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Abstract

The aim of this note is to give explicit log Fano pairs on the blow-ups at special points in the
product of a projective space and a projective line. First, we determine the cone of curves and
the effective cone of such blow-ups, and we consider divisors generated by prime divisors on
extremal rays of the effective cone. Using the result on the cone of curves, we obtain
inequalities on the coefficients of such divisors so that the anti-log canonical divisors are
ample.

Keywords: Projective space; Blow-up; Log Fano

1 Introduction

In algebraic geometry, it is important to study Fano varieties, i.e. projective varieties whose anti-
canonical divisors are ample. From the point of view of the classification theory, we consider not only
a projective variety X itself but also pairs with divisors on X. Then the notion of Fano varieties is
naturally generalized to log case.

Let X be a smooth projective variety and let A be an effective Q-divisor on X. The pair (X, A) is
called a log Fano pair if the anti-log canonical divisor —(Kx + A) is ample and the divisor A satisfies
certain conditions (see Section 4 for details). The choice of such divisor (if it exists) is not unique. So,
it is interesting to determine which effective Q-divisors form log Fano pairs on X. This problem is
investigated in [1] for the blow-ups at points in projective spaces. Recall that such blow-ups have
many interesting properties (see for instance [2] Example 2.2.4). The case of blow-ups at general
points in products of projective spaces is treated in [3]. In this note, as a continuation of [4], we
consider the blow-ups at special points in the product of a projective space and a projective line, and
give explicit effective Q-divisors forming log Fano pairs on such blow-ups.

We work over the field of complex numbers.
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Theorem1.1. Let Y be the product P" X P' with n > 1. Let p : Y- P" and q : Y - P" be the two natural
projections. Let 1 : X — Y be the simultaneous blow-up at k points lying on a fiber of the projection p. Let
E\, -+, E. be the exceptional divisors. Let HE | 7* p* O (1) land L € | 7*q*O» (1) |. Let A be a Q-divisor
on X linearly equivalent to aH+ bL—Zf;lciEi with a, b, ci, =+, cr € Q. Then, —(Kx + A) is ample
if and only if the following inequalities hold.

kﬂ+b*2fz16‘i <2
a—ci<landc:<n foranyi<{l,-, k}.

Remark. Using this theorem, we give explicit log Fano pairs on X in Section 4 (Proposition 4.2 and
Corollary 4.3).

2 Preliminaries

We recall terminology concerning divisors and one-cycles on projective varieties. We refer to [2]
Chapter 1 for details (see also [4] Section 2).

Let X be a smooth projective variety. An R-divisor (resp. an R-one-cycle) on X is a formal finite sum
Dla;A; where a; € Rand A; is a prime divisor (resp. an irreducible curve) on X. An R-divisor is
called a Q-divisor if all coefficients are rational numbers.

The linear equivalence of two R-divisors A and B is denoted by A ~ B. If two R-divisors (or two
R-one-cycles) A and B are numerically equivalent, we write A = B. The numerical class of an R-divisor
(or an R-one-cycle) A on X is denoted by [A]. Let N'(X)» (resp. N;(X)z) be the set of all numerical
equivalence classes of R-divisors (resp. R-one-cycles) on X. It is known that N;(X)p is a finite
dimensional real vector space, and its dimension is denoted by 0 (X). Note that N*(X) and N;(X)r are
dual to each other via the intersection pairing @: N*(X)r X N;(X)r — R defined by ® ((D1,[I')) =D - I".

We put R":={a € R|a > 0}. A non-zero R-divisor (resp. a non-zero R-one-cycle) A =>4;A;
where A; is a prime divisor (resp. an irreducible curve) is called effective if a; € R" for any i. The
effective cone (resp. the cone of curves) of X denoted by Eff(X) (resp. NE(X)) is the set of all numerical
classes of effective R-divisors (resp. effective R-one-cycles) on X.

Recall that an R-divisor D on X is called nefif D - C = 0 for any curve C C X or equivalently D - I”
>0 forany [/'] e NEX).

In general, Eff(X) (resp. NE(X)) is not closed in the real vector space N'(X)z (resp. Ni(X)r) with
the standard Euclidean topology (see [2] Example 1.5.1). Remark that even if D is not an effective
divisor, its numerical class [D] can lie in Eff(X).

Example. Let 7:X - P" (n = 2) be the blow-up at yo € P". Let E be the exceptional divisor. Let G C
P” be a hyperplane such that yo & G and put H : = n*G. Let G, C P” be a hyperplane such that y, €
Gy and let H, be the strict transform of G, by 7 . Then the divisor H — E itself is not effective but [H
— E] = [H,] € Eff(X).

For R-divisors or R-one-cycles A, -*+, A,,, We use the abbreviation:

R[Ay, - Anl: = RTA + - + R [An] {iai[/xi] 2 e R+}.

_2_
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This is a closed convex cone in N*(X)r or N;(X)z.

Lemma 2.1. Let X be a smooth projective variety. Let D be an R-divisor on X. Assume that there exist
irreducible curves Iy, -, I, on X such that NE(X) = R" [y, ---, I",,). Then, D is ample if and only if
D-I';>0frallic {1, -, m}.

