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Abstract

The characteristics of TWRR are analysed in detail. They
include - effects of the reflection, coupling coefficient and
directivity. The characteristics of TWRR with an accelerator
section are studied. They include ‘analyses of constant
impedance structure, with fixed coupling and optimal
coupling, and on/off beam Iloading. The characteristics of
constant gradient structure are also analysed. Q wvalues of

TWRR and TWRR with an accelerator section are calculated.

TWRRs with RF window and with an accelerator section
are tested in low power and high power. Some phenomena
appeared are mentioned and analys'ed. The stability of TWRR

with an accelerator section is discussed.
The results of tests show that the measured parameters of
TWRR with an accelerator section are in very good

agreement with the calculated wvalues.

* Guest Reseacher of PNC (Nanjing University)
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1, Introduction

The traveling wave resonant ring (TWRR) is an interesting
microwave circuit. Not only it has most advantages of the
standing wave resonant cavity (SWRC), such as a high Q value and
high RF field, but also some unique characteristics as follows.

First one is that the RF field in TWRR is added by fields
transmitted in the same direction, while the field in SWRC is
added by fields transmitted in the opposite direction.
Therefore, with the linear accelerator using TWRR, one can get a
pure traveling wave to accelerate electrons efficiently, In
.contrast, that using SWRC, only one directional fields can
contribute to accelerating electrons.

Second one is a good frequency characteristic, as shown in
Fig.1 where frequency characteristics of SWRC and TWRR are
.compared.

In regard to SWRC, Fig.l (a) indicates that, as far as a
cavity 1is under the optimal coupling condition at resonant
frequency, no power reflection occurs. But once the frequency
deviation occurs from its resonant condition, most input power
into SWRC is reflected by the cavity.

For TWRR, under the optimal coupling condition, at the
resonant frequency there is no power reflected and no power
passes through to the dummy load, when the frequency deviating
resonant frequency most input power passes through to the dummy
load and there is no power reflected vyet. It is important to
protect RF source against reflection. Figure 1 (b) shows its
characteristic.

Now let us discuss TWRR.
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2, Steady state
2-1, A simple TWRR

For a simple TWRR shown in Fig.2, a waveguide ring is
coupled with a main transmission line through a directional
coupler. A wave progressing from the signal source to port 1
is partially coupled into the ring at port 4 and circulates
around the ring in the direction indicated. When this wave
passes the port 3 in the coupling region, a fraction is coupled
into the port 2 {(dummy load) with the remainder circulating
around the ring again. At the same time, more energy is coupled
from the main line into the ring. If the wave circulating around
the ring and the wave coupled into the ring are in phase at the
coupled section, the wave in the ring can be build up and
becomes duite large in its magnitude.

The above discussion shows three factors to be considered
in a practical resonant ring. First, the length, L, of the ring
must be such that the waves will be in phase. This means that
the length of the ring (phase) or the frequency of the source or
both must be variable to make the ring at resonance. Second, the
coupling with the ring should be chosen near its optimal
coupling to compensate for losses. Third, some method is needed
to cancel out any backward wave in the ring to make the ring
matching.

Such characteristics of this circuit can be expressed as
follows. Assuming that a;, a;, a3 and a4 are input waves on the
port 1, port 2, port 3 and port 4 of the directional coupler
respectively and by, by, by and by are output waves respectively.

Ep is input signal and suppose that there is no reflection in

the ring, the dummy load is ideal i.e. no reflection and the
directional coupler is ideal one with infinite directivity, one
can list the following a set of equations:

a = 0
-ie
a3 = b,T :
a4 =0 . . (1)
b, = ath_czew2 + 514Cej\lrl
bz = a_l \} 1 - C 2 e'j‘{-’z + 33 C e-ﬁFI
v, +

a; V1-c?e’"
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Where T is voltage transmission coefficient of the ring,

T = e,hTw 2)

Tw is the attenuation constant Tw = COwlw, where Ow 1is

attenuation in nepers per unit length and Lw the length of the
waveguide in the ring.

