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RENATURATION OF DENATURED PROTEIN®

Nobutaka Ito, Toshizo Isemura, Katuhide Yutani
Nobuo Okabe, Asako Yutani and Akira Imanishi

The Institute for Protein Research, Osaka University, Osaka, Japan.

It was formerly believed in general that the
renaturation of the denatured protein should
be a function of the extent of denaturation.
However, in 1961, White® has first demonstra-
ted using Ribonuclease as an example that the
denatured and completely randomized protein
by splitting the disulfide bonds in concentrated
urea can be regenerated to the native conforma-
tion, A little later, in the same year, our group®
also succeded in renaturing Taka-amylase A and
lysozyme from their denatured and reductively-
cleaved disulfide bond forms by removing de-
naturant and reducing agent and by the follo-
wing air-oxidation. After these findings, work
along the same line has been carried out in
various places using different kinds of proteins.
Consequently, it now seems to be established
that the complete spatial structure of the pro-
tein should be determined by the primary struc-
ture of the respective proteins.

The investigation of refolding of the linear
polypeptide chain into a biologically active
conformation is a fascinating problem from the

view point of knowing the mechanism of the

folding of polypetide chain synthesized within

living cells.
The present report describes the conforma-
tional change of the denatured protein during the

course of renaturation and the accelerating effe-

(*) This paper was presented on
SEVENTH INTERNATIONAL CONGRESS
OF BIOCHEMISTRY, TOKYO. AUGUST
19—25,1967

ct of the presence of some indifferent proteins
against renaturation. The conformational change
during the course of renaturation was pursued
mostly the measurement of optical rotatory dis-
persion and circular dichroism.

In the reduced state after removing the de-
naturing agent, Taka-amylase A molecule assu-
mes a rather expanded conformation. The di-
fference spectrum of the reduced Taka-amyla-
se against native one was measured and found
to be similar to that of the Taka-amylase A

which was carboxymethylated after reduction
of disulfide bonds. The fluorescent depolariza-

tion experiment also led to the same conclusi-
on. By the reoxidation of sulfhydryl groups to
disulfide bonds, the compact structure is rege-
nerated. Calcium ion is known to be essential
for the display of the enzymatic activity of
Taka-amylasc A.® In the renaturation experi-
ment, if the calcium ion does not exist in the
renaturing system, no enzymatic activity can be
recovered from the denatured-reduced Taka-
amylase A by air oxidation after removing the
denaturing and reducing agents. The confor-
mation of reoxidized Taka-amylase A shows
no significant difference by ORD or CD mea-
surement irrespective of the presence or abse-
nce of calcium ion, However, in the absence
of calcium ion, the last sulfhydryl group does
not readily disappear in the course of reoxida-
tion. Consequently, a wrong couple of sulfhydryl
groups may be oxidized to a disulfide bond.
The gross structure of the reoxidized one may



be nearly the same as the native one. Never-
theless, the active sites including a specific sul-
fhydryl group should be different to some ex-
tent.

From the results of CD measurement, there
are some evidences of a small amount of he-
lical structure remaining in the molecule, even
if lysozyme is denatured in such a concentra-
ted urea solution as 8M. However, when all
disulfide bonds were reduced, the helical struc-
ture was completely destroyed, After removing
urea and the reducing agent, almost all helical
structure was immediately reformed. However,
the intrinsic viscosity was found to be rather
high, suggesting some extension of the mole-
cule. By air oxidation of reduced lysozyme, the
native conformation was gradually recovered.
If the mercaptoethanol was first removed by
passing through the IRA 400 column and then
the eluate was diluted about forty times and
reoxidized by air in the presence of heavy met-
al ion,-the regeneration of lysozyme was found
to be satisfactory. Not only ORD curves but
also CD spectrum were idential with those for
native lysozyme, No UV difference spcactrum
against the native lysozyme was observed, and
the enzymatic activity was recovered completely.
The extent of regeneration depends considerably
on the renaturing procedure.

On the other hand, if ribonuclease was treated
with 8M urea, the helical structure was com-

Nobutaka Ito

pletely destroyed even without splitting the
disulfide bonds in the molecule. It can be con-
cluded from CD measurement at 200—230mg:
that almost all helical structure was’ recovered
immediately after removing denaturing and re-
ducing agent. However, the CD absoption at
the longer wavelength region, 270—290mg, was
quite different from that of the native one.
Under conditions of oxidation by aeration, the
negative CD absorption at 270—290mu was gra-
dually restored with time. The enzymatic acti-
vity was also regenerated with the increase of
CD absorption at this region. After 24 hours
the CD curve for the regenerated ribonuclease
became almost completely identical with that of
the native one. Then, the recovery of the en-
zymatic activity was satisfactory. CD curves at
the spectral range between 200—310 my show
the relative location between chromophores
beside the helicity or randomness of the poly-
peptide chain. Accordingly, the identity of CD
curves should be a strong support for the re-
covery of the conformation. In the accompany-
ing table, ORD parameters, specific rotation
intrinsic viscosity, sedimentation constant of the
reduced and the native forms of the above-men-
tioned enzymes are listed. In the reduced sta-
te the molecules are expanded. The disulfide
bonds are necessary to form a rigid, compact

and active conformation.

Taka-amylase A Lysozyme Ribonuclease
Protein
native reduced native reduced native reduced
CaJzes —60.5 -201 —176 —295 —239 ~414
a, —60 —340 —-270 —510 —429 ~—758
b, —96 - 78 —155 —130 - 80 ~100
0.033 0.096 0.036 0. 20 0.033 0.252
s, 4.2 3.1
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It was found that a so-called disulfide inter-
change enzyme microsomal fraction of rat liver
accelerates the regeneration of denatured ribo-
nuclease by air-oxidation.® However, the amount
of this enzyme to be added to the denatured
enzyme is rather large. We therefore wondered
whether this enzyme has another function
than catalysis of the interchange of disulfide
bonds. We tried to observe the effect on the
denatured a-amylase of Bacillus subtilis, which
has no disulfide bonds in the molecule, and it
was found to be regenerated only by remov-
ing urea or by diluting the solution. It was fo-
und that the regeneration of this denatured pro-
tein containing no disulfide bonds can be rema-
rkably accelerated in the presence of this disul-
fide interchange enzyme. The mechanism is

not clear. Howevr, it seems to accelerate the

refolding of the denatured amylase in a correct
manner. It can be replaced by bovine serum
albumin. From these findings, involving calcium
ion in the case of Taka-amylase A and bovine
serum albumin in this case, it would seem that
factors other the polypeptide chain should be
taken into consideration when we discuss the
folding of polypeptide chain into correct confor-

mation.
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Researches on New Heat Transmitting Tubes

Makoto NAKATANI

Abstract

We have been studying to obtain highly efficient
heat transmitting tubes and have already reported
in our earlier papers that our new heat transmitting
tube has a very good heat transmission character-
istic and gives minor pressure loss.

We further have improved the new heat transmit-
ting tube, examining streamlines around it in a
photograph. The improved tube is easy to make and
clean, and not easily soiled. The main results of
our researches are as follows;

1) The heat transfer coefficient of the improved

tube is given by the equation
618

Nu=0.195 Re.

and the total heat transferred increases by about 37
%, compared with that from a usual circular tube
of the same diameter, in the range of Re =10¢~5
X104,

2) The pressure loss 4p caused by the improved
tube is given by the equation
—0.29 /g2

2g

and is reduced, for instance, by about 26% at Re

dp=4.04 Re

=2.5%10%, compared with that by a usual circular
tube.
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X-RAY INVESTIGATION OF STRESS MEASUREMENT

(ON THE EFFECT OF ROUGHNESS OF SPECIMEN SURFACE)

By Jyunichi ARIMA

Absi:ract

Concerned with the stress measurement by X-ray, several basic problems remain to be further investi-
gated, for example, the correlation of the stress value obtained by X-ray method to that oltained by

mechanical means.

In the present work, the author investigated the effect of surface roughness on the measured stress
by means of X-rays by comparing the mechanically induced stresses which are due to uniform bending
with those measured by X-rays, using plate specimens of 0.17% carbon steel that are subjected to va-
rious cold working and stress reliefed. The specimens are subjected to such cold working as polishing,
grinding and shapering in directions, i.e. parallel or normal to the longitudinal axis of the specimens.

1. Introduction

The experimental procedure of X-ray stress
measurement has made great progress in conse-
quence of the development of X-ray equipment
as well as the improvement in measuring
methods,

However, there still remain some problems
that should be further investigated. One of them
is how the surface condition of the specimen
would affect the value of the measured stress.

The author has carried out fundamental
studies on the stress measurement by means
of X-ray for the purpose of extending their
application to practical engineering problems, and
reported the good correlation of mechanically
induced stress to those measured by X-rays.
The stress measured by X-rays is based on the
variation of the lattice spacings of metallic crystals
in the extremely limited surface layers. There-
fore, it has been a general practice to finish
the specimen surface smoothly. The surface con-
dition of practical machine parts or structural
members, however, are not always suitable for
X-ray stress measurement. It seems that the

surface condition would affect the accuracy of

stress measurement. From this standpeint, the
author carried out experiments to study the ef-
fect of the roughness of the specimen surfaces.

Specimens with various degrees of roughness
were prepared and the roughness and residual
stress were measured on these specimens. After
relieving the residual stress in these specimens
by annealing, bending stresses were applied to
the specimens and at several stages of bending
the surface stresses were measured by means
of X-rays, and these stress values obtained were
compared with the stress value determined from
the deflection. Thus the effect of roughness on

the measured values by X-rays was examined.

2. Specimens and Experimental

Procedures

The material used was 0.17% carbon steel.
The heat treatment given consisted of water
quenching from the temperature 960°C and sub-
sequent annealing at 650°C for 2 hrs. After
this heat treatment three sorts of cold working,
that is, polishing, grinding and shapering were
applied to the specimens. Polishing was per-
formed with emery paper of 4%, 0% and sand
paper of 320%, 1804 and 804, respectively. All cold
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working was given in two directions, that is,
parallel and normal to the longitudinal axis of
the specimen. The shape and the dimension

of specimen are shown in Fig. 1, and the

D -

le— 25 —o{

—| 5]

Fig.1. Specimen

Table 1. Chemical Composition of 0.17% Carbon
Steel

Chemical Composition (%)

C’Si Mn | P s | cu | Mo

0.17‘ 0.42| 0.36 | 0.010/ 0.010 | 0.170| 0.010

chemical composition of the material is given in
Table 1.

For the measurement of roughness of the
specimen surface, the Tarisurf apparatus of type 3
was used. In this apparatus, the movement of
pick-up on the surface is converted into the
change of inductance, and this is recorded au-
tomatically on the paper. From the recorded
curve, the value of roughness was determined

by the three-point method.

i
1
1
| Wl b
I
i

| W) |

q[ a : Dial Gauge

b : Specimen Holder
c : Specimen

Fig.2. Loading Device

The loading device employed in this experi-
ment is shown in Fig. 2. It enables a uniform
bending stress to be produced in the specimen
by tightening the two clamp bolts. The dial
gauge with 1/1000 mm reading set at the center
of the specimen surface, and from the deflection
of the specimen bending stress was calculated
by the elastic formula.

The X-ray diffraction apparatus used in this

experiment was of an open tube type, and the

Photo.1. The Photographs of X-ray Diffraction
Apparatus

diffraction lines of CoKa; and CrKa; beams
from (310) and (211) crystal planes, respective-
ly, were photographed on the film. Photo. 1
shows the X-ray diffraction apparatus.

