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Peter	
  Achinstein	
  has	
  been	
  a	
  persistent	
  advocate	
  of	
  a	
  kind	
  of	
  pluralism	
  about	
  

evidence.	
  In	
  different	
  scientific	
  contexts,	
  distinct	
  evidence	
  concepts	
  come	
  into	
  play.	
  

The	
  purpose	
  of	
  the	
  present	
  paper	
  is	
  to	
  advocate	
  a	
  further	
  extension	
  of	
  Achinstein’s	
  

pluralism.	
  I	
  will	
  argue	
  that	
  his	
  account	
  should	
  be	
  supplemented	
  with	
  a	
  further	
  

concept	
  to	
  more	
  adequately	
  account	
  for	
  the	
  justification	
  of	
  scientific	
  inferences.	
  My	
  

proposal	
  does	
  not	
  introduce	
  any	
  new	
  notion	
  of	
  evidence,	
  but	
  articulates	
  instead	
  a	
  

relativized,	
  non-­‐probabilistic	
  notion	
  (the	
  securing	
  of	
  evidence)	
  that	
  helps	
  make	
  

sense	
  of	
  certain	
  strategies	
  by	
  which	
  scientists	
  justify	
  their	
  claims	
  about	
  what	
  

evidence	
  they	
  have	
  and	
  their	
  inferences	
  from	
  that	
  evidence.	
  

That	
  Achinstein’s	
  framework	
  would	
  benefit	
  from	
  such	
  a	
  supplement	
  is	
  a	
  claim	
  

needing	
  defense,	
  because	
  that	
  framework	
  already	
  has	
  a	
  concept	
  —	
  called	
  “ES-­‐

evidence”	
  —	
  that	
  he	
  says	
  is	
  “based	
  on	
  the	
  idea	
  of	
  providing	
  an	
  epistemic	
  justification	
  

for	
  belief”	
  (Achinstein	
  2001,	
  19)	
  and	
  is	
  thus	
  relativized	
  to	
  particular	
  epistemic	
  

situations.	
  In	
  what	
  follows,	
  then,	
  I	
  will	
  be	
  at	
  pains	
  to	
  explain	
  Achinstein’s	
  view	
  of	
  ES-­‐

evidence,	
  the	
  relationship	
  ES-­‐evidence	
  bears	
  to	
  Achinstein’s	
  other	
  evidence	
  

concepts,	
  and	
  its	
  relationship	
  to	
  this	
  new	
  notion:	
  the	
  securing	
  of	
  evidence.	
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Crucially,	
  Achinstein	
  conceives	
  of	
  some	
  kinds	
  of	
  statements	
  that	
  scientists	
  make	
  

about	
  evidential	
  relationships	
  between	
  facts	
  and	
  hypotheses	
  as	
  both:	
  (1)	
  objective	
  in	
  

the	
  sense	
  that	
  statements	
  of	
  those	
  kinds	
  are	
  true	
  or	
  false	
  independently	
  of	
  what	
  

anyone	
  believes	
  about	
  the	
  hypotheses	
  and	
  facts	
  in	
  question;	
  and	
  (2)	
  empirical	
  in	
  the	
  

sense	
  that	
  ascertaining	
  the	
  truth	
  or	
  falsehood	
  of	
  such	
  statements	
  is	
  (at	
  least	
  

sometimes)	
  a	
  matter	
  for	
  investigation	
  by	
  means	
  of	
  experiment	
  and	
  observation	
  

rather	
  than	
  a	
  priori	
  calculation.	
  

These	
  features	
  are	
  incorporated	
  into	
  the	
  concepts	
  of	
  “potential	
  evidence”	
  and	
  

“veridical	
  evidence.”	
  	
  He	
  proposes	
  the	
  following	
  as	
  necessary	
  and	
  sufficient	
  

conditions	
  for	
  the	
  former:	
  

(PE)	
  	
  e	
  is	
  potential	
  evidence	
  that	
  h,	
  given	
  b	
  if	
  and	
  only	
  if:	
  

1. p(there	
  is	
  an	
  explanatory	
  connection	
  between	
  h	
  and	
  e/e	
  and	
  b)	
  >	
  ½	
  

2. e	
  and	
  b	
  are	
  true	
  

3. e	
  does	
  not	
  entail	
  h.	
  (ibid.,	
  170).	
  

Here	
  e	
  refers	
  to	
  some	
  fact,	
  h	
  is	
  a	
  hypothesis,	
  and	
  b	
  is	
  background	
  information.	
  The	
  

probability	
  statement	
  in	
  the	
  first	
  condition	
  should	
  be	
  understood	
  in	
  terms	
  of	
  

objective	
  epistemic	
  probability,	
  according	
  to	
  which	
  a	
  statement	
  of	
  the	
  form	
  “p(h/e)	
  

=	
  r”	
  should	
  be	
  interpreted	
  as	
  asserting	
  that	
  “the	
  degree	
  of	
  reasonableness	
  of	
  

believing	
  h,	
  on	
  the	
  assumption	
  of	
  e,	
  is	
  r”	
  (ibid.,	
  106).	
  	
  

Veridical	
  evidence	
  is	
  defined	
  by	
  adding	
  to	
  the	
  conditions	
  specified	
  in	
  (PE)	
  the	
  

further	
  requirement	
  that	
  h	
  is	
  true.	
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Both	
  potential	
  evidence	
  and	
  veridical	
  evidence	
  share	
  a	
  feature	
  that	
  is	
  

central	
  to	
  Achinstein’s	
  concerns:	
  If	
  e	
  is	
  evidence	
  that	
  h	
  in	
  either	
  the	
  potential	
  

or	
  veridical	
  sense,	
  then	
  e	
  is	
  a	
  good	
  reason	
  to	
  believe	
  that	
  h	
  is	
  true.	
  Moreover,	
  it	
  

is	
  a	
  good	
  reason	
  to	
  believe	
  h	
  in	
  a	
  sense	
  that	
  is	
  completely	
  independent	
  of	
  any	
  

epistemic	
  situation.	
  An	
  epistemic	
  situation,	
  according	
  to	
  Achinstein,	
  is	
  	
  

an	
  abstract	
  type	
  of	
  situation	
  in	
  which,	
  among	
  other	
  things,	
  one	
  knows	
  

or	
  believes	
  that	
  certain	
  propositions	
  are	
  true,	
  one	
  is	
  not	
  in	
  a	
  position	
  

to	
  know	
  or	
  believe	
  that	
  others	
  are,	
  and	
  one	
  knows	
  (or	
  does	
  not	
  know)	
  

how	
  to	
  reason	
  from	
  the	
  former	
  to	
  the	
  hypothesis	
  of	
  interest,	
  even	
  if	
  

such	
  a	
  situation	
  does	
  not	
  in	
  fact	
  obtain	
  for	
  any	
  person.	
  (Achinstein	
  

2001,	
  20)	
  

It	
  is	
  in	
  this	
  sense	
  that	
  the	
  term	
  “epistemic	
  situation”	
  will	
  be	
  used	
  throughout	
  

this	
  paper.	
  

Potential	
  and	
  veridical	
  evidence	
  are	
  distinguished	
  from	
  ES-­‐evidence,	
  which	
  

provides	
  “a	
  justification	
  for	
  believing	
  h	
  for	
  anyone	
  in	
  epistemic	
  situation	
  ES”	
  (ibid.,	
  

174).1	
  Achinstein	
  defines	
  the	
  notion	
  thus:	
  

(ES)	
   e	
  is	
  ES-­‐evidence	
  that	
  h	
  with	
  respect	
  to	
  an	
  epistemic	
  situation	
  ES	
  if	
  and	
  only	
  

if:	
  

1. e	
  is	
  true	
  

2. anyone	
  in	
  ES	
  is	
  justified	
  in	
  believing	
  that	
  e	
  is	
  (probably)	
  veridical	
  

evidence	
  that	
  h.	
  (ibid.,	
  174)	
  

Because	
  veridical	
  evidence	
  satisfies	
  the	
  requirement	
  of	
  constituting	
  a	
  good	
  

reason	
  to	
  believe	
  the	
  relevant	
  hypothesis	
  and	
  moreover	
  entails	
  that	
  the	
  hypothesis	
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in	
  question	
  is	
  true,	
  it	
  captures,	
  according	
  to	
  Achinstein,	
  the	
  aim	
  of	
  scientific	
  

investigation.	
  Scientists,	
  he	
  writes,	
  “are	
  not	
  satisfied	
  with	
  providing	
  only	
  a	
  

justification	
  of	
  belief	
  for	
  those	
  in	
  certain	
  situations,	
  even	
  their	
  own,	
  since	
  the	
  belief	
  

might	
  turn	
  out	
  to	
  be	
  false.”	
  Hence	
  ES-­‐evidence	
  does	
  not	
  constitute	
  the	
  aim	
  of	
  

scientific	
  inquiry.	
  And	
  because	
  they	
  “want	
  their	
  hypotheses	
  to	
  be	
  true,”	
  potential	
  

evidence	
  also	
  falls	
  short	
  of	
  capturing	
  the	
  aim	
  of	
  scientific	
  inquiry	
  (ibid.,	
  34).	
  