Where ¢ is the total phase of the ring,
¢ = BuLu ©)

Bw is phase constant of the waveguide.
The directional coupler has a coupling coefficient ¢ e V1

and a transmission coefficient of <V(1-C2) e_Th ,  where
yi-y2 = *xw/2.

The multiplication factor M is defined by Eq. (4)

b : Ce
M =—%. = - 4)
4 1 — T V1_c?iow)
The nullification factor N is defined by Eqg. (5)
2y )
; v) e’ 1
N =2 = VTTeTh - cT _ ©)
1 1 - T ." I _Czc‘l(fP"'Wl)
Usually, assuming q5 = 0, so “ﬁ = /2, Egs. {4) and (5)
become following:
iC
M = : . | ®)
1 — T Vi1-¢c?e™
' -i®
c2Te
N=+1-¢c?- (7

1 — T Y1-c2e™

The module IMland argument O of the M are given by :
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VE s (8)

‘\/1 +T2(1-C2)-2T Ji-c? cos ©

o1 _Ti1_c?sine
8 = arg(M) = —— — arctan( ) )
2 1 - T~ i_c?cos @

The module |N| and argument Y of N are given by:

‘le V T2 C2M2 +(1-C? 2 TCM cos (g+6+772) (10)

‘ 1 O—n/2,
¥ = arg(N) = arctan( TCM st Gor ) ) (I

Y1-c? -TCM cos (¢p+6-m2)

The module |M| and arguments 8 vs. ¢ and module |N| and

argument Y vs. ¢ for a given C=0.2939 and T=0.9438 values are
showed on Fig.3 and Fig.4, respectively.

At resonance, i.e. the phase of the ring is equal to 2nW, M
and N become their maximum and minimum respectively, therefore,
Egs. (6) and (7} become

M = = (12)

1 — T 1-¢?

c*T
N =1-¢c? — (13)
1 — T y1-¢c?

M and N wvs. C for given T values are shown on the Fig.5 and
Fig 6, respectively.

At the optimal coupling i.e. at C = V(I-T2) , M of Eq.(12)
becomes its maximum,
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M = : =1 (14)
B V1-T? - c

and Eg. (13) becomes zero

N = 0 (15)

Eg. (14) is indicated by a dashed line in the Fig.5 and where no
power is transmitted to the dummy load.

Above analyses show that the maximal efficiency of TWRR is
at resonance with optimal coupling conditions. Design and
operation of a ring at these conditions are desirable.

For TWRR, in order to make 1t resonance changing the
frequency of RF source is convenient, but for some case it is
impossible. In that case, for a given frequency a phase shifter
in the ring is necessary to tune TWRR at resonance.

If the main coupler has a fixed coupling coefficient, the
TWRR can be operated with only one point at its optimal
efficiency. If one want to operate at optimal efficiency in

some region, a coupler having a variable coupling coefficient is
needed.

2-1-1, The simple TWRR with some reflection

Now let wus analyze the ring in which there is some
reflection having a reflection coefficient of I e-391 and a

transmission coefficient of V(l—TQ)efjez , where 81 - 02 =im/2,
Eg. (1) can be rewritten as following:

ra = E
5 . - i do,
a; = b,T,e 2T e ™ 4 byT, e W1 _-T2e 2T, e
=i i - -3 -ig 3
a, = byTe’1_r2e™ T, e " b,T, e re T, et

bl - a _1 _C—2 c_jwz .j“,l (16)

+

b = a,Vi-c’e™ + a,cCe

b3 = a2 C e-jwl + 34 'JI--CZC-“IZ
i + a, V1-cZe™

a, Ce
-y,

L'b4:= a, c e’

