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AN APPLICATION OF SHIFT-COMMUTATIVE
LINEAR OPERATORS TO THE LINEAR
AUTOMATIC CONTROL SYSTEMS
WITH RANDOMNESS

—— DISCRETE TIME PARAMETER CASE ——

By
Takashi Naritomi

(Received Oct. 31,1970)

1. Introduction and summary.

Introduction. Recently, with the developments of the theory of automatic controls,
the applications of the theory of stochastic processes related to the stochastic functional
equations have been investigated by many research workers. In spite of many remarkable
results having been obtained in the division of automatic control systems, it seems to us
as if the results were simply the formal analogue of the case of non-randomness.

Seguchi (1] tried to give theoretical formulations to the linear automatic control
systems with randomness by using the shift-commutative linear operators and the related
stochastic functional equations in the case of continuous time parameter. Considering
the automatic control systems with discrete time parameter analogously to the above
discussions, we shall seek for the optimum automatic control system of certain types of
automatic control systems.

In this note, the author will discuss automatic control systems with a discrete time
parameter, for the following reasons: (1) In a continuous parameter case, it is difficult
to study the properties of automatic control systems with randomness whose mean square
error is minimum, for example, if we choose the minimum mean square error as the
criterion. Therefore, by studying the discrete time parameter cases, we may obtain the prospect
for more detailed properties of automatic control systems with a continuous time parameter.
(2) T'here actually exist automatic control systems with a diserete time parameter (See Seguchi
(2)). (3) We may study automatic control systems with a continuous parameter, approximating
by the automatic control systems with a discrete time parameter.

Summary. Section 2 will be devoted to the general remarks with linear systems
which were treated by Wiener (3). Here, we shall show that the operators which cha-
racterize the linear systems are the shift-commutative linear operators depending only
on the past; which will be defined later. Considering the most primitive case, we shall
point .out the difference between automatic control systems with a discrete time para-
meter and those with continuous time parameter.

In Section 3, we shall define shift-commutative linear operators on certain linear
space of infinite sequences. Furthermore, we shall refer to the relation of two sequences
y and x which satisfy the relation Ay=x.

In Section 4, we -shall show certain primitive but typical examples of automatic
control systems with randomness.

In Section 5, we shall formulate the problem concerning to the optimum automatic
control systems with randomness, and solve certain types of optimum problems concern-



ing to automatic control systems.

2. Preliminaries.

2.1. Linear systems. Let us consider the most primitive linear system given by Fig
2.1 as on p. 99 in Wiener (3). The characteristic of this system is (1) independency
of a shift of time parameter and (2) linearity.
In the case of discrete time parameter, the
system is given by the following relation between
the input x: and the output 7:; Fie. 2.1.

%t —3 SYSTEM 4 |—> 3:

(2. 1. 1) Y = Ax, = g‘. Xt -p.

k= —co
Because in a physical system, the effect cannot precede the cause, we must consider
ar=0, k<0. Let r be the shift such as zx:=x:-,, then the relation (2.1.1) has the
following property;

(2. il 2) ‘L‘l(Axt)=‘L'l_//t=?/t -z=k§o akxz-l_k=/tx¢_1=A(—:’x,).

This shows that the operators of linear physical systems are the shift-commutative linear
operators in the sense of Seguchi (4] (See Definition 2.1.1.)

2.2. Automatic control system. We shall consider the most primitive automatic control
system (A.C.S.) such as Fig 2.2, where 4,

is a linear physical system and I is a linear Pasessmmman sy
feedback system. : ;
’ . x A, ——>y
The problems of time lags of feedback iz k- ]
systems arve necessarily induced in an A .C.S. i L
1] 1)
with diserete time parameter. This is essentially : To y y
. ]

different point from the case of continuous R L TP L PR P .
time parameter.
Now, let 4, and I, be

Aok = kZ} aXe-r, and Ipx: = kZ‘l BrXe -k,
-0 -0

the input and output be x: and ¥, respectively, and let us put A¥: =%, [oy: =2: and
zn=cg =7 1w: =Ty, where [ is a time lag of the feedback system. Then we have

Yt =Ao(x; —Zz>=/jo<xt = Tln?/t) =AoX¢ —Aoflr’a"./t =do%: "'.‘Aol—?/t-
From this relation, we have
(2.2:1) U+ Dys= (A7 + Dy =2,

where A=A and I'=7*1,.

3. Definition and properties of shift-commutative linear operators.

In this section, we shall define and study the shift-commutative linear operators
and their properties in the discrete parameter cases.

8.1. Definition. First, we shall define a shift-commutative linear operator of dis-
crete parameter, analogously with Seguchi (1) and (43.

DEFINITION 3.1.1. Let F={x; x=(*.)necx}? be the all sequences of complex (or
real) numbers and let (4, D, ) be such that: (1) r is the shf ft defined on F; ie. for
any xEF, tx=7(Xn)neny= Fn-Dnen, (2) D is a non-trivial complex (Cor real) linear

’

sub-space of F, which satisfies the condition



@D «DCD,
(3) 4 is a linear operator defined on D and satisfies the condition
@ 2 ADCF,
(4) there exists the following relation between the linear operator 4 and the shift z;
(L' 3) 7(Ax)=A(zx), for any x&D.
Then we shall call the linear operator A the shift-commutative linear operator
(S-C.L.0Op.) defined on D w.r.t. 7, denote D by D(4) and denote all S-C.L.Op. s by 4.
For any t=DN, let us denote the t-component of x by x:=: and the following
expression is proper:

(3. 1, 1) rx;s(z-x);r—x;_l. and (Ax)g=Axt.

