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Abstract

The present 2-4 Ghz Debuncher betatron stochastic cooling sys-
tems are designed to cool 7 X 107 antiprotons with initial transverse
emittances of 207 mm-mrad down to 7o mm-mrad in 2 seconds. For
the Tevatron upgrade, it would be advantageous to cool twice the
number of antiprotons from 207 mm-mrad to 17 mm-mrad in half the
time. We explore the possibility of achieving this goal with 4--8 Ghz
stochastic cooling systems. Since the transverse beam size is initially
more than twice the width of the cooling electrodes, we compare the
effectiveness of one, two, and three plate pairs spaced strategically
along the transverse beam direction. We also compare constant gap
size electrodes with that for gap sizes which track the beam size as
the emittance is reduced. We find that the three plate pair variable
gap geometry performs the best, closely followed by the two plate pair
variable gap geometry. Because of lower production costs we would

suggest use of the latter.



I. Introduction

The Debuncher Accelerator Ring of the Antiproton Source is designed so
that every 2 seconds, 7 x 107 antiprotons with a momentum spread of 0.2%
and horizontal and vertical emittances of 20m mm-mrad are stochastically
cooled to 7r x 7r mm-mrad before being transferred to the Accumulator.
The horizontal and vertical stochastic cooling systems are each composed of
128 pickup loop pairs and 128 kicker loop pairs. The corresponding pickup
and kicker arrays are placed an odd multiple of 90° apart in betatron phase
so that a position error measured at the pickup can be corrected by an
angular electromagnetic kick at the kicker. The cross-section of a single
electrode plate pair is shown in Fig. I and a single array which contains
32 loop pairs is shown in Fig. 2. The present system operates over the
frequency band 2-4 Ghz, with an electrode plate effective width of 22.5 mm.
The length of each electrode plate along the beam direction is nominally
set to a quarter wavelength of the central frequency. The parameters of the

present Debuncher stochastic cooling systems are given in Table I

An excellent discussion of the theory of betatron stochastic cooling is
given by B. Autin in Ref. 1. We briefly summarize the important formulae

here.

In each transverse direction, the rate at which the emittance € is reduced



is given by
de i ~4G,.e + B, (1)
dt (1+ 5,2 °

n—--00

Gy is the nth harmonic’s contribution to the overall system gain and is given

by

Y Z sin?( kl) dpdk (1+5)
nPnkﬁpﬁk(er 2 (kl hphk ﬁ(%) ? (2)

where n, {ny) is the number of pickup (kicker) loop pairs, 8, (B%) is the
lattice beta function at the pickup (kicker), —e is the antiproton charge, Z
is the characteristic impedance of the pickups and kickers, [ is the effective
length of the electrode plates, g4 is the amplifier gain, h, (hz} is the full
gap between the pickup (kicker) plates, fo is the antiproton revolution fre-
quency, G is the particle velocity divided by the speed of light c, p is the
antiproton momentum, and d, (di) is the difference mode sensitivity of the
pickup (kicker) plate pair to the beam. It is useful to know the mean values

of sin?(kl), ﬂ'ﬂmﬂl, and “—E‘%‘;ﬂ which are respectively 0.913, 0.603, and 0.413.

B, gives the emittance blowup from thermal noise via

de -
T |noise= nzz“w Bn, (3)
with
sin(kl
B, = %ﬁkﬂkng(TAﬂ'TS)[gA(l;_?) dk f(l (k(:l))]za (4)

where kg = 1.381 x 10722 Joules/°K is Boltzmann’s constant, and T4 and

Ts are the amplifier and resistor noise temperatures.



Schottky noise and feedback effects are contained in

_dNG.

Sﬂ_df n’

where N is the number of antiprotons.

The total Schottky signal power from all the particles is

— Z ;
Ps = 1g'fiN'n,PW’fgsinz(!s:l)—[d,".pei]z,
) 2P,

(5)

(6)

where W is the system bandwidth, and 4 is the maximum betatron excursion

of the antiprotons which have the amplitude distribution function

HORES

The noise power is given by

PN = gikBW(TA —I- Ts)

By suitable approximations, Equation (1) can be turned into

lde 2W
- = —4G
Edt € OY(‘U)[ 4 E+B]’

where G and B are G,, and B, taken to be constant, and

NG
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nP
3
Y(u)=1—2ulnu+2—|— e

w41 (u+1)(u+2)’

(7)

(9)

(10)

(11)



with 7 being the ratio of frequency spread to momentum spread. The cooling
system is generally optimized whenever u¥Y(u) ~ 0.35. We can integrate
Eguation (8) to get the total time required to reduce the emittance from an

initial value of ¢; to a final value of ¢;:

fo de
T BW Je G(a e — 1Y (u(e)) (12)

The pickup and kicker electrode sensitivity has been discussed extensively.
For a good summary, see Ref. 2. More detailed discussions can be found in
Refs. 3-5. Here we only summarize the important formulae. The sensitivity

for a single electrode plate is *

sinh ¥z — %)

1, _ysiohI(@+2)
cosh( %) - tan™"| cosh(7¥) ]

e(z,y) = E{tan ol
+ tan” [tan( : )tanh (:c+ 2)]

— tan~![tan( hy)tanh (z— _)]} (13)

where h,w,z,y are defined in Fig. I. The sum mode sensitivity used in

momentum cooling is defined by

S(m,y) = e(:a:,y)-l—E(m,-y)

1 sinh %(:n +3)

= ;{tan_l[ cosh(7Z) ] M?_—w__)

2

cosh(ZY) I} (4)

— tan™?|
The difference mode sensitivity used in betatron cooling is given by

dz,y) = g[e(m,y)—e(m,—yn



h
- ;—;{tan_l [tan(%)tanh %(m + %)]
— tan-tan(~Y Nz 2
tan~![tan( . ) tanh h(m 5 )} (15)
An often stated approximation is
d(0,y) = 2tanh(%). (16)

We have summarized above all of the formulae which were used to analyze
the 4-8 Ghz Debuncher stochastic cooling systems. In subsequent sections we
report on work done during the May, 1986 Tevatron upgrade studies. At that
time we proposed that since the beam size is large compared to the width
of the electrode plates it would be better to go to a multiplate geometry
transverse to the beam direction of motion [c¢f. Fig. 3]. We investigate
single, double, and triple plate pair geometries. In the next section, we
analyze electrode sensitivities for different geometrical configurations for the

electrode plates.



I1. Electrode Sensitivities for Various Plate Geometries

In this section we discuss the sensitivities of the electrode plates for finite

beam sizes. We consider nine Cases:

(1) Single plate pair geometry with constant gap size as shown in
Fig. 1;

(2) Single plate pair geometry where the gap size tracks the beam
(almost scraping) from 20r mm-mrad down to 17 mm-mrad;

(3) Single plate pair geometry where the gap size tracks the beam
from 207 mm-mrad down to 47 mm-mrad and then is constant
as the beam emittance is further reduced to 1 mm-mrad.
The reason is that after the beam emittance is reduced to about
47 mm-mrad, you may not really gain that much by letting
the electrode gap track the beam size below 47 mm-mrad;

(4)—(6) Same as Cases (1)-(3) but with a 2 plate pair geometry
as shown in Fig. 3;

(7)~(9) Same as Cases (1)-(8) but with a 3 plate pair geometry
as shown in Fig. 3.

First, we need to determine the initial electrode gap size. For this, we

note that the maximum betas in the region of the stochastic cooling devices

7



as measured during the summer of 1985 are (in meters)
(B8%, B1%%) = (11.284,9.487). (17)

These values were determined by first measuring the betas in the quads
surrounding the stochastic cooling vacuum tanks by the standard method of
varying the current in the magnet coils. We show the results in Table IL
Starting with the differential equation for 5(s) in the drifts containing the

stochastic cooling tanks
1 1
~BB"— 387 =1, (18)

we look for solutions of the form

B(3) = Bo + B3 + B8’ (19)

To obtain the constants [y, 01,082 we use Equation (18) together with the

boundary conditions
Bo = B(0) = [ measured at upstream quad (20)

B(s = distance between quads) = @ measured at next downstream quad.
(21)
In addition to giving the beta functions at the upstream, center, and down-
stream position of each array, Table III also gives the acceptance at each
position. The numbers for the gap sizes are taken from the production data.

