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THE At TUNEUP PROCEDURE FOR THE LAMPF 805-MHz LINAC

by

Kenneth R. Crandall

ABSTRACT

An important part of tuning the LAMPF accelerator is
the adjustment of the phases and amplitudes in the
805-Miz linac. The technique used is called the At
procedure because of the time-of-flight measurements
that are required. This report presents the theory
behind the 4t procedure, a brief description of the
hardware, and a description of the many computer pro-
grams that have been written to implement the proce-

dure,
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THE At TUNEUP PROCEDURE FOR THE LAMPF 80S-MHz LINAC

by

Kenneth R. Crandall

1. INTRODUCTION

The &t procedure is a techanique for adjusting
the rf phuases and amplitudes throughout the B0S-Miz
linac. The procedure uses beam indured signals de-
tected at 2 pickup loops downstream of the nodule
being adjusted. The adjustrents are based on the
phase changes produced in these signals by turning
the module of f and on.

The &4t procedure was conceived in the late
1868's, and the original work is described in Ref.
1. At that time, it was concluded that the 4t pro-
cedure wosld be useful only in the lower energy por-
tion of the BO5-Mi:
uresent technlque wits to have been used in most of

linac., A precise momentum meas-
the inac. Consequently, pickup loops were installed
only after nodules 5 throuch 13, enabling the At
procedure te be used in modules 5 through 12. How-
ever, bn practice, the moaentum measurenent tech-
nique was found fo be hiphl: unsatisfactory, and a

new look was taken at the possibility of wsing the

AU apparatus to tune the o
feastbie method was found
in Ref. 2. Subseq ently,
after vven-nurbeored moduls
linac, starting at =odule
stalled after tanks 2, 3,
linac,

After the additional
in 14974, the &t procedure

ntir~ 505-Miz linac. A

in late 973 ard described
pickup loops were installed
: through the rest of the
14, Loops wore also in-
and 4 of che 201,25-Miz

pickup leops were installed
was successfully used to

fume the entire 505-Miz linac, using a set of compu-
ter programs which were written to isplement the pro-
crdure, Since that time., both tine At hardware and
the software have hgen impraved. The At procedure
wus automated in early 1976 and has since been used
vto tune the entire §05-MH:z linac in a small fraction
of the time that was previousiy required. The con-
puter automation of the procedure also provides o

consistency in the tuning.

The purpose of this report is to describe in
detail the At procedure. For completeness, a fairly
lengthy discussion is given on the theory behind the
procedure, followed by a brief description of the
The

bulk of the report is a description of the many com-

4Ot hardware as seen from a rser's viewpoint,

puter programs that have been written to implemeat
the procedure, including storage maps for the vari-

ous disk data files.

11. &t THEORY
The 4t procedure is a medule-by-module opera-
tion. The procedure assumes that the rf in all mod-

ules upstream to the one being adjusted are "on™,
the rf in all modules downstream are "off", and the
rf in the module being adjuszed is altermately “off"
or "on" as required. 'On" and "off" are accomplished
by commanding the rf pulse to occur at the same time
a beam pulse occurs, or after the beam pulse has oc-
curred.

Let ‘AB
troid through the module being adjusted, where the

be the time of fiight of the beam cen-

module extends from location A to locatien B. In
the carlier portion of the side-coupled linac, A
and B corrvespend to the locations of the pickup loop:.
¥here they exist, pickup loops are located 12.5 cm
downstream of the end of the last cell in the module.
A quantity of interest is the difference in the val-
ues obtained for LI when the module is turned from
off o on; namely,

'y ° “ag,off - “AB,on ° 8

¥hen the module is off, a particle moving with

the "design" velocity, Vas will travel the distance,
DAB' from lecation A to location 8 in the time in-
terval



a8, 06t = Dap’Va - @

A particle whose velocity differs slightly from the
design value by AvA will vequire a slightly differ-
ent length of time;

SRR NS Y B -
AB,off vAoA\vA Va t Va

When the module is turned on, the design parti-
cle takes a known. amount of time, ty to travel
from A to B. The time required for any other par-
ticle is

tag.on = Tg * (80 - 80, /u, @)

where AoA and AoB are phase displacements from de-
sign values at A and B, respectively, and w is the
angular frequency of the rf. The quantity A¢A/w is
simply a measure of how much later the particle
left location A than did the design particle, and
the quantity A¢B/w is simply a measure of how much
later tne particle arrives at B than does the de-
sign particle. The complicated acceleration pro-
cess in the module makes no difference.

The difference in g from its design value, to

first order, is

AvA
AtB = - DAB T - (A"B - A¢A)/w . (5)

Using the identities

G . _L__ M
v inOI) [
v =8¢ ;

W o=E (v-1)

and n? = (By)? = y%-1, (&)

where W is the kinetic energy, E. is the rest energy
of the particle, ¢ is the velocity of light, and 8
and y are the usual relativistic parameters, Aty

can be written as

This statement assumes that the lengths of the
tanks and the drifts between tanks within the mod-
ule are kiown to a sufficient accuracy. It was dis-
covered th't the actual tank and drift lengths dif-
fered significantly from their design values., All
lengths were then measured, and the measured values
were used in detemmining 2 'compromise' design.

D
Bty = - oy Wy - (805-00,)/0 - ™
T A

If the first pickup loop fnllowing the module
is at lozation B (as it is in modules 5 through 14),
then the above equation is one of the two that are
required. If the first pickup loop is farther down-
stream by one module, as it is in the «dd numbered
modules after modgule 13, then an additionzl term is
required. To be general, let the first loop be a
Jistance D1 downstream of location B, where D1 may
or may not pe zerp. Because of common usage, how-
ever, the deviation from the difference in the de-
sign values of the arrival times at the first pick-
up loop will still be denoted by AtB, whether or
not the pickup loop is at location B. The A and B
subscripts on the phase and energy displacements
will still denote these displacements at the en-
trance and exit of the module, respectively.

The general expression for AtB is, then,

At, = - DAB AW, - (A¢B-A®A) - _.D_l. ﬂ - ﬁ':s. .
B Erana A w Er° na3  ng?

(8)
The second pickup loop is located at a point
designated by C. In modules S5 through 13, the sec-
ond loop is one module downstream of the first loop;
beyond mndule 14, the second loop is two wodules
downstream of the first loop. Let the distance
from B (the end of the module being adjusted) to C
be D,. The distance between the two loops is then

D?-Dl, and

(5,-D)) { oW,  AWp ] (9)

We now have two equations relating AtB and Atc
to the phase and energy displacements at the en-
trance and exit of the module. In addition, the
output phase and energy displacements, A¢B and AHB,
are related in a known (calculable) way to the in-
put phase and energy displncements.mA and AWA,
assuming that the accelerating field amplitude is
known. Clearly, if the input displicements are
zero, then the output displacements must also be
zero. A particle with zero input displacements is
the design particle and obviously exits from the
module with zero displacements from itself. For

RIS
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small displacements, A¢B and AWB are linearly re-
lated to A¢A and AWA:

8 | = m | 2], o)
ey oM,

where M is the transformation matrix through the
module.

The elements of M are the partial derivatives
of the output displacements with respect to the in-
put displacements, and are calculated by the same
heam dynamics computer program that is used to de-
termine the design particle and to calculate the de-
sign times of flight. These elements depend, also
in a calculable way, on the accelerating field am-
plitude.

Using the relaticnships between the output and
input phase and energy displacements, AtB and Atc
can be expressed as a linear combination of the in-

put displacements alone. In matrix notatien,

Aty 80, 1

AWA

’ (11)

with the elements of the T matrix defined as fol-

lows:
R L TR (12)
1 ° T
w Eran
. m DAB D, 1 m, (s
T = ee— - —.-_T- m—— — —-—r ;
12 w Eran I nA’ ﬂB
. l-m, . Dzm21 ; (14)
2 Een s
¢ w Eran
_— M2 Uy 0, 1 P22 . (15)
R el = i e et
22 w Eran! E ¢ nA "a

Since AtB and Atc are the quantities that are
measured, it is useful to solve for A@A and AWA in
terms of AtB and Atc. If we define the matrix A

to be the inverse of the matrix T, then
= A . (16)
AWA . Atc

The phase and energy displacements at the exit of
the module can also be soived for in terms of AtB

and Atc. Since
8¢ a¢
{ B] " [ : ] ' (17)
AWB AWA
then
Ad at
AWB } Atc
where
B=M, (19)

Measured values of AtB and Atc can then be trans-
lated into calculated values for A°A‘ AHA, AﬁB, and
AHB using the above equations.
As was mentioned earlier, the elements of the
M matrix, which relate AQB and AWB to AOA and 6HA,
depend on the accelerating field amplitude. Conse-
quently, in order for the calculations of the phase
and energy displacevwents to be valid, either
1) the amplitude must be set correctly; or
2) the amplitudes must be measured or estimoted,
so that the elemonts of the M matrix can be
evaluated correctly.
in the early mod.ics (5 through 12) of the side
ceupled linac, the M matrix depends strongly on
amplitude. This dependence weakens as the module
number increases.
In the carly modules, there are at l:ast two
ways to estimate the rf amplitude by using the time-
One way (the first way that

was used in practice) is to calculate the slope of

of-flight measurements.

the curve that is generated on the Ata. Atc plane as
the input phase is varied in the vicinity of the de-
sign phase. That slope is simply
at-/3¢
A p
S = 5{;733; (20}

=ty /t,

Since the rate of change of the M matrix elements
with respect to the rf amplitude can be calculated
numerica’ly, one can also calculate the change in

S as a function of amplitude. By measuring S and



finding its deviation from design, one can then cal-
culate the approximate deviation in the rf ampli-
tude.

A second way {the ore being usad at this writ-
ing) is to wmeasure the change in energy out of the
modiile as the input phase is changed. This quanti-
element of the M matrix.

21
The energy change is calculated from the measured

ty is, in fact, the m

changes in the arrival times at the pickup loops
when the module ix on. 1The erergy change could
also be obtained by measuring changes in ty and tC"
but there is no need to turn the module alteimately

If t1 and t, are

off and on for this measurement. 2
the arrival times of the beam at loop 1 and loop 2,
respectively, when the module is on, and D is the

distance between the loops, then the energy change

from some initial value is
B - ’ -
oW Eran (Atz Atl)/D. 21

It should be emphasized that this is a measurement
of the change in energy, not an absclute cnergy
measurement. 1f the “clocks” represented by Y and
tz could be synchronized with suffizient accuracy,
then an absolute energy measurement could be made.

It may be appropriate at this point to see
what can be accomplished with the tools that have
been developed thus far. In Table I, for each of
the modules in the side-coupled linac, calculated
or measured values are given for o number of guanti-
ties defined earlier: The clements of the M matrix
and their derivatives with respect to the rf aspli-
tude; the distances DAB, D’, and Dz; the slcpr §
and its derivative S', with respect to the ampli-
tude; the design values for tn and tc; the design
values for the input and output energies and their
corresponding values oi n.

The units of these quantities are:
- unitless (deg/deg or radian/radian);
- MeV/radian;
@y, - radian/MeV;
Dy = unitless (MeV/MeV):

m’ij- the change in o5 per wunit (100%) change

™1
B2y

in the rf amplitude;

DAB - cm;
Dl - cm;
D2 Te <m;
S - unitless;

S5* - the change in S per unit change in the rf
amplitude;

tg and te - nanoseconds (these times ara modulo
T, but kept between -1/2 and +t/2, where
t is the period of the signal induced by
the team (1/.20125) ns);

Hﬂ and "B - Mev;

Na and Ng - unitless.

The elements of the T and the U matrices are
given in Table I, where T is as previcusly defined,
and U is the matrix relating 4tp and 4t to 4¢, and
ANB. The units of these quantities are:
i1, t21, Y31,Y23 =~ picoseconds/degree;
tiz, t2z, 912,922 - picoseconds/% energy displace-

ment.

The eleoents of the inverses of the ahove matri-
ces are given in Table iIl, in units of degrees
per picosecond and % encrgy displacement per pizo-
second, From these values one can obtain the re-
lationship between the uncertainties in the calcu-
lated displacenents (ﬁeA, AHA. &:B, &ﬁﬁ) and the
uncertainties of the measured times (Aln, Atc).

Let 6!8 and 6tc be the uncertainty in the zeasure-
ments of AtB and Atc. rospectively, Then the un-
certainty in the calculation of é&A will be

éQA = 3;1615 + 31261(: . (22)

If the uncertainty in the acasured values is randon
with an average of zero, then so {s the uncertainty
in A@A. A uscful quantity is the root mean square
of the uncertainty in éoA. which is the squuare root
of the average (expected) value of (EA)Z:

v2(5¢h):) = 23)

ava}, e P e2a, a,, (et pir a5t 07

Assuming that the errors in the measurements are
independent with averages of zero, then the middle
term on the right vanishes. Also, assumiog that

the uncertainties in the two measurements are the
same (one can be measured just as well as the other},

then




TABLE I

At PARAMETERS
MJU M11 Mz1 M12 M22 MP11 MP21
"1 ne S Sk 8 1C nA
-} ~-.5363 -1.2674 L4761 -,66106 5.212 -13.78¢@
B 1229.5 .67 «25.60 -2.804 ~1.421 10090.0¢
[ -, 8381 ~1.285¢% .23%4 ~-.p806 3.199 -16.939
B 1277.4 .0y -18.73 2.439 -2.312 1i3.@
7 -.,94635 -.7429 2462 ~.8627 2.286 ~-16.0675
0 1596.5 .40 -14.08 2.196 1.74z 126.0
4 =-1.4315 ~.6571 L1592 -.8687 1.559 -15.743
S 10626.8 56 ~11.12 1.882 .998 139.5
¥ =~1.,0265 .1341 0799 -.9v810 .254 ~16.783
4 1628.8 1.98 -9.78 1,801 .52 153.3
le¢ -.%343 L3462 ~.00624 ~.9867 -1.269 -15.491
.d 165¢.4 1.21 -3.43 1.489 =-.296 167.9
11 -1.81283 »9114  -.b%46 ~-,9353 ~1.509 -13.799
W8 1637.6 1.44 =6.97 1,367 =-.642 182.1
12 -.8784 1.265> -,0787 -1.033% -2.202 ~-13.668
LB 19230 1.92 -6.22 1.297 =1.27¢ 196.6
13 -.¢88s 2.43p35 -,z598 -,7461 -4,363 -4,198
4 1215.3 2.12 =-5.21 1.8%7 -1.719 211.4
14 -.9491 2./018  ~.20881 ~. 8226 -5,665 -~5,245
M 3L,y .25 =~v.03 .88 -,296 226.7
15 ~ %32 8.1741  -,2592 -.%192 ~-4,380 .432
1%97.4 4/761.9 2.16 =1.52 -¢.25%4 1.53& 241.2
16 -.9182 $.3/p0 ~.1936 < .6979 ~3.455 ~3.632
N VE L .35 =7.94 .777 -.899 256.7
17 ~,4772 3.6d7, ~.1Y%2 =-,5%85%0 -=3.515 -1.594
10i6,¢ 4832.4 2.1 =-1.38 2.291 .418 271.6
lo =.3473 S.97n¢ -.2033 -~,3478 =-3.778 «675
B 3rlb.l S.685 =6.%3 .714 =-1.351 286.9
1y ~.236% 44,2731 ~,2189 ~-.3865 -3.942 5.898
1928.2 4%27.6 f.cid -.91 1.909 =.23¢ 3@0Z.8
24 -, 2213 4,03¥yhs  ~,1993 -.5R0H <-3.573 4.4963
8 Se97.4 J.89 =5%.04 .591 -1.8%z 318.5
21 -.1714 4.d354% =-.1970 -,2711 -3.,581 6.43&
1042 .2 a43%.7 Z.19 -.8¥ 1.758 -.871 334.2
> -.1765 5.2v3e -,1787 -,2995 -~3.283 6.487
0 337 3.96 =4.63 .313 -2.236 358.3
23 -.1743 5.6418 ~,167% ~-,2957 -3.187 6.563
1632.6 4956.72 2.21 ~.73 1.401 -1.508 366.2
24 -.810¢ 9.0295 =-.170y -.1468 <-3.108 17.253
O 35248.% 4.2 =4,356 <436 2.28¢ 362.1
25 .A335 o2.679Fr -.1760 -.9159 -3.218 14.140
1670.8 >v5>./7 2.¢7 -.49 1.337 -1.784 397.8

