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KERMIRE 2 DMERM (Wimm 3 £)

FrLUUES K %

FE2—1. Bk SEIC &k HEEER

0
HE 1 BE2 BIES
v, (km/h] 1.44 1.53 1.67
v, (km/h] 1.09 1.17 1.33
@
HE 1 BE2 BIES
v, [km/h] 6.35 6.56 6.72
v, (km/h] 6.34 6.07 6.22
©

EOOIZoNTy, /v, kDD &, JE L 2E 3DJEIC 0.76, 0.76, 0.80 &785,
F72, FERIZ@IZOWTy, /v, Z2RD D &, HIE 126 3DJEIC 1.0, 093, 0.93 L7225,
QL@ Tixtbv, /v, DERRZRY, QOEIT 1 ITEVMEMIZH 5,

NHTER 113220, WiEESOEB = p L X —DREELZ DN TE S, ODOBEE, HHiEk2
TR 72 D TN 0 | W EER) & [FELEE O kL X —Wl AR, —F, Qo HHEK 21X
B0 TIZUOIZ L — EE2T Ry | FHEZIIAERER) L T RN EEB LN, $HER 1 O

B vy, SR OMEE v, LT, NEMT IR —REOEALD, ZhZh,

1 1
©: L L2 1 | @: —mv; :Emvf L%,
2 2 5 A
1-| 2
&
R=50mm, A=43mm &FiED: 2=082, @: 2=11k%> LMEETE S,

Vi Vi
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BE2—2. AXMERDEE
®
v [km/h] | v [m/s] | v?[(m/9)2] | v,[km/h] | v, [m/s] | v, [(m/s)?]
HAI5E 1 6.33 1.76 3.09 5.90 1.64 2.69
HAIE 2 6.39 1.78 3.15 5.98 1.66 2.76
HIE3 6.34 1.76 3.10 5.92 1.64 2.70
V[(misf] L] * 1 m/s=3.6 kn/h
= R - RE2

S SR 104
S T T 3 T T T 3 X[m] O C T T T T T T X[m]
0 0.03 0.09 0
330  |mig? Vo= 1.82  |mss 6= 332 |mg? %= 1.82  |mis
j m/s
; 1.82 /
7.4X10 3 kg *m/s
S T T : T T T X[m]
0 0.03
3.30 (mig? Vo= 1.82
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©)
HATE 1 HE2 HAE3 i
X [em] 9.0 9.2 8.3 8.8
@
alcm] blcm] cos 6 zlem] | v, [km/h] | v, [m/s] | v, [km/h] | v, [m/s] n
1 30 7.2 0.97 10 1.55 0.431 219 0.608 0.143
2 30 7.2 0.97 10 1.22 0.339 2.01 0.558 0.137
3 30 7.2 0.97 10 1.64 0.456 2.27 0.631 0.140
EH 0.140
®
S{EERDEE = | 5.9%X103 |kg* m/s
®
SHHEROEB)EIT 7.4X10 3kg - m/s, 3{EEKOEBEIT 5.9X10 3kg + m/s T, H
HER DB EAOCE, & OERATEEEATO AFEKROER & B 55, FE
BRRAZDOFPIN T, EHERIH%OEHEIIBFEINTEY, ZYRERTH D,
RBANRER1IOHEEAZIZEALEOICLTL—L EIZEW- X, Bhlck->TA
HER 1 DIEL7ZE LTH, TDL I ORGAEREJHERNNCIT 0 B2 K0 Kt
M X ZHET 50T, HEEROEISEDOSEHIZ LSRN, T Lz &3
HE, BEINZLY, R OBAEREHEROEEN LT N6 TH D,
@
B = [ke] R E[m/s] BEHIRILT—[mJ]
St Ek2 4.07 1.82 6.74
3 &k 12.1 0.492 1.46
A&t 8.2

* 1 md=10"3d
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0 0 830 200
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ZAuE, FEBr 1 TSz EERom E LT 5,
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STOSEERAEM D — I, BaOMMEmR2 Y — FitomIZiih TERP AL &, Ele V—F
MR —R & 2> T, kb R CHREHE D IZ[EHE Lag T,

F12, STOMWIRA A ERO — bR TSSO T, UV — FRROSGDIREA OMFEmEIZ it 5 X
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— BT 5 BIMEMIIBEAZN SHIOFE V IZEHRIE 5 X5 e 1 &5 KIES 20D, NIZR 5y %
PR, BEA LSO T2 T RN A B, MAENSHIOE D ICEEIEL LR hE KIFET &
Exbhb,

FRRIZ, ES — 4T, BIROEMICHEABINEENTOD ERAIEIN SHEIOE Y IZEHE LT,

RE3—6. fEm

BIO—ET HEMWABIVREEINTVWDLIREEE X, BROEHD O, Baof Oy %
ci, F8V (BT - B - V—F#) % T 5, ¢ & o O ERNDERBPHEA EZEON SHEHIOJE Y
ZEE S LT BN A, EThEh, TVE Ty T 58, TPIEBAND ¢ 22 BIRSHEA DB
JHmERS) T ORAER & 72> T D,

EH EIEROBENS, T +T7=0

—JEAT A EFIIN SEIOE 0 IZ[Afiz X &5 A %2 KIESRV0nD, T+ T=0

Lo, Iy=T

Tibh, BSOS ¢ N D EBRAHA Z N SEIOE V IZBlZ 5 &9 R Ty % &IE
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REGE 720, BB TH-o72 0 LEBEOEAEERKICOVWTHNS,

%Eﬁ@;ﬂﬁi :

Db HG IR E S D &, EOIREIW Lo TEELEDLY, im TS L TREKEZAET
Bo EHE Lot EERG DR L ON, EREOKOER L L TEEINS, IREIOR S E TS
L&, HOREOREO L IR T, % ETREIRET 285 (18) &< IRE) LW (&)
WHREIZIXBITE DIRREIC/2 D, 2FV, BEHRENTE D,

i A [ L7231 TE D EF IS OWVWTE R TH D, MWivZ [EE L725RIC TE 2RI, KR
TR EIC R DR T X bR, MOREEE L[m], RICAELEKOEEZA[mET 5, 2
DEE, FEREOBEMEDEORS LIZELNI &b,

na,

=L (n=123) - - (1)

ERDUBENRD D, ZOFRMZTHIZTHEIR- T, EHENREET D,

n=2 2 {FI<HE)

n=3 3fFRHE

WD DO S v [m/s]ix, ZEOENZ TIN], MEE (ES 1mbizhOEE) Zplkgm]ET 5
k)

Thzbhbd, £, WEMNA [m]O & X, BEORENK [ [Hz]ix

\/7 (n=123,) =+ - (3)
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E7en, (3) Xn, EFEATE D EXOEREIL, ZOES, ZOMEE, BIOZIZMZ 5
RN OIRELHHMEDEE R D Z NS, FD L) RIEEHAEAREIKE VW,

RpEE
EEBRIE | CHINT 2 EBROREZ T 1SR, ZR6EONEOIR LWhE ) lShTns
UTFZRZRAC W THiBICHBT 2,

(W H - 7= LAT)

SA7 : REI A B 2 1R, A 6 mm, £ S 140 mm OHREREIZEAL 0.55 mm OHEE (05<)
%ﬁ 4F%wr%é R HOuET > h THFFE EFATIZR D X ICEES TS, KxHllo
S ﬂmekﬁ<ﬁOT%U%% BT ARBHNTND, WANZIET =7 A Mgan 2 f#
Iménfwé XF6 I T AR OB DAL B TR S OZEEBICZE L CEE TE
HEIITHRoTND, “EﬁzE%:@JﬁW“k’é ii% O ZFETIXS L LI IC LTRSS LT 5 &
HIZBRENDIT T2 ENTE, RERBANCETIEI W,
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774 MR

TH 2
@ VU—F# G oX)  BEBEAKBRO A VICEREZRT2OD, ESHImOE=—La—K, ZO
a— OO % TN ENODOFRIREGDO M i+, —IZ#kT 5, SEOHBEELLDa—
Ra+H5W0IE— 128 L TH LV,
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7w 7 (GHEOLTEOOER I mm OHifE T 9.5g) 11
Sy EAE30mm, JES 2mm OMY v v — (1HOEE 9.5+0.1g) 154
® 5%
PeRBERAR : HAA 0l mm, ESK3m, 1A, MBEE 73X107kg/m
PSR B 02mm, BESH Im, 34K, MEE 29x10kg/m
PeBHR B 03 mm, BESH Im, 34K, MEE 6.5%10 kg/m
E—XE 0 (Plizaty) LRSI ImO#DR1IA
® FEiEE  FEITROEBRO FIEOE TR 2%,

EBROFIE

1 FEBREEORE

FE1DLOIZ, BELZERVOLMPFANCES, WENLEmMI DI 1T 5, EHAERD
hiéhk%%?mt,%@%oﬁﬁm%_7y7%ﬁbﬁw,%%D@%ﬁ%oéb,5%®@$%
HLUENEIZS S T 5,

2 WERIREHIEDLHE
FH2OEHAICEREZRT Z LK~ T, MEBOKIHIIZDOERDOMEIZL>T N MELIT S
MR LT 5, TDELE, EAICREINTWAS 7 =74 MEAIZL - T, EMAROLRE, £F
7{:7 RN T D, BE 2O aA )VOERBE N2 G HE 3 ORI D H I bm 7128k LT, TR
DERAA v F 2 ONITT D &, A VLB AL, EHEAABROLmE, NMRE 2L S Mo
AT D, 2L - T, EEABITELICIRET 5, 20L& T EREAIZIN D A B O & 3
& B ABOIREIEITFE L,

3 FEiR&OMHL

oEF L

(POWER D2 A » F)

FUSE 1A

HJ1EE
(POWER D> F #)

FH3
BH 3 ORRaT, BREABZIRDHZZZ THREISE SO 5 ZREREERETH D,
HAIEROBTY, EE O TEZUTIZHE~S,

OB R X OVE R £
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H AT ERLH C, B DR EKIE 1Hz 725 200Hz £ THZAETH D, 1.0Hz~99.9Hz |Z 0.1Hz AT
v 7 CA[%, 100Hz~200Hz | 1Hz A7 v 7 CH A,
Q1A BB O E ST

Ty7E R, BEIICRT LI, BiESLEmEICHD HERIZ A RRORF &2 LUET 5
k%ﬁmﬁﬁﬂk%<ﬁ@,mﬁ@ﬁﬁ/&~_Ty&wfﬁﬁﬁﬁﬁﬁ%%éhéoﬁ&y%ﬁbf
WAL, EEEI D o2 —DFRRIIEDLN, HASNDEEBITRZ 2T EROEO £ TH
Do MELUEHET LZDLEERRENTWDERBMOHNINHTGOND, FIREREEE T2 L ETED
TiZd D, HERTZ V' FRDORZ o ZFE L X DI LET, BEREERIC Tl &, RNZ &
TEEDOLERRINTWAEBEEOH IR ELND,
@B DT Tk

FEIRERD D O JEIEIX POWER & FR SN TN D OFEAEEIT Z LI TEZLID, AT
FEHMNEERREL R, AANCEFIEEHEEN NSRS,

4 EBREEDD ETORE

ZOEBRTIE, WiEEE SNHEOROERIHZTHRHZ L2 HME LTS, IBHTIXIHNT
WD AANEE E G & 270 L CRIBEIZ RV, DE VIRBIOEICZR 5, IRENE Ch 5, ERABRICHR I T
Wb EZADIL, ﬁ%’ilﬁ%ﬁi&w L LARIOERTIE, BIZAZRWERE D/ S 728k
FHEOIRIETY, TOHRREBIZEWTIL, REBOEOE DR IRIEN L S, BRI S
nTnsez 5%%%%@@%&&&# EMTED,

R L TTW A ERAREIL, EIEEK 40~50Hz I TEM AN BICR X DRREICKE EH)
#555#%50_mioﬁ%éié%ﬁwﬁm%%% %%@@%kﬁﬁ#:&mf%@wo:@;
972 & XM POWER DO FE A A I LT, Selmih iy OIRB)OIRIEA 43/ < 722 K 5 IZiET 5
&, Flo, BEMIEX LR, BIRGSOH ) ZHAKIZ L TERZ OFF 1235 2 &,

B 1. RCEERAGMICRE S ¥ LS OEFRZBINT S

M1 — 1. EXIES, 2%ES, 3 &ESOER

@ EE 0.3 mm OYIBERGR A BREA DO I L, BREAOEOLEHC 4505 £8, 5
SRS THKIT RN HITT D, %ﬁ@%?ﬁﬁ®%%?!@i?uﬂbfiEU,%@
A 25T T2 D T v 7 DML 7o T elinil iy 2 1L T2 57,
T ZIZBLDEDDLHLTHRENL 7 v I BRELRNE T EH D
L, BELSDLE I, Ty ZDONIED DAL DLEMIZED
FFENTVWDI|EEZN L TEEICSD FiIF5, 207y 7, B
b0, EOPLOMEICMN WK I ICERT L2 L, BHAIRT
22, EBEADOBEDOTFRIOWED, EEOTFRIOEIZ—KTH LD
IATICE S &, KFEITEONTZERD & 5 ERAICELNTWZE
LOUHfHEIC 5 X 91278 D,

Q@ 7y7IBbLYVDOT Yy x—ETHOLT, Z0OLE, BH U AKROEEIL(BX9.5) g (27
Do
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B AED I EZRRICE S THIMFAEL T, 70em ODAEICS 5 LI ICEL, 2Dk &5
DEINT0em L72->TNDHZ EEMRE L, b LTI TWEEAE, ORI 70cem (2
725 X OB ONE & PR L,

EEARED A NNDE DY — NI E ERIRSITHSR SR, # L Hailids 42
& FIRERDOH T POWER DO FE B2V - [EWICET (0 DJ5[), FEIEEF D4 D POWER
DAL FD0FF DT AN STV D 2 & Z i L, ON DARBEIT 72 > TW e H 44§ OFF
DIRBBIZHE L, RICHIBZROERT—FDOTZ 7% AC100V D=t MIELATe, F
#R#3 D POWER DA A F % ON T T %, IR O LR T TN RIT 5 2 & st &
RAT L7220 E IS K J8IRAR 2 © O ) A ES 20 Hz A2 72 5 & 9 IZ HERTZ  V
FTIZHERTZ ADRZ 2 LU CREE L, 20 Hz fHEOEEES SN, —ERIR
FROEIR POWER & OFF 3%, WICEMABRDO A A1 ED U — REZRIRIEBOLLIHTH 5
s ISt 5, HEROBE+, — 2 XBIF 2 0EIE e, FERRICRIE W 72 T FU3s
JEE8D POWER % ON 129 %, KIZ, POWER D DFEH &I KH DK 1/4~1/5 R4 1[0
L CHhD & EBEABRNDKFET AR L CTWDORbND5, F8TE-> L BRAED I
fitv CTH L LIREI L TW D DR TE D, BIRMME A HERTZ A ORZ o Z#LT1
~2Hz RRE LR, REZUZHEL, RORBOKTFEZBILET 5, SHICEL 1~2Hz BE
B, IRBIOTFEBIEE L, ROBIROKRE < 25 EEEE I8, Bilkkhs L+ Ek
LIS BHERTZ Vo ORZ LTS Z 5, 20X 518, RaITBWED T
ROWEOIRIER K & 725 & EDORIRERE T bbb, MRIREH A RO D, ik
AIRENTH D, EARBONBH S5, RIC2HHES), X512 3MFIEBOEAIEE 28]
WL T, ZnENoEREEZLET 5,
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HE  2EREBOBAIOE, ROHORENZEET LR LIZLD L2561 H L5, DX D127
ST L FITTHOMETRE TMUNLZ > LIEETHLHIT KO LT HMOENZRL S A TRD &, LE
LZRENRIE NG B0 %, E/oH ) POWER Z2/h S LTRD L ZE LIZIREIDNGEON D560 H D,