It can be seen that the as-built overall acceptances of the stochastic cooling



arrays (ignoring alignment errors) are
A, = 237 mm-mrad (22)
A, = 2527 mm-mrad. (23)

If the 4-8 Ghz system is to handle a 207 x 207 mm-mrad beam, it is wise to

use the betas in Fgquation (17) and set the gap sizes for 257 mm-mrad giving

(hor. gap, vert. gap)=(33.6 mm, 30.8 mm). (24)

Another point needs to be folded into our discussion of electrode sensi-

tivities. If one takes the simple particle distribution function 1

fle) = 23, (25)

in the horizontal direction and similarly in the vertical direction, where é, is

the maximum amplitude, then one can compute the average sensitivity

Theory = [ [ £(&)f(a)d(e)dody, (26)

where d(z,y) is defined in Fguation (15). Comparing this number to the

Argonne measurements on the 2-4 Ghz arrays ®, one finds

d = 0.8592d Ty ey =~ 1.0. (27)

Argonne
Measurement

The present Debuncher stochastic cooling systems’ performances have been

shown to be consistent with d Argonne given above 7. So, we will always

. . Measurement L
include the factor 0.8592 in the difference mode sensitivities computed below.



In the region of the vertical cooling systems the design average betas for

the present n = 0.006 lattice are
(8=, By) = (10.6m,6.994m). (28)

For the Tevatron upgrade, a new n = 0.009 lattice has been proposed by
G. Dugan which should help to optimize the cooling. If you consider the de-
sign betas at the quads surrounding the stochastic cooling tanks and compare

the n = 0.006 and n = 0.009 lattices, you have

(BQuads pQuadsy _ (10.5 1,9.0 m) for 5 = 0.006 (29)

(BB“dS,BfZ“adS) = (10.6 m,9.7 m) for 7 = 0.009. (30)

Since the betas are practically the same, we use the same average betas
from Equation (28) at the vertical cooling arrays for the new lattice. Similar
arguments hold for the horizontal cooling arrays. Of course, if the 4-8 Ghz

arrays are to be placed in new locations, new 3’s would be necessary.

We only consider vertical cooling below, since horizontal cooling is analo-
gous. First, take the 1 plate pair geometry of Cases (1)-{3) discussed above.
For simplicity, we assume that the horizontal and vertical beam emittances
shrink at the same rate from 20m mm-mrad to 1r mm-mrad. We compute
the average difference mode sensitivity for the 4-8 Ghz electrodes which have

an effective width of 11.25 mm:
d = 0.8592 f - f * #(2)f(y)d(z, y)dady, (31)
1} 0
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where

. €2z

s = 32
" : (32
A ey,

&y = —y_"r” (33)

and just out of curiosity we also compute the average sum mode sensitivity:

s= [ [ )£z, 9)dndy, (34)

The results for the average sensitivities versus beam emittance for Cases (1)-
(9) are contained in Tables IV-VI. Recall that for Case (1) we take a constant
gap size of 30.8 mm [cf. Equation (24) as the beam emittance shrinks from

207 to 1m mm-mrad. In Case (2) we set the gap

e(7 m)

h=2 + 0.001 mm

as the emittance shrinks. The extra term, 0.001 mm, is only for calculational

convenience. In Case (8), we stop shrinking the gap at € = 47 mm-mrad, or

h = 10.584 mm.

For the 2 plate pair geometry defined by Fig. 3, we let é vary for a 20«
mm-mrad beam and look for the é which optimizes the electrode sensitivity.
In this geometry, the sensitivity formulae to be averaged & la Fquation (31)

are

. h . N
d(z,y)? Plate Pair _ T lee—5y) ez +59)
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_e(z - E: _y) - e(m + E: _y)] (35)

. 1 . .
s(z,y)? Plate Pair - _ J5letz = &y)+ ez +&,9)

+e(z — & —y)+ ez + & —y). (36)

The results are given in Table VII and in Figs. 4 and 5. We let ¢ vary from
the situation where the plates are just touching out to the unwanted situation
where the plates are half a center frequency (6 Ghz) wavelength apart. In
the difference mode, we choose € = 9 mm. In the sum mode, there is a region
of ¢ over which 3 ~ 0.3, so the largest ¢ at this value, 7 mm, is chosen since
it would probably be easier to maintain during production. The results for
the average sensitivities versus beam emittance at these optimal values of ¢

for Cases (4)-(6) are given in Tables VIII-X.

For the 3 plate pair geometry defined by Fig. 3, we let ¢ vary for a
207 mm-mrad beam and again look for the ¢ which optimizes the electrode

sensitivity. In this geometry, the sensitivity formulae to be averaged are

. |3 ) i
d(z,y)® Plate Pair f—sy[e(w —&y) +e(z,y) + e(z + &)

—e(z — & —y) —e(z,—y) —e(z + & —y)] (37)
3(m,y)3 Plate Pair _ :/1__5[6(% — &y) + e(z,y) + e(z + &)
+e(z — & —y) + e(e, ~y) + e(z + & ~y)]. (38)

The results are shown in Table XI and in Figs. 6 and 7. Again we let ¢ vary

12



between the situation of the plates touching to the situation of having half
a 6 Ghz wavelength between the plates. There is a region of & over which
d ~ 0.8, so as before we choose the largest ¢ for this value of d, which is
¢ = 13.5 mm. For the sum mode we choose this same value for & The

results for the average sensitivities versus beam emittance for ¢ = 13.5 mm

for Cases (7)-(9) are shown in Tables XII-XIV.

In the betatron cooling formalism described in the Introduction, we need
to have formulae for d as a function of emittance as the transverse beam size
shrinks. To do this we fitted the various d s to 12th degree polynomials

12
dle) = o’ (39)
i=0
using the computer code LSQFIT from the CERN Computer Centre Program

Library. The results are shown in Tables XV-XXIII.

Now that we have all of the necessary sensitivity formulae for the nine
electrode geometries which we want to study, in the next section we sum-
marize the results for the cooling rates, cooling times, Schottky and noise

power, etc., for the various Cases.

13



IIT. Results and Conclusions

In Tables XXIV-XXXVII we give the final results of our calculations.
They are listed in the order of :decreasing quality of performance. The

columns are labelled as follows:
NP = Number of pickup pairs
NK = Number of kicker pairs
GA = Amplifier gain
GAINDB = Amplifier gain in dB
TA = Amplifier noise temperature
TS = Resistor noise temperature
ETA = 75 (frequency spread divided by momentum spread)
DELPOP = &
EMIT = Emittance in 7 mm-mrad
DSEN = Average difference mode electrode sensitivity to the beam
U = (Defined by Eguation (10))
G = (Defined by Egquation (2))
B = (Defined by Equation (4))
Y(U) = (Defined by Equation (11))
UY(U) = U times Y(U)

14



RATE = (Defined by Fguation (9)) in sec™!

SCIIOTPR = Schottky power [cf. Equation (6)] in watts
NOISEPR = Noise power [cf. Equation (8)] in watts
SCHOT/NOIS = Ratio of Schottky power to Noise power
PRTOTAL = Schottky power plus noise power in watts
TIME = Time in seconds to produce the specified emittance

To determine the characteristic impedance, one should solve the Poisson
equation & la Ref. 5. For the 2-4 Ghz system, we found Z = 80§). Without
doing another such calculation we take 800 as the nominal 4-8 Ghz charac-

teristic impedance. Other quantities used in the calculations are as follows:

B, =B =6.994 m

fo =590 kHz
{1 =12.5 mm
8 = 0.99452

2 = 8.9 x 10° Volts
N =15 x 107,

As stated in the Introduction, the cooling system is optimized when
uY (u) ~ 0.35. As can be seen, through most of the cooling period the sys-

tem is far from optimal. So, there is room for further improvement. In most

15



cases, the systems are close to being optimized when the emittance reaches
~ 47 mm-mrad. That is why we let 47 mm-mrad determine the final gap
size in the electrodes corresponding to Cases (9),(6),and (9). Some tables
with 7 = 0.0055 were included for comparison of the present and Dugan’s

newly proposed lattices.
We generated many calculations with all possible permutations of
ETA = 0.0055, 0.009
NP == 128, 256
NK = 128, 256

GA = 1.0 x 107, 1.5 x 107, 2.0 x 107,2.5 x 107,3.0 x 107,1.0 x 10°.

