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Index

abstract of paper, 152
acceleration due to gravity: see g
acuity, vernier, 74
algebra, checking, 148—50
ambiguity in record, 131-2
ampere, definition of, 191
amplifier,

bandwidth of, 66, 84, 93

lock-in, 79-80, 82—5

negative feedback in, 64—7, 105

operational, 79, 81-3, 206

stability of, 67
apparatus

design of, 122, 206

placing of, 119
argon, discovery of, 11415
arithmetic, 14451

checking, 146-8

reducing mistakes in, 145-8
arithmetic mean: see mean
atomic clock; see caesium atomic clock
atomic mass unit, 151, 192
authors, instructions to, 155-6
average over distribution, 12
Avogadro constant, 192, 204

backlash, 59
bandwidth, 66, 84, 93
narrowing, 84
beats, 624
best value, defined, 23
binary counter, 80
binomial distribution, 171-3, 183
standard deviation, 172-3
Boltzmann constant, 35, 70, 192
Brownian motion, 69-70

caesium atomic clock, 94—6
fountain technique, 96
laser cooling, 96

calculating devices, 144-5

calculator, 1617, 145

calibration, 57
curve, 133, 135
empirical, 75

calipers, vernier, 59—-60

calorie, 190

candela, definition of, 191

cathetometer, 59

cathode rays, 153—4

central limit theorem, 22
c.g.s. units, 188, 190
charge, elementary, 8, 192
checking
algebra, 148-50
arithmetic, 146—8
chi-squared (x?) distribution, 176—87
comments, 1867
constraints, 182
degrees of freedom, 181-2
derivation, 177-80
goodness of fit test, 1826
table of probability values, 1945
worked examples, 1846
clarity
in record, 130-2
in scientific writing, 156
cleaning optical equipment, 118
Cohen and DuMond, 114n
compensator in Rayleigh refractometer, 75-6
computer, 17, 326, 144
constants, physical, 192
converter, digital-to-analogue, 81
Coordinated Universal Time, 97
copying in record, 1267
corrections, calculated and empirical, 10911
counter, binary, 80
current generator, 81-2

Debye theory of specific heats, 139-40
decimal factors for units, 190
definition, operational, 58
degrees of freedom, 181-2
design of apparatus, 122, 206
deuterium, discovery of, 115
diagrams, 127-9

in a paper, 155
diffraction effect, 111
digital-to-analogue converter, 81
dimensions, 148-9, 150
dispersion effect

in refractometer, 77—-8

in waves, 108
distribution, 10-14

average over, 12

binomial, 171-3, 183

chi-squared (x?), 176-87

function, 11-12

Gaussian: see Gaussian distribution

Poisson, 23, 173-5
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distribution (contd)

standard deviation of, 12
doublet method in mass spectroscopy, 202
drift, 105

Earth
mean density of, 204
radius of, 204
electrical resistivity of copper, 203
electrical units, 190
electron volt, 188, 190
empirical calibration, 75
energy
equipartition of, 70
units, 190
error
calculations, 43—6, 50
final quoted, 45-6
in function, 27-30, 468
indication on graph, 141-2
parallax, 55-6
probable, 21
random, 68
standard: see Standard error
systematic, 6-8, 45, 102
worked example, 16
ZEro: see Zero error
errors
combination of, 28—30, 43-6
contributing, non-contributing, 445
and experimental procedure, 48-9, 117
independent, dependent, 27, 41
summary of treatment, 50
exact fractions, method of, 202-3
expansion, thermal, 61-2, 105
Excel®™ 33, 144
eyepiece, cylindrical, 745

feedback
negative, 647, 105
positive, 67
filter, low-pass, 83—4
flicker noise, 71
fluorescent lighting, 201
Fourier analysis, 70
frequency,
measurement of, 63—4
of optical source, 116
response of amplifier, 66, 84, 93
standards, 948
fringes, white-light, 768
Froome, 110-11, 116
function, error in, 2730, 468
fused silica, 61-2

g, acceleration due to gravity
absolute measurement of, 8694
relative measurement of, 112—13
tidal variation in, 934
value of, 192
G, gravitational constant, 151, 192, 204
gal, 89n
gauge block, 58, 61
gauss, 190

