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PJI I C H E L S O N  O P T I C S  

The Aiom i c  Lz5ore f  o r  ies  M-4 l n t e  r fe romete r  i s f e k r  i c a t e d  V/ i t h  N i che  l  son Opt i cs ,  
rr i t h  F e b r i - t ~ r s i  O p t i c s ,  o r  w i t h  a  c ~ m b i n a T i c n  c f  bo ih .  The M i c h e l s o n  f r o n t  
s u r f a c e  m i r r o r s  and beam s ? l  i f i e r  znd f h e  Fe j r y - fe ro f  m i r r o r s  m u s i  be t r e a t s d  l:r i?h 
i h e  u t m c s ~  r e s e c t .  The\/ a r e  never t o  be touched :.rit i?oui w e a r i n g  s loves,and then  
o n l y  s p a r i n c l y .  Dus t  mey be c leaned frsn The m i r r s r s  by means o f  t h e  c a m e l ' s  h e i r  
b r u s h  wh ic5 i s  sh ipped :v i i h  e r c h  ins t rument .  O iher  m e t t e r  mzy 5s removed,. i f  
a b s o l u t e l y  nec=ssary, w i t h  e  s o f t  c  l o i h  o r  p iecc ci l ens  p a p e r  brushed e v e r  5.3 
l  i ~ h t  ly e ~ e i n s i  t h e  s u r f e c e .  Nhen t h e  i n t e r f e r m e y e r  i s  s t o r e d ,  i ?  shou ld  be 

covered ef e l  I  t i m e s  w i i h  i h e  p l t s t  i c  beg. l i  i s  e l s o  a good i cee  t o  keep ?ha 
l ens  covers over  t h e  o o i i c s  wnen t h e y  a r e  n o t  i ; l  use. 

When t h e  :,l-.' I n t e r f e r o m e t e r  i s  o rde red  21 i ~ h  on1 cns s e t  o f  c c i  ics, t h e  o t h e r  s e t  
may be o r t e r t i  a t  any f u i u r e  d e i s  end ezs i  l y  i n s ~ e  l  l  ed by rsmov i ns t h e  m+sk i nc 
t a p e  on f!,e i z i l r f e r c m e i e r  ckess i s  end c e r r  iass end i n s e r t  i n s  i d y e  scrs!.rs i n  t? \s  
i  nd i c e t s d  r.l; I ss .  The f o l  levr i nc unpeck i ns  ir,s';rac, ions epp l  y ?J t h e  i n i e r S e r = n e ~ l r  
i r r e ~ a r d  less ci: t h e  t y p e  o f  o p i  ic;. 

Unoeckinc: 2 n i l  y  remove t h e  cerdboard  i n s ~ r t  1:rh i ch  h o l d s  t h e  i n f s r i e r c m e t a r  i n  
p lcce,  beins e:cTreme l y  c e r e i u  l  n o i  t~ rub  c r  pusk i f  q e  ins? t 5 e  c o t i c s  wh i l e  l i f t i n g  
i t  ou t .  Plece i h z  i n t e r f e r c m e i e r  o n  a  l e v e l  s u r i t c ~  and remove t h e  p l a s t i c  c3ver, 
as wel l as t i le  lens  c o v e r s .  Remcve t h e  fepe  wh ic5 h o l d s  i h e  c z r r  iege i n  p l e c c .  

L i a h t  Source: The i4-4 I n t a r f e r c n e t a r  :v i l l o p e r e i s  v i i h  eny s t a n d a r d  mercury o r  
sod ium l  i s h t  source, i nc l  ud ins  A i m  i c  Lzbora to r  i?s  ' own monochr=na i  i c  mercury  l  i g h t  
source.  To ooere te  t h e  s o u r ~ e ,  i n s e r t  I m p 7  e  i i h e r  one o r  b c t h  o f  f h e  Two d  i f f x s e r  . . p l e t e s ,  en.', I i d e s i r e d ,  t h e  a r e s n  'El rat tzn P i  l t e r .  l  f ussd. w i f h  ?he Miche I s a n  -. 
Op t i cs ,  t h e  l  i c h t  sou rce  snou l  d  be pos i t  ioned es shown i n  t h e  p h o t ~ ~ r e o h .  I ne 
I i g h t  shou Id  e n t e r  t h e  bean sp I i f t e r  a t  c  453 cnc ie.  DANEE3: ULTxA\/ IOLET P&YS CAN 
SEVERELY DAILIAGE THE EYE. THE D  I  :FUSE2 PLATZS 
ABSORB THESE ?"4YS: IF P E Y  SiiGULD SE RE?4SVE3 
OR BROKEN, T K  EXPC)SEO L A W  GECCLIES EXTREMELY 
DANGEROUS : 