The stresses were determined by employing
the sin2) method. Namely, X-ray beams were
applied to the center of the specimen surface
in vertical and oblique incidences of 157, 30°
and 45°, and the values of cosec #; was obtain-
ed from the measurement of the diffraction
ring. The formula for calculating the stress is

as follows:

o.=K (cosecl, —cosecl )
e E 1 )
K=sin 0. (1+y sin?¢
where 6,=Diffraction angle of X-ray for
stress—free material
0. =Ditto for the case of vertical

incidence
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0, =Ditto for the case of oblique inci- the normal to the specimen sur-

dence with an angle ¢ between face and the direction of X-ray

Shapered Surface by CoKa; beams

Ground Surface by CoKa; beams

Polished Surface by CoKa; beams

After Annealed (650°C for 3hr) by CoKa; beams After Annealed (650°C for 3hr) by CrKa; beams

Photo.2. Examples of Diffraction Line Photographs
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beam
E, y=Elastic constants
K=Constant depending on the angle
of incidence
For the measurement of the radius of the
diffraction ring, an automatic recording type
microphotometer was used. From the profile
of the intensity distribution curve, its peak could
be determined correctly. Some examples of
diffraction photographs are shown in photo. 2.
After the measurements of residual stress and

surface roughness, all the specimens were an-

Polished by Sand Paper 320% (5000) Hmax=1.0x

Polished by Sand Paper 180% (5000) Hmax=1.25x

Photo.3.

nealed at 650°C for about 3 hrs. with thc aim of
stress relieving. The annealed specimens were
stressed stepwise by the loading device, and the
stress values calculated from the deflections of
the specimens were compared with those obtain-
ed by the X-ray method.

3. Experimental Results

The curves of surface roughness for several
specimens drawn by the Tarysurf are shown in

Photo. 3, and the roughness values measured

are given in the parentheses. As is apparent in

-

By Shaper (2000) Hmax=15.0x

Examples of Surface Roughness Curves
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the figure, roughness values differ, considerably
depending on the kind of cold working, In the
case of shapering, it shows the highest values of
15z.

The residual stresses after annealing were
measured on all the specirﬁens, and their values
were found to be small, showing nearly stress-
free conditions. Table 2(a) shows the results of
measurement of residual stresses in the cold
worked specimens using CoKa; beams. In the

case of cold working parallel to the longitudi-

nal axis of the specimen, both stress components
parallel and normal to the axis were measur-
ed. The residual stresses were measured as
compressive in all cases, except in the case of
the shapered specimen. However, in the case
of the shapered specimen the diffraction lines
could not be obtained by CoKa, radiation,
owing to the large lattice strains, The 2(b) indi-
cates the similar results to the case of (a) that
is obtained by using CrKa; beam. The use of
CrKa; beam enables us to obtain clearer dif-

. Residual Stress of the | Residual Stress of the
Cold Working Longitudinal Direction | Normal Direction on Arﬁ]&elr d
Condition on the Specimen the Specimen (k /fnem')
(kg/nfm) (kg/mm) &
Polished by
Emery Pape: 48 —23.4 —18.9 —0.5
Polished by
Emery Paper 0% —27.5 —24.0 —0.8
Polished by-
Sand Paper 3204 —28.6 —26.5 —-0.5
” 180% —30.5 —26.0 —0.6
” 80% —31.3 -29.0 - —0.8
Ground —29.3 —25.0 -1.0
Shapered —_— -_— +1.0
Table 2(a) Residual Stresses obtained from CoKa;, (310) Radiation
. Residual Stress of the | Residual Stress of the
Cold Working Longitudinal Direction | Normal Direction on A:;\nfte{ d
Condition on the Specimen the Specimen (ke?/lr:; 2y
(kg/m i) (kg/muf) g/mm
Polished
Emery Paper 4% —20.0 —15.5 —0.5
” 02 —26.0 —21.0 —-0.8
Polished
Sand Paper 320% —27.5 —20.5 —-0.8
” 180¢# —29.0 —22.5 —-0.2
” 80% —29.0 —22.5 —-0.2
Ground —24.5 —18.5 —0.2
Shapered +27.5 +20.0 0

Table 2(b) Residual Stresses obtained from CrKa(211) Radiation
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fraction patterns even in the case of the sha-
pered specimen, and as the result of stress meas-
-urement showed, it is found that tensile residu-
al stress exist on the shapered surface.

Fig. 3 shows the results of experiments for
the case in which the streaks produced by cold
workings exist in the direction parallel to the
longitudinal axis of the specimens. The figure ex
hibites the correlation of the mechanically induc-
ed stresses to those measured by X-rays using

0.17% Carbon steel
by CoKa, Radiation

both CoKa; and CrKq; beams. The residual
stress after the low temperature annealing at
650°C is also indicated in the figures, and the
X-ray stresses plotted in the ordinate are the
values of measured stresses subtracted by these
residual stresses. As is apparent in the figures,
fairly good agreements are seen between both
the stresses for all the cases.

Fig. 4 shows the similar results to Fig. 3
obtained for the specimens with streaks running

0.17% Carbon steel
by CrKe, Radiation

I Polished (emeryd#) -
20.0p -
i r
10.01- Initial B
Residual Stress
~0.15 k8/ug ~0.5 ks/na
e, o
20.01 o
b L
< 10.0F -
L
»
=z o ~0.8 k/um: - —0.2 lg/m?
¥
>
5 odr o
=
AY)
v
w
I
v 20.0F o
=
2 L
|
>
10,0 =
1.0 Bfu r —0.5 kefm:
0 O
20.0F -
10.0 B
L +1.0 Mfe: - 0 tefen?
OJ, " 1 . 1 . . 1, 1 N
10.0 20.0 % 10.0 20.0

Mechanical stress change (k8/as®)

Fig. 3. Correlation of X-ray and Mechanical Stresses for Various Roughness (in the Direction Parallel to

the Longitudinal axis)
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in the normal direction to the axis. Dissimilar
to Fig. 3, considerable discrepancies are seen
between both the stresses in several cases, Name-
ly, in the case of polishing with emery paper
of 4% and 0 or sand paper of 3204 and 180%
in which surface roughness is small, both the
stresses are in fairly good agreement. But for
the cases of polishing with sand paper of 80%,
grinding and shapering, that is, for the speci-

25

mens with large values of roughness, linear re-
lationship does not hold. The stresses measured
by X-rays are somewhat smaller than those me-
chanically induced. This tendency is more con-
spicuous as the roughness value is increased.

Fig. 5 shows the results for the specimens
shapered in the direction paralle! to the axis,
in which CoKa; beams were used. As is ap-
parent in the figure of cosecf; versus sin’p,

Fig-4. Correlation of X-ray and Mechanical Stresses

to Various Roughness (in the Direction Normal to
the Longitudinal Axis)

-0.17% Carbon steel 0.17% Carbon steel Q—ﬂ
by CoKa, Radiation by CrKo, Radjation
Q Measured Value L 1.0140
== Calculated Value
20.0 »
10.0 - -
| Initial
Residual stress .
—0.8 k/um 0.5 /m
(], o, 1.0135
1.0140
20.0 o In=15.0 kl/u’
Lwof > R
z 1.0135 %=12.3 H/ua?
N .
> o —0.8 ks/un? - 2
5 / * 0.6 k/m+ | 1 0140 ——
- o 8 & 2 G =10.0 ke/un®
n %)
® °
" 3 Y i
“ <
> (e} (o Ihd
|E 20.0f = 1.0135
e
1.0140
10.0F N Tn=5.0 kt/um?
[ 1.0 by ~1. 0%/
00 o 1.0135 %=4.6 lt/m
[ 1 1.0140 )
o Applied stress (%n) 0ks/an?
20.0- 4 B O X —ray stress o, 1.0k/m:
4 b o L\ e\ —) _O_..
(o) (e} d b = =
P = =~ =
10.0f L ross| 7§ 5 -
i +1.14 5 2 3 2
- 1hg/un +1.0 k/mm? @ % % %
Oé/ . PR | , o A L N R Y il 1 i
10,0 20.0 3 160 20.0 0 0.25 0.5 0.
mechanical stress change (¥/an?) Sin* ¢

Fig.5. Plot of cosecfy-sin?; for a Sample of

Shapered 0.17% Carbon Steel, and Correlation
“of X-ray and Mechanical Stresses.

75
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nearly exact linear relationship is seen to hold.
The correlation of mechanically induced stresses
to those measured by X-rays is also presented
in Fig. 4, and as the figure shows, the X-ray
§tress is somewhat smaller than that of the
mechanical ‘stress.

4. Summaries and Conclusions

The author investigated the effect of surface
roughness on the measured stress by means of
X-rays by comparing the mechanically induced
stresses which are due to uniform bending with
those measured by X-rays, using plate speci-
mens of low carbon steel that are subjected to
various cold working and stress reliefed. The

specimens are subjected to such cold working
as polishing, grinding and shapering in two di-
rections, i.e. parallel or normal to the longi-
tudinal axis of the specimens. From the results
of the experiments, the following summaries
and conclusions are to be drawn,

(A) For the specimens with streaks produced
by cold-wotking running in the direction normal
to the longitudinal axis, the stresses measured
by X-rays are in fairly good agreement with
those mechanically induced, provided the sur-
face roughness is small. When the roughness
increases, as in the grinding stress and shaper-
ing stress, the measured stresses show con-

siderable discrepancies under estimated values as

X —ray Stress (*/a?)
—t —
.O {411
[} (=)

0.17% carbon steel CoKa, (310)
25.0LO © 0 o
0]
2o.or0 o® 4 o ) o
o
o
- ® 0 O o
0
o
© o ©0 ¢
© ©
5.0+ D &b &
(&) @ P
1 1 |
0 5 10 15

Surface Roughness(u)

O At the stage of mechanical 25.0 %/um>
‘@ At the stage of mechanical 20.0 ks/ax:
O At the stage of mechanical 15.0 k&/an*
© At the stage of mechanical 10.0 ¥/p?
@ At the stage of mechanical 5.0 ks/m>

Fig.6. Correlation of X-ray Stress and Surface Roughness at the Each Stage of Mechanical Stresses.
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are shown in Fig. 6. In-the specimen with large
streaks, it is supposed that the bending stresses
are not uniformly distributed over the peaks
and troughs of the striations. Namely, the
troughs are likely to act as notches, and pro-
duce stress concentration. On the contrary, the
peaks are under lower stress state. The rough-
ness of the shapered surface shows the value of
152 to 26x, and is out of the scope of X-ray
penetration. In this case the X-ray method tends
to give the lower stresses in the peaks. The
non-uniform stress distribution described above
can be understood by referring to photoelastic
pattern of the thread subjected to tension.