REMARKS. (1) We used the above notations on Section 2. (2) Hereafter, we may
use the notation zx:; and Ax: in the sense of zx and Ax, respectively. (3) We can

express as AT: = 3 axlti-x = lim 3 arz:—x for every t&Q, if the right hand side is

k=—cc N0 k=—-n

convergent in certain sense.

Let 4 be an S-C.L.Op. and 5 (A)= {w; wWED(1), weC}?. Then there exists the

function ea(w) such that for any welG(A),

(3.1.2) Awt=utea(w) for every tEN,

where ea(w) is independent of ¢ The function ea is called the characteristic function
(c.f.) of S-C.L.Op. 4 and plays important roles to study S-C.L.Op.s..

When x is a random sequence, then we may denote x=x(w)=(x:(w)):en, where
x:=x:(w) satisfies E|x:(w)|? <co for every tEN, and we denote the all sequences x(w)
by F(2). 3

Now, we consider the case where x=x(w) is a stationary sequence. Then x:(w)
and its covariance sequence 7z: can be expressed as follows;

n k4
(3.1.3) zi(0)={ " Z(d0.0) avd o= *u(d0),

where Z, and u. are the orthogonal random measure and the spectral measure ef x(w),
respectively. If the c.f. ea of A satisfies the condition

(3.1.4) §leaCe® 2ua(df)<eo,

then we can define Ax as

8.1 5) Ax;(a))Ere“"cA(e“)Zz(dﬁ,w), for every t&N.
-1

Then the covariance sequence of Ax is

(3.1.6) rans.=| 6% 16(é®)[* D), for every tEN,
and Ax(w) satisfies the relation

(3.1.7) Ar@)=lim. 3 aute-iw), for every tEN®.

But when we consider automatic control systems with randommness, we must refer
to the additional preparations. We shall introduce, analogously with Seguchi (1), the
class D. which is the complete metric space w.r.t. o spanned by {x; x=(X:)ien),
where

1) N is the set of all integers.
2) C is the set of all complex numbers.



(3.1.8) hZ Z thul Kai(wn)
=1 4=0
and
(3.1.9 o(xy) = % '(1/2)” [ItIl‘l<aX | % —el.

And if a sequence x belongs to D, we shall denote as
(3.1.10) xe={ 3 ¢ o Koy (du),
i

analogously with Seguchi (1], pp. 136-137.
Let D.(2) be the complete metric space w.r.t. @, which is spanned by {x(w);
(%:(w))ecn}, where

(3.1.1D) %(w) = f‘_: E twl, ZggCun, ©)

and e

(3.1.12) pCep) = 33 (1/2)" max  (Blxw)—p0)h,
And if a sequence x(w) belongs to D.(£2), we shall denote x:(w) as
(3.1.13) F0)=] 3w Zes (du, ),

analogously with Seguchi (1), p. 137. Especially, if j=0 and the carrier of Z., is on
the unit circle and Z.., is orthogonal random measure, then x(w) is a stationary
(random) sequence. :

It is easily seen that D. and D.(£) are linear sub-spaces of F and F(2). Hence
we can define a S-CLOp. 4 on D. or D.(2) w.r.t. 7. We shall denote all these
S-C.L.Op.s by 4.. For any Ae4., Ax must satisfy the following relations;

(3.1.14) Ax,=Limk}"3 apXi-t, for every tEDN,
n>0 k=—-n
and
(3.1.15) Ax(@)=L.im. ,?"3 ar 2e-1(@), for every tEN,
n—00 =—n

where Lim and L.i.m. mean the limit w.r.t. the metrices p and p ,respectively.
We shall denote the set of all 4A=4(or 4.) which are expressed by Ax: = kEakxt—k,
=0
i.e. dependent only on the past, by 4- (or 4.- )

DEFINITION 3.1.2. For a S-C.L.Op. = (or 4.), the S-C.L.Op. I'ed (or A.) is
called the inverse operator of A and is denoted as A~! if and only if the conditions (1)
£7(D=17(A)=C, where 4 means the closure of a set 4, (2) any zero wo of ex with
multiplicity %o is the pole of er of order ko and any zero w: of er with multiplicity %
is the pole of ea of order %, (3) ea Cor er) has not zeros and poles on the unit circle,
and (4) er=1/ca in C but except the zeros and the poles of ea (or er), are satisfied.

3.2. Properties. Here, we shall study the properties of S-C.L.Op.s and the relations
of two random sequences which are connected by a S-C.L.Op.. We have

THEOREM 3.2.1. Let A, " and 4 be S-C.L.Ops.. Then we have

(1°) if d=aAd+0bl’ then ea=aca+ber,

(2°) if A=Al then ca=cacr=rcrea,

(3") if there exists the inverse operator A~ then en-1=1/ca.

Let x and y be two stationary sequences which satisfy the relation

3) Li.m. means the ”limit in the mean”.



(3.2.1) Ay=x,

where A=4.. Then the above relation (3.2.1) is expressed as

(8.2.2) Ayg(w)=r¢f‘” ep(e®) Z,(db,w) =S¢ei°‘ Z(db,0)=2:(w),
p -1

for every t&N, where Z, and Z, are the orthogonal random measures of y and x,
respectively. Then we have analogous results with Propositions 11.1-11.5 in Seguchi
(1]). pp. 140-142. For example, the result corresponding to Proposition I1I. 4-is as
following:

THEOREM 3.2.2. If x is a stationary sequence and & dis a homogeneous orthogonal

random sequence (white noise) and A=A, then
(1) the relation

(3.2.6) Ax=§&
holds if and only if the condition (a) Na={0; ca(e?®)=0}=¢ and (b) S:I;/ leae®)|? df<oo,
are satisfied,

(27 any stationary sequence x(w) satisfying (3.2.6) is uniquely given by
3.2.7) x(@)={ % Ze(db,w)/en(e,
where Zg 1is the homogeneous orthogonal random measure on wunit circle such tl.zat‘ &(w)
=Si§f‘” Z(df, ),

(3" furthermore, the covariance sequence of x(w) s given by

(3.2.8) ras={ 6%d0/|eale®) "

4. Some types of automatic control systems with randomness.
4.1. Some examples. First, we shall show some primitive but typical examples of
automatic control systems.

