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Abstract

The paper addresses the popularisation of science by scientists themselves analysed along the cline from teaching to popularising. Richard P. Feynman’s collections of lectures, both academic and public, are chosen as a case in point. The paper aims to investigate the physicist’s pedagogical and popularising style to pinpoint differences and/or similarities in terms of language choices, word-choice and phraseology, and textual strategies. The approach is corpus-driven in that it looks at words distribution and recurrent word-combinations. Further, the textual and registerial specificities of each collection of lectures are related to qualitative studies of scientific discourse, particularly in the wake of rhetoric of science (Fahnestock 2004).
It is suggested that corpus tools by helping to identify frequent phraseology and textual functions can lead to a more thorough mapping of Feynman’s unconventional style of communicating science, as well as a deeper understanding of successful science popularisation in general.

1 Introduction
Scientific communication as epitomised by the prose of Richard P. Feynman, Professor of Theoretical Physics at the California Institute of Technology and Nobel Prize winner 1965, has often been praised for its unconventional rhetorical qualities. The physicist has been dubbed a ‘great explainer’ and was always a keen populariser of science both in his lectures and books, where he “could develop far-reaching physical notions from the most slender investment in concepts, and a minimum in the way of mathematics and technical jargon” (from professor Paul Davies’ 1994 introduction to the Penguin edition of the Six Easy Pieces).
In the early 1960s, at a time when it was felt by Caltech faculty that students were getting put off rather than stimulated by their two years of compulsory physics, Feynman was asked to teach an introductory physics course to freshmen and sophomores. This course became so popular not only with the students it was intended for, but also with Feynman’s colleagues and a wider audience, that it was transcribed and edited for publication to become The Feynman Lectures on Physics. Part of it was later published as Six Easy Pieces. The Fundamentals of Physics Explained. In the mid 1960s, even before the Nobel Prize increased his popularity among the general public, he was invited to deliver a series of public lectures at Cornell University on the character of physical law to be recorded for the BBC television. Of these lectures, also published as a book, it has been said that Feynman “had the knack of finding just the right analogy or everyday illustration to bring out the essence of a very deep principle without obscuring it in incidental or irrelevant details” (from professor Paul Davies’ 1992 introduction to the Penguin edition of The Character of Physical Law).

The present paper addresses the popularisation of science by scientists themselves, a topic that, with few exceptions, has been neglected by studies of science communication and public understanding of science, by comparing Feynman’s collection of didactic lectures, entitled Six Easy Pieces (hereafter SEP), a primer on physics for scientists-to-be, with his popularising ones published as The Character of Physical Law (from now on CPL). Both deal with similar topics, namely the fundamentals of physics, from the law of gravitation to conservation of energy to quantum mechanics, as well as methodological issues such as the relation of physics to mathematics and to other sciences and what Feynman called “the art of guessing nature’s laws” (CPL, p. 162). So, although the one series cannot be considered an ‘accommodation’ of the other in Fahnestock’s terms of an actual rewriting of an original for a different audience (Fahnestock 1986/1998), there certainly is a strong relationship between the two samples chosen for investigation from the point of view of their content and aim. Table 1 offers a synoptic view of the contents of the two series of lectures as they are structured in the printed versions:
	
	Six Easy Pieces
	Character of Physical Law

	Ch. 1
	Atoms in Motion
	The Law of Gravitation, an example of Physical Law

	Ch. 2
	Basic Physics
	The Relation of Mathematics to Physics

	Ch. 3
	The Relation of Physics to Other Sciences
	The Great Conservation Principles

	Ch. 4
	Conservation of Energy
	Symmetry in Physical Laws

	Ch. 5
	The Theory of Gravitation
	The Distinction of Past and Future

	Ch. 6
	Quantum Behaviour
	Probability and Uncertainty – the Quantum Mechanical View of Nature

	Ch. 7
	
	Seeking New Laws

	
	
	


Table 1. Table of contents of SEP and CPL 

The two are compared with no a priori knowledge of what is to be found in either one, but for the lectures titles and the participants in the speech event, namely expert addressing novices and the lay public in turn. Any professor with some experience of teaching to freshmen would probably tell us that there is no sharp division between these two audiences, a public of educated non-experts not substantially differing from students with a high-school preparation, at least in the expectations of the lecturer. Rather, it should be seen as a continuum (see also Myers 2003 on the continuum of popularisation). The method of investigation used is corpus-driven (see on this Sinclair 1991, 2004; Tognini-Bonelli 2001; Stubbs 2001, 2007; Baker 2006) and comparative in that words distributions and recurrent combinations, i.e. lexical bundles (or clusters), also resulting from the comparison of the two collections, are taken as a starting point to investigate the style, textual and rhetorical strategies of the scientist. Ultimately, qualitative studies of science discourse, particularly from rhetoric of science, are referred to for a fuller understanding of Feynman’s prose and the mechanisms and dynamics of science popularisation in general.
2 Words distributions and clusters: from didactic to popularising
A first way of approaching the two collections with the help of a computer processing tool is by comparing their respective wordlists. There are two ways of measuring up a corpus or individual text against another with a software for text analysis such as Wordsmith Tools, namely ‘consistency’ and ‘keyness’ (Scott 2004, Scott and Tribble 2006). Particularly, consistency allows for comparisons to be made between the occurrences of each token in two or more different texts to see how consistently words are used, whether their usage is restricted to certain genres or diffuse, or to be able to study text variants (Scott and Tribble 2006: 29). This latter case applies to our investigation of science popularisation. So, by treating the two collections under examination as two whole texts, we can get an output similar to the one shown in Table 2 below: word types are sorted according to their frequency in one of the two texts (here we chose SEP) and displayed with the corresponding number of tokens in each. In this way, differences in the distributions of words can easily be visualised (only the first 50 most frequent words are shown, highlights in bold correspond to the higher figure). 
N
Word
Total
Texts
SEP 
CPL
____________________________________________

1
THE
7.607
2
3.326
4.281
2
OF
3.389
2
1.564
1.825
3
IS
2.987
2
1.196
1.791
4
A
2.344
2
1.061
1.283
5
WE
1.777
2
990
787

6
IN
2.076
2
909
1.167
7
AND
2.263
2
852
1.411
8
TO
2.213
2
838
1.375
9
THAT
2.321
2
817
1.504
10
#
1.195
2
707
488

11
IT
1.874
2
693
1.181
12
ARE
1.030
2
447
583
13
WHICH
772
2
368
404
14
NOT
915
2
352
563
15
THIS
721
2
305
416
16
BE
650
2
283
367
17
ONE
663
2
275
388
18
THERE
579
2
266
313
19
FOR
550
2
263
287
20
IF
716
2
263
453
21
HAVE
711
2
262
449
22
AT
576
2
258
318
23
WITH
563
2
251
312
24
SO
583
2
232
351
25
BUT
591
2
228
363
26
CAN
540
2
227
313
27
AS
580
2
220
360
28
ON
553
2
208
345
29
AN
440
2
207
233
30
BY
449
2
205
244
31
ALL
483
2
192
291
32
THEY
452
2
192
260
33
WHAT
459
2
192
267
34
WILL
456
2
186
270
35
FROM
449
2
183
266
36
OR
414
2
181
233
37
ENERGY329
2
172
157

