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Study on the Thread Chasing Dial

(On the Cutting Unified Thread by the Metric Lead Screw)

Katsuya KAGA

When unified thread is cut by the metric lead screw on the lathe, the split nut is

closed from beginning te end.

Generally, the thread chasing dial is put in use to cut the metric thread by the metric
lead screw and to cut unified thread by unified lead screw.

This study was carried out to test whether the use of chasing dial on the cutting
unified screw by the metric lead screw is useful or not.

And then the available device was finished in the case of cutting the thread having the
length of more than about 63.5 times of the lead screw pitch.
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The Behavior of Recrystallization of Pure Iron
After High-Speed Deformation

Hideo SEKIGUCHI

Synopsis—The effect of deformation rate on the behavior of recrystallization has been
studied with pure polycrystalline iron, compressed 60 pct. at two widely different rates.
Within the temperature range of 600° to 650° C, the isothermal recrystallization curves
of the dynamically deformed iron (impact velocity, 12m/sec) and the statically deformed
iron (crosshead speed, 10mm/min) are obtained. The recrystallization rate after dynamic
deformation is considerably smaller than that after static deformation. However, at the
beginning of the annealing process, it seems that the nucleation rate of recrystallization
of the dynamically deformed iron is larger. The activation energy for recrystallization
of the dynamically deformed iron is larger by 40 pct. than that of the statically deformed
iron.

It is also investigated that there are differences of the work hardening and the
microstructure between the dynamically deformed iron and the statically deformed iron.

Introduction

In the past decade, the behavior of
metals under high speed deformation has
been widely studied. The present status
of knowledge and research activities in
this field have been documented in recent
publications. ¥

There is, however, little information
available in the literature concerning the
effects of deformation rate on the

metallurgical properties in  metals.
Based on the observations of explosively
deformed iron ¥, it is suggested that the
deformation rate should have a great
effect on recrystallization properties of
iron. Aside from phase transformation
in some explosively deformed metals, the
slip line patterns and the dislocation

configurations show marked differences

The contents of this paper was published
on the Journal of the Japan Institute of
Metals (in Japanese, 1967).

among metals deformed at various strain
rates.

Therefore, the author conducts further
investigation on the metallurgical
properties of iron deformed at a high
strain rate. The objects are:

(1) to compare the work hardening of
rapidly deformed iron with that of
normally deformed iron,

(2) to investigate the annealing kinetics
of rapidly deformed iron and to
compare these with the annealing
kinetics of normally deformed iron,
and \

(3) to obtain the characteristic features.
of the structure of rapidly deformed

transmission

iron by electron

microscopy.

Material and Procedures

1. Preparation of material.

A vacuum-melted iron of a nominal
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composition of 0.001 pct.C was used in

this study. Table 1 gives the reported

Table. 1 The analysis of pure iron.(wt pct.)

C‘P Al‘S‘lSi}Ni!Mn‘Cr

0.001 [<0.002 ’(0.010 |<0.005 ‘<0-010 }<0~010 1<0 010 J‘<0-010

chemical analysis of the material.
Cylindrical specimens, 20 mm in diameter
and 20 mm in height, were machined
from a 25 mm diameter rod of the hot
These

annealed in vacuum at 950°C for 60 min,

forged iron. specimens were
and the average grain size was about

0.8 mm.

2. Test procedures.

In high strain rate experiments, the
specimens were compressed to a strain of
60 pct. at an impact velocity 12.0 m/sec
in a high speed hammer (a Pneumatic-
mechanical machine), and the average
about 600 sec”!. An
photographs is

strain rate was

example of load-time

shown in photo. 1.

%

Photo. 1 Example of load-time photograph
of dynamic compression test.
impact velocity: 9.0 m/sec
maximum load: 20.55t deformation
period: 1.9m/sec.

For compression at low speed, the

specimens were deformed at a crosshead

speed of 10mm/min in a universal testing

machine. Compared with an impact
velocity 12m/sec, the average strain rate
in this low

speed compression was,

therefore, smaller by a factor of 1.4x1075.

To reduce surface friction during
compression, the specimens were lubricated
with grease and disulfide molybdenum
before loading. The surface of the rapidly
compressed specimen was conciderablly

smoother than that of the slowly

compressed specimen. This may be due

to the effect of deformation rate on

lubrication. The deformed specimen was
sectioned longitudinally to use for the
microstructural examination. In order to
compare the results on an equal basis,
only the central square portion of the
piece was examined microscopically except
a thin layer at the outer edge of the
piece.

After 60 pct. compression at two widely
different rates, specimens were recrystal-
lized at three temperatures, 600°, 630°,
and 650°C, in a salt bath (the temperature
was controlled within +1.5°C). Specimens
were heat-treated for different minutes
then were

at each temperature, and

water-quenched.

The fraction of recrystallization under

various test conditions was measured.
Various methods for obtaining the fraction
are available.® = It was easy in this
experiment to distinguish old and new
grains microscopically, so the fraction of
recrystallization was determined by a

method of counting with a

microscope. Measurements at 4,000 points

point

were made in a grid pattern at spacing
of 0.02mm on each metallographic piece

etched in 2 pct. picral.
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Results and Discussions

1. The effect of strain rate on work
hardening of iron.
The effects of strain rate history on
the stress-strain curves were examined at
Curves A and B in

Fig.1 present the stress-strain relations at

room temperature.

o
b=y

T T
€=4 5 0sec™*

e
=)

L2 .
L rep=ill il
;m':ZG / ——=after dynamic
D1 -
0 10 40 50

20 30
Strain (%)

Fig. 1 Stress-strain curves of iron at
dynamic and static loading tests.

two widely divergent strain rates. The
high strain rate (450 sec™!) deformation is
named dynamic deformation and the low
strain rate (4.3X10 *sec™*) deformation is
named static deformation. From these
curves, it is elucidated that the flow
stress at a given strain under dynamic
loading is higher than the flow stress
under static loading and that especially
in the range of small strain (near the
flow stress under

yvield strain) the

dynamic loading is widely different
from the flow stress under static loading.
These {facts

experimental results.® ~

agree with many other

Other specimens were pre-strained by
dynamic loading before static compres-
sion tests, for the purpose of examining
the difference of work hardening between
the dynamically deformed iron and the
Curves C~F

in Fig. 1 are the stress-strain relations

statically deformed iron.

in static compression after several

If the
work hardening were solely dependent on

pre-straining by dynamic loading.

strain, the curves C~F would be expected
always to fall on the curve B. We see,
however, that the work hardening of iron
deformed to the same strain is different
whether the deformation occurs at high
strain rate or at low strain rate.

Vickers hardness measurements were
made on specimens given various strain
loading. The
average hardness obtained is shown in

Fig. 2.

by dynamic or static

The hardening effect of dynamic

/‘/

/

140 /
|
/o/

!

;120
T />
2 ° ® Static
¢ // i
° ’ © Dynamic
T
£100 /1/
I//
I’/
14
80

0.2 0.4 0.6 0.8
Natural strain(z)

Fig. 2 Dependence of work hardening of
iron on strain rate.

working appears to be less than that of
These differences of

correspondent to the

static working.
hardness are
differences of yield stress between the
statically deformed  iron and the
dynamically pre-strained iron in Fig.1.

It is well known ' that the deformation
twinning occurs frequently in strain-free
crystals deformed at high rate or at low
temperature. The observation that

numerous thin plates of deformation

twins were formed in the dynamically
compressed iron (as shown in Photo. 2)

but not in the statically compressed iron
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L o s
Photo. 2 Metallograph of iron after dynamic
comprssion test. (X100)

is in good agreement with the aforemen-
tioned strain rate effect on twinning.
Campbell and coworkers (" ® attributed
the absence of coarse slip bands in the
dynamically deformed iron to the very
short duration of loading; there is
insufficient time for a complete slip band
to form. The number of dislocation
sources activated under rapidly applied
high stress is larger; hence the average
dislocations

number of generated per

source will be correspondingly smaller
under dynamic loading than under static
loading. In consequence, the rate at
which back stress build up at these sources

This

responsible for the low work

is reduced with increasing strain.
may be
hardening (low  hardeness) in the
dynamically deformed iron upon further
deformation under the static conditions.
While these interpretations is consistent
with the results, dislocations may behave
differently under rapidly loading than

they do under normal rate.

2. Measurements of recrystallization and
grain growth.
data for

Isothermal recrystallization

various temperatures are plotted in Fig. 3

and Fig. 4,
dynamically deformed iron and the
The rate of

recrystallization increases slowly at the

respectively, for the
statically deformed iron.

beginning, reaches a maximum, and

decreases sharply at the end. Comparing
each curve at a same temperature in

Fig. 3 and Fig. 4, it is obvious that the

e s
.//// el
S L~

0_4/ :

Fig. 3 Isothermal recrystallization of
the dynamically deformed iron.
(60% compressed)
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Fig. 4 Isothermal recrystallization of
the statically deformed iron. (60%
compressed)

fraction of recrystallization of the

dynamically deformed iron at a given
time is always smaller than that of the
statically deformed iron. For example,
the statically deformed iron is completely
recrystallized after 1,200 min at 600°C, but
the recrystallization of the dynamically
deformed iron is incomplete even after

3,000 min at 600°C. Annealing time upto
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full recrystallization for each specimen is
shown in Table 2.

Table. 2 Comparison of the behavior of

recrystallization between the
dynamically and the statically
deformed iron. '
Annealing é;&ealfﬂlgl time | pate of grain
recrystallization growzth of area
Temperature (min) (mm?2/min)
() . . [
Dynamic| Static |Dynamic Static
] |
600 >3,000 1,200 [0.6X107%/3.0x10°*
630 300 120 |5.0X104{48.0X%
10—+
650 90 80 - —

Variation of grain size, measured by
microphotographs as the largest grain
area, with recrystallization time is shown

in Fig. 5 for the temperatures 600°C and

l 1 ‘
=500 | ° 0 630'C static
T oUWV
= ? ©630°C dynamic
X
"E 400 ©-600"C static
‘; J @ 600°C dynamic
£ 300
-
g
= 200 =
S b >
% B
g 100 —
'_]'-G L —5 | —

)
2

10 20 30 40 50 60 70 & S0
Annealing Time (min)

Fig. 5 Isothermal grain growth at various
temperatures.

630°C. This tests are based on the
assumption that the largest grain is the
one that formed first. There is a constant
rate of grain-area growth at the outset,
followed by growth at decreasing rate.
The intersections of the curves are due to
the existence of some recrystallized grains.
The values of rate of grain-area growth

are listed in Table 2. These data, showing

a nearly constant initial rate of grain-area
growth, are different from the findings
investigators *® @1 with

These

a definite

by several

metals other than iron. investi-

gators observed incubation

period and a constant initial rate of

linear grain growth during recrystalli-
zation. The initial rates of grain growth
in the statically deformed iron are much
the dynamically

larger than those in

deformed iron.

3. The behavior of recrystallization in
microscopical observations,

A large number of specimens was
examined under a microscope after various
recrystallization treatments, and the
following phenomena were observed.

In the statically deformed iron, nuclea-

tion of not

recrystallized grain is
homogeneous, occuring at boundaries of
deformed grains and at slip bands as
shown in Photo. 3 (a) and (b). And
recrystallized grains are also nucleated
in deformed grains, even at the points
where slip band does not exist, as in

Photo. 3 (a).

Photo. 3 Metallographs of recrystallization
of the statically deformed iron.
(X100) (a) 600°Cx40 min
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(b) 600°Cx90 min

While, in the dynamically deformed
iron, the nuclei of recrystallization are
often observed at the deformation twins

and the recrystallized grains are growing

along these twins, as in Photo. 4 (a) and

Photo. 4 Metallographs of recrystallization
of the dynamically deformed iron.
(X100) (a) 600°Cx10 min

(b) 600°CX10 min

(c) 600°C %500 min

(c). It has been reported by Leslie ‘*?’ that
nucleation of recrystallized grains occurs
at the intersection of twins in the

explosively deformed iron, but the
deformation twins do not always act as
nucleation site of recrystallization. As
shown in Photo. 4 (b), some deformed
grains are very rapidly recrystallized, but
others remain stable, evidencing little
recrystallization even at the deformation

twins.

There are many stable unrecrystallized
grains in the dynamically deformed iron.
Well, the fact that
deformed grains indicates that the strain
different

there are stable

energies are in each grain.
Consequently, plastic flow under dynamic
loading seems to take place in a more
under static

turbulent manner than

loading.

Moreover, recrystallized grains in the
dynamically deformed iron appear at grain
boundaries and in grains. On the whole,
it is concluded from the microscopic
observations that the nucleation of
recrystallization in the dynamically
deformed iron is more easy than that of
the statically deformed iron. The average

diameter of the recrystallized grains after
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complete recrystallization at the annealing
temperature 630°C is about 0.25 mm for
the statically deformed iron, while the
average diameter of the recrystallized

grains formed in the dynamically
deformed iron is about 0.17 mm in spite

of the longer annealing time.

4. Comparison of the experimental curves
with the theoretical equations.

By the measuring of the area of the
largest recrystallized grain at different
time, it was found for all the temperatures
that a linear relationship exists between
the time and the area of the largest
grain. This linear relation holds during
the early stage of recrystallization, and
in the later stage the rate of the grain-area
growth decreases with time.

The time dependence of the largest
grain area can be expressed for the
beginning of recrystallization by the

equation:

A=G(t—7), ®

where 7 is the incubation period of
nucleation of recrystallization, A is the
area of the largest recrystallized grain in
the time interval (t—7) and G is the rate
of growth of this area.

If it is assumed that the growth vectors
are equal for the three directions of

crystal, then
V=G3/2(t—1)3/2, @

where V is the volume of the recrystallized

grain. The amount of recrystallization

at a constant temperature can be expressed

as:
X= f " VN dr, (3)

where N is the rate of nucleation per unit

volume. Eq. (8) is not considered the
effect of impingement, and in order to do
so Johnson-Mehl’s *® or
derivation can be used.

them:

Avrami’s *%

According to

Y=1-exp(-X), @

where Y is the fraction of recrystalli-
zation, taking account of the impingement.
Substituting Eq. (3) into Eq. (4),

Y= 1-exp(— f VN dr). (5)

To solve Eq. (5), the dependence of N
on time is required. Supposing that the
dependence of N on time is represented

as.
I:I=f'(z')=az'”, (6)

Then, the

general form of the fraction of recrys-

where a and m are constant.

tallization is shown;
Y=1-exp(—Bt»), )

where B and n are constant.* The relation
between m and n is given from Egs. (3),
(4), and (5), as

m=n-—5/2.

So the dependence of N on time can be
guessed from the experimental data of n
for the dynamically deformed iron and
the statically deformed iron. In order to
obtain the value of n, the reaction is

form. The

logarithmic form of Eq. (7) is shown:

written in a logarithmic

log In(1/1-Y)=logB—n log t. ®)

Eq. (8) shows that, if the value of log
In(1/1-Y) is
straight line is obtained, whose slope is n.

plotted against log t, a

The recrystallization data previously

*m and n are not always integers.
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shown in Figs. 3 and 4 are replotted in
Figs.6 and 7, respectively with coordinates
log In(1/1-Y) vs. log t.
that for each temperature the data may be

It is evident

approximated by straight lines, which are
nearly parallel. From the slope of these
straight lines, we obtain 0.7 as the value
of n for the dynamically deformed iron

and 0.9 for the statically deformed one.

n 1711~
=
[2)

0.0t Q 10 100

Time (min)

Fig. 6 Isothermal recrystallization at
various temperatures.
(60% dynamically compressed iron)

¢.01

Time (min)

Fig. 7 Isothermal recrystallization at
various temperatures.
(60% statically compressed iron)

As mentioned before, when the rate of
growth of area is independent of time at
each temperature, the dependence of 1.\1 on
time can be guessed from the value of n.
Then, the rate of nucleation is expressed
as N=ar1'8 for the dynamically deformed

iron and N=a’r"1'6 for the statically

deformed iron.
Many studies‘'® have been made on

recrystallization behavior of iron and
other metals, and it was found that the-
fraction of recrystallization, Y, obeys the
expression Y=1-exp(—Bt*). The power n.
from the experimient does not agree with
the value.® ¢ M ~an
existence of standard value of n is seemed:

to be due to the facts that the rate of

In general, no

grain growth is not constant and the
growth vectors are different with grain
size or degree of cold work. In this

investigation, however, the relation of
Eq. (1) is consistent in the range of the-
straight lines of Figs. 6 and 7, so the
difference of the value n between the
dynamically deformed iron and the
statically deformed iron may be based on
the difference of the dependence of N on

time.

5, Calculation of activation emergy for-
recrystallization.

To calculate the activation energy for
recrystallization, log t. must be plotted
against 1/T, where t. is the time required
for a constant fraction (Y=c) of the
specimen to recrystallize, and T is the
absolute temperature. A straight line is.
fitted with the results if recrystallization
is an Arrenius-type reaction, in which case-
the rate of reaction is:

dY/dt=C exp(—Q/RT), (9
or
In t,=C’'+Q/RT, 9

where Q is the activation energy for
C(or C’) is constant,
The data for

the dynamically deformed iron and for

recrystallization,
and R is the gas constant.

the statically deformed iron are plotted,.
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respectively, in Fig. 8 and Fig. 9. In
Fig. 8, there are some discrepancy of the

|
)%
&

of &

100 /
=
E /
o

1.05 1.10 1.15
100 O/T

Fig. 8 Temperature dependence of
recrystallization. (60% dynamically
compressed iron)

/ N
100 Olo

{min)

Time

N—
V5%

1.05 1.10 1.15

1000 /T

Fig. 9 Temperature dependence of
recrystallization. (60% statically
deformed iron)

data with the line for the lower

temperature region. This is associated
with the rapid decrease of the rate of
recrystallization caused by the presence of
stable grains, as explained in the previous
sections. The slopes of the lines in Figs. 8
and 9 show the activation energy for
recrystallization. The activation energy

for the dynamically deformed iron is:
Q.=117.05 Kcal/mol°K,

and for the statically deformed iron:
Q,=83.13 Kcal/mol°K

In spite of the same degree of cold-work,
the dynamically deformed iron requires
40 pct.

recrystallization.

larger activation energy for
Such difference in the
activation energy is in good agreement
with the difference in hardness, indicating
a lower level of stored energy in the
dynamically deformed iron. The activation
eﬁergy for the statically deformed iron
agrees well with the value of activation
energy reported by Rosen as 80.4 Kcal/
mol°K about a 60 pct.

iron.

cold-drawn pure

6. The structure of the dynamically
deformed iron,
Leslie *#

zation behavior of shock loaded

investigated the recrystalli-
iron,
though shock loading was carried out under
an especial condition of high speed and
that the

recrystallization of shock loaded

high pressure. They reported
iron,
when the pressure exceeded 130 Kbar at
which phase transformation from alpha to
gamma occured, was much more rapid
than that of normally deformed iron; but
the recrystallization rate of iron shock
loaded below 130 Kbar was smaller than
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that of heavily rolled iron. They observed
by electron microscopy that the recrystal-
lized grains easily nucleated at deformation
Hu (16)

also reported that a single crystal of iron

twins in the shock loaded iron.

deformed at a high rate was more resistant
to recrystallization.

As noted before, the microstructures of
deformed iron showed remarkable differ-
ences with deformation rates. However,
the featureless appearance of the matrix
in the dynamically deformed iron cannot
be taken as an indication that the

specimen  was deformed principally
twinning, because the total strain of the
specimen is too large to be account for
deformation by twinning alone. It was
reported that the dislocation lines after
shock loading are much straighter than
those remaining after rolling and there is
no tendency for the formation of a cell
structure; and then the dislocation
arrangement after shock loading to 130 K
bar was identical with that produced

by small amounts of strain at low
temperature.

