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PARTICLE ACCELERATOR DIVISION 

Summary Repor t 

I, PUBLICATIONS 

Abs t rac t s of ANLAD Repor ts 

ANLAD-55 "Helical Quadrupole Magnetic Focusing Systems" 
L. C. Teng (February 18, 1959) 

A. V. Crewe pointed out that with a i r core and high field a hel ical 
quadrupole magnet ic lens is e a s i e r to build than a conventional a l ternat ing 
sect ional quadrupole focusing magnet sys tem. The motion of a charged 
par t i c le in such a hel ica l quadrupole field is studied he re under the l inear 
pa rax i a l approximation. The resu l t shows that the focusing action of such 
a hel ical quadrupole sys tem is about 10% s t ronger than that of a cor respond­
ing a l ternat ing sect ional sys tem with the same periodici ty and field gradient . 
With appropr ia te ly chosen field gradient , pitch and length, a he l ica l quad­
rupole magnet can be designed to form point images from point sources 
located on the ax i s . F o r m u l a s and graphs relat ing these p a r a m e t e r s a r e 
derived. 

An example of a hel ica l quadrupole lens sys tem is shown. In the 
analogous case of a l te rna t ing conventional l en se s , within a distance X, 
the pitch of the hel ix, the re would normal ly occur two pa i r s of focus-
defocus e l ements . 

ANLAD-56 "Energy Spread from the Linear Acce le ra to r " 
John R. Hiskes (on s u m m e r appointment to ANL from 
The Univers i ty of California Lawrence Radiation Labo­
r a to ry ) (March 25, 1959) 

Pro ton phase motions for the Argonne 50-Mev injector Linac have 
been calculated with the Argonne "George" computer . The fundamental 
equation is nonl inear . A number of phenomena have been invest igated and 
r e s u l t s examined via f igures in phase space; in pa r t i cu la r , output phase 
and energy sp reads have been invest igated as a function of random g r a ­
dient fluctuations and genera l gradient "tipping." Sets of random gradient 
fluctuations were chosen from a uniform distr ibution between -2% and 
+2%, -4% and +4%, and - 8 % and +8%. Taking into account pos t -Linac 
debunching (energy sp reads of 400 kev a r e allowed before the debuncher), 
no dis turbing effects were seen. Fo r space fluctuations only protons can 
have the i r m e a n output energy shifted by 500 ki lovolts , but sp reads do 
not exceed 400 kilovolts for the wors t (8%) case . With t ime fluctuations 
the energy spread in the la t te r case may become se r ious ly l a rge . A 
"tipping" of 10% end- to-end indicates an induced output energy spread 
somewhat g r e a t e r than 400 ki lovol ts . 



Internal Memoranda 

K. Burba 

KB-7 1200-kw M-G Set Inspection and Tes t s at Westing-
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Synchrotron Beam Control by R F Manipulator 
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R. Rothe 
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M. Str iegl 

*HF-MS-1 Elec t ro ly t ic Tank Construct ion, Calibrat ion and 
Applications (October 13, 1958) 

L. C. Teng 

• E A C - L C T - 2 New "Frozen" P a r a m e t e r s of the ZGS (December 16, 
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*RT-WDZ-1 Alkal i -Aggregate Reaction in Concrete (March 12, 1959) 
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*RT-WDZ-1 Alkal i -Aggregate Reaction in Concrete (March 12, 1959) 
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Externa l Publicat ions 

Helical Quadrupole Magnetic Focusing Systems 
Lee C. Teng 
Amer ican Physical Society Meeting, Washington, D. C , April 30-
May 2, 1959 

A Bias Function Genera tor for the ZGS 
L. K. Wadhwa 
IRE Transac t ions on Nuclear Science NS-6, 2-10 (March, 1959) 



II. THEORETICAL STUDIES 
E. A, Crosb ie , L, C. Teng 

A. Motion of Charged P a r t i c l e s in a Linear Hel ica l Quadrupole 
Magnet 

This study, which was f i r s t r epor ted in the las t summary 
r epo r t (ANL-5956), was continued. It was found that the analog computing 
machine could not give the des i r ed accuracy . On c lose r examination it 
was rea l i zed that by a specia l t r ans format ion the orbi t equations can be 
brought into a form which is analyt ical ly soluble in t e r m s of t r an scen ­
dental functions. The focusing p rope r t i e s of these hel ica l quadrupole 
magnet s y s t e m s of infinite oi- finite lengths a r e , then, der ivable through 
the solution of a set of a lgebra ic equat ions. This was c a r r i e d out with 
the help of IBM-704 computing mach ines . The numer i ca l r e su l t s and 
the analyt ical developments a r e given in ANLAD-55. 

B. Study of the Zv ^ - V -^ - 1 Resonance 

Continued effort of studying this resonance with computing 
machines indicated only that the effect of coupling between the rad ia l 
and the ve r t i ca l osci l la t ions due to this resonance in the ZGS is very 
smal l . It i s , p e rhaps , m o r e fruitful to seek a new at tack on this p r o b ­
lem. The orb i t equations with the re levant nonlinear t e r m s can be 
studied analyt ical ly by var ious approximat ion methods . These methods 
should give, at l eas t , an o rde r of magnitude es t imate on the resonance 
effect. 

C. ZGS Orbit Studies 

In o rde r to invest igate the genera l incorpora ted effects of 
the soft fringing field at the ma in guide magnet (octant) edge (end) and 
the field in the DC magnet , a computing p r o g r a m for the "George" 
digital computer is being wri t ten . The immedia te problem to be 
solved by this p r o g r a m is a m o r e p r e c i s e design for the DC magnets 
than that obtained by l inear calculat ions using infinitely ha rd field 
edges . 

F o r this p r o g r a m the field of the guide magne ts is a s s u m e d 
to be spatial ly uniform except nea r the edges . The fringing field the re is 
specified on the median plane to be approximate ly the same as that given 
by m e a s u r e m e n t s on exper imenta l model magne t s . The magnet ic field 
of the DC magnets is a lso specified on the median plane. The field away 
from the median plane is given by Maxwell equations in the form of a 
power s e r i e s expansion in the ve r t i ca l coordinate . The magnitude and 
rad ia l var ia t ion of the DC field a r e , then, adjusted to give the des i red 
orbi ta l motion for the protons during injection. It is planned to i nco r ­
pora te " e r r o r s " into the guide magnet ic field at a future date . 



The orbi ts a r e computed in the following manner . In s traight 
sect ions where the field is ze ro and inside the guide magnets where the 
field is uniform the orbit equations a r e analytically integrable. The 
changes in the orbit coordinates (positions and slopes) a c r o s s these 
regions can, therefore , be obtained by appropr ia te one-s tep transfornna-
t ions. In the fringing fields of the guide magnet edges and the fields of 
the DC magnets where the orbit equations a r e not analytically inte­
grable , numer i ca l integrat ion is employed. Provis ions a r e made to s ta r t 
the par t ic le at any point around the machine and to pr int out the orbit 
coordinates at an adequate number of somewhat adjustable azimuthal 
locat ions. 

D. A r b i t r a r y Function Fit t ing Code 

To fit the m e a s u r e d edge field of the guide magnet by given 
function forms, we have developed a F o r t r a n IBM program. This 
p r o g r a m will give the best l e a s t - s q u a r e fit to a s e r i e s of up to 100 points 
with a genera l function having up to 20 p a r a m e t e r s . For a given func­
tional form it is only n e c e s s a r y to wr i te the F o r t r a n subroutines for 
calculating the function with the given form and inse r t these subroutines 
into the main p rogram, 

E. Fr inging Fie ld at an Ideal Two-dimensional Magnet Edge 

The conformal mapping giving the fringing field at an ideal 
(permeabi l i ty of i ron = oo) two-dimensional simple magnet edge was 
c a r r i e d out in detail . The r e su l t was plotted to supply a compar ison 
with the fringing field a s sumed for ZGS orbit calculat ions. 

