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INTRODUCTION

The AMI4RC diffractometer subroutine package, DSP1, was developed to allow a

PDP-8 computer with a 4K memory to control a 4-axis X-ray diffractometer in a variety
of step scan and integrated intensity measurements in the AMMRC program of materials
research. It is used in conjunction withthe AM¢ floain oi
deserftd in-.4tail iAMRC . which it uses for all calculations, input,
and output. The general functions of DSPI include storage and retrieval of scan
parameters, conversion of reciprocal space coordinates (for cubic systems) into
shaft angle settings, anti-backlash shaft positioning, and fixed time/fixed count
X-ray counting (with dead time correction), plus bookkeeping and manipulation to
repeat measurements for scans with either one (l-D) or two (2-D) sets of increments.
It is composed of 40 subroutines ranging from simple wait loops to complex operations,
with the addresses of 31 of these listed on page 0 for easy access, plus a minimal
interrupt routine. It also includes a few examples of programs for standard types
of measurements. The DSPI package occupies 978 words of memory, thus, DSPI and FPPI
together occupy 2079 words, leaving approximately half the 4K memory available for
data storage and other programming. As with FPPl, linkages for multiple field opera-
tions are left to users with more experience in extended memory systems.

We shall first summarize the particular diffractometer and computer interface
characteristics and instructions that are reflected in this package. Next, we de-
scribe the function and use of each subroutine, taken roughly in order of increasing
complexity. We then consider the examples of standard programs, outlining their use

in some detail. Finally, after a few other comments, we include a complete PAL III
pass 3 listing of the assembled package.

HARDWARE AND 1OT SPECIFICS

The diffractometer axes are driven by Slo-Syn stepping motors which have step

intervals of .0050 for the 20, 0, and X rotations and .010 for the 0 rotation. These
intervals are reflected in the conversion constants stored at 4745 ff.

The output pulses from the single channel pulse height analyzer of the X-ray
detection electronics are counted in the computer through a data break arrangement
that increments memory location 0037. There are no hardware provisions to clear
0037 or to detect its overflow. The time constant for count-rate dead time correc-
tions, DDTAU (3672), has been approximated as 4.0 w sec; it should be measured accu-
rately for the particular system. The counting circuit and the internal clock are
both gated by the same 'Enable' flip-flop.

The internal clock is based on a crystal-controlled clock operating at a
frequency of 9.600 kHz. When its gate is enabled, that clock output is scaled by
a 5-bit binary scaler to yield 300 pulses per second to set the clock flag. If the
Interrupt is on, setting the clock flag causes a program interrupt, and control
branches to the interrupt routine to identify the set flag and carry out the opera-
tions planned for that situation.

1. WALKER, C. B. FPPI, A Roting Pont Package for PDP-8 Computem Army Materials and Mechanics Research Center, AMMRC
TR 8347, August 1983.



The external counter/timer unit is started and stopped by the same 'Enable'
flip-flop that controls the internal clock and counting gates. It is reset by a

separate signal.

The teletype (TTY) motor can be turned off and on by a program-controlled
relay to avoid overheating during long runs.

The program commiands, called IOT instructions, that are provided to use this
hardware are as follows:

6311 - Skip the next instruction if the clock flag is not set.
6312 - Clear the clock scaler and clock flag, and turn ON the clock/count

'Enable' flip-flop.
6314 - Turn OFF the clock/count 'Enable' flip-flop.

6316 - Clear the clock scaler and clock flag, and turn OFF the clock/count
'Enable' flip-flop.

6321 - Increase the 20 setting one step.
6322 - Decrease the 20 setting one step.
6324 - Increase the Q setting one step.
6331 - Decrease the S setting one step.
6332 - Increase the x setting one step.
6334 - Decrease the X setting one step.
6341 - Increase the 0 setting one step.
6342 - Decrease the p setting one step.
6344 - Reset the external counter/timer unit.
6351 - Turn OFF the teletype motor.
6352 - Turn ON the teletype motor.

6354 - Unused.

Turning on the computer power establishes the following initial states: the
clock/count 'Enable' flip-flop is turned OFF; the clock scaler and clock flag are
cleared; the teletype motor is turned ON; and the Interrupt is turned OFF.

SUBROUTINES

The description of each DSP1 subroutine includes its name, a parenthesized Z

if its address is listed on page 0, its address, and a brief discussion of its func-
tion and usage, as follows:

WAIT (5345) - Do nothing for 2311 machine cycles, - .0035 sec. Used, for
example, to establish the pulse rate to the stepping motors.

PAWS (5354) - Pause for N wait loops, where -N is in the AC on entry..
TTYOF(Z) (5171) - Turn off TTY motor; pause I sec before exit.
TTYON(Z) (5362) - Turn on TTY motor; pause -1 sec before exit.

SFRMT(Z) (5062) - Set the standard output format: F8.3, with no automatic
following carriage return/line feed.

FCMIN (4714) - Set FAC to - 2-128; used to avoid division problems
when FAC = 0.

ARCSIN (4721) - Calculate sin -1 (FAC), and leave the result (limited to the
range, *I) in FAC. If FAC > 1 on entry, set FAC to- 2+565

so the angle will be ignored as exceeding diffractometer limits.
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TRICR(Z) (5000) - Tricrement (i.e., add three to) locations VI and V2; used in
manipulating a series of sequentially stored 3-word floating
point numbers.

DO3A(Z) (5114) Do the program between JMS D03A and JMS D03B three times,
Da3B(Z) (5122) tricrementing VI and V2 after each pass. V2 must be preset

before entry; VI may be either preset (then AC = 0) or carried
in AC on entry to DO3A. These delimit a 3-cycle DO loop for
operations on 3 sequentially stored variables, e.g., vector
components.

READA(Z) (5011) - Input an angle (in deg) which is converted to motor steps
with the multiplier at the address in V2 and stored at the
address in V; V and V2 are tricremented before exit.

TYPEA(Z) (5025) - Output the angle (in deg) stored at the address in V1, after
conversion from motor steps using the multiplier at the
address in V2; VI and V2 are tricremented before exit.

RSTAS(Z) (4210) - Input (in deg) a set of angles - 20, X, p - which are
converted to motor steps and stored in consecutive (floating
point word) locations, with the address of the first either
preset in V (so AC = 0) or carried in AC on entry.

READV(Z) (5130) - input vector components (3), which are stored consecutively,
with the address of the first (the vector address) either
preset in VI (so AC = 0) or carried in AC on entry.

SHFTV(Z) (5140) - Get the vector (3 components) with the vector address in V2
and store it at the vector address in V.

TYPEV( (5150) - Output the components of the vector with the vector address
in Vi.

ADDV(Z) (5160) - Add the vector with the vector address in VI to the vector
with the vector address in V2 and store the resultant vector
at the vector address in Vi.

MPYV (4671) - Form the scalar product of the vectors with the vector addresses
in V and V2, and leave the result in FAC.

MPYVH (4707) - Form the scalar product of the vector with the vector address in
VI and the diffraction vector H (vector address: 4532), and
leave the result in FAC.

TYPEX(Z) (4000) - If the vector address of the diffraction vector H is in AC on
entry, output the components of B; if the address of 20 is in
AC on entry, output (in deg) the set of angles: 2e, X, 0. Any
unwanted angle output may be suppressed by changing the
appropriate "4526" instruction to "4521."

TYCPS(Z (5073) - Output the corrected count rate, CPS (3700), in counts/sec.
TYCNT(Z) (5102) - Output the measured counts stored in HICNT, LOCNT (3676,

3677) in integer format 18; then reset for standard format.
RCOMI(Z) (4200) - Input an integer <4096 and exit with its complement in AC.
CTLMT(Z) (4173) - Input a preset count limit (in units of 4096), an integer not

to exceed 2047. This limit will apply to all the scans in a
programmed series of measurements.

TMLMT(Z) (3707) - Input a preset time limit (in sec) which is converted to scaled
clock pulses and stored at the address in V1. Each scan in a
programmed series has its own preset time limit.

DFLMT(Z) (5036) - Input (in deg) the set of diffractometer angle limits -
20upper, 2Blower, Xupper, Xlower - which are converted and
stored as TTHU (5232), etc.

3A



XTAL(Z) (4400) - First, input the Miller indices specifying the direction in the
single crystal of the vector N parallel to the 4 axis of
rotation (NIIH when X = 0); next', input the Miller indices
specifying the direction of the vector P perpendicular up from
the diffraction plane when X =(P = 0. These are normalized and
stored, along with the derived components of the 3rd orthogonal
vector, T = P x N. Input, finally, the value of A/2ao, where X
is the X-ray wavelength and ao is the unit cell edge. This
routine, and the routine ANGLE discussed next, are used to
calculate the 29, x, and ( settings for a given position of the
diffraction vector H in reciprocal space. They apply only to
crystals with cubic symmetry.

