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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. e

In an experiment, the measured values for an oscillating pendulum a
1=1.50m 2% ®
and  T=2.48s1 3% \

(i) Calculate the acceleration of free fall g. 0(

(ii) Determine the percentage u ing.

(4

percentage uncertainty = ... % [2]

*

&

(iii) Use your s in (b)(i) and (b)(ii) to determine the absolute uncertainty of the
calculat ue 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

Q?

E=ﬁ

where Q is charge and C is a constant.

Use this equation and the information in (a) to determine the SI base uni Q

s t@@ ...................................................... 2]
(i) Measurements of a constant curr e are taken using an analogue ammeter.

: ;
For these measurements, de e 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

Q"’Qe

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

MESS = eeieeeiiee e e ee e e e e e e g [1]

(ii) the wavelength of ultraviolet radiation.

wavelength = ... m [1]

(b) The period T of the oscillations of a mass m suspended from a spring is given t@

T=2m,/7

where kis the spring constant of the spring. L/
The manufacturer of a spring states that it has a spring con XN m~" + 8%. A mass
of 200 x 1073kg + 4 x 10~3kg is suspended from the e pring and then made to

oscillate.

(i) Calculate the period T of the oscillations.

o’a’

(if) Determine the value of S absolute uncertainty, to an appropriate number of

significant figures. Q
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CHAPTER 2. MEASUREMENT TECHNIQUES

(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,

....................................................................................................................................... [1]
(ii) arandom error.
................................................................................................................................ [1]
(b) The potential difference across a resistor is measured as 5.0V £0.1V. Th s labelled
as having a resistance of 125Q + 3%.
(i) Calculate the power dissipated by the resistor. ‘\
po e W 2]

(i) Calculate the percentage uncertainty in thescalculated power.

Qercemage UNCEMAINTY = v % [2]
f the power, with its absolute uncertainty, to an appropriate number

(iii) Determi

19
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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 Qso.o cm. The width b of the
beam is 30.0mm and the thickness d of the beam is . The material of the beam has

Young modulus E.

The mass M is made to oscillate vertically.C@riod T of the oscillations is 0.58s.

The period Tis given by the expression

3
T, MU
Ebd
(i) Determine Ein GPa. @
N 4
o
*$
*
E = ettt e GPa [3]
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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

(a) State two SI base units other than kilogram, m@ second.

2 i
(b) Determine the SI base units ity.

&

*

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

2. Explain why the precision in the value of the resisti is improved by using a
micrometer screw gauge rather than a metre r asure the diameter of the

?’Q'PapaCambridge
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CHAPTER 2. MEASUREMENT TECHNIQUES

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=25.0x0.5N.

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

(i) the name of a suitable measuring instrument,

(b) The stress oin the wire is calculated by using the expressmc‘
0

:rnd2

(i) Show that the value of ois 1.99 x 108N m

o
0 [1]

ge uncertainty in o.

(ii) Determine

L 2

0‘,‘

*

percentage uncertainty =

E‘,]'PapaCambridge
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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]
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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 m is 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% 0
Fig. 1.1
(a) State an appropriate instrument to measure the length 1. &

(ii) Use your answer |
absolute unc

e data in Fig. 1.1 to determine the value of v, with its
ppropriate 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 i <
/e b:b
Fig. 1.1 (
The volume V of the wire is given by the expression 0

Yo maL

1
The diameter, length and mass M are me@@cermine the density of the metal of the

wire. The measured values are:

d=0.38 + 0.01 mm, 0
L =25.0+0.1cm,

M=0.225 + 0.001g.
@ with its absolute uncertainty. Give your answer to an
ant figures.

Calculate the densi
appropriate numbe

¥,

*

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

[Total: 7]
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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

(b) Distinguish between precision and accuracy when measuring the diameter of a wire.

ST =T o117 ] o USRS

[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 0
(a) (i) Complete Fig. 4.1 with the name of an instrument that could be used,t re each of
the quantities. [3]

®
(ii) Explain why a series of values of F, each with correspondin@ e, are measured.

...................................................................................

(b) Explain how a series of readings of the quantiti

Young modulus of the metal. A numerical b 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.

oscillation
of X
E

clamp beam object X

Fig. 1.1 0\

The object X is made to oscillate vertically.

The time period T of the oscillations is given by 0
T=K /%”l]&

M is the mass of X, Q
Lis the length between the cla :

where
E is the Young modulus of the@ial of the beam
and Kis a constant.
(i) 1. Show thatthe SIb f the Young modulus are kgm—1s2.
N 5
&
A g
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2. Determine the SI base units of K.

SIbase units of K ..o, [2]

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

quantity value
T 0.45
l 0.892
M 0.2068
K 1.48 x 10°

Fig. 1.2 0
Calculate E and its actual uncertainty. o

Em e E s kgm~1s2 [4]
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