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An investigation of electromagnet with coils and solenoids
TAKEUCHI Norio, SUEISHI Momoyo, SAMESHIMA Tomoko, MORITA Keiichi and SAKAI Takeshi

The formulas of the magnetic field strength on the circular coil and the solenoid were described in a
physical textbooks used in Japanese high school. However, we found out the value of the magnetic field
strength obtained by this study was different from the one written in the textbooks.

The experiments were conducted by changing the following conditions of the formula: materials of
core, length of core, radius of core and the number of turns of copper wire. Considering the changes
mentioned above, the present research investigated its characteristics. The finding showed it was
possible to make strong electromagnet if the core was thin and short as well as the number of turns of
copper wire was large. Finally, the present study compered the experiment results with simulation

results by employing Biot-Savart law and by applying Nagaoka coefficient.
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Estimation of Player's Position for a System Supporting a Billiard Beginner Player
SUGANUMA Akira and NODA Takeshi

Billiards is a kind of sport that every player can enjoy. Beginners, however, cannot always enjoy the

billiard game enough because of difficulty in predicting the path of balls. We developed, therefore, a

system supporting a beginner player of Billiards by using CV techniques. Our system recognizes each
ball to calculate the easiest shoot. In this paper, we describe to add a new function to the system by
connecting a wearable subsystem with Raspberry Pi. Our system analyzes both images captured by the
wearable camera and the camera mounted above the billiard table. The system estimates the player's

position by comparing the appearance order of the balls in each image.

1. LI

vV Y — RiE, BN T THOILD A X IVAKR— Vi
DOOEDELTHLNTWA., BV Y— KD 7 —AIT,
[T %] EMHINAAiZE-T-T—7 LD LT, [Fa
—] EREINDEEAE, FREL T OEREEE, B
ERICEZE S TENLOROENE 2 By OEWEY (2
ayvha—LLE9ETHIEAEHNE LIEFHETH
A2l B THAARTIITA VAR—L &) F—Lh g
HLELTHD., ZhudiEs 2 A\o7 L—Fv T, 1%
N5 9FEETO 9 HD A T —HR—/L & FERDEF 10 fED
BRAEH > T —L%51T9.

B Y— ROMo L < DEREL & B2 B i, Ko
B, H R X o T D BNV
NWEWH Z L ThD. 2D, SR E TOIlE
JEVMEE TR LT Z ENTE D, L LEDO—HT,
B v — R D% < 13, BRoshx o FRIke, Hito
PIHEE DR SN OIS T2 NS FER A Z E N TE
RN DIZ v a v REEISED Z EREEL. Z 07
D, BV Y— RYIEE DA THERE T E W ATREMED &
2.

ZITC, IO HEMMIREE AR L, #ILETHES
LD LT DI, gtz VW CH TR T
D XD IEEAE Y AT LD EI TN EE 2
7o, R ZEN U CIE LWEERFRFRETTH) 2L C, B
U — RERLODTET T, W OB ORHE
M EE WO R B TE S.

ARaOWIEN N> T, T—7 )V EOEROEE)N D,

" A SEERHE T

FA UAR=NDT L —FELS R&E Va3 v FOEHE
ITHVAT LERER L QD8] 2DV AT AT, BY
Y—REDOLEHIZUSB W AT E#REL, B EOEE)
OEEROMEZ RN L, BITEOERORIEIZIBW TR DA
Giipay FaERD, FL—YIHERTHEWV) HOT
H5l4].

FEEROEY) /e 3 — ADOFRITI A I 2 L2 BB L
TRTIURZR B2, ZD7=DI12% < OPIWIESE )T
HDH. TT T TNV A T DRGNS T L—T DAL BN
BRI L, ZOMENOHET DY a v Naefrd 572
E R A gy M L—YRbIcT 5 2 L A AR
L7 F72, TERD VAT NI AT LN &K L
Ta—RAEREL, RTDHHLDOThHoT-. Litvay
NOFEIR « FERDFEHTE UL, T L—Y L0 HHEE
DEWTF— 25T L—T&HZ LB RIADD.

VT TINAATONEREFHTHZ L TITHAL
EHEEIZOWTHEBMED AR TH Y, ZOHEE R
NETUTEFRR LD THLINERRET D Z & AN
TEOBEWITHD.

