1

4 A student measures the time ¢ for a ball to fall from rest through a vertical distance h. Knowing that

the equation h = 3 gt? applies, the student plots the graph shown. 9702/1/M1/02
vh
0 =
0 t

Which of the following is an explanation for the intercept on the t axis?

Air resistance has not been taken into account for larger values of h.

B There is a constant delay between starting the timer and releasing the ball.
C There is an error in the timer that consistently makes it run fast.
D The student should have plotted h against 2

5 A student carries out a series of determinations of the acceleration of free fall g. The table shows
the results. 9702/1/0/N/02

g/ms—2

4.91
4.89
4.88
4.90
4.93
4.92

What can be said about this experiment?

It is accurate and precise.

B It is accurate but not precise.
C ltis not accurate and not precise.
D Itis not accurate but is precise.
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The power loss P in a resistor is calculated using the formula P = V2/R. 9702/1/M/J/02
The uncertainty in the potential difference V is 3% and the uncertainty in the resistance R is 2%.
What is the uncertainty in P?

A 4% B 7% C 8% D 1%

Which experimental technique reduces the systematic error of the quantity being investigated?
9702/01/M/J/03

A adjusting an ammeter to remove its zero error before measuring a current

B measuring several internodal distances on a standing wave to find the mean internodal
distance

C measuring the diameter of a wire repeatedly and calculating the average

D timing a large number of oscillations to find a period

A student makes measurements from which she calculates the speed of sound as 327.66 ms™".
She estimates that her result is accurate to +3 %. 9702/01/M1J/03

Which of the following gives her result expressed to the appropriate number of significant figures?

A 327.7ms™! B 328ms™! C 330ms™! D 300ms™!

A projectile is fired at an angle o to the horizontal at a speed u, as shown. 9702/01/M/J/03

What will be the vertical and horizontal components of its velocity after a time t?
Assume that air resistance is negligible. The acceleration of free fall is g.

vertical component | horizontal component
A usin o ucos a
B usin a—gt ucos o—gt
C usin a—gt ucos a
D ucos o usin a—gt
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3
6 A quantity X is measured many times. A graph is plotted showing the number n of times a
particular value of X is obtained. X has a true value X . 9702/1/0/N/02

Which graph could be obtained if the measurement of X has a large systematic error but a small
random error?

| |
0 XO X 0 XO X
o D
n n
0 | 0 I
0 X, X 0 X, X

7 The diagram shows a square-wave trace on the screen of a cathode-ray oscilloscope. A grid of

1 cm squares covers the screen. The time-base setting is 10ms cm™". 8702/1/0/N/02

What is the approximate frequency of the square-wave?

A 70Hz B 140Hz C 280Hz D 1400Hz
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6 A steel rule can be read to the nearest millimetre. It is used to measure the length of a bar whose
true length is 895 mm. Repeated measurements give the following readings. 9702/01/M/J/03

length/ mm | 892, 891, 892, 891, 891, 892

Are the readings accurate and precise to within 1 mm?

results are accurate | results are precise
to within 1 mm to within 1 mm
A no no
B no yes
C yes no
D yes yes

4 A thermometer can be read to an accuracy of £0.5°C. This thermometer is used to measure a
temperature rise from 40 °C to 100 °C. 9702/01/0/N/03

What is the percentage uncertainty in the measurement of the temperature rise?

A 05% B 08% C 13% D 17%
4 atist erea ings o nont is mi iammeter 97 2 1 4
4 6
2 8
mA
A 2 5mA B 27mA C 4mA D 7mA
4 nane eriment ara iocontroe carta es25 Bbstotra e 4 1m 97 2 1 5

atist ecarsa erages ee an t euncertaint int is aue

A 16 1ms'

B 16 2ms’
C 16 4ms'’
D 16 6ms’
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5
5 The time-base on a cathode-ray oscilloscope is set at 6 ms/cm. 9702/01/0/N/03

A trace consisting of two pulses is recorded as shown in the diagram.

2.5cm
) 4.5cm -
What is the time interval between the two pulses?
A 042ms B 075ms C 1.33ms D 27ms
6 A micrometer screw gauge is used to measure the diameter of a copper wire. 9702/01/0/NI03

The reading with the wire in position is shown in diagram 1. The wire is removed and the jaws of
the micrometer are closed. The new reading is shown in diagram 2.

15

——10

—

\\\\\\\\

M

////l

diagram 1 diagram 2

What is the diameter of the wire?

A 1.90mm B 245mm C 259mm D 273mm
6 e resistance 0 an un no n resistor is oun measuringt e otentia i erence across
t eresistoran t ecurrent t roug itan usingt e e uation — e otmeterrea ing as

. . . 97 2 1 6
a uncertaint an t eammeterrea ing asa2 uncertaint

atist e uncertaint int e cacuate resistance

A 15 B C 5 D 6
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6

e oo ingtraceisseenont e screeno acat o era osci osco e

esettingo t etime aseist enc ange

una tere

ic traceisno seenont e screen

our stu ents eac ma e a series 0 measuremenis o t e acceerationo ree a g

A

s 0 st eresuts o taine

ic stu ento taine aseto resutst atcou

rom1 mscm 'to2 mscm'an t e

/

stu ent

o O w >

9 81
9 81
945
845

resuts g ms?

