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1. Introduction

For the DRAGON facility of ISAC three types of quadrupoles are required. Of these, a design exists for Q9
and Q10 exists (the 6-in. SMIT quadrupoles).

The remaining quadrupoles are of two varieties . Quadrupoles Q1 and Q6 have apertures of 10.8 cm, effec-
tive lengths of 26 cm and maximum field gradients of 5 T/m (0.5 kG /cm). The balance of the quadrupoles
are specified to have apertures of 15.9 cm, effective lengths of 35 ¢cm and maximum field gradients of
3.6 T/m (0.36 kG/cm). Quadrupole Q2 is to have a special pole-tip shape so as to provide sextupole and
octupole components (calculated at a radius of 7.5 cm) that are 0.029 and —0.008, respectively, of the
quadrupole component.

A conceptual design for the 10.8 cm quadrupoles was given in ref?). This report presents a conceptual
design for the 15.9-cm diameter quadrupoles. Included is a POISSON?% study of a design that would be
suitable.

2. Design Parameters

Quadrupoles with a 6-in. bore (Q2-Q5, Q7 and Q8) will be termed quadrupoles of type 2. For them
we choose an aperture of 6.25 in. (15.875 cm). With a field gradient of 0.36 kG/cm, a pole-tip field of
(0.36 kG/cm) X (7.95 cm) = 2.9 kG is required. We design these quadrupoles with a pole-tip field of 3.0 kG.
Thus the following parameters are defined for the quadrupole design.

Parameter Type 2, 6-in. quadrupole
Maximum pole-tip field  3.00 kG

Full aperture 6.25in. = 159cm
Effective length 13.78 in. = 35.0cm

3. Ampere-turns per Coil

Allowing 10% for stray fields, we obtain the required Ampere-turns per pole for the type 2 quadrupoles
from

1.1 Pole-tip field (T) 1.1 (0.0795)(0.300)
Nliypea per pole = E3 (half aperture (m)) T 10— = 107 = 10,500 A-t

We choose a current of 325 Amperes so that

‘ Niype2 = number of turns per coil of type 2 quadrupoles = 33 ‘

in the 7 X6 x 6 X 5 x5 x4 configuration shown on the next page.

Following Banford®), we calculate the iron parameters (with the nominal design parameters of Banford in
brackets) as

Yoke thickness [= 0.8(aperture/2.)] 2.500in. = 63.50 mm
Pole width [= 1.7(aperture/2.)] 5.300in. = 134.62 mm
Pole radius [= 1.15(aperture/2.)] 3.594in. = 91.29 mm

Pole length [= effective length — aperture/2.] 10.700in. = 271.78 mm
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Pole side

Yoke side

Fig. 1. The coil configuration of the DRAGON 6-inch quadrupole.

4. Coil Design

For the type 2, 6-inch quadrupoles (as for the type 1, 4-inch quadrupoles) we choose an Anaconda 0.3648-
inch square conductor. The copper parameters for this conductor are given in Anaconda data as follows.

British Metric
OD 0.3648 in. 9.266 mm
ID 0.2040 in. 5.182 mm
Copper area 0.09730 in.? 62.774 mm?
Cooling area 0.03269 in.> 21.090 mm?
Mass 0.3760 1b/ft 0.5595 kg/m
Resistance at 20° C 83.70 puQ2/ft 274.61 pu2/m
k (British units) 0.02320

Thus the current density in the conductor is 325 A/0.09730 in.? = 3,340 A/in.? (= 5.18 A/mm?) and is
conservative.

We assume that each conductor is double-wrapped with insulation 0.007 inch thickness such that the total
insulation per conductor has:

Minimum thickness = 0.022in. = 0.559 mm
Nominal thickness = 0.028in. = 0.711 mm
Maximum thickness = 0.034in. = 0.864 mm

The tolerance of the outer dimension of the conductor is listed as 0.003 in. [= 0.076 mm] so that the
dimensions of a wrapped conductor are:

Minimum = 0.3838in. = 9.75 mm
Nominal = 0.3928 in. = 9.98 mm
Maximum = 0.4018in. = 10.21 mm

We further allow

1. a gap between layers of 0.010 in. maximum.
2. for keystoning, assume 0.010 in.
3. a 4-turn ground wrap of 0.007 in. tape.




File No. TRI-DNA-98-5

Page 3 of 18

Then the length of the coil along the pole are

Wrapped conductor
Gapping ( 6x0.010)
Keystoning ( 7x0.010)
Ground wrap (4x0.007x2)
Total (in.)

