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where

omr N 1
?. 1 g/ 42 A=Y - kS
A _;. .L}rl _ ;- I‘ n L . / lﬂ-» r 1 &
n o ® T e e + (%)

i

power flux into caviby n

g
#

inpub pover

i = gverage besm current during pulse

fMnds sypression for fe‘ﬁ ig essentially that given by Neal.® TL is derived in the
seme foshion, with the additional assumption thet the power dissipated infa

cavity is mob changed by the presence of a bawnch in that cavibty, that is, we

o= 28 B 4 {35 p B 4€ 53
EN:Y LE T Y AR DL Wiy
where Aﬂ ig 1/2 the froctional power loss in the n-th cavity 2 regardiess of the

D nn
:‘:‘,};3. factors are comsband, we may solve for Ar obtaining Bq. {&

yrasence of tha beam, and P = 2 A P . Since under copstont grpdient operation,
3
/

The bobtal sbtbenuvation through the ssction is

e
e '}

{:&n = 7 NePers ‘ (6)
-
n=0
whers N, the number of cavitles in a sectlon, is an independently specified

gqusntity., 7The value of the current ussd in the above axpresslon iz thab

*R. B. Neal, "Pheory of the Constant Oradient Linear Electron Accelerator
ML Report No. 513, May 1958, p. b, Eq. {3.6),

“- 3 e



5

giving the desired beam loading. This is determined from,

) ) N»«l \ i
o) oo

-

$
(

= (Fractional Beam Loading) | 2 T p“o £ — {7
vy 2T
S1e
rn 1 - = i
n=c 1-e®

The power lost in each cavity to the beam and by digsipstion is given by Eg. (2).

P*Bn
cavities.

is the total beam energy gain in a section divided by the number of
&

[ K-l )
/ % i) r \
i Nl 2( % Lo "B pgemET
Y -2T]® = - -
P, =~{\P ) r \l-e“)T) . 1 - ? (&)
Bu 1"{‘\0 L, n 5 1. e 2%
n=0 ./
o
Using Bq. (1) and
= 1V e .
Pon n (9)
we have
e o
P SEIL (10)
“Dn
Y 1%
n
Bas. (8}, (9), and {10) allow B, To be determined for use in Eg. (h)
Thue the required stbtenualion per cavity, ozn,u may be determinad I & constant

grofient structure with a specified total attenusgtlon, beanm loading, input power,

and nuzber of cavitles. The average volue of the shurd im Jexlaa is required.

S - 3 Yy 87 plot S -
R. B. Heal, M Report No. 299, March 1961, p. &, Eg. 7.

]
H



To determine the required field varisbion in gbsence ¢f the beam, we use
Fg. (1), nobing that in this case there is 1o beam lcading and the power dissi-

peted in a gilven cavity is slmply the input pover reduced by the attenuation o

P, = 24 F i i 51
2 7 4
In non o L Tn

o =y - \ B

™2 ) o
Hnrnd n
03=0

R w s o . 4 s
¢ hove been determined using Bis. (3) and {4},

where the A

deal Behavicr, and Application of Corrections to

relobive fleld :ﬁrenﬂ:&h ia sach cavity.

attenuation allow

v with the idssl behavior describsd in Section 1. For convenience,

£
{
£
ot
€I§’
2
0
[w
£
5
&
€
s
)
d
[

the commarison iz made in Lerms of &, one~-half the freciional energy loss cause

NI, . 3 2% PSRE ST 4o e s U DR |
cavity. The in the actuel struchure ave deltermined

PN S DY N ™ - 5 Y
weassively using Egs. (11 and

&

st perburbation
wafLMurl uua*um

iﬂ used, &
aary 1 obo Mareh




fraction of the input power dissipated in the ent
of the besn.

.

he measursd A are r*oz“mam with the ideal

the change in group velcolity with coupling
®nown. group veloeliby is glven by

v oot s b e
- £y
gn 29 A

1"' - hts sy 2 v atanuniedi e deind
&n gn 8 in p
non

woere A

tire secti on

(13}

= ona-hall the

in the absence

1 to obtain

For the coupling aperture. To diztingulsh the twve we shaell designate
asurad
in coupld aperture are related A5 by the group velocity

hoth of whiech are

(k)

he corrections

where 28 = coupling eperiure disweter®™ and (v /
,.‘,“.
PP w, - 1 o - 3 g 3 - 3 293 gyam ey o f -
Figure 1 shows the dimenszlon degignations

/’\!

(36)

e} n = measured group velocity
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The temperature at which the parts were machired and inspected must be con-
sidered es well as the ‘temperature at which rf measurements are made and the
intended temperature of operation. The latter is ll3°“ The scaling factor used

iz the linear thermsl coefficient of expansion for copper, namély7

(9.2561 + .0052524)10°% where t is in °F.
The opsrating frequency is 2,856,000 KC

A1l testing to date has been carried cut in'atmospheré. Humidity, pressure,
and temperature have been considered in determining what the operating fiequency
of the section would be when evacuated.

' Consistent phase aberrations have been observed, bult thelr effect to date
appears to he swall.

A pha e change of asbout 2° per section results from ‘the pressure differen~
tial ogcurring on evncuation. Thls relauively small error will be accommodated
in the tuning margin. P%aseﬁt planq call for the tuning of the Sectﬁon while
evecuated and at 113°F. _ _

In ~umery then, the procedure for aliteraticn of the gradient and subsequent
chenges in phase veloclty is as follows. _

1. Begin with a structure (pdssiblv s uniform structure) for which the
shunt impedance, group veloclty, and the avg/é(ea} are known. To compensate
for the effect of czanges in gperturs on phzse veloelby we also require af/aizb).