979
1 12
921
8 46

984
989
899
85

98

894
876
841
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97 2 1

sensiti it is

97 2 1

e escri e as recise utnotaccurate

eta e

4



e e ectiono t enee e o anammeter aries it t e current assingt roug t e ammeter
ass o nint egra 97 2 1 4

deflection
of the
ammeter needle

0 current

ic iagramcou re resentt ea earanceo t e scae o t is meter

A B
2 3 4 5 4 34 95 6 7
, 1 784 012 8
C D
) 3456 7 g , 34 5 6 -

e iagrams o0 st 0o usesonte screeno acat o era oscioscoe Agri o 1cm
s uaresco erst e screen e time ase settingis1yscm’ 97 2 1 5

1cm

O ong oeseac use ast

A 2ps B Ms C 4pus D 6pus
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enal2 5
iagram is o taine

Ssu

isconnecte tot e

|1 cm,
|

11cm

atist e settingo t e time ase contro

A 2 mscm'

B 25mscm’

C 5mscm’

D 2 mscm'

8

terminaso anosci osco e t etraceint e

97 2 1

4 Astee ruecan erea tot e nearest mi imetre tisuse tomeasuret e engt o a ar
true engt is895mm e eate measuremenisgi et e o o ingrea ings

6

Are t e rea ings accurate an

engt mm

recise to

it in Tmm

resu ts are accurate
to it in1Tmm

A no
B no
C es
D es

resuts are recise
to it in1mm

no
es

no

es

892 891 892 891 891 892

nasim e eectrica circuit t e current in a resistor is measure as 25
resistorismar e as ainga aueo 47Q 2

tese aues ereuse tocacuatet e o er issi ate

ercentage uncertaint int e aue o taine

A 2

B 4

C 6

int e resistor

D 8
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5 e ensit o t e materia o a rectanguar oc is etermine measuring t e mass an
inear imensions o te oc eta e soste resuts o taine togeter it t eir
uncertainties 97 2 1 5

mass 25 149

engt 5 1 cm
rea t 2 1 cm
eig t 1 1 cm

e ensit iscacuate to e25 gcm

atist e uncertaint int isresut

A 1gcm B 2gcm C 5gcm D 1 gcm

6 Aootais ro e romteto oata ui ing 97 2 1 5

ic acce eration time gra estre resentst e motiono t e oot a t roug t e air

A B
A A
acceleration acceleration
0 B 0 >
0 time 0 time
C D
A A
acceleration acceleration
0 > 0 >
0 time 0 time

4 Ametrerueisuse tomeasuret e engt o a ieceo ire tis oun to e7 cmongtot e
nearest mi imetre 97 212 1

o sou tisresut erecor e inata eo resuts

A 7m B 7 m C 7 m D 7 m
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4 A ig tmetermeasurest eintensit o teigtaingonit eor suggestst att is aries as
tein erses uareo t e istance 97 2 1 6

\\§ light meter
I
I‘
-

Y

ic gra oteresutssu orist ist eor

A A A B

0 > 0 >
0 0
A C A D

o

N
o
-

5 e resistance o an eectrica com onent is measure e o o ing meter rea ings are
o taine 9721 7

atist e resistance

A 250 B 27Q C 25 Q D 27 Q
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5 ecatoera oscioscoe cro is a soste aeomm ro uce an e ectronic
circut ecro time aseissetat1 ms er i ision 97 2 1 6

atist e erio ot esignas o n

A 2 ms B ms C 4 ms D 8 ms

4 Aseries o measurementso t e acce erationo ree a giss o nint eta e 97 2 1 7

ic seto resutsis recise utnotaccurate

g ms?
A 9 81 979 9 84 98 979
B 9 81 1 12 989 894 942
C 945 921 899 876 8 51
D 845 8 46 85 841 8 47

5 A mass m as acceerationa t mo estroug a istance s in time t e o eruse in
acceeratingt e massise ua tot e ro ucto orce an e ocit e ercentage uncertainties

are 97 2 1 7
1 inm
1 ina
15 ins
5 int

atist e ercentage uncertaint int ea erage o er

A 21 B 26 C 1 D 41
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e inutterminaso acat o era osci osco e cro are connecte to a su 0 ea
aue5 an o re uenc 5 etime aseissetat1 ms er iisionan t e gainat
5 er i ision 07 2 1 6

ic trace is o taine

e measurement o a sica uantit ma e su ect to ran om errors an to s stematic
errors 97 2 1 6

ic statement is correct

an om errors can e re uce ta ingt e a erage o se era measurements

A
B an omerrorsarea a s cause t e ersonta ingt e measurement
C As stematic error cannot e re uce

D

A s stematic errorresutsina i erentrea ingeac timet e measurementista en

Ane erimentis one to measuret e resistance o a ire 97 2 1 6

ecurrentint e ireis1 2Aan t e otentia i erence acrosst e ireis8 4

atist eresistanceo t e ire an its uncertaint

A 8 20
B 8 6 Q
C 8 1Q
D 8 2Q
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4 Anosciosco e is a consistso t o se arate traces a a eorman a ong ori onta ine
e orionta inema etaenaste eroee 97 2 1 7

egri ont e screeniscai rate incms uares t e time ase settingis25msem’ an te
sensiti it is5m cm'’

AN NG AN

ataret e erio an te ea ositie otageote a eormint e iagram

erio ms ea ositie otage m
A 5 17
B 5 25
C 1 17
D 1 25
4 e resistance o0 a resistoris etermine measuringt e otentia i erence acrossitan
tecurrent init e aueo ist encacuate usingt e e uation 97 2 1 8
e aues measure are 1 5 an 5 1A

atist e ercentage uncertaint int e aueo

A 25 B c 7 D 1

Meacnirement and ite technianec
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e iagrams o st e gra uations 0 a correct cai rate ammeter ent e currentis ero
t e ointeris at 97 2 1 7

