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Chapter 2

Measurement techniques

2.1 Measurements

104. 9702_m20_qp_12 Q: 4

A transmitter emits a pulse of electromagnetic waves towards a reflector. The pulse is reflected
and returns to the transmitter.

A detector is located at the transmitter. The emitted pulse and the reflected pulse are displayed
on a cathode-ray oscilloscope (CRQ) as shown.

i‘lcm

The pulse takes 6.3 us to travel from the transmitter to the reflector.

-
1cm

What is the time-base setting of the CRO?

A 21pscm™ B 3.2uscm™ C 42uscm™ D 63uscm™

37
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105. 9702_s20_qp_11 Q: 4

A cathode-ray oscilloscope displays a square wave, as shown.

The time-base setting is 0.20ms per division.

What is the frequency of the square wave?

A 0.83Hz B 830Hz C 1300Hz D 1700Hz

106. 9702_s20_qp_12 Q: 3

A galvanometer of resistance 5Q is to be used in a null method.

In order to protect the galvanometer from damage due to an excessive initial current, resistors of
resistance 0.5Q and 1kQ are available.

Which arrangement would provide this protection?
A the 0.5Q resistor in series with the galvanometer

B the 0.5Q resistor in parallel with the galvanometer and this combination placed in series with
the 1kQ resistor

C the 1kQresistor in parallel with the galvanometer

the 1kQ resistor in parallel with the galvanometer and this combination placed in series with
the 0.5 Q resistor
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107. 9702_s20_qp_13 Q: 4

39

A circuit is set up in order to determine the resistance of a 12V, 1.2W lamp when operating

normally. An analogue ammeter and an analogue voltmeter are used.

Which ranges for the meters would be most suitable?

ammeter range | voltmeter range
A Y
A 0-0.5 0-20
B 0-05 0-100
c 0-10 0-20
D 0-10 0-100

108. 9702_m19_qp_12 Q: 4

A digital balance is used to weigh ingredients in a laboratory. When a weight is applied to the
digital balance, an electronic circuit generates a current which is then converted into a digital

readout on the display.

The electronic circuit gives a current of 2.0 mA when a weight of 30N is applied, and a current of
0.5mA when a weight of SN is applied.

Which calibration curve could represent this circuit?

A
2_
current/mA
0 |
0 30
weight/N
C
2_
current/mA
0 |
0 30
weight/N

B
2_
current/ mA
0 !
0 30
weight/N
D
2_
current/ mA
0 \
0 30

weight/N
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109. 9702_s19_qp_13 Q: 5

The diagram shows the reading on an analogue ammeter.

milliamperes (mA)

Which digital ammeter reading is the same as the reading on the analogue ammeter?

display units | display reading
A pA 1600
B pA 160
Cc mA 16.0
D A 1.60

110. 9702_w19_qp_11 Q: 4

A student intends to measure accurately the diameter of a wire (known to be approximately
1 mm) and the internal diameter of a pipe (known to be approximately 2cm).

What are the most appropriate instruments for the student to use to make these measurements?

wire pipe
A calipers calipers
B calipers micrometer
Cc micrometer calipers
D micrometer micrometer
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111. 9702_w19_qp_12 Q: 4

A micrometer is used to measure the 28.50 mm width of a plastic ruler. The micrometer reads to
the nearest 0.01 mm.

What is the correct way to record this reading?
A 0.02850 +0.01m

B 0.0285+0.001m

C (2.850+0.001)x 102m

D (2.850+0.001)x 10°m

112, 9702_m18_qgp_12 Q: 6

A cathode-ray oscilloscope (c.r.0.) is connected to an alternating voltage. The following trace is
produced on the screen.

1cm¢

-
1cm

The oscilloscope time-base setting is 0.5mscm™ and the Y-plate sensitivity is 2Vem™.

Which statement about the alternating voltage is correct?
A The amplitude is 3.5cm.

B The frequency is 0.5kHz.

C The period is 1 ms.
D

The wavelength is 4 cm.
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113. 9702_s18_qp_11 Q: 4

In the circuit shown, an analogue ammeter is to be recalibrated as a thermometer. The ammeter
is connected in series with a thermistor. The thermistor is a component with a resistance that
varies with temperature. The graph shows how the resistance R of the thermistor changes with
temperature T.

[
R/KQ

\

(:) i' —
0 100

thermistor
T/°C
Which diagram could represent the temperature scale on the ammeter?
A B C D

60 4 0080 60 40 20

40 o 60__ 80 0
0050709 02 70 Lo v 0
°C °C

114. 9702_w18_qp_11 Q: 4

A micrometer screw gauge is used to measure the diameter of a copper wire.

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.

20
15
5 10

diagram 1 diagram 2

N
-
(9] ]

|

0

;’H/HH[H\\\\
—
o

Y,

What is the diameter of the wire?

A 1.90mm B 245mm C 259mm D 2.73mm
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115. 9702_w18_qp_13 Q: 4

43

An ammeter is calibrated so that it shows a full-scale deflection when it measures a current of

2.0A.

The diagram shows the display of this ammeter when it is measuring a current.

Which current is the ammeter measuring?

A 0.75A B 1.5A C 38A D 75A

116. 9702_ml17_qp_12 Q: 4

A student is investigating an electrical signal using a cathode-ray oscilloscope (c.r.o).

The frequency of the signal is 50kHz.
Which time-base setting on the oscilloscope should be used?

A 50mscm™ B 1mscm™ C 10uscm™ D 05upscm™

117. 9702_ml17_qp_12 Q: 5

A student wishes to measure a distance of about 10cm to a precision of 0.01 cm.

Which measuring instrument should be used?
A metre rule

B micrometer

C tape measure
D

vernier calipers
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118. 9702_s17_qp_11 Q: 3

The speed v of a liquid leaving a tube depends on the change in pressure AP and the density p of
the liquid. The speed is given by the equation

where k is a constant that has no units.
What is the value of n?

A B 1 c

N W

1
2

119. 9702_s17_qp_12 Q: 5

The diameter of a cylindrical metal rod is measured using a micrometer screw gauge.

The diagram below shows an enlargement of the scale on the micrometer screw gauge when
taking the measurement.

40

||

| [ [
0.5mm/rev

30

//////H[ H\\\\\\

What is the cross-sectional area of the rod?

A 3.81mm? B 11.4mm? Cc 22.8mm? D 456mm?
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120. 9702_w17_qp_12 Q: 5

A transmitter emits a pulse of electromagnetic waves towards a reflector. The pulse is reflected
and returns to the transmitter.

A detector is located at the transmitter. The emitted pulse and the reflected pulse are displayed
on a cathode-ray oscilloscope (c.r.0.) as shown.

/\
L U

-
1cm

¢1cm

The pulse takes 6.3 us to travel from the transmitter to the reflector.
What is the time-base setting of the c.r.o.?

A 21uscm™ B 32uscm™ C 42pscm™ D 6.3uscm™

121. 9702_w17_qp_13 Q: 4

A school has a piece of aluminium that it uses for radioactivity experiments. Its thickness is
marked as 3.2mm. A student decides to check this value. He has vernier calipers which give
measurements to 0.1 mm and a micrometer which gives measurements to 0.01 mm.

Which statement must be correct?

A The micrometer gives a more accurate measurement.

B The micrometer gives a more precise measurement.

C The vernier calipers give a more accurate measurement.
D

The vernier calipers give a more precise measurement.
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122. 9702_m16_qp_12 Q: 5

PQR and XYZ are wires in a circuit. A galvanometer connects Q and Y as a null indicator.

P Q R

X Y z

When the galvanometer reads zero, which statement is correct?
A The potential difference between Q and Y is infinite.

B The potential difference between Q and Y is zero.

C The resistance between Q and Y is infinite.
D

The resistance between Q and Y is zero.

123. 9702_s16_qp_11 Q: 5
A calibration graph is produced for a faulty ammeter.

A

1.0

ammeter
reading/A

/|

0 L=~
0 1.0
true
current/A

Which ammeter reading will be nearest to the true current?

A 0.2A B 04A C 0.6A D 0.8A
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124. 9702_s16_qp_12 Q: 4

The diagram shows a cathode-ray oscilloscope (c.r.0.) being used to measure the rate of rotation
of a flywheel.

flywheel

<«—10cm——»

The flywheel has a small magnet M mounted on it. Each time the magnet passes the coil, a
voltage pulse is generated, which is passed to the c.r.o. The display of the c.r.o. is 10 cm wide.
The flywheel is rotating at 3000 revolutions per minute.

Which time-base setting will display clearly separate pulses on the screen?

A 1scm™ B 10mscm™ C 100pscm™ D 1uscm™
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125. 9702_s16_qp_13 Q: 5

The following trace is seen on the screen of a cathode-ray oscilloscope.

The setting of the time-base is then changed from 10mscm™ to 20mscm™ and the Y-plate
sensitivity remains constant.

Which trace is now seen on the screen?

A B
/ \
[ A
[\ ] AN
V] NS
\
\/ \/
c D

VIELVER\VILV; \ /
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126. 9702_w16_qp_11 Q: 4

A voltmeter gives readings that are larger than the true values and has a systematic error that
varies with voltage.

Which graph shows the calibration curve for the voltmeter?
A B
true true
value/V value/V /
3 // 3

2 // 2 /
1 // 1 ,/
0 / 0 /

S

0 1 2 3 4 0 1 2 3 4
meter reading/V meter reading/V
C D
4 4
true true
value/V // value/V //
3 4 3 /
2 // 2 //
1 / 1 //
0 0
0 1 2 3 4 0 1 2 3 4

meter reading/V meter reading/V
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127. 9702_w16_qp_11 Q: 5

A student uses a cathode-ray oscilloscope (c.r.0.) to measure the period of a signal. She sets the
time-base of the c.r.o. to 5mscm™ and observes the trace illustrated below. The trace has a
length of 10.0cm.

10.0cm

What is the period of the signal?

A 7.1x10°s B 14x10°s C 7.1x107s D 14x107%s

128. 9702_w16_qp_12 Q: 4

A cathode-ray oscilloscope (c.r.o0.) displays a waveform as shown.

The time interval between two adjacent peaks of the waveform is 0.006 s.
What is the time-base setting of the c.r.o.?

A 2us/division

B 20us/division

C 2ms/division
D

3ms/division
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129. 9702_w16_qp_13 Q: 4

A voltmeter gives readings that are larger than the true values and has a systematic error that
varies with voltage.

Which graph shows the calibration curve for the voltmeter?
A B
true true
value/V value/V /
3 // 3

2 // 2 /
1 // 1 ,/
0 / 0 /

S

0 1 2 3 4 0 1 2 3 4
meter reading/V meter reading/V
C D
4 4
true true
value/V // value/V //
3 4 3 /
2 // 2 //
1 / 1 //
0 0
0 1 2 3 4 0 1 2 3 4

meter reading/V meter reading/V
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130. 9702_w16_qp_13 Q: 5

A student uses a cathode-ray oscilloscope (c.r.0.) to measure the period of a signal. She sets the
time-base of the c.r.o. to 5mscm™ and observes the trace illustrated below. The trace has a
length of 10.0cm.

10.0cm

What is the period of the signal?

A 7.1x10°s B 14x10°s C 7.1x107s D 14x107%s

131. 9702_s15_qp_11 Q: 4

A whale produces sound waves of frequency 5Hz. The waves are detected by a microphone and
displayed on an oscilloscope.

What is the time-base setting on the oscilloscope?

A 0.1msdiv’ B 1msdiv’ C 10msdiv’ D 100msdiv”’
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132. 9702_s15_qp_12 Q: 3

An analogue ammeter has a pointer which moves over a scale. Following prolonged use, the
pointer does not return fully to zero when the current is turned off and the meter has become less
sensitive at higher currents than it is at lower currents.

Which diagram best represents the calibration graph needed to obtain an accurate current
reading?

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

133. 9702_s15_qp_13 Q: 4

A student is given a reel of wire of diameter less than 0.2 mm and is asked to find the density of
the metal.

Which pair of instruments would be most suitable for finding the volume of the wire?
A balance and micrometer

B metre rule and micrometer

C metre rule and vernier calipers
D

micrometer and vernier calipers
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Errors and uncertainties

134. 9702_m20_qp_12 Q: 5

A micrometer is used to measure the diameters of two cylinders.

diameter of first cylinder = (12.78 + 0.02) mm

diameter of second cylinder = (16.24 + 0.03) mm

The difference in the diameters is calculated.

What is the uncertainty in this difference?

A 001mm B 0.02mm C 0.03mm D 0.05mm

135. 9702_s20_qp_11 Q: 5

A measurement is taken correctly but with a ruler at a significantly higher temperature than that at
which the ruler was calibrated. The higher temperature causes the ruler to expand.

What describes the effect on the measurement caused by the higher temperature and how the
measurement may be improved?

A

B

The measurement will be subject to a random error. The measurement can be made more
accurate by taking the average of several repeated measurements.

The measurement will be subject to a random error. The measurement can be made more
precise by taking the average of several repeated measurements.

The measurement will be subject to a systematic error. The measurement can be made more
accurate by taking the average of several repeated measurements.

The measurement will be subject to a systematic error. The measurement can be made more
precise by taking the average of several repeated measurements.
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136. 9702_s20_qp_12 Q: 4

Readings are made of the current I for different voltages V across a fixed resistor. The results are
plotted on a graph to show the variation of I with V.

[}

What is the best description of the errors in the readings?

A

B
c
D

both systematic and random
neither systematic nor random
random only

systematic only

137. 9702_s20_qp_13 Q: 5

Two liquid-in-glass thermometers in a well-mixed liquid are individually observed by 10 different
students. All agree that one thermometer reads 21°C and the other thermometer reads 23 °C.

What is a possible explanation for the difference?

A

B
c
D

The liquid is not all at the same temperature.
The readings are not precise.
There is a random error affecting the readings.

There is a systematic error affecting the readings.

138. 9702_m19_qgp_12 Q: 5

Four students measure a time interval that is known to be 1.734 s.

The measurement recorded by each student is shown.

Which measurement is the most accurate?

A

1s B 1.7s C 1.83s D 1.604s
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139. 9702_s19_qp_11 Q: 5
The speed shown on a car’s speedometer is proportional to the rate of rotation of the tyres.

The variation of the diameter of a tyre as it wears introduces an error in the speed shown on the
speedometer.

A car has new tyres of diameter 600mm. The speedometer is accurately calibrated for this
diameter.

The tyres wear as shown, with 6 mm of material being removed from the outer surface.

not to scale

What is the error in the speed shown on the speedometer after this wear has taken place?
A The speed shown is too high by 1%.
B The speed shown is too high by 2%.
C The speed shown is too low by 1%.
D

The speed shown is too low by 2%.

140. 9702_s19_qp_12 Q: 5

A student wishes to determine the density p of lead. She measures the mass and diameter of a
small sphere of lead:

mass = (0.506 + 0.005)g

diameter = (2.20 + 0.02) mm.

What is the best estimate of the percentage uncertainty in her calculated value of p?

A 1.7% B 1.9% C 28% D 37%
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141. 9702_s19_gp_12 Q: 6
Two quantities p and g are directly proportional to each other.
Experimental results are taken and plotted in a graph of g against p.
Which graph shows there were random errors in the measurements of p and ¢?

A B C D

142. 9702_s19_qp_12 Q: 7

A man of mass 75.2kg uses a set of weighing scales to measure his mass three times. He
obtains the following readings.

Which statement best describes the precision and accuracy of the weighing scales?

A

mass/kg
reading 1 80.2
reading 2 80.1
reading 3 80.2

not precise to + 0.1kg and accurate to + 0.1kg

B not precise to + 0.1kg and not accurate to + 0.1kg
C precise to + 0.1kg and accurate to + 0.1kg
D

precise to £ 0.1 kg and not accurate to + 0.1kg

143. 9702_s19_qp_13 Q: 6

A micrometer screw gauge is used to measure the diameter of a small uniform steel sphere. The
micrometer reading is 5.00mm + 0.01 mm.

What will be the percentage uncertainty in a calculation of the volume of the sphere, using these
values?
A 0.2%

B 04% C 06% D 12%
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144. 9702_w19_qp_11 Q: 5

The power P dissipated in a resistor of resistance R is calculated using the expression

where V is the potential difference (p.d.) across the resistor. The percentage uncertainty in V is
5% and in Ris 2%.

What is the percentage uncertainty in P?

A 3% B 7% C 8% D 12%

145. 9702_w19_qgp_12 Q: 5

The sides of a wooden block are measured with calipers. The lengths of the sides are measured
as 20.0mm, 40.0mm and 10.0 mm.

20.0mm

)/‘l‘0.0mm

The calipers can measure with an absolute uncertainty of +0.1 mm.

40.0mm

What is the percentage uncertainty in the calculated volume of the block?

A 0.3% B 1.8% C 3.8% D 30%

146. 9702_w19_qp_13 Q: 4

What could reduce systematic errors?

A averaging a large number of measurements

B careful calibration of measuring instruments
C reducing the sample size
D

repeating measurements
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147. 9702_w19_qp_13 Q: 5

The power loss P in a resistor is calculated using the formula P = Vﬁz

The percentage uncertainty in the potential difference V is 3% and the percentage uncertainty in
the resistance R is 2%.

What is the percentage uncertainty in P?

A 4% B 7% C 8% D 11%

148. 9702_s18_qp_11 Q: 5

The sides of a cube are measured with calipers.
The measured length of each side is (30.0 + 0.1) mm.
The measurements are used to calculate the volume of the cube.

What is the percentage uncertainty in the calculated value of the volume?