Index

Gaussian distribution, 18-23
standard deviation of, 19
validity for measurements, 223
variance of s° for, 164-5

Gaussian function
evaluation of integrals, 161-3
values of, 193

Gaussian integral function, 19-21
values of, 193

General Conference of Weights and Measures,

188
Global Positioning System, 98—101
applications, 100-1
correction to receiver clock, 99-100
goodness of fit test, 1826
graph paper, 136-7
graphs, 133-43
hints on drawing, 138-40
indicating errors on, 141-2
scale for, 137-8
sensitivity of, 142-3
symbols in, 139-40
as visual aids, 133-4
gravimeter,
absolute, 94
spring, 11213

histogram, 10—11
hunting, in servo system, 69

1, use of in scientific writing, 157
independent errors, 27, 41
index, 152
instructions to authors, 155-6
instrumental variation, 105
integral function, 19-21
for Gaussian distribution, 19-21
values of, 193
integrals of Gaussian function, 19, 161-3
International Atomic Time, 97, 100

International Bureau of Weights and Measures,

97
intrinsic gain of amplifier, 64
Invar, 61
isolator, long-period, 90-2

Johnson noise, 70
Josephson, ac effect, 86

Kater’s pendulum, errors in, 51, 86
Kaye and Laby, 129, 131, 150
kelvin, definition of, 191

kilogram, definition of, 191

laser, 87-8, 116
leap second, 97
least squares, method of, 30-6, 88, 16670
Legendre, 31
length
measurement of, 55-62
temperature effect, 61-2
lenses, care of, 118
light intensity, measurement of, 84-5
light, speed of, 110-11, 115-16, 192
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lighting, 119
fluorescent, 201
liquid, transmission of light through, 109-10
long-period isolator, 90-2
loose-leaf record, 125-6

magnetic field, measurement of, 967
magnetic resonance, 96—7
magnetostriction, 105
mass spectograph, 115, 202
mathematical material in papers, 115-16
mathematical tables

chi-squared probability values, 194-5

values of Gaussian function, 193
mean

arithmetic mean, 9-10, 12

and best value, 23

standard error in, 12-16, 201, 24, 1967
measurements

original, 1267

repetition of, 119-21

sequence of, 103—4

trial, 117
memory, read-only 801
method of least squares, 306, 88, 166—70
metre, definition of, 191
metre rule, 55-7
Michelson and Morley, 115
micrometer screw gauge, 57-8
microprocessor, 68, 206
microscope, travelling, 59
microwave measurements, 115-16
Millikan, 8
mole, definition of, 191
MOSFET, 82

negative feedback, 647, 105
neutron lifetime, 42
noise, 6971
reduction, 83-5
normal distribution: see Gaussian distribution
notebook, 125-6
null methods, 113-14
Nyquist, 67

operational amplifier, 79, 81-3, 206
operational definition, 58
optical equipment, 118

optical radiation, measurement of frequency, 116

orders of magnitude, 62, 148
exercises on, 1501

Ostwald viscometer, 111-12

overestimate of error, 46

paper
abstract of, 152
diagrams in, 155
mathematical material in, 155—-6
plan of, 153
presentation of results in, 1545
sections of, 153-5
title of, 152

paragraphs, 157

parallax error, 55—6

Index

participle, unattached, 157
pendulum, Kater’s reversible, 51, 86
pendulums, coupled, 127-8
permeability of vacuum, 192
personal errors, 119
physical constants, values of, 192
piezoelectric effect, 94
Planck constant, 70, 95, 97, 192
points in pairs, method of, 36, 41-2
Poiseuille’s formula, 111-12
Poisson distribution, 23, 173-5
applications of, 174-5, 185-6
standard deviation of, 174
positive feedback, 67
potentiometer, 113
precise measurements, 114—16
preliminary experiment, 117—18
probable error, 21