From eqg. {16) we can get solutions:
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M _ C e’jwl___ C T.J 1 _ CZ -\J 1 _ 1—- 2 c-j(‘p+82+w|+qu) (17)
1 -2 TNT-CIVI-T @) + T2a-ch iCei2y)

b —C2 T2 e'j(2¢1+91+2‘['1)
N= T — YR (18)
4 1 -2 Ty 1ociv 112 J@0) + T20-Ch o2,
1-1 - a4 _ le I-.e‘J(ZCPt-!*B]) 19
ALY 1= T¥1-civ1-r? @0V 1

Ni-c® e'Nz (1-T2 e—chp) N e—j((p+9,) (2+C2 o2 (Pl)
1 —2 T¥ 1 V1T %Y + (o) JiCe2w)

(20

Figures 7 and 8 are 3-dimensions graphs of module M and
argument 6 vs.¢@ and I for T=0.9438 and C=0.2939, respectively.

Figures 9 and 10 are 3-dimensions graphs of module N and
argument Y vs.@ and I’ for T=0.9438 and C=0.2939, respectively.

Figures 11 and 12 are 3-dimensions graphs of module I} and

module I'y vs.¢ and I for T=0.9438 and C=0.2939, respectively.

These results show that if there is some reflection in TWRR,
the multiplication factor M will go down, the power to the load
will go up and the reflection in the ring and at input port
will become very large. All of them are not desirous. Therefore,
it is important to cancel the reflection 1in TWRR using a
impedance matcher (for example, a stub tuner).

2-1-2, Bffect of directivity of the coupler

In the 2-1-1 section the directional coupler is considered
to be ideal, i.e. it is a coupler with infinite directivity. Now
one will discuss about it in the real case. Let us suppose that
the directional coupler have
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b . B
*;L =ceNVi-p?e’?
1
b, ;
5, —Vi-cTe 1)

b S
—_— = C CJ‘FI D eml

where C is the voltage coupling coefficient, D the directivity
and n;=~na,=:xm/2.

Equation (1) becomes following:

a, = Ey
a = 0
a3 = b,T e
a, = bT e

p . ~ . (22)
b, = &3C e " De" + gceiVi-pie™

4 ¥ 4 Ty,
b, = ald1_czﬁ% + a;Ce ’Vl-D2€%+ﬁ4Ce%Dcm‘
by = a,¢c e"'De’™ + a, Yi-Cre '

by = a,ce ' Vi1-Dle P+ yV1-C? e

Its solutions are:

M — c+vi-p? c—j(llfﬁﬂz)
1 — T We-j(wwz) (23)

r, = 2CDTYi D e“lj‘;‘*::;l’fﬂzw) | "
1 — T-Jl_(:zeh 2

-, +9)

DT e
3 (25)

G AL

N =VT-c?e™ + .
1= TV -c? ¥

(26)
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When TWRR at resonance and under optimal coupling condition
the equations (23), (24), (25) and (26) become following

Cy1-p? @7
M:
1—-TY1-¢?
ry=2DTNI-D’ (28)
r, =221 29)
vi-p?
N= 0 (30)

From above results one can estimate what directivity will be
required. For example, for a TWRR transmission coefficient
T=0.9438, and coupling coefficient €=0.55, table -1 1lists
calculated data.

Table 1, Effect of the directivity

Directivity (D) T C M I Ty

20 db 0.100 0.9438 0.550 2.584 0.268 0.085
25 db 0.0562 0.9438 0.550 2.592 0.151 0.053
28 db 0.0398 0.9438 0.550 2.594 0.107 0.037
30 db 0.0316 0.9438 0.550 2.596 0.085 0.030

If we want to keep I < 0.1 we must require directivity higher

than 28dB. In this case the directivity has not so large
influence on the multiplication factor M.
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2-1-3, The simple TWRR Q value

According to the resonant curve of TWRR, the @ of the
simple TWRR can be derived as following

Q= = " @31
vi-c: — TXH1-CH-1 )
2T 1-¢?

4T
2 arccos (

where Ab and K@ are wavelength of the free space and
waveguide, respectively.
For the same total phase and different T, the curves of Q

vs. C are shown on the Fig.1l3 (a). When C=0, the Q values are
Qp. Under the optimal coupling, the loaded Q;, values are equal to

Q0/2.