The transmission electron micrographs
of the dynamically 60 pct. compressed iron

are shown in Photo. 5. Althogh it was

e

Photo. 5 Electron transmission micrographs
of iron after dynamic deformation
(60 pct. compressed). (a) %x15,000

(b) x36,000

expected from the facts mentioned before
that a cell structure would not be obtained,
it was found that in varying degrees
these samples show rough cell structures,
with low dislocation density areas, or
cells, separated by high density areas, or
The cell size of the

dynamically deformed iron is larger than

cell boundaries.

that of the statically deformed iron to the
same strain, and clustering of dislocations
in cell boundaries is more heavy. From
its diffraction patterns in this cell
boundaries it is possible to confirm the
presence of twins. The dislocations in
cells under high speed deformation are
than the

dislocations in the statically deformed one

distributed more uniformly

and have less tendency to tangle.
Although

dislocation mechanisms of

ideas on
high
deformation have been published, they

some theoretical

speed
now from these

cannot be discussed

observations. However, it is evident that
these differences of the microstructures
between the dynamically and the statically
deformed iron produce the differences of
the work hardening and the recrystal-

lization behavior. Recently, it was

suggested '™ that recrystallization nuclei

are formed by coalescence of subgrains in
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the matrix. So, the coalescence model may
be in place to the dynamically deformed
iron, and the model is thought to be
usefull for an explanation of the easy
nucleation in the dynamically deformed
iron. Hereafter, a proposal model of
recrystallization must be determined with

more minute observations.

Conclusions

(1) For a polycrystal of pure iron, compression
at a low speed produces coarse deformation
bands and high work hardening (high
hardness); compression at a high speed
produces thin lamellae of deformation twins
and low work hardening (low hardness).

(2) Within the temperature range of 600°C to
650°C,

dynamically deformed iron, but rapid for

recrystallization is slow for the

the statically deformed iron.

(3) In the statically deformed iron, nucleation
of recrystallized grains is not homogeneous,
occuring at certain grain boundaries and in
deformed grains. While, in the dynamically
deformed iron, recrystallized grains are
easily observed at deformation twins.

(4) Even when
for some deformed grains, others remain

These stable deformed

grains are often observed in the dynamically

recrystallization is complete

unrecrystallized.

deformed iron.

(5) Initial rate of grain-area growth does not
change with time in both the dynamically
and the statically deformed iron. The rate
of grain-area growth in the dynamically
deformed iron is larger than that in the
statically deformed iron.

(6) In the early stage of annealing treatment,
the dependence of nucleation rate on time is
different between the dynamically deformed
iron and the statically deformed iron.

(7) The sigmoidal relationship Y=1—exp(—Btn)
fits the all experimental data, and the

values of n are obtained.

(8) The activation energy for recrystallization
of the dynamically 60 pct. compressed iron
is 117.05 Kcal/mol, and that of the statically
deformed iron is 83.13 Kcal/mol. '

{9) In the dynamically deformed iron after 60:
pct. compression, cell structures are observed
as in the statically deformed iron. The
dislocations in cells have less tendency to
tangle.
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On the Vortex Motion at the Orifice in a Pipe

Kazuoki MATSUOKA

The contraction coefficient of the orifice in a pipe has been presented by a great number
of experimental data, but its theory has not been clarified to the best of the present

writer’s knowledge.

In this case, it is difficult to solve Navier-Stokes equation directly. So the present
writer made a flow pattern similar to a viscous flow by setting a local vortex in a pipe.

In order to analyse the vortex motion and the stream line, the two-dimensional potential
theory, applying Schwarz-Christoffel mapping method, was used and then the contraction
coefficient of the orifice in a pipe was obtained in this report.
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COUPLED NONUNIFORM TRANSMISSION
LINE AND ITS APPLICATIONS

Takashi AZAKAMI

Abstract—Theory and applications of coupled nonuniform transmission lines are
described. Matrix representations of a general coupled nonuniform transmission line
are presented, by means of which the behavior of any coupled nonuniform transmission
line may be completely described. Among a wide variety of applications of coupled
nonuniform transmission-line folded all-pass network and the other the coupled nonuniform
transmission-line directional coupler, are treated in detail. Equivalent circuit represen-
tations of these two networks are presented, which enable the designer to synthesize them
in a greatly simplified manner by making use of the theories now available for more
conventional single nonuniform transmission lines. In addition, the properties of these
two networks using coupled exponential line are investigated. Design procedure is also
given for asymmertical coupled exponential-line directional couplers having excellent

characteristics.

1. Introduction

THERE HAS BEEN

amount of work reported in Kaufman [1]

a considerable

concerned with various types of nonuniform
transmission lines. However, the majority
refers to the single nonuniform transmis-
sion line and the available theory does not
apply to coupled nonuniform transmission
These may have a wide variety of
in the field of distributed

constant networks because of the numerous

lines.

applica-tions

advantages of the parallel coupling effect
and, in addition, may offer the possibility
of the
ultra-broadband components from the nature
Therefore, it would be
highly desirable to

realization of a class of
of nonuniformity.
investigate coupled
nonuniform

transmission lines as

The contents of this paper were published
on the April 1967 issue of the Microwave
Theory and Techinques Transactions of IEEE.

distributed network elements.

The work described in this paper is
presented in the following manner: in
Section [I an improved method of analysis
of coupled nonuniform transmission lines
is presented, which allows the four-port
matrix parameters of such coupled
transmission lines to be obtained in a very
concise simple

manner. Remarkably

four-port matrix
In Section III,

among numerous applications of coupled

formulas for wvarious

representations are derived.

nonuniform transmission lines the folded

all-pass network and the coupled
nonuniform transmission-line directional
coupler are treated in detail.  Theory of

the preceding section is applied and the
equivalent circuit representations of these
two networks are presented, which may
reduce the syntheses of these networks to
those of single nonuniform transmission

lines. In Section IV, the phase and delay
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characteristics of the coupled nonuniform
transmission-line folded all-pass networks,
and the coupling characteristics of the
coupled nonuniform transmission-line
directional couplers are investigated, taking
the coupled exponential line as the network

element.

II. Matrix Representaions of Coupled
Nonuniform Transmission Lines

The coupled nonuniform transmission

line to be considered in this paper is a
two-conductor line with

in which the line

symmetrical
common return,
parameters vary along the longitudinal
direction, that is, along the direction of
propagation of electromagnetic waves. A
convenient way to describe the behavior
of such a coupled transmission line is by
means of the various matrix representa-
tions; i.e., impedance matrix, admittance
matrix, etc., which will be derived in this
section. One derivation method for the
matrix representation of coupled nonuni-
form transmission lines utilizes coupled
uniform transmission-line techniques. For
example, transfer matrix may be derived
by:

1) Dividing the coupled nonuniform
transmission line of finite length into
identical

n elementary sections of

length Al.

2) Multiplying the transfer matrices of
n elementary sections, each of which
is approximated by the coupled uni-

form transmission line section.

3) Taking the limit for n—»co and Al—
0, keeping the total length constant.

This method, however, is tedious to apply

and, furthermore, the transformation from
the transfer matrix to the other matrix
representations becomes intractable. Hence,
this paper employs an alternative method
which seems to have the advantage of
greater simplicity.

Let us consider now the coupled nonuni-
form transmission-line four-port composed
of two conductors of identical length I,
having reflection symmetry to one another
about a longitudinal axis, as illustrated

in Fig. 1. The derivation method for the
I I
2. |
T
v! L3ty
T - = = = ——4- —T
1 L T
vt Lolv,
——i
0 X

=

Fig.l. coupled nonuniform transmission-line
four-port.

matrix representations adopted consists of

the wusual procedure of reducing the
problem of a four-port network to that of
a two-port network by taking advantage
of the symmetry about the plane T-7".
The behavior of such a coupled nonuniform
transmission-line four-port can be comple-
tely described by superposition of the two
fundamental modes, so-called even and odd
modes [2], [3].

which the respective voltages and currents

In the even mode, for

on the two conductors are equal and of the
same sign, the plane of symmetry may be
replaced by a magnetic wall, while in the
odd mode, for which the respective voltages
and currents are equal but of opposite
sign, this may be replaced by an electric
Throughout this

paper, sub-or superscripts ¢ and o refer to

wall at zero potential.

the even and odd modes, respectively.
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We shall first

matrix, for which the fundamental modes

derive the impedance
are excited by the sets of constant current
generators as shown in Fig. 2(a) for even

mode and 2(b) for odd mode. Any port

(a)

(b)

Fig.2. Excitation of the fundamental modes

by means of the constant current
generators: (a)even mode, (b)odd mode.

condition can be expressed as a linear
combination of these two modes of excita-
tion. Let the two-port impedance matrices
of the even and odd mode half sections of
the complete four-port network in Fig. 1
be, writing even and odd mode cases

together,!

{'] [Zu{: Zﬂ{z] (1
2%l = Zn{; Zzz{: '
where, from the reciprocity condition,

Zu(?’ = Zﬂ{?’: (2)

where the subscripts 1 and 2 denote Ends
I and II respectively (see Fig. 1). By
superposition, the impedance matrix of the
transmission-line

coupled nonuniform

four-port in Fig. 1 is found to be

Vy Zn+2u Zyw =2 Zy —Zv Zat + Za) [y

V: - }_ Iy =2n 2w+ 2y Zw+ 2w Zuw-Zw|lhL (3)

\£ 2| %t~ Zn* 2o+ Za Zn' + Za? Znt — Zy | |

Ve Lo 4+ 2o Zat — Za® Za® ~Zoy Zat 4+ Zay ) L1
On the other hand, if the fundamental
modes are excited by the constant voltage
generators instead of current generators,
manipulation similar to the case of the

impedance matrix yields the admittance

matrix as
Iy Yo+ Yo Y- Yy Ve Yy Yot Yol [Vy
I, - L Vw-Yn Y+ ¥ Yied Yoo Y- Y || Vs
I, 2| Yo = Yot Yo+ Yoy Yotk Vo Yoo~ Yo || Vs

L Yoo+ Yoo Yoo = Yoo Yo' = Yor Yoo+ Yool Lve
weesnennifdl)
where the two-port admittance matrices of
the even and odd mode half sections of the
complete four-port network in Fig. 1 are
assumed such that

R K S

where, from the reciprocity condition,
Yn{: = YH{:_ (6)

1t may be more convenient in some cases
to use the transfer matrix which is derived
in an analogous manner as
vy A+ 4 Ai— A, B.—B, B+ BT Vi
V] 1|A—4A, A+ A B.4+B. B.~B. || Vs

n|~2)c-¢ ¢+¢ Di+D Do—D]| -1
1. €.+€C € —C D.~D, D,+D.JL-1I

{7

where the two-port transfer matrices of the
even and odd mode half sections are

assumed such that

1) Equation (1) indicates [Z¢] and [Z°], simulténeously.
often used in the latter part of this paper.

Similar representations will be
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[F {I—[ {{‘ zﬂ @8

where, from the reciprocity condition,
A{g-D{:—B{g-C’{;= 1 {9

Equations (3), (4), and (7) are remarkably
compact formulas which indicate that the
matrix representations of a symmetrical
coupled nonuniform transmission-line
four-port may be readily derived if the
two-port matrix parameters of the even and
odd mode half sections of the complete
four-port network are known. The method
presented is directed toward the derivation
of the matrix representatlons of coupled
nonuniform’ transmlsswn 11nes, however,
(3), (4), and (7) may be applicable to
general symmetrical four-port networks
including not only distributed constant
networks but also lumped constant ones.
It now remains to derive the two-port
matrix representations of the two single

nonuniform transmission lines shown in

I A 1
MAGNETIC WALL
T e 7’
Ve (% 4‘
[} X
e ; o
=
(a)

1 11

==

Fig.3. Even and odd mode half-section single
nonuniform transmission-line two-ports:
(a) even mode, (b) odl mode.

Fig. 38(a) and 3(b), which correspond to
odd mode

respectively, of the coupled nonuniform

the even and half sections,

transmission-line  four-port in Fig. 1.
Assuming negligible dissipation and TEM
propagation for both even and odd mode
cases, the even and odd mode propagation

constants 7 identically reduce to
o

7{:=jﬁ=j?f: {10

where $ is the phase constant and X is the
Then the
equations representing the line voltages Ve

o

wavelength. differential

(z)and the line currents i{, (x) for the even
and odd mode half section single nonuni-

form transmission lines are

d.d— {op@)} + 38 Zof@)ife) = 0,
d JB

@) =0,
2 Ve 7 Zoy@ 4 (1)

where Z,.(x) and Z,,(z) are, respectively
odd mode

half-section single

the even and characteristic
impedances of the
nonuniform transmission line, both being
functions of the position 2z along the
Further differentiation of (11)

vields the linear second-order differential

line only.

equations for the even and odd mode line

voltages

L oyl ~ o 2o} 5 o)

12

+ B"v{,,(x) =0,
which may be solved using standard
techniques if Z, ¢ (z) are known. Let

p.(z) and g.(x) represent a pair of linearly
solutions of (12) for even

let po(x) and

independent
mode case, and, similarly,
20(x) denote a pair of linearly independent

solutions of (12) for odd mode case. The
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general solutions of (12) are given by

"D = Cyr® + o, g
where C, e and C, e constants, and the
line currents are

. -1 , R
t{;(z) = m [01{3'p (@ + Cafy-g {:(x)], 14

where the prime indicates differentiatioﬁ
The use of (13) and
(14) yields the two-port matrix representa-
odd mode half
sections of a general coupled nonuniform
Fig. 1,
following the method of Dutta Roy ,

with respect to z.
tions of the even and

transmission-line four-port in

8 [ml{zo{,«» ma{zo{.(n]

[Z{°] =m2 ma{”Zo (0) ms{"Zo ) 05
fe f f
w1 emlzg  malz, (O
v _j/sm{g[ m.{"/zoL(z) —ml{t/zo{:(z)]’ ()
o Lrmf ~j8-malt- Zog 1)
il =m75[mz{5/jﬁ~zo{;<0) me-zo;\;z)/zo;\{,;(O)]’ u

where the m’s are

ml{ =00 ¢ (O = (O -p (O

=040 (O = ¢ ;02"
=7'(;0)¢ ;) ~ q’{«(O)-p{g(O) {18
=70 a0 ~ g @ P O
=007 () — 7 0-p 10
=7 090 =1 ;0)p 0.

Also from the nature of the linear second-
order differential equation, we get the

following relationship:

(s -q[s(®) ~ ¢ 1) -ps(x)
Zo{g(x)

= constant, 19

Then it is easily proved that (15), (16),
and (17) always satisfy the corresponding
reciprocity conditions; i.e., (2), (6), and(9).

Substitution of (15), (16), and (17) in
(3), (4), and (7), respectively, yields the
impedance, transfer

admittance, - and

matrices of a general coupled nonuniform
transmission-line four-port. No preferred
matrix representation exists. The matrix

representation that is most convenient
depends upon the network configuration be
analyzed. It now remains only whether
or not (12) is solvable for the given types
of variation of. the even and odd mode
Equation (12)

differential

characteristic impedances.
is the linear second-order
equation for single nonuniform transmission
lines which, so far, have been investigated
by a number of workers in the field [11,
[4]-[8].

characteristic

For the given even and odd mode
impedance functions, the

four-port matrix parameters of coupled

nonuniform transmission lines can be
determined either by direct substitution in
(3), (4), and (7), if the two-port matrix
odd mode

half-section single nonuniform transmission

parameters of the even and

lines are known, or by the use of (3), (4),
and (7) together with (15)-(17), if the
solutions of (12) are available. ‘

Although the general solutions of (12)
for completely arbitrary Z,.(zx) and Z,.(x)
all the

existing solutions for single nonuniform

have never been accomplished,

transmission lines are applicable to coupled

nonuniform transmission lines. In
particular, two methods recently proposed
are of importance. One proposed by
Berger [9] is a simpl e generalizing method
which enables one to obtain the solutions
for single no nuniform transmission lines
of various shapes by utilizing those for the
solved single nonuniform
transmission lines. The other method
described by Protonotarios and Wing [10],

although an approximate one, is applicable

previously

to arbitrarily  nonuniform _transmission

lines and is extremely valuable in the case
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where the closed form solutions are not

Thus

we conclude that it is possible to form a

possible or cannot be found easily.?

coupled nonuniform transmission line
having two single nonuniform transmission
lines, for which the solutions of (12) are
known, as the even and odd mode half
sections. It should be noted, however,
that, for the coupled two-conductor line
with common return under consideration,

physical realizability requires that

Zoe(2) =2 Z0o(x)  (0=z=1). o0
In the selection of the characteristic
jmpedance functions, (20) must Dbe
considered.

III. Applications of Coupled
Nonuniform Transmission Lines

There are a number of papers dealing
with single nonuniform transmission lines.
To date, however, application of this type
of transmission line has deen limited, from
its nature, to a few classes of circuit
components such as impedance transformers,
resonators, etc. In comparison with such

single nonuniform transmission lines,
coupled nonuniform transmission lines may
have a wide variety of applications in
UHF and microwave regions. For example,

when the pertinent port conditions are

O_L/_,_: N O_L/’;l 0_1::::—§

e A ——— oA —

Fig. 4. Coupled nonuniform transmission-line
filters,

applied to the coupled nonuniform

transmission-line four-port, the resultant
two port networks as in Fig. 4 may be used
as distributed constant filters which may
have sharper cutoff and greatly extended
rejection bandwidth than are obtainable
with uniform transmission lines, and it is
possible to analyze their
by the use of the

representations presented in Section [I, if

transmission
properties matrix
the functional forms of the even and odd
mode characteristic impedances are given.

In this
networks will be treated in detail.

two other
These

are the coupled nonuniform transmission-

section, however,

line folded all-pass network and the coupled
nonuniform transmission-line directional
coupler, both of which possess peculiar
characteristics not attainable by conven-
tional single nonuniform transmission lines.
Throughout the latter discussion, we treat
such a coupled nonuniform transmission

line that satisfies the following condition:

zoe(x) . zoo(x)zl, @
where z,.(z) and z,,(x) are, respectively,
the even and odd mode characteristic
impedances normalized to the terminating

will be
under this condition. the coupled nonuni-
folded network
network and the

impedances. As shown later,

form transmission-line
becomes an all-pass
coupled nonuniform transmission-line four-
port terminated by unit impedances behaves
as a directional coupler with perfect input
match and infinite directivity at all
frequencies.

It can be easily proved that, under the
condition (21), the even and odd mode half
in Fig. 3(a) and 3(b),

sections, shown

2) This method is directed toward single nonuniform RC transmission lines; however, it
can be easily extended to the case of lossless single nonuniform transmission lines.



Coupled Nonuniform Transmission Line 41

respectively, of a coupled nonuniform
transmission-line four-port are mutually

dual; that is,
AezDa, Bezco, Ce=Bo, De=Ao, 22
where A{,, B{,, C{e, and D

two-port transfer matrix parameters of the

¢ are the
even and odd mode half section single

nonuniform transmission lines.

A. Coupled Nonuniform Transmission-
Line Folded All-Pass Network

The coupled nonuniform transmission-
line folded network to be analyzed herein

is the two-port network shown in Fig. 5,

Fig.5. coupled nonuniform transmission-line

folded network.

in which two ports at one end of the
transmission-line

[ml;

ideally this connection should be of zero

coupled nonuniform

four-port are interconnected [2],
length. The folded network using a coupled
uniform transmission line is known as the
We shall

now investigate the frequency behavior

microwave C-section [12], [13].

of the coupled nonuniform transmission-
line folded network under the condition
2n. (+ %,
+ 1) are applied at ports 1 and 2, respec-

If the even mode signals

tively, the plane of symmetry may be
replaced by a magnetic wall. Likewise, if
the odd mode (+4, —-31) are

applied at Ports 1 and 2, the plane of

signals

symmetry may be replaced by an electric
wall. In each case, the problem reduces

to that of a one-port network, and the sum

of these two cases is a single signal of
The resultant
signals out of Ports 1 and 2 art

unit amplitude in Port 1.

