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On the Mechanism of the Electrolytic Pohshmg
of Aluminum Part I
On the behaviour of perchloric ac1d-acet1c anhydrlde mlxture

Keizo Nishida

- - Abstract

{The author measured the electric conductivities, the decOmpositlon voltages, and other
properties of HCIO;—(CH;CO):O-electrolyte of many kinds of composition which was used for
* electrolytic polishing ; and discussed the results and the mechanism of the phenomena.

§1 Introduction

“In recent years, electrolytic polishing has been applied very usefully
to the surface-treatment and the preliminary treatment for the disclosure
of the structure of metals. Many metals (alloys) and electrolytes available
‘are found to be useful. -

Moreover, the mechanism of electrolytic polishing is partially explamed
- on the base of the solubility of metal, the concentration-polarization of
solution, and the anodic oxidation of metal.” But the behaviour is not fully
understood.

For the purpose to discuss the mechanism in detail, the author mea-
sured the anodic single potential during the current-density-bath- voltage
measurement.

Dr. P. A. Jacquer says in his report as follows, “Fai mesuré par.la mé-
thode classique le potential anodique, les courbes obtenues sont beaucoup
plus réguliéres, mais elles ne présentent aucun avantage pour Petude du
phfnoméne et son utilisation pratique.” But the details of their results
are not mentioned. ‘

For the author, however, the current-density-bath-voltage curve alone
could not reveal the behaviour of anode, especially of its surface, and of
the viscous substance on  the anode; but of the whole both on polishing
only.

Next, there are many theories that acetic anhydrlde is an mh1b1tor,

1) P. A Jacquer: Tra_ns. Electrochem. Soc., 69, (1936) 629
S. Tasmua: J. Electrochem. Asso. Japan, 13. (1945) 64 ; 14, (1946), 4; 41; 129; 164
N. Taxanasur: Bull. Inst. Phy. Chem. Res. Japan, 22, (1943).1; 10.
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but by the author, there are also some respects which prove such a reagent
"to be not merely an inhibitor, and Dr. P. A. Jacquer used the solution con-
tained as much anhydride as possible. ‘ .

As to the evolution of gas in the treatment, it is very important to

"~ suggest the mechanism; which is to be reported in the next paper.

All the results obtained here are measured at 18°C.

§2\ On the electrolyte

(a) The consideration in preparation of the electroyte mixtures.
The reagents used are perchloric acid HCIO, 609% aqueous solution and

pure acetic

anhyrlde

Name of Soln.

© Soln.

When acetic

’ (60% aq.' soln.)

Soln.
Soin.
Soln.

(¥)
(x)
(a)
(b)
(c)
(d)
(d-e)
(e)
()
(&)
Q

Soln,
Soln.
Soln.
-Soln.
Soln.
Spln.
‘Soln.

2.5 (ce)
50
10.0
200
30.0:
40.0
45.0
50.0 .
60.0
80.0
100.0

These are mixed and named as follows:
Vol. of HCIO,

Vol. of (CH,CO),0

97.5 (eo)
95.0
90.0
80.0
70.0°
60.0
55.0
50.0
40.0
20.0
0.

anhydride is poured into the aqueous solution of HCIO,

cooled, the evolution of heat and the contraction of the volume of the

_solution are observed. The states and the colour of the solutions in prepration |

and after the uses for many measurements, are summed up in Table I

Tasre I

Name of Soln.

On mixing

Colour aftér

After the use for many measure-

mixing ments, and after a long time = .
On mixi it boiled | At first, the colour became deeper, and
Soln. (y) 1 p;rtly t)({)r; ’c erta,mo qu- Orange after a long time it changed dark red.
o | antity of . (CHC0):0 . o | At first, deeper than Soln. (y) but after
Soln. (X) | liquid, but more (CHy ' Reddish orange a long time, it equaled to Soln. (y).
- 1 COy0 did not, and “Or: out . -
Soln. (a) i ! dl n(? ,lan was Oéﬂg_ge’ té’;}:‘ Suddenly became reddish orange, and
. (a) %va'rme me}eg: goln. ). after a long time equaled to-Soln. (y).
_________ —— This range is between “Orange, but 3 P— o
Soln. (b) ; Soln.y) and Soln. (b). | paler than | Decame more reddish, but even after a

Soln: (a):

long time the colour did not change.

-
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| . -
i Colour after After the use for many measure-
Name of Soln. [ ‘On mixing ’ mixing ments, and after a long time

| From Soln. {¢) to Soln.

More paleorange

l of colour than the The colour became a little deeper than

Soln. (¢) Do
; (), boiling on mixing ,prevl ous soln. | the solution before use.
- was found partly to the | INearer the com- -
Soln. (d) ‘ last. position to Soln ‘The colour is likely as stated above,
~ Soln. (g) BN ‘(g paler the “but almost did not show any change.

‘colour. j

(b) The measurement of ele;ctrlc conductivity.

By the method of the Kohlrausch bridge, with platinum electrodes
(platinized) and H type vessel, the following results are obtained. (Fig 1.)
From these results it is found that if we increase the quantity of
(CH.CO).0 the electric conductivity is decreased. Moreover, a gap is found
[ = - 1

A\

Soln (D-£)

O,

<
Soln.(6r

Conductivity
Soln. ()

Soln.(E& J-
Soln(Fy—e

Ekclric Conductivity \(&Q_'CM)V

g,

~n
(=3

Lod. of Flectric

w
=3

N 0 o 20 3¢ y $u p S0 6 20 ) N
; —wvol. 2 o s g .
(CH, (O, 0 v of HClO, 60% &g s0in

Fig. 1. Composition“Electric Conductivity Curve.

between the compositions of HCIO, agqueous solution (10% and 20%). So the
propertles of the solutions of these compositions are con31dered to be dif-
ferent from other normal ones. ‘

These phenomena are probably explained as follows: when (CH, CO)O
is mixed with aqueous solutlon of HCIO, the hydration of acetic anhydride
wzll occur,

' \ (CH,C0).0+H.0 = 2CH, COOH
So the concentration of HCIO, against free water will increase. If such a
change is calculated in each ‘solution, the composition.of its constituents is

indicated in Fig. 2. -
This figure shows that the ageous-solution of 609 HCIO, is perfectly
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dehydrated with 76 ce. of (CH,C0),0, when the total volume ‘of solution is
100 ce. : ‘ ‘

2 22
3 R - % -
| . ]
T 4 i
14 7 TN c\i\\{) . o 13-
3 \ &
3 /1 :
! & & 4
% 3 /| S < o 14
s ! v
- , T/ T <
. & ¥
ares 81T S 3 § [
-8 3 g : ;
AR AN S ‘~
<" “ o w7/ =3 %
N | S '
S N
g ! S o8
3 |
. @,
§05 l '%'('O/ . 06
. £y (
b S ot
-~ ™ . =
. o ‘ < Ly L &
& <! > N ~ ; s
s X 5
o)z 2 S 3 3 3 -
S N B 3 b
g0 S0 " 60 79 T80 HCLO

CHCOLO 10 20 94% 30
{CHsCa)0 el Y ofHC(O.; g80% ag solvi. st a% soln,

Fig. 2. Numbers of Mol of Each Constituent in 100 ce of
the different Solutions at 18°C. s

As shown in Table I, when the solution has less HCIO, than that com-
position, it is coloured different from the other solutions when mixed. Thus
the phenomenon that shows the constant value of electric conductivity be-
tween 109 and 209% of HCIO, aqueous solution, will ‘be understood by the
" following reactions:"

, CH,COOH + HC]O; — CH COOH+ + CIO‘
‘and
‘CH,COOH; + CIO; e} CHgC(OH)3CIO,,', ;
these CH,COOH; and ClO; ions are partly in the form'of “jonpair” ; then the
_equilibrium of the latter reaction will be maintained between Soln (a) and
Soln. (b), so the concentration of these ions will be constant and the electric
conductivity will be also constant. .

Moreover, with the coloration of the so- called anhydrlde solutlon "HCIO,
will be partly decomposed: -

2 HCIO, = H,0 + CLO, (non-colour, viscous hgu]d)
and this CLO, will be decomposed, too, :
‘ 2CLO, = 0, + 2ClO; (dark red, hquld) 2

1) . 1. M. Korrorr and A. WILLMAN. J. Am. Chem. Soc., 56, (1934) 1007.
2) G.F. Goopeve and F.D. Ricnarpson.: J. Chem. Soc. (London).
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or - ‘ .
CLO,; =0, + 2ClO,  (dark red, gaseous), -
- and these will dissolve in acetic acid. .
(c) The measurement of the decompos1t10n voltage and of the: s1ng1e
potential of anode.
i) The measurement of the decomposition voltage of solutions,
The apparatus used is shown in Fig. 3, schematically. Anode is platlnum
(planed): lem x lem x 2 in area, and cathode is alumi-
num plate (99.8% Al): 8cm x3cemx2 in area. The
"distance between these parallel electrodes is 3.5cm.

" In Fig. 8, V is voltmeter, A is ammeter, C is ele-
ctrolytic bath, and E is applied electromotive force.
The .reason way aluminum’ should be used as cathode
is' that it is very convenient to compare the behaviour
of anode at this measurement with that of the fol- -
lowing electrolytic polishing- of aluminum when the f;ﬁ 31{49:551.3553?‘53?
same cathode is used. » Decommposition Voltage.

These results obtained are given in Fig 4 From these curves the
decomposition voltage of Soln. (y) and Soln. (x) is not acertained, but m
Soln. (a) it is about.5 volts, and others are almost 4 volts.

ii) The measurement of the single electrode potential of anode.
At the same time of the measurement of i) the single electrode poten-
tial of platinum (planed) anode is obtained.
. | 1f ) By this method the values are measured im-
w! /] r mediately af’cer the current is cut off. The
Soln D) time required to measure after cutting off
the current is 3 to 5 seconds.

The apparatus for the measurement is
; / i shown abbreviately in Fig.5. Anode is con-
gino |/ tacted to the end of the salt bridge which
a is combined to calomel cell (saturated). Then
ol (®) the value (E) of the single potential is for
/ Pt ; soln. he value (EZi-) of calomel cell@is'

. obn.(X) E

, - —0.25203 volt, Whlch is also the Value of the ;
Selnvy cell

o gt ¢ . 6. g o 1; ’:ol; I + Hg }Ig Cl KCI(Satd H (lacc H
. Byth Vellage Cvolts) ’ ot
$ B
Fig. 4. Current-Density —Bath Thus, when E is plus, this electrode corres-
. Voltage Curves. ponds to the metal which is baser than H, in

"

b

Current - Density of Anode (2mpsom®)
- -$n
T
=
2

I3
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the standard single electrode potential ; and. . °

when E is minus, the electrode corresponds

- to the metal nobler than H..
These results are shown in Fig. 6. Ap-

parently they will ascertain the results
obtained -from the ‘decomposition voltage,

" From the change of ‘curve the value (E)
becomes noblér as the current increased.
Moreover in Soln. (d-e) to Soln. (e) the value

of the potential is constant even if the

current increases. It is likely the value of
the- gas evolved.  But the property of the
gas is not determined.

§3 On the case of electrolytic -
. polising of aluminum

"a) The measurement of current-densi-

ty-bath-voltage in each solution. ,

~ The anode used in aluminum plate (99.8
9 Al). lem x lem x in area exposed, and
cathode is also aluminum plate (in the same

- state as anode), Bemx3emx2 in area ex-

posed, and they are dlpped vertlcally and
aparted 38.bem, )
~ The results are summed up in Fig. 7.

“The behaviour of the solution is ex-

plained as follow :
i) “On the irregular change of current
density

If the concentration of HClO, is-in

creased, the irregularity becomes larger,

Kear the concentration of Soln. (f) its value is. maximum, and the less

" HEIO,, the less the irrgularity. While increasing HCIO, than Soln. ), thls'
property decreases and disappears (this is tbe case of 60% HCIO, aqueous-

solution especially). :

. The horizontal part of the curve of current-density is not found in
Soln. (y) to Soln. (b).
of HCIO, increases, the range of this part increases, and reaches maximum
in Soln. (f), which shows the constant value even at the voltage of 40 volts.

The value of the constant current-density increases with more of HCIO,,

With Soln. (e) it appears, and as the concentration

i
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Fig. 7. Current-Density of Anode—Bath-Voltage Curves ‘ .
and is 0.04 amp./em* in Soln. (e) and Soln. (f). The fact that the current-
density at the constant part is equal in these two solution of different
composition will show that it is likely controlled by the behaviour of anode
and anolyte in these solutions, and the mechanism of the anodic phenomena
is the same in each other.

With Soln. (g) and the solutions of more HCIO, this part is shortened, and
is not found with pure 60% HCIO, aqueous solution.

i) The relation of the gas-evolution to the current-density.

If we increase the current-density with soln. (e) to Soln. (f), the gas is
evolved more violently at first, but before the beginning of its irregularity,
the gas diminishes abruptly. In the part where the current-density is con-
stant, the gas is hardly found. ~These phenomena are more clearly observed
in Soln. (f). ~

Beyond the part the Lcurrent increases suddenly as the bath-voltage in-
creases, and the gas is evolved again, which has been already seen and com-
mon in the solution of such mixtures.

In Soln. (y)to Soln. (b) the initial evolution of gas is not found.

iii) On the phenomenon of the oscilation of voltage and current.

This phenomenon has been reported by others. At the time the evolu-

~ tion of gas diminishes the needles of both ammeter and voltmeter begin to
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oscilate. This oscilation is maximum with Soln. (e) to Soln. (f), and the
curent drops sooner than. it rises. This change is maximum on the top of
the irregularity of current-density and it be-
comes slowly small with voltage. Sometimes
it stops awhile. These behaviours are shown.
~in Fig. 8, which is the relation between
current-density and bath-voltage. At first,
-when the voltage increases, current-density
increage along the curve AB and at B it falls

Curvent-Density —

Suddenly to the value C, then it osciltes bet- Ezth-Vhltage —
ween-C and D. The values in the curves in = Fig- & gg}g&fﬁsmggonv‘;ftgz
Fig. 7 during the oscilation are mean values ' _ and current.

of these two limits.

However, this phenomenon is not only confined with aluminium anode,
but also it has been seen in such a case Where the formiec acid 1s oxidized
anodically with platinum electrode,”

. b) The measurement of bath- voltage smgle potential ot anode in each
- solution.

As shown in I‘lg 9 the values are obtairied W1th the aid of potentiometer
by the same way as ii) in b) of §2,. which is given in Fig. 9. The behaviour
of the solution is explained as follows: :

With the increase of HCIO, the initial potential tends to baser state and
the potential at the case of constant current-density has the same tendency
as the initial one. However it must be noticed that these values are not
absolute, considering from the way of measurement, and that the initial
value of the potential is miuch affected by.the condition of the surface of
metal. Nevertheless these data will indicate some of the behaviour of anode.
For comparison’s sake, two curves of Soln. (a) and Soln. (b) are given in the
figure respectively. It is most important how the potential of anode changes
relatively in each solution. ‘ -

From Soln. (y) to Soln. (a) the anodic potential goes to the noble state
till the bath-voltage of 12 volts and then it falls suddenly to the baser state.
From Soln. (b) to Soln. (¢) the potential falls at first and with higher voltage
it does not change greatly, but is unstable. From Soln. (d) to Soln. (f),
different from Soln. (b) and Soln .(¢), there is given a smooth curve, which
is attributed to the stable potential of anode, afteér the initial change (the
shiftness towards the baser state) even by this method. In Soln.(g) and
pure 60 % HCIO4 aqueous solution, such a constant part of potential is not -
observed.

1) E. Mg and S. Tawaka : -Zeit. fiir Electrozhem,. 24,.(1928), 256.
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c) ‘The consideration of the above stated phenomena.”
The single potentlal (E) of anode for Al; soln is. obtained in cuttlng

>

off the current, which indicates the stable potential. So, if there is only
the concentration-polarization, as seen with platinum anode, it must be
(dE/4V)<0 —where 4E ; 4V is the increment of the potential of anode and
of bath-voltage respectively-, or the potential will tend nobler with bath-
voltage in the curve. This corresponds to the primary part of the curves

‘of Soln. (y), Soln. (x) and Soln. (a).

But if (dE/4V)>0, probably it must be the state which indicates that
the anode becomes more soluble into the solution. Strictly speaking, the
surface of anode as a test-piece. will become active with higher’ bath-
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voltage and come to the dlfferent state, then the potential will be stable,
which is the case of the solutlons with more HCIO,. However, it must be
noticed that the value of .the stable potential is baser as the concentration
"~ of HCIO, increases. N

Moreover, these behaviours of anode may be attributed to the growth
of something on the surface, on the other hand, these may correspond to
its flatenning as seen from the brightenning even in this- measurement.

With Soln. (e) and Soln. (f) the stable potential of anode is remarkably
constant, so the relation between anode and solution will be always -con-
stant with increasing bath-voltage. For Soln. (b) and Soln. (¢) this. relation ‘

WIH be more unstable.

7 acquest” and Unric? suggested the surface -of the metal polished ano-
.dically to be the metal itself, and Moor®, TAKAHAsm*’ and TAJI\IAE) have
“concluded it to be covered with oxide film. But by the author the surface
during the treatment may be different from that picked up. Whether the

metal itself may be exposed in-the solution during the process, it may be

very possible that the metal itself of the surface may be covered with
oxide film when p1cked up, and it may be determined to be oxide by the
next experiments. For example, it has been found by the author that there
occurs the removal of the surface film during a second process in Soln. (b)
from the once polished metal.
' There is another case where the oxide ﬁlm will be produced on the
metal and dissolved in the solution time to time. In this case the reaction
of the oxide with the solution may ‘take place partly or on the whole sur-
face. S0, even if the surface of metal may not dlsso]ve into the solutlon,
it may be done by the so-called scale-off. :

Mr. Tasmva concluded the existance of the oxxde film by the experi-
* mental result the surface polished anodically is nobler in some solutions
(for example water, NaCl aqueous solution, and ete.) than the surface of
‘the same métal which is treated by HCI.

But, by the author, theré may be oxide film on the aluminum anode
" even with other treatments. Especially the surface treated by other me-
thods must have more irregularity than that of electrolytic polishing, so the
potential of metal-may behave as concluded above®.

Nowadays these popular solutions of this type are in the state of “an-
“hydride,” or near the composfmon of Soln. (b) in this experiment. From -

1) Jacquer: loc. cit, :
2) H.H. Unue : Trans. Electrochem. Soc 78, (1940), 265.
. %) H.H Moor: Ann. der Physik. 33, (1938), 133 o
4) N. Tagamasnr: loe. cit., i ] . S
5) S.Tanma: loc. cit, o :
6) T. Takir: “The Experimenal Electrochemistry,” (1939) Kyoritsu-Sha, Tokyo Vol. 1 p. 237.
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the result of electric conductivity the favourable concentration will be always
‘maintained in these solutions. But the results from the stable potential and
the constant current-density lead to the conclusion that the solution range
useful to the process will be between Soln. (b) and Soln. (f). '

~ The reason way the solutions of higher concentration of HCIO, have not
been used, may be by the other factor, or “pitting action”, which is not
discussed in this paper. On this problem, it will be takén up in the next
paper. : :

Summary

(1) The acetic acid which come's from the hydration of acetic an-
hydride plays a reservoir of ClO7 ion m the solution, so-called “non-aqueous”,
which corresponds to the composition of Soln. (b), and is most favorite in
the process of the electrolytic polishing.

(2) But from the anodic potential and current- dens1ty as above men-
tioned, the composition of the electrolyte for use is between Soln. (b) and
Soln, (f). ‘

(3) And the theories of electrolytic po‘xshmg which have been report-
ed are discussed partly. '

_ Finally it must be mentioned that this study of mine is entirely thanks
to the Grants in Aid of Scientific Research (donated by the Ministry of
Education).

) (Received November 1, 1945)
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On Operational Equations

Yoshio Kinokuniya

Abstract
k This paper deals with regular solutions of the operational equations: (A).. Plu)=7(x,y,2),
(B) - P(u) = ¢ (v, y,2,%) where I is supposed as a certain partial differential compound operator

of rational 1ntegral form. For (A some important formal solutions are given with some ex-
amples and especially for the equation P () = D} (u) (P and D are independent) the Initial-
value-Problem is studied on an'important theorem.

For (B) P is shown its composition by means of functlon-theoretxcal caleulus and is chara-
cterized by the parameters 4 #, v and a function ¢ (§,%, ¢; 2,%,2), which corresponds to-a solution
in the sense of one-to-ome as far as the solutions are regular. :

It has been my attempt to reach after some new points -of view on
partial differential equations, which might look over them more system-
atically than the classic methods, and there have been found out two ways
on the whole. In this paper, giving each chapter to each of them I will
show some important. results. The above-mentioned title has been chosen -
to explain the methods to state, but in this paper I do not mean to expand
the field beyond the differential equation’s. :

Chapter 1 Formal Calculus

1. Definition -of the Operator P. In this chapter equations of the
form ‘ S
Pu) = f(5,9,2) (A)
will be principally 1nvestlgated Whﬂe in the next chapter equations of
the form : ,

will be discussed, g1v1ng another deﬁmtlon for P, which is different because
of caleulating method but not essentially. In this chapter the operator P
is difined by the following six assumptions: (i) If f(z, y,2) is a function
which is continuous and has every partial derivativ'e /88 continuous in a
certain domain, P(f), P(f), P°(f)--; P*'(f)=P{P*(f)}, aré all con-
tinuous in the same domain. (In this case 7 will be called “endlessly oper-
atable” or “operatable for the operator P”.) (ii) P(0)=0. (iii) If h is a
function of ' certain variables independent of z,y,z, P(hf)=hP(f). (iv) If
Q is another operator of the same ensemble as P, (P + Q) (f)=P(f) +
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o). ) PQ(f) =QP(f); PQ(f)= Q(f) (vi) If o(2,y, z) is another
operatable function, Q(f+4g¢) = P(f) + Py

The assumption (ii) makes our operator impossible to include any 1nte-
gration’s or general inversion’s process, for Whlch the operator ,must be
difined under another system of restrictions. And we must pay attention

to thg ensemble to which our operator belogs, for if we take two operators
3 :

9 __L -
P=x % and Q—— oy

o o
then QP = P + 2¢ e lLe. PQx0QP. In this case we see the assump-
tion (v) is not satisfied, and P and @ belong to different ensembles. ‘But
if two operators are written in the forms '

B, = aytal+- +a, P

£, = b()+bIP+ b, PV o
where @ (k = 0,1,2,-2) and b;(k = 0,1,2, ---7») are all constant coefficients,
they conform to the condition (v), viz. ' - o

R R, =R, N

and both R, and R, belong to the same ensemble as P,
2. Reiteration Principle. If f(z,9,2)is an endlessly operatable functlon
for the operator #, a function defined in the form

u(@,y2) = f—=P(f)+P(H—P(H+- @)
satisfies the formal relation ’
Pluy) = P(f)=P(f )+ P(F)=P()+ -
and therefore makes a solution of the operational equatidn
E (1+P)(uy) = uO+P(uO) = f(x,y,?).
~ Here we take the operator (#—1) in place of P and find (A) is solved for- ;
mally by u(z,y,%?) Whlch is defined as . ‘

u(x Y, 2) = (1 —PY{(f). (2,2)

This solution is, in pomt of fact, a spe01a1 one of the follovvmg cases.
9(x,y,%) be an arbitrary -operatable function, then the function v(%,9,2)
“befined as follows is found to be a formal solution of (A): '

v(x,y,z) =49 (fu"‘ff."‘}fﬂ"f‘f‘r’“ ot ) ‘ o (2, 3)
where fi, = P(fi9)—Sf (k=0,1,2,---), fy = f. Here naturally comes another
yet similar way solves (A), i.e..-----if h(¢) is supposed as an arbitrary con-
tinuous function of ¢ 1nependent of z; ¥, z for Whlch naturally

P(h) = hP(l)

- and is taken in place of ¢g'in (2 3), it is found that
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u;(x,y,z:t):hg)<1fﬁ;¢1>>k<f> 2

solves (A) too: Morever u = 0w/9' may solves P(u) =0, but by some com- .
putation this solution v is proved to be but a trivial one which -vanishes
identically and therefore the series of type (2,4) can converge and give a .
solution of (A) only when w (w, ¥, z; t) is shown to be independent of ¢,
while the solution (2, 2) remains to be tested -in this respect.

* There is another method to be stated about, which is particular yet
important. Let us suppose the following conditions: (a) There exists an .
operator S for which the equation.S(v) = 0 is solVed by. v = h(t)( ko 25 0),
and the equations § (hm) = h; have their solutions #,,, for every 7 = 0,1,

.- (b) ¢ is independent of x,y, 2 Let g(x,7,2) be taken as an arbitrary
operatable‘ funetion for P to make a funktion of the definition :

, geet) . o
where ¢, = g, P(9) =g; (J =1,2,-), then
P(u)= 2) P(hjrgj) = 2’ h; P(g;) = )}; -’}L‘jg.m«

S(u) = T8 (o)) = T,0,50) = 0SU) + Lol =98(0) + Lhugyr -
J=0 J=u R J= g=
accordingly (P—8)(u)= —g80h)=10 , , ‘
i. e. the equation (P—8)(u)=0 ‘ /(2, 6)
is solved by (2, 5) '
But it must be noted that this Iast course mvolves the inverse process
‘by the condition (a) viz. .
hjsy =87'(hy) ;
- which means a general inversion and belongs not to the ensemble restricted -
by the primarily shown assumptions. because §7'(0) =/ = 0 i e. (ii) is not
satisfied.
3.- Examples.
Ex. 1) Put £=0a—72 and suppose ¢" (f)=0 in (2,4), then we have
(1=hPY(f) = C(;/AV+CUAV B+ -+ CL AV (R QY= (f)
: (v=0,1,2)
where A = 1—ah. Hence we gd.m

sy =l L L HQ 9 (1 N, GO T
w(x’y’“’t)“hll‘A“Lu 24\ 1— A>+ Tn—1 04 1( (f>

- u A+<,i,>,m+ () ey } )
(L O

a

-

A
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as far as lAl—]l-—-ah]<1 :

This solution takes the eliminated form in regard to the agent functlon ‘
h(?), but it is not always the. case. For instance, if we take the case P
=d/dx and f_x we have ;

'Lv(x H=~h Z (x—kh)= :choo—-hoo
So-we can have no h (t) to be effective for this case.
Ex. 2) A formal solution Ofv' “reiterated type” of - the equation

Au_"uzt—o A”‘*v — +
] o5’ 94 93

, ¢ = const.

is given by -
S a bt
u(x Y, % t) = 2‘(‘"\"275 "2k+1 £ c’”A’“

where @, b ale arbitrary constant numbers and ¢(w, ¥,%) is an arbitrary op-
eratable function for A. .

