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In a previous paper (S h ip l e y  1966), the author has described the use o f  
Newton Iteration for the solution of the equation :

Z’ (f) =  - 2  S„H„/„ sin {S„r +  (Vc + U0)„ -  =  0
n= 1

where Z (/) is the instantaneous sea height and Z '(f) its first time derivative. 
It was stated that in the case o f consistently semi-diurnal tides it was 
sufficient when moving on to the next root to add six hours to the last 
iterate and then start a fresh cycle of iteration. The method worked so 
well for so long that it was not until recently realised that the computer 
programme should contain an emergency subroutine to deal with the 
occasional case in which convergence occurs not to next root o f the equation, 
but back to the one which has just been computed. W hen this happens a 
conditional jump instruction causes control to step out o f the main 
programme and into a subroutine where the root is computed by a method 
described below.

One could of course use the bisection algorithm, a slow but sure way 
of obtaining a root, but Newton iteration, being a second order process, 
converges very much more rapidly, and is therefore to be preferred 
whenever it can be used.

The first failure of the Newton Method occurred when preparing the 
predictions for 1968 for Port Elizabeth. A  reproduction o f the computer 
sheet for September 1968 is shown here, and it w ill be seen that on 16 
September nearly eleven hours separates high water at 14.07 hrs from 
the preceding low water at 3.19 hrs. Under these conditions adding six 
hours to the time of low  vater at 3.19 hrs merely causes convergence back 
to the value 3.19 hrs. The vicious circle was broken by the insertion o f a 
conditional jump instruction which transferred control to a subroutine 
which uses a long-winded but sure method o f calculating the next root. On 
entering, and ag,ain on leaving, the emergency subroutine the computer is 
programmed to hoot so as to alert the operator, and an asterisk is printed 
on the relative line o f the computer sheet. In Manchester Auto Code (the 
language in which the programme is written), the programme is divided 
into chapters, on chapter at a time being held in the Immediate Access
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Store, and the remainder in Drum Store. It was thus only necessary to add 
an extra chapter to the programme (Chapter 9), the subroutine being 
entered by means o f an instruction :

ACROSS 1/9

On entering chapter 9, the programme adds two hours to the 
previously obtained root, the assumption being that the interval between 
two successive roots of Z ' ( t )  =  0 w ill not be less than two hours. It then 
proceeds to calculate the sign o f Z ' ( t )  at intervals of one tenth o f an hour. 
As soon as the sign changes, the value of t is stepped down by 1/10 hour 
and the whole process is repeated with a step length of 1/100 hour. Control 
is then returned to the main programme. 16 September was the only day for 
the 1968 predictions for which the emergency subroutine was called in.

Chapter 9 is given in the appendix for the interest o f those people 
fam iliar with Manchester Auto Code.

