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Stretched exponential function in photocurrent of TiOx films

Koichi Sakaguchi*, Koichi Shimakawa**, Yoshinori Hatanaka*

(Received November 25, 2010 )

Abstract

Decays of photocurrent after stopping the irradiation of UV light was reported in titanium oxide films. Excited

electrons recombine with holes through the various routs. The photocurrent decay exhibits a stretched exponential form. In

the mixture of argon and oxygen gas environment, oxygen reacting with electrons near the surface dominate recombination

processes. Origen of stretched exponential dynamics in these recombination processes is discussed.
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Keywords : stretched exponential function, photoconduction, titanium oxide films, recombination
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Fig.1 Photocurrent increases with UV light irradiation and decreases
with the UV irradiation removed (in the atmosphere of argon,
sample temperature=293K, applied voltage=20V)
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Fig.2 Photocurrent increases with the UV light irradiation and
decreases with the UV irradiation removed.
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Development of the Management System
for Job Hunting Report Using Web

Komei Kato*, Naoki Matsushita**

(Received September 30, 2010)

Abstract

Nowadays, as personal computers and the Internet are widely used, the relevant documents of job hunting are

digitalized. We can easily search and brows them using the computer network. However the job hunting reports which our

university has preserved are not digitalized, stored in paper at the career support office. Therefore, students in our university
must visit to the career support office to check the reports. This paper describes the design and development of the
management system for job hunting report using Web, which was developed by using HTML and PHP, students can entry

and check the reports without circumstance by the Web browser .

000000O0HTML, PHP, LAMP
Keywords : HTML, PHP, LAMP
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LCA Verification Concerning Environmental Characteristics Improvement of
Electric Refrigerator

Yuya Nakanisi*, Masataka Yano**
(Received September 30 ,2010)

Abstract

Environmental impact of refrigerator since 1990 (Base period of Kyoto Protocol) was inspected based on LCA
methodology. Environmental impact for “Ozone depletion” was reduced to nearly zero, and that for “Global warming” was
reduced to 11% due to the application of new technologies and recycling systems. Those are the “Change of refrigerant

to the non-CFCs gas”, “Development of energy-saving technology”, and enforcement of “Electric household appliance

recycling law”.

0bdbOo0LcA, 0000000000 ODobOOob0oboooooon
Keywords : Life Cycle Assessment, Electric Refrigerator[] Ozone Depletion, Global Warming, Economical Value
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A Study on a Lunar Exploration Rover

Ichiro Nakatani*, Yuji Katayama**, Yasuo Mori***

(Received September 30, 2010)

Abstract

Lunar and planetary explorations have been increasingly planned across the world where mobility on the planetary/

lunar surface plays a crucial role. In this paper we propose a new type of rover dedicated to the exploration of the central

hill of lunar craters. A 100kg class rover for this mission has been designed which is operated semi-autonomously. The

harsh conditions such as large temperature range, slippery regolith, steep slope and limited communication link with the

operators on the ground have been tackled.

KeyWords : Lunar Exploration, Rover, Semi-autonomous Operation, Manipulator
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Fig.5 View angle of LRFs for collision avoidance
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Fig.7 Concept for the thermal control system
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Electromagnetic Analysis of Curved Circular Waveguides for Tera Hertz
Transmission Using Conformal Mapping

Yasumitsu Miyazaki*

(Received September 30, 2010)

Abstract

Extremely high radio frequency technology of Tera Hertz frequency band is rapidly developed recently,

particularly for electromagnetic wave generation of Tera Hertz frequency band. These frequency bands are between Giga

Hertz frequency band of millimeter waves and optical band of far infrared waves. However, transmission waveguides for

Tera Hertz frequency bands have not been studied. The TE,, mode of circular waveguide has been enough investigated

for low loss transmission of 50GHz millimeter waves. In this paper, the TE;, modes in circular waveguides of over sizes

are are discussed for Tera Hertz electromagnetic waves. The TE,, modes have low loss characteristics for large radiuses of

circular waveguides compared with wavelengths of Tera Hertz electromagnetic waves and are proportional to inverses of

three powers of radiuses and roots of frequencies, when conductors of waveguide walls have non dispersive conductivities.

Particularly, mode conversions and reflections of the TE,, mode of Tera Hertz frequency band in curved circular

waveguides are studied by mixed method of conformal mapping and integral equation with Green’s dyadics.

gooooooboooboooOooboboOooooooooboooooDo
Keywords: Tera heltz electromagnetic wave, Circular waveguide, Mode conversion, Conformal mapping
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Unsteady Thermal Stresses in the Functionally Graded
Semi-infinite Body with Slanting Boundary to the Functional
Graduation Subjected to Prescribed Surface Heat Flux

Manabu Ohmichi’
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Abstract

Unsteady temperature and thermal stress distributions are evaluated for functionally graded semi-infinite

body to investigate the effect of slanting boundary to the functional graduation. The problem is formulated as that of a

semi-infinite body subjected to prescribed surface heat flux. Two dimensional analysis is performed and temperature

distribution is evaluated using the Fourier’s integral theorem. Thermal stresses are evaluated using the Airy’s stress

function in conjunction with the assumption of exponential change of functional graduation. Numerical computations of

the temperature and stress distributions for ZrO, /Ti-6Al-4V functionally graded materials (FGMs) are carried out and

represented graphically.