EXAMPLE 4.1. Let us consider the A.C.S. with random noise such as Fig 4.1.
Then we have the equation

(4.1.°1) Zs+&e=I+AD)y:

Especially if the input x:=0 (this
case is regarded as the constant input
case), then we have

(4.1.2) (I+ ANy =&;.

EXAMPLE 4.2. Let us consider the A.C.S. such as Fig. 4.2.. Then, the following
relation is easily obtained:

(4 1. 3) (A1+A2F)y¢ EA“i(A“1+F)y¢=x: )
where Ai=4"'A""and A,=47 i + .;
- :

X'—tnl 4 A —> ¥
4.2. Some types. From the i i i
examples in Section 1 and Section i v
’ ' :
{ - [}
| - .

4.1, we have the following three
types of automatic control sys- L
tems with randomness; _ FI1G, 4.2.




@ Ay=(4+Ty=x,
an dy=I+Ay=§,
(I11) dy=(h+A4.y=x.
The above types are all.included in the case of
(T 1D dy=0(4, Ny=x,
(T 11D Ady=0(A, INy=¢€

in Seguchi (1), p. 129, where A=(A;, Ay, =++).

5. Optimum automatic control systems with randommness.

5.1. General problems. In general, the problems of optimum automatic control
systems may be defined “Under.the preassigned @(A4,*)=4, to seek for the optimum
feedback system I" for certain preassigned criterion, within the certain restricted class
of feedback systems”.

As the restrictive requirements, it should be considered that

(R 1) the output y should not be dependent on the future of the input x and the
noise &, and

(R 2) the output y must be stationary sequence or satisfy certain type of stability
condition.

As the eriterions, it is natural to choose the minimum varianceness of stationary
oufput y.

By the analogous discussions with Seguchi [1J, from the requirements (R 1) and
(R 2), the following three conditions must be satisfied:

(S 1) There exists the inverse operator 47! of 4 and 4~* should be dependent only
on the past.

(S 2) The types (1), (11) and (I1I) are all meaningful.

And for the general solution yo of the homogeneous equation

an Ay=004, INy=0,

S 3 Yo.t — 0, as t— o

Under the conditions (S 1), (S 2) and (S 3), the solution y of the type (I), (IID
and (I11) converge to somie stationdry sequences as ¢ — co. The solutions y: are depend-
ent only on the past of the input x; and the noise & and their variances are given by
the following forms:

@D V= {1/ 10ale|* 1a(d0)={"1/leaCeD+ex(e|? b)),
aL V@)= [1/16aC1* di={ 1/ |1+eaCeer(e)]? do
~and .
(IIL. 1) VEyj=j:1t/]cA(e‘*°)|2 /xx(dﬂ)=5il/|cm(ei")-l-cm(ew)cr(@w)l2 #=(d6).

Hence from our criterion, it means to seek for the optimum feedback system I which
minimize the variance V(yJ, to seek for the optimum automatic control system,

In the next section, we shall concretely solve the problems to obtain the optimum
feedback system in the simple cases. To solve the problems, we shall give a sufficient
conditions for that (S 1) ,(S 2) and (S 3) hold.

THEOREM 5.1.1. If ca satisfies the following conditions (1), (2) and (3), then (S 1),
(S 2) and (S 3) hold:.



(1) All zeros and poles of ca are in the unit eircle.
(2) ca 13 analytic in the unit circle but except all poles.
(3) ea has the boundary value ca(e®®) on the unit circle and satisfies

(.11 {71/ 10ate12 do< o0 or [71/leaCe)]® paldB)<eo.

5.2. T'ype (1). Our main interests are to study the relations between the distribu-
tion of zeros of c.f. ea and the value of V(yJ, and to obtain the optimum automatic
control systems.

For the first step to study the above problems, we shall start from the following
very special cases: (1) We shall deal with only the type I, (2) The input x(»)=8Cw)
(this means that the input is constant plus white noise). (3) Furthermore, we shall
restrict ourselves in the cases that

(5. 2. 1) A=A01+A1T+A42‘L'2, A()Az#zo,
(5.2.2) =41, I'=I;, 1=0,1,2

in the type (.
Then ea will be expressed as follows;

(5.2.3) ca(w)=C4o+A)+ 4w+ Aw™2, if [=0,
(5. 2. 4) ealw)=Ao+ 4+ ADw 4+ Aw™2, if 1=1,
and

(5.2.5) ealw)=Ap+Aw 1+ (A+ADw?, if [=2.

As we have shown in the preceding Section 5.1, we have
dy=(A+T)Hy=§

and

(5.2.6) V= { db/|eaC)1%

(IJ To simplify the calculations of V() and the discussions hereafter, we shall
start the following considerations:
(1% Let us put

G277 e(w) =a+buw™ +ow? = aw *(w*+(b/a)w+ (e/a))=aw2¢(w), a70.