Achinstein	
  does	
  not	
  deny	
  that	
  scientists	
  seek	
  in	
  addition	
  to	
  veridical	
  evidence	
  

that	
  they	
  should	
  be	
  justified	
  in	
  drawing	
  the	
  conclusions	
  that	
  they	
  do.	
  But	
  he	
  treats	
  

this	
  as	
  at	
  most	
  a	
  secondary	
  concern.	
  Indeed,	
  when	
  discussing	
  the	
  contexts	
  in	
  which	
  

the	
  various	
  evidence	
  concepts	
  come	
  into	
  play,	
  he	
  associates	
  ES-­‐evidence	
  primarily	
  

with	
  historical	
  investigations	
  that	
  seek	
  to	
  answer	
  questions	
  about	
  whether	
  a	
  

particular	
  scientist	
  was	
  justified	
  in	
  believing	
  certain	
  hypotheses,	
  given	
  her	
  epistemic	
  

situation	
  (ibid.,	
  37).	
  	
  

This	
  does	
  not	
  mean	
  that	
  a	
  concern	
  with	
  epistemic	
  justification	
  (and	
  hence	
  ES-­‐

evidence)	
  arises	
  only	
  in	
  historical	
  investigations:	
  “To	
  be	
  sure,	
  when	
  a	
  scientist	
  

claims	
  that	
  e	
  is	
  evidence	
  that	
  h,	
  he	
  believes	
  and	
  hopes	
  that,	
  given	
  his	
  knowledge	
  he	
  

is	
  justified	
  in	
  believing	
  h	
  on	
  the	
  basis	
  of	
  e.	
  But	
  he	
  believes	
  and	
  hopes	
  for	
  something	
  

much	
  more”:	
  a	
  good	
  reason	
  for	
  believing	
  h	
  that	
  is	
  independent	
  of	
  any	
  epistemic	
  

situation,	
  even	
  his	
  own	
  (ibid.,	
  37).	
  

Perhaps	
  because	
  he	
  primarily	
  thinks	
  of	
  ES-­‐evidence	
  as	
  coming	
  into	
  play	
  in	
  

historical,	
  Achinstein	
  rarely	
  addresses	
  directly	
  the	
  ways	
  in	
  which	
  investigators	
  seek	
  

to	
  alter	
  their	
  own	
  epistemic	
  situation	
  with	
  regard	
  to	
  a	
  given	
  evidence	
  claim.	
  Even	
  

where	
  he	
  does	
  discuss	
  the	
  improvement	
  of	
  an	
  epistemic	
  situation,	
  he	
  considers	
  not	
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the	
  improvement	
  of	
  the	
  investigator’s	
  own	
  situation,	
  but	
  that	
  of	
  his	
  audience.	
  

Writing	
  about	
  J.	
  J.	
  Thomson’s	
  experiments	
  on	
  cathode	
  rays	
  yielding	
  evidence	
  that	
  

they	
  carry	
  an	
  electric	
  charge,	
  Achinstein	
  notes	
  that,	
  because	
  others	
  might	
  not	
  be	
  

able	
  to	
  recognize	
  that	
  his	
  results	
  are	
  a	
  good	
  reason	
  to	
  believe	
  that	
  cathode	
  rays	
  are	
  

electrically	
  charged,	
  

what	
  Thomson	
  may	
  need	
  to	
  do,	
  and	
  what	
  a	
  good	
  physics	
  text	
  does,	
  is	
  to	
  set	
  

the	
  stage	
  by	
  including	
  sufficient	
  information	
  so	
  that	
  others	
  can	
  be	
  in	
  an	
  

appropriate	
  epistemic	
  situation,	
  so	
  that	
  others	
  can	
  become	
  justified	
  in	
  

believing	
  the	
  hypothesis	
  for	
  that	
  reason.	
  (ibid.,	
  35)	
  

True	
  enough,	
  but	
  how	
  did	
  Thomson	
  himself	
  become	
  justified	
  in	
  believing	
  that	
  his	
  

results	
  are	
  evidence	
  that	
  cathode	
  rays	
  carry	
  an	
  electric	
  charge?	
  

I	
  propose	
  that	
  the	
  notion	
  of	
  ES-­‐evidence	
  as	
  Achinstein	
  defines	
  it	
  does	
  not	
  much	
  

help	
  us	
  to	
  answer	
  questions	
  like	
  this.	
  Although	
  ES-­‐evidence	
  acknowledges	
  a	
  role	
  for	
  

the	
  notion	
  of	
  epistemic	
  justification	
  relative	
  to	
  one’s	
  epistemic	
  situation,	
  it	
  cannot	
  

tell	
  us	
  how	
  to	
  understand	
  that	
  concept.	
  Recall	
  from	
  the	
  above	
  definition	
  of	
  ES-­‐

evidence	
  that	
  for	
  e	
  to	
  be	
  ES-­‐evidence	
  that	
  h	
  relative	
  to	
  some	
  epistemic	
  situation	
  ES,	
  

it	
  must	
  be	
  the	
  case	
  that	
  anyone	
  in	
  ES	
  is	
  justified	
  in	
  believing	
  that	
  e	
  is	
  (probably)	
  

veridical	
  evidence	
  that	
  h.	
  Clearly	
  Achinstein	
  here	
  does	
  not	
  even	
  intend,	
  in	
  defining	
  

ES-­‐evidence,	
  to	
  give	
  us	
  an	
  account	
  of	
  what	
  it	
  is	
  to	
  be	
  justified	
  in	
  believing	
  something	
  

relative	
  to	
  an	
  epistemic	
  situation,	
  since	
  he	
  has	
  simply	
  moved	
  that	
  concept	
  to	
  the	
  

other	
  side	
  of	
  the	
  biconditional.	
  I	
  conclude	
  that	
  his	
  discussion	
  of	
  ES-­‐evidence	
  is	
  

meant	
  to	
  acknowledge	
  the	
  role	
  of	
  epistemic	
  justification	
  in	
  some	
  uses	
  of	
  evidence-­‐
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talk	
  in	
  science,	
  and	
  to	
  clarify	
  how	
  such	
  justification	
  relates	
  to	
  other	
  evidence	
  

concepts,	
  but	
  is	
  not	
  meant	
  to	
  give	
  an	
  account	
  of	
  epistemic	
  justification	
  as	
  such.	
  	