245 1 4 . 02 L 2 . 3 10,.42 H 3. 9 16 . 55 L 2 . 7 23,. 26 H
246 2 6 . 17 L 2 . 2 13.. 00 H 4 . 2 19 . 06 L 2 .4
247 3 1. 17 H 4 .4 7.. 36 L 1,. 8 14 . 05 H 4 . 8 20,. 10 L
248 4 2..15 H 4 . 8 8,. 24 L 1,.4 14 .46 H 5 . 3 20,. 50 L
24 9 5 2 . 55 H 5 . 2 8., 59 L 1,. 0 15 .18 H 5 . 7 21,. 22 L
250 6 3..28 H 5 . 5 9,.29 L 0.. 8 15,.47 H 6 . 0 21,. 50 L
251 7 3.. 58 H 5 . 7 9.. 55 L 0,. 6 16,.15 H 6 . 1 22., 17 L
252 8 4.. 26 H 5 . 8 10.. 22 L 0., 5 16,.41 H 6,.2 22,.42 L
2 53 9 4.. 53 H 5,. 8 10.. 47 L 0,, 6 17,,08 H 6,. 1 23.. 09 L
2 54 10 5..20 H 5,. 7 11., 14 L 0,. 7 17,.34 H 5,. 9 23,. 35 L
255 11 5,.48 H 5.,4 11.,40 L 1., 0 18,.01 H 5.. 6
256 12 0.. 02 L 1 ,, 2 6., 15 H 5,, 1 12,, 06 L 1,.4 18,, 27 H
it «J 1 13 0..29 1,. G G. 42 H 4 , 6 12., 31 L 1 ,, 3 1 8. 52 H
258 14 0., 57 L 2., 1 7. 09 H 4. 1 12.,53 L 2.,4 19. 16 H
259 15 1.28 L 2. 6 7. 41 H 3. 6 13. 10 L 2., 9 19. 37 H
260 16 3. 19 L 3. 0 14. 07 H 3. 5 19. 50 L 3. 2
261 17 1. 19 H 3. 6 7. 39 L 2. 7 14. 05 H 3. 9 20. 05 L
262 18 1. 56 H 4. 0 8. 00 L 2. 2 14. 21 H 4. 4 20. 20 L
263 19 2. 1 9 H 4. 4 8. 18 L 1. 8 14. 39 H 4. 9 20. 36 L
2 64 20 2. 41 H 4. 9 8. 37 L 1. 3 14. 59 H 5. 4 20. 57 L
265 21 3. 05 H 5. 3 9. 00 L 0. 9 15. 22 H 5. 9 21. 21 L
2 66 22 3. 31 H 5. 7 9. 27 L 0. 5 15. 49 H 6. 3 21. 49 L
267 23 4. 01 H 6. 0 9. 57 L 0. 2 16. 18 H 6. 5 22. 20 L
268 24 4. 33 H 6. 2 10. 29 L 0. 1 16. 50 H 6. 6 22. 54 L
269 25 5. 07 H 6. 1 11. 04 L 0. 2 17. 24 H 6. 5 23. 30 L
270 26 5. 45 H 5. 9 11. 41 L 0. 6 18. 01 H 6. 1
271 27 0. 09 L 0. 6 6. 26 H 5. 5 12. 21 L 1. 1 18. 42 H
272 28 0. 54 L 1. 2 7. 15 H 4. 9 13. 09 L 1. 8 19. 32 H
273 29 1. 51 L 1. 8 8. 24 H 4. 3 14. 25 L 2. 5 20. 51 H
2 74 30 3. 38 L 2. 3 10. 36 H 4. 0 17. 14 L 2. 7 23. 26 H
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C H A P T E R  9 
V A R IA B L E S  I
1) P R E S E R V E  
P = 1(1)10  
HOOT  
R E P E A T
X  = X '  + 2 
S = 0 
H' = 0 .1  
K = 0
2) A = 0 
B = 0
C = 0 
T = 0(1 )N 
B ' = BT  
C ' = CT  
E 1 = X B '  + C '
E ' = G E 1 
D ' = A T  
W  = 9C O S (E 1 )
W  = W D 1 
A  = A  + W  
U = cpSIN(E')
U = -  U G D 'B '
B = B + U 
V = -  W G G B 'B '
C = C + V 
R E P E A T  
JU M P 2 2 ,  B = 0 
K = K + 1 
JU M P 3 , K > 1 
E = cpSIGN(B)
3) F = 9SIGN(B)
H = E + F 
JU M P 21 , H = 0 
X  = X  + H'
J U M P  2
21) S = S + 1 
JU M P 2 2 , S = 2 
X  = X  -  H'
H' = 0 .0 1  
JU M P 2
22) 9 7 (1 0 0 0 0 )X ,  1 
cp7(10001)A, 1
97 (1 0002 )C , 1
P  = 1(1)10
HOOT
R E P E A T
R E STO R E
ACROSS 5 /3
C LO SE

APPENDIX

E M E R G E N C Y  S U B -R O U T IN E

A L E R T  O P E R A TO R

PREVIOUS IT E R A T E  STO R ED  IN X '  
SET COUNTER  
STE P LEN G TH  
SET COUNTER

C O N V E R T  DE G RE ES T O  RADIANS (G = ^ /1 8 0 )

Z (t) STORED IN A

Z '( t )  STORED IN B  

Z " ( t )  STORED IN C

S T E P  U P  C O UNTER

STORE INITIAL SIGN OF Z ' ( t )
C O M P U T E  CU RR EN T SIGN O F  Z '( t )

JU M P IF Z '( t )  CHANGES SIGN

S T E P  U P  CO U N TER
JU M P IF COUNT E X H A U STE D
S T E P  B A C K  X
D E C R E A S E  S T E P  LENGTH

STO RE X  ON DRUM  
STORE A  ON D R U M  
STORE C ON DRUM

A L E R T  O P E R A TO R

R E TU R N  T O  M A IN  PR O G R A M M E