F . Var iable-energys Mul t i -pa r t i c le Isochronous Cyclotrons 

Because of the growing in te res t in the Labora tory in this type 
of sec to r i a l cyclotron, a genera l study was nnade on the magnet ic field 
and R F r equ i r emen t s for given ranges of types of ions and energ ies . In 
pa r t i cu la r , the R F frequency range , the range of flutter and sp i ra l angle 
of the magnet ic field, and the power r equ i remen t s were plotted. This 
study was then applied to give a compar i son of the ORIC (Oak Ridge Isoch 
ronous Cyclotron) and a s imi la r s ec to r i a l cyclotron, with 100-in. pole 
d iamete r . 

G. Controls and Timing of ZGS 

A f i rs t c rack was made at incorporat ing and present ing s y s ­
temat ica l ly and logically the va r ious controls (automatic and manual) and 
adjus tments requi red , the firing o rde r of the components, the t iming in­
t e rva l s and the i r to le rances for the ZGS. Rough genera l char t s were 
drawn to se rve as a s tar t ing point for further detailed considerat ions 
and s tudies . 



III. MODEL MAGNET STUDIES 
Martyn F o s s 

Resul t s obtained with a - - s c a l e s t ra ight model made of ho t - ro l led 
r immed s teel diluted with 2,5% insulation indicate that the re will be no 
trouble obtaining an external beam at 12,5 Bev. Work is proceeding sa t i s ­
factorily on the p rogram to de termine the size and location of the c o r r e c t ­
ing holes in the yoke. 

A pulsed model magnet p r o g r a m was ini t iated and studies a r e 
being made of eddy cu r ren t and h y s t e r e s i s effects. 

A-:^-scale curved model is being const ructed for pulsed work and 
is near ing completion. 



IV, RING MAGNET VACUUM CHAMBER 
W. B. Hanson, F . W. Markley 

The design and tes t ing of the double wall vacuum chamber sys tem 
has reached advanced s tages during the last few months . The design of 
inner vacuum chambers has na r rowed down to two specific methods of 
construct ion. 

A. Inner Vacuum Chamber 

1. Epoxy Chamber 

This design consis ts of 6-in. para l le l r ings of s ta inless 
s teel , 3^-in. thick, bonded together with thin 2-in. overlapping rings of 
s ta in less s tee l . The r ema inde r of s-i^- wall thickness is built up of 
epoxy r e s in and glass cloth using vacuum bag techniques . Under a con­
t rac t , Convair Division of Genera l Dynamics Corporat ion developed a 
method of fabricat ion and has built a 3-ft prototype chamber . Vacuum 
tes t s on this chamber a r e now being per formed. 

This chamber is formed in two halves and l a te r a s s e m ­
bled by an "H" s t r ip along each side (see Fig . 1). All bonding and l a m ­
inating, except the final bonding of the two ha lves , is done under heat 
and p r e s s u r e . 

The sequence of fabricat ion is as follows: 

a. F o r m 6-in. and 2-in. s ta in less s tee l bands into half 
r ings . 

b. Lay up on a heated mandre l the 6-in. bands with 
approximate ly g-in. space in between each. 

c. Lay up 2-in. s teel band overlapping joints with 
Minnesota Mining and Manufacturing Company 
AF-31 bonding tape in between the l aye r s of s tee l . 
The tape m u s t s e rve th ree functions: 

(1) produce a s t ruc tura l ly s t rong joint; 
(2) insulate s teel bands from one another e lec t r ica l ly 

to min imize eddy cu r r en t effects; and 
(3) provide a vacuum-t ight joint. 

d. Vacuum bag cure bonded joints on the heated mandre l 
with a step cure cycle going to 350° F . 

e. Check for e l ec t r i c shor ts from band to band. 
f. Coat inside surface with epoxy r e s in mold r e l ease 

agent. 



g. Lay up wall in l ayers of glass cloth and epoxy r e s in 
to a total thickness of -^ in. 

h. Vacuum bag cure epoxy at 330° F . 
i. Remove from mandre l and thoroughly clean inside 

high vacuum surface so that outgassing will be 
minimized, 

j . Bond "H" s t r ip to one-half section using low-cure 
t empera tu re epoxy res in , 

k. Clean off excess epoxy res in . 
1. Join and bond two halves using care not to squeeze 

out excessive res in , since mechanical cleaning after 
this operation is not possible , 

m . Weld flanges on protruding s ta inless s teel of end bands, 
n. Complete bond at side s t r ip where heat of welding has 

affected epoxy. 
o. Finish machine flange, 
p. Check for and repa i r any vacuum leaks . 

-BONDING TA 

-JOINING BAND 
(.010 STAINLESS) 

r -LINER SECTION 
\ ( . 0 3 2 STAINLESS) 

\ r—EPOXY FIBERGLASS 

SECTION ^ - J ^ 

JOINING BAND 

LINER SECTION 

BONDING TAPE 

H STRIP 
(STAINLESS FACE 

EPOXY FIBERGLASS^ 
COATING SECTION B - B 

EPOXY CHAMBER 

FIG. I 



F r o m a c o n s t r u c t i o n a s p e c t , th i s de s ign is e c o n o m i c a l and 
b a s i c a l l y v e r y sound. Only r e l a t i v e l y m i n o r p r o b l e m s o c c u r r e d du r ing 
f a b r i c a t i o n of the p r o t o t y p e c h a m b e r by C o n v a i r , and t h e s e w e r e r e a d i l y 
c o r r e c t e d . 

F r o m the s t andpo in t of v a c u u m c h a r a c t e r i s t i c s and r a d i a ­
t ion d e g r a d a t i o n , the epoxy c h a m b e r h a s s o m e defini te d i s a d v a n t a g e s . To 
o v e r c o m e t h e s e d i s a d v a n t a g e s , we a r e work ing on an a l t e r n a t e des ign of 
c h a m b e r u s ing a p r o d u c t known a s " S p a c e m e t a l . " 

2. " S p a c e m e t a l " C h a m b e r 

The " S p a c e m e t a l " c h a m b e r i n c o r p o r a t e s the u s e of a s t a i n ­
l e s s s t e e l s a n d w i c h m a d e up of two o u t e r sk ins with a c o r r u g a t e d c o r e 
naeta l b e t w e e n . Th i s m a t e r i a l was deve loped by N o r t h A m e r i c a n Avia t ion 
Company u n d e r an A i r F o r c e c o n t r a c t . 

Th i s c h a m b e r is f a b r i c a t e d by n e s t i n g t o g e t h e r 6- in . wide 
box s e c t i o n s (see F i g . 2). The f lat " S p a c e m e t a l " is cut to shape and bent 
a r o u n d an a c c u r a t e h e a t e d m a n d r e l . An o u t e r c l a m p i n g dev ice p r o v i d e s 
the p r e s s u r e for c u r e . 

SECTION J\rJ^ 

SECTION B-B 

" S P A C E M E T A L CHAMBER 
FIG. 2 



The advantages which the "Spacemetal" chamber offers 
a r e the following: 

a. P las t i c outgassing is l e s s than "2 that of the epoxy 
chamber . 

b. Effects of h igh-energy radiat ion degradation a r e ex­
pected to be smal l by compar ison with that ant ic i ­
pated for the epoxy chamber . The s t r e s s level in 
the plas t ic port ion of the channber is very smal l and 
the overlapping joints a r e in the direct ion of the beam 
offering improved shielding to the bonded joint, 

c. The re la t ive stiffness of this chamber is about twice 
that of the epoxy chamber and, fu r the rmore , does 
not depend on epoxy for i ts s t rength. The chief func­
tion of the bonding m a t e r i a l is to provide a vacuum 
seal and insulate each section e lec t r ica l ly . 

d. The eddy cu r ren t effect on the magnet ic field is about 
2 that of the epoxy chamber . 

B. Rough Vacuum Chamber 

The rough vacuum chamber is a composi te of the upper and 
lower magnet poles forming the top and bottomi wal l s , and a gasketed plank 
on ei ther side forming the side walls (see F ig . 3). 

