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ABSTRACT

SPASTIC 76 is an update of previously reported programs written
for a minicomputer to permit dat a acquisition wi th a small-angle X-ray
diffractometer . SPASTIC denotes System for Programming Angles , Scaler ,
and Timer by Internal Counting, and indicates the general approach used
for automation, involving a simple interface and stepping motor control .
The present programs are written for two diffractometers of the Bonse-
Hart and the Kratky designs , and run on a PDP.-8L computer with 8,192
words of core memory . The various programs include routines for find-
ing the zero position and integral breadth of the primary beam , and for
step-scanning through the scattering regions. The latter routine incor-
porates integrations for the Porod invariant. 
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INTRODUCTION

As described in an earlier report,1 this laboratory has developed a
computer-controlled X-ray diffraction instrument denoted as SPASTIC, an
acronym for System for Programming Angles, Scaler, and Timer by Interaal
Counting. The system hardware is based on a PDP-8L computer interfaced
to four stepping motors and an X-ray shutter, with an internal data-break
scaler for counting X-ray photons, and a timer based on a crystal clock
interrupt. The original system was used to control an Advanced Metals
Research Model 6-220 Small Angle X-ray Scattering Diffractometer, using
motor I for the 20 and motor 2 for the attenuator wheel. Software was
developed at the time of the previous report to perform simple control and
data-taking operations, accessing the hardware through a modification of the
FOCAL language interpreter, denoted SPASTIC 71.

The present report is an update prompted by several developments in the
interim: (a) the addition of a Kratky-type small-angle X-ray scattering
diffractometer and (b) expansion of the computer memory from 4,096 to 8,192
words, allowing for more complicated programming. The 29 drive for the
Xratky diffractometer has been assigned stepping motor number 3, while number
4 has been allocated to the Norelco wide-angle diffractometer. Software for
the latter has not been implemented ‘~.t this time, but extensive programs have
been developed for the Advanced Metals Research (AMR) and Kratky di.ffractometers.
At present, however, the system can control only one diffractonieter at a time.
The instrument to be used is selected by connecting cables from the computer
interface to the appropriate shutter control and X-ray photon pulse jacks.

SPASTIC- 76 INTERPRETER

Concurrent with the hardware changes , improvements have been made in the
basic machine-language software, now called SPASTIC 76. The hardware functions
have been given new names Which more readily denote the operation each function
performs, and which eliminate ambiguities in the earlier language (FADC, FEXP ,
FRAN) between SPASTIC control functions and conventional FOCAL functions. In
addition, the LIBRARY command has been restored for flexible operation with
the mass-storage disk, while the FSIN and FCOS functions have been dropped.
The assembler language printout for the SPASTIC 76 interpreter is given in the
Appendix.

The corresponding names for the SPASTIC functions in the 1971 and 1976
versions are summarized in Table 1. The actual operations performed by the six
controlling functions, listed in detail in Table 2, have not changed in the
interim, but the error codes (Table 3) have changed, since these depend upon
the core address from which the error routine is called. One new error code
has been added in SPASTIC 76: Code 19.72 indicates that one of the arguments
of FSET exceeds 223, or 8,288,608. An undetected overflow of this type would
result in erroneous scaler or timer readings in SPASTIC 71.

1. DESPER, C. R., and QUATIER1, T. F. SPASTIC - A System fo r Programming Angles, Scaler, and Timer by Internal Counting.
Army Materials and Mechanics Research Center, AMMRC TR 72-17, June 1972.
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Table I. EQUI VALENT CONTROL FUNCTIONS IN SPASTIC 71 AND SPASTIC 76 ZEROING PROGRAMS
SPASTIC 71 SPASTIC 76 Function

FADC FDRV Dr Iv e stepping motors One of the more convenient
FDXS FSET Set t imer limit , scaler limit ,

moto r speed aspects of computer control for a
FDIK FOPR Perfo rm one of s ix  possible operations small-angle X-ray scattering dif—
FEXP FIlM Run timer/sc aler to l im i t  value fractometer is the ability to
FRAN FSOL Operate shutter solen o id “zero” the instrument ; i . e • , to

FAND Log ical AND scan through the primary beam and
find the true zero position in 20.

Tebie 2. SPASTIC 76 CONTROL FUNCTIONS 
Naturally, the beam must be con-
siderably weakened to execute these

i. FORt (Al , AZ , A3, A4) programs, since the full power of
In i tia te stepping motor drives. Ai through At are the number of the primary beam would damage the

steps for motors i throug h 4 .  Zero arguments are Ignored and the argu-
ment l ist may be shortened. X-ray detector . This is accom-
2. FS ET ( IL , SL , MI) pu shed by turning the attenuator

Change t i me r and sc aier l im i ts  and motor pulse int e rv e i .  IL I s wheel to the II3~I position for the
the time r limit in clock units; SL is the scaier limit in counts; and
MI is the motor pulse intervai in clock units. Negative argisnents are AMR instrument , and by inserting
illegal. Zero ar guments are ignored and the argument list ‘say be shor t-
ened. Maximum va iue  of any argument is 223 , or 8,288,608. a special lead filter in the

The vaiue s in ef fect  at ioad time are: Kratky diffractometer. In the
TI - 1 ,228 ,800 c lock units (4096 sec) latter case , since the beam is
SL — 1000 counts
Mi — I ci ock unit (speed — 300 steps/ nec ) not monochromatic , insertion of

3. FOPR (MG) the filter changes the wavelength
S i x  options: - spectrum reaching the detector ,
ARC — 0 Read scaler and time r in to FOCAL variables 5’ and I selectively filtering out some of

without stopping them.
ARC - I Stop scaler and time r , then read into 5’  and I ’ the characteristic radiation at
ARC - 2 Reset and start scaler and time r . 1.5418 angstroms while passingARC — 3 Return timer run status. FQP R is zero if the time r is

running, p ositive if stopped , negative if a high count more of the white radiation in
ra te was detected. ARC — 0, 1 , or 2 a lso  r e tu rns  t ime r
run status, the 0.3 to 0.8 angstrom range.

AR C - I. Return motor status , an In tege r 0 to 15. Ai l  motors To avoid the electronic rej ectionstopped — 0; motor i , 2, 3, or 4 runn Ing contributes I ,
2, 4, or B res pec t i vel y, of the latter, which often exceeds

ARC • 5 Stop all  motors . Return motor status - O~ the characteristic radiation in-4. FIlM (0)
Reset , start , and run scaler/timer to Count or time limit. tensity under such circumstances ,
Count and time are read into 5’ and 1’ , and the time r
status i s returned (see FOPR , ARG - 3). it is recommended that the radia-

5. FSOL (ARC) tion analyzer be set to integral
ARC — 0 Close soienoid , d i sab le  scaler , and clear  hi gh Count rate mode to accept both types of ra—

condit ion .
ARC • I Ope n sole noid , enable scale r , and enable clock for high diation . The computer types out

count rate protect ion , a reminder to this effect .ARC • 2 Return solenoid status , 0 or i.

6. FAN D (NI , P12. . .)  The zeroing programs for the
Return the logical AND of integers Ni and N2 . Not presently AMR and Kratky diffractoineters ,used , bu t w i l l  facilitate the independent control of several
motors in conjunction wi th FOPR (i’)’ written in the SPASTIC 76 varia-

tion of the FOCAL language, are
Table 3. SPASTIC 76 ERROR copes given in Tables 4 and 5. Several

improvements have been made on
Code Meaning

the SPASTIC 71 zeroing program:
08. 47 Ioo many function arguments , or unmatched 

(a) the program prints out the
parentheses

‘9.72 Argumant of FSET exceeds 2
23 entire intensity profile rather

than the peak intensity only ;
19.75 Argument of FSET is negat ive
l9 . :9 Attemp t to change count or t ime l imi t  w i th  t imer (b) the zero determined is a true

running mathematical zero, defined as the
19.; 3 Argu ment of FOPR outs ide range o to s center of gravity of the beam
20.0 3 Timer restart wi th high count rat , uncleared rather than the position of

I.

I.

2 
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Table 4. MR ZEROING PROCRAN 
-

Pd
C-M.( SPASIZC.76 -

10.10 E
10.t~ -r “4*1,4 ~EhuIdti. 1*4 14 SECO1*DS”IiS l i—f OPsl(S)iS M1. iO S 0L5
10.20 A “AT IS” .iJ.”IISE 3” llS AC—3;5 A2—’400’(3—’J)/6l0 11,10 16 .1
10.40 5 U—l~S0l.(l ) A  “Ith*ESHUU)”.r$4 i5 *1T.~~~b/T I4
*0.50 5 IJ — F S E r ( M T , I E 3 . i ) ; D  19 i1 (T * 1 -S I) 12 .40 i5  u—k ’SE r (3E 6 .3F6)

12.20 5 Tt,— TL+ill (400-T L) 13.90;S A t - 5 P ;D  1611) APU (Sl-T’012.20
12.40 1 “ I~uU-1*D”Il1S LI.i’SET(MT.IELØ

13 .10 T “ SEC0~4DS CT$,SEC”I;S 51-015 S2-OlS PS.PS+I
13 .15 S TL—40*DL IS T0~~~TL,1S AI TOiS UI— -liD 1611’ TC—TO.OL..TL:D 19
13.30 1 (i(I-20*SI)13 ,9531 ~.il -2e*so ,F s.os: - r  ,“co po-,.gv”us 1*1—51/52
13.35 $ A1.,4T-TL-DL1U *611 “POSITIO9” .56 .0 l .4T/ML,” ,l0W 0’,,
13-SO S 52—( 52-(S1.S0),2)IDL,ML;T “ISTEIMAL B,nEADT.4”,S2/~II.” SECo~ DS”l
13.65 1 “*1AA”56.MC.” CTS” ,, lI. ” CIS/ SEC”
13.7 5 S T C— F S O L . ( 0 ) i D  16.1;T l l ”Q! J IT” l U
1 3.90 1 I” JUT “ 20 12.4020 13.75
13.95 1 I”41GP1 TA IL”l;I) 13.6511 l”AT “ID 13.35:1 ( P5 — 2 ) 1 3 . 1
13.9*1 1 (~~- PS) I3.751S DL R$Dt.itj * 3 . 1

16.10 5 T J— I ” 0 P l 4 ( 4 ) 3 I  (—U)16,I
16.20 1 (-A 1)Jf , .3 , 16 .315 IJ-YD*4V (Al - 100)
16.25 S U .FO ? *4 (4 ) l I  (11)16.25i5 41-100
16. 30 S l i—FUH V (A l , A 2 ) ; S  A l .A S A 2 2

