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HYPOTHESES ON LUMINOUS ETHER 

-4ND ON AN EXPERIMENT THAT APPEARS TO DEMONSTRATE THAT 

THE MOTION OF BODIES CHANGES THE VELOCITY WITH 

WHICH LIGHT PWPAGATES I N  THEIR INTERIOR 

€I. Fizeau 

ABSTRACT. The author discusses  Fresnel ' s  hypothesis 
t o  explain l i g h t  abberation and l i g h t  waves. 
t o  determine the  poss ib le  changes i n  t h e  speed of l i g h t  
t r ave l ing  through t ransparent  bodies is discussed, as w e l l  
as the  apparatus used f o r  such experiments. The author 
presents  ca lcu la t ions  and discusses r e s u l t s  and poss ib le  
sources of e r ro r .  

An experiment 

Several theor ies  on w a v e  systems have been proposed t o  attempt t o  explain 

the abberation of l i g h t .  F i r s t ,  Fresnel and, mre recent ly ,  Doppler, Stokes, 

Chal l is  and severa l  o thers  have published papers on t h i s  subject, but  i t  does 

not seem t h a t  any of t h e  theor ies  so f a r  proposed have been able  t o  completely 

s a t i s f y  the  phys ic i s t s .  

propert ies  of t h e  luminous e t h e r  and i t s  re la t ionship  t o  ponderable matter, 
i t  has been necessary t o  introduce hypotheses, amoag which are those which 

are more o r  less probable, but  none tha t  can be considered as proven. 

Because of a lack of d e f i n i t e  knowledge about the 

These can be reduced t o  th ree  main hypotheses, a l l  of which refer t o  the  

state i n  which the e the r  i n s i d e  a t ransparent  body should be considered: 

~~ ~ ~- ~ ~ ~ * 
Numbers i n  the margin i n d i c a t e  the pagination i n  t h e  o r i g i n a l  foreign t e x t .  
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The e the r  adheres, o r  is f ixed ,  to  the  molecules of the  body, and, 

consequently, shares  i n  the motion t h a t  may be imposed on t he  body; 

O r ,  the  e the r  is f r e e  and independent, and is not car r ied  along by the  

body i n  i t s  motion; 

O r ,  f i n a l l y ,  a t h i r d  hypothesis which borrows from each of the  two above, 

/386 i n  which only a portion of t he  e t h e r  would be f r e e ,  while the  o ther  port ion - 
would be f ixed t o  t he  molecules of t he  body and would s o l e l y  share  i n  its 

motion. 

This last hypothesis,  postulated by Fresnel,  w a s  conceived i n  order  t o  

s a t i s f y  a t  t h e  same time the  phenomenon of abberation, and a famous experiment 

by Arago, i n  which he had shown t h a t  the  motion of t he  Earth d id  not have any 

e f f e c t  upon t h e  re f rac t ion  value of s t a r l i g h t  in a prism. 

could be explained through Fresnel 's  hypothesis with admirable precis ion.  

However, Fresnel 's  hypothesis is not regarded today as absolute t r u t h ,  and the 

re la t ionships  between e t h e r  and ponderable matter are still  general ly  consi- 

dered as uncertain and hard t o  understand. This is because Fresnel 's  mechac.-- 

cal  conception seems too unusual t o  be accepted without d i r e c t  proof,  or 
perhaps because i t  seemed equally poss ib le  t o  s a t i s f y  t h e  observed phenomena 

with e i t h e r  of the  two other  hypotheses. Perhaps, f i n a l l y ,  as other  phys ic i s t s  

have thought, c e r t a i n  results from t h i s  theory seemed contrary t o  experience. 

These two phenomena 

The following considerations have led  me t o  t r y  an experiment, the restlts 

of which, I bel ieve,  should c l a r i f y  t h i s  matter. 

It is possible  in t he  three  hypotheses enumerated above t h a t ,  i f  the  body 

is in motion, the ve loc i ty  a t  which l i g h t  w i l l  go through i t  w i l l  be different:  

from t h a t  observed i f  the  body were at rest. 

the  motion of t he  body would have a d i f f e r e n t  e f f e c t  upon the  l i g h t  veloci ty .  

For each of these  hypotheses, 

Thus, i f  e the r  is supposed b e  f ixed t o  the  body Curing the lat ter 's  

motion, the  ve loc i ty  of l i g h t  w i l l  be augmented by t h a t  of t he  body, i f  the 
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d i rec t ion  of t he  l i g h t  ray and of the  motion are t h e  same. 

I f  the e t h e r  is supposed t o  be f r e e ,  t h e  ve loc i ty  of l i g h t  w i l l  not 

change. 

Final ly ,  i f  only p a r t  of t he  e t h e r  is attached t o  the  body, t he  ve loc i ty  

of l i g h t  w i l l  be  augmented only by a f r a c t i o n  of the  ve loc i ty  of t he  body, 

and not by the  t o t a l  amount as i n  t he  f i r s t  hypothesis.  

as evident as in t h e  f i r s t  two hypotheses, but  Fresnel has made i t  clear t h a t  

i t  may be upheld by very c red ib l e  mechanical considerations.  