Vacuum sealing of the magnet poles is accompl ished by: 

1. p la te - to -p la te sea l formed by bonding the magnet plates 
us ing an epoxy impregnated fiber g l a s s ; 

2. finished magnet blocks will be vacuum checked and any 
leaks r epa i r ed ; 

3. it may be des i rab le to gain addit ional vacuum insurance 
by bonding a cured epoxy F ibe rg l a s laminate to the pole 
face; 

4. b lock- to-block seal is formed by the use of conapressible 
rubber flat gasket bonded in place using epoxy res in ; and 

5. a seal ing surface for the s ide-wal l gasket is formed by 
running an az imuthal p las t ic s t r ip bonded to the upper 
magnet pole face. 

The side walls a r e bonded to the lower magnet pole face after 
the coil is ins ta l led. The complete sea l is formed with the lowering of the 
upper magnet pole on to the gasketed side walls and the bolting of the flanged 
t rans i t ion box agains t the "T" gasketed end faces (see F ig . 3). 



GUIDE MAGNET 
TYPICAL END CONDITIONS ON THE 
LONG a SHORT STRAIGHT SECTION 

FIG 3 



A test ing p rog ram to check out these pr inciples is being c a r r i e d 
out in our p las t ics labora tory by F . W. Markley and R. D. Roman. 

C. Rough Vacuum Chamber Tes t P r o g r a m 

Four magnet b locks , - j - sca le in al l dimensions except for plate 
th ickness , which is full sca le , have been built. These blocks were con­
s t ruc ted by a new method developed since the las t r epor t (ANL-5956), The 
in t e r l amina r insulation used is an uncured, epoxy- impregnated sys tem of 
pa ra l l e l glass fiber reinforcing s t rands (MMM's Scotchply XP-141 , 50% R e ­
sin). The blocks were built using a joint by joint cure r a the r than a stack 
cure as desc r ibed previously (ANL-5956). Each laminat ion was bonded in 
place with heat and p r e s s u r e p r io r to the addition of the next laminat ion. 
The laminating p rocedure is as follows: 

1. Remove scale from co ld- ro l l ed p la tes . (Ground or mi l led 
plates need no t r ea tmen t . ) 

2. Degrease in t r ich lore thylene vapor d e g r e a s e r . 
3. Apply Scotchply XP-141 to one side of hot p la te . 
4. Inse r t the plate in a hydraul ic p r e s s with a heated movable 

platen with the Scotchply-covered side facing the previously 
la id-up sect ion. 

5. Close the p r e s s and cure for 5 min . at joint p r e s s u r e of 
30 + 5 ps i and joint t e m p e r a t u r e of 335 + 5 ° F . 

6. At the end of the cure cycle check for shor t s a c r o s s joint 
using a 110-volt t e s t e r . If shor t , remove the las t p la te . 

7. Open p r e s s and repea t cycle until 92 laminat ions have 
been bonded together . 

In ternal memorandum FWM-RDR-1 gives detai led ins t ruc t ions 
for the complete p r o c e s s . 

The J - sca l e blocks produced by the above p rocedure were shor t -
free and s t rong (200-3000 psi block shea r ) . Total layup t ime was 12 min 
per laminat ion and the stacking factor was bet ter than 98%. The blocks 
were not vacuum tight. This was due to uneven curing p r e s s u r e caused 
by t h e r m a l bowing of the platen in the p r e s s used. The layup method is 
very sa t i s fac tory and will be u sed to produce a fu l l -scale magnet block. 
The cont rac t for the cons t ruct ion of this block was awarded to the Blaw-
Knox Company, Foundry and Mill Machinery Division. 

The four j - s c a l e blocks have been made vacuum tight by facing 
the pole surface with a cured epoxy F i b e r g l a s l amina te . The blocks a r e to 
be used in the a s sembly of a rough vacuum chamber s i m i l a r to the proposed 
final chamber (see F ig . 4). The vacuum cavity thus formed will be- j scale 
in the hor izonta l dimension and full scale in the ve r t i ca l dimension, and is 
to be used in checking the proposed gasket sys t em desc r ibed above. 



ROUGH VACUUM CHAMBER TEST SETUP 
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V. VACUUM PUMPING SYSTEM 
R. Trcka , J. Moenich 

As a r esu l t of the p re l imina ry studies and design of seve ra l vacuum 
pumping s y s t e m s , the schemat ic piping d iagram, as shown in F ig . 5, is to 
be used as a bas is of final design and r e p r e s e n t s a typical instal lat ion of 
pumping equipment and piping for the vacuum sys tem for each of the eight 
s t ra ight sec t ions . 

The vacuum sys tem consis ts of an 8-in. finishing line that is to be 
used as a combination finishing, backing and holding line for the oil diffu­
sion pumps and insta l led as a closed ring manifold in the r ing tunnel 
building. A 6-in. roughing line is a lso ins ta l led as a closed ring manifold 
in the tunnel and se rves as a rough vacuum line for pumping on the outer 
vacuum chamber of an octant. Each s t ra ight section contains two rough 
vacuum connections at each magnet end for the magnet outer vacuum 
chamber , two vacuum chamber rec tangula r gate valves for isolating p o r ­
tions of the ring magnet vacuum chamber , two roughing connections at 
the bottom of the s t ra ight sect ion, two 32-in. d iameter high-vacuum 
pumping connections a lso in the bottom of the s t ra ight sect ion, two 32-in. 
pneumatically opera ted gate va lves , two Freon-coo led combination low-
t e m p e r a t u r e and -20° F baffles connected to one re f r igera t ion condensing 
unit, two 32-in. oil fractionating diffusion pumps , one 1000-cfm Roots -
type mechan ica l booster pump, and two 130-cfm mechanica l vacuum 
pumps with oil t r a p s . 

The following r equ i r emen t s were cons idered in the select ion of 
the vacuum pumping sys tem as shown: 

A. Locate the mechanica l rough vacuum pumps in the r ing tun­
nel building in the vicinity of the s t ra ight sect ions for the 
purpose of making the connected piping as shor t as poss ib le , 

B. Provide a differential pumping sys tem in each magnet sec to r . 
C. All high-vacuum pumping connections to be located in the bot­

tom of the s t ra ight sec t ions . 
D. Use Roots- type mechan ica l booster pumps as an in te rmedia te 

pump for roughing the ring magnet vacuum chamber and 
backing the diffusion pumps at per iod of high m a s s flow. 

E. Provide a pumping sys tem with sufficient flexibility of o p e r a ­
tion and re l iabi l i ty to conform to a c c e l e r a t o r operat ion. 

The location of the mechanica l pumps in the r ing tunnel building in 
conjunction with the roughing and finishing closed ring manifold piping is 
advantageous from the standpoint of el iminat ing long runs of connected 
piping, and posit ions the pumps in the close proximity of the h igh-vacuum 
pumps for improved pumping efficiency. The mechan ica l pumping a r r a n g e ­
ment with i ts a s soc ia t ed piping lends itself readi ly to packaging the Roo t s -
type boos ter pump and the two mechan ica l pumps as a single compact unit 
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for conservat ion of floor space, and, if nece s sa ry , ability to remove the en 
t i re unit in a short per iod of time for maintenance and r epa i r by replacing 
it with a spare package unit. 

The use of Roots- type mechanical booster pumps is advantageous 
in that they can be used to rough the ent i re sys tem from a p r e s s u r e of 
20 mm Hg to an operating foreline p r e s s u r e for the diffusion pumps in a 
shor te r per iod of t ime than can be expected when using mechanical 
pumps alone. In addition, the boos ter pumps a re ut i l ized for backing the 
diffusion pumps during per iod of high gas throughput. During this p e r ­
iod of high m a s s flow, backs t r eaming of oil from the diffusion pumps to 
the baffles will occur , and it is des i rab le to prevent this tendency by 
using high-capaci ty backing pumps to mainta in a foreline p r e s s u r e with­
in to lerable l imi t s . 