19. 14 S IJ.l . u P f t ( 4 1 1  (— 1 1 ) 1 9 . 14 1 5  0—1 .110( 0 ) 11  (* 2 ) 19 .9
19 .16 S r I — T ’/30015 5I—S’/f i;s 51 51+TCSS1 S S2.S2~ S1;I (-25)19.1*114
19.11* 1 l56.01.TC/ML.S11I (1C T0) 19.2.19.19.19.2
19.19 5
19.20 I (S l-,(I)19.3.l9.3 5 *1I.$l:s lfT—TC;S HC—S’
*9.30 $~~J-1’DHV (DL,);H
19.90 $ ‘J.FSOL(P);T “XS CT ,4ArE”;Q

20-05 S U-FOP**(2)
20. 10 5 U.’l’OP.*(4 ,2I t -U)213 . I
20.20 S l J —I ~C l P p l ( l ) i 1  (11)19.9:0 19.16
*

Table 5. KRATkV ZEROING PROGRAM

Pd
C-NO SPASTIC.76

10.10 E
*0 .15 1 l”ORAT EY ~EROI*1G. A’iALy~~EA TO I4T EIdHAL”IUS U—i~Q P R(5 ) ; S  ML•4
10.20 T i”SLITS. MICHU.’IS”;A l”I” .DL. ”2~’,’J;S DL—CDL. 4ll)f2.5
10.40 S U— ~~SOL( 1) 1A l”TKltESPIULD”.I,IIS MT.6ESITH
10.50 S u.FSET (MT .1E3 .1) ID 19:1 ( TPi-SUIP..n0;S u.~~5ET (3E6.3E6)

12.20 S TL.TL+111 (100-TL) 13’90 ;S 41.20010 IbiD 2011 (S 1-T i4) 12’20
12.40 1 “FOWI D”II S U—FSET(1.lT. lEA )

13.10 1 “ MICRO.’IS CTS/SEC”IIS SI—01S S2—0;S ps—Ps .1
13. 15 S TL. —40*0L35 Ta—-lid S Al—lOI S * 1 1 — - l I D  1611’ TC TO.DL ..TLID 19
13.30 I 041-20*51)13.95.7 (U I -20ss0) I 3 . 95 l 1 I”C G FOU-’ID”iI S HT— S 1/S2
13.35 S A I KT-TL-DI.ID 1631 “P OSITIO*1” ,*6. 0I.HTfl1* i.” SOW—0”I
*3 .50 S S2.(S2-(SI+S0)/2)*DL, ,ML1T “ INTEGRAL BREADTH”,52/*4I.” MZCI*OSS”l
13.65 T “14AX”56.IIC.” CTS”.HI.” CTS/SEC”
13.75 5 TC—FSOL (0)JD 26.iIT Il”QU IT”il Q
13.90 1 l”NOT “ID 12.4010 13.75
l3.95 I l”RlGH TAIL”IID 13 .6511 l”AT “ID 13-3511 (PS-3)13 ,I.13 .75

16.10 S U—I’OPR(A)II (-0)16.1
16.20 I (-AI)16.3.16.33S U FDMV (I.0.Al-100>
16.25 S U—FOPR (4)i1 (-U) I6.P.51S *1.100
16.30 S Li—FDRV (0.0.A1)IS *1.1

*9 .14 S U—FOPR (4)i1 (-U)19 . I4 iS  U—FTIO(l)1I (0)19.9
*9 .16  S TI T’ /3011S SI .S’ /T I lS  Sl .S l+TCCS I,S S9 52.SI.7 (PS)19.lRlR
19.10 T i16.lI.TC/MI..SIII (TC TI) I9 .2.19s1 9,19.2
19.19 S SI—SI
19.91 1 (51 N1)19.3.39.315 Nla SIIS NT .TCJS HC.S’
*9.31 S U.FDRV(I.I.D4.)*R
19.91 S U PSOL (S)IT “XS CT R*TV’IQ

— 20.05 S U-YOPR (9)
91.11 S U-FOPA(4)iI (-U)21.*
Il-Il S U—FOP~ (l )JI (u) 19-eiD 19.16

1. 3
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maximum intensity, and (c) the zeroing process is repeated if either end of in-
tensity profile exceeds 5% of the maximum intensity, indicating that too much of
the beam is outside the range of observation. As a by-product, the zeroing pro-
grams yield the integral breadth of the intensity profile. This is defined as
the ratio of the integrated intensity to the maximum intensity; i.e., it is the
width of a hypothetical rectangle whose height is the maximum intensity and whose
area is equal to the integrated intensity.

Sample printouts from the execution of the two zeroing programs are given in
Tables 6 and 7. For the AMR instrument (Table 6) the interval between data points
in the profile determination is fixed at 0.5 second of arc. Since the AMR dif-
fractometer has a fixed integral breadth of approximately 10 seconds when properly
aligned , use of the 0.5-second interval should yield an acceptable center of grav-
ity with negligible tails within two trials. If not, the interval is successively
raised to 1, 2 , and 4 seconds of arc before giving up the zeroing attempt . For
the Kratky instrument (Table 7) the interval between data points is set to 1/20th
of the sum of the input values of the entrance and receiving slit widths. Since
the expected breadth of the primary beam is approximately the sum of the two slit
widths, this interval gives a good measure of the beam profile.

STEP-SCAN PROGRAMS

The earlier report1 included a simple step-scan program for use with the AJ4R
difrractometer, capable of taking intensity measurements at a series of 20 values
with variable spacing alon g the 20 axis. Our experience in using this program has
resulted in a number of modifications which have improved the operation of the
system. The modifications are as follows :

(A) Antibacklash--When 20 is driven to a lower numerical value, the programs
pass the final destination , then reverse the motor direction for setting the angle.
Since the angle is therefore always set with the motor driving in the positive di-
rection, the backlash is taken out of the drive train.

(B) Rezeroing--At the end of a step-scan execution, the shutter is closed
and the 20 angle is set to zero. Since stepping motor control does not give
absolute feedback of the angle value, it is imperative to know the initial value
o-~ 20 when starting a new program. This feature makes it easy to remember: if
the last program terminated normally, 20 was left as zero . For the AMR instru-
ment , the attenuator is also left at #3 position, the correct value for 20 equals
zero

(C) Angle Units--The present step-scan programs allow for different units for
defining the 20 angle. For the AMR diffractometer, two versions of the programs
are maintained with 20 defined in seconds and in minutes . For the Kratky diffrac-
tometer, the appropriate unit is microns of elevation of the receiving slit, since
this variable is fixed by the motor drive. The corresponding angle depends upon
the distance set between the 20 pivot and the receiving slit. The distance com-
monly used in this laboratory is 229.2 mm, chosen so that 10 in 20 corresponds to
4000 microns of elevation. Changing angle units is effected by defining a multi-
plier at the start of the program, which is the number of motor steps per unit
of angle.

3
- 
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Table 6. EXECUTION OF MR ZEROING PROGRAM

* Go
A’s,4 ~E$UI0li. TN 1~4 SEC0905
41 1513 ~JSE 3
T.IOESUOLDI 10410 1.UIJOO

SECONDS CTS’SEC SECO.’IDS CTS/SEC SECO.’JDS CTS/SEC

20.0- 3.0 •- 6.0— 1*78.0 — 8.0- 335.0
— .  19.5. 6.0 — -  5.5— 1033.0 — *1.5. 273.13

*9.9— 6.0 -- 5.0. 1*93.2 — 9.0. *90.0
— -  * 0.5. 6.0 — -  4.5. 1304.0 • 9 .S— *26 .0
—- 18.0— 8.0 —- 4.0. 1495.0 — *0.0— 1*8.0
— -  1 7 .5— 4 .0 3.5— *732 .0  • 10. 5— 58.0
— -  17.0— 9.0 — -  3.1*— * 856.0 — 11.0— 27.0
.- 16.5— 7.0 — -  2.5 2011.0 • 11.5. *6 .0
— -  16.0* 13.0 --  2.0. 2146.0 - 12.0— i . 0

* 5 . 5 —  *2 .0  — -  I . 5  2258.0 • *2.5. ‘4 .14

*5.0.  *2 .0  . 1.0. 2364.0 - *3.0-  3.4 -3
—- 14.5 *2.0 .- 0.5 23*1 .0 • *3.5. 5.13
- -  l4.0 *44,0 • 6.0- 2290.0 • *4 . 0 =  2.0

13.5. 21.0 — 0.5. 2167. 0 — 14.5— 3.0
— —  13.0= 2 . 0  - 1.0= 2 1 1 1 . 0  - IS .13 3.13
— -  12.5 29,16 — 1.5. 20 18.0 IS’s. 2.0

12.0— 35.0 — 2 .0— *869.0 — 16.0- 3.13
* 1 . 5 * Sw.0  — 2.5 1689.0 = 14,.s 1.0

— —  I I . 0  82 .9 — 3 .0— *54 0 .0  • 17.0— 2.13
— -  10.5— 1*9 .2 — 3.5. 13*16.0 • 17.5 2.0
— —  10.0. *32 .0  — 4 .0— 1277.0 — *9.0. 3.13
— -  9.~ 192.0 — 4.5 1142.0 — 1*1.5* 0.0
— -  9.0 258.2 • S.0 953.0 — *9 .13- 41.0

IS’S. 309.13 — 5.S *147.0 — 19.5. 2 .43
— -  *1.0- 31*4.0 - 6.0 74 2.0 — 20.0= 1.13
— —  7.5. 474.0 — 6.5 595.0 C-_ i FUIl~JD

— -  7 .0— 6*6 .0  • 7~~0• 527.0 ~ QSI1 Io4—- 0.4 4(16.0
- -  6.5. 774.0 — 7.5— 427.0 I 1*TE’Ir4AL 4840144 = 9.9 SECU4DS

MAX- 4 52 6  CIS- 2364 CTS,SEC

Dil l
*

Table 7. EXECUT ION OF KRATKY ZEROING PROGRAM

OH#IUY ~ EROI1*ti. A1*ALY~~ER TO I-1*TEGRA L

SLITS , M ICRON S
* 1150 2 1140
THISESHOLDI 11600 l’U1l40

MICI4ONS CIS/SEC MI CRO *1S CTS/SEC MICRON S CTS/SEC

-- 560.0— 7.0 -- 159.5• 964.0 - 261.0- 275.0
— —  565.5— 10.0 — -  14S.0 1063.0 275.5— 234.0
— -  5S1.0• 6.0 — —  130.5 1227.0 — 290.0. 175.0