2-1-4, Applications of the simple TWRR

The most applications of TWRR are high power simulation for
microwave transmission components under a pure traveling wave.

For example, an RF window test system is shown on Fig.l4. A
test Rf window inserts in the ring, and there is a stub tuner
for matching the ring and a phase shifter for tuning the ring at
resonance. :

If the attenuation in the whole ring is very 1low, the
multiplication factor will be wvery high. For example,
T=0.9972,and C=0.2939, one can get M=6.33. So the power gain is
about 40, this means that if input power is 50XW, the test power
in the ring is 2MW that power is very difficult to get from the
klystron in CW operation.

2-2, A TWRR with an accelerator section

2-2-1, Accelerator without beam loading
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Fig.1l5 shows the TWRR with an accelerator section. Let us
suppose that the attenuation and phase o©of the accelerator

section be 'IIa and cpa respectively, and ones of the waveguide
components in the TWRR be T, and Q. respectively. The
transmission coefficient T and ¢ ©phase of the total resonant

ring include two parts. Egs.(2) and (3) become following

T=¢ ™ ¢ o (32)

O =0, + @, (33)

Substitution of Egs.{(32) and (33) into Egs. from (4) to (30)
gives the multiplication factor M and nullification factor N
for wvarious cases, réspectively. For example, the table 2 lists
the attenuations of our accelerator and TWRR waveguide parts and

calculated M at resonant point for fixed coupling coefficient
(C=0.2939).

Table 2, Multiplication of TWRR
(for given coupling coefficient C=0.2939)

T’all
Ty Tai T M
Ta
Tps Tsl ’cow

design value 0.0534 {0.00115 |0.00115 00021 | 0.0575| 09438 | 3.00
actual value
case 1 0.0536 |0.01610 |0.00072 00020 | 007241 09302 | 265
case 2 0.0536 |0.00774 [0.00072 00020 0.0641 | po379 | 2.84
case 3 0.0536 | [0.00072 0.0026] 0.0569 | 09447 [ 3.03




PNC TN9410 93-203

where T,, T, and Tall are attenuation of accelerator, waveguide
of resonant ring and total of resonant ring, respectively.

Ty = Tos * Tt * Towr where Tos: Tst and T,, are attenuation of
the phase shifter, stub tuner and other waveguide in the
resonant ring, respectively.

For the actual case 1, the attenuation of the phase shifter
was very large; for the case 2, after the phase shifter improved
the attenuation was little bit low; and for the case 3, there is
no phase shifter in the resonant ring so the multiplication
factor is slightly higher than the design value.

Fig.3 and Fig.4 show the multiplication factor M and
millification factor N of the TWRR with Accelerator section

without beam loading according to the design data. Near the
resonant point the changing rate of the phase is very large.
d
49 _9x LY _ 6871
do do

2-2-2, Accelerator section with beam loading

{l1), For constant impedance structure

For the constant impedance accelerator structure, its
shunt impedance R and attenuation 0, are constants, so the

attenuation constant T,= O Ly, where L, is length of accelerator
section. T, is the attenuation constant of waveguide in the
. * T, P is input power, E= V( 2 PO_R) is

electric field and I is beam current. We can get multiplication
factor M from following formulae:

resonant ring, T = T

a), for fixed coupling coefficient C

¢ —RVier (- ™

M= L - et 34)

When the attenuation of the waveguide components can be
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neglected as compared with one of the accelerator, eq.(34)
becomes

c '"'IE—R‘I_I—Cz (1~¢™)

M = ; » (35)
1 —+v1-c? cta
b), for optimal coupling coefficient C =1/M

2p2 . . e IR - -T -T

IR (l—era)zcz’cw-i-(]_ezt) _ (l—eta)e ew

B . (36)
M = W

i1 — e

When the attenuation of the waveguide components can be
neglected as compared with one of the accelerator, eqg.(36)
becomes

