Theory T1

People's Republic of China

BEH B

Y RTFEERNE —MEREFritz Zwicky:@BZ NN ComaZ RAFN I HFERERN. ComaZRHAR— 1M EEHN—TF1
ERNERHE. ZwickyFIRLEEIE(Virial theorem) it T EREANRE. (ENEETIEN—MEEGF, ZEX
PEFITEARMNARS, TESAMMERIE. £ETEEXNRATAERIAITENEMS | HBEZENBHXR.
B, MR—IERFED, RBENFEEEERNORE—R, BALBETERRASMENNETHNSRAS
BRI Z BRI X R,

£1933%F, BIMNLTFComaBRABSHNEREIERE, Zwickyfdit: MAFEINAIUERNGEMRL, 2
ZHASGEREAEANRE. AIYMR (BR) ZEWNSIAOX)N, FEUBRERZBNSRESH. A THERER
ZBIRIEEhRE, BASINEBEREN. R WG, XL e Y Bt 2.

A. EZRH

ZEE—PHFEAR, BSREAMNKRERE. XTMERACGENTER WRKA) , UKEYR. RIRERMEY
FREERFATNSHRIIDIN. KENERNTIIRENm(EER RYRMEBYIR).

Al || BRERESRYRRESS TN, FIRMAREEREN S5 HBE || 1.0pt.

HTFFEEK, AR ENMNENS, MEEZHNXESAZEHNNA@EE, HEHEESMNES
REZEMNEBEX. ZRERAFEINER (Hfi=1,...,N) B, —FIAREBHRERFAON L. &I
FZAEM— KR EELL(Lyman, SRFRFNE EN—FKIEL)MEAL . MEIKE, WHNE—FISESL

A.2 MAfii=1,...,N.), JoMIN, RENERFIZBHIKNWTIIREY . FE: EFRHE || 0.5pt.
R I NF R
A3 R ERFAFOME, SMERBESNAREGHHBEEMER. FIAEN, fi( || 1.5pt.
i=1,...,N)Mfo, REAZBWFEREARONFIIEERY ps. FABVmsflm, REZR
X2 REAFORNTIIEIEE.
ATRKEEZRFNSRE, AURALERETE. ZEERE, T— 1 MHESFRTHARNZRARS, &
(K);==y(U),
He(K) 2 2meenndiaTE, (U), 2RBENMETYE, My 2% H— M HEBRTHLORNZHEERE
%, NTEEAJUHUTREZSEH, BRFFESMNRNUENDEXNBERAREN, NMITEXHNE

r=)p-n
i
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People's Republic of China

2 HR.

A4 pu 1.7 pt.
KIIERE, dT/dr BESETESSEA0, B (9-): = O BULRES HEEERERT,

ERgREFEERR y. (BB BERINRIUNILNERCED FRIKA).

A5 0.5 pt.
BZRNER, BEERTENRNEHRE, BN, mg. R #M v, &% Hfm, 2—1

ERANTYALERE. FESBYRNAGHRERS E RS ITREREERL.

B. 2 RPHIEEMIR
—NERPUERYR. TE—IKRER, AIRARERAR, (ERNFEANFERNACTRAEIEE, BiF
ARBHERZIMNBLBIEESD). RIGERAMNIEERIUEERRENM NRR. ERPHEEYNT DT, ¥

BEAn, HERREMENESE.

B.1 RERPFRAEE, HEEBERFPOEBNr-LN—MEERNREV(r), HEEDH v(r)kE
rEpgis, HPBEEXEEES r <Ry Mr > R;.

0.8 pt.

£ E HHv(r) BIFR A £ R ek B4k (the galaxy rotation curve), MXMNE|_EREHRTHEYBRNEE. TRETR
T—TERNERNefmL. AT REK, Rigr < R, vi)BEHALERE, r> R, v(r) AJLUEAER v
PSER
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v(r)

A i oo _
|
|
|
I
I
|
|
|
|
|
|
|
|
R, »

1 —ERME R
B2 | FVoRIR,, RIEELENR MBI ANERLRE MR . || 0.5 pt.

B.2 PHEMB.1 FIFEIMEIRE, XBKREFEREYIR.

B.3 EHBEYMRNRERE, $EEAr. Ry o vo. n. im,RE, FEE r<R, M
7'2 Rg.

1.5 pt.

C. EfRSENEEYIR

REZE—NMEENER, HREXZHEMSENBEYEAR (BREENHRE) . ERSHRERBENLF
Bk, BMRIFREN M, AR FHEEE n(r) WEE T(r) KHAZERPONER r. RESEPERZYE
WERE, BRITAURE, ATESEEMERLESINER, [T RIERENFTHE.

C.1 0.5 pt.
KBHS|AERBRE dP/dr, Hﬂm’(r), r Mn(r) |AXE, m’(r) EUERPOLA

o F=2N r BXKERBNSEMEY RN S RE.
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C.2 , 0.5 pt.
BEEFRSERERSE, k@B m (r), Bn(r) , T(r) E(Rtr BSHEFEERT.
ETRAESREER, RESAZREERT) WEESH, EMSANHEERTAL:
(r) -
nr)= ———
r(B+r)?
XBaflp 2EE,
.3 1.0 pt.

KRFHEZABYRHNREERER I EK.
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M=, ALELR

ENEMBAREMGET ENBR—FMEES. IFSMHEARSHEN R ES, MALBE, EFEH.

A. BRAIFE (Merapi) AlIBR

HERBAIE X LZME(Java) X RGN L Z—.
KNIEBRRAK AR AU A FHE. ALUEERE
MAIJ.I»’FEH:I'E’J—LMS%DEEE'HF\#ME:.% 2010£10H26
» BAHIRAARENAER T HBATTH, Bl
Trﬁﬁ’lemE'JAlJJK@H(.l), M—FNWLBERETR,
SEUNLTE20,000% ABE.

1: AR AR R AL B =, R EE
(Yogyakarta, BPPTKG) N LU A ELRER A

2010 AR A BRMIR KRR —RIEA, ILRNEEERR. tHYEBEFERAE, SMIACRNERNERS
SR AL R BYTT A (AR K ERIR).  HITRIRAIRRERK FHKREGHMRN RS, HEMUALON
BEEWMASIENIAR. BRALESARIME, (1) —MRENER-KEEFRERE, M (2) RARAKERE.
TEE—MNER, REA(m,, ). BIFREN(T,)NERNEREN (n,, ) « BILRENT,, )BIKES. REFELEEFRTE.
XSIEA LIERRN L AR R IE. ’:uﬁiﬂ“a‘E’JE**&%DE?%MCE’JE?&‘JLM&”JE%

page 1 of 6



Theory T2

People's Republic of China

A1 REFE—MNEHAZITERBGEE, AKINERMNERE, URKNEMRERScvw MER
REBENRERR cvm KRR,

0.5 pt.

A2 RICESYIAI LURBE U NIERSUE, EHFE—MEBTENIER. KESYRIERETRA

Ve.

0.3 pt.

AGEMIIE (B M) ATRELULMARARE, —MARZRRIE. REXNIEEYESR, RITERAIUEELRTE
ERRH R SYIFHERE. BMAIERPX MU EERERB T ALBETESSUNER p , FE m, M
FRV.

A3 0.5 pt.
KRB EPEFERE, Bp, m, V - NEEBMALLHIRKK RRX.

MM EI B9 E5RE4% /9100 MPa. X fE1S05A AY4HIE R E 7] LUA F s8R E.

B. HERIME

2006 FE HEMEHERAM,, = 6.4, BT BantulA1 B EMXHEZERN, XRMELE T HMETE

05:54:00.00, Bt FRARERT(UTC)22:54:00.00 . XRMERHOpakiiEM—xRARB N5 eay(WE2). ERATF
HZRLLTF15 km.

BN I R M L EBAER. MEMSIINERZ HtERLE (B2M3THNE). HEMZEICRNE
R ZEHE ERERNERNZY, E22Gamping Station YogayakartaliE& (FRIZAYOG)HIIER, E3=R
Denpasar, BalitE & (fF129DNP)BIIER. —MKRi%, tERE=MIRAER: PRIIE ( P-K), BRI (
S-K) MREK. P-KM S-REMRTERE, MREEVAHIKREERE. BIMRTEEERHIEMES M
ERAILUR D AT LM AELERERN, ZE—BUR R, MR T—FINSERN. RSRHEERK,

MRERER], KAZ P-KHI60% .
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x10° m/s Station YOGI
5.0
2.5
0
-2.5 Inl\
-5.0
-7.5
22:54:00 22:54:05 22:54:10

E2 #E EYOGIME

Station DNP

x10 - 5m/s
8

4

0

-4
-8
-12

22:55:05 22:55:15 22:55:25

&3 #hE_EDNP (Denpasar) BI(iI &

B (BREMRNKRR) SYOGILUKRDNPH#IESMIEE S5/ 22.5 km #1500 km . EENERAILTE, #h5<H
RERE 30 km . FEMIF T ARMIER. BEHEKMAREM, ERHHERITEEER (Snell's law). tEREE
BOMIEE R &Y. FEABRIAT BB RAIEZ (curvature).
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B.1 0.5 pt.
2 AHTYOGIE AR E. FIAE PR KRBT P-RAEE.

B.2 KRFH BT REMESIEAVEXDenpasar DNPHIEE S RVEILHERY P RAVEHERSEIAI & | 0.6 pt.
SR A 1E FE A ).

BREMBKIEWELEMAR: MTHMIE. VIRERFIIEALUFFRRESDRERE. EIEFIREELE
RAHEER. R MEAAN0ER, IREMEHRN P RSAthS- g RERE, EEMIREEERRE LN

B—R, TRERERD M SRR

B.3
KRERHUIZA P -RATERE.

1.2 pt.

E[SESLFRAIHIKE, WRAIUORREER, MERIEEFNRE z WRHAIURTH v(2) =V +az ,

X8 a B—1MEH, BROMHIANTERE. EXMERG, KA T (curving).

B.4 1.4 pt.
EXREBEp = sin0(2)/v(z) , XERO(7) BIREMFZLZ BIRIR A RIMEBRKE)EM
EANRESHEy , RKEMWESIZRMNIES, Ap « vo, Ma RERT. XERIGER
EEEOAER.

B.5 1.0 pt.
RFEMNERIEANERNE T , BAXz WRSEAREKT.

WIKH—RIIYDBRREWER, EEFEENV; , BERN O -
B.6 1.0 pt.

RIERIEIRENER, EitHMEIRZIDNPHE SRIEREE] (T) REMFTRH=FEH
BUEEHS (i = 1, 2, 3) ARk, BEEMHISIA V1 = 6.65 km/sec (FK/#) ,v2 =6.97
km/sec,v3 =6.99 km/sec, p = 0.143 sec/km, 621 = 6.0 km, 622 = 9.0 km, 623 =15 km
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B4 IR R IR B — R #EE

C. JNBEEHR

2006F7A17H LB 15193274, BB MERASMPENEREL, &% T PangandaranAENEHR. it
B, BRRERMATERL, RENBFET EABKEK, 28R RE1ER, BRIE—FLKK, Ee
RIEIRN, ERKIREK. ZER—1RANHETRSEIRELBR LA, WNESFHR. REMENEERIRKR LS
KEBEE. ATHRERER, RIHELABKEMERE—TEFHK, HERIAL2 (XB L>1) , &
ERh.
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L

&
L 4

x=A2

B5 R nEE, d2iBFRE.

C.1 0.5 pt.
KRBHBTHE, EAEKPEFNAEN T STERNSRE. RESKEERP .

C.2 1.2 pt.
ER BRI E.

c.3 1.3 pt.

