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• 

It is well known that phase stabi1i ty and first-order focusing are incom

patible in a simple linear accelerator without foils or grids in the path of 

the particles.(l) However, various attempts have been made to design more com

plicated field shapes and time variations that will circumvent this limitation. 

A gen·eral proof that the 1imi tation ex:i sts in ail cases was made by the author 

in 1945 but wa.s not published at that time. This proof is given below. 

A particle of charge e moves parallel to the z-axis with velocity v and 

is acted on by fields ·E and H.P which are periodic in time and nearly periodic .., .., 

along the·z=axis. The time period is T and the corresponding repeat length 

L is equal to vT o Changes in velocity and direction during one repeat length 

will be neglected$ this is What we mean by the tenn "first order." The time 

corresponding to the position z is then given by t 0 + z/v, where t 0 is an 

arbitrary starting time. 

The focusing effect depends on the x andy force components Fx and Fy• 

· whose mean values are given byg 

L 

(e/vT) j [Ex.- (v/c)IIy] F "" dz., 
X 

0 
(1) 

L 
-

(e/vTi [!y + (v/c)HJ Fy ""' dz, 

the field components being evaluated at the position and correspond:i.ng time 

(1) See for example Jo Co Slater., Revo Modo Physo 20 9 473 (1948) 
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of the moving particleo If the line of motion is chosen so that both th~se 

forces vanish. the restoring force constants toward this line are: 

(2) 
·. 

From (1) and (2) we getg 
. . rL 

kx + ky = (.e/vT?Jo [ - (a Exf~ x + ?YE/e y) 

+ (v/c)('OH/'3 x -oHj(}y)] dz. . {3) 

With the aid of the Maxwell equations div E = o. curl H = (1/c:SE:/at. 
,_ """ -

this becomes: L 

kx + ~ = (e/vT) I [ OEjaz + (vje2)aE,jat] dz 
0 

(4) 

Finally. since '0 /a z = d/dz - (1/v) '0 I 0 t. we can write: 

L 

icx + ky = (e/vT) [Ez]: - (e/v
2
T)(l - v

2je2) ~· ( aEzlat) dz. (5) 

Next consider the energy gain ~W during one periodp given by: 

. - L 

6W = e J Ez dz. · (6) 
·o 

·'· This depends on the starting time t 0• and its rate of change with t
0 

is: 

L 

d(Aw)/dt .., e} (o E /o t) dzo (7) 
0 z 

0 

Combining (5) and (7) 11 we obtain the relatiom 

kx + ky = (e/vT) [Ez]L = {l/v2T)(l ~ v2/c2)d{l~W)/dt0 
0 . 

(8) 
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Now11 in order to have phase stability, d(6W)/d.t
0 

must be positive, since 

an increasing t
0 

means that the particie is too slow and therefore has an 

energy deficiencyo In order to have focusing 11 both kx and ky must be positive; 

this is clearly incompatible with the above requirement unless some help is ob-

tained from the first term on the right of (8) o This term depends on the dif .. 

ference in Ez experienced by the particle· on leaving and entering the repeat 

length, and is obviously zero in the absence of foils or gridso With a foil 

placed so that the field strength on orie side is zero 8 it is determined by the 

field strength on the other side at the instant the particle enters the foil. 

(The r~eat length must be taken as ending at the foil, sin?e the field equa

tions used are not valid inside a conductor o) In the case of a grid., the ef-

feet is essentially the same, even though there is no field discontinuity 

through a grid opening; the focusing force can then be considered as ~r:l.sing 

from the charge lying between the equilibrium path and the displaced path. 

Th:i.s work was sponsored by the Atomic Energy Commissiono 

Infonnation Division 
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