ANGLE(Z) (4600) - Calculate, convert to motor steps, and store the set of angles -

20, X, (p - for a given diffraction vector H and the crystal
specifics entered with XTAL using the algorithms:

2e = 2 sin-l(IHIX/2a o ) = - tan-l(Ht/Hp)

X = sgn(H p) tan-l[(Ht2 + H p 2)/Hn] .

H and its components along N, T, and P are all in units of
ao-l.

LIMIT(Z) (5200) - Test whether 2e and X are within the specified diffractometer"
angle limits. If either angle is outside its limits, exit
the subroutine normally; if both are within their limits, exit
to the second instruction after the subroutine call.

MOVE (5272) - Change a specified angle by N motor steps, where the integer N
is in HORD, LORD (0045, 0046) on entry. If N < 0, a 40-step
overrun and runback is added so that the final motion is towards
increasing angle, as an anti-backlash provision. The address of
the TOT instruction to decrease that angle one step is in LIMIT
(5200) on entry. Rotation is at a constant rate, -280 steps/sec,
without initial or final ramping.

RUNOVR (5332) - Add -40 to the integer in HORD, LORD; used in MOVE above.
STEP(Z) (5246) - Move (anti-backlash) the three diffractometer angles from

their current settings, stored in TTHO ff, to their new settings,
stored in TTH ff. The angles changed are those whose lOT step
instructions are the first three pairs of entries in the table
beginning at 5370.

CNTADD (3727) - Update the count stored in HICNT, LOCNT by transferring the
contents of the data break counter, DBCNTR (0037), to LOCNT
and incrementing HICNT if the new LOCNT number is smaller
than the previous one (i.e., DBCNTR has overflowed). When
updating is done at each clock interrupt, missed overflows
should occur only for count rates -1O6 counts/sec, and at such
rates dead time losses are already prohibitively large.

COUNT(Z) (3600) - Count X-ray pulses (using CNTADD) up to the preset time or
preset count limit, whichever is first, and calculate and
store in CPS the X-ray count rate corrected for dead time
losses. This uses the interrupt routine, changing the
response address to select the actions appropriate to the
begin, run, and stop phases as needed. This is the only use
of the interrupt facility in this package.

4



CLEAR(Z) (3717) - Clear various flags and registers identified in the PAL III
listing. This is a first step in most programs.

BASIC(Z) (4163) - This block routine incorporates the following routines needed
at the start of most measurements: clear flags and registers;
input diffractometer angle limits; input the current diffrac-
tometer angle settings; input the preset count limit; and set
the standard output format.

INDTS(Z) (4222) - This block routine handles input and storage of the data
defining the various 1-D or 2-D scans in a desired series of
measurements. Input, first, the number of scans in the series.
For each scan in turn, input its preset time limit, the three
initial settings (angles or components of H, depending on the
type of scan), the increments for each variable in a scan step,
and the number of such steps. For 2-D sca-i, input also the
second increments for each variable, and the number of these
second steps. A switch address, SWADD (4257), is preset to
treat the data as angles or as components of H; all the scans
in a series must be of that same type. If 2-D scans are
involved, for which AC = 7777 on entry, the data for all scans
must have the 2-D format; in this case, a real I-D scan is
achieved by having 1 as the second step number. These data
are stored sequentially in two series; namely, the floating
point numbers in locations 1600 thru 3477 and the integers in
3500 thru 3577 (see STOREZ, ISTORZ, and COUNT). That storage
is sufficient for a series of 32 2-D scans or 45 I-D scans.

GTNDS(Z) (4262) - Bring the data defining the next scan to be run in the series
from storage to the appropriate active program locations.
Retrieves data stored by INDTS.

SCNET(Z) (4321) - This block routine carries out the complete programmed series
of step scan measurements. The data defining a scan are
retrieved, and for each point on that scan, the diffractometer
angles are calculated and positioned, the X-ray intensity is
measured for the preset time (or preset count), and the results
are typed out. This is repeated for each of the programmed
scans. The output at each point consists of the three variables
(angles or components of H, as per scan type), the measured
count, and the count rate (counts/sec) corrected for dead time.
In angle scans, any unwanted angle typout may be suppressed by
a program change as discussed in TYPEX, but note that this
suppression applies to all of the scans in the series.

SCINT(Z) (4020) - This block routine carries out a complete programmed series of
integrated intensity scan measurements. These are 2-D angle-
type scans similar to those of SCNET, but, for each second
increment step, the measured count rate (corrected for dead
time) is summed over all points in the set of first increment
steps, and the single line of output for that pass consists of
its three initial angle settings (unwanted typouts suppressed
as discussed above) and its integrated corrected count rate, I.
By presetting ANGX (4153) and PPRX (4154) to refer to an angle A
given a significant second increment, an average value of A is
also calculated at the end of the scan; a final line of output
gives, first, a sum of the products, (I-B)*A, over all second
increment steps, then a sum of I-B over all such steps, and
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finally, from their quotient, the average valie of A. B is a
preset integrated background cutoff; the quantities (I-B)
for any second step are included in the calculations only if
( I-B)>0.

STANDARD PROGRAMS

Complete programs of four different types have been included in this package
for both their usefulness for standard measurements and calculations and as examples
of how to program using DSPI.

Program I, with Start Address (SA) = 0312, calculates the angles, 20, X, and
p, that correspon(' to a given diffraction vector H for a cubic crystal of specified
orientation and X/2a o. It is used, for example, to calculate the angles at various
checkpoints to verify the accuracy of diffractometer angle settings during a series
of measurements. One enters first the crystal specifications: the components of N
and P and the constant, A/2a o (see XTAL). Then input of any set of components of
H (in units of ao- 1) gives rise to output of the corresponding values for 2e, X,
and V (in deg), in that order, and the program jumps back to await the next vector
H. As an illustration, we consider a crystal with [111] parallel to the ( axis,
[211] up vertical to the diffraction plane when X = ( = 0, and with X/2a o = 0.23858,
and we want the angles corresponding to the vector, (HI, H2, H3) = (2.25, 2.25,
1.25). The TTY printout could look as follows:

1 1 1 -2 1 1 0.23858)

2.25 2.25 1.25 109.300 -13.818 60.000

where indicates input of the non-printing character, carriage return.

The three programs involving intensity measurements all begin with the same
initialization, JMS I BASICZ, in which one first enters the set of diffractometer
angle limits (29u, 2e, Xu, Xt), then the current diffractometer angle settings
(290, Xo, 4o), and finally, the preset count limit. The angles are in degrees, and
the preset count is in units of 4096 counts. A typical TTY printout of this
initialization, with carriage returns to improve appearance, might look as follows:

160. 5. 16. -55;

120. 0. 0)

1 00

Program II carries out step scan measurements with three angles as variables.
These may be either 1-D scans (e.g., scans with a given A2e), for which SA = 0330,
or 2-D scans (eg., scans with a given A29, repeated w ith X incremented by AX), for
which SA = 0323; the different Start Addresses allow registers and switches to be
preset without manual intervention. After initialization, INDTS is used to enter
the scan data - the number of scans in the series, and for each scan, the preset
time, the initial angle settings, the first angle increments, the number of such
steps, and for 2-D scans, the second angle increments, and the number of these
second steps; preset times are in seconds, and angles are in degrees. The routine
SCNET carries out the programmed series of measurements, outputting for each point

6



the three diffractometer angles (in deg) (sc, iYPEX for the suppression of unwanted
angle typouts), the measured count, and the count rate (counts/sec) corrected for
dead time. The program then halts at 0340. The three angles controlled by this
program are those whose negative and positive lOT step instructions are stored as
pairs in locations 5370 thru 5375, given here as the standard set, 2A, X, and
V. If program control of 9 is needed, its pair of 1OT instructions (now in 5376,
5377) must be substituted manually for one of the other pairs (if 2 replaces
JP, one must also change the number in 4753 from 0015 to 0016), and one must remember
afterwards to reestablish the standard set expected in other programs. As an illus-
tration, a TTY printout of the data input after initialization for a 20 step scan
from 970 to 1030 in .050 intervals, with 10-second counts at each point, bracketed
by 100-second background counts at the start and finish, could look as follows:

100. 97. 0 0 0 0 0

10. 97. 0 0 .05 0 0 121

100. 103. 0 0 0 0 0 1

The present data storage (see INDTS) will allow a series of up to 15 such background/
scan/background sets. A double space separates the output of each separate scan.
A single space would separate the output for each second increment step in a 2-D
scan.

