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On Continuum
Yoshio Kinokuniya*

Abstract

This paper will serve to report my results of study, if we may find
another peep into the mystic land of aggregates introducing the point-measure
theory (or the theory of point-dimensions).

I. Introduction.
In the case of an infinite series:

ay+a+a:+...,
writing S, =y T+ ... +a, ,
there had been established a criterion for convergency ‘that

8,8, > 0 as n, m —> oo ;
but, when we had built the conception of the set
{Pr} hor oz

as the collected whole of these elements, it was not the analogon of the
above ; it was the conception of enumerability. In the similar way, we
promised the set

=M+ Mo+ M+ ...

to exist when each of M, (k=1, 2, 8,...) is considered to exist.
As Zenon asserted, we cannot have the conception of the set (0, 1) as
the collected whole of the points 0 < a <1, within enumerability, because

0+0+0-+...=0.

But as far as we may not deny the conception of the set (1, 0), there
must be promissed a way of collection & which asserts that:

S0=1. I 1)

He was G. Cantor who had shown ths collection of‘the continuum very
exactly for the first time.

BEECEN IR
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314 Y. Kinokuniya

Though this is so, G. Cantor showed another character too, i.e.: One-
to-one correspondence is not enough to make the measure of set fixed,
whereas (0, 1) can be put in one-to-one correspondence with (a, b), by
arbitrarily given finite points «, b. It is a kind of rectifiable propriety of
correspondence. To look on this propriety as a clear structive one, there
is a convenient representation of measures.

Let us write
S p(P)=m(4) 1, 2)

instead of (I, 1), m(A) being the measure of the set 4.7 w(P) be called
the dimension of the point P. Then, the rectifiable propriety will be
sufficiently described by the formulation

#s (P)=2(P) u(P) - &3

P, being the image of P and A(P) being a non negative number, when we
take p, (P,) as the transformed dimension and write
m(A)=8 p, (P)y=& 1(P) p(P).
P’_ISA 4

In the special case A(P)=k=const., it will be

m (A)=k m (A).

II. Null Measure Assertion.

In this paper, we mean by mapping, a one-to-one correspondence by
which
P<Q in I, , whenever P<@Q in I,

where P;, €, and I, denote the images of P, @ and [ respectively. Then,
for a mapping described by (I, 3), if we give as

A(P)=1 for each P e 4;
A(Q):a>0 for each Q € B=I[—A,

we gain:
m{A)=m(4A) and wm(B)=em(B),

where  I,=A,+B, and I=A+B.

By the way, there will be no difficulty if we give the axiom: If the
power (or, the cardinal) of the set B is not smaller than that of the set A,
wn every neitghbourhood, then

m (A) < m (B).

1) Of course, there arise many questions on our measure, but their discussions shall
be left for the future. The measure will be then called o priori measure.

€2)



On Continuum 315

Now, let us suppose the cardinal number of the set 4 is really smaller
than that of continuum, so that the power of B is equal to that of con-
tinuum in every neighbourhood in /. Then the power of 4, must be really
smaller than that of B,, which must be equal to the power of continuum
in every neighbourhood in I;. Therefore

m(A)=m(A) <m (B)=e-m (B) < e-m(I).

¢ being arbitrary, it must be

m {(A)=0.
In the case A is not bounded, we may take a sequence AP=AN(—k, k)
and gain the same result. So we conclude:

THEOREM : If the power of the set A is reaily smaller than that of
continuum, m{A)=0.

111, On Point Dimension.

The conception of a point may not consist without the formulation

P=lim (P—s, P+¢)
g0

when we look on any interval {(a, b) as the collected whole of its inner
points.
On p(P), we will associate with the formulation

o (PY=ps () (1L, 1)
for each pair of points P, @ of (— o, o), but by any mapping
pi (P =2 () 1 (P},

we no more take g, (P) to be unigform. This coincides with the character
that: Though [/ be put in a one-to-one correspondence to I, it cannot
always imply m (I)=m ({). , '

HEspecially it is very important that: To assert sumability of (I, 2}
with the character (III, 1), we must understand the dimension x(FP) as

w(Py~1/€ (111, 2)

€ denoting the cardinal number of continuum, though it is not so exact
as 1/5. If we do not permit the formulation (I1I, 2), we will lose our
essential idea to take (0, 1) as the collected whole of the continuum. At a
fixed point P, let u (P) be fixed, then if wa extend this dimension by
the formulation

I (Px):,u»l (Ql) B

2) This means, we take 1(P)=const. everywhere.

39




316 Y. Kinokuniya

it will mean that we give another unit of measure on our linear space.
This being so, the formulation
wy (P, 1)~1/ €
should hold always, too.
Now, on dividing as
) ®) k) ®
I=(0, )=L+L+...+1s+R,
Q)
Q)
R {7:/2/‘}@ 1,2, 00 - Zk—17

we may have ,w(P) to be not }ess than hm m(] ) then according to (III, 2)
1/€ = lim m(I), while hm m(I)—hm {1/2"}=1/2%~1/6.9 Hence we gain

p {P)~lim {1/2’0}~1/29I~1/c, 2 (111, 8)
k=00

g0 that this formulation will naturally give the definite structure of our
dimension.

Through this consideration, it will be remarkable that we restrict us
within the uniform system of dimension by means of the binary scale.
When a system of dimension is given as every-where uniform, we will say
the system is normal.

IV. Several Remarks.

We can take {1/n*}i.io ... instead of {1/2*}, but we cannot take
{1/n}u=1,2, ...”. Moreover, when applying (III, 3) we conclude as

2k<2{1¢<@: - z)l‘)i,v@:
there can be no impediment, but we can never determine as
C<s¥

though 28 < A (k=1, 2,...) and 2%~@. These are the circumstances con-
cerned with the representation structure of our points.

In abstract considerations, it will be difficult to look over the destina-
tions of collecting elements, because there can be interpreted no point-
dimension such as ig of our sense. For such an example, we may take the
problem of well-ordered set, on cur continuum.

3) ¥ denotes the cardinal number ¢f enumerable infinity.
4) When the cardinal number is considered as the inversion of the point dimension, it
will be called the inversion number.

5) On S'Ddx=1, du~1/1.

(4)



On Continuum 317

If we give an order to the set (0, 1), it must be operated on condition
that the formulation (III, 1) might be hold. But, it is well-known that,
we cannot regard the set (0, 1) as well-ordered in its present structure
(say : 2<y, if x <y), so that many changes of elements on their ordering
will be mnecessarily needed, whereas our point-dimensions may lose their
senses described in (I, 2), (III, 1) and (III, 2) by these changes, because by
such an abstract treatment no exact structure shall be maintained on these
formulations. Besides, if we persist to believe in (I, 8), 1(P) must emerge
to be too random to be caught by any means. Such must be a terribly
chaotic state to our reason.

On the number-theoretical points of view, we sghall find important
distinctions from the classical ones introduced by R. Dedekind and G.
Cantor, who showed the positions of the real numbers but completely
neglected the propriety of the measure of point which cannot be posited as
empty. For instance, Cantor posited as:

1=0.999...,

but this is not evident. As 0.9, 0.99,... are all different from 1, if we
posit the limiting position of the sequence (0.999...), it will give us the
point 1—o very naturally, but it must not overlap with the point 1 itself.
This is not a new idea, but is to be considered as of Zenon, who asserted
that Achilles might not outrun Hector. With Zenon, we may assert that
1—o0 1, whereas in the classical theory of numbers it has been guessed
that 1—o=1=1+o.

The idea ‘“‘zero” as the measure of point will not be a naturally evident
one, but it will be interpreted as the inversion of “infinity” as the number
of points to be summed up to make the measure of the set of them, i. e.
the inversion of the cardinal number. To complete the conception (O, 1) as
a continuum, we must define the scale of the point P as:

(P)=(P—o0)+(P)+(P+o0).

This is the ground on which we posit the point-dimensions to be flexible
in the sense of the transformation (I, 3).

(Received August 7, 1950)
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A Constructive Study of the Functions at the Points of
Discontinuity in the Theory of Stieltjes Integration

Yoshio Kinokuniya*

Abstract

When we test some limiting deformation to fit for the expression
FEAGEO=fO{GEN-GE)Y
_there emerges a constructive problem between the functions fi (z) and Gy ()
which are taken in this process of deformation, Two important constructions
are defined and discussed in this paper.

1. Introduction

When there is given a function of a variable of bounded variation
G (x), we may define a function of a set G(e) as follows:

(i) G=G0,)—G () for e=[a,b];

(ii)  Gle)=G(b.)—G(a,) for e=(a,b) ;

(i)  G(e)=G(0.)—G(a.) for e=(a,b];

(iv)  G(=G()—G(a) for e=[a, b); _
where ] and [ mean closed; ) and ( mean open; a,=a-+0 and a_=a—0; and
basing on these four definitions make a system of additive values G (e)
corresponding to any Borel sets. This system is no other than the system
which bases on the following two:

(i)  G)=G0.)—G(a,) for e=(q,b) ;
(iiy G (P)=G@&,)—G(t.), P, denoting the point x="(;
because we have then, for e=[a, b]
G(e)=G (b.)—G (@) +G P)+G (P)
=G b.)-G(a,)+G(a.)-Ga)+GB)—-GO)
=G b,)—G(a.)
and similarly (iii) and (iv) are implied. It is evident that no other system
can be defined than that of G'(e) above shown when we demand :

G (e) = W(G)+ W (&),

C7)



320 Y. Kinokuniya

VT’(G) and W(G) being the upper and lower variations of G (z) over an
open set e respectively.

At the points of discontinuity the Stieltjes integration thus gets the
convenient representation by the above modification :

(@) dG=f(2){G (@.)—G (2-)}. a, 1

If we conform to the rule (1, 1) and compute any integral of Stieltjes
type, there may be left no question by itself, but when we try to test
some constructive interpretation on the formula (1, 1) we come across a
special problem.

Let us suppose any pair of curves vs and I's of which v, passes through
the three points {£—38, F(£.)}, {§, F (&)}, {£+38, f(£,)} and I} passes through
the three points {€—8, G(&.)}, {& G (&)}, {6+, G(,)} (6> 0), and define
tow functions fi(z, 8) and G (x, 8) by the curves v, and I's respectivlye,
then we may have a Stieltjes integral :

16
J, = j fi(x, 8)dG, (z, 9).
£-8

After positing so, let us define the relations between fi(x, 1) and f; (x, 8)
and between @, (x, 1) and G, (z, &) by

f1 (x’ 8)=f1 (%‘1, 1):
and G (2, =G (x, 1);
where x; =%(:c—§)+6 i.e. x—&=(x,—8 8.
Then it can be easily seen that
J1=e]5=lim J5 (17 2)
§=0
whenever the limit exists.
If we demand the construection
lgg)l Jazf(f) {G (E+)—G (E—)}; (17 3)

there will arise the problem to determine the relevant functions f; and G,
satisfying (1, 8), or to determine the relevant curves 7, and Iy to give the
functions f; and G, satisfying (1, 3). Being informed by (1, 2), we can use
the formula:

in place of (1, 3). In this paper we consider the continuous curves v, and
Iy as differentiable except the finite number of points. Let us write f (v)
and G, (x) in lieu of fi(z, 1) and G, (=, 1).

(8)



A Constructive Study of the Functions at the Points 321

2. Linear Construction.

This construction is defined by

@ =t{fO—FEI}+/(©) and
Gi@=t{GO—GE)}+G® in e-1<Ca=E+t<E;
Fi@=t{f () —f O} +£(© and
G (@)=t{G{E)~GE}I+GE in o=+t E+1 ;

and FO16E)-GEN=T= | f@ds
= [T A@ 6@
where G!(#)=dG, (#)/dz. In this case, since
1= Hr@-r 1 ONCO-GE )} a
+ | BHrE)—F @7 @16 €)—6 @) at
= S EIH OHE O -6 )
b2 PO EIHE €~ ©)

= L EIHGEO—-G I+ O {6 E)—G E)
| +f (E{G (E) -G @),

it must be
FEOLGE)—-GEN=EHGE—GEIN+ENGE)-G @)} @, 1)
Therefore, when G (¢,)==G(£.) we have
F@O=1E)+pf (&) ; A4+p=L

Especially, it will be notable that it is sufficient for this case:
1 , 1., .

This means both f and G are regular at the point z==¢.

(2, 1) shows the special possibility of 2, #, so there arises the question
Jor the walue given by an arbitrary pair of 2, p (A+p=1): Does there exist
any construction (vy, I'Y) or not?

C9)



322 Y. Kinokuniya

3. Quasi-linear Construction.
This construction is defined by

f,('c)— (k a)+a in —-1<t<<{—a0, (t=x—5) ;

L
“"Q

il

(k—b)+b in 08t ;

w
l—l

= in —ali<AB;
G(@)=t(K—A)+K in —1<t<0 ;
=t(B—K)+K in 0<t<L1 ;

k=f©), a=f(€), b=f(€) ; K=G(E), A=G(E.), B=G(.).

In this case, since

E+1 —a
J,=j f,(x)dG1=S {k_“ A) dt
£-1 -1 11—

+j ’Z b — 1)+b} (B—K) dt+ fak(K—A)dt-wL ﬁk(B—K)dt

={f_a }(K~A)+{g i( )(B 1 +b(1— B)}(B K)

+k{(K—A)a+(B—K) B}

~ {% (K—A4) 1—a)+ %(B-K) (1—B)+<K—A)a+(B—K)B}’G
+ %(K_A) 1—a)a+ é— (B—K) (1-8)b,

to be J,=f (&) {G (£.)—G(¢.)}=(B—A) k it must be

(B—K) (1-8) nu .
. l—a K—A -
Since T—E>O we must have 5K p >0
i e GEO=GE) 2~ 3, 2)

GEN)—GE) »

when Ap==0 and G (£,)==G(£). On this condition, evidently (3, 1) is solved
for @ and A. '

(10)



A Constructive Study of the Functions at the Points 323

If B=K, we have

(B—A) (1—a)k=(K—A) 1-a)a , [1—a=0]
and B—A=K—A,

so that it must be 2=1 and p=0. Similarly, when K=A4 it must be 1=0
and p=1.

Consequently, we see that there exists a quasi-linear construction when
(3, 2) .7s satisfied and Ap==0 for the given fF(E)=a f(E)+p f(&,) Q@+p=1).
When the condition (8, 2) does not hold, if we change the value of G (¢) to
fit (3, 2) for the given pair of 2, » we may find the value 0 <«a, 8<1 to
suffice a quasi-linear construction on condition that 1x==0 and G(£.)=3= G (¢.)+

When a—b=0 we may find the expression

k=da+ub (i+p=1)

is possible for any given value of k, because it is solved by
el

a—b
This being so, we will find all the cases of f(&) are involved in the form
FE=2fE)+p fE.) except when f(E.)=f(£,). For this exceptive case we
have, in the quasi-linear construction,

HGEO—-GE) Q- +{G()—G @)} A-RIfE)
={G -G} Q1-a)+{GE)-GE}1-BIfE.),

so that we may have a quasi-linear construction for any value of f (%)

But it must be FE)=fE)=f ()

if (8, 8) does not hold.

2 , p=1-—2

(Received August 7, 1950)
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Shall & Will ©#5¢

¥ H =

An Enquiry into the Use of “ Shall” and ¢ Will”
in Shakespeare’s Works

Mitsugu Masuda

Abstract

As for the use of shall and will, this paper gives a treatment of some im-
portant points of difference between Shakespeare’s English and Present One.
The present author aims to remind students of English of the fact that
Shakespeare’s general application of these auxiliaries denoting pure future
accidentally coincides with their present-day volitional use denoting speakers’
will in Present English.

1500455 & BiAe % ¢ o3BT BRI 423538 (Modern English 1500-1900) L 2o Tw 3
P TR ST 2 LRSS (Barly Modern English 1500-1650), R
(Late Modern English 1650-1900), 3 ; tr3Rft3E5E (Present English 1900-) &% 3,
vxdr a7 (1664-1616) F =V FRRAMOATH 255, BOTFHLBEOH WREZ
MUBEREECB T2, v =4 72 TOEROHRLF, KR EBEHFL VAR ThICE
T3, WMETE =Y ¥Ixii#%3E (Elizabethan English 1558-1603) &z d DT
B2, &z AhERE Chaucer (21340-1400) mIEFESAEICEREEO LR EIAORE
WILDD, FOBREHYDE D RO TELEWDT, HERIEEL VWO THZORHIO b O

i

SRELENIE AT L ClR Wi D fee L7220 THAESE & IR T 2 & 8, |P W5k B
#HZOMICEWTHESHESR SN S, ARHLCEL CELGRRIEONBEH LT,
=4 7 2T RARMEFO shall 3 Lo willz whEw w2 T 2o Bl <
W2 k5 T30 THhB, ELIFEAFELoZhT LOR)

1. #iEERRr#EbT 2D AR L UZ AR shall w3z T &,

She gives it out that you shall marry her. (ZJE, RFChRZA L EFo T

(135



326 # H H

7o) Oth., IV, 1.

Our feast shall be much honoured in your presence. (j7z L & HREE0SHE (€
BEnz 53k 2, B o OBy 2 T L) Merch. of Ven., III, 2.
Of all days in the year,

Come Lammas-eve at night skall she be eighteen.

(@%%DWK&%H,%i5£%+AmKBOL%D§TJI%m-mMJM.L&

“Shall she marry him?”’ — “No.” — “How then? shall he marry her?”’
THDEIABEBRIACKEZONT ) ThwACR B, E5KAXT B
BERIACKEZDMT ) Two Gent., II,5.

CTORBEY =4 7 2T OEREBENCETED v, LELREEE O HETH 2.T
nizd 5 3 AHBC shall & v CRiffap b T CHBoEM E T2 28T & 3,

2. BfbmoBhEEIE LT would 5 _& &z 51c should ¥ vz &,

Thou shouldst have better pleased me with this deed,
Hadst thou descended from another house.
(X ooEz2 T LB cdord, MRACLEDRS D M)

As you like it, I, 2.
1f he should offer to choose, and choose the right casket, you should refuse
to perform your father’s Will, if you should refuse to accept him. (f‘%é
OHFPRBED EH 2RO TEELWHERD TARIWELRAED, ZORICRRE
EBOLROTE, PRBOMESCE e T e ELED,)

Merch. of Ven., I, 2..
1 find thee apt;
And duller shouldst thou be than the fat weed
That roots itself in ease on Lethe wharf,
Wouldst thou not stir in this.
(20 d LFEhZ0FE, H{Ha RT3 L1540, PERIICENT
OBLIDREEEOHECTE D AL) Haml., I, 5.

LT ARFT LS ESAK should ¥ MwAWCIHRAE T 3 2L/ ¢ would %1
WTnWBARDDE ThE Y =4 2 A TOHWBBEOSEE KO TIOTH B, ki 2
=

Had 1 but served my God with half the zeal
I served my king,

He would not in mine age

(14)
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Have left me naked to mine enemies.
A LbLAEC2 ZZOPRGFEFOEGE L Ttz LTwienTdorbd,
XX 3RTIERBNRSELEDT, bPLEBRSTH I ~BSRK LIRS X5 L
ERBDRD D) Henry VIII, I, 2.
““ A friendly eye could never see such faults.”——*“ A flatterer’s wounld not,
though they do appear
As huge as high Olympus.”
(HEBRLTZ 30w 2BREABROTRRVE T, [~ObnERLDYT L,
AEPET2Thsr5, U vy ARAREOKRERBEE boy Jul. Ces., IV, 3.
3. JloEELHTaMFCE W2 bz shall oA,
(@) TibfR) ¥HEbT A
If you much note him,
yvou shall offend him.
BAEVREABEHES2UTTE AeEadfrbIEVET D
Machb., IIf, 4.
Our son shall win. (~av 7 vV 8SEBES2F L) Haml., V, 2.
Let good Antonio look he keep his day,
Or he shall pay for this.
(Tt m=2dF—-2ACHEEL TR RO IREEELSEAVWEID L LAVWE, T
ANEVT, LATARVHCEWAZDZESLD Xo) Merch. of Ven., II, 8.
(D) i ERREROERKELEDT Will DR, |
“ Collect them all together at my tent: I'll before thee ’——‘ 1 shall do’t,
my lord,” (& blLOF v PEEETLEE W, FEWLD & BICHS
Moo L DE LR Henry V, IV, 1.
“Go forth, Agrippa, and begin the fight:

Our will is Antony be took alive;

Make it so known. ’——*‘C=sar, I shall.”
T YV SSEELT, TRCEWEHRD V. bLET Y b=~ AfcLzwol
Bor— LT EDE LR ) Ant. and Cleop., IV, 6.

‘ Brothers both,
Commend me to the princes in our camp;

Do my good morrow to them, and anon

Desire them all to my pavilion.”” ——“We shall, my liege.”

(15)
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(Bed, DBMhOBANHIREL LT bLBLALIEoREE2 T, b
Y CHioT, bLOWRNRNEFTO TS Z I v, —TRMWARLE Lo )
Henry V, IV, 1.

BA0T 2 e HEABTW I BAC YR T shall v Tna,

“ Effect it with some care that he may prove

More fond on her than she upon her love:

And look thou meet me ere the first cock crow.”——

“ Fear not, my lord, your servant shell do so.”

Mgy, XCEBLTRI DA BOIRFOLEET A2 X5k, 2L T-HFB0

B MO ~NROTHDS AZ - TBRE TP vEIWET R, 0L E(H

b ¥ oS nk: s W) Mids., II, 1.
(€) HAFEPRENICLE T ErEDLT will oftH,

Look, what is done cannot be now amended :

Men shall deal unadvisedly sometimes,

Which after hours give leisure to repent.

(ZoT, BTLEokT EBEERE V. AR WA AL T 228, BCE

% L0 TT ) Rich. IIi, IV, 4.

You shall mark

Many a duteous and knee-crooking knave,

That, doting on his own ‘obsequious bondage,

Wears out his time, much like his master’s ass,

For nought but provender, and when he’s old, cashier’d.
(FEHIMcRBE 0 X o TREERE T2 BREERIE LD 2, Zvob
TR0 A B RRCEEL { g e U shCiR 20 EoTiEL T, B0 3% T
BT SiBvwHEhs,) Othello, I, 1

To see, now, how a jet shall come about!