MEEEREEE, REBMKIRBENESKEENERE. BRISRAETHEIE, HEBINRE
Ado B, HRIBRA).
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EEKFHF

T HIKFE R ZBEIREXEE), X EMVEINER E, SERRKANRAERNIGERE. XXM EEH
ZEPUN. RAIEZIAN, SMURZERN, SEHRNSRERKEHZEMNL: —EERLZ IR
KEK (A1) , —LERLKHARLKKER (B%) . B, WIRA, KTBRIMBENVHERN, HE
FrERRNNEHRET A%, RNEFEFHEMAATRN, XNMEECHBEMII. L, HNNFHEER
BK.

EFEP, HENEBAFI100 Mpc(1pc = 3.26 AF)NEBRER, FE/NRENFHYIERILIZE. HH11E
BARENTHIMNE, REZHADTHNER, E06 LESERESRAENE (RMEBTHE) Y58 (K
FHE) .

FREL, BATRILUMRISFHARGHISINREREp, HEEEK.

A. BT H

NTERFE, BNZE—TERENRE: —MEEHNS. EEEKINX, REBRERFZEN. FREEBAH
KN, AR—HENZ, KNFFRER,. NERFHEEK, BROFFEROBENENEHARERTFa@) R
1iE : R(t) = a(DR;.

RIERNFHORE, BFUS|EEHERAR E— T RETHMEE, XFrAILIFEI—EFriedmann7iig:

7\ 2 ka
(3) =Ap(0) - e (1)
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A1 || EHFIE(L)FIER AL . || 1.3 pt.

iR BRI NIEER R IEMENTIERY. BEL L, %1%/)0)02 B A SREEREE(REES|HERE), NelLURRE—1
HEXTIEERR FEEFTISERT, AIUSHE "M FriedmannAiz:

pr(p+ (£)) 4 =0

HSHRERLARGNANFEE—ER, XECH p IEHNRIOEMBRRENER.

A2 || e 12(2) A A || 09 pt.

AFHRA(D2), BIVEBEE—NERSBENERp =plp), Hlpnic® =wp(h), EFwREHR. XE
EE—MEFH = dla, BWARFHSE. BINA TRORAREFERENZIXLESHE, F1900, po, Ho, ao%.
HEERL, &a = 1.

BAEE, FEEBETF “KRIF . RBFEFET BEXCHRFARNESN. EFERKIES, FHIBRER
%, RIFRUEEhEMIFENIEMHR. B2, EFENWNREE, BRIFHNEERET, “FTHEHR HNHEEZESL
FEHD. B, WhAFMS, AFHEKIER, AFIKKSFENRERFRIEL.

A3 STUF=FIER, HRIRWEHME. () FHSDHIES (BHMIELFWEES)AR, (i) FHLSZ || 1.2 pt.
| IR IR, (i) FEHAERBER R

Al ®k=0. IAIRFERBBERG), (ii)F(i), DBIKa(). IHER()F(),ERMWESE || 1.2 pt.
| a@@=0) =0, ER(i)ERE W = 1.

A2 (1) S Bk ORI R F R B = A SR LA S K. k = + WM ESETEATE, HIRER). k= 03¢
RIPBFE(REIR). k= — IR ETEFFE, FRER). EXBELQ = p/p., Hipc? = H?/A|
DR AL BT B A RMIAIRA. 1ERRISH.

e Iy —— || 0.1pt.

A5

A6 || Sk = +1,k = 0,k = — | SHIER, 53R LR QUIRESE. || 03pt.
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B. SINZKBVEIN, MBAKKEBIFM

WFEHMKERES (CMB)WIYLNRES, EHRIUEET, BRINFHEIUENRESTIEN. XN EHFHEIEM
=, MR RPHFEATNERSEE FETEN, BN, MRFHFHSFIEFHAW RN
RE, XMRESHREEK, SXEERMNEFNFHEEATE (5RNFE) .
NFRAANE (FENEEZETENENEERE) NFHMER, MIYMRAENFEHHN
B2, 23RIR(Q(r) — 1)BERYiE) R K F (W IE)RHA.3).

0.5 pt.
B.1 P

ATERZNEE, TFEFH, FENZE—REEFENBHHNEY. IMEREEREZSEFHIEHEAK.
F X ER BT HAFT N FR K.

o, | EX T EHEETEISOE, RQM) - 1 RFENRREE. e, B8 | o5
“ Q-1 <1. = P

RO SEOITRAAT  AEE, MEWK  @>0),  MEmEE|
| (@) 1dr < 0). 2 Pt
B.4 | BRI RE I LR S ReE = —H/H E7 e < 1. || 02pt

RBe < | B RE, BRERN ¢ = 1. BANATUEX eBEE N, €13 dN = dIna = Hdt HERKERE
N=0.

C. B9 53 B IR EhE 2 A
AT ERM—ERRK, BNZEE-FYODHNYMRESHTE. XMYRMURKF, HOORR.
FEKFHEINFERER:

¢ +3Hp ==V, (3)
HAY = V)RBRES, V' = 2 BHSHMBKTHERRY
H? == [47 + V], (4)

EqﬂMgzZ%—/P*.%‘? , WAHNERRRE RKESRLENFER, ERBKIONERN, RKFHZEVZZA
Frhakd /2. 5X8F, FHI2(3)FHI QIR LA 2R, XA FAFUHIS R

BNy =6 + el “UBRBE |, HPS = —¢/(H ).
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c1 || V() RE BT H—ASHV M- S8 V", Eitsle, 280y, HdN/dp. || 17 pt.

D. —#h R B FH eI RIFRAK

A RMAR BTN S AR Z 5 FEAES RIEH (CMB)RYSRIRMMEHITEILER, XLRINUNMAREGE

ng=0.968 + 0.006, r<0.12, Hrhr = [}566 s = 1 4+ 2ny — 6e.itEefny NERNRKFEIVES
¢ = s BEEWFHBEAV (P) = A° <M—,,,> , Hn2—1 s, AR—1EHR.
D.1 |[ H ERIKLERFEIDena. 0.5 pt.
D.2 FHeBMNMEHN, HErHng. FAMWWEAN,, HiH&IZENEHN. TIHEP, & 0.9 pt
N =60. o
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At R AN E TSN R iEEMNEH ARV ENAEK
. fE7T

FHEERFIS FEIBITERRANZTEREE. 6, F— M2 FEBRKNEKVES, NWESFEM
SREEXEEESEENKERR, FR— T BR. ¥ AERRET SMABDRKE. VFHERSIETEERF
A, MNEMHZEIRXYIEHENA. U THEREES, ERRNEES FHT SR EBS FEMBAREEAEK
T8, - TREZEEESTHRTER. MILARITHRSHEBERX AL, 017 LOETEF I RBIRRAIA
FRIRATY BT IE.

1. B4R

1. BENENFERBE, RELBMERPFEY BRLEK.
2. BT BABMEERBRRENZLE.
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.  #MBR

B 1. S 5FrE=sM.

STRHARIR(TRE R, K A=632nm, FEERIEERA)
& (6.5cmx0.8cmx6.5cm, HAHEXER)

HEXENRR

BEKEZIENAESN

RRRENE-KAR

#Z 187k (Aquadest)

S

PR (RIS F)

K&

© NSO W=
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10. 71+ 4K BERESER
11. £&m

12. BBt

13. EEF/KBINIRFE

E2 4T EREENTRE.

(a)

Light Source

Cyllndnca'l

Lens | o 2
[EmWete—

|

P

Cell Screen

(b)

B 2. (a) RITREE, ¥HETHEMEK(aquadest) ERAKAFRZ . (b) BENREERER, HARIBR2ZEEYT
aY, HIERRE ERRITHICHZIIE A,

NTRERAPFRNERERBEEVETUNRBXR, RIS ITRIERE LBEUE )N HEaThEESE (
Y)ZEINXRFR, URNKEZBEERE(O)NITSNERE (dn/dY)ZBNXFR. MERERBERHAXR(WE2)RITE:
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Silo
= e o
XBZ, Zo M d #5RE2@)PFECRERST BMEZEINER, V¥ ME5REZEINES, URT#ENE
EATEYRZ), #EBEAER LEREALT AN SR AFTENAE.

T HEEE d)MFrHRBERRE /), EENNAaNItE, & &R, BEARENAZAILZEE. fEit
RHET, SFALET BHERN/LFRER—2ERLRE, FERILSENNNE—INSRBERE.

R A SRR A&:

(%)i:Z_d 2)

MESRE:
o ATRERLHAERRE LNERKRUNE2D), ROFUGEFIRIISKIAHRE2 Q)R EEHE.

o MRBULTH, HEBXEEAFITHELN, ARELNREENALNTR. ATRE—FHSHE
RENLZ, (REILURARZ. Zo MBCHIERIE (RTLNRAR S ERREER) | (R ET LIRS BAIER Bt (T
Ftes E AR L) RIBAENALERR LA B, EREKMERRE, (REEIENXI AL

o SMMARNABGKESH, FREBSHIREANHNER. BiRA: REBEFRENTHE, BEIE
IE ERERAZALE, BRERKRLI40EK, N BEMEHNEEHIEEMBNT BE. A, REIUAF
BRRUNEXEMA R BBEE, MNRZ, Z) MBLSELHELMNL, WRENHIER LNVEGEE
B, B, FEEGTOBINRESRAIENA. ATEIERER/), MEEXRIXMRMBERSF
o

o 309G, MALBERLIFAMERL, HRBETSKLTA LEHBEANREEG. 5 ALKRE
REINFRAWEBRRE (BIC) =23 /150 ml, Cy =28 g/150 ml 1 Cop = 33 g/150 ml) FHITUE,
EFEBREEREKLITHR, BXRLITRNIZBENRR, (RULBSHREN/L M A ERE, 1L
AT B P17 ¢ /NS

o FEZMUHINEERLINE LE TRINFEESHY, UNRNERRERNARKRE.
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V.  SEIRFESS
A: MEENCHREVTSTRIBEE (4.5 points)

UFFrERLE, ZMEREARBEEY. FEEAFRRETE.

IRERR LSRR ACER LB, £I300 ¢80 #EtE (e, BIREENER

ERERARA L, EHSTRAER. 12pt.

HRABYBRBYIE] (1) 302 $hE, BITERRUARE LAVRLER, MEZ, d, Zo, & M 6 (
A2 i =1,..,20, BREAEKFUBENEIESR) . 88Z, d, 2o, & M 6; BlemA B FER 1.5 pt.
Z,d MZy XFBRNEEHZERMN. ER1PIERE

IRAEHBTIE (1) FI30 VIR, HE Vi A1 (7). (i =1, .., 20, BEKIES) 38
A3 | EE Z, d 71 Zo WATEMEBMEVERIE. ER2PIDRAR. W = 30 HHNER, @[ 15pt
(L) 5t Y; fE.

A4 || RIE “A3” 1BEIM0 (L) momAfE, WEEMARIAOY; 8, FHEBXAY; EiEHh. || 0.3 pt.

B: AEH #XFR 21 (4.2 points)

EFAIEFE E AT IR TENR N HIENE.

()= (F), o
¢
(%)l% me 4Dt (4)

X8 Co, D, t, MR RREBROMIGRE. ¥R, ¥ RUSEE. HERE(dn/dY)REKERNYE.
BEERAn/dC)REHRBARN 3) M (4) B8 (dn/dY):MY; ZIENEMX R, HILAIET SRR

pq | REAKGARISEORSI f (L&) 70 g (V) , 18 (L) 70 g (V) ziasosksn 0.5 ot
| xrramm. = Ph
5, | HE (BEEERNRI , ROGSETHRS M0 RREESRIAEE |
' (BIREIZIE A2, SIESAMESABE) | BIFREE. S P
oy | FIF =30 SHOREAR REBIPHESELUNAEE, CHMTOrHEAD. WE|
‘ BRI B RS S) KIA) R B SR L. Pt
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C. IEL&MY 8 (1.3 points)

El

C.1

UERHERZDMEITC. MBXMRIGAMIL, MAFMBVIFLMY & 2Am, &
%%jﬁ%, BATRI LR EZBAEET 8, REVSRBURBTEXAARER. FIAR
FABE D REVERIE, REENGZHET SMAMEEARRENTLE.