  

Although	
  there	
  is	
  already	
  a	
  vast	
  literature	
  in	
  general	
  epistemology	
  that	
  seeks	
  to	
  

analyze	
  the	
  notion	
  of	
  justification,	
  I	
  would	
  contend	
  that	
  such	
  accounts	
  do	
  not	
  help	
  us	
  

much	
  to	
  understand	
  justification	
  in	
  science.	
  More	
  precisely,	
  I	
  propose	
  shifting	
  the	
  

focus	
  of	
  the	
  discussion	
  of	
  justification	
  away	
  from	
  analytic	
  epistemology’s	
  concern	
  

with	
  specifying	
  necessary	
  and	
  sufficient	
  conditions	
  for	
  the	
  truth	
  of	
  “S	
  is	
  justified	
  in	
  

believing	
  p,”	
  and	
  toward	
  specifying	
  a	
  conceptual	
  framework	
  that	
  serves	
  to	
  explicate	
  

justificatory	
  practices	
  in	
  the	
  sciences.	
  Such	
  a	
  conceptual	
  framework	
  centers	
  on	
  an	
  

ideal	
  of	
  justification,	
  at	
  which	
  justificatory	
  practices	
  aim	
  (Staley	
  and	
  Cobb,	
  

forthcoming),	
  and	
  thus	
  approaches	
  justification	
  by	
  asking	
  what	
  it	
  is	
  that	
  such	
  

practices	
  accomplish,	
  and	
  how.	
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Consider	
  the	
  following	
  kind	
  of	
  situation:	
  A	
  researcher	
  presents	
  a	
  conclusion	
  

from	
  experimental	
  data	
  at	
  a	
  meeting	
  of	
  specialists.	
  The	
  decision	
  to	
  present	
  a	
  

conclusion	
  indicates	
  the	
  conviction	
  of	
  the	
  researcher	
  and	
  her	
  collaborators	
  that	
  

they	
  are	
  prepared	
  to	
  justify	
  their	
  inference	
  in	
  response	
  to	
  whatever	
  challenges	
  

they	
  expect	
  to	
  encounter.	
  Their	
  confidence	
  will	
  result	
  from	
  their	
  having	
  already	
  

posed	
  many	
  such	
  challenges	
  to	
  themselves.	
  New	
  challenges	
  will	
  emerge	
  from	
  the	
  

community	
  of	
  researchers	
  with	
  which	
  they	
  communicate.	
  Such	
  challenges	
  take	
  

many	
  forms,	
  depending	
  on	
  the	
  nature	
  of	
  the	
  experiment	
  and	
  conclusions:	
  Are	
  

there	
  biases	
  in	
  the	
  sampling	
  procedure?	
  Have	
  confounding	
  variables	
  been	
  taken	
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into	
  account?	
  To	
  what	
  extent	
  have	
  alternative	
  explanations	
  been	
  considered?	
  Are	
  

estimates	
  of	
  background	
  reliable?	
  Can	
  the	
  conclusion	
  be	
  reconciled	
  with	
  the	
  

results	
  of	
  other	
  experiments?	
  Have	
  instruments	
  been	
  adequately	
  shielded,	
  

calibrated,	
  and	
  maintained?	
  

To	
  a	
  large	
  extent,	
  such	
  challenges	
  present	
  possible	
  scenarios	
  in	
  which	
  the	
  

experimenters	
  have	
  gone	
  wrong	
  in	
  drawing	
  the	
  conclusions	
  that	
  they	
  do.	
  Such	
  

challenges	
  are	
  not	
  posed	
  arbitrarily.	
  Being	
  logically	
  possible	
  does	
  not	
  suffice,	
  for	
  

example,	
  to	
  constitute	
  a	
  challenge	
  that	
  the	
  experimenter	
  is	
  responsible	
  for	
  

addressing.	
  Rather,	
  such	
  scenarios	
  are	
  judged	
  significant	
  by	
  those	
  in	
  a	
  certain	
  

kind	
  of	
  epistemic	
  situation,	
  incorporating	
  relevant	
  disciplinary	
  knowledge;	
  and	
  

an	
  appropriate	
  response	
  needs	
  to	
  provide	
  a	
  basis	
  for	
  concluding	
  that	
  the	
  

scenario	
  in	
  question	
  is	
  not	
  actual.	
  

I	
  propose	
  thinking	
  of	
  practices	
  of	
  justifying	
  an	
  inference	
  as	
  the	
  securing	
  of	
  

that	
  inference	
  against	
  scenarios	
  under	
  which	
  it	
  would	
  be	
  invalid	
  (“error	
  

scenarios”),	
  where	
  the	
  concept	
  of	
  security	
  is	
  defined	
  as	
  follows:	
  

SEC:	
  Let	
  Ω0	
  be	
  the	
  set	
  of	
  all	
  scenarios	
  that	
  are	
  epistemically	
  possible	
  

relative	
  to	
  an	
  epistemic	
  situation	
  K.	
  Suppose	
  that	
  Ω1	
  ⊆	
  Ω0.	
  Proposition	
  P	
  is	
  

secure	
  throughout	
  Ω1	
  relative	
  to	
  K	
  iff	
  for	
  every	
  scenario	
  ω	
  ∈	
  Ω1,	
  P	
  is	
  true	
  in	
  

ω.	
  If	
  P	
  is	
  secure	
  throughout	
  Ω0,	
  then	
  P	
  is	
  fully	
  secure	
  relative	
  to	
  K.	
  	
  

Before	
  proceeding,	
  some	
  explanation	
  of	
  terminology	
  is	
  in	
  order.	
  	
  This	
  

definition	
  employs	
  the	
  notion	
  of	
  epistemic	
  possibility,	
  which	
  can	
  be	
  thought	
  of	
  as	
  

the	
  modality	
  employed	
  in	
  such	
  expressions	
  as	
  “For	
  all	
  I	
  know,	
  there	
  might	
  be	
  a	
  

third-­‐generation	
  leptoquark	
  with	
  a	
  rest	
  of	
  mass	
  of	
  250	
  GeV/c2”	
  and	
  “For	
  all	
  I	
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know,	
  I	
  might	
  have	
  left	
  my	
  sunglasses	
  on	
  the	
  train.”	
  Hintikka’s	
  seminal	
  (1962)	
  

takes	
  expressions	
  of	
  the	
  form	
  	
  “It	
  is	
  possible,	
  for	
  all	
  that	
  S	
  knows,	
  that	
  P”	
  to	
  have	
  

the	
  same	
  meaning	
  as	
  “It	
  does	
  not	
  follow	
  from	
  what	
  S	
  knows	
  that	
  not-­‐P.”3	
  	
  I	
  have	
  

borrowed	
  the	
  notion	
  of	
  a	
  scenario	
  from	
  David	
  Chalmers	
  for	
  heuristic	
  purposes.	
  

He	
  describes	
  a	
  scenario	
  as	
  a	
  “maximally	
  specific	
  way	
  things	
  might	
  be”	
  (Chalmers	
  

forthcoming).	
  If	
  there	
  is,	
  relative	
  to	
  one’s	
  epistemic	
  situation,	
  an	
  epistemically	
  

possible	
  scenario	
  in	
  which	
  a	
  proposition	
  P	
  is	
  true,	
  that	
  means	
  that,	
  for	
  all	
  one	
  

knows,	
  a	
  complete	
  and	
  maximally	
  specific	
  description	
  of	
  the	
  world	
  entails	
  P.	
  In	
  

practice,	
  no	
  one	
  ever	
  considers	
  scenarios	
  as	
  such,	
  of	
  course,	
  but	
  rather	
  focuses	
  

on	
  salient	
  differences	
  between	
  one	
  scenario	
  and	
  another.	
  	
  

To	
  put	
  this	
  notion	
  more	
  intuitively,	
  then,	
  a	
  proposition	
  is	
  secure	
  for	
  an	
  

epistemic	
  agent	
  just	
  insofar	
  as,	
  whatever	
  might	
  be	
  the	
  case	
  for	
  all	
  that	
  the	
  agent	
  

knows,	
  that	
  proposition	
  remains	
  true.	
  Applied	
  to	
  an	
  inference	
  from	
  fact	
  e	
  to	
  

hypothesis	
  h,	
  an	
  inference	
  from	
  e	
  to	
  h	
  is	
  secure	
  relative	
  to	
  K	
  insofar	
  as	
  the	
  

proposition	
  “e	
  is	
  good	
  evidence	
  for	
  h”	
  is	
  secure	
  relative	
  to	
  K.	
  For	
  Achinstein’s	
  

account,	
  the	
  relevant	
  way	
  to	
  explicate	
  this	
  might	
  be	
  to	
  say	
  that	
  the	
  conditions	
  for	
  

e	
  being	
  potential	
  evidence	
  for	
  h	
  are	
  secure	
  relative	
  to	
  K.	
  