Note that the present 2-4 Ghz Debuncher systems have 128 pickup and kicker
loop pairs. Since the length of each loop of the 4-8 Ghz system would be half
that of the present system, we could utilize 256 4-8 Ghz single or multiloop
pairs within the same physical space in the accelerator ring. The calculations
displayed in the tables correspond to the lowest cooling times for the various
geometries considered, together with the requirement that we keep the total
power on the order of 10® watts. During the prototype testing stage of the
present stochastic cooling systems, we drove about 10 watts of microwave
power into a single resistor without catastrophic effects ® on the resistor and

vacuum. For 256 (%1 or x2 or x3) pairs of resistors, such as we are consid-
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ering for the upgraded system, this corresponds to ~ 5 — 15 x 10® watts of
total power. Therefore, in Tables XXIV-XXXVII we have chosen to display

the results only for systems with total power levels ~ 10% — 10? watts.

In conclusion, we think that it is feasible to reduce 15 x 107 antiprotons’
horizontal and vertical emittances from 207 to 1w mm-mrad in well under 1
second by going to a 4-8 Ghz bandwidth stochastic cooling system. J. Peoples
has also independently come to this conclusion. The fastest cooling time
which we found was 0.71 seconds, achieved with the 3 plate pair geometry
with the electrode gap size tracking the beam size all the way down to Ix
mm-mrad. The 2 plate pair geometry with the electrode plates tracking the
beam all the way to 1r mm-mrad was the next best system, having a time
of 0.77 seconds. We feel that the times of these two best systems are so close
that the lower cost of the 2 plate pair system would favor its implementation.
Finally, the noncooling part of the 1 second cycle would be used for Rf beam
manipulations as well as for moving the electrodes back to their 20r mm-

mrad gap size.

The author appreciates helpful comments from S. Hsueh.
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FIGURE CAPTIONS

Fig. 1 A single electrode (pickup or kicker) loop pair cross-section.

Fig. 2 An assembled pickup or kicker array containing 32 2-4 Ghz loop

pairs.

Fig. 3 Two and three plate pair electrode geometries. The beam direc-

tion is perpendicular to the page.

Fig. 4 Average difference mode electrode sensitivity vs. ¢ for 2 plate

pairs, constant gap = 30.8 mm, emittance = 20m mm-mrad.

Fig. 5 Average sum mode elecirode sensitivity vs. ¢ for 2 plate pairs,

constant gap = 30.8 mm, emittance = 20r mm-mrad.

Fig. 6 Average difference mode electrode sensitivity vs. ¢ for 3 plate

pairs, constant gap = 30.8 mm, emittance = 20r mm-mrad.

Fig. 7 Average sum mode electrode sensitivity vs. & for 3 plate pairs,

constant gap = 30.8 mm, emittance = 207n mm-mrad.
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BETATRON-COOLING SYSTEM PARAMETERS (EACH SYSTEM)

Frequency band
Number of pickup pairs (loops)
Pickup Characteristic Impedance (odd mode)
Piokup Sensitivity d(0,0)
Pickup resistor noise temperature (4.)
Anplifier squivalent noise temparatuPe (GA)
Amplifier gain (net) (variadble)
Output Power
=Schottky
=~Thermal
=Total
Number of TWI's
Number of kicker pairs (loops)
Kicker characteristic impedance
Kicker sensitivity d(0,0)
Spare time delay with fcam heliax (g«0.89)

2-4 GHz
128
83ga
1.0
80K
30K
138 4B (variable)

100 W (typlcal)
0o W (typical)
500 W

8

128

830

1.59 .

45 ns
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Y12
{1z
f1a
. 983
%83
%83
773
773
773
397
. 3%7
397

BETAZ(1 /M)
b N

. 3148
21468
3148

. 4198
4198
4198
33084
3334

. 3384

. 3453

. 53433
3453

4712
4712
4712
4954
. A% 34
4954
2381
3391
. 3381
. JOSB
. 3058
. 3056
2523
. 8323
2323
T604
2604
=604

. 230%
=308
230%
30463
3043
3063
4122
£122
L A122
. AT

. 4279
4279
Jas8

. 3468

. 3458
. X252

. R232
2852

S. m‘t‘:’gﬁi

23

192/ 35

b\fsi'rfm erd of array
Mddie or conter hne

")o\undrequ end of qf“/

/3(5)-.—. /{; +ﬁs +/15"

Lo

SQC3¥c;n

Deo-V({ means e st yortica] cooh

BETA(M) ACCE® TANCE
6 147 3% 4 wmm-mrad
5. 031 37.2
4,177 a9
4. 483 39.3
S. 869 36. 6
7. 605 3. e
s. 220 az.o
4,231 39.8
3. 924 4.2
a 223 42.1
s. 923 37. 3
8. 076 33 3
s 814 319
4. 309 344
3193 3. &
3. 241 3. 6
4 asy 34.3
& 074 31.3
& 979 268 5
7. 279 302
5 860 3:1. 8
6. 140 28 5
7. 477 28.2
9 067 27. &
8 729 28. 3
7.517 25 4
6. 499 as. 2
6. 791 26. 2
8. 031 27.0
. 487 27. 4
7. 982 =24. 6
6. 870 26.9
5. 980 20 2
6. 343 26. 4
7.963 a7.¢
¢ 639 27. 2
s. 739 33 4
4 418 34. 8
3 421 24. 8
A 337 e~ §
& 666 31.7
& 13 .2

11. 264 23.0
9. az2s 23. 4
7. 457 23. s
7. 592 23.3
8 772 243
10. 140 24. 6
ot Gerey
<37 ‘?I“Pfl;f

oF ‘He

jbbuncxrr?e*p



TABLE IZ

THESE DATA ARE THE AVERAGE DIFFERENCE AND SUM MODE SENSITIVITIES
FOR 4~-8 GHZ ARRAYS FOR EMITTANCES FROM 20 TD 1 PI AND CONSTANT
GAP SIZE = 30.8 MM

1 AVG D(EMIT) 4-——8 GHZ 1 PLATE PAIR CONST GAFP

20. . 4278775708338
19. | 4444518469572
18. . 4621246606126
17. .4B03135228246
16, . 4992324016341
15. . 5188907542591
14. . 5392927054958
13. . 5604362347063
12, . 5823125427139
11, | 6049056167645
10. . 6281921208239
. 6521416621612
. 6767174615148
. 701877396853

. 7275753298915
. 7937425727923
. 7803893232076
. 807405B970253
. B34746361730179
. B6241526524468
2 AVE %éEMIT) 4--8 GHZI 1 PLATE PAIR CONST GAP
€

20. . 2245641921182
19. . 2275950424717
18. . 2307829313092
17. . 2341416407208
1&6. 2376866542605
15 . 2414354289331
14, . 2454077204829
13. | 2476259742122
12, . 2541157966752
11. . 258906527513
10, . 2640317355878
. 2695310695525
. 2754493000468
. 2818395784745
. 2887641046234
. 2962960371414
. 3045220104832
. 3135447381065
. 3234860938036
. 3344302677781

“NLRUCrNDD

“NWEUDND D



TABLE TV

THESE DATA ARE AVERAGE DIFFERENCE AND SUM MODE SENSITIVITIES
FOR 4--B GHZ ARRAYS FOR VARIABLE GAP AND EMITTANCES FROM 20
TO 1 P1.
1 AVe D(EMIT) 4--B GHZ 1 PLATE PAIR VAR GAP
€ J
20. . 3630B231161465
19. . 3762905839077
1B8. . 3918354327553
17. . 40B3914375181
16, . 4260281851802
15. 4458041254218
14. . 4594155974857
13. . 4953906121588
12, | 5253100354044
11. . 5605852121137
10, | 60256B5644675646
. 6512924985704
. 7135847611858
. 7885378596195
. 8863810855147
. 016532072526
. 19501794421
. 4256790740841
. 6024292592009
. 702129602627
AVG S(EMIT) 4--8 GHZ 1 PLATE FAIR VAR GAP
€ S
20. . 2494397380915
17. . 2555797523401
18. 2621982122046
17. . 2693609033701
16 2771370690072
15. . 2B56531868647
14, | 2949981355094
13. . 3053304004587
12, | 3168383522927
11. . 32974652B65594
10, . 3444320956031
. 3612726602797
. 3808914483146
. 404162109481
. 4324071177858
. 4677518929392
. 9138971414144
. 5780368490928
. 6763625649384
. B4723643B6298

“RNWhGErNDO

L

=RWEOErND O



TABLE VI

THESE DATA ARE AVERAGE DIFFERENCE AND SUM MODE SENSITIVITIES
FOR 4-B GHZ ARRAYS FDR i PLATE PAIR, VARIABLE GAP DOWN TO 4 PI
AND CONSTANT GAP=10. 584 MM DDWN TO 1 PI.

