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The three studies I want to review are %Wynne's analysis of the raception by
.the scientific community of work by C.G. Barkla,3 Mulkey's discussion of the
jdeological influ;nces upon statements and descriptions offered by scientistsh
and my own attempt to use accounts of the early days of pulsars to characterise
the process of discovery of a new phenomenon.5 Although the studies by Wynne and
¥ulkey are not necessarily typical of current sociological use of scientists!t
accounts, they do make.unusually explicit their reliance on such accounts. Ky aim

is to draw from these studies certain features of the methodological procedures

which sociologists have used in dealing with scientists' accounts.

Vynne Qas provided an extremely comprehensive description of the events
surrounding the reception of the 'J phenomena' in the early part of this century.
Barkla was a highly eminent physicist working at Edinburgh between 1913 and 1944,

In 1917, Barkla won a Nobel Prize for his earlier discovery of sets of characteristic
X radiations (the so-called K and L series radiations) at 2 time when the nature

of radiation and the fundamental structure of matter was a central theoretical
problem in physics. In addition to his discovery of the X and L series, Barkla
propesed a theory which entailed the existence of a further series, the J series.

At the time of its first full exposition, in 1916, this theory appeared quite plau-~
sible and was initially widely accepted. By 1923, however, a number of articles had
appeared which argued against Barkla's conclusions and, in the face of fairly wide-
spread opposition, Barkla confessed his J theory to be in error. At this stage, the
consensus of scientif'ic opinion favoured an explanation of Barkla's experimental
results in terms of the Compton effect. But Barkla, while admitting an error in

his formulation of the J theory, steadfastedly resisted this alternative explanation.
Indeed, Barkla committed himself to a fairly substantial research programme designed
to explore further the experimental results of the J phenomena and to discredit
explanations in terms of the quantum structure of radiation. By 1333, when 3arkla
finished publishing results, this research effort had vroduced 20 research papers

and 14 Ph.D. theses. In the long run, however, Barkla's work on the J phenomena



S

‘came to nothing', merely incurring the firm rejection by the scientific community,

Wynne arguns that, in fact, no consensual account of why the J phenomenon
was a scientific error was ever produced. Instead, according to VWynne, there
;ppeared a nucber of accounts,‘ﬁournal pepers and review articles, which used
various argunents to discredit Barkla's work, but none of which invoked rational
scientific grounds to do this. Some reviews claired that the J theory had never
been fully worked out and others highlizhted Barkla's earlier admission of an error.
Wymne poiats out that these kinds of arguments were not generally regarded as
sufficient rational justification for a convincing rejection of a body of work.
Yet some of these reviews were widely proclaimed as definitive refutations of
Barkla, K?nge suggests that, in fact, these reviews acted as rhetorical confir-
mations of a rejection already well under way at the time they were written. There
was no need for such accounts to do any more than ‘rubber-stamp' the general
feeling among the scientific community that Barkla's work was in error. Given the

prevalence of such fleeling it was unnecessery to 'prove' Barkla wrong. Circumstan-

tial evidence of his guilt was sufficiently damming,

Wynne argues that these reviews presented misleeding characterisations of
Barkla's work, Furthermore, these characterisations served a number of important
social functions. By drawing attention to ciroumstances and events preceding Barkla's
investigation of the J phenomena, the reviews obviated the necessity of taking into
account the work itself. The emphasis on Barkla's previous mistake, for example,
detracted attention from his subsequent research effort by implying that his past
record was good enough indication of s wcefhlesswess , This, Wynne argues, had the
effect of 'backgrounding' any radical uncertainty that potentially existed. Given
that there was no way of ultimately proving Barkla wrong (and his opponents right),
the reviews deflected attention from the real differences between Barkla and his
opponents by invoking circumstantial reasons for doubting any of his claims. By
concealing the fundamental nature of the differences between Barkla and others, the

accounts avoided drawing attention to the existence of an alternative paradigm and
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helped conceal the possibility that verious experimental effects atill required

-explanation.

This brief review scarcely does justice to the richness of Wynne's analysis.

Ir particular, I have omitted the reasons Wyme gives for the emergence of the
conflict between Barkla and supporters of alternative explanations of the J
phenomenon. Nevertheless, the above enables us to outline some basic features of
Wynne ‘s method. The anﬁlysis comprises three distinct steps. Firstly, Wymne
provides an extremely detailed description of the circumstences giving rise to the
emergence of two conflicting schools of interpretation of a new phenomenon. He
describes, for example, how Barkla's unwillingness to eccept explanations in terms
of the Compton effect stemmed, in part, from his deep-rooted objection to the use
of the mass spectrometer, from his methodological commitment to absorption techniques
(which had proved sbundantly successful in Barkla's previous work) and from a
fundamental belief in a realist epistemology. Secondly, having set the scene in
this way, Wynne turns attention to the descriptions of this state of affairz as
provided in verious scientists' accounts. He thep contrasts the contents of these
accounts with the picture he originally arrived at and concludes that the accounts
present a 'misrepresentation of Barkla's beliefs'.6 %hen referring to a roview by
Dunbar, for example, Wynne states

ess in spite of asserted olaims that Dunbar scientifically

refuted the J phenomenon, in fact he was unable to do

anything of the kind...other reviews display similar

contradictions, gaps and inconsistencies.
Wynne oomments in a similar way on a review by Gaertner:

in addition to the sanctions of having no fully worked

out theory, having had previous convictions (the J series)

and having pled guilty (which is quite false), wanting

dogmatically to retain the classical theory (which again

is not true), Gaertner exploits a mistake made by two of

Barkla's research students as a sanction againsgt the

credibility of Barkla's whole research school.
Yynne thus identified parts of what was szid in the review accounts as being

inconsistent with the 'real® picture of what happened. In addition, he noticed the
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usa of various dsvices which, although not themselves in direct contradiction to
the real state of affairs, deflect attention from its serious consideration. In
sum, these two noticeable features of ths reviews, the outright contradictions

on the one hand and the diversionaty tactics on the other, act as powerful means
of misrepresentation, The third step in Wynne's method follows. Having identified
instances of misrepresentation, it is necessary to explain or make sense of them.
Vhat possible reason prompted the authors of these reviews to portray Barkla's
work in suoh a misleading manner? The answers provided by Wymne have already
been mentioned, Essentlally, the characterisation of Barkla's work in an unfave
ourable light serves f{o minimise potential uncertainty within the scientific
community b&"baokgrounding\ experimental phenomenon which may prove incompatible
with the dominant research paradigm. The third step thus entails the specification
of a number of sociological reasons which both explain the production of certain
erroneous statements and which are consistent with the original description of

existing scientif'ic circumatances.

