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Abstract: The measured magnetic field parameters
of the quadrupoles which comprise the final triplet
lens aystem for the the S8LAC Linear Collider
intersection region are presented here, The minimum
design gradient specificatlions for these quadrupoles
are 1.7T/cm at 4. 6K and 1.6T/cm at H4.AK in a O0.6T
external solenoidal field, These gradients are about
three times larger than those available with the
conventional iron/copper quadrupnles now used in the
SLC., Superconducking quadrupoles of two lengths have
been specifled for the SLC triplets., The effective
magnetie length of type Ql is A6, 498 + 0.305cm and of
Q Is 121,106 + 0,6lcm. The superconducting
pérformance characteristics of the quadrupoles that —
have been measured are: maxlmum critical cnrrent as a x
function of bath temperature, rate of change of
magnetic fleld, and as a percentage of the "short
sample". "Short sample" performance 1s defined as the
current reached by the cable 1In a perpendieular
magnetic fleld equal to the peak flield in the winding
at bath temperature, The maximum gradient achieved
during testing was 2.09T/cm (4.25K) and 2.10T/cm
{3.2K}. This represented 95% of the strand critiecal
current value, The magnetic length of the f(irst Q
was nmeasured to be 120,85 + .1 om, The Fourle?®
harmonic coefficients of the magnetic fleld were
measured as a function of current and are reported,

Introduction: A palr of superconducting triplets

comprise the praposed supercondueting {inal foeus _
syatem. The operatlonal gradlent for the elements In FIGURE 1 THIS IS A DRAWING OF THE CROSS-SECTION

the triplets is about 1,35T/cm at a beam energy of 55 0F THE SLC COLLARED COIL ASSEMBLY.
GEV. This higher gradient should increase the

luminosity by a factor of 1.6 to 3.2 compared® to the the pole. There was no additional attempt to correct
present conventional syatem, The triplet quadrupoles the harmonles in the enda of these quadrupoles. This
dn not have 1ron shields due to thelr physieal smaller aperture, and the resulting sharp bends in the
position inside the O0.6T sclencldal fleld of the colls, led to turn-te-turn shorts. This problem was
detector. solved in the early stages of construction, as

discussed below.
Design and Conatruction

After construction began, a breakdown in

The design of the SLC triplet quadrupole fis insulation was encountered on the asecond 120cm
wovered 1n an earller paper.® The cross-section of the quadrupole, #4802, The cable insulation ~ was
96 turn winding and ecollar structure 1s shown 1In dlscovered to have failed at the transition area where
Figure 1. The inner winding dilameter is five the cable makes it's way from the Imner conil to the
centimeters, and the clear aperture i1is U, 6cm, This outer coil. Cable damage was also evident, This same
aperture was dictated by the background radiation problem caused two additional 120em quadrupcles (#8800
requirements of the experimental detector., A smaller and #4803) which were in the production pipe line to
aperture would result in unacceptably high rates of fail. The ¢oll pre-stress for Magnets #4801 and #4803
secondary scattered electromns. The design of these was also noticed ton be excessive. All eoil winding
quadrupoles {3 basically similar to the Tevatron and assembly was halted at thlas time. The insulation
quadrupoles, except for the smaller aperture, The damage In the transition area was determined to be
magnatlec f(ield was lowered in the ends of the coll by caitgsed by an unatable cable geometry resulting from
the addition of six spacers between the turns nearest the terturous path the cable has to follow in the

transition area. This resulted In the cable moving
¥Operated by Unliversitiea Research Association, Inc., from 1t's as-wound position causing interferencas and
under eontract with the U, S. Department of Energy. exceasive loading during the e¢oil molding and curlng
processes. A fixture was developed that soldered the
tWork supported by the Department of Energy, contract cable into a geometrlically stable shape In the

DE~ACCG3-THSFDORI5, transition area prior to  coll winding. Extra



insulation was also added at the transitiom. The
result of this "fix" was the virtual elimination of
layer to layer electrical sherts oceuring 1in the
windlngs, both before and after the assembly into a
magnelb . The small aperture had made the geometry of
this transition much more sensitive to shape and
rigidity than had previously been seen in Tevatron
magnets.

The excessive coil pre-streas encountered in
gquadrupoles #HB02, #4803, and #4800 was traced to an
excessive overlap of the Kapton inner wrap Insulation
around the cable., This resulted in a hulld-up during
the winding pracess, which in turn, resulted in high
molding and collaring pressures. high molding
pressures can lead to insulation creep and result in
turn-to-turn shorts. The aituation was remedled by
increased quality control during the cable {nsulating
process,

The characterlstics of the atrand used to
fabricate the cable are given in Table I and the cable
in Table 11.