Program III is similar to program II, except that the variables are the com-
ponents of H (in units of ao-1 ) rather than the three angles. One can run a series
of 1-D scans (linear scans in reciprocal space), for which SA = 0351, or a series
of 2-D scans (points on planar nets), for which SA = 0343. After initialization,
one first enters the crystal specifications (see program I above); next, INDTS is
used to enter the scan data - the number of scans in the series, and for each scan.
the preset time, the initial vector components (HI, H2, H3), the component increments
in step 1, the number of such steps, and for 2-D scans, the component increments
for step 2, and the number of those second steps. The routine SCNET then carries
out the series of measurements, outputting for each point the vector components

(HI, H2, H3), the measured count, and the count rate (counts/sec) corrected for
dead time. The program then halts at 0362. As an illustration, the TTY printout
of the data input after initialization for a 2-D rectangular net scan in the (110)
plane containing the (222) reciprocal lattice point for the crystal specified in
program I, with 30-second counts at each point, could look as follows:

I 1 1 -2 1 1 0.23858)

30. 2.05 1.90 1.90 .01 .01 .01 11 -.02 01 .01 11;

The net intervals here are .01[11 and .01[7111.

Program IV carries out integrated intensity scans with three angles as vari-
ables. These are 2-D type scans as in program II, but for each second increment
step the corrected count rate is summed over all points in the set of first
increment steps. This is used, for example, to determine lattice parameters from

7
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single crystal reflections. After initialization, INDTS is used to enter the scan
data - the number of scans in the series, and for each scan in turn, the preset
time, the initial angle settings, the angle increments for step 1, the number of
such steps, the angle increments for step 2, and the number of these second steps.
Finally, an estimate of an integrated background rate, B, is entered. The routine
SCINT then carries out the series of measurements, outputting for each step 2 in a
scan its three initial angle settings (see TYPEX for the suppression of unwanted

angle typouts) and its integrated count rate, 1, with a final line after each scan
giving first a sum of products, Cl-B)*A, over all step 2, next a sum of (1-B),
over all step 2, and then, from their quotient, an average value for A, where A is
a preselected angle given a significant second increment (see SCINT). After all
scans are completed the program halts at 0376. The integrated background, B, is a
cutoff value (the quantities (I-B) are included in the calculations only if (l-B)0I]
that applies to all scans in the series, thus, the actual backgrounds for all the
scans in a series should be similar if this is to be useful. The TTY printout of
the data input after initialization differs from a 2-D program II printout only by
one final entry, B, so an illustration is unnecessary.

DISCUSSION

DSPI was developed to control a 4-axis X-ray diffractometer in a variety of
diffuse-scattering and integrated-intensity measurements on single crystal samples
where only three axes are actually under program control at any one time. Control
of the usual three axes - 29, )(, and 9 - was sufficient for most of this work, and
the changes to include Q1 in the controlled set in place of one of the others could
easily be made by hand; consequently, we have not tried to extend the routines
further. DSP1 can also control a variety of experiments on an X-ray powder diffract-
ometer (e.g., line profiles), though for such cases one surely can produce a signifi-
cantly smaller control package of comparable effectiveness by eliminating the several
routines and quantities appropriate just to single crystal work.

The stepping of each axis from one position to the next is done at a constant
rate, -280 steps/sec (i.e., 1.4 deg/sec for 20, )(, or S1, and 2.8 deg/sec for (P),
with no gradual acceleration at the start or deceleration at the finish (i.e.,
ramping). Spot checks of angle positions during and after runs over several days
in our experiments showed that the Slo-Syn motors were able to respond at that rate
without errors. The loading of the various axes here was not large, so if heavy
loads (e.g., cryostats) are to be driven, one should recheck this point.

The DSP1 programming is all on a single level, with no attempt to exploit the
computer interrupt feature to carry out two tasks "simultaneously," such as calcula-
tions and pulse counting. As the package is now arranged, almost all of the time
during pulse counting periods is spent idling (jumping in place), waiting for the
next clock flag interrupt. That time could be used for other tasks by more sophis-
ticated programming, with a possible increase in the effective dead time as the
only anticipated drawback. In our uses, the non-counting time has been such a small
fraction of the total run time that there has been no incentive to try that approach,
but in experiments involving shorter measurements or longer calculations, it could
offer a significant improvement.



The present package has reserved locations 1600 thru 3577 for storage of scan
data. This leaves more than 700 locations in a 4K memory that are not used or

reserved by DSPI and FPPI and that are available for further data storage or for
program additions and improvements. The user is urged to regard this package as a
flexible tool, to which additions and modifications should be made freely to fit

changing needs and as a rewarding educational exercise.
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/J'JS1 A dAf*. MINIMUM. A FE4 EAMPL~b CF POiAMb
/FOR 4iAN)AXN OPEHAI!ON:: AxE INCLUDED).

~~am 3032 L)CA 4ChAVJE
3002 5433 JMP' I INIII
0003 6312 CU12P 6312 /CLEAk CLOCK FLAU
0004 1032 C'JIh iAU ACSAVE
030to 6001 ION
0006 5400 Jip I a
007 7000 70

*0015
OA15 0'aA AUals 0

*0.432
0032 JOOO ACbAVEP. h
0033 0200 INhIT INikI
00334 0033 CLOCK* 0U12
4035 000 Vim
0036 d030 V2o 3

0431 OOJ UCNIIR. 0 /VAIA 61rLAiA CCUNIE>
W44 0000 EXIs 0 /AMMKC hrPr~1 UJSES Oje3Is Ovll1
4041a 003h ACIH# A /A4i) d44 lHNOJ6i 00v64e
0042 0000 ACILP j

0030000 OVEISN1 a
0044 0000 EXP 0

0345 603 HCfcDo 0
9046 0.430 LCkDp 0
0047 0000 CVik2s 0
0454 0003 QJCL. a
6351 0060 LOCI* 0
0.452 0000 LOC2P
00'.-)3 oaA) LCC3a 0
0654 0003 NIJECv 0003
0055 4010 NDIUi. h036
0056 oa2/ NdkA, 0021
0051l 0000 NHRIHI& 0

06O 66.4 N~kL~j

0062 7310 READ, 7310
0.463 711? fYiPE# 117?

6664 !)724 CkLFs 12
00613 45-3? HIZP HI /KE gepfus bicrAGE Aubksbtz
0066 350 IS)OLI 3504
0661 1600 SIONEL. 1600
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072 4167 1. 118~

0073 toI 6A ADUVZ* AUDV /bJbCU IINE AVDKb.l~
3014 4600 ANiiLEZ& ANGLE

0075 4163 HASICZP tjA, I C
0016 3711 CLEAxZ. CLEAx
0017 3600 CC'JNLL. COtJNI
6310,3 4113 CILMi,1J CiLMI
ol~i 5036 LUgLMI,1, UFLMI
0102 5114 03A Z DO 3A
01063 5122 U0C3Hl 8 Zv 03td
0104 4262 G I NDSZ a G INDZ

0105 4222 INDISZ& INDI3,
0106 5200 LIVII11-a LIMII
01 4200 RCOMlZ* kCCMI
0110 5011 mEAL)AZ& REAL)A

0111 5130 kEAIJVZ& KEAUV
0112 4210 kSIASZP R.S1 IA
0113 4020 bCIN]Za 6C IN I

0114 4321 SCNEI1. bCNj~j
3115 5062 5FRM31. biNMI
-3116 5140 SHF'iVZ& bHFIV
03117 5246 -SiEPZP SIEP
0120 3137 TMLM]1. IMLMI

0322 5113 IIYCFL. 11YCIF

J 123 5362 11YCNZ. I IYON
0124 5102 JYCNiZ. 1 YC1,43
312:) 501 3 IYCPSI. iycpb
0326 ,.325 IYPEAI. 1YPEA
0127 5150 IYPLid1. iYPL.V
0130 4000 TYPEXL. IypkEx
3131 4403 XIALe. M1AL

j2oo 6311 1NIrnJ, 6331 /b(1rl 1IF NO CLCK~ iLAkj
0201 5434 JMP I CLCC(

020 3 7410 A
02B4 4462 JMS I ,*.AI

0205 6042 lCF

0206 5044 imp Ouil

/PKCGHAM LAMPL~b

0332 4476 JMS I CLEAkZ

031 E474 CNIH JM13IJAGLEI

03717 )D(M



0320 4530 JMS I 1YPEX.
0321 4464 JMb I CRLF
0322 5314 JMp SCNIIH-2

/

/.CAN BY ANGLE INCtREMENIa

0323 4475 JMS I HAzICZ /2-V SCAN b|AHI

0324 1112 lAD Rb I A, 4

0325 3741 OCA I SWADI.
0326 7040 CMA

0321 5333 JMP . 4

J1330 4475 JM. ) I HASICZ /1-L) SCAN SjAiJ
0331 1112 FAD IAbZ
3332 3141 DCA I '-jdALDI

0333 4505 JMs I IND--z

0334 1001 lAD 0001

033t) 3742 OCA I SWADV2

0336 1071 [AD 1iHZ

0337 4t)14 JMb I SCNEIZ

0340 7402 HLI
0341 4257 SWADD i SWAVL)