We take

Maximum Minimum
(in.) (mm) (in.) (mm)
2.813 71.440 2.687 68.240
0.060 1.524
0.070 1.778 0.035 0.889
0.056 1.422 0.056 1.422

2.999 76.164

2.778 70.551

‘ Nominal coil height = coil length along pole = 2.90 in. ‘

The length of the yoke side of the coil is obtained in a similar manner. We have

Wrapped conductor
Gapping ( 5x0.010)
Ground wrap (4x0.007x2)
Total (in.)

We take

Maximum Minimum
(in.) (mm) (in.) (mm)
2.411 61.234 2.303 58.491
0.050 1.270
0.056 1.422 0.056 1.422

2.517 63.927

2.359 59.914

‘ Nominal coil width = coil length along yoke = 2.45 in.

To calculate the amount of copper required per coil we proceed as follows. We allow a minimum bending
radius of the conductor to be four times its nominal dimension. Thus we have

Rmin =

4(0.3648 in.) &~ 1.5 in.

and we choose a clearance, GG, of 0.250 in. along the pole sides between the pole and the coil. It is then
clear the pole ends must be chamfered to provide clearance for the coil, as is illustrated in figure 2 below.
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Fig. 2. Hlustration of the pole-end chamfer of the DRAGON 6-inch quadrupole.

We choose a minimum pole-end to coil clearance of 0.125 in. Consequently, using the coordinate system
of fig. 2 with the center of curvature of the first turn at (0, 0), we require the intersection of the pole-side
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(defined by the equation # = 1.250 in.) and a circle centered at the origin and of radius r = R,,;,, — 0.125
= 1.375in. This occurs at the coordinate (z, y) = (1.250 in., 0.5728 in.). We then choose the pole chamfer
to be 0.680 in. at 45° so that the perpendicular distance from the center of curvature of the coil to the
chamfer is 1.287 in.

We now take the conductor dimension D to be

D = Nominal dimension + 4(Insulation thickness) 4+ Turn separation
= 0.403 in. = 10.24 mm.

We note that the straight section of the n** conductor along the longitudinal portion of the coil is a distance

D(n) =nD + G + (pole width)/2
from the (longitudinal) centre-line of the pole. The (outer) radius of curvature of this n'” turn is

R(n) = Rpin + n D,
the length of the straight longitudinal section of the winding is
Licngth = Liron — 2(Rpin — G)

and that of the straight section along the pole-width is

Luiath = Wiron — 2(Rpmin — G) .

Thus the length of the n*? turn is
l(n) = Q[Llength + Lwidth] + QTR(R) = Q[Liron + Wiron + 4G - (4 - 71-)]%mzn + TnD]

and the length of an N-turn layer is
L(N) = ij:l l(n) = QN[Liron + Wiron + 1G — (4 - T)Rmzn] + ﬂ'N(N—|— 1)D

Using the following parameters

in. mm

Livon 10.700 271.8
iron 5.300 134.6
G 0.250 6.4
D 0.403 10.3
Roin 1.500 38.1

and counting from the bottom up, we find the following lengths of the coil layers.

Layer N L(N) (in.) L(N) (mm)

1 6 241.7 6,139
2 6 241.7 6,139
3 6 241.7 6,139
4 6 241.7 6,139
5 5 195.1 4,960
6 3 109.5 2,785
7 1 34.0 890

Total 1305.4 33,191
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Thus the length of copper per coil is estimated to be approximately 1,305 in. We take

‘ Length of copper per coil = 1,380 in. = 115 ft [~ 35 m] ‘

Because four coils are required per quadrupole, we calculate the amount of copper to order, using the
density of 0.376 1b/ft3, from

Length Weight

Length of copper per quadrupole 460 ft 172.96 1b
Allow 10% winding loss 46 ft 17.30 1b
Total 506 ft 190.26 Ib

Thus

Amount of copper to order per quadrupole = 550 ft &= 220 1b of 0.3648 in. conductor.