1 AVG DL(EMIT) 4-8 GHZ 1 PLATE PAIR VAR + CONST GAP

=

20.
19.
13.
17
16,
15.
14
13.
12,
11.
10,

“NWEOrND-D

FNWSUD ND O

. 3630823116165
. 3762905839077
. 3918356327553
. 4083914375181

. 4260281851802
. 4458041254218

. 4694155974857

. 4953906121588
. 9255105354044
. 5605852121137
60256B6469444

. 6512724985704
. 7135847611858
. 7885378594195

L I e e

8863810855149

. 0146552072526
. 19501794421

. 337276124375
. 4371045979856
. D21306403404

AVG S(EMIT) 4-8 GHZ 1 PLATE PAIR VAR + CONST GAP

S
. 2434397380915
. 2555797523401
. 2621982122046
. 2673609033701
. 2771470620072
. 2856531848647
. 2949781355074
. 3053304004587
. 3168383522927
. 3297652B46&55%46
. 3484320956031

. 3612726602797
. 3808914483144
. 4041562109431
. 4324071177858
. A&775189293%:2
. 9138971614144
. 5555940139417
. 6101194074695
. 680936801247

26



THBLE V)i -

THESE DATA ARE THE AVERAGE DIFFERENCE AND SUM MODE SENSITIVITIES
FOR 4--8 GHZ ARRAYS FOR 2 PLATE PAIRS G=30.8 MM, EMIT=20 PI,
AND LETTING T VARY.
1 ay? ?<x.v FOR 4-—8 GHZ 2 PLATE PAIRS G=30.8 MM EMIT=20 PI
£ (mm
625 . 6906155731849 <— F’q‘)-es douch
. 698701853589
5 . 7088061722535
7178055435945
5 . 725352017516
7311140881674
S . 7348013175369 )
. 7361731847148 &— Choose A c = 7 nm
5 . 7350506542562
. 7313211521138
5 . 724937123235
7159093668173
. 7042976312338
. 6902009335874
6737491995635
. 655096848424
6344182914991
6119050056322
. 5877637619959
5622156103225
5 . 5354952600651
5078505235849
5 4795414777985
4508389586716 } j }e
|5 422021934325 . o
.?25 _386573333320214-—'” hal¥ “"‘"e}*’"ﬂ'f—l’ (GC#{) betescer r =
AYG S(X,Y) FOR 4--B GHZ 2 PLATE PAIRS G=30. 8MM EMIT=20 PI
¢ (mm) S
425 30315642653
3012918006414
5 . 298665836284
2958898457444
5 2929743419895
. 2B992957B83114
5 2867654146345
283491198866
5 . 2801136656231
10. . 2766468542222
10. 5 . 2730920473231
11. 2694577311035
065749577304
2 2619724469817
12 5 . 2581304149621
13. . 2542268145944
13.5 . 2502642997032
14. . 2452449230162
14. 5 2421702277427
15. . 2380413498143
15.5 . 2338591277701
16. . 2296242171659
16.5 . 2253372063759
17. . 2209987306657
17.5 . 2166095815743
18. 125 2110535170513

SOBONNOCOO

e T e O T e e Y S S T = o o
DNNOPUAPPUONN OO
L a n wu

n

—~

Cho oge. ths ¢ = 7 mm
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THESE DATA ARE THE DIFFERENCE AND %Hﬂ MODE SENSITIVITIES FOR

/

TABLE VijI

4-—B GHZ ARRAYS FOR 2 PLATE PAIRS, C DPTIMAL,

VARIABLE EMITTANCES. ~
1 AvG D(EMIT) FOR 4-8 GHZ, 2 PLATE PAIRS, &AP=30. BMM.C=%. OMM

€

20.
19.
18.
17.
16.
15
14,
13
12,
11.
10.

“NWrPOEPND O

FNWRNTNDD

. 7362039473443
. 7398907425267
. 742915759844

. 7452905034199
. 7470241802132
. 748123743243

. 7485943453572
. 748440033844

. 7476647362329
. 7462730630438
. 7442715873466

. 74146469B61728

. 7384815464251
. 7347254447191
. 730426404337

. 7254160009784
. 7203329508951
. 7146232011026
. 7085394895758

7021417950717

. 2958782123098
. 2995501277331
. 3033712081812
. 3073497204894
. 3114933479824
. 3158097772059
. 3203065401733
. 3247907985008
. 3298690521052
. 33494675064

. 3402277805832

. 3457137944651
. 3014033422959
. 3572907569509
. 346334647370747
. 3E6F6065595961
. 3759878356802
. 38244676B65647
. 3889891315894
. 3954742887789

GAP=30. 8,

AND

28

. ~
2 AVG S(EMIT) FOR 4-8 GHZ, 2 PLATE PAIRS, GAP=30.BMM, C=7.0MM



7ABLE TX

29

THESE_DATA ARE DIFFERENCE AND SUM MODE SENSITIVITIES FOR 4~-8 GHZ

ARRAYS FOR 2 PLATE PAIRS,
VARYING FROM 20 TO 1 PI. —
1 AVG D(EMIT) FOR 4-8 GHZ, 2 PLATE PAIRS, 'C=9MM, VAR GAP

€

20.
19.
18,
17.
16.
15.
14,
13
12
11,
10.

FRNLBLNRNTD

o

20
17,
18.
17.
16,
15.
14.
13.
12.
i1.

—
C

~NwaaeNDD

d
. BB41282460933
. 2016606554332
. 9170435702725
. 9307152254845
. 9426896800004
. 9530082084418
. 9616040637357
. 9680824947058
. 9719571162017
. 9736697936005
. 9723914841867

. 666206915495
. 9562350504443
. 9404032047516
.91446543125124
. B7729740446%973
. B2004414B88B74%
. 7254543425137
. 5505997422758

1733300100484

S
. 3203002434217
. 3269911155874

. 3341374188509

. 3418009276385
. 3500412231411
. 3589378277472
. 3685827984731
. 3770857846458

. 3905774237796
. 4032125168742

4171716234998

. 432657402248

. 4498769891713
. 4689895298357
. 4899700451997
. 5122807598091
. 5341356777886
. 5510313487224
. 9928961396229
. 5134041682013

OPTIMAL C.VARIABLE GAP,

AND EMITTANCES

. o~
2 AVG S(EMIT) FOR 4-B GHZ. 2 PLATE PAIRS, C=7MM. VAR GAP



TABLE X

- THESE DATA ARE AVERAGE DIFFERENCE AND SUM MODE SENSITIVITIES
FOR 4-B GHZ ARRAYS5 FDR 2 PLATE PAIRS, C=9MM .
TO 4 PI AND CONSTANT GAP=10 584 MM DOWN TD 1 PI.

é

20.
17,
18
17.
16,
15
14,
13.
12.
11.
10.

FNOERNOCNDQ

3

i3

14,
13.
12,
11

~MWRWE D

1 AVG D(EMIT)

20.
17
189.
17.

15

. 8841282460933
. 9015606534332
. 2170435702725
. 9307152254845
. 4246896800004
. 9530082084418
. 9616040637357
. 2680824947058
. 9719571162017
. 9734697936005
9723914841867

. 9666206915495
. 9552350504443
. 3404022047514
. 7145543125124
. 8772974046973
. B200441488949
. 71004633%9546751
. 574532504862

. 4299071661737

VARIABLE GAP DOWN

4-8 GHZ 2 PLATE PAIRS VAR + CONST GAP

AVG S(EMIT) 4-B GHZ 2 PLATE PAIRS VAR + CONST GAP

5

. 3203002434217
. 3269911155874
. 3341394188509
. 3418009276385
. 3500412231411

. 3589378277472

. 3485827984751
. 3770857854658
. 3905774237794
. 4032125168742
L AL71716234998

. 432657402268

. 4498769891713
. 4689875298357
. 4899700451997
. 5122807598071
. 5341356777886
. 5430342032132
. 5455703031178
- 5377845273545

30



JABLE X| 51

THESE DATA ARE DIFFERENCE AND SUM MODE SENSITIVITIES FOR
4-B GHZ ARRAYS. 3 PLATE PAIRS, GAP=30.8MM. EMIT=20 PI1,
AND VARIABLE T.