Ad iustment:  Move t h e  c a r r  i age  u n ~  i l  m i r r o r  number 2 i s  a p p r o x  i n e t e  l y  t h e  same 
d  i s t a n c e  from t h e  beam sp l i t t e r  as t h e  f  i xed m i r r o r  number I. Th i s  d  i s t a n c e  i s  
g e n e r a l l y  ebout 12.5 cm., b u t  it s h o u l d  be  checked w i t h  a r u l e r .  IT  shou ld  be 
measured from t h e  c o a t e d  s  ide  ( l e f t  s  i d e )  o f  t h e  beam sp l ' i t t e r  i n  eech case.  
Now t i g h t e n  the  c a r r i a g e  l o c k  screw t o  h o l d  t h e  c e r r i a g e  f i r n l y  i n  p l a c e .  Turn  
o n  t h e  l i g h t  source, wh i c h  i s  i n  t h e  p o s i t  ion p r e v i o u s  l y  d e s c r  ibea. The n e x t  
s t e p  i s  t o  b r i n g  t h e  m i r r o r s  i n t o  e x a c t  p e r p e n d i c u l a r i t y .  The c d j u s t m e n t  can be 
accompl ished as f o l l o w s :  



Turn o n  -1~2 i igh: S ~ U T C ~  a d  observe t h e  focus ing  p in *  wh ich i s  
. . ' s i t u a t e d  bekreei. TED ; i g h t  silur:? and t h e  bean sp l  i i t e r .  T l o  imeges o f  t h e  p i n  

w i l l  be seen, one c m i n g  frzm t h e  r e f l e c i i o n  a t  t h e  f roni-  s u r f a c e  o f  t h e  beem 
sp l i t t e r ,  t h e  o i h e r  from T?,? r e f l e c t  i o n  a t  i t s  back su r face .  

L i n e  up i;-,c v e r t  i ce  l pos i t  ions  o f  t h e  focus ing  p  in. Th i s  c t n  bz done 
c:/ meens o f  t h e  e d j c s ~ i n c  scre:.r o f  m i r r o r  number I .  Tne t d j u s t i n g  scre:.r o f  
m i r r o r  number 2 w i l  I  l  ine :p t h e  focus ing  p i n  h o r i z o n i a l  l y .  When o n l y  o n e  
image o f  ;he p  i n  i s  echieved, f r i n g e s  shou I d  appear. To b e s t  observe t h e s e  
f r i n g e s ,  look s i r e i c j f . ~  i n t s  t i l e  back m i r r o r  f rom i h e  fran, o f  t h e  i n t e r f e r o m e t e r .  

l i  t a k e s  e  l  i i t l e  ~ r a c i i c e  t o  o b t a i n  t h e  f r i n g e s .  As s t a t e d  p r z v i o u s  ly ,  
b e f o r e   ouch i ng t? ,e  ed jus-  ing sc;e3:rs, mzke c e r t a  i n  ??,a? i:,e two m i r r o r s  a r e  
equa l  l y  d i s t a n t  f;m 7% 5 e m  s ? l  i ? i e r .  'Wen t h e  f r i n g e s  f i r s i  appear ?hey c a n  
be shar?ened by very c=ref;I  end m i n u t e  edjusfrnent  o f  t h e  screws. I f  t h e  
ad jus t ; r , e i t  i s  eccon? i  ished i n  a  room w i t h  a  g r e a i  deel o f  v i b r a i i o n  o r  on e n  
unsiez8:.. t a b  le,  ?he f; irises vr i l  l  soon d  i sappezr. 

O f ten  o n l .  very 7 :  i n  eza b l u r r e d  f r i n g e s  w i l  l be seen i n  t h e  beg i n n  ins .  
A gcoa ~ s c h n i q u e  i s  T; l ine the3  up v e r t i c c l  l y  o r  h o r i z s n i a l  l y  (see be low)  by 
ecf jus? ins  one m i r r a r .  The: by c e n i s r  ing i n  IN i i h  t he  oTher  m i r r o r ,  t h e  f r i n g e  
c u r v a t i l r t  w i l  1 be i rc reesed u n t  i l  f i na 1 l  y  i h e  c e n t e r  appezrs.  Be s u r e  wh i l  e  
mek i nc thesa ad jus tmen ts  t h a t  t h e  rn i r r o r  i s  moved i n  t h e  d  i r e c t  i on  o f   he 
f r i n g e ' s  decreased r e d i u s  o f  c u r v a t u r e .  

C I 
L i n e  f r i n g e s  
up v e r t  i c a  1 l y  

Decreasa r e d i u s  
o f  c u r v e ? u r e  

F i n a l  l y - -  
i h e  b u l  1's-eye 

MA INTENANCE: Every s  i x  months remove c a r r  iage and w i pe s t t e  l  ways w it-h c l e a n  
r a g  c o n t a i n i n g  a  few drops o f  t h r e e -  in-one o  i I .  Ways m u s i  be spo t  l e s s  l y  c  l e a n  
and f r e e  o f  dust ,  d it+, o r  r u s t  f o r  e f f  i c  i e n t  o p e r a i i o n .  

EXPER IMENT I  : Determ i n a t  ion o f  t h e  Wave Lena th  o f  Moncchromat i c  L i a h t .  