2. DRATLOWE

21 SRTLIERK

AWIE TS =7 77 N AT WAk R 27
NHATSATS, =TT T A T NSO AT L,
F OIS Y Y — ROEROHF & 7 L —FED
HeE R ToT-. M 1123 AT MR A . fEEk s
AT L CHIE L TWD Y =7 A T OEif L 13l
=T T TNN AT HOBEE PC~EFT . ZOR



B Y — RIS BV AT AT

T2 T FTNVARAT

BT D7 L—VLEOHEE

USBiE

K1 =T I7/VEAZE2RY ANV AT A

T L—YORBEEZHIR LW DIZT =T 77 A
T e PCIIMHECEEEZTITY. PC T2 DDA AT
NHES L7 lifg 2\ 7 L —Y OALEOHEE 21T .
BREBINCIIHEE L= 7 L— VB ORE A BT AT
LDFEER 2 — A RO T /LT Y R LFHAATL e
AHFFETIE, 7 L—Y DB O OBGE iR T 57
DIZT =T FZTNAATEMRT S, =TT 7071 A
FYTUATLEK 2 IR, U T T I ART A
1%, RaspberryPil5], V=7 HAZ, ENA R0 T Y
—®D 3 OTHRIND. T L—NIIZDOT =T T TN
ATYTURT AEHEEEFELIZIREETE Y ¥Y— K& 7L
—95b0L LT, B LOEBRERE TS, Ik,
T2 =7 A Z13 [Logicool® HD Webcam C615 |
THY, B AT OMYEIEIT 640X 480 BFETH 5.
2.2 Raspberry Pidty b7y
AMFFECREF L7 Raspberry Pi % Raspberry Pi 2
model B TH5. A FL—13 32GB @ microSD A&
V—h—REFHLE. F/2, BRIANT7X 72 1L
T BUFFALO t®» WLI-UC-GNM % f# L 7=.
Raspberry Pi L CEifEd % OS & LT Raspbian %/

WebH AS

ENAJINYT—

X 2 775N ARTAORER,

A L7=. Raspbian IZ Debian ~X— 2@ Raspberry Pi
D/INFREBARE T O a L Ea—% 08 ThD.
Raspberry Pi ZE# LAN R~ U —27 |8 L, TG
LAN W—X %@L CT AT by 7/ a s LIEENRT
EHEOITEE L.

2.3 HASEBROEGE UDP EBEx AL VRt

T TITNIA TN DG EEST ST 0 ST
LEVERR LT, D77 T L% L& Raspberry Pi |
TEWESH, BEGREUGOIREITo7c. o L7k
%% Raspberry Pi ECHiizR L& 2 A, FEIUTH
T DN T L—LL— N TCIRETEX 5 2 L 2k
MTET.

Z O, BREEEEHWCTT AZ Ry 778 2l
GAERET D70 T LEER LT, 207 7T Al
OpenCVI6,7,8] TE1% ST 58y LlfE T oy
WCHRBIIENSG. BEEDICEY 7y MEEEFIH LK
slel. iy ]‘L1|:l I% TCP i#f5 & UDP 5D 2 >
5. TCP EITHENE ZRiET 2V IZ#(E
HENEVEETHY, UDP dEIdE g 2 RaEL
MOV IZT — 2 22O F EEFT D IOl
DERVNERE TH D, BHEAINT S AT AT HEG OB %
BEMAATGEDZ L EBET D &, il w5
ZFFO UDP @ENGHAITHY, ZhatHd 5101

F9, Vv MBETHWS Y 7y FEIIEL, i@
EERD], R— &, IP 7 RLAD/RT A— &%E
BTD. WTHATEBOF ¥ T F ¥ 27720
VideoCapture 7 7 ADES #EFe L, EifEYA X?—’&?E.
Eﬁ% T3 A Z R OTE & HET DT A—FiERE

# L, BBOEHOAT Y 2 v ERET D, TDE,
//7 v Naeth— NI L, BEEZBIGT S, AT
BEBUSEI TG T — 2 ZEfE L, — N2 TG



AW THREERM AN 553 7

£ 1 TIU¥EoOEREDTER

s/ ME N TESE
R 42 233 104
G 34 197 145
B 10 220 150
H 32 204 -
S 27 233 -
\ 42 233 -

ERAY

— S EMITIET — 2 03E(E Shd £ TR bt
, T2 EZT RSB T R o7 — 2 D7 — 4
EAMERT A, T—XENEY WA E et cF
—HZRKEPEC TWDLETHD. AT —
Zag T —5 b LTS D )MEET 20 R RE T
5.

