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Among the most important problems now being considered a r e  solutions 

of the e lectromgnet ic  equa'tione ( ~ a x w e l l ~ s  equations) and the dynamical 

equations f o r  the motions of charged p r t i c l e s  i n  various proposed accelerators. 

The complexity of these equations and the lack of ana ly t ica l  solutions have re- 

sulted i n  the extensive use of numerical calculations to  obtain approximate 

solutions for  par t icu la r  cases. The magnitude of these calculations has 

required the use of a l a rge ,  high-speed, stored-program electronic com- 

outer. UD t o  the present,  these calculations have been carr ied out almost 

exclusively on the I l l i a c  computer. In  the near future  it i s  planned to use 

an IBM 704. I n  t h i s  report  we sha l l  discuss some of the programs already 

i n  use on the I l l i a c ,  ce r ta in  numerical formulas and ideas which might . 
be used, and changes and addit ions to  these programs which might be 

feasible  o r  preferable f o r  the IBM 704. 

A t  the present time the two most important programs used on the I l l i a c  are: 

1. Scapocyl, which produces (by the solution of Laolacels equation) the 

inagnetbetatic pbteht&al~uorrebponding Co a given pole and bonadsry 

conditions: the outuut of t h i s  program i s  a mesh of potent ia l  values 

carresoonding to equally soaced points i n  the h/ plane. 

2. Stormesh, which makes use of these stored potent ia l  values to  obtain 

the f i e l d  components bv interpolation and different ia t ion:  these f i e l d  

components a r e  then used i n  the solution of the equations of motion for  

the orbit .  

INTERPOLATION - DImmTIATION FORMULABl 
P 

I f  the potent ia l  fu I2 ~ 6 , n ) a r  i s  stored on a mesh g i s  stored because 
r\ 

i t  var ies  l e s s  rapidly t f i a n n  i t s e l f )  i t  must be different ia ted i n  order to  obtain 

the f i e l d  components. These d i f fe ren t ia t ions  a r e  handled d i f fe ren t ly  for  the 

A. a n  n < and n di rec t ions ,  i f  - is stored,  since - dfn/nI+ r, 
vL an 5 n  3 ,  
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P Thus storaee of & requires interTolation a s  well a s  dif ferent ia t ion-  
n 

in terpolat ion of the stored values t o  o b t a i n f h e  f i e l d  comaonents a t  points 

other than the mesh points. 

A condition which has been imposed on the interpolat ion and interpolation- 

d i f fe ren t ia t ion  procedures i s  that  they produce continuous values a t  the 

mesh m i n t s .  The procedure which has been adopted to  obtain the function 

and i ts  derivatives inaide a  mesh in te rva l  i s  to  anply a  one-dimensional 

oolynomial formula, f i r s t  i n  one d i rec t ion  and then the other. It was thought 

that  an internolat ion formula involving the 4 aoin ts  surrounding the interval  

i n  which the function was to  be evaluated would give sa t i s fac tory  r e su l t s  

f o r  the function. 

p To speed the computer program, i t  i s  desirable t h a t  the dif ferent ia t ion-  

interpolation formula be the derivative of the interpolat ion formula f o r  the 

function i t s e l f .  This i s  not necessari ly the best formula for  the derivative,  

but i t  is more convenient. Then a  th i rd  degree interpolat ion polynomial for  

the function has the 4 conditions of continuity a t  the end points and 

continuity of i t s  der ivat ives  there also. This r e su l t s  i n  the formula, 

given i n  LJL 8,  pg 7-8. 

which has a s  i t s  derivative 

whcte 0 L u 4 I .  
If one writes a  general 2nd degree uolynomial expression f o r  h f q x o + u h )  

hf ' (x ,+~h)=  4 a  +Q,  &+at ~ 1 %  

r and requires continuity of t h i s  function a t  the mesh points,  then hf1(x0)=  so 

must not be a  function of the mesh point value f2. Then the best  value for  a. 

d3T 
is&l%'fi) ,  but t h i s  has e r rors  s t a r t i ng  with the a term. i f  one ex- x 3  
oresses f i n  terms of a  power s e r i e s  about xo. Thus the errors  i n  the 
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formula I1 may be qu i te  la rge ,  compared with other interpolation-differentiation 

P .  
formulas. A t e s t  of t h i s  formula f o r  the function s i n  x has been made ( t h i s  

corresponds roughly to the var ia t ion  o f / r  wi th$) ,  and i s  given i n  Table I. 