RE1—2. RROEH - B

T — 1 ORGEMED S, FHRBIE O EARBIEI S 582K Ko A 0.3mm D Z OFIROM
FHENE 6.5} 107 kg/m, E7EAONEENL 9.80 m/s® & LT, MARBEOMEME (3) sk 23
BIAER & 2 ST X,

HE2. KORS—EDOR®, & EARREOIRREHOREKEZ TS

HE2 — 1. HERIHOAE

D 5LE LT, FE1 THWE, B 03 mm OWERREZ ZDOEEH D, EOESH 50 cm
ZRD X ICEBABEZRRICEY M2, 7y 7IBb VDY vy —2 1 l25T (B
H D OREREIT2X9.5g),
FEIRJE A A A L CHRAIRE 2852 L, £ o MRIRE A JIE Litékd 5,
FERIZLT, BV DY vy —Z 2T HOHLL, ROBRNEZEZT, TAENDOLE
O FEARE O LR JE A2 WE LA AR E SN TV A RICEEKT D (Ty 7 b
D1EEEZ D),

@
®

M2 - 2. EROEH - B8

BbH Y OESIHT 2 EARREOMEEEHOMGEE 77 7127 a v h L, ZOMEREICONTEREYE
X, ZOLEREMEBLY ODEEOVEHIRZWHZIE 5T, V777 ay b5 L, WEOBEEREN
S0 LT,

HE3. BAO—EORD, DR S & EARREHOIRE B OBEKREZTD

BFE3 - 1. HERSKOHE
@ LT, EAO3Imm OWEHHEEH, 7y 71ty vy—%2 TS5, BHLYDE
A (8X9.5) g &5,
Q@ BHABEBHSYE, WOES%Z, 40ecm 225 80cm £ T 10cm BXIZE(LEHE, A Eh
D FEANRE) O ILIRIREN B A I E LRk T 5,

M3 — 2. EBROEHM - BER
ORI T 2 AR OEREOGREY 7T 7127y L, ZOREICHONTELRE L, #0
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RE4. BORS, ®RAOZ—ELE LT, MEELERREOIHRIREBOBELEZHD

BE4— 1. ﬁ%ﬁﬁﬁ@ﬂﬁ
O WEEY PSRN TWDHERE03mm OHFR T, LOEI%E S0cm, BHLYDEIZ(6X9.5) g &
LT, %ﬁﬁ&ﬂﬁi&%aﬂ@ LT?,* CHEAREZ SV, £OMRRE 28T 5,
@ BEAEER 0.2 mm OFBEHCEZ T, FRRRPEZITH, T72b5, MOEIIEL50 cm, B
H Y ODEé 75:(6><95)g &L, EARIRE O SIRIREN 2 JE Licskd 2,
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— A3 & SR TR S 7212, —H#BI 72 > THUEZR > T EBRE 22> < B,
ZORER, FWARE—BTES, K11 I1X, DDA TEHYA T
FUFTOWMEX T D, AFEIT, BEHFENOGHT, 2 20ORRLIBEKEIZH > T,
Slage~ LTy, TNDH 200N, HD Ho THFH L, ZEaTxFE N5,
ZAGEDALE COEFDIRINE, 2 DOWDONAEZEITIKTT D, ML,
EEEZD ETEIT D,

E—n5y

A\
g —

~A 7w FREER

/

P

1.1: ~A vy 5 OB,

1.2. Z DERICVNELRERIE—E

1) v/ 7 niERiER @ Lz0XHEE ©

2) A7 ulZERE @ LtoXEE©

3) f R @

4) 2 OO KRG & T D3FrE O KR E L TRV SRR @ .
5) e L LTHEET 2 MliES O ICo¥ - B — 2550 @)

6) FTUHNVLTF A —2— D
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13.3R8E : =1 7 uFOERDORE (Bl 2 470)

1.2 TRULEERGEZTZHNT, ZXHICBT5~A 7 a0l RE L 20E
T DD, ATV W EMANL TR SV, BEEZEEZEZ 2R HHE L
T EmOHNEEZRIZLARI N, TRELEICLTHEELZRDR I, £0
B, EHROBEOYLDNFHARVEETHL Z EE2EE L, ZEEHIEL T, K
DI W R DORAKIIZREFEA LD 0.02 ecm TV /INELRD LT LR EN,

HE BIER @ IE~A 7 alid — BRI DT, FOBAIINL-T-0T 5L
BIEFETICHET S, ®OBRAICNLST-0 ., BNz LT b,

Part2: [EE] OT%
2.1. 18I

BRI, FEEAO ERE ICAS L, K2 1IRShbd LI, 2 o085y
MPLD, Al T o EE s S, BT T EINS, ALBOER
BOEN, Wb HEETHHIHY T 5,

%] 2.1: O TG DR

AL BONEENTHIZL OBV OEWVORRNICRD, TOLEHELR
DWDFRE 11X, 2 ODWDINHKATIRE 5, THUTHER, AFEOAIA 4,
WR A, BEOES ¢, BIXOEBEOHES R nTEDD, LZn>T, #HEOHE
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IR nlE, t& ADEZEY, ZEROMT) Sxd ,0OfRE7Tm Y hLTCT T
TNBRODLZENTE D,

22. ZTOEBRIIHNELRERBEDO—E
) <A 7 ulEFRERQ@ LHEA ©
2) vA/aEER® & EAO
3) EEEELY R Q) L e @
4) R D
5) [iE ©
6) FTUHNLTILFA—%— D
7y TR ORE AT R

8) /XA
2.3. BRAE: BHIEAR DB ST ROBE (B 6 &)
il 1 0 OBV EFHOBRVDORMERE 6,1 A, n ZfE-TRLAEIV,

(150)

AREE 2 12202V A DN ERE AT A ME - T, ZEROH TS DL E,
AHE 0,73 40° D 75° OFEPFHOME O E L THIETHZ & D
TXDHEBREEZMAN T, ZORKERZ IV, ZORE, AHMA
EREHE, BIOREEEEO B T OEREEZIT-E D ERL
REWV, F, BB T, 25—V THEIONTBETR S H o T
BB AP LS, KRIZ, o7 —F 2R TRLEI, &
ST, ZNE D LICZERETI SEAFA 0 (kLT T 7IcHix 7
VY, DBV EFHOEWIIRET D (ZEH T SO KIE & &/
B%522) AELZZNEIIEMRICIE LRI, (3.%)

B3 EROEERE 1.00 EL, THWoOR, T2bbBHE m %
REL, BEROEITE n 2RDREV, m & n OfEE ML A
IZFEA L7 &0y, (1.5 )

A B ONTAERICH T DA 2D, JRITROBREL AL D 72

SV, REA n ZRZEARICTEA LR SV, (0.5 %)

fe={1{13
SH

EE:
o YHFEA LV AXDEmE~YA 7 BFERERICHITTEL &, v~ 70Xz
AT —A, DFE VR ERD, FOLUVADERE A 7 aBREHDOH
OEOEREE 3em 12 LR EVY,
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o VA RWRERLZEBRIBIERNORESBELTRET S L IWVFEERS
B/Bohd,

o TAVUPENREEETRVWE, BRISNIZEHRHAISEARAOI OFTF7
WCARBERE—IBENATLE Y, ELLHFEINS L, FBESNTZ 0 D&
40°~75°TiI, FHITL o T, —DODBKRE —D>DOBNBENDTZT TH S,

Part 3: e~

3.1. I I

R E VD BIRIE, HFEANEBERWE D BB E A~ NS AR L2 & &I
BT D, LML bEBRITE, BDEFICX o TPRINLI BRI EITES T,
ANFHE N E IR AL, D LOR], BRI X HIEATHD,
BELL. RSB RWEICRES (M3 1 ZR2EW) , ZoshRiE, Ko
PTHOTHRINS [F—2- ~rbzrOTh] ELTHLNATWA,

”23 ‘/%’77—\
X 3.1: 7V XA T Z B BHEE ORI EH LIZMEN, Fh 0L, 7—%- ~
bz DOTHICE DKEEO T ) X AFKE TOVATEEIOREEZ R L TWD

(RN D

32: 2007 XA ZHHEE d BELT7- L EOFEROEERK, T DX, F—A-~
VB DOTHICEDKEE DT X AEKEH TOVITRHIORECH D, £1-, z IX
FAZBOPLEE 7Y RADSLE CTORHETH S,
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X 3.2 1R &0, AUEHRZLS (AICLHETTETND) 2507
ALZe, DTV ZXLNGOT )RR dIETHELEICRS L, 2FBD
TV XLOHFICEMBEPMRAT HERNEZ 5, ZOREFHERIGE, R
7222 )%t (Frustrated Total Internal Reflection, FTIR) | L FEEND, =&
THWDOT RV —BRE [, 1%, Wl BT DL L HIc, ROKXTREND
F O ICHREMICED T 5,

I, =1 exp(-2yd) (3.1)
2T, ARz VF—ELZRL, vIIROXTEZLBRD,
_ 27 |n

)
= sin“ @ —1
}/ 2, i’l22 1

(3.2)

MIZER P COBEKOEETH D, n, i, ZZKOBIFARTHY, 1.0 LT 5,

32. ZOEBRIINERERBE—E
1) 47 aEaR @ L EDIFE O
2) ¥ A 7 aizfEa @ L EDOIFE ©
3) A EICZR > TV S EHERL X Q) 2D FE O
4) 250 TTEEZMEDT ) XLQ) LF0kkEe ® .8 LOSKE
L LT hsRET 2 EllEE ©
5) TUHNTNLFA—H— D
6) fAEFER QD
7) EH

33 EEORE

3.2 ICRAR SN BT 2, TRER 2B T8 57U XA
B OB E LT, =X —58E [ O bERET 5720 DHEE 2 AL
Th, L0 XVEBRERZGELTZDIZ, ROZEICERE LRIV,
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o ZOEBRTIY, AEFERORFOT — LT &M, o, HERLR
BRLZERET —L0bIE T L TLN,
o TV XLDREMBBAWVICHATIZRD LI HREET LT &,
o FJURXLLVAOMEODIER E DM DOERZ 2 cm & LSV,
o VAU MEZEHROFAAMHE Y XA NHASHETELS 2 &,
o TNEND dDET LI, IRDEZEH/L LTV XLDHEIZH- T,
~A 7 B EZAZIRONE B L 72 S0,
o TUXNTINTFA—F—% 2mh DLV IICHEL, d=0.6 cn2>HT —
ZEWMVMBOHDLZE, dERES LTV EE, TUXNLTILTFA—H
DOFHEHH0.20 mA LA FIZe o7 b, HEZRD, R CHIE 2 # 0 K
L7 S0y,

34.388 : 7V XL OBIFTRORE (Bl 6 /R)
AR 1
FAR DN o Te RBASE O 2 &, FERIGEIIT2 =V TR L
ARSI RS, BBENZIX, Rtz (K 3.2 ZR72230) O ffE
ERLTEDEEZPR LSV, 21E, BEGOTLEE 7Y XAD5EE

TOHERETH 5, (15
PRRH 2

—HOREE 2 ETo T, WE LT —FBLURER A —ERIC

L7p &0y, (2.1 A0
ARRE 3

(@) ROT—F%&=T7 7717y NLERIW, ZOK, 7—ABEOHEHR

WMOBREZ 7T 7HIRLTHIERIN, ZhE2b I LTREITEn B

FORZEDEEL RO IV,

(b) 7V XLOREI=E n &L ZDOBRFEN n , ZRERMRITTEA LRI,
(2.9 /)
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Part 4: &K FEE L2~ 7 0ol 77 v T KE

4.1. 13 C®IZ
77 v 7 DIER
KEam O THEENL, 77 v 7 OEH
2dsin@ =mA (4.1)

EHoT, ARDIENTED, 22T, dix, X#z K& 32177061
HOMHEET, BFEREEINS, 22T, miZEIREKT, 0IFARXRE
fhmE & ORTHTHD, 77y 7 OEANE, —RIIIET 7 v 7 ORFEX, &
DVEXBREF R E NI B THER TN D,

& BEOK T

X BOWRIL, RO FERERBREDHETHLHDT, BHDOT T v 7Ol
IERIT, XBEAnTBIRbnTns, LihlL, v 7 ailEofs, Lok
R ERE b OREEEE CEIAAE L 50T, EICER THIETE 5,

4.1 RBFEK a, bOSREERKT, BILOKTHHERE d
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4.2 K41 (RACAF—=LTiERy) 28 EpbRaRBEORKT,
ERE, BT OXBROmEZRL TN D,

ZOFEBRTIE, BBBRTOL NI T, 7T v OEIEHERT D7 OITF]
HENbd, TOL5 e RERE OB 4.1 12737, 22T, @BEIE, HhE
RRBTR LTV D, xy FlEDOAME T IR o Ik Tz, a2 DI mETE
LTW5D, 7z, 4213, @REOKTZ Lo 2K Zi#lZih> TR A7)
AL, TITIE, RPBERL, BBRART MO FmZRL TV,

42. ZTDOEBRICHERBE—E

1
2)
3)
4)
S)
6)
7)

~A 7 EREHRA LG

~A 7 R fERB &G
HfEfL 2 Q LXFEO

SRR TFDOANST=T T v 7Ry 7 2D
EEREY (D)

TUHNTNTF A= — D

A R D
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v

X

B 4.3: GJERIC LD TR

ZOERTIE, MA3ITHPNLTWD XS, @RENEMR S5 E>T
WHLHLDONEZHN TS, ZO®BKEAIE, FOTICEHSLTWS, Z03%k
BAERD O T O T ER a 2 BEX12T, BHSNTWDE T 7 v 7Ry 7 A3,
ZOFEETHETEX 0T, M, BRTRVWZ E, b L, ERKETHR, HIH

ToONTVAEZ NPT E, JBRIZRHDT, EELARIV,

4.3. FRE: HEMEGRT OB T ERDORE (Bl 6 AL)

A1

X 4.3 \RT XD REAE KT 2B ENDRD EED LD REBIZR D H, A
WHIPHTHEZS 72 SV, F£72, ZONEIL, G A LN O EE a & *HaHE
FmOkETEME d & EARE AR RSN, ZOREEEST, 77y 7 OiEHIE
XU, (1 &)
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AR 2
7Ty TOEAE X DB LR T, FER aZRET DHTODT T v
7 DT EERZFRGH L7 SV,

(a) EBRIEBEBOMBNL TE A v T LRSI, 2X—=VORERRT2H-> T,
TRCOBEEZHBEFLE S TRLARIN, ZLT, BEREKTHEDRT
O LREHRLEZEREORTAE § ZlIoZTVOND L IITRLAE
SV, ZOEBRTOREYTEIL, 5O LHEOROER TR S5 AT O
mToH D, (1.5 &)

(b) [T FEER%E 20°< 0<50° D 0 (ZxF L THRIE L7 SV, RIS, HIERS
RERIZLT, 0L ¢ ZigdkLI, . (1.4 &)

() 0B E LT, MO R X —EL 7y LSV, (1.3 5)
(d) 77 7%FE-T, BT EHa ZIRELT, EFRRZEZABEL V23,

(0.8 &)

TE:

