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Ail060G KUALVEPLKOU oxpatog (8.0 povasdeg)

Melpapatikn SLatagn Kal meLpapatikol otéxoL

Mia 8{080¢ kevoU KUALVEpLKOU oxrpatog amoteAeital and SUo opgoagovikoug KUALVEpOUG. YTIApXEL Evag
Ekmtopmég aktivag Ry Kat AKOUG L g, 0 OTIoL0G EKTIEUTIEL NAEKTPOVLA. AUTA KLVOUVTAL OTO KEVO TIPOG TOV
ZUAAEKTN, 0 oTtolog €XEL aKTiva R Kal ATelpo evepyd pAKog. O ZUAAEKTNG BplokeTal og BeTIkO SuvapLkd
V, eV 0 EKTIOPTIOC Elval YELWHEVOG, PJE ATIOTEAECHA TA NAEKTPOVLA VA KLYOUVTAL aTiO TOV EKTIOUTIO TTpog
TOV ZUAAEKTN.

O EkmopTog Bepualvetal Katd TPOTIO WOTE VA UTIAPYOUV TTAvTa eAeUBEpa NAEKTPOVLA LKAVA Va ETILTA-
XUVBoULV amd TNV SLaPopd SUVANLKOU TIPOG TOV TUAAEKTN. Ta nAekTpovLa yeUi{ouv TO KEVO WG TIAACHA
(tétaptn katdotaon tng UANG). Adyw Twv LELOTHTWVY TOU TTAACHATOG, UTIAPXEL JLa HEYLOTN TLUA PEVHATOG
TIOU pEEL KATA PNKOG TNG SL10S0u Kal e€aptdtal amd To SUVANPLKO TOU ZUAAEKTN KAl TNV YEWHETPLa Tou
OUOTAMATOG,.

KaBoAn tnv SLapKeLa TOU TELPANATOG AUTOU, Oa TIPETIEL VA TIEPLOPLOETE TLG METPHOELG GAG WOTE
va LoXVeL R > 5R.

‘Otav 1o L elvat emapkwg Peyalo o€ oUYKpLON HE TO R PTIOPOUE va UTIOBEcOUPE OTL TO PéyLoTo pelpa
Tou Slappéet Tnv Slodo eivat

I = GR.OL PV (1)

omou G = G(R/Rg) bev givat pla otabepd, aMd cuvaptnon tou adtaotatou Adyou R /Rp.

Otav to Ly elval ouykplolyo pe to R amatteltat pgua S§topbwon otnv ponyoUpEevn €K@pacn Kat To
MEYLOTO peVA PEOW TWV SLOSWV Slvetal amd tnv oxEon

IL :IooF(RC7RE7LE7V> (2)

otou F elvat pla adtdotatn cuvaptnon HEPLKWY ] OAWV TwV TIOCOOTNTWV R, Ry, Ly, kat V. H e§lowon
(1) amtoteAel eS8k Tepimtwon tng e€lowong (2) étav F = 1.

Katd tnv mpaypatomoinon autol Tou TELPAPATOG PTIOPELTE VA TIPOCOPOLWOETE TNV CUMPTIEPLYOPA
OTIOLOUSHTIOTE KUALVSpOU PE TLPEG aktivag amd 0.1 cm wg (katd peytoto) 20.0 cm, os Bripata tou 0.1
cm. Ta pAKN Twv KUAVEpwv kupaivovtat amd 1.0 cm péxptl 99.0 cm, emiong os Bripata tou 0.1 cm. H
Tipocopoilwon TepAapBavel niong pLa inyr) ou Sivel BETIKO SUVAPLKO O0TOV ZUANEKTN PE TLUEG aro 0
w¢ 2000 volts kal éva auTePOETPO TIOU PHETPA TNV €vTacn Tou peVPATOC TIoU SlappeeL Tnv Slodo.