— 536.5— 7.0 — .  1* 6 . 0— 13134.0 — 304 .5— 198.0
— •  522.0— - 0.0 — =  101.5- *332 .0 - 319.0  l82~ 0
— —  507.5— 6.0 — -  87.1*. 1426.0 — 333.5. 135.0
*-  49 3.0— 9.0 — -  72.5. *467 .0  • 34*3.0* *03.0
--  476=5. 14.0 — -  56.0 £540.0 — 362.5— 86.0
~~ 464.11 8.0 — -  43.5. *520 .0 • 377 .0  64.0
— -  449 . 5— 16.0 — .  29.0— 1~. 2.0 — 391 .5 — 54.0
~~ 435.0. *6 .0  — -  14.5. *58 1.0  — 406.0— 29.0
— - 420.5— 26.0 — 0 .0— 1562.0 • 420.5- 17.0
- -  406.0* 27.0 - *4.5. 1555.0 • 435.0•  18.0
— —  3 9 1 . 5 —  50.0 — 29.0— 1463.0 - 449.5. 5.0
~~ 377.15* 45.2 • 43.5 .  *4 32 .0  • 464 .41• 6.0
.- 362.5— 59.0 - 58.0. *308.0 - 476.5- 3.0

348.0. 62.0 — 72-b. *202.2 — 493.0. 6.0
— .  333.’~ .33.0 47.Ø 1135-0 — 501.5. 4.1*
•- 319.0- 104.0 • 1131.5. 1009.0 — 522.0 . 5.0
- -  304.5- 141.0 - 1* 6 .0*  943.0 — 536.5. 2.0
- -  290.0— *6 3.0 - 130 5- 754.0 - SSI.0• 4.0
- -  27 5 .5— 22 1.0 — 145.0. 6613.0 - 565-5— 3.1)
— .  261.0- 300.0 - *59 .5 .  542.0 - 580.0— 6.0
- -  246.5. 37 3.0 • * 74 .0— 473 .0 CO FO’J ND
-. 2 32.0— 430 .0 - 166.5. 431.0 POSITION—- *4 . 6  *100—0
- -  217.5— 525.0 - 203.0— 397.0 I NTEGRAL BMEAD TH- 343.8 MICRONS
— -  203.0— 61*9.0 • 217.5— 374.0 MAX — 3164 CTS- *582 CTS/SEC-- 188.5- 772.0 - 232.0. 306.0— . 174 .0- 866.0 - 246.5- 267.0 QUIT

*
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(D) Attenuator Programming--For the AMR diffractometer, changes in the atten-
uator position have been incorporated into the step-scan programs.

CE) Multiple Scanning--One program has been written for repeated multiple
scans using the Kratky camera, to average out possible fluctuations in primary
beam intensity with time. Improved control over the cooling water flow rate in
the X-ray tube has obviated the need for this program, but it is included for
completeness.

(F) Integration for the Porod Invariant--Some minor additions to the programs

have made it possible to calculate the Porod invariant as a by-product of the

step-scan program. The expression used2 to calculate is that suitable for use

with experimental (smeared) intensity ~
‘(m) obtained with long slits:

~~ = f m  ‘i’(m) ~~ (1)

where m is the elevation variable in microns as defined in the Kratky instrument.

The value of calculated by the program is , of course , an approximation based

on the use of the trapezoid rule and a finite range of integration. Where a back-

ground determination is made, the appropriate value of is the difference in the

two integrals. In the case of the AMR diffractometer, the angle units are differ-
ent, but the units of the invariant are printed out along with its numerical value
in each case. Also , it is appropriate to point out that there is little experi-
ence with the present programs , and that asymptotic forms of the intensity curve
are often used in the high and low end of the intensity curve to improve accuracy.

The step-scan programs for the ANR diffractometer are listed in Tables 8 and
9 for 20 defined in terms of seconds or minutes of arc. The step-scan program
for the Kratky diffractometer is listed in Table 10, while the multiple step-scan
program for this instrument appears in Table 11.

For comparison, step-scans were run on the same sample on both the AMP. and
Kratky diffractometers. The sample chosen was a polypropylene fiber in the form
of a mat of parallel yarns of such a thickness as to attenuate the AMR primary
beam by a factor 0.513. The data obtained using the two instruments are given in
Tables 12 and 13. The printout is somewhat self-explanatory, keeping in mind that
input data always follows a colon, while output data follows an equal sign. The
abbreviations used in the printout are: AT, attenuator setting; CT LMT, count
limit; CTS , counts; DL, interval in 20; ml 20; and TM U4T, time limit. In each
case data is taken closely spaced at the lower 20 values and more widely spaced
at the higher values . The diffraction maximum occurs in both sets of data at
20 = 0.6° (36 minutes and 2400 microns for the two instruments) corresponding to
a Bragg spacing of approximately 150 angstroms. The intensity at the diffraction
maximum is higher by a factor of 33 for the Kratky diffractometer, which is in
agreement with the ratio of 31 for the integral breadths of the primary beams of

2. ALEXANDER , L. E. X.Ray Diffraction Methods in Polymer Science. Wiley-Interscience , New York . 1969, p. 292.
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Table 8, AMR STEP-SCAM PROGRAM . ANGLE IN SECONDS

C”8I( spASrEc .76

02.04 S IJ=FSOL (e);T II. ”/SS. 141 19 SECO9DS”.l;S 51L *O
02.06 4 “144 IS” .TC.”AT IS”.AC.l
02.10 A “CT LMT”.MC.”lM LMT”.MS, I
02.11 5 21.85*300
02.241 S U FSET(31T,MC.1) S 1.0
02.30 TYPE DATA P1’S”
02.54 5 1—1 + 1
02.56 4 f”Tl4”.T44(I),”AT”,4T(l).”DL”.DL (I)
02.60 ! (OLd ) )  2.54, 3.139.2.54

03.09 5 A 1 (1)—3 ;S A1=1TH(1)-TC)*ML.:S 1=015 0*1.035 TL~ T44 (1)iS AL .AT (I)
03.14 4 4 1 0 . 54 1 5  TC .TH(I)II (DL(l))3.25.3.50
03.25 4) 61D SIS TC=TC*DL (I) S lJ .F$43N (DL, (I))
03.27 5 ~J 4)*(T44(1+1)-TC Ij*IE 4)J ! (-0)3.45
03.405 A1 .(TH(I+I).TC+DL (I))*SILIS TC-IH(I*l) D 61 5:41 3.144
03.45 S Al .DL (1)*8L141 3.25
03.50 S AI .-TC*ML1S TC.FSOL (0);D 6*0 5.IIT ~‘ E9D” . 1 ) 1 :0

Os.OI S J—FOPR( 4)! (—IJ)5.01 5 lJ.~~StiL(2flI ((J)5.OS
05.041 S J—FOPH(3);I (‘))S.SO;S lJ.FSET(600)+FOPSS(2)*FSOL(I)
05.06 S U I ~0Prt(3)11 (jJ)5.SO,5.Q1 6
05.08 S U=FSET (MT)1S U FTIN (0)II (FJ)5.50fl (~~ABSdAC-AL))5.2.~~.2
05.10 T t”QM”X.QM. ” SEC SOD C/S. FUk AT”12.AL.US 0*1-015 IL-IC
05.20 1 56.0I.*.I.”11*”.TC.*l.” A1”.AC.L6.” CTS~ .S
05.30 5  1I=V/300 S S1.S /TI S QM DM+ (SI*TC+SL*TL )*CTC-TL )/2
05.40 1 Z6.04.” I9” .5!IS TL.—TC IS SL .SI;S AL .AC ;H
05.50 T !h”XS CT KATE”.!U$ 15*F50L.(0);Q

06.05 S 42=1100* (Ar(L)-AC),6;S AC AT (I)
06.10 S (J = k ’ 0 P 4 4 ( 4) ; I  6—~J)6.l0
06.ls 1 (-41)6.30,6.30
06.20 S U=F41RV(AI-1OO.A~6);~~ A2=O;5 41.1043141 6.10
06.30 S U=F1)3V (A1,#2)1S A 1=331S A2-0

Teble 9, MR STEP-SCAM PROGRAM. ANGLE IN MINUTES

‘- 4
C-SrI SPASIIC,76

412.434 5 lJ—FSOL(P );I II. ”/SS. T I 19 -5 I 94J1ES”.!;S ML-600
02.06 A ‘144 IS”.TC.”AT IS”.AC.!
02.10 A “CT LMT” .4-IC.”1M LMT”.MS.*
02.11 S *11.45*300
02.20 S ‘i=FSETCMT.*1C,l) S 1— 0
02.30 liFE ‘~DATA PTS”
02.54 S I=1~~l
02.56 A 1”114”.T41(I).”AT”.AT (I),”DL”.DL(1)
132.643 1 (DL(I)) 2.54.3.09.2.54

03.139 S ATd1)- 3;S A1— (Tl-ICl)-TC )*ML;5 !-0;S OM=0;S TL.TH (I);S AL.AT(I)
03.144 0 2.54*5 TC—TH(I);1 (DL(I>)3.25,3.50
03.25 0 6 :41 s ; s  TC—rC.DLCI ;S IJ—FSGV DL(1)
03.27 S U.U* (T43(I*I)-TC-U*IE-4);1 (-0)3.45
03.40$ 4l.(I44(I,1)-TC,DL(I))*ML;S TC—1 1*d1+l); D 410 516 3.18
03.45 5 A1.DL(1)*ML;G 3.25
03.50 5 Al=-TC*ML;S TC—FSOL (0):D 6;D 5.111 ~‘ E9D” . t ! ! l O

05.0* 5 U.FOPR(4); l (— 1 3 ) 5 . 0 1 * 5 U.I’SOL(2);I (1J)5.08
05.04 5 1J—FOPRC 3) ; I  (0)5.501 5 U— FSET(6 00)4 FOPHI2 )+ FSOL( l)
05.86 S U—F OP N( 3) ; 1 (0)5 .50.5 .06
05.0 8 5  ‘J—F SET ( MT ) ;S U FTIM(0)I I  (11)5.5011 ( FA BS(AC—A L))5 .2 .5 .2
05.11 3 1  I’~QM”*.QM.” MI9 SOD C’S, 1043 A T ” 82 . AL . IS  QM.1*~ S TL.IC
05.201 56.03.*.I.”TH” .TC.il.” A1”.AC .16.” CTS” .S’
05.30 S T1—T’ /300;S SI—S’/II ;S QM .QM ,(SI*TC*SL*IL)*(TC—TL).’4