I REBORBREZEHZDIC, ZEHBEIEROMEINI 2N L (RUHANC
BEELTRBLZL) , REBELBETOM, BTLZEHOMIZ. LI
50cm FREEHES Z &,

2 ZOEBRTE, BTOMNABRFROEETE2ENZIN, L, MOEE
55 LMEST-RRITR D,

3. BBRERTDOASTZT Ty 7Ry 7 2D, ROABRBEIN TN D

mHx EICLTHEATSAZ &,
4 FEHERERZED I, ZNENOAECORITREOY—7 %255 L9

IZ. DO —7 T OAECEMPHEIE L7z E 0,
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Part 1
a. A sketch of the experimental setup
i
Receiver :
Rotating table
!
; Goniometer
]
Goniometer s : Movable arm
’ eam !
Fixed arm splitter \ i
_.+._l_._, g —— 17 - 7l ___________________ _,_
Transmitter |
i
; Holder
I
: Reflector
i
b. Data sheet
Position Meter Position Meter Position Meter Position Meter
(cm) reading (cm) reading (cm) reading (cm) reading
(mA) (mA) (mA) (mA)
104.0 0.609 100.9 1.016 96.0 0.514 91.0 0.925
103.9 0.817 100.85 1.060 95.8 0.098 90.9 1.094
103.8 0.933 100.8 1.090 95.6 0.192 90.8 1.245
103.7 1.016 100.7 0.994 95.4 0.669 90.7 1.291
103.6 1.030 100.6 0.940 95.3 0.870 90.6 1.253
103.5 0.977 100.4 0.673 95.2 1.009 90.4 0.978
103.4 0.890 100.2 0.249 95.1 1.119 90.2 0.462
103.3 0.738 100.0 0.074 95.0 1.138 90.0 0.045
103.2 0.548 99.8 0.457 94.9 1.080 89.8 0.278
103.1 0.310 99.6 0.883 94.7 0.781 89.6 0.809
103.0 0.145 99.4 1.095 94.5 0.403 89.5 1.031
102.9 0.076 99.3 1.111 94.3 0.044 89.4 1.235
102.8 0.179 99.2 1.022 94.1 0.364 89.3 1.277
102.7 0.392 99.0 0.787 93.9 0.860 89.2 1.298
102.6 0.623 98.8 0.359 93.7 1.103 89.1 1.252
102.5 0.786 98.6 0.079 93.6 1.160 89.0 1.133
102.4 0.918 98.4 0.414 93.5 1.159 88.8 0.684
102.3 0.988 98.2 0.864 93.4 1.083 88.6 0.123
102.2 1.026 98..0 1.128 93.2 0.753 88.5 -0.020
102.1 1.006 97.9 1.183 93.0 0.331 88.4 0.123
102.0 0.945 97.8 1.132 92.8 0.073 88.2 0.679
101.9 0.747 97.7 1.015 92.6 0.515 88.0 1.116
101.8 0.597 97.5 0.713 92.4 0.968 87.9 1.265
101.7 0.363 97.2 0.090 92.2 1.217 87.8 1.339
101.6 0.161 97.0 0.342 92.15 1.234 87.7 1.313
101.5 0.055 96.8 0.714 92.1 1.230 87.6 1.190
101.4 0.139 96.6 1.007 92.0 1.165 87.4 0.867
101.3 0.357 96.5 1.087 91.8 0.871 87.2 0.316
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101.2 0.589 96.4 1.070 91.6 0.353 87.1 0.034
101.1 0.781 96.3 1.018 91.4 0.018 87.0 -0.018
101.0 0.954 96.2 0.865 91.2 0.394 86.9 0.178
104.0 0.609 100.9 1.016 96.0 0.514 91.0 0.925
103.9 0.817 100.8 1.060 95.8 0.098 90.9 1.094
103.8 0.933 100.8 1.090 95.6 0.192 90.8 1.245
103.7 1.016 100.7 0.994 95.4 0.669 90.7 1.291
103.6 1.030 100.6 0.940 95.3 0.870 90.6 1.253
103.5 0.977 100.4 0.673 95.2 1.009 90.4 0.978
103.4 0.890 100.2 0.249 95.1 1.119 90.2 0.462
103.3 0.738 100.0 0.074 95.0 1.138 90.0 0.045
103.2 0.548 99.8 0.457 949 1.080 89.8 0.278
103.1 0.310 99.6 0.883 94.7 0.781 89.6 0.809
103.0 0.145 99.4 1.095 94.5 0.403 89.5 1.031
102.9 0.076 99.3 1.111 943 0.044 89.4 1.235
102.8 0.179 99.2 1.022 94.1 0.364 89.3 1.277
102.7 0.392 99.0 0.787 939 0.860 89.2 1.298
102.6 0.623 98.8 0.359 93.7 1.103 89.1 1.252
102.5 0.786 98.6 0.079 93.6 1.160 89.0 1.133
102.4 0.918 98.4 0.414 93.5 1.159 88.8 0.684
102.3 0.988 98.2 0.864 934 1.083 88.6 0.123
102.2 1.026 98.0 1.128 93.2 0.753 88.5 -0.020
102.1 1.006 97.9 1.183 93.0 0.331 88.4 0.123
102.0 0.945 97.8 1.132 92.8 0.073 88.2 0.679
101.9 0.747 97.7 1.015 92.6 0.515 88.0 1.116
101.8 0.597 97.5 0.713 92.4 0.968 87.9 1.265
101.7 0.363 97.2 0.090 92.2 1.217 87.8 1.339
101.6 0.161 97.0 0.342 92.15 1.234 87.7 1.313
101.5 0.055 96.8 0.714 92.1 1.230 87.6 1.190
101.4 0.139 96.6 1.007 92.0 1.165 87.4 0.867
101.3 0.357 96.5 1.087 91.8 0.871 87.2 0.316
101.2 0.589 96.4 1.070 91.6 0.353 87.1 0.034
101.1 0.781 96.3 1.018 91.4 0.018 87.0 -0.018
101.0 0.954 96.2 0.865 91.2 0.394 86.9 0.178
2.0 4
1.6
] 87.8 cm
P
— 124 1 s . 1036
< ® .\ . ! u" ‘S It oem
€ 1] '\-/\./\-/\/\'\/'"'/\/‘\:"»a,-‘\.
ful | LA A LA
E A
g 0.4 4 \/ f ®e V o \/ 1y .. ./ oo \.\I
(0] * [ . . L3
YTV
ood e I ¢ s .
0.4

position (cm)

—T
102

T
104
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From the graph, the positions of the first maximum point and 12" maximum point are
measured at 87.8 cm and 103.6 cm.
The wavelength is calculated by

A _ 103.6-87.8 om

2 11
Thus, A =2.87 cm.

2 marks

Error analysis (not required)

/121—2161, Ad=0.05x2cm= 0.1 cm.

|Aﬂ,|:%Ad‘=1—21xO.10:0.018 em < 0.02 cm
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Part 2

(a) Deduction of interference conditions

Assume that the thickness of the film is # and refractive index n. Let 6, be the incident

angle and 6, the refracted angle. The difference of the optical paths AL is:

AL =2(nt/cos @, —ttand, sinf,)
Law of refraction:
sinf, =nsind,

Thus

AL =2t\n* —sin’ 6,

Considering there is 180 deg ( 4/2) phase shift at the air- thin film interface for the

reflected beam, we have interference conditions:

2tNn? —sin® @ i =mA  (m=1,2,3,...) for the destructive peak

1 mark

and 2N —sin* @ o = (M * %)/1 for the constructive peak

If thickness ¢ and wave length A are known, one can determine the refractive index of the

thin film from 7 - @ spectrum (/ is the intensity of the interfered beam).
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(b) A sketch of the experimental setup

Receiver

Goniometer

‘o Movable arm
Plano-convex S

cylinder lens AN .
AN Rotating table
Thin film
| = = =.— -
Transmitter Goniometer
Fixed arm

1 mark

(The sketch should include the transmitter, lens, receiver and the thin film, goniometer
and the direction of angle measurement) Student should the Labels mentioned on Page 2.

() Data Set

X: 0,/ degree Y: Meter reading S/mA
40.0 0.309
41.0 0.270
42.0 0.226
43.0 0.196
44.0 0.164
45.0 0.114
46.0 0.063
47.0 0.036
48.0 0.022
49.0 0.039
50.0 0.066
51.0 0.135
52.0 0.215
53.0 0.262
54.0 0.321
55.0 0.391
56.0 0.454
57.0 0.511
58.0 0.566
59.0 0.622
60.0 0.664
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61.0 0.691
62.0 0.722
63.0 0.754
64.0 0.796
65.0 0.831
66.0 0.836
67.0 0.860
68.0 0.904
69.0 0.970
70.0 1.022
71.0 1.018
72.0 0.926
73.0 0.800
74.0 0.770 0.5 marks
75.0 0.915
Uncertainty: angle A, = 0.5, current: £0.001 mA
1.2
70.5°
1.0 4 o’
° ® o

— oo
f:E/ 0.8 1 ..o °,
2 o
= 0.6+ o
3 °
= [ ]
5 0.4 o
g .. ..

0.2 1 e, °

° [ ]
0.0 Seee?
48°
! ! T ! ! T ! ! ! ! 1
35 40 45 50 55 60 65 70 75 80
o) 0.9 marks
From the data, 6_; and 6, can be found at 48° and 70.5° respectively. 0.6 marks

To calculate the refractive index, the following equations are used:

2tn* —sin® 48° =mA (m=1,2,3,...) (1)
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and 2tIn® —sin270.5° = (m —%)/1 )

In this experiment, # = 5.28 cm, A = 2.85cm (measured using other method).

Solving the simultaneous equations (1) and (2), we get

sin? 70.5° —sin” 48°
m =

+0.25
y
2t
1 k

m=483 —> m=5 o
Substituting m = 5 in (1), we get n = 1.54
Substituting m = 5 in (2), we get n = 1.54 0.5 marks
Error analysis:

n= \/sinz 0+ (m—/1)2
2t
2 212
An = : (sin200 80+ ™% a1 ap)
.2 mA._, 2t 2t
sin“ @+ (—)
2t
2 212
—Lsin200a0+ A1 Ay
n 2t 2t
If we take A@=£0.5°=£0.0087 rad, At = +0.05 cm, 44 =+0.02 cm
Then, when 6= 48°
2 2 2
An=—(0.00875in96° + 2252 0,01+ 2 2857 6 05) ~ 0.02
1.54 2x5.28 2x5.28 0.5 marks

Thus, n + An=1.54 £0.02
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Part 3

Sample Solution

Task 1

Sketch your final experimental setup and mark all components using the labels given at
page 2. In your sketch, write down the distance z (see Figure 3.2), where z is the distance
from the tip of the prism to the central axis of the transmitter.

Transmitter

d Receiver

Task 2
Tabulate your data. Perform the experiment twice.

Data Set
Xediem) | AXem) | gl | gt | e | AsmmA) | LAY | AGY | Y:inG (mA)) | AY*
060 | 005 | 078 | 078 | 0780 | 001 | 06080 | 0016 |  -0.50 0.03
070 | 005 | 068 | 069 | 0685 | 001 | 0469 | 0014 | 076 0.03
080 | 005 | 058 | 059 | 0585 | 001 | 03420 |0012| 107 0.03
090 | 005 | 050 | 051 0505 | 001 | 02550 |0010 | 137 0.04
100 | 005 | 042 | 042 | 0420 | 001 | 0.1760 | 0.008 174 0.05
110 | 005 | 036 | 035 0355 | 001 | 01260 | 0007 | 207 0.06
120 | 005 | 031 | 031 0310 | 001 | 00961 |0006| 234 0.06
130 | 005 | 026 | 025 0255 | 001 | 00650 | 0.005 273 0.08
140 | 005 | 021 | 022 | 0215 | 001 | 00462 | 0004 | 3.7 0.09

*AS=0.01 mA (for each set of current measurements)
* §% proportional to the intensity,

SASH =AL=2SxAS

& AY = A(Inly) = A1)/
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By plotting appropriate graphs, determine the refractive index, n;, of the prism with error
analysis. Write the refractive index n;, and its uncertainty An,, of the prism in the answer

sheet provided.

In(Intensity) (a.u.)

®  Data
Best Fit

Least Square Fitting

X=d(cm) | AX(cm) | Y=In(l) | AY AY? XY X2 Y?
0.60 0.05 -0.50 0.03 0.001 | -0.298 | 0.360 | 0.247
0.70 0.05 -0.76 0.03 0.001 | -0.530 | 0.490 | 0.573
0.80 0.05 -1.07 0.03 0.001 | -0.858 | 0.640 | 1.150
0.90 0.05 -1.37 0.04 0.002 | -1.230 | 0.810 | 1.867
1.00 0.05 -1.74 0.05 0.002 | -1.735 | 1.000 | 3.010
1.10 0.05 -2.07 0.06 0.003 | -2.278 | 1.210 | 4.290
1.20 0.05 -2.34 0.06 0.004 | -2.811 | 1.440 | 5.487
1.30 0.05 2.73 0.08 0.006 | -3.553 | 1.690 | 7.469
1.40 0.05 -3.07 0.09 0.009 | -4.304 | 1.960 | 9.451

X = Y= | ZAY = | Z(AY) = | IXY = | ZX’=| 2Y’=
9.00 -15.648 | 0.469 | 0.029 | -17.596 | 9.600 | 33.544

10
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From [ =], eXp(—2 yd ) , taking natural log on both sides, we obtain:
In(1,)=—-2yd +1In({,)

which is of the form y = mx + c.

To calculate the gradient, the following equation was used, where N is the number of data
points:

L NE(E0(E)
VI ()

To calculate the standard deviation oy of the individual Y data values, the following
equation was used:

=-3.247

2(ary =0.064

Oy =

Hence the standard deviation in the slope can be calculated:

o, = o;\/ N =0.082

NY X -(EX)

From the gradient:
2y =3.247+0.082

~3.25+0.08

Using:

ks +77

n, = .
k, sin 6,

where 6, = 60°, ky = 2n/A ~ 2.20 (using the wavelength determined from earlier part
(using A = (2.85 £ 0.02)cm), we obtain:

n +An =1434+0.016
~1.4340.02

11
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Error Analysis for refractive index of 7,

1 1
k2+ 2 A k2+ 2 A
O [ IV ke A
dk,| k,sin6, dy| k,sing,
1 1 1
k2+2_é k2+24 k2+2_é
Anl=(2_7/) _(22 .7) Ak, + 7(2 .7/)
sin 6, k5 sin 6, k,sin 6,
=0.016
~0.02

where:

Ak, = —i—fA/l =-0.015

12
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Part 4
Task Marks
1. Top-view drawing of the lattice and derivation of Bragg’s 1.0

equation

e Correct drawing of the simple square lattice (0.2 marks)

¢ Indicating diagonal planes (0.1 mark)

e Correct labeling of a & d (0.1 +0.1 mark)

o [llustration of the optical path difference (0.2 marks)

e Derivation of Bragg’s Law (0.2 marks)

¢ Indicating m is an integer (0.1 mark)
Task 1
Top-view of a simple square lattice. 0.5 marks

a
“—>

-9

@-@-&

Figure 4.1: Schematic diagram of a simple square lattice with lattice constant @ and

interplaner d of the diagonal planes indicated.

13
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Deriving Bragg's Law 0.5 marks
Conditions necessary for the observation of diffraction peaks:

1. The angle of incidence = angle of scattering.
2. The pathlength difference is equal to an integer number of wavelengths.

<

Figure 4.2: Schematic diagram for deriving Bragg's law.

h =d sinf (D).

The path length difference is given by,

2h = 2d sin6 (2).

For diffraction to occur, the path difference must satisfy,

2 d sin® = mh, m=1,2,3.. 3

Fig. 4.3 Illustration of the actual
lattice used in the experiment
(this Figure is not required)
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Fig. 4.4 The actual lattice used in the experiment (not required)

Task 2 (a)

2(a) Experimental design + drawing 1.5

e Correct drawing of the diagram including transmitter, lens,
lattice and receiver (0.6 marks)

(Deduct 0.2 marks if the components are drawn on a
straight line.)