1.3 pt.
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Experiment E 2
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R AT R L S B A AT R AN AL 2w

A. &Y

Heavy mass

Recording
paper

Earth motion due
to earthquake

Bl (a) ENERAEIME, EPIRHTEHRIURARE, (b) HUMBHBMEN. (o) BAFEMNAWLIENY (UEMER
FE)

EEREATRER FRANESD, ©EAL7,000NBI5DHEEARATHX, HILLTEHEITA “FENEYK . 1%
HE, ENEBEAENBEARE, FIUMEMALEL, Hsumatra-AndamanittZH Tsunami (2004

) . Krakatau (1883%F) iKTambora (1815%) NI EERALAEIBRFNE RN RESH, AT
RHE, BATBHEN, ER—NMEDEBEANEMNERS, @I NEMEMNABIMRERENME (B
1b) o ATEMALWL, FHAIBMECRNEMEMBENTH, XHTHEM TERNB5IEN (Blc) S
TEARES, BITERIEMEFZRIE, B—MBMEHMMSNTSE, BIFMEMTITBIRkE (PDL) BHARS,
SR ZERN AL,

FATHABREA R KRR T HEBIRAEEDH (BIFAEERE) N—H5, WE2RT. a3k, MAMEYEF
KA TX—RENEBUR . MR ELABREANKEBIXR—RHENRAKE, BIHEL5 LEEER, XK
FE— “BRERRE” (EREES) , NE2afm. X—REMNREE, EfEHRINTUAX—RS5EN
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MERHEM, BIFITERE (PDL) B KL, BATRIUA—NERE, ENSERIRARESAHNEREEERE
%, HEAtRMEREsE L, MASERENFE L, NE2c

(a) Un(2) (b) - (d)
Graphite rod Diametric " 4 =
Magnet # )4
Camelback p .
magnetic graphite
potential ol
‘/’i\ (C) graphite
. X

E2 (a) FHTERAHEMHER, Heh, RIEEGz-MEMR, (b) BERT “BRR” BMHNESR,
(© “(b) 7 W&MEE. (d) PDLEMAIREE,

MRBANME—NAEE (EBHEENT) EABH, HFFE, IERBRERBERERS. X2HT: -
A, AERMANESER, EBE ()AR, BSHFASENTE, EAE2FFESE ) (B2d) « &
M(z) , TEBERERE.

HBEMNIEEBRER T — 4B R FIER. NRIRG-HARARSEE—IME, BERIEXMAERHRE), NE
3a. X—PDLEMA LI AR SREIth BN, SR T REN R, ASHFMARFRE, HBWN1E (E3b)

B WE BES. SN, ERRTUBERBEBMENL. MRMREBHEHMER, AEERELIEEAER

BB TR ERR ST,

(a)‘|i|_(b);2-,||]rll-
2 N - 0.6:- _

z(t)= Ae”' " sinwt

s ]
=1} Tr- 1 =o2f ‘
E’ 0 Wnnﬂnhﬂﬂﬂi\nnnn,\ E gz g -
11 ey -

i -0af J

-1 K A i
" u h I ] o6} <

T — i
graphite ] -08F -

P I S | I R R S MR -1.0 L PR PR IR R L

0 0 10 20 30 40 50 60

iR) t(s)

E3. (a) AEFLAkESHFENXMERHK. (b) MEMHINA: @EIPDLEMHTHER,
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Experiment
People's Republic of China

TELLTRERS, FfTIGHTPDLE BEYIERN IR E R A,
SectionA: BHEFEXNFS

(1) HEMKHNEKEE M (2.59) -

(2)  HERFMEREEy (1.09) -

(3)  TREBIREMERLEY (1.09) -

(4) IRFHEREHRQD, UKBESSHEEMA 3.09) .
Section B: &FRA

(5)  PDLEBMthEN (0.59) -

(6) PDLEB TN (2.093) o
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Experiment E 2
People's Republic of China

B. g E
1
>
i
‘E‘E:\

Single diametric
magnet

. '“I

The PDL magnetic trap

H 4. 2 %EEA. (Single diametric magnet | £ MERA M4 ; The PDL magnetic trap : PDLEE%Bit )

1. BNERAREREE, BERSARIRCHELTE R,

2. PDLEEZMEVEE, BEPRREAENRT,.

3. HEIMBLNNHTEE,

4. REBFA.

5. MEHZRHHLI. RHUNBMASEIIIHHE, HEE—TMERKRk.
6. SHTHITEIBERIRSL T

7. AMBERRIMAES (SFEMHES) © HB/0.3, HB/0.5, HB/0.7,/M1HB/0.9 . X Ff5HMMNER, SWFt
HEBNEE. ATRIEBMERNEERENAEE, REEREITHEN.

8. &
9. MKIE
10. BF (nREEETIn)

page 4 of 12



Experiment
People's Republic of China

11. HEEWA— BRE R NMEERRIHE S RBARIE (b, Eik)
12. "BANR"BAKRELERRTSE

13. X%, ARBoaES

14. BRe, BRFBHBHKEERETTE L

15. R+

YA E
1. REAAEPOLEPDLEPE (ML) &, ANl —kIFrE !
2. BHIRIHARHEXE, DY HE 6!

3. WIFRET, 1ANOMMESTAEEY LR, HFNTAEEIREESTA L

4. PREJLIA=148 2 7 AR S RYK .

BHAER:

BERAREESENFERE : R=32mm
BRAAEBHTENKE : L=254mm
PDLESPHAVAEFREEE © gM=15mm
ARNRERE . p =1680 kg/m’
A2# "HB/0.3" ER : d=038mm

A2£# "HB/0.5" HR : d=056mm

A= "HB/0.7T" ER : d=0.70mm

A= "HB/0.9" EHR : d=090mm

=8 . T =298K

HTHSE © uo =1.257X107° H/m
WRZEEH © kp =1.38064852 % 10723 /K
ENINEE : g=9.8m/s
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Experiment E 2
People's Republic of China

C. SEISFN a7
SECTION A. PDLB I E AT
[1] & B SR E (M) (2.5 pt.)

(a Diametric Teslameter
Magnet Hall sensor

X
'y
(b) "near field"
B
chlc:g “far field”

X (log scale)

Figure 5. (a) MEHi17. (b) RN EEMAUENTLEILE FEHELER) (o) ZEE. (Diametric Magnet : BXA
miek ; Teslameter @ $5Hhiit ; Hall sensor : EE {228 ; Hall sensor starts at the center of magnet : £E
L RRBYIAMI TS OIE ; Magnetization mark : Bt EARIE ; Ruler : RF)

BEAMAVIBIREE N BUR T RASX S VA BIREE m. SR THAEE M, BARERIERUARAMNEEBRE, 2
BB — M. XX ERIREE X

— m
M= ZR*L (1)
R B¥R, L SBHHSKE (MEHHNEIERISD) « MW FALHREHMERINEESHERN. RITSHRIES
MO HHBEERITXMPDLESM P ERNER S MR REM ,

FERETNERAMESRE, HUMASCIRARK LN, ME6afR, EHILAMMEER (H) FRR.
fE FAAFETRLT M 2 W7 2 EEXN D . B BEBEIEHTX < 16 mmse B BRT A" !

Hom
Bi(x) = 57 )

XA BRI TR, E6afR. xEEERS RSP OME RS TR EENEE L RS Rk ZE
HUEERE. xBIFIIRIREIESE E6bFIT.
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Experiment
People's Republic of China

N REaE S XE RN E

E2

oUW e

aq | EMERAEHANERT, ARt EREB). LENBNSREVRE | o,
1| mpmas, P
puil
EEFHRIE(7 < x < 16 mmRMEHEZB B XHTKIER, XBExRENE 2SSk
A.2 FOREE, AERRLIERAEY (record and  plot) RIVER, STEEMTE || 1.15pt
By “RntNiEm” BOARB.
A3 FIRIRHN KR EIEE HRIE# p 1E. 0.75 pt.
A4 || TE HEAERRTRE (L3R E M VB, || 0.5 pt.
RS -
(a) Hall sensor B (b) Hall sensor P
chip chip
% Board Board
Magnet X Magnet N\

b

Adjust to " .‘
maximize field =
Xoeeser™ 4.0 mm

Ele6. iiplE, (a) BT, (b) WBAE, Magnet: Bk Hall sensor chip: ERFMHE
Adjust to maximize field: JAZE&EAHLH Hall sensor chip: E/RERF Borad: FiR

Offset : f@#% Actual Hall element: EEHE/RTH

TR, KERETT, DOBD BHEFE!

SR, ERE— A, FAL2M,

AR xBRMEHKBAREINERBER, HHB+¥EE R=3.2mm.
FRESCHEFNNES B,

page 7 of 12

1 Actual
|+~ Hall element

2 E6a, ¥uhihik, FHENERERTH, XFSBHIRAR, (R UARENESTRCHEKBIEL TSR,
HERTTIHERAREIBLERET, BT OREISSFRERITHZERSSFREERFIAMN T REE: Xorrser =4 mm




Experiment E 2
People's Republic of China

7. EERTMHITX =5 mm! HABMRINE! HERTHRMEEKN (c=4mm) , FISHHENZRERERE, X2
BT ERTHERM.

21 BT AIBIAR ISR (1) (1 pt.)
(a) IF (b)
a .

graphite 5 : 5

K7 (a) HPFEESZEN, (b) BAR, NERFSEo.

PDLBMHRI SIS T, WETafiR, AEHRFEBMHPL, BERY. AERZIBZHNEFRAFM00)o
MR AOERB T AR Ry MAEEFMEY 0. MIRUERBR T — MIRMAEEIMARER TR, HiFEX
gu=~0+uo o B, phYEES %, (EPDLEMH, fREBEZESNRIIA

_ poM?yV: R Yo
Fu(o) = —===5/ (7) ®
AREXPENMSHBELEF o) N ERREFE G E, XEV, 20 BEAET, M BRI AR R A8
ORI AEE]) | REEkeh DI E e = R + gm/2 (RE7a) , Hiigy = 1.5 mmER/ MRk
B o () A TR -

4u3—u*)(1—u?)
fw) = —r— )

RKENS mmByHB/0.5ARHREMIRKEIEMP, NEAIHENEEATESEY) (I
A5 E7a) o & SETbFIR, BEAR#EITNE, ERaEFUER, BREEHEK 0.1 pt.
£o

A.6 A SRMLE R E B A SEEREEY 0.8 pt.

page 8 of 12




Experiment E 2
People's Republic of China

A7 ” BRESH AR N REIEE—F: ()8R (i)IREL; (i) “ 0.1 pt.
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Experiment E 2
People's Republic of China

[3] IEIEH P RYREIFNER LR () (1 pts)

Magnetic potential

(a) (b) [ . Parabolic potential 2
_ i 5 ]
graphite =5 approximation ]
4 > 3

L --y------ s —— A e B 45
i Yo ]
magnet 7Y N N S SR B

-L/2 0 L2
F4

E8 (a) ARBESE Yo&syRzh (b) PDLFEMHAITELE M EHLT A

WIE8FR, FIFATEPDLRGMAVIEIZTEE B HHIRED, FHITAILISEIMM (independently) EHERLEy, K/
g (z<4mm) , EHHEETLAH e elisa s (nE8bh LR R) -

Uy = %kzz2 (5)

Hrhk, 2HEEM BRI , 7 RAERRONNB, BRI KB THAREM (MRELHS2]) FIRER
fbRy -

k, = =CipoyM?*V, (6)
Hp o REARSR, V, RERBOET, C = 198.6 /m? i T3 MRS HE 2 /N 5L

EERRREEEMTO. NRBFRARTE, ERASEHUTEMF L. BFENMAESE, HaEE5%k
& ZBHREN.

ng | T (=8 mmiki HB 0. R R g, RISHVEE (A <4mm) . MBRDES|
' (BFMER, FaEheasEm, 844 2aKARKE) . <Pt

A9 F A 8 RYHREN T B AR ERHAR LR (1 ) 0.8 pt.
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Experiment E 2
People's Republic of China

EA=SEH, AEENIRIERE. RITEARENSHEEERYT (ERNKE) BXR, FEMGIT=SHE

B up. FAARBRHRF IR FNRED: 2(t) = Ae sin(wf) (WE3afiR) , HpA BYIGRE,

o = 2xf RABE, tRbfE, k7 RIE I exp(—t/7) B A=, Hrio2 ER R, ARPE Rk ikiE 0=
I, ATEAE LN 0 = ot/2, WRQ > 0.5, Mizirsh2 KHEHRS ; @ = 0.5, BInstHENRD ; Q <
0.5, ez, {EF FAPDLE BT IR (URIHIBN (A, XA &t 5T R FE B B 2,

BATERER A ERTIARKEIHIKE, R BRER B BRIt iER], BENEIEHE TS H:

r= 22710 (0.607 x L) )

HAp, p, rflZASBENRERE, FRANKE, BT SBEERE BNAXMER LT =SEREE R

A10 | BiIEESRERDNERNAEST. BRI IR — SN E ‘ 0.5 pt.
1y | FERERE mm, FREENESE TR RIS, e REREOERSAR |
. il 5 pt.
A12 || S IS AR R || 1.0 pt.