Exs 3) If v(w y,z) is another solution of (A) from u(x,ym) deﬁned by
@2)

P()=f =3 (1-PyP@)
.and moreover it can be shown that the relation
= A=PFPLA-PY6)
is effectlve Therefore if we denote
2(1 PYP=g,, ;(1— Py Py (1—-Py=€,,
. J=0. R
* for an arbitrary solution of (A) we see '
U= €(v) = €v)
Ex. 4) If (2,2) converges, both of
ae) = fFER()+ER(f)+ -
P(&) = u+ERW+ER (W) + -
; f=floe), B=(1-P) |&<1 :
~_converge and s!}(é:) Z, Ri(%). (1 cannot afford to demonstrate this theorem -

throughly in this hmlted paper, and I wish to leave it off here, - expectmg
another opportunity of publlshlng it in detail.)
Ex. 5) For the equatlon

P(u) = uﬂ P, lndependent of ¢

there can be shown two solutions of our type, viz.

e
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u_‘i g sinh (tv P).

f2k +1 Pr(g) = VP

" k=0

lc P (g) = cosh (¢v P ) (9)

where g is an arb1trary~cperatable function for P.

W

4, On‘(P Dy(u)y=10--..- Imtlal—value—Problem ‘Setting D)=~

: Dt"
and 1 in place of & ane h(f) in (2, 5) and (2,6) respectlvely, the simultaneous
re]atlon

.‘n: “"' _P/v tnk nk .
= 3 Pt nk 41
P, )— 1)” (#,); n, a positive integer
- is brought about. :
According to Stirling’s formula
. [nk =Y 2k (nk)yte
hehce “iuk ="V 2ngk (nk) e ~ (nkle)'  as k—o
therefosre if ﬁ'ﬁ "V | PHg)]| /i nk <17 4,2) .
FVIPHg)] £ (wle for bigk - (43)

when (4, 1) converges for || <1. Then, as it i3, £ may.be called “equivalent
to D}” as far as related to 7, in the above-mentioned sense, and henceforward
we may say g(x,y,z) is “of n-th order for P” in the equivalency when (4, 2)
or (4, 3) is satisfied.
g(z,4,2) be.of n-th order for .P, then (unﬂ)(z = (,1,2,--) all converge and
P(”nﬂ) - D Ak (Z{n+i>
that is easily verificated. And by some analytic-function-theoreical consider-
ations the following fact is demonstrated: ------ If w(z,y,2; t) is regular for
[t| < 1 when z,y,z belong to certain domains respectively and
P(u)y= D¥u); P, independent of t,
u(%,9,2; 0) is of 1-st order for P and .
w= 5 FIP W k Dy
k=0 g L -
The inverse case of this theorem is true, too, ie.:-- If g9(z,y,7) is opera-

table and of 1-st order for P, the equation P (u) = D'(u) is solved uniquely on
condition that u(x,y,z;t) has his initial value af ¢ = 0 as

u(x,y,7;0) = g(x, y,z)

1) Cf. CAUcuy-HApAMARns theorem, e.g. Kworr: Funktionentheorie, T (1937), S. 68, or T.
Taxevovcni : Kansu Ron, T (1937), p. 235.



18 ’ Y. Kinokuniya

and 7s regular for |t} < 1.-
But as far »>1, the solutions of
Plw)=Dp(u); P, 1ndependent of ¢t (S

are no longer unique even if u(x,,2;0) is ‘given. In this case, it’'is impor-
tant to takev up an analytic regular solution of (C) u,(#,4,#;t) in the ex-
pression : : _
' U, (2,y,2:t) = i g"”')t/i k »

. where B g = [Py t)], “o , (4, 4)
" Let us posit ; Unyi (X, 9,25 1) = Z gé""”’t"’"‘*‘/"i nk+1i, . (4,5)

. N g k=0 I \

~ then it can be verficated that
. P(umb): ﬂ?(?’tmt)‘ <7: :0,1;2,"‘, u—1> .
. Therefore ‘ :

u_z,mn,z e " (4,6)
solves (C) on every parameter’s combmatxon (Ao xl, sty Apey) O condition that

u(x,y,2; 0) = g‘”’(m,y,z)
Of the solutions (4 6) the primary one u = u,(x,y,2; t) makes only a special
case for A4, = 4, = +» = Ay, = 1.
Ultlmately, in the ‘case n>1, the unicity is really brought about as
follows
Tueorem: If g,j)(x,y,z) (1 =0,1,2,-", n—l) are arbitmrily given as of n-th
order for P, (C) is solved uniquely by ’

U = Zg(l)tk k : g1(l'n+7) — P(g(l)) (,7 — 0 1 2 )
on condition that 9P (my,2) = [1)‘ ()} (1 =10,1,2,- ,n-—l). l

Chapter II Functlon-Theore‘tlcal Calculus.

1. Definitions. Denoting by £ the set of combmatxons (2;9,2) of the
three variables: D, wyeD, zeD,
where D,, D,, D, are certain domains in -, y-, z-planes of complex number
respectively, let us-eall a function f(x,y,2) “regular in E”, when f(x,y,2) is
regular for wxeD,, for yeD,, and zeD,. .

In this chapter the operator Pis supposed as expressed by a_ certain
rational integral form of finite degree of

D, =205, D,=00y, D,=0/oz
the coefficients of which are all regular functions in E. And the funection
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¢(x,y,2;u) is posited as regular for (x,7,2) and u, @ complex value belongs
to a certain domain D* of the Gauss-plane. If we denote by G the set of
kx y,z;u) of the above-stated conditions, ¢ may be called “regular in G”.
2. Composition of the Operator . To investigate the solutions. of
the equation P(u) = ¢(x,y,2;u) - (B)
which are regular in £, it is convenient firstly to take simply closed analytic
. eurves ¢, ¢, ¢ in domains D, D, D, respectively and denote by 4,, 8., ¥,
domains enclosed by ¢, ¢, ¢, because by the Cauchy’s theorem?® the relation:
wyy=—+f & @ S e u(E,r/,:) 2,1

8’ de f—xdeyp—ydep—2

“ig effected when xzed,, yed,, 2ed,.
If (2,1) is effected

P (u)= glz S(,‘dé" S(‘Zdry Sc;dC‘“@’?rC)' ___Fl_ | 1

7 L(E—) (7— y)(c —2) J
Then if we set: \‘
(1 1 P&, ¢ w,9,2) ,
P l(é—-x) (v_y) (C__z) J- (E*ﬁ«)“‘(v“?/)““(c—z)”“ (2,2)
we can possibly associate 1, z, v as non-negative integers and p(&,7,¢:%,y,2)
~ has non of (6—®), (y—y), (¢—2) as factor--- - that is to say

(lp)e-mtxboy (p>v=yx\ Or <p>§:2:\$0! if Y :\—E 0 v~ . (27 3)
By the way, if u(x,y,2) is regular in E
) P(x,y,2) = ¢(z,y,2; u(2,9,2)) L - o (2,4) ‘
must be regular in & too, hence by the Cauchy’s theorem
( —1 IGYY I
(0 T, Y %) = de\ d d, 2,5
(x,y,2) = 8 S,} S vS S o) (=) (e—7) . (2,5)
Then if we ‘set o ‘ .
. ¢(&76) e e ulE )
( 7] C z’y!‘) = (C—x) (77 y) (/’ Z) (i;:-___xy+1(7/__,y)}1+1(c__z>v+1 (Zr 6)
{ aef @ { dcwencnun=0 @
“ Cy ‘s ; . C 2 .
because “
- =1 P& Y2) U (E9,0)
r =\ d dn \ d
(u) 8 S“; GCSA”]S C (E—2) 1 1(y— U);LH(C 2
and according to (B) and (2,4)
@ (x,9,2) — P(u) = 0. . (2, 8)

Moreover, if we set

1) Krope: Funktionentheorie, I, S. 61; also T. Takenovcnr: Kansu Ron, I, p. 199.
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¢ (&, c,w viz) = (=) (=P (e — Z)”“%(E,v,c,w Y,2)
_ = (=) (g—p)*(¢—2) - 2(EnL)—pEncrya)uént) (2, 9)
e TY.2 ) is regular for (£7,¢), (z..2) <E, because. &(£,7, ), (E—=x), (7=,
(e—2) (EMCE ,y,z) and u(g,ay ¢) are all regular in E’ Hence by the Cauchy’s

theorem ' » 7o
[9*'*“"““"‘,./ ] _:j&f_is dgs dv‘ & oEnGTY2)
el = e 1), G g (e

Then according to (2,7)

91+p+v¢ i : -
pstopoc iz = O « B
while by (2,9) ‘ ‘ <
QR rrTYy ] L 9“’“+”_?p(f,v,v:x,w)u(5,7;,6)] "
;[aslar;” ey R ooz =

fomy
z § =2

Therefore

© ’
1/

” ‘ 1 [9‘ Y ou ]
P2 = TauE Lostapraey 1i

then comparing With (2,8) we see dlrectly E '

Lok Y ‘ LRSI A il 7 €K7 x,’b/,z)
BRI [“ o&k=tgpk =gV * ]
» e g CY =y ik vk

~ If the case P = p(2,y,2:%,y,2), where P contains non of D,, D,, D, really,
is omitted as a trivial case, we can go with the supposition that -

1): 1
. A

-DIDIDL (2,11)

Aﬁ
S~
[«
]
‘N.Qb

s S

A, py v are three non- negai"@'ve,integérs which do not all vanish.  (2,12)
3.. Loosened Relation. Let us denote as -
(7,03 BU2) = (E—2)t (g—y)* (¢=2)” _
CH(Encmu,2) = og(w)—plEnci tys)-u ES
) =gEnciu); u= u<5»77 9] '
then (2,9) effects the relation :
H(gpgs oz u) = g6 w,y,z)
‘ su=u(Ene)

when H is to be considered naturally accompamed only to P and ¢ and ,
therefore in our case (8, 2) is equlvalent to (B) 1tse1f

(3, 2)
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H(EmL5 2,y%) is considered as a regular function of the restmc’clon (2, 10),
therefore if for a function i(&7,¢;2,y,2) the relation )
h(&v,gsx,y, ) H_I(“ﬂ?r Xy Y% ‘/) : (3’ 3)
is found effective, by (2,10) and (3,1) :
FHMEE,
[¢(¢v,y,z:h] -t [9 ph] =0

§ =2 2 v Logkopk ey
1=y 7/“7/ *

-2 £=2

Then according to (2, 11) -
e = (@25 h(2,,2)). (3

[P (R, %gz)}]
L 7=y

This is the “loosened relation”.

w B

. 4. ¢ and the Solutions. The function’s set of h(&73e;%,y,2) in the
looseéned relation (3, 4) is given by means of all the regnlar functions as far
"as their values belong to the domain D*", and generally bigger than the set
‘of regular solutions of (B). This is realized when P is given as P =9pr
+9y+9/z and ¢=1u* for example, where p = (§—1x)(y—y) + (y—) (6—2) +
(¢—2)(é—2), A=p=v=1 and u = 1(A—ax~by—cz) makes a solution and
for

(5_9”)(77“1/) (C'—O‘) ("—x><77"‘1/>+(77-—y>(C—7)+(C__ZX _x)
(A—ag—by—cg)* A—aE—by—or

[ﬁé:if f‘,’, vanishes if A—az—by—cz2:0 and a+b+c-. 1, but does not ge-

nerally vamsh if a+b+ec=2:1, whereas fis given for any value of a+b+ec.
 Moreover the relation (3,2) which can be written as

o(Em,E 2,9,2) b (Eme w)—p(Ep e 2y, 2 u(E ) = gémeiz,yz) (4, 1)
allows not two different regular solutions of (B) for the same ¢. This is
demonstrated as follows: ------ If there exist two different regular solution.
w, and w |

(&8 0Y,2) pEML U =P Ems B2 = $(EnG oY)
s ug=uléne) (E=1,2)
ie. o) —pu, = wb(u)—pu, ;. $w)=g(&n.0u)
then () — B, )} ) = Do, , ‘
The left hand is dependent only on g, 7, ¢ and independent of z, y, 2z, there-
fore the right hand must be naturally mdependent of z, y, é, too, that ¢can
happen only when 1= p=v=.0, hence
l(E-—?ﬁ)(v —)(c=2) ) (6=x)(=D)(c=2)

1) See N° 1 of this chapter
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» but this has been omitted from our cases as related in (2,12). q.e.d.

Denoting here by G, ;the'sét of possible ¢ (&6 %,y,2) related to the
solutions of (B), the above-stated fact ean be enounced as follows.

THEOREM : ¢ and u cowespond one-to-one, as far as u is & regular solution
of (B) and ¢eG. ,
‘ Next, let us ‘take up the case ¢ = const = ¢ viz.

,(u@-——puzc - : 4,2) ‘

s ouw=uEng) @ =2 (En0). | | ;
Then accordmg to (3, 1) - ! ;
' [D“’“’”w(ﬂ 2 (D(x,y,» %) 9‘+J+’”a) ]
ot aybz H " axi oyozFde- y . , |
5 (4;8)

=0 1fiis;20r1&/10rk~¢u
K . —= (1’(w,y,z_,) if % = A, _f—'t M k =V
On the other hand ' ' '

giHiZX’L] i _ [ oititkg ] . )
[91: 9y797’” = w@YR) 249y 02k -z : (4, 4)
§=z K C z -
And by (4 2) (4,3)(4,4) togather it is seen that the regular functlon pu can
be wr1tten in the form
U= u(§y77 C) B(E;’]:C)*‘(U(Eﬂbc; xyy’z)A(Eﬂ];C); ‘ ) (4! 5)
‘where "4, B are certain regular functions of (£7,¢)eF.
Substituting (4, 5) in (4, 2), we geu :
(u(ﬁ—uB——-ua)A =c

from this it is clear that: ¢ = @(/A and —uB=c. And in this case by (4,5)
and (2,11) g

B(cv y,z)D‘ D DY
’ ‘Z 3 ';

—A@y@+ " (4,6)

Inversely, in the case P is given by (4 6) and L

¢ = A(z,y,2)u ~ 4,7)

for H(&pe;2y%;u) defined by (8,1) it runs - ' ‘ ‘ ,

H={ol&n¢; x,y,Z)A(E,v ok B(w,w)—*w‘i@,yﬂ) u(&pc)} 4 8) |

= $(EmLiTYR). ’

Then. apparently the restriction (2, 10) is altered by -
9ﬁii‘i?uﬁfm,c)B(@y@,] —~ 0

: QE"Qv’uZ‘CV 555;5 .

ie. DIDEDYY =0 - \ (4,9)

]
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- Here we see that (4, 9) is equivalent to the case where P is given by
 (4,6) and ¢ by (4,7). And comparing (4,8)with (4,5) it is seen that
A,B = const.

for the exact possibility of the case (4,2), when u = :222 = const.

5. Sequence of Uniform Increments Dlﬂ"erentlatmg (3,2) by u suc-
cesswely with regard to (3,1), we obtain the relations

. %
= (U_Q_%:“F ; ,(5, 1)
ou ou ouwr out ‘ ,
s k=123 - -

Then, if there is aﬁother'regular solution % of (B) which satiafies the relation:
' §Eneiwye) = HEn aye; i) ’

- 5,2
) s =4 (Enk) ( )
and if the expression: ;
’ L& di (d—u) ’
= -~ 5,
¢ = k}:/n du® lk ( 3)
is eﬁ'ected for every fixed (5,77 &) (Xy,2) eE it must coincide Wlth the serles
| _ b (d—u) ;
g =¢g— (ﬂ u)p+cu 2_, o | k v (5, 4)
- In this case, 1f Wwe suppose
= u+te (s = const.) , : ‘ (5, 5)
[ QR+V+V¢"—] _ OR+7Z+V¢ . Dl+#+!/p
oftoptogvde-x  Logt optory oftoptogyde—s
) L2y

g=z e

PP dedyd
SEIVATES A i g e
_—3—7?7;_—4 ‘k g (E x)1+1(77 y)ﬂ+1(c z)V-H

E=1 7. 2
The left hand and the first term of the right hand vanish accordmO' to (2 10)
and as seen in (2, 11)
9].+}l+)/p

Sl 9)7}1 Q,wl/

cag . ’ o
where A.o, the coefficierit of the zero-th power of B, 2, I3, in the com-
position of . Hence

9‘ edyd
CyEae o pde
=k s e
8% £ 1K e de (S—,x)‘“(7/*-?4«)’“'”((:‘2)"“
by the definition for » in (3,1)
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—_ ® o Ch fﬂdC ,
.:@@%;TygL&@:ﬁ@yxca

o0 &
.=Zj29¢*ﬂwﬂ¢w

: 14 —

i.e. i ] i ed, = ¢(u+5) ¢(u> ¢(72> ¢(’H)

This relatlon is exactly effected if 4, = 0 and ¢(u) isa functio® which has
€ as a p_erlod but the periodic case does not essentially refer to the con-
dition (2,10). Leaving out the periodic case, if (5,3) and (5,5) are appli-
cable and # changes continuously with the uniform increment ‘

Ao 2[3?? da l = (2 i

o de ou de —@zv .

In this last case, it is written

(%) = u(2,,2) — A s (5,6)

AO/EY‘_=1 Cfe A =99

o . ‘ ou
It is notable that the case of (5 6) is the case_ where uis a solutlon of
the implicite relation

_DJ&.’%’IL,Z_?/LL U(x,y,z) =0 . ‘ 5,7
lL N - =

Such a result is important when ¢ is put as an infinitesimal quantity major-
ating the increment of w and (5,6) is approximately effected.

(Received November 5, 1945)



Mean-Position
‘Yoshio Kinokuniya

,  Abstract ,

1
TSl 03 has

been discussed especially accurately by Rothe, but when we emphasize the sense. of “position”
for w, x+ 0%, x+4, then are found some important new aspects for these calculi.

Lagrange’s 6 in the remainder’s expression in Taylor’s expansion

The famous eclassic theorem on the remainder’s form in Tavrior’s ex-
pansion which Lacranck left behind, has been applied in various ways and
in various fields. I, too, owe very much to the theorem and Rorur’s what
I am going to state in this paper. But I mean to show here the importance
of “position” and that is the reason why the title ‘“Mean-Position” should
have been chosen for this paper.

1. Mean-Position.  When the difference of two values of a function
f(z) at two different points x, x+h is written as

F@+h)—f (@) = R FO(@+0h)- %n \ D

where 0<f<1and f™(x) = fl%iﬁ, it makes a special case of LAGrRANGE'S
x" : v '

formula for
f"(x) — f”(x) = .. == f<"">(x) =0. . ) (1, 2)
In this case the position x+0h - (1,3)

may be called “mean-position of n-th order”.
Firstly let us take up the case n = 1, when we can write down

S@+h)—f(x) = hf'(x+06h) (0<6<1)
O e N (R
Platom)=f@)+ @y U gcp<y

\
if (o) = f'(x) = o = fO 2 (x) =0, f(x) =0, and f**"(x) is continuous at
z. Hence .
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, therefore - Ilir_n 6’(53, h) = v 1/(n+1) l (1,4)
 This has been firstly shown by Rorne”, besides which the following is
" thinkable. i.e.: For ¢(n)= v 1/(n+1)

(=R <g<gntD< <l (LE)
and  limg(n) =1, ‘

This result can be made applicable in the following experiment such as:
~“Supposing a potential by f(x), we understand by f/(z) the force at the posi-
tion z and by

f(CC+h) f('m( f’(’b+0h))

the mean—quotlent of the potential slope between x and x +h, when the mean-
position «©+0h 18 inclined not to get near to x beyond the middle-potnt of © and
x+h, if the force itself s not invariant in the meighborhosd of x.
2. 0 of n-th order. The 6 shown in (1,1) has been also discussed ac-
curately by Rorne®, who has proved that ‘
1

Mim 6(x,h) = —"—, if 0 is of n-th order . ' (2,1)
- on+l N : :
- This result is effected under the condition .

Sor(z)y =0, - . (2,2)

“when it runs ' ‘ :

P+ h)=f(@) = S @t @) Ly o+ ) }il
+fO@H0R) - . (2,3)

But, if we include the restriction (1, 2) (say: f(x) == f @=D(x) == 0) we

can use the relation A
- ; k A Py ¥
Floth—f(3) = Sdh,s dhy - S w4 h)dh, = S FO(z 4y .
0 0 0 0

‘therefore if an arbitrary function is taken up which satisfies the condition
that ¢’(0) 0, ¢0)=0 : (2,4

and ¢(x) is continuous in|x} <4 (d: a real posmve number) it is effected
that : .

-

1) "Rorur: Tohoku Math. Journ., 29 (1928), p. 145; also Taxasu: Biseki. Shingi, I (1930), p.
176. ) ' B
2). Rorur: Math. Zeitschr, Bd. 9 (1921), S. 309 ;-also Takasu: Biseki. Shingi, I, p. 173.
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Ry G . o
gy = 3 2,5
Sﬂ% (0<o<1) #9)
and hnlﬁ(h)—_-%£%1~

3. Supplementary Remarks. It is well-known that if ¢(x)is bounded
and continuous in O<z<h : :

S ¢(x)drr = 71_ S (h=ty-ig(tyde.” 8, 1)
Still more it may be Worth mention that if we put the summations

S, = lim eZ, é(ve)

N=2

S, =lim ¢ Z, Z ¢(/Ie)
‘N=oo, y=0

=0
. N v &

S, =lime’ 2 > 2 ¢(re)
N=so =0 =0 =0

ete. :Ne:iZ, ‘
' then &:%#_thwwu‘ (3,2)
|

For the case f(0)=0, /7 (0)20 we have known that '
f@) = flx)r  (0<f<1)
lim f(x) = 12,
but we should not suppose- here

F@) _ f@2) e

x x/2

QU . wf@ e :i(ﬁg), — _1_. " "
because : p = 52 f(O)(l Nr + —— 3 f (O)(l x4

therefore if we set 0= -12-,—f”(0) (1-6)z+ <>

~ then lim 6 (z) =1=1/2

=0
~inevitably.
On 6(z,h) for h—=5, we can reach some interesting facts by giving a few
restrictions for f(w). .
(Received November 5, 1945)

1) KowaLEwskr: Integralgleichungén (1930), S. 34
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Characteristics of Pneumatic-Hammerpic
An Investigation on Piston Stroke

Yoshihisa Maeno

Abstract

This Paper is a statement of the results of the investigator’s own experiment made on the
piston stroke of CA-7 Type pneumatic-hammerpick which is iufluenced by such things as the comp-

ressed air pressure, the strength of various springs, and the primary pressure of the spring of the
- testing machine.