The sine curve here goes through one complete cycle i n  50 mesh s teps ,  and 

the interpolat ion and d i f fe ren t ia t ion  has been done a t  9 points inside each of 

two mesh in te rva ls ,  from 38' t o  52'. The average absolute error is  .a00735 

over t h i s  range, using formula 11. 

I f  one simply asks for  an interpolat ion formula for  fl(x) of a  cer ta in  order,  

involvintr ce r ta in  mesh points,  and also requires continuity of t h i s  formula. 

but does not require that  t h i s  be the der ivat ive of any par t icular  interpolation 

formula for  f ( x ) ,  then one may obtain other formulae for  f 8 ( x )  which a re  i n  

some sense be t t e r  than 11. One such formula has been worked out by H. 

Meier and i s  1 - 7 4 )  h$ ' (x .+44 ) ;  G-C-, - + j(a/,+9~;-"6+'4,)+Fk.- I 
2 

r luhe-c o+ LC& I 
0 

This formula a l so  has been used t o  calculate  - *"' over the a n  3 -  , 
d% 

giving the r e s u l t s  labelled I11 i n  Table I. The average absolute e r ro r  here i s  

.000650. a s  compared with .000735 for  formula 11, The only disadvantage 

here is that  I11 i s  not the aer ivat ive of a  useful fornula for  inter3olat ion 

of f (x )  i t s e l f ,  and therefore,  if both intsi.Do]ba.tyMt and interpblat;%ms. 

di f fe ren t ia t ion  must be done, formulae I  and I 1  used topether a r e  more eff ic ient .  

f -f The term i n  both formulae I1 and I11 i s  required for  continuity i n  the 
Z 

in te rva l  with the mesh uoints uaed, but i t  contributes i n  larpe measure 

t o  the errors  obtained i n  using these formulae. I f  one uses an interval  which 

bepins and ends a t  ~ o i n t s  midway between the mesh points ,  continuity require- 

ments s t i l l  lead t o  use of the adjacent mesh values for  the f i r s t  term i n  f'', 

but now these points a r e  much closer  together. For a  four-point formula. 

i f  we want continuity a t  112 points and ammetry, we a re  led to the 

formula (covering 2 mesh in te rva ls )  
I k,-K,) + L (74+33f- us( + / j l ,  

1% 



~ere&c('f?Eorresponds to&~(&n formulae 11 and I11 
h 7. 

, and oc 

. .  - r '  
preserved a t u s - k d  . This formula, a lso derivea g n. nezer, ham 

the addit ional advantage of covering two mesh in te rva ls ,  and therefore one 

might be able t o  do more than one R q e - K u t t a  s t ep  i n  the integration 

of the  equatians of motion within she same la rger  mesh region which t h i s  

formula covers. e a i n ,  how eve^, it i s  not the der ivat ive oPany very precise 

o r  continuous interpolat ion formula for  fax). 

Discontilfuous Derivative Form-dae 

If the requirement of continuity of the derivative i s  removed, one can obtain 

more accurate formulae. It  tarns  out tha t  one of those for  fr(x) derivable as 

best  from the Taylor s e r i e s  exuansion is just  the derivative of the Bessel 

in teruolat ion formula 

The derivative formula i s  then 
u'L 

h~ P0+4)= J ~4~ + ~ 6 - + - 2 ~  +, ( 6-26 P &-3f+4-4,) 
AppLying t h i s  formula t o  f ( x ) =  s i n  x,  the  average absolute e r ror  is reduced 

t to  .000062 (see  Table I ) .  