N

(TS & hoTBALDFECEOREBS & 1) Rom. and Jul,, I, 3.
B2 WS T EEPAEEEHZ2RTNE BBTECIELLEELvEnD
MErRT ENndz rLazlE: —
A dog of that house shall move me to stand.
(T, ARERZZTTLINS TO L by Rom. and Jul.,, I, 1.
RRFEEOHMEM T ¥y =4 7 2 ¥ 7ESAE L BEOMB S 22 ¢ T will Hw
TWnb,

(16 )
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What great ones do the less will prattle of.
(ERBOEEZCEETFORLBRABNLBY 72507 h5,)

Twelfth Night, I, 2.
Foul deeds will rise,

Though all the earth o’erwhelm them, to men’s eyes.
EHEPNTEDONL DL, "REVWAHBAOHEES & b))
Haml., I, 2
(d) BUkc#HT 25EEOLWEEERT WO % EBER] (modal auxiliary) &L -To
may O, & CRIRINAR as L < i3 what oo¥lwvw b s,
You can play no part but Pyramus; for Pyramus is
a sweet-faced man; a proper man, as one shall see
in a summer’s day.
(BEWMEARE 7 ALMEONDRZ L. €I ~AdEMEA, WHEAHDO ALK
SEiR s AIC, B BAIET b T AIC,) Mids-Night's Dream, 1,2,
Be merry, and employ your chiefest thoughts
To courtship and such fair ostents of love
As shall conveniently become you there.
(DB 2 pighiciEot, GE2ehFoRCAZ LS, 22RETOERWNEZ0
BARCHE T TR IS ICBET2 X285 DR EDB 00D THL)
Merch. of Ven., II, 8.
What Antony shall speak, I will protest
He speaks by leave and by permission.
(T b= ~ORBEEEABTFLTCROEEDXEEFWET) Jul. Ces., III, 1.
4. KA % 72 AUAEEOMBBT & Lc—AFRC will (would) # Fwv 7205t £
Perhaps I will return immediatély. (BB ESECROTHKZZALD )
Merch. of Ven., II, 5.
Perchance I will be there as soon as you.
(bR LEroEZTCHIZELLDS ) Com. of Er., 1V, 1.
I would be loath to foil him. (Ha: Lok nwiEsd 593%,)
As you like it, I, 1.
1 would have thought her spirit had been invincible against all assaults
of affection. (b LIZHOWHAXI VL, EARBEORELDCLTS, UK
FLHEOThwRILRz ) Much ado, II, 3.
(17)



330 3 i3] =

5. FIHELRIMLBNT LRABEDLF Y & =4 7 2T OFREEOREEREMFHOTH
3, 2FOBIHZC I W will I L tr shall oB#EESRARHE L ERBCHEZIBEWTw
5o ’

I will sooner have a beard grow in the palm of my hand than he shall
get one on his cheek, (HdHTAFBE22 L9k, PROTOELC L2 3
BHHOTL BbnDBOE,) Henry IV, B, I, 2.

LU Co =4 7 2 €7 OB shall Lo will oRBEZILAALBEORE S
NEEWE DS AN, REBRIGEOERH LW b0 EELTEL2EVWEIICR
S0 TROBIMERKOZNOOMBETHBLTAZEO0¥DXS1CE 3,

L A vm Ay AV TORER
I shall we shall I will we will
vou will you will you shall you shall
(e - b
1it e will  they will listhe shall they shall

DLbm b L CERTRET & E> =4 7 2 7@ shall, will o B3I 3% BOE
BOEY (speakers’ will) ¥#HbT Ml & 208 - CLTWBE WS T EHN VL B, Ff
WEEREBRERET 2 v =4 7 27O T ORRBEIOTER 2> & 0 EH £ & £58 L 28RS
DR ZNHLSBIRCT 2 ) A CFWTZOERRA 2 TWE LR D, will TH—ah
Z5RnaXLNP2C L EL CEBOBECREVWEWETOTH 3,

[x B

Jespersen : Modern English Grammar

” : Essentials of English Grammar
Poutsma : Grammar of Late Modern English
Onions : Advanced English Syntax
Schmidt : Shakespeare-Lexicon
Sweet : A Short Historical English Grammar
REER 1 v=4 2727 REFOKT

(w3 26 42 11 F 10 H3AD

(18)



Harmonic Resonance on Unbalanced Transmission Lines
with a Salient-pole Synchronous Generator

Goro Miura*
Abstract

On account of the saliency of poles of an alternating current generator,
a lot of harmonics ean be emerged on transmission lines when some kinds of
unbalanced faults occur. This paper deals with the mathematical development
of a fundamental equation with the case of one line-fault, and clarifies
critical conditions of the occurrence of this harmonie resonance.

The author has lately a chance to assist and cooperate Mr. Ogushi,
Professor in Hokkaido University, with his research for the problem of
harmonic resonance of a transmission line caused by an unbalanced line-
fault. As a part of the theoretical developement of this research was
already published V, the treatment of mathematics is one of considerably
complicated and it would be liable to obstruct the clear understanding of
the physical nature of the phenomena.

Soon after, the author succeeded to manage it in the more systematic
and more direct procedure by using ‘‘tensor ”’—a powerful mathematical
tool in the engineering—and obtained the same results as before; of which
process of the treatise is felt valuable and so published here.

As all the winding-axes of a balanced three-phase salient-pole synchro-
nous generator will revolve with synchronous speed because of these holonomie
natures, its impedance tensor is represented by a single equation, [Z]=[R]
+p[L], according to the Maxwell’s equation. If it is assumed [E]=0 as a
justifiable approximation,

f d. d de ¢ @ Ga

S| %7 | @ar | @ar | @ar | O 0 0
de| Tar Ta Lra Zra 0 0 0

© ds M;c:; ZTrq | %a Xra | 0 0 0
[Z] =P del %oy Tra Xrq Tq 0 0 0

Qe 0 0 0 0 X, Lrg Lrg

g | 0 0 0 0 Zrg | T 96;,,,7

qa| O 0 0 0 Zrq Tpg x4

=W R B

(1). G. Miura: A _Prompt Memoir of The Muroran College of Technology Vol, I, No. 2.

(2). The nomenclature owes to: G. Miura; An Analytic Method of the Synchronous
Machines, Memoirs of The Muroran College of Technology, Vol. 1, No. 1. )

(19)
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332 G. Miura

On the other hand, the current transformation tensor is

f a b ¢
f 1
da cos 0,
d cos 8,
[C]= ds cos b
qs sin 0
‘) sin 0y
'z sin 0,

Then, a new impedance tensor is calculated from

[Z2']=[C].1Z][C]l=p[L]]
In the tensor [Z/], the following simplification shall be made:

A= T2ty B= Fa— %
’ 2
Then, the above machine constants shall be replaced by the three-phase
constants ; namely Xq DY —g—(xd~xo), z, by %(m + 9;0 ),

2 2 o
Lrg by —g(xrz“xa); Ty by —S—(xq a;
If the unnecessary term f is eliminated (assuming the excitation voltage
==0) by a short-circuit matrix, the final impedance tnsor is

a b c

a | 2,+24+2B cos 20, 2o—A-+2B eos ;405 | xo—A+2B cos 6; + 6

b Xo—A+2B cos 0, +0, | x,+24-+2B cos 24, 2o— A+2B cos 0, -6,

c 2o—A+2B cos 0;+0; | xo—A+2B €08 0y +0; | w,+24+2B cos 20

where A= %a »(p)—%—x,, (p) B= %a (p)—w, (p) .

2 2
x,(p) and x,(p) in this case should be equal to «; and z, respectively from
the approximation [R]=0. Now, since the steady state phenomena will be
discussed here, p=7 should be permitted in all above equations (using the
per-unit-method, »=1).

Nextly, it is assumed that the transmission line which is treated here
has no resistance, inductance and leakance but has only capacitance between
line-to-earth and line-to-line; of which capacitance can be transformed to
the equivalent balanced star circuit capacities, one side of capacity being C.

(20)



Harmonic Resonance on Unbalanced Transmission Lines 333

So, pw% =—j % = —jz, is taken.

Then, the phenomena with a line-earth fault can be represented by a next
equivalent circuit, Fig. 1.

a

53 nehronous gm 14
9 enevator
—

_-—C v r;
11
e 1oL

Fig. 1. Equivalent circuit of a line-fault.

The circuit, Fig. 1. may be considered as equal to a circuit Fig. 2, .

1 €
i

: 1ne
]

Fig. 2. Equivalent cireuit of Fig. 1.

where e,=esin @, , ¢,=esin 6, , e.,=e sin 6, , and exitation
D.C. source in a generator is assumed to be absence.
Accordingly, the differential equation will be

—e =4 — w)i.
Since 7 means differentiation, the both sides of the equation should be
integrated, resulting
3 ¢ cos 6, 2,+2A+2B cos 26,
8 e cos 0 |=|x,— A +2B cos 20 +120,
3e¢cosd,| |x,~A+2Bcos260-120,

x,—A+2B cos 20+120, 2,—A+2B cos 20—120
#,+2A+2B cos 20—120—8x,, x,—A+2B cos 26 AR
x,— A +2B cos 29, 2,+2A+2B cos 26+120— 8z,

(21)



334 G. Miura

The inverse calculation may be made as follows:
a b ¢
lil= 2| o b k
I m n
where '
D=2z, (x.—x,) B cos 20+ (A*—~B°) (Bx,—2x.) + x¢ (x,+ 24) — 4wz, A.
a =A'— B+ 2x,A + 8x:—2x, (x,+2A4) + 2B (x.— x,) cos 26. ,
A~ B —g,4—zx. (A—2x,) +2B (2,—x,) cos 20+120.
A—B—x,A—z.(A—2,)+2B (z,—x,) cos 20—120.
A2 — B+ 20,4 — x, (2, +24)— 2B (x, cos 20+ x, cos 20—120).
A*—B'— 1,42z, B cos 26. i
A*—B+ 2x,A—w, (v, +24) — 28 (x. cos 20+ =, cos 20+120).

I

I

I

2 > o o
I

I

g=">, l=c¢, m=k.
{ .. Accordingly,

—y = %ﬂ 2, —%,) (A—B—z,) cos 6.’)

—y, = % {—3x,(A—B) cos 6+ x,(A—B) (cos §:—cos 8,) —x.x, (cos §,~—cos 6:)}. ,

—f, = ;T {—8x,(A—B) cos 8,+ z,(A—B) (cos 8,—ecos 0;) —z.2, (cos 6, —cos 6,)}.

From the equation of 4,, the resonance condition can be obtained. Namely, if

o =(A*— B (8x,—2x,) + x, (x,+24)—4zx 2,4,
=, (a’;c“‘xo) B’
v =8¢ (z.—,) (A—B—u,),
then
—~Ycosd _ —2y i e

Ty == =
0—2800820 a—28+vVoi—4B »IT ...

1 —_—
N=——— -1 =45
23 {a—v 43}<1.‘ |
When «—28=0, i, diverts to «. The resonance condition is then :
(A°—B?) 8z,—2x.) + a3 (v, + 2A)— 4z 2,A + 22, (v, —x,) B=0.

x + z, . z,+
A=2¢ "1 gpd = B=24 77,

Introducing
2 2

_ 2z, +x, (g + w,) £ v/ {22, %, + 2, Bug +2,) }* — 120 2,2, (22, + )
2 (224 + )

(22)
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Harmonic Resonance on Unbalanced Transmission Lines 335

Assuming #z,<wx;, % <a,, the expression inside the root can be approx-
imated. And the final result will be

Bx.xy

To=2x, or —rete |
205 + x,

However, as «,=x, will made also, v, the numerator of i,, equal to zero,
it should be excluded. Accordingly,

Bx,a .
e | T =MW
2xd + a'70

where 7 is the dimension of the harmonics considered. This coincides with
the result in the former publication as stated before.

As already stated in the former publication, this research had been
made during two months of the last summer vacation at Hokkaido
University. The author wishes to express his gratitude for much valuable
guidance of Prof. Ogushi of the university, and for much assistance
recieved from Dr. Iguchi, the president, and proffesors of Electrical
Department, of the Muroran University of Engineering.

(Received March 9, 1950)
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On the Air Catalytic Oxidation of Pyridine Bases (1)

Fujio Komatsu

Abstract

To make study of the utillization on the pyridine bases, the author
synthesized pyridine by the air catalytic oxidation of «-picoline using V,0;
as the catalyst, simplified in one process the synthetic way that had been
prosecuted from the ocldest time by the two processes of the oxidation and
the dry distillation, and used the salt bath or sulphur-bath for control of
the catalyst furnace to industrialize this way intermediately. But pyridine
could be only produced in :yields of 10,3025 of theory. Secondly using the
Nernst’s approximate equation, calculated the logkp, the author showed
this reaction thermodynamically to be possible.

I &

Pyridine bases oRIF#IC OwCl, FS AR 201, RS CEZ 2 TR IFE
nTnwhiork,. RERITh S oBAHEOMBC Ry &2, 2 IERERRILOS OO
ic k% Pyridine bases otz 7 1{boHikc X 2T, HKERTAEK SN H Th
bH KMnO, ¥ LUz oMo EBIC L2 3 VRV BORKOO® L, Ca0 X 2HMe
ko, Pyridine ¥ 4R+ 2 Fkt —-BREcTb LY T FHHEBORB N Pyridine &4
BT3edok. 0B Reid,

Tt

(1) Kiprianov and Shostak, J. Applied Chem. (U.S.S.R.) 11. 471 (1938)
(2) Maxted, J. Soc. Chem. Ind., 47. 101 T (1938)

(3) Maxted and Dunsby, J. Chem. Soc., 48. 1439 (1928)

(4) Maxted and Hassid, J. Soc. Chem. Tnd., 50. 399 (1931)

(5) Milas and Walsh, J. Am. Chem, Soc., 58. 1389 (1935)

(6) Neumann, Z, Elektrochem. 41. 589 (1935)

() HAMLEME 1932 (261)

(8) HAR(LEHAE 1932 (392)

s

(25)
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AN AN
N s NS

N
a—Picoline Picolinic acid --reseeerererrsenmiiiiirasaen (1)
N CaO
o : > | ] F CaCO, vervreermerinieeeissrin e s (2)
Picolinic z;cid Pyridine
V4 3 Vo0, 4000~4500C N\
[\W_CH + S0, (@ir) > | | 4+ COy + HyO -eoveeees weoeene (3)
NS 3 27 Catalyser NS
N ‘ N

(1), (2) oREY (3) oRECKFE LD T Pyridine 45T 3%, o (3)OKHE
DBEBLED DB CHECE 2 B EEOYUIST X o€, BEPEHIENREO FRICERD
A D%, REBERRIF L hwvdt, ZoEREBCOWT, RBELES,

I. 8 BB © &

1) B OB O OE

(4) Salt Bath ¢ » z8:%
. (m) - Sulphur Bath i ) 24%E

(4) Salt Bath i€ X 28BS, FHEASSSEE SN, MECH B, BT NaNO,:
KNO; =3:1 mol }tT 3kg I TH 2, ¥ 300°~500°C [} sEO KHERECHE B b
OT, €& T0cm, MHOEE 15cm, FEFCOHEMSE 3cm, £x Im T2, 20EECOw
<3 No. 1) ST 5. |

(4) milli voltmeter.

(=) FEAE (1), (n), 72N, 7r 2 ABEECEST)

(~) ampere meter.

(V) BEEH

() GhZ7BERE) ERopive, KIEOHHE L BT,

) £ W

(%) (V) CTRABHHET WS 250ChHE LD 2RDICd 3,

(L) 2kw OB L AL /MUck %, asbestos & THEEELLD 3,

(=) ZFERICXBiEo head ¥ —gicifo,

GR) FOH

() BRI RO 72 TR

(#) NaNO., KNO; ¥ AfL2 M,

(26)
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(v) flow meter

(#) 285 #ER) Bombe

()

E777 77 WO/72778 o)

)

(») Sulphur Bath i€ x 2%&%

T OEE . Al I THOMERRIF T 298, PR TESBMC Sulphur & v Tnw 35
HREEAERLS, ECRELBEIERLEN L. B L4om, 7TROMEELHS o
(No. 4) (No. 2) B+ 2,

(A) FHEN 4kw OTEZMRT asbestos CHET. (B) &3Pk (Sulphur ol BHILT)

(C), (D) #Hpl (B) T (F) MM (PEREGH 50% % 100 c.c. SEie L 5o)
(G) whmae - (@ RS (D) EEW Ok 33 1L.L Aho%dtic Sample
AL,

Q 7k () #@Est (L) Gas Burner (K) 7Z<¢o Glass Tube % cork #
wilBd. (M) Flow meter, sk, #Ek##, Glycerine ¥ ALtk <,

(N) 7  (O) =5 A Bombe

(27)
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€Y Y vEEEoRRERRLcovT (GE1H) 341
Sulphur bath (No. 4) @) EHEBLUBET
(C ORI

Pyridine bases i1, «a-Picoline o
WTHRE AN 2D, FIESGIX b
A2 118°~130°C #4530 Tar bases
L OAMELZ, Thbd, zhbilsh
X b, conc. HCIO;, < Pyridine
perchlorate oHEMEEY £ L1, Py-
ridine OEFF R, 127°C—-131°C @
S E Widmer FERZFCHIEL, Th
R W, 120°C ek ok
asEo HC sz iz, HeCle & gk
FTreiAl, m.p. 152°C @ CH,N-HCI-
2HgCl, ¥ #8L, chr H.S #@L

Hg #HgS ocig, 2¥oBHiiy

70w

87,
Hg @ #H5Hi (59.63%) L8l (59.57%)
n D,2=0.9613
Ik THIREIEE A Y LT,
% () 1B 2k
e 60— () Bk

V.0; %FET 2720w, NHVO; %

100g & v, ZKB/K 400c.c. L Tmzk,

RBCHEBEX 3 2mc, NHy 7k (20%) 100c.c. LZE#K 500c.c. t&imz, & HCHE#EL

To THICEKELT 10~20 2 Vo nih 2008 ZHAMBL, ERBWKELE, 2k

NH,VO; » NH; & M@k 3 20\, RESFCHEEL, 500°C €T 4 B L, 5
NH; BBz nEBmL, s LT, ‘

(b) AW (V.05+MoOy)
NH,VO; & 3 (NH):0.7. MoOs. 4H:0 & %t E oo i L -CRiie gk, ##KEs X of NH; 7K
YHRERM2 <Tok, TOBMEL X,

15°C  100°C . N
3(NH:0.7MoOs, 4H:0 30 7o)y (k 100g oo

(29)



342 N OB OB

(c) z|a

ZER AL flow meter CHE T, 28514 compressor ¢ 150 FESICHIAL, 500~
60CL/hr ¢y 1588, 125482,

(d) EiHeSE (Sulphur bath)

B.P. 45°C i 28 ERIT 5721 400°C fHED KT C, M CH 2 T & S RH
TAFLEGWE, 272 Al v Td 22D CBEER, B EdCS BNz 24808k
(B2BCENTRETH S, K 10kg IRAT 2,

(3) =B 8B+

(4) Sulphur bath i x 2 &

TR Q GEMPMEC X b, —EHECFERZLD 2. HERX £0.2°C BETH 2, oF
i —5E 5 a—Picoline % {LiAS, BIFREO 5~10 MBIEOZRR LY, BE & KT L O
REEBIICRD 2 400°C FHECIXHRED b HREOSK E k& AR, # 5°C~10°C |
F L. TROREEORRY BT 2D, G cxI2KO®BE LY, P~P; 2T
» cock OFEEITOR #1 T~8 K, KT LY, thooELRMy CaCO; T

70
o 60

ELY)

T
5 —>

2
N
(=4
~1)
B

i\ A,

L’ 1 1 ] L i }
O 100 200 300 4oo S0 b00 900 480¢

Air L/hr, 35g x—Picoline

(9) Constam and White, Amer, Chem, J., 29, 4 (1903)

(10) yr.a, Bull. Soc. Chim., 2, 176 (1927). 3, 2279 (1928)

(11) Heap Jones and Speakman, J. Amer. Chem. Soc., 43, 1921 (1936)
(12) Bailey and Me.Elvaia, J. Amer. Chem, Soc., 43, 1921 (1936)

(13) Othmer, Ind. Eng. Chem., 18, 456 (1946)

(14) Othmer, Ind. Eng. Chem., 90, 168 (1948)

\ (15) Lidstone, J. chem. Soc., 60, 243 (1940)

(30)
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Ly, &oic CaSOs % i, e NaOH RER 2, 7o syl EEBY
NAY TNz, B U, SEEEL 2B RIZGN U, B RTRIRIE )10 1010 5y
2, Pyridine perchlorate ¥ 7tigi#i@l, BEEL CF& [ Pyridine ¥skpk, % x Pyri-
dine perchlorate T3 sMAET 28, =RETAH VICCHNREL, EE: Pyridine » &L
7S, BRfED 1% Bl Lt sk, (L] Bk 18 35¢ o a-picoline o+
ZICET B L 2R E & BRCKD 2,

(n) Salt bath © Ik 2 El

z QBT K condenser CEMET 20A T, HmiOLERL, ThiHANL,
skir 214 110°C~130°C o v »ic conc.HCIO, #inz, FeREoRErisiE Lk, 7
L, 92°C~94 C ¥ T 2K H T A5 VAL, #Ek+ 2 Pyridine #200 LFEE
L7z, zoERTIX, picolinic acid mRAECH B4, T3 % CRRIBIT2: 72027,

(4) Q‘Eﬁﬁ%;,\

(4) Salt bath X 2k

OB R, R 10cm, gL V.Os JERNE4 10~20 x>, MRUEAHTN
67.5c.c. a~picoline bg/hr, air 45L/hr, KEEE: 400°C, [&jereRE 10hr. Z oMKk
FREE,

IK%&% --------- 4.8g GidhiE7r v ViCH L)
}i}f@%é{z’ﬁ#{ﬂ] 10g ;i( -lzl}. ............ f.gg
o yridine ------ .2g
Bk 50g (115°C~116°C)

AT 35g (a—picoline 128°C~130°C)

ML do 5g

Wz 2.82% CHok, LitEFEROEHTHEREON B2 2fRE, V.05 e A
(300°C  350°C  400°C  450°C  500°C  T°C

L C0) (0) 2.82) (5.10) (0) (vield) (%)

(a)

BRI 2 2354, V05 Mo0;=3: 1mol f
I 300°C 350°C 400°C 450°¢ 500°C T°C

(b) ‘
L C0) 0 (5.32) (6.1  (0) (yield) (%)

V,0;5: MoO;=2:1 mol }f
(c) 300°C 350°C 400°C 450°C 500°C T°C
0 0) 3.22) (4.54) (0) (vield) (%)

l V;0;5: MoO;=1 : 3 mol
(d) 300°C  350°C  400°C  450°C  500°C T°C
l (0) 0 2.1 3.4 (05 (vield) (%)

(31)
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V205 : MoOs;=5 : 1 mol
(e) 300°C  350°C  400°C  450°C  500°c T°C
L (0) (2.12) (3.03) (2.50) (0) (vield) (%)
H:O : CGGH;N =1 : 1 mol 1t CgH;N 5g/hr
V.05 : MoO;=3 : 1
300°C  350°C  400°C  420°C  450°C  470°C  T°C

(0) (2.52) (6.31) (8.51) (3.05) (0) (vield) (%)
(w) Sulphur bath

() LRABOEEDTTIT22 ThADL TROREED & xCoWT, LK TEN
L, ¥R 742D charge % 1i07%,
V:0; : MoO;=3:1 CH;N : HO=1:1
(g) { 300°C  350°C  400°C  420°C  445°C  450°C

(0)  (5.40) (7.54) (10.30) (2.41) (f%; ff’f;%f%)

Space velocity —4, Vi:0; : MoO;=3 :1 o, ## 67.5c.c. KERBMOEE, Mk
2 LR Lie, KERSRERAOTHRCAHM SN2 & MMcE HoMans 5 & 5 Cibh
%, 2% Salt bath I v % Sulphur bath ¥ 2R CRLUEREHLCEDTWS,
ZNEREEFc Ty Al a2z EREBFEONMETCH BT LT LY, REBE-C, %
L Ci B Aids Bk eV FCHETARE & Y2t & o PR
EBRRBHCEOTHBT &
w2, Ml 2ot
OB 2 TIT D HE
LHBEH BN, WEETTO
e & 1k V05 : MoO, = Yield
3:1mol }, % HEIREE 420° (%)
C, CeH;N : H:O=1:1mol
I, air 45L/hr. 5g. a-pi-
coline, #&7 67.5¢c.c (L
H14) BRECHOR, 300

o U1 =2 oo -8 g
-

T
S
~

K i wm g (°0)

I X i #% B
a—, §—,7—Picoline, 2:6 lutidine, 2: 4: 6—Collidine #ico %, FHEE LD T,
ZOEHOAREEE R L, BHEE=E ibﬁmﬂ%rhmﬂ®£MTWKMm5b
log Kp=Wp/4.573T + 1.75 logT>'nj + XInj Cj

Cj: chemical constant, nj: mol #
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Wp : heat of reaction Kp: equilibrium constant

T : absolute temperature.