SECTION B. {f2=2%28 NV F
5] PDL =Y (0.5 pt.

BEMTIER: (REAPDLRAAMKIGITHIEN. RINESEESINEE, BIES ) \WILKE “BERE" (BN
AT RS N INREE) o XA RER (B misiHLY))

4k Tw
an = \/ mr (8)
Hekp RRW/RZBEY, TERE (MESRERSSD) ,  MmreaBENRE. FEYEeRSERSBi (S
units) o 7EIIERAT, MEENE T FRERGREN(E, HEEMANSES B BN OIMER.

B.A || R R E RIS B || 02pt.
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Experiment E 2
People's Republic of China

B.2

HF AR ERE, TEBEN MRS HE (4) “ 0.3 pt.

6] PDLEBHMITNY (2 pt.

center
graphite i magnet
AZ;
%_, D___—— = ' screw
t
0 . U

B9 FIFPDLEMEIEMTEHY

AR APOLEMHI(EIRE BN, LIS AGES. EASEId, FEKET], DURBEARER
T, HINBENEEE S (BIER—BEFRNEETNL) . BEIVEBHPREENRE, RIVETUIEE
AR B AR .

ASLIOEA[=8 mm KBYHB/0.5A%FEF, MFOUEFIR. RIREE BB LU B3R RS EE:

B.3 0.5 pt.

FIFFIEEE S MURETHER BEH (V) SRIE2AZ ‘

B.4

‘ FIBTEIEIRET, MERNRE Az SETREBERN)ZENXR, THIZHES 1.25 pt.

s | MTEMSE, MOEAMEHEN, AALERRRNANTHE (L, 025 o
' EERG K AIRT) o HEIBENOET (ideal O factor) REIA? =2 P
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Solutions/
Marking Scheme

T1

Dark Matter

A. Cluster of Galaxies

Question A.1
Answer Marks
Potential energy for a system of a spherical object with mass
4
M(r)=—7r’p and a test particle with mass dm at a distance r is given by
3 0.2 pts
M(r
du = MO gy
Thus for a sphere of radius R
_ R M) (R 471’ p 2 6L 5 SR,
U _—jo G ; dm_—j0 GT47zr pdr_—?Gn P IO r'dr 0.6 pts
16
=-—Gr’p’R’
15 P
Then using the total mass of the system
4
M =—7zR’
3 P
0.2 pts
we have
2
U= _3GM
5 R
Total | 1.0 pts
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Solutions/ L T1
Marking Scheme =
Question A.2

Answer Marks

Using the Doppler Effect,
f=f —1 ~f,(1-p)
b 1+ 4 0 ’

where S =V/C and v <<c . Thus the j-th galaxy moving away (radial) speed
is

ri f, 0.2 pts

V, = C[i - lj
fi

All the galaxies in the galaxy cluster will be moving away together due to the
cosmological expansion. Thus the average moving away speed of the N
galaxies in the cluster is

c N N
:_WZ f - f Z(__IJ 0.3 pts

0 i=l

Alternative without approximation:

-SSR

Total | 0.5 pts
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Solutions/
Marking Scheme

T1

Question A.3

Answer Marks

The galaxy moving away speed V,, in part A.2, is only one component of the

three component of the galaxy velocity. Thus the average square speed of each
galaxy with respect to the center of the cluster is

1 N~ —e 2 1 N
W;(Vi_ :WZI xi ch) +(Vy| Vyc) +(Vz| Vzc) 0.5 pts

Due to isotropic assumption

lN - 3N
NZ VS

i=l

And thus the root mean square of the galaxy speed with respect to the cluster
center is

N N N
\ ms — \/%Z(Vrl _Vrc)2 = \/%Z(Vrl 2Vcrvrl +Vcr ) = \/%(vaizj_:;vcrz
i=1 i=1

i=1

e L3 (131

Alternative without approximation:
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T1

Solutions/
Marking Scheme

0.3 pts

zZ|-
MZ
N
|
N3
<
(3%

rms

Total | 1.5 pts
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Solutions/ I T1
Marking Scheme =
Question A.4

Answer Marks

The time average of dI'/dt vanishes

<d_F> _

dt /,
Now 0.6 pts
p. resp a6

: . + e

d Zp, L TPy
=2Fi-ﬁ+2mivi-vi=2|fi-ﬁ+2K

Where K is the total kinetic energy of the system. Since the gravitational force on
i-th particle comes from its interaction with other particles then

ZF F—ZF r_ZFJI i ZFIJ i ZF ZFJI

i, j=i i<j i>] i<j i<j

(% r) " mm

-2 Fm-n=-Xe ([-1)=-26——-=U,

i<j oY |r"r i |F - | 5 If-

Alternative proof:
0.9 pts
ZF TL == Z Fl'?l = F21.F1 + F31.F1 + F41.F1 + -+ FNl'?l +

i,j#i
Fro?y + Fag. Ty + Fypo Ty 4 o+ Fyy By +
Fiats + Fpg T + Fyg T + - + Fys. Fa +
Fin. Ty + Fon. Ny + Fsy. Py + -+ Fyy_1. Py_1

Collecting terms and noting that ﬁij = —ﬁji we have
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Solutions/
Marking Scheme

Fip. (% = 7) + Fi3. (3 = 7)) + Fig. (7, — 7)) + -+ Fp3. (5 — 1)

+ F24. (F4 - Fz) + -+ F34. (F4 - Fg) + = ZF}V ?l _7:})

i<j
mm] (7 —7) > mim;
ZG 2 (7 T}) ZGﬁZUtot
i<j T |rl | i<j |ri_rj
Thus we have
d—F=U +2K
dt
dr 0.2 pts
And by taking its time average we obtain<E=U +2K> =0 and thus
t
K __] U) . Theref _1
< >t— 5< >t. ereore;/—z.
Total | 1.7 pts
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Solutions/
Marking Scheme

T1

MRISTRY OF
EDUCATION AND CULTURE

Question A.5

Answer Marks

Using Virial theorem, and since the dark matter has the same root mean square
speed as the galaxy, then we have

<K>t = __<U >t 0.3 pts

M. 13GM
2 ™ 25 R

From which we have

5RV> 0.1 pts

rms

3G

And the dark matter mass is then

5Rv2 0.1 pts
dm - rms _ ng
3G
Total | 0.5 pts
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T1

Solutions/ IHE
Marking Scheme =

B. Dark Matter in a Galaxy
Question B.1

Answer Marks

Answer B.1: The gravitational attraction for a particle at a distance r from
the center of the sphere comes only from particles inside a spherical
volume of radius r. For particle inside the sphere with mass m_, assuming
the particle is orbiting the center of mass in a circular orbit, we have 0.3 pts

m'(rHm, _ my,

S
r? r

G

with m'(r) is the total mass inside a sphere of radius r
m'(r) :izzr3msn

3
Thus we have 0.2 pts

1/2
v(r)= (_47zinms] r

While for particle outside the sphere, we have

A7GAM. R 1/2 0.2 pts
<[

3r
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Solutions/
Marking Scheme =

T1

The sketch is given below
v(r)
0.1 pts
R r
Sketch of the rotation velocity vs distance from the center of galaxy
Total | 0.8 pts
Question B.2
Answer Marks
The total mass can be inferred from
m'(Ry)m; _ myv;
— =
R, R,
Thus 0.5 pts
2
' VO Rg
mg =m'(R;) = G
Total | 0.5 pts
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Solutions/ GE T1
Marking Scheme =
Question B.3

Answer Marks

Base on the previous answer in B.1, if the mass of the galaxy comes only
from the visible stars, then the galaxy rotation curve should fall

proportional to 1/\/F on the outside at a distance r > R, . But in the figure

of problem b) the curve remain constant after r > Rg , we can infer from

gmmm, _ m.vg 0.3 pts

r? r

to make V(I) constant, then m'(r) should be proportional to r forr > Rg ,

i.e.forr>R,, m'(r) = Ar with A is a constant.

While forr <R, to obtain a linear plot proportional tor, then m'(r)

should be proportional tor?, i.e. m'(r) = Br°. 0.3 pts
Thus for I < R, we have
r
m'(r) = '|',ot(r)47z'r'2 dr'=Br’
0
) 5 0.2 pts
dm'(r) = p,(r)4ar-dr =3Br-dr
. 3B
Thus total mass density p, (') = —
4
R 2
¢ m Vv
mg = J.£47zr'2dr': BR, orB=—F=—"
o 4m R, GR,
3V2 0.2 ptS
Thus the dark matter mass densit r= 0 _ —nm
y p(r) AGR. s
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T1

Solutions/
Marking Scheme

While for r > R; we have
' Ry ' 12 ' r ' 12 '
m (r):JO p(r'Ydz'=dr +IR p(r'Ydzr'=dr' = Ar
m'(r) = my +J: p(r"4m' dr' = Ar
9
0.2 pts
r 2
jRp(r')47zr' dr'= Ar—M,
raar’=A,orp(r)= :
p(r) p(r) e
Now to find the constant A.
A 4midr = Ar-R) = A
IR4m'2 ar' dr'= A(r — g)_ r—mg
V2
Thus AR, =mgand A=-2
G
We can also find A from the following
0.3 pts
m'(r)m Arm.  mv; 2
MM, _ g AT _ MY ypusa=o
r r r G
Thus the dark matter mass density (which is also the total mass density
since n~0 forr >R, .
V2
r=—=>-forr >R
P 47Gr? ’
Total | 1.5 pts
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C.

Solutions/
Marking Scheme

T1

Interstellar Gas and Dark Matter
Question C.1
Answer Marks
Consider a very small volume of a disk with area A and thickness Ar, see Fig.1
\er(!’+er
1 4ar
P(r)
r
0.3 pts
g(r) P
Figure 1. Hydrostatic equilibrium
In hydrostatic equilibrium we have
(P(r)—P(r+Ar))A—pg(r)AAr =0
AP Gm'(r)
Ar r
0.2 pts
dP Gm'(r) Gm'(r)
—=—p——>=-n(rym, ———=.
a P (mm, r?
Total | 0.5 pts
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Solutions/
Marking Scheme

T1

Question C.2
Answer Marks
Using the ideal gas law P = n kT where n = N/V where n is the number
density, we have
P =kT dn(r) + kn(r)d—T =-n(rm, Gm_2(0
dr dr dr r
Thus we have 0.5 pts
2 2
m(r) = — KT ( r- dn(r) LT dT(r)j'
Gm,{n(r) dr T(r) dr
Total | 0.5 pts
Question C.3
Answer Marks
If we have isothermal distribution, we have dT/dr =0 and
KT, { r* dn(r)
m'(r)=—-—->_ ( 0.2 pts
Gm,{n(r) dr
From information about interstellar gas number density, we have
1 dn(r) _ 3r+p
n(r) dr r(r+p)
Thus we have 0.2 pts

_KTyr 3r+p

m(r) Gm, (r+f)
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T1

Solutions/
Marking Scheme e T e

Mass density of the interstellar gas is

(n=—""
Py Cr(B+r)
Thus
0 s KT,r 3r+ 8 0.3 pts
m'(r) = r MUz dr=—2—"—
(r) {(pg( )+ P (1) ey

» KT,r 3r+p
m'(r) = J(T P (T’ ))47# dr'= Gm, —(r+ﬂ)

m 2 2
( +pdm(r)]4ﬂf _ kT, 3r +6rﬁjﬂ
r(B+r)* Gm, (r+p)
kT, 3r’+é6rg+p3>  om 0.3 pts
pdm(r): 0 ﬂ ﬂ - .