- , 05.40 1 *6.04,” I N”,SI;S TL-TCIS SL—SI S AL—AC ;R
05.50 1 !l.’~XS CT HATE”. I ll S 0-FSOLCO);Q

06. 05 S #2 800* (4T ( I) -AC ) ,61S  A C .A T ( E)
06.10 S IJ.FOPH(4)1I (-0)6.10
06.15 1 (-Al)6.30. 6.30
06.20 S tJ .FDR V (A I -&O0. A2 ) :S  A9.O3S 41.100:41 6.10
06.30 S U—FDHV (A1.A2 )IS 41-015 42.0
a
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TabI. £0. KOATEY STEP-SCAN PROGRM~ ANGLE IN MICRONS

*6
C — 4 4 K SFASrIC. -,6

02.04 S ‘I—PSUL (0)lf !!.“/SS, 141 1’) M1C44u9S”.!;S *1L.K
02.06 4 “FrIES4NT 144”. IC.!
02.20 S ‘I FSEI(2.0.1)+IWPHdI) $ 1=~~.’T ”OATA P13”
02.54 S l l ~~Z
02.56 A !“N”.TH(l).”DL”.DL (I)
02.60 1 (D ~ d I ) )  2.~~4.3.139.P.54

03.09 S A1.(Til (l)-TC - 1—01$ 08.235 TL—T44(I);D A
03.10 I d-FOPr1 (4)) -

03-Il I !.“SEI A 60..i-..444 TO DIi’~~Er4E911AL”!
03.12 1 “USE ‘1 C44EL ~~~.TE.t”.!!!;S (J—h’SOL(I)
03.13 A “C. .*1I”.*1C.” f- i  LIST”,MS.!iS lT•)SS*302
03.14 I dr0p14c3),s.543;s ‘J~~ SETdM1.MC)
03.144 I) 2.5415 4C I43d1) C..’.9U ATTE9JAT0~s ,J-SEEL
03.213 I) 6U) 531 dDL(I))3.25.3.50
03.25 S TC.TC+DL.dI)1S ‘I-FSG9 (DL (l))
03.275 J—U* (141d1+1)-TC-’i*IE-4)fl ( - ‘ 3 ) 3 . 4 5
03.40 S AI=(T44(1+l)-TC+DLII))*’IL.lG 3.1$
03.145 S AI DLdI)*ML ( 3.20
03.50 S A1— -TC**1LIS TC.FSOL(0);13 6:1 “ (1M”L.QM.” *1 SOl) C/S”ll;O

05.01 S J=F(1PH(4);I (-J)5.13l;S (J=FSOL(2)(I ( - 1 3 ) 5 . 0 4 1
05.04 S ‘J—FU P43 ( 3 ) l 1  dU)5 .~~01S (= 4S ~~I( 1 5 c 3 0 ) * p SuLd1 ) *4 ’oP ~~(2 )
05.26 S T FO?19(3);1 (1)5-50.5.06
@5.044 5 J=FSET(MT);S U.F1Ii’l(O);I (‘1)5.50
05.20 1 £6.#.t.”f43”.1C.” CTS”.S’
05.30 5 TI T’/300;S 51 S’/TI S QM.QM+(sI*IC+SL*TL,>* (TC.TL)/2
115.40 I *6.02.” 1 9”.SI S TL TC S SL SIIo
05.50 1 !!.“XS CT HATE” ,!I; S I—FSUL (L4):0

06.10 $ I3.FOP$(4);1 (-11)6.10
06.15 1 (-41)6.30,6.30
06 .2(3 S J SUL(0)+PL)4341d0.0.AI-200)
06.25 ‘) F0P13(4)l1 (-316.251S A1=200
06.30 S IJ=FDRVd3.0.Al) S 41—0
*

Table II. KRATKY MULTIPLE STEP SCAPd PROGRAM , ANGLE IN MICRONS

C - 6 4  SPAS I IC .76

6 2.114 s 41I= pSOL O ) ; r  I!. ”/* 1S. 144 19 —*3IC HU.9S” . 1 :5  lL~ 13
02.06 A “F.IrISE9T 144”. IC.!
02.10 A “94443 OP (‘ILTIPLE SCA9S” .Ci. !S KC=0
02.20 S IJ—i”SET (O.O.I)*I’UPh (*) S 1=0
00.54 S 1= 1 + 1 1 1  Z2.l.”049P”.
412.56 A 144”.T.4(l).”DL”.DL (1)
02.60 ! (OLd!)) 2.54.3.06.2.54

03.05 1 ”  QW’*.Q~1.” 2 SQL) C/S”!IS QT~ OT+QM
03.06 5 44C•44C+I IF (CY—44C)3.50
@3.03 S A1=(T$dI)-TC)**1L;S 1 0 S  QM.0;S TC.T4(I);S TL.TC D 6
03.10 1 (-I’UPit(4))3.1011 (1-40)3.18
03.1) 1 *.“SE-~ 4.34LY1843 TO DIFI’EH8JTIAL ’,I.”!ISE ‘JIC44EL F!LTPSI”, Il l
03.12 A “CT LMT”.MC.”lM LMI”.MS.t lS MT.M5*300
03.14 S U—P50L (1):1 “SAMPLE 1.0.”;! FoP43C3~~~s.50;A p
133.1*3 S I.I+IIS TC—TH(1)
03.20 D 611) 53! (DLdI))J.25,3.05
03.25 S IC—TC’DL (I);S J—FSOJ(DL (I))
03.27 S J— IJ* (1r4(I+I )—TC—iJ*IE—4) ;I (—U)3.4s
03.40 S AI—(Tr4 (1+1)-TC,DL (I))’ML;G 3.144
03.45 5 Al-DLCI)$ML U 3.20
03.50 S AI .-TC*ML.tS l’C—FSOL, ( O) I V  611 !“4V844441E “1$ QM Q1/CY D 3.05:0

05.01 S U.FOPH(4)U (-U)5.OUS (J.FSOL (2);I (-0)5.013
05.04 S U—FOPR (3) I (U)5.501S IJ.FSET (1500)’FSOL (I),~OPR(2)05.06 5 (J—FOPH (3);I (0)5.50.5.06
05.08 S U—~ SET(MT.MC)1S IJ— FTIM (0)3l (0)5.50
0S.30 S TI—T’/300)S Sl—5’/TIJS QM—0M+(QI*TC+SL*IL)* (TC-TL),2
05.40 1 * 6 , # ! .T C .S ’ .56 .03 ,SI S T L• TC IS SL — S I IR
05.50 1’ l!.”XS CT IIATE”.I!IS U-FSOL 0);Q

06.10 S U•P0P41d4)II (-43)6.10
06.15 I ( -* 1)6 .30.6 .30
06.20 S U-FSOL (0)+FDIIV (0.0.AI-200)
06.25 5 U•FOP*1(4)31 (~~3)6’Q5JS 41.200
06.30 S O.FDPIV(0.0.AI)1S *1.0
S
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Tab$. 12, EXECUTION OF MR STEP-SCAN PROGRAM Tibi a 13. EXECUTION OF KRATKY STEP-SCAN PROGRAM

*410 410

,SS. TN 14* *1I9J rES ,‘SS. 143 Ii MICNO4*S
TN IS!0 AT IS ;3 PHESEI1T 141*0
CT LMTI*4.3 TM LMT; *200 DATA P15
DATA P1’S 144:500 1)1.1100
1415 4110 01.1* 141*1000 01.1200
11411 5 AT;0 01.13 141,4000 01.10
141160 41,0 DLIO SET A4 *ALY~ EN TO DIVYE43E9TIAL
Tr3 5.000 AT. 0 CTS— 1000 III. 3.44613 USE 9ICICEL. FILTEII
TN. 6.000 AT- 13 CTS- *000 IV. 2.4962
TN— 7.000 AT— 0 CIS— *000 16— 1.448541
144= 8.000 AT- LI CT5— *000 19 1.5*368 CT LMT~ 183 TM LMTI 100
TN— 9.000 AT— 0 CTS— 1000 19— 1-3465
Tr4 10.000 AT . 0 CTS *000 IN. 1.1234 144*- 500 CIS. *000 Is* *03.59
TN- 11.000 AT— 43 015= 1000 14*. 1.02*5 143— 600 CIS— *000 * 4*-. 63.417
T 1 *2.000 AT— 13 c rs= $000 II. 0.9734 Iii - 100 CTS— 1000 19. 54.43
144= 13.000 AT- 0 CTS- 9134 14 0.13200 TN. 8130 CTS— 1000 19- 53.19
T44 14-000 AT 0 CTS= 940 II- 0-71333 TN . 900 CTS- 1000 19. 49.59
14- * 5.000 A l— (5 CTS. 1392 *6. 0.7433 114— 10*10 CTS— *000 1’J. 43.59
144= 15.000 AT— 0 CTS= 924 114= 0.7533 114— *200 Cr5— IOOO 19— 37.30
144- 144.000 AT. 11 CTS= *314 1.4*. 0.67*13 114- 1440 Cr5. 100$! 11*. 34.86
H- 21.000 AT— 0 CTS= 36~3 I l. 0.7233 114— *600 CTS— 1000 19. 31.43

141. 24.000 Al. (4* CTS- 802 1*- 0.6683 TN- 11300 CTS— 1000 141— 32.25
144. 27.0004 AT . 2 CTS= 490 19. 0.74*1 144*- 2000 CIS— *000 141— 36-644
144= 30.000 41. 0 CIS. *000 I’J 0.89*0 144— 2200 Cr5— *000 19. 41.64
Ti. 33.000 AT- 0 CIS 1000 19. 1-16449 144— 2400 CIS— 1080 19— 47.02
144 36.000 AT — LI CTS= * 000 19- 1.4039 TN- 2600 CIS— *040 I’l. 43.65
1r4 39.000 AT- 0 015. 10013 1-4*— 1.2669 TN- 2800 CTS 1000 IV— 33.76
Ir! 42.000 AT . 0 CTS= 10041 19 0,9537 TN- 3000 CISC 1000 1 ’I— 24.35
141= 45.000 41= 0 CTS= 712 19— 0.5933 TM— 3200 CTS- $000 IV— 20.89
143 413.000 AT- 0 CTS 5213 P1. 0.4400 TN. 3400 CTS. *000 19. 17.93
1N 51.000 AT (3 CTS- 426 19— 0.3550 TN— 3600 CIS. 1000 IV— *6.50
TN- 54.000 AT . 2 CTS= 3313 1 -4*. 0.244*7 114*— 3800 CTS $000 I I —  16.07
114 57.000 61. 0 CIS— 322 19= 0.26443 TN. 4000 CTS. *000 1 ’J— 14.84
TN— 60.000 4T 0 CTS- 24414 ‘4. 0.2402 02. 0.2332*48+09 N SOD C/S

— Ql4* 0.12444448*04 *114 SOD C/S. FO44 AT’. (11

- 
£31)

the two instruments as given in Tables 6 and 7. The lower resolution of the Kratk)
instrument using the present slit settings allows for much higher levels of dif-
fracted beam intensity. The price that one pays for this intensity is in terms of
the minimum angle at which one can take useful data , which is 500 microns , or
0.125°, for the Kratky diffractometer. The data on the AI4R instrument starts at
5 minutes, or.0.083°, and could well start much lower. In all fairness, however ,
it must be stated that the Kratky diffractometer is capable of the same resolution
at the AMR instrument if finer slits and a longer working distance are used. The
present coarse resolution conditions are deliberately chosen to enhance intensity
at the expense of resolution.