Table 1
Strand Characteristics
Strand Diameter 0.6807Tmm
Copper Vol/NbT1 Vol 1.2B/1
{a) (b)
No 11 of No=U7.5 wt¥Ti 709 570
Filament diameter (pm) 17 19
Critical Current Density at 6T and 4,2K -
of _NbTi at an effective resistivity of
10 '2 g-em (A/mm?) 2081 2100
No of twists/cm = 0.8
Strand Coating = 97% Sn + 3% Ag
a) Original Order
b) Subsequent Order
Tahle 11

'Rutherford' Style Cable* Characterfstics
Using Strand from Table I

Na of Strand 23

Width of Cable 0,7798cm
Thin Edge Thickneas 0.1168em
Thick Edge Thickness 0.1372cm
Cable Length 120em Q 280 meters
Cable Length 66cm Q 176 meters

Critical Current at High
Field point in_Winding 7100 + 300 Amps
(peff = 2 x 10 '? g-em, 5.85T, h,25K)

¥Note: These are the same physical dimensions as the
"Tevatran" cable.

The individual pole coil sizes 1In 8LQ, 2602,
2603, 2604, 2605, and SLQ, Y804 matched to $70.069mm
which resulted in a reduction of the Fourier
coefficlents of the magnetic flelds produced.

Magnet Performance

The quadrupoles did show ‘'training'; ‘'training’
being defined as premature superconductlng to normal
state resistive transitions occurring during early
powering cycles. The various tralning scenarlos could
be summarized as fellows: The first quench usually
ocecurred at or above six kiloamperes (Crad =
t1.68T/cm). For about Flve Lo ten guenches at slow
ramp rates (2 to 6 amps/sec), the quadrupole would
quench at around seven kileoamperes (Grad = 1,96T/cm)
at 4,2K. Quench historles are shown in Figure 2. See
Table A, B, €, and D for actual data.
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The magnets made before the transition fixture
was u3ed showed a marked ramp rate dependance.
Magnets fabricated with the Fixture had a much leas
pronounced ramp rate dependance, This ramp rate
dependence can be seen In Flgure 3. It is of Iinterest
to note that the SLC triplets wlill operate DC at a
gradient of about 1.4T/cm, There is a time dependence
to the magnetization contribution of the harmonic
content of the magnet field which will he given later.
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The energy 1loss dne to eddy currents whille
ramping the magnet (Joules/cycle) is gilven in Table
IT1I1. Typical data is shown in Flgure 4. The 1I?
curvature of the hysteresis cycle 1a dus te the change
in Indnctance of the magnet due tn deflectlon caused
by the Lorentz forces. The magnets are protected by
quench heaters during the testing. The characteristic
7 wohm heater 1Inputs required to quench the magnets
powered to one kiloamp were in the range of 460 Joules
in 0.14 seconds to 280 Joules in 0.28 seconds.

Table TII
_ENERGY. LOSS (JOULES)
CYCLE
S0 - 5000 AMPS
_MAGNET_ RAMP RATE (AMPS/SEC)
. & 42 24 —320_ A0 200
4 2601 53.3 58.9 60.7 62,7 65.6 63.4
Q; 2602 32.6 45,0 69.3 107,8  130.1  147.1
41 2603 33.1 46,4 74,0 1i3.2 1316  15G.0
Q) 2604 3.2 41,4 56.% B9.8  I08.8  128.8
Q1 2605 44,9 79.5  102.3 1200 135,0  152.0
Q) 2606 27.3 53.2 89.3 1161  134,1  148.4
Q; 2607 44,0 86.5 8,1 147.5  160.8
Q; 2608 34,2 60.6  106,4  130.7 146.6  160.2
8, 2609 42,4 59.6 93.8 17,2 1s9.0 157.1
@ 4801 42.2 65.0 85.9 95,5  102.5  108.4
87 ug0y 54,6 85.5 121,99 146.5  166.1
9, 4805 64.0  136.4  172.9 193.5 211.8 234.0
Q, 4806 137.2  165.8 189.9  210.0  240.0
Q, 4307 8%.9  150.4  183.9  205.2 213.5  241.0
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INDUCTANCE AT DEFLECTION OF THE COIL.



Magnetie Characteristics

The integral strength and harmonica were (irst
measured at room temperature by powering the
quadrupoles with 5, 10, 15, and 20 amps, using a
rotating 1.68m long "Morgan"?® coil. The room
temperature relative strengths are given in Table TV
using the strength of 8LQ, #4801 = t. The actual
measured ratio was 1.815 + .086 (Spec. was 1.821).

Table IV
[NTEGRAL RELATIVE STRENGTH
RODM TEMPERATURE
5 io 15 20 AV
4801/2601  1.809+,009 1.313+.001 1.816+#.005 1,812+.001 1.812+,003
4801/2602  1.809+.003 1.814+.003  1,311+.003 1.812+.003 1.811+.002
4801/2603  1.B06+,003 1.808+.003 1,807+.003 1.207+.003 1.807+.002
us01/2604*  1.809+.004 1.816+.004  1,810+.004 1.809+.004 1.811+.004
4801/2605  1.805+,005 1.811+.003  1.807+.003 1.805+.00¢ 1.807+.003
ug801/2606  1.80u4+.006 1.811+,005 1.807+.005 1.80%+.004 1.806+.003
4301/2607%  1.824+.008 1.322+.007 1.819+.006 1.816+.005 1.820+.007
4301/2608* 1.810+.005 1.816+.004  1.808+.004  1.810+.004 1.811+.004
4801/2609° 1.828+.009 1.818+.0068 1.811+.007 1.810+.004 1.817+.007
4golsuB0l 1.3 1.0 1.0 1.0 1.0
480176802 0,9972+.01
4801/4803 3.9965+.002
4801/u804  0,9963+.0015 0.9375+.0015 0.9573+.0015 0,994+.0015 0,9963+.001%