Procedure :  Use Atomic L a b o r a t o r i e s 1  Mercu ry  L i g h t  Source, w i t h  a  W r a t t e n  
Number 74 f  i l t e r  o r  equ i va len t .  Once a  good p a t t e r n  o f  f  r i nges has been 
o ~ t a  ined, t a k e  a  read ing o f  t h e  m i c r o n e t e r  hezd. By t u r n i n g  t h e  head, i h e  
c a r r i a g e  can be moved s lowly  i n  e i t h e r  d i r e c t i o n .  Count t h e  f r i n g e s  as  
t h e y  pas5 by t h e  focus ing p i n  o r  as  t h e y  appear  o r  d  i sappear i n  t h e  bu l 1 I s -  
eye. For s a t i s f a c t o r y  prec is ion ,  c o u n t  a t  l e a s t  one hundred f r i n g e s .  A f t e r  
c o u n t i n g  them o f f ,  t a k e  a  new r e a d i n g  of t h e  m ic romete r  head. From t h e  
number o f  f r i n g e s  passed over, An, and t h e  d i s t a n c e  t r a v e r s e d  by t h e  m i r r o r ,  

) we may determine t h e  wave leng th  o f  t h e  monochromatic l i g h t  by means of  

* The focus ing  p i n  i s  removable 
f rom t h e  c a r r i a g e .  



t h e  f o r m ! ? :  

-. 
I r,e d  i s t e x e  t r z v e l  l ed  by t F , r  z i r r o r  i n  c e n t  i z e ~ e r s  i s  g  iven kt /  

',\rhere (Dl  - 0,) i s  t h e  chance o f  t h e  m  i c r c m e t t r  read i nc i n  n i l  I  i r ce~e rs  and 
K i s  i h e  re?  i 5  o f  c a r r  iege aovement t o  m i c r e r r e t t r  s c r e ~  r r e d  inc. For  t he  
M-4 I  n;erfererne~er K = 0.020 

0 

T h e - c e r r e c ~  ve i ue f o r  t h e  wz\~e length o f  green mercur.1 I  i gn f  'is 5450.742 4 
( I  A  = I x 10-3 c n l .  You me%/ -:I ish t o  use t S  i s  c o r r e c i  va lue  o f  fhe weve- 
IengPh ~ o  o b i z i n  a more e x t c ~  value f o r  K, s i nce  t h e r e  a r e  sane v e r i a i i o n s  
i n  m ~ n u f e c t u r  ice cond i i  ions o f  i h e  . ins t rument .  

D iscuss ion: An In ter ferane?.sr  is genera l  l y  d e f i n e d  as an o p t i c a l  i n s t r u m e r , ~  
wn i ch  prcduces i n t e r f e r e n c  ?e t t e rns  by t h e  d i v i s i o n  o f  one beam o f  l ighf  i n t o  
one o r  nc re  ~ 2 7 4 s .  These pe r t s  t r a v e l  d i f i e r e n i  pa ths  and = re  then u l t i m a t e l y  
b rough t  tcge?her  t o  y  i e l d  t he  i n i e r i e r e n c e  e i f e c i s .  The resu l  t a n i  p a t t e r n s  
depend on t h e  c p t  i c a l  pa ihs t raversed  by t h e  severa l  beams. Consequently, 
i n e  I n t e r i e rome fe r  determices d  i f i e r e n c e s  i n  o o t  ica l  oaths.  S ince t h e  o p t i c a  I  
pz th  i s  i n e  p roduc t  c f  r e f r e c t  ive  index p by pe th  l eng th  d, it i s  c l e a r  t h a t  
i f  t h e  severa l  beams t r ave rsa  media o f  t h e  seme p, a  measure o f  the pa th  
l s n g i h  d i s  a i ven .  Conversely, i f  t h e  p a t h  leng ths  d  a r e  equal ( o r  a t  l e a s t  
c o n s t a n t )  t hen  t h e  r e f r a c t i v e  index i s  determined. Thus, t h e  l n t e r f e r cme ts r  
may be used t o  measure any o f  thess t h r e e  quent it ies:  ( I  1 Geometr i ca  l  p a i h  
length,  ( 2 )  Cpf i c s l  path  length, (3) R e f r a c t i v e  index. 

De te rm ine t i on  o r  o p t i c a l  p a i h  l e n g i h  i s  o f  impcr?ance in  t t c h n i c s l  
appA i c a t  ions. Measuremeni o f  ind ices o f  r e f r a c t  ion w i l l  be t h e  sub ~ ? C T  o f  
exper  irnents numbers 4 and 5. In  t h  i s  exper iment,  however, we have. been 
concerned w i t h  geomet r i ca l  path length.  

I f  t h e  d  i f  ference between t h e  sepa ra t  ions o f  t h e  two f u  l l -s i l  vered 
m i r r o r s  from ?he h a l f - s i  lvered one (beam s p l  i f t e r )  i s  d, t hen  t h e  d i f f e r e f i c e  o f  
geomet r i ca l  pa th  l eng th  f o r  t h e  two c e n t r a l  (no rma l )  r ays  i s  2d, because t h e  
d i s t a n c e  d  i s  t r a v e r s e d  once i n  each d i r e c t i o n .  Consequently, t he  c o n d i t i o n  f o r  
c o n s t r u c t i v e  i n i e r f e r e n c e  f o r  t h e  c e n t r a l  r ays  i s :  

