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I. Mo " -apisation oand Scope o Acivities of Neitonol

Mo“rolo/~y lerviees

~ho Backrround of Natiornnl Motrology sorvices

- b

1. Tho oxistence of a national motrology service is an oszential [eaturs

of eny country with any olaim to baing regarded us civilized by presont
siundards. Suoh a feature of the social orgunization of a country is, howvuver,
though probadbly in an olementary form, ono of tho oldost attribates of a olabie
unificd government, dating in esconce from the beginnings of recorded hiutory,
fron tines of essentially personal rule and ante~dating democracy by many
conorations.

~

Ce For most of recorded uListory the mationual metirclogy uerviceu wore
onlativoly simple in concept and limited in scope, being essontially directed
sovards the fixing of lesally-surnorted standnrds required for purposes of

.~ ado. As the rore developad sountries changod from beinz primirily corcernod
..i1b agriculture, hunting, fishing and, in genoral, an economy mainly bs ¢
on natural resources and their simpler derivativas to an sconomy bagcd morTo
.nd more on technological procecses, so measurements of more and wore
~haracteristics, to greater and greater exactiitulse, becams an inovitable
Jaaturo of evory type of industrial aectivity nd thorefore of overy day life,
e Rocognition that this ie so has not, howevor, become part of ihe conuscious
knowledge of the averago inhabitant of oven tho more-advanced communities;

i1 fact appreointion of this aspeot of 1ife has been blunied by ithe faot that

cvor many generations the reliability ¢f measurements mot in daily life hus led
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the averago inhabitant to take thoir reliability for granted; this hss bred what
I like to call aﬁ unjustifiable faith in dial recdingo.,

4. Tho first otandards of reasurement were apparently those of'length snd macs,
Those of mass were doveloped when barter, the diroat exchange of objeot for objeo!
gove way to trade, the exchange of a commodity for something boih partios to a
deal recognizod as intrinsioally valuadle but for whioh the value could Ve
described only in tefms of its quality and its weigzht, no other attribute being
applicable to all supplies. In many of the older civilizations the so-called
‘precious metals' were available in small quantities and because of their
availobility and their freedom from loss and decay due to wear or oorrosion, they
were adopted as bases for mutually-acceptable currency. The value of any
particular lot of ourrency depended on its weight and on recognition of its
purity. Honce the adoption of standard weights on the one hand, and of the
praotvice of coining, or stamping pieces of precious metal of approved purity with
a portrait or other symbol as part of a deterrent against substitution of all or
part of a precious metal by another metal of less value.

e Beocause 'precious' meials werse inherently soarce the quantities involved in

ibe representation of a typiocal transaction in trade were relatively small so

one of the eafliest 'standards' of weight was the grain of cereal because cush
grains were found to be very uniform in size and could easily be oounted up to
tpo numders likely to bs required. So long-lived has thie standard been that the
unit ‘grain' still forms one of the elewents in the avoirdupois socale of weighte
8till ocurrent in Britain, having the vﬁlue of 1/7000 1b. or about 65 milligranms.
6. Yost of tha systems of weights seem to have had a vorking standard in the
Tange of 115 to 230 grains (approximately 7.5 to 15 grammes). Sub~divisions seem
to have beon magnly by sucoessive halving and larger units frequently decimal
multiples, though multiples of 2y 3, 4 and 6 also ocourred. One of the common
names for units in this range was the shekel, the uee of which extended into

‘early Europoan‘hietory. The early Roman pound or libra apparently oconsisted

of 25 Buch units and was also divided into 12 unoise or ounces. Tho ratio of

¢ 12 ounces to one pound could still be found in the Troy pound of 12 ounces

@vbioh was legal in Britain until about 100yexs ago.The avoirdupois pound of 16
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rather difforent ouncc:s Wil used in prrallel, for difrcrent trades, and is sti:l
ourrent thwush likely to givo wry 1o the motric systenm in the neor futuro.

bost systems of weichin outoide the metriec system inoluded a value 1.irly clouo
tc, and sometimes vury close to, the nound dorived from the Roman 1ibra, as tho
symbol 1b. implics, and oven in countrion alrendy coaverted io the moiric uyoien
the unit is often in uso colloquially (e.g. fhe 'livre' or'pfund’' used to
Gesoribe h~1lf a kilorramme).

T. Units of length may voasibly be of earlier origin th~n units of weiszht,
though 8o f2r as I know there is no cuoch early tgtondard' ctill in exiztence.
This is perhavs bocause the materials suitable for making early measurcg of lengt!l
were not suitable to survive many generations, being if portable, either of wood,
non-precious metal or fabric or if designed to be permanént, i.e. of atone,
liable to the fate that befell most early buildings.

8. It scems likely that early stondards of length wore first uced to desoribe
distances or the cizes of things. Tne groater distances would have been described
in terms of travelling time, such as the time taken to go from A to B on foot

or. later, on horseback. Therefore the mcasures of length were reloted te

things and people and verhaps for this reason or beocnuse of tho relative
uniformity of the average body characteristics of hum.ne (and their conveniont
mobility as approximate measures) most of tho standards of length wore based on
the charaotoristios of the average human bady - inch, palm, foot, cubit,yard

aﬁd fathom all being related to body charxtocteristios or simple multiples

thereof.

9. The nesd for recognisedi standards of length again probubtly grew out of
trade, because one of the earliest activities of human society is the weaving

of fabrious for protection, comfort or decoration and one of the ocarliest uses

of standards of length must have been to describe the width and length of »

piece of fabrio. The continuity of thi: use of a standard is seon in the fact
that one of the rocognized widths of woven fabrica today is 54" (or its