I want to keep this (albeit simple) characterisation of Wynne's method in
cold storage while examining Mulkay's discussion of scientific accounta, Suffice
to notice ome point. A central part of Wynne's analysis (I called it the second
step) is the identification of inconsistencies between what was said in some

scientific reviews and what other evidence suggests was the case,.

Mulkay's interest in the statements made by scientists arises from his
concern with the apparent discrepancy between descriptions of the normative
structure of science and the marked deviation from Mertonian norms evident in
recent case studies. Despite the notion that members of the scientific community
act in accordance with the principles of wmiversalism, communality, disinterestedness
and so on, Yulkay suggests that there is now considerable evidence to show other-
wise, Large numbers of scientists do not behave in accordance with these norms
and accredited reseerch findings can result from non-normative behaviour. One

possible solution to this discrepancy was proposed by Merton hi:n:s.elf.9 Apparently
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‘deviant' behaviour in the scientific comrunity can be accounted for by the
existence of two sets of norms: ‘norms' and 'counter-nor:s'. In a similar way
to Merton, Mitroff had identified the existence of ‘counter-norms’ in e study
of scientists engaged in research connected with the moon.10 According to
Mulkay, this identification relied heavily on the selection of parts of scientists!
statements about themselves which appeared to contradict the original set of
norms. However, Wulkay argues, the mere use of particular verbal formulations
by scientists is no reliable indication of the existence of institutionalised
norms. In addition, there is little to suggest that professional recognition
rewards conformity to such norms, But if *norms' and 'counter-norams'’ are not
components of an institutionalised normative structure, what 1s the value of the
evidence presented by Merton and Mitroff? Mulkay suggests that norms and counter-
norms in fact represent

relatively standardised verbal formulations which

are used by participants to describe the actions

of scientists, to assess or evaluate such actions

and to prescribe acceptable or permissible kinds

of social action,}?
The relationship between these verbal formulations and social interaction is
certainly more complex than envisaged by those who tock them directly indicative
of institutionalised norms. Mulksy suggests that statements taken as indicators of
norms in fact form part of an 'evaluative repertoire' which can be referred to
and drawn upon by scientists according to the particular context in which its use
is required and according to the particular interests of its users.

ees the standardised verbal formulations to be found

in the scientific community provide a repertoire which

can be used flexibly to categorise professional actions

differently in various sccizl contexts and, presumebly,

in sccoréance with varying sociel interest. It secems to

me mislending to refer to this diffuse repertoire of verbal

formuletions as the normative structure of science or to

mainteir that it contritutes in eny obvious way to the

sévance of scientific knowledge.l12

The implied progrzmme is one of relating scientists' use of this evaluative reper-

toire to their particular interests. At the same tims, Fulksy notes that evaluative
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repertoires are drawn on by scientists in discussions both within science agnd in
the course of their interaction with non-scientists. It is likely that outsiders
_will find it particularly difficult to challenge the descriptions of science

they are offered. This, a.ccortiii.rug to Yulkay, accounts for some of the misleading
descriptions of science passed on by sociologists interested in identifying norms

prevalent in the sclentific community.

4

A large pert of Mulkay's discussion describes how scientists have depicted
science in their attempts to Jjustify e special relationship with government. In
order to ensure that scieno-e was adequately financed, for example, differing
soientific spokesmen emphasised the importance of basic values and attitudes
(such as di.;intere;%tedness , impartiality and objectivity) in science. Although
scientists have disagreed as to the political action most.appropriate to sustain
these basic features of .';.c:i.\«znce,13 they have been more or less in agreement as
to the aspects of soience which they should bring to the attention of interested
government agencies. The manner in which science is ‘depicted, argues lulkay, is
another example of the selection by prominent scientists of features of science
which will best serve their interests. The depiction of acience which results,
just like the description offered by scientists to non-participant socioclogists,
must not be taken at face value, but should be regarded as a description highly
influenced by the particular social interests of participants and by the particular

gocial context in which it is presented.

Two main points of difference between Wynne and Mulkay require comment.
Firstly, although Vynne's study deals exclusively with written sources (soientifio
articles, reviews end so on), Mulkay bases his discussion on both verbal statements
and written sources. Clearly, there is comsiderable veriation in the style and
content of these two types of material.“" Nevertheless, both types constitute
summaries or reports made by scientists. lore importantly, for present purposes,
both act as a resource in the construction of erguments by sociologists of science.

For this reason I shall refer to both written and verbal material as accounts
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throughout the rest of this paper.15 Secondly, there are some differences in

the nature of the reasons given by Wynne and Mulkay for the discrepancies they
identify. For example, Wymne describes the effects of reviews written about
Barkla's work. One such effect v;as the "backgrounding® of potentially disruptive
disputes sbout the fundamental features of the dominant paradigm. It is unclear,
however, to whet extent Wymne supposes this effect was consciously intended by
the suthors of reviews. Mulksy, on the other hand, more clearly attributes
intention to the users of evaluative repertoires. The general point here, however,
is that Mulkay and Wynne are both concerned to offer explanations of the origins
or causes of disorepant accounts. These explanations depend on the initial recog=-
nition and identification of discrepancies and consist of various sorts of reason

derived from knowledge of the scientific community being studied.

In sum, there are several important similarities between the approaches
adopted by Wynns and Mulkay when dealing with sclentists' accounts. Firstly,
they suggest it ias possible to determine significant differencea between accounts
of science. Secondly, the accounts are not just different. They constitute either
more or less correct versions of particular scientific circumstances or of
relationships within the scientific community. Wynne did not merely identify
differences between accounts. He regarded certain accounts as distortions or
misleading characterisations. In a similar way, Mulkay did not argue that scientists’
accounts of their ‘behaviour'may simply differ from eny other account, For Hulkay,
scientists' accounts can be incorrect. Thirdly, as a result of their potential
inaccuracy, it is clearly implied that scientists?! accounts should not be taken
at faoe value. To rely on these accounts is to adopt a potent:’;ally misleading
plcture of scientists® activities. Fourthly, the source of error or bias in accounts
can be explained with reference to the social location or vested interests of
their authors. On the face of it, Wynne and Mulkay reach this position in rathsr
different ways. Wynne starts by describing in detail the scientific circumstances

surrounding Barkla's work and then contrasts this description with the version
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offered by various scientific accounts. Mulkay, on the other hand, begins by
considering the way in which various scientists' statements have been mistakenly
taken as an accurate description of norms within the scientific community. He

t}uen ascribes various social interests to the genesis of these misleading state~
wents. In fact, however, Hu]kay‘\s argument also stems from a discussion of various
methodological problems encountered during a study of the emergence and growth of
radio-—astrononw.16 In this earlier work, Mulkay noted a definite dis junction
between prevalent notions, current among scientists, of circumstances surrounding
the initial emergence of radio-astronomy and the situation as revealed by sustained
empirical investigation. Similarly, there were found to be definite inconsistencies
between the.accounts of past scientific work volunteered by scientists and the
versions errived at by the investigators through careful evaluation of a variety
of available evidence. Mulkay explained these inconsistencies in terms of the
irrelevance for scientists of a historicel perspective, or, put more charitably,

by their confusion between scientific and historical accuracy.17 In his most recent
piece, however, Mulkay specifically nominates a rather different sort of resson
for the discrepancy between scientists' statements and their actusl behaviour. He
suggests that scientists intentionally select statements according to particular

social interests. In other words, statements are made so as to portray scientific

activity in a way which will have beneficial consequences.