This result is not 

I387 - 

It is supposed t h a t  t he  speed or l i g h t  i n  a body a t  rest o r  i n  motion may 

be determined exactly.  

corresponding t o  the  state of rest increases  by t h e  to ta l  speed of motion of 

the body, t h i s  w i l l  conform with the  f i r s t  hypothesis.  

I f  t h e  body is i n  motion, and i f  the speed of l i g h t  

I f  the  speed of l i g h t  is the  same in both cases (body a t  rest o r  i n  
motion), t he  second hypothesis w i l l  be  s a t i s f i e d .  

I f ,  on the  o ther  hand, the  speed of l i g h t  corresponding t o  the  state of 

rest is augmented by a f r a c t i o n  of t he  speed of the  body, t h e  r e s u l t  w i l l  be  

i n  agreement with the t h i r d  hypothesis.  

It is t r u e  t h a t  l i g h t  travels a t  such a g rea t  speed -when compared t o  

the  speeds t h a t  w e  may impart t o  the  bodies - t h a t  t he  change i n  the  speed 

of l i g h t  is too s m a l l  t o  be  observable. Nonetheless, by choosing the  most 

favorable circumstances, i t  has seemed t o  me poss ib le  t o  submit two media, air and 

and water, t o  a decis ive test. 

t h e i r  components o r  molecules, can be accelerated t o  g rea t  speeds. 

These two media, because of t he  mobili ty of 

We owe t o  Arago a method of observation, based on in te r fe rence ,  which 

reveals the  smallest va r i a t ions  i n  the  r e f r a c t i v e  ind ices  of bodies. Arago 

and Fresnel have demonstrated t h e  extraordinary s e n s i t i v i t y  of t h i s  
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procedure through severa l  de l i ca t e  observations,  such as the  d i f fe rence  i n  

r e f r ac t ion  between dry and humid air. 

It has seemed t o  m e  t h a t  a mode of observation based on t h i s  p r inc ip l e  is 
the only one t h a t  reveals  the  changes i n  speed due t o  motion. 

producing in t e r f e rence  f r inges  with two l i g h t  rays,  a f t e r  they have passed 

through two parallel tubes i n  which air and water may f l o a t  a t  grez t  speeds 

and i n  opposite d i rec t ions .  

needed several innovations,  which I w i l l  ind ica te .  

I t  cons i s t s  i n  

The s p e c i a l  goal t h a t  I have t r i e d  t o  a t t a i n  has 

Great d i f f i c u l t i e s  were encountered relative t o  t h e  l i g h t  i n t ens i ty .  The 

tubes, with an i n t e r i o r  diameter of 5.3 mm, had t o  be t raversed by t h e  l i g h t  

near  t h e i r  cen ter  and not  near  t h e i r  s ides .  

more elongated than usual ,  and, consequently, t h e  l i g h t  i n t e n s i t y  a t  the  

point of o r i g i n  of the  f r inges  w a s  very low. 

Thus, the  two slits had t o  be 

This inconvenience w a s  overcome by placing a convergent lens  behind the  

slits. 

the l i g h t  i n t e n s i t y  is f a i r l y  grea t .  

Then the  f r inges  were observed at  the  point of t h e  beam junct ion where 

Since the length of t h e  tubes w a s  f a i r l y  l a rge ,  1.487 m, i t  was feared 

t h a t  any d i f fe rence  i n  temperature o r  pressure between t h e  two tubes would 

i n i t i a t e  a considerable displacement of t he  f r inges ,  which i n  tu rn  could 

ccmq-letely mask the  displacement due t o  motion. 

This d i f f i c u l t y  has been obviated by means of a telescope having a 

mirror a t  its foca l  point.  This way each beam is forced t o  t raverse  the  two 

tubes successively,  so t h a t  both beams covered exact ly  the  same djstance,  but  i n  

opposite d i rec t ion .  The e f f e c t s  produced by pressure o r  temperature are thus 

compensated. I have s a t i s f i e d  myself, through several experiments, t h a t  t h e  

compensation is complete, and regardless of any changes i n  densi ty  o r  tempera- 

t u r e  introduced upon the  medium i n  one of t he  tubes, t he  f r inges  keep t h e i r  

same exact posi t ion.  I n  t h i s  type of arrangement, the  f r inges  should be 

I388 - 

/389 - 

4 



observed a t  the  same point  of departure  of t he  beams; sun l igh t  i s  ac-sit ied 

l a t e r a l l y ,  and d i r ec t ed  toward t h e  tubes by its r e f l e c t i o n  on a mirror.  The 

beams, a f t e r  t h i s  double passage through the  tubes,  r e tu rn  t o  set up t h e i r  

i n t e r f e rence  pa t t e rn  a s h o r t  d i s tance  beyond t h e  mir ror  t raversed  by them 

o r ig ina l ly .  It is he re  t h a t  the  f r inges  are observed with t h e  a i d  of an 
ocular  h a v h g  a divided scale. 

Another advantage of t h e  double t r a j e c t o r y  by the  beam is t h z t  of increas-  

i ng  t h e  probable e f f e c t  of motion; i t  is j u s t  as i f  t h e  tubes were twice as 
long . 