38
DO
398
2
164
234
39
HAS
328
2
145
183
40
VERY
337
2
140
197
41
ATOMS
194
2
138
56

42
OTHER
380
2
134
246
43
WAS
343
2
131
212
44
TWO
281
2
130
151
45
WHEN
335
2
130
205
46
OUT
333
2
129
204
47
WATER
196
2
125
71

48
HOW
288
2
123
165
49
MORE
273
2
122
151
50
YOU
853
2
120
733
Table 2. Consistency list of SEP and CPL
A more detailed representation of consistency keeps each individual lecture comprising the collections in a separate file so as to see how consistent the distribution of words is across lectures. So, for example, the pronoun I is evenly low in the lectures from SEP (Table 3 below), while we is uniformly high with a slight decrease in lecture 5 and a peak in the last one (see bold).
Table 3. Detailed consistency list of SEP and CPL (first 75 most frequent words overall)
Word
Total
7_cpl
1_sep
1_cpl
2_sep
2_cpl
3_cpl
3_sep
4_sep
4_cpl
5_sep
5_cpl
6_cpl
6_ sep
___________________________________________________________________________________________________________
THE
7.607
515
489
670
552
680
616
554
399
681
686
583
536
646

OF
3.389
247
279
264
279
298
306
287
204
288
280
218
204
235

IS
2.987
291
200
221
221
271
297
190
184
257
211
202
252
190

A
2.344
184
180
155
199
153
217
167
172
249
173
149
176
170

THAT
2.321
288
115
176
134
185
211
110
126
277
137
165
202
195

AND
2.263
209
138
191
207
188
204
145
118
217
127
229
173
117

TO
2.213
232
127
200
148
258
156
141
121
212
160
146
171
141

IN
2.076
170
175
155
157
183
171
187
97
210
138
135
143
155

IT
1.874
205
109
141
99
155
177
116
125
171
149
146
186
95

WE
1.777
151
132
51
200
74
119
131
171
127
83
114
151
273
#
1.195
37
67
75
60
61
74
18
117
54
151
22
165
294
ARE
1.030
138
82
54
115
84
95
111
53
91
48
53
68
38

NOT
915
109
44
54
55
78
91
74
58
87
68
66
78
53

YOU
853
148
34
44
16
106
101
15
15
143
13
79
112
27

WHICH
772
70
45
26
70
59
62
86
52
46
45
48
93
70

THIS
721
66
53
64
70
59
64
44
39
62
66
55
46
33

IF
716
58
49
32
44
60
63
45
30
102
50
67
71
45

HAVE
711
82
30
41
59
69
62
33
37
53
39
73
69
64

ONE
663
43
50
49
36
62
64
43
60
62
45
55
53
41

BE
650
85
37
34
52
54
47
46
41
48
54
42
57
53

BUT
591
68
48
41
41
58
59
43
26
56
38
45
36
32

SO
583
55
55
44
41
48
61
35
27
53
33
46
44
41

AS
580
47
45
55
42
49
50
29
24
68
43
41
50
37

THERE
579
69
44
28
58
39
62
59
42
35
34
47
33
29

AT
576
37
34
43
34
44
45
34
35
63
46
47
39
75

I
575
88
3
40
3
96
59
9
4
95
3
54
119
2
WITH
563
72
38
34
51
34
47
37
38
36
37
34
55
50

ON
553
36
31
52
44
50
53
36
29
63
38
52
39
30

FOR
550
58
39
30
47
44
48
42
35
35
38
29
43
62

CAN
540
59
34
19
37
48
39
33
45
57
31
33
58
47

ALL
483
72
33
25
49
53
41
36
27
32
23
48
20
24

WHAT
459
65
31
31
45
54
19
54
13
25
19
17
56
30

WILL
456
38
35
20
27
43
35
30
18
43
14
40
51
62

THEY
452
46
35
38
47
41
24
45
6
42
34
30
39
25

BY
449
39
26
49
28
37
26
27
34
44
42
22
27
48

FROM
449
26
31
31
26
57
38
24
24
42
45
30
42
33

AN
440
31
39
37
33
20
41
23
20
36
41
32
36
51

OR
414
37
29
17
41
33
29
32
20
23
19
31
63
40

Word
Total
7_cpl
1_sep
1_cpl
2_sep
2_cpl
3_cpl
3_sep
4_sep
4_cpl
5_sep
5_cpl
6_cpl
6_ sep