4801/0805  1,0037+.0032 1,0022+,0034 0.9998+,0032 0.9974+.0025 1.0008+,0028
480174806  1,0003+.0025% 1,0008+.0024 0,9992+.0024 0,9971+ 0024 0.9990+.0024
4801/4807  0.9997+.0024 1.0004+.0020 (.993%+.0024 0.9972+.0020 0,9900+.002%

—

§L0y 4801 - INTEGRAL STRENGTH (20 aMFS) RER AMP = 0,034 + ,00007_T_ M
cM  AMP

CALCULATED TRANSEER FUNCTION = 2,783 Eﬁuiﬁb

* ALL READINGS TO DATE

The 1.68m long rotating coll was also Inaerted in
the aperture when the magnet was at liquid helium
temperatures, The Integral gradlent and the Integral
Fourler components of the field were measured at 2000,
4000, and Y4750 amperes DC. The ramped harmonic
contant of the magnet field was alao measured, Flgure
5 {8 a curve of dundecapole as a function of magnet
current, The cold strengths of the varions
quadrupoles are glven 1in Table V¥ in terms of
(Tesla/em){cm).

The integral normallzed harmonies at 2kA and HkA
are given in Table VI. These harmonics are given at
tem radius and are normallzed by the gradient at that
current, {.e., the sextupole term normalized at I, is
given by:

Gauss)
cmem = B{Norm,) (I
Gauss 2

cm )

B, (1
201y, 1emy

1°
Bl(Il,

The center of a quadrupole {s defined by the conditicn
A, and B, = 0, 1.e., no dipole field.
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Table V

2601
2602
2603
2604
2605
2606
2607
2608
2609
LEI
480y
4805
4BO6
Lgo7

2601
2602
2603
2604
2605
2606
2607
2608
2609
4301
4304
4805
4306
4807

INTEGRAL STRENGTH (Iggha . CM}, 4.2K

2 Amp

37,38 + .10
37.47 + .04
27.52 + 03
37.61 + .05
37.43 + 07
37.49 + .13
37.42 + .04
37.04 + 08
37.55 + .06
68,11 + .15
68,37 + .10
68,05 + .15
68,11 + ,27
68,03 + .14

LOOO Ame 4750 AMps
75.06 + ,13 -
75.07 + .18 88.99 + .11
75.08 + 11 89,12 + .12
74,93 + .15 88.99 + .18
75.06 + 19 89.17 + .23
74,96 # .09 89,11 + .12
75.06 + .12 89.17 + .23
75,21 + .10 89.38 + .12
136.21 + .u4 161,40 + .50
136.71 + .33 162.00 + .38
136.21 + .45 161.78 + .44
136.30 + ,20 161.85 + .29
136,18 + .39 161.50 + .29

GRADIENT (TESLA/CM) 8,2K

0.5614% + ,004 -

0.%617 + ,0013 1.120 + .002 =

0.5624 + ,0014 1,121 + .004 1.331 + ,004
0.5643 + .0014 1.126 + ,003 1.335 + .003
0.5606 +# ,0011 1.122 + .002 1.332 + .003
0.5611 + 0015 1.123 + ,002 1,333 + .002
0,5606 + G003 1.122 + ,001 1,333 + .001
0.5606 + ,0005 1.123 + .00l 1,333 + ,001
0.5618 + 0004 1,125 + ,001 1.336 + 001
0.5613 + 0018 - -

0.5635 + .0016 1.123 + .003 1.333 + ,003
0,5604 + .0011 1,122 + .002 1,333 + ,005
0.5609 + ,0013 1,123 + .002 1.334 + .005
0.56-9 + .0011 1.122 + .002 1,333 + 004



Table VI

¥ormalized Integral Harmonics
% 10*
2kA

26014 2602 2603 2604 2605 2606 2507 2608 2609

A2 -10.,09 -3.61 -0.05 -4.89 -g.14% B85 1,53 1.25 0.03
B2 -~ 6.50 2.9% 1.25 ©0.318 -8,21 5.25 -4.51 3.50 =B,y
A3 - 0.ty 0.40 -0.55 1.88 0.78 -0.18 ©.18 -p.64  -0.18
B3 = 1.58 0.68 152  0.76 0.79 0.29 =1.66 0,95 0.92
AL~ 324 0.18 =0.99 0.05 4,24 0.3¢  2.46 0.17 1.25
BY ~1.39 -t.hk 3.50 =.0MY +,93 0.29 ©0.11 0.0 -0.25
A5 0.0 -0.19 ~0.36 =0.32 -0.67 -0.53 -0.36 -0.35 -0.25
BS 6.35 6.37 6.93  5.26 7.27  5.36 5,35 5.40 5.47
*6 0.03 0.01  =0.03 0.02 0.09 0.02 0.00 0.02 0.01
B6 - 0.08 -0.02 -0.1% =0.02 -0.01 0.0 -0.00 0,04 -0.08
A8 6.53 =0.16 0.%2 -0.09 -0.!3 =~0.03 ~0.28 0,01 -0.12
B8 0.08 0,08 0.26 0.1 0.0% =0,01 =¢.03 0.00 -0.02
A9 0.00 ~0,00 0.0t ~0,02 0.03 0,03 0.02
B9 0.00 -0.2% 0.23 =0,28 ~0.28 -0,27 ~0,20

