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

d\ = diameter of first cylinder = (12.78 £ 0.02) mm
d)_ = diameter of second cylinder = (16.24 £ 0.03) mm

The difference in the diameters is calculated.

What is the uncertainty in this difference?

A 0.01mm B 0.02mm C 0.03mm @ 0.05mm
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(@)

(b)

Length, mass and temperature are all SI base quantities.

State two other SI base quantities.

1 TADO iii] L~ Lumingug %r\sﬂq .....
Y3 TR (X, S D
3~ Poround 28 o Skt [2]

The acceleration of free fall g may be determined from an oscillating pendulum using the
equation

_ 4n?l
=g
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

A v = 2 /
1=1.50m + 2% — "Q—m '/
= %. *
and  T=2.48s * 3% — A'Tx\oo:g/

(i) Calculate the acceleration of free fall g.

9- L (2.090+59) _ q.61g5
(2. 43Y

(ii) Determine the percentage uncertainty in g.

BY oo = AL xv0 4 Q_(g‘_T_)\oo

[ - 2/ a4 2(37)
- <7

percentage uncertainty = ...........ccccoiiiiieeenn. % .................. % [2]

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

=

B3 x100= B = "%%’ wo
Py ()(red = oTEW

absolute uncertainty = ............cccoooeviieeiieeecee ms—2 [1]

MM Q\”O\I \N\m bQ ,Y(UQ '\V\ \'g/g [Total: 6]
0d = o
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(@) An electromagnetic wave has a wavelength of 85um.

(i) State the wavelength, in m, of the wave.

~6 Ay
%Sx 10 'm wavelength = B-3%X.\0 m [1]

(ii) Calculate the frequency, in THz, of the wave.

= Ex .
3.00x10 = + (B S X0 )
£ 2.529%14%

frequency = ............ 3 5?? ..................... THz [2]

(iii) State the name of the region of the electromagnetic spectrum that contains this wave.

(b) The current I in a coil of wire produces a magnetic field. The energy E stored in the magnetic
field is given by

_ 2L
E=7
where L is a constant.

The manufacturer of the coil states that the value of L, in SI base units, is 7.5 x 107° + 5%.
The current I in the coil is measured as (0.50 £ 0.02) A. AL %100 ~ 9 y
— — ]

The values of L and I are used to calculate E.

Determine the percentage uncertainty in the value of E.
QAE»OO = 2( A_T,>1oo + &an
= - -
£
= 2 (O 02 \ovo + o /

'z(q/%v 5"/
- \%/.

percentage uncertainty = ... % [2]

[Total: 6]
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When asked to determine the resistance R of a

given conductor from 6 sets of voltage V' and

current / readings, student A plotted V" against /

and obtained the gradient of the plot while

student B found R by averaging 6 sets of (V, 1)

readings. Which of the following statements is

correct?

(A) Procedure taken by student A will only reduce
random errors computed for R.

(B) Procedure taken by student B will only reduce
the systematic errors in finding R.

@’rocedure taken by student A reduces both
systematic and random errors.

(D) Procedure taken by student B is basically the
same in effect as taken by student A.

Which of the following experimental techniques
reduces the systematic error of tl.le quantity being
investigated?

a
(A)timing a large MMS to find a

period qudom foY |,

(B) measuring several antinodal distances on a
standing wave to find the mean internodal
distance. Canv~do~ oy bV

(C)measuring the diameter of a wire repeatedly
and calculating the average. Randem =frord

Adjusting an ammeter to remove its zero error
before measuring a current.

When comparing systematic and random errors,
the following pairs of properties of errors in an
experimental measurement may be considered:

P1 : error can possibly be eliminated Sysondi

P2 : error cannot possibly be eliminated Random

Q1 : error is of constant sign and magnitudesysierdi

Q2 : error is of varying sign and magnitude Rerdon-

R1 : error will be reduced by averaging repeated
measurements Random

Rz : error will not be reduced by averaging

repeated measurements. Sgglonaluc
Which properties apply to random errors?

A)P1,Qi Ry B)P1,Q2, R
@Pz,Qz, Ri D) P2, Q1. Ry
Which experimental = technique reduces the
systematic error of the quantity being
investigated?