I The requirement of continuity of the  der ivat ive on the mesh boundaries 
I 
I 
I 
I was considered necessary because i f  a p o u p  of pa r t i c l e s  occupying a ce r t a in  

i continuous region of phase space were considered to  pass t h i s  boundary, 

the discontinuity i n  the  der ivat ive might tend to  shred the phase region, or  

I cause the motion to  anpear unstable, However, when considering a f i n i t e  

proun of pa r t i c l e s ,  occupying a region of measurc0 i n  phase space, it 

I s  not c l ea r  tha t  a discontinuity must be non-Liouvillian. However, i t  

c l ~ r l y  might have some ef fec t  on the equations of motion, a s  t h i s  dis- 

continuity behaves l i k e  a small bamp, and the effects  of bumps on the motion 

can be appreciable, The d iscont inu i t ies ,  however, a r e  qu i t e  small when 

the Bessel formula is used, and therefore ,  it was decided to t ry  changing 

the Stormesh program t o  use formulas V and TI on a trial basis ,  and to 



observe the e f f ec t s  on the pa r t i c l e  motion. The I l l i a c  program (overwrite$ 

r\ 
which accomplishes t h i s  change i n  the Stormesh program is  given i n  Appendix 1. 

The modified Stormesh program was run on several  sample potent ia ls ,  and 

the r e su l t s ,  fo r  re la t ive ly  short runs, were found t c  ag-ee closely with 

those obtained previously, both with the Stormesh program and the Ridge- 

Runner. However, the old Stormesh r e su l t s  were obtained when 3 mesh 

values were stored i n  one I l l i a c  r eg i s t e r ;  t h i s  packing did produce some 

errors.  Therefore, i t  has been decided t o  run fur ther  checks on t h i s  

chanpe t o  see i f  aray s ignif icant ly  d i f fe ren t  r e su l t s  a r e  obtained. Longer 

runs w i l l  a lso be attempted, with checks aeainst  'the other Stormesh 

program a s  well as  the Ridge-Runner program ( f o r  motion i n  the  median plane). 

I f  3 motion is included, the proeram cannot be checked against the 

Ridge-Runner. The Feckless Five oropram can handle motion, but i ts  

,- accuracy i s  unknown, One can only guess whether an iag~ovement has been 

made. I f  a previously s tab le  motion case now exhibi ts  i n s t ab i l i t y ,  o r  

vice versa, then a serious investigation into the r e l a t i ve  correctness 

of these r e s u l t s  should be made, Apuarently, from the f i r s t  r e su l t s ,  

however, neither the discontinuity nor the increased accuracy have made 

much difference i n  a short run, 

The seriousness of the erpors introduced by requiring continuity i n  

the derivative of the interpolat ion formula involving 4 points raised 

the question of the s u i t a b i l i t y  of a 4 point formula under such 

circumstances, A 3 point continuous derivative formula was'foundt 

which is continuous a t  the point 8 ,  Thf s formula was also t r i e d  on 

f ( x ) ~  s i n  x, and the r e s u l t s  given 3.n column TIT, Table 4. The 
P 

averape absolute error  i s  .001227# which i s  not much greater  than for  

the continuous 4 m i n t  formulas, 

If one goes t o  a formula involvine: 5 points ,  and thus of 4th decree, 



one obtains the continuous interpolat ion formula - F(x,+~. \A)=.F,+%&~-PF,,+F-~-~c,)+ "CZ + L 2 ) - ~ ~ y $ J  
+ 9G-24 - c ~ + ~ K ~ ) ) L  a* - I2  ,GG - 48 rK+f , )d - {2 ) ,whcrc .  
which has the continuous der ivat ive 

a 
-&&a&& 

h4 fie+&h)=g &,- g4, *-$) PS 4,)- 61 (5 +q-s)- b y 4 2  
+S& ~2 - 3 4 - + - a + 4 ) t f 3  DL-?& +-Ctj+4-5 7 

When t h i s  formula was used with f (x) .ps in  x, the  average absolute 
Z C  

error  over the ran@ 41p t o  M0, the average absolute error  was 

,000055. Thus.*for continuous derivatives and covering uni t  range, we 

have 

No. of 
points  

Average abeolute . 
8TPOP 

.00P22T 

.000735 

.000055 

Thus the formulae involving an odd number of points seem more accurate, 

per  point involved, If, however, one does not require continuity, the 

Besssl formula, involvirx 4 painte ,  is almost a s  accurate as t h i s  5 point 

formula. 