3. KOBDOHAE

3.1 RGBIZ&k5EMDERR

BERT T A—ZDHIL, FbREWRETLEL
TRGB =735, RGB AL 3 (/T A—%
D TOEERT S, L, EROMIIFE CERNTHYL
TLLREILAETHD EIFTRL20. FRCY =7 770
A T T LTZEROBIBI I ZATZ0 35, %
Witk OIEND & HlFE % & 5 —EDUT LV MEDE]
PHCH D IATe DI, 3 DLt TR RGB DA Tl T
IDITEELV. Lo T, AWETIZRGB LIS aRE]
HHWDMEND S,

3.2 HSV 2k 2BMXKIR

K 2T LTI HSV BF /0% VTR A 3RE
5. HSV €7, 797 —va Ol )R L
T LWVEOHRPAFEENE S Th oL THD. FHZ, ¥
DY ZFpeZ EDZNT =T T T NH AT O &
WD ABFFECIE A & B A2 53T TR S mosi L C
W5, AT LEREZTGT DB, EFEOMAIT RGB
ETVTHEIND. 20720, @#BlZ1T91287->TC
HSV &7/ ~Z5Hid %, ZHIEFO L OEFEH L
TEHTS.

HSV ®5 /I fafi(Hue), ¥ E (Saturation), FHE
(Value) D = 2>Dmnhn b7 b azEM T 5. taFliL, #
ZIIHR, H, BO L ReoEART. AT oA
ZE[EC 0~359 DIEAELD. WL, GOfEeHSE2FR
T MEDEMEL 25 I108EN T TALRICR 5.
XD 5 S %2R LIHEOEH @V EH VI
725, LT 0~255 OEAELD.

33 T vDEDFE

T A T EENDERD D /3T A — 2 [ 315BROERDNAL
EORH RN W THEEHR Ch D, F72, RO
EORIIZIRWT, t#EHE v v— Me RICRET
HI=DIZ, T3 % DEIZONT HFEZLT O LB B 5.
T =T T INVAT LENT, BRkE 1 OB EN TR
WE Y Y— REZRE LTZ. A5t 262 Ko mifg 67 o
v OFIFHEHH L, &7 /10 RGB Offi, HSV Ofi
ZEUG LT, TORREEZFR 1IORT. ZORENHHFH
EITEOEPCE S IE > TWA X ICR RS, D129,
o< T v DEFELZTH L X O &35 DI 3T
5. WIZHEFED RGB i, HSVEDO b A k7T KA
LTz, BRIOAIMR-> T2 H fEDOe A 7T A%
X 3|9, ZOXKNBS1D K DS, arifE H 1% 180
FHEMND 200 FHTIZEF LTS, EFHEORIMED
32 Lo TNADIE, FOBIIZAMUBDMFAE L T
H1OTHS. [FEEO Z EMIOETHELY Lo TN,
Z DEFEEDSND, T3 v DEFEOMHESIEZ LT
DX INER LT

(D) EFEE2Y 170 BLE 212 A

(2 RGERP230 A, GGH26 LLE, BFEF)39 LI L
(3) RGB OH Tl & f IMED 7273 21 UL

1 DHORMTH S EFIEIL T o vy Ot rafE B
THLOTHD., LI ELS THEL TS, 22
HOLME, FER EOAEROESe 8 FE 2 ED R,
DERGY 2B < T=DITFHWD . ZAUT A A Tk
DINTHERT L, 1 DHDRMNTH L EFEOHIPHD
HEED Z ENMBHDHIOTHD. HEOFRNL 228 &
RIS, RGB SEHEDFENVD IR R AT 24
LT2DDEDOTHS.
3.4 BROEDFE
ERPNICHET D BB 21T 9 T2 DI K ERO
DFEEAT-T-. U= T T VH AT TR LI- i 8
KD EERDBDODONE S ZTI 0 L, HRE RS

16000
14000
12000
10000
8000
6000
4000
2000
0

[oNeoloNoNo]
N < © 0

100
120
140
160
180
200
220
240
260
280
300
320
340

EIEMEH

X 3 Ty EROBESREDIRX (BAREH)
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B Y — RIS IR AT MBI L —Y i BOHEE

X 4

FERITEI Y 3RV BRODEH D]

DOSLTZIX 4 O X5 REEEZNEI 8 KT OEk
L7=. ZABOE(EZ AW TENENOEROAIZHONT
TEEIToT2. FTHOIEMHOTIEE T T2, FERD
EFHEDO AR E K 51T

ZOSAARIND 2 FER, 4 FER, 6 FEKIZBIL I3y
Ai L CWDHEPHADIT NS DD, I EH B 72 5 il Tl
0 ZFFO72 8, BAEDOAR THBINFIEETH D Z &My
N5,

RIZ 8 FEKIZBA L i, ARIDFER TR - 720708
BHNTN, BEITCIIEREORPHICE EE 5T, 2
FARNIRL AT D E TSNS, ZHU 8 HERAE
IZEWETH Y, RGB OFEDZENIZE A SN0
ThHD. £, FERIZ T 7130 FERE LD
H95 & IRVEPHIC LTS, ZAUL 8 BERE R L
< EZIIWETH 5720 RGB OFEDOZENT E A L
< HSV IZEH U= BRABEME T A 72 Th D, D
72OFERE 8 FERICHOWTIZ RGB /87 A—& ZAfi
HEITHZEE L.