This arrangeme.it a l s o  permits t h e  use of a very simple means t o  m a k e  t he  

f r inges  larger than they should be at  t h e  d is tance  separa t ing  t h e  two slits 

( t h i s  d i s tance  w a s  9 mill imeters) .  

g l a s s  i n  f r o n t  of one of the  slits inc l ined  i n  such a way t h a t ,  because of 

r e f r a c t i o n  e f f e c t s ,  the  two slits would appear very c lose  t o  each o ther .  

f r i nges  are then as l a r g e  as they would be  i f  t he  slits were r e a l l y  a l o t  

closer. Also, t h e r e  is no appreciable  loss i n  i n t e n s i t y ,  and, on t h e  con- 

t r a r y ,  t h e  i n t e n s i t y  can be g r e a t l y  increased by increas ing  the  l i g h t  source. 

The s i z e  of t he  f r inges  can be var ied  a t  w i l l  by changing t h e  i n c l i n a t i o n  of 

t h e  g l a s s ,  and so i t  is  poss ib le  t o  obta in  t h e  f r i n g e  s i z e  most convenient 

f o r  observing the  displacement with prec is ion .  

This i s  done by p lac ing  a very th ick  

The 

I w a n t  t o  descr ibe  now 2 arrangement of  t h e  tubes and apparatus to  set 

the  water i n  Eotion. 

The two tubes,  placed s i d e  by s i d e ,  were closed at e i t h e r  end with a 

s i n g l e  p iece  of g l a s s  glued i n t o  p lace  with gum lac,  i n  a p a s i t i o n  perpendi- 

cular t o  the  common d i r ec t ion .  Near each end a branch, shaped as a rounded 

elbow, e s t ab l i shes  communication with a l a r g e r  tube t h a t  goes t o  the  bottom 

of a f l a sk .  

t he  two tubes. 

/390 Consequently, there  were four  f l a s k s  connected t o  the ends of - 
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One of t h e  two f l a sks  connected t o  a tube is f u l l  of water; a piece of 

tubing allows t h e  introduct ion of compressed a i r  coming from a reservoi r  con- 

nected t o  an air  pump. The pressure fo i  es the  water t o  rise i n t o  the  tube, 

traverse it  completely, and go i n t o  t h e  f l a s k  at  t h e  opposi te  end. 

f l a s k  may, i n  turn ,  be pressurized with compressed a i r ,  and the  water w i l l  

r e turn  t o  the  f i r s t  f l a s k ,  t ravers ing  the  tube i n  t h e  opposi te  d i rec t ion .  

Water speeds over seven meters per  second may be  obtained. 

place simultaneously i n  the  two tubes,  although i n  opposi te  d i r ec t ion  t o  one 

another. 

This la t ter  

The same flow took 

The observer has two handy stopcocks connected t o  t h e  a i r  reservoi r ;  i f  

The e i t h e r  one is  open, water flow is es tab l i shed  at  once i n  both tubes. 

d i r ec t ion  of flow is reversed with the o the r  stopcock. 

The air reservoi r ,  where t h e  air is usua l ly  a t  two atmospheres of pres- 

su re ,  has a 15 l i t e r  capacity. 

liters. They are ca l ib ra t ed  i n  equal volumes, and the  durat ion f o r  t h e  flow 

of 0.5 liters p lus  the  water i n  t h e  s e c t i o n  of t h e  tubes are subtracted from 

the  speed of t h e  water. 

The capaci ty  of t h e  f l a s k s  is about two 

The apparatus arrangement, which I have just t r i e d  t o  descr ibe,  has  only 

been used f o r  experimentation with water i n  motion. 

air, provided some modifications are made. 

w a s  made previously with a somewhat d i f f e r e n t  apparatus,  which w i l l  be  d e a l t  

with later, and with which conclusive r e s u l t s  were obtained. 

It i s  a l s o  convenient f o r  

The experiment with a i r  i n  motion 

I have determined t h a t  air motion does not produce a percept ib le  dis-  

placement of t h e  fr inges.  

d e t a i l .  

Later I s h a l l  go over these  r e s u l t s  i n  g r e a t e r  

In  the  case of water, there  is an evident displacement. 
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/391 When the  water flows away from t h e  observer i n  the  tube on h i s  r i g h t ,  

and toward t h e  observer i n  t h e  tube on h i s  l e f t ,  the  f r inges  are displaced 

toward the  r i g h t .  

- 

When the  water flow takes p lace  i n  a d i r e c t i o n  opposi te  t o  the  one 

described above, t he  f r inges  are displaced t o  the l e f t .  

The f r inges  remain very clear while  t h e  water is i n  motion. They move 

p a r a l l e l  t:, themselves, without dis turbances,  i n  amounts percept ib ly  propor- 

t i o n a l  t o  the  speed of t h e  water. At a speed of two meters per  second, the  

displacement is already f a i r l y  not iceable ,  and is p e r f e c t l y  measq?y-.bie a t  

water speeds between 4 and 7 meters per  second. 