©a ftav KaAo va KAVETE PLa ypryopn avayvwaon OAWV Twy EPWTNHATWY TIPLV EEKLVNOETE TNV eTeEepya-
ola, TIPOKELPEVOU va OpYaVWOETE TNV SLtadikacia AfPng HETPOEWV TILO ATIOSOTLKAL.
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MepLypaw@r Tou AOYLGHLKOU TIPOGOHOLWGNG

To AoyLopLKO Ttipocopoiwaong Ttou ovopadetal EXp2, eTILTPETIEL OTOUG XPHOTEG TNV TIPAYHATOTIOLNCN ATTEL-
plag (amepLdOPLOTWV) HETPOEWV TOU PEYLOTOU PEUHATOC I yLa SLAYopa CUVOAA TLHWVY TWV TIAPAPETPWY
€L0OS0UL - TNV aKTlva Tou ZUAEKTN R, TNV aKTiva Tou EKTOPTIOU Ry KAl TO PAKOG TOU Ly, , KAl TNV
Stapopda Suvaptkol Vpetagu Ekmoptiol Kat ZUAEKTN. ‘OAEG OL TLUEG TWV TTAPAPETPWY EL00S0U Sivovtal
artd TO TIANKTPOAOYLO HETA TNV EUPAVLON KATAANAWY TIPOTPETITIKWY JNVUHATWY KAL KATAXWPOoUVTAL PE
TO ATNa Tou ARKTpou Enter.

Ma va EEKLVAOETE, XpNOLUOTIOLOTE TOV aKOAoUB0 KwSLKO e€ouclodotnong, otav oag {ntnbei amd to
AOYLOHLKO:

Enter Valid Authorization Key: 12345678.888

H eLoaywyn pLag Aavbacpevng Tiung 6a B€oeL To AoyLopLKO O€ KATAoTAON SOKLUAOTLKAG AsLToupylac. MNa
Va ouveXLOETE Ba TIPETIEL VA ETTAVEKLVIOETE TO AOYLOULKO.

Katd tnv eKTéAEON VOGS TUTILKOU KUKAOU TIPOCOHOiWwaoNG HETPAoEWY Ba TipEmeL otnv 006vn oag va BAE-
TIETE PLa €lkOVa avtiotolyn TG akoAoudng:

0.1 <R.C (cm) < 20.0 | R.C (cm): 18.5
0.1 <R_E (em) < 20.0 | R_E (cm): 13.2
0.1 < LE (cm) <99.0 | L_E (cm): 35.3
1.0 < V.C (V) < 2000.0 | V.C (V): 207
I (A) =1.04

0.1 < R C (cm) < 20.0 | R_C (cm):

Oa TIPETIEL TIPWTA VA ELOAYETE TNV AKTIVA TOU ZUAAEKTN, KATOTILV TOU EKTIOUTIOU, AKOAOUBWCE TO PAKOG
TOU EKTIOTIOU (OAEG OL TLPEG O€ EKATOOTA TOU PETPOU) KAl TEALKA TNV Slapopd Suvapikou, oe volt. Kabe
T Kataywplletal pe to maTnpa tou MARKtpou Enter.

ZTNV CUVEXELD TO AOYLOULKO ETIAVEPYETAL OTO TIPOTPETITLKO PHVUHPA ELOAYWYHG TNG OKTIVAG TOU ZUANEKTN.

H eLoaywyn TLHAG EKTOG oplwv TIPOKAAEL TNV EPPAVLON TOU PNVUPATOG GYAAPATOG,.
Value Out Of Bounds

KaL ETTavEP@aVICETAL TO TIPOTPETITLKO PAVUHA ELOAYWYNG TNG TLUNAG TTou §08nke AavBaopéva.

‘O\a Ta PAKN Kataypa@ovtat P TIPooEyyLon XIALooToU TOU PETPOU, EVW OL TLUEG SUVANLKOU HE TIPOOEY-
ylon akeépalag TLunG. H eloaywyn Tlpwy Pe Teplocdtepa Sekadika Pnpia sev BeAtTlwvel TV akpiBela
NG PETPNONG. YTIApXEL OPWG pla aBefatdtnta tng ta&ng tou 0.5 mm yla oTIolLoSATIOTE PRAKOG KaL TNG
TaA&NG tou 0.5 V yLa KABE TLur SuVAuLKOU. ZUVETIWG, SLASOXLKEG PETPOELG EVSEXETAL VA 08NYrOOUV CGE
SLAPOPETLKEG TLHEG TNG £VTAONG TOU PEVPATOG.