47Gm. (r+B)°r*  r(f+r)

p

Total | 1.0 pts
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Solutions/ | IBE
Marking Scheme e T e

Earthquake, Volcano and Tsunami

A. Merapi Volcano Eruption

12

Question Answer Marks
Al Using Black’s Principle the equilibrium temperature can be obtained | 0.5 pts
mwcvw(Te - Tw) + mmcvm(Te - Tm) =0
Thus,
— mW CUWTW + mm CUme
¢ mWCUW + mmcvm
A.2 For ideal gas, p,v, = RT, , thus 0.3 pts
Pe = —
¢ ve mWCUW + mmcvm
A3 The relative velocity U, can be expressed as 0.5 pts
Urer = K paVﬁmV
where Kk is a dimensionless constant.
Using dimensional analysis, one can obtain that
LT-1 = Ma+yL—a+3BT—20(
a+y=0
—-a+3=1
—2a=-1
Therefore
Upep = K p1/2V1/2m—1/2
Total score | 1.3 pts
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Solutions/
Marking Scheme

MINISTRY OF
EDUCATICN AND CULTURE

B. The Yogyakarta Earthquake

12

Question Answer Marks
B.1 From the given seismogram, fig. 2 03 | 0S5
_ pts | pts
x10° m/s
5.0 E F £ F i 0
2.5 - :f § 13
0 i
-2.5 : : : :/;I
5.0 : l = &
1 4
= L i
22:54:00 22:54:05
22:54:045
One can see that the P-wave arrived at 22:54:045 or (4.5 —5.5)
seconds after the earthquake occurred at the hypocenter.
Since the horizontal distance from the epicenter to the seismic station | 0.1
in Gamping is 22.5 km, and the depth of the hypocenter is 15 km, the pts
distance from the hypocenter to the station is
22.5% +15% km =27.04 km
Therefore, the P-wave velocity is 0.1
27.04 Km 5 75 K pts
Vp = —mm = . m/s
i 4.7 s /
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Solutions/ L
Marking Scheme e e

12

Question Answer Marks
B.2 Direct wave: 0.2 | 0.6
pts | pts
SR /500> +15* 502.021
Lo =—— = = s=869s
v, v, 5.753
As in the case of an optical wave, the Snell’s law is also applicable to | 0.4
the seismic wave. pts

Yogyakarta Denpasar
{Epicenter) 500 Km (DNP)

15 Km

Hypocenter $y .-+~

= Mantle

Illustration for the traveling seismic Wave

Reflected wave:

SC CR
treﬂected = +—

v,y
SCcos@p+CRcosep =500= cotgp :%
reflected 45 = 873 S

V, sin ¢

Page 3 of 8




Solutions/ &
Marking Scheme oL e

T2

Question

Answer

Marks

B.3

Velocity of P-wave on the mantle. The fastest wave crossing the mantle
is that propagating along the upperpart of the mantle. From the figure
on refracted wave, we obtain that

2

sind 1 ) Vv v

=—:; sinf@=—-L; cosO@=,[1-| L
v, v,

cos@zg; X, = 15 km; X, = 30 km
X, cos@ cos@

X, =500—(X, +X, )sin @ =500—45tan @

0.4
pts

The total travel time:

_XtX X 45 +500_45tan0

t =
v, V, V,cos@ v, v,

tcosd =45u, +500u, cos @ —45u, sin g
where u, =1/v, and u, =1/v, . Arranging the equation, we get
(500 +45% Ju; -2t 500u, +t* —45> u, =0

whose solution is

50012 +45v,,(452 +500° )~}
- v _45’

vV,

0.5
pts

x10-5m/s Station DNP

0 B RV
-4t
-8 F

22:55:05 22:55:15

From the seismogram, we know that the fastest wave arrived at
Denpasar station at 22:55:15, which is t =75 s from the origin time of
the earthquake in Yogyakarta. Thus

v, =7.1km/s

0.3
pts

1.2
pts
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Question Answer Marks
B.4 By using Snell’s law and defining p=sind/v and u=1/v, we obtain 0214
. ' ' p pts | pts
p=u(0)sing, =u(z)sinG; sinf =——
u(z)
where u(z)=1/v(z) and 6, is the initial angle of the seismic wave | 0.5
direction. pts
dx dz ’
—:sinﬁzi; X coso=1-| 2
ds u(z) ds u(z)
dx dxds u 1/2
e lv-p)
dz dsdz wu (uz_ pZ)
Zy p
x=J' 7 dz
2 (uz _ pz)
0.7
dx o pts
: X
1 |
3 ds i
____________ I
y<

Illustration for the direction of wave

The distance X is equal to twice the distance from epicenter to the turning
point. The turning point is the point when €=90°. Thus
1 . _ 1- PV,

A
v, +az, ap

p= u(zt) =

4

p(V0+aZ) 2 2 2 2,,2
X=2 dz=—1|/1-p (v, +az)" —\/1-p7V,
!(l— p’(v, +az)’)"” " ap (‘/ ’ JI-p )
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Question Answer Marks
B.5 For the travel time, dt = E; dt =u(2). 10 1.0
v(2) ds pts | pts
Thus
dt dtds  u’
dz dsdz (u>-p))"
and therefore
T=2 4d
) (U3 —pH)? ?| o (Vo +22) (1- p*(vy +az)*)!?
B.6 The total travel time from the source to the Denpasar can be calculated | 0.6 | 1.0
using previous relation pts | pts
u’(z)
T(p)= ZJ—Wdz
ICROREY
Which is valid for a continuous U(Z). For a simplified stacked of
homogeneous layers (Figure F), the integral equation became a
summation
2
u-Az
T(p)= 22—1/2
~(w-p?)
uAz usAz uiAz 0.4
T(p) =2————+2——— S +2——— ots
wi-p»H2  W-p>z (W-pH?
2 x (0.1504)? x 6 N 2 x (0.1435)2 x 9
- 1 1
(0.1504% — 0.1432%)z  (0.14352% — 0.1432)2
2 x (0.1431)? x 15
(0 14312 — 0. 1432)2
= 151.64 second
Note that the actual travel time from the epicenter to Denpasar is 75
seconds. By varying the parameters of velocity and depth up to suitable
value of observed travel time, physicist can know Earth structure.
Total score | 5.7
pts
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C. Java Tsunami

Question Answer Marks
C1 The center of mass of the raised ocean water with respect to the ocean | 0.5 | 0.5
surface is h/2. Thus pts | pts
h%pALg
P™ 4

where p is the ocean water density.

C.2 Considering a shallow ocean wave in Fig. 5, the whole water (from the | 0.7 | 1.2
surface until the ocean floor) can be considered to be moving due to the | pts | pts
wave motion. The potential energy is equal to the kinetic energy.

. ARZL _1 dLAU?
2P g =3P

Where X = /1/2 and U is the horizontal speed of the water component.
The water component that was in the upper part hL% should be equal to
the one that moves horizontally for a half of period of time T/Z' i.e.

hLA/2 =dLUt/2.
Thus we have

g

1d
Accordingly, 0.5

-2 pts
Joa

Thus

A

v=t=gd

C.3 Using the argument that the wave energy density is proportional to its | 1.3 | 1.3
amplitude E = kA? with A is amplitude and k is a proportional constant | pts | pts
Because the energy flux is conserve, then

Eva = Eyvya for an area a where the wave flow though.
Then,

kA% [gd = kA3\[gd,

[uny

do\3
a=(3)

(Therefore the tsunami wave will increase its amplitude and become
narrower as it approaches the beach).

Total score | 3.0
pts
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Total Score for Problem T2:

Section A : 1.3 points
Section B : 5.7 points
Section C: 3.0 points

Total : 10 points
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Cosmic Inflation

A. Expansion of Universe

Question A.1
Answer Marks
For any test mass m on the boundary of the sphere, 0.2
mR(t) = —GmM,/R?(t) (A.1.1)

where M, is mass portion inside the sphere

Multiplying equation (A.1.1) with R and integrating it gives 0.6
fRdR dt—1 R? = GMS+A
dt 2 R

where A is a integration constant

Taking M, = %nR3(t)p(t), and R = a R, 0.2
(a)z _81G A 0.2
~ 73 PV TRz
_ 8mG 0.1
Therefore, we have A; = - .
Total 1.3
Question A.2
Answer Marks
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The 2" Friedmann equation can be obtained from the 1% law of 0.1
thermodynamics :
dE = —pdV +dQ.
For adiabatic processes dE + pdV = 0 and its time derivativeis E + p V = 0.1
0.
For the sphere V =V (3 d/a) 0.1
Its total energy is E = p(t)V(t) c? 0.2
S a 2 0.1
Therefore E = (p +3 Z) Ve
It yields 0.2
. AL
P +3 (p + C_Z)a =0
Therefore, we have A, = 3. 0.1
Total 0.9
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Question A.3

Answer Marks

Interpreting p(t)c? as total energy density, and substituting % =wp(t) 0.1

in to the 2" Friedmann equation yields:

a
p+3p(1+w)a=0

p o< g 3W+D) 0.2

(i) In case of radiation, photon as example, the energy is given by E, = 0.3

hv = hc/A then its energy density p,, = % x a~*sothatw, = é

mgc? o 0.3
14
a~3 since dominant energy comes from its rest energy mocz, so that w,,, =

0

(i) In case of nonrelativistic matter, its energy density nearly p,, =

(iii) For a constant energy density, let say €, = constant, €, « a® so that 0.3
Wp = —-1.

Total 1.2
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Question A.4

Answer Marks

(i) In case of k = 0, for radiation we have p,a* = constant. So by comparing 0.2
the parameters values with their present value, p,(t)a*(t) = pyoag,

() =" o (2"

[ada =%a2 +K = (% proa(‘;)z t.

1

Because a(t = 0) = 0,K = 0, then 0.2

1
1 - 1 1 1
a(t) = ()2 (57 proad)’ 12 = (2Hy)7 t2.

1

where Hy = (% pTO)E after taking ay = 1.

(i) for non-relativistic matter domination, using p,,(t)a3(t) = pmoas, and| 0.4
similar way we will get

2 1 2
3\3 (87G 3.2 3Hy\3 ,2
a() = (3)" (5% pmoat)" £5 = (32)" .
1
where H, = (% pmo)z.