A 0.01% B 0.3% C 1% D 3%

149. 9702_s18_qp_12 Q: 3
A student measures the current through a resistor and the potential difference (p.d.) across it.

There is a 4% uncertainty in the current reading and a 1% uncertainty in the p.d. reading. The
student calculates the resistance of the resistor.

What is the percentage uncertainty in the calculated resistance?

A 025% B 3% C 4% D 5%

150. 9702_s18_qp_12 Q: 4

A student applies a potential difference V of (4.0 £0.1)V across a resistor of resistance R of
(10.0 £ 0.3)Q for a time t of (50 + 1)s.

The student calculates the energy E dissipated using the equation below.

R 10.0

What is the absolute uncertainty in the calculated energy value?

A 15J B 3J Cc 6J D 8J
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151. 9702_s18_qp_13 Q: 4
What will reduce the systematic errors when taking a measurement?

A adjusting the needle on a voltmeter so that it reads zero when there is no potential difference
across it

B measuring the diameter of a wire at different points and taking the average

reducing the parallax effects by using a marker and a mirror when measuring the amplitude
of oscillation of a pendulum

D timing 20 oscillations, rather than a single oscillation, when finding the period of a pendulum

162. 9702_s18_qp_13 Q: 5

In an experiment to determine the Young modulus E of the material of a wire, the measurements
taken are shown.

mass hung on end of wire m=2.300 £ 0.002kg

original length of wire [=2.864 +0.005m
diameter of wire d=0.82+£0.01mm
extension of wire e=76z20.2mm

The Young modulus is calculated using

= 4mfl
nd“e

where g is the acceleration of free fall.

The calculated value of E is 1.61 x 10"°Nm™.

How should the calculated value of E and its uncertainty be expressed?
A (1.61:0.04) x 10"°Nm™

B (1.61+0.05) x 10"°Nm™

C (1.61x0.07) x 10" Nm™

D (1.61+0.09)x 10"°Nm™
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163. 9702_w18_qp_11 Q: 5

A digital meter has an accuracy of +1%.

The meter is used to measure the current in an electrical circuit.

The reading on the meter varies between 3.04 A and 3.08 A.

What is the value of the current, with its uncertainty?

A (3.06+0.02)A
B (3.06 +0.04)A
C (3.06 +0.05)A
D (3.06 +0.07)A

154. 9702_w18_qgp_12 Q: 5

Students take readings of the volume of a liquid using three different pieces of measuring
equipment X, Y and Z.

The true value of the volume of the liquid is V.

The students’ results are shown.

X Y Z
A A A
number of number of number of
readings readings readings
0 j.\ 0 : 0 .
0 "4 volume 0 V' volume 0 74 volume

How many pieces of equipment are precise and how many are accurate?

number of precise number of accurate

pieces of equipment pieces of equipment
A 1 1
B 1 2
c 2 1
D 2 2
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165. 9702_w18_qp_13 Q: 5

The width of a table is measured as (50.3 + 0.1)cm. Its length is measured as (1.40 + 0.01) m.

What is the area of the table and its absolute uncertainty?
A (0.7+01)m?

B (0.704 + 0.006)m?

C (0.704 +0.011)m?

D (704+06)m’

166. 9702_s17_qp_11 Q: 9

A student attempts to find the density o of aluminium by taking measurements of a rectangular
sheet.

mass m=516+0.1g
length 7=100.0+0.1cm
width w=10.0 + 0.1cm
thickness t = 0.20 + 0.01 mm

He uses the equation p= % to calculate the density.
w

What is the calculated value of density with its uncertainty?

A 0.26+0.01gecm™
B 0.26+0.02gcm™
C 26+t01gcm™
D 26+02gem™
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1567. 9702_s17_qp_12 Q: 4

The current in a block of semiconductor is 30.0 mA when there is a potential difference (p.d.) of
10.0V across it. The dimensions of the block and the direction of the current in it are as shown.

15.0 mV
; /’,o.o mA

The electrical meters used are accurate to £ 0.1 mA and + 0.1V. The dimensions of the block are
accurate to + 0.2 mm.

What is the resistivity of the semiconductor?
A 10.0+£0.2Om
10.0+£0.3Qm

B
C 10.0£0.50m
D 10.0+0.8Qm

168. 9702_s17_qp_13 Q: 4

A voltage is carefully measured with a high-quality instrument and found to be 2.321V.

Two students, using two different methods, conclude that the voltage is 2.33V and 2.344V
respectively.

Which statement is correct?

A 2.33Vis less accurate and less precise than 2.344 V.
B 2.33Vis less accurate and more precise than 2.344 V.
C 2.33Vis more accurate and less precise than 2.344 V.
D

2.33V is more accurate and more precise than 2.344V.
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1569. 9702_wi7_qp_12 Q: 4

A quantity y is to be determined from the equation shown.

The percentage uncertainties in p, x and g are shown.

percentage
uncertainty

6%
2%
q 4%

What is the percentage uncertainty in y?
A 0.5% B 0.75% C 12% D 16%

160. 9702_wi7_qgp_13 Q: 5
Four possible sources of error in a series of measurements are listed.
1 an analogue meter whose scale is read from different angles
2 a meter which always measures 5% too high
3 a meter with a needle that is not frictionless, so the needle sometimes sticks slightly
4

a meter with a zero error

Which errors are random and which are systematic?

random error systematic error

A 1and2 3and 4
B 1and 3 2and 4
C 2and4 1and 3
D 3and 4 1and 2
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161. 9702_m16_qp_12 Q: 4

Quantity X has a fractional uncertainty of x. Quantity Y has a fractional uncertainty of y.

What is the fractional uncertainty in iz ?

A x+y B x-y C x+2y D x-2y

162. 9702_s16_qp_11 Q: 4
When performing an experiment, a student should minimise the uncertainty of any measurement.
In which case is the student reducing the systematic error in a measurement?

A adjusting a voltmeter needle pointer to the zero position before using it to measure a
potential difference

B measuring the diameter of a wire at several points and orientations
measuring the mass of 100 paperclips to determine the mass of one paperclip

D timing 20 oscillations of a mass on a spring to determine the period of one oscillation

163. 9702_s16_qp_12 Q: 5
A student determines the density p of steel by taking measurements from a steel wire.
mass m=6.2+0.1g
length 1=25.0+ 0.1cm
diameter d =2.00 £ 0.01mm

: _ 4m
He uses the equation p = )
g T

What is the percentage uncertainty in his calculated value of density?

A 1.1% B 1.8% C 25% D 3.0%
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164. 9702_s16_qp_13 Q: 4

A metre rule is supported horizontally by two pivots as shown.

where

k is a constant,

L is the distance between the pivots,
M is the mass of the rule,

tis the thickness of the rule and

w is the width of the rule.
In an experiment, the following results are obtained:
L=(80.0%0.2)cm
M= (60 1)g
t=(6.0£0.1)mm
w=(23.0 £ 0.5)mm.
Which measurement contributes most to the uncertainty in the calculated value of y?

A L B M c t D w

165. 9702_wi6_qgp_12 Q: 5
A value for the acceleration of free fall on Earth is given as (10 + 2)ms™.

Which statement is correct?

A The value is accurate but not precise.

B The value is both precise and accurate.
C The value is neither precise nor accurate.
D

The value is precise but not accurate.
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166. 9702_wi6_qp_12 Q: 6
An experiment to determine atmospheric pressure P uses the equation P = pgh where
p= (13600 £ 100)kgm™3,
g=1(9.81+0.02)ms™>,
h=(0.762 + 0.005)m.

What is the value of P, with its uncertainty, when stated to an appropriate number of significant
figures?

A (1.0166 +0.0162) x 10°Pa
B (1.017 +0.016) x 10°Pa
C (1.017 £ 1.6%) x 10°Pa

D (1.02+0.02)x 10°Pa

167. 9702_s15_qp_11 Q: 5

The angular deflection of the needle of an ammeter varies with the current in the ammeter as
shown in the graph.

angular
deflection

current

Which diagram could represent the appearance of the scale on this meter?
A B

123456789 345678

0 01?2 9
C D

1234 3 6 7

0\)1)’\’”']#\’\/9 OQ))"—I\%Q
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168. 9702_s15_qp_11 Q: 6

The strain energy W of a spring is determined from its spring constant k and extension x. The
spring obeys Hooke's law and the value of W is calculated using the equation shown.

W= 1kx?

N|=

The spring constant is 100+ 2N m~" and the extension is 0.050+0.002m.

What is the percentage uncertainty in the calculated value of W?

A 6% B 10% C 16% D 32%

169. 9702_s15_qp_12 Q: 5

A power supply of electromotive force (e.m.f.) 50V and negligible internal resistance is connected
in series with resistors of resistance 100 Q2 and 5Q, as shown.

100Q 5Q
l—:l—"—:}

(V)

50vT \Z/

)

Y,

A voltmeter measures the potential difference (p.d.) across the 5Q resistor and an ammeter
measures the current in the circuit.

What are suitable ranges for the ammeter and for the voltmeter?

ammeter voltmeter
range/A range/V

A 0-0.1 0-1
B 0-0.1 0-3
Cc 0-1.0 0-1
D 0-1.0 0-3

170. 9702_s15_qp_12 Q: 6

A single sheet of aluminium foil is folded twice to produce a stack of four sheets. The total
thickness of the stack of sheets is measured to be (0.80 * 0.02)mm. This measurement is made
using a digital caliper with a zero error of (-0.20 £ 0.02)mm.

What is the percentage uncertainty in the calculated thickness of a single sheet?

A 1.0% B 2.0% C 4.0% D 6.7%
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171. 9702_s15_qp_13 Q: 5

69

Four different students use a ruler to measure the length of a 15.0cm pencil. Their
measurements are recorded on four different charts.

Which chart shows measurements that are precise but not accurate?

15.4

15.2

15.01

14.8

14.6

length/cm

length/cm

14.2
14.0
13.8-

A
14.41—4
]

15.4

15.2

15.0

14.8

14.6
14.44
14.2
14.0
13.8-

length/cm

Cc

15.4 -
15.2 _E
15.0

14.8

14.6

144-4—m

length/cm

14.2
14.0

13.8

15.4 -
15.2
15.0
14.8

14.6

14.4

14.2
14.0

13.8

172. 9702_s15_qp_13 Q: 6

In a simple electrical circuit, the current in a resistor is measured as (2.50 £ 0.05) mA. The

resistor is marked as having a value of 4.7 Q £ 2 %.

If these values were used to calculate the power dissipated in the resistor, what would be the

percentage uncertainty in the value obtained?

A 2%

B 4%

D 8%
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Paper 1 Multiple Choice Answers: Measurement Techniques

Question Paper Q. No. Answer
104 9702_m20_qgp_12 4 C
105 9702_s20_qgp_N 4 B
106 9702_s20_qgp_12 3 B
107 9702_s20_qgp_13 4 A
108 9702_m19_qgp_12 4 A
109 9702_s19_qgp_13 5 A
110 9702_w19_qp_N 4 C
m 9702_wl19_qgp_12 4 C
12 9702_mI8_qp_12 6 B
113 9702_s18_qp_1 4 A
14 9702_wl18_qp_N 4 B
115 9702_wl18_qp_13 4 B
116 9702_ml7_qp_12 4 C
nz 9702_ml7_qgp_12 5 D
118 9702_s17_qgp_T1 3 A
19 9702_s17_qp_12 5 B
120 9702_wl17_qgp_12 5 C
121 9702_wl7_qgp_13 4 B
122 9702_ml16_qp_12 5 B
123 9702_s16_qgp_1 5 D
124 9702_sl6_qgp_12 4 B
125 9702_s16_gp_13 5 C
126 9702_wl6_qgp_ 4 A
127 9702_wl6_qgp_1 5 D
128 9702_wl6_qgp_12 4 C
129 9702_wl16_qgp_13 4 A
130 9702_wl6_qgp_13 5 D
131 9702_s15_qgp_N 4 D
132 9702_sl5_qgp_12 3 C
133 9702_s15_qgp_13 4 B
134 9702_m20_qgp_12 5 D
135 9702_s20_qgp_N 5 D
136 9702_s20_qgp_12 4 D
137 9702_s20_qgp_13 5 D
138 9702_mI9_qp_12 5 B
139 9702_s19_qgp_1 5 B
140 9702_s19_qgp_12 5 D
141 9702_s19_qgp_12 6 C
142 9702_s19_qgp_12 7 D
143 9702_s19_qgp_13 6 C
144 9702_w19_qp_1 5 D
145 9702_w19_qgp_12 5 B
146 9702_w19_qp_13 4 B
147 9702_w19_qgp_13 5 C
148 9702_s18_qgp_1 5 C
149 9702_s18_qgp_12 3 D
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Paper 1 Multiple Choice Answers: Measurement Techniques (continue

Question Paper Q. No. Answer
150 9702_s18_qgp_12 4 D
151 9702_s18_qgp_13 4 A
152 9702_s18_qgp_13 5 D
153 9702_wl18_qp_N 5 C
154 9702_wl18_qp_12 5 A
155 9702_w18_qgp_13 5 B
156 9702_s17_qgp_1 9 D
157 9702_s17_qp_12 4 C
158 9702_s17_qp_13 4 C
159 9702_wl7_qp_12 4 D
160 9702_wl7_qgp_13 5 B
161 9702_ml6_qgp_12 4 C
162 9702_s16_qgp_ 4 A
163 9702_s16_qgp_12 5 D
164 9702_s16_qgp_13 4 C
165 9702_wl6_qgp_12 5 A
166 9702_wl6_qp_12 6 D
167 9702_s15_qgp_N 5 A
168 9702_s15_qgp_T1 6 B
169 9702_sI5_qgp_12 5 D
170 9702_sl5_qgp_12 6 C
171 9702_s15_qp_13 5 B
172 9702_s15_qgp_13 6 C
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20 CHAPTER 2. MEASUREMENT TECHNIQUES

2.1 Errors and uncertainties
11.9702_m20_qp_22 Q: 1

(a) Length, mass and temperature are all SI base quantities.

State two other SI base quantities.

o et e ettt eeeeeMeeeeeemeeeeeeeeeaseeeseaesseseeseeeisssseeesssseeeissseeessetesessseesesssesessseseissresesssseseasssseenanreeins
e eeeeMeeeeeaseeeeeaseeeesseeeeieseeeesseseeesestesissseeeessseteeaeeseseseeseanseeeeaasseeeaasenaanees
(2]
(b) The acceleration of free fall g may be determined from an oscillating pendulum using the
equation
_ 4x?]
=7z

where lis the length of the pendulum and T is the period of oscillation.
In an experiment, the measured values for an oscillating pendulum are

[1=150m =+ 2%
and T=248s + 3%.

(i) Calculate the acceleration of free fall g.

(ii) Determine the percentage uncertainty in g.

percentage uncertainty = ... % [2]

(iii) Use your answers in (b)(i) and (b)(ii) to determine the absolute uncertainty of the
calculated value of g.

absolute uncertainty = .........ocoooveveeeeeeeee e ms—2 [1]

[Total: 6]
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12.9702 20 qp_ 21 Q: 1

(a) Use an expression for work done, in terms of force, to show that the SI base units of energy
are kgm?s—2.

(2]
(b) (i) The energy E stored in an electrical component is given by

QZ
E=32¢c
where Q is charge and C is a constant.

Use this equation and the information in (a) to determine the SI base units of C.

SIbase units ....cocooeeiiiiiiiie e [2]
(ii) Measurements of a constant current in a wire are taken using an analogue ammeter.
For these measurements, describe one possible cause of:

1. arandom error

[Total: 6]
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13.9702_s19_qp_22 Q: 1

(a) The diameter d of a cylinder is measured as 0.0125m + 1.6%.

Calculate the absolute uncertainty in this measurement.

absolute uncertainty = ........cooco i m [1]

(b) The cylinder in (a) stands on a horizontal surface. The pressure p exerted on the surface by
the cylinder is given by

_ AW

P=

The measured weight W of the cylinder is 0.38N + 2.8%.

(i) Calculate the pressure p.

(ii) Determine the absolute uncertainty in the value of p.

absolute uncertainty = ..........ccoooi i Nm==2[2]

[Total: 4]
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14. 9702 w19 qp_21 Q:1

(@) Make estimates of:

(i) the mass, in g, of a new pencil

mass =

(ii) the wavelength of ultraviolet radiation.

wavelength =
(b) The period T of the oscillations of a mass m suspended from a spring is given by
—o.. /M
T=2n X
where kis the spring constant of the spring.

The manufacturer of a spring states that it has a spring constant of 25Nm™" + 8%. A mass

of 200 x 1073kg + 4 x 10~3kg is suspended from the end of the spring and then made to
oscillate.

(i) Calculate the period T of the oscillations.

(if) Determine the value of T, with its absolute uncertainty, to an appropriate number of
significant figures.

T PPN s [3]

[Total: 6]
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15.9702_s18_qp_23 Q: 1

(a) Ananalogue voltmeter is used to take measurements of a constant potential difference across
a resistor.

For these measurements, describe one example of

(i) a systematic error,

(b) The potential difference across a resistor is measured as 5.0V £ 0.1V. The resistor is labelled
as having a resistance of 125Q + 3%.

(i) Calculate the power dissipated by the resistor.

(i) Calculate the percentage uncertainty in the calculated power.

percentage uncertainty = .........occcooeeiiiii e % [2]

(iii) Determine the value of the power, with its absolute uncertainty, to an appropriate number
of significant figures.