®"pata taken at 1 kiloamp

kA
AZ 3.75 =0.05 ~4.89 =9.00 5,27 1.71  3.65 ~-0.34
B2 3.21 1.2  0.67 -4,35 S5.19 -4,55 3.57 -8.54
A3 0.29 ~0.78 1.98 T ~0.18 0,16 -0.70 ~0.26
83 0,76 b.30  0.68 .58 0.32 ~-1.6t 0.86 0.99
Al 0.24  =1.,34 0.13 100 6,13 2,30 0,24 1.13
L 1.58 3.50 ~0.45 70 €.29 0.05 0.03 -0.24
AS -g.02 -0.8%4 ~,087 ~0.63 -0.53 -0.3t -0.32 ~0.22
BS 5.97 5,83 h.73 75 5.00 S5.14 5,03 5.10

(=1
~

A6 -0.01  -0.04 0.02 0.03 0.00 0.02 0.00
B6 -0.02 -0.11 =-0.03 =0.03 0.05 -0.01 Q.03 ~-0,07
A8 0,16 p.06 =-0.09 ~-0.13 -0.04 -0,23 0.00 ~0.1¢
B8 0.04  -0.26 -0.14 .05 -0.0" =-0,03 0.0t -0,02
A9 0.00 .01 ~0.02 0,02 9,03 0.01
B9 -0.29 26 -0.28 -0.27 -0.27 -0.27

Normalized Integral Harmonica

x 10"
2kA
LL g LELL) 1805 ugné 1807
A2 ~0.49 3.2% 2,11 -.63 0.29
B2 b, ug =3.25 2.56 -3.38 1.64
A3 1.42 -0.3% -0.u3 =0.32 ~0.66
a3 2.h0 ~t.05% 0.05 0.48 -0,69
Al -0.67 0,43 -0.09 2.14 2.20
ay -2.96 -0.68 ~0.16 -0.38 ~0.2%
AS ~0.26 0.73 -0, 82 -0.11 -0.38
BS 5.61 2.7t 5.18 5.27 5.42
AS .37 0.04 0.01 -0.04 =-0.00
B6 0.38 0.0 -0.02 .02 ~0.00
A8 0.04 -0.0!? -0,19 ~0.19 ~0.21
B8 0.48 -0.08 0,14 0.20 “0.04
A9 =0.18 -0.0t -0.02 =0.02 0.03
B9 =0.2¢ -0.29 -0,28 -0.28 -0,28
Hich
A2 3.67 2.42 -u.66 0.32
B2 ~4.02 2,687 -3.31 1.70
A3 ~0.39 -0.52 -0.3 -0.66
B3 =-1.24 Q.06 0.48 -0.63
Al 0.36 -0.13 2.00 2.10
BU ~0.75% -0.18 =0.35 -0.25%
A5 =071 ~0.42 -0.10 ~0.38
BS 3.30 4,93 5.10 5.16
A6 =0.65 0.0t -0.0% -0.00
86 =-0.95 =-0.02 0.0 ~0.00
AR ~0.0t -0.19 -0.19 =0.29
B8 -0.08 9.15 Q.20 0.23
A9 ~0.01 ~G.02 =0.02 =-0.03
39 -0,33 -0.28 _  -0.28 ~0.28

The next set of data of 1interest are the straight
section fleld strengths and harmonic content, The
magnet design was originally done to minimize the
various non quadrupole components of the fisld. In
Table VII, the body field normalized Fourler
components are glven for 2kA and for UKA.

AZ
B2
A3
83
AL
B
AS
B5
A6
B6
A3
88
A9
B9
a13
B13

A2
B2
A3

AR
BY
15

L)
BS
A8
Ba
A9
B9
A3
813

Table VII

2601

-5.14
=1.T72
0.15

0.65
1.07
-0.60
5.87
=0.16
0.70
5.1
0.30
-0.02
-0.33
Q.00
0.00

A2
B2
A3

A4
Bl
AG
BS
AG
B6
AB
B8
AD
B9
A3
B13

A2
B2
A3
B3
Al
BY
AS
BS
A6
-1
A8
B8
AG
B9
A3
B3

2602

~0.69
0.09
0.32
-1.10
0.49
0.59
0.09
.51
0.02
a.21
Q.10
0.02
0.00
=0.34
0.00
0.01