Om\

e ammeterisacci enta rea uste sot at ent ecurrentis ero t e ointeris at

QT T T TP~

ic cai ration gra estre resenist eres onseo t erea uste ammeter

A B
A A
angle of angle of
deflection of deflection of
pointer from pointer from
the zero mark the zero mark
0 > 0 >
0 current 0 current
C D
angle of } angle of 1
deflection of deflection of
pointer from pointer from
the zero mark the zero mark
0 > 0 =
0 current 0 current
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15

our stu ents eac ma e a series 0 measurements o t e acce erationo ree a g eta e
s 0 st eresuts o taine 97 2 1 8

ic seto resutscou e escri e as recise utnotaccurate

g ms?
A 9 81 979 984 98
B 9 81 1 12 989 8 94
C 945 921 899 876
D 845 8 46 85 8 41

A stu ent uses a igita ammeter to measure a current e rea ingo t e ammeteris oun to
uctuate et een198Aan 2 2A 97 2 1 8

e manu acturer o t e ammeter statest atan rea ing as as stematic uncertaint o 1

ic aueo currents ou e uote t e stu ent

A 2 1A
B 2 2 A
c 2 A
D 2 4 A
Acai rationgra is ro uce ora aut ammeter 97 2 1 8
A
1.0
ammeter
reading/A
0 =
0 1.0
true
current/A
ic ammeterrea ing i e nearesttot e correct aue
A 2A B 4A C 6A D 8A
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e iagram s o ste stem o a Cesius t ermometer mar e to s o initia an ina
tem erature aues 97 2 1 9
initial final
temperature temperature
| Y | | | | \ A
| TTrrrrororT | TTrrrrorrrT | TTrTrrrror1rT | TTrTrrrror1rT | TTrrrrr1rorT | )
-10 -5 0 +5 +10 +15
atist etem eraturec angee resse toana ro riate num ero signiicant igures
A 14 C B 25C C 21 C D 22 C
e iagrams s o igita otmeter an anaogue ammeter rea ings rom a circuit in ic
e ectrica eating is occurring 97 2 1 9

atist eeectrica o0 erot e eater

A 5 B 58 C 5 D 58
egra s o st ocurrent otage cai ration cur es orasoarce e ose to i erent ig t
intensities 97 211 9
: _— i
30 intensity = 1000Wm
current/A ]
2.0
1.04+—1—
1 intensity ¥ 100\/Wm™
0 ] T T T T T T
0O 01 02 03 04 05 06
voltage/V
2
At ero otage atist e ratio currentat1 m
currentat1 m 2
A 11 B 47 Cc 8 D 1
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e iagrams o s anosci osco e screen is a ingt osignas 97 211 9

igna asa re uenc o5 an ea otageo 12

atist e erio an ea otage o signa

erio ms ea otage
A 2 4
B 2 12
C 5 4
D 5 12

ega s o st ocurrent otage cai ration cur es orasoarce e ose to i erent igt

intensities 97 212 9
. o >
3.0 intensity = 1000\ Wm
current/A ]
2.0-
1.0
{ intensity # 100\WWm™
O ] T T T T T T
0O 01 02 03 04 05 06
voltage/V
2
At ero otage atist e ratio currentat m
currentat1 m 2
A 11 B 47 C 8 D 1
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e iagrams o sanosci osco e screen is a ingt osignas 97 212 9

igna asa re uenc o5 an ea otageo 12

atist e erio an ea otage o signa

erio ms ea otage
A 2 4
B 2 12
C 5 4
D 5 12

e iagrams o sas uare a etraceont e screeno acat o era osci osco e Agri o
1cms uaresco erst e screen e time ase settingis1 mscm'’ 97 211 1

I1cm

~—>
1cm

atist ea roimate re uenc otes uare ae
A 7 B 14 C 28 D 14

Meacnirement and ite technianec
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6 Astuentinste ensit o aiui measuring its mass an its oume e oo ingisa
summar o is measurements 97 211 1

masso emt ea er 2 1g
masso eaer i ui 7 14g

oumeo i ui 1 6 cm
ecorrect cacuatest e ensit ote i ui as5 gcm

atist e uncertaint int is aue

A gcm B 5gcm C 6gcm D 26gcm

7 A micrometer scre gauge is use tomeasuret e iametero aco er ire

ereaing it te irein ositioniss o nin iagram 1 e ireisremoe an tea so

t e micrometer are c ose ene rea ingiss o nin iagram 2 97 211 1

:/4 20

|_'_l_'_l_é—10 15

0 S 10

diagram 1 diagram 2
atist e iametero t e ire
A 19 mm B 245mm C 259mm D 27 mm

1 A micrometer scre gauge isuse tomeasuret e iametero aco er ire 97 212 1

ereaing it te irein ositioniss o nin iagram 1 e ireisremoe an tea so
t e micrometer are c ose ene rea ingiss o nin iagram 2

:/4 20
|_'_1_'_1_,§—10 15
0 <=5 10
diagram 1 diagram 2
atist e iametero t e ire
A 19 mm B 245mm C 259mm D 27 mm
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5 e iagrams o sas uare a etraceont e screeno acat o era oscioscoe Agri o
1cms uaresco erst e screen e time ase settingis1 mscm ' 97 212 1