From Theorem 5.1.1, zeros of ca(w) i.e. zeros of ¢(w) must be in the unit circle.
As the condition for it, after some calculations, we have the following set of conditions
{D}: 1If D is the determinant of the equation ¢(w)=0, then under the condition D>0,

(D5 if e<<—15|/2, then |b| —e<a,
(@2’P) if—]5]/2<e<0, then 82/(4e)<a<l—|b]—e¢ or |b]—c<a,
(D) if 0<e<<|b]/2. then a<—|b]—c or |b|—e<a<lb?/(4e),
(DN if |8]/2<le, then a<l—|b]—e¢,
under the condition D<C0,
(Dg) if e<C—|b|/2, then a<le,
(D) if —|b]/2<e<0, then a<(0?/(4e),
(D) if 0<e<<|b|/2, then b¥/(4c)<a,
(Ds) if |6]/2<e, then ¢<a,

and under the condition D=0,



@ — 6] /2<e<]0]/2, and a=8?/(4e)
(27) Calculating V(z) under the above set of conditions, we have
(5.2.8) V(abe)=Viyl=2rn(a+c)/((a+b+e)a—b+e)(a—e)).

(IIJ 1=0 case.® This is the case where a=4,+4 (variable), b=4, (constant) and
¢=4; (constant). Then the set of conditions {D} becomes as follows; When D>0,
then

(DY 0)  if 4<—|4:/2, then |4 |—4:<a,
(D 0)  if —|4]/2<A4:<0, then 41/(44)<a<—|Ai|—4: or |4;|—4:<a,
(Dy 0)  if <4:<|Ai]/2, then a<l—|A4|—4; or |4 | —A:<a<lA}/(44,),
(DF 0)  if |4:]/2<4,, then a<l—|4,| —A4s,
when D<0, then
(Dr 00 if 4:<—|4:|/2, then a<l4,,
(D 0)  if —]A4,]/2<4,<0, then a<43/(44.),
(D5 0)  if 0<4<]4:]/2, then A}/(44,)<a,
(Di 0O if |4]/2< 4., then 4,<a,
and when D=0, then
(D 0 —|A4l/2<4<]|4|/2, and a=Ai/(44s).
We can easily see that to obtain the optimum A.C.S. is equivalent to determine a such
that, under the above set of conditions, the value of
(5.2.9 V(a)=V(a, 4, 4)=2n(a+4)/((a+ 4+ 4)(a— A1+ A;)(a—4)]=min..

As a can be chosen within the half intervals min (4; —|4i| —4:)>a or max (s, | 4]
—4)<a, we can see that V(a) is vanishing as |a]|—>oo. .

[II1] I=1 case. This is the case where a=4, (constant), b=4,+A4 (variable) and
e¢=4, (constant). Then, from the set of conditions {D}, we can derive the followings:
When D>0, then

(DF 1) if 44,0, then |4y|>|4:land — [ Aot 4| <0< —2V A4,
or 2V A A, <b<| At 4,

(Df 1) if 4,4:<0, then | 4| >]4:| and — | Ag+ 45| <<b<| 4s+ 4:|, when D<0, then

(D™ 1) Ad>0, | Al>| 4, and —2V A4, <b<2V A4,
and when D=0, then

(D" 1) Ad:<L0, [ 4] > 4] and b=2V 4.4,

We can easily see that &0 obtain the optimum A.C.S. is equivalent to determine b such
that, under the above set of_conditions, the value of :
(5.2.10) V(B) =V (4o, b, 4:)=21(As+45)/( 4o+ b+ 4:)(A— b+ A:)(As—Az)]=min. .

If 4,4,>>0, then we can easily see from the condition (D~ 1) and V(b) that V(&) is
minimum when 5=0. Then, ¢(w)=0 has two imaginary roots +V4,/4, i 1f 4,4,<0,

4) This case appears in the problems of discrete time parameter approximations of
continuous tims parameter cases.
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then we can easily see, from the condition (Di 1) and V(3), that V(b) is minimum
when 5=0. Then ¢(w)=0 has two real roots +V —A;/4,. Accordingly, in [=1 case,
we get the optimum feedback system I'=—A4; =

[IV] [=2 case. This is the case where a=A4,(constant), b=A4,(constant) and c¢=4,
+4 (variable). Then we can derive from the set of conditions {D}, the followings:
When D>0, then

(Dff 2)  if 4,>0, then —24,A4,<<24, and — Ao+ 4;<e<< A/ (440),

(D 2)  if 4,<0, then 24,<4,<<—24, and A%/(44)<e<— Ayt A;;
when D<0, then

(Dr 2)  if 4>0, then —24,<<4;,<24, and A%/(44,)<e<A,

(D: 2)  if 4,<0, then 24,<4,<—24, and A<e<A2/(44p)
and when D=0, then

(D 2) —24,<4<24, and e=A%/(44,).

We can easily see that to obtain the optimum A.C.S. is equivalent to determine c¢ such
that, under the above set of conditions, the value of

(5.2.11) V(e)=V (4o, 41, e)=2n(4s+c)/((Ao+Ai+c)(do— Ar+c)(Ay—e)I=min..

Here, let us consider the relation between the value of V(e¢) and e¢=4:+ A4, under the
set of conditions (D 2)——(D° 2).
(1°) Differentiating (5.2.11), we have

(6:2.12) dV/de=C4n(c*+2c2dy+cA5— Ay A7 /L Ao+ Ar+e)(Ao— A1+ e)(Ay— )2

Putting v(e) =+ 24,2+ Ale— 4,47, we can easily show the followings:

(a) If 4,>>0, then the maximum of v(¢) is v(—A4y)=—4,43<0, and then »(A43/(44,))
=AN( AT+ 124D (AE—4458)/(6445)<0 and v(do)=A,(445—4,)>0.