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 ~Rendo 1,

(C) measuring the diameter of a wire repeatedly

and calculating the average Kovdo-+

(D) timing a large number of oscillations to find
aperiod Rardom ¥

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

10.

closed. The new reading is shown in diagram 2

( .15 ;
'l 0 qXO-oﬁl: 009
' 10 . *
| q |
‘ 2+ 5mwm 5 l.
'. :,
Diagram 1 2.54+0:09-2-59m
T i
1 20 |
I! 0 :.
| +E WZE . W kool
| eiov 10 & 4 o-tlimn]
Diagram 2

2-5?* O'\L{ = 2'LLS-MM
What is the diameter of the wire?
(A) 1.90mm
(C) 2.59mm

2.45mm
(D) 2.73mm

Which of the following recorded measurements of
a physical quantity has the greatest percentage

uncertainty?
(A)@43+1) g (B) (76.4 £ 0.2) mm
(C) (22.43£0.01) s (D) (36.4+£0.5) mA

The resistance of an unknown resistor can be
found by formula R=V/I.

The voltmeter reading has a 3 % uncertainty and
the ammeter has a 2% uncertainty.

What is the wuncertainty in the calculated
resistance?
(A) 1.5% B)5 % ©) 3% (D) 6%

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.

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

(A)0.5% (B)0.8%  (C)13% (D) 1.7%

In an experiment, the length and breadth of a
rectangular card was found to be (64 + 2) mm and
(47 = 1) mm respectively.

The uncertainty in the area is at most

(A) 75 mm? (B) 150 mm?

(C) 100 mm? (D) 200 mm?

An experiment is done to measure the resistance of a
wire.

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)yB+1HQ

D) 8+2)Q

N~

%




11.

12.

13.

14.

15.

16.

The dimensions of a cube are measured with
vernier calipers.

30 mm

<—>A/3(')mm
30 mm

The measured length of each side is 30 mm. If
the vernier calipers can be read with an
uncertainty of £ 0.1 mm, what does this give for
the approximate uncertainty in the value of its
volume?

A)127% (B)0.3%

©13% ([D)1%

The diameter, height ‘and mass of ‘a given
cylinder are found to be (3.6 £0.1) cm, (2.8 £
0.1) cm and (56 + 1)g respectively. The density
of the cylinder can be quoted as

(A) (1.97£0.22) gcm™

(B) (1.9+0.2) gecm™

(C) (2.00 £ 0.22) g cm™

(D) (2.0£0.2) gcm?

In an experiment, a radio-controlled car takes
2.50 + 0.05 s to travel 40.0 = 0.1 m.

What is the car’s average speed and the
uncertainty in this value?

(A)16+1ms! (B) 16.0+02ms!
(€)16.0+£04ms?! (D) 16.00=0.36 ms’!

In a simple electrical circuit, the current in a
resistor is measured as (2.50 = 0.05) mA. The
resistor 1s 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 % ©)6% (D)8 %

A student makes measurements from which she
calculates the speed of sound as 327.66 ms '.She
estimates that her result is accurate to £3 %.

Which of the following gives her result

expressed to the appropriate number of
significant figures?

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

The power loss P in a resistor is calculated
Using the formula
P=V?/R.

The uncertainty in the potential difference V is
3% and the uncertainty in the resistances R is
2%. What is the uncertainty in P?

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

17.

18.

19.

20.

21.

The following are the readings of a travelling
microscope when the cross-wires are aligned at
opposite ends of a diameter of a capillary bore.
Ri=(21.14+0.01) cm
R2=(20.98 £ 0.01) cm
What is the maximum percentage uncertainty in
the area of the cross-section of the capillary bore?
(A)13% B)25%
(O 18% (D) 29 %

Using a micrometer, the diameter of apiece of
wire was found to be (0.15 = 0.01) mm. The area
of cross-section of the wire may be quoted as

(A)0.01767 = 0.00236 mm?

(B) 0.0176714 + 0.002356 mm?

(C) (1.76 £ 0.24) x 102 mm?

(D) (0.018 £ 0.002) mm?

The wall thickness of a cylindrical glass tube is
determined by measuring its external and internal
diameters with the help of vernier calipers. If the
readings obtained are (27.23 + 0.01) cm and
(24.154 0.01) cm respectively, the wall thickness
of the glass tubing is
(A)3.08 £0.02 cm

(C)3.08+0.01 cm

(B) 1.54 £ 0.02 cm
(D) 1.54+£0.01 cm

A student finds the density of liquid by measuring
its ‘'mass and its volume. The following is a
summary of his measurements.

Mass of empty beaker =201 g

Mass of empty beaker + liquid =(70£1) g

Volume of liquid =(10.0 £ 0.6) cm?