quartz, 94, 99-100

random error, 6—8
Rayleigh refractometer, 73—-9
applications of, 78—9
compensator in, 75-6
precision of, 78-9
reference system in, 74
white-light fringes in, 768
read-only memory, 801
record of experiment, 125-32
aids to clarity in, 130
common faults in, 131-2
diagrams in, 127-9
tables in, 129-30
recording measurements, 126
refractive index
of gases, 78-9
of glass, 30, 467
refractometer: see Rayleigh refractometer
relative methods, 11113
relativity, special theory of, 115
repetition of measurements, 119-21
residual, 15, 31-2, 168—-70
resistivity, measurement of, 79—86
resonance, 96—7, 1201
results, working out, 121-2
retroreflector, 878, 1001
Reynolds, 133-4
rule, metre, 55-7
ruling of graph paper, 136-7
Rydberg constant, 192, 204

sample, standard deviation of, 15
scale

of diagram, 128-9

of graph, 137-8
scientific writing, 152-8
second, definition of, 96, 191
sections of paper, 153-5
semiconductor

energy gap, 35-6

resistance—temperature relation, 33
sequence of measurements, 103—4
serial number of instrument, 126

211
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series expansion, 150
servo system, 67-8, 89-90, 92, 105
stability of, 69
shot noise, 70-1
ST units, 188-91
silica, fused, 61-2
soldering, 118
sound, speed of, 107-9, 204
specific heats, Debye theory of, 139-40
spectrometer, 118, 121
speed
of light, 11011, 115-16, 192
of sound, 107-9, 204
spreadsheet, 33, 144
worked examples, 33-6, 185-6
spring gravimeter, 112—13
stability
of amplifier, 67
of servo system, 69
standard deviation
of binomial distribution, 172-3
of distribution, 12
of Gaussian distribution, 19
of Poisson distribution, 174
of sample, 15
standard error
in m and ¢, 32-3, 39-40, 166-70
in the mean, 12-16, 20-1, 24, 1967
in a single observation, 12-16, 20-1, 24,
1967
standard frequency, sources of, 94-8
Stern—Gerlach magnet, 95-6
straight line, 30—6, 39-40, 166—70
stroboscope, 71
symbols in error theory, 245
symbols, recommendations by Royal Society, 129
symmetry
apparent, 102-3
as check in algebra, 149
systematic error, 68, 45, 102
systematic variations, 106—9

tables

headings for, 129-30, 146

mathematical, 206

in a paper, 155

units in, 12930
temperature

effect on length measurement, 61-2

measurement of, 72
temperature control, 67-9
thermal conductivity

of copper, 26

measurement of, 102—3
thermal expansion, 61-2, 105
thermal noise, 70
thermocouple, 68
thermoelectric effect, 79, 83
thermometer, types of, 72
Thomson, 1534, 156, 157
tidal variation of g, 93-4
time scales 97-8
Coordinated Universal Time, 97
International Atomic Time, 97, 100
tolerances, 122
transmission of light through liquid, 109-10
travelling microscope, 59
trial measurements, 117
turbulent flow, 133—4

unattached participle, 157
units
c.g.s., 188, 190
convention for expressing, 12930, 138
decimal factors for, 190
electrical, 190
SI, 188-91

values of physical constants, 192
van der Pauw theorem, 80
variance, 12n

of s? for Gaussian distribution, 22, 164—5
ventilation, 119
vernier acuity, 74
vernier calipers, 59—-60
viscometer, 111-12
viscosity, 103-4, 111-12, 190, 204
visual aids, 133-4
voltage

generator, 79

standards, 86

weighting of results, 37-8, 40, 42, 170

Weston standard cell, 86

Wheatstone bridge, 103, 113

white-light fringes, 768

worked examples
chi-squared distribution, 1846
method of least squares, 33-6
single variable, 16

working out results, 121-2

writing, scientific, 1528

zener diode, 42, 85-6, 101
zero error, 55-6
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