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This  l e t t e r  d e s c r i b e s  a new method of spec -  
t roscopy  which is s i m i l a r  to F o u r i e r  t r a n s f o r m  
spec t roscopy  [ 1] in that a Michelson i n t e r f e r o -  
m e t e r  is employed as a d i spe r s ion  e lement ,  and 
d i f fe rs  in that 1) the r eco rd ing  of the spec t rum 
involves  a F r e s n e l  r a the r  than a F o u r i e r  in tegra l  
and that 2) the r econs t ruc t ion  of the spec t rum is 
c a r r i e d  out by means  of a d i f f rac t ion  p r o c e s s  in- 
volving no focuss ing  e lements .  The chief  advan- 
tage in F r e s n e l  t r a n s f o r m  spec t roscopy  is that 
it p rov ides  an eff ic ient  and rapid  means  for  ob- 
taining the spec t rum analysed by a Michelson 
i n t e r f e r o m e t e r .  

S p e c t r o m e t e r s  which employ a Michelson 
i n t e r f e r o m e t e r  as a d i spe r s ion  e l emen t  have been 
developed by Connes [2] and o thers  to a degree  
where  they a re  compet ing favorably  with the 
t rad i t iona l  methods of spec t roscopy.  However ,  
one of the mos t  s ignif icant  p rob lems  facing the 
F o u r i e r  t r a n s f o r m  spec t roscop i s t  is the d e t e r -  
minat ion of the spec t rum f rom the i n t e r f e r o g r a m .  
P r e s e n t  optical  techniques ,  although adequate for  
low reso lu t ion  work,  a re  not able to accura te ly  
effect  the invers ion  opera t ion  when both high 
spec t r a l  r eso lu t ion  ~ k and broad spec t r a l  r anges  
(kma x - kmin) a re  involved. On the other  hand, 
modern  computer  sy s t ems  (IBM 7090) have suf-  
f ic ient  capaci ty for the operat ion,  but r equ i r e  ex-  
c e s s i v e  amounts  of compute r  t ime  (one-hour) ,  
even when sophis t ica ted  methods of ca lcula t ion  
a re  used [2]. F r e s n e l  t r a n s f o r m s  spec t roscopy  
evolved f rom an effor t  to obtain the s impl ic i ty  
and speed of the opt ical  methods without s a c r i -  
f ic ing the accuracy  of the compute r  technique. 

F r e s n e l  t r a n s f o r m  spec t roscopy  is based on 
the p r o p e r t i e s  of the " F r e s n e l  t r a n s f o r m "  

p(x) = fo ( k )  exp (ikx 2) dk (1) 

where  o(k) is the spec t r a l  densi ty of the source  
at the wavenumber  k. In this method of spec-  
t roscopy  the i n t e r f e r o m e t r i c  r e c o r d  is obtained 
by subject ing one a r m  of the i n t e r f e r o m e t e r  to 
a constant  acce le ra t ion ,  while moving the r e -  
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Fig. 1. Lensless reconstruction of the spectrum in 
Fresnel transform spectroscopy. 

cording media at some constant  speed. This  then 
produces  a r ecord ing  

H(x) = ~(0) + ~(x) (2) 

Thus,  if p(k) d e s c r i b e s  a s ingle  spec t r a l  l ine, 
the r e c o r d  is of the fo rm 

H(x) = 2 ÷ exp+(ik0 x2) + exp-(ik0x2 ) . (3) 

This ,  of course ,  is a one -d imens iona l  cos inuso i -  
dal F r e s n e l  zone-p la te  (focal length ~/kko) cen-  
t e red  at x = 0. The s i m i l a r i t y  of this r e c o r d  and 
the ones obtained in wavef ron t  r econs t ruc t i on  [3] 
is evident;  thus, H(x) has been ca l led  a hologram.  

The spec t ra l  density p(k) can be obtained f rom 
the hologram by means  of the optical  a r r a n g e -  
ment  shown in fig. 1. The incident  plane wave is 
d i f f rac ted  by the hologram into th ree  d is t inct  
components.  In the case  of a s ingle spec t r a l  line 
these  th ree  components  a re  genera ted  by the 
th ree  t e r m s  of eq. (3); the f i r s t  t e r m  produces  an 
unper turbed plane wave,  the second a d iverg ing  
cy l indr ica l  wave, and the th i rd  a converging 
cy l indr ica l  wave. Hence, each spec t ra l  l ine is 
seen to produce an image on the z -ax i s  at a 
dis tance n/Me 0 f rom the xy-plane.  
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In a r e c e n t  l e t t e r  Domb and Wood [1] have developed a new method of der iv ing  high t e m p e r a t u r e  
(T > Tc) power  s e r i e s  expansions for the the rmodynamic  p rope r t i e s  of the He i senberg  f e r r o m a g n e t  and 

1 an t i f e r romagne t  [2]. F o r  the Heisenberg  model  when the spin value s = ~ the high t e m p e r a t u r e  s e r i e s  
expansion for the suscep t ib i l i ty  in ze ro  f ield can be wr i t ten  in the f rom [3] 

kT 
c ~  

r~=l Jrgr /2rr"  (1) ~ x 0 = l +  

Special methods have been developed [1, 4] and high speed digital computers employed to extend pre- 
vious calculations of the coefficients Jr- In a previous communication Domb and Wood [ 1] were able to add 
two extra terms to the expansion (I) J7 and J8) for the loose packed lattices (diamond, s.c. and b.c.c.). 
The following term J9 has now been derived. It was found that 119 graphs had non zero contributions to 
this coefficient on the loose packed lattices. It is the purpose of this present letter to present the extra 
term J9 as follows: 

h-J9 (~+I){18144098 1415520 cr7+5201280 °6 I062835295+11611584 a4+l190016cr3+ 

- 6188736 02 - 3957120 if- 741 952} - P4 {14 515 200 95 _ 97 929 216 g4 + 265 798 656a 3 - 246 481 920(z 2+ 

+ 17 326 080 ff + 377 856}.+P6a{9 870 336 g3 _ 51687 936 a 2 + 163 123 200 a - 156 492 288} - P6{14 515 200 ~3+ 

- 78 188 544cr 2 + 78 935 040 cr +9999360}+P7a{7451136 a 2 - 6967296a - 21 132 288}-P8{9676800 or+ 

- 1 3  934 592} + P8c{4 870 656 g - 6 732 288} + PSr{81 893 376 ~ - 121 540 608} + P8h{18 385 920 cr - 29 546 496} + 

- P8t{875 520 a - 9 962 496} + 4 032 000 P9j + 2451456 P9k + 2419 200 P91 + 2 824 704 P9m - 165 888 P9s • 

Here (r = q - l ,  where q is the coordination number of the lattice, and Pnx are the lattice constants of 
multiply connected graphs which are tabulated elsewhere [5]. The only lattice constant which is not 
available elswhere is P9s which has the values 0, 8 and 56 for the diamond, s.c. and b.c.c, lattices 
respectively. 
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