Keywords:Functionally Graded Materials (FGMs), Unsteady Thermal Stresses, Slanting Boundary, Partial Heating, Stress

Function Method

Introduction

Functionally graded materials (FGMs) have the outstanding
characteristics of thermal insulation and mechanical
toughness at high-temperature. They are realized by varying
their composition from the high temperature side to the
low temperature side continuously, thereby removing the
discontinuities of thermal stresses associated with a layered
plate. They are expected to find applications in a wide range
of fields, including reusable high performance engines for
aerospace vehicles, the turbine blades of thermoelectric power
plants, and heat-resistant tools. Thermal stress problems
for FGMs have accordingly been studied by many authors,
an overview of these studies is provided by Noda". Earlier
studies of the thermal stress in FGMs have treated one-
dimensional problems. Attention has now largely shifted
from one-dimensional problems to plane problems or three
dimensional problems.

Regarding plane problems, Shabana and Noda” considered
a combined macroscopic and microscopic analysis of thermo-

elasto-plastic stresses in functionally graded material plates

using the finite-element method (FEM). Shabana and Noda™?
discussed thermo-elasto-plastic stresses of functionally graded
materials with a substrate and a coating, and also thermo-
elasto-plastic stresses in functionally graded ceramic/metal
composite with a two-dimensional temperature gradient, again
using the FEM. Nemat-Alla” has investigated the reduction
of thermal stresses in the functionally graded materials plate
(FGMP) with two-dimensional variable material properties.
However, there are as yet few analytical solutions of plane
problems or three-dimensional problems in FGMs. Ootao
and Tanigawa” have discussed three-dimensional transient
thermal stresses of a functionally graded rectangular plate due
to partial heating by use of an approximation method derived
by considering a multi-layered composite plate.

Recently, plane thermo-elastic problems with a slanting
boundary to the functional graduation are discussed by
Ohmichi and Noda. They analyzed steady temperature
distribution” and steady thermal stresses of finite plate®,
semi-infinite body” and infinite strip'”. Although these
analyses are valuable upon the design of FGMs, it is well

known from experiment that large thermal stresses occur
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within a short period after the thermal shock. For these
reasons, the unsteady analyses are essential in the practical
use. The unsteady analysis for infinite strip subjected to
prescribed surface heat flux is already reported by the author
et al.'"”, this paper shows the analytical method for semi-

infinite body with the same boundary conditions.

1. Unsteady Heat Conduction in Functionally
Graded Semi-Infinite Body

The functionally graded semi-infinite body (FGSIB)
subjected to prescribed surface heat flux f.X) whose width is

2a on the surface is shown in Fig.1.

Fig.1 Functionally graded semi-infinite body subjected to prescribed
surface heat flux

Two Cartesian coordinate systems are defined. One
Cartesian coordinate system (x, y) is concerned with a
functional graduation, the other coordinate system (X, Y)
refers to geometry of the FGSIB.The relationship between

two coordinate systems is

x=Xcos@+Ysin0

X =xcosf — ysinf .
y=—-Xsin€+Ycosd 0

Y =xsin@ + ycosé

where 6 denotes the slanting angle between x axis and X
axis. When the thermal conductivity &(y) depends on only the
variable y, the unsteady plane heat conduction equation in the

coordinate system (x, y) is

or o0 or, 0 oT
c —=—[k(y)—1+—[k(y)— 2
»p) o 8x[ ) 6x] ay[ ) 6y] @)
where T(x, y ,f) denotes the temperature, p(y) is the density
and c(y) the specific heat of the semi-infinite body. We
assume the thermal conductivity k(y) expressed in the

exponential form:

380

k(y) — koeﬂ)’ — koel(szinBJchosé)) (3)
where k, is the thermal conductivity at the origin. When £, is
a known conductivity at the position (y = y,) along the y-axis,
the coefficient 4 is given from relation (3) in terms of k&, and &,
by

A=/ y)In(k / k) 4)

By substituting the relation (3) into Eq. (2), we obtain

oT

s 20T
E—K(y)(V T+/16y) (5)

where x(y) is the thermal diffusivity which is given by

k()=

S 6
() ©

To simplify the problem, let it be supposed that the thermal
diffusivity is a constant.

