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Why Did Germany not Succeed in Achieving a
Neutron Chain Reaction During World War II ?

—From the Viewpoint of Nuclear Reactor Physics—

Yuzo FUKAI

Abstract

The German program to achieve a chain reaction during World War II started at al-
most the same time as the American program. Whereas the American CP-1 could initiate
a chain reaction as early as December 1942, the German quest for nuclear reaction ended
without a productive result. The last German experimental device failed in April 1945.
This paper looks at reasons for this failure from the viewpoint of nuclear reactor physics.
In those days, it was extremely difficult in any country to procure the least amount of
materials necessary to produce a chain reaction because an industrial infrastructure to
provide high quality materials was not yet established. The minimum amount of uranium
or fissionable material was estimated by critical mass calculation which was dependent
mainly on an optimal weight ratio of moderator to uranium. The American researchers
developed an elementary nuclear reactor theory for that estimation, and succeeded in
building CP-1 by using an optimized method of this theory. In spite the fact that M. F.
Perrin’s method, which is shown here to have an equivalent theoretical skeleton to the
elementary reactor theory, had already been public before the German program started,
the German researchers adhered to a different estimation method that they developed
themselves, and then disregarded the optimization concept suggested in Perrin’s paper.
Furthermore they ignored the effect of reflector in their calculation of the critical mass,
based upon the Haigerloch sub-critical experiment. Such reasons played a crucial role in
their failure in nuclear chain reaction. This paper argues that their adherence to their
own estimation method was a result of their superiority complex.

1 Introduction

During 1939 and 1940, most nuclear physicists understood that a fission chain reaction (by
thermal neutron) in light water moderated natural uranium system was unfeasible. Then,
for the sake of feasibility of the chain reaction in natural uranium system, they chose either
graphite or heavy water that had a lower absorption thermal neutron cross section than
light water as a moderator, and American physicists selected graphite, whereas German
physicists, heavy water. In Germany, since the experimental results of W. Bothe clarified
that the domestic graphite had more impurity, and a lot of heavy water could be obtained
from the Norsk Hydro electrolytic company of Norway under the control of Germany, the
Heereswaffennamt(the weapon development administration office) decided on heavy water as
the moderator(!). To the contrary, in the USA of the time, it was difficult to obtain a lot of
heavy water, but a large amount of the high qualified graphite was easily obtainable.
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In order to achieve a chain reaction as early as possible due to the rivalry for a nuclear
development under the War conditions, it seems that the German plan was preferable to the
American one, because heavy water has a lower absorption thermal neutron cross section
than graphite. However, the fact of the matter is that the American graphite moderated pile:
CP-1 has initiated the chain reaction in December 1942, and, even in April 1945, the chain
reaction research failed in the last German experimental facility. Furthermore, the starting
date of the both American and German programs was September 1939. Thus, in spite that
it took about three years and half to achieve the chain reaction in the American case, the
German program did not produce a breakthrough in its five and half year period, until the
experimental facility was confiscated by the American army.

The reason that the German plan failed in the chain reaction is generally considered to
be insufficient funding, or the total destruction of domestic manufacturing industries and
transportation in a heavy air raid(®). However, since twenty experiments carried out at many
facilities to achieve a chain reaction until all the German research efforts were stopped(®, the
author doubts if there was a nuclear physical reason except for the above-mentioned one for
the German failure.

As generally explained in a previous paper®, the underlying principle for a chain reaction
physics is far simple. The balance of neutrons, namely, the rate of production is equal to a
sum of the rate of absorption (disappearance) and leakage of neutron in a given volume of
the neutron multiplying medium in a steady state. Then, the general equation representing
this balance is shown as follows:

(Production) = (Absorption) + (Leakage) (1)

In the Equation (1), Absorption contains the effect of neutron absorption to the fissionable
material which occurs the neutron generation by the fission effect of this material in the
medium. The amount of this neutron generation is (Production) term of the left side of Eq.
(1). Thus, Eq. (1) implies a concept of neutron circulating cycle:

(neutron disappearance) —» (neutron generation) —» (neutron disappearance)
— (neutron generation) — (neutron disappearance)......

Therefore, it is called ‘fission (neutron) chain reaction’ . Here is a definition of the effective
multiplication factor: ke,

ko = (Production) )
e/ = (Absorption) + (Leakage)

since it is clear that keg = 1 is equivalent to Eq. (1), keg = 1 is shown as producing a chain
reaction for a system to be discussed. In other words, the system becomes critical. Next, an
important physical concept of the infinite multiplication factor, koo can be defined as follows:

_ (Production)

koo = (Absorption)

3)
Since an actual system is always finite, the term (Leakage)>0. Then, Eq. (3) is derived from
Eq. (2). Namely, koo > 1: Eq. (3) is the necessary condition for achieving a chain reaction.
In other words, if only a system meets Eq. (3) condition succeeds to be constructed, and
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such a system is enlargened, the chain reaction should become feasible.

Since nobody can produce the Eq. (3) condition in the light water moderated natural ura-
nium system, either graphite or heavy water was selected as the moderator. However, heavy
water content is only about 0.015% in ordinary water, and also even marketable graphite
generally shows high thermal neutron absorption effect. During World War II, it was in ev-
ery countries extremely difficult to procure the necessary amount of the materials to achieve
a chain reaction, because an industrial infrastructure to supply the materials of high quality
was not yet established. Thus, all the nuclear researchers who intended to produce a chain
reaction had to solve the issue of procuring the least necessary amounts of the moderator
material and the natural uranium.

After World War II, Heisenberg reported several ko, values arranged from values of their
experiments according to the definition which is described in the Smyth Report(®), as shown
in his ‘Anhang’ report(®). Then, the keg values of their experiments by using the arranged
koo values and their measured ‘Vermehrungsfaktor’ Z values which are the ratio of the total
neutron leakage to the strength of neutron source can be estimated(6). Table 1 shows the
values of ko, and keg for the German experiments in order of year and comparison with the
developments in USA.

Because of the success of Leipzig device meeting the Eq. (3) condition in September 1941,
Germany seemed the first winner for the USA-Germany rivalry("). This German Leipzig de-
vice: Ly had the uranium oxide and heavy water of 150 liter. However, a increasing rate of
koo value every year is 0.038/yr in Germany, since the value of ko was 0.92 in 1940 and 1.11
in 1945, as shown in Table 1. On the contrary, the same increasing rate for the case of USA
was 0.14/yr: about 4 times as fast as that of Germany, since ko, was 0.89 in August 1941
and 1.07 in December 1942 for the graphite moderated natural uranium system, and surely
USA then won the USA-Germany rivalry by the success of its chain reaction. Furthermore,
even in the case of the heavy water moderated natural uranium system, USA beat Germany
in 1944, as shown in Table 1.

Table 1: German values of ko, and ke and comparison with that of USA

year ex. name Koo Z ke USA remarks
1940 B, 092 <1 -

1941 L4 1.01 11 091 Leipzig device
1941 koo=0.89 Columbia pile
1942 Go 1.09 1.37 0.82

1942 koo=1.07 keg=1.0006 CP-1

1943 Beb 1.08 2.35 0.95

1944 koo=1.22 keg=1 F-Z reactor*

1944 B; 1.08 3.06 0.97

1945 Bs 1.11 6.7 0.98 Haigerloch device

In this Table, astarisk *, shows the world-wide first success of the chain reaction
in a heavy water moderated natural uranium system by E. Fermi and W. Zinn,
and ‘ex. name’ is the symbol of the German experiment.
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This paper looks at, first, the Fermi-Zinn reactor which is described in the United States
Patent # 2708656(8). Then it will assess the R&D program that achieved koo > 1 in Germany.
Finally, it will discuss the reason for the German failure on the basis of the differences in the
technology of nuclear physics in the USA and Germany during World War II.

2 R&D on Heavy Water Moderated System in USA

2.1 Fermi-Zinn Reactor for Construction of CP-3

In the patent application by Fermi and Zinn, the Fermi-Zinn reactor is explained as an
experimental heavy water moderated natural uranium system for achieving a chain reaction.
The constitution of the Fermi-Zinn reactor shown in ‘Figure’ of the vertical cross section
described in the patent almost agree with the those of CP-3. It is from this fact that it can
be considered that the Fermi-Zinn reactor was built as a model of CP-3 in order to prove a
chain reaction in the heavy water moderated system. Since CP-3 was built in May 1944(%),
it is sure that the date of the success of the chain reaction in this system came before that,
and perhaps prior to the construction of Haigerloch device in Germany.

An approach to criticality for the Fermi-Zinn reactor was that a level of heavy water is
raised to a height of 122.4 cm, being poured into the Al tank with the arrangement of 136
natural uranium rods. Then, the whole amount of the critical mass can be measured by such
a method, only when a volume ratio of heavy water to uranium is beforehand determined.
Although its method approaching to criticality is same as in the case of the CP-1, it is quite
different from the case of the Haigerloch device. Namely, Fermi and Zinn already had a
calculating method, by which a critical size for the system can be forecasted. This method is
the elementary nuclear reactor theory(1®) which was developed by Fermi’s group during the
construction of the CP-1. A schematized concept of the theory is quite similar to the one
published(!)) in May 1939 by M. F. Perrin as shown in Appendix A. It should be noted that
the publication date of the Perrin’s paper preceded the start of the rivalry.

The estimation of the above mentioned criticality of the Fermi-Zinn reactor by use of
the elementary reactor theory is examined next(!2), First, ko, value: 1.22 of the Fermi-
Zinn reactor is derived from ‘Figure (with signatures of Fermi and Szilard) of the ko, values
as parameters of the uranium rod radius and the volume ratio’ described in the patent.
Approximating to a sphere from the actual cylindrical shape of the Fermi-Zinn reactor, the
sphericalized reactor has a radius of 92 cm with the thickness 71 cm of the graphite reflector.
Using the elementary reactor theory(1%), the critical size of the sphericalized reactor with the
koo value of 1.22 is calculated and the results are shown in Table 2, where the specifications
of CP-3 is added for reference. It is then from the Table 2 clear that the calculated values
by use of the elementary reactor theory agree well with the actual critical masses of uranium
and heavy water of the Fermi-Zinn reactor.
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Table 2: Specific of Heavy Water Moderated System of USA

item critical reflector graphite uranium heavy w/u*
radius thickness water
F-Z reactor
: actual 92 cm 71cm  24.1ton 1.85 ton 3.41 ton 1.84
: calculation 95 cm 70 cm 259 ton 2.07 ton 3.83 ton 1.84
CP-3 — 61 cm — 3.0 ton 5.34 ton** 1.78

x: The weight ratio of heavy water to uranium.
xx: The upper heavy water reflector has 1.16 ton=about 10 cm of the thickness, then the
total amount is 6.5 ton(®).

2.2 Optimization

Since it was extremely difficult to procure the necessary amount of the materials to achieve
a chain reaction in those days, as mentioned before, it was very significant to estimate a
optimal volume ratio of moderator to uranium which decides mainly the nuclear properties
of the reactor, especially the critical mass. E. P. Wigner and G. N. Plass attempted to
calculate a ‘optimal lattice’ for the construction of CP-1 in early 1942(13). They obtained a
volume ratio, of which the core has the lattice with the highest value of k. Calculation of
the lattice with the highest value of ko, had already been proposed by L. Szilard in January
1940(1). The optimization of the lattice was a common physical knowledge among Fermi’s
research group. Although they have not explained a physical reason that ko has the highest
value at a specific volume ratio of lattice, the physical property had been explained by O.
Minakawa and H. Tamaki(!®). In Japan, such an optimization concept had been adopted
in the estimation(1®) of ‘Ni Go study’ operated by the Riken (the Institute of Physical and
Chemical Research) during World War II. The Riken researchers developed this concept by
studying Perrin’s paper(!1). As shown in Appendix A, since his calculating method has the
same theoretical skeleton as the elementary reactor theory, the Japanese optimization might
be considered to have been essentially equivalent to that of USA at the time.

In the patent, there is the following description for the heavy water moderated natural
uranium system, that is equal to the above-mentioned ‘Figure’.

When heavy water is used as moderator, higher ko, approaching 1.3 is obtainable.

Since the range of the volume ratio which is satisfied with Eq. (3) condition in the heavy
water moderated system is wider and the values of ky is far over unity, it would be not
necessarily adapted that the core has the highest value of ko, approaching 1.3. Then, ko
value of the Fermi-Zinn reactor of 1.22 was adopted but not the maximum value. However,
all the ko, values of the German device shown in Table 1 seem to have been fairly lower than
the ones given in the patent.
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3 R&D for Heavy Water Moderated System in Germany

3.1 Organization in nuclear reactor physics in Germany

Research was carried out by the following 4 research groups,

research group devices researchers
(1) Physics Department L; ~ L4, K. Dopel, W. Heisenberg.
of Leipzig University

(2) Gottow Test Factory Gj; ~ Gz, F. Berhei, W. Czulius, K. Diebner,

of Heereswaffennamt G. Hartwig, W. Herrmann.

(3) Central Laboratory = B; ~ Bg, F. Bopp, E. Fischer,
of K.W.I. for Physics W. Heisenberg, K. Wirtz.

(4) Heidelberg Branch no device, W. Bothe, P. Jensen, O. Ritter.
of KW.I

A number of the total experiments was 20. L; ~ L4 and By ~ Bs had a spherical shape. B;
and Bg ~ Bg had a cylindrical shape with the same height as the diameter. Since an exact
analytical solution can be derived only from a spherical configuration, it is better considered
that the configuration to be estimated is a cylinder having the same height as the diameter.
There is no detailed information for G; ~ Gs.

The German researchers understood that a system with ko, > 1 had possibility of a chain
reaction, enlarging the size of this system, and then they might have thought about the
possibility of achieving a chain reaction in a system, which had the same constitution as
Ly, if heavy water of 5 ton and natural U of 10 ton were procured!”). However, since such
amounts were considered to be enormous and unavailable in those days, the onward R&D
was afterward continued to be carried out for achieving a chain reaction in a system with the
less amounts. Although the total 20 experiments then carried out, the results of the German
R&D after achieving ko > 1 are dealt with here.

3.2 Preliminary Experiments for Construction of Haigerloch Device

The experiments with a slab type fuel of Bg ~ B7 had been carried out at (3) in 1943-44 by
Bothe and E. Funfer. The results decided the weight ratio of heavy water to uranium (W/U)
and also showed superiority of graphite over light water as a reflector. The results of the
B¢ ~ B7 experiments are shown in Table 3.
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Table 3: Result of B¢ ~ B;7 experiment

ex. name Bea Bep Bec Bed By
thicknessof U [em] 10 1.0 1.0 20 1.0
uranium metal [ton] 2.12 1.25 0.89 1.78 1.25
heavy water [ton] ~1.5 ~15 ~15 ~15 ~15
W/U ratio 071 12 165 084 1.2
measured Z value 1.56 235 212 2.06 3.6

As explained later, the German researchers considered that a chain reaction can be ex-
pected to occur, when the measured Z value becomes infinite. The larger the Z value, the
nearer approach to criticality. Perhaps with such a consideration, they decided the following
issues for a new direction of R&D to achieve the chain reaction,

(i) A preferable value of the W /U ratio is about 1, because of the higher measured Z value.
(ii) Graphite reflector is more preferable.

(iii) Larger lump of the fuel is not necessarily preferable, seeing the case; Bgq of 2 cm
thickness.

3.3 Outlines of Haigerloch Device: Bg

According to the above direction, each about 1.5 ton of natural uranium and heavy water are
prepared for construction of a new device: Bg. Since it was proved, at Gottow Test Factory:
(2) in the beginning of 1941 by the experiments of the heterogeneous lattice in the U-paraffin
sphere, that a cube of the fuel is preferred to a slab type, the supplied uranium metal for
Haigerloch device was mechanically processed to cubical shape. Although 6-7 cm of the side
length may be preferable from theoretical consideration,

(iv) The side length of 5 cm is adopted, in the light of Gottow result and the above-
mentioned (iii).

Then, the 680 cubical uranium fuels were supplied to Haigerloch site.

The whole size of Haigerloch device was the height and the diameter of 210 cm, including
the graphite reflector of 10 ton with the thickness of 40 cm which perfectly surrounds a core.
The core has the height and the diameter of 124 cm. The loaded cubical uranium fuels in the
core are suspended in the regular intervals by 78 chains, of which each of the 40 chains has 9
fuels and one of the 38 chains has 8 fuels. Therefore, the actual total number of the loaded
fuels is 664, and the amount is 1.49 ton. The heavy water was poured over the loaded fuels
in the core, and then the total amount of the heavy water with the density of 1.1 g/cc was
about 1.54 ton. It means that

Haigerloch core had the W/U ratios, weight of 1.03 and volume of 16.9. (4)

Furthermore, sphericalizing the actual Haigerloch device, the resultant configuration is as
follows,

The radius of the core is 71 cm and the graphite reflector thickness is 50 cm. (5)
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The procedure of constructing the Haigerloch device was remarkably different from the case of
Fermi-Zinn reactor. If a criticality can not be clearly predicted, it should be necessary to have
enough spare parts of the materials: fuel and moderator. Seeing such a procedure, perhaps
one may think that Heisenberg expected to achieve a chain reaction in the Haigerloch device.
However, the actual result of the Haigerloch device betrayed Heisenberg’s expectation. The
resultant Z is

2=6.7 (6)

which was equal only to twice Z value of B7. Thus, a goal of the way to achieve the chain
reaction in Germany is considered to be far away.

3.4 A Summary of German Results after Achieving k., > 1

In Table 4 are shown the specifications and experimental results of the device to achieve a
chain reaction of heavy water moderated natural U system in the German project, similar
to the one which was operated during and immediately after World War II in the countries
except for Germany.

Table 4: Weight Ratio of Heavy Water to U (D20/U) for Each Device

Device U D,0 (%32 z References
[ton] [ton]
Ger |Lz  0.142(Us05) 0164 115 ~1 (3) 1941
Ly 0.755 0.164* 0.22 1.1 (3) 1942
H.P. 3(plate) 1.5 0.5 ? (17
Gaa 0.189(cube)  0.189(ice) 1.0 1.65 (17
Bea  212(plate) 1.5 071 1.56 (3) 1943
Bey  1.25(plate) 15 12 235 (3) 1943
Bec  0.89(plate) 1.5 165  2.12 (3) 1943
Bea  L78(plate) 1.5 - 084 206 (3) 1943
B, 1.25(plate) 1.5 12 3.6(3.06)" (3) 1944
By 149(cube)  1.54 103 6.7 (3) 1945
H.F. 2.30 2.37 1.03 ook =1 (3)
USA | F-Z 1.85 3.41 1.84 00 : keg =1 (8) before 1944/5
CP-3 30 5.34 178 ke > 1 (9) 1944/5
NRX 105 17.0 162 kg>1 (9) 1947/8
FRN | ZOE 30 16 153 ke >1  (9) 1948/12
P2 33 6.3 161 keg > 1 (9) 1952/10
Nor | JEEP 242 7.0 2.89 keg > 1 (9) 1951

Note: * =150 liter; **: Z values of 3.6 in ‘Table 3’, and 3.06 in ‘Table 4’ of ref. (3).
Abbreviation: Ger=Germany, H.P. =Heisenberg’s next plan, H.F. =Heisenberg’s forecast,
F-Z=Fermi-Zinn, FRN=France, Nor=Norway.

The following conclusion can be easily drawn from Table 4.
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The weight ratio of heavy water to natural U (D20/U) for the German device
was below 1.2, except for Bgc, and lower than all other countries.