As a final demonstration, the multiple step-scan progr am was executed. A
step-scan similar to that of Table 13 was executed ten times . Since the entire
intensity data generated is rather voluminous, only a summary is given in Table 14,
in the form of the Porod invariant for the ten Table 11*, RESULTS OF KRATKY $WLIIPLE
scams. Any long-term drift in the primary beam STEP-SCAN EXECUTION

intensity would appear as a corresponding change Scan .~~~~ Po~~d Invar iant

in ~~~~~~. Although a small drift may be indicated I 0.111372 E + 09

2 0 . 1 12771 E + 09
• by the systematic changes in over the ten 0 .11285 2  E 09

scans, the effect appears only in the third

digit and leads to less than 1% error in ~~~~~~. 6 o.ll ~ O16 E 09

7 0.1)5220 £ + 09
A greater source of error lies in the fact that O.ll l.220 E 09

the integral for the Porod invariant (Eq. 1) has 9 0. 113 56 3 E + 09

& been truncated to cover something less than the 10 0 . 1 1 3 5 6 1  £ + 09

full range zero to infinity. Average 0 .11358 1, E + 09 s 0.908
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APPENDIX. PALD ASSEMBLY OF SPASTIC 76

/ S.P.A.S.T.I.C. - TAPE 1 - 19 FE~ 1976
/FSI’J MD FCOS DROPPED, LIBRA RY COPItIA 9D 4Lt.O.wKl)
/
/SY STE~I FOR PHOGRAMMI.’4G A9G LESISC4 LAR,A ”JD T I~ iE*i
/BY I’JTEr~9A L CO~J ’JTI ” JG
/OVERLAY FOR FOCAL, 196~ ~ut~ XI~AY SCATI’ERI9~ EXi~ERI13E .9TS/~~ICHARD DESPEHO AMMHCs WAFEhTU~~9P ~1ASS.
/CW ’IPATI BL.E ~ IT H FOCAL 69
/ •..DO 901 IJSE 1.911...
/A .‘IORD OVERLAY CM BE ‘J SED, LOAD BA SPASTIC
/RK OVERLAY SHOJJLD BE ‘JSEABLEi LOAD 81* SPASTIC
/
/FOCAL FLOAfI.’JG P0I-9T OPERATORS
I
/ ...CA (Jf109...
/S0M$~ OF T I4ESE DIPFER h R U .1 STA9D4 RD
/FLOA’rI9ci ?OI.91 OPERATORS
/
/ .9QTE . PALD DOES 90T RECOG.9 I~~E FIX~1RI
/ !ISE PAL III I.9SrEAD OH DELETE FIX~1RI, SI9CE
/ F L.&TAB .ilLL T A K E  CAIIE u~ IT 19 PALD

r- ET =P BH ~
FADD= 1I~B(4
FSUB=20B0
FbI V=3080
ut’IUL=ABBR
FPU =5P00

/IRE ABOVE ‘I SYRBULS REOIJI}-~E k’IXMRI FOR PAL III
014 = 7 13 @0

FEX T=B QIØØ
/
/‘4AHD~~AHE LO T ’ S
/
S.9CF= 63 11/SAIP IF -90 CLOCK PLAG
CCF=6312/CLEArt CLUCK r’LAG,E.9ARLE CLOCK
DSCK= 6314/DISABLE CLOCK
DSCF=6316/CLEAR CLOCK FLAG Ml) DISABLE
E~JSL= 63~~1/E.9ARLE SULE9OID A91) SCALAH
DSSL=63S2/DISA~3LE SOLEsJOID A90 SCALA*I
/STEPPI-9G 210rou ‘JE-STEP lOTS-
R1F=6321/l-1OTOH 1 FOk6~J AH D
M2F=6331/i-IOTOR 2 FORWARD
13F 6334/MUTOR 3 FORWARD
MLIF*6341/MUTOF( 4 FORWARD
MIR=6322/MOTOR 1 REVERSE
12R=6324/ROTOH 2 REVERSE
M3H= 6332/i’IOTOR 3 REVE RSE
~14R=6342/MOTOH 4 REVERSE
/
/FOCAL SIJBHOUTI9E CA LLS
/

• FE9T=J~13S I 7/FL.I PT I.’JTRPTR
POPA=TAD I 13/RESTORE AC
9EGATE=JMS I 51/-’JEGATE FLAC
I~JTEGR=JMS I 53/FIX FLAC
RETUR-9 J1IP I 136/FlJ~JCT1O-”J HETUR~J
PUSHJ-JMS I 140/RECURSIVE SUBHT9 CALL
POPJ-JMP I I41/S’JBRT~l RETUR~1
PIJSRA .JMS I 142/SAVE AC
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PIJSS*=JMS I 143/4 VE YLf  P 1  ~~~
POPP— .JMS I I44/~ EST(Jt~E FLT ~T s~dR
Pr~I ’JTC. 1J~~S I 15 1/PhI9T  CHAR
ERRO R— J ~ S I l 66 / e h H u t~ t~I-..CuVEk ~Y

