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INTRODUCTION

The AMMRC 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 with the AMMRC floating point package, FPPl,
descxdbed in-ddtail iAMMRC TRA3=47 A& ¥hich it uses for all calculations, input,
and output. The general functions of DSPl 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 (1-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 DSPl package occupies 978 words of memory, thus, DSPl and FPPl
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 IOT SPECIFICS

The diffractometer axes are driven by Slo-Syn stepping motors which have step
intervals of .005° for the 268, Q, and X rotations and .01° for the @ 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 u 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- H
tions planned for that situation.

1. WALKER, C. B. FPPI, A Floating Point Package for PDP.-8 Computers. Army Materials and Mechanics Research Center, AMMRC
TR 8347, August 1983.
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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 commands, called IOT instructions, that are provided to use this

hardware are as follows:

6311
6312

6314
6316

6321
6322
6324
6331
6332
6334
6341
6342
6344
6351
6352
6354

- Skip the next instruction if the clock flag is not set.

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

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

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

- 1Increase the 26 setting one step.

- Decrease the 20 setting one step.

- Increase the Q setting one step.

- Decrease the Q setting one step.

- Increase the X setting one step.

- Decrease the X setting one step.

- 1Increase the ¢ setting one step.

- Decrease the ¢ setting one step.

- Reset the external counter/timer unit.

- Turn OFF the teletype motor.

- Turn ON the teletype motor.

- 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 ~1 sec before exit.

TTYON(Z) (5362) - Turn on TTY motor; pause ~)] sec before exit.
SFRMT(Z) (5062) -~ Set the standard output format: F8.3, with no automatic

FCMIN

following carriage return/line feed.
(4714) - Set FAC to ~ 27128; used to avoid division problems
when FAC = 0.

ARCSIN (4721) - calculate sin~l (FAC), and leave the result (limited to the

range, +3) in FAC. If FAC > 1 on entry, set FAC to~ 2+565
so the afigle will be ignored as exceeding diffractometer limits.
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TRICR(Z)

DO3A(Z)

D03B(2)

READA(Z)

TYPEA(Z)

RSTAS(Z)

READV(Z)

SHFTV(2)
TYPEV(Z)

ADDV(Z)

MPYV

MPYVH

TYPEX(2)

TYCPS(Z)
TYCNT(Z)

RCOMI(Z)
CTLMT(Z)

TMLMT(Z)

DFLMT(Z)

(5000)

(5114)

(5122)

(5011)

(5025)

(4210)

(5130)

(5140)
(5150)

(5160)

(4671)

(4707)

(4000)

(5073)
(5102)

(4200)
(4173)
(3707)

(5036)

Tricrement (i.e., add three to) locations V1 and V2; used in
manipulating a series of sequentially stored 3-word floating
point numbers.

Do the program between JMS DO3A and JMS DO3B three times,
tricrementing V] and V2 after each pass. V2 must be preset
before entry; V1l 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.

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 V1; V1 and V2 are tricremented before exit.

OQutput the angle (in deg) stored at the address in V1, after
conversion from motor steps using the multiplier at the
address in V2; V1 and V2 are tricremented before exit.

Input (in deg) a set of angles - 20, X, ¢ - which are
converted to motor steps and stored in consecutive (floating
point word) locations, with the address of the first either
preset in V1 (so AC = 0) or carried in AC on entry.

Input vector components (3), which are stored comnsecutively,
with the address of the first (the vector address) either
preset in V1 (so AC = 0) or carried in AC on entry.

Get the vector (3 components) with the vector address in V2
and store it at the vector address in VI,

Output the components of the vector with the vector address
in V1.

Add the vector with the vector address in V1 to the vector
with the vector address in V2 and store the resultant vector
at the vector address in VI.

Form the scalar product of the vectors with the vector addresses
in V1 and V2, and leave the result in FAC.

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

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

Output the corrected count rate, CPS (3700), in counts/sec.
Output the measured counts stored in HICNT, LOCNT (3676,
3677) in integer format IB8; then reset for standard format.
Input an integer <4096 and exit with its complement in AC.
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.

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.

Input (in deg) the set of diffractometer angle limits ~
20yppers 291ower: Xupper» Xlower — Which are converted and
stored as TTHU (5232), etc.

v e e




XTAL(Z)

ANGLE(Z)

LIMIT(Z)

MOVE

RUNOVR
STEP(Z)

CNTADD

COUNT(2)

(4400)

(4600)

(5200)

(5272)

(5332)
(5246)

(3727)

(3600)

First, input the Miller indices specifying the direction in the
single crystal of the vector N parallel to the ¢ axis of
rotation (N||H when X = 0); next, input the Miller indices
specifying the direction of the vector P perpendicular up from
the diffraction plane when X =¢ = 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 x/2a,, where )
is the X-ray wavelength and a, is the unit cell edge. This ;
routine, and the routine ANGLE discussed next, are used to ]
calculate the 28, x, and ¢ settings for a given position of the
diffraction vector H in reciprocal space. They apply only to
crystals with cubic symmetry.

Calculate, convert to motor steps, and store the set of angles -
20, X, ¢ - for a given diffraction vector H and the crystal
specifics entered with XTAL using the algorithms:

20 = 2 sin~l(|H| A/ 2a,) ¢ = - tan"L(H /Hp) %

X

1
sgn(Hp) tan~1[(H 2 + sz)i/Hn].

H and its components along N, T, and P are all in units of

ag *t.

Test whether 26 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.

Change a specified angle by N motor steps, where the integer N
is in HORD, LORD (0045, 0046) on entry. If N < O, 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 IOT 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.

Add -40 to the integer in HORD, LORD; used in MOVE above.

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 IOT step
instructions are the first three pairs of entries in the table
beginning at 5370.

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 ~106 counts/sec, and at such
rates dead time losses are already prohibitively large.

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.
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CLEAR(Z) (3717)

BASIC(Z) (4163)

INDTS(Z) (4222)

GTNDS(Z) (4262)

SCNET(Z) (4321)

SCINT(Z) (4020)

Clear various flags and registers identified in the PAL 1II
listing. This is a first step in most programs.

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.

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~z, 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. 1If 2-D scans are
involved, for which AC = 7777 on entry, the data for all scans
must have the 2-D format; in this casc, a real 1-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 1-D scans.
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.

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.

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

o renir -




finally, from their quotient, the average valuie 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 DSP1.

Program I, with Start Address (SA) = 0312, calculates the angles, 20, X, and
¢, that corresponc to a given diffraction vector H for a cubic crystal of specified
orientation and A/2a,. 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, (see XTAL). Then input of any set of components of
H (in units of ao'l) gives rise to output of the corresponding values for 26, X,
and ¢ (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,
[Z11] up vertical to the diffraction plane when X = ¢ = 0, and with A/2a, = 0.23858,
and we want the angles corresponding to the vector, (Hl, H2, H3) = (2.25, 2.25,
1.25). The TTY printout could look as follows:

111 -211 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 (28,, 28, X, Xy), then the current diffractometer angle settings
(280, Xo» ®o), 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)

lOQ)

Program Il carries out step scan measurements with three angles as variables.
These may be either 1-D scans (e.g., scans with a given A28), for which SA = 0330,
or 2-D scans (e.g., scans with a given A28, repeated with 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 arc in degrees. The routine
SCNET carries out the programmed series of measurements, outputting for each point




the three diffractometer angles (in deg) (sco LYPEX for the suppression of unwanted
angle typouts), the measured count, and the count rate (counts/sec) corrected for
dead time. Thc program then halts at 0340. The three angles controlled by this
program are those whose negative and positive IOT step instructions are stored as
pairs in locations 5370 thru 5375, given here as the standard set, 2A, X, and

®. If program control of § is needed, its pair of IOT instructions (now in 5376,
5377) must be substituted manually for one of the other pairs (if 9 replaces

¢, 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 28 step scan
from 97° to 103° in .059 intervals, with l0-second counts at each point, bracketed
by 100-second background counts at the start and finish, could look as follows:

3
’
100. 97. 0 0 0 0 0 1
’
10. 97. 0 0 .05 0 0 121
/

100. 103. 0 O 0001)

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 11, except that the variables are the com-
ponents of H (in units of ao‘l) rather than the three angles. One can run a series
of 1-D scans (linear scans in reciprocal space), for which SA = 035!, 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 (Hl, 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
(Hl, 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:

111 =211 0.2385?)
')
30. 2.05 1.90 1.90 .01 .01 .01 11 -.02 01 .01 IL)
The net intervals here are .01[111] and .01[%11].
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




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, I, with a final line after each scan
giving first a sum of products, (I-B)*A, over all step 2, next a sum of (I-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 (I-B)>0]
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 1I printout only by
one final entry, B, so an illustration is unnecessary.