It  has been found experimentally t h a t  t he  displacement of a f r i n g e  

occupying f ive nicrometer d iv i s ions  is 1.2 d iv i s ions  t o  t h e  r i g h t  or 1.2 

d iv is ions  t o  t h e  l e f t ,  a t  a water ve loc i ty  of 7.059 meters pe r  second. 

Thc sum of both displacements is 2.4 d iv i s ions ,  which means a s e n s i t i v i t y  

of 1 / 2  f r inge .  

I n  order  t o  avoid c e r t a i n  objec t ions ,  I should say t h a t  t he  system of 

tubes and f l a s k s  i n  which the  motion of t h e  water took place was completely 

i s o l a t e d  from the  o the r  port ion of t he  apparatus. 

i n  order  t o  prevent t he  pressure o r  t he  shock of t he  water from producing 

acc identa l  f l e x u r a l  changes i n  certain por t ions  of  t h e  apparatus whose move- 

ments could have influenced the pos i t i on  of t he  f r inges .  On t h e  o ther  hand, 

I have assured myself t h a t  motion imposed by t h e  design upon t h e  two-tube 

system had :io in f luence  upon t h e  pos i t ion  of the  f r inges .  

This precaution w a s  taken 

After  having v e r i f i e d  the  existence of t he  phenomenon, I t r i e d  t o  

determine the  value with the  g r e a t e s t  poss ib le  accuracy. 

In order  t o  avoid a cause f o r  e r r o r  which, I thought, would exert an 

inf luence on t h e  r e s u l t s ,  I have changed the  width of t h e  f r inges ,  the  speed - /392 
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of the  water, and even t h e  na ture  of the  mic-ometer d iv i s ions ,  so as t o  

obscrve the  d i f f e r e n t  displacements without being ab le  t o  presuppose the  value. 

I n  f a c t ,  the  g r e a t e s t  inf luence t o  be feared was t h a t  of preoccupation while 

measuring small  q u a n t i t i e s  which involved a g rea t  dea l  of es t imat ion.  

be l i eve  t h a t  the r e s u l t s  I have obtained have been f r e e  of t h i s  cause of e r r o r .  

I 

The g r e a t e r  port ion of t h e  observations were made a t  a speed of 7.059 

A c e r t a i n  number of them were made a t  a spead of 5.515 meters p e r  second. 

meters per  second, and some were made a t  3.7 meters p e r  second. :be observed 

values wcre reduced t o  the  maximum speed of 7.059 meters pe r  second, and 

r e l a t ed  t o  t h e  length of a f r i n g e  taken as unity.  

Fringe displacement values 
f o r  an average water speed of 
7.059 m per  second. 

Differences between t h e  
observed values  and the 
average. 

- 0,030 - 9,010 + 0,010 

- 0,059 
- 0,063 

- 0,005 

.- 0,oo - o,orF, 

L. 0,006 

- 0,006 + o,oT,’t 
-I- 0,077 
-I- 0,026 
4- 0,010 
+ 0,010 - 0,041 

0,000 

3- 0,017 

I393 By doubling t h e  average value,0.46 is obtained, which is very c lose  t o  - 
hal f  a f r inge ,  and which represents  the displacement value produced when the 

flow i n  the  tubes is reversed. 
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The d i f fe rence  between the  observed and the  average values w a s  added t o  

the observed values i n  order  t o  determine t h e  deviat ion a t  e i t h e r  s i d e  of t i e  

average. It was observed t h a t  they genera l ly  represent  a very minute f r a c d o n  

of the  width of the f r inge ;  t he  g r e a t e s t  deviat ion d id  not  exceed 1/13 of a 

fr inge.  

A d i f f i c u l t y ,  impossible t o  avoid, furnished the explanation f o r  these 

differences.  

and, consequently, the observation must be done rapidly.  I f  i t  were poss ib le  

t o  maintain a constant flow speed of t h e  water f o r  a longer t i m e ,  the  measure- 

ments would be more precise .  But t h i s  has not  been poss ib le  without in t ro-  

ducing considerable changes i n  the  apparatus. 

t h i s  experiment t o  a time of t h c  year  when experiments requi r ing  t h e  use of 

sunl ight  become almost impossible t o  perform. 

The maximum displacement takes  place during a very s h o r t  time, 

Such changes would have retarded 

I want now t o  compare the  value found f o r  t h e  displacement of t h e  f r inges  

t o  t h a t  which would be t h e  r e s u l t  of each of t he  hypotheses i i i  question. 

To start with,  i t  s u f f i c e s  t h a t  t h e  motion of the  water d isp laces  the 

f r inges  i n  any amount t o  exclude the supposi t ion t h a t  the e t h e r  is completely 

f r e e  and independent of the  motion of t h e  body. 

It is a l s o  necessary t o  ca l cu la t e  what the  displacement of t h e  f r inges  

would be 

t h a t  they would share  i n  each o the r ' s  motion. 

assuming t h a t  the e t h e r  is at tached t o  the molecules of t he  body s o  

L e t  v = speed of l i g h t  i n  vacuum, 

1394 v' = speed of l i g h t  in st i l l  water, and - 
u = speed of water parallel t o  the d i r ec t ion  of the  l i g h t  rays. 