(B) In the case of the streaks existing in the
direction of the axis, the effect of surface rough-
ness is negligibly small, irrespective of the
magnitude of roughness. It is considered that
bending stresses are distributed uniformly in
this case, and the measured stresses give nearly
equal values to the mechanical stresses, From
these results, it is to be taken into account that
in the case of measured stresses in the normal
to the direction of streaks, they give slightly

underestimated values.
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SLIT-COUPLED STRIP TRANSMISSION LINES

by Takashi AZAKAMI

Abstract—Two types of slit-coupled strip-line configuration are presented which are especially
useful the realization of multi-section components using printed-circuit techniques. The slit-coupled
configurations described consist of a pair of strips oriented face to face and either parallel or
perpendicular to the outer ground planes. Coupling is achieved through a longitudinal slit. Exact
conformal mapping solutions of the even-and odd-mode characteristic impedances arranged in
the forms of the design equations for both parallel and perpendicular cases. In order to facilitate
design, nomograms are presented for the parallel case which give the physical line dimensions
in terms of the even-and odd-mode characteristic impedances. Furthermore, the exact design
equations for both parallel and perpendicular broadside-coupled strip configurations, which are
considered to be special cases of the slit-coupled configurations, are presented. Formulas for
the terminating lines are also included. The proposed parallel-coupled strip transmission line
configurations permit smooth variation of coupling and applications to a wide variety of circuit

components.

INTRODUCTION

A number of approaches to the distributed
coupling effect between parallel conductors have
been proposed, and applications have been made
to the various circuit components, such as fiters
{13—C4), directional couplers [5)—(9], channel
separation fiters [10]—(12], phase shifters
[13], delay equalizers (14], [15), and hybrid
circuits [163—18). Most of these components
make use of multisection-coupled transmission
lines in order to provide the desired circuit
performances over a wide frequency range.
Typical contigurations of the coupled
transmission line multisection components are
illustrated in Fig. 1. Combinations of these
connecting types are also employed. Usually the
canonical coupled sections to be connected have
different coupling characteristics and close
coupling is required in many practical cases.

Simple coupled strip-line configurations of
the close coupling type, applicable to printed

circuit constructions, are the broadside-coupled

The contents of this paper were published on the
November 1966 issue of the Micro- wave Theory
and Techniques Transactions of IEEE.

configurations (197 shown in Fig. 2(a) for the
parallel case, and in Fig. 2(b) for the perpen
dicular case. While design equations are available
(191,020, they are not suited to the realization

— - S Smm—
1L g E——
(2)
~—_—— 1
[ 1—__ i |
———
|

(v)

(c)

Fig.1. Typical configurations of coupled trans-
mission line multi-section components.

of the multisection components since the
strip spacing varies as the coupling varies in
these configurations. Close coupling configurat
ions for prtined-circuit constructions, well suited

to the multisection components, as in Fig. 1(a),
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have been proposed by Getsinger [21] and
Shelton [227). The cross-sectional views of these
configurations are shown in Fig. 3(a) and (b).
For both configurations, design data based on
the approximate conformal mapping solutions

have been given, These configurations, however,

| B
b s

| T

(a)

(b)
Fig. 2. Broadside-coupled strip transmission. lines.
(a) Parallel case. (b) Perpendicular case.
are not always the desirable ones since it is
difficult to construct the multisection components,
such as those in Figs. 1(b) and (c), by
using them., Furthermore, there exist certain
limitations on physical line dimensions because

of the approximations used in the derivations

————————
———————
————

(a)

(b)

Fig.3. Cross sections of coupled strip transmission
lines suitable for the multisection components
in Fig.1(a).

b}z v —_ |
| b-s ~ s/

o 26
|
(a)

._r
b w s S
A

(b)
Fig.4. Cross-section dimensions of slit-coupled

strip transmission lines. (a) Parallel case.
(b) Perpendicular case.

of the fringing capacitances.

The purpose of the present paper is to presen,
¢he design data for slit-coupled configurations
consisting of zero thickness conductors, as
shown in Fig. 4(a) for the parallel case, and
in Fig. 4(b) for the perpendicular case. In both
cases, there are two parallel strips, two parallel
outer ground planes of infinite width, and an
inner ground plane having a longitudinal slit.
These configurations may be considered to be
modifications of the broadside-coupled ones of
Fig. 2(a) and (b). They are used, however, to
allow the coupling variation to be achieved by
varying the slit width with constant strip
spacing, and are applicable to the realization of
the multisection components as in Fig. 1(a),
(b), and (c).

equations can be obtained for both of these

Furthermore, exact design
configurations and, therefore, no limitation on
characteristic impedances or physical dimensions
exists. This paper also presents the exact design
equations for broadside-coupled configurations,
which are derived by simple modification
of the equations for slit-coupled ones. By the use
of the equations for broad-side-coupled cases,
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maximum values of coupling of silt-coupled
cases can be found for given values of strip
spacing.

Design equations considering the thickness
of the conductors are not given here, but its
possible to derive them approximately by
the familiar methods, such as those used by
Arakawa (23] and Cohn (247

FuNDAMENTAL MODES AND
CHARACTERISTIC
IMPEDANCES OF A PARALLEL-COUPLED
TransMmissION LINE

We consider a lossless symmetrical parallel-
coupled transmission line with the cross section
uniform and the medium surrounding the
conductors assumed homogeneous and isotropic
with permittivity € and relative permittivity e,.

Then two orthogonal TEM modes can propa-

coupled conductors

e

(v)

Fig.5. Excitations of the fundamental modes in a
parallel-coupled transmission line. (a) Even-mode.

(b) Odd-mode.

gate along such a structure. These fundamental
modes are usually denoted as the even-mode,
in which equal currents flow on the two
conductors in the same direction, and the odd-

mode, in which equal currents flow in the

opposite directions, as shown in Fig. 5. As a
consequence of the line geometry, the plane of
symmetry may be replaced by a magnetic wall
in the even mode and by an electric wall
in the odd-mode. The even and odd-mode
characteristic impedances, Z,. and Z,,, for one
conductor can be related to the static capaci-

tances per unit length by

1207

\/ErZoe= (Coe/f)
— __ 120m
1/ErZoo— (coo/6> y (1>

where C,.=static capacitance of one conductor
to ground per unit length in the evén-modes
and Cy,=that in the odd-mode. The per-
formance of the coupled transmission line may
be completely described in terms of these
characteristic impedances. Note that for the
coupled two-conductor line with common return

under consideration,

Zoe gzoo- (2)

Desien EQuaTIiONS

Among various methods that exist for the
evaluation of the static capacitances and, there-
fore, the characteristic impedances, of the TEM-
mode transmission lines, the conformal mapping
and the variational methods are typical. However,
by the use of the variational method, the
solutions, in general, are not obtained in closed
forms and, therefore, it is difficult to get the
design equations that are of importance in the
design of the circuit components, Hence, in
this paper the conformal mapping method is
employed. Exact design equations, based on the
conformal mapping solutions, for slit-coupled and
broadside-coupled strip transmission lines are
given in this section; these enable the designer
to evaluate the physical line dimensions from
the values of the characteristic impedances
required by theoretical consideration. The details

of the derivations of these equations will be
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TABLE I
DesicN EQuAaTions FOR SriT-CoupLED CONEIGURATIONS
| () ®
Cross Section Parallel Case: Fig.4(a) Perpendicular Case: Fig.4(b)
02 —
Dimensions * l ’l s/2 b _T—
w s N
s/2
Values required by
theoretical considerations Zoe, Zoo
Values to be selected Relative permittivity e, ground-plane spacing b, strip spacing s
T K/(ke) " K(ke)
Zoe =60 ' Zoe=60m——>52,
Characteristic VerZoe . K(ke) v erZoe=607 K'(ke)
Impedances v erZoo=607 I}Ezog v/ €rZoo =607 ggog
Modulus k=k, ko=Fk cn (s/b.K')/dn (s/b.K")
_ s _ s
a———B——K a———b-K[
Parameters B=sn=1 (ke/ko. k> : B=sn-} l/l - k_
a=sn-1! a=sn-1
/Z(a) R 1/d a__k2 sna.cna.dna, 1%
[ k /Z(a)sn?a-sna. cna.dna k] [k' w Z(a)+(na/2KK") ]
w _ 1, _ 6(aeta) w _ 1 (7ma 61(ja+a)
b 7 CH(a—a) BRI R I G N ey
Dimensions s
S 1 jog HB+a) S _lymag iy, 00B+a)
B R ) R iAo T
Notes: §=Jacobian theta function.
H-=Jacobian eta function.
Z=Jacobian zeta function.
sn, cn, and dn=Jacobian elliptic functions.
1 dt C .. . . .
K= yo O (k) = complete elliptic integral of the first kind, with % as the modulus.

K'= complete elliptic integral of the first kind with complementary modulus #'(=y"1—%2)

dt
sn~i(€, k)= S V= (—k)

81(w)=6(K+u).

=F(€ k)= incomplete elliptic integral of the first kind.
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described in the Appendix.

A. Design Equations for Slit-Coupled Strip
Transmission Lines

In Table I orderly arrangements of the design
equations for the two types of slit coupled
configuration shown in Fig. 4(a) and (b) are
presented. By the use of these equations, cross
sections are designed in a straight forward
process to have the desired values of Z,. and
Z.. when relative permittivity ¢, ground-plane
spacing b, and strip spacing s are given. Calcu-
lations may be carried out with the aid of the
available tables [25]—(28] or rapidly converging
functions (257 —[29].

In the design equations for the perpendicular
slit coupled configuration in Table I(b), it
should be noted that the determinantal equation
for the modulus % cannot be solved explicitly
and, therefore, the graphical method is necessary
only for the calculation of the value of k.
Figure 6 is the plot of the relationship between
the moduli %, giving the odd-mode characteri-
stic impedance, and %, with s/& as a parameter.
Using Fig. 6. the modulus & may be easily
determined when the values of k, and s/b are

given. Furthermore, for the parallel slit coupled

1.0
0.9
0.8 b 1]
0.1
V)
0.7 0.2\\1 ~ V
0.6 0.3 77
,/
ke 0.5 % ,’( A4
0.4 / /
V
0.3 A -
Zauransg
0.2 V, 0.4
/. 474V. 4 [> 0.5
0.1 24
"7
>

[\] 0.1 0.2 0.3:0.4 0.350.6 0.70 0.9 1.0

k

Fig.6. Relationships between the moduli %, and %
in the determinantal equation for %2 in Table I (b).

configuration in Fig. 4(a), the results of
computation using the design equations in Table
I(a) are presented in nomogram form in Fig.

7(a) —(d) for the four selected values of s/b,

the ratio of strip spacing to ground-plane
spacing, in order to facilitate design.

B. Design Equations for Broadside Coupled
Strip Transmission Lines

The broadside-coupled configurations in Fig.
2(a) and (b) are considered to be special cases
of the slit coupled configurations in Fig. 4(a)
and (b), respectively. That is, the parallel
configuration in Fig. 4(a) reduces to that in Fig.
2(a) for the limiting case S—oo; similarly, the
perpendicular configuration in Fig. 4(b) reduces
to that in Fig. 2(b) when S is equal to b.
While broadside-coupled configurations are not
suitable for the realization of the multisection
components as previously described, one-section
components often utilize these configurations
because it is easy to achieve close coupling with
less critical dimensions. Furthermore, the design
equations for broadside-coupled configurations
would be necessary in order to know the
limitations on coupling of the slit-coupled
configurations for the given values of strip
spacing. Exact design equations for both parallel
and perpendicular broadside-coupled strip
configurations are presented in Table II. These
equations result from modification of the
equations in Table I. In both Table II(a) and
(b), the graphical method is not necessary.