‘ 2 p2 _ _ - T,
V Ii (1—eTa)2+(1— e?.'ta) —-lﬁR—(lmeTa)e

— E 37
M = — (37)
1] — e

(2), for constant gradient structure

For the constant gradient accelerator structure, its shunt

impedance R{z) and attenuation 0,(z) are not constant, so one
can not use Egs.(34) - (37). One must calculate M by other ways.
The first way, according to following procedure:
a), suppose source power l1s P and M=1,
b), for the first cavity input power is P;=M2P,

c), calculate output power using the power dissipation
equation
P 20:P, —1E
—_ — . R . 38
dz 1751 i (38)
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where Pj,E;y and 04 are power, electric field and

attenuation in the No.i cavity, respectively.

d}, one by one calculated until get output power of last
cavity Pepds

e), calculate transmission coefficient T=V(Pa,q/P1) .

f), substitution of T walue into Eg. (14) gets M,

g), repeat b) to f) until the Jdifference of M by two times
calculate less than a given value.

This method is for numeric calculation. For analysis one can
use following way.

The second way, If we introduce the bheam loading factor into
eg. (32), the transmission coefficient T will include three
parts, eq.(32) becomes

“Tw ~T, -T
Ve g b

T = ¢ (39)

where T, = T+ Ty + T,

Ty 1is attenuvation of waveguide parts in TWRR,

T, is one of accelerator structure and

L

T = EIL Jo

a

a La
a, (z) dz JO R (z) dz

I

Ty, 1is one of beam loading.

Table 3 lists multiplication factor M of our three kinds of
accelerator sections under optimal coupling condition with 100ma
beam loading by different calculations.
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Table.3 Multiplication factor M calculated
(with beam loading)

Method Buncher Accelerator(1-3) Accelerator(4-7)

0 mA [100 mA 0 mA 100 mA 0 mA |100 mA

First way 3.092 2254 2.867 1.981 2.585 1.795

Second way 3.092 | 2040 | 2867 | 1977 | 2585 | 1.773

The table 3 shows that using second way to calculate the normal
accelerator sections, the error is not so large, but for the
buncher section the error is large because of beam bunch phase
changed.

2-2-3, 0 walue of the TWRR with accelerator

In TWRR there is an accelerator section that is not a linear
microwave component. Its resonant curve will be steepened. The
dependencies of the phase on the frequency in the waveguide and
in the accelerator are shown following, respectively,

22
ap, = @, 4f (40)
A
C df
dg, = @, — 41
Vg f
For the TWRR with an accelerator section QL of TWRR is given by:
2
A C
Oy 92 + Qq
Q =1 = Ao Vga
L=5A7 5 ; (42)
4T J1-c? — TH1-CH-1
2 arccos ( L-C )
2T 1-¢?
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where C on the numerator is the welocity of the light and Vg is-
the group wvelocity in the accelerator. The meanings of other
symbols have already been mentioned above. Q vs. C coupling
coefficient of TWRR with accelerator section 1s shown on
Fig.1l3 (b).

Table 4 lists Q wvalues of our TWRR with accelerator section
and RF window, respectively.

--Table.4. Q value

T Qo QL
TWRR with RF window 0.9972 19983 1995(C=0.294)
TWRR with accelerator
without beam loading 0.9438 19246 10979(C=0.294)
TWRR with accelerator
with beam loading 0.8360 6230 2962(C=0.550)

3. Transient (Field build-up) in TWRR

Steady state conditions are not attained instantaneously in
TWRR. Initially, the signal E, entering the directional coupler
is divided, a faction, E,C, going to the accelerator section and

a fraction, E%V(l—cz) , going to the external dummy load. The
residual part at the end of the accelerator section ELCT is
combined in the coupler with the source signal. With proper
phase relation, the result will be an increase in the amount of
signal entering the accelerator section and a decrease in the
amount entering the external load. As the recirculation of the
signal proceeds, the signal to the accelerator will continue to
increase step by step and the signal to the load will continue
to decrease until steady state conditions are reached. Fig.l6
shows the electric field build-up process. Table 5 shows the
magnitudes of each port during the recirculations for given