H KAlpOKa TOU auTEPOPETPOU puBLleTal AUTOPATA, WOTE Va TIApEXEL HOVO Tpla onpavtikd bnela kat
petaBaivel autépata os KAlpaka A ) mA. H aBeBatdtntd tou elval +3 tou tedeutaiou pn pndevikol
Pneplou. Oa TPETEL va TIPOCEEETE KATA TIOCO OL TLUEG EPpavidovtal PETpnPEVEG o€ MA i A.
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Av uTtepBelte TNV TP Twv 40 A, TO apTEPOUETPO Ba KataoTpael. To AOyLOPLKO 0ag EVNHEPWVEL yLa TO
YEYOVOG AUTO PE KATAANAO Prvupa. AKOAOUBWG ETILOKEVAZEL AUTOPATA TO AUTIEPOPETPO WOTE Va elval
SLaBeaLpo yLa tnv emopPeVn PETPNON.

OTIOLASTIOTE OTLYMN XPELAOTEL VA TEPHATIOETE TO AOYLOPLKO yLa VA TO ETAVEKKLVIOETE, TIATHOTE TOV
ouvduaopd TANKTpwy Ctrl+C.

Mé£pog A: YTToAoyLopOG eKBeTWV (4.5 Movasdeg)

Bpeite toug ekBéteg otnv e€lowon (1), mephapBavovtag pla avaAuon €Tl Twv 0pLwv OPAAUATOC O€ KABE
ATIOTEAECHA:

A1

JUMEETE €va GUVOAO PETPACEWY TIOU PTIOPOUV va XpnotpoTtiotnfolyv yia tnv
gUPEDN TOU €KBETN v TNG PETABANTAG V. ZXeSLAOTE €va KatdA\nAo ypagpnua
OTOV TIAPEXOUEVO XWPO. N T SLEUKOAUVOT| 0AG TTIAPEXETAL TOOO YPAHUHLKO 000
Kat AoyaplBuiko (log-log) xaptl ypagripatog, aA\d xpetadetal va oxeSLACETE
HOVO éva ypdpnua. ANAWOTE TNV TN TIOU UTTOAOYLCATE YLA TOV CUVTEAEDTH
Kal dwote pla avdAuon tng aBeBatdtntdg oto amoTéAEcUA oag.

1.5pt

A.2

JUMEETE €va 0UVOAO PETPACEWY TIOU PTIOPOUV va Xpnotpomolnfoulv yua va
UTTIOAOYLOTEL 0 €KBETNG B TNG HETAPANTAG L. IxeSLAOTE €va KAataAnAo ypd-
PNHa OTOV TIAPEXOHEVO XWPO. XPeLAleTal va oxeSLAoeTe POVo va ypdgnua.
AnAwoTe TNV T TIou uTtoAoyloate yla Tov cuVTeAEoTH] 3 Kal Swote pia ava-
Auon g aBefaldtTnTag O0To ATOTEAECUA Oag.

1.5pt

A3

ZUMEETE €va 0UVOAO PETPACEWV TIOU PTTIopoUV va Xpnotgototnfoulv yla va
UTTOAOYLOTEL 0 €KBETNG v TNG PETABANTAG Re. IXESLAOTE €va KAtaAAnAo ypd-
PnUa otov TapeOUeVO XWPo. Xpelddetal va oxeSLACETE JOVO Eva ypagpnua.
ANAWOTE TNV TN TTOU UTTIOAOYLOATE yLa TOV CUVTEAEOTH a Kal SWOTeE pila ava-
Auon tng aBeBaldTnTag OTo ATIOTEAECHA OAG,.

1.5pt

Mépog B: Eupeor tou cuvteAeotn G (1.0 Movasda)

YmoAoylote tnv TN g ouvdptnong G when R = 10Rg:

B.1

Elte mpaypatomowwvtag MPOoHETEG PETPrOELG €(TE EMAVAXPNOLPOTIOLWVTAG
é&n uttapyouoeg, kaboplote tnv T yta to G étav Ry = 10R; étav R, = 10R,
kat dwote pla avaiuon tng aBeBatdtntdg oto anotéAecud oag.