The valving a r r angemen t at each s t ra ight section enables the 
vacuum sys tem to be flexible to the extent that the roughing pumps can 
be used interchangeably as roughing, backing or holding pumps. The 
Roots- type boos ter pump can be used as a roughing or backing pump, 
and can be shut off and isolated in the sys tem on standby at high vacuum. 
Any s t ra ight section can be opened to a tmosphere while the r emainder 
of the diffusion pumps continue to pump, and the two diffusion pumps on 
the opened s t ra ight sect ion a re also held by the backing and holding 
pumps connected commonly to the c losed ring manifold. 

The individual connection of the high-vacuum pumps to the c losed 
ring manifold and the manifold in turn serving as a common header to the 
mechanical pumps of all the s t ra ight sect ions pe rmi t s a malfunction or 
complete loss of seve ra l mechanica l pumps when operat ing at high vacuum 
without requir ing the ent i re vacuum sys tem to be shut down, thereby 
enabling continued acce l e r a to r operat ion until a designated maintenance 
period can be ut i l ized for adjusting or repa i r ing vacuum equipment. 



VI. RING MAGNET POWER SUPPLY 
G. O. Ca lab rese , E. F , F r i s by 

F u r t h e r d iscuss ions of the var ious aspec ts of the ring raagnet 
power supply were held with the th ree manufac ture rs in te res ted in bidding 
for the s a m e . Work on the specifications was continued, culminating in 
S and P Technical Repor t T R - 1 0 5 - F , Title I, in its p re l imina ry fornn, 
dated F e b r u a r y 17, 1959, and in the final form, dated Apri l 10, 1959. The 
final vers ion of the specifications is in p rocess of prepara t ion and will be 
i ssued somet ime during the f i r s t half of July. 

Rect i f ier Connections and Loading 

F r o m the d iscuss ions held at var ious t imes with the three manu­
fac tu re r s above r e f e r r e d to , it appear s that th ree schemes of rec t i f ie r 
connections a r e cons idered at each of the four points of supply in the 
r ing magnet , namely: 

Manufacturer A: double way rect if icat ion, as shown in F ig . 6 
Manufacturer B: one way rect if icat ion, as shown in Fig. 7 
Manufacturer Ci: one way rect if icat ion - pa ra l l e l s e r i e s scheme, 

as shown in F ig . 8, 

In the design of the power supply we a r e emphasizing 1 ) re l iabi l i ty of the 
equipment, and 2) the fact that the voltages injected at the four points of 
supply should be exact duplicates of one another . Thus it has appeared 
highly des i rab le to analyze the th ree schemies of connections from the 
two viewpoints above. Since the loading of the rec t i f i e r s affects thei r 
re l iable operat ion, we have studied the rec t i f ie r loading with the th ree 
proposed schemes of connection. 

M e r c u r y - a r c r e c t i f i e r s , like other e lect ronic tubes , have a m a x i ­
mum instantaneous voltage and a max imum instantaneous cu r ren t which 
cannot be exceeded. In addition, among other f ac to r s , their capacity is 
l imi ted by the abil i ty of the tube to diss ipate l o s s e s , an abil i ty which is 
usual ly desc r ibed in t e r m s of the average cu r ren t . 

A given m e r c u r y - a r c rec t i f ie r may be opera ted over a range of 
vol tages; however , the average c u r r e n t d e c r e a s e s as the voltage i n c r e a s e s 
and vice v e r s a . On the bas i s of a c c e l e r a t e d t e s t s , the manufac turer de­
t e r m i n e s the so -ca l l ed ass igned ra t ing. This is such that if the rect i f ier 
is loaded at the ass igned ra t ing , under the specified t e m p e r a t u r e condi­
t ions, re l iab le operat ion will r e su l t with low a r c - b a c k ra te and long life. 

The re la t ionship between the DC voltage and the average DC cur ­
ren t per rec t i f ie r is of the form 

E/EI = {i,/ir 
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where E and I, and Ej and Ij a r e corresponding values of DC voltage and 
average cu r ren t . Here n is an exponent close to 1 .0 for some tubes and 
g rea t e r than 1 for o the r s . 

The ass igned rat ings of the r ec t i f i e r s , as obtained on a p re l iminary 
basis from the three manufac tu re r s r e f e r r e d to above, a r e shown in Fig, 9, 
in which there a r e shown the ass igned ra t ings , DC voltage vs . average cur ­
ren t , with zero phase-angle control of: 

A. Manufacturer A: l 6 - i n . double grid pumpless rect i f ier with 
5 0°C cooling water inlet t empera tu re ; 

B. Manufacturer B: 15-in. double grid pumped with 45° C cooling 
water outlet t empera tu re ; and 

C. Manufacturer Ci: l 6 - i n . double grid pumped exci tron. 

Table I gives the ass igned ra ted average cur ren t , I3-, corresponding 
to the values of Vi, the voltage a c r o s s each rect i f ier tube, at the beginning 
and at the end of the r i s ing per iod of the pulse of the ZGS. In columns 12, 
13, 14 a r e shown the rect i f ier loadings in per cent of the ass igned rat ings 
Ir for the three connections of F i g s . 6, 7, 8, respect ive ly . The figures of 
Table I a r e based on the pulse shape of Fig . 10 with 

1 
ti = ti = 1.0 sec 

T = 4.0 sec 

and 

At = 0 or 0.2 sec , respec t ive ly , as shown. 

The per cent f igures of columns 12, 13, 14 pe rmi t us to evaluate the r e l a ­
tive sever i ty of loading duty imposed on the rec t i f ie rs with r e spec t to the 
ass igned ra t ings , under the different schemes and proposed number of 
r e c t i f i e r s . 

The m e r c u r y - a r c rec t i f ie r is essent ia l ly a switching device. F a i l ­
u r e of this switching action r e su l t s in a r c - b a c k . An a r c - b a c k is the failure 
of the rectifying action, due to the fornaation of a cathode spot on the anode, 
when the l a t t e r is negative with r e spec t to the cathode, which resu l t s in 
a flow of cu r r en t in the r e v e r s e di rect ion, from cathode to anode. The 
re la t ive degree of re l iabi l i ty from the standpoint of a r c - b a c k s of var ious 
schemes of operat ion can be obtained by calculating the probabi l i t ies of 
a r c - b a c k . We have s t a r t ed the calculat ion of the a r c - b a c k probabi l i t ies 
which may be expected with the th ree schemes of F i g s . 6, 7, and 8 under 
the methods of operat ion p resen t ly contemplated. 

F o r comparat ive p u r p o s e s . Table II gives a pa r t i a l l i s t of rec t i f ier 
data of some exist ing or pro jec ted a c c e l e r a t o r s . 
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T A B L E I 

C o m p a r i s o n of R e c t i f i e r L o a d i n g for 3 D i f f e r en t O v e r a l l 1 2 - P h a s e C o n n e c t i o n s of the R e c t i f i e r s 
Supply ing the R ing M a g n e t of t he ZGS, A s s u m i n g Z e r o - P h a s e A n g l e C o n t r o l m Al l C a s e s 

R e c t i f i e r 

C o n n e c t i o n s ^ ' 

(At = 0) 

a) 

b) 

c) 

C l ) 

(At = 0 2 s ec ) (3 ) 

a) 

b) 

c) 

C l ) 

V, 

kv 

12 5 

12 5 

12 5 

12 5 

12 5 

12 5 

12 5 

12 5 

V i , 

V 

(2) 

1562 
1100 

3125 
2200 

1562 
1100 

1562 
1100 

1562 
1100 

3125 
2200 

1562 
1100 

1562 
1100 

Im-

a m p 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

I l m . 

a m p 

2738 

1369 

2738 

1830 

2738 

1369 

2738 

1830 

l a v . 

a m p 

2738 

2738 

2738 

2738 

3285 

3285 

3285 

3285 

I r m s . 

a m p 

4471 

4471 

4471 

4471 

5096 

5096 

5096 

5096 

I r . 