1 FBERIIBENEOOERTH Y, 9 BERTEOOFN
HDERTHD. D78, tafHT 2 >OEKEXAIT 5 =
EIIRFHETH D, £ 2T, HADOWHB AT HERC
1% 2 DOERAE XTI L, BIOEE A2 BINZ
HZ LIZLT-.

BT, 33/ERE 5EER, 7 BEROBHIZ W TR
5. I 3 OOEKIZBE LTI, RAMED AR FET I
LT, BABELSNOER S AW TRERIEAT O 22
BB LHWT LT-. FDI=, ZHHOEROEZEDIAE &
K OWCHEZAT o7, £9, 3FEK, 5FEk, 7%
EROFE K 6 (T, BHEOSAXND 5 FER
VZHAEE 200 LA EOSWEFRIZR Y 23810, 7 FERITAAREE

800 0
1

600 .
400 \“‘ 18
m4

200 I H5
mo6

0 m7

0 60 120 180 240 300 360 mS8

£ 48{E(Hue) =9

X 5 KBEROBFEDSH

50~200 OFPHIARY 2385, ZD 2 BRIZHOWTITIAE
Z VIR RTRETH D Z VD, LonL 3EKER
% 5 FERE T FEROMT T O/ATREIZIA < PR LT
5. ZOTHBEEZHAWTS 3 FEKORFEIZEEL V. K
2, FRE3EROEEICHOWTONEK TR, EE
DAIZERTYH 3 FERE 5 FERD & H#PHNE 2> T
WA=, R HEBITEE L. s HSV 0 3 B3
DOFAEFERID, 5 FERE 7 HZERITHBITX 5, 33%F
ERIZRE U CIRABINEE LN E 35, Z ORIBEITR
L T E OB OB Z N2 T T 5 b D &
L7

S BITHKERD RGB fHIZ AW T b FRE LI To7-. 20D
FEFITITER S 8 BEROBRHIZTHAV 2130, MR OBEOMHH
BZHWS. DL EORRERERD D, KBk & T 5
WFROFAZER LT, 1B LTS a 2 21T, 72
721, 8FERITZ DORMEE-> CTHREEEIT L < 2o
EWVH TN D S.

4. IROEDHETE

AWFETIE, T—7 N EOERD R ONLER RS
L—YDILHAEEHEET D, T DIz, EROMEDH

200
150
100 3
| m5
50 I I
il
0 -
0 50 100 150 200 250
BAEE (Value)

X 6 3, 5, 7&EEROHEST

200

150

u3

100

50

m7

X 7 3, 5, 7THBROEES
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AW THREERM AN 553 7

K 2 BERORHSMH:

R G B H S Y, Z D,

FER 130 LI E RGV #:<40
1 180 LA | 100 LA 1 120 LAk 20~80 100 LA | 100 LA 1

2 208~230 85 LIk 90~220

3 115 LI 340~20 80 LI E 70 LIk

4 206~250 | 30~170 70~180 RGB #<80
5 150 LAk 50 DLk 170 ULk 355~41 45 F 170 LAk

6 120~190 | 37~170 70~170

7 342~18 41~170 61 L\

8 100 LAF GRB #<40
9 180 LA 1 100 LA 1 120 ULk 20~80 100 LA | 100 LA 1

HITEETHS. KAT LTI, BHFEATLDE
1 AT DEEING B FICAFHET 5 & HIE SN EZ D
ERODIM T L TERON B OHEEZAT .

4.1 BEROBEEH

BERO OO U7-Witg 255, Z Ok
L7-Witg e~ A 7 ifg & FES. B Cib 7= K ko aon
FHTY UL E D MEEZAH L2 9 Meomiig 2 E 7
5.

B AT OWEETT S &, B LIS O
PR 22055, ENESTOIL, BYOEE
WHOMWSTGE, FO ETEALNCT ¥ DligE%
WHRT 5. ETAEATTOHMET 30 7 ALINIZ
T XY OB R TE A0, EROBOHEE &
T5. ZOXREENZDZ LT, BROBEBIHZRS T2
ERNAMREIC 72D, UL, Z OSEDNEA CEGHD R,
T T D ERERE TERWVEWER L H5.

72, 8 BEKIMODERDEOE AR SND Z &
MNENTZ0D, 8 FD~ AT N HAMOERD~ A 7 Hifg:
THiH SN -EREHIRT 2 b0 L L.