1.0pt

Mépog C: EUpeon tng adtdotatng cuvaptnong F (2.5 Movadeg)

Na poodLoploete TELPAPATIKA amtd TOLEG amo TG Ry, Ry, Ly, kKau V ggaptdtal n F otav n Ly glvat
ouykplolun og peyebog pe tnv R otnv E&lowon (2).

C.1

Ztn Alota Twv peTaBANTwY 0To QUANO ATAVTHCEWY, VO QVAPEPETE TNV KATEL-
Buvon Tou PaLVoPEVOU yLa TTApASELypa N F HEYOAWVEL, PLKPALVEL, 1) TIApapEVEL
otabepn otav n R, avgdvetay;

0.5pt
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c.2 MNapatnpeital wg otav Ly ~ Ry n ouvaptnon F pmopel va mpooeyylotel wg  0.5pt
YPAUMLKNA cuvdptnon Plag Jovasdiknig petaBAnTng o, 6mou z elval ouvaptnon
pOvo SU0 amo TG MooOTNTEG Ry, Ry, Ly, Kal V. To ®UANO ATtavtrioewy TiepL-
AQuBAVEL apKETEG TTApaAAAYEG TNG ouVAPTNONG yla TNV z. Na eTAEEETE ekelvn
TIOU ATTOTUTIWVEL TNV TILO ONHAVTLKI CUUTIEPLYOPA.

c3 Na Bswprjoste pla ypauuikn cuvdptnon tng Hopwng F(z) = A + Bz ywa tigeg  1.5pt
TOU L ~ R, KAL VA TIPOOSLOPLOETE TIELPAPATIKA TNV TIapApeTpo B . Na Teplo-
plogte 1o UPOG TLPWV OTO SLaotnua R /2 < Ly < 2R.. Na oxebLdoete £va Ka-
TAAMNAo ypdnua yla TNV F o€ cuvdptnon PE TNV amar, KatdAAnAn moootnta
x yla va Tipogeyyloete TNV F w¢ ypaupLkn cuvdptnon. H avdluon o@aApdatwyv
Sev elval amapaitntn.
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AL060G KUALVSPLKOU X HATOG

Mé£pog A: YTTOAOYLOHOG EKBETWV (4.5 povasdeg)

A.1 (1.5 pt)

Mivakag TLHwv




Experiment

{
C )
221Ph®22 -
8g0d:
.C}. Greek1 (Greece)
A.1 (cont.)




Experiment

'@Ig h®22

International Physics -
Olympiad

Greek1 (Greece)

A.1 (cont.)
To AoyaplBuLko ypagnua elvat TipoatpeTLko. ZTo EpWTNUa auto {ntettal n oxedlaon plag povo ypa-
PLKAG Tapdotaong.
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A.2 (1.5 pt)

Mivakag TLHwv
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A.2 (cont.)
To AoyaplBuLko ypag@nua elvat TipoatpeTLko. ZTo EpWTNUA autod {nteltal n oxedlaon plag povo ypa-
PLKNG Ttapdotaong.
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A.3 (1.5 pt)

Mivakag TLHwv
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A.3 (cont.)
To AoyaplBuLko ypag@nua elvat TipoatpeTLko. ZTo EpWTNUA autod {nteltal n oxedlaon plag povo ypa-
PLKNG Ttapdotaong.
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Mépog B: EUpeon tou cuvteAeotn G (1.0 povasda)
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B.1 (1.0 pt)
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Mépog C: EUpeon tng adtdotatng cuvaptnong

C.1 (0.5 pt)

Y& kABe pla amo TG akOAOUBEG TIEPUTTWOELG, XPNOLUOTITIOLAOTE €va amod Ta TIPOTELVOUEVA CUHBOAA
yla va 8nAwoete tv petaBoln: T abgnon. | pelwon, < kapia petaBoAn

Otav n R, augnBel, n F Ba:
Otav n R, au§nbei, n F Ba:
‘Otav n L, avénbet, n F Ba:

‘Otav n V avénbel, n F Ba:

C.2 (0.5 pt)
OL TIPOTELVOEVEG OUVAPTAOELG TOU x otnV F(z) Slvovtal otov akolouBo tiivaka. Na eie€ete tnv
BeATLoTn.
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Rolp

R,V | RoRy

Re/Rp

RC/V RC/LE
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C.3 (1.5 pt)

Mivakag TLpwv (av xpetddetan):
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C.3 (cont.)