lAB
/
/MEMOMY FIELD CU’JThOL IUT~
CDI’=6201
CIY=6202
/
/~4-OCAL STLH-~AGE LOC~~S
/
?T 1 30

- 
. E X l = 4 0

VLAC =4 4
ALI D=6 1
C~IAR=66
p770c~= 101
P7600 104
C260 = 113

120
STAFI T= 177
FVTA3J’=374
ILGL =6 34
13S 1= 1437
F.VAL-1613
F~JTA)3L=2 165
SAIJL~~~2601
E~ HU~ 5~~~725
~~~COV R=2i40
D I V 2 ~~6757

.C~TI4 7 527
DL. 10017557
LI~JFø 10O / p I E L . U 1
Dt.. IE3t~= 120 / F I i L D  1
~CL f 3 .  125 /FIELD I
/
/
/
/ S.? -A .~~.T .1 .C-  - TA ~~ 2
/PAGE ZEHO PATCH-FOCAL 69
/
/STAI1T OF 1.*JTE HrtI JPT SVC M O D I F I E D
/YJ OT I~~TE.I~DEI) FUI * PDP-5 O~ PDP-8S

- /

k. F I E L D  (~/SET F I E L D  ~EHO I ’4DICATDIk
*1

1~001 5402 Jo? I .+ 1
- 

- 0002 6172 1.’JTRP c /ADS t~U D F D
0003 0000 ~ A VACX , 0

/
/ C H A ” J~~E oo’rTu .~1

- - *35
003s 4673 BIIFE SW-2

/
/ (IUU I P ’Y I .~ I T I A L I ~~~ ADS
*176

-‘ - 0176 4365 BE GI.’IIX
/
/ MOD I FY F’J~JCT IO~ ADDRESS TABLE
*p’*~TABIC+3

0377 4757 FOPR
DI

*4-

11
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4)4(.Ir~ 5023 FSOL.
520(~I FDHV

04(~2 471 7 FSET
~l4~j 3 5105 r 1 I~~
0401i 1142 FA’J D

/?IIT ~R.-~~~~5 I- J  ~~~~ I~JU LOC ’Js SI ‘ICE SI J4 CUS A:~E I ) ,~ -~~;
0405 2725 E~ HOii 5
0406 2725 E~ RUH 5

/
/ A ’JD  ~~IJ~~c-f ~~ () ’J  - CALLED HY F A ’ J D ( 1 l , 1 P - . . )
/ 11415 F-J .’~Cr I O . ’J  IS  ~ E E 4 r ~ A.~ f 4IIS tiII.IE ~J 1 LI S I  ‘ C ’ J L I -’I N I i
/AHGS ASSIIMRD I ‘J R4-’JGI~ 

(4- 404 5w ‘JO C4EC’( “~A IR~
*1142

- - 1142 4453 FA.’J D , I > J 1’EGH
1143 4542 PJ S 14A
1144 45410 PJS4J
1145 1343 ARI’~
1114 6 5354 j~~p .+f ,
1147 ‘4453 I ’J T H GH
1 l 5~3 720~- C t.,A
1151 1413 PUPA
115? ~1446 A .JD YLA C+2
11s3 5343 J.~1P F A ’ J D + 1
11~~1i 14 13 i-’OPA / E .<IT
1155 3046 OCA YLAC+2
1156 5536 z~ET~JR ’J

/
/ H E F .A I ’J  LI8H A H ( Co~~.’~A ’J D  Al LUC I 1173 (2 — 7/ I )
/
/ A H U . J ~~i. ’J T HC)AL. 1J A J O H
/
*1343

1343 1066 AHU,TAD CrIAh
1344 1353 fAl )  -‘~COM~ 4
1 3145 76140 SZA C L A / LA S I  C i-IAR= ,?
1346 5352 ,JMP -+4
1 347 4540 PIJSHJ / Y E S - (E T  A ’JUT H EH ARG
1350 1612 EVA L-1
1351 700 1 IAC /A ’Jb SH I P  !‘JST O UI k~ET!JH ’J
1352 SSIi l i’~OPJ /OTrlEl ~ I I S E  ‘JO S H I P
1353 152/1 ~ CO~11~A, -254

/
*1553

1553 6321 IOTB L~~’11F / LIST OF STE PP I ’J G  MOTO R t O T S
1 554 6322 ~ 1H
1555 6331 H2F
1556 6324 M214
1557 6334 ~3F
1560 6332 M3R
1561 6341 M4F
1 562 6342 ~ 4H

/
/ C 14A. ’JG4~ FIJ ’ICTI O- ’J ~IAMES - SEE FOCAL EFIJ ’J FOR CODI ~1G
/CODE FUtt FXYI. IS  4 X + 2 Y + Z a
/CODE FOR FY~ I S  PY+~~,
/CODE FOR FZ IS I
/ WREk1E X s Y ~~ -~ AR E A S C I I  VALUES
* F ’JTABL+ 3

2170 2656 2656 /FOPH
2171 2666 2666 /FSOL
2172 2612 2612 /FD HV

a 2173 2652 2652 /F~ ET

&

12
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2174 2657 2657 /FTIM
2175  25441 2s44 /FA ’Jt)

/
/C4AIh,ES 1’J I ’ J T E t~~fI P T S EH V I CF .  PAGE
* 600

2600 0000 8HE AI ( .0/OLD SAIJAC - RF I S E H V E  FUN 14ARDWARE SCALA-i
/
*2603

2603 320 1 I CJTH P T ,DCA SAVL. t(/i~~AC14ED ~ IA I gTRPX
2604 63 11 S’JCF
2605 565/i Ji’i P I LCH SV C/SE , iV IC~ CLUC~(260 6 6014 1 I3AC K ,TSI- ’

/

* 2 640
2640 ~ s76 iMP I S T A R T - 1 / P N U V I D E D  C ’J I H L - C  W I T H  ~JE ~ ~ ECOO E M

* 2653
2653 7410 :H?/DELETE ?DP-~ S PARI fi CHE C H
26s4 5270 LCK~~vC ,CHSV C

/
*2 657

265! 1003 lAD SAV AC X /A ~~S I U ~ E AC F t-tO/i ‘JE W LU C ’J
/
/
/
/ S.P . A . S . I . I - C .  - TA#& 3
/CHA ’JGE I~~I T E  I ’J ST H I , C i I U .’J ~ E A D 1 I G  ( li ’( )

*1211
3211 2320 2320 /SP
3212 0123 0123 /AS
3213 2411 2411 /1!
3214 0354 0354 /C,
3215 6766 6766 /76

/t3 I ’J  PU.’JCH RT ’J - SAME AS DEC -014- YX YA -P B
/WIIH STA Hl ADS CIIAWGED TO 3465
/
/DH OPPED 1.4 T H I S  V E R S I O W  - CA.’J1 P’J ’IC’.I F I E L D  1
/
/
/
/ S .P . A . S .T .I . C .  - TAPE 41
/MO DIF Y S T A R T I ’J G  PH OCF.DI JRE TO G I V E  IWI T I AL T OTS TO
/SOL.E.~O ID  A ’JD CLOCH
*4365

4365 6352 B E G I ’I X s D S S L  /D ISABLE SOLE W OID A~JD SCALAH
4366 6316 DSCF / DI SABLE CLOCH AWO CLEA R FLAG
4367 7410 St( P
4370 4773 .‘JURCVH

/
/CERTAI.’~ LAB-S lOTS 1W IWITIAL HTW IWIERFEHE
/WIT9 STEPPING ROTOR tOTS 52F A”ID M4R (633 1,6342)
/IF YOU USE A LAB-S SYSTEM THESE STEPPIWG MOTOR lOT
/MU ST BE CHAN GED I N  THE HA R DWARE
/EHASE OFFENDI N G LAB=8 101’S -
*4400

4400 7000 -‘lOP
*4436

4436 7000 NOP
/PDP-5 AND PDP-HS ARE FORBIDDEN
/PROBLEM IS SPACE LIMITATIONS
u N  PAGE 000 AND PAGE 2600
/

: /

13
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/HALT O.’J I N I T I A L  DIAL .OGUE aPD P -8 S
/NO ROOM UN PAGE 2600 FOR
/M EM OHY P A R I T Y  CHEC K
/PDP -RS IS PROBABL Y TOO SLOW A N Y W A Y
*4456

4456 7402 HLT
/
/HALT ON INITIAL DIALOGUEs PDP S
/ ‘JO ROOM FOR IJSE OF LOC.’J
/0002 AS JIIIP I .’I ST H UCTIO N
*4463

44 63 1402 iILT
/
/THESE COMPUTERS COULD BE USED
/1~ NE MK OPTIO N IS DROPPED
/BY M A K I N G  IJSE OF LOC-.’JS
/0 167-0 175  ON PAGE 0000
/
*4523

4523 7200 CLA /PATC14 UIJT I N t L
/
‘SRI iF / ER  LIMIT UN I ’ I I T I A L I ’.’J
*4557

4557 11673 OIJFE.’JD-2
/
/
/
/ S.P.A.S.T .I.C. - TAPE 5
/FSET R O U T I N E  - SETS TI ME A-N I) C O U N T  L I M I T S
/ A H G ( J M E ’J L S ( T L , SL , M I )
/ TL=PRE SET T I M E  L I M I T , C L O C r (  U N I T S
/SL P14ESET COUNT LIMIT
/MI=~9UTUR 

Pu LSE I.NTERVALsCLOCK UNITS
/~~ERO A.-tGS ARE I G N O R E D
/ N E G  ARI 3S=EH/iUH
/CLOCi-( IP1tT=t -3001H SEC
/
*4 675
3IJFE.’JI)=.

4675 4540 A H G I - N T sP I J S IJ / GET ANOT HE R A R G U M E N T
46 16 1343 AI4 G

— 4677 5514 % POPJ / NO AHUs RETURN NITHD’JT SKIP
4700 4453 I N f S t S ’ l , I N T E G / i  / E N T RY  FUR F I R S T  ARG
4701 7450 SNA
4702 1045 TAD FLAC+ 1
4 703 7650 SNA CLA

- - 4704 554 1 POPJ / ARG = 0~ FCETIJHN WIT r4O ( J T SKIP
4705 1044 TAD FLAC
4706 13416 TAD M27
41107 7640 S~~A CLA
4710 4566 ER ROR /AHG E)CCEEDS 2 TO 23RD (APPR OX 0E6)
4711  1045 TAD FLAC+ 1
4712 7710 SPA CLI A

2 ‘1713 4566 ERROR / ARG = - a ERROR MSG
4714 4451 NEGATE / AEG +‘ MAKE IT -

- - . 4715 7001 IAC
- - 4716 5541 POP.) / SKIP  I’J STR 0-N RETU RN

/
-~~ - 47 17 4540 FSETDPUSI4J / FSET STARTS HERE

4720 4700 INTSG.N
4721 5327 JMP SLIN / fl.aOa IGNORE IT
4722 4352 JMS HNCN

-~~~~~~ 14
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4723 4543 ?USHF
4724 0344 FLAC
£4 72 5 4544 ~O~ k
4726 6315 TTME L M / SET TI :IE L I M I I
4727 4s40 SL I .4aPUS K J
4730 4675 AIIGI fl
4731 5340 J.IP M I I I  / SL~~0s I G N O R E  I T
4732 4750 U M S I LDIV 2
4733 4352 JRS HN C H
4734 4543 ?~I SRF
£s735 0044 FLAC
4 136 45144 PO?Y
4737 6311 COUNTL
474 0  45/i A .MII9,PJSHJ
4 14 1 14615 A R G I N t
4742 5536 RET U RN
4743 1246 TAD FLAC+2
4744 3747 OCA I L45PD / M I IS  S IN G L E  ~ HEC
4745 5536 R E I’IJM.V

/
4146 77s1 121, -27
4747 5372 LMSPD .NSPEED
4750 6757 L D I V 2 s D I V 2
4751 5370 L R - N a H ’ J N
4752 00(40 .-4U C 14,0 / C~fECK T I M E R  H’) ’4  STATUS
4753 1751 T AD I LR N
4754 7650 S.NA CLA
4755 4566 ERROR / MUST BE OFF WREN CRANGIN G LIMITS
4156 5752 ‘.JMP I H-N CR

/
/P .NTM Y TO FUPH F U N C T I O N
/
/FuPR (0) - READ SC, I/i 41IHOIJr STOPPING T4EM
/FOP~~( 1)  - STOP SC, TMs THE N READ T4EM
/ F OP R (2 )  - RESET AND STAR T SC’ TM
/ F O P R ( 3 )  - R ET URN f I R E R  SIAT IJSa  FOR HI  CT RATEs