0342 4334 SWADD2. SCN1I
/

/SCAN 4Y kECIeKOCAL SPACE VECIOk INCx"MENIb

0343 4415 JM. I dAb1C/ /2-b SCAN b1AN!
0344 4531 JMS 1 XIALZ
0345 1111 lAD NEADV4
0346 3741 UCA I .4ADDI
0347 7040 CMA

0350 5355 JMP 0+5
0351 4475 JMb I iAbICZ /1-D iCAN 'IAHI

0352 4531 JMS I XIALZ
0353 1111 IAD .kEADVZ
0354 3741 DCA I SlIJAUd
0355 4505 JM.'1 I INWJISZ

0356 1316 lAD bCNllH
0357 3742 DCA I SWADD2

0360 1065 lAD HIZ

0361 4514 JMb I bCNEIZ

0362 7402 HLI
/

/INIEGRAIING 'SCAN
0363 4475 JMS I BAbICZ
0364 1112 IAD kbIASZ
0365 3741 DCA I SJADDI / PKESEJI "IYPEX" W ELIMINAIE
0366 7040 CMA / USELESS PkINiOlzo
0367 4505 JMb I IND bZ.
0370 4407 JMs 1 0007 / PkIE EI "4NUX" ANU "iePkX" 10
0371 0010 0010 / REF k 10 SECOND INCiHEMENI ANGLE

0372 6777 FPUI I 6KGNUI
0373 0000 FEXi

0374 1071 IAU IIHZ

0375 4513 JMb I SCINI

0376 7402 HLI

0317 4414 BKk(N I.) BKGND
/

12i
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*3600

3600 0000 COUNT# 0
3601 4317 JMS CLEAk
3602 4407 JM I 0001
3603 5302 FG1 LOCLK /SEl REGISIEkS /0 POkL.E1 1lME
3604 0012 NEGAIE
3605 6300 FPU'! CPb
3606 3000 FEXI
3607 1217 TAD CLKCO
3610 3034 DCA CLOCK
3611 2302 1SZ LOCLK
3612 7000 NOP
3613 3037 DCA DHCNIN /CLEArk DATA BREAK COUNIER
3614 6312 EcTN2# 6312 /b1AkI CLOCK AND COUN[
3615 6001 HINI* ION
3616 5216 JMP / IDLING
3617 3620 CLKCOI CLKCI
3620 4327 CLKCI, JMb CNIADD
3621 2302 ISZ LOCLK
3622 5231 JMP CNICK
3623 2301 ISZ HICLK
3624 5231 JMP CNICK
3625 1230 CLKSW, TAD CLKCI
3626 3034 DCA CLOCK
3627 5214 JMP k1N2
3630 3636 CLKCI, CN1S1P
3631 1276 CNICKs lAD HICN1
3632 1305 lAD MAXCI
3633 7713 SPA CLA
3634 5214 JMP RIN2
3635 5225 JMP CLKSW
3636 6316 CNTS.IP 6316 1SOP CLOCK AND CCUNi
3637 4327 JMS CNIADL)
3640 1302 TAD LOCLK
3641 1304 TAD LOIIM
3642 3060 DCA 0060
3643 7004 RAL
3644 1301 fAD HICLK
3645 1303 lAD HIIIM
3646 3057 DCA 0057
3647 4407 JMb I 0007
3650 0013 FLOAI
3651 6300 FPUI CPS
3652 5275 FGEl XCNT
3653 7000 FNOR
3654 3267 FMPY CLKRAI
3655 4300 FDIV CPS
3656 6300 FPUI CPS /COUNI HAlE (C.P.S.)
3657 3272 FMPY DDIAU
3660 0012 NEGATE
3661 1706 FADD I ENO
3662 0014 INVER]
3663 3300 FMPY CPS
3664 6300 FPUJ CPS /COUNJ HATE CORREClED FON DEADIIME
3665 0000 FEXI
3666 5600 JMP I COUNT
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3667 0011 CLKRA1, 3011 /300 CLOCK SIGNAL! PEN SECOND

3670 2260 2260
3671 0000 0000
3672 7757 DDIAU, 7757 /bYbiEM DEAD lIME* PkESE1 HERE

3673 2061 2061 /Ab 4.00 MICROSECCNDS
3674 5736 5736

3675 0021 XCNJI 0027

3676 0000 HICNI. 0

3677 0000 LOCNI# 0
3700 0000 CPS# 0
3701 0000 HICLKP 0

3702 0000 LOCLKs 0

3703 0000 HITIM, 0

3704 0000 LOTIMP 0

3705 0001 MAXC s 0

3706 5666 ENO, 5666
3707 0000 IMLMT, 0 /INPJl PkEbEl TME (SEC.)
3710 4407 JMS I 0007
3711 0010 0010
3712 3267 FMPY CLKhA]
3713 0015 FIX

3714 6435 FPUI I VI
3715 000 FEXI
3716 5707 JMP I IMLMI
3717 0000 CLEANa 0 /CLEANS IHE FOLL04ING:
3720 6032 KCC / AC AND KEY8OArD FLAG
3721 6042 ICF - IELEPRINIEx FLAG

3722 6344 6344 / EXIEkNAL EJ1IPMLN[
3723 3276 DCA HICNI / COJNT HI-REGI.iEkI
3724 3277 DCA LOCNi / COUNT LO-kEGISIEk
3725 6316 6316 / CLOCK FLAG AND SCALER
3726 5717 JMP I CLEAR

3727 0000 CNIADD, ) /UPDAIE COUNI kEGISIEkb

3730 1037 lAD DBCNIk

3731 3307 DCA IMLM'i
3732 1277 lAD LOCNI
3733 7450 SNA /WAS LASI READING ZERO?
3734 5343 JMP .7 /YEbs OVERFLOW NOf POSSIBLE

3735 7141 CLL CMA IAC
3736 1307 TAD lMLMI
3137 7430 SZL /NEJ READING 3 OLD?

3740 5343 JMP **3 /YEbv NO OVERFLO4

3741 2216 ISZ HICNJ /NO, COkRECI FOR OVERFLOW
3742 7000 NOP
3143 7304 CLA CLL
3744 1307 lAD IMLM1
3145 3271 DCA LOCNi /S i01'E NEW READING
3746 5727 JMP I CNIADU
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*4000
40@0 0000 TYREX# a /QUIPUI ULFFHACiOMEIEEItIlINtib
4001 3035 OCA VI
4002 1035 1AU V1 /ENlEk gliM I IN AC 10 OJIePUI
4003 7041 CMA IAC /ikEC1PW~CAL S,'ACE COOkUhINAlk.5
4004 1065 lAV HIZ
40035 7640 S)ZA CLA
4006 5211 JMP e+3
4(307 4521 JMb I IYPEVZ
4010 5600 JMiF I IYPEX
4011 1211 lAD PPIK112 /ErN1I.t 411H kIIH IN AG IC OJIrhJI
4012 3036 UCA V2 /ANGL~b hW0-IHEIA* CHI* PHI
4013 4526 JMb, I IYPEAZ /"JMb I UkICRZcL = 4521 IN ANY
4014 4526 JM!S I IYPEAZ /0f JHESE 10 ELIMINAIE ]HIAI
4015 4526 JM4 I 1YPEAZ /,?H1NIOI (JIll, CHI* P~HI)
1016 5600 imp' I IYPEX

40203 0000 SC IN I a /MiNE~kAIINU 'XAN kOUiINE
4021 45034 JMb I G 114)SL
4022 4464 JM.S, I CLf /SJM.: C0JN1 AS ANULE.3 bIEP 8Y
4023 3331 OCA SUIM3 /INCR. #I& 0iJIP~lb INIEAirAL
4024 33403 DCA SUM3+1
4025 3341 UCA 'iUM3+2 /kEPEA~b WITH INITIAL AN61LEb
4026 3342 DCA &iM 2 /SPIFJE) BY INCH. #2
4027 3343 DCA SUM2+I
4030 3344 VCA SUM2.2
4031 45)15 SCIN2a JM S I b9RMIz /FINAL IJI(PJI: 5.JM 0F PkOUUCIS'
4032 1011 iADI) 1HZ /CINlEbRAL ABOVE HACKv6NU lIMEiD
4033 4200 JAS 1Y'PEX /VdAL'JE OF ANGLF GIVEN INCko #2);
4034 1055 TAD NOIU /. JM OF INIEGtRAL ABOVE bACK(GNU;
4035 1335 IAD EXIRA /rcAfIO = AVERAGE VALUE FCik ANGLE
4036 31355 OCA NVIG IGIVEN INCH. #2
4(337 4522 JMS5 I tlYOFl
40403 3345 L)CA sum
4041 3346 DCA StJM~l
4042 3341 UCA SUM+2
4043 1753 TAD I NINCN2
4044 3200 OCA IYPEX
4045 4517 SCINI# JMS I 61EPZ
4(346 4411 JMb I CCdUJlZ
40347 4407 J'4s 1 0037
4050 1345 FADD bUM
49351 6345 Fpu1 Slum
4052 6751 Fpul I CeS2
405~3 00300 FExi
4054 1352 TAU) DIld
4055 3336 L)CA V2
41356 1071 lAU 1111
4057 4473 JMS I ADDVZ
4360 2200 IsL 1YiE x
4061 5245 JMP SCINI
4362 4401 JMS 1 0437