Proof We have NE (X) = NE(X) (here NE (X) denotes the closure of NE(X) in the real vector
space N;(X)r with the standard Euclidean topology). By [2] Theorem 1.4.29, D is ample if and only if
D - I'> 0 forany [1'] € NE(XX) — {0}. In our situation, this is equivalent to say that D - I > 0 for any
i €{1, -, m}. L]

From now on, we use the following notation consistent with [4]. However, in this note we use the
symbol g, instead of %, (see below).
PutY:=P" X P'with n > 1. Let p :Y - P" and ¢ : Y - ' be the two natural projections. Let g, be
a fiber of p :Y - P". Let 4, -**, y: be k distinct points on g, = P*. Let G, be a member of the linear
system |p* O (1)| such that g, C Gy. Let M be a fiber of ¢ such that y; & M for any i € {1, -, k}. For
eachi € {1, -+, k}, let M; be the fiber of ¢ such that y; & M, and let m; be a line in M; = P" such that y;
em. Ifn=1ie Y=P' X P!, we have M; = m; ~ P".
Let 7 : X = Ybe the simultaneous blow-up at the points gy, ***, y. We have p(X) = oY) + k=2 +
k. For each i € {1, -, k}, let E; be the exceptional divisor over the point y; and let ¢; be a line in E; =
P". Let He |n*p*O=(1)|and L € | 7*¢*O=(1)|. Let I be a line in 7 '(M) =~ M = P". Let H, and h,
respectively be the strict transforms of G, and g,. We have H ~ H, + E, + --- + E.. Foreach i € {1, -,
k1, let L; and [; respectively be the strict transforms of M; and m;. We have L ~ L; + E;and [ = [; + e,.
Note that we use the symbol /%, instead of 45 in[4].
We recall the following lemmas.
Lemma 2.2. (/4] Lemma 3.1) Foranyi,j< {1, -+, k}, we have
H-ho=0, H-I=1  H-[=1, H-e¢=0,
L-ho=1, L-1=0, L-L=0, L-e¢=0,
E-ho=1 E-1=0, E-l;=0, E -e=—20;
where 0;; is the Kronecker delta.
Lemma 2.3. (/4] Lemma 3.2) Let r be an integer such that 1 <r < k. Assume 1 < i, < --- <i,<k.
Then, H+vL — Eiy — -+ — E,, is nef.

3 Proof of Theorem

Lemma 3.1. We have
NEX) =R [ho, L, =", I, €1, =", .

Proof. Since hy, 1}, -+, I, ey, -, e, are irreducible curves on X, the right hand side is a subset of
NEX). Let [1'] € NE(X). Since H and L are nef, we have H - I" = 0and L - I" = 0. By Lemma 2.2,
we see that /o, [, e, ***, e, are numerically independent. Thus, the numerical classes [/%o], [1], [e], -,
[e;] form a basis of the vector space N;(X)r =~ R**%. Hence, there exist real numbers a, b, ¢y, ***, ¢; such
that

I'=aho+ bl+ ciey + - + crep.
By Lemma22 H - I =bandL - I"=a. Hence, a, b > 0. If there exists 7 € {1, --*, k} such that ¢; <0,

_3_
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we consider the decomposition {1, -+, k} = {¢y, =**, 3,} U {7}, ***, J—,} so that

Cn, ', Ciy <0and ¢y, ciry = 0.
By Lemma 2.3, (H+ 7L — E; — -+ — E;,) - I" = 0. On the other hand, by Lemma 2.2 again, we have
H+rL—FEy——E,)-I'"'=b+ra—(@—cy) ——(@a—c:)

:b+Ci1+ “.+Ci7.
Hence,b +ci+ -+ ¢, =0.Putl:={iy, -~ 5,} and J: = {7, =*, Ji—o).
Since ¢; =1 — l;for any i € {1, -*-, k}, we have
FEahoerlJchieHchjej
iel jeJ

= al’lo‘f'bl‘f'zcl‘ (l—ll) +chef

i€l i€J

= ah0+(b+20i)l+z(_0i) li+chef'

iel i€l j€J
Recall I =, + e;. Therefore, [I'] € R* [ho, by, -+, L, €1, =+, €. []
Now, we prove Theorem 1.1. We have
Ky~ p* Ko+ q¢* Ko~ — 1+ 1)G — 2M,
where G € |p* O (1)| and M € |g* O (1)|. By the canonical bundle formula for the blow-up 7: XY,

we have
Ky~ 'Ky + nliZIE, ~—m+1)H— 2L+ ngE,
Hence, — (Kx+ A)~n+1—a)H+ 2—0b)L— Zle(n—cz-) E;. Using Lemma 2.2, we have
— (Kx+ D) - ho=0+ (2—b)—g(i’l—ci)ZZ—b—kn—i-gci,

—E®+ AN L=1—atcgand —Kx+ A) - eg=n—c(G=1,k).
The proof is completed by Lemma 2.1 and Lemma 3.1.

4 Log Fano pairs

Let X be a smooth projective variety and let A = >d:D; be a Q-divisor on X where D; is a prime
divisor for any i. The pair ( X, A) is called a log Fano pair if the reduced divisor >'D: has simple
normal crossings, 0 < d; <1 for any i, and — (Kx + A) is ample. We call X log Fano if there exists a
Q-divisor A such that (X, A) is a log Fano pair. For a precise definition including the case in which
X is not smooth, see for example [1] Definition 1.1. Concerning the notion of simple normal crossing
divisor, see [2] Definition 4.1.1.

Now, we return to our situation. In order to find effective Q-divisors forming log Fano pairs, we
determine the effective cone.

Proposition 4.1. We have
Eff(X) = R"[H,, L, -, Ly, Ey, =", E;].

Proof- Since Hy, Ly, **+, Ly, Ey, -+, E} are prime divisors on X, the right hand side is a subset of Eff(X).
Let [D] € Eff(X). We show that [D] lies in the right hand side. We may assume that D is a prime
divisor. Assume D # E; and D + L; for any i € {1, ---, k}. Consider the prime divisor B: = 7 (D)C Y
=" X P". Note that there exist integers a, b = 0 such that B ~ aG + bM where G € |p*O»(1)| and M
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€ |C]*0L~‘ (1)]. Put z; : = mult,, B. Then, we have
D~ aH+ bL — juE, — - — p.E;.
Using Lemma 2.2, we have @ — ¢; =D + [; > Ofor any ¢ € {1, -, k} (note that D # L; implies D - [; =
0).Since H~ Hy+ E; + - + E,and L ~ L, + E;, we have
D~aHy,+b(L,+E)+ (@a— u)E,+ -+ (@ — 1) Eyx.
Thus,
[D] €R"[Hy, Ly, Ey, -+, E) CR"[H,, Ly, -+, Ly, Ey, -+, Ex]. []