DISCUSSION

DSPl 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 - 28, X, and ¢ - was sufficient for most of this work, and
the changes to include @ 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. DSPl 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 1s done at a constant
rate, ~280 steps/sec (i.e., 1.4 deg/sec for 20, x, or §, and 2.8 deg/sec for ¢),
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 DSPl 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.
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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 DSPl and FPP] 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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/JDIFFRACIOME LEK SUBSROUIL INE PACKAGE - AMMKC bLb5PI
’
/ 12 JJLY 1983
)

/
ZiHIS IS5 A COLLECIION OF >SJBROUIINES 1C sIvePLIFY
ZARITING PRCGRAMS IC CONIRCL A IHREE-AX]S X-KRAY
7OIFFRACIOMEIERe [ USE> 1HE AMMRC FPPi FLCA(ING
/7PCINL PACKAuUE. |HE INIEKRUPI RCJIINE INCLJUDED 15
/7JJ51 A BARE MINIMUMe A rFEAd EXAMPLES CF PrROUKAMYS
/FCR SIANDARD QOPERAIICNS ARE INCLYJDED.
/

/
=331
3321 332 DCA ACSAVE
3402 5433 JMe I O INIPI
2223 6312 Cuwi2., 6312 /CLEAK CLCCA FLAG
2234 1432 CUl1, fab ACsAVE
233> 6921 ICN
2496 Saunn JuP | 3
2327 19909 71228
*A015
AA1S 0033 AUl a
*)A32
Jd32 39  ACSAVE, 2
PA33 2232 INIPT, INIKI
P34 7NIA23 CLCCK» Cuiz
JA35 3388 Vi, 3
@936 JIAD V2, p,|
W31 90NI3 DBCNIK, 4 /7DAJA nrtEAK CCUNIEK
A4d 382 EXl, 2 ZAMMKC FPP1 USES WdATs IA15,
Idal  JIA33  ACIH, Y, ZANU 4449 (1HRCUIGK N6 4.
2342 0P2IO ACIL» A
Ad43 J¥vA  CVERI, v,
a4 AIdd  EXP. 0}
V245 @233 HCKD, J
246 0BA33d LCKD, %]
NB4a7 Q033 CVEK2» 9
159 4232  QJCL, a
9251 2428 LOC1, J
352 2943 LOCC2» )
MS3 V3N LCCI, ]
Jd354 I3  NDEC, A3923
d255 3IAN1A NDIG» A313
256 AA21 NBRXs AR21
Od57 24072 NBRHI» "]
A6 0BA3 NHKRLO» A
JAa6l 1717 Sdlils 71717
2362 13712 READ, 13719
MN63 T112 1YPE, 1172
PAa64 HS124 CKLF, S7124
AN6S 4532 HiZ, H1 /KEY ACFU» SIORAGE ALULKESSES

9366 3530 I510nLs 3509
9261 1698 SI1CKREL, 1609

10




] 274 5313 1IHNPZ, ) IHNP

3a11 4156 11IHZ, I1TH
aar2 4161 L 1HAZ, 1i1H2
P913 S16A ADDVZ, ADDV /5JBRCUILI INE ADDKESSEDS

Mila a6Bd ANGLEZ, ANGLE
215 4163 BASICZ, HASIC
AAi6 37111 CLEAKZ» CLEAK
AA1TT 3648 CCUNIZ, COuUN t
Ald2 4113 CiLmizZ, citml
A1A1  SA36 LFLMIZ, DFLM]
21232 S114 VDO3AZ, D03A

P133 5122 DbDC3BZ, VC3p

A1B4 4262 GINDSZ, GIND>
D135 4222 INDISZ, INDI >
d186 52348 LIMliZ, LImI
31237 4223 RCOMIZ, rRCCM1
2119 5311 r~EADAZ., READA
111 S130 KEADVZ, xEADV
dlle 4218 KSIASZ, RSTAS
2113 4020 SCINTZ, SCINI
@114 4321 SCNE(Z» S5CNeETL
2115 5SN62 SFRMIZ, SFRM |
2116 S14an  SHFIVZ. SHF IV

2117 5246 SIEPZ, SI1EP
2120 3727  TMLMI1Z, IMLM |
2121 5833 IxkICKZ»  IKICK
@122 S1711  LIYCFZs 11 YOF
2123 5362 TI1YCNZs  11YON
at24a S102 1YCNiZ.  1YCNI
212> 5073 1YCPSZs IYCP>
2126 5225 1YPEAZ,  1YPEA
2127 S158 IYPEVZs  IYPEV
2130 4209 TYPEXZ» 1YPEX
2131 4483 XIALZ» xiaL
*2200
2200 6311 INIRKI, 6311 /SKIP IF NC CLCCK FLAG
3201 5434 JMP 1 CLCCK
9242 6931 K SF /5K1P IFf REAUEK FLAG SE
2223 1413 SKP
3224 4462 JMS 1 READ
2285 6842 §CF
#0206 5034 JMP QUi L
/
/PRCGRAM EXAMPLES
/
2312
/CALCULAIE 3-AXIS ANGLES
312 4416 JMS 1 CLEARZ
2313 4531 JM> 1 X1ALZ
2314 1865 1AL MIZ <
2315 4511 JMS 1 REALVZ T
@316 4474 SCNItHs  JMS | ANGLEZ s
2317 121} IAD )1HZ

11
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9320 4530 JMS 1 VYPEXZ
2321 4464 JMS 1 CRLF
8322 5314 JMP SCN11H-2
y
/5CAN BY ANGLE INCREMENIS>
9323 4475 JMS 1 BASICZ /2= SCAN 5>JAR])
@324 1112 1AD RSIASE
9325 3a7al DCA I SWADDI
2326 1040 CMA
@327 5333 JMP o+4
2330 4475 JM5 1 BASICZ /1=b SCAN 351AR)
@331 1112 TAD KS51A52
2332 314l DCA I SAALDI
2333 4505 JMS 1 INDI>Z
9334 1007 1AD 2907
@335 3742 DCA 1 $SWADL2
9336 1071 1AD 11HZ
9337 4514 JMs 1 SCNEIZ
0340 1422 HL |

3341 4257 SAADDI, S4ADU
¥342 4334 SWADD2, SCNT1

/
/7SCAN S3Y RECIPrCCAL SPACE VECIOK INCKREMEN]S
8343 4415 JMS 1 BASICL /72=-0D SCAN SiAani
@344 4531 JMs 1 XIALZ
2345 1111 JaD READV/Z
3346 37 4] LDCA 1 SWNADDI
A3a7 7949 cma
9359 5355 JMP e ¢S
0351 441715 JMS 1 BASICZ /1=-D SCAN SiAKI
352 4531 JMS 1 XlALZ
9353 1111 JAD KEADVZ
A354 37 4) DCA 1 swALLY
@355 4545 Jvs I O INUESZ
P356 1316 1AD SCNT1H
P357 3742 LCA 1 swADDL?2
@368 1465 1AD M1 Z
A361 4514 Jdms [ SCNETZ
9362 1402 HL |
/
ZINIEGRATING SCAN
2363 44715 Jms 1 BAsSICZ
2364 1112 JAD KSIASZ
0365 3741 DCA 1 SAADDI /7 PKESEIL IYPEX'"™ C ELIMINAIE
0366 1240 CmA /7 USELES> PKINICUlS
8367 4535 JMs 1 INDISZ ‘
9370 4401 Jms 1 0847 7/ PhESET "ANGX' ANbD "PPkX' 10 ‘
0371 2012 2019 / KEFEK 10 SECOND INCKEMENI ANGLE
2372 6717 FPUl 1 BKGNDI
@373 020 FEXI
@374 1071 IAD [1HZ
A37S 4a513 JM> I SCINIZ
2376 1402 HL |
@377 a4ala BKGNDI, BKGND ]
/ !
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3600
3601
3602
3603
%04
3605
3606
3607
3610
3611
3612
3613
%14
3615
%16
3617
3620
3621
3622
3623
3624
3625
3626
3627
3630
3631
3632
3633
3634
3635
3636
%37
36 40
3641
3642
3643
3644
3645
3646
3647
3650
3651
3652
3653
3654
3655
3656
3657
3660
3661
3662
3663
3664
3665
3666

4000
4317
4407
5322
ou2
6300
3909
1217
3034
2322
7000
3037
6312
6031
5216
3620
4327
2392
5231
2301
5231
1230
3234
5214
3636
1276
1305
7719
5214
5225
6316
43217
1302
1304
3062
1024
1301
1303
3057
44017
2013
6309
5275
70200
32617
4300
6300
3272
2212
1706
0014
3309
6300
0000
5629

+3699
COUNT,

RIN2,
RINI,

CLKC3,
CLKC1,

CLKSW,»

CLKC1.,
CNTCK»

CNTSTP»