Next, selecting the experimental results of the German device which meets the condition of
Z>1 from Table 4, and, rearranging the Z and ko, value as function of D;O/U, the following
Table 5 is obtained,

Table 5: Rearranged Data from Table 4

D,0/U 022 0.71 084 1.0 1.03 1.2 1.2 (1.65)
Z 1.1 1.56 2.06 165 6.7 235 3.6 (2.12)
ke 101 - - 109 111 1.08 108 ()

Device Ly Bga Bea G2a Bs Be, Bz  (Bec)

Since the Z-value depends on variable specifications of the core and the reflector, its
relation to the D2O/U can not be so strictly discussed, but may be roughly considered to
have a proportional increase. On the contrary, the ko, value can be considered to be in
proportion to the D20 /U, since it depends only on the specifications of the core, unless a
form of the U is remarkable: the U form of Gy, and Bg is a cube and the others are not so.
It is clearly understood from Table 5 that the performance (ko and Z values) of the devices
to achieve a chain reaction was improved by increasing D20 /U.

On the other hand, the construction date of the devices is put in chronological order,
then,

L4——)Gga—)Bsa—)Bﬁb—)Bsc—)BGd—)B7—)Bg

the above order is quite irrelevant to the trend of increasing D2O/U shown in Table 5.
Therefore, the German researchers who engaged in the German project were perhaps not
interested in the following physical assumption:

the core having moderately higher D,O/U value is preferable for achieving a chain
reaction.

The above fact means that the German project had not reached the stage of an optimization
study for the weight ratio of heavy water to U, which was considered to be very important for
a nuclear development of the USA Fermi’s(!3(1) and Japan RIKEN’s research group(:>)(16),

In the German project, the stage of such an optimization study would not find, or this
study could not be carried out. The reasons for this is that the German researchers had
mainly used Heisenberg-Wirtz’s method for the analysis and the physical interpretation of
their experimental results, and the method was moreover unsuitable for the physical forecast.
However, since they had not included the optimization study in their plan, they had selected
a system with DoO/U = 1 and only forecasted the chain reaction of the system having both
D20 and U of about 2 tons available in Germany of the time.

Seeing Table 4 and comparing the German experimental results with the actual operated
ones in the countries except for Germany, the ratio of D,O/U to be adopted for a future
device in Germany might be speculative to be preferred to be over 1.5. Although French
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ZOE has D20/U = 1.53, the each weight of the constituent materials was heavier than the
critical mass because of a research purpose. Furthermore, considering the actual operating
result of Fermi-Zinn reactor which had lower value than 2 tons as critical weight of U, the
speculated specification of the future device to achieve a chain reaction in Germany would
be perhaps as follows,

D0 _
=2 =

Accordingly, it might be presumed that although a sufficient amount of U was secured (see
Bg, in Table 4), about 1 ton of heavy water was short for achieving a chain reaction in Ger-
many during World War I It is also remarked(!®) that the available total amount of heavy
water in those days was ‘never more than 2.5 ton’. Since the amount of heavy water sunk to
a fjord by the Norwegians’ attack was 613 liter (0.67 ton), if this attack had not taken place,
an available total amount would have been over 3 tons. It would be then imaginable that the
improvement of the weight ratio had changed the outcome of the German R&D.

As explained before, USA had succeeded the chain reaction of the heavy water moderated
natural uranium system by use of the elementary reactor theory developed by themselves. It
can be from Table 2 understood that the criticality can be predicted by this theory. Before
the German R&D started in September 1939, Perrin had already published a paper(!!), which
calculated a method for the chain reaction of a homogeneous system in May of the same year.
The theoretical skeleton of the Perrin’s paper is equal to the elementary reactor theory, as
showed in Appendix A.

However, the German researchers actually never used any foreign method, and adopted
a domestic method(1?) developed by Heisenberg, which is remarkably different from the ele-
mentary reactor theory or the Perrin’s calculating method. This difference has been discussed
by R. Persson® in the study on ko, measurement for light water moderated natural ura-
nium systems. In his conclusion, the following opinion for the difference between Heisenberg-
Wirtz’s method and the elementary reactor theory which is equivalent to the Perrin’s method
is shown,

U of about 2 [ton], heavy water of about 3 [ton], and 1.5. )

The differential method (the elementary reactor theory or Perrin’s method) is
more straightforward than the integral method (Heisenberg-Wirtz’s method).
......... In the integral method one has to apply several correction to the mea-
sured quantities, and it is very difficult to estimate the errors in these correction,
which are found theoretically.

Nobody could have doubts as that Heisenberg-Wirtz’s method is physically correct because
it is fundamentally introduced from the neutron balance; Eq. (1) in a chain reacting system.
And this fact could be clarified by Persson’s results(?®). However, when a spatial behavior of
neutrons in their basic concepts is mathematically described, ‘differential’ method is adopted
in Fermi’s or Perrin’s case, and, on the contrary, Heisenberg-Wirtz’s method has ‘integral’
type. Thus, the Persson’s conclusion ‘the differential method is more straightforward than
the integral method’ is derived. Since the effects of neutron absorption and fission within the
system and neutron leakage from the system are all inseparably contained in the Heisenberg-
Wirtz’s equation as the measured values, ‘differential’ method is generally thought to be
superior to ‘integral’ type for discussion on a fair prospect of success to achieve a chain

10
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reaction. Namely, Heisenberg-Wirtz’s method would be considered to have been unsuitable
for an optimization study.

By using nuclear data which are considered to reappear the German technology level in
those days as faithfully as possible(!?) and the elementary reactor theory, a result which can
be justified to be nearly able to reappear the main properties of the German device is shown
in Table 6.

Table 6: Comparison in Main Properties of Haigerloch Device

item measure calculation calculation/measure
infinite multiplication factor: koo 1.11 1.14 1.03
‘Diffusionslénge’ [cm] 36.3 38.0 1.05

3.5 Heisenberg’s Forecast from the Haigerloch Results

Heisenberg had insisted that the experiment results of the Haigerloch device indicated a chain
reaction in Germany was possible. Since the details of his developed estimation is explained
in Appendix B, his forecast and its shortcoming are briefly described here.

First, Heisenberg gave the following equation as a peculiar boundary condition between
the core and the reflector at the radius: R of the sphericalized core,

%(nr) = —By(nr) (v = const) (8)

where, r is a radial coordinate of the sphericalized core, n is a neutron density of the core,
and B is the buckling: the reciprocal of ‘Diffusionslinge’. By using the above boundary
condition, a value of Z can be derived from Eq.(B9) of n in Appendix B and the definition
of Z as follows,
_ 1+vBR (9)
" cos(BR) + vsin(BR)
Since the critical condition: achieving the chain reaction is ‘Z — oo’, Heisenberg had derived
the following critical equation from Eq. (9),

cot(BR) = —v (10)

Then, Heisenberg had forecasted a critical mass of a next chain reacting device to be con-
structed in Germany from the Haigerloch results: Z=6.7 and ‘Diffusionsldnge’ by using Egs.
(9) and (10). Although Heisenberg had said that ‘Diffusionslidnge’ is about 35 cm, the value
of ‘Diffusionslinge’: 1/B is derived from Eq. (9) and y=0.824 as follows,

%- =363 [om] (11)

Therefore, since BR=2.26 is obtained by Eq. (10) with y=0.824, a forecasted critical radius
becomes 82 cm from Eq. (11), and is 1.15 times the radius: 71 cm of the Haigerloch device.
Converting these values to the critical mass of the next future chain reacting device to be
constructed,

natural uranium; 2.30 [ton], heavy water; 2.37 [ton] (12)

1
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are obtained. Thus, Heisenberg had insisted that they would succeed the chain reaction, if
the both materials of about 2 tons were available. As shown in Table 3, Heisenberg surely
had 2.12 ton of uranium for the experiment of Bg,. With regard to the available amount of
heavy water in Germany, the following words can be quoted from Heisenberg’s paper(?),

In October 1943 the plant (Norsk Hydro electrolytic) was completely destroyed
in a heavy air raid. Nevertheless, about two tons of heavy water were available
in Germany at the time: a quantity which, according to our calculations (Eq.
(12)), was just enough for the construction of an energy-producing pile. ......... A
branch of the Reichsforschungsrat at Stadtilm was allotted the remaining quantity
of heavy water and a great part of the available uranium. ......... The materials
available at Haigerloch, however, was single insufficient to attain Z=oo. A rela-
tively small amount of uranium would in all probability have sufficed; but it was
no longer possible to obtain it, since transport from Berlin or Stadtilm could no
longer reach Hechingen.

Heisenberg’s insistence is considered as follows: the German researchers did not admit that
their chain reaction ended in failure, because they could procure the least necessary amount
of the materials to achieve a chain reaction. However, they could not in fact produce a chain
reaction, owing to disturbance of their research by a heavy air raid which destroyed com-
pletely the domestic transportation network.

The Heisenberg’s forecast above is however physically doubtful. Especially, the assump-
tion of (y=constant) in Eq. (8) would be correct in physics 7. Since it is physically correct
that neutron density and current of a core and the ones of a reflector should have continuity
at the boundary: r=R between the both sides, the following equation for -y is exactly derived
from the above boundary condition to be physically appreciated, as in detail explained in
Appendix B,

vy = Elﬁ (D—Z (1 + &y Rcoth(k,T)) — 1) (13)
where, T is the thickness of a reflector, D and D, are diffusion coefficient of a core and a
reflector respectively, and «; is the reciprocal of the reflector diffusion length. Therefore
is clearly dependent on the specification and the nuclear properties of the given core and
reflector, and can be not applied freely to another case as the constant value. Furthermore,
combining Eq. (13) and Eq. (10),

D,
BRcot(BR)=1— D (1 + &y Rcoth(k, T)) (14)
[4

is obtained. The above equation is a critical equation of a spherical reactor with reflector given
by M. F. Perrin®)), and also described in the elementary reactor theory(!?). The German
researchers of those days should have sufficiently considered that the thickness of a reflector
remarkably affects criticality of a chain reacting system, since Perrin already pointed out that
the fast neutron critical mass of 40 ton without reflector could be reduced to 12 ton by using
a pure neutron scattered material of Fe with the thickness of 35 cm as the reflector(®),

Eq. (8) given by Heisenberg is very ‘grobe’ approximate as said by himself. According to
Heisenberg’s report of December 6 in 1939(22) | he considered that a reflector (an outside of

12
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core) thickness is infinite and diffusion coefficients of the core and reflector are always equal.
Applying this approximations: T — oo and D; = D, to Eq.(13), the following equation is
given for v,

= % = constant (15)

Since the actual Haigerloch device had a finite. thickness of the reflector and different nuclear
properties in the both regions, Eq.(13) should be adopted in the forecasting calculation from
this experimental results, instead of (y=constant). Since the detail of the more correct
forecasting calculation is shown in Appendix B, only this brief reference is expressed here.
Then, substituting Eq. (13) to Eq. (9), the following equation is given as

A-1 . A
cos(BR) + BR sin(BR) = 7 (16)
where, A is
' A= %(l+nchoth(an)) (17)

c
Although the neutron-physical information for graphite which had been used in the Haigerloch
reflector is very little known, since the material is a single composition and does not consist
of any component, this physical specification is considered to be easier estimated than the
diffusion coefficient: D. of the core consisting of two components: natural U and heavy
water. Then, only D, value can be here estimated from the Haigerloch experimental results
by using Egs.(16) and (17). Giving here the 3 cases of nuclear data set: D; and «; as the
graphite which might be used for Haigerloch reflector and using Haigerloch experimental
results: ‘Diffusionslange’ (1/B)=36.3 cm, Z=6.7, R=71 cm and T=50 cm, D, values are
derived from the above-mentioned procedure. Finally, from the critical equation: Eq. (14)
with (1/B)=36.3 cm, D, D, and «; as the input data, a critical radius: Rg can be calculated
as the function of a graphite reflector thickness: T. Thus, some results are given in Table 7.

Table 7: Forecasted Criticality from Haigerloch Experimental Results

Rk [cm] T [cm] natural U [ton] heavy water [ton] graphite [ton]
84.5 42 2.55 2.62 10.1
82.5 50 2.37 2.44 12.6

It can be from comparison with Eq. (12) understood that the Heisenberg’s forecasting
method (y=constant) from the Haigerloch result is optimistic for criticality estimation, and
disregarded an important effect of a reflector to the critical mass. This optimistic result
is owing to the Heisenberg’s concept for the reflector effect: ‘a reflector (an outside of core)
thickness is always infinite and diffusion coefficients of the core and reflector are always equal’.

13
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4 Why did Germany not Succeed in Chain Reaction ?

Many believe that German researchers failed to produce a chain reaction because they could
not estimate correctly minimum least necessary amount of materials to do so. Why did they
not adopt the Perrin’s calculating method that had already been made public in France,
which was equivalent to the American elementary reactor theory ? Why did they adhere
to Heisenberg-Wirtz’s method developed by themselves ? Because of their peculiar method,
they could not derive the concept of optimization and procure the least necessary materials.
Perhaps, this is why German failed. In Japan, the Perrin’s calculating method was used in
the estimation of ‘Ni Go study’ operated by the Riken, and the concept of optimization was
also adopted. S. Weart has published®® a survey of on the world-wide history of R&D for
chain reaction, and pointed out that F. G. Houtermanns had in August 1941 almost derived a
complete equation of the four-factor formula which is equal to Eq. (A24) of Appendix A. He
suggested Houtermanns’ result did not sufficiently contributed to the German R&D, because
he did not join the Heisenberg’s research group. Furthermore, with regard to the forecasting
from the Haigerloch result, they disregarded Perrin’s finding about the effect of reflector(2!),
and adopted the ‘grobe’ approximation of (y=constant). For such facts that the German
researchers had repeatedly disregarded the Perrin’s method, Weart has also described as
follows,

In the mid-1940 the capture of Paris allowed the Germans to analyze the French
experimental procedures, although they never learned the theoretical tools the
French had developed to analyze them.

and furthermore quoted the following words of two members of the German researchers: E.
Bagge and K. Diebner after the War,

While this theory (Heisenberg-Wirtz’s method) is to a certain extent outstripped
by another type of formulation (American elementary reactor theory) made by
American physicists, it nevertheless remains correct in its essential points, and
even today it would in principle suffice for calculation of a uranium reactor.

From the problems to be discussed here, Weart’s impression mentioned above, and the over-
confidence of two members of the German team, one may suggest that they had a strong
sense of superiority to other nations and consequently believed they alone can conduct their
experiments. Therefore, the author thinks that one strong reason for the German failure in
chain reaction related to this strong superiority complex of German scientists.

14
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Appendix A:
The Relation between Perrin’s Equation and Elementary Reactor Theory

M. F. Perrin described that a possibility for a neutron chain reaction by the uranium fission
had been soon discussed(®!) after the fission had been discovered. First, Perrin proposed
a critical calculating method of so-called ‘one group diffusion theory’ which can be applied
mainly to a fast neutron chain reaction, namely, neutron energy generated by the fission is
assumed to be the same as the thermal energy that the fission occurs. At the same time,
many researchers; S. Fligge(¥), M. F. Adler®®®, and R. Peierls(®®) described a physical
concept of a neutron chain reaction and proposed a critical calculating method under the
same assumption ‘one group diffusion theory’. In May 1939, M. M. H. Halban, L. Kowarski,
P. Savitch(®") first obtained a experimental value of 238U resonance neutron absorption during
a slowing down to thermal energy that the fission occurs from generated fast neutron energy
by the fission. By their experimental result; p of the 238U resonance escape probability, the
theorist Perrin could derive a well understandable critical equation of so-called ‘two group
diffusion theory’(). Here, the theoretical skeleton of Perrin’s proposed critical equation for
homogeneous chain reacting system is presented to be equivalent to the one described in the
elementary reactor theory(19).

Perrin shows a set of the equations in critical condition for fast neutron density: ng and
thermal one: ny,. Since averaged neutron velocities for fast and thermal neutrons are vg, and
vin respectively, each neutron fluxes are expressed by ®g and @), as follows,

Dy = NfLUft Dy = nyp vin (A1)

Accordingly, the original Perrin’s critical equations can be rearranged by Equation (Al) to
the following neutron balanced critical equations for two energy groups,

Dﬂv@ﬂ+01<1>ﬁ+02<l>m =0 (A2)

Dy, 7 @pp + C3%51 — Cy®ip, =0 (A3)

where, diffusion coefficients: Dg and Dy, are shown by each averaged mean free paths: Ag
and M\, respectively as follows,

M py=dtt (A4

Dp==3 3

and, since Perrin also considers the system that is a homogeneously mixed up medium of
moderator and uranium, the coefficients: Cj, Cq,C3,Cy4 in Egs. (A2) and (A3) are derived
from Eq. (A1) and Eq. (A4) as follows,

C = ((Vft -1)Ny a‘{:j — sum; N; a‘{:) — Nyosp (A5)
Cy = v Ny oty (A6)
C3=pNnosp (A7)
Cy = Ny oty + Ny oty + sum; N; oth (A8)
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where, v: an average emitted neutron number by a fission of uranium, N: a nucleus number
per a unit volume, o: a neutron reaction cross section (unit: barn), and ‘ft’ and ‘th’ of an
upper suffix show fast and thermal neutron energy respectively. With regard to a lower suffix
of N and o, U: uranium, H: moderator, i: nuclei except for U and H, a: neutron absorption,
SD: slowing down. ‘sum;Njo;’ shows the summation of neutron reaction rate of nuclei except
for U and H, and p is the resonance escape- probability of 233U which is obtained by an
experiment.

