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Abstract 

In the KEK 20 MeV linac, the electric field E increases linearly 
along the cavity from the injection end but the synchronous phase is 
supposed to be constant throughout the acceleration. While BNL group 
reported that the method of "synchronous phase law" reduced the energy 
spread and the variation in mean energy. The KEK linac consists of 
only single cavity, and the field distribution can be changed by fourteen 
tuners to some extent. So we tried the experiment of tilting the field 
distribution and varying the overall field level to find a better operat
ing condition. However we could not find out any reason to operate at 
any other condition than our designed value in the aspect of the mean . 
energy, the energy spread and the capture efficiency. 

Department of Physics, Faculty of Science, Nagoya University, 
Chikusa-ku, Nagoya-shi, Japan 

Department of Information Science, Faculty of Engineering, 
Fukui University, Bunkyo 3-9-1, Fukui-shi, Japan 



1. Introduction 

Since the first acceleration of 20 MeV proton beam on Aug.l, 1974 
the KEK linac has been continuously improved and got a 150 mA beam at 
the end of '76. In the late3t operation the energy spread is less than 
±1.2 % without debuncher and ±0.3 % with debuncher at the peak current 
of 120 mA and the pulse length of 15 Us. Further,as the normalized 
emittance of 90 % intensity level is 0.6 TT cm mrad at 120 mA, all the 
designed performances are attained. 

In the U.S.-Japan seminar on high energy accelerator science held 
at Tokyo in 1974, G.W. Wheeler and L.C. Teng suggested to try an experi
ment of the "synchronous phase law" at KEK. In our design the axial 
mean field E is expressed as 

E = 1.5 + 0.04 I (MV/m), (1) 

where 2, is the length from the low energy end to the gap center in meter. 
A constant synchronous phase tf> - cos 0.9 = 25.8° is supposed throughout 
the 89 acceleration gaps. The linac has a single cavity and consists of 
six unit-tanks. The first and the last unit-tanks have three and the 
others two cylindrical tuners. They are used to vary the tilting of 
the field distribution. The method of calculation is reported in Ref.3. 

1 2) "Synchronous phase law" can be described as follows.1 The acceptance 
area A in most linacs is expressed by 

where 

2 g s Y s e £ T - ° s » s , 1 /2 „ 5/2 
2 ] *s 

S c = synchronous velocity 

'. - a - e^r1" 
<J> = synchronous phase (<0) 

T = transit time factor 

m n = proton mass 

(2) 
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-3/5 and Eq.l states that varying ij>s as (B SY S) wixl keep the acceptance 
from decreasing under the condition of constant synchronous acceleration 
eETcos4 = const. A reduction of |<j>s|along the accelerating gaps will 
increase the maximum phase spread A^JJ^X and reduce the maximum energy 
spread A Y m a x compared to their values for constant <ta as given by Eqs.3 
and 4. 

*•««- ( S s V " 3 / 4 < 8 i n l*s l ) _ 1 / 4 ( 3 ) 

^ m a x " ( B s V + 3 / 4 c s l n l * s l > + 1 / 4 - ( 4> 

The effect of rf phase error a and amplitude error 6(= SE/E) on an initially 
synchronous particle can be given by the following equations. 

i*Cs) = k~ 1 / 2 C B S Y S ) " 3 / 2 

•[sinCJkjds)! k 3 / 2(S s-Y s) 3 / 2 cos(| kj^'H-oKsM+MsMcot^lds' 

-cos(|k£ds)[S k j / 2 ( B s Y s ) 3 / 2 sin(j k£ds") • {-cl(s')+<5(s,)cot$s}ds, ], 

(5) 

M s ) = -X/(2TT)-kJ / 2(B sY s) 3 / 2 

•[cos( |k £ ds)| S k£ / 2 (B s Y s ) 3 / 2 cos(f k£ds"){-a( s')+^5(s ,)cot* s}ds , 

+sin([k zds)[ S k 3 / 2 ( B s Y s ) 3 / 2 sin(f kjds-'H-oKs'^CsMcotS.Jds'l. 

(6) 

where A is the wave length of the rf field and 

2ireET sin|* [ , / , 
I l , 2_3 3 ' 

X r a 0 c B S * B 



Taking averages of the parameters in each tank, Batchelor et al got the 
expression for the mean square error of the final energy and concluded 
that an all over improvement in average energy can be expected for de
creasing synchronous phase. Thereafter they got satisfactory results 
for the computer runs with the linear phase law, in which the synchronous 
phase is decreased linearly along the distance. 

The design parameters for the KEK linac will be described in the 
next chapter, because they have not been put in order and will be used 
in the following calculations. The results of the bead perturbation 
measurement will be given in Chap.3. By the use of these data, the 
calcualtions of beam dynamics were executed and will be described in 
Chap.4. The experimental results will be shown in Chap.5. 

2. Design Parameter 

Originally the proton linac at KEK was intended as a 125 HeV in
jector for a 40 GeV proton synchrotron. The geometrical parameter of 
the 125 MeV linac is reported in Ref.4. The linac was designed to have 
five cavities with different inner diameter and to accelerate up to 10 
MeV in the first tank and by 30 MeV in the every four tanks. When the 
40 GeV proton synchrotron project was reduced to 8 GeV ones, the linac 
was also reduced to the present 20 MeV linac. 

At that time we decided to make a single cavity because of its 
simplicity. The new dimensions of cells from No.l to No.28 were determined 
by the data of a half model cavity, those from No.29 to No.56 by the 
data of MESSYMESH and those from No.57 to No.89 by the computer programme 
which was developed here using the method of M. Martini and D.J. Warner. 

The field equation is given by 

£L _ i |a + i!n + k

2 u = o (7) 
. 2 r 3r dz dr 

under the boundary condi t ion of 

%r - 0 , (8) 
dn 
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where U = rH,. We divide the region into 1(0 < r < r = 2SD) and II(r 
> r D) (Fig.l). In the region II, U is approximated by the expansion 

10 
a.rF,(kr) + I, a rG,(Y 
0 l v m=l m 1 'n 

10 
U = a.rF. (kr) + I a rG. (vr) cos6 z, (9) 

and 

J n(kD) 
F i = V k r ) - yksr Vk r> • < 1 0 > 

1 n ( Y
m

D ) 

G i = I i ( V + O r 5 T K i (V> ( 1 1 ) 

U m 

- 2../L, y m = *l - k 2 = .'6* - ( W o/c) 2. (12) 

J and Y are Bessel functions of first and second kind and I and Kn n n n 
are modified Bessel functions of first and second kind. The region I is 
divided by coarse mesh for SD < r £ 2SD and fine mesh for 0 < r < SD. 
The values U on mesh point are calculated by the method of seuccessive 
over-relaxation. The expansion coefficients a m in £q.8 are determined 
by the continuity condition. Then the resonant frequency is calculated 
by the integration 

fc2 s /l/r{QU/3r)2 + QU/3z)2}ds ( 1 3 ) 

/U 2/r ds 

The iterations are continued until a desired accuracy is attained. The 
cell parameters such as the resonant frequencies, transit time factors, 
and rf losses were computed for a given cell length and different two 
gap lengths and those values at 201.25 MHz were determined by interpolation. 