[Total: 8]
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16. 9702_s17_qp_21 Q: 1

(a) Determine the SI base units of stress.
Show your working.

base units

(b) Abeam PQ is clamped so that the beam is horizontal. A mass M of 5009 is hung from end Q
and the beam bends slightly, as illustrated in Fig. 1.1.

clamp R

Fig. 1.1

The length { of the beam from the edge of the clamp R to end Q is 60.0cm. The width b of the
beam is 30.0mm and the thickness d of the beam is 5.00mm. The material of the beam has
Young modulus E.

The mass M is made to oscillate vertically. The time period T of the oscillations is 0.58s.

The period Tis given by the expression

3
T=2m | 2MLC
Ebd

(i) Determine Ein GPa.

E o et GPa[3]

STEMUP.CO.UK
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(i) The quantities used to determine E should be measured with accuracy and with precision.
1. Explain the difference between accuracy and precision.

2 0 ] 0 N

2. In a particular experiment, the quantities I and T are measured with the same
percentage uncertainty. State and explain which of these two quantities contributes
more to the uncertainty in the value of E.

[Total: 8]

17.9702_s17_qp_22 Q: 1

(@) State two SI base units other than kilogram, metre and second.

(b) Determine the SI base units of resistivity.

base units ..., [3]
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(c) (i) Awire of cross-sectional area 1.5mm# and length 2.5m has a resistance of 0.030 €.
Calculate the resistivity of the material of the wire in nQm.

reSistivity = .o, neam [3]

(ii) 1. State what is meant by precision.

2. Explain why the precision in the value of the resistivity is improved by using a
micrometer screw gauge rather than a metre rule to measure the diameter of the
wire.

[Total: 9]
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18.9702_ w17 _qp_22 Q:1

One end of a wire is connected to a fixed point. A load is attached to the other end so that the wire
hangs vertically.

The diameter d of the wire and the load F are measured as

d=0.40 £ 0.02mm,
F=25.0+05N.

(a) For the measurement of the diameter of the wire, state

(i) the name of a suitable measuring instrument,

....................................................................................................................................... [1]
(i) how random errors may be reduced when using the instrument in (i).
....................................................................................................................................... 2]
(b) The stress oin the wire is calculated by using the expression
o= AF
nd?’
(i) Show that the value of ois 1.99 x 108 Nm=2.
(1]

(ii) Determine the percentage uncertainty in o.

percentage uncertainty =


https://stemup.co.uk
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(iii) Use the information in (b)(i) and your answer in (b)(ii) to determine the value of o, with
its absolute uncertainty, to an appropriate number of significant figures.

[Total: 8]

29
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19.9702_ml16_qp 22 Q:1

The speed v of a transverse wave on a uniform string is given by the expression

where T is the tension in the string, [is its length and mis its mass.

An experiment is performed to determine the speed v of the wave. The measurements are shown
in Fig. 1.1.

quantity measurement uncertainty
T 1.8N + 5%
l 126cm +1%
m 5.1g + 2%
Fig. 1.1

(a) State an appropriate instrument to measure the length 1.

(b) (i) Use the data in Fig. 1.1 to calculate the speed v.

(ii) Use your answer in (b)(i) and the data in Fig. 1.1 to determine the value of v, with its
absolute uncertainty, to an appropriate number of significant figures.

[Total: 6]
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20. 9702_s16_qp_21 Q: 1

(a) Make estimates of

(i) the mass, in kg, of a wooden metre rule,

L

Fig. 1.1

The volume V of the wire is given by the expression

nd2L
V= 4

The diameter, length and mass M are measured to determine the density of the metal of the
wire. The measured values are:

d=0.38 £ 0.01 mm,
L =25.0+0.1cm,
M=0.225 + 0.001g.

Calculate the density of the metal, with its absclute uncertainty. Give your answer to an
appropriate number of significant figures.

density = ..o F s kgm=3 [5]

[Total: 7]

31
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21. 9702_s16_qp_23 Q: 2

(a) Describe the effects, one in each case, of systematic errors and random errors when using a
micrometer screw gauge to take readings for the diameter of a wire.

SYSTEMALIC BITOIS. it ettt ettt e e e et b e e e e st e bb e e e e e e s raee ee e snbbbe e e e e e e eas

(2]
(b) Distinguish between precision and accuracy when measuring the diameter of a wire.
ST =T o117 o USRS
o ToTel U - Lo} OSSP P PP PPN
(2]

[Total: 4]
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22.9702_s15_qp_23 Q: 4

Fig. 4.1 shows the values obtained in an experiment to determine the Young modulus E of a metal
in the form of a wire.

quantity value instrument
diameter d 0.48mm
length I 1.768m

5.0N to 30.0N

load £ in 5.0N steps

extension e 0.25mm to 1.50mm

Fig. 4.1

(a) (i) Complete Fig. 4.1 with the name of an instrument that could be used to measure each of
the quantities. [3]

(ii) Explain why a series of values of F, each with corresponding extension e, are measured.

(b) Explain how a series of readings of the quantities given in Fig. 4.1 is used to determine the
Young modulus of the metal. A numerical answer for E is not required.
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23.9702_wl5 _qp 21 Q:1

(a) State two SI base quantities other than mass, length and time.

(b) A beam is clamped at one end and an object X is attached to the other end of the beam, as
shown in Fig. 1.1.

l |

oscillation
of X
E /

clamp beam object X

Fig. 1.1
The object X is made to oscillate vertically.

The time period T of the oscillations is given by

_ /Mi!3
T=K =
where M is the mass of X,

Lis the length between the clamp and X,
E is the Young modulus of the material of the beam
and Kis a constant.

(i) 1. Show that the SI base units of the Young modulus are kgm='s=2,
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2. Determine the SI base units of K.

SI base units of K

(ii) Data in SI units for the oscillations of X are shown in Fig. 1.2.

Calculate E and its actual uncertainty.

quantity value uncertainty
T 0.45 +2.0%
l 0.892 +0.2%
M 0.2068 +0.1%
K 1.48 x 10° +1.5%
Fig.1.2

E= e E s kgm~1s2 [4]

35
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11.9702_m20_qp_22 Q: 1

515

Answer Mark
(a) time B2
(electric) current
allow amount of substance
allow luminous intensity
any two of the above quantities, 1 mark each
(b)) | g=(4n?x 1.50)/(2.48%) A1
=9.63ms2
(b)(ii) percentage uncertainty = 2 + (3 x 2) Cc1
or fraction uncertainty = 0.02 + (0.03 x 2)
percentage uncertainty = 8% A1
(b)(iii) | absolute uncertainty =0.08 x 9.6 A1
=0.8ms?
12. 9702 _s20 qp 21 Q:1
Answer Mark
(a) (work =) force x displacement c1
units: kgms?x m=kgm?s~? A1
(b)(i) units of Q: As c1
units of C: kg ' m2AZs* A1
(b)(ii) 1. e.g. reading scale from different angles B1
(wrongly) interpolating between scale readings/divisions
2. e.g.zero error B1
wrongly calibrated scale
13.9702_s19_qp 22 Q: 1
Answer Mark
(a) absolute uncertainty = (1.6/100) x 0.0125 A1
=2x10%*m
(b)(i) p =(4x0.38)/(n x 0.01252) A1
=3100Nm~
(b)(ii) | percentage uncertainty = 2.8 + (2 x 1.6) (= 6%) C1
or
fractional uncertainty = 0.028 + (2 x 0.016) (=0.06)
A1

absolute uncertainty = 0.06 x 3100

=190 N m2 (allow to 1 significant figure)

STEMUP.CO.UK
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14.9702_ w19 _qp_ 21 Q:1

APPENDIX A. ANSWERS

Answer Mark
(a)i) mass in range 1-20 g A1
(a)(ii) wavelength inrange 1 x 108 mto4 x 10" m A1
(b)i) | T=2nx (200 x 103/ 25)%5 A1
=056s
(b)(ii) | percentage uncertainty = (2% + 8%) /2 (= 5%) c1
;;ctional uncertainty = (0.02+0.08) /2 (= 0.05)
AT =0.56 x0.05 c1
=0.028 (s)
T=(0.56%0.03)s A1
15. 9702 _s18 qp 23 Q: 1
Answer Mark
(a)(i) zero error or wrongly calibrated scale B1
(a)(ii) reading scale from different angles or wrongly interpolating between scale readings/divisions B1
(b)(i) P=V?/R or P=VI and V=IR c1
P =5.0%/125 or 5.0x0.04 or (0.04Yx125 A1
=0.20W
(b)(ii) %V=2% or AV/V=0.02 c1
%P =(2x2%)+3% or %P=(2x0.02+0.03)x100 A1
=7%
(b)(iii) | absolute uncertainty in P =(7/100)x0.20 c1
=0.014
power=0.20+0.01W or (20+0.1)x107'W A1
16. 9702_s17_qp_21 Q: 1
Answer Mark
(@) (stress =) force/area or kgms=/m?’ B1
=kgm's? A1
(b)(i)) | 0.58 =27 x [(4 x 0.500 x 0.6007 )/ (E x 0.0300 x 0.00500%)]°5 c1
E = [4n? x 4 x 0.500 x (0.600)%]/ [(0.58)% x 0.0300 x (0.00500)% c1
=1.35x 10" (Pa)
=14 (13.5) GPa A1
(b)(ii)1. | (accuracy determined by) the closeness of the value(s)/measurement(s) to the true value B1
(precision determined by) the range of the values/measurements B1
(b)(i)2. | I is (cubed s0) 3 x (percentage/fractional) uncertainty B1
and T is (squared so) 2 x (percentage / fractional) uncertainty
and (so) I contributes more
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517

Answer Mark
(@) kelvin, mole, ampere, candela B1
any two
(b) use of resistivity = RA/ land V = IR (to give p= VA/II) c1
units of V- (work done / charge) kgm’s™ (As)”' c1
units of resistivity: (kgm?s> A" A'm) A1
=kgm’s> A2
or
use of R=plL/A and P = I°R (gives p= PA/I’L) (C1)
units of P: kgm?s™ (c1)
units of resistivity: (kgm?s~> x m?)/(A? x m) (A1)
=kgm’s>A?

(e)i) | p=(RA/D c1
=(0.03x1.5x10%)/2.5 (=1.8x 107°) c1
=18nQm A1

(e)(ii) 1. precision is determined by the range in the measurements/values/readings/data/results B1

2. metre rule measures to + 1 mm and micrometer to + 0.01 mm (so there is less (percentage) uncertainty/random error) B1
18.9702_ w17 _qp_22 Q:1
Answer Mark

(a)(i) micrometer (screw gauge)/digital calipers B1

(a)(ii) take several readings (and average) M1

along the wire or around the circumference A1

(b)) | 6=4x25/[nx (0.40 x 10°)"] = 1.99 x 10°Nm™= A1

(:= 25/[n x (0.20 x 10°)%] = 1.99 x 10 Nm™
(b)(ii) %F = 2% and %d = 5% c1
or
AFIF= % and Ad/d = %
%o=2% + (2 x 5%) A1
or
%o =[0.02 + (2 x 0.05)] x 100
%o=12%
(b)(iii) | absolute uncertainty =(12/100) x 1.99 x 10° c1
=24 %10
c=20x108+02x 10 Nm20or2.0+02x 10° Nm A1

STEMUP.CO.UK
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19.9702_ml16_qp 22 Q:1

(a) metre rule/tape measure B1

(b) (i) v=[(1.8x126x1072)/5.1x107]"2 C1

=21.1(ms™ A1

(ii) percentage uncertainty = 4% or fractional uncertainty = 0.04 C1
Av=0.04 x 21.1

= 0.84 C1

v=211+08(ms™) A1

20.9702_s16_qp_21 Q: 1

(a) (i) (50 to 200) x 107*kg or (0.05 to 0.2) kg B1 [1]
(i) (50 to 300)cm’ B1 [1]
(b) density = mass/volume or p=M/V C1
V=[r(0.38 x 107°)* x 25.0 x 107%]/4 (= 2.835 x 10° m®) C1
p =(0.225x 107%)/2.835 x 10°®
=7940 (kgm) A1
Apl p =2(0.01/0.38) + (0.1/25.0) + (0.001/0.225) [= 0.061]
E’Zp =5.3% + 0.40% + 0.44% (= 6.1%) c1

Ap=0.061 x 7940 = 480 (kgm™)

density = (7.9 + 0.5) x 10°kgm™ or (7900 + 500)kgm3 A1 [5]

21.9702_s16_qp_23 Q: 2

(a) systematic: the reading is larger or smaller than (or varying from) the true reading
by a constant amount B1

random: scatter in readings about the true reading B1 [2]
(b) precision: the size of the smallest division (on the measuring instrument)
or

0.01 mm for the micrometer B1

accuracy: how close (diameter) value is to the true (diameter) value B1 [2]
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22.9702_s15_qp 23 Q: 4

(a) (i) diameter and extension: micrometer (screw gauge) or digital calipers B1
length: tape measure or metre rule B1
load: spring balance or Newton meter B1 [3]

(ii) to reduce the effect of random errors or to plot a graph to check for zero
error in measurement of extension or to see if limit of proportionality is

exceeded B1 11
(b) plota graph of F against e and determine the gradient B1
E = (gradient x 1)/ [rd?/4] B1 2]

23.9702_wls_qp 21 Q:1

(a) temperature B1
current B1 [2]
(allow amount of substance, luminous intensity)

(b) (i) 1. E = (stress/strain =) [force/area]/ [extension/original length]

units of stress: kgms™/m? and no units for strain B1

units of E: kgm™'s72 A0 [1]

2. unitsfor T: s, L. m and M: kg

K?=T2E/M1® hence units: s’kgm~"'s2/kg® (= m™) C1

units of K: m2 Al [2]
(ii) % uncertainty in E = 4% (for T2) + 0.6% (for I*) + 0.1% (for M) + 3% (for K?)
=7.7% B1
E = [(1.48 x 10%)? x 0.2068 x (0.892)%]/(0.45)?

= 1.588 x 10" C1

7.7% of E=1.22 x 10° C1
E=(16+0.1)x 10"kgm™s™? Al [4]

24.9702_s20_qp_23 Q: 1

Answer | Mark

(@) similarity: both have magnitude B1

difference: distance is a scalar/does not have direction B1
girsplacemem is a vector/has direction

(b)(i) the measurements have a small range B1

(b)(ii) the (average of the) measurements is not close to the true value B1
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4 A student measures the time t for a ball to fall from rest through a vertical distance h. Knowing that

the equation h = 3 gt2 applies, the student plots the graph shown. 9702/1/M1J/02
VA
0 -
0 1

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 t2

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 Itis accurate but not precise.
C ltis not accurate and not precise.
D Itis not accurate but is precise.

Measurement and its techniques
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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 327.66ms™".
She estimates that her result is accurate to +3 %. 9702/01/M/J103

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 « to the horizontal at a speed u, as shown. 9702/01/M1J/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 o
B usin o — gt ucos o— gt
C usin a— gt ucos a
D ucos o usin o— gt

Measurement and its techniques
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3

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?

A B
n n
0 | 0 |
0 Xo X 0 Xo X
c D
n n
0 | 0 %
0 Xo X 0 Xo X

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 10mscm™". 9702/1/0/N/02

What is the approximate frequency of the square-wave?

A 70Hz B 140Hz C 280Hz D 1400Hz

Measurement and its techniques
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4

4
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

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%
What is the reading shown on this milliammeter? 9702/01/M/J/04
4 6
2 8
ox§¢§k§ﬁGﬁ:II:£mQQiQQ§;o
mA
A 235mA B 27mA C 34mA D 3.7mA

In an experiment, a radio-controlled car takes 2.50 + 0.05s to travel 40.0 £ 0.1 m. 9702/01/M/J/05

What is the car’s average speed and the uncertainty in this value?
A 16+1ms™

B 16.0+0.2ms™

C 16.0+£04ms™

D 16.00+0.36ms™

Measurement and its techniques
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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 0.75ms C 1.33ms D 27ms
6 A micrometer screw gauge is used to measure the diameter of a copper wire. 9702/01/0/N/03

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 = 20
o E 0
—— 10 [E—15
=5 =—10
T~ §
diagram 1 diagram 2
What is the diameter of the wire?
A 1.90mm B 245mm C 259mm D 273mm

6 The resistance R of an unknown resistor is found by measuring the potential difference V across

4
the resistor and the current I through it and using the equation R = T The voltmeter reading has

a 3 % uncertainty and the ammeter reading has a 2 % uncertainty. 9702101/M/4/06

What is the uncertainty in the calculated resistance?

A 15% B 3% C 5% D 6%

Measurement and its techniques
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5 The following trace is seen on the screen of a cathode-ray oscilloscope.

6

6

9702/01/M/J/04

The setting of the time base is then changed from 10mscm™ to 20ms cm™'and the Y-sensitivity is

unaltered.

Which trace is now seen on the screen?

A

)

Four students each made a series of measurements of the acceleration of free fall g. The table
shows the results obtained.

9702/01/0/N/04

Which student obtained a set of results that could be described as precise but not accurate?

student results, g/ ms™
A 9.81 9.79 9.84 9.83
B 9.81 10.12 9.89 8.94
C 9.45 9.21 8.99 8.76
D 8.45 8.46 8.50 8.41

Measurement and its techniques
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4 The deflection of the needle of an ammeter varies with the current passing through the ammeter
as shown in the graph. 9702/01/O/N/04

deflection
of the
ammeter needle

0 current
Which diagram could represent the appearance of the scale of this meter?

A B
2 3 4 5 4 5 6 7
1 07484 3 8

0 %A_Ll\% oMg

C D
1234567

5 The diagram shows two pulses on the screen of a cathode ray oscilloscope. A grid of 1 cm
squares covers the screen. The time base setting is 1 s cm™. 9702/01/M/J/05

1cm

How long does each pulse last?