a m p 

* 

415 
510 

265 
335 

415 
510 

415 
510 

265 
335 

415 
510 

® 

216 
245 

172 
195 

216 
245 

216 
245 

170 
195 

216 
245 

** 

320 
390 

320 
390 

I l av 

a m p 

228 

114 

228 

152 

274 

137 

274 

183 

% I , 

* 

55 00 
44 50 

55 00 
44 50 

66 00 
53 70 

66 00 
53 70 

® 

66 30 
58 50 

105 60 
93 10 

80 60 
70 30 

127 00 
112 00 

** 

47 50 
39 00 

57 20 
47 00 

f i r m s , 

a m p 

373 

186 

373 

248 

425 

212 

425 

283 

N O T E S 

(1) a) Double way r e c t i f i c a t i o n (F ig 6) , b) One w a y r e c t i f i c a t i o n (F ig 7), c) Two 6 - p h a s e s i n g l e -
w a y b a n k s c o n n e c t e d m c a s c a d e (F ig 8), Cj) S a m e a s c e x c e p t t ha t e x c i t r o n s a r e u s e d 

(2) U p p e r a n d l o w e r f i g u r e s r e p r e s e n t , r e s p e c t i v e l y , t he v o l t a g e a t the b e g i n n i n g and at t he end 
of t he r i s i n g p e r i o d 

* B a s e d on 96 r e c t i f i e r t u b e s e a c h h a \ i n g t he v o l t a g e v s c u r r e n t r a t i n g s of the 1 6- in r e c t i f i e r s 
c o n t e m p l a t e d by m a n u f a c t u r e r A, wi th z e r o p h a s e - a n g l e c o n t r o l and 50°C coo l ing w a t e r in l e t 
t e m p e r a t u r e 

® B a s e d on 96 r e c t i f i e r t u b e s e a c h hav ing the v o l t a g e vs c u r r e n t r a t i n g s of t he 15 - in r e c t i f i e r s 
c o n t e m p l a t e d by m a n u f a c t u r e r B , w i th z e r o p h a s e - a n g l e c o n t r o l and 4 5 ° C coo l ing w a t e r ou t l e t 
t e m p e r a t u r e 

** B a s e d on 144 r e c t i f i e r t u b e s e a c h h a v i n g the v o l t a g e v s c u r r e n t r a t i n g s of t he l 6 - i n r e c t i f i e r s 
c o n t e m p l a t e d by m a n u f a c t u r e r Cj 

(3) The v o l t a g e Vj d u r i n g f la t t opp ing wi l l be s m a l l e r t h a n e i t h e r of the f i g u r e s shown a n d the 
c o r r e s p o n d i n g v a l u e s of Ij. g r e a t e r , s o t h a t t he % Ij. shown a r e s o m e w h a t p e s s i m i s t i c v a l u e s 

V - T o t a l V o l t a g e a c r o s s M a g n e t 

Vi - V o l t a g e a c r o s s E a c h R e c t i f i e r Tube 

I j ^ - T o t a l P e a k C u r r e n t m the M a g n e t 

I^v " T o t a l A v e r a g e C u r r e n t of the M a g n e t o v e r t he P u l s e D u r a t i o n T 

•'•rms " R ° ° t M e a n S q u a r e Va lue of t he M a g n e t C u r r e n t o v e r t h e P u l s e D u r a t i o n T 

I l a v • '•Irms' ^Im ~ "^^^ C o r r e s p o n d i n g C u r r e n t s for E a c h R e c t i f i e r Tube 

Ij. - A s s i g n e d R a t e d A v e r a g e C u r r e n t a t t h e V o l t a g e Vj 



Figure 10 

TABLE II 

Data on Rect i f ie rs of Some Exis t ing o r P ro jec ted A c c e l e r a t o r s 

Acce l e r a to r 

Bevatron 

Cosmot ron 

A G S 

Harwell 

CERN 

Z G S 

Number of 
Feeding 
Points 

2 

1 

1 

2 

1 

4 

Method of Supply at 
Each Feeding Point 

1 1 2-phase gene ra to r 
Rec t i f ie r s m s e r i e s -
pa ra l l e l combinat ion 

1 12-phase gene ra to r 
with 4 Y windings 
Rec t i f ie r s m s e r i e s 
pa ra l l e l combinat ion 

8 s imple 3-phase 
r ec t i f i e r s m pa ra l l e l 
These m s e r i e s with 
8 m o r e s imple 3 -
phase r e c t i f i e r s a l so 
m pa ra l l e l 

2 s imple 3-phase 
r e c t i f i e r s m pa ra l l e l 
These a r e m s e r i e s 
with 2 m o r e s imple 
3-phase r ec t i f i e r s 
a l so m p a r a l l e l . 

Poss ib l e a l t e rna t ives 
as shown m Figs 6, 
7 and 8 
Al te rna t ive as shown 
m Fig 8 

Number 

per 
Phase 

2 

2 

2 

1 

2 

2 

3 

of Rect i f ie rs 

per 
Feeding 

Point 

24 

24 

24 

4 8 

24 

24 

36 

Total 

4 8 

24 

24 

96 

24 

96 

144 

Type of Rectifi 

Manufacturer 

Westmghouse 

Westinghouse 

Westinghouse 

Brown-Bover i 

Brown-Bover i 

Manufac ture rs A 
and B 

Manufacturer Cj 

e r a 

Type 

IP J - 7 

I P J - 7 

I P J - 7 



VII. RADIO-FREQUENCY SYSTEM 
R, Daniels , H. Kampf, C. Laver ick , J. H. Mart in , C. Turner , 
J. Simanton, R. Rothe 

A. Accelera t ing Cavity 

To develop confidence in magnet ic m e a s u r e m e n t s made on the 
cavity f e r r i t e f r a m e s , p r e l imina ry e lec t romagnet ic m e a s u r e m e n t s were 
made on the model R F cavity p r io r to the inser t ion of any f e r r i t e . No 
resonances were found other than the expected fundamental resonance at 
4.5 M c / s e c . 

The introduction of two f rames of Phil ips f e r r i t e type IV-Ll, 
which is s imi l a r to type IV-B, reduced the Q of the model cavity from 
1500 to 25 and i nc r ea sed the inductance from 0.085 jih to 1,1 jih. The 
r aeasu red magnet ic p rope r t i e s of the f e r r i t e , together with the fe r r i t e 
specif icat ions, a r e tabulated below: 

MAGNETIC PROPERTIES OF PHILIPS IV-Ll FERRITE 

P r o p e r t y Symbol Specifications Measurement 

Initial Pe rmeab i l i t y 
Q Value 
Quality P roduc t 
Die lec t r ic Constant 

Mi 
Q 
QjLif 

ke 

250 
20 
10^ 
20 

310 
25 

3 x 1 0 ^ 
15 

Although m e a s u r e m e n t s a r e not completed, investigations to 
date indicate that the f e r r i t e permeabi l i ty will dec rease the requi red 
amount by the bias field allowed in the specif icat ions, 

B. Acce le ra t ing Cavity Design 

The insulat ing m a t e r i a l for the acce le ra t ing gap in the cavity 
has been chosen to be alumina c e r a m i c type 4462 to be m.ade by Frenchtown 
Porce l a in Co. The p r e sen t design provides a gap 3 in. wide. The r ec t an ­
gular s t ruc tu re is to be fabr icated by bonding together four s t ra ight bars 
of the m a t e r i a l . At tachment is to be made by a number of tension studs 
pat ted into the f rame faces . Del ivery of the f i r s t a s s e m b l e d frame is 
expected about July 15, 1959. 