Comparison of Speed of Various Formulae 

The time required for  running the present Stormesh program an the I l l i a c  

is r o q h l y  15-18 seconds per sector, An 80 sector run require8 20-24 

minutes. Longer runs w i l l  ce r ta in ly  be desired i n  the fu ture ,  and the 

speed of operation of the program is important. The IBM 704 computer is 

considerably f a s t e r  than the I l l im,  by roughly a fac tor  of 3 f o r  fixed- 

point operations, and perhaps about the  same speed if floating-point . 

operations a r e  used (of ,course. t h s  use of floating-point operations 

should reduce somewhat the number of operations for  a 704 Stormesh program, 

since no scaling should be needed). A fur ther  faotor i n  the speed ~ b m S D n  

i s  the  ava i l ab i l i t y  of automatic cgcle-counting and address-modification 

inst ruct ions  f o r  the 704. Since all prac t ica l  computational promams, a8 

d i s t i n c t  from data-processing, contain cycles of operations on sequences 

of numbera,,and since cycls-counting and address modification of ten require 
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a substant ia l  percentage of the time for  these cycles, and average speed 

r improvement of perhaps 5@ would be obtained. Thus, i f  one translated 

the present Scapocyl o r  Stormesh program into a 704 program, using fixed 

point operations, the 704 program might be f a s t e r  by a factor  of 4 o r  5. 

If f loa t inppo in t  i s  used, the propram would not be much f a s t e r ,  but 

scaling d i f f i c u l t i e s  would be removed, 

Another advantqe  obtained with the 704 i s  the s ize  of the high-speed 

memory. Two core memory banks, containing a t o t a l  of 8192 reg is te rs ,  each 

containine 36 b i t s .  a r e  expected for  the 704, as contrasted with I l l i a c t s  

1024 high-speed r eg i s t e r s  of 40 b i t s  each. Iiith t h i s  s ize  memory, i t  

would not be necessary t o  s to re  part  of a-potential mesh on the 

magnetic arm,  o r  s tore  2 mesh values i n  1 reg i s t e r ,  a s  i s  done i n  

the present I l l f a c  program, This both speeds and simplifies the program. 

r However, t h i s  great ly  increased storage capacity a lso provides f o r  a dif ferent  

approach to  the computational problem. One can now confiider, f o r  example, 

s tor ing the f i e l d  3 instead of the maenetocst*pl.p;t#?.' potential .  This 

requires storage of 3 times the number of items, and i f  only 1 

component i s  stored per r e g i s t e r ,  the same mesh s izes  a s  are  now used 

( i n n  and < ) would require 6 times the present seorage, with about 

decinal d ig i t s  per number, Since a t  present a mazimum of about 700 

I l l i a c  reg is te rs  are  used fo r  mesh storage,  the same mesh s ize  wauld 

require 4200 reg is te rs  of the 704 or  4 the storage. However, i f .  it i s  

a lso desired t o  s tore  the f i e l d  on a f ine r  mesh, the high-speeh'memory 

would be f i l l e d  with the f i ne  mesh i f  the present i n t e r f i l s  were halved 

i n  e i t he r  direction. However, the drum storage associated with the 704 

can provide t h i s  greater  storage for  f i ne r  meshes by storage of par t  of 
.- 

the mesh on the drum. Although the access time for  single words 
. , 

stored on the magnetic drums i s  very long, i f  one uses the drum only 
. , 

.-for t ransfers  of large blocks of numbers, the average access t i m e i s  

qu i te  short. For example, the averaee time required to  transfer 1000 
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P 
words from drum to core memory should be about 8 113 milliseconds for  the proper 

