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Question 1

Manipulation, measurement and observation

Successful collection of data

(@)

(c)

() Dometerofwie.2dp. um) naw datwa.Albw 0195 0r0.190mm .
O0C19mm —002mm orSV —0.02mm ).Consistentunt.Unitneeded.

(i) Repeatmeasurment

6 measurem ents h @bk

Fie marks orsi sets ofrradings orV and 1

Fourm arks orfive sets

Thre m arks oroursets, etc.

Madprorunspecifed heb 2 € g.settimng up cicut)

M horhedb: 1 € g.m horchangeswih cicult) AND 1 hedb wih radng
m rom eter)

Unrasonabk valies ofV 1

e g.Volage valies are the same Vyax Van <05V ), wrmwong trend

L,V )orifanyone valie 0fV<05V))

Range and distribution of values

() (ox L) mustbe graterthan orequalto 70 an . Hnore PO T enor.

Presentation of data and observations

Table: layout

(c) Colmn headigs:VA; lem ;1A /.

Each colim n headihg m ustcontai a quantty and a unitwhere approprate.

Inor unis n the body ofthe abk.gnor PO T enors.
There m ustbe som e distihguishihg m ark betw een the quantity and the unt
(le.soldus is expected, butaccept, orexampk, 1 (m)).

Table: raw data

(c) Consistency ofpresentatbon ofraw readigs

Allvalies oflm ustbe g¥en t the sam e num berofdecin alphkces.
lrad©®1lmm orl cm

Table: calculated quantities

(¢) Siynifcantfigures.Appl to 1A.

(c) Valies oflA conmectusig canddate s figures.Albw sm allrounding erors.

1A should be gien to the sam e num berorone m ore than the bwestnum berof

snifcant figures from lorraw valies ofd.

Check a valie. Ifihcorect, w re 1 the conrectvalie. fnor PO T eror.
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Graph: layout

G raph) Axes.Ifwrong graph pbtted € g.laganstlA) do notaward m ark.
Sensbk scaksmustbe used.Awkward scaks e€g9.3:10) arre notalbwed.
Scaksmustbe chosen so thatthe pbtted ponnts occupy at kasthalf
the graph grd i both x and y directons.Albw hvered axes.
Scaks mustbe hbelkd w ih the quantity which is beihg pbtted. nor units. L]

Graph: plotting of points

G rmph) Allobserwatibns m ustbe pbtted.No bbbs foihts [ hal¥a sm allsquar ).
R g and check a suspectpbt. Tk ifconect. Re-pbtfihcornect.
W ok to an accuracy ofhalfa sm allsquare. ]

Graph: trend line

G mph) Lnhe ofbestfit. Albw 1 ponhtoff.Atkast5 trend pbts needed.
Do notawardm ark f hrge scatter.
Judge by scatterofpoints aboutthe candidate’s Ine.
There m ustbe a arscatterofpoints etherside ofthe Ie.
hdicate best lne fcandidate’s Ine is notthe bestlne. ]

Quality of data

G mph) Judge by scattrerofpoits aboutthe bestfit lhe.AIbw up to — 0.05V.
Allpbtted ponts are assessed Porthism ark.
Atkast5 pbts needed. IfV constantdo notaward m ark. L]

Analysis, conclusions and evaluation
Interpretation of graph

(d) (iii) G m=mdent
The hypotenuse ofthe mustbe atkasthalfthe ngth ofthe dmwn Ine.
Read-offs m ustbe accumate to halfa sm allsquar.Do notalbw @bk valies
unkss on the Ine ofbestfit. W rite h conectread off.
Check or y/ x (ie.donotalbw x/ vy). 1]

(d) (iii) y-ntercept
The valie m ustbe ®rad to the nearesthalfsquare.
The valie can be cakuhted usihg mtibos ory=m x + c. hcornectabebm 1.
Ifa fale origh has been used then kbelFO . ]

Drawing conclusions
(e) vale rk,05V Y kY 25V

ShouHd be y-htercept.Untrequird.2 or3 SF. L]

(e) valie ©rI,005A Y IY 020A
Mustcom e fiom grmdient. W orkihg m ustbe checked. Untrequieda ¢ 7).
2 or3SF.
Sensbk answerchecked usihg canddate s fgures nto conectsubstituton.m= I L]

[Total: 20]
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Question 2
Manipulation, measurement and observation
Successful collection of data

(a) (iii) Positon ofend ofrmuk atequilbrim .Nearestcm ormm .< 1m
Consistentunit.

