 VLM 4REERS



4125
41248
4127
4130

4131

<4132

4133
4134
4135
4136
4137

4200
42061}
4202
4203
4204
4205
4206
4207
4219
4311
4212
4213
4214
4215
4216
4217
4220
4221
4222
4223
422 4
4225
4226
4227
4230
4231
4232
4233
4234
4235
4236
4237
4240
. 424)
4242
4243
4244
4245
42 46

3775
6325
2016
4023
0220
pe1?
2777
D446
PG16
4614
5166

00
Bons
f0o6e
Ga0R0
DES0
P00
6069
GFGIGE: ]
onNeo
Br00
6O60
2000
BoG6G
6171514)
BANA
(ge1sls]
4101010)
5000
GO0
6103614]
aJ51710]
eren
oYalads]
GeO9
GRGRA0]
QG930
onae
6Ba0
aoee

2620

06EA
0700
3000
5o
6200
BB
CGRZO
BUBo
6HBG

*4200
EX1»

GE1l»

PT1.»

MAG1Y»
SAMIL., 0
RES1,
HALL1, 4]
EX2,

GE2,

PT2,

MAG2,»
SAMI2, 0

RES2;

_775
6325
pPA16
4023
a220
1]
27717
446
G216
4614
5166

Qe

D0

D

e e a9

2

/83=-1.62317284E04
/BA=2.45611509E04

/7AS5=-1.3210777TGEB4

/DATA STORAGE (FLOATING-POINT F.)



4241

425%
4251

4300
A331
4302
LA34G3
430G 4
4335
1326
4397
4310
4311
4312
4313
4314
4315
4316
4317
4320
4321

o Lol
43:.:2

43223
432 4
4325
4326
4327
4330
4331
4332
.4333
4334
4335
4336
4337
43 40
4341
43 42
4343
43 44
4345
4344
43 47
4359
4351
4352
4353
4354
L4355
4356
4357

GOow
2096
no2a

n6an
gelalu
2000
2020
o089
82006
aeen
o020
elyula}
Gooo
2600
206
DY
33017
6nio
GRG2
2000
aneo

NN,
LYRY R 2%

6EO0
0000
GUAG
GOD0
6OB0
8660
6o6o
LT
Pe12
2260
Goa0
G012
3100
GeBo
BG16°
2342
GHon
aon7
3100
GoaR
Go02
2090
Yeleds
7777
3362
6642
Gony
Xelol)
GOAG

HALL?2,

¥4320

W,

Ts

FULLX,

XDIVS,

FULLY>

SCALEX, o

SCALEY, @

MAXX»

MAXY »

R3»

R1,
TVO.,
CONVF .,

AVT,

™)
S
QQ (SR (S o [N SN (SR

Qe SR

6o12 '
2260
Ga00
on12 -
3100
2060
an16
2342
GIelelu]
" @o67
3160
GARG
nen2 .
2060
lddae]
7777
33562
6642

(&

1
o

/CONSTANTS STORAGE .
Z(FLOSTING~POINT FORMAT)

ZUIDTH
‘/THICKNESS
/DEPTH

/FULL SCALE VALUE

/0N THE X AXIS

/NO« OF DIVISIONS
70N THE X AXIS

/FULL SCALE VALUE
/0N THE Y AXIS

/NC. OF DIVISIONS
70N THE Y AXIS

/STEPS/UNIT

7ON THE X AXIS

/STEPS/UNIT

70N THE Y AXIS

/600G STEPS
/806 STEPS

/SENSOR CURRENT

134,

/RESISTOR (10K OHMS)

/SANMPLE CURRENT

/RESISTOR (166- 0OHMS)

/2

/Ce43429) CONVERTS

/FREOM NATURAL 1

/CONMMON LOG
7AVERNAGE TEMP.



AZ60
4361
4362
. 4363
4364
4365
4366
4367
4370

4490
.4401
4402
4403
4404
44065
4406
4407
4410
4411
4412
4413
4414
4415
4416
4417
4420
4421
4422
4423
442 4
4425
4426
4427
4430
4431
4432
4433
443 4
4435
4436
L4437
4440
4441
4442
4443
h4449
4445
A4 46
4447
4450

clelats!
D0BH
oy
ATH0
OGED
3060
(033
2765
710206

A323
A301
0315
6320
A1 4
3365
7249
0304
G311
8315
256
02 H9
Ba2se
Ba363
G315
n251
Bw327
RN24c
p275
324
h249
275
a304
2242
82715
8323
6303
7301
0314
P311
2316
n37
n240
(320
0301
G322
0301
7315
2305
0324
66305

XVALUE s

YVALUE .

CONV,

#4400

0]

0

6033

323
301
315
320
314
305
249
384
31l
315
256
240
250
303
315
251
327
240

275 -

324
240
275
304
240
2715
323
363
321
314
311
316
3687
240
320
301
322
301
315
305
324
305

/710%4+8 CONVERTS

/TO CGSM UNITS

ZLETTER STORAGE

/S

/A

/M

/P

/L

/E
/SPACE
/D

/1

/™M
/PERIOD
/SPACE
/0FEN BRACKET
/C

/M

/7CLOSED BRACRKRET

/W
/SPACE
/EQUAL
/T
/SPACE
/EQUAL
/D
/SPACE
/EQUAL
/S
/C
/A
/L
71

. /N

/G
7/ 3PACE
/P
/A
/R
/A
/M
/E
/T
/E

135



4451
H4H52
4453
4454
4455
4456
4457
44560
4461
4462
4463
4464
2465
4466
4467
4470
4471
4472
4473
4474
4475
4476
4477
4368
4561
4502
4503
450 4
4535
4506
4507
4516
4511
4512
4513
4514
4515
4516
4517
4520
4521
4522
4523
4524
4525
4526
4527
2530
4531
4532
4533
4534
4535
4536