5. Power requirements
At 20°C the resistance of a coil, Ry, is
R, = (87.70 x 107°Q/ft) (115 ft) = 0.01009 ©

We assume an ambient temperature of 20°C, an inlet water temperature of 30°C and an outlet water
temperature of 70°C (thus allowing a 40°C coolant temperature rise). Then the mean coil temperature
will be 50°C. With a 30°C rise above ambient of the coil we then have

Ruhot = Rypop [ 1+ (Temp. coeff/°C)xAT(°C) ]
= R,po. [1+0.00393x30]
= 11.275x 1072 Q per coil

and at a current of 325 A we obtain

Voltage per coil = (325 A)(11.275 x 1072 Q)
= 3.664 Volts
Therefore, allowing for a minimum 10% lead loss, we choose a power supply that has the following minimum
requirements
I = 325 A
V = 175 V total
P = 5.7 kW total

6. Cooling requirements
In these calculations we use the British system of units. The power required per coil is

Power per coil = I? Ry, = (325)(325)(0.011275) = 1.191 kW

The required flow rate is given by

2.19 P (kW)
AT(°F) Cooling area (in?)
For AT = 72°F = 40°C and A = 0.03269 in? we have

_(219)(1.191)
v= (72)(0.03269) 1.108 ft/sec

v ft/sec =
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The volume of flow required per circuit is

ft sec 1 ft2 1b 1 IG 1 UsG
1 ireuit = v x Apo (in? B v PV VI S
Volume/circui U soe A0 (In%) X 60 T T e X 624 o X 0 e X 0832675 1G

3.12247 v (ft/sec) x Cooling area (in?) USGPM

We find o .
Volume/circuit = 3.12247(1.108)(0.03269) = 0.1131 USGPM = 0.4281 ¢/min.

‘ Total flow volume per quadrupole = 0.452 USGPM = 1.71 ¢/min ‘

7. Pressure drop

The pressure drop is given by
Ap = ko™ psi/ft

with k a function of the cooling area. In our case, with k& = 0.0232 we obtain
Ap = (0.0232)(1.108)"™ = 0.02787 psi/ft .

Thus the total pressure drop across the coil is

‘ Pressure drop per coil = 3.21 psi. ‘

8. Iron dimensions

In the calculation of the iron dimensions, two yoke thicknesses were considered. The first—determined by
Banford’s criteria—was a yoke thickness of 2.50 in.; the second was a thinner yoke of thickness 2.00 in.
This was done following POISSON runs with the thicker yoke in which it was found that the yoke and pole
were well below saturation. A decision was made to find the effect of using a thinner yoke. Note, however,
that the pole thickness of 5.300 in. was used for either yoke thickness. Note further that because of the
low field in the pole, the pole was not tapered at the usual 10° angle; the pole was left straight.

Regardless of the yoke thickness, in each case, clearance between the coil and the pole side was 0.250 in.
and that between the coil and the yoke was 0.125 in. A minimum clearance of 0.125 in. between the coil
and the horizontal symmetry axis was required.

We list in the following table the coordinates of pertinent points of the quadrupole geometry. These
coordinates were calculated analytically and are given in a Cartesian system centered at the center of
the quadrupole. Locations are identified in the notation A:B with the meaning ‘The coordinates of the
intersection of A and B’. All coordinates are given in inches.

Location 2.00 in. yoke 2.50 in. yoke
< ) < )

Curved pole : 45° symmetry axis 2.2097 2.2097 2.2097 2.2097

Curved pole : pole side 4.9081 1.1605 4.9081 1.1605
Pole side : inner yoke 7.1039 3.3562 7.1039 3.3562
Inner yoke : 45° symmetry axis 5.2300 5.2300 5.2300 5.2300
Outer yoke : 45° symmetry axis 6.6422 6.6442 6.9978 6.9978
Length of outer yoke 16.7927 17.2927

From the above data, we may calculate the iron dimensions. Because the pole is independent of the yoke
thickness we have
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Length of pole side 3.1052 in.
Overall height of pole 4.2714 in.
Half-width of pole 2.6500 in.

Figure 3 shows the dimensions of an octant of a quadrupole with a yoke thickness of 2.00 in. A completed
quadrupole is shown in figure 4. Note that the yoke is asymmetric relative to the center-line of the pole.
One side is longer by the yoke thickness than twice the dimension shown in figure 3 in order to allow the
yokes to be bolted (or welded) together. Figures 5 and 6 are similar diagrams for a quadrupole with a yoke
thickness of 1.70 in.

We are now in a position to calculate the amount of iron required for each of the quadrupoles. We begin
by noting that the area of the circular segment portion of the pole, A.,,, is given by

1

Ay = = R?