T=0.9438, €=0.2939 and V(1-C2) =0.9558.
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Table 5. Field build-up process

(power turn on)

Times Port 1 Port 2 Port 4 Port 3
0 0 0 0 0
E =E, E=BEN1-C—CE, | E=EN1-C+CE, E,= TE,
1 Eq 0.9558E, 0.2939E, 0.2774E,
2 Eq 0.8743E, 0.5590E, 0.5276E,
3 Ej 0.8007E, 0.7981E, 0.7532E,
4 Ej 0.7344E, 1.0138E, 1.0395E,
oo Ej 0.1229E, 3.0030E, 2.8314E,,
(power turn off)
Times Port 1 Port 2 Port 4 Port 3
0 Ey 0.1229E, 3.0030E, 2.8314E,
E =0 E,= 0-CE; E-0+EN 1-¢C E,=TE,
i 0 —0.8320E, 2.706E, 2.554E,
9 0 —0.7506E,, 2.441E, 2.304E,
3 0 —0.6771E, 2.202E, 2.078E,
4 0 -0.6108E, 1.986E,, 1.875E,
oo 0 0 0 0
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The field build-up in TWRR is a stepwise process with
intervals between steps equal to the ring transit time.

— a_ 4 w
& v v (43)

ga aw

The time constant is given by

T, = %

- (44)

The time. required to build-up to a 99.9% of the steady state
value is T=7T¢. The number of transits required to build up to a
99.9% of the steady state value is given by

7T
N, =1 (45)
te
For our case these values are shown on the table 6
Table 6. Parameters of transient
C M QO tp (Us) Te(us) | T(us) N

TWRR with RF window | 0.294 6.33 19983 | 0.021 5.00 35.0 1669

TWRR with Acc. 0.204 3.01 19983 0274 2.75 19.3 70
(without. beam loading) 0.550 2.5 4254 | 0274 108 1 58 0%
TWRR with Acc. 0294 | 143 4841 | 0274 | 1.23 8.63 32

(with beam loading)
0.550 | 1.80 5800 | 0274 | 073 | 5.07 18

The transient in TWRR is not so important for CW or long
pulse operation because it transient time can be neglected as




PNC TN9410 93-203

compared with the pulse lasted time. But it 1s important for
short pulse,

Until now we have not measured yet. In the near future it
will be measured, and the data will be checked.

4. Result and discussion

4-1, low power test
4-1-1, TWRR with accelerator section test

Figure 17 shows TWRR with accelerator section at the low
power test system. TWRR has a main directional coupler that has
four ports: port 1 <connects with a RF window and TCl
(transformer connector) which connects to the signal source,
port 2 connects with another RF window, a Bathe-hole coupler C4
and a dummy load, port 4 and port 3 connect to the resonant
ring, which includes another Bathe-hole coupler C3, a stub
tuner, an.accelerator section, a phase shifter and a waveguide
had a vacuum connector.

The main directional coupler has a 10dB coupling coefficient
and 39dB directivity. The Bathe-hole couplers have a 60dB
coupling coefficient and larger than 26dB directivity.

A network anélyzer is used conveniently for measurement. The
signal from the network analyzer passes through TCl into the
port 1 of the directional coupler. The signals picked from
forward and backward of the Bathe-hole coupler C3 which is
located at the peort 4 are measured as forward and backward
electric field in TWRR, respectively. And the signal picked from
forward of the Bathe-heole coupler C4 which is located at the
port 2 1s measured as the electric £field to the dummy load.
Thegse electric fields measured include both of the amplitude and
phase.

According to the network analyzer functions, using "Sil"
function one can get VSWR in the port 1. Using "S$S21" one can get
the multiplication factor M and nullification £factor N by
connecting to C3 and C4, respectively. And using "PHASE" one
can get the phases of M and N, respectively.