.389
414,3

MP22
ETaAA

123.069
.4738

5.668
.5853

4.172
.5354

2.293
+5653

5659
.5945

697
.6245

~1.142
.6525

-1.293
. 6804

-5.676
.70881

-3.521
73608

-5,314
L7617

=3.319
.7887

-3.543
.B14p0

~3.936
8396

-4.447
.8655

-3.788
.A912

-3.922
. 9161

-3.419
9414

-3.,163
.2659

-3.275
+ 9901

-3.631
1.2137

Dag
ETAB

1484.7
5853

1549.5
.5354

1577.4
.5653

1566.5
5945

1626.8
. 6245

1600.8
.6525

1652.9
.68p4

1697.6
.7831

1523.6
.7368

1515.3
,7617

1526.5
.7887

1557.4
.8140

1587.9
.B396

1616.6
8625

1595.¢6
. 8912

162¢.2
9161

1645.2
.9414

1642.2
9659

1664.9
. 9901

1637.6
1.8137

1652.8
1.083483




MOD M11 M21 M12 MZ2 MF11 MP21% M>12 MR 22 DAS

01 N2 5 sp e TC WA ~8 ETAA ETag

26 0687 6.0652 -.1650 -.$251 ~-3.816 13.539 L341 =3.313 16784
8 3534.9 4,52 =-3.35 L4880 2.108 414.3 430.7 1.2363 1.8624

27 L3993 6.3430 -.1577 -~.0124 ~2,925 14,292 .313 =-3.192 1688.8
1786, 5111.5 2.25 =.46 1.186 =2.174 &33.7 447,2 1.2624 .p0s4
28 .1237 6.5711 =-.1517 L8147 -2,83% 15.022 .281 -3.¢81 1796.1
.9 3425.4 4,36 -=-3.17 362 1.B77 447.2 443,77 1.2864 1.1183

29 .1292 6.9352 ~.,1435 L8361 -2.674 14.969 .252 -2.6871 1723.2
1682.4 3091.0 2.2> -.40 1.037 2.452 463.7 430.2 1.11983 1.1539
38 L2753 6.7653 -.1424 1294 -2,630 18,652 L2222 ~2.922 1682.4
.4 3428.¢6 4.69 -3.2¢ .313 1.638 480.2 436.7 1.1339 1.1571

n .2942 6.7227 -.1393 .2125 -2.547 19.835 .284 -2.872 1697.3
1711.3 5115.6  2.27 ~.38  .939 2.209 496.7 513.4 1.1571 1.1886

32 77,3143 7.8129 -.1328 L2166 -2.468 28.335 .86 =2.753 1711.3
L@ 34324.3  2.58 -2.42 .286 1.484 513.4 5308.,2 1.1%06 1.22492

33 3278 7.3226 «,125% L2984 -2.350 22.482 L161 -2.%546 13496.1
1798.2 5124.0 2.27 ~.27 .B36 1.962 530.2 546.% 1.2049 1.2271%

34 .3993 7.1145 -,123> .299y  -2.369 23.128 .154 ~2.621 17@8.2
6 3395.8 4,70 -2.o8 .268 1.362 %46.9 584,2 1.2271 1.2597

35 L4394  7.1455 -.1200 (3573 -2.282 23.818 .143 -2.5%9 1721.4
1674.4 3p5%.3 2.28  -.24 L7773 1.815 S84.2 531,86 11,2587 1.2744

36 .4444 7.3326 -.1124 L3937 -2.861 23.786 L1116 =2.272 1674.4
8 3582.Y 4,68 =-~1.71 225 1.16% 581.6 598.3 1.2744 1.29569

37 L4591 7.6302 ~-.1v75 L3497 ~-1.984 23.974 L1056 -2,174  1685.4
1695.5 3116.9  2.31  -.21 .662 1.567 598.3 615.8 1.2969 1.3193

58 <4337 7.9¥06 =-,1028 .3916 =-1.987 23.985 .397 =-2.872 1695.5
.4 3421.4 4,73 =-1.83 L2904 1.905%5 615.2 631.5 1.3123 1.3413

39 .64963 7.8v¥73 ~-.1001 L4205 -1.B76 25.262 291 -2.354 1735.6
1715.8 35175.2 2.32 -.24 613 1.449 631.5 48,3 31,3483 1.3636

40 L5128 7.797%  -.¢v73 4781 -1.825 26.322 L285  =2.%16 1715.8
B 3459.4 4.72 ~1.8@  .192 1.882 648.3 665.4 1.3634 11,3862

41 L5057 8.3327 -.@927 L4543 -1.745 25.880 .277 -1.983 1725.0
1734.4 5229.6 2.31 ~-=.19 .563 1.329 665.4 682,3 1.3862 1.4982
a2 L5267 8.41%Y  -,EB96 L4682 -1,698 26.444 .272 -1.851 1734.3
.0 3435.2 4.82 -~1.79 .176 .911 82,3 699.2 1.4882 1.4333

43 ,5327 B.4028 =~.P667 .4949 ~1,641 26.904 L366 =1.792 1743.2
1/52.,0 5156.8% 2.27 =.15 .522 1.218 699.2 716.2 1.4383 1.4523
a4 .5678  5.4s22 -.podZ .5133 ~-1.611 28.213 L263 -1.76y 1752.2
.9 3-324.58 4.71 -1.46 .165% .831 716.2 733.4 1.4523 1.4746

45 .6323  8.23595 -,0796 .5692 -1.460 28.687 L2592 -1.612 1698.7
1706.1 3139.6 ¢2.32  -.12 L4956 1.@77 733.4 750.1 1.4746 1.4960
a6 .5962 B.76BF =-.07838 .555% -1,484 27.778 .248 ~1.533% 1706.1
"] 3435.5 4,84 -1.16 L1489 724 7%9.1 766.% 1.496%¢ 1.5170

47 L6116 8.7671 -.8748  ,57p7 -1,367 28.295 .245 =1.497 1713.1
1728.4 3330.8 1.62 -.06 .418 .683 766.5 783.8 1.5178 1.5388
48 L6372 8.9861 -.0722 .5984 -1.339 29.246 .243 =1.478 1722.4

.4 1e1@.4 d.b89 ~.59 .132 .391 733.80 799.86 1.5380 1.5993



TABLE 11

ELEMENTS OF THE T AWD U HATRICES

M0 11 tig tel Te2
5 5.5 =544.3 -3.7 ~-1369.8
[ 6.3 -5¢2.5 -.6 -1377,1
7 6.7 =v21.8 2.7 -1314.3
8 7.8 =674, 3.9 ~1254,5
4 2.8 =485 7.3 =1212.7

18 6.8 -!71.7 B.3 -11206.4
11 .9 <-365.8 i¢.0 -l1080.8
12 ¢.5 ~-369.2 9.9 -997.2
13 5.1 =2i3%.9 1.9 =-747.8
14 5.3 -216.3 17.3 -1382.9
14 ji.1  -678.3 ed.% ~1532.9
16 5.2 ~1%1.5 17.% =116%5,9
17 11,3 =3738.2 2%.8 -1585.9
16 4,7 -163.2 16.9 ~9%4.4
19 18.2 «a@7%.}1 2¢.9% ~1176.8
24 .2 ~133.7 14,4 ~844,0
21 9.9 ~441.2 21.8 ~id7b6.1
e 4.1 +1F1.4 t6.1 =758.¢
23 Guv  ~413.6 21.9 ~1231.6
24 3.5 -y%.4 19.8 <«649.%5
25 6.4 =-312.7 1v.1 -782.5
Y 1.2 -58.7 15.9 ~541.9
¢7 #,38 -321.7 16.8 =-741.5
28 3.4 ~77.4 13.2 ~493.7
29 .8 -771.7 K.l =668.3
5 2.5 -61.8 11.7 ~412.4
31 6.8 ~212.7 15.4 =5%23.,8
32 2.4 -55.¢ 1.9 =355.5
53 b6 =ivi.g 14.9 -4bk.3
34 2.1 -4k, 2 y.,7 <-332.4
34 2.6 -158.§ 1.4 ~385.9
56 1.9 ~38.8 9.0 =249.6
57 5.4 «142.1 1e.4 =347.9
8 1.9 ~36.4, 8.9 =-240.8
39 5.1 =17%.4 11.7 =-222.5
L1 1.7 -31.3 7.9 =-243.2
41 4,9 ~31b.4 11.9 <-294.,5
L P4 1.6 -é¥.8 7.9 ~198,9
a3 4.6 -106.7 8.9 =~299.3
44 1.9 -26.4 @ =179.6
4% 4,8 -85.8 y.2 =212.8
“b 1.9 -22.7 ./ ~152,9
a7 $.9 -f2.3 .o =139.2
48 1.3 ~19.9 3.5 -72.3

\‘/((6@“)3> - \/nz” +al, \/((5:)2‘) . (24)

From the above expression, and from similar ex-
pressions for the uncertainties in AHA, Awa, and
AHB. one can estimate the accuracy one can expect
for these quantities for a given accuracy in the At
measurcment. The specification on the At hardware
is that the time differences must be measured to
within one degree at 201.25 MHz, which corresponds

to 13.8 picoseconds. The resultant uncertainties
in the input and output phase and energy displace-

Uil U1z uél uz22

~16.7 228.6 =27.,9 1039.3
~14.4  383.8 -22.7 1305.3
-11.2 414.4  =15.9 1323.7

-%.9 44d.4 ~13.9 1369.9
6.2 44G.7 -5.6 1318.7
-5.2 443.0 -3.6 1261.3
3.3 6a43.1 .1 1253.6
~2.8 3as. 4 1.8 1¢29.1

.5 286.8 6.9 768.8

.2 272.1 13.5 1229.90
8.5 667.7 22.8 1524.4

.7 260.6 14.2 1156.2
8.1 678.6 21.8 1523.08
1.4 224.1 14,8 961.3
8.7 513.6 22.1 1158.4
1.8 192.1 19.e 622.3
8.5 473.1 21,3 1257.1
2.2 174.8 15.¢ 742.8
8.3 442.4 21,3 985.2
2.8 138.9 14.4 598.9
7.8 324.8 19.3 731.2
2.1 124.7 13.5 525.7
7.7 326.3 18,6 682.6
c.d 112.1 12.9 467.9
7.8 2687.9 18.1 639.7
1.6 83.8 11.7 35B.5
6.5 213.1 15.46 472.6
1.8 78.1 16.8 324.9
6.3 196.9 15.2 439.8
1.7 63.7 $.8 264.3
5.4 158.3 1%.1 349.6
1.6 56.5 9.0 231.7
5.3 139.6 12.7 312.9
1.6 53.1 S.0 219.5
5.0 122.4 12.9 z73.0
1.5 46.9 8.0 187.6
4.8 116.3 11,0 258.9
1.4 $2.6 7.9 175.5
4.6 126.3 16.7 231.13
1.3 37.5 7.1 149.6
3.9 63.2 9.4 184.3
1.2 32.9 6.8 134.3
3.9 78.7 6,4 123.3
1.1 28.5 3.5 69.2

ments are shown in Fig, 1, in which the plot symbols
A and B denote input and output values, respective-
ly.

The size of the entire longitudinal acceptance
bucket of the si.e-ccupled linac is on the ordler of
$30 degrees by %1% energy disp:acement. Consequent-
ly, the displacement of the bzam centroid should be
kept within a few degrees (perhaps 5) and 0.1 or
0.2 percent in enerpy. A quick glance at Fig. 1
will show why the At pickup loops were initially put
only in the lower po:.ion of the side-coupled linac;
the uncertainties in the calculated displacements




TABLE 1T

ELEMENTS OF THE A AND B MATRICES

“10D A1l Al2 AZ1 A22
5 .141 -.961 -.80b4 -.80e6
6 .152 -.058 -.0091 ~-.8007
7 L1768 ~-.p71 0904 -.0009
8 .181  -.¢68 L0006 -.@301@
9 .237 -.287 L8015 -.P014

10 .244  -.089 .BU16 -.0015
13 279 .~-.@894 .0u26 -.9018
12 L339 ~.115 9933 -.@@21
13- .494  -.141 .9972 ~.0P34
14 .429 -.p068  .0BU54 -,P017
15 726 -.294 L8113 -.8052
16 ,426 ~.279 L0064  ~_03019
17 604  =.275 0185 -.0050
18 532 -.087  .2093 -.B@25
19 ,932  -.379  .¥179 -,0@81
20 618  -,098 L8128 ~.0831
21 977 -.100 L0198 -.pa92
22 . 686 -.111 3147 -.0237
23,  ,978  -.398  .p208 ~-.BU94
24 .B836 -.129  ,0i95 -,@Q45
25 1.485 ~-.567  .B343 -,4151
26 _ 959 -.150 P24y -,0057
27  1.435 -.584 L8864 -,01612
28  1.B42  -.,163 .8278 -.0064
29 . 1.469 -.597 .9398 -~,p177
38 1.349 -.282 .@384 -,0P82
31 1.958 -.796 .3577 -.8254
32 1,442 -,223 L0441 -,P996
33 2.817 -.823 0644 -, (3264
34 1.715 -.262  .@552 -,0117
35 2,420 -,972 4796 -,2349
36 1.815 -.276 L8652 -,8139
37  2.635 -1.861 L0943  -.04P8
38 ..865 ~,2B3 0691 ~.@146
39  2.91¢ -1.168 L1060 -,8456
4  2.167 ~.333  .pB46 ~,P179
41 2.989 -1.2¢03  .1152 -.p498
42 2,203 -.330 .4872 ~-.4181
43 3,213 -1.323 .1298 -.8572
44 2,474 -,383 .1019 -.p216
45 3,869 -1.560 L1676 =.8723
46 2,659  ~,482 L1191 -.@246
47 5,768 =3,412 L2624 - ,1524
48 3.472 -.954 .1684 =-,P501

B11 812 B21 B22
~.894 .821 ~-.902% . 0015
-.129 .438 ~-.2822 .0014
-.161 058 -.d819 .0014
~.188 .858 ~.3218 »B8813
-.233 -080 ~-.3010 8011
-.251 .288 -.D2027 8910
-.257 .1085 -p020 . (1208
«.316 «119 3023 8089
~.468 176 3043 -.0003
-.362 980 .3040 -,.0001
-.877 .297 .2121 ~-.00638
-.399 090 -0B49 =-.00B2
~.635 .283 «2B3:  -.0834
-.487 114 .BB75 -.00@7
-.871 .386 0156 =.0065
-.573 .134 .0195 ~.P012
-.913 489 3184 ~.9873
~-.648 .153 3131 -.00217
-.983 492 +9193 =-,0876
-.744 173 +3179 -.0825
~1.258 .559 3331 -.8124
~.894 .212 .3230 -.3635
-1.273 .570 23351 -.B143
-.951 .228 «3252 =-.B8941
-1.357 .609 .2384 -.3157
“1.1:3 265 3369 -,2P58
-1.710 .771 . 3566 ~.08234
«1.272 .307 .3425 =.0072
-1.836 .830 .3633 -.8263
-1.451 .35@ .2538 -.2892
-2.107 .954 .4788 -.2328
-1.636 .399 L3638 -,2112
-2.288 1.027 3935 ~-.2388
-1.656 401 .9676 ~-.0118
-2.397 1.074 + 1853 - ,Q435
-1.948 .477 .3834 ~-.2151
-2.561 1.151 1146 ~.D476
-1,89% 560 .A858 ~.0151
=2.736 1.285% »12%1 -.0558
-2.116 .53 -1026 <~.0185
-3.273 1.477 1674 =~-.3701
-2.320 .568 .1178  -.8214
-5.008 3.191 2596 =.1575
~3.244 1.339 .1636 -.0@538

soon become overwhelming. (Values lying outside of
the graph areas are plotted at the boundary.)