T =T T T IV AT NS DEEOR] & F DOEEDN D
AR LT 1 FBERO~ A7 Eitg &% 8 17 it L7z 1
FEROBOMFE A A, FOMERAL LTS, KD
FEOWEGED LR v a AR 1 BB H Y, T
FOv o H =Ry MEEZ 9FBERRH 5. 2 bidds
ICHEDERTH D720, 1 FEKO~ A7 g CIEE O
FEBH LTS, 20720, ~ A7 BEICIZABEZED

X 8 THEgE () & 1BRO~Z7EE F)

BN 25955 L HICRZS. ZHHDOXRANLZNLIED
WEETIT .
42 7 A XDgE

HIETCIERR LT~ A7 I NS BT~ /A X
WEFENTND. ZD A X% R 7D TR
EMRABRZAT S . ~ A7 BBO AT~ ) A A% bR
< B\ IHERERE 1 [TV, JTTORE ST 720120
PRABEA 1 [FHT->TWND. ETz, RO ks —
ELL FOBBEREZUIVETHDT, 2T/ A ADE-
7o & UCH DR HA~ORE I/ N E .
43 RNV

BERD~ A 7 g0 B A KIEFED SR 2 L7
VWS, I a—& OIS A EEEAERE LT
HIEHWCE 7, T TIRY T LW EEL-
Rt DEFRICZENENR CF 2B IEHNEEEIT S .
TR L TNEE 1 FERO~ A7 B,
X 9 OLEDEWBRD XL TR v rEnsd. ZOHE(E
1L, X 8 O~AZEHLRD 2 SO HBEFEERSY ZER LT
W5, 1 Ry hOTLEEDT 62D T UL LIL
TW5D. TN E D IZEBT LTWAR,
AT LTI 1~6 DT TEILENS.

X9 F~UVER () LEKERmMbESR OF)
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B Y — NRE TR AT DB 5 7 L —ViEOHEE

4.4 RXREREOEREFOME

FTRY T ST EER DRKOHREE H o7 L
DE SN EEDORERNT 5. TV IR TERE
FL, 0L OET~VOHBEEETIET 5. Tk
T, HHREE—ESZ -T2 TV OBIFED I
B UT- R KIS BTS2 BT 5. 7272 L, BRDSH
BT B > TR WA ) A ADOBEZED R KEFED
B S LTl SN A 0ERA<TZ0IZ, mfEs 20 H
FULEOLORET EMET 5. X 9 OAEIRIC 1 FER
DR TG DI KBS SRR 2 L7
oy
45 3&EIK, 9 BERA~DHISMLE

BOHTITBEE L 3 FEkE 9 FEkA T2
T2 DIZHPMUER A . Z OFMUENT 3 FERE 9 H/ER
DR IFEHEIS & £ R S IERN T .

9 FERIE, 1 FBEREFILEATHLD, EROFKHE O
BOfEIE 1 FERE D /S, 2072, 1HEKE 9
FER DB EITF > T B5E, mmNOE AR
KEWNE I 1 H/BERT, TOWITRKEVBEA 9 FERIC /2
HEEZ NS, FDD, 9 FBERO~ 27 HigH 5 1
FERO R R 2 22 Lo | < ABEEAT XS, 9%
RO~ A7 @i 6 1 BEREED RS 2 &M TE 5. 2
DOIPRAFIIMUEE L T TIT 9.

3HERD~ 2 7 BRICEA LTI, 3&EK, 5&EK, 7&
ERAHEZEE L TR QWD REMNHD. £2TC, 3
FERD~ 2 7 W45 5 BERD R K feh i & 7%
EROFNHFEHEGS A2 L5< &, 5EERE 7 FEkE
BOERS Z LM TE D, ZONERBO~ A7 Wil 5
AR ROMIL 3 BERTHD EEZBND.

4.6 EDEEOEH

eRTFEH RO QRO R OEEZ RO 5. B
DX JERE (yHERE) 18, HEZEOxEE (yEE) OfFn
ZHEZEOEFEL CE 72O TH D, B Uz
ZDEROEHGN TOMEME LT 5. FKmfEfhH gz [
NG ENREAIE, T ORI & U CEREHSE
#0,00L9 5.

8 IR LT TTiBifgns b 2R OMEE A B H L, Bt
IZIHFREEZIAATE L OZK 10 17, BROFAZFEL
TR LTZEROFE S TH Y, FROEDFHER LT-HE
DONLETHD. = OMEfE TR U7-BRIT -~ CEf#
LWz B, T, 6FEK 14 FBERCRM) L THEERE 8
FEDHRHTE TORNWZ L3905, 6 BERITHR NI
R SR NS <, RKEREOGTH D 20

X 10 #hH U7=&EROBEEH /i

[HTESY WSt A I i s M= GUAVA AN 3= s i
TREM TNV D T2 DRSO FIZ T 2 ¥ DD
FNDDH 2 EET-ETELT, RIEIAIEE 2o TS,
8 FERICBI L QBRI A BE L 725 TN D.