I heve so far shown how Wynne and Mulkay adept similar research strategies
when dealing with scientista' accounts. Now I want to summarise some recent work
of my own and to examine some difficulties which arose in following the strategy

adopted by Wynne and Mulkay,

¥y initial reliance on a number of scientists' accounts posed various problems
for my construction of an intellectusl history of pulsar reset@u'r:h.18 The extent
of varistion between accounts seemed to necessitate a complex process of eval-
uation of their relative reliability and histeorical accuracy. It was thought that

those accounts assessed most trustworthy would subsequently form the basis for s
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definitive account of the pulsar discovery, while the remajnder would be discarded,
Attempts to reconstruct fwhat actually happened® would thus involve the eventual
rejection of a large proportion of the available data. In fact, the grounds for
rejecting particular versions (or for using only those feetures common to a
nugber of accounts) could not easily be made explicit and were, in any case,
thought to be distinctly dubious, It was suggested, therefore, that the difference
between accounts be retained and that emphasis on historical accuracy be modif'ied,

If we focus on the difference between accounts

instead of trying to reach a judgement of their

relative validity, we have another means of presenting

the development of a specialty. For we can regard

these differences not as sources of possible

"inaccuracy" or "distortion", but as potentially

fruitful forms of data in themselves. Perhaps the

very difference between two accounts can tell us

about the essential process of the development of
ideas .19

It was envisaged that a detailed examination be undertaken of the ways in which

participants’ reviews Qiffered, both from one another and over time.

My first task was to describe the nature and types of variation between

accounts and this work tock up the bullk of the discussion in my earlier paper.20
In particular, I suggested that e close description of dif'fercnces between accounts
could be achleved by identifying 'component features' of the discovery process and
recording their inclusion and sequential location in a number of selected reviews,
interviews and other statements. An examinaticn of thirteen accounts of the initial
discovery of pulsars reveeled two related types of varietion between them. Firstly,
there was considerable difference in the inclusion or exclusion of component
features which make up accounts of the discovery process. Secondly, there was
considerable variation between accounts in the sequence in which component features
were presented.

More specifically, the following characteristics of

differences between accounts were noted. Firstly, certain

types of accounts of the discovery provided only limited

types of information. Seccndly, it wes limited in the sense

that accounts which result neither from specific enguiries,

nor from the questioning of apparent discrepancies by an
observer, tended to give the impression of a relatively
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straightfrward progression through 2 series of logical
steps, successive observations, ideas and interpretations
leading to the discovery. The version of the discovery
process which includes information gained in response to
direct enguiry in interview contrasts with that based pred-
ominantly on accounts written for publication. Thirdly,
the contrasts between accounts do not result solely from
Tdiffering abilities of participant to recall what took place.
Fourthly, the pursuit in interviews of specific points of
contrast revealed the existence of periods of uncertainty
during the investigations, and hinted at the way other
experiments running concurrently affected participants?
decisions to pursue the investigation of new phenomena.
These aspects of the diacovery process were not immediately
apparent from published accounts,

1ike Wynne and Mulkay, I identified discrepancies between a number of accounts

produced by soientists. Unlike them, however, I did not suggest that one account

could be reéarded as any more relisble or accurate than ancther. Nevertheless,

my study had thus far followed in broad outline the approach adopted by Wynne and

Mulkay . Having identified various differences between accounts my next task was to

explain them. At this point I referred to the problem of precisely describing

differences between accounts.zz I presented extracts from six reports of the

pulsar discovery in order to illustrate difficulties in deseribing differences

between them. The reports were all written by the same participant, Profesaor

Hewish, who together with his research student, Jocelyn Bell, was centrally

involved in thas pulsar discovery.

23

essthe earliest record suiteble for position measurement was
obtained on August 13th 1967,
(9 February 1968)

The recordings were mostly as expected but ome day in August
Miss Bell noticed something odd...By the end of Septecber
(however) the same thing was clearly apparent on six different
occasions YY)

(August 1968)

Towards the end of August (Bell) had plotted, on more than
one occasion, what sppeared to be a scintillating source which
was conspicuous,..it was. not until November 28th that the first
satisfactory observation was made. Pulses could be distinguished
on this recording, which may be said to mark the discovery of
pulsars, but it was only several days later, when the pulses had
been confirmed, that the results were taken to be genuine.
(August 1968)
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D: Soon after we started in 1967 August, we noticed a rather
peculiar looking signal...We made a faster recording of
this source on December 4 1967, and it was clear we hed
something very strange in the radio telsscope.

) {December 1968)

E: Radio signals from the first pulsar were, in fact, cbiained
on 6th August although it was not until December 1967 that
the unique pulsed character of the radiastion was recognized
end the latter date therefore marks the discovery.

(January 1969)

F: The discovery of pulsars dates from November 28th 1967 when
the first pulses were recorded from the source now known as

CP1919.
(August 1970)

At first sight, it appeared there were a number of differences between extracts
to be deacribed., However, two considerations led me to realise that my problem was
not so much how to describe the differences between these extracts but how to
decide whether they were different. Firstly, when on a number of occasions these
extracts formed part of my presentation of the original paper, I was interrupted
by requests that I make clear whether I intended the extracts as different or
not. Some members of my audience assumed that such a juxtaposition implied points
of distinction but themselves saw no discrepancy between the extracts. I was told,
for example, that although I might have intended to contrast these extracts, there
was no resl difference between them. In one sense, this reaotion is not unexpected.
By placing together six extracts in the above manner, it could be assumed I was
legitimately claiming them all to have relevance to the topic that was the focus
for discussion, that is, they were g1l sbout the pulsar discovery. At the same
time, it was clear that the extraots were made up of rather different strings of
words. The question therefore arose: do these different strings of words convey
the same or different meanings in relation to the topic of pulsar discovery?
Clearly, the juxtaposition of six extracts consisting of identical strings of words
would be unremarkable; their similarity in meaning would be taken for granted. The
question of their potential difference thus arises, on the one hand, because the

extracts are lexically different and, on the other, because the extracts are

placed together so as to invite comparison, Secondly, the general question of
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whether or not accounts of the pulsar discovery were consistent a2lso concerned
Micipmts themselves, Some participants were highly critical of an apparent
tdaloy' in the release of news of the first pulsar discovery. It was claimed, for
example, that a‘.!.thouéh the announcement was not made until February 1968,
Cambridge radlo astronomers had made the discovery 'in sbout a two month period
up to September 1967'.21" This, it was alleged, unfairly denied other radio
astronomy groups oppoi'-t:tmities to study the new phenomena and thus contribute to
soientific knowledge through use of technical equipment better and more suitable
to the task than that at Cambridge. Hewish, on the other hand, maintained that
swh allegations arose, among other reassons, from a 'genuine misunderstanding' of
when the discovery was made.zs Uncerteinty as to the date of the discovery thus
provided the focal point for much of this dispute and led to complaints sbout a
lack of clarity in reports of the discovery. The following comment was mads by
Hoyle:26