The speed of l i g h t  i n  water, when t h i s  l i q u i d  is i n  motion, w i l l  be f o r  

botb rays,  
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The motion takes  place i n  a r e l a t i v e  d i r ec t iou  which i s  opposed t o  each of the  

rays 

I f  w e  ca l l  A t he  d i f fe rence  i n  speeds being sovght, E the length of the  

column of water t raversed by t h e  rays ,  by applying 

of interferences,we f i n d  t h a t  

!..? pr inc ip l e s  of t h e  theory 

0'" a l s o ,  

' t  Since u is so small i n  r21ation t o  v, 

reduced,wlthovt appreciable  e r ro r ,  t o  

), this expression may be 33 000 000 

V 
V 

Replacing the  expression -, by m,  the  r e f r a c t i v e  index of water, i n  the  above 

formula w e  have 

u 
Q 

A f 2 E  -m* .  

Each ray t i a v e r s e s  the  tubes twice, and so the  le-gth E is twice the  a c t u a l  

Length of t h e  tubes. 

meters j ,  the  previous 

By c a l l i n g  L the  actus .  length of each tube (1.4875 

express i o n  be comes 

Numerical ca lcu la t ion  y ie lds :  

A = 0.0002418 millimeters 

This is t he  d i f fe rence  i n  d is tance  t h a t  should ex is t  between t h e  two rays - 2  

the  f i r s t  hypothesiE were true. 
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This number is ac tua l ly  i n  r e l a t i o n  t o  ve loc i ty  i n  a vacuum. I n  order  t o  

relate i t  t o  a i r ,  i t  should be divided by the r e f r a c t i o n  index of t h i s  medium. 

But, t h i s  index is so c lose  t o  unity t h a t , f o r  t h e  sake of s i m p l i f i c a t i o n , i t  is  

poss ib l t  t o  ignore the transformation while introducing an e r r o r  no g r e a t e r  

.han uni ty  i n  the  las t  f igure .  

The value f o r  the  f r inge  displacement,as a funct ion of t h e  width of a 

f r inge , i s  obtained by diyiding t h e  above quant i ty  by t h e  value of a wavelength. 

As a matter of f a c t ,  f o r  a d i f fe rence  i n  speed of 1, 2,  3, m wavelengths, t he  

frizlge system is displaced by 1, 2, 3, m f r inges .  

Tki2 wavelength f o r  ray E is h = O.Cd0526. These are t h e  rays t h a t  seem 

t o  maintain the  g r e a t e s t  i n t e n s i t y ,  s i n c e  the  l i g h t  m u s t  travel through a 

r a t h e r  considerable thickness of water. 

Final17 the  Fringe displacement is found, 

A '  5 = 014597: 

I f  there  were agreement with :he hypothesis i n  quest ion,  t h e  e t h e r  would 

be placed i n  motion at a speed equal t o  t h a t  of t h e  water, which, i n  t h e  pre- 

ceding experimeat would have caused a displacement of 0.46 f r inges .  

But,the average of the observations has been only 0.23, and observation 

of t h e  individual  values higher than t h e  average shows thar: none of then ap- 

proaches the number 0.46. I should a l s o  add t h a t  t h i s  number should be s t i l l  

g rea t e r  because of a small  e r r o r  i n  t h e  evaluat ion of t he  speed of water. 

source of t h i s  e r r o r  is known, as w i l l  be  seen later,  but i t  has not been 

pqssible  t o  cor rec t  the e r r o r  exactly.  

The 

It is evident t h a t  t h i s  hypothesis is not i n  agreement i :h t he  experiment./396 - 

Ox? the other  harrd, we s h a l l  see t h a t  the : Iird hypothesis p *  
Fresnel,  leads t o  a displacement value very c lose  t o  the obsex. 1 8  * 
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It is  known t h a t  the ordinary phenomenon of r e f r a c t i o n  is  due t o  the  f a c t  

t h a t  the  speed of propagation of l i g h t  i n  t h e  i n t e r i o r  of bodies is  less than 

i n  a vacuum. Fresnel admiLs t h a t  t h i s  change i n  speed takes place because t h e  

e t h e r  possesses a g r e a t e r  tensity i n  the  i n t e r i o r  of bodies than i n  vacuum. I n  

t h e  case of two media with the same e l a s t i c i t y  but  d i f f e r e n t  d e n s i t i e s ,  the  

squared powers of the speeds of propagation are i n  inverse  proportion t o  the  

dens i t i e s .  Thus w e  have 

i n  which D and D' are the  d e n s i t i e s  of t h e  e t h e r  i n  vacuum and i n  t h e  body, 

and v and v' are the  corresponding propagation speeds, respect ively.  

Consequently , 

and 

This las t  expression gives  t h e  excess dens i ty  of t he  i n t e r i o r  e the r .  

I f  t h e  body is set in motion, only a p a r t  of t h e  i n t e r i o r  e t h e r  i s  set i n  

motion wi th  the  body; t h i s  is t h e  por t ion  t h a t  has  a g r e a t e r  dens i ty  than t h a t  

of t h e  surrounding e the r .  