K(y) =k, @)

As the thermal boundary conditions, the prescribed surface
heat flux on Y=0 and the temperature on Y= co are assumed to
be:

T(X,o,1)=0 (8)

,k(y)% — gg(X) ©)

Y=0

where ¢ , denotes the constant heat flux and ¢ (X) is the
known geometric function of heat flux. The non-dimensional

variables are introduced.

xX'=x/a,y =yla, t‘:tKO/az, A'=1a,

« . . 10
T =k T/q,a,X =X/a,Y =Y/a (19)

By the use of these non-dimensional variables, Eq. (5) reduces

to

* *

O oo 0T

ot

(In

Transformation of Eq. (11) from the coordinate (x", y*) which

relates to functional graduation to the coordinate (X*, Y*)



which relates to geometry of the FGSIB gives

I _ V’T" + A" (~sin@ or

= +cos06T
ot

ox” oY

) (12)

The thermal boundary condition (8) and (9) expressed by non-

dimensional variables are given by:

T(X,0,)=0 (13)

=q'(X) (14)

. . 0T
—k _
(y)aY”

where ¢ (X)=kg(X)/k, denotes non-dimensional

geometric function of heat flux and k_ is the thermal
conductivity of ceramic at the position(b",0). By means
of variable separation, the temperature which satisfies the

boundary condition (13) and (14) is obtained:

T*(X* Y t*) _ ea’(x‘ sin 0-Y" cos 0)/2
<A I eos X"+ T (8 )sin X Jexp (—B2+ 2714 Y)Y dff
] T eos X+ T (B )sin X

A0SO G Y Vs d B (15)
2u

x(cos Y +
where s is a constant concerning time, while 7, (8" ) and T}
( ﬂ*) are the coefficients which are determined by boundary

conditions and Fourier integral theorem:

1

o ——gsing
T,()=— —| ¢’ q(g)cosfgdg
A ﬁ(ﬁc050+\/ﬁ*z+/1z)jw (16)
2 4
o 1 o eSO L
T,(8)=— —[ e’ q(osinBcds
o A
ﬂ(—cos&+\/ +—)
2 4 (17)

As the initial condition, we assume that the temperature is

zero over the body:
T'(X,Y",00=0 (18)

By using the initial condition (18) and Fourier integral
theorem, the coefficient 7. (8" ) and 7, (8) in Eq. (15) can be

determined.

0390

E—

. o T
(B ="t
2 (19)
. o T'T,
T,)(/)’)=—2‘Tf
¢ (20)
T .
where "¢ is given by
2,u*(/1—cost9+\/,b’*2 +A7%14)
L @D
(B +pu +A17 /4 u"+(A7/4)cos 0]

The temperature which satisfies boundary and initial

conditions is obtained:
T'XY )= TR [ T (B yos X+ T (B )sin X
x[e’m kaﬂ* - fe’[/f'%y'%(f/zf]r‘

I v Acos@ Lo
T, Y +— Y
T, (p cosp'Y + 5 sing Y )du }dﬂ (22)

where 7,(8") and T, (8") are given by (16) and (17).
2. Unsteady Thermal Stresses in Functionally

Graded Semi-Infinite Body

The equilibrium equations for the plane problem are given
by
oo oo oo oo

ey 9% 2, 9% (23)
oX oY oX oY

The compatibility equation has the form

d’e,, 0O o’
St =2 (24)
oY oX 0XoY
The constitutive equations are
1 e e 1 e e
ey =—(0y —Vo,)+aT, &, =—(0, —Vio,)+aT,
E° E°
GXY
&,y = —2L 25
= (25)

for plane stress

26
4 ,a‘=(1+v)a for plane strain (26)

1o 1-v

and the material properties depend on the position. The



plane problems in FGMs can be solved by stress function

method. By putting the following expressions for the stress

components, the equilibrium Egs. (23) are satisfied.
oy o’y Oy

T =5y O Ty T T Taxay

@7

Substituting Eqs. (27) into Egs. (25) and Eq. (24), the
governing equation of plane thermal stresses for FGMs which

the stress function must satisfy is obtained:

Vz[ 1 Vzl)_ o (1+ve o’y B o (1+v° oy
E* ax*\ Ec or?) or’\ E° ax?
b O (Lev Oy

oxoy\ E° axey

J-s—Vz(agT)—O (28)

Young’s modulus £ and the coefficient of the linear thermal
expansion o may be expressed as a function of a variable y,

and Poisson’s ratio is constant:
e __ yy e __ Sy e _ _
E‘=Ege”",a°=ae’’ ,v' =v, =const. (29)

where Ey, a , v oy and & are material constants. When
Young’s modulus and the coefficient of the linear thermal
expansion at the origin (y=0) are given by E, and «,,
and those inside the body (y=y,) are given by E, and «a,

respectively, coefficients y and 6 become
y=1/y)In(E, / E)), 6 =1/ y)In(e, / @) (30)

Substitution of Egs. (29) into Eq. (28) and introducing non-
dimensional variables yields the governing Eq. for FGMs

whose boundary is slanting to the functional gradation.