A 2us B 3us C 4ps D 6uys

Measurement and its techniques
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5 When a 12V 50 Hz supply is connected to the Y-terminals of an oscilloscope, the trace in the
diagram is obtained.

|1 cm,
<)

What is the setting of the time-base control?

A 20mscm™

B 25mscm™

C 5mscm™

11cm

D 20mscm™

9702/01/0/N/04

4 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.

Are the readings accurate and precise to within 1mm?

length/mm

results are accurate
to within 1 mm

results are precise
to within 1 mm

o o W >»

no
no
yes

yes

no
yes
no

yes

892, 891, 892, 891, 891, 892

9702/01/0/N/05

6 In a simple electrical circuit, the current in a resistor is measured as (2.50 + 0.05) mA. The
resistor is marked as having a value of 4.7Q + 2 %.

9702/01/M/J/04

If these values were used to calculate the power dissipated in the resistor, what would be the
percentage uncertainty in the value obtained?

A 2%

B 4%

C 6%

D 8%

Measurement and its techniques
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The density of the material of a rectangular block is determined by measuring the mass and
linear dimensions of the block. The table shows the results obtained, together with their

uncertainties. 9702/01/0/N/05
mass = (25.0+£0.1)g
length = (5.00 £0.01)cm
breadth = (2.00 £ 0.01)cm
height = (1.00 £0.01)cm

The density is calculated to be 2.50gcm™.
What is the uncertainty in this result?

A 10.01gcm™ B +0.02gcm™ € #0.05gcm® D +0.13gcm™

A football is dropped from the top of a tall building. 9702/01/0/N/05

Which acceleration-time graph best represents the motion of the football through the air?

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

A metre rule is used to measure the length of a piece of wire. It is found to be 70 cm long to the
nearest millimetre. 9702/12/0/N/10

How should this result be recorded in a table of results?

A 0.7m B 0.70m C 0.700m D 0.7000m

Measurement and its techniques
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4 A light meter measures the intensity 7 of the light falling on it. Theory suggests that this varies as
the inverse square of the distance d. 9702/01/M/J/06

//Lé
@ \\i light meter
I

< »
-¢ !

! d

Which graph of the results supports this theory?

A A A B

1 1

0 > 0 >
0 d 0 d
A C A D

1 1

O > 0 >
0 a2 0 1

5 The resistance of an electrical component is measured. The following meter readings are
obtained. 9702/01/M/J/07

What is the resistance?

A 25Q B 27Q C 2500Q D 2700Q

Measurement and its techniques
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5 The cathode-ray oscilloscope (c.r.0.) display shows the waveform produced by an electronic
circuit. The c.r.o. time-base is set at 10 ms per division. 9702/01/M/J/06

What is the period of the signal shown?

A 20ms B 30ms C 40ms D 80ms

4 A series of measurements of the acceleration of free fall g is shown in the table. 9702/01/0/N/07

Which set of results is precise but not accurate?

g/ms™
A 9.81 9.79 9.84 9.83 9.79
B 9.81 10.12 9.89 8.94 9.42
C 9.45 9.21 8.99 8.76 8.51
D 8.45 8.46 8.50 8.41 8.47

5 A mass m has acceleration a. It moves through a distance s in time t. The power used in
accelerating the mass is equal to the product of force and velocity. The percentage uncertainties

are 9702/01/0/N/07

0.1% in m,
1% in a,

1.5%in s,
0.5%int.

What is the percentage uncertainty in the average power?

A 21% B 26% C 31% D 41%

Measurement and its techniques


https://stemup.co.uk

12

The Y-input terminals of a cathode-ray oscilloscope (c.r.0.) are connected to a supply of peak
value 5.0V and of frequency 50 Hz. The time-base is set at 10 ms per division and the Y-gain at

5.0V per division. 9702/01/0/N/06

Which trace is obtained?
A B

The measurement of a physical quantity may be subject to random errors and to systematic
errors. 9702/01/0/N/06

Which statement is correct?

A Random errors can be reduced by taking the average of several measurements.
B Random errors are always caused by the person taking the measurement.

C A systematic error cannot be reduced.
D

A systematic error results in a different reading each time the measurement is taken.

An experiment is done to measure the resistance of a wire. 9702/01/0/N/06
The current in the wire is 1.0 = 0.2 A and the potential difference across the wire is 8.0 £+ 0.4 V.

What is the resistance of the wire and its uncertainty?
A (8.0+0.2)Q

B (8.0+0.6)Q
C Bx1)Q

D 8£2)Q

Measurement and its techniques
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4 An oscilloscope display consists of two separate traces, a waveform and a long horizontal line.
The horizontal line may be taken as the zero level. 9702/01/M1J/07

The grid on the screen is calibrated in cm squares, the timebase setting is 2.5ms cm™, and the
Y-sensitivity is 5mVcm™".

NN TS

What are the period and the peak positive voltage of the waveform in the diagram?

period/ms peak positive voltage/mV
A 5 17
B 5 25
Cc 10 17
D 10 25

4 The resistance R of a resistor is determined by measuring the potential difference V across it and

the current 7 in it. The value of R is then calculated using the equation 9702/01/M/J/08
=V
R T

The values measured are V=1.00 £ 0.05V and /= 0.50 = 0.01 A.

What is the percentage uncertainty in the value of R?

A 25% B 3.0% C 70% D 10.0%

Measurement and its techniques
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6 The diagram shows the graduations of a correctly calibrated ammeter. When the current is zero,
the pointer is at 0. 9702/01/0/N/07

Om

The ammeter is accidentally readjusted so that when the current is zero, the pointer is at X.

Om

Which calibration graph best represents the response of the readjusted ammeter?

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

Measurement and its techniques
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15

Four students each made a series of measurements of the acceleration of free fall g. The table

shows the results obtained.

Which set of results could be described as precise but not accurate?

g/ms™
A 9.81 9.79 9.84 9.83
B 9.81 10.12 9.89 8.94
C 9.45 9.21 8.99 8.76
D 8.45 8.46 8.50 8.41

9702/01/M/J/08

A student uses a digital ammeter to measure a current. The reading of the ammeter is found to

fluctuate between 1.98 A and 2.02 A.

9702/01/0/N/08

The manufacturer of the ammeter states that any reading has a systematic uncertainty of +1 %.

Which value of current should be quoted by the student?
A (2.00+£0.01)A
B (2.00+0.02)A
C (2.00+0.03)A
D (2.00+0.04)A

A calibration graph is produced for a faulty ammeter.

A
1.0
ammeter
reading/A
74
0 -
0 1.0
true
current/A
Which ammeter reading will be nearest to the correct value?
A 0.2A B 04A C 0.6A D 0.8A

Measurement and its techniques

9702/01/0/N/08
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3 The diagram shows the stem of a Celsius thermometer marked to show initial and final

temperature values. 9702/01/M/J/09
initial final
temperature temperature
| Y | | | | Y |
| rTT T T T T T TT | rTT T 17T TTT | rTT T 17T TTT | rT T T T T TTT | rTTr T 17T T17TT |
-10 -5 0 +5 +10 +15

What is the temperature change expressed to an appropriate number of significant figures?

A 14°C B 20.5°C C 21°C D 22.0°C

4 The diagrams show digital voltmeter and analogue ammeter readings from a circuit in which
electrical heating is occurring. 9702/01/M/J/09

What is the electrical power of the heater?

A 0.53W B 0.58W C 530W D 580W

3 The graph shows two current-voltage calibration curves for a solar cell exposed to different light
intensities. 9702/11/0/N/09

intensity = 1000 W m™

3.0
current/A 7
2.0
1.0-
1 intensity  100\Wm™
0- T T T T T T
0O 01 02 03 04 05 06
voltage/V
-2
At zero voltage, what is the ratio current at 1000Wm ?
currentat 100Wm—2
A 11 B 47 C 8.0 D 10

Measurement and its techniques
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4 The diagram shows an oscilloscope screen displaying two signals. 9702/11/0/N/09

Signal X has a frequency of 50Hz and peak voltage of 12V.

What is the period and peak voltage of signal Y?

period/ms peak/V\flJItage
A 20 4
B 20 12
C 50 4
b 50 12

2 The graph shows two current-voltage calibration curves for a solar cell exposed to different light
intensities. 9702/12/0/N/09

intensity = 1000 W m—2

3.0
current/A
2.0
1.0
intensity = 100 W m~2
0- T T T T T T
0O 01 02 03 04 05 06
voltage/V
-2
At zero voltage, what is the ratio current at 1000Wm ?
currentat100Wm—2
A 11 B 47 C 80 D 10

Measurement and its techniques
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3 The diagram shows an oscilloscope screen displaying two signals. 9702/12/0/N/09

Signal X has a frequency of 50Hz and peak voltage of 12V.

What is the period and peak voltage of signal Y?

period/ms peak/V\flJItage
A 20 4
B 20 12
C 50 4
D 50 12

4 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 10mscm™. 9702/11/M/1J/10

I1cm

>
1cm
What is the approximate frequency of the square wave?
A 70Hz B 140Hz C 280Hz D 1400Hz

Measurement and its techniques
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A student finds the density of a liquid by measuring its mass and its volume. The following is a
summary of his measurements. 9702/11/M/1J/10

mass of empty beaker = (20 + 1)g
mass of beaker + liquid = (70 + 1)g

volume of liquid =(10.0 + 0.6)cm®
He correctly calculates the density of the liquid as 5.0gcm™.

What is the uncertainty in this value?

A 03gcm™ B 0.5gcm™ C 0.6gcm™ D 26gcm™

A micrometer screw gauge is used to measure the diameter of a copper wire.

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. 9702/11/M/J/10
;//15 20
| =10 15
0 S 10
\\
diagram 1 diagram 2
What is the diameter of the wire?
A 1.90mm B 245mm C 259mm D 2.73mm
A micrometer screw gauge is used to measure the diameter of a copper wire. 9702/12/M/J/10

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 20
M;—m 15
0 =5 10
diagram 1 diagram 2
What is the diameter of the wire?
A 1.90mm B 245mm C 2.59mm D 2.73mm

Measurement and its techniques
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5 The diagram shows a square-wave trace on the screen of a cathode-ray oscilloscope. A grid of
1cm squares covers the screen. The time-base setting is 10ms cm™. 9702/12/M/J/10

I1cm

>
1cm
What is the approximate frequency of the square wave?
A 70Hz B 140Hz C 280Hz D 1400Hz
5 A micrometer screw gauge is used to measure the diameter of a copper wire. 9702/13/M/J/10

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.

| L 510 15
0 §\5 10
N
diagram 1 diagram 2
What is the diameter of the wire?
A 1.90mm B 245mm C 259mm D 273mm
5 A quantity x is to be determined from the equation 9702/12/0/N/10
x=P-Q.

P is measured as 1.27 £ 0.02m.
Q is measured as 0.83 + 0.01m.
What is the percentage uncertainty in x to one significant figure?
A 04% B 2% C 3% D 7%

Measurement and its techniques
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A student finds the density of a liquid by measuring its mass and its volume. The following is a
summary of his measurements. 9702/12/M/J/10

mass of empty beaker = (20 + 1)g

mass of beaker + liquid = (70 + 1)g

volume of liquid =(10.0 + 0.6)cm®
He correctly calculates the density of the liquid as 5.0gcm™.
What is the uncertainty in this value?

A 0.3gcm™ B 0.5gcm™ C 0.6gcm™ D 26gcm™

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 10mscm™. 9702/13/M/J/10

I1cm

e
1cm
What is the approximate frequency of the square wave?
A 70Hz B 140Hz C 280Hz D 1400Hz

A student finds the density of a liquid by measuring its mass and its volume. The following is a
summary of his measurements. 9702/13/M/J/10

mass of empty beaker = (20 +1)g
mass of beaker + liquid = (70 + 1)g

volume of liquid =(10.0 + 0.6)cm®
He correctly calculates the density of the liquid as 5.0gcm™.

What is the uncertainty in this value?

A 03gcm™ B 05gcm™ C 0.6gcm™ D 26gcm™

Measurement and its techniques
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4 The angular deflection of the needle of an ammeter varies with the current passing through the
ammeter as shown in the graph. 9702/11/0/N/10

A
angular
deflection _

current
Which diagram could represent the appearance of the scale on this meter?
A B

OM 0

Cc D

34 5 6 7
1 2 89

53456 7 g , 34 5 ¢

Od)’u_u\/\/g OMQ

5 The diagram shows a cathode-ray oscilloscope (c.r.0.) being used to measure the rate of rotation
of a flywheel. 9702/11/0/N/10

flywheel

<+——10cm——

The flywheel has a small magnet M mounted on it. Each time the magnet passes the coil, a
voltage pulse is generated, which is passed to the c.r.o. The display of the c.r.0. is 10 cm wide.
The flywheel is rotating at a rate of about 3000 revolutions per minute.

Which time-base setting will display clearly separate pulses on the screen?

A 1scm™ B 10mscm™ C 100uscm™ D 1pscm™

Measurement and its techniques
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A fixed quantity xo is measured many times in an experiment that has experimental uncertainty. A
graph is plotted to show the number n of times that a particular value x is obtained.  9702/11/0/N/10

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

A B

2 The diagram shows a cathode-ray oscilloscope (c.r.0.) being used to measure the rate of rotation
of a flywheel. 9702/13/0/N/10

flywheel

<+—10cm———>

The flywheel has a small magnet M mounted on it. Each time the magnet passes the coil, a
voltage pulse is generated, which is passed to the c.r.o. The display of the c.r.0. is 10 cm wide.
The flywheel is rotating at a rate of about 3000 revolutions per minute.

Which time-base setting will display clearly separate pulses on the screen?

A 1scm™ B 10mscm™ C 100pscm™ D 1uscm™

Measurement and its techniques
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A fixed quantity xo is measured many times in an experiment that has experimental uncertainty. A
graph is plotted to show the number n of times that a particular value x is obtained.  9702/13/0/N/10

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

A B

0 ; /\

X, X X, X

Y
o

\

The uncertainty in the value of the momentum of a trolley passing between two points X and Y
varies with the choice of measuring devices. 9702/12/M/1J/11

Measurements for the same trolley made by different instruments were recorded.

1 distance between X and Y using a metre rule with cm divisions = 0.55m
distance between X and Y using a metre rule with mm divisions = 0.547 m

timings using a wristwatch measuring to the nearest 0.5s at X =0.0sand atY =4.5s

2
3
4 timings using light gates measuring to the nearest 0.1sat X=0.0sand atY =4.3s
5 mass of trolley using a balance measuring to the nearest g = 6.4 x 102kg

6

mass of trolley using a balance measuring to the nearest 10g = 6 x 107?kg

Which measurements, one for each quantity measured, lead to the least uncertainty in the value
of the momentum of the trolley?

A 1,3and6 B 1,4and6 C 2,3and6 D 2,4and5
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5 The angular deflection of the needle of an ammeter varies with the current passing through the
ammeter as shown in the graph. 9702/13/0/N/10

A
angular
deflection 4

current

Which diagram could represent the appearance of the scale on this meter?

A B
2 3 4 5 4 34 5 6 7
0 / 89 0&)2)/\’1—%9
Cc D
2 3456 7 3 4 5 6
OM9 011 [ 89
5 The time-base on a cathode-ray oscilloscope is set at 6ms/cm. 9702/12/M/J/11

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

2.5cm

What is the time interval between the two pulses?

A 0.42ms B 0.75ms C 1.33ms D 27ms
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4 The diagram shows a trace of a wave on a cathode-ray oscilloscope. 9702/11/M/J/11

The vertical and horizontal gridlines have a spacing of 1.0cm. The voltage scaling is 4Vcm™ and
the time scaling is 5mscm™.

/INC /I

11 cm

1cm

What are the amplitude and period of the wave?

amplitude/V period/ms
A 1.5 4
B 5.0 10
Cc 6.0 20
D 12.0 20

A cylindrical tube rolling down a slope of inclination @ moves a distance L in time T. The equation

relating these quantities is 9702/11/0/N/11

L 3+i = QT?sind
P

Where a is the internal radius of the tube and P and Q are constants.

Which line gives the correct units for P and Q?

P Q
A m? m?s~
B m? ms™
(o m? m3s~
D m? ms™2
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5 The diagram shows an experiment to measure the speed of a small ball falling at constant speed
through a clear liquid in a glass tube. 9702/11/M/J/11

1.50s |---- -E1----115mm

3.50s f---- E{----385mm

There are two marks on the tube. The top mark is positioned at 115 + 1 mm on the adjacent rule
and the lower mark at 385 + 1 mm. The ball passes the top mark at 1.50 + 0.02 s and passes the
lower mark at 3.50 + 0.02s.

385-115 _ 270 _ 135mms".
3.50-1.50 2.00

Which expression calculates the fractional uncertainty in the value of this speed?

The constant speed of the ball is calculated by

A 2 004

270~ 2.00
B .2 _0.04
270 2.00
c 1,002
270~ 2.00
p _1 .002
270 ~ 2.00

5 The speedometer in a car consists of a pointer which rotates. The pointer is situated several
millimetres from a calibrated scale. 9702/12/0/N/11

What could cause a random error in the driver's measurement of the car’s speed?
A The car’s speed is affected by the wind direction.

B The driver's eye is not always in the same position in relation to the pointer.
C The speedometer does not read zero when the car is at rest.
D

The speedometer reads 10 % higher than the car’s actual speed.
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4 The diagram shows an experiment to measure the speed of a small ball falling at constant speed
through a clear liquid in a glass tube. 9702/13/M/J/11

1.50s |---- -E1----115mm

3.50s f---- E{----385mm

There are two marks on the tube. The top mark is positioned at 115 + 1 mm on the adjacent rule
and the lower mark at 385 + 1 mm. The ball passes the top mark at 1.50 + 0.02 s and passes the
lower mark at 3.50 + 0.02s.