Information concerning the observation of November

28th is still vague, Hewish does not make the situation

at all clear, either in his introduction to the Nature
Pulsar vojume, or in his Scientific American article.

These considerations made me realise that the determination of the difference
or similarity between references to the discovery was as much an issue for members
of my eudiences and for participants in the controversy as for myself. By this I
mean that each of these parties could quite competently render these extracts as
the same or as different. It thus appeared that a number of ways of making sense
of these extracts were available, both to participants and to others. In the above
case, anbiguity in the meaning of the extracts became apparent precisely because
different readings were accomplished by different readers. In principle, resaders
could always arrive at different reading:s of any one account, Bui despite this
potentiel ambiguity, readers routinely arrive at similar readings. So it occcurred
to we that whether or not persons resch similar readings of the same account, they
are always faced with the task of accomplishing e reading. The unhesitant, routine

selection or accomplishment of one reading goes on all the time, This led me to
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ask how readers carry out this task, Wnat are the ways in which readers schieve,

or arrive at any one marticular reading of an account?

The formulation of this question represents a major point of divergence from
the approach adopted by ﬁyﬁne and Mulkey., The major interest for me at this stage
was not whether the extracts actually were consistent or contradictery. Instead I

"was concernad to find out how extracts could be read as consistent or as contra-
dictory., At the same time it did not seem =o important to determine whether or not
extracts actually had been read in one way or another. Rather I was interested in
ways they could be read. Since it was not my intention to specify the readings
which had been produced, it was obviously less possible to speculate why particip-

ants had chosen to read extracts in one way or another.

These pointa req_ui:re considerable elaboration. In order to examine precisely
how the new appreoach differa- from the treatment of accounts outlined previously,
I shell represent the new approach schematically. Before doing this, however, it

is worth giving & bare outline of the way the analysis might begin.

One way to approach the above question is to make explicit one particular
reading of the six extracts and then tc examine the methods which resders might
employ to accomplish this reading. Let us start with the reading that these
extracts are contradictory. I have already indicated that a particular presentation
of extracts can be interpreted as intending something unusual or remarksble about
their content. The above juxtaposition of these extracts can be taken as saying
that thejr comparison is at issue, so that their inconsistency becomes a possibility
in the eyesa of the reader.28 A way of then reading the extracts as inconsistent
is by using a metaphorical concept of discovery which takes a discovery to be a
point occurrence in time,-Jf any report of the discovery fails to nominate exact
points in time, it cen be said that the report is unclear as to when the discovery
thappened®. Alterratively, where exact dates are mentioned but not referred to as
the discovery date, the report can also te read as unclear about when the discovery

ectually happened. It is this kind of reading which leads to the complaint about
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a lack of clarity. The author of the quote sbove admits that Noverber 28th has
been specif'ically mentioned. But, he complains, it is unclear whether this refers
t-o the actual discovery or to a mere observation, If individual reports of the
discovery can be read as unclear, a collection of such reports can eagily be
read as contredictory. If, for example, both extract A and extract B are regarded
as imprecise because they do not nominate a point in time when the discovery
happened, it is possible to select a dete for A and a date for B which each
represent estimates of 'the discovery date' but which do not coincide. However,
this selection of apecific dates jis not the only way to read the extracts as
inconaistent. It may be sufficient to imply that their consistency is in doubt
simply by drawing attention to the 'vegueness' and 'imprecision' of the extracts.
For example, a determired barrister might use this technique to discredit the
generel trustworthiness of all the extracts., His cross-examination of* the extracts!
author might include the following:

You mention so many different dates in these extracts:

6th August, August 13th, Dececber 4, November 28th. It

is entirely unclear which you would have us believe is

the correct date. You have referred to 'the end of

September!, 'one day in August', %soon after we started

in 1967 August' and 'not until December'. Are you really

80 unsure of your dates? What exactly do you want us to

believe?....(otc.)
Interestingly, the author of the extracts alluded to thia possible usage when asked
whether he might in retrospect have reported the discovery differently.

Q:' Is there no other way of putting it that you would

have preferred?
4: If I bad known there were nasty-minded people like Fred
Hoyle around I would have adopted & more legal Jargon

perhaps, but one doesn't lead one's life on the assumption
that it's populated with (ee..).?

Let us now consider the reading of the extracts as consistent., In interview,
Hewlsh provided three u:a:.n arguments for reading the extrzets as consistent,
Firstly, he claimed that an ability to understand the scientific issues involved
was a prerequisite to seeing consistencies., When asked (somewhat

blandly) for his couments on the six extracts » he was initially unclear what was
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required but then himself posed the possibility that they were contradictory.
Are you as a sociologist puzzled by statements like

that which seem contradictory? Is that why you've
got them there?30

The argument here might be aumm;.rised as followa: any soientist worth his salt
can tell that the extracts are consistent. The sbove response can thus be seen to
be saying that persons other than scientists are precluded from making competent
assessments of the consistency of the extracta. Sooiologists may well be puzzled,
according to this view, because they simply do not understand what a scientist
would understand when he reads the extracts. Non-solentists are unable to draw
upon specialised knowledge (available to the soientiat31) which would allow them
to ses that the references 'actually are' consistent. In addition, the qualification
‘worth his salt', allows for the incompetence of scientists not fully conversant
with the specialized knowledge required to understand the consistencies. For
example, a 'green' research student who had not assimilated sufficient expértise
to see the consistencies could be excluded from the definition of 'any scientist

worth his salt'.

This argument suggests that scientists may make mo:;:'e of the extracts than a
lay reader. In particular, they mey be able to draw upon knowledge of the ways
observations are made so as to 'fill in' any apparent gaps and inconsistenciea. For
example, they may be able to recognise references to one kind of experiment or
observation as 'in fact' meaning something rather different. In the same way,
one might expect a scientist who reads the extracts as consistent to claim that
the extracts are 'actually' about different aspects of the discovery and thus that

their comparison is inappropriate.