D' - D. 

motion takes piace,  has a densi ty  D. 

The dens i ty  of t h i s  mobile port ion is expressed by 

The o the r  por t ion  of t he  e t h e r ,  which remains immobile while the 

What is the  speed of propagation of t h e  waves i n  ch i s  type of  medium- 

a port ion i n  motion and a port ion motionless - supposing, f o r  s impl i c i ty ' s  

sake,  t h a t  t he  body moves i n  the  d i r e c t i o n  of propagation of t h e  waves? 

Fresnel  considers t h a t  the speed assumed by t h e  center  of g rav i ty  of t h e  - /397 
system is added t o  the  speed of propagation of t he  waves. 

If u is the  speed of the  body, '4 (%2) w i l l  be  the  speed of the  center  

of gravi ty  of t he  sys tem,  and from preceding cons idcra t ions , th i s  expression 

is  equal t o  

12 



which is t h e  amount by which the  speed of propagation of t h e  waves should be 

increased. 

Also, if t h e  speed of propagation in t h e  state of rest is v ' ,  i n  t h e  

s ta te  of motion i t  w i l l  be 

Now, with the help of t h i s  expressions1 am going t o  c a l c u l a t e  t he  f r i n g e  

displacement t h a t  should be observed in the  experiment i n  question. 

The speed of propagation of l i g h t  i n  moving water, for  each of t h e  two 

rays t h a t  have to i n t e r f e r e ,  is one of t h e  values expressed by the  preceding 

formula. Using the same nota t ion  as i n  t he  previous example, t he  d i f fe rence  

i n  v e l o c i t i e s  w i l l  be  

By doing t h e  ca lcu la t ions  and some transformations, i t  is found 

This expression may be s impl i f ied  by taking i n t o  considerat ion t h a t  u is 

) , and t h a t  t he  coe f f i c i en t  of u is  I 2 

2 
v, (" -=  veAy small i n  r e l a t i o n  t o  

always smaller than uni ty ,  which permits the  cancelat ion of the term i n  u 

without appreciable  e r r o r ;  m is  t h e  index of r e f r ac t ion ,  E is twice t h e  length 

L of the tubes,  and t h e  f i n a l  formula is 

/398 - v' 33000000 
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By making the  numerical cmce la t ion ,  i t  is found: 

A = 0.00010634 millimeters 

This is the  d i f fe rence  in speeds between the  two rays t h a t  i n t e r f e r e ,  

es tab l i shed  by t h e  motion of the  water. 

of a wave, A, the  f r inge  displacement is obtpiceo 

Dividing '-lis r e s u l t  by the  length 

The experimental result w a s  0.23. 

These two values are almost iden t i ca l .  I also want t o  demonstrate t h a t  

the  d i f fe rence  between the  observed and t h e  ca lcu la ted  values can very l i k e l y  

be described by an e r r o r  i n  the  evaluat ion of t h e  water speed, w i t h  a source 

easy t o  ass ign,  and whose value can be assumed by an~iogy t o  be very s m a l l .  

The speed of water i n  each tube has been ca lcu la ted  by dividing the  

volume of water flowing i n  one second by the  tube sect ion.  

median speed of the  water has been obtained, which would be the  ac tua l  one i f  

t h e  motion of the l i q u i d  threads were the  same through t h e  cross  sec t ion  of 

t he  tube, along the  center  as w e l l  as along the  w a l l s .  But, reasoning shows 

t h a t  t h i s  is not the case, and t h a t  t h e  r e s i s t ance  experienced by t h e  l i q u i d  

along t h e  walls has an immediate e f f e c t  upon the  neighiooring l aye r s  c lose r  t o  

the center.  

a t  d i f f e r e n t  dis tances  from t h e  w a l l .  

is intermediate t o  these d i f f e r e n t  speeds. 

g rea t e r  than the  median speed, which i n  turn  is g r e a t e r  than the  speed near 
the  walls. 

I n  t h i s  way, t he  

This means t h a t  t he  speed is d i f f e r a t  f o r  l i q u i d  threads flowing 

The speed value obtained by ca lcu la t ion  

The speed near the  center is much 

Also, t h s  slits, placed i n  f ron t  of each tube t o  admit the  l i g h t  rays 

t h a t  w i l l  eventually cause the in te r fe rence ,  are located i n  the  middle of t he  

c i r c u l a r  end of t he  tubes, so t h a t  the  rays t raverse  the cen t r a l  zones where 

t h e  speed of the water should be g r e a t e r  than the  media? speed. (Each s l i t  
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has the  shape of a rectangle ,  3 mm by 1.5 mm, and i ts  surface i s  1/5 of the  

c ross  sec t ion  of t h e  tube.) 

Laws governing the  flow of water i n  tubes, that  would follow these speed 

variations,have ye t  t o  be dLcerrmned, and thus it is not  possible  t o  introduce 

the  necessary correct ions.  A t  the  same t i m e ,  ana lys i s  ind ica tes  t h a t  t he  

poss ib le  error cannot be too gres+ 

water flow in open canals has been determined, and i n  t h i s  case the  same 

cause produces a similar e f f e c t .  

near  t he  burface,  t h e  water has a greater speed than the  median. 

found t h a t .  when t h e  median speed varies between 1 and 5 meters per second, 

the max imum speed is  obtained by multiplying t h e  median speed by a f a c t o r  

varying from 1.23 t o  1.11. By analogy, i t  is possible  t o  assume t h a t  t he  

correct ion t o  use would be on t h e  order  of this magnitude. 

