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All early microwave travelling-wave 
linacs were of constant impedance design 
(uniform geometry) for obvious reasons; 
insufficient engineering information 
existed describing shunt impedance and 
attenuation (cr grow velocity) for 
vario~;s apertures and modes tie., 
longitudinal phase shifts per period) to 
do anything else. 

Nevertheless, H. Leboutet (then of the 
CSF, Christ de Saclay laboratory) 
proposed about 1955 that the waveguides 
for the Ecole Normale Superieure (Orsay) 
l-BeV linac be constructed in a step 
constant gradient design. His motives 
were discussed in an article published 
later."' 

R.B. Neal, of the Stanford University 
Micrcwave Laboratory, visiting Orsay in 
1956, recognized the advantages of 
constant gradient design without beam 
;oa3ingc2' for which produced 
extensive analyses.") Suchh: design was 
consequently intended for the proposed 
Prolect Y (SLAC) lo-BeV linac,(41 
altho.;gh this was later modified to 
provide a constant gradient field with 
ten percent beam loading.'51 

it ;s an obvicus extension of the 
foregoing remarks to investigate the 
constant gradient condition with an 
intended beam loading. The motive for 
s u c 1~ an investigation rests on the 
cbservaticn, that having developed a 
method of heat removal from a length of 
waveguide, the whole waveguide can be 
operated advantageously at such a rate 
of RF heat deposition. Another 
consideration is that the two proposals 
(constant gradient with and without beam 
1oadlr.g) are substantially different in 
thecry. 

The heat transfer process implies a 
:7axlmum power attenuation per unit 
length (ZIP!, where 21 is the power 
attenuation coefficient (nepers/m). 

Ach:evement of high beam power linacs 
further implies that this power 
attenuation o.;ght to be used along the 
entire waveguide length. As a 
consequence, the waveguide design will 
automatically be constant gradient, 
since the field strength E2=21Pr and the 
shunt impedance per unit length is 
nearly constant. 

Alternatively, the power diffusion 
equation with beam-loading, 

dP - E --i-p - i/K (I) 
U!Z 

being quadratic, may be solved in the 
form 

Thus, the constant gradient ccndition 
(dE/dz = 0) implies that d2P/dz2=0, or 
that dP/dz is a constant. This latter 
condition may be expressed, 

2) 

where P, and P, are the input and output 
power of a waveguide of length L. 

The solution of eq (2) is, obviously, 

-y = / -(L -gq (3) 

The constant gradient condition 
requires, further, since E2 = 21Pr and r 
is nearly constant, that 

/ dP / u!r --=--- 
P dz I Gh 

or, from eqs. (2) and (3) 

6f,uL f a!( 
I cd2 - /-p-f)z/L 

(5: 

where f = P,/P,, which, WlZh '":-ia; -..-1 
conditions I = IO, r=ro, 2=0 has tke 
solution 

16) 

It is, perhaps, noticeable that the 
characteristics of the structure have 
been specified without reference to the 
beam current. However, initial values 
of these parameters have not been 
determined. Referring again to eqs(l) 
and (2), at z=O, 

When this equation is put in the form 
(multiplying through by L/P,) 

2&L = i-f- 17 
CH2669-0/89/OOW1064.$01.00~1989 IEEE 

© 1989 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material

for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers

or lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.

PAC 1989



where q = iv/PO is the beam power 
conversion efficiency; thus the "design 
iniex" (210L) of the waveguide is 
determnlnec! by the fraction of input 
pOWe _' the designer consents to "waste" 
(f) and the intended beam power 

conversion efficiency (q). 

:Uting that E=TlP,/iL, a second des 
constraint arises, which may also 
written 

E =(5l,L)Pr/V (8 

'IO determine the beam loading diagram 
(energy gain at other than design 
c>Lrrent) it is necessary to determine 
-he power fl,;x down the waveguide. The 
:power diffusion equation, eq(l), and 
3araneter specification, eq(6), 

dP 2.&P ’ 2isPr 
-z-=- / -p-/)fL- f 

F / -(/-flZ/L 

nay be solved by substitution, u2 = 
D/ (l- (l-f)z!L), the details of which are 
omitted for brevity; finally 

1iz; - &&$rP 
yT- i&qF 
= i; - (1 -/;‘z/L.. -*I 

(9) 

x h e r e f and n are the design values. 