Hewish's second, related, argument was that it was incorrect to treat the
extracts in isolation from their original context. FPurthermore, he argued, it was
impossible to find out 'what happened' except by considering the accounts as a
whole.

eee if you want to find out what happened, you go and

read the eccounts. You don't pull little statements out
of articles.’2
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Acoording to this argument, extracts may be unrepresentative and are thus likely
to lead to an incorrect or distorted picture of what really took place. With
péfticular reflerence to the date of the discovery, this implies that there are
other items of evidence in the rest of the report which give a fairer indicsation
of when the discovery actually happened. Finally, Hewish argued that the deter-
mination of the exact day of the discovery was of no relevance to scientists,

+000f course, it doesn't say on what day it happened.

So what? No one was interested on vhat day it happened

at this stage, Late November secems a perfectly reassonable

thing to say.33

It just doesn't strike a scientist exactly when he makes a

measurement as being very significent. It might be to the
historian, but not to the scientist.

These arguments for reading the extracts as consistent or as contradictory
provide a number of clues to the sorts of methods employed in the accomplishment
of readings. We have noted, for example, thet the jurtaposition of extracts can
be used to decide about their consistency. A metaphorical concept of discovery
oan be used to argue that the extracts lack clarity or that they are gemerally
vagus, On the other hand, readings of inconsistency cean be discredited by pointing
to the scientific incompetence of a reader. Competent resders may be able to fill
in the missing information on the basis of shared kmowledge about how science is
done. In addition, readers may be able to read items in accounts as references to

the discovery date even though no precise calender date is mentioned,

Clearly, these considerations represent only a very preliminary attempt to

examine methods employed in accomplishing readings. It is now necessary to specify

more syatematically the differences between the approach suggested here and that

previously adopted when dealing with scientists' accounts.

Let me summarise schemstically the mein steps in alternative approaches to

the use of scientists' accounts. In these schemes 'xi' represents any individual

account.35 The first scheme represents the method adopted by a particularly
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naive researcher.

Scheme 1 (i) Accounts 11 12 ...........xn pupport to describve what happened.
(ii) Account Xi is the most reliable, accurate version of what happened.

(1ii) A description/ﬁnderstanding of what happened can be arrived at by
drawing preferentially upon Xi.
The implicaetion of this scheme is that a large number of accounts (that is, all
accounts except Xi) are discarded because they are less relisble or accurate and
would therefore produce & distorted picture of the actual events of interest.

It was sucgested earlier that this be replaced by a modif'ied scheme.

Scheme 2 (i) Accounts X X, cecseneadk pupport to describe what happened.
(1i) Account Ij differs from account X .
(111) A nuxber of reasons can be provided to ex-plain the differences
between accounts xj and xk.
Whereas scheme 1 depends on the positive identification of the most reliable account,
this second acheme depends on the positive identification of a difference between
accounts. There may be aspects in which accounts are thought to be more or less
different from each other, but there exists at least some difference which might
bear explanation. This scheme corresponds to the methods adopted by Wynne and
Mulkey. For Wymne, and perhaps less cbviously for Mulkay, one of the accounta
(XJ) corresponds to his own version of events derived from the use of a variety of
evidence, Deviations from this version come in the guise of other accounts (]{k)
whose writing 1s explained in a of waya. I have already mentioned how
Wynne explained the occurrence of misleading characterisations of Barkla's work.
Mulkey explained statements giving rise to a 'Mertonian' depiction of science in
terms of ideological interesta of scientists. Hewish also gave reasons for the
difference between his own version and that of one of his critics, largely in

36

terms of the latter's incompetence. In this scheme the major emphasis is on
the adequacy of reasons provided for the perceived differences between aocounts.

As a result attention is deflected from the process by which differences are
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recognised in the first place. When, in my own work, I realised that participants
engege in this process in much the same way as sociologists, the task of recog-
nising differences itself became of interest. This would seem to imply the

following procedural scheme.

Scheme 3 (i) Accounts X, Xy eesessecsX pupport to describe what happened.
(11) Perticipants P, ee..cee..0oP Tecognised accounts X, and X as
different (or the same).
(ii1) A number of reasons can be provided to explain why these accounts

were recognised as different (or the same).

There are two main dificulties with this scheme. Firstly, the procedure depends

on the unequiveocal identification of & participanté' recognition of differences.

In other words, a prerequisite to following this scheme is the provision of an
incorrigible version of 'something having actually taken place’', where the something
is the recognition of accounts as diff'erent. We avoid having to specify that xj

and Ik *actually were' different but merely replace this with statements about
participants ‘actually having recognised differences'. It is possible to provide
evidence that certain participants did recognise inconsistencies between accounts,
It was partly for this reason that I introduced the comment by Hoyle, But my use

of this comment depended on my reading it in a particular way, that is, I used

the comment having decided that it demonstrated a complaint about lack of clarity.
This may seem a reasonable reading of the comment. But to accept it as reasonable
or otherwise merely neglects consideration of the very process which forms the

main focus of interest in this scheme. It is the process by which readings are
achieved which is of primary interest. The provision of an incorrigible version

or reading as part of our argument only undercuts our mejor concern. The scheme
therefore requires reformulation so thet it is not necessary to produce a particular
reading of some data as evidence of a participaent's recognition of differences.

The second difficulty hinges on the use of the word 'shy' in part (iii). It is

important that reasons given for a particular reading are in terms of the structure



of the accounts themselves. We need to ask what it is about the accounts thenm-
"selves that enables a particular reading to be accomplished. This is so as to
exclude reasons based on factors external to the accounts. The reason for this
is that factors external to ége accounts, such as the ideclogical interests
of particular groups of scientists, themselves derive in & complex way from a
series of readings of a variety of sorts of accounts. This is not to say that the
use of any such resson is ‘wrong' or ‘'inadequate'. The cbjective is rather to
understand the ways in which such readings are achieved in the first place.
Rather than ascribing motive or intention to & participant who is seen to produce
a particular reading, the objeotive is to show how such a reading might be achieved.
This does not attempt to answer why a participent should choose to read an account
in this way.

In the light of these difficulties the procedural scheme requires modif'ication

as follows:

Scheme (i) Accounts x1 xé .......xn pupport to deseribe what happened.
(i1) Account X, and X_could be read as different

(iii) By focussing on the structure of the accounts it is possible to

show how XJ and x& could be read as different.