0
ox”

0
oy
2 _* 2, %
0 {2 +sin26 6*;( =)
oY oX' oY

Vi + 2y sin0——(Vy' ) -2y cos0—(Vy ) +y Vi

. o’y .
-y (1+v,)(cos* 8 P +sin’ @

_ _e(yﬁra‘*)(—X‘ sin 6+7" cos 0)

* *

x(V?T" =26 sin Ha—T* +26 cosd 6T*
oX oY

+67°T") 31)

where non-dimensional stress function y *, non-dimensional

material constants ¥ and & are given by:

=%y =ya 6 =5a (32)

0400

The general solution can be expressed as sum of the

complementary solution y, and the particular solution )(p*:
X =X*x (33)

In the first place, we assume the complementary solution y,

of Eq. 31) by
2= [ g Feos X"+ Esinf X )dp (34)

where d is an unknown constant while F, and F, are unknown
coefficients. By substituting (34) into the left-hand side of Eq.

(31), the following equations are obtained

Gg(Y)F +G,g(Y)F, =0

Gg(Y)F, -Gg(Y)F, =0 (35
where G, and G, are differential operators given by

4 3 2

G = d -2y cos § d +[2(d'z—ﬂ‘2)+2d*;f‘sin9+;/”—(1+v0);/*2sin29]%

b dare

+2y cos O[B7 —-d ~(1+v,) d'y sin6] dCII/* +d" —6d7 B+ g

+2d'y (d* =38")sinG +(d = )y (1= (1+v,)cos *0] (36)
2

G,=2f'(2d" +y'sin 0)% =287y cosO2d" +(1+v,)y sind] d(;'

+2BT2d'(d - B7)+(3d " - )y sinf+dy P~ (14v,)dy "cos’ 8] (37)
The function g(Y’) is assumed to be
gr)=e" (38)
Substitution of Eq. (38) into Egs. (35) yields
[D,(p")=iD,(p)IID,(p") +iD,(p")]=0 (39
where

Dl(p*) =p" -2 cosd p° +[2d"* - )+ 2d y sinf+y7 - (1+ VU)}/z sin” A]p”
27" cos O[B7 —d” —(1+v,) d'y sin0]p" +d™* —6d” 7 + p*

24y (d” -367)sin0+(d? - )y [1-(1+ vo)cos2 0] (40)

Dy(p)=28'Qd +y'sin@)p” -28y cosO[2d" +(1+v,)y sinf]p’



VB (-7 +Gd” - By sin0+d 'y —(1+v,)d 'y cos’0] (41)
Two characteristic equations are obtained from Eq. (39):

P2 s B p +[2d - B+ 2d Y sind+y T (14, )y sin’0-2if'(2d +7 sind)]p
2y cos O{B7 —d * —(1+v,)d 'y sin 0 +if [2d" +(1+v,)y sin ]} p’
+d ™ —-6d 7B+ B +2dy"(d 7 -3 7)sind

+d =By P[1-(+v,)cos *O]-2iB[2d"(d - B )

+3d 7 =By sinf+dy P —(1+v,)dy Pcos0]=0 (42)
and

52 os 0 +2d - B2y sin 04y P~ (L+w )y Tsin 0+ 2iF 2 +y sind)]p”
27 cos OB 7 —d " —(1+v,) d 'y sin 0-if[2d" +(1+v,)y sin 0]} p’
+d ™ -6d B+ B +2d Yy (d =38 )sin 0

+(d =By = +v,)cos 01+ 2if[2d"(d * - B )

+(3d =By sin 0+dy = (L+v,)dy P cos’0]=0 (43)

Taking characteristic roots whose real parts are negative
obtained from Egs. (42) and (43), the complementary solution
(34) becomes

B T T I v S S
J 2LAB T 4B NS (44)
k=]

=]

In the next place, we consider the particular solution of
governing Eq. (31). Substituting the temperature distribution
(22) into the right-hand side of Eq. (31) yields

. . . 0 . . 0 . . .
Viy +2y"sin@ Vi) =2y cosd Vi) +y PV
X +2y aX*( x)-2y aY*( x)+r Vx
" ) 62}(’ . 62}(‘ . 62;(' (45X s cos0)
-y “(1+v,)(cos" @ +sin” 0 +sin26 =— 2
7 (v e e aX*an)

q 0‘([(/1’1/2-5‘/1’+5‘2+(/1‘-25‘)cos€ B4 A% AT +(4 - 20')f sindT Jeos f X'
+{(2§'f),')/}'sin(?TH[%J',{'+(5”+(,{'72§')cos€ B4 4T sn X | eplyp 442141 Jp

(48" X S0 s 0) oo oo ppa L ey 2 s
0Jdo € I,

(U {[B7 =87+ u” + (A7 4)cos20 + 5" A sin” O1T, (B)
+(28" =2 B sinOT, (B )}cos B X cosu'Y"