In order to reduce the discharges at the low energy side, the mean 
axial electric field is decided by Eq.l. The cell length L and velocity 
S ^ c for the n-th cell are . 



Bout - { 1 - ( V 2 ) 2 /<V 2 + Ein + W cos*s)2}l/2 ^ 

where $ is the value at the center of gap, approximated by B and En the 
axial mean field at n-tb gap. The measured transit time factors by half 
model cavity were used for cells from 1 to 28. The gap distance and the 
drift tube length were determined as listed in Tables 1 and 2. 

3. Field Distribution 

The axial electric field in the cavity was measured by means of a 
bead perturbation method. The shift of frequency if due to a small 
metallic bead perturbation is given by 

Af/f = -3E Q E2V/4U (17) 

where f is the resonant frequency without the perturbation, e_ the free 
space dielectric constant, E the electric field at the position of the 
bead, V the volume of the bead and U the total stored energy in the 
cavity. The bead attached to a tensioned silk string was drived by a 
synchronous motor. The measured period of the beat (= 1 kHz) between a 
signal of constant frequency and the rf from the self excited cavity 
were transfered to and processed by a mini-computer OKITAC 4300. The 
average fields calculated for each gap were displayed on a storage-scope 
about 50 seconds.after the bead started moving. The points in Fig.2 
show the average axial electric field of the accelerating mode when 
the tuning was completed. The dashed straight line represents the 
design valup Figs.3 and 4 shows the transit-time factor T n and S-
coefficient S defined by 

T = f E (z) cos(k z)dz/f E (z)dz (18) 
ii J z n J z 

and 
E (z) sin(k z)dz/| E <z)dz (19) •.-l 
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respectively, where integrations are performed along the n-th gap length. 
After the evacuation of the linac tank, the field level along the cavity 
is relatively measured by the monitor loop probes supposing that the 
outputs are proportional to the axial electric field around them. 

The tilt of the field is mainly adjusted by four tuners, two in the 
first and two in the last unit-tank. The deviation of the field (AE = 
E - E ) from the ideal normal mode value E can be written as n n 

I ̂ P - «V 2 • 
dz r 

Ay is che local value of the propagation constant defined by 

2 
„ w 2 . 6u 

6u) 

where u) 2 denotes the local frequency of the cavity, w the driven fre-
* 2 2 

quency w-p the resonant frequency of -the entire cavity and r = 8TT /X * 
1.2 for drift tube loaded cavity. The linear increase in E is attained 
by the frequency percurbation in the first and last unit tank related by 
Atd^L^ = -AuJfLf, where A w 2 = m z - Oi_. and L z is the length of cavity with 
local frequency U) z. The cavity was tuned by the insertion of the tuner 
and the frequency shift is given by 

Aw _ h i %*2 - E o £ 2 ) d v • ( 2 2 ) 
J5v 

Fig. 5 shows the measured field distribution for various tuner positions. 

4. Computational Results of Motion 

The equations of motion governing phase and radial motion are given 
by 

A 1 •> A 2TOE A 

dn" KK dn(* " V " T W 0 8 * " C°Sis] ( 2 3 ) 

m Qc 

-6-



and 

fd^£'=^~7^fa-8B w)sin» 
s "s m0c ; i - e£ 

respectively, where n is rf cycles spent by the synchronous particle in 
traversing distance z and for a proton linac also the index number of 
the unit cell through which the bunch is instantaneously passing?) 

dz = v s dt g = BsXdn (25) 

If the argument of the Bessel function is small, above equations becoise 

A 1 ? A 2ireE_X 
d ^ V . df ( * " •->] " r f V " 3 * " c o s * s ' ( 2 6 ) 

l & f & J - - — § 7 a - B B s ) r s i „ * . (27) 

If we use the average field gradient E and transit time factor T, i.e. 

dw _ 
-~ - eE_(z) coscjj = eET cos<i> , (28) 
dZ 0 3 S 

the longitudinal motion Eq.26 can be rewritten as 

dWs df(* - v ] + ***¥• s s ( c ° s * - c ° s * s > - °- <29> 

9) Though there are many papers which take into account the space charge 
effect, we used Eq.29 in the following calculation. 

Fig.6 shows the synchronous phase calculated using the measured 
average electric field and transit time factors given by Figs.2 and 3 
for the cell and gap length in Table 1. As stated in Chap.2, different 
kind of data were used before and after the gap No.56 and there remained 
some mismatching. Fortunately the synchronous phase at Nos.57 and 58 
are large, we are investigating to remodel four or six drift tubes. 



A constant synchronous phase 25.8° is not maintained throughout the 
whole acceleration. Aside from the first drift tubes, $ changes from 
about 40° to 27.5° gradually in the first unit-tank (D/T No.l ^ To.28). 
However in the second and in the middle of the third unit-tanks (D/T 
No.29 o. No.54), it increases. After bewilderment during four gaps, it 
reaches 30°, stays on the value for fifteen gaps and then gradually 
decreases to 16° at D/T No.87. Mean phase at each gap corresponding to 
the injection energy of 750 keV (1 0.1 %) is also drawn in Fig.6. 
Except for several gaps' around D/T No. 13, mean phase oscillates around 
the synchronous phase. The above-mentioned behavior makes it difficult 
to follow the complete synchronous phase law experiment. The phase 
oscillation, rms phase spread and rms energy spread at this condition 
are shown in Figs.7, 8(a) and 8(b) respectively. 

The axial mean field I changed from the initial value E„ is expressed 
by 

E = E0B{1 + a(2z/L - 1)} (30) 

where $ and a are constants which are called here field level and slope 
respectively. Corresponding to some values of field level and slope, 
the synchronous phase changes as shown in Figs.9 and 10. The value at 
D/T 56 does not become real until the field level is enhanced to 1.145 
and it is roughly constant for the variation of slope because it is 
situated nearly in the middle of the cavity. Figs.11, 12 and 13 show^ 
the phase oscillation, energy spectrum and rms energy and phase spread 
respectively for the slope 0.0 and Figs. 14, 15 and 16 for the field 
level 1.0. 

For a = 0.0 it seems preferable to operate at S = 1.05 in respect of 
phase oscillation and energy spread but mean energy becomes 20.46 HeV, 
which is rather lower than the design value. For a constant field level 
3 = 1.0, the phase oscillation behaves singularly against the slope. At 
positive values the pha3e and energy spread is large in the early gaps and 
moderate in the later gaps. At negative values, the fairly regular oscil
lation is suddenly disordered after about 56-th gap. Correspondingly 
the energy spectrum after whole acceleration is better at positive slopes 
than negatives ones. The bahavior can also be infered by Fig. 10 to some 
extent. It can therefore be concluded that to operate at a = 0 or at a littie 

-8-



positive a is most adequate. However it shows chat our purpose of syn
chronous or linear phase law experiment is not fully attained. Fig. 17 
shows the calculated mean energy, rms energy spread and capture efficiency 
versus tank field level. At B = 1.0 and a = +0.1, nns energy spread 
shows the sharp minimum but capture efficiency becomes relatively low. 