___________________________________________________________________________________________________________

DO
398
42
22
23
43
49
31
30
35
28
13
24
37
21

OTHER
380
35
26
35
25
34
40
28
22
34
26
44
24
7

SAME
377
24
9
26
30
26
40
12
14
85
21
22
42
26

WAY
371
29
15
20
16
36
11
25
14
58
11
76
30
30

WAS
343
49
6
66
29
13
30
31
8
23
41
15
16
16

VERY
337
41
21
21
36
28
35
31
9
17
26
18
37
17

WHEN
335
36
21
18
21
21
42
15
18
26
20
22
40
35

OUT
333
25
10
26
30
49
33
28
21
36
19
16
19
21

THEN
331
27
15
24
32
32
39
14
19
44
9
30
28
18

ENERGY329
19
7
2
11
1
95
14
131
3
5
29
8
4

HAS
328
27
19
35
28
18
43
22
31
28
25
12
20
20

WOULD311
25
8
17
24
23
22
12
8
53
37
31
22
29

HOW
288
30
15
37
18
25
18
37
19
24
22
9
22
12

LAWS
287
36
12
26
6
32
43
6
16
52
18
35
4
1

BECAUSE284
35
22
22
12
28
29
17
17
29
26
17
18
12

TWO
281
14
24
33
23
17
15
15
11
29
33
5
38
24

NO
275
21
12
16
15
23
23
7
16
24
20
14
59
25

MORE
273
22
34
21
26
29
20
13
7
13
25
31
15
17

TIME
272
22
13
21
21
17
20
8
8
42
21
27
33
19

ABOUT
262
45
9
20
11
42
22
11
5
24
12
24
19
18

SOME
259
31
23
19
26
28
21
24
13
14
13
14
13
20

LIKE
255
26
5
9
17
28
24
17
7
22
6
21
39
34

LAW
236
19
9
42
15
29
35
0
12
19
43
8
3
2

ONLY
228
29
17
18
13
21
24
7
9
21
13
23
16
17

SEE
212
12
30
8
22
8
16
11
8
15
17
12
29
24

ANOTHER210
20
17
15
17
29
25
16
13
24
10
11
9
4

THINGS210
24
12
22
29
11
13
18
8
21
4
22
19
7

KNOW
209
30
12
16
23
22
17
23
16
17
4
8
9
12

THESE
207
40
13
17
24
11
16
18
11
12
19
8
12
6

DOES
205
22
8
17
7
12
26
15
14
23
14
18
21
8

DIFFERENT197
21
7
19
19
28
19
19
5
25
4
10
13
8

GET
196
30
4
6
8
11
12
10
10
12
4
24
43
22

WATER
196
0
75
7
14
0
6
9
9
15
10
30
13
8

HOLE
195
2
0
0
0
0
0
1
0
1
0
0
98
93

ATOMS194
10
83
0
17
1
10
29
8
12
0
22
1
1

NUMBER193
7
10
11
23
14
38
6
17
4
7
2
36
18

GOING
190
22
6
16
9
17
7
6
7
29
16
14
32
9

__________________________________________________________________________________________________________
Alternatively, the keyword function measures the statistical significance of the differences observed in the frequencies, assessing the keyness of a word in a given text by its being unusually, and therefore significantly, frequent (or infrequent) when compared to another text or reference corpus (see Scott and Tribble 2006: 55 ff.). So, the kind of output one gets when comparing the wordlists from the two texts is displayed in Table 4, where each word is ranked according to its chi-square (or log-likelihood) value. Close to the top of the list are those words considered to be key in CPL, whereas towards the end of the list, where the chi-square value is negative, are those words which most typify SEP (words highlighted in bold are discussed later on).  
N
Key 
Freq. 
Freq. 
Freq. 
Freq.
Keyness

Word
in CPL
in %
in SEP
in %
__________________________________________________

1
THE
4.281
7,33
3.326
7,69
624,58

2
I
551
0,94
24
0,06
454,46

3
IS
1.791
3,07
1.196
2,76
375,92

4
AND
1.411
2,42
852
1,97
366,16

5
TO
1.375
2,35
838
1,94
350,00

6
YOU
733
1,26
120
0,28
327,19

7
IT
1.181
2,02
693
1,60
322,95

8
OF
1.825
3,13
1.564
3,61
180,44

9
IN
1.167
2,00
909
2,10
159,35

10
A
1.283
2,20
1.061
2,45
143,52

11
NOT
563
0,96
352
0,81
134,11

12
IF
453
0,78
263
0,61
124,95

13
HAVE
449
0,77
262
0,61
122,65

14
SAME
265
0,45
112
0,26
118,70

15
WAY
260
0,45
111
0,26
114,99

16
AS
360
0,62
220
0,51
89,63

17
ON
345
0,59
208
0,48
88,27

18
BUT
363
0,62
228
0,53
85,35

19
THEN
224
0,38
107
0,25
85,05

20
ARE
583
1,00
447
1,03
82,73

21
THING
139
0,24
49
0,11
76,25

22
OTHER
246
0,42
134
0,31
75,90

23
SO
351
0,60
232
0,54
73,65

24
ONE
388
0,66
275
0,64
68,56

25
GOING
137
0,23
53
0,12
68,03

26
THIS
416
0,71
305
0,70
67,09

27
TIME
182
0,31
90
0,21
65,61

28
LAWS
228
0,39
59
0,14
62,16

29
GET
138
0,24
58
0,13
62,13

30
SAY
131
0,22
53
0,12
61,76

31
ALL
291
0,50
192
0,44
61,25

32CONSERVATION108
0,18
38
0,09
59,33

33
NO
180
0,31
95
0,22
58,52
34
LIKE 
169
0,29
86
0,20
58,27
………………………………………………………………
………………………………………………………………
95
WORDS33
0,06
6
0,01
29,56

96
FACT
100
0,17
56
0,13
29,32

97
GUESS
55
0,09
7
0,02
29,24

98
HE
123
0,21
35
0,08
29,11

99
LEFT
54
0,09
7
0,02
28,37

100
MOLECULE4

29
0,07
-29,62
101
CHEMICAL8
0,01
37
0,09
-29,98
102
AIR
5

32
0,07
-30,92
103
OXYGEN1

37
0,09
-33,49
104
WAVE
5

34
0,08
-33,78
105
OUR
54
0,09
103
0,24
-33,82
106
WATER71
0,12
125
0,29
-35,73
107
WEIGHT15
0,03
59
0,14
-42,86
108
ATOMS56
0,10
138
0,32
-64,84
109
WE
787
1,35
990
2,29
-126,18
110
#
488
0,84
707
1,63
-134,43
Table 4. Keyword list for CPL when compared to SEP
Both kinds of outputs, the consistency list and the keywords, are a useful complementary starting point in order to pin down differences and/or similarities in terms of language choices at word and phrase levels. A first glance at Table 2 (see the # symbol at rank 10) tells us immediately that there is in SEP a higher number of figures than in CPL and the finding acquires even more prominence if we consider Table 4, where numbers as a whole represent the topmost keyword in SEP. This observation makes us hypothesise that the degree of formalization used by Feynman is higher in SEP than in CPL, which is hardly surprising given the kind of audience he is addressing. The math is likely to increase with students and to be kept to a minimum with the lay public.
Apart from numbers and the pronoun we (at rank 5) the most frequent words in Table 2 are consistently higher in CPL, probably as a consequence of its overall size
, until on the 37th position we find a full lexical word, energy, which shows an inverse tendency. The same is true of atoms, not only more than twice as frequent in SEP as in CPL, but also a keyword, as is visible from Table 4. The same comment applies to weight, water, wave, oxygen, air and molecule, which are technical terms referred to significantly more often in SEP than in CPL. 
Energy strikes as being a frequent word in both collections. However, if we look at the detailed consistency table (cf. Table 3), we notice that most occurrences come from the chapters on the conservation of energy. This is tantamount to saying that an overall frequency per se is not necessarily telling, for it might result from uneven distribution and be restricted to certain chapters/lectures presenting topic specificity and conceptual density others do not. In chapter 4 in SEP and chapter 3 in CPL, energy occurs as Head Noun of the Classifier ^ Noun sequence typical of scientific discourse (cf. Halliday 2004), used to nominalise the different types of energy, as in, for example, gravitational energy, gravitational potential energy, kinetic, heat, mass and radiant energy. Or else, it occurs as Qualifier in the Conservation ^ [Qualifier: of energy ] sequence, which is the main topic of the lecture.