T, zhik picoline mEMLREC oWk 31T,

N o +30,-6 00+ 18,0+ LN,-+815 keal/mol
__CH, 2= 2+'§ 2 +2 »++815. kcal/mo

@ ) )

2/ TN

N 25 5 1
@) | +‘4‘02=5C02 -+ '-2-'H20+ E—N2+658 kcal/mol

J—

O—@)

AN
-

N 3
@ [ ] _cg,t50:=| | +C€0:+H:0+157 keal/mol
N

7
N

N
: 3 1
Wp = 157000, 3nj = (|+5) —(IFI+D = =

STnjCi - (3‘03+—§~ % 2.8) — (3.07+3.2+3.6) = —2. 64

< log kp = 7}_‘%’?‘3%—0. 875 log T —2.64

8695. 5
402

8476.7
386

Ls MLv
Ts 273+t

Ls : 53 T8 t: b.p. (°C)
Ts: b.p ofg¥EE Lv: 1g¥ v os8E,

Picoline Cj=0.14 x =3.03

Pyridine Cj=0.14 x =3.07

=0.14 x

~ie Cj=20.14 x

345

T (kel) 1000 900 E 800 700 600

500

400

logkp 29.069 32.926 37.734 44.916 52.148

63.663

80.912

2. 6—lutidine

> AN
CH; N

(16> LBz i5I5

i (17) Introduction to Chemical Physies.

(33)

s

+370, =7C02+%H20+-%N2+982. 5 keal/mol
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s
@ | \l +20,-5C0, + 2H,0+ N, +658.7 keal/mol
N 4 2 2

OL—@
7 | /

3 \|\+%202—2002 + -‘2’-‘-}120+;\ ) +323.8 kealmol
N

el X cH, X

STnj=+1+3)—@2+2+1) = —1
STniCj=+(3.6+2.8x3) = (3.07+2x3.2+2x3.6) = —5.33

log Kp :713.—25?% +1.7510gT (—1)—5.33

T (kel) 1000 900 ’ 800 ! 700 600 500
logkp | 60, 6"~ 68,2 L 78,21 ‘ 90.7 101.7 1310
400 l o
1610 M!

Collidine (2:4:6)

CH,
]
43 1 1
| |+ =20,=8CO, + = N; + =H,0+1150 kcal/mol
NN 4 2 2
CH3 N CH:%

|
AN 7/
| )) + 150.3:-3(:02 +EH20+1 \,1 +491.3 kcal/mol
/\N N\ 2 NS

CH, CH,
Jog Kp :4%—1. 5x1.75 logT~8.17
T oK ‘ 1000 800 | 600 Tg00 T
log kp ‘ 83,19 102. 63 163.6 253

FEOBEOEE CEENENC Kp BETHIHC, chboREXwFL bW i b
%, B~ 7-Picoline owCThFEkDT L4352 248, a—Picoline L KEOLEWHTHS
el TTTREKT S, '

v & e

TRTOEFCOWTITH RETH 2RI Sulphur bath KT, A5 EREECAN
fetedd, TEMBEESTERSARDY, SO HME L, —EhiELi, — i NaNO,,

(34)
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KNO; » Salt bath Xt b bEA/N% % Sulphur bath ZEEOFHR VIR © 2z Tnw3,
2w U$H @8 ¢ Sulphur bath :RgEHK S (HE) ORES 3 K HT 5 Salt
bathZ gL z2ds, fTviGhnok,

EERCOW T L THEL W W ARBEEHR GUITEAR), BALKEHT &

(1 25 48 10 B 31 B3R

(35)
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On the Perfect Utilization of Sea-weeds (II)

On the Improvements in Manufacturing of Alginic Acid (2)

Hisatsugu Sato, Mutsuo Morita and Setsuo Ando

Abstract

In present paper, we gave numerieal data on filtration velocity of extract,
vield, viscosity and nature of ashes of Sodium alginate, which was prepared
by our newly devised extracting process. We critized our process comparing
‘with ordinary one. We also found the fact that alginic acid of high
viseosity - was -obtained when extracted with alkaline solution of rather high
concentration.

1. #%.

BEOSZ2ECHE 1 ROCENCTAY yBEEECHT 2, Z0oWBEBRERELL2OT
B2 ARECEFVWCTEED S LOYRMIE G 1H]E By CiddiBE SR Tn3)
LsomhHiE E L, UREEEE, KER, B, ﬁzﬁ‘%&;o%ﬁ1ﬁa@m_ktwﬁﬁb. Rk DR,
EHCHETREEEPELC LR,

T

. # 5B
BRICHWBEIRAERL I SHEEECEWTRELZBWE O b3, JHERRE
L. &bic 106~110°C i\ T 2R IR L 10 2 7 v =0 kil T 2 RECHFET 2.
Z OEFR 5g T oW TRDZHOHM ALY BIr k.

(1) |ILTAHH Vol. 1, No. 2, p. 78
(2) Alaria erassifolia- Kjellman

(37)
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A. Bihm. 4z, 3z 2.4g. 2g, 14g. 1g, 0.6z 0.2g OMEKREE Y — 5% 60cc mK
IR L AR 2 En e Iz ©, 90°C 1 30 L, Bm#Er o T 10 40
#WLCHEML, Kz T 200cc LT, Bkt 1 ST 3,

B. #idmMizk. 2%, 1.5%, 1.2%, 1%, 0.7%, 0.5%, 0.3%, 0.1% OWREEY — & Kk
200cc 1c 2 h NSk 2 60°C Dt s 2 RN T 2,

C. #ykpisgIEz. 200cc okE & bty 1 B, 95°C Lk 60°C wiipl
rhnzn 4g. 3g. 2.4g, 2g. 14g, 1g, 0.6g, 0.2g OHKKREEY — 7 inz 60°C Kxwn
< 1 WA T 2,

MF, boSHliErzhsn A & B #; C BmEits,

B TS N FEME I T RCEE SOBRCE D RFIBER &8 1 ®, & 1 B3
© & DRIEIBT B, THRDLAM 85cm, B3 4om DY F =YD H T AME
0.5 cm, ##E%x 25cm OREICTFI VRBWCEEL 2 bOL v, REGEEE 6~7
mmHg ©#ET3c 35 SrET2REEEEC L oTHBYIT Y. BRSNS FEEREL
60°C DB 100ce & 3 2 CHEF LR BRI 3,

S THONREHBRC AW T2 Y L Ay 0.03N BEOCEMCHD
7o 5N B znshnz, KL CRE Tr¥rBraise L, % 50°C ¢
5 ML 7 X B S REEE OniBEEES:, # 1 SR ¢ LoERT %,

k& hord &, 28 77— 150cc LIRIMUBHERET 2, B2 77—V RE
WEASE 2 FEE Iz, BKksheTrX vy ~FRBIL, BERERESPc—ER L
HELTERT 2,

S CIHEES, FEMBME LRok BREEHR LNz, BEEHD TN IBRR LolR
BSER © 2B A UASESBAT 2 2 oMz L © Bl & Lok ckbl
7,

WHEECOWTIE, # 1 £ 108 1 Bcilz L 5B A kb T KT
Ci B B:olETd 2. BEESHROME L BELHEL T2z L 3ERAELOND

g1 %

2% 1.52% | 1.2% 1% 0794 | 052 | 0.3% | 0.12

7/15// i Us 6’507/ 6/38"7 574711 216677 o147t 577

B >907 | >90/ | >907 | 907 | >907 | 187307 4217 5/

>907 | >90/ | 6501 | 43/6/ | 307477 | 1347 1728/ 10/

(38)
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90; ETAHTH 2D &EOHEBOMERX

BT s x5, CEnEEeke

Sof : A%, BEOMECE 7 b, Wl

7 L BEoKMNOEEE-HLTESR

k, v, TOECoOWTE, EEEY

s} BT AETE LT, Mo

LA SR oo RS Ok

SoF FEBCANDE RPT BT EMRT

4ol 5 B2, ThHbb A BCEWTEE

' : Bedzrbdire CECEVWTRT

5o} / =% % A ) ko BRI S W b BEK

M ¢ 10> SRR AR 3 Tk

Azo 1, L, oWz ind
z /0 D THHD EHELEND,

W AW TE LN TV

es o 25 e BV - SORRERCHT 5 E
Nao SRK () HETHDT,

C# 1A KR oW T D

T &I 2%, 1.5%, 12%, 1% HETA 50 ECHATE, EEAERLBERBRNOL
HL, 0.5%, 0.3%, 0.1% HETL DY FEEnThC CEitd ST TS % T
nE A Ed3 0 BECHw CERMHARERE K% X D RET L2 Y BEeEw Ty Ck
CFNTRES S 2 EAHERECHIETbN B2 LR T b OTh 5, T IERENEY
BazTun ) B A, B i CkEmnTinen 1%, 0.7%, 05% LHL Ty
ZHEE L L CHIBOBS IS WT C Ehis 02 VEHTH Y, DnT Bk A HOMET
PHTEERDOT IO LMREINL 5, FEpOTLX vEEEREY 5% LLliid, TLF
VERBEEY v v IR OBHOER SN TWR ETH L BH T s ) ESIELS 0.5%

% 2 R

22 1.5% | 1.2% 12 0.726 | 0.5% | 0.3% | 0.12

25.4 27,2 28,0 31.0 26.0 24.0 15.4 6.0

B 25,4 25.0 29.8 30.6 34.0 31.4 18.6 2.4

C 26.4 25.6 29.6 29.3 32.0 33.0 | 30,0 8.0

(39)
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) a9.f 1.0 A y
Ndzws 5%,& (% )
% 2
AR TEDLZ,

3 RS

CHEL, CEoREBECTL S
VEE-FT3T EABRBN, &
ZEHINZTERAECEN
T BEBErHE22 TN ) B
b EEWFNO TS Y FECENT
SBERELTE2HETH 2, 187
A Y B s i B MEE O T I
D IRER T o TR b 058
TAB Y BEEDT B WEE oA X
AFnoo FR rE2 500k
Shwv., ~HELTETL I VED
LA CH ST T X B s
Y, Bz TITHLAWEE
D —BESTOLOCHEZT EDE
263 THAH5,

WEX 1% OTAXvEEY ~ F ik
o 20°C 32330 TAR Y
L FRREE R WTHIE L v R

M oW TEaC B s E WicEEECH 20 CH LT C i SHETH

D, A BABHREDORHECHZEER s, /RO

gy O @ XX dhi 7 v Y B

MEBRT A2 B Y ~ FORECH L TA¢ & VIFBErH2 + 60°C T TiEEY ~

T boT Biick bl 256, s 0.4%

THBEHEINTWE, THER

LR OBZBRIX 1.5% 2 G AL, 2% CBoTHD THHEOERERLTw3, T

£ 3 X

295 \1.5% 1.205 | ‘1% | 0.7%

0.52% | 0.32 | 0.12

218 | 305 | 285 | 263 | 212 | 210 | 212 50
70 | 888 | 746 | 476 | 370 | 211 21 12
56 ’ 69 65 60 75 bt 19 | 11

(B) AmHRE ; MITHHLE (WA 26 F) 212 7
(40)
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goo }
Boe
Too
boof
Soo}
4ool
*S 300
/-g‘ 200k
=
% 100
~ . A A
3 —
3 1 1 {1
> 0.5 .o 15 20
Na.Co, 3§ & (%)
% 3 H
20}
Y Ko
o R
Q e 0 A
3 X—x B
o | a=ae ¢
7
| ] 1 }
2.5 L e rs 2.0
M2 03 BB (%)
#£ 4 H

(41)

DR E R O 7ok B % 250
T2ROCRIFE RO T x>
B —E S TR o BBl X
PCESTENOESTRCE
ZBEAOEREOTAX VD
B&RTHOT, ETAn I F

- ORRCRESTROTA X

Bt s h s pnEmsTRo7
A EFURREEIH EET A8 Y
BEOoRRLLEIC LA VWCES

FEOT X EERETH s 1,

1.5% wEOTHEDTEEL W
ESTRO T v X FROHM A
fbhzdbolEshdhidhs
bRV, ERTADVOT X
YIROBE e kg TEE SR
B EVREEY ~ FHERL
60°C ofiflicswTEdHED
FlndordEz2icl v,
C ok LT O W
X BUKEMIC L b T2 URE
DBEMECK & B LI & 72
zTiEfmahag, Bk
AKepro> 1IRER DR 5 % ST
BERREEY B 20T, To
BeownwtisBomrc: s
7\ne
ROBEHECEFZ 7L XY
BV~ o1 650°C
W LR 18 o ks
DOEHRFRCH T 2 m4cR
H L7,
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® 40K

2% 1.5% | 1.2% 12 0.725 | 0.6% | 0.825 | 0.1%

21.40 | 21.50 | 20.56 | 21.98 19.08 | 19.75 | 20.10 | 20.43

B 21.71 | 19.67 | 20.33 | 21.65 | 21.14 | 21.80 | 21.91 | 20.87

21.85 | 22.00 | 21,27 | 21.57 | 20.23 | 19.25 | 21.75 | 20.12

BRACT VX VIRY — F OB LT @ BREEEEZ 2w BERIL LS aomRsss
18~24% OHEENCHNIZERTS B,

III. $#@ %

PLEOBRERLrHET21c C B ClEE 7V v By B2 BT hve,
HHEREO TS ) BRTESHMHE TS c 2 ncs, ERERHOHMEREL V. LiGEsES
THOVHMECTAFBEBBT &N TE NS 5, LnUEKEET V& Bcisko R
EORT InR b TENTIZER v,

A B ZRIEERHSES THBE, INMRHEROLE 2ER ERNES 25800 D EHILET
VX VEEEBS T ENTERWEAND 3. L LSRR PREOHED 7L X Y o GE b
HBLITHINLEORDCRBITRFELVWZ LD,

B BEHECE W TR LT ¢ TV 20 GO EELE® 3T LR NT<ETH Do

BEFERCHwELSWZ B E U TRARABEE RB LB L0k 0TS BHAHG
OFR BEOECEHENWT, 22MEOBCENT BHEETAF vBRERTH BT EHHRD
bize

e D CRBITUCH L I b W v e IR AR B A BT 3 LR ¢ o &
£KT 3,

(WE%Fn 25 42 10 H 31 BZM)

@) EEREE  RFHEEMITE (B 26 4) 429 ®
(42)
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On the Perfect Utilization of Sea-weeds. 1II.
A Study on the Mannitol in Sea.weeds (Phaeophyceae) (I)

Separation of a new substance mainly composed of mannitol from in

drying Alaria crassifolia Kjellman and Laminaria japonica Areschoug

Mutsuo Morita and Hisatsugu Sato

Abstract

We have separated a new substance mainly composed of mannitol from
air drying Alaria crassifolia Kjellman and L. japonica Areschoug. Then, we
concluded that it is a molecular compound constructed with- mannitol and other
unkown matters by the fact that which easily releasses mannitol when
recrystalize from aq. methanol by ordinary manner. Still more, we devised
the special method for its recystallization, and deduced a tentative explana-

tion for the mechanism of this case. Lastly, we gave some technological
meanings of the new substance on utilization of sea-weeds.

L %% 1
< v =Y FOREEPCEET 2HE RN 1834 e Stenhouse®™ T Xk b E® B,
2z %, Tollens & Miither® Kylin,® 3% ) 7F Nelson & Cretcher® &EiGEEIcEH 2
(1) Stenhouse: Ann., 57 349 (1884)
(2) Tollens & Muther: Ber., 37 301

(3) Kylin: Z. Physiol. Chem., 82 174; 94 351; 101 237
(4) Nelson & Cretcher; J. Amer, Chem. Soc., 51 (1917)

(43)
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BEHCOR 2OTELHNL T3, ThOOMACEIMEERERL Y v =Y KL
SEELTWBDTH B, £k StenhouseM® o L iXHWEY BT 2 & 2BAERLHEOH
BRREIREIE -~ =Y P THY, TOHERIEELLTEAZ IR TV S,

FEOIBEHE~v =Y VREL LT 2o 20, TFE L AHEMIEROVS
CHEFLDTH BN, REREBEOEKAS 7~ MR X X~ =Y P BEREHS
NFL T~ =Yt & —ERT L 2 AOEEHRERS (m.p. 151°C) 48k 7.

& HICEE S E LoBEMBHO M BRESBEoRE I+ 3 K DT o ok
O &ML FTOoRRE D Fic~ v =Y F BRe o m.p. 151°C B tashikR T
SEEL IR -ETH BT LR L,

SRR ZHERAEAEEKDBVERKR P 7 - L D EBRCHOTHEERT S &
KL ~ v =Y PEELB20RTRUCFERGER2F, Skrer mp. 161°C
O E B2 D CHFEREFRHMEL LR TNER LR WT L TH 3. TOHFEXAR
Ber =Y 120 --HRERATELTEHET2CLEHRTIIOTHIEE DT, REHO
Bt~y = MO D 2 WIEE N LORKEIE EBECEA LR, wWhES TS
PR IO TH 2 EEHEAELD B IO TH 3,

I & B

[HF]. BUke Lo Lamling i 25 48 5 F ARVIEERERICE W TIREE 2 Bt
w% (Alaria crassifolia Kjellman) ¥ X Q8% T i 5 (Laminaria japonica Areschoung)
FREEELOTH S,

[Bisnz, I LU0k ANHmoRE] BEbiinwzer 2sic 106~110°C wkwnT
4 SR UBHE2 b0 15kg ¥ &Y 70% kx5 7—n 2kg L dic 8 HHE
AT 2, BRI 2 & 2 - v e figc B L, BEoRick s sic 2kg © 70
% BKAL 7/~ EMasRiG 6 REHHIT 5, Hil 2 ¥ 7 ~r@ZRBEO OEFL 2 ¥

P = NEWET B, 25 7~ OWHISENIEHKE 7 7 A 2 hOBK F MRHC & Y IRD T
Mr—7 0, RCx—5 LMz TR I, GHEEFHR, 1< LB SNRRBOET R
KER L BRa T 5o BHEMSED & & b CHOBBETEL, RABCELIBREE 2. #MLL
EIL AN SERREST, DVWCHRAHIIE Aokl 2 BT RO BH L Tk 28 7~
200g Finz 2 L FHEGEMEAE T2, L2 i g2y / ~ o BBBEARELTIEED
BRI SR & LTl T %, o2 —mikel, HOREmELENL, 25

(6) @RI HEEELE (R 26) 103 K
( 44)



WEsoAF AT 2H%E B 3 #) 357

€ 2~3 BIABOMAAY 7~ A TRIELTEEAERS AR Ao EHIRL, BERET
Bo WX 21658, BEETARCONT b FEEEL THERK 4638 1B7%,

[L90Z R OE € A SO Lok 5 Lcilie bz ban 2l s
BIKAY 7 =T b O THIMMESFTS., ThbbHI 408 & 80% &k ¥ 7~1 120g
L &bl 2 KA LR T 2 [FEMESE 21.6 g], BRBKE LB SHET 3 L1
EHREERSHTIR T2 GEROHITH L BRI TR o B BHET 2 & L) B DRSNS
PFHL2E EHMr B LPED 80% Ak /7~ C 2 ML T3, Wi 8.8¢.
m.p. 151°Ce % T A SHPNC oW Ciddhilid 40g, 80% Bk 2 7 -1 2008 % d2TH
BRfE L RiAEEE 7.3 g, m.p. 151°C ofhil 245 g #87,

[m.p. 151°C ofsfo Rl m.p. 151°C offigh % Kd 2wk 70%, 80%, 90%, n%
BKAY I~ LT 100% 25 7~k EgBic Lo TR T & & HEXLR
i Ere mp. 1655°C D<= rTHOoTRLTERHTE 2 Zv, LB EK
BLOEAKR S 7=k ) OFEERCENT, <> =Y MO L 2B Y 2hEnE 1
Kyp L U8 2 E0 L5 CRET 2 E 234 mp. 151°C O E2 T L CE R,

1K Br0 H2H

# 1 %
— m.p. 151°C o#5ss 10 g
802 Ak x 7~ 100 g o imBAEfm
LG T 2. FrELERSR2ENT 3,
¥
B e & by a
[7.4 g (m.p. 165.5°C)]
» AR~ Ri@BRL, BEPEETS,
zhic 10022 227~ 50g 2@mmL
i BT 5, B LEESR2 RN 5.
¥ \
Bl B SRS & v
[1.7 g (m.p. 151°C);
£ 2 K

—— m.p. 151°C of5f 10 g

100% # 27 ~n 600 g imBismL,
! Fosor- B MMy, Bl LRSS 2R

Y
b v d
* 27— 500 g %igds LBEE BT
¢ (MEPCPBOBEHEHZEHHT 24
GrRiZZAPBRCSTHET 3)
! HH LEER2ENT 2.