The steel rod, which is fast attached to the piston, has the same motion as the piston stroke.
Therefore the end of the steel rod was reciprocated out of the hammefpick body, of which motion
the investigator took a photograph. At the same time he made a searching inquiry into the body-
swing of the pick itself
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B 2 & o1
R10C 800
& % I I I v v U VI Mean
1 % & #% % | R10C | R10C | R10C | R10C | R10C | R10C | R10C | R10C
3001 | 8002 | 3003 | 3004 | 3005 | 3006 | 8007 30
2l #8 B M Keg'emd 403 | 403 4.03 4.03 4.03 4.02 4.03 408"
3 E% ¥ ~ v B Kglem¥ 3.00 3.00 3.00 3.00 | 3.00 3.00 3.00 3.00
Pk mom Keg/em? . 1.03 1.03 1.03 1.02 1.03 1.03: | 1.03 1.08
b 2 A | EcC|150 | 1560 | 150 | 150 | 150 | 150 | 150 | 150
6§f 279 v ¥ o} mm| 0 0 0 0- 0 0 0 0
7 [ marsyen Kol o 0 0 0 0 0 0 0
8 lyy [ 19 BT '/min 870 | 860 | 870 867
9 @{ w o & 3 mm 145 143 144 144
10 1| 1 iMoot R mKel 081 | 079 | 080 08
g | 1 71 ) ‘ .
11 188 m-Kg/min 703 680 695 693
12 vox b AER o mm|102.0 11020 (1020 [102.0- |102.0 [101.0  |100.0
173 i 3 Sec| 0.0314) 0.0311) 0.0312 00320 0.0300 0.0320, 0.0323
14 { B m/Seci 225 328 | 3.26 3.18 340 3.16 3.10
15 % ( Fi E B B Sec| 00325 0.0381] 0.0386, 0.0363] 0.0387] 0.0374 .0395
16 { & mSec| 314 267 | 264 2.77 2.64 2.70 2.54
17— Fi O S | See| 0.0639] 0.0692) 0.0698| - 0.0688 0.0687, 0.0694 0.0718}
18 g{ MEN R /min] o 866 860 | 872 873 865 836
19 BV S” mm(102.0 1020 1020 [1020 1020 |101.0 988
20 ] WEREM “7H” Sec] 0.0254) 0.0237 0.0250, 00248, (:0250/ 0.0240|. 0.023
21 pud B m/Sec| 4.02 4.30 4.08 Ln 4.08 h 4.20 4.13
WEERIc e X by
22 ooz rr MK o550 L 0636 | 0570 0881 0.570 | 0.601 | 0587
15 Hog# .
23 =5 A%~ mKg/min 520 550 490 506 | . 498 520 491
24 BHoREx - mm 250 275 27.5 27.5 25.0 25.0 25.0
25 BMAa® 2% |20 22.0 22.0 | 22.0 20.0 20.0 20.0
26 WRiEEI ol mm| 1.00 1.25 1:25 1.25 1.25 1.00 1.25
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1 % B % 3 | R10C | R10C | R10C | R10C | R10C | R10C | R10C | R10C
4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007 40
2l & ¥ B, Kg/em? 5.03 5.03 5.03 503 | 5.03 5.03 508 | 5.03
3 % ¥ = ¥ B Kglem® 400 | 400 4.00 400 | 400 | 4.00 4.00 4.00
4! X & B Kglem? 1.08 1.03 1.03 1.03 1.03 1.03 | 1.03 1.08
B % 4 W OEC| 150 5:0 150 | 15.0 159 150 | 160 - | 15.0 -
’GEI 27"y v 7o mm 0 |0 0 0 9 0 0 0
5\ :
7 h{#E»cEs+2sh  Keg o0 0 0 0 0 0 0 0
8 lyp [ WA Vmin 1000 [ 1000 | 1010 1003
olg| M o Bz mm 180 | 183 | 188 1837
10 8] MofmEE mKe 122 1.26 1.33 . 197
o | AT D : . : B
11 AHE m-Keg/min| 1220 | 1260 | 1340 1273
19 Cx by mml103.0 |107.0 1070 |1075 1075 | 1065 1065
138 ( PP B OBE M) Sec| 00201 0.0270 0.0265 0.0272 0.0270 0.0278  0.0260]
gl mSee st | 596 | 403 | 896 | 398 | 384 | 410
15 8 FF B ok [ Sec; 0.0879; 00353 0.0366] 0.0338 00527 0:0323  0.0326) -
16 Lﬂ_{ pud B m/Secl 272 ] 3.04 3.01 3.18 3.29 3.30 3.27
17 = Pk WMk W See| 00670 0.0622) 00621 0.0610 0.0597 1.0601 0.0586| -
18 g l oS AT AR 1/min‘ 895 | 965, 965 933 1005 | 1000 | 1023.
19‘ ¢ PSR €57 mm{103.0  |108.0° |108.0 |108.0 108.0 {1085 1085
20 (B WIpREm <7 See| 0.0200, 0.0211) 0.0213 "0.0216, 0.02000 0.0224] 0.0205
21| @%@ﬂ%rzt Zggb ;/m/Sec 5.15 512 5.:07' 5.00 | 549 485 5‘30"
22v o {”%2 % é; F~m-Kg 0906 | 0900 | 0880 | 0855 17009 10805 | 0.965
23 v R ¥~ m-Kg/min| 811 868 850 | - 841 | 1005 805 990
24 Wieoks mm 225 | 200 | 200 | 212 21.2 20.0 20.0
25 BEM % R % | 180 | 160 | 160 | 1695 | 1695 | 160 | 160
29 i&ﬁk%ﬁﬁwﬁ mm| = 1.25 150 | 150 176 | 125 1.50 1.50
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B 2R o 3
R 10 C500
ES &k I I I Vi v A il Mean
1 T OB & o R10C | R10C | R10C | R10C | R10C |.R10C | R10C | R10C
. 5001 5002 5003 5004 5005 5006 5007 50 °
2 | J OB B Kelem®  6.03 6.03 |” 6.03 6.03 | 6.03 6.03 6.03 | 6.03
2= > )
3 ’%‘ ¥ - ¥ & Kg'em? 5.00 5.00 5.00. | 5.00 5.00 5.00 5.00 5.00
s l K KB Kglem? 1.03 1.08 1.02 1.03 103 | 1.03 1.03 1.03
5 % K M E°Cl 150 15.0 15.0 15.0 150 -] 150 - | 15.0 15.0
6B ( 270y ofinmm o 0 0 0 0 0 0 0
i
v 0 e emszn Ko o 0 0 0 0 0 0 0
8 lip [ ¥R MAES  min 10704 1070 | 1070 1070
9| o ¥ ox mm| 21.5 #| 218 218 21.70
10 #1 | 1 ¥ oHAHE m-Ke 180 1.85 1.85 11833
g | 1 o ' j
n ™ ft # & m-Kg/min| 1925 | 1980 | .1980 | 1962
12 e = b iR mm|112.5 110.0 |110.0 |110.0 |110.0 [109.0 {109.0
13 ﬁﬁ[ B BB 0 Secl 00238 0.0235 0.0240] 0.0240] 0.0250 0.0232 0.0240
14 it | s M miSec 473 | 468 | 458 | 458 | 440 | 470 | 455
.15 % { AP ouR Secl  0.0300] 0.0245 0.03200 0.0331 0.0322 0.0328| 0.0312
16 R 3E B m/Seci 3.75 3.19 344 3.43 242 3.32 350 |
17 | f Fr & 81 Sec:  0.0638|  0.0580{ 0.0560 0.0661} - 0.0572| .0.0560| 0.0552
s ) .
18 1iH l ST B 0y /mm1 1114 1034 1071 | 1069 | 21049 1072 - | 1086
° . &
19 WSy iFR <5 mm1 110.0 {1085 [110.0 [110.0 {1100 [110.0 |110.0
20 |- WHRERY 7" ecl 00175 0.0165 0.0170, 0.0172 0.0180/ 0.0167) 0.0180
21 BU B m/Sec 6.30- | 6.58 647 6.40 6.11 6.60 6.11
BB Ic e = by | S .
22 |y m&o:«'ﬂf £ ~m-Kg 1.6 148 1.44 140 1.28 149 1.28
1 o me | |
23 1*»f— m-Kg/min' 1515 1530 1542 1500 | 1845 | 1598 1292
24 Mo R x mm1 18.7 20.0 19.5 175 | 175 18.7 18.7
25 BE W R 2 | 150 | 160 | 156 | 140 140 | 150 | 150
26 Ptk o i mmj 225 | 225 | 300 | 300 | 300 | 3.00 | 250




46 O S - S §
$ 2 ®r 04
R10C 600 .
! - I I I v i W | VW | Mean
1w mo® o [RNGIRIC RO RGO RIO| RIO | RG| RieC
2l #E H B Kg/em® 7.03 7.08 7.03 7.08 7.03 | 7.08 7.03 7.03
3 % o= Y R Kgfem?  6.00 600 | 600 | 6.00 6.00 | 6.00 6.00 | 6.00
sl x w B Kgfem¥ 103 |- 103 | 1.03 | 103 103 | 103 | 103 | 103
5 ZHRBE C 150 | 150 150 | 150 150 | 150 | 150 | 15.0
6 B ( A7)y SofE»mom . 0 . 0 0 0 » 0 0 U
7 ﬁ{ WorrHTah Kg o0 0 0 0 0 0 - 0 0
B[ TEBES  Ymin 1100 | 1130 | 1180 1120
9l i » H & mm| 235 236 | 24.0 23.70
10 (i ] 1 IRouts mKy 218 230 | 27 2217
o AR m-Kg/min| 2400 | 2480 | 2560 ; 2480
12 by mm100 (1100|1100 (1100 (1100|1090 ~|109.0
13 f R ] Secl 0.0223 - 0.0211 0.0210 0.0218 002001 00221, 0.0215
14 fi | s e mfSec| 494 | 521 | 525 | 506 | 550 | 493 | 507
15 8 ( F7 H wE Sec| 0.0346 0.0810] 0.0313 0.0327  0.0355 0.0290| * 0.0305,
16 ,jgl © M mfSec 318 355 | 3.51 340 | 310 L. 376 3.57
17 - /£ B R Sec 0.6569 0.0521)  0.0523 0.0645 0.0655 0.0511) 0.0520
18 1{5 | g sme min | 1055 | 1151 | 1146 | 1101 | 1083 | 1173 | 1152
19 B 57 mm 1100 {1100 1085-108.5 {1085 (1125  [1125
20 (B | RSEBEN “TH”  Sec, 00141 0.0126] 0.0130] 0.0127 0.0127] 0.0158  0.0144
21 @Iggsu%akt JE . mSec 780 ,3’74 836 | 885 | 855 | 712 ‘7.80
22 g | OF2= XA F-mKg 200 | 262 239 | 250 | 250 174 2.08
) l”lfi@ﬁﬁlﬁ v
23 =% A~ mKg/min 2204 | 3020 | 2738 | 2750 | 2710 | 2040 | 2400
% | WMok: mm 22 212 | 27 27 | 07 | 150 | 150
25 BRAER 2% |I0 17.0 174 174 174 ‘12.0 12.0
26 WARSOW  mm 375 | 400 | 375 | 875 . 375 | 875 4.00
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R 10 A 300
® - I I i v v M | W | Mean
1 g OB R OB R10A | R10A | R1CA | R10A | R10A | R10A | R10A | R10A
7 3001 | 8002 | 8003 | 3004 | 8005 | 3006 | 8007 30
S 2l ¥ B B Kglem® 403 4.03 | 403 .| 4.03 403 4.03 4.03 4.03
3 fg o~ Y B Kglem® 8.00 | 800 | 300 | 8.00 | 300 | 300 | 300 | 300
4 Pl x % M Kegfem? 103 | 103 | 103.| 103 | 103 | 103 103 1.03
5 2% Mg C | 120 .| 120 12.0 12,0 | 12.0 12.0 12.0 12.0
6 B ( =7 Yy Voffizr mm| 0 0 0 0 0 0 0 0
i | |
VAR -t Y Kg| 0 0 0 0 0 0 0 0
8l WHBEE S ‘/min 870 890 820 840 850 870 837
9wl o & & mm’ (68) | 69 2.5 2.8 3.3 (5.9) 2.9
10 |#h 1;]5]\%@ﬁ$-§; m—Kg4 .74) | 0.77) 0.19 0.22 027 | (0.77) 0.23
P 1 3]
n Bl pwa m-Kg/mlnl (644) | (685) | ®156 185 229 | (670) 190
19 ¥R by iR mm 963 | 963 | 863 |-863 | 888 87.5 |1025 92.0
1380 M B Sec 0.0320 00328 0.0320 00306 0.0318 0.0308 0.0314] 0.0817
14 i | s B mfSec; 3.00 | 293 0 270 ; 282 | 279 | 284 8.27 | 291
15 4% { - Sec. 0.0348 0.0350 0.0381) 0.0400] 0.0400] 0.0400/ 0.0368 0.0878
16 3B U B m/Sce, 2.76 275 | 2.26 2.16 .22 219 279 | 245
7 [ FEOB g R Sec/ 0.0663 0.0678 0.0701 0.0706] 0.0718 0.0708| 0.0682 0.0694
18 g My me  Umin 00 | sss | sss | ss0 | sds | s 879 | 86
19 bk st RN mm| 963 96.3 90.0 - | 90.0 90.0 90.0 |102.5 93.6
20 | smpmin “Za”  Sec 00238 00264 00249 0.0246 00270 0.0263] 0.0250 0.0255
21 M mfSecl 415 | 565 | 362 | 366 | 333 336 | 410 | 370
ﬂiriﬁf_ﬂéﬁk ER by .
22 Ly |@Ffo =k A ¥ —mKg 0590 | 0456 |- 0448 | 0.321| 0340 |- 0.386 | 0577 | 0445
2
1 o
23 =% ¥~ m-Kg/minl 530 412 383 273 288 327 490 | 386
% WMo Es mm 335 | 825 | 875 375 | 363 | 350 | 1875 | 329
25 - % | 26.0 26.0 | 30.0 30.0 29.1 28.0 15.0 a7
26 kiR ol mm 150 150 | 1580 2.00 1.50 1.55 2.00 1.65
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R 10 A 400 :
;= - -k ; I I I ‘ v v i .VJ[ "| Mean
1 @ ®m @ s |BRIA| RICA | R10A | R10A | R10A | RI0A | R10A | R10A -
’ 4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007 | 40
2l ¥E W M Kg/cm‘“’l 5.03 5.03 5.03 5.08 5.03 5.03 5.03 5.08
Y I Rglom) 400 | 400 | 400 | 400 | 400 | 400 400" 400
¢ PUk & B Kglem? 103 | 103 | Lo | 103 | 103 | 103 | 103 | 103
5, ZALWE G| 120 | 120 | 120 | 12 120 | 120 | 120 | 120
6 JE( %7y ¥/ o> mm 0 o | o 1 o 0 0 0
7 ﬁl%ﬁwﬁwaﬁ Kgi 0 0 0 0|0 0 0 0
Sly [ FTMBEZ - Uminl o0 | 970 | 950 | 990 | 980 | 960 983
oW o % s mm 72 | 72 | 51 | 52 | 51 | (1.0 5.1
10 @] 1 o %HE mKe (1.14) | (L14) 0.57 0.59 057 | (1.08) 0.58
1 [ ! ?i F‘%@ﬁ m-Kg/min (1070) | (1070) | ® 557 | 585 557 | (1038) ’ 566
12 L e bR mm 1025 1025 . {1025 (1025 10126 |1025 - |110.0 '
18 (B B M B See 0.0294  0.0204 00256 0.0256 00251 0.0263 0.0300)
14 Lg{ 3 B m/Seel 349 | 549 | 400 | 400 | 4do | 390 | se7 |
15 }%ﬁ B BRI Sec| 0.0330 00342 00348 00863 00330 0.03%8 ‘0.0322
16 »,@\{ M - % mfSec| 311 | 800 | 295 | 283 | 307 | 313 | 342
17 = FP O B Sec| 0.0624 " 0.0636| 0.0604 0.0619| 00581 0.0591 0.0622
18 f’gl B Ymin| 963 | 945 995 970 | 1080 -| 1015 965
19 POEVERECS” - mm105.0 1050 1050 1050 |10L.0. {1022 {1100
20 (M| JEmER) 7w Sec 0.0218 00219 00206 0.0206 0.0220 | 0.0200 0.0227
21 o B mfSec 482 | 480 | 510 | 510 | 460 | 510 | 485
RS e = oo '
22 g ;)i&;{?;fgg%—ng 0.796 | 0788 | - 0.890 | 0890 | 0.715 | 08957 0.805
aIin J}
23 = %a ¥~ mKgmin 767 | 745 | 885 | 864 | 736 | 908 | 778
%] WMok mm 20 |20 | %0 |20 |25 | WS | 200
T WA % R % | 200 | 200 | 200 | 200 | 220 | 190 | 200
26 BHEDOR  mm 15 | 15 | 15 | 20 | 20 | 15 | 15
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B2 % 01
R A 10 500
vl % I I i v v A i} Mean
1 ‘ T R10A | R10A | R10A | R10A | R10A | R10A | R10A | RI0A
; - C|B001 | B002 | 5003 | 5004 5006 | 5006 | 5007 50
2 ‘?:,. f % 8 Kg/em?® 603 | 6.03 603 6.03 6.03 6.03 6.03 6.03
3 g;;l ¥ ~ v J% Kglem? 500 | 500 | 500 | 500 | 500 | 500 | 500 | 5.00
o 8
4 Mx w4 m Kgfem?  1.03 1.03 1.03 1.03 1.08 1.03 103 1.03 -
b l Z2 A W °C ) 150 | 150 15.0 15.0 15.0 | 150 15.0 150
| : .
6 %f 277V v ¥ o mm[ 0 0 0 0 0 0 0 0
7 ‘ﬁ g2 Kg - o0 0 ) 0 "0 0 0 0
8y B EE ‘/minl 1040 1040 1050 | 1030 1080 1040
( /
9 ‘g i o & 3 mm 8.3 8.1 7.5 74 7.6 8.2
10 }ifﬂ %o e mKe 151 | 144 | 1.24 120 | 197 | 147
| 17O o o \
11 7% 4k # & m-Kg/minl 1570 1500 1305 12385 1310 1530
12 ’ ¥R b R mm 110.0 |112.5° | 11875 {1125 11375 |108.756 |108.75
ol o
13 | i f I AR ] Sec| 0.0223, 0.0238)  0.0248| 0.0241] 0.0246, 0.0236] 0.0234
14 if_E U st B m/Sec| 493 4.63 458 4.67 4.62 4.61 4.64
15 Iﬁ I POE M Sec;  0.0298)  0.0300, 0.082: 00309 00328/ 0.0327 00339
16 58 | B m/Sec; 369 367 | 853 364 346 8.33 321
17 ~’ [ i B K Seci 0.0521] 0.0538) 0.0570, 0.05500 O0.0574 0.0563 ~0.0573
i . s J :
18 ﬁzl % '/minl 1150 1115 1052 1099 1046 | 1065 1048
19 v}ﬁ@mﬁgﬁ “s” mm1 111.25 {1125  [1160 {1150 [113.75 113.75, 1125
33 : v '
20 HaSnk ] “ L Sec, 0.0194] 0.0176] 0.0195 0.0188 0.0200] 0.0183. 0.0186
21 ¥ m/Secl 574 | 639 | 591 | 612 | 570 | 621 | 6.06
/ ﬂ’f’z}_uf\‘ [ b NIV h N
22 1y ' o%ox ¥ -mKgl 143 140 1.20 1.98 111 1.32 1.5
bﬂ”)f@] )
23 = F A~ m-Kg/min! 1300 | 1560 | 1260 | 1394 -| 1160 | 1405 1310
24 B o R s mm 225 18.0 20.0 200 | 180 2125 | 21.95
25 Wom o 2 | 180 144 | 160 160 | 144 17.0 17.0
| :
26 [ BARToK  mml 20 205 | 2.0 2.55 20 20 2.0
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~ R 10 A 600
Yy . w[
) Bk I I m W v Vi VI | Mean
1| & ®m # s |RI0A|RWA|RI0A | RI0A | RI0A | RI0A | RI0A | RI0A
g 6001 | 6002 | 6003 | 6004 | 6005 | 6006 | 6007 60
2 2 @ B B Kg/em® 7.08 7.03 7.03 7.03 7.03 7.03 7.03 7.03
3 3%.}5 ¥ o~ ¥ K Kglem?f 6.00 6.00 600 | 6.00 6.00. | 6.00 6.00 6.00
g K K B Kglem?® ’f 1.03 103 | 103 1.03 1.03 103 | 108 1.03
5 | e C | 150 15.0 | 160 15.0 15.0 150 - 15,0 15.0
GEI %Y vy ol mm| 0 0 0 0 0 0 0 0
7 ﬁlﬁwriﬁ-aﬁ Kg 0 o 0 0 0 0 0 0
8 |y T8 B4 % /min 1120 | 1110 | 1100 | ‘1100 | 1100 — 1112
ol o % s mm 92 | 9% | 91 | 90 | 90 | — 9.1
10 #] 1 /4% E mKg 185 | 194 1.81 1.78 178 — 1.83
o 1 7o L :
1%L 4 % B mKg/min 2070 | 2150 | 1990 | 1960 | 1960 — 2026
12 CES DS - ‘r—m_n 1140 (1150 [1125 {1125 1170 [117.0 {11625
13 ﬁfx'{ g Sec| 00233 0.0226 0.0240, 0.0206 00240, 0.242 | 0.0236
14 I‘@ b B mfSecl 490 | 510°| 470 | 546 | 4885 | 488 | 493
15 4% (PR OE By B  Seel 00300 0.0315| 0.0203 0.0318] 00288, 0.0305] 0.0296
w6l m m/Sec 380 | 365 | a7 | ss3 | 406 | 384 | 393
17— ; B B owy M Sec| 0.0533 0-0541]  0.0543 - 0.052¢ 0.0528| 0.0547. 0.0532
18 {5 \ BT Y Y/min| 1125 1108~ | 1098 1146 1187 .| 1098 1147
" 19 TR 57 mm 123.0 1210 - |1185 |1175 1250 |125.0 1175
20 [ 0 510 I “TH” Sec, -0.0190° 0.0187|  0.0193 - 0.0180, 0.0192 .0.0192 0.0172
21 $ B m/Sec 65 65 633 | 650 | 650 | 652 | 685 -
ﬂ"&kﬂ.ﬁ ey ;
22 w o= ¥ ~mKg 1445, 1445 | 1380 | 1450 | 1450 | 1460 | 1.610
1 7 [ o g .
23 =R~ m—Kg,mm 1630 | 1600 | 1517 | 1660 | 1650 | 1600 | 1850
24 BMoks mm 163 | 175 | 175 | 175 | 1625 | 1625 | 1875
% | WM om® 2% | 130 140 | 140 | 140 130 | 130- | 1107
26 BikRE o mm| 255 2.50 2.50 2.50 2.50 3.00 295
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On the Relation between Temperature Distribution and -

Yield on Flow Velocity in the Reaction Tube

Masuo Shindo

Abstract

Firstly, supposing the reaction heat producéd in the externally cooled reaction tube assuming
the reaction of Ist order, the present investigator has tested the relation between temperature
distribution and yield on flow velocity, taking into concideration the fact that thermal conductivity
undergoes somecharlxge according to flow velocity and it is rather anisotropic in the turbulent stage.

Secondly, he has formulated the temperature distribution and conversion degree of the rea-
ction gas mixture in the heat exchanger type reactor as the function of space velocity and- inlet

- gas temperature. In case there is some change in flow velocity and inlet gas temperature, he
has discussed how temperature distribution and yield changes, showing, for example,‘;the working

behavior of the synthetic ammonia reactor numerically analysed.
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- An ’Approximaiton Theory of the Catalystic Reaction

Masuo Shindo ' ’

Abstract

The physmal meaning of 7 in the Temkin-Pyzhev’s theory as to the adsorptlon velocity of one
chemical species has been mterpreted as a factor originated from the repulsion potential of the
adsorbed atoms.

Expand‘ing this theory to the case where many chemical species exist, the present inivestigator
has formulated a general, approximate expression which is applicable to the cataly_tic reaction.

For example, the following results have been obtained from this theory.

(1) In the oxidation of SO; on Pt catalyst the adsorption stage of O: or S0z must be rate-
determmmg

{2) ‘The experimental results on the synthe31s of NHj; on doubly promoted Fe Catalyst at 10
atoms and inhibitive action Oz to that reaction have been analysed and interpreted with success.

§1. K ‘ &

TEMKINY 2§13 NH, ﬁ‘*ﬁ@m@ﬁﬁﬁimma‘m%L~E§_@4L@%§m&% B
B 2 P EHBIR E%&lkofnmk@m<fb%o
Va : %%%~mmb®%#*§
ve: [IU  BEEAE ‘
p 2 WIET HILBEEOR M EIT 5 E
pot FEHL T 2BGEIRER &0 % I:Tf\*‘ FWOEILBERBOF M 17 2 58
g w#%mw BB L oThd e TwBEE
ke kg, g B WFRLER .
ET X
_ 1) Temxiy & Pyzuay : Acta physicochimica (U.SS.R.) 12 (1940) p. 327.
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On the Rate of the Ammonia Synthesis at J:Iig;h Pressures -
o Masuo éhindo

Abstract

The present‘invéstigator hag analysed the experimehtal data of NH; synthesis over doubly
prométed Fe catalyst at temp. 370~450°C, at pressure 33.3~100 atm. and three different inlet gas
compositions by Emmerr & his coworkers.

‘ It may be said that the mvestlgator s formerly proposed expression was rather preferable to
TrMERIN's since better adreements with exp data have veen reached under all experlmented :
conditions.

It seems that when the synthetic velocity is proportional to 7", 2 the working pressure,
# is unity at 400~450°C and. tends to increase as the temp. is raised.
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1) s JERTIER 3 %R (W 24) p. 136.
2) Larson & Tour: ‘Chem. and Met. Eng. 26 II (1922) p. €47

“ 3) Emmrrr: Fixed Nitrogen (1932) Chap. VIII p. 227.

4) Tewgwy & Pyzmev: Acta Physicochimica (USSR.) 12 (1940) p. 327.
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A Table of the Coefficients ‘of_ |
the Interpolation Formula of Steffensen

Masao YQshida

Abstract

In this report the present writer gives a table of the numerical values for the coeﬁ‘iments
of the ‘interpolation formula of Steffensen. The values’are computed to ten signicant figures
and odd differences are also included. : :

The interpolation formula of Steffensen is one of the most useful formu-
las for interpolation. Representing by y(x) the function to be tabulated,
by « the argument, and by A the tabular interval, the formula may be
written as follows: : '

L y(mph) = y(fv)f—sl(p)c?«%4-31(@)55—'-3_(1))5“—%+Sz(p>5"% .

—Sp)° -3+ Syp)s'r— -+,
where S,.(p) = ‘22);:' n) and S,(p) = (p+n> (n=1, 2,8). Th1s formula
employs odd differences only accordlng to the scheme
. o x--h Y.
x :Ljﬂ' #
! ;i 0% .- :
z+h Y ’ ’

So far as the writer remembers the numerical values for these coef-
ficients seem to have not beemr given as yet notvvlthstandmg the practical
value of this formula. The object of the present report is to give the
numerical values of these coefficients. A table of these values are given
on the following pages.