4.7 FRHFEERRATRER

HEEL U7 BRI A 2 Tl 72001, G 23l
THFEREAT T2, 300 OEg ARG L, FERAEL
VGRS TV D0 RGET D b DO Th D, 7272
L, Mg EA T2 2 & 258, RIHARRET
BREEAEAN (0,0) & A ESNTEAEZR R E LT, K
HITIFMRCED CEMR LT-. ZUuIkE TR 7 1L—
YONBEHEEZAT HBE, 1E LB &S5k 2 Bkibh
IIIEOHEEN TE D720 TH 5. i S CiiE->
T AR A > TACEHEE 217 O 54, MEHEEORE
EHEBENTH D 2 ENZVDITR L, FaHOBA
E DERDBEFEG R AAEHEEIZHND Z & 320D T,
T L —YEOHEEIZI BNV NS B EROMHIEEE
ZFR 3ITTT. 8 FEKIIBUEMIARE Ch H TR &
T 5.

ATRIOFEERTIE, 7 FERI RGN FEFIZ RV FER
Lot PRI ROFER TR S D 2 & 0380
ST=. FEROMHOBILT > ¥ DA RERT DR &
SIZEE L T20ERH D EBbns. kic, 1&EkE
9 FERI LW ONE TR SN D Z 03 %o T, 1milih
T ORISR ZDZ LB H Y, HREOZETHR]
THZEIFRARH D L HITK LS. 4 FEROA L E
U Y — R —T L OIMEO L I TN T, ZOFMED
o CATERE L GERHNT 2 Z L3 o7z, D720,
BRI L7 & X s B AR L, 4 BEROEMRTEO

# 3 FRoBHOKEE

FER | 1THEK | 2%BK | 3&EK

4 TR

bAEK | 67EK | THER 9 FER

KR 0.84 0.74 0.83 0.78

0.75 0.85 0.93 1.00

8 Tk
— 0.86
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AW THREERM AN 553 7

S EAL D AT TN B D & b 2.
5. FL—VBEDHTE

5.1 EEREHEDVERK

V=T TTNAAZIZEY = RENRESTND L
EEERDLE, TL—TITED 4 DDOADT DT
IS TNDEEZBND. TOBIH AT TiRD =
EMTELMEE, BV Y—RELEOI AT TIRE LIZ
{5 % 90 FEJlallis SH72 4 FOBEHEOV T ANALL
TWWBHEEZBND. ZDT-0, [AlESE7= 4 Fomyg
BT 5. 4 Ha) D Uizl & i 5 Z LG,
7L —Y N EDD DAL T DN EHEET 5.
5.2 BROMBBIRICK D T L—YVRIEBEDHTE

IR LTHE N OB 2D L, =T 77 /W A
T O DI SN2 ERIT TR v AT A TR
SNTWB. FDI=%, 7T T 7V AT OIS
BHENT-ERAHEH L T L —YDOfrEL#EET 5. £
T, B STZEROF N DAEED 2 52 L THlZ
E%. ZOMET X TOROMAEDETIERT 2.

VER LT-HUIZHNT, =7 5 7L A 5 OEfgROF
D 2 DOERDFEFER L, fHOEREHAEL LTI
b o RN E L, Bl ETF, AFED 4500
\AIET D 0ERkD 5. ZOMEBREHNT T L—Y
NEOHEEEIT). ABEY Y—REZ2RL5A, AT
AHEZ L LD, F0i=, Hin b CIIEROAMERRIX
BEOAAZ TR LIEEBOLD L —ET 52 L &
725,

VAT ATIET =T T T IIVA AT DEGNIIAES
HERETCTOMAE DR CIEORREZFE L, AifiCik
A7 [RHEEER ) DALEBUENEET D5 b oEENEN
BN 5. SR SN F LD -T2 b D ENED
HEEREIL L 975, BEOMAE DR BALEREEZTT
Z & T, BRI L ANEHEEORAY B0 T &
D

72720, AIEEOBRHSERE IR TR b 1 Fike
9 TERDFAE P WL DA HDH. FT2, FEKIZOW
TiE, BV P— FEUANDGHTCRRRIEN L < A biLb
DT, 7 L—Y DN EHEEI BB A 5.2 5. D=,
DB OERIINIEREGEITIEEH L, 51, 8 FEK