equivalent motric valuo) whioch is oqual to two of one version of the mediaoval

'ell!, this ell being apparently the longor vorsion of the anojent oubit whioh




i traceablo through the Tovtoinie eountrics for many centuries,
1C. Later devoloumonts in sland-rds of length nunt Lave arisen in connaection
with the anrlior tochnoiogios, in narticular these of buiiding ~nd ship-building
and porkans rather later [lor SUTVOYIng nd nuviga bing, Manufacture ugs gueh
Wa3 prolably not so much involved iy snriier yoros beine buccd cn craft practiocag
in which aobsolutle 2imunsions Werd not 29 importsnt,
11, Measuras of volume were 2150 im-sortant very onrly- for purpscoes of trado
not only in liquids such aa winos “nd oils but for esereuls and many sther like
products viioh eould be describrd oy volunc ag conveniently as by woight. So
far es I can axcertain vhere has rnever, until +ho metric system, been any clear
pre-~detormined relationshiy between the unit dimension for length and the unit
dimension for volume.
12. Length, masc and voluns are the vencratle standsxrds, Time has beon of equal
importance throughout niatory Sut, s:rnice the rotntion ot the earth has orovided
a standard of far grester stability than could be acnleved in uany other direction
without a etandard, the measuvement ol t:me has always provided a problem of
7 difrereat scrt - how to divide the solar dzy into suituble intervals, znd to
inoicate their Passage eosily and economlcally wien the sun is not visible. This
hae not, in goneral, be¥n a matier renquiring a legal standard so government,
10tivity in thia field scoms to have Lcen generally confined 4o providing a
duily tine signal and o suoporting the development of s raliable timekeepeor
a6 an aid to navigation.
13, Thorefore in the hierarchy of government institutions in devolopad
countries a universally - recognised commitment ever since there have boen
govarnments has been tho osiadlishment of standards of longth, mass and volume
(or cavacity), and the cre..tion of & body of law requiring observanoce of these
' standards end vroviding ponalties for infringement of the law. It has also
- generally beun recognized that unless the oper-tion of ihe law is properly

ésuporvised 11 will, liko any other law uhioh in not enforcod, fall into

j isreputa, after which rostor:tion of order and of oonfidence will e

‘1°Droportionately difficult and expensive. Censoasuentiy most wise governments




2rovins and supnort bovl nationally and internatinnclly organigations for the
naintenance off standards, af measurement and the sunorvieion of the law vequiring
v die obsorcvation. In the more far-socing and better organized governments
proviasion fu alss mnde, thsugh not nesessarily through the esame chonnels, for
coveniiture on nevw standards aad irproved technlgues of mensurement tn meet the
reguirement® whieh somtinucucly nrise fro. ter~hnologicni development for betier
neaBnuTemnnts.

14, The pozition outlined above devoloped alowiy turouchout tbe course of
histoury and was in ecsence stsblo for lonz periods. 4dvances in moasurements

and standards occurred with the dovelonmeat of now needs or as part of the
asvelonment of now technolcgies. Rofeorence has airvady been made to the
imnrovement in time indication whioh ococurred in the eignteonih century to mect
vae ne ds of navijation. Tn the eizhteenth and nineteenth centuries the indusisi-l
rovoluticn, involving tho large-scale asppliocation of power to manufacture,
rosulied in tho replacesment of craft practices by division of labour which
lepanded essaniially on boiter measuremonts in thé meohanical field. The
ccnourrent dovelopaent ol wacaline tools wauld noet have been possible without

such mersuraments end aluo réquired such mensurements for their offective
emplovmont. Consequently msny of the basic probleme of zood mechanical measurement
rore solved during the cincleanth coniury through the capa’ ilities have been
iaproved s naw techniguos wive dovelaped under the stimalus of new needs.

15. Probobly itho sczond major fnaster in the develowment of measuremente has

ngen ihe practiczl use of eleotricity, first in its power applications and lator ?
in tae youngor field of olectronics. 4 hundrod and firty years cgo eleotricity
w2s nothing vut a sclenticic curiosity; a hundred years agu 't bad been applied

.0 telegraphy but uad ne sffeot on industry other taan srecding up communiocatiors.

burinz th~ last hundred ve:rs the whole of life in dev:loped comnunities bhapg been

wicely afleciad by tho applications of electricity and this has given rise to

@ Whole new range of measurement tasks, both in the measurement of eleotrical

quantities nud in tho use of eleciriosl techniques for making other measuroments.

“6,  Duriag the ninotoenth ocontury thero were great dovelopnents in the
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teaching of science nd tecinnology in universities and other scademio institutions.
These develonments wero closoly intarwoven with developments in tochnology, in
scale of manufacture and in communications, both for transmiseion of ideas and
for conveyance of manufacturcd products. Tho maisr internat onnl oxhibitione

in London (1351 und 1%62) and P ri. (1895 a-d 1867) undo'.’ tedly added to the
discussiona about the nsed for batter and more universally acceptible bases for
Sonhisticated measuromeais; these led to the Convuntion of the Metre, the
establishment of the International Comnitte of Weirhts and Yeasures (C.I.P.Mo)
and tho foundation of the International Bureau of Heighte and Measures (B.I.P.M.)
at Sevres, on the outskirts of Pacis. For nearly one hundred yoars these bodies
have had the task of establiching agreement between the measureuent standerds of
the pariicipating countries tut even B.I.P.M., that venerable and reapected body,
has for some years lacked sufficient regourceu to carry out its proper task of
co-ordination and intercomparison in many of tbe more recently - developed

fields of meacurement.

17. The sume ferment of thought whioh led to the establishment of B.I.P.¥. led
also to tha recognition in the more advanced ocountries of the need for accesuible
standards of the primv quzntities of measurement And so, between 1887 and 1901,
four major establishments were set up for this purpose. T.e credit for thé firgt
goas to the Germans who set up in 1887 the Physikalische Technische Reichpanptalt
(P.T.R., later to become P.T.B.); the second was apparently tho Russian Mendeleey
Institute (V.N.I.I.M.) in 1893; this was followed in 1900 by the National
Physical Laboratory (N.P.L.) in the U.K. and in 1901 by the National Bureau of

i

%Stcndards in the U.S.A.

18. The oniy aspect of these events I feol I should mention at this time is

S R 6 W i

that, as8 HO often soems to h2ppen, Great Britain provided its own standords
organization with lces capitat and lecs guarantqsod inoome than oither Germsny
;-r the United States and I suspeot that the consequences of this parsimonious
;’ttltude are still being felt in the 1.K, and have contributed indirectly to the

Pstablishnont of the British Calibration Service with whioh I was connsoted until

- stiroment,
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17, About forty ocountries belong to v.I.P.M. und contributo varyin'; amounts

to its suprort. O ticse nmout, if not all, h-ove an organiz:tion for tho
naintonanco of tradition-! standords of length, muse and capacity and presumndly
for tho control, to varyinc extonts, of their uso in irude, Frobably sbout half
the forty are nctively engised, to .omu cxtent, on dovelopmont of now tochniques
and/or improved equ.pment [or muoiins new meusurement needs; in some cases

the work im done in Jovernment laborstories and in others in universities or
similar institutions obut in such casec may not necessarily recult from
identification of particular nationa! needs.