This table contains the numerical values over:the range form p = 0.00
to p = 1.00 by intervals.of 0.01 for the first six coefficients S,(p), Si(p) (n=
1,2,8). The values of the first four coefficients §.(p), S,(») (n = 1,2) are
exact, and those of S(p) and S(p) are computed to ten significant figures
with the possible errors less than half one unit in the last place. For con-
venience in the application of this formula, difference-table is also included
in the modified form: ' '

x Y o-1 . 2 Foy e
z+h v o 5 o
(1) See for example, L.M. Mirxu-TroMson : The Caleulus of Finite Differences, (1933)L p. 74
K. Havasm: Interpolation and Numerical Computation (in Japanese) (1943), pp. 47-48.*
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- 0.00995

? Sy 8 St 8 b
0.00 0.00000 —0.005056 0.00000 0.00495 0.00.
0.01 —0.00495- —0.00495 0.00505 0.00606 -0.01
0.02 —0.00980 - —0.00485 0.01020 ~0.00515 0.02
0.03 ° —0.01455 —0.00475 0.01545 0.00525 0.03
0.04 ~—0.01920 —0.00465 0.02080 0.00835 0.04
0.05 —0.02375 —0.00455 " 0.02625 0.00545 0.05
0.06 —0.02820 —0.00445 0.03180 - 0.0056565 0.06
0.07 —{.03255 —0.00435 - 0.03745 0.00565 0.07
0.08" —0.03680 —0.00425 0.04320 0.005675 0.08
0.09 —0.04095 —0.00415 0.04905 . 0.006854 0.09
0.10 —0.04500 —0.004056 ° 0.05500 0.00595 0.10
0.11 —0.04895 —0.00395 0.06105 0.00605- 0.11
0.12 —0.05280 —0:00385 0.08720 0.00616 0.12
013" —0.06655 ~0.00375 0.07345 0.00625 - 0.13
0.14 —0.06020 . —0.00365 0.07980 0.00635 0.14
0.15 —0.06375 —0.00355 . 0.03625 0.00645 0.15
0.16 —0.06720 —0.00345 0.09280 - 0.00655 0.16
0.17 —0.07055 —0.00335 0.09945 0.00665 0.17
0.18 —0.07380 ~0.00325 0.10620 0.00675 0.18
0.19 —0.07695 —0.00315° 0.11306 0.00686 0.19-

0.20 —0.08000 —0.00305 0.12000 0.00695 0.20 -
0.21 —~0.08295 .. —0.00295 0.12705 - 0.00705 0.2
0.22 .—0.08580 —(.00285 ~ 0.13420 -0.00716 0.22
0.23 _—0.08855 —0.00275 0.14145 0.00725 -0.23
0.24 —0.09120 —0.00265 0.14850 . 0.00735 0.24
0.25 —0.09375 _ —0.00265 _ 0.15625 0.00745 - 0.25 -
0.26 —0.09620" —0.00245 . 0.16380 . *0.00765 0.26
0.27 —0.098556 ~-0.00235 0.17145 0.00765 0.27
0.28. —0.10080 —0.00225 0.17920 0.00775 0.28
0.29 =0.10295 —0.00215 0.18706 0.00785 0.29
0.30 ~—0.10600 - —0.00205 0.19500 0.00795. 0.30
0.31 —0.10695 . =0.00195 0.20305 0.00805 0.31
0.32 —-0.10880 ~-0.00185 0.21120 0.00815 0.32
0.33 —0.11055 —0.00175 0.21945 0.00825 0.33
0.34 ~0.11220 --0.00165 - 0.22780 0.00835 0.34
0.35 -0.11375 —0.00155 0.23626 10.00845 0.35
036 —0.11520 —0.00145 0.24480 0.00865 0.36
0.87 —0.11655 —0.00135 0.25845 0.00865 0.37
0.38 =0 11780 —0.00125 0.26220 - 0.00875 - 0.38
0.39 —0.11895 —0.00115 0.27105 . 0.00885 0.39-
0.40 —0.12000 ~0.00105 0.28000 0.00895 0.40
041 -—0.12095 -—0.00095 0.28905 0.00905 0.41
0.42 - —0.12180 —0.00085 - 0.29820 0.00915 042
0.43 —0,12255 —0.00075 0.30745 , 0.009256 043
0.44 —0.12320 —0.00065 0:31680 0.00935 - 0.44
0,45 —0.12375 —0.000565 0.32625 _ 0.00945 - 045
0.46 ~0.12420 - —0.00045 0.33580 0,00965 046
0.47 —0,12455 —0.00035 0.34545 0.00965 0.47
0.43 —(0.12480 - —0.00025 .0.36620 0.00975 0483

-0.49 . —0.12495 —0.00015 0.36506 0.00985 0.49
0.50 —0.12600 - © ==0.000056 0.50

0.37500



A Table of the -Cocfficients of the Interpolaion Formula of Steffesen

Vi Sy 8 S 8 ?
0.50 —0.12500 —0.60006 0.37500 0.00995 0.50
0.51 —0.12495 0.00005 0.38505 0.01006 0.51
0.52 —0.12480 0.00015 0.39520 0.01015 0.52
0.53 —0.124556 0.00025 0.40645 0.01026 0.53
0.54 —0.12420 0:00035 0.41580 0.01036 0.54
0.66 ~ —0.12375 0.00045 0.42625 0.01045 0.55
0.56 —0.12320 0.000565 0.43630 0.01056 0.56
0.57 —0.12255 0.000 0.44745 0.01065 0.57
0.58 —=0.12180 0.00075 0.45820 0.01075 0.58
0.69 —0.12095 0.00885 0.46905 0.01085 0.69
Q’BO —0.12000 0.00095 0.48000 0.01095 0.60
0.61 —0.11895 0.00106 0.49105 0.01106 0.61
0.62 —0.11780 . 0.00115 0.50220 0.01115 0.62
0.63 —0.11665 0.00126 0.51345 0.01125 '0.63
0.64 - 0.11@% 0.00135 0.52480 0.01135 0.64
0.65 —0.11375 0.00145 - 0.53625 0.01145 0.656
0.66 —0.11220 0.00155" 0.64780 0.01155 0.66
0.67 —0.110565 0.00165 0.65945 0.01165 0.67
0.68 —0.10880 0.00175 0.57120 0.01176 0.68
0.69. —0.10695 0.00185 0.68306 . 0201185 0.69
0.70 —0.105600 0.00195" 0.69500 0.01195 70
0.71 —0.10295 0.00205 0.60705 0.01205 0.71
0.72 —0.10080 0.00215 0.61920 0.01216 0.72
0.73 —0.09855 0.00225 0.63145 0.01225 - 0.73
0.74 —0.09620 0.00235 0.64380 0.01235 .0.74
0.76 —0.09375 0.00245 0.65625 0.01245 0.76
0.76 —=0.09120 0.00255 0.66880 0.012565 0.76
0.77 —0.08856 0.00265 0.68145 . 0.01265 0.77 -
0:78 —0.08580 0.00275 0.69420 0.01275 0.78
0.79 —0.08295 -0.00285 0.70705 0.01285 0.79
0.80 —0.08000 0.00295 - 0.72000 0.01295 0.80
0.81 -—0.07695 0.00305 ).73305 0.01305 0.81
0.82 —0.07380 0.00315 0.74620 0.01315 0.82
0.83 —0.07055 0.00325 0.75945 0.01325 0.83
0.84 —0.06720 - 0.00335 0.77280 0.01335 - 0.84
0.85 -—0.06375 0.00345 0.78626 0.01345 0.85
0.86 —0.06020 0.00355 0.79930 0.01366 _ | 0.86
0.87 —0.0565b 0.00365 0.81345 0.01365 0.87
0.88 —-0.06280 0.00375 0.82720 0.01375 - 0:88
0.89 —0.04895 - 0.00385 0.84105 0.01385 0.89
0.90 —0.04500 0.00395 0.85600 -0.01395 0.90
0.91 —(.04095 0.00405 0.86905 0.01406 0.91
0.92 —0.03680 0.00415 0.88320 0.01415 . 0.92
0.93 —{‘ 0.03255 -0.00425 0.8974b 0.01425 0.93
0.94 =0.02320 0.00435- - 0.91180 0.01436 0.94
0.95 ~0.02375 0.00445 0.92625 0.01445 0.95
0.96 —0.01920" 0.00455 0.94080 0.01455 0.96
0.97 ~0.01455 0.00465 0.95545 0.01465 0.97
0.98 —0.00980 0.00475 0.97020 0.01475 0.98
0.99 —0.00495 0.00485 - 0.98505 10.01485 0.99

0.00000 0.00495 1.00000 0.01495 1.00

1.00
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2 Sz 3 3® F4
0.00 0.00000 00000 0 0.00083 74162 5 —5050 0 -0.00
0.01 0.00082 90837 5 0.00082 90837 5 —4950 0 0.01
0.02 0.00164 93400 0 0.00082 02662 5 —48560 0 0.02
0.03 0.00246 02837 5 0.00081 (09437 5 —4760 0 0.03
0.04 0.00326 14400 0 0.00080 11562 5 —46560 0 0.04
0.05 0.00405 23437 5 0.00079 09037 5 ~—4550 0 0.05
- 0.06 0.00483 25400 0 0.00078 01962 5 —4450 0 0.06
0.07 0.00560 16837 5 0.00076 90437 b —4350 0 0.07
0.08 0.00635 90400 0 0.00075 M562 5 —4250 0 0.08
0.09 0.00710 44837 & 0.00074 54437 b —4150 0 0.09
L .
0.10 0.00783 75000 0 - 0.00073 30162 b —4060 0 0,10
0.11 0.00855 76837 b 0.00072 01837 5 —3950 0 011
0.12 0.00926 46400 0 0.00070 69562 & ~—3860 0 0.12
0.13 0.00995 79837 5 - 0.00069- 33437 5 3750 O 0.13
0.14 0.01063 73400 0 0.00067 93562 5 —3660 0 0.14
0.15 0.01130 23437 b 0.00066 50037 5- —35660 0 0.15
0.16 0.01195 26400 0 0.00065 02962 b —3480 0 0.16
0.17 0.01258 78837 5 0.00063 52437 § —3350 0 0.17
0.18 0.01320 77400 0 0.00061..98662 b -~32560 0. 0.18
N0.19 0.01381 18837 & - 0.00060 41437 5 —3160 0 0.19
0.20 0.01440 00000 © 0.00058 81162 5 . =3050 0 " - 0.20
. 0.21 0.01497 17837 8 0.00057- 17837 b —2950 0 - 0.2
0.22 0.01552 69400 0 0.00065 51662 5 -~2850 0 0.22
0.2 0.01606_51837 5 0.00063 82437 & —2750 0 0.23
0.24 0.01658 62400 0 0.00052 10562 b —26560 0 0.24
0.25 0.01708 98437 b 0.00050 36037 5 —25650 0 0.25
0.26 0.01757 57400 0 0.00048 58962 5 —2450 0 0.26
0.27 0.01804 36837 5 0.00046 79437 5 —2350 0 0.27
0.28 0.01849 34400 0 0.00044 97562 5 2260 0 0.28
0.29 0.01892 47837 b 0.00043 13437 5 —2150 0 0.29
%
0.30 0.01933.75000- 0 0.00041 27162 5 . —20560 0 0.30
0.31 0.01973 13337 5 0.00039 38837 & —1950 0 031
0.32 0.02010 62400 0 0.00037 18562 5 —1850 0 0.32
0.33 0.02046 18837 5 0.00035 56437 & ~17560 0 0.33
- 0.84 0.02079 81400 0 0.00033 625662 5 —1660 O 0.34
0.35 0.02111 43437 5 0.00031 67037 5 —1560 0 0.35
0.36 0.02141 18400 0 0.00029 69962 5 - -~1450 O 0.36
0.37 0.02168 89837 b 0.00027 71437 5 ~1350 0 0.37
0.38 0.02194 61400 O 0.00025 71562 5 —-1250 0 0.38
0.39 0.02218 31837 5 0.00023 70437 5 ~1150 0 0.39
0.40 0,02240 00000 © 0.00021 68162 5 —1080 0 0.40
041 0.022569 64837 5 0.00019 64837 5 — 959 0 0.41
0.42 0.02277 25400 0 0.00017 60562 5 - -~ 860 0 0.42
0.43 0.02292 80837 5 0.00015° 55437 5 — 760 0 0.43
0.44 0.02306 30400 0 0.00013 49562 b ~ 660 0 0.44
0.45 0.02317 73437 5 0.00011 43037 5 — 5560 0 0.45
0.46 0.02327 09400 0 0.00009 35962 5 — 450 0 0.46
0.47 0.02334 37837 b 0.00007 23437 5 — 350 0 047
0.48 0.02339 53400 0 0.00006 20562 b . — 350 0, . 0.43
0.49 0.02342 70837 b 0.00003 12437 5 — 150 0 0.49-
0.50 0.02343 76000 0 0.00001 04162 5 — 500 0.50
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F 4 & 8 & 2
0.60 0,08343 75000 O - 0.00001 04162 5 - b0O 0.50
0.51 . 0.02342 70837 & ~0.00001 04162 b 650 0 0.561
0.62 -0.02339 53400 0 —0.00003 12437 b 150 0 0.62
0.63 0.02334 37837 b —0.000056 20562 b 250 0 0.53
0.54 | 0.02327 09400 O —0.00007 28437 & 360 0 0.64
0.55. 0.02317 73437 5 —Q.00009 35962 b 450 0 0.65
0.56 .0.02306 30400 O —0.00011 43037 5 550 0 0.66
0.67 0.02292 80837 & '—0.00013 49562 5 660 0 0.57
0.58 0.02277 25400 0 —0.00015 556487 5- 750 0 - 0.88
0.59 0.02269 64837 b —0.00017 60562 5 860 0 0.69 -
0.60 0.02240 00000 .0 —0.00019 64837 b 50 0. 0.60
0.61 0.02218 31837 & ~0.00021 68162 b 1050 O 0.61
0.62 0.02194 61400 0 —0.00028 70437 b 1160 0 0.62
-0.63 - 0.02168 89837 5. —0.000256 71662 b- 1280 0 0.63
- 964 0.02141 18400 0 ~0.00027 71437 5 1360 o 0.64
0.65 0.02111 48437 & —0.00029 69962 5 1450 0 0.65
0.66 0.02079 81400 0 —0.00031 67037 & 1650 0 0.66
0.67 0.02046 18837 b —0.00033 62562 b 1650 O 0.67
0.68 0.02010 62400 0 ~0.0003b 56437 b 1750 0 0.68
0.69 0.01973 13837 5 —0.00037 48562 b 1850 0 0.69
0.70 0.01933 756000 0 .~—0.00039 33837 & 1960 0 0.70
0.71 0.01892 47837 b5 —0000041. 271625 2060 0 0.71
0.72 0.01849 34400 0 —0.00043 13437 5 2150 0 0.72
0.73 0.01804 36837 b —0.00044 97562 b 2260 0 0.73
0.74 " 0.01757 57400 0 —0.00046 79437 & 2350 0 .0.74
0.76 0.01708 98437 5 —0.00048 58962 5 2450 0 0.76
0.76 0.01668 62400 0 ~—0.00060 36037 5 2560 0 -0.78
0.77 0.01606 51837 5 —0.00062 10662 5 2660 0 0.77
0.78 0.01562 69400 0 —0.00063 82437 b 2750 0 0.78
0.79 0.01497 17837 6 —0.00055 51562 5 2850 0. 079
0.80 0.01440 00000 O —0.00067 17837 b 2950 0 - 0.80
0.81 0.01381 18837 5 T —0.00058 81162 b 3060 0 0.81
0.82 0.01320 77400 0 ~0.00060 41437 5 3150 0 0.82
0.83 0.01258 78837 5 —0.00061 98662 b 3260 0 0.83
0.84 0.01196 26400 0 ~0.00063 52437 & 3360 0 0.84
0.85 0.01130 23437 5 © —0.00065 02962 5 34560 0 0.8
0.86 0.01063 73400 0 - —0.00066 50037 & 3660 0 0.86
0.87 0.00995 79837 5 —0.00067 93562 & 3660 0 0.87
0.88 0.00926 46400 0 —0.00069 33437 5 3760 0 0.88
0.89 0.00865 76837 & ~0.00070 69562 & - 3860 0 0.89
0.90 0.00783 75000 0 —0.00072 01837 5 3960 0 0.90
0.91 0.00710 44837 6 —0.00073 30162 5 4060 o0 0.91
0.92 0.00635 9€400 0 —0.00074 54437 5 4150 0 0.92
0.93 0.00660 16837 & —0.00076 74562 5 4250 0 0.93
0.94 0.00433 25400 0 —0.00076 90437 5 4350 0 0.94
0.95 0.00405 23437 & —~0.00078 01962 5 _ 4450 0 0.95
0.96 0.00326 14400 0 —0.00079 09037 5 4550 0 - 0.96
0.97 0.00246 02837 b —0.00080 11662 b 4650 0 097
0.98 0.00164 93400 0 —0.00081 09437 5 4750 0 0.98
0.99 0.00082 90837 b —0.00082 02562 5 4850 0 0.99
1.00 0.00000 00000 0 -.0.00082 90837 b . 49500 1.00
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2 Sz 8 38 2

0.00 * 0.00000 00000 0 —0.00082 90837 b5 4950 0 - 0.00
0.01 —0.00083 74162 5 —0.00083 74162 5 5050 0 0.01
0.02 —0.00168 26600 0 —0.00084 52437 5 5150 0 0.02
0.03 - —0.00253 52162 5 —0.00085 25562 5 5250 0 0.03
0:04 ~—0.00339 45600 0 —0.00085 93437 5 * 5350 0 0.04
0.06 —0.00426 01562 5 —0.00086 55962 b 5450 0 0.05
0.06 —0.00513 14600 0 _ —0.00087 13037 5 5560 0 0.06
0.07 —0.00600 79162 5 —0.00087 64562 b 5650 0 0.07
0.08 —0.00688 89600 0 —0.00088 10437 b 5750 0 0.08
0.09 ~0.00777 40162 5 —0.00088 50562 5 5850 0 0.09
0.10 —0.00866 25000 0 —0°00088 84837 b 5950 0 0.10
0.11 —0.00955 38162 b —0.00089 13162 5 6050 0 0.11
0.12 —0.01044 73600 0 ~0.00089 35437 5 6150 0 0.12
0.13 —0.01134 25162 5 —0.00089 51562 b 6250 0 0.13
0.14 —0.01223 86600 0 —0.00089 61437 5 6350 0 0.14
015 - —0.01313 51562 5 - 0.00089 64962 5 6450 0 0.15
0.16 —0.01403 13600 0 —0.00089 62037 5 6550 0 0.16
0.17 —0.01492 66162 5 —0.00089 52562 5 6650 0 0.17
0.18 ~0.015682 02600 0 —0.00089 36437 5 6750 0 0.18
0.19 —0.01671 16162 5 ~0.00089 13562 5 6850 0 0.19
0.20 —0.01760 00000 0 --0.00088 83837 5 6950 0 0.20
0.21 —0.01843 47162 b —0.00088 47162 5 7050 0 . 0.21
0.2 —0.01936 50600 0 —0.00088 03437 5 7150 0. 0.22
0.23 —0.02024 03162 5 —0.00087 52562 5 7250 0 0.23
0.24 —0.02110 97600 0 —0.00086 94437 5 7350 0O 0.24
0.25 —0.02197 26562 5 —0.00086 28962 b 7450 0 0.25
0.26 —0.02282 82600 0 —0.00085 56037 b 7550 0 0.26
" 0.27 —0.02367 58162 5 —0.00084 75562 5 7650 0 0.27
0.28 —0.02451 45600 0 —0.00083 87437 5 7750 0 0.28
0.29 —0.02534 37162 b =0.00082 91562 5 7850 0 0.29
0:30 —0.02616 25000 0 —0.00081 87837 5 7950 O 0.30
0.31 —0.02697 01162 5 —0.00080 76162 5 8050 0 0.31
0.32 —0.02776 57600 0 —0.00079 56437 5 8150 0 0.32
0.33 —0.02854 86162 5 —0.00078 28562 5 8250 0 0.33
0.34 —0.02931. 78600 0 —0.00076 92437 5 8350 0 0.34
0.35 —0.03007 26562 5 ~0.00075 47962 5 8450 0 0.36
0.36 —0.03081 21600 0 —0.00073 95037 5 8550 0 0.36
0.37 —0.03153 55162 5 —0.00072 33562 5 -8650 0 0.37
0.38 —0.03224 18600 0 —-0.00070 63437 5 8750 0 0.38
0.39 —0.03293 03162 & —0.00068 84562 5 8850 0 0.39
0.40 ~0.03360 00000 0 —0.00066 96837 5 8950 0 0.40
041 - —0.03425 00162 5 —0.00065 00162 5 9050 0 0.41
0.42 —0.03487 94600 0 —0.00062 94437 5 9150 0 0.42
0.43 —0.03548 74162 5 ~—0.00060 79562 5 9250 0 0.43
0.44 —0.03607 29600 0 —0.00058 55437 b 9350 0 0.44
0.45 —0.03663 51562 5 —0.00056 21962 5 - 9450 0 0.45
0.46 - —0.08717 30600 0 —0.00053 79037 5 9550 0 0.46
0.47 —0.03768 57162 5 —0.00051 26562 5 9650 0 0.47
048 —0.03817 21600 0 —0.00048 64437 5 9750 0 048
0.49 —0.03863 14162 5 —0.00045 92562 b 9850 0 0.49
0.50 —0.03906 25000 0 —0.00043 10837 5 9950 0 0.50
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2 S2 5 83 )
0.50 —0.03906 25000 0 —0.00043 10837 5 9950 0 0.50
0.51 —0.03946 44162 5 —0.00040 19162 5 10060 0 - 0.51
0.52 —0.03983 61600 0 ~—0.00087 17437 5 10150 0 0.52
0.53 --0.04017 67162 5 —0.00034 05562 5 10250 0 0.53
0.54 —0.04048 50600 0 —0.00030 83437 5 10350 0 0.54
0.55 —0.04076 01562 5 —0.00027 50962 5 10450 0 0.55
0.56 —0.04100 09600 0 —0.00024 03037 5 10550 0 0.56
0.57 —0.C4120 €4162 5 - —0.00020 54562 5 16650 0 0.67
0.58 —(.C4137 54600 0 —0.00016 90437 5 107500 0.58
0.59 —0,041560 70162 b ~0.00043 15562 5 10850 0 0.59
0.60 —0.04160 00000 0 —0.00009 29837 5 10950 0 0.60
0.61 -—~0.04165 33162 b —0.00005 33162 5 11050 0 0.61
0.62 —0.04166 53600 0 —0.00001 25437 5 11150 0 0.62
0.63 —0.04163 65162 5 0.00002 93437 5 11250 0 0.63
0.64 —0.04156 41600 0 0.00007 23562 b5 11350 0 0.64
0.65 —0.04144 76562 5 0.00011 65037 5 11450 0 0.65
0.66 —0.04128 58600 0 0.00016 17962 5 11550 0~ 0.66
0.87 —0.04107 76162 b 0.00020 82437 5 11650 0 0.67
0.68 —0.04082 17600 0 0.00025 58562 5 11750 0 0.68" .
0.69 . —0.04051 71162 5 0.00030 4€437 5 11850 0 0.69
0.70 —0.04016 25000 0 0.00085 46162 5 11950 0 0.70
0.71. —0.03975 67162 5 0.00040 57837 5 12050 0 0.71
0.72 —0.03929 85600 0 0,00045 81562 5 12150 0 0.72
0.73. —{.03878 68162 5 0.00051 17437 & 12250 0 0.73
0.74 —0.03322 02600 0 < 0.00056. 65662 5 12350 0 0.74
0.75 ~0.08759 76562 5 0.00062 26037 b 12450 0 0.75
0.76 —0.03691 77600 0 0.00067 93962 5 12550 0 0.76
0.77 —0.08617 93162 5. 0.00073 84437 5 12650 0 0.77.
0.78 —0.08538 10600 0 0.00079 82562 .5 12750 0 0.78
0.79 —(.03462 17162 5 0.00085 93437 5 12850 0 0.79
0.80 —0.03360 00000 0 0.00092 17162 5 12950 .0 0.80
0.81 ~0.03261 46162 5 0.00098 53837 5 13050, 0 0.81
0.82 —0.03156 42600 0 0.00105 03562 5 13150 0 0.82
0.83 —0.03C44 76162 5 0.00111 6€437 5 - 13250 0 - 0.88
0.84 —0.02926 33600 0 0.00118 42562 5 13350 0 0.84
0.85 -—-0.02801 01562 5 0.00125 32037 5 13450 0 0.85
0.86 —0.02668 66600 0 0.00132 34962 b 135650 0 0.86
0.87 —0.02529 15162 5 0.00139 51437 5 13650 0 0.87
0.88 —0.02382 33600 0 0.00146 81562 5 13750 0 0.88
0.89 --0.02228 08162 5 0.00154 26437 5 13850 0 0.89
0.90 ~0.02066 25000 0 0.00161 83162 5 T 13950 0 0.90
0.91 - —0.01896 70162 5 0.00169 54837 5 140500 0.91
0.92 ~0.01719 29600 0 0.00177 40562 5 14150 0 0.92
0.93 —0.015633 89162 5 0.00185 40437 5 14260 0 0.93 -
0.94 —0.01340 34600 0 0.00198 54562 5 14350 0 0.94
0.95- —0.01138 51562 5 0.00201 83037 & 14450 0 0.95
0.96 —0.00928 25600 0 0.00210 25962 5 14550 0 0.96
0.97 ¢ —0.00709 42162 5 0.00218 83437 5 14650 ¢ 0.97
0.98 —0.00481 86600 0 0.00227 55562 5 14750 0 - 0.98
0.99 . —0.00245 44162 5 0.00236 42437 5 14850 0 0.99
1.00 0.00000 00000 0 0.00245 44162 5 14950 0 1.00
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2 S 8 83 8% .2
0.00 0.00000- 00000 00 — 0.00016 72013 20 1268 21 -bl 0.00.
0.01 - (0.00016 60903 48 ~.0.00016 60903 48 1241 55 -51 0.01
0.02 — 0.000388 09455 69 — 0.00016 48552 21 1224 38 —48 0.02
0.03 — 0.00049 44432 25 - 0.00016 34976 56 1206 73 —46 0.03
0.04 — 0.00065 €4626 13 - 0.00016 20194 18 1188 62 —47 0.04
0.05 — 0.00081 68849 61 — 0.00016 04223 18 1170 04 —48 0.05
0.06 — 0.00097 55931 75 — 0.00015 87082 14 1150 98 —40 0.06
$0.07 — 0.00118 24721 87 —0.00015 68790 12 1131 52 48 0.07
0.08 - 0.00128 74083 45 | —0.00015 49366 58 1111 58 - —39 0.03
. 0.09 — 0.00144 02919 91 — 0.00015 28831 46 1091 25 - —45 0.09
0.10 ~ 0.00159 10125 00 — 0.00015 07205 09 1070 47 -—-36 010
0.11 — 0.00173 94633 25 — 0.00014 84508 25 1049 33 —~44 0.11
0.12 — 0.00188 55395 33 — 0.00014 60762 08 1027 75 —3b 0.12
0.13 — 0.00202 91383 49 — 0.00014 35988 16- 10056 82 —-41 0.13
0.14 — 0.00217 01591 91 — 0.00014 10208 42 © 983 43 —-32 0.14
0.15 — 0.00230 85037 11 —= 0.00013 83445 20 - 960 82 =40 0.15°
0.16 — 0.00244 40758 27 — 000013 55721 16 937 76 —32 0.16
0.17 — 0.00257 67817 63  — 0.00013 27059 38 914 38 —33 017
0.18 — 0.00270 65300 S1 = 0.00012 97483 18 890 67 —34 0.18
0.19 - — 0.00283 32317 14 - 0.00012 67016 33 866 62 . —-32 0.19
0.20 — 0.00295 68000 00 — 0.00012 35682 86 842 25 ~--29 0.20
0.21 — 0.00307 71507 14 - 0.00012 03507 14 817 .59 - 29 0.21
0.22 — 0:00319 42020 97 — (0.00011 70513 83 792 64 - 30 0.22
0.23 — 000330 78748 85 — 0:00011 36727 88 767 39 —28 0.23
0.24 — 0.00341 80923 39 —0.00011 02174 54 | 741.86 ~~925 0.24
0.25, — 0.00352 47802 73 — 0.00010 66879 3 716 08 -—-25 0.25
0.26 - 0.00362 78670 79 - 0.00010° 30868 06 690 05 —27. - 0.26
0.27 - 0.00372 72837 52 — 0.00009 94166 73 663 75 —20 0.27
0.28 — 0.00382 29639 17 -— 0.00009 56801 65 637 25 —27 0.28
0.29 — 0.00391 48438 49 = 0.00009 18799 32 61048 —17 0.29
0.30 — 0.00400 28625 00 — 0.00008 80186 51 ~583 b4 —24 0.30
0.31 — 0.00408 69615 16 — 0.00008 40990 16 556 3 —16 0.31
0.32 — 0.00416 708562 61 — 0.00008 01237 45 529 02 —23 2 0.82
0.33 . — 0.00424 31808 383 — 0.00007 60955 72 H01 45 ~13 0.83
0.34 — 0.00431 51980 87 -~ 0.00007 20172 54 473 75 —20 .34
0.35 — 0.004:38 30896 43 — 0.00006 78915 61 445 35 13 0.38
0.36 — 0.00444 68109 31 — (.00006 37212 83 417 82 —15 0.6
0.37 — 0.00450 63201 54 - 0.00005 95092 23 389 64 —15 0.37
0.38 — 0.00456 15783 53 — 0.00005 52581 99 361 31 —12° 0.33
0.39 — 0.00461 25493 97 — 0.00005 09710 44 332 86 —10 0.39
0.40 — 0.00465 92000 00 = 0.00004 66506 03 304 3 —11 0.40
0.41 — 0.00470 14997 31 — 0.00004 22997 31 275 65 -11 0.41
0.42 — 0.00473 94210 25 — (.00003 79212 94 246 88 — 8 042
0:43 — 0.00477 29391 94 — 0.00003 3H181 69 218 03 . ] 0.43
044 — 0.00480 20324 35 — 0.00002 90932 41 189 12 -9 0.44
045 - — 0.00432 66818 36 — 0.00002 46494 01 160 14 — 8 0.45
0.46 ~ 0.00484 68713 83 —= {.00002 01895 47 131 08 0 0.46
0.47 — 0.00486 25879 68 .— 0.00001 57165 85- 102 02 - 8 0.47
0.48 — 0.00487 38213 89 — 0.00001 12334 21 72 88 1 0.43
0.49 — 0.00488. 05643 531 ~ 0.00000 67429 69 43 75 — b 0.49
0.50 — 0.00488 28125 00 — 0.00000 22481 42 14 57 4 0.50
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0.00016 60903 48