point on the drum to reach the read-record heads, and then about 0.2 seconds 

f o r  the t ransfer ,  or  an average of about 204 m.sec/number. I f  t h i s  does not 

have to be done of ten during a computation, the lengthening of the program 

tiw, could be kept quite small. The Stormesh program i s  par t icu la r ly  suscepti- 

b le  to  t h i s  treatment because the problem has been reduced to one of 2 coordinates, 

and motion seems to progress monotonically i n  the 4 direct ion,  so tha t  one 

could easi ly  s p l i t  the mesh into a number of sections,  s tor ing a l l  but one of 

these on the drum, and writ ing the old sect ion back on the drum, and bring- 

ingzthe next sect ion in to  the high-speed memory a s  required. If the present 

mesh s i ze  i s  made twice a s  f i ne ,  and the f i e l d 3  i s  stored,  a m a x i m  of 

16,800 r eg i s t e r s  would be required. lit would seem reasonable tha t  the mesh 

be broken up into  3 pa r t s  of about 5600 reg is te rs  each? assuming 1800 reg is te rs  

P 
a re  suf f ic ien t  f o r  the new Stormesh program. Then 3 times each sector ,  5600 

words would have to  be wri t ten on the drum, and 5600 read from i t ,  requiring 

about 1.1 seconds each time, or  3.3 seconds per sector. I f  floating- 

binary ari thmetic i s  used, the computational time/sector may be on the order 

of 8 seconds (s ince not a l l  operations w i l l  be f loa t ing  point and the cyle 

aounters w i l l  a l so  help speed the  program). I f  fixed-point operations are  

used, the computation time mieht be reduced to 3 o r  4 seconds per sector: i n  

t h i s  case the use of the  drum would double the t o t a l  time required to  6 to 8 

f + 
I f  i s  to  be stored on a mesh, the proper values of B must be f i r s t  obtained. 

One method of doing t h i s  i s  to use the present Scapocyl pogram. and add to 

it a procedure for  obtaining the necessary der iva t ies  o f a  o r  /n. Since 

t h i s  need be done only once f o r  a par t icu la r  problem, much more accurate in te r -  
P 

polation formulas can be used. Since there a r e  e r rors  i n n ,  however, these 

e r rors  may be propagated and become la rger  when the components of a r e  calcu- - - - - - - - - - - - - - - - - - - -  Y? 
* with the use of an interpolat ion scheme involving a number of points,  some over- 

l ap  between these portions of the mesh would be needed. 
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lated.  An a l t e rna t e  method is  to  solve the po ten t ia l  problem f o r  each of the 3 
P 

components of B ,  s ince al l  must s a t i s fy  a form of Laplace's equation, Here the 

correct  boundary conditions must be assigned f o r  these components of? and 3 

times the labor of the present Scapocyl would be required. However, thin system 

+ 
has the advantage tha t  the values of B on the median plane and the pole faces 

can be specified: those on the median plane are d i rec t ly  connected with the 

equations of motion, while those a t  the pole pieces can be made i n  conformity 

with prac t ica l  design. 

+ 
A more d i rec t  method is to use the Powell aer ies  expansion for  B to  obtain 

values of i ts  components a t  the mesh intervals .  The coef f ic ien ts  a r e  established 

by the desired nature of the function on the median plane. The field% can be 

calculated n i t h  preat  accuracy by using a sufficiently large number of terms i n  

the elrpansion: since these calculations need only be done once, i t  does not 

? matter i f  these computations are  qu i te  lengthy. 

3 + 
I n  a l l  Stormesh-type programs with B stored,  the analyt ic  nature of B as a 

function of 4 and h i s  established by the interpolat ion formula used. I f  

3 i s  stored instead of A continuity of B i s  given by continuity of the 

' interpolation formula. This continuity i s  & ~ n c ~ m i t & a t ~ , ~ .  with accuracy of the . . 

9 .. , 

formula, and therefore continuity of B, which was obtained only with corkiderable ::, ,. . 
3 

l o s s  o f '  accuracy w h e n f i  was stored,  i s  obtained (na tms l ly )  i f  B i s  stored. 