20. Presumably many of the othcr ocountries in U.N., particularly those which
rave bocome independent in the last twenty-five ycars, bhave inherited from the
former vovernments of thoir tonritories some provision of standards in these
fields but what i3 not easy to asoertain is how f~r national standards oover
other typet of measuremont and bow far organizations exist io ensure the

neintenance of, and oompliance with, such standards.

Structure and Functions of National Metroloxy Services

2?1, Vhat can be stated without Louitation is this -

(a) Evory country nceds an organization t» mrintain and disseminate standarde
of measurement, if unly for purpc. o of t-ade and for protcetion of oonsumers;

(b). Every country which wishes to operate industries must hove an organisation
corresponding to that in (a) but covering those measurements required in its
industries;

(¢) Every country which hopes to oxport any of its products must have a
similar organization to cover tho measurements involved in the specifications
appropriate to the exports and muct in'rnddition ensure eithor throurh achieving
agreoment of its standards of measurcment with the oorrecponding international
standarde or by nation-to-nntion co-oreration with the buyers of its produots
that tho rolevant mosaourement standarde of the buyirg and selling oountries are

nompatible.

(d) Tke aochievement and mainten:nce pof good mensurement capability is an
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exponsivo operation involving not only initial expenditure but tho costs
¢ associatod vith contiruous supervision sand devclovmant; the moro conhisticatod
" the products, gencrally cpouking, the gro-ter the cost of adoquoto moasuroments.
(f) In ofdar that ite work ond decisions muy be accopted wiih respect and
soodwill it io ri it and nocessary that the nationsl mear aroment organization
be ziven official status with full govornmont bzoking and surport but it must
at the same time be eontirely fruo of administrative intcrferonce or change for
political ronsons; a long view muc* be taken of provision for its ne.ds and of
training for its ostaff co that it will operatg in a stable atmocphere unafieoted
by the relatively short time-cycles of fgovornments,
27 It 15 quite possible for a smill country to avoid the need for expenditure
on any original work ir. the mensurcments field by relying on the measurement
equipment and/or calibration services of other more advanced or better-equipped
countries but it has to bte romembered that all mosaurement equipment requires
reriodical calibration if confidence in its indications 1s ¢ be mnintained;
tho limitations of time and cost of transport will indiocate the point at which
it is preferable to establish a netional or local standard for any partioular
me.surement of a quulity suitod to the rnational or local noeds.
23. Traditionally in many countries trn organization fo~ the meintensnce
of the 'classical' standards of iength, weight and capaoity has grown up within,
or subordinate to, a ministry cf oommerce or tradec, whereas m~ny ¢f the other
meéasurements hsve boen treated as tho concern of other ministries 8.g. low-
:frequenoy eleotrical measurements ind measurements of gus supply (volume and/or
ithermal value) have been treated ac ihe responsibility of tho ministry or
Eministrien rezponsible for the oorresponding supplies. Many of the more

4oophisticatod measurements have not been the epooific responsibilty of any single

2

*mageﬁ.ﬁ“ it

inistry, the oorrespondineg development work having beon undertaken either by
university or equivalent puroly as an item of research without any oommitment
0 engure adequate dissemination, or by somo officinl or somi-offioial body

Wpseding tho technique for its own purposes.

4. I am inclined to the view that the best nationzl orgmni-ution would give
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' not unucual to comtine it with othor “tpecto of contumor protestion which is
srobrbly economic: 1l on geogravhic 'l sroundn snd 2100 av 14 lurde to decroaso
a,»p.rent official supervision of traderu. Therefore it is probably donirable to
opcrate such sunervigion with stafr belonging to tho locnl rovernront authority
Lut coming for 'weighbts snd me.ourvs' ufpoois under Luo Locinleal direction
nd control of ths centrul uutiuor..y menticaed in 24 {(d).

S0 In between the two extrcros of 'weirhts nd moacura:! superviscion in trade
and devolowment und meintenance of national standardes comes the whole range

of laboratories required to ensure confidenoe in measuremonis mzdo in industry.
in research, in inspection. in eduoation and in the development and production
ol mezeuring equipment itself. For sll these purposes confidence in each
meacurement is, to varying de-rees, essential. Thiu confidence deponds on two
factors, confidence in thc design of the instrument used and confidence in ite
oanlibration. These two frotors are considered separately.

27. Teking first the question of calibration. What the user needs is oonfidence

that the instrument has been properly c:librated and that it wns done suffioiently

rocently, having regard to its type and usage, to be operating within the
performance limits stated in ite specification. Confiderce in the adequacy of
calibration oan be established by official approval ond supervision of ihe
caiibration laboratory, provided sueh appro ral and pupervisi .n aro oarried out
by qua.lifiéd srecialists of recopgnited competensce and independenoca. The date of
calibration, or the date by which recilibration is recommended, should be
indicated on the calibration certificate and/or on the inrtrument itcelf.

E28. There seems to be no reason why any oompetent laboratory should not, if
1t 50 wishes and meets all reasonable roquirements, be approved to operate as

Part of the national measurement service. The employment of competent

s LRI S v

ilaboratorios whioh participete on a voluntary basis not only makes available

§the fooilities of laboratories already experienced in the business but it does

0 more quiokly than oould possibly be achieved by setting up now laboratories to

160t asoertained needs; it also avoids the considerable oxpense whioh now

cboratories would involve and in most cases improves the utilization of
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cxponsive oquipment needed by & laboratory for its own purpvoes put not fully

erployed.

2. This eporoach to the vroblem of providing onlibration facilitles was
folloved in rottimg up tho British Calibration Service - a renrint of a fairly
rooent article describing the Service is attached for informntion. The number

ot approved laboratories has now renohed fifty and is inoreasing. It needs to be

emphasized that the e.sonce of euch 1 system lies in two moin aspects :=

(a) the recognized profecsion:l competence and intogrity of tho assessors who
inspect a laboratory to determine its complianoe or otherwise with published
criteriag

(b) the thoroughness of supervision which consists of periodic visits of
re-assessment oombined with a system of audit measurements whioh is nentioned
in the paper and has proved a very powerful tool for this purpose.
30. The orerations of the professional otaff of the British Calibration j
Servioe H/Q organization are helped and guided by & separate panel of experts
for each field of measurement so that the expertise brought 1o bear on eaoh
stated requirement and each new problem represents the oolleotive wisdom of a
seleotion of the country's best praotising experts in each field though the
staff of B.C.5. H/Q is quite small.
31. The second aspect of oconfidence in a measurement is that of confidence in
tho design and quality of the inatrument used because the better these are the
groeater is the likelihood‘that the instrument will oontinue to perform within
its specifioation during tho interval between successive oalibrations.