(A cosB/2)(B™ — u* — A2 14484 —67) 425 1 cosOIT ()
+f A" sinfcosO(S5" — A"/ 2)T, cos B X sinu’Y”

HE W (A =200 + 1 [ -67 + 1 +(A" 1 4)cos20+ 84 sin O]T; (B)}
xsin B°X cos 'Y +{f A sinfcosO(A" /2 -5)T,

(A cosO/ 2B =67 —u? = A7 14+ 51

+25" 1" cos 01T, }sin B X" sin 'Y )dy'd B (45)
where 7,'(f)and 75 (f) are given by (16) and (17) and

T is given by (21). We assume the particular solution ;(p* of

governing Eq. (31) by

1= ef‘X‘*”‘Y"[:(A; cosff' X"+ B, sin X Jexp[—,| A7 + (%)ZY*]dﬂ*

+e J. : J : VIR (cosf X+ D) sin fX)
x(cos 'Y +E sinu’Y)d B du (46)
In the particular solution (46), 4 p* and B p* are constants

which are determined by solving the following equations

which are derived by substituting (46) into Eq. (45):

G4 R @)
-G, ¢ ||B)| |R

where

Cl =& +2y"sin0" +[-4B7 + 7 +217" =2y cos @ +2(4" 1 2)

+2(y" cos0— 27 W A7 + (A /27 1E? + 2y sin 6

A2+ (012 -2 B+ 0TI+ =207 s+ 27+ (2 1)y

487 + 77 327 /246y cosO S +(1 12 In”

27" cos B2 +3(A 1 21+ 2y + AWB + (4127

A1)+ (1 127D 427 cosOy B + (2 2P 1+ (147, )7 (B - 7)cos0

B0+ (20 -2 B (2 127 sin*0- € sin26y —B7+ (21 ")
(48)

C,=48E" +68y sin0s”

+B 27+ A+ 47 (0" -y cos@) +4(y cos@ -2 W B+ (A 12 )E

RF Y sinly + (4127 =2 BT+ (2 12)]

=2(1+v) B 7 cosO{& cos@+[n" =/ 7 +(A"/2)* Isin} (49)

* *
R = —{[% LSS (4 —28 ) e0s0,| 7 + (%)2 I

+HA =28") B sinOT} (50)



R, =—{(26" = 2")f sin0T;(8)

[%—M +8+ (A —25)cos9\/m]T B (51

*

E=—(+6 —%)sin@ (52)
. e A
n = +5 —?)cosﬁ (53)
Similarly, in the particular solution (46), C,, D, , and Ep*

are constants which are determined by solving the following

equations which are derived by substituting (46) into Eq. (45):

H' H, H, H, ||C S,
-H, H -H, H,|CE, s;
N A (54)
-H, -H, H H,|CD, s;
H, —H, —-H, H ||C.DE| |5,

where

Hi =&+ =7~ ") 42y € sind=2yn cos 0+77)&" +0” - B - 4”)

Ay 1P cos@— BRE? —nu” — By E sinf)

—(L+v)y?[(E7 = B7)cos’ O+ (77 — *)sin’® O + E'n" sin 20]
(55)

Hy =240 (2 =y cosO)E™ +177 = 7 = ™)+ 4y'E'p g sin~ 4y " cos
2770 1 = +v,)y” 1 (25" sin’ 0 + &£ sin20) (56)

=2B° (28 +y sin@)(E 4" - B - uP) ARy E sind 4By E D cosh
VB YE —(1+v) By (2E cos® 0+ 1" sin 20) (57)

H, =B 180 +4yn"sind—4y ¢ cos§—(1+v,)y " sin26]
(58)

* *

N [,B*Z

B 1 (25" - A")sin 0T,

—87+ 4+ (A7 /4)cos20 + 5 A sin® 1T, (B")
(59)

S, =~(A"12)cosO(f” -7 -~ =27 1 4+6"2")+28 1" cosOIT,(B)

-B (8 =47 /2)sinOcosOT, (60)

S; ==’ (A —28")sin 6T,
(B =67+ + (A7 1 4)c0s20+ 6 A sin’ O1T, (B')} 61)

S, =B A (A /2-5)sinOcosO T,

(A" 12)cosO(B? =67 -y =27 14+ 2)+25" 1" cosOIT, (")

(62)

Thermal stresses can be obtained from Eq. (27) using (44) and
(46):

R o a e
O_;X(X"Y*):edx J‘O Z(pszkekaﬂ/fx +p2A pAY+1ﬁX) dﬂ
k=1
“”I (B4 428 A=D B ™+ 4% 14)(A cos X+ Bsin f X Jexpl—f "+ 4° 141 df
5 x+r,yJ‘ J‘

x{(n? =+ 2 W E Yeos Y +[20' 1 +(n

A "(cosf X"+ D) sinff7X")