A1 = (Too + Tw)/2

Ay = (To — Tw)/2, @

where T'ye and Ty, are the reflection
coefficients for the even and odd mode half-
section single nonuniform transmission-line
one-ports, respectively. These are related
to the open circuit impedance =2, and
short-circuit impedance =z of half the

folded network by

_ 2p— 1 _ (Ae/CG) -1
Zw+ 1 (4./C)+1

I = Zn— 1 - (Bo/Do) — 1 ) o
2+l (Bo/Do) +1
Substitution of (22) into (24) yields
T'oe = =Ty 5)
Then we get from (23) and (25)
o o

Thus, it is found that the coupled nonuni-
form transmission line folded network in
Fig. 5 behaves as
under the condition (21), and the phase
shift ¢

network, after manipulation, is expressed

an all-pass network

through this all-pass two-port

as

¢ = cos™ {Re(T'e))

__:2,_.m*] g
V)-8 med

= Z-tan"‘[

where m,¢ and m,® are given by (18) and
p(0) is the ratio of the even to odd mode
characteristic impedance at x=0. '

That is,
p(0) =24¢(0)/200(0). &

It should be noted that, from the reali
zability condition (20),
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p(0) =1, 9
or generally
() =20(x)/Zoo(x) = (0=2=D). )

Equation (26) offers the equivalence of the

coupled  nonuniform transmission-line

folded all-pass

nonuniform transmission-line resonator of

network and the single

characteristic impedance 2z,.(z) with the
far end open circuited; that is, the reflected

wave of the open-circuited single nonuni-

form transmission-line resonator corre-
sponds to the transmitted wave of the
folded all-pass network (see Fig. 6).
(a)
l-—————l———'|
N ey N
Zoe (%
eil__—-__r_—__—————'__.
ia o kS
(b)
Fig.6. Equivalence of a coupled nonuniform
transmission-line folded all-pass

network and a open-circuited single
nonuniform transmission-line resonator

(¢: phase shift).

Making use of this equivalence allows

coupled nonuniform transmission-line
folded all-pass networks to be synthesized
by means of the methods now available for
single nonuniform transmission-line
resonators [14]-[16]. Thus, the problem of

a coupled transmission line reduces to that

of a single transmission line.

As long as we treat single nonuniform
transmission lines, all-pass properties
cannot be realized; however, this can be
done by the use of coupled nonuniform
trahsmission lines as described before. In
particular, the folded network treated in
this section not only is an all-pass network
but also possesses such a peculiar phase or
delay characteristic that may be considered
useful in many UHF and microwave
ststems that require phase shaping of delay
equalization. Of course, the synthesis of

coupled nonuniform transmission-line
folded networks is complicated compared
with the case of coupled uniform transmis-
sion lines. However Youla’s synthesis
method [16] for

nonuniform transmission lines is

arbitrarily terminated
single
directly applicable because of the analytical
equivalence shown in Fig. 6, and the
peculiar properties not attainable by the
stepped design using conventional coupled
uniform transmission lines may be realized
from its nonuniformity. The practical
advantage gained by the use of nonuniform
transmission-line folded networks is that
the discontinuity effect of the physical
junctions between adjacent coupling
sections is eliminated. Coupled nonuniform
transmission-line folded networks will be
with

coupled uniform

folded

compared
transmission-line networks in

Section [V.

B. Coupled Nonuniform Transmission-
Line Directional Couplers

Consider the coupled nonuniform
transmission-line fourport terminated by
unit impedances at every port as shown in
Fig. 7.

the method

Its behavior may be analyzed by
of Reed and Wheeler [3].
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10
}__ 2 | IX¢]
2
3
Tr—— =7’

Fig.7. Coupled nonuniform transmission-line
directional coupler.

When two signals of half amplitude and

in-phase are applied at Ports 1 and 2, the

plane of symmetry may be replaced by a

mode case.

magnetic wall, i.e., even

Similarly, when two signals of half
amplitude and out-of-phase are applied at
Ports 1 and 2, the plane of symmetry may
be replaced by an electric wall, i.e., odd
mode case. In each case, the problem
reduces to that of a two-port network, and
the sum of these two cases is a single
signal of unit amplitude applied to Port 1.
The amplitude and phase of the signals
emerging from the four ports are given by

A; = (T.+ T0)/2

Ay = (T, — T,)/2

Ay = (T, — T»)/2

A= (To+ T0)/2,

where T, and T, are the reflected waves,

@81

and T. and T, are the transmitted waves,
for the even and odd mode half section
single nonuniform transmission-line two-
port networks, respectively. These reflected
and transmitted waves can be related to
the two-port transfer matrix parameters of
the even and odd mode half sections of the
coupled nonuniform transmission-line four-
port by
Al + Bl — Ci,— Dy,
Tie= Ai;-}- B};+ C};+ Dt

2
T, = .
b A v ot o

(32

Noting that from (22) and (32),

I'i=-—T,

T, =T, 3
A =0

A! =T,

As=0 64
Ai=T.

Equation (34) shows that, under the condi-
tion (21), the
transmission-line four-port terminated by

coupled nonuniform
unit impedances behaves as a directional
coupler perfectly matched and isolated at
all frequencies and, in addition, if the
functional form: of the even and odd mode
characteristic impedances are given, the
coupling to Port 2 may be found from the
following equation

m — j8-metzall) — mst/78+20,(0) = mz0,(1)/200(0)

A B ) T a8 2O F et D20l

(35)

where the m’s are given by (18). Equation

(34) also offers the equivalence [17] (see
Fig. 8) of the

coupled nonuniform

Zoex - Zoo(¥=1

(a)

e ) >}

1 —

v Zoe® — = 1-IT?

o L_
10 0 X 19
(b)

Fig. 8. Equivalence of a coupled nonuniform
transmission-line  directional coupler
and a single nonuniform transmission
line.
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transmission-line directional coupler and
the single nonuniform transmission-line
section of characteristic impedance z,.(x).
That is, the reflected wave of the single
nonuniform transmission line corresponds
to the backward-coupled wave of the
directional coupler, and the transmitted
wave of the single nonuniform transmission
line corresponds to the forward-coupled

The use

of this equivalence reduces the synthesis

wave of the directional coupler.

of coupled nonuniform transmission-line

directional couplers to that of single
non-uniform transmission lines. Let us
now consider this problem briefly. The
coupling to Port 2 of the asymmetrical
n-section coupled uniform transmission-line
having Chebyshev

directional coupler

response is [18],

1 !
ct~h2 T2 (cos ﬁ- / cos EO—)
n n

| A2 |tunitorm= ’

1 !
1+c2—h2-T,? (cos f— / cos EL) &
n

n

where T, is the Chebyshev polynomial of
the first kind of degree n, ¢, and % are
constants, §8, is the phase constant at the
lower equal-ripple band-edge frequency,
and [/ is the total length of the coupler.
Allowing the number of sections to increase
indefinitely for a fixed overall length,
coupled nonuniform
Chebyshev

results, for which the coupling is

the asymmetrical

transmission-line coupler

¢ — h-cos? (VB ~ B

1+ ¢ — h-cos? (VB — Bo?) 0

' AZ I.zanunilorm =

since [19],

1
lim T, (cos L / cos _M_l) = cos (Iv/B% — Bob), 38
n n

now

which is the form of the
Chebyshev polynomial as its degree
Thus, the
coupled nonuniform

Chebyshev

reduces to that of the single nonuniform

limiting

increases without limit.
synthesis of the
transmission-line coupler
transmission-line section having reflection
characteristic given by (37). For loose
couplers, synthesis may be performed by
the usual Fourier transform method for
tapered impedance matching sections [19]-
[21]; however, for tight
method is not directly applicable, and the
higher-order theory [161, [22] must be

used.

couplers, this

1f we select a variation of the even and

odd mode characteristic impedances of the

types

20 {3(1:) = zo{s(l — ), 59

then a symmetrical coupled nonuniform
transmission-line directional coupler [23]
can be obtained, for which the phase
difference between the two outputs at
Ports 2 and 4 is

frequencies.® It 1is this

90-degrees at all
property that
makes symmetrical couplers [24], [25] of
importance.

Comparing with familiar multi-section
coupled uniform transmission-line couplers,
both symmetrical and asymmetrical coupled
nonuniform  transmission-line  couplers
possess no discontinuity in the coupling
region, and there-fore should be capable of
providing higher isolation and better input
match. Furthermore, they offer the possi-
bility of the realization of ultra-broadband
couplers because of their nonuniformities.

If there need not be any particular phase

3) Although the details of the synthesis procedure have not yet been presented, such
symmetrical nonuniform transmission-line couplers have recently been treated by Tresselt

[23].
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relationship between the outputs, asymme-
trical couplers seem to be superior to
symmetrical ones since the former offers
the smaller size. However, as in the case
of asymmetrical uniform transmission-line
practical dis

couplers [18], a major

advantage of asymmetrical nonuniform
transmission-line couplers is the presence
of the abrupt discontinuity at one of the
two ends, which may cause considerable

degradation of performance.

IV. Conupled Expontial Line

In Sections [l and I, we have considered
the general coupled nonuniform transmis-
sion line, not assuming any specific type of
variation of the characteristic impedances.
For the purpose of illustration, let us now
investigate the properties of the coupled
nonuniform transmission-line networks,
treated in the previous section, using the
coupled exponential line as the network

odd mode

characteristic impedances(normalized) vary

element, of which even and

exponentially along the longitudinal

direction; that is,

20() = 2oso€Xp (uz)

20(%) = 2o00°€Xp (—px) 0=z, )

where Zo (e o are the even and odd mode
characteristic impedance levels of the line
at x=0, and, from the condition (21), are
related by

Zoe0 * Tooo=1 {n

The rate of taper g in (40) may be positive
or negative; however, it is necessary, so
as to satisfy the realizability condition (20),
to choose the parameters g and p(0)(=z,.
(0)/240(0)) so that

p(0) 21
#(0) = exp (—2u))

Lz0)

(v < 0). @

The shaded region in Fig. 9 represents the
he

or

range of the parameters for which

o~

coupled exponential line is realized.
convenience of later discussion, the two-
port transfer matrix parameters of the even
and odd mode half sections of the coupled
exponential line defined by (40) and (41)
will now be derived.

P ©0)

=
te %

Ke

Fig. 9. Limitation on parameters, p(0) and
pl, for the coupled exponential line
defined by (40) and (41).

1
A:= Do = ——sin Ofp + g-cot O}
P-g
e! 'P
B=C=i =" sin®
1
C, =B, = sin @
zOeO'P'q
P
D= A, = —sinOf —p + g-cot 0}, )
q

where,

_k

P=5

g=vI=7pt

0 =pql (44



46 Takashi AZAKAMI

A. Coupled Exponential-Line Folded All-
Pass Networks .

The phase shift ¢ through the coupled
exponential line folded all-pass network as

in Fig. 5 is
¢ = 2-tan—! r———«——1—~———:{ {45)
Lx/m(p+q-cot®) )
Curves are plotted in Fig. 10, showing

¢ against gl. Inspection of Fig. 10 shows

5.0

»
E

w
o

Phase Shift ¢ (radian)

20

A (radian)

Fig. 10. Phase characteristics of the coupled
exponential-line folded all-pass networks.

that this network possesses peculiar phase
characteristics. Also, in’Figv'VIO‘, the ¢—pl
curves with p=0, in fact, correspond to
those of coupled uniform transmission-line
folded all-pass networks. - It should be
noted that, as the rate of taper # increases
from the negative value through zero to the
the ¢—p8I curve for the
all-pass

positive one,
coupled exponential-line folded
shifted from the left to the
rigth for a constant length of the line, and

network is

the variation in maximum slope of the ¢— 357
curve is accomplished by varying p(0), i.e.,
the ratio of even to odd mode characteristic

impedance at x=0Q,  This is the property

that makes coupled exponential-line (or
generally coupled nonuniform transmission
line) folded networks so interesting and
This shifting property cannot be
obtained by wusing coupled uniform line
folded networks for constant length of the
line, since the ¢—pg¢ curves for p=0 in
Fig. 10 pass through the point ({=xr/2,
¢=r) independent of p(0). In order to
shift the ¢—g! uniform
transmission lines, folded
networks [13] must be employed. However,

this means the degradation of performance

useful.

curves with

cascaded

because of its junction effect and further-
more the size of the whole network becomes
larger.

Next shall the
characteristics of coupled exponential-line
folded all-pass networks. The delay versus

frequency function is by definition,

consider delay

we

_d¢
T—Ta')—y (46)
where o is the angular frequency. Let the

normalized delay function 7* be defined as

¥ = T o (47)

To

Here 7, is the delay produced when TEM
wave propagates along a single uniform
transmission line of length 2! (twice the
length of the folded network), and is

given by
2 @

To= ’

where v is the velocity of propagation of

TEM wave. Then we get from (45)-(48)
L d
T T ods
(14 cot?®) + plg — preot ©)/0 ) 49
= Vo) 1+ p(0)-(p + g-cot @)*
Delay characteristics of the coupled
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exponential-line folded all-pass networks
are illustrated in Fig.11 for pl/=1.5, where

40
p{0)=10
ol
A(0)=5
-
-
_:.: P{0)=3
& 20
1
E
]
Z
[ ity ittt | ki —-——— -
L A 1 2
9 1.0 290 3.0 4.0 5.0 6.0
£ 8 { radian)

Fig. 11. Delay characteristics of the coupled
exponential-line folded all-pass networks
(nl=1.5).

the dotted line shows (48); that is, delay
obtained by the single uniform transmis-
sion line of length 2/ inspection of Fig. 11
shows that, by using the folded network,
larger delay can be obtained at the frequen-
cies near the peak position than is
obtainable with the single uniform delay
line of the same overall length. Variation
in peak height is accomplished by varving
p(0), and variation in peak position by
Therefore, if

the proper selection of the functional forms

varying the rate of taper.

of the characteristic impedances and the
parameters is made, folded all-pass networks
may be used as delay equalizers for various

e.g., for use in wideband

[26]. The

applications,
PCM

transmission main

advantage gained by the use of the folded
equalizers is that there is no need of a
circulator which is necessary in order to
separate the input and output waves for

the usual reflection type delay equalizers.*

If we connect in tandem folded networks
with the same peak height but slightly
different peak positions, then it is
Possible to obtain an approximately flat
delay response, and the overall network
may be used as a constant delay network.
In comparison with the usual single uniform
delay line, the folded delay network becomes
extremely compact because of the folding
process and larger delay near the peak

position.

Taking the coupled exponential line as

representative of coupled nonuniform

transmission lines, let us now compare

coupled nonuniform transmission-line
folded networks with uniform ones. For
the coupled uniform transmission-line
folded network, the peak position of the
delay characteristic is fixed at gl=r/2,
since its one parameter p (the ratio of
even to odd mode characteristic impedance)
permits only the variation in peak height;
folded

network, on the other hand, permits the

the coupled  exponential-line
variation in both peak position and peak
height because of its two parameters p and
p(0).
consider the design of the delay network
SF=1000MH.(»
1f we use a coupled uniform
folded
required length is 7.5 cm.

As a particularly simple example,

having maximum delay at
=30cm).
transmission-line network, the

On the other

4) It is interesting to note the relation of the reflection type equalizer to the single
transmission-line equivalent network of the-folded equalizer shown in Fig. 6(b). In the
design of the folded equalizer, synthesis may be performed by the method for the
reflection type equalizers, but it Jis realized in the form of a folded network which
enables the designer to avoid the use of a circulator.
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choose the
folded

having peak position at, for

coupled
with

hand, if we
exponential-line network
negative p®
example, 8= % r, the required length is 5.6
c¢m. Thus, a reduction in length is realized.
With uniform transmission lines, variation
in both peak height and peak position is
accomplished if we employ the cascaded
two section folded network having two
parameters as in Fig. 12 (see Steenaart

[26], Fig. 5).

However, as previously

SECTION 1 SECTION 2
Y/ 2
o— -
o—{_ M

p,=2Zoe, / Zoo,;

p,= Zoe; ” Zoo,
Zoe, » Zoo, =1 Zoe, » Z00:=1

Fig.12. Cascaded two-section coupled uniform
transmission-line folded all-pass network.

described, the discontinuity effect may

degrade the performance and the size
becomes larger. Of course, generally
speaking, the previous discussion seems

insufficient to be conclusive since only
the coupled exponential line is treated in
this paper; however, even from such a
simple example, it is seen that the coupled
folded

nonuniform transmission-line

networks are worthy of mention.

B. Coupled Exponential-Line Directional
Couplers

Coupling to Port 2 of the asymmetrical

coupled exponential-line directional

coupler, as shown in Fig. 7, is derived

from (32), (34), and (43) as

(5)
N O
" {q'cote-cosh%l-—v«sinh—‘il} +i——— _1__. '

2 Ty
¥1-+3)
where k(1/2) is the coupling factor at z=
1/2 and is defined by

(5)-~()

13
{—q-cot €-sinh t;— + p-cosh%} +7

i
{(3)- O)rall) o
206 2 0o 2
or generally the coupling factor is
R L PP

20e(x) + 200(2)

Let us now consider the special case where
£(0) =0, for which (50) reduces to

{—q'cot(@ + p‘cothg} +j-1

Az = ul PR
{q~cot @-coth; - p} +j-coth'§

As the frequency tends to infinity, the
amplitude of A, approaches constant. This
asymptotic value corresponds to the mean
C (dB), of

coupled exponential-line directional coupler;

coupling, the asymmetrical

that is,
C lim 20-1 !
= lim 20-logiw+—
P T 4]

ul 64
= 20-logo coth e

Curves are plotted in Fig. 13, showing
coupling characteristics for several mean
coupling values. It can be seen that, in
comparison with the bandpass character-
istics of the usual symmetrical [24], [25]
or asymmetrical [18] multi-section coupled
couplers,

uniform transmission-line

5) Since the (group) delay is proportional to the slope of the ¢$—BI curve from its
definition, it is seen from Fig. 10 that the coupled exponential-line folded network with
positive ¢ produces maximum delay at 8I(C>7/2), whereas that with negative p produces

maximum delay at BI(<z/2).
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the coupled lines must be

Coupling (d8)

infinitely far apart. However,
the use of the slit coupled
configurations shown in Fig.
14 allows this condition to be
with

coupled line spacing, for which

realized reasonable

exact design equations have
been given by the present
authors.® By varving the
slit width, both configurations
. . . - " - - . . in Fig. 14 permit smooth
0 (radian) variation in coupling with
Fig. 13. Coupling characteristics of the asymmetrical

coupled expontial-line directional couplers(£(0)=0).

asymmetrical coupled exponential-line

couplers possess the high-pass character-

istics. Thus, the spurious response
unavoidable with cascaded uniform
transmission-line couplers is eliminated.

The steps required to design the asymme-

trical coupled exponential-line couplers
may be summarized as follows:
1) From the desired value of mean
coupling, C(dB) obtain ul! by the use
of (54).

2) Using Fig. 13, determine the total

length of the directional coupler from

the values of the allowable coupling

the
band-edge frequency.

3) Find the rate of taper g.

It should be noted that the high-pass

characteristic of the asymmetircal coulped

deviation and required lower

exponential-line directional couplers is
based on the end condition k(0)=0. As
long as conventional coupled line configura-
tions

are employed, it is impossible to

realize this condition which means that

f‘ INNER GROUND PLATE

(a) (b)

Fig. 14. Cross-sectional views of the slit-
coupled strip-line configurations: (a)
parallel case, (b) perpendicular case.

constant strip spacing and thus these
are the suitable configurations for coupled

In the

uniform or nonuniform transmission-line

nonuniform transmission lines.

directional couplers using slit-coupled

configurations, in order to avoid
undesirable coupling, the slit width is set
equal to zero in the terminating region.

Therefore,
dition £(0) =0 for the asymmetrical coupled

it is found that the end con-

exponential-line directional couplers can

be easily realized by using the slit-coupled

6) S.Yamamoto, T.Azakami, and K.Itakura,

““Slit-coupled strip transmission lines,”” IEEE

Trans. on Microwave Theory and Techniques, vol. MTT-14, pp. 542-553, November 1966.
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configurations.”’ In other words, this
condition would tend to permit the smooth
transition from the terminating region to
the coupling region.