KAlon tng euBelag F(z) = A + Bu:
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E2: Cylindrical Diode - SOLUTION Data vary only V 0.05 pts
R, > 1cm 0.05 pts
Take the logarithm of Equation 1, R. > 10R.cm 0.05 pts
L. >90cm 0.05 pts
logI, =logC + alog R. + Blog L. + vlogV table has units 0.05 gts
A.1: Collect data by varying V. To minimize error, se- “; d15t>r 111)01(1)5%1 as log 882 p:
lect maximum values for all fixed variables, this means Vm‘?‘x N 0.05 pts
L. =99 cm, R. = 10 cm, and R, = 1.0 cm. Distribute the Vm%“ ~ 50V 0'05 gts

: : min > .
voltages logarithmically between 10 and 2000 Correct calculations 0.05 pts
7 or more points 0.30/0.30
Vl(g) ! (I;‘A) lcigov 18% 6 points 0.25/0.30
20 13 13 | 111 5 points ‘ 0.20/0.30
50 59 17 | 172 . 4 or fewer points 0.10/0.30
100 147 20 | 2.17 Plotting covers > 50% of area 0.10 pts
200 | 415 | 23 | 2.62 Axis labels 0.05 pts
500 1620 9.7 3.91 Axis un1t§ corrfect 0.05 pts
1000 | 4630 30 | 3.67 one plotting mlstakg . -0.05/-0.10
2000 | 12900 33 | 411 ‘:\A{(O or more plotting mis- | -0.10/-0.10

akes
Plot this on a graph; the best fit line is Fit line drawn on graph 0.10 pts
slope correctly computed 0.10 pts
log I =1.490log V' — 0.8095 with units
1.45 <y <1.55 0.10 pts
uncertainty of slope com- 0.10 pts
4+ N puted

0y <0.03 0.10 pts
sum 1.5 pts

- Measured data should be entered into spreadsheet
o0 that will calculate results; if deviation is too large, data
S point should not count.

Evidence of reverse engineering should result in
zero points for the entire section
1L | A.2: Collect data by varying L.. To minimize error, select
maximum values for all fixed variables, this means V =
‘ ‘ ‘ ‘ ‘ ‘ 2000 V, R. = 10 cm, and R, = 1 cm.

1 1.5 2 2.5 3 3.5
log V/ L.(cm) | I (mA) | logL. | logI
99 13000 | 1.996 | 4.144
S0y = 1.49. 90 11800 | 1.954 | 4.072
A statistical analysis of the uncertainty in the slope 80 10700 | 1.903 | 4.029
yields v = 1.490 + 0.005. 70 9170 | 1.845 | 3.962
Assessing the slope by visually fitting lines through the 60 7960 | 1.778 | 3.901
error bars on the points requires considering that error 55 7310 | 1.740 | 3.864
bars on a log axis are given by 50 6700 | 1.699 | 3.826
_ Iny\ 1 dy Plot this on a graph; the best fit line is
ology) =0 (ln10> “Ini0 y

log I = 0.976710og L. + 2.1649
Since the largest relative error is in the smallest valued
quantity, the focus is on 6V /V for V = 10V and 61/1I for
I = 5mA. The error bars associated with the log-log plot
at that point are then

(14+0.02,0.70 £ 0.04)

The other error bars are smaller; focusing on that point
alone we can fit two extreme lines and get

v = 1.485 £+ 0.025

Either approach is acceptable.
Marking scheme:
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R.(cm) | I (mA) | logR. | logI
a1l | 20 6640 | 1.301 | 3.822
19 6970 1.279 | 3.843
18 7380 1.255 | 3.868
16 8240 1.204 | 3.916
40 a 14 9390 | 1.146 | 3.973
0 12| 11000 | 1.079 | 4.041
< 10 13100 | 1.000 | 4.117
3.9 N Plot this on a graph; the best fit line is
log I = —0.98161og R. 4+ 5.1000
= | | | | | | | —
1.7 175 18 18 19 195 2
log L, 411 .
S0 3 = 0.9767.
4 [ |
A statistical analysis of the uncertainty in the slope Eo
yields 8 = 0.98 £+ 0.02. —
Graphical fitting of the steepest and shallowest lines 3.9 .
yields 8 = 0.97 £ 0.02.
Marking scheme:
3.8 ! | ! | ! [
1 105 1.1 1.15 12 125 1.3
log R.