R ) Jsing Y ' df
(63)
+(d™ -+ 2d B4 df

" 'Z—Zdﬂ pyw +

:eﬁj:i (0]

k=l
¢ ”’J {(d*-B")4 425 B Joosf X +[-F'd 4 +(d" - *)B Jsin X Jexpl- "+ 2° 141
£ [ U (- B ) 4 2B E D) JeosB X
H2BE +(E7 - *Z)D;]sinﬂ*X*}(cos,u*Y' + Ep sing Y)dp'du”
(64)

VA T L (d i) B ) dp

IZ[

,{'z/4][(d'A;+ﬂ'B;)cosﬁ'X'+(—ﬂ'A;+d'B;)sinﬂ'X']exp[— B+ 141 dp

N P
AN
=] T + D)) cosf X+ (- +E D)) sin K]
(07 + W Eyeos Y +(—p 40 Esinu Y du” o5

The boundary conditions for stresses are assumed to be:

O-YY:U:(YZO onY =0 (66)

d', A5 (B A4 (B)
( k=1, 2) in thermal stresses expressed by Eq. (63), (64)

The unknown coefficients

and (65) can be determined by the following equations
obtained from the boundary conditions (66).

d=¢ (67)

i TAYy YRy Ry

A)=(" 54+ 26¢B,

eI & - p 2 E DA (o)
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(2B 1B =N ARG +i(f7 =AY =254 478,

[ T2 E (€7 - B At (69)

1

[ ~if) A ip +(E +i) AL B =~ A FB ) —p 7+ /2]

=l

[T AT C (& + B D)+ E)du* (70)

B +EW p +(F ~iE)A} =B A =€ B ) B+ (1))

2
k=1

[T IO (=B + D)+ Edp* (T1)

3. Results and Discussions

The numerical calculations are carried out for unsteady
thermal stresses of semi-infinite body whose boundary is
slanting to the functional gradation. The non-dimensional
geometric function ¢ (X) of heat flux in boundary condition
(14) is definitely given by the following forms.

g (X)=H(1-|X") (72)

where H( ) denotes the Heaviside’s step function.
Substituting Eq. (72) into (16) and (17) gives the definite
form of coefficients T;(ﬂ*) and T;(ﬂ*) in temperature
distribution (15).

A" sin@cos f sinh(A sin@/ 2) + 24" sin " cosh(1"sin @ / 2)

T,(8)=
! 7[(A"/2)cos 6 + \/ﬂ*z + A7 /417 + (A7 sin* 0/ 4)]
(73)
.+ A'sin@sin B cosh(1"sin@/2) -2 cos B sinh(A sin O/ 2)
TB(ﬁ )=

2[(A 1 2)cos O+ + A7 1 4][B” + (A" sin> 0/ 4)]
74

The thermo-mechanical properties are determined by the
following manner. When the thermal conductivity k., Young’s
modulus £, and coefficient of thermal expansion a, for
ceramic at some position (b*, 0) are known and k,,, E,, and
for metal at another position (—b*, h*) are known, then the non-
dimensional values of A in Eq.3 and y , 6 in Eq.29 are given

by the following relations.

0430

8 =In(a, /a,)/(2b"sind+h cosd), y' =In(E, / E,)/ (2b"sin@+ k' cos6)

A =In(k, / k) /(2b"sin@+ I’ cos6) (75)

where § “=8 a, 7 "=y a, 2 "=A a, b'=bla, h’=h/a. The values of
ke, E, and a, in Eq.3 and Eq.29 are given by the following

relations.
_ 5" sin6 _ 7'b"sin@ _ 2'b"sin6
a,=ae ,E,=Ee yky=ke (76)

Non-dimensional temperature and stresses are defined by the

followings:

T = ch / (qoa)’o—:(x =0y (l - Vo)k(- /(OICEC(]OG),
CT;Y =o,(0-v)k. /(a.E.g,), O';{y =0, (1-v)k. /(a.E.qg,a)
(77)

Functionally graded semi-infinite body (FGSIB) which is
made by the partial stabilized zinc (ZrO,) and Titanium alloy
(Ti-6A1-4V) is considered. The material properties of ZrO,
and Ti-6Al-4V are shown in Table 1. Poisson’s ratios v for
both ZrO, and Ti-6Al-4V are assumed to be 0.333. Two
constants to indicate the positions for known properties of

ceramic and metal are taken as b*:2.0, h'=0.2.

Table 1  The thermo-mechanical properties of ZrO, and Ti-6Al-4V
Material | Thermal Coefficientof | Young's
Conductivity | Tinear (hermal Modulus
WiHmk) expansion {(ilPa
=10 1K
7 2.030 711 1o
Ti-6Al- 3.1 10.3 66.2
av

Fig.2 shows the variation of surface temperature in process
of time with slanting angle 6#=15°. The range of partial heating
is ~1.0< X" <1.0 on the surface. The initial temperature at
£=0.0 is kept to zero over the body. The temperature rises
with the lapse of time. The temperature of ceramic rich (right-
hand) side is higher than that of metal rich (left-hand) side
because of small thermal conductivity of ceramic.