Theoretically, asymmetrical  coupled
exponential-line directional couplers possess
excellent characteristics; however, as
previously described, a practical disadvan-
tage of such couplers is the presence of
the abrupt discontinuity at one end, as in
the case of asymmetrical multi-section
coupled uniform transmission-line couplers
[18]. The use of symmetrical couplers
such as those described by Tregselt [23]
allows such a discontinuity to be avoided,
since the strongest coupling region is in

the center and not at one end; however, a

high-pass characteristic is then not
attainable. If we connect two identical
asymmetrical coupled exponential-line

couplers in cascade as in Fig. 15, the

2

Zoe (¥ h Zoe
Zo0 (% Zoo
Fig. 15. Two-section symmetrical coupled
nonuniform transmission-line directional
coupler.
symmetrical coupler results; however,
calculation shows that such a simple

symmetrical coupler possess poor bandpass

characteristic not sufficient for most

applications (see Fig. 16). Therefore we

find that, in order to obtain the charac-

teristic . impedence function giving

@0
2
28
3
4
2
—_— 2 . — 1
a 1.0 2.0 3.0 4.0 5.0
A¢ (radan)

Fig. 16. Coupling characteristic of the
two-section symmetrical coupled
exponential-line directional coupler (2(0)
=0, pl=1.5).

broadband coupled non

uniform
couplers, synthesis must be performed .as

symmetrical

transmission-line directional

was done by Tresselt.

V. Conclusions

Couplenonuniform trnsmission  lines

have been shown to be useful distributed
network elements. We have seen that it
is possible to describe the behavior of
coupled nonuniform transmission line ina
very concise and compact way so that
matrix parameters may be derived by

solving linear second-order differential

equations for more conventional single

nonuniform transmission lines. Various

matrix representations of a  general

coupled nonuniform transmission line

have been presented, each of which may

serve as a basii for the and design

nonuniform transmission-line networks.

As specific applications, the couple

7) It should be also emphasized that the slit-coupled configurations are available for the
realization of the folded networks having decreasing p(x) with increasing z (for example,
coupled exponential line with negative p), since they permit the variation in coupling
with constant coupled line spacing, for which conventional coupled line configurations

are not suitable.
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nonuniform transmission-line folded all-
pass networks and the nouniform transmis-
sionline directional couplers have been
treated in detail, and useful equivalences
have been presented, which allow the
syntheses of these networks to be perfomed
by using single nonuniform transmission-
line techniques. In addition, the properties
of these two networks using the coupled

exponential line have been investigated.
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(A Fundamental Study on Industrial Measurements

Using Backsecattered Gamma-Rays)

Katsuhiko UEDA

Abstract—As fundamental studies of thickness-gauges and level/density-meter using
backscattered gamma-rays, the spectra of gamma-rays which are scattered by steel
plates with or without water behind these plates were measured. The incoming beam
from 137C; 0.1 Ci was collimated by a hole 6 mm in diameter.

The experimental condition was based on the calculated results of the intensity of
single-scattered rays at the incidental plane. In calculation, the geometrical condition
of the apparatus (the size of detector, collimator and etc.) was taken into account.

When the scattering angle was not large, the energy spectrum showed two main peaks:
the higher energy peak by single-scattered rays and the lower energy one by multiple-
scattered rays. It was found that the energy band of the higher peak was suitable for
thickness measurement of wall of vessel. It was also possible to detect mainly the rays
scattered from wall of vessel by some ways of geometrical arrangement of the apparatus.

It was shown that the geometrical arrangement to measure the wall-thickness by using
backscattered gamma-rays, could be evaluated from the viewpoint of the error caused

by presence of the liquid in vessel.

Hereby, judging from the experimental results,

the author could be decided the optimum geometrical arrangement.
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Fig.2 Calculated curves of relative inten-
sity of scattered ¢-rays vs. scattering

angle.
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Fig.3 General relation between intensity of
backscattered ry-rays and wall-thickness
of wvessel. where, ng; is the true
counting rate in case of no materials in
the vessel (or density of materials are
small) and »’ is the true counting rate
in case of the existing of materials in
the vessel (or density of materials are
large). 6 and o’; are standard
deviation from ns; and #n’ respectively.
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Experiments on Collisionless Shock Waves in Plasmas®

By

Yukio SAKAGAMI

Abstract—This report describes experimental observations of a shock wave propagating
through a collisionless magnetized plasma. The magnetized plasma was produced by a
linear z pinch discharge. A conical gun was used to drive it. A sharp shock front
appeared the thickness of which was 2 cm and smaller than the mean collision free path
of 8 cm. A magnetic mach number changed from 1 to 4. In a certain region of plasma
which was defined by initial number density, magnetic field intensity and gas atomic
number, a shock front had an oscillatory structure. This region seems to correspond to a
collisionless shock domain. In such a shock wave, dispersion propsties of magnetoacoustic
waves and collisionless turbulent dissipation of energy (turbulent heating) become
significant. A Rogowski probe detected the drift electrons flowing along the shock
front across the magnetic field. These electrons seem to excite two stream instabilities
developing to turbulence. Soft X-ray burst was caught by a Be-foil, CsI (T1) scintillator
and a phtomultiplier. This seems to endose the existence of turbulent heating process.

. wave moti n he most inter-
1. Introduction a otion are one of t o

esting problems in plasma physics, as well

The possible existence of shock waves as a heating mechanism in fusion research.

in high temperature collisionless plasmas We have performed experimental

depends upon the following three factors approaches to clarify the properties of

in a super-high velocity flow, a steepening collisionless shock waves. The method is
effect of a mnonlinearity, a dispersive to produce a shock wave parpendicular to

property of the wave and some collisionless a  magnetic field in a preionized

e e - .
dissipative mechanism. The balancing collisionless magnetized plasma by a super

of the first two effects, which is described Alfvénic disturbance from a plasma gun.?®

in Kortweg-de-Vrier equation produces a A main subject of this experiment is to

steady solitary wave. If non-collisional determine the shock structure in various

dissipation which is supposedl to come Alfvén mach numbers and to find the

.. A . a i . . s

from microinstabilities in plasm 18 responsible instabilities for shock

introduced, a characteristic profile of a .
formation.

steady flow begins to change and forms a
wave train which tends to a shock wave.
These energy conversion processes which 2. Experimental arraﬁgement
dissipate the energy of a flow to nonlinear

In usual shock wave experiments® * * ®,
*The content of this paper was presented
to ““3rd Conf. on Plasma Phys. and Thermo-
nuclear Research, Novosibirsk, USSR, CN-24 were adopted. But we contemplate to

/A-5 (1968)* have a rather long interaction region of

symetrical configurations of magnetic fields
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the waves by using a gun drive system.
A schematic diagram of the experimental
The

apparatus is shown in Fig. 1. inner

||||I

// <-Gas inlet

D

— S
\ ;//

Conical plasma gun Linear Zy pInCh
(8pF, 20kV) e E=——o (3.2pF,20kV}

—— e —

e ]

fe—n
Magnet
X5~ 35006) 10cm

Fig. 1 Schematic diagram of experimental
apparatus of gun drive experiment.

diameters of discharge tubes were 6.7 cm
and 17cm, and the length was 50cm. The
the field
The base
The

helium,

diameter of a magnet was 20cm,
of which was up to 3,500 gauss.
pressure was less than 5.0x107* torr.
working gases were hydrogen,
argon, nitrogen and air which were flowed
in a vessel under the pressure range 5x10°*
~1%x10"* torr. After a transverse magnefic
field was applied by an electromagnet, the
gas was ionized by a linear Z pinch
The current was up to 100 kA,

the duration of which was about 60 usec,

discharge.

the discharge energy was about 640 J, 20
kV, 3.2 pF. A quiet magnetoplasma can
be supplied as a working medium, the
electctron temperature of which was
changed by a time decay from the period
of preionization. The electron density n,
and degree of ionization @ were estimated
by the measurements of cut-off times of
microwave transmissions (three frequencies:
4 GHz, 10 GHz and 70 GHz).
temperature T, was measured by pulse

double

interferometer® and a method of spectral

The electron

electric probes, a mm wave

line intensity. The ion temperature T,
was estimated from a converging velocity

of the linear Z pinch measured by an

image converter camera and a doppler

width of radiation. Fig. 2 shows a typical

TiTe Linear Z-pinch
(eV) oL (Crﬁa)'l:: Afterglow ————»
1.0 - -
wd’
04 |10
011
12
14 1071
01~ 0
10" ; . . .
0 200 400 600 800
t(ps)
Fig. 2 Number density n, degree of

ionization ¢ aud temperatures Te,
T: of working plasma produced by
a linear z-pinch discharge in air and
hydrogen at initial pressure of 1.0%X
10-2 torr.

example of magneto-plasmas of the initial

pressure 1x10°? torr. In a case of air at
the onset of the afterglow, electron density
was 7.0x1.0*%/cm?®

almost fully ionized.

and the plasma was
The electron and
ion temperature were 15 eV. The electron
density and temperature decreased exponen-
tially with time constants of 100 psec and
10 psec respectively. The mean free path
of collision was 8 cm. The ion Larmor
radius at 3,500 gauss was 0.48 cm and the
The

scale of magneto-acoustic

electron radius was 2.9x107° cm.
characteristic
waves c/Il, was 6x1072 cm, where II, is
The
magnetic Raynolds number R» was 2.7x10°*
which

magnetic flux.

an electron plasma frequency.

a frozen condition of a

shows

As the mass of the working plasma atom
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was increased, from hydrogen, helium, air
to argon, the experimental conditions of
different Alfvén velocity were introduced.
In a region where the mean free path was
longer than the other characteristic length
of plasma, a super Alfvénic flow was
driven to perform a collisionless shock
wave experiment.

A conical gun was used to drive a shock
wave. The maximum current of a gun was
200 kA, the energy of discharge was 1.6
kJ, 20 kV, 8 pF. In a transverse magnetic
field, only a fast magneto-acoustic mode

can exist in stable.

8. Experimental results

and considerations

The propagation of magnetohydrodynamic

|
|

i
[Hs]
H Ha2 : 4x103 torr
Bi1= 450 G
701 Vv = 3.3x10%m/s
< piston
[}
c
‘a
1
N
&
k]
£ 0
=
wave front
54 T i 7 X
: -10 0 +10 rcmy
L
| : | |
11 1/ ! '
L—"1 ¥
1
1
)

sz =) NNV

Fig. 3 Time of flight of wave propagation
in hydrogen by gun drive and a
magnetic field distribution pattern.

disturbances was measured by a set of
movable four small
Fig. 3

behaviors of a wave front and a gun drive

magnetic probes.

shows the wave propagation

plasma. A typical propergation velocity v
was about 3~6x10° cm/sec in hydrogen
plasma of an initial pressure 4x10°* torr
under 450 gauss.

The magnetic mach number M, was
changed from 1 to 4 according to the
applied magnetic field intensity and also
to the density of plasmas.

The plasma light radiated at the instant
of arrival of shock front was observed by
a photomultiplier. The bremsstrahlung
gives an information of the plasma density.
From the data of magnetic probes and
light signals we can say that the magnetic
field and the plasma density have a jump

at a same time. In Fig. 4 the wave forms

magnet relative strength of Bs

1 23§ 4~probes

3rd probe 6

4ih probe

forms
magnetic probes in various mach
numbers in hydrogen plasma (the
after 50 ups of
z-discharges) initial pressure4x10-2
torr, 80 G / div., 10 ps / div.

Fig. 4 Wave measured by the

gun was driven

in hydrogen measured by the magnetic
probes are shown in various magnetic mach
numbers, where the probe positions are
indicated. The propagation of the fronts

and their deformation were observed. In
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the case of weak magnetic fields and also
at the first probe position the gun plasma
shows a diamagnetic response just after the
wave front. -

As for the formation of the shock waves,
the dispersion of magneto-acoustic waves
and the dissipation mechanism are
When the wavelength of these
c/Il,, the
dispersion property is responsible to retain
The shock

width of our experimental results was
about 30 c/Il.

important.
decreases to the order of

the steepening of the front.

In Fig. 5 we can see a

B:=0G, Mmn=3.6
77 3.3
106 3.1
185 2.6
265 2.3
350 2.0

Fig. 5 Oscillation of the front structure
in air plasma 130 G/div., 2 ws/div.,
initial pressure 1x10-2 torr.

particular oscillation which was introduced
just after the front of air plasma. The
width of the shock front was about 2 cm
which was smaller than the mean free path
At the
high magnetic mach number M.,>3, the

of collision in a range of M, <3.

wave front began to be broad and showed

a 2 steps structure. As the plasma becomes

collisionless, the cooperative motions of

the plasma predominate to excite the
oscillations, the frequency of which was
about electron-ion hybrid frequency. These
oscillations were not observed in the case
of collisional magnetohydrodynamic shock

waves. In Fig. 6, the region where the

Oscillatory structure

Bi(Gauss)

R(pg) )

Fig. 6 Observed oscillatory

region of
shock structure and collisionless
domain in three axes of plasma
pressure, magnetic field and atomic
number.

oscillatory structure was observed is

shown in a parameter volume composed
of three axes, initial gas pressure p,,
magnetic field B; and mass numebr of
atom A. This

to the collisionless shock domain, where

region almost corresponds

X plane indicates the condition M,,=1 and
Y plane shows the condition that the mean
free pash of collision equals to the ion
Larmor radius.

The collisionless dissipative processes are
very interest to study. There are many
proposed models which seem to be suitable
to describe the process in a weak shock
condition™ ® 9 19 But in high mach
number case, it remains unknown. We

have measured a current in front by a
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Rogowski probe, the diameter of which

was 1 ecm. Fig.7 is a current wave form

Fig. 7 Current in shock front by drift
electrons in hydrogen plasma, 1.0X
10-3 torr.. 1,600A/div., 2 pus/div.,
B,=350 G.

in hydrogen plasma which seems to be
due to the drift electrons crossing the
magnetic field in the surface of shock
front.

The after

corresponds to a reverse current which

coming positive signal
flows in a surface of a piston plasma.
Assuming the initial plasma density as 7X
10%/cm?®, the electron drift velocity is up
to 4.5%10° cm/sec which is larger than the
thermal electron velocity 2.6x10°%°cm/sec
at the temperature of 15eV. According
to a theory of two stream instability,
when the velocity of this drift electrons
exceeds the thermal velocity of electron
behind the front, the

introduced. The threshold magnetic mach

instability is
number of this instability? is given by
M, =1+ (3/8)(8znkT./B*) */°.
experiment of Fig. 7, the flow velocity
surpasses this threshold M,=1.26, B,=350

gauss and tends to be dissipative.

In our

To check the existence of beams in a
front, we used an ion sensitive probe'? .
As well known, if we put a surface of the
ion sensitive probe parallel to a magnetic

line of force, less energized electrons can
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not reach to a collector on account of a
small Larmor radius while the ions easily
get there to give the data of ion temper-
ature and density. In hydrogen plasma,
the surfcae of a probe, the diameter of
which was 10 mm, was set along the x
direction of shock propagation and parallel

or parpendicular to the line of force in y

direction as indicated in Fig. 8. These
Mz
(N %
Electron // ‘\ [_:—j
/t’“"‘ / hoo
P
- N\
v e / \1
F 4 50 / 50!
7/ \ =
/ N |
E‘—W‘- S S < ) v N
i SOTTOITITB0 50 of i s0cpay L
j 1 N - —
! A | V/
T I ee
N ‘lon beam I |
- ll 1,00 1‘ 100 $
B =550 Gauss : ll \ ,/ I~
\
20x107 torr 1 torr
Fig. 8 Directional beam distribution

properties in shock fronts measured
by an ion sensitive probe.

data show that the ion beam exists in the
z directjon and the energized electron
beam, about forty times larger than the
ion energy, was observed, the direction
of which was more divergent in a
collisionless case comparing to a collision
dominant pasma. This endorses a fact
that the electron beam is more quickly
randamized by two stream instability than
the collisional thermalization.

In helium plasma, a variation of electron
temperature across a shock front was
measured by the spectral line intensity
ratio of Hel 4713A and 4921A. The results

are shown in Fig. 9.
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Hel 4713 &

Hel 4921 &

Yukio SAKAGAMI

0246 810(ps)
Light signal

Te ,Linear Z pinch
(eV) Gun fire
60 -
40 1
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~
201 ~~eed
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time (ps)

Fig. 9(a) Electron temperature T, vs. time

estimated by line
Hel 4921A/Hel 4713A.  Initial
pressure was 5.0X10"%® torr in
helium. Initial field was 320 gauss.
Magnetic mach number was 1.5.

intensity ratio

Znlll5894
C 114890
Si 5740

—_——— S 15056
N Si 115042

E— He 14921

N 114811
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N 4640

He 14713

= He [14686 -
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0 114415
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Si V4089
C 114076
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Fig. 9(b) Spectrum in gun drive experiment.

The electrons were heated very rapidly
in a turbulent state. The growth rate of
the two stream instability, estimated from

a linear analysis'®, is Ymez= (m;/m,)*/° II,,

we got v =3x10'°/sec in the case of
hydrogen. Then we measured soft X-ray
from the shock front by a CsI (T1)

scintillator diameter of which was 45mm,
the thickness 3 mm covered by a Be plate,
thickness of 150 pgm. ln Fig. 10, the X-ray
burst in hydrogen plasma is shown when

the front arrived at a set position of the

Fig. 10 Soft X-ray bust from shock wave
in hydrogen plasma, 1.0%x10°2 torr,
B, =300 gauss, 10 ps/div.

This indicated the existence of
The two

surface

detector.
a few keV electrons in plasma.
stream instability in the front
seems to be responsible to the turbulent

dissipation of collisionlees plasma.

4. Conclusions

By using a gun drive system in order to

have a rather long interaction region,
collisionless shock waves were investigated
in detail. In a region of magnetic mach
number 1~4, we ascertained the simultan-
eous jamps of magnetic field and density
In this case we often

The rise of

in a shock front.

noticed oscillations in front.
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the

magnetic mach number about 2. Minimum

front seems to be steepest at the
width of the shock fronts was 2 cm.

The dissipative mechanism of two stream
instability was supposed to be a main
process for shock formation in our case.

The drift in the
observed by a Rogowski probe and an ion

electrons front were
sensitive probe.

Soft X-ray burst indicates a turbulent
heating of electron up to a few keV.

The dissipative mechanism caused by
the ion acoustic and decay instabilities

are still in study.
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Optronic Parallel Type A-D Converter

Haruo TAKAHASHI

Synopsis—This paper describes about an optronic parallel type A-D converter constructed
with photo PNPN switches and electroluminescent cells.

A study is composed of two contents; 1) the characteristics of photo PNPN switch
and 2) the application of the element to design the optronic parallel type A-D converter
and the D-A converter for decoding the light digital output of the A-D converter.

Introduction

The analog-to-digital converter (abbre-
viated as A-D converter) is, in general,
classified into two types;

1) A-D conversion is accomplished by
purely electrical means as the input analog
quantity has been converted to the
electrical quantity,

2) A-D conversion is accomplished by
purely physical means without converting
the input analog quantity to the electrical
one.

In this paper a new type A-D converter
optronic circuits

is presented using

combined with two elements, that is,
photo PNPN switch and electroluminescent
cell.

The optronic conversion method described
in this paper is different from above two
type conversion methods with respect to
that this new converter can convert
the light beam analog input to the light

beam digital output. In this optronic

Portions of this paper were printed in The
Technology Reports of OSAKA City Univer-
sity, (1966)

converter, the comparator is simply
constructed with the utilization of linearity
of the breakover-voltage of photo PNPN
switch and its performance is decided by
the deley circuit.

Then the circuit construction of this
converter is very simple and the minimiza-
tion and integration of it is possible.

In this paper, the performance of the
optronic parallel type A-D converter, its
construction and design method are
described and several experimental results
obtained from three digit optronic parallel
type A-D converter are discussed.

Further, the possibility of constructing
the optronic digital-to-analog converter
(abbreviated as D-A converter in the
following) using photo PNPN switch is
briefly

discussed and its principle is

presented.

Principle

The breakover-voltage of photo PNPN
switch decreases linearly corresponding to
the increase of light analog input intensity.

Photo PNPN to be

conductive when this breakover-voltage is

switch becomes
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larger than the reference voltage
corresponding to the quantization level,
and so photo PNPN switch will be able
to compare the light analog input intensity
with the reference voltage level. The A-D
converter presented in this paper is
constructed according to this characteris-
tics of photo PNPN switch.

For convenience in explanation, the
characteristics of photo PNPN switch is
explained briefly, and then the operation
of the three digits, parallel type A-D

converter is illustrated.