How, then, can the At measurements be used suc-
cessfully to tune the higher modules, where the un-
certainties are sc large? First of all, it is in-
structive to explore why the uncertainties grow as
large as they do.

In a single module tuneup procedure, the incom-
ing energy displacement, AWA‘ is not a quantity that
can be adjusted; only A¢A can be adjusted. (The
rf -aplitude can also be adjusted, but, for small

adjustments, the phase and awplitude knobs are some-
what interchangeable; they both accomplish the same
end as far as the beam centroid is concerned. How-
ever, the amplitudes of the modules should be con-
stant (or smoothly varying) along the linac so that
the longitudinal acceptance of each module will be
well matched to that of its neighboring modules.)
Consequently, as A¢A is varied for tuning the mod-
ule, a line, defined by AWA = constant, is gener-

ated on the (AtB, Atc) plane:

a Aty + a,,At, = constant. {25)
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Uncertainties in the input (A) and output (B) phase and energy dis-
placements, assuming a 13.8-picosecond (1 degree at 201.25 MHz) un-

certainty in the measurements of AtB and Atc.

As the phase is adjusted, the measured point moves
along the line defined above until it intersects
another line which defines the condition desired,

for example, A¢A = 0:

(26)

apiAt, + aletc = 0.

B

The problem arises because, as the module number is
increased, the lines defined by A¢A = 0, and AWA =
constant, become more nearly parallel. Consequent-
1y, small measurement errors will have a drastic
effect on the point at which these 2 lines inter-
sect.

Any practical turn-on procedure should be stable:
That is, in the absence of measurement errors, the
procedure should produce an output energy displace-
ment that is less than the input energy displacement.
The condition specified by A¢A = 0 is always stable.
The most stable condition (whemn it is achievable)
is defined by AWB = 0, Unfortunately, over most of
the linac, the line defined by AWB = 0 is even mor:

nearly parallel to the line defined by AWA = cor-
stant than is the A¢A = 0 line, and measurement
errors dominate the results.

It was recognized early in the game that the
condition defined by AtB = 0 was also stable, but
that uncertainties in the measurements rade this
condition unusable in the higher energy portion of
the linac. It was also known that the condition de-
fined by Atc = 0 was near the edge of stability,
and was discarded for that reason. (At that time,
the measurement loops were considered to be at the
end of each module.) A further examination of the
At procedure in late 1973, showed that the condition
AtC = 0 should produce satisfactory results over
most of the linac, especially when the C loop is lo-
cated 2 or 3 modules downstream of the module being
adjusted. In fact, the results found a: that time
can be summarized as follows:
is moved farther downstream, the condition defined
by At = 0 at that loop more nearly approaches the

stability limit, and simultaneously, the effects of

As the pickup loop
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Fig, 2. Absolute value of the percentage energy
displacement ratio obtained by adjusting
the phase until At = 0. Stability limit
is at 1.

measurement errors are reduced, These results (tak-
en from reference 2) are shown in Figs. 2 and 3, for
the At = 0 condition being required at 0,1,2, or 3
modules downstream of the module being adjusted.

The above discussion pertained to the use of
only one measurement (one pickup loop)., It is pos-
sible that a condition defined by

At ¢ 5, At

c @7

B r
which requires the measurement of both AtB and Atc,
might be more stable and also produce fewer errors.
Sirce large errors can be produced when the inter-
section of twu nearly parallel lines is sought, it
seems intuitively that the least error would be pro-
duced when we are seeking the point of intersection
of two perpendicular lines.

As the phase of a moduie is adjusted, a line is
generated on the (A:B, AtC) plane with slope s;,
where s, = -a,;/ap;. 1f there are no measurement
errors and if AW, = 0, then this line will pass
through the origin and intersect there the line de-
fined by Atc = 85, AtB. Now assume that the measure-
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Fig. 3. Change in output percentage energy dis-
placement per picosecond error in measurs-
ment of At.

ments are in error by 5tB and GtC, so that instead
of passing through the origin, the measured line
passes through the point (6tB, Gtc). The phase
will then be shifted until this measured line inter-
sects the AtC =5, AtB line. The intersection oc-

curs at:
AtB = (Btp = s26tp)/ (51 - s2); (28)
Atc = 51(6tc - SzﬂtB)/(Sl - S2) . (29)

The distance that the point has moved away from the
proper (no errors) solution is then

Gtc-526t5

- Oty (30}
in the AtB direction, and
s)(BtC-SZGtB)
— s 6tc (31)

in the Atc direction. The resultant error in the




output energy is

(bz;:+szbz2)

SW, =

B $1-S2 (32)

(Gtc—516t8) .

‘The expected value for the sguare of the output en-
ergy is then

{(6W)2) = (b21vsaba2)?€(s1,52) ((6012) , (33)
where
£(s1,52) = (I+s1%)/(s1-52)% , (34)

and it is assumed that the measurement errors are
independent (<3t36tc) = 0 ) and equally uncertain
({15t = (802 = {02 ).

When the expression for ((GHB)2> is minimized with
respect to s;, one finds that the solution is

si=- L (35)

as anticipated.

The line passing through the origin and per-
pendicular to the lines defined by ANA = constant,
is defined by

azzAtB - az lAtC =0 . (36)
It can be shown thet this condition is stable: that
is,

AWB/HB

mpﬁ; <1l. (37)

1f equation (36) is satisfied, one chn solve for
A¢A in terms of AWA using equation (11). Using the
result and Eq. (10), one can then solve for AWB in
terms of AW,. The ratio of AWp/Wy to AWA/HA can
then be calculated. The resultant ratios for each
module are shown in Fig. 4, along with the expocted
deviations of AWB/NB, assuming 13.8-picosecond un-
certainties in the At measurements.

A tuneup procedure as described above has a
high probability of success in modules 13 through
48, assuming that the measurement errors are random.
Numerical simulations have verified this statement,
If the errors

and the results are given in Ref. 2.

in the time measureaents are not random (there are
systematic errors in the measurements), then this
procedure will not work. (See Ref. 2.

The above procedure is used in sett 1g the
phiase of each module, but says nothing = uv: how to
set the amplitude. One could sgain measure the
slope of the output energy vs input phase curve,
(mz31), but this quantity is very insensitive to
amplitude, in spite of the large values given in
Table I for the quantities m'z;. Remember that one
must divide these table values by 100 in order to
get the effect of 1% amplitude errors on mz;, and
the values of mp; are themselves large.

A much more reliable way to set the amplitude
in a module is to base it on a more distinctive
feature of the energy vs phase curve; namely, the
peak of the curve. A numerically simulated energy
vs phase curve for module 30 is shown in Fig. 5.

By measuring the energy change (using 2 pickup
locps) as a function of phase one can compare the
peak energy gain to the previously calculated val-
ues and determine whether the amplitude is too high
or too low. If an amplitude change is required,
then one must reset the phase via At and recheck
the amplitude in an iter=ztive procedure.

Possible Sources of Error
The design values for tg and to, as well as
the other quantities in Table I, are obtained from

a computer model of the linac. If the computer
model does not resemble closely enough the actual
accelerator, then serious errors could occur. For
example, the length errors in the accelerating tanks
and in the drift spaces between tanks significantly
affected the "design" values for the accelerator.

Ia fact, the length errors were discovered because
of some inconsistencies in the At results. The
measured lengths have been used to generate a re-
vised set of '"'design" values, but there is of course
a limit on the accuracy of the measured lengths.

The computer calculations also assume that
there is no rf phase shift between tanks in a wod-
ule, and that the rf amplitude is the same in each
tank in a module. [(See reference 3 for a discussion
on the effects of tank-to-tank amplitude and phase
errors on the At procedure.) Tank-to-tank ampli-
tude or phase errors larger than 1% or 1 degree,
respectively, could adversely affect the At results,
especially in the lower modules.

11
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The accelerating field is also known to have
some variation within each tank. This effect has
not been taken into account when calculating design
values, although numerical simulations have shown
that the effect on particle dynamics is small as
long as the average field in each tank is correct.

The design values were obtained by calculating
the dynamics of a single 'design particle.”" In re-
ality, the beam consists of many particles having
a finite spread in transverse as well as in longi-
tudinal phase space. Some simulations of the At
procedure have been made using a longitudinal bunch,
and the main effect seems to be that, as the size
of the beam gets iarger, one tends to underestimate
the amplitude. That is, one would tend to make the
amplitude higher than 100% for the larger beams.

Positional errors in the location of the pick-
up loops would affect the design values of ty and

12

te- Divide the distance DAB into three segments:
Dl' the distance from A to the beginning of the
first cell in the module; DZ' the distance from the
beginning of the first cell to the end of the last
cell in the module; and Ds. the distance from the
end of the last cell to the point B. The first
segment, Dl' has no effect on the design values of
tB and tes since the time of flight over DI is the
same when the module is on and off. Errors in D2
are difficult to assess. One does not know how the
errors combine when the module is turned off and
on. For a beam simply drifting through module S,
a .050-inch error in D2 would result in a 10-pico-
second error in tAB,off’ Errors in D2 would have
less effect as the module mumber is increased. The
effect of an error in Ds can be calculated by

1 1

Gtﬂ = 603(“',1— - E) -



MODULE 30 I11. THE At HARDWARE

The At hardware is described in detail in ref-

erence 4. The main features, as seen from a user's

viewpoint, will be briefly described below.

Operate Mode

In Fig. 6 is shown a simplified schematic dia-
....... gram of the hardware configuration when the system
is in the "operate' mode and capable of measuring

: At at module N. The two independent systems of
Foneees electronics are connected to the appropriate pick-
up loops via a series of matrix switches. The beam-
induced signal from the pickup loop is fed into one
T side of a phase bridge, and a 201.25-MHz rzference
signal is fed into the opposite side of the phase
bridge. A control circuit drives an electronic

ENERGY DISPLACKMENT (MEV)

e phase shifter and maintains a null across the phase

bridge during each beam gate. The output from the
' elect.onic phase shifter can be read by the computer

and t-anslated into degrees via a calibration table

in the maputer.
: : . If the beam-induced signal is too noisy or too

-

-+ e * g ’ b
-0 ] » » 0 “ [ » hen 1 : " "
PHASE DISPLACEMENT (DEG) weak, then the control loop will come "umlocked
and not be able to maintain a null across the phase
Fig. 5. Energy versus phase curve calculgted at bridge. This situation will give rise to a large
module 30 for the design rf amplitude. error signal, which can also be read by the computer.
Previous calibrations of the error signals have
is effi i t - :
At module 5, where this effect ?s largest, a l-cm shown that 100 counts in the analog data system
error in DS would produce a 4-picosecond erfOf in corresponds to about one degree (at 201.25 Miz)
tB' This same error would apply for the position error, which is the tolerance set for the At meas-
of the second loop (1 cm = 4 ps).
; urement.

PICKUP LOOPS
) Bf ¢

[ MDite & ] QO [ mooute N+1 "]

FROM 201.25-MHz
SOURCE
Fast Phase Shifters
Contro) ;
Circuit
Tantrol
[" Circuit
PHASE [
BRIDGE 1} ELECTRONIC
PHASE SHIFTER [ PHASE 1
!BRlDGE 2
POWER ECTRONIC
DIVIDER PHASE SHIFTER

Fig. 6. Simplified schematic of the At hardware configuration when the system is in the “operate” mode.



In series with each electronic phase shifter
is a fast phase shifter that is controllable from
the computer (or manually). The fast phase shifter
is used to supply the proper phase shift so that
the output from the electronic phase shifter can be
well centered in the calibration table. For exam.
ple, assume that the design value for the time of
flight of the beam from A to B when the module is
off is 1.38 ns longer than when the module is on.
This corresponds to approximstely 100 degrees at
201.25 Miz. 1In this case, with the module turned
off, the fast phase shifter would be adjusted until
the output from the electronic phase shifter was
displaced by +50 degrees from the center of the
calibration table. When the module is turned on,
if it is adjusted properly, the electronic phase
shifter output should be displaced by approximately
-50 degrees from the center of the calibration table.
Both the electronic phase shifter and the fast phase
shifter have ranges of approximately 400 degrees.

Calibrate Mode

When calibrating the electronic phase shifters,
the system is configured as shown in Fig. 7, A pre-
cision line stretcher, or trombone, is used to
change the phase of the reference signal that is
sent to one side of the phase bridge. The control
circuit causes the electronic phase shifter to sup-

201,25-MHz
REF. SIGNAL

pily the same phase change so that the phase bridge
stays nulled, Starting at one limit, the trombone
is driven through 400 degrees in steps of 5 degrees.
At each step, ine cutput from the clectronic phase
shifter is recorded in a calibration table.

It is highly desirable to generate a calibra-
tion curve that is monotomic, To accomplish this,
one must be sure that the electronic phase shifter
output is near one end of its operating range when
the trombone is at its starting limit. At present,
the hardware has been adjusted to attain this goal.
Until recently, the fast phase shifters were also
in the circuit when the system was being calibrated,
and they were used for finding the proper rtarting
values for the electronic phase shifters. To pre-
vent the control circuit from "“flipping over" after
360 degrees, a steering circuit is employed, with
the steering based on the position of the trombone.

Computer Communication Channels

Through the computer, one is able tc¢ receive
the data from the At hardware, and to send commands
to some of the hardware. The output from the elec-

tronic phase shifters, the error signals, and the
signal levels, all come to the computer on the same
data channel, but from different modules, so that
all six of these signals can be measured simulta-
neously. Most of the other signals are sent and

l COUPLER
POWER

DIVIDER
PRECISION CONTROL
TRET CIRCUIT
LINE STRETCHER CONTROL
l__ CIRCUIT
PHASE ] r
BRIDGE 1 ELECTRONIC !
PHASE SHIFTER PHASE
BRIDGE 2 2
SOVER ELECTRONIC
DIVIDER PHASE SHIFTER

Fig. 7. Simplified schematic of the At hardware configuration when the system is in the calibrate mode.
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TABLE IV

DATA CHANNELS FOR at HARDWARE

Operator module Channel
designator

09PH3LI 9 B01-06,L01-G6
06PHIE] 6 D27
07PH2E1 7 D27
09PH3E1 9 027
10PH4ET 10 027
OSPHIE 5 D27
OBPHIE1 8 D27
09PH2DN 9 P15, D49
09PH3D1 9 D50
09PH4DY 9 D51
09PHéB 9 BO3
09PH78B 9 BO4

received through module 9, where the rack contain-
ing the At hardware is located. The only 2xceptions
are the matrix switches, which receive commands
through the video system at the sector in which
they are located. The command and data channels
are given in Table IV,

The signal levels, mentioned above, are used
to indicate whether or not the beam-induced signals
are sufficiently strong. If not, this may mean
that either the beam intensity is too low, or per-
haps one or more of the rf amplifiers in the system
has failed. The signal levels are not actively
used by any of the At programs, except for one pro-
gram which simply reads and displays the six signals
referred to atove.

As was mentioned earlier, a series of matrix
switches are used for connecting the two systems of
electronics to the proper pickup loops. To simplify
the switches, each At system of electronics is cap-
able of being connected to only half of the pickup
loops. System #1 can be connected to every other
loop starting with the loop following module 2, and
system #2 can be connected to avery other loop start-
ing with the loop following module 3. The commands
to the matrix switches are sent over the video sys-
tem, which is a convenient way of sending switching

description

operate/calibrate mode

electronic phase shifter output,
system #1

electronic phase shifter output,
system #2

error signal, system #1
error signal, system #2
signal level, system #1
signal level, system #2
reference trombone

fast phase shifter, system #1

fast phase shifter, system #2
digital power supply, system #)
digital power supply, svstem #2

information. The matrix switches and their associ-
ated decoders are located in modules 9, 20, 32, and
44, A list of the matrix switch commands is given
in Table V.