Where h i s  t h e  wave length o f  t h e  l i g h t  and n  i s  a n  in teger .  Actua l  l y  because 
o f  t h e  d i f f e r e n c e  between i n t e rna l  and e x t e r n a l  r e f l e c t i o n s  a t  s i l v e r e d  s u r f a c e s  
a  phase reversa  I o f  one o f  the  rays  may resu  it, i n  wh i c h  case t h e  above 
cond it ion  wou i d  be appropr ia te  t o  d e s t r u c t  i v e  i n t e r f e rence ,  and t h a t  f o r  
c o n s t r u c t i v e  i n t e r f e r e n c e  would be: 



-- 
S icce 'we ,zeZsure f r i n g e  sh i f t s  here, ~which cond i t  i o n  epp l  i es  i s  o f  no consequence * ena -5e f s r m l e  which i s  spp l  i cab le  is :  

'clhere ( 3  - d ) i s  t h e  d i s tence the  c t r r  iece i s  moved t o  cause t h e  zppearance 
1 2  o r  d iseppearence o f  Cn f r i n g e s  e t  i h e  c'nter. 

Us I ng t h e  c a  1 i b r a t  i o n  g i ven  ~ k o v e  and t h e  rsad  i ngs o f  t h e  micrometer 
heed (5e fo re  end a f i e r  c e r r i e g e  mc t i cn )  t?,e wave l e g g i n  i s  detsrmined by use 

. . 
o f  t+,e ebove formu la, by s u b s i  i t u t  ins TI?€ e p p r o p r i z t e  ve  lues o f  ( d l  - d2) 
and 3 in50 i t .  

?-ccscsre:  The sod ium daub l e t  cons i s ~ r  o f  + Y O  ye1 lcw s p e c t r a l  l  ines, hav ing  
:revs 1en5;ns o f  5890 ~ n d  - 5595 A,. The 5?40 A l  ine  i s  t x  i c s  es intense ES t h e  

- 

52% A I ine. 

Use e sod iun 1 i s h i  sourcc ( 2 . 2 .  %nco Numce- 27390) t o  estzc l  i s h  e 
s t r e i g n f  l ine i r  inge p e t i z r n .  Tkere e r z  i ; o~  i:vo se-s c f  f r i n g e  p a t f e n s  
f o r m i ,  one f o r  each l i n e  o f  t h e  d c u k ! ~ r .  Loosan -he c z r r i a g e  lock  screw and 

. .  . 
move -he c s r r i e g e  by k n d  and observe 7 7 . 3 ~  i-he ye1 low f r i n g e s  pass c ! t e r n z i e l y  
f rcm e cond it ion  o f  h igh c o n r r 2 s i  i s  cr;e ci' B lmost  ccmp i e t e  d iseppe=rznce. 
Th is  l c f t e r  c o n d i t i o n  o c c u r s  when oi;e say o f  f r i n o e s  i c  h a l f  wsry bekvesn t h e  
o t h e r  se t .  F i x  t h e  c a r r i z g e  ~i one o i  i h e  cond i i i o n s  o f  mos t  compleie 
d isappearance by i i g h t e n  i n g  ?he c z r r i z g e  lock  s z r w  end read  t h e  m ic rgne te r  
heed. By t u r n  in! t h e  m i c rcmete r  need, move t o  i h e  n e x t  cond it ion o f  most 
camp l e t s  d issppearance end read t h z  read q a  in. Repest. C a l c u l a t e  t h e  
everege d i s tanco  between cond it ions o f  d isappearance. We c a n  now c a l c u  l a t e  
t h e  d i f f e r e n c e  i n  wevelencfhs o f  these t a o  l  i ces  as  f g l  lows: 

A t  i h e  i i r s t  micrcmeSer raed ing: 

Where X I  i s  g r e s t e r  t h e n  X2. The t e n  on the  r i g h t  hend s i d e  ind i ca ies  t h a t  
t h e  o r d e r  o f  t h e  s h o r i a r  wavelength f r i n g e  d i f f e r s  i r c m  t h a t  o f  the  longer  
wavelength f r i n g e  system by an odd h a l f  i n teger .  T h i s  i s  t r u e  s ince t h e  
c o n d i t i o n  o f  d i sappearance  o f  t h e  f r i n g e  system o c c u r s  when one system i s  
j u s t  hal iwey between t h e  o t h e r .  For the  second r e z d  ing, we hsve: 

By s u b t r s c t  ion we o b t a  in:  

S ince hl and h2 a r e  approx imate 

I 

l y equa I,  we t h e n  o b f a  in:  



-. 
lne average wave l e n c ~ k  czn  be mezsureci by r epea t  i ng E x p r  iment I  

us i ng  i h e  Scaium Izmp as t he  l  i ~ h t  source. 

EX?ERIME?IT 3: Cbserva t io r i  o f  ! ' /ki te L i a h t  Fr inces. 

