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the  purpose of exte as f a r  as possi 
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as a means of reac 
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than t h a t  of' the electron l i n e  
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charges, and the  

The general f i e l d  gem 

avi ty  excited i n  t 

es, etc. The 

g faces BB (see Figs. 2 a Is. such a picture 

i f  eacb successive cell. were ident e previous one; ho 

the  p ive change in p corres the gain i n  energy, 

dis t r ibut ion of t h e  actual  acceler o t  be e x a c t l y t h a t  

t o  the dist r ibut ion if  the walls actual ly  present, For 

design, however, experimental an 

st ructure  models a re  en t i r e ly  adequ 

- 

* 
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8 
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ivity cr 1) and where Qo 

structures and t o  estimate t h e  voltage gain as a function of  powe 

i s  therefore necessary t o  evaluate t impedance per un i t  
t 

cavi ty  re la t ive  t o  

as given above. 

gnetic f i e ld  B acro 
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the accelerator 

t cells, a defini on has t o  be maae pe 

agnetic f lux  plots,  

therefore voltage gain per uni he magnetic f i e l d  

percent from the in jec  
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We express the ax ia l  e l e o t r i  llow cavity as) 

E, = Jo(k,r) 

s t  sa t i s fy  the 

, 

dary conditions a re  intr ugh the  requirement t 

ces (tangential e l e c t r i c  f i e l d  = 0 or). This requireme 

Eq. (11) in to  the  problem. 

ion of t h e  probl coeff ic ient  En 
ficient Pi = Pn; a c an nth harmonic 

The magnitude of  is re hat  of Pn by the equa 

where I? is t h e  'electrical  length" of the cavity, L / h .  To show the re la t ion  

between f i e ld  d is tor t ion  end mode sep 

ed with Eq. (lo), t o  yield: 

long cavi t ieso 1 
B is 8.5 fo r  the present ace 

550 Pn 

i o  tuning error  

coefficient . 
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perturbed “zeroth modee f i e l d  pa . 8a). This f i e l d  pa 

analyzed, and the coefficients 6 termined. From Eq. (16) 
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yielded df/d&, the  variation i n  

ion of e (Fig. 8c)o 
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error  curve.* Mec constructed h i s  

d’inserted under the s of the indivi  ubes. 
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very nearly so, b u t t h e  constant t i o n a l i t y  changes s l o  
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over the t o t a l  volume of 2 H2 and E a re  normalized t o  
-4 

? 
If the measurement is mad 

n a stretched thread, 

111, B m  DYNAMICS* 

(1) General Equations of Xotion, A ~ par t ic le  of oharge e and mass traveling - 
i n  the l inear  accelerator, i s  aated on by both rad ia l  and longitudinal forceso 

The longitudinal forces are  due t o  the axial  omPoLent of t he  radio frequency 

e l ec t r i c  f i e ld ;  the transverse forces a re  due t o  a) t he  transverse radio frequency 

e l ec t r i c  f i e l d  and b) the  e f f ec t  of the  radio frequency magnetic f ie ld ,  

i 
- 

* 

In order t o  know the  motion precisely, the  e l e c t r i c  f i e l d  components E,(r,z,t), 

For a sinusoidal 

5 

\ 

Er(r, t , t)  and the r,f, magnetic f i e l d  B ( r , t , t )  have t o  be knotam, 

time var ia t ion the equations of motion are: 
B . T  





.+ - In order t o  simplify the discussion we w i l l  assume t h a t  t he  machine is - 

constructed so t ha t  f o r  oertain oonditions the  phase he par t ie le  * 
a t  each gap i s  independent of n. ole  i s  calJed a syn r t i c l e  

- 
and a l l  quantit ies associated w i  

be denoted by a subscript  so The 

ail1 b 

--? 

e angle 5, is ea l l e  
* 

3' - 
* I  

phase. In principle, the  machine e designed t o  have a ronous par t ie le  

without knowing the  motion; t h  o t  be determfned w i  owing t h e  

f i e lds  i n  the  machine, In par t ic  f ract ional  velocity change per gap 

i s  1 design can only be ccessive approxima 

A= free space wave length. 