5. Experimental Results 

By a pair of bending magnets located after the second Tr-section, the 
accelerated beam is led to the analyser magnet (Fig. 18). The detector 
has 48 channels and the energy resolution (AE/E) of 0.1 t. The debuncher 
is situated between two ir-sectional quadrupole magnets. Therefore on 
the one hand the effect of the debuncher can be measured by the analyser, 
on the other hand it cannot completely be avoided even if it is detuned 
from the resonant frequency. The field in the tank attained by moving 
four end tuner is shown in Fig.5. As described in Chap.3, it is measured 
by ten monitor probes under the assumption that at field level = 1.0 and 
slope = 0.0 the regulated field by the bead perturbation method in 
Figs.2j 3 and A is given. 

The measured energy spectrum at slope 0.0 is shown in Fig.19. It was 
measured at the current of 20 mA, so that the space charge effect does 
not become noticeable and the signal to noise ratio did to become too 
worse. The buncher was not operated at this experiment. As it is not 
a cavity type, there would be no increase of energy spread against the 
'injected beam 750 keV + 0.1 %. Experimental rms energy spread, mean 
energy and normalized transmitted current If/*- a s C n e ^ u n c t i ° n or" 
field level are shown in Fig.20 as well as the computational results. 
Experimental field level is written in an arbitrary scale, but field 
level 1.0 in the figure is the condition around which the linac is usually 
operated. According to the experiments the mean energy F^ shows the variation 
of the curve of third order around the field level 0.993 at which E m is 
20.65 MeV. In the narrower region the mean energy changes in proportion 
to the field level. However the calculated results show a nearly constant 
energy 20.65 MeV around B = 0.997. Fig.21 shows the same experiments for 
several slope values with higher current around 100 mA. Field level of 
the experimental and calculated value is relatively fitted by the mean 
energy at slope 0.0. 
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6. Conclusion 

The phase oscillations are calculated using the data obtained by 
bead perturbation. According to the field measurement, a constant 
synchronous phase is not maintained throughout the whole gaps. However 
by changing the field level and slope, we could follow the linear syn
chronous phase law to some extent. Irrespective of the abrupt change of 
synchronous phase around D/T No.56, the particles do not escape from the 
acceleration if the field level and slope is not largely changed. In 
the present experiment, we did not find out any reason to operate at any 
other operational condition. Further it must be mentioned that after 
the field measurement by the bead perturbation method and before this 
experiment, the first sixteen drift tubes were replaced because of 
deterioration of electric insulation. Therefore it is uncertain that 
the initial field is completely reproduced. We are planning to measure 
the field by the same method in the near future. 
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Table 1 

CELL CELL GAP ENERGY SNERCY BETA DRIFT BORE' RHC Rli SO 
N LENGT|l(cm) LENGTH(em) IN (MeV) GAIN (HeV) IN TUBE.LENGTH(cm) (cm) (c«) Urn) (c«0 

I 6 . 0 2 0 1 . 2 7 5 0 . 7 5 0 D O.OJ07 0 . 0 3 9 9 6 2 . 3 2 9 0 2 . 0 1 .0 2 . 0 179.28 
2 6 . 2 3 7 1 . 3 3 1 0 . 8 0 0 7 0 . 0 5 3 8 0 . 0 4 1 2 8 4 . 8 3 1 4 2 . 0 1 . 0 2 . 0 179.28 
3 6 . 4 4 1 1 .385 0 . 8 5 4 5 0 . 0 5 6 8 0 . 0 4 2 6 4 4 . 9 7 9 3 2 . 0 1 . 0 2 . 0 179.28 
4 6 . 6 5 1 1 . 4 4 0 0 . 9 1 1 3 0 . 0 5 9 8 0 . 0 4 4 0 4 5 . 1 3 2 8 2 . 0 1 . 0 2 . 0 179.58 
5 6 . 8 6 4 1.497 0 . 9 7 1 2 0 . 0 6 3 0 0 . 0 4 5 4 6 5 . 2 8 8 5 2 . 0 1 . 0 2 . 0 179.58 
6 7 . 0 8 3 1 .556 1 . 0 3 4 1 0 . 0 6 6 2 0 . 0 4 6 9 0 5 . 4 4 6 1 2 . 0 1 . 0 2 . 0 179.58 
7 7 . 3 0 5 1 . 6 1 6 1 . 1 0 0 3 0 . 0 6 9 4 0 . 0 4 8 3 8 5 . 6 0 7 6 2 . 0 1 . 0 2 . 0 179.58 
8 7 . 5 3 1 1 .67E- 1 . 1 6 9 8 0 . 0 7 2 S 0 . 0 4 9 8 8 5 . 7 7 0 0 2 . 0 1 . 0 2 . 0 179.90 
9 7 . 7 6 0 1 . 7 4 1 1 . 2 4 2 5 0 . 0 7 6 2 0 . 0 5 1 4 1 5 . 9 3 5 8 2 . 0 1 . 0 2 . 0 180.90 

