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Use of alternating gradient focusing in ion Optics is discussed 

by Courant, Livingston, and.Snyder 1  by analogy to lenses for light. 

Equations are given in terms of focal length and positions of principle 

planes. A numerical example is calculated in reference 1 for 4 Mev 

protons. Our Fig. 1 shows trajectories for the conditions chosen.in 

this example. ....Since the xand y focal lengths.arè equl and..the dis -  

• 

	

	tance between x and y principle planes. :5 comparable to the focaL length,' 

the area of parallel beam is not reduced by such focusing. 

Two arrangements are shown in Figs, 2 and3 for focusing a 
• 	. parallel beam to . point. For non-parallel rays, the foçuse.d spot.di- 

mensions are shown as a function of incident angle. 

In October, 1952, it was decided to install electrostatic alter-

nating gradient focusing lenses in the drift tubes of the Berkeley 31 Mev. 

proton linear accelerator. To simulate focusing. in the first four drift 

tubes of the linear accelerator, the arrangement Of Fig. 3 was chosen 

but with axial spacing between electrodes because Of the accelerating 

gaps between drift tubes. Figures 4 and 5 show the arrangement which 

was tried experimentally.  

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 disk at the backof a current cup. 

The Van de Graaff beam was a. 3/4 inch diameter circle on entering the 

lens. As the electrode voltages were raised the blue spot on the quartz 

changed.from a circle to a progressively smaller rectangle. At the 

1. E. . Courant, M. S. Livingston, andH. S... Snyder, Phys. . Rev, 88, 
1190 (1952)  
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calculated voltage the spot became too small to judge its size by eye and 

the quartz glowed a brilliant white. Continued, increase in voltage pro - 

duced a progressively larger rectangular blue spot The hole melted in 

the quartz by the beam was about 0. OZinch in diameter. 

If there were no axial gaps between electrodes, as in Fig. 3, the 

voltage, V. from each electrode to ground would be calculated as follows 

(The x plane passes through center of o.pposing hyperbolas.) The differen-

tial equation of motion is 

+ W 2 x 0, 

-wt 	x 	&Jt 	wt It has solutions x = c 1  e 	+ c 2.e 	; 	= c1. e 	- c 2  e 	 . 

when W
2 
 is negative, and 

x c3 sin.c)t + c4  cos W t;, 	= C 3  cos 4)t - c4  sin )..t. 

when 
2 
 is positive. .The force constant is given, by . 

2 	e dE x . . 	. 

If electrodelengths are chosen as indicated in Fig. 3, then 

2 . 	 .
. 	 ., 	 .. 

= (,j  
4 	 V' 	i 

and 
.2 	.2 

dE = 	 my 

dx 	L44) 	e 

Let ZR = spacing between centers of hyperbolic poles Then 

v = 
± 1R 

(dEx)x dx .= * .__ 

22 

= ±! 
	

2 

Our values.were: 

R=0.394inch 

- 1 5.5inch 

.2 	 . (nv 	
4 x 100  volts. 

Ze) 
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V = ±12.6 kv to ground. To compensate for axial ga., trajectories were 

plotted for various values of w 2  and by trial and error a value of 

V = ± 22 kv to ground was found to focus parallel x and y rays, to a point. 

If magnets were ued, 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.) 

2 	dBy 	dBy = 	my 

my dx 	dx 

B- ' 1 (dBy' + 1 	(dB, 
r v \dx 1 	i " dy' 

NI = 
	

Br dr; x = -s--; 4x = dBx 
10 	 rr dx dy 

R 
4rr 	fdBv\ ( 	 R" dBy 
- NI = ----; 	rdr = - 	.(x, R in cm.) 
10 	\dx 	) 	2 dx 

NI = 0. 245) 	-_ = Bp of particle (p .in cm). 

To focus. 31 Mev protons, let R = 3/4 in. , 	= 6 in., Bp 0.8 x 106  gauss- 
cm, NI = 3060 ampere turns per pole. If 	consists of a 4 in. electrode 

and 2 in. half-gap, from Fig. 6 the correction factor is 1. 08. Assuming 

30 percent of the pole flux is stray field, N.I = 1. 08 x...3060 x 1/0. 70 = 

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

to this.designfor reducing the area of the 31 Mev proton beam from the 

linear accelerator. This magnet has not been testè.d at: this writing.. 

Information Division 
.3/5/53 	 nw 
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2.6 
C1  IS THE RATIO BY WHICH dE/dX OR dH/dX MUST BE 

.4 

	

	MULTIPLIED TO COMPENSATE FOR THE AXIAL GAP, G, 

BETWEEN ELECTRODES SO THAT A RAY ENTERING 
2.2.

PARALLEL TO THE AXIS WILL CROSS THE AXIS 

AT 41 1  
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