1 AVG D(X,Y) FOR 4-8 GHZ 2 _AVG S(X,Y)_FOR 4-B GHZ

- ~
C (mm} d C(mm/ [3
11. 25 . 8271064876003 11.(5';.3491512923214 < P)"’t‘“" Fouch
11.5 . B2210646788502 11.5 . 3466401722784
12. .B103967734195 12. . 3435561562518
12. 5 . 7971639888387 12. 5 . 3404191522767
13. . 781934407907 13. . 3372318759231
X 13.5 . 7650504368794 X 13.5 . 3339964960626
14. . 7466684159436 14. . 3307146887402
14. 5 . 7269571730552 14.5 . 327387713961
15. . 7060971945648 15. . 3240164992699
15. 5 . 6842801199385 15. 5 . 3206017292697
16. . 6617082871217 16. . 3171439392408
16. 5 . 6385940480278 16. 5 . 3136436095892
17. . 6151585392966 17. .3101012590075
17.5 . 5916295374458 17. 5 . 3065175337782
18. . 5682379749141 18. . 3028932909798
18. 5 . 5452127020626 18. 5 . 2992296735622
19 . 5227732511602 19. . 2955281755421
19. 5 . 5011208147205 19.5 . 2917906958851
20. . 4804284307591 20. . 2BB019579994%
20. 5 . 4608322332497 20. 5 . 2B421764809%
21. . 4424259848427 21. . 2803882101913
21.5 . 4252604106515 21.5 . 2765350675634
52 . 4093472759892 22. . 2726625013026
22D | 3946666613324 22. 5 . 268775248457
23. . 3811753502733 23. . 2648784668525
23 5 . 3688146637529 23.5 . 260977689789
24 3575168763717 24. . 2570787720339
24,5 3472100197166 24. 5 . 253187828485
25 . 3378212493481 25. . 2493111685607
25. 5 . 3292790811557 25. 5 . 2454552238349
26. 3215147993937 26. . 2416264776303
26. 5 . 3144632844835 26.5 . 23783139125
27. . 3080634463963 27. . 2340763326451
27.5 . 302258395974 27.5 . 2303675076406
26, . 2969954457817 28. . 2267108951882
28. 5 . 2922260026281 28. 5 . 2231121879753
29. . 2879053951595 29. . 2198767392552
29. 5 . 2839926604459 29.5 . 2161095167837
30. . 2804503152841 30. . 2127130644265
30.5 . 2772441175955 30. 5 . 2093974718128
31. . 274342830223 31. . 2061603521541
31. 5 . 2717179909305 " 31.5 . 2030068284522
32, . 2693436920551 32. . 1999395270077
32. 5 . 2671963717244 32. 5 . 1969560579199
33. . 2652546176506 . 33. . 1940716295356
33.5 . 263498983894 33. 5 . 1912738502145
34, . 2619118205931 34. . 1885679608032
34.5 . 2604771163255 34.5 . 1B59542527158
35. 2591803526952 35. . 1834326170992 s Jens:
35.5 . 2580083704935 35.5 . 181002575533 haly 6 Gz wave €ni

36. 25 . 2564585911773 36.25 . 1775273843902 <— be twveen f)q 3



TABLE TII

32

THESE DATA ARE DIFFERENCE AND SUM MODE SENSITIVITIES FOR 4-8 GHZ

ARRAYS,

€

20.
12,
18.
17.
16
15.
14,
13.
12
il.
10.

e A R

o

nt

]

e T N S I
ute~ 0O C

[

G e e s

VAU

.765065&286175
. 7658853624624
. 7657253898463
. 7676061901053
. 7685534372511
. 7695938547312
. 770754312013

. 7720606702654
. 7735345712005
. 7752020095698
7770721217229

. 77715563459323
. 7B14577981323
. 7839732036921
. 786423247467

. 7894032737143
. 7926841934711
. 7959134528354
L TI2E5F1644671
. BOR271455676437 —
AVE §jEMIT) FOR 4-8 GHZI, 3 PLATE PAIRS, GAP=30.BMM,C=13. 5MM

-
=

3339356859468
2373454006468
. 3407680131847
. 3442500634495
. 3477872403632
. 3013743109763
. 3550050650062
. 3036722844657 9
. 3623677524583
. 3660823152217
3678040213787

. 3735283661224
. 3772388728057
. 3B0P266612411
. 3B415B32435286
. 3882017715488
. 3917794295145
. 3753196124608
. 3788348150331
. 4023504616533

3 PLATE PAIRS,
1 AVG D(EMIT) FOR 4-8 GHZ,

3 PLATE PAIRS,

C=13. SMM,

C OPTIMAL, GAP=30. BMM. VARIABLE EMITTANCES.

@AP=30, BMM



33

TABLE X/l

THESE DATA ARE DIFFERENCE AND SUM MODE SENSITIVITIES FOR 4-8 GHIZ
ARRAYS, 3 PLATE PAIRS, VARIABLE GAP, DPTIMAL C,VARIABLE_EMITTANCES.
1 AVG D{EMIT) FOR 4-B GHZ, 3 PLATE PAIRS. VAR GAP, C=13 5MM

€

20. . 8124431568244%9
19. .B123205857539
18. . 812408231989
17. .B8110025101927
16, . B0&67034259711
15. . 8026702301448
14, | 7979049922473
13. . 7894029842088
12. .781097681415
11. . 7693542501195
10, 7559701372387
F. . 7390328989704
. 7211413268385
. 7012740921792
. 6879243334029
. 7037864811818
. 7601181798703
. BS75910443705
. 2352053886447
. 2833746543135 —
2 AVG S(EMIT) FOR 4-B GHZ. 3 PLATE PAIRS, VAR GAP, C=13 5MM

MNWUPUOCND

m

S
. 3586461850268
. 3650894270814
. 371847B035498
. 3789529801389
. 3864172603506
. 3942465114421
. 402436141426
. 4109653124471
. 419788B309893
. 428826181522
. 4379474458972
. 4449365789154
. 4555738558442
. 4634212671077
. 4700177326756
. 4748018798313
. 4772601111074
. 4775840270814
. 480415315815
. 5140727845514

R e e s e e e e e 1)
OHNWIUGNB IO

FNWROCNDD



TALLE XY B

THESE DATA ARE AVERAGE DIFFERENCE AND SUM MODE SENSITIVITIES
FOR 4-8 GHZ ARRAYS FOR 3 PLATE PAIRS, VARIABLE GAP DOWN TD 4 PI
AND CONSTANT GAP=10.584 MM FROM 4 PI DOWN TO 1 PI.
1 AVEe EfE"IT) 4-8 CHZ 3 PLATE PAIRS VAR + CONST QAP T =13, Smm

20. . 8126431682869
19. . 8123205857539
18. .812408231989
17. . 8110025101927
16. . BO&T034259711
15. .B0O26702301668
18, . 7979049922473
13. . 7894029842088
12. .781097681415
11. . 7693542501195
10. . 7559701372387
. 7390328989704
. 7211413248385
. 7012740521792
. 6879243334029
. 70378546811818
. 7601181798703
. B302707819175
. 8746862988667
. 910191938371

2 AVG S(EMIT) 4-B GHZ 3 PLATE PAIRS VAR + CONST GAP Cn 12.5 mm

“NLRA2ArND D

20. . 358661850248
192, . 3650894270814
18. . 3718478035598
17. .3789529801389
146, . 3864172603506
15 . 3942465114421
14. . 402436141426
13. . 4109653124471
12. . 4197888309893
11, . 428826181522
10, . 4379474458972
.446?56578?154
. 4555738558442
. 4634212671079
. 4700177326756
. 4748018798313
. 4772601111074
. 4765379151108
. 4791463953222
. 4893037542095

“NUPNCNDD



TABLE XV ”

THIS IS THE OUTPUT FILE FOR LSQFIT FOR 1 PLATE PAIR,
FOR EMITTANCE FROM 1 TO 20 PI.

CONSTANT GAP=30. SMM.