-0.46
0.17
0.43

~1.22
a.h9
0.63
0.08
6.08
0.02
0.03

=0.1
0.02
0.00
-0.3%

lorln}izid Harsonlcs Straight Saction

2603

-0.39
0.17
0.%50
1.8
0.6k
2.63
0.00
6.0t

=-0.02
0.10

-0.03
Q. LY

-0.01

~0.34
0.00
0.00

-0.38
0.12
0,55
1.42

-0, 64
2.h3
a.01
5.55
0.07
0.03
0.08

-0.16
0.00

-0, 34

x 10
2kA
2604 2605 2606 2607
0.93 -4.7T1 -0.98 -1.83
~2.34 -0.63 2,10 -2.26
-0.98 =-0.09 -0.03 0,19
-0.72 ©.68 0,74 1.7
-0.47 ~0,17 -0.13 0,15
1.29 1.62 0.1 -0.95
0.05 -0.63 -0.33 -0.24
4.32 ©.82 s5.22 5.4
0.04 -0.09 0.00 0.03
-0.02 ¢.03 -9.01 0,01
-0.03  0.07 0.10 -0.38
.13 0.75 D0.11  0.18
-0.12  0.25 0.00 0,12
-0.23 -0.20 -0.31 -1.12
0.01 -0.02 0.08 -
0.02 0.15 0.00
Lk
.80 -4.95 -0.60 ~-1.73
-2.07 ~0.98 2,39 =-2.59
-1.07 =0.07 =0.03 0,24
0.6 0.7t 0.69 1,72
-0.48 =0.07 -0.20 0.15
1.18 1,08 0.74 -0.86
0.00 ~0.15 =-0.31 =0.20
k.86 0.08 4,81 5.09
0.95 =~0.09 -0.01 0.03
-0.03 -0.09 ~0.02 0.03
0,10 0.16 0,10 ~0.35
0.1 -0.02 0.12 0.30
0.26 -0.43 0.02 =0.14
-0,58 -0.58 -0.32 -1.27
0.00 0,00 -
0.01 ~0.00
A13 = 0,0008 £,002
813 = =0.002 & .000

Normalized Harmonios Straight Ssctlon

1801

-5.30
-1.80
-1.30
-1.12
-1.80
-1.10
-0.37
0.32
-0.36
-0.39
-0.31
0.00
R
-0.20
-0.58
=0, 11

=2,
LAk
.30
-30
.02
-0,
.53
.87
-0.
-0.

o.
~0.
-0.
-0,

-1
-1

83

5t

03

25
20
98
30

x 'a*

2kA

§80%

L |
(==

QOO0 Q0QoOWMOOO

.29

.31
.36
.57
A
27
.72
.39
.19
.01
02
.01
W10
.ot
.32
.00
.00

At3 = 0.0004 3 .0D2

B13 = -£.002 + .001

-5
-0

Q.

0
2

-0.
-C.

=0,
0.

1]

~0.
0.
~0.
C.
~C.

~5
-¢
0
0
2
-0
~0
5
0
g
-0
-0
[}
-0
1]
-0

806

Rl
.M
86
.66
L2
02
12
.59
o]
o7
.02
12
o
32
o0
o0

L}

.ug
76
-84
.67
.38
.01

N

.30
.01

.07
.02
.16
.0

.32
.00
.00

uaor

-0.58
0.68
~3,18
0.32
-3.26
0.56
-0.43
5,75
=0.01
0.03
-0.0%
0.00
0.09
=-0.29
0.00
3,00

-0.51
o.71
~0.19
0.29
-0.26
0.53
-0.u2
S.h8
=0.0t
0.03
~0.058
0.00
0.06
-0.25
o.00
-0.03

2608

1.63
~1.82
9.33
~0. k6
=0.01
-2.30
-0.22
5.37
0.00
0.03
0.13
0.10
0.27
0.27

1.70
=2.06
0.he
=0.50
0.04
-2.09
~0.19
5.05
.00
0.03
0.0
-0.12
0.19
0.23

2609

-1.14
~2.02
0.6
0,78
=0.07
.94
-0.1
5.27
0.08
0.08
-0.05
=0.07
-0.76
0.1

-1.36
=1.95
0.2%
-0.78
+0,05
0.9¢
«0.08
4,85
0.04
a.06
-0,02
-0.08
~0.72
-0.04



The integral and atraight section harmonies at
the operational fleld current of 4759 Amperss fs given Table C
in Appendix 1, Table E and F.

There appeared to be a change in the normalized
duodecapnle term of about a half a unit (10 *) in a
time period of approximately 200 seconds at 'a magnet