IR L TRVWOT, ZORBNAEHEEITITEEHN L2,

5.3 (IEHErAEIRAIEER

T L—Y DN EEHEET DG & faEd 5 KA 1T
Sz, WHREITFEORDH 3 NT, V=T 7TV A
T NEHEE UTRIEE T — 7 LA HERE BT
SV ZIR L=, KA, T—7/L 18T 50 K
1y hEl, BROBEEZEZT2 By N7
7=, 728, 1y FEIZETOERNED LICH HIRRET

# 4 TU—YDAEBHEDREE

FERE
sto 1ty rE |2y MH
wERE A 175cm 0.80 0.52
WERE B 170cm 0.76 0.52
wERE C 160cm 0.78 0.78

1TV, 287y FEIZ9FBERE FEREBR Bk BN O
L LTRRE TR 21T o 7=, ZhudtHA v aAR—1o
F—ALOETEEE LD THS.
FEEORGHSERE2E 4 1O, EROE, YT
69.3% DI CNEAHEE TX 5 Z LV -oT-. AlFl
DFEERFER N DN OO R SN, 7,
FEROFEREIRZE LD LWRE 3 ADHH 2 \s 2 &
v NHORBEN 1€y FEHORBEL FE->TWS. Zi
1T —7 D FOERNE -T2 & ChiBEHEEIZHWS 2
OOERDMAEDEDNEY , EROGERRHIC L D235
ez LB s. IRIC, MiEOHEEERIEZ -
V=T TTNH AT OEGIZOWTHREE LIz & 2 A,
D3 DDNRE—ANIRBITED Z NG -oT

(1) BERHENZE LSS

(2) k% 2 DL TE TRV A

B) T—TINHERDIZRAT S

MR REOEATE, 27y NHOMETES Ao
72, EgENICITERIL 2 DB T D HOD, KA
TEPINEDOHEEN TERWGERH T, £z, M
BPNTERDY 1 BRUDE > TOARWERA L HEERIETH
5.
FDIZRIEE L1E, BV v — FEOAEII>T
B EERIEGAEEERT D, BRI >TWDIZE
DO BT, FUDOAEICSL > TWAS EHEELTLE .
ZiuE, —EALLEOAENSRIDIZED &, BRONE
BRSNS, HOWTIETFELTLEH 72D TH
2.

6. HHYIZ

AT, VT TTNHATEFEHLTTL—F
DONLEOHEEZAT 5 TIEEAREE L TX . ML
EEUY— RKBEVATAEBAEL, T L—Y DI BN
D U SR IR O RO FEHLRTHEM: 2 R 2 d .

ARTEDLEHOEE LTFOL YR bONnH5.
(D EROMHFEE DR E

NEHEE £ TOV AT AEIROEREE L7120,
EROBOBHSHITETRINCED T L OO EETHD.
HHEEORBITREE N R E Y Y— KT —7 L
DINEDS SRR NEAE LTS . BROFRHESEE 23|
THIUL B3 EINTR LI 3 SORESD S H 1 & 2 Dfifk
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DEIAD D, FHIRRHANED 2 &2 L » TRIEZALE
HEE DRSNS T 5.
Q) BROM D RIS E O BHEE ~DXIE

BV Y — T =7V E—EALL EOMENHRDIC
FTBRICERD E A ORI L T LE W, (rEHE
EABROMENRAET D, T OEA~DORISERMETH
5. ViR SN AL, L —YDOAED DTN
19 THDHZENRL.
(3 AFEHEFE DM |

ARG TR L= 2T AT 2 EROF SR 1
Keomg B L, EOmigsa 5 5 & Uiz B clusiiz
ToTWA. L, EBICY AT A &8 L NET
T HLULDT THFEAELTEY, WO EE )R
ThoD.

& Xk
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[2] Jack H. Koehler: “THE SCIENCE OF POCKET
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[4] A. Suganuma and F. Takata: “A Supporting
System for Beginners of Billiards Based on
Predicting the Path of the Balls by Detecting the
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Renewal of the Computer System for the Professional Education
at Department of Electronics and Information Engineering

MATSUNO Yoshinobu, MORIYAMA Hideaki, IKEGAMI Katsuya,
OGISHIMA Masumi and HORITA Takayuki

In March 2016, at Department of Electronics and Information Engineering, the computer system

for professional education have renewed. This system was procured aiming at a system with
extremely low cost, high flexibility and high performance. In this paper, we describe details of this

system.