From Eq. (A2) and Eq. (A3), an expression only for ®g is derived by canceling @y,
and, by the same mathematical procedure, the one only for @y is derived. Then, the two
equations have quite same form with the same 4 coefficients: C;,Cy,C3,Cy4. Accordingly,
since the spatial distribution (not absolute value) for ®5 and ®yy, is quite same, an eigenvalue
for either @5 or @), becomes same when Eq. (A2) and Eq. (A3) are solved, i.e.,

Ve +B¥®; =0 &y + B0y, =0 (A9)

where, B is the eigenvalue, and is called as the ‘buckling’ in the elementary reactor theory.
Then, a total neutron absorption rate: ¥, in the whole system can be expressed by
xft = sum; N; o‘{; T = sum; N; af,']‘- (A10)
where, the summation of neutron reaction rate: ‘sum;’ with the suffix ‘j’ in the above equation

is carried out for all nuclei including U and H. Therefore, by use of Eq. (A10), C; and Cy4
can be changed to the following expressions,

Cr =~ (NHO’5D - (uf'NUagf, - z:{t)) (A11)
Cy=3th (A12)

Next, the fast fission effect: € is derived as follows. Since a number of fast neutron generation
by fast neutron fission is ¥ Nyoft;, the net fast neutron number in unit volume of the system
is reduced to (uftNUaffU — Xaf*) due to fast neutron absorption effects of all nuclei including
U and H. The net fast neutrons suffer slowing down by moderator: Nyogsp, and they lost
high energy and the fast fission effect. Therefore, a rate of increased fast neutrons before the
suffering slowing down by moderator: A is expressed as follows,

(vt Ny offy - 1Y)

A =
Nyosp

(A13)

It is noted that A << 1. Then a fast neutron cycle occurs in the fast neutron energy group
by a factor of A, and the increasing rate: € of fast neutrons in the energy group is considered
to be

e=1+A4+A2+ A3+ A 4. (A14)

This effect adds to the whole neutron cycle in the chain reacting system. Since the fast
neutron velocity is 8x10° cm/s (an averaged fission neutron energy: 2 MeV), a typical fast
neutron cycle time is about 10~8 sec. While the thermal neutron velocity is 2.2x10* cm/s,
and a typical neutron cycle time of thermal reactors is about 1074 sec, then the fast neutron
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cycle occurs about 10* times the whole neutron cycle. Therefore, Eq. (A14) is considered to
be an infinite series, i.e.,

€= —— (A15)

Then, Eq. (A11) becomes as follows,

ft N ft _ zft
Ci = ~Nyosp (1 _ Y WOy~ e
Ny osp
=—-Nposp(l - A)
_ ~Nuosp (A16)
€
It should be noted that e of Eq.(A15) may be slightly different from a definition of the
elementary reactor theory.
Since the coefficients: Cj, Cy,C3,C4 in Eqs. (A2) and (A3) are then Egs. (A16), (A6),
(A7) and (A12) respectively, renewed neutron balanced critical equations are derived as
follows,

D7 @51 ~ (NH:SD) By + v Ny ol @y, = 0 (A17)
Duh 7 ®uh +p Ny osp@py — T dy, = 0 (A18)

Dividing Eq. (A17) by (Ngosp/e) and Eq. (A18) by X! and introducing the following
constants by the definition of the elementary reactor theory,

D
=m_:5 (A19)
L? =%’1 (A20)

a
Eq. (A17) and (A18) are written as follows,
€1V Opp — By =— (%) o, (A21)
L2 &y — By = — (’Lgtfﬁﬂ) 3y (A22)
a

Multiplying Eq. (A21) by Eq. (A22), and applying its product to the following equation of
n f and ke in the elementary reactor theory,

th th
v Ny oy
Ttk

koo =€pnf _ (A24)

the following resultant equation is obtained,

nf= (A23)

erL* 7 Bpy 7 Oy — €784 v B — L2®f 7 Opp + © 1P = koo @1 Pen
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Dividing the both side of the above equation by ®g®yy,, since ®g P4y, # 0

er L2 VPt VO _ E7_V‘I’ft _ 72V%m
B B 37 Din

+ 1=k

is obtained. Since the following relations are then derived from Eq. (A9),

vl  vom 2
YTt _ VTt _ _ g A25
Dy Dy, (425)

using Eq. (A25) to the above equation, one gets an equation:
erL*B* + (e7 + L?)B? = koo — 1

Here, with regard to fast neutron leakage from the chain reacting system, er ~ 7 is used to
be approximated. Since a total effect of leakage form the chain reacting system does not only
contain the one of fast neutron but also the one of thermal neutron, the approximation is
quite reasonable for estimation of the criticality. Accordingly, the above equation becomes,

TL2BY + (1 4+ L)B? = koo — 1 (A26)
Since the migration area: M? in the elementary reactor theory is given as
M2=I1%+7 (A27)

Eq. (A26) is rearranged to
TL?B* + M?B? = koo — 1 (A28)

For a large chain reacting system, the first term of the above equation can be neglected, since
B* becomes extremely small. Therefore, Eq. (A28) becomes a simple form of M2B2 = ko, — 1.
Then, considering Eq. (A25) again, the thermal neutron flux: @,y for the large system can
be calculated by the following equation,

VO + B ®y, =0 (A29)
where,
ko —1
B?= —°;4—2 (A30)

Heisenberg had used Eq. (A29) as the critical equation: Eq. (B1) in Appendix B. However,
he had not known that this equation can be derived from Perrin’s paper.

The approximation for the neglected first term of Eq. (A28) may be reasonable, if the
radius of spherical chain reacting system is far over the following value, 2.00~4.70 cm for
the case of a light water moderated system, 34.4~35.7 cm for a heavy water system, and
34.2~51.8 cm for a graphite system.

Since only the light water moderated chain reacting system was considered when Perrin’s
paper had been published(!!), the neutron balanced critical equation; Eq. (A2) and (A3) for
two energy groups had been solved by an approximation of Dy, 7 @, = 0. Although this
approximation is of course physically reasonable for case of the light water moderated system,
such the method must not be applicable for any kind of moderator. However, as proved here,
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the applicable calculating method can be derived from the original Perrin’s paper, which
is considered far exactly to include almost conceptions of physical phenomena for a chain
reaction. The theoretical skeleton of the elementary reactor theory developed by Fermi’s
group can be then considered to have been created by Perrin, but his paper is not quoted
in ‘other references’ of the Fermi-Szilard’s patent, in spite that S. Fliigge’s paper has been
quoted(®). Fermi might have not understood what Perrin’s paper had anticipated.

Appendix B:
Heisenberg’s Forecasting Method for Critical Mass

German researchers always used the calculating method(!?) which was developed by Heisen-
berg’s group for estimation of their research results. In this appendix, an improved method
for forecasting of a critical mass from the Haigerloch subcritical experiment is offered, since
Heisenberg’s forecasting method has the ‘grobe’ approximation described by himself, which
is shown in Eq. (8) of the text.

A spherical system having a neutron source: Q at the center of a core with the radius: R
and a reflector with the thickness of T is generally considered under the following conditions,

(I) Since the Haigerloch device was actually cylindrical with same dimension of the diam-
eter and the height, the experiment should be considered to be sphericalized. Then,
the sphericalized core has a radius of 71 cm, which can be perfectly surrounded with
the graphite reflector of the thickness of 50 cm due to the total weight of 10 ton.

(IT) A neutron behavior in the core is calculated by the diffusion theory. In Heisenberg-
Wirtz’s report(®), the following ‘Diffusionsgleichung (7)’ is expressed as a basic equa-
tion,

vne+ B*n.=0 (B1)

where, n. is a neutron density per a unit volume of the core, B is the buckling, a
reciprocal of which is called ‘Diffusionslinge’ by Heisenberg. For the sphericalized
system, Eq. (B1) is expressed in the following form as r is radial coordinates,

d? 2
d?(ncr) + B*(ncr) =0 (B2)

(ITI) A neutron behavior in the reflector is also calculated by the diffusion theory. A neu-
tron density: n, in the reflector is derived from the boundary condition of n, = 0 at
r=R+ T as follows,

nyr = Esinh (k,(R+T — 1)) (B3)

where, k; is a reciprocal of the diffusion length of the reflector and E is an arbitrary
constant.

A general solution of Eq. (B2) with arbitrary constants of C and « is derived as follows,

ner = C (asin(Br) + cos(Br)) (B4)
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A physically reasonable boundary condition is the continuation of the neutron density and
current at the boundary between the core and the reflector: r=R, i.e.,

dn d
ne=n, D, (d_rc) =D, (%) (B5)

where, D, and D is the diffusion coefficient of the core and the reflector respectively. Sub-
stituting Eqs. (B3) and (B4) into Eq. (B5) and algebraically arranging this equation, the
constant « is derived as,

_ sin(BR) — ycos(BR)

= B6
@ cos(BR) + v sin(BR) (BS)
where, an equation of v is given as follows,
1 (D,

Since, instead of Eq. (B5), the quite same form of a-equation as Eq. (B6) is derived from
substituting Eq. (B4) into Eq. (8) of the text, v of Eq. (B7) is quite equivalent to the
physically approximate concept of Heisenberg’s forecasting method. Namely, v of Eq. (B7)
can be considered to improve the ‘grobe’ approximation of (y=constant).

Since a neutron source with strength Q is located at the center of the core, the arbitrary
constant C in Eq. (B4) is derived as follows,

dn.
dr

After some algebraic procedures, A = Q/4nDy is given. Thus, the final equation of nr is

g = Q (a sm(i:‘)D-: cos(Br)) (BY)

Q = 4x|Lim r?Jc|0  Je = —De

(B8)

It should be noted that ‘n’ in the denominator of the right side of the equation ‘n(r)’ described
in the Heisenberg-Wirtz’s report is a misprint of ‘r’. Next, since a neutron leakage: < J > from
the core to the reflector is similarly derived as < J >= 4r|Lim r?J¢|,R, using a definition
of Z=<J> /Q and Eq. (B9), the measuring ‘Vermehrungsfaktor’ Z value described in the

report becomes
1++vBR

- cos(BR) + v sin(BR) (B10)
Heisenberg had proposed the following critical equation from Eq. (B10) at Z — oo,
cot(BR) = —v (B11)

Furthermore, combining Eq. (B7) with Eq. (B11), a critical equation for a sphere reacting
system with reflector is derived as follows,

BReot(BR) + 2% (1 + , Reoth(x, T)) = 1 (B12)
[+

The above equation was published in Perrin’s paper(!) or the elementary reactor theory(19).
The above-mentioned equations: Eq. (B6) of @, Eq. (B9) of rn. and Eq. (B10) of Z have

20



Why Did Germany not Succeed in Achieving a Neutron Chain Reaction During World War 11 ?

the quite same form as described in Heisenberg-Wirtz’s report(®), except for Eq. (B7) of 7.
Another paper by Heisenberg(??) described in December 6, 1939 shows that a neutron
density: n; in the reflector is as follows,

nyr = Eexp(—k,r) (B13)

(a) the above equation is clearly derived from an approximation of (R+T)— oo in the con-
dition equation (III): Eq. (B3). By using the above equation, a value of v is similarly
derived as follows,

v = % (-g—:(l + Kk, R) — 1) (B14)

It is clear that Eq. (B14) is the case: ;T — oo of Eq. (B7).

(b) If k,r << 1 in the whole range of r, the following equation is derived from Eq. (B13),
n,r=FE (B15)

which is the Heisenberg’s responded equation of the neutron density in the reflector to
0. Hahn’s question at Farm Hall?®). By using the Eq. (B15), a value of v is similarly

derived as follows,
1 D,
"= BR (T): - 1) (B16)

(c) Since, in the Heisenberg’s paper of December 6, 1939, Heisenberg had on the one hand
discussed only on the case of D, = D¢, applying this concept to Eq. (B14),

v = EB'_ = constant (B17)

is given. It should be noted that Eq. (8) of the text can be proven only in the approxi-
mations of (a) and (c).

Since all equations of y: Egs. (B7), (B14) and (B16), except for the Eq. (B17), are the
function of R, it is generally unreasonable that a critical core radius of a next device can be
considered to be forecasted from the condition of y=constant. The fact that Heisenberg had
given Eq. (B17) is considered to mean that he had disregarded an important effect of the
reflector to a critical mass.

Only the following experimental results are given from the subcritical Haigerloch device,

core radius: R =71 cm
Z=6.7

1
‘Diffusionslinge’ = 5° ‘etwa’ 35 cm (B18)
A calculation of the condition case of y=constant is first shown. Using the values of R=71

cm, Z=6.7, and 1/B=35 cm to Eq. (B10), y=0.995 is given. However, since Heisenberg
gave 7=0.824, making allowance for experimental uncertainty of ‘Diffusionslinge’ because of
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‘etwa’, a value of the ‘Diffusionslange’: 36.3 cm is drived from Eq. (B10) and y=0.824. Then,
the following two cases are adopted for the coming discussions,

(I) ‘Diffusionslange’ 36.3 cm : v = 0.824
(II) ‘Diffusionslange’ 35.0 cm: v = 0.995 (B19)
Using Eq. (B19) as the input to critical Eq. (B11), the critical radiuses: Ry are 82.4 cm

and 82.1 cm for the cases of (I) and (II) respectively. Therefore, since (82/71)3=1.54, the
Heisenberg’s forecasting critical masses are derived as follows,

natural U: 2.30 ton  heavy water : 2.37 ton (B20)

It is clear that the ‘grobe’ approximation in Heisenberg’s forecasting calculation can be im-
proved by use of Eq. (B7) instead of (y=constant). Substituting Eq. (B7) to Eq. (B10), the
following equation is given as

A-1 A
cos(BR) + BR sin(BR) = Z (B21)
where, A is D
A= ..D_C (1 + &y Rcoth(k,T)) (B22)
C

Although the neutron-physical information for graphite which was used in the Haigerloch
reflector is very little known, since the material is a single composition and does not consist
of any components, this physical specification is considered to be easier estimated than the
diffusion coefficient: D, of the core consisting of two components: natural U and heavy water.
Then, only D, value can be here estimated from the Haigerloch experimental results by using
Egs. (B21) and (B22). Since the experimental informations from the subcritical Haigerloch
device with the graphite reflector thickness of 50 cm are given in Eq. (B18), several physical
specifications for graphite which is speculated to have been used in the Haigerloch reflector
are here estimated and adopted, and the physical specifications are diffusion coefficient: D,
and diffusion length: 1 or its inverse: ;. Nuclear data set: D; and l; from the following 3
sources are concretely adopted,

(1) Heisenberg — Wirtz, (2) Glasstone etal, (3) present data,

and the following relation between nuclear data should be noted,

D,

I =
" Ear

(B23)

where, Y., is the macroscopic adsorption cross section of graphite, density of which is 1.7
g/cc.

For (3) present data, the values are calculated by using the so-called BNL cross section®1):
02=3.53£0.07 mb, and 05=4.746+0.002 b and the general relation: Df:ﬁ and Xy, =%5(1 — 52;),
where A is the mass number of graphite. For (2) Glasstone etal, $,,=3.81 x 10~%cm™! and
D,=0.86, because of 0,=4.5 mb and 0s=4.8 b which are shown by Glasstone(®, Stephens
and Hughes®®), and Murray®). For (1) Heisenberg-Wirtz, D,=0.86 of the same value as
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(2) Glasstone etal and £,,=5.46 x 10~%cm™!, because only the value of o, is presented in
Heisenberg-Wirtz’s report(®). Arranging the above discussions, the next table is presented,
where all the values are satisfied with the relation of the Eq. (B23).

Table B1 Adopted nuclear data set of graphite

lbem X,,cm™! D;cm
(1) Heisenberg-Wirtz 40 5.46 x 107%  0.86
(2) Glasstone etal 47.6 3.81x10™* 0.86
(3) present data 53.8 3.01x107* 0.87

After the core diffusion coefficient: D, is derived from using Haigerloch results and the
values shown in Table B1 to Egs. (B21) and (B22), a critical radius: Ry can be calculated
by the critical equation of Eq. (B12). The calculated results for the case of the reflector
thickness of 42 cm are presented in Tables B2 and B3, where the reflector thickness becomes
just thiner than that of Haigerloch device under an assumption of the same weight of the
graphite to be used, because Ry is larger than Haigerloch one.

Table B2 (I) ‘Diffusionslinge’ 36.3' cm: A=2.617

Rk cm ¥ D, cm natural heavy graphite
U [ton] water [ton]  [ton]
(1) Heisenberg-Wirtz 84.0  0.827 1.02 2.50 2.58 10.0
(2) Glasstone etal 84.5 0.827 0.96 2.55 2.62 10.1
(3) present data 84.5 0.827 0.94 2.55 2.62 10.1

Table B3 (II) ‘Diffusionslinge’ 35.0 cm: A=3.018

Ry cm v D. cm natural heavy graphite
U [ton] water [ton]  [ton]
(1) Heisenberg-Wirtz 84.0 0.995 0.89 2.50 2.58 10.0
(2) Glasstone etal 84.5 0.995 0.83 2.55 2.62 10.1
(3) present data 84.5 0995 0.81 2.55 2.62 10.1

The values of D, in the Tables B2 and B3 are also considered to be quite reasonable,
because single diffusion coefficients of natural U and heavy water, which are the components
of the core, are 0.86 by Murray®) and 0.80 by Glasstone-Edlund(!9), respectively. It is clear
from almost all cases shown by the Tables B2 and B3 that Ry is 84.5 cm and not nearly
depend on the nuclear data of the graphite reflector. The critical masses are more than
Heisenberg’s forecasting in Eq. (B20) from the condition of y=constant as follows,

natural U: 2.55 tons  heavy water : 2.62 tons (B24)

In the case of the reflector thickness: 50 cm (about 13 ton), the critical masses are natural
U: 2.37 ton and heavy water: 2.44 tons. If the graphite amount to be used is over 50 ton,
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these masses might become about 2 ton.
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[Haber’s interest in Japan had been aroused fifty years earlier by his
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Uncle Ludwig, the youngest of his father’s brothers, who had been the
first German consul to the country. At the age of thirty-two, Ludwig
Haber had been murdered by Hidichika Tasaki, a fanatical samurai;
these soldiers, serving war lords, opposed foreign influences. The
Japanese government had offered compensation for the death, but the
Haber family had refused the money because, they said, wealth could
not substitute for the deceased. During Fritz Haber’s visit, a memorial
service for his uncle was held at Hakodate on the Yezo River, north of
Tokyo. ]
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Doctors Tsunesaburo ASADA, Hantaro NAGAOKA,
and Fritz HABER : Their Strict Attitude on Research on Gold and
Some Personal Relations

FUKUI, Shuji
Professor Emeritus of Physics, Nagoya University

Abstract:

Strict attitude on research works on gold and some personal relations of
Tsunesaburo Asada (1900.7.18-1984.3.7.), Hantaro Nagaoka (1865.8.15-1950.12.11.),
and Fritz Haber (1868.12.9-1934.1.29.) are presented. Dr. Nagaoka had analyzed
hyperfine structures of atomic spectra of mercury for over ten years since 1908. On
September 18, 1924 he had made public that he had been able to transmute mercury into
gold by the process of electrical discharge in mercury vapor. Immediately after
Nagaoka’s announcement Dr. Asada, at that time a research associate at the Institute of
Physical and Chemical Research, had been asked to perform an experiment confirming
this transmutation. On June 23, 1983 Dr. Asada had described the detail of his
experiment in a letter to Ms. Sumi Yokoyama, a secretary of Nishina Memorial
Foundation, added that he had worked at Dr. Haber’s Laboratory to attain chemical
technique of microanalysis and of detection of super low quantity of gold in the period
starting from February 15, 1926 for two years. Dr. Haber was the director of the Kaiser
Wilhelm Institut fiir Physikalische und Elektrochmie at Berlin-Dahlem. Dr. Haber had
worked very hard intending to collect the gold from the sea water, because Germany
had to pay very heavy indemnity of 132 thousand million Marks. His efforts were not
rewarded, only he had collected a thousandth of the quantity of gold listed in the data.
He had concluded that the quantity of gold collected was a contamination coming from
other than the sea water. However, his works had contributed the research of the
oceanography. Drs. Nishimura and Okuno of Hokkaido University described Dr.
Haber’s research works in their books. Dr. Nishimura wrote a brief story of Ludwig
Haber, Fritz’s uncle, who was the first German consul at Hakodate and murdered by a
fanatical samurai on August 11, 1875. Dr. Shibata wrote the memoir of his visit to Dr.
Haber’s office on July 1930. In this report these documents are shown in the abridged
form. Dr. Asada wrote his memoir concerning Dr. Nagaoka who had planned the
foundation of Osaka Imperial University in 1930 and designed the construction of
Department of Physics. Here Dr. Asada’s memoir is reproduced.
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BRBRICE T HEBEDOSHT

An Analysis of Engineers in Meiji Japan

—Artisans and Artisan-Engineers constructed Modern Technologies—

TSUNEKAWA, Seiji

Abstract:

This thesis looks at practical engineers and their characteristics in Meiji Japan
(1868-1912), who helped create the country's modern technologies.

First, it offers a survey of civil engineers, mechanical engineers and electrical
engineers, who worked directly in field to introduce and construct modern technologies
in Meiji Japan. In the first half of the Meiji Period, most of actual engineers were
artisans and the persons who underwent a short training in ad hoc schools. The
engineering graduates of colleges mostly became bureaucrats or managers in business.
In the second half of the Meiji Period, this trend continued, but an increasing number
of graduates of vocational schools or technical high schools began to fill engineering
posts.