2

JMS CLEAK
JMS 1 289291
FGE1 LOCLK
NEGAIE
FPUl CP»
FEXT

TAD CLKCO
DCA CLOCK
182 LOCLK
NOP

DCA DBCNIR
6312

IoN

JMP .
CLKC1

JMS CNIADD
152 LOCLK
JMP CNICK
ISZ HICLK
JMP CNICK
TAD CLKC1)
DCA CLCCK
JMP KIN2
CNISIP

IAD HICNI1
TAD MAXCI
SPA CLA
JMP RIN2
JMP CLKSW
6316

JMS CNTADD
TAD LOCLK
TAD LOIIM
DCA 2260
RAL

TAD HICLK
IAD HITIMm
DCA 2057
JdMs 1 2eo7
FLOAT

FPUT CPS
FGET XCNT
FNOR

FMPY CLKRAT
FDIV CPS
FPUT CPS
FMPY DDIAU
NEGAITE
FADD 1 ENO
INVERI]
FMPY CPS
FPUT CpPs
FEXI

JMP [ COUNI

7Sk}l REGISIERS FOr PRESET 11mME

/7CLEAK DATA BREAK COUNIER
/51AK1I CLCCK AND COUNT

7/ IDL ING

7S10P CLOCK AND CCuNi

Z/CCUNT RAIE (CePe35e)

/COUNI RATE CORRECIED FOR DEAD1 IME

13
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3661
3670
3671
3672
3673
674
3675
3676
36717
3102
3701
3102
3703
3104
3705
3706
3107
12T
ar
3712
3713
3714
3715
arié
3717
3720
312\
;22
3723
F24
3125
3126
3721
3730
3731
3732
3733
3734
37135
3736
3137
N 49
374l
3742
3743
3744
3745
¥ 46

201}
2269
00029
7757
2061
5736
8927
2309
0000
2022
2022
2000
2009
2200
2982
5666
20922
4437
2010
3267
2215
6435
2209
5791
o200
6432
6042
6344
3276
3217
6316
5717
2000
1037
3307
1277
7450
5343
7141
1307
71439
5343
2216
7000
7302
13217
3211
5127

CLXRAT,

bbiAav,

XCNJ,»
HICNI»
LCCNI»
CPS»
HICLK,»
LOCLK»
HITIM,
LOTIM,
MAXC1,s
ENO,
TMLMT,

CLEAKS

CNIADDS

2011
2269
1% 1)
1757
2061
5736
aae?

a
]

[V NS )

5666

%]

JMS 1 4907
gJ10

FMPY CLKRA1
FIX

FPUT I Vi
FEX1

JMP 1 IMLMI
2

KCC

ICF

6344

pCa HICNI
DCA LOCNI
6316

JMP 1 CLEAK
]

TAD DBCNIK
DCA [ImML™mI
TAD LOCNI
SNA

JMP o7

CLL CmA 1AC
TAD TMLM |
SZL

JMP «¢3

15Z HICNI
NOP

CLA CLL

1AD IMLMI
DCA LOCNI

JMP 1 CNiAbD

14

/7300 CLOCK SIGNALS PEK SECOND

/5YSIEM DEAD TIME, PrRESE1 HEKE
/A5 4.90 MICKOSECCNDS

ZINPJ1 PRESEIL [IME (SECe)

/CLEAKS THE FOLLOWING:

AC AND KEYBCARD FLAG
lELEPKINIER FLAG
EXIERNAL EJQUIPMENT
CCUNT HI-REGISIEK
CCUNT LO-KEGISIEK
CLCCK FLAG AND sSCALER

NN NN NN

/UPDATE COUN1 REGISIERD

/WAS LASI KEADING ZERO?
/YE>» OVERFLOW NOI POSSIBLE

/NEA READING > CLD?
/YESs, NO QVERFLOW
/NOs CORRECI FOR OVEKFLCW

/5TOKE NEW KEADING

Bt T N I ARGIRY - - W K5 8 M B e almes eeoon
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4300
4001
4002
4003
P04
4995
4306
4297
4010
49011
aM2
4013
a)1 4
4915
16
4217
4329
2021
4922
4923
424
49295
4026
QP27
43230
4031
4032
4333
4334
4335
436
4437
4349
4341
4342
4343
4244
4345
ad a6
4341
43592
4351
4952
4353
954
4355
4956
49517
4260
406 1
4262
436 3
4236 4
965
4066

2129
3035
1035
1D4)
1065
1640
5211
4527
5600
12117
3036
4526
4526
4526
5609
47 45
2029
4594
4464
3337
3342
3341
3342
3343
3344
4515
1071
4209
1855
1335
3855
4522
3345
3346
3347
1752
3222
4517
4417
44017
1345
6345
6751
@232
1352
3236
1971
4473
2200
5245
44017
5751
27235
634>
P32

24909
TYPEX,

PPRIT2,
SCINT»

SCINZ»

SCINI,

DCca V1

1AD V1

tac

l1AD HIZ

SZA CLA

P 2]

JMs 1 O TYPEVL
JMP 1T LYPEX
JAD PPKI12
LCA V2
TYPEAZ
1YPEAZ
LYPEALZ
TYPEX

JMy 1 GINDSZ
JMsS 1 CrLF
SUM3
SUM3+)
SUM3+2
DCA sutme

DCA 5UmM2+)
SUM2+2

1 SFRMIZ
| IHZ
1YPEX
TAD NDIgy

JAD EXTRA
DCA NDIG

1 TTYOFLZ
DCA sum
SUM+)
SuM+2

1 NINCK2
TYPEX

1 STEPZ
JmS I COuNiZ
JMS 1 2227
FADD Sum
FPUI SUM
FPUIL I CPs2
FEX]

TALU DIHIU
pca v2

iALU 11HZ

JMS 1 ADDVZ
{52 TYPEX
JMP SCINY
Jvs 1 33937
FBE) 1 CPo2
FSUB 1 BKGNDLZ2
FPUI 5SUM
FEXI

DCa
JMs

15

/QUIPUL DIFFRACIOMEIEK SETTINGDY
ZENJEKk A1IH HY IN AC 1C OQuirul
/RECTIPKOCAL SPACE COOKDINATES

{IH IN AC IC OJirJl
Z/ANGLE> IWC-IHETA, CHI, PHI
/7"JMs 1 IRICRZ®™ = 4521 IN ANY
/CF THESE 10 ELIMINAIE THA|
/PRINIOUL CliHs CHI, PHID

7ENIEx WNIIH

ZINIEGRATING SCAN kCUIINE

/5JIM> CCJUNT AS ANGLED> »i1EP WY
7INCKe #1l» CUIPUTS INIEGRAL

/REPEATS W1TH INITIAL ANGLES
/S5HIF JED BY INCke #2

/F INAL CudPdles sUm OF PRODUCTDS
/CINTEGRAL ABOVE BACKuUND 1IMES
/VALUE OF ANGLE GIVEN INCRe #2)3
/733 OF INJEGRAL ABOVE BACKGNDS
/RATIC = AVERAGE VALUYE FCr ANuLE
ZGIVEN INCKe #2




42617

4219
4017 )
42712
4273
4274
4375
4916
49?7
4129
4191
4102
4103
4194
4195
4196
4197
4119
4111
4112
4113
4114
4115
4116
4117
4120
4121
4122
4123
4124
4125
4126
4127
4130
4131
4132
4133
4134
4135
41 36
a) 37
4140
4141
41 42
4143
41 44
41 45
41 46
41 47
4150
4151
4152
4153
41 54
a15%

1945
7710
5324
44217
1342
6342
5753
4154
4755
3345
1337
63317
2209
4523
4525
4464
1356
3336
1357
4473
1357
3436
1071
4516
2760
5231
44017
5337
4342
6345
0000
1361
4527
4515
4464
2762
5221
56 20
0210
44t 4
2022
2000
o000
2000
0000
L TL
2002¢
0020
2020
4554
3700
4543
4761
4745
5922

SCIND,

EX1RA,
BKGNDZ2,
SUM3,

SUM2,

SUM,

NINCR2,
cPs2,
DIKIU»
ANGX»
PPRX»
RDPDG1

IAD HORD

SPA CLA

JMP SCING
JMs 1 72227
FADD Sum2
FPUl Sum2
FGEI 1 ANGX
FOIV I PPKRX
FDIV 1 RDPLGI
FMPY SuUmM
FADD 5UM3
FPJT sSUM3
FEX]

JMs 1 11YCNZ
JMS 1 1YCPSEZ
JMS I CRLF
TAD b2HIU
DCA ve

1AD HO1U

JMs 1 AbbvZ
TAD H21U

DCa v2

1AD 11HZ

JMS [ SHF1VZ
152 1 N2NCR2
JMpP SCIN2
Jms 1 @eoi
FGET sum3
FOIV 5umM2
FPUT SuMm
FEX1

TAD SUM3P
JMS 1 1YPEVZ
JMS 1 SFRMIZ
JMS 1 CKLF
ISZ 1 RNCNI!
JMP SCINT+I
JMP 1 SCINT
2912

BKGND

SOV ESS

NINCR
CcPs
D1H1
TIHO
PPR11
RDPDEG
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/7(CH1d).,
7<(PPKCH),»

(PHI3)
(PPRPH)




P AN N, b

4156
a157
41692
4161
4162
4163
4164
4165
4166
a167
a11d
a7
4172
ay13
4174
4115
4176
ai7?