385-115 _ 270 - 435mms".
350-1.50 2.00

Which expression calculates the fractional uncertainty in the value of this speed?

The constant speed of the ball is calculated by

A 2 , 0.04
270 2.00
B 2 0.04
270 2.00
C 1, 0.02
270 2.00
D 1 . 0.02
270 2.00
4 A micrometer is used to measure the diameters of two cylinders. 9702/12/0/N/11

diameter of first cylinder = 12.78 £ 0.02mm

diameter of second cylinder = 16.24 + 0.03mm
The difference in the diameters is calculated.
What is the uncertainty in this difference?

A £0.01mm B +0.02mm C +0.03mm D +0.05mm
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5 The diagram shows a trace of a wave on a cathode-ray oscilloscope. 9702/13/M/J/11

The vertical and horizontal gridlines have a spacing of 1.0cm. The voltage scaling is 4Vcm™ and
the time scaling is 5mscm™.

11 cm

1cm

What are the amplitude and period of the wave?

amplitude/V period/ms
A 1.5 4
B 5.0 10
Cc 6.0 20
D 12.0 20

5 The Young modulus of the material of a wire is to be found. The Young modulus E is given by the
equation below. 9702/11/0/N/11

_ 4Fl
nd 2x

E

The wire is extended by a known force and the following measurements are made.

Which measurement has the largest effect on the uncertainty in the value of the calculated
Young modulus?

measurement symbol value
A length of wire before force applied l 2.043 +£0.002m
B diameter of wire d 0.54 + 0.02mm
C force applied F 19.62 + 0.01N
D extension of wire with force applied X 52+0.2mm
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3 The Young modulus of the material of a wire is to be found. The Young modulus E is given by the
equation below. 9702/13/0/N/11

__4AFL
nd 2x

The wire is extended by a known force and the following measurements are made.

Which measurement has the largest effect on the uncertainty in the value of the calculated
Young modulus?

measurement symbol value
A length of wire before force applied l 2.043 £ 0.002m
B diameter of wire d 0.54 £ 0.02mm
C force applied F 19.62+0.01N
D extension of wire with force applied X 5.2+0.2mm

5 A cylindrical tube rolling down a slope of inclination & moves a distance L in time T. The equation
relating these quantities is 9702/13/0/N/11

L 3+i = QT?sin6
P

Where a is the internal radius of the tube and P and Q are constants.

Which line gives the correct units for P and Q?

P Q
A m? m?s™
B m? ms™
C m? m’s™
D m® ms™
5 In an experiment, a radio-controlled car takes 2.50 + 0.05s to travel 40.0 £ 0.1 m. 9702/11/M1J/12

What is the car’s average speed and the uncertainty in this value?
A 16+ 1ms”

B 16.0+0.2ms™

C 16.0£0.4ms™

D 16.00+0.36ms™
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4 A light-meter measures the intensity I of the light falling on it. Theory suggests that I varies
inversely as the square of the distance d. 9702/11/M/1J/12

//:_é
\\:\\ |:| light-meter

d

Which graph of the results supports this theory?

A A A B

I I

0 > 0 >
0 d 0 d
A C A D

I I

0 > 0 >
0 d2 0 1

re

6 The diagram shows two complete pulses on the screen of a cathode-ray oscilloscope. A grid of
1.cm squares covers the screen. The time-base setting is 1 pscm™. 9702/12/M1J/12

1cm

How long does each pulse last?

A 2ps B 3us C 4ps D 6us
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4 The diameter of a cylindrical metal rod is measured using a micrometer screw gauge. 9702/12/M/J/12

The diagram below shows an enlargement of the scale on the micrometer screw gauge when
taking the measurement.

40
1 1 E
T T (30
0.5mm/rev §
What is the cross-sectional area of the rod?
A 3.81mm? B 11.4mm? C 22.8mm? D 456mm?

5 A mass is dropped from rest, and falls through a distance of 2.0 m in a vacuum. An observer
records the time taken for the mass to fall through this distance using a manually operated
stopwatch and repeats the measurements a further two times. The average result of these
measured times, displayed in the table below, was used to determine a value for the acceleration
of free fall. This was calculated to be 9.8 ms™. 9702/12/M/J/12

first measurement | second measurement | third measurement | average

time/s 0.6 0.73 0.59 0.64

Which statement best relates to the experiment?

A The measurements are precise and accurate with no evidence of random errors.

B The measurements are not accurate and not always recorded to the degree of precision of
the measuring device but the calculated experimental result is accurate.

C The measurements are not always recorded to the degree of precision of the measuring
device but are accurate. Systematic errors may be present.

D The range of results shows that there were random errors made but the calculated value is
correct so the experiment was successful.

4 In an experiment, a radio-controlled car takes 2.50 £ 0.05s to travel 40.0 £ 0.1 m. 9702/13/M/J/12

What is the car’s average speed and the uncertainty in this value?
A 16+1ms™

B 16.0+0.2ms™

C 16.0£0.4ms™

D 16.00+0.36ms™
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5 A light-meter measures the intensity I of the light falling on it. Theory suggests that I varies
inversely as the square of the distance d. 9702/13/M/J/12

//._'i—
\\i |:| light-meter

d

<
<

\

Which graph of the results supports this theory?

A A A B

I I

0 > 0 >
0 d 0 d
A C A D

I I

0 > 0 >
0 a2 0 1

5 A student is given a reel of wire of diameter less than 0.2 mm and is asked to find the density of
the metal. 9702/12/0/N/12

Which pair of instruments would be most suitable for finding the volume of the wire?

A

B
Cc
D

balance and micrometer
metre rule and micrometer
metre rule and vernier calipers

micrometer and vernier calipers
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6 Variables x and y are related by the equation y = p — gx where p and g are constants.

Values of x and y are measured experimentally. The results contain a systematic error.

Which graph best represents these results? 97021121012

A B
Yy A Yy A
p—
0 >
0 X
C D
Y A Yy A
P P
X
X
X
XN X
X
0 > 0 >
0 X 0 X

7 The speed of a car is calculated from measurements of the distance travelled and the time taken.
9702/12/0/N/12
The distance is measured as 200 m, with an uncertainty of +2m.
The time is measured as 10.0s, with an uncertainty of £0.2s.

What is the percentage uncertainty in the calculated speed?

A *05% B 1% C 2% D 3%

8 A science museum designs an experiment to show the fall of a feather in a vertical glass vacuum
tube. 9702/12/0/N/12

The time of fall from rest is to be close to 0.5s.

What length of tube is required?
A 13m B 25m C 50m D 10.0m
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5 The density of the material of a coil of thin wire is to be found. 9702/11/0/N2

Which set of instruments could be used to do this most accurately?
A metre rule, protractor, spring balance

B micrometer, metre rule, top-pan balance

C stopwatch, newton-meter, vernier calipers
D

tape measure, vernier calipers, lever balance

6 A quantity X varies with temperature ¢ as shown. 9702/11/0/N/12

A

X

0 : >
0 100°Cc 0

6 is determined from the corresponding values of X by using this graph.
X is measured with a percentage uncertainty of +1 % of its value at all temperatures.

Which statement about the uncertainty in @is correct?
A The percentage uncertainty in @is least near 0°C.
B The percentage uncertainty in @is least near 100 °C.
C The actual uncertainty in @is least near 0°C.
D

The actual uncertainty in dis least near 100°C.

7 The measurement of a physical quantity may be subject to random errors and to systematic
errors. 9702/11/0/N/12

Which statement is correct?

A Random errors can be reduced by taking the average of several measurements.
B Random errors are always caused by the person taking the measurement.

C A systematic error cannot be reduced by adjusting the apparatus.
D

A systematic error results in a different reading each time the measurement is taken.
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5 A cathode-ray oscilloscope displays a square wave, as shown in the diagram. 9702/13/0/N/12

The time-base setting is 0.20 ms per division.

What is the frequency of the square wave?

A 83Hz B 830Hz C 1300Hz D 1700Hz

6 The diagram shows the stem of a Celsius thermometer, marked to show initial and final
temperature values.

9702/13/M/J/13
initial final
temperature temperature
| Y | | | | Y |
| TT T T T T T1TTT | TT T T T T T17TT | TT T T T T T17TT | TT T TTTTTT | TT T TTTTTT | )
-10 -5 0 +5 +10 +15

What is the temperature change expressed to an appropriate number of significant figures?

A 14°C B 20.5°C C 21°C D 220°C

5 A student takes measurements of the current in a resistor of constant resistance and the potential
difference (p.d.) across it. The readings are then used to plot a graph of current against p.d.

. , . . 9702/13/M/J/13
There is a systematic error in the current readings.

How could this be identified from the graph?

A Atleast one anomalous data point can be identified.

B The data points are scattered about the straight line of best fit.
C The graph is a curve, not a straight line.
D

The straight line graph does not pass through the origin.
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In an experiment to determine the acceleration of free fall g, the period of oscillation T and length
[ of a simple pendulum were measured. The uncertainty in the measurement of / is estimated to
be 4%, and the uncertainty in the measurement of T is estimated to be 1%. 9702/11/M/J/13

The value of g is determined using the formula

_ 4n?l
9= -7

What is the uncertainty in the calculated value for g?

A 2% B 3% C 5% D 6%

The Y-input terminals of a cathode-ray oscilloscope (c.r.0.) are connected to a supply of
amplitude 5.0V and frequency 50 Hz. The time-base is set at 10 ms per division and the Y-gain at
50V per division. 9702/11/M/J/13

Which trace is obtained?

A B
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4 A student carried out an experiment in which an electric current was known to decrease with
time. The readings he found, from first to last, were 3.62mA, 2.81mA, 1.13mA, 1.76 mA and

0.90mA. 9702/12/MIJ/13

Which statement could not explain the anomalous 1.13mA reading?

A

B
C
D

He has reversed the third and fourth readings in the results table.
He read the ammeter incorrectly; the reading should have been 2.13mA.
He took the current reading at the wrong time.

There was a systematic error in the readings from the ammeter.

5 The diagram shows a calibration curve for a thermistor, drawn with an unusual scale on the

vertical axis.

9702/12/MIJ/13
100000
resistance/Q N
10000 ~
~
1000 ~
N
100
0 10 20 30 40 50
temperature/°C
What is the thermistor resistance corresponding to a temperature of 40°C?
A 130Q B 150Q C 400Q D 940Q
6  What will reduce the systematic errors when taking a measurement? 9702/13/0/N/12
A adjusting the needle on a voltmeter so that it reads zero when there is no potential difference
across it
measuring the diameter of a wire at different points and taking the average
reducing the parallax effects by using a marker and a mirror when measuring the amplitude
of oscillation of a pendulum
D timing 20 oscillations, rather than a single oscillation, when finding the period of a pendulum
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7 In an experiment to determine the acceleration of free fall g, the time t taken for a ball to fall
through distance s was measured. The uncertainty in the measurement of s is estimated to
be 2%. The uncertainty in the measurement of t is estimated to be 3 %. 9702/13/0/N/12

The value of g is determined using the equation

2s

What is the uncertainty in the calculated value of g?

A 1% B 5% C 8% D 1%

4 A signal that repeats periodically is displayed on the screen of a cathode-ray oscilloscope.
_—

/\ | \\ 9702/11/0/N/13
\UL o JU}
A\ Y

N

The screen has 1.cm squares and the time base is set at 2.00mscm™.

What is the frequency of this periodic signal?

A 50Hz B 100Hz C 125Hz D 200Hz
5 A micrometer screw gauge is used to measure the diameter of a small uniform steel sphere. The
micrometer reading is 5.00mm = 0.01 mm. 9702/11/0/N/13

What will be the percentage uncertainty in a calculation of the volume of the sphere, using these
values?

A 0.2% B 04% C 0.6% D 1.2%

6 A student wishes to determine the density p of lead. She measures the mass and diameter of a
small sphere of lead: 9702/13/0/N/13

mass = (0.506 + 0.005)g
diameter = (2.20 + 0.02) mm.

What is the best estimate of the percentage uncertainty in her value of p?

A 1.9% B 2.0% C 28% D 3.7%
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An uncalibrated analogue voltmeter P is connected in parallel with another voltmeter Q which is
known to be accurately calibrated. For a range of values of potential difference (p.d.), readings
are taken from the two meters. 9702/13/0/N/13

The diagram shows the calibration graph obtained.

8 p
uncalibrated meter P p
scale reading By
6 L4
4 A
2 V.
0 A
0 1 2 3 4 5 6

calibrated meter Q
p.d./V

The graph shows that meter P has a zero error. This meter is now adjusted to remove this zero
error. When the meter is recalibrated, the gradient of the calibration graph is found to be
unchanged.

What is the new scale reading on meter P when it is used to measure a p.d. of 5.0V?

A 66 B 6.7 CcC 72 D 74

An experiment is carried out to measure the resistance of a wire. 9702/11/M/J/14
The current in the wire is (1.0 £ 0.2) A and the potential difference across the wire is (8.0 £ 0.4) V.

What is the resistance of the wire and its uncertainty?

A (8.0+02)Q
B (8.0+0.6)Q
C (8+1)Q
D (8+2)Q
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5 The Young modulus of the material of a wire is to be found. The Young modulus E is given by the

equation below.

E

The wire is extended by a known force and the following measurements are made.

_4FI

nd?x

9702/11/M/J/14

Which measurement has the largest effect on the uncertainty in the value of the calculated

Young modulus?

measurement symbol value
A length of wire before force applied l 2.043 £0.002m
B diameter of wire d 0.54 + 0.02mm
Cc force applied F 19.62 + 0.01N
D extension of wire with force applied X 5.2+£0.2mm

3 A cathode-ray oscilloscope (c.r.o.) is connected to an alternating voltage. The following trace is

produced on the screen.

1cm1

-

1cm

9702/12/M/1J/14

The oscilloscope time-base setting is 0.5mscm™ and the Y-plate sensitivity is 2Vem™.

Which statement about the alternating voltage is correct?

A The amplitude is 3.5cm.

B The frequency is 0.5kHz.
C The period is 1ms.
D

The wavelength is 4 cm.
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4 A quantity y is to be determined from the equation shown. 9702/12/M/J/14
px
y= ?

The percentage uncertainties in p, x and g are shown.

percentage
uncertainty
p 6%
X 2%
q 4%
What is the percentage uncertainty in y?
A 05% B 1% C 16% D 192%

5 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. 9702/12/M1J/14

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

A 05% B 08% C 13% D 17%

4 The resistance of a lamp is calculated from the value of the potential difference (p.d.) across it
and the value of the current passing through it. 9702/13/M/J/14

Which statement correctly describes how to combine the uncertainties in the p.d. and in the
current?

A Add together the actual uncertainty in the p.d. and the actual uncertainty in the current.

B Add together the percentage uncertainty in the p.d. and the percentage uncertainty in the
current.

Subtract the actual uncertainty in the current from the actual uncertainty in the p.d.

Subtract the percentage uncertainty in the current from the percentage uncertainty in the p.d.

6 A digital caliper is used to measure the 28.50 mm width of a plastic ruler. The digital caliper reads
to the nearest 0.01 mm. 9702/13/M/J/14

What is the correct way to record this reading?
A 0.02850 +0.01m

B 0.0285+0.001m

C (2.850+0.001)x 10%m

D (2.850+0.001)x107°m
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5 The display on a cathode-ray oscilloscope shows the signal produced by an electronic circuit.
The time-base is set at 5.0 ns per division and the Y-gain at 10V per division. 9702/13/M/J/14

What is the frequency of the signal?
A 20x10°Hz
B 25x107Hz
C 50x10"Hz
D 3.1x10°Hz

1 A 0.10kg mass is taken to Mars and then weighed on a spring balance and on a lever balance.
The acceleration due to gravity on Mars is 38% of its value on Earth. 9702/11/O/N/14

What are the readings on the two balances on Mars? (Assume that on Earth g = 10ms™.)

spring lever
balance/N balance/kg
A 0.38 0.038
B 0.38 0.10
Cc 1.0 0.038
D 1.0 0.10

4 A steel wire is stretched in an experiment to determine the Young modulus for steel. 9702/11/0/N/14

The uncertainties in the measurements are given below.

measurement uncertainty
load on wire 2%
length of wire +0.2%
diameter of wire £1.5%
extension 1%

What is the percentage uncertainty in the Young modulus?

A 1.3% B 1.8% C 47% D 6.2%
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5 The acceleration of free fall on the Moon is one-sixth of that on Earth. 9702/11/0/N/14

On Earth it takes time t for a stone to fall from rest a distance of 2m.

What is the time taken for a stone to fall from rest a distance of 2m on the Moon?

t t
A 6t B L C /6 p -L
6 J6
3 In the circuit shown, an analogue ammeter is to be recalibrated as a thermometer. The graph
shows how the resistance R of the thermistor changes with temperature T. 9702/13/0/N/14
R/IQ &

—(O—=— .

T T
0 100

T/°C
Which diagram could represent the temperature scale on the ammeter?
A B Cc D
0 P Q0700 92T s0 £ 00 A e 0 A0 80 P2 0
i °C i °C °C °C
4 The diagram shows part of a thermometer. 9702/13/0/N/14
°C

25
20

What is the correct reading on the thermometer and the uncertainty in this reading?

reading/*C inurnecaedritr?én/tZC
A 24 +1
B 24 +0.5
c 24 10.2
D 24.0 +0.5
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The resistance R of a resistor is to be determined. The current I in the resistor and the potential
difference V across it are measured. 9702/13/0/N/14

The results, with their uncertainties, are
I=(20+0.2)A V=(15.0+0.5)V.