(iii) for constant energy density,

0.4
Ina = Hyt + K’
1
Where K’ is integration constant and Hy = (% pA)z. Taking condition a, =
1,
1 (a) Ho(t — t
nl—|= -
o) = Hot = £)
a(t) = eHO(t_tO)
Total 1.2
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Question A.5
Answer Marks
Condition for critical energy condition: 0.1
3H?
t) =——
pe(t) = o

Friedmann equation can be written as

H?(t) = H*(DQ() - :

Rza?(t)
2
() a?H2@-1) = & (A.5.1)
Total 0.1
Question A.6
Answer Marks
2

Because (i—‘z’) a’H? >0, then k=41 corresponds to Q>1, k=-1 0.3

correspondsto 0 < 1 and k = 0 correspondsto Q) =1
Total 0.3
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B. Motivation To Introduce Inflation Phase and Its General Conditions
Question B.1

Answer Marks
Equation (A.5.1) shows that 0.1
kc? 1
(.Q —_ 1) = R_g -

In a universe dominated by non-relativistic matter or radiation, scale factor can 0.2

P
be written as a function of time as a = q, (ti) where p <1 (p = % for
0

I 2 R
radiationand p = gfor non-relativistic matter )

(Q—-1) =k t2-p) 0.2
Total 0.5
Question B.2
Answer Marks

For a period dominated by constant energy provides the solution a(t) = et so 0.1
thata = Helt

k 2
(@=1) = 20 0

Total 0.3
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Question B.3

Answer Marks

Inflation period can be generated by constant energy period, therefore it is a 0.2

phase where w = —1 so that p = wpc? = —pc? (negative pressure).
Differentiating Friedmann equation leads to 04
2
g2 = o6 pa? — ke
3 R?

... 8mG ,. ) 8mG ) )
2ad = % (pa? + 2pa a) =% (-3 (p+c%) aa + 2paa).

a_ 4nG 0o+ 3p
a_ 3 Pz
So that because during inflation p = —pc?, it is equivalent with condition d > 0.1

0 (accelerated expansion)

As a result, d =d(a)/dt =d(Ha)/dt >0 or d(Ha)™'/dt <0 (shrinking | 0.2
Hubble radius).

Total 0.9
Question B.4
Answer Marks
-1
Inflation condition can be written as d(a:t) < 0, with H = a/a as such 0.2
d(aH)™  aH+aH _ 1(1 J<0me<t
dt (aH)?  a € €
Total | 0.2
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C. Inflation Generated by Homogenously Distributed Matter

Question C.1
Answer Marks
Differentiating equations (4) and employing equation 4 we can get 0.3
. _ 1 . e a_V . _ 1 _ . 2
2HH = 3M2, [¢¢ + (a¢) ¢] - 3M§l[ 3H ¢7]
. 1 ¢?
f=—19
2 My,
n2
Therefore € = = f > 0.1
2 M3, H

The inflation can occur when the potential energy dominates the particle’s 0.2
energy ($? < V) such that H =~ V/(3M2).

Slow-roll approximation: 3H¢3 ~ =V’

0.1
Implies 0.3
2 o2
€~ %(Vv) (C.1.1)
we also have 0.4
3H$ +3HP =—-V"¢
e
Therefore
my ~ M3 (C.1.2)
dN = H dt = (5)do ~ —Mizzﬂ(V/V') do (C13)| o3
@ =~ wr V)
Total 1.7
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Question D.1
Answer Marks
Inflation ends at € = 1. Using V(¢) = A4(¢/Mpl)n yields 0.5
Mz%l n ]2 1 n M
= — = et [ —
2 d)end ¢end \/E Pt
Total 0.5
Question D.2
Answer Marks
From equations (C.1.1), (C.1.2) and (C.1.3) we can obtain 0.2
2
¢ l 1
N=—|—| —+p
[Mpl 2n
where £ is a integration constant. As N = 0 at ¢4 then f = %.
2
0] 1 n
N=—|—| —+-—
M, | 2n 4
My1? 2(n—1) 0.2
= —1)|-2 ] =
ny =nn )[ b W — 4N
_n? [Mpl]z _n 0.2
=219l “n-an
so that 0.1
— 16s = 16n
rEAbE= n—4N
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13

2(n+2) 0.1
=142n,—6e=1——-—7--
s =1 2ny b€ (n— 4N)
To obtain the observational constraint n; = 0.968 we need n = —5.93 which 0.1
is inconsistent with the condition r < 0.12. There is no a closest integer n that
can obtains r < 0.12. As example, for n = —6 leads a contradiction 0 <
(—=0.27) and for n = =5 leads a contradiction 0 < (—0.2).
Total 0.9
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Student Code | \ \ ‘ | ‘

Question 1

page 1 of 19

Determination of Refractive Index Gradient and Diffusion
Coefficient of Salt Solution from Laser Deflection Measurement

(10 points)

A. Measurement of Refractive Index Gradient of Salt Water Solution

(4.5 points)
Question Answer Marks
Al. Deflectogram
_____ - . f
- Co=23g/150
e mL
: 5
W
N Centred
\ \
Depth of dip:
! 1.5-1.6 cm
f (0.4 pts)
-0.4
No dip
No reference line 0.05
Deflectogram (DL) not at the centre (+- 5mm) but
the depth of dip still in 1.5 - 1.6 cm range -0.05
DL at the centre, the depth of dip <1.5 cm or >1.6 cm | -0.05
DL not at the centre, the depth of dip <1.5 cm or >1.6 | -0.1
cm
Deflectogram
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StudentCode | | | [ | |
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Al. l\\ ,‘;g_l § Of

No dip
No reference line

Deflectogram (DL) not at the centre (+- 5mm) but
the depth of dip still in 1.7 cm - 1.9 cm range

DL at the centre, the depth of dip <1.7 cm or >1.9 cm

DL not at the centre, the depth of dip <1.7 cm or >1.9
cm

Co=28gr/150
mL

Centred

Deep of dip:

1.7-19 cm
(0.4 pts)

-0.4
-0.05
-0.05

-0.05

-0.1
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StudentCode | | | [ | |
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Al. b i R Deflectogram
el of
i
G Co=33g/150
i \ mL
s{-;
|I? \\‘\
Ry .
g: )\ Deep of dip:
i S I"\
. N 1.9-2.3 cm
g ~—N\
: \
: \\\ (0.4 pts)
2 \
1 N\
i i et e B E
No reference line -0.05 pts
Deflectogram (DL) not at the centre (+-5mm) but - 0.05 pts
the depth of dip still in 1.9 - 2.3 cm range
DL at the centre, the depth of dip <1.9 cmor>2.3cm | _g g5 pts
DL not at the centre, the depth of dip <1.9 cm or -0.1
>2.3 cm
A2. Table 1 of
(1.5 pts) i | Sifecm) | &(cm) | Zo(em) | dfem) | Z(cm) || Co=23g/150
1 0.05 11.55 | 104+0. 1 | 0.8+0.1 |53.4%0.1 || L,
2 0.35 11.3
3 0.6 11.05
4 0.9 10.85
5 1]  10.65 Optimum Z
6 1.1 10.35 and Zo
7 13 10.15
8 1.4 9.85
9 1.45 9.7
10 1.5 9.45 # data = 20
11 1.6 9.25
12 1.5 8.95
13 1.4 8.65 (0.5 pts)
14 1.2 8.35
15 1 8.05
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16 0.8 7.75
17 0.7 7.55
18 0.5 7.25
19 0.3 6.95
20 0.2 6.65
21 0.05 6.4

Correct data point must be extracted from deflectogram

_ -0.05 pts
# correct data points >= 20, but not all observable (Z,
70, d) are written
-0.05 pts
Incorrect d
_ -0.15 pts
15<=# correct data points<20,
_ -0.3 pts
10<# correct data points<15
_ -0.45 pts
#correct data points<10
A2. Table 1 of
i | &i(cm) | & (cm) Z, (cm) d(cm) Z(cm) Co=28g/150
1 0.05 1165 | 10420.1 |08201 |534z01 || ML
2 0.25 11.4
3 0.4 11.2
4 0.8 11 Optimum Z
5 1| 1075 and Zo
6 1.2 10.4
7 1.4 10.2
8 1.5 10
9 1.6 9.8 # data =20
10 1.7 9.5
11 1.75 9.25
12 1.7 8.95
13 1.65 8.7
14 1.5 8.4
15 1.25 8.05 (05 pts)
16 0.9 7.6
17 0.6 7.3
18 0.4 7.05
19 0.25 6.75
20 0.05 6.3
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Correct data point must be extracted from deflectogram
# correct data points >= 20, but not all observable (Z, -0.05 pts
70, d) are written
Incorrect d -0.05 pts
15<= # correct data points<20, -0.15 pts
10<# correct data points<15 -0.3 pts
#correct data points<10 -0.45 pts
A2. Table 1 of
i | &ifem) | &i(cm) Zo (cm) d(cm) Z(cm) Co=33g/150
1 0.05 11.6 | 104+0.1 | 08+0.1 |534+0.1 mL
2 0.15 114
3 0.35 11.1
4 0.65 10.85
5 1.1 10.6 # data point >=
6 1.3 10.4 20
7 1.5 10.2
8 1.7 10
9 1.85 9.7
10 2 9.5 (05 pts)
11 2.1 9.25
12 2 9
13 1.8 8.6
14 1.5 8.3
15 1.25 8.05
16 1 7.8
17 0.75 7.45
18 0.55 7.15
19 0.4 6.8
20 0.2 6.4
21 0.05 6.1
Correct data point must be extracted from deflectogram
# correct data points >= 20, but not all observable (Z, -0.05 pts
70, d) are written
Incorrect d -0.05 pts
15<= # correct data points<20, -0.15 pts




Experimental

QIP"IU _ E1. Marking Scheme & Solution Question 1
StudentCode | | | | | |
page 6 of 19
10<# correct data points<15 -0.3 pts
#correct data points<10 -0.45 pts
A3. Table 2 of
(1.5 pts) i Yi(cm) | dn/dY Co=23g/150
1 1.85944 | 0.00117 mL.
2 1.81919 | 0.00819
3 1.77894 | 0.01404
4 1.74674 | 0.02106
5 1.71455 | 0.02340 # data =20
6 1.66625 | 0.02574
7 1.63405 | 0.03043
8 1.58575 | 0.03277 (0.25 pts)
9 1.56161 | 0.03394 '
10 1.52136 | 0.03511
11 1.48916 | 0.03745
12 1.44086 | 0.03511
13 1.39257 | 0.03277
14 1.34427 | 0.02809
15 1.29597 | 0.02340
16 1.24767 | 0.01872
17 1.21548 | 0.01638
18 1.16718 | 0.01170
19 1.11888 | 0.00702
20 1.07058 | 0.00468
21 1.03034 | 0.00117
Jury must check the data in table
# wrong data point < 3 0
3<# wrong data point < 6
5 P - 0.05 pts
# wrong data point > 6
& P - 0.25pts




Experimental

E1. Marking Scheme & Solution Question 1
StudentCode | | | | | |
page 7 of 19
A3. Plotdn/dY vsY
:| LN N N O I O | I LN I I I | LI A N I | t
5 ; Co =23 g/150
50F - 0 g/
C a mL.
T_ 40F 5
g : ® 3 “Gaussian-Like”
e F :i E shape
? S0 E @ 4
o - ) ]
- - ° E
Na” - .. ; (0.25 pts)
> 20F = . 3
-c [ -
= E: ® 3
© - @ .
= ] =
10F E
s @ ® ]
- o b
O Ef' S T | I.I O T T T W W +E
0.0 1.0 2.0 3.0
y; (in cm)
No x-axis label -0.01 pts
No x-axis unit -0.01 pts
Without x-axis unit -0.01 pts
No y-axis label -0.01 pts
No y-axis unit -0.01 pts
Without y-axis unit -0.01 pts
Ordinate axis represented in 2 digid behind point -0.05 pts
Ordinate axis represented in 3 digid behind point -0 pts
Random shape -0.25 pts
A3. Table 2 of
Co=28g/150
L.
i Yi(cm) | dn/dY m
1 1.87554 | 0.00117
2 1.83529 | 0.00585
3 1.80309 | 0.00936 # data = 20
4 1.77089 | 0.01872
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5 1.73065 | 0.02340 (0.25 pts)
6 1.67430 | 0.02809
7 1.64210 | 0.03277
8 1.60990 | 0.03511
9 1.57770 | 0.03745
10 1.52941 | 0.03979
11 1.48916 | 0.04096
12 1.44086 | 0.03979
13 1.40061 | 0.03862
14 1.35232 | 0.03511
15 1.29597 | 0.02926
16 1.22352 | 0.02106
17 1.17523 | 0.01404
18 1.13498 | 0.00936
19 1.08668 | 0.00585
20 1.01424 | 0.00117

Jury must check the data in table

-0

# wrong data point < 3 - 0.05 pts

3<# wrong data point< 6 - 0.25pts

# wrong data point > 6

A3.