5 pole(O — sin )

where Ry, = 3.594 in. is the radius of curvature of the pole end and 6 is the angle between the lines that
join the points of intersection of the curved pole and the pole sides to the center of curvature of the pole
end. In our case we have

2.650
in~! [m] = 47.505° = 0.82912 radian

so that the area of one half of the curved segment of the pole is

Acsprz = R?)ole(e —sinf)/4
= (12.9168)[(0.82912)(2) — sin(2(47.505))]/4
= 3.22921[1.65825 — 0.99618]
= 2.13796 in.?
Then the area of one half of a pole of a quadrupole with a straight pole, Ay, /o, is
Agtrj2 = Agepjz + [(pole width)/2](length of pole side)
= 2.13796 4 (5.300)(3.1052) /2
= 10.36674 in.?

The area of a yoke piece is the yoke length times the yoke thickness. Thus, using an iron density of 0.2833
1b/in.?, we find

Yoke thickness

2.00 in. 2.50 in.
Pole area (in.?) = 8(pole area/2) 82.934 82.934
Yoke area (in.?) =  4(area of yoke piece) 134.342 172.927
Total area (in.%) 217.276 255.861
Iron volume (in.?) = (10.70 in.)(Total area) 2324.853 2737.713
Iron weight (Ib) 658.631 775.594

we take

Iron weight of a quadrupole with a yoke thickness of 2.00 in. = 660 lb

Iron weight of a quadrupole with a yoke thickness of 2.50 in. = 780 1b
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9. POISSON calculations

As noted in previous sections, POISSON runs were made on each of these two designs in order to determine
the extent of pole and yoke saturation. Table 1 gives the input for the case of a quadrupole with a yoke
thickness of 2.00 in. to the FRONT program that generates input for the AUTOMESH routine of POISSON.
Similar input for the case of a yoke thickness of 2.50 in. is given in table 2. In each case the mesh for
calculation was based on a 0.075 in. grid in each of the horizontal and vertical directions. We remind the
reader that these calculations are for a nominal pole-tip field of 3.0 kG.

If saturation were to occur it would be expected to show up at the pole-yoke interface. In its calculations
POISSON creates a triangular mesh that is divided into an upper and a lower triangle group for each cut
along the horizontal axis. These are indicated by the letters ‘U’ and ‘L’ in its output. This is illustrated
in figures 7-10. Figure 7 shows the POISSON output of the predicted field in region of the pole-yoke
intersection for the case of a quadrupole with a yoke thickness of 2.00 in. The values of K and L are the
horizontal and vertical locations, respectively, of the mesh points of the field grid set up by POISSON. They
may be converted to (approximate) z-y coordinates relative to the quadrupole axis by multiplying the K
and L values by 0.075 in. Similar output for the case of a yoke thickness of 2.50 in. is shown in figure 8.

Comparison of these figures shows that, as one would expect, a quadrupole with a yoke thickness of 2.00 in.
is predicted to have a slightly higher concentration of flux at the intersection of the pole and the yoke than
is predicted for one with a yoke thickness of 2.50 in. However, this is a local phenomenon and, in either
case, is not predicted to exceed 16 kG. Similarly, the field in the yoke of a quadrupole with the thinner
yoke is predicted to be 10 kG, a value approximately 20% higher than that in a quadrupole with the
thicker yoke. Again, however, this value is relatively low. The predicted fields in the pole are seen to be
approximately the same—as one would expect because the pole thicknesses are the same for each case. It
is for this reason that it was concluded that it is not necessary to construct the poles with sloped sides.

Figure 9 shows the POISSON prediction for the fields in the iron in the region of the pole tip for a quadrupole
with a yoke thickness of 2.00 in. A similar prediction for a quadrupole with a yoke thickness of 2.50 in. is
shown in figure 10. As is indicated in these figures, the field in the iron at the pole-tip is approximately
4.5 kG along the pole edge.

Figure 11 shows a contour plot of the predicted fields in the pole and yoke of a quadrupole with a yoke
thickness of 2.00 in. A similar plot for a quadrupole with a yoke thickness of 2.50 in. is shown in figure 12.
These diagrams were produced using the program PLOTDATA 6) with input taken from POISSON output.
It is seen that, except for regions around the pole-yoke interface, that predicted fields in the iron are
relatively low. These figures show the increased flux concentration in the yoke of a quadrupole with a yoke
thickness of 2.00 in. relative to that in the yoke of a quadrupole with a yoke thickness of 2.50 in. Again,
however, the field in the yoke of the quadrupole with a thinner yoke does not exceed 11 kG on average.