/ 0 FOR TIMER RUNNING’ + FOR TIMER STOPPED NORMALLY .

— /FOP H (4I ) - RETU RN MOTOR STATUS - IN T E G E R  0 THR U I S
— / 0 FOR ALL MOTORS STOPPED

- / ADD 1 FOR MTR I R U N N I N G ,  2 FOR MTH 2. HI1N ’J Z ’JGa 4 FOR H T H 3
/ R U N N I N G ,  H FOR MTR 4 R U N N I N G
/ F O PR ( 5)  - STOP ALL MOt ORS ,  RET JHN FOPH=0
/ USE FOPR(5) TO INITIALIZE SPASTIC PROGRAMS IN CASE
/ SYSTEM HAD BEEN STOPPED W I T H  A MOTOR H ( J N - N I N U
/ OTHERWISE THAT ROTOR W I L L  RESTART WH ENEVER CCF IS EXECUTED
/

4757 4453 FOPRaINTEGR
4760 7510 SPA
4761 4566 ERROR / NEGATIVE AHO
4762 1120 TAD MS
4763 7740 SMA S~ A CL.A

-
- 4764 5361 JMP .-3 / ARG EXCEEDS S

4765 1371 TAD BRANCH
4766 4542 PIJ$HA / SAVE ADS
4767 1046 TAD FLAC.2 —

4770 554 1 POP.) / BRANCH OUT
4771 5112 BRANCHSXFOPF (

/
4 1772 5033 SOL.ND
4773 7300 -‘1URCVH.CLA CU.. / RESPONSE TO CNTRL-C OR RESTART AT 200
4774 4772 JMS I .-2
4775 6314 DSCI(

‘S
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4 177 6 577 1 JMP I .+ 1
4777 2740 HECOVH / CHANGE 10 7600 TO JI1/sP TO D ISC M O N I T O R

/ - N U T E THAT SUCH A C H A N G E  AFFE CI S  RESTART AT 0200 AS iIELL
/145 C ’ITRL-C KEYBOA RD S I G N A L
/ I N  SUCH E V E N T  U SE 27/10 AS II E STAR T ADS A N D
/R EME M SER 1RAT ~IA HDWAH E MAY N OT SE INIT IALI~~ED
/
/
/
/ S . P.A . S .T .j . C .  - TAPE 6
/u ~E SET A N D  START SCALAR A N D  T I M E R
/ THE ON E - B I T  P1tES CALAH B/i SCA LA R DATA BR EA K S
/ Z S  NOT RESET . Et~RO~~= O , O , -1, Oh +1 ON TOTAL C O O N
/ fr {I S  ER R O R  IS I N S I G - ’ J I / I C A N I  AND CANCELS D i l l
/OVE R A NU M BE R OF I ’J T E . N S I T I  U E T E H M I I A F I U ’ J S .
/

5000 0000 RESIRliO
5001 1704 TAD I LOC.~I iW
5002 7710 SPA CLA
s003 4566 ERR OR / HE STHT C A N N O T  BE CALLED A F T E R  H I  CT R A T E
5ØØL~ 6(402 t O E  / U~~T I L  HUN I S  CLF .AE~ED SY l ’ SO L ( O )
5005 454 3 P~IS4F
5006 6311 L CU L S CO U ’J T L
50 07 4544 POPE
5010 5360 L C U I J N f , C O I J N T
5011 4543 P I SRE
50 12 6315 L 1 I L , T I .I E Lt 4
5013 4544 POPF
5014 5364 L T I M E s T I / i E
50 15 3704 DCA I LOCRU ’J
5016 3622 DCA I L OR EA K
5017 6312 CCF/E’JABLE CLUCK AND SCALAR
5020 6001 I O N
5021 5600 UMP I RESTRT
5022 26~!” LBHEAKSBREA i(

/
/FSOL OPEN ,CLO SE ,Ol-l  READ S O L E N O I D
/ARG= 0 CLOSE
/AR G 1 OPEN I T
/AHG=2 READ IT BUT DON’T CHANGE IT
/1W ANY EVE N Ts  SOLENOID VALUE IS RET UR NED

5023 4453 FSOLs I N TEG R
5024 7110 CLL RAM
5025 7640 SIA CLA
5026 5231 UMP .+3
5027 7004 HAL.
5030 4233 .JMS SOLND
5031 1247 TAD SULVAL
5032 5323 JMP DCFL2

L /
/SOLEI’JO ZD POSI TION I NG R OUTINE - —

/ENT EH AC-0 flR FOR CLOSED
/OR OPEN SOLENOID

r /
5033 0000 SOL1’lDsO
5034 7450 ~‘l4
5035 5241 JMP .+4
5036 6351 ENSL. / AC-i, OPEN SOLENOID
5037 6312 CCF / ALSO ENABLE CLOCI( AS RI CT RATE PROTXM
5040 5244 JMP .+4
5041 6352 DSSL / AC-Os CLOSE SOLENOID

S

- -
~ 16

— —- — - - ~~~~~~~~~~~~~~~~~~~~ - k-i’ — - , -. - - - — - - -“



r~’ —• ---- 
~~

- - —- —------.- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

5042 7001 IAC
504 3 3704 UCA I LUCRIJ.N / CLEA R H I U T H A I R  r LAG
5044 32.4 1 OCA SuLVAL / SAVE AC
50/a S 3622 UCA I LOHEArI
5046 5633 JMP I SULND -

s047 01400 SOL OAL SO / SIOii E F O R F SU L ( 2 . )
/
/ TH E FL -W Ii RT .N S At~E U .N IRE SAME P4t3 E AS iiES
/ A N D  A R E  R OVED I F  HESIR T IS  M OVED
/
/ SCALA H A N D  l I M E R  READ OP E R A T I O N S
/SCALA R C O N r E N T S  PLAC ED AT 5’ ’ T I R E R  AT 1’
/
/F 1 - S f U P  THE M F I R S T
/F1 DUES NOT CLEAh •NE G RUN l~LAG

5050 210/i F 1 s I S ~ I LOC RU N
/M EH GE WITH F(4,Dy.sJAMIC HEAD

5051 1302 F @ s T A D SCEODE
5052 3061 UCA ADD
5053 4540 PUSH.)
5054 11137 liSt
5055 6002 I OF/FR EE ~~E CO LJ ~N F + T I M E
5056 4407 FEN T
5057 06 114 FGET I LCU ’JWT
5060 2606 E5F) 8 I LCOL
5061 7000 FN OH
5062 6430 EPUT I PT I
5063 0000 FEXT
5064 1303 TAD TMKOD E
5065 3061 DCA ADD
5066 4540 PUSH .)
5067 1437 G SI
5070 4407 FEN T
507 1 0614 IGET I L U R E
5072 2612 FSUB I LT IL
507 3 1000 FN OH
5074 6430 FPIJ T I PT 1
5075 0000 FEXT
5076 6001 ION

/
/M EH GE W I T H  F3s T I M E R  STATUS CHEC K
/

5077 1704 F3~~TAD I LOCRUN/ SE T FUN CTION SGN a O s O H +
5100 3045 DCA FLAC+1/TO COINCIDE WITH SIGN OF RUN
5101 5323 UMP DCFL2
5102 2347 SCKODE~ 2347/ PACKED
5103 2447 TMKODE42447/ ASCII
5104 5370 LOC H U NsH UN

/
/ F T IM -R U W  SCALAR AND TI M ER
/FOR PRESET COUNT OR T I M E
/INTERVALsTHEN READ
/
/ N OTE
/
/tNEITHEkI FOPR(2) OR FTIM(...) OPENS THE SOLENOID
/THIS MUST BE DONE SEPARATELY BY FSOL(1)
/ALSO, THESE ROUTINES MAY BE USED WITH SOLENOID
/CLOSED FOR TIME DELAY WITHOUT COUNTING
/

5105 4200 FTIMsJMS RESTRT
5106 7120 CLI. CML / DISPLAY LINK — 1 IN FTIM WAIT

S
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5107 1704 TAD I LO CRUN
5110 7650 SN A CLA
5111 5307 JL IP • -2/WA I’I FOR PRESE T

/TABLE FOR FOPR
/DO ‘JOT CHANGE SEQUENCE OF LUCNS ~FOPH-l  TO XF OP H +5

5112 5251 XFOPR 5.JMP FO
5113 5250 Ut~P Fl

/
/F2, RESET AND START T I M E R - S C A L A R S  RETU R N STATU S

511/1 4200 .JMS RESTRT
5 1 1 5  5277 J-MP F3
5 1 16 532 5 JM P F/i

/F5 - STOP ALL ROT OR S
s I l l  3347 FSsDCA SlEPt
5120 3351 UCA STEP2
512 1 3353 DCA STEP3
5122 3356 [)CA STEP/i
5123 30146 DCEL2sDCA FLAC+2
5 124 5536 R E T U RN

/CREC K RO TO R STATUS
/ F O P R C 4 )  RO U T I N E

5 125 3046 F4 ,D CA FLAC+2
5126 1355 TAD STEP/I
5127 4337 JRS M CRK
5130  1353 TAD S rEP3
5131 4337 JRS MCR -(
5132 1351 TAD ST EP2
5133 4337 JMS MCHr (
5134 1347 TAD SIEP 1
5135 4337 JRS M C RK
5136 5536 R E T U RN
5137 0000 M C H K s @  / CHEC K 1 MOTO Rs SAVE STAIU S AT FLA C+2
5140 7100 CLL
5141 7640 SEA CLA
5142 7020 CML / SET L I N K 1 I F  R U N N I N G
51113 10/4 6 TAD FLAC+2
514 14 7004 HAL
5145 314/’~ UCA FLAC+2 / SAVE STAT ’JS AT SI r  11
5146 5737 JMP I MCHK

/
5147 0000 STEP1sO/MOTOH I
5150 @000 0
5 15 1  0000 STEP2sO/MOTO R 2
5152 0000 0
5153 0000 STEP3,0/MOTOH 3
5154 0000 0
515~ . 0000 STEP4,0/MOTOFt 4
5156 0000 0

/I-WCREMEWT A DOUBLE PRECISION ~NUR BE R
/FOR USE ONLY BY ’ CE SUC

5157 0000 DBLI’JC ,0
51 60 1757 TAD I DBLINC
5161 3374 DCA TDBI
5162 7101 CLL EAC
5163 1374 TAD TDB1
5164 3375 DCA TDB1+1
5165 2357 ISZ DBL.I-NC
51 66 2775 ISZ I TDB1+1
51 67 5757 JMP I DBL !NC
5170 2774 ISZ I TDB 1 / INCRT HI BITS
5171 5757 JMP I DBLINC

: 5172 7020 CML / SET LINK IF HI BITS OVERFLOW
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5173 5157 ~JMP I U B L I N C
5174 0000 T D B I . 0
5175 00(10 ci

/
/
/
/
/ S.}- .A.S . T . I . C .  - TAPE 7
/E DH V R O U T I N E
/ I N I T ! A T E S  S T E P P I N G  M OTO R D R I V E S
/ A R G I J M E ’J TS A l  THRU Ali =
/NBti  OF STEP S FOR M OTO R S 1-/i
/AR G ’JME ’J TS ARE +0K- IN T E G E R S  OR 14
/EEH O ARG UMENT LEAVES ~i OT Oal ‘J ’JAF EE CT ED
/A R OTOR CAN BE STOPPED FOR C E R T A I N  O ’JL i  BY F O P M ( 5 )
/

* s2140
s 2 0  631” F U R V ,D S C K  / DISABLE CLUCK
52t4 1 4 543 P-JS~~F / I ’JI T I A L I ~~E
5202 5260 LSTEP1
5203 4544 POPF / 3 LOC-N C O U N T E R S
s204 52 64 LSTEPN
5205 1263 TAD MF OIJH
5206 3267 DCA ARC~~I t’i / L I M I T  4 ARGS
5207 445 3 LU O P 5 I ’J T E G H / F L T  PT AC TO I N T E G E R