Plotdn/dY vsY
Co=28g/150
mL.

“Gaussian-Like”
shape

(0.25 pts)
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:' LN N N O I O | I LN I I I | LI A N I | t
50F :
T_ 40F =
& - .&o ]
O = e o =
&= = @ :
o F i E
x Ok . E
= o -
2z 20 ® g
= F 3
o = ® 3
10F ® 8 a2 -0.01 pts
= ° ® E
F . -0.01 pts
0 :f' U S T T W T W T T N I Wl ‘F‘ -O 01 ts
0.0 1.0 2.0 3.0 P
. -0.01 pts
yi (in cm)

-0.01 pts
without x-axis label -0.01 pts
without x-axis unit -0.05 pts
wrong x-axis unit -0 pts
without y-axis label -0.25 pts
without y-axis unit
wrong y-axis unit
Ordinate axis represented in 2 digid behind point
Ordinate axis represented in 3 digid behind point
Random shape of the curve

A3. Table 2 of
i Yi(cm) | dn/dY Co=33g/150
1 1.86749 | 0.00117 mL.
2 1.83529 | 0.00351
3 1.78699 | 0.00819
4 1.74674 | 0.01521
5 1.70650 | 0.02574 # data =20
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6 1.67430 | 0.03043
7 1.64210 | 0.03511
8 1.60990 | 0.03979 (0.25 pts)
9 1.56161 | 0.04330
10 1.52941 | 0.04681
11 1.48916 | 0.04915
12 1.44891 | 0.04681
13 1.38452 | 0.04213
14 1.33622 | 0.03511
15 1.29597 | 0.02926
16 1.25572 | 0.02340
17 1.19938 | 0.01755
18 1.15108 | 0.01287
19 1.09473 | 0.00936
20 1.03034 | 0.00468
21 0.98204 | 0.00117
Jury must check the data in table
# wrong data point < 3 -0
3<# wrong data point < 6 - 0.05 pts
# wrong data point > 6 - 0.25pts
A3.
Plotdn/dY vsY
Co=33g/150
mL.

(0.25 pts)
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:| LN N N O I O | I LN I I I | LI A N I | t
S50F e 4
- o :
S .« ]
K 40 ° 5
= 2 .
O = e o =
&= = :
@ 30F . =
o - ? ]
= = ® 3
x . ]
> 20F 2
O C o a
c = S 3
" : © 3
10 3 ® i 3
: i :
0 :f‘ T T T | |’ N T T | |.r T T T B -F
0.0 1.0 2.0 3.0 -0.01 pts
yl (ln Cm) -0.01 pts
-0.01 pts
without x-axis label -0.01 pts
without x-axis unit -0.01 pts
wrong X-axis unit -0.01 pts
without y-axis label
without y-axis unit -0.05 pts
wrong y-axis unit -Opts
Ordinate axis represented in 2 digid behind point “0.25 pts
Ordinate axis represented in 3 digid behind point
Random shape of the curve
A4.
(0.3 pts) | hfor23g/ 150 mL=(1.5+0.1) cm 0.1 pts
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hfor28 g/ 150 mL= (1.5+0.1) cm 0.1 pts
hfor33g/150mL= (1.5+0.1) cm 0.1 pts
If h is correctly determined from graph A3 for each -0
concentration
If h is not correctly determined from graph A3 for each 01
concentration '
B : Determination of Diffusion Coefficient (4.2 points)
Question Answer Marks
B1. Linear form of eq.(3)
(0.9 pts)
d
In(2) ~mh—v)? +C (b1) 0.9 pt
_ 1
4Dt
. J— dn Co
Constant: C = ln( E) (anD—et)>
-0.9 pts
Other than (b1)
B2. Table 3
of
(1.8 pts) i (h-yi)>2 | In(dn/dy)
1 0.06592 | -3.86003 Co=23g
2 0.050423 -3.75467 /150 mL
3 0.031065 | -3.65936 '
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4 0.020752 -3.4923
5 0.00917 -3.41819
6 0.005128 |  -3.3831 # data =
7 0.000984 -3.3492 10
8 6.99E-07 -3.28466
9 0.002414 -3.3492
10 0.009493 -3.41819
11 | 0021237| -3.57235 (0.3 pts)
12 0.037646 -3.75467
13 0.05872 -3.97781
Jury must check the data in table
# of data point > 10 -0 pts
3 <= # of data point < 10 -0.05 pts
# of data point < 3 -0.3 pts
# wrong data point < 3 -0
3<# wrong data point < 6 - 0.05 pts
# wrong data point >6 - 0.25 pts
Plot of
Table 3
B2 O:I-""""'I """" | BLELELLE WL N
- ] Co=23
= E g/150
2F 4 mL
> F ;
2 - 7
S M
= -2 3 = # data =
: 3 10
6F =
E|||||IJ||J|||||I|||||||||l||l||l||||||l||l|E
0 20 40 60 80
2 -1, 2
(h-y;) x10 (incm)
(0.3pts)
Using linear regression of eq. (B1.1), we obtain
m (slope) =—10 cm2 till —8.8 cm-
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without x-axis label
without x-axis unit
wrong xX-axis unit
without y-axis label
without y-axis unit
wrong y-axis unit
-0.01 pts
# of data point in linear range > 10 -0.01 pts
3 <= # of data pointin linear range < 10 -0.01 pts
# of data point in linear range < 3 or random shape of curve -0.01 pts
m is out of range -0.01 pts
-0.01 pts
-0
- 0.05 pts
- 0.25 pts
-0.3 pts
Table 3
of
B2. [ (h-vi)2 | In(dn/dy)
1 0.057912 | -3.75467 Co=28g
2 0.033968 -3.57235 /150 mL
3 0.023136 -3.41819
4 0.014378 -3.3492
5 0.007693 -3.28466
6 0.001553 -3.22404 # data =
7 6.99E-07 -3.19505 10
8 0.002414 -3.22404
9 0.007989 -3.25389
10 0.018955 -3.3492
11 | 0.037646 | -3.53152 (0.3 pts)
12 0.071007 -3.86003
13 0.099079 -4.26549
Jury must check the data in table
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# of data point > 10 -0 pts
3 <= # of data point < 10 -0.05 pts
# of data point < 3 -0.3 pts
# wrong data point < 3 -0
3<# wrong data point < 6 - 0.05 pts
# wrong data point >6 - 0.25 pts
O:J.I'III]'EIITllllllI'IlI!'FIIT'[III!IIIIIITIIIIIIT PlOtOf
B2, i é Table 3
) E 3 Co=128
= “E 3 g/150
° - 3 mL
c o -
S M E
< : E
§_ E # data =
-6 3 10
ul Loaaa il A A RTINSO A A |:
0 20 40 60 80
2 -1, 2
(h-y;) x10 (incm)
Using linear regression of eq. (B1.1), we obtain (0.3pts)
= — 2 4l — -2
m (slope) =—=10.3 cm?2 till =11 cm 2001 pts
ithout x-axis label
without x-axis labe -0.01 pts
ithout x-axi it
without x-axis uni -0.01 pts
wrong x-axlis unit -0.01 pts
ithout y-axis label
without y-axis labe -0.01 pts
without y-axis unit -0.01 pts

wrong y-axis unit

-0 pts
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# of data point in linear range > 10 -0.05 pts
3 <= # of data point in linear range < 10 -0.3 pts
# of data point in linear range < 3 or random shape of curve -0.3 pts
m is out of range
Table 3
of
B2. [ (h-vi)>2 | In(dn/dy)
1 0.046873 | -3.65936 Co=33¢g
2 0.033968 -3.4923 /150 mL
3 0.023136 -3.3492
4 0.014378 -3.22404
5 0.005128 -3.13948
6 0.001553 -3.06152 # data =
7 6.99E-07 -3.01273 10
8 0.001688 -3.06152
9 0.011126 -3.16688
10 0.023647 -3.3492
11 | 0.037646 | -3.53152 (0.3 pts)
12 0.054884 -3.75467
13 0.08446 -4.04235
Jury must check the data in table
# of data point > 10 -0 pts
3 <= # of data point < 10 -0.05 pts
# of data point < 3 -0.3 pts
# wrong data point < 3 -0
3<# wrong data point < 6 -0.05 pts
# wrong data point >6 -0.25
Plot of
B2, Table 3
Co=33
g/150

mL
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R ST P30 S U A 00 1 00, L
-2 ‘ - # data =
o 10
' 3 (0.3pts)
BF L
L L N N N S eI DR E R R Rt -0.01 pts
0 20 ) 40 . 62 80 10,01 pts
(h-y;) x10 (incm)
-0.01 pts
Using linear regression of eq. (B1.1), we obtain -0.01 pts
m (slope) =—11.3 cm?? till -12.8 cm™ -0.01 pts
without x-axis label -0.01 pts
without x-axis unit
wrong xX-axis unit -0.3 pts
without y-axis label -0 pts
without y-axis unit -0.05 pts
wrong y-axis unit -0.3
m is out of range
# of data point in linear range > 10
3 <= # of data point in linear range < 10
# of data point in linear range < 3 or random shape of curve
B3
(1.5 pts)
Dof 23 g/ 150 mL = (1.38till 1.58) x 10> cm?/s 0.5 pts
Dof 28g/ 150 mL = (1.26 till 1.46) x 105> cm?/s 0.5 pts
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Dof 33g/150 mL = (1.03 till 1.23) x 105 cm?/s 0.5 pts-

D is out of range for each concentration -0.5 pts

C. Nonlinear diffusion (1.3 points)

Question Answer Marks
Plot D vs.
Co
C1' 16 -_I LILILELE BB I LI I I B L LB B | LELELELE LR [ LIS I I O L B I LELILIL |_-
(13pts) | ©» 15F } -
o] = -
£ 14F % :
(&) - 3
= 13 E 3| 08pts
x l2F E
a Mg E
10-_|||||I||x||11|11||1||1|||I|1||I]|11le|l||l||]_-
0.07 0.08 0.09 0.10 0.11
Co (gr/mL)
Without error bars -0
Value of C not stated in Co/2 -0.4 pts
C1. %D = —4.2 X107 5cm? mL g~'s71 till
—15.8x 10">cm? mL g~ ts71 0.5 pts
Without or wrong unit -0.01 pts
Out of range -0.5pts
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Parallel Dipole Line Magnetic Trap for
Earthquake & Volcanic Sensing (10 points)
A. BASIC CHARACTERISTICS OF PDL TRAP
1. Determination of the magnet's magnetization (M) (2.5 pts)
Quest Answer Marks

ion
A.1 | Record zero offset (Bo) of the Teslameter without any magnet | 0.08 pts range (-10 mT to

0.1 | nearby. Subtract subsequent field measurement with this value | 10 mT)
pts
Example from a Teslameter unit: Bo = 0.86 mT Correct unit: 0.02 pts
A2 Measure magnetic field B vs. x in the near field region (7 <x
1.15 | <16 mm). Where x is the position measured from the center of | Correct label and
pts | the magnet. Record and plot your result on the answer sheet. | unit for data: 0.1 pts

Xo =4 mm, Bo=0.86 mT. AX is measured from surface. B =
Braw - Bo

AX X Braw B In(Xx) In(B)
(mm) (mm) (T) (T) Xinm |[BinT
3 7 0.1576 | 0.1567 | -4.962 | -1.853
4 8 0.1186 |0.1177 | -4.828 | -2.139
5 9 0.0951 10.0942 | -4.710 | -2.362
6 10 0.0785 1 0.0776 | -4.605| -2.556
7 11 0.0657 | 0.0648 | -4.510 | -2.736
8 12 0.0579 | 0.0570 | -4.423 | -2.864
9 13 0.0445 10.0436 | -4.343 | -3.132
10 14 0.0371 |0.0362 | -4.269 | -3.318
12 16 0.0321 [0.0312 | -4.135| -3.466
Plot:
N
* = a+b*x
e Y s 765
' o b=-1.997
9-2.5— \“ -
@ .
£ 30} & ]
.
.\
3.5 R
50 a8 46 24 42 a0