C. Radio-frequency P r o g r a m 

Two tes t s y s t e m s , which a r e capable of producing a frequency 
sweep of from 4.4 to 14 M c / s e c at an amplitude of 1 v + 20% for voltage 
r amps of var ious s lopes , max imum ampli tudes and repet i t ion f requencies . 



have been produced. These sys t ems a lso incorpora te manual control of 
the frequency sweep and will s e rve as models for the prototype p r o g r a m ­
ming sys tem which is now being designed. The frequency p r o g r a m obtaine 
with these sys t ems is not the same as that r equ i red in the final sys tem but 
suffices for tes t pu rposes . High bias fields a re used in the t ank-c i rcu i t 
f e r r i t e s and these a r e obtained by using bias windings of approximately 
100 turns with bias cu r r en t s of the o rde r of 21 amp. Frequency c o r r e c ­
tion can be applied to these p r o g r a m s from bias gene ra to r s which control 
the voltages applied to the vol tage-sens i t ive var iable capaci tors which 
a r e incorpora ted in the osc i l la tor tank c i rcu i t . 

The f e r r i t e toroids in the osc i l la tor tank c i rcu i t together with 
thei r a s soc ia t ed bias windings a r e control led with r e g a r d to t e m p e r a t u r e 
by means of a c losed- loop t e m p e r a t u r e - c o n t r o l sys tem which ut i l izes 
Silicon 200 fluid as the c i rcula t ing med ium and wate r -coo led tubes in the 
heat exchanger . Since the assoc ia ted vol tage-var iab le capac i tors m e r e l y 
have been sc r eened from drafts and a r e not t e m p e r a t u r e control led, the 
sys t ems cannot be cons idered as having the degree of t e m p e r a t u r e s tab i l ­
ity which will be r equ i r ed in the prototype; for that reason they will not 
be subjected to the exhaust ive t e s t s which a prototype sys tem would have 
to undergo, but will be used as auxi l iary sys tems in other pa r t s of the 
RF tes t and development p r o g r a m . 

Stable in t eg ra to r s incorpora t ing Kin Tel opera t ional , DC 
ampl i f i e r s , p rec i s ion components , t e m p e r a t u r e control and assoc ia ted 
h igh-speed diode switches have been developed and a r e at p r e sen t under ­
going t es t s to de te rmine the i r suitabil i ty for the prototype sys t em. 

The prototype p rog ramming sys tem will incorpora te a diode 
cor rec t ion genera to r , and work on the design of a suitable genera tor 
has commenced . 

D. Cavity Bias 

A b i a s - c u r r e n t genera to r incorpora t ing a wa te r -coo led bank 
of 86 t r a n s i s t o r s in the output s tage and capable of producing a bias c u r ­
ren t r amp of f rom 0 to 215 amp in 1 sec , into a load of 0.16 ohm, has 
been designed and built. The bias c u r r e n t will be p r o g r a m m e d so as to 
provide coa r se tuning for the f e r r i t e over the frequency p r o g r a m , the 
fine tuning being provided by the power amplif ier phase -con t ro l loop. 
This b i a s - c u r r e n t p r o g r a m will be obtained by applying a suitably p r o ­
g r a m m e d input voltage to the c u r r e n t gene ra to r , the input voltage being 
der ived from a diode function genera to r whose input voltage r a m p will 
be obtained from the in tegra ted JB signal . A suitable diode function gen­
e r a t o r is being developed for this purpose and a t e s t model has a l r eady 
been built . 



E. Power Amplif ier 

All of the power supplies and electronic protect ion c i rcui ts 
for the full-power prototype amplif ier have been completed and tested. 

The two broadband coupling t r a n s f o r m e r s requi red by the 
amplif ier design have proved to be unavailable and will have to be con­
s t ruc ted at ANL. The sma l l e r one has been completed and all t es t s to 
date indicate that it will pe r fo rm as requi red . The tes t s also indicate 
the feasibili ty of the design for the l a rge r one and m a t e r i a l s for it a r e 
on o rde r . 

The design of the inter lock and control phases requi red by 
the power amplif ier has been s t a r t ed a^d, as soon as full-power tes t s 
of the ampli f ier a r e successfully completed, the final design of the en­
t i r e amplif ier as used in the synchrot ron will be begun. 

F . Beam-handling Elec t rodes 

Induction e lec t rode sys tems a re being developed to m e a s u r e 
the following beam p a r a m e t e r s : 

1 . the total charge and azimuthal charge distr ibution in 
the bunches of acce le ra t ed protons; 

2. the average radia l position of the bunches; 
3. the average ve r t i ca l position of the bunches; 
4. the radia l width of the bunches; and 
5. the ve r t i ca l width of the bunches. 

The induction e lec t rode sys tems a r e being developed by 
means of models in which a charged conducting wire (0.002-in. diam­
e t e r ) is being used to r e p r e s e n t a thin beam of charged pro tons . To 
s imulate a thin beam, the wire should have a line charge density which 
is as uniform as poss ib le . Measu remen t s have been taken and informa­
tion has been accumula ted on the geometr ic conditions under which a 
wire will s imulate a thin charged beam. To check the cha rac t e r i s t i c s of 
exper imenta l e lec t rode s y s t e m s , it is n e c e s s a r y to: 

1 . check that the line charge density on the wire is suffi­
ciently uniform within that region of the e lect rode s y s ­
tem which is to be occupied by the synchrot ron beam; 

2. in addition, it is n e c e s s a r y to check that the e lectrode 
sys tem has sufficiently c o r r e c t radia l and ver t ica l 
c h a r a c t e r i s t i c s with r e spec t to the position of the ca l i ­
bra t ing wi re . 



A fifth exper imenta l model of the induction e lec t rode sys tem 
to m e a s u r e the average radial position of the bunches is being tes ted , 
and i ts geometry is expected to closely approximate that of the final 
mo del. 

The presen t ly planned overa l l mutually perpendicular d i ­
mens ions a r e : azimuth, 30 in.; radial ly , 48 in,; and ver t ica l ly , 30 in. 



VIII. INJECTION SYSTEM 
R. Castor , D, Cohen, P . Livdahl, W. Myers , R. P e r r y 

A. 800-kv Power Supply 

P roposa l s for building an 800-kv DC power supply have been 
rece ived from severa l manufac tu re r s . Selection of the sys tem which best 
mee t s the specification r equ i r emen t s has been made , and an order for 
the power supply will go out as soon as the contractual details a r e completed. 

Specifications for the power supply include the following: 

Output Voltage 800 kv 
Rated Curren t of Cascade 

Genera tor 8 mamp 
Stability of Output Voltage, 

including effects of r ipple 
and of pulsed load of 150 mamp + 0.1% 

Power available in High-
voltage Te rmina l 1 5 kw 

B. J-iinac Tank 

Specifications and design drawings for the Linac tank a r e 
near ly completed, and solici tat ion for bids on fabrication of the tank will 
go out about July 1. 

The tank will be fabr icated from 1-in. thick copper-c lad s tee l , 
will have a d iamete r of 37.4 in. and a length of 109.2 ft. (The clad s tee l 
has been rol led and is ready for fabr icat ion.) It will be made in eleven 
sec t ions , which will be joined together by means of bolting flanges to make 
a single R F resonant cavity to opera te at 200 M c / s e c . 

A vacuum pump por t is provided in each tank section to a c c o m ­
modate a 20-in. pump. Provis ion is a lso made to connect a 9-in. coaxial 
line to e i ther of two por t s in the middle tank section so that R F power may 
be fed in at a side or a bottom posit ion. 

C. Linac Drift Tubes 

Proto types of r ep resen ta t ive drift tubes and quadrupole m a g ­
nets a r e being made to tes t a l l a spec t s of thei r fabricat ion and assembly 
before production of the final units is under taken. 

Mock-up t e s t s have also been made to verify the feasibili ty of 
instal l ing (or removing) a s s e m b l e d drift tubes in the Linac tank. 



D, Injector Building 

Design r equ i remen t s for the Injector Building and building 
se rv ices have been submitted to the a rch i t ec t - eng inee r . P r e l im ina ry 
(Title I) work on the building foundations and s t ruc tu r a l design has 
completed by the a rch i t ec t - eng inee r and approved. 

The building will have a basement which will accommodate 
mos t of the auxi l iary equipment for the injector sys tem and some of 
the synchrot ron R F equipment. In addition, control cable t rays from 
the control building to the synchrot ron will be routed through this 
region. 