After a command is received by a matrix switch,
the command is echoed in bits 7, 8, 9, and 10 of bi-
nary channel 9 in modules 10, 20, 32, and 44, with
bit 7 being the low order bit of the command. (The
data is the reverse of the command.) After issuing
a command, the data from the binary channel may be
checked to see if the command was received.

IV. At SOFTWARE

Most of the At programs may be accessed via
the pushbutton card shown in Fig. 8. Some addition-
al programs can be accessed only by demand at the
koyboard. A list or the At programs and their pur-
poses are given below. A detsiled description of
each program will follow, and the contents of the
disk files used by the At programr will be given.

Purpose
Calibrate At electronic phase skifters.
Smooth the calibzation curves, compare
thes with the previous curves, and store

Progras #

3330
3332
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TABLE v

e
-

MATRIX SWITCH:COMMANDS )
At at system #1 system #2 matrix switch commands to module :
module loop after loop after
module module 9 20 32 44
2 2 3 1 3 3 1
3 4 3 2 3 3 1
4 4 5 3 3 3 1
5 6 5 4 3 3 1
6 6 7 5 3 3 1
7 8 7 6 3 3 ] ;
8 8 9 7 3 3 1 “
) 10 9 8 3 3 1 o
10 10 n 9 3 3 1 .
n 12 1 10 3 3 1 3
12 12 13 n 3 3 1 §
13 14 13 12 4 3 1
14 14 16 ] 5 3 1
15,16 18 16 0 6 3 1
17,18 18 20 4] 7 3 1
19,20 22 20 0 8 3 1 :
2,22 22 2 0 9 3 1
23,2 26 24 0 10 4 1 i
25,26 26 28 0 n 5 1 _
21,28 30 28 o m 6 1
29,30 30 32 0 n 7 1
3,32 34 32 0 n 8 )
33,34 34 36 o n 9 1 '
35,36 38 36 0 n 10 2
37,38 38 40 0 n n 3
39,40 a2 ag o n n 4
4,42 2 4 o n n 5 ;
43,44 46 a 0 n 1 6 |
45,46 46 48 0 n n 7
47,48 48, 48 e n 1 8
test 0 n n 1 3
Pn:gn- Purpose Pr:rn- Purpose ' 1
1
the curves on disk 50 that they can be used 3333 Set fast phase shiftexs for centering elec- ;
by other 4t programs. tronic phase shifter outputs.
3340 Control program for sevarsl it programs. It 3338 Draw At', Atc graph background on storage
initislizey condirions for doing At at a scope.
given wmedule, 3339 Draw energy and phase displacesent back- )
3331 Issue satvix switch comasnds and check tor ground graph on storage scope. : \
completion. 3334 Heasure dc' and e,

3337 Print and piot Ma and At

i6
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CARD NO, 6

Insertable push button card for the At
programs.

Program Purpose
#

3336

3335

3341
3348

3349

3415
3416

Calculate and plot energy and phase dis-
placements.,

Estimate rf amplitude from slope of variable
phase cur-e on AtB, Atc plane.

Print certain At parameters on CCI.

Set phase shifter in any 805-MHz module
based on the rhase of the previous module
and on a stored phase shift between these
modules.,

Automatically adjust phase in one module,
based on At.

Autoyatically adjust amplitude in one module.
Check amplitude set point and cavity field
data against values previously stored on
disk.

Pr:gram Purpose

3410 Front end for automatic adjustment of ampli-
tude and/or phase via /. throughout the 805
MHz linac.

3411 Driver for automatic amplitude and/or phase
adjustment.

3412 Front end for automatic At check.

3413 Driver for automatic At check.

3414 Measure energy change via drifting beam be-
tween 2 At loops.

3347 Store module-to-module phase shifts on disk.

3323 Monitor the six At signals from channel D27
and write them on the CCI.

3318 Write on the storage scope the results of
the last At measrements made on each mod-
ule.

3327 Plot the change in energy of the beam leav-
ing a module as a function of its input
phase.

3328 Plot the change in beam energy out of a mod-
ule versus either real time or any specified
data channel.

3329 Timed uplater for 3328,

3326 Plot AtB and Atc versus any data channel.
This program has been used for checking the
At hardware using simulated signals in place
of beam-induced signals.

3344 Front end program for monitoring, at speci-
fied time intervals, the At electronic phase
shifter outputs as the matrix switches step
through a specifiable series of pickup loops.
The purpose is to observe phase shifts in
the beam.

3345 Timed data taker for program 3344.

3381 Restarts 3345 after computer crash and re-
start.

3380 Plot At signzl levels.

Program 3330: Calibrate At Electronic Phase Shifters
Access: /DE3330 or push batton #17, cerd #63
sDescription:

When first called, this program tries to put
the At hardware in calibrate mode. If it does not
succeed, a message will be written on the character
scope:

*333C CALIBRATE ELECTRONIC PHASE SHIFTER

LOCAL OPER-CAL SWITCH IN WRONG POSITION
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Check the local switch at the At rack at module 9.
1t must be in the "operate" position for the compu-
ter to have comtrol.

After putting the At system in the calibrate
mode, the following message appears on the charac-
ter scope:

*3330 CALIBRATE ELECTRONIC PHASE SHIFTER

DIR POT REV AVG NDEG T BG CYC
-1 4} 1 4 400 300 1 0
The definitions of these parameters are:
DIR = 1; move trombone in positive direction,
= -1; move trombone in negative direction.
POT = 0; base calibration on motor pulses,
= 1; base calibration on trombone pot.
REV = 0; store values in calibrating table in
the same order in which they are generated,
= 1; store values in calibration table in
reverse order.
AVG number of times data is taken at each trom-
bone position and averaged.
NDEG number of degrees to calibrate.
T sample time.
BG beam gate flag (H' beam gate is required)
CYC = 1, take data on positive half of cycle,
= -1, take data on negative half of cycle.
= 0, don't care.

The values of the parameters are the values
that were last used and are probably correct, with
the possible exception of T, which should be at
least 80 microseconds after beam gate.

After making any changes (or none) in the par-
ameters, hit the END key with the cursor anywhere
in the 3 lines except under the *. The reference
trombone is then driver to one limit, and the mes-
sage

DRIVING REFERENCE TROMBONE TO LIMIT
appears on the character scope. The data from the
trombone position pot will be written to the right
of the above message.

After a limit has been reached, the calibra-
tion curves are generated by moving the trombone
through the desired range in 80 steps, recording
the output from the electronic phase shifters at
each step. The calibration curves are plotted on
a storage scope, and the message

GENERATE CALIBRATION CURVE
appears on the character scope.
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‘the pot.

When the calibration has been completed, the
parameters and calibration tebles are written on
disk, the reference trombone is centered, and the
After this,
the character scope message showing the parameters

system is put back in the operate mode.
appears. Normally, the program would then be
dropped by placing the cursor under the * and hit-
ting END. Program 3332 must be used next to smooth
the tables and to storu the tables into the proper
disk storage for usage by the At programs.

The program may be stopped at any point in the
procedure by placing the cursor under the * and
waiting, since the cursor position is checked peri-
odically. To restart, move the cursor away from
the * and hit END.

General Information:

The At hardware has undergone quite an evolu-
tion since it was first installed. Consequently,
it was found quite early that a flexible calibra-
tion program would be advantageous. Some of the
control parameters are on the disk and unseen by
the user. These parameters may be read and modi-
fied, if desired, by program 3240.

The calibration may be based either on the
number of pulses sent to the reference trombone, or
on the position potentiometer of the trombone. If
the value of the parameter, POT, is zero, then the
calibration depends on the numsber of pulses sent;
otherwise it depends on pot position, The critical
values are the number of pulses per degree (81.5)
and the number of counts per degree (4.022) froa
(These values are imbedded in the code,
and if something is changed that affects these val-
ues, then these values must be changed in the code.)
If the stepping motor does not ekip pulses, then
the calibration curves based on pulses are smoother
and more exact than would be the curves based on
readings from the pot.

Another important consideration is the direc-
tion to move the trombone when generating a calibra-
tion curve. The programs that use the calibration
tables assume that the tables are in order of in-
creasing time of arrival of the beam at the pickup
loop. That is, the N+1 st table entry corresponds
to a later arrival time than does the Neh entry.
Consequently, one must know on which side of the

phase bridge the trombone is Jocated. At this




writing, the trombone is located on the opposite
side of the bridge to the bcam-induced signal. Con-
sequsntly, the calibration tables could be genera-
ted by drivirg the trombone with positive pulswos,
which shortens the trombone. Alternatively, the
tables could be generated by sending negative puls-
es, vhich lengthens the trombone, and then storing
the values in the table in the reverse order. This
latter wey is actually the way the parameters are
set at this writing (DIR = -1, REV = 1), because
the hardware was sdjusted so that the electronic
phase shifter outputs were near their limits when
the trombone was on its clockwise (shortened) limit.

Until recently, the fast phase shifters were
in the circuit also when the system was in the cali-
brate mode. They could be (and were) used to auto-
matically set the starting values of the electronic
phase shifters to specified values. This feature
is controlled by 3 numbers read from disk file 3134
starting at word 395: JAUTO, IEPS(1), and IEPS(2).
If IAUTO = 1, then, after the trombone is sent to
its starting limit, the fast phase shifters are
used t> set the electronic phase shifter outputs to
the values specified by IEPS(1) and IEPS{2).

During the generation of the calibrate tables,
at each trombone step the error signals z2re read in
addition to the electronic phase shifter outputs.

If an error signal exceeds (in absolute value) the
value of the paramzter, LOCK (obtained from disk
file 3138, word 23), then the associated phase con-
trol system is assumed to be out of lock and the
electronic phase shifter output is set to full
scale (t 2048 counts, depending on the sign of the
output). The value used for LOCK is nominally 100
counts. For each step at which the error signal is
iess than LOCK, the error signals ars accumulated
to attain an average value, which is then used as
the '“zero offset' value for the error signal. The
zero offset values for the 2 systems are stored on
disk file 338, words 24 and 25. During an actual
At szasurement, these zero offsets are subtracted
from the error signais before comparing the ervor
signals to LOCK.

After the calibratiocn tables have besn geanor-
ated, the en®ries are stored on disk file 3134
starting at wond 410 (160 entries). The parameters
specified on the character scope are stors: in words
302-403 of disk file 3134. The miilisecond clonck

is read, ard the 2 words are stored in words 29 and
30 of disk fil. 3138.
At graphs so that the user will know how long it
has been since the last calibration.

An example of the calibration curves produced

This time is written on the

by the program is shown in Fig. 9.

Program 3332: Smooth, Compare, and Store At Calibra-

tion Tables,
/DE3332 or push button ¥18, card 63
Description:

The purpose of this program is to do one or
more of the following:

1) Plot the calibretion curve for either sys-
tem #1 or system #2 on the storage scope.

2) Smooth and plot the calibration curve for

Access:

either system.

3) Compare the latest calibration with the pre-
viously stored calibration and plot the differences.

4) Reverse the order of the calibration table
of either system, if necessary.

§) Stoze the calibration table on disk for us-
age by the At programs.

When first called, this program writes the fol-
lowing message on the character scope:

*3332 SYSTEM 1, STORE REVRS COMPAR SMOTH
The normal procedure is to place the cursor under
the pseudo-word SMOTH, and hit END. The calibration
curve for sys’em 51 will then be smoothed and plot-
ted un the storage scope (see Fig. 10). Next, place
the cursor under COMPAR and hit END. The smoothed
curve will then be compared with the previously
stored {and smoothed) calibration table for system
#1, and the differences will be plotted on the stor-
age scape {see Fig, 11). The vertical displacement
of this comparison curve his no significance; only
These indi-
cate how much the At electronics have drifted since

the slope and curvature have meaning.
the previcus calibration. After comparing, the cur-
rent smoothed calibration table for system #1 is
stored on disk by hitting END with the cursor under
STORE., Then change the "1 to a "2'" and repeat the
above procedure for system #2, After any END hit,
the * is turned red to indicate that the program
received the interrupt,

wWhen finished with the program, drop it by plac-
i~g the cursor under the * snd hitting END.
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Fig. 9.

General Information:

The calibration program, 3330, stores its cai-
ibration tables on disk file 3134, with system #¥1
beginning at word 410, and system #2 beginning at
490, each table consisting of 80 words. When pro-
gram 3332 is asked .o smooth the table for either
system, the smoothed values are written on these
same words on the disk file, The same is true of
the command to reverse; the table will be rewritten
over itself in the reverse order. (If one acciden-
tally hits the END key when the cursor is under
REVRS, hitting the END key again with the cursor
under REVRS will get the table back to its original
state.)

When the END key is hit with the cursor under
STORE, the table values are stored on disk file
3134 in the locations from which they will be read
by the other At programs. The table for system #1
will be stored starting at word 88; the system #2
table will be stored starting at word 168.

When the cursor is placed between cclumns 2
and 13 and the END key is hit, the calibration curve
for the specified system is plotted on the storage
scope.

20

Sample output from At calibration program 3330.

Program 3340; At General Control Program
hAccess: /DE3340, or push button #1, card 63.
Description:

This program has & variety of functions, de-
pending on which push button is pushed.
P.B.#1, or /DE: Four lines are reserved on the char-
acter scope and a storage scope is selected. The
message

*3340 DELTA-T TURN-ON PROCEDURE
is written on the character scope. The At hardware
is put in the operate mode, unless the local oper-
ate/calibrate switch is in the wrong position (it
must be in "operate'), in which case the message

QPER-CAL SWITCH IN WRONG POSITION
is written on the character scope.
P.B.#2: This entry allows the user to change any or
all of the several parameters, including the module
number; the data sampling time; the number of times
to take data and average when measuring At; the
number of pulses per step to send to the module‘s
phase: shifter when the amplitude is being estimated
from the slope of the Atc Vs, AtB line; the number
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Fig. 10, Sample output cf smoothed calibration curve from program 3332.

of steps to take in the case just mentioned; and
the number of times to generate this line for the
purpose of taking the average of the slopes. After
changing any, all, or none of these parameters, hit
the END key with the cursor anywhere within these
lines.

1f the module number has been changed, then
the rf is delayed in the specified module and in all
downstream modules, and all upstream 805-MHz modules
are put "in time", Assuming that the first two
downstream pickup loops are the ones to pe used
when doing At on this module, a set of At parameters
are calculated and stored on disk file 3138.

The pickup loops are hooked to the At electron-
ics by sending the appropriate commands to the ma-
trix switches via program 3331, which also checks
the data to see if the commands were accepted. Pro-
gram 3331 sets a matrix switch flag, MS, to zero or
nonzero depending on whether the matrix switch com-
mands were all accepted or not, and writes MS on
disk file 3138, word 26. This flag is checked by
program 3340, and if it is not zero, then the mes-

sage

MATRIX SWITCH DID NOT GET SET CORRECTLY
is written on the character scope, and program
3340 is rfinished. If MS=0, then program 3333 is
called upon to adjust the electronic phase shifter
output (via the fast phase shifters) so that the
design values of AtB and Atc will be centersd in
the calibration tables.
P.B.#8: This entry allows the user to specify which
pickup loops to use if, for some reason, the normal
loops cannot be used. Because of the way the ma-
trix switch works, however, consecutive lcops must
be specified. The possibility also exists of doing
At on more than one module at a time. That is, 2
or 3 modules may be turned off and on as a unit,
and At measured for this unit. This mode of cpera-
tion is not recommended because of the uncertain
phase shift between the modules, but the possibili-
ty does exist and may be exploited in the future.