The value of R is calculated to be 7.5Q.

What is the uncertainty in this value for R?

A £03Q B +0.5Q C 0.7Q D +£1Q

The speeq of an aeroplane in still air is 200kmh™. The wind blows from the west at a speed of
85.0kmh™. 9702/13/MIJ/15

In which direction must the pilot steer the aeroplane in order to fly due north?

A 23.0° east of north
B 23.0° west of north
C 25.2° east of north
D 25.2° west of north

A student is given a reel of wire of diameter less than 0.2 mm and is asked to find the density of

the metal. 9702/13/M/J/15

Which pair of instruments would be most suitable for finding the volume of the wire?
A balance and micrometer

B metre rule and micrometer

C metre rule and vernier calipers

D micrometer and vernier calipers

Four different students use a ruler to measure the length of a 15.0cm pencil. Their
measurements are recorded on four different charts. 9702/13/M/J/15

Which chart shows measurements that are precise but not accurate?

A B C D
15.4 15.4 15.4 15.4
15.2 15.2 15.2—5 15.2-
15.04——=® 15.0 15.0- 15.0-
14.8 £ 14.8 £ 14.8 £ 14.81
14.6 £ 14.6 £ 14.6 £ 14.6
T § 14.4- & 144~ ¥ g 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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In a simple electrical circuit, the current in a resistor is measured as (2.50 + 0.05) mA. The

resistor is marked as having a value of 4.7Q + 2 %.
9702/13/M/J/15

If these values were used to calculate the power dissipated in the resistor, what would be the
percentage uncertainty in the value obtained?

A 2% B 4% C 6% D 8%

An analogue ammeter has a pointer which moves over a scale. Following prolonged use, the
pointer does not return fully to zero when the current is turned off and the meter has become less
sensitive at higher currents than it is at lower currents. 9702/12/MIJ15

Which diagram best represents the calibration graph needed to obtain an accurate current
reading?

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 single sheet of aluminium foil is folded twice to produce a stack of four sheets. The total
thickness of the stack of sheets is measured to be (0.80 + 0.02) mm. This measurement is made
using a digital caliper with a zero error of (-0.20 + 0.02) mm. 9702/12IMIJ15

What is the percentage uncertainty in the calculated thickness of a single sheet?

A 1.0% B 2.0% C 4.0% D 6.7%
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4 The arrow represents the vector R. 9702/12/IM/J/15

/

Which diagram does not represent R as two perpendicular components?

T /

5 A power supply of electromotive force (e.m.f.) 50V and negligible internal resistance is connected

in series with resistors of resistance 100Q and 5Q, as shown. 9702112/M/JH5

1000 50
(¢]
50V
o
(A)
(%

A voltmeter measures the potential difference (p.d.) across the 5Q resistor and an ammeter
measures the current in the circuit.

What are suitable ranges for the ammeter and for the voltmeter?

ammeter voltmeter
range/A range/V

A 0-0.1 0-1
B 0-0.1 0-3
C 0-1.0 0-1
D 0-1.0 0-3

Measurement and its techniques
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48

In an experiment to determine the acceleration of free fall g, a ball bearing is held by an
electromagnet. When the current to the electromagnet is switched off, a clock starts and the ball
bearing falls. After falling a distance h, the ball bearing strikes a switch to stop the clock which
measures the time t of the fall. 9702112/MIJA5
If systematic errors cause t and h to be measured incorrectly, which error must cause g to
appear greater than 9.81ms™2?

A h measured as being smaller than it actually is and t is measured correctly

B h measured as being smaller than it actually is and t measured as being larger than it
actually is

C h measured as being larger than it actually is and t measured as being larger than it actually
is

D his measured correctly and t measured as being smaller than it actually is

The angular deflection of the needle of an ammeter varies with the current in the ammeter as
shown in the graph. 9702/11/M/J/15

angular
deflection

current

Which diagram could represent the appearance of the scale on this meter?
A B

123456789 23456 7 4

0 0 9

Measurement and its techniques
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49

6 The strain energy W of a spring is determined from its spring constant kK and extension x. The
spring obeys Hooke’s law and the value of W is calculated using the equation shown. g702/11/Mm10/15

W= 1kx?

N|=

The spring constant is 100£2Nm™" and the extension is 0.050+0.002m.

What is the percentage uncertainty in the calculated value of W?

A 6% B 10% C 16% D 32%

4 A whale produces sound waves of frequency 5Hz. The waves are detected by a microphone and
displayed on an oscilloscope. 9702/11/M/J/15

What is the time-base setting on the oscilloscope?

A 0.1msdiv’ B 1msdiv’ C 10msdiv’ D 100msdiv’

Measurement and its techniques
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QL.

Q2.

1

1

Complete Fig. 1.1 to show each quantity and its unit.

quantity

unit

speed

density

electric field strength

ms™!

—1

kgms™'

(a) State the difference between a scalar quantity and a vector quantity.

Fig.1.1

L= = - S

[4]
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(b) Two forces of magnitude 6.0N and 8.0N act at a point P. Both forces act away from
point P and the angle between them is 40°.

Fig. 1.1 shows two lines at an angle of 40° to one another.

On Fig.1.1, draw a vector diagram to determine the magnitude of the resultant of the
two forces.

magnitude of resultant =

Q3.

A student has heen asked to determine the linear acceleration of a toy car as it moves down
a slope. He sets up the apparatus as shown in Fig.3.1.

Fig. 3.1

The time tto move from rest through a distance d is found for different values of d. A graph of
d (y-axis) is plotted against t* (x-axis) as shown in Fig.3.2.
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(@) Theory suggests that the graph is a straight line through the origin.
Name the feature on Fig. 3.2 that indlicates the presence of

(i) random error,

(b) (i) Determine the gradient of the line of the graph in Fig.3.2.

gradient = [2]

(if) Use your answer to (i) to calculate the acceleration of the toy down the slope.
Explain your working.

acceleration = ........cccceveeeeeeieeveeeeee. Ms2 [3]

Q4.
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Q5.

1

1

Make estimates of the following quantities.

(a) the speed of sound in air

(b) the density of air at room temperature and pressure

density = ..o [1]

(c) the mass of a protractor

(a) Derive the Sl base unit of force.

Slhaseunitofforce= ........cooeviiiiiiiiiiie e [1]


https://stemup.co.uk

(b) A spherical ball of radius r experiences a resistive force F due to the air as it moves
through the air at speed v. The resistive force Fis given by the expression

F = cr,
where ¢ is a constant.

Derive the Sl base unit of the constant c.

Slibase: UNtoEE S cernrmanonsanmonsamsmam [1

-~

Ex i
(c) The ball is dropped from rest through a height of 4.5 m.

(i) Assuming air resistance to be negligible, calculate the final speed of the ball.
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Q6.

(if} The ball has mass 15 g and radius 1.2 cm.

The numerical value of the constant ¢ in the equation in (b} is equal to 3.2x10™
when measured using the Sl system of units.

Show quantitatively whether the assumption made in {i} is justified.

[3]

1 The uncalibrated scale and the pointer of a meter are shown in Fig. 1.1.

uncalibrated
scale

Fig. 1.1

The pointer is shown in the zero position.

The meter is to be used to indicate the volume of fuel in the tank of a car.

A known volume V of fuel is poured into the tank and the deflection & of the pointer is noted.
Fig. 1.2 shows the variation with & of V.
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80

/107 em?

40—

{1 I -

20—+ s

0 20 40 60 80 100
or

Fig. 1.2

{a) OnFig. 1.1,

(i) calibrate the scale at 20 x 10° cm? intervals, 121

(ii) mark a possible position for a volume of 1.0 x 10° cm®. 1]

(b) Suggest one advantage of this scale, as compared with a uniform scale, for measuring
fuel volumes in the tank of the car.

Q7.

STEMUP.CO.UK
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1 Make reasonable estimates of the following quantities.
(a) the frequency of an audible sound wave
freqUEnCY = ... Hz [1]
(b) the wavelength, in hm, of ultraviolet radiation
wavelength'= sy nm [1]

(c) the mass of a plastic 30cm ruler

(d) the density of air at atmospheric pressure

density = oovnsenene s e kg m=3 [1]

Q8.

1 (a) State the most appropriate instrument, or instruments, for the measurement of the
following.

(i) the diameter of a wire of diameter about 1Tmm

............................................................................................................................ [1
(if) the resistance of a filament lamp

............................................................................................................................ [1
(iff) the peak value of an alternating voltage

............................................................................................................................ [1]

{(b) The mass of a cube of aluminium is found to be 580g with an uncertainty in the
measurement of 10g. Each side of the cube has a length of (6.0 + 0.1)cm.

Calculate the density of aluminium with its uncertainty. Express your answer to an
appropriate number of significant figures.

density = ................ £ o gem= [5]
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Qo.
1 (@) Two of the SI base quantities and their units are mass (kg) and length (m).
Name three other SI base quantities and their units.
1. quantity ..o M
ZAQUaNntiby e arrransarrrrrrra UM sssmemrmrnrsnmasssransvws

B SOUBDERY o cvvvvs v s mso sz e o 9w e e 2 s £ DAL s 26w e 5 e e Y S M w3 0 430 3
(3]

(b) The pressure p due to a liquid of density p is related to the depth h by the expression
P = pgh,
where g is the acceleration of free fall.

Use this expression to determine the derived units of pressure. Explain your working.

5]

Q10.

10
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1

Q11.

Q12.

A unit is often expressed with a prefix. For example, the gram may be written with the prefix
‘kilo’ as the kilogram. The prefix represents a power-of-ten. In this case, the power-of-ten

is 107,

Complete Fig. 1.1 to show each prefix with its symbol and power-of-ten.

prefix | symbol
kilo K
nano n
centi |
................................ M
................................ T
Fig. 1.1

power-of-ten

108

108

1012

[4]

(a) Complete Fig. 2.1 to show whether each of the quantities listed is a vector or a scalar.

distance moved
speed

acceleration

vector / scalar

11

(3]
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1 A metal wire has a cross-section of diameter approximately 0.8 mm.

(a) State what instrument should be used to measure the diameter of the wire.

...................................................................................................................................... 1]
(b) State howthe instrument in (a) is
(i) checked so as to avoid a systematic error in the measurements,
.............................................................................................................................. [1
(if}) used so asto reduce random errors.
.............................................................................................................................. [21
Q13.
1

A digital voltmeter with a three-digit display is used to measure the potential difference across
a resistor. The manufacturers of the meter state that its accuracy is £1% and 1 digit.
The reading on the voltmeter is 2.05V.

(a) Forthis reading, calculate, to the nearest digit,

(I} achange of 1% in the voltmeter reading,

change =

12
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(if) the maximum possible value of the potential difference across the resistor.

maximum value = ..o e V [1]

(b) The reading on the voltmeter has high precision. State and explain why the reading may
not be accurate.

...................................................................................................................................... [2]
Q14.
1 Measurements made for a sample of metal wire are shown in Fig. 1.1.
quantity measurement uncertainty
length 1750mm ' £3mm
diameter 0.38mm +0.01mm
resistance 750 _ 0.2
Fig. 1.1
(a) State the appropriate instruments used to make each ofthese measurements.
(i) length
............................................................................................................................. [1]
(ii) diameter
............................................................................................................................. [1]
(ili} resistance
............................................................................................................................. [1]

13
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(b) (i) Show that the resistivity of the metal is calculated to be 4.86 x 107 @m.

(2]

(ii) Calculate the uncertainty in the resistivity.

uncertainty = £ ... m [4]

{c) Use the answers in (b} to express the resistivity with its uncertainty to the appropriate
number of significant figures.

Fesistivity = ..o mimnmnniinamiin s Q@m [1]

Q15.

14
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2 (a) A sphere ofradius Ris moving through a fluid with constant speed v. There is a frictional
force F acting on the sphere, which is given by the expression

F=6aDRv
where D depends on the fluid.

{i) Showthat the SI base units of the quantity D are kgm~—'s1.

[3]

{ii) A raindrop of radius 1.5mm falls vettically in air at a velocity of 3.7m s~!. The value
of D for air is 6.6 x 10~*kgm~"s~'. The density of water is 1000kgm™.

Calculate

1. the magnitude of the frictional force F,

2. the acceleration of the raindrop.

acceleration =

Q16.

1 (a) Foreach of the following, tick [«] one box to indicate whether the experimental technique

would reduce random error, systematic error or neither. The first row has been completed |
as an example. !

15
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keeping your eye
in line with the
scale and the
liquid level for a
single reading of
athermometer

averaging many
readings of the
time taken for a
ball to roll down a
slope

using a linear
scale on an
ammeter

correcting for
anon-zero
reading when a
micrometer screw
gauge is closed

random error systematic error heither

(2]

(b) The measurement of a particular time interval is repeated many times. The readings are
found to vary. The results are shown in Fig. 1.1.

number
of readings

10.2 104 10.6 10.8

reading of time interval/s

Fig. 1.1

The true value of the time intervalis 10.1s.

16

STEMUP.CO.UK
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(i) State how the readings on Fig. 1.1 show the presence of

1. asystematic error,

.............................................................................................................................. [1
2. arandom error.
.............................................................................................................................. [1]
(ii) State the expected changes to Fig. 1.1 for experimental measurements that are
1. more accurate,
.............................................................................................................................. [1]
2. more precise.
.............................................................................................................................. [11
Q17.
1 (a) (i) State the SI base units of volume.

base units of volume ...

(i) Showthat the SI base units of pressure are kgm=' s,

17

(1]
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(b) The volume V of liquid that flows through a pipe in time tis given by the equation

Q18.

vV _ mPrt

t 8cCi

where Pis the pressure difference between the ends of the pipe of radius rand length 1.
The constant C depends on the frictional effects of the liquid.

Determine the base units of C.

base UNits'of € ..o [3]

The volume V of liquid flowing in time t through a pipe of radius ris given by the equation t

v _ mPrt

t 8cCi

where P is the pressure difference between the ends of the pipe of length /, and C depends
on the frictional effects of the liquid.

An experiment is performed to determine C. The measurements made are shown in Fig. 1.1.

¥f10‘5m3 g P/10° Nm2 rimm i/m
1.20 £ 0.01 250+ 0.05 0.75 + 0.01 0.250 £ 0.001
Fig. 1.1

18
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(a) Calculate the value of C.

(b) Calculate the uncertainty in C.

uncertainty = ..o Nsm— [3]

(c) State the value of C and its uncertainty to the appropriate number of significant figures.

Q19.

(b) Show that the SI units of energy per unit volume are kgm~="s<.

[2]

19
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(c) Fora wire extended elastically, the elastic energy per unit volume X is given by
X = Ce?E

where C is a constant,
£ is the strain of the wire,
and £ is the Young modulus of the wire.

Show that C has no units.

[3]
Q20.

1 (a) Determine the SI base units of power.

SI base units of POWEr .......oooiiiiiie e

20
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(b} Fig. 1.1 shows a turbine that is used to generate electrical power from the wind.

__turbine
.--/

Fig. 1.1
The power P available from the wind is given by
P=CL2pV3
where L is the length of each blade of the turbine,
p is the density of air,

v is the wind speed,
C is a constant.

(il Show that C has no units.

[3]

21
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(if) The length L of each blade of the turbine is 25.0m and the density p of airis 1.30 in A
SIunits. The constant Cis 0.931. Exam
The efficiency of the turbine is 55% and the electric power output Pis 3.50 x 10%\W. t

Calculate the wind speed.

wind speed = ... ms™' [3]

(iif}) Suggest two reasons why the electrical power output of the turbine is less than the
power available from the wind.

Q21.

22
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1

(a) State the SI base units of force. u

(b) Two wires each of length 7 are placed parallel to each other a distance x apart, as
shown in Fig. 1.1.

Fig. 1.1

Each wire carries a current I. The currents give rise to a force £ on each wire given by

2
= KI7
X
where K is a constant.
(I} Determine the SI base units of K.
units of K ..o [2]

(ii} On Fig. 1.2, sketch the variation with x of F. The quantities I and 7 remain constant.

Fig.1.2 [2]

23
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(ifi) The current I in both of the wires is varied.

On Fig. 1.3, sketch the variation with I of F. The quantities x and 7 remain constant.

Fig. 1.3 [1]

Q22.
1 (a) (i) Define density.

(b) The speed vof sound in a gas is given by the expression
3
v= \[ (y_p |
pJ
where p is the pressure of the gas of density p. v is a constant.

Given that p has the base units of kgm~1s72, show that the constant ¥ has no unit.
[3]

Q23.

24
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2 A student uses a metre rule to measure the length of an elastic band before and after
stretching it.

The lengths are recorded as
length of band before stretching, L, = 50.0 £ 0.1 cm
length of band after stretching, Ly =51.6+ 0.1 cm.
Determine

(a) thechange inlength (Lg — L), quoting your answer with its uncertainty,

e O cm [1]
. : (Ls—Ly)
(b) the fractional change in length, - T
0
fractionalchange = ... 1
(c) the uncertainty in your answer in (b).
uncatainty =coueommraanam o aas e [3]
Q24.
25

STEMUP.CO.UK
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1 A student takes readings to measure the mean diameter of a wire using a micrometer screw
gauge.

(a) Make suggestions, one in each case, that the student may adopt in order to

(i) reduce a systematic error in the readings,

{(b) The mean diameter of the wire is found to be 0.50 £ 0.02 mm. Calculate the percentage
uncertainty in

(i) the diameter,

uncartainty =i s %

(if} the area of cross-section of the wire.

UHCEHEINDY = s %

Q25.