(Deduct 0.1 mark if lattice is not at center.)
(Deduct 0.1 mark for each missing component.)
¢ Indication of the goniometer & rotating table (0.2 marks)

e Labeling of all the 6 major components (A, B, [, J, L &
N): 0.05 marks for each labeling (0.3 marks)

e Indication of 0 and £=180°-26. (0.2+ 0.2 marks)

15
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Detector B on
Holder

Plano-convex
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Transmitter A on Cylinder (This Figure is not
Holder .
required)
1
e .- Lattice on
-7 Rotating Table
d - X
Lattice Box on
Rotating Table (1) Plano-cylindrical
Lens on Holder
Digital \ {
Multimeter Microwave
Transmitter on
Holder

£=180° - 20

Microware
Receiver
on Holder

Fig. 4.5 Sketch of the experimental set up

16
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Task 2(a) and 2(b)

Task 2(b) Correct result & small enough interval. 14
e Correct unit for receiver output S: mA (0.1 mark)
e Correct significant figure for S: to 3rd decimal point
(0.1 mark)
e Correct € (180-20). (0.5 marks)

(No mark for wrong values)

e | degree angle interval throughout or covering at least the
22 -4 deg range (0.5 marks)

(2 deg interval: 0.3 marks; 3 deg : 0.1 mark; and 0 mark
for larger interval)

e Range covering the 20-50 degree (0.2 marks)
(Range covering the 25-45 degree: 0.1 mark)
(Other range: 0 mark)

Task 2(c) Conversion from amplitude (current) to intensity 1.3
e Calculating (Output S)* (0.3 marks)
e Label (mA)*or A.U. (0.1 mark)
(0 mark for not writing any unit)
e Using symmetry axis: (0.2 marks)
e Correct peak position within 2 deg : (0.3 marks)

within 3 deg: 0.2 marks
outside 3 deg: 0 mark
e Appropriate scale of the graph (0.1 mark)
e Correct labeling of axes with units (0.1 mark)
No mark if any label/unit missing

e Correct data plotting (0.2 marks)

17
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Data Set 1

Output | Intensity
0/° ¢ current I=§?

S (mA) | (mA)? 014
20.0 140.0 | 0.023 | 0.000529
21.0 138.0 | 0.038 | 0.001444 012
22.0 136.0 | 0.070 | 0.0049
23.0 1340 | 0109 |0.011881| |, .
24.0 132.0 | 0.163 | 0.026569 | | <
25.0 130.0 | 0.201 | 0.040401 % 008 |
26.0 128.0 | 0.233 | 0.054289 | | &
27.0 126.0 | 0.275 |0.075625 | | &
28.0 1240 | 0.320 | 0.1024 2
29.0 1220 | 0.350 | 0.1225 2 gos
30.0 120.0 | 0.353 | 0.124609
31.0 118.0 | 0.358 | 0.128164
320 | 1160 | 0.354 | 0.125316 0.02 1
33.0 114.0 | 0.342 | 0.116964 .
228 Hgg 823; 8;8?23; 16 18 20 22 24 26 28 30132 34 36 38 40 42 44 46 48 50 52 54 56
360 | 108.0 | 0.280 | 0.0784 Theta (degree)
37.0 106.0 | 0.241 | 0.058081
38.0 104.0 | 0.200 0.04
39.0 102.0 | 0.183 | 0.033489
40.0 100.0 | 0.162 | 0.026244
41.0 98.0 0.139 | 0.019321
42.0 96.0 0.120 | 0.0144
43.0 94.0 0.109 | 0.011881
44.0 92.0 0.086 | 0.007396
45.0 90.0 0.066 | 0.004356
46.0 88.0 0.067 | 0.004489
47.0 86.0 0.066 | 0.004356
48.0 84.0 0.070 | 0.0049
49.0 82.0 0.084 | 0.007056
50.0 80.0 0.080 | 0.0064

*Power = 4.36 X Current’

From the symmetry of the data, the peak position is determined @ Gpax = 31 °
(The theoretical value is Gpax = 329

2(d) Determination of a & error analysis
e a— 0 relation (expression)

e ¢ value: prior to error correction

0.8

(0.2 marks) | ™Marks

(0.4 marks)

18
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3.55-4.10 cm: 0.4 marks
340—-3.540r4.11 -4.20: 0.2 marks
Other values: 0 mark
e Error estimate Aa (0.2 marks)

Fromeq3 andletm=1,

2dsin€, = A 4)
From Fig. 4.3,

a=+2d (5)

Combine eqs (4) and (5), we obtain,

a= A = 267 =3.913cm (Actual value a =3.80 cm)
V2sinf,  +2sin31°
The value 3.55 is derived from: a = A = 2-83cm =3.58cm

V2 sin (7. V2sin34°

where 2.83 cm and 34 deg are the min and max allowed values for wavelength and peak

position.

Similarly:

The value 4.10 is derived from: a = A = 2.87cm =4.06cm
V2sind,  +2sin30°

The value 3.55 is derived from: a = A = 2.83cm =3.58cm
V2sind,,  +2sin34°

The value 3.40 is derived from: a = A = 2-83cm =3.49¢cm
V2 sin (7. \2sin35°

The value 4.20 is derived from: a = A = 2.87cm =4.18cm

J2sin 0 o \25in29°

Error analysis:
Known uncertainties:

AL =10.02 cm;

19
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AB =0.5deg=0.014 rad. (uncertainty in determining 6 from graph).

A

V2sin 0
M2 d

V2sin@, +2(sinf, ) dO

AL 1

d
= (="~ = (5in6,,,)A0
g, ag "m0

From: a-=

Aa =

(sind

max

YA

= a(ATJL —cotd_ A0O)

0.02
=3.80(—— —cot(32°) x (—0.014))cm
(2.85 (32°)x( )
=0.112cm = 0.1
Hence:

atAa=3913+£0.112
~39+0.1 cm

20
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ZOFEBRTIE, SEFHIFIEICLY, B8k (FeeOs) DT /184 5 To -8 (K7
BEDO TN — R Ry T a3 RDD, N RX vy 7 ZR ETHOIT, HEFEDN
WX DMEE %, ZDIFBRAT L E DTS, KENIWZIE, AfHT5
KT DX =PRI F— N Ry T LELNEZAT, WILARZRLH
Hi<HN4 25,

I1. SEBRYEf
HLO FIZEL T ObDOBRENTH D,
| AN = E/ NN s b PSP WP VAN S AT
2. ARG, T Ak, B L& — (sample-holder), [ 47 4& +
(grating), JEHPI#F(photo-resistor) D A ~>72/NS725H
LT VBN VT A2 (BEPTHE I T 5)
EA
. M7= (ruler)
USRI H N TWAEE AL MR
B —r

S oIS TN

ISIERRITITAE 5 45 (1 BEIT 60 43) O FE A o FE S HAIEE SO T A,
NOF T T IINIRTHY, 43 ez DEE T — LR E S TOD R, Ut
L7=TEEE DR | 22 0)

INSTRFRZIZEL F OB DD A>TND,
1. “ODOEZEL OREIR/VA —  FesOg DN DN T AR D — 5 DERITHD
FTHY, [MIH DN TR T ARG ) — FORIZEDDIT LI TH D,
2. KR BITHIPIEE N SIF B TR, MR L TS5,
3. B2 FIHTHE 1 (600 A/mm).

R NS AEOR O OFTRTIE, FEICHNANE S (] ||

X312, A LD ST E O RN AR T,

@ﬁurﬁﬁ(wp EYTHT gAY A5 =
F R —H) 600 A/mm (B \HEDH)

(B KA 200 MQ) ﬁ F'_‘”‘I‘YEJ S

Lo X
= /2 e

JRDZEN
T

/

TIL. J5 3
TNTNDWEECOMBEDOFERET,, (1) & RDDHIZDIZ, L FOAXE AN,

T (D) = Ly (D i (A) (1)
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ZIT, 1y, FERRACEGERZ DT 7 AR DOFIE SO RE THY, 1,13

TEIED DUNTUNRUWNH T AR DD FHIR O E Thb, [ DfEITIEHPiEs%2 v
THIE CTED, HEPEHTBWTIE, AFYEIRENRKELDE, EXIRTIN D
15, 22T, I ODfE&iuT@EéM”VCﬂ%iéo

I(A)=C(HR™ 2)

::“C“R IXHPIEROELIESUETHY, CIlIAITEIFETHRETHD,
IIEEHIODWNTNDIBE IR BT 1133 B O B D% Be oM JE |2 [mlir 35,
Lfdb)o“( A DB ELCT OELEFAIRDIIE, KADIHIZ, SHEhx 9255
PO AE (0 ) e LS IE R, 22T, il i@ﬁ%% AT DR
FrEL TERSND,

[El k& D S FE

nA=d[sin(0'-6,)+sin6,] (3)

N5, BEED ANIXKHNT DAL O #RDODHIENTED, 12720, 22 TrlZEPTO

W ERTELCTHD, d IO, 0,1%, Bk RmOER
RIMVENTNDI T AL THD (MAZHR) , (ZOFEBRTIE, Bk T2 tihs 5
BEIZBWTO, =0 LT HIEHRLDD, ZIETERIIGE TITHIZ LI IR FRE/ 2D

T, ZOFREEIZB T D8 2ITE 1-e THIET D).,

lﬁlﬁ‘%% e'
. eo
b! .
90 \ Ye:Hid
— |5

B 4. K (3) TRENDAE O L O, DEE

EERIIZIE, AU R vy X = IOH NI R E R LT —(TD
WTCLA FORBMERDI D SE D Z L3> TA,

ahv=Ahv-E,)" (4)

ZIT, alZTEEOWIURETHY, AITHEEOYE KT T LEBTHY,
VTR DI I C L > TIREDER TH D, Bl RE o DIELIE, LLFOLLHS
MIZBEFRATHRNIE N T,

Ty, =exp(-at) (5)
ZIT, tIIHIROESTH S,
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IV. }&:

B 0 HEELABORE GREBIRLA =B A TWA/ NS IZITENENE 5
IRONTND, BDLE EICENWTHLIEER 5 LREN A > TWD/NSRRFIZEN
N CNDERBHE B2 R HRIZREA LR,

ARAH 1 FAECHIE

| 1-a | o AMEFHIRORE (AQ) 2B TE 2 L [ 0.1.4 ]

HEE: AEOBRKREGARDT-DZ, JEREEDS MR NI IR LT
TEEWY,

1 Bept

EBREMRD DT> T, ~NaF T T b T UED D, EBROM], oo
YL L WNEIIR LW, EBROBICa T T I3EL 6D T, Fafiliiv
RN R A DT HTE,

a7 T TV AOBORSTHETH T — 2 & R RICUTERLZIN, 9
I D&, ERITTATE D,

ZIBIERETERE VW T, A EEFHAER DO K EN 72 E S A1T), [FHET
— LD FIZHHHY 18 D8 CEER T — LDy 7 &4, BT — AL iha
HHIC—EARTT D, IRICEY 18 L THb, BIR BV Z Yo Clhliind 5,
WIZ, %Y 9% LD TRIRZL-2ay /L, BIRMFREH O3 (%2 10) & Hv
T, BIRBEYOBaz IEfIZED D, BT 202 —I28<, B -235
KN ETREN /2D E T, IS B xR T2, SO BV B R E RO
H OB E, AFHERBEIPHE 272051292, BT 123 BIR EiRS
BT, KRNI HE 255018 5, KEDEIZTHVO T, ANKRERF LD LS
FCHTDER W, 29758, IKEERREANR AN ERD, [RIFTHE 1036l
H|E|I0D, EIT, XV 12 60 TR B2 EE 5, LLET, ZREEIR
OEBaB—E L TRY,FEET —AEEHERT — AN —EfR L2/ THs,

o REFPTHE DM DEEEERS LR RENETHIEITE
D, ZOFEDOMAEEREEE(AO,) % AR,

o [HHRT —AZMAHRSEAHZ LD, AHE (BRBIR~D) D
55— IR T e B S DA FE D2 R D I,

0.3 5.

0.2 .

5 2 BypE:

[BIHET — LD Nl RS as 2R B L, SR DN TS EET — A& [BIHET
— ANEE BRI T D, EOECEEE T — 22T\ T, iR
D/ MEPUEZ R A A2 TET, KBEIWAEICT 2012, BT —LAD kS
FEE AL A VL,

1o L B/ MEPUE (RO ) Z3RD L, 0.1 5
o ZOFHEKIZIHS T, FEATIEIIESICTHEE Lo TWb, 2D | 0.1 5
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HARPLER DR HED CEET D, EEROM, 2T EFEDIRNT L,

% 3 B

[BlR 7 — L& B LT — R BT O EIRICH - TV, e bias D EHTEN
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D AWT, B FOEEE DT ONIEZ T, SHOITERWIRPUEEELZ LN T
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1-c | o BUNSHIZIRBLOf/IME(RD) ) & fR AR R, 0.1

ZZT, Po SOOI BT 0 IR L CRE THHI LA OHER
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W& BEEMEIC T N 72 IOCFREN 45 51%) | 2 7S,
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BIE: REIRNE =2 X CRERT — 2052 E0HT 5, BIEEMGD DRI, TT
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1.0 55,
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shuji
テキストボックス
―２５７―


—0ud—

(BT D OIERELHE DR DA EE 0, 128> THELDIERFRIE) 25RO % 4k
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RENENE 2d 1=, o



shuji
テキストボックス
―２５８―


—0od—

o CPERIEREHCRIL T T, 2 EORKEL TS 2yt

Ko ZDOTT71L, T OFTEEBREW EOREE L TELE
HDOTHD,

PR 3 T —HHEMT:

4)UZ 7=1/2 £ 4=0.071 ((eV)Y2/nm) ZRATHZLIZEL>TZRALF—F
Yy 7 E LHEROIES t D% eV & nm DHALTRDODLIENTED, ZiLblT,
x—y FH ETEYeKET oy, 777 DIEEAREERE DA SO IR R, =
OREWEH 32 UMTiT5) ZEizL>TRDBNS,

x=hv, y=(athv)’ £BZ, E1TORERRZHNT,
7 3a ZESE L, 2720, EN 530 nm HEBLO%
NEVEWEE 13T AEORHO T — &2 RH, BUE
(x &y N, lx ORET —HDiE%EEE 2 C, w7 a%h
BUFHMTETRYE,

ZIT, TOMBEERREZMNT, hyv 13 eV OBALT, iR
[ nm O TRYE, ROFK 7O ) NIZIFEAEND
AL ST I E T,

2.4 5

yZx LTy MR,

3-b

IRFGA=H y 1%, TANDOWIUTKHIEL TS, A A 530
nm ULV R OB WEPIOT — X S A ER TITEE L,

(4) DN DRI A 7R T 721, BT v b TED x O
D B/ M 36 L O KA & Be A L 4L,

2.6 i

ZOHEMOEZEm &5, FEREEOEI(1)eF DR
(At)Z, m&E A (AITRRZEITIRNWET D) W TR,

0.5 i,

3-d

E bt, BED, E Lt DRREAE,, At Dfi%z, eV & nm O
BN 2 W TENLIRD, K 3d 2okt &,

& EATICERL TREE L2 DUV OO BLER Z T RLIR T,

o BEZEHDIHE: c=3.00x10° m/s
o TIUUEH: h=6.63x10"* J-s
o EXFE: e=1.60x10" C


shuji
テキストボックス
―２５９―


00000 doodono2007 o0 oOn
Task 1
la

Solution (The Experimental Question):

Abhomina=5"=0.08"

‘ Abhomina (degree) ‘ 0.08
1b.