C. Design Equations for the Terminating
Lines

In the design of many circuit components
utilizing a parallel coupling effect, it is necessary
to know the design equations for the termi-
nating (or feeding) sections as well as for the
coupled sections. The terminating lines to be
connected to the coupled region may be

constructed of single lines in isolation from each
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TABLE I
DesieN EquaTtioNs FOR BrRoADSIDE-COUPLED CONFIGURATIONS
(a) (b)
Cross Section Parallel Case: Fig.2 (a) Perpendicular Case: Fig.2 (b)
T e —_ | [
Dimensions b s - b l:-—- s ——;[ w
1 t |
isti — - — Kk
fn}:;zﬁ(;féésshc -;/Grzae-aoﬂ' I},((((kke)) ]/ErZoo=607l' II?((::)) ‘\/ErZae =607 I}g’((,;ee)) ' ;/6?200%60757(7%700—))-
Modulus k=k, k="Fo/ke
a=sn-1(ke/ko, k) a=sn~(ke/k k)
Parameters BN 7
rl v Z(a) , el k2%snae.cna.dna , o,
= 11 = == 1 2q - k
A= k2 aSenta t one ona dra- © )| a=sn [k’l/d“ = 2@+ (xa/2KE) )
w__ 1 log-9Ca+a) ) I U g L P 8:(ja+a)
5  @§la—a) 1) n \KK' 6:,:(ja—a)
Dimensions ’
s - a2 S .2
b K b g
Notes: ke'=y/1—ke2
ka’=;/1 -koz
TABLE I
DEsicN EQUATIONS FOR THE TERMINATING LINES
() (b | ©
Cross Section I [‘:‘” — ! ki ], l ’
b $/2 5] w b b w
Dimensions J' s ¢ J_ [ '
T
Characteristic - Kk —, KCks) - K(ks)
Impedance v erZo=60m g 43 V' erZos =607 i, V/erZo=307"grcp.
cn(s/b. K /
Modulus k=k; ks=km)_ /
s s
=5 K 2= K /
Parameters a=sn-1 w—sn-1 y e
/
v Z(a) ] [}—‘/dn k%sna.cna.dn a k]
k v Z(a)sn%a-+sna.cna.dna k! “Z(a) ¥ (ra/2KK") *
. . w 2. 8(ata) w 1l ¢ ma . 6,(Jeta)yiw 2
Strip Width 3 =7 1 §a—a) 5= [KK’ —7.log 8, (fa—a) 5 =7 coS ks
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other. Design equations for the terminating lines
are presented in Table III. The configuration
in Table III{a) is to be used for the parallel
the

Table III are for the perpendicular case. The

case, while other configurations in
derivations of these equations are not given in
this paper since they are easily obtained by the

use of the design equations for the coupled

(L]

configurations, as in Table I or Table II.

In the conventional components utilizing a
parallel coupling effect, the bend or corner
sections joining the terminating lines to the
coupled region are employed in order to prevent
undesirable coupling, and these bend or corner
sections often cause an increase in the reflections.

However, when the slit-coupled configurations
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Fig.7. Nomograms giving the relative dimensions ot the parallel slit-coupled
configuration from the required values of Zy and Z,.
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are used, isolation between the terminating
lines may be achieved without bends or
corners by the use of the inner ground plate

having no slit.
CONCLUSIONS

Two types of slit-coupled configuration have
been proposed and the exact design equations,
based on the conformal mapping solutions, have
been given in forms convenient for numerical
calculation. The nomograms that enable us to
determine the physical line dimensions from the
desired values of the characteristic impedances
for the parallel configuration have also been
presented Furthermore, the exact design equa-
tions for the broadside-coupled configurations

and the terminating lines have been given.
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APPENDIX

A. Derivation of the Design Equations for
Slit-Coupled Configurations

1) Parallel case, Fig. 4(a): 1t is convenient
to bisect the complete cross section in Fig, 4
(a) along the axis of symmetry parallel to the
ground planes in order to simplify the analysis.
Figure 8 shows the successive transformations
used in the derivation of the design equations
for the parallel slit-coupled configuration.
Electric walls are indicated by the solid lines and
magnetic walls by the dotted lines. The solid
line between D and E and that between D’ and
E’ are to be used for the odd-mode analysis,
while the dotted lines are to be used for the
even-mode analysis.

By means of the Schwarz-Christoffel method,
the integral equation relating the z-and #-planes
in Fig. 8 is found to be
2=C1St (#2—sn? aq)dt

o vV (1—~22)(1—k%?) (1—t%? sn? a)
+C, 3

where C; and C, are constants to be determined.

In order to evaluate this integral, the upper
half of the ¢-plane in Fig. 8(b) is mapped onto
the interior of a rectangle on the u-plane in
Fig. 8(c) by
t=sn(u, k). 4)

Then the mapping function from the z- to
the u-plane can be obtained by substituting (4)
in (3) and applying the boundary conditions, as

_ b, Outa) . s
2=3 8 Gau—a) '3 5)

under the following condition:

— b2 an? gesn?
1—k2 sn? gesn’w Z(a) 6)

sn?a=
k%.sn gecn a+dn a

Equation (6) results from the condition that A
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and C (or A’ and C") must coincide in the z-
plane in Fig. 8(a). In the above equations the
terms sn, cn, dn are the Jacobian elliptic
functions, & is the modulus, and the terms ® and Z
are the Jacobian theta and zeta functions (297,
respectively. Solving (6) for a gives the
determinantal equation for & in Table I(a). Next,
the cross-section dimensions in the z-plane must
be related to the corresponding values in the
#u-plane by the use of (5).

Applying some boundary conditions gives

S a
5K @
1 @ (a+a)
R R RO ®
S 1 HB+a)
IR L (DR ©)

In (7)—(9), K is the complete elliptic integral
of the first kind, with £ as the modulus, and

the term A is the Jacobian eta function (297
defined by

Hu)=~j. q““exp( SK" >@(u+]K’) (10)

where
g=exp| — K b

and where K’ is the complete elliptic integral

an

of the first kind with the complementary modulus

k'(=v1—Fk2). Now consider the odd-mode.
It can be seen that the u-plane structure in
Fig. 8(c) is the parallel-plate condenser with
no fringing effect. Then the odd-mode static
capacitance of one strip to ground is easily
obtained by adding subscript o to the modulus
to denote the oddmode, as

Coo _ 2K(k,)
e Kk’

(12)
where

ko=k. (13)
In the even-mode, the upper-half of the ¢-plane
in Fig. 8(b) is mapped onto the interior of the

ideal parallel plate condenser, as in the odd-

mode, by

t=sn (u, k.) oLy
where

ke=F+sn B. (15)
Then the even-mode capacitance of one strip to
ground is

Coe _ 2K (k)

¢ KGR (16)

where subscript ¢ is added to k to denote the

F w/2 b/2 ¥
s/2 h—s/2 l-
.l_ib .—---i\ c J.—--_.-'..—- ———
(a)
E
‘__l_
cmp’
(o] A 3 C____1 D _______I:"
0 1 _1__ 1 1
dny{’ k ksna
(b)
K _asjxr ] K+JK!
E D G
ig aF
I# BL{-jd
!
l
W AL
(o] K
()

Fig.9. Transformations for the perpendicular slit-
coupled configuration in Fig.4.(b). (a) z-plane.
(b) #-plane. (c) u-plane.
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even-mode.

Substitution of (12) and (16) in (1) yields
the odd and even-mode characteristic impedance,
respectively. In Tablel (a), the equations derived
above are listed after suitable modification.

2) Perpendicular case, Fig. 4(b) : The
mapping procedure for the perpendicular slit-
coupled configuration in Fig. 4(b) is similar to
that uaed for the parallel case. By virtue of the
two planes of symmetry, we need consider in detail
only one quadrant of the complete cross section
in Fig. 4(b). The successive transformations
used for this case are shown in Fig. 9,

where the following simplified notations are used:

sn B'=sn (B, k)
en B'=cn (B, )
dn a’'=dn (a, &) Qan
where v
B=1y/1-Fk.
In this case, the mapping function relating

the z- and u-planes is found to be, using the
Schwarz-Christoffel method,

2=

Hubis gl oo

under the following condition:

_ dn*a’/—k%sn?a [ Ta

K =frsnarcn avdn alKlZ(a) +27}’ (19
by the use of the transformation from the -
to the u-plane by the function

t=sn (u, k), CY)
as in the parallel case.
The determinantal equation for o in Table
I(b)results from (19). Substitution of the

corresponding values in the z-and u-planes in

Fig. 9 in (18) leads to the following results:

=% (20)
w_1[ra o OKtjata)l .
b~ n {KK’“ J‘°g@(K+ja—a)j’ @D

S 1) ma .. @R +a)
T*T{TK/ B 1°gm_—a>}’ 22)

where the second terms of the right-hand sides
of (21) and (22) are real (25]. Thus, the
physical dimensions of the structure in Fig. 4
(b) have been related to the u#-plane parameters
by (20) —(22).

Now, it is necessary to transform the
t-plane in Fig. 9(b) to the ideal parallel-plate
representationfor both the odd-and the even-mode.
For the odd-mode, the solid line (electric wall)
between I and O on the planes of Fig. 9 must
be used. The first quadrant of the ¢-plane in
Fig. 9(b) is mapped into the first quadrant of
the #/-plane, and finally to the interior of a
rectangle on the v-plane as shown in Fig. 10.

The mapping functions are

t2.dn? @
gr= 1—#2+k2sn%q @3)
D
———A . A
0 1 1
ky
(a)
jK.'(k.)B----———-—-----E- K(ko)+jK (ko)
D A
0 K(ko)
(b)

Fig.10. Transformations from #-plane in Fig.9
(b) for odd-mode. (a) #-plane. (b) v-plane.
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which moves D to infinity in the #-plane, and
t'=sn (v, k). (24)
Referring to the v-plane structure, the odd-

mode capacitance of one strip to ground is

Coo 2K (ho)
A (OR (25)

Now the corresponding values in . the #-and
t'-planes are substituted in (23) to give

ko=k 3‘1‘1‘; ' (26)

From (20) and (26) we get the determinantal
equation for the modulus % in Table 1(b).

QoA 3,__-_;___D*
x
ke
(a)
JK'fke) ______ K(ke) +JK* (ke)
D C
R A
(4] 7K ke)
(b)

Fig.11. Transformations from #-plane in Fig.9 .

(b) for even-mode. (a) #-plane. (b) v-plane.

Next we consider the even-mode. Transforma-
tions from the #-plane in Fig. 9(b) are shown
in Fig. 11.

The mapping functions are

_dn? a(sn? /442 cn? 8)

v 1—#k2sn?a @D

which moves F to the origin and D to infinity
in the ¢-plane in Fig. 11(a), and

t'=sn (v, k). (28).
Then the even-mode capacitance of one strip

to ground is

Coe 2K' (Ro)
- K& , 29

and the modulus k. is

_gcna 1
ke=k dna dnp (30)
where
dn §/=dn (B, k). @D
From (26) and (30), we get
dn g =t (32)

Modification of (32) yields the determinantal
equation for B in Table I(b). Thus the
necessary equations have been derived. These
are listed in Table I(b) after an orderly
arrangement.
B. Comments on the Derivations of the
Design Equations for the Broadside-Coupled
Configurations

Design equations for the parallel broadside-
coupied configuration in Fig. 2(a) are derived
by letting B=a in those for the parallel “slit-
coupled configuration. Then, from (13) and
(15), the determinantal equation for ¢ is found
to be

sn (a, k)=

2 (33)

k.
All other equations are exactly the same for
the parallel broadside-coupled case as for the
parallel slit-coupled case in Table I(a).