As is well known, photo PNPN switch
is two-terminal element and becomes to be
conductive upon the incidence of light
under the condition that the foward
voltage is applied, that is, the light input
corresponds to the gate current of SCR.
The sensitivity of photo PNPN switch for
light intensity depends upon the generation
of the photo current which corresponds to
the gate current of SCR, and therefore the
conduction of photo PNPN switch will
happen when the light analog input
exceeds the level enough to produce the
photo current to break-down photo PNPN

switch.

The current-voltage characteristics of
photo PNPN switch resembles to that of
SCR as shown in Fig. 1(a). In Fig. 1(b),
the voltage at the point a is called the
breakover-voltage, and photo PNPN switch
becomes to be conductive only when the
supplied voltage is higher than this
breakover-voltage, and the voltage at the
point b is called the conductive holding
voltage and photo PNPN switch becomes
to be cut-off when the voltage across
photo PNPN switch is lower than this

conductive holding voltage.

Fig.1(a) Photograph of current—breakover-
voltage characteristics

current

breakover : voltage

Fig.1(b) Current—breakover-voltage
characteristics

160}
140 N

120F '\

/
/

breakover voltage { V )
S

EN
Nno

W

L L L L L

2 4 6 8 10
light analog input

Fig.1(c) Light input—breakover-voltage
characteristics

Fig. 1 Characteristics of photo PNPN
switch
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Fig. 1 (b) shows the same charactristics
of photo PNPN switch changing the light
analog intensity as a parameter.

Fig.1 (¢) shows the relationship between
the light analog input and the breakover-
voltage of photo PNPN switch. It will be
easily understood in Fig. 1 (¢) that the
breakover-voltage decreases linearly with
Then
the light analog input corresponds one to

the increase of light analog input.

one with the breakover-voltage, and so
the light quantity of light input will be
converted to the electrical quantity of the
Fig. 2 illustrates the
block diagram of the optronic parallel

breakover-voltage.

type A-D converter constructed by utilizing
the relation of the light analog input and
the breakover-voltage of photo PNPN
switch.

Fig. 2 Block diagram of Optronic Parallel
type A-D Converter

We will explain the description of the
operation principle of this A-D converter.
The deley circuit ignored its transfer loss
is to let operation state the photo PNPN
switches succesively from the higher order
digit to the lower order one.

Suppose the voltage V, across the
resistor R, when the only one photo PNPN
switch is conductive and other switches
are cut-off.

In this condition, the voltage between A;

and B; becomes to (Vo— V).

When the exciting pulse voltage V,
arrives at the point A; progressing to the
direction of An, An_;,--Aj,---A,, the voltage
V; appearing between A; and B;, in the
case of R, «R,, R,,---R,, is given by

Vf= Z deok

di=1
dr=0

where for D; is conductive

for D is nonconductive.

Of course, D, must satisfy the condition
of n>k>j.

In the condition that the light analog
incident to each photo PNPN
when the

input is
switches, breakover-voltage
corresponding to the reference level of the
light analog input of photo PNPN switch
is equal or small against the reference
photo PNPN switch

corresponping to the bit will be

voltage level V,,

conductive.

The electricity-to-light conversion
element connected to photo PNPN switch,
for example, EL becomes to conduct to the
pulse source voltage and emitts the light.
Then EL shows the digit is *'1” in the
binary number.

Otherwise EL connected to photo PNPN
switch of which the breakover-voltage
corresponding to the reference level of the
light analog input is high rather than the
reference voltage level, does not contact
to the source voltage, and therefore does
not emit the light and shows ‘O’ in the
digit corresponding to that photo PNPN
switch.

As described above, the light output
from EL shows the digital code in the

derived from the light
Once photo PNPN switch
holds the

conductive condition after taking away

binary number
analog input.

becomes to be conductive, it
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the light analog input as is similar to
SCR, and then it cannot return to the
cut-off condition without removing the
applied voltage or bringing down the
terminal voltage to the holding voltage of
photo PNPN switch. Therefore we employ
the pulse voltage as the driving source in
order to return photo PNPN switch to
the cut-off condition, that is, this A-D
converter performs in the positive half
cycle of driving pulse, and becomes to
reset in the following negative half cycle
of the pulse.

We illustrate, in Fig. 3, the practical
type A-D

converter constructed by utilizing the

three bits optronic parallel

relation of the light analog input and the
breakover-voltage of photo PNPN switch.

R, A

D,
Vo ~y Ay
EL,
Ry R.
B

Fig. 3 Connection diagram of Optronic

D:
~y

D,
EL. EL,
R,

Parallel type A-D Converter

In Fig.3, D,, D, and D, show photo PNPN
switches used as the light-to-electricity
conversion elements, and EL,, EL, and EL,
show the electroluminescent cells used as
the electricity-to-light conversion elements.
Resistors R,, R, and R, provide current
limit to D,, D, and D,
resistor R, sets up the reference voltage
level at the point A in Fig. 3 by the
current through R,, R, and R,. EL,, EL,
to D, D, and D,

respectively and

and EL, connected

respectively emit or do not emit the light
corresponding to the condition that photo
PNPN switches conductive or nonconduc-
tive respectively and therefore each EL
indicates *‘1”’ or ‘0"’ in the binary number
at the digit corresponding to the condition
of photo PNPN switch.

The deley circuit is not shown in Fig.3,
because the time constant circuit is
constructed with load resistor R of photo
PNPN switch and capacitor C of EL.
This timing circuit decides the order of
the performance of D,, D, and D,, and
therefore this timing circuit operates as
the deley circuit in Fig. 2.

We will describe briefly the principle of
the performing process of this timing

circuit.

deley time (1)
(c)

Fig. 4 Inditial of RC timing

circuit

response

Fig. 4 (a) shows the one digit part of
the circuit in Fig. 3, and Fig. 4 (b) shows
Fig. 4 (b),
resistor r is the internal resistance of
photo PNPN switch, ¢ is the

capacitance of it, C is the capacitance of

the equivalent circuit. In

stray

EL including the stray capacitance of load
resistor R.  When the step voltage E is
applied to this circuit, the voltage V(¢)

across resistor becomes to

VO=E{rig
re—RC r+R
TE+R)(e+C) *PT TR(c+0) ‘} &)
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Fig. 4 (¢) shows the inditial response of
V).
fixed in the range of

If the breakover-voltage Vo is

V(t)t=o <Von< V(t)t=ooy . (2)

photo PNPN switch will be conductive
after the time interval r from the start of
the supplying voltage E as shown in

Fig. 4 (¢).

V(#).0 and V(#)(.., are calculated from
Eq. ) as
CE

MOL vy @
_ rR
MO

Then this timing circuit is equivalent to
the deley circuit as shown in Fig. 2.

In Fig. 3, if the time constant of each
timing circuit is chosen as
C:R,<C;R,<C,R,,

PNPN switches D,, D, and D,
become always to operate in the order of
D,—»D,-»D,.

Fig. 5 (a) shows the characteristics of

photo

the relation between time constant and

deley time, and Fig. 5 (b) shows the
161
14t C=1,150pF | 800pF
~ 12} /
2
- 10F R
= 8 /

g o / / 500pF
- K /-
ar // /,/'

L 7 ’ S -

2 .,.//_/ -

T0 20 40 60 80 T00 120 140

resistance (Q)

(a)

Fig. 5 (a) Dependence of deley time upon
RC of the comparator using photo
PNPN switches

characteristics of the dependence of deley

time wupon the light input of the
comparator.
14}
12f
3 10-\\
g g \
I AN
I NG
~—
2t S e——
0 A

o5 5 4 5 6 7

light analog mput
(b)

Fig. 5 (b) Dependece of RC time constant

Operation process

Fig. 6 shows the relationship of the

voltage between A and B in Fig. 3, the
light digital output, and the light analog
input. We will try to describe the
performing process of this A-D converter
by making use of Fig. 6.

o010 o1t 100 101 110 1M
Vo

Vi Var
VoV

Vn-‘Vol'Vuz r ——\c\ \ n

VorVos { -

| KA

‘\/

breakover=voltage

I 2 L ) !

1 2 3 4

ok

light analog input

Fig. 6 Explanation of the performance of
the A-D converter
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In Fig.6, lines I, m and »n show the
characteristics of the light analog input
and the breakover-voltage Vi,on, Vaon and
Vion of D,, D, and D, respectively.

We will start with the case of no light
The relation of the
breakover-voltage of D,, D, and D, is, as

analog input.

shown in Fig.6, given by
V1,07L<v2,0n<v3’0n (4)

When the light analog input is applied to
D,, D, and D, the breakover-voltage Vo
of D, decreases and then the condition
expressed in Eq. (4) changes the condition

of
V;,onSVo<V2,an<V3,on (5)
Therefore, at the point a in Fig.6, that is,

Vim=V, to be

conductive.

is satisfied, D, becomes

V, is the voltage at the point A in Fig.3,
when all photo PNPN switches D,, D, and
D, are the cut-off conditions.

When D,
through D, causes the voltage supplied to
D, and D, making V,, lower from V,, that
is, the voltage (V,—V,,) at the point A in
Fig. 3 becomes to be supplied to D, and
D,. In this case, photo PNPN switch D,

becomes only to be conductive, and so the

is conductive, the current

output [001] is given in binary number.

When the light analog input increases
slightly, the breakover-voltages of D,, D,
and D, decrease from the condition given
in Eq.(5) to the condition of

V.00 < V00 < Vo< Vy,0n (6)

The source voltage is supplied in the
order of D, » D, - D,, according to the
performance of CR timing circuit as
Then D, at the first

place, will be conductive at the point ¢

discussed above.

in Fig. 6 where V,,.,,=V, is satisfied, and
therefore EL, emitts the light and shows
the digit is *‘1”” in binary number. The
current through D, contributes the voltage
V, across resistor R,, and the voltage at
the point A becomes to (Vo—V.,). This
voltage indicated at the point d in Fig. 6
is smaller than the breakover-voltage of
D, corresponding to this value of the light
analog input, and then D, cannot be made
to be conductive and EL, does not emit
the light.

to be conductive.

In this case, D, becomes only
Hence this value of the
light analog input is converted to binary
code [010].

The breakover-voltages of D,, D, and D,
decrease together with increasing of the
light analog input till the condition in

which the next equation is satisfied
VI,OnSVO_V2)0n<V0<V3,On (7)

D, becomes at first to be conductive by
the operation of the timing circuit, and
the voltage at the point A becomes to (V,—
Vo).
from the relation of Eq. (7), and so D,
In this

case, both D, and D, become to be conduc-

This voltage is larger than V..
becomes to be conductive, too.

tive, and the voltage at the point A becomes
to (Vo—Vo—Vo,). This
analog input is converted to binary code
fo11].

The increase in the light analog input

value of the

changes the condition satisfied with Eq.
(7) to the condition of

V1,0n<V2,on<V5,on£Vo (8)

by similar process described above. D,
becomes at first to be conductive by the
timing circuit, and the voltage drop A
across resistor R, changes the voltage at
the point A to (Vo—V,,). In this case,
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this voltage is smaller than the breakover-
voltage V,,on and V,,on of D, and D, respec-
tively corresponding to this light analog
input, and therefore neither D, nor D, can
Hence binary
code [100] is given by this value of the
The process of A-D
repeated in the

be made to be conductive.

light analog input.
conversion is similar
manner with the increase of the 1ight‘h
analog input as discussed above.

We will arrange in Table. 1 the relation-
ship of light digital codes and breakover-
voltages of D,, D, and D, corresponding
to intensity values of the light analog
input in order to make easily understand
the process of input-output characteristics
of the three bits optronic parallel type

A-D converter.

D, D: D,
000 Vi on>Vo Vo on>Vo Vi, on>Vo
001 Vi on<Vo Vi, on>Vo Vi, n>Ve
010 Vieon>Vo = Vor Vi on<lVo Vs on>Vo
101 Vison<Vo - Vo Vi, onlVo = Var Vi, en>Vo
100 Viyon>Vo=Va Vo on>Vo=Ves Vo onlVo
101 Vison<Vo - Vor Vs on>Vo ~ Var Vay on<Vo » Vor
110 Vion>VorVor=Va | Viyon<Vo+Va Vs, onVo = Voz
m Vison>Vo = Vor - Ves Vi, n<Vo = Vor = Vau Vi, on<lVo = Vor = Vs

Table. 1 Voltage condition of the A-D

converter
Fig. 7 shows the experimental result of

the relation of light analog input and light
digital output in this A-D converter.

110F

=
2 ok
b=l
[=]
@ 100f
-l
2
5 on%
=
® ook
001F
| 1 | — 1 1
00045726 30 40 B0 80 70 &0

light analog input

Fig. 7 Input-output  characteristics of
Optronic Parallel type A-D converter

Method of Design

We will try to calculate voltage drops
Vo, Vo, and V,, across resistor R, from
Fig. 6, when photo PNPN switches D,, D,
and D; become separately to be conductive
respectively. In Fig. 6, the lines I, m and
n give the relationship of the light analog
input and the breakover-voltages of photo
PNPN switch D,, D, and D, respectively.
These lines will take the same gradient
angle 6 to the vertical axis, and d will be
the quantization level for the light analog
Then the voltage drops Vo, Vo,
and V,, are written as follows

input.

Vo; tan 19 = d
Vo, tan 8 = 2d 9
V03 tan 0 = 4d
and therefore the relations of V,,, Vo, and
V. are given, from Eq.(9), by

2Vo, = Voz
Zvog Vog

(10)

i

On the other hand, we will calculate
Vois Vo, and Vo, from the circuit in Fig. 3

as follows
Vo =gV,
Voo =—RZ—1§-ORT'V° an
Ve =g Vo

where we neglect the foward resistance of
photo PNPN switch.

In the case of R, € R,, R;, R, Eq. (11)
is expressed as
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_Re
V01 - R; Va

_ R
Voz = R2 Vo (12)
Vo, = g: v,

From Eq. (10) and Eq. (12), we obtain
the relation of resistance R,, R, and R, as

follows
Rg = *'Ell— RI
(13)
R, = 2—1 R,

Eq.(13) gives the relation of resistance in
the case of three bits A-D converter,
however, in general case, the relation of

resistors is expressed as

(n=1, 2....n)

and the voltage drop Vu(i=1,2...n) across
resistor R, is given by

R.V,

R (14)
Ro+ a5

VoL' =

In the case of R>R,, Eq.(14) shows that
Vo: becomes to be the voltage corresponding
to the binary number, and therefore we
can construct the decoder making use of
that will be

discussed at the next section.

Eq. (14) by process as

Optronic D-A converter

The optronic D-A converter can be
constructed according to the principle
of the load resistance type D-A converter.

The three digits optronic D-A converter
is shown in Fig. 8. This circuit is the
same optronic circuit as the optronic A-D

converter.

D, D, D,
~y ~ -~
@™ :
Re

[

o

/22 R/a R/20

Fig. 8 Connection diagram of Optronic
Parallel type D-A converter

The light code input emitted from the
optronic A-D converter is applied on photo
PNPN switches of each digits, and resistors
connected to each photo PNPN switches
are weighted resistors corresponding to
the weights of each digits. The analog
output voltage e, across the resistor R; is

given by

as is the same form in Eq.(14).
¢, becomes the linear function of the
analog output corresponding to the binary
code only when the condition of

R€ gz
is satisfied.

Fig. 9 shows the experimental result of
the relationship of digital code and analog
voltage output. It is clear in Fig. 9 that
each quantization level are not equal,
when resistance R, is in order of (1/10)
R so that the condition of R; € R is not

completely satisfied in this D-A converter.
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Fig. 9 Input-output characteristics of

Optronic Parallel type D-A
converter
Conclusion

The principle of the optronic paraliel
type A-D

construction are

converter and its circuit
described, and its
characteristics are clarified both
experimentally and theoretically.

Several advantages of this converter are
mentioned in the following.

(1) The optical elements, photo PNPN
switch and EL, in the present converter
are electrically insulated from each other.
The information from output of a stage
to input of next stage is transmitted
by means of light coupling. Since this
transmission is one-directional, electrical
conditions at output do not affect to those
Also mutual

at input of next stage.

interaction between lights can easily be

avoided, and then we do not need to
consider  additional problems such
as impedance matching and mutual

interference at high frequency which occur
in transistor circuits.
(2) This A-D

constructed with a few elements, for the

converter can be

comparator in this A-D converter is simply

constructed with the utilization of the
relation between the breakvoer-voltage
and the light analog input of photo PNPN
switch.

(3) EL will be

semi-coductor

replaced  with

laser by modifying the
optronic circuit. If semi-conductor laser of
which response time is the order of about
10ns will be used as the electricity-to-light
conversion element, the conversion time of
this A-D converter is limited with the
response time of photo PNPN switch.

The rise and fall time is about 0.5us of
photo PNPN switch in this converter, and
therefore N digits A-D converter needs
conversion time of about 0.5(N+1)us.

(4) If the light-to-electricity conversion
high
characteristics will be replaced with photo
PNPN switch, this A-D converter will be
able to be used as the high

code-modulation circuit for light communi-

element of the speed switching

speed

cation system.

Acknowledgement

The auther wishes to thank Professor

Y. Kitahama and Lecture H. Kayano,

Osaka City University for discussions and
valuable suggestions during the course of
this work.

References

Y. Kitahama, H. Kayano and H.Takahashi:

1) 1965 Convention Record of I. E. E. of
Japan, No.1824, April 1965. (In Japanese)

2) 1965 Convention Record of I. E. C. E. of
Japan, NO. S8-11, October 1965. (In
Japanese)

3) 1966 convention Record of I. E. E. of
Japan, NO.1379, April 1966. (In Japanese)

4) 1966 Convention Record of I. E. C. E. of
Japan, NO.694, October 1966. (In Japanese)

5) J.I.E.E,Japan, 86, NO.928, January 1966.
(In Japanese)






<4 7 oRICKBNET 7 X< EDOHE

B’ H

%K —_

Measurement of a Small Radius Plasma Column

with Microwave Techniques

Hirokazu NARITA

Abstract-Various investigations about diffusion and instability in positive column have

been sought by many authors.

However, for the plasma in which the mean free path of

particles is larger than the radius of a discharge tube and its gas pressure is relatively
high (10-2~1 Torr), no report has been received up to present.
The author takes up such-like plasma especially and measures its physical parameters

using microwave techniques.

The diagnostic technique used here is owing to the microwave impedance method which
is appropriate to plasma having high density relatively.
In this paper, the method mentioned above is simplified to facilitate a treatment of

measuring results.

A discharge tube is built similarly to the form which has been developed by Singh &

Rowe and is filled with argon gas.

From the experimental results it is clear that the electron density of plasma varies
logarithmically with both discharge current and gas pressure, but that the collision
frequency of electron holds a constant in spite of the change of discharge current. The

values of experimental results shows a good agreement with theoretical ones.

Moreover,

several interesting phenomenon are observed by experiments.
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‘The Moon and Sixzpence’ and W.S. Maugham’s Yearnings

Hirosuke KASHIWABARA
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3 TAEO®] ( Of Human Bondage, 1915 )
PEBNEOLET, ERELVTORBIIRS 2L
29, UL LZORREABETRI, FROBH2
HbZghidizd 2 -7,

T— AP — e T—F 5 v (Paul Gauguin) %
Ml T2 DIX19044E, 78 DE 28+ RIUEATNIIE
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It was then that I became aware of Cézanne,
van Gogh and Gauguin. Cézanne was by far
the greater artist, but Gauguin has a singular
appeal to the man of letters. Though I do not
now so much admire his pictures I still see
how much there is in them to excite the literary

imagination. (The Selected Novels of W.S.