B gl ok
[7.0 g (m.p. 165.5°C)]

¥
E1 i R & B
[1.2 g (m.p. 151°C)]
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[RAZS h51 & OIERECHT e 5 FERRRRIOTE] D102 OB IRERE i
LARFEHRENTE b0 T LD b 0 ~BEKICHEM L CIRET 2, BRI
EEL 25w 105°C~110°C i© 1.5 R LK E T3, ;

TR OB EmERRoEHE] 40g oRBr 80% K245 7~ LvoREEE I
2 RO IS8T 2, [RAMESE 34.2 g, RIS LEBSBA L, TR
MLzl kR BINL A8 80% 2% 7 —1Ek doT 2 kL ERT 2, ki 24g,
m.p. 151~151.5°C, z zic# o hZkifik ko [m.p. 151°C offfio skl 054 L[
BRCHESS T2 & map. 151°C ofERit 832,

[B23nWEHEME LB R ZRET R L ) Z2h 2 Bike b iz mop. 161°C off
OB RESRERC 5720 TS m.p. OBET A MENE AR TH2 T L1
L7z

. # =

AREBCEWTEES e mp. 151°C ok kiR le Lo cHERcBELTR AR
REEDH DB LBER L LB IOTH S,

T OB TEEFELT T —ERO L5 BIRENREE O Tnwd, ThbdZo
#—1k m.p. 151°C ofE oG~ v =Y F Ao 2 Wik Z M LORPHE, X,
Y, Z, oo LOEERRIE S TILAMTER L WO BETH Y, ZOEE~Y =Y I
o XY, Z, - - ORGEEEY GHT 254, ThbO®RSsE s -SEneiHE L € m.p.
151°C o5& b, T 3pCE<y =Y F 2R TRODESD 5 bofiicon
T, BT 28k mop. 151°C ofifihic s T 2 8K F0RE L VAR AT NEAL R W
LnWHEETH B, H—oBEE m.p. 151°C offisiEe L 2 B d o TR i~
vV Y HERTAHE HBVET Y =Y PRRICHSRT 2 2 2~ VicET 2 ISR oW
FREEDSEY 2 IREC K 2 WIS SR SN bOTH b, OB R o & 7
HIHT 28 40c1X, 80% Bk 2 ¥ 7 — v v Tl mop. 151°C ok fh e B2 T LN TES
HE, &L mp. 151°C o HRRC 2o CREBRE HHRe LD S dC < =Y b
PO BIRCH L T & M2 HHARIE TS 3, TOO0HRAMECE W TE, K
Higpdue m.p. 151°C ofsdkicksd 2 4maoRk bic X, Y, Z, - - 28 (fEL, #licd
7o TIE, WHERTHLODRSEONWT, m.p. 151°C o e e LB 5K B2 LwE
Henzbol#2 50, 2rBFCEWCE, H2EKEsd, # 3 RCLZbwFho
EACHEWTLEERO XY, Z, - Rkt mp. 161°C ofifidicsd ot bR
ELTR2RODBMEZZL NI TH D,
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IvV. & )

LOBBERE, vy =Y PEEE L CERBEERET 258, v =Y ofile Lok
e 325 AMBERN L BET 2220 T, thEtERINALOREREEE
BT 23 0EF25N2, THLLIBREAONLBIC~ > =2 + 20 ) OIC BT 2R
ORERFERDEREL VI LI AFB2EID bNETNEAR L Eve DDV TR, REHR
Hho<wy =Y v BSEkLCer=Y 1 H &KL LTHFET 230 TH 3%, mp. 1561°C o
PE E L THAET 2 SO TH DMCOWT DHETE FEET 2 THA 5,

e [l CEvwTE~AEROERE mp. 151°C oi&5e X Y.Z - -, ofRHY
By 2 nF el S td 2o Fc mp. 151°C 0%, ©hb oy
PEVBREPH IR LOBRT AN 2 CHERZEROBTREAVWLIOTH 2, T

nix OHE|/REL Vv, KK OFHEC B b LEBKRERBGEABRLOCHE Y W2
Wite TAREBL{ERHOBLYRT 2,

(g 26 42 10 H 13 HEZAD

(47)






Bk 7 v = =74 @1

i /N R R NI £

Ammoniation of Peat

Hisatsugu Sato and Mitsuo Sasaki

Abstract

It is the object of our study to prepare a fertilizer from peat, total N-
content of which was increased by the ammoniation of peat. Scholl and his
collaborators prepared an ammoniated peat, N-content of which reached to
21.6224, mainly about 13 or 157, in an autoclave under high pressure.

Total N-content in the ammoniated p=at increases proportional to the
content of humic acid in the original peat, and those of humic acid increases
when peat is oxidized. As the oxidiz. agent dil. aq. sol. of NaOH is generally
used. We used dil. HNO,; as an oxidiz. agent and on comparisen air was

also used.

On oxidation by air, humic acid content in peat increased related to time
and temp., and the maximum content of which was 5494 at 180°C., 8hrs.

On oxidation by 524 HNO, at 60°C., 6hrs.  total amount of humic acid
was about 6327.

Ammoniation of peat was carried out under common press.. As the ma-
terial, we used the reed peat from Ishikari and the moss peat from Bibai,
and made a comparison on the both. The most favourable results were
obtained at 180°C. on temp. and 12hrs. at time (space velocity of NH; was
100 cc/min). In this case, the total N-content in the ammoniated reed peat
was about 13.3¢7 and the moss peat was about 11.0%.

AR R T = 7 EH S CUFBESEFRIER L 3T 2 BTG L, B
FUCHE 4 5 T 2 RIS, 2 oM IR LRI 2 2R Cd 2, EC D
TH CIRFEPEREEEIRE L Ol AN D L D ehokdst, 22204 RIIMRC L
CHIBECE 57w O MROFRERKFEET X 2 BHBOMEEE L ZodthcEkRTz o
B3, Lol ORI IR ORIR SRR B L L b L, chdkRordCiX
REOAKRVEBEL, FREC Lo CULEF2RFoLD CIEELRG AL, giscil
TAFE L cE A L aMETH 2,

IO ER e ZEERE, HEOEB A RO 2D ICE OWE TS AR o REcEm LT

() mikbat AW A5 AR R, B 1,554,154 £, JRk 20,163 t.
(49)
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W3, Lo bR E L R c@EROBKCT &, 2o BIFETH 2. Thiid
OHYMEOCBERCR 2 CHBETHL, HRECAELE LT 2o/ TECRYNT 3
RETHZT EMEROE TRV, AR ERERE L TRRE v, B EOHMNYER
LidEd2#pTch3

HHE IR SR ) & L TRV AN TH 2T LB EL oMb ET AT, BAHK
BREBEAPACHEERE ST 3. Lo UEBHERIFHIRRCE X TEE T
Bo 2T THBEEERE L CRARCELSMLCW2BERERCHER L, Z2oRSE 30D,
THREMLLCHET2HEETEHLBEIN TV 2P, IBRE X CBEROEIER O W
ThtarERINThT, & L CRERCEEESEFH N TV, &' a2
DlBE DDV,

BRZ 2 X5, A5, a YEFEOMPP LR LUEHREUL CAaR L b o, Mo
IERIEE A2 &b TR S, T EERIBCHET NIEMEdcas L ah, ke LUl
FEELTRHEIN T2 D TH 2, ThoR TRERSHREZLIBHIHET 2 &3
T&EWw ZTTCRERBHENMOBITCTNCREEME L BAL CER T2 HFkL©, HEE
Tra=TEREEE TwH® R T v = TIRR (3R LT enEronz,

BRD 7 v ® = 7(LC T 2251 Davis, Scholl &2c X oCaB SN L DT, HEk
F=t7v -7, SESETFCEWT, NH,Ox NH; & CO® 3 REC/EH x4
BHECONTHE L, OB TR ODHERC I 0T 22 REFREE 13~15%, & 21.
62% WET 27 vE=TLRKEBRT EERE LR, ABZOEMBEES LA o

(2) Kissel: Brennstoff-chem., 77 257 (1930); 12 101 (1931)
Vonk: Denkschriften der Akademie der Wissenschaften in Wien, Math-nat. Klasse,
103 (1931)
Lieske: Brennstoff-chem., 72 81; 426 (1931)
Lieske: Angew. chem., 45 121 (1932}
Lieske: Ges. Abb. Kenntnis Kohle, Bd., 11 70 (1933)
M.Gordon: Ferschungsdienst, 7 521 (1936) ; Chem. Zentr., 1937 1 694
Liehr and Dyckerhoff: Chem. Abst., 30 565 (1936)
Max. Dickmann: Swiss Patent, (1938)
Hernann: Boden Kunde u, Pflanzenernahr, 17 124 (1940)
(8) Aschheim u. Hohlweg: Deut. Medizin. Wochenschrift, 59 1 (1933)
Bottomley : Annales of Botany, 28 501 (1914)
Bottomley : Biochem. J., 14 432 (1920)
Lieske u. Winzer : Brennstoff-chem., 16 24 (1935)
(4) Osker Flieg: U.S, Patent (1936)
Dragunov, Zaikin, & Benzobrazov: Soviet Pat, (1987)
Rozanov & Krntian: Chimie & Industrie, 42 725 (1938)

(6) W.Scholl & R.O.E. Davis: Ind. Eng. Chem., 25 1074 (1933)
(6) Davis, Scholl, & Miller: Ind. Eng. Chem., 27 69 (1935)
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SHRPRBCHL TIMTETVRELTW3 O,

BIHBCHENTHREO 7 v &= TILRER EH I N T WS ORSEEF R, 2Ry
DR EFER LD,

T v = TR OBA 2 N ERARAED X 5 EPHFRAE LT L TwanTEAL, 1k
BUa L LTE D, T T AT 3IRMEAE 7 L v BRICESE BT & E AR
THRBT ENTER, BETO7 I vBREENESE2 AT, BHESZ TV V) BHC L2
ZERBALE R XN BERILO T AL, 22MEREME L 2BR D &35 R ek
W CIRRHRERENC X 5 H ik w IR Lieo U2 L 200°C LIF iR B CRZER bic X o Tid 7
S UBROMIRIEEL CE <, B RBERIC & B ML T ORI OB L 7 o H i
DL TnBT LCE AT NG 2, LU THER L 3B bikftownwFholEc s 3
L0 dKREZ 7 2 EREOWMER L, IEHRLHERCET 2WEBOERIC oW TOB% R
HY, ThCIOTT7 I VBRPAEERSOEMT 2T & IWMEE LN TV B, BROR
BRI DWW TIERZE 2 0 Ui,

TrEaTEEWT, RE BhH, W, L OoRESRSRREOBE, ERhoME
LCEAAMELRET EHE2ZLNE00, FAFFCEWTRENS OSBRI kD 2T &
CHb, RELEBHCOWTEEENERCEWTEBETCIEBRIC L 2 b0 LN TKkED
BnhEeBsc LMy, 2BHKS bREOHETEB V30T, LELCELTY
HiFHIREEO S WEBRTRET 2T £ & L.

B B o B
I & #
ARFHIC I\ CRALBERR T 5 b DA IFEIEE 3 > 54 & TICHHE = BT A,
3 5 AREEE L7z b0 w302 v o ool L TatkE Lz,
BED TESPHERIAS 1 RCR TR Y Td 2 2,

(7) Howard, Pink, & Hilbert: Ind. Eng, Chem., 27 440; 1508 (1935)
Yee & Davis: Ind. Eng. Chem. Analyt. Ed.,, 7 259 (1935)
(GE) #pto7 v E2=7{koTRROWERD 5,
Lieske & Winzer : Brennstoff-chem., 16 24 (1935)
Winzer: 1Ibid., 169 (1935)
(8) LMEE: 14k, 42 T66 (1939)
9) HEiSE, W% Tk, 52 203 (1949). 53 20; 83 (1950). 54 122; 538 (1951)
(10) wmESsE, HE B T/ e 52 203 (1949); 53 20 (1950) :
*ORMWE: RRER; SRBREEE (EEAETHD
(11) Juettner, Smith, & Howard: J. Amer. Chem. Soc., 57 2322 (1935)
Fuchs & sandhoff: Fuel, 19 45; 69 (1940)
Fuchs, Polansky, & Sandhoff: Ind. Eng. Chem., 385 343 (1943)

(12) # #E: FEH@E: LTREE S5k (1925) B,
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EAES AW&EEzs vRBRITESHK

WOB R B |k 500 | B 5 () | IS (%) | ERRKG)| ERER (%)
[—1 13.4 10.3 - 56.36 19.87 2.08
-2 11,67 7.8 59.28 21.29 2.12
1-3 13.0 9.5 57.15 20. 35 2.49
7= 12. 68 9.23 57.59 20.50 2,23

EMEE = BIETRSWHE

BB |k )| R 9 ()| W () | BRRKC)| EHRR ()

I—14 15. 26 5. 82 60. 72 18.20 1.18

1-5 17.08 b5.43 56. 77 20.72 1.15

ZE ¥y 16.17 5. 625 b58. 745 | 19.46 1.14
I w1 B X

a) FaRemE{bEE

ZP =i 500cc oMY &b, THHE R 508 AL, RIBELD VSRS
B, HEs X ORI o SEEMF L2 CTBRILEIT O, BT REMEBRSEERT 22
TREEL, Wtk Fischer % cftoCr 1 vBrER LR

60 ' /k
= ¥

s
£

“w
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! z 3 4 5 6 7 g q 10
WO ol E (9
1 E WENEEE 7 vEBEE OBF

(A8 Ak ; Hwpr, 75 (1942)
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FESREH 2 EE L UE3BCRTBEY TD 2,

EERSIC L huE 7 £ VRO ARSI 3 0 BRCE W TR TS 2 0 HE =
FRR TR L B h Dk, RIERBEC L2 7 3 VBRI B3 ERA L &b enT 2
7%, 60°C LI ETCRA vEE RS NALOR, HESHCHT 2 7 L VRO NG hA R
B vBRCEW TR & & b oER D 2, LLes Xz 6Bl TRILR- 4TS
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50

B JX—‘—~—X EY HNOs 20 5% 3 bx
At A2tk
O O 10 L HN 05 27§
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; 56
moo| W———K 52 HNG, 2239
% 40 O-——0 wzr//vosm?}%ﬁ}}{ﬁ%ﬁ(
A———Q SZHNG fosg) kB 27
. — &7".55./:'{’ 60°C
30{ l
kS | | | I

i z 3 4 5 6
Mo # B (ho)
E3IR Mk 7 vERE

b) ﬁ?‘?‘f’%&

) ;&mﬁ&szzgna%@m ECTH D, LLAPFRICE W CREHEECER
ILEAT2 OBTHATS 2 2D EBRBILEHBH RO DT 2R CGBE Vv, FHER 1X
BRET vE=TTHRELO\ 200°0CL, LML T2 Twn 3,

BFFC I W TR T v e = TILARES A rERE 2 SRR 208 20, REEHE
¥+ 20 co/min fEOWERTHL O \ LT 1T k. RIBBE LI 82 <fTorss, 190°C LI
ETRECBRETRLCERTER1OR,

Bt R4 B RTEmY ¢ 2,

o 150°C 2R D RILREE v, 150°C DLETCRIE R Bhr ) Bk,
170°C PLETRERCEOTWER, ERAECEW CHEREKEY ML o \ B LELT
ZIEFAED LD AR EAE B, —Kicix 140°C LRk 2 BT HD 2550 %<,
140°C LT oMMIBCRRILEITZE 7 3 VR OMME BT X TEAHDR,

(14) Hm#aE, gEmiE: 14k, 53 20 (1950)
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by # fE

FRLER LI L 2085 10g ZREECEEA L, 100 co/min o TcT v==T% B L %,
RIER T BB o Lelr 2 AA WL 3 BREL, WEsN w3 Elo T ve=7
FIBWAL, ObF o r—~F oL, Kjeldahl #ic L b 8RBT RS 72,
) EERAER
1) 7 2 viE AR L ORR

BRPD 7 2 YEEOHINC & b v T v = T LRR B o2ERRIENTenEL, 7
VR EAHEELOMCH 5 CoMRES 2 b0 EE 2, KMRECMB TIMUBIE
fiorEHcog 180°C, 12 hr EEc7 v e =7k fiok, #bte LTids il Tk
TR 470 7o T4 3 SRR Y Fl 72

EUEREEI I H 2, HORICORTID TH 2,

B2%
o FiREI o e | e o
s oR B MEMeA ¢ v | X ME fEOBE ) KOME RR ]| Akos
'O Ok O %éﬁ%%? 73 v BRE (°C) (hr) EHER(%)
I-1 E A 27.0 . 180 12 6.1
I—2 1 34.0 ” Vi 7.0
T—3 3 42.5 7 ” : 9.1
T—4 5 49.5 ” ” 11.2
-5 10 58.5 ” ” 12.7
_ 7 _
T—6 9 ” 4 1.5
I—-7 i Y — v \ 8 1.52

BERFSIEAEBICAE ] L 2B DIRET 2 b B 7 3 o ERR RIS L cagiR T
BT EHOR, F 16 17 ©0k3ic7 I 7BRERROLACED L Y EREOE
IMERSNENDE COEEL YL CTTre= P LERPOLEEFoEINIERE LT 2
VEEROHIMC £ B b o LHER S ik,

il) RIERET & 32k Eo%8 b

R LE I L 2lek b Bk URKIERE 12hr ©7 v = 7L iTo k.

HERRIREE T R Tl T B,

BEoOSRRSEKERER 180°C vhaz & nfok,

i) R L 328 RE0E L
EERH B 3R T T %,

iv) T S CEREHRAREOERTD 2,
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#® 3 &

L . ﬁﬁﬁﬂ‘mﬁ’:\ i sul B A D2
I—1 5 =24, 48hr 180~C 4 7.35
n—2 5 " " 6 8.30
MH— 3 5 ” ” 8 9. 62
I— 4 5 » ” 12 11.20
I— 5 5 ” ” 20 11. 98
-6 10 " ” 4 9.02
-7 10 ” ” 8 11,50
-8 10 ” ” 12 12.70
i—9 10 ” » 20 13.30
I —10 5 60°C, 6hr ” 4 11. 30
n—11 5 ” » 6 12.20
—12 5 ” ” 8 12. 60
n—18 b ” » 12 13. 30
M—14 5 ” ” 4 9.75
n-15 5 ” ” 6 10.25
I—16 5 4 14 8 10. 60
I —17 5 ” ” 12 11.00

B 113 B AReBE= v Bk,
M—14 X Y BUTFSERE = 7 B

E B R B &

DLEOFEEA S 7 v = TILRR P ORERERI KK 7 3 vBECHEINCHBIL TH KT
e 7 I VROWMBFEENEEC K T ZMERORE, RIERES L ORERECE b Ao THE
KT 2z o0k, RO 5% Kl 10% »SEETH BT E LMok, B E
PR e 60°C, Bl 6 hr 2SESETH O,

EFEMLERMERE M L L T 7 2 VEBENEAC, mOMhiE L e S w3 e el
B X3 ERILENER, BRBECSLOEINC X OoTy BB T 20 140°C
PLECRERILEFD ¢ L BRR#EETHOR, 2 ciEERRRC T » TSR bE LR
T2 EERRTH B,

R b X 0T 7 3 vEEDEINT BiEiic O v TiE, IER XK ¥ 2 vIROHIESEN TR
WOTEMCc RT3 E3HEETH 2, LnLBIC X O TESTO 7 3 Y HORKAS
TNTEFFCRBRDATEEEMTZEEICT vE=TLHETD IR F v kb
MT2EELEND, ZOELERNOY 7= Y EELEMELY 3 0 CREHO IS E 2 3RE
BROBBMTbN, BRI EF L EOERFRZTHAS D,
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BROT ve=TILEERO b & THON AR D 29 AFRCwTREETY v =
=T{Efi ok, WMRAFBEOSE L RRRBECIEREMBZC &N TER, KFFHHICE
Wik 10% FEECIMBRIER L 2RRICOWTO T v % = T {LiEfTbAhokd, 0%
AR BREERAK 5% MOV B2T &8 TE2 Lian 3, Ll CLE oSS
5% WEEE Fv 29y, 10% WEEE Fv 2 0 3MBOWER L AHRRLO R L bkeEer s
NAMETH 2, EhBHBBRECHL CRETHEDCHE2MTBPL T 2TETH 2,

ok U CoATFSBEE 2 » IR & R = 2 IBR & & MR L 72858 (A8 7 7 hsFERAT R
B k2T 7 2 VREROWNSEE CHAITS 2.,

BROT ve=T R 7 2 VERE 7o =T EOERTH D T L ITBBERS SN
BBy TOBGWIIRELR 2O E LT, —~EBEENEEOAMTDRE YD ETRE, T
T2 T LERT2HEE IV FF S VS L UKBETH 00RO LD ARG E2 LN
%,

Hum—COOH-+NH: ——> HUum—COONH -+ eerrerrersrerarmeirmiiiierianeisereensen (D

Hum— COONH, % HumH4CO.+NH, - NH,CONHy+H:O -(2)

Hum - COONH, > Hum —CONHy 4+ HyQ cereeeerreeeimrsnniioneeeseensiieinns 3)

Hum - COOH-+ NH3 > HUm —C = O H  veveerrearai i i csee i e (4)
NH

Hum—OH-+NH, > Hum—O—NH], -oorreervveimnsrin i e (5)

Hum—OH-+NH; > HUm—NHy- o0 coeeorvrermiiraneiirinnies ceeiieeeeneienan, 6

({81 Hum-COOH. Hum—OH &7 3z »E&+2)

(D 5 oREARMEKEEEOIEEE LTlgtEcd 205 (2) B LU @) o4k
BRESMEE R 00 (2) B 4) (6) © LDk K PESTHTHO 2V FFs VL
ERLCHTRELEVBRIMLL MR RS R 2 4E Thv. 2RrIESSGRTHONLESER
@) DTORESHEREET T2 b0LE2 513,

TR LI T\ TIE T % = 7RIS 3 TGRS BRI 2288 5 b 3T % o
— K THD72e AMROFERSFEL  AEROLBAH LES B HoORRE w7 ve=
TALE FE L ekE B w R oBA& T b 180°C E 200°C v mERRAMERL, %
N EOIRETEN2 2 TCREBREOHUTEIRL 2T L TH B, X BAEROHFEOMHE
HLzRREOBHZEC L3 0LHBE2NZ, LiL—Fh7re=Tbe A58 TTl 3%
— v OMREER H 212, 180°C 2 0lctTl 37 — VIZEEH G 2L 2 ORIZKE A4, 180°C
DLTtR&Eey — v 4 B L 2ot b Bt 2RiREA L Ror, Thdb 180°C
DL cRIBRESIE a0 7 s AR EIRD, T v E= T LO(LEREE ST BN
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ZOTEAENHERDLILS, BROBSCOWCTE TZ0WE L2 2T e =71k

CEoTTCaR7 IvBOTrye=vrBEREEE7 3 V&) 180°C D LCcl#amL sk

BELT 230 LEbNG, TORBECHL T3 X & ik R ERHT 1o o oR+
22050 TH3B,

@

1) RBROTrye=TlhesnwCERT3REROETIE 7 S v BTH BT & FH0R,
2 PREPDT I UEEEHINT 2 HEE LT 5% NE 10% ORERC X 2EMEE LT
WRTREFRE B, B LEEIRL oo 60°C, 6 hr BE%E CH 2,

3 TrE=T{LRER T IEBEOLA L HIELES bonBsh 180°C, i, 100

ce/min, 6 1L 12 hr 2S@E G5 2,
4)

)

LT e = TLRROBEEH RN 13.3% ThoR,
IEOFE LIRS 2 o JRRO I = 7 IR & D BT B
ABFS LI ARHEFIOR DM A TR S N b T 2, T T IR L CllETET

2o (FEFN264E 4 F 6 H BAR(LE G 4 FE &) (AEFn 26 42 10 J 31 HEZAD

(15) Ivan: Fuel, 14 43; 86 (1935)
WHEHEZER, FMEZS, ZESE% T4k, 44 520 (1941
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Consideration on the Acid Pickling of Steel
Wire Rod (I)

Tetsuhei Tachikawa

Abstract

The single potential-time curves of steel wire rods (5.5 mm dia, 0.152C)
in HsS0, solution were measured. Those of roughly polished wire rods were
also measured.