4209
4201

4292
4203
4204
4205
4206
4207
4210
@1}

az212
4213
4214
a215
4216
4217
&22
4221

a222
4223
4224
4225
4226
4221

4232
423\

4232
4233
4234
235
4236
237

4249
4a24)

4242
4243

4566
4555
4577
41 317
4261
an0o
4476
4501}
tare
4512
43713
4515
5763
#2029
45317
31117
5773
3745

2080
4427
2010
2015
2040
1046
7041
5634
2400
7440
3035
1221
3036
4519
4512
4510
5610
47 45
2000
3260
4200
3262
1262
3261
1061
3035
1066
3321
4520
4521
46517
4657
4209
3712}
232t
2269

D2HIU»
HA1U,
N2NCK2,»
SUM3pP,
RNCNT1,
BASIC,

CiLMli,

MAXCI1).,

*4220
RCOM1I,

RSTAS,

PPRIT3,
INDT S,

IND1 1.,

IND12,

O2H
HA 1

N2NCR
SUM3
KNCNT

2

Jms
JMs
TAD
JMS
JMS
JMS
JMP
2

Jgms
bCA
JMpP

MAXC

9
JMs

I CLEARZ
I DFLM1Z
fTHBZ

1 RSIASZ
ciLmi

1 SFRMTZ
I BASIC

RCQMIZ

I

I maxCit
I CiLmMi
)]

1 9997

2019

FlXx

FEXT

T1AD
CMA
JmpP
]

SZA
DCA
IAD
DCA
JMS
JMS
JMsS
Jmp
PPR
%

DCA
JMS
DCA
rap
LCA
1ab
DcAa
1AD
bCa
JMs
JMS
JMo
Jms
JMS
DCA
152
182

LORD
IAC
1 RCOMI

Vi
PPR113
ve

I READAZ
I READAZ
I READAZ
1 KSTAS
i1

DIMSW
RCOM|
GINDS
GTNDS
KNCN
STOREZ
Vi
IS10ORZ
SCNET

I TMLMIZ
I TKICRZ
1 SAADD
1 SWwADD
RCOM]

1 SCNEI
SCNE]
DIMSW
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/BASIC S1ARIUP rROUIINE
ZTIHU, TTHLs, CHIJs CHIL (DEGe)
Zi1TH3» CHIZs» PH1O (DEG)
/PKRESEL COUNT

ZINPJI PRESET COUNT (UNII: 4096)
/NUMBER SHOULD BE < 2348

/READ, COMPLEMEN] INIEGER (<4296)
ZEXIT AI1H COMPLEMENT IN AC

/KEAD, STORE ANGLE SE1

/7 INPUI DALA SEl>
Z/AC = 7777 FOR 2-U CASE>S
/NQs OF DAJA SETS

ZPRESEL 1IME (SECe)

/5TAKT ING VALUES

7 INCREMENTS
/NQs OF HTEPS

/5SECOND INCREMENTS?

S




4244
4245
4246
424l
4259
2251
4252
2853
4254
4255
4256
42517
4269
4261
4262
263
4264
4265
4266
4267
4270
4271
2272
4273
427 4
42715
4216
42117
4320
4341
4322
4303
4394
4395
4336
Q3017
4312
4311
4312
4313
4314
4315
4316
4317
4329
4321
4322
4323
4324
4325
4326
4327
4330
4331
4332
4333

5257
71344
3260
52317
2262
5234
1066
3229
1261
3219
%622
0022
2320
3909
P L)
1442
3257
1212
3436
4437
5436
6129
2909
4521
1257
4516
1374
4516
1630
3435
2299
2035
1236
3212
2264
5662
1257
3036
4516
7344
3260
1219
3436
5217
37a2
20802
4262
4464
5331
1373
3336
1257
4516
446 4
17715
3222

SAADD»
DIMSA,
KNCNT,
GINDS,

GIND1.,

LOCLXKI»
SCNET,

SCNI2,s

JMP ee4

CLA CLL CMA rAL
DCA DImMd#
JMP INDI2
I5Z GINDS
JMP INDTH
iab 1S1CRZ
DCA RCCMI
TAb STOREZ
DCA RSIAS
JmMe 1 O INDTS

5ZA

DCA SANADD
fAL RSIAS
DCA v2

JMsS 1 anat
FOET I V2
FPUL I LCCLKI1
FEX1

JMs 1 TRICKZ
TAD S~AADL
JMS 1 SHF1VZ
1AL DIHI1
JMS I SHF IV
TALD I RCOMI
DCA 1 Vi

152 RCOmMI
152 Vi

TAD v2

DCA KRS5IAS
152 DIMOW
JMP 1 GINDS
1AD 5#4ADDL
pDCa v2

JMS 1 SHF1IVZ
cLAa CLL CMA kAL
DCA DIMSW
1AD KSTAS
DCA v2

JMP GINDI
LOCLK

]

JMS wiNDS
JMs 1 CrLF
JMP e +)

FAD HO11

DCA v2

JAD 5A4ADD
JMS 1 SHFIVZ
JMs 1 CKLF
14D I NINCk]
DCA INLIS

18

/NO ,
/YES f

i
/MCORE DAILA SEIS? {
/YED
/NC»s» FINISHED
7/SEL PCINTERS

/75411CH ADLKEDS

/GEI NEX} DAIA Mt

/5ECOND INCREMENILS?
/NC
/YEDS

/5CAN CN 1-b COr 2-D NEI




t 4334 4474 SCNT1, JMS 1 ANGLEZ /7"NOP" FOx ANGLE NEI

| 4335 4506 JMS 1 LIMITZ

i 4336 5356 JMP SCN12

| 4337 4517 JMS 1 SIEPZ
4340 4522 JMS 1 TiYOFZ
4341 4al? JMs I COuUNiZ
4342 4523 JMS 1 TIYONZ
4343 1257 1AD SWADD
4344 4539 JMs 1 TYPEKZ
4345 4524 JMs 1 1YCNIZ
4346 4525 JMs 1 1YCPSEZ
4347 4464 JMS T CRLF
4353 1374 1AD D1H11
4351 32336 DCA V2
4352 1257 TAD SWADD
4353 4473 JMS 1 ADDVZ {
4354 2222 152 INDIS i
4355 5334 JMP SCNT1
4356 2263 5CN12» 1SZ DIMswW
4357 5319 JMP GONX1
4360 7042 cMA
4361 3269 DCA DIMsSW 1
4362 1376 1AD D2MIT [
4363 3036 DCA v2 :
4364 1373 TAD H211
4365 4473 JMS I ALDVZ -
4366 2117 ISZ 1 N2NCKI :
4367 5325 JMP SCNT2 {
4379 2261 GONX1» 152 RNCNI ZALL DATA SEIS DONE? t
4371 5322 JMP SCNEI+1 /NC .
4372 S721 JMP 1 SCNE{ /YES :
4373 4555 HA1T, Ha1 ;
4374 4543 DiHIT» DiIH} §
4375 4554 NINCRl»  NINCK !
4376 4566 D2H11, D2H1 f
4377 4577 N2NCRls  N2NCK j

*4420

4433 9722 XIAL, ) ZINPUl CRYSIAL DAIA
4401 1272 1AD N1 |
4402 3321 DCA 11
4403 1144 CLL CMA RAL
4404 3322 DCA T1+1]
4435 1321 IAD 11 7INPUT AND NOKMALIZE N1» N2, N3
4406 5212 JMP et4
4437 @003 LO2A, ) /LAMBDA/Z24 SICRAGE» FOR EASY
4410 0000 2 /ADDKRESS
4411 0002 2
4412 4511 JMS 1 KEADVZ
4413 1321 1ap 11
4414 3035 DCA VI
4415 1935 1AD Vi
4416 3336 DCA v2
4417 4613 Jms 1 mMPYVI
4420 4421 JMS 1 agal

19




4421
4422
4423
4424
4425
4426
44217
4439
4431
4432
4433
4434
4435
4436
4437
4440
4441
4442
4443
4444
4445
4446
4447
4459
4451
4452
4453
4454
4455
4456
44517
4462
4461
4462
4463
445 4
4465
4466
4467
4479
4471
4412
4473
447 4
44715
4476
4477
4539
4592 1
4542
4593
4524
4545
4576
45217

a2
6324
2300
1321
4582
4477
5435
4324
6 435
mI LD
4533
1435
3321
2322
5245
44317
5392
3316
6321
5325
3313
2321
6321}
9305
3310
6324
5211
3316
2324
6324
5277
3313
6321
%332
331
23217
6327
2a1a
6297
2032
5609
4471
4611
20740
0222
2922
2433
A202
3337
Y]
8222
D0Ad
Aa3d
0349
a3Ad