I‘Icm

>
1cm
atist ea ro imate re uenc otes uare ae
A 7 B 14 C 28 D 14
5 A micrometer scre gauge is use tomeasuret e iametero aco er ire 97 21 1

ereaing it t e irein ositioniss o nin iagram 1 e ireisremoe an tea so

t e micrometer are c ose ene rea ingiss o nin iagram 2
://15 20
|10 15
0 §\5 10
\\
diagram 1 diagram 2
atist e iametero t e ire
A 19 mm B 245mm C 259mm D 27 mm
5 A uantt isto e etermine romt ee uation 97 212 1
is measure as 127 2m
ismeasure as 8 im
atist e ercentage uncertaint in to one signiicant igure
A 4 B 2 C D 7
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Astuent inste ensit o ai ui measuring its mass an its oume e oo ingisa
summar o is measurements 97 212 1

massoemt ea er 2 1g
masso eaer i ui 7 14¢g

oumeo i ui 1 6 cm
ecorrect cacuatest e ensit ote i ui as5 gcm

atist e uncertaint int is aue

A gcm B 5gcm C 6gcm D 26gcm

e iagrams o sas uare aetraceont e screeno acat o era osci osco e Agri o
1cms uaresco erst e screen e time ase settingis1 mscm ' 97 21 1

I1cm

>
Tcm
atist ea roimate re uenc otes uare ae
A 7 B 14 C 28 D 14
Astuent in ste ensit o a i ui measuring its mass an its oume e o0 o0 ingisa
summar o is measurements 97 21 1
masso emt ea er 2 1g
masso eaer i ui 7 1¢g
oumeo i ui 1 6 cm
ecorrect cacuatest e ensit ot e i ui as5 gcm
atist e uncertaint int is aue
A gcm B 5gcm C 6gcm D 26gcm
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e anguar e ectiono t e nee e o an ammeter aries it t e current assingt roug t e
ammeterass o nint egra 97 211 1

angular
deflection

current

ic iagramcou re resentt ea earanceo t e scaeont is meter

A B
12345

6 7
0\))"_"%9 |

Cc D

34 5 6 7
12 89

1234567

O\)),\,LLLJ\\/Q 0 Mg

e iagrams o sacat o era osci osco e cro einguse tomeasuret e rate o rotation
0 a ee 97 211 1

flywheel

—0

-—10cm—>

e ee asasma magnet mounte onit ac timet e magnet assest e coi a
otage use is generate ic is asse totecro e is a otecrois1 cm ie
e ee is rotating at a rate 0 a out re outions er minute
ic time asesetting i is a cear se arate usesont e screen
A 1scm'’ B 1 mscm' C 1 sem' D 1 scm’
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6 A ie uanti is measure man timesinane erimentt at ase erimenta uncertaint A
gra is otte tos o tenum erno timest ata articuar aue iso taine 97 211 1

ic gra cou eo taine it e measuremento as a arge s stematic error ut a sma
ran om error

A B

2 e iagrams o sacat o era osci osco e cro einguse tomeasuret e rate o rotation
oa ee 97 21 1
flywheel
< 10cm >
—0

e ee asasma magnet mounte onit ac timet e magnet assest e coi a
otage use is generate ic is asse totecro e is a otecrois1 cm ie
e ee is rotating at a rate 0 a out re outions er minute
ic time asesetting i is a cear se arate usesont e screen
A 1scm’ B 1 mscm' C 1 sem' D 1 scm’
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A i e uantt is measure man timesinane erimentt at ase erimenta uncertaint A
gra is otte tos o t enum erno timest ata articuar aue iso taine 97 21 1

ic gra cou eo taine it e measuremento as a arge s stematic error ut a sma
ran om error

A B

e uncertaint inte aueo t e momentumo atroe assing et eent o oints an

aries it t ec oice o measuring e ices 97212 M
easurements ort e sametroe ma e i erentinstruments ere recor e
1 istance et een an usingametrerue it cm i isions 55m

2 istance et een an usingametrerue it mm i isions 547m

timings usinga rist atc measuringtot e nearest 5sat san at 45s
4 timings using ig t gates measuringtot e nearest 1sat san at 4 s
5 masso tro e usinga aance measuringtot enearestg 64 1 2 g

6 masso tro e usinga aance measuringtot enearest1 g 6 1 2 g

ic measurements one oreac uantit measure ea tot e eastuncertaint int e aue
ot emomentumo t etro e

A 1 an 6 B 14an 6 C 2 an 6 D 24an 5
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e anguar e ectono t e nee e o an ammeter aries it t e current assingt roug t e
ammeterass o nint egra 97 21 1

angular
deflection

current

ic iagramcou re resentt ea earanceo t e scaeont is meter

A B
2 3 4 5 5 34 5 6 7
o ! / 89 013 P9
c D

etime aseonacat o era osci osco eissetat6ms cm 97 212 11

A trace consistingo t 0 usesisrecor e ass 0 nint e iagram

2.5cm

atist etimeinter a et eent et o uses

A 42ms B 75ms C 1 ms D 27ms
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4 e iagrams o satraceo a a eonacat o era osci osco e

e ertica an
t e time scaingis 5mscm*

ataret e am
am itu e

A 15

B 5

Cc 6

D 12

26

97 211

11

ori onta gri ines aeas acingo1 cm e otagescaingis4 cm'an

1cm

ituean erio ote ae

erio ms

4

4 Ac inricatueroing o naso eo incinationdmo es a

reatingt ese uantities is

£ 2sing

11 cm

istance intime

ereaist einterma ra iuso t etu ean an are constants

ic

O 0O w »

ine gi est

N N

3 3 3 3

e correct units or an

m-s
ms
ms

ms
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5 e iagrams o sane erimenttomeasuret es ee o asma a a ingatconstants ee
troug aceari ui inagasstu e 97211 11