--t 
However, the condition that 7 .B= 0 w i l l  i n  general be sa t i s f ied  by * 
the function B a s  given by the interpolat ion formula and the mesh values. Then 

3 3 
no vector po ten t ia l  A ex i s t s  such tha t  B=vx 2 , and t h i s  implies that  the 

equatiom of motion w i l l  not be exectly Hamiltonian, a s  they should be. No 
J + 

simple technique for  modifying B so tha t  V 3 = 0 & so that  B i s  continuous 

P at the'mesh points  and periodic i n  4 across the mesh has been found. I f  some 

way of modifying the 3 commnent values stored on the mesh can be derived which 
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P 
m a k e s v  3 = 0, perhaas substant ia l  time could be u-s during 

the program which prepares the nesh values, If instead,  a method i s  devised 

which i s  used during the operatSon of the Stormesh proeram, the oparation 

time f o r  t h i s  proaram may be extended substantially.  

eh t h i s  

A recent communication from L. J. Laslett* indicates  that  fur ther  t e s t s  using 

the Stormesh overwrite program (with Beese18s interpolat ion and interpolation- 

d i f fe ren t ia t ion  formulae) have checked previous similar runs made with the 

or ig ina l  program. For motion i n  the median plane, the r e su l t s  with t h i s  over- 

write are  i n  b e t t e r  agreement with the Ridge-Runner r e su l t s .  However, at  l ea s t  

one case where y motion ex i s t s  has blown up with both Stormesh proprams, but the 

motion i s  s table  a s  given by the Feckless Five program. It s t i l l  i s  not know 

whether th ia  is due to  the n a t u ~ e  of the Stormesh program ( a d  the f ac t  that  

* v .B f 0 for  i t s  f i e ld s )  or  the errors  of the Feckless Five program. 

r 
Among possible improvements and changes tvhich might be considered i n  rewriting 

the Stormesh and Scaaocyl oroprams for the 704 computer a r e  the following: 

1. Two-dimensional interpolat ion formulae can be devised which incorporate 

i n  them, t o  some extent a t  l e a s t ,  the requkrement that the functions which 

they determine be solutions of a par t icu la r  p a r t i a l  d i f f e r en t i a l  equation, 

as Laplaeels equation. This simply gives ce r t a in  conditions on the co- 

e f f i c i en t s  of the ~olynomial  used. To s a t i s f y  these conditions and 

continuity requirements ( a s  well a s  per iodici ty  i n f  ) is  d i f f i cu l t .  How- 

ever, continuity,  per se ,  mav not be a s  important a s  hi ther to  regarded. 
--t 

One might be able to  improve the s i t ua t ion  i n  regard t o v  .B a t  the expense 
3 

of continuity of B i t s e l f  a t  the mesh points,  but the above-mentioned 

r e su l t s  indicate that  t h i s  may not be too c r i t i c a l  a t  present. 
r- - - - - - - - - - - - - - - - -  

* Letter  of 23 August, 1956. 
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2. To obtain great  d and accuracy i n  finding values o f n o r  B, it might 
0 

be possible to  s tore  the coeff ic ients  of an approximation function for  these 

i n  the b di rec t ion ,  instead of mesh values. For the potent ia l  

f u n c t i o n h  near a pole edge, var ia t ion of d w i t h a  was found to  be qu i t e  

rapid,  too much so to f i t  well with a simple polynomial. This f ac t  makes 

somewhat dubious the use of instead o f f i  i n  hopes of obtaining be t t e r  

r e su l t s  for  interpolation and d i f fe ren t ia t ion ,  except perhaps very near the 

median plane. For i f  f ( x )  can not be represented very accurately by a 

polsnomial, f ( x )  /x can not be e i ther .  Hn view of the addit ional complica- 

t ions  introduced by the storage o f n l l l  such a s  needing an interpolation 

formula i n  addit ion to  one fo r  interoolation-differentiation, one might elmply 

tr.y to  use the optimum different ia t ion- interpolat ion on the stored values of 

h , ra ther  than a formula which f i t s  the function i t s e l f  well. 