—1241 55

2 S3 3 5% S8 2
0.50 — 0.00488 28125 00 | — 0.00000 22481 42 14 57 4 0.50
0.51 — 0.00488 05643 58 0.00000 22481 42 -~ 14 &7 -4 0.51
0.52 — 0.00487 38213 89 0.00000- 67429 69 — 4375 5 -0.52
0.53 - = 0.00436 25879 63 0.00001 12334 21 — 72 88 -1 0.63
0.54 — (0.00484 68713 83 0.00001 57165 85 —.102 02 3 0.54
0:58 — 0.00482 66818 36 0.00002 01895 47 — 131 08 0 0.55
0.56 — 0.00480 20324 35 0.00002 46494 01 — 160 14 3 0.66
0.57 — 0.00477 29391 94 0.00002 90932 41 | — 189 12 - 7 0.57
- 0.58 — 0.00473 94210 25 0.00008 35181 69 ~ 218 038 6 0.58
0.59 — 0.00470 14997 31 0.00003 79212 94 — 246 88 8 0.59
0.60 - 0.00465 92000 00 0.00004 22997 31 -~ 275 65 11 0.60
0.61 — 0.00461 25493 97 0.00004 66406 03 — 304 31 11 0.61
0.62 - — 0.00456 15783 53 0.00005 09710 44 - — 332 86 10 0.62
0.63 — 0.00450 63201 54 0.00008 52581 99 — 361 31 12 0.63
0.64 — 0.00444 68109 31 0.00005 95092 23 339 64 15 0.64
) '
0.65 — 0.00438 30896 43 0.00006 387212 83 — 417 82 15 0.65
0.66 - 0.00431 51980 87 0.00006 78915 61 — 445 85 13 0.66
0.67 [ — 0.00424 31808 33 0.00007 20172 b4 — 473 75 20 0.67
0.68 — 0.00416 70852 61 0.00007 60955 72 — 501 45 18 . 0.68
0.69 — 0.00408 69615 16 0.00008 01237 45 — 529 02 23 0.69
0.70 — 0.00400 28625 00 0.00008. 40990 16 — 556 36 16 0.70
0.71 ~-0.00391 43428 49 0.00008 80186 &1 — 583 54 24 0.71
0.72 — 0.00382 29639 17 0.00009 18799 32 — 610 48 17 072
0.73 — 0.00372 72837 b2 0.00009 56801 65 ~ 637 25 27 0.78
0.74 — 0.00362 78670 79 0.00009 94166 73 —. 663 75 20 0.74
0.75 — 0.00352 47802 73 0.00010 30868 06 — 690 05 27 0.75
0.76 — 0.00341 80923 39 0.00010 66879 34 — 716 08 25 0.76
0.77 — 0.00330 78748 85 0.00011 02174 54 — 741 86 25 o
0.78 — 0.00319 42020 97 0.00011 36727 88 — 767 39 28 0.78
0.79 — 0.00307 71507 14 0.00011 70513 83 — 792 64 .30 0.79
0.80 — 0.00295 68000 00 0.00012 03507 14 — 817 59 29 0.80
0.81 — 0.00283 32317 14 0.00012 35632 86 — 842 25 29 0.81
0.82 - 0.00270 65300 81 0.00012 67016 33 - — 866 62 32 0.82
0.83 — 0.00257 67317 63 0.00012 97483 18 - 890 67 34 0.83
0.84 — 0.00244 40758 27 0.00013 27059 36. — 914 3 33 0.84
0.85 — 0.00230 85037 11 0.00013 55721 16 — 937 76 32 0.85 ~
0.86 — 0.00217 01591 91 0.00013 83445 20 — 960 82 40 0.86
0.87 — 0.00202 91383 49 0.00014 10208 42 — 983 48 32 0.87
0.88 — 0.00188 55395 83 0.00014 3b988 16 —1005 82 41 0.88
. .0.39 —0.00173 94633.25 |  0.00014 60762 08 —1027 75 35 0.89
0.90 — 0.00159 10125 00 -0.00014 84508 25 —1049 33 44 0.90
0.91 — (.00144 02919 91 0.00015 07205 09 |- —1070 47 36 0.91
0.92 — 000128 74088 45 0.00015 28831 46 —1091 25 45 0.92
10.93 — 0.00113 24721 87 0.00015 49366 58 ~1111 58 39 0.93
0.94 —-0,00097 65931 75 0.00015 68790 12 —1131 52 .48 0.94
0.95 — 0.00081 63849 61 0.00015 87082 14 —1150 98 40 0.95
0°96 — 0.00065 €4626 43 0.00016 04223 18 —1170 04 48 0.96
. 0.97 — 0.00049 44432 25 0.00016 2019418 —1188 62 47 0.97
0.98 —0.00083 09455 69 '0.00016 34976 56 —1206 73 46 0.98
0.99 — 0.00016 60903 48 0.00016 48552 21 | —1224 38 48 0.99
1.00 " 0.00000 00000-00 51 . 1.00
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2. S3 8 8 & 2
0.00 0.00000 00000 00 0.00016 60903 48 | —1241 55 51 0.00
0.01 0.00016 72013 20 0.00016 72018 20 | —1258 91 51 0.01
0.02 0.00033 53377 91 0.00016 81864 71 | —1274 36 50 0.02
0.03 0.00050 44319 77 0.00016 90441 86 | —1290 (1 59 0.03
0.04 0.00067 42048 77 0.00016 97729 00 | —1305 14 55 0.04
0.05 0.00084 45759 77 0.00017 03711 00 | —1319 72 55 0.05
0.06 0.00101 54133 05 0.00017 08373 28 | —1333 75 53 0.06
0.07 0.00118 65834 86 0.00017 11701 81 | —1347 25 60 0.07
0.08 0.00135 79517 95 0.00017 13683 09 | —1360 15 53 0.08.
0.09 © 0.00152 93322 17 0.00017 14304 22 | ~1372 52 63 0.09
0.10 0.00170 07375 00 0.00017 13552 83 - | —1384 26 56 0.10
0.11 0.00187 18792 18 0.00017 11417 18 | —1395 44 €4 0.11
0.12 0.00204 26678 27 0.00017 07886 09 | —1405 93 57 0.12
0.13 0.00221 29627 29 0.00017 02949 02 | —1415 95 67 0.13
0.14 0.00238 26223 29 0.00016 96596 00 | —1425 25 60 0.14
015 0.00255 15041 02 0.00016 83817 73 | —1433 95 67 0.15
0.16 0.00271 94646 53 0.00016 79605 51 | —1441 93 65 0.16
0.17 0.00288 63597 84+ |  0.00016 68951731 | —1449 36 65 0.17
0.18 10.00305 20445 59 0.00016 56847 75 | —1456 09 68 018
-0.19 ©0.00821 63733 69 0.00016 43288 10 | —1462 14 70 0.19
0.20 0.00337 92000 00 0.00016 28266 31 | —1467 49. | 69 0.20
0.21 0.00354 03777 03 0.00016 11777 03 | —1472 15 69 0.21
0.22 0.00369 97592 63 0.00015 93815 60 | —1476 12 72 0.22
0.23 0.00385 71970 63 0.00015 74378.05 | —1479 37 74 0.23
0.24 0.00401 25431 81" 0.00015 53461 13 | —1481 88 73 0.24-
0.25 0.00416 56494 14 0.Q0015 31062 33 | —1483 66 72 0.25
0.26 0.00431 63674 01 0.00015 07179 87 | —1484 72 80 0.26
0.27 0.00446 45436 70 0.00014 81812 69 | —1484 98 .| 72 0.97
0.28 0.00461 00447 23 0.00014 BA96O 53 | —1484 52 81 0.28
0.29 0.00475 27071 08 0.00014 26623 85 | —1483 25 75 0.29
0.30 0.00489 23875 00 0.00013 96803 92 | —1481 23 84 0.30
0.31 0.00502 89377 76 0.00013 65502 76 | —1478 37 76 0.31
0.32 0.00516 22100-99 0.00013 32723 23 | —1474 75 85 0.32
0.33 0.00529 20569 94 0.00012 93468 95 | —1470-98 79 0.33
0.34 - 0.00541 83314 33 0.00012 62744 39 | —1465 02 88 - 0.24
0.35 0.00554 08869 14 0.00012 25554 81 | —1458 88 80 0.35
0.36 0.00565 95775 49 0.00011 86906 35 | —1451 94 88 0.36
0.37 0.00577 42581 44 0.00011 46805 95 | —14d4 12 87 0.87
0.38 0.00588 47842 87 0.00011 05261 43 | —1435 43 86 0.38
0.39 0.00599 10124 35 0.00010 62281 48 | —1425 88 83 .89
0.40 0.00609 28000 00 - |  0.00010 17875 65 | —1415 45 91 0.40
0.41 0.00619° 00054 37 0.00009 72054 37 | —1404 11 91 0.41
0.42 0.00628 24853 35 0.00009 24898 98 | —1391 86 90 0.42
0.43 0.00637 01095 08 0.00008 76211 73 | —1378 7T 92 0.43
0.44 0.00645 27310 85 0.00008 26215 77 | —1364 64 95 0.44
0.45 0.00653 02166 02 0.00007 74855 17 | —1349 62 95 0.45
0.46 0.00660 24310 97 | * 0.00007 22144 95 | —1333 65 3 0.46
0.47 0.00666 92412 05 0.00006 68101 08 | —1316 75 00 0.47
0.43. 0.00673 05152 51 0.00006 12740 16 | —1298 85 93 0.48
0.49 0.00678 61233 50 0.00005 56080 99 | —1280 02 03 0.49
0.50 0.00683 59375 00 0.00004 98141 50 | —1260 16 96 0.50
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2 S3 3 3% 38 ?
0.50 0.00683-59375 00 0.00004 98141 50 | 1260 16 96 0.50
0.51 0.00687 98316 85 0.00004 33941 85 | —7939 34 | 1 04 0.51
0.52 0.00691 76819 71 0.00003 78502 86 | _ja17 48 97 0.52
0.53 0.00694 93666 10 0.00003 16846 39 | _1jo4 65 | 1-07 0.53 .
0.54 0.00697 47661 37 0.00002 53995 27 | —3170 75 | 1 00 054
0.55 0.00699 37634 77 0.00001 89973 40 | _y14585 | 107 . 0.55
0.56 0.00700 62440 45 0.00001 24805 63 | —y{19 83 | 1 05 0.56
0.57 0.00701 20958 53 0.00000 BS518 08" | —7gg92 8¢ | 1 05 0.57
0.58 0.00701 12096 15 — 0.00000 08862 33 | —71064 79 L 08 0.58
0.59 0.00700 34788 52 ~ 0.00000 77307 63 | 1035 64 | 1 10 0.59
0.60 0.00698 88000 00 — 0.00001- 46788 52 | —3005 39.| 1 09 0.60
0.61 0.00696 70725 20 — 0.00002 17274 80 | — 974 05 | 1 09 0.61
0.62 0.00693 81990 07 — 0.00002 88735 13 | — o941 62 | - L 12 0.62
0.63 0.00690 20852 99 —0.00003 61137 08 | — 908 o7 | L 14 0.63
0.64 . 0.00685 86405 89 ~0.00004 34447 10 | — g7z 33 | 113 0.64
0.65 0.00680 77775 39 —0.00005 08630 50 | — g37 kg | 112 0:65
0.66 . 0.00674 94123 93 ~ 0.00005 83651 46 | — 800 62 | 1 20 0.66
0.67 0.00668 34650 89 | — 0.00006 59473 04 | — 7248 | 112 0.67
0.68 0.00660 98593 79 | ~— 0.00007 36057 10 | — 723 92 | 1 21 0.68
0.69 0.00652 85229 41 — 0.00008 13364 38 | — gg2 75 | 115 0.69
0.70 0:00643 93875 00 -~ 0.00008 91354 41 | — ¢41 13 | 124 0.70
0.71 0.00634 23889 43 — 0.00009 69985 57 | — 59s o7 | 116 0.71
0.72 0.00623 74674 43 ~ 0.00010 49215 00 | — 554 25 | 125 0.72
0.73 0.00612 45675 75 | - 0.00011 23998 68 | — 508 o | 119 073
0.74 0.00600 36384 41 —0.00012 09291 84 | — 462 52 | 128 0.74
0.75 0.00587 46337 89 — 0.00012 90046 52 | — 414 78 | 1 20 075
0.76 0.00573 75121 41 —0.00013 71216 48 | — 36584 | 1 98 0.76
0.77 0.00659 22369 13 —~ 0.00014 52752 28 | — 31562 | © 127 0.77
0.78 0.00543 ST765 43 — 0.00015 34603 70 | — 264 13 | 1 26 0.78
0.79 0.00527 71046 18 —0.00016 16719 25 | — 211 33 | 1 28 0.79
0.80 0.00510 72000 00 —0.00016 99046 18 | — 157 35 13 0.80
0.81 0.00492 90469 b4 = 0.00017 81530 46 1020t 131 0.81
0.82 0.00474 26352 79 ~'0.00018 64116 75 | — 4536 | 1 30 0.82
0.83 0.00454. 79604 39 —0.00019 46748 40 | * 1259 | 1 32 0.83
0.84 0.00434 50236 93 —~0.00020 29367 46 7186 | 135 0.84
0.85 0.00413 38322 27 — 0.00021 11914 66 13248 | 135 0.85
0.86 0.00391 43992 89 ~ 0.00021 94329 58 194 45 | 133 0.86
0.87 0.00368 67443 2 ~ 0.00022 76549- 65 257 75 | 140 0.87
0.88 0.00345 08931 07 - 0.00023 58512 17 32245 | 1383 0.38
0.89 0.00320 68778 83 ~ 0.00024 40152 24 - 338 48 | 143 0.89
0.90 0.00295 47575 00 — 0.00025 21403 83 455 94 | 136 0.90
0.91 0.00269 45175 52 — 0.00026 02199 48 524 76 | 1 44 0.91
0.92 0.00242 62705 15 — 0.00026 82470 37 595 02 | 187 0.92
0.93 0.00215 00558 91 — 0.00027 62146 24 666 65 | 147 0.93
0.94 0.00186 59403 45 ~ 0.000%8 41155 46 789 75 | 140 0.94
0.95 0.00157 89978 52 | .— 0.00029 19424 93 814 25 | 147 0.95
0.96 0.00127 43095 37 — 0.00029 96880 15 890 22 | 145 0.96
0.97 0.00096 69653 22 | — 0.00030 73445 15 967 64 | 145 0.97
-9.98 0.00065 20610 71 — 0.00031 49042 51 1046 51 |~ 1 48 0.98

0.9 0.00032 97017 35 ~ 0.00032 23593 36 1126 86 | 1 50 0.99

1.00 0.00000 00000 00 | — 0.00032 97017 35 1208 71| 149 1.00

(Received November 15, 1949)
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A Table of the Coefficients of the Derivatives Formulas
Based upon the Interpolation Formula of Steffensen

Masao Yoshida

Abstract

In the present work the writer gives a table of the numerical values of the coefficients of
the derivatives formulas obtained form the interpolation formula of Steffensen. The values are
eomputed to ten decimal ’places and difference-table is also included.

It is frequently necessary to determine the derivatives of the functions
from their tabular values. Interpolation formulas for such purpose are read-
ily obtained by taking derivatives of the various interpolation formulas. In
this report the writer gives a table of the coefficients of the derivatives
formulas obtained from the interpolation formula of Steffensen™: ’

y(@+ph) = y(2)—S ()01 + S(P)o3— 8 (p)5'-1 + S(1)0" —5(p)o°-3
Sy o
By the guccessive differentiation of the above formula, we have
hy/(x-+ph) = —8/(p)3-3+8/(p)or—8.(p)6" -3+ S/ (p)d"y — S/ (p)0°-3
* +8/(0)’y =
and ‘
Ry"(x+ph) = —8-3+01—8 /(p)3’ -3 + 8, (0)0>-1—8 /" (p)o° -3
+8/ () —-r,
where the accents denote differentiations with-respect to p.
The following table gives the numerical values of the coefficients

S,/ (p), S)/(p) n=1,2,8); 8, (»), S,/ (p) (n=2,3) for the evaluation of the
first and second derivatives of tabulated functions by means of the above
formulas. These coefficients are computed from p=0.00 to p=1.00"at in-
tervals of 0.01 to ten decimal places except the exact values of S/(p) and
S/(p).  Odd differences are also given for convenience in the application of
the interpolation formula of Steffensen.

(1) See p. 85.
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» S SY
0.00 ~0.50 0.50
0.01 — 0.49 0.5¢
0.02 —0.48 0.52
0.03 - 047 - 0.53
0.04 — 0.46 0.54
0.06 ~ 0.45 0.55
0.06 — 0.44 0.56
0.07 - 0.43 0.57
0.08 —0.42 0.58
0.09 -~ (.41 0.59
0.10 —0.40 0.60
0.11 - 0.39 0.61
012 | —0.33 0.62
0.13 - 0.37 0.63
0.14 — 0.56 0.64
0.15 - 0.35 0.65
0.16 —0.34 0.66

0.17 - 0.33 0.67
0.18 - 0.82 0.68 -
0.19 ~0.31 0.69
0.20 —0.80 0.70
0.21 - 0.29 0.71
0.22 - 0.28 0.72
0.23 —0.27 0.73
0.24 —0.26 0.74
0.25 —0.25 - 0.75
0.26 ~0.24-, 0.76

L 0.27 - 0.23 0.77
0.28 = 0.22 0.78 ..
0.29 - 0.21 079
0.30 . ~ 0.20 0.80
0.31 - 0.19 0.81
0.32 - 0.18 0.82
0.8 - 0.17 0.83
0.34 —0.16 0.84
0.35 - 0.15 0.85
0.36 —.0.14 0.86
0.37 ~0.13 0.87
0.38 . =012 0.88
0.39 —0.11 B 0.89
0.40 ~0.10 0.90
0.41 — 0.09 0.91

. 042 —0.08 0.92
0.43 ~ 0,07 0.93
0.44 - 0.06 0.94
0.45 —0.05 0.95

0.46 - 0.04 0.96
0.47 —0.03 0.97
0.48 —0.02 0.98
0.49 - 0.01 10.99
0.50 0.00 1.00