QUENCH HISTORY

curent of 4000 Amps. Quanch sLq, 4801 sLa, 4803 sLo, ko2 319, 4801-R
Moo K Cln as8 %Rk MS K Bh A X 2k ws
1 bz 6.065 100 4,2 8,32 100 N2 1.50 100 A, .
2 8.2 6.38 00 L2 ozt 100 4.2 g.;'r 100 l.g :.Eg gg
3 :-2 g.gg 1101?1 %2 Wah 1pg b2 0.67 21 q.13 6,53 2h
2 6, 00 4.2 %5 B 2.2 0.6 b ,
APPENDIX 1 5 5,2 6.58 100 4.2 3.76 200 T ::3 2'33 f;
5 8.2 6.66 50 a9 881 12
7 4,2 6.6 50 : .
8 3.1 6.79 SO
¥.2 6,73 2h 1.21 8,99 %0
H 2 6,78 2 3.2 1.3 %o
10 n.2 6.8 12 3.73 6N 80
Table A 1 u,2 6.85 12 .
12 2 693 &
13 8.2 §.89 &
1" 3.0 7.3% 100
15 3.0 6,83 'm0
16 3.2 1.2 50
QUENCH HISTORY oo 3.2 1.4 S0
18 3.9 6,83 1z
Tlench oLa, 260t sLa, 2612 5L9, 2A03 5LQ, 2A04 19 M2 .58 1oo
My K LA A8 k [T L¥s:) X P ArS K kA A/S 20 4.2 6.60 100
21 k.2 6.9 200
" :-2 :.m 100 b2 6.03 oo 4.2 5.27 w0 4.2 5.9 g0 22 .2 6.56 200
2 -2 b.51 50 4,2 6.12 50 .2 h.6L 100 U.16 5.9 a0 23 1.2 6,65 50
3 .2 A3 zn b2 6,20 30 4.2 6.85 100 .16 6.3t 100 24 b2 6.78 2%
L] 14'2 7.81 12 b2 6,18 50 4,2 6.87 100 £,2 6.95 100 25 b2 6.5 100
5 2 £.72 ‘ep 4,2 6.69 50 4.2 7.00 100 4.21 6,41 100 26 8.2 6.85 12
5 4.2 6.3 4 L2 k.59 50 W2 r.05 100 u,21 6.62 50 27 5.2 .91 %
i 1.2 E.56 S0 L2 7012 10 L,18 6,65 =50 28 a2 6,94 3
3 1.2 7.26 50 4.2 7.08 100 %,22 £.62 &0
2 bt 8.2 200 b2 7,25 top b,22 6,60 50
e 1.z 6,32 200 4.2 7.2% 100 .22 6,79 50
H 4.2 6.89 top 4.2 .34 6 4.2 6,75 50
12 uz 7.09 2n k2 1.30 12 b.2 &.60 50
:3 4.2 7,13 12 u.2 T1.29 24 4.2 6,88 sg
4 42 6.80 b.2 T.30 S0 3.1 1.10 5o
15 u.2 6.60 & b2 7,26 100 b2 6.99 S0 Table b
6 b2 6.60 3 4.2 6,81 200 4.2 6,99 s0
:; :.z g.sa 6 .2 8,90 200 L2 1,06 20
.2 5.73 6 4.2 6.90 200 .2 7.18 3
;g l;.e 2.55 S0 4.2 6.87 200 4.2 r.e 1z
2 A9 S0 4,2 6,91 200 L2 6,71 100 QUENCH MISTORY
21 8.2 .05 50 k.2 5.65 200
22 b2 4.92 £ : Quench sLa, L&oa 5LQ, YBos 5LQ, 4806 sLg, baor
23 02 7.2 6 2 2 2 2
No K KA Y] K kA A8 K uA (Y5} K XA (Y5 ]
1 bz .24 100 b2 6,30 100 4,2 6.42 100 4.2 6.10 100
2 k.2 6,00 100 u.16 6.82 100 N2 6.70 190 n.2 6.3 100
3 b2 §.58 100 4,16 5.8% 1oo 4.18 6.86 100 h.12 6.93 10C
[ b2 .68 100 k.16 6.7T9 100 h.tE 6.85 100 h.25 6.87 100
5 b2 5,76 100 d 1.1 too L5 7.15 100 W1l €95 100
[ L.z 6.41 100 4.16 7.12 100 46 T 15 100 b12 7,10 100
taule . 7 n.z 6.81 too W16 7.21 100 4.16 7.26 100 h12 7,11 190
[} vz 6.82 100 4,16 7,25 50 N5 T3 100 b, t8 7,08 YOO