4-363 5751 F6EI I CP)
4-364 2736 FSU b I br(UNUi2
406b 634t) FPUI bU.M
4066 03 FE91
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4067 10 45 lA) HOxD

4370 1710 SPA CLA

4071 5304 JMP SCINO

4372 44h7 JMS I 0337

473 1342 IADD SJM2
4314 6342 FPU] SUM2
4375 5753 FGEI 1 ANGX

4076 4754 FDIV I PPkIX
4077 47 5 Fi)IV I kDULUI
4100 3345 FMPY SUM
4101 1331 FADD bUM3

4102 6337 FPJT SIJM3
4103 0300 FEX
4104 4523 SCINO, Jb I n YONZ
4105 4525 JMS I IYCPbZ

4106 4464 JM5 I CRLF
4107 1356 TAD D2HIU
4110 3036 DCA V2

4111 1357 lAD HOIU
4112 4473 JM. I ADi.VZ
4113 1357 TAD HOIW
4114 3036 DCA V2

4115 1071 lAD 1iHZ
4116 4516 JMS I SHF1VZ

4117 2760 1SZ I N2NCR2
4120 5231 JMP SCIN2
4121 4407 JMb 1 0007

4122 5337 FGEI SJM3
4123 4342 FUI V SIJM2
4124 6345 FPUI SUM

4125 0000 FEXI

4126 1361 tAD SUM3P

4127 4527 JMs I IYPEVZ
4130 4515 JM5 I SFRMIZ
4131 4464 JMS I CNLF
4132 2762 ISZ I ERNCNII
4133 5221 JMP SCINI+l
4134 5620 JMP I SCINI

4135 0010 EXIRA, 0010
4136 4414 SKGNU2# BKGND
4137 0000 SUM3. 0
4140 0000 0
4141 0000 0
4142 0000 SUM2* 0
4143 0000 0
41,44 0000 0
4145 0000 SUM, 0
4146 0000 0

4147 0000 0
4150 4554 NINCH2# NINCR
4151 3700 CP52, CPS

4152 4543 DIHIUP DIHI

4153 4767 ANGXs I HO /(CHIJ),P (PHIO)
4154 4745 PPHXP PPR'I I/CPCpCH), (PFiPH)

4155 5022 RDPUGIA HUPDEG
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4156 4566 D2HIU# 02H3
4157 4555 HOILJD Hot
4160 4577 N2NCk2# N2NCR

4161 4137 SUM3Po SUM3
4162 4261 RNCNIt. kNCNT
4163 0000 UASICP a /8A!)IC b]AR1UP XOUl1NE
4164 4416 JMS I CLEARZ
4165 4501 JMS I UFLM~I /'ITHU* IIHLi9 CHIds CHIL (DEG*)
4166 t672 TAD 11HOZ
4167 4512 JMb I NSIAbZ /IIHO, CHI0# iPHIO (iJEti)
4110 4373 JMS CILMI /PkEbI COJNT
4171 4515 JM.S 1W k'm I
4172 5163 JMP I BA.SI C
4173 0000 CILMIP 0 /INPJ3 PkEbEf COtJNI (UNIJl: 4096)
4174 4507 JM6) I 1RCOMIZ /NtJMdEI bHOUiLD dE v 2048
417 5 3777 UCA I MAXCII

4176 5173 JMP I ClLMI
4177 37035 MAXCAR, MAXCI

4200 0000 kCOMI* 0 /ihEAUs COMPLEMENI INIEIk (44096)
4201 4407 JM5 1 0001 /EXIi 411IH COMPLEMENi IN AC
4202 0030 0010
4203 0015 FIX
4204 0000 FEXI
4205 1046 [AD LORD
4206 7041 CMA IAC
4201 5600 imp I k~COm1
4230 0000 RSIASe 0 .'READ# SIOJRE ANGLE SEl

4211 7440 5ZA
4212 3035 UCA V1
4213 1221 1 AL PPklI3
4234 3036 DCA V2
4215 4510 JMS I REAUAZ
4216 4510 JMS I READAZ
421 4510 JMS I READAZ
422a 5610 JMP I k~lAS
4221 4745 PR[13av PRI1
4222 0000 INDf So 0 IINpui DAIA
4223 3260 DCA DIMSW /AC = 7777 FOR 2-0 CASE.b
4224 4200 Jmsi RCOMI /NOe OF DAJA 4Ei'S
4225 3262 DCA G IND5
4226 1262 fAD GTNDS
4227 3261 LJCA kNCNI
4230 3067 JAL) S1OREZ
4231 3035 DCA V1
4232 1066 IAD 1.SIORZ
4233 3321 UCA SCNE1
4234 4520 INDIl, JM5 I TMLMIZt /'Hk~Ebl lImE (:)ECO)
4235 4523 JM5 I IHICRZ
4236 4651 JM:) I SW~ADD /b1A'c1IN6i VALUEb
de31 4657 IND12# JMS I SvIADD /INCiREMENib
4240 4200 JMS fiCOMI /NO& OF blEP5

4241 3721 DCA I SCNEI

4242 2321 ISZ ' ,Nj
4243 2260 ISZ DIMSW 1 /bECON) 1NCkEMEN1b?



4244 5250 JMP e+4 /NO

4245 7344 CLA CLL CMA HAL /Yib

4246 3260 DCA DIM- 4

4247 5237 JMP INV12

4250 2262 [bZ GIN US /CME VAIA Si15?

4251 5234 JMP INDI I

4252 1066 lAD ISIORZ /NC* F INIsHED

4253 3200 DCA RCCMI /sEI rCIN]Ekb

4254 1061 TA. SrOHEL

4255 3210 DCA kSIAS

4256 5622 JMP I INUl)

4251 0000 3.ADD, 0 /b4IICH L.D

4260 0000 VIMS,)d, 0

4261 0000 kNCNT. a

4262 0000 GINDS, 0 /GI NEXI bAIA z. Ei

4263 7440 SZA

4264 3257 UCA SMALV)

4265 1210 lAD lAb

4266 3036 DCA V2

4267 4407 JMS 1 0007

4270 5436 FElI I V2

4271 6120 FPUI I LOCLKI

de72 000s) FEX1

4273 4521 JM: I lk]CkZ

4214 1257 TAD S4AUL

4275 4516 JMS I SHFI1VZ

4276 1374 )AU WIHIT

4271 4516 G NDI JMS I SHFIVZ

4300 1600 1A) I RCOMI

4301 3435 DCA I Vi

4332 2203 1S RCOMI

4303 2035 15Z V1

4304 1036 TAD V2

4305 3213 DCA H )AS,]N

4306 2260 Isz DIMbw /skCCND INCNEMPNIS?