10 7 . 9 9 2 1 , 8 0 6 1 . 3 1 8 7 0 . 0 7 9 6 0 . 0 5 2 9 6 6 . 1 0 2 0 2 . 0 1 . 0 2 . 0 180.90 
11 B . 2 2 9 1.B72 1 . 3 9 8 3 0 . 0 8 3 1 0 . 0 5 4 5 3 6 . 2 7 1 7 2 . 0 i.b 2 . 0 . 180.90 
12 8 . 4 6 7 1 . 9 4 0 1 . 4 8 1 4 0 . 0 8 6 6 0 . 0 5 6 1 2 6 . 4 4 2 0 2 . 0 1 . 0 2 . 0 180.90 
13 8 . 7 0 9 2 . 0 0 9 1 . 5 6 8 0 0 . 0 9 0 2 0 . 0 5 7 7 3 6 . 6 1 3 7 2 . 0 1 . 0 2 . 0 180.90 
14 8 . 9 5 5 2 . 0 7 9 1 . 6 5 8 1 0 . 0 9 3 8 0 . 0 5 9 3 7 6 . 7 8 7 7 2 . 0 1 . 0 2 . 0 180.90 
15 9 . 2 0 2 2 . 1 5 1 1 . 7 5 1 9 0 . 0 9 7 4 0 . 0 6 1 0 2 6 . 9 6 2 5 2 . 0 1 . 0 2 . 0 180.90 
16 9 . 4 5 1 2 . 2 2 5 1 . 8 4 9 2 0 . 1 0 1 0 0 . 0 6 2 6 9 7 . 1 3 8 0 2 . 0 1 . 0 2 . 0 17S.90 
17 9 . 7 0 4 2 . 3 0 0 1 . 9 5 0 3 0 . 1 0 4 7 0 . 0 6 4 3 7 7 . 3 1 5 1 2 . 0 1 . 0 2 . 0 180 .I t 
18 9 . 9 5 8 2 . 3 7 6 2 . 0 5 4 9 0 . 1 0 8 4 0 . 0 6 6 0 7 7 . 4 9 3 1 2 . 0 1 . 0 2 . 0 180.26 
19 1 0 . 2 1 5 2 . 4 5 3 2 . 1 6 3 3 0 . 1 1 2 1 0 . 0 6 7 7 9 7 . 6 7 1 P 2 . 0 1 . 0 2 . 0 180.26 
20 1 0 . 4 7 4 2 . 5 3 2 2 . 2 7 5 4 0 . 1 1 5 8 0 . 0 6 9 5 1 7 . 8 5 1 1 2 . 0 1 . 0 2 . 0 180.26 
21 1 0 . 7 3 4 2 , 6 1 3 2 . 3 9 1 2 " 0 . 1 1 9 6 " 6 . 0 7 1 2 6 8 . 0 3 1 4 2 . 0 1 . 0 2 . 0 180.26 
22 1 0 . 9 9 6 2 . 6 9 4 2 , 5 1 0 8 0 . 1 2 3 3 0 . 0 7 3 0 1 8 . 2 1 1 4 2 . 0 1 . 0 2 . 0 180.26 
23 1 1 . 2 6 0 2 . 7 7 7 2 . 6 3 4 1 0 . 1 2 7 1 0 . 0 7 4 7 7 8 . 3 9 2 7 2 . 0 1 . 0 2 . 0 180.26 
24 1 1 . 5 2 5 2 . 8 6 1 2 . 7 6 1 2 0 . 1 3 0 9 0 . 0 7 6 5 S 8 . 5 7 3 5 2 . 0 1 . 0 2 . 0 180.26 
25 1 1 . 7 9 2 2 . 9 4 6 2 . 8 9 2 1 0 . 1 3 4 7 0 . 0 7 8 3 3 8 . 7 5 4 9 2 . 0 1 . 0 2 . 0 ISO.26 
26 1 2 . 0 6 0 3 . 0 3 2 3 . 0 2 6 8 0 . 1 3 8 5 0 . 0 8 0 1 3 8 . 9 3 6 6 2 . 0 1 . 0 7 . 0 180.26 
27 1 2 . 3 3 0 3 . 1 2 0 3 . 1 6 5 3 0 . 1 4 2 4 0 . 0 8 1 9 3 9 . 1 1 8 2 2 . 0 1 . 0 2 . 0 180.26 
28 1 2 . 6 0 0 3 . 2 0 1 3 . 3 0 / 7 0 . 1 4 6 2 O.OB375 9 . 3 0 0 3 2 . 0 1 . 0 2 . 0 180.26 
29 1 2 . B 6 9 3 . 2 6 4 3 . 4 5 3 9 0 . 1 4 5 7 0 . 0 8 5 5 6 9 . 4 S 1 7 2 . 5 1.26 2 . 0 IB1.43 
30 1 3 . 1 3 0 

1 3 . 3 8 7 
3 . 3 7 2 
3 . 4 5 9 

3 . 5 9 9 6 0 . 1 4 4 8 0 .0B734 9 . 6 5 7 3 2 . 5 1.26 2 . 0 181.43 
31 

1 3 . 1 3 0 
1 3 . 3 8 7 

3 . 3 7 2 
3 . 4 5 9 3 . 7 4 4 4 0 . 1 4 8 2 0 . 0 8 9 0 7 9 . 8 2 7 2 2 . 5 1.26 2 . 0 181.43 

32 1 3 . 6 4 6 3 . 5 4 8 3 . 8 9 2 6 0 . 1 5 1 6 0 . 0 9 0 8 1 9 . 9 9 8 6 2 . 5 1.26 2 . 0 181.43 
33 1 3 . 9 0 6 3 . 6 2 4 4 . 0 4 4 2 0 . 1 5 5 0 0 . 0 9 2 5 5 1 0 . 1 6 9 3 2 . 5 1.26 2 . 0 181.43 
34 1 4 . 1 6 6 3 . 7 0 3 4 . 1 9 9 2 0 . 1 5 8 3 0 . 0 9 4 2 9 1 0 . 3 3 9 4 2 . 5 1.70 2 . 0 181.03 
35 1 4 . 4 2 7 3 . 7 9 4 4 , 3 5 7 5 0.161,7 0 . 0 9 6 0 4 1 0 . 5 0 9 4 2 . 5 1.70 2 . 0 181.03 
36 1 4 . 6 8 8 3 . 8 8 5 4 . 5 1 9 2 0 . 1 6 5 0 0 . 0 9 7 7 9 1 0 . 6 7 9 4 2 . 5 1.70 2 . 0 181.03 
37 1 4 . 9 5 0 3 . 9 7 8 4 . 6 8 4 2 0 . 1 6 B 2 0 . 0 9 9 5 5 1 0 . 8 4 8 4 2 . 5 1.70 2 . 0 181.03 
38 1 5 . 2 1 2 4 . 0 7 2 4 . 8 5 2 4 0 . 1 7 1 4 0 . 1 0 1 3 1 1 1 . 0 1 7 1 2 . 5 1.70 2 . 0 181.03 
39 1 5 . 4 7 5 4 . 1 6 7 5 . 0 2 3 8 0 . 1 7 4 6 0 . 1 0 3 0 7 1 1 . 1 8 5 5 2 . 5 1.70 2 . 0 181.03 
40 1 5 . 7 3 7 