g 8.2 .99 6 b.16 7.27 S0 .16 7,31 100 B13 7,15 12
10 K2 6,88 L} 416 7,28 50 H.16 T.31 100 23 7.1 12
1" b2 6.92 6 n15 724 [ 1.2 7.26 [ b2 T.13 10:
17 3.1 7.20 50 h.16 7.20 [ bz 7.38 % [REIR -1
QUENCH RISTURT 13 k.37 6.78 100 n.15 7,25 12 4.2 7.3 6 n191.25 6
" 016 .77 100 4,16 7.26 24 h2 7.37 12 k12728 12
15 k.12 s.g; 100 B15 7.19 100 4,2 7.3 24 b, 12 T.25 1:
606 sLq. 2607 sug, 2608 sLq, 2609 16 v,15 6,82 100 4.15 6,86 200 H.2 7.3 50 k12 7.28
A xsmhzmus T s e T s e s ke s 7 b.15 6.82 100 .16 7,19 180 4.2 6.8 200  B.12 7.25 2V
18 ¥,15 6,81 100 4.19 7,19 100 Bk T.21 50
1 B2 5.62 00 4,7 5.4 100 4.2 6,38 '00  BZ 5.5 100 k.2 6.313 100 19 h.16 6.82 100 B.18 7.12 100 ho42 7,10 100
? k.2 6.5¢ 100 b,2 6.2h 100 W2 6.9% 100 k.2 6,26 100 A2 6.TH 100 20 n.14 6.80 oo 4,13 7.15 100 t,12 6,81 200
3 bz £.52 100 4.2 6.8 100 K.2  7.18 100 k.2 6.42 00 k.2 6.B5 100 21 L,15 §.82 100 3.15 7.76 24 :
[3 k.2  6.6T 100 L,2  £.A5 100  R,2  T.13 1DO k.19 6.87 100 L2 113 w0 22 n.2 5.93 200 4,12 7.2h 24
5 4,2 B.T2 100 b.2 .M MDD B2 7,20 12 b.ag 6.32 10 k.2 7.1 100 23 .2 6.99 50 4.2 7.09 140
[ B2 B.T2 00 L2 6,88 2% N2 T.21 12 NS 658 100 N2 728 6 oh w2 7.06 24 .2 7.13 100
T 4,23 6.80 W0 b2 6,92 2 k.7 703 12 L.1s 6.61 o0 L2 T.27 L] 25 5.2 7.81 12 L2 T.12 108
3 Az 6.70 10 K.z 6.68 oo M2 7.9 20 M2 670 100 M2 .16 6 % U2 7.06 5 .
s B2 B.78 100 4.2 6.9 2k b2 T.H0 50 b.p5 7.26 28 b2 .30 a2 a 53 657 100
to k.2 5.8 100 B.2 6,90 2§ A2 T.36 6 k.23 7.33 2% 4.2 138 12 - .
' a1y T.06 20 k.2 6,93 b h.g 1.0 6  hPWT.P8 PH K2 T.W 0 t2
1z h2 7.0 & N.2  £.93 6 4.2 1.38 L :2; 1.23 g :; ;:H g:
1 4,z T.0 5 k7 693 6 b2 7.3 12 .23 T.32 . A8
n; k1P T.15 6 %2 7.33 6 Nz 7.3 28 A3 1.29 6 k@ T.hv 2k -
15 410 793 24 3.B 7.6 6 A2 7.30 50 B.23 F.E0 12 N2 T3 6 Vintarest - EinZout = AI? {510, 4BOL) = 19.5x107* [¥olts/kiloimps®]
16 B2t 7.0B M .2 6,93 £ 4.2 7.MD 100 4.2 7.0 50 A2 T.E0 12 -
"7 k.2 £.90 12 h.2  7.21 20O :g Tgi ,gg :; ;rgg 52: MSLQ, HBOS) = 7.5x107" [Yolts/kilokmps®)
18 bz 689 2k -2 g - .
19 L.z 6.91 50 L.22 7.33 o0 2 7.31 100 - “s r
P H.z  6.53 o0 %21 6,98 200 8.2 5.35 200 Arsta, %8OS} = 7.5x10 * E¥olts/kiloAmpa’]
21 .2 5.5 200 - it} »
i Vs g om0 A(51Q, 807) = 7.5x10 7 [Volts/kiloAnpa®]
3 .2  6.50 10D
20 5.2 6.58 100
25 8.2 6.60 100
26 w2 6.70 100
2T 4.2 6.58 100