(b) If 4,<0, then the minimum of v(e) is »(—4,)>0, and then «»(43/(44,))>0 and
v(4,)<0. Hence, by considering the graph of y=u(¢c), we can see that the only real root
of v(¢)=0 lies within the interval (43/(44,), 4o) if 4,>>0, or the interval (4, A%/(44,))
if 4,<0. Let ¢y be the unique real zero of v(e) (ie. dV(e)/de).

(2°) From (2) and (b),
we have the following relations:

(a’) If 4,>0, then dV/de<0 in (—Ast s, ¢) and dV/de>0 in (eo, Ao).

(b)) 1f 4,0, then d¥V/de<0 in (Ao, ¢o) and dV/de>0 in (e, — Aot Ay,

(3°) Furthermore, two zeros of ea(w) are given by the following forms:

(5.2.13) w=(— A4+ V £—44,0)/(24,) and wy=(—A,—V 41— 44,0)/(24s)

(4) When A4,>0, we shall consider the two cases as follows:

(Case 1): Where the zeros of ca(w) are real.

As we have dV/de<0 in the interval (—A4,+ 4, 43/(44,)), from (a’), the function
V(e) is decreasing and from (5.2.13), we can see that the zeros of ea(w) converge on
the real axis to —4;/(24,) as ¢ increases to 43/(44,) and the value of V(43/(44,)) is
minimum when the zeros of ca(w) are real.

(Case 2): Where the zeros of ea(w) are complex numbers.

As we have dV/de<0 in the interval (A4%/(44,), ¢,) and dV/de>0 in the interval
Ceo, Ay) from (2/), the function V(e) is decreasing in the interval (4%/(44,), e) and is
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increasing in the interval (eo, 4o), and from (5.2.13), we can see that the zeros of
ea(w) gradually leave the real axis on the line Re w= —-Al/(2Ao) as a increases to A
And the value of V(e) is minimum when the zeros of ca(w) are complex value.

(5°) When 4,<0, we have the same results as the case of 4,>0. ie. (5.2.11) is
minimum when e=c,.

(6”) Accordingly, we get the optimum feedback system is I'=(e,—4:)7?, where ¢ is
the unique real zero of «(¢) or dV{(e)/de.
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Theory and Numerical Calculation of Lattice
Thermal Conductivity

In taking acount of the scattering by point impurities or isotopes and the
umklapp processes to add to the boundary scattering, we examined the difference
of the lattice conductivity between on using the Debye’s approximate distribution
and on using the precise distribution as the frequency distribution of phonon

in the solid.

We reconfirm the usefulness of the Debye’s approximation.
And we produce the formulas for the two-dimensional lattice conductivity
by using Bower-Rosenstock’s distribution function.
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Experimental Study on the Flow at the Suction
Side of Multi-blade Fan (Part 4)

The flow pattern at the inlet and the exit of the impeller of multi-blade fan
has been almost grasped by the three previous experiments, and those results
are supposed to be helpful as a standard in designing the impeller. _

Now the present experimental study has been carried out in order to
investigate the influence of changing the setting angle of the blades on the

characteristics and the flow conditions.

In the centrifugal fan it is rather difficult to change the setting angle
because of the structural matter, but the influence on fan performance is an
interesting problem to inquire into when planning the design of the blade.

The outcomes are as follows.
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On the calculation of distributed thin film resistance
and the dual relation of resistance between two tabs.

This paper presents an approximate method to calculate the resistance of

rectangular thin film with three tabs.

In the followings the author presents a method to represent the effect of
neglected tab by the correction factor, which reduces to zero for smaller size of
terminal, by the use of Bartlett’s bisection theorem.

It was proved that, for some conditions, this method is very simple and
enables to calculate directly the dimension of tabs for the given value of desired

resis tances.
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Character of the Ba Ferrite in the microwave abstract

If the complex magnetic permeabilities of the ferrite, x and s, satisfy

’ 7 7 1 . -
the conditions, z, >u, and g, o 7 , this ferrite can be used as an absorbert

of the electric magnetic wave.

In the ferrites which the present writer made under some sorts of condition,

there were the ferrites which tend to satisfy the condition, 4 >u. .
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A Study of the Liesegang Phenomena (Part One)

The Relationship between the Interval Constant of the Periodic
Precipitations and the External Conditions.

The periodic precipitation in gels is known as the Liesegang phenomenon.
In this work, magnesium sulfate as inner electrolyte, ammonia water as outer
electrolyte, and agar as gelling substance were used, then the periodic preci-
pitations of magnesium hydroxide were formed.

The distance d from the origin of diffusion of outer electrolyte solution to
the n-th precipitation formed is given by the following equation.

d=a- 10"

In this case, @ and % are constants, and % has been often called the interval
constant.

In this system, these results were comfirmed; that is, the value of 4 increases
according as the concentration of outer electrolyte solution, the volume of it, the
concentration of agar gel, and the concentration of sodium chloride added to the
gel decrease, and it increases according as the concentration of inner electrolyte

increases, and the temperature of the system rises.
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A Study of the Liesegang Phenomena (Part Two)

The Relationship between the Interval Constants of the Periodic
Precipitations of sevral Hydroxides and their Solubility Products.

In this experiment, the periodic precipitations of hydroxides of magnesium,
manganese (II), nickel (II), iron (IID, zinc, cobalt (II), and copper (II) were

formed individually in the agar gels.

In these cases, sulfates of these metals as

inner electrolyte and ammonia water as outer electrolyte sclution were used.

In thses systems, it has been found that every interval constant 4, definited
in the first paper of this szries, is a function of each solubility product L.
Therefore, this method may be utilized the determination of the solubility products

of sevral hydroxides of metals.