For the

configuration, design equations are derived by

perpendicular  broadside-coupled
letting 8=K' in those for the perpendicular
slit-coupled configuration.

Since dn(K, k) =k, we get from (31) and
(32)

=k0

k k. 31)
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which is the determinantal equation for the

modulus % Furthermore, the determinantal
equation for @ is
_ 1=k
sn (a, k)= =z (35)

This results from (26) and (34).

All other equations are exactly the same for

this case as for the perpendicular slit-coupled
case in Table I(b).
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An Attempt to Measure Temperature Utilizing the Mgssbauer Effect

Katsuhiko UEDA

As the phenomena arising from the Mbossbauer effect are often affected by temperature, they seem to
be useful for temperature measurement. In this experiment, the temperature dependence of the effect
(thermal shift and recoil-free fraction) was applied to measurement of temperature from normal to 150°C.

When the temperature of the y-radiation source is kept at a known temperature To and the absorber
is at a variable temperature 7o+ T, the temperature difference 7T can be found from measurement of
the resonance absorption at a constant velocity. In the case of 57Fe, the relative velocity which gives the
maximum temperature coefficient was found to be 0.098 mm/sec at To=20°C and T=10deg.

In the experiment, 1mCi 5Co diffused in palladium and a stainless-steel absorber were used.

The obtained results were a low accuracy bscause of their statistical errors, but this point may be
improved by increase of the source-activity and of energy-selectivity of the detector.
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A Contributive Effect of Tandem Unit Elements
on the Wide-Band M-Derived Low Pass Filter

composed of Commensurable Transmission- Line

Mitsuo TAKAOKA
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Quantitative Determination of Palladium(I) by a-Furildioxime

Koji ISHIKAWA

Palladium( 1) can be determined gravimetrically in acid solution containing a small amount of alcohol
by pure a-furildioxime prepared according to the procedure described in the previous paper. '
The potentiometric titration of palladium( ) with a-furildioxime solution was carried out in the dilute
solution coexisting with o-dichlorobenzene. The titration curve showing the variation of the pH with the
amount of titrant added was depicted and the straight line with the sharp inflection point of Pd/titrant

molar ratio being unity was obtained.

Also the conductometric titration of palladium(II) by a-furildioxime titrant was carried out suc-
cessfully, revealing the agreement with the above equivalent point.
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Mark Twain’s Innocent Eye

——The darkening of Romantic Vision——
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Kate Leary, still in her teens, went to Hartford in 1880 to begin three decades of serving the Clemens
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with some inaccuracies resulting, these were published as A Lifetime with Mark Twain.
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Method for Solving the Nambu-Salpeter-Bethe Equation and
Its Application to Nucleon-Nucleon Scattering in the 3P; State

§ 1. Introduction

B v ¥ —HRC BT R IDORRBOST L
force range DIFMEIRIC kT B HOWE V- B
T, D  OFEETRENRNHR A E {HE
EFT R v vV TEbTC EEBCRS, Ll
75538 T{AKRIRE DN 2R B 2R @ (Nambu-Salpeter—
Bethe 1ERX) REBHIGACHE ¥ 8 5 2 L0 RE
THHDWEIN TR ED WD S, B, AEE

FHEROESC L D N-S-B FERC L 2BHDOHH
DE IR D o0dh B,

T DB ELNLIBAICONT N-S-B FERL K
EHICRLBRADOE—HTH S, § 2 TRRPHWN-S-
B FRADHEITHIEE 23R L . M EIRIE D [absorptive
part] K3t 2 HFER B, COFBRRARLz AV F
—fERC b 5 TREHE DO LB/ 5 L ) #x singula-
rities el W) T OF BN FEL LT §3

¢ variational iteration method % #3f 3%, REH
B RBIBAF 572H 2 D 2 D0 section TLEABIL X

hiz N-S-B g w ik 5. § 4 ThhbhokEx
A ¥ vignucleon® ps(ps) HEMEM OB AWHER T 5,

Foldy Z##% 17\, = &V ¥ —290] (p-spin space)
AEHRZHMOBEREM TRBOSELT D, FHEAE
DOF et R L1008 REEESTEKORERSIY § 6

THIRT 5. ERMNREAL N-S-B FREREHL DI
IR RUDTORLRT H % 5 bTTeBLATH
HIMTHELHB L > 2 BR&THETIC L8
¥l BxirF—HERLCB W TR,
exchange-potential T® 3 /X5t nonstatic 7eEHEAT
W OBRINTHEPOThh bR ETE= A v ¥
—fRiK TD3P; phase shift » HEIRIEL ps(ps) coup-
ling> Ladder BLITHR D nucleons OEx F L F K
ErbLOFSLERL THET 5., BOh R L KiE
HER LCHEOKEY §6 TH##H T 5, 210MeV
lab. kinetic energy O#E Tit non-static OPEP 7g
LUEBRRELFELLWEIBONh 3, X, bhb
NOZFRFEHBRBADPIRELVE & L ARL T B,

one-pion-

12. N-S-BLEXORITHIHR

COMTRIERE L ERLI LI T D bR Dl
WEFOBFEICS T HROEAE N-S-B Figlw @@~
b

VI(h.pod)=0(p—3) (o) +S(p.p0:E)

X [5q%dq [ -2dq0Vi(b.poig .q0) ¥7(q.q0) (2.1)
2/ P +tm? = 2E; BLRTOLETINE~
EW)=yp?+m*

p : relative 3—momentum DA & X

*) bhvbhdic
DEFEINTRS,
Bz BT RN F —HBICTEATER,

DOFIEEMHD, N-S-B FRALBEBL ZLEXBZ DN ODNDORIBLERIN.O® oht
bbb DO L 0 L ENEBTHETE 5F AR5 545, one pion Xk two pion threshold
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Ppo ; relative energy
rPRBRAER E = AV ¥ —RD,

-1 1
S0 E)="20" E(p)—CETpo) —ic

1
EY—(E—po) = @.2)

HEEBIER a(m>p) DA 5 —RFRBOALL
ERZE S B,

2
Vs (P.boiq. qo)=(2—i)‘5— -I%*QJ(z—ie)

2 1 — .
=G B Qi(b.q, Do—qod @.3
o D2+ 12— (Po—0a0)?

2pq
¥72 Q7 X2 Legendre BN H5 b7,
C.DARBNT
TICp . po)=0(0— BIS(D0)+ %s B PGEW (b .bo)
(2.4)

rx L, KEEE & R B FERIELNE,
2
D00 =y 0 (05,00

2 o0
+ (2?!)2 Sod"s_ndqo Qs (B.9.L0—q0)

x8(q.96:E) ¢/(¢.4q0) (2.5
WREY
Ey——tf 1
5@ piE)= Zn{ E(p)—E—po—ie
1 1 P
T EGy-Ethie S 2EH-B 2O
D} LT ¢/ Denergy shell FTOMER
tands = ’Z’f #C5.0) @0

< phase shift #5% 5,

Z Dspin-less case T 47 (p.po) vX po DIBEITH
D, O po KHTHBITHREBCL LB LHT
EROFERDOBUHLRERIND

Q
FDp) = /40 a0, D
—07(p.po>+inx? (.50) (2.8
07p p0)= [ 2048 Y9 29

b
D2—py?
x7(p, =0, for 9</p2+(m+p3? —E (2.10)
Ptk xJ9, 07 %K% ¢ O [absorptive part ! 7z b T
[‘principal value part| P& & 21T 5,
FR(2.8)%(2.50C A, Legendre BI¥DREMHAR
w(p+q) ®
wip— ) PP

(2.11)

Qs(P.q, bo—4q0) =S

XPi(p.q.0)

W)=y T BE

# FUs % & (2.5)1% absorptive part 2/ Tt 5 HER
CESIEINS,

2
2 (0. D=5y 3PsD. 3 DRD.5.9)

d P
- (297;)2 S dadg' {m——E‘Q' Ps(p.q.9+)

XR(p.q.94)— 5Py (9.0.49) R(p.4.49)}

1 ; ,
X g (B - Eyi—ie V(49D

R(p.q.0)=1, for W(p—q) =e=W(p+@
=(, otherwise

9.=9—-E(+E

49=0-9'

principal value part B&RKTHEx N5,

(2.12)

(2.13)

0. 0= (s 5 {Pih. 5.9+ (o 5.~ 0}
="y 2 @2 DT P.

g2 I P
— ey S 49 ey =gy 2

x{Pr(p.a. EC@~E+ D) +Ps(h,a. E(D—E-0) }

~2{ P09+ D+ Pi(p.0.9- D))

1

X gr—E Byt @8 (21D

Poh. q. D= dogTgPi(p.q.0) 2.15)

2E2m+ p DER2(2.12)C 8T (2,2).(2.3)2:8 s
B OsingularitiesiIE INTWB, LLss af
D, DE LT, DF2=W(p+p) it H# TR
R5 LD DK D singularities & D, T
HH, E— 2 © Bornterm (3= DL TCREHETH
D, #7DBorn term [} log0 wix 5, HIK(2.12) 3
WTC, =W+l T R(p.q.94) T 1HES
HIROEA YL E(Q)—E O+ v SN—BT 57k q B
RRHL, (0. DRz OB ECHENEBEE®LY LDz
reis b, FRICL TQE.10INT, Pi(p.q. E(g)—
E—- DD R ((2.15)8R) L E(@)—ED ¥ v hi—%
B1209(p, D% = D L TREFETH B(Appendix I).
S DR RME amplitude ORI A WHEC T 523,
ChbHRETHENCEIAE 5 H DLDTh 3,
(§ 58K

2E>2m+p OBFCIL inela. @ channel 2388 & 2o

£ 5 Mt inggigsingularity 23h S b B, Finbhb o Oy

4<{gv TCEY—@mT i3 1GEY =i =qu(<})
2.16)
¥akT ¢ CHLTRIDTHES NS & OERAT
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(2.12) OHF 82— (B(D—-ENRL 05 0EBS, &
DI RO pole term XML Tk { HFHR L
zﬂJ:!,\o

#° 1 pip.p. DR D

= D="m5t 3

g f P
amy ! W1 s =gy @ P09

XR(p.q.9+) 1 Pi(p.q.49) R(p.q.49)]

P

: , _.__92_
X =B " |

9<qr

1 1
dqW{EPJ(P.q,Q+)R(p,q,g+)

+1 Pr(b.0.0OR(p.a0-) Jr/(a. ~E@)+

E) 2.17)
9 =9+E(—E

CaneED 9w —E@Q+E #RALIZIOBHRLZO
B FRERTH D, OFERL Wick £ # 51 K7
Rl 2V ¥ —fHk 2E>2mA20 & BWTLEHTH
BT LML TR,

FER(2.12DXE2.1DEx(D . DDERD singular-
ities Dz, b UICHESERIEIDP. QLT
BT B —IRGFIERIC reduce + 5 O T WEEHDH
%, iteration method 1%z DEOENFHIENICHEAT
B BEEE:CH B0, BEBBOICRMIR L 2wnC
LOFEING, £ 6 Obhbh O kgt
DI D fedib L v, £ Thivbiikic L DY
HHEDI L v & BN B Variation iteration method %%
Hrzereta,

