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During the construction of an electron 
linac, it is necessary to check the amplitude and 
phase of the rf field along the accelerating 
structure, in particular along the bunching sec­
tion. It is then possible with the help of a 
computer to deduce the behaviour of the electron 
beam during operation and by modifications of the 
structure, to optimize it. 

Up to now, these measurements have been 
achieved by a non-resonant perturbation method 
which has been described by K. B. Mallory, R. H. 
Miller, and C. Steele from Stanford University 
(1). It consists in introducing a perturbation 
such as a metal or dielectric bead at the point 
where the field is being measured, the structure 
being fed as in normal operation; the amplitude 
and phase of the reflected wave are directly re­
lated to the amplitude and phase of the incident 
wave at the location of the bead. As simple as 
it seems, this method is of difficult application 
because of the smallness of the reflex ion due to 
the bead, hence a low sensitivity. It requires 
also an almost perfect match of the structure to 
its load and of the generator to the structure in 
order for the spurious reflex ions not to over­
shadow the one of interest 

We have tried to develop a different method 
which relies on resonance perturbation technique 
as we know by experience that fuch measurements 
can be made quite accurately. 

I- PRINCIPLE OF THE MEASUREMENT 

Let us consider the arrangement of Figure 1. 

TIle structure under test S is being fed from 
a UHF source G through a t~ansition T (which need 
not be ref1exionlesl). TIle structure is connect­
ed at the other end to a standard waveguide W by 
means of a transition T' which if supposed to in­
troduce no reflexion. TIle waveguide is short­
circuited by a movable piston at point R. 

In the structure, the field is the sum of 
two waves, one traveling forward, the other back­
ward. 

TIle basic prinCiple of the measurement lies 
in the fact that at same point P in the structure, 
each backward wave component (*) cancels out the 
corresponding component of the forward wave so 
that the total field iE zero at thiE point. 

As the piston R is moved, the zero-field 
point P moves and its motion in the z direction 
is directly connected to the piEton motion; the 
difference of phase between the node at the pis­
ton and the node at the zero-field point is a con­
stant number of half-wavelengths. 

TIlis gives a method for measuring phase 
shifts between zero-field points in the structure. 
A theoretical justification of this method is 
given in the appendix. 

TIle field amplitude of the traveling wave 
at a given node position where forward and back­
ward waves are of equal amplitude and opposite in 
phase is half the amplitude of the standing wave 
measured at the same position ~~en the piston R 
is moved by a quarter wavelength, since forward 
and backward waves are of equal amplitude and in 
phase. TIle input transition T is designed in 
such a way as to give a small coupling between 
generator and structure in order to achieve re­
sonance in the structure. As a result, lensi­
tivity and accuracy of measurements are sharply 
increased. 

(*) By component we mean a component of the total 
field such as E , E , ••• 

x Y 

II- TECHNIQUE OF MEASUREMENT 
AND EXPERIMENTAL RESULTS 

We use the arrangement of Figure 2. 

TIle structure under test is fed by a sweep 
generator through a coupling loop. TIlis is the 
transition T of Figure 1 which need not be re­
flex ionless • 

Transition T' is the power input for a 
linac structure. Here a good match is required, 
because a mismatch would produce a periodic shift 
in phase. TIle amplitude 9° of this shift in phase 
is given by: 

sin ~ = Irl 
Reference (2) 

(For a mismatch corresponding to s 
phase shift 9 is 3° -). 

1.05 the 

TIle transmitted power curve of the periodic 
resonant structure is compared on an oscilloscope 
to the transmitted power curve of a high Q refer­
ence cavity to determine its resonant frequency. 

Fbr each position of' the movable piston R, 
a piston S is adjusted for resonancy of the peri­
odic structure at the frequency of its normal 
operation as an accelerator. 

Frequency shifts of the whole resonant 
structure give the amplitude of'the fields at the 
location of the perturbation P and the points 
where no shift occurs give the location of the 
nodes. 
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Plots of positions in phase of piston R al 
a function of a node position along the periodic 
structure give the phase law along the structure. 

As already mentioned, the field amplitude 
of the traveling wave at a given node position is 
half the amplitude of the standing wave measured 
at the same ~osition when the piston R is moved 
by a quarter wavelength. So as a practical pro­
cedure we note the positions of nodes, of maxima 
of fields and the frequency shifts corresponding 
to these maxima, for each position of piston R. 

Figure 3 ShOWE the phase law at the begin­
ing of a structure for the 2n mode operation and 

3" 
particles traveling at the speed of light. 