Reflected Beam

.
.
.
.
.
.
.
.

Optical Axis
Incident Beam

hole and the light spot so we have

If “a” is the distance between card and the grating and “r” is the distance between the
A (X4, Xy 0e) = \/[ o

2 2
—Axlj +(iAx2J +...
0%, OX,

tan(2490)=£, If 6, <<1=> 6, =é:> A6, = \/(

Ar]2 (rAa)z
— | +
2a

. Ar
Wewant éhto bezeroi.e. r =0= A6, =—

2a’®

2a
Ar =1mm, a=(70+1)mm= 6, = AT ad =0.007 rad = 0.4°
Abb 0.4
Arange of visible light (degree) 13°’<6 <26°

—uod—
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1c.
© (21.6+0.1) kQ
Ago 5 =0.08°
0] R=(192+1) kQ

A@o=5" because
6=5 =>R=(21.9+0.1) kQ
6=-5"=>R=(21.9+£0.1) kQ

—uog—

1d.

Table 1d. The measured parameters

0 (degree) Rq|a55(|\/| Q) ARq|aS(M Q) Rfi|m(M Q) ARmm(M Q)
15.00 3.77 0.03 183 3
15.50 2.58 0.02 132 2
16.00 1.88 0.01 87 1
16.50 1.19 0.01 515 0.5
17.00 0.89 0.01 334 0.3
17.50 0.68 0.01 19.4 0.1
18.00 0.486 0.005 104 0.1
18.50 0.365 0.005 5.40 0.03
19.00 0.274 0.003 2.66 0.02
19.50 0.225 0.002 1.42 0.01
20.00 0.200 0.002 0.880 0.005
20.50 0.227 0.002 0.822 0.005
21.00 0.368 0.003 1.123 0.007
21.50 0.600 0.005 1.61 0.01
22.00 0.775 0.005 1.85 0.01
22.50 0.83 0.01 1.87 0.01
23.00 0.88 0.01 1.93 0.02
23.50 1.01 0.01 2.14 0.02
24.00 121 0.01 2.58 0.02
24.50 154 0.01 3.27 0.02
25.00 191 0.01 4.13 0.02
16.25 1.38 0.01 66.5 0.5
16.75 1.00 0.01 40.0 0.3
17.25 0.72 0.01 23.4 0.2
17.75 0.535 0.005 12.8 0.1
18.25 0.391 0.003 6.83 0.05
18.75 0.293 0.003 3.46 0.02
19.25 0.235 0.003 1.76 0.01
19.75 0.195 0.002 0.988 0.005
20.25 0.201 0.002 0.776 0.005
20.75 0.273 0.003 0.89 0.01
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le.

In 6=-20° => Rg|a$: (13Zi 2) kQ | Rfiim= (518i5) kQ

0 Tiilm 0 Tiilm
6=-20° 0.255 19.25 0.134
19.50 0.158
19.75 0.197
20.00 0.227
20.25 0.259
20.50 0.276
20.75 0.307

—0od—

Graphics

Transmission

0.35

0.30 A
Tﬁ|m|9=-20°
0.25 A

0.20

0.15 -

0.10 |

19.0 19.5 20.0

20.5
0 (degree)

We seethat: T(0= 20.25°) = T(6= -20)

| J(degree)

0.25+0.08

21.0
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Task 2.

2a
2 2
ﬂ,=d3in(6’—£j:>Aﬂ=ﬂ (&j +Cot2(,9_éj A92+A5 deOS(@{O'lﬂ-J
2 d 2 4 180

where A6 = AS = 5 = 0.08 degree

600

A\ =2.9 cos(6) (nm)
2 2
RglaS ARfilm ARg|a$
Tim=—D—=>AT =T;, +| ——
Riim Riim Rylass
Rglass AI:\>film ’ ARg|a$ ’
AT = +
Riim Riim Rg|aS

13<6<26

26<AL<2.8nm
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2c.

Table 2c. The calculated parameters using the measured parameters

7 1CO) | 190
(degree) | ™™ | ma?h) | oY | Tim |

15.0 428 0.265 0.00546 | 0.0206 | 3.88
15.5 442 0.388 0.00758 | 0.0195| 3.94
16.0 456 0.532 0.0115 | 0.0216 3.83
16.25 463 0.725 0.0150 | 0.0208 | 3.88
16.5 470 0.840 0.0194 | 0.0231 3.77
16.75 477 1.00 0.0250 | 0.0250 | 3.69
17.0 484 1.12 0.0299 | 0.0266 | 3.63
17.25 491 1.39 0.0427 | 0.0308 | 3.48
17.5 498 1.47 0.0515 | 0.0351 | 3.35
17.75 505 1.87 0.0781 | 0.0418 3.17
18.0 512 2.06 0.096 | 0.0467 | 3.06
18.25 518 2.56 0.146 | 0.0572 2.86
18.5 525 2.74 0.185 | 0.0676 2.69
18.75 532 3.41 0.289 | 0.0847 2.47
19.0 539 3.65 0.376 0.103 2.27
19.25 546 4.26 0.568 0.134| 2.01
19.5 553 4.44 0.704 0.158 1.84
19.75 560 5.13 1.01 0.197 1.62
20.0 567 5.00 1.14 0.227 1.48
20.25 573 4.98 1.29 0.259 1.35
20.5 580 4.41 1.22 0.276 1.29
20.75 587 3.66 1.12 0.307 1.18
21.0 594 2.72 0.890 0.328 1.12
215 607 1.67 0.621 0.373 | 0.99
22.0 621 1.29 0.541 0.419 0.87
22.5 634 1.20 0.535 0.444 0.81
23.0 648 1.14 0.518 0.456 | 0.79
23.5 661 0.99 0.467 0.472 | 0.75
24.0 675 0.826 0.388 0.469 | 0.76
24.5 688 0.649 0.306 0.471| 0.75
25.0 701 0.524 0.242 0.462 | 0.77

—0o0d—
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2d.

Graphics

6.0

5.0 -1

)

<40 -
o o)

< 30-

X o0 -

1.0 A

* e

0.0 -HM-I-- T T

420 470 520 570 620 670 720

2e. Graphics

0.50

Wavelength (nm)

}\;max(l

glass) 564+5 (nm)

Kmax(l film)

573+5 (nm)

0.45 -
0.40 -
0.35 -
0.30 -1
0.25 -
0.20 -
0.15 -
0.10 -
0.05 -1
0.00

Transmission

420

470

520 570 620
Wavelength(nm)

6

670

720

—uod—
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Task 3.

3a

Table 3a. The calculated parameters for each measured data point

0 (degree) x (eV) y (eV?)
15.00 2.898 126.6
15.50 2.806 121.9
16.00 2.720 108.8
16.25 2.679 107.8
16.50 2.639 98.9
16.75 2.600 92.0
17.00 2.563 86.3
17.25 2.527 77.4
17.50 2.491 69.7
17.75 2.457 60.9
18.00 2.424 55.1
18.25 2.392 46.8
18.50 2.360 40.4
18.75 2.330 33.1
19.00 2.300 27.3
19.25 2.271 20.91
19.50 2.243 17.07
19.75 2.215 12.92
20.00 2.188 10.51
20.25 2.162 8.53
20.50 2.137 7.56
20.75 2.112 6.23
21.00 2.088 5.43
21.50 2.041 4.06
22.00 1.997 3.02
22.50 1.954 2.52
23.00 1.914 2.26
23.50 1.875 1.98
24.00 1.838 1.94
24.50 1.803 1.84
25.00 1.769 1.86

—0od—


shuji
テキストボックス
―２６６―


—uod—
3b.

Graphics

140 ,
130 - s
120 - P
110 - ﬁyﬁ@
100 - #
90 - *
80 -+ o
70 - ¥
60 - A
50 - ’
40 - I
30 /
20 —
10 - ol

0 o oe e e (o

(et hv)2 (eV?)

1.7 18 1.9 2021 22 2324252627 28 29 3.0
hv (eV)

X =2.24(eV) X =2.68(eV)

3c.
ahv = A(hv— E, )% =(athv)? = (At)z(hv— Eg)

Jm

= y= (AP (x- By )= m=(Atf > t=*2

At Am
=>—=—
t 2m
(_Ym
A
Am
At =
2AJm

(o)
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In linear range we have, m=213 (eV), r’= 0.9986, Eg=2.17 (eV)
and we have A = 0.071 (eV”Z/nm) so we find t= 206 (nm)

N A J<5y>2+<max>2= J T

2% = Nx? 2% = Nx? inz—NXZ'(§W)2=(5 v+ (max)’

where 6x & dy are the mean of error range of X & y

2% 2% 2
5 X~ 'N &Ssy= 'N So 5x ~ 0.014 (eV ), sy ~ 0.9(eV )

2> Am=10(eV) > At=tx Am/(2m) =5 (hm)
AE :i\/((m2§x2+5y2j+(i]2Am2j:i\/[(5xy2J+(lJ2Asz
 m N m m N m

AE, ~0.02(eV)

Table 3d. The calculated values of Eqandt using Fig. 3

Eg (V) AE, (V) t (nm) At (nm)

2.17 0.02 206 5
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=R ERE L CRERE)

ZORETIE, 220 REREE CRAEBE) Z MW TLUUT O 2 SOBEZTT)
1. AR PEE R ORER RO Z KD D,
2. KB BEMOIEB RN R E2RDD,

A, ZIBERIEE CRERE)

ZOERTIL, IREREDOE Y —LLT, Yar XA+ —R&EFH, XA+ —FIZ
RNDERD—ERDIE, FAFT —ROM RO ETEDOIREREMEIT R DI 5,

V(T)=V({T,)-a( -T,) 0

ZIT, =il T,[°Cl COBER TEV (T,), ET Cl TOBEIER T2V (T)EL
77:—0 éﬁ;& (07 ;

a =2.00 + 0.03 mV/°C (2)

TiD, ZOV (Ty ) DIEIFF A A —RIcE>TE D R D,

2 DODHAFT—REBRLRDIBEDOLZAITHITIL, IREZEIT 2 DOXAA—RDOEE
DENHRITETHIENTED, ZOELEOZEE URAET | LMD, ZHUTEWEE T
HIETED, LT, MFADOIREZES @S WE CRIETHIENTED, 2O HiEET %=
SHREERIETE ORZEEE) 180D, ZOEBRORIEEAX 1R T, FIEIZHD D1 & D
EFAA—F, R &R, 1T 10 QO BHIOEILIL 9V THD,

R1 R

v —

I D: Do \//'\2
R

X1 ZAA—F-torP—o[E K

FAF—R D1 DIREET, , XA —R D DIREZET, &4, (1) Kizk-T,

V,(T,)=V,(Ty)-a(T,-T,)

BLW

V,(T,)=V, (Ty)-a(T,-T,)

PFHND, ZAUTEY, RAEET
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AV =V, (T,)-V,(T,)=V, (T))-V,(Ty)-a(T,-T,)=AV (Ty)-a (T, - T,)
AV = AV (T, )- aAT (3)
Lip%, ZTT, AT =T, =T LUTz, sRFZEFEE AV Z2JE 5228, IREAEDRD

5D,
HAF—RIZEEZ DT DT80 2 (R TR ORISR v 7 2% D,

==
D, (2272 < () N
LCF AV
10 kQ A +
D, 12272 < (é%l |

S 25

10kQ A
H V2
CUNCN N

NI R
9V

2. [HEAR v 7 A (K 10 OEEL B) D
AKX (Es R7-84)

ZOREIBER I AL, FNENDHE A —RICEINHE T 285UE 10 kQ D25
OHL, 9V OEM, D1& Dy DX AA—RIZORTF D=0 D+, X A4 —K D D
JEV, ERZEBIE AV ZRE T 5~ VT A—2—ZORF Dl 1 H D725,

B. & 1 BEWEOEESOBEEZZRDD
1. EBEDHAK

fh R E OB RE BN TN LI, mEIT 58, HOHRESTZIRET, CRELT

%o ZOVREZEERE 2 (B ) L5 (BHAWITINEFENS BA LRSSV > TH IV,
é%%»ﬁTS s B DI EE, SEIERRIC B W TIRE ORI 2 LA R E 5, HH
R ICPEWB RV L 32D T, [EHbDiE R CliE, WEOREIZZELLW, E D
BER+DZNE, IBEN T THOIRRNIIZNZ T EL/RDDT, §EE S E2RDDHD
MEG LD, LinL, WEOER DIV, ZORMITELRDDT, T2 RDDHZE
DIEELL 2D,

RABNED, DEWEOLEIZ, BEE R T 2 KROLDITHWDND, FRERITRO 8
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DV Th%, 2 POR—OMAEMELT, —HOMIZHELIWDEOWEZEE, 21
Z[FRBHIL) &y, £ — 52 TREHEIL ) &10) (FEHE MLICITEEH B 2 B O TRV 72
We 2 DOMAEEED FICEE, %&/ﬁ?@mf‘%@o@}: ‘2% BEE 2 DD
MOBYREIXFCE A2 D, 2 DOMUITRE - — (¥ 14— F)z)v)b\‘ﬂ%
B E AR N 2B 2200 A, ORI oD Tsampk%ﬁml@{mr” T T

EFRCIINCEAET D, ZOTD Ty WAL TH, AT =T =T, 1 EDTHLAE
L7220, S E AR S 2D L, 1‘9355@75){\_0’(1/\6?? Teamp (FZAELZR
DT, T,EFELWREEZHERFT 20, T (ZZOFEEMLFTHOT, AT BREE
T2, DEY, Tamp (ICHLTAT 270y 58, RIHICZ(LT D, 2O AT DR
RIACITHIIE T D Ty 25, ST, THD,

ZOFEBRO B, REBGELRT OFIELICE ST, MO RV R E O EEE
T (50°C 225 T0°C DRIIZEHD) ZROHZEThH D, ZDFERTHWLREE D &
134 20 mg THD,

2. FEEEI

1. U1 20 W OaXfu T 7 Thh,

2. MOZFRIFIN=ITAFDRT, K 3 ITRT IO, EDORITHWTWDIIZA
JBERANIDIAA TH D, BIBIRIC 2 DD/l BT 5D,

3. YVALL AT =RPFNTND 2 DO/NSTe B0 B ILAY, FEYENLEFRHIL
ThD, B2 ODIUIZENZENRA D LIZHD, ZNHOREA D, B TILE
RN AL SDITTCND, Fo, TNOOWAZBL T, & BRREMLOM TN
5, IRDTFZATF w75 (10 OFREL 15) I8 T, MBS INb0 B %
ZAFRNIDIIL TH S,

312, XFEE, &R, BabNe ~aF T T Ol EZ R LT,

JRED T T 2F 7 OF (X 10 OEBEL 15)

' SR
HUE( ; !Dl ; !Dz
& B e

[ ] N — |

——F—5>
12V/20W
p ¥

e

H

X 3. GEEREHET D7D 0HEE
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i)
1J

:mH! H!ﬂ FH

B 4. MOXFEZ LD R

4. BHEFFELT 2 DO IVFA=Z =2 D, ZO~/)VF A= —[THIRAEIC
DD, TOHEIL., b1 iﬁ%%ﬁﬁf’rﬂ%ﬁ'@i@*ﬂﬁ%’wb(Function
selector) Z [°C/°FJIZHOH D, ZO~NFA—LZ—OEEHEIZIR- T, idE
L, B/MTOEEIZEL T 2 TH 5, LS OHRIE TIX, /MO A~
BmyiEs+5,
BT A—2— (% 9) Ol BENIZEIRD DA — T —247) | #HED
1Z726<DES AL, Select RZ U ZHLARNG, AEEIRAY AV /L
(Function selector) 2 OFF iR v al BB v a8V z 5,