Note	
  that	
  the	
  notion	
  of	
  a	
  fully	
  secure	
  inference	
  functions	
  as	
  an	
  ideal	
  for	
  use	
  in	
  

articulating	
  an	
  account	
  of	
  justification.	
  Second,	
  this	
  account	
  does	
  not	
  suppose	
  

that	
  investigators	
  can	
  or	
  should	
  attempt	
  to	
  determine	
  some	
  degree	
  of	
  security	
  of	
  

any	
  of	
  their	
  inferences.	
  	
  

Rather,	
  the	
  value	
  of	
  the	
  concept	
  of	
  security	
  lies	
  in	
  its	
  capacity	
  to	
  

conceptualize	
  methods	
  of	
  justification	
  encountered	
  in	
  scientific	
  practice	
  in	
  a	
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systematic	
  way.	
  Indeed,	
  the	
  methodologically	
  significant	
  notion	
  is	
  not	
  security	
  

per	
  se,	
  but	
  the	
  securing	
  of	
  inferences,	
  i.e.,	
  the	
  use	
  of	
  methods	
  that	
  serve	
  to	
  

increase	
  the	
  relative	
  security	
  of	
  an	
  inference,	
  either	
  by	
  expanding	
  the	
  range	
  of	
  

validity	
  of	
  an	
  inference	
  across	
  a	
  fixed	
  space	
  of	
  possible	
  scenarios,	
  or	
  by	
  

decreasing	
  the	
  range	
  of	
  possible	
  scenarios	
  in	
  which	
  the	
  inference	
  would	
  be	
  

invalid.	
  	
  

Using	
  the	
  notion	
  of	
  security	
  to	
  complement	
  Achinstein’s	
  theory	
  of	
  evidence,	
  I	
  

propose	
  the	
  following	
  as	
  an	
  ideal	
  of	
  justification:	
  

JE	
  (Justified	
  Evidence):	
  An	
  assertion	
  of	
  h	
  as	
  a	
  conclusion	
  inferred	
  from	
  

observed	
  fact(s)	
  e	
  is	
  fully	
  justified	
  relative	
  to	
  epistemic	
  situation	
  K	
  if:	
  	
  

(1)	
  e	
  is	
  potential	
  evidence	
  for	
  h;	
  and	
  	
  

(2)	
  the	
  proposition	
  “e	
  is	
  potential	
  evidence	
  for	
  h”	
  is	
  secure	
  throughout	
  all	
  

scenarios	
  that	
  are	
  epistemically	
  possible	
  relative	
  to	
  K.4	
  

Note	
  that	
  these	
  conditions	
  are	
  stronger	
  than	
  those	
  for	
  either	
  veridical	
  

evidence	
  or	
  ES-­‐evidence.	
  	
  

This	
  account	
  articulates	
  a	
  notion	
  of	
  full	
  justification	
  as	
  an	
  ideal.	
  The	
  point	
  is	
  

that	
  methods	
  of	
  justification	
  serve	
  two	
  distinct	
  purposes.	
  First,	
  they	
  aim	
  (fallibly)	
  

to	
  create	
  conditions	
  that	
  will	
  render	
  (1)	
  true	
  for	
  the	
  inference	
  at	
  which	
  the	
  

investigators	
  arrive.	
  Second,	
  they	
  aim	
  to	
  facilitate	
  the	
  pursuit	
  of	
  (2)	
  by	
  providing	
  

investigators	
  with	
  the	
  resources	
  to	
  respond	
  to	
  the	
  challenge	
  of	
  possible	
  error-­‐

scenarios	
  and,	
  thus,	
  serve	
  to	
  secure	
  the	
  inference	
  proposed.	
  Though	
  full	
  security	
  

may	
  remain	
  an	
  unachieved	
  ideal,	
  the	
  increase	
  in	
  relative	
  security	
  puts	
  

investigators	
  in	
  a	
  better	
  epistemic	
  situation,	
  and	
  it	
  is	
  in	
  this	
  sense	
  that	
  methods	
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aimed	
  at	
  securing	
  evidence	
  claims	
  provide	
  justification.	
  

Two	
  general	
  strategies	
  for	
  the	
  securing	
  of	
  evidence	
  pervade	
  experimental	
  

science:	
  In	
  a	
  weakening	
  strategy	
  one	
  replaces	
  a	
  conclusion	
  h	
  with	
  a	
  weaker	
  

conclusion	
  h’	
  that	
  is	
  true	
  across	
  a	
  broader	
  range	
  of	
  epistemically	
  possible	
  

scenarios.	
  A	
  strengthening	
  strategy	
  calls	
  for	
  changing	
  one’s	
  epistemic	
  situation	
  

ES	
  into	
  a	
  stronger	
  situation	
  ES’	
  	
  such	
  that	
  error	
  scenarios	
  epistemically	
  possible	
  

relative	
  to	
  ES	
  are	
  not	
  possible	
  relative	
  to	
  ES’.	
  

To	
  illustrate	
  these	
  strategies	
  and	
  see	
  how	
  the	
  concept	
  of	
  security	
  might	
  

complement	
  Achinstein’s	
  account	
  of	
  evidence,	
  let	
  us	
  consider	
  experiments	
  

undertaken	
  by	
  Heinrich	
  Hertz,	
  which	
  Achinstein	
  uses	
  to	
  introduce	
  the	
  notion	
  of	
  

ES-­‐evidence.	
  As	
  he	
  sees	
  it,	
  Hertz’s	
  experiments	
  provided	
  ES-­‐evidence,	
  relative	
  to	
  

Hertz’s	
  epistemic	
  situation,	
  that	
  cathode	
  rays	
  are	
  electrically	
  neutral.	
  However,	
  

later	
  experiments	
  by	
  J.	
  J.	
  Thomson	
  showed	
  that	
  Hertz’s	
  results	
  were	
  not	
  veridical	
  

or	
  even	
  potential	
  evidence	
  for	
  the	
  neutrality	
  of	
  cathode	
  rays.	
  

	
  

5"#<1,%',+=#<1'&>#3%)#&=1#?*;&,@,+3&,(%#(@#12,)1%+1#@('#&=1#141+&',+34#

%1*&'34,&A#(@#+3&=()1#'3A;#

In	
  his	
  1883	
  paper,	
  “Experiments	
  on	
  the	
  Cathode	
  Discharge,”	
  Heinrich	
  Hertz	
  

describes	
  a	
  series	
  of	
  experiments	
  carried	
  out	
  in	
  the	
  Physical	
  Institute	
  of	
  the	
  

University	
  of	
  Berlin	
  on	
  cathode	
  phenomena.	
  The	
  conclusions	
  that	
  he	
  claims	
  to	
  have	
  

“proved”	
  via	
  these	
  experiments	
  include	
  that	
  “cathode	
  rays	
  are	
  only	
  a	
  phenomenon	
  

accompanying	
  the	
  discharge,	
  and	
  have	
  nothing	
  directly	
  to	
  do	
  with	
  the	
  path	
  of	
  the	
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current”	
  and	
  that	
  “the	
  electrostatic	
  and	
  electromagnetic	
  properties	
  of	
  the	
  cathode	
  

rays	
  are	
  either	
  nil	
  or	
  very	
  feeble”	
  (Hertz	
  1896,	
  254).5	
  

Hertz’s	
  research	
  should	
  be	
  understand	
  in	
  the	
  context	
  of	
  the	
  work	
  already	
  

undertaken	
  by	
  his	
  Berlin	
  colleague	
  Eugen	
  Goldstein,	
  who	
  regarded	
  the	
  rays	
  as	
  (1)	
  an	
  

entirely	
  novel	
  production	
  not	
  readily	
  assimilable	
  to	
  known	
  categories	
  of	
  electrical	
  

phenomena,	
  but	
  as	
  (2)	
  consisting	
  of	
  “open	
  currents.”	
  The	
  latter	
  view	
  treated	
  the	
  

rays	
  as	
  involving	
  a	
  kind	
  of	
  motion	
  in	
  the	
  ether	
  that	
  propagated	
  through	
  the	
  tube	
  

without	
  transferring	
  any	
  material	
  particle;	
  any	
  movement	
  of	
  charge	
  through	
  the	
  

tube	
  did	
  not	
  traverse	
  the	
  length	
  of	
  the	
  tube.	
  Instead,	
  rays	
  originate	
  as	
  longitudinal	
  

waves	
  at	
  the	
  cathode	
  that	
  terminate	
  when	
  they	
  strike	
  a	
  particle,	
  which	
  in	
  turn	
  

becomes	
  the	
  origin	
  of	
  another	
  ray.	
  As	
  Buchwald	
  notes,	
  Goldstein	
  “conflated	
  

longitudinal	
  waves	
  in	
  the	
  ether	
  with	
  unterminated	
  currents,	
  conceiving	
  that	
  the	
  

ether	
  might	
  possess	
  conductivity.	
  For	
  him	
  cathode	
  rays	
  were	
  simultaneously	
  a	
  kind	
  

of	
  current	
  and	
  a	
  kind	
  of	
  wave”	
  (ibid.,	
  137).	
  