Meanwhile, there is possibility of further study, for the super-saturated
theory has been a common opinion on the formation of this phenomenon.
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A Design for the Pneumatic Conveyer of Dust

The pneumatic conveyer of dust is an apparatus for conveying a mixture
of dust of various kinds and compressed air through a pipe by the energy of
compressed air. Here will be shown a design for conveying soot gathered up

with the hot cottrell.
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1100 SR

HAHER

| 0. 8m3

550

200
K2 75727—58v7

i
B1 @\ % R #f X

W FaNyge

——pes <l

2% = 30

6. EGMELETZEI 0SS A

1. 9397 ——EnE=E
g=V.7=0.8x0.54=0.432 t
2. IEGREX—E O ERR]

T,— _0.432X60
i 10.4

3. Fv —TITHEE
Ty bAKyA=TFTD7r—avYHEE 7 5t/h
TEAIN, REHIE60%, 3t/h L LTHET L.
"T,=0.432x60/3=8. 65 min

1. T, NUTEEEORERRM
T3=0.85 min

5. —[ElgERER
T5=T14+T2+T3=12 min

6. —AS 14t ZEHETBICE

= 2.5 min

__ e A
T—_—0.432 X Tx= 388 min ==6.5hr

7. FHEEEN
G;=14/6.5=2.15 t/h
—F—ATREESL LT —AE=y FrvARE
A0 6. 5REROEBRTH Y, —FHTNTORBEL S
ZriLitA.
F, C, DHER# 100% & Licr &
T,=5.2 min Tx=8.55 min
&Ko T T=277 min=4.62 hr
G,=3 t/hr rish.
THUXEEA B EAMBIC L AE . F. C. ORES
®O0%W BRI B ThB. b F. C. OO
CCEARMIERIR > TEELEIHFOTNS.

7. BMEECOWT

L& # & E

FRERNTENERRVOT, BRI XKEC
530 LT



d=FK FHEX; 0.04dmm
b=RTELE; 5.07
Pu=§§%§§ 1.2

v =V"-0.0284 XdX pp/pa=2.19 m/s

ERIEBERIRGE, EROBERZEODT
NEX TRV LEEbh A0 TEKRERLES Bk -

Tl b

2. EBEOHRE

EROFHHE»LTIUE, EEFFEHCHEILTH X

WA, RIEDESHBECOWTE, ERRCER»D

47
oz 15m/s OWEL Lizr ¥

_ 12
d‘"( 5X60% 15% 0. 785

20m/s OWEDO L &

. 12
d_( 5X60% 20X 0. 785

LLED T Lok, Bk I50 A SGP x35.
BN %£; 52.9mmé¢

1/2
) =0.058 m¢

)”a=o. 054 m¢

3. SATSAVRRBEHEOR

RKIAA 774 VRAEBRFHERRDRICERD LD

15~20 m/s PEMSTH S . DThHS.
£1 2 4 7 7 4 v R HKBEHME
i p e | P T msEE E N E R ESEE ..
AR | EE| m/s |kg/cm?|kg/cm?| kg/m3
1 R 4B K 50A 18.14 | 4 0.13 6.0 1974
2| 757y ~ A | 50A | 50 | 13 | 18.62| 3.87 | 2.28 | 5.84 | 2025
3| A ~ B | 65A | 25 21,3 | 1.59 | 0.31 | 3.1 | 1406
4| B ~ Cc | 8A | 30| 5| 175 | 1.28 | 0.27 | 2.74 | 839
5| ¢ ~ D | %A 10 | 19.8 | 1.01 | 0.2 | 2.41 | o944
D ~ %42mv | 80A | 5 22 0.81 | 0.04 | 2.17 | 1050
6 | v47my 0.77 | 0.01 | 2.12
7| Rervinsik 0.76 | 0.02
8 | HER B K 0.74 | 0.01
EMOEE, ERSERRDD L,
1, un= 12 =18.14 m/s
" 5% 60X 0. 0532 % 0. 785
v27 = 18.142X 6=1974
2
4p = (F4m) AT — (1412) 2974 _ 1309
19.6
4p = 0.13 kg/cm?
o 12 _
2, Y= T 60%0.055 %0785 1562
V37 = 18.622x 5.84 = 2025
o =1+0.2m =3.4
S 50 . 2025 _
4y =4 - - 22 =0.088 x 3 - 2D — 3708

4P = o' - p = 3.4x3703 = 12590 kg/m?

" =1+ 0.8m = 10.6

LT 038

13

0.0532
49" = a'’ - pp = 10.6 X 963 = 10200 kg/m?

. 2025 _ 2
9.6 963 kg/m!’

dpy = AP + 4p"" = 12590 + 10200 = 22790 kg/m? = 2.28 kg/cm?
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12

3 %= 5 59x60%0. 0682 X0.785

= 21.3m/s

73=3.1 a;=1+0.2m =34 2=0.035

pe=a--L T2 _o0g5. 25 . 31X _ g93 o/ma

D 2g 0.068 19.6
4dps = 3.4 x 923 = 3138 kg/m? = 0.31 k/cm?

£ e 12
’ 2.28%60x0.080%%0.785

=17.5m/s

2=0.032 oa;=1+02m=34 71=2T4

dpe=0.032 - —30 . _2.T4X1T.5 _ 513 7y0/m2

0.08 19.6
4p; = 3.4 X 513.7 = 1746 kg/m?

dpe= 0032 + -5 . VBX2T4 _ goyorn

0.08 19.6
e =1+0.8m =10.6
4p, = 10.6 X 86 = 907 kg/m
dpy = Apy + 4P, = 1746 + 907 = 2653 kg/m?

12
2.01x60x0.08 x0.785

5, vs= =19.8 m/s

T =2.41 a5 =1+4+0.8m = 10.6

dpy = 0.032 - 10 . 2.41X19.8 _ 199 gyp/me

0.08 19.6
4ps = 10.6 X 192.6 = 2042 kg/m? = 0.2 kg/cm?