5322
3323
n272
23303
0249
A391
2330
f311
0323
p272
f331
6240
6301
2330
@311
@323

pere,

3252
G240
312
#5317
6302
gca0
2303
85317
N215
0326
G314
#2365
N324
385
0304
6256
azs2
B240
A311
G316
A303
B322
@345
7301
A323
n305
D240
0324
(6316
G305
b2492
6363
3331
A3N3
0314
02m/S

D240

322
323
272
330
240
391
330
311

323
272
331

240
3061

333
311

323
272
252
240
312
317
302
240
303
317
315
320
314
305
324
305

304
256
252"

240
311
316
303
322
365
301
323
305
240
324
310
385
240
323
331
333
314
305
240

/R

/S
/COLON
/X
/SPACE
/A

/X

/1

/S
/COLON
Y
/SPACE
/A

/X

/1

/S
/COLON
/STAR
/SPACE
7J

/70

/B
/SPACE
/C

4

/M

/P

/L

/E

/T

/7E

/D
/PERIOD
/STAR
/SPACE
71

/N

/7C

/R

/E

/A

/S

/E
/SPACE
/T

/H

/E
/SPACE
/C

’Y

/7C

/L

/E
/SPACE

136.



4537
i 4540
14541
4542
4543
4544

.0C26
6e21
nee?
BR23
BBR4
GR25
pres
Bza27
BeE3D
8831
nG32
0633
tG3 4
6Ga35
Ga36
Ba37

6663
0264
@365
2966
eré67
GATA
2871
BeIT2
boT3
2074
.@675
6676
pRT7
B1003
G101
D162
163
m164
0165
72106
n167
g1i1o
G111
B112
2113
B114
0115

n322
6391
3316
0307
A36GS
3256

6060
6554
B6OG
aM%2
2000
3066
$613
8631
7775
aaaa
Gaan
1527
7573
7774
OG5

3240

0720
7776
1960
4333
4311
4325
4336
4317
433G
4314
1267
4322
2402
7764
T470
5101614
6rn0
poon
A0008
4439
4311
1172
1203
7e0n
4200
61006
1244

*20
C6300,
L6554,
CLEARP>
ZERO»
S¥i,
Su2,
CRLFP,
DIMENP,
M3
CNTR1,
TEMPS
M251 .,
MEQUAL »
M4
CNTR2,
SPACE.»
*63
SCALERPS
M2,
TRACEP»
MAXXPRS
FULLXP,
SCALXP,
MAXYPR»
FULLYP»
SCALYP»
XDIVSP,
FIAFR»
YDIVSP,
PLOT»
M1 4,
M310.,
XINTST>
XTICKS»
YINTST,
YTICKS,
C4430.,
C4311,
DOPR>
READP»
ERRCR»
C4200,
17>
EXNDPS

67009
6554
CLEAR
o
¢}
14}
CRLF
DIME
-3
o
2
-251
=275
-4
6
240

SCALE
-2
TRACE
MAXX
FULLX
SCALEX
MAXY
FULLY

322
301
316
307
385
256

SCALEY

XDIVS
FIX
YDIVS
PLOTX
-14
-316

QD

4430
4311
DO
READ

@
4200

~1708

END

/R
I, A
/N
/G
/E
/PERIOD

/POINTER ADDRESSES STdRED ON P&



G1lée 522
L0117 623
G120 Gond
G121 1400
0122 1660
9123 1334
.A124 1337
6125 4355
G126 4347
?127 1342
136 4369
9131 1355
0132 4214
1133 4344
0134 4217
%135 4393
mig 4383
G127 4388
D14m 4332
Blal 4263
Bl42 g2&o0
%143 2024
Blas 2054
G145 2100
G146 2137
6147 2273
Y1560 2321
G151 £34p
0152 2247
G153 2311
0134 1434
w155 1323
D156 2323
157 2334
G169 423%
G161 4247
G162 4222
0163 4366
4355

n12s5

M256,
TYPEPRS
ONE
CALTIPR,
POLYP,
TiPs
T2P»
AVTP,
THWOPRS
INVSTPS
AVALP,
LOGRPS
SAMI P,
R1Ps
RES1P,
TPR»
YPR»
DPR>
CONVEP,
YVALP,
SUTINPS
DNINP,
SETDNP,
UPINP,
SETUPP
STEPSP,
YCCRDP,
M144G,
MESSP,
PLOTPR,
CALTRPF,
MEANTRS
LOCGTP,
LOGMUP,
MAG2P.,
HALLZP,
HALL1IPS
CONVP.,.

-256
TYPE
1
CALTI
POLYEV
Tl
T2
AVT
TWO
INVST
XVALUE
LOGR
SAMT 1
R1
RES1
T
W
D
CCNVF
YVALUE
CUTIND
DNIND
SETDN
UPIND
SETUP
STEPNO
YCORD
-1440
MESS
PLOTP
CALTZ2
MEANT
LOGT
LOGML
MAG2
HALLZ2
HALL1
COnNv

/FINIS
/ZMNEMONICS USED

PLSF=6561
PLCF=6502
PLPU=6504
PLPR=6511
PLDU=6512
PLUD=6522
Pi.DD=6514
PLPL=6521
PLPD=6524
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