Although not among the most frequent ones, some words which show a tendency to appear more often, in fact twice as frequently, in the public lectures than in SEP are worth looking at in context in order to identify any frequent patterning. To this purpose, concordances are created and analysed. See, for example, like, often occurring in the sequence I would like to and metadiscursively introducing the speaker’s moves (describe, discuss, talk about, tell, explain, illustrate and draw / make an analogy). 
can understand him. It is then considered to be some deep philosophy. I would like to be rather more special, and I would like to be understood in an hone 

 be some deep philosophy. I would like to be rather more special, and I would like to be understood in an honest way rather than in a vague way. So in this 

, not why.' But people often are unsatisfied without a mechanism, and I would like to describe one theory which has been invented, among others, of the ty 

  eon Foucault, 1819-68. French physicist. The next symmetry law that I would like to discuss is an interesting one and has an interesting history. That is 

hat nature works this way. There are a number of peculiar things, and I would like to discuss those peculiarities because they may not be self-evident at 

immediately see all of the consequences of these two remarks, so what I would like to do here is to tell you briefly of the story of the discovery, what s 

 int are abstract calculations, because the blocks are not seen. Now I would like to draw my analogy, and tell you what is common between this and the cons 
t lecture, 'The relation of mathematics to physics'. In this lecture I would like to emphasize, just at the end, some characteristics that gravity has in c 
 alking about. Although I have mentioned a large number of energies, I would like to explain that we are not completely ignorant about this, and we do unde 

we need the Babylonian method, and not the Euclidian or Greek method. I would like to explain why. The problem in the Euclidian method is to make something 

w there are a number of interesting features of irreversibility which I would like to illustrate. One of them is to see how, exactly, an irreversible machin 
 so that it does behave the same way. That is a positive statement. I would like to illustrate that such a thing is true. Let us take as an example the la 
 thing that is important is that the theory agrees with experiment, I would like to imagine a discussion between a Mayan astronomer and his student. The M 
must be done not by jumping from one place to another. At this point I would like to indicate how the conservation of angular momentum, the conservation of 
d in time, but this number does not represent any particular thing. I would like to make a kind of silly analogy to explain a little about it. I want yo 

which means only that you move the detector box up and down. First I would like to make a few modifications from real bullets, in three idealizations. Th 
o figure out what a very large system will do requires mathematics. I would like to say immediately that mathematics has a tremendous application in physi 
rld is symmetrical for left and right has collapsed. The next thing I would like to talk about is the relationship of conservation laws to symmetry laws. 

 een proved wrong. Whilst I am talking about symmetries, one thing I would like to tell you is that there are a few new problems. For instance, for every 

Figure 1. Concordances of I would like to in CPL.
Similarly, great is almost twice as frequent in CPL than in SEP and a signal of the language of subjective evaluation being more indulged in in the popularising context than in the didactic one (a feature also exemplified by occurrences of nice and funny in CPL as in this funny formula, with all its funny laws and rules; the conservation of energy looks good and it is nice; and all these nice principles and known facts; etc.). See also the following example:

(1) I have said that we use ordinary words in a technical fashion, and another word in the title of this lecture is ‘great’, ‘The Great Conservation Principles’. This is not a technical word: it was merely put in to make the title sound more dramatic, and I could just as well have called it ‘The Conservation Laws’. (CPL, p. 60)

Another difference worth noting is the occurrence of law and laws (cf. Tables 3, 4): in CPL the plural is used as generic superordinate expression to talk about physical laws in general terms (cf. the laws of physics, the laws of nature), as opposed to the actual naming and detailed description of a specific law in SEP.
Finally, the consistency table also permits to see whether certain words are absent from either one of the two collections. Although not visible in Table 2, where only the 50 most frequent words are displayed, among them are the names of some famous scientists in the history of science like Faraday and Maxwell, which are absent from SEP. On the contrary, their textual presence points to a more general strategy stronger in CPL, but to a certain degree also found in SEP, which we will refer to as ‘narrativisation’ of science, following Fuller 1998. This point is discussed in the next paragraph. 
So far the discussion has focused on content words, however, it is clear by looking at Table 2 and 4 that also personal pronouns are a distinctive feature of the discourse being analysed. In fact, while I and you are outstandingly frequent in CPL, we is the second most keyword in SEP (Table 4). This distribution is worth looking at in context to ascertain how far it reflects the interactional as well as medium-constrained nature of the data set. If both texts are edited transcriptions of speech, and therefore retain their spokenlike quality in the use of first and second person pronouns, CPL’s preference for first person singular lexicalising the speaker and second person plural as a form of direct address to the audience might signal the distance between speaker and hearers as being bigger and the asymmetry in the roles more marked. On the other hand, SEP’s predilection for we might be typical of the didactic context where the actions of the speaker are inclusive of those of the hearers and less directive (cf. also Christie 1998). However, only analysis of the text surrounding the pronouns will help disambiguate their uses. Thus, from observation of individual words we need expand our analysis to frequent clusters. Clusters are multi-word sequences of two or more words which are found to occur repeatedly together, what Biber and Conrad 1999 call ‘bundles’. Their strength of attraction is calculated exclusively by means of a statistical measure and does not necessarily entail lexico-grammatical completion, unlike phrases or idioms
.
So, if we look at the clusters the pronoun we forms in SEP, we get we do not know, we do not understand, we do not have as most frequent 4-word sequences. All these negative forms of mental verbs of cognition seem to be used by Feynman to stress the limitations of the state of knowledge at the time he was writing, but they also reveal his more general epistemological view of how the scientific enquiry proceeds, that is, by experimenting and guessing in those terrains yet to be explored, cf. One way of stopping science would be only to do experiments in the region where you know the law (CPL, chap. 7 ‘Seeking New Laws’). Frequent 3-word clusters include: we increase the, we have a corresponding to the mathematical and experimental actions performed by the scientist and inclusive of the apprentices in the common enterprise of doing science together. 
If we compare the we-clusters with those in CPL, we notice that some are common, e.g. we do not know, and some are not, which interestingly contain various metadiscursive expressions such as, as far as we can, as we know.

On the other hand, clusters of I in CPL gave: what I am going, if I imagine that, now I want to, I would like to, in this case I, if I have a, and on the other hand. The picture we get from this list of clusters reflects the abundance of metadiscourse the speaker uses to refer to his actions during the lecturing (the already mentioned descriptions and explanations, exemplifications and illustrations and analogy making).    
The number of occurrences of you in CPL is also equally very high. If we look at you-clusters, we have: if you have a, is that if you, if you do not, that you cannot tell, that you can replace, that you would get, that if you are, that if you put, all you have to, I will tell you, I will show you, whereby it is evident that it is the audience who is being directed in the scientific activities, hence the register becomes more instructional.     
In sum, personal pronouns, depending on their collocational environment (see on this also Hoey 2005, 2006), are indicative both of the spoken modality of delivery and the educational context varying according to the speaker-audience relationship.
3. Science as interaction, science as narrative, science as seeing, science as rhetoric
The analysis conducted in the previous paragraph by means of corpus tools has allowed us to tentatively map the language of Feynman’s lectures. From this exploratory investigation we are led into a more comprehensive description of the physicist’s style. We believe that the word choices and phraseology retrieved through the computer processing of the texts can help to identify some macro-strategies or more general characteristics of science popularisation, which have already been the focus of previous studies in the literature and classified under the rubrics of science as interaction, science as narrative, science as seeing and science as rhetoric (see Fahnestock 1986/1998, 1999, 2004; Myers 1990, 1991; Fuller 1998; Lemke 1998; Battistini 2000; Bastide 2001; Gross 2006a, 2006b, among others), which we will discuss in more detail in the following sections.
3.1 Science as interaction
That transfer of scientific knowledge implies a strong interactional dimension is manifest by the occurrences of the personal pronouns I, you, we. It is through analysis of the moves associated with them that we understand the kind of interaction going on in discourse. Thus, the high incidence of you in CPL tells us that the hearer is directly and explicitly addressed more often than in SEP, a sign of the speaker’s awareness of his audience and of a more directive attitude than with his students.   