- 'A L..e eleclrlw r '- field intensity along the 
a,;ide then becomes i 

f 

a .? d 

V 

the energy gain, generally, 
PL 

/ 

&i?A&L -i ZildLPf 
=;- 'l/;f-p$) , 

(11) 

so that the no-load energy gain (V,), 

c= (/-f-p) 
Gziizz~-{ g$)) (12) 

which, noting that Vlj=irL(2I,L) 
establishes the load line. 

It can further be easily shown, in view 
of eq(6), that the group velocity 

lqc = $/c/;-(+-p+] (1 3: 

so that the fill time of the structure, 

7-= s 2 Rtf L -- 
*F--/-f 30 (14) 

As an application of the foregoing 
analysis consider the design of a CW 
travelling wave linear accelerator 
intended for operation at lA, having a 
4MW, L-band RF power source, and where 
what is wanted is eighty percent beam 
power conversion efficiency (rl=. 8) , 
which therefore implies an energy gain 
per section of 3.2 MeV (V=qP,/i). 

Heat transfer studies for disc-loaded 
waveguide (not discussed in this report) 
indicate that for L-band structures 
about 160 Kw;/rm can be removed without 
"heroic" effforts, so that in this case 
the initial power attencation 
coefficient (21,) cannot exceed 0.04 
nepers/m. 

In Table I are listed various possible 
structures with the fraction of "waste" 
power f as independent variable; 21,L is 
calculated from eq(7). The steady state 
accelerating field(E) is calculated from 

eq(8), where it is assumed that for the 

proposed structure operated at 1300 mcs, 
2x/3 mode, r/Q=?j/2b ohms/m and Q=19,40Ci. 
The waveguide length L=V/E from which it 
follows that 210=21,L/~. It can be seen 
that fzO.15 is an approximately ccrrect 
solution. For the proposed structure, 
with a 1.28 cm disc thickness, an iris 
aperture 5.517 cm and a cavity diameter 
18.75cm 

r/Q=20.65 ohms/cm and r=40 megohms/m. 

Table I 
f 210L E L 210 

0.13 0.07nep 3.5MV/m 0.91m .76nep/m 
.14 .06 3.0 1.07 .056 

:16 15 .05 04 
:03 

2.5 2.0 1.60 1.28 .040 026 
.17 1.5 2.13 :014 

Essential to proceeding with constant 
gradient design is an investigation of 
the properties of the intended structure 
for various beam apertures. Table II 
presents the measured "cold-test" 
properties of L-band disc loaded 
waveguide having a fully radiused 
aperture (disc thickness=1.28cm, 2x/3- 
mode) 

1065 
PAC 1989



Table II 

2a 2s I vu/c 
References 

5.? cm 18.30cm 0.0358 nep/m 
5.6 cm 18.28 .0380 
5.5 18.2 .0404 
5.4 18.22 .0433 
5.3 18.2: .0460 
5.2 18.17 .0497 
5.1 18 15 .0527 
5.0 18 12 .0569 

Oi96 
:01s5 

0173 
:om 

0152 
:a141 
.0133 
.0123 
.0115 
.0107 
.0099 

0091 
:0084 
.0076 

4.9 18 10 0609 
1.8 18 08 :0655 
4.7 18 05 .0708 
4.6 18 03 .0772 
4.5 18 01 0830 
4.4 17 99 :0919 
4.3 17 97 1004 
4.2 17 95 :1105 

0070 
:0063 

4.1 17.93 .1229 .0057 

There are several comments which may be 
of interest on structure properties: 

(1) The riQ Of most structures 
approaches a limiting value of 

7 
/2b as 

the aperture (2a) becomes smalle . (2) 
The attenuation is given closely by 
I=35.7i(2aj4 nepers/m, where 2a is given 
in centimeters. (3) 
velccity is given close-y 
ia/bj4 

NormaliEd CJZJ; 

As an aside,the achievement of constant 
gradient waveguide under realistic 
conditions, .&here shunt impedance is not 
constant, involves a slightly more 
corsplicated approach. Since E2=21Pr and 
21=&/v& it follows that the constant 
gradient conditicn (without beam loading 
is giver, by 
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