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Abstract 
The microwave properties of disc- loaded 

cylindrical waveguides has been measured for 
both three and four discs per guide wave- 
length and normalized phase velocities from 
0.5 to 1.0 A graphical presentation of the 
results is given. A discussion of other 
results quoted from the technical literature 
is also included. 

Introduction 
The properties of the disc-loaded cylin- 

drical waveguide which are estimated by field 
analysis are not sufficiently accurately con- 
firmed by experimental measurements for engi- 
neering use, presumably for the reason that 
the mathematical model does not represent the 
waveguide precisely enough and that the real- 
ization of the structure does not approximate 
the mathematical model closely enough, for 
.example, in regard to surface finish. For 
this reason, a systematic investigation of 
structures was undertaken and the results of 
others, referenced in the technical litera- 
ture, was correlated to produce the data 
given be low. 

From a few basic definitions one can 
derive relationships to easily measurable 
properties of wave&ides. Specifically, 
shunt impedance is defined as the ratio of 
peak ele’ctric field intensity (squared) to 
power loss per unit length required to 
maintain it. 

E2 
I- = 

- d/y& 
The power loss per unit length is the 
attenuation coefficient 

--g-C -21 
The figure of merit of a transmission system 
(somewhat analogously to the case of resonant 
cavities) is defined as the ratio of stored 
energy per unit length to the (time average) 
energy dissipated per unit length in one 
radian, 

ww 
4= - dP/dz /;s, 

TOP power flllx is evidently given by the 
product of the linear energy density (stored 
energy per unit length) and the energy 
velocity. 

P= WV, (41 

There has been some ambiguity in the 
past whether the group velocity (the slope 
of the dispersion diagram) is equal in mag- 
nitude to the energy velocity. It can be 
shcwn that in the lossless case the two arc 
equal; when the line is lcssey the group 
velocity, strictly speaking, is not defined 

dw 
VP= -a- &J 

In practical waveguides losses are so small 
that the group velocity may be taken as the 
energy velocity. 

‘:‘hc above definitions are useful because 
they relate to easily measurable properties 

of a waveguide. Further, these same con- 
stants describe beam interactions with the 
wave including the transient regime. The 
only remaining property which is directly 
measurable is the phase velocity vp = UC// 
derivable as one of the constants in the 
solution of the wave equation in the 
structure. 

Eqs. (1) and (3) may be combined to 
produce an easily measurable quantity, 

.rz 
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Similarly, Eqs. (2) and (3) have the relation 

Lu 
I-= 2l4a , 

From Eqs. (1) and (2) the field inten- 
sity in the waveguide may be obtained. 

This expression has limited usefulness how- 
ever because the attenuation coefficient (or, 
indirectly, the ~2 of the structure) is 
difficult to measure accurately. From Eqs. 
(7) and (8) we may obtain the series imped- 
ance of the structure, 

All the terms on the RHS are easily measur- 
able and the LHS is the information linac 
designers are interested in knowing. 

Preliminary Investigation 
In the early days of travelling wave 

accelerators four or more discs per guide 
wavelength were invariably used. When the 
fields in the disc-loaded structure are 
known it is possible to compute the wall 
and disc losses (from the tangential magnetic 
field) and therefore the shunt impedance, 
since the axial electric field is also known. 
The result of this calculation, when maxi- 
mized shows that about 3 discs per guide 
wavelength produces the maximum shunt impe- 
dance. i\iote that what is really of interesi. 
is the maximum series impedance, since that 
is the ratio of axial E-field to power flux. 
The shunt impedance alone does not relate 
the axial E-field to power flow; knowledge 
of the energy density (group velocity) is 
also required. Nevertheless it was of inter- 
est to confirm the above observation and a 
series of experimental determinations h-ere 
made at Stanford University Microwave Labora- 
tory (ref 1). The measures of r/Q and Q as 
a function of the number of discs per guide 
wavelength are shown in Figures 1 and 2 
respectively. The measurements ivere ;er- 
formed at 2856 mcs for B=l and a beam- aper- 
ture of 0.822 in. for the cases of 2, 2 l/2. 
3, 3 l/2 and 4 discs per wavelength. The 
beam aperture has unbevelled holes (ie,no 
rounding) in these exueriments. In Ficzures 
3 and 4”the normalizeh group velocity and 
the derived shunt impedance (R/Q l Q) are 
shown, respectively. From these data it V.LE 
concluded that the 2-+‘3 mode possessed 
properties generally more desirable than 
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results from other degrees of loading and a 
general program of experimental determination 
of the properties of a guide was undertaken. 
Figure 5 shows the cylinder diameter required 
in each case. 

Experimental Results 
The two cases of most interest, thee/Z 

and the 2*r/3 modes were especially investi- 
gated in greater detail. For both cases the 
properties of the guide as a function of 
phase velocity was also investigated, the 
prospective use of such information being the 
design of bunchers. In Figure 6 is shown the 
cylinder diameter as a function of phase vel- 
ocity and disc aperture for propagation in 
the ;z/Z mode and in Figure 7 the group 
velocity. Figure 8 presents the derived 
series impedance. In Figure 9 the cylinder 
diameter for propagation in the 2*/3 node 
as a function of phase velocity and iris ap- 
erture is shown and in Figure 10 the group 
velocity is shown for the same parameters. 
In Figures 11 and 12 the r/Q and series im- 
pedance are shown for the same conditions. 
In Figures 9 through 11 the experimental 
points (marked X) are the results of another 
separate investigation by SLAC, reported in 
ref 2. 

It was not considered desirable to 
present the results in dimensionless form 
because of the peculiar numerical values 
which result. In any case, it is well-known 
that, ignoring skin depth or resistivity 
changes with frequency, it is valid to scale 
properties to other frequencies with small 
error. These scaling laws are: for shunt 
impedance R,/R, * fA,/A,)” and for Q, 

a/a =/xJAp * Clearly the cylinder 
diameter scales directly. All the experi- 
mental data reported were made at nominally 
2856 mcs. 

The reader interested in the properties 
of disc-loaded waveguides will find interest- 
ing comment in refs3. 

Experimental data for the m/3 mode 
at the velocity of light is given also by 
Hainson, ref 4. 

The experimental technique for these 
measurements is described in ref 5. 

In the presentation of data the letters 
have the significance: 

2b, cylinder diameter 
2a, disc aperture diameter 

t, disc thickness 
p, periodic length 
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r/Q of disk- loaded waveguide 
as a function of loading 

Fig. 1 r/Q of disc-loaded wnvcguide EIS a fwction 
of leading. 
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Fig. 3 Group velocity as a function of loading. 
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Shunt impdance of disk- loaded u~~~vcgu\do 
as a function of loading 

Fig. 4 Shnnt impedance 35 a disc-loaded waveguide 
as a function of loading. 
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Fig. 5 Cylinder diameter of disc-loaded waveguide 
as a function of loading. 
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Fig. 6 Cylinder diameter as a function of phase 
velocity and iris aperture, a,@-mote. 
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Fig. ‘7 Group velocity as a function of phase 
velocity and Iris aperature, r/2-mode. 
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Fig. 8 Series impedance as a function of phase 
velocity and iris aperture, n/Z-mode. 
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Fig. 9 Cylinder diameter as a function of phase 
velocity and iris aperture, W/?-mode. 
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Fig. 13 Grwp velocity as a function of phase 
velocity and iris aperture, 2=/j-mode. 
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Fiq. 11 r,/Q as a function of iris aperture and 
phase velocity, %/3-mode. 
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Figure 12. 
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