1 5 . 9 9 9 
4 . 2 6 2 
4 . 3 5 8 

5 . 1 9 8 4 
5 . 3 7 6 1 

0 . 1 7 7 7 
" 0 ; i 8 0 7 

0 . 1 0 4 8 3 
0 . 1 0 6 5 9 

1 1 . 3 5 3 0 
1 1 . 5 1 9 4 

2.5 
2.5 

1.70 
1.70 

2.0 
2 .0 

181.03 
~4i 

1 5 . 7 3 7 
1 5 . 9 9 9 

4 . 2 6 2 
4 . 3 5 8 

5 . 1 9 8 4 
5 . 3 7 6 1 

0 . 1 7 7 7 
" 0 ; i 8 0 7 

0 . 1 0 4 8 3 
0 . 1 0 6 5 9 

1 1 . 3 5 3 0 
1 1 . 5 1 9 4 

2.5 
2.5 

1.70 
1.70 

2.0 
2 .0 181.03 

42 1 6 . 2 6 2 4 . 4 5 5 5 . 5 5 6 8 0 . 1 8 3 7 0 . 1 0 8 3 5 1 1 . 6 8 5 6 2 . 5 1.70 2 . 0 181.03 
43 1 6 . 5 2 4 4 . 5 3 5 5 . 7 4 0 5 0 .1B66 0 . 1 1 0 1 1 1 1 . 8 5 0 5 2 . 5 1.70 2 . 0 1B1.03 
44 1 6 . 7 8 6 4 . 6 1 7 5 . 9 2 7 2 0 . 1 8 9 5 0 . 1 U . 8 7 1 2 . 0 1 4 6 2 . 5 2.20 2 . 0 181.43 
45 1 7 . 0 4 7 4 . 7 1 6 6 . 1 1 6 7 0 . 1 9 2 3 0 . 1 1 3 6 3 1 2 . 1 7 8 0 2 . 5 2.20 2 . 0 181.43 
46 1 7 . 3 0 8 4 . 8 1 6 6 . 3 0 8 9 0 . 1 9 5 0 0 . 1 1 5 3 8 1 2 . 3 4 0 1 2 . 5 2.20 2 . 0 181.43 
47 1 7 . 5 6 9 4 . 9 1 6 6 . 5 0 3 9 0 . 1 9 7 6 0 . 1 1 7 1 3 1 2 . 5 0 1 3 2 . 5 2.20 2 . 0 181.43 
48 1 7 . 8 2 9 5 . 0 1 6 6 . 7 0 1 5 0 . 2 0 0 1 0 . 1 M 8 8 1 2 . 6 6 1 1 2 . 5 2.20 2 . 0 181.43 
49 1 8 . 0 8 8 5 . 1 1 7 6 . 9 0 1 5 0 . 2 0 2 5 0 . 1 2 0 6 2 1 2 . 8 2 0 1 2 . 5 2.20 2 . 0 181.43 
50 1 8 . 3 4 6 5 . 2 1 9 7 . 1 0 4 1 0 . 2 0 4 8 0 . 1 2 2 3 6 1 2 . 9 7 7 4 2 . 5 2.20 2 . 0 181.43 

" 5 1 1 8 . 6 0 4 5 . 3 2 0 7 . 3 0 8 9 0 . 2 0 7 1 0 . 1 2 4 0 9 1 3 . 1 3 3 8 2 . 5 2.20 2 . 0 ' "181.43 
52 1 8 . B 6 0 5 . 4 2 3 7 . 5 1 6 0 0 . 2 0 9 2 0 . 1 2 5 8 2 1 3 . 2 8 8 6 2 . 5 2.20 2 . 0 181.43 
53 1 9 . 1 1 5 5 . 5 2 5 7 . 7 2 5 1 0 . 2 1 1 2 0 . 1 2 7 5 4 1 3 . 4 4 1 9 2 . 5 2.20 2 . 0 181.43 
54 1 9 . 3 7 2 5 . 6 2 9 7 . 9 3 6 3 0 . 2 1 3 1 0 . 1 2 9 2 5 1 3 . 5 9 3 8 2 . 5 2.20 2 . 0 181.43 
55 1 9 . 6 0 4 5 . 7 2 4 . 8 . 1 4 9 4 0 . 2 1 4 8 0 . 1 3 0 9 5 1 3 . 7 4 7 6 2 . 5 2.20 2 . 0 1B1.43 
56 2 0 . 0 0 8 5 . 5 0 1 B . 3 6 4 2 IJ.2168 0 . 1 3 2 6 4 1 3 . 8 6 9 1 2 . 5 2.20 2 . 0 181.43 
57 2 0 . 1 3 9 5 . 1 6 7 8 . 5 8 1 1 0 . 2 4 7 1 0 . 1 3 4 3 2 1 4 . 2 2 2 7 2 . 5 0 . 5 4 . 0 181.43 
58 2 0 . 3 0 5 5 . 2 3 2 8 . 8 2 8 2 0 . 2 7 9 7 0 . 1 3 6 2 2 1 4 . 8 7 1 1 2 . 5 0 . 5 4 . 0 181.43 
59 2 0 . 7 7 3 5 . 4 1 6 9 . 1 0 7 9 0 . 2 8 7 4 0 .13B33 1 5 . 2 7 4 0 2 . 5 0 . 5 4 . 0 181.43 
60 2 1 . 0 7 3 

2 1 . 3 9 4 
5 . 5 3 5 
5 . 6 6 3 

9 . 3 9 5 4 
9 . 6 6 8 2 

0 . 2 9 2 9 
0 . 2 9 8 6 

0 . 1 4 0 4 6 
0 . 1 4 2 6 0 

1 5 . 4 4 0 7 2 . 5 0 . 5 4 . 0 181.43 
61 

2 1 . 0 7 3 
2 1 . 3 9 4 

5 . 5 3 5 
5 . 6 6 3 

9 . 3 9 5 4 
9 . 6 6 8 2 

0 . 2 9 2 9 
0 . 2 9 8 6 

0 . 1 4 0 4 6 
0 . 1 4 2 6 0 1 5 . 6 3 5 3 2 . 5 0 . 5 4 . 0 181.43 

62 2 1 . 7 1 4 5 . 7 9 3 9.9B6B 0 . 3 0 4 3 0 . 1 4 4 7 5 1 5 . 8 2 5 8 2 . 5 0 . 5 4 . 0 181.43 
6 3 2 2 . 0 3 5 5 . 9 2 4 1 0 . 2 9 1 1 0 . 3 1 0 1 0 . 1 4 6 9 0 1 6 . 0 1 5 9 2 . 5 0 . 5 4 . 0 181.43 
64 2 2 . 3 5 7 6 . 0 5 3 1 0 . 6 0 1 2 0 . 3 1 5 9 0 . 1 4 9 0 6 1 6 . 2 0 5 6 2 . 5 0 . 5 4 . 0 181.43 
65 2 2 . 6 8 0 6 . 1 9 2 1 0 . 9 1 7 1 0 . 3 2 1 7 0 . 1 5 1 2 3 1 6 . 3 9 4 1 2 . 5 0 . 5 4 . D 181.43 
66 2 3 . 0 0 3 6 . 3 2 9 1 1 . 2 3 8 8 0 . 3 2 7 6 0 . 1 5 3 4 0 1 6 . 5 8 2 1 2 . 5 0 . 5 4 . 0 181.43 
67 2 3 . 3 3 0 6 . 4 6 7 1 1 . 5 6 6 5 0 . 3 3 3 5 0 . 1 5 5 5 8 1 6 . 7 6 9 3 2 . 5 0 . 5 4 . 0 181.43 
68 2 3 . 6 5 6 6 . 6 0 7 1 1 . 9 0 0 0 0 . 3 3 9 5 0 . 1 5 7 7 7 1 6 . 9 5 5 9 2 . 5 0 . 5 4 . 0 181.43 
69 2 3 . 9 5 2 6 . 7 4 9 1 2 . 2 3 9 4 0 . 3 4 5 4 0 . 1 5 9 9 6 1 7 . 1 4 1 4 2 . 5 0 . 5 4 . 0 181.43 
70 2 4 . 3 1 0 