	
  

3.1	
  Rays	
  are	
  not	
  currents	
  

Hertz	
  found	
  an	
  ingenious	
  way	
  to	
  simultaneously	
  challenge	
  and	
  endorse	
  

Goldstein’s	
  claims	
  by	
  attacking	
  (2)	
  in	
  a	
  way	
  that	
  strengthened	
  the	
  support	
  for	
  (1).	
  

According	
  to	
  Buchwald’s	
  account,	
  the	
  conception	
  of	
  rays	
  in	
  Geissler	
  tubes	
  as	
  a	
  novel	
  

state	
  was	
  central	
  to	
  Goldstein’s	
  view,	
  while	
  the	
  claim	
  that	
  they	
  are	
  open	
  currents	
  

was	
  secondary,	
  an	
  interpretation	
  that	
  distinguished	
  the	
  rays	
  from	
  any	
  known	
  

electrical	
  phenomenon.	
  By	
  showing	
  that	
  the	
  rays	
  were	
  not	
  any	
  kind	
  of	
  current	
  at	
  all,	
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Hertz	
  could	
  enhance	
  the	
  claim	
  to	
  their	
  ontological	
  distinctness	
  while	
  also	
  

establishing	
  his	
  own	
  experimental	
  acumen	
  (ibid.,	
  137–41).	
  

In	
  one	
  experiment	
  seeking	
  to	
  distinguish	
  between	
  the	
  current	
  in	
  the	
  tube	
  and	
  the	
  

rays,	
  he	
  set	
  out	
  to	
  trace	
  the	
  current’s	
  path	
  in	
  the	
  tube	
  by	
  means	
  of	
  its	
  magnetic	
  

effect,	
  and	
  to	
  compare	
  that	
  path	
  to	
  the	
  path	
  of	
  the	
  rays	
  through	
  the	
  tube.	
  This	
  

involved	
  constructing	
  a	
  tube	
  that	
  was	
  in	
  fact	
  a	
  rectangular	
  frame	
  holding	
  two	
  panes	
  

of	
  glass	
  enclosing	
  an	
  evacuated	
  space	
  (figure	
  1).	
  The	
  cathode	
  and	
  anode	
  were	
  

inserted	
  just	
  into	
  that	
  space	
  through	
  adjacent	
  sides	
  of	
  the	
  rectangle.	
  A	
  magnetic	
  

needle	
  was	
  suspended	
  above	
  the	
  frame	
  such	
  that	
  its	
  deflection	
  could	
  be	
  recorded	
  as	
  

the	
  frame	
  was	
  moved	
  about.	
  Hertz’s	
  results	
  clearly	
  indicated	
  a	
  distinction	
  between	
  

the	
  paths	
  of	
  the	
  current	
  lines	
  as	
  recorded	
  by	
  the	
  magnetic	
  deflection	
  and	
  the	
  paths	
  

of	
  the	
  cathode	
  rays	
  (figure	
  2).	
  

But,	
  Hertz	
  noted,	
  to	
  justifiably	
  regard	
  these	
  results	
  as	
  evidence	
  that	
  the	
  current	
  

and	
  rays	
  were	
  distinct	
  one	
  needed	
  to	
  rule	
  out	
  a	
  possibility.	
  If	
  the	
  cathode	
  rays	
  

exerted	
  some	
  non-­electromagnetic	
  effect	
  on	
  the	
  needle,	
  then	
  one	
  could	
  not	
  use	
  the	
  

deflection	
  of	
  the	
  needle	
  to	
  map	
  the	
  current,	
  and	
  thus	
  could	
  draw	
  no	
  conclusion	
  

about	
  the	
  relationship	
  between	
  the	
  current	
  paths	
  and	
  the	
  ray	
  paths.	
  

Hertz	
  performed	
  another	
  experiment	
  to	
  show	
  that	
  “no	
  such	
  effect	
  occurs”	
  (Hertz	
  

1896,	
  239).	
  In	
  this	
  experiment,	
  Hertz	
  devised	
  a	
  radially	
  symmetric	
  cathode-­‐anode	
  

construction.	
  The	
  cathode	
  consisted	
  of	
  a	
  brass	
  disk	
  with	
  a	
  diameter	
  equal	
  to	
  the	
  

opening	
  of	
  the	
  tube	
  into	
  which	
  it	
  was	
  inserted.	
  Through	
  a	
  hole	
  in	
  the	
  center	
  of	
  that	
  

disk	
  protruded	
  a	
  thermometer	
  tube,	
  through	
  which	
  in	
  turn	
  protruded	
  the	
  anode.	
  

Hertz	
  positioned	
  the	
  tube	
  “as	
  near	
  as	
  possible	
  to	
  the	
  magnet,	
  first	
  in	
  a	
  position	
  that	
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the	
  magnet	
  would	
  indicate	
  a	
  force	
  tangential	
  to	
  the	
  tube,	
  then	
  radial,	
  and	
  lastly,	
  

parallel	
  to	
  the	
  tube.”	
  But	
  he	
  found	
  no	
  deflection	
  of	
  the	
  magnet.	
  By	
  contrast,	
  if	
  the	
  

anode	
  was	
  placed	
  further	
  down	
  the	
  length	
  of	
  the	
  tube,	
  so	
  that	
  the	
  path	
  from	
  cathode	
  

to	
  anode	
  ran	
  parallel	
  to	
  the	
  rays,	
  he	
  did	
  observe	
  “deflections	
  of	
  thirty	
  to	
  forty	
  scale	
  

divisions”	
  (ibid.,	
  p.	
  240).	
  

Hertz	
  concluded	
  that	
  the	
  rays	
  had	
  no	
  detectable	
  non-­‐electromagnetic	
  effect	
  on	
  

the	
  magnet,	
  since	
  eliminating	
  the	
  electromagnetic	
  effect	
  via	
  a	
  symmetric	
  

configuration	
  eliminated	
  any	
  detectable	
  deflection.	
  	
  

Hertz’s	
  use	
  of	
  a	
  subsidiary	
  experiment	
  here	
  exemplifies	
  what	
  I	
  call	
  a	
  

“strengthening	
  strategy”	
  for	
  securing	
  his	
  conclusions	
  from	
  the	
  mapping	
  experiment.	
  

That	
  is,	
  he	
  added	
  to	
  his	
  knowledge,	
  strengthening	
  his	
  epistemic	
  situation	
  so	
  that	
  

some	
  scenarios	
  (those	
  in	
  which	
  cathode	
  rays	
  exert	
  detectable	
  non-­‐electromagnetic	
  

effects	
  on	
  the	
  magnetic	
  needle)	
  that	
  were	
  previously	
  epistemically	
  possible	
  and	
  

would	
  potentially	
  invalidate	
  any	
  conclusions	
  drawn	
  from	
  the	
  mapping	
  experiment,	
  

became	
  no	
  longer	
  epistemically	
  possible.	
  	