12

Us {8Tx60X0.088X0.785 22 /S

T=217 a=1+0.2m=3.4

A
—

" 70.08 19.6
Ap, =8.4 x 107 = 363 kg/m? = 0.04 kg/cm?

INENOEEL, EOHBRRLT LD LED
A, RUIGERIRW 2B s .

8. ¥4 s>

BRI k=T 4 7 » VARREWTUL
7= & FE  p=0.T7kg/cm?
T KRR 12 Nm3/min
AR EE 15 m/s k¥5%

1. BRERETHE
M3y A 7 v vEROBRR 2R T.

7X22°  _ 107 kg/m?

. 4220
b=70 o
T 1
L . —8 1
T N o
L ]
h=12 LD 5004~} =]
iz (bhDE D) t
100 ASGP ]
g
w

a0
B3 4 7 w» v



ADOWTER ¢ 2RD D L

a=bh= L

TR e o g 2
T77xe0x1s - 0-00753 m

h: b=5: 3 Tl h=1.670

p /000753 _

167 0.067 m

h=0.112m

HoE:E 4

HOEE L ADEEORY 1. 5 KRETS.
v7=15/6=3m/s

FHE#EY 100mm Aq 275.

- { 12
(T.77=100) X 60 0. 785X 3

ARANE D
D=2d=0.202x2=0.444m 0.5m T ¥ %.

}”2=0. 922m

A. EXRTRER R/ FE

SR:{me_ 1 1i=4

1/2
n 7y N ’ 272 } To: HULE

o f_9%12 . 1
nx5.07 15x1

. 0.252—0. 112}”2
2%0.25

= 0.00675=T7u

BT NORI60%DOEIRE L5, HAEE R/
T THIEENRR I LB DEELBNS.
INEEE 9
IEETHFEE 68p X5 LEBGRITITHILD
PERACIIFE0% 2B L JIRCEL D LT 5.
=. ¥4 /Rrv0E#E

EERE A RD BT

_ _30AvVD _ 30x75V'50
@2 VLI+H  222vV50+100

=2.68

A= P 72'_;2= 2.68 - 2'—11291%?—=%rnmAq

——
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9. Ry TIN5~

ABEH 0.76 kg/cm?

FREE  1.2m2/md
(MR B D1 fE)

EEHEFEER

= D = 2
A _-—1.76v><1'2 8.2m

ZERIE 12 Nm3/m

TFOEERE
v =12/(1.76 X60 % 8.2)=0.014 m/s
B A
280¢%x15001 x3%.
a=0.28 = x1.5==1.32 m?
n=A/a=8.2/1.32%6.2
REBLYIFLTS.

HRERR
v=>5m/s rLTERETHL
dpg = 200 mmAq (FEig)
- 12 112=
a=( SRR TR =Y
1200 —=
T 1200
e
=1
~I:J—
|
g T¥
1
3

B4 Rors7a0x—

10. BN - BEDSZ7

ERC LT EAE L35S R B A0 Bk =
b2l K5 ILESN, EEOBLOEM AT .

RYV. 508 T (65A)

B ENLZEEOZE
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1. 7529 -9/ OREHE
K 6 o\ CEERES AT

1
Fzsaq
T -
g° a
T10R =3
'R
108 —1 8
1 %
A
< PSEN 8
250¢
K6 757vxvy
EEERESN 4kg/cm?
B h f 1mm
1. FEA#SERORE
t = Lt Ll + a

400 Cos 6 (exn—0.001p)
= 4 kg/cm? Dy = 1100 mm

. (3 ® “/2 Cosoxr)

1
1 1100 _
Z(3+"/ 7%0.5299% 110 192

¢ = 36 kg/cm? 1=1/4
7 = 0.57X0.85 = 0.48

4x%1100%1. 52
400X 0. 5299 x (36 x1/4x0.48—0.001 X 4)

+ 1=7.31+1=8.31 mm
t=9mm ¥EHTS.
2. R W E

P-D,
200 ¢ 20 — 2p (1—K)

= 4x1100
200 X 36 X (1/4) x0.48—2x4(1—0.4)

+1=512+1=6.12mm 9mm %M.

3. TEHRAHZHOEE
g 1100 _
W= (3+ ox0.725ax10 =4

4x1100x1.41
400x 0.7254 % {36 x (1/4—0.001 x4}

+1=4.95+1=5.95 9mm *FEH

hi=

+ @ K=0.4

fo =

i3 =

12. 75999 0MERES

EBORME
a. 75H9VFv oD I7A—L— PERE
M7 2757V vI/BG7r—v— v 2FRT.

Compressed air
4kg/cm2
12Nm3/min

J sC

K7 7572v2v7D7r—¥—1}
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BEOZANIEY, BALER TS &M v
E— R —DMEBRILAA v FHAD
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4. v —2 ) = A THEEEIRD, WEIFFIEI
hs.

5. @2l L, #EAKRG VIR I b EIIFR
LicBREN TN ONTRET5.

6. EARERE ), ERESREEU TR
Br, ENA » FHMEB) LEREL S .

LAl pES

ZABPC S EELSBIAHR AT T5.

(EAAL 9 F~AL RARFBL, FEMEMED
EN%xmzs)

EBEL

HREKD, WHhTnHLETHELHEL XS
5.

b. a—-viILT B B

13. o -4y -0

8 Th»rbd X3 C, e —2Y)~ 07X, 7
F7v—2v/7DOTRRZEL, BEHABIERLLE:
ELTHERDDOTHS. ZREBEORELE—E
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BHEOREL) &, FE, EWCKSLTEIBEEE
Wz AEWHERSS. A—HATIEEROE X
DHENET B LEEBOLHENLD.