Foreachi€ {1, -, k},wehave L; - ;= (L —E) - l;=—1and E; - ¢, = — 1. Therefore, if D is a
prime divisor such that D ~ L; (resp. D ~ E;), then D = L; (resp. D = E;). On the other hand, there
are prime divisors different from H, and linearly equivalent to H,. Consider the point z,: = p(g,) € P".
Take homogeneous coordinates (T : 77 : - : T,) in P* so that zo= (1 : 0 : -*- : 0). Let P, be the
hyperplane in IP* defined by T; = O for i € {1, ---, n}. Note that the reduced divisor Z:.;Pol- has simple
normal crossings and ﬂ;POi = {zo}. Let Gy; be the inverse image p ' (P,) and let Hy; be the strict
transform by 7 of G;. Since Gy; ~ p*O=(1) and g, C Gy;, we have Hy; ~ H, for any i € {1, -**, n}.

By Proposition 4.1, it is natural to consider Q-divisors in the form:
k
A= 0/1H01 + -+ a'nH()n + 2 (BiLi + ylEl)
i=1

Proposition 4.2. The pair (X, A) is a log Fano pair if and only if the following inequalities hold.

Osal’ Uy ,819 Y 5/“ Y1, "0, 7k< 19
k(n—a)-l—Zf:l?'i <2,
yi—B:i<land a+pB:i—y:<n foranyi<{l,, k},

wherea:= a1+ +an.

Proof. First, we show that A has simple normal crossing support. Let F be any fiber of ¢ : Y > P".
Then the reduced divisor Z;Gm + F has simple normal crossings because Z?ZIGM is defined by
H?Zl p*T;= 0 and F is defined by ¢*w = 0 where w is a local coordinate on P". It follows that A has
simple normal crossing support around any point in X\ (E; U --- U E) = Y\{y,, -*-, :}. Consider the
situation around a point in the exceptional divisor E;. The restrictions Hoylg, ***, Hou|s, Lilg; are
hyperplanes in E; = P" (recall L; N E; = §} for j # i), and we have

Hole) N -+ N Hoalz) N Lilgy) = 0.
Hence, the sum of these # + 1 hyperplanes is defined by the equation #; -+ #, = 0 with s < » using
local coordinates (uy, **+, u,) in E; = P" (the number s depends on the point around which local
coordinates are considered). Take local coordinates (u,, ***, u,, v) on X such that E; is defined by v =
0. Then, we see that A has simple normal crossing support around any pointin E; G =1, -, n).

Now, we give the condition on the coefficients of A so that — (Kx + A) is ample. We have
k
(I1H01 + -+ Cl’nH()n ~ (011 + -+ Cl’n)Ho = C?H() ~a (H* ZE;)
i=1
Foranyi€ {1, -+, k}, we have L, ~ L — E;. Hence,

A~a (H—i]Ei) +ﬁ (B:(L—E) + 7.E) = aH + BL— i (@ + B —7)E,
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where /2 := >\,  B:. Using Theorem 1.1 fora = e, b= and ¢;= @ + f; — 7., we complete the proof.

]
Corollary 4.3. We set
1
A= (1_—> (Hor + -+ Hy).
nk
Then, (X, A) is a log Fano pair. In particular, X is log Fano for anyn =1 and k = 1.
1
Proof Indeed, fora1 = =a,=1— ﬁ, p1=-=pBr=0and y1 = - =7, = 0, the inequalities
in Proposition 4.2 are all satisfied. L]

Remark. In the case n = k = 1, X is the blow-up at one point in P* X P! which is isomorphic to the

del Pezzo surface obtained by blowing up two points in P*
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Abstract

The results of the positron annihilation spectroscopy measurements by Melskens et al.
(Phys. Rev. B91 (2015), 245207) in hydrogenated amorphous silicon are interpreted in terms
of our model of light-induced defects, i.e., normal dangling bonds and hydrogen-related
dangling bonds. As a model of microvoids, a sphere is presented, whose inner surface is
occupied by lightinduced defects, and whose size is estimated, using the mutual distance
between a normal dangling bond and a hydrogen-related dangling bond.

Keywords: Positron annihilation spectroscopy; Amorphous silicon; Defect.

1 Introduction

Light-induced defect creation processes have been investigated during four decadesin hydrogenated
amorphous silicon (a-Si:H) [1], but they are still unresolved until now. In this paper, we consider
recent positron annihilation spectroscopy (PAS) measurements [2, 3] on the basis of our model of

light-induced defect creation processes and nature of light-induced defects in a-Si:H [4-6].
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Figure 1: Atomic configurations involved in the formation of two types of dangling bonds, i.e., normal
dangling bonds and hydrogen-related dangling bonds, under illumination: (a) self-trapping of a hole
in a weak Si-Si bond (wb) adjacent to a Si-H bond, (b) electron-hole recombination at a weak Si-Si
bond, (c) switching of a Si-H bond towards the weak Si-Si bond, leaving a dangling bond behind, (d)
formation of two separate dangling bonds through hydrogen movement after repeating the processes

shown in (a) — (¢).

2 Light-Induced Defect Creation Processes

Those light-induced defect creation processes which we have proposed are given below: Under
illumination by light with band to band energy, electrons and holes are generated. A hole is self-

trapped in a specific weak Si-Si bond that is a weak Si-Si bond adjacent to a Si-H bond (Fig. 1(a)) and

_8_
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Figure 2(a): Schematic illustration of the normal dangling bond in a-Si:H.