5210 7450 SNA
52 1 1 1045 TAD r LA C +l
5212 7650 SNA CLA
5213 s223 .)MP EADC
5214 10/1 5 TAD FLA C +1
5215 / 7 10  Si~A CLA
5216 5230 JMP MADC
5217 4451 ‘JEGATE /ARG = + s  R A K E I T  -

5220 1666 TAD I R I  101
5221 2266 I S~ G I I O T
5222 5232 JMP SETIOT
5223 2266 -~ADCs1SL GT I0 -r  / FLT PT AC= 14 i I G N O R E  IT
5224 226 6 IS~ G T I O T
5225 2266 I S E  P I l OT
5226 2264 IS~ LSTE? -N
5227 5242 JMP 7~JMP
5230 2266 R A D C , I S /. Gr i o l  /r PT AC-
5231 1666 TAD I GTI O T
5232 3665 5E TIO T ~ DCA I P I l O T / S T O R E  M OTO R 101
5233 2266 I S~ GT I OT
5234 2265 ISE  PI lOT
5235 1045 FAD FLAC + 1
5236 3664 DCA I L STE PN
5237 2264 I SZ LSTF .PW
5240 1046 TAD FLAC+2
524 1 366/ 1 DCA I LSTEP .N/STORE PULSE COUNT
5242 2264 Z J M P a I SZ  L STEPN / DOUBLE PHEC I NTEGER
5243 2267 I SZ A R GL I M
5244 7410 SEP
5245 5252 JMP MDLY/4TH ARG DONE
5246 4540 PU SHJ/ .NEXT ARG TO FLT PT AC
~247 1343 ARG
5250 7420 SKP / ARG Li ST ERHA IJ STED
5251 5207 JMP LOOP
5252 1372 MDLYS TAD MSPEED / SET DELAY 04
5253 3371 DCA MTICT / NEXT MOTOR STEP
5254 3754 DCA I LORE
5255 6312 CCF / ENABLE CLOC K

S
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5256 6(40 1 I O N
5257 5536 RETUnN

/
5260 51/ 17 LSTE P Is SIEP 1
5261 57711 LCKTBLS CK TBL
5262 1553 L M I O T B i I O T B L
5263 7774 RFOUH , -/i
5264 51111 LSTEP ’JSS TE PI / THR EE
5265 5774 P T I O T sCK T B L  / V A R I A B L E
5266 1553 G T I O T s I O T B L  / P O I N T E R S
5267 0000 A R G L I M s O

/
(CLOCK I N T E R R U P T  S E R V I C E
/ I . N TEHRUP T HATE 300 H~
/ G I V E N  F IRST  P R I O R I T Y ’

5270 175L 1 CK SVC , TAD I a ’3~~K/ G E F  SCALER DATA Bt4EA ~ C O I I N I
5271 3357 DCA ICR
52 12 3 7 5/ 1  DCA I LBr~K/EErt O THE SCALE R
5273 1357 TAD TC K
5274 0101 A-N D P7 100
52 l s  7640 S~~A CLA/TEST FOR H I G H  RATE
52 16 5347 JMP H I E T
5277 6312 C FL G sC C F / E ’J A B L E  CLOCK AND SCALER
5300 1370 TAD R U N
5301 7640 SEA C L A / SO Y T W A R K  S C A L E R - T I M E R  R U N N I N G ?
5302 53 17 JMP M T H C H K / N O
5303 7100 GLL
5304 1357 TAD ICE
5305 1362 TAD CO ’JN T+2
5306 3362 DCA CO1JNT+2
5307 7/130 SEL
5310 2361 ISE C O J N l + 1
5311 7410 SEP
5312 2370 ISE HUN/SCALE R L I M I T  REACHED
5313 11756 .)MS I L D B L I / I ” J C R T  T I M E  VALUE
5314 5365 T I M E + 1
5315 7430 SEL
5316 2370 ISE H U N / T I M E R  L I M I T  REACHED
5317 2371 MTRCHK1ISE RTKT/iMOFOR PULSE DUE?
5320 5155 JMP I LOACK/-N O
5321 1372 TAD M SPEE D/ YES
5322 3371 DCA IITET
5323 1263 TAD MFOU H
53211 3357 DCA TCK
5325 1373 TAD LM IE T
5326 3335 DCA LMNK T
5327 1374 TAD LI I1 IOT
5330 3375 DCA L M ’J I O T
5331 1735 MILOOP ,TAD I LMNi-CI /MOTO R PULSE LOOP
5332 7650 SNA CLA
5333 534 1 JMP .NOPLS/NTPI MOTOR IDLE
5334 4756 JM S I LDBLI/INCRT MOTOR STEP COUNT
5335 5147 LMNKTsSTEP1/VARIES
5336 1775 TAD I L.M/JIOT
5337 3340 DCA .+l
5340 7000 NOP/MOTOR PULSE lOT
5341 2375 NOPL.SsISZ L.MNIOT
5342 2335 ISE LMNKT
5343 2335 151 LMNK T
5344 2357 ISZ ICE/COUNT 4 MOTORS
5345 5331 JMP MTLOOP
5346 5755 .JMP I LBACK/ RETURN TO INTRPX
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5347 6352 HIRTs D SSL/CLOS E SOLEN OID
5350 3776 DCA I LSOLV
5351 1347 TAD H I K T/ R A IE  EXCEEDS 3M KRZ
5352 3310 OCA HUN /SET FLAG N E G A T I V E
5353 5277 JMP CFLG/GO SVC ROTO R S
5354 2600 LBR K ,B RE AE
5355 2606 LBACEIBA CK
5356 5 157 LD B L I ,D B L I t N C
5351 0000 TCK ,0
5360 20110 COUNT ,2 000 / SOFT -WARE SCALER
5361 6000 6000 / SET COUNT H I G H  - VAL I JE AT LOAD T I M E
5362 0000 0
5363 0000 0 / 4 WO RD
5364 002 1 T I M E a 2 7 / S O F T  WA R E T I M E R
5365 0000 (4 / DO ‘JOT CHANGE EXPNT
5366 0000 0
5367 0000 0 / REQD 0? 4 WOR D
s370 0001 HUN , I / S O F T W A R E  SC-TM RU.N I N D I C A T O R

/ SET 14 WH EN R r ) N ~’Jj . ’JG
/ SET 1 OR 2 W HE N SFOP PE D
/ SET LARGE ‘JEG I N T E G E R  ( D S S L )  FOR M S CT R A T E
/

537 1 7777 M TKTi —1 /VA HIES
5372 7 7 7 7  M SPEEDs - I  / SET BY F SET -H I  SPEED I N  EFFECT A T  LOAD
5373 5147 L M I K T s S T E P I
5374 5774 L M L I O T a C E T B L

• 5375 5774 LMNIOT,CKTBL/VAHIES
5376 50117 LSOLVsSOLVAL

/
/
/
/ S.P.A.S’T.I.C. - T APE ~
/TABLE OF MOTOR lOTS W I T H  PROPER D I R E C T I O N  CHOSEN
* 5774

5774 7000 CK TBL sNOP / MOTOR 1
5775 7000 .NOP / MOTOR 2
5776 7000 NOP / MOTOR 3
5777 7000 NOP / ROTOR 4

/
/ I .NTE RRUPT RESPONSE - REACHED FROM LOCN 2
* 6172

6172 3003 INTH PX sDCA SAVACX /NEW SAVE AC LOC N USFD
6173 70 10 RAR
6174 5775 JMP I .+1
6175 2603 INTRP T

/
/COUNT AND TIME L I M I T S
*6311

6311 0030 COUiNTLs3Ø / COUNT L I M I T  SET AT 1000 AT LOAD TIME
6312 717 7 7777
6313 7014 7014
6314 0000 0
6315 0027 TIMELMa27 / TIME LIMIT SET AT 4096 SEC AT LOAD TIME
6316 7324 7324
6317 0000 0
6320 0000 0

/
*PRNTB-1

- 
-‘ ‘ 7526 5757 JMP I DLIB ILIBRARY EXITs 4K

*132.18
7 557 4773 NURCVR /4K POINTER (CLEARS HAROWARE )

21

-.



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—~~~~
• ---- ----~~~~~~~~

/ TRE F O L L O W I N G  STUFF IS FOR BK ONLY.  T E R M I N A T E
/ HEUE W I f H  DOLLAR S I G N  FOR 4K .
/
/
/
/ S . P .A . S .T . I . C .  - TAPE 9
/PATC HES FuR HE OVERLAY ( O M I T  FOR L I E )
F IELD 1
*LI NE O + 4

02 0 4  / 1023 4023 / 5
B I O s  - 2001 20131 /PA
(4106 2324 2324 /51
010? 1103 11 (43 /IC
011 (4 5467 5461 /i7
0 1 1 1  6b4”~ 664(4 /6

*R L I B
(4 2 2 5  4 773  N JR CVIj  / N E w  E M I T  FRO M L I B R A R Y  (CLEARS H A R D W A R E )

F I E L D  (

*UL IB
1551 01P~ IJLISH / R E S f U ~~E AS I N  ME OV ERLAY ( C H A N G E D  EA 1~L I E r (  ( H I S  P A T C H )

/
/
/

A Ol, 1406 1 I~ j ( Uf  s26~ ~~I LU U P 5331
4n-~ j 3 n:4 H I K I  5347 M I R C H 4  341I
A rfti I N l  ~~~~~ I LGL (1634 M21 474ø~
Aii ’IL I M  5~~~7 I ‘J I R P I  260 4 MS
04C 4 26146 I N TRPM 6172 ‘dUr’L.S 5341
r lE ’i IN (  4365 I ’ J F S G ’J  ‘1160 N JRCVI’( 4773
B R A N C H  4771 I O l O L  1553 P R N T ~ 7~~27
PIREAP(  2614(4 LHAC ’( 5355 P F I O 1  5 .6~
0-WEND ‘1615 LBHEAK 5022 P11 0(43(4
CP L G  5 2 ? ?  L ORE 5354 P1600 (4 104
CHA R ~4066 LCK SVC 2654 ~~l70 0 01’~1
Ci4SVC 527(4 LCK TB L 5261 RECO V I4 2 ,4 r -
CETI3 L 5114 LCUL 50116 IIES TR T 530(4
C O J - N f s360 LCOJJ .N f 50 10 R L I B  0125
C U ’J N I L  6311 LUS LI 5356 R ’JCH 47~~2
C260 0 113 L D I V 2  47 5(4 R U N  5310
D O L l -NC 5157 L I N E O  0100 SAV ACX 0003
DCP L2 5123 L~11ofB 5262 SAVl~4 26(4 1
01v2 6757 LM -N I OT 5375 SCKODE 5102
U L I B  7557 LM ’JK T 5335 SE I I O T  s232
DLIBM 0 1214 LM SP D 4747 SL I N  472 1
ER RO RS 272s L M 1 I O F  5374 SU LN I) 5033
E VAL 16 13 L M 1 E r  5373 SULUAL 504 1
EJI l 0040 LOC R UN 5104 S IAR T 0177
P’ANL) 1142 LOOP 5207 S lEP t 5147
rDt~V 5200 LON ‘1751 STEP2 5151

~LAC 0044 LSOLV 5376 STEP3 5153
P-N FA8F 0374 LSTEP-N 5264 s-rEP4 5155
FNT ABL 2165 LSTEP 1 5260 ICE 5357
r Oh’H 4757 LT IL.  5012 TD @ 1 5)74

• ~ SET 4717 L I I M E  5014 T I R E  5364
I’SOL 5023 MADC 5230 I I M E L M  631s
F I l M  5105 MCI4 K 5137 TMKODE 5103

5051 M COM L’IA 1353 XF OPH 5112
F l  5050 /4DLY 5252 ~ ADC 5223
F3 5077 MF OUR 5263 ~JMP 5242
F4 5125 M I I N  4 140
VS 5 117 MSP EED 5372
GSI 1431 MTET 5371
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