1. % &% (1)
Ri=240¢ a1=200 b1=160
di= 55¢ 11 =9 ¢1=150

2. A—-9-7E
V=V1—V,—V3—V4
V1=0. 785X 242 X 20=9043. 2 cm3
V2=0.785%5. 52X 16=380 cm3
V3=9.25%0.9x 18 X6=899 cm3
Vi=(nx2/3) (1224+12X 2. 75+2. 75%) X 2=TT2
X oT V=6992.2 cm3=0.007 m3

3. EAERLEGHORR
$1=100% DrE& wm=1 LT n i

10.4

™= G BIx60x0.007Tx1 _ ro-8T-p-m
¢2=50% Dr¥ 72=0.5
np= 10.4 =9l.6r.p.m

0.54 x60x0.007 0.5

TEL. O TAyr — A7 9 73BTt 5.

4. %K (R) OB [) 2Rr—A797

R;=300 ¢ az=250 b;=200
ds= 60 ¢ fp =9
V; =17662.5 cm3 V; =1458 cm?

V,= 565.2cm3  V;=1460.1 cm3
V' =V, —V,—V; —V;=14179.2 cm?

=(0.0142 m3

$3=100% DL &

nz=22.6 r.p.m.
$4=50%

n4=45.2 r.p.m.

BER7y—VT9 7 LT (») &T5.

Rs=400¢  45=300  &5=250
ds =70 ¢

vV =37680 cm® V7, =2450 cm3

Vy= 962cm3 V, =2524 cm?
V' =V{ V) —=Vy =V =0.032 m3
¢5=100%

75=10.03 r.p. m.
$6=50%

#n=20.06 r.p.m.
HEDz &pabstE e LT, HEE 10 r/m.
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TIREEE 0.21m/s DL ¥, v—2 Y — L7 DX
RKX10% %2 52 LAHERBH, LaL, BIR
PUBADEERSS. LoT, BR (r) RSB

rT5.

5. B & & ‘
(=) X BEHBEMOBEL IR,
FEHEEK M =Av A 2 v ERE
Bk

EHB 2—563FM i=1/11

32.7~130.9 r/m
INEEEEEK 50 r/m~100 r/m
KEEHEEEES  22.6 r/m~ 45.2 r/m

._ 50
G z——ﬁj——ZJ

ANgEE RS 100 ¥k 13
KeEE W 13x2.2%=30

U, Ry FT 4 LY —-DF% g

15. Ry FT4NI—=TFTARIY 2—
T 4= =

1. AL - RBICET 28R ((FEVER)
V=0.9%0.4x0.585=0. 21 m3

R 1EY ) OGXE  0.8m?

Ry 774 & —DEIREN 30 % &+iuE
ZEK R 1 B ) OEITEL
g=0.8x0.3=0.24 m3
EEHEOEEE 125/H Thihb

A7V a—avAvEEGEGELCL LT, ZORT

BERVEZERE
Q=0.24x60/12=1.2 m%h
G=71Q=0.54x1.2=0.648 t/h

ZDBEA 77402 —-DEINER30% L LT\
50, CRIREC L 55D ThS. A7 YVa—ay
<Y OEIEHE L, BURRIM0%ICTE > CTHRS, &M
Chzbhsbor LTEET5. M, MREEZED

FEEFT T TEL.

2. RESNICHEERERNCEK-T, AVRVPO
EREEHEED D

He 73 1.6 m%/h vy 200
A7 Y 2 — 2008x90¢
Ty REFEE 0.2

HhHE R
n—e_ Q@
AXE XX px60
Q=1.6 m%h K=0.8
A=0.785(0. 22—0. 09) =0. 025 m?
-y $=0.2m
e 1.6 B
%= 5.025%0.8x0.2X0.2x60 o0-3r.P. 1.
3. B) ¥ &
{5 B Ehi

1.5 KW x4Px1/30: 60r.p.m.
1=60/33.3=1.79
N g8 B RS80 13T (#EHD)
K 4 E  13x1.79=24 T (%)

» & B Z

—EEERORE TR D2, BEEROWN
T UHBERICONT, EROTKES ELEK .
BRCEBERCCFREMEEKIEREE, REBR
Bph#EsE, EEEo CESIr a8 RESR
Bo#REACREZOERIARK, HEFES2T N
TALER A LEE, PHIEE, EFEBTEL #4L
TS,

£ E XK

1. EmRA, EMELR: Htossm: (BH
TEEFHEE)

2. {eEFITEHE: CEIEER

3. BAREBES: BRIYEE
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EAN14 - 7 Entladungen im zwei geschichten Dielektrikum bei stoBspannung
-------- Arch. f. Elek. 33 (1939)

27 5 FRNESREO—TR (HEREFICOT)
BE=FLMAF AW
P27 2 BABEIC X ATRRREREOTE 4148
BATERFERS H1515
FRI2T - 12 Aok 28 z #1%52%
FRIZ8 - 2 Rk #3m F #2%1%
FERIZ9 - 3 Ak %4 A H253%
FRIZ9 - 9 m ok #5% F #3%2%
RS0 - 12 Ak %o M H4%3IR

fE#032 -+ 3 Research on the High-Frequency Surface Discharge
RBAIT®HREE F4515

BEAN34 - 11 ®vVF AN rER L BEEEDRZRIOWT
BRUELNAMNTMES KEEERLE

FBFI35 - 10 TWT (4 W 72A) DFHLI> T F E
PRFI38-10 T 5 v ¥ A x O 4% 4k I o
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