Ea

Figure 2(b): Schematic illustration of the hydrogen-related dangling bond in a-Si:H.

then is recombined with an electron most nonradiatively (Fig.1(b)) and eventually the weak bond is
broken. Using the recombination energy associated with nonradiative recombination between the
electron and the hole, the Si-H bond is switched towards the weak Si-Si bond (Fig. 1(c)). After
switching of the Si-H bond (Fig. 1(c)) and breaking of the weak Si-Si bond, the two close dangling
bonds created under illumination are separated by movement of hydrogen due to hopping and/or
tunneling (Fig. 1(d)) and eventually two separate dangling bonds (Fig. 1(d)), i.e., a normal dangling
bond and a hydrogen-related dangling bond are created under illumination, as shown in Fig. 1(d). A
couple of a normal dangling bond and a hydrogen-related dangling bond is created in such a way.
Some of such two separate dangling bonds become more separate so as to be isolated normal dangling
bonds (Fig. 2(a)) and isolated hydrogen-related dangling bonds (Fig. 2(b)), as have been shown by
calculations based on the above light-induced creation processes [5]. Detailed accounts on the light-

induced defect creation mentioned above have been presented in [4-6].
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3 Doppler-Broadening Positron Annihilation Spectroscopy (DB-PAS) Measurements

Melskens et al. [2, 3] have reported the results of the Doppler-broadening positron annihilation
spectroscopy (DB-PAS) measurements in a-Si:H. This technique is a powerful means for investigating
the size of defects and voids in solids. They discussed the results of DB-PAS measurements along
with those of electron-spin echo (ESE) measurements [7]. These measurements were carried out
before illumination and after illumination. They prepared a-Si:H films in various conditions, i.e.,
dilation ratio of hydrogen gas to silane gas R, substrate temperature T, gas pressure, reaction power,
etc. They have observed that for device-quality films (i.e., dense films R = 0, T = 160C), before
illumination, the amplitudes of the fast- and slow-decay components of the ESE signal correspond to
N,=2.1 X 10" ¢cm* for both and, after illumination, to N;=9 X 10" cm ® for both and the values of
S/S.s are 1.02 for both before and illumination, where S is called the S parameter defined by the ratio
of the top area to the tail area of the electron energy distribution due to the Doppler shift of p-ray.
Sesi is the S parameter of crystalline silicon. For instance, if a positron is annihilated with an electron
at an atomic vacancy, the value of the S parameter becomes high compared to the case without a
vacancy, because the probability of positron annihilation with an inner shell electron in the former
case decreases compared to the latter case. Thus, the measurement of the S parameter as a function
of depth from the surface of the film provides with us information of the existence of vacancies inside
the film.

According to their measurement, the defects in the as-deposited state (i.e., before illumination)
exist mostly in the large open volume deficiencies, and after illumination (after light-soaking) the fast-
decay component may be mostly linked to light-induced defects in isotopically distributed small open
volume deficiencies or linked to isotopically distributed defects present in the matrix which surrounds
the open volume deficiencies and which is similar to a continuous random network. The slow-decay
component largely corresponds to light-induced defects created in large open volume deficiencies.

Melskens et al.’s results [3] obtained for device-quality a-Si:H films are summarized below: (1)
After illumination, the value of S/S.s does not change compared to before illumination. (2) After
illumination, the intensity of the slow- and fast-decay components of the ESE signal increases
compared to before illumination. The first result indicates that illumination is nothing to do with the
formation of small and large open volume deficiencies. The second result suggests that the density of
defects responsible for slow- and fast-decay components increases after illumination.

In our model, the fast-decay component is due to a couple of a normal dangling bond and a
hydrogen-related dangling bond, and the slow-decay component is due to isolated normal dangling
bonds or isolated hydrogen-related dangling bonds in the matrix [8]. In our model, these dangling
bonds exist in the matrix that is a continuous random network. Small and large open volume
deficiencies may certainly exist in the matrix, as shown from the DB-PAS measurements, but some
broken bonds in their inner surface may be terminated by hydrogen atoms or connected by two
broken bonds. This is a great difference in the interpretation between two models, that is, our model
and Melskens et al. model [3].

In the following, we consider the microvoid whose inner surface sites are occupied by a couple of
a normal dangling bond and a hydrogen-related dangling bond and isolated normal dangling bonds

and isolated hydrogen-related dangling bonds. For simplicity, we assume the microvoid to be a sphere
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A

Figure 3: Schematic diagram for the normal dangling bond (n-DB) and the hydrogen-related dangling
bond (H-DB) in the inner surface of the sphere. (A) a couple of n-DB and H-DB, (B) H-DB, and (C)
n-DB.

such as shown in Fig. 3. The inner surface sites of such a sphere are occupied by a couple of a normal
dangling bond and a hydrogen-related dangling bond. The mutual distance between a normal
dangling bond and a hydrogen-related dangling bond is 13 A [5], which has been derived from the
width of the spin-packet of the ESR line due to dangling bonds. From the distance of 13 A, the radius
of the sphere 7 is statistically derived by a formula of the mean distance between two sites is equal to
be 7/x . Putting the distance of 13 A into the formula, 7 is estimated to be 40.8 A. The radius of the
microvoid has not been estimated from the DB-PAS measurements. The above consideration has
been performed on the basis of our model of light-induced defects.