4307 5662 JMp I GIN INO

4310 1257 lAD SWADU /fEb

4311 3036 DCA V2

4312 4516 JMS I sHFI1VZ

4313 7344 CLA CLL CMA )AL

4314 3260 DCA DIMSW

4315 1210 lAD H b l AS

4316 3036 DCA V2

4317 5277 JMP GINDI

4320 3102 LOCLA4I* LOCLK

4321 0000 SCNEIi 0 /SCAN ON 1-D ON 2L- NtI

4322 4262 JMS 6INVb

4323 4464 JMb I CitLF

4324 5331 JMP *+5

4325 1313 SCNIP* TA) HOI

4326 3036 DCA V2

4327 1257 lAD bAADD

4330 4516 JMS I bHFIVZ

4331 4464 JMb I CkLF

4332 1775 1AD I NINCkl

4333 3222 DCA INUIS
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4334 4474 SCNTI. JMS I ANUL.Z /"NOP" FOm ANGLE NE"I
4335 4506 JMS I LIMITZ
4336 5356 JMP bCN10
4337 4517 JMS I SiEPZ
4340 4522 JMS I I IYOFZ
4341 4417 JMb I COUNIZ
4342 4523 JMb I TIYON,
4343 1257 lAD 54ADD
4344 4530 JM I 1YPEAZ
4345 4524 JMS I 1YCNiz
4346 4525 JM I IYCPS
4347 4464 JMS I CRLF
4350 1374 lAD DIHII
4351 3036 DCA V2
4352 1257 TAD SdADD
4353 4473 JMS I ADDVZ
4354 2222 IbZ INDI.
4355 5334 JMP SCNIi
4356 2260 SCN10. ISZ DIM3
4357 5370 JMP GONXI
4360 7040 CMA
4361 3260 DCA DIMbw
4362 1376 lAD D2HI1
4363 3036 L)CA V2
4364 1373 TAD HOl3
4365 4473 JMS I AUDVZ
4366 2177 ISZ I N2NCR!
4367 5325 JMP SCN'i2
4370 2261 GONX1. ISZ RNCNI /ALL UAIA bElS DONE?
4311 5322 JMP SCNEI /N
4372 5721 JMP I SCNEI /YEb
4373 4555 HOIT. HOI
4374 4543 O HI"1, DIHI
4315 4554 NINCRI, NINCk
4376 4566 D2HI 1 D2HI
4377 4577 N2NCkl N2NCk

*4400
4400 0003 XIALs 0 /INPU9 CkYbIAL UAIA
4401 1272 lAD NIl
4402 3321 DCA 91
4403 7144 CLL CMA RAL
4404 3322 DCA 1I.1
4405 1321 lAD 11 INIPU1 AND NOkMALI-E NI, N2* N3
4406 5212 JMP , 4
4407 0000 LO2A, 0 /LAMBDA/2A biCkAGE. FOR EASY
4410 0000 0 /ADLkESb
4411 0003 0
4412 4511 JMS I kEADVZ
4413 1321 lAD 11
4414 3035 VCA VI
4415 1035 iAD VI
4416 3036 DCA V2
4411 4613 JMb I MPYVI
4420 4401 JMb I 0001
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4421 0002 io0 o
4422 6324 FPU1 12

4423 O0a0 FEXI
4424 1321 JAD II
4425 452 JMS I DO3AL
4426 4407 JMb I 0007
4427 5435 FtEI I VI
4433 4324 FDIV 12
4431 6435 FPJI I V!
4432 0000 FXI
4433 4503 JM Z I 0038Z
4434 1035 1AD vI /1NJl AND NrmALIZE PIP t'2. P3
4435 3321 DCA I)
4436 2322 ISL 11+
4437 5205 JMP XTAL+*
4440 4407 JMZ, 1 0001 /CALCJLAIE its 12# 13
4441 5302 FGE N2
4442 3316 FMPY P3
4443 6321 FPU1 I

4444 5305 i,.J N3
4445 3313 fMP3Y P2
4446 2321 F.UH 11
4447 6321 FPUI II
4450 5305 i iE1 N3
4451 3310 FMPY eI
4452 6324 FPUi 12
4453 5277 FG~i NI
4454 3316 FMPY P3
4455 2324 F.'jd 12
4456 6324 FPO) 12
4457 5277 FUEi NI

4460 3313 I.MPY P2
4461 6321 FPJI 13
4462 5302 FGi N2
4463 3310 FMPY P1

4464 2321 F.SIJ 13

4465 6321 FPUI 13
4466 031 00 1 / NPUi LAM1dLA/2A
4467 6207 FPUJ L02A

4470 0043FkX
4471 5600 JMP I AIAL
4472 4477 NITP NI
4413 4671 MPYVI# MPYV
4414 0000 BKGN) 9

4475 0003 0
4476 0000 0
4471 0003 Nis 0
4530 000 0
4501 0303 0

45h2 0000 N2• 0
4503 0 3, 0
4514 0000 0
454 5 0AA0 N3* 0

4536 000.3 vi
4501 00'3 0
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4510 0043 Pl. 0

4511 0330 0
4512 0 3 a,21 0

4513 0333 P2# 0

4514 04001 3

4515 0003 0

4516 0003 P3# 0

4517 0333 V
4520 0343 0
4521 - 3 l' 4 0

4522 0003 0

4523 O3M
4524 0030 12.
4525 0000
4526 0003 0

4527 0003 13. 0

4530 0030 0
4531 3h3a
4532 3033 HI* 0

4533 &303 3

4534 0003 0

4535 0000 H2,
4536 0000 0

4537 0000

4540 000 H3.

4541 0030 0

4542 0000 D
4543 000 DIHI A

4544 0003 j

4b45 003 H
4546 0000 DIH20
4541 0300 0

4550 0003 a

4551 00030 IH3, 0

4552 0000 3
4553 3000 v

A554 3300 NiNCi<. 3

4555 0000 HAI* 3

4556 O330 3

4557 0000 0

4560 0000 H020 V3

4561 0000 3

4562 0000 i
4563 3000 H03P 0
4564 0000 0

4565 0000 3
4566 0000 D2HIO j

4561 3000 0

4510 0000 0

457 1 0000 D2H2, 0

4572 0000 0

4573 0000 0

4574 0000 D2H3. 0

4575 0000 0

4576 0000 0

4577 0030 N2NCN* 0
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*4600
4600 0000 ANGLEm 0 /CALCULATE SHAVi ANGLkb FOX

4601 1264 IAD NIP /A UIVEN VECION H

4602 3035 OCA VI

4603 4307 JMs MPYVH
4604 4665 JMb I AMN[7

4605 4314 JMS FCMIN

4606 4407 JMS I 0007
4607 6361 FPUI CHI

4610 0000 FEXI
4611 4307 JMs MPYVH

4612 4665 JMS I AMNI1

4613 4314 JMS FCMIN

4614 4407 JM5 I 0007

4615 6356 FJPUI I[H

4616 0001 3UJARE
4617 6364 FPJT PHI

4620 0000 FEXI
4621 4307 JMs MPYVH

4622 4407 JMs 1 0007
4623 6266 FPU1 Y
4624 00031 SUAXE

4625 1364 FADD PHI
4626 0002 SRO0i
4627 4361 FDIV CHI

4630 0005 ARCTAN

4631 3350 FMPY PPhCH
4632 0000 FEXI

4633 1357 lAD IIH.i

4634 7710 SPA CLA

4635 4663 JMS I ACNEG7
4636 4407 JMS 1 0007

4637 6361 FPUi CHI /CHI (MOICK .

4640 5266 FGEI Y

4641 4356 FDIV 11H
4642 0005 ANCIAN

4643 3353 FMPY PPRPH

4644 0012 NEGATE
4645 6364 FPJI PHI /PHI CMOIOk SIEP.)
4646 0000 FEXI

4647 4307 JMs MPYVH
4650 4407 LO2AIa JMS I 0007
4651 0002 S(UROOT
4652 3650 FMPY I LO2AI

4653 0000 FEXI
4654 4321 JMS ARCbIN

4655 2044 ISZ EXP

4656 7001 SMALL* 7001 /AN ADDkEbs. NO EFFECT ON CALC

4657 4407 JMS 1 0007

4660 3345 FMPJY PPRIT

4661 6356 FPII IH /IO-IHEIA CMOIOk 5iEPS)

4662 0000 FEXT

4663 5600 ACNEG7s JMP I ANGLE
4664 4477 NIP# NI

4665 6655 AMNIT. 6655
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4666 0000 Y, 0
4667 0000 0

4670 0400 0
4671 0000 MPYV, 0 /MA(E,) SCALAR PkCOJC] OF VECTC,"r.