N1T,»
MPYV1,
BXGND

Nl

N2o»

N3»

SUKROQT

FRUL 12
FEX1

1ab 11}

JMS 1 DC3AZ
JMS 1 23v7
FGEL 1 vi
FDIV 12
FPUdl 1 Vi
FEXI

JMs 1 D03BZ
1AL Vi

pca 11

IS5 1141}
JMP XTAL+S
JMy 1 20917
FGET N2
FMPY P3
FPUI 11
FUEL N3
rMmeY P2
FoUR 11
Frul 11
FOEl N3
FMPY P1
FPJl 12
FGEIT N1
FMPY P3
Fyupm 12
Frul 12
FGE] N1
FMPY P2
FRPJI 13
FGE] N2
FMPy Pl
Fsiiy 13
FPUT 13
aai1d
FPJI
FEXT
JMP 1T XiAL
N1y

mMPYV

LO2A

SSTTSSISIEIISIISO

20

ZINPJUL AND NORMALIZE P1,

scaLCiLaLlE 11, 2, I3

ZINPUL LAMBDAZZA

P2s

P3




4519
451 1
4512
4513
4514
4515
4516
4517
4523
4521
4522
4523
4524
4525
4526
45217
4539
4531
4532
4533
4534
4535
4536
4537
4549
4541
45 42
4543
45 44
45 45
4546
4541
4550
4551
4552
4553
4554
4555
4556
4557
4569
4561
4562
456 3
456 4
4565
4566
4561
4579
4571
4572
4573
4574
4575
4576
45177

2232
23233
32323
LR F R
J3292
9222
9202
2322
P332
b, 1% T I
A0
2022
2332
2002
03323
2022
2032
P3A2
2423
P .Y)]
2202
Y1710
202
2330
2002
3439
P203
AA A
a923
2332
40032
" F.100)
AA0I
7RI
2902
203a
240
171 10]
2229
0002
2300
2000
2434
2000
2002
daaa
d999
YY1
rJo1 X
2402
0029
037
2009
PA2d
0279
A0

Pl

P2,

P3s

T1»

12,

13

H1a

H2,

H3,

DIHI,

D1H2,

DI1H3,

NINCK,
HA1L»

HA2,

HA 3,

D2K1,

D2H2,

D2H3»

NZNCHK»

SG&SQG&&&GQ&SS&&GO&N@GS&G&GG&NG&C»Sv&&b&GQ&S&&&G&GS&&&G&G&

o



4602
201
4692
4623
4624
4625
4606
4607
4612
a1l
4612
4613
4614
4615
4616
46117
4620
4621
4622
4623
4624
4625
4626
4627
4630
4631
4632
4633
4634
4635
4636
46317
46 49
464l
4642
4643
4644
46 45
a6 a6
46 47
4650
4651
4652
4653
4654
4655
4656
4657
4660
4661
%62
4663
4664
4665

J099
1264
3935
4307
4665
a3l 4
4497
6361
2209
4397
4665
4314
44917
6356
2001
6364
n2092
4397
4423
6266
2021
1364
J992
4361
2005
3350
2300
1357
7710
4663
4497
6361
5266
4356
20905
3353
0012
6364
3990
4391
4407
2002
3650
P 1%)
4321
2044
7001
4497
3345
6356
A209
5600
44117
6655

4602
ANGLE»

LO2Al,

SMALL »

ACNEG7»
NtP,
AMN17,

2

TAD NiP
DCA V1

JMS MPYVH
JMy I AMNI7
JMS FCMIN
JMs I 20027
FPULl CHI
FEXI

JMS MPYVH
JMS5 1 AMNILT
JMs FCMIN
JMS 1 2097
FPUul 11H
SYUARE
FPJT PHI
FEXIT

JMS MPYVH
JMS 1 8937
FPUl Y
SQUAKE
FADD PHI
S3IR00 1
FDIv CHI1
ARCTAN
FMPY PPRCH
FEXI

TAD 11H+1
SPA CLA
JMS 1 ACNEG?
JMS 1 04807
FPUI CHI
FGEIL Y
FDIV 1TH
ARCTAN
FMPY PPKPH
NEGATE
FPJl PHI
FEXI

JM3 MPYVH
JMS 1 0297
SQROOT
FMPY 1 LC2Al
FEX1

JMS ARCSIN
1sZ EXP
1901

JMS 1 0207
FMPY PPRTT
FPJI T1H
FEXT

JMP 1 ANGLE
N1

6655

22

/CALCULATE SHAF1 ANGLES FOR
/A GIVEN VECIOK H

/7CHI (MCICk S1EP D

/PHI (MOIOR SIEPS)

/AN ADDRESS» NO EFFECT CN CALC

/1d0=1HETA (MOICK SIEPS)




4666
46617
4679
46171
46172
4613
a67 4
4675
46176
4677
47199
4791
4192
47133
a1d4
4105
4796
4191
471192
4711
4712
4713
all 4
4115
4716
4117
4729
4721
4122
4723
4124
4725
4726
41217
4732
47 31
4732
4733
4734
4735
47 36
47 37
47 49
4141
4742
4743
47 44
47 45
47 46
47 41
4750
471 51
4752
4753
4754
4755

2322
ANAd
2409
0000
3844
3045
3046
4592
4497
6706
5435
3436
1706
3449
4593
S6171
5734
0022
1965
3036
42171
57147
[, 1o 17, X'
4497
5656
33292
ST1¢4
T 110
19044
17 49
5340
4447
6266
3266
0212
1744
2092
2014
3266
2005
I
5721
44017
5310
2200
5721
5666
0416
26 30
3117
2016
2631
3117
AA15
2639
3117

Ys

MP YV,

Xla»
MPYVH,
LARGE

FCMIN,

ARCSINS

UNREAL»

EIN»
PPR1I»

PPRCH,»

PPRPH,

bDCA EXxpP

DCA HORD
DCA | OKkD
JMs I DO3AZ
JMs 1 2017
FPUT 1 X1
FGEL 1 V1
FMPY I v2
FADD 1 X}

JMs 1 DO3BZ
JMP [ mMPYV
5734

)]

TAD H1Z

DCcA v2

JMS MPYV
JMP 1 MPYVH
J

JMs 1 2991
FGE1l I SMALL
FEXI

JMP 1 FCMIN
A

TAD EXpP

SMA SZA CLA
JMP JUNKEAL
Jus | 2a@av
FPUT Y

FMPY Y
NEGATE

FADD 1 EIN
SQROCI
INVERI

FMPY Y
ARCIAN

FEX]

JMP 1 ARCSIN
JMs 1 0097
FGET LAKGE
FEX)

JvP 1 ARCSIN
5666

aaleé

26 30

3117

2216

26 38

31117

IA1S

26392

3117

/MAKES SCALAK PRCLDJCT OF VECTCx>
/AlTH ADDRESSES IN VI AND V2

/5E1 FAC = 2%x%-12§

/ARCSINE

ZIF FAC > 1s» >EI FAC = 2%%x56>

7(233*183/°P1)

7(2223%180/7P1)

7C1M3*1847°P1)




47156
4757
4160
4761
4762
4763
476 4
4765
4166
4161
4173
47171
4112
4773
4174
aq7115
47176
Q717

5009
5001
5802
5203
5004
5305
5006
S@@7
5310
5911
5012
5213
5214
5015
5416
5a17
5020
5221
5022
sa23
5024
5025
5026
5027
5030
5931
5832
5233
5934
5035
5036
5037
5840
594l
5042
5043

2249
2220
2939
0029
2339
0000
2000
29200
2029
V380
2020
90200
2900
A000
o200
00020
2302
0920

@020
1835
1210
3835
1036
1210
3036
5600
8903
2400
44917
2919
3436
3222
6435
0029
4200
5611
771713
2167
6432
2009
4497
5435
4436
4222
2011
2909
42990
5625
2000
1254
3036
1255
3035
4211

I1IH,

CHI.

PHI,

1T1HA,

CHID»

PHI1d,

*5900
TRICK,

C3,
READA,

RDPDEG»

TYPEAS,

DFLMT,

eSS SELELLOIRSES

2

TAD V)

TAD C3

DCA Vi

iab ve

Iab C3

DCA v2

JvP I IRICR
2203

2

JMS 1 20417
@219

FMPY 1 v2
FMPY RDPDEG
FPUT I VI
FEX1

JMS TRICR
JMP 1 READA
1773

2161

6432

2

JMs 1 2397
FoEI 1 VI
FDIV 1 v2
FDIV KDPDEG
2911

FEX1

JMS TRICK
JMP 1 TYPEA
2

T1AD PPkIII
DCA v2

FAD 1THUI
DCA vI

JMs READA

24

/IRICKEMENTS V]I ANbL V2

7 INPUT ANGLE

/MOICR STEPS,

7C(Pl7183)

(DEGe ),

CCNVEKI 10

AND STORE

/CONVERT ANGLE FKCM MCICK STEPS
/DEGREES AND OUTPU) 11.