Second, it explores the curriculum and the philosophy of the engineering
education that these engineers had. Colleges and schools in Japan gave the practical
fieldwork a prominent place. They put less emphasis on theoretical and engineering
science, in comparison with that of Germany and U.S.A. Japanese colleges trained
students towards bureaucratic or managerial positions. Vocational schools and
technical high schools made actual work in the field with workers a major task of
schooling, but taught a little science or engineering. As a result, its graduates became
'artisan-engineers.'

Number of college students in Japan was far smaller than that of European
countries and U.S.A. However in Japan, there was a little need for college graduates.
Real need was for students of middle class engineering education, as artisan-engineers.
They generally came from shizoku or samurai origins, and had high morale and a firm
ethos of public service.

In the twentieth century, new technologies became increasingly depended on
science. It made it more difficult for Japan to follow the new advancements in
technology, because of its few engineers with college education and sophisticated
knowledge of science.
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EHERTEDILENPRDLN T2 DF Y, REPORITHIZH L TEED
F—E E ANTHIZEREICERME Y I 2L — b TEXBVRTATHSD. &6
2, BAEBROT—F%2BFIZL, REEZEELLI LTHLXIL, HILWT
—FEaAVEa—F~ANL, BRICEELZEREZBBICRK®RT D X O 2
ERERINTWEDOTHD. ZD L) eliklx, #EkDa v Ea—FTIET
otz

#EEMFFFT (Institue of Naval Research) 121X, V—/A 7 4 v FORBEKRET
RELOEFROLHTE ., Y, BET L2 OBBBBRNTIL, BEKEL
VWO RS S K EERGRE (Defence of America) X, K< DI LN TERNWY
AT LLUMMIIE IR FOFRIIIFE LRV EE I FHBE LN TN ZNDHT

3 Michael R. Williams, History of Computing Technology (IEEE Computer Society, 1997),
129-136.

* George E. Valley, “How the SAGE Development Began,” Annals of the History of
Computing, 7 (1985): 196-226, 197.
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525,

WEEDFHE L AT L, FEIVAT AEEbL TV DA fELNL TV, &
RU—IRL—FOEHEZ R T, BERAAXZYyTF—%2E\, #Eosm, AE,
HBEZHWTDEIVATATHD. ARV —420, RITEOBEEGF L 1Z0DR
HEHIFRZHM L, DBBICGOBRMEEZTL, IBERFELZIES. L2L, —F&
DOL—FDERGEHEIIBRON TV, BERBENERGHN Lo HE
X, ROEBERKBIIBIE, WbpaARXL—20 IR BSLEIZRE. Z
I LIV AT AT, KEBELRBBIZH LT, W O»DOfERHS. 2,
—ODERKIBADLL O BEIZH LT, FERICHR, B, BENESE, D
ONBEITIHET, EKEENCERATIHEDL, HEELIZ V.
ZEIIFRICHAET DL 2RI LN D, AFCEESFOa L Ea—F DR
AbLbRafLi. Ya—v - S — (George Valley) 1%, BEEF—LDY —4—T
D7 LVAZ— (Jay Forrester) T2V —ND 4 FOEBITEEZRT,
NRU—FBRIZUV— VT4 FORRAZRELE. £iX, NV—ZBEMER
LEoiX, BizarBa—2OMREREIT TR, V=1LV FERBLTY
7= MIT @ T — R EAEFFEAT] (Servomechanisms Lab) & % Z T#) < HiFE 5 T
bdhol-., 7LV AFZ—LART - =L —} (Bob Everret) %, § TIZ 1947 &
DO EREDKREE X, HEVAT ARZHEL, ZAKOBES AT LEE
WZOWTHOHEEZEL T LHTN6, 25 LT, MIT OV —REEHFFTFT T, &
BEIRBFZE S AT LA BE LT —NA T 4 ROFZENITOI, 1954 £F TIZ
EBROR VAT ABRESNIZOTHSH2T. LT, V—/ 7 1 KA SAGE ¥R
TLAORRFE L Ea—ZIITKAINDZ LIZRoT.

23SAGE SR TFLIZEITRA—HF A V2T —ADRE
HELAERFE(LORMEIX, SAGE ORENERE LI-ELbRERBFETHo 7.
T, ERZVTAEZA LEECFIAICEFRLTWEDTHS. TNEHFRT
5102, aryta—4F% - VAT LEEBRTHEDOFR, 2FVT7—F77
F ¥ DEFRLBEIBMR 2T - ATV ORABSKLETH--. ZHLizavry
2 — % OFRNERE M EOMIZ, SAGE VAT AT, avEa—Z02ED
BRI AR T T, FRT - AHIOFENRRD b, BHEY
AT LD LD IZARRISHBERINDHEICIE, — LB IR T AFAIN
TWERCFA— R EOANHNEB TIIHIETE o7z, LT, FAE
LA Ca— DT —ERVBY FEERETH2—HF - A FT7x2—R Y,
VAT ADOEEOMREL R ESEEEDICKBENDILENH T
IHOLTHERA—F A F T2 —ZAPRRL LTV, T, RRE
BT A AT LA DFATHS. SAGE LA IN-RTERBIT, Eic16 1 F
DCRT T A AT VA ThHolz. ZORTEREBIL, FICERGHNOH EERK
VERBEDERDF T2 BRI LIZ. SAGE DIERDEFTRIZT T 7 4 v 7 AN

¥ Kent C. Redmond & Thomas M. Smith, From Whirlwind to MITRE (MIT Press, 2000), 95.
% Kent C. Redmond & Thomas M. Smith, From Whirlwind to MITRE (MIT Press, 2000),
55-57.

%7 Kent C. Redmond & Thomas M. Smith, From Whirlwind to MTRE (MIT Press, 2000), 37.
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FbhTWiEZ LiZEBENS. L xid, HEoFHRE LT, #HEK-SOFY 7
T4 T ANKIREINTWDS., ZHOBEIL, ARy FHBEWNMNIFTFT7 ¢
VI ARAT V2 e LTRENT. FRRCH EERE XT3 B oD
BRRS, —BTHOPDRLIICT T 7497 ATRENT VA28,

29 L7 SAGE VAT ARZBITBTTT7 4 v 7 AFRTFEOFAMN, avy
a—H « FTT7 47 ANBEHROEFEHRLDOLEILND.

LML, At arta—# LD TOBRORY Y OFE#ELICIE, FoRik
BEOEAR T TIE+o T ro7-. SAGEDH T, L—& |2 L - TEHIND
BEOMNERLERH FM LI, RFICHERT LNk oND. 20k 5k
BIEX, EREIFETITbA Tz, RBEICHERZEET SIZIL, 5 1D%
ENMLETH 7. BEOMNEFEREFLHICEARY, TLTarvta—¥%
NANTHEBENRBBEICRS. £9°, AHE LT, Z0OEDICEREINT-ON
HEFBREES A b - 2 (Light Gun) Th 3.

L—FOEHANSEZNT, T4 b Hit, BB ET —F 2R+ 5%
BIZTERW. Ih%, avta—% - RATAnLEXDE, T4 T
X, RN AHAERBICRD. ZOEBORKEIT, FIARST—20ON
BN TICEEAICABAITE DL IIIRBZETHD. F4 - Hrok>
RESRETEIEREL, SR LEZTT7 74 v 7 AL W) HOERFTFEN
A SN LIZ, SAGE DU L SO MNHoT-. s, FF3T7 497 A -
NR—=2ADa—H « £ U F T2 —ADKR LSRN LRFEL LTHNESITONRE .

24 T2g8) » 88 b : DATLOBRRE ANESR

SAGE 7u v =7 "BRBEENTZZAIE, o Pa—Fi3E X —HTITEMNIC
BEMHIENCISRA S NZIX Lo -E0 0 T, ERMRFETIE, Z oMW L
THHIZEBE L TWied o7z, 61X, BHZES AT A SAGE 1%, 1Z300 TEH|
AT LERULDIZ, TR2B8ML] TEXBHIETLEEX TV,

1950 4% 10 A, ADSEC IXEPBREDEKBEIZL > T, BHEV AT LAOHKRIZD
WTHEERZRHB L. Z0HEETL, 288 OZEXHFNEEMTONT
Wz 1961 4, ERFEROBRERET 2REMEMER (ARPA) b, IDA
(Institute of Defense Analyses) DFHEENZEL T, 2B OV AT LDH
EEREL QDS

Z 9 LT, SAGE DFREHE LI, FHROWE, 5, LHE, BHERR o0
B7ovRX%3_C I288(k) 72EE2HELTW=ZOTHS. Lil,
BHROWESLCMI R EDWLIRIL, AL Ea—F KN TEHIIENTEDN, L

% M. R. Davis & T. O. Ellis, “The Rand Tablet: A Man-Machine Graphical Communication
Device,” Proceedings-Fall Joint Computer (1965): 24-28.

» A. L. Norberg & J. E. O’Neil, Transforming Computer Technology: Information Processing
for the Pentagon, 1962-1986 (Johns Hopkins University Press, 1996), 58-59.

3 Norberg, Arthur, Judy O'Neill, & Kerry Freedman, 4 History of the Information Processing
Techniques of the Defense Advanced Research Projects Agency (Minneapolis MN: Charles
Barbbage Institute, 1992), 358.

*' Inst. for Defense Analyses, “Research and Eng. Support Division, Computers in Command
and Control,” Tech. Report 61-12,11(1961): 1.
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HRERICESS OWEHMT A2 L%, v Ea—FIZ@ENRVESRH-T-.
ZOBENS, VAT LARENTRICESL &, AL —F O AKX, TEEML)
WL THEADTIXARL, WX HBENENT.

IO LEREEZ AT, 19574, JL.C.R. Vv 7 744 —iX, SAGE®D [£BHE)
{LITRATRE] EHEHITH X DI o732 J.C.R. Vv 7 74 X1, TKE#ER
BRLEDO DDV AT KX, NHEREREFEINTVILRIRETHS)
LR _TU 538,

1960 £DBERTH, JCRY v 7 5454 —X, ZEDIODU AT LAORFEIZ
b, PERD 2HE) OEXFEZHHE L TV 28, JCRY v 7 A4 ¥ —IF,
[£H8)) Th<, B8 2FETHLIICR-TONERTREIZV.
JCRYU v 7 T4 F—H 1957 FEIZEWZFRIBUT SAGE 28175 TAHE =~
Ea—F DR IZOWTHITENRTWS. £ZTiX, SAGE DV AT AT, 14
=TI, SR, AT VIERAERKEERT OF N - a v Ea—FNE
HEINTW3., ZOBy¥—TCiF, BESESBEF ¥ RNVICL>THER
B, ANMEavta—4F0alia=r—vaidloFTITbh T,
(1) ~47a7x+ 257, Q) RREBLAEHOKS, XDl dREKEL
FoT, BELEIZCEHEEL, B) /I 74 v 7 RNRT—F B ANTHIEMN
T&5, BMETAHHERE ST 74 v 7 AL WVWHBTREAT S, @) AL—%#
X, A7, VMO TTIELN TWAHAEBEFIATS) bO
ELTHEBEIN TV A3,

T, TREEFFNC TEROIRERVORRN, £ OETIE, 2B88KIZZR-
TWARW., arbEa—4F - VAT LAOBEE, EELOAXL—F L OEHEN
ERINTWD. THIEREIROBRRELEZXD] L)y 7 74X —FHEHLT
V536,

XHIZ, LC.R Vyr 745X, BIOHEIZ [SAGE TiX, ERFEHRDOS
M R O3~ 5 7= O DO KB AN — B S 27 AORBREREE L), T&A),
SAGE IIBEERBEMLOR—RATERINED, ZLOFX L —ERBNF R T &40
BTV ATAIFELATN, 2HEMLIE, BEMNTIIRD) o7, REIZ,
MEERIZER L, ABMZER LTI s22n) bk T3
FE R T MMERICKT 200D S OHW 2 213, ARV —Z 258K
L, ABEZENERRLE LTEERHES ThoT-. BRITILHLAALETHD.
AU — I RRITNEEHEIIAEY—FRR+oL Y, B TORBITIHA
TEAV. LML, SAGE TIIAMIMNEFICEELRERE L THD, Mk, (T

2 J. C. R. Licklider, “The Truly SAGE System, or, Toward a Man-Machine System for
Thinking, NAS-ARDC Special Study,” 20 August 1957, MIT Archives

¥ J. C.R. Licklider, “Man-Computer Symbiosis,” IRE Transactions on Human Factors in
Electronics HFE-1, 1(1960): 4-11, 4.

* J.R. C. Licklider, The Truly SAGE System (Unpublished Manscript, 1957, MIT Libraries): 1.
3 J. R. C. Licklider, The Truly SAGE System (Unpublished Manscript, 1957, MIT Libraries): 1.
% J.R.C. Licklider, “Man-Computer Symbiosis,” IRE Transactions on Human Factors in
Electronics, HFE-1, 1(1960): 4-11, 5.

%7 J. R. C. Licklider, “Man-Computer Symbiosis,” IRE Transactions on Human Factors in
Electronics, HFE-1, 1(1960): 4-11, 5-6.
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TRETH OLOHE T, TAM-arYa—%) ofRE2LENR S AT LOHE
REREL L TEXDILENRRBEIND LIRS T-OTHB. ZhiX, SAGE D
BRENOBEINTELELDOTHS.

F=E HERIVEL-SORBELBLADEREFROHE

3.1 ARPA-IPTO BAR L EE TR

T AYAERAE D, MEER oL B — Z FIFORRBICEVEE A TRT LI
2o TL 5. £DIREIL, SAGE DRFELUNR, At ara—20BFREH-
WX EERNCHED Z LIXEAB BRI AT LADOWBICKWVICRIZIDI ENTES
EBMPoTELENLTHS.

5 Tix, 1957410 A 4 B, YEIFIORT— = HETH EFICRNT
D&, TNBRTRAY BIZH R RERRERERLME L. 2ROLBEHE
BEROWIIFE->T, EFRERERX NV - ~wyruf O LEEEZ, EHR
BEOHFLWMESZRAL TV, Thid, Eb, EBFED, BEOCEEN)
Wt ENn D TBENEES)] (LHITRBEL W) O, RAROEKREERET
5. Tz, EEIENIC I u s 752 EDTV LY, FERIEELTES
52550, RERBREEZLELTTHAD] 38, LLWHIREDLDTHoT-.
Z ) LEfL, PSAC (KEERFEHBHZERS) 28I LI LR EICHLA
TENnb.

PSAC I3, BAOEEIX, KEEICHERZEMCBETIBE 25252k
HALEZ. KEOREMEICKTDEDOXEIT, EFFRE NN THEBDMER
UELT, BEEIIN—TOBIROERIZEMBEZ R LTV AMEHIZ, L
AL VIRVERRZ 5 X -2 L HEAEICRVIZI U DT, 1958 FEOMHEHEER
&Aooz LY, ERFFFRIFEYF (DDR&E) 4L\, BMOEMEIHHR
Ehiz. BRI, EFREDOTRTOMELBHICHESTZ-DDF—T « R
A= A= THY, i, BEFBIN—TLZOWBILL D EDHEYE
DNy T 7— (BEER) REFEL TV, BUEAFNZLY, ARPA MMED
A, DDR&E IZEM 7. &9 LT DDR&E & ARPA 73, EHREIZ X 5 EREHT
RXEOPFLO—D LTV 2T,

32 952499 RRBERSI VT 40T « T4 RO

BEF¥Er/N—K R+ A4 7Ly (Robert R. Everett) {2 XX, 54 b4
VEa v a—FDANEBTHD. ZOEBIINRZEERBICL > TRE&IN,
BOavPa—F~EKETD. ava—F X OMBLEHW L, BEXAL v

BD-For vy (BEESR) MBET AU 5 ER2EE  REBRKEOBEEE]
FCAE, 1988 4, 162 H.

3 PSAC 3 President’s Science Advisory Committee DB TH 5.

“ Public Law 85-325 of February 12, 1958

*! DDR&E I Director of Defence Research and Engineering (EIF5FFZE L4 /F) OB T
H5.
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F e REZNE-THESZEVHT] bOTho7242. 1950 ERKDY TAHD
5 1960 ERPHAE T, RIIDOKRA T 4 VT TNRARELLTTA b HUIT,
FEBHEBEST- AT ARSI TWES, L~L, A4 b TUMEREB®
DIRESN-ERNREBIZTET, WHANEBL L TOBREIIR o7,
Lo L, ANEBIZ, ANTREF—FOMEIKETDIZ LIX, HBHEW®RT
IXSROZ L Thotz. ¥12, avta—FY, FART—FE2LEDLHITQ
BT AW FBBEMCH-ST, bORIHEENSRES. ZH5LT, T—4
—ANEBE—a L Pa—F L WHBROF T, ANEBOHELEENSERS
NTL 5. 1960 ERFHENS, aLrPa—F0RRELIX, AMiarbta
— 2 DAEDOEHRIZ, ERTRERT T 74 v 7 AAHAEE) “ORBICHER
NEFH-TLB. ZLT, REBITRET—FOMBIZEOE TKRA RANEERE
BEREINTLD. L,L, RBRICZZIZE, ZFRIAHEBERETS LI —
DOBEREEN TV, FhZ, T—F%2ANT3)] EWnWHZ¢THY, A
FBAAT B ETHIE, AM—ANEBOBRNL, ANEBOFRE L #EED
BHEINTSHDTHS.

FSA K- Ho2ELESEZ0EF, MIT OEBERECTHoT-. T4 b HiX
RE THEEE L LG, RREBOEERICBUELZ SDE S DITEENEWN
EWVWIBFENRH T, MIT OFEEGCIZITA b - ToOFERBEZHRAL, XD
XIBRFEDTA b - RUDBHARIZA-TZ%. ZLT, 1959 FIZMIT DX T
IV +M:+ H—VU— (Benjamin M. Gurley) 23BE L2 LiIZRoTWV54%6, F
Ab - HnBT4 b« RUNOEIX, EABICIZR CHERL EoR &
LTIRXONDM, T4 k- HoBBIELRA VT 47 (Pointing) LMTE
RN EIZRLT, T4 b RU0E, 612 N8R ] (Selecting) RFEX
(Free-Hand) 72 K OHEEFIH N FIRETH - 7=

FA DR RUVDOREEHZRLELON, U047y heEFbhddRA v
TAVIT - THRARAThoTe. TEFERELEDIX, 72 F (RAND) #£TH 5.
mttix, 1960 £ FIHAN> & ARPA-IPTO DEEEB TS T 74 v 7 A% ML T2
VEa—F LDV N TEBEFET AT L GRAIL (Graphic Input Language)
ODRAEZITo TV, ZOBMLLERORTICHEIZ 2, LrbFEE
EXFOANL TEXHEBLBRLTW. £LT, 1964 £iZiX, 70K &

2 Robert R. Everett, “Whirlwind,” in Metropolis, J. Howlett and Gian-Carlo Rota, A4 History of
Computing in the Twentieth Century ( Academic Press, 1980), 365-384, 376.

“ J.R. C. Licklider, “Man-Computer Symbiosis,” IRE Transactions on Human Factors in
Electronics, HFE-1, 1(1960): 4-11.

“ Thomas O. Ellis & William L. Sibley, “On the Development of Equitable Graphic 1/0,” IEEE
Transactions on Human Factors in Electronics, Vol. HFE-8, n0.3(1967): 15-17, 15.