The position of the maximum temperature approaches to

X'=0.60 from the right side with the lapse of time.



Fig.2 The variation of the surface temperature in process of time
with slanting angle 0=15°

The surface thermal stress O'*XX in process of time with
slanting angle 6=15° is depicted in Fig.3. The maximum
compressive stress occurs at time 7 =0.2. The position of the
maximum stress (X*=O.65 at t*=0.002) moves to the left side

(X'=0.35 at £'=10.0) with the lapse of time.

Fig.3 The surface thermal stress o yy in process of time with slanting
angle 6=15°

The effect of increasing angle 8 on surface thermal
stress o'y, at time /=0.2 is seen in Fig.4. The stress
distribution is symmetric with #=0°, but the position of
maximum compressive stress for each angle shifts from
the center (#=0°) to the right (ceramic rich) side with
increasing angle.

Fig.5 shows the thermal stress o ,, for various depth
from the surface with slanting angle 6=15° at time
£'=0.2. The compressive stresses occur outside the
range of heat source and the tensile stresses occur inside
it, but the absolute value of ¢ ,, is much smaller than

that of o Y

Fig.6 shows thermal stress o vy for various depth from
the surface with slanting angle #=15° at time #=0.2. The

tensile stresses occur on the left (metal rich) side and the

0 440

Fig.4 The effect of increasing angle on surface thermal stress o at
time 7'=0.2.

Fig.5 The thermal stress o ,, for various depth from the surface with
slanting angle 6=15° at time ¢ =0.2

compressive stress occurs on the right (ceramic rich) side, but
the absolute value of O'*Xy is also much smaller than that of

.
O xx

Fig.6 Thermal stress o 4, for various depth from the surface with
slanting angle 0=15° at time £ =0.2.

4. Conclusions

Two dimensional unsteady thermal stress field in the
functionally graded semi-infinite body (FGSIB) with the

slanting boundary to the functional graduation subjected to



prescribed surface heat flux is discussed. Thermal stresses

in process of time with certain slanting angle in the ZrO, /

Ti-6Al-4V FGM are shown in figures.

The conclusions are:

(1) An analytical technique for two dimensional unsteady
thermal stresses in the FGSIB with the slanting boundary
to the functionally graded direction is proposed by
introducing the stress function.

(2) The maximum compressive stress on the heating surface
with slanting angle 0=15° occurs at time =0.20.

(3) The position of maximum compressive stress for
each angle shifts from the center to the right side with

increasing angle.
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FDTD Analysis of Electric field Intensities and Receiving Characteristics
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Abstract

In recent years, RFID systems have received much attention in information management and security. For
evaluation of RFID systems, study of electromagnetic wave propagation and scattering of UHF wave and microwave
transmitted from tag antenna to reader antenna in in-door and out-door is indispensable. In this paper, we describe the
characteristics of electromagnetic wave scattering, diffraction and interference by obstacles in propagation channel
and show the distribution of received level using FDTD method. In transmitting and receiving points of the weak
electromagnetic wave, receiving characteristics are influenced by the propagation environment. In RFID systems, receiving
characteristics are strongly influenced by the structure of roads and buildings for out-door environment and rooms, doors
and windows for in-door environment. Three-dimensional analysis is studied by numerical simulation for the optimum
design of RFID system. Comparing the results of two dimensional analysis and three dimensional analysis, the effects of the
earth of roads and building with finite heights for out-door application and effects of ceil and floor of buildings for in-door
application can be evaluated. Signal processing and control are important to recognize each tag code correctly even if
multiple codes from tags are received by a reader simultaneously. In this paper, received characteristics when multiple tags
transmit a pulse are studied by FDTD method and compared with the analytical results.
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Keywords: RFID, Radio communication, Propagation, Scattering, FDTD method
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A Study on Library Software That Makes XML Data-Processing Easy
in Cooperation with CSV Files
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Abstract

This paper describes library software that makes XML (eXtensible Markup Language) data-processing application

easy to use. The library software consists of dedicated XML API (Application Program Interface) for this data-processing

and data-converting to / from XML documents. To avoid the troublesome work brought by XML documents, the processing

data was limited to the record composition of the table form. As a result, the dedicated XML API operations was simplified.