ZINPUT

Z11HJ, [1HL,

CHIU,

DIFFRACTOMETER LIMITSE

CHIL (ULEGe)

i0




o AR Rt - A S SYASRACT S, AN gl N, .

5044
5045
59 46
5047
5250
5351
5852
5953
5954
5955
9356
5957
5368
5061
5062
5063
5064
5065
S066
5967
5270
5e71
5072
5073
5074
SATS
5076
5971
5100
5101
5102
5183
5104
5185
5126
5107
5119
5111
5112
5113
S114
5115
5116
5117
5120
5121
5122
5123
5124
5125
5126
5127
51393
5131
5132
5133

1254
3036
4211
4211
1256
3036
4211
56 36
47 45
S232
4159
2494
2220
3409
3209
1271
3054
1272
3855
396}
5662
2323
2312
2799
44917
5701
Aat11
2009
5673
3729
3209
3054
4491
5713
71000
2911
000
4262
5792
3675
200y
1449
3035
7146
33217
5714
2439
4290
23217
5714
5722
#2039
3893
4314
4407
¥I10

PPRIITL,
{THJ1l,
PPRCHI1»

SF kM1,

NDo»
Nia
L YCPS,

CPSi,
TYCNT,

XCNT1.
DA 3A,

DO3B,

DOCN1»
READV,

1AD PPRI I
LCA Ve

JMs READA
Jms READA
IAD PPRCHI
UCA V2

JM> kEADA
JMP 1 DFLMI
PPKll

1THJ

PPKRCH

a

2

2

d

1AD ND

DCA Adba
1AD NI

DCA A¥55
DCA 4061
JMP 1 SFRMI
2903

No1A

%)

Jms 1 2297
FGE1 1 Cr>1
Jatl

FEX|

JMP I [YCPS
CPS

]

DCA 2154
Jms 1 a94d7
FGET 1 XCNIT1
FNCK

23411

FEXI

JMS SFRMI
JvP 1 1 YCNI
XCN1

"

SZA

DCA Vi

CLL CMA KIL
DCA DOCN1
JMP 1 DC3A
"]

JMs IKICk
152 DOCNI
JMP 1 DO3A
JvP 1 DLC3B
2

b}

JMs DO3A
JMs 1 04a7
2910

25

/Unused

/75E1 STANDARU 0OJ1PJl FCOKMAL:
/FBe3s NC FCLLOWNING CK=-LF

/0U1PUI CCuN] KAIE

/0UiPUl COUNI (FORMAL [8)

/RESET 10 SIANDARD FCrMAL

/IHREE CYCLE LO-LOCOP

ZINPUI VECICR (3 COMPONENID)




5134
5135

5136
5137
S149
S14l
5142
5143
S144
S145
5146
5147
51592
5151
5152
5153
5154
5155
5156
5157
5169
5161
5162
5163
5164
5165
5166
St67
5172
5171
S172
5173
5174
5175
5176
5177

5200
5291
5202
5203
5204
5205
5296
5207
5219
5211
5212
5213
5214
5215
5216
5217
5220

6435
91929
4322
5733
2032
4314
44317
S436
6435
3249
4322
57 a0
4222
4314
44917
5435
2311}
8342
4322
57592
b¥a29
4314
4427
5435
1436
6435
2292
4322
57690
2029
6351
1376
7117
57171
7400
5354

2202
4427
5232
2471
6632
5471
2235
36 30
2029
1845
7712
5600
4497
S249
2631
6630
5631

SHF IV,

1YPEV,

ALDV,

TTYCF»

TMLAG2,
PAYS).

*5209
LIMIT,

FPUtl I Vi
FEXT

JMS DO3B
JMP [ READV
2

JMS DQ3A
JMs 1 9447
FGET 1 v2
FPul 1 Vi1
FEXT

JMs DC3d
JMP 1 SHF1vV
0

JMS DOJA
JmMs 1 0937
FGET 1 V1
3911

FEXI

JMS D038
JMP 1 1YPEV
9

JMs DCJ3A
JM3 1 2037
FGEI 1 Vi
FADD 1 V2
FPJYl 1 Vi
FEX]

JMS D033
JvpP 1 ADDV
("]

6351

TAD TMLAG?2
JMS [ PAWSI
JMP 1 )IYOF
7433

PAWS

%)

JMs 1 2297
FGET TIMU
FSUs I 1T1HZ
FPUI I 1MP3
FGEI I 11HZ
Foaus 1IHL
FMPY 1 1MP3
FEXT

IAD HOKD
SPA CLA

Jve 1 LIMII
JMs 1 287
FGE1l CHIU
FSus I CHI)
FPUl 1 IMPJ
FGET 1 CHIN

26

/S5HIF1 VECIOR

70uUiIPyl VECION

7ADLD 140 VECIOKS

ZIUrN (1Y OFF

7dAl1 ONE SECOND

IF TIH AND CHI ARE WIIHIN
IF NQ», EX1i
EXIl 10

/1Esid
/SPECIFIED LIMITS.
/NORMALLYe IF YES,
/5ECOND INSTRUCIION.




5221 2243 FSUB CHIL

5222 3638 FMPY 1 1MP3

5223 0000 FEX]

5224 1045 IAD HOKD

5225 17700 SMA CLA

5226 2200 15Z LIMIT :

5227 S608 ACNEG6,» JMP I LIMIT E

5230 5745 TMP3, 5745 .

5231 4761 CHIl, CHI

5232 @000 1THU, 2 F

5233 0022 ) i

5234 2000 2

5235 0820 TIHL, 2

5236 0000 2

5237 0002 )

5240 0020 CHIU, 2

5241 0022 )

5242 0000 9

5243 9300 CHIL, )

5244 2000 )

5245 2000 2

5246 @008 S1EP, 2 /MOVES (ANIIBACKLASH) THREE AXES

5247 1070 1AD T1HNPZ /10 NEW POSITIONS

5250 3200 DCA LIMII

5251 1072 IAD TIHBZ

5252 3236 DCA V2

5253 1071 1AD TTHZ

5254 4502 JMS 1 DO3AZ

5255 4407 JMS [ d0a7

5256 5435 FGET 1 VI

5257 2436 FSusB 1 v2

5260 0815 FIx

5261 6630 FPJI 1 TMP3

5262 7200 FNOR

5263 1436 FADD 1 v2

5264 6436 FPUT 1 v2

5265 5630 FGET I 1MP3

5266 0000 FEXT

5267 4212 JMS MOVE

5270 4503 Jus 1 DO3BZ

5271 5646 JMP 1 STEP

5272 0082 MOVE, 2 /AB=MCVE AXIS (HORD,LOKL) >I1EPS

5233 47231 JMS 1 AMNI6 /1S FAC = 97

5274 5326 JMP NOGO /YESs NO MO1ION

5275 1045 TAD HOKD

5276 17700 SMA CLA

5277 5303 JMP o+4

5300 4332 JMS RUNOVK /FAC < 33 OVERRUN AND KUNBACK

5301 7040 cMA

5302 5305 JMP e+3

5303 2200 152 LIMIJ /FAC > 2

5304 4627 JMS I ACNEGS

5305 3044 DCA EXP 748 KUNBACK SWI1CH

5306 1600 TAD I LIMII E

5307 3312 DCA PULSE 1
27




5310
5311
5312
5313
5314
5315
5316
53117
5322
5321
5322
9323
5324
5325
5326
5327
5339
5331
5332
5333
5334
5335
5336
5337
53490
5341
5342
5343
5344
5345
5346
5347
5350
S351%
5352
5353
5354
5355
5356
5357
5360
5361
5362
5363
5364
5365
5366
5367
53719
5371
5372
5373
$374
5375
5376
537117

1418
A345
02920
2046
5311
2045
5311
2200
2044
5672
1276
4354
4332
5326
2202
22202
5672
6655
00020
7339
1344
1046
3046
7420
7040
1045
3845
5732
7738
0420
1353
3aa?
2047
5350
57 45
6499
1o 1% 1%)
3332
4345
2332
5356
5754
Ad09d
6352
1367
4354
5762
7400
6322
6321
6334
6332
6342
634)
6331
6324

PUL SE»

NOGO.,

AMNT6,
RUNQOV K,

Mad,
WwAILT,

NWALT,
PAA S,

I T1YON,

TMLAG,
FTHNP,

CHINP,
PHINP,

OMGNP,

SKpP

JMs WAl

]

15Z LOKD
JMP PULSE-1
1SZ HORD
JMP PULSE-]
ISZ LiImll
182 EXP
JMP 1 MOVE
T1AD MOVE+4
JMS PAWS
JMS RUNOVR
JMP PULSE-4
ISZ LIMIT
152 LIMIT
JMP I MOVE
66955

']

CLA CLL
1AD M4d
VAD LOKRD
DCA LORD
SNL

CMA

TAD HORD
DCA HOKRD
JMP 1 RUNOVK
7730

]

1AD NWAT1l
DCA OVEK?
I5Z COVER?2
JMP -1
JMP 1 WAl
6420

3

DCA RUNOVK
JMS WALl
I1SZ KUNOVR
JMP =2
JMP I PAdS
]

6352

1AD TMLAG
JMS PAWD
JYP 1 11YON
142

6322

6321

6334

6332

6342

634)

6331

6324

/MO I0KR PULSE

/RUNBACK NEEDED?
/NQ» UDONE

/WALl A FRACTION CF A SECOND

/ADDS> ~a¥ 10 HCKUsLOKD

/AALLl 2311 CYCLES = 2335 SEC.