Data vary only L. 0.05 pts
R, > 1cm 0.05 pts
R. > 10R.cm 0.05 pts
V > 100V 0.05 pts
table has units 0.05 pts
L. distributed evenly 0.05 pts
L. max > 90cm 0.05 pts
L¢ min > 3R, 0.05 pts
L min < 50Ccm 0.05 pts
Correct calculations of de- 0.05 pts
rived quantities
7 or more points 0.30/0.30
6 points 0.25/0.30
5 points 0.20/0.30
4 or fewer points 0.10/0.30

Plotting | covers > 50% of area 0.10 pts
Axis labels 0.05 pts
Axis units correct 0.05 pts
one plotting mistake -0.05/-0.10
two or more plotting mis- | -0.10/-0.10
takes

Fit line drawn on graph 0.10 pts
slope correctly computed 0.10 pts
with units
0.97 < 8 < 1.03 0.10 pts
uncertainty of slope com- 0.10 pts
puted
08 <0.03 0.10 pts
sum 1.5 pts

A.3: Collectdata by varying R.. To minimize error, select
maximum values for all fixed variables, this means V =
2000V, L, = 99 cm, and R, = R./10 cm.

S0 o = —0.9824.

A statistical analysis of the uncertainty in the slope
yields 8 = —0.98 & 0.01.

Graphical fitting of the steepest and shallowest lines
yields 5 = 0.97 + 0.02.

Marking scheme:
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Data vary only R, 0.05 pts
R, > 1cm 0.05 pts
R. > 10R.cm 0.05 pts
V > 100V 0.05 pts
table has units 0.05 pts
R, distributed evenly 0.05 pts
Remax > 15cm 0.05 pts
R, min > 10R, 0.05 pts
R, min < 10cm 0.05 pts
Correct calculations of de- 0.05 pts
rived quantities
7 or more points 0.30/0.30
6 points 0.25/0.30
5 points 0.20/0.30
4 or fewer points 0.10/0.30

Plotting | covers > 50% of area 0.10 pts
Axis labels 0.05 pts
Axis units correct 0.05 pts
one plotting mistake -0.05/-0.10
two or more plotting mis- | -0.10/-0.10
takes

Fit line drawn on graph 0.10 pts
slope correctly computed 0.10 pts
with units
-1.03 < < —0.97 0.10 pts
uncertainty of slope com- 0.10 pts
puted
da < 0.03 0.10 pts
sum 1.5 pts
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B.1: Use all three sets of data, and the exponents from
all three, and then average the results

logC =log I —1.495logV — 0.985410g L. + 0.978110og R,
which gives
C = (0.0165 % 0.0003)mA/V3/2

The theoretical value is approximately:

870 J2€ 147 x 1075A/VH2,
9 m

Note that there is a nasty correction (the texts usually
call it 8, which is not the same as our exponent), that we
use in the code, but aren’t expecting students to find, be-
cause of this correction, we don’t expect the theoretical
value to hold. Students who try to solve the theoretical
problem will be vexed by this.

For space reasons, we write numerical C below with-
out explicit units, but using the units of zA/V3/2, that is

C =16.5uA/V3/?

Students must have clear units!
Marking scheme:

Theory | clear statement 0.20 pts
Fit Used R. = 10R, 0.10 pts
C computed 0.10 pts
More than 9 data points 0.20/0.20 pts
8 or 9 data points 0.15/0.20 pts
7 or 8 data points 0.10/0.20 pts
5 or 6 data points 0.05/0.20 pts
C has correct units 0.10 pts
16.2 < C <16.8 0.10/0.10 pts
159<C <171 0.05/0.10 pts
uncertainty computed 0.10 pts
0.1 <6C <0.03 0.10 pts
0 <46C <0.05 0.05/0.10 pts
sum 1.0 pts

Clear statement of theory means that somewhere
there is a justification for the data they are collecting and
using. This can be in the form of the log formula; words
are not necessary. Reusing data is okay.
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C.1: Start by assuming that L. matters, and look at val-
ues near R.. Repeat for other variables. Remember that
C depends on the ratio between R./R., so change these
together!