When push button #8 is pressed, on the charac-
ter scope the message

NUMBER OF MODULES = n

USE LOOPS AFTER MODULES ml AND m,
will appear, where n should be a "1" unless the
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Fig. 11. Sample storage scope output generated by program 3332 when comparing the current calibration

table with the previous calibration table.

user really wants to do At on 2 or 3 modules at a
time, and my and m, are module numbers of the normal
loops for doing At at this module. Change any, all,
or none of the parameters and hit END. New At para-
meters are then calculated and written on disk file
3138, the matrix switches are set, and the electron-
ic phase shifter outputs are centered in the cali-
bration tables.

P.B.#12: This entry is a convenient way of setting
up to do At on the next consecutive module. It ac-
complishes the same thing as pressing button #2 and
changing the module number by +1.

General Information:

Whenever proram 3340 is called, it drops pro-
gram 3334, which is the program that measures At,
The reasor. for dropping 3334 is so that a fresh copy
of the program will be loaded from the disk the next
time that 3334 is demanded. When this happens, 3334
reads the calibration tables and other At parameters
from disk. Since program 3340 may change some of
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these parameters, it must insure that 3334 reads
the new values.

The At parameters *.a. t program 3340 collects
or calculates and stores cu disk file 3138 starting
at locatior 215, are the 19 quuntities given in
Table I. The elements of the M matrix and their
derivatives with respect to rf amplitude, DAB‘ Dl‘
5 WA, and HB‘ all
are obtained from disk file 3129 for which a stor-

and Dz’ the design values for t

age map is given at the end of this report. The
remainder of the 19 parameters are calculated. If
multiple-module At is specified, additional calcula-
tions are done so that these 19 parameters refer to
the system of modules.

Program 3331: Issue Matrix Switch Commands
Access: /DE3331, or push button #16, card #63.
Description:

Through this program, the user may specify to
which pickup loops the At electronics should be con-
nected. If called by /DE or by the push button, the




message

*3331 SET DELTA-T MATRIX SW FOR MOD m
appears on the character scope, where m is a module
number. The initial vzlue of m is read from disk
file 3138, word 359, which is where program 3340
stores the module number, Changing m to the de-
sired module and hitting the END key will cause the
proper matrix switch commands to be issued so that
the first two loops downstream of the specified
module will be hooked to the At gear. After the
commands have been sent, the associated data chan-
nels are checked to see if the commands were execut-
ed. If the data from all 4 ma.rix switches do not
agree with the commands sent, then the commands are
sent again. If, after 5 tries, there is not com-
plete agreement between the commands sent and the
data received, then a message will appear in the
status lines of the character scope

PROBLEM SETTING DT MATRIX SWITCHES nnnn
where each n will be 0 or 1. The rightmost n refers
to the matrix switch at module 9, and a 0 signifies
agreement between command and data, and a 1 signi-
fies disagreement at the module 9 matrix switch.

The other n's, from right to left, represent the
matrix switches at modules 20, 32, anc 44, respec-
tively. The number nnnn is also stored on disk file
3138, word 26, and is referred to elsewhere as MS,
the matrix switch flag.

To drop program 3331, place the cursor under
the * and hit END.

Program 3331 may also be demanded by another
program, as it is by program 3340. In this case,
the calling program sends 3 arguments: the number of
arguments (3); the station number; and the module
to which the At hardware is to be comnected. No
message will appear on the character scope, except

for the possible error message in the status lines.

Program 3333: Adjust Fast Phase Shifters to Obtain

Desired Electronic Phase Shifter Gutputs.
Access: /DE3333, or push button #23, card #63
Description:

When this program is called, it reserves 3
lines cn the character scope and reads some 4t para-
meters and calibration tables from disk. From the
At parameters, the program calculates the approxi-
mate values that the electronic phase shifters
should be set at when the module is off, so that the

central portions of the cajibration tables will be
used when the module is properly adjusted. If pro-
gram 3333 is demanded by another program and sent

4 arguments, it is assumed that the third and fourth
arguments are the desired electronic phase shifter
outputs for systems 1 and 2, respectively.

The message

#3333 SET FAST PHASE SHIFTERS FOR DELTA-T

MOD = m, E.P.S. SHOULD READ epsl eps2
is written on the character scope, where m is the
assumed module number, and epsl and eps2 are the
specified or calculated values at which to set the
electronic phase shifters. The uatrix switch flag,
MS, is checked and if found to be nonzero, then the
message

'WARNING -- MATRIX SWITCH FLAG = us
is written in red on the third character scope line,
and a 10-second delay is given. Regardless of the
value of MS, the program turns the * red and exits,
waiting for another interrupt. The purpose of the
wait is to allow the user to specify the values
of epsl and eps2, if he desires.

Hitting the END key with the cursor anywhere
under the first 2 lines causes the values of MOD,
epsl, and eps2 to be read. If the cursor was under
the *, then the program is dropped. Otherwise, the
program tries to adjust the fast phase shifters,
first system #1 and then system #2, until the elec-
tronic phase shifters attain their specified values.
The progress of the program is shown on the third
line of the character scope, on which is written

MOVING FAST SHIFTER n pot epsn errn
where n is 1 or 2 indicating the system, pot is the
potentiometer data from the fast phase shifter, and
epsn and errn are the electronic phase shifter out-~
put and the error signal, respectively., Each time
that the fast phase shifter is adjusted by the pro-
gram, the data on the third line are updated if
the program succeeds in getting the electronic
phase shifter set closely enough to their specified
values, then the program drops itself.

Although the program is vsually successful,
there is a possibility that it will have trouble
{for reasons that will be discussed later), and
user intervention will be required. The user may
stop the program at any time by placing the cursor
under the * and waiting. When the * turns red, the
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‘
program has stopped.
on the secend line may then be changed and the pro-
gram restarted by hitting the ENMD key, If the cur-

The values of epsl and eps2

sor is anywhere in the first 2 lines (except under
the *), then the program tries to set both systems
to their specified values. If the cursor is under
the third line, then only the system specified by
the fast phase shifter number on line three is ad-

justed.

General Information

In trying to cobtain the desired electronic
phase shifter output, several difficulties may be
encountered. The circuit that controls the elec-
tronic phase shifter may go out of lock, or it may
cause the electronic phase shifter to suddenly
shift by 360° when the fast phase shifter is changed
only slightly. This task is an example of one that
is easy to do manually, but one for which it is dif-
ficult to write a foolproof program that is not too
slow,

The fast phase shifter in each system is con-
trolled by a digital power supply. The relation-
ships between the power supply setting, the fast
phase shifter output, and the electronic phase
shifter output are stored in a short table on disk
file 3134. This table contains the lower and upper
limits of the fast phase shifters, and the corre-
sponding digital power supply values and the elec-
tronic phase shifter outputs. The table values of
the electronic phase shifters are only relative,
and represent the amount that the electronic phase
shifter output would change (if possible) when the
correspondiug fast phase shifter is moved from its
lower limit to its upper limit.

Using this short calibration table as a guide,
the fast phase shifter is adjusted (via the digital
pover supply) until the electronic phase shifter is
within 100 counts of the specified value. If the
error signgl indicates that the comtrol circuit is
out of lock, then a systematic search is made by
stepping the digital power supply through its range
(specified by the table) in 30 equal steps. At each
step, the electronic phase shifter and the error
signal are checked for being within the required
limits, If a satisfactory setting is not found af-
tor stepping through the entire range, then the * on
the character scope is turned red and the program is
stopped.
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Program 3338: Draw AtB. Atc Graph Background on
Storage Scope
Access: /DE3338, or push button #6, card #63

"Description:

This program is used to draw the Atc versus AtB
graph background on the storage scope assigned to
program 3340. When called, this program writes on
the character scope the message

DTMAX = .400, NI = 8
and waits for s keyboard interrupt.
now specify the range of the graph in nanoseconds,
DTMAX, and the number of grid intervals, NI. The
storage scope will be erased and the graph back-
ground drawn and scaled. The range of both AtB and
At will be :DTMAX.

In addition to the graph background, the module
number, the date and time of day, and the time of
the last At calibration are written on the scope.
The heading for a set of measurements of amplitude
set point, phase set point, AtB, and AtC is also
written on the scope. A dashed line passing through
the origin with a positive slope is also drawn on
Measureaents that fall on
this line represent the condition AWB - - AIA.
which is one limit of the tuneup stability criteria.
If several "variable phase curves are generated for

The user may

the graph background.

different amplitudes, then these curves should in-
tersect each other on this dashed line, 1If the mod-
ule number is greater than 12, then an additional

object line is drawn. This is the line that the

LT e’numum onel “rare we

.08 Y T 1]
~e ro P C

2,308 :'.
0.000 ‘.':

e,

:

SO T T— ——
- X R

0.1 9,200 9.X0 0.40

Sample At graph background produced by

Fig. 12,
program 3338

i
§




Tesultant AtB, Atc measurement should lie on when
the modules phase is adjusted properly (according
to the procedure discussed in the At Theory section
of this report}.

An example of the storage scope output from
this program is shown in Fig. 12,

Program 3339: Draw Energy- and Phase-Displacement

Background Graph on Storage Scope
Access: /DE3339, or push button #7, card #63
Description:

An example of the storage scope output from
this program is shown in Fig., 13, (This output
goes on the storage scope assigned tc program 3340.)
The range on the phase displacement scale is always
20 degrees, and a comparable energy displacement
range is chosen in percent. The date and time, as
well as the time of the last At calibration, are
also written on the scope. A heading is written
for subsequent measurement of the amplitude set
point, the cavity field (Channel D28}, the estima-
ted normalized rf amplitude (based on the value of
the cavity field when the amplitude was last esti-
mated), the phase set point, and the input and out-
put phase and energy displacements (in degrees and
percent, respectively}. At module 5, two addition-
al parameters are recorded: the 805-MHz reference
phase set point, and the phase set point of tank 3.
These 2 quantities ave often adjusted to bring the

phase and energy displacements to zero at module 5.
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Fig. 13. Sample graph background produced by

program 3339,

Program 3334: Measure A;B and Atc.

Access: Demasnded by other programs and passed 5

arguments:

1. number of arguments sent (5);

2. program number of calling program;

3. module number;

4. number of times to repeat the measurements

and average;

S, data sampling time.

Description:

This program is called upon by the other At
programs to perform the actual At measurements. It
uses the following procedure.

1. If this program is already in core when it
is demanded, then go to step 2. Otherwise, read
from disk the At calibration tables and other para-
meters, including: NDEG, the number of degrees
spanned by the calibration tables; LOCK, the toler-
ance on the error signals; the zero offsets for the
error signals; the design values for ty and t.;
NMT, the number of modules to be treated as a umit;
L1 and L2, the module numbers at which the pickup
loops are used; and KK, the At system # that is
connected to the first (upstream) loop. A mask
is obtained from the channel tables concerning the
binary word containing the timing bit for the mod-
ule specified in the calling arguments.

2. If the module specified is between 5 and
48, inclusive, go to step 3. Otherwise, set an er-
ror flag to -1 and return it to the calling program.

3, Read the binary channel containing the tim-
ing bit for the specified module and construct (us-
ing the previously obtained mask) the bit patterns
for delaying and undelaying the module. Delay the
module; or, if NMT > 1, delay NMI' modul-~s Starting
with the specified module. (Caution: the mask was
obtained for only the module specified in the call-
ing arguments.) Convert the design values of t3
and te to degrees at 201.25 MHz.

4. With the module(s) delayed, read the data
from the electronic phase shifters and from the
corresponding error signals, If a fast protect
occurred during the pulse at which the data was
taken, or if any of the 4 signals had an associated
parity error, then the data dr# retaken. If either
error signal exceeds the tolerance specified by
LOCK (after subsraction of the zero offsets) for 3
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consecutive tries, then an error flag is set anfl
returned to the calling program. Otherwise, con-
tinue.

5. Put the module(s) in time and repeat the
same measurements described in step 4. Delay the
module(s).

6. Convert the differences in the moduie de-
layed - module undelayed measurements to degrees
using the calibration table. If any measurement
falls outside the range of the calibration table,
set an error flag and return it to the calling pro-
gram. Otherwise, make sure the differeaces are be-
tween -180 and +180 degrees, subtract the design
values, and convert back to nanoseconds. Repeat
the procedure from step 4 until it has been done
the number cf times specified in the calling argu-
ments.

7. Calculate the average values and the stan-
dard deviations of the measurements of AtB and Atc.
I1f the measurement was done only once, set the
standard deviations to zero, Read the time clock
(locations 2 and 3 in core), the amplitude set
point, and the phase set point of the module, and
write these valuss along with the measured AtB and
Atc on disk file 3319 starting at location 6 (m-5),
where m is the module number.

8. Return the results to the calling progranm.

Program 3337: Write and Plot AtB and Atc
Access: /DE3337, push button #3 on card #63, or de-

manded by another program.
Description:

This program calls upon program 3334 to meas-
ure AtB and Atc. The error flag returned by 3334
is checked, and if it is zero, then the quantities
AtB, Atc, and their standard deviations, are writ-
ten on the character scope in the lines reserved by
program 3340. If the At background graph has been
drawn on a storage scope, then the measurement is
also plotted on the storage scope with crossed hori-
zontal and vertical lines. The lengths of the line
segments represent the magnitude of the standard
deviations of the measurements. The module ampli-
tude and phase set points, and the measured values
of AtB and AtC are also written on the storage
scope,

An example of the storage scope results is
shown in Fig. 14,
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3337.

If the error flag returned by program 3334 is
net zere, then an error message is written on the
character scope and program 3334 is dropped. The
error message will either say:

DATA OUT OF CAL TABLE RANGE, SYSTEM n

1,0FF 1,08 2,0FF 2,0M

XxX XXX XXX XXX
where n is the At system # (1 or 2), and the xxx's
represent electronic phase shifter outputs for the
2 systems when the modules are off and on; or

SYSTEM n OUT OF LOCK, MODULE OFF (ON),
where n specifies the system whose eryor signal ex-
ceeded the tolerance set by parameter LOCK when the
module was turned off or on, as specified.

If program 3337 was demanded by another program
and passed 3 arguments, then the error flag and the
measured values of At, and Atc are returned to the

B
cailing program.

Program 3336: Calculate and Plot Energy- and Phase-
Displacements
Access: /DE3336, puslt button #5 on card #63, or de-
manded by another program
Description:
This program is normally used in only modules
S through 12.
If the module number specifiad on disk file
3138 is not between 5 and 48 inclusive, then the

message



PROG 3336 DATA ERROR. i) o 1
is written on the charscter scope lines reserved by
progras 31340, where n is the moduie number,

if the module number is from 5 to 48, then the
agpiitude set point and cavity field (channel D28)
for the module are read and progran 3334 is demang-
ed. If the error flag roturned by program 3334 is
zero, then the input and outjput energy and phase
displacesents arc calculated. The first st in
the calculation is to estimate the present value of
the rf amplitude. This cstimate is based on the re-
lationship of the present value of the cavity field
to the value of the caviey field when the amplitude
was last estimated or adjusted by program 3335 or
program 3314. The coefficients relating the cutput
displacements to the input displacements can then
be calculated from the estimated amplitude and the
design values of the coefficients and their deriva-
tives with respect to the amplitude. The displace-
ments themselves are then calrulated, plotted on
the storage scope, written on the character scope
using the lines reserved by program 3340, and saved
on disk file 3138,

The displar.ements are also written on the stor-
age scope, along with the amplitude and phase set
points, the cavity field, the estimated normalized
amplitud: = nd the time of day. At module 5, the
values of the 805-Miz reference phase and the phase

LAST CALIMATION 06143

set point of tank 3 are also written on the storage
scope, since these quintities are often adjusted
when doing 4¢ on sodule 5. An example of the stor-
age scope results is shown in Fig. 15.

If the error flag returned by prograe 3334 is
not xerc, then an error message is written on the
character scope stating that cither the data were
out of the range of the calibration tabie, or that
one of the systems was out of lock, just as is done
when progranm 3337 detects an error flag.

If program 2336 was demanded by another progran
and passed 3 arguments, then ths errer flag and the
calculated values of Aaa and £¥, are returned to
the calling progranm.