Further, we would like to point out the result of the Monte-Carlo computer simulation in a cubic
lattice model [9], in which hydrogen can diffuse from site to site in the cubic lattice site to be 13 A
The diffusion time necessary for this distance is obtained by Monte-Carlo computer simulation, from
which the light-induced dangling bond density can be obtained to be 3.9 x 10" cm ~* on the basis of
our light-induced defect creation model. This value is compared to an observed value of 3.0 x 10
cm? with a good agreement. This means that the mutual distance of a normal dangling bond and a

hydrogen-related dangling bond of 13 A is a reasonable value.
4 Discussion

Our model of light-induced defects is based on a couple of two types of dangling bonds, i.e., a
normal dangling bond and a hydrogen-related dangling bond. Further, isolated normal dangling
bonds and isolated hydrogen-related dangling bonds are also created in the matrix. In this paper, we
extend this model to the distribution of light-induced defects over the inner surface of microvoids, as
suggested by Fehr etal. [7, 10]. On the other hand, Melskens et al. [3] postulate the existence of open

volume deficiencies. Further investigations are necessary for elucidating this issue.
5 Conclusion

In this paper, we interpret reasonably the results of Doppler-broadening positron annihilation
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spectroscopy measurement in terms of our model of light-induced defect creation processes and of

light-induced defects in a-Si:H. Thus, we conclude that the results of the measurement may support

our model by extending the distribution of light-induced defects in the matrix to that over the inner

surface of microvoids.
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(2]

(3]
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[5]
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Abstract

Color change reactions are used in many lecture demonstrations and laboratories. We
developed a web-based color analyzer that records and plots these color changes as red,
green, and blue color channel brightness value from captured image from PC attached web-
camera. This system requires a personal computer (PC) connected with the Internet, a web-
camera, and a web browser with Adobe flash player. The average RGB value calculates for a
region-of-interest from each image and is stored into the server computer via the Internet.
The system was applied to some qualitative and quantitative analysis in the field of chemical
education.

Keywords: laboratory tool; chemical education; ICT in education



Web X — 25547 ¥ A 7 & OF%

1 s

oLz e LB, WE - AROBIREFIC 2L R 5, [LEHBFOYTLIXLIZNY A
NHENTWD., HEOHRLLT, FIFEOANY M RETYH, OZLZ ) RSB FbhTwa.
ot ZiE, HIZRE - AEOBOETIK DALL Y, EEMAOHTEL LTHHVLR
5. WA EFEAR TR LEONEIZBWTY, A+ Y LB+ Y OREZFM LA + > 5%
B, FRRSEOEZELZ AN L 721 - A E, JOSWE o 2L AR 2 AN 5 BRALEITHE & & AT
D EFSNTwDE. T72, L7 772 8T, WO L HRE L OBRZ I L7200 & RIS
NTwab. LaL, EEORETIE, HEOBERERELTHHENLZLEH-TY, WE - A%
BCEmINDL Z L3Pk, B - EEERTERZ IS 51218, FRICLERIT A b, FEERRH
DFEER EPHEI R EHZV. TORERRT LT 70 —F L LT, WeblZ B 2 Hidffr & FIH
L7ttt A7 2 ORFEZ ATz, WebBESAM ZFN$2 A1) » MIUIKRD L) b DD 5.

1) PC/7 7Ly bafllEEs LTAHTE, RERHERTHHTLILNTES.
2) WHOT7T 7V r—a vk A YA M= VT HBERZ .

3) WEF—F OILEIUERTH 5.

4) whEHD A A T WG Z A L7250 i TH 5.

RS2 RS ORE I 2 BB B2 S 5. Bl21E, L¥EE 05 T3, Safranko
5[1]14%, USB#A A T THY AA R S LY DM % 50 LEmBECHHLTwS. Zokik
\&, USB# X 5 THSLN7-BMEZ E kW E LC—HRAEL, A7 SN2z 5 kiR o5 o 58 % FH
BHEL CTRERZR) BT IOTH S, Koenigh [2] D MBI, MBS ICBVTHEROMLE TV
FNAHRXTTHZ L, ZOWER»OEROMRELHET 2 TEEZIRE LTS, $72, Erich[3]0 A<
— M7 4 DOARXTERHLAEOTE, WS4, 5107Y 8 VA X7 OuifgkE Hv7zEm T3
DWTOHEBI S B 5. ALFEOFEIT DB ZIET-H S [6] DRFGREE LA OFHTI~DISH R, AL
(71D G EBEANOFH R EOHMEB b H D, LrL, TREOWEFITIE, FYINVIXATEMPLT
Wi SNIFIEER D SO A ¥ by 7 PR TRERZI) BTEERE L, KVATLDX
) iR L7l & e L CETRETH D, B2 OEHNIY 7 DA Y A b=V LELRW, T
— Y%Ay NI =2 ETHETEL VAT L2OHENIA Y26, AT, ABLLEYAT LB
L OZDIRHABNI D W TR S,

2 WebNX—Z25Hi ¥ AT &

2.1 VATLBE

Ky AT 21, Webt— 3 — BIZHRAF S N7zAdobe Flash X — 2 D@5 70 75 A, 77— 5 R— A
—N—= LGN TR T T L E DR EIT) IO DPHPA 7 ) 7 NP LR SN TS, Y AT A
AN IE, Web¥—/ ¥—& L CTApache, 7— % NX— A% —/N—L L TMySQLZ H\7z. Z—H%—iZ
Adobe Flash Player® { ¥ A b =)V L72Web7 I 7 H#ZHWT, 4 % —% v MEHTHGI > AT A1
i LTS 2R E Lo Twd, Lo T, HHOT ) r—a vy 7 by 27 2T %3
Y¥a—%— (LLFPC) 1A YA M= NVFTEHLENRV. Z070, M TEHTLPCTHLAES TN
MY AT LR TLIEPNRTHL. EMBENTED L0, T—F—HLNRXAT— F2 w3
FEIC LD, RESNAT— Y 2 RETLIHREDET L. 4B, PCHITH — N—REZHE - EFTh



Flgis, A RS

o e e) (e ]| e e [ e

eeeeeeee — -

e
2 g
tmberval [ = =
[EE— o

T

Timersec

OIKAWAGTOKAT University

ﬂy O—b A hT4y I~ | REE— R 50 | 100% v
K1 Web7FoH LICFRENLBIN AT LDODAZ ) -V g
v b O—4p

X, PCHAKATOIARY AT L 2HHTHIENWRTH 5.

2.2 MHE
Z—H—1, USBH X J ZHHL72PCEZH VT, Web7 I 7 H#EIHICTAY X7 2 2HHT 5. PC
WHOLDPLOWNEESNTWAE S AT TOLRTRETDH A%, NS 2 ZE T 5 LB T 5 5 4
THHEREI NG,
AT Y AT L

kT AL, W —FHOHK, H10OL) CHEAIERINSL, COMWEICTH
MoEx1r). EE

HIZIZRDE I % OhH 5.