2 4 . 6 3 9 
6 . 8 9 2 
7 . 0 3 7 

1 2 . 5 B 4 9 
1 2 . 9 3 6 3 

0 . 3 5 1 5 
0 . 3 5 7 5 

0 . 1 6 2 1 6 1 7 . 3 2 5 9 2 . 5 0 . 5 4 . 0 181.43 
71 

2 4 . 3 1 0 
2 4 . 6 3 9 

6 . 8 9 2 
7 . 0 3 7 

1 2 . 5 B 4 9 
1 2 . 9 3 6 3 

0 . 3 5 1 5 
0 . 3 5 7 5 0 . 1 6 4 3 6 1 7 . 5 0 9 9 2 . 5 0 . 5 4 . 0 181.43 

72 2 4 . 9 6 8 7 .184 1 3 . 2 9 3 8 0 . 3 6 3 6 0 . 1 6 6 5 7 1 7 . 6 9 3 1 2 . 5 0 . 5 4 . 0 181.43 
73 2 5 . 2 9 8 7 . 3 3 3 1 3 . 6 5 7 4 0 . 3 6 9 7 0 . 1 6 8 7 8 1 7 . 8 7 5 2 2 . 5 0 . 5 4 . 0 181.43 
74 2 5 . 6 2 9 7 .4B3 1 4 . 0 2 7 2 0 . 3 7 5 9 0.171GO 1 8 . 0 5 6 4 2 . 5 0 . 5 4 . 0 181.43 
75 25 .9 .61 7 . 6 3 5 1 4 . 4 0 3 1 0 . 3 8 2 1 0 . 1 7 3 2 3 1 8 . 2 3 6 8 . 2 . 5 0 . 5 4 . 0 181.43 
76 2 6 . 2 9 4 7 . 7 8 8 1 4 . 7 8 5 2 0 . 3 8 8 4 0 . 1 7 5 4 6 1 8 . 4 1 6 3 2 . 5 0 . 5 4 . 0 181.43 
77 2 6 . 6 2 7 7 . 9 4 3 1 5 . 1 7 3 7 0 . 3 9 4 7 0 . 1 7 7 7 0 1 8 . 5 9 4 7 2 . 5 0 . 5 4 . 0 181.43 
78 2 6 . 9 6 1 E . 1 0 0 1 5 . 5 8 3 4 0 . 4 0 1 1 0 . 1 7 9 9 4 1 8 . 7 7 2 3 2 . 5 0 . 5 4 . 0 181.43 
79 2 7 . 2 9 6 8 . 2 5 9 1 5 . 9 6 9 5 0 . 4 0 7 6 0 . 1 8 2 1 8 1 8 . 9 4 9 1 2 , 5 0 . 5 4 . 0 181.43 
80 2 7 . 6 3 2 8 . 4 1 9 1 6 . 3 7 7 1 0 . 4 1 4 1 0 . 1 8 4 4 3 1 9 . 1 2 4 7 2 . 5 0 . 5 4 . 0 181.43 
81 2 7 . 9 6 8 8 . 5 8 2 1 6 . 7 9 1 2 0 . 4 2 0 7 0 . 1 S 6 6 9 1 9 . 2 9 9 5 2 . 5 0 . 5 4.0" 181.43 
82 2 8 . 3 0 5 B .746 1 7 . 2 1 1 9 0 . 4 2 7 4 0.1BB95 1 9 . 4 7 3 3 2 . 5 0 . 5 4 . 0 181.43 
83 2 8 . 6 4 3 8 . 9 1 1 1 7 . 6 3 9 2 0 . 4 3 4 1 0.191.22 1 9 . 6 4 6 0 2 . 5 0 . 5 4 . 0 181.43 
84 2 8 . 9 8 2 9 . 0 7 9 1 8 . 0 7 3 3 0 . 4 4 1 0 0 . 1 9 3 4 9 1 9 . 8 1 8 1 2 . 5 0 . 5 4 . 0 "?>.43 
85 2 9 . 3 2 2 9 . 2 4 3 1 8 . 5 1 4 3 0 . 4 4 7 9 0 . 1 9 5 7 7 1 9 . 9 8 9 0 2 . 5 0 . 5 4 . 0 181.43 
B6 2 9 . 6 6 3 9 . 4 1 9 1 6 . 9 6 2 2 0 . 4 5 5 0 0 . 1 9 8 0 6 2 0 . 1 5 8 9 2 . 5 0 . 5 4 . 0 1B1.43 
87 3 0 . 0 0 6 9 . 5 9 3 1 9 . 4 1 7 1 0 . 4 6 2 2 0 . 2 5 0 3 5 2 0 . 3 2 7 7 2 . 5 0 . 5 4 . 0 181.43 
88 3 0 . 3 3 7 9 . 7 6 2 1 9 . B 7 9 3 0 . 4 6 9 3 0 . 2 0 2 6 4 2 0 . 4 9 8 0 2 . 5 0 . 5 4 . 0 1B1.43 
89 3 0 . 6 9 4 9 . 9 7 1 2 0 . 3 4 8 6 0 . 4 7 7 6 0 . 2 0 4 9 5 2 0 . 6 5 1 9 2 . 5 C.a 4 . 0 1B1.43 
90 0 . 0 0 . 0 2 0 . 8 2 6 2 0 . 0 0 . 2 0 7 2 6 1 0 . 4 4 5 9 2 . 5 0 . 5 4 . 0 181.43 
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Table 2 

CELL 
N 
1 

5UH 
LENGIH (cm) 

6.020 

AVtKAOt TRAN.T. 
FlfcLL) ( M V A - J FALtuH" 

" *" 0.uTSlj '0«£i35 

OfcRIV. 
T . I . F 
0.098 V 

SHUNT 
l«PfcD.(Mol.~A». 
65 .'28 

fcFF.SHUNT 
J IMPED.CM"'"-/-

25.37 

Nu.atari loom 
' i U H POWERTMW] SUM HQi,£n 

0 .0021 n:nn*i 
2 12.256 U. Ci'l5u 0.6377 O.C9b6 ob.75 26.74 " 0.0042 0.0147 

0.022fa 3 18.697 0 .0151 0.6504 0. C94 7 bb. 17 27.99 0.0064 
0.0147 
0.022fa 4 25.348~ U.U151 0.6626 0.C928 66 .59 " 29.24 0.0087 

0.0147 
0.022fa 

5 32.212 G. 0151 0.6744 0.0909 67.01 30.47 O.0110 0.0395 
0.0465 
0.0579 

6 39.295 " 0 .0151 0.6856 0.CB91 6 7 . 4 1 3 i . 6 8 0.0135 
0.0395 
0.0465 
0.0579 7 46.600 0.0152 0.6962 0.CH72 67.HO 32.87 0.0159 