  

	
  

3.2	
  Rays	
  lack	
  electrostatic	
  properties	
  

Hertz	
  next	
  turned	
  to	
  the	
  question	
  “Have	
  the	
  cathode	
  rays	
  electrostatic	
  

properties?”	
  He	
  divides	
  this	
  question	
  into	
  two	
  parts:	
  “Firstly:	
  do	
  the	
  cathode	
  rays	
  

give	
  rise	
  to	
  electrostatic	
  forces	
  in	
  their	
  neighbourhood?	
  Secondly:	
  In	
  their	
  course	
  are	
  

they	
  affected	
  by	
  external	
  electrostatic	
  forces?”	
  (ibid.,	
  249).	
  He	
  then	
  described	
  two	
  

experiments	
  directed	
  at	
  these	
  two	
  questions	
  respectively.	
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In	
  the	
  first,	
  as	
  depicted	
  in	
  figure	
  3,	
  he	
  used	
  a	
  glass	
  tube	
  containing	
  the	
  cathode	
  

(α).	
  “All	
  of	
  the	
  parts	
  marked	
  β	
  are	
  in	
  good	
  metallic	
  connection	
  with	
  each	
  other,	
  and	
  

such	
  of	
  them	
  as	
  lie	
  inside	
  the	
  tube	
  form	
  the	
  anode”	
  (ibid.,	
  249).	
  This	
  included	
  a	
  brass	
  

tube	
  surrounding	
  the	
  cathode,	
  such	
  that	
  the	
  only	
  opening	
  through	
  which	
  the	
  

cathode	
  rays	
  may	
  pass	
  is	
  a	
  10mm	
  hole	
  opposite	
  the	
  cathode.	
  They	
  must	
  then	
  pass	
  

through	
  a	
  wire	
  mesh,	
  also	
  forming	
  part	
  of	
  the	
  anode.	
  The	
  anode	
  also	
  connected	
  to	
  an	
  

external	
  mantel	
  connected	
  to	
  a	
  “delicate	
  electrometer.”	
  Also	
  connected	
  to	
  the	
  

electrometer	
  was	
  a	
  metal	
  case	
  “which	
  completely	
  surrounds	
  the	
  greater	
  part	
  of	
  the	
  

tube	
  and	
  screens	
  that	
  part	
  of	
  the	
  gas-­‐space	
  which	
  lies	
  beyond	
  the	
  wire-­‐gauze	
  from	
  

any	
  electrostatic	
  forces	
  which	
  might	
  be	
  produced	
  by	
  induction	
  from	
  without,	
  e.g.,	
  

from	
  the	
  cathode”	
  (ibid.,	
  250).	
  

On	
  the	
  basis	
  of	
  the	
  previously	
  described	
  experiment,	
  Hertz	
  regarded	
  the	
  rays	
  

that	
  pass	
  through	
  the	
  mesh	
  into	
  the	
  space	
  of	
  the	
  tube	
  as	
  “pure”	
  in	
  the	
  sense	
  of	
  not	
  

including	
  any	
  of	
  the	
  current	
  that	
  flows	
  from	
  cathode	
  to	
  anode.	
  Thus,	
  should	
  any	
  

electrostatic	
  forces	
  be	
  exerted	
  in	
  the	
  vicinity	
  of	
  the	
  rays,	
  or	
  should	
  they	
  be	
  found	
  to	
  

respond	
  to	
  any	
  such	
  forces,	
  he	
  could	
  ascribe	
  these	
  effects	
  to	
  the	
  rays	
  themselves.	
  

Here	
  again,	
  Hertz	
  took	
  care	
  to	
  secure	
  his	
  conclusions	
  against	
  a	
  threatening	
  scenario:	
  

that	
  in	
  which	
  electrostatic	
  effects	
  are	
  manifested,	
  but	
  only	
  because	
  of	
  a	
  commingling	
  

of	
  cathode-­‐anode	
  current	
  with	
  the	
  rays	
  which	
  he	
  had	
  established	
  as	
  a	
  distinct	
  

phenomenon.	
  

But	
  Hertz	
  took	
  a	
  further	
  step,	
  the	
  consideration	
  of	
  which	
  shows	
  how	
  studying	
  

the	
  error	
  scenarios	
  deemed	
  relevant	
  by	
  an	
  investigator	
  might	
  shed	
  light	
  on	
  his	
  

understanding	
  of	
  the	
  conclusions	
  he	
  draws.	
  To	
  show	
  that	
  his	
  apparatus	
  was	
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adequate	
  to	
  discriminate	
  between	
  the	
  presence	
  and	
  absence	
  of	
  the	
  phenomenon	
  in	
  

question,	
  Hertz	
  considered	
  how	
  to	
  determine	
  the	
  magnitude	
  of	
  the	
  effect	
  to	
  be	
  

expected	
  if	
  the	
  rays	
  were	
  to	
  exert	
  electrostatic	
  forces.	
  This	
  he	
  did	
  by	
  simulating	
  the	
  

effect	
  in	
  question:	
  he	
  replaced	
  the	
  glass	
  tube	
  inside	
  the	
  mantle	
  with	
  a	
  metal	
  rod	
  

“which	
  had	
  about	
  the	
  same	
  size	
  and	
  position	
  as	
  the	
  cathode	
  rays”	
  and	
  was	
  in	
  contact	
  

with	
  the	
  cathode.	
  This	
  arrangement	
  produced	
  deflections	
  of	
  the	
  electrometer	
  “too	
  

great	
  to	
  be	
  measured”	
  but	
  estimated	
  at	
  “two	
  to	
  three	
  thousand	
  scale	
  divisions”	
  

which	
  ceased	
  when	
  the	
  current	
  stopped.	
  Note	
  his	
  next	
  comment:	
  “Now	
  if	
  the	
  

cathode	
  rays	
  consisted	
  of	
  a	
  stream	
  of	
  particles	
  charged	
  to	
  the	
  potential	
  of	
  the	
  

cathode,	
  they	
  would	
  produce	
  effects	
  quantitatively	
  similar	
  to	
  the	
  above,	
  or	
  

qualitatively	
  similar	
  if	
  they	
  produced	
  any	
  electrostatic	
  forces	
  whatever	
  in	
  their	
  

neighbourhood”	
  (ibid.,	
  250).	
  

When	
  the	
  experiment	
  was	
  performed,	
  Hertz	
  reported	
  that	
  the	
  electrometer	
  

exhibited	
  vibrations	
  through	
  “ten	
  or	
  twenty	
  scale	
  divisions	
  from	
  its	
  position	
  of	
  rest.”	
  

He	
  infers:	
  “As	
  far	
  as	
  the	
  accuracy	
  of	
  the	
  experiment	
  allows,	
  we	
  can	
  conclude	
  with	
  

certainty	
  that	
  no	
  electrostatic	
  effect	
  due	
  to	
  the	
  cathode	
  rays	
  can	
  be	
  perceived;	
  and	
  

that	
  if	
  they	
  consist	
  of	
  streams	
  of	
  electrified	
  particles,	
  the	
  potential	
  on	
  their	
  outer	
  

surface	
  is	
  at	
  most	
  one-­‐hundredth	
  that	
  of	
  the	
  cathode”	
  (ibid.,	
  251).	
  

The	
  last	
  point	
  about	
  the	
  “potential	
  on	
  their	
  outer	
  surface”	
  deserves	
  attention.	
  

The	
  metal	
  rod	
  served	
  as	
  a	
  satisfactory	
  simulation	
  of	
  the	
  effect	
  being	
  investigated	
  

because	
  Hertz	
  assumed	
  that	
  cathode	
  rays	
  bearing	
  electrostatic	
  properties	
  would	
  be	
  

“particles	
  charged	
  to	
  the	
  potential	
  of	
  the	
  cathode.”	
  Buchwald	
  comments	
  that	
  “Hertz	
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was	
  …	
  thinking	
  of	
  small	
  bits	
  of	
  metal	
  literally	
  torn	
  away	
  from	
  the	
  cathode”	
  and	
  

retaining	
  the	
  property	
  of	
  conductivity	
  such	
  that	
  they	
  can	
  be	
  “charged	
  to	
  a	
  potential.”	
  