§ 3. Varitional iteration method

E4ET T-matrix® K-matrix %3R5 2 5O A
Huy i ghms trial function > U T T-(F#132K-)
matrix #8535 DTH 505, b hbh OB 4 RTN
BEEAMC O T OB KA Z L DT trial funtion
DEFECHEY H 5, (see(Ref.7)). T T,
HEIRA R W BRI DV T ORABINE M1 5 1859
BrLTHEx 580Kk D5, FEBROKRL off-shell
T-(or K-) matrixitxt L T3 DL 5T ¢2T& 5.2
5 DERLBGEA A HE T H % 7zt dal functioniz >
WTDEY FRBELEL Lo WAL EDFEHSH B,
QC.DOrbhic

Y. 0O=800—g>+SWEY fdrV(p.7¥(7.¢) (3.1)
HHHET LS. COMTR pg. - KE-T§2 0 p,
P0.q.qo. - %IEL, 3-momentum Dk F i1,

W TEFLOL T, MOEE: OBER
WJ(P)=@,—}¥’(1>,13)
b

g2 ~y =
V(P-f)=*@;32—04(\1’l: . po—70)

THD, UTOBERE SHE) ODERARKMAED L DHICH
FLliow,
GO R
SWE) fdrV(p.m¥ (r.q)
= fadr¥(p,"S(EYV(r.gd 3.2
At LT B LKRD Y O functional 23(3.1)
AT VOESFCH L TERER 2 5 LIRBHCTR
L) 5,
WD =(p~q)+Na(¥)/Da(¥) (3.3)
Na(¥)= {SBED S arV(p . ¥ (7,q)} 3.9
DA(W)=fdrdr ¥(p.r)S(rEXV(r,r ¥ (r'g)
— fdrdr! dr'¥ (p.r)S(EYV(r . r)S(r;E)
V(! T q). (3.5
e, (3. Y OESEHL TEFEL L 201N
BRI EEHEBRW TG DOBIC~HTHHTHD . £
ERERG. DOBEDIDOLRD T LIXHLNTH S,
fs55, off-shell T-matrix %
V(D.q)=0~q)+SWHEXT(P.q) (3.6
TEH TN, 00P)=T@.p) TH 5P, cDT(p.q9)
5L T (3.3 LARBREARXL DD LHRNTE B,
B ZERDZOVEHN B,
(T .IB=V(p.9)+Ns(T)/Ds(T) 3.7
Ne(D)={[fdrT(p.rS(E)V(r.q)}2 3.8
De(T)=[drT(p.r)S(r.EXT(r.q)
— [drdr'T(P.r)S(r .EDV(r.r )S(r;EXT( .q).
3.9
LT(.g))2=Ne(T)/Dc(T) (3.1

Ne(T)= (N(p.g)+ fdrT(p.r)S(r , E)V(r,q)}2
(3.1D
De(TY=V(p,@d+ farTP.rS(HEYV(r.qd
— [adrdr’'T(p . rIS(rEYV(r . »)S(r ,EXT(r' ,q)
(3.12)
(3.3).3. DG 1D EHNTE S ik T % BT
PUTKDBZENTEDN, CNHOROBEMELR LB
HE D bF DIEE(2. 1DH B U (2.5) % ZAH
THBATALRTT S LRWC LIRS, ©
B D iteration O 1 EPILE X,
¥AL(p.q)=0(p—q@)+S(BEIYTAD(p,q)

_ {TO,a)2
T4 =055 T TCh

(3.13)
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{(T®. g} 2
(P, )-TO(p.9)

(3.1

T, q)=T (9.0) +7

0,0

{TOCGD,a)+TA(p,ad}?
TOG.O+TIG,~-T(.q)

: (3.15)
ThHH, HL, THP.0 1 i RO|HETHHKRAT
Exbh s,

TOG.=VP.O (3.16)
T®(p,q)=fdrV(p ., rS(rEYV(r. (3.17)
TGP ,q)= [ drdr'V(p .1)S(r:E)

x V(r . 7)S(r' . EYV(r'.q). (3.18)

oS OELER(3.13).(3.14) . B 1A F RV A
o SRR B, DD BWERIC e 5 & L 03
Haha,

HEBOBEHCEHBINT, bhvbhul Pi=0 Xt
T35 gIAL, | I JIOY F § 2 DFETHET S,
FELER L SXBSHIC ¢74V% (2.14) T iterate
LTELND ¢U4DFkDB, ¢74V(P) O absorptive
part (kL

xJ(Al)(p) —

2OPD (FO 20D} 4 £ [P} 24702 (7D} 2 V) — 523}
BO—0@) 2+ 72 {0 —x@) 2

(3.19)

THExbN%, HL 2@, 0O (3 ROBEHIF ¢7:(PID
absorptive part & principal value part T% 5%,

§4. Spinor nucleon DIFE

2 1/208F PS(ps) HEERDIEE, N-S-BY
=R
—> — )
T(p.pa)=0(p—pIo(po)u($)+iSrSyr’

x [ 2% §2ysy's(r.7)

.
(Gm)i BTt ipo—ao—ie | (4 1)

“4.D

>
_ —ib.7+i(E+po) To+m
B —(E+po)i—ie

§'p= -7 +I(E—po) 7o' +m
E2(p)—~(E~po)2—ie
THEZLND, RAZFEKXRU.D 20T, §2, §
3RO ELXTD . KX IT 5, EXD
2TRABENLVY, TEREBSIRDOBEDTH D,
1° nucleon propagatorixz XV ¥ —iREECIR B 1,
Sr.Sr! §€235 T ¢7 2 poDFRIME £+ 2 & 5. Bl
b, (2.8)0»bhiT

# @ 20> = /49—

T@2—pyt—ic
X {2827 ()P, @) +2pox7 ()b, DD} “.2
2° FEEIKL iso-spin OEHBEETADT, 160K
SEEo(4.2)0Mm< po © parity TREIT 5 &,
EAOIICE D, —H R A ReAEHROMT
parity, iso-spin (%} Px.Heisenberg’s exchange
operator) © 2 OOBRWBFMEF-TW15b, ch%E
DOERBOEARERL 4 5% D, fBpartial scattering
amplitude X 8 BX4r->22% couple L 7z 4 8D HEH
CAN5BZ it b,
Foldy Z#u N
vpp)=e DI Dpip py 4.
-1p

S(;)=—§%—(;.?)tan £

% L C free Hamiltonian %3k L 2 5 2RED 5

Kt a1, AL, amplitudeDbase D D

A,

p—spin singlet x(0.0)=x(4)

p—spin triplet x(1.1)=x(1). x(1,—~1)=2(2),
2(1.0)=x(3)

o —spin singlet Y(J.J.00=Y(1)

o —spin triplet Y(J.J.D=Y(2),
Y(JJ+1.D=Y(3), Y(;/-Q.1D=YD

x(m,m3) (X total p—spin(p+p)DAE Im, FEIK

amy OEARE, Y(:L.5 4 HAEHRL,

total spin SHSERINLAEHRD J OFEFIR

BThB,

parity I =(—1)%3p’s, Heisenberg’s exchange
operator s N
! 3
Pu=(-1)" H‘z"" HZ”“’ b DEHHMAEN
~1,IV-20@0DTh 5,
*HIV—-1
1
03 03 %(HZF) ‘ 5 Coa+0'3)
(1) 1 1 1
2(2) 1 1 -1
2| -1 1
x4 -1 -1 0
*HV—2
[ 1 -
(=1t _2(1+0'-0")
Y(» (=17 -1
Y(2) (=1 1
Y(3) —(=1)7 1
Y4 —(=1) 1
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PORAZET=(~1), Pa=(-1) BWBRRDOL I
=t2,
TLe(DY(2)+F2x(2) Y(2) +F4x() Y(3)
+¥42(HY D 4.4

~1 ~P ~3
T D YD+ T2 Y1)+ F32(3) Y(3)

~8
+¥4x(3H Y

FIV-— 3 RE D3I & FEHEMROLBE S & Ot &R
L.

EV—3
I Py (%2‘2%( non-rela(E>0)
=17 84 3P, 3D,, 3F3, .o
-1y
G DL - TC)) 1Sg, 1P, 1D,
IV - T6)) /
—-(=1)
(-1 8(6) 3Py, 38, 43D,

FERQ. DO H DI
FIo(b.p0)=0(p—$I3(poddps B

—i
+ 522 (b, b ED WfqqudQO
X V(P .Doiq, q0d¥7¥(q .40, 4.5
(SF(p poiEd=
S+ 0 0 0
0 S- 0 0
0 0 Se S0
0 0 Se Se 4.6)

St= 1 1
E(p)—(E+po)—ie E(p)—(E—po)—ie’

s._

- 1 1
T EMD+E+pd—ie EP)+(E—po)—ie,

_logsg
2(3 +8-),

_1 1 1
2 {E(P)+(E+po)—is ED)+(E—po) —ie

B (E(P)+1E+Po-—ie E(P)-(El‘—ﬁo)—-ie}'
HER(2.12D0rb oI
xIu(p. D=Ux (.0,
+ [dqddX7n(p, 24, Dx7¥(g. D,  4.D
075 po)=VIr2(h .poip . OILD

+/dgd@XIm(p pigDxI¥(q. 8, (4.8)
09 REHROA Y, VIS, VAT vy 7 VVDEME

DWRFEFEDL, XBED [Eo&] 1 p-spin, [T
%1% o-spin DREXRBIL, Av,7OWTHE, fix

mrb0eT+3,
I EHORN S (p.paE) 2IABA TR W 2®,
BOEMC B, BlXFEG 1R,

¢‘(7V)r(p)

s
iy - o | T2
(4
1. $5CO)+4uCp)) 2
2 I+ OB 4PTBI—§PB)

B3P +$DI(P)) 2
FIIB = $TABI PN Y FFDUDIT D 4B

t7=3,4 4.9

4° PS A BT RRIRERR pair creation %4
B OB ANF - LR EL LB LT
ANB, ULnUhb BB 2V F -2 xfl T
X, ZOBBRREL L,

Z 2 TRRE, T OEDEOEERE L BENREY
12T BRI TERERTO kinetic energy 270 MeV ¥
T®D 3P; state 3L T pair creation OEEH T
HEDID b LEHAEXTH, ZDOELMIRL D scheme
Tk on shell THEBRBFHOED x(DEETspo O
BEBREKOREOAERT L, Tl d B, &0
i, BB

2
X% =~ ERED

X FI — 2;’1 — Pt +UJ+DF-) (4.10)

W=L7r CFI(p.q.9)R(p.4.9:)(A—B)
+F(p.q.49)R(p.q.49)(A+B))

+(£

C(E(POE(g)—m2)

1
x————z(E(q)—E) (4.1D

- 1 - 1
A=po—FETo=i ' BT Ep-E=@

X4 A ADRBNTROBEN X K LIz Fi %(4.
1OCHRAL 12 D,
Pi(p.q:9:)R(p.q.8:)—>
PI(p.q.EC)—E+2)+Pi(p.q.E(q)—E-2)
Fi(p.q.48.R(p.q.48)—>
Ey(b.q.9+D+Fi(p.q.9'—2)
UL} : F3=Pi(p.3. DR .3.DE LT, (4.100D%
TERALLS O,

$5. HAMROSE

&k, § 2T variational iteration method # k3¢
Lizhs, chut0xEXiTT5HL 1ED iteration 4
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C4rDnRss—s—ka&tsd ERSEITRORERD
T, FOHEBRIMEMUE LD, H3-T, ZOFHE
EEWNTH DD, 1 KERERCH R 0 BYVER
Cig 5 Tnisd e bisw, COHERRER, B
OWEELRIET 5 e DI KB R RS DI b EE
T5, REOHER, COBOHEORYD case TH
BB, b DORBEAIOUTD information %18
AT, BEBITLEHATEELRBECLS, £
Dz, HEREY—ERENCE I, TOEFENT
WK/ % { O information # 8 5L CT+5z 2
HEE LW,