Z/PAUSE N WAIT LOCPS, WwHERE =N IN AC
/0N ENIiKY

ZIUKN 11Y ON

/4Al1 ONE SECOND

Z1TH NEGe MOIOR PULSE

Z1IH PCSe

/CH1 NEG. " "
/CHI POS. " '
7PH]1 NEG. " *
/PHI PO3se. " *
/0MG NEG. * '

70MG POSe " "




ACNEGS
acNeal?
ACSAVE
ACIH
AClL
AbLV
aAbbvZ
AMNT6
AMNT?
ANGLE
qQNsLE?Z
ANG X
ARC>IN
Ajll
HASIC
BASICZ
BKAOND
BKGND1
BKXEINDZ2
CHI
CHIL
CHINP
CHIU
cHId
CHI
CLEAR
CLEARZ
cLKCl
CLKCY
CLKCl1
CLKRAT
CLKSW
CLOCK
CN1ADD
CNICK
CNISIP
COUNI
COUNTZ
CcrPS
CrSi
crse
CKLF
ciuLmi
CILMTZ
C3
DBCNTR
DDTAY
DFLMT
DFLMTZ

5221
4663
A 32
Il 4l
Bd 42
5162
A3
5331
4665
46 1)
AA74
4153
qa121
Aa15
4163
AATS
447 4
@377
41 36
4761
5243
53172
5247
4112
5231
37111
Ad16
3629
36117
36 39
36617
3625
Jd34
31721
3631
36 36
3679
Y. XN}
3792
5101
4151
PI64
4173
2123
5210
IA 317
36172
5236
A1al

DIMSA
DCCN1
DO3A
po3az
pDoas
D0 38Z
DI1HI
DIHIT
DIHIJ
DIH2
DIH3
D2H1
D2HI1 |
p2HtJ
D2H2
D2H3
EIN
ENC
EXP
EXTKA
EX1
FCMIN
GONX1
GINDS
GIND>Z
GIND1
HICLK
HICNI
HIIM
HORD
Ha1
Hatll
HA1U
H32
HO3
H1
H1Z
H2

H3
INDTS
INDTSZ
IND1
INDT2
INIP]
INTRT
1510RZ
LAKGE
LimIi
Lim11Z

29

4263
St127
5114
122
5122
4133
4543
4374
4152
4545
4551
4566
43176
4156
45171
4574
41 44
3726
VA 44
4135
20 4d
4114
4312
4262
D194
42117
3701
36176
3703
A2 45
4555
4373
4157
4560
4563
4532
2265
4535
4540
49222
21925
4234
42317
92233
2249
V66
4710
5292
D126

LOCLK

LCCLX )
LCCNI
LOCI
LCcC2
LCC3
LORD
LCTIM
Lo2A
LC2Al
maxc1
maxCil
MOVE
MP YV
mMP YVH
MPYV1
w49
NBRHI
NHKXLC
NARX
ND
NDEC
ND L6
NCL O
N1
NWALJ
N1
NINCK
NINCKI
N1INCK2
NLP
N1l

N2
N2NCR
N2NCR1
NeNCR2
N3
OtGNP
oulil
oute
oviErl
CVER2
PAN S
PAaNS1
PHI
PHINP
PHIO
PPRCH
PPRCHI

3732
4324
36117
Jas51
952
2253
22 46
3794
4491
4559
3735
4117
52712
4611
47917
4413
5344
257
2059
¥AS56
S371
0354
Ad95
5326
5312
9353
4471
4554
4375
4] 59
466 4
4412
4592
4511
4371
4160
4595
5376
2934
2033
PV 43
DA a7
5354
5177
4164
5374
41175
4752
5a56




PPKPH
PPRTT

PPRITI
PPRTT2
PPRT13
PPRX
PUL SE
Pl

p2

P3
QUoL
RCOM1
RCOMIZ
RUPDEG
ROPDG
READ
READA
READAZ
READV
READVZ
RNCNT
RNCNT1
RS1AS
RSTASZ
RINI
RIN2
RUNOVR
SCINT
sCINIZ
SCIND
SCINt
SCIN2
SCNET
SCNETZ
SCN19
SCN11
SCNTIH
SCNT2
SFRMT
SFRMTZ
SHF 1V
SHFTVZ
SMALL
STEP
STEPZ
STOREZ
SUM
sum2
SJUmM3

4753
47 45
5354
42117
4221
4154
5312
4519
4513
4516
2859
42292
3107
Sa322
4155
2962
5011
2110
5130
a1t
4261
4162
4219
2112
3615
3614
5332
42290
attd
4104
42 45
4031
4321
all4
4356
4334
9316
4325
5062
2115
S142
2116
4656
S246
81117
w6l
4145
4142
4137

SUM3P
SWADD
SHADD1
SWADD2
SWITI
TMLAG
IMLAG2
TMLMT
IMLMIZ
TMP3
TRICR
1RICRZ
T1H
TTHL
TTHNP
TTHNPZ
1THU
TIHUI
T1HZ

1 1HO
T1HOZ
T1YOF
TIYOFZ
T1YCN
11YONZ
TYCN1
TYCNTZ
TYCPS
TYCPSZ
TYPE
TYPEA
TYPEAZ
TYPEV
TYPEVZ
1YPEX
1YPEXZ

T1

i2

13
UNKREAL
vi

va
WAIT
XCNT
XCNT1
XTAL
XTALZ
X1

Y

4161
4257
2341
8342
2061
53617
5116
3197
d122
5230
5009
a121
4756
5235
5312
22179
%232
95955
2971
4161
gar2
S171
a2z
9362
@123
S102
2124
5873
2125
2063
5925
2126
5152
21217
4009
21392
4521
4524
4527
47 42
9935
@836
5345
3675
5113
4490
o131
47096
4666




lI"-lll!l"-lIlllll-Illllllllllllllll!llllllll!llll!Hlllllllllllllllllllllllllllll!llllII!l!Il!lllllllll'ulgnlunutf ”

DISTRIBUTION LIST

No. of
Copies To
1 Office of the Under Secretary of Defense for Research and Engineering,
The Pentagon, Washington, DC 20301
12 Commander, Defense Technical Information Center, Cameron Station, Building 5,
5010 Duke Street, Alexandria, VA 22314
1 Metals and Ceramics Information Center, Battelle Columbus Laboratories,
505 King Avenue, Columbus, OH 43201
Deputy Chief of Staff for Research, Development, and Acquisition,
Headquarters, Department of the Army, Washington, DC 20301
1 ATTN: DAMA-AR2
Commander, Army Research Office, P.0. Box 12211, Research Triangle Park, NC 27709
1 ATTN: Information Processing Office

A .
- -

—

—

et )

N =

Commander, U.S. Army Materiel Development and Readiness Command,
5001 Eisenhower Avenue, Alexandria, VA 22333
ATTN: DRCLDC

Commander, U.S. Army Materiel Systems Analysis Activity, Aberdeen Proving Ground, MD
ATTN: DRXSY-MP, H. Cohen

Commander, U.S. Army £lectronics Research and Development Command, Fort Monmouth, NJ
ATTN: DELSD-L
DELSD-E

Commander, U.S. Army Missile Command, Redstone Arsenal, AL 35898
ATTN: DRSMI-RKP, J. Wright, Bldg. 7574

DRSMI-TB, Redstone Scientific Information Center

DRSMI-RLM

Technical Library

Commander, U.S. Army Armament Research and Development Command, Dover, NJ 07801
ATTN: Technical Library

DRDAR-SCM, J. D. Corrie

DRDAR-QAC-E

DRDAR-LCA, Mr. Harry E. Pebly, Jr., PLASTEC, Director

Commander, U.S. Army Natick Research and Development Laboratories Natick, MA 01760
ATTN: Technical Library

Commander, U.S. Army Satellite Communications Agency, Fort Monmouth, NJ 07703
ATTN: Technical Document Center

Commander, U.S. Army Tank-Automotive Command, Warren, MI 48090
ATTN: DRSTA-RKA
DRSTA-UL, Technical Library