In this scheme it is not necessary to commit oneself to a positive identification
of an instance of the recognition of two or more accounts as contradictory. Whether
or not a certain.participant did recognise inconsistencies is not of central
importance, It is the possibility of reading accounts as inconsistent which is
important. In addition, the possibility of recognition need not be confined to
participants, Finally, the analysis of how readings are done does not require the
use of reasons connected with the readsr's (or the writer's) motives, interests or
intentions., This is mainly because escription of motive to e reader itself depends
on the accomplishment of certain readings of' evidence or data which is taken to

be about the reader.

In the last part of this paper I shall present brief comments on aspects of



a possible analysis entailed by the scheme just outlined. Firstly, however, it
is necessary to slightly modify, yet again, the above procedural scheme for

purposes of illustration.

-

All of the -above procedural schemes contain an identical first line:
Ascounts x1 xz .......x,1 pupport to describe what happened. It is clear,
however, that to bring together a number of extracts and claim them to be 'about
the same thing' is to do considerable interpretative work on the extracts even
before the ‘proper' analysis begins. In other words, the collection of reports
on the same topic requires a number of readings of their sameness. Part of Hewish's
earlier argument about the consistency of the extracts was that this reading of
their sameness was mistaken. He thus ¢laimed the extracts to be sbout different
aspects of the discovery. For present purposes, however, it is irrelevant whether
or not a reading of their sameness is corrsct, The point is that work has to be
done to accomplish such & reading. The task of reading extracts as the same or

different can therefore be legitimate topic for analysis.27

However, such analysis
would be fairly camplex. It would haeve to focus on how readings of each extract
are accomplished, to consider the various combinations in whioh comparison

between readings could be done and finally specify the way in which comparison
between specific combinations was done. For this reason my brief illustration will
concentrate on one single account and on certain cbservations about utterances (oz:'

strings of words) within the account. The account chosen is Hewish's Nobel Lectwre

entitled *Pulsars and High Density Pl:;ys:l.cs'.38

The first section of the account is sub~titled 'The Discovery of Pulsars'
(1ines 1 - 159) .3 7 Clearly, the sub-title and the title together tell the reader
what to read the account for. Without these headings and without line (1) it
would not be immediately clear what the first fifty or sixty lines were about.

The headings and first lines can thus be read as establishing the main concern of
the paper, that is, it is about the disocovery of pulsars. If the account was being

narrated, it would seem inappropriste to interrupt at (12), for example, to raise
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a question about the 'soler corona'. The reader should already have taken notice
of particular devices which instruct him to read the first part of the account
(up to (58), at least) as & 'lead-up'. The narrator could well rebuff a reader's
interruption by explaining_fhat the piece about the 'solar corona' would become
relevant-iater, that he was 'Just giving the background' at this stage and that
the main point of the story is the discovery of pulsars. In other wards, the
reader will be normally expected to have understood that the first section be
read not for itself but as 'providing the background' or 'acting as & lead-in'.
However, there are no explicit instructions to this effect in the text. It does
not say, for example, 'The first fifty lines are simply intended as introduction',
It may therefore be the case that certain phrases and sentence formulations can
be read as providing such instructions. Consider line {4): 'The trail which
ultimately led to the first pulsar began in 1948 when I joined Ryle's small
research teamsecess’s This can be read as performing a number of functions.
Firstly, as noted already, this helps to reinforce the work done by the headings.
It establishes the central topic of the account. Secondly, it indicates that the
story to be told is not only about the discovery of pulsars but also about the
author's involvement. The utterance draws attention to the coincidence of the
start of the pulsar discovery trail and something that happened to the author.
Thirdly, it indicates how the story of the pulsar discovery will be told. The
idea of a 'trail' can thus be taken as a cue that a path of successive events

is about to be described and that this path culminates, perhaps after some con-
siderable time ('ultimately'), in the discovery. Fourthly, the notion of trail
diverts attention from the social construction of the new phenomenon. The trail
can be read as existing quite independently of those who followed it. It thus
appears, that once the path was followed it was inevitable that, sooner or later,
the discovery at the end of the path be re‘sx.chta'du.!"0 In this way emphasis is placed
on the suddenness of becoming aware that the phenomenon already existed, rather

than on the process by which the reality of the new phenomenon was constructed.

The account appears to have a marked etiological structure: the story consists



of a long sequence of cause and eff'ect. There appears to be no single suggestion
or line of argument that does not lead to another; there are no dead ends and
no cul de sacs. Once again, there are no explieit inatructions that the account
ghould be read in this way. Instead readers notice devices which tell them how
the account is to be read. One such device is the author's use of the passive.
Por example:

sssal Was able {0 8hOWesseses (7)

My fascination.....brought me to the solar corona  (10-11)

esssl Was eventually able to tracesss. (13)

In my notebook....there is a comment thaotes.. (15)

This source later turned out to be.esese (t.7-48)
The use of such formulations tend to give the impression that events were occurring
quite independently of the author and that his involvement was relatively incid-
ental to the on-going accumulation. of knowledge, To get an ideas of the importance
of this dsvice, different formulations can be sibstituted for those above. Thereas
in other circumstances it might be quite appropriate, for example, to use 'I

showed’ instead 'I was able to show', the sustained use of the active form makes

the present sccount read quite strangely.

As eplready noted, the account 1s organised as a recognisable sequence. The
story sterts in 1%8 (1) and ends in 1974 (153). Clearly it is impossible to report
gverything that happened during this time. Yet the reader gets the impression that
the aveilable time is adequately filled., There is no cbvious gap such that a
reader could ask what had gone on between certasin times without giving the appearance
of 'pressing for details', It appears that the fullness of the story depends in
some complex way on the mamner by which items or events ere sequentially tied.
This tying appears to be done so that the reader is not encouraged to enquire
about the events themselves. In addition, activities are described so as to provide

a reasonable cccupancy of the time period to which they are a2llocated.

References to dates alsc prompt interesting questions. There zre various

references to years during the 'lead-up' section - ™M8' (1), 195! (15), *eight
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years later' (21), *1965' (42 and 49), 'Later that year! (54). Thereafter, however,
d‘ates are referred to in months and year (from 59). Every month is mentioned from
‘July 1967 (59) through to *January 1968' (127). The only references to exact

‘3ay are ‘*November 28th' (84) and 'February 8th' (130). Why do dates need to be

more precise on some occasions than on others? What does this do to the way the
paper is read? What happens if we substitute more or less exact dates on each of
the occasions dates ax:e used? What exact dates would violate ‘'around the middle

of August 1967' (71)7 Do references like 'by the end of September' act more as

sequencing or tying devices than attempts to specify exact dates?

These brief observations provide no more than a very tentative illustration
of the kinds of issues and questions which might be addressed in the amalysis of

accounts outlined above.