Linked to audience awareness and the interpersonal dimension of discourse is humour. This is another feature of engaging spoken discourse Feynman exploits to the full. The following quotes, all taken from CPL, offer an example of the not infrequent humour asides: 
(2) Suppose the world is made of only two kinds of particles, electrons and protons − there was a time when it looked as if it was going to be as easy as that (CPL, p. 61)
or,

(3) For those who want some proof that physicists are human, the proof is in the idiocy of all the different units which they use for measuring energy (CPL, p. 75)
or, again showing awareness of the fact there could be fellow physicists in his audience who might be critical of the suggested simplification
:

(4) Another example of something that is not a symmetry law is the fact that if you are spinning at a uniform angular speed in a space ship, it is not true to say that you cannot tell if you are going around. You can. I might say that you would get dizzy. There are other effects; things get thrown to the walls from the centrifugal force (or however you wish to describe it – I hope there are no teachers of freshman physics in the audience to correct me!). (CPL, pp. 96-97)
Another example of Feynman’s light humorous style is here combined with a more serious attempt to show how often the laws of physics are connected, a perspective which is typical of his reductionist view of science, “In other words many other laws are not independent, but are simply secret ways of talking about the conservation of energy. [my italics]” (CPL, p. 72). Indeed, the same idea is asserted through the following statement, again showing target audience awareness:

(5) In discussing these ideas on a popular level, there seem to be a lot of unrelated concepts; but with a more profound understanding of the various principles there appear deep interconnections between the concepts, each one implying others in some way. (CPL, p. 81)
3.2 Science as narrative
The interactional dimension so far described is strictly linked to the issue of the dialogue the speaker entertains with fellow physicists from the past. Feynman’s explanation of the law of gravity runs through the history of its discovery from the early findings of Tycho Brache, through Kepler and Copernicus, Galileo and Newton up to Maxwell’s laws of energy. These textual voices are incorporated into the scientist’s own discourse to engage his audience with the history of physical laws through the series of observations, experiments and discoveries which have marked the development of science. As already stressed by Fahnestock (2004: 8), science popularisation usually adds such historical perspective on a research area and indeed Feynman makes use of this rhetorical strategy in both collections, although more extensively in CPL where more scientists get cited more often (cp. the raw occurrences of Euclid, Euclidian, Newton and Newton’s, Einstein and Einstein’s). The same strategy has been observed in the discourse of another famous scientist-populariser, namely the evolutionist Stephen Jay Gould, and termed ‘narrativisation’ by Gillian Fuller, as a way to dialectally incorporate other voices in discourse, or in the scholar’s own words “the projections of others which are schematically arranged in the form of a historicized debate” (Fuller 1998: 49)
. For Feynman, however, unlike Gould, it is continuity and gradual conceptual extension rather than controversy that makes science advance and that is necessary for an understanding of the scientific quest.   
A passage exemplifying this strategy is to be found in CPL in chapter 4 on ‘Symmetry in Physical Law’, which contains a very important reference to Galileo’s last work, the Two New Sciences, particularly the place where the great scientist demonstrates that the strength of a structure is not directly proportional to its size:

(6) This fact that the laws of physics were not unchanged under change of scale was first discovered by Galileo. In discussing the strength of rods and bones, he argued that if you need a bone for a bigger animal – say an animal twice as high, wide, and thick – you will have eight times the weight, so you need a bone that can hold the strength eight times. But what a bone can hold depends on its cross-section, and if you made the bone twice as big it would only have four times the cross-section and would only be able to support four times the weight. In his book Dialogue on Two New Sciences, you will see pictures of imaginary bones of enormous dogs, way out of proportion. I suppose Galileo felt that the discovery of the fact that the laws of nature are not unchanged under change of scale was as important as his laws of motion, because they are both put together in the tome on Two New Sciences. (CPL, p. 96)
Here Feynman uses Galileo both to historicise a physical concept, i.e. the discovery that the laws of physics are not unchanged under change of scale, and therefore facilitate understanding on the part of his readers, and to argumentatively corroborate his inclusion of the topic among the fundamentals of physics he has chosen for his series of lectures.    
3.3 Science as seeing
The importance of the role of visualising strategies in science communication has been stressed by scholars not only in semiotics (Bastide 2001), but also in language (Lemke 1998; Kress et al. 2001) and rhetoric (Gross 2006b), although some have observed how difficult it is for discourse approaches to deal with visual aspects of texts because of the limitation inherent in their methodological focus and analytical tools (Myers 2003). This is all the more true of corpus approaches which cannot process the visual elements usually included in multimodal scientific texts, whether pictures, graphs or diagrams. However, we believe that visualisation techniques also pass through language and the rhetoric supported by given linguistic choices. The frequency of forms such if and suppose in both SEP and CPL (cf. Tables 2, 3, 4 above) as well as their function in framing examples, cases and analogies, a fundamental way of communicating science to the novice or the lay-reader, are proof to that. 
In particular, if is often used to introduce an illustrative segment and found to co-occur with imagine in the nearby environment, as, for example, in the first lecture in SEP: 