4672 3044 DCA EXP / AI'H AUAEnES IN Vl AND V2

4673 3045 DCA HORD

4674 3046 DCA I OkL)
4675 4502 JMb I DO3AZ
4676 4407 JMb I 0001

4677 6706 FPU I Al
4700 5435 FiGEL I Vi
4701 3436 FMPY I v2
4702 1706 FADD I X

4703 000 FEXA
4704 4503 JMb I DO3BZ
4705 5671 JMPr I MPYV

4706 5734 Xl 5734
4107 0030 MPYVH, 0
4710 1065 LARGE* TAD HIZ
4711 3036 DCA V2

4712 4271 JM. mpYV
4713 t107 JMP I MPYVH
4714 0000 FCMINP a /SEl FAC = 2**-128
4715 4407 JMS I 10001
4716 5656 FGEI I SMALL
4717 0000 FEXi
4720 5714 JMP I FCMIN

4721 0000 ARCSIN, 0 /AHCSINE
4722 1044 lAD EXP
4723 7740 SMA bZA CLA 1IF FAC > 1, bEI FAC = 2**56,
4724 5340 JMP JNREAL
4725 4407 JMs 1 0001

4726 6266 FPUI Y
4727 3266 FMPY Y

4730 0012 NEGAIE

4731 1744 FAOD I EIN
4732 0002 bW OC1
4733 0014 INVERI
4734 3266 FMPY Y

4735 0005 AkCIAN
4736 0000 FEXI
4737 5721 JMP I ARCbIN
4740 4401 UNREAL* JMS 1 0007

4741 5310 FGET LAkGE
4742 0000 FEXI
4743 5721 JMP I AHC:IN
4744 5666 EINP 5666
4745 0016 PPFRii 0016 /(230*180/pI)
4746 2630 2630
4747 3117 3117
4750 0016 PPRCH, 0016 /C230*lBO/PI)
4751 2630 2630
4752 3117 3117
4753 0015 ppkPH, 0015 (I 0*1 8r'I )
4754 2630 2630
4755 3117 3117
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4756 
0 a 

0 
I 

fH , 
0

4757 0000 a
4160 0000 0

4161 0000 CHI* 0

4762 0000 0

4763 0000 0
4764 0000 PHI, 0
4765 0000 ;
4166 0000 0
4167 0000 1 IHJ, 0
4-70 0000 0
4771 0000 0
4772 0000 CHIO, 0
4773 0000 0
4774 0000 0

4775 0000 PHIO 0
4776 0000 0

4717 0000 0

*5000

5000 0000 THICH, 0 /IkICXEMENiS VI AND V2
5001 1035 TAD VI

5002 1210 TAD C3

5003 3035 DCA VI

5004 1036 (AV V2

5005 1210 lAD C3
5006 3036 DCA V2

5007 5600 JMp I lxIICR
5010 0003 C3. 0003

5011 0000 READA, 0 I[NPUi ANGLE (DEu.), CONVEhd 10

5012 4407 JMS 1 0001 /MO10H blEP4# AND ,10r&
5013 0010 0010
5014 3436 FMPY I V2
5015 3222 FMPY RDPDEG

5016 6435 FPJ I VI
5017 0000 FEXi
5020 4200 JMS IRICR

5021 5611 JMP I HEADA
5022 7773 RDPUEG# 7173 /(PI/180)
5023 2167 2167

5024 6432 6432
5025 0000 [YPEA, 0 /CONVEki ANULL FkiCM MOi01 bIEt~ 10

5026 4407 JMs 1 0001 /OEGkEEb AND OUTPdJI 11.

5027 5435 FGEJ I VI

5030 4436 FDIV I V2

5031 4222 FDIV RDPDEG

5032 0011 0012

5033 0000 FEXI
5034 4200 JMs TRICR
5035 5625 JMP I 1YPEA
5036 0000 DFLM1, 0 /INPUI UIFFRACTOMEIEN LIM1161

5037 1254 IAD PPkll /11HJ* I1HLs CHIUP CHIL (UEi.b)
5040 3036 UCA V2

5041 1255 lAD I1HUI
5042 3035 DCA VI

5043 4211 JMb kEADA
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5044 1254 IAD PPRI|I

5045 3036 UCA V2

5046 4211 JMS READA

5047 4211 JMb HEADA

5050 1256 lAD PPNCHI

5j5l 3036 UCA V2

5052 4211 JMb hLAVA

5053 5636 JMP I DFLMI

5054 4745 PPRI il PPHNI

5055 5232 I1HUI a u

t506 4150 PPkCHI3 PCH
5057 0000 6 /UNUSED

5060 0000 0

5061 0000 1

5062 0000 FxMIp 0 /sEi b1ANA U OJ]PJ1 FONMAU

5063 1271 IAD ND /F8.3. NO FCLLOI[NG Ck-LF

5064 3054 DCA ,064

5065 12 lAD NI

066 3055 DCA 00o5

5067 3061 DCA 0061

5070 5662 JMp I ,)FMI

5071 0003 ND* 0003
5012 6010 Nip 0010

5013 0000 IYCPSo 0 IOUPUI COUN| <AIE

5074 4401 JM5 I 0007

5075 5101 FGEi I CPtl

5016 0011 001

5077 0000 FEXI

5100 5673 JMP I [YCpb
5101 3700 CPSI CPS

5102 0000 TYCNI. 0 /OUIPUI COUNI (I.OrMAI [8)

5103 3054 DCA 0054

5104 4407 JMb 1 0001
5105 5713 FGEI I XCNII
5106 7000 FNOR

5107 0011 001

5110 4000 FEXI
Sill 4262 JMb 5FRMI /kEbKE 10 SIANUArk) iCMAI

5112 5702 JMP I IYCNI

5113 3675 XCNI"! XCN]

5114 0000 D03AP 0 /IlHkE6 CYCLE UO-LOOP

5115 7440 5ZA

b136 3035 UCA VI

5117 7146 CLL CMA kilL

5120 3321 DCA DOCNI

5121 5714 JMP I D03A

5122 0000 DO3Hv 0

5123 4200 JMS ilICk

5124 2327 IbZ UOCNI
5125 5114 JMP I L03A

5126 5122 JMP I .038

5127 0600 DOCNI& a

5130 0000 RLADVs 0 /INPU Vb"CIOH (3 COMPONENI-)

5131 4314 JM5 V03A

5132 4407 J'1s I 0001

5133 0010 0010
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5134 6-435 FPuI I Vl
5135 0000 F£XF
5136 4322 JMS D031J
5137 5733 JMP I REAVV
5140 010h SHF IV# 0 IH IF VECTON
5141 4314 JMb DO3A

5142 4407 JMS I 01J1
5143 5436 FUEf I V2
5144 6435 FPJ3 I VI
5145 0300 EXl

5146 4322 JM. D036
5147 5740 JMP I SHFIV
515h 0300 i YPEV& a tOtJ[Pdj V"CO1c
5151 4314 JMS DO3A
5152 4407 JMh I 0 01
5153 5435 F(EI I Vl
5154 031 0011
S155 100 FEXI

5156 4322 JMS D03-
5157 5750 JMp I IYPEV
5160 a030 AUDV* 0 /AhL) 140 V"C1Otm
5161 4314 JM.S DO3A

5162 4437 JMS I 3047
5163 5435 FGhI I VI

5164 1436 FADD I V2
5165 6435 FPJl I V!
5166 000h FEXI
5167 4322 JM .D03-4
5170 5160 JMP I ADDV
5171 030 IrYOF, 0 /iUaN ilY OFr"
5172 6351 6351
5173 1316 lA TMLAG2
5174 4717 JMS I PAWbl /4AII ONE SECOND
5175 517 J-1P 1 iiY 0 "
5176 7400 TMLAG2* 74a3
5177 5354 PA451, PAWS

,5201a

5200 3313 LIMITP 0 /IESI IF 1IH ANI CHI Adke WIIHIN
5201 44317 JM. I 3JJ7 /SPECIFIED LIMIIb, If NO. EXIi
6202 5232 FGE1 IIHU /NONMALLY, IF Yb EXII 10
5203 2411 FSUB I iiHZ /bECON) INIRUCIION.
5204 6633 FPUi I IMP3
5205 5471 FGEi I IIHZ
5206 2235 FbUH IIHL
5207 3630 FMPY I 1M?3
5210 000 FEXT
5211 1045 lAD HOkd

5212 1713 SPA CL
5213 5600 JMP I LIMII
5214 4407 JMb I 0007
5215 5240 FGEI CHIU

5216 2631 FSJlj I CHII

5211 6630 FPUI I IMP3

5220 5631 FGE1 I CHII
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5221 2243 FSUB CHIL
5222 3630 FMPY I 1MP3
5223 0000 FEXI
5224 1045 [AD HOkD

5225 7700 SMA CLA

5226 2200 ISZ LIMIT

5227 5600 ACNEG6, JMP I LIMIT
5230 5745 TMP3& 5745

5231 4761 CHII* CHI
5232 0000 1 IHUP .
5233 0000 0
5234 0000 0
5235 0000 IrHL, 0

5236 0000 0
5231 0000 0
5240 0000 CHIUs 0
5241 0000 0
5242 0000 0
5243 0000 CHILs 0