Susmary end Discussion

I sterted by using studies by Wynne and Mulkay to outline the main features
of an epproack commonly used by scoiologists when dealing with scientists' accounts.
I then reported my own attempts to specify differences in scientists' accounts,
focussing in particular on six extracts of the first pulsar discovery. I originally
intended to follow the approach adopted by Wynne and Mulkay. This involved first
specifying the nature of differences and then explaining them in terms of know-
ledge about the circumstances surrounding the pulsar discovery. However, it was
not at a1l clear how I should decide whether or not the six extrects were incon-
sistent. In addition, participants' differing perceptions of accounts of the
discovery figured prominently in a bitter dispute over the timing of the release
of news of the discovery :;.nd, subsequently, over the gward of the Hobel Prize to
the leader of the discovery group. Clearly, some participants were able to read
discovery acecounts as consistent, others could read them es contradictery. It thus

occurred to me that the methods used in reading accounts are themselves an
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interesting and potentially fruitful topic for study. A preliminary survey of
arguments for and against particular readings revealed a number of clues which

could be used to shape an analysis of how readings are accomplished.

- The distinguishing features of this alternative programme were detailed in
a schematic portrayal of approaches tc¢ the analysis of accounts. In particular, y(/
it was shown that the main concern of the alternative programme is how possible
readings could be accomplished rether than why certain readings had been made
by partlcipants. In other wards ,' the alternative programme entziled an examination
of the methods used to construct different readings rather than an investigation q
of the origins and causes of different readings known tc have been made. Q.:Iﬂ.lly, \SW .
a tentative attempt was made to outline some of the questions which might ‘tl'al';\\

tackled under the rubric of this alternative programme. E

The relative advantagss of the two programmes described in this paper
require careful examination. Although this is beyond the scope of the present

peper, I shell end with some suggestions.

The original programme comprises a serles of steps, each of which involves
various interpretetions and inferences made on the basis of different items of
data. For example, the characterisation of an account as 'misleading' requires
the unequivocal reading of & contrast between at least two pieces of data. The
further explanation of this difference necessitates the use of additional evidence
which inevitsbly consists of further accounts; and these sccounts themselves need
to be recognised as relevant and interpreted so as to throw light on the perceived
difference between accounts. Explanations for the genesis of a misleading account
of'ten consist of the ascription of motive or intention to participants, This
ascription also involves a further complex process of interpretations of accounts
used as evidence, It can thus be seen that throughout the construction of the
final explanation, the sociologist relies heavily on assumptions asbout the 0
adequacy of interpretations that he makes. At the sams time, this approach neglects /\(?

to examine the very processes of interpretation on which the scciclogist relies. \(593’)
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In investigating the methods by which readings are accomplished, it appears
that the alternative programme largely avoids assumptions sbont adequacy of
interpretation, The investigation concerns the possibility of particular
readings of data rather than the provision of incorrigible versions based on
such readil:xgs. At the same time, however, the alternative programme seems to
introduce problems concerning the relevance of its findings to my own original
objective of understanﬁing processes of scientific growth and development,
Clearly, the alternative programme of analysis addresses questions quite distinct
from those previously discussed. But it is less clear in what sense the results
of the analysis will beer upon current problems in the sociology of science. To
what extent is this programme of analysis indifferent to the topic of study?

For example, in what way will the methods of accounting which emerge from this
analysis be peculiar to scientists? Is it possible that the ingights of this
analysis can provide indirect confirmation of current hypotheses? Hopefully, these
questions can be profitably answered through an elaboration of the preliminary

analysis underteken in this paper.,
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Appendix (see nots 38).

PULSARS AND HIGH DENSITY PHYSICS
Nobel Lecture, December 12, 1974
by

Antony Hewish
University of Cambridge, Ccavendish Laboratory, Cambridge, England

Discovery of Pulsars

The trail which uvltimately led to the first pulsar began in 1948 when I joined
Ryle's small research team and became interested in the general problem of the
propogation of radiation through irregular transparent media. We are al]l familiar
with the twinkling of visible stars and my task was to understand why radio stars
also twinkled. I was fortunate to have been taught by Ratcliffe, who first showed
me the power of Fourier techniques in dealing with such diffraction phenomenz.

By a modest extension of existing theory I was able to show that our radio stars
twinkled because of plasma clouds in the ionosphere at heights around 300 km, and
I was also able to measure the speed of ionospheric winds in this region.(l)

My fascination in using extra-terrestial radio sources for studying the
intervening plasma next brought me to the solar corona, From observations of the
apgular scattering of radiation passing through the corona, using simple radio
interferometers, I was eventually able to trace the solar atmosphere out tec one
half the radius of the Earth's orbit.(Z)

In my notebook for 1954 there is a comment that, if radio sources were of
small enough angular size, they would illuminate the solar atmosphere with sufficient
coherence to produce interference patterns at the Earth which would be detectable
4s a very rapid fluctuation of intensity. Unfortumately the information then
available showed that the few sources known were more than one hundred times too
large to produce this effect, and I did not pursue the idea, This was sad because
the phenomernon was discovered by chance, about eight years later, by Margaret Clarke
long after I had Eorgotten all about my comment, She was involved with a survey

of radio sources at Cambridge and noticed that three particular sources showed

variations of intensitv. She pointed out that two of the sources were kncwn to have
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angular sizes of less than 2" and estimated that a scintillation mechanism required
plasma irregularities at distances of thousands of km but she concluded that the

(3)

fluctuations were an unsolved mystery. During a group discussion I suddenly
remembered my earlier conclusion and realised that, if the radio sources subtended
an angie of iess than 1", they might show the predicted intensity scintillation
by plasma clouds in the interplanetary medium. With the assistance of Scott and
Collins special observations of 3C 48 and other quasistellar radio sources were
made and the scintillation phenomenon was immediately confirmed.(a)

Since interplanetary seintillation, as we called this new effect, could
be detected in any direction in space.I used it to study the solar wind, which
had by then been discovered by space probes launched into orbits far beyond the
magnetosphere. It was interesting to track the interplanetary diffraction patterns
as they raced across England at speeds in excess of 300 km s-l, and to sample
the behaviour of the solar wind far outside the plane of the ecliptic where
spacecraft have yet to venture.(S)

The scintillation technique also provided an extremely simple and useful
means of showing which radio sources had angular sizes in the range 0",1-1".0,
The first really unusual scurce to be uncovered by this method turned up in 1965
when, with my student Okoye, I was studying radio emission from the Crab Nebula,
We found a prominent scintillating component within the nebula which was far too
small to be explained by conventional sychotron radiation and we suggested that
this might be the remains of the original star which had exploded and which
still showed activity in the form of flare-type radio emission.(ﬁ) This source
later turned out to be none other than the famous Crab Nebula Pulsar.