The synchronous par t iole  sill increase i t s  t o t a l  r e l a t i v i s t i o  energy byr I 

- 

Bs i s  the synchronous velocityo In general, using the def ini t ion of the 

e l ec t r i ca l  center, we can write Eq. (z7> ass 

is the  mean effect ive f ie ld ,  miit 

i s  the " t rans i t  time factOro(B For a "square mwe" f i e l d  whioh is uniform i n  

the gap and zero in the d r i f t  tubesr 
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. .; 

What length of such an accele 

depends of course on the  toleranoes 

which can be held. We sha l l  show la  

depend on the number I? = n+no 

including the b j e c t o r ,  A li 

sense of requiring s t a b i l i t y  

be considered "long" in  

jection conditions, v o l t  radient, etc., 

a t  the periods of t he  various osci l la t ions 

e f fec t ive  number of d r i f t  tubes 

of this type is  thus "longa in the 

e inject ion momentum by a large 

A large inject ion voltage tends t o  make an acceler 
- 

Rshortou 

ase 8 t ~ ~ b i l i t y  is  produced acoelerator i f  a l a t  

he case of a l inear  ao a large degree of acaeleration, Th 

t h a t  the par t io le  would t raverse  h gap at a time 

. is  inareasing.* Specifioally, i t i o n  f o r  phase s t a b i l i t y  

E,(e,t3t) ist 

A[(EsG, a *  * H> dz) > 0 

The condttions fo r  radial s tabi l i ty  a re  more complicated. Focusing is obtained 

by t h e  following mechanismst 1) veloci focusing, sometimes cal led e l sc t ros t a t io  

or seoond order focusing, 

or currents contained within the  beam. 

2) phase foousing, 3) focusing produced by charges 

be 

If no oharge i s  contained in the beam, a par t ic le  crossing a g 

Incompatibility of simultaneous radial  and phase s tabi l i t  

as many l h e s  direoted towards the as away from the aXiS0 

momentum its thus produced if: a ole  ohanges i ts  ve l  

the gap, and b j - i f  the f ie ld  var 

A 

. The former mechan 

oormts Por the focusing rogtat io  lenses. fn t h  

e f f ec t  i s  important only in the aps of a maohine w 

energyo The second effeot  rapid1 es dominant i n  the  l a t e  

c lear  that the oondition fo r  phas using is  t h a t  t h e  f i e l d  b 

* 
mote t h a t  this i s  the  inverse o ion pertaining t o  

i rcu lar  accelerator. - 
I 
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radial osc i l la t ion  i n  t h e  phase reg 

Fig, 13 show8 the region of stab1 

the  motion i s  completely s table  

i s  ineffective, An asymptotic so lu t  be obtained 

fo r  large n. 

and phase s t a b i l i t y  f o  

P 1/4 e? 
rn Bn 

~~ 

Hen-relativistically one can obtain exactly: 

L 

T h i s  has been plotted for  no 
*s 

= 24 and various values of in Fig. 14, 

The effects  of small angle*multiple scat ter ing i n  t h e  case of f o i l  focusing 

have been t reated by Serbere8 The limit on the transparency of the gr ids  which 

can be used is s e t  by the f ie ld  conoentration on the grid wires. 

de F'hase oscil lations.  

The nature of t h e  phase osci l la t ions has been investigated analyt ical ly  

and the  following expressions have been obtained which describ 

in the non-relativist ic and extremely r e l a t i v i s t i c  ranges; 

#nz 'mfi 1 COS ( E+&) 

$not cos 2 (JGzz$- /liJA ) x-1/2 + 6 

T l  Tl 
-z,cotL,e 

where G = 1 

S 
1 

where $6 = 5, = I ,  

483, 26 

as demanded by t h e  a&$mptotic con 





UCRL vised 

s t e e l  bar which can r o l l  eas t  1 plate  tha t  i n  turn i s  fastened 

oncrete f looro The uest  sts on two s imilar  bars 

2-foot long bars a re  s some rotat ional  s t a b i l i t y  t o  the  

keep the tank from f a l l i n g  over, but additional s t a b i l i t y  against rotat ion is 

provi 

so that it can expand f ree ly  with 

rest ing the pwnp manifold on the floor. The tank is thus mounted 

changes . 
The resonant cavity is a l so  so that  it is free t o  

contract w i t h  temperature changes 

southeast and s o u t h e s t  borners 

east-west a r e  mounted a t  the he 

center of the tank there is a simil  d with i t s  groove oriented north-south. 