4 2 |27~ B4

9V DFEM
EHR

FELD A>TDH) 20 mg DFBRE
. AT TF

10. FEH
11. 777 Kk

@@rﬂ@@

3. g

1. 2 DORAITE B EOXIFRRALEIZHY, X 4 DIHITIEAE N EZEDOFRH L
LD EIZBWTHD, EDOIMLIITFERENMEL THWDLD T, X A4 —K Dy &27%h -
TWD (Dy 1 XTEEEX A4 =R ERES), O MLUTFEHIL THY, ¥ A4 —K Dy &
DIRMHOTND (D 1 ZTHIEX A A —R | EFES),

T T DAL T A7 OFINZLIZEE, K5OI N \ar s T T 0T — bk
XL CHicBIL T 7% Bicrnd, MoXEes270 70 Flickl, BfRLT,

I:*:I

K@:

X 5 L L TCHWAaF s T
(12 10 DA 1)
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B AF—F De OBIEV,,,,, =V, LREBIE AV 2HIECEHE10T 5,

NIVTF A= Z =R EOAFEN R TE T DT, —EDRFRI N LETHD, 7270
O, WEEIEDD 5 ARNZITERA#ER L Ty L TF A—2—%2 4 (ON)IZL CEi
2L CELZE,

1.1. AT A—Z—ORERIEMREEZ VT, | T, 207230, ki, #UEHIL
(AN TNDT A A —F Dy DZERIRT, COBE V0 (Ty) ZRIELARSY,

1.2. FOREEES AA =R OFEZ RS A D, IRE 50°C, 70°C, 80°C IZHiF5
B A1 Dy DI Vi (S0°C), Vo (10°C) | Vi (B0°C) ol
FL7a&uy,

2. M AFOMITIZEEMHEENTIZ, NaF T T DALY T &4 (ON) 1T 5,
Veamp ZHE T D0 FUBHILOWEEDS T, 0~ 80°C IZEELD, ~ulvT0 7%
47 (OFF) 1295,

2.1, T~ TO°CIZTFRLETH ST, Vi, EAV ORFZLZHIEL RSN, 2
DENZEBRRLHE AL TV, 10 B(s) 225 20 B (8)DH O —ERFHEE T, Vg,
LAV DEZRAIE LT, A ARORIZRE LRIV, SEHILOEE 2 T30,
T ~50°C &7pot-b, HIEZEIEDHARIN, 72771, AV IZIEOBRAELADEE

samp

b5,

2.2. FLATENTZZ T RS, Bl ¢ [s], fithhz Vg, [mV] SLT7I72Ems
W, IO BT 757 1) 6EERE0,

2.3. BATENT=ZT7 FIARIC, BlilZ Vg, [mV], fithiz AV [mV] LLTr/77%
&R & W, 797 AMROE BIZT 797 2) &R,

8. MBVE DO E Z A URHILIZE 47, L 2. TR~ IEZ [RIFRICAT D,

3.1. RO, B ¢ 1L TV, & AV OF —ZZZL LS, AV A

samp

HIZZALT D561, WE T DR RRERE RO RS,

3.2. ZOF —XEMWT, BAiSI 77 FIARIC, Bk ¢ [s], R Vg,
[mV] LL T I7%4X80, 757 HOL FICI 757 3)EX X0,

8.3, FATSNI=Z 77 AMKIZ, BHIZ Vg, [mV], fE#iZ AV [mV] eLTrI77%
X, 797 AROF BIZT 757 4) L EERZ0,

BE: FNENOTI7 BRI 57 DOR S A ENLTICEL L,
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4. Lo 2. L38. OIFITEREESTAHZLIZID, HEME OEE S OIREZ KD D,

4.1. WHEOFETT, 2RDD, LD 8.L 2128155 t-V,,,, 777 (Tiebb, 777

samp
3T 77 1) BT HZ LI, WM E O%EE a7 T 7 3ITEEAL, GlE SIZ
KB 2 Vg PIE (V) 3K, 7T b DFREL RO RS, Zhnb, 20

AUBHE DEEE RO T, 23K, TDORREZR T T7 bR L7eSuy,

4.2. WU, RAERIEEZRACT T 2Rdd, LD 8. & 2. IZBITD Vg, —AV 777
(Thaob, 797 4 L7577 2) T 5281280, B E S EEE LG 7o &
777 4IZFRAL, ZORERE R T DV, PIE (V) 2R, 7770 bE DRAFED
KOS, Zh, ZOFEME OREESOIRE T, 25RO7RE0,

4.3. WET —HDREAELEEOREREND, REBIEIZL-THELNL T, O
FEHFITR LRI, fRZEFIT R OMBEZ A HRICES, &%ZIC T, OEEREDHE
TR PRI ZEEA L2 &0,
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C. BE2: \uF v T 7ORPADT CTRBBEMDFEE L REZRETD

1. EBRoOHRY

EBRO HHE, 0y T2 T OIRBIO T C KRB IO B E A RET 52 LT
b2, FEERNFRLIT, KGBEROEBIEEI MR T 52N TEDE %, KE)

AT HLA B (AL R[] 24 720 DY
T XNF—) CHEST-fEEL TER:R
D, ZORRIL, ANFT2DH8D A
NIMVIRAFET D, ZOFEBRTIX, A
E By VAN =2 Ay Ny &IN5y /¢ cRaY gl i
E@j‘n% PNCEER Cﬁﬁ%ﬂ“ﬁ“éo N
B DNFEELRET DI, K
LD FE FE RN =D e KA Pmax DEE,
T T OE T HEEE dIZ U BENALE
IZBITDHDORE E Z20E T 5058

MWD, ZTOERTIX, d= 12 cm &
T5(X 6), JDiRE ElIkizk
EFIND:

E=®/S

X 6 NFICII A arr T T ERERT 5,

2T, OISR (AL 7200 D=3 —) | SIS S5y (i

FRFEIT KB ER) OmEfE THY, % THIET D,
2. EELE MR

1. JtIRERD 20W Dy 5

2. HEE R o
TR SR (1R 7) 13 CES N thZ2 0 [ HECHY, 2O NEER Izl ->T
HlpoTnA,
B HH A
bt e
FEUEX A H— K Dy HIEHA A4 — KD,

a

7. dEERHE (X 10 O 11)
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M #E L2 DIMAIE DI BUI A TERTHD, ZOFERIZIH T, 3 E 872
E%ﬁ:(‘:%zé Thbb, MHSRITIEE T R TEUCE T HEE 2D, imr“z»‘:iﬁl”ﬂ
ERAYS) )2/5'42L REfESTWD, HIEXAA—R (X 1 &KX 7 12815
Dz)étﬂ‘ﬁuﬂ IZEESILTERY, g LRI CIREICR > T, %ﬁ&/ﬁﬁ (NS
M A2 IS L TSRS O N BEIZ Dy, FOIRE i%ﬁ@iﬁf;{“k%u\o i H
OB E (MSELRES A4 —R OB BOF) 1L C =(0.69+0.02) IK ThHD,
BHEHE, TOANYORIEFITHEODVRI T Lo T4V LI TEDNLTEY, £
DT VLD IO A TEXHET 5,

3. X 2 1T HEIEEAR Y7 A

4. TIAF v OFIIOAHT BT KR S
L (4 8)
ﬂ%%%ﬂzi WOMNDERED IR D '
LB EE T, i(FE'EE'Hﬁ@%\éEE’fJJ$ '

ERETHEXITE, ZRHOESH K

%ﬁflﬁOD**Bkb‘(ﬁ*E%nJrﬁ- ZE
2o ——

5. 200)7““/“%» < LT R —
EIEREICHEIRFIZIE, EONERIERGT J

FFEHTRE (FAUTER KL E 2 2 m ] e
\_&ZJVC%é) £7=, B EITfED I ‘ 8 Al
ZiE, PERIRAIE éuwﬁaﬁ%ﬁf%f; (4 10 Dfdn 12)

u\ VT A—H—X, BEREIRIRS A YL
(Functlon selector) #FHO LT, HBIERAEHEHETHZLLTED, EERIEIZRE
D, T, BAMTOEEICEL T 2 TH D, TNLIAOHIE T i, B/ IMTD
AR REET D,
v AT A=5— (K 9) DI HBICEIEAGINL G — T —247) IHEREDN X
7o DERIEATX, Select RN Z L7210, BEEEEINZ A7 /L (Function
selector) Z OFF 7~ //a‘/ﬁ)%d‘é%éﬁﬂf“)“/a‘/ﬂzﬁjWE’F%LZ)O

6. 9V OEM

7. AR

8. AT T xrwF

9. fix/hEE 1 mm OER

10. i

11. 777 H#K
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3. Ege

MG HN DT RLF—2Z T 5 L, KD, FRHZ, &I 78 A
77*‘?(&‘(@1%25’%50 pPlziX, BV, X, MR EThHD, LoT, Rt
U] dE \IZZ TS D v F —IE, MHGOIREZ LA SE L5028
P R — k*ﬂéuﬂ 0B EICHET 5 =¥ — (2 F—HKE) O
Tho,

®dt =CdT +dQ

ZIZTC, CliHEsE XA A — ROBAEETHY, dTIXEELH, dQiz=xn1
F—HELETH D,

g L JEHPH E OIREZE AT =T =T, 2/bSTAUE, BER dt ORISR RS
JE I ET 2 =% L F—dQ I IEIIC AT L dtickfl L, dQ=KkATdt & 725,
ZIZT, KIZWEK OEMEZ LR THD, LoT, KB—ET, AT 2/hEW
& &I

®dt = CdT + kATdt = Cd (AT) + kATdt

d(AT) K @
f _ 4 — = —
Thbb, it +CAT c (4)

PROND, 2Oy TRERDOIIZ L > T —EDHEDIEZTIY hhod T BH
D OIRFEEAT 73, K] ¢ ORISR E LTIRE D =0 DL &, AT =0 &35 L,

k
m(0®@ eCJ (5)
AT HOEIDIUE, LI R
CICIDILIN S (6)
dt C

L, REZE AT ZRORIC LN > TELT 5,
k

AT (t)= AT (0)e © (7)
T2 TAT(0) 13t =0 (EA D HHEEDICH T DIREAETH D,
1. v VFA—=F —ORERERREZ AT, =il Ty2ME LRSIV,
2. BMHEROEEZNET 72018, FAA—FK o —, BERY 7 A, </

FA =K =L h BRI AEMHAL TR IV,
EEOIEMNEZETHETICAELDIRELZHTEOIL, EEBIZEREZ GO D

9
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54yRNCIE, HEEEZT_XTCAH U ONIC L CEFREZm L TEBL Z &,

2.1. M6 DLz, gz xaF L « 07O FICERM d=12cm DL Z AT
BXRIW, 707% OFF 2L, #2410 s E TAV OZ4{Z2RIE L,
ZN B RGO AV (T,) OFHfEI LORRZEZ RD R I,

22~y e 07 ONICLT, s alo3, AV OZbEHlE L7z S
VY, 10~15 s O DY) 72— E R Z & IC AV OfEEZFisk Le S (FEE -
REARORDH B, x & y O, Tild 4. THEHT ), 2 75%, ~ul
Yo7 % OFFIZLT, ) biz, <12 ROBPEIZED I,

2.3. iHERZ a7 T T B L7 S, LR, WEIF O 2 5 AV
DOEALZRE L2 SV, 10~15s OO 72— E R Z L IZ AV OfE%
LRIV, (FBE  MEAHEKOEXED I B, x & y O, Ticd 3. TiEH
95)

fi2oE > p:

FUEPEE LITHBIEE DTEDIZ, FEHIFFHT P X FUIT 07z [H 1 & RS &K
& 7= BB DFTITES L 00 =

8. NaF LT T DAL v FEU o, TRV > Z EEFHA LT,
Mz x, Htihza y & LT, VI 7NERIZRD LI xihe yEhlo@#E:Y ks
BAEEATT T 7524 <,

3.1. ZHixt y Ltk EX I,

3.2. 2.3 DEMAMORIZ x & yOBMEETAL, y i, xZRhe LT,
T 75{ExIEN, OV T 70 I 75975 LEXRIN,

3.3. TDOT T 7 DEEND K DfEZ KD 72 I,

4. BHETHENPAEF L TV BTG K Y s> L 2R L, fiih% x,
femhz y & LT, KDOBEERD D7D, xilihe ylilllc@m Y 2B a2 8T
777 %HE<

4.1. BHixt y L TR eEZ IV,

4.2. AIORERZFIH L T2.2 DEHMKOERIZ x & yOEEAFHE L TRRAL,
Thab &I, yafthl, xZ288 e L <, /7772 Iw, FOTT770
EHRCTT7I76) LEXRIN,

4.3, OB AT OmEBEEZHEL, ETHW-=27Z7 708 6, BOEIICE
VDALY 720 O OFRE E %2R0,

5. K 2 fHias &/ CAZEITR D KO ICEZ RSV, KEEIZ~ /LT A —

10
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T s ey

Z— AR AR LT, WEISHE Y RERZED, OB, S OONR%Z
MM LTS %, ATERRHUIKGERO AW 2L X 5 T2OEHT 5, [EEEIC
fih 58 & KB oBE L, RS PUEICH L THES %, vV TF A =4
—Z&Efitat & UTHMT D8R, 85T D OMEICERET D2 &,

5.1. ZOFEBRICHWARIKEKZRIE 7230,

5.2. £, AIEIEPUITOWVWTWD J T EEFFHRID IV o i XWIZEIL, £ 26K
BEEFEI D (2R 212l L, EBRE ] 22838, 20L& cOETEY Z2ieek L
SV, ZFORE, ERESEY 2RI s Lol E ks s T b,

5.3. TOFERNG, KEGEMNAMICMBET2E N EZFHEL, T et K5
BN D EREMEE LT 7 72 {#i& &V, 2077 7HKOA LI
W T T7o 7 EEZRIN,

5.4. ZDT T 7O KES] Pnax ot AHLY ,, ZORAEERD I,
5.5. TDOIHRKENIBITDHKRGEMDFEENRELG 2 DX EeEE IV, 725,
ENBEOERIL, EBROEMICERENTWS, KEEMOmEZRIE L,

S5, ETROEEREBNBLIONOMEOEZ AT, ZOXNHIEER
HBOMEBELFHE LRI,

11


shuji
テキストボックス
―２７９―


39th International Physics Olympiad - Hanoi - Vietnam - 2008

IPh® Experimental Problem

KBRALEOA R GREOF S 10 22 LARSW)
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1 | a7 220V 20W 9 | ARy T Ut T

2 | MoX#Ee 10 | PR R

3 | m 11 | RS Rt

4 | ~wNFA—H— 12 | KB5EH

5 | BEIRARy7A(X 2 &) 13 | I RbLAR

6 |9V DOEM 14 | EM

7 | EAR 15 | JREODTTAF I DR
8 | Bt AT

H~ T A—2— (% 9) DI BEMICEIRDUIND(F—hRU—47) |BEREDN T T-5
SDOEFHFSHEX, Select R LD, FEAEEEIRZ (¥ /L (Function selector)
% OFF AR v ar Do BRR Y va A2 £7,

Select

9. VILFA—H—

FEREEIN & 1 v L

(Function selector)

12
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B 10, S8R bOLEE L
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Solution

Task 1

1. T,= 25¢1°C

Vo (Ty) =573.9 mV

samp

With different experiment sets, VSamp may differ from the above value within 240 mV.

Note for error estimation:
oV and oV are calculated using the specs of the multimeter: £0.5% reading digit +2
on the last digit. Example: if V = 500mV, the error 8V = 500x0.5% + 0.2 =2.7 mV ~ 3

mV.
Thus, Ve, (Ty) =574+3 mV.