26
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1 (a) (i) Define pressure. u

.............................................................................................................................. [1]

(ii) State the units of pressure in base units.
.............................................................................................................................. [1]

(b) The pressure p at a depth /2 in an incompressible fluid of density pis given by
P = pgh,

where g is the acceleration of free fall.

Use base units to check the homogeneity of this equation.

..................................................................................................................................... [3]

Q26.

27
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1

(a) Distinguish between systematic errors and random errors.
systematic errors

[2]
(b) A cylinder of length L has a circular cross-section of radius R, as shown in Fig. 1.1

"l [

Fig. 1.1

The volume V of the cylinder is given by the expression

= nRZL.

The volume and length of the cylinder are measured as
V = 15.0£0.5¢cm?

L = 20.0+0.1cm.

Calculate the radius of the cylinder, with its uncertainty.

radius =

Q27.

28
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1 (a) The current in awire is I. Charge Q passes one point in the wire in time f. State

(i) the relation between I, Q and t,

{(b) The current in the wire is due to electrons, each with charge g, that move with speed v
along the wire. There are n of these electrons per unit volume.
For a wire having a cross-sectional area S, the current I is given by the equation
I = nSqv*,

where k is a constant.

(I} State the unitsof I, n, S, g and v in terms of the base units.

(if} By considering the homogeneity of the equation, determine the value of k.

Q28.

29
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1

The volume of fuel in the tank of a car is monitored using a meter as illustrated in Fig. 1.1.

FUEL

LU

Fig. 1.1

The meter has an analogue scale. The meter reading for different volumes of fuel in the tank
is shown in Fig. 1.2.

The meter has an analogue scale. The meter reading for different volumes of fuel in the tank
is shown in Fig. 1.2.

60

50/
volume ':t;;:'.;:":::.':::.'""'-'""/:;;_':

/litre EENN SN AN R IS
40 i

0 Ya Y %4 1
empty full

meter reading

Fig. 1.2

The meter is calibrated in terms of the fraction of the tank that remains filled with fuel.

30
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(@) The car uses 1.0 litre of fuel when travelling 14 km. The car starts a journey with a full

Fi
tank of fuel.

Exom
Lis

(i) Calculate the volume of fuel remaining in the tank after a journey of 210km.

volume = litres [2]

{if) Use your answer to (i) and Fig. 1.2 to determine the change in the meter reading
during the 210km journey.

from fUlf 10 o [1]
(b) There is a systematic error in the meter.
(i) State the feature of Fig. 1.2 that indicates that there is a systematic error.
............................................................................................................................ [1]
(ii} Suggest why, for this meter, it is an advantage to have this systematic error.
............................................................................................................................ [1]

Q29.

31
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1 A simple pendulum may be used to determine a value for the acceleration of free fall g.
Measurements are made of the length L of the pendulum and the period T of oscillation.

The values obtained, with their uncertainties, are as shown.

T=(1.930.03)s
L=(92% 1)cm

(a) Calculate the percentage uncertainty in the measurement of

(1) the period T,

uncertainty = ..o % [1]

(if} the length L.

uncertainty = connanninnisnnan % [1]

32
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(b) The relationship between T, L and g is given by
4n’L
9=z -

Using your answers in {a), calculate the percentage uncertainty in the value of g.

uncertainty = ..o % [1]

(c) The values of L and T are used to calculate a value of g as 9.751ms~.

(I) By reference to the measurements of L and T, suggest why it would not be correct
to quote the value of gas 9.751ms™2.

(if) Use your answer in (b) to determine the absolute uncertainty in g.

Hence state the value of g, with its uncertainty, to an appropriate humber of
significant figures.

Q30.

33
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1 (a) Two of the SI base quantities are mass and time. State three other SI base quantities.

(b) A sphere of radius ris moving at speed v through air of density p. The resistive force F
acting on the sphere is given by the expression

F= Brepvk
where B and k are constants without units.

(i) State the SI base units of F, p and v.

ST
B e R A D S R B o R T R e e
O o R R T T T S e R ey e T S
(31
(ii} Use base units to determine the value of k.
K= i s [2]

Q31.

34
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1 (a) (i} Distinguish between vector quantities and scalar quantities.

.............................................................................................................................. [2]
(if) State whether each of the following is a vector quantity or a scalar quantity.
1. temperature
.............................................................................................................................. [1
2. acceleration of free fall
.............................................................................................................................. [1]
3. electrical resistance
.............................................................................................................................. [1]

{b) A block of wood of weight 25N is held stationary on a slope by means of a string, as |, .,

shown in Fig. 1.1. Exanir
Lis

35
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Fig. 1.1

The tension in the string is T and the slope pushes on the block with a force R that is
normal to the slope.

Either by scale drawing on Fig. 1.1 or by calculation, determine the tension T in the
string.

Q32.

36
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1 Make estimates of the following quantities.

(a) the thickness of a sheet of paper

thickness = semsvarasnammmasmr mm [1]
{b) the time for sound to travel 100m in air

time = e

1l
L7
—

—_
—_

(c) the weight of 1000cm® of water

weight = wwenssrnsrr s N [1]

Q33.

(b) Calculate the time of one day in Ms.

(c) The distance from the Earth to the Sunis 0.15 Tm. Calculate the time in minutes for light
to travel from the Sun to the Earth.

(d) Underline all the vector quantities in the list below.

distance energy momentum weight work [1]

(e) The velocity vector diagram for an aircraft heading due north is shown to scale in
Fig. 1.1. There is a wind blowing from the north-west.

37
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45° \\mn nd
|"

aircraft

The speed ofthe wind is 36ms~' and the speed of the aircraft is 250ms—1.

(i) Draw an arrow on Fig. 1.1 to show the direction of the resultant velocity of the
aircraft. [1]

(i) Determine the magnitude of the resultant velocity of the aircraft.

resultant velocity = ... ms-! [2]

Q34.

38
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1 (a) State two SI hase units other than the kilogram, metre and second. U

(b) A metal wire has original length Z,. It is then suspended and hangs vertically as shown
in Fig. 1.1.

_wire

Fig. 1.1

The weight of the wire causes it to stretch. The elastic potential energy stored in the wire
is E.

(i) Showthat the SI base units of £ are kgm?s—2.

[2]

39
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(if) The elastic potential energy Eis given by ;

E = Cp?gPAL? i

where pis the density of the metal,

gis the acceleration of free fall,

A isthe cross-sectional area of the wire
and Cis a constant.

Determine the SI base units of C.

SIbaseunits of C ... [3]

Q35.

2 A source of radio waves sends a pulse towards a reflector. The pulse returns from the .
reflector and is detected at the same point as the source. The emitted and reflected pulses &
are recorded on a cathode-ray oscilloscope (c.r.0.) as shown in Fig. 2.1. :

1cm

I1cm

J\ JAN

Fig. 2.1

The time-base setting is 0.20pus cm™".

40
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(a) Using Fig. 2.1, determine the distance hetween the source and the reflector.

o [ - [ o= R S e m [4]
(b) Determine the time-base setting required to produce the same separation of pulses on

the c.r.o. when sound waves are used instead of radio waves.
The speed of sound is 300ms~'.

...................................................................................................................................... [3]
Q36.
2 Thetime T for a satellite to orhit the Earth is given by A
- Exam
_ . /IKR? :
=\ ) ‘
where R is the distance of the satellite from the centre of the Earth,
Mis the mass of the Earth,
and Kis a constant.
(a) Determine the SI base units of K.
SI base units of K ..o e [2]

41


https://stemup.co.uk

(b) Data for a particular satellite are given in Fig. 2.1.

quantity measurement  uncertainty
T 8.64 x 10's + 0.5%
R 4.23 x10'm +1%
M 6.0 x 10%4kg + 2%
Fig. 2.1

Calculate K and its actual uncertainty in SI units.

42
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QL.

Q2.

1 {a)

(b}

Q3.

3 {a)

{b)

Q4.

Q5.

{i}
{ii)

{i}

(in

(a)
(b)
(c)
(d)

REATA® oo s s s s e e T e B1
frequency or count rate or activity or decay constant ................... B1
NC orVm orkgmsZ Cl ete. e e e B1
momentum or impulse................ ST = ) |

{Allow solidus notation and non Sl units)

scalar: magnitude only B1
vector: magnitude and direction (allow scalar with direction) B1
{allow 1 mark for scalar has no direction, vector has direction)

diagram has correct shape M1
with arrows in correct directions Al
rasultant=13.2+ 0.2 N {atlow 2 sig. fig) A2

ffor 12.8— 13.0and 13.4 — 13.6, allow 1 mark)
{calculated answer with a correct skefch, aflow max 4 marks)
{calcwlated answer with no sketch — no marks)

Total
scatter of points (about the line) o
intercept (on £ axis)
{note that answers must relate to the graph)
garadient = Ay/ Ax = (100 - 0)/(10.0 - 0.6)
aradient = 10.6 (cm s)  (aflow #0.2)
(Read points to within i% square. Allow 1 mark for 11 cm s
ie. 2 siqfig, -1. Answer of 10 scores 0/2 marks)
s=ut+ 1af
2
so acceleration = 2 x gradient
acceleration = 0.212 m g2
Total

allow 100 ms”' > 900 ms™
allow 0.5 kg m® > 1.5 kgm?®
allow5q—->50q

allow 2 x 10° cm® - 9 x 10° cm®

B1

B1

B1

B1

21

[4]

[6]

B1
B1

CA
A1

B1

B1
B1

[41

L=

21

[2]

[31
[71

M1
M1
M1
M1
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1

Q6.

Q7.

Q8.

{a) kgm s
{b) kgm™ s

fc) iy V=2gs

=2x98x45
v=84ms”

(iiy either

F(=32x10"%x12x10%x94)=36x10"°N
weight of sphere (=mg=15x10°x9.8)=0.15N

3.6 x 107% << 0.15, so justified

or

mg = crvr (M1}
terminal speed = 3.8 x 10°ms™  (M1)
9.4 << 3.8 x 10%, so justified (A1)

(a) (i) all positions (accept 20, 40, 60, 80) marked to within £5°

positions are 40°, 70°, 90° and 102°
(-1 for each error or omission)

(i} allow 107° — 113°

{b) e.q. more sensitive at low volumes
{do not allow reference to ‘accuracy’)

{a) allow anvthing in range 20Hz —» 20 kHz

{b) allow anything in range 10 nm — 400 nm

{c) allow anything in range 10gq — 100 g

{d) allow anything in range 0.1ka m™ - 10 kg m™

B1

B1

C1
A1l

M1
M1
Al

B2

B1

B1

B1

B1

B1

B1

M
M

[2]

31

[31

il

M

M

M

M
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1

Qo.

1

2

Q12.

1

Q13.

{a)

(b)

{a) e.q.time (s), current (A), temperature (K), amount of substance (mol),
luminous intensity (cdl}
T BN M B e e o e e e e e O B B T I R G S e
(B) densgity = MAss F VOILMIE w..ccvimsimyiam i s sves s ams dssas o wm s S48 s wosa A B S wasses
unit of density: KO N e
T TR TR 0L = Teter= = 1z L1 FR o 1 - Sk O
unit of pressure: KO M M S M e e e e aen
o T S S
(alfow 4/5 for solution in terms of only dimensions)
0T e s
G5 o 8 838 888 A0 L8 8,0 8 B3 0 L S L
1= e -
2= 1= PO
- o[- |y
LT o7 ] = | PP PPEPE
L = T ] e T
(a) micrometer/screw gauqe/digital callipers ...
(b} (i) lookicheck far Zero  ImoOr .. ..covviiiii e
(li) take severalreadings .......ccooviiriiiiiii e
around the circumference/along the wire ...

{iy micrometer (screw qauge) / travelling microscope ......ccccccceeeeee... B1

{ii} either chm-meter or voltmeter and ammeter

or multimeter/avo on ohm setting ..........

...................................... B1

{iii) either (calibrated) c.r.0. or a.c. voltmeterand x V2 ......cccoeveeeee. B

density = mass / volume

C1

=580/ 6°=2.685q cm® ...(allow 2.68, 2.60, 2.7) ... Al

% uncertainty in mass = (10/580) x100=17% ... ©1

% uncertainty in volume =3 % (0.1 /6) x 100 =

uncertainty in density = 0.18 g cm®

density =27 +0.200M2 i,

(answer 2.69 + 0.09 g om™® scores 4 marks)

DN cretan Kl

B3

C1
C1
C1
B1
B1

B1

B1

M1
Al

M

M
M

[51

[31

[51

4]

[31

M
M

121
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Q14.

Q15.

2

Q16.

(a) (i) 1% of £2.05 is +0.02

A1

(ii} max. value is 2.08 V A1
{b) there may be a zero error/calibration error/systematic error M1
which makes all readings either higher or lower than true value Al
{a) (i) metrerule/tape (not rule’) B1
{iiy micrometer (screw gauge) / digital caliper B1
{iiiy ammeter and voltmeter / ohmmeter / multimeter on ‘chm’ setting B1
{b) (i) resistivity = RA/L C1
=[7.5% n x(0.38 x 1032/ 41/ 1.75 M1
=486x107Qm AQ
(ii} (uncertainty in R =) [02/7.5]1%100=2.7%
and (uncertainty in L =) [3/17501 x 100 = 0.17% C1
{uncertainty in A =) 2x(0.01/0.38)x100=5.3% C1
total = 8.13% C1
uncertainty = 0.395 x 1077 (Q m) A1
(missing 2 factor in uncertainty in A, then allow max 3/4)
{c) resistivity = (4.9x 107 + 0.4x107)Qm Al
fa) (1) base units of D:
force: kgms2
radius: m velocity: ms™
base units of D: [F/ (R x W] kams2/(mxmg™)
=kam™s™’
(li) 1. F=6nxDxRxv=[6x%x6.6x%10"%x1.5%x107x 3.7]
=6.9x 10°N
2. mg-F=ma hencea=qg-[F/m]
m=pxV=px4/3x R¥=(1.4x107%)
a=981-[6.9%1075/ px 4/3 £ x (1.5 x 1073 {9.81 — 4.88)

a=4.9(3)ms2

M
M
M

121

[41

M

B1
B1

M1
A0

A1

C1
M1
A1

M
M

121

131

M1

131
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1 {a) 2nd row random, 3rd row neither, 4th row systematic all correct B2
two correct scores 1 only 21

{b)} (i) 1. systematic error: the average / peak is not the true value / the readings
are not centred around the true value B1 [1]

2. random error: readings have positive and neqative values around the

peak value / values are scattered / wide range B1 [1
(i} 1. accurate: peak/ average value moves towards the true value B1 [11
2. precise: lines are closer together / sharper peak B1 [1
Q17.
1 (a) (i) V units: m® (allow metres cubed or cubic metres) A1 11
(i) Pressure units: kams™ / m? (alfow use of P = pgh) M1
Units: kgm™ g2 AD 11
{b) V/ tunits: m*s™’ B1
Clear substitution of units for P, #* and 1 M1
C- aPr' kgm's?m?
gvit'i m®*s'm
Units: kam™'s™ A1 131
(8 orx in final answer—1. Use of dimensions max 2/3)
Q18.
vV xPr?
1 R
() t 8Cl1
C =[nx25x10%= (0.75 x 1073 /(8 x 1.2 x 10 x 0.25) C1
=1.04% 107 Nsm™2 A1 21
{b) 4 x %/ C1
%C = %P + 4 x %r+ %\Vit+ %I
=2% + 5.3% +0.83% + 0.4% (= 8.6%) A1
AC=+0.089 x 10 Nsm™ A1 [31
fc) C=(1.04+0.09)x 103 Nsm™2 A1 M
Q109.
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{b) energy: N m/ kg m?s~? and volume m*
eneray / volume: kam?s2 / m3
energy / volume: kgm™' 572

{e) = has no units
Ekgms?Zm™®
units of RHS: kam™ 72 = LHS units / satisfactory conclusion to show C has
no units

Q20.

1 (a) power = energy/time
= (force x distance /time) =kgm
=kq m? s

?s?/sg

{b) (i) units of L% m? and units of o: kam™ and units of v¥: m® 73
(C =P/ L% pv¥ hence units of C: kam?s™ > m2 kg™ m*m™ s®
or any correct statement of component units
arqument /discussion / cancelling leading to C having no units

(i) power available from wind = 3.5 x 10° x 100/ 55 (= 6.36 x 10%)
vV =3.5 x 10° x 100/ (55 x 0.931 x (25)° x 1.3)
v=84ms™’

{iii} not all kinetic enerqy of wind converted to kinetic enerqy of blades
qenerator / conversion to electrical energy not 100% efficient / heat

produced in qenerator / bearings etc
{there must be cause of loss and where located)

Q21.

1 (a) force: kgms?
(b) (i) IZA2 tm xm
K kams?A?

{if}y curve of the correct shape (for inverse proportionality)
clearly approaching each axis but never touching the axis

{iii) curving upwards and through origin

Q22.

C1
M1

B1
M1

A1

C1

A1

C1

M1
A1

C1
A1
B1

B1

A1

C1

A1

M1
A1

A1

121

131

131

[31
[31

121

M

[21

[2]
M


https://stemup.co.uk

1 (@ O
(i)

(b)

Q23.