At the same time the changes of thier potential with agitation were
observed.

L. B E

gD 20 RESTBRC S W CREEEIEEAERIEO TV 20 TH 5, LsLC—
W coOFEMELCEML (Scale) HMELLIOEERAL T WEZ vEiEEE (H:S0,
#ik HCL) & OBIRIC Ow TR « #9085 T\ 395 T ORI Bk i 1T 2 FRikic
Bl Tla® b A HRES R v,

LT HTHEMD LS CEEW T W TIRKERR (Hydrogen occlusion) 3 X t8% i fk
5Ele:  (Acid brittleness) #S#p 200 B ElE LN 20 e ERc Kl 2 88 1
2BDTH 5. WEDEMED 2 WX THCH T 2MIEE L R2 M s hTn 3B
H.SO,, HCl ©ZOMEREME L Srg s, (GRS, SR 0EE, SRE S v Bl
D BHE D HERKRIRC L &FRARORERC & VilERIF L EOEWIICERL T 2Bkt d
%, LiinL Twnibnd BERERIE: & Rk EL O BRIREER IR BRI v TR MR 2 R D
EF 2 FRECHEE MUY BRET 2T L Th s, LeROTER R E0SE0HRE
L BRI R AT 2 e B LMt gt ot (5.5 mm dia., 0.15%C) R
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#rE L HoSOs OB b BB I T 2 BB (80 LllE L % 2iike 2 854 4w
CEHET 20 BRE L2, LRABCHFBERED S 0 KK T 220417 20%,

I B ELIVERER

). Bk RENEE LR Gt oRIt (Scale) WRv M TH 2, (5.5 mm

dia., 0.15%C) 772 T OBREEBALIME I 2808 L D 2O Tn 2 niilic ), 2,

Lin LT ORE#IE R & IR IC oW TR« e ST D e & 218 Pleil) o
€ k3 EERE FaO; o¥0Fix Fe;04, Fe;0,4FeO, MFE FeO X b roTnw3 EiH
Hebhtnd, FELTORLFAL 2. =2Z LR EmE BBz nws & 3E
2N FTHEDLBRILMEI D 5HEFCHE Y TR B 2 WZHEL Tk D 2020 S ER
LTw2bDLE2ZORRETHL S, TOBRDAE R T 2 HEmTLL 2. BECH
WRERHTES 6 cm % 2 Yl X RS EREE S ~rie TR L. (8 1 B ol.)

b). - AEBCEWCEBHEC & 2 BRENEIERET B e, (82 Bom
Lo)

(1) i B HRE

p @ (2) o e B
W [é6m (3) H,S0, ¥kt
l @) 3B
T ®) mwst
;V
v 6) v~%-~
®1m (T) teiay
B EOBRE 3 Blo L 5> niEEEriive
;E .
N OREE S . ® 8 # &
P
% @ WFB ARERCENTIE HS0s % R Lil)s
N~ @ R B pappmm FBEROFD L5 Th B,
Dok B R
& ©: BB B . 4+25°C
®: MER
e . 31.5%, 40%, 50%, 70% H.SO,
oFCERR (14 4) OBBRE (+25°0) =
# 3 H wREEEMES T Rl 1 B0 L9 Th %,

1) L. B. Pfeil: J. Iron & Steel Inst., 123, 237/258
AN Trans. Amer. Soc. Steel. Treat., 21. 868

(62)



BHBEVcovwToZ=o¥2E (5 1 ) 375

w1 %
AREse | M OE | BE (%) ® W R ® B om ok #
1 +25°C | 31.5% | B PO % % # 7 =< ¥
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IV. REBRSE L THAR
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i @, G, ®, oSN - BN 5 Bo X5 Ttd 3,

xEE @ ®, @ ©, oW TEL RN —EfihiEE 6 BoX>Ttd 2,

A O @ B, ® cowtibhe-FREMEREYE 7 B0 X5 Td 2,

(i) EelLHmB L HLaTHS & o Ll
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On the Friction between Vibrating Bodies
Masachika Naito* and Kazuyuki Kikuchi**

Abstract

The investigators have measured the frictional force between mutually
vibrating bodies of the same material, and found the apparent coefficient of
the kinetic friction to be decreased by the increase of amplitudes and
frequencies in comparison with the coefficient of the static friction.

1. Preface

Under the stationary state of machines and structures, the parts fixed
by frictional force generally keep tight. But if machines move and cause
any vibration, small crevices come about on these parts. These crevices
are stored up one after another, and mutual displacements or relaxations
come about finally. The mechanisms or causes of relaxations are supposed
in different ways, and it is supposed that one of the causes is attributed
to a decrease in the frictional force between vibrating bodies.

As testing materials the same material for both sliding plates and
weights were taken, because if they were not the same material, cracks
would come about and could not be gotten a constant condition. As mate-
rials mild steel, brass and ebonite were taken. The vibration was hori-
zontal, and the frictional force was measured by sliding weights with a
constant speed parpendicular to the direction of the vibration. Frequencies
and amplitudes were changed severally.

II. The Arrangement and Method of the Experiment

The arrangement of the experiment is summarized in Fig. 1. To get
horizontal vibrations the ‘¢ Piston-Crank ’> mechanism is used. The sliding
plate is fixed to the position whieh corresponds to the piston part, and
reciprocates through the guide. The crank radius is adjustable from zero
to 40 mm to get any amplitude. The revolutions of the primover are
changed to six steps—75, 125, 155, 175, 290, 450 r.p.m.—, and moreover
speeded up by spur gears. The speed up ratio of the gears is 127/25. The
range of frequancies is from zero to 38.

OB E B O oM T oz
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pieces are mild steel, brass
and ebonite, and the sur-
faces of contact are gro-
und by the emery fine
papar ( 000 grade). The
vibrating plate is re-
ctangular and the sliding
weights are cylindrical.
These dimensions are
shown in Table 1.

of the frictional force a

Masachika Naito and Kazuyuki Kikuchi

The materials of test

For the measurement

spring balance with a
dial indicator which was calibrated previously is used as shown in the

figure.

known from the calibrating curve.
In this experiment, lubricating oil is not used but the experiment is
performed on a dry state. The weight of the sliding weights is changed

variously.
Table 1. Dimension of Arrangement
Test Piece Steel Brass Ebonite
Vibrating Plate (mm) 165X T5% 8 120 x80 x5 140 100 x3
Weight Brock Dia. (mm)
D;=37 D,=27 D=40
D,=47 D,=40
Weight (gr)
No. 1 905 938 330
No. 2 1385 1363
No. 3 1825
Crank Radius (mm) 0~40
Connecting Rod (mm) 80
Gear Ratio 127 : 25
Rotational Speed of Motor Side

but

Fig. 1

By reading the graduations of the dial gauge frictional forces are

0, 75, 125, 155, 175, 290, 450.

III. The Results Obtained

The coefficient of the static friction should be independent of weight,
it increases slightly as the weight increases as shown in Table 2. This

(70



On the Friction between Vibrating Bodies 383

is supposed to be due to the roughness of the surface.

Fig. 2, 3, 4 show the relation between frequencies, frictional forces
and amplitudes. If the frequency increases, the frictional force decreases
and finally approaches a certain value. And as the amplitude increases,
the frictional force decreases. Now we denote by x the coefficient of the
friction (Apparent friction) between vibrating bodies and take the ratio
#/p., where p, denotes the coefficient of the static friction.

The relation between p/p,, frequencies and amplitudes is shown in
Fig. 5, 6, 7. Seeing from the figures, p decreases hyperbolally against
frequencies in the same amplitude. (To take one example in the case of
brass, amplitude 0.1 mm, it is denoted by equation u/w,=26.4x~""%.)

\\ Mild Steel

Frictional Force in g+
8
>
_ e
e

3 3
: -~
< +
10 Pt =
s ~ J o~
e N
)

0 10 20 M, &
F'regucnoy/sec =

Fig. 2
(71)
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Table 2. Values of #/u,

w Freq.
Material Amp. | 0 6.3 10.1 13 15 24 38 'R
(gr) (mm)
0.1~ 1'L0| 0.87 0. 69 0.59 0. 60 0.36 0.23 |0.19
905 0.7 11 L0| 0.8 0. 64 0.48 0.45 0.28 0.20
24 _|1.0| 0.69 0. 47 0.39 0,30 0.16 0.11
Mild 0.1 1,0 0.86 0.71 0.59 0,50 0. 35 0.28 | 0.20
Steel | 1884 | 0.7 (1.0 0.78 | 0.61 | 0.43 | 0.39 | 0.26 | 0.20
2.4 1.0 | 0.70 0. 45 0,34 0.30 0.14 0.10
0.1 1.0 0.86 0.68 0.54 0.48 0, 32 0.26 | 0.21
1825 0.7 1.0, 0.80 0. 58 0.42 0.38 0.22 0.18
2.4 1.0 | 0.68 0.44 0.30 0.26 0.14 0.10
0.1 1.0 0.97 0.79 0.72 0. 64 0,50 0.37 |0.11
938 0.25 | 1.0 0.92 0.75 0.68 0.63 0.45 0.34
Brass 0.7 1.0 0.90 0.72 0.61 0.54 0.39 0.28
0.1 1.0 0.97 0.80 0.72 0. 66 0.48 0.356 | 0.12
1363 0.25 | 1.0| 0.92 0.75 0.68 0. 60 0.43 0, 32
0.7 1.0, 0,89 0.73 0.63 0.54 0. 37 0.28
0.1 1.0 0.73 0. 67 0.60 0.53 0.43 0.37 | 0.81
Ebonite| 330 | 0.3 | 10| 0.68 | 0.57 | 0.50 | 0.47 | 0.37 | 0.30
0.6 1.0 | 0.63 0.53 0. 47 0. 40 0.33 0.23
0.8 1.0] 0.60 0, 47 0. 40 0.33 0.23 0.17
10
09 \\
0 \° o]
" U\ w
Nos AV N % e 95
N\ 01384
0 5 &\ ‘&!\ g A1825
4 Amplitude —
03 - Iy §_\ —i—" 0.1
02 f= 0.7
I
01 & |24
0 10 20 .30 40
~ Freguency /Sec
Fig. &

As the amplitude increases g decreases, but in this case, the effect of
weight is inconsiderable. At the point (N=0) the curve does not pass the
point (u/p,=1). It is supposed that if the frequency does not come to a
certain extent the effect does not come out.
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Now if we take x for the direction of the vibration and y for the
direction of pulling, the motion of the sliding plate and the weight is
given by the following equation,

e=asinof (1)
y=>bt
where,
a b . ... .- constant
t ... . time
® e .. circular frequency.

Accordingly, the locus figured on the plate by the weight is _given by
equation, .

x=a sin —Z’—y (c.f. Fig. 8)

If we take F for spring force,

CF=pWe=p W U c(2)
VU + vy
where,
s coef. of friction for any direction
Ve e e e e speed for « direction
Yy 0 v o e s speed for y direction

K

X=3 sinwl

x:adih%‘t

Fig. 8
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From eq. (1),

v, = dTJ; =@ew Co8 wf
dy
e 3
Uy = (3)
0 <1 L do’

As v; changes from zero to a%® (maximum) and v, is constant, from
eq. (2) frictional force F changes every moment. But actually F takes a
constant value for the constant frequency and amplitude. So it is supposed
_to be due to the effect of maximum velocity or mean effect of motion.
Accordingly, if v, is constant, the frictional force or the apparent coefficient
of the friction is decreased by the increase of frequencies or amplitudes.

IV. Conclusion
From the experiment on two kinds of metal (mild steel and brass) and
one kind of non-metal (ebonite) it was found that the frictional force

(parpendicular to the direction of the vibration) between mutually vibrating
bodies was decreased by the increase of frequencies or amplitudes.

(Received October 31, 1950)
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Study on the Specific Surface of the Aggregate

Seiichiro Ota

Abstract

Author believes that the specific surface area of the aggregate is very
important for the determination of the rational proportionings of the cement
concrete and the asphaltic mixture and also the coeflicient of permeability of
the sand. Therefore, author, measured acculately the specific surface of the
aggregate by several methods and then made the following formulae :

8
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A, =§;K:-- [loge r—Kx+- Kf]
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i H HEE T Ao(p=2.50)cm?/g
15~3/47 (38.1~19. 1mm) - =~ 1.8
3/4~3/87 (19. 1~9. 55mm) 3.3
3/8~No. 4(9. 55~4. 76mm) 6.1
No. 4~ No. 8(4. 76~2. 38mm) 11,2
No. 8~No. 16(2. 38~1. 9mm) 20.8
No. 16~No. 30{1 19~0.59mm} 38.6
No. 30~No. 50(0. 59~0. 30mm) 71.0
No. 50~No. 100(0. 30~0. 15mm) 133.0
No. 100~No. 200(0. 15~ 0. 074mm) 246.0
No.200 LT (HEFEH) 3,250. 0
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” (1) Edward g®

#rp, L, L ZHEEERZHHEORE 2,

(2) Vieser @

HHE ORIRS L=20L © & 2137 OREEOSE %ll DEEAHL, 0P %lx OI8E
F¥obmE LT *0FHiE d i,
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d (‘8‘+“§)l1= 4 (2)

(3) Popel K@
HEE 2B OBHOREHRT L Mo cHET2RER 4 &, LSoWHCHEE T2
EKEHE A LOTHETHZELT,

(1) L.N.Edward (A.S.T.M. Tech. Paper, 1918) ;

(2) Vieser (Zement, 35-41, 1926) |

(3) F.Pdple (Der Moderne Asphalt Strassenbau) '
(HAREA 7 v e 2y 2R eags No. 23, 1936)
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31.15
16.94
51.37
28.96
34.43
24.59
26.78
30.056
34.43
26.23

P r(em)
1.508
1.312
0.939
1.274
1.292
0.874
1.114
1.344
1.388
1.145

B}ELTo
#1& 7(em)
1.182
0.843
1.374
1.094
1.254
1.274
1.168
1.043
1.0561
1.191

PRroRo

EWH A,
(cm?) Ar
28.39 2.0
21.63  1.70
11.08  2.25
20.40 177
2098  1.97

9.06  2.00
15.60  2.34
22,10 1.89
2421 2,00
1648  1.83

Ty 1.98

PRroRO 4

R A,

(cm?) Ar
1756 2.11
8.93 189
2371 217
15.04  1.93
19.76  1.73
2040 120
1714 156
13.67  2.20
13.68  2.48
17.83 1.47
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FL SRR B CH 20 R L, EXAMA RHBM TR T Ok, Lol TEMZ
2 OHEIE RO % { o/ LIC RSO ERIED L RaRiE R s, Lo cllEo RS
FEEOWR LY B sRoRMSE I Tws bo LHEllang, ToMhE2HD
AHEBL TS 2 o0EN S, EoRBEOH AlA: OWUOTHMRLUEOLTERE
ONRERTH S, H-1 BcoRBodske A BLE, P BHATD %,

V. Z5FTVYCBRESFEOHEIC X 2FEBENE

z OFEEIEO T ¢ Langmuir 18O oy BENREOOFERREK X T CHER
LEBH L WHECHEEMNOLDOTH B LE2 3,
z OHBEC LT A5k X o s,

(1) EEMGHNoE Y b 1
(2) ®Eafy 60cm D 1
(3) 79=x—¥~ 1
(4) 1cc oE4Es 2
(5) AF7V v # 10cc
(6) Fv—rvifEride < r 7
(7) vy ¥ 50cc
(8) <574y % 20g

Vg COWECEE LR, EFFv-rBERE M, AFTI VB LIUAS
TAVERYY - VICEL TR E 2K B, BH, REART 74 VIBRCOTTA7 74 0%
MEFI5, AV MOKEHED, 2oL Lehkipne, ZO0NMCHERRC L ISP
BOAFT7Y VIR KECHEE T, A7 7Y VERARIESTECKE LcERL b 3
BRERORE M LI & 32, D8 CROBOMICH v — vERERE DBEETE, +
v~ YEEO B IS TR CKE LI HES g, ZoREER AT T Y VL D L BWRD,
FOWORMIZ 25 79 YEBOBESTE, /Hildd v -8 (ewofht bz ex
YihERD) OGS TEOWI CERZAN, RETO2HOMOBMRTHILT S, ¥ il
OHELL S HEHES 3. COMEHOy Y~ ZEELTL b 3,

DOFEC, PYIAOBATRTED, BHRBoPC T OKPREDT B L, HAOKREIK
25T Y YEBEOWESE AL, FReHET2KEO X T T CBRER bR TE
HERMET T2, ZhifibiA & L TRoMEOF v~ YBERESTORED LU -REML
DT BDMOBERZ B FEALKPICLD 22 \ OO ERCEL CRPIOWROEED
BHlERD &, HFHOKEHESRD SLs, BBEORETE, AL --BEKHLEZDTFVE

(8)
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—E A7 TV o BREr ER, SROMICIE 2 EOEROBBE R b, FOWMBORREY 2
TERLCEHMOREME 75, b LEECHRD Te o 0EL, ZoE cREk%
EEOTRNE A —FREOCR VIR N 2. BIIAROROEH ¥ C & ATZOMED
LI TFORE YD 2. L, WEOROWROB L BECHEE, BRBO2L ) ZoEHK
O L CREESA S MR L RIFT 2 CEE 0 R e

ET 2, zOWRETLEE DD CEHFEORELE b NBR BN 2 oMo Mo H
Thv, CZORECHE VEW A IORD 20513 EEEET 2.

-2 -3

-4
(\\
/
c \
L <
B
e
A RTTY AR L <
B Av- v B &
c % = — [}4
D BE BB !
E ) 3‘%" [L

RFT7)rBRHKE L
F LB LS8

Wi, FERORRHOZOFRE T NEHYL T2 L,

(1) HRBEFEET, BREREEF, BorvwidnaBEBETH2T &, oD CER
EEZFBLECHT TERL %o

(2) =illEsXokila 20°C gk ca s s, TORDCARDOE (IE) NEETHO
7o

(8)
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(3) A brothokiad pH=6.8 oREAEERT 22 &,

(4) SERIHIEET L X RBRL, R L Wit R#z 2T &,

WD LOEE O S L ICERY o -1 OBy Ak, Tok LSRRI ERO
LEOVYOEBUEN L CroRmEY KR L7z, 7L, fxoMaoERREHELRR
P OEBEOE LT HED 72,

F-IL 2779 CEEEIC X B REHRINE
(1) #Epes (p=2.63)

Eit S Wi(g) ((;;11:;) (cm?) ijir_
1 37.8 26.64 47.59 1.66
2 25.0 21.85 32.18 147
3 9.3 11.30 19.04 1.68 y
4 22.8 20.22 35.23 1.74
5 23.9 21.23 35.14 1.65
6 7.4 9.68 15.02 1.55
7 15.4 15.70 31.27 1.99
8 26.9 22.61 39.49 1.75
9 29.7 24.24 47.70 1.96
10 7.7 17.21 26.47 1.54
(2) HA (b=2.79
%q r A -
% Wi(g) {em?) (cm?) A,
1 19.2 17.84 30.63 1.72
2 6.9 9.04 13.61 1.51
3 29.9 23.86 43.62 1.83
4 15.2 15.20 26.79 1.76
5 22.7 19.59 28.88 1.48
6 23.9 20.60 26.45 1.28
7 18.3 17.21 26.77 1.55
8 13.0 13.56 29.87 2.20
9 10.8 12.06 26.95 2.23
10 19.5 17.84 26.14 1.46

G A==x77 9 vBikic X 3 Hadh A=98 r ok (o, W) oEwH

MBI L 2 BEURERE, 2770 vRPEEEO Zh EOMc @i Y DOXBH Y,
A B}
e - O PFA L X S CHEOERIRD b2,

(8 )
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o¥i, TS L FAR G OREONIE 5 T, TR I 5 2, 5 ofilcs
HIEO~E R D2 LEbN2H, BEOMEOKEN OIS 2 VBEIFDONAE V. T
N E O BATCRAE OEEO/ME X UM OsgEsh, A7 7Y Y RRIEOERO MR DR
HOMREENE O T W22 L BbN2 LR oTERER T ol FlL oM ar: E DL,
TREOWTHE AT 7V v B v, 2ORRER-L Rl 2OE 2ERLEN
ZIE-2 T2 5o
FI0 277 vigkc L 2EEFHEE
(3) REER (0=2.649)

B W dem) an A 4
1 22.70 2.54 20.30 38.34 1.89
2 17.40 2.32 16.85 27.97 1.66
3 14.40 2,18 15.00 27.67 1.85
4 13.80 2.15 14.50 24.67 1.70
5 14.40 2.18 15.00 30.24 2.01
B 1822
(4) WBUERHA (0=2.544)
W dem) A 4
1 19.20 243 18.54 29.74 1.60
2 15.10 2.24 15.73 28.66 1,83
3 14.10 2.19 15.10 25.53 1.69
4 13.70 2.17 14.77 21.24 1.44
b 12.70 2.11 14.00 19.23 1.37
’ Fi# 1586

@ oRIEEAE D) © b0 L FEMSE Y, RECSEo/NMEs VEETH 2. Th
CR L (40 OB 2 0RBOREEHOEADOZh & 2R PRHEINTEA L 0T
D72,

CoORBTEET 2T &3 #-1I ofRE, BEHEBRELFIbRVE O HLVWHAT
BBM, AT TV CBROMEL RT3 2D CHERIKCED 50 U7 7 1 vERORA T
ROTHHMEL, R0 ABEERO/NMBERNTHWET L TH B, Lahto<T, Ktk
Mic £ SOBEL ATB, TREARDZCEET22DCERT 7 4 VIRREAR 2D
OEBEHTRETH 2,

Ll ORI T 51, Z oMPEERREERERICIEL €, THEC L2 b0
KuziEsBon, BHEEEARFADIDOKA 7T Y v BEY Hvne bo R/ e 2 b
TH22, 2%, BBOZ2ORHTLWEAEE A7 7Y vEBETIE L2 0, Z20BNHE

(87)
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A @ W BB

BEROMBL L /hapobhTtnz tiERahz,
UEDZTEL, ZNFNELOBELLELTI8-0ORER £ @f{{yf“:‘fib%ih% WE,

BLEofEo

A

4 MDHLT b O TRECAEE TR,

_1,98+41.88+1.70+1.70+1.824+1.59

A, T

=178

o, F-IV 3#E-1 B L oR-T R, BEES L OEE O oW TR~

E?)