All values of V., (To ) within 505+585 mV are acceptable.

1.2. Formula for temperature calculation:

From Eq (1): V_ =V, (T,)—a(T -T,)

samp ' samp

samp

Vv (50°C)= 523.9 mV

Error calculation: oV.. =0V (To) + (T =T, ) oo

samp samp

Example: V =4952mV ,then oV___ =2.7+0.03x(50-25)=3.45mV =3.5mV

samp samp
Thus:

Vv (50°C) = 52444 mV

samp

Vv (70°C) = 48444 mV

samp
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samp

The same rule for acceptable range of V

2.1. Data of cooling-down process without sample:

39th International Physics Olympiad - Hanoi - Vietnam - 2008

(80°C) = 46445 mV

Experimental Problem / Solution

samp

asin 1.1 is applied.

t(s) | Vimp (MV)(#3mV) | AV (mV) (£0.2mV)
0 492 -0.4
10 493 0.5
20 493 0.5
30 494 0.6
40 495 0.7
50 496 0.7
60 497 -0.8
70 497 -0.8
80 498 -0.9
90 499 -1.0

100 500 -1.0

110 500 1.1

120 501 1.1

130 502 1.2

140 503 1.2

150 503 1.3

160 504 1.3

170 504 1.4

180 505 15

190 506 1.6

200 507 1.6

210 507 1.7

220 508 1.7

230 508 1.8

240 509 ‘1.8

250 509 ‘1.8

260 510 1.9

270 511 1.9

—0od—
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280 512 -1.9
290 512 -2.0
300 513 -2.0
310 514 -2.1
320 515 -2.1
330 515 -2.1
340 516 -2.1
350 516 -2.2
360 517 -2.2
370 518 -2.3
380 518 -2.3
390 519 -2.3
400 520 -2.4
410 520 -2.4
420 521 -2.5
430 521 -2.5
440 522 -2.5
450 523 -2.6
460 523 -2.6

The acceptable range of AV is

2.2.

samp[mv]

\Y,

530

520

510

500

490
0

—uou—

+40 mV. There is no fixed rule for the change in AV with
T (this depends on the positions of the dishes on the plate, etc.)

Graph 1

100

200 300

ts]

400

500
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The correct graph should not have any abrupt changes of the slope.

2.3.

AV[MV]

-3
490

Graph 2

500

510 520

V__ [mV]

samp

The correct graph should not have any abrupt changes of the slope.

3.

3.1. Dish with substance

t(s) Vsamp (MV) (£3mV) AV (mV) (£0.2mV)
0 492 -4.6
10 493 -4.6
20 493 -4.6
30 494 -4.6
40 495 -4.6
50 496 -4.6
60 497 -4.6
70 497 -4.5
80 498 -4.5
90 499 -4.5
100 500 -4.5
110 500 -4.5
120 501 -4.5

530

—ugd—
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130 502 -4.6
140 503 -4.6
150 503 -5.1
160 503 -5.6
170 503 -6.2
180 503 -6.5
190 504 -6.6
200 505 -6.5
210 506 -6.4
220 507 -6.3
230 507 -6.1
240 508 -5.9
250 509 -5.7
260 510 -5.5
270 511 -5.3
280 512 -5.1
290 512 -5.0
300 513 -4.9
310 514 -4.8
320 515 -4.7
330 515 -4.7
340 516 -4.6
350 516 -4.6
360 517 -4.5
370 518 -4.5
380 518 -4.4
390 519 -4.4
400 520 -4.4
410 520 -4.4
420 521 -4.4
430 521 -4.3
440 522 -4.3
450 523 -4.3
460 523 -4.3

—0ud—
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530 T T T T T T T T T T T T T T T T T T T T T T

520 |-

[mV]

510 |-

samp

\%

500 |-

490 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0

ts]

—uod—

The correct Graph 3 should contain a short plateau as marked by the arrow in the

above figure.

3.3.
Graph 4
4 L T L L | B — L | E—
sk
> 1
E
> L
< | ////////"
-6
7 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
490 500 510 520
V_  [mV]
samp

530
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1)

The correct Graph 4 should have an abrupt change in AV, as shown by the arrow in
the above figure.
Note: when the dish contains the substance, values of AV may change compared to those

without the substance.

4.

4.1. V, is shown in Graph 3. Value V, = (503£3) mV. From that, T,= 60.5 °C can
be deduced.

4.2. V, is shown in Graph 4. Value V = (503+3) mV. From that, T.= 60.5 °C can
be deduced.

4.3. Error calculations, using root mean square method:

Error of T.: T, =T, +w =T, + A, in which A is an intermediate
variable.

Therefore error of T, can be written as o1, = \/ (5T 0 )2 +(5 A)2 , in which 0... is
the error.

Error for A is calculated separately:

saV@)-V(T) {5[V<To>—V<Ts>]F+(5_aj2
a V(T,)-V(T,) a

in which we have:

SV (T) -V ()] = [V T +[ov ()]

Errors of other variables in this experiment:
éT ()ZIOC

oV (To ) =3 mV, read on the multimeter.

o= 0.03 mV/°C
N(T)=3 mV

From the above constituent errors we have:

S[V(T,)-V ()]~ 424mV
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0A=2.1°C

Finally, the error of T, is: 6T, = 2.5°C

Hence, the final result is: T,=60+2.5 °C

Note: if the student uses any other reasonable error calculation method that leads to

approximately the same result, it is also accepted.
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Task 2

1.1. Ty =26 +1°C

2.1. Measured data with the lamp off

t(s) AV(To) (mV) (£0.2mV)

0 19.0
10 19.0
20 19.0
30 19.0
40 19.0
50 18.9
60 18.9
70 18.9
80 18.9
90 18.9

100 19.0
110 19.0
120 19.0

Values of AV(T) can be different from one experiment set to another. The acceptable

values lie in between -40++40 mV.

2.2. Measured data with the lamp on

t(s) AV (mV) (£0.2mV)

0 19.5
10 21.9
20 23.8
30 25.5
40 26.9
50 28.0
60 29.0
70 29.9
80 30.7
90 31.4
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100 32.0
110 324
120 32.9

—oud—

When illuminated (by the lamp) values of AV may change 10 + 20 mV compared to

the initial situation (lamp off).

2.3. Measured data after turning the lamp off

t(s) AV (mV) (£0.2mV)

0 23.2
10 22.4
20 21.6
30 21.0
40 20.5
50 20.1
60 19.6
70 19.3
80 18.9
90 18.6

100 18.4
110 18.2
120 17.9

3. Plotting graph 5 and calculating K

3.0, x=t; y=In[ AV (T,)-AV (t)]

Note: other reasonable ways of writing expressions for X and Y that also leads to a linear

relationship using In are also accepted.

3.2. Graph 5

10
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Graph 5
22 >
y=-0.0109x +1.95, max dev:0.0335, r"=0.998

_ L8
>
4
S 14
>
s
£

1.0

o
0.6
0 30 60 90 120
t(s)

k
3.3. Calculating k: c = 0.0109 s and C = 0.69 J/K, thus: k= 7.52x10~ W/K

Note: Error of K will be calculated in 5.5. Students are not asked to give error of K in this
step. The acceptable value of K lies in between 6x10™ + 9x10~ W/K depending on the

experiment set.
4. Plotting Graph 6 and calculating E

4l X:{l—exp(%ktﬂ; y=[AV (T,) - AV (t)

4.2.

Graph 6

121y = 419.7x, 1*=0.994 °
= o)
e 8
> o
<
l:a o
3 .

4

o
Graph 6 should
0
0 0.15 0.30 0.45 0.60 0.75

1-exp(-k*t/C) 1
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be substantially linear, with the slope in between 15+25 mV, depending on the

experiment set.

4.3. From the slope of Graph 6 and the area of the detector orifice we obtain
E = 140 W/m?. The area of the detector orifice is

Sy = TRy > = 7 x(13x107°)* =5.30x10™* m? with error: ORer _ 5%
det

Error of E will be calculated in 5.5. Students are not asked to give error of E in this
step. The acceptable value of E lies in between 120 + 160 W/m?, depending on the

experiment set.

5.1. Circuit diagram:

Solar cell @
(=)
3
1

5.2. Measurements of V and |

V (mV) (20.3+3mV) | | (mA) (£0.05+0.1mA) P (mW)
18.6 £0.3 11.7 0.21
33.5 11.7 0.39
150 11.5 1.72
157 11.6 1.82
182 +1 11.4 2.08
267 11.2 3.00
402 2 9.23 3.70
448 6.70 3.02
459 5.91 2.74
468 5.07 2.37
473 3 4.63 2.20
480 3.81 1.86
485 3.24 1.57

12
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487 3.12 1.54
489 3.13 1.55
5.3.
Graph 7
4 T T T
I A
3f A A
A
_ A
A
% 2k A
= A
o A
A
l -
A
i A
0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
25 5.0 75 10.0 125
I [mA]

5.4. Ppax=3.740.2 mW

The acceptable value of P,y lies in between 3+4.5 mW, depending on the experiment
set.

5.5. Expression for the efficiency

S . =19x24mm? =450x10"°m?

cell

P
Then 7. = E mgx =0.058
X

cell

Error calculation:

2 2 2
oP oS
0N = Minax ( ma"} +(5Ej +[ Ce"} , in which Sc is the area of the

P E S

max cell

solar cell.

oP

—™% s estimated from Graph 7, typical value = 6 %

max

13
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oS

——<ll - error from the millimeter measurement (with the ruler), typical value = 5 %

cell

E is calculated from averaging the ratio (using Graph 6):

_AV(T,)-AV(t) ExR,’a

l—exp(—étj k

in which B is an intermediate variable, Ry is the radius of the detector orifice.

B

kB

E= 5
TRyt &

Calculation of error of E:

() () (2

K is calculated from the regression of:

AT = AT(O)exp(—%tJ, hence INAT =In AT(O)—%t

Weset kK/C=m then k=mC

From the regression, we can calculate the error of m:

oM o 2(1-1)~02%
m

(=) (%)

We derive the expression for the error of 77max:
P Y (65, (sBY [(6R.Y (smY (sCYV (saY
577max — nmax max + cell +| == +4 det + + +| =
Pmax Scell B I:adet m C a

Typical values for 7. and other constituent errors:

Mo = 0.058
5Pmax :5% ’ §z06% , 5_mz02% ’ %zs% ’ %zS% ,
Pmax B m cell det

14
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£z:%%;é‘—kz3%; ﬁle.S%; §—az1.5%
C k E a
Finally:

O 13 79%; &, ~0.0074
nmax

and

Mmax = (5.8£0.8)%

—0od—

Note: if the student uses any other reasonable error method that leads to approximately

the same result, it is also accepted.

15
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EERRIE 1
FA A — R —F—DFEREDOWIRE

DDE“
1),2),3) UAMZUL T O b D EEHT %,

4) A DOZFEICEY (11 bz Lo RE S E OB S C).

B) A7 A RHHCEE SN I VI DAL, ZxZLiIATLTDDOT 7
UNKEREEET S D), SHICTNLE#HEE e GEERL S
D2). LELR LIRS EET A7l LEMFE S Z &, TOGTEERR.
6) BIR (1/20mm OFEE) NOWBHIHAD A 7 ) — L (EER S E).
7) JERBICEEFL S F).

8) 30cm D LD E L (MEE S G).

9) /XA (FEEFT H).
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Answer Form
Experimental Problem No. 1

Diode laser wavelength

Task 1.1 Experimental setup.

laser
Y

4

..........%1@.

e & & & » ® & o o o o o
/ o
/ |
_ lens \ !
mirror razor blade !
b screen
rail
(0.75)

1.1 | Sketch the laser path in drawing of Task 1.1 and Write down the height # | 1.0
of the beam as measured from the table

h+Ah=(5.0+0.05)x10%m (0.25)
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Experimental setup for measurement of diode laser wavelength
Task 1.2 Expressions for optical path differences.
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1.2

The path differences are

Case I: (0.25)

A,(n) = (BF +FP) = BP = (L, = L) + /L2 + L&(n) =2 + LA(n)
= (L, ~Lo)+ Lo\/1+ = \/1+ La(n)
L L2

0 b

using v1+x =1+%x

= (L, ~Lo)+ L, (1+ 1L(n) (”)J Lb(1+i_'-2R(2”)J
2 12 2 L2

= A=+ LZ()( Llj

Case II: (0.25)

£,(n) = (FB+BP) = FP = (L~ L) + /L% + L (n) /L5 + LE ()
= (LO - La) + La\/1+ L2|__(2n) - LO\/1+ —LIZ‘ (Zn)
L L

a 0

using 1+ x =1+%x

~(L,-L)+L (1+ L LZ(“)j LO(1+ E_LZL(Z”)J
2 12 2 12

= A== LZ(n)( Lij

0.5
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Task 1.3 Measuring the dark fringe positions and locations of the blade. Use

additional sheets if necessary.

TABLE 1

—0ud—

n (I(n)£0.1)x10° m| (I, (n)£0.1)x10° m Xg Xy
0 -7.5 1.1 0.791 0.935
1 -10.1 3.7 1.275 1.369
2 -12.4 6.4 1.620 1.696
3 -14.0 8.2 1.903 1.968
4 -15.6 10.0 2.151 2.208
5 -17.2 11.4 2.372 2.424
6 -18.4 12.2 2.574 2.622
7 -19.7 2.761

8 -20.7 2.937

9 -22.0 3.102

10 -23.0 3.260

11 -24.1 3.410
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1.3

Report positions of the blade and their difference with higher precision:

L, £AL, =(653+1)x10° m (0.25) LABEL (I) (measuring tape)
L, +AL, =(628+1)x10° m (0.25) LABEL (I) (measuring tape)

d=L,-L,=(246+0.1)x10° m (0.25) LABEL (H) (caliper)

3.25
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Task 1.4 Performing a statistical and graphical analysis.
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1.4

A procedure:

From the condition of dark fringes and Task 1.2, we have

L L -2)(neSh
2 L, L, 8

and

L) -2 )<(ne T
2 L, L, 8

a

Using (1.5), Lg(n)=1z(n)-1l,x and L (n)=1_(n)-1, we can rewrite

1 21 1 5

Z(la(N) =) —-—=|=n+=|A

2(R(n) OR)(LO Lbj (n 8j
2L, L, 5

lg(n) =, [——2A4n+—+I
= = 2 a2,

and

1 (1 1) (. 7
E(IL(n)_IOL)£L—a_L—OJ—(n+§j/]

oLL 7
= IL(n) :\/ﬁ/l\/n‘l‘g + IOL

0 a

These can be cast as equations of a straight line, y = mx +b.

Case I
5 2L, L
Y =g Xg =4qN*3 Mg = Lbil_oo/] b =log
Case II:
7 2L,L
y =1l X = n+§ m = L—LOA b =lo
0 a

Perform least squares analysis of above equations. In Table I, we write
down the values Xg and X, .

One finds:

m, = Am,, =(-6.39+0.07) x10° m

3.25
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m_+Am =(6.83+0.19)x10° m

and (values of [, and [, )

lor = Algg =bg £ Ab, = (-2.06+£0.17)x10° m
lo, + Al =b £Ab =(-5.33+0.36)x10° m

The equations used in the least squares analysis:

N N N
Nz Xnyn _Z Xn Z yn’
n=1

m= n=1 n=1
A
N N N N
2
Z Xn Z yn’ _Z Xn Z Xn' yn’
b —n=1 n'=1 n=1 n'=1
A

where

N N 2
p=N3 {3
n=1 n=1

with N the number of data points.
The uncertainty is calculated as

2 N
ey =NZ |, @ =L> ¢ wi,
A A n=1

1 3 2
oo=——_ —-b-
N_2nz=;‘.(yn rrl)(n)

REFERENCE: P.R. Bevington, Data Reduction and Error Analysis for
the Physical Sciences, McGraw-Hill, 1969.