Frocedure: In  o r d e r  t o  chserve f r i n g e s  w i t h  z  source o i  > # h i i s  l i g h t ,  i~ i s  
bes t  t o  aljus: The I  n ier fercme-er  t o  o b t a i n  t k e  so-cz l  led loce  l  ized f r i  nges. 
Th i s  i s  2ene by ed j u s t  i cg  one o f  t h e  m i r r o r s  s  l  igh? l  y  so zs t~ dest rcy  the  
cond i t  ion a f  e x z c t  perpend i cu  l a r  i ~ y .  Tne f r i n g e  p e t t e r n  now w i l  l  cons is? o f  
curved, k a r i z o n t e l  o r  v e r ~ i c t l  s i r  ipes. Next, a  pos i i i o n  o f  nezr ly zero pzth  
l eng ih  is sazrched f o r .  T h i s  pcs i t  ion  i s  c k a r z c t e r i z e d  by t h e  f t c t  t h a i . t h e  
s t r i p e d  p a - t t r n  w i l l  b e c c m  nos- neer ly s i r e  i g h t  :./hen t h e  cond i t  i on  i s  
ach ieved. 

?,? t 5  i s  p o i  n i  an extended wh i t e  l  i a h t  source mzy he s u b s i i t u t s d  f o r  
t h e  moncc~;mz?ic source, end z  very slow rnoiion o i  t h e  c z r r i z g e  w i l l  b r i n s  
i h e  wh i% l  i g h t  f r i n g e s  i n t o  view. Wh i t s  f r i nges  a r e  espec i a l  l y  i rnportzni  i n  
t h e  Micne Ison I n te r f e ro t xe i s r  i n  t h a t  they g i v e  z  prec i s s  i nd  i c a i i o n  o f  the  
pos i t  icn o f  zsro o p t  i c a  1 pe ih  l  ength d  i f  ierencs. 

An o r d i n z r y ,  f r o s ~ e d ,  incandesceni  I m p  o r  even b r i g h t  sun1 i g h t  w i l l  
serve very we l l  as t h e  l  i g h t  source f o r  t h i s  exper iment.  The I m p  czn  be 
p laced beh ind i h e  monochromat i c  l i g h t  znd turned o n  i n  t h e  beg inn ing o f  t h e  
exper imen;.. :+!hen zero pz th  l  enc ih  i s  oo ta  ined, s  imp l y  t u r n  o f  i i h e  mono- 
chromat i c  l  i gh t .  

Another means o f  ob ta  in  ing zero p z i h  length i s  
t o  cons t ruc t  z  "7' by sepz re t  i nc_ z  d  i f f u s e r  p l a t e  w i t h  
czrdbozrd o r  b l a c k  pzper  (see drew ing ) .  P lzce z  mono- 
chromzt ic  l i g h ~  source  on one side, z  wh i t e  l i g h t  source 
on  t h e  o ~ h e r ,  and t u r n  b o i h  o f  t h e n  on. With i h  i s  meihod 
it i s  n o i  necessary t o  o o t z i n  l o c z l  i zed f r i nges .  Once 
zny f r i n ~ e s  have been obtained-- they w i l l  appear i n  t h e  - 
l e f t  s ide  o f  i h e  m i r r o r - - l oosen  c e r r i e g e  lock screw and 
move c a r r  i ~ g e  s  low l y  by hznd u n t  i l  t h e  r i g h f  s  ide o f  t h e  
m i r r o r  f lashes b r i e f  l y  w i ~ h  c o l o r .  T i gh ten  c z r r i a g e  l o c k  screw. Search 
e  i t h e r  way from t h  i s  d  i r e c t  ion, 2nd t h e  wh i t e  l i g h t  f r i n g e s ,  wh ich have t h e  
appearance o f  smal l  spect ra ,  w i  l  1 be f i n a l l y  located. 

Discussion: Only a  few w h i t e  l  ~ g h t  f r i n g e s  a re  observed. T h i s  i s  accounted 
f o r  when we r e c z l  l  t h z t  w h i t e  l i g h i  c o n s i s t s  o f  a l  l wave leng ths  o f  v i s i b l e  
I i gh t .  Apzr; f  rom. t h e  c e n t r z  l  f  r i nge, t h e  va r ious  i n t e r f e r e n c e  p a i t e r n s  ( f o r  
d i f f e r e n t  wzve l e n g t h s )  w i  1 l over lap .  A co lo red  f r i n g e  i s  v i o l e t  on t h e  
s  ide nezrer t o  t h e  c e n t r z  l  f r i n g e  and red on t h e  o t h e r .  

EXPER IMENT 4: l  ndex o f  =e f  r z c t  i on  o f  a  Transoarent So l  id .  

Procedure: For t h e  purpose o f  performi'ng t h i s  exper iment  it w i l l be necessary 
t o  cons t ruc t  a sample h o l d e r  which i s  capable  o f  p o s i t i o n i n g  t h e  sample 
accurate1 y between t h e  beam s p l  i t t e r  and t he  f i x e d  m i r r o r  ( m i r r o r  number I ) .  



The hz lde r  must be ce;:5le of g i v i n g  e = l o w  r o t a t  ion o f  t-,e sample, through s 
rneasureec l e ang le. 