The l i n e r  is not suf f ic ien t ly  r ig id  t 

so 15 spring loaded pads w i t h  hardened f l a t  ground surfaces a re  equally space 

around the sides of t he  tallk t o  d is t r ibu te  the support points. 

there are  3/8 inch bo l t s  with hardened s t ee l ' ba l l s  soldgred t o  the ends 

the resonant cavity is supported a t  18 points, of which three constrain i ts  

position and motion. 

t h a t  the s t e e l  vacuum tank warped i n  places as  much as 1/2 ineh when the  l i d  

was raised and lowered. 

between liner and tank, iOeO, refo transmission l ines ,  water oooling l ines ,  and 

end tuning motors, a re  indioated elsewhere i n  t h i s  report. 

On t 

This elaborate mounting was ins ta l led  a f t e r  it was noticed 

Methods of accommodating for  t h i s  warp in the attachments 

The tank, opened by the hydraulic lif'ts, is s h m  in Fig. 16. 

e leo t r ica l  functions of the l inear  accelerator resonant cavity,ca;mexthe need 

f o r  the design of an accurate, r igid,  and l i gh t  weight tubular l ining f o r  t he  
r 

This "liner. became a 

age of frame, s t r inge  

ure basical ly  similar t o  

surfaces were on the inside.  Since it uas desired t o  avoid c i r c  

the sheet, rfaces, and s- the cross section was co t 
6481 d g  
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Vertical  aluminm braces a re  a t  d between the end of the 

"end tuneru structure,  t o  provid t o  the  tuner. An end consists 

of a d r i f t  tube extending into t cavity &om t h e  end of t h e  liner, 

leading t o  a motor outside the  vao 

this dr i f i  tube and the  end of the 

. Electr ical  contact is  made between 

means of a t ight f i t t i n g  

- . with length controllable by a wo ich is  driven by a flexible shaf t  4 

* 

col la r  of silver-plated s t ee l ,  f i t t i n g  around the d r i f t  tube, and bolted t o  

the l iner.  The west end (entrance) tuner d r i f t  tube i s  4.750 inches diameter, 

and adjustable in  length from 2 inches t o  4 inches. The eas t  end tuner d r i f t  

i tube is 2.75 inches diameter an s t o  7 inches long. 

D r i f ' t  Tube Construotion t. The d r i f t  tubes a re  b 

cylinder of variant length and diameter, supported by a single stem endicular 

t o  the l i n e r  axis a t  the center l ine  of each d r i f t  tube. 

varied from 4-3/4 inches t o  2-3/4 inahes, the f irst  eleven d r i f t  tubes being 

The d r i f t  tube diameter - 
i II  I I  

constant a t  4-3/4, and the  remaining 35 d r i f t  tubes diminishing t o  2-3/4, i n  

s t e p s  of approximRtely sixty-thousands of  an inch. The d r i f t  tube lengths vary 

from about 4-3/8"for t he  first d r i f t  tube t o  11 inches f o r  the l a s t  d r i f t  tube. 
* 

The d r i f t  tube body is made of a copper tube, with the end a t  the  beam e x i t  

made from a copper plate  hard soldered into the tube, and with B threaded ring $ 
8 

i n  the opposite end. 

receives a grid holder, 

formed by a brass t a i l  tube about 3 inches in length, and varying 

i m i d e  diameter t o  1-1/2 inches inside diameter, for  the range of 

sizes, 

threaded cap was original ly  designe 

a f t e r  the grid holder had been inse 

Into t h i s  threaded r ing i s  screwed a cap, which i n  turn  

The exit  end of the d r i f t  tube has a re-entrant opening, 

a 

A l l  external edges a re  uniformly rounded with a radius of 3 

e screwed in to  t h e  d r i f t  t 

rom the inside. On the i 

- 

- 
serious sparking was found t o  have oc d across the contact surface b e h e n  

the drif ' t  tube cap and body, even though special  e f f o r t  had been taken t o  
.-  
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f 
i x  