Confidence in desisn and quality may result from previous exporience of the type

e am a

or in the onse of 2 new instrument m-y recult from oonsideration of a report

on the evaluation of one or more prototypes or samples. In clascical 'weights and
measures' operations the evaluation and approval of prototype instruments is
usually a function of the national measuremont service. In tho goneral field of
inatruments such evaluation is sometines undertaken by users of large numbers,

before purohase of a new type, or by spaolaliet rese:roh organizations on
commission. In the U.K., at least, the instrument industry has not taken kindly
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o o proposal that +11 new inctruments bo indopendontly evaluated (n® a sort of

; quality - mark operation).

;2. In some countries it is a legal roquirement thnt all insirumonts intended to

be usnd for measurements ocailed uc by law be officlaliy evilu~-ted and aporoved before
they may be used for this purpose. This secms to be n reaosonable compromise

between protecting the consumer or the user on the one hand and limiting too far

tie freedom of the in:itrument producer to sell his products to sny willing buyer.

But the principle of ‘'caveat emptor' can really only aquitably apply if the

purchacer is reasonably able to satisfy himself that what he buys will meet his needs.

Othorwice he needs help and as it is not rensonable to expeot nim either to
conduct or pay for evaluation when he may necd only & vory few inatruments there
is a onse for a publio evaluation service to meet the noeds of the ueer of amall
rumbers of expensive instruments. Such provision might be considered to be a
proper function for a national mensurement service.

33, A oountry dependent on imports for most of its instrumentis might well feel
the need lor evaluation befure purschase and might prefer to buy instruments
from & country offering a suvitably - authenticated evaluation sorvice. This ias
in line with the orinciple, already widely adopted in varioue couniries, of using
some kind of special mark to indicate that a particular produot oowplies with
t.e governing rpecification. Most of these ‘quality marks' are based on approval
of prototypea followed by ochecking of samples taken from production. Lo far as
calibration certifioatos cre ooncerned, howevur, 3.C.53. insinin that each applies
to an individual instrument (idontified) rnd the eame rule could be applied to
cortifiocates of compliance with type approval where thought desirable.

%34. To cummarize, I see a national measurement servioe as being the national

;organization to ensure i~

(a) that any measurement mode in the dountry may be trusted to be true. within
the limits appropriate to the equipment used for waking the measurement;
(b} that any instrument ca.ibrated in the country may be expeoted, up to the

recommendod dete for reoalibration, to indioate true valuec vithin the limite

indicated by its speocifiocation subjeot, of oourse, to reasonable use and
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treatrent since the last calibrations

(0) that measurerients made for legal reasons aruv made with equipment apnrroved
for the purpose and,in appropricte cases, by persons approved for the
purpose;

and, as a pocsible cxiension of tho forogoir 2z,
(d) that any mezsuring instrument offerca for export sale porforms in

accordance with its specification.

Planninz of Nevaeloprent of National "ezsurement Lervice

35. To do this it ise firet neoesscry to ‘wocidc the objectives and their relative
priorities. Among those which fall 1o be oonuidered ared
(a) protection of general body of consumers agsinst unfair trading;
(b) establishment of equity of measurements in tra e as between buyer and sellerj
(o) improvement of measurements to assist industry, particularly to ensure
common standards of measurcrnent bvetween manufacturere as sn ald to sub-
oontracting and to interchangeavility in general;
(d) assistance to research and to teohnologioal development by making meausrements
in the country compatible with those made in other countries;
() assistance to orports by general supp rt of quality cortrol activities
(which depend on acourate measurnments)j
(£) support of education and researoh by ensuring internationally-acceptable
measurement capability in teaching and research establishments,
36. Some of these activities, e.g. 35(a), form part of the general cost of good
governnent; the ocost of providing adeousate national standards cannot in this sense
be offset against incroased national inoore. Some other activities, e.g. 35(0), are
likely to improve the international trading Position of a country but oould not be
embarked on without 71180 meeting the requirements of 3% (a) and (b) and probably

(c¢). The possible gain oannot be quantified in advance - so making an appropriate

provision becomes an aot of faith based to asome axtent on experience in other
countries.

37. It is poesidle to estimate fairly oclosely the oont of mevting some of the
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- pupirato objoctivas, subjoct to the existence of a supply of wulitable manpower

pith ability and background training appropriate to recaiving thc necossary

g ociallot training, at least some of vhial mizht have to be sought in other

¢ votries.

%5, linving meleoted the objoctivec and ortimated counis as for su possible it then
tuc.me: a prolitioal or administritive deoision on whether and to what oxtent a
pi1toble program is to bo adopted as pnrt of ‘an cverall nationnl plan for
¢evelopment (#ssuming there ie one). It is, of oourse. fuir to add that, given

¢ vuitable opportunity nd olimate of opinion, enthusiastio presentation of a well-
documented and adequately-cowutod plan has & better obance of success than a

jroposal in general terms.

Financial nnd Phynical Reguirements for N.M.S.

33, These can be developed from the objectives set out in para.35. Having sottled
the objectives, either in toto or phased in time, the next operation is to
aucertain the availatle resources so as to determine which itoms are altogether
missing and which exist but may have to be mobilized for the publio service. To
avoid the neod to work absolutoly from acratoh it would be worth while to refer
10 documents published by the various mearurement organizations in other countries
rtowing the measurement rfacilities avoilable in those labor~tories. Having
alected the parameters in repect of which a service is required, and the best
uncertainty required in each enne, it becomes necesray to choose the location(s)
for the national standards laboratories and the tasks to be assigned to eaoh.
;It also has to bd decided whether. particularly in the early stages, the national
41»boratorios ars to be used only for custody and dissemination of national
'rtandards or whether they are also to Ye used -as working oalibration laboratories
at lower levels. This must depend in part on the ability to mobilize existing
;working laboratories to provida a public service and partly on the expeoted
flinitial lo-d of oalibration of sub-standards from such working laborstories.
B 0.  Whero thero not sufficiont national standards laboratories or working

calibration laboratoried available to provide the desired facilities it may be
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necegssary to start frow nothing and bulld new ones. Yhatever now facilities aro

required can be ectimated in termn of floor space and/or banch space for different
types of measuremont aotivity. For each type varying accommodation oriteria

have been found desirable, nartly to reduce external perturbntions and partly

to eatnblish stability of conditions. Tnosu inoiude ;-

(a) freedom from vibration - onoice o1 locatlon not li:...3 to earih tremo.s,
use of baseront or ground floor, svecial pillars, anti-vibration mountings et

(b) freedom from temperature variation, both general and lonal - design of
building to reduce received solar radiation and/or protect from heat loss,
double glazing {or absence of windows), oontrol of internal air flow;

(¢) control of humidity and dust as sources of electrioal leakage and general
detorioration of switohes and equipment - dust-free oonstruotion of tuildings,
easily oleaned surfaces, use of air filters, sticky mats and general
attention to housekeeping;

(d) freedom from electro-magnetic radiation - soresned rooms and screened cages
for R.F. operatora;

(e) freedom from noigce.