Before tuning and matching TWRR, M, N, VSWR and reflection in
the ring are shown on the Figs.18, 19, 20 and 21, respectively.
One can see that there is large reflection in the ring, so
multiplication factor M is low and has two peaks, N and VSWR are
large. M and N have two peaks.
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After adjusting the phase shifter to make TWRR resonance and
adjusting the stub tuner to make TWRR matching, one .can get
following data M, N, VSWR and reflection power in the resonant
ring which are shown on the Figs.22, 23, 24 and 25,
respectively. One can see that there is small reflection in the
ring, therefore, M becomes large and only one peak at resonance,
N and VSWR become small.

From Fig.22 one can find mark 1 loss D=50.807dB, using
following formula to get M: '

(-%0-D,
M =10"2 " = 288 | (46)

and Q value Q =10537.

4-1-2, TWRR with RF window test

Figure 26 shows TWRR with RF window at low power test
system. There is a stub tuner for matching the ring. There is no
phase shifter, but some spacers to change the length of the ring
to make the ring near the resonant point, then adjusting the
frequency to tune the ring at resonance.

M and N are shown on the Fig.27 and Fig.28. Its M=6.33 and
Q=1956.

4-2, High power test
4-2-1, TWRR with accelerator section

At first the TWRR included the stub tuner and phase shifter
to do the high power test. Because the phase shifter had a large
loss, in a plunger choke part became heating and made a lot of
discharge, one could not input the power more than S0KW in the
resonant ring. Therefore, a straight waveguide is used instead
of -the phase shifter. As mentioned above, using some spacers and
adjusting frequency the TWRR can be tuned at resonance.

Figure 29 shows TWRR with accelerator section under the high
power {est system, respectively. A CW klystron made in Toshiba
is used for RF source. When the RF power passes through the
magic T, it will be divided equal two parts: one half power
transmits to TWRR, another half passes a stub tuner and reaches
to the dummy load. This stub tuner is to cancel the reflection
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from TWRR. There are four Bathe-hole couplers: Cl is located
between the klystron and magic T, it can measure klystron output
power by power-meter and reflection power which connects
interlock system to protect the klystron against the reflection,
C2 is located between the magic T and TWRR, it can measure TWRR
input power by power-meter and reflection from TWRR which
connects to interlock system too, C3 is inserted TWRR to measure

forward and backward power in TWRR by power-meter to get
multiplication factor and reflection in TWRR and C4 is located
between the main coupler and the dummy load to measure the
power reached the dummy load by power-meter to get

nullification factor. To get phase of M and N one can measure
phase differences between C2 and C3 and between C2 and C4 by

phase-meter, -respectively. Figs. 30 and 31 show M , 6 and N
, @ vs. frequency £, respectively. Fig. 32 shows M vs. P,. Fig.34
shows forward apd backward power in TWRR wvs. f for different

reflection I, respectively.

From Figs.30 and 31 one can see that when the frequency
changing from low to high the resonant curve becomes sharp, when
the frequency changing from high to low the resonant curve
becomes dull. They are caused by the accelerator thermal
characteristic. Their average values are real values.

Fig.32 shows that when input power changes the
multiplication factor M can keep constant by changing frequency
f to make the ring at resonance.

Fig.33 shows that before one adjusts the plunger of the stub
tuner, the reflection in the ring 1is larger and the
multiplication factor is wvery low and has two peaks. After one
adjusts it, the: reflection becomes lower and lower, therefore,
the multiplication factor M becomes higher and higher. This
means that the stub tuner can match the ring successfully.

The thermal characteristics of the accelerator are shown on
Fig.34.