RTRETHOC. TNEOHTHS L

b, CEWRPFDOYD 22T BV YRR v,

Lal, —
ek z

A
A,

(1) RUEHER (0=2.63)

RIC R T s I,

& 1.40~2.30 oM %

By M By AR BYE BB HE
e a b ¢ V. #®E #
(cm) (ecm) (em) (cm®) R e
1 45 382 23 144 0.43% 0.832 1.960
2 41 35 21 9.5 0.315 0.602 1.952
3 34 20 15 3.5 0.343 0.655 2.267
4 42 31 22 8.7 0.304 0.581 1.909
5 39 32 17 9.1 0.429 0.819 2.29%4
6 35 18 1.3 2.8 0.342 0.653 2.692
7 89 22 14 59 0.319 0.938 2.786
8 45 22 21 102 0.490 0.936 2.143
9 48 35 22 11.83 0.341 0.651 1.955
10 41 28 14 6.9 0417 0.697 2.927
. v 6V a
(> K= abe’ k= mabe ’ ¢’
S=%—', Person ®=d,=Vabc, An
(2) HEWHA (0=2.7
Evy ITI E?‘ B B BE MmE
B oa V &K = e
(cm) (cm) (cm) (em® K R ¢
1 4.0 21 19 7.0 0.439 0.838 2.105
2 32 19 14 2.5 0.294 0.562 2.284
3 42 24 25 109 0.433 0.827 1.680
4 30 26 19 5.5 0.371 0.709 1.579
5 42 86 1.6 83 0.398 0.76) 2.625

B
Eﬁ
s

6.270
6.833
4.533
5.918
7.341
4.846
6.129
4.714
6.860

8.200

IER

]

4.421
4.343
4.032
4.105
8.138

(8)

ST OMRKRTHEAIROR N IO T

m“ﬁ$0%®§%mmﬁm%®%ﬁbf@01 zo
ERL,

BB G o FEiX 1.80~1. 90 fi
LBz, Lo TERTZE0ERPYMo 1.85 & b2 CRARTEOMRAEL L,
TV M oRTE, R

it
$
S

1.406
1171
1.700
1.355
1.219
1.944
1.773
2.045
1.229
1.464

i
23
S

1.905
1.684
1.750

1.154

1.355

Person

wd, A

(cmm)
3.21

3.11.

3.7
3.06
2.77
2.01
2.29
2.75
3.21
2.62

Person

T8 dp
(em)
2.52
2.04
2.93
2.46

2.75

RKWH
Il
(em®)
57.08
36.95
24.90
36.14
41.37
19.28
36.55
42.97
48.59
30.12

ek
A

£l
31.15

16.94
51.37
28.96

3443

A 75
RILSEOH A,

Vv

(cm?)

47.59
32.18
19.04
35.23
35.14
15.02
31.27
39.49
47.70
26.47

b3
Al AT
Ty VB
30.63

13.61
43.62
26.79
28.88

m
(cm?)
52,31

34.57
21.97
35.69
38.26
17.15
33.91
41.23
48.15
28.30

8y

dp
16.3
11.1
10.1
11.7
13.8

8.6
14.8
15.0
15.0
112
12.76

o 4,
g,
A P

1

33.89
15.28
47.50
21.88
31.66

134

7.5
16.2
11.3
11.5



BHOBRBHRC > T ‘ 401

6 4.0 30 1.7 87 0426 0.814 2.353 7.059 1.333 273 2459 26.45 2552 9.3
7 87 28 17 6.7 0.8 0726 2178 6.094 1.321 260 26.78 26.77 2678 10.3
8 26 22 1.6 4.7 0514 0.982 1625 3575 1.182 209 30.05 20.87 29.96 14.3
9 33 1.9 1.7 89 0.366 0.699 1.941 8.688 1.737 220 3443 26.95 30.69 13.9
10 42 30 1.6 7.1 0.352 0.672 2.625 7.875 1.400 272 26.23 26.14 26.19 29.6
© oz 1173
(3) UKL (0=2.65)

Evy b Ey & % Uk mEB O WmE  RE  H  Peon REHA 4

FE oa b Vo R & & & & @ T4

(cm) (em) (em) (cm3) K R e I S (cm) “em? %P
1 38 37 23 86 0.266 0.508 1.652 6113 1.027 3.19 38.3¢ 12.0
2 44 27 2.8 66 0242 0462 1.913 5165 1.630 8.01 27.97 9.3
8 37 29 18 5.4 0280 0.5%4 2.056 5.961 1276 2.68 27.67 10.3
4 32 27 1.8 52 0.334 0639 1.778. 4.800 1.185 250 24.67 9.9
5 34 24 18 5.4 0368 0.703 1.889  4.533 1.417 2.45 30.24 12.3

£y 10.76
(4) AR (0=2.54) ‘
By W Ey ~V% AR B mE  BE K Person REMA 4

RYE  a b ¢ 634 & ] 23 & & ®dy, 4 é dy
(cm) (cm) (em) (emd) K R e f S (em) “em2) %P

1 41 33 20 75 0277 0530 2050 6765 1.242 3.00 2074 9.9
2 42 36 1.2 5.9 0.825 0.620 3.500 12.600 1.167 2.63 28.66 10.9
2 89 24 14 5.5 0.420 0.802 2.786 6.685 1.625 2.36 25.53 10.8
4 89. 31 14 5.4 0.319 0610 278 8636 1.258 .2.56 21.24 8.3
5 89 27 15 50 0.317 0.605 2600 7.020 1.444 252 19.23 7.6
¥y 9.50
A
CT@*'?i’éWi
P
A _12.76+11.73+10.7649.5 . 10 .00
Ric, —BEEOFTHOMBC oW CRBEIFEBR® OB RE: S,
WH, R, N=521,195, d-3 0=2.60
Wari, #EB, IN=696,626. d-3 »
N: 1kg &b oBHOME
& : BHOTHE (mm)
Wi, 2oRICk Y, FHEOMEE LR T2EE-V th 3,
K-V AEEOTHOME &R
_ b+l N= N= a=1foEH 1.850, lkgi Y oXwHH
Tk & Ed“ 2 696,6264-° 521,195d~° ook L'Cﬁaj * 1.8ba, Ncmz/k’g
~ (mm) o kg /g W (mm?) (mm?) (p=2.50)
1 13~37 28.6 29.78 2,659 5,052  1,563(1.563cm%/,)
2 g.@r 14.3 23823 667 1,268 3,150(3.150 7 } -

(9) BHRBR CEARBIHE, $ 27 g, 1934)
(89
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3 3" ~Nod 7.2 1,866.39 168 820  6,200(6.200 7 )

4  No.4~No.8 3.6 14,93L11 42 80 12,400(12.400 )
5  No.8~No.16 179 — 90.875 —-— —_— —_—

6  No.16~No.30 0.89 739.32 _ —_ —_—

7 No.3)~No.50 044 — 6,118.00 .  — —_ —_—

8  No.50~No.100 023 — 42,838.00 —_— —_ —

9 No.100~ 200 0112 —  376,976.00 —_— e I

10 No.200p1F —_— - S - —
GE) FYo@fff—otz 23 o FER X 30

VI. FEREIC X 3FEENE
Carman [£® % Kozeny KON LEMELIET oL HEL,

= e 2
s"““l/Ku =" D{—o)

X So: lem? B72 b OEKREHE (cm?/em?)
Ap: 1g prebh OFEME (cm?/g)
K : kiR (cm/sec)
Y ko8GR E (cm?/sec)
e : [RBREE
D : FEgFHoEs (cm)
o: BHOLE
HsERsR E LT,
kAR (-5, 6)
gegRal 100°C
R
272y vy~ 100, 250, 500, 1,000 cc
Zex hared
d %2R 3 HEAS
A= (mm B2
AT LS RcosRERYIY, chidBFo C h3RBDhCANT,
REBCHHBEEREED 2, COR2EAD OBBECEINICHER v, BEBEOEE O h
CERBREVWEICT S, COREEDOL FFREHWCHEEL AN OHDED, k3¢
WoOHOBREBWHT X OEENE S, WOROKREZIC LY d OB EMEL tlikix
90)

O o S S ST G S G eY
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) l:::—:l Yy,
Kk s L sk DENREE

20, REEFCLTHoFHER GURcERE L VRER D) T2oms d 2#ll2, %
Wkt A DBREZY, REOKE B 5okt s 1oL, R & —EOKRC R,
TREORESTRI CRET 50 LR CRIERR LR 5, 2 OUPESELE L7 40
FOE, BOEb ) CEROMBEGEL TW2 T LERL, Tz & BBBHE O Cho
%, BI-l BT OB RT,

COZEROMEEY CEKIC VT, Kl A ORE—HllD, & 2BbHEEkcRL, 2
OEHT B0 LFFoTRIFL 2, RBE C CBATLE, WO b CHET 2258030
BNsve L L ZOWMERNAPCH 25, WEHsml c:Hi+s, F-2 X o
Blcd 2,

BI-1 By (No.16~No.30)

p=2.60, W,=800g, A=5.2cm, L=15.55cm, D=6.9 cm (i F=37.3cm?)

kil T=26.8°C, ¥=0.0085 ([&-7) '

«l%ﬁﬂ%ﬁaﬁ tsec

Qcc 2 g 3 [
200 25.6 28.6 32.7
400 51.2 58.0 67.0
600 77.0 87.0 102.0
800 102.0 117.0 138.0
1,000 130.0 148.0 173.0

(91)
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F—EHOWELF<5 L, 200cc 58 1,000cc & “El’i@@%ﬁaﬁ OBMEDEED D L s

REENOMOEE V 13, ,
V=37.3x15.55=581 cm.

ML LcBsiEEahzte0ERY W 240,
W=pV=2.60x581=1,510 g

l—e=" —=—"=0.
=W “1s10 ~ 053
e=0.47.
sf)'
= =0. 370 -
=g e =0 (H-8)
BN 2 0.370 2
S=14><‘/-79*————~:14X‘/—_ﬁ_ I
0 KV D(1—e) 0.0085x0.610 6.9x0.53
Bl-7
K 5% & Ml AE R
/.BX/; 5 /0 7 2o 26 30 35 40 yaiiit
\( . , .
17 N L7
/6 - : 16
122 3 15
/4 \\ f4
' . \ \
| N /
43 , Ny .3
12 /2
N
Y ™ ]
~ s
E 1 - 1o
K 22 S 09
~— \\\
0.8 ™ 2.8
PN ™~
a7 R a7
I
¥ a4 ™ 04
&
H o5 a5
éé 04 a4
2.3 a3
02 ‘ 02
o/ - ol
0 ox/6°
0 5 10 /5 20 25 30 36 4o

P, G

€92)
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=117. 85 cm?/cm?

117.85 , B
A= 250 =47.2cm?/g (p=2.50)

. B8

aé

osé

054

/5
a3
48
046
2

842
o4
a3
& o
0% [~
;/g: 432
/"FL 23 >
23 >z
62

024
212
a2

2,8

ok
o/

[

3% 445 6 7 8907 s 20 25 30 35 dos550 b0 70 80 20 Joonti”
£ '
R IL

a./ =
/%6* & 2

B2 /EErER (No.16~No.30 o b »)
p=2.65, W,=600g, 2=5.3cm, L=9.65cm, D=6 9cm(F=37.3cm?
T=29.2°C, v=0 008

tsec .

Qcc 1 2 A 3 [}
200 23.0 22.5 23.0
400 45.0 44 5 45.0
600 66.0 €6.0 66.0
800 89.0 88.0 88.0
1000 111.0 111.0 111.0

1000 < 9. 65
K=111%37.3.5.37 018
So=83 6 cm?/cm?, A,= 235603 =33.4cmd/g (p=2.50)

93)



406 A oBH W - B

#-VIZNR, BRRCHEFCOWTOMERRETH 3, TOROMICBEROMEIRD
biellEMElinze 272, SEDOMEMHEZASL &S 12 BIOFHTH 2,
F-VI FKEC L BRERO e
(1) No.8~No.16

No. BiriEs Dem W,g 0 € P K T°e S,em?em® A, em?/g(o=2.50)
5 BR#Enw 4,5 380 2.48 0.433 0.254 1.74 27.0 57.5 23.0
25 ” ” 350 2.45 0.423 0.228 147 25.7 58.4 23.3
26 4 v 404.6 245 0.431 0.246 1.49 26.5 62.7 24.2
50 #BOREE) 8720 2.667 0.517 0.500 2.04 19.2 63.7 E
iy 24.0
(2) No.16~No. 30
No. B#HfER Dem Wyg 0 e P K T°c S,emijem® A, cm?/g(p=2.50)
1 BEEe 6.9 800 2,58 0.466 0.354 0.618 26.8 114.5 45.8
6 ” 4.5 300 2.58 0.480 0.408 0.623 27.0 122.2 49.0
28 4 4.5 414 2.56 0.442 0.2756 0.434 27.2 121.2 48.6
30 " 6.9 1000 2.58 0.433 0.250 0.276 21.5 119.5 47.8
49 HREGERE) 4.5 3126 2,56 0.498 0.500 0.689 23.5 123.7 :4_%:_
yy 4812
(3) No. 30~No.50
No. BM#E#H Dem W,g o e P K T’c S,em¥em® A, em?/g(p=2.50)
2 #FN 6.9 500 2.63 0.453 0.313 0.160 26.7 212.2 85.0
i ” 4.5 250 2.63 0.457 0.323 0.218 28.1 187.2 ; 75.0
11 B 4.5 300 2.63 0.438 0.266 0.219 27.0 167.7 67.2
12 ” 6.9 700 2.60 0.442 0.280 0.13¢ 27.0 221.56 88.6
29 4 4.6 408 2.60 0.4456 0.317 0.154 27.8 217.2 86.8
35 ” 6.9 500 Z2.67 0.436 0.260 0.106 21.5 222.0 88.8
48 R GaiE) 4.5 194 2,562  0.508 0.500 0.254 282 216.4 ﬂ
E¥y 82.6
(4) No.50~No. 100
No. BHEH Dem W,g o € P K T°c S,em*lem? A, em?¥/g(p=2.50)
8 HZENEE 4.5 300 2.65 0.456 0.321 0.0533 25.2 363.4 145.0
31 4 4.6 212 2.66 0.446 0.289 0.0472 27.8 380.2 152.0
37 #&w 4.5 144.7 2,712 0.440 0.275 0.0507 28.0 356.2 142.1
47 ERGRERE) 4.5 67.5 2,67 0.458 0.330 0.0605 27.4 356.2 142.7
7y 14545
(5) /phEkmnen (No.16~No.30 o b o)
No. #fEs Dem W,g ] € P K T°c S,emifemd A, cm?/g(o=2.50)
13 s 6.9 600 2,65 0.370 0.128 0.433 29.2 83.5 334
14 ” 6.9 1000 »  0.373 0.132 0.432 29.3 86.0 34.4

(9%4)



16
17
18
19
21

23

6.9
10.1
10.1

6.9

6.9

6.9

6.9

1000
2400
2400
1000
800
800
800

BHoEHBERrR>WT

V4

4

4

0.366
0.362
0.360
0.363
0.366
0.380
0.363

0.122
0.116
0.114
0.118
0.120
0.143
0.117

(6) JuskiitE#n (No.50~No.100 o 3 »)

No.
24
25
27

(7)) JuskiigiggEry (No.50 LIF)

No.
9
10
11
31

(&E)

JuBRifES

/4

PIES
SR

Dem W, g

4.5
4.5
4.6

194.8
199.7
199.8

Dem W,g

4.5
/4
”

”

199.0
198.6
199.6
300.0

o
2.66
2.66
2.66

(4
2.66

D
0.399
0.392
0.392

B
0.393
0.400
0.395
0.410

P
0.180
0.165
0.165

p
0.165

0.180
0.170
0.200

0.447
0.385
0.387
0.368
0.434
0.463
0.476

0.034
0.033
0.032

K
0.022
0.023
0.021
0.028

30.4
25.5
25.5
27.0
27.1
27.1
28.5

T’c
28.7
28.6
29.0

Tc
23.5
25.7
23.5
27.0

82.0
8L5
81.0
85.5
79.1
84.5
76.5

32.8
32.6
32.4
31.2
31.6
33.8

30.6
Ty 82,67

407

Syem?lem® A4, em?/g(p=2.50)

356.3
345.3
351.3

142.5
138.0

1404
ZE¥ 140.2

S; em®/em® A, em?/g(p=2.50)

400.0
420.0
410.5
405.0

160.0
168.0
164.3

162.0
7y 163.58

AEBEEFE LT No.16 k@Y, »:idE s A & No. 30 BT+ 3. % Lchiu No.

B2o BE (D ofEE, No.bl Cfiok b oo TR LERHETS %0

16 IKEVIORE VL 5T o Ek, JIRBEEPIYPST > No.50 ~No. 100 35 k v No.
100~No.200 kfivad &i, o 5% No. 100 2 No. 200 oz No.100 cEw X 5C

U EOHREE T2 &, —0HfoBHolleXmicd 2BECEE 2. 2FH1
FEHC T OFE PR I b0 2RER 2 OMEEEROESEARE L, Rerdsy

FLUEBROWESTD b, Lotz ollEfMEE w72,
CTLicHELTR2 L, 200 TOBEREY 5T 2T,

%2 ofdEE, Frstkieils
WMhh OB TH > ECLCE

FREBBL T2, Thbd, MET2HBOAE X, 20RBIK L2 TEOREEDOHIEMN
CELEFIHTD . Wk, ZOWHELT, B TER LR YO RT3 L&-VII
OBV CH B, TOECMHET EDLLTAEOHEDD EFHIH N L2 bOOEBBEOEIE

Do

(955
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#-VIL #i (No.50~No.100)

No. Dem W, g 0 € P K T°c S,emiem® A, em?/g(o=2.50)
33 4.6 198.0 2.712 0.470 0.370 0.0426  25.0 437.2 174.5
31 4.6 194.7 ” 0.445 0.290 0.0351  24.0 423.2 169.0
36 4.5 171.0 4 0.450 0.305 0.0442 25.5 393.2 157.0
37 4.5 144.7% 4 0.4490 0.275 0.0507 28.0 356.2 142.1
¥ lognBEHsoBRERLEEL, REORNEcEDCREO—BE Lok, MEX
DEBRBEOT B,

Wpl ek 2T ofibo No. 100 Ll Lz oo FHiSdko & ¢ UTHEHRK
2, THAbD, No.33 & No.34 oo rEREZ2E 3.3g £, No.34 L No.35 o
ZNX 3.7 TH D, k7, No.33 oitploakmikd 174.5x198=34,511cm?, %7,
No.34 3178 No.35 oz zhnsi, 169x194.7=32,904.3cm? ¥ k78 157 x171=
Z&Mﬁm?@®5%6,%M%ﬂﬁﬁﬁ%%@4%mﬁg,L&ﬂlmﬂgf,tngj%
TEDEET S dn k3 L, 5 No.100 OFf kil ek F4ikid dn.=0.0642 cm,
ZOROEE No.34 oFElo No, 100 #Hr@or b ooPaiEl d.=0.0021cm tH 2T
KT E DEAEDID BOoTw BT EicEso o

DOFIC, WOBEMEC LB EREOZ, BEHESEOIEEREORCOWTE, 2o
No.30 &% No.50 & 5:DfEilc LCRhuidiE & A EXEBHY bNE v, THIZHEMAED
T ZHEOHBEE, ZOHEEFOWTONERTH2EZIENRHOFEL 2 E-~FRE
HMRTETHLD. COBMORME LTE, &% E0MEBorifRizofEoTws%
DLEDHKE L TO®E, A%hod 2o Ciri@Em LA bo0RE L TtofcH~3 e
FEChE v, Lo TEORRERICIEE A LBLBE Wb O Lfllan s, 271,
\MLDC&@k¢@k0ﬁ&®Eﬁ%%ﬁk“%@ﬁf%mﬁﬁ&Lk%@%ﬂ%t&@ié
FCHAL, JUKEW, NEREORINZOLOCHEL TREB0FH0 2 2JIME TS 3,

DLEBKEC L 24 HEEAERAC &b 3x4=12 TR LBBEKERLCEL4H, *
F OSBRI 3 ], #A 12 EIUL hoEEo FaiE T 555, BEEOMERBIARE
BYOTH B,

%7, TOBEKEC L 2RERIEOER & LT, /INEEERDD C &< 2 ORIV, Z
POEHELEEALEEDHEELTHELNZIOLHEHN L, Thic ok THREAR
BEORET £ 2 RS OREREIIE C 2RO H ik TEnr k.,

B-3 22l Eren (No.4~No. 8, ¢=2.55)

W,=800-+200=1,000g (200g |ZF:fi, 800 g i3/
D=6.9cm (F=37.3cm?)
L=15.55cm

(9 )



BHoOEWHHEIC 2w T 409

h=5.25cm
T'=28.0° (v=0.0083)
1x2.55+4x%x2.65

COREHOUE o= =2.63
tsec
Qcc 118 2 g 3E
200 38 38 38
400 76 76 76
600 114 114 113.5
800 - 152 152 152
800 x 15. 55

K=

15237, 35,25 —0-418

W =26.3x37.3x15.55=1,526 g

p=0.0944 ([E-8)

0.0044 2 |
14A/ 0.0083x0.418 6.9%0.656 =172.66 cm*/cm?