In (x) (xinm)

Number of correct data
for x <= 16 mm:

0.05 pts for each correct
data, max 0.45 pts

Plot:
-Correct axis label and unit:
0.05 pts

- Using around 75% of plot
area: 0.05 pts

-For each correct data
point: 0.05 pts, max. 0.4 pts

-Adding trendline: 0.1 pts
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A.3 | Use your experimental data to determine the value of the Obtaining p from graph:
0.75 | exponent p. 0.05 pts .
t . _ m 1 Obtaining p from linear
PY | Linear regression (LR) y=a+bx: B= T regression: 0.1 pts
2w L xP
m Result:
In(B)=a—pinx where a=ln(g‘jt—Lj. D= 1.8-2.2:0.65 pts
) p=16-24 :0.35pts
LR yields : a =-11.765 and b = -1.997
The power exponent: Result with wrong sign:
p=-b=20 p=(-1.8) - (-2.2) : 0.4pts
p =(-1.6) — (-2.4) :0.1pts
Note that this is in very good agreement with the exact result:
at short distance (X < L) a diametric (or a dipole line) magnet More than two sig. figs.:
has B ~ 1/r* dependence. See Ref. [1], Fig. 2c. minus 0.05 pts
A.4 | Determine the magnet's magnetization M. Correct unit: 0.05 pts
0.5
ts 2L Obtaining intercept (a)
P m= exp(a) = 0.987 Am’ from graph: 0.025 pts
0 Obtaining intercept from
M =—12 —12x10°A/m LR: 0.05 pts
nR
Correct formula for m
. . and/or M : 0.1 pts
This is close to the more accurate results from more extensive
nrllf:asurlem?nts t(E) far field (see Ref..[l], Fig. 2¢) and we use Result for M (x10° A/m):
this value for su se?uent guestions: 0.9-1.4:03pts
M =1.1x10"A/m 0.1-2.5:0.15 pts
More than 2 sig. figs.:
minus 0.05 pts
2. The Magnetic Levitation Effect and Magnetic Susceptibility (y) (1 pts)
Quest Answer Marks
ion
A5 | Place gently a graphite rod HB/0.5 and length = 8 mm. correct unit: 0.02
0.1 | Measure the levitation height yo of the rod (see Fig. 7a). Hint:
pts | Use the insert ruler provided as shown in Fig. 7b. Press the Yo=(1.7-2.2) mm: 0.08

ruler on the magnets to read the position of the graphite rod

We levitate graphite HB/0.5, | = 8mm. Using the insert-ruler,
we measure approximately Ay = 1 mm from the top of the
magnet surface. Thus: Yyo=R-Ay=(3.2-1)mm =2.2 mm

pts

partial credit:
Only Ay = (1 - 1.5) mm:
0.03 pts
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Use the result from part A.5 to determine the magnetic

A.6 | susceptibility y of the graphite rod. Correct expression for y:
0.8 0.4 pts
pts M?yV, R*

Solving fory: mg =F, = —'UO—ZR—S f, (y,/a) Result for y (x10™)

2 a “(1.4102.6): 0.4 pts
Y= 2pga’ -(0.5t0 4): 0.2 pts
MR, (y,/a
o r(Yo/2) Wrong sign: minus 0.1
t:
We calculate: a =R+ g, /2=(3.2+1.5/2) mm=3.95 mm. P
4u(3-u*)(1-u?)
Using yo=22mm: f,(U)= ,
g y0 Y ( ) (1 + u2)5

f,(y,/a)=1,(2.2/3.95)=1.07

Using the correct M =1.1x10°A/m; and R=3.2mm, p =

1680 kg/m® we have: y =-1.85x107".

Note that this is very good agreement with the literature value

for graphite pencil lead: y =-2x107*(see Ref.[1], pg. 2 &

Ref.[2]). The sign is negative indicating a diamagnetic

material.
A.7 | What kind of magnetic material is graphite? Choose one: (i) | Correct choice: 0.1 pts
0.1 | Ferromagnetic; (ii) Paramagnetic; or (iii) Diamagnetic?
pts

(iii) Diamagnetic. Because:

(1) Graphite is repelled by magnetic field
(2) The sign of y is negative.
3. The camelback potential oscillation and magnetic susceptibility () (1
points)
Quest Answer Marks

ion

Perform an oscillation for the "HB/0.5" graphite and | =8 Correct label and unit:
A.8 | mm. Limit to small oscillation amplitude i.e. A < 4mm. 0.02 pts
0.2 | Determine the oscillation period. (The oscillation will decay
pts | over time due to damping, ignore this damping effect). Number of correct data

Example, we measured 5 oscillations of HB/0.5 with length |
= 8 mm. We displaced it by ~3 mm and let it oscillates. We
measured 5 oscillation periods:

Trial 5Tz
(s)
1 6.12

each 0.01 pts, max 0.03
pts

Number of oscillation

<3 :0pts
>=3 :0.05 pts

T,=(1.2-1.5)s:0.1 pts
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2 6.13
3 6.14

Average: T:=1.23s

Calculate the magnetic susceptibility (y) of the graphite

Correct expression for y:

A9 | using this oscillation 0.4 pts
0.8
ts . . k= 2 . ) Result for y (x10%)
p For harmonic oscillator : k, =m, @”, solzvmg for y: (14102.6): 0.4 pts
Y= k, _ op (0.5 to 4): 0.2 pts
Cllquer CIILIOMZ W S 01
Using the correct M = 1.1x10°A/m. tsrong S1Sf: minus ©.
Using Ci = 198.6/m?, and T, = 1.23 s, we obtain P
7 =-15x10".
Note that this is in good agreement with the literature value of
the graphite pencil lead: y =-2x107*(Ref.[1], pg. 2); and the
sign is negative indicating a diamagnetic material.
4. Oscillator quality factor (Q) and estimate of air viscosity s (3.0 points)
Quest Answer Marks
ion
We need to determine the damping time constant of the
A.10 | oscillation z. Sketch how you measure zin a simple way . Correct idea: 0.3 pts
0.5 (@) PDL trap () 3 ‘
pts (top view) graphite rod Ah. exp(-t/t) Correct expression for
/ ; NZ\ e T: 0.2 pts
-10 -5 ] 5 10 ; x
T ] > ﬂ h ]\“ -ﬁch-‘“—h
= l—' U T
v Al
The trick is to use "half-time" concept of exponential decay.
We set the oscillation and measure the time taken for the
amplitude to halve. The lifetime is:
At
=12
In2
Perform oscillation damping experiments with a group of Correct label and
A.11 | rods with various diameters and fixed length of 8 mm. unit 0.1
1.5 | Determine the damping time constant t for each rods

pts

Number of correct data
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We displaced the graphite by ~4 mm, started the stopwatch

for each diameter (4):

and then waited until it decays to half. <3 :0.1pts
>=3:0.25 pts
Trial | Diam. | Actual | At;, | Mean | 1 r’xIn(0.607 (max 1.0 pts)
Radius At I/r) Positive monotonic trend
5 for 1 vs. diameter from
(mm) | (mm) | () | () | () (MM) 1 93 t6.0.9 mm with 7= 5
1 03 019 |3.89 [3.913 [5.646 [0.117 t0 20 sec : 0.4 pts
3.97
3.88
2 0.5 0.28 7.69 17.617 |10.989 | 0.224
7.57
7.59
3 0.7 0.35 8.77 |8.82 12.73 10.322
8.81
8.88
4 0.9 0.45 124 [ 11.70 | 16.88 | 0.482
11.33
11.38
A.12 | Determine the air viscosity za
1 pts Correct unit: 0.05
Diameter Variation of Damping Constant
25 T T T T
ol /=8 mm Obtaining result with
linear regression or plot:
b ¢ 0.25 pts
10f °
y=A+B x
5F hd _ 2 4
B =29.02 s/mm Result pa (x10 Pa.s):
0% vy IR T 20 -60:0.7 pts
' 2 ' 2 10-80:0.4 pts
r*In (0.607x1) (mm) 1-100: 0.1 pts
2 | 2 p
We have: 7=Dbr"1In| 0.607 x— |, where: b==-—.We
r 3 uy

performed linear regression y= a+b x , with y =1 and

X=r’ ln(0.607 ><l

r

j . We obtain: b =29.02 s/mm?.

Ly :%%: 38.6 10° Pas (1 Pas=1kg/ms)

Note that this is about 2.1x the actual viscosity of air of
18.2u.Pa.s. The discrepancy is due to the ellipsoidal
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approximation of the Stokes drag (vs. the actual cylindrical
shape of the rod) and the proximity effect of the rod to the
magnet (wall effect). Another factor is the crude nature of our
manual t determination. See Ref. [1], pg. 8.

B. SENSOR APPLICATION OF THE PDL TRAP

5. PDL Trap Seismometer (0.5 pts)

Quest Answer
ion

Marks

Which diameter of rod do you choose?
B.1
0.2 | To obtain the lowest acceleration noise floor "an" we should
pts | choose the largest diameter graphite i.e. 0.9 mm, because their
damping time is the longest and the mass is the largest.

Correct answer: 0.2 pts

B.2 | Calculate the seismometer acceleration noise floor (an) for the
0.3 | rod of your choice!

Correct unit: 0.1

pts
For HB/0.9 and length | = 8 mm: Correct answer: 0.2 pts
Weuse 1=16.9s; and T =298 K, we have: m, = prr’l =
8.55x10° kg :
a = |HaTan _ BT ) oiosmusihz’)
Qmy Mg
6. PDL Trap Tiltmeter (2 pts)
Quest Answer Marks
ion

Derive the relation theoretically between displacement Az with
B.3 | the screw thread size S and the number of turns (N).

0.5 ) mgS N
pts k,Az=mgsind=mgNS/D Az= D
From Question 3, we also have k =mao’ :
Az = gzs N
o D

Correct expression:
0.5 pts

Partial credit
k,Az=mgsiné : 0.2

B.4 | By turning the screw slowly, determine the rod displacement
1.25 | Az vs. the number of screw turns (N). Determine the thread
pts | size S

Correct label and unit:
0.1 pts
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Distance between screws:
We measured the distance between screws: D =22 cm, and we | 22.8<D<222cm:

used the period from Q3: T;=1.23 s 0.1 pts
Az o N Number of correct data:
<3 sets: 0 pts
() (turn) 3-5 sets: 0.15 pts
0 0 0 >5 sets : 0.25 pts
. 1 .
(1) : 2;(5) 8 %5 Obtaining result with
1.5 450 1.2 5 linear regression or plot:
2 585 1.625 0.2 pts
2.5 720 2.0
3 855 2.375 ‘
3.5 945 2.625 Result:

0.7<S5<0.9 :0.55pts
0.5<S<1.1 :0.15pts

(3) 17 Displacement vs. N turn

Magnetic "camelback x/ (b) ¢ _
potential® Dot i h . * || Correct unit for S :
4 - L i
o S e . : 0.05
h(Z) ll Y EZ | »
) B .
PDL magnet 4L .
=5 ~ B =1.287
- diamagnetic rod .
- 0F
! L
0 1 2 3
N (turn)

By performing linear regression: y =a + b x

bo’D
We have b = 1.287 mm/turns : S = ®

= (0.75 mm/turn.

This is reasonably close to the actual value of the thread size: S
= (0.8£0.1) mm/turn.

B.5 | When the ground tilt changes we want the graphite rod to go to
0.25 | equilibrium as fast as possible (instead of sustaining very long
pts | oscillation) to allow easy reading. What is the ideal Q factor
for a tiltmeter? Correct Q : 0.25 pts

We need critical damping thus: Q = 0.5
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