2- Sy SY
0.50 0.00 1.00
0.51 o.01' 1.01
0.52 0.02 1.02
0.53 0.03 1.03
0.54 0.04 1.04
0.55 0.05 1.05
0.56 0.06 1.06
0.57 0.07 1.07
0.53 0.08 1.08
5.59 0.09 1.09
0.60 0.10 1.10
0.61 0.11 111
0.62 012 112
0.63 . 013 113
0.64 0.14 1.14
0.65 0.16 1.15
0.66 0.16 1.16
0.67 0.17 117
0.68 0.18 1.18
0.69 0.19 1.19
0.70 .0.20. 1.20
0.71 0.21 1.21
0.72 0.22 1.22
0.73 0.23 1.23
0.74 0.24 1.24
0.75 0.25 1.25
0.76 0.26 1.26
0.77 -0.27 1.27
0.78 0.28 A 1.2
0.79 0.29 1.29
0.80 0.30 1.30
0.81 0.31 1.31
0.82 0.32 1.32
0.83 0.33 1.33
0.84 0.34 1.34
0.85 0.35 1.35
0.86 0.36 1.36
0.87 0.37 1.37
0.88 0.38 1.38
0.89 0.39 1.39
0.90 0.40 140
0.91 041 141
0.92 0.42 1.42
0.93 0.43 1.43
0.94 - 0.44 144
0.95 0.45 145
0.95 0.46 1.46
0.97 0.47 1.47
0.98 0.48 1.48
0.99 0.49 1.49
1.00 0.50 150
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2 -8 3 ?
Y
0.00 0.08333 33333 —0.00080 81667 16001 0.00 -
0.01 0.08247 51667 —0.00085 81666 9998 0.01
+ 0.02 0.08156 80000 ~0.00090 71667 10001 0.02
0.03 0.08061 28333 —0.00095 51667 10001 0.03
0.04 0.07961 06667 —0.00100. 21666 9993 0.04
0.05 0.07856 25000 —0.00104 81667 10001 0.05
0.06 0.07746 93333 —0.00109 31667 . 10001 0.06
0.07 0.07633 21667 —0.00113 71666 9998 0.07
0.08 0.075615 20000 T —0.00118 01667 10001 0.08
0.09 0.07392- 98333 —0.00122 21667 10001 0.09
0.10 0.07266 66667 —0.00126 31666 9998 0.10.
0.11 0.07136 35000 ~0.00130 31667 10001 0.11
0.12 0.07002 13333 —0.00134 21667 10001 0.12
0.13 0.06864 11667 —0.00138 01666 9998 0.13
0.14 0.06722 40000 —0.00141 71667 10001 0.14
0.15 0.06577 08333 —0.00145 31667 10001 - 0.15
0.16 0.0€428 26667 —0.00143 81666 9998 0.16
0.17 0.06276 05000 —0.00152 21667 10001 0.37
0.18 0.06120 53333 —0.00165 51667 - 10001 0.18
0.19 0.06961 81667 - —0.00168 71666 9998 0.19
0.20 0.05800 00000 . —0.00161 81667 10001 0.20
0.21 0.05635 18333 —0.00164 81667 10001 0.21
0.22 0.05467 46667 ~—0.00167 71666 9998 0.22
0.23 0.05296- 95000 —0.00170 51667 10001 0.23
0.24 0.06123 73333 —0.00173 21667 10001 0.24
0.25 -0.04947 91667 —0.00175 81666 9998 0.26
0.26 0.04769 60000 —0.00178 31667 10001 0.26
0.27 0.04588 88333 —0.00180 71667 10001 0.27
0.28 0.04405 86667 —0.00183 01666 9998 0.28
0.29 0.04220 65000 —0.00185 21667 10001 0.29
0.30 0.04033 33333 —0.00187 31667 .+ 10001 0.30
0.31 0.035844 01667 —0.00189 31666 9998 0.31
0.32 0.036562 80000 —0.00191 21667 10001 0.32
0.33 0.02459 78333 —0.00193 01667 10001 0.33
T 0.34 0.03265 06667 —0.00194 71666 - 9998 0.3
0.35 0.03068 75000 —0.00196 31667 10001 0.35
0.36 0.02870 93333 —0.00197 81667 10001 0.36
0.37 0.02671 71667 —0.00199 21666 9998 0.37
0.38 0.02471 20000 —0.00200 51667 10001 0.38
0.39 0.02269 48333 —0.00201 71667 10001 0.39
0.40 0.02066 66667 —0.00202 81666 9998 0.40
0.41 0.01862 85000 =-=0.00203 81667 10001 0.41
0.42 0.01658 13333 —0.00204 71667 10001 042
0.43 0.01452 61667 —0.00205 51666 9998 0.43
0.44 0.01246 40000 —0.00206 21667 10001 0.44
045 0.01039 58333 - 0.00206 81667 10001 0.45
0.46 0.00832 26667 —0.00207 31666 9998 0.46
0.47 0.00624 55000 —0.00207 71667 10001 0.47
0.48 0.00416 53333 —0.00208 01667 10001 - 048,
0.49 0.00208 31667 —0.00208 21666 9998 0.49
0.50 0.00000 00000 ~0.00208 31667 10001
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2 5a 8 8 2
0.50 . 0.00000 00000 —0.00208 31667" 10001 0.50
0.51 —0.00208 31667 —0.00208 31667 10001 0.51
0.62 —0.00416 53333 —0.00208 21666 9998 0.52
0.83 —0.00624 55000 —0.00208 01667 10001 0.53
0.54 —0.00832 26667 —0.00207 71667 10001 0.54
0.55 —0.01039 58333 - —0.00207 31666 9998 0.55
0.66 —0.01246 40000 —0.00206. 81667 10001 0.56
0.57 —0.01452 61667 —0.00206 21667 10001 0.57
0.5% —0.01658 13333 —0.00205 51666 9998 0.58
0.59 —0.01862 85000 —0.00204 71667 10001 0.59
0.60 - —0.02066 66667 =0.00203 81667 10001 0.60
0.61 —0.02269 43333 —0.00202 81666 9998 0.61
0.62 —0.02471 20000 —0.00201 71667 - 10001 0.62
0.63 —0.02671 71667 —{(.00200 51667 10001 0.63
0.64 —0.02870 93333 .—0.00199 21666 9998 0.64
0.65 —0.03068 75000 —0.00197 81667 10001 - 0.65
0.66 —0.03265 06667 ~0.00196 31667 10001 0.66
0.67 —0.03459 78333 —0.00194 71666 9998 0.67
0.68 —0.03652 80000 —0.00193 01667 10001 0.68
0.69 —0.03844 01667 - —0.00191 21667 10001 0.69
0.70 —0.04033 33333 —0.00189 81666 9998 0.70
0.71 —0.04220 65000 —0.00187 31667 10001 0.71
0.72. —0.04405 86667 —0.00185 21667 10001 0.72
0.73 —(.04588 88333 —0.00183 01666 9998 0.73
0.74" —0.04769 60000 —0.00180 71667 10001 0.74
- 0.75 —0:04947 91667 —0.00178 31667 10001 0.75
0.76 —0.05123 73338 —0.00175 81666 9998 0.76
0.77 —=0.05296 95000 —0.00173 21667 10001 - 0.77
0.78 —0.05467 46667 —0.00170 51667 10001 0.78
0.79 —0.05635 18333 ~0.00167 71666 9998 0.79
0.80 —0.05800 00000 —0.00164 81667 10001 - 0.80
0.81 —0.05961 81667 —0.00161 81667 10001 0.81
0.82 . —0.06120 53333 —0.00158 71666 9993 082
0.83 - 0.06276 05000 —0.001556 51667 10001 0.83 .
0.84 —0.06428 26667 ~0.00152 21667 10001 0.84
0.85 —0.06577 08333 —0.00148 81666 9993 0.85
0.86 —0.06722 40000 - 0.00145 81667 10601 0.86
- 0.87 —0.06864 11667 —0.00141 71667 10001 0.87
0.88 —0.07002 13333 —0.00133 01666 9998 0.88
0.89 —0.07136 35000 —0.00134 21667 10001 0.89
0.90 —0.07266 66667 —0.00130 31667 10001 0.90
0.91 —0.07392 98333 ~0.00126 31666 9998 - 0.91
0.92 —0.07515 20000 "—0.00122 21667 10001 0.92
0.93 —0.07633 21667 ~—0.00118 01667 10001 0.93
0.94 —0.07746 93333 - —0.00113 71666 9998 0.94
0.95 —0.07856 25000 —~0.00109 31667 10001 0.95
0.96 —0.07961 06667 ~0.00104 81667 10001 0.96
0.97 —0.08061 28333 —0.00100 21666 9998 0.97
0.98 —0.08156 80000 —0.00095 51667 10001 0.98
0.99 —0.08247 51667 —0.00090 71667 10001 10.99 .
1.00 —0.08333 33333 —0.00085 81666 9998 1.00
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0.00 —0.08338 33333 —0.00085 81666 “ . 9998 0.00
0.01 —0.08414 15000 —0.00030 81667 g 10001 0.01
0.02 —0.08489 $6667 —0.00075 71667 g 10001 0.02
0.03 —0.08560 33333 —(,00070 51666 ; 9998 0.03
0.04 ~0.08625 60000 —0.00065 21667 | 10001 0.04
0.05 —0.08685 41667 —0.00059 81667 - 10001 0.05
0.06 —0.08739 73333 —0.00054 31666 9998 0.06
0.07 —0.08788 45000 —0.00048 71667 -10001 0.07
0.08 —0.08831 46667 —0.00043 01667 10001 0.08
0.09 —0.08868 63333 —0.00037 21667 9998 0.09
0.10 ? —0.08900 00000 - —0.00031 31667 10001 0.10
011 | —0.08925 31667 —0.00025 31667 10001 0.11
0.12 1 —0.08944 53333 —0.00019 21666 9998 0.12
0.18 | ~—0.08957 55000 —0.00013 01667 10001 0.13
0.14 5 —0.08964 26667 —0.00006 71667 10001 0.14
0.15 —0.08964 53333 -—0.00000 51666 9998 0.15
. 0.16 —0.08958 40000 0.00006 1833 10001 0.16
-0.17 ~0.08945 61667 0.00012 78333 10001 0.17
0,18 —0.08926 13333 0.00019 48334 9993 0.18
019 —0.08899 85000 0.00026 28333° 10001 0.19
0.20 —0.08866 66667 0.00033 18233 10001 0.20
0.21 —0.08826 48333 0.00040 18334 9998 0.21
0.22 | —0.08779 20000 0.00047 28333 10001 0.22
0.23 ! —0.08724 71667 0.00054 48833 10001 0.23
0.24 —0.08662 93333 0.00061 78334 9998 0.24
0.25 —0.08593 75000 0.00069 18333 10001 0.95
0.26 | - —0.08517 06667 0.00076 68333 10001 0.96
0.27 ‘ —0.08432 7833 0.00084 28334 9998 0.27
0.28 —0.08340 80000 0.00091 98333 . 10001 0.98
0.29 —0.08241 01667 0.00099 78333 10001 0.29
0.30 —0.081383 33333 0.00107 68334 9993 0.30
0.31 ~0.08017 65000 0.00115 63333 10001 0.31
0.32 —0.07893 86667 ©0.00128 78333 10001 0.32
0.33 . —0.07761 88333 0.00131 98334 9998 0.33
0.34 —0.07621 60000 0.00140 23333 10001 0.34
0.35 | —0.07472 91667 0.00148 65333 ‘ 10001 0.35
0.36 -.0.07315 73333 0.00157 18334 | 9998 0.36
- 0.37 —0.07149 95000 0.00165 78338 | 10001 0,37 -
0.38 T —0.06975 46667 0.00174 48333 10001 0.33"
0.39 —0.06792 18333 - 0.00183 2833 9998, 0.39
0.40 —0.06600 00000 0.00192 18333 10001 0.40
041" ~0.06398 81667 0.00201 18333 i 10001 0.41
0:42 —0:06188 53333 0.00210 28334 | 9993 0.42
043 —0.05969 05000 0.00219 48333 ? 10001 0.43
0.44 —0.05740 26667 0.00228 78333 10001 0.44
0.45 —0.05502 08333 0.00238 18334 9998 0.45
0.46 ~0.05254 40000 0.00247 68333 10001 0.46
0.47 T —0.04997 11667 0.00257 28333 10001 0.47
0.48 —0.04730 13333 0.00266 93334 9998 048
0.49 —0.04453 35000 0.00276 78333 10001 0.49
0.50 0.00286 63333 ‘ 10001 0.50
b

—0.04166 66667
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b2 S l b 8 b4
0.50 —0.04166 66667 l 0.00286 63333 . 10001 0.50
0.51 —0.03869 98333 l 0.00296 63334. 9998 0.51 -
0.52 —0.03563 20000 i 0.00306 73333 10001 0.52
0:53 —0.03246 21667 ‘ 0.00316 98333 10001 0.53
0.54 —0.02918 93333 | 0.00327 28334 9993 0.54
0.55 —0.02581 25000 ‘ 0.00337 68333 10001 0.55
0.56 ~0.02233 06667 i 0.00348 18333 10001 0.56
0.57 —0.01874 28333 0.00348 78334 9993 0.57
0.58 —0.01504. 80000 0.00369 43333 10001 0.58
0.59 ~-0.01124 51667 0.00330 28333 10001 0.59
0.60 ~0.00733 33333 0.00391 18334 9998 0.60
0.61 —0.00331 15000 0.00402 18333 10001 0.61
0.62 0.00082 13333 | 0.00413 23333 10001 0.62
0.63 0.00506 61667 0.00424 48334 9998 0.63
0.64 0.00942 40000 0.00435 78333 10001 0.64
0.65 0.01339 58333 0.00447 18333 10001 0.65
0.66 0.01848 26667 0.00458 68334 9998 0.66 -
0.67 0.02318 55000 0.00470 28333 10001 0.67
0.68 0.02800 53333 0.00481 93333 10001 0.68
0.69 ©0.03294 31667 0.00493 78334 9998 0.69
0.70 © 0.03800 00000 0.00505 63333 " -10001 0.70
0.71 0.04317 68333 - 0.00517 63333 10001 0.71
0.72 0.04847 46667 0.00529 73334 9998 0.72
- 0.73 0.05389 45000- 0.00541 98333 10001 0.73
0.74 0/05943 73333 0.00554 28333 10001 0.74
0.75 0.06510 41667 0.00566 68334 9993 0.75
0:76 0.07089 60000 0.00679 18333 10001 0.76
C0.77 0.07681 38333 ] 0.00591 78333 10001 0.77
0.78 0.08285 86667 } 0.00604 48334 9998 0.78
0:79 0.08903 15000 \ 0.00617 28333 10001 0.79
0.80 0.095633 33333 -0.00630 18333 - 10001 0.80
0.81 0.10176 51667 0.00643 18334 9998 0.81
0.82 0.10832 80000 1 0.00656- 28333 10001 0.82
0.83 0.11502 28333 ; 0.00669 43333 10001 0.83
0.84 0.12185 06667 | 0.00682 78334 9993 0.84
0:85 0.12881 25000 ‘ . 0.00696 18333 10001 0.85
0.86 0.18590 93333 0.00709 63333 10001 0.86
0.87 0 0.14314 21667 ‘ 0.00723 28334 9998 0.87
0.88 - 0.15051 20000 ! 0.00736 98333 10001 0.88
0.89 . 0.15801 98333 0.00750 78333 10001 0.89
0.90 0.16566 66667 ‘ 0.00764 68334 9998 0.90
0.91 0.17845 35000 0.00778 68333 10001 0.91
0.92 0.18138 13333 0.00792 78333 10001 0.92
0.93 0.18945 11667 0.00806 9833: 9993 0.93
0.94 - 0.19766 40000 0.00821 28333 10001 0.94
0.95 0.20602 08333 - 0.00835 68333 10001 0.95
0.96 0.21452 26667 0.00850 1833 9998 0.96
“ 0.97 0.22317 05000 0.00864 78333 10001 0.97
0.98 - 0.23196 53333 0.00879 48333 10001 0.98
0.99 0.24090 81667 0.00894 28334 99938 0.99
1.00 0.25000 00000 0.00909 18333 10001 1.00
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0.00 —0.01666 66667 0.00010 48335 ~1640 0.00
0.01 —0.01654 93335 0.00010 73332 —1694 0.01
0.02 —0.01641 96700 0.00012 96635 —~1733 0.02
0.03 —0.01627 73500 0.00014 18200 ~1790 0.03
0.04 —0.01612 40525 0.00015 37975 —~1834 004 -
0.05 —0.01595 84609 . 0.00016 55916 ©—1883 0.05
0.06 —0.01578 12635 . 0.00017 71974 —1926 0.06
0.07 —0.01559 26529 -0.00018 86106 - 1969 0.07
0.08 —0.01539 28260 0.00019 938269 —2015 0.03
0.09 —0.01518 19343 0.00021 08417 2055 0.09
0.10 —0.01496 03333 0.00022 16510 —2097 0.10
0.11 —0.01472 80827 0.00023 22506 -~2135 0.11
0.12 ~0.01448 54460 0.00024. 26367 —2176 0.12
0.13 —0.01423 26408 0.00025 28052 —2914 0.13
0.14 —0.01396 93885 0.00026 27523 —2250 0.14
0.15 —0.01369 74141 0.00027 24744 2936 0.15
0.16 —0.01341 54462 0.00028 19679 —2322 0.16
0.17 —0.01312 42170 0.00029 12292 — 2355 0.17
0.18 —0.01282 39620 0.00030 02550 —2339 0.18
0.19 —0.01251 49201 0.00030 90419 —2420 0.19
0.20 =0.01219 73333 0.00031 75368 — 2452 . 020
0.21 —0:01187 14463 0.000382 53365 — 2480 0.21
0.22 —0.01153 75086 0.00033 39332 —92512 0.22
0.23 —0.01119 57699 0.00034 17337 — 2533 0.23
0.24 ~—0.01034 64345 0.00034 92854 —2565. 0.24
0.25 —0.01048 99089 0.00035 65756 —2591 0.25
0.26 —0.01012 63022 0.00036 36067 —2617 0.26
0.27 —0.00975 59261 0.00037 03761 - —2641 0.27
0.28 —0.00937 90447 0.00037 63814 —2663 0.28
0.29 —0.00899 59243 0.00033 31204 ~ 2684 0.29
0.30 —0.00860 63333 0.00033. 90910 2709 0.30
0.31 —0.00821 20426 0.00039 47907 ~ 2724 0.31
0.32 —0.00781 18246 0.00040 02180 2747 0.32
0.33 —0.00740 64540 0.00040 53706 —2763 0.33
0.34 —0.00699 62071 0.00041 02469 — 2781 0.34
0.35 —0.00653 13620 0.00041 43451 — 2795 0.35
0.36 —0.00616 21982 0.00041 91638 —2812 0.36
0.37 —0.00573 89969 0.00042 32013 — 2826 0.37
0.38 —0.00531 20407 0.00042 69562 — 2838 0.38
0.39 —0.00488 16134 1 0.00043 04273 — 2850 0.39
i B

0.40 —0.00444 80000 E 0.00043 36134 —2862 040
0.41 —0.00401 14867 0.00043 65133 — 9871 0.41
0.42 —0.00357 23606 . 0.00043 91261 - 9881. 0.42
0.43 —0.00313 09098 0.00044 14508 - - 2888 0.43
0.44 —0.00263 74231 0.00044 34367 — 2896 0.44
0.45 —0.00224 21901 - 0.00044 52330 —2001 | 0.45
0.46 —0.00179 55009 0.00044 66892 -~ 2905 0.46
0.47 —0.00134 76460 0.00044 78549 —2913 0.47
0.48 . —0.00089 89167 0.00044 87293 —2919 0.48
0.4% —-0.00044 96042 0.00044 93125 —2915 0.49
0.50 0.00000 00000 0.00044 96042 —2917 0.50
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2 Sy 3 3
0.50 0.00000 00000 0.00044 96042 —2917 0.50
0.51 -0.00044 96042 ©0.00044 96042 —2917 051
0.52 0.00089 89167 0.00044 93126 —2916 - 0.62
0.53 0.00134 76460 0.00044 87293 —2912 "-0.53
0.54 0.00179 55009 0.00044 78549 - —2913 0.54
0.55 0.00224 21901 0.00044 66892 — 2905 0.55
0.56 0.00268 74231 0.00044 52330 -2901 0.56
0.57 0.00313 09098 0.00044 34867 —2896 0.57
0.58 . 0.00357 23606 0.00044 14508 — 2888 0.58
0.59 0.00401 14867 0.00043 91261 —2881 0.59
0.60 0.00444 80000 0°00043 65133 —2871 - - 0.60
0.61 . 0.00488 16134 0.00043 ‘36134 - —2862 0.61
0.62 0.00531 20407 0.00043 04273 — 2850 0.62
0.63 0.00573 89969 0.00042 69562 -  —2838 0.63
0.64 0.00616 21932 0.00042 32013 — 2826 0.64 .
0.65 0.00658 13620 0.00041 91638 . —2812° 0.65
0.66 - 0.00699 62071 . 0.00041 43451 — 2795 0.66
0.67 0.00740 64540 0.00041 02469 —2781 0.67
0.68 0.00781 18246 0.00040 53706 - ~ 2763 0.68
0.69 0.00821 20426 0.00040 02180 — 2747 0.69
0.70 0,00860 63333 0.00039 -47907 — 2724 070 -
oY1 0.008%9 59243 _.0.00038 90910 —2709 0.71
0.72 0.00937 90447 v 0.00033 31204 — 2684 0.72
0.73 0.00975 59261 . 0.00037 68814 —2663 0.73
0.74 0.01012° 63022 0.00037 03761 — 2641 074 ~
0.756 0.01048 99089 0.00036 36067 — 2617 0.75
076 0.01084 64845 0.00035 65756 . —2591 0.76 .
0.77 0.01119 57699 0.00034 92854 — 2565 0.77.
0.78 0.0115% 75086 0.00034 17387 —2533 0.78
0.79 0.01187 14468 0.00033 39332 —2512 0.79
0.80 © 0.01219 73333 0.00032 58865 — 2480 0.80
0.81 0.01251 49201 . 0.00031 75368 —2452 0.81
0.82 10.01282 39620 0.00030 90419 —2420 0.82
0.83 0.01312 42170 0.00030 02550 - 2339 0.83
0.84 0.01341 54462 0.00029 12292 — 2356 0.84
086 0.01369 74141 0.00028 19679 .—2322 0.86
0.86 0.01396 98885 ° 0.00027 24744 . —2286 0.86
0.87 0.01423 26408 0.00026 27523 — 2250 0.87
0.88 0.01448 54460 0.00025 28052 —2214 0.88
0.89 0.01472 80827 0.00024 26367 - —2176 0.89
0.90 0.01496 03333 0.00023 22506 —2135 0.90
0.91 0.01518 19843 0.00022 16510 — 2097 0.91
0.92 ~0.01539 28260 - 0.00021 08417 — 2065 -0.92
0.93 0.01559 26529 0.00019 93269 —2014 0.93
0.94 0.01578 12635 0.00018 86106 —1969 0.94
0.95 0.01595 84609 0.00017 71974 ~1926° 0.95
0.96 0.01612 40525 - 0.00016 55916 _—1883 0.96
0.97 0.01627 78500 0.00015 37975 —1834 0.97-
0.98 0.01641 96700 0.00014 18200 —1790 098
0.99 0.01654 93335 0.00012 96635 . —1738 0.99
1.00 0.01666 66667 0.00011 73332 —1694 -1.00
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.00 0.01666 66667 0.00011 73332 1694 “0.00,
0.01 -0.01677 15002 0.00010 48335 —1640 . 0.01
0.02 .40.01686 486700 0.00009 21698 —1590 0.08
0.03 . 0.01694 30171 0.00007 93471 ~ —1540 0.63
0:04 ®G1700 93875 . 0.00006 63704 —1484 6.04
0.05 . %1706 26328 0.00005 32453 - —1432 9.05
0.06 0.01710 26098 .0.06003 99770 —1376 0.06
0.07 0.01712 91809 0.08002 65711 —1321 0.07
0.08- 0.01714 22140 0.00001. 30331 —1264 0.08
0.09 0.01714 15827 —0.08000 06313 —1203 0.08
0.10 * 0.01712 71667 ~0.00001 44160 —1149 0.10
0.11 +0.01709° 88511 —0.00002 83156 ~1085 0.11
0.12 0.81705 65274 ~0.00004 23237 —1096 012
013 ®:01700 00930 . —0.00006 64344 - — 964 0.13
0.14 0.01692 94515 . —0.00007 06415 — 899 0.4
0.15 0.01634 45130 —0.00008 49335 — 837 015
0.16 0:01674 51938 \ —0.00009 93192 - TF 0.16
0 0.01663 14163 —0.00011 37770 — o7 017
18 0.01650 31113 —0.00012 83055 ~ 637 018
019 0.01636 02136 —0.00014 28977 — B70 .19
0.20 0.01620 26667 =0.00015 75469 —. 503 0.30
0.21 0.01603 04203 — (00017 22464 —~. 430 0.21
0.22 0:01534 34314 —0.00018 69889 — 362 0:23
0.23 0.81564 16638 —0.00020 17676 — 287 0.23
0.24 0.01542 50888 —0.00021 65750 — 215 0.24

\ : .