AT/dPripng = 2.4° /100KW
Af /AP iy = ~-57.5 KHz/100KW
and df/adr = -24KHz/1°c

On the resonant curve of TWRR the right side is stable, but
the left side 'is unstable. It is shown on Fig.35. Let’s suppose
that the operation freguency is higher then the resonant
frequency of TWRR. It includes two cases: in one case, TWRR

resonant frequency is fo, but the operation frequency is fo+Afl
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(at B point); in another case, the operation frequency is fo,

but the resonant frequency of TWRR is fo-Afl (at B’ point). The. -
result is the same for both. we only analyse one case. When the
temperature becomes lower, TWRR resonant frequency will. be
higher, this means that the resonant curve will move towards .the
right, so M becomes higher, the resonant power will be higher
too, the temperature will zreturn to its original wvalue.
Therefore, this right side is stable. Supposing that operation
frequency is lower then the resonant one {at C or C’ points),
when the temperature becomes lower, it will be lower and lower,
so this left side is unstable. In this side if the temperature
or resonant power becomes higher, the operation point will
return to the resonant point (A point).

TWRR operates at the resonant point (at A point), the
resonant curve dp./df=0, therefore, this is stable point, if the
temperature, phase and frequency are controlled within a
reasonable accuracy.

4-2-2, TWRR with test RF window

Figure 36 shows the Rf window high power test system, using
long pill box in which the window is made of BeQ ceramic, that
has a low RF loss and high thermal conductivity, one put input
CW power is 44KW and get CW power 1.7MW in the resonant ring.
The multiplication factor 1is 6.22 that is good agreement with
low power test. Fig. 37 shows thermal characteristics of three
kind window. The long pill box with Be0 ceramic window is the
best one. This RF window is designed for CW 1.2MW klystron. The
result is wvery good.

5. Summary

For TWRR with accelerator section, the data from
calculation, low power measurement and high power measurement
are listed at the Table 7. The multiplication factor ™
dependence on the reflection [ from calculation and high power
test measurement are listed at the Table 8. Table 9 lists the
accuracy requirement of the TWRR with accelerator section.
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Table 7. Results of TWRR

Theoretic Low power High power
Calculation Measurement Measurement
Value Value* Value
M 3.02 2.90 3.03
de / de 9.22 8.20 9.00
N 0.123 0.16 0.12
dy /de 68.71 50.4 70.2
Q 10797 10601 11478

* At low power measurement case TWRR including the phase shift
has high attenuation, so multiplication factor M a little bit low.

Table 8. M dependence on reflection

Calculation Measurement (high power)
r .
M 1_‘ring M rn'ng
0 3.00 0.0 3.02 0.09
0.029 2.793 0.295 2.87 0.24
0.053 2.405 0.534 2.47 0.46
0.074 2.030 0.737 1.65 0.73
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Table 9. Accuracy requirement

Frequency: f 1249.135 £ 0.001 MHz
Resonant ring phase o 360°n + 0.5°
Temperature T 40 £ 0.1°C
Klystron voltage V. 90 £ 0.1 KV

From the Tables 7 and 8, one can see that the parameters of
TWRR with accelerator section are wvery good agreement between
the calculation and measurement data. This means that most of
these formulae without beam loading have been checked. Those
formulae with beam loading will be checked in the future beam
test. According to the high power test this TWRR with
accelerator section can operate stably at resonance and under
optimal efficiency condition.
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Fig.32, M ws. Pin by High power measured
for TWRR with the accel.erator section
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S -- Signal generator L1
K -- Klystron

Cl! -- Bathe hole coupler 1

C2 -~ Bathe hole coupler 2

C3 ~~ Bathe hole coupler 3 STI

C4 -- Bathe hole couplsr 4

MT -- Magic T

STl =-- Stub tuner 1 L.
STZ -- Stub tuner 2 [
L1 -- Load 1 e
LZ -- Load 2 B
L3 -~ Load 3

DC -- Directional coupler T
TW ~-- Test RF window

W1 -- RF window |
W2 -- RF window 2
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Fig.36, The high power test sgsystem
for TWRR with the test RF window
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Fig.37, The thermal characteristic of the test RF window