r For functions which vary rapidly a t  a c e r t a i n  point,  curve-fi t t ing by a 

quotient Of polynomials i s  of ten be t t e r  than by the usual power series. One 

reason f o r  t h i s  i s  that  the r a t i o  P ( x ) / ~ ( x ) ,  where P and Q a re  polynomials i n  

x ,  can be fashioned with s ingular i t i es  where needed. If such a rat ional  

polynomial expression were t o  be used, by storage of the coeff ic ients  of 

these polynomials, the stora+y requirements might be n o  more than those present- 

l y  required for  the mesh values, and the problem of continuity would be sa t i s -  

f i ed  automatically. The time required t o  calculate  such a quotient i s  only 

roughly one divis ion time more than that  required f o r  a polynomial of degree 

equal to  the sum of the degrees of P and Q, and t h i s  time should be l e s s  than 

tha t  presently required f o r  the interpolat ion formula. I f  th i s  function should 

f i t  the po ten t ia l  well enough, i t s  der lv i t ive ,  which can be obtained analytical-  

l y  but which would require more computation time, could be used, and again the 
P 

requirement of continuity i s  met. 
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3. The present Stormesh program output consis ts  of a table of values of x ,  p 

i- X 

y and p for  a pofnt i n  each sector. These r e s u l t s  a r e  then plot ted on phase 
9 

diwrams, and f 

a r e  important f 

rom the 

actors  

L -  >~ 

i n  the I 

se p lo t s  4 a n d b  a re  determined. . Since these [ 1s 
Y 

selection of su i tab le  designs, the i r  values are 

of ten sufficienr, ro aerermme tha t  some changes i n  the machine parameters dl1 

10 neces r i nvo l i  b sary. The &a! red i n  these p lo t s  and measurements i s  considerable 

and the source of delays i n  proceeding to new t r i a l  designs. This suggests 

tha t  some consideration be given to  automatizing these procedures and incorpora- 

t i ng  them into any new Stormesh program for  the  704. 

The scope output of the 704 swnes t s  i t s e l f  f o r  automatic p lo t t ing  of these 

phase diagrams. Since d and 6 a re  determined by the r a t i o s  of the numbers of 8 Y 
t i ne s  these points move around the closed phase diagrams of the number of 

sectors traversed, one could l a b 4  each point a s  i t  i s  printed on the scope, 

P by pr int ing a small number o r  symbol near each point a s  i t  is  printed. How- 

ever, one might car ry  t h i s  process a s t ep  fur ther ,  and by transferring to  a 

coordinate system whose or ig in  i s  a t  the f ixed point for  the phase diagram, 

compute the points i n  polar coordinates about t h i s  center. By counting the 

change i n  e i n  revolutions, t he  computer can calculate  { and / without % Y 
necessarily p lo t t i ng  the phase diagram at a l l ,  although one would probably want 

to  do t h i s  a l so ,  a s  a check. Also, t h i s  method presupposes a closed phase 

diagram, and one might use the phase diagram to  ver i fy  this .  

One can s tore  both the Scapocyl and SLo~mesh programs on the drums o r  tape 

un i t s ,  so that  both a r e  quickly available f o r  further runs, with desired 

changes i n  p rame te r s  made i n  some standard way. Whether the output of the 

Sto.rmesh program could be used to  modify the parameters f o r  the Scapacyl, and 

P r e s t a r t  i t  automatically, i s  a poss ib i l i t y  which might be considered a s  the 

u l t i m t e  goal i n  t h i s  direction.  



TABLE I 

ERRORS (x10 -6 

f (x )  = sin x h = 7 O  

x = cos x u = 0,1(.1) 

Correct Four-point Formulas Three-point Five-point 

X fv ( x ]  I1 IT1 IV VI* \TI 

Av. Absolute 735 650 170 62 1227 55 
Error 

*Derivative discontinuous a t  mesh points. 
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Stormesh Overwrite for Bessel's Formula (discontinuous derivatives) 

00129K Directive 
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