When tne  holder hes been a t tached t o  t h e  In ter ferometer  and with t h e  
szmc l a pos i i  ioned noms l  t o  :he beam, t h e  inst rumeni  i s  sl igned t o  produce 
c  i r c c  ! z r  monochrcmziic f r inges. When t h  i s  has been zch ieved, roPate the semp l e  
i h r c ~ s i !  en angle s u i f i c i e n i  t o  produce a s h i f t  o f  s  isw hundred f r inges .  Count 
t h e  number o f  f  rinses. The index o f  r e f r a c t  i cn  o f  i $ e  ssmple i s  then  g i v e n  
by the  formula: 

whera A (px) i s t h e  i n c r a ~ s e  i n  o p t  i ca  l path produced by  t h e  r o t a t  ion. 

For a  given angle of r o t a t i o n  8, fri 
is eva!uated as f o l  lows: 

R s f g r r i n g  t o  t h e  diagram: 

Opt ica  1 path before  r o t z t i o n  =;L + 
Opt  i c a  I pa th  a f i e r  r o t a t  ion =;L + 

Angle o f  r o t a t i o n  = 8 

- 
BC = t sece - t 

secetane  s i n ( a  - 4 )  = ( tan8 - t a n @ )  s i n e  

= - s i n 8 ~ i n ( ) + t ( ~  -case -CL 1 
2 cos 4 

and 8 a r e  r a  la tad  



f!eg lect i ng tha tar; (bscscsa it i s very smn l I end s imp l i tying gives 

w , = t - 2 1 ( I  - COS9) 
t(l - COS) 

2 

Any transparent matarizi available in suitable shape and sizv will be 
satisfactory. One must bear in mind that index of refraction depsnds on wave 
length and that, tharafora, diffarsnt results will ba obtained for different colors 
of light. 

EXPERIMENT 5: Index of Rsfrxtion of 3 Ges. 

Procedure: For this experiment ii is necsssnry to construct a cj~s cell with 
plane, flat transparent surk=as ncrmal lo the besm direction. The cell must be 
capabla of being evacuot=d. It must olso be possibla to introduce the gas sample 
nt a known temperature and pressilra. It is, of coursa, nacessary to introduce 
the sample sufficiently slowly thar the fringe shift csn be detwrnined. Tha index 
of rsfrsction of the gas is then given by 

whera t is the gaometrical path lsngth through the? cel I. Hers the quan?ity , 
depends on the pressure and tempera-iurs of ths gas according to the Lorentz- 
Lorenz Law. 

A simple gas call has baen dascribed by T. G. Bullen in Am. J. Phys. 27, 
520 (1959). The following dsscri?tion is from his articla: 

-- - -- - - - - 

A cell cnn be rsddily constructed from a piece of brass tubing about 4 un 
in diametsr and 6 to 7 cm long. The ends of tha tubing should be turnad true i n  a 
laths and a sida tube att~chtd for pumpina. Thin plat= glass squares, carafulty 
cleanad with alcohol, ara than fiitad to tha ands with Tackiwax (Csntral Scientific 
Co., Catalog No. 11534). The cell is placed in the uncompensatad arm of the 
interferometa- and attached to a ballast bottle of about five-liters capacity, 
f ittad vtith a stop cock for iidmitting a ir and for connection to a vacuum punp. On 
pumping d0~tn tha system the irinse pattarn s lters in a staccato fashion, very rapidly 
at first and than mora s I O N  l y cis vscuum i s a t t ~  i ned. Lesks can be detected i f tha 
pattarn is observed t o  alter when pumping is complete. By achiWing air Blowly 
through the S ~ O ~ - C O C ~  it is possib Is t o  count tha fringe displacement from vacuum 
to atmospheric prassure. For goses othzr than air the determination can be made by 
admitting the! gzs via the stop-cock. The ballast bottle parmits fine control of the 
rat+ of fringa displacemant rrithout tha use o f  a needle valve. For air, a displace- 
ment of about 60 fr i nges i s obta ined for a 6-cm ce l I ;  reasonable accuracy for the 
refractive indices of gasas can bs irttaihed. 

EXf€RIr.EI\IT 6: Datsrrninina Thirh?ss of Thin Transoarant f i lms of  Oraanic or  
I norsan ic blatar i a l s . 



A m t h o d  o f  de ts rmin ing  the th ickness o f  such f i l m s  i s  o u t l i n e d  h2r2. 
T h i s m e % m d ~ , i l l  serv,? t s  determine: ( I )  R e f r z c t i v e  index, i f  th i ckness  i s  known; 
and (2)  Tn ickness, i f r a f r x t  i v e  index i s  known. 

Froceciure : 
1 

\ 

i . S s t  up t h e  1 n t ~ r f e r o ~ n e t a r  ei shown be low. F i r s t  t h e  instrument i s  
ad jus ted  ?s show w h i t e  l i g h t  f r i n p s  i n  I z f t  h a l f  o f  t h e  f i e l d  and shovding t h s  b lack  

(sae Fig .  I n e x t  page). 

2. Set up a  tg lescope f o r  v iewing t h e  bands. The r s t i c u  I s  used i n  t h s  
ocu la r  should be r u l e d  so t h a t  t h e w  e r s  about 20 d i v i s i o n s  t o  e i t h s r  s ide  o f  
czn ts r .  Ths micrometer  scraw i s  ussd t o  b r i n g  t h e  c e n t e r  o f  t h e  b lack bsnd t o  
t h s  csntar l i n e  o f  t h e  r a t i c u l e .  F i s .  1 shows t h i s  c o n d i t i o n  minus t he  image o f  
t h e  r = t i c u l s .  S u b s t i t u t e d ,  i n  t h e  drawing, f o r  t h e  c a n t s r  l i n e  o f  t h e  r s t i c u l e  
i s  t he  synbo I, b. 