Moreover, user's data can be made as CSV (Comma Separated Values) files by using GUI (Graphical User Interface) of MS

Excel, and is converted into the XML documents when processing the data. The XML documents of processing result is

reversely converted into the CSV files and given back to the user. A general-purpose format of the CSV files for converting

to their XML documents was provided. The library software for trial purpose was implemented, and the effectiveness was

evaluated in an application of attendance-book management.
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Keywords[] XML data processing, CSV format, End User Computing
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A 24GHz Microwave Doppler Speedometer
make use of an Auto-door Sensor

Yu Fujimoto*, Yasuhiko Nawa**, Kunio Aiki**
(Received September 30, 2010)

Abstract

A microwave Doppler sensor commonly used in the automatic door system has been applied to compose a
speedometer. The microwave of a frequency of 24.15GHz has been collimated by using a dish antenna of a diameter of
0.3m. Intermediate-frequency output from the sensor has been processed and fed to a counter, a decoder and a display. The
maximum detectable ranges observed were about 300m for cars and 80m for men. The setup is easy to be manufactured and
can be used as an apparatus for electronics experiments.
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An Experiment of Radar Principal make use of

the Ultrasonic Wave part 11
Real-time Display and Canceling of Multiple-Reflection Images

Wataru Nishino*, Yasuhiko Nawa**, Kunio Aiki**

(Received September 30, 2010)

Abstract

To promote understanding of the radar principal for junior students who study electronics engineering, two

dimensional in-air sonars have been demonstrated. Ultrasonic pulses with the width of 1.5ms and the wavelength of 8.6mm

(the frequency of 40kHz) have been used. Reflected pulse signals are A/D converted and processed in a PC equipped with

the VB.NET program. Objects located within a radius range of about 20m have been displayed as a radar chart image.

Jo00o00o0oo0ooooobooooo
Keywords[ Radar ,Ultrasonic ,Multiple reflection
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Conductivity characteristics of titanium oxide films
by high frequency magnetron sputtering

Masaki Fukazawa*[] Koichi Sakaguchi**[] Koichi Shimakawa*** and Yoshinori Hatanaka**

(Received September 30, 2010)

Abstract

Recently Transparent Conductive titanium oxide films have been reported. TiO, films deposited by high

frequency magnetron sputtering showed highly conductive characteristics in the condition of high pressure. When the

sputtering pressure was changed from 0.1 Pascal (Pa) to 25 Pa, films deposited at 25 Pa showed high conductivity transition

in 7 orders from 1075Scm™! to 102Scm™!. Optical absorption edges characteristics showed the Burnstein-Moss shift of
0.05eV, and carrier density 2.0 x 102° cm~3 was deduced from Infrared absorption data.

goboooooobooobooooooooobooooobooobbooooo
Key word[] Titanium oxide, Transparent conducting electrode, Magnetron sputtering, Conductive film
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Fig.9 X-ray diffraction spectrum for highly conductive titanium
oxide film in the sputtering pressure of 25[Pa]
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Abstract

In recent years, various information technologies are developed by spread of a computer network and many

services are providing. In particular, cloud computing service brings to public attention. Cloud computing service is

Internet-based computing, whereby shared resources, software, and information are provided to computers and other

devices on demand, like the electricity grid. In this paper, we examine the effective use of cloud computing service through

using the free cloud computing service, Google Apps.

UboboboooboobobobOobolOGoogle Apps

Keywords[] Cloud ComputinglJGoogle Apps
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A Preliminary Estimation on Drag Coefficient of Seed of Dandelion
Takaaki Hashimoto* , Hachiro Ikeda**
(Received September 30, 2010)

Abstract

A preliminary estimation on the drag coefficient of seed of dandelion is stated in this report. The estimation is
based on both the measured falling velocity and the measured mass of the very small matter. The authors do not have the
apparatus to measure the mass of very small matter at present. They hope that the mass of very small matter will be able to
be measured and the drag coefficient of very small matter will be able to be determined in the future.

Keywords:[] Very Small Matter, Drag Coefficient, Preliminary Estimation
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Maxwell Equation in Gauge Theory
Yujiro Ishikawal
(Received Setember 30, 2010)

Abstract

In this paper, the author considers Maxwell equation as geometrical systems. The geometrical
elements such as parallel displacement, connections, curvature, and differential forms play very important
rolls. The ultimate form of Maxwell equation derived from Maxwell connection geometry is introduced
in tensor form. There are interesting correspondences between differential geometry and gauge theory
(as the expansion of electromagnetic theory) like (1) connection < gauge potential, (2) curvature < field
strength. Finally, the equivalence between the derived tensor form Maxwell equation and the familiar

vector analysis form Maxwell equation is confirmed.

oo boooooon
KeywordéIMaxwell equation, Parallel Displacement, Connection, Curvature, Gauge Theory, Differential

form
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A Study on the Questionnaire Results
for Evaluating Mathematical Classes
[0 From the viewpoint of student satisfaction [

Naoyuki Ohsako*

(Received September 30, 2010)

Abstract

For the questionnaire results of the author’s mathematical classes, a regression analysis was applied and the

relationships between student satisfaction and other factors were analyzed. The results show that the student satisfaction

is a close relation with understanding grasp by the teacher. It implies that teachers should make all possible efforts to grasp

whether almost students can understand well.
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