Maugham, Vol. 2, Preface)
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At last I had the opportunity to go to Tahiti

1. John Brophy: Somerset Maugham (Supplement to British Book News, No.22)

2. The Summing Up, 53
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and with the novel that had occupied my
reveries off and on for so long I went there
with the definite intention of finding out
whatever else I could of Gauguin’s life. I
came across a number of persons who had been
more or less closely connected with him. They
were very ready to talk. Presently I found
myself as ready to write the novel I had so
long contemplated as one can be before one sits

down to, set pen to paper. (ibid.)
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3. A Writer’s Notebook, 1917

4. Richard Cordell: Somerset Maugham, Three Autobiographical Novels,

Sixzpence’

‘The Moon and

5. The Moon and Sizpence ch. VI, p. 17 (The Selected Novels, Vol. Two, Heinemann)

6. id. ch. I,p.4
7. id. ch.VII,p.18
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FdBitantze y FOBRESEERE- T, X8
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I am attached to England, but I bhave never
I have

To me

felt myself very much at home there.
always been shy with English people.
England has been a country where I had
obligations that I did not want to fulfil and
responsibilities that irked me. I have never
felt entirely myself till I had put at least the
Channel between my native country and me.
Some fortunate persons find freedom in their
own minds; I, with less spiritual power than
they, find it in travel.(28)

FMEERICEEIZ S > TV AORY, EE
TEWEERSRIE T Eidsn, FAZEREAE—
HITE, LOABTEITTEIDI 5, RALEST
HEEB, BURL A R0ERP, AT AEE
DOHIETH T, AP &34 F ) RPIR B
EEFAOITEL £ T, THTT -2 hBHFZ2E
DRUIEEL AL EIITA LD o1z BXEROD
OO EMRE RETEEAEN N B, Fhid, &
213 ¥ OEBAOBIZODT, ZhEPERCEBETOT
Hbo

AT, HAMNRAEELADIIYE, HIVIEER
LT, fAhicE&bhict 3 KIERYT 330LEI3,
— A DR R BVERITEREAT, WEL, WELEET
3. RBROARATHEI LS HHETHS 3, L
TH2zOEOORAR, RsBBELEZOLDLD
LirLa, ABMRS -7, L T BEREDOABICA
SN2 ANHEORTEITH - 2o AL ‘incalcula-
ble’ 17& %>, ‘impenetrable’ 17&d, T— s 30O
DL 3L bETH, Lo iz Ro ANEBROE
AN ST,

ISEUTIE THERRVAR] OBECHOERTH 3
BENSR TABOR) iwh, Y TROBER2L TV
BEEDHRNAY » 25 5 b ( Clutton ) ¥EHT
2, A b=V —OFHEREEBRIEIZL, =EV-F
i ¥, EARX7 + Y v 7 (Philip ) ORER
RobORBEREACEREITHS, 75y P ik
RABTHIBIEDNZLLA32H %M, HDORD
ZEICIIBETH 5, HYDRITTT 5, fADOHFD
BifrLzw, HoTB2EET 30, LbiKiksh
RNOOROETH 5B, bR, Tedr v ARETRAN
4 VETHEN, Y25RY RPN FLaDeR
T 30 A4 wid, BE=LDENOEMTH 2L,
D2 ADEHFETIE, T-sB8HECERLEHELTH
2o TS5ICh, 259 hitHT 2 E— LOBEHE SR
LEBTEMBHFKL I,

740y TREENELTEZOMBERD 50, A
Ulgh kD R OMERBKUIR, 75 b
BBEHELUTWI, £2ELTE, BORD 5 40O
BohnEORBRIGEL, NYOREEEEL L TR
HUTHSE, 24 rOILEOH I 20T, MOEFL
TWBEEDLETH»1z. 2O, URIKRTHITEA
HWOLEBVITT WA Th -1, °

8. id. ch. LVI, p.172

9. Of Human Bondage, ch.65 (Modern Library Edition)
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*“The only reason that one paints is that one
can’t help it. It’s a function like any of the
other functions of the body, only comparatively
few people have got it. One paints for oneself:
otherwise one would commit suicide.” (Of

Human Bondage, ch. 50 )

Me®bh{ @i, BTV shnEnd
e L, #hizEo, fBorOBELLELT
L5, 1->0MEBZTAIS, ItyHENZN2E
TVBARPVALZD R, BRIZBSTOTIDIZHL B
DIsATI, Z5TRiT Y », HRTBZIZA 5,
COEEE, Z0FST—Fr, IBIWEAMY v

77 ROEERXHBPTEIDTH 5,

79y NoRBIETT, URITY 2 =2-~Tx-18
D&%, 74y TIRBWHITE, ZOBERNAD
BOHRBTH »1d, BERET 2R TO>RHL, 7V ¥
=—TRPEXEDI, &b, SFEITHORET,
ZUTEE 2 e FRBNHFET 5, 2°

ZL{ALTH 2, LONPRT—-F ¥ ThHDH, 356
AP 2 I FIZEATHEBIZSNTHS D, b
SHUBAE, E—-aWFRMIUTRAL S LT 5
B, TTETEIDPS A" Th-l. ULbLITODEE
2, 759 b ESTH-12L5IT, 249 v 7FHIL
E-LTRER?ELTHENTN S,

735y b UBRRL NI LB ORI, T
Yo PizPBNTEE R, BRI Ds 5y b EBY
BOERFRENBLETH ST,

He was interested in the human side of that
struggle to express something which was so
obscure in the man’s mind that he was become
morbid and querulous. Philip felt vaguely
that he was himself in the same case, but
with him it was the conduct of his life as a
whole that perplexed him. That was his
means of self-expression, and what he must

do with it was not clear. (id. ch.65)

% (74997 2, ROTERY 5135138
ZOB (/99 bY) OLORATEALH LTS

AY»2ERBRL 25 LT3 20ERD, ABNZEH
CHBE R > Tz, 749 » 712, BYEELR
Bita ad, RoBE, HrkEdor, &Ll
TOBESONEIRE T 21787, LEREHLR
Utz ZhDEOHCEBROFRTH 12U, 241
BESULRTNERLZWHENS L & 3BERTS
MPoize

LD7 49 o 70BEIR, B3EBDOT-2HEOOE
Th->T, BRIAFTEROANED 2 - 2ED I E
Eal, BMRERTH 5 L0 5 12 Cl’, AERRKR
IWHES B IDIRARED TRV, BORIE, £XT
WD IR ODRE LBRY¥D D70, 20T %
OHBERTHEAR D BRZESIH 2 LIV ER -1,
ZDIHIC, SDPHL & 2HOANEQOTEREE LI
OCHB, 1!
ANEOBKRERD TENT 2L, 25 kAT
DIEFRZELR, T—-Frrith, >2LBOLORE
HLT, HOBTLEGLLLDZ2DLNIIOTHS 5,
TABOH] B2t e B BBc-o T, -4
BIRD L 5 RB-T 5,

I was but just firmly established as a popular
playwright when I began to be obsessed by
the teeming memories of my past life. The
loss of my mother and then the break-up of
my home, the wretchedness of my first years
at school for which my French childhood had
so ill-prepared me and which my stammering
made so difficult, the delight of those easy,
monotonous and exciting days in Heidelberg,
when I first entered upon the intellectual
life, the irksomeness of my few years at the
hospital and the thrill of London; it all came
back to me so pressingly, in my sleep, on my
walks, when I was rehearsing plays, when I
was at a party, it became such a burden to
me that I made up my mind that I could
only regain my peace by writing it all down
in the form of a novel. (The Summing Up,
51)

WATRVER & LT U-mh & Lictib a8l
D> h OB 5 123, FAREE LB Bk OO HIK
WHEDPNS LD RIE 5. FEDFE, 2005 DK

10. id. ch.50
11. The Summing Up,15
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REDRE, 75 Ay 2hERRSEYZNIT

2% E LT s oT, FUTERRADE

BLDRERTALIbDER Tz, ERITHIT B

BEHOBEMDOBY &, VD TRNZAEBRA

STEED, HONA FARNVT BT 25887, B

iz, Z U TRIBICHDL 182 DY, FRRICKT

AREMDBEI, e FVDR YA, TH0SI

LOWET, BoTWARKIRS, HFOTWIRIITH

ZREOYN—FIVORIE, F18—-F 4 — DRI

b, U ZRDODCER - THRT, BiTE - TR

AREREZSIDT, ZheETNROERXTHE

XEB AL EREI>TAD TOLORERPIIETC

EHHED EDICERD I,

18975, v Y 7 TRULF—~DPR A7 1 —T
7Y —OEHNSE) (The Artistic Temper-
ament of Stephen Carey ) %B;mNTLFE, 19128
iz TABOSE] ot s b, 1914F B, BEH
RANBXES12H5, ZOREOLOREITH > TV
BidHIHINT, E—2RBHENVVADERT 2K -
7o BIRABOSHT, YRHIK R SRR
S 1zd8, ®T— AHBOMUIEMMH NI ZLTL
DT EH TABEDR) oz TREARYR] &&F
BERTHAZRILV. MY v 25 FOERR, -
LDEMEDEOD, T FaY 4 X LIZEDTHD,
LTiTELY “HY 28 HLIDTH 3,

WD UM - T, B THR I NIz TBBRR] (The
Explorer, 1908) & TEEEH) (The Magician,
1908) ITH%2M®LTH LS,

WMEVE TS5 v RADF4¥] (Liza of Lambeth,
1897 ) % T TARI O] KBS T TOE— & D/
iz, WHhORNELNIRELORRAYUS LV, [P
PvFe7 oSl TE—LHEY, BEDOE D, H
BOBHERE L TOMBZREL DD 1 2DFHREL
T 2 PRBBNIC L ERHEEHLTOSH, TR
Bl & TEEHEEG] b, E—ARBOLTRHR OFE R
Th b, [EHM] Ciz-Tid, BROBHIHL S
BiLd. ULbLZOHI TREARVR] ETHRED
{, mwr7q 2 ERMEDLNB,

[52R2D54¥] CTHRBERLUIEDE— 412
EgEELTRAT L5 Vv NADOEFL2RET 2BR%
BT, 2088 EICLT, HEOFTETY 7T
SURZDAZ BHEH LT, BRBITKE 51 FOL,

ZD54 FORERTFHALD, EefL o RBae
HBREIEE—"y b DDTHH, BROEES
EHEST, VP UXADEEE VST L. LB L
ZzDEMAE, Z0O%, BEPDEDIL, FITRBONTH
7 = ARBRP AT 4 —EPHThH oz, T &Y
MEDNRY BT ZHEALT Y U NUEER, BxBoe—
LDpuvrF 4 X LDFERBEHL, MWIEU, [E
WEED Tz, B6 I O EESERICE %
w, BB OERELZLT 3,

MEmxl] oeng v, w—v— (Lucy ) ORI
NTEAR, FrvIHoE—~ vy~ (Alexan-
der Mackenzie ) i3, SERLIDL, HRIARKEIL
t, BHd377 ) vBRERTH 3, RENLED
6 Tidel, RZEEDLEREIS L O~DEND D,
77 hITH»IT B,

He felt a singular exhilaration when the
desert was spread out before his eyes, and
capacities which he had not suspected in
himself awoke in him. He had never thought
himself an ambitious man, but ambition seized
him. He had never imagined himself subject
to poetic emotion, but all at once a feeling of
the poetry of an ‘adventurous life welled up
And though he had looked upon
of his Scottish

common sense, an irresistible desire of the

within him.

romance with the scorn

romantic surged upon him, like the waves of
some unknown, mystical sea. (The Explorer,
pp-33-4 : The Collected Edition, Heinemann)

WELIRANCILD - 10H, RIFPICRRIzRI
BT, 2UTENECHRRH AR E LIZE-
T AR TEPHEOERBED 12, #id,
ZRNETCHIDPBORIIRELRB-T AL
Tohs, ZORBOLBEDORRMAT., HIZBEIHFH
BT DT e, —Ei oz i
h o oD, EWMEUTERIHD ERBDRN
IZRRIED, BOBRIEHEI b, ZFL TR
2, OR3 9 b5 FNBHBOBEOSE2 - T
HTWIZDI, s F 1 v 2ixd DTy 3R
HOFED, &hd3REITL THENLBOMK
oW, HRIFLEFRIIDOTH %,

12. id.51
13. id.44
14. id.32
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FlLo2id, ToZ A7 x— FARERPHINS, EE
Ot -2 pdteC 2B, TAD Y TICFICH
DRI, KEBEOMBOEDCLEE-TLES, XH
HEo L Frof-133, BEIE, RTEREDLS
TANEDTH -1,

FVw 2QBAN—Y—b, TLy 7 REETIRE
i, BOBELARF L & LECERRZIRNTW, Z
UTZCIC#E S M, Bl EREhicEBE 2 o, £
UT, “BEbEEZb -7, HRRIELEOMOAE
ROEE, BrL Ll BerRIEAOELIR
VAR BT, S ADODIERICEONE S DRE 2 E
STWIEEL LS,

AEETBY BRDIEE, FROEALZHINIZHE%
W—v—it, FRT TV AREMTET LY ZIELT
¥, B2 bHELT, BRARTIENEM RIS, 7L
v 7 12RE%, BEE2EALABAONMERBE T TV
&, BIRMRICEALE > THRAIZDIZ LR DL, L
PUBIRT VY 7 b EFEMIGEVRAATIDTII & D
BOBZED, vV BELTELRT Ly 7 ITREIT
BRe b biny, BELEREOMGMEBES, LML
EEZHLDICTHE, V- —O0ECE 22T
o TU v/ BBRBITHUHERZTF -1, ZLTERTR2HK
T, E77 ) AL SBODE LTV y 703, 1D
R BEBLT, RAFT 497 EZ20ERE T

*Already I can hardly bear my impatience
when I think of the boundless country and
the enchanting freedom. Here one grows so
small, so mean; but in Africa everything is
built to a nobler standard. There the man is
really a man. There one knows what is will

and strength and courage.---’ (id. p.233)

TRUZVE, BB sEBH2858, & 58
FEPUIR2REHERLZVWEERZATT, TSR
BEABIZNEL, BUL 83, ICB7 7Y AT
e b b » EEHSRBRADYTESA TS
DT, 2T, AHREFYA-EZ 30T
o ZLTREEDIPERANEAZLDOTH S H
SFBDTT,]
ZUTILHMBRERT, T1v270FE L) 7K
Do

)

*---1 want to gain nothing.--- I love the sense

of power and the mastery.---’ (id. p.233)

[ FhzfafoFI 3 Brod iz, (FREE) Fhid

NBENEAETHDTT .

ABOLN T Vv 2 BBULBML, KT o2
U E 2> T BD, T—alTZZ I LICKREIREBL
WL ETHB, APV w75V FREBRBED VIR L
AT BN SRR > T, 7Yy 7id, H
b, BEE, BIT-~L20DBIEEELL NS
2, ITHICThLISRBUILAOL, TSTREA
DOF ¢+ vV OAREHT, ROL5 B LEAND,

‘I always said you were melodramatic. I
never heard anything so transpontine.” (id.

p.234)

TBRZRBULATVAE>TODRENE->TRY
A5, ZARBRIT AL nERIIEWT &N
i,

REO7V o7 Ev—v—OREETH, BERKAD%
5B L5 &Ta0—v—-CH/HLT, 7Ly s dbE
L Z2XZVORBERLE 5, EhPRTLV—v -3
L%,

‘You’ve been acting all the time I've been
here.

Do you think I did’t see it was unreal, when
you talked with such cynical indifference®

I know you well enough to tell when you're
hiding your real self behind a mask.’

(id. pp. 247-8)

[DIZLBTSITETHS, To&blzidsZ
BR2LTWDL, HTchdiz AL REENSHEE
D2ESTEERRDLDE ZNT, ZNFERHERN
KoTT e, DIUERGLBNETEREBNTR
B0, DOoBIIZY, TAZOEFLDER, KED
PTRELTNSG Lo 200535 HW0IE, &
BT ERFLETTVE28 h 3 b,

T L RIIMBCEBOREBIRe o F 1 X2 isd
DERELT, BRU=pAZ, HEEESTAIERYT
BELABH B, LbLIDOERBIKEST, Lrkir
£e

BRITVvy2EN—v—DO0RKBKEF2E, 7Ly I D
77y aiciEhs, kb haEei, BlEors
v EBR—EE LD, 2 AOWHRL D B2RURL TR
BDTH 5,

TRBRR] KW Tid, RS2 b 0TEh2 012t

15. The Explorer, ch. 1
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SREDY, BEEZ L 700 6ELNTVAY, M
P ESOLREATES 2V DERDTHISBED
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Brzgi, TEHRE] OEARTITr— Ny K
»  (Oliver Haddo) % @& IEY B» LI AYT
HBo o h 275 — FeHict, HROAHMERITL
TE b2, BBREPRD TV IRV TH -7 #
LTLDNED1DDEETH 220 RERBDbTOIE
¥, BELRE, KBRTEHIEE EMLE %2
NICHEPEPER LI CRET L 5 28R, AH2007
iz s i, 20 EHcBRoDByd -1, %
UTHL 25 ED sEROEMRE &L EROBZOHIE % &
ALT, EEMLLEGRZEANTCEY, HOoRBO
BWTH - 12,

**---Sometimes my mind is verily haunted by
the desire to see a lifeless substance move
under my spells, by the desire to be as God.”
(The Magician, p.85: The Collected Edition,
Heinemann)

TEAOZVED, ROBENTH» S - TH O
BPHINEVOIRE, MOMEEEEZHINED
SEEY, FCERRODCHETES T ED, B
iz 3 A1,

B &, SHNTERRKZEDY, BRAR
s 2 BEEICIZR EBDLT, 0o 5 EBIFOmE
WBETE Ny Kok, bV v I FEEETIRY
Ve Uidd, ZAbY o2 5 RBEFRRETILS I,
HAIMMADEBICECTEL BRI U, ELive—¥
Vv b ( Margaret ) OBR2H - T, HLDOBAT
»HIBHBRNBE 7 —¥— (Arthur) TEITahizD
PRIZED, BRI -Te—HLw b 2ERL, g
FTCLCT7—H—REHET S, IBK, 1A F) 2DV
FUrDIHFRT, v ALy hOEGLPEHITLT,
RESEYPOHEZLBELR, BREOHBECHAME -
12 ZUTHRIEAIID, FuFr Ao iEPRATEKT
BliExhiznil-12,

BEFD/S Y I 2 BERFEOMT TR ERRI I
LOTHAHM, v—Hry FORR—-—M, BT
Hh, PIXHBEMTAEKLZ L ORXNVFT ZOEBWICH B2E
LRIIRORE IR, PRVE—-LBFOBETEIH 1
DTN S 5 D5

Susie went to the shelves to which he vaguely

waved, and looked with a peculiar excitement
at the mysterious array. She ran her eyes along
the names. It seemed to her that she was
entering upon an unknown region of romance.
She felt like an adventurous princess who rode
on her palfrey into a forest of great bare
trees and mystic silences, where wan, unearthly

shapes pressed upon her way. (id. pp. 51-2)

A== RBEESHOEORFERB S TRUNER
DIINTo12e ZLTTS D LA TTHBICH B IC
EYoile, RECEE? b - T I, HEHF
BRBREL ¥, HLRIRADe v 20EIT
ADAATN A X S ITBbNt, ik, B
WER BT FIRBEN S, REZBROKRLE
WHAZERORORIT, RBKBEHIRIANS,
BRIFEOFERR -2 X5 850U 1T,

TERE] o7 vy 23, BRESOFERZBTIE
A, BAV— =TT 2BRIORIT, HERE
HBEEA 0, B °i, s-2i3 v Fo %
FEARNTERKKSERENOAR L LTV, LLE
DOEICEL, NEeXE, 2L THAZRD 28HK,
~LREOBEFELIIOTH 5,

AV w5, ZDENy ROOFEKRZD S,
ZOEEEIREE A MRZFXETHEALOTH 5
B, ZRHELAL-THIT, AMNY v 2 52 FOERKD
HEROBML IR 2, RiBLH I 20EROR
X, ABHBOARBHBIVE-2DRRLIIVWF -7 ThH
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LOHHT TREARYR] UBOVERICE2E L
&5, Wdh THEH2NE B0 D] (The Breadwin-
ner, 1930 ) & THITJOHA] (The Razor’'s Edge,
1944 ) 2EH R THIZN,

THEE 2N E e b DL 13, 2 OOFEDIRERT4
APB—HBIAL T, BEEMAZHHL, BFZD
RO THERB RPN TV A LLATHRES,
TS bVEOBBLEHESMD Y, FHOEER, B
FRUFSGOHBE LY 2R 5. 2 HKORTV IV
o kS, “HREFE Th 5HF » — b X (Charles
Battle) BHET s I LAZVENI 22— %
HLUTRENILELZE VWS —BWTH 5,

Ny PVEOEF » — VX RITHRBIRIZ - 1205, B
ErlVkw 3 it b El-TW3 5 LIEEL T

16. The Magician, A Fragment of Autobiography, Heinemann



98 faoR B &

LT BPIRTIZOTRBZVSEVIDTRE XK
3, [MEDPWERENZ ST ENIER2BAT—ED
UTWABFRN, Fo—VXWR-THEBDITH, itk
12, WECEEST 2RER2RD TV, 2L THFERZ
STHORBR2 D ADAITL 5 LHETIRERBRT
Wi 5, AMEFRETHEZBE - TEFDEEX T 25
AT, ZOHEBRITHLRELT, BHEPHTRYD
1ZDTH 5,

Ba 7 TEbNzaAF 4+ THBL, ALF~<
TH YL, THERR] © ENM) ok >DAN
ETAVBALNTV, FENIEERZRBZ L - TH-
TWAHLHCRLENG, i, R M) v 25 FOME
HOBIIBU LN, DD F v —VXBHRET
HEIMRRMEAT TR - 12 EREFLBTAIERS
BV, ZUT RIS TH BT, BAMIODERZE .
EEB-TEPRIDTCHAY, ZLREBL PELNRX b
Vo5 RODES, DWERZCEHHELS,

F o= VX IZDERIRD L 5 K- T3,

*“---Suddenly it seemed to me that for me
ruin meant life and liberty---and that tube,
with all those people hurrying to catch their
(The
Breadwinner, The collected Plays, Vol.2,p.241)

TR, FhTE > T, WERERE BAZEK

U, ZRIZHOBERCEHENINEZSAZLR
WIHTRIL, DARRNEE L FEICOS TN & 5
CEbRzDI
EFDRBNVTHS I, ALF—v%EK> T — L0
FITiE, REBTRBPELSNh%. THTIOH] T3,
F-nig FTRERRVR] LA L —AFVNHOER 2
Eoilte ZUTEEBVWEALRS Y — (Larry) Of78I%
HATHELIZh, fA»S EAMNIZH LT, REIC
FBALTLNBDIEN, 5V —KERS DL ERHD,
e BOREKEES 2 L TOEH L, Vo uh
LRETH B, T—2lFT, 72 )V HhEHORTLE
UT, BO2RS It Hme2ELUIIRADFERZEIDH I
HYIRT, RWRILZ L EMELB-TT5TILT
WY —DIDER, ROL D CHET 2,

train, led to slavery and death.”