(7) […] if an apple is magnified to the size of the earth, then the atoms in the apple are approximately the size of the original apple. Now imagine this great drop of water with all of these jiggling particles stuck together and tagging along with each other. (SEP, p. 5)
In CPL the pattern is even stronger (cf. the combinations if you have, if you are and if you put all used for the sake of exemplification), see: 
(8) For instance, if you are pushing a ball in the direction that it moves it will speed up; 
(9) If you have a wire, and move a magnet up into it, increasing the magnetic field through the flux through the wire, there will be an electric current – that is how electric generators work; and if you put a ring on a piece of cord, anchored at each end, and then put a pencil in the ring, it will draw an ellipse (fig. 1). 
(CPL, p. 16)
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In the last example, the image expressed in words is pithily reinforced by the picture (which is reproduced above).
Additionally, the token suppose occurs 42 times in CPL (two times as frequently as in SEP): 3 times it is preceded by the pronoun I to form either a parenthetical clause or the modalising frame I suppose that, but most often it is the exhortative form used to introduce exemplification or analogical reasoning. Indeed, exemplification, which so abounds in this series of lectures, can take the form of an apparatus as in the case of the machine gun, the tank of water, a lever on a pivot, two space ships, a wheel with a ratchet on it, etc. See the following examples: 
(10) Suppose we have some source of bullets, a machine gun, and in front of it a plate with a hole for the bullets to come through, and this plate is armour plate (CPL, p. 130) 
(11) […] suppose we have a tank of water and make light go through and turn our second piece of polaroid so that the light just gets through (CPL, p. 99) 
Some other times suppose introduces a fictitious situation of which his audience should have first-hand experience, as in 
(12) Suppose you were walking around on hills – but smooth hills, […] – and you come to a place where you are lowest…” (CPL, p. 104)
or not (!): 
(13) Suppose that we were in telephone conversation with a Martian, or an Arcturian, and we wished to describe things on earth to him (CPL, p. 101)
Elsewhere the verb is used by Feynman to develop the terms of his exemplum fictum: 
(14) Now suppose that the man who is standing still wants to argue whether or not he has seen a charge at one end of his ship disappear and a charge at the other end appear at the same time (CPL, p. 64) 
Last, but not least, it is used to either introduce an analogy or to keep it going, as when explaining the principle of the conservation of energy through the analogy of “Dennis the Menace”, or, in the third lecture in CPL, when he compares the laws of physics to the gods’ chess-game: 
(15) Suppose that physics, or rather nature, is considered analogous to a great chess game with millions of pieces in it, and we are trying to discover the laws by which the pieces move. (CPL, p. 59)
Both these analogies were variously reprised by Feynman in his lectures and interviews and have become very popular. A more detailed discussion of how they travel from text to text will follow in the next sub-paragraph. 
Apart from if and suppose, there is a whole set of linguistic choices which belong to the semantics of analogy and example/illustration, (said to be neighbouring rhetorical strategies, for example, in the New Rhetoric’s conceptualisation of Perelman and Olbrects-Tyteca 1958), including the very lemmas EXAMPLE, ILLUSTRATION, ANALOGY.
Search for example in SEP yielded 62 occurrences of which 25 belong to the set phrase for example. In CPL an example collocates with give, take, bring up, show, use all verbs typical of the didactic mode, either occurring as a purposive clause used at the beginning of a sentence and new paragraph: to give an example, to take an example or, still as sentence initiator, another interesting example is, but also I bring this example up because…, (CPL, p. 71).
Along the same line, illustrat* in SEP yielded  15 forms, (illustrate 8, illustrated 3, illustration 3, illustrations 1), whereas analog* in SEP gave 17 (analogy 6, analogies 1, analogous 7, analog 2, analogs 1) and 19 in CPL (cf. analogy 9, analogous 9 and analogue 1).

Analogy, as the preferred form of clarification, will be dealt with in more detail in the next sub-paragraph, suffice here to say that occasionally it combines with antithesis or contrast, another figure that has been said to help understanding of scientific contents (Fahnestock 2004). So, in lecture 6 ‘Probability and Uncertainty’, where Feynman deals with quantum mechanics and explains Heisenberg’s principle, he says 

(16) I am going to do this by a mixture of analogy and contrast. If I made it pure analogy we would fail; it must be by analogy and contrast with things which are familiar to you. So I make it by analogy and contrast, first to the behaviour of particles, for which I will use bullets, and second to the behaviour of waves, for which I will use water waves. (CPL, pp. 129-30)
In conclusion, we can state that the use of exemplification and analogical reasoning is pervasive in Feynman’s lectures as a means to help the hearer visualise a complex scientific phenomenon and can thus be considered a founding principle of his pedagogy and communicative style. 
3.4 Science as rhetoric: reasoning by analogy

To conclude this exploratory overview of science communication, we will take on the comparative approach to study how an analogy travels from the didactic to the popularising lectures, in line with Fahnestock’s analysis of the persistence and reinforcement of rhetorical figures from scientific texts to popular adaptations (Fahnestock 2004).

It is chapter 4 on ‘Conservation of Energy’ in SEP and chapter 3 ‘The Great Conservation Principles’ in CPL that contain one of the most brilliant analogies of all. To illustrate the conceptual apparatus that is used in theoretical physics, Feynman examines one of the basic laws of nature, namely the conservation of energy. Since that is a most abstract concept, the physicist says, an analogy is needed in order to illustrate its meaning. 
On the role analogies play in scientific argument Perelman and Olbrechts-Tyteca in their New Rhetoric (cf. NR, pp. 392-394) have stated that because of the reciprocal action of the two different orders of existence being compared, the scientific content is more easily clarified (here conservation of energy). Indeed, through the juxtaposition and interaction of the ‘phoros’ and ‘theme’, i.e., between the more familiar term and the scientific topic, analogy plays a fundamental heuristic role in that it activates a visual quality that helps to elucidate even the more abstract and obscure aspects of the theme. If the two terms of the comparison belong to the same field, we then have just different instances of the same rule, or reasoning by example/illustration (Perelman and Olbrechts-Tyteca 1958: 396). 

In what follows the two wordings are compared with a view to identifying the development of Feynman’s argument. Analysis shows that the main claim to which the reasoning line leads is slightly different from SEP to CPL. Full text of both versions is given in the Appendix. 