“ Benjamin M. Gurley, Charles E. Woodward, “Light-Pen Links Computer to Operator,”
Electronics, November 20 (1959): 85-87.

‘6 Benjamin M. Gurley, Charles E. Woodward, “Light-Pen Links Computer to Operator,”
Electronics, November 20 (1959): 85-87.

“ Tom O. Ellis, J. F. Heafner, W. L. Sibley, The GRAIL Project: An Experiment in
Man-Machine Communications, Rand Documents, Document No: RM-5999-ARPA (1969): 26,
RAND Corporation, Santa Monica CA, 1969.
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7L > b (RAND Tablet) DBRICED. Zhi, S k- R ELE-T, T4
AT VA OEELIZEMT D i3, FETERARY FERY (T4 5
R) DXOIRBREBEZENTIEITTEAL. L»b, 94 b - RULERELL, F
TEEIZENTEBTHY, FEZXANTLAVTWVAEWIFIENH-T-.
FUR-EFTUy ME, XU REBOBEEZEMTESL Ny FE@ELT

AV a— S MEREEDLMA L RS> TV B8,

TNERFET, BEART— 42 aLPa—FICANTAFEL LTI, X
Hx hL—2 27 (Tracing) 5 HELHo-. FL—T 7 DAMIX, CAD
F0X CGITBE L TV, AN, SHICKEDBEWVWI LAKETH-T-.
ZDEDIT, MPVEIZEZFHIELLT WAy 7R0XT 47 AR, 2D (EmE) D
ANEBLE L TEDNLD LI oT-. ZOBEEIL, TR 47 Ly btk
DOFFHIT, 1960 ERFEEDD 1970 FRIFETHOZ L ThoTz. b, B
TP —TRTEBT A AT VA DRAIEET I LICL>TANTED Y v
F R Y= HEBIND, BETEMETIE, BESEBOLNLD. £I T,
ZORRALBHEIBHIIRONI D 2B Loz,

FIRAEICE ST, ava—ZIZT—FEAALED LT B8, RAVT o
VT TNRAART A AT VA BEELETHERTINEEZ2 74— KXy 7
(Feedback) T AHEENRHNIT, BB L L THEWRLTW. ZD k) RHEEDEH
X, "Ry =27 OHBOAIIBDLLT, LAY 7 by T EDa—H . 4
VAT 2 — AOHRFIEICHEELTWS. LML, 1960 ERXOY 7 v =T
OEETIX, ZH95Llra—Y - A7 =2—RCBELAREIX, F-RY BT
Lotz
Ny FREBHRANFEUNDEF LOVASFEL, avCa—% - F—ATH
Ao, TIZTYH, RAVT 4T« TALABKDOLND. 1961 FEIZED
Nl —AL0 RAR—R « 74— (Space War) I, BEHIDaA L Ea—F « F—
LALEDbRTWA. Zhik, DEC /Mo v a—4% PDP-1 TR II- b
DThHoTz. Y¥EED PDP-1 IZFEOLN TV AR NEEIL, T4 b - R0, 7
VEREETVLY N, THARTVA, BRT—7TENohbh Tz, LaL,
=t [FHEMK OB Z2HEHT 3120, X, Y HFRAOMNEEREZ Y TALH
A LI E2—F~ANT BT, HTLLEFHRAETII oz, T5L
THEINTEONR Y a A AT 4 v 7 Tholz. Vaf AT 4 v 71, bEbl
OB L — AR E 2 LIZELRL TV LT, ZhilarBa—
ADOANERLE L TERAREINT-OTHS.

FEUIMNG, ZORA T 4T TARLABRVBLBR avta—% LU
WTEALINRELDE LT, ava—F - F—ARbHsH. avta—% -
F— AT 1962 FEIZRAT 4 —TF 7 w1 (Steve Russell) HIZ k> THREINL
[RAR— R T 3 — | BRI DH D THo 129, Z DF— bh%EFTT HITIL, PDP-1
DEIRKBa LV ECa—FBREThoTz. F—LOBECIIYaART 4
IWHRA T 4T ~TRARE LTEDN., 1272, ZOETIEaryva—

“ M. R. Davis & T. O. Ellis, “The Rand Tablet: A Man-Machine Graphical Communication
Device,” Proceedings-Fall Joint Computer (1965): 1-3.
" J. M. Graetz, The Origin of Spacewar, Decuscope, Vol.1, no.1(April, 1962): 2-4.
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S OFABKRE LTEMRIRON TV IO TER LR T

33 7J—FREDT=-6H0 NER)

— A A T TA B BRI LA V7 = — ZAOBRICIE, FIAE L
EBEOaAI 2= —rard, TOBBHRBRIZBOA TV, ZI0hb6H8
ML IR AL IR OB 72 SLE D VERUIC I I RERIIC IR A A3 b o Tz

U — FREFEELKEXLEZTZDON, BRALT 4T - THRAL ADEANTH-
oo WRAT 407« THRARBEZE, REMBOMBIREIXIZ~YY FAS
LA CHEEICEBERERT I L THEKD. 1965 FRZ 7+ — FRFILX
STHESNZTVEDIT X, ZOX >RV AT LTHoT. TVEDITIZT A b -
ROEFST, MEMBEIETTHI LN TEL., ZOETEBEZHEST, 1T
RXFOMOMBREIXT L FEAA LR THHEDL L ITkoTz. KK,
AL a—F  TTT 4T AR a— RO DICRE SN
AT 8K, TV NV RFOXIRT—FZANTET DLV EEL,
FEXITXIRAMBUATAIRASNEZDYL, a0 Ca—% - F53T7 497
ANEBEROBRRERRIC, B EEEZIT LT 2 550,

DT — FRES ZT AiX, MT/ST IZL A, BREIVAT L EDY— N
£-7ur7hIL5, bebEiIHBEMOBREE~Da Y2 —F DF|H
DED SN TWBERLLEREINZLOTH S5, ZOEIX, V— NREEILT
¥FAMRHEICOAETIERE BEDbh T\ A A=V N7, LAL, VU
— Y ¢ KK SAGE OBSLIE, av Pa— 2B ABD/A—F—Th5
TEDRRBENDLOICRY, SHICABEara— 2 ORKRE MR —
ATERBIFLIEWVIRBERETNZ. Zhik, BICREFEEY MMHEICL
7ol TR, XERELBOEBICOLREREELXERT-.

T NR— R X, 1963 4E, ARPA-IPTO DE&EXEE2%T, AF U T74+— K
KT, HEKHFEE ¥ —] (Argumentation Research Center, ARC) 52% 3% 3. L
2. ZZTRIZEDDTAT T #iBR L. 1968 FICRRINZHmIUITIE,
Z THA% S 4172 NLS (oN-Line System) & EHILTWIZI AT ABBRAHN TV
558,

O NLS i, ®EERa Ea—F 2/ L CARBMEL KT 5 RE L
BT 37-DICAEENT-HLDOTHS. 19684E 12 A 9 BiZiX, $ 7T v Rz
ThfgEINT-a B a—¥ EF4%&i#E (Joint Computer Conference) (28T, T
UHENN— NI EEDF—LDBEY LT NLS OFEV X bL—va v

P IBMt [ B a2 —# FEL—IBM F.0IZ LT) BAIBM BR3NA4E, 1988 4F 282
H.

IBM it [32 a2 — 4 REHE—IBM .02 LT) A4 IBM Bk &tt, 19884 265
H.

52 ARC |Z Argumentation Research Center DB T 5.

* Douglass Engelbart, “Study for the Development of Human Intellect Augmentation
Techniques,” final report prepared for NASA Langley Research Center under Contract
NAS1-5904, Stanford Research Institute Augmentation Research Center, Menlo Park, CA.
Engelbart Collection, Stanford University Archive (M 638, Box 1, Folder 16): 6-7.
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Tolz. ZThix, RELREEZRAIL.

T 4 AT A ETRIRAENMRERNEEZIT O I, BEEREB LTWAN
BEasa—F /RT3 ENMNETHS. ik, =V —FbHn
BRAONCEELIZBBETh o254, 7z, XE (V—F) REIZIX, RBEMNSRLIE
T URESRBENOXFEZEBRTAZ L OHLETHS. Z Zh b, 87 (Pointing)
RO TR (Selecting) TEBRA LT 4 v 7 « FAAL ZADMEEDY AR
SNTET.

BICRARIZZ U AN A= FOFEBIZI L Ea—F - FT T 4 v 7 RNBEBEHTO
RENOHEEEZZTELOTH 7%, RIRDO L H I, ZOEIZIE, T4 b2
VRV AAART A VI IREDTNRAABRA T 4T « TNALRELTEIZ
FIAEN TV, 1963 FHEIZHF—TF v Rtk o THEESNTZA v F /Ry KT
X, 79747 ARBOERFIEDHELL T\, b, KAvT 40T
FRARY, T FASOEBE L TOBENHERIN TV, ZThiaRBE
T, Wbw3, 7ul 7 aikHETsa~vr ROAAL, R4 vT 47
FNRAZAEFALT, BERICEEET I IZEsTarta—F~AHhT5Z
EBFRETHD. = HFNANRN— L, ZDa—HF - L FZTx2—ZX%2T— iR
BIIENTIENTEDZLEX-DTHD.

Y, AMAOKRA LT 4T« TNRARLELTIE, T4 bRy, YagfR
TAvY, FATITAEZREBKRFEINT. LrL, Zhbix, Wihd XX
ELBELERB L XEERIGS) A ETTHDOICRBEOLDO TR NS, £Z
T, TUFNANR—LBIE, BOETHZREBOBRRICAI»DLI B 2E20o
7z
TR EINZDN, =— - a2 br—/ (Knee Control) Thotz. Z DIk
BiX, NOBICREIN, B2 L TEAZE) L TEHELOKRA ¥ 2 HI#HT
XHBET, BEERXI—FR—F2OF2EIRSTHEDLLOTHHZ. BE
KEED Z LIZ X o THIFETHIEB L ERI N, Zhdy, BFEF—FR—
OGBS TIZBEL I ENTEL L WOIRARH-1=N, FOEBETYH, £Z
NOFRICERRAEN Y, ERAN TR o725

RITEHEROBR, =N 3= b, 1965 FiZ X—Y (MEfR~EE) (XY
Position Indication for Disply Device) 38IZBIZE L7z, Ziidk, FEMNIZIZISBO~

* Douglass Engelbart, Augmenting Human Intellect: Experiments, Concepts, and Possibilities,
Summary Report under Contract AF 49(638)-1024, SRI Project 3578 for Air Force Office of
Scientific Research, Stanford Research Institute, Menlo Park, CA, 34.

%% William K. English, Douglass Engelbart & Melvyn L. Berman, “Display-Selection
Techniques for Text Manipulation,” IEEE Transactions on Human Factors in Electronics,
HFE-8: 1, 3(1967): 34-35.

%6 William K. English, Douglass Engelbart & Melvyn L. Berman, “Display-Selection
Techniques for Text Manipulation,” IEEE Transactions on Human Factors in Electronics,
HFE-8: 1, 3(1967): 5-15, 12.

57 William K. English, Douglass Engelbart & Melvyn L. Berman, “Display-Selection
Techniques for Text Manipulation,” IEEE Transactions on Human Factors in Electronics,
HFE-8: 1, 3(1967): 5-15, 10.

5% United States Patent, Douglass Engelbart, Position Indicator for Display Device, Patent
Number 3541541
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DADRBRLEZDHLOTHD. ORI AL, 90 EICEELMIZRES
NTWAZHOOABOEEIZ L > THBEBENHAIINS. LT, BHEOE
LEBEFEFLLTCavEa— S ~MEREIVDIILILL2TT A AT VA LD
RAVEOBZZHETH5HDTHS.

TUHFNA— BT, BB LE~Y VR EENETICHREINERSA VT 4
T« FNRALAADLKRERY LTV, KBEIhEZDX, 4RV, YVadg
AT A4y, =—aryho—VEBTHD. BEENIT—F—FNoFoB
LTEEBEFT TOBBBBLEBELEL LT TT 4 A7 LA LOBREFNRIZTER
EENZET T TOBBREMAAEINEZ. ZOERTIE, RiEv YA
DEBLVEELEENMBENL TN, SLICEERZ LI, 247744, 7
A bRy, F—FR— FOBEX—IZ, [#57~) (Pointing) KUt IR (Selecting)
DBIEN, ~TVRALVARAETHD I & &ZmRER L TU /=60,

TUFNN— B, ELOFAECEENL S [RE~ Y RX, £OTIER
K ERELRBEESINEESENL TWVWA Z EOERHERL TS, 2B, v U ZADMEFR
X, BONMESTZDIFHENE NI T EZIFT-oE VMo TWVABAMITIWRY] &
T U NN— NIRRTV 3.

NLS DB TIX, ERLERTVARVAE, bI)—2FBIN2ER8HD. £
nNix, EEODEIRTOFETH-T-. RTIEBT A AT LA DOEREEZV D
PORBIZH T T, IERXFEORTART LR 4 TRRIEEDOTHS.

3732 - TA4DIULY IR T URARDER

IV a2 —Z AT IUEENR T 2B 00, ZOREICH LT, HiF—
FY RRZ VNN — I BIE, RTREBT A AT VARKRA T 4T« TN
ARABREDODANHDEB*FIAL, RREBOBEEICEET 7 EATE 52—
P oAU FT2—ADBRICL-TEEZHLE., 1272, Ho0EFHRELD
HESX, T2 2 MAEBT 202 BRICLELDT, 7ul 7 02%EB
L, 77V = a VOERICIERT A Eilholz. LrL, ZOFEEND
DHEBIFa LV Ea—FHAENEMRIZBRONTVE LVIRREZKRELSEX
5T LIZIZDRBB LD T iehoT.

THIZR LT, aryEa—F20FAN, ava—FEHMENL I HIZEMM
BEL O TV RV REHRE  THEREINDTREMINRENTE R Z LI,
TNETLULIZ TEWRT X)) OEFLIRDOND L HIICR-T=DTHS.

77274 (AlanKay) ¥, DX RMNICERS -HFETHoT-. 2
EZZzTCWrarvea—20fIAELIY, ava—2EMORHBEYE-> TV

* William K. English, Douglass Engelbart & Melvyn L. Berman, “Display-Selection
Techniques for Text Manipulation,” IEEE Transactions on Human Factors in Electronics,
HFE-8:1, (3 1967): 5-15, 10.

% William K. English, Douglass Engelbart & Melvyn L. Berman, “Display-Selection
Techniques for Text Manipulation,” IEEE Transactions on Human Factors in Electronics,
HFE-8:1, 3(1967): 5-15, 11.

' William K. English, Douglass Engelbart & Melvyn L. Berman, “Display-Selection
Techniques for Text Manipulation,” IEEE Transactions on Human Factors in Electronics,
HFE-8:1, 3(1967): 5-15, 11.
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WFHTHo7. FIHOa v Ea— Y 3EMT LS EBENEED -, P
FRV—=FZUHNDAR L B a—F DB EN T, aL Y a— 2%
HIEDDIZRPERVWEREIL, BREELERTHY, FORTRAN D L 5 225
HBETED, BELa a2 —FHMBER> TORVW—RFBEEN, FErruvk
mTHot-.

1967 &, 77V « A4, "—FNUzTREHIZ R TrE%kSE
v 7 A5 (Flex Language) DBAREMNLBItEL-62. 7L v 7 RETEIL, f;d,,ﬁ
BERBIIRE, "RV =TE28ETHREDICTT T 4 v 7 ARa—F .
AV B 72— RERHEL, FZa T H/L lnstance] ° [Copy) HRE, # L T*%
NEYIaLb—FT58EN] 2RODELDTHoT-. ZOBEEOTL Y7 REE
DFRAEN, 1970 ERIZEAR SN T V= 7 MEHSEE Smalltalk D~<— R L 72
S2TWol.

Tov-TADREIX, 7Ly 7 AEBICEE TR o7, FHORKEIZ
BEJL, BHERBNA—YF N ava—FithoT-.

ZHEH, Ly 7 AEEIL, ZOHBHNOEDIZHEEENZLOTH-T-. =
OFbLERDPaVEa2—FT7 Ly R < (Flex Machine) DWW T, D
ML (Y- V725 47 - =V (The Reactive Engine) TiiBi & Tu»
5. by PR =%, BOIMDLNR—=YF N ara—F L UTHERL
TWebDThHD. SEOV—7oHFAKOKE ST, RREBT A A7 LA
BEHIN, F—FR—Rickda~vr NAH, FLTFTAEBRL T 400 -
FRARE LT EDR, HERa~v L FEERVRY 4V RUYRTO LI o
—F e A F T2 —RERA LD, RELBEETHD. oIy s R -
vV UT, BREBEORTEBLZHED Z L 2R E LT, T_XTORMER,
FBREBIA T TAX=HEN, FI77 47 2 pa—Y - f L2 Tz2—R %
MLTITHDTHB.

LnL, ZVy 27X <= ORI, EBEOREBRMBICESL R -7, B
EDERIT, IBMII30 T4 AT VAEFALTITbATWEZ, 772 - 44D
SEICLINE T7e I A LOBRRBIIRIIZENVZ B0, "— Ry =THLRE
BB+ R —BAFATE D bDIZ b h ol 64,

LAL, b 1970 ERICRDE, TV -7 A1%, v s X0 PARC
WEAT, 7V IR < VDR BIZEIK T I AT —2ay - TILED
BRZICEL D MHTe = LT 72 565,

2 Alan Kay, The reactive Engine, Ph.D. Thesis, University of Utah, Salt Lake City (1969), 69.
% Alan Kay, The reactive Engine, Ph.D. Thesis, University of Utah, Salt Lake City (1969)

* Alan Kay, The Early History of Smalltalk, Bergin, Jr., Thomas J. R. G. Gibson, Jr.; History of
Programmmg Languages-II (Addison-Wesley, Readmg, Mass), 511-579.
8 K. N. King, “The History of Programming Languages,” Dr. Dobbs Journal of Software Tools
for the Professional Programmer, 18, 8(August 1993), 18.
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FWUE Ev b2y G BEHEOERNTHRNTOER

4.1 ARPA-IPTO F&ZiEH S PARC ¥ EF R~ DERHR

1960 FERHED Y ZTAH0 5 1970 EROFE TOE r v 7 ZHIT, F LUVEREK
PRBITRTNIRORNVWE TR, A, BEETHREMNRERE VIR
TSR Z D, F7 4 AEBOBKRKA—I—L LTRERREEHRL, 1960
EREZRTHD 1970 ERFUIHIT T, HKEBRERREZDZ TV, 1961 4,
BEEH 914 DFEFEOHEE TIX, FLEBEIX61 BF KL, 1962 FiX 104 5F N,
1968 %1 1,125 B KL L BB Y THol=. LaL, BrHEZDE, ary
2 — A EWRORBIX, A7 4 ATOBRLBFELRANICEETL20bLN
RNEWIEYarERTLIICR-TER.

FT7 4 ANDOEBNB AT R Tarta— 2 TITIT L EZERTH [ R——
VA« 47 4 Z] (Paperless Office) &) FEMNSOLIIZLD. N—r—V
R AT 4 AL, TRTCOFERBEEFLL, a2 —FDOX—XATLEE
79, WhYA3XEDETFLEWVWIRET, Yoy s/ AtoRET—XT 7 F
¥ LRAMIZRR LD Tholz. YBo¥n vy 7 ADOFAMBKITEILES
B XTFABREREO BRI TV, WL ERMRV LR
N—=RU 2T R=ZD, 70T ARAERMLTHo. ¥y s XFtice
ST, ==L R, b, XEOa Vo —F0HEIE, —KEBTH-T-
DThHB.