1 

i s  soldered t o  t h e  end plates  of the 

t h i s  manifold radial  tubes lead t o  

soldered t o  each liner panel3 thus, 

these long tubes i n  paral le l ,  in c 

through the d is t r ibu t ion  manifold, 

and out through a discharge lead a t  

on both top and bottom .. 
t 

on the ends of the 

f 

pposite end of the tank 

c i r cu i t s  are  maintained fo r  the upper lower par ts  of the l i n e r  

The d r i f t  tubes a re  a l so  cool 

Two tubes are  supported in opening 

r a l l e l  by a th i rd  w a t  

as  supply header, and the other as collection header. These tubes have nipples 
--..A 

hard soldered t o  them adjacent t o  each d r i f t  tube, into which the 1/4 lpch 

copper tube passing through the  d r i f t  tube stems are  soldered., odnc i 

the water a t  one end of the tank and removing it frum-the other, the  cooling 

By 

* 

water pressure drop through each paral le l  flow path is maintained the same. Checks - 

upon the operation of the para l le l  flow system are  made by putting hot water 
a 

through the ' l ines ,  and feel ing a l l  the tubes t o  see that they a re  receiving t h e i r  
* 

quota of 'mrater, and t h a t  no obstructions ex i s t  i n  the individual c i rcui ts ,  

(6) Grids., As was shown i n  Section I11 of t h i s  paper, rad ia l  focusing and 
- 
t - 

phase s t a b i l i t y  can only be aahieved in  the  machine by introduoing 

the beam; i.ea, by.arranging the  entrance end of d r i f t  tubes so t h  
* 

Jines terminate within the beam. This was first done by putting 
- 4  

nch%hick beryllium f o i l s  across the entrance of each d r i f t  tube. 

:s *-. - e  - . sparking i n  the tank destroyed them, and grids were used instead. o f  
,2:5 

- 

course, grea r f i e ld  Concentration on grids than on f l a t  foi ls .  
4 

ion, if one considers a g to be merely a f o i l  with - 

out, the f i e ld  is increased by a factor equal t o  the r a t i o  o f t h e  t o t a l  I 

area t o  the  area ocoupied by conductors, since the same number of 1 

end on the  conduatori but on 8 smaller area. 
81, 3 2  



e flat sides o 

pliers e copper 



In practice, 

We t es ted  several 
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grids e l e o t r i  had not been etched, could not 

.e 

we do not believe t h a t  the etching procedure r 

. - 

f ind any signif icant  difference 
. 

The 15 cycle r.f. pulses p r  * 

d r i f t  or 4 sm/cm2 on the  . This pulsed force is  sufficient 

t o  loosen the grid holders, so s 
5 

tubes. 

( 7 )  Radiation Shielding. The radiation around the  1 

has been investigated t o  determine i ces and energies. 

almost en t i r e ly  from x-rays produced by electron bodxrdment of 

ends. These sources were detennined 

F. 

the x-rays near the exit end of t 

measureqents t o  be up t o  2 Xev, corresponding t o  electrons passing through one 

o r  two gaps between Bo. 45 d r i f t  tube and the end of the  l iner.  

r a to r  were found by absorpt - 
i - _  - 

One-half inch of lead shielding hung on frames near the  sides and top of . 
the 

the  

f o r  

l i n e w  m o d e r a t o r  has reduced t h e  x-ray aevel, measured om 

machine, t o  -10 MR/hr. The shielding has many openings 

smission l ines,  and a four-foot wide space below 
sz 

there is scattered radiation throughout the roan. The leve l  30 feet from the 

* 
which the  inside of the liner can be viewed. a 

mer the tank has been 
- 

level is higher by a fac tor  of 

the  r.f. which serves t o  outgas th  

by running hot water through t 

seldom been done. After the a6cele run for  sever 

gassing oan also b 

l ines ,  though t h a t  h * 



6481. 



i 

1 .  
! 

square s t r i p  of s t e e l  tack-welde 

Despite the un-machined flange, 

flange along the vacuum side (Fig, 23). 

rmance of t h i s  gasket has exceeded 

and when the pumps a re  s tar ted,  the external a i r  pressure exerts ample force 

f -* 
I 

t 

. 1  

s 

t o  complete the seal. m e  heads o f t h e  screws a c t  t o  separate the  flanges and 

I prevent them f rom damaging the gasket, 
i 

Vacuum Seals and Joints. 1 t o  t h e  outside of the  radio 

frequency transmission line is made w i t h  a standard 4" diameter rubber ' 0 -  

ring," (see Fig. 25). This seal and the transmission l i n e  a re  ins ta l led  and 

removed t o t a l l y  from the outside of the vacuum tank. nis seal  seldom leaks, 
~ 

d i f f e ren t i a l  thermal expansion between t h e  l iner ,  and the vacuum tank and the . 
Y 

.. , 

warp%g o f t h e  tank due t o  the  change i n  pressure during pump down. . ,-. c 

,Tb dcuum seal  t o  the inner conductor of the transmission l i ne  i s  made 
1 .  , i 

with f l a t  t e f lon  gaskets in  compression between the  insulator  and the copper 
I 

- 

s 4 h i t  make up the transmission line. I 

1 . V o  OSCILLATORS 

The present machine was desi  t o  operate d t h  average voltage 

1 gradient of .90 megavolts per foot,or a t o t a l  end t o  end voltage of 36 mega- 

vol ts  (peak value), 

... 