1. [FC&HIC

AR LESFHMFRET . AR OEFEH L
FRCE 284 A LV Al LR M - kT
F AHHRY AT b3 — R THGHE SIS, AFR T T
e DB TIEH TR &) Tk, AHERE LT
L TCWAEEHa L B a—Z AT HMIMAT, it
KEVEAHHFR LR OB EH 2 Ea—H X
T LR UEHA L TV A[1]~[6], JiUTAAEE L
LTS L QWD EEHa v B a—% v AT AT,
FEARMIC AT RR L LEHEIRAT Z L2
ESINTNWDHD, BHHEHRLTFROFEDRZ 55
& UTBEPRE0E DR - 8 ORI B EREST
TN = a OB ANRELNE NI FERH D, F
7o, EER LRI H 58 B B O = O
AT, BEHEH=EZFIAT 222ERH ooy,
IR b 5D T, FERE OWEDRRETH 5729
2IBRADOEEEL LTHMEL STV,

ZOBETHERLFROMBEOBEEH = Ea—HFIC
DUNT, 2016 4 3 HIZHEFZ1T o7, BEHHIOHE H
AL a2—H VAT ALLT, [HY AT L)%, 2011 4 3
AICBEASNTZH DT, EFUIC L DHERFEBLa X |
OHIRRC, HERE - FEH REBBEE LS T 72729,
BHEATH Z &Iz, BHBOBEEH L Ea—
HUAT KAEAT, BT AT D)DENZHT= - T,
BER LR CHET 2B T LEOFREC LG

T5 LEFHT, BEL= X h ORI BEE LT,

ARG Tl BUTV AT LOBAORIEN G, FHED
AL EARDUSDVTHRE L, ARISOVTHERRT
T %

2. BT AT LOFEETORE

[HY AT A, 2011 4F 3 A DEAYLIFHI Y T4 T
I PC @ CPU 7 Intel Core i3-540, A1 > A€V 7% 2GB,
F RV —F 4 VAT AH Microsoft Windows?
Enterprise T ZBHAA L, BT TAA 2 AE U % 4GB
(ZHEER U CGEH LT s, BEAND 5 < ZF4E
L. EE L2 - BiEPICEIRET 270 8, ERICENE
TE RV RILASERIE L L T,

ZZ T, BV AT AOFFIT AT THRE - T A1T
S7c& T A, 2015 FEEEORRFERE T 180 SO T
FHEE(Z D% 207 TN N s Sid 2 & 127
ST, 72720, ZOREDHRTOa L B a—HDOFEH
MmO CIREE 72D, BTIERLFRINTIEL, %
R E: & BEMNTEE )N OAET 2 Z & T, 350~360 7
FIRRORE 2 el LT,

HARDREIZOWTIL, RS TS TREEZE
L. HEHO— 1oy MU — 7 BEEITIR S AT
LDOLDOEER L, 7747 b PC AIKRE XUV
TAAT LA DOEFHEF—SHOBRAEY, Zhh
DREDOH TR E Lz, #Ak7e %175 Active
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ETHRLARHCIT 2 HMAERIEHER 2 Ea— 4 O R

Directory — N3, AmEE & LT L CWDEEHE
HAara—F T AT A[MNELHICTHZ LT, #4E
ZII U & T DFIHEOFENE F & RO A
EBE LTIz, IBIIN—FT 4 AT A A—VOFEZD
WTIE, [HY AT A L[ABRIZ Symantec Ghost Solution
Suite ZHVWCTHRITITY Z & & L, 1EE 1RO E
1To77,

F2. BROFHEA Y 20— TR K H 125 L
77

- 2015/12/1(:k)  AFLISE

- 2015/12/22(:k) #RHIFEFAGEESESE - AMLESE)FEY)

- 2016/1/15(4)  BHALCEKY)

- 2016/3/15(:k)

BAFLOFER, (R > AL S N2 A L D TR
BIER L TWRRBENIZB S o7,

3. WITU AT LD

BUT AT LOBRA R A X 1 ITRT, £z,
7747 vk PC EHRERT 4 AT LA DFEB LU
AW 3 BT n 7T 2 v S E(EBEIER TR
F)~OFERE, BE 1 EBE 2 [ZENEIRT,
WA LT BB D Ay 7 1IZOWTE, O A3
11571,

SREHF LIZ7 T4 7 b PCIZIE, B L55ER
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This paper presents a study on the high-performance pretensioned PC bridge beam using
CFRP(Carbon-Fiber Reinforced Plastic) as the principal structural reinforcement and stirrups to
prevent salt damage. 12 test specimens are used to test the transfer length. One full-size specimen with
a total beam length of 12.5m is used for bending test and another full-size specimen with a total beam

length of 4.0m is used for shearing test.

Results of the experiments show that the transfer length when prestressed with CFRP is the same
as that of a regular PC strand. Also, the bending and the shearing strength of the prestressed beams
reinforced with CFRP is same as the strength of PC beams reinforced by regular PC strands.
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