In SEP it is the verb imagine that triggers the comparison between the two separate spheres, a more familiar everyday one, that of the mother with her child “Dennis the Menace” and his indestructible, say Lego, blocks, and the scientific, that of the conservation of energy, the law Feynman intends to explain. 
If we consider the whole excerpt, we see that the organisation is carefully bipartite. The first part describes all the circumstances involving the kid playing with his blocks and the mother counting them at the end of each day. The second part is demarcated by the rhetorical question What is the analogy of this to the conservation of energy? neatly separating the elements of the phoros (on some days blocks are missing, but mother finds out that her child has hidden them, another day she finds extra blocks because Dennis’s friend Bruce came to visit and brought his own, but she always manages to calculate how many blocks are in places where she cannot look) from the theme (to which we are taken through the transition in As a result, she finds a complex formula, a quantity which has to be computed, which always stays the same in her situation). 
Feynman didactically introduces the terms of the law that must be grasped stressing the two points of the analogy (see First, … Second,…), namely, that the blocks are analogous to energy and energy can be measured even if it does not come in blocks or units of a definite amount, and therefore is more abstract an entity than the Lego bricks; that a form of energy can be transformed into another form, but cannot be destroyed so that the total quantity always remains the same. The whole reasoning line developed through climax and repetition (cf. we have no knowledge of … We do not have a picture that … It is not that way) leads to the main claim of the argumentation that it is important to realize that in physics today, we have no knowledge of what energy is. A feature of subjective evaluation (it is important to realize) forcefully concludes the argument that although we can calculate energy we still do not know it, and the idea of the conservation of energy is a very abstract thing in that it does not tell us the reasons for the formulas (see Fahnestock 1999 on the rhetorical use of the figures of gradatio and ploche in science discourse). 
Let us now compare the analogy with its other wording in CPL. Therein, the same analogy is introduced even more explicitly by the author’s utterance I would like to make a kind of silly analogy to explain a little about it. I want you to imagine that… The neat separation between phoros and theme already observed in SEP (What is the analogy of this to the conservation of energy?) becomes an even more explicit Now I would like to draw my analogy, and tell you what is common between this and the conservation of energy, and what is different, signalling the transition to the explanation. However, in CPL, the point that energy can be transformed but cannot be destroyed, and that it can take different forms and each one can be calculated, is made and clarified earlier on when the analogy is still in the phoros stage. In this way, we get a flow of discourse which alternates phoros and theme in a see-saw fashion. Although the terms of the analogy seem to be spelled out more explicitly in CPL when compared to SEP (cf. also the direct address to the audience being more evident because of the second-person pronoun followed by the modals must, have to), the former turns out to be more compressed in its argumentative development, constantly skipping from phoros to theme. See the following excerpt where the terms of the phoros are underscored and those of the theme in italics: 
(17) However, she finds one block lying outside the window, the child had thrown it out. The first thing you must appreciate about conservation laws is that you must watch that the stuff you are trying to check does not go out through the wall. The same thing could happen the other way, if a boy came in to play with the child, bringing some blocks with him. Obviously these are matters you have to consider when you talk about conservation laws.
Even in the theme section, which begins with Now I would like to draw my analogy…, elements ascribable to the phoros are interspersed with metadiscourse explaining the analogy, and at one point the alternation is not even distinguishable, when calculations are ascribed to the mother counting fractions of blocks: 
(18) First suppose that in all of the situations you never saw any blocks. The term 'No. of blocks seen' is never included. Then the mother would always be calculating a whole lot of terms like 'blocks in the box', 'blocks in the water', and so on. With energy there is this difference, that there are no blocks, so far as we can tell. Also, unlike the case of the blocks, for energy the numbers that come out are not integers. I suppose it might happen to the poor mother that when she calculates one term it comes out 6 1/8 blocks, and when she calculates another it comes out 7/8 of a block, and the others give 21, which still totals 28. That is how it looks with energy. What we have discovered about energy is that we have a scheme with a sequence of rules. From each different set of rules we can calculate a number for each different kind of energy. When we add all the numbers together, from all the different forms of energy, it always gives the same total. 
Moreover, the main claim that physicists do not know what energy is is more implicitly stated but for the concluding remark, cf. I cannot interpret it any better than that, as can be seen in the next paragraph:
(19) But as far as we know there are no real units, no little ballbearings. It is abstract, purely mathematical, that there is a number such that whenever you calculate it it does not change. I cannot interpret it any better than that.

Finally, the peak of the argument is slightly different from SEP as the analogy goes on with a Coda that takes to Einstein’s famous law by rhetorically bringing the audience back to an easily recognisable character and well-known equation (cf. the speaker’s direct appeal to his audience in italics):
(20) […] and there is also an energy that a particle has from its mere existence, an energy that depends directly on its mass. The last is the contribution of Einstein, as you undoubtedly know. E = mc2 is the famous equation of the law I am talking about. (CPL, pp. 69-71)

So, what emerges is that analogical reasoning has a fundamental role in Feynman’s argument and the example which has been commented on is only one among many others. The mechanism at play is always the same, that is, that by making his public capable of seeing an abstract concept as bearing similarities to a more familiar situation, he inductively warrants a deeper understanding of even the most complex and obscure concepts of science. Moreover, as the comparison of the two versions has highlighted, analogy is not only a tool for clarification, but also a vehicle for expressing claims and arguments aptly targeted to different audiences. 
4 Conclusions

The paper was aimed at delineating Feynman’s style of scientific popularisation through a comparative analysis of his two collections of lectures, respectively destined to students and to the general public. Popularisation has thus been conceptualised as a cline from the teaching of specialised knowledge to its dissemination to a wider audience. This is in keeping with recent research on popularisation which advocates register hybridity and genre situatedness as key factors in approaching the discourse of science (notably the social constructionist view of Myers 2003). 
The corpus-driven approach has facilitated the comparison between the two collections of lectures under examination, namely Six Easy Pieces and The Character of Physical Law, moving from single-word and clusters comparisons through to rhetorical analysis of whole segments of text, (e.g. those characterised by reasoning by analogy), and has highlighted a style of science communication which is peculiar to Feynman, but also emblematic of successful science popularisation in general. Analysis has shown that the scientist engages his audience, whether new acolytes or laypeople, in a dialogue with the physical law through a variety of rhetorical strategies identified as narrativisation, i.e. the incorporation of a historicised debate, visualisation, i.e. exemplification and analogical reasoning, and the overarching interactional strategy linked to the dialogicity typical of the spoken medium. Starting from the assumption that the wording changes in the shift from SEP to CPL, the study has tried to pin down the extent of this change and has demonstrated that there are no major differences in the way Feynman’s scientific argument is presented to either the novice or the lay public. An educator by vocation, always acting as a reformer of scientific communication, he turns out to be intrinsically a populariser. A greater difference might be found if we compared these lectures with discourse among peers (e.g., his presentation of Wheeler’s theory to Einstein, Pauli, etc.) where the role played by mathematical language is expected to be crucial to the codification and transfer of scientific knowledge. 
By way of conclusion, we would like to quote the scientists’ own words which well summarise his view that ultimately, despite all efforts one might make to reform the language of science, one has to accept that “God seems to be a mathematician” and nature speaks the language of mathematics:
It is reputed – I do not know if it is true – that when one of the kings was trying to learn geometry from Euclid he complained that it was difficult. And Euclid said, 'There is no royal road to geometry'. And there is no royal road. Physicists cannot make a conversion to any other language. If you want to learn about nature, to appreciate nature, it is necessary to understand the language that she speaks in. She offers her information only in one form; we are not so unhumble as to demand that she change before we pay any attention. (CPL, p. 58)
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8 Appendix 
Imagine a child, perhaps “Dennis the Menace,” who has blocks which are absolutely indestructible, and cannot be divided into pieces. Each is the same as the other. Let us suppose that he has 28 blocks. His mother puts him with his 28 blocks into a room at the beginning of the day. At the end of the day, being curious, she counts the blocks very carefully, and discovers a phenomenal law—no matter what he does with the blocks, there are always 28 remaining! This continues for a number of days, until one day there are only 27 blocks, but a little investigating shows that there is one under the rug—she must look everywhere to be sure that the number of blocks has not changed. One day, however, the number appears to change—there are only 26 blocks. Careful investigation indicates that the window was open, and upon looking outside, the other two blocks are found. Another day, careful count indicates that there are 30 blocks! This causes considerable consternation, until it is realized that Bruce came to visit, bringing his blocks with him, and he left a few at Dennis’ house. After she has disposed of the extra blocks, she closes the window, does not let Bruce in, and then everything is going along all right, until one time she counts and finds only 25 blocks. However, there is a box in the room, a toy box, and the mother goes to open the toy box, but the boy says “No, do not open my toy box,” and screams. Mother is not allowed to open the toy box. Being extremely curious, and somewhat ingenious, she invents a scheme! She knows that a block weighs three ounces, so she weighs the box at a time when she sees 28 blocks, and it weighs 16 ounces. The next time she wishes to check, she weighs the box again, subtracts sixteen ounces and divides by three. She discovers the following: 
number of blocks seen + (weight of box – 16 ounces) / 3 ounces = constant.                      