There will be provis ion for a radiat ion shield wall between 
the Linac and the r emainder of the equipment to be located on the main 
floor. This will pe rmi t work on the R F power equipment while the Linac 
is in operat ion. 

The p r e a c c e l e r a t o r will be housed in a me ta l - l ined enc losure 
which will extend from the basement floor to a suitable height above the 
main floor. Both the p r e a c c e l e r a t o r a r e a and the Linac section will be 
se rved by a 10-ton bridge c r ane . 

The Linac will be supported on ca issons which r e s t on bed­
rock and which will be isola ted from the building foundation. 

E . Linac R F System 

A purchase o rde r for the Linac R F sys tem has been awarded 
to the Continental E lec t ron ics Manufacturing Company of Dal las , Texas . 
Specifications for the sys tem a r e general ly outlined in the las t Pa r t i c l e 
Acce le ra to r Division Summary Repor t (ANL-5956). A block d iagram of 
the en t i re sys tem is shown in F ig . 11. 

The sys tem will be a dr iven ampli f ier using a single RCA 
type A2346F tube as the final ampli f ier s tage , with a power output 
capabili ty of 5 megawat ts at a 500-^sec pulse length and a max imum 
repet i t ion ra t e of 1 0 p u l s e s / s e c . This tube has demons t ra ted a capa­
bility g r ea t e r than th is , both on peak power and average power b a s e s , 
in o ther appl ica t ions . It is expected that a plate voltage pulse of 35 kv 
and 250 amp will be requ i red to develop the full-power output from the 
A2346F. 

The modula tor will ut i l ize four Machlet t 5682 tubes in s e r i e s -
pa ra l l e l as switch tubes . Each set of para l l e led 5682's will be placed on 
an irtsulated deck with the i r a s soc ia t ed d r i v e r s , bias and fi lament supplies 
Pr i r i iary power for bias and f i lament supplies will be furnished from 
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isolat ion t r a n s f o r m e r s to each modulator deck. The modulator tubes will 
also se rve as s e r i e s voltage r egu la to r s during the pulse to control the 
modulator for ei ther constant plate voltage to the final amplif ier or by 
changing the source of the regulat ing signal , constant RF voltage in the 
Linac cavity. Control of the modulator is der ived from a 5-Mcps osc i l ­
la tor which is coupled through RF t r a n s f o r m e r s to each deck. The a m ­
plitude of the 5-Mc signal de te rmines the voltage drop a c r o s s each 
modulator deck by determining the grid bias on the 5682's . Lack of a 
5-Mc signal will automatical ly cut off the modulator tubes . 

P r i m a r y protect ion for the sys tem will be der ived by in t e r ­
rupting the pulse to the final amplif ier by cutting off the raodulator switch 
tubes . In the event of a fault in the modula tor itself, a c rowbar is p r o ­
vided which will shor t the high voltage to ground until the overload 
b r e a k e r s in the p r i m a r y of the high-voltage changing supply can ope ra t e . 
Fau l t - sens ing devices will be supplied in the cathode lead of each mod­
ulator tube as well as the cathode lead of the final ampl i f ier . 

Low-level s tages of the ampli f ier will be CW. The i n t e r ­
media te stage will be plate pulsed by its own l ine- type modulator whose 
t r i gge r may be delayed by a var iable delay l ine, so that drive to the final 
stage may be applied after the plate voltage is a t its maximum value in 
o rde r to have the fas tes t poss ible R F r i s e t ime out of the final ampl i f ie r . 

Test ing of the low-level and in t e rmed ia t e - l eve l ampl i f ie r , as 
well as of pulse control and modula tor control c i r cu i t s , has begun. Test ing 
of the complete sys tem is scheduled to begin by November 1959 with de­
l ivery by August 15, I960. 

F . Ion Source and P r e a c c e l e r a t o r 

Assembly of the tes t facility for ion source and acce le ra t ing 
column tes t ing has been completed and al l voltages of the component 
tes ted. The isolation t r a n s f o r m e r was found to be unsa t i s fac tory and 
the supplier has redes igned the unit . They will del iver a new t r a n s f o r m e r 
by August 1; meanwhi le , the or ig ina l unit is being used a t a voltage below 
the design of 300 kv. 

Auxil iary equipment for operat ion of the CERN type, c e r a m i c 
R F source has been built and t es ted . Coupling of sufficient amounts of 
R F power into the source together with high ext rac t ion voltages has been 
t roublesome and as yet the r e su l t s of the CERN group have not been 
duplicated. 



Assembly of the shor t accelera t ing column descr ibed in 
ANLAD-5 3 is complete and test ing of this configuration has been s tar ted . 

G. Linac Vacuum System 

The p r e l i m i n a r y design of the vacuum sys tem has been com­
pleted and a study of component pa r t s is now underway. The Linac cavity 
will be furnished with 10-20-in. m e r c u r y diffusion pumps which will be 
baffled with mechanical ly r e f r ige ra ted baffles. The p reacce l e r a to r section 
and debuncher section of the sys tem will be furnished with 10-in. m e r c u r y 
diffusion pumps at s ix pumping stat ions along the beam tube. 



IX. THEORETICAL STUDIES ON RADIAL MOTIONS THROUGH THE 
LINEAR ACCELERATOR 
D. Cohen 

Fu r the r use was made of the nonlinear IBM-704 computing p r o g r a m 
for t rac ing radicil motions through the Linac . Some 20 cases of random 
quadrupole rotat ional misa l ignments with a maximum of i0.11° were run 
for both ++-- and +- + - modes , and the average amplitude growth was 
about 2%. It may be concluded that the allowable upper l imit for rotat ional 
misa l ignments can be re laxed from the previous working number of 
±10 minutes of a r c to ±25 minutes of a r c . 

The effects of magnet r ipple were invest igated by assuming that 
var ious groups of magnets exper ienced the same r ipple , and examining 
the Linac acceptance f igures as a function of r ipple amplitude and grouping. 
It was found that a peak- to -peak ripple of 5% produced no significant d i s ­
turbance of the acceptance f igures . Under conditions where eight or more 
consecutive magnets have gradients which deviate as a group from the 
ideal p r o g r a m , d is turbances a r e not eas i ly induced. If every other two 
magnets (in ++--) or every other magnet (in +-+-) is allowed to deviate, 
then predic tably significant effects a r e encountered. 

The study of Linac acceptance and emit tance f igures in phase space, 
and the behavior of these f igures with respec t to beam matching to the syn­
chrot ron , led to considera t ion of the synchrot ron acceptance . R e a r r a n g e ­
ment of previously calcula ted r e su l t s by Teng and Crosbie indicated that 
for injection purposes the synchrot ron acceptance quality for ve r t i ca l m o ­
tion should be cons idered to be something g rea t e r than 1.2 mi l l i r ad ian -
inches . This is about twice the Linac output quality in the +- + - mode, so 
that ce r ta in r e s t r i c t i ons of Linac operat ion and beam-match ing equipment 
which normal ly exist with cr i t ica l matching may be removed. This l as t 
s ta tement a s s u m e s the Linac phase space is l a rge ly filled by the source 
and column; if the populated a r e a is smal l , then the r e s t r i c t i ons do not 
exist in the f i r s t p lace . 

Auxil iary Calculat ions 

A. Heating Method for Measur ing Radio-frequency Gradients 

A proposed method for measur ing the e lec t r i c field magnitudes 
between drift tubes by observing the inf rared radia t ion from a f ie ld-heated 
object has been invest igated. It was hoped that the fields might be m e a s ­
u red with g rea t e r p rec i s ion than allowed with the "globall" method. How­
ever , it was deduced eventually that only border l ine success could be 
at tained, and this only with painstaking and e labora te exper imenta l ca re 
and complexity. 



