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DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
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infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
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reflect those of the United States Government or any agency thereof or the Regents of the
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Use of alternating gradient focusing in ion optics is discussed
by Courant, Livingston, and-Snyderl by analogy to lenses for light.
Equations are given.in terms of :fo"cal length and positions of. prin_ctple;
planes. A numerical example is oalculated;inv reference 1 for 4 Mev
protons. Our Fig. 1 shows trajectories for the conditiorls‘ chosein‘in .
this .example. “Since the x and 'y focal lengths are equal and the dis-
tance betweeh x and y principle planesis compara.ble to the focal length,a‘i -
the area of parallel beam is not reduced by such focusmg _ '

Two arrangements are shown in Figs, 2 and, 3 for focus1ng a
- parallel beam to a point, For non-parallel rays, the.focused spot di-- :
mensions are shown as a function fof incident angle. |

In October, 1952, it was decided to install electrostatic alter-
nating gradient focusing lensés in the drift tubes of the Berkeley 31 Mev
proton linear accelerator. To simulate focusin_g, in the first four drift
tubes of the linear accelerator, the arrahgem’ent of 'Fig‘ 3 'was chosen
but with axial spacing between electrodes because of the accelerat1ng .
gaps between drift tubes F1gures 4 and 5 show the arrangement which
was tried experimentally. o . L N

The 4 Mev proton beam from the Van de Graaff generator was
.sent through the 40 foot linear accelerator with rf power off and was
.focused by the electrodes onto a quartz: d1sk at the back of a current cup.
The Van de Graaff beam was a.3/4 inch diameter circle on entering the
lens. As the electrode_yoltages were raised the blue spot on the"duartz

changed from a circle to a progressively smaller ‘recta,ngle. At the

1. E..D. Courant, M. S, L1v1ngston, and H. ‘S..Snyder, Phys ‘Rev. 88,
1190 (1952) ' : -
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calculated.voltage the sPet became too small to judge its size by eye and
the quartz glowed a brilliant white. Continued increase in voltage pro-
duced a progress1vely larger rectangular blue spot . The hole melted in
the quartz by the beam was about 0. 02 inch in diameter.
If there were no axial gaps between electrodes, as in F1g 3, the
voltage, V, from each electrode to ground would be calcula.ted as follows.
(The x plane passes through center of opposing hyperbolas.) The differen-

tial equation of motion is!
dx+w2x_0 B .A
: c et

wt
+c2‘e.

is negative, and
. . N - x
w — =
cos t, T, C

when w
X = c3ls1nwt +’c4
The force constant is glven by

It hasAsol'ution.sv x=c e
3 cos wt - c4-s1n w,t _

&

2. ‘ps
is positive.

2 _ e dEx
B W . T m a; ‘
If electrode lengths are chosen as indicated in Fig. 3, then
2
v\ ‘

N T
RN e »

when W

4 s | v
and , -
- dEx myv o
Let. ZR = spac1ng between centers of hy-perbohc poles. Then
2
/R <___zs xdx =+ BT dEx
, 2 dx.

‘*(> <:e‘1‘> (

Our Values were:
R = 0.394 inch
21 =5.5 inch

=4 x 106-'volts;
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V =+ 12.6 kv to ground. To compensate for axial gaps, trajectories were

plotted for various values of wz

and by trial and error a value of

-V =% 22 kv to ground was found to fvvocus parallel x and y rays to a point.
If i'nag,nets were uged, the ampere turns per pole would be cal-

- culated as follows. (The x plane is plane of symmetry between adjacent

hyperbolas; the r plane passes through.centers of opposing hyperbolas. }

| - \q/ )

‘my dx ' dx

o () ()

i’l’_l'_ NI: lR Brdr; X = r : d.EY__: d_li}_‘.

;10 V2 dx . dy
R ) o |
4" NI = (‘E’l [ rdr = 2 9BY (4 Rincm.)
‘10 dx 2 dx
NI = 0. 245( ) mv‘ —_— = Bp of partlcle (p in cm) .
T, e

To focus 31 Mev protons, let R = 3/4 in., 11 = 6 in., Bp = 0.8 x10® gauss-
cm, NI =.3060 ampere turns per pole. If ‘k‘l consists of a 4 in. electrode
and 2 in, half-gap, from F1g 6 the correction factor is 1.08. Assuming
30 percent of the pole flux is stray f1e1d -NI =1.08 %x.3060 x 1/0 70 =

4700 ampere turns per pole. Figure 7 shows a magnet built according

‘to this _vdesign,for reducing the area of the 31 Mev proton beam from the

linear accelerator. This magnet has not been tested at this writing..

Information Division
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