Using nearest half integers, we have for the first equa-
tion I

— Hey,3/2
I.=C R \%

“C

so that
Ineasured

C CgeVI2
R. | R. | L. v I I F
cm | cm | cm \Y mA | mA
10 1 10 | 1000 | 535 | 500 | 1.071
12 | 1.2 | 10 | 1000 | 470 | 416 | 1.129
8 [ 08| 10 | 1000 | 647 | 624 | 1.036
10 1 12 | 1000 | 630 | 599 | 1.051
10 1 8 | 1000 | 451 | 400 | 1.129
12 | 1.2 | 12 | 1000 | 537 | 500 | 1.075
8 | 08| 8 | 1000 | 537 | 500 | 1.075
10 1 10 | 1100 | 617 | 576 | 1.071
10 1 10 | 900 | 457 | 426 | 1.072

From this we conclude that if R, 1, F' 1; if L, 1, F |; if
V 1, F doesn’t change.

Also, we notice that the ratio R./L. seems to be the im-
portant quantity.

Marking scheme:

We plot the results below; blue are the values of fixed
R, while green are the values of fixed L..

1.2

The result is

F(x) = 0.8579 + 0.17622

Which is in error at z = 1 by about 3%.

If you are thinking that this looks like a quadratic fit
might be better, you are correct, but there really isn’t
time to do that for this experiment.

Marking scheme:

Data clearly collected 0.10 pts
Data R.T= F? 0.10 pts
L.t= F| 0.10 pts
V. 1: F no significant change | 0.10 pts
R. 1: F no significant change | 0.10 pts
sum 0.5 pts
C.2: We propose
R.
F=A+B L.
with z = R./L..
Marking scheme:
Theory | clear statement 0.20 pts
Def = R./Le 0.30/0.30 pts
x=L¢/R. 0.15/0.30 pts
sum 0.5 pts

Any multiple of R./L. is also acceptable.

C.3: It is important to collect data that varies R, and L.
independently, so as to not bias our hypothesis. We will
also keep the ratio with R./R. = 10, in order to avoid
other effects with the constant in part B.

R.(cm) | L, (cm) | I (mA) | I T F
20 10 898 740 | 2.000 | 1.213
20 15 1210 | 1110 | 1.333 | 1.090
20 20 1520 | 1480 | 1.000 | 1.027
20 30 2160 | 2221 | 0.667 | 0.973
20 40 2810 | 2961 | 0.500 | 0.949
6 10 2420 | 2467 | 0.600 | 0.981
8 10 1840 | 1850 | 0.800 | 0.994
10 10 1520 | 1480 | 1.000 | 1.027
15 10 1100 987 | 1.500 | 1.115
20 10 902 740 | 2.000 | 1.219

Data vary L. 0.10 pts
vary R, 0.10 pts
R. > 0.5cm 0.05 pts
R.=10R.cm 0.05 pts
V > 500V 0.05 pts
table has units 0.05 pts
L. > 10cm 0.05 pts
L¢ max < 40cm 0.05 pts
L. well distributed 0.05 pts
R, 0.05 pts
Correct calculations of de- 0.10 pts
rived quantities
10 or more points 0.30/0.30
9 points 0.25/0.30
8 points 0.20/0.30
6 or 7 points 0.10/0.30
5 or fewer points 0.05/0.30

Plotting | covers > 50% of area 0.10 pts
Axis labels 0.05 pts
Axis units correct 0.05 pts
one plotting mistake -0.05/-0.10
two or more plotting mis- | -0.10/-0.10
takes

Fit line drawn on graph 0.10 pts
slope correctly computed 0.10 pts
with units
0.17 < B <0.18 0.10 pts
sum 1.5 pts