CDEOBEND, RAARV—1IEIND LD
REREVHET A e Lk, BLZZOFORE, %

#"(p,p,) o n)
\

S
) 21 ¥ \4{ (3) '
]¢mo) 9?10 | (p,0)
{ @
cp“‘”(p’o) xuu 20 (az)(p a) o (PO)
{P0)
Kv—1

DRIMLHTHEERECHZBEHAETHORFEAR
RTWBETHD, $0, 90.20(=1,2,3,) kk~x, ¥
BEBEO  ROBARIE, TOXME, RURESBSTH
%, ¢4, gL, 4O 33 4 D . variational iteration
method D1 KA TH Y, F2HER(S.13)(3 14
G.1DTHEZBN D, ¢4D 3 24D 2 HERL.8)DH
TCRALTEBNBEEDTH- T, 2@ K Lo T
5 VA 2 HER (4.5) D WAL TELN B,
TAORtisT5bDTH B,

$40(p.0).6BV(p.0), $CCV(P,0) 23 K % DIFIET
B0 IO RHEER, i ¢4V, 0LkE TS 21T
&5T, EPDOBRICDOWTD information #iEBR
5, Xé0A=12.D L TAZ LI L T, #HE
BEHCHLT, FORERWEMUC T abhY
RAHCZ MRS, ¢P00,0).640(p, 00 D £H12 A
DOHEBH, THIL 80,0 (4.8 R (4.2) Kk
5T, ¥fc ¢4V(H.0) # 4.22KRTU.DC & - TEHE
THZLRERTS, CThREEESOBECONTD
information #5x 3%,

Z T, BEES EDOW L o DOBECSNTE L,
§ 2 Tk~ BRC, RADOHEMSEKE, KERRGap
FEOHERS log OCEBRIC A AT L23HD .
RES IR BBC I D L 235D, {25 TRAL
BERS XTI YT, BAEBRY INDOBRESR
CREROFBROTRE L TBINLAC L 5T, 0
OMCAETH (MV—2).2 5L Tlog 0 DERAR
HAEBOMICR S Z LIRS, HIiEEISTOBELR
B THEDRROLII L ERE BT -RET,
Gauss DEEES % M AT 5 (see Appendix II),

S‘ f(x)logxdx:qSlf(x)logt-t’ldt, x=t8  (5.1)

[, feootog % ar={" feeog 13~

«ﬂ 12
X B3T3
x=4/(8—3)2+3
R OFIROBEME, ROEKERC L DERRXEO
BAaCEEL 7 ETRERS TR,

S:f(x)dx S f(x)(IZAt)zdt r=— ZA (5.3

RAGIEROERDO THRALL T, *Ef(‘]‘gﬁliq >
Wik, Max(M,4p), 9% DuTik nucleon linedirh
230 DHRDH B % TR (= ¢+(m+p2+ED)
AL, RETCR~S cut off (HigxEHREA T
A=Max (M APV EOBPHRX/THZ L2 BKRT 5,
R, FEESIRO LI CMBEBINI,

L1 _[1 _A=FA)
P —Af“)d"—s_l_x_,a—“"”

5.2)

+Iog’ - fCA G.O

1+A4A

16. MERER

Z DT, 3Py state ILoWT, HERETOK
FRHOHREELETCHAL BEYRET B, chil,
BAOHEDE L LT, BCiTtb T3 3RT
#J7c non-static OPEP (€ X 23 EME » ks &
ZRDDZERFELVLSTH B,

R2 DB (0.0 DRBIEEEZ 2 d(P.0)=""35— Zﬁ

$(0.0) BEVI~ 1 IRIN. T\ B, ¢4 & g8 »(3
1%REEOET—HL TS, ZO—Hi out off L
ThkRbII. 40HE, 1A Fic b ARBCH
BEFAEINTNT, LATORWEEW RT3, §42
& ¢4l D3, phase shift #5% % energy shell ® |-
T~12%TH %5, HER(4.5)D iteration (14 DBAERE
BiT 5O THEHOMEL ¢4 44 L ORI 22 FhLdh b
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rErbns, HxEEEESY MTeut off T, shell b2 %#25), & ik short range(~§—,1> DFT1
£ Born i+ 5 EORETIVIE D, B2A W, AEXZLRTWAT 2 V¥ —FFO PRIIIFEA Y
DFACE LELZDNBL, £ OE(L energy shell BT 2 HRTOTHAS D, BIVI— 11K $42, d4%cut
ETH% 2 Bbh A (422 g4 cut off 2 DL energy off, 34! I M ETOPBEFHEOMER L HIRINT W

e

7
S

o | e
! P——

S‘ R(p, g, AQ) *0 Max(m, 2’;}) q

Q

2E

V-2 CGEtHERRD

p(Mev/c)

20

KVi—1



98 M, REE A, =H, $%, ¥FH
#£VI—1 a
P(Mev/c) ‘ A Bl 3B EGH
12.24 —0.0008565 —0.001152 -0.001277 —0.001850
63.30 —0.02788 —0.03023 —0.02972 —0.04941
150.4 —0.1380 —0.1552 —0.1532 —-0.2825
265.8 —0.3166 —0.3631 —0.3606 —1.412
3104 —0.3623 —0.4128 —0.4112 g9.108
399.3 —0.3899 —0.4357 —0.4360 0.2562
538.9 —0.3665 —0.3896 —0.3921 0.01589
672.4 —0.3376 —0.3380 —-0.3419 0.0005238
787.8 —0.3111 —0.2989 —0.3036 0.00879
874.9 —0.2933 -0.2731 —0.2782 0.01976
926.0 —0.2844 —0.2593 —0.2646 0.02568
1008 —0.2774 —0.2389 —0.2444 0.03490
1400 —0.2298 —0.1654 -0.1708 0.06882
2843 —-0.1262 —0.04848 —0.04949 0.1076
13510 —0.03396 0.02834 —0.03985 0.07969
E£VI—1 b
p(Mev/e) 4D 34 $BY FGH)
12.24 -0.001058 —0.001182 —0.001162 —0.001529
63.30 —0.02777 —0.03103 -0.03053 —0.04045
150.4 —0.1426 —0.1597 —0.1576 —0.2176
265.8 —0.3353 —0.3763 —-0.3734 —0.6373
3104 —0-3842 —0-4307 —0-4280 —0.9374
399.3 —0.4182 ~0.4637 —0.4619 6.344
538.9 —0.4039 —0.4356 —0.4349 0.2052
672.4 —0.3818 —0.4020 —0.4018 0.06260
787.8 —0.3645 —0.3777 —0.3779 0.02941
874.9 —0.3527 —0.3621 —0.3625 0.01848
926.0 —0.3462 —0.3538 —0.3544 0.01454
1008 —0.3362 —0.3415 —0.3422 0.01029
1400 —0.2944 —0.2936 —0.2946 0.002864
2843 —0.1949 —0.1899 —0.1908 0.00006065
13510 —0,05261 —0.05017 -0.05051 0.00008745

5, IEDREBNB LD CEBHETII R & <REL

T, BOBLNBRARILIEY,

EHTHEY cut off % U TR - iR ARVI— 2 1R
ANTW3, ZDBASREDORRALD B,
3 R5THI non-static OPEP i & A8 » g+ 57

»ic, RAD §p.OERIST 5 Goto oE—n%ﬁ(ﬁ)
w—{—F B FRVI—3ERINT B,

0

STERZOHEHATRLD 4(0.0) L —HLTH3,
ZDHR DO F VX~ HEER T,
N0 T 4 RTHIEHE . 3 RFEHY non-static

nucleon line O

TRHE LR, BIE—BTHZ Lbh%,

BReo¥ERSOREX R 5 o, B—& ¢@
(5.0:44D(p . OO T % 2 DDER, b,

$D(p, 0= f X(p,0:0,9)2D(q,9)dqd 9

*) J. Goto, Nucleon-Nucleon Scattering in momentum Space., Prog. Theor. Phys. 28(1962),283 © Fig.
NEDZEIMOEBERBLIZDD,
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p(Mev/c)
20 16.(!!)
—0.1}F
—0.2
—0.3
—0.4
—0.5 F
~0.6 [
—-0.7F )
4
N
@
RVI—2 p=mTcut off L OBERE
. S - {2 y®
0.0 _S G * @0, 90
- - kU
—0.2 |- 4 $ADCP,0) = V(P ,0)2
’ D D,0)—¢3(p.0)
- EL=200Mev . ¢2(p 9O
—0.4 ] = [-2-xwn(p,0)d0
|
| CHE N THIE AT - RERARVI— 2 ICRINT
708 o W, EERHAOREIMBTE B, $9(5.0)D p>
10° MOBSDOEENRRE LI585, = D5 Dphase shift
p(Mev/c) ADBERNZ N,
KvI—3. J. Goto DEEIRIE
x® VI—2
@ (A1)
p(Mev/c) ¢ ?
Eq. (4.5 Eq. (4.9 Eq. (4.5) Eq. (4.12)
12.24 0.0001537 0.0003419 —0.00086 —0.0010
63.30 0.01116 0.009276 —0.02788 —0.0264
150.4 0.05375 0.05575 —0.1380 —0.1356
265.7 0.1915 0.1931 —0.3166 —0.3173
3104 0-2598 0.2674 —0.3623 —0.3623
399.3 0.4257 0.4164 —0.3899 —0.389
538.9 0.5814 0.5922 —0.3665 —0.3660
672.4 0.6958 0.7016 -0.3376 —0.3358
787.8 0.8002 0.7654 —-0.3111 ~0.3123
874.9 0.8125 0.8000 —0.2933 —0.2964
926.0 0.8172 0.8161 —0.2844 —0.2878
1008 0.8216 0.8365 —0.2774 —0.2748
1400 0.8648 0.8741 —0.2298 —0.2249
2843 0.7052 0.7729 —0.1262 —0.1294
13513 0.1132 0.3392 —0.0340 —0.0255
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Appendix 1
SRR D E TS
ZETRADHUBTARAR ABEH CKROLDTH
v, f(a) 3 a=0 TREHETDH 5,
ro=f' 2

FHEBSETIC @ # 0 K452 BH5ME, f(0)=0
Lixb,

i, 0<e<l OB, fladZkomERKI N
7@)0

leg |x+a] dx.