This d i f f e r s  from the  energy gain (28 Mev) of the par t ic les  

due t o  the operating phase angle and t r a n s i t  time loss. Since the shunt f 

impedance of the l i n e r  on the  fundamental mode is  316 megohms, the radio 

frequency power required by the, 

Since the  machine i s  pulsed nonu f o r  600 microseconds,fifteen t h e s  per 

second, i.e., a duty cycle of 111, the average power is  approximately 20 

f 

r - 
i kilowatts. 4 

f 
J 

i 
9 I 



operation in Oct 

434 tubes, wh 

talled in Feb 

er oscillators 

the correct 

lectron will e electrons 



uc 

such as t o  accelerate them back a 

more electrons. This proces d ly  and can d i s  

amount of energy. With t h e  accelerator 

limits the voltage t o  very l o w  

ap again where 

The straightforward cur e the electron t r a n s i t  

o ra i se  the radio fr 

s in the c r i t i c  

ections by a doc. 

t there are no 

extremely favorable geometry for scharge between d r i f t  

it can be shown tha t  t h i s  gap w i l  

around 2000 volts. In addition t 

be responsible for the discharge. 

The f irst  cure attempted was t o  i so la te  every other d r i f t  tube f'rom ground 

fo r  doc. and t o  apply a bias such as t o  make the  t r a n s i t  time d i f fe ren t  in one 

di f f icu l t ies  in providing a sui table  r 

d r i f t  tube stems,to the liner. 

About t h i s  time t he  problem WEIS solved by t h e  experimental discovery t h a t  

three pre-exciters coupled in  a t  the energy end of t he  l i n e r  

tube spacings are the longest and the most unsuitable for multipactoring) could 

deliver suf f ic ien t  energy (taking advarrtage of t h e  very low group veloci ty  of - 

propagation in the l i n e r  as a waveguide a t  cutoff)  t o  drive the 

up through the multipactor vol ta  

did not have time t o  build up. 

so rapidly tha t  the mu1 

- f, 
The correct  mode i s  selecte  

couple _ -  

i 

c 

6 

t 

s . 

* 
.. 
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Each oscillator unit rests o s partially enclosed by, metal cabinet 
v 

with interlocked doors f o r  pe 

high voltage, air cooling and coniections are ma this cabinet 

and are designed to be quick1 . The "quick disc 
ale0 applied in designing the 'plug 

- 

\. 
onneetion-between the osciilator and the * . 

coaxial tr&smission that feeds 

the liner. 

equency power from 

quick disconnect" f lty oscillator 

approximately five minutes. 

cillator is pre-tes power output of 

of 111, plate voltage 18.5 k ~ ,  overall efficient 

in actual operation it delivers 250 Bar (plate voltage 15 kv): . 

The present oscillator syst 4400 hours of 'beam on" t he 22 months .L 

to lovember, 1952, aompared to 2 

was in use. 

t 

- 
s 

VI. THEPOWE(BrnSTEM 
I 

(1) General Description. Avai 
1.. 

ments and general power requirement ate that the accelerator -L 

as a pulsed machine. 

compromise between cavity build-up time and available energy stor 

The pulse length (600 p set% maximum) is a 
- 

point of view of  minimizing accidental coincidences in coincide 

As h2gh a duty as i s  permissibl considerations is d 
I 

experiments - 

For the parameters involved here,energy storage in rotating machinery is 

not practical. Accordingly, the system adopted is a pulse f o  -L 

transmission line continuously 

f the power supply 

6481 . 4 0  
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To f u l f i l l  these specif icat io  ecided to  use combin 

standard three-phase mercury vapor r ec t  

through a reactor. 

ier c i r c u i t  charging a pulse forming network 
.E 

The network is discharged into the  load by a triggered spark 
. 

gap through a pulse transformer. c 
i- 

The power osc i l la tors  used ht the present design require tha t  the  cavity be 

. power. !Chis requires a separate power 

. -  

pre-excited before they can genera 

ed the pre-exciter o sj t h i s  system is  id 

t o  the  "mainm supply outlined above with the exception t h a t  the  pulse forming 

network i s  charged through an emission limited diode i n  place o f  the reactor, 

and t h a t  no pulse transformer is used. The block diagram o f t h e  equipment is  shown 

in Figo 29. 