0.0395 
0.0465 
0.0579 

' B 54,130 U.0152 0.7064 0.C855 68 .18 34.02 " 0.0165 0.0677 
9 61.890 0.0152 0.7159 0.C837 6B.55 35.13 0 .0211 0.0780 

1 0 09-883 C.0153 0.7249 •0 .0820 68 .90 36 .21 0.0238 0.0B66 
1 1 Ta.iii 0.6153 077134 ' ~0.08O"3~ "~ 69 .23 T / 7 2 4 - 6 .0266 0.0997 
12 86.579 0.0153 0.7413 0.0786 69.55 38.21 0.0295 0.1113 
1 3 95.288 0.U154 0.7486 O.C771 69 .85 39.14 0.0324 0.1232 
1 4 104.243 0.0154 0.7554 0.C755 70-13 40 .02 0.0354 0.1356 
15 113.445 0.0154 0.7617 0.0740 70.39 40.84 0.0385 D.1485 
1 6 122.896 0."6l55 0.7675 0.0726 7C.63 41 .60 a .0417 0.1618 
1 7 132.600 0.0155 0.7728 0.0713 70.65 42.31 O.0450 0.1755 
I S 142.558 0.6"l56 ' 0.7776 0.0700 71.05 42 .96" 0 .0484 0.1898 
19 152.773 0.0156 0.7820 0.0687 71.22 43 .56 0.0519 0.2045 
2 0 163.247 "u. 0156 0 .7860~ 0. Co 76" 71.37" 44.OS 0.0555 ' 0.2196 
2 1 173.981 0.0157 0.7896 0.C665 / 1 . 5 0 " 44.5? • 0.0592 0.2353 
2 2 IB4.977 0.0157 0.7926 0.G655 71-60 45 .00 0 .0630 0.2514 
2 3 196.236 0.U15B 0.7956 0.C645 71.68 45 .37 0 .0669 0.2680 
2 4 207.761 U.0l5tl C.7SB2" 0.0637 71.73 45 .70 0.0709 0.2b5t 
2 5 219.553 0.0159 0.8005 0.C629 71.75 45.97 0 .0750 0.3027 
2 6 231.613 ' 0.0159 "0.B025' 0.C622 71.74 46.20 0-0793" 0.3206 
2 7 243.943 0.U160 0.8042 0.C616 71.71 46.38 0 .0837 0.3394 
2 8 256.543 U.016U 0.8058 0 .0611 71.66 46.53 0 .0882 0.3586 
2 9 269.411 0.0161 0.7837 0.0613 72-02 44 .23 0 .0928 0.3777 
30 " 282.541 U .U lb l 0.7609 0.0614 72.59 

72 .71 
42.03 0 .0975 0.3969 

41 295.928 U.Q ibi C.T613 0.0608 
72.59 
72 .71 42.14 0 .1023 6.4165 

3 2 309-574 """0.0162 C. 76 f4" 0.0603 72 .81 " 42 .21 6 .107 2 0.4366 
3 3 323.480 0.0163 0.7613 0.C598 72-92 42 .26 0 .1122 0.4572 
3 4 337.646 0.0163 C.7608 0.0593 73.01 42.26 0 .1174 0.4782 
3 6 352.073 0.0164 0.7601 

0.7591 
0.0569 
0.0584 

73.11 
73.20 

42.24 
42.17 

0 .1227 
0.128 1 

0.4996 
3 6 366.761 0.0164 

0.7601 
0.7591 

0.0569 
0.0584 

73.11 
73.20 

42.24 
42.17 

0 .1227 
0.128 1 0.5216 

3 7 381.711 0.0165 0.7577 0.C5aO ' 3 . 2 8 42.OB 0.1337 0.54 39 
3a 396 .92 i 0.0166 0.7561 0.C577 " 73.36 41.94 0.1394 0.5668 
39 412.397 0.U166 0.7542 0.0573 73.44 41-77 0 .1452 0.5900 
4 0 4"2aVL3"4 O . O U I " 0-7520 O.C570 73.51 41.57 0 .1512 0.6138 
4 1 444.134 0.0167 0.7495 0.0567 73.58 41.33 0 .1573 0.6379 
4 2 460.395 0.0168 0.7467 0 .0567" 73.64 41 .06 0.1635 0.6625 
4 3 476.919 

493.705 
0.0169 0.7437 0.0567 

0.6566 
73.69 
73.75 

40 .76 
40;"4?~ " 

0.1699 
0.T764 

0.6876 
4 4 

476.919 
493.705 0.0169 0.7403 

0.0567 
0.6566 

73.69 
73.75 

40 .76 
40;"4?~ " 

0.1699 
0.T764 o;7nr 

4 5 510.752 0.0170 0-7367 0.0566 73-79 40.05 0 .1831 0.7390 
4 6 528.060 " 0 . 0 1 7 1 0.7328 0.0566 73.64 39.65 0.1899 0.7653 
4 7 545.629 U.0171 0.7286 0.0566 73.87 39.22 0 . 1969 0.7921 
4 8 " 563~.457 0^0172 0 .7241 ""0.'Q565 73.91 38.75 0 .2041 0.8192 
4 9 581.545 

599Ta9l~ 
0.0173 
0 .0174" 

0.7194 D.0565 
0.G565 

73 .93 
""73.96 

73.98 

38.26 
"3 7". 75" " ~ " 
3 / . 2 0 

0 .2114 
0.2189" ~ 
0 .2265 . 

0.8468 
5 0 

581.545 
599Ta9l~ 

0.0173 
0 .0174" 0.7144 

D.0565 
0.G565 

73 .93 
""73.96 

73.98 

38.26 
"3 7". 75" " ~ " 
3 / . 2 0 

0 .2114 
0.2189" ~ 
0 .2265 . 

0.8746 
5 1 bid.495 0.0174 0.7091 0.0565 

73 .93 
""73.96 

73.98 

38.26 
"3 7". 75" " ~ " 
3 / . 2 0 

0 .2114 
0.2189" ~ 
0 .2265 . 0.9031 

5 2 " 637.355 "0.0175 " " 0 . 7 0 3 6 0.0564 73.99 36.63 0 . 2 3 4 3 " 0.9319 
5 3 656.470 C.0176 0.6979 0.0564 74.00 36.04 0 .2423 0.9610 
5 4 675.842 0.0177 0.4918 0.0564 74 .01 35.42 0 .2505 C.99G5 
5 5 695.446 0.0177 0.6661 0.0563 74 .01 34.84 0 .2589 1.0203 
5 o 7 1 5 . 4 5 4 " 0 .0178 0.6756 "610563 74.00 33.78 0^.2674 1.0505" 
5 7 735.593 0.0179 0.7616 0.0503 75.97 44 .06 0.2759 1.0638 
5B 155.898 " 0.0180 0.B511 0.C446 77 .90 56.43" " 0.2844 " ~ ™ 1.1202 " 
5 9 776.671 

797.743 
819.137 

C.01B1 
0.0182 

0.8509 0.0448 77.72 
"f7-6r 
77-45 

5c.28 
56.16-

0 .2931 
0 .3020 

1.1576 
6 0 

776.671 
797.743 
819.137 

C.01B1 
0.0182 0.8507 0 .0451 

0.0454 

77.72 
"f7-6r 
77-45 

5c.28 
56.16-

0 .2931 
0 .3020 1.1959 

6 1 

776.671 
797.743 
819.137 0.0182 0.6504 

0 .0451 
0.0454 

77.72 
"f7-6r 
77-45 . 56 .00 0 .3112 1.2349 

62 840.851 
8&2.BB6" 