Also necessary are facilities for proper storage of handbooks and relevant
literature, provision for doscumentntion ard retention of copies of results and
records of calibrations of stan'-w¢ ¢ facilities for refr ~hment away from working
areasy aocommodation for storage of instruments not in use and of transitory
instruments waiting for oalibration or despatoh, for protective clothing and for
sanitary purposes.

41, All thoase requirements have already been documented and porhaps the main
decision to be made is whether the working temperaturs in thoge laboratories

which require temperature oontrol is tb be one of the standard tenmperatures,

normally 20'0, 23°C or 25°C or some other value whioh in likely to arise only
if the cost of keeping the general temperature doim to these levels throughout
the year is likely to be excesesively high. If it is, oonsideration may have to be

given to doing seleoted operations in small specially-oontrolled enclosures or
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in glove boxus, or to providing facilities to, Tolating results at the selectod

corking temporature to thoso at the more normg, intornational standard temperatures

17, Por the various types of accommodation aqg X ' .
i 8'8 are availablo in various

" sountries whioh oan be oonverted into ccsts fop the country in queution. Capital

costs of necesuary equipmeni can ve oblained ‘
Y from suppliers or from catalogues,

it also needs to be ascertained wuether any agpg . exvendi:ure is to be funded

by outright Government grant or by some loan 8chemo operated internationally

ané, if so. at what rate of intercst. Maintenanoe of buildi i t
u ngs, running oosts

for beat. light, power and aonsumable suppligeg oan all be ed. Staff t
arsessed. S coots

rust depend on the tasks to be undertalken ang all owa hould b de £
nce shou e made for

initial training before operations are oommanoed for furth traini
’ urther training as nev
oquipments come into use and for training og Teplacement staff from time to time
| ¢

Some amount of administrative overheads wil} be inevit bl‘ P 11 th
, able, From a ege ocan

be estimated
(a) the oapital ocosts of the project
{b) the running costs " " "
(o) the overhead charges which will have t4 b6 levied on each menchour of
aotual oalibration or measursment wory done.
This assessment should make it possible to Produce a realistio soale

of charges
for services to be provided by the labora»ory.

Types of lsaboratories ond facilities

43. The types of laboratories required wilj be determined by the objectives

. selected under para.35. Present experience 86ems to oomfirm as oonvenient and

ipraoticablo grouping of laboratories by fiely, of messurement whioh typioally

"inolude the items shown i~
a) Mechanioal, ocovering acceleration, an
(a) ' g ’ g1°'°apnoity, oirocular divieion,

diameter (internal and external), di'plﬂoemenz transducars, foroe, gauges

(various), gears, hordnenrr

length
» ong (inoluding division), levels, load oells,

mass, measuring maohines, profile, TOUndnggeg sorews, slip gauges
' ’ ’

straightnoas, surface plates, surfaoce texture, tapers, testing maohines,
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veights and woirhing maohines.

(b) Low-fraquonoy olectrical, covering A.C./D.C. tranafer, bridges, oapacitance,
conductance, current, frequency (up to sey 100 kHz), impedance, induotanoce,
magnetic materials, potentiometéra. power, poversfrnctor, reactance,
resistance and voltage.

(¢) Hignh-frequenoy electrioal, covering items as in (b) for frequencies
above those covered by (b), ~lso adxittance, dissipation faotor, frequency
devintion and modulation, susceptanoce, voltage reflection cdeffioiont,
and voltoge standing-wove ratio.

(d) Fluide, covering flow=rate, pressure, quantity, visoosity ond volume,
all for alr. gases., vapours and various liquids.

(@) Optical, covering brightnoss, colorimetry, diffraotion gratings. geometry
of surfaces, photometry,reflection, refraoctive index, spectral power,
transmission and transfer funotion.

(2) Thermal, oovering latent heat, reflootivity, specific heat, temperature
(pyrometers, thermocouples, thermometers) and thérmal conductivisiy.

(g) Acoustio, covering abscrption, frequency response characoteristics,
insulation, hearing aids, noise, scund levels, transmission and ultrasonics.

(n) Ionizing radiations, oovering health physios, radistion levels, sources
and proteotion.

44. The facilities required for a atandards/oalibration laboratory are thoee
required to cope with the objectives of the laboratory and the size of its
mzximum load and muot be designed to meet the oriteria set out in para.40.
kdditional facilities which should be oonsidered at the planning stage, the
need for each depending on the foreseen tasks of the laboratc+y, inolude 3

(e) blinds or runshades for occasiornal use to prevent solar rzdiantion from

impinging on partioular instruments, particularly those sensitive to temperature

variations;
(b) power supply or supplies of good wave form (if A.C.), stable in voltage
and as free as possible from interruptions or switohing surges. It may

be necessary to provide looal ipdepondont or stand-by eupplies when looal
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control of voltago, {roquenoy or phase is necessnry or to safaguard
partiocular install:tions against unintentional chut-downg
supplies of distilled water, if the loeal supply is not good enough, and of
clean oil-free comprusccd airg
8peoinl storare facilities for egiirment or instrumen+s needing to be
m2intained at a oconstant tempersture, eitier for conditioning prior 4o
calibration, or tor r-intenanco in 2 state of readincce for use. This
requirement may extend to the provision of a vehiocle either thormally-
insulated or provided with vody hcating or with loecal powsr points, for
the ozrriage of instruments of standards vhioh require protection or
separate heating in order to ensure either stability of oharncteristiow
or immediate availability for use when standards are to be taken to a
romote site for use theres

(e) workshop accommodation outeide the standards/calibration laboratory for the
repair or adjustment of instruments in use or under oalibration or for the
oonsiruction of new devices to aseist work in the laboratory. Typioal of
this sort of activity is the oonstruotion of rige or jigs to faciliate
the rapid ocalibration of several instiruments of one type using a layout made

up or msintained speciaily for thati{ vurposo.