As a matter of f a c t ,  a l a w  governing t h e  

It is seen t h a t  in t h e  middle of the  canal,  

It has been 

I f  u is mult ipl ied by 1.1, 1.15, o r  1.2, and t h e  corresponding f r inge  

displacement is  calculated,  values of 0.22, 0.23 and 0.24 are found i n  place 

of 0.20. It is seen t h a t  t h e  cor rec t ion  tends t o  become closer to  t h e  calcu- 

l a t e d  ratLer than the  observed r e s u l t .  

the  small difference between these two values is due t o  a small e r r o r  i n  the  

Thus, i t  is possible  t o  assume t h a t  

/400 ac tua l  vater veloci ty:  an e r r o r  t h a t  cannot be corrected i n  a s a t i s f a c t o r y  - 
manner because of a lack  of s u f f i c i e n t l y  precise data.  

Thus, t he  f r inge  displacement by the  movement of t h e  water, and t he  

amount of displacement, are s a t i s f a c t o r i l y  explained by the  theory proposed 

by Fresnel. 

I sa id  before tha t ,  where the rays travel through a i r  ins tead  of water, 

This f a c t  has no f r inge  displacement is observed when the  a i r  is i n  motion. 

been proven by means of the  apparatus whick. I w i l l  b r i e f l y  describe.  

A bellows, counterpoised with weights and moved by a l eve r ,  forces  the  

a i r  through two copper tubes closed with g l a s s  at  t h e i r  ends; the a i r  moves 

i n  opposite d i rec t ions  in each tube. These tubes had an e f f e c t i v e  length of 
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1.495 meters and a diameter of 1 a. 
air  flow w a s  measured with a manometer connected a t  the  entrance t o  the tubes;  

a t  tines i t  would go as high as 3 cm of mercury. 

The pressure necessary t o  produce the 

The air speed w a s  calculated from the  pressure and t h e  dimensions of t he  

tubes, according t o  the  known laws per ta in ing  t o  gas flow. 

w a s  control led by the known capacity of the  bellows,aud the  speed a t  which i t  

had t o  be actuated i n  order  t o  produce a f a i r l y  constant pressure a t  the  

entrance t o  t h e  tubes. 

25 meters pe r  second and, on rare occasions,  much g r e a t e r  speeds of uncertain 

value. 

The found value 

It w a s  r e l a t i v e l y  easy t o  obta in  air speeds of up t o  

No appreciable displacement of t he  f r inges  w a s  detected i n  any of t he  

experiments. 

o r  moving a t  speeds of 25 meters p e r  second o r  b e t t e r .  

They always occupied t h e  same pos i t i on  whether t h e  air was sti l l ,  

When t h i s  experiment w a s  being conducted, I had not y e t  thought of t h e  

p o s s i b i l i t y  of using a r e f l e c t i n g  telescope, which makes i t  possible  t o  double - /401 

the value of t h e  displacements by f u l l y  compensating f o r  t he  e f f e c t s  due t o  

acc identa l  differences i n  temperature o r  pressure i n  the  two tubes. 

sure  way t o  dis t inguish  between the  e f f e c t s  due t o  motion and the o ther  

accidental  e f f e c t s  t h a t  could occur. 

I used a 

This cons i s t s  of making two successive observations by passing through 

This w a s  done by placing the apparatus beams going i n  opposite d i rec t ions .  

the l i g h t  source a t  the point where t h e  central  f r inge  had formed in t h e  pre- 

ceding experiment, and the new f r inges  would form a t  t h e  exact point where 

the source had been before.  

With the  d i r ec t ion  of air flow constant i n  both cases,  i t  is easy  t o  see 

tha t  acc identa l  e f f e c t s  should have produced displacement a t  the s i d e  of t h e  

same tube during both observations,  while the  displacement due t o  a i r  motion 

should have taken place f i r s t  t o  the s i d e  of one tube, and then t o  the s i d e  of 

the  opposite OG. In  t h i s  way, a displacement due t o  motion would have been 
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recognized, even i f  i t  had been accompanied by an acc identa l  displacement due 

mainly t o  some de fec t  of symmetry i n  the  diameters o r  i n  the  o r i f i c e  of the  

tubes. 

gas,and , consequently, i n  a d i f f e rence  i n  densi ty .  

This would have resu l ted  i n  unequal resistance t o  t h e  passage of t h e  

But i t  has been poss ib l e  t o  give the apparatus such a high degree of 

symmetry t h a t  t h e r e  were no apparent dens i ty  d i f fe rences  i n  the  two tubes 

during the  flow of air. Thus, t h e  double observation would not  have been 

necessary. Nonetheless, t h i s  second observat ion has  been done fcr added assur- 

ance, and t o  a l l a y  t h e  f e a r  t h a t  t he  displacement being looked f o r  could have 

been acc identa l ly  compensated by a small d i f f e rence  i n  dens i ty ,  which would 

have masked it completely. 