In 1965 I drew up plans for a radio telescope with which I intended to
carry out a large-scale survey of more than 100 radio galaxies using interplanetary
scintillation to provide high angular resolution. To achieve the required
sensitivity it was necessary to cover an area of 18,000 m2 and, because scintillation

due to plasmas is most pronounced at long wavelengths, I used a wavelength of 3.7 m.

The final design was an array containing 2048 dipole antennas. Later that year I
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was joined by a new graduate student, Jocelyn Bell, and she became responsible

for the network of cables connecting the dipoles. The entire system was built
with local effort and we relied heavily upen the willing assistance of many members
of the Cambridge team.

The radio telescope was complete, and tested, by July 1967 and we immediately
commenced a survey of the sky., Our method of utilising scintillation for the
quantitative measurement of angular sizes demanded repeated observations so that
every source could be studied at many different solar elongations, In fact we
surveyed the entire range of accessible sky at intervals of one week, To maintain
a comtinuous assessment of the survey we arranged to plot the positions of
gcintillating radio sources on a sky-chart, as each record was analysed, and to
add points as the observations were repeated at weekly intervals. In this way
genuine sources could be distinguished from electrical interference since the
latter would be unlikely to recur with the same celestial coordinates, It is
greatly to Jocelyn Bell's credit that she was able to keep up with the flow of
paper from the four recorders,

One day aroudd the middle of August 1967 Jocelyn showed me a record indicating
fluctuating signals that could have been a faint source undergoing scintillation
when observed in the antisolar direction. This was unusual since strong
scintillation rarely occurs in this direction and we first thought that the
signals might be electrical interference. So we continued the routime survey.

By the end of September the source had been detected on several occasions, although
it was not always present, and I suspected that we had located a flare star,
perhaps similar to the M-type dwarfs under investigation by Lovell. But the
source also exhibited apparent shifts of right ascension of up to %0 seconds

which was evidence against a celestial origin. We installed a high-speed recorder
to study the nature of the fluctuating signals but met with no success as the
source intensity faded below our detection limit. During October this recorder

was required for pre-arranged observations of another source, 3C 273, to check
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certain aspects of scintillation theory, and it was not until November 28th that

we obtained the first evidence that our mysterious source was emitting regular
pulses of radiation at intervals of just greater than one second. I could not
believe that any natural source would radiate in this fashion and I immediately
consult;d astronomical colleagues at other observatories to enquire whether they

had any equipment in operation which might possibly generate electrical interference
at a sidereal time near 19h 19",

In early December the source increased in intensity and the pulses were
clearly visible above the noise. Knowing that the signals were pulsed enabled
me to ascertain their electrical phase and I reanalysed the routine survey records.
This showed that the right ascension was constant, The apparent variations had
been caused by the chanrging intensity of the scurce, Still sceptical, I arranged
a device to display accurate time marks at one second intervals broadcast from the
MSF Rugby time service and on December llth began daily timing measurements. To.
my astonishment the readings fell in a regular pattern, to within the observational
uncertainity of 0.1s, showing that the pulsed source kept time to better than 1 part
in 106. Meanwhile my colleagues Pilkington, and Scott and Collins, found by
quite independent methods that the signal exhibited a rapidly sweeping frequency of
about -5 MHz s-l. This showed that the duration of each pulse, at one particular
radio frequency, was approximately 16 ms.

Having found no sﬁtisfactory terrestrial explanation for the pulses we now
began to believe that they could only be generated by some source far beyond the
solar system, and the short duration of each pulse suggested that the radiator could
not be larger than a small planet, We had to face the possibility that the signals
were, indeed, generated on a planet circling some distant star, and that they were
artificial. I knew that timing measurements, if continued for a few weeks, would
reveal any orbital motion of the source as & Doopler shift, and I felt compelled

to maintain a curtain of silence until this result was known with some certainty.

Without doubt, those weeks in December 1967 were the most exciting in my life.
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113 It turned out that the Doppler shift was precisely that due to the motion

114 of the Earth alone, and we began to seek explanations involving dwarf stars

115 or the hypothetical neutron stars. My friends in the library at the optical

116 observatory were surprised to see a radio astronomer taking so keen an interest

117 in books on stellar evoluticn. I finally decided that the gravitational oscillation
118 of an entire star provided a possible mechanism for explaining the periodic emission
i19 of radio pulses, and that the fundamental frequency obtainable from white dwarf

120 stars was too low. I suggested that a higher order mode was needed in the case of
121 a white dwarf, or that a neutron star of the lowest allowed density, vibrating in
122 the fundamental mode, might give the required periodicity. We also estimated

123 the distance of the source on the assumption that the frequency sweep was caused by
124 pulse dispersion in the interstellar plasma, and obtgined a value of 65 parsec, a
125 typical stellar distance,

126 While I was preparing a coherent account of this rather hectic research, in
127 January 1968, Jocelyn Bell was scrutinising all our sky-survey recordings with her
128 typical persistence and diligence and she produced a list of possible additional
129 pPulsar positions. These were observed again for evidence of pulsed radiation

130 and before submitting our paper for publication, on February 8th, we were confident
131 that three additional pulsars existed although their parameters were then only

132 erudely known. I well remember the morming when Jocelyn came into my room with
133 & recording of a possible pulsar that she had nade during the previous night at a
134 right ascension 09h 50", When we spread the chart over the fleoor and placed a

135 metric rule against it a periodicity of 0.25s was just discernible, This was

136 confirmed later when the receiver was adjusted to a narrower bandwidth, and the

137 rapidity of this pulsar made explanations involving white dwarf stars increasingly
138 difficule,

139 The months that followed the announcement (7) of our discovery were busy

140 ones for observers and theoreticians alike, as radio telescopes all over the

141 world turned towards the first pulsars and information flooded in at a phenomenal
142 rate. It was Gold (8) who first suggested that the rotation of neutron stars

143 provided the simplest and most flexible mechanism to explain the pulsar clock
3
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and his prediction that the pulse period should increase with time soon received
dramatic confirmation with the discovery of the pulsar in the Crab Nebula (9, 10).
Further impressive support for the neutron star hypothesis was the detection of
pulsed light from the star which had previously been jdentified as the remnant

of the originél explosion. ihis, according to theories of stellar evolutiom, is
precisely where a young neutron star should be created, Gold also showed that the
logs of rotationalfenergy, calculated from the increase of period for a neutron
star model, was exactly that needed to power the observed synchrotron light from
the nebula.

Now, in 1974, with more than 130 pulsars charted in the heavens, there is
overwhefming evidence that the neutron star n1jighthouse" model is correct. No
other star could spin fast enough, without fragmenting, to account for the most
rapid pulsars yet periods ranging from 33 ms to 3,55 are readily accommodated
by the rotation theory. At the same time there is unfortunately no satisfactory
theory to account for the radio emission generated by these tiny stars which have

radii of only 10 km.