1.50s 1----115mm

3.50s 1----385mm

erearet omar sont etu e eto mar is ositione at115 1 mmont ea acentrue

an te o ermar at 85 1mm e a assesteto mar at15 2san assest e
o ermar at 5 2s
econstants ee ot e a iscacuate 85 115 27 1 5mms’
5 15 2
ic e ressioncacuatest e ractiona uncertaint int e aueo t iss ee
A 2 _ 4
27 2
B -2 _ 4
27 2
c 1. _2
27 2
p 1. _2
27 2
5 e s ee ometer in a car consists 0 a ointer ic rotates e ointer is situate se era
mi imetres romacai rate scae 97 212 11

atcou causearan omerrorint e ri ers measuremento t ecarss ee
ecarss ee isa ecte t e in irection
e rierse eisnota a sint e same ositioninre ationtot e ointer

e s ee ometer oesnotrea ero ent e caris at rest

o 0O W >

es ee ometerrea s1 ig ert ant ecarsactua s ee
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4 e iagrams o sane erimenttomeasuret es ee o asma a a ingatconstants ee
troug aceari ui inagasstu e 97 21 1

1.50s 1----115mm

3.50s 1----385mm

erearet omar sont etu e eto mar is ositione at115 1 mmont ea acentrue

an te o ermar at 85 1mm e a assesteto mar at15 2san assest e
o ermar at 5 2s
econstants ee ot e a iscacuate 25 1155 227 1 5mms’

ic e ressioncacuatest e ractiona uncertaint int e aueo t iss ee

A 2 _ 4
27 2
B 2 _ 4
27 2
c 1 2
27 2
p 1. _2
27 2
4 A micrometerisuse tomeasuret e iametersot oc in ers 97 212 11
iametero irstc iner 1278 2mm
iametero secon ¢ in er 1624 mm

e i erenceint e iametersis cacuate
atist euncertaint int is i erence

A 1mm B 2mm C mm D 5mm
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5 e iagrams o satraceo a a eonacat o era osci osco e 97 21 1

e ertica an orionta gri ines aeas acingo1 cm e otagescaingis4 cm'an
t e time scaingis 5mscm*

11 cm

+—>
1cm
ataret eam itu ean erio ote ae
am itu e erio ms
A 15 4
B 5 1
C 6 2
D 12 2
5 e oungmo uuso t emateria o a ireisto e oun e oungmo uus isgien te
e uation eo 97211 M
4
T 2

e ireise ten e a no norcean t e o0 ingmeasurements are ma e

ic measurement ast e argeste ectont e uncertaint int e aueo t ecacuate
oung mo uus

measurement smo aue
A engt o ire eore orcea ie 2 4 2m
B iametero ire 54 2mm
C orcea ie 19 62 1
D e tensiono ire it orcea ie 52 2mm
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e oungmo uuso t emateria o a ireisto e oun e oungmo uus isgien te
e uation eo 97 21 1

4
T

2

e ireise ten e a no norcean t e oo ing measurements are ma e

ic measurement ast e argeste ectont e uncertaint int e aueo t e cacuate
oung mo uus

measurement smo aue
A engt o ire eore orcea ie 2 4 2m
B iametero ire 54 2mm
C orcea ie 19 62 1
D e tensiono ire it orcea ie 52 2mm
Ac inricatueroing o naso eo incinaton/mo es a istance intime e e uation
re atingt ese uantities is 97 21 11
2
a .
= 2 sing

ereaist einterma ra iuso t etu ean an are constants

ic inegi est ecorrectunits or an

A m? m?s 2
B m? ms 2
C m? m s 2
D m ms 2
nane eriment ara iocontro e carta es25 bstotra e 4 1m 97 211 12

atist ecarsa erages ee an t euncertaint int is aue

A 16 1ms'

B 16 2ms’
C 16 4ms’
D 16 6ms’
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4 A ig tmeter measurest eintensit o te igt aing on it eor suggesist at aries
in erse ast es uareo t e istance 97 211 12

//Li—
\\ D light-meter

»
I

A

ic gra oteresutssu orist ist eor

A A A B
I I
0 > 0 >
0 0
A C A D
I I
0 > 0 >
0 2 0 1
2
6 e iagrams o st ocom ete usesont e screeno acat o era osci osco e Agri o
1cms uaresco erst e screen e time ase settingis1 scm'’ 97 212 12

1cm
O ong oeseac use ast

A 2 s B S C 4 s D 6 s
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e iametero ac in rica meta ro is measure usinga micrometer scre gauge 97 212 12

e iagram eo s o sanenargemento t e scae ont e micrometer scre gauge en
ta ingt e measurement

40
]
-
T T |30
0.5mm/rev =
S
atist e cross sectiona areao t ero
A 81mm? B 114mm? C 228mm’ D 456mm’

Amassis ro e romrest an astroug a istance o 2 mina acuum An o ser er
recor st etimetaen orte massto a troug tis istance using a manua o erate

sto atc an re eats t e measurements a urt er t o times e a erage resut o t ese
measure times is ae inteta e eo asuse to eterminea aue ort e acce eration
O ree a is ascacuate to e98ms? 97 212 12

’ | irst measurement| secon measurement | t ir measurement | a erage |

‘ time s ‘ 6 ‘ 7 ‘ 59 ‘ 64 ‘

ic statement estreatestot ee eriment

A e measurements are recise an accurate it noe i ence o ran om errors

B e measurements are not accurate an nota a srecor e tot e egree o recision o
t emeasuring e ice utt ecacuate e erimenta resutis accurate

C e measurements are nota a srecore tot e egree o recision o t e measuring
e ice utare accurate stematicerrors ma e resent

D erange o resutss o st att ere ereran omerrors ma e utt e cacuate aueis
correctsot ee eriment as successu

nane eriment ara iocontro e carta es25 Bbstotra e 4 1m 97 21 12

atist ecarsa erages ee an t euncertaint int is aue
A 16 1ms'
B 16 2ms’
C 16 4ms'’
D 16 6ms’
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5 A ig tmeter measurest eintensit o te igt aing on it eor suggesist at aries
in erse ast es uareo t e istance 97 21 12