Program 3335: Estimate Amplitude from Slope of

Variable Phase Curve
Access: Push button #4, card #63
Description:

The purpose of this program is to estimate the
rf amplitude of a sodule by generating a curve on
the Ata - Atc piant as the phase of the module is
changed. The slope of this curve, near the design
phase, is related in a known way to the anmplitude.
The slope is a sensitive furction of the amplitude
in the first few 805-Miz modules, but soon becomes
However, it is possible to treat 2 ar
3 modules as a unit, and the slope again becomes

more sensitive to amplitude (at least in theory).

insensitive.
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Fig. 15. Sample storage scope cutput from pregram 3336.
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This program has been made somewhat obsolete
by the use of another program (3414) which automat-
ically checks and adjusts the amplitude in all of
the 805-Miz modules. Program 3335 is also a little
complicated to use properly, in that the user must
be suré that he starts generating the curve at a
reasonable phase set point.

Whea this program is first called, program 3334
is dropped and some parameters are read from disk
file 3138. If the number of steps (as specified in
program 3340 under push button #2) is less than 2,
then an error mcssage is written on the character
scope lines owned by program 3340:

DATA ERROR, NS L.T. 2. CHECK DISK FILE

3138, LOC 64

If the aodule number is not a legitimate 805-
Miz module, then the error message

DATA ERROR. MODULE. CHECK FILE 3138

LOC 359
is written on the character scope.

If the above data errors did not occur, then
the program prepares to generate the number of
curves previously specified (push button #2). (If
the number of curves is less than I, then 1 curve
is generated but a slope is not calculated nor is
the amplitude estimated.) Program 3334 is called on
to measure AtB and At. at the initial phase set
point, and then the phase shifter is sent IDP pulses
per step for the spucified number of steps. At each
phase shifter step, At is measured and the error
flag, AtB, Atc. UB‘ and oc are written on the char-
acter scope, where Og and O are the rms values of
the AtB and Atc measurements, respectively. If,
at any time in the procedure, the error flag is
nonzero, then the module phase shifter is returned
0 its initial value and the program is terminated.

As the measurements are made, points are plot-
ted on the storage scope, After the specified num-
ber of phase steps, a straight line is fit to the
data points and its slope is calculated. The
straight line is also drawn on the storage scope.
The phase shifter is returned to its starting point.

The amplitude is calculated from the slope, us-
ing the values of the design slope and its deriva-
tive with respect to amplitude,

After the specified number of curves have been
generated, the average value of the estimated awpli-
tude and its standard deviation are calculated. The
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value of the amplitude displacement, AA, is written
on disk file 3138 at locations 253-254. 1f the mod-
ule is one of the first eight 805-MHz modules (the
only mpdules at which this method is valid for a
single module), then the estimated amplitude, its
standard deviation, the module smplitude set point,
and the cavity field (from channel D28) are written
on the character scope and on disk file 3138, If
the specified module is 13 or greater, then the es-
timated amplitude, the number of modules treated as
a unit, and the starting module number are written
on the character scope.

Program 3341: Write the At Parameters (Initialized
by Program 3340) on the Character Scope.

Access: /DE3341

bescription:

This program allows the user to lcok at the
values assigned by program 3340 to the 19 parameters
One would use this program
if there was reason to believe that something had

specified in Table I.
gone wrong, like a disk file having been clobbered.

Program 3348: Set Phase of any 805-Miz Module

Access: /DE3348, push button #9 on card #63, or de-
manded by another program

Description:

If demanded by another program, this program
assumes that the third argument is the module num-
ber. Otherwise, the module number is read from
disk file 3138, word 359. The phase shift between
the specified module and the module preceding it is
read from disk file 3129. (The phase shifts between
modules are written on disk file 3129 by program
3347, which should be demanded after the completion
of a tuneup.)

The phase set point of the preceding module is
read ard converted into degrees via the calibration
table in the channel tables. The new phase of the
specified module is then calculated from the phase
of the preceding module and the specified phase
shift, (If module 5 is specified, module 5 is
treated as the preceding module, and the 805-MHz
reference phase is treated as the specified module
and is adjusted.) The message

*SET PHASE OF MOD m TO p DEG
is written on the character scope, where m is the
specified module number, and p is the calculated




phase. The user may change either m or p, and hit
END with the cursor anywhere under the line éxcept
under the *. The program then attempts to shift

the phase to the specified value.

As the phase is being stifted, the updated val-
ue of the phase is written to the right of the char-
acter scope message. The program may be stopped at
any time by plscing the cursor under the *. When

the * turns red, the program has stopped.

Program 3349: Adjuit Phase in 805-MHz Module

Access: /DE3349, push butten #10 on card #63, or
demanded by another program

Description:

When this program is demanded by another pro-
gram, it must be passed at least 2 arguments, the
Somc At
parameters, including the module mumber, are read
from disk file 3138. The message

*3349 ADJUST PHASE IN MODULE m
is written on the character scope, where m is the
module number read from disk. The user may change
the module number and hit END.

After receiving a xeyboard interrupt, the pro-
gram reads the module number from the character

second argument being the station number.

scope. If the cursor was under the *, or if the
module number is not between S and 48 inclusive,
then the program is dropped. Otherwise, the follow-
ing procedure is used.

1. The phase adjust flag is set tv 1 and
stored on disk file 3138, word 361. This indicates
that program 3349 is in the process of adjusting
the phase. Set a counter to zero.

2. If the specified module number is greater
than 12, then go to step 7. If the specified mod-
ule number is 5, then set the data channel numbers
so that the 805-MHz reference phase is adjusted in-
stead of the phase of module S,

3. Call on program 3336 to calculate and plot

A¢, and aW,. If |A¢A[ € 1°, go to step 6. If the

returned error flag is not zero, or if |A¢A| > 30°,

then go to the phase scan procedure. Otherwise,

continue.
4, Check the position of the cursor. If it
is under the *, stop the program.
S. Move the phase of the module the amount in-

dicated by A¢A and increase the counter by 1. Go

to step 3.

6. If the specified module number i3 not 5,
then go to step 10. If it is module 5, and if
IANA[ < ,02%, then go tc step 10. Otherwlse, cal-
cuiate the phase shift required at tank 3 in order
to mske AWA = 0, and shift tank 3's phase by this
amount. Go to step 3.

7. At this point, the specified module is be-
tween 13 and 48 inclusive. Calcuiate the eguation
of the line to intersect.

8. Call on program 3337 to measure and plot
AtB and Atc. If the returned error flag is not
zero, or if IAtCI > 0.8 nanoseconds, then go to the
phase scan procedure.

9. 1If the measured point is within .005 nano-
seconds of intersecting the caiculated line, or the
required phase change is less than 0.5 degrees, then
ge to step 10, Otherwise, check the cursor. If it
is under the *, stop the prograa.
the module'’s phase the calculated amount, add 1 to

the counter, and go to step 8.

If not, change

10. At this point, the measurements have indi-
cated that the phase of the module has been set sat-
isfactorily. However, if the counter is zero, indi-
cating that the initial conditions satisfied the
convergence criteria, then the phase is deliberate-
ly moved by approximately -5° and the procedure is
restarted at step J. This action prevents the
phase from being left on the "wrong" side of the rf
wave.

11. If the counter is greater than zero, then
the phase adjust flag is set to zero, indicating

completion, and stored on disk file 3138, word 361.

The purpose of the phase scan procedure, re-
ferred to in some of the above steps, is to search
for a phase at which the At results are in the
right ballpark while the module is in phase and
This phase scan procedure will

On the second transfer to this

amplitude control.
only be tried once.
procedure, the message

CAN NOT FIND SUITABLE PHASE. CHECK RF
is written on the character scope and the program
is stopped. On the first time through, the phase
scan procedure is as follows:

1. Check the H™ current monitor (channel 20)
at the module. If the absolute value of the data
is less than or equal to 100 counts, then the as-
sumption is made that either the beam is off, or
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that the intensity is too low for the 4t procsdure.
in this case, the asssage

{5 THE SEAM OFF
is written on the character scope, and ths program
is stopped. Otherwise, continue.

2. ¥ove the phase set point no 100 counts and
50t J e Q.

3. The sessage

SCANNING PHASE. PSP = p
is written on the character scope, where p is the
data from the phase ser pointg,

4. Check for phase and amplitude control with
the moduie tumed on, If & serve is indiceted,
write the word “SERVO" cn the character scope to
the right of the phase set point, %ev J = 0, and
g0 to sted 8,

S. If s servo is not indicated, then call on
program 3337 to measure and plot Ata and btc. If
th» returned errcr flag is not zero, or if either
AtB or Atc is greater than 0.8 nanoseconds in abso-
lute value, then sot J = { and go to step 8. Other-
wise, continue.

6. If J = 0, indicating that this is the first
good point, then save the value of bta, set J = ],
and go to step 8.

7. 1fJ ¢ 0, see if L:B has changed in the
right direction at the last phase step. If so¢, the
search is complete. If not, save the value of AtB.

8. Increment the phase set point by 100 counts.
If the phase set point is less than 1900 counts, go
to step 3. Otherwise, write the error message

CAN NOT FIND SUITABLE PHASE. CHECK RF
on the character scope and stop the program.

Program 3415: AZjust Amplitude in any 80S-MHz Module

Access: /DE3415, push button #25 on card #63, or
demanded by another program

Description:

When this program is called, it reads some
parameters from disk file 3138, and gets from the
channel tables the calibration tabtle for the mod-
ule's phase shifter. The message

*3415 ADJUST AMPLITUDE IN MODULE m
is written on the character scope.

Two different procedures are used for adjusting
the amplitude, depending on whether the specified
module is between S and 12 or between 13 and 48. In
modules 5-12, the adjustment is based on the slope
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cf the cutput energy versus input phase curve.

This sicpe sust be evaluited at the design input
phase, xhich in turn Jdepends on the asplitude. Con-
sequently, an iterative procedure of setting the
phase, chocking and adjusting the zmplitude, and re-
sotting the phase is roquired uwtil both asplitude
and ghese are within tolevance. Ia wodules 13-48,
the adjuscment is based on the height (above design
velue) of the peak of the eutput energy versus in-
put phase curve. Inis is also an iterative proce-
dure of adjusting the phase and then adjusting the
ampiicude.

The desailed procedure used inm sodules §-42
is as follows:

1. The grapit background for the cutput energy
versus input phuse curve is drawn on the storage
scope, including 8 line showing the siope for the
correct urpliruds.

2., The module is delayed and the curser posi-
ticn is checked. If the cursor is under the *, the
procedure is stopped and the * iy turned red. The
adjust flag is sot to 2 and stored on disk file
3138, word 361. Otherwise, continue.

3. Piogram 3336 is called on to calculate and
plot the energy and phase displacements. If
IAQAt € 1°, go to step 4. Otherwise, program 3349
is called on to adjust the phase, If program 3349
is successful, go to step 4; if not, the message

PROBLEM IN ADJUSTING THE PHASE
is written on the character scope and the procedure
is stopped.

4. The phase set point is measured and the
rodule is turned on. Using program 3414, the change
in the output energy is measured as the phase is
changed #5°, If a problem is encountered in moving
the phase shifter, then an error message

PHASE SET POINT NOT MOVING PROPERLY
is written on the character scope, and the procedure
is stopped.

5. The amplitude is calculated and is written
on the character scope and the storage scope, along
with the amplitude set point and the cavity field.
These three quantities are also written on disk
file 3138. If the calculated amplitude is more
than 10% away from design, the message

AMPLITUDE IS MORE THAN 10 PERCENT OFF
is written on the character scope and the procedure
is stopped. Otherwise, the amplitude set point is




adjusted. 1If a problem is cncountercd in moving the
applitude sot point, the rmessage

AMPLITUDE SET POINT ROT MOVING PROPERLY
is written on the character scope and the procedure
is terminated.

6. f the calculated amplitude (before the
set point was adjusted) was more than 1% away from
design, then go to step 2. If the amplitude was
within 1% of design, the amplitude set point and
the cavity ficld are saved on disx file 3136, and

the adjustment is complete.

In modales 13-48, the following procedure is used:

1. The design values of Awmnx and phase dis-
placencnt at which the maximun energy gain occurs
are read from disk file 3129, (Sce Table V1.) The
initinl value of the phase sct point is read and the
graph background for the energy versus phase curve
is drawn on the storage scope.

2. The modnle is delayed.
under the *, the procedure is temminated,

3. Program 3349 is called on to adjust the

If the curser is

phase of the module.

4. The module is turned on and the present
phase set peint is recorded. If this is not the
first time through the iteration, go to step 5. If
it is the first time through, the At fast phase
shifter positions are saved and program 3333 is
called on to adjust the fast phase shifters until
the electronic phase shifter outputs are nearly
zero with the module on. Record the new fast phase
shifter positions, and go to step 6.

5. The fast phase shifters are set to their
module-on values, obtained on the first time through
step 4.

6., The values of the amplitude set point and
the cavity field are read. The phase is set near
to where the energy peak should occur, and then the
phase is scanned in approximately 2° steps until
the energy peak is found. The amplitude is changed
by 2% and the corresponding energy change is meas-
ured to give awmax/aA, vhere A is the normalized
amplitude. However, when the amplitude is changed,
the "synchronous" (or 'design'') phase also changes,
s0 the total derivative of wmax with respect to
normali-ed amplitude is

W Moy . M, %

da~ " T A 3¢s
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TABLE VI

Energy Displacement (from Design) at Maxioum Energy
Output, and the Corresponding Phase Displacement

Module Awuax(HcV) 8d(deg)
5 i.12 45.8
[ 1.19 48.9
7 1.29 52.1
8 1.54 59.6

10 1.57 81.2
11 1.88 82.6
12 1.99 47.7
13 1.30 33.8
14 1.90 41.3
15 1.a5 33.3
16 2,25 43.5
17 2,24 42.1
18 2.10 38.3
19 1.78 33.8
20 2.19 38.1
21 2. 11 36.1
22 2.1 39.5
23 2.86 41.8
24 2.57 38.1
25 2.06 32.5
26 2.36 35.4
27 2.48 35.5
28 2.57 35.8
29 2.88 37.8
30 2.37 33.2
31 2.26 32.5
32 2.40 33.1
33 2.59 34.4
34 2.22 30.8
35 2.17 30.5
36 2.33 31.8
37 2.51 32.8
38 2.73 34.2
39 2.57 32.8
40 2.39 31.2
41 2.77 33.8
42 2.79 33.5
43 2.80 33.7
44 2.66 32.5
45 2.56 32,1
46 2.91 34.2
47 2.89 34.1
48 2.67 32.2
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where °s is the synchronous phase. At the dosign
value of 3, = -30°, the synchronous phase changes
by approximately -1° for a +1% change in amplitude,
which makes aas/aa = -100. Also,

3".;; 3!%

—— T - g —

3, 5%,

where the term on the right is evaluated at the de-
sign phase. The amplitude displacement is calcu-
lated by

A”max

4A = 3?;;;7!! .

7. The estimated amplitude, the amplitude set
point, and the cavity field are written on the stor-
age scope and on the character scope. The ampli-
tude set point and the phase set point “re returned
to their initial values at the beginning of this
iteration. The At fast phase shifters are set to
their original module-off values.

8. If the estimated aaplitude is more thar
10% away from design, then the procedure is termi-
nated. [f not, then the amplitude is adjusted to
the design value, based on the calculated 8A., If
JaA] > 2%, then go to step 2. If |AA]| ¢ 2%, then
the adjusted amplitude set point and cavity field
are stored on disk file 3138 and the procedure is

terminated.