3. I f  now t h e  f  i In t o  be measured i s  p laced  smevrhere i n  o p t i c a l  path 
;?I o f  the i n s t r u m n t  and pos i t i on2d  so as t o  appear i n  p a r t  o f  t h e  wh i t2  f r i n s e  
are; as s h o ~ n  i n  F i g .  n, it wi l l  be no t i ced  t h a t  t h e  w h i t e  l i g h t  f r i nges  hsva 
d i sappedrod i n  t h e  p o r t  i o n  o f  l i ght  p s f h  t h a t  now passas t h r o u ~ h  t h e  f i im.  Th i s  
i s  due t o  tha  f a c t  t n a t  t h e  f  i  I n  has caused t h e  o p t i c a l  pa th  $ 1  t o  appesr lonq9r 
due t o  the r e f r a c t i v e  indsx o f  t he  f i  lm .  To r e t u r n  t h e  b l ack  band so it shows 

) i n  the  t i  le, t h e  o p t i c a l  path ;Z must be lengthened. 



4. The micrometer screw i s  slowly turced toward h igher read ings so 
tha? t h e  cerr iage moves f z r t h e r  frsn the  b e a  s g  l i - t e r .  

'Jhi le t h i s  i s  done a ce ra fu l  count nust  be mads o f  t h a  HS l i g h t  fr inges, 
one by  one, as thay pass any given f i x e d  p o s i t i o n  u n t i  I t h e  b lack  band i s  v i s i b l a  
through the f i l m  and i n  i t s  o r i g i n a l  ho r i zon ta l  p o s i t i o n  as  i n  F ig .  111 

WHT Hg. - lrJur: Ha. 

5 .  To detarmine t h e  thickness, t he  fo rnu la  g i ven  i n  Experiment 5 i s  
used as fol lows: 

where t = Thickness 
An  = Number o f  f r i n g e s  passed over 
p = Index o f  r g f r a c t i o n  o f  t he  f  i I? m a t e r i a l  

hair = Wavs length o f  Hg l i g h t  = 5460A 



For  example, supposr = 10, y = 1.5, then 
0 

t = 10 x 5460 = 54,600 A = 5.46 micron = .00546 mm. 
2 x  .5  

5. I n  r n ~ e s u r s m n i  o f  very t h i n  i i lms where t he  displacement i s  l ess  
t han  one f r i n g e  (sae F is .  V1 measure as f o l l ows :  

and 9 corresponds :s 1/2 wave length peth d i f f e rence  (h = 1/21. T h e r z f s r e  2 

An = 1/4 x  1/2 = 1/8 

Age in, zsruming y = 1.5, ~ n e  th ickness  i s  g iven  as before by 

EXPE? IMENT 7: Cs?erx i r , ~ -  ion o f  Wave Lenath 0 i f f e rence r  f u r  t he  Ez h e r  L  i nes 
o f  F v d r o a ~ n  end k c r t e r  icm. 

Procsdure: For  his ex?eriment a  Hezvy Water Balmer Tube l i g h t  source i s  
ussd w i i n  t h e  Fi-4 Interfsrometer.  A Num~er  I 6  Wrai ien f i l  t e r  o r  equ i v a l e n t  
i s  necessary f o r  cbse rv t t  ion o f  i h e  red Ba lmer l  ines,end a Number 45 Wra t ten  
f i l i s r  o r  equivz len? i s  necessary f o r  observa t ion  o f  i h e  b l ue  Balmer l  ines 
w i t h o u i  i n t e r i e r s c c e  frern the  o t h e r  I  ines o f  t he  Ba lrner ser ies.  A cy l  i n d r  i c a l  
lens o f  abou? 2.5 inches foca l  length ( o r  about 15 d i op te r s )  placed approx i- 

rnetely 2 inches i rcm ?ns Balmer tube i s  h e l p f u l  i n  p rov id i ng  more u n i f o r m  
i l  l umina i ion  t o  t h e  f i e l d  viewed i n  t h e  in te r fe rometer .  A d i f f u s e r  p l a t e  
(grcund g lass o r  vexed ?eper) and t h e  spp roo r i a te  f i l ?e r  a r e  located between 
t h e  cy l  i n d r i c a l  lens 2r.c t h e  in te r fe romefer .  

With t h e  Number 15 Wrai tan f i l t e r  o r  e q u i v a l e n i  i n  place, o b i a i n  a  
good p z i i e r n  o f  f r inges. The wavelength o f  t h e  red Belmer l i n e  may be 
determined us ing  t he  prccedure o f  Exper iment I .  