ZHLT, ¥uy s 2, RERBEOEFEBREZERT H72DIZ, 1970
231 7 )L MZ PARC (Palo Alto Research Center) Z3RE T 5 Z & 1272 o 7266,

LA L, 1970 ERNSIX, TAYV DL R T 4 —N RMEEENRKIL, X
N AESEOBE & BUORIIBUFEBRE & B St 7. BeICEREIZED
BUNDHFRA~DEEIENITN, —HOMEFBIKBEIELND L IITR
oz, T LIz BE (LD TR S FiEh LI 7267,

ZIHLT, 1960 FERITIER L TWHHFE bix, 1970 ERICRD L, FleR
EBRIEIZH - 7. 1970 EIC PARC AR EN D & Lo s B o BiffiE id e
PARC #FZEET~AtL L, 1973 FFIZIT S0 AWZERK LTz, ZTH5LTaryta—40
BATBASRIC EEA e BN A R LTV AHF%EE H1X, ARPA-IPTO »5H PARC ~
Y7 hLTEE.

42 =P RXTF—3 >« T FOHEHROREL

PARC D— 2> DHIL, HEEVBRETEBOV AT LREY, ThiBE
DHFIZFA L TERLREEBEXFORYMERITT D Z LBRAKXILEH
LWl b THHB BHARLLI LTHarPa—F2FRCELHFERICT

% George Pake, “Research at Xerox PARC: A Founder's Assessment,” IEEE Spectrum ,
10(1985): 54-75.

7 Arthur Norberg, Judy O'Neill, & Kerry Freedman, 4 History of the Information Processing
Techniques of the Defense Advanced Research Projects Agency (Minneapolis MN: Charles
Barbbage Institute, 1992), 12-13.

% Chuck Thacker, “Personal distributed computing: the alto and ethernet hardware,” in History
of Personal Workstations (ACM Press, 1985), 265-290.

101



FEefiiSTiE Ry 55 9 52006 £5)

52813, HATHELBRINTW-LEbE. EBIE-THBZI 0
b VAT AMIBVWEER 5T 28, N—FUy=T7OWHETIIRL, V
Zhy=T THREDZLENVHALNZEINT) 69,

LoL, ara—FoN—Ruz7BEL, YEHIEY R LOBR o0
THESE 2B o7-. LL, arba—4oHEICELTE, Fok
IRBOEFRATHONIX LT, FREN LKL RERAFRBHE S -, PARC
DEMEIL, HeRHRETa 7 b5l EHMONIZABINEL, ThEh
BRZDIEBE LTV, Zhb, PARCOKXREEDO—DTHH-T-.

n/N— k74 7—%, ARPAIPTO #RBR L7=— A ThHo7-. BirD L H1Z,
ARPA @ IPTO i, 1960 ERIZ = v ¥ o — Z BARICHEBRANC KB L2 1T > - ERH
RXEHETHY, TIREHEICR.Y v 7 T4 % — (J.C.R. Licklider) MREL
2 TABlEavCa—FDA L " NTFT7vay] LnWHEDa VBRI EEX
NTWe, ZHL7=RENS VNIORTEE 2 E#HT 2 5FAF ATl a
VEa—Z] LW, TAT—DaAra—FOBBEBIZR STV,
m/N—k « 54 77— (Robert Taylor) @ [EAEg] (TIFVREZ L7-OR, 7
Ty A ThD. KL, 1971 B2 FKRENO A LTV, %Y, BRcr
N2 K 9121960 FERIZ, ARPA DE B2 Z T TR—Y L -arba—24,
7Ly R+ (Flex Machine) DR Z{ToTWz., JLy IR =V
13, BIRBEORTEBYN—XIZL, V957497 ARORL T4 -
TNARADEA T T A ZIZLHREEINCRIETRER/MI o Pa— 2 2 BIE L
TWe. TV -4, EIENRTIZER LTV, 4D LOGO
EOLOIRT T T4 v 7 AR —Y AU Z T —REHH L, FHTHLE
ERRER <= U Z B LTWVWED, YA Db D%, EAREOLDIIR LT,
LIz TW3a., ZOEREIE, 7oy - ¥4 BHOSFICEINE, T+457%
N—=RYzTRBEABKRITTNWDS, BT A 2T LA (ZRERH -T2,

43 Ev by TRIEORR

MEH A Ea—F « TVINOEBROEOO—DOOEEREL, 7774y
JARBETEBIN—FRUTORFETHoM-. 1960 EDEDOFRERBT 4 27
LA, "I ¥— 757 427 A (Vector Graphics), W BHEMRLSE, H
REDRMENRRBERIIL - TIT T T4 v I A A A=V uERT DI FHR
MEFLL o TW, Zhid, XFRRARFEORRILITE 50, BETEHL
BRI ST 49 I ADRTIY, 774y 7 ADORBICEMRER T 0 75 L0
VELINEZD, VAT LAOERLE LS EMICRDERLNTVE.

1960 DKL AT, b I—ODORTHFANFERINTEX. Fh
X, TVEICBRASNRTWAEDEFV L LTERRTB T T 74 v 7 ADFE
THDHTAH + AX ¥ (RasterScan) LW ) FRTHD. FAH « AFx ¥y K
DT 4 AT VAL, BEFHFEONELZEHEICBHIEIEERLAVT 1 HOHE

% Chuck Thacker, “Personal distributed computing: the alto and ethernet hardware,” in History
obf Personal Workstations (ACM Press, 1985), 292.

™ Alan Kay, “The Early History of Smalltalk,” in Proc. ACM Conf. History of Programming
Languages HOPL-II, Cambridge, Mass, published in SIGPLAN Notices 28(3), 3(1993)
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BERTTHIHFROT A AT VLA THD. BERITEEROECRTTZ L—LL L
TREEIND. AX YV LRBRLEROBOEEDOERE I Ea—2hbT
A AT VALIZESTRRTHLDTHD.

IDTARAE AFX YU FREALE2—FDT A AT VAIZERALEY EWVD
BRIT 1966 FEIZ, R.I.ZF—27 (R.J.Clark) 2MT-oTCW5. A LI
MzkdE, V97497 RFEHEXFEDL I T —413, /B ELT
DRRIYE, TARAT VA DKEEERFERO LNOLTIZAXF Y SHT—D
—DDE I ENTEBRERRTHIENTEBHHEILRS>TVS.

Lo L, BERICETIERORRIL, 7B /VEATHEISNAEROER
ROBEEMNICFOHE S FENILETHD. ZORICEALTIR, 77—70F
TIX, RENTVWARW. MBRE LT, 1967 Fi2Y 3 >~V > (J.D. Johnson) 7%,
VI ENVBATHRREINZEEOFEROETESFEL LT, BET V¥ LETEE
BIZRESE, BRLEWTS—F2HRICHEAHL, BRZ2ER T HERR
KL

LML, YVarYrOETIE, BPIT—FOEFBFERIIBRINZN, EE
BB TE 5/ — R =7 ORFEE TRERTE TV AR o T,

) LIZREETPARCHIERD T TV U bid, TRY « AXx ¥V HFRETU—
JAT—vay - THVINORTEBIIBRAIEL Y EEXTWER, bR
K EHLZODRBENBEIN TR, (1) RBENEL DL, Bt
NDOT—BEBENREL Y, RREBL T VF URBEBOBICT —% DEEkE
ENEL Y, BEOBVBRINEL DL, ZLTHI—DF 2) va v
RORA=Z2—D L5 RESHNCELT 2EEORTIL, &) TFRETE
BONTHD. ZHIZHLT, FUy7 YU ollRLEFEL, GHRBEOR
TEEBTEL I VF LARBEERVYT —F DEEeBENICHET A —F
VT ROV 7 =272 —FELTHERTILDThHo. T 7Y UHHEE
LEBFIZL B e, V=2V RF—2ary - TLMDT 4 AT LA, BROER
RT—HEAA VAT YDHEBEEEIRID LI RoTW ., ZHRITAEY
NDT7 2 FTEY by PAXFE2HBOThHo7. EHIZ, V4V Y
RAZ2—REDL S RFTFIZIZ, HEEZ HF L, BleLEBSETEEL
&L, Bl LoBoEROT—22BFATI LV FEPEREIR, 7
STAY TR sa—H « f BT 22— ADFRRICEBLNTEEIC R ST, ZD
HSEEIX, BIZRH->TH Y « £ F—/L X (Danlngalls) PBEEIZL->T, LViA
RAEDHBHEy eV (BitBLT, Bit-Block-Transfer)’2& 72 o 7z.

"' United States Patent, R. J. Clark, Character Generator for Simultandous Display of Separate
Character Patterns on a Plurality of Display Devices, Patent Number 3426344

? BEO— BRI LHEHELHAEHA T TROLICRBIh TS, TALAEY
k77747 AXEYOMT, BERRIEI LY bvy 7 A—V&a =352
L. FEIL, OS8R T T4y I AN—RREVRAET D, TDX D RBERLAPIOZ L.
OS 2 ENRET B bitblt AEIX, £ A—T D a ' — LRI A A — P DIEKHEND, fho
A A= L O AND [HHE, OR EE: CRBEBELENTREREELHD. a3 Pa—
EDTTT7 4y RLBIZBWT, bitbt I(XEBERQEBD—DT, FI77 4 v I AT Y
B Z L—# i bitblt ZBHEIZETTHDICEADON—Fy=TE2ABL DI L
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4.4 Smal ltalk TD GUI DRHA

AVEa— IR (AT 4 TIZEDLD| OIIMELEh-HDIZ, 55—, 7
0o LAEEOEENRH-T-. ZhS, GUI OEHOL ) — oD E L
IS

V= RA7T—vary-TNME, ENRTI2HROBEL LTERShTW
Te. 777 A1, FHOL I ICHEMAEBEFE > TOWARWVWFIAETH S L
BIETEDAZLEZHELTQWE. Z0EDIZ, 7T 7 41% 1971 ££2>6 PARC
NTEEHRIN—T52EY, FHBEEZEZ 7075 LOBRRBIZHLBVAAT
AVl

IIhb, (7arlIhx, A7V hORDLVIZENERT IV URALEE
W, W—7RFRmIFATE, METEBILL TRBIRTEREIICLELDE
REIZLELL, MEICLHERL, BODEXTONTERY b TERL T
VW &, TERDBDEITEI T ST LA A=V LT
kDT T ARFHIEXRZVREIE, 0l T A0OBRICHDBET T
Ve rAREZ. B, BEOHMFOE ) L/ RTOBREENOEE Y Y
MY 2T7TRETDHILICLST, BEMFAOHMAZ Y a—F HIZHER
LEo¢ L. BEIZHEVVETVATAEELZRTILICXE - T, ZOEEN
SVEBATONYRTLRBLEEXOTHD. ZORBTHEINZDN,
Smalltalk EFETh o 7=.

BAID/N— 3 Smalltalk-72 13 1972 FIZEHR I N TV 5. Smalltalk 1X, ¢
ROBEEAPLE LBy I AEBELXEX, T/ (A7 b) BPLE
o THEINTWE., fxDAFT V27 MIFOBRENERI-TDIZLERT
—4% (BM) LFHE (AVyF) 2REHICL-oTWS. ZOREEAY YR
EONEDITBDI-HEEN I T ML E TN D THS.

ZLT, ZOFurIL55EE, TAvH—, A7V MERDORIERLE,
TTF 44, BEEEEE - - AU T7 2 —2ABRBIZE > THERERL T
Te. 1727~y (Object) & 17T R (Class) #FEAL L, AT V=7
NI, #7027 VB ETAFEREDETV THERIFRAEZESL k-
TWe, A7V NCFREDPBEREIND L, ZOFHEEZDLINIRIGT S
EfTa—RE2RDOFBEHDICAT VI bDI T ATREEIN AR -
TU=.

Z 95 LTELNT- Smalltalk 1%, #ERDT v /T AN, BRI 2SS
LIMERTEBEB ThoTz. T2 « FADFERINL—TF1X, 1972 HF£~1975
FEMICBEELOFHEMEEICRFEL, BEELERATLRZERICHE > TRHRE
EBELTNA.

Smalltalk DFREFHEZ R THD L, T2, TNETIERINZV 4V RUR
RRAma—REDZ—F [ HF T2 —ALOFEPRYV AT TNE D &

MEV. ZDD, bitblt (X777 4 v 7 ANBHEOEED 1 2L LTHWLND. )
(FHLBEES MERLE N K7y 7] =2t (1995 %), 1012 B)
7 Alan Kay & Adele Goldberg, “Personal Dynamic Media,” IEEE Computer, 10(3): 31-41.
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DD, Uay YRR, BORREEPSEROBERORRIELRLTY
1=, T, 1960 RIS, =AU — RO NLS TRIAENRTWEHDOTH S.
7272, Smalltalk D7 ¢ > RUFRRIZIE, “RBEb-/-. BRZUIVEIZOLND
U4 RO LEEEREITEDZ V4V RUTHD. A=a—iF, V4V FUOD
BEERICFETREND D, RTADI—INDTFIZ, Ry 7T vT + A=a—
LLTHAERIZ 2> TW =, HlL, Smalltalk (X, A=a—U 4 RURED
BEZFHALEBRIIOVATLLEWIZ ERTES. ZLT, ThHDEBER
X, RAVT 42T« THRARELTUABRFAIN TV, w7 ZAREIT
N, Yaf A7 4w, ¥F—=HK—F, T4 b - RUELHRT, BELHE
SIENTWENLTHS. ZhiE, 4127 ) o vaR ERERERY LTI
RIZESWTN =7,

Smalltalk D X 5747 T =7 MEAEEIX, GUI 2EADIZIEFEIZHE L TV
. ZhUX, "4V KD, A=ma—, TAaURERTE/)] LLTEREBELL
T, ATV MIRHIEIBETEZXDIENRTEDINLTHS. GUI Loz
NENOBE (A RXUFETI7val) b, TV b~DAyE—T LR
Yy RIZRIELTEZOND. HIZE, TR EZ7 V9733 LI e
(D4 ROETAafbTd] EWHTI7vava5|&RBITILICRITS
NEDOTHD. 1980 FERLIRIZRB L, T V=7 FFREIX, #4772 GUI DR
BIZAWONTLA. TFVr—va v % Model (EVRART Y 7)), View (7
VBT —ay), Controller (FIfHE) IZH0 TENENMI L THETS
MVC ET NV EWIBEFENREIN, 2D GUIOGFIZKE S &RIZNS X
Il o,

FRE TRV Yy TBREOLEBR L GUI DFEE

U—J RAF—val T MOREERIL, bebe PARCDHANTEATS
TEiThotz. BEMIZIZIZH 72, T 74 ADEBREL LT, #REOKE
ADT—Z RIS TEBHEESHRY—NMIZLTW Z e Thot=. Bib, %
ARR, V5747 R, K, FLTHRL VWSR2 TOTF—4 2 LEN TR
ﬁ‘(%éct 5‘:?6:&‘(&)’)7&75 7V Fﬁ)%ﬂﬂij‘éif@:yt"l_y‘f‘i’
ENENOT— S EEHOT 7Y r— a3 L CREL, Y1050 T 5 FENR
STV, ShE7A FOBMBICE>T, KAMICRIETERY AT 2%
BfEL7ZDThH 5.

XER, FS5T4 9 IR, BFANEOELDT— 2%, —BOaL ' a—
BTCEEDTRETBICE, ~—FY = THRLEEARERSNTOARRS,

7 Stuart K. Card, William K. English, & Betty J. Burr, “Evaluation of Mouse, Rate-Controlled
Isometric Joystick, Step Keys, and Text Keys for Text Selection on CRT,” Ergonomics,
21(1978): 601-613.

™ David Canfield Smith, Charles Irby, and Ralph Kimball, “The Star User Interface: An
Overview,” National Computer Conference, (1982): 515-528.
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B LU X DICEIENTOND Z ENERINS. XX, —oD THIER Gz
LT, T2 0EEIEKERTICHIRTE RITNIER RV, F—2KHE%
—B&XENE, Zo07 NV —TaBBEVOHARSTOND LI,
REDOT— 2 %2{ABDELE2EW®RTSH. LrL, ZOBEDERICIE, HifE
DRENH-7-. FLT, TAVITIE, ZOBEIERCTEXehotz. TAF
ORRE DI BB LI aholz) 8L LTWAD, BREMICKBREHORR
2o e & [—B) BRIFTAZ LiIZhkoT.

PARC HFFEFTZ B T, 2KRIZIE, 1970 ERICAB &L U — FIRES X T LD
ETCRERBERDH T, FhIE, RTAEBZ2EHTHIAZ P 7Tu—rRK
DY — FNREFABOREF THD. ZhEHELZDIE, V¥ by
(Lexitron) #£& 7 v 7 (Vydec) #£T, 1971 EDZ & THol-. L ¥ b
UFED VT ITIE IBM BTV MERE 2 FF SR B A # S h T V-, B4,
CPTHORHMDAZ K« Tu—rU—FK -« Y25 A, WANG HOEIRIERE %
B TEXANLTF - F—IF s VAT ARERINTE. Zhbosttix,
BTCU—FMREERTHETIEIIIRY, V—FREVRT LOENEREL
O oOTEENRNDSZIFELL 2o Tz,

L2L, 29 LEFLVLEHARH T ZIZL 2 20b b, Bu v s 243, 1974
FE-RDY ZTATYH, KR LTRERDNAN— R = THEREMET 2585 L -
TBY, IA T4 ZZEHTH800 ) —X-U— NREFRKBALRE L.
ZD 800 Y —XDEERTIX, BMEHEFEDO IBMEOHERAHE LY 2 & N4
A %71 (Diablo Systems) = (1972 ¥ u vy 7 RHicBINE ) BER L
WBHROEFEBN ZNICERBEIN TV, ZOHFEBTIX, T— —FA
—)V /7Y hIRA —/V (Daisy Wheel/Print Wheel) £#i8 A &N TR Y, IBM
BATITALZITBABENTW - H L7 R —)L (Golf Ball) ZEE L W BN TN,
FeMZTY v hARA —/v (Print wheel) 1%, ¥u v 7 23T E o THEZ DO+
DHFTHROLEERENTHY, EOVRRIEGHELREELS X -. BN EE
LRSI RFEMIEIZ L T, 800 ¥V —XiL, 1975 DV — FREIZHF LW
BRELEOLLER, ZoE, oy s 23k, BHOBBICEH TE 285
BHIZHFEEL TWRNENS BIEEZ S o T2,

L)L, RAEBYEHTHIV— NREFHABOBREIE, Tuy s 2800V
—XOBMEELEL SEHFAREELZER LTV, bbb, ¥ry s
A DOEBREIL, PARC DFFRERELZBVWH I ootz Eu v s 2D YD
BRERBIZIa Ea—F - R—2AD T — FiREFERABO HIRITRH M B2 L flkr
L, BORIOHBLPRIBRN-TZEEXDPRETHo72. Tu v s T, R
AT 4 A~DREBROFTNIE, EMALRELTIIRL, HENRELTH D]
LMIEL, ERDOT —XT 7 F X IKFETIEILOBRRABKREZ LD LIZLT

6 Adele Goldberg, History of Personal Workstation (ACM Press, 1988), 360.

7 Norman Meyrowitz and Andries Van Dam, “Interactive Editing Systems: Part1,” Computer
Surveys, 14 (1982): 333.

78 «Xerox Tries to Cature Some IBM Territory; Xerox 800 Electronic Typing System,” Business
Week, 10(1974): 28-29.
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N9,

LT AT, Yuy s 240 800 o) — XITNIEE O T, BOICHIAELRD
S8, IBM #O8IG LB L, ZODORENHoT-. OEDIE, T—U—
A —/V (Daisy Wheel) #&1&2%, IBM DT 7R —/L (Golfball) #ELY,
BELEDIZXA BBV LEVWIBETHS. bIHIVEDEF, "MV F T
7 v 7O®EIE, IBM R KEBAEEGFIZHEL TS Z & &iTdRIC, o
v 7 ARLIIKRBAEIZH S TE VIR TdHh o 7280,

1976 FEIZIXHEFED 800 Y —ARRFH/INLZHN, ZhEIHFLY DR
7o. Tuyr 2thid, BEMGKRLE LTRTREBZERH TS 850 #B% L. L
ML, 850 IIHEFRD 800 >V —X LR UL, 0l 7 ARAERI a—X7p/—
ROz T7R—ZATHBEINZLDOT, MIETEH7T— & OBESLHERAR AR
LBNTWz., V— FREDOTHBIIRO LN TWEDIX, D EODODXEDOFTH
HbWBT—HERENLETEIRANRIATLATHY, Wbwd IHEY—
RALEE S R T b 81 Thotz. Bu v 7 AE0RRES L FRIL, fis08m%s
KB L TV edro iz,
oy s ZHORERBN, V—I AT —arv TN M E2EMUICT B DICHE
BENENST-DIX, ETHETIE, V—2AT—Yal T/ EDaR MR
Eholz &N TE. LML, PARCHIEFROSEMET N TUZa R MEFNE
ST o TRRTH R 212 19715 FHR, a v Ea—4 -V A7 L-FFE(CSL)
HWHYar L E— (John Elenby) 23, V—Z7 A7 —L a3l - TNV FDFK
HEEVEL, abEa2—FDR—ATOU—NREVATLAORBTA V%
EAI L LTV, ZoRER, Puy/ AoBFBERBIZHTENZLEWVWIF
Abdolz. BEBIZaX F2EBEELI EWVWHIBAR oL T AIZH
BRHoTEEIRETHS.