Task 1.5 Calculating A.

1.5

From any slope and the value of L, one finds,

— Lb B La mFZme
2L,L, mz+mf

Using the suggestion to replace d =L, —L_, we can write

2.0
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d mm}
2L,L, mg+ny

A+ AN =(663+25)x10° m

The uncertainty may range from 15 to 30 nanometers.

A precise measurement of the wavelength is A+ A1 =(655+1) x10™° m.
The formula for the uncertainty,

2 2 2 2 2
wi= BT+ 2] a2 o 2otz 2] g o[ 2
A a a, am, am,

a

one finds,

A_A A 123
A d 4, L, 4, L, an,  my mF+mj

and analogously for the other slope.

One can calculate directly these quantities. However, one may note that
the errors due to L,, L, and d are negligible. Moreover, m3 =m? and
L, =L, . This implies,

= AL s,
ang M, dan

A =42 miLAmL ~(25x10°) m
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Answer Form
Experimental Problem No. 2
Birefringence of mica

Task 2.1 a) Experimental setup for |,. (0.5 points)

laser
_ _ o __ _ — ___ _ _ __ __ _ o /l:\l, A _
- - - - - - - - - g:ﬁ;—{__‘g__ '.\:}:‘;/F -
e & & & o .,,—4'{;( ®a & e o o L
v o o Mol el e o o) e o
(B S—S{ j+ =1 K '—e-@ S—S -\\-.;/' = L
(,’..../"..:.IP...Q...
: / J i !
7 i T !
) polarizer + / olarizer + ﬁ
mirror
. detector
mica
Task 2.1 b) Experimental setup for |,. (0.5 points)
laser
AN
® ¢ & ¢ ¢ o ¢ ¢ o ¢ o o O @ ®
® ® O o
® . .
? e o
7. i I \
_ polarizer + ] polarizer -
mirror
. detector
mica
2.1 1.0

—0od—
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i

Experimental setup for measurement of mica birefringence

Task 2.2 The scale for angles.

2.2 | The angle between two consecutive black lines is 0.25

6., = 3.6 degrees because there are 100 lines.

Tasks 2.3 Measuring |, and |, .Use additional sheets if necessary.

TABLE I (3 points)

6 (degrees) (I, +1)x10° V (lox1)x107° V
-3.6 46.4 1.1
0 48.1 0.2
3.6 47.0 0.6
72 46.0 2.0
10.8 423 4.9
14.4 38.2 9.0
18.0 33.9 12.5
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21.6 27.7 17.9
25.2 23.4 22.0
28.8 17.8 27.0
32.4 12.5 31.7
36.0 8.8 34.8
39.6 5.2 38.0
43.2 3.6 39.4
46.8 3.2 39.6
50.4 4.5 38.7
54.0 6.9 36.6
57.6 10.3 33.6
61.2 14.7 29.4
64.8 20.1 24.7
68.4 25.4 19.7
72.0 30.5 14.7
75.6 36.6 10.2
79.2 40.7 6.1
82.8 44.3 3.2
86.4 46.9 1.0
90.0 47.8 0.2
93.6 47.0 0.4
97.2 45.7 2.0
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e | J . =TT
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° » 5
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e ®
°
L ]
20 ® 9
e o
™ I3 1()
* o 4
104 [ ] -]
& .
@
I L] L © "
L o ®oe B .
‘._0_. III II rll nl - ® -
O/degrees

Parallel | and perpendicular |5 intensities vs angle &.

GRAPH NOT REQUIRED!

Task 2.4 Finding an appropriate zero for 6.
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2.4

a) Graphical analysis
The value for the shift is 06 = —1.0 degrees.

Add the graph paper with the analysis of this Task.

b) Numerical analysis

From Table I choose the first three points of 8 and |, (68):
(intensities in millivolts)

(. y)=(-3611) (x,Y,)=(00.2) (X3,Y5) = (3.6,0.6)

We want to fit y = ax” + bx + ¢. This gives three equations:

1.1=a(3.6)2-b(3.6) +C
0.2=c
0.6=a(3.6)2+b(3.6)+C
-0.9+ a(3.6)?
36
inthird = 0.6=a((3.6)" +(3.6)°)-0.9+0.2
— a=0.050  b=-0.069

second infirst = b=

The minimum of the parabola is at:

6., = L 0.7 degrees
2a

Therefore, 66 =-0.7 degrees.

1.0
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Task 2.5 Choosing the appropriate variables.
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2.5

Equation (2.4) for the perpendicular intensity is
(6= %(1— cosAg)sin®(26)

This can be cast as a straight line y = mx + b, with

y=1,(0) , x=sin’(26) and m=%(l—cosA(p)

from which the phase may be obtained.

NOTE: This is not the only way to obtain the phase difference. One may,
for instance, analyze the 4 maxima of either |,(6) or |,(6).

0.5

Task 2.6 Statistical analysis and the phase difference.

2.6

To perform the statistical analysis, we shall then use

y=1,(0) and x=sin’*(26) .

1.0
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Since for 8:0 — g, Xx:0 - 1, we use only 12 pairs of data points to

cover this range, as given in Table II.

x may be left without uncertainty since it is a setting. The uncertainty in y
may be calculated as

— \2 — \2
Al = \/(%j A2 +(ﬁJ Al? and one gets
a, Ap

Al = Vot e

° " U +1,)?

Al, =0.018, approximately the same for all values.

TABLE 11
8 (degrees) X =sin?(26) y=1,+0.018
2.9 0.010 0.013
6.5 0.051 0.042
10.1 0.119 0.104
13.7 0.212 0.191
17.3 0.322 0.269
20.9 0.444 0.392
24.5 0.569 0.484
28.1 0.690 0.603
31.7 0.799 0.717
353 0.890 0.798
38.9 0.955 0.880
42.5 0.992 0.916

2.6

We now perform a least square analysis for the variables y vs x in Table
II. The slope and y-intercept are:

m+Am=0.913+ 0.012

b+ Ab=-0.010+ 0.008

The formulas for this analysis are:

1.75
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N N N
Nz Xnyn _Z Xn Z yn’
n=1 n=1 n'=1

m=
A
N N N N
Z ng yn’ _Z Xn Z Xn' yn’
b —n=1 n'=1 n=1 n'=1
A
where

N N 2
p=n3 {3
n=1 n=1

with N the number of data points.
The uncertainty is calculated as

2 N
ey =NZ | @f=L>¢  wit,
A A n=1

1 < 2
oo=——_ -b-
N_2nz=;‘.(yn rrl)(n)

with N = 12 in this example.

Include the accompanying plot or plots.
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Student code Page No. Total No. of pages

Bail
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i
N

"3 N 0 o . W A S 4 I B O g 4 8
-;3\ R HH
2Ty 98 16 90 0 60 ) O O

Y

=

N

!
A 0 03 B S AR YA L M B B M MM MMM B MBI BN MW NAEESRERA AN
FH RSP RSN ENREEMaRERasSASSsENSENNSNRSSSEESEN
i 8 N M M M SN BRMAE RN AR

L m=0%3 a2 Li-0.010F boos

A

2.6 | Calculate the value of the phase Ag in radians in the interval [0, 71]. 0.5

From the slope m= %(1— cosAg), one finds
Ag+A(Ag)=254+0.04

Write down the formulas for the calculation of the uncertainty.

We see that,
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2Am
sn(Ag)

= ‘%A(A@ = %sin(A(a)A(A@ , therefore, A(A@) =

Task 2.7 Calculating the birefringence |n, —n,|.

2.7

Write down the width of the slab of mica you used,
L+AL =(100+1)x10° m
Write down the wavelength you use,

A+ AN =(663+25) x10° m (from Problem 1)

Calculate the birefringence

In,—n,|+Ajn, —n,|=(3.94+0.16) x10°°

The birefringence is between 0.003 and 0.005. Nominal value 0.004

Write down the formulas you used for the calculation of the uncertainty of
the birefringence.

Since the width L > 82 micrometers, we use
2m-Ap= 2Tn|'|n1 -n,|

The error is

e

2 2 2
n —n n,—n A
A|n1—n2|=\/(| l/] 2|] M2+(| 1 - 2|J AL2+(2 j A(A@z

1.0
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Since the data may appear somewhat disperse and/or the errors in the
intensities may be large, a graphical analysis may be performed.

In the accompanying plot, it is exemplified a simple graphical analysis:
first the main slope is found, then, using the largest deviations one can
find two extreme slopes.

The final result is,

m=0.91+0.08 and b=-0.01+0.04

The calculation of the birefringence and its uncertainty follows as before.

One now finds,
In,—n,|+Ajn, —n,| =(3.94+0.45) x10°°.

A larger (more realistic) error.
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Comparison of experimental data (normalized intensities I_P and I_o) with fitting
(equations (2.3) and (2.4)) using the calculated value of the phase difference Ag.

GRAPH NOT REQUIRED!
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ABOE O FIzEL, )

K 3IZEBROZHEBRH D L 12, BHLVITRNRYOILIZ, = bODY LA DK
WOFINZL DL 92T, FTOEMKTERICEZ 23V, EIZHDEMAOHRITE DAL
TETFICE X922 >TWnD, EMfTIZLICL>Tondh (BR) 1IBb 0 CllEd
HTEMTEDL,

BEE:  @HLLIE360 EEIESE S E 2mm B,
ANT L =7 AORRITERME 1 Tidflibreun,

X3 7S ORI DOHTE D723 D FEBRIEE D e T H,

i

1. HWVo— MERRICEZ IV, 1 DIEFEWVEMIEIZ/R D L OI1IEE, 9 1 DM
WVIABAENC 725 KO ICRE RSV, OV LAESYOESIONEZvn T —7THEEL

REW, 727FL, = FrELEODOY LAIEIZ05m & LS,
(@) L TOEMKOMOERE L EFRFEOHA (HE) ZHEL T, RIZLRIW,
ZOWIEE, HEEE LEEREZDF VY — MIOWTERAITW RS, Z7L,
HFOW— IR 1B L2RWGR, ) 1KEAZ v 7ICERLRIV, (1.9 /)
(b)  EBRFEREZE, AXITHHRNEBEIC, #HithhE A EY) A o TR E 725
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T 7HEE R EZ N, ZOTTTI0G, Rk — bOITH# X 2R IR« B R
DRI, OB, EHEHAV, RICEREZEZEE AN, TOMEEEZFH LRI,
BEHFOERLDIFENY— A2 DLEGEIZOWNW Tk 2RO IV,

. R
7?7ﬁﬁﬁmﬁofwé%ﬁ%ﬂfﬁﬁﬁéwo:@ﬁﬁﬂ%wf,EQ®

EREL VRSV, 22T, RIZBH VDR NEZDOEKRY — FOEETH
% (4.3 /%)

ZOERTIE, RBREORMED D IIHLER,

2. MADOT— e, BOUNEE 2D K HITBNT, MITHI 2RI 2RO 72X
W, (2.8 +5)

3. TS 2R TR BT, YUY (WERMWHEORMREZET) , BHRI—FO
JEAHd TREY, ROKXT LR D,

Yd? (3)
K=———"+#—
12(1-v?)

ZITVIEMEORT VU THY, 2L OWEIZv1I3Th%D, ZhbDEBRRER
MmH, FWWU—hEB\ADY— MDY TRERDIR IV, (1.0 +5)
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1/7

Task 1

(a)

m(g] Ro[mm]
21 40.5
25 39.5
29 38.5
31 37.5
34 36.5
36 35.5
39 34.5
43 33.5
46 32.5
50 315
53 30.5
57 29.5
62 28.5
67 27.5
73 26.5
79 25.5
86 24.5
94 23.5
102 22.5
113 21.5
124 20.5
137 19.5
150 18.5
168 17.5
189 16.5
212 15.5
274 13.5
417 10.5

Points

0.95
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Task 1
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(a)

m(g] Ro[mm]
40 29.9
42 29.8
45 29.6
47 29.4
50 29.3
52 29.1
54 28.9
57 28.8
59 28.6
61 28.4
64 28.3
71 27.8
78 27.3
92 26.3
105 25.3
118 243
129 23.3
143 223
157 21.3
171 20.3
189 19.3
211 18.3
235 17.3
259 16.3
293 15.3
336 14.3
386 13.3

449 12.3
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a = 50000 g mm’



shuji
テキストボックス
―３４５―


Task 1 Points
(b) 1000 ' ' 1.4
' g +++ + + + +
'." ++
8007 A
~ +
&
é 600 1
N o
(n
400 ]
200 T
0 N | | | 1 1
0 0.005 0.01 0.015 0.02 0.025 0.03
1/m [1/g]

—0od—

41st International Physics Olympiad, Croatia — Experimental Competition, July 21st, 2010

a = 70000 g mm’
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Task1 | Points
(b) 0.5
2ag
K= - —1.5mlJ
y 2ag 0.5
& < & < 0.5
r =0.70 R ~0.77 -
c c
Task 2 Points
0.9
m[g] Ro[mm]
6 42.5
7 42.
9 41.
12 39.5
15 37.5
19 35.5
20 34.5
21 33.5
24 32.5
26 31.5
28 30.5
30 29.5
33 28.5
36 27.5
40 26.5
44 25.5
48 24.5
53 23.5
58 22.5
66 21.5
73 20.5
82 19.5
92 18.5
104 17.5
116 16.5
127 15.5
145 14.5
168 13.5
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Task2 | ~ Paints
1.0
K =0.8m)

Task 3 ‘ Points
Young modulus of the blue foil: 0.6
Y=2.0 GPa Y=2.0 GPa
Young modulus of the colorless foil: 04
Y=2.5 GPa

Total: 10
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Solution - Exp. Problem 2

Task 1 Points

() v 0.25

0.45

(s) v
-

@ U 0.45

s @ 0.45



shuji
テキストボックス
―３５０―


—ug—

41st International Physics Olympiad, Croatia — Experimental Competition, July 21st, 2010 FEWJ/3

N0

0.45

s @ 0.45

Task 2 Points
Symmetries that should be utilized in the measurements: 06

7

Fry (2) =—-F (-2)
Fr.(0)=-F4(2)
From the two above one gets also Fy, (2) = —F., (-2)

By using the setup as it is, the whole curve can be measured by starting the
measurements from three stable equilibrium points; the equilibrium point
(z0) can be measured also by using the setup.

Configuration:

Measurements:
z0=0mm m [g] Az [mm]
0 0
31 1
55 2
75 3
97 4

0,8
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119 5
140 6
158 7
171 8
170 9
118 10
85 10,25
50 10,5
10 10,75
Configuration: l 0’8
Measurements:
z0=10.8mm m [g] Az [mm]
0 0
233 1
538 2
927 3
996 3,5
1124 4
1154 4,5
1213 5
1212 5,5
1120 6
873 6,5
284 7
36 7,5
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Configuration: 0,8
Measurements:
z0=18.6mm m [g] Az [mm)]

0 0

116 1

170 2

186 3

184 4

169 5

150 6

116 8

89 10

67 12

53 14

36 16

27 18

23 20

14 22

9 24

26

28

Task 3 Points
2

Due to symmetry, it is sufficient to plot e.g., the following graph in detail:



shuji
テキストボックス
―３５３―


—uog—

41st International Physics Olympiad, Croatia — Experimental Competition, July 21st, 2010 FREJ4G

F31(2)IN]

Fy(2) 1
Fp\(2) 1

Task 4 Points
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