_72.6 _ : -
Ay= 2,50 =29. 06 cm?/g (p=2.50)

Wi, RKPAETIHLAORIHY coemg &1, %2/ a0z naE-VI »ns
2O i 32.87 cm?/g (p=2.50) ¥ v,

Ixe=2
4x32.87=131.48
x+121. 48 —99.06

x-+131.48=145.30
x=13.82 cm?/g (p=2.50)
RMUT X5 nleEhkcky, 38/~No.4 ofaoKE#KE LT, 4=7.02cm?g ¥H87%,
REOHEFEET2ICE, KRofbeTra~n, T b v SEOESTHEHITNLEREVWD
TH2N, HEBOHBTTNEMER L 28R HARAD R,
%72, No.200 i@mofily GEEH) OXKME#EER CBBETHEHRZ 0O, ZokiE R
B9 &2 2 0EBRD2, TORREISREBEREIY, FOERORIIKTHIED
WHNWLD LY & B,
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- L
A= Kf & x by
Py g
- A
L= a_:;LE SAMPLE
Memuﬂ=
) W | Fa VACU™
2+~ Jar ) =
At stk@w oy ek
Q,: BFFRsusA] € see 1B CEEER < L,
P R E L
@ BHEa Bl seE o N .
op; MEoph Tt % o
73 EEe AN A
L $tosR e on
w: WHoTE " cock
BEAKE] (6)

3
1

T OERE, EREEORHR O TR BN OB KR RICHIEL, T
Ap=3,250 cm?/g(p=2.50) %87z,
D Eollekiiy 2 2 tR-VIII x2o( 2,
F-VIIL  EHZRER & AR & O
277 BEE

3] AT Kz
s 0 o0 Ei%“ A’:%A"’=9V%A”'=%(f%dma=%ﬁ=f7 r=ﬁ
cm?/g em®/g Aem?g em?/g cem?/g cm?g

1 13~3 1.56 1.56 175 1.54 0.89 1.01

2 3~3" 3.16 3.15 3.28 3.07 0.96 1.03

3 3"~Nod 620 7.02 6.61 6.08 6.16 1.09  1.07

4 No.d~8 1240 1382 1311 11.19 12.20 117  1.07

5 No.8~16’ 24.00 24,00 20.78 22.80 1.16  1.05

6 No.16~30 48.12 48.12 38.56 44.70 1.25  1.08

7 No.30~-50 82.50 82.50 7111 90.40* 1.16 0.91

8 No.50~100 145.45 145.45 133,33 173.80 1.09 0.84

9 No0.100~200 - —— 246,15 306.00 —_—
10 No.200pLF 3,250.00 3,250.00 —— _— 3,400.00 0.96
73 1.095 1.008 0.96

* 4% No.30 No.b0 omlio®iiE-V »b,
N=6,118.4/g (p=2.60)
L #o<T% o hEwE
_o /61184
A=3 2.60%
zh p=2.50 oL oBBET 2 L,

=87.2 cm?/g (p=2.60)

C98)



BHOoEEBHEK >V 411

2
A=T2E0 g0 femug  (p=2.50)

ot R LeRkp b s,
%Wﬂloﬂﬁﬁ%@f&tmﬂﬁo@%g@%@fbéozoﬁm;%&Amﬂvgg
OHHRO HBEIR 73 & 2 BEIMEC X <A D LasL, BHOMMR b oo HRER,
BOKE B bODOLNICHEL TIFE KL ZMTH 2T 5D, FEEIT OMBWETEHS
A 5 T b 3SR B A—r%—@ﬁk%mt%ot@%ﬁggTazgq e

m

DREZDEDOWEL ZOHAE L MR BT ERCITOEETH D,

VI. % B ¥ B *

L LS oo %j%*d ORBE CEIMHE AL, % 702 O LEIWIER
HrELteoXERATscEEL, 25CEBNCEMHCEREA &L BTGk 2 8%
@ kocEg (@E-10) 2/EHL 2,

B-10
F AR E Fro48 Lo HAA

O/ ovus G2 03 0406 07 [0 15 20 304050 70 /0. 16 20 30 40 £0 90 /oo?:;/o

&

3o0
250 . 411250
N
200 \\ i 200
AVAN
/50 S iy
SN A dn = 3195
100 I . 4 Py A E:J 100
=
v 20 N 1724 £
o 60 N : L= 244 1%
‘\;; g0 \‘\ ” A B :a
40 b4 40
<L N b= Atl I
3o < 2 H o
25 \ 25
~ N
o 2 20
a~ \\
\.E; /% w\\ 15
e
/g \‘\ /o0
< g N g
7
SN
; ) ¢
)
€ 4
' N \\ 32
W o2s \\; 25
T“; 2. \ K 2.
I,
Af \ < N 18
7 b N

0/ 902 030405 o7 L0 F20 04050 J0 10 45 20 30 4050 Jo moxso”

11@% ﬂ/m . //m . & (Cm)
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Hik

© 0 -1 S T W N

No. 1 2
1.84 0.99

tm

% H
B~y
3~y
87+ No.4
No.4~No.8
No.8~No.16
No.16~No.30
No.30~No.50
No.50~No0.100
No.100~No.200

TR
dn{cm)

1.84
0.99
0.53
0.29
0.15
0.083
0.045
0.024
0.013

3
0.53

H ® -

L% g
Ay(em®/g)o=2.50
1.74
3.24
6.04
11.00
21.30
38.50
71.20
133.00
246.00
4 5 6
0.29 0.15 0.083

logdn, 0.265
4, 1.74
log 4, 0.241

1.996
3.24
0.511

1.724 1.462 1.176
6.04 11.00 21.39
0.781 1.041 1.328

wE, BHiAr Ao=mdi; E#Ez,
log As=log m+nlog d.,

n log d,+log m—Ilog A,=0

arx py—I1=0

a=logd.

23
+0. 265
—0.004
—0.276
—0.538
—0.824
—1.081
—1.347
~1.620
—1.886

)

al
0. 070
0. 000
0.076

ap
+0. 265
—0.004
—0.276

ORHELTRD L,

=1 l=10ng

2.919
38.50
1.586

g
x’f;
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0.289  —0.538  +0.560 1 —1.041
0.679 -0.82¢ +1.0%4 1 -1.328
1.169 —1.081 +1.713 1 ~1.585
1.814 ~1.347  +2.49 1 -1.852
2.624 ~1.620 +3. 441 1 —2.124
1
9

3.5567 —1.886 = +4.509 —-2.391
10.728 —7.311 13.966 —11.894

10.278 ~7.311 y-+13.966=0
—7.3112+9y—11.894=0

TRE@EnT,
x=—0.991949==~1 y=0.5092
Lot —1logd,+0.5092—~1log A¢=0
Ap. @rn=3.105 eerieiiiiiiiiiiiiiiii s s e e (18)
2D Adn=3.195 1 1 0C-10 EEERLE, BRI DOBZNTD 5,
272, ZOMOTLE, Thbb b= ’1’; BoE L= 1+2%§WH’JK@$UK?1’J}@

Xk BEEHEZNFhiiliE X CERRTR L.

zoE-10 2ER T2 &3, tBEOEBHAOEA, 223BIAVwWORBOoWLE 2
EOBETY, 20D CHBECZNCEE T 2REHEIKkD bLd,

Kic, Edward [o bk CREM bR 7o & 55 Qb - HAH 0Tk No. 14, 1948
ik OB & I A0 2, T OEIFD R 2 B3 HoREFEE-IX D@ td 2,

%=-IX 2EpoFEHE Edward RoORERO LB
zpﬂjfgg Edwardo X EH#K HEXoXKmE A

ft  H A’(em?/g) A4,
(cm) 0=2 (em?/g)p=2.65

25~20 mm 2.22 1.80 1.84 0.71
20—156 mm 1.71 1.70 2.36 0.72
15~10mm 1.20 2,40 .20 0.75
10~5mm 0.66 4.40 4.60 0.96
5~3mm 0.37 7.60 8.40 0°91
3mm~No.10 0.24 11.00 13.90 0.85
No.10~No.20 0.116 20.00 26.90 0.74
No.20~No.40 0.056 37.00 50.00 0.74
No.40~No.60 0.046 44.00 60.50 0.711
No.60~No.140  0.015 110.00 160.00 0.69
No0.140~No,200  0.0086 176.00 — —

i 078

* 10 @k 0=2.50 oREETH b, Thi 265 0t ol 5. $hebb, A2-55=2 65‘4“ 50
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414 & ii] % — IR

#-IX tHrE OB ZCEL, Edward o (0=2.657) L¥ROHIEWFEOHC
BRI 2288, ThbDHY 222 OE RS2, TO 222 OFEETFCEHORERC
X 2REMORE LB EbD TCERLET ETH B,

TRA7TArar2) 2 2REAEBLIAELCITNT, TAZVTA FOBEREYRET 25E
BAER & IR X OTHH2 SN, THEHERIMICHAL 222 GECE Dl
é@&fnﬂzwﬂ%ﬂ@%ﬁ@kﬁﬁwmﬁiﬁm&faéf kB HEAMOBERYFOoT L

B, Thbb, TAZTALREBMERNCEZORSDOERY D ZEERXTRE, *
@%H,@%H@%bm%%f%wmegkoaﬁfa%ﬁ,mi%ak%ﬁmf%k@TX
77 A VREEHE FUEEHOE D OWEOSH A2 L LAYy, 25 CBCERWHED
FERE LT, COBMMOESRZORHOIETREC Lo OBLT 3 & LB, B,
WAV OEEAKAROPCEZcOME LAt s Xt bd T RYEC ek B>

REoWFOEELEOS B, EEHOEHECTEBLFT, &de&mi%wﬁaw
Ei@®éﬁﬁﬁ@71ﬂ7»bgkﬂ9t¥ﬁ®ﬁ@ =, RE2EEZORE2 2By TH3
OFFEETH 2 EROHER k&bfw%%@bbéa%%mcm%m%ﬁkﬁ% VT A tal
CEpOKEEOHEIC OWTHERE L, ERMIEERE LT, 2REHAEO EERE L O
MOTEESOERALR, tNOBPIEE BRI L2 0LBEL TV, LBLT, %
ORBOREHBOE OO TR TEOLVLOFELBET 2 L AHELR ORPZ LB S,
b, BRIEHMLES A, ZoSRoBHECI Y 7 A7 740 FCEELARORG IR
MLAETAITALYYAF Y 7 5#2, ZORENGWEELS 7 A 774 BEHERRKS
FEr L 2. (ROFEOELBI)

LasL, #FBOTOEH, E%kl@txvr%oiﬁﬁwmwwﬁm@ B 2T HIERE
BHEEEOREE, thtHE L TtoTXCoREGDOSHMNEMETHOT, 2,3 20OH
RETT Leds, BATHUSERLHRLCCOoMERIRWELTH 2,

VIII. #% Z

i}

B e B KT ORI T AR A T3 & Z OBl E L TROISST B3,

1. FH w2 LR SEOREBEOMEOREN S, WH, Wik X UhoRm
%m@,&——~;ik,b@,«X/P§DM%@%®K@Awm;{m&x KM+K%J
EHORLELrT &,

2. HEBHOMEALEECL, ZoEHEHECLCERNME Lz &,

3. W, WHOCTEERBO O, 2o Person % dp=1"abc %IEL, thi
11 gL oEPARERSRD b & LT &,
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4. BHOBEBEOWHACHSF, —~RoMBOBFHOlEEFCRBINEWE LT .
5. Edward KOHEER LD 22% KTds: Lk LETH5, '
Ak, TOWRCOFWTFRRTHELCS 2 20w E k. 7iAabD,

(i) 727T7AVEEYO T 770 OWEOE & B L AN EE8 OPE,

(ii) wWoREH L EKFRE L ORBIE,

HTD B,
F2H5h O DU,
(i) w2¥bavry- b oRD 2 KEBOM & LRI E ORI,
B L QEAES OBRT,

(i) ROEEHER#EE/KEL ORI,

(i) wz2vbFarz)—rOKke 2> LBV OEBR L OBIRE,

(v) x* v OREREHE 2 7288 ) = 7 L ORBHEO TR,

EEKOT ORFEHOWHIMOHE « LSBT WA AN 2B EOFHRTH B,

T OB C X 30 B OB R 0N E 51, MHELELOEBOR, e itRE
R E AR L (BB, FERBERK (B8 » X UHABEHR AR, FHEX
B mE O EB L (B8 o> L ahsn, 2FC, BERcEoTix, Bk
REFPEIL KRR 2 KEXRO S AOHEFEE 5 J 7,

DLEok 2 B L ClEO#B LR LE T,
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Study on the Proportionings of the Cement Concrete and
the Asphaltic Mixture by the Surface Areas of
Aggregate, Cement and Stone Dust

Seiichiro Ota

Abstract

Author succeeded to measure the specific surface areas of aggregate,
cement and stone dust accurately concerning their sieve analysis, and then
discussed the rational proportionings of the cement concerte and the
asphaltic mixture by the new surface area method.

hOT, FRIFTM, MEMZ2GHE LU 22 v M EOREERYEHCHEL, cthk
HHT 2R 2O OBRNCHERBR L ERL TR LY

TOFH, FRE XU 2 v P EOREROME, chifvdzeek), €t bay
2V ~F, 7TRA7TrMEGWEO-BRERMO SR GEHGOHE LD 2ol LB OW
gite & 2 X2 OFGHEKBOMREGEZ OERBEISE N SOBD 2 EE2 bhs,

FER I 2 0FEC L EHHO LEEEORURORE, ZoHEREMRo boRBEL
T KR koCEHEENZ b0 E L,

8
Ay= G T (1)
N \}
0:9(7)’5 ........................................................................ (2)
8Kn ( xrn—1le¢-—Ku" 8K K2yt
A = = =L ———— | ceecereiiens
o= j e dae [logx Ko+ ] (3)

(1) AmE-—B SErsEAmpriiRe £ 14 535 (B 27 4)
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418 Ak W OBR — B

HE 8 ooXo@EH s, (1) R, HASEOMEHC, @) iR, Hhso—E
BROMBOBHEAELEE MO, T2, QAL ¥ v MEOHMEBO LD R,

Lal, FR@EAmcE 1) o @) XML, hEh o il nfic
fEl—1 & e U7z,

b £ @Akt R 2 Lo H A

w -/
0./ ais 02 03 abof 07 [0 4520 30 40L0 Jo [0 .5 20 30 4050 o ,,'poaa;/aa

300
AN 7 e
N .
200 >, \ A L1 200
N
/50 Q‘\\ A 0/ 505 1,50
\ | o, Ao T I )

89 Y A 244 mm RAL4
80 - AN ! 7w == 1 s0
‘o -+ N, 7 :?'F/é - 70
4o 2 L L1 4o

\S% /m = 7 A2 — 1 50

ia \;ﬁ 2/4-/2 4

’ ™ ,! = ._:ffi{é_ _____ T

30 \% , P 1 20
25 K™ ; 25
20 : el 20
/5 "‘\‘ /5

\:\

3 NN s

7 NN 7

6 AN 4

& BN &

RENS
4 9 g &
NV

3 N Nk, 3

2.5 \\ S 2.5
A
.2 By \\\ 2,
N
/5 AN - 78
\ NN
A
N /

ol %42 030405 a7 10 520 304050 70 [0 /5 20 30 4050 o /oo x/0"

F195 A M M (o)
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KB —EDOHHOBEM O LEBMOME L TEEoM2 2 0RHE-1 ©5 2,
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F-1. &@HEOBHOLEREE (0=2.50)

i H HREH A W O a
emilg (p=2.50) 0,=10.000 em*kg (p=2.60)
11~3" (38~19mm) 1.8 0.2
§~%" (19~9.5mm) 3.3 0.3
27~No. 4 (9.5~4.87m) 6.1 0.6
No. 4~No. 8 (4.8~2.4mm) 11.2 1.1
No. 8~No. 16 (2.4~1.2mm) 20.8 2.1
No. 16~No. 30 (1.2~0.6mm) 38.6 3.9
No. 30~No. 50 (0.6~0.37) 71.0 7.1
No. 50~No. 100 (0.3~0.157m) 133.0 13.38
No. 100~No. 200 (0.15~0.074m) 246.0 25.0
No. 200 LR (0.074mn L) 3,250.0 225.0

T b olkEmEOME Edward Koz HiRL 22% ®L T, ¥BhH, W, B XU
RSO BEHMHOBIC XMER D 2 L L 2.

L 2> F324YN—F, TRATITLFEEDOD
RBEDERNHEZH

b av2 )~ FOIRAK TAZTAMESWMDT 27 TAMEE DCEM, 2y
P X CEBEOHBOMD KA L THBEL R Y, Tz EhoReMEE?. Ll
TE DT EOEERY 1.0 Td 2,

2Ry bavz ) - rETRICESAKESRCHN 2 BB WREHHBHEE, %2R
DEEMZBEEH YOy 7y — r AR, BEOCE T ZHNE DCRBENREOT
ayz Y~ VREEME R B,

Lal, TA7Z7T7AMEEWM TR T A7 TA Ve 4B 2 20BCHYEF2 LT A
Ve &bz BEBCRBCL 2R, FERTOBROT A7 T MCERL, KB
BHRE TRA7 7L MRER ICEEORECEWIRBEOBE AT A7 T VEEME E D
BT, UTFeRT 14 BoREMREDEE LR, £2 BzhiRT,.

F2. T A7 TAMREMORENFHEES

% H W eOe®we e e 6 a ad a a
1~3" 42 70 0 46 24 10 0 0 0 0 0 0 0 5
330 51 14 387 13 14 20 4 4 6 0 00 20 10
§"~No. 4 5 913 10 15 10 8 10 6 0 0 0 15 14
No. 4~No. 8 2 1 10 4 10 23 11 10 14 0 0 0 12 17
No. 8~No. 16 0 2 12 4 7T 10 10 9 14 5 2 13 9 13
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No. 16~No. 30 0 113 &5 7 7 10 8 15 12 65 13 7T 13
No. 30~No. 50 0 1 9 4 6 617 14 16 28 23 31 8 11
No. 50~No, 100 0 0 4 5 5 b5 22 19 10 87 41 16 7 10
No. 100~No. 200 0 1 2 4 7 b5 12 16 12 9 13 15 8 4
No. 200 5 0 1 0 5 5 4 610 7 9 16 12 4 3
100 100 100 100 100 100 100 100 100 100 100 100 100 100
TAITAL % 45 4.6 5.0 55 6.5 5.0 8.5 88 83 9.1 11.0 10.0 47 9.2
(1) BEX~»x2 (RO)
(2) ~2xaBR727270travs V-1 (AQ)
(8) MBG7TA277abray 29~ (AC)
(4) BERAET7A77Abravy i~ (AC)
(5) wEG7A77rravrY)—~ (AC)
(6) HEMEe7A>7Atray 2 ¥~ (RC, MO)
(7)Y r=» (AC)
(8) t~n (AQ)
(9) v~ (AQ)
10y v=~r7r77rr (AQ)
11) ¢~pr7x2z7z72t+ (AQ)
(12) v~ pr72772F (AQ) )
(13) #EG7277APay 27V~ (RC, MO)
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Buckling Loads of Rectangular Reinforced
Concrete Slabs (1)

Rikiehi Saheki

Abstract

Rectangular reinforced concrete slabs with uniform thickness may be
concidered orthogonally anisotropic plates. Adopting H. Marcus’ assumptions
on the elastic properties, in this paper, are reduced the formulae for the
buckling loads of plates of this kind subjected to uniform pressures on two
pairs of sides.

Also their numerical values corresponding to various boundary conditions,
side length ratios and rigidity ratios are tabulated to the aid of designing
such structural members.
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0.4 | 1.400| 1.319| 1.256 | 1.178 | 1.131| 1.100| 1.064 | 1.044 | 1.033
B % — 1O
Pmin .
1 q=5
25 RN
f—’ a’:
—t] :
P = 4 :::i/b
SSSST “Himm
S — \
VA%
as| =~ bla
S LRI LS 78 20 25 3o 38

2. a>1 0oEse

B p=0 Ttk a=o LhE 250 G) REAWBz 28 TEAV, TOEETEX P ORIV

_qa*(1—y*)
Q“ 71'2EIx

L HRIE L T
P=pQ, aP=Q %xL ﬁ=%}

TB B0,

. & o
m4+(1+k-)m2nzﬁ+k—n4 S

Q= B e

ﬁmﬂ-ﬁ%
zhix m=1 cRNMCHBH
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2 4
1+ (I+ Bm g+ Bt

Quin= L T T TP P PPV PYPTT PPOPYTIPRTREPRIIY P (8)

nEONTE B R B OB TROBER (D ckoCT o s #+1 CBTLTQ
Dﬁ’]‘ﬁiﬁﬁ‘%éﬁ%o ?Eﬁ)% b/a 7b§f§‘j_&:%l/i y ﬁmm@%ﬁEDﬁhﬁﬂﬁﬁ{@Lfﬁﬁ
ETOTH 2.

B 2 B n(n+ 1)
@ VPR (1) —4En (n+ DB+ B — 1) — R P (n+1)%)

T DA B i |
AI+R) <1
EATEeET 3,
i) B=0.5 FBHb $=0.5q¢q D2 &
BZ05 €BnwT B o RcoficBlLt 9 X0 bla 3b Yy, n=1 b n=2
BHERKROEDOT L TD 2,

k* 0.7 0.6 0.5 0.4
bla 3.62 2.98 2.51 2.12

® R r2T Quin OHERD 2 & E—1(D) Lo EFE—1 (D) 2152,

#—1 (D) AKX @) Kk 2 Quin off (p=0.59)

bla
i

1.00 ’ 1.12 1.25 1.50 1.76 2.00 2.50 3.00 3.50 )

1.0 2.667 | 2.490 | 2.359 | 2.209 | 2.129 | 2.083 | 2.039 | 2.020; 2.011  2.000

0.9 2.533 | 2.379 | 2.267 | 2.141; 2.077 | 2.042 | 2.011| 2.000 | 1.996 | 1.995

0.8 2.400 | 2.269 | 2.175 | 2.073 | 2.024 } 2.000 | 1.983) 1.980 | 1.981 | 1.980

0.7 2,267 2.159 | 2.083 ) 2.006 1.972)| 1.958 | 1.954 1.960 | 1.966 | 1.954

0.6 2,133 ) 2.048| 1.991 | 1.937| 1.919| 1.917 | 1.926 | 1.937 | 1.919 | 1.917

0.5 2.000 | 1.988| 1.899 | 1.869| 1.867 | 1.875 | 1.898 | 1.869 | 1.867 | 1.866

0.4 1.867 | 1.827 1.807 | 1.801| 1.815  1.833, 1.807| 1.801 | 1.815 1.800
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B & — 1)
Q/’I/'/l
[
30 ’
A
et @
r 5 pe £
25 % ﬁ o /0 fz
N o4 -
o -
% Riiiiili
529 ¥
\ : E\ LR
20 \\ \Q“\b R
RNy S S——
\\ o, 4t W_____r;—&—\_ —
2=/ n=22
M/ 212 725 1.5 775 A0 75 30 35 ba

BRCLOTHELBHZTEL, B OFEOHCE VT Qmin & bla 238+ & Wik L iR

IMEEFREC X S 208, EROYMTERITBHN 1 04 WREFEOH L & OTHUETT
D,

Z O/ME:
Qmin(kz) =1+ ]/k2(2 - kg)
TH2 51, RICES bla Ofit 2 e TED L ICh 2,

2] 1.0 0.9 0.8 0.7 [ 0.6 | 0.5 0.4
Quun(k?) | 2.000| 1.995| 1.980 | 1.954 | 1.917| 1.866| 1.800

bla oo 4.353 | 2.983 1 2,348 | 1.947 | 1.653 | 1.414

ii) f=0 Fibb p=0 022
R @ 225k 7 Quin Ot F—1 (B) 318 BE—LE) TH 2, zoBAREEO
Y FWCEDT 2PMBH # 55 ntl €3 ble ol