1) WEHRT 2025
ARICEHRENTVEANATE LB TA TRE VAT AICEREN TV LA A T 2R IRT L. K
AT HERBNS, Webt 2 Z DWEZ T4 TRAET A2V AT ARMELTED, ZOV AT L LHMAS
bbb ET, EEHEFENLZATLTRETHS.

2) ST
USB7 A 7 HHkfE SN LB 2 W ah35, Wi b Cord LMz #IR, fed 5.

3) FIA MNT U ADFRE (X7 a VIEHH)
HE FORBEBEIRETAIET, KIAL PGV AZR) BB SMETE 5.

4) B
Boegr -l HREME LT, REOHBEZIRET 5.

5) f#FE7 74 V4%
WEF—% %)) - RET L2007 7 A VK EIRET .

IO EMRERIT R o 2tk, WEMKRZRRT A2 LT, MESNHBETT -2 2IUFL, ¥—
NW=IBRAES 5. BRAESNT27 7 A VIECSVIER D E L TIERICH—N=25F 7 u—FT5 2



Web X — 25547 ¥ A 7 & OF%

(&Y LAE (50msec )

RGB gt | [ —msRE |

H} BRIV

v

(F5EBs IR

957%n | (2%-mz| [ Bk
S

B2 g7 — & ALE O BERE X

ENTES.

2.3 F—zu

USBH A 7 2t DT84 A& LTHT 256, S0UTORBIZL2WHEOF 7Y F, ZEET
DB L D WEORRS B L2 ZRT H2LENH L. 0720, 1 EOHGEIERE I WG 2
T olzf, WEMRIIKRE RBMELZALLWEESEV. £2TC, RKAGH T ATATIE, ZOX
I HRERORES X2tk il @ DR EZ KK S 5720, FPHRBOMEZ L LI 2R LI %
WHHEEERMA L7z, bbb, 3, USBA A 75 5 ) &2 8§ % 50msecti: (2 #f 1k 1E & LCY)
DL, 8% SN OSHFEORGBIHO VM AZ RO T, Ny 77 —IZ—HRFET 5. RITHES
NMERG & 2 ORI DNy 7 7 —NF— 7 OFMEZ RO THEME L, ZOWElz 3 —n
—HWOF—=F R= 2R FET A LM, 7978 LCHlEEICERT S, COBREEZRIERET LT
DB E BRI RLERT 5.

2.4 PCLUSB% x5

X 31E> A7 25 L72PCB L OUSBH A S DBIZRLI2bDTHE. FRXL—F4 VT
AT LHRHAREHUSBA 2 7 ThIUL, BRITH T 2HI# IR, BT 3 0fITIE, USB7
AFGELTRAZ0RAA=THOAXS#HHLTWE, 470 2a—FMDH X 51%, Ko H 2
ZEPICLEDOBSE SN TB Y, FERPONRMEIKRFIRTEL. 207D, WNEWITH 2
THEREMSETHRET A I LWL ARY, RELOBE ARSI LI L TES. T2, KRIMHRO
BSEDTRE R A A S RN EER T2 7 4 V7 — 2T 52 LIS X DRIV ZNET 22 L
THDGHEIB A O E Z HEICITZ 5085, KA T LAOFHAETH 5.

W3 2PCICBI L TiE, Adobe FlashZ FIHWEEZ 7 7 7 FAMEH TE % b O Th IUIFFICH]
WEZT R, WIC—EOOSHTHEWENTWE Y 7Ly FPCTIZ, Adobe FlashAMEHTE LW DY
HY, FHIHERINS.

BEHED )= 54 TR Ty ¥4 T7OPCICIZ, FlaIa=r—ra B A% RLTW
LHD00% . KRIYATATE, TOHWAFTIZHT 7 L AWRELRAMICE > TwaH, WEOHHE.
ZRLT, YAT LD TIZUSBYG I T 54 A 5 2 L7z



FlgE, AR

—perpmrpret iy
ﬁ_
J ==

B3 oy A7 A=Y 5 720 OBELH

E#E (FLEZUL

Slandard Colar {Ammanium?

Z ] 12
gL
Lppnd
ek E
g3k

e i

il .a,--..- p _.,-:__.._+__.:;‘-i- r-.; I.::,-.: T f # F:'- ".r“ ,IJ_ ] }1. a‘fl‘i;i' ..--,lI r‘_F_. ;::5.1:...5.5 AN i -..'-.:':..:_ BT
M4 7rEZT/TVESTREEZOELES
3 VAT Al

BEE L7ttt o A7 2 0fHliZ HIWE LT, 28y 7 7 A MEELOGRNE & BRE T, oo~
DO#H, fREE AV - HERHENOBH RS, WThoERT—< b, PREE TR Ah
BNBEIENENT—ITH5.

3.1 8y 77 A MEHE oM & IREHEE

Ny 7 FAMNEE, KEMERICHEN SIS S F 3T R HEoB, RENE 2179 720 O il
FETH L. FFEFHIIET 2K 5P LOBASNLTIAF v 7 B,OF 2 —TWITH
KEHMAL, HEH#EAEOEBARLISE L2EROEEDRBICE ), BRDOLEMOMBEEZMS Z L H
T&2%. KV AT LTI, Bt milRkz, BB LZGOI Y AT A TllE L, WE M SRE
DHEFE AT e % 5k A7