Intersst - Einfout = AI*  A(SLO, 2608) = 11.0 x 107" [Voltaskilonps"?
a(sig, 2607) = 11.0 x 1077 [Volta/kilnAmpst]
M(SLQ, 26083 « 5.0 x 10°* [Volts/kiloamps™]

A5LL, 2609) = 5.0 x 107* [Volts/kiloAmpa®]



Table

E

.03
.0t
.08
.02
12
.04
W1

.02
.00
.09
Lot

.09
.00
o]

a1
.00
.0
.1
.00
.01
.00
.00
.01
.02
.0k
Q7
.00

2603
A2 -0.0%t
Bz -t,22:
A3 -0.81¢
BY  B.27T:
Al 1.22¢
B4 -4.90¢
A5 ~D.63t
BS k672
AR 0-0hs
13 0.1t
A8 ~D.06:
38 0.26¢
A9 0.00+
Bo 0.00%
A2 -0.38%
Bz 0.10%
A3 0.35:
B}  1.39+
Al 0,632
BY  2.35s
AS 0.02%
a5 5.402
A6 -D_DLx
86 0.0B2
A8 -2.02%
L] 1.3%2
A9 0.00%
k] 0.00¢.00
Al3
BT3
Tabl

e F

A2
B2
A3
83

B4
AS
85
a6
B6
A8
B8
A9
B9

A2
B2
A3
B3
Al
BA
A5
BS
AG
B6
AB
BS
A9
89
A3
B13

INTEGRAL MARMONICS

x 10°
U750 AMES
2608 2605 2606 2601 2608
-5.934.07  ~9.50t.0% 5.3%s.02 1.894,06 360,00
0.774.01  -4,5h%,02 5.22:.03 ~4.5%53, 10 3.704.25
2.015.01 0.72£.01  ~0.202.0! 0.124,01 -0.721.03
0.684,01 0.51¢,0% 0.332.01 =1.604.01 0.834.03
0.24e.08 1.884.07 0.224.02 2.344.0t 0.234.,08
~0,19s, 04 1.61:,0%  0.30%,Q1 0.011.02 0.054.00
-0, 164,18 1.384.28  -0.52+.00 -0.264.02 ~0.354.10
LRETRE H.32¢,35 4_B6x, 00 5, 004,04 LT
0.021.00 9.09t.00 0.03+.00 0.00%,00 0.024.02
+0.03+.00  -0.034.00 0.054.00 -0.024.01 a.044,02
-0.104,00  -0.13400 ~0.0b+,00 ~0.254.00 0.014.01
~0.184,00  0.05£,00 -0.01¢,00 -0.024.00 0.014.00
~0,01$.00  0.0t£.00  -0.024.00 0.024.00 0.024.00
-0,294,00 0.26£,00 -0,2R%,00 ~0,274.00 +0,274.00
STRAIGHT SECTION HARMONICS
x 10"
0.724.01  ~5.00$.00 -0.542.00 -1,604.0t 1.834.02
-1.97£.00  -1.118.01 2.h8.01 «2.76¢.01 ~2.184.01
“1.114.00  -0.0T:.01  -0.0Lt.0 0.281.02 9.854,01
-0.674.01 0.07%,01 0.10t.01 1.724.01 «0.054.01
-0.50¢.02 =0.09£.03 +D.21%.00 0.164.00 0.05+.01
0.914.04 1.08¢.0t 0.78+.01 -0.80¢,01 -2.111,00
~0.23%.15 -1,04¢, 08 -p, 373,00 -0,211.01 ~0,204.01
3.33t.26 0.67s. 01 4.67¢.00 5.014+.00 b.gui.00
0.054.00 -0.02$.01  ~0.01:.00 0,03, 00 0.004,00
-0.03:.00 -0,04%.02 -0.02%.00 0.03+.00 0.031.00
-1,204.02 0. 094,01 0,10+, 01 =1.33+.04 1.874.08
0.06%.03 -0.129.02 0.12+.02 1.11¢.07 1.384,09
G.00%.00 0.60¢, 00 0.25:.18 0.304.10
~D,014,00  —0,00+.D0 -8,76+.09 ~3.36¢.11
INTEGRAL HARMONICS
x 10"
750 AMPS
1Boi 1808 1806 K807
3.86+.02 2.20%.02 -4.66+,01 0.37+.01
-4,16¢,02 2.68+.02 -3.34:.01 1.71¢,02
-0,38+.01 -0, 452,01 -0.35:.01 -0,66+,01
=1.29+¢.0t 0.03x.02 0.50+. 01 -0,62+,0¢
0.204.1t =~0.13x.01 1.96+.01 2.09z.02
~-0,832.08 =0.192.01  -0.35¢.01 -0,26+.01
-0.83s, 4 0,822,000 -0.10:,01  -0.38:.0t
3.93+.U8 b.§5+,01 4,685,001 5.10+.0!
0.0+, 00 20.01.00 -0.,0%%£,00 =0.00+.00
0.02+.02 -0.02+.00 0.91%.00 =3.01+.00
=3.01+.00 ~0.19+.00 -0,19£,Q0 =-2,29+.00
=-0,08+.00 0.152.00 0.19%.00 0.232.00
=0.01+.00 -0.02+.30 -G.02%.00 =0.03+.00
=2.33:.00 -0,28:.00 -2.28£.00 -0,28:.00
STRAIGHT SECTION HARMONICS
x 10°
=-2.03+.0% =0.33+.01 ~5.50:.01 =0.6Us, 01
3.98+.01 2.37¢.00 =0.77+.01 0.72s,.01
-0,61+.01 ~0.59+.00 0.82:.09 =0.18+, 01
1.81¢.01 ~0.15+01 0.681.10 0.291.00
0.90+.09 0.27+. 01 2.38+.01 ~0.26+.00
0.75+.05 0.75+.01 =0.02¢.M 0.5U0¢.01
0.53%.26 0.38+,00 =0,114.00 -0, 42+, 01
0.79+.30 5.12+.00 5.23%.00 5.42+.00
0.08+.00 0.01¢,00 0.01+.00 ~0.01%,00
3.03+,00 -0.02¢.00 0.07+.00 0.03:.00
-2.55%.08 0.09+.01 -1.50%.02 -0.35+.01
-1.65¢.02 1.00+.02 1.531,03 ND.08x, 01
0.10+,00 Q.01£.00 0.Q91£.00
: =0.32+.00 =-0.32:.20 =0.28+.02
0.00+.00 0.006+.00 0.00¢. 00
0.00+.00 =-0.002+.00 0.00+.00

260%
-0.25¢

1 AT,
=1.98s,
0. 26+,
0. 7T,
~0.03=.
0.8T+.
=0, 0T+,
3.73+.
0.05+.
0.0%+.
0.99+,
=0.47+.
=067+,
=3.90.

.18
-B.uTy.
~0.27¢.
1.00¢.
1.06%,
-0.23%.
-0.23s.
S.00¢.
0.004.
~0.09:,
0. 11+,
-0.02x,
0.01%,
=0.27x.
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