B. The Effect of the Linac on a Po la r ized Beam 

Because the u s e of the ZGS would be great ly enhanced if 
polar ized beams of protons could be produced, calculations were begun 
to see if the Linac , as a separa te entity, would acce le ra te a sou rce -
polar ized beam without undue depolar izat ion. No definite information 
is available at p resen t on the effect on a polar ized beam of the r e s t of 
the acce le ra t ing and beam-handl ing complex. P r e l i m i n a r y Linac r e ­
su l t s , using the orbi ts previous ly calculated with the IBM-704, indicate 
that in the ++-- mode the magnet ic moments do not change their d i r e c ­
tion by m o r e than 10° in pass ing through the Linac. Orbits calculated 
up to now a r e : pure horizontal and pure ver t ica l osci l la t ions , of l a rges t 
ampli tude, with initial angles and initial d isp lacements . The more tedious 
case of mixed hor izontal and ver t i ca l osci l lat ions is yet to be performed; 
one guesses that the depolar izat ion in this general case will also be 
smal l . 



X. MISCELLANEOUS 
F . W. Markley, R. D. Roman 

P la s t i c s 

A. Outgassing of P l a s t i c s , E l a s t o m e r s , and Metals (Measurements 
by R. Vosecek) 

The outgassing m e a s u r e m e n t s previously descr ibed in r epo r t s 
ANL-5864 and ANL-5956 have been continued and extended. It was s ta ted 
in these e a r l i e r r epo r t s that some e r r o r in our m e a s u r e m e n t s resu l ted 
from an unexpected pumping action in the closed tes t chamber . It was 
a s sumed that this pumping was due to the ionization gauge. It is now known 
that this e r r o r is not l a rge , due to the sa tura t ion of the pumping action as 
the chamber p r e s s u r e i n c r e a s e s . F igu re 12 shows the effect of ionization 
gauge pumping, i l lus t ra t ing gauge sa tura t ion . Each curve was obtained by 
taking a s e r i e s of s lopes to the curve of p r e s s u r e vs t ime for the closed 
chamber containing the sample . Each curve differs from the o thers only 
in the s ta r t ing p r e s s u r e of the run. Sample outgassing should dec rea se 
with inc reas ing p r e s s u r e , but the sa tura t ion effect causes the ion gauge 
pumping to dec rea se with inc reas ing p r e s s u r e a l so . There fo re , the sum 
of these two effects, i .e . , the m e a s u r e d outgassing, may vary di rect ly or 
inverse ly with p r e s s u r e according to the i r re la t ive magni tudes . F o r the 
curves with ve ry low s ta r t ing p r e s s u r e s , the ion gauge pumping is init ially 
a lmost as l a rge as the sample outgassing, and as the gauge sa tu ra tes the 
pumping is reduced fas t e r than the sannple outgassing, yielding a nneas-
u red outgassing ra te that i n c r e a s e s with p r e s s u r e . F o r the curves with 
high s ta r t ing p r e s s u r e s , the ion gauge pumping is always considerably 
l e s s than sample outgass ing, so that the normal inverse re la t ionship b e ­
tween m e a s u r e d outgassing and p r e s s u r e is seen. All cu rves r each the 
same value at 10~^ mm Hg, indicating complete gauge sa tura t ion and 
consequently no fur ther pumping. There fore , our m e a s u r e m e n t s , taken 
at 5 X 10"^ m m Hg, may be seen to be l i t t le affected by ion gauge pumping. 

F igure 13 shows the compara t ive outgassing of the var ious 
m a t e r i a l s t e s ted at this Labora to ry . These curves a re intended for 
compar i son only. They do not show the detai ls of the exper imenta l data, 
and in mos t cases a r e only l inea r approximat ions to the original data 
points . The actual data a r e available on reques t . The outgassing shown 
was m e a s u r e d on samples of approximate ly 40-cm^ a r e a at a p r e s s u r e 
of 5 X 10""* m m Hg. The samples rece ived no special conditioning. The 
d i rec t ion gauge readings were used (cal ibrated for a i r ) . No a t tempt 
has yet been made to c o r r e c t the ion gauge for the actual gas evolved 
from the s ample s . However, this is now possible with fair cer ta in ty 
since P r o s s e r and Turnbul l at Harwel l , England (AERE C/M 362), have 
run a m a s s s p e c t r o m e t r i c analys is on th ree epoxy samples and found 
water vapor to be the only gas evolved in detectable amounts . 
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This new information showing the ion gauge pumping to be 
smal l at 5 X 10 m m Hg and the vapor evolved from epoxies to be water 
means that it is not vi tal ly important that we have not succeeded in using 
the Knudsen gauge, mentioned in the las t repor t , with our appara tus . We 
would st i l l like to incorpora te this gauge into our tes t appara tus , par t icu­
l a r ly with a view to measur ing outgassing r a t e s at lower p r e s s u r e s d i rec t ly 
instead of t rying to calculate them from the values obtained at 5 x lO'^^mm 
Hg. 

In the immedia te future our efforts will be concentrated on ob­
taining a complete p ic ture of the outgassing from Minnesota Mining and 
Manufacturing Company's n i t r i le -phenol ic tape, Scotchply No. A F - 3 1 . 
F r o m the mechan ica l and construct ion view point, this tape looks like 
the mos t p romis ing m a t e r i a l for the construct ion of the inner high-
vacuum chamber . 

B, F e r r i t e Bonding 

Summary r epo r t ANL-5864 mentioned that a bonding sys tem 
had been perfected for a s sembly of the fe r r i t e f rames in the R F cavity. 
The design of the fe r r i t e f rames has since been changed by the R F 
group, requi r ing the development of a new bonding sys tem. The r e q u i r e ­
ment of this new sys tem is not high bond strength, but high the rma l con­
ductivity. A guarded ring hot plate appara tus to m e a s u r e t he rma l 
conductivity has been built and is now in use . The conductivity of a pure 
epoxy bonding agent proposed as base r e s i n for this job is found to be 
3.7 X 10"* c a l / s e c / c m y ° C / c m . Loading this r e s in with 74% by weight of 
copper gives a value 18.3 x 10"^, Loading with 65% quar tz powder by 
weight gives a value of 18.3 x 10"'* a l so . These mix tu res had approximately 
equal v i scos i t i e s . The calculated values of t h e r m a l conductivity to be ex­
pected for these samples if a s e r i e s t h e r m a l connection is assumed for 
p las t ic and filler a r e 5.1 x 10~'*and 6.7 x 10"^. 

These m e a s u r e d values of t h e r m a l conductivity a r e sti l l 
sma l l e r than we d e s i r e . They m a y be improved by higher filler loading, 
i nc r ea sed filler pa r t i c le s ize (this would add some additional pa ra l l e l 
t h e r m a l connections), and vacuum mixing to el iminate entrapped a i r . 
However, we a r e a l so investigating a c o m m e r c i a l ma te r i a l , Emer son 
and Cummings Eccobond 60-L. The e l ec t r i ca l conductivity of 50 ohm-cm 
given by the manufac ture r would indicate excellent t h e r m a l conductivity, 
and the p r i ce is not unreasonable . We have not yet m e a s u r e d its actual 
t h e r m a l conductivity, as a p r e l i m i n a r y e l ec t r i ca l check shows that vacuum 
mixing is r e q u i r e d to r each the p r o p e r t i e s given by the manufac turer . A 
vacuum mixing machine is on o rde r and should be del ivered soon. A 
sa t i s fac tory solution to this p rob lem should be reached in the near future. 



C. General 

Within the past year , the act ivi t ies of the p las t ics section have 
rapidly expanded to include not only p r i m a r y engineering design and devel­
opment, but also a wide var ie ty of se rv ice and consultation functions for 
other groups within the Division. These include special m a t e r i a l fabr ica­
tion, special equipment design and construct ion, and p las t ics and adhesives 
p rob lems , r e s e a r c h and consultation. The heavy workload in this a r e a 
indicates the importance of the ve r sa t i l e synthetic organic ma te r i a l s in 
the physics r e s e a r c h and development work of today. Very substantial 
savings in the cost and in construct ion t ime of special equipment have 
been effected through the availabil i ty of these s e r v i c e s . In some c a s e s , 
special appara tus would have been imprac t ica l or even impossible to 
build without these s e r v i c e s . 