Loosen t h e  ca r r i zge  lock screw. Now, w i t h  t h e  b u l l ' s  eye i n  view, 
p  lace a thumb on each s ide  o f  t h e  i n te r f e rome te r  Sase,and index and midd l e  
f i ngsrs on  each s  ide o f  the  car r iage .  gen t l y  push t h e  c a r r i a g e  u n t  i I  
t h e  b u l l ' s  eye disappears. Place a cen t ime te r  sca le  on t o p  o f  t h e  bean 
so l i t t e r  and t h e  compensator. Measure t h e  d is tance between t he  i ndex marks 
i n t h e  top  c e n t e r  o f  t he  beam sp l i t t e r  and compensator f rams.  € s t  imate 
d i st-ances t o  0. I  rn i I  I imeters. Aga i n  g e n t l y  push t h e  car r iage .  The bu l l ' s  
eye w i l  l  reappear and then aga i n  d  i sappear. Measure t h e  d i stance between 
index marks. Repeat t h i s  procedure f o r  f i ve  t o  t e n  success ive d isappearances 
o f  i h e  b u l l ' s  eye. I n  reducing t h e  d a t a  on ly  t h e  i n i t i a l  and f i n a l  measure- 
ments a re  used. However, a  reasonable u n i f o r m i t y  o f  t h e  d i f f e r e n c e s  between 
in termediate measurements ensures t h a t  a  disappearance o f  t h e  bu l l I s  eye has 
n o t  been missed i n  moving the  i n te r f e rome te r  ca r r iage .  



Betwetn success ive d iseppeerances o f  t h e  bu I I s eye, we h a e  moved 
t h e  c a r r  iage one more wevelencj?h f o r  t h e  s h o r t e r  wave length l i n €  ~ h a n  f o r  
t h e  longer wave length l ine. 

Where (d2-d l )  i s  t h e  distancs the  c a r r i e g e  i s  moved between succtss ive 
d isappearances o f  t h e  bu 1 l I s  eye. However, 

A ,  = X2 ' fi. 
Thus, X2 = &A 

S i n c e X ,  i s  zpprox imate ly  e q u d  t o h  we hzve: 
2.' 

An example o f  d a t a  taken 2nd i t s  r educ t i on  i s  g i v e n  below. 

D i sappearznce 
o f  Bul  1 ' s  Eve 

D i stance beiween 
Index Marks ( cn )  

& = A  2 
= (6.6 x = 1.83 x cm. 

2(d2-d 1 ) 0.238 

D istence Between 
D i seDoearances 

More accura te  va lues f o r  the red l ines are:  

h = 6563 Angstrom Un i ts  f o r  I-Q and A\ = 1.79 A n g s t r m  Uni ts .  



;Ji?h t h e  Number 45 Wrat ien f 
e:<peri-ant m y  be performed t o r  t h a  
tzksn 2nd i t s  r e d u c t  i o n  i s  g i v e n  be 

i l i a r  c r  equ i v a  l e n t  i n  p lace, t h e  
c l u e  " e a l e r  l i n e .  An example o f  da ta  

I Sd. 

D isappearance D i s i znca  between D i s tance  Betwesn 
3 f  bu l  l l s  eve I fitex bkrks  (cm) D iszooearznces 

More eccurate va 1 ues f o r  t h e  b l ue l i fies Ere: 

h = 486 1 Angstrom U n i t s  f o r  EF 2nd & = I .  33 Angst rcm Un i i s .  

D iscuss  ion: Accord ing t o  i h e  Bohr i h ~ o r y ,  t h e  wave l e n g t h  o f  E spectrum I ine  
cen he expressed by t h e  f o n u l a :  

Where A i s  wave length 
m i s  t h e  mass o f  i h e  e l e c t r o n  
e i s  t h e  charge o f  the  e l e c i r o n  
Z i s  t h e  charge o f  :he eiom i c  nuc l e u s  
c i s  the  ve l o c i i y  o f  1 i g h t  
h i s  P l a n c k l s  c o n s t z n i  
n l  i s  t h e  quaniun number o f  t h e  i n i t i a l  s t a t e  
n2  is t h e  quantum number o f  t h e  f ina l  s)ate. 

The Rydberg c o n s t a n t  R = 2n2me4/ch3 so t h a t  

However, t h e  e l e c t r o n  does n o t  r o t a t e  about a s i a t  i ona ry  nuc leus b u t  instead, 
both t h e  e l e c t r o n  and t h e  nucleus r o i a t e  about  t n e  c e n t e r  o f  mass o f  The 
system. Thus t h e  mass o f  t h e  e l e c t r o n  m shou ld  be r e p l a c e d  by t h e  reduced 



mass )# where M i s  t h e  mass o f  t h e  nucleus. 
I t m  

M 

Fo r  t h e  nucleus o f  hydrogen M = 1837 m and f o r  t h e  nuc leus of deuter ium 
M = 3674 m. Thus t h e  Rydberg cons tan t  i s  s l  i g h i l y  d i f f e ~ e n i  f o r  deuter ium 
t h a n  f c r  hydrogen. For hydrcgen R = 109677.759. For  deu te r  ium R = 109707.X7. 
For  a nucleus o f  i n f i n i t e  mass R = 109737.424. 

In  i h e  eonr theory  formuln above Z = I f o r  hydrogen and deuterium. 
For  t h e  Bc lner  s e r i e s  n = 2. The red l ine corresponds to  n2 = 3 and t h e  
b lue l  ine H3 corresponds t o  n2 = 3. 
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