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Accelerators designed for very large output beam 
currents are, from practical considerations, 
operated in the transient regime. In such cases 
the energy spectrum is improved when the 0 of 
the structure is high. The following report 
describes experimentally determined properties 
of the TM-02 mode for the 271" 13 longitudinal 
mode at the velocity of light, from which it 
would appear that this mode is significantly 
better for such applications. 

The so-called 'resonance condition' for the 
TM-OI mode is given by the determinantal 
equation (1), 
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where k 2 = k 2 _ k3 2 
= k2 § Pc.- 1. This equation 

establishes the location of r (Hal zeroes of the 
longitudinal electric field. Hence the re sonance 
condition for the TM-02 mode of propagation is 
given by the second solution of the LHS, shown 
in Figure 1. At the velocity of light (k 1 = 0) the 
above equations assume a particularly Simple 
form 

J; (kh) _ Jz (ka) 
Nt,(d) - Nz (ka) 

Successive modes are, of course, still given by 
successive solutions of J (kb)/N (kb). It is of 
practical importance to n8tice th£>t the re sonance 
condition for the TM-Ol mode is actually given, 
closely, by J (kb

1
) = 0, thaL is kb

1 
o!o 2.405. 

One would an~icipate then that second zero would 
be given by kb 2 o!o 5.520. Hence, the TM-02 
mode would occur when b 2 o!o 2. 295b 1 . 

It is possible to estimate the higher order mode 
o of the structure from the 0 of the cylindrical 
TM-ono modes. For the TM-ono modes 
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To preserve the analogy we put h = itl3 and 
normalize 0 estimations to that of the TM-olo 
mode, whence 

a (TM"no) 
a (TMo,o) 
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For the first few modes we may estimate: 

n pon o (TM -ono)/O (TM -010) 

1 2.41 1.00 
2 5.52 1. 36 
3 8.65 1. 50 
4 11. 79 1. 59 

00 1. 87 

The experimental data shown hereinafter was 
obtained at 1300 mcs, using well-known 
microwave measurement techniques for periodic 
structures (2). 

In Figure 2 is shown the dimensions for the 
'resonant condition'. 

In Figure 3 the group velocity is shown as a 
function of disc aperture. In every case the 
disc edge was radiused at half the disc thick­
ness. The disc thickness was 0.476 inches 
(t/A = 0.0525). 

In Figure 4 the riO of the synchronous space 
harmonic is shown as a function of disc aperture. 
In every case the amplitude of the fundamental 
space harmonic was such as to transport about 
0.75 (seventy-five percent) of the power flux. 

In Figure 5 the series impedance 

is shown as a function of disc aperture. 

It is evident that the above data, Figures 3, 4, 
and 5 can be scaled using well-known scaling 
laws; if the structure is scaled to a wavelength 

Az from a wavel~n/th it, group veloci~y remains 
the same, 0 2/0 1 - A.z./A, and r2/r1 -~ 

REFERENCES 

1. E. 1. Chu and W. W. Hansen, The Theory of 
Disc-Loaded Wave Guides, JAP 8,996 (1947) 

2. W. J. Gallagher, Measurements Techniques 
for Periodic Structure s. Microwave Lab. Rep. 
No. 767, Stanford University (1960) 

Proceedings of the 1966 Linear Accelerator Conference, Los Alamos, New Mexico, USA

194



10 TM03 

TM02 

, 

TMOI 

6 

4 

lip. C 

I 

0 
o 

ka 

Fig. 1. Solution of determinantal equation for 
TM-02 mode, Vp ,. c. 
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Fig. 2. Cylinder bore as a function of disc 
aperture, 2 7r /3 mode • 

. 013 

.012 

.011 

,010 

.009 

. 008 

.007 

. 006 

.005 
~ 

co .004 ~ 

.003 

.002 

.001 

0 
0 .5 1.0 1.5 2.0 2.5 3.0 

2a,inch •• 

Fig. 3. Group velocity as a function of disc 
aperture. 
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Fig. 4. r/Q as a function of disc aperture. 
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Fig. 5. Series impedahce &8 & function of disc 
aperture • 
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