Yoy 7 2%, 1976 FiZ & 5 R<, PARC FFEEFT CRAR SN - B2 Bt
T AR Z RN T IMLEREZE LAY, T MEX—XZLERIEROD
—RKFrty vy YRATLAORREEBYTHEM SDD (2T ABRREH)
EHPICREBE L. 2BV =7 AT —a - AF—EHBOHIER L o782,

52 [FRY by BEDHEA—-TI—HVRXT—>ay - A9—0OR%

oy s AfE, Z5 LERENSEERUNAORGBARICEYHL, 1973
F, TOHEYIIRT - FR—F—%{FMLZ. Thrd, arbBa—FEX—2X
W LTeA 7 4 AABEHFREERELIZI LD, 1976 FEiZiX, V—27 AT—vav -
TN EDOR—ZATHEHR Y — NREV AT L2 BET (P4 F X Ty

" Douglass K. Smith & Robert C. Alexander, Fumbling the Future: How Xerox Invented, then
]§nored the First Personal Computer (Universe.com, 1999), 170-171.

% Norman Meyrowitz and Andries Van Dam, “Interactive Editing Systems: Part1,” Computer
Surveys, 14 (1982), 333.

8 Intergrated Word Processing System

8 5| % 1X, Jeff Johnson, Teresa L. Roberts, William Verplank, David C. Smith, Charles Irby,
Marian Beard, Kevin Mackey, “The Xerox Star: A Retrospective,” IEEE Computer, Vol. 22, No.
9: 11-26, 9(1989): 25-26.
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=7 b (Janus Project) # b EiF7-. 19774, 7u =2 b4 MNanus) >

HbAA— (Star) ICEEENZ. RF— - Fudxy ME, ZHOOIN—TFTH
MEN TV, PARCHIRFTIZH o T2 N —FII AT L Sl 5 AEEDH
BEBYL, Puov s AAKRIZH o I/N—713T7 SV r—a v oE%RYHE
L.

R Z—DERBEL, BTNV N TREIN 22— A 7T =2 — ADHRKR
BHEALELYELTWE., LL, THMIEHEIhTWE4 Y74
YRy, Ry T T T Ama—, vUREOBEEIX, T/ D 0S TiEiL,
Smalltalk EERETEHRIN T2, Smalltalk 1%, 0 2'J5 A& {ERET AR
VB ET, TOFEETIIRZ—D 0S IZiZ2 6V ¥l L,  Smalltalk
EEREOHEMNOC Y 4V FURT A aVEDBERFNRE TOTATE, ¥
—TCHEETZ LBMLEIC 728,

Lo L, 7V ORI, BRBEORREBDOR—RATI T 7 4 v 7 AHR
=Y - A U F T ADBEIIRIET 5 BEMICH -T2, i, RF—iF, ¥
0y 7 AORMRELIMLES TN TWE, Buy 7 21X, PARCOZH
I COMFERRELE (47 4 AERV AT L) OF B> TRSILIZL LS &
LTCW=DThHo7-84.

9, #iRO LSz, T2—FH OFENLIX, RF—Da—F . fF
Tx—R% (R (EVaTL) OR—ZATHEAIOBRRD LT W=, 7
A ARNDT 7 A VNRXBREE 2 E1E, EOVNOHFETavEta—FDa—% .« 4
VE T x— AL THBHICRRIEZDOBRIEN-. BEEDODC. AIR
(David Canfield Smith) 23, B4 DELRIBTEREL TV T4 ar) L
D FEERRELS., ZIZESWT, XFE, 74V, Fe—T7A40, T
Vhor—2alpla2d_TTAa{bl, —EDWBRERSIZL > T, HhYRe
T RBTAaONE FBR) BRI,

ZHLT, HEMICEREEDO L IBBREINL TV o zftliz, T—7 ZAF—V 3
Ve RZ—IZBITRa—Y - A U F T 2 — ZADEROP LR EESIT, #EED
VAT AEED, TR by TOEBANIHS. FOLIIILT, TAZ by
TEWIHIEENROL BNEONMIE L TIE, EITHFENI 2L bRV, B
RBATETWARY., TR by 7ORBIZE-EBIL, sl 47 42
TOEE] ITHTE2—EDOHENDIZHoT- L, EHEEIEXD. ZI0b, &

8 William L. Bewley, el, Human Factors Testing in the Design of Xerox 8010 Star Office
Workstation, Proceedings of the SIGCHI conference on Human Factors in Computing Systems
(ACM Press, 1983), 70-75.

* Tbid.

% David C. Smith Pygmalion, A Computer Program to Model and Simulate Creative Thought,
Computer Science Department of Stanford University, 1975, Doctoral Thesis

% William L. Bewley, el, Human Factors Testing in the Design of Xerox 8010 Star Office
Workstation, Proceedings of the SIGCHI conference on Human Factors in Computing Systems
(ACM Press, 1983), 72.

¥ William L. Bewley, el, Human Factors Testing in the Design of Xerox 8010 Star Office
Workstation, Proceedings of the SIGCHI conference on Human Factors in Computing Systems
(ACM Press, 1983), 70-75.
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T4 RZBITBIEBRLBEDOFIEEL L LIZETN~DORBIZORB T EE X
HZONERDORWEIICEDLRA. ZhiZ, PARC TO Smalltalk SFEDHAFIZ
ROoN-EHREZYIaL—FT3FENLDL, BV FEZITTVWELEAELN
%. Smalltalk O8HKIL, REOEMRZ AT V7 PCREIHIHIHECH-
2. A7 Vx7 biE, A7MMEENTZRE (REB) &, T4 7V MZ
BHTEA Ay E—VDES BEHDIVIIFRX) IZLoTHERINL TV S.
F7 4 ANOEBNEIL, ALK ENEFNDOAT Vs P LTRDHZENT
XB. ZIhb, ENFROFT V=7 FOBROERBER LR & HHEMD
RHERELTT R by 7T2EBTHI LI, TARICKERRETIIR?LA
%88,

FAFE D23,

TRTOFIAEPAY —OBEE CTRIACBIZTIONTAZ by 7T
HBH. Zhit, FECHELNHEIFT T 4 ZAOND L2 ERIELHO
ThHbd. TAZ by 7L, FIAENBRERVAATHA 7Yz b
DFIRFRERERYH HIEERELZRAL TWVS.

E

TR by TIXMBARA T 4 AL P BT RBERERT A0
AHREETHD. T4 a3, ST 50BN RERDEZBIZRR
BiIo& ) LERETAEBRLEZLOTHS. AF4—0OFAFX, TR
I ho T EDOFTO ) NEPBRORLOLIRIDIENTES. 7
AavEbbIbIZBNLT, TRZ by 7 LOBRBEZEALBEYIZE
ZBIEMTED. i3, EBOIOBELRALIIICXEET A
I hyFIZBWETFIZLTHLEWL, HBAWVIET7A L TH L8

EIRRTNB XD, A7 40 AEH (FHROE) 2175 —EOEXBRELZ, =
VEa—FORTEEICEER LZERIL, BARBICATENDS. £k (7
4 AEENFE] OEENERE V> THLENSS.

S53GUIRRDOBIER : 7—HRF—2arvhbnR—YFiL-avEa—4~

FATHRTIL, [Ty 7Atix, Euy 7 AnbT A MEERATY YL LTHRE
DHLZINEINTWEZ EHLERDORWI ETIEH S, LHrL, AP TII,
Z 9 LIESATRFEE, VY OBRE~A 7L - F—Y o UMREHLEZL O IZ TH

8 William L. Bewley, el, Human Factors Testing in the Design of Xerox 8010 Star Office
Workstation, Proceedings of the SIGCHI conference on Human Factors in Computing Systems
(ACM Press, 1983), 70-75.
8 Jeff Johnson, Teresa L. Roberts, William Verplank, David C. Smith, Charles Irby, Marian
Beard, Kevin Mackey, “The Xerox Star: A Retrospective,” IEEE Computer, Vol. 22, No.
9:11-26,9(1989): 2829 (AATEIR : =7 « Y a vV % : [%H0 Xerox Star: BIRE
E%ﬁodé@ﬁﬁdﬁﬂﬁﬁﬂ%bﬁwmﬁ3ﬁ%&m&2§)

Ibid.
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BOREELB/NEMEL TWNBE] L FELEV.

GUI O— DD THLH 5, Wby Y -T2 K7 4—/b (Look & Feel)
IZ2OWThH, PARCHIRFTOBEMET 4 L7 Z—, Va—T - g 7%, NE»
DOERTELEST, BEIZERENS. L (Ty7afh) ik, T£h (GUD A
AREFE LS TC, BHIZEREZRE L TCLE-Z) &, GUL DLy T - T
Ke 74— NVORBIBEIZEUIND ERDTWS. LirL, ZhFEITTT
TINED GULIXT = R T —ar - TAEINRLLL0bDTHD LEWE
THDIXRHTHS.

AR D X 512, GUI DR O PR R EMIIHEEFETH o 7=, 7L D GUI
TiX, Smalltalk SEIZEDLNA TV BitBlt L SN TWAEKERIC L > TERE
N2, 7Ty IAil, TOFRTHEELEE 2R KT HRFIZIE, KEDA
FYBMBIIRDEVIFANH D LEMLTWA. [BitBlt 1%, BETHZ &
NTEDRAA—TVDIATIZHIBYED . B2, EFEOTY 7 ORFRIINE
INTVWEED, A—N—F3 9 TEDLVL Y RUDBENTERVOTHD]
93

7 o IR, ZORBEERRT AT OICERE L0, A OHEEN 7 A
v 7 « Ke— (QuickDraw) Toho7=. 74 v 7 « Ku—ix, 7 v 7Lt
FENL T rXU Y oDELRIMOLBREINEZLOTHS. FOBMIZ,
EAEENRRBETAZLIChoT. 74y« Ku—Ti, BEEEOEEN
EaE LT a s (Region) & LTHEZREIN, HEEDH R (Inversion Points) 12X
STHERBBREINDI LOTHD. FIxiE, HHRBOELFI#EEZE Y b~y
THACEREEBIRFEESE D L &I, BREENTWAELIEORET, £
L DA EBERRIES. 2775L, RBEBICRENLEICRSLE
HWENBL I, BEHETOBRLORTPEEIZRD. T2, ATVEED
M= F N s ar B a—FThH, GUI DEBENTREIZ/R .

YYD GUI iE, BUZHBEIHERL T T, 22— % - A ¥ T7x2—ALDOKRH
DELD, FIEIELNTWS., Ty A0 YEOHE, RT4—7 + Vs
TXiX, EL O LWEEZED Eifz) RT3, BEMNZY Y0 GUI
i, 7VhDOGUI ERLHLDTIIARd o7z,

THNRDGUINI = a L Ba—FDR—ATHEREINTWABZ &Iz LT,
VL, ~f7ua7akyPOR—RLRoTWS. VL, hREBELEE
TNIHBRYEVE STV, ZO7H U 30 GUI B, M E OREEEHT
I4 w7 s Fa—illo TEHIN TV,

B x OEBREROATYH, VI T, EFRINLHIBEN-. T TIZHBA

N 2=y (FEARK—R) [TAVAY - F)—b—T vy 7 arta
— 2 EfloBib ] ZRERE, 19854, 33 H.

%2 L. Tesler, “The Smalltalk Environment,” BYTE, Vol.6, No.8, 8(1981): 90.

% United States Patent, Method and Apparatus for Image Compression and Manipulation,
Patent Number 4,622,545, Filed Sep. 30, 1982, Date of Patent Nov. 11, 1986, Inventor: William
D. Atkinson

H KEREMI~F L by a2 BAOEE]IB) BEaIa=r—a X, 2003 £,
23 H.
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72E DI, PARC TIE, WA VT 4 V7 - THRAL AT HRBECHEEREELTA
MIL%) OBRENOUBEToLRER, A VT4V T - THAALRATIE, A%
UBLIROERBRNI b TIWER, 3 RZ O~ ARFERAILTW
o F, Ty, TURE O REEARE LTS, EbIT, Y
DRREBOEEIIHEI/NELT, v RUBEEZEST, oy v
FOZFRRICR RS ED L, BEMRILTIBNBRH -T2, £ T, bl
BRICRE TN TEB AT Y « A=a2— (Pull-down Menu) BNEREIhT-.
TNEY Y+ Ama—b DRIV DTIRCEST, 2V Ea—FFAEN
2T R&avy FAOFEEZR/IMRIZMZAZZENRTE . ZOHBND,
GUIDERIZINF Y « A=a—%#AL, WIMP2 U 1 Ry, T3,
TIARPITINE G « A=ma—t3h0bEEND I LiTlheotz.

VY THROLKESEFHFINEZDOE, V4V FURRTHoT. TVIDD 4~
Roix, 24V VIR THEBICIIY A X2ERTERholz. Y4 FUD
YAXEEELELIELED, V4V FURNOAREZERELRITNIERO22H
o, U4 RUDOBEYL, a<vr FICLoTEEAAICL > TiThbh., &
NIZRHLTIYTIE, 2427 - Nu—0OHRIZE->T, AEVEFEOHERD
ZRMEL, V4 Rz BERONDIA—RA—F—E VT - U4V Y
(Over-Lapping Window) 23#]® TEBHIND L DT o7,

IO LEEVHTO GUI OFEFHLEEZERIZLT, 7y FAtid, HiLw
WRED/N—YF N a v Ca—FERRLIZEMBITLNED. PARCOT IV
FeRE—IX, EBF AN, Xy bU—7, XEKE, 77 MERRARE
RESOBELZ LT 7 4 ANBIZEZ IR LI L LTWER, Ty Ao ¥
I3, ®#RRN—YFN -ara—F%, vA7uratyYhOX—XT, 7
7 Y EFES Pascal EFEEFE, EAFIHBOLOD, OF0IX, FFHH
PUERNA V2 —FE2RBLIEOTHS.

GUI DREBEZBEFRICRD L, 7Ty IAHOMBBERENEERRE LR LZE
RBZLENTED. 2LT, BEknXSiZ, Ty tto GULIZ, BRETL
OB TIZAR L, MBOEWBHERESMA THRILIbDEFTZXD.

EARE R—YFIL-avFa—4I1281+3 6 OER

v~ Ar7urlaty P ER—RZ L=V ara—Fi, 1975 FiZ
REINTTNTT 8080 b, 1977 EDT v I NDT v 7V THEAEE TIZ,
BEFEL U TEREE» LI OS ~DEBMAERSH, ZhEdkicERE L L
TOEAELTRIND X IR o7. 1981 &, IBMEDBAT, /A=Y F L -
AV —IREBIZEVRR Y=L LTHMYENE. £ CTEERKE
R L7=Dix, VisiCalc X° WordStar, Lotusl-2-3 &7 SV r—ay V7
Ny 27 CThotz. ZHLT/HA—VF )N arbta—FOREETIE, N—FKY
=7k, Tyl IBM D 2 BESFORFEAFER S, LrL, GUI %
EBRLUTWSCBRETIE, ThETOERBRSBEIN, L2 LVWBR
BITbhd Lotk ot-.

7 v INAtiE, GUI OHRERZ B KRIEY K3 72912 GUI D% %2 N— KU =
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TEYT7 b7 EEEWIZIT o2, GUI OMERENEEMR X 7=28, {5 Tl
— ROz T7REMT, Xz, 7a—XWRBasksShz. BL, Ty 7L
#i%, GUI OEAHEIEILL, L —%—TF Y > #Z R PageMaker EDEKHT 7
Ur—va BoEET TEEHR WO HLWFIBESBHA2EH LD LI
£oT, THIZHROESFHEHEREL TV, LacL, 1980 EREBEICRB LS
AR E > TV T v 7L M7 IBM ROEHEN L DENEZ T, B
NMNMENEL Ipolz. THLTI1995FEEHIZARB L, 7y AT EBEEBRA~D
A RATN, THOEKRIZERLT, BMBEONA— R = THRRIZE-T-.

IBM R OVE#ai0D GUI BIF I, 1982 DL OS BPEL TV REEN 6
Bta S iz, TNENDA—H—HBEFED 0S IZ GUI #iEE MM X 5 FiEkx -
TWER, EAREIZRoZH084 <, GUI OBRMNOEELZ. BRL
LTI, 1980 ERBEDOVEIZRD LT v A HBI R IBMit A 270V 7 |
HIEFTHEEIN TV OS2 DZDIZEF EIND L HIT o728, 1990 FERIZ
RBLEIBMttE~A 70y 7 MEOBIZHEF#HZ2D o TRAIBAEL, #IZ
2o CHRIBARIIMEEL, IBMHED 0S2 L<A 7 1Y 7 MMt & D MS-Windows
DO TWoT-. v 7a V7 ik, ~A /a7 atwydsFE4
BDAUTNAEE OEEAZEY, B#EEDO GUI BERIZEIT 5 MS-Windows D Ei#
AN TAZ L2BIRE LTERL, GUI offEoR EIzER LTV, L
ML, IBM L, BEICBHON— Ny =7 T EEOHLZEHRL, 0S2 OB
HIIKRBEa L Ea—F L OBEEBELZR LN OHEA TV, 1990 ERLIE
IR &N 082 MMERE LERl S 7=28, GUI OfiEin~A 7 a7 D
MS-Windows (ZFEIZER 41, 1995 4 MS-Windows95 2335 S -BEE Tix, %
—YFN A a—ZIfELRTWEGULR, v~ (7 a Y 7 MEOBIEH 80%
UEEDTWIEREEE 2oz, 29 LT, IBM ROE#ED GUI BARIX, K
FEOEBRLEBEAREK EOBEERK, EbE_E0ERLZB X, 10 EUEEZRT,
LR ERBERIIEST-DTHS.