/_/:ﬁ
\\i |:| light-meter

ic gra oteresutssu orist ist eor

A

\

A A A B

I I

0 > 0 >
0 0
A C A D

I I

% 2 % 1

5 Astuentisgienaree o ireo iameter esst an 2mman isase toin te ensit o

t e meta 97 212 12

ic airo instruments ou emostsuita e or in ingt e oumeo t e ire
A aance an micrometer
B metre rue an micrometer
C metreruean ermiercai ers

D micrometeran emiercai ers
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6 aria es an arere ate t e e uation ere an are constants
aueso an are measure e erimenta e resuts contain a s stematic error
97 212 12

ic gra estre resentst ese resuts

A B

0 > >
0
Cc
A
0 > >
0
7 es ee o acariscacuate rommeasurementso t e istancetra e e an t etimeta en

97 212 12
e istanceismeasure as2 m it anuncertaint o 2m

e time is measure as 1 s it anuncertaint o 2s

atist e ercentage uncertaint int ecacuate s ee

A 5 B 1 c 2 D

8 A science museum esignsane erimenttos o te a o a eat erina ertica gass acuum
tue 97 212 12
etimeo a romrestisto ecoseto 5s

at engt o tu eisre uire

A 1 m B 25m C 5 m D 1 m
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e ensit ot emateria 0o acoiotin ireisto e oun 211 12

ic seto instrumentscou euse to ot is mostaccurate
A metrerue rotractor s ring aance
B micrometer metrerue to an aance
C sto atc ne tonmeter emiercai ers
D

ta e measure erniercai ers e er aance

A uantit aries it tem erature fass o n 97 211 12

»
>

|
0 100 c @

@ is etermine romt e corres on ing aueso using t is gra
ismeasure it a ercentage uncertaint o 1 o its aue ata tem eratures

ic statementa outt e uncertaint in @is correct

e ercentage uncertaint in dis eastnear C

A
B e ercentage uncertaint in dis eastnear1 C
C e actua uncertaint in fis eastnear C

D

e actua uncertaint in ¢is east near 1 C

e measurement o a sica uantit ma e su ect to ran om errors an to s stematic
errors 97 211 12

ic statement is correct

A an omerrorscan ere uce ta ingt e a erage o se era measurements
B an omerrorsarea a s cause t e ersonta ingt e measurement

C A s stematic error cannot e re uce a ustingt ea aratus
D

A s stematic error resutsina i erentrea ingeac timet e measurementista en
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5 Acatoera oscioscoe is asas uare ae ass o nint e iagram 97 21 12

etime ase settingis 2 ms er i ision

atist e re uenc otes uare ae

A 8 B 8 CcC 1 D 17
6 e iagram s o s te stem o a Cesius t ermometer mare to s o initia an ina
tem erature aues 97 21 1
initial final
temperature temperature
| Y | | | | Y |
| TT T T TTTTT | Trrrrrrriro | Trrrrrrriro | Trrrrrrriro | Trrrrrrriro | )
-10 -5 0 +5 +10 +15

atist etem eraturec angee resse toana ro riate num ero signiicant igures

A 14 C B 25C C 21 C D 22 C

5 Astu entta es measurements o t e current in a resistor o constant resistance an t e otentia
i erence acrossit erea ingsaret enuse to otagra o current against
. . . . 97 21 1
ere is a s stematic errorint e current rea ings

o cou tis eientiie romt egra

At eastone anomaous ata ointcan ei entiie

A
B e ata oints are scattere a outt e straig t ineo est it
C egra isacur e nota straig t ine

D

e straig t ine gra oesnot asst roug t e origin
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5 nane erimentto eterminet e acceerationo ree a gt e erio o osci ation an engt
O asim e en uum ere measure e uncertaint int e measurement o is estimate to
ed4 an t euncertaint int e measuremento isestimate to e1 97 211 1

e aueo gis etermine usingt e ormua

4r?

9 —

atist e uncertaint int ecacuate aue org

A 2 B C 5 D 6

6 e inut terminas o a cat o era osciosco e cro are connecte to a su o
am itu e5 an re uenc 5 etime aseissetat1 ms er iisionan t e gainat
5 er i ision 97 211 1

ic trace is o taine
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A stu ent carrie out an e eriment in ic an eectric current as no n to ecrease it
time ereaings e oun rom irstto ast ere 62mA 281mA 11 mA 176mA an
9 mA 97 212 1

ic statementcou note aint eanomaous11 mArea ing

e asreerse tetir an ourt rea ingsint eresutsta e
erea t eammeterincorrect tereaingsou ae een21 mA

etoo t ecurrentrea ingatt e rongtime

O 0O W >

ere asas stematicerrorint e rea ings romt e ammeter

e iagram s o0 s a cai ration cur e orat ermistor ra n it an unusua scaeont e
ertica a is

97 212 1
100000 ~
N
N
resistance/Q NC
10000 \\\
T~
N
~
\\
1000 \\
~
~
100
0 10 20 30 40 50
temperature/ C
atist et ermistor resistance corres on ingtoatem eratureo 4 C
A 1 Q B 15 O C 4 Q D 94 O
at i re ucet e s stematicerrors enta inga measurement 97 21 12

A a ustingt enece eona otmetersot atitrea s ero ent ereisno otentia i erence
across it

measuringt e iametero a ireat i erent ointsan ta ingt e a erage

re ucingt e araa e ects usinga mar eran a mirror en measuringt e am itu e
0 osci ationo a en uum