Commander, White Sands Missile Range, NM 88002
ATTN: STEWS-WS-VT

President, Airborne, Electronics and Special Warfare Board, Fort Bragg, NC 28307
ATTN: Library

Director, U.S. Army Ballistic Research Laboratory, Aberdeen Proving Ground, MD 21005
ATTN: DRDAR-TSB-S (STINFO)

Commander, Dugway Proving Ground, Dugway, UT 84022
ATTN: Technical Library, Technical Information Division

Commander, Harry Diamond Laboratories, 2800 Powder Mill Road, Adelphi, MD 20783
ATTN: Technical Information Office

Chief, Benet Weapons Laboratory, LCWSL, USA ARRADCOM, Watervliet, NY 12189
ATTN: DRSMC-LCB,
DRSMC-LCB, Mr. D. P. Kendall

Commander, U.S. Army Foreign Science and Technology Center, 220 7th Street, N.E.,
Charlottesville, VA 22901
ATTN: Military Tech, Mr. Marley

Commander, U.S. Army Aeromedical Research Unit, P.0. Box 577, Fort Rucker, AL 36360
ATIN: Technical Library

21005

07703




No. of
Copies To

— R

—

—

p—y

Director, Eustis Directorate, U.S. Army Air Mobility Research and Development
Laboratory, Fort Eustis, VA 23604
ATTN: Mr. J. Robinson, DAVDL-E-MOS (AVRADCOM)

U.S. Army Aviation Training Library, Fort Rucker, AL 36360
ATTN: Building 5906-5907

Commander, U.S. Army Agency for Aviation Safety, Fort Rucker, AL 36362
ATTN: Technical Library

Commander, USACDC Air Defense Agency, Fort Bliss, TX 79916
ATTN: Technical Library

Commander, U.S. Army Engineer School, Fort Belvoir, VA 22060
ATTN: Library

Commander, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS 39180
ATTN: Research Center Library

Commander, U.S. Army Environmental Hygiene Agency, Edgewood Arsenal, MD 21010
ATTN: Chief, Library Branch

Technical Director, Human Engineering Laboratories, Aberdeen Proving Ground, MD 21005
ATTN: Technical Reports Office

Commandant, U.S. Army Quartermaster School, Fort Lee, VA 23801
ATTN: Quartermaster School Library

Commander, U.S. Army Radio Propagation Agency, Fort Bragg, NC 28307
ATTN: SCCR-2

Nava) Research Laboratory, Washington, DC 20375
ATTN: Dr. C. 1. Chang - Code 5830
Dr. G. R. Yoder - Code 6384

Chief of Naval Research, Arlington, VA 22217
ATTN: Code 471

Commander, U.S. Air Force Wright Aeronautical Laboratories,
Wright-Patterson Air Force Base, OM 45433
ATTN: AFWAL/MLSE, E. Morrissey

AFWAL/MLC

AFWAL/MLLP, M. Forney Jr.

AFWAL/MLBC, Mr. Stanley Schulman

National Aeronautics and Space Administration, Washington, DC 20546
ATTN: Mr. B. G. Achhammer
Mr. G. C. Deutsch - Code RW

National Aeronautics and Space Administration, Marshall Space Flight Center, Huntsville, AL 35812

ATTN: R. J. Schwinghammer, EHOl, Dir, M&P Lab
Mr. W. A. Wilson, EH41, Bldg. 4612

Ship Research Committee, Maritime Transportation Research Board, National Research
Council, 2101 Constitution Ave., N. W., Washington, DC 20418

The Charles Stark Draper Laboratory, 68 Albany Street, Cambridge, MA 02139

Wyman-Gordon Company, Worcester, MA 01601
ATTN: Technical Library

Lockheed-Georgia Company, 86 South Cobb Drive, Marietta, GA 30063
ATTN: Materials and Processes Engineering Dept. 71-11, Zone 54

General Dynamics, Convair Aerospace Division, P.0. Box 748, Fort Worth, TX 76101
ATTN: Mfg. Engineering Technical Library

Mechanical Properties Data Center, Belfour Stulen Inc., 13917 W. Bay Shore Drive,
Traverse City, Ml 49684

Mr. R. J. Zentner, EA} Corporation, 198 Thomas Johnson Drive, Suite 16, Frederick, MD 21701

Director, Army Materials and Mechanics Research Center, Watertown, MA 02172
ATTN: DRXMR-PL
Author




-SJuaui 4adx3 patyipow A((Se3 O A13i4PA © UL 4313W0IVRA4 P ARa-X
1e3sh40 3 buts ® |043u02 ued *Tdd4 ‘abexded juiod BuLieory 3y} yiem uotidunluod ut
pasn uaym *ydiym swesboud 3U0yS puR S3ULIN0UQNS 4O abexoed v $3Qiudsap 140d34 Sty)

u01 JPWOINY
$4233W032043 310 2pHyZ0119171 3330044 /0
UOLYIRASJLP AR~y - dd £f ‘€861 JSQWAAON ‘65-£8 YL JUWWY 14003y [RILUUI3L

Sp4oM A3y 4INLEM g 43ydolsiay)

- SY3UNAWO) 8-d0d Y03
KOLLNGIULS1T G3LIWITN J9VHOV4 IN1LNOYENS ¥IIINOLIVHIIIO ¥ ‘1450
e 20120 SI12SNYDLSSB “UMOJAIIeM

[\V'} 133U YD4RISAY SILURYIA pue S{etuIley Audy

©SuUAWLIIdXD PALJLPOW A|1503 4O A13140A © UL J3JBWOIIPA4HLP Aea-x
(035443 3(buts e (043u07 uRd ‘l4qj ‘abexded jurod bur3eolj ayy yItm woLIduNluod Uy
pasn uaym ‘yorum sweaboad ja0ys pue SAuLInNOUQNs 4O abexysed e $3QLadsap 140034 Sty

uot jewoIny
54333033044 41
uoL13dRA P Kea-x

ZpHy20119111 1230044 v/0
- dd ¢f ‘£861 JIQWIAON ‘6G-E8 UL JYWWY 14093y [BI1UYDAL

SPAOM A3y 43%|PM "8 43ydo3sSiay)

- $¥1UNdH0D 8-d0d ¥03
NOLLNBLULE IS DILIHITN I9¥XO¥4 IN1LNOYENS ¥3LIWOLIVYIAI ¥ ‘1450
o 20120 $319SNUILSSEY ‘UMOIUITRM

ay £133U3) yI4R3ISIY SILURYIAN pue S|P L43iel Audy

L o — - — — —

“Sjuawl 43dx3 Pl JIpow A[{Se3 JO A3314PA P Ul 19)WOIPAIHP ARu-Y
1235Ka> 31buts © |043u00 ued ‘1444 ‘dbeyded jutod Buiieoiy 3yl yitm uvorydunfuod vt
pasn udym ‘ydtym sweaboud 140ys pue S3urynougns 0 abexded e $3qi4Is3p 340034 Siyj

uot Jewn}ny
S4938W0)IR4 41 Q
uoL3dRAyyLp Aea-x

. 2yHv2011911L 123f044 ¥/Q
- dd £f ‘£861 J3QWAAON ‘6G-£8 Hi JdWWY 14003y (PI(uyIay

SPAOM A3 43N(eM g 434doiStay)

- SHILNAWO) 8-d0d 0§
NOLINBIYLSIG TILIWITNA J9¥XOV4 INILNONENS HILIWOLIVYASI0 ¥ ‘1450

|l|\mwwwme<4MM= .. 2(120 $139SNYIPSSPH ‘uM014IIEN
ay £ 433UI7) YDJRISIY SILUBYIM PUR S{eLAdIRY Ay
— = — —]

©SJUBWLAIAX3 PALJIPOW A[1503 JO A13L4BA B UL JII3W0II4 34D Aea-yx
1e35K42 3| buLs e [0a3U0D uBD ‘TddJ ‘abeyoed jutod Huijeols 3yl yitm uocidunlfuod vt
pasn uaym ‘ydtym sweuboad 340ys pue sauLINoUgGNs Jo abeyied e $3Qi42s3p 40034 Siy)

uo1 JeWOINY
$4333W033044 j1q 2VHVZOTT9111 193C04d V/Q
uo11284441p ARumy - dd gf ‘€861 JBQWIAON ‘6G-£B H1 JUWWY 140ddY {PI1UYDIAY
spaoM A3y 43N BM 8 43ydo3stay)

- SY3LNEW0) 8-d0d ¥03
NOTLABIALSI QILINITNG VNIV INLLNOUENS ¥ILINDLOVHAIIO ¥ ‘1450

:«ilmmmmmmmmummml;‘ 2L120 S1IASMUORSSeY “umolidien
av $131U3] YIJIRISIY SILUPYIAW Pub Seladley Auay
"'l"l‘l