B 4 ZFH B T2 7 VB AZET H72008y 7 57 A b OEEEOBEB{GETH L. FF



Web X — 25547 ¥ A 7 & OF%

F1 B OBEEE & RGBAE O FEAHBIAT R R

R HIBIHREL A RKHE
7 VR LR 0.95 <0.05
TR 0.99 <0.01

£2 (D A F ¥ 25 UCEERRORE & BllEl

i (I A+ >> 0 5 il
I
(mg/ml) Redfii Greenfii Bluefiti
147.9 153.1 152.4
0.040
(S.D.1.38) (S.D.1.38) (S.D.1.25)
147.1 155.2 156.1
0.080
(S.D. 0.336) (S.D. 0.401) (S.D. 0.368)
129.7 146.1 159.8
0.20
(S.D. 0.179) (S.D. 0.260) (S.D. 0.412)
92.6 123.9 167.8
0.40
(S.D. 0.188) (S.D. 0.147) (S.D. 0.500)
52.0 92.2 191.7
0.80
(S.D.0.127) (S.D.0.173) (S.D.0.448)

filitk, PCIZ~A 7 aAa—7HMUSBA X T & HHht Lz, Th oz 8 il L, RGBEH
L LTRD. w4702 a—FRoH A5 TlRL ¥ XJEHBICLEDEWAAEY fHF5hTwb
720, FRCERBEICOWTIRERZ ¢, S FTllEziTR - 7.

F1E, 7TrEZV ARG XOMREEE LIRS ETEERE O L, REZBHER &
L ORGBIEZ HIIZE K L U CEMBMIT 2172 > 2R ER L7225 DTH D, 7 v =7 LEHEM T
IR E2%0.95, ML HEN TIE0.998 2 1), KV AT A2 HWHET, G5 SEREOHEEH
BETHDHLIEHIRENT. RIZ, FEBIINNy 7T A MNIOF 22— T ICEMEREOFREB 2 EA LTRSS
B, Fa—TICx A 702 a—-T7ROUSBY X 5O E2#M LT CTUEZTR -7, ZORE, Ko
LS X D EEDAROT 2, Aa—TDIRE Y 8y 7 DIEIRN R E, F 2 —TOMERLERIZ
Lo TIMERAREEDVEL25E60H Y, EBROFEBRNOIRHIIZIE HEOMHPLETHL &
ARSI N,

3.2 7TUYIVHAOR@MEAMLAM (D) 14+ o

(D) AT VR T REHSEL LT VI VEMRERRLEOEZET S, CoRBEFML
e o (1) 44 v oERiE, BESNTOERE L THAEBRICOAH SIS, X—VodEal
LU, LoUIE & EE T oA REOREIILAIERICH D, HalL TwidHERTHNE, oo
XX VLFMORIEZ RO L ENTESL., Lz > T, MEGHIEARREY 27 2 28 Le§
WEBREEZZUTOFMRBERAA. 7, 2mg/mIICTHB I N EERR2S, ThEh
1ml, 2ml, 5ml, 10ml, 20ml%, X AEXRy b2 HWT50mIN A XTI A 2wV, Zhic



Fllgis, A RS

#3 BRI OB & RGBIE O FAH BT R

HBIFR L A R

1.00 <0.05
0.5
0.4

03 n

0.2 epH4 |
B pH5
0.1 ApH6 |
0 t
0 0.1 0.2 0.3 0.4 0.5
X

K5 *F)VL v FopHEIEHOCIE 1931 FHXY1H

6mol/LD7 ¥ E= 7 AKZ20mITOE MR8, K% AR T T A IO T CTHREKE I A THEERRZ
TR 7 WRICHE L - BEEENE, BBRIemD 79 2 F v 787 4 ARENVIZAR, T4 AKRE
VOBFHICHBEEKZEBEWTERZEVELZIRET, ~42702a2—FRUSBA A5 &2 HWTARY 2T
DXV e R TR -7z, ZOMBEER2ITR L. KPORGBHIE 8 MOMEDFHMETH 5.
COftied iz, HWERZRE, SHPEREBZRGBEE L CEEFEMM 2R/ 25, £33
ARLZ@E Y, G ESE O BAREII A BAKHES %R TLOOE 22 ), @S TllE S 7zRGBE2 5
REOHEEDHRETH A T LAVREI NI,

W, HEPFSAT TR SNz MG Z BEiR L P2, 0.28mg/mUIFRE L 7230k & i B R A ok
BHE RN TT, BEEERE FAEOSGTHE L. B5N72RGBME L MREM2 SIREZ ROz L &
%, 0.284mg/mlt 7 - 7-.

3.3 1% - HIEHE~DILH

B - WEIE e D R ROM O L L CHEEBRTLIILIZAM SN S, B REOBELIZ L -
THRZIE LIREZ KO 258, B OpHZMFHE L, TOZ» O HERET 2 ERR L, &
FIELREBRIMTONL., OB TREZRET 256, NFEICE > T EOERETlZLL 7
DD % WD B 2 EVNELERH L. PIZIZTHRELELTAF VL Yy FEHWgE, AF VLY
FiZpH4.27> 5 pH6. 2D I THv > S WA EAEIL T 225, MFE I EFHEILOFNAE L v, X
51, pH4, pH5, pH6DMEMHEWIZAF VL Y FEMETL, ZOMEART X7 A THlE L7-RGBE%
CIE1931taMIsFHIC A LT 7 ay b LZKTH B, ZORERPS, AV AFL2OMEMICEY, AF



WebN— 2 5547 ¥ 2 7 L ORFE

6 M- EIEEFEROBRT

300
250 —
[
[
[ ]
200
[
ol
& 150
o
*3
[ ]
100
50
O T T T T T
0 100 200 300 400 500

AERM
® RedfE © GreenfE @ Bluef&

7 FHEERIKERAL S b7 2R T T L 72k O ORGBIEOZAL

WLy FIZX2BWMOR» S, ZOBEROpHO FMAWETH L La%bnrb. B, ZOWETIE
CIE 1931°Fifi OXfH & pH, CIE1931°FIfi DY & pHIZ & & b IZHHBIFR$A%0.99 & 7% - 72

M6, 72/ —NV7% L4 raFnREE LT, HERICKBILF MY Y A REHEEZHET LR
SR - B EE T o TWAKTFZRLEZLDTHA.