-2 GH .
q ‘& . ,2 L
cl(é):': Z dce
L=0
L oA
Crrr——
o) . B9012239E+00
i ~. 28084000E-01
2 . 80929103E-03
3 —. 69929432E-03
4 . 3284 1869E-03
5 -. 88131451E-04
& . 14945947E-04
7 ~-. 16716231E-05
8 . 12513791E-06
9 -, 62096901E-08
10 . 19606031E-0%
11 -. 35662393E~-11
12 . 2B447194E~13
E - g
("u’mm—mMJ) d Fit 4 d
. 1000E+01 . B&42400E+00 . B62400E+00
. 2000E+01 . B34B0OCE+00 . 834799E+00
. 3000E+01 . B07400E+00 . BO7403E+00
. 4000E+01 . 780400E+00 . 78B0396E+00
. B000E+01 . 753800E+00 . 753800E+00
. 6000E+01 . 727600E+00 . 727612E+00
. 7000E+01 . 701900E+00 . 7018B84E+00
. BOOOE+01 - - 676700E+00 . 676699E+00
. S000E+01 . 6521 00E+00 . 652122E+00
. 1000E+02 . 628200E+00 . 628183E+00
. 1100E+02 . 604900E+00 . 604899E+00
. 1200E+02 . 582300E+00 . 582299E+00
. 1300E+02 . 560400E+00 . 56041BE+00
. 1800E+02 . 539300E+00 . 5392B4E+00
. 15S00E+02 . 518900E+00 . 518892£+00
. 1600E+02 . 499200E+00 . 499223E+00
. 1700E+02 . 4B0300E+00 . 4BO2B1E+00
. 1800E+02 . 4621 00E+00 . 46210BE+00
. 1900E+02 . 444700E+00 . 444469BE+00
. 2000E+02 . 427900E+00 . 427900E+00



THABLE XV] )

THIS IS THE OUTPUT FRCM LSGFIT FOR 1 PLATE PAIR. 4-B GHZ. VARIABLE GAP,
FOR EMITTANCES FROM 1 TQ 20 PI.

dle) = 7 e

ice
L (i
o . 27427521E+01
1 . 26323467 1E+01
2 . 26583299E+01
3 . 14457987E+01
4 . 46188024E+00
5 . 94645491E-01
& . 13071689E-01
7 . 12453723E-02
B . BR2O95872E-04
9 . 36797424E-05
10 . 10706749E-06
11 . 18239964E-08
12 . 13809497E-10
e N o
& o mirad ) d Fit 'é CJ
. 1000E+01 . 170210E+01 . 170206E+01
. 2000E€+01 . 160240E+01 . 160280E+01
. 3000E+01 . 1424B0E+01 . 142534E+01
. 4000E+01 . 119500E+01 . 119772E+01
. 5000E+0Q1 . 101460E+01 . 101434E+01
. 6000E+01 . BB&6A400E+00 . BB&O25E+00
. 7000E+01 . 788500E+00 . 7904 50E+00
. BOOOE+01 . 713600E+00 . 713072E+00
. 000E+01 . &51300E+00 . 650763E+00
. 1000E+02 . 602600E+00 . 601830E+00
. 1100E+02 . S60600E+00 . 561690E+00
. 1200E+02 . 525500E+00 . 5261 20E+00
. 1300E+02 . 495400E+00 . 4944603E+00
. 1300E+02 . 469400E+00 . 45B523E+00
. 1500E+02 . 445800E+00 . A46884E+00
. 1600E+02 . 426000E+00 . 426422E+00
. 1700E+02 . 40B400E+00 . 4071 55SE+00
. 1800E+02 . 391800E+00 . 392627E+00
. 1900E+02 . 376300E+00 . 374050E+00
. 2000E+02 ., 363100E+00

. 363130E+0Q0
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TABLe XVIT

EH;S IS THE OUTPUT FILE FOR LSGFIT FOR 4-8 GHZ. 1 PLATE PAIR, VARIABLE
AP FROM 20 TO 4 PI AND THEN CONSTANT GAP=10. 584 MM FROM 4 TO 1 PI.

— /2 -
[
d (€)= E; « &
L=C
L 0(;
O . 17129787E+01
1 —. 22416893E+00
2 = 48059902E-01
3 . 14855118E+00
4 -, B9911158E-01
S . 26869009E-01
& - 47841297E-02
7 . 5476F3590E-02
e - 41493603E-04
g . 20738555E-05
10 -. 65832545E-07
11 . 12049763E-08
12 -. P6BOL34FE-11
Ocrmm-mrad)
. 1000E+01 . 152190E+01 . 152198E+01
. 2000E+01 . 1437 10E+01 . 143634E+01
. 3000E+01 - . 133730E+01 . 134026E+01
. 4000E+01 . 112500E+01 .118901E4+01
. D000E+Q1 . 101660E+Q1 . 102271E+01
. 6000E+01 | 886400E+00 | 884902E+00
. 7000E+01 . 7B8500E+00 . 786169E+00
. BOOQOE+0Q1 . 713400E+00O . 713860E+00
. 9000E+01 | 651300E+00 | 653965E+00
. 100CE+QZ2 . 602600E+00 . 601867E+C0O
. 1100E+Q2 . 9460600E+00 . 559047E+00
. 1200E+02 . 535500E+00 | 525399E+00
. 1300E+02 . 4294 00E+00 . 496B19E+00
. 1400E+02 . 469400E+00 . 469578BE+00
. 150CE+Q2 . 445800E+00 . 444784E+00
. 1600E+02 . 426000E+00 . A25645E+00
. 1700E+02 . 4084 00E+00 . 409771E+00
. 1B00E+02 | 391BO0E+00 . 390823E+00
. 1900E+02 . 376300E+00 . 3764608E+00
- . 2000E+02 . 363100E+00 . 363062E+00
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TABLE XTIL

THIS IS THE OUTPUT FILE FOR LSGFIT FOR 2 PLATE PAIRS, CONSTANT GAP=30. 8MM.
4-8 GHZ, EMITTANCES FROM 1 TO 20 PI, C=9MM. THIS IS FIT TO AVG D(EMIT).

—_ 1A L
dy= 2 e

i=o
b

. &?505211E+00
. 7B8333776E-02
- 12597&692E-02
- 66282424E-03
—. 2339030%9E-03
. 02294288BE-04
. 78415444E-05
. BO70946BE-06
~. 57241820E-07
. 27519473E-08
~. 89679010E-10

. 15580526%E-11
~-. 12072241E£-13

(‘- -

s
OQQONTAHRUN=O
|

[y
-

[y
n

a—

€ . f
(xrmm-mrad ) d Fit 4
. 1000E+0Q1 . 7Q2100E+00 . 702100E+Q0
. 2000E+01 . 708500E+0QC . 708501E+00
. 3000E+01 . 714600E+00 . 714594E+0Q0
. 4000E+01 . 720300E+00 . 72031 1E+00
. S5000E+01 . 725600E+00 . 725589E+00
. &000E+01 . 730400E+CO . 730399E+00
. 7000E+01 . 734700E+Q0 . 734712E+00
. BOOOE+O1 . 738500E+00Q . 738490E+00
. Q000E+01 . 741700E+00 . 7414698E+00
. 1000E+02 . 744300E+0Q0 . 744307E+00
- 1100E+Q2 . 746300E+00 . 7446303E+00
. 1200E+02 . 747700E+00 . 747&67BE+Q0
. 1300E+02 . 7484 00E+00 . 748434E+00
. 1400E+02 . 748600E+C0O . 748%574E+00
. 1500E+02 . 7481 00E+0Q . 748103E+00
. 1600E+02 . 747000E+00 . 747014E+Q0
. 1700E+02 . 745300E+00 . 745RB86E+00
. 1800E+02 . 742900E+00 . 742907E4+00
. 1900E+0Q2 . 739900E+00 . 739898E+00
. 2000E+02 . 736200E+00 . 736200E+00
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TABLE XX

THIS 1S THE OUTPUT FILE FOR D(EMIT) FOR LSGFIT FOR 4-B GHZ. 2 PLATE PAIRS.