- APPENDIX -

Theoretical justification of the reso~ant 
method 

Let us consider the arrangement of 
figure 1. 

We shall make the following assump-
tions : 

1) The UHF circuit can be conside­
red as almost lossless. This assumption is 
made for the sake of simplicity but is not 
essential. 

2) The structure to waveguide tran 
sition is reflexionless. When this condi­
tion is not fulfilled a periodic shift in 
phase is superposed to the periodic struc­
ture law of phase. 

3) The structure is assumed to car­
ry a single mode. The frequency is supposed 
to be constant unless otherwise mentionned 
and in the analysis the factor e Jwt is 
systematically omitted. 

We have to prove the following 
points 

1) The forward and backward waves 
have the same absolute amplitude at each 
point in the structure. 

2) The phase of the travelling wave 
field component (either forward or backward) 
is directly related to the piston position. 

We now proceed to prove the first 
point : 

Due to the fact that the system is 
supposed to be lossless, both waves carry 
the same power in opposite directions. 

If one calls EL, (i,':j.x) one of the compo­
nents of the electric field propagating in 
the forward direction, this component can be 

written as : -J 'f(x.~.'Z) 
~(x.,'l.'Z):: A(:c..~,'Z) e (1) 

A being the absolute value of the 
field and ~ its phase. 

E~ is a particular solution of 
Maxwell's equations; the system being los­
sless its complex conjugate E~* will also 
be a solution. It can be written: 

E(-(..t.y/E:) = A(.q.z) e + J 'f(x,!j,z) (2) 
This solution which satisfies 

Maxwell's equations and the boundary con-

ditions obviously represents a backward 
travelling wave. 50 the general form of 
this particular field component in the 
structure can be writtenBs 

Ei (:q.7.). A (x,~,:z) e -j'f'(.x·!J,:t)+o.A(x,y.z) e j'f(X.y.z) 
total (3) 

~ being a complex 
cause both waves carry the 
has to be unity and can be 

a. = f! J'Ii 

constant. Be­
same energy, I a I 
written as 

~ being ~ constant, which proves 
our point. The final expression for the 
total field component is then : 

{ 
"f(x':/z) . (If+'i'(%.II'&')} 

Ei, (x,y.r:) = A (.x.y.'Z.) e-J .. +e d (4) 
total 

which can also be expressed as : 
.~ 

Ei.(~ . .Y.z)=A(.x..y.z) e-dT 2 em ('f(.x..Ij.:z)+~) 
total 

The last expression implies 
as 'f varies in function of z, the 
component of the field goes through 
for 

( 5) 

that, 
ith 
zero 

This development shows that the 
theory holds for any component of the field 
for any x, y position and for any structure 
even if it is not periodic in z because no 
assumption has been made concerning this 
point. 

We now proceed to prove the second 
point : 

The fact that the transition T' is 
matched means that between two forward com­
ponents of the fields at points A et B there 
is a relation : 

T' being the transfer coefficient 
which is constant. The following relation 
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between the corresponding backward compo­
nents is valid : 

[LA '" -' EiB 
TJ*~ 

The field propagating forward in the 
periodic structure is 

Ez :::A(:l:)e-J'P(z) 

At point A this field becomes 

Ez (P);: A(P) e -j 'P(p) -Calling k the propagation constant 
in the waveguide and s the distance bet­
ween point B and the piston : 

EzU) ;: [z{e).r.. e- 2jks 

- - T'· 
if T'=IT'!e- jB 

Ez(e) := [z(e) e -2j (ks-I-B) - -
Now, we can write : 

~)=A(z)e-j'P(z) ) ~):A(z)ed(f(Z)-I-IjJ) 
Ez (e) =A(e) e -J 'P(e) ~z(p) = A(z) e j ('f'(f)-I-~) 

and Ez(e)::: Ez(z) Am e-j('t'(fJ-'f(z)) 
- - A (2.) 
Ez(z)::: Ez(z) !.ill.. e J ('P(e)-'P(z)) 

hence - A (~) 

Ez(z) = [z(z) e-2j(kS-'P(z)+'P(e)+9) - -50 that the total field at point z 
becomes 0 when 

or 

Ccr.1 (ks - 'feZ) + 'f(P)+ e) ... 0 

ks-'f(z) = nl'C+ ~ -'f(€)-e 
If the piston is moved from 5, to 

S~, the position of the zero field point 
will move from Zl to %2 ' according to the 
relation 
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