'45. In designing a laboratory ii is protably necessary to adopt a technique

‘somewhoro botween the two following alternatives i-

i (a) an attempt is made t0 assess the future load of the laboratory, divided

‘ between types of work as outlined above and it is provided with fdoilities
appropriate in sige and scope to easoh foreseen element of load.
an attempt is mnde to assese the total load, probably in terms of the
maximum number of staff to be employed, and a modular form of construotion
is adopted, providing each module with every facility roquircd for any
task but without internal divisions of the building except, perhaps, for
the segrogation of office space ifrom laboratory space, so that the building,
when completed, will be completely flexible in use and by use of movable

partitions oan be divided up to meet needs for current tasks without




destroying flexibility for the future.

46. Of thcse alternative appro ohes, method (n) will normally produce a
ckoapor building dbut on the othir hand it is not so iikoly to meect requirements
when ready because froam thc considceration of requirements to occupation of the
finished building is likely to be 2t lea t four yoars and there are very few
single tasks in the technology field whioch remain wholly stable in nature, size
and requirements over such a period so that any building designed for a foresoen
load is likely to be unsuitable in some respect or other when fiu-lly ocoupied.
47. This disadvantage is not so marked for a function of a steble type, with
well-dcveloped teohriquos ond equipment, such as a power station, water-pumping
station or telephone exchi nge. Tn such [ields the usual chonge is one of
increase of load without rapid change of technique. The same is likely to be
true of the load of a calibraticn laboratory. The disadvantage of method (b)

is although it undoubtedly achieves long-term flexibility it does so at the prioce

of the increased cost of providing facilities which may never be used in

partioular arear. For example, the approach might well result in genersl provision

of certain facilities such as clemiocal drains, stabilizcd powor supplies or

olose temperture control whiclh were needed only in a limited part of the building.

48, For the foreg: ing reasons ths best c mpromise in the case of a projected
standards or calibration laboratory scems to be to make an effort to determine
the buse load and probabdble growth of esoh type of calibration work and then
provide purpose-equipped accommodation for each type within a shell mesting the
basic requirements for all types of work, allowing for growth up to say twenty
yeoars if the bulldinc is to be a ‘permanent' one or up to perhaps ten years

if a suitable form of prefabricated (unit) ocomstruction is employed. Space for
the development of new standards or techniques w.uld preferably be provided

in edvance with all facilities likely io bo required so that it could de

employed for different tasks as the neede chenged.

49. To provide the maximum stability of environment for measurement ladboratories

and at the same tinme the maximum omenity for laboratory staff it seems to be
a sound arrangement to use the core of a building for the moasurements most in
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psed  of temparaturo stability and the outward-looking parts either for offices

or for workshops evo. not needing temperature stability. This should

cdbstentially reduoe tha amount of temneraturc-conditioning plant requirod. Also
cince tha ratio of volume to surface are~ ie grestest with a cube, a design of
anproximately cubio form is likely to prove .0at oconomical “rom this point of view.
with modern lighting such an .rrongement onn be made ncceptable but it needs to be
remembered that the radiation from high-intensity lighting installatione can affeot
“tho stability of some measuring equipment so eithor the lights must be kept on

;akways or the intensity muet be reduced in partioular areas or the equipmeni must

gbe noreened from suoh radiation.
‘"he Nation~1 Me. surement Service and Quality Msrkine

e

?ﬂu Quality marking is a system uszed by individual or grouped manufacturers

1or providers of services to enocourage oustomer confidenoe in their produots

i
;by showing that they have received some sort of sllegedly-independent approval.
nge basic idea is undoubtedly sound but some forms have tended to bring such

4

gnyatams into disrepute because the methode of spplication were inadequately

3

‘controlled or because the standards set were too low or because s schemsa which

started well was eroded for a variety of reasons.

L Quality marking oan in fact be divided into types, relating respeoctively

S it s R
N

to produots and to services. As applied to produots, the award of a quality mark

§ means either

(a) the produot is, in the opinion of the assessors, up to some standard whioh
they oonsider adequate but which may not be kmown, or not fully known, to
the potential purchaser.

or(b) the product meetis some standard wbich is olearly atated and known, at least

in principle, to the potential purchaser.
: Customer oonfidence denends on experidnceof such marked products, of belief in the
ability and willingness of the mark-awarding orgsnization to apply effeotive
sanctions to offenders in the event of a marked produot being found below

standard and on the effeotiveness of the arrsngements for publiciszing the soheme.
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52, Such schemes fall into two grouvs in another way - those in which the
goneral arproval marvrk is ns3ocinted with each itom troated individually and those
in whioh tho approval i1u bLascd cn ascossment of tycical items and is subsequontly
maintsined by sampling of the product. The sscond pproach - control by sampling -
is not so secure «s the former but ie pr.bably adaquate 1. those areas in which
the product is made in coneidorable quantitiss snd the whole naturv 2f the product
and thoe mothod of production is likely to be ctable and & sample is likely to be
reprosentative of the whole. It is also really only anplicable to produots in
which 1likely variations Letween one and the noxt are well within the limits
tolerable for the product as a wholae,
53. A good example of the former type of quality mark is the hall-mark as
applied to articles made of prooicus metals. The mark in asuch cases applies to
the individual itex and serves only to indicate that the purity of the metal ie
uo to tne required standard. An exarvle of the second kind in the U.K. is the
'kite mark' usocd by the British 3tandards Institution to indiocate that a produot
8.3. a oxash bholwet or plumbimg fitiing, complies with the corresponding
British Standard Speoification.
54. The application of approval murks to services takes various forms. One
example is the grading of hotels, vestauvants etc. in the publications of
various -~motoring asscoiations or in private-venture publications cuob as the
¥iohelin guides to various ocountries. The sucoess or teilure ¢f such schemes
depends on whether the interested publio is made uware of the oriteria applied
and whether it is satisfied, in the light of its own experience, that the
standards are realistic, meet itu needs, are applied with intagrity and enforoced
vy effeotive sanotions if the standardes sre not sustained.
55, Another exampnle of approval services is tbat of approval of laboratories to
funotion as part of the Britisb Calibration Service. Here the atiempt to secure
public confidence in the scheme it approzched by :-

(a) cetting hlgh standards for aporoval;

(b) publishing tho roquirements in dbtail so that all interocted parties may

bo fully aware of them;



(¢) arranging assersment prior to approval and supervision after approval by
professional etaff acceptable as experts in the * field of work of each
laboratory;

(d) applying thorough supervision after approval by ihreo distinot methoda,
one of which renpresonte s freouent praotioanl. test;

(e) giving help as far es possille to approved livoratories in the way of
advice and the provision of facilitios for trainings

(f) ocharging for services rendered so that approval is sought only by those
crganizations whioh really value wembership and 8o have an interest in
maintaining high standards of work.