Finally, figures 13 and 14 show the predicted field in the gaps of the quadrupoles. Clearly, there is little
difference predicted. In each case, a field of 3.0 kG is predicted at a radius of 2.75 in. from the quadrupole
center. The ‘squiggle’ of the 3.25 kG contour near the 45° symmetry line results, I believe, because of the
proximity of the contour interval to the iron of the pole. Regardless, a specified pole-tip field of 3.0 kG is
requested and it is clear that this can be attained with either yoke thickness.

10. Discussion

This report presents two possible designs for a 6-in. quadrupole for the DRAGON facility. The designs
differ only in their yoke thicknesses.

A design with a yoke thickness of 2.00 in. would be the slightly less bulky and have a slightly smaller
footprint than that with a yoke thickness of 2.50 in.
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Table 3 summarizes the parameters of these designs. If space considerations are of importance, quadrupoles
should be constructed with yoke thicknesses of 2.00 in. If, however, an extra inch of width and height do
not constitute a problem, it is recommended that they be constructed with yoke thicknesses of 2.50 in.

In this study other coil configurations were considered. In particular, a 6 X 6 x5 x5 x4 x 4 X 3 configu-
ration was studied. It was found that this coil configuration required the same amount of copper as did
the 7x 6 X 6 x5 x5 x4 configuration. The yoke width of a quadrupole constructed with the former coil
configuration was slightly smaller (17.2554 in.) than that of one constructed with the latter coil configu-
ration (17.2927 in.). Because the 7 x 6 x 6 x 5 x 5 x 4 configuration is more compact and there was little
difference in the quadrupole size, that coil arrangement was chosen.

It is to be remembered that quantities of copper and iron noted in this report are estimates only. Exact
quantities will be determined in the engineering design from ACAD studies.
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title

Table 1

POISSON input for a quadrupole a yoke thickness of 2.000 in.

DRAGON Q3 at 10,500 At with 7x6x6x5x5x4 array — 1998/08/04 - 0.3648 conductor - 2.0 in yoke

run
pois

mode 0
xmax= 12.00
ymax= 6.75
xmesh 0.075
ymesh 0.075
symm=4
nseg 4
conv=2.54
matpro 1
zseg

rseg

nseg 6
conv=2.54
zseg

rseg

cseg

matpro 2
nseg 10
matpro 1
conv=2.54
zseg

rseg
current=10500.
nseg 2
matpro 1
ibound=0
conv=2.54
zseg

rseg

nseg 2
matpro 1
ibound=0
conv=2.54
zseg

rseg

nseg 2
matpro 1
ibound=1
conv=2.54
zseg

rseg

kbot=1
Ibot=1
ltop=62
fieldmap 2
begin

end

2.2097
2.2097

5.116
1.015

11.8743
1.4142

10.4601
0.

10.4601
0.

4.9081
1.1605
3.5940

5.407
0.725

6.6442
6.6442

6.6442
6.6442

11.8743
1.4142

11.8742
1.4142

7.1037
3.3561
0.

5.703
1.022

6.6442
6.6442

10.4601
0.
0.

6.284
0.441

11.8743
1.4142
0.

6.581
0.737

6.6442
6.6442
0.

7.161
0.157

7457 T7.748
0.454 0.163

8.934
1.350

7.192
3.091
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Table 2

POISSON input for a quadrupole a yoke thickness of 1.700 in.

title

DRAGON Q3 at 10,500 At with Tx6x6x5x5x4 array — 1998,/08/04 - 0.3648 conductor - 2.5 in yoke
run

pois

mode 0

xmax= 12.30

ymax= 7.10

xmesh 0.075

ymesh 0.075

symm=4

nseg 4

conv=2.54

matpro 1

zseg 0. 10.4601 12.2278  6.9978

rseg 0. 0. 1.7678  6.9978

nseg 6

conv=2.54

zseg 2.2097  4.9081  7.1037 10.4601 12.2278 6.9978
rseg 2.2097  1.1605  3.3561 0. 1.7678 6.9978
cseg 0. 3.5940 0. 0. 0. 0.
matpro 2

nseg 10

matpro 1

conv=2.54

zseg 5.116 5.407 5.703 6.284 6.581  7.161  7.457 7.748 8.934 7.192
rseg 1.015 0.725 1.022 0.441 0.737  0.157  0.454 0.163 1.350 3.091
current=10500.