BEORELBY S, 22T, nikl XDKEREYL
BTh b,

ZOEHC LD, BRABEKE T OMBRE AR
A(=0),

HERES, PpRESENESERNC L DENMTIET
b B, BEADKEIEAS SOBME KNG 5,
Cnix k&5 LESEVRETS. CORNTA,
WAn2 LT, n=3 2FAL -,

Fle LT, MAESORHIC log0 DERSZHDM
A&, M ENE2EOBK (B)reonTHELMRE

= P log |x+a) ds FHICIREIES B b D% BA TRIERA LRI L,
1
sl o o e
{11l p JHIJ"” & 1" Liog IEE aum 22 (=2.467401100)
(4 .
1L 1og [2£L . & X BBERC & D RORICTE B,
Ao, (AY x=FQ+7
Iim y+1
; =7
a—>r+o Ha)= 2S og( ]dy S;Iogxdx——-s 108(”8_03 i—(l+t)z dat
X, D a LT () % « oﬁﬁé;ﬁz—c&%ma
I 2 (BY x=b/(t2—3)t2+3
" fa)=—".
a>=o z (C+DE—D=+D¥E-1)%
1( 1 1+x 1+4/(2=-3)2+3
Appendix II 75 o S_llogl——-———————_t e

log 0 % &LBAOHIERS
BEME ¥ 723 OBBRBOBR AR 2 2 e i f 0
B OBERS FTIC KD . EEIC Gauss DFERS 1
REERALTE, IWBEOHRRBLNRL,. log 0
RAURMR, 0oL RBATHS. LrL, TOF
Bk, RAGRD &) REKER,

x=In
o rce> tograx=nz (" fct)vlogt. -1 at.
21T 5> To e Gauss MAoRXTRIC LR LD, Bn

3(2—1)2
X ey &

A 1L 1. AlL2 CERENAD, (BOEROTI
1€ Gauss OXERAAR Y WAL iR R HEHE
RRINTVEB, WTFNOEA L ERERY T I
0, BERESCE R 3ERLN 5,

o TR Hbiviz & ) inEtES R, Gauss D¥
ERSARYEERA TS LR EOBAHPL T,
I EBEE ENS R,

% All—1 —g; logx dx=-+1 iz Gauss OMKIEMAARYHEA L ARV OfanEE

N E ¥ E B E M E & ®
R MR s R HESTRE
4 0.9685368 0.314E—1 0.9995734 0.427E—3
6 0.9849930 0.150E—1 0.9999592 0.408E—4
8 0.9912392 0.876E—2 0.9999916 0.84 E—5
10 0.9942639 0.574E—2 0.9999977 0.23 E—5
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% Al—z 5 Tlog-lEEdr— 7 (=2.4674011) 1© Gauss DMUERA AKX AWM L FRRKOIBNBE,
N £ % B R OMW E K LR B
#w R AEIRE R e

4 2.406746 0.246E—1 2.444857 0.914E—2
6 2.487932 0.119E—1 2.465068 0.945E—3
8 2.450062 0.703E—2 2.467102 0.121E—3
10 2.455373 0.487E—2 2.467319 0.334E—4
16 2.462773 0.188E—2 2.467396 0.200E—5

NABADORESAO, ik E—all 10~ ¥ BW% T2,
Appendix I EEE 150.4, 310.4, 399.3, 2843 MeV/c e oW T4
: AZKAI.1, AIl.2, All.3, AIl.4 iRLk, Thb
T T TRBRR DB HEBBEMOBIIES 27(h.00) & IR~ OFEL R15EDh, HBR 4 SETOHLR
X35 M= 2 V¥ — | KERICOWT, ELRTO bDTH B,

X AI—1 B AN—2
1 1 ' 1 L 1 l‘ i R
Aol
031 puisogmr. i 051 L
P=3104 My
02- | 041 o
0.3 L
0.2 -
ol JK s ol &\ g
00 00 x4
x‘,{, ~0.14 3
-0.11 L -0.2 L
' 031 iy (20 I
-04- XX i
'0.2‘ - ° %
Ty 031 3
03 | -061 X -
’ oyt -07 k
-08 r .
-04 o 100 500 1000 1500
y T : r T T ; B, (Mev)
100 500 200
R, (Mev)
All—3 R AM—4
10 M IR S B RN TN VWY JREr W S B AT T SRR 1 1
1 P=3993 My i 301 pa28a3 e ]
05 N 29 I
1 i 1.0 A I
1 \
00— ) © \ o /
[ -0 px® 0,2 r
.05_- XMy L 201 ./ r
1 x [
] . =30+ X0 r
o O ,
0 500 000 1500 2000 240 30 ¢ 5xI0°

4x
B (Mev) B, (Mev)
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§ 2RI L DI 2/ (p.po) 13 log R & po=e
@+p) OB lcED, LHhl, p=3 OBARKIREVWE
DEOKEERSLbIIR,

bo=0(p—p =g,
IHEN A2 CEDHALNTEH 5.

COBRAHNELHEE, FER

U )=Up.p)+ [ pdq SdQ X(p.:9.9)%(q.2"),
CBWT, BOKX(P, me.0) 3 vF ~48 1/(E
(D—-EYeRATHA AN T ¢ itfiL Teg=5T
BRTHIFLCLD, COFEI ps—HATE, BEH
DEFR#CHANVF - CH HBEEBRWT, £TO
WIBIC OV TRI2R B,
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RAEE, HRORBEFEHEBIC LD 270,100,
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sk, BL4DT o rs5 MEROBERO—IL, W41
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Discussions of Shunt- Inductive Reflecting Elements and a Laboratry

Test of Harmonic Resonator Filters at Millimeterwaves (K-band).

Yasumasa NOGUCHI

24 &

ARIE, I FCAHNC L > TREI N CMEE S

HERYV 72 2 ARFLTATEpRE — F mikg/2
(ni=%H)ZefFiLiRE % v 72, Band Pass Filterp
) BRI S, BEERHRFEORIT L, PR/
YNR—AEETKT 1 V2 DRIERROBETH B,
BUURHRTEOBRN OKE, Wrd1 -4
BETANVIEBRT DB, BEEEK 7 cvak
BRT58BALeBWT, TORMERSRTHEYER
HIRBECHR-Be, 7 41 V204ER, BEEMESHE
DHERPEIRA N~ 2 BEHC LT, R
D, ZOXDIGe, PR v N—s AT T 1 v
DFR, EALE, ErCERTHS & L BHALES
12,

¥, RIEEZROMRE, 7414 vy OF LD, Hh
fHe &< —HL, ZORERIIYEFBRCENTE
BHTHD, RIELNCHE N O o v C LXREEIN
b

1. & -

PR 7 4 v 2 LU T, EERE R ERAIRSEY
Anic b OXRFAREINT N3, o2 24, Cohn®,
Riblet,»® Mumford® 7n¥ic ko TH#EIN 1/2
BREFIARSY AW cBEEAE, RPN —2
UMBERAD ¥ar L imbhTns, dOLFE
BEAUBEVIBS CRIKS GHLDIT) i, ¥R7 120
2EYEMTHLENRSHD, chdboldie 1/2BE:
ok VAREHRSYEIKY e 74 v 2, ¥FEY 7
v & v R, HEREAERL S TREVCEZBA I THE

* EWMAFETINET TR

BFrz s, 2O LHIRT 4 ERENT, b
AW fovE < CRIK10GHzZ YL B B L 72atuy,

FIRFPEHS WD TEN L BOT, FREL 4/00 238D
TNt Band Pass Filter % 2843 7-91CiX
» MRMIEE 7 1 V2 ORMRT (b xid, BOER
) oY EUREIBRERD, EBETHZ LHHE
BB are T, T m 2R E R mi/AkEH
WRE (ne.mi=%30 » AniszricThiitToAs
BB 5, L Lhs, 2ol d+hix7y 7
ZSBBIFAIKAK fo/ne E2lE fo/me B ZRIRRIC T4
15, bLELRED n T2 mi % ECEBICEN
¥, 27Y 7R fo OBERED BB OEHCRET
BRFEY, LidiaT, thidl/2BRERI/4EE
HEBROBALALTH D, BRATY 7 2AE%BRTS
e, RTHEORBEAXBHRLLDRLNTES
b T, FEOFEHOWERCORSFETHRITHE"
ADOLARERL TS,

K1k IUCH2BRARCETWTHIRL 4/00 & ni
ORBEELRIRLIELDT, nm B RECTHLCLLENST
B LR AEIINCT B T LOMRD,

PIT ke B fo=35GHz, BRI 4/=100
MHz €32 Maximally flat ## O BiE 4 /¥~
2 EEAT L BEE#EA T Band Pass Filter ko, #H
HEHBEFEEREL, ERARY 74 2 ECHL
T, BEERSHEL TREA N~ 2 A DH
N7 4V EEREDERCRENTH D LRL, KR
PR 4 N — 4§54 5% Band Pass Filter O3 fERER
ITo R BT3B,

2. BMAHE®
BEHEROEME, FICRERINTNEHOT, DO
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n Ago! 2 ZEHAIREIRE WA X~ S AT BPF

N

B i% (A“"> =B, /1+ ) wmr— tan‘—}

T

—200

T

200
—30
—20
—10
_5 Lo ri] L U W T Y A 1 U T T S A W | 1 A
56 78910° 2 3 45678910 2 3 45678910 2 3 4

7l

1 FEEFEEEY TS5 R TEREIN RE o BRERLRBEO REky & 4 v AREHEE

=300

—200

~100

— 50

n Ago/ 2ZEBRAIR AR LA AL BPF

- 10f \ \
3000
5 . 1 N ol
2

T 56780100 6780107 2 5 4 56789107 2
A (A0
7w (7;)//9;’ Fin1

K2 WHEHEFHYL xR THREN I BRI i+ BHOEFRAREOZBILY « 7 4 o RBHEH




IR FORAARYTRL, REOHRETFLOXEE S
S TBRICE YD B,

BERRDO LD RFEW T 5. £, BRoEE
Low Pass Filter %% L, I BON5 L
%1, H# Low Pass Filter DR M §: #RET 5.
FOARNE1—@).(0) BLTR2ERINTHB, K
., L_nkgvcbféi?réhfc TEM #£iR@7 1 V4 %
EET g eIt e, BHEA N2 HATE B
BRAHOZ7 + V2 ORHANIRIS, K Leh.

¥, BPE 7 1V ERBRTHDORBERFL
FHMar, B ABRE NS B2, TR, K3
D &5 fehuiie it U T eV BB Av e, &
DBEADYF X AE Bk, BOMEIE d L OBR
*BEFTRRRLI,

3. BHEXUBRERSETFEORE

1eH 208 LYRBRE ¥ € 5 2 ER
d/0g DI—EDHE, BEEREESHOF IR v~
2 $EAT L 01050 LA v, K-band F2ETIL LIER
EOBEL, BRKAY T4 L AEORRIBETH -
DT 12 OREHRERD LI CHREL, FHHE
R RFHEOBNEIT -7,

105

CEREHERRD

(1) BBk T Maximally flat ##4 % #>Band Pass
Filter.

(2) LA fo=35GHz, MM AR f-1=34.
95GHz, f1=35.05GHz ©@E:BERIE 4f=100
MHz.

(3) BRFABAFFER2,=1dB, fo190.3MHz T
10dB DL EDOHREYEHETH T &,

(2), (D &p#kiMLow Pass Filter DR¥=3 LTh
L, FROMiEYZE 2D Maximally flat $ic B8
TAHRECRATHE, % Low Pass Filter ORFE
. 3MeD LB,

Mg 4 N — 2§54 T Band Pass Filter D34,
m=n3=12, np=252 0L, 4 N— &% m=7 L L7z,
# DfE R, B1=B3=2.432,B,=2.357,61=03=37.017ad.
0;=77.84rad., 6,2=023=10.31rad. ¢, di=dz=
3.0192mm, d=3.0539mm, £1=£3=63.328mm, £
=133.18mm, £12= £ 23=17.633mm , &5 =295.102mm
D7 4NEERD, TOBEIN 5 © Ldcist,
¥, BEEAEOBA, FHMTOBIE 4 L4
BA -2 A ROBA LARBBC 5 LD, ©
¥09 €S2 o AERHRL CTHELXRA ., ZOBH
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