11 1s perhaps early to say whether t{he schome meets all the objeotives but the

future is viewed with confidence Ln this respeot though one of the problems

R G e

is undoubtedly that of making the exiatence of the servioe known to all potential

users.

. mﬁt"&m g

56. The relation beiwecen any national measurement service and any quality

rark system has iwo aspacts 1=

(a) for & produot to be aseigned a quality mark the controlling body should

ensure that any measurements significantly invelved in the product are

i

themselves abjected to & guality tanderd and are 1erefore authenticated

s

as appropriate by the N.VF.S.
(b) if the produot is itself a moeasuring instrument a quality mark indicating
type approval may be atiached permanently to the instrument but a quality

mark indicating approval of its measurements must be of such a nature

L e e, s B RS e

(e.g. a calibration oertificate or ocalibration seal) as to indicate as

appropriate when or in what oiroumstances recalibration is required.
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I1T. Yeacurcwont o .d Mercuring Tnotrurents,

Calibration nnd Printcasnca.

Teutine and Calidbrotion of Neow and ITmported Instroumonts

51. Every buyer ¢, an inctrument wishes to bo sure that ‘4 will fulfil the
purpose for which it wue obtuined. To achlevo this i@ usually
(n) teats it fully hiuself to ascertain whetber it corplier With tho goveralng

specification in all raspests — tihis is usually possibie only for buyers
in orpaniz:tions with extensive monsurenent laboratories;

or(b) buys on tue stremgth of ty,e-apnroval leste oarried out by some trade
association to which he contriuutes or by some consuitative body for a fee,
aupplementing these by spot checks against a rogue insirument or damage
in transit;

or(e) ouys it with a certificate fros an independent organization in tho country
of supply or his own country showing that the instrumenti has beon calidbrated
in acoordance with its speciiioation;

or{d)buys it on the strength of the sunplier's recommendation and/or implied
warranty.

58. One af the probloms associated with buying a ocomplex sr sophistiocated
instrument is sometimes that the¢ buyer wishes to use it in a role

involving only part of the rorformance specificationy it may be a long time

bafore he wishes to uae it for some other role within the specifiocation and

only then finds out that the instirument does not mect the speoification, by

which time any formal guarantec has lon~ expirod.

5% It 418 therefore in the interests of every bhuyer to assure himself, so

far as he can, that any instiument ho buys will actually meet its speocifioation.

Unfortunatoly not all instrument specifliocations are oomnrehsnaive and some are

probabtly optimistic, reflacting the triumph of imayginaiive saleamanship over

faots supplied by developmont or evaluation teamc. Undoubdtedly, therefore, a

wice buyer will benefit Ly obtaining lndependent authontiocation of performance,




partionl rly vhen tic dnetrumert i o n now ty e £ ono wolsh e cannot fully
cheok himself.

e “hie is particularly true whon no buyor ie in ccolnor country from the
aslier. Evon with tho utmogt wocdsill bLotwern bever ond salleor Lthe ~oat of
iransport, tho 1dd tionnl risks of damage in trarcit, dicf osulties with {.uport
wnd export rogu.ations, customs duen, international po.rests and postul delayo,

mpled with (hu loss of time in which vae [feultiy insicwavat 18 not avallavle

“or usa all tend to envpbioize tho depirability of vnsuring, nu far 4o possivle,
tuat thz inatrument wupniied is5 fit for ites inteadod purpose.

ol, The position or tha buyers iu cawvier if “:o0 supplier has a looanl Agent
W0 1s oompetent, stalifed and equipped with instruments and spares to provide

. ropair or recalibraiion wervice. Suoh facilities are nowover rare and therefore
1t is as weoll for the buyer to obtain arn independsnt certificate for the
instrument from tho supplyins country or to be sble to refler the instrument to
¢ suitable organization of the nntionel neasurerent service in his own country.
02, Since nimost every insirumeni in uce in « country Je ilkely to be in need
°f reopair or rocalibration at some time Lt is very rush in tho Intoereste of

4any eountry whiech both uses sophintiocted insiruments and is remote from its
rouroes of supply to equip itseil with adequate luboratories for calibration
.nd preferably with feciiities tor ra.iir. This invoives trulining or recruiting
‘rom other oountries ustaff to operate such facilities. :taff rejuired for such
purposes are likely te ve similar in background and training, only probably
rmore export than thone who will operuste the instruments vut consideration of
any proposals for a national measurement service should not omit the question

i

o recruitment and/or training of plenty of suitable staff.

roriodical Testing and Calibration of *ersuring Instrurents

63, Reference was made oarlier to 'justifiable faith in dial rendings'. The

axtent to whioch this matters necsssarily depends on tho complexity of the

instrument and the purpose for which it is used. Neither a foot rule nor a

clinical thermometer, if correctly calibrated originally, is likely to give




toouboo s uee Lo, dneorcoct s R axoopt o ae 0 Posai e of catastronhie

d mire which 1o obvious. With more ophinticatad instrusents, uowever, the
poseibilitian of fruite devoeloring nre groater nnd woils outiicht ailures will prob
sbly bo obvious, wslow drifts au o resalt 0f wear or cnungos 1w components are not
tikoly to bo moticed, v Louel 1o tou vitiy oL go. The resultu of such changes
will Do errors whico Wwili @irunt coftalniy bo embacrevsing and may be oxtremoly
axnoenasive.