D timing2 osci ations rat ert anasinge osci aton en in ingt e erio o a en uum
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7 nane erimentto eterminet e acceeratono ree a g tetimettaen ora a to a
t roug istance s as measure e uncertaint in t e measurement o s is estimate to
e2 e uncertaint int e measuremento tis estimate to e 97 21 12

e aueo gis etermine usingt e e uation

2s
9 ¢

atist e uncertaint int ecacuate aueo g

A 1 B 5 CcC 8 D 11

4 Asignat atre eats erio ica is is ae ont escreeno acat o era osci osco e
97211 1

— ~~

/[ ,\ N\
\UL L JU}
N /

N— 7

escreen asicms uaresan t etime aseissetat2 mscm'

atist e re uenc o t is erio ic signa

A 5 B 1 C 125 D 2

5 A micrometer scre gauge is use tomeasuret e iametero asma uniormstee s ere e

micrometerrea ingis5 mm 1 mm 97 211 1
at i et e ercentage uncertaint inacacuatono te oumeo tes ere usingt ese
aues
A 2 B 4 C 6 D 12
6 Astuent is esto eterminet e ensit po ea e measurest e mass an iameter o a
sma s ereo ea 97 21 1
mass 56 549
iameter 22 2 mm

atist e estestimate o t e ercentage uncertaint in er aueo p

A 19 B 2 C 28 D 7
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Anuncai rate anaogue otmeter isconnecte in arae it anot er otmeter ic is
no nto e accurate cairate orarangeo aueso oftentia i erence rea ings
are ta en romt et o meters 97 21 1

e iagrams o st ecai rationgra o taine

8 y
pd
uncalibrated meter P A
scale reading P
Wi
6 7
'I/
//
4 ]
//
pd
vd
2 &
'//
//
0
0 1 2 3 4 5 6
calibrated meter Q
p.d./V
egla s o statmeter asa eroerror ismeterisno a uste toremo et is ero
error ente meter is recai rate t e graient o t e cai ration gra is oun to e
unc ange
atist e ne scae rea ing on meter enitis use tomeasure a o5
A 66 B 67 C 72 D 74
Ane erimentis carrie outto measuret e resistance o a ire 97 211 14
ecurrentint e ireis 1 2 Aan t e otentia i erence acrosst e ireis 8 4

atist eresistance o t e ire an its uncertaint

A 8 2Q
B 8 6 Q
C 8 1Q
D 8 2Q
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e oungmo uuso t emateria o a ireisto e oun e oungmo uus isgien te
e uation eo 97 211 14

4

B 2

e ireise ten e a no norcean t e oo ingmeasurements are ma e

ic measurement ast e argeste ectont e uncertaint int e aueo t e cacuate
oung mo uus

measurement smo aue
A engt o ire eore orcea ie 2 4 2m
B iametero ire 54 2mm
C orcea ie 19 62 1
D e tensiono ire it orcea ie 52 2mm

Acat o era osci osco e cro isconnecte toan aternating otage e o o ingtrace is

ro uce ont e screen 97 212 14

1cm¢

-

1cm

e osci osco e time ase settingis 5mscm‘'an t e ate sensiti it is2 cm'’

ic statementa outt e aternating otage is correct
eam itu eis 5cm
ereuenc is 5

e erio is1ms

O 0O W >

e aeengt is4cm
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4 A uantiti isto e etermine romt ee uations o n 97 212 14

2

e ercentage uncertainties in an ares o n

ercentage
uncertaint
6
2
4
atist e ercentage uncertaint in
A 5 B 1 C 16 D 192

5 At ermometer can e rea to an accurac o 5C is t ermometer is use to measure a
tem eraturerise rom4 Cto1 C 97 212 14

atist e ercentage uncertaint int e measuremento t e tem erature rise

A 5 B 8 Cc 1 D 17
4 e resistance o a am iscacuate romte aueo t e otentia i erence across it
an te aueo t ecurrent assingt roug it 97 21 14
ic statement correct escri es o to com ine t e uncertainties int e an inte
current

A A toget ert e actua uncertaint int e an t e actua uncertaint int e current

B A toget ert e ercentage uncertaint int e an t e ercentage uncertaint int e
current

C u tractt e actua uncertaint int e current romt e actua uncertaint int e

D u tractt e ercentage uncertaint int e current romt e ercentage uncertaint int e

6 A igita cai erisuse tomeasuret e285 mm it o a asticruer e igita cai errea s
tot enearest 1mm 97 21 14

atist ecorrect a torecor t isrea ing

A 285 1m
B 285 1m
C 285 1 1 %m
D 285 1 1 m
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ro uce

er

i ision

43

an e ectronic circuit

97 21

14

gmassista ento arsan ten eige onasring aancean ona e er aance

ataret erea ingsont et o aanceson ars Assumet aton art g 1

5 e is a onacatoera oscioscoes o st e signa
etime aseissetat5 ns er iisionan t e
atist e re uenc o t e signa
A2 1°8
B 25 1 °?
C 5 17
D 1 1°8
1 A 1
e acce eration uetogra it on arsis 8 o its aueon art
S ring e er
aance aance ¢
A 8 8
B 8
C 1 8
D 1
4 Astee