2. Measurz the total attenuation and gra&iént varieticn (the latter is not
necessary if starting with a uniform structure}. Using Egs. (11), (12) and (13)
determine the A. for thﬂ'suructﬁre at hand.

3. Using the desired values of besm loading and total attenuation ﬁ@termine .
tﬁe operating current, Eq. (7). Also determine the total power absorbed by the
beem and circuit, Egs. (8), (9) and (10). With these find the ideal A by
using Eq. (4).

' b, Dﬂﬁﬁrmine the corrections to coupling apszriure uéing_the Aﬁ, Ah’ the
group velocity, and (v /c [o(aa)J in Bq. (16)
5. The phage vexocity may be céupensated for the chunges in coupling ape

tare by sltering the cavity dxame&er as indicated by Eq. (175

“‘I‘ec«m_cml Survey of OFHC Brand Copper,” The fAmerican Metal Co. Ltd., 1957.
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B, SFECIFIC MEASURMMENTS AVD CORRECTICHS
The

disk constant gredient dimensions (Mod C).  The starting point
sectiong described in Part €, for vhich considerable data is 2

3
WaE

i

available.

approach described gbove has been used to errive at a get of .230-in.
Hod O

Ten percent beam loading wes considered the nmminsl operating value and used

initially. It was found, however,

H

(se2 Fig. 2).
connection with the thin &isk structurs,

having & rother smll area  Based on earlier conslderat

.T50 inch
A besnm lcndiﬁv of 5%‘w3"

=

*&

mum %wcentﬂb¢@ eperbure Glameler

eter a trifle greater than thisﬁ

L. The Xdeal CGradient

Using Bq. (7), ve cbtain the curvent for a

given besm loading.

i
. j..irp.&n..t S; naﬁ:&}l:]g

P o= 2k x 107 watts
o
T o= 57 neper
r, = 1.98 megokms/cavity
i
the frachbionsl hemm loading JTUG per ampere.  For “% Dbeaq-loading

{3) we obtain f sorbed by gﬁﬁ hean

x 10% wotts/cavity

For )ﬁ voam losding P, = 38.864 K¥ feavlty. The total energy lost by ©

3 ek by e by - : o
wave per pericd is given by Bas. &8} i

(10

et
s
&
td
he]
”\n‘mwd'/

i = 3 i amcapya et
P, I% t P
w slra AR \.4 %4”“}
.
“""’1 1ned T sroximate average values over the

- G-
o

ared to be abou

and wag chosen as the design loading.

Pop

NS

found Lo glve a

#3
&I

(18}

L0667

the »f
(20}
sechion

that this regquired o minimun coupling aperture

the mini-

dlam-

DS .
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correction for each cavity. In determining the dlelectric constant of air,
references 9 and 10 were used.

C. SMIARY OF STRUCTURE DIMEXISIONS

Four sets of dimensions have been used o construct constant groedient sections
of the thick disk variety. These have been called Modificationsg O, A, B, and C.
Briefly, they have been derived ag follows.

Medification O is the original set of dimensicns ocbtained by Loew and
Altemmueller for a constant gradient siructure. Five szetions were maede to these
dimensions, the datg from which was used as a basis for Medificsiions A and C.

To date the largest number of completed sections, 5, have used these dimensions.

Modification A was an inltial sbttempt by the ‘authors Lo bring the group
veloeity of the Modificabion O sections closer to the specified lineor varighion

between (0204 < v Jo < .0065). Bo atbempt was made 4o consider beam loading
y. E] S

&

or variations in 4, or in shunt impedance.

Modification B dimensions wers the result of additionsl work by Loew ! to
cbtoln bebter resulls, primarily through use of a camuter for smeothing and
interpolating experimental results. Thrse of these sections are now in final
asserbly stages. The measurements and considerations used In the design of
Modifications O and B are given in greater detail in reference 12.

The Modiflication € derivation has been deseribed in detail in Parts A and B.
Two of Lhese sections are now belnz completed.

A summary of dimensions of HMod O, Mod 4, and Mcd B, all o« which hove been
used to fabricste ten-foot sections, iz included for convenience in Toble 3.
To facilitate comparisons, disk and cylinder dimensicns for sll Modificetions

are plotted In Pigs. 9 and 10.

The review and criticism of Dr. B. L. Chu and the encouwrsgement of

A, L. Eldredge are gratefully ascknowledged.

"Technique of Microwave Msasurements,” edited by C. C. Meontgomery,
Bad. Iab. Series, Vol. 11, p. 391,

198, H. Bean, "The Radio Refractive Index of Air,” Proc. IRE, Vol. 50, No. 3,
March 1962, pp. 260-273.

110, A Altenmeeller, B. Kendall, G. Loew, "Cavity Dimensions for Constant
Grudient Accelerator Sections,” SLAC Technical Note THN-62-46, September 1962.

3€A. L. Eldredge, G. A, Loew, R. B. Neal, "Design and Fabrication of the
Accelerating Structure for the Stanford Two-Mile Accelerator,” SLAC Report No. 7,
Noverber 1962.
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| i 1 i |
780 _
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. 760 =
- T501— -
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ku\
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percent beam lcading

FIC. 2--Minimum coupling aperture {2a) vs beam
loading for a constant gradieat struetuve.
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/~ca. 35-- TYPICAL PERTURBATION PLOT GIVING E,f ALONG THE STRUCTURE AXIS
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