 (4.1)

There then appear to be some new deviations, but careful study indicates that the dirty water in the bathtub is changing its level. The child is throwing blocks into the water, and she cannot see them because it is so dirty, but she can find out how many blocks are in the water by adding another term to her formula. Since the original height of the water was 6 inches and each block raises the water a quarter of an inch, this new formula would be:

number of blocks seen + (weight of box – 16 ounces) / 3 ounces + (height of water – 6 inches) / ¼ inch = constant.                                                                                                                      










 (4.2)

In the gradual increase in the complexity of her world, she finds a whole series of terms representing ways of calculating how many blocks are in places where she is not allowed to look. As a result, she finds a complex formula, a quantity which has to be computed, which always stays the same in her situation.
What is the analogy of this to the conservation of energy? The most remarkable aspect that must be abstracted from this picture is that there are no blocks. Take away the first terms in (4.1) and (4.2) and we find ourselves calculating more or less abstract things. The analogy has the following points. First, when we are calculating the energy, sometimes some of it leaves the system and goes away, or sometimes some comes in. In order to verify the conservation of energy, we must be careful that we have not put any in or taken any out. Second, the energy has a large number of different forms, and there is a formula for each one. These are: gravitational energy, kinetic energy, heat energy, elastic energy, electrical energy, chemical energy, radiant energy, nuclear energy, mass energy. If we total up the formulas for each of these contributions, it will not change except for energy going in and out. It is important to realize that in physics today, we have no knowledge of what energy is. We do not have a picture that energy comes in little blobs of a definite amount. It is not that way. However, there are formulas for calculating some numerical quantity, and when we add it all together it gives “28”—always the same number. It is an abstract thing in that it does not tell us the mechanism or the reasons for the various formulas. (SEP, pp. 70-72)
I want you to imagine that a mother has a child whom she leaves alone in a room with 28 absolutely indestructible blocks. The child plays with the blocks all day, and when the mother comes back she discovers that there are indeed 28 blocks; she checks all the time the conservation of blocks! This goes on for a few days, and then one day when she comes in there are only 27 blocks. However, she finds one block lying outside the window, the child had thrown it out. The first thing you must appreciate about conservation laws is that you must watch that the stuff you are trying to check does not go out through the wall. The same thing could happen the other way, if a boy came in to play with the child, bringing some blocks with him. Obviously these are matters you have to consider when you talk about conservation laws. Suppose one day when the mother comes to count the blocks she finds that there are only 25 blocks, but suspects that the child has hidden the other three blocks in a little toy box. So she says, ‘I am going to open the box’. 

‘No,’ he says, ‘you cannot open the box.’ Being a very clever mother she would say, ‘I know that when the box is empty it weighs 16 ounces, and each block weighs 3 ounces, so what I am going to do is to weigh the box’. So, totalling up the number of blocks, she would get –
No. of blocks seen + (weight of box − 16 oz.) / 3 oz.

and that adds up to 28. This works all right for a while, and then one day the sum does not check up properly. However, she notices that the dirty water in the sink is changing its level. She knows that the water is 6 inches deep when there is no block in it, and that it would rise ¼ inch if a block was in the water, so she adds another term, and now she has – 

No. of blocks seen + (weight of box − 16 oz.) / 3 oz. + (Ht. of water − 6 in.) / ¼ in. 

and once again it adds up to 28. As the boy becomes more ingenious, and the mother continues to be equally ingenious, more and more terms must be added, all of which represent blocks, but from the mathematical standpoint are abstract calculations, because the blocks are not seen. 
Now I would like to draw my analogy, and tell you what is common between this and the conservation of energy, and what is different. First suppose that in all of the situations you never saw any blocks. The term ‘No. of blocks seen’ is never included. Then the mother would always be calculating a whole lot of terms like ‘blocks in the box’, ‘blocks in the water’, and so on. With energy there is this difference, that there are no blocks, so far as we can tell. Also, unlike the case of the blocks, for energy the numbers that come out are not integers. I suppose it might happen to the poor mother that when she calculates one term it comes out 6 1/8 blocks, and when she calculates another it comes out 7/8 of a block, and the others give 21, which still totals 28. That is how it looks with energy. What we have discovered about energy is that we have a scheme with a sequence of rules. From each different set of rules we can calculate a number for each different kind of energy. When we add all the numbers together, from all the different forms of energy, it always gives the same total. 
But as far as we know there are no real units, no little ballbearings. It is abstract, purely mathematical, that there is a number such that whenever you calculate it it does not change. I cannot interpret it any better than that.

This energy has all kinds of forms, analogous to the blocks in the box, blocks in the water, and so on. There is energy due to motion called kinetic energy, energy due to gravitational interaction (gravitational potential energy, it is called), thermal energy, electrical energy, light energy, elastic energy in springs and so on, chemical energy, nuclear energy – and there is also an energy that a particle has from its mere existence, an energy that depends directly on its mass. The last is the contribution of Einstein, as you undoubtedly know. E = mc2 is the famous equation of the law I am talking about. (CPL, pp. 69-71)
� With circa 58,300 overall running words CPL is longer than SEP which has 43,200. Notice that type/token ratio is slightly higher in SEP (TTR = 33,61) than in CPL (TTR = 32,39), CPL having about 3,507 different types, while SEP 3,322.


� On the distinctions between clusters, phrases and idioms see also Moon 1998; Stubbs 2001, 2007.


� The same information about we-clusters could have been derived also by processing each text for multi- instead of single-word units in the first place (on the usefulness of clusters lists see also Baker 2004 and Mahlberg 2007). In fact, when processing SEP for 3-word clusters, one gets sequences like that it is, one of the, at the same, etc., which are consistently frequent across all lectures, though generic, but also more telling strings such as we do not.


� On science popularisation as simplification or even distortion, see Myers 2003 and Fahnestock 2004. 


� Fuller bases her interpretation of Gould’s discourse on Myers’s notion of ‘narrative of science’, i.e. science as dialogically narrated (cf. Myers 1990). 