Program 3416: Check the Present Values of the Ampli-
tude Set Point and the Cavity Field against

Disk Values
Access: /DE3416, or demanded by another program
Description:

The purpose of this program is to alert the
operator to a discrepancy in either the amplitude
set point or the cavity field of an 805-Miz module.
Each time that the amplitude of a module is ad-
justed by program 3415, the final values of the
amplitude set point and the cavity field are stored
on disk file 3138. When program 3416 is called,
the present values are compared to these stored
values. If either, or both, differ by more than
1%, a message is written on the character scope:

DISCREPANCY IN ASP AND/OR FIELD, 0D = m

ASP = asp (aspd), FLD = cf (cfd) GO
where asp and cf are the present values of the
amplitude set point and the cavity field, respec-
tively, and aspd and cfd are their stored disk
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values. The quantities that differ by core than
1% are «ritten in red.

The program then waits for o keyboard inter-
rupt. If the cursor is under the word GO when the
END key is hit, thea a flag is set to sero and
atored on disk file 3138 at word 36). This informs
the calling program to proceced. If the cursor is
not under the word G0 when the END key is hit, then
a -] is5 storcd on disk. The programs that automat-
ically adjust the phase and amplitude will then be
terminated.

Program 3410: Front £nd for AutoRatic 4t Tuneup

Procedure
Access: /DE34]10, or push button #26, card #63.
Description:

When this program is called, the message

*3410 AUTOMATIC DELTA-T. START STOP

ADJUST A P/PH PHASE IN MOUS B THRU Dy
is written on the character scope. Initially, the
word “PHASE" is written in yellow, indicating tihat
the selected option is that of adjusting only the
phases of the modules. To sclect the option of
adjusting both amplitude and phase, place the cur-
sor under the letters "AMP/PH" and hit the END key.
The option selected will be written in yellow. Hit-
ting the END key with the cursor under PHASE will
select the "adjust phase only' option.

The user should insert the desired values of
m and oy, the first and last modules to be auto-
matically adjusted, and hit END with the cursor
anywhere under the second line. The values of ny
and m, are then read and stored on disk file 3138,
words 27 and 28.

To start the automatic procedure, place the
cursor under START and hit END. This program then
demands program 3411, which actually controls the
automatic tuneup. The tupeup prccedure may be
stopped at any time by placing the cursor under
STOP and hitting the END key. This causes programs
3340, 3349, 3411, 3414, and 3415 to be dropped.

If a problem is encountered during the tuneup
procedure, then a message is written on the second
line of this program's character scope limes. To
get the original second line rewritten, hit END
with the cursor anywhere in the 2 lines except under
the *, which drops the program.



Program 3411: Oriver for Ausematic At Tuneup
Access: Ucomanded by progran 3410
Bescription:

This program sequentisily cells on other At
programs to perform their specific tasks. [t essen-
tially “pushes the btuttons' for the operator in the
proper order, and checks for proper compietion of
the various programs. The tuneuf procedure is con-
tinued through the specified modules, one by one,
until all the specificd modules have bzen tuned, or
until a condition arises which requires operator
action. Messages are written to the operator
rthrough the character scope lines reserved by pro-
gran 3419.

Program 3411 must be passed 8 arguments:

1. the number of acvguments (8);

2. the station number;

3, 4, and 5. not used;

6. ml, the number of the first podule to be

tuned,

7. my, the number of the last module to be

tuned;

8. a8 flag spscifying whether to adjust only

the phases (zero) or to adjust both ampli-
tudes and phases (nonzero).

Program 3411 uses the following procedure:
1. The specified module numbers, nl and My,
If they

are not in the proper range, then this program is

are checked for being in tlie proper range.

terminated. Otherwise, the number m; - 1 is stored
as the module number on disk file 3138, word 359,
Program 3340 is dropped and then demanded as if by
/DE,

2, Program 3340 is demanded and passed argu-
ments that will be interpreted as if push button
#12 had been used. This tells 3340 to set up for
the next module.

3. The matrix switch flag, MS, is checked
(disk file 3138, word 26)}. If MS = 0, go to step
5. Otherwise, up to 3 additional tries are made
at setting the matrix switches using program 3331.
1f successful, go to step 4. If not successful,
the message

MATRIX SWITCH PROBLEM. ABORTING AUTO DT
is written on the second character scope line be-
longing to program 3410, and program 3s!1 is termi-

nated.

4. Program 3333 is called on to center the
electronic phase shifter outputs.

5. The “job complete” flag, set by program
3333 is cherked.
sage

EPS CENTERING PROBLEM. ABORTING AUTO DT
is written on the character scope and program 3411
is terminated.

6. The graph backgrouind is drawn on the stor-

If it is not zervo, then the mes-

age scope, using program 3339 for modules 5 through
12, and program 3338 for modules 13 through 4%.

7. Program 3348 is called on to set the phase
of the module based on the phase of the previous
module and on the stored phase shift between the 2
modules.

8, Program 3416 is called on zo check the
present values of the amplitude set point and cavity
field against their disk values. If they agree with-
in 1%, or if the user accepts the values as being
satisfactory, then go to step 9, Otherwise, the
message

FIELD OR ASP PROBLEM. ABORTING AUTO DT.
is written on program 3410*'s character scope lines,
and program 3411 is terminated.

9. If the "adjust flag" (the 8th argument
passed to this program) is not zero, then program
3415 is cal.ed on to adjust the amplitude. If a
problem was encountered in adjusting either the
amplitude or the phase, then the appropriate message
is written on the character scope and program 3411
is terminated.

10. Program 3349 is called on to adjust the
phase. If a problem was encountered, then a message
is written -. the character scope and program 3411
is terminated. Otherwise, the procedure is repeated
from step 2 until all specified modules have been
adjusted, at which point the message

AUTO DELTA-T COMPLETED
is written on the character scope and program 3411
is terminated.

The storage scope output produced by this auto-
matic tuneup procedure at two different modules is
shown in Figs. 16 and 17.

Program 3412: Front End for Automatic At Check
/DE3412, or push button #28, card #63.
Description:

Access:

When this program is called, the message
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%3412 AUTO CHECK DELTA-T START STOP
CHECK DELTA-T MODULES ny THRU m,.
is written on the character scope. The user should

specify the vaiues of m, and m,, the first and last

modules to be automaticilly checked, and hit the
END key. The module numbers my and m, are then
read and stored on disk file 3138, words 27 and 28.

To start the automatic checking procedure,
place the cursor under START and hit the END key.
This program then demands program 3413, which actu-
ally controls the automatic checking. The procedure
may be stopped at any time by placing the cursor
under STOP and hitting the END key. This drop: pro-
grams 3340 and 3413,

If a problem is encountered during the check-
ing procedure, then a message is written on the sec-
cnd line of this program's character scope lines.

To get the original second line rewritten, hit END
with the cursor anywhere in the 2 lines except under

the *, which drops the program.

Program 3413: Driver for Automatic At Checking
Access: Demanded by program 3412.
Description:

This program sequentially calls on other At
programs to perform their specific tasks. It essen-
tially "pushes the buttons'" for the cperator in the
proper order, and checks for proper completion of
the various programs. The checking procedure is
continued through the specified modules, one-by-one,
until all the specified modules have been checked,
or until a condition arises which requires operator
action. Messages are written to the operator
through the character scope lines reserved by pro-
gram 3412,

Program 3413 is passed 7 arguments by 3412:

1. the number of arguments (7);

2. the station number;

3, 4, and 5. not used;

6. m. the first module to be checked;

~

. Ty, the last module to be checked.

The following procedure is used by program 3413:

1. If the specified moduies are not in the
proper range, then program 3413 is terminated.
Otherwise, w - 1 is stered as the module number on
disk file 3138, word 359. Program 3340 is dvopped

and then demanded as if by /DE,

2. Program 3340 is demanded and passed argu-
ments that will be interpreted as if push button
#12 had been used. This tells 3340 to set up for
the next module.

3., The matrix switch flag, MS, is checked
(disk file 3138, word 26)}. If MS = 0, go to step
5. Otherwise, up to 3 additional tries are made at
setting the matrix switches using program 3331. If
the attempt is successful, go to step 4. If not,
the message

MATRIX SWITCH PROBLEM. ABORTING AUTO CT.
is written on the character scope, and program 3413
is terminated.

4, Program 3333 is called on to center the
electronic phase shifter outputs.

5. The graph background is drawn on the storage
scope, using program 3339 for modules 5 - 12, and
program 3338 for modules 13-48.

6. Program 3416 is called on to check the
present values of the amplitude set point and cav-
ity field against their disk values. If they agree
within 1%, or if the user accepts the values as be-
ing satisfactory, then go to step 7. Otherwise,
the message

FIELD OR ASP PROBLEM. ABORTING AUTO DT.
is written on the chsracter scope, and program
3413 is terminated.

7. A&t is checked and plotted on the storage
scope 5 times. Program 3336 is used for modules
5-12, and program 3337 is used for modules 13-48.
If At could not be measured for some reason, then
the message

PROBLEM. ABORTING AUTQ DELTA-T CHECK.
is written on the character scope and program 3413
is terminated. Otherwise, the procedure is repeat-
ed from step 2 until all specified modules have
been checked, at which point the message

AUTO DELTA-T CHECK COMPLETED.
is written on the character scope and program 3413
is terminated.

Program 3414: Measure Changes in Energy of Beam
Drifting between Z At Pickup Loops
Access: Demanded by another program
Desgription:
The first time that this program is called, it
nmust be sent 3 arguments:




1. the number of arguments (3);
2. the number of the calling program;

3. NT, the number of times to repeat the
measurement .

Parameters are read from disk file 3138 speci-
fying which pickup loops are used, the distance be-
tween these loops, the design energy of the beam,
the data sampling time, and the tolerance on the
At error signals. The calibration tables for the
¢lctronic phase shifters are read from disk file
3134. The clectronic phase shifter ocutputs are
read NT times and averaged. This gives the refer-
ence times at which the beam arrives at each loop.
On subsequent calls to this program, energy changes
are calculated from the changes in the arrival
tines at each loop.

When this program completes its initialization
procedure, it returns 2 arguments to the calling
program:

1. the number of arguments (2}:

2. an error flag having the value 0, 1, or -1,
meaning there were no errors, the error signal ex-
ceeded tolerance, or the data were outside the range
of the calibration table, respectively.

When this program is called and sent anything
but 3 arguments, it reads the electronic phase
shifter outputs NT times, averages the results,
and calculates the energy change from the initial
energy. It returns 4 arguments to the calling pro-
gram:

1. the number of arguments (4};

2. the error flag (described above);

3. § 4. the energy change, in MeV (2 words are
required for a floating-point number).

Program 3347: Store Module-to-Module Phase Shifts

on Disk File 3129,

Access: /DE3347
Description:

This program reads the phase set points of zll
the B05-Mis modules, including the 805-MHz refer-
ence line, converts the data into degrees via the
channel table calibrations, and calculates the phase
shift between adjacent modules. These phase shifts
are then written on disk file 3129, and alsc writ-
ten on the storage scope. (See Fig. 18.)

Program 3347 should be run each time that the
linac is re-tuned. The phase shifts stored on disk

PHASE SHIFTS PETHEEN MODAES 2D APR 1976 09118822

4-3 11ra 26-27 -123.1
9 -6 5 .3 Zr-28 31.3
6 ~7 ~30.6 Z8-29 -97,9
7 -8 15.5 29-30 -103.8
-9 -31.4 30-31 5.0
9-10 119.2 31-32 2.2
10-11  -73.8 32-33  134.0
11-12  =~175.1 33-3¢ -171.8
12-13 ~1.9 34-35 -103.%
13-14 -100.2 -3¢& 108.8

~22 %9.8
Z4-25 ~141.7  A6-47 S1.0
2526 74.86 47489 -135.6

Fig. 18. Sample storage scope output produced by
program 3347.

will be used in calculating the initial phase set-
ting when the linac is next tuned. A comparison of
the storage scope outputs will show how consistent
or inconsistent the phase shifts are for different

tuneups.

Program 3323: Monitor and Display the At Signals
Access: /PE3323, or push button #11, card #63
Description:

This program monitors the data from channel
D27 in modules 5 through 10, which are the electron-
ic phase shifter outputs, the error signals, and
the signal levels for the 2 At systems of electron-
ics. The sample time is read from disk file 3138,
word 360. The data trom these 6 devices are written
on the character scope beneath the lires

*3323 MONITOR DELTA-T SIGNALS

EPS1 SL1 ERR1 EPS2 SL2 ERR2.
If a parity error is obtained on the data-take on
any module, the corresponding data will be displayed
as 9999.

If the cursor is placed under the *, the pro-
gram will stop taking data. To restart the data
taking, hit the END key when the cursor is anywhere
within the 3-line display except under the *, which

drops the program.

Program 3318: Display on the Storage Scope the Re-
sults of the Last At Measurements at each
Module.

Access: /DE3318

£
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Description:

Each time that program 3334 makes a measurement
and At., these values, along with the ampli-

tude and phase set points and the millisecond clock

Description

C
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Fig. 19. Sample storage scope output produced by program 3318.

on disk file 3138.
Program 3318 simply reads this information

(2 words), are saved on disk file 3319, Likewise,
each time that program 3336 calculates the phase
and energy displacements, it stores these quantities

from the disk and writes it on tl.e storage scope.
An example of the storage scope output is shown in

Program 3327: Plot the Change in the Output Energy
versus the Input Phase at any 80S-Miz Module
Access: /DE3327, or push button #22, card #63

When first called, this program reads the At
calibration tables from disk file 3134, and the mod-
ule number, m, and data sampling time, t, from disk

file 3138, words 359 and 360.

*3327 PLOT ENERGY VS PHASE FOR MODULE m

SAMPLING TIME = TO + t.

the graph background is drawn.

3340 then puts all the modules
the specified module "in time"
stream modules, calculates the
ated with the specified module

GRAPH BOUNDARIES + AND - 100, DEG 10,0 MEV

RE-CENTER EPS

is written on the character scope. The user may
then change any (or none) of the parameters and hit
the END key with the cursor anywhere within the 3
lines except under the * or under the words "RE-
CENTER EPS." The storage scope is then erased and

Program 3340 is then called and passed 3 argu-

ments: 3; station number; module number. Program

up to, and including,
and delays the down-
At parameters associ-

and stores them on

disk file 3138, and connects the standard pickup

loops to the At electronics via program 333l. Pro-
gram 3327 reads the necessary parameters from disk,

The message

including the design coordinates of the energy peak.
Program 3333 is then called on to adjust the fast
phase shifters until the electronic phase shifter
outputs are centered in the calibration table. The
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Fig. 20. Sample storage scope output produced by program 3327.

design slope of the energy versus phase curve is
drawn through the origin, and the .ocation at which
the peak of the curve should occur is marked with a
large cross. The '"initial values" of the electron-
ic phase shifters are read and saved.

The program then takes data from the electronic
phase shifters, compares the data to the initial
values, and calculates an energy change. The phase
set point is read, and the energy change is plotted
versus the phase. This program continues to take
data and plot the results until it is stopped by
placing the cursor under the *, This program does
not itself change the phase of the module; it sim-
ply takes data. The user may change the phase using
a tweek knob.

The user may restart the program by hitting the
END key. If the cursor is under the *, then the pro-
gram is dropped. 1f the cursor is under the words
"RE-CENTER EPS", then program 3333 is called on to
re-adjust the fast phase shifters until the outputs
from the electronic phase shifters are again centered
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in the calibration table. Plottirg is then contin-
ued at the point at which it was stopped. If the
cursor is elsewhere within the 3 lines, then the
procedure is restarted from the beginning. (Sample
storage scope output is shown in Fig. 20.)

Program 3328; Plot Energy Change versus Time or
versus any Arbitrary Channel.

Access: /DE 3328, or push button #24, card #63

Pescription:

The purpose of this program is to measure and
plot the changes in the energy of a beam that is
drifting between 2 At pickup loops.

When this program is first called, it reads
an initial set of parameters from words © - 14 of
disk file 3134 and writes them on the character
scope in the following message:

*3328 MEASURE ENERGY CHANGE OQUT OF MOD m

USING PICKUP LOOPS AFTER MODS my AND m,.