EtE &R

GUI DEBZBEMICRILTE . Zhnb, 2B, Zo0Z L a#BREtL
TEXEW. 0D, GUINLarvYa—20REE R, FoX5hd
DI TEDLEVNITLETHD. bIHIVEDIL, GUIDEFZELMICRT-S
B, BRETREBERDHEINEVIZLETHS.

T, F—ORBENLR LY. HkOarva—FRERHEZ, FioHR
EEABEBCRREBERE 2 COPEORERERZHFENRIZL, IBM B0
SELMTICL > TR TWE., 2O XS BFRTIE, 2V Ea—Z2 085S
HRREORBHRBALNICENTEER, ara—F0h FITEELY 52
TWBHDIE, RLTINLDOFZARERIT Tk,

(D) GUI DEBEDOHFENHIE, 2—HF - A U F T2 —RAORBANI L Ea—
ZEEDH Y FITHFIIREREBEEX -2 2B 05. Sloa s B a—
ZIXBADO- DI IS, BENICREINLTWEbDEE->TH IV, L
ML, 1950 ERKDLVENS, ABlEar ¥ a—FORICHERNR2—Y - A
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VHE Tz —APRRD LN, TORE, MEEHRNEEEN a2 —F IR
RENBLIITRoZ. ZH5LT, arva—#5n, NHOBEMZRHERE
AR ERENIZIIamyr—2a T ENTEBIHEBE -T2, I HIT
GUI DEBIZ L » T, ava—FOFABEANMERSH, ABHHE0H LW
DHBICRITDERLED/A— b —L 2ot T ) LzE{kiX, GUI 2Bk
THERNOERELZLDELEZOND.

QGUIDERBIIFHFLWAT I —, HILWI FRADa L Ea—F0H LWG
ARBOAIHICKRERREZRI-LIZLEZONS. FHiOaLr Ea—F0F]
AEX, avyPa—20EMFIRLA TV, Zhid, BliZaryBa—4an
EFRTESOBRER > 27213 Tiddel, YBoarva—48, FhEth
MEDON— RO 2TV 7 v TR EMEDN, L a—ZOF BB
BTRZR»2T0ETHD. L, ara—FIHERNRAERESY 5 X
£o&Ww5 BTSN GUI OBRIC L - T, EFM@ARThar e
a— A DBENRTER LI oT-. EHITRARAN—FRY TRV 7 b=
T OEEDOHFI D GULIZ L o THE— &, arPa—2i3—RFAZETHLERE
TEDH LR, ZH5LT, MATEAREL, —ATarke—n4+507
TY—Darvta—4, EbiINR—YFN - arCa—IREIINh3XHiZ
oD THD. IHIZ, GUIDEAIZEL>TEHRLWSERAIHEINZ., Ty
INAt7e EiE, GUI O WYSIWYG #REZ AL, TEEHRI LW 58 xiR
L, REBRERIZIDT-.

LML, GUIA, FOLHiIcarta—F AT, B RERME,
BRBara—2ENT, £AHINEERIIRRS. 7y I ihiX, GUI
DE ARSI o720, HERENoTmNA—FT =712, 7 a—XBIRREMN
HY, ERICKXZ2XEL 2o TV, IBM RUGEHE T, GUI OEAIZE
M olc. AL, avPa— 4 BHIIEMEN— Ry =T LEERICAY
72T E2RBILT, TEBBEIZERINE. GUIIE, a3V Ea—F0D
BERIZKREBEFZRZLZEE-STH, TORENIERSTNN—FU TR
BECIIRR-T-HENRRXS. 2 Pa—¥OREIL, &L THREEORE
BERXEEREBEOPEMARERLT TRL, arva—4BAMICE>TED
EOELNTELID, WhIFARE av Pa—aREDX S Ra—H - 4
VAT —ATREIENTW AN LEETREFTHoT-.

Wiz, GUI ZBEMIZR-5HE, TOELZLEMICRFTLTRS. GUI®
FERFFETIE, A FIAE) ¢arvta—20bh kAT Hha—H -
AVET =R, TI3T7 49T RAENIT—FPAMNEA I N % fEH
THEBT, #ERDOa L Ea— 2 FOMIETER SN TV ko 2 AlE 2 et
LT&7z. GUI DBFIZ, 1940 ERKEDOVENDS, UV TNAH A LAEEEEN o
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VTAVT cTNRARERIRAL, T4 ADR—ZATAMEa s Ba—
ZDOBICHEONC I a = —v a Vv TEXARIMOBRELIRELNT-DOTHS.
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ROGREBEMNORB LRI, GUIN, arta—F0 THENLR
PR 7D, V—JRTF— g R —YF L arta—F0L5RELN
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12 1980 ERLAREIZ AR B &, LA OS OEFEITHYY, GUI A0S ¢iEaEh,
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Research on Development Process of Graphical User
Interface of Computer

Jiang Bo

Abstract:

The history of computer was to be analyzed into preordination to be based on
so-called products of IBM Corporation such as the first generation, the second
generation, the third generation, and the development was based on central operation
element and storage cell till now. User interface is related to an ideal method of the
human being side while affecting hardware or software of a computer. Therefore it is
thought that it is a method of the one, which can clarify development of a computer
from a viewpoint of the computer side and the human being side to analyze history of
development of Graphical User Interface, which is so-called GUI.

GUI for the first personal computers was developed in 1981 by Apple Computer
Corporation, but does not realize the spread of GUI itself if it is not it at the time for the
beginning of 1990's period. There is a gap of about 10 years, but how should, so to
speak, understand this gap historically? GUI was caught up with MS Windows of
Microsoft Corporation before long, and, after 1970's, Apple Corporation where
development of GUI went ahead of would be robbed of leadership for then MS-DOS
system in a personal computer market. Though GUI has big significance concerning the
computer, which it is easy to use in the spread of computers, is it why that Apple
Computer Corporation was robbed of leadership? Difference in GUI of both and
significance of GUI in mechanism of market competition must be examined.

An early stage of computer is developed for military use, and it may be said that
it was limited functionally. However, interactive user interface was demanded from an
end between things of a human being and a computer in 1950's, and the processing
function that, as a result, was interactive came to be incorporated in a computer. A
computer became the machine, which could communicate with a human being from an
early stage of simple calculation machine interactively in this way. Furthermore, a use
range of a computer was expanded by an appearance of GUI and became a partner of
information processing in every field of human being society. It is thought that such
change occurred from a process in pursuit of GUI.

This article elucidated the history development from a viewpoint to see a
personal computer and a problem with the purpose of use.
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A Study of Paraconsistent Logic PCL2
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Abstract

In this paper we construct a system of paraconsistent logic, taking the fact into consideration that
the classical negation of necessity is of paraconsistent behavior. The symbol ”N” is assigned to the
negation thus introduced, so that "N” has the reading ”it is not necessarily that ...”. We examine
the logical characters of this operator 1)with respect to the modal logic $3.5 and 2) with respect to
monotonic modal logics.

A formal system X is said to be contradictory if there is a formula A of ¥ such that A and its
negation, N A, are both theorems of ¥. ¥ is said to be trivial or overcomplete if all its formulas are
theorems. A theory is paraconsistent if it is contradictory but not trivial.

The recent stream we find in the literatures concerning paraconsistent logical systems is that they
are studied making use of normal modal logics. But a careful caution is here needed. Namely, the
rule of necessitation leads us to over flowing, so that we have to pose some limitations on the systems
of modal logics. In other words, we are not allowed to take recource to simple use of normal modal
logics. We consider two possible cases of limitation. They are (1) the rule of contraposition and (2)

the law of (elimination of) double negation.
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The Study on Elementary Protothetic

Dong Yuan (F%)
(Supervisor: Prof. Toshiharu WARAGAI)

This is a survey work of the system that is known as Protothetic. At first I should
introduce the history of Protothetic.

Stanislaw Le$niewski (March 30 1886-May 13 1939) was a Polish
mathematician, philosopher and logician. From 1911 Le$niewski studied of the
existence of symbolic logic and of Russell’s antinomy, he learned of symbolic logic and
others systems, then he began to produce his own deductive theories, in 1916 his first
work on mereology was published and in 1920 the first axiom for ontology was
constructed, two years later the first system of Protothetic was made, by 1922 he
finished proofs entirely in logical symbols and after he had created Protothetic, his
system of foundations for mathematics was essentially completed. Le$niewski's system
of the foundations of mathematics was the "most thorough, original, and philosophically
significant attempt to provide a logically secure foundation for the whole of
mathematics" (Z. Jordan).

In one word Protothetic is a calculus in which quantifiers bind propositional
variables and variables refer to arbitrary functors constructible over the usual functors:
that is, functors of propositional variables, functors of functors, etc. In general, if we
start with the category of sentences alone, protothetical quantifiers bind variables of all
further definable categories. In my paper Protopthetic is a system of prepositional logic
enriched with quantifiers and quantificational operations. As the part we cope with in
this paper is its elementary part and its primitive connective is just implication, we can
call it EPBI (Elementary Protothetic Based on Implication). The definition of
‘elementary’ (ie protothetic with. quantifiers restricted only to sentential variables) is
given in the first part of this survey.

Due to the shortage of literatures in this field, I had to limit my survey to some
well selected papers by Tarsky, Slupecki and a lecture note about Protothetic that was
held in 1932-33 at Warsaw University. They are to find in Lesniewski [1998].

The following propositions A1,A2,A3 are the axioms of the system, by using the
three axioms and three rules (1. the rule of substitution; 2.the rule of detachment; 3.two
rules for using the general quantifier ),the theorems of the system can be proved. At the
same time we can apply also the rule permitting to add definitions in building the
system.

Al [p,q, 1] { (p2q)>2((q>2r)>(p=1))}
A2.[p,q,] {q=(p>9)}
A3.[p,q,] {(p>q)>p}>p}

The logical law that plays the key role is the law of extensionality. The fact
concerning this law is that it is equivalent to some other laws:
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1. the law of extensionality,

[Ep.al{(P=q)=(f(p) =1(q))}

It states that all functions of one argument of elementary protothetics are
truth-functions.

2. the law of quantity of functions,

i p){fP)=asp)} V [pH@=vi(p)} V [pl{fp)=A(p)} VIpl{f(p)=~

™}

It states that any prepositional function of one argument is equivalent to one of the
four functions:as(p),vr(p),fl(p) or ~(p).

3. the law of development,

[Ep){f(p) = (K1) -pVHO) - ~())}

It states that any prepositional function f(p) after the substitution for p of any true
proposition is equivalent to the expression f(1),and after the substitution of any false
proposition, to the expression f(0).

4. the law of verification,

[£p]{f(1) - f(0) Df(p)}

It states that any function of one argument of elementary protothetics which is
satisfied by the expressions I and 0 is satisfied by any proposition.

5. the law of on the limit of a function,

[f{[p){f(p)} = (1) - f(0)}

It can be used for defining the general quantifier by means of quantifier by means
of conjunction and of the terms 1 and 0.

6. the generalized law on the limit of a function.

[Eal{lp){fp)} =f@) - (~@)}

It states that a prepositional function of one prepositional argument is satisfied by
any proposition if and only if it is satisfied by any two contradictory propositions.

At first the inferential equivalence that exists between them was proved for one
argument truth-functions. Thereafter the same fact was established for two argument
truth-function. And so the same fact can be proved for more than one argument
truth-function.

After that is important is that the logical connective of conjunction is definable by
means of implication and universal quantifier. We owe this important fact to Tarski
[1923]. The original definition of conjunction was stated in his paper in terms of
‘equivalence(=)’ in place of ‘implication(D)’. But the fact is that either will do.

Sobcinski defined in his 1949 paper the connective of conjunction appealing to two
argument truth-functions. He, however, left the results without proofs, so that I gave
their proofs using the law of development. Sobocinski [1949] contains the definitions of
three truth functions of two arguments, and they also are just stated without proof. I
have given also their proof.
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The proof on Sobocinski’s definitions of three truth functions of two arguments:

1 the proof of D1-D12

Only D1was proved ,the others was abbreviated,
D [pa(pAa=~ (pVa))

D1 [pq] (p A q=([f](fpa) =f(q0))

2 the proof of E1-E4

Only E1 was proved ,the others was abbreviated,
E [pq(pAq=~ (pEq))

El [pq] (p A q=(fl(flpg) =£(10)))

3 the proof of F-F4

Only F 1 was proved ,the others was abbreviated,
F [pgJ(pV¥Ya=~ (pV~aq))

F1  [pq] (p V¥V q=([fl(fpg) =f(01)))

The following theorems were proved in the survey. So the validity on definition
of conjunction appealing to two argument truth-functions were be proved.

*Cl1 [pql(peq =[fl(f(pg) =f(ql)))
*C2 [pql(peq =[fl(fl(pg) =1(1p)))
*C3  [pql(peq =[fl(f(gp) =f(p1)))

*C4  [pql(peq =[fl(f(qp) =1(19)))
*C5 [pql(peq =[f](fpp) =£f(q1))
*C6 [pql(peq =[fl(f(pp) =1(19)))
*C7 [pal(peq =[fl(flqe) =£(p1)))

*C8 [pql(peq =[f](f(q@) =£f(1p))
*C9 [pal(pq =[fl(fpg) =1f(11)))
*C10 [pql(peq =[fl(f(qp) =1(11)))
*C11 [pql(psq =[fl(f(1p) =f(ql)))
*C12 [pql(psq =[fl(f(1q) =f(p1)))

And the following definitions were proved to be validity in my paper.
Def.1 0 = [pl{p}.

Def2  [pl( ~(@ = p> 0)

Def2 T1 [pl{p} 2(* ~p)

Def2 T2 (p+ ~p) 2 [pl{p}

Def3  [pal(pq=[rl((p> (@= 1)) 2r))

Def4  [pql((p= @ =[((p>9) =2((g> p)>r))>r)

Def5  [palp-q=(p =(rle =) =(rl(q@ =®)))

Def6  [pql(p-q=[fl(p =(fp) =f(@)))

Def7  [pql(p-q=(p =([frlf(pr) =1(qr))))
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Def8  [pal(pV q =[3fl(p =(fp) =f(9)))
Protothetic is a field difficult to study while when seen from the other point of view,

it is a system that has much to do with other systems of logic. We just mention one of
them: paraconsistent logic.
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HEmERER L. Thux, &%, 9HEY, TZOBREZEEICTIHOT,
¥ED [EAE~DOIGH] #BR LTV, —F T, RmEY, BFERLEEH
BIZBYANDZ EHERLTWES. 72540003, IWALEBRONT UV RAEE
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1925 EIZHEINT=TaAL B INOREERIT, 774 v ORFEETROK
BEZT, TEE~OIGH] 2BFAL, REFOHEF LR ANTWES 75
£ 2 DEERBRIT, VA ~—NVEOBEHEHE L LT, EEBENBE L5

2 Jahresbericht der Duetschen Mathematiker- Vereinigung.

* Adorf Dorner(hrsg.), Mathematik im dienste der Nationalpolitischen Erziehung, Verlag Moritz
Diesterweg, Frankfurt am Mein, 1936.

* Richtlinien fiir die Lehrpléne der héheren schulen Preufens, 1925.& Reichs- und Preussischen
Ministeriums fiir Wissenschaft, Erziehung und Volksbildung, Erziehung und Unterricht in der
hdheren Schule, 1938.

PTzY v s R T4 VEGE—, REBBE R DRE=RIAEERE] KA ARER
Rt 1921 4,41 H

8 Richtlinien fiir die Lehrplcine der hbheren schulen Preufiens, 1925, S.39-42, 128-130.
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8 Wilhelm Frick, “Erziehung zum lebendigen Volk.Kampfziel der deutschen Schule,” Friedrich
Hiller (hrsg.), Deutsche Erziehung im neuen Staat, Verlag von Julius, 1935, S.146.
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1% Herbert Mehrtens, “Ludwig Bieberbach and “Deutsche Mathematik”,” Esther R. Phillips(ed.),
Studies in Mathmematics , vol.26, The Mathematical Association of America, p.228.

"' C.H.Tietjen, Entscheidungen zum Neubau der deutschen Schule, Verlag von Friedrich
Brandstetter, 1936, S.65-66.

2 Elke Nyssen, Schule im Nationalsozialismus, Quelle&Meyer, Heidelberg, 1979, S.100.

13" Adorf Domer(hrsg.), Mathematik im dienste der Nationalpolitischen Erziehung, Verlag Moritz
Diesterweg, Frankfurt am Mein, 1936, Inhaltsbericht.

14 P.Ziihlke, “Die Antwort des Schulmannes,” Zeitschurift fiir Mathematischen und
Naturwissenschaftlichen Unterricht aller Schulgattungen, 1935, S.74.

13 Reichs- und Preussischen Ministeriums fiir Wissenschaft, Erziehung und Volksbildung, Erziehung
und Unterricht in der héheren Schule, 1938.

'8 Herbert Mehrtens, “Mathematics and War: Germany,1900-1945,” P. Formann and J. M.
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128



1930 FRDFTF A FAVIZHE T BEDIEN{E

ADA TARX—ZEETINFICEZ, BFOREY, BRELRBHR K
FRITPR SN, KL, BFEBFETFAOKIIIEAbDONEEX I L
ZE T, HFO IULMRIE] 2B TEY [ERABAE OXxH LED,
NT Y AEROVIZHZEREONE 22 Y EF TV 27D TH 5.

129



FEfiiC L] % 9 5(2006 )

The Justification of Mathematics in Nazis Germany in 1930’s

—From the Viewpoint of Mathematics Education—

MIYAMOTO, Eiji

Abstract:

In 1933 Nazis seized the power, and brought big changes in German science.
Nazis disregarded mathematics while excluded Jews and underlined genetics and
agriculture according to the ideology of “Blood and Soil”. German mathematicians who
feared the destruction of the mathematical research by Nazis had to justify their
mathematics for Nazis.

The mathematicians justified mathematics by transforming the mathematics
education in the secondary schools to be useful for Nazis. This justification had two
ways. One was based on “German mathematics™ that tied mathematics to its ethnicity of
Germany. This theory soon declined because Nazis regarded it that the practicality was
low. The other was a theory of mathematics education that enhanced the practical uses
of mathematics. Mathematische Reichsverband (M. R.), which shouldered a promotion
of the mathematics education, discussed a “useful” mathematics education for “National
defense” and “Ethnicity” in 1934. In 1935 the M. R. published the textbook in accord
with the Nazis ideology.

In 1938 the German Ministry of Education issued the Guidance Record that
maintained that the mathematics should be educated for military purposes and Nazis
ideology in the secondary schools. However, the number of classes of mathematics in
the secondary schools was forced to be declined considerably. Moreover, after the M. R.
justified mathematics, the status of mathematics still remained being disregarded. The
activity of the justification of the mathematics education was not able to maintain not
only the mathematics education but also the social status of mathematics researchers.

The M. R. insisted that its own way of justification was based on Klein’s
theory of mathematics education. However, Klein had not only stressed the importance
of the practicality of mathematics but also of logical thinking and history of
mathematics. He argued that one should make a good balance between “practical side”
and “cultural side” of mathematics. The M. R.’s way of justification promoted “practical
side” for Nazis, and ignored “cultural side” of Klein’s theory of mathematics education.
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