Y TI s
f‘%i D, g{%@t&: < K%n
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kﬂ
n\\[ 10 |09 | 08 |0 | 0.6 |05 | 0.4
1 | 1.414] 1.377| 1.338 | 1.294 1.224{ 1.189 | 1.125
2 | 2,449 | 2.386 | 2.317| 2.241| 2.156 | 2.060 | 1.948
3 | 3.464| 3.374| 3.276 | 3.169 3.049\ 2.913 | 2.755
FElEo B cownwToB/Mi Qmn(k) X .
Quin(B)=(1+8)
THOT, POEFCETS bla nfiE & 3 FTECHET 2,
2 1.0 0.9 0.8 0.7 | os 0.5 0.4
Quun(d?) | 4.000| 3.791| 3.589 | 3.8373 | 3.149 | 2.914| 2665
b/a 1.000 | 1.891 | 1.891 | 1.829 | 1.760 | 1.682| 1.591
(2.000)*
* %ZIE]HVC?SCZzﬁE_
EF-1E AKX O KE2 Qun ©fi (p=0)
[

i ba | 100 | 1.12 | 1.25 ‘ 1.50 ‘ 1.7 | 2.00 | 2.50 | 8.00 | 3.50 | oo
1.0 | 4.000| 4.052| 4.208| 4.340 | 4.072| 4.000 | 4.134| 4.000| 4.072| 4.000
0.9 | 3.800| 3.872| 4.039 | 4.063 | 3.841| 3.800 | 8.890 | 3.800 | 3.841 | 3.797
0.8 | 3.600| 3.692 3.875| 3.785 | 8.611| 3.600 | 3.646 | 3.600 | 3.611 | 3.589
0.7 | 3.400| 3.512 3.711( 3.507 | 8.380 | 3.400 | 8.402 | 3.400 | 3.880 | 3.373
0.6 | 3.200| 3.833| 3.527 | 3.229 | 3.149 | 3.200 | 3.158 | 8.200 | 8.149 | 3.149
0.5 | 3.000] 8.153| 3.171| 2.951 2.919‘ 3.000 2.914| 2.951 | 2.919 | 2.914
0.4 | 2.800| 2.973| 2.815 2.674! 2.688! 2.744 | 2.670 2.674} 2.683 | 2.665

IV. & =0 LV z=0 hEEEDH
o 2 ERBHICKARINIBS
w:X,n sini;’-—y ................................................................................. \10)
EEZE, ¥y=0 L y=b CHTIHAGFIHREOND D, TN ERRS HES
CRATHIE,
dAXn o e ngn, o nint -F’Tl'2 dZXn 7’527'1'2 s
[ — )T e Xo = (S 5 Xn )}
BT
><s1nTy-.0
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skénmlt X, BToFERTY 2=0 310 T=a CHTIEAEBESE RANDS I
(T ErpEans, (11) ok FERIX '

/,44—{(1+k2) n;ﬂ —P%} /zz+<k2 n;74 —abP Z:;,rv ):O

Wz

2

1 nir® b3
e —d 1+ p
M 2 [( + ) b2 @

R 2 e T

2

[3

. N2 & o0 & 2 0, s O . &
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ﬂzn 77271./
e g
=7 L

T (S Sy S [T R SCRPY PYS
ﬁ’n} vz N Pi~/{(1+k")”“b2 Py —4{kn -~ aPrip-|

XoT (11) ﬁ@“ﬂﬁ%!’iv zn:*:/zn’ K %kf

TAn A nAn wAn
LT o RKilaakim

X,=Ae © +Be " +Ce® +De °
MaEH A.B.C.D 3% =0 s X CFa=a T 2EBREHFC L OTED NS,
hEEoBENcRkoTE(ELTERCES

X.=Acoshrk (—%—— —%) -+ B sinh nl”(—L—%> +A’ cosh n-,{’,,(}—— %)

.2 2 |
-+ B’ sinh #i’s (—;—— %) ................ as)
LetsoT
w= {A cosh 71'2”<v21——% ) + B sinh 7. (%—%) +A’ cosh nx’n(—;——%>
-+ B’ sinh 74/, (é ———g—)} sin %I;T I eeerseneeer et (14)
SR =0 o qw=0
{x=a b {Q“L_ 5
or

A cosh%llu—l- B sinh—an—l—A'cosh—g&/ + B’ sinh%ln’ =0
Al sinh—zﬂ— 17»+B/tncoshi§—/in+ A’Xn’sinh—zn—ln’ +B’2n’cosh~g—2“’=0

A cosh%lﬂ, -B sinh%in—}— A’cosh%zu’—B’ sinh—}zn' =0

A, sinh %zn- B, cosh%—@%—A%/ sinh%ln’ —szn'coshlzf— Al =0

ThDD

T

A cosh -%z“ -+ A4’ cosh 5 A/=0

Aznsinh~g~1n+A%/sinh—}ln’=O

B sinh%zﬁ—B’ sinh—g—zn’ =0

B i cosh%—&ﬁ B’ 1 cosh—% A/=0
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zof@olor T
A=0, B=0, A’=0, B/’=0
5% TORACE wEENCREE LD, BEREOAWT EVEDZRE, ToRE
YL T (@) OBIRERLo%D X
cosh—g I Cosh%_z,/ " | sinh %Zn sinh%ln’

X ) cereeeenaens (15)
inh—-- reinh-%_3 / o ; T .y
A sinh 5 Ao Au'sinh 5 A 4 cosh 5 Av  A/cosk 5 An

BT EEET D,

HHNIFEEEL T

I tathZL Ju— A tanh _LZL At S0 vt e e (16)
E7IX

it tanh% Ao Aon tanhj—é- A | TR PR PR an

OWFD CSETH B,

ho &' Cd P BSEENTHZHS, toXrMiziick2T P ofir Bl T2k
BTE B,

® 16) zEhE

B=0, B'=0
EHBBG
w= {A coshrrin(—%—%)—i-A’cosh mL/(%— —f:-)} sin 72‘7 Y
Laszi
1 _ a—w\_ 1 - 2
cosh 7r2n<—2~ p )-cosh n-ﬂn( 2 —a—>
haT &db é
: : % _c y
w(a-x)_w(x} .......................................... (b) q___'c___,‘l ! 4
ThbbE -2 vt C C2EofERrE eoflic — &% T

bOFHELL, B2 (16) RGPS © oFfch | i
O T=al2 CRIL THERNE B & % OHEEN TS D,
e A7) % LniX '

A=0, A’=0

Euzams, A1) REBEFSBOR =02 <L CHEBME L 2B50EFRES2 T
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EEMB,

IR k-7 5

=T e e =

Trbb 16) XL VB 2EMERHEERLS ¢ FRcE Btk BLATsLa0
flic, A1) R k3 d0BHFHFRBOEETH B, Lo, (16) 3L (A7) kb

a, k. bla o¥peficHT28EGEr kK3 0B oTik, n=1, 2, 3o (o y
HRIOPERE) T3 (16) 3Lt (7)) ROENEN DR Py, Py, Py BLo
Py, Py, Pyleceeeenn. DORNEND b OE 1 ROMIEHE Pmin TH 3.
B (12) 3%
A 1 —
M} — {72:~/¢ g/ T (d)

OBICET 2, 16) iz A7) KM cEoTcir—E 020 0300 AxilcEz T
& IR D Do :

a) 00 oLE i h*d/ ChoTTOREDIER (6) X (A7) B EHLhZD
TH 3,

b) 0=0 0&&iX W=k LEEDT

w= [A cosh i, <%—%>+B sinh 72, (%-—%) + x{A’coshnzm(-é———%)

-+ B’ sinh mh(%—%)” sin 127[ Y
LY, BRBELHW THRSBELD TR IREThEWED
(Sinh 7TZ7L -+ 77.'271,) (Sinh ﬂ'ln‘ﬂzn) =0
BB L2, 81 REE & THER S ¢ FRcHORCB L TEIBNESAT, 2rE2
H#r L hiEREBNESACE2ETH 20, Wb 4W=0 DI CME v, L3

Af=l=0 CHT2HEE TR0 4BEELAZLD

w= (A+Bx+Cx*+Dys )sinﬂg—y )
L0 T, A=B=C=D=0 ofic ZEHMOMRIRONE v,
c) <0 orxd
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?}:vbii¢=wiwf kﬁbmz/fwgw+@ WE/VW;W—¢

o€ 16) i 1I7)
¥sinha@LOsina¥ =0

L2, BB VX

o __ ., v
sinh 7@ ~ sin 7%

bz O=V=0 LhoT A/'=lk=0 oz

¥R 00 ORAEDIMENMS LN SMENEL KD 2 (16) 2l (7)) Ko %
RKENE Lo, b OXMREA T2 @A &b THEREMEE S 2 HRE R
S, (@) ResnT eV 0<0 Thbb

g >0 2 hic P o TFTREEDZTECRS

1. a=1 +GhB q=p OBE
azy Xxb

—p @ 7 = 2,0 &
Zu——”b,zn N/k% 5 P
Thy (16) KicAhs &
b tanh—n N/k°n~~Wk—P tanh*~/ k’n‘———P =1 | JECTRPRIPPER 18)

e B=1 c¥HL TiE

A= n%‘) Z?m, ::/\/n‘l Zj e
Lo
tanh——~n——~/ "“P tanh,_N/nq a’ =0 cereeriiiianii (19)

LR DHIELEOARY &I B,

T OBRAD Pnin ZEEEN ¢ FRCE-FFEOL2BOL2c LBHFCIoTHES
BTH 205, AOREH N (18) KL X 2T Pmin 25RKD 512, D8 2 HN=MAEE
THHRDICX

P>En

W21

3) dekfEE vol. 4 (1938) No. 4, P.348
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a T a a T @ ;
—tanh——y — — kg2~ tan — — By =0 ceeens 18
nbanthb—i—'/Pkn 5 Z/Pkn 5 8)

THTRONE Puin & £-2(A) X0 HE-2(A) cnt,

e 100 | 12 | 1 | o1e0 | 115 | o200 2.50 | 8.00 | 3.50 |
1.0 3.830 | 3.778 | 8.759 | 3.768 8.795 | 3.825{ 3.759 | 3.768 3.768 3.7§M
0.9 3.730 | 3.698 | 3.695 | 3.724 3.763 | 3.730 | 38.695 | 3.724 3.694 | 3.694
0.8 3.630 | 3.619 3.631 3.679 | 8.690 | 3.630 | 3.631 3.630 3.621 | 3.618
0.7 3.530 | 3.53% | 3.567 3.635 | 3.559 | 8.530 | 3.567 3.530 3.547 | 3.530
0.6 3.430 | 3.459 | 3.508 | 38.498 | 8.429 3.430 | 3.441 | 3.430 | 3.4290 3.424
0.5 3.830 | 38.379| 3.439 | 8.820 | 3.298 3.330 | 3.297 | 3.320 3.298 | 3.297
0.4 3.230 | 3.300 | 3.212 | 3.142 | 3.168 3.178 | 3.153 | 38.142 | 3.153 3.142

g B % — 2 (A)
N / K |
3.2 2= Z 2 =
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37 //A \\? . - \
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) \ L= / — \
N ;o L
ey, _
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N " \\ﬁ_‘f
33 4 Kf:z: /1,’ /\
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\'TT""/ 723 n=4
3.7 2Zg
.0 2
R 7 S 7 S 7 25 o 25 %,
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444 #t @B M H

BERECEWTR2TLC n €oWTiE bla AT 30w, JEk #n=1, #n=2,
LT Puin 28503, ThADDL y FRCRIRPEBOSWERYR2T L\ 13
DTHBH, A, &/ 2 nalb OWMBTH2H04 B T 2T bla o RS Rz
ONTRTELAD, bla=o Tk} 2 Pnn OBEMIETERCRT Pun(k) it & %, £
B ORSEMCE T2 Pom OW/MiE X UZORMICE2 bla OBETH 2,

i 10 [ o9 |08 |07 [06 | 05 | 04
Pa(k?) | 3.757 | 3.694 | 3.618 | 32.530 | 3.424| 3.207 | 8.141
b/a } 183 | 119 | 109 | 100 | 1.8 i L7 | 150

2. a=0 (¢=0) oga
(12) XFKROL STk 2,

zn 1~/ a a‘}
zn'}“y’“z‘ (L Ry P:t‘/ {at+rew S—PY{ a—kpn % —P)

TOBAE n=1 CH T3 kto &, &/ ¥ (16) A L & & R DE/MiLNsE 1K
OWEWEELED, ¢ FWcd ¥y e b & SR oMERLY & 2,
i (e) RcXy
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CHBHD
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mL 2 e (207
LZ% . 9 a
z,} ,/21/13 A+ (P-rme-G} (P-a-pp g}

DREkD 2T EARD, HEORBE E-2 B) XU EHHE- 2 B) B8O,
bla=c whknwTiZ
v/ P tan %1/1—);0

&B’lb, P=0 &Iﬁ?ﬂ‘bf Pmin =4 %f?%%o
3. p=0 s
corad II-2. txi32:RAC¢ P ofthic @ 2wT (12) xEani 3 &,

" }_VTTJ A+ E)n—pQ i‘/ A+ n BQ}Z—M(k?%"’—Q)
Thic =0 LT

An 1
Zn’}—l/7 (1+k)n ——:tnb N/ 1-k27

- (2D
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%"2 (B) (b“\‘:& (20), k2 Pm'm @ﬁ& (q::o)

bla
k‘l

1.00 1.12 1.25 1.50 1.75 2.00 } 2.50 3.00 3.50 0

1.0 6.743 | 6.068 | 5.586 | 5.037 | 4.733 | 4.547 ( 4.339 | 4.231 | 4.168

0.9 6.569 | 5.941 | 5.492 | 4.978 | 4.692 | 4.517 | 4.321| 4.219| 4.160

0.8 6.396 | 5.814 1 5.397 | 4.918 | 4.652 | 4.488 | 4.303 | 4.207 | 4.151

0.7 | 6.222| 5.687 | 5.302 | 4.859 | 4.611 4.458‘ 4.285 | 4.195 | 4.142 | §4-000

0.6 6.048 | 5.560 | 5.208 | 4.800 | 4.570 | 4.428 | 4.268 | 4.183 | 4.134

0.5 5.873 | 5.433 | 5.113 | 4.741 ) 4.530 | 4.398 | 4.250 | 4.171| 4.125

; 0.4 5.699 | 5.306 | 5.019 | 4.681 | 4.489 | 4.369 ‘ 4.232 | 4.159 | 4.116

Y
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X
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(e) izt ot Q>kna?lb?

HELFDE, TRTO 7 X blae OECHL T Quin 335 (16) T2 50205, #
REE 2o HEC R B+, ¥ OFRCONTE blasl C3n Tt n=2 DIE>
n=1 Ly i/hh2z Q vHz, ble BETECONT B BREL A2 T Qmin B2 5D 2,

sHEokERE £-2C) XU EE-2(C) WRTEDVTH B,
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446 # o W &
i 1.0 0.9 0.8 7.7 0.6 0.5 0.4
Quun(?) | 6.971| 6618| 6.248| 5864 | 5.460 | 5.031 | 4.570
bla .83 | 1.28 | 1.25 | 1.20 | 1.15 | 1L.10 | 1.05
#£—-2(C) AR @l KX 3 Quin ©ffi (p=0)
ele | 1o | ra2 | L | 150 | L7 | 2,00 9250 | 8.00 | 3.50 | oo
1.0 7.691 | 7.220 | 6.999 | 7.117 | 7.112 | 6.971 | 6.999 | 7.055 | 6.998 | 6.971
0.9 | 7.174 6.783 | 6.623 | 6.818 | 6.699 | 6.627 | 6.623 | 6.658 | 6.677 | 6.618
0.8 6.657 | 6.345 | 6.248 | 6.531| 6.287 | 6.282 | 6.248| 6.262 | 6.266 | 6.248
0.7 | 6.139| 5.907 | 5.872| 6.139| 5.877| 5.937| 5.872| 5.8 | 5.874 | 5.864
0.6 | 5.621 | 5.469 | 5.497 | 5.621 | 5.460 | 5.596 | 5.497 | 5.467 | 5.460 5.460
0.5 5.102 | 5.031| 5.121 | 5.102| 5.047 | 5.102 | 5.102 | 5.070 | 5.047 | 5.081
0.4 4584 4.594 | 4.745 | 4.584 | 4.633| 4.584| 4.584| 4.584 | 4.584 | 4.570
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L BN TR E FBRIcE S T LB
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=T a (1+k~)m~—api,/{(1+k)m —aP} — 4l M P) oo
.......................................... (23)
Ll
- 1 _y ; 1_y 1 _y
w= {Acoshmim(—z— T>+Bs1nhnxm<-2— T)+A, coshnzm’<——2~ T)
. 1 .
+B’81nh71'/1m’(—2~—-—by—>}81n T e 24)
S S, BERENE v TAEORGBEOT N TERTEWRDIC
Antanh g—lm—ﬁlm’ tanhle | U (16)"
s
A tanh%zm— intanh _g_ T | P O PO an’ .

BLECHZCELDELHLTH D, TAZOEKEY (16) X A7) LFEETH 3,
1. a=1 Fhbb q=p OB '
F (23) »oBons

1 = L/ﬂi PR
a I’ a

& (16) fwAhT

‘/ mgk:P‘tanhg %4/ mgk—o—P —mtanhizr— m%=0 ..................... (25)
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§—~3 (A) ./b\.‘;t (25) K k3 Pmin @fﬁ (q:p)
kg bla| 300 | 112 | 1.25 | 1.50 | 1.75 | 2.00 | 2.50 | 3.00 | 3.50 | oo
1.0 | 3.8%0 | 3.1831] 2.613| 2.010| 1.679| 1.481| 1.273| 1.177 | 1.120
0.9 | 3.547 | 2.918| 2.452 | 1.909 | 1.611 | 1.433 | 1.246 | 1.159 | 1.108
0.8 | 3.264| 2.706| 2.290 | 1.808 | 1.543 | 1.385 | 1.218 | 1.142 | 1.096
0.7 | 2.981 | 2.492| 2.120| 1.707 | 1.475 | 1.3%7 | 1.191 | 1.124, 1.084 |; 1-000
0.6 | 2.698  2.279| 1.968 | 1.606 | 1.407 | 1.289 | 1.164| 1.106 | 1.072
0.5 | 2.415| 2.066| 1.806 | 1.505| 1.339 | 1.241 | 1.137 | 1.089 | 1.060
0.4 | 2.132 | 1.852| 1.645 | 1.404| 1.271 | 1.192 | 1.109 | 1.07t| 1,048
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2. a=0 Fbb ¢=0 OFE
ToOEE
Zﬂb 1 b J
= AP BN ABEPEP creeeeeererrerrneeas (26
/vm} o (1+k)mi/(1 Frmi+ 4k )

HEOWE ¥y FRCHE -BHBOLE Pun B2502, Thbb (16) Ackz0TH
24, ¢ OFFCOWTE bla=1, k=1 c¥lL m=2 (24308 cxo#ETLICEE
S ot m=1 T Pmn 32 515,

Pmin O FRZ m? CHEL, bla=o T3 Pmn OMRMHEL &7 2%, (26) X DBk
flix -3 (B) xXu E#E-3 B) oL TH 2,
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-3 (B) AR (26) X3 Punm offi (g=0)

e oo | 112 | 125 | 160 ‘ 1.75 ‘ 2.00 ‘ 2.50 ‘ 3.00 | 8.50 | o
\
1.0 | 7.691| 6.226| 4.674| 8.100) 2.340| 1.923 | 1.512| 1.824] 1.224
0.9 | 7.439| 5.800 | 4.384| 2.942 | 2.244| 1.860 | 1.479 | 1.304 | 1.210
0.8 | 7.187| 5.373 | 4.094 2.785\ 2.148 | 1.797 | 1.446 | 1.285| 1.197
0.7 | 6.639| 4.947 | 3.803| 2.628| 2053 | 1784 1413 1.265 | 1.184 1.000
0.6 | 6.040| 4.520 | 3.513| 2.471| 1.954 | 1.670 | 1.380 | 1.245 1.171
0.5 | 5.410 | 4.094 | 3.222 | 2313{ 1.861| 1.607 | 1.847 | 1.224| 1.157 |
0.4 | 4769 | 3.667 | 2.930| 2.155| 1.765| 1543 1.34| L204| 114
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X bla oM oONTIERPEBIE LR T 22803,
OB Q>1+k2 tH2zmnn (16) Hro A7) ®i

(/Tm tan %zm—zm/ tan»Z—),,/) (Zm’ tan %Am—ﬁm tan‘%-/im’> =0

j:} T -;/Q 1+k°:l:~/ —(@+k2 H Q- 1+
2h%. BIBIUCHIZETEREBCRLORZAZR (16) & LK A7) X TH 3,
bla DB &R (16) € 1OT Qmn B2 5h bla 29T e (17, €X2 Q /I &
D, SHCHEDLHET (16) ©k2 Q 2/ k3, TOPNEY BT 2HIREMAIHE
MR L h 2 BOMBTH 2T, BHC =1, =3 KX =2, t.=4 E IR/
I/ =3, An=BeecoCID BNBe THDD A’ & A L2 bICHRE L 2B B 2R

BrEicxd tan2 xm&tan T dn! EDRBCERA L LS RBLEAEBEETH S, HIT

BB e ntl cB 2B

<i>2= 2k (n24-1)
a Q-1+

e BP=1 ok aik

A4 B2 (n®—1)+2k(n2+1)
n—1

rZEL Q=

l’—=/(n-1)(n+1)

a
z 11k Timoshenko? ¢ bla=v m(m+2) LR ENETH 245, = O 4 1T 4B D
B 2L R2_&ETH 20 LXE LB, '
THIC Lo TARBREENS B 55 ntl K28 bla X

Nl 1.0 | 0.9 | 0.8 } 0.7 | 0.6 | o5 | 0.4

2 1.73 1.69 1.64 1.58 1.52 1.46 1.38
2.83 2.76 2.68 2.59 2. 49 2.38 2,25
4 3.87 3.1 3.66 3.56 3.42 3.27 3.08

27) K k2T Qmin FEE LML -3 (C) 2 & EE~3 (C) Ttd 32,
B OFSEfCHL bla BT & 20 Quin X LRROB TARECE s 2 NEMCE/T 2,
k¥ bla=oo wwElT 2MIRER
Qmin=(1+k)?
z i -2, =0 oA PB/MITH 2 TR 20 bla=o Cxd 2BIEMT L5 2
b, bla=co v y=0, y=b FEEL 2BERBET20RERTDH 2,

4) Theory of Elastic Stability
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£-3(0) AR QY cx3 Qun off (p=0)

e 100 | 112 | w25 | 150 | 175 | 2.00 | 250 | 8.00 | 3.50 | o

1.0 6.743 | 6.116 | 5.704 | 5.375.| 5.290 | 4.847 | 4.520 | 4.406 | 4.279 | 4.900
0.9 6.242 | 5.693 | 5.345 | 5,085 | 4.922| 4.541 | 4.283 | 4.151 | 4.055 | 8.791
0.8 5.741 | b5.270 | 4.985 | 4.791 | 4.554 | 4.235 ) 4.040 | 3.894 ) -3.828 | 3.589
0.7 5.240 | 4.847 | 4.623 | 4.491 | 4.186 | 3.927 | 3.792| 3.635| 8.597 | 8.373
0.6 4.737 | 4.424 | 4.259 | 4.182| 3.817| 3.618 | 3.531| 3.373 | 3.337 3.149
0.5 4.236 |. 4.002 | 3.892| 3.772 | 3.448 | 3.308 | 8.211 | 8.107| 3.062 | 2.914
0.4 3.732 | 3.579| 38.517 | 3.308 | 8.077 | 2.994 | 2.886 | 2.834 | 2.779 | 2.665
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