A

97 211

ms 2

ireisstretc e inane erimentto eterminet e oungmo uus orstee 97 211

e uncertainties int e measurements are gi en eo

measurement

engt o

iameter o

oa on ire
ire

ire

e tension

uncertaint

atist e ercentage uncertaint int e oung mo uus

1

18

C 47

62
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5 e acceerationo ree a onte oonisonesit ot aton art 97 211 14

n art itta estimet orastoneto a romresta istance o 2m

atist etimeta en orastoneto a romresta istanceo 2mont e oon

t t
A 6t B L C 6 p -L
6 V6
nt e circuit s o n an anaogue ammeter is to e recai rate as a t ermometer e gra
s o0 s o teresistance ot et ermistorc anges it tem erature 97 21 14
1§

m | >
0 100

/ C
ic iagramcou re resentt etem erature scae ont e ammeter
A B C D
20 80 0 60 40 20
0 2 6080700 02040 8 00 A0 2 0 2, 10080 60 v
C C C C
4 e iagrams o s arto at ermometer 97 21 14

atist e correctrea ingont et ermometeran t e uncertaint int isrea ing

rea ing C uncertaint
9 inrea ing C
A 24 1
B 24 5
C 24 2
D 24 5
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length/cm

45

e resistance o0 aresistoristo e etermine ecurrent int e resistoran t e otentia
i erence across it are measure 97 21 14

eresuts it t eiruncertainties are

2 2 A 15 5
e aueo iscacuate to e75Q
atist e uncertaint int is aue or

A Q B 50 C 7Q D 1Q

es ee 0 anaero ane insti airis 2 m ' e in o srmomte estatas ee o
1
85 m 97 21 15

n ic irectionmustt e iotsteert e aero aneinor erto ue nort

2 east o nort

A

B 2 est o nort
C 252 easto nort
D

252 esto nort
Astu entisgienaree o ireo iameter esst an 2mman isase toin te ensit o
t e meta 97 21 15
ic airo instruments ou emostsuita e or in ingt e oumeo t e ire
A aance an micrometer
B metre rue an micrometer
C metreruean erniercai ers
D

micrometeran emiercai ers

our i erent stu ents use a ruer to measure te engt o a 15 cm enci eir
measurements are recor e on our i erentc arts 97 21 15

ic c arts o s measuremenist atare recise utnot accurate

A B C D
15.4 15.4 15.4 15.4~
15.2 15.2 15.2 15.2
15.04+——® 15.0 15.0 15.0
14.8 £ 14.8 £ 14.8 £ 14.8-
14.6 £ 14.6 £ 14.6 £ 14.6
1444 % 5 14.44 $ 1444—n 5 144
14.2 14.2 14.2 14.2
14'0_j 14.0 14.0 14.0
13.8- 13.8- 13.8 13.8
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n a sim e eectrica circuit t e current in a resistor is measure as 25 5 mA e
resistorismar e as ainga aueo 470 2

97 21 15
tese aues ere use tocacuatet e o er issi ate int e resistor at ou ete
ercentage uncertaint int e aue o taine

A 2 B 4 C 6 D 8

An ana ogue ammeter as a ointer ic mesoerascae 00 ing roonge use te
ointer oesnotreturn u to ero ent ecurrentistumme o an t e meter as ecome ess
sensiti e at ig ercurrentst anitis at o er currents 97 212 15

ic iagram est re resents t e cai ration gra nee e to o tain an accurate current
rea ing

A B
A A
scale scale
reading reading
0 > 0 >
0 true current 0 true current
C D
A A
scale scale
reading reading
0 > 0 >
0 0

true current true current

6 A singe s eet o auminium oi is o e t ice to ro uce a stac o our s eets e tota

ticnessotestac o s eetsismeasure to e 8 2 mm is measurement is ma e
usinga igita cai er it a eroerroro 2 2 mm 97 212 15

atist e ercentage uncertaint int ecacuate t ic nesso asinge s eet

A 1 B 2 C 4 D 67
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4 earro re resentst e ector

ic

5 A o er
in series

A otmeter measures t e otentia

47
97 212 15

/

iagram oes not re resent

A

ast o er en icuarcom onents

su o eectromoti e orce em 5

it resistors o resistance 1

/

an negigi e interna resistance is connecte

Qan 5Q ass o n

97 212 15
100Q 50
o
o
50V
o
(n)
&

measures t e currentint e circuit

i erence

across t e 5Q resistor an an ammeter

at are suita e ranges ort e ammeteran ort e otmeter

O O w >»

ammeter
range A

1
1

o tmeter
range

1
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n an e eriment to etermine t e acceeraton o ree a g a a earingis e an
e ectromagnet ent ecurrenttot e e ectromagnetiss itc e o acoc startsan te a
earing as Ater ainga istance te a earingstriesas itc tosto t e coc ic
measurest etimeto t e a 97 212 15
s stematic errors cause t an to e measure incorrect ic error must cause g to

a eargreatert an981ms?

A measure as eingsma ert anitactua isan tis measure correct

B measure as eing sma ert an it actua is an t measure as eing arger t an it
actua is

C measure as eing argert anitactua isan tmeasure as eing argert an it actua
is

D is measure correct an tmeasure as eingsma ert anitactua is

e anguar e ectiono t e nee e o an ammeter aries it t e current int e ammeter as
s 0 nint egra 97 211 15

angular
deflection

current

ic iagramcou re resentt ea earanceo t e scaeont is meter
A B

0 OW_‘\I\K/Q
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6 e strain energ 0 a s ring is etermine rom its s ring constant an e tension e
sringoes ooesa an te aueo iscacuate usingt ee uations o n 97211 15

1 2
2

e s ring constant is 1 2 m'an t ee tensionis 5 2m

atist e ercentage uncertaint int ecacuate aueo

A 6 B 1 C 16 D 2
4 A ae roucessoun a eso re uenc 5 e a esare etecte a micro one an
iSs a e onanosci osco e 97 211 15

atist etime ase settingont e osci osco e

A 1ims i ' B 1ms i ' C 1msi' D 1 msi
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