To	
  secure	
  his	
  conclusion	
  that	
  cathode	
  rays	
  did	
  not	
  exert	
  electrostatic	
  forces,	
  

Hertz	
  needed	
  to	
  rule	
  out	
  the	
  scenario	
  in	
  which,	
  although	
  they	
  did	
  exert	
  such	
  forces,	
  

his	
  apparatus	
  was	
  unable	
  to	
  detect	
  them.	
  But	
  his	
  treatment	
  of	
  this	
  scenario	
  indicates	
  

that	
  he	
  was	
  in	
  fact	
  thinking	
  of	
  the	
  “charged	
  ray”	
  hypothesis	
  according	
  to	
  a	
  particular	
  

model	
  quite	
  distinct	
  from	
  that	
  later	
  supported	
  by	
  Thomson’s	
  experiments,	
  for	
  

example.	
  

Of	
  course,	
  to	
  judge	
  Hertz’s	
  accomplishments	
  in	
  his	
  cathode	
  ray	
  research	
  in	
  light	
  

of	
  ideas	
  that	
  were	
  not	
  available	
  to	
  him	
  would	
  reek	
  of	
  anachronism.	
  Nonetheless,	
  by	
  

following	
  Buchwald’s	
  lead	
  in	
  paying	
  close	
  attention	
  to	
  the	
  error	
  scenarios	
  that	
  did	
  

concern	
  Hertz,	
  we	
  can	
  engage	
  in	
  a	
  non-­‐vicious	
  form	
  of	
  anachronism.	
  In	
  particular,	
  

we	
  can	
  use	
  a	
  weakening	
  strategy	
  on	
  Hertz’s	
  behalf	
  to	
  clarify	
  in	
  what	
  sense	
  Hertz’s	
  

conclusion	
  from	
  this	
  experiment	
  was	
  justified,	
  but	
  in	
  a	
  way	
  that	
  is	
  informed	
  by	
  our	
  

knowledge	
  of	
  later	
  developments.	
  The	
  fact	
  that	
  the	
  developments	
  that	
  make	
  our	
  

reconstruction	
  possible	
  resulted	
  from	
  later	
  work	
  can	
  form	
  the	
  basis	
  of	
  

understanding	
  why	
  Hertz	
  himself	
  did	
  not	
  employ	
  this	
  strategy.	
  

The	
  following	
  weakening	
  strategy	
  seems	
  applicable:	
  Replace	
  h:	
  “the	
  electrostatic	
  

and	
  electromagnetic	
  properties	
  of	
  the	
  cathode	
  rays	
  are	
  either	
  nil	
  or	
  very	
  feeble”	
  

with	
  the	
  weaker	
  claim	
  that	
  “either	
  h	
  or	
  else	
  the	
  cathode	
  rays	
  bear	
  those	
  properties	
  

in	
  some	
  manner	
  distinct	
  from	
  that	
  in	
  which	
  bodies	
  with	
  the	
  property	
  of	
  conductivity	
  

bear	
  them.”	
  The	
  latter	
  possibility	
  did	
  not	
  occur	
  to	
  Hertz,	
  and	
  in	
  that	
  sense	
  he	
  

justifiably	
  drew	
  his	
  conclusion.	
  Yet	
  his	
  justification	
  did	
  not	
  meet	
  the	
  ideal	
  set	
  forth	
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in	
  JE.	
  Ideally,	
  experimenters	
  anticipate	
  all	
  of	
  the	
  error	
  scenarios	
  relevant	
  to	
  their	
  

inferences	
  and	
  acquire	
  the	
  resources	
  to	
  rule	
  them	
  out.	
  In	
  truth,	
  the	
  ideal	
  is	
  rarely	
  

met,	
  and	
  Hertz	
  did	
  not	
  meet	
  it.	
  Employing	
  the	
  framework	
  of	
  security	
  in	
  

understanding	
  the	
  ideal,	
  along	
  with	
  additional	
  empirical	
  knowledge	
  about	
  the	
  

phenomena	
  Hertz	
  was	
  investigating,	
  allows	
  us	
  both	
  to	
  acknowledge	
  the	
  

justifications	
  available	
  to	
  him,	
  and	
  to	
  note	
  those	
  that	
  eluded	
  him.	
  

	
  

3.3	
  Cathode	
  rays	
  are	
  not	
  affected	
  by	
  electrostatic	
  forces	
  

Finally,	
  Hertz	
  addresses	
  the	
  question	
  of	
  whether	
  electrostatic	
  forces	
  affect	
  

cathode	
  rays	
  are	
  affected	
  by	
  electrostatic	
  forces.	
  	
  Hertz	
  used	
  a	
  “ray	
  purifying”	
  tube	
  

similar	
  to	
  that	
  in	
  figure	
  3,	
  but	
  this	
  time	
  placed	
  between	
  “two	
  strongly	
  and	
  oppositely	
  

electrified	
  plates”	
  (ibid.,	
  252).	
  In	
  the	
  path	
  of	
  the	
  rays	
  Hertz	
  placed	
  a	
  “fine	
  wire”	
  that	
  

cast	
  a	
  shadow	
  on	
  the	
  phosphorescent	
  patch	
  at	
  the	
  end	
  of	
  the	
  tube.	
  Hertz	
  proposed	
  

that	
  a	
  movement	
  of	
  the	
  shadow	
  would	
  indicate	
  any	
  deflection	
  of	
  the	
  rays.	
  This	
  effect	
  

he	
  did	
  not	
  observe.	
  	
  

In	
  another	
  instance	
  of	
  anticipating	
  an	
  error	
  scenario,	
  Hertz	
  notes	
  “But	
  here	
  there	
  

was	
  a	
  doubt	
  whether	
  the	
  large	
  electrostatic	
  force	
  to	
  which	
  the	
  tube	
  was	
  subjected	
  

might	
  not	
  be	
  compensated	
  by	
  an	
  electrical	
  distribution	
  produced	
  inside	
  it”	
  (ibid.,	
  

252).	
  	
  As	
  Buchwald	
  notes,	
  the	
  concern	
  here	
  was	
  directed	
  at	
  the	
  idea	
  that	
  the	
  gas	
  

inside	
  the	
  tube	
  may	
  have	
  been	
  rendered	
  conductive	
  in	
  the	
  manner	
  of	
  “an	
  attenuated	
  

metal,”	
  not	
  in	
  the	
  sense	
  of	
  the	
  gas	
  becoming	
  ionized	
  –	
  the	
  effect	
  later	
  identified	
  by	
  

Thomson	
  (Buchwald	
  1994,	
  166).	
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To	
  rule	
  out	
  this	
  possibility,	
  Hertz	
  moved	
  the	
  plates	
  to	
  the	
  inside	
  of	
  the	
  tube.	
  

Under	
  these	
  conditions,	
  Buchwald	
  notes,	
  conductivity	
  in	
  the	
  gas	
  as	
  Hertz	
  conceived	
  

it	
  would	
  result	
  in	
  discharge	
  between	
  the	
  plates,	
  an	
  effect	
  that	
  was	
  not	
  observed.	
  The	
  

shadow	
  showed	
  no	
  displacement.	
  

	
  To	
  investigate	
  the	
  effect	
  of	
  electromotive	
  rather	
  than	
  electrostatic	
  forces	
  on	
  the	
  

cathode	
  rays,	
  Hertz	
  then	
  connected	
  the	
  plates	
  to	
  a	
  battery	
  sufficient	
  to	
  induce	
  arc-­‐

discharges	
  between	
  them.	
  Hertz	
  observed	
  that	
  under	
  these	
  conditions	
  the	
  

phosphorescence	
  appeared	
  “distorted	
  through	
  deflection	
  in	
  the	
  neighbourhood	
  of	
  

the	
  negative	
  strip;	
  but	
  the	
  part	
  of	
  the	
  shadow	
  in	
  the	
  middle	
  between	
  the	
  two	
  strips	
  

was	
  not	
  visibly	
  displaced”	
  (Hertz	
  1896,	
  252).	
  