I, who from a very early age have always
had before me a clear and definite purpose,
was inclined to feel impatient; but I chid
myself; I had what I can only call an intuition
that there was in the soul of that boy some

confused striving, whether of half-thought- out

ideas or of dimly felt emotions I could not
tell, which filled him with a restlessness that
urged him he did not know whither. (The
Razor’s Edge, p.30: The Collected Edition,

Heinemann)

Fo RIS, Vo BORNCHETIE- XD
L1zBHI% & > TWIzEAL, WH ST AHEIMS
512 UMD URAMZED 20 - 120 Fhid, BZizAR
ICEABETH 30, BACLYRUNERETH
B0 VN, BHCE XL L e
AN EDY LT AR THROL Iz LV, @
»d ZEELUIERY, ZOPEOHADHEH S &
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EBD B, BIHEDA FITR, HONREOERKIE
BHE 222 o 120 B ORD 3 3 DRIMBENIEETH
o1t DVRBRIZEBHEZWNEL, RICE-LTFY —
LD ERTETDTHAY, HRIBT2EIARTS,
BOOEZELZV-DL &%, RO L D THHET 5,

**...What I’'m trying to tell you is that there
are men who are possessed by an urge so
strong to do some particular thing that they
can’t help themselves, they've got to do it.
They’re prepared to sacrifice everything to

satisfy their yearning.”’ (id. p.84)

TRBHATIEL S ELTVAT &, FHIT
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T ARENTETWVADIL L,
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NE3 ARz, 5L T ERAMLRREREHTH
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NIBRO TR H o785, AEEERED BT—o0mIi
BBV, T 2BEOFELH ) THOEETER
FThiE, AMOD ‘impenetrability’ (RERI) %28
CRDREE LT —2OETHHETH. ZLT
Z DR 2ELBEEGT, mifsyueay, TR
ERRVAR] THBEBAIBNTHA DD

Though the variety of human nature is
immense, so that it might seem that the writer
of fiction need never want for models on which
to create his characters, he can only deal with
that part of it which is in accordance with
his own temperament. He must put himself in
the shoes of his characters, but there are shoes
he cannot get into. There are people so alien
to him that he cannot come to grips with them.
When he deals with them he will describe
them from the outside, and observation divorced
from empathy can seldom create a living
being. That is why novelists tend to reproduce
the same types; they astutely change the sex,
the station, the age, the appearance of their
characters; but if you look at them closely
you will find that they are the same persons
reappearing in different guise. (The Travel

Books, Preface)
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H, Hihr, E#, NAREEX B, UL, $ UES
PORIRENL, FEEPR-NBORILUTH
BT AA—~AYTHELENTATHA D
Yk, TMHZERBTH S, T-sHEK
bZDISNHTIIDATENTELS,

Ar)w P SURREBLSETRETCEOTRIEY
ERW, RELSFBTH %,
SETYHLHR2BULERODEARDORD 5 L DX
HAVREETHH, dB3VIRATHY, d30VEHE
Thh, ENHIVRETH- 1, BHECKRTORE
12, ZORBROTDOFRITERZV, ULPLELIKIR
R HE-LHEOEBEIFAIBEMIh, RESZOE
NBBEINT B,
E-LARABELSEEBFRTH D, v/ 727
(Cap Ferrat) CWAINTENP[IEFS L DT
Hollo ZLRIRZeFHBTLIADPLRLIE-T, T—
¥y v DH 5 ZABRHANTTBADK S D 512,17
2y .7o 7] Bfioftdicdtds ki,
- niTi3, BNC ARSI 3H—DENTS 5,
EVSEHE EEBRNERE D > tBERM D B, v v
&= R4 £— (Walter Pater) ®35 2% (John
Ruskin) ZEBIL, 1 %29 7 2HN TR TRNBER
PRI, E—A0FD521FOHTH 3,
oML, X 5ITI8974, A4 LIKITUIED
16HHE R R4 Y OBEHNR, BT 2525 2Pz -
Fraicyd3EnOETRATV S, COERERD
FIHT AFRE—EIER BV Iz, HRIEE S b
>1:%3, TAMOKR] OEE VWAL A7 4TV
T Y- OEBNLE] EWHEZIR, 20CEER
LT3 L iK@bi s,

ITELLAT, LOEW, BRIEHINTIH L E
e 2B, BITHEBREDONIEOEETLE Y -T
WIiDTHA I E—LDELNEDIRLEIMNI
CEBMWENTH S, TEROFEM] (A Writer's
Notebook) D9V T IZ1904FEDTBITIZ, A¥, B
BORY v F9EHL, b=, Frrvs4—/,a0-,
W= ZAEORE L OFBLHIEDELNTWVWAE, &
UTENBLERBIRECELZEA T - ERWA,
TEMM] 3 A, HEEHOEBSEDLNE LI RE
. ULrl, TAROKR] CBHTIEPEEZRHRS B
€T, 20BEMREAZTHOAEERE X AT SN
TVl BICRILEIIRT—F» LiTHT 2808, H
ST ZDEEBLTAHIZDEEODLE & 75 CEM T
TEEDTH-T, ZREFMUTEN, = FLakk
DNWTEEARLIRAS, 2T HhEOBUD W IEED
BEERZFRLEZODPNIIDOTHD, Z2hdoe 7y
oI LDTHAET EIR, T—2BEIBDTVIZEA
bhs, VYivsery7] T,

17. Wilmon Menard: The Two Worlds of Somerset Maugham, V. Tahiti, 12. Gauguin on

Glass
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The romantic method turns its attention to
the exceptional; the realistic to the wusual.

(The Summing Up, 55)

v LT 4w I RABRRBERLPER L O,

J7 VAT 4 v 7 ZHHREEBEO b DA 3,
ERRTHBEEPLRTE, ZOCERBELLTHA
9o

TR +723 K] (Don Fernando, 1935)
Dz Zra (El Greco) »W|-7:— (1X) i
E-LDEMBMEITINELDRIATVEY, 20
ORI, EMER2EET 3BT S mME—E R, ©
DTENTUES 3 0I5H, fEROTRICS 3 Bl z%E
TERAEVIBRDLERZE >TW B, E—sP b e
Fraikhbnizdd, 0 ‘intriguing’ SEEDT:
DTHo1 ZUTBADVERLIERZED iCHEE 2
PRT, T FLaDABREEATAHE DI,
RERZASN TV L BIT, Tl &L o 3BBKH 7o ik
WEBETEZLT, CULARKRBOL 2~ YR T
EEBATI, FTBOBIIEIRD VITENBTEbNTNT
SRS ENTEREL N AR PERE I w3, ST
%o

.. it was a man striving with pain for an
expression that he sought in the abyss of his
soul as though it were a memory hovering
just below consciousness that it exasperated
him to be unable to recall. (Don Fernando,
p. 115 : The Travel Books, Heinemann)

ZHEECHET T EBHELL TSNS LT,
BHOELST23L LTV ALETTEH 200
5T, BMOBBITEULRD 125 2EH2RD T,
BIFDEUVATWAARTS -2,

T-XF e UOLRITHREELLFCHRP KR
AT EWTEL, Z2UT, TN FLad ABEBRPRES
i x BIFTITE, 2OBOCGES A T 3ROERER
NHETy 24 EOENIDBH, RLALEVSTE
{, WHIRBMINTD 3, THEARVR] DFE—ET
3, BHED Mr. Maugham i3X ) v 75 FEx
W ZLapEOBEIREEL T A, 2Rt R
BET, EMiCops, EELEE T 12

TNTR, Z0&5 SHRE2EA2RE, E0L5X

BREEZETENIDTHS 3%

The artist can no more help creating than
water can help running downhill. It is a
release from the burden on his soul. It is a

spiritual exercise which is infinitely
pleasurable, and it is accompanied by a sense
When

production fulfils it he enjoys a heavenly

of power that is in itself delightful.

sense of liberation. (id. p. 118)

THELRIE LN TIRO S gDk, KSR
BT THATIROSAZOBERLL LI, Zh
BEORICOULY S 3B S DERTH ., Zh
IREERICE VOEMNERTH - T, Zhitidsg
BILWAIBeEE>S, e Zzh 2B 28, ®
BCDED L FENRBUBE®RI DTH 3,
RUE3uEER, TV .7o 7] K RHS

NBHL X MY vy T LRI, BRICEHINEHS
E A BEE 258k U BT, RIRODEEZ2RELET
BH5H, v FUaRENOHI O2EMEEBEIR
HUEE— ARFERT 2, Fd5vo v o BTk
B o TEFFIORUIIRWEOIRREh e F 4 Y
XLDEMZRTSDTHA9, 2L TENZERDLD
wEEdE, TABEOR] 2R LIBEOE—-LBE0
BiEE A RERERZZIDTH B, TAHEODKE] 2EA
HULEE EREABEORBRIL, T—F Pz
LVaDEKEHETAETHD, BRTHEDVIZAMY
w7 95 FORER, TOE— ADDRIBNIZERERD
FBORY, EHCARIAIZIDEV-TINTHA
5,

UL LE—-LBHEOERERZEZELTH S8, PIHEKicH
S AFMH B 2N, EHECHT 2T 5AAFOBUL
IEEPSDLY, LLLRBZPBEUILIRTH b
BOEER, MUTR M) » 250 FOBEEIZERL
IRV, FECHALECEET, SEFEEHLTIM
DOEBE R - TV5, SFEABDLE5Z30DT, ¢
Nz L, o5 > OREIE I DT E b,
BN ¥ U OEBCERROEOR 2R T DR, £=
BOIMTH - T, WEDORALD Y& EFHE, RE
I A DTUDRN LY, BT OEFEE %A
THEIREERLHNTVEY, 7 CICERAL LVE
ERZAEOMBLRME 2 LA, KET—Fv>

18. The Summing Up, 76
19. id. 32
20. id. 45
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OEFEHRLT, ORI I RBEFREVLINL
Vo ZMBIRERL VS bORZDLIBEDTHY,
T— AQEREBELFBNEMIBIEL R T, AEZ0D
LM, 1O~ 28 S IERERTH D EEAL
BITEST2OTHBH, A bV v s 3 FOERFIE, &
UTEIZIRE » TRV, ZORBREFORE D2
33, HBRF»S THLFERENT, WETIZLE
VEALNBBIETH B, LL, B—2idZTiL, H
FTIFENEB OB UERVERT L EREAONL
WTH5 50

TP LaRy .5 A AOKREWIERMEE, ¥V
Ty L F AWREDZIE R EAH UL ESRH RO 2 R4
VITENT, Y FREEBVNTE-41F, [950RX
DI 144 ORWICR R L UT, ERELTO—H%
BAHLIZEL D O, BREARITOEETH -1,
ZD%, ROEEEFASHMTEINIZ, ERTHE
HTEH OFEXBLUIHlGRLTa -0 o /S TRE
LWZETRZV, UL LE-LADXEPEL B,
KT R2UM L TEAZ L RATETH 5, £ LTHE
~NOBNIZERe T F 4 VX AEDRYBE B DT H
3, RITIREOFE2EAEET 3 LHRFI, BRERE
DA —TRDRI EH U, fERM< Y X Ak
Z0RBITBIDIE, HER2EELZTERS L
EUT, E—al3RDL S KRBT B,

I have known writers who made adventurous
journeys, but took along with them their house
in London, their circle of friends, their English
interests and their reputation; and were
surprised on getting home to find that they
were the same persons as when they went.
Not thus can a writer profit by a journey.
When he sets out on his travels, the one
person he must leave behind is himself. (The

Travel Books, Preface)

BRI 2RI UICY, eV FLOBESOR,
BADOR, KERBIEK, ZF2—#Hi-TH-
T, BEUIE, HE0H» IR CARTH
BOREHBOVTENIEVSER S, sl
FAADH TV B, TAZAIRLTER, ERIK
TIOR8 3 C L0, RITICH D
I ARHT, BICEEL TOM I HIEES B AD—

AVah, ZhidEYEEN,

E— L ONE~OENL, HHFOHBATELP 5T/
Y~O|MRE, PEFRORERSIT 2EFEDE I~
MEE UTENIZADIERS. [HIvd e 7o 7]
BISHET, Y4 v FRAFATARF LI« A2 =1 D
HEEOBD I 2BIET, N FURVITHDTH
BRZEReBotz&REUTVW 3, 20ETKR, §E
FORRITONT, Bo& D EUEEBAERR STV,
E—LI8TDEETH 3, HOKLWIDIREHTHD,
ERE LT LR L HOEALE ST DT
Hotle ZLTHMIIAOHhB L L, HONEE
BEMRE - 12,

ARA Y, 45Y) 7, 2T, R4 Z, ILT X
VAHBROENTA, YETZOMBEEOBLXICETERE
U, FE, ey rRETIHNI BRIBRIFEL
T, W4 RHEB, By A U4, 23— TR, AR
1y, BVEFWN, 41297, 5058 %Fbh, BE
BERICETRLZEL LI, ZUTHEMT ,Fh5 28D
TWot. THRBRE] TEEM] S sfimd, o
EEOBNI2E-TWV3, TEKHE)] KTz, »y
Fodve—Fv v b 2FERT A0, FENL-F2EL
HITDTH 3D, EFERE— 2R ETERHTLIZLD
BEoTOIEVSTEN,

BOKTIZ, RUTBRINEIZ Lo -2d, HO
Bkodiing, BeroREORTHIAROETH »
720 E—LHBOEETCEAESOER I TH - T
UhUfilEn-Td THEARRVZ]JOBHR &2 b,
[RITvy ¥l 20t s 0afE2EAHUIEEBDOE
RY, B=-2TESTREVEREZE > TV ERE
W, TEROFL] 1916F0EHAA IBE CHE R
o, 20KROHSENTERIZ Wilnon Menard S
T 5 &5 TR EZHOI TV B2 BTFOR, B
B, FEEZBESNIIACHE ORLIEFE—20D
ORESTUE ST, ZLRANY 9 7 5 FHFRITAU
&gz, BIBTHRICA L IR TH > R MY
v 75 Rix, COBREOHT, GO TERRBILOT
BB, FLRE—LIE, AMY S ISUFERLID
KXHOR2BORBEOANBOLE 2R T, BRILI:ER
BrlEboT:CETHA 5,

In civilized communities men’s idiosyncrasies
are mitigated by the necessity of conforming

to certain rules of behaviour. Culture is a

21. id. 48

22. Wilmon Menard: The Two Worlds of Somerset Maugham, p.8

23. The Moon and Sixpence, ch. XLV
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mask that hides their faces. = Here people

showed themselves bare. (The Summing Up,53)

XIS TR, AHORFMZ, 5517180
BB LBHEDID ST o5, B3R
PERIRETH 3, ST, ARIBEOLERRY
2o
- LR E 5T, BEERIIARELDERROBENEMSD
23 EOETHHT. BBTIID 2, BUBTIDH-
TR ORTOREsEFE, [TAEOR) © [HET
-] (Cakes and Ale) s EITEPBELETH
205, WORMEZL SIKRE2 - T3, W) %
DIBOYERITIY 3, BERFINT 3 BESETOR
H, AR, FhRPE-TVAL, REENT 33
B, 35y =nis AEREE, ABBIZY, Z0%%
BHBELEMTEL I,

UL, By =X aORRIKIE, b5AEAMOHE
EWENTV 3, BERLDEST, T—2REKDED
R T W B,

I had many disabilities. I was small; I had
endurance but little physical strength; I
stammered; I was shy; I had poor health. I
had no facility for games, which play so
great a part in the ncrmal life of Englishmen;
and I had, whether for any of these reasons
or from nature I do not know, an instinctive
shrinking from my fellow men that has made
it difficult for me to enter into any familiarity
with them. I have loved individuals; I have

never much cared for men in the mass. (id.15)

TR E L ORI D - 120 FhidD I o7z, &
WHEDH 7208, EHEdHT L Bd-7, B, &
EhBHPTh-12. BERT N L T, B
TFETH - 1208, BRE4 £ 2 AOEBBOETFIC
BOTIE, FERCRESRINZRTOTHS, 2L
T, T DEHOEANICLS DTH 2D,
HEho3DDTH 500D s, FACIAHE
HPEOEZPLO LD CHR2TALLEMH T
HEEBRL B EVRICIRFETH -T2 TA
1 ADABRBLU TNz, 2& L TOAMIZ
RUTIFRIZIENIZ - 12,

ST TV Y, TABORR] kashz i

FUHFX e A7 -V CBIBAMTED LT 1) » 7D
EFEZRNE, o ARECOBEE, BEON2 KR
BRI TOWBZEDPPELDTH B, T— AR LITWVWIZH
MyEish, HATEBEBNSEBE? 5L 3125010
M, PHUTHERE 2T, BHRPRD THEICKIL-
oIl EEILNL D,

Yol isBREN, HEBNEHOEREED S T TR
BRULNEY, AV v I3 RRBHZERO—E
MBEDLN B, TEITHEIRNDL T2 OBEMIEEL, »
VREVDEIRODWTHIZ, “‘She isj)a;l excellent
woman. I wish she was in hell.” ({§Zciz3i¥5 U
VTS, HIBIR T AWV AD S ) 2480 TD %, £
12, BolzpieRDd & 2EY 55, BRBTLNS
CBESITS vV T ABEIBREAVAB80
otte 730 2 DFERDNT, HIRKROLS KE -
T3,

*“*Blanche Stroeve didn’t suicide
because I left her, but because she was a

(The Moon

commit

foolish and unbalanced woman.”
and Sizxpence, ch. XLI)