VARIABLE GAP,FOR EMITTANCES FROM 1 TQO 20 PI. E;QHH.
—_— /R .
de) = 5 a.€e"

i=0

oA

c‘l r

t

. 72145734E+0Q0Q
. 13511575E+01
. 60340052E+00
. 17905850E+00
. 36966865E-01
. 944R/0336E~-02
. 98125553E-03
. 4494938LE-OQ4
. 24937423E-05
. 964671468BE-07
. 24847277E-08
11 . 38028008E-10

NN AbON=O

E )
O
t

12 . 26223346E-12
p—
€ d F«‘J‘J‘DJ
C%ﬂﬂﬂﬂm—ﬂ4ch}) |
. 1000E+01 . 173300E+00 . 173302E+00
. 2000E+01 . 550600E +00 . 550585E+00
. B000E+01 . 725700E+00 . 7257S9E+00
. 4000E+01 . 820000E+00 . 819891E+00
. BOOOE+01 . 877300E+00 . 877344E+00
. 6000E+01 . 914700E+00 . §14907E+00
. 7000E+01 . 940400E+00 . 9BFF7LE+O0
. B000E+01 . 956200E+00 . 956476E+00
. 9000E+01 . 966600E+00 . 9667 1BE+00
. 1000E+02 . 972400E+00 . 972142E+00
. 1100E+02 . 973700E+00 . 973724E+00
. 1200E+02 . 972000E+00 . 972174E+00
. 1300E+02 . 968100E+00 . 968004E+00
. 1400E+02 . 961600E+00 . 961553E+00
. 1500E+Q2 . 953000E+0Q0C . 993055E+0Q0
. 1600E+02 . 942700E+00 . 942707E+00
. 1700E+02 . 930700E+0G . 930669E+Q0
. 1BOOE+02 . 917000E+00 . 917018E+00
. 1900E+02 . 901700E+00 . 901695E+00
. 2000E+02 . 884100E+00 . BB4100E+00



TABLE XX -

THIS IS THE OUTPUT FILE FOR LS [
QFIT FOR 4-8 GHZ. 2 PLATE PAIRS, C=9mm
VARIABLE GAP FROM 20 TO 4 PI AND THEN CONST GAP=10.584 MM FROM 4 ?g 1 e

JC&)‘:‘- gav(.'. e*

—~ -

AL

VONCADWN = O

o
N0

€

Qrmm-mred )

. 89339732E-00
. 907447 52E+00
. B3916100E+00
. 49112439E+00
. 17120187E+00
. 37836202E-01
. 55625944E-07
. 55795887E-03
. 38385582E-04
. 17831370E-C5
. 53472734E-07
. 93447408E-09
. 72341666E~11

Ap———

d

i 4o d

. 1000E+01 . 429900E+00 . 42993BE+00
. ®000E+01 . 574500E+00 . 574155E+00
. 3000E+01 .. 7101 00E+00O . 7311410E+00
. 4000E+01 . B20000E+0QQ . B17442E+C0O
. 9000E+01 . B77300E+Q0 . B79655E+00
. 6000E+01 . 914700E+00 . 9144677E+00
. 7000E+01 . 940400E+00 . 938723E+00
. 8B000E+01 . 9546200E+00 . P5466463E+00C
. 9000E+01 . 266600E+00 . 9676560E+CO
. 1000E+02 . 272400E+0Q0 . 972177E+00
. 1100E+02 . @73700E+00 . 972948BE+00
. 1200E+02 . 972000E+00 . 971947400
. 1300E+02 . 968100E+Q0 . 96B6B3IE+DO
. 1400E+02 . 961600E+00 . 961873E+00
. 1500E+02 . $53000E+0D . 25243BE+Q0
. 1600E+02 . 942700E+00 . 24247 1E+Q0Q
. 1700E+02 . 230700E+00 . R31442E+00
. 1800E+02 . F17000E+00 . @164B7E+00
. 1900E+02 . R01700E+00 . 01859E+Q0
. 2000E+02 . 884100E+0Q0Q . 88408B1E+QO



7A8LE XY "

THIS IS THE OUTPUT FILE FOR LSGFIT FOR AVE D(EMIT) FOR 4-8 GHZ,
3 PLATE PAIRS, C=13. 5MM, CONSTANT GAP=30.8 MM, EMITTANCES 1 TO 20 PI.

JR ¢
o, €

J)y= 2,

L=o

e

L

o

. BO249632E+00
. S81664638E-02
~. 92481623E-02
. 494946542E-02
—. 16133106E-02
. 34383861E-03
—. 49640906E-04
. 49381490E-05
—. 33848970E-0&
. 15728751E-07
10 ~. 47226075E-09
11 . 8B2728628E-11
12 ~. 64212606E-13

GONTrO_WND=O

€ i Fd ke d

Grmm-mrad )

. 802700E+00

. 1000E+0Q1 . B0270CE+00
. 000E+01 . 799300E+00 . 799300E+00
. 3000E+01 . 795900E+00 . 795901E+00
. 4000E+01 . 792700E+00 . 792696E+00
. S000E+01 . 789400E+00 . 7B94609E+00
. 5000E+01 . 7B&700E+00 . 7864693E+00
. 7000E+01 . 784000E+00 . 7B39P7E+00O
. 8000E+01 . 781500E+00 . 7B1509E+Q0
. 9000E+01 . 779200E+00 . 779203E+00
. 1000E+02 . 777100E+00 . 77708BE+00
. 1100E+02 . 775200E+00 . 779193E400
. 1200E+02 . 773500E+00 . 773531E+00
. 1300E+02 . 772100E+00 . 772078E+00
. 1800E+02 . 770800E+00 . 770789E+00
. 1500E+02 . 769400E+00 . 7&9E62FE+0Q
. 1600E+02 . 7485600E+00 . 768578E+Q0
. 1700E+02 . 767600E+00 . 767408E+00
. 1800E+02 . 766700E+00 . 766699E+00
. 1900E+02 . 7&5900E+00 . 765900E+00
. 2000E+02 . 765100E+00 . 765100E+00



IABE XXII

42

THIS IS_THE OUTPUT FILE FOR LSGFIT FOR AVG D(EMIT) FOR 4-8 GHZ,

PAIRS,

C=13. 3 MM,

3 PLATE

VARIABLE GAP, EMITTANCES FROM 1 TO 20 FPI.
/2 .
—— o
d )= 25 o€
LTo
G{L
0 . 152454603E+01
1 . 13393265SE+01
=4 .13107924E+01
3 . &B&LF710E+00
4 . 21007301E+00
S -. 40907B70E-01
& . 534B6635E-02
7 -, 48223031E-03
g . 30139142E-04
< -. 12848734E-05
10 . 35694858E-07
11 -. 58299993E-07
12 . 42493528E-11
e n N
X100y =~ra )
. 1000E+0Q1 . 983400E+00 . 9833F0E+00O
. 2000E+01} . 935200E+00 . 935299E+00
. 3000E+01 . B97600E+00Q . B57190E+00
. 4000E+0D1 . 7&0100E+00 . 761047E+00
. 5000E+01 . 7Q3800E+00 . 702501€E+00
. 6000E+01 . 687900E+00 . 688893E+00
. 7000E+01 . 701300E+00 . 70107 1E+00
. BOOOE+(Q1 . 7211 00E+00 . 720750E+Q00
. S000E+01 . 739000E+00 . 739495E+00
. 1000E+02 . 796000E+00 . 795667E+00
. 1100E+02 . 769400E+00 . 76948T7TE+00
. 1200E+02 . 781100E+00 . 78093SE+00
. 1300E+02 . 789400E+00 . 790018BE+00
. . 1400E+02 . 797900E+00 . 797 165E+00
. 1S00E+02 . B02700E+00 . BO2B45E+00
. 1600E+02 . 80&700E+0C . BO7195E+00O
. . 1700E+02 . 811000E+00 . B10424E+00
. 1800E+02 . 812400E+00 . B12&699E+00
. 1900E+02 . 812300E+00 . 812221E+00
. 2000E+02 . 812600E+00 . B12609E+00



TRBLE XX °

THIS IS THE OUTPUT FILE FOR LSGFIT FOR 4-8 GHZ, 3 PLATE FPAIRS,
VARIABLE GAP FRCOM 20 TO 4 PI AND THEN CONSTANT GAP=10. 584 MM

FROM 4 70 1 PLE€=[3%Smm . )2 :
— L
dle) = i . €

(=0

L oA,

. 13477330E+01
~. 10011514E+01
. 87194908E+00
-. 395275&60E+00
. 10126920E+00
. 15738916E-01
. 15237859E-0&
-. 88782312E-04
. 25302585E-05
. 18217711E-07
. 38945354E-08
11 . 11653043E-09