0.2 0.01519 36849 —0.00023 14039 — 143 0.25 -
0.26 001494 74378 © —0.00024 62471 — 65 0.28
0.27 001468 63410 0.00026 10963 8 0.27
0.28 0.61441 03953 —0.00027 59457 88 0.28
0.29 0:01411 96095 —0.00029 07858 164 0.29
0.30 -0.01381 40000 —0.00030 56095 244 0.30
0.31 0:01349 35912 —0.00032 04088- 323 0.31
0.32 0.01315 84154 —0.00033 517568 404 _0.33
0.33 001280 85130 . —0.00034 99024 - 489 0.33
0.34 0.01244 39329 —0.00036 45301 567 0.24
0:36 0.01206. 47318 —0.00037 92011 654 :36
0.36 0.61167 09751 —0.00039 37567 740 0.36
0.37 0.01126 27368 —0.00040 82383 824 0.37
0.33 - 0.01084 00993 —0.00042 26375 © 911 0.33
0.39 - 0.01040 31537 —0:00043 69456 1000 0.39
040 0.00995 20000 —0.00045 11537 1038 0.40
41 . 0.00948 67470 -. —0.00046 52530 1180 041
042 0,00800 75127 —0.00047 92343 1268 043
0.43 0.00851 44239 —0:00049 308883 1363 043
044 00800 76169 —0.00060 63070 . 1453 o4 -
0.45 00743 72370 . —0.00052 03799 1549 048
0.46 0.00695 34391 . —0.00063 37979 1645 0.48
0.47 0.00640 63877 —0.00054 70514 1733 047
0:48 0.00684 62566 —0.00056 01311 1833 0.48
0.49 0.00527 32296 —0.00057 30270 ‘1933 ° 0:49
050 0.00463 75000 —0.00058 57296 2085 050 O




+106

M. Yoshida

2 Sy 3 8- 2
0.50 0.00468 75000 ~0.00058 57296 2035 0.50
0.51 0.00408 92713 - -0.00059 82287 2132 0.51
0.52 0.00347 87567 —0.00061 05146 2236 0.52
0.53 0.00285 61798 —0.00062 25769 2336 0.53
0.54 0.00222 17742 -0.00063 44056 2440 0.54
0.55 0.00157 57839 —0.00064 59903 2542 0.55
0.56 0.00091 84631 —0.00065 73208 2651 0.56
0.57 0.00025 00769 —0.00066 83362 2753 0.57
0.58 ~0,00042 90994 —0.00067 91763 2863 -0.58
0.59 —0.00111 87795 —0.00068 96801 2967 0.59
0.60 —0.00181 86667 T —0.00069 98872 3081 0.60 -
0.61 —0.00252- 84529 —0.00070 97862 3188 0.61
0.62 —0.00824 758193 —0.00071 93664 3299 0.62
0.63 ~0.00397 64360 ~0.00072 86167 3412 0.63
0.64 0.00471 39618 —0.00078 75258 3524 0.64
0.65 —0.00546 00443 —0,00074 60825 3640 0.65
0.66 —0.00621 43195 —0.00075 42752 3752 0.66
0.67 —0.00697 64122 —0.00076 20927 3370- - 0.67
0.68 —0.00774 59354 —0.00076 95232 3988 0.68
0.69 —0.00852. 24903 —0.00077 65549 4102 0.69
0.70 —0.00930 56667 —0.00078. 31764 4226 0.70
0.71- —0.01009 50420 —0.00078 93753 4342 0.71
0.72 —0.01089 01820 . —0.00079 51400 4466 0.72
0.73 ©—0.01169 06401 —0.00080 04581 4585 0.73
0.74 ~0.01249 59578 «—0.00080 53177 4710 0.74
0.75 - —0:01330. 56641 ~0.00080 97063 4835 0.75
0.76 —0.01411 92755 ~—0.00081 36114 4957 0.76

077 —0.01493 62963 —0.00081 70208 5085 . 0.77
0.78 ~0.01575 62180 --0.00081 99217 5211 0.78

0.79 ~0.01657 85195 —0.00082 23015 5341 0.79
0.80 —0.01740 26667 —0.00082 41472 - p468 0.80
0.81 —0.01822 81123 -—~0.00082 54461 5598 0:81
0.82 —-0.01905 42980 —0.00082 61852 5730 082
0.83 —0.01988 06493 —0.00082 63513 5362 0.83
0.84: ~0.02070 65805 © —0.00082 59312 5994 -0.84
0.85 -0.02153 14922 —0.00082 49117 6139 0.85
0.86 —0.02235 47715 —0.00082 32793 6263 0.86
087 —0.02317 57921 —0.00082 10206 6400 0.87
0.88 -0.02399 39140 —0.00081 81219 6536 0.88
0.89 —0.02430 84836 —0.00081 45696 6676 0.89
0.90 -0.02561 88333 —0.00081 03497 6812 0.90
0.91 —0.02642 42819 —0.00080 54436 6954 0.91
0.92 —0.02722 41340 —0.00079 98521 7096 0.92
0.93 ~—0.02801 76800 =0.00079 35460 7234 0.93
0.94 ~—0.02880 41965 ~0.00078 65165 7332 0.94
0.95 ~0.02958 29453 ~0.00077 87488 7522 0.95
0.96 —0.03035 31742 —0.00077 02289 7670 0.96
0.97 —0.03111 41162 —0.00076 09420 7813 0.97
0.98 —0.03186 49900 —0.00075 08733 7962 0.93
0.99 ~0.03260 49994 —0.00074 00094 8111 0.99

. 4
1.00 —0.03333 33333 —0.00072 83339 8257 1.00
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p §2// 8 52// 8 p
0.00 —0.08333 33333 ~—0.00605 * || = —0.08333 33333 0.00495 0.00°
0.01 —0.08828 33333 —0.00495 —0.07828 33333 0.00506 0.01
0.02 —0.09313 33333 —0.00485 —0,07318’ 33333 0.00515 0.02
0.03 —0.09788 33333 —0.00475 -0.06788 33333 0.00525 0.03
0.04 —0.10253 33333 —0.00465 - —0.06253 - 33333 0.00535 0.04
0.05 —0.10708 33333 —0.00455 —0.05708 33333 0.00645 0.06
0.06 —0.111563 33333 —0.00445 —(0.05153 33333 0.00555 0.06
0.07 ~—0.11588 33333 —0.00435 —0.04588 33333 0.00565 0.07
0.08 -—0.12013 33333 —0.00425 —0.04013 33333 0.00675 0.08
0.09 —0.12428 33333 | . —0.00415 —0.03428 33333 0.00585. - 0.09
0.10 —0.12833 33333 —(.00405 —0.02833 33333 0.00595 0.10

- 0.11 —0.13228 33333 —0.00396 —0.02228 33333 0.00606 0.11
0.12 ~—0.13613 33333 —0.00335 -0.01613 33333 0.00615 . 0.12
0.13 —0.13988 33333 —0.00375 —0.00988 33333 0.00625 0.13
0.14 —0.14353 33333 - —0.00365 —0.003563 33333 0.00635 0.14

0.15 —0.14708 33333 ~0.00355 0.00291 66667 0.00645 0.15
0.16 ={0.15063 33333 —0.00345 0.00946, 66667 - 0.00655 0.16
0.17 —0.15388 33333 —0.00335 0.01611 66667 0.00665 0.17
0.18 —0.16713 33333 —0.00325 ' 0.02286 66667 0.00675 018
0.19 —0.16028 33333 —0.00315 0.02971. 66667 0.00685 0.19
0.20 —0.16333 33333 —0.003056 0.03666 66667 0.00695 0.20
0.21 —0.16628 33333 —0.00295 0.04371 66667 |  0.00705 0.21
0.22 ~0.16913 33333 —0.00285 0.05086 66667 0.00715 0.22
0.23 —0.17188 33333 ~0.00275 0.05811 66667 0.00725 0.23
0.24 —0.17453 33333 —0.00265 0.06546 66667 0.00735 0.24 .
0.25 —0.17708 33333 —0.00255 0.07291 66667 0.00745 0.25
0.26 - —0.17953 33333 —0.00245 ! 0.08046 66667 0.00755 0.26
0.27 —0.18188 33333 —0.00235 | 0.08811 66667 0.00765 0.27
0.28 —0.18413 33333 —(.00225- 0.09586 66667 - 0.00775 0.28
0.29 —0.18628 33333 —0.00215 0.10371 66667 0.00785 0.29
0.30 —0.18833 33333 —0.00206 0.11166 66667 0.00795 0.30
0.31 —0.19028 33333 —0.00195 0.11971 66667 0.00805 0.31
0.32 —0.19213 33333 —0.00185 0.12786 66667 ~ 0.00815 0.32
0.33 —0.19388 33333 -0.00175 0.13611 66667 0.00825 0.33
0.34 ~0.195563 83333 —0.00165 | 0.14446 66667 0.00835 0.34
0.35 ~-0.19708 33333 —-0.00155 0.15291 66667 0.00845 - 0.35
0.36 —0.19853 33333 -0.00145 0.16246 66667 0.00855 (.36
0.37 —0.19988 33333 —0.00135 0.17011 66667 0.00865 0.37
0.38 —0.20113 .33333 —0.00125 0.17886 66667 0.00875 0.33
0.39 | —0.20228 33333 —0.00115 0.18771 66667 0.00885 0.39
0.40 —0,20333 33333 —0.00105 " ! 0.19666 66667 0.00895 0.40
0.41 —0.20428 33333 —0.00095 0.20571 66667 0.00905 0.41
0.42 ~0.20518 33333 —0.00085 0.21486 66667 0.00915 0.42
0.43 —0.20588 33333 —0.00075 0.22411 66667 0.00925 0.43
0.44 —0.20653 33333 —0.00065 0.23346 66667 0.00935 0.44
0.45 —0.20708 33333 —0.000565 0.24291 66667 0.00945 0:45
0.46 —0.20753 33333 —0.00045 0.25246 66667 0.00955 - 0.46
0.47 —0.20788 33333 ©—0.00085 | 0.26211 66667 0.00965 0.47
0.48 —0.20813 33333 —0.00025 0.27186 66667 0.00975 0.48
0.49 ~(.20828 33333 —0.00015 0.28171 66667 0.00985 0.49
0.50 - —0.20833 33333 --0.00005 0.29166 66667 0.00995 0.50
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—0.08333 33333

2 Sy’ S Sy’ ? - ?
0.50 —0.20833 33333 -0.00005 0.29166 66667 0.00995 0.50
0.51 —0.20828 33333 0.00005 0.30171 66667 0.01005 0.51
0.52 —0.20813 33333 0.00015 - 0.31186 66667 0.01015 0.52
0.563 —0.20788 33333 0.00025 0.32211 66667 0.01025 0.53
-0.54 —0.20753 33333 0.00035 0.33246 66667 0.01035 0.54
0.55 ~—0.20708 33333 0.00045 0.34291 66667 0.01045 0.55
0.56 —0.206563 33333 0.00055 0.35346 66667 .0.01055 0.56
0.57 —(.20588 33333 0.00065 0.36411 66667 0.01065 0.57
0.58 —0.20613 33333 0.00075 0.37486 66667 0.01075 0.58
0.59 —0.20428 33333 0.00085 0.38571 66667 0.010856 0.59
0.60 —0.20333 33333 0.00095 0.39666 66667 0.01095 0.60
T 0.61 —0.20228 33333 0.00105 0.40771 66667 0.01105 0.61
0.62 —0.20113 33333 0.00115 0.41886 66667 0.01115 0.62
0.63 —0.19988 33333 0.00125 0.43011 66667 0.01125 0.63
0.64 —0.19853 33333 0.00135 0.44146 66667 0.01135 0.64
0.65 —0.19708 33333 0.00145 0.45291 66667 0.01145 0.65
0.66 —0.19553 33333 0.00185 0.46441 66667 0.01155 0.66 -
0.67 —0.19388 33333 0.00165 0.47611 66667 0.01165 0.67
0.68 —0.19213 33333 0.00175 0.48786 66667 0.01175 0.68
0.69 ~—0.19028 33333 0.00185 0.49971 66667 0.01185 0.69
0.70 —(.18833 33333 0.00195 0.51166 66667 0.01195 0.70
0.71 - =—0.18628 33333 . 0.00205 0.52371 66667 0.01205 0.71
0.72 —(.18413 33333 0.00215 0.53586 66667 0.01215 0.72 -
0.78 —0.18188 33333 0.00225 0.54811 66667 0.01225 0.73
0.74 —0.17953 33333 0.00235 - 0.66046 66667 0.01235 0.74
0.75 =0.17708 33333 0.00245 0.57291 66667 0.01245 0.75
0.76 —(0.17453 33333 0.00255 0.58546 66667 0.01255 0.76
.77 —~0.17188 33333 . 0.00265 0.59811 66667 0.01265 0.77
0.78 —0.16913 33333 0.00275 0.61086 66667 0.01275 0.78
0.79" —0.16628 33333 0.00285 0.62371 66667 0.01285 0.79
0.80 —0.16333 33333 0.00295 0.63666 66667 ~ 0.01295 0.80
0.81 —0.16028 33333 0.00305 0.64971 66667 0.01305 0.81
0.82 ~0.15713 33333 0.00315 0.66286 066667 0.01315 0.82
0.83 —(0.15388 33333 0.00325 0.67611 66667 0.01325 . 0.83
0.84 - —0.15063 33333 - 0.00335 0.68946 66667 70.01335 0.84
0.85 — 014708 33333 0.00345 0.70291 66667 0.01345 0.85 .
0.86 —(.14353 33333 0.00355 0.71646 66667 0.01355 0.86
0.87 —(.13988 33333 0.00365 0.73011 66667 0.01365 s 0.87 -
0.88 . —0.13613 33333 0.00375 0.74386 66667 0.01375 0.88
0.89 —0.13228 33333 0.00385 0.78771 66667 0.01385 0.89
0.90 -.—0.12833 33333 0.00395 0.77166 66667 0.01395 0.90
0.91 —0.12428 33333 T 0.00406 0.78571 66667 0.01405 0.91
0.92 —-0.12013 33333 0.00415° - 079986 66667 0.01415 0.92
0.93 —0.11588 33333 0.00425 0.81411 66667 - 0.01425 0.93
0.94 —0.11153 33333 0.00435 0.82846 66667 0.01435 0.94
0.95 —0.10708 33333 0.00445 0.84291 66667 0.01445 0.95
0.96 —0.10253 33333 0.00455 0.85746 66667 0.01455 . 0.96
0.97 —0.09788 33333 0.00465 0.87211 66667 0.01465 0.97
0.98 —0.09313 33333 0.00475 0.88686 66667 0:01475 0.98
0.99 —(.08828 33333 0.00485 0.90171 66667 0.01435 - 0.99
1.00 0.00495 0.91666 66667 0.01495 1.00




A Table of the Coefficients of the Derivatives Formulas

53

0.00

0.01
0.02
0.03
0.04

0.06
0.06
0.07
0.08
0.09

0.19
0.11
0.12
0.13
0.14

0.15

0.16
0.17
0.18
0.19

0.20

0.21 .

0.22
0.23
0.24

0.25
0.26
0.27
0.28
0.29

0.30
0.31
0.32
0.33
0.34

0.35
0.36
0.37
0.38
0.39

0.40
0.41
0:42
0.43
0.44

0.45
0.46
0.47
0.48
0.49

0.50

0.01111 11111
0.01235 26949
0.01357 71178
0.01478 33949
0.01597 25511

0.01714 26215

0.01829 36511
0.01942 51949

0.02053 68178 -
0.02162 80949

0.02269 86111
0.02374 79615
0.02477 57511
0.02578 15949
0.02676 51178

0.02772 59549
0.02866 37511
0.02957 81615
0.03046 88511
0.08133 54949

0.08217 77778
0.03299 53949
0.03378 80511
0.03455 54615
0.03529 73511

0.03601 34549

0.08670 35178

0.03736 72949
0.03800 45511
0.03861 50615

0.03919 86111
0.03975 49949
0.040%8 40178
0.04078 54949
0.04125 92511

0.04170 61215
0.04212 29511
0.04251 25949
0.04287 39178
0.04320 67949

0.04351 11111
0.04378 67615
0.04403 36511
0.04425 16949
0.04444 08178

0.04460 09549
0.04473 20511
0.04483 40615
0.04490 69511
0.04495 06949

0.04496 52778

0.00125 82496
0.00124 15838
0.00122 44229
0.00120 67771
0.00118 86562

0.00117 00704
0.00115 10296
0.00113 15438
0.00111 16229
0.00109 12771

0.00107 05162
0.00104 93504
0.00102 77896
0.00100 58438
0.00098 85229

0.00096 08371
0.00093 77962
0.00091 44104
0.00089 06896
0.00086 66438

0.00084 22829
0.00081 76171
0.00079 26562
0.00076 74104
0.00074 18896

0.00071 61038
0.00069 00629
0.00066 37771
0.00063 72562
0.00061 05104

0.00058 35496
0.00065 63838
0.00052 90229
0.00050 14771
0.00047 37562

0.00044 58704
0.00041 78296
0.00038 96438
0.00036 13229
0.00033 28771

0.00030 43162
0.00027 56504
0.00024 68896
0.00021 80438
0.00018 91229

0.00016 01371
0.00013 10962
0.00010 20104
0.00007 - 28396
0.00004 37438

0.00001 45829

—5050
—4951
~4849
—4751
—4649

— 4550
— 4450
—4351
—4249
~4151

— 4049

—3950
— 3850
—38751

—~3649

—3b651
— 3449
— 3350
— 3250

~ —3151

—3049
—2951

— 2849 -

—2750
— 9650

—2551
~—2449
— 23851
2249
—2150

— 20560
—=1951
—1849
—1751
—~1649

— 15650
— 14580
—1351
—1249
—1151

—1049
— 950
-~ 850
— 751
— 649

— 551
— 449
— 350
— 250
- 151

0.00 -
0.01
0.02
0.03
0.04

0.06
0.06
0.07
0.08
0.09

0.10

0.11
0.12
0.13
0:14

0.16
0.16
0.17
0.18
0.19

0.20
0.21

~0.22

0.23
0.24

0.95 .
0.26
0.27

0.28

0.29

0.30
0.31
0.32
0.33
0.34

0.356
0.36
0.37

0.38 ~

0.39

0.40
0.41
0.42
0.43
0.44

0.45

0.46

047
0.48
0.49

0.50
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(.50 0.04496 52778 0.00001 45829 49 0.50
0.51 0.04495 06949 —=0.00001 45829 49 0.51
0.52 0.04490 69511 —0.00004 37438 151 0.52
0.53 0.04483 40615 —0.00007 28896 250 0.563
0.54 0.04473 20511 ~0.00010 20104 350 0.54
0.55 0.04460 09549 —0.00013 10962 449 0.55
0.56 0.04444 08173 -—(.00016 01371 551 (.56
0.57 0.04425 16949 —0.00018 91229 649 0.57
0.58 0.04403 36511 —0.00021 80438 - 781 0.58
0.59 0.04378 67615 —0.00024 68396 850 (.59
0.60 0.04351 11111 —0.00027 56504 950 0.60
0.61 0.04320 67949 - —0.00030 43162 1049 0.61
0.62 " 0.04287 39178 —0.00033 28771 1151 0.62
0.63 0.04251 25949 ~-0.00036 13229 1249 0.63
0.64 0.04212 29511 —0.00038 96438 1351 0.64
0.65 0.04170 51215 . —0.00041 78286 ‘1450 0.65
0.66 0.04125 92511 ©—0.00044 58704 1550 0.66
0.67 ° 0.04078 54949 . —0.00047 37562 1649 0.67
0.68 0.04028 40178 —0.00050 14771 1751 0.68
0.69 - 0.03975 49949 —(.00052 90229 1849 0.69
0.70 0.03919 86111 —0.000565 63838 1951 0.70
0.71 0.03861 50615 —0.00058 35496 2050 - 071
0.72 0.03800 45511 —0.00061 05104 2150 0:72
0.73 0.03736 72949 —0.00063 72562 2249 - 0.73
0.74 0.03670 35178 - —0.00066 37771 2351 0.74
075 . 0.03601 84549 ~--0.00069 00629 2449 0.75
- 0.76 0.03529 73511 —0.00071, 61038 2551 0.76
0.77 <0,03455 54615 —0.00074 18896 2650 0.77
0.78 0.03378 80511 © —0.00076 74104 2750 0.78
0.79 0.03299 53949 —0.00079 26562 2849 0.79
0.80 0.03217 77778 —0,00081 76171 2951 0.80
0.81 0.03133 54949 —(.00084 22829 3049 0.81
0.82 0.03046 88511 —0.00086 66438 3151 0.82
0.83 0.02957 81615 - —(.00089 06896 3250 0.83
0.84 0.02866 37511 —0.00091 44104 3350 T 0.84
0.85 - 0.02772 59548 —0.00093 77962 3449 0.85
0.86 0.02676 51178 —0.00096 08371 3551 0.86
0.87 0.02578 15949 -—0.00098 3522 3649 0.87
0.83 0.02477 57511 —0.00100 58438 3751 0.88
0.89 0.02374 79615 ~0.00102 77896 3850 0.89
0.90 0.02269 86111 —-0.00104 93504 3950 0.90
0.91 0.02162 80949 - —0.00107 05162 4049 0.91
0.92 0.020563 68178 —0.00109 12771 4151 0.92
0.93 0.0194%. 51949 —0.00111 16229 4249 0.93
0.94 0.01829 36511 —0.00113 1543 . 4351 0.94
0.95 0.01714 26215 —0.00115 10296 4450 0.95
0.96 0.01697 25511 =0.00117 00704 4550 0.96
0.97 . 0.01478 38949 —0.00118 86662 4649 0.97
0.98 0.01857 71178 - —0.00120 67771 4751 0.98
0.99 0.01235 26949 —0.00122 44229 . 4849 0.99
1.00 0.017111 11111 ~0.00124 15838 4951 . 100
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0.00 0.01141 117111 —0.00124 15338 4951 0.00
0.01 0.00985 28615 —=0.00125 82496 5050 0.01
0.02 0.00857 84511 —0.00127 44104 5150 0.02
0.03 0.00728 83949 —0.00129 00562 5249 0.03
0.04 0.00698 32178 —0.00130 51771 5351 0.04
0.05 0.00466 34549 —0.00131 97629 5449 0.05"
0.06. 0.00322 96511 —0.00133 38038 5551 0.06

. 0.07 0.00198 23615 - —0.00134 725896 5650 - 0.07
0.08 0.00062 21511 - —0.00136 02104 5750 0.08
0.09 -0.00075 04051 —0.00137 25562 5849 . 0.09
0.10 T —0.00213 47222 —0.00138 43171 5951 0.10
011 —0.00353 02051 —0.00139 54829 6049 0.11 .
0.12 —0.00493 62439 —0.00140 60438 6151 0.12
0.13 —0.00635 22385 —0.00141 59896 6250 0.13
0.14 —0.00777 75489 —0.00142 53104 6350 0.14
0.15 ~0.00921 15451 ~0.00143 39962 6449 0.15
0.16 —0.01065 35822 —0.00144 20871 6551 0.16
0.17 —0.01210 30051 —0.00144 94229 6649 0:17
0.18 —0.01355 91489 —0.00145 61438 6751 0.18
0.19 -~0.01502 13385 —0.00146 21896 6850 0.19
0.20 —0.01648 88889 ~0.00146 75504 6950 0.20.
0.21 —0.01796 11051 —0.00147 22162 7049 0.21
0.22 —0.01943 72822 —0.00147 61771 7151 0.22
0.23 —-0.02091 67051 —0.00147 94229 7249 0.23
0.24 -0.02239 86489 —0.00143 19438 7851 0.24
0.25 —0.02388 23785 —0.00148 37296. 7450 0.25
0.26 —0.02536 71489 —0.00148 47704 7550 0.26
0.2 —0.02685 22051 —0.00148 50562 7649 0.27
0.98 —0.02833 67822 ~0.00148 45771 7751 0.28
0.29 —0.02982 01051 —0.00148 33229 7849 0.29
0.30 ~0.03130 13889 —0.00148 12838 7951 0.30
0.31 —0.03277 98385 —0.00147 84496 8050 0.31
0.32 —0.03425 46439 —0.00147 438104 8150 .32
0.33 —0.03572 50051 —0.00147 03562 8249 0.33
0.34 —0.08719 00822 =0.00146 50771 8351 0.34
0.35 —0.03864 90451 —0.00145 89629 8449 0.35
0.36 —0.04010 10439 —0.00145 20038 8551 0.36
0.37 —0.04154 52335 —0.00144 41896 8650 0.37
0.38 —0.04298 07489 —0.00143 55104 8750 0.38
0.39 ~0.04440 67051 —0.00142 59562 8849 0.39
0.40 —0.04582 22222 —0.00141 55171 8951 0.40
041 —0.04722 64051 —0.00140 41829 9049 0.41
0:42 —0.04361 83489 —0.00139 19438 9151 0.42
0.43 —0.04999 71385 —0.00137 87896 9250 0.43
0.44 —0.05136 18439 —0.00136 47104 9350 0.44
0.45 —0.05271 15451 —0.00134 96962 9449 0.45
046 —0.05404 52822 © —0.00133 37371 9551 0.46
0.47 ~0.05536 21051 —0.00131 68229 - 9649 0.47
0.48 ~0.05666 10489 —0.00129 89438 9751 048
049 —0.05794 11385 —0.00128 00896 9850 0.49
0.50 —0.05920 13889 —0.00126 02504 9950 0.50
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0.50 ~0.05920 13889 ~0.00126 02504 9950 0.50
0.51 —0.06044 08051 —0.00123 94162 10049 0.51
0.52 —0.06165 33822 —0.00121 75771 10151 0.52
0.53 —~0.06285 31051 ~0.00119 47229 10249 0:53
0.54 —0.06402 39489 —0.00117 08438 - 10351 0.54
0.55 —0.06516 98785 —0.00114 59296 10450 0.55
0.56 —0.06628 93489 —0.00111 99704 10550 0.56
0.57" —0.06738 28051 —0.00109 29562 10649 0.57
0.58 . —0.06844 76822 —0.00106 48771 10751 0.58
0.59 —0.06918 34051 —0.00107 57229 10849 0.59
0.60 —0.07048 88889 —0.00100 54838 10951 0.60
0.61 —0.07146 30385 —0.00097 41496 11050 0.61
0.62 ~0.07240 47489 —0.00094 17104 11150 0.62
0.63 —0.07331 29051 —0.00090 81562 11249 0.63
064 —0.07418 63822 —0.00087 34771 11351 0.64
0.65 —0.07502 40451 —0.00083 76629 11449 0.65
0.66 . —0.07582 47489 —0.00080 07038 11551 0.66
0.67 ~0.07658 73385 —0.00076 25396 11650 0.67
0.68 ~0.07731 06489 —0.00072 33104 11750 0.68 -
0.69 —0.07799 35051 —0.00068 28562 11849 0.69
0.70 —0.07863 47222 —0.00064 12171 11951 0.70
071 —0.07923 31051 —0.00059 83829 12049 . 0.71
0.72 —0.07978 74489 —0.00055 43438 12151 0.72
0.73 —0.08029 65385 ~—0.00050 90896 12250 0.73
0.74 —0.08075 91439 —0.00046 26104 2350 0.74
0.76 —0.08117 40451 < —0.00041 43962 12449 0.75
0.76 —0.03153 99822 —0.000386 59371 12551 . 076
077 ~0.08185 57051 . —0.00031 57229 12649 077
0.78 —0.08211 99489 —0.00026 42438 12751 - 0.8
0.79. —0.08233 14335 ~—0:00021 14896 12850 0.79
0.80 —0.08243 88889 —0.00015 74504 12950 0.80
081 ~—(0.08259 10051 . —0.00010 21162 13049 0.81
0:82 —0.08263 64322 —0.00004 B4TTL 13151 0.82
083 —0.08262 40051 0.00001 24771 13249 0.83
- 0:84 —0:08255 22439 0.00007 17562 13351 0.84 -
085 —0.08241 98785 0.00013 23704 13450 0.85
0.86 —0.03222 55489 0.00019 43296 13550 0.86.
0.87 —0.08196 79051 0.00025 76438 13649 0.87
" 0.88 —0.08164 55322 0.00032 23229 3751 0.838
0.89 —0.08125 72051 0.00038 83771 13849 0.89
0.90 —0.08080 13389 0.00045 58162 13951 0.90
0.91 —0.08027 67335 0.00052 46504 14050 0.91
0.92 ~—0.07968 18439 0.00059 48896 14150 0.92
0.93 —0.07901 53051 0.00066 65438 “14249 0.93
0.94 —0.07827 56822 0.00073 96229 14351 0.94
0.95 —0.07746 15451 0.00081 41371 14449 0.95
0.96 —0.07657 14489 0.00089 00962 14551 0.96
0.97 —0.07560 39335 0.00096 75104 14650 0.97
0.98 —0.07465 75439 0.00104 63896 14750 0.93
0.99 —0.07343 08051 0.00112 67438 14349 0.99
1.00 —0.07222 22222 0.00120 85329 14951 1.00

(Received November 15, 1949)
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Volcanic Rocks in the Muroran District, Hokkaido

Fumio Sato

Abstract

It is the investigator’s attempt to study following items during his petrological, chemical
inquiries into the voleanic rocks in Muroran District (a part of the peninsula).

1. General Geology.

9. Occurrence and classification of these rocks.

8. . quantitative studies.