5{75yy;-zb»—ﬁw§?bt®u,ﬁﬁ

WRBH/ TP L TR T, HEVBETROE

ofiﬁffo T:b’%Tfo_l

LOEMS b, TE—ANBALNY v 25 FIT, BU®
BELICEBTEAENS LIHIRE S,

E—bADY =X ADEKIE, YPHES0VFUER
U & UTHEERSIKAY S hic, REREAL, BER
HEE, HEXROWEE S 2HBRIL 12, BEROMIE 21
BL, BERHEBOMAEAZBEHICAEL + 5 &3 38A21
BLUTy=2v X ATIRIENVE, E—sBEIFHELTH
BOITH,? ZORARBL TH U EHEE 2 £ 5
HE DEREBARZVIRLTS, 2CiTiE, BRAZMA
BFRLOREENINH D, BEYKS 5,

Ldl, $5—EshE-TAMY 9250 FREBE
U, ©— AR50, 2 AP RARTERPE-T
WALIRR—-IXPRELONIZNTHA D AM Yy
75 kR, AOHFBRRERZAND L ENTER
Vo RATCHB X3 CALVEDRHBLTRES &
AR MN—TIRHUTEDBF 5> O, 12¥ “Go to
hell’ & »*Damned fool’ Tdh - 72,2% F72, FAIZED
12D R S 2 R/NEFHZNL DBz, LRidald

24. id. ch. I
25. The Summing Up, 50
26. The Moon and Sixpence, ch. XXIV
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LBIE—-LIF-X2BURLOTIIVLENILN, 20
BEOBIKIZ, HAOFIPRREIHT 2S5 H
BUONZ, bEdEv=nlBER, BOONRE
LR B OBITBY 5 KB b DTHD, T— 205
By YU X LN ERESIX-XTHh, BrHDD
2T 4 VX APHNERIZ, COBRPE I A TY
o ZNMNBOFR L BRICHATEZHb LD
EEZLNILNIES D b,

THFHEORE] (On a Chinese Screen)itNight-
fallt WS E0—fidid 5, HEH, RETHEEBOR
{HIFEMOZIE RS 5 12BE, 2L 68T
(B, BARY ELIBOEDELPINT, 2Er b
MOBOPK L OHRZBAHLT, EHO»6H
BEWHLIEDTH B, Z2O—HIRD L 5 T T
%o

Your thoughts travel through time and space,
far from the Here and Now, and you remember
your vanished youth with its high hopes, its
Then if

you are a cynic, as they say, and therefore a

passionate love, and its ambition.

sentimentalist, tears come to your unwilling
eyes. And when you have regained your

self-control the night has fallen. (XLIII)

B, BEMEBRES S I3 MA I, BlE
HEEE DRI TEHID S, 2L T, BaAFBY,
HEm g, BEitiegiLeFR 2 VA
T ZOK, bLADES > v=9v o ThD, Zhi
ey 448 ) A FTHIT, REERLED
BiwiEs ks, 2L THEIDR & VRUHIRIE,
Hizd SEh TS,
CORTHICENCBDRIDR, Y29 THAHH
DRV F 4 AVEIRANTHB, EVIRESDET
b3, CORERBI 28X, dbAAE—-—LHEOD
bOTHS5 L, you 2 LNT—RIELIIE S KR EHh
BTiRWAD, TSTrv=y s 3E—sBETLEATE
WTHAB5, F5FTHERYF 4 ALZURDEDREDS
DRREIRBOTHA D, £12, DNITEHE-TH
NHERRNT A E, SOk ERLICS L
ThAB5 0

TAB O] B53EIT, 7 49V v 7 OERIR 2 IHH
THEFYD B, BASNRAZORT, HrcHEbh,

HECREL2BEINITD LTS S emihbsiml
mh, ARFIDZ E 2= H N TEHRIZEEAT, it
BESELT, BiF2RICHIT, ADSIBHIZLE
bRy, B, BEORTHESTE3THS -
T, ZLTHE AL BYcIh s L, BB
MHAELT, 20KEEPFOLIAREANZDRZENT
MEELNTh o1,

LDOTUDL L BEIEGRTHBE, Y= ANITHERED
FHEIZ, BLF A VEVBEEVEDE S TRESH
BORIZELALEF-XTHY, RETH->T2T ENE
{32 E5RAY, T—- a2, HMTRENREICE
BHELWEBHADTHS 5, EEACHT IO
Thad, FLHOKIOTRENSEI . Z2LUT, %
DOBICH 2 ANDD, T— A 2NENKILIY, BEEO
B x OEmpHic i rcEE, iRy BRI - TEN
HIDTHB5, 2L T, 2OXHADE2E & bRFR
DR Z, T—ad A TEARD THItEBO LM
BDTH-12,

5L T — A EEFERIIZL, B OKFIIR, HE
ALy 7 A b v (Gerald Haxton ) »5EA
CROE— L OHER, by tBBRITET 2, BN
SELTHENSONT, No 2 AP 2EDIVELEK
MEREEOWTENZ LY, LES LD E 2RI TRR
B oD Th 5,27 SEICELOWERESIZELA
BV FETEENL N oo &S HtiL, =—40F
PLBOERTVREREN S LS BETH B, 12T,
Ny P A rEORITIZASENEREDH D, ZOLD
o) - EOEBPER UL ER2TRTIMNEEDS
L3 TS BH.2 VWTFhitL T, E—6DT7 50
$5 ) VRTHIEE Y RHE I OBRIE, PRI TS e
HrY U ORMIZE, E—sHEMNIRET 30T ¢
AUEVIELERB T EBHES,

wrF 4 XA YXNE, Bru L ALKRT 2EN
2, DEHAEPRY 2BME 2E—HT 5 C L3R
SErzugs, XA TEM 2 AR TVWIEWD, BEED
Br OFBECHn T, BIhTWRMIEBREREL
TEREDIV, ZLTE—2DONEREALIBE,
HInERE, ZOROEE, ERIZEIEALN
THH5, SECBENRATHESETH Y, BPKL -
TRITARTF 4 v 2 ERBEALNBRA MY I F UK
P, DL XIGEVNRDICE, B, BEY, v Ry
PR ADICENIEEOY e FBTELULEE SR L IS

27. Robin Maugham: Somerset and all the Maughams, p.40

28. id. p.201

29. The Summing Up, 34 and The Razor’s Edge, p.177 (The Collected Edition, Heinemann)
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Az, BOEIRFRRERNCBIT 5, IGlERE
DR B EIROWRHKZE [ The Moon and Siz-
pence DEIFEMETDNT] DARBEZITI ALY
Bhotze BERZEUIIW,



A RELATION BETWEEN H*(dm) AND THE
CLASSICAL HARDY SPACE H*(d9)

Kazuo KISHI

1. Introduction.

Let X be a compact Hausdorff space and
A a uniform algebra on X, that is, a
uniformly closed subalgebra of C(X) that
contains the constants and separates the
points of X. If each real-valued continuous
function on X can be uniformly approxi-
mated by functions log | f|, where both f
and 1/f belong to a uniform algebra A, then
A is called a logmodular algebra[l]. In
the following we shall study a logmodular
algebra A.

We denote by M(A) the space of complex
homomorphisms of A or the maximal ideal
space of A. It is known that every @ in
M(A) has a unique representing measure
[1, Theorem 4.2]. For ¢ and ¢’ in M(A),
put [p—@’l=sup lp(f)—¢’(f), taken over
all £ in A with | f}l=sf?lﬂ§1. Then the
relation lp—~@’|< 2 is an equivalence rela-
tion on M(A) and each equivalence class
is called a (Gleason) part of M(A). We
call a part P non-trivial if P does not
reduce to a single point.

Let P be a non-trivial part and ¢ the
element of P which has the (unique)
representing measure . Denote by
H7(dm) (1= p< ) the closure of A in the
Banach space L?(dm) and by H>(dm) the
It is
known that 6 belongs to P if and only if
6 is bounded on H2(dm), i.e., there exists
a positive constant K such that |8(f)l
<K [/|f2dm) ¥ for all £in A [1, Theorem

weak-star closure of A in L*(dm).

7.6].
uniquely extended to a bounded linear
functional on H2(dm). Denote by P’ this
extension of P and by P the restriction of P’
to H*(dm). Then it is known that P is
the non-trivial part of the maximal ideal
space M(H*) of H*(dm) [5]. Denote by B
the closure of P in the space M(H*) and by
M(L") the maximal ideal space of L*(dm).

In his D. Dissertation [4], S. Merrill
that H2(dm) and the classical
Hardy space H2(df) on the unit circle are

By this property, every 0 in P is

proved

isometrically isomorphic if and only if
H>(dm) is weak-star maximal in L*(dm).
In this paper we shall study the relation
between H2(dm) and H2(df) when H*(dm)
is not necessarily weak-star maximal in
L=(dm).
following.
THEOREM If B-~M(L®) is not empty,
then the Hilbert space H2(dm) is the
direct sum of the Hilbert spaces K, and

Above all we shall prove the

Ko which possess the following properties.
(1) K, is isometrically isomorphic to
the classical Hardy space H2(d0) on the
unit circle.
(2) If feH2(dm) is f=f1+f2 (f2€K,,
i=1, 2), then

f=F1+f2 and f150 if and only if
Jlog |f] dm>~ oo,
and
feXKg if and only if [flog fldm=— oo,

The author 1is indebted to Prof. O.
Takenouchi and Ass. Prof. A. Sakai for
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valuable comments on the subject of this

paper.

2. Proof of Theorem.

Definition. Any function f in H2(dm)
of modulus 1 is called inner.

Definition. Any function f in H2(dm)
is called outer if the set of functions Af
is dense in H2(dm).

By [1, Theorem 7.2},
inner function Z in H} such that every
function f in H2(dm) is expanded in the

there exists an

following way

0(f)=Sall@],  an=/Z"f dm

for all 0P/, where H: = {f; f=H2(dm),
S fdm=0} and Z is the complex conjugate
function of Z.

We denote by K; the L2(dm) closure of
the linear span of {Z%) (n=0). Then it is
easy to see that the Hilbert space K; is
isometrically isomorphic to the classical
Hardy space H2(df) under the natural
correspondence

co
an Zn__, Zoan emﬂ’
n=

Ms

#)

]
o

n

8

where Z_oan ZreK; and i‘,oan e""e=H2(d0).

Now let Kz be the orthogonal complement
of K; in the Hilbert space H2(dm). Then
we shall have the following [4, p.23].

LEMMA 1. The following are equivalent.

(1) feK,i,e., an= fZrfdm=0 for all
non-negative integer n.

(2) There exists a function fn in H:
such that f=2Z"f,
integer n.

(3) 0(f)=0 for all 6P,

Proof. For all n, f=a,+a, Z+ - +anZnr
+anis Z™ gny1, where Zga €H3 (1, p.331].
Thus (1) implies (2). It is obvious that

Sfor all non-negative

(2) implies (3). Since P is a non-trivial
part, {0(Z2); 6P}
[1, Theorem 7.7]. Thus, B(f)=°“2an A=0)
for all {»/<1. Therefore, a,.=0"?:)r all .
Thus, (3) implies (1).

is the open unit disc

The algebra H*(dm), with the m-essential
sup norm, is a logmodular algebra on the
maximal ideal space M(L*) of L*(dm) and
M(L*) is the Shilov boundary of H>(dm)
[1, Theorems 6.4, 7.1].
the following characterization [3].

Lumer’s theorem. Let @ be a point in
M(H~”). Then 6 belongs to M(L") if
and only if 6(J)2c0for every inner function
J in H*(dm).

By using this theorem, we shall prove

G. Lumer proved

the following lemma.

LEMMA 2. If ﬂ?,\H(L"") is not empty,
then

Slog/fldm= — o
for all f in K.

Proof. We suppose that f is not zero and
Slogl fldm> — oo,
an outer function in H2(dm) and 2 is an
inner function in H*(dm) [4, p.71]. v
Ag is dense in H2(dm),
sequence {an} in A such that a.g—1 in
H2(dm). Since a.gh—h in H2(dm), 0(a.gh)
—0(k) for all 6P, Then 6(angh)
=0(an) 0(f)=0 leads #(h)=0 for all =P’
(by Lemma 1). Thus 8(k)=0 for all §=%R.
By Lumer’s theorem. T~M(L*) is empty.

Then f=gh where g is

Since

there exists a

Now we are in a position to prove our
theorem.

Proof of the theorem. By Lemma 2, it
suffices to prove that if f=f;+f2, f1540,
then [flog|f|dm>—o. By f£1540, there
exists a coefficient axs40 such that

f1 =ZN(aN +ax1Z+--)=2%
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Thus,

where h=an+anyy Z+---.

ZNf=h+ZNfa=h+f,

where fo=2"f, €H: (by Lemma 1). Then,

Sloglfldm= flog ZNfldm
= [logh+ foldm

=logl S (A +fo)dml=log |ax|>—

where we use that functions in H? satify

Jensen’s inequality. We are done.

COROLLARY. Under the hypothesis of
the theorem, H2(dm) is
isomorphic to H2(d®) by the natural
correspondence () if and only if
Slog' fldm is finite, unless f is the null-
function in H2(dm).

isometrically

Proof. The part of ‘“if’’ was proved by
S. Merrill without the hypothesis of the
theorem [4, Theorem 3.10] and the part of
“only if” is

theorom.

easily derived from our

Remarks.

(1) What we have proved is valid for
the case that A is a uniform algebra on X
and that every complex homomorphism of

A has a unique representing measure [2, 4].

(2) There exists an example such that
BM@L>) is empty. Let A be the
subalgebra of C(T?2) (T? is the torus,
represented as the set of pairs (4, @), 0=9,
@<2r) of
coefficients vanish off the half-plane S=
{(m,n), n>0} >~ {(m,0), m=0}. Then A is
a Dirichlet ¢ denote the
Then
the part P=P(s) containing ¢ consists of

functions whose Fourier

algebra. Let

normalized Haar measure on T2.

those homomorphisms given by

o o
wa(f>=4—nl,- | Pr(60—0) 0 [ (0,p)dp

where a=re®° lies in the open unit disc
[4, Example 3.9].

Then it is easy tdo see that T M(L>(do))
is empty. Indeed, if f=e'* (€A), then
@.(f)=0 for all p.€P. Thus @.(f)=0 for
all @.€P’. On the other hand, flog | fldo
=0>—oco, By our theorem, PLA~MOIL") is
empty.
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Norris, Vandover and the Brute (Grove
Press Inc., New York) iz#t—-171z,

(D
1. Ernest Marchand, Frank Norris:A Study
(Octagon Books, Inc., New York, 1964), p.67.
2. Franklin Walker, Frank Norris: A
Biography (Russell & Russell, New York,
1963), p.96.
He says that in Vandover and the Brute

“Frank Norris followed the Zolaistic

10.

formula more closely than in any of his
later novels. Impressed by Zola’s portrayal
of degeneration of Gervaise and Jacques
Claude

and of Jacques

in L’Assommoir, of
L’Oeyvre,

Lantier in La Béte humaine, Frank Norris

Coupeau
Lantier in
wrote a story which centered about a
character from his own world, Vandover,
telling his life from birth to disaster,
picturing the gradual physical and moral
decay of his too pliable, sensitive nature,
subjecting him to misfortunes of circum-

stances which pile one upon another.”

Vernon Louis Parrington, Main Currents
In American Thought: Book T (Harcourt,
Brace & World, Inc., 1958), p.329.

Donald Pizer, The Novels of Frank Nor-
ris (Indiana University Press, 1966), p.31.
a) James D.Hart, The Ox ford Companin
to American Literature(Oxford University
Press, New York, 1956), p.791.

b) Takeshi Saito, ed., The Kenkyusha :
Dictionary of English and American
Literature (Kenkyusha Limited, Tokyo,
1961), p.1142.

Z 2T [Frank Norris OD/\3i, 1894—54
A, 1914EFER IR, Zola OFEO { LITE,
NIVERT. FEENEK Vandover p5. HABRDFH
305 BN AR AT T LIDOWIREELTIT
QRN DL S HBLRFAR LT
%o
Pizer, p.33. Quoted from Charles G. Norris,
Frank Norris: 1870—1902 (New York,
1914), p.18.

Richard Chase, Vandover and the Brute:
A Commentary (Grove Press).

Marchand, pp.70—1.

Lars Ahnebrink, The
Naturalism in American Fiction (Russell
& Russell, New York, 1961), pp.VI—VI.

Her eyes and mouth, like everything about

beginnings of

her, were large, but each time she spoke or
smiled, she diclosed her teeh, which were
as white, as well-set, and as regular as the

rows of kernels on an ear of green corn.
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12.
13.

14.

15.

16.

17.

18.
19.

20.

21.

22.
23.

T YVARDTAENRT A

---There was upon her face the unmistakable
traces of a ruined virtue and a vanished
innocence. ---Flossie radiated health; her
eyes were clear, her nerves steady, her
flesh hard and even as a child’s.

He found that he could be contented almost
any environment, the weakness, the certain
pliability of his character easily {fitting
itself into new grooves, reshaping itself to
suit new circumstances. (27)

BROBMBERCRELIE /N> F— =2
D HFFLVHROFE» LIV, £ T 5
D, I EFhe . B BESR LI
AR EEZ TN E LARRIENET 5,
Walker,p.101.

Warren French, Frank Norris
Publishers, Inc., New York, 1962), p.55.
Pizer, pp. 32—3.

Carl Van Doren, The American Nowvel :
1789—1989 (The Macmillan Company, New
York, 1967), pp.232—7.

FHEME T. S. Eliot BiFit., 19674, 285
Ror, 4TH,
Donald Pizer,

in Nineteenth-Century American Litera-

(Twane

Realism and Naturalism

ture (Illinois University Press, 1966), p.4.

Parrington, p.181.

Ny F=—DRIT 60T £FF L HITh 513
ETRLNRLTES BRUICH . Zilf. hRE
PEERL LBV TRERLBN AT O ARSD
o120 & LA L K= N—DIGROE —K.
78— MRERPETT BTN E (6—8)
T BRICERT 5,

Lewis Mumford, The Golden Day (1957),
pp.121— 17, pp.140—1.

It was the punishment that he had brought
upon himself, some fearful nervous disease,
the result of his long indulgence of vice,
his vile submission to the brute that was
to aestroy his reason. (243)

Marchand, p.17.

Van Wyck Brooks, The Confident Years:
1885—1915
pp.220—1.

(Everyman’s Library, 1955),

24.

25.
26.

27.
28.

29.

30.

31.
32.

123

T I-ov e VIEINERR [ 7 ) (WHEEFT
IAF404E) , 401E— 58,

Parrington, p.180.

Yet he took his punishment in the right
spirit. He did not blame any one but
himself, it was only a just retribution for
the thing he had done.

hard to bear

Only what made it
the fact that the

chatisement had fallen upon him long after

was

he had repented of the crime, long after he
had resolved to lead a new and upright
life. (204—5)

r++1 (3188 175K,

---eternal struggle between good and evil
that had been going on within him since
his earliest years. (215)

HAUHETH->TH. b b EMRMETH-1C
N R= =3 BB T EEIORME 2. ST
OlDICBCHE > EEN. TEER] Ov v
R=ZR 5~ K~ 3.5 5 % >P) (5 VFFEDH
MPOHRTAL ST b LTI BIUWE 2.
ZADEFEDY BT TNTOLEHOE L H
DL35BbDTH-12) =I—v «/ I71E ZHK
BIR TRER] (THBEEFLEMIE) 182K,
POLENREEBIL YD - THEET 5,
Warren French, The Social Novel At the
End of an Era (Southern Illinois Univer-
sity Press, 1966), p.180.

Pizer, The Novels of Frank Norris,
pp-29—30. Quoted from Lewis E. Gates,
Studies and Appreciations (New York,
1900), p.41.

French, Frank Norris, p. 52.

a) Pizer, The Nowels of Frank Norris,

pp-25—7.
b) As Frank Norris, Lauth: Vol. X,
Complete Works of Frank Norris

(Kennikat Press, 1967), pp.146—7, puts it,
““At the time when he so savagely bit and
snarled at you he had reached the level of
the ape;... The presnce and absence of the
soul was just the difference between the

old Lauth and the new....”’
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