(b) Fistvalie ofd between 1 and 5 an . Fbwestpositon given w rie 1 correctvalue ofd.
(b) Fistvalie ofhighestposion wihin 5 cn ofthe equilbriim positon.
(d) Second valie ofd.D iflerentvalie to the first. Albw outofrange.
(d) Second value ofhihestposiion.
(d) Repeated m easurem ents Hrhighestposibon evience fiom (b) or(d))
Quality of data
(d) Bggerd gies biggerx.Check w th conected values ofd and x.
fd < x Ih ethercase orifd = x 1h both cases, this bses the m ark.
Presentation of data and observations
Display of calculation and reasoning

(b) Fistvalie ofx cakuhkted correctly
Cakuhtion m ustbe checked.W rie down the cornectvalie fanswerw mong.

(d) Second value ofx cakubkted conectly
Calkuhtion m ustbe checked.W rie down the corectvalie fanswerw mong.

L]

(e) Comectcakubkton to check proportbnalty ecfifcanddates valie ofd is the bwestposion.

Possbiltes hclide:two cakubtons ofxAd

mtb ofx valies and mtb ofd values both cakubhted
Analysis, conclusions and evaluation
Drawing conclusions

(e) Conclisbn based on cakukton.Consistentargum ent.
hconectieas scor zero.

Estimating uncertainties
(c) Percentage unceranty n x
Albw uncertanty h x;2mm ¥ xY 10mm.

Frepeated radigs have been done then the uncertainty could be ha¥the range.
Corectmtb dea required x 100 stated/m plied.
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Identifying limitations

(f) (i) Rekvantponts m ustbe underlned and ticked.
Som e ofthese m ghtbe:

A

E

X

On¥y two radhgs @r notenough t draw a vald conclisbn).

Hard to idge see Wwhenivhere) hithestpositon w ith reference to m ovem ent.
D o notacceptracton tin e deas.

Pamlbx Enor orgood dihgram dem onstathng this.
D iffculy h relkase keepig ik stllprorto rekase (eference to orce).
Equilbriim posiion changes w ih evidence shown h m easurem ents.

O theraddibnalsource ofenor. @1

Suggesting improvements

(f) (i)

Rekvantpoits m ustbe underlned and ticked 4
Som e ofthese m ghtbe:

A

B

Y

Take m ore rradings and pbta gmaph/takulte k valies.

High speed (camem t© take) photographs/fim the m otion and phy back fram e by
fram e/sbw m otion/use pause OR

m otbn fposibn sensorabove/belbw m ass OR

traland emorw ih lghtgate/horzontalm arker.

M easure ateye kvelfepeatto geteye n rightphce/phce nmik as cbse as possbk
o vertcalmuk lise heberto rrkase ormeasurelise m ounted ph atend ofmuk (o
he bcate posin on scak).

Use a named method to mwkase the mk eg. cotton and candk or
scissorsekctrom agnetend stop orckmp.

cm ik useamm mkE.Need to see evidence n therprvius m easurrm ents that
therrradigs ar taken t© the nearrstcm or05 cm .

O theraddionalsoluton, wellexphned.

Do notalbw rwpeated radings,vacuum ,dmrf free room
Do notalbw use a com puterto in prove the experim ent
Do not alow ncrase range/fhange bad on mkrthange kngth of mikrtchanging
qualty ofmuler 4]

[Total: 20]
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