By pursmngr these. studies, the investigator obtained such results as follow

1. This province can be divided into two formations.

A. Lower formation generally consists of Green Tuff, Liparitic Tuff, intercalated Tuface-
ous Sand Stone and Shale. Tts formation can be subdivided into zones on the basis of
rock properties and its sedimentations.

a. Bokoi Green Tuff, sand stone bed.
b. Wanishi Liparitic Tuft bed.
¢. Harikaramoi Liparitic Tuff bed.

B. Upper formation consists of Agglomerate intercalated Tufaceous Sand Stone and Shale.

C. The Geological Age of lower formation is considered to be Miocene period (in cor-
related with Kunnui Series in S-W province of Hokkaido) and Upper formation is
considered to be Pliocene period (in correlated with Kuromatsunai Series in S-W
province of Holskaido). ‘

2. These formations have been intruded by various kinds of volcanic dykes as follows :
a, Liparite.
b, Quartz Andesite.
e, Quartz bearing Augite andesite.
d, Tow Pyroxene Andesite.
e, Augite Andesite.
£, Propyrite. T
g, DBasalt, Basaltic Andesite.
3. The chemical composition of Voleanic rocks were determined with the analytical results
and it was shown as follows: .
a, SiO: contains from 52.72% to 71.60%.
b, CaO contains more than results of Dalys analysis.
¢, - K40 containg less than results of Dalys analysis. :
" d, The rocks which contains about 60% of SiO: are most widely distributed in this district
such as:
Two Pyroxene Andesite.
Augite Andesite.
Propyrite.

v o
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e, The composition of Plagioclase has fairly basic position with the influence of CaO.:
4. The results of studies in variation Diagram of Volcanic rocks show that the content of
each element has the following relations :

a. The“increase and decrease relation between the amount of Na20+KzO and SiQ: was

" shown relative. *

b. The increase and decrease relation-between the amount of A:10; or CaQ, or Fex0; and
Si0: was snown reverse. \

c. ‘The increase and deci‘ease relation between the amount of CaO and Fe:0; was shown
parallel.

d. Cali-alkali index showed from 6.55 to 60.0 ; its value proved to be high in Japanese-
Petrological Province.

. &
ST O MBI R ATIT S To e HHEHEERP BIOMETN CHET
LT, =¥t %TﬁfbkoimA&&m,ﬁ%%wﬁk¢uaukm%w%@
B R BT 2 L, 2oL PREOFARIIC OWT, B, BEEE L7 Hic
HWIEHIHC DO WTiE, BHO L ENTE L ORENYE S 50T, HesROFTEMF ORI -
CEOT, BMLHLDCINDLLCRLS, SLbkD, AMHCEN I TYWBAIL
momr,@@r%@ﬁmr@ o, BEBIAN2OTRET 50 BWEORESOM, K%
%,1g6@@§&%ﬁ&@$m@k@,ﬁ%k*bac&@m%kmok@,%ﬁm%é
T %ﬁﬁk¢%?&%k%0kw AN 7RI L D50, zh b T, $ROBR K
%OC&&LT,AangTLk%A@azmb@bf,ﬁ%f%c&muko
KES T BIC D, B BT & Bore RSSO B L KT Bo AT
CH2Y, BHEWAEEREELE, B0, EREC ST, PR & Ak
BHERNBR B L CREHL Z2vo '

il

L o F O R

AR AT T 2R T, SHUS KT T 2R, WHRR THIR LR &

B4 5lERT, ARAIESSH#E (8 mmorﬁm%mmﬁmﬂk~ﬁmif&,iﬂ
Bl Ec B E BT 2 KEO; HxOBREE AT 28RGERET 220, MOTHA |
 CHARHBERLT, BROFEREFEL TV Do

$%ﬁ@ﬂmram,%&A<AMHM@%@%F¢DEOT,%@ih%%oﬂﬁ@
EHOE R B PRGBS, BEE SREIE E R RO A, T
BEAE, IR “ﬁmiOf@,ﬁﬁTwiﬁﬂﬁwﬁ HeBlbanhcvwsc B8Pk
Vo X—hicikiBROHEMM T a1, FUE, RBEL—HTRTKIOREVEREELT
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VBES DU, WIS ERETS e XAMBIC 1 K EE, KB, FEEOR
IEF AT B HHETE L T, oS RCHE S LT\ B |
| RBROMIE L0 AR ORI KO REIES b, KoM S B LieL
7o

(N - | .-

ARBHCBT 5 & RS N BHBIRIE, AN TR ST 5o SRR EETR S
[BE 5D TIDOTH 2o & LT HENEREGOFIMEATIRICE HEaBEIH
BT, EUSL D maht, MUMEHIICE b, A X0 TEL < 2 omEHkiEr Ric
LTw2o FHEEAOZRFCHD, ZEERERFEBRL T (o

a. HHEGGERE, WEE , |

AR RO PAEEHIR I E L LTl T 2ET, WY, MRoBAS, BKE
PR CUSR O L M0 B IID S o AR IS YT UL ORI ACE 1 I 2 LT\ 28015
Do FvSF I AU WL MANEMG RS hEL x4 FEMHETE, P
B LB A NT 0 Do LBMEHATROOLIA LR 2, HEIIC XD TRHKS
BT OO BRITEUR L WTET Do

b WRPEEHCHIE SR R |

ARBEZEY Y o 2 I~ RGN & T 2R BO DI R R T s BET, HAR
AHREIE © BIMBATRRE L LT, ZICRRIDE, BRHER, KEGOYILE
BBLCHIET B0 AL LY 7Y o 2 WEETIE, FIOHES, B, B, ERoX
INEREE B, ARTCBILANT, ZOMEHOR L WEBHEE R L Twde ~ Y 7 e
WO ATMER RS S & BN LT, A ancbot#Ez b 3,

N e LI s

ABEAY 5 = 1YL D P BORICGE IR TRET 2T, BENEKE
oD TENERT, REMES, R, B, EUSEOR/ IO B & 1o T
W BESCHIRC® 5o LIBICITRITIVE, BATIEU TR £ P, T RRC AL
FETBZLWBE Do ANV B 5 © 4 PR TIRGEIER ST AT Do

LUEABBORIECS 545 < L5 ARSI BET Do B RO DGR
CHEINZLOTHLS.

2. /BRI

1) BR, et B HTEE 404 45338 (B °8) p. 754, T55.
o 4800 (., ) p. 561
» 41 435 (,, ) p.214.
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KIS~/ MBI, 77 97 4~ — v 2 BIEE, 1 o T R
FRBET, EE L TKEGOENE L ) AoTnT, ZICEKEWE FES, HEORE .
S PeT BIEND Do SMEE~IEMIER TR, MEETICIEE S 1T\ BB < 2o
AERIE & BB L TR <o FEMR & OBIRRBREO AR R AEACHET 3 00
X5TH Do MU BHLD TIEARE, AUTHHHCH (BT 5, B =0 BRI
CHEEIN2LDOTH A5, ’ )

| NI fEE & E K
AHLB I B C BRI S LT 2K ISR, STEOMB R I E, KN A OB E BT 2
BIRT, ZOMME SO, #5 T1% WAL L b, SiO; 43 52% #itko WkiEc & 3t
KOFHEN B %o
a. RRHER
b BRI
o BRI
d PRGN
e BRRZWIE
£ BRI
g HREHEUIC KRBT
2 BT IC BT, BERGEIIO % 5, REROWS (BB L ) Bionon
CHHERDTco ZOTHMEIEHCIOFL2 L1IcT 20 ‘
ST 2 b O IR & HERE & OBIRIE, LZROMED TH Do
1. BESREGEERE, BHRHEEBEVwTWw3 L0
a FEMER (vA4F, NI ERCBERT 50 0)
b BEFLS (AMEFECENT 5 b0) |
o BEFIATIE (S SRR, R, BRLCEIT 2 1 0)
d. BRI (Fv o7 4, BEERCRBT 5L 0) '
e MUREINE (Fv 24, F -2 2§, FHRRCEMNT 5L o)
£ ZWEARIE WELOBERE KT H0)
2 WAHE S TEIE R T wa Lo | o
a BRRRRIS (AL B, RINEN, B, 7 1 v P, SoET

D) R, i W 40 & 4855% (R 9) p. 225.
w40 480 () p. B7L
w 41 485 (., ) p. 227
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O T2 5 0)
b HEE @K EF o)
3. NV = FIHEAEER AR HvwCw5b 0
LIS (AR 2 L o)
4 MEREHR EE T WE LD
BOBRRZIS (12 FICEINT 2 b 0) | \
P RARTAO K (U OB D0\ T i, AP IC 5 W, BHe 5 BED S
N TWD0, AHBECEWTY, ARUEALRD, 205 X SWERERE, MEABTH
%Eﬁ%mﬁ@%@@mkbééﬁmﬁmé%@m%m%orwabméﬂ%a&ﬁéaio

F1@E EHHTREER B ETSHE

|

SURS I I C
e

PN //7// oy AR
MOl O ] TR

P

P
Loy
A e

L2 ATEH

YA
CATIERTR Y

N
i

AP

1) BB, @i MM 415 4383% (B 9) p. 2oL
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V. PRSI R O

REE DN AU BEHN T 2 KILB R FEE e AL, XHOFHbL W, Ttibic
DNTEZOBE RS

1 BICHES (IR, ~ U 75 e W0 ~ 2 4 F sy kT b o)

SHBICERE 5 REE, FREA—DLOTS 54, BERRERONT 2 LERS L b

B S0, DATIRIC kDT ZDDIIC /0 oo |

a. o BI— IR | .

ATCHF 5 b ORI, LU~ 75 = HIHRCRIT 5o BN HMEARA )
BRABGEOHBZOTNET, ZRHETT45 &, e LTRE B8R AR, ¥k
e HBEEO/MMIE B L Tw 30 ARERATERR 12~1.0mm OMTH 245, &
FRFO 7c DA AREEABE 21T, HORM STV bord 3. HRAEL
BRCHAET 20 AERRHBLELEBTABOMAS (, A 30~20mm Hiik Tk
fﬁﬂ%%T%%Oﬂ§<;%%ﬁ%@ﬁ%ﬁ%LwoWW)KEEK%%ETO,Tws4F
S i IO 7RIS, L2 Abu~Abs ORS EH T B WRERCAET Do %
ERE S5 b0 b B D, BERL, SR L o RESTE, #6 0T E W O QI
BB, WEHIC Ao BEGEME L TRANEINE L £\ Ko R @ iEko “gkinc
LTREBLTHRTE 5o b/ <, ik 40~30 mm OHIEEMT, BHETE
BAEDE Lo X=YBT5 (0, Z=IEHR0, TRUBRGE TiT Do WHOMEFL {, BRAL,
RESEEIEL T\ 2o THEIKA LMD THICE SN TE ), LEBTRES, S6EMHEEHRE
%<, 025 mm HHTH Do MEROBEMIEL S\, FHAICRE LTS RICIHET Bo

FFEBEHRO PHEH, koA, Bk BOHEMEOMCEERS 5. X SRO
BSHBME DA DO & 5 B DT\ Bo BRI IS E 21T 3o

AFEALBSHHCA Ut & 2 285 1RO & 5 BBy 70 Daly O, e HE
FUHOTL M F L THico SHMULTECE C T ) IEIE R LT %o AL Fe O,
(FeO &), GO BZoWwFNL D b4, ZIKLT KO BZowFLE b b Ave
ZOT L, SIS L BA W THRORICHLT, HWEEONER O BAERLTY
5. , | |

b. B I—FIHES :

ﬁﬂ&%@ﬁ@ﬁfﬁ%ﬁ%ﬁm@mﬂwﬁﬁ,zé%T@ﬁsa;m%aerﬁﬁ,
FEA, PR, BoHDREO Mk 817 LT v 20 AEEAMO b OTHA L3mm
BCSRICRT SN, PIHRORDE, BRBTERLCE ), WS bons <,
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SRR IR0 TG OB MEic X0 TRE I W T %o FHERRAEE R L AR TR
K 28mm CET %, HOLRLCEHEINT WD, )Wk k78, BEEEIE L A
Vo (010) Fic W HBFE TO 7 454 MRS CHID 7B ATEN S B, AZ Abs~Abss
DURERCHET S JRH B THE TR0 B e MBI, GEE, 1WE
W w ST Do HOETMIE LTE, ANESED S, HoREMoRMicILL Tk
BTHRTS Do Frk 0.7 mm WROHIESEHT, Flkts, SOMIEL v, HEEELH
CAH RN, WG, SEMERE R e RIOHR I SRT, bk L<s
Bt s Tw 3, “ ' o

ISR T, FHER, WK, %IEH, JOREME, BRI ADOTE D, BMSEH
HBFRLTWwDo } ’

AE L LB SICH L 208, 81 EOMERR L% 2% Daly OFLNE, W
CHRBEEOTBIERE 5 & B L 7eht, AT o B 98k CFRELIL R V. CaO
BHEIC a WL D)%<, KO R 2owFnk) b8 ve X SO Ik a Bk LK DS
afE BRI ML 7MiE 2 2 e d B0, HRBMRSE U REORER o BRI
T bo o

] 1 &
B A AW AREHEE | OMAREUEY 4TSS 0D
CitEe) (~zAF7EA) (2245 | oFMEERT | F-38kENT
8i0: - 71.60 71.10 67.80 65.63 72.90
ALO; 1371 18.87 1428 16.25 14.18
Fe,0; 1 FexOs ] : 2.38 1.65
FeO j 404 j 00 } 815 1.90 0.31
MgO 076 0475 0.95 - 141 0.42
Ca0 370 385 450 3.46 113
NazO 3.64 3.65 355 3.97 3:54
K20 1.27 1.20 - 125 2.67 3.94
H,0 + - - - 1.50 1.33
H20 - - - - — ‘ -
TiO2 - - - 0.57 I 0.43
P05 - - ——— 015 - 0.01
MnO - - .= 0.06 0.13
Total ) 100.00 100.00

1) R.A. Dany, Igneous rocks and the depths of the earth, (1933) p. 15.

2) R.A. Dary, Toc. eit, (19331 p. 9.

W & o
' HzO(:1) - .TiOg, P205, MnO id52 82 3%
* ’Fezos "i%ﬁkﬁ)\ 2%*)?0
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9. BN (REMRSEECEIRkY 2T b o) _

AR ARSI SIS IR E 7 L TR 5o PIIAYIC AR s ORI O
ET, ZRETCHS &, BERE LOEK, AR, APE, SOONE, WBNT EH L
C\nBo FHEAK UM TRA 20 mm icHET 2o HWREHL, MOREESN TS0 K
EILHEE TS 20 MEENY 2 RCRET 2, FERLEX L1nn cET 2, BEXE4
BB TRARDET 3 055, RBHEEO BRI FRTS 20 0,0 cREABHTOT
»x4+uﬁ%mamOkﬁk%%ﬁ%gA%~%ﬁogmﬁammM;aoiﬁ@ﬁﬁ
Bb DR e BEY, BN, SRS, BOEmTYRET 3. ANEREBLISE
T A 13mm SOEESE L v X=Hte, Z=IB#6, ERtcEv. MEEREET
Zo HEBRFIZAL 03 mm ko b OTENE, SO L \ve X=PREkE, 2=
f, BE U CHRIRE 1L, WML LT % b Dnid Do WML HMOT SOMERE,
ﬁﬁllmnfﬁﬁk%@ﬁ*moﬁkﬁk,MﬁﬁmT%o+§%,t#E&T%@ﬁg
Vo TEEK, RHEHO QEWISD Do | :

E%ﬁmmﬁfﬁ?%,ﬁﬂmﬂﬁﬁ,uﬂ@ﬁh,Mﬁ%,ﬁ%”%ﬂwB&%ow
HH’EVDFME’EHET%O

% 2 = . KR (LIS L 225, 35

}J;@mﬁ ggirw ety 243@5?&‘"‘” 2ROMEFERLI D N7eo Daly ©
; DR | DFEET -
| E%‘Ei‘*ﬂlﬁ, W R Ok
Si0x 63.46 65.68 72.90. ‘ .
4 A1203 14.60 16.25 14.18 .E_?‘ij__ﬁjzf\ (E kt@t ?CO 7&%&& Il) E <
. : *FexO. ]
Fe:05 | ) “rs7 2.3 1.65 HEENACENEF EH L T W
FeO | | —- 1.90 0.31 %o I, SO, ALO; T B\ TiE -
MgO- 2.95 141 040 B
Ca0 5.55 3.46 113 WP, ZieRLT FeO, (FeO .
Na;0 345 3.97 - 21 ¥ &), Ca0 chWwTlkEMIc S
K:0" 1.00 2.67 3.94 .
0+ ——— 1.50 133 Vo X7 VHiC KO 0w
H:0-- Rl - FHE DLBWIHEHL TV 2,
TiOs —_ 0.57 043 et s
P.0; —— 015 0.0i 3 #EERRILE BEEEL W
MnO —_—— 0.06 0.13 W, BT, #RiK, 12 >~
Total 10000 | 100.00 R EIRE 23 b )
1) RA. D/u ¥, Igneous rocks and the depths of the T LM B S A T, BERh
earth, (1933), p. 15. D, ok E &, Lo HRORE
2) R.A.Davry, Ioc. cit, p. 9, 1933. . e 45
Ha0(%), TiOz, PaOs, MnO, (2553, KGie k27T, WoOTTHHL Jeo

* FeOy 2T 2#kb T, a. o B ERRER
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A &ﬁ%?%%@ﬁ,4y/xmeM%w¢%%®f,mmemfé@%@&,
Eﬂﬁiﬁ@fﬁﬂlﬁ”@bﬁ}\ﬁf, ZEEITT TS LML LT@;’?{@%#&E, HLaEsaHEh
T\ de B aFmo a4 4 ¢, o RBIDERE R EAREOITD bo FHER
FEBRELERTARBEOREMNI S Ve —#c 1.0mm ﬁuﬁ%f‘@ %o EEX— e HiETS
%ﬁ%%ﬁﬁ@ﬁﬁfﬁm%ﬁm%w,ﬁ@@@@ﬁ%“%gmiD%L(%@éﬂfh5o,
?M%L@ﬁ%w@)ﬁ<kmo%ﬁﬂ%#z<0w CREREETHT A4 FIEY
B SO R RIBEM L b, L% Abg~Abs; OEK EEVUFE”"’T%O BAH, f&“‘ﬁﬁif’%‘@@zﬁ
g <, FRCRE L BB %ﬁﬁ%x?%kﬂmﬁﬁ#aiéﬂ REDHIE FeA
LTWw2 bohd . HOGENTH 2EENN, Lo Fmlar, HoieRE v b
ﬁf%a&%,ﬁ%@f%f@%o%ﬁﬂamﬁﬁmahﬂm+ﬁﬂ@ﬁ%f,&Eﬁ@,
W, SEMREL . ik 12mm Wi Td %o WREOAREHNO b ORBE O FENE
U<, MEIRTFiL, BEAGRIL, HBHET 2 b OM% e RO FIE B E ORIk L H T
28 DB\ HHWALEA 20mm CFE T HAEEMLS b, WHETHOEYE,
EREAC L DRAINTW2 L 00D % XEE FERORENEHET 5, Mﬂ%u
HEE LT 2335 vo AP ICRRE LTEH M TV 20

EﬁuWﬁéf%kf@Mm,ﬁfﬁ,Mﬁﬁ,ﬁﬁh,Rﬁxu%@@ﬂ%,%ﬁf
8 % b 2o TR E 210w Bo

AR ALBIHCAT L7e & 2 25 850 & 5 Bk f7eo 2% Daly ORISR
wﬁ@lmu\&&ﬁbk# mo Wi {, MgO w3, FeO; (FeO 4% 1%
% <, CiO B ho7e0 KIBEC 5\ T Daly o4HHCIE WL P 7eo

b B H—HEIHZILS .

ARERES 2 b0k, WEFEREH ORI BBl T 20T, B
ﬂEE,ﬁﬁﬁmw®6mzw)awm&ﬁbt%mFE@@AﬁmhwmoMEE@—MK
Jﬂmmm&ﬁ,%%%xﬁ%h<&woﬁwwﬁm< EEOEREA L O 4 ve (010) 12

EEEECHEbN 227 A A4 PRAF D SO E KRB, e Abg~Abs oW
m&awﬁ%ufmaaﬂ%@%m%#ﬂmﬁﬁu<&em%OMﬁ%,ﬂh@%@@%%
WD Do HAETEMT S 2 I, ﬁﬁmaﬂmﬁhbf LOF LS o
o T R—ENERILE

,*%%ﬁﬁf%%@w,ﬁ%ﬁfkm&faﬁwf,mmMru&ﬁé@mﬁ%@,z
RETFCHS &, BedhE L ORKE, FHRR, B ﬁwWEAﬁer 505, alil, 5 i

HoBELE L, HOEIEHOREI e hOoXRERHAREBRE L TWDe CORAMELR
AO2Hm1TMM@W%ILT,&ﬁﬁmmfﬁ&oﬁO*TAﬁﬁﬂTw%oﬁkﬁﬁ
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BRI U7 LT, 4 0.7~06 mm /NIRRT, SHERZ OBENTR TS
(0]0) OECEELEE TO 7 A4 PN D B JIDK, BRIBHEAL L, e Abs~
Abgs DEKEEVCHHMUCV\%Q HKEHHEER b ORP LT, BHOENEL v BEH,
TR 0 SO WHPHEH N T 5o BAEKYTH 25WE, WBIEL/ MO |
AT, ZORLLS v MHERGIRA 025 mm TR 4 <, Wik, 20%EH
B E T 50 WA /N OBk ORI % < , BxA 0.6 mm, —fiic 0.4 mm Witk
T, SEHEEEE, RERIELZLOBEL B bhbe BESHANER L LTE, £ R
én#,h§¢mhﬁ&ktt#&Tao
E%ﬂ@&@f,ﬁﬂﬂﬂﬁ&ﬁ,ﬂﬁh,ﬁﬁﬁb“ﬂﬁmwWE@Oﬁ%EmLk«
b0, BEHEMEC Ko TRk 2N 5. ERROMEE 2T 20
ﬂxﬁk,bm"aﬁ}‘mﬂ“b%& zh, HIROMEMEL B
Daly o RFESARUIEOFE &ﬁﬁbfpﬂaaﬂ&n%T&%C&#%Bﬂko
d omRMEEIE
¢Ekﬂi¢%®ﬁﬁﬁﬁﬁa49/+W%MMMWT&%©T mmmw%ﬁm@@
*ﬁ?‘DHET: ST IR E LcFES, ﬂﬁfﬁﬁfﬁ\’h -"»ﬂVC\/\Z)o WMELDL o, BH
e KoM TH 25, FHio / = |

s 3 = ;
M Y 22 LBRBHTS S = - : :
X ° ﬁ”ﬁ&maﬁﬂﬁ%mﬂmﬁﬁﬁﬁﬁn
FERT B4 R &’5 5N, » <’f 2 v R0 CEERERE-RD ‘k‘ﬂl%m‘l =) I8N
Efi“j\‘ 1.3 mm —ac it 0.8~0.6 mm Si0; 6086 | 59.35 59.48
re . N : AlQy - 1480 1551 17.38
W T, KEOHEAL OB v, *Fey0; , =
; FeqOy 9.20 955 2.96
0[0) /B RT LS4 FREN D FeO } ‘ } < ' 3.67
- Blio7 E’"}(*"{]‘:;‘ﬂ’ij; b, H% Abs MgO 2.50 2.55 .3.28
Ca0 7.15 7.20 6.61
~ o & A ;
| ~Abs O REBCHET 20 Bl o0 3.01 2.95 341
O MOHMO QB 5. BHEM - KO 0.87 ©0.85 1.64
~ T H:0 ] 074
FRAEPC X R ) SRCHEAL ;f R R
T, Bk 08mm (CHET BEEMMS  TiO, SCERE (- 043
pes, i . P205 —_ e 0.20
",5‘"”, bR L H ) v
T, W, ZEMESE L e B McO - L o5
&S * - ~ N 0 )
Eu&ﬁﬁfgemu%&k<,% Total 106,00

& 1.8 mm ICHEEF 2 b DOMB Do — -
x ETLY ° " 1) R.A. Dary, Igneous rocks and the depths of

CBCKE R FEE T H Do WiE A the earth, (1933) p. 16.
= 3 H [ty 3 o fii

RAEQHET Do WHGHIHEL L L mm)”ﬂomammwr@@fo
‘Uil’ﬁ& mu\@ Bnk\/‘o E%FI‘VCR * Fe;03 Pi%fﬁll 5‘:%&”)3‘"0 ' )
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RSP C B XN Do

- BRI OGTREROMA, MOl BEiER I Vs h T 1‘&%-15%7{}\@2‘%&
'T%OE&¢m@ﬂm”%g%Aﬁén1maoaﬂm\ﬁénk%@m,t@% i kB
LOTH %,

C A PRISEARRII GEREERT, BRSATIL, SE S AT B8R BT b 0)

EmﬁmﬁMT%*ﬁﬁﬁwmﬂ,E%@%mmlofhooﬂm ﬁbko

a. o Bi—EHERAR LS
 FRERES S L0, REEET Sl < @ilaic g 5% 4 0T, IR KSR
f1, LM, BARAOBGEET, BITCHS &, ML L CREE, MEOMC, B
RTINS 2TV 2o FHERILIEA 20 mm nu{ﬁ@ B X EHBORMT, RS
OFEENRD Do 010 M RUABEROT L1 PRGNS Lﬂuofcﬁxk#j?‘tfflﬁ\r), JL#
Abg~Abs O KRR CHIE L, B OBHE OB & \vo WA, 28R, MR % T 2,
BRI BN & LSk 2 omid G ek Ldmm T 208, —fuc ik 0.35~0.2mm jf
BT, R L OB Ve ST CHIETAL BRI Tv 3 b 01 ve ke, S0
‘%ﬁ&moﬁﬁmwmalr@@@fffkéé10mmmﬁf%o&ﬁmﬁﬁ6@%kﬁ
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