5244 0000 0
5245 0000 0
5246 0000 SlEPj 0 /MOVEb (ANIIBACKLASH) iHREE AXES

5247 1070 lAD IIHNPZ /10 NEW POSI'lIONb
5250 3200 DCA LIMII
5251 1072 lAD TiHgl
5252 3036 DCA V2

5253 1071 IAD T1iHZ
5254 4502 JMS I DO3AZ
5255 4407 JMs [ 0007
5256 5435 FGEJ I VI
5257 2436 FSUB I V2
5260 0015 FIx
5261 6630 FPJI I iMP3
5262 7000 FNOR
5263 1436 FADD I V2
5264 6436 FPUI I V2
5265 5630 FGEI I IMP3
5266 0000 FEXJ
5267 4272 JMS MOVE
5270 4503 JMS I D03dZ
5271 5646 JMP I STEP
5272 0000 MOVE* 0 /A8-MOVE AXIS (HOHD.LOIKU) llEPb
5213 4731 JMS I AMN16 /15 FAC = 0?
5274 5326 JMP NOGO /YES*, NO MOi ION
5275 1045 TAD HOkD
5276 7700 SMA CLA
5277 5303 JMP .*4
5300 4332 JMS RUNOVl /FAC ; 0 OVERRUN AND l.UNHACK
5301 7040 CMA
5302 5305 JMP .3

5303 2200 ISZ LIMIl /FAC > 0
5304 4627 JMS I ACNEG6
5305 3044 DCA EXP /Ad kJN8ACK SWIiCH
5306 1600 TAD I LIMII

5307 3312 DCA PULSE
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5310 7410 SKP
5311 4345 JMS WAI 1
5312 0000 PULSEP 0 /MOiO PULSE
5313 2046 IbZ LORD
5314 5311 JMP PULSE-I
5315 2045 ISZ HORD
5316 5311 JMP PULSE-I
5317 2200 ISZ LIMIT
5320 2044 lhz EXP /kUNSACK NEEEL?
5321 5672 JMP I MOVE 1NO UONE
5322 1276 lAD MOVE*4
5323 4354 JMb PAWS /WAIl A FakAClION OF A SECONL)
5324 4332 JMb RUNOVR
5325 53J6 JMP PULSE-4

5326 2203 NOGOs I!Z LIMIT
5327 2200 IbZ LIMIT

5330 5672 JMP I MOVE
5331 6655 AMNT6* 6655

5332 0000 RUNOVk* 0 /ADDb -40 10 HCKdU*LOtrd
5333 7300 CLA CLL
5334 1344 lAD M40
5335 1046 lAD LORD
5336 3046 DCA LOAD
5337 1420 bNL
5340 7040 CMA
5341 1045 [AD HORD
5342 3045 DCA HORD
5343 5732 JMP I RUNOVR
5344 7730 M40, 71130
5345 0000 WAIl1 a /WAI1 2311 CYCLES =0035 SEC*

5346 1353 lAD NWAII
5347 3047 DCA OVEF2
5350 2041 1.zZ OVEk2
5351 5350 JMP 0-I
5352 5745 JM P I WAIl
5353 6400 NWAIT* 6400
5354 0000 PAWS, 0 /PAUSE N WAIl LOOPb* WHEhE -N IN AC
5355 3332 DCA RUNOVK /ON ENiKY
5356 4345 JMb 4AIl
5357 2332 IS. RUNOVX

5360 5356 JMP *-2
5361 5754 JMP I PAWJ5
5362 0000 IIYONv 0 /IUkN 11Y ON
5363 6352 6352
5364 1367 IAD IMLAU
5365 4354 JMS PA4b /WAII ONE SECOND
5366 5162 JMP I iiYON
5367 7400 IMLAG, 7400
5370 6322 i[lHNP, 6322 /11H NEG MOIOR PULSE
5371 6321 6321 /JIM PCso to

5372 6334 CHINPP 6334 /CHI NEG. to

5373 6332 6332 /CHI P05* of

b374 6342 PHINP# 6342 /PHI IVUG. to

5375 6341 6341 /PHI POa. " "

5376 6331 OMGNP# 6331 /0MG NEG, "

5377 6324 6324 /OMG Pos, of
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ACNL66 5221 LIMSA 4263 LOCLA 37.32
ACNG 1 4663 DOCNI 5121 LCLb(I 43,,
ACSAVE 0032 UO 3A 5114 LOCNI 361

ACIH J041 DO 3AZ 3102 LOC1 351

ACIL 54- 038 5122 LOC2 J052

ADJ 5163 DO3Z 0103 LOC3 3353

A[JVJ/U . L3!HI 4543 LORD 0346

AMN16 5331 DIHIT 4374 LOTIM 3704

AMN I'l 4665 DIHIJ 4152 L02A 4431

ANG L E 46:10 L) I H2 4546 L02Ai 4650
AviLE . 0014 DIH3 4551 MAXCI 3135

ANGX 4153 L)2HI 4566 mAxC I 4117

ARC IN 4721 D2H II 4376 MOVE 5272

AJi ! 0015 L2HILU 4156 MPYv 4671

H 8IC 4163 D2H2 4571 MPYVH 4701

HASIC Z Ali 15 D2H3 4t14 MPYVI 4473

HK NL) 4474 EIN 4744 M40 5344

8KGND1 0377 ENO 37,36 NBRHI 3)37

bKt3ND) 4136 EXP 0044 N8RLO 0050

CHI 4761 EXikA 4135 N RX 0,356

CHIL 5243 EXI 0040 ND 5071

CHINNP 5372 FCMIN 4714 NEDC 0054

CHIU 5241 GONXI 4310 NDI G 0055
CHIO 4772 GINUS 4262 NOGO 5326

CHII 5231 GI'NDbZ 0104 NI 5412

CLEAR 3711 GINDI 4277 NAI t 5353

CLEARZ 0076 HICLK 3101 NI 4471

CL)(CI 3620 HICN] 3616 NINCX 4554

CLKCJ 3617 HIIIM 3703 NINCRI 4375

CLKCI 3630 HOr D 3345 NINCR2 4150

CLKA1 3667 HOI 455 NIP 4664

CLKKS 3625 HOIi 4373 Nil 4472

CLOCK ,3 34 H.3 I U 4157 N2 45.2

CN1ADD 3121 H02 4560 N2NCk 4511

CNICK 3631 H03 4563 N2NCRI 4371

CN iSP 3636 HI 4532 N2NCR2 4160

COUN41 3600 HIZ 3365 N3 4505

COUN1Z 0077 H2 4535 OMGNP 5376

CPS 3700 H3 4540 Ouft 0004

CPS1 5101 INDTS 4222 OU12 0043

Cp52 4151 INDISZ 0105 OVERI 0043

CxLF 0064 INVI 1 4234 OVER2 0047

CILMI 4173 INDI2 4237 pAS5 5354

CILMTZ 0100 INIP1 0333 PAWs1 5177

C3 5010 INIRI 020 PHI 4764

Di3CNTk 0037 :j] ORZ 0366 PHINP 5374

DDIAU 3672 LANGE 4710 PHI0 4175

DFLMT 5936 LIMIi 5233 PPRCH 4753

DFLMIZ 0101 LIMI1Z 0106 PPRCHI 5056
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ppIN 4753 SUM3P 4161

PPRI1 4745 S',ADD 4257

PPRITI 5054 SAUiD 0341

ppRT2 4017 SWADD2 0342

pPNl1
3  4221 SWITI 0061

PpHX 4154 1MLAG 5367

PUL k. 5312 1MLAG2 5116

P1 4510 TMLMT 3707

P2 4513 1MLMIZ 0120

P3 4516 TMP3 5230

QUOL 0050 TRICR 5000

HCOMI 42-30 
IRICRZ 0121

f COM I Z 3107 T1H 4756

RUPDEG 5022 1 iHL 5235

RUPDG 1 4155 1IHNP 5310

REA) 0062 TfHNPZ 0070

READA 50110 ITHU 232

READAZ 0110 IHUI 5055

READV 5130 T1HZ 3071
READV Z 0111I IIHO 47 67

fiCNT 4261 'iHOZ 0072

HNCN1I 4162 TiIYOF 5171

RS1AS 4210 1- 1YOFZ 0122

kSTASZ 0112 iYON 5362

RiNI 3615 1 iYONZ 0123

TN2 3614 TYCN1 5102

RUNOVR 5332 TYCNTZ 0124

SCINI 4320 TYCPS 5073

bCINl E 01 13 TYCPSZ 0125

SCINO 4104 TYPE 0063

SCINI 4045 TYPEA 5025

sCIN2 4031 i"YPEAZ 0126

SCNE[ 4321 1YPEV 5153

5CNE]Z 0114 jiypEVZ 0121

SCNIO 4356 yPEX 4000

SCNIl 4334 1yPEXZ 0130

sCNT!H 0316 TI 4521

SCNT2 4325 12 4524

SFRMT 5062 13 4527

SFRMZ 0115 UNHEAL 4743

sHF]V 5140 v 0035

SHFIVZ 0116 V2 0036

SMALL 4656 WAIT 5345

STEP 5246 XCNT 3615

STEPZ 0117 xCNTI 5113

S1OREZ 0067 XTAL 4400

SUM 4145 XTALL 0131

SUM2 4142 XI 4"06

bUM3 4137 y 4666
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