(2) Pulse Forming Networks. The use of pulse forming networks became common 

usage i n  the l a t e r  phases of radar practice and t h e i r  design principles a re  well t 

n 

- 
understood. 

l i n e  composed of a f i n i t e  number of sections. 

As used here it is simply a synthetic open circzuited transmission 
t 

Fig. 30 shows the  numerical constants - 
employed here. 

If such a l i ne  is charged t o  a voltage 2V0 it w i l l  s to re  an energy of 2 W 0  2 C 
8 

where H is  the  number of sections of capacity C and inductance L. 

discharged into- a load of i t s  character is t ic  impedance Zo =I ,/= the load voltage 

If the  line is  

. 
w i j l  be Vo and w i l l  l a s t  for  a time T = Z N E .  The t o t a l  energy dissipated is ' 

c 

thus equal t o  TVo 2 /Zo = ZNVozC 'in agreement with the above. The 
, 

reflections under mismatch conditions can be studied by conventional transmission 

l i ne  theory. * 

- 

The l ine  shown i n  Fig. 30 di f fe rs  from a simple l i ne  of ident ical  sections 1 - 
esign of its leading section. 

ion) the voltage on discharge would r i s e  t o  2V, resu l t  

t. If the  l i n e  were inductance tenninated (T-section) t he  



he overshoot 

overshoot is 

uce a const 

* ’  c H 1 
Y 

1 
rent waveforms .j 



portion of the appro soid, symmetrica - _  . e 
1 -  

of the charging interval. As T+ e charging cycle approa c 

wave. 

f luctuation reflected i n  the  power line. 

The principal advktage 0 f . a  large value of J is  

d 

the large magnetic energy storage reactor. This resu l t s  i n  tage a 

* 
- L  

.the l i ne  i n  case 

overload protection is thus needed 

Table 11 presents the re le  formation of int 

system design. 

(4) Spark Gaps and Pulse Transformer. The current switching is done by a 

These gaps operate in  air and are  made of simple spherical  

An a i r  j e t  de-ioni 

s e t  of' spark gaps. 

copper electrodes. 

mounted in  a sound-proof box. 

The main osoi l la tors  a re  matched t o  the pulse forming l i n e  

transformer. 

mately 2000 pounds. 

The transformer operates a t  a tu rn  r a t i o  of 2rl. 

- 
The spark gaps are triggered by 

duration. This pulse i s  provided by he primary . 

of a pulse transformer of the  desi erns and Baker" by me 

re driven by a central  p he grids of t he  thyratr  ... \ 

44 "' 
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aluminum stripping f o i l  i s  inserted ahead of the f i e l d ,  outp@ ports are 

switch, t o  move the beam from one experimental set up t o  another. 
1 

(3) Bombardment f ac i l i t i e s ,  A f t e r  the  beam has passed through the defleoting 

magnet, it is available f o r  the bo 

of the machine is so similar t o  t h a t  found i n  cyclotron instal la t ions,  t h a t  a 

description of it seems out of place i n  an a r t i c l e  on a l inea r  accelerator, 

Two useful items are  8 Faraday cup i n  vacum, for  beam integration, and a rotating 

f o i l  changer, which is  employed for varying the  energy of t h e  beam, Space is 

available for t he  in s t a l l a t ion  of p-ray spectrographs, cloud chambers, scat ter ing 

chambers, and other s imilar  pieces of research equipment, 

. VI118 PIZtE'ORB(IIMCE 

(1) Energy, The output energy of the l inear  accelerator has been determined 

by range,measurements i n  aluminum, using the range energy re la t ion  as computed by 