0.0 183 . 
" 6.0184 

0.6499 0.0457 77.29 
77 .12 

55.83 
55.63 

0.3207 
0.33Q3 

1.2748 
6 3 

840.851 
8&2.BB6" 

0.0 183 . 
" 6.0184 0.8493 0.0460 

77.29 
77 .12 

55.83 
55.63 

0.3207 
0.33Q3 1.3155 

6 4 885.243 0.0185 0.8487 0.0463 76.94 55.41 0.3403 1.3570 
o 5 907.923 " O.OlBo 0.8479 0.C466 76.74 55.17 0 .3505 1.3994 
6 6 930.928 0.0187 0.8471 0.04o9 76.52 54 .91 0 .3610 1.44Z6 
6 7 954.258 O.OleB 0.8461 0.0472 76.30 54.62 0 .3718" 1^4868 
6 8 977.913 0.0189 0.8451. . 0.0475 76.06 54.32 0 .38 28 1.5318 
6S 1001.896 ' 6 . 0 1 9 0 0.8440 0.0477 75 .81 54 .00 0 .3942 1.5777 
7 0 1026.206 0.0191 0.642B 0. C4B0 75.54 53.66 0.4059 1.6245 
7 1 10 50.844 0.~6l92 0.8416 0.C4B3 75.26 53.30 0.4L79 1.6 723 
72 1075.813 0.U193 0.6403 0.04B6 74.96 52.93 0 .4303 1.7210 
7 3 1101.111 0.0194 0.83B9 0.0489 74.65 52.54 0 .4430 1.7707 
7 4 1126.740 . . . O.0i95 0.8375 0.0492 74.33 52.14 0 .4560 1.6213 
7 5 1L52.7Q1 U.0196 0 .8361 0.0495 73 .99 51.72 " 0 .4695 1.8730 
7 6 1178.994 0.0197 0.B346 0.C49B 73.64 51.30 0.4833 1.9256 
7 7 1205.621 0.0198 0 .8331 0 .0501 73.27 50 .86 0.49T5 1.9793 
7 8 1232.582 0.019.9 0.8316 0.0504 72.89 50.41 0 . 5 1 2 1 2.0340 
7 9 1259.878 (J.U2U0 0.8301 0.C507 72.50 49.95 0 .5271 2.QB9B 
8 0 1287-509 Q vl)201 0-B7A5 O.C510 72 . OB 49.48 0 .5426 2.1467 
e i 1315.477 C.0202 0.6270 0.C513 71.66 49 .01 0 .5566 2.2047 
B2 1343.782 0.02U3 0.8255 0.0516 71.22 48 .53 0.5750 2.2639 
8 3 • 1372.425 0.02U4 0.8240 0.0519 70.76 48.05 0 .5919 2.3242 
8 4 140L.407 0.0206 0.8226 0.0522 70.29 47 .56 0.6093 Z.3B5? 
65 1430.729 0 .0*07 0.8212 0.0525 69.80 47.07 0 .6272 "2.4484 
66 
87 

1460.391 
1490.397 

,0 .020p_ 
C.02U9 

0-819.9 _ 
0.8186 

0.C529 
0.C532 

69.30 
68.78 

46.59 
46.09 

0 . 6 4 5 7 _ 
0.6648 

2.5124 
2.5777 

8 8 1520.734 0.0210 0.8175 0.0535 68.27 45 .62 0.6844 2.6443 
8 9 1551.428 0.0211 O.t'163 0.0536 67 .69 45 .10 ' 0 .704? 2.7123 
9 0 1551.428 0 .0211 0 . 0 0.0000 67.69 0 . 0 0.7047 2.7123 
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Region(I) 

Fig.l Unit-Cell 

1.2 

1.0 

Q8 

UJ 

o 

< a. 
t~ 
3 
< 
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Fig.2 Average Axial Electric Field of TMQIO M o d e 



MEASURED TRANSIT-TIME-FACTORS 

0.8 

v 

• - . . . • • • . • . . . . . . • 

0.7 f 
0.6 

0.5 

0.4 

0.3 • 

0.2 -

0.1 

0 
i i 

0.1 

0 
3 ' 2 ' 4 10 12 H 

LENGTH ( m ) 

Fig.3 Measured Transit-Time Factors 

MEASURED S-COEFFICIENTS 

.08 

.07 

.06 

.05 

.04 

- i A i _ J 1 — i — i — i — i — - L — i — J t — I — O — L . 
2 4 6 8 1 0 1 2 1 4 

LENGTH (m) 

Fig.4 Measured S-Coefficients 



Tank Field 
E*= E ef (z) 
E„= 15 • 0.04z (MV/m) 
f(Z)=1 + ct(-£-z- 1 ) 

Fig.5 Measured Field Distribution for Various Tuner Positions 

70 «0 90 
Drift Tube Number 

Fig.6 Synchronous Phase for Measured Average 
Electric Field and Transit-Time Factors 
and Mean Phase for Injection Energy of 
750 keV (± 0.1 % ) . 
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PHASE OSClLLflTlON IN THE KEK. LINflC- (EXPERIMENTAL) 

INJECTION ENERGY= 0.750 F1ELD= 1.000 SLOPE= 0. 000 

GAP NUMBER 

Fig.7 Phase Oscil lation for Designed Value 

INJECTION ENERGY=0. 750 FIELD* 1.000 SLOPE= 0.000 

o.«e 

o.«o 

> UJ 
at 
O 0.32 
a: " --UJ 
cc a. en 

o ° ' " a. UJ 
z UJ 

£ C IS _ J 
£T 

0.08 / ^ \ ^ 

1 1 1 I 1 1 1 1 1 

GAP NUMBER 

20 30 «Q 50 

GBP NUMBER 

Fig.8 Rms Phase and Energy Spread for Designed Value 
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Fig.9 Synchronous Phase for Various 
Field Level at Slope 0.0 
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Fig.10 Synchronous Phase for Various Slope 
at Field Level 1.0 



PHHSfc O S C I L L A T I O N IN IHfc .KEK L1NAL" u n a i w i i n 

IMjECriOK fcNfcBO* 0. TJO H U D - ' .?HU *,i 1£>t r,. OO'J 

,=i/ 
PHASE OSCILLATION IN THE KEK L I N P C i i m n n m . 

INJECTION ENERGY 0. 753 FIELD= 1.050 SLOPE; O.OuO 

J . ' * . . 

. ' j , . • : . / : • ' • • . ' .< 
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Fig.18 Linac to Booster Beam Transport System 



Fig.19 Measured Energy Spectrum 
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Fig.20 Experimental (left) and Computational(right) 
Rms Energy Spread, Mean Energy and Normalized 
Transmitted Current 
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