Dd. ‘ny user of me.smraing incirurents io thercefore we!l advised tc ensure
"xainst errorus of thin type Ly making ~rrzngements for the rogular incpection

and re-calibration of 11 bis neasuring oquipment. This is obviously best
arpanized by making it a3 formel tack for .uitably gualifie? pervons to undertake.
1t can ne coatrolled by & diary whicu indlcates whern oach instrument should be
called in for checking and by & wticker or other firmivesecires labei oo

each instrument indicntin, when it should ne longer be used without recalibration.
It should be noted that tne uxistencu of such a Label does not excuse the user
from returning an' instrumont eariier for exumination Lf he har any doubt

about 1ts porformunce or thinke it may have beeon exioned to a risk of damage or
ni8use,

65. Tho appropriate perindicity For recalibration for ench type of instrument
can be fixed ty a combiration of iatelif-ont cetimatinon un¢ oxporience, being
modified 1n the light of ino rorults of nucoessive calibrations. In this field

an experiencod oalibration orgunivation can guide inntrument users. Too -frequent
calibration ocsts noney and Jeoreases instrument availability; too infrequent

oalibration may mean that rosulie recently obtained are suspect and expensive

w:.ste may rucult.

60, 1ln instrunonts used for trade or ior supplies to the generzl publio -
balances, electricity meters, taximeters e¢te,-the periodloity for renalibration
g sonetines vovered by statute; oven in such onsus intelligent supoervision

of recults oan load to adjustment >f veriodiclities to achieve maximum economy
consistent with confidenoce in indicated valuos. In thic typo of field, mlso,

intelligont analysie of results of recalibration should lead to elimination

I ¥




of thoso typos of instrument whioh are the most unstable.

7. Considerable eoconcmies Gan be uachieved by checking subacribers' meters

in eitu, thourh this ie , so far as is known, applied at prosent only to
olectrioity meters.

68. Many, L1f not most, oleotrioitiy asup: ly authorities a1 orsanized and
equipped not only to cheok new meiers supplied by contractors but also to repair
and recalibrate moters withdrawn tiom gervice, elther on c¢hanpre it subscriher

or a periodio basis. In some cases new supply meters are checked both by
nanufacturer and supply authority and perhape also by government and some

eoonomy could result by co-operation to make only one cheok, suitably supervised,
serve all purposea. Some amendment of legielation might be required in partioular
oasesn.,

69. Econonies in reoalibration oan be achieved for ocertain types of inatrument
in widespread use, either by arrangins speoial rigs, possibly partly or fully
automatio, for the calibration of particular types or by grouping like
instruments, on & calendsr basls, so that like inetruments are dealt with together.
T0. As a long-term project, oalibration results could be fed into & computer
whioh could be programmed to draw attention to partioular trends, drifts of
standards or weaknesses of purticular tyres of instrument or to watch trends in

the performanoe of particular oalibration laboratories.

Documentation of Instruments and of Calibrations

71. Each laboratory will normally maintain an inventory of its own equipment
and instruments to whioh additions will ba made as new inetruments are cbtained.
Tor eaoh measuring instrument a reoord should be maintained, identifying the
inptrument by make, type, serial number and relevont spe¢ifioation and showing
details of the periodio calibrations against an appropriite better standard,
either within the laboratory or slsevwhere, with the partioulars of adjustments
required to bring the instrument withih tho apeocification limits or of repairs
or replacement of oomponents. The correspnding calibration oertificates should

be filed with the rooord of the instruhent.
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72.  Bach calibratior of a oustomor's in:trument done within the laboratory shoulq
be recordod on a cortificate of ttandurd form, eithor ao Qnod within the partioulsy
inaboratory or as used for the meauurement sorvice sn a whole. It should alco be
reacorded briefly in a day-book or log, from which the laboratory copy of the
coertificate avupropri~te to any particulsr calibration cun eacily be iroced in one or
more files in whioh couien nre hold in order of certificate numbers. The log entry
should also show who made the calibration if not the person signing the certificate.
72. It is fundamental to confidence in the nation-l measurement service that
no certificate may be iscued in ocircumstances likely to reduce confidence in
the intogrity of the service or in the corrontness of the results roeported.
74. The following requirements will be found suitable for observance in most
working salibration (or measurement) laboratories -

(@) A standard eize of oertificate should be wdopted - international sizes A4
and A5 serve most purposes. If fold-out sheoets are required, e.g. for
extensive tables, they should normally be wultiples of the A4 sige less
an allowanoce of 2 - 3 oms to ailow a nmargin for filing. Paper should be white
or nearly so, tough and durable.

(v) Printing or writing may be used so long as it is clear and unambiguous,
durable in storage or when oxposed to artifioial light or sunlight and does
not involve washable ink. Durability [or at least five years is desirable.

(o) The text shall show ;-

~ the name, aaaress and telephone nurber of the laboratory;

- the identification of its status within the N.¥.5., inoluding approval
number,if any;

~ the words 'Certificate of Calibration' or 'of Measurement', as
appropriate;

- the serial numbsr of the certificate (serial numbers shall be issued
in chronological order) whioh shull appear on each pages

~ the date of issue, expressed in order day, month (word not figures),

year;

- the number of pages in the certificate, counting each printed side




-

as one panay

- 4 zuitable statement abou. the corractnecr of tho wmensurements
roported and claiming coprright in tho cirtificato;

- tho cignature of the persan in the latoratory responsiblo for the
oorractnosg ol Lhe nfooonatis progontod; thils oh 11 bo legible on
eacl, coL/,

- dotails of theo instrument calibrated, including make, type, seriesl

number, details of acceimories where relevant to the calibration,
together with a eronc-rafarence to any knowan proceding calibration
certificate for the samc item;

- details of the specifieation (source, number, issue, date) or handbook
to which the calibration is rolateds

- an estimate of the uncertainty associated with any meagurement reported

(d) If the certificate reports compliance with a apecification but doee not

(o)

(g)

report actual measuremenis, the partioular clausos of the speoifiocation
must be olearly identified and it must nlao be clear that the measurement
resu.ts obtained 1lic within tho rolevant specification l1imits narrowed by
the estimated uncertainty of roa:urement.

Any specinl precautions tnken reearding environment or preliminary
oconditioning, or any variatinn i{r environment which migot hnve affected
results must be noted in the certificate. Similarly any adjustment made
before, during, or after calibration must be recordod.

Should any instability be sbserved it should be recorded. In a serious ocase
the laboratory would normally refuse to issue a certificate.

No supplomentary informaiion affeoting the validity of a certifioate shall
be reported by any other means (e.g.letter) - any correction or addition

must be reported by the issue of = further ocertificatie clearly marked as

'Supplement to oertifiocate rumbere......' and complying with the foregoing

m

requirenents.