2 (a)
(b)
©

Q24.

mass / volume ...(ratio mustbeclear)........cc.oooiiiiiiiiennnnnn Bl
BTN OR BEIHET cosnuvannsmmnimmnsss s s e uw st s Bl
vhasunitof:ln S —— O L R Bl
p/p hasunit ofkgm™ s / kgm™ (no e.c.f. from (a)) .......... Ml
N p/ o) BB RO B  uimmmnasassinisssgiisiqessssing i Al
LHS = RHS 807 hBS 0O BNIL  coviicioniitiincsanacinmssiiusasaasive A0
1.6 £ 0.2CM  vooeereeeeeeeeeseeenss st esseesaesse st eseseneees Bl
1.6/50 = 0.032 ...(ignore any uncertainties)...........ccccevuennn. B1
idea of adding fractional uncertainties .................cccceevuenen.... Cl
(02/1.6) + (0.1/50) _

= 0.127 OR 12.7% ...(-2 marks if uncertainties not added) ...... Al

actual uncertainty = () 0.004 ................... Ty Al
(do not allow more than 2 sig. fig)

1 ({a) (i} e.q. checkfor zero error (on micrometer)/zero the micrometer

{ii) take readings along the length of the wirefat different points
{liiYtake readings spirally/around the wire
(b} (i} 4%
{ii} 8%
Q25.
1 (a) (i) force per unit area (ratio idea essential)
(ii) kam's?
(b) o has base unit kg m™
g has base unit m s
hpg has base unit m x kg m> x m s2
same as pressure QED
Q26.

B1

B1

2]

B3]

(1]
(1]

B3]

B1 [3]

A1

A1 [2]

B1
B1
B1

M1
AD

21

[31


https://stemup.co.uk

1

Q27.

Q28.

1

Q29.

{a) systematic: e.q. constant error (in all readings)

cannot be eliminated by averaging
error in measuring instrument

random: e.q. readings scattered (equally) about true value

error due to observer
can be eliminated by averaging
(only if averaging not included for systematic)

(b 15=nx R x20

R=

0.4886 cm (accept any number of s.f.)

% uncertainty in V= 3.3 % (or 0.5/15)
% uncertainty in L =0.5 % (or 0.1/20)
% uncertainty in R = 1.9 % (i.e. one half of the sum)

R=

(a) (i
(i)

(b} (i)

(i)

(a) (i)

(i)

(b) (i)

(ii)

0.489 + 0.009 cm

Q = It (allow any subject for the equation)

I
t
(alfow 1 mark only if alf three quoted)

base unit of Tis A

base unitof nism™  (not/m™)
base unit of Sism?

base unitof gis As (not C)
base unit of vism g™

(=1 for each error or omission)
A=mim?As(ms)

eq. form: 0=-3+2+k
k=1

caruses 210/ 14 =15litres of fuel .o
volume reading =45 @S . e e e e

from "fUll’ o' marks cccsnmnanmnsnn s s s

line/graph does not pass through (‘empty, 0) / there is an intercept

{do not allow ‘non-linear’)

(meter shows zero fuel when there is some left in the tank so)
A0S A8 A TOBOTVE a0

B1

B1

C1
C1

C1
A1

B1

B1
B1

B3
M1

A1

12

[51

21
M1

M

M

[Total: 5]

M1

121

131

[21
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1 (a) (i} either 1.55% or 8% A Dot"EHOrd) o % B

iy either 1.09% or TA%  wfotTBerT) svsmmvammasaasmases Al M1

(b} answer of {{ii) + 2 x (i)} to any number of sig. fiq.
either 42% or L O U Al 1

{e) (i) eitherthe value has more significant fiqures than the data

or uncertainty of £0.4 renders more than 2 s.f. meaningless) .....cccceeeeeeeee... B1 M1
{iiy uncertaintying = 1041/ 042 toany numberof s.f. ... C1
@ = (98 £ 04)M ST e eeneneeeeneeeeeee s AT 2]
[Total: 61
Q30.
1 (a) length, current, temperature, amount of substance, (luminous intensity)
any three, 1 each B3 [3]
(b (i) F kams™? B1
o kam™ B1
v:ms™’ B1 [3]
(i) some working e.g. kamsZ=m?kgm= (ms"}* M1
hence k=2 Al 2]
Q31.
1 (a) (i) scalar quantity has magnitude (allow size) B1
vectar quantity has magnitude and direction B1 [2]
(i} 1. temperature: scalar B1 [1]
2. acceleration: vector B1 [1]
3. resistance:  scalar B1 [1
(b) either triangle f parallelogram with correct shape C1
tension = 14 .3N (allow £ 0.5 N) Az [3]
{(if > £0.5N but < £1N, allow 1 mark)
or R =25c0s835° (C1)
T =Rtan35° (C1)
T =14.3N (A1)
or T =25sin35° (C2)
T =143N (A1)
or R and T resclved vertically and horizontally (C2)
leadingto T=14.3N (A1)
Q32.
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Q33.

Q34.

Q35.

fa) allow 0.05mm — 0.15mm

(b} allow 0.255 — 0.5s

{c) allow BN — 12N

ianare number of significant fiqures

{a) spacing = 380 or 3.8 x 10°pm

(b} time =24 x 3600
time = 0.086 (0.0864) Ms

1.5 x 10"

{c) time = distance /speed= = =

3x10°
=500(s) = 8.3min

{d) momentum and weight

(e} (i)

arrow to the right of plane direction (about 4° to 24°)

{ii} scale diagram drawn

(a)

(b) (i)

(i)

or use of cosine formula v2 = 2507 + 36% — 2 x 250 x 36 x c0s45°
or resolving v = [(36 cos 45°) + (250 — 36sin 45°)7]'2

resultant velocity = 226 (220 — 240 for scale diagram)ms™
allow one mark for values 210 to 219 or 241 to 250ms™
or use of formula (v = 51068) v = 230 (226)ms™’

kelvin / K
ampere / amp /[ A
[allow mole / mol and candela / Cd]

energy OR work = force x distance [allow any energy expression]
units: kamsZxm OR kg (ms 'Y for 2 mPor mé®
(ianore any numerical factor)
=kgm? s

units: p: kgm™ g ms? A:m? Ly m

C: kam?s2/ka? m®*m? s4m?m?® [any subiject]
= kg 'ms? (allow ms?/ka)

10

B1

B1

B1

B1

B1

C1

Al

B1

B1

C1

Al

M

M

M

M

M

121

Ml

M

121

[2]

[2]

131


https://stemup.co.uk

2

Q36.

2

(a) d=vxt
t=02x4 (allowt=02x2)
d=3x108x08x10°® OR

{b) speed of sound 300 cf speed of light 3 x 10°

sound slower by factor of 10°

time base setting 0.2 s om™

3x10%8x 04 x 10°°
d = 240 m hence distance from source to reflector = 120 m

[unit required]

OR time =240/ 300 (= 0.8)
OR time =120/ 300 (=0.4)
OR time for one division 0.8 / 4
OR time for one division 0.4/ 2

fa) Slunits for T: s, R: m and M: kqg (or seen clearly in formula)

K=T"Mi R units: s> kg m™

(b} % uncertainty in K: 1% (for T} + 3% (for R} + 2% (for M) OR = 6%
K =[(86400) x 6 x 10**]/ (4.23 x 107F =5.918 x 10"

6% of K = 0.355 x 10"

K =(5.9 £ 0.4) x 10" (S| units) correct power of ten required for both

[incorect % value then max. 1]

(allow s? ka / m® or

11

s%kq
™)

Cc1
C1
C1
A1

C1

C1

Cc1
A1

Cc1
C1
C1
A1

41

131

121

[41


https://stemup.co.uk

Measurement Techniques — 2021 AS

1. June/2021/Paper_11/No.4
A signal of frequency 25 Hz is displayed on the screen of a cathode-ray oscilloscope.

AN AN
AR

t‘lcm

i
1cm
What is the time-base setting?
A 10mscm™ B 20mscm™ C 25mscm™ D 40mscm™

2. June/2021/Paper_11/No.5
A micrometer screw gauge is used to measure the diameter of a wire.

The reading on the micrometer with the jaws closed is (-0.05 £ 0.02) mm.
The reading with the wire in position between the two jaws is (+1.03 £ 0.02) mm.

What is the diameter of the wire?

A (0.98+0.02)mm
B (1.08 £0.02)mm
C (0.98=0.04)mm
D (1.08+0.04)mm
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3. June/2021/Paper_12/No.4

An analogue ammeter with a range of 0-250mA is connected into an electrical circuit. The
diagram shows the ammeter’s display.

What is the reading on the ammeter?

A 76mA B 165mA C 183mA D 190mA

4. June/2021/Paper_12/No.5

Students take readings of the volume of a liquid using three different pieces of measuring
equipment X, Y and Z.

The true value of the volume of the liquid is V.

The students’ results are shown.

X Y Z
A \ A
number of number of number of
readings readings readings
0 T 0 T 0 |
0 "4 volume 0 V volume 0 v volume

How many pieces of equipment are precise and how many are accurate?

number of precise number of accurate

pieces of equipment pieces of equipment
A 1 1
B 1 2
c 2 1
D 2 2
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5. Nov/2021/Paper_11/No.4
A cathode-ray oscilloscope (CRO) is used to display a sound wave of frequency 2000 Hz.

The display of the CRO is shown.

/N /N

/

L L

What is the time-base setting on the CRO?

A 125puscm™ B 250uscm™ € 500puscm™ D 1000uscm™

6. Nov/2021/Paper_11/No.5
Four possible sources of error in a series of measurements are listed.

1 an analogue meter whose scale is read from different angles

2 ameter which always measures 5% too high

3 ameter with a needle that is not frictionless, so the needle sometimes sticks slightly
4

a meter with a zero error

Which errors are random and which are systematic?

random error systematic error
A 1and?2 3and 4
B 1and 3 2and 4
C 2and 4 1and3
D 3and 4 1and 2
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7. Nov/2021/Paper_12/No.4

Four cathode-ray oscilloscope (CRO) screens each display a waveform. The screen and the
time-base setting of each CRO is shown.

1 2
4 )

-
I/\/\/\/\/\

W

VARAVIIRLVIERAVIILY;
- J - J
time-base setting: 0.02s/div time-base setting: 0.04 s/div
3 4
4 h 4 N
AN A AN
]
v VNV
. J . J
time-base setting: 0.01s/div time-base setting: 0.08 s/div

Which screens show waveforms of the same frequency?

A 1and?2 B 1and3 C 1and4 D 2and3
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8. Nov/2021/Paper_12/No.5
A student measures the time T for one complete oscillation of a pendulum of length L

Her results are shown in the table.

I/'m T/s

0.420 £ 0.001 1.3 0.1

T=21'r\/z
g

What is the best estimate of the percentage uncertainty in the value of g7

She uses the formula

to calculate the acceleration of free fall g.

A 0.02% B 4% C 8% D 16%

9. Nov/2021/Paper_13/No.4
The output of a signal generator is connected to a cathode-ray oscilloscope (CRO). A trace is
shown on the screen.

}‘I.Dcm

‘i.O cm
The time-base of the CRO is set at 2.00 mscm™.
What is the frequency of the signal?
A 50Hz B 125Hz C 250Hz D 500Hz
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10. Nov/2021/Paper_13/No.5

After measuring the width of a shelf to be 305 mm, it is found that the graduations on the ruler
used are 1.0% further apart than they should be.

Which type of measurement error is this and what is the true width of the shelf?

type of error true width/mm
A random 302
B random 308
C systematic 302
D systematic 308
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Measurement Technigues — 2021 AS

1. Nov/2021/Paper_21/No.1
(a) Define density.

(b) A smooth pebble, made from uniform rock, has the shape of an elongated sphere as shown
in Fig. 1.1.

Fig. 1.1

The length of the pebble is L. The cross-section of the pebble, in the plane perpendicular to L,
is circular with a maximum radius r.

A student investigating the density of the rock makes measurements to determine the values
of L, rand the mass M of the pebble as follows:

(0.1242 + 0.0001)m
(0.0420 + 0.0004)m
(1.072 £ 0.001)kg.

L
r
M

(i) State the name of a measuring instrument suitable for making this measurement of L.

(ii) Determine the percentage uncertainty in the measurement of r.

percentage uncertainty = ...........cccoooeiiiiciiiiee e % [1]

1
STEMUP.CO.UK
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(c) The density p of the rock from which the pebble in (b) is composed is given by

- Mr"
P~ kL

where n is an integer and k is a constant, with no units, that is equal to 2.094.

(i) Use SI base units to show that n is equal to 2.

(2]

(ii) Calculate the percentage uncertainty in p.

percentage uncertainty = ... % [3]

(iif) Determine p with its absolute uncertainty. Give your values to the appropriate number of
significant figures.

£ = (e o ) kgm™ [3]

[Total: 11]

2
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2.

Nov/2021/Paper_22/No.1

(a) Aunit may be stated with a prefix that represents a power-of-ten multiple or submultiple.

Complete Table 1.1 to show the name and symbol of each prefix and the corresponding
power-of-ten multiple or submultiple.

Table 1.1
pover ot Tt
kilo (k) 103
tera (T)
() 10-12

(2]
(b) In the following list, underline all the units that are SI base units.

ampere coulomb metre newton [1]

(c) The potential difference V between the two ends of a uniform metal wire is given by

_AplT

v nd?

where d is the diameter of the wire,
I is the current in the wire,
L is the length of the wire,

and pis the resistivity of the metal.

For a particular wire, the percentage uncertainties in the values of some of the above
quantities are listed in Table 1.2.

Table1.2
quantity percentage uncertainty
d +3.0%
I +2.0%
L +2.5%
"4 +3.5%
3
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The quantities listed in Table 1.2 have values that are used to calculate p as 4.1 x 10~/ Qm.
For this value of p, calculate:

(i) the percentage uncertainty

percentage uncertainty = ... % [2]

(i) the absolute uncertainty.

absolute uncertainty = ... QM 1]

[Total: 6]
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3.

June/2021/Paper_21/No.1
(a) Define density.

pyramid,
density p
A mass m
Fig. 1.1
The mass m of the pyramid is given by
1
m= g,c;n'?x2
where p is the density of the material of the pyramid,
h is the height, and
x is the length of each side of the base.
Measurements are taken as shown in Table 1.1.
Table 1.1
. percentage
quantity measurement uncertainty
m 19.5¢g +2%
X 4.0cm +5%
4.8cm +4%

(i) Calculate the absolute uncertainty in length x.

absolute uncertainty = ...

5
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(ii) The density pis calculated from the measurements in Table 1.1.

Determine the percentage uncertainty in the calculated value of p.

percentage uncertainty = ..........cccoiieeiiiiiiiie e % [2]
(c) The square base of the pyramid in (b) rests on the horizontal surface of a bench.

Use data from Table 1.1 to calculate the average pressure of the pyramid on the surface of
the bench. The uncertainty in your answer is not required.

PIESSUME = oo e e e e e e Pa [3]

[Total: 7]
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Measurement Technigues — 2023 June AS Physics 9702

1. June/2023/Paper_9702/11/No.3
A copper pipe has a true diameter of 42.03 mm.

A builder measures the diameter of the pipe five times using digital calipers. The measurements
are shown.

diameter/mm

48.01
47.99
48.01
48.00
47.99

What describes the builder's measurements?
A accurate and precise
accurate but not precise

not precise and not accurate

O 0O W

precise but not accurate

2. June/2023/Paper_9702/11/No.20

In an experiment, a student uses a microphone and a cathode-ray oscilloscope (CRO) to analyse
a sound wave. The diagram shows the trace on the screen of the CRO.

™~

The student is expecting a sinusoidal waveform to be shown on the screen.

Which changes should the student make to the time-base and the y-gain of the CRO so that the
screen shows a continuous trace for one complete cycle of the waveform?

time-base y-gain
A decrease decrease
B decrease increase
c increase decrease
D increase increase
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3. June/2023/Paper_9702/12/No.3

Two measurements for a solid sphere are shown.

mass = (32.5+0.1)g
diameter = (1.87 £ 0.04)cm

These values are used to determine the density of the sphere.

What is the percentage uncertainty in the density?

A 24% B 46% C 6.1% D 6.7%

4. June/2023/Paper_9702/12/No.20

A microphone detects a sound wave. The microphone is connected to a cathode-ray oscilloscope
(CRO).

The shape of the trace on the screen of the CRO is shown.

f/ N, \
/ /1 1IN\
\
\ / \
\\ /
\_ ~ =

Which property of the sound wave can be determined by using only the measurement of a
horizontal distance on the screen and the value of a control setting of the CRO?

A amplitude
B frequency
C speed

D wavelength

5. June/2023/Paper_9702/13/No.3
What is the ohm expressed in SI base units?

A kgm’s”A? B kg'm?s’A’ ¢ JCT'AT D WA~
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6. June/2023/Paper_9702/22/No.1(c)

(c) An experiment is performed to determine the value of k by measuring the values of the other
quantities in the equation in (b).

The values of L and R each have a percentage uncertainty of 2%.

State and explain, quantitatively, which of these two quantities contributes more to the
percentage uncertainty in the calculated value of k.

LM

7. March/2023/Paper_9702/12/No.3

A hollow cylinder, which is open at both ends, has a radius of (3.0 = 0.1)cm and a length of
(15.0+0.1)cm.

What is the value, with its absolute uncertainty, of the surface area of the cylinder?
A (280 + 10)cm’

B (282.7 +0.2)cm?

C (420 +30)cm?

D (424.1+0.3)cm?
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8. March/2023/Paper_9702/22/No.1(c)

(c) An experiment is performed to determine the acceleration of the car in (b). The following
measurements are obtained:

§=389m=+0.5%
v=275ms™" £ 0.8%.

(i) Calculate the acceleration a of the car.

(ii) Determine the percentage uncertainty, to two significant figures, in a.

percentage uncertainty = ... % [2]

(iii) Use your answers in (c)(i) and (c)(ii) to determine the absolute uncertainty in the
calculated value of a.

absolute uncertainty = ... ms=2 [1]
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