Aron, et a1 3 the energy can be varied over a range of B 150 Eev, by moving the  

"end tuners," or  half  d r i f t  tubes a t  the ends of the maohineo 

on a par t icular  day w i l l  be close t o  3107 MeV, 

18 

The measured energy 

The energy sp-read of the beam can only be inferred a t  present from t h e  

sharpness of t h e  threshold of the  reaction" C12(p,n)N12, When the resul t ing 

excitation curve is corrected for  absorber straggling, the r o g l 0 8 ~  energy width 

of the beam can be shown t o  be A E < 100 Xev on the  high energy side, 

shape of the energy spectrum on the  low energy side is not susceptible t o  

measurement by this technique, 

subject it t o  a magnetic defleotion, the inhomogeniety introduoed by the  passage 

of protons through the slit pairs would cer ta in ly  be greater than t h a t  already 

present 

The 

X f  one were t o  define the  beam by slits, and 

In addition t o  the principal 32 bfev beam, there  a re  two other beam components 





a t  an improper phase, so the output current is  thereby decreased. program . ** 
f 

t o  develop an energy s tab i l iz ing  c i r  s therefore been kdertaken. The 
a 

"error signalR is  generated by the proton bunches, when they pass through a 

"catcher cavity' near the input end of the accelerator. One merely measkes 

accelerator. the phase of the r.f. i n  the catc  re la t ive  t o  t h a t  in . 
t- The anergy s t ab i l i ze r  returns the phase difference t o  zero. 

The second improvement is the  use of e lec t ros ta t ic  strong fo  - 

of t h e  Chri~tofilos-Brookhaven(1~ 1 
ins ta l led  i n  each d r i f t  tube and 

these ons, $he external 

If the g voltage could be ra o i t s  designed value, ent would 

have been about 1 p amp. The increase in current wih focusing vol  age comes ..id 
fromthe larger  phase angle atarfii defocusing forces a re  counter balanced 

a 

by the e lec t ros ta t ic  focusing forces. 

limited the voltage t o  the  lmer v eter iorat ion of t h  s forced - 
us t o  abandon the strong focusing , and return t o  grids, is clear Q 

t ha t  t h e  d i f f i c u l t i e s  would not h 

Unfortunately, sparking i n  t h e  lenses 

ed if the machine had been designed 

available inside the 

for strong focusing a t  the s t a r t .  surprising t h a t  enough space was 

d r i f t  tubes t o  m&e t he  t es t  as successful as it was. 
a 

The design and construction o he l i nea r  accelerator was in every.sense 
0 

a cooperative'affair ,  and contribktions from a large number of men are  involved. 

The l is t  of authors of t h i s  a r t i c l  been a r b i t r a r i l y  r e s t r i c t e  those who 
. 

- 
had the  responsibi l i ty  f o r  the  maj design features, and who were members of' + 

the group for the period of two pars during which t h e  most intensive work 6 s  

first 32 &v beam VEL l ess  than two year 

t o  build the  machine, and anothe hs elapsed before r 

operation was reached. A t  the beam is used, on th 

the  decision 
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; Fig. 2 Linear Acceleratm Produced by Introducing Drift Tubes into 
hvi ty  Excited as in Fig. 1. Division into Unit hlls. 
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1 Fig. 4 Fields i n  " U n i t  Cell" of Accelerator. 
Across DC Would Not Change Distribution. 

Note that a 
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EXPLORING LOOP 
INTRODUCE 0 APPROXIMATELY 
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Fig. 6 Schematic Diagram Showing Magnetic Field Mapping of the Unit Cell .  
The Field Maps Pennit Evaluation of the Integrals i 5 )  and (6). - 
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Effect of Fourier Analysis in Correcting Cavity. 
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Fig. 10 Typical Axial Electric Field Plot  along Drift Tub S. 
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Fig .  12 Grid or F o i l  Geometry. 
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Fig. 4 Radial Oscillations of Grid or F o i l  Focuse 

Accelerator for Various Synchronous Phase Angles. c - w 
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photograph of Tank Opened for Receiving Liner. 
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Fig. 18 D r i f t  Tube Clamps and Arrangement. 
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Fig. 20 Photograph of V a r i o u s  Types of Slat  Grids 
Beryllium Foils  Mounted in Holders. 
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Fig. 22 X-Ray Level Near Output End of the Linear Accelerator 
as a Function of @rating Radio Frequency Vo 
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EQUIVbLENT LUMPED CONSTANT IMPEDINC€S 
AT JUNCTION O f  TRbNSMISS&ON LIIES. 
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EQUIVALENT ClRCUT 
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26 Linac Oscillator Schematic. 
f 

Fig. 
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