I n  s p i t e  of t hese  precautions,  no f r i n g e  displacement by a i r  motion 

could be  found. 

I estimate t h a t  a displacement as s m a l l  as 1/14 of a f r i n g e ,  produced by - /402 

t h e  motion of t h e  air, would have been noticed. 

Here are the  ca lcu la t ions  r e l a t ed  t o  t h i s  experiment. 

Considering t h e  hypcthesis where the  e t h e r  is completely a f f ixed  to  the  

air i n  motion, 

where m2 is 1.00G567 a t  a temperature of 10°C. 

Since the experiment w a s  conducted on air, t h e  m a x i m u m  l i g h t i n g  is ob- 

ta ined from yellow l i g h t  rays,  and t h i s  m a x i m u m  is the  one t h a t  determines 

the width of t he  f r inges .  

corresponding t o  ray D. 

Thus, i t  is convenient t o  use f o r  A ,  the  value 

Thus, we have 
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or some o t h e r  similar displacement which could be daubled by reversing the  

d i r e c t i o n  of t he  flow. This displacement c e r t a i n l y  could not have escaped 

observation. 

Following are the  results of t h e  ca l cu la t ion  according t o  Fresnel ' s  

hypothesis : 

This is a displacement of 2/10,000 of t h e  width of a f r i n g e  which is 

unobservable, even i f  i t  were 100 t i m e s  g rea te r .  

p l a i n s  t h e  apparent inrmodbility of t h e  f r inges  i n  t h e  experiment made with 

air i n  motion. 

so weak t h a t  i t  cannot be noticed. 

Thus, Fresnel ' s  theory ex- 

The displacement of the  f r inges  is  not r e a l l y  zero,  bu t  i t  is  

After obtaining t h i s  negat ive f a c t ,  I s t i l l  continued t o  search f o r  an 

explanation f o r  t h e  hypotheses relative t o  e t h e r  t h a t  would,at t he  same t i m e ,  

explain the  phenomenon of abberat ion and Arago's experiment. It seemed t o  m e  

t h a t  i t  was necessary t o  admit with Fresnel t h a t  t h e  motion of bodies produces 

a change i n  the  speed of l i g h t ,  and t h a t  the  magnitude of t h i s  change of speed 

depends upon the  energy with which the  d i f f e r e n t  media r e f r a c t  l i g h t .  

f a i r l y  l a r g e  f o r  highly r e f r a c t i v e  bodies,  and very small f o r  those t h a t  

r e f r a c t  very l i t t l e ,  such as air .  

/ 4 0 3  

It is 

This r e su l t ed  i n  the  f r inges  no t  being displaced when l i g h t  t rave led  

through the  a i r  i n  motion. 

ta ined  i f  t he  experimenr. were performed i n  water, whose r e f r a c t i v e  index is 

much g r e a t e r  than t h a t  of air. 

An appreciable  displacement should have been ob- 

One experiment performed by Babinet and mentioned i n  Volume 9 of t he  

Academy's Comptes Rendus, seemed t o  cont rad ic t  tile hypothesis of the  speed 

change i n  conformance with Fresnel ' s  law. But upon considering the  
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circumstances of t h e  experiment, I have not iced the ex is tence  o r  a compensating 

cause t h a t  d i sguises  the  e f f e c t  of motion. 

suf fe red  by t h e  l i g h t  i n  t h i s  experiment. 

t h a t  when t h e r e  i s  a d i f f e rence  i n  t h e  ve loc i ty  of two rays ,  t h i s  d i f fe rence  

is changed when t h e  rays are r e f l ec t ed  by a mirror  i n  motion. 

cu la t ion  of t h e  e f f e c t s  i n  Babinet 's  experiment shows t h a t  they have f a i r l y  

equal  values,  but  with opposi te  s igns .  

This cause is the  r e f l e c t i o n  

I n  f a c t ,  is i s  poss ib le  t o  show 

A separats cal- 

This explanation renders even more probable the  hypothesis of t he  change 

of speed, and i t  has seemed t o  m e  t h a t  an experiment made i n  moving water 

should he lp  t o  decide t h e  quest ion with ce r t a in ty .  

I be l i eve  t h a t  the  success of t h i s  experiment should br ing  about t h e  

/ 404  adoption of Fresnel ' s  hypothesis,  o r  a t  least of t h e  l a w  h e  discovered t h a t  - 
explains  the  change i n  the  speed of l i g h t  because of motion of  bodies. 

this law is t r u e ,  i t  c o n s t i t u t e s  a very s t rong  proof i n  favor  of t he  hypothesis ,  

of which t h i s  l a w  is only a consequence. 

t i o n  w i l l  seem so extraordinary,and s o  hard to  admit i n  c e r t a i n  r e spec t s , t ha t  

add i t iona l  proofs might s t i l l  be required.  

goemetricians is required,  before  t h i s  can be considered to  be val id .  

Since 

It might be t h a t  Fresnel's concep- 

A thorough examination by t h e  
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