VO~NCOhPWN=O
|

12 - 12143662E-11
€ J Fit 4o d
(x mmn-mrad )
. 1000E+01 . @10200E+00 . 102223E+00
. 2000E+01 . 874700E+00 . B7449%5E+Q0
. 3000E+01 . B30300E+00 .B31051E+00
. 4000E+01 . 760100E+00 . 798741E+00
. . S000E+01 . 703800E+00 . 7047S4E+00
. 6000E+01 . 687F00E+QO . &688530E+00
. 7TO00E+01 . 701300E+00 . AFFPEFE+OQ
. BOOOE+01 . 721100E+00 . 720993E+00
. SO00E+D1 . 739000E+00 . 74031 2E+00
. 1000E+02 . 756000E+00 . 755649E+00
. 1100E+02 . 7692400E+00 . 76BB12E+00O
. 1200E+02 . 781100E+00 . 780772E+00
. 1300E+02 . 789400E+00 . 790S83E+Q0
. 1400E+D2 . 797900E+00 . 797418BE+00
. 1S00E+02 . 802700E+00 . BO2312E+Q0
. 1600E+02 . BOS700E+Q0D . BO7010E+00Q
. 1700E+02 . 811000E+00 .B811079E+Q0O
. 1B800E+02 . B12400E+00 . 812244E+0Q
. 1900E+02 . B12300E+0Q0 . B812362E+00
. 2000E+02 . B812600E+00 . B12521E+00




NP

. 25460E+03

EMIT DSEN
20. 0 . 807
19.0 .0809
18.0 .811
i7.0 .810
1.0 .807
15.0 .B03
14.0 797
13.0 .79
12.0 .781
11.0 .770
10.0 . 756
2.0 739

8. 0 721

7.0 .701

6.0 &89
5.0 702

4.0 .761

3.0 as7

2.0 935

1.0 .983

TIME =

NK
. 25&60E+03

u

. &546E-01
. 494901
. 7372E-01
. 7779E-01
. 8210£-01
. B64BE-01
. 9159E-01
. 968BE~-01
. 1026E+00
. 10B&E+00
. 1152E+00
- 3226E+00
. 1310E+00
- 1417E+00
. 1596E+00
. 1992E+00
. 2922E+00
. 4942E+00
. BBZSE+Q0

. 1951E+01

. 7148E+00

. 1171E-02

J

GA GAINDB TA TS5

. 2000E+08 1446.0 110.0 110. 0
G B Y{u)

. 3940E-04 . B6&OE-10 . F150E+00
. 84149E~-04 . F164E-10 . 9104E+00
. 4423E-04 . 9722E-10 . 9054E+00
. 46568E-04 . 1026E-09 . 900&4E+00
. 4926E-04 |, 1083E-0%9 . 8935E+00
. B201E-04 . 1143e-09 . B02E+00
. 3495E-04 . 120BE-09 . BO44E+0Q
. S813E-04 | 1278E-09 .B785E+00
.6104E-04 | 1333E-09 .8721E+00
. 6317E~-04 . 1433E-09 . B&54E+00
. &914E-04 _ 1320E-09 . 8381E+00
. 7356E-04 . 14617E-09 . B8501E+00
. 78462E-04 . 1720€-09 | B411E+00
.B301E-04 . 104BE-09 .8300E+00
. 9O76E-04 . 21056E-09 .BLI7E+00
. 1195E-03 | 2626E-09 . 7735E+00
. 1753E-03 . 3B53E-09 . &939E+00
. AFEVE-03 . &B17E-0F . SS5Y1E+00
. 9295E-03 . 1164E-08 . 3915E+00
. 2973E-08 . 1B78E+00

ETA

. 9000E-02

uriuw)

. 400BE-01
. &327E-01
. &&75E-01
. 7006E~-01
. 7352E-01
. 7717E~01
. 8102E-01
. 8512E~-01
. 8944E-01
. 9400E-01
. 98688E-01
. 1042E+00
. 1102E+00
. 1176E+00
. 1295E+00
. 1540E+00
. 2027E+00
. @743E+00
. 3455E+00

. 3663E+00

DEL.PGP
. 2500E-02

RATE

. 1902E+01
. 1999E+01
. 2106E+01
. 2206E+01
. 2310E+01
. 2419E+01
. 2533E+01
. 2653E+01
. 2777E+01
. 2904E+01
. 3041E+01
. 3185€E+01
. 3340E+01
. 3526E+01
. 3830E+01
. 44462E+01
. D6F1EYOL
. 7345E+01
. B155E+01

. 9371E+01

SCHOTPR

. 2797E+04
. 277 1E+04
. 2785E+04
. 27746E+04
. 2757e+04
. 2729E+04
. 2592E+04
. 2644E+04
. 2583E+04
. 2508E+04
. 2419E+04
. 2314E+04
. 2200E+04
. 2082E+04
. 2010E+04
. 2090E+04
. 2453E+04
. 3V12E+04
. 3705E+04

. 4095E+04

TABLE XXV

f!a’}e }x(ir S

Variable 9ap te | wom-mrad

NOISEPR SCHOT/NODIS

. 4B61E+04
. 4B&61E+04
. 4B41E+04
. 4B61E+DO4
. 4BH1E+04
. 4861E+04
. 4B61E+04
. 4861E+04
. 4841E+04
. 4861E+04
. 4861E+04
. 4861E+04
. 4B561E+04
. 4B61E+Q4
. 48561E+04
. 4B61E+04
. 48461E+04
. 4861E+04
. 4841E+0Q4

. 4861E+04

. B&71E+00
. 5701E+00
. 9730E+00
. S711E+00
. 9672E+00

. 5615E+00

. 9537E+00 .
. 5439E+00
. 9314E+00

. 3140E+00

. 4976E+00

. 4743€+00
. 4526E+00

. 4283E+00

. 4135E+00

. 4300E+00
. S044E+00

. 6402E+Q0

. 7621E+00 .

. BA24E+00

PRTOTAL

. 761BE+04
. 7633E+04
. 764TE+04
. 7637E+04
. 7618E+04

. 7591E+04

7353E+04

7505E+04

. 7445E+04
. 7369E+04
. 72BOE+04
. 7177E+04
. 7061E+04
. &943E+04
. GB71E+0O4
. &951E+04
. 7314E+04

. 79T3E+O4

8566E+04

. B956E+04

TIME

. 2851E-14
. @637E-01

. B270€-01

. 7921£-01

. 1061E+00
. 1333E+00
. 1612E+00
. 1898E+00
. 2193E+00
. 2499E+00
. 2820E+00
. 31 58E+00
. A519E+00
. I908E+00
. 4329E+00
. 4773E+00
. 9218E+00
. D65S9E+00
. &171E+00

. 7148E+00

47



NP

. 2060E+03

EMIT DSEN
20.0 .BB4
19.0 .901
18.0 .917
17.0 .931
1.0 .943
15.0 .953
14,0 962
13.0 .%68
12,0 .972
11,0 974
10.0 .972
9.0 .947
8.0 P5b

7.0 .940

6.0 .919

5.0 .877

4.0 .B20

3.0 .726

2.0 .51

1.0 .173

TIME =

NK
. 2960E+03

u

. 7878E-01
. 8629E-01
. 9423E-01
. 1028E+00
. 1121E+00
. 1222E+00
. 1333E+00
. 1454E+00
. 1589E+00
. 1739E+00
. 1907E+00

2093E+00

. 2308E+00
. 2547E+00
. 281 5E+00
. 310&6E+00
- 3391E+00
. DBA3E+00
. JOSBE+O0
. &OVBFE-01

. 7701E+00

2 ??G}c

GA GAINDB TA TS5
.2000E+08 144.0 110.0 110. 0

' G B Y{U)
. 4727E-04 . 1039E-09 . @994E+00
.5177E-04 . 1138E-09 . 8907E+00
. 56U4E-04 . 1243E~-09 .B8B15E+00
. 6167E-04 . 1355E-09 . B719E+00
.4723E-04 . 1478E-09 . B616E+00
. 7330E-04 . 1611E-09 . B506E+00
. 7995E-04 . 1737E-0% . 83BBE+00
.8726E-04 . 191BE-09 . H2&61E+00
.9535E-04 .2096E-09 