FEENE, 0.1mol/LICHM L - #Ef10mlE A — LV ¥Ry N CY—F—ICR D EY ., S HIcEE K%
ATI00mlE L7ztk, 7/ =NV 7% LA V2ERDPS 2R 2. 0%k, A¥—F— TRl % #iE



Flgis, A RS

LZ&A35, 0.1mol/LOKEEALF b)) 7 2KEHZ Y 2 —Ly PTH ML, TOZE 7)) v 7 THET
EBHUSBA A ZIZTHERZHAVMTECE L 72IRE THM O G 2 REFIICHE L7z, $7213WO BT
XD A AT A SHIBEE S L 72,

713, TOROWERKRO—FIZRLIZODOTHSH. MM ERRH, HIRGBAE, #R#E7Red
i, #*HAGreenfH, A Bluefiz TN TNEKLTV5E. ZOEERTIE, HKEAMNETRE ZpHZLD
KD, TN THBO GG S REMIZEIT 5. GHEORRIZBVTYH, Ruffzoth
ZACDRETF PO R 5NTHBY, #HAE =27 2R LTV LI EICHYET S, ZollETIE, ]
DL MEICKRE 2252500, BROORE, MyLom, HHCHEORA S —
HT—bITPICBEHSIELREDTRETHIET, FEEZRIELTEDWRTH 7.

4 FEH

FORIET L HBEO—2L LT, WebH—N—tO7 7 ) r—2a v 2835, £/, 7—%%
WebH —/N— EIZBAE L CHAETE OGN S AT A2 B L7z, AV AT LI X ISR R, EB
NEHPTRETH B0 25T 5720, AV AFLZMEAR OGN, B - HIEHEOFERIEE L
72, ZORR, WINOARYZT ADOWEMBPEROFEERICS AR TH S &3 5MAPHELN
7o AYVAT NIRRT S AT OMBRMNT L L EEERT 22 L1k ) 2 F S F 2 ME IS
RECH Y, WBE - B HEOROE TR T LY -V E L THFTES. 2 AV AT AI1EWeblZH
FTHHMOISHIZ LY, @EBOPCICERINZZT 4 TRETDO N 27 OWEEFIHTE 5, WET—
Fh Ay M= ETHAETEL Lol ioTwad,. ZoZEickh, Pl W@ fEkss
PEWIRE - AEDSEZHITEDOK ZENTERWE ) BT 2MED, EMROMBIIC X ) FEH5
LI ENNRTHD. 72, HHOFRKROITA TEREN AT 2IAET LI LT, IRIRORIRE D FEi
FTAHIENTEL, SHLICARVATARNET -5 524y VT —27 L TR - LHFT52E23TE 52
EnS, BEOT—IRMEOT—F LOREK - MELEEZ X VMIEICERTLIENTES. KV A
TARPVIZZD L) RFEIE, BE - AEORIRRPLEOE LI ST LI, DL DRE -
EFEICE WD OR VD Z R TE 2 WML D 5.

S 3R

[1] Silvija Safranko, Pavo Zivkovi¢, Anamarija Stankovi¢, Martina Medvidovi¢-Kosanovi¢, Aleksandar
Széchenyi, and Stela Joki¢, Designing ColorX, Image Processing Software for Colovimetric Determination
of Concentration, To Facilitate Students Investigation of Analytical Chemistry Concepts Using Digital
Imaging Technology, Journal of Chemical Education 96 (9) (2019), 1928-1937.

[2] Koenig, M. H,, Yi, E. P, Sandridge, M. J., Mathew, A. S., & Demas, J. N., “Open-Box" Approach to
Measuring Fluorescence Quenching Using an iPad Screen and Digital SLR Camera, Journal of Chemical
Education 92(2) (2014), 310-316.

[3] Kehoe, Eric, and R. Lee Penn. Introducing colorimetric analysis with camera phones and digital cameras:
an activity for high school or general chemistry, Journal of Chemical Education 90(9) (2013), 1191-1195.

[4] HHE—, “TI I NH AT 2RI MESOBEERESTE O H AR EE =B
B AISE 52.3 (2012): 191-199.

(5] ZGHE—, HPHEKE, and HLEFEE, “FUF VA X5 % 0L IAKPOEA F ¥ FRIaGEHTER o
i A & YRR, 8 ks 60.9 (2011): 743-747.

6] T-HEPEE, et al. “FYZ NI AT %FM L2 AKMBEEOOFNE", AAREWFHSLH 844
(2015): 432-438.

(7] BAOARE=HE, P&, =wEdE, LT EE EIER & MEET, CERIC X5 EE AR



Web X — 25547 ¥ A 7 & OF%

FERHGHA~OIBH", BRFEm L
1755.

=iy

L C (BT -l v A7 28M), 12710) (2007), 1749-



wREZER
Al R
REZS
HA b
HEOEN
B BT
Ak SR
NE i
el |
%%

Proceedings of the School of Science of

Tokai University
55 55 %

CHIEF EDITOR
Yoshimi ISHIHARA

EDITORS
Shin KIRIKI

Shinsuke IwAO
Yasuko MATSUI
Takehiko FUJISHIRO
Masamori ENDO
Katsuhiko Fujio
Shuji KODAMA

Hiroshi OzAKI

SECRETARY
Satoshi MATSUMOTO

20204E 3 H20H 384T

= SO SN
AZNEPIR L SH 4-1-1

4-1-1 Kitakaname, Hiratsuka-shi, Kanagawa-ken, Japan

FAFI BRI RRER
AN L4 4-1-1
ik 0463(58) 7811 (f%)

i PEAL AR E )




	理学部紀要55号_表紙.pdf
	00目次p_i-ii
	01月岡先生p1-6
	02森垣・武田先生p7-12
	03及川先生p13-22
	04奥付p23