This	
  final	
  series	
  of	
  observations	
  acquired	
  particular	
  importance	
  later	
  insofar	
  as	
  

Thomson’s	
  series	
  of	
  experiments	
  included	
  a	
  similar	
  arrangement	
  but	
  with	
  a	
  

superior	
  evacuation	
  of	
  the	
  tube	
  to	
  rule	
  out	
  precisely	
  the	
  kind	
  of	
  ionization	
  of	
  the	
  gas	
  

(and	
  resultant	
  shielding	
  of	
  the	
  rays	
  from	
  the	
  electric	
  field)	
  that	
  was	
  not	
  the	
  target	
  of	
  

Hertz’s	
  concern	
  about	
  the	
  gas	
  being	
  rendered	
  conductive.	
  Buchwald	
  notes	
  that,	
  

although	
  many	
  believe	
  that	
  Hertz’s	
  tube	
  suffered	
  from	
  an	
  ionization	
  effect,	
  such	
  a	
  

scenario	
  “would	
  not	
  even	
  have	
  occurred	
  to	
  Hertz	
  in	
  1883,	
  because	
  he	
  understood	
  

conductivity	
  as	
  an	
  extensive	
  property	
  of	
  matter	
  in	
  bulk.	
  …from	
  Hertz’s	
  point	
  of	
  view	
  

the	
  gas	
  in	
  the	
  tube	
  was	
  either	
  conducting,	
  in	
  which	
  case	
  it	
  behaved	
  like	
  an	
  

attenuated	
  metallic	
  mass,	
  or	
  else	
  it	
  was	
  not,	
  in	
  which	
  case	
  it	
  behaved	
  like	
  an	
  

insulator.	
  He	
  had	
  to	
  examine	
  whether	
  the	
  rays	
  were	
  or	
  were	
  not	
  deflected	
  under	
  

both	
  circumstances,	
  which	
  he	
  did”	
  (Buchwald	
  1994,	
  168).	
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Here	
  again	
  we	
  see	
  how	
  meticulously	
  Hertz	
  ruled	
  out	
  error	
  scenarios	
  that	
  he	
  

deemed	
  relevant	
  against	
  the	
  background	
  of	
  the	
  theoretical	
  possibilities	
  within	
  his	
  

ken.	
  Nonetheless,	
  possibilities	
  did	
  emerge	
  later	
  that	
  would	
  have	
  been	
  relevant	
  had	
  

they	
  occurred	
  to	
  him.	
  	
  

	
  

B"#:(%+4*;,(%	
  

Under	
  Achinstein’s	
  interpretation	
  the	
  claim	
  that	
  Hertz’s	
  results	
  are	
  evidence	
  that	
  

“cathode	
  rays	
  are	
  not	
  electrically	
  charged”	
  is	
  correct	
  insofar	
  as	
  we	
  take	
  the	
  relevant	
  

evidence	
  concept	
  to	
  be	
  ES-­‐evidence,	
  but	
  Thomson’s	
  later	
  experiments	
  show	
  that	
  it	
  is	
  

incorrect	
  in	
  terms	
  of	
  potential	
  or	
  veridical	
  evidence.	
  

Here	
  I	
  take	
  no	
  issue	
  with	
  these	
  claims.	
  The	
  purpose	
  of	
  the	
  above	
  discussion	
  has	
  

been	
  to	
  show	
  how	
  we	
  can	
  regard	
  much	
  of	
  what	
  Hertz	
  did	
  in	
  the	
  course	
  of	
  his	
  

experimental	
  activities	
  as	
  serving	
  two	
  purposes	
  simultaneously.	
  First,	
  he	
  sought	
  to	
  

arrive	
  at	
  results	
  that	
  stand	
  as	
  a	
  matter	
  of	
  objective	
  fact	
  in	
  a	
  relationship	
  of	
  evidential	
  

support	
  for	
  a	
  hypothesis	
  of	
  interest.	
  Second,	
  he	
  sought	
  to	
  acquire	
  the	
  epistemic	
  

resources	
  to	
  justify	
  the	
  claim	
  that	
  those	
  results	
  are	
  such	
  evidence	
  for	
  that	
  

hypothesis,	
  particularly	
  by	
  being	
  able	
  to	
  rule	
  out	
  scenarios	
  that,	
  if	
  actual,	
  would	
  

invalidate	
  such	
  a	
  claim.	
  Furthermore,	
  although	
  Achinstein’s	
  evidence	
  concepts	
  —	
  

particularly	
  the	
  notion	
  of	
  veridical	
  evidence	
  —	
  might	
  serve	
  us	
  well	
  in	
  understanding	
  

how	
  Hertz’s	
  efforts	
  were	
  directed	
  at	
  the	
  first	
  aim,	
  he	
  has	
  no	
  account	
  of	
  justification	
  

that	
  will	
  shed	
  substantive	
  light	
  on	
  the	
  second	
  aim.	
  I	
  propose	
  that	
  the	
  securing	
  of	
  

evidence,	
  as	
  here	
  discussed,	
  can	
  illuminate	
  this	
  justificatory	
  aspect	
  of	
  science.	
  	
  

#
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Figure	
  1.	
  Hertz’s	
  “tube”	
  turned	
  into	
  a	
  rectangular	
  frame.	
  From	
  Hertz	
  (1896).	
  

	
  

Figure	
  2.	
  The	
  lines	
  are	
  equipotential	
  lines	
  (roughly	
  indicating	
  current	
  paths),	
  which	
  

are	
  clearly	
  distinct	
  from	
  the	
  cathode	
  light	
  (α)	
  and	
  the	
  positive	
  striae	
  (β).	
  From	
  Hertz	
  

(1896).	
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Figure	
  3.	
  Cathode	
  tube	
  used	
  to	
  “purify”	
  rays	
  from	
  current.	
  From	
  Hertz	
  (1894).	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1 Here	
  Achinstein	
  refers	
  specifically	
  to	
  epistemic	
  justification,	
  and	
  one	
  should	
  

construe	
  all	
  references	
  to	
  justification	
  in	
  this	
  paper	
  likewise.	
  

2	
  The	
  discussion	
  in	
  this	
  section	
  parallels	
  that	
  of	
  (Staley	
  and	
  Cobb,	
  forthcoming),	
  in	
  

which	
  we	
  articulate	
  a	
  similar	
  suggestion	
  in	
  the	
  context	
  of	
  Deborah	
  Mayo’s	
  error-­‐

statistical	
  account	
  of	
  evidence	
  (Mayo	
  1996;	
  Mayo	
  and	
  Spanos	
  2009).	
  

3	
  Just	
  how	
  to	
  formulate	
  the	
  semantics	
  of	
  such	
  statements	
  is,	
  however,	
  contested	
  

(see,	
  e.g.,	
  DeRose	
  1991	
  and	
  Chalmers	
  2009).	
  The	
  central	
  claims	
  of	
  the	
  present	
  

proposal	
  are	
  independent	
  of	
  disputed	
  issues	
  regarding	
  the	
  semantics	
  of	
  epistemic	
  

possibility.	
  

4	
  One	
  might	
  entertain	
  as	
  well	
  an	
  alternative	
  formulation	
  that	
  replaces	
  potential	
  with	
  

veridical	
  evidence.	
  Such	
  a	
  formulation	
  entails	
  that	
  the	
  ideal	
  is	
  met	
  only	
  if	
  one	
  

already	
  knows	
  h	
  to	
  be	
  true	
  (lest	
  it	
  be	
  the	
  case	
  that	
  for	
  all	
  one	
  knows	
  h	
  might	
  be	
  false,	
  

in	
  which	
  scenario	
  e	
  is	
  not	
  veridical	
  evidence	
  for	
  h).	
  Because	
  I	
  do	
  not	
  wish	
  to	
  claim	
  

that	
  JE	
  is	
  the	
  only	
  justificatory	
  ideal	
  that	
  might	
  be	
  relevant	
  to	
  science,	
  I	
  offer	
  (1)	
  and	
  

(2)	
  as	
  sufficient	
  but	
  not	
  necessary	
  conditions.	
  Someone	
  who	
  wishes	
  to	
  embrace	
  a	
  

single	
  ideal	
  of	
  justification	
  might	
  reformulate	
  these	
  conditions	
  as	
  both	
  sufficient	
  and	
  

necessary.	
  

5	
  For	
  details	
  regarding	
  Hertz’s	
  research,	
  see	
  Jed	
  Buchwald’s	
  fascinating	
  and	
  careful	
  

discussion	
  (Buchwald	
  1994,	
  131–74),	
  on	
  which	
  I	
  draw	
  heavily	
  in	
  what	
  follows. 