He correctly calculates the density of the liquid as

5.0 gcm?,

What is the uncertainty in this value?
(A) 0.3 gcem™ (B) 0.5 gcm™
(©) 0.6 gcm™ (D) 2.6 gcm™

A student uses a metre rule to measure the length
of an elastic band before and after stretching it.
The lengths are recorded as
band before stretching, Lo, = 50.0 + 0.1 cm
band after stretching, L;=51.6+0.1 cm.
Determine
(a) the change in length (Ls - L,), quoting your
answer with its uncertainty,

(Ls=-Lo)= eiveiiiiin.. cm [1]
(b) the fractional change in length, (Ls - L)
Lo
fractional change = ................... 1]

(¢) the uncertainty in your answer in (b).

uncertainty = ............ooeeininnn. [3]










SALT ACADEMY

M EASU REM ENTS & E RRORS Akhtar Mahmood (0333-4281759)

teacher 7R6@hotmail.com

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+0.5N.

(@ For the measurement of the diameter of the wire, state

(0 the name of a suitable measuring instrument,

(b) The stress oin the wire is calculated by using the expression

oo AF d=0.40 = 0.02mm,
nd?’ F=250+05N

(D Show that the value of ois 1.99 x 108 Nm=2.
T - U (25 O)

(314 (0-box )
1.99 X 10° Nm*

I\

[1]
(i) Determine the percentage uncertainty in o.
AF 100 + 2( 24\ 100
AG x\00 = —= Y

v L__g_a—>\oo A 9—(0 02\ o0
2

12 ]

(l

percentage uncertainty = ... % [2]




(il 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.

AG‘= NG = (<=)(1.98x15
>7 (w)@%n)

oo
/lf :\ 2.LU xlo
Rk N’OQM oyfof wasl e {.8f, 00204

% e

¢ - 4 x\o 8
= I qu ° 1 o 2O OZJ\O ............ Nm=2[2]
Now Valke wm d
hawe fare wo- 'P [Total: 8]
oL 1 oAl evior {Q. 1/Nov. 17/9702/22}
2. | A double-slit interference experiment is used to determine the wavelength of light from a
monochromatic source. x < D = ™ = X O
The following measurements are used. o AX Ag AD
oo = (2&\leo + \22 Ioo-)-(— 10D
slit separatlona 050+002mm& ° ( ) K ) D)
fringe separation x = 1.7 + 0.1mm = (-ﬂ)loc‘) +L ‘02 10 + (02
distance between slits and screen D = 2.000 + 0.002m
What is the percentage uncertainty in the calculated wavelength?
A 0.1% B 1% C 6% (D@ 10% "
{Q. 5/Nov. 17/9702/%1}
3. | 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.
{Q. 4/Nov. 17/9702/23}

=)

Four possible sources of error in a series of measurements are listed.

1 an analogue meter whose scale is read from different angles — RZTG%L (ol — ﬁ
a meter which always measures 5% too high — SaSkWJ;L

2
3 a meter with a needle that is not frictionless, so the needle sometimes sticks slightly
4

1n Y
a meter with a zero error — QM deo”‘ <l(e

Which errors are random and which are systematic?

random error systematic error
A 1and 2 3 and 4
® 1and 3 2 and 4
C 2and 4 1and 3
D 3and 4 1and 2

{Q. 5/Nov. 17/9702/§3}

0



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

i v _ apr

t  8Cl

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.

\—t//10'6m3s" P/10° Nm2 r/mm I/m
1.20 + 0.01 2.50 + 0.05 0.75 + 0.01 0.250 + 0.001
Fig. 1.1 Y
~PA
(a) Calculate the value of C. C -

3CHL o
C. (3002 soxd)(0-75%100)
% (120 %15%) (0-250)

_ .o xlo®

- . Nsm™[2]

(b) Calculate the uncertaintyin C. \C = ¢

T (L) AP
Ac _ AP L (%) 4 T
c = <*’> -
ol , 000
AC ZOOS+\4° 4-(‘)'20-\'0,—250

I olx15> 2-50 3 _

QC =00 %q'x 10 uncertainty = -_\'_00893610 Nsm[3]

(c) State the value of C and lts uncertainty to the appropriate number of significant flgures

UnCaiteurdy w & w L. gfs DC= % o0edxip?
Vadhe mwat e . 2 dp o 0C e W 2dp

------------------------------------------------------------------------

CAaQInm® >
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