nseg 2

matpro 1

ibound=0

conv=2.54

zseg 0. 6.9978

rseg 0. 6.9978

nseg 2

matpro 1

ibound=0

conv=2.54

zseg 12.2278  6.9978

rseg 1.7678  6.9978

nseg 2

matpro 1

ibound=1

conv=2.54

zseg 10.4601  12.2278

rseg 0. 1.7678

kbot=1

Ibot=1

ltop=62

fieldmap 2

begin

end
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Table 3

Summary of quadrupole parameters for the different yoke thicknesses

Parameter Yoke thickness
2.00 in. 2.50 in.
Conductor:  OD (in.) 0.3648 0.3648
ID (in.) 0.2040 0.2040
Copper area (in.?) 0.0973 0.0973
Cooling area (in.?) 0.0327 0.0327
Weight (Ib/ft) 0.376 0.376
Resistance at 20° C (u2/ft) 83.70 83.70
k (British units) 0.0232 0.0232
Coil: Number of turns 33 33
Number of layers 6 6
Nominal width along yoke (in.) 2.450 2.450
Nominal height along pole (in.) 2.900 2.900
Length per coil (ft) 115.0 115.0
Weight per coil (Ib) 45.0 45.0
Weight per quadrupole (Ib) 180.0 180.0
Resistance per coil (hot) (m€2) 11.28 11.28
Coolant flow rate (ft/sec) 1.11 1.11
Volume per coil (USGPM) 0.11 0.11
Pressure drop per coil (psi) 3.21 3.21
Iron: Yoke thickness (in.) 2.000 2.500
Yoke width (in.) 16.793 17.293
Yoke length (in.) 10.700 10.700
Pole radius (in.) 3.594 3.594
Pole width (in.) 5.300 5.300
Overall pole height (in.) 4.271 4.271
Weight (Ib) 660. 780.
Power: Current (A minimum) 325. 325.
Voltage (V minimum) 17.5 17.5
Power (kW minimum) 5.7 5.7
Quadrupole:  Aperture (in.) 6.250 6.250
Width (in.) 26.577 27.991
Height (in.) 26.577 27.991
Length (in.) 16.000 16.000
Assembled weighti (Ib) 840. 960.

1 Excluding power and coolant connections.
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Dimensions in inches

DRAGON 6—in. quadrupole: 33 turns 0.3646—in. square conductor
7x6x6x5x5x4 conductor array
0.250 inch pole—coil gap
0.125 inch yoke—coil gap
2.000 inch yoke thickness
3.594 inch pole radius

Fig. 3. Dimensions of an octant of a quadrupole with a yoke 2.00 in. thick.

Dimensions in inches

Fig. 4. Overall dimensions of a quadrupole with a yoke 2.00 in. thick.
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Dimensions in inches

DRAGON 6—in. quadrupole: 33 turns 0.3648—in. square conductor

7x6x6x5x5x4 conductor array
0.250 inch pole—coil gap
0.125 inch yoke—coil gap
2.500 inch yoke thickness
3.594 inch pole radius

Fig. 5. Dimensions of an octant of a quadrupole with a yoke 2.50 in. thick.

Dimensions in inches

Fig. 6. Overall dimensions of a quadrupole with a yoke 2.50 in. thick.
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7. POISSON prediction along pole-yoke interface of a quadrupole with
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8. POISSON prediction along pole-yoke interface of a quadrupole with a yoke thickness
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Fig. 9. POISSON prediction along pole face of a quadrupole with a yoke thickness of 2.0 in. The nominal
pole-tip field is 3.0 kG (10,500 A-t).
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Fig. 10. POISSON prediction along pole face of a quadrupole with a yoke thickness of 2.50 in.
nominal pole-tip field is 3.0 kG (10,500 A-t).
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Contours in kG

DRAGON 6—in. quadrupole: 33 turns 0.3648 inch—square conductor
7x6x6x5x5x4 conductor array
0.250 inch pole—coil gap
0.125 inch yoke—coil gap
2.000 inch yoke thickness
3.594 inch pole radius

Fig. 11. POISSON prediction of the field in the iron for the upper triangle group of a quadrupole with a
2.00 in. yoke thickness.

Contours in kG

DRAGON 6—in. quadrupole: 33 turns 0.3648 in.—square conductor

7x6x6x5x5x4 conductor array

0.250 inch pole—coil gap
0.125 inch yoke—coil gap
2.500 inch yoke thickness
3.594 inch pole radius

Fig. 12. POISSON prediction of the field in the iron for the upper triangle group of a quadrupole with a
2.50 in. yoke thickness.
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Fig. 13. POISSON prediction of the field in the gap of a quadrupole with a 2.00 in. yoke thickness.
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Fig. 14. POISSON prediction of the field in the gap of a quadrupole with a 2.50 in. yoke thickness.