ESCALE= e, T= t, INT= i, STOP CONT

MOD CHAN TIME BMG CYC MIN MAX NI

@

SImI AL

-
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where the small letters represent the values of the
14 parameters. The energy scale of the graph will
be between *e, the data sampling time for the ener-
gy change is specified by t, and i specifies the
time interval between sample times, in milliseconds.
The information on the bottom line refers to the
data channel to be plotted as the abscissa; the
module number; the channel number; the sample time;
the H beam gate parameter (-1, 0, or +1); the cycle
parameter (-1, 0, +1); the minimum and maximum val-
ues of the data range (the values assigned to the
left and right boundaries of the graph); and the
number of graph intervals along the abscissa. If
the user wants to plot the energy change versus

real time, then he sets n to a negative number.

In this case, the only parameters on the last line
that have any significance are x

max
Xnax will specify the right boundary of the time

and R, where

scale (in seconds), and n is still the number of
intervals. The left boundary of the time scale will
be zero.

After specifying the set of parameters, hit
the END key with the cursor anywhere within the
lines except under the *, or under the words STOP
or CONT (continue). Program 3329 (which actually
does the measurements and the plotting) is dropped,
the graph background is drawn on the storage scope,
and then program 3329 is called and passed the para-
meter set.

The measurements and plotting may be stopped at
any time by the user by placing the cursor under
STOP and hitting END.
(without erasing the scope and drawing a new graph),

To continue the plotting
place the cursor under CONT and hit END. Hitting
END with the cursor under the * will drop the pro-
gram.

This program does not delay any modules or set
any matrix switches. The user must set up the de-
sired accelerator configuration and set the matrix

switches prior to calling this program.

Program 3329: Plot the Energy Change for Program
3328

Access: Demanded by program 3328

Description:
This program is called by program 3328 and sent

the parameter set specified by the user. The design

output energy of the specified module, and the mod-
The At
calibration tables are read frop disk file 3133,
The relationship between the energy change and the
signals from the pickup loops is calculated, and
the initial values of the electronic phase shifters

ule lengths are read from disk file 3129.

are read.

Program 3329 then proceeds to take data from
the electronic phase shifters and from the specified
channel (or from the time clock), and to plot the
resultant energy change (from its initial value)
versus the specified quantity. After plotting each
point, program 3329 delays itself the specified
time interval before taking the next measurement.

Program 3326: Plot AtB and Atc Versus ary Data
Channel
Access: /DE3326
Description:
When this program is called, the message
*3326 PLOT DELTA-T VS PHASE SHIFTER 1,
MOD= m, TIME= t, NTIMES= n, SCALE= 10.0
MOVE SHIFTER FROM 150 TO 1700, NP= 31,
MC=9, ICC= 15, MD= 9, IDC= 49, ERASE
is written on the character scope. The user may
then change any of the parameters and hit the END
key. The present value is read from the specified
data channel, IDC, at module MD. The data are then
driven to the first specified value (150 in the
above message) assuming that the cummands are sent
through channel iCC at module MC.
Program 3334 is called on to measure Aty and
Atc at module m. (The user must have set the matrix
switches properiy.} The results obtained from pro-
gram 3334 are written on the character scope, in-
cluding the number of arguments received, the error
flag, AtB, Atc, Tps UC, the electronic phase shift-
er outputs from systems 1 and 2 with the modules
both off and on, and these 4 outputs converted into
degrees (at 201.25 MHz).
zero, then the program is stopped.

If the error flag is not

If the cursor was under the word ERASE when
the END key was hit, then the storage scope is e-
The val-
and Atc are plotted against the speci-
The phase shifter is stepped through

rased and the graph background is drawn.
ues of AtB
fied data.
the specified range in NP steps, and AtB and AtC

are measured, plotted, and written on the character
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scope at each step. A nonzero error flag received
from program 3334 will stop the program. Otherwise,
after the specified range has been covered, the
phase shifter is returned to its initial value.

Program 3344: Monitor the At Electronic Phase Shift-
er Outputs at a Specifiable Series of Pickup
Loops.

Access: /DE3344.

Description:

The purpose of this program is to detect phase
shifts along the linac, if they occur, via the At
pickup loops. At a specified time interval, for
example every 10 minutes, the 4t electronics can be
sequentially connected to series of pickup loops and
the electronic phase shifter outputs recorded on a
disk file. The outputs from the electronic phase
shifters are also recorded with the systems placed
in the calibrate mode, for the purpose of detecting
drifts in the electronics. The real time clock is
also sampled and stored.

At the user's request, the electronic phase
shifter output at any pickup loop, or in the cali-
brate mode, may be plotted versus time. Ideally,
the curve should be a straight horizontal line,
which would indicate that the beam arrived at the
pickup loop at a phase that was constant in time.

In practice, the curves are not constant, usually

interpreted to be caused by the drift in the At

electronics. The user also has the option of sub-
tracting the changes in the calibrate signal from
the pickup loop signal before plotting.

When this program is called, the message

*3344 MONITOR DELTA-T LOOP SIGNALS

START CONTINUE STOP PRINT PLOT
is written on the character scope. The user speci-
fies one of the options by placing the cursor under
one of the words on the second line and hitting the
END key. The various procedures are described be-
low,

START The monitoring procedure is started.
Five parameters are read from disk file 3346 and
written on the character scope:

MOD1 = m, NLOOPS = n,, NAVERAGE= n

INTERVAL= 1 SEC, SAMPLE TIME= t.,
where m, is the first module number at which to
start monitoring the signal from the pickup loop;
ny is the total number of loops to monitor, n is
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the number of times to take data and obtain the av-
erage, i is the interval in seconds at which to

take data, and t is the sample time in microseconds.
The user may change any of these parameters and hit
the END key. The parameters are then read and
stored on disk file 3146 along with 3 other parame-
ters: NS, MAXD, and IR, NS is the number of stor-
age words required at each time interval, and is
equal to the number of loops specified + 4 (2 words
for the calibrate signals and 2 words for the time).
MAXD is the maximum number of data takes that would
fill the reserved disk file, IR is set to 1, indi-
cating that monitoring is in progress, Program
3345 is then demanded on a timed basis.,

STOP The monitoring process is stopped. Pro-
gram 3345 is terminated and IR is set to 0 and
stored on disk file 3346.

CONTINUE The monitoring process is restarted.
Program 3345 is again restarted on a timed basis,
and IR is set to 1,

PRINT The data collected so far are written
on the line printer. The parameters my, Mg, N, i,
t, MAXD, and n are written at the top of the page,
where n is the number of data sets taken thus far,
and the other paramcters are as defined above, The
data are then printed, starting with the time, the
signals from system 1 and system 2 in the calibrate
mode, followed by the values from the ny loops.

PLOT The signal from any pickup loop or from
the calibrate signal is plotted versus real time.
The message

LOOP AFTER MODULE m, SCALE= s COUNTS
is written on the second line of program 3344's 2
character scope lines. The user specifies the de-
sired loop (or a 0 or 1 to indicate the signal from
system 1 or 2, respectively, in the calibrate mode),
and the graph scale. (The vertical scale will be
d1 + s, where d1 is the first data value for the
specified loop.) ITf the cursor is under the second
line when the END key is hit, then the data are plot-
ted without modification; if the cursor is under
the top line, then changes in the calibrate system
are subtracted from the data before plotting.

Program 3344 is dropped by placing the cursor
under the * and hitting the END key.

Program 3345: Monitor Data from At Loops
Access: Demanded on a timed basis
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Description:

Each time that this program is run, it goes
through the following procedure:

1. The number of data sets taken thus far is
compared to the maximum number allowed. If the max-
imum number has been taken, then this program does
nothing.

2. ‘The H run permit bit is checked. If the
bit is zero, then no data is taken.

3. The time is read (from memory locations 2
and 3).

and data taken from the electronic phase shifters,

The At system is put in the calibrate mode

The system is then put back in the operate mode.

4. The matrix switches are used to connect the
At systems to the specified pickup loops, and data
are taken at each loop.

5. The number of data sets is incremented by
1 and stored on disk file 3346, and the time and
electronic phase shifter data are stored on disk
file 3346,

Program 3381: Restart Loop Monitoring after Computer
Restart

Access: Automatically called by the computer system
after a computer restart,

Description:
This program checks the run flag, IR, from word

9 of disk file 3346. If IR =1, then it starts pro-

gram 3345 running again on a timed basis.

Program 3380: Plot At Signal Levels
/DE3380

Description:

Access:

When this program is called, the message
*3380 PLOT DELTA-T SIGNAL LEVELS
TIME= t, SCALE= y Yy

min “max

is written on the character scope. The user speci-
fies the data sampling time, t, and the values to be
assigned to the bottom and top boundaries of the
After the END key is hit, the graph back-

ground is drawn on the storage scope, and the At

graph,

electronics is sequentially connected to the pickup
loops via program 3331. At each pickup loop, the At
signal levels are read (data channel 27 at modules 5
and 8) and plotted on the graph.

The program is dropped by placing the cursor

under the * and hitting the END key.

location

STORAGE MAP FOR DISK FILE 3129

contents

0-97

200-295

300-395

400-495

500-597

600-695
700-1403

1450-1657
1658-1865

All values
2 words of

Location

Desipn values of WA. {Also the design
value of WB, since the design input ener-
gy at any module is the same as the de-
sign output energy at the previous mod-
ule.)

Phase shifts between modules, based on
tuned-up settings and on phase shifter
calibrations in the channel tables.
(These values are stored here by program
3347.)

The phase shift, in degrees, from the de-
sign phase to the phase at which the out-
put energy is a maximum.

The output energy displacement when the
phase is set for maximum energy gain

(aw__ 3.

max

the module lengths. (One addition-

Dppe
al length is stored, the distance be-
tween the 2 loops downstream of module
48.)

Design values for tB.

Elements of M and M' matrices, where M

is the matrix relating the output phase
and energy displacements to the input
phase and energy displacements, and M'

is derivative of M with respect to the
rf amplitude.

Measured values of 805-MHz tank lengths.
Measured values of drift lengths between
tanks.

are floating-point numbers, which require

storage each.

STORAGE MAP FOR DISK FILE 3138
Contents

0

5-6

IDVIS, the storage scove device # for
prog 3340

NPG, the number of the program reserving
devices (3340)

LI, line intensity for drawing vectors
on storage scope

ICS, character size for storage scope
characters

IHV, horizontal or vertical flag for
storage scope characters

ICP, storage scope ''current points"
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7-8
9-12
13-20

21

22

23
24

25

26

27

28
29-30
31
50-137

215-222

223-230

231-232
233-234

235-236

237-238

239-240
241-242
243-244
245-246
247-248
249-250
251-252
253-254

279-294
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MRG, storage scope margins

IXY, storage scope graph boundaries

XY, floating-point values assigned to
graph boundaries

NSN, station at which prog 3340 is being
Tun

NCCI, character scope device code assigned
to prog 3340

LOCK, tolerance on At error signals

LZ1, zero offset for error signal, system
#1

LZ2, zero offset for error signal, system
#2

MS, matrix switch flag

Ml, first module when doing automatic At
M2, last module when doing automatic At
time of last At calibration

"job complete" flag set by program 3333
amplitude set points and cavity fields
(Channel D28) corresponding to 100% ampli-
tude, as estimated by program 3411. ASP
for module m is stored in location 50 + 2x
(m-5), cavity field is stored im 51 + 2x
(m-5)

M, 2 x 2 matrix relating output displace-
ments to input displacements

M', derivative of M matrix with respect to
rf amplitude

DAB' module length

Dl’ distance from end of module to first
pickup loop

Dz, distance from end of module to second
pickup loop

S, slope of Atc vs AtB line at design am-
plitude

derivative of S with respect to amplitude
design value of tB

design value of te

WA, design value of input energy

WB’ design value of output energy

u corresponding to input energy

ng corresponding to output energy

AA/A, estimated amplitude displacement (by
program 3335}

estimated normalized amplitudes of modules
5 through 12 at the last running of pro-
gram 3336

295-310

311-326

327-342

343-358

359

360

361

362
363

364

365

366

367

368

369
370-371

372-373

374

375

376

377

378

380-387

388-395

396-411

last calculated values of AHA for modules
5 - 12

last calculated values of A¢A for modules
S -12

last calculated values of A¢B for modules
5 -12

last calculated values of AWB for modules
5 - 12

MOD, the module number

IST, the data sampling time

phase adjust and amplitude adjust flag
(set by programs 3349 and 3415)

NTIMES, the number of times to repeat At
NMT, the number of modules to be treated
as a unit

NS, the number of steps to take when con-
structing a variable phase curve with pro-
gram 3335

NCA, the number of curves to be construct-
ed by program 3335 to obtain average slope
IDP, the number of pulses per step sent

to the module phase shifter by program
3335

L1, the module number just upstream of
first pickup loop

L2, the module number just upstream of
second pickup loop

K, system attached to first loop (1 or 2)
CX, conversion factor for horizontal scale
of graph

CY, conversion factor for vertical scale
of graph

NX, number of intervals in horizontal axis
NY, number of intervals in vertical axis
IXP, horizontal scope coordinate for data
writes

IYP, vertical scope coordinate of last
data write

IG, flag denoting which background is on
storage scope

amplitude set points for modules 5-12

when program 3335 or program 3415 was last
run on these modules

cavity field values (D28) for modules 5-12
when program 3335 or program 3415 was last
run on these modules

normalized amplitudes of modules 5-12, as
estimated by the last running of program
3335 or program 3415
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412-427 standard deviation of estimated normalized
amplitude, computed from slopes of NCA

curves by program 3335

STORAGE MAP FOR DISK FTLE 3134
The first 15 words are used by program 3328

Word Contents
V] MOD, the module number at which to measure

energy change
1,2 WMAX, maximum value for energy scale

IST, data sampling time

4 IDT, delay time (in milliseconds) between
measurements

S MODY¥, module number for abscissa

6 ICHAN, data channel for abscissa

7 IT, sample time for abscissa data

8 IBG, H* beam gate parameter for abscissa
data

9 ICY, cycle parameter for abscissa data

10 MIN, minimum value of abscissa

11 MAX, maximum value of abscissa

12 NI, number of intervals along abscissa

13 L1, module number just upstream of first

pickup loop
14 L2, module number just upstream of second

pickup loop

88-167 calibration table for system #1
168-247 calibration table for system #2
250-261 IDPST(I,J,K), short calibration table for

digital power supplies for the fast phase

shifters. K refers to the system # (1 or
2). The J index is 1 or 2 referring to
the minimum or maximum values of the digi-
tal power supplies and the fast phase
shifters. The I index is 1, 2, or 3, re-
ferring to the power supply, the fast
phase shifter, or the electronic phase
shifter output.

395 IAUTO, flag tested by program 3330. If
it is non-zero, then program 3330 adjusts
the fast phase shifters until the start-
ing values of the calibration tables are
as specified by IEPS1 and IEPS2.

396 IEPS1

397 IEPS2

402 IDIR, specifies direction to move trombone

when calibrating

403 1P, 0 means base calibration on motor
pulses; 1 means base calibration on trom-
bone pot.

404 IR, 1 means to reverse the calibration

table; 0 means don't reverse the calibra-

tion table

405 IAV, number of times to take data and
average

406 NDE’ , number of degrees covered by cali-
bration table

407 IST, data sampling time

408 IBG, H® beam gate parameter

409 ICY, cycle parameter

410-489 newly generated calibration tahle for
system #1

490-569 newly gen-.. 4 calibration table for
system #2

STORAGE MAP FOR DISK FILE 3319

Each time that program 3334 measures AtB and
Atc, it also reads the millisecond clock and the
amplitude- and phase-set points of the module, and
writes these values on disk file 3319. Six storage
words are required, since the time clock requires
2 words. The data are stored in the following order:
time (2 words); amplitude set point; phase set
point; Atp; and Atc. Both AtB and Atc are stored
as integers in picoseconds